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Disruption of the acid trehalase gene (ATH1) by genetic modification (GM) improves the freeze tolerance of baker’s

yeast, which is crucial for frozen-dough baking. We previously reported that ATH1 disruption does not promote the sur-

vival of viable cells and DNA of baker’s yeast in simulated natural environments. In this study, the effect of inoculation

of a GM yeast strain on viable cell numbers and microbial communities of indigenous microorganisms in simulated natu-

ral environments was assessed by using the ATH1 disruptant as a model GM yeast. The microbial community composi-

tions were evaluated by using denaturing gradient gel electrophoresis (DGGE) of rDNAs. Changes in the number of vi-

able cells and the DGGE band patterns of environmental samples inoculated with the GM strain were nearly the same as

those inoculated with the wild-type (WT) strain, suggesting that the effect of the GM strain on microbial communities is

not significantly different from that of the WT strain.
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Introduction

Genetic modification (GM) techniques for breeding

baker’s yeast Saccharomyces cerevisiae are well estab-

lished. Characteristics such as fermentation ability and

stress tolerance have been improved by using GM tech-

niques1-4). Such improvements decrease the costs of baker’s

yeast production and of bakery processes. Therefore, GM

techniques can be used in practical applications. However,

the commercial use of GM strains is currently stalled due

to a lack of scientific data on the survival of such strains

in natural environments, as well as the effects of these or-

ganisms on the environment and on human health5, 6). A

wide variety of yeast species have been detected in natural

environments such as soil and water, and even strains of

S. cerevisiae have been found in such environments7, 8).

There is a need to assess the effects of GM yeasts on

natural environments due to the potential for leakage of

such yeasts into these environments. Such leakage might

occur during the propagation process of yeast products in

factories or during the leavening process in bakeries. It is

important to provide the general public accurate informa-

tion about the effects of GM yeast in order to promote its

public acceptance in the commercial food industry.

We previously demonstrated that a GM yeast, which

was an acid trehalase gene (ATH1) disruptant derived

from commercial baker’s yeast, exhibited a high accumu-

lation of trehalose and improved freeze tolerance1). Based

on that study, it is expected that commercial use of ATH1
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disruptants in frozen-dough baking would be effective1).

We also previously assessed the survival of viable cells

and DNA of ATH1 disruptants constructed by GM and

self-cloning techniques in simulated natural environments,

and found that genetic modification of the ATH1 locus ap-

parently does not promote the survival of viable cells and

DNA9). However, the effect of the ATH1 disruptants on

microbial communities was not studied at that time.

Despite the increased number of studies on GM

plants and microorganisms10-13), only a few studies on the

behavior of GM yeasts in natural environments have been

reported9, 14, 15). None of the studies have described the ef-

fect of GM yeasts on microbial communities in natural

environments.

The aim of this study was to clarify the effects of

GM yeasts on microbial communities in natural environ-

ments at the molecular level. For this purpose, the ATH1

gene disruptant derived from commercial baker’s yeast

was used as a model of GM yeast, and was inoculated

into two simulated natural environments (soil and water).

To assess the effects of GM yeast on the microbial com-

munities, changes in the number of indigenous microor-

ganisms during 40 days were measured based on viable

cell counts. The rDNA profiles of microbial communities

in the inoculated environments were monitored by using

DGGE (denaturing gradient gel electrophoresis) with PCR

-amplified rDNAs as the samples. DGGE analysis is a

cultivation-independent molecular analysis that has been

used to profile complex microbial communities, including

bacteria and fungi16-18). Here, we used these methods to

conduct an environmental assessment of GM yeast at the

microbiological level.

Materials and methods

Yeast strains

Prototroph diploid strains of S. cerevisiae T118CR-

WT (MATa/α ATH1/ATH1 cyh2/cyh2) and T118CR-GM

(MATa/α ath1::kanMX4/ath1::kanMX4 cyh2/cyh2) were

used in this study. The strain T118CR-WT was a sponta-

neous cycloheximide-resistant mutant derived from com-

mercial baker’s yeast9), and represented the wild-type

(WT) strain in this study. The strain T118CR-GM was ob-

tained from T118CR-WT by replacing the coding region

of the ATH1 gene with the kanamycin-resistant gene

kanMX49), and represents the GM strain in this study.

Conditions of the simulated natural environments

The conditions of the two simulated natural environ-

ments (soil and water) were as follows. Horticultural non-

sterile river sand (MatsuzakiTM, Japan) was used as the

model soil according to our previous study9). Sterile dis-

tilled water containing 10% (w/v) of the non-sterile sand

was used as the model water. For the soil environment,

each strain was inoculated into 70 g of soil in a 125-ml

plastic bottle at a cell density of 106 cells/g of dry soil,

and then was immediately mixed. For the water environ-

ment, each strain was inoculated into 500 ml of sand-

containing water in a 1-liter flask at a cell density of 106

cells/ml of water, and then was immediately mixed. Both

model environments were inoculated with either the WT

or GM yeast cells grown at 30 ℃ for 48 h in YPD me-

dium, and then was incubated at 25 ℃ for 40 d under

dark conditions without shaking. During incubation, sam-

ples were taken every 5 d for viable cell counts and DNA

extractions. At the time of sampling, the model environ-

ments were mixed to ensure homogenous samples.

Viable cell counts

The number of viable cells of inoculated yeast re-

maining in the soil and water environments was measured

by using the plate count method as described previously9).

In brief, the model environment samples were suspended

in distilled water, and then plated onto CPS agar me-

dium9). The CPS medium contained 5 μg/ml of cyclohex-

imide and 0.75 mg/ml of sodium propionate to prevent the

growth of indigenous fungi, including yeast. If the number

of viable cells was expected to be less than 102 cells/g of

soil or ml of water, the sample suspension was centrifuged

to concentrate the viable cells. The number of colonies

that appeared after incubation for 3 d at 30 ℃ on CPS

medium was defined as the inoculated yeast viable cell

number. To measure the number of indigenous bacteria,

sample suspensions were plated onto tryptic soy agar

(Difco Laboratory, USA) and then incubated at 37 ℃ for

3 d. The number of colonies that appeared on the agar

was defined as the number of viable indigenous bacteria.

To measure the number of indigenous fungi, the sample

suspensions were plated onto rose bengal agar plates con-

taining 1 g of KH2PO4, 0.5 g of MgSO4•7H2O, 5 g of pep-
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tone (Difco), 10 g of glucose, 0.3 g of streptomycin, 33

mg of rose bengal, 20 g of agar (per liter), and then incu-

bated at 25 ℃ for 5 d. The number of colonies that exhib-

ited filamentous growth on the agar was defined as the

number of indigenous fungi. The numbers of viable cells

of bacteria, fungi, and yeast were expressed as the means

of triplicate experiments.

DNA extraction

DNA extraction from the two simulated natural envi-

ronments was conducted as follows. DNA contained in the

soil environment samples (0.5 g) was extracted by using a

FastDNA spin kit for soil (Q-Biogene, USA) as described

by Takada-Hoshino and Matsumoto19). The extracted DNA

was then dissolved in 50 μl of distilled water and used for

PCR amplification as a template. DNA contained in the

water environment samples (1 ml) was extracted as de-

scribed by Davis et al.20) with modifications. In brief, cells

precipitated by centrifugation at 15,000 rpm for 3 min

were incubated with 5 mg/ml of lysozyme (Siekagaku

Kogyo, Japan) and 0.15 mg/ml of Zymolyase 100T

(Seikagaku Kogyo), and then lysed with 0.4% SDS fol-

lowed by the addition of 0.8 M potassium acetate. DNA

in the supernatant of the lysate was ethanol-precipitated,

dissolved in 50 μl of distilled water, and then was used

for PCR amplification as a template.

DGGE analysis

DGGE analysis was performed according to Lopez et

al.21). In brief, EX Taq-polymerase (Takara, Japan) and

universal primers Ec 338 f-GC ( 5' -CGCCCGCCGC

GCCCCGCGCC CGGCCCGCCG CCCCCGCCCC

ACTCCTACGG GAGGCAGCAG-3') and Ec518r (5'-

ATTACCGCGG CTGCTGG-3') were used to amplify

DNA fragments of bacterial 16S rDNA and fungal 18S

rDNA by using PCR. The thermal cycling condition con-

sisted of initial denaturing at 94 ℃ for 4 min, followed by

35 cycles of denaturing at 94 ℃ for 1 min, annealing at

54 ℃ for 1 min, and elongation at 72 ℃ for 1 min, and a

final elongation at 72 ℃ for 5 min. DGGE was performed

by using the DCode system (Bio-Rad, USA). The PCR

product was loaded on 8% (w/v) polyacrylamide gels (1-

mm thick) containing a linear gradient of 30 to 60% of

denaturant, where 100% denaturant was 7 M urea and

40% (v/v) formamide. The gels were electrophoresed in 1

× TAE buffer (40 mM Tris-acetate, 1 mM Na-EDTA; pH

8.0) at 60 ℃ and 40 V for 15 h. The gels were stained by

using ethidium bromide, washed twice with distilled

water, and were examined by using UV transillumination.

Results and discussion

Changes in the number of viable cells in the soil

environment

The changes in the number of viable inoculated yeast

cells and indigenous microorganisms during 40 days in

the soil environment were measured (Figs. 1A, B, and C).

Figure 1A shows the viable cell count under control con-

ditions, in which the model environment was not inocu-

lated with yeast cells. Under the control condition, indige-

nous bacteria were detected at frequencies ranging from 1

× 107 to 5 × 106 CFU/g of dry soil throughout the entire

40-day incubation period. In contrast, indigenous fungi

were detected at frequencies ranging from 8 × 102 to 1 ×

102 CFU/g of dry soil throughout the entire 40-day incu-

bation period. Neither the inoculation with the WT strain

nor the GM strain significantly affected the numbers of

bacteria or fungi (Figs. 1 B and C). These results strongly

suggest that inoculation with WT or GM yeast strains did

not affect the viability of indigenous microorganisms in

the soil environment. Consistent with our previous obser-

vations9), WT and GM yeast strains logarithmically de-

creased in a time-dependent manner.

Changes in the number of viable cells in the water

environment

Similar to the results for the soil environment, the

changes in numbers of viable indigenous bacteria and

fungi in the simulated water environment were nearly

identical for the WT, GM, and no-yeast control treatments

(Figs. 1D, E, and F). These results suggest that inocula-

tion with WT or GM yeast strains did not affect the vi-

ability of indigenous microorganisms in the water environ-

ment. In contrast to the comparable growth fitness of the

WT and GM strains in the YPD medium, which were ex-

amined by using a growth competition assay as previously

described22) (data not shown), the number of viable cells

of the GM strain decreased significantly more quickly

than that of the WT strain in the water environment. This

is consistent with our previous observations9), which ex-
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amined the viability of co-inoculated WT and GM yeast

strains in a water environment. The results suggest that

the GM strain is less competitive than is the WT strain in

a poor water environment.

DGGE analysis of the microbial communities in the

soil environment

To gain further insight into the effects of GM yeast

inoculation, we next examined the changes in rDNA pro-

files of the microbial communities in the soil and water

environments by using DGGE analysis (Fig. 2). Figure 2A

shows the changes in the DGGE pattern of PCR frag-

ments amplified from DNA extracted from the soil envi-

ronment. Almost all bands, such as bands A, B, and C,

amplified from soil samples inoculated with either WT or

GM strains, and from the no-yeast control, exhibited simi-

lar patterns throughout the entire 40-day incubation pe-

riod. Although the intensity of band B increased tran-

siently after 5 d of inoculation, the changes in patterns in

GM strain-inoculated samples were similar to those in the

WT strain-inoculated samples. Consistent with the viable

cell count (Figs. 1B, C), bands representing the WT and

GM yeast cells decreased in a similarly time-dependent

manner (Fig. 2A). These DGGE data suggest that the ef-

fect of inoculation with the GM yeast strain was very

similar to that observed with the WT strain, and that in-

oculation of neither strain affected the microbial commu-

nity in the simulated soil environment.

DGGE analysis of the microbial communities in the

water environment

Figure 2B shows the changes in DGGE patterns of

PCR fragments amplified from DNA extracted from the

water environment. In contrast to the case of the soil envi-

ronment, the band pattern for no-yeast control samples

was different from that for the yeast-inoculated samples.

This result indicated that the microbial community in the

simulated water environment was influenced by the inocu-

Figure 1.

Changes in the number of viable cells during 40-d cultivation in a simulated soil environment (A, B, and
C) and water environment (D, E, and F) with and without inoculation of wild type (WT) and genetically
modified (GM) yeast strains. Numbers of viable cells are expressed as means ± standard deviation from
triplicate experiments.
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lation with yeast. This could be simply explained by the

assumption that the microbes in the simulated environ-

ment utilized nutrients derived from the dead cells of the

inoculated yeast. As shown in Fig. 1, the simulated water

environment exhibited a lower density of the viable bacte-

ria and fungi compared with the simulated soil environ-

ment. Thus, the nutrient supply per microbial cell was

relatively high in the simulated water environment, result-

ing in the changes in DGGE band patterns.

We next focused on the results from each yeast-

inoculated sample. The intensities of bands D, E, F, and G

were similar for the WT strain- and GM strain-inoculated

samples throughout the entire 40-day incubation period.

Although the intensity of band H for the GM strain-

inoculated samples was higher than that for the WT strain

-inoculated samples after about 20 d, this difference in in-

tensity was transient. In fact, after 30 d, the H bands for

both types of samples disappeared. These DGGE data

suggest that the effect of inoculation with the GM yeast

on the microbial community in the water environment was

similar to that of the WT yeast. Consistent with our previ-

ous observations9), the PCR fragments derived from the

Figure 2.

Changes in microbial community compositions during 40-d cultivation in a soil
environment (A) and water environment (B) analyzed by using rDNA-based
DGGE profiling. The PCR product amplified by using genomic DNA from WT
yeast cells was loaded on lane M as a control for rDNA fragment of baker’s yeast
(indicated by black arrowheads). White arrowheads indicate major bands.
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GM yeast cells in the water environment decreased sig-

nificantly more quickly than those from the WT yeast

cells.

In the present study, the effects of a GM strain on

both the total number of viable cells and on the composi-

tion of microbial communities in simulated soil and water

environments were compared with those of the WT strain.

Changes in the number of viable cells and in the micro-

bial communities of GM strain-inoculated samples were

nearly the same as those of WT strain-inoculated samples,

suggesting that in these two simulated environments, there

were no significant differences between the effects of in-

oculation with the WT and GM strains.

The present work suggests that inadvertent or inten-

tional release of the GM yeast strain into natural environ-

ments will not affect the microbial communities. The sur-

vivability of the GM yeast strain was previously reported

to be the same or lower than that of the WT strain9).

Taken together, these results imply that the commercial

utilization of GM yeast should have no negative effects on

natural environments. However, the gene transfer from

GM yeast to other organisms remains unknown. Further

research is planned to study the horizontal gene transfer of

genetically modified gene loci.

This is the first report of the effect of GM food mi-

croorganisms on natural environments. Other GM micro-

organisms used in the food industry, such as bacteria and

fungi, will be developed in the near future. This study

should be one of the advanced models for environmental

risk assessment of GM food microorganisms.

Acknowledgments

This study was supported in part by a grant from the

Program for Promotion of Basic Research Activities for

Innovative Biosciences (PROBRAIN).

References

1) Shima, J., Hino, A., Yamada-Iyo, C., Suzuki, Y., Naka-

jima, R., Watanabe, H., Mori, K., and Takano, H.,

Stress tolerance in doughs of Saccharomyces cerevisiae

trehalase mutants derived from commercial baker’s

yeast, Appl. Environ. Microbiol., 65, 2841-2846 (1999).

2) Shima, J., Sakata-Tsuda, Y., Suzuki, Y., Nakajima, R.,

Watanabe, H., Kawamoto, S., and Takano, H., Disrup-

tion of the CAR1 gene encoding arginase enhances

freeze tolerance of the commercial baker’s yeast Sac-

charomyces cerevisiae, Appl. Environ. Microbiol., 69,

715-718 (2003).

3) Randez-Gil, F., Sanz, P., and Prieto, J. A., Engineering

baker’s yeast: room for improvement, Trends Biotech-

nol., 17, 237-244 (1999).

4) van Dijck, P., Ma, P., Versele, M., Gorwa, M. F., Co-

lombo, S., Lemaire, K., Bossi, D., Loiez, A., and Thev-

elein, J. M., A baker’s yeast mutant (fil1) with a spe-

cific, partially inactivating mutation in adenylate cyclase

maintains a high stress resistance during active fermen-

tation and growth, J. Mol. Microbiol. Biotechnol., 2,

521-530 (2000).

5) Moseley, B. E., The safety and social acceptance of

novel foods, Int. J. Food Microbiol., 50, 25-31 (1999).

6) Jonas, D. A., Elmadfa, I., Engel, K. H., Heller, K. J.,

Kozianowski, G., Konig, A., Muller, D., Narbonne, J.

F., Wackernagel, W., and Kleiner, J., Safety considera-

tions of DNA in food, Ann. Nutr. Metab., 45, 235-254

(2001).

7) Slavikova, E., and Vadkertiova, R., Seasonal occurrence

of yeasts and yeast-like organisms in the river Danube,

Antonie Van Leeuwenhoek, 72, 77-80 (1997).

8) Poliakova, A. V., Chernov, I., and Panikov, N. S., Yeast

biodiversity in hydromorphic soils with reference to

grass-Sphagnum swamp in western Siberia and the

hammocky tundra region (Barrow, Alaska), Mikrobiolo-

giia, 70, 714-720 (2001).

9) Ando, A., Suzuki, C., and Shima, J., Survival of geneti-

cally modified and self-cloned strains of commercial

baker’s yeast in simulated natural environments: envi-

ronmental risk assessment, Appl. Environ. Microbiol.,

71, 7075-7082 (2005).

10) di Giovanni, G. D., Watrud, L. S., Seidler, R. J., and

Widmer, F., Comparison of parental and transgenic al-

falfa rhizosphere bacterial communities using biolog

GN metabolic fingerprinting and enterobacterial repeti-

tive intergenic consensus sequence-PCR (ERIC-PCR),

Microb. Ecol., 37, 129-139 (1999).

11) Donegan, K. K., Palm, C. J., Fieland, V. J., Porteous,

L. A., Ganio, L. M., Schaller, D. L., Bucao, L. Q., and

Seidler, R. J., Changes in levels, species, and DNA fin-

gerprints of soil microorganisms associated with cotton

３６



expressing the Bacillus thuringiensis var. kurstaki endo-

toxin, Appl. Soil Ecol., 2, 111-124 (1995).

12) Sayler, G. S., and Ripp, S., Field applications of ge-

netically engineered microorganisms for bioremediation

processes, Curr. Opin. Biotechnol., 11, 286-289 (2000).

13) Hogan, J., Sherlock, O., Ryan, D., Whelan, C.,

Francesconi, S., Rivilla, R., and Dowling, D. N., Fluo-

rescence resonance energy transfer (FRET) based mo-

lecular detection of a genetically modified PCB de-

grader in soil, FEMS Microbiol. Lett., 236, 349-357

(2004).

14) Fujimura, H., Sakuma, Y., and Amann, E., Survival of

genetically-engineered and wild-type strains of the yeast

Saccharomyces cerevisiae under simulated environ-

mental conditions: A contribution on risk assessment, J.

Appl. Bacteriol., 77, 689-693 (1994).

15) Bröker, M., A study on the survival of wild-type labo-

ratory and recombinant strains of the baker yeast Sac-

charomyces cerevisiae under sterile and nonsterile con-

ditions, Zentralbl. Hyg. Umweltmed., 190, 547-557

(1990).

16) Wartiainen, I., Hestnes, A. G., and Svenning, M. M.,

Methanotrophic diversity in high arctic wetlands on the

islands of Svalbard (Norway)-denaturing gradient gel

electrophoresis analysis of soil DNA and enrichment

cultures, Can. J. Microbiol., 49, 602-612 (2003).

17) Ferris, M. J., Muyzer, G., and Ward, D. M., Denatur-

ing gradient gel electrophoresis profiles of 16S rRNA-

defined populations inhabiting a hot spring microbial

mat community, Appl. Environ. Microbiol., 62, 340-346

(1996).

18) de Souza, F. A., Kowalchuk, G. A., Leeflang, P., van

Veen, J. A., and Smit, E., PCR-denaturing gradient gel

electrophoresis profiling of inter- and intraspecies 18S

rRNA gene sequence heterogeneity is an accurate and

sensitive method to assess species diversity of arbuscu-

lar mycorrhizal fungi of the genus Gigaspora, Appl.

Environ. Microbiol., 70, 1413-1424 (2004).

19) Takada-Hoshino, Y., and Matsumoto, N., An improved

DNA extraction method using skim milk from soils that

strongly absorb DNA, Microbes Environ., 19, 13-19

(2004).

20) Davis, R. W., Thomas, M., Cameron, J., St John, T.

P., Scherer, S., and Padgett, R. A., Rapid DNA isola-

tions for enzymatic and hybridization analysis, Methods

Enzymol., 65, 404-411 (1980).

21) Lopez, I., Ruiz-Larrea, F., Cocolin, L., Orr, E., Phis-

ter, T., Marshall, M., VanderGheynst, J., and Mills, D.

A., Design and evaluation of PCR primers for analysis

of bacterial populations in wine by denaturing gradient

gel electrophoresis, Appl. Environ. Microbiol., 69, 6801-

6807 (2003).

22) Ochi, K., Kim, J. Y., Tanaka, Y., Wang, G., Masuda,

K., Nanamiya, H., Okamoto, S., Tokuyama, S., Adachi,

Y., and Kawamura, F., Inactivation of KsgA, a 16S

rRNA methyltransferase, causes a vigorous emergence

of high-level kasugamycin-resistant mutants, Antimi-

crob. Agents Chemother., 53, 193-201 (2009).

３７



















The assessment of the environmental
impact of genetically modified wine

yeast strains

F.F. BAUER1, S. DEQUIN3, I.S. PRETORIUS1,2,
H. SCHOEMAN5, G. WOLFAARDT5, 

M.B. SCHROEDER4, M.K. GROSSMANN4

1 Institute for Wine Biotechnology, Department of Viticulture and Oenology,
Stellenbosch University, Stellenbosch, ZA 7600, South Africa, e-mail: fb2@sun.ac.za

2 Australian Wine Research Institute, Waite Road, Urrbrae, Adelaide, SA 5064,
Australia, e-mail: sakkie.pretorius@awri.com.au

3 Laboratory of Microbiology and Fermentation Technology, Institute for Wine
Products, 2, place Viala, 34060 Montpellier, Cedex 2, France; e-mail:

dequin@ensam.inra.fr
4 The Geisenheim Research Institute, Department of Microbiology and Biochemistry,

Von-Lade-Strasse 1, D-65366 Geisenheim, Germany,
e-mail: manfred.grossmannn@fa-gm.de

5 Institute for Wine Biotechnology, Department of Microbiology, Stellenbosch
University, Stellenbosch, ZA 7600, South Africa.

KEY WORDS: Yeasts, Saccharomyces cerevisiae, fermentation, genetically modified
organisms, DNA.

ABSTRACT

In recent years, considerable efforts have been made to improve strains
of the wine yeast Saccharomyces cerevisiae through the use of modern bio-
technological tools. The main targets for these wine yeast strain develop-
ment programmes have been, and still are, the improvement of fermentation
performance, processing efficiency, and wine sensory quality, as well as the
development of new strains with reduced risks and enhanced benefits for
health. Currently, numerous stable genetically modified wine yeast strains
already exist in laboratories, while many others are being constructed. Gene-
tically modified wine yeast strains have not, as yet, been used in the wine
industry. This situation is mainly due to concerns relating to GMOs in food.
Nevertheless, the arrival on the market of genetically modified wine yeast
strains appears imminent and an urgent need to assess the potential risks
that may be associated with the use of this new technology throughout the
wine production chain exists. This presentation will focus on the existing
data generated by current research projects regarding the assessment of
such risks. More specifically, we will present data and projects on (i) the
available detection methods to monitor genetically modified wine yeast strains
through the overall wine production chain, (ii) the survival and dynamics of
industrial wild type and (iii) genetically modified wine yeast strains in natu-
ral habitats and winemaking environments, (iv) the potential for natural gene
transfer between yeast and the natural wine micro-flora, and (v) the analy-
sis of possible side effects of genetic modifications on yeast strain and pro-
duct quality. (Bulletin O.I.V., 2004, vol. 77, n° 881-882, pp. 514-528).



516 BULLETIN DE L’O.I.V. (2004, 881-882)

ZUSAMMENFASSUNG

Umweltverträglichkeitsprüfung gentechnisch veränderter
Weinhefestämme

In den letzten Jahren wurden beträchtliche Anstrengungen unternommen,
um die Weinhefestämme Saccharomyces cerevisiae durch den Einsatz moder-
ner biotechnischer Hilfsmittel zu verbessern. Die hauptsächlichen Ziele die-
ser Entwicklungsprogramme für Weinhefestämme waren und bleiben bis
heute die Verbesserung der Fermentationsleistung, die Verarbeitungseffizi-
enz und die sensorische Weinqualität, sowie die Entwicklung neuer Hefe-
stämme mit geringeren Risiken und gesundheitsfördernden Eigenschaften.
Zahlreiche stabile, gentechnisch veränderte Weinhefestämme existieren heute
bereits in den Labors und viele andere befinden sich in der Entwicklung. Bis-
her wurden genetisch veränderte Weinhefestämme noch nicht in der indu-
striellen Weinbereitung eingesetzt. Der Grund dafür liegt in Bedenken hin-
sichtlich des Einsatzes von GVOs in Nahrungsmitteln. Trotzdem steht die
Markteinführung gentechnisch veränderter Weinhefestämme offensichtlich
unmittelbar bevor und es besteht die dringende Notwendigkeit, die potenti-
ellen Risiken, die mit dieser neuen Technologie innerhalb der gesamten Kette
der Weinproduktion bestehen könnten, abzuschätzen. Dieser Beitrag kon-
zentriert sich auf existierende Daten, die aus verschiedenen aktuellen For-
schungsprojekten hinsichtlich diesbezüglicher Risikoabschätzung stammen.
Insbesondere stellen wir Daten und Projekte bezüglich (i) der verfügbaren
Erkennungsmethoden zur Kontrolle gentechnisch veränderter Weinhefe-
stämme entlang der Kette der Weinproduktion, (ii) das Überleben und die
Dynamik industrieller Wildtypen und (iii) gentechnisch veränderte Weinhe-
festämme im natürlichen Lebensraum und im Umfeld der Weinbereitung,
(iv) das Potential natürlichen Gentransfers zwischen der Hefe und der natür-
lichen Weinmikroflora und (v) die Analyse möglicher Nebenwirkungen gen-
technischer Veränderungen auf Hefestämme und die Qualität des Endpro-
dukts vor. (Bulletin O.I.V., 2004, vol. 77, n° 881-882, pp. 515-528).

RÉSUMÉ

Evaluation des effets sur l’environnement des souches de levures
du vin génétiquement modifiées

Des efforts considérables ont été réalisés pour améliorer des souches
de levures du vin Saccharomyces cerevisiae à l’aide des outils modernes de
la biotechnologie. L’objectif principal de ces programmes de développement
des souches de levures a toujours été l’amélioration de la qualité de la fer-
mentation, l’efficacité dans l’élaboration, l’amélioration de la qualité senso-
rielle du vin, ainsi que le développement de nouvelles souches avec des
risques minimes et des bénéfices accrus pour la santé. Actuellement, de nom-
breuses souches de levures génétiquement modifiées existent en laboratoire,
tandis que beaucoup d’autres sont en cours de développement. A ce jour,
les souches de levures génétiquement modifiées n’ont pas été utilisées dans
le secteur du vin. Ceci est dû, en grande partie, à des préoccupations vis-à-
vis de l’utilisation des OGM dans les produits alimentaires. Cependant, l’ar-
rivée sur le marché des souches de levures génétiquement modifiées sem-
blerait être imminente et il existe un besoin urgent d’évaluer les risques
potentiels associés à l’utilisation de cette nouvelle technologie dans l’élabo-
ration du vin. Cette présentation montrera les données existantes issues des
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projets de recherches actuels concernant l’évaluation de ces risques. Plus
précisément, nous exposons des données et des projets concernant: (i) les
méthodes de détection disponibles pour contrôler les souches de levures
génétiquement modifiées pendant les différentes étapes de l’élaboration du
vin, (ii) la survie et la dynamique du type sauvage industriel, (iii) les souches
de levures génétiquement modifiées en milieu naturel et dans les milieux de
l’élaboration du vin, (iv) le potentiel de transfert naturel de gènes entre les
levures et la microflore naturelle du vin et (v) l’analyse des effets secon-
daires potentiels des modifications génétiques sur les souches de levures et
la qualité du produit. (Bulletin O.I.V., 2004, vol. 77, n° 881-882, pp. 515-528).

RESUMEN

Evaluación del impacto medioambiental de las cepas de levaduras
geneticamente modificadas

Se han realizado esfuerzos considerables para mejorar las cepas de leva-
duras del vino Saccharomyces cerevisiae utilizando las herramientas moder-
nas de la biotecnología. El objetivo principal de estos programas de desarro-
llo de las cepas de levaduras ha sido siempre el de mejorar la calidad de la
fermentación, aumentar la eficacia del proceso de elaboración, mejorar la cali-
dad sensorial del vino, así como desarrollar nuevas cepas con una reducción
de los riesgos y un mayor beneficio para la salud. Actualmente, numerosas
cepas de levaduras genéticamente modificadas existen en laboratorio, mien-
tras que muchas otras se están desarrollando. Hasta el día de hoy, las cepas
de levaduras genéticamente modificadas no han sido utilizadas en el sector
del vino. Esto se debe en gran parte a la preocupación respecto a la utiliza-
ción de los OGM en los productos alimentarios. Sin embargo, la llegada al mer-
cado de las cepas de levaduras genéticamente modificadas parece inminente
y existe una necesidad urgente de evaluar los riesgos potenciales que podrían
esta ligados a la utilización de esta nueva tecnología en la elaboración del
vino. Esta presentación mostrará los datos existentes provenientes de los
actuales proyectos de investigación relativos a la evaluación de estos riesgos.
Más precisamente, exponemos los datos y los proyectos relativos: (i) los méto-
dos de detección disponibles para controlar las cepas de levaduras genética-
mente modificadas durante toda la cadena de producción del vino, (ii) la super-
vivencia y la dinámica de los tipos industriales, (iii) las cepas de levaduras
genéticamente modificadas en medio natural y en los medios de la elabora-
ción del vino, (iv) el potencial de transferencia natural de genes entre las
levaduras y la microflora natural del vino, (v) el análisis de los posibles efec-
tos secundarios de las modificaciones genéticas en la cepa de levadura y en
la calidad del producto. (Bulletin O.I.V., 2004, vol. 77, n° 881-882, pp. 515-528).

RIASSUNTO

La valutazione d’impatto ambientale di lieviti enologici
geneticamente modificati

Negli ultimi anni, sono stati compiuti innumerevoli sforzi per perfezio-
nare le varietà del lievito enologico Saccharomyces cerevisiae mediante l’uso
di moderni strumenti biotecnologici. I principali obiettivi dei programmi per
lo sviluppo dei lieviti sono stati, e sono tuttora, il miglioramento della qua-
lità della fermentazione, l’efficacia del processo stesso, la qualità sensoriale
del vino, nonché lo sviluppo di nuove varietà che presentino minori rischi e
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maggiori benefici per la salute. Attualmente esistono già in laboratorio nume-
rose varietà di lieviti stabili geneticamente modificati, mentre molti altri sono
in via di realizzazione. I lieviti geneticamente modificati non sono stati usati,
finora, nell’industria enologica. Tale situazione è dovuta principalmente alle
preoccupazioni riguardanti gli OGM nei prodotti alimentari. Tuttavia, l’arrivo
sul mercato di lieviti geneticamente modificati appare imminente, mentre c’è
l’urgente necessità di valutare i rischi potenziali che possono essere legati
all’uso di questa nuova tecnologia in tutta la catena produttiva del vino. Que-
sta presentazione sarà incentrata sui dati esistenti ottenuti dagli attuali pro-
getti di ricerca che riguardano la valutazione di tali rischi. Più specificata-
mente, verranno presentati dati e progetti su (i) i metodi di rilevamento
disponibili per monitorare i lieviti geneticamente modificati in tutta la catena
di produzione del vino, (ii) la sopravvivenza e la dinamica dei lieviti usati a
livello industriale, sia naturali che (iii) geneticamente modificati, negli habi-
tat naturali e negli ambienti di vinificazione, (iv) il potenziale del trasferimento
del gene naturale dal lievito alla microflora naturale del vino, e (v) l’analisi
dei possibili effetti collaterali di modificazioni genetiche sul lievito e sulla
qualità del prodotto. (Bulletin O.I.V., 2004, vol. 77, n° 881-882, pp. 515-528).

INTRODUCTION

Wine fermentation used to be conducted by the microorganisms present
on the grapes or the winery equipment, including yeast, fungi and bacteria.
During these spontaneous fermentations, a succession of microorganisms
dominates the early stages of the alcoholic fermentation, while yeasts, mainly
of the species Saccharomyces cerevisiae, invariably dominate the latter
stages of the process, when alcohol concentration is high. Today, spontaneous
fermentations are still employed in some wineries, mainly by smaller pro-
ducers of quality wines. However, most wine makers use commercially pro-
duced active dried wine yeast strains (ADWY) to inoculate grape must and
kick-start the fermentation process. Inoculation presents several advantages
that off-set the additional costs incurred when purchasing the yeast. The
advantages include (i) the improved control of the fermentation process,
(ii) the reduction of the risk of sluggish or stuck fermentations and of micro-
bial contamination, and (iii) the choice of yeast strains that impart specific
characteristics to the wine and achieve a desired outcome. No disadvan-
tages have been associated with the use of ADWY, but for the observation
that wines fermented by a single yeast strain may sometimes display reduced
complexity when compared to those having undergone spontaneous fer-
mentation.

Most commercial wine yeast strains available today have been bred
and/or selected to display particular oenological characteristics, and yeast pro-
ducers market their strains for specific applications and for specific styles of
wines. These and other technological developments have without doubt con-
tributed to an improvement in the average quality of wine, and have
enhanced the ability of wine makers to control the fermentation process and
to achieve specific outcomes. In this context, it is not surprising that con-
tinuous innovation is widely considered essential to maintain a competitive
edge in the wine market. Innovation will be driven by several key tech-
nologies. Progress may still be made on improving the existing traditional
viti- and vini-cultural practices. However, the probably biggest potential for
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developing innovative solutions and for generating new products resides in
the application of modern biotechnological tools, in particular genetic engi-
neering.

The last two decades have seen a rapid increase in biotechnological
know-how and in the development of modern molecular biology. The yeast
S. cerevisiae has played an essential part in the development of these tech-
nologies, and a tremendous amount of knowledge has been accumulated
about this organism. The potential for significant scientific and technologi-
cal breakthroughs, based on the application of our accumulated know-how
of yeast molecular biology to wine-related problems, promises therefore
benefits for wine producers and consumers alike.

However, the application of modern biotechnology, particularly in agri-
culture and food production, remains controversial. Countless reports on the
topic have been published, and the arguments for and against the use of
genetic modification, be they of an ethical, economic, environmental or oth-
erwise scientific nature, have been made extensively in public debates. Most
of these discussions have not been conducted in a rational environment,
and have frequently been hijacked by particular interests. This situation,
combined with the sometimes irresponsible political handling of sensitive,
public health-related issues and a silent scientific community, has created a
negative public perception of GM-technology, particularly in European coun-
tries.

The future application of this technology in the wine industry therefore
hinges on a scientifically sound evaluation of the safety and of the potential
environmental and economic impact of genetically modified organisms. This
evaluation requires the study of complex interactions and ecosystems, and
needs to assess a large number of interrelated parameters. It therefore has
to integrate multidisciplinary approaches, and include ecologists, microbiol-
ogists, geneticists, biochemists and other scientists. It is probably due to the
intrinsic complexity of the topic that few studies have been conducted to
holistically assess the environmental impacts of microbial GMOs (Table I).

Table I
Problems associated with the investigation of the ecological impact of introduced

microorganisms

Conceptual Inability to predict how potential impacts will be expressed within
a complex ecosystem.
Inability to define the level at which ecological impacts should
be sought (micro- vs. macro-ecology)
Absence of a framework of references for scientific interpreta-
tion of results (e.g. statistical vs. ecological significance)
Impossibility to extrapolate data obtained in closed model sys-
tems to open natural systems 

Technological Monitoring techniques not adapted for specific purpose (I.e. sen-
sitivity too high-too low)
Techniques have only been assessed in model systems
Quantitative data difficult to generate reliably
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The research presented here describes several approaches that, when
taken together, should provide us with a holistic view of the potential impact
of GM yeast in a winery and associated environments. It is specifically focused
on addressing several unresolved issues, including:

(i) Evaluating available detection methods for GM yeast.
(ii) Assessing the spreading of commercial wine yeast strains in the envi-

ronment.
(iii) Comparing the behaviour of parental and genetically modified strains in

model systems to assess whether GM strains may possess a selective
advantage which could lead to their spreading.

(iv) Evaluating the probability of trans-genes spreading vertically to other
yeast strains or horizontally to other species.

(v) Assessing the consequences of genetic modification on the modified
yeast itself.

In the following sections, the current status of some research projects
within each of these major topics will be described.

AVAILABLE METHODS FOR THE DETECTION OF GM YEAST

The available methods for the detection of genetically modified organ-
isms in food were recently reviewed by Ahmed (2002). The most commonly
used techniques are listed in Table II, and include Southern blotting and
PCR analysis for the detection of transgenic DNA, and immunological tests
for the detection of GM proteins. All of these methods require detailed a
priori knowledge of the specific GMO to be monitored, in particular regard-
ing the specific sequences used for the modification.

If no such information is available, it may be possible to investigate
strains for the presence of those sequences that are most commonly used
in genetic engineering, including selection markers (e.g. antibiotic resistance
genes), particular promoters (sequences that regulate the expression of an
inserted gene) or secretion signal sequences (if the GMO is suspected to pro-
duce a secreted protein), but modern strategies provide a wide, indeed vir-
tually limitless variety of choices to biotechnologists, making such a search
a rather hazardous undertaking.

PCR-based methods are highly sensitive, but high sensitivity also leads
to an increased risk of generating false positive results. This problem is
amplified when investigating the presence of a GMO or of GM-products in a
complex food-product like wine, where the donor species of the investigated
heterologous gene may also have been present during the production pro-
cess. Indeed, many currently ongoing yeast improvement projects are using
DNA isolated from organisms that are naturally present in wine.

Our data show that all techniques described in Table II can be used to
trace GM yeast in a wine or vineyard environment. However, when complex
populations have to be assessed, none of the techniques offered easily repro-
ducible results. In addition, quantification of GM yeast within a mixed cul-
ture using quantitative DNA methods has proved extremely difficult. Fur-
thermore, none of the currently available methods is suitable for standard
analysis in a wine cellar environment.
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Table II
Summary of methods that specifically detect recombinant DNA or its products in food-stuff (Adapted from Ahmed, 2002)

Parameter Protein-based DNA-based

Western ELISA Lateral Southern Qualitative QC-PCR and Real-time
blot flow strip blot PCR limiting PCR

dilution

Ease of use Difficult Moderate Simple Difficult Difficult Difficult Difficult
Needs special equipment Yes Yes No Yes Yes Yes Yes
Sensitivity High High High Moderate Very high High High
Duration 2 d 30-90 min 10 min 6 h’ 1.5 d 2 d 1 d
Gives quantitative results No Yes No No No Yes Yes
Suitable for field test No Yes Yes No No No No
Employed mainly in Academic Test facility Field Academic Test facility Test facility Test facility

labs testing labs
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THE SPREADING OF COMMERCIAL WINE YEAST STRAINS IN VINEYARDS

Commercially used yeast strains are released in large numbers and on
an annual basis by most wine producers. These strains will in most cases
not have originated from the area of release, and may therefore be expected
to have an impact on the naturally occurring yeast micro-flora. This impact
has to be carefully assessed, since the existing commercial wine yeast strains
will be the target for genetic manipulations. It is absolutely necessary to know
to what extend these existing commercial wine yeast strains survive and
spread in nature and to what extend they influence the fermentations of
the following year.

To study the effects of introduced new yeast varieties, be they geneti-
cally modified or not, we assessed the spread of commercially used wine
yeast strains. We specifically investigated the potential spreading of the wine
yeast strains most commonly used in South Africa and in the wine estates
investigated, including VIN13, VIN7, WE228, N96, WE14, WE372, D254,
CY3079, Bordeaux Red, EC1118, D47, DV10, L2056 and QA23. The yeast
strains were isolated during the 1998 and 1999 harvesting seasons from vine-
yards on six wine farms in different climatological regions in the Western
Cape. Six sampling sites, identified according to their relative position to the
cellar, the dumping sites of grape skins, the topology of the area (including
drainage lines etc) and the prevailing wind direction were selected on each
farm. Due to the large number of yeasts isolated, a near-infrared spectroscopy
(NIR) technique to identify the yeast isolates was developed. The results of
the NIR were further verified by pulsed-field gel electrophoresis (CHEF).

The data confirmed previous reports (Van der Westhuizen et al., 2000)
indicating that Saharomyces cerevisiae is not present in large numbers in
vineyards, since the vast majority of isolated yeast belonged to the genera
Kloeckera and its anamorph Hanseniaspora, as well as Candida, Brettanomyces,
Cryptococcus, Kluyveromyces, Pichia and Rhodotorula. A total of 34 and 55
different “wild” Saccharomyces strains were identified after spontaneous fer-
mentation of the grape must during the 1998 and 1999 seasons, respectively.
Out of 1500 individual colonies screened, only eight (or less than 1%) were
identified as commercial wine yeast strains, seven corresponding to VIN13,
while one isolate was identified as N96. Both of these strains are widely used
in the South-African wine industry. None of the other commercial strains could
be detected at any of the sampling sites. All industrial Sacchromyces cere-
visiae strains identified were found at sites closely associated with the winery
dumping sites. Considering the position of the sampling sites, which were
selected for the high probability of accidental dispersal of yeast from the
dumping sites, and taking into account the large number of yeast isolated, the
data suggest that commercial wine strains are not easily dispersed from the
cellar to the vineyard. The data are in accordance with findings by other
groups in France and Portugal that will also be presented at this meeting.

THE DETECTION AND MONITORING OF GENETICALLY MODIFIED YEAST
STRAINS WITHIN MICROBIAL VINEYARD POPULATIONS

To monitor the behaviour of genetically modified yeast strains during wine
fermentation and in the vineyard, and to compare the relative fitness of
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these strains and of the corresponding parental strains, several trials have
been conducted at the Wine Research Institute in Geisenheim, Germany,
and at the Department of Microbiology and the Institute for Wine Biotech-
nology in Stellenbosch, South Africa. Since GM yeast may not be released
into the environment, the studies were conducted in confined wine cellars
and vineyards established in greenhouses.

The greenhouse trial was started in 1999, using a newly established
vineyard of one year old vines. In the first year of investigation, only the
naturally occurring yeast population was assessed. The most prevalent yeast
genera and species that were isolated from the berries, leaves, stems and
the soil included Rhodotorula, Saccharomycodes, Yarrowia lipolytica, Pichia
guilliermondii, Metchnikowia pulcherima and Hanseniaspora. To a lesser
extent Candida parapsilosis and Debaromyces hansenii were also detected.

A well-known industrial wine yeast strain, Saccharomyces cerevisiae
VIN13, was used as the parental strain. Several genes were transformed into
this strain, either as single genes or in combination. These genes originated
either from bacteria or non-Saccharomyces yeast, and included the LKA1
gene, which encodes a raw starch degrading a-amylase, the end1 gene
(encoding endo-b1,4-glucanase) and the XYN4 gene (encoding xylanase), as
well as the pelE (encoding pectate lyase) and peh1 (encoding polygalactur-
onase) genes. All genes are under the control of strong yeast promoters
and terminators and have been integrated into the genome of VIN13,
together with the yeast-derived resistance marker SMR-410 or the kanMX
gene which confers resistance to geneticin.

Before the spraying of the yeasts, the greenhouse was divided into four
individually contained blocks, each block consisting of 20 vines. In the first
year of the trial, block 1 was left untouched, and no yeast strain was released,
whereas the other three blocks were each treated with 1.5 l of a solution
containing 2.5x106/ml of colony forming units (CFU) of pure yeast culture.
Treatment was applied by directly spraying the yeast solution onto the vines.
Block 2 was sprayed with the GM yeast alone, block 3 with the parental
strain VIN13, whereas block 4 was sprayed with a 1:1 mixture of both strains
(Figure 1).On a weekly basis, the yeast populations on the grapes, leaves,
stem and soil in the different blocks were monitored. Although a high con-
centration of yeast was sprayed, few S. cerevisiae strains could be isolated

FIGURE 1
Arrangements of blocks in greenhouse trials. Control: No yeast sprayed. VIN13:

Only parental strain sprayed. LKA: GM yeast with LKA1 gene. Gluc: GM Yeast with
glucanase-encoding genes. Pect: GM yeast with pectinase-encoding genes.

YEAR 1

1 4

2 3

Control LKA + VIN13

VIN13LKA

YEAR 2
1 4

2 3

Control LKA + Gluc + Pect

LKA + GlucLKA
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at any given time. The yeast population in the sprayed blocks was other-
wise very similar to the one found on the control vines, indicating that the
commercial or GM yeast did not affect the overall ecological balance of the
micro-flora. Furthermore, no significant differences between the behaviour
of the genetically modified and the parental strains could be detected.

Micro-vinifications were conducted from the grapes harvested from each
block, and the numbers of S. cerevisiae cells present during the fermenta-
tions was monitored. In all cases, the must obtained from grapes harvested
from the blocks that had been sprayed with commercial or GM yeast strains
fermented significantly more efficiently than the must obtained from the
control block, indicating the presence of increased numbers of S. cerevisiae
strains on the grapes. However, no significant differences were observed
between the blocks that had been sprayed with either the GM yeast or with
the parental strain.

In the second year, the four blocks were again sprayed, but GM yeasts
with activities that may provide a selective advantage over the parental
strains were used (Figure 1). Indeed, the GM yeasts were designed to secrete
significant amounts of polysaccharide-degrading enzymes, in particular glu-
canases and pectinases, which may provide some advantages to the strains
when released on the vines. However, the same patterns as in the previous
year were observed, and no significant differences were detected between
the transformed and the parental strains, both with regard to their presence
in the vineyard and to the cell numbers and fermentation efficiencies dur-
ing spontaneous fermentations.

The data again suggest that the GM yeasts did not benefit from any spe-
cific advantage in terms of overall fitness when released in the vineyard, since
the weekly sampling did not reveal any statistically significant differences
between the three blocks that had been sprayed. During spontaneous fer-
mentations of the grape musts derived from the different blocks, no signif-
icant difference in fermentation speed, efficiency or the number of colony
forming units could be observed, and none of the different yeast was able
to dominate other yeast strains in both the vineyard and during sponta-
neous fermentation (Figure 2).

We are currently assessing the fermentation behaviour of the same
strains when directly inoculated into grape must, either as single strains or
as a mixture of GM and parental strains. These experiments will allow assess-
ing the relative fitness of these strains when subjected to direct competition
during wine fermentation.

THE ASSESSMENT OF VERTICAL AND HORIZONTAL GENE TRANSFER FROM
WINE YEAST STRAINS TO OTHER STRAINS OR MICROORGANISMS

The assessment of potential risks associated with GMOs has to take into
account the possibility that a specific character conferred through GM tech-
nology may be able to spread beyond the confines of the initially modified
strain. Vertical gene transfer refers to the transmission of DNA through sex-
ual reproduction. In the case of wine yeast strains, it would require sporu-
lation of the strain, followed by mating of the spores with either each other
or with spores of another S. cerevisiae strain that may have been present
during the fermentation process. To our knowledge, no direct observations
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of sporulation in commercial wine yeast strains during wine fermentation
have been published, and its occurrence will therefore have to be assessed
during this study. Horizontal gene transfer, on the other hand, refers to the
asexual transfer of DNA from one species to another, and has recently
attracted wide-spread interest and media coverage. The analysis of entire
genome sequences has revealed that most, if not all species, have been
subjected to horizontal transfers in their evolutionary history, and that the
process has probably played an essential role in evolution. Horizontal trans-
fer of DNA has been observed between a number of microorganisms, both
between two strains of the same species and between unrelated species.
However, few if any data exist regarding its occurrence and possible mech-
anisms in eukaryotic organisms, but for the transfer of genes by viruses.
Furthermore, no data are available regarding the possible occurrence of such
transfers between microorganisms present during wine fermentation, and in
particular between a wine yeast strain and either other yeast strains and
species or bacteria.

Two projects are currently underway at the Institute for Wine Biotech-
nology (South Africa) to assess the probability of DNA transfer between two

FIGURE 2
Spontaneous fermentations of grapes harvested from the different blocks.

The graphs represent two independently conducted experiments (A and B), and
indicate the number of colony forming units observed during the fermentations.

The data correlate well with fermentative activity (data not shown).
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wine yeast strains and between wine yeast strains and other microorgan-
isms during wine fermentation. The first project more specifically assesses
the probability of sexual DNA transfers, whereas a second project investi-
gates the general probability of DNA transfer, particularly through non-sexual
mechanisms.

Most industrial wine yeast strains are either diploid or polyploid. Sexual
reproduction of these strains requires that cells sporulate, which results in
the formation of four haploid or aneuploid ascospores. A single spore can
multiply vegetatively until encountering a cell of the opposite mating type,
which will lead to the fusion of the two cells. Sporulation and mating would
be the most obvious and easiest way through which specific characters or
genes, whether established through genetic modification or traditional
methodologies, can be transferred from one strain to another. The presence
or absence of sporulating cells in a culture is difficult or impossible to assess
visually if the percentage of these cells is low, which will be the case dur-
ing wine fermentation. To overcome this problem, we will fuse an Open
Reading Frame (ORF) encoding a Green Fluorescent Protein (GFP) to the
promoter of a strong sporulation-specific gene. Several such genes have
been identified. A plasmid carrying a dominant selection marker combined
with the above mentioned construct will be transformed into industrial wine
yeast strains, and the transformed strains will be inoculated individually into
experimental fermentors containing grape must. Each wine yeast strain of
interest can be monitored, and the frequency of sporulation can be estab-
lished. The influence of environmental factors on sporulation frequency can
also be assessed.

To assess the occurrence of horizontal gene transfer, several industrial
wine yeast strains with a well established genetic background and karyotype
will be transformed with plasmid DNA carrying a single dominant selection
marker, which confers resistance to either sulfomethurone (SMR1) or geneticin
(kanMX). Plasmids will be both centromer (single copy) and 2-micron (mul-
tiple copy) based. Two transformed strains, each carrying a different marker,
will be co-inoculated at variable initial ratios into grape must or specific
laboratory media. After having completed micro-vinifications under various
conditions, possible transfers of DNA will be assessed by isolating strains
resistant to both compounds. Should such strains be found, they will be
analysed genetically and karyotyped in order to assess whether the transfer
was limited to plasmid DNA or involved the transfer of chromosomal fragments
as well.

The experimental set up provides a framework to assess a “worst case
scenario”, since it uses conditions which might be optimal for horizontal DNA
transfer to occur:

– Plasmid based genes are probably more likely to be transferred. Plasmids
are small, autoreplicating elements and therefore are more likely to be both
released from cells and to be taken up by another cell. The possibility of
transfer will be further increased through the use of high copy number
plasmids;

– Cells will be grown to high density, increasing contact between cells and
therefore increasing the likelihood of transfer;

– Grape must fermentation results in high levels of ethanol which is known
to increase membrane permeability, and should therefore increase the
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possibility of DNA transfer. Laboratory media with high ethanol content will
also be used during the experimental phase;

– Each assay will be monitored for a prolonged period of time, even after
the end of fermentation. Numerous cells undergo autolysis during the late
stages of fermentation which should lead to increased release of DNA and
increased transfer probability.

The data will provide essential information regarding the assessment of
risks associated with genetically modified yeast. Since the experiments are
designed to improve the chances of transfer, a negative result would pro-
vide a strong indication that such a transfer is very unlikely to occur and that
the spreading of characters that have been modified in GMO yeast is an
unlikely event.

ASSESSING UNFORESEEN CONSEQUENCES OF GENETIC MODIFICATION ON
THE MODIFIED ORGANISM

Genetic engineering has a number of advantages over classical breeding
and selection. In particular, it allows the specific modification of a single trait
of a target organism, without changing the genetic background. In most
cases, genetic engineering aims either to introduce new enzymatic activities
or to change the metabolic flux through specific pathways by changing existing
enzymatic activities. In both cases, the change will have some metabolic
consequences, be they due to the demand for additional protein synthesis in
the case of expressing new enzymes destined for secretion, the modification
of metabolite concentrations or the presence of new, foreign metabolites.

It is likely that the changed parameters will be sensed by the complex
regulatory mechanisms that exist within any living cell, and will lead to a
specific molecular response. This response may result in some unforeseen,
indirect consequences regarding the metabolic activity of the cell. In sev-
eral cases of attempted metabolic engineering of wine yeast strains, such
unforeseen consequences have been described, an example being the
increased production of acetate in strains with increased levels of glycerol-
synthesising enzymes. Modern biotechnological tools allow to systematically
assess any biological process on a ‘global’ level, by analysing the entire tran-
scriptome (all mRNAs present in a cell), and – in the near future – the pro-
teome (all proteins) and metabolome (all metabolites). The transcriptome can
be analysed by microarrays, which monitor the transcription of all protein-
encoding genes present in the genome of yeast.

Several studies have already been conducted to compare the transcrip-
tional regulation in parental and genetically modified yeast strains. By mon-
itoring the transcriptome, possible unexpected side-effects of the genetic
modification can be revealed and analysed. In Montpellier, the effects of the
introduction of a gene that lead to the production of high levels of lactate
by S. cerevisiae (Dequin et al., 1999) has been studied in some detail. This
yeast has been transformed with a bacterial gene encoding lactate dehy-
drogenase, and produces up to 35 g/l of lactate. The high level of lactate
suggests that the metabolism of this specific yeast strain has been pro-
foundly modified, and the strain indeed displays several additional pheno-
types, including reduced fermentative activity and numerous knock-on effects
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are therefore expected. The data show that the modified strain responds to
the increased levels of acid by modifying the expression of more than 100
genes. For the most, these genes belong to groups which are required to
adjust or to maintain the internal pH of the cell or to protect the cell against
environmental stress, including proton transporters and heat-shock proteins.
Other genes whose expression has been modified are involved in general
metabolism (glycolytic genes). Similar studies are underway in several lab-
oratories, and will lead to the establishment of databases where all metabolic
side effects of genetic modifications can be analysed. In the near future, it
will be possible to fully assess the consequences of any genetic modification
at all levels of cellular metabolism.

CONCLUSION

The projects described in this report are designed to generate a scien-
tifically sound, holistic view of the potential effects of genetically modified
yeasts in the wine industry. Most of these projects will have been finalised
within the next two years, and the data will provide a framework for the
assessment of individual strains by regulatory bodies, including the OIV and
national governments.
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Summary
A glass house experiment was conducted to study the interaction between the
mycorrhizal fungus, Glomus mosseae and six soil yeasts (Rhodotorula mucilaginosa,
Metschnikowia pulcherrima, Trichosporon cutaneum var. cutaneum, Saccharomyces
cerevisiae, Cryptococcus laurentii, Debaryomyces occidentalis var. occidentalis), and
their effect on growth and nutrition of cowpea. All the yeasts had a synergistic
interaction with the mycorrhizal fungus and dual inoculation improved plant growth
compared to single inoculation with G. mosseae alone. Nitrogen and phosphorus uptake
of plants was also enhanced significantly in G. mosseae and soil yeasts combinations.
Growth, N, P, chlorophyll and phenol content and yield of cowpea were highest in plants
treated with G. mosseae+R. mucilaginosa. Mycorrhizal root colonization, spore numbers
and population of yeasts in the root zone soil were also highest in the treatment
G. mosseae+R. mucilaginosa and least in the uninoculated plants.
& 2006 Elsevier GmbH. All rights reserved.

Introduction

Arbuscular mycorrhizal fungi (AMF) are probably
most abundant in agricultural soils, accounting for
about 5–50% of the biomass of soil microbes (Olsson
et al., 1999). They are recipients of wide attention
as part of popular paradigm that considers an
active and diverse soil biological community,
essential for increased sustainability of agricultural
systems (Gianinazzi and Schuepp, 1994). Inocula-
tion with AMF is known to increase the growth of

many plant species. This is attributed to increased
uptake of nutrients (especially diffusion limited
nutrients like P, Zn, Cu, etc.) production of growth
promoting substances, tolerance to drought, sali-
nity and transplant shock, resistance to plant
pathogens and synergistic interaction with other
beneficial soil microorganisms such as N2-fixers, P
solubilisers (Bagyaraj and Varma, 1995). It has been
established that mycorrhizal plants grow better
than nonmycorrhizal plants in infertile soils be-
cause of improved mineral nutrition through hy-
phae, which help in exploring a greater volume of
soil beyond the root hairs (Rajan et al., 2000).
Enhanced mineral nutrition helps in increased
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chlorophyll content thus helping in higher photo-
synthetic rate (Bian et al., 2001; Feng et al., 2002).
Further, reduction in the severity of disease caused
by root pathogens is attributed to morphological
alterations caused by AMF on the host like thicken-
ing of the cell wall, stronger vascular bundles, etc
or because of physiological changes in host like
increased concentration of P, phenoloics, sulfur
containing aminoacids (Raman et al., 2001; Boby
and Bagyaraj, 2003).

Mycorrhizal fungi interact with a wide range of
other soil organisms in the root, rhizosphere, and in
the bulk soil. These interactions may be inhibitory
or stimulatory; some are clearly competitive and
others may be mutualistic. Though, AMF are not
capable of fixing atmospheric N2, they are known to
increase N2-fixation and positively interact with N2-
fixers (Bagyaraj and Menge, 1978; Bethlenfalvay,
1992; Barea et al., 1992). Combined inoculation of
phosphate solubilizing microorganisms and AMF
have shown better N and P uptake and improved
crop yields in nutrient deficient soils (Singh and
Kapoor, 1999). Fracchia et al. (2000) reported
existence of synergistic interaction between sapro-
phytic fungus Fusarium oxysporum and AMF result-
ing in increased root colonization and enhanced
growth. Singh et al. (1991) observed enhancement
of root colonization of legumes by native AMF
through inoculation of legume seeds with a com-
mercial yeast (Saccharomyces cerevisiae). Yeasts
are one of the important sources of Vitamin B12.
Though Vitamin B12 produced by yeasts may not be
required directly for plant growth, yeasts in the
root zone may influence plant growth indirectly by
encouraging the growth of other plant growth
promoting rhizomicroorganisms (PGPRs). Enhance-
ment of root colonization of legumes by native AM
fungi through inoculation of seeds or soil with the
yeasts S. cerevisiae and Rhodotorula mucilaginosa
has been reported by earlier workers (Singh et al.,
1991; Fracchia et al., 2003).

So far, no information is available on the
influence of soil yeasts on multiplication and
establishment of introduced AMF in soils. So, a
glass house experiment was conducted to study the
interaction of soil yeasts and AMF by taking cowpea
as the host.

Materials and methods

AM inoculum

Glomus mosseae, a local isolate obtained from
the rhizosphere of Leucaena leucocephala, main-
tained as pot culture in sterilized sand: soil (1:1 v/

v) mixture on Rhodes grass (Chloris gayana) was
used as the AMF in the present study. The air-dried
inoculum contained AM hyphae, spores and root
pieces. About 12,500 infective propagules based on
the most probable number estimation (Porter,
1979) was added as a layer to the soil 3 cm below
the surface before sowing cowpea.

Yeast cultures

Six yeast cultures namely Debaryomyces occi-
dentalis var. occidentalis (MTCC 29), Metschniko-
wia pulcherrima (MTCC 632), S. cerevisiae (MTCC
170), Cryptococcus laurentii (MTCC 3953), Rhodo-
torula mucilaginosa (MTCC 850) and Trichosporon
cutaneum var. cutaneum (MTCC 255) were obtained
from Microbial Type Culture collection, Institute of
Microbial Technology, Chandigarh, India. The first
three yeast cultures are fermentation positive with
sexual reproduction and the last three yeast
cultures are fermentation negative with no sexual
reproduction (Barnett et al., 2000). The yeast
cultures were grown in malt yeast extract broth
for 6 days at 30 1C in a shaker at 120 rpm. The
cultures were centrifuged at 5500 rpm for 20min
and the supernatant discarded and the pellets
containing yeast cells were suspended in 0.01M
MgSO4 solution. The colony-forming units (CFU) of
soil yeasts were 8–10� 105/ml inoculum. The yeast
cultures were applied to the seed hole at the rate
of 25ml per hole. The control plants were provided
with 25ml of 10mM MgSO4 solution.

Seed treatment and planting

Cow pea seeds (Variety TC-201) were surface
sterilized with 70% ethyl alcohol for 1min followed
by washing three times with sterilized distilled
water. Seeds were later treated with 0.01% HgCl2
for 3min and washed with sterilized distilled water
six times. Cowpea seeds were sown in pots contain-
ing soil and were thinned to 2 plants per pot after
one week of germination. The soil used in the
experiment was an Alfisol of a fine kaolinitic,
isohyperthermic Typic Kanhaplustalfs type having
pH 5.8, available P of 5.6 mg g�1 (NH4F+HCl extrac-
table) and an indigenous mycorrhizal spore count of
37 per 50 g of soil. The plants were watered once in
2 days and were grown for 90 days under glass
house conditions.

The experiment consisted of the following 8
treatments with 8 replications:

(1) Uninoculated control and inoculated treat-
ments with (2) G. mosseae (Gm) (3) Gm+
R. mucilaginosa (4) Gm+Metschnikowia pulcherrima
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(5) Gm+T. cutaneum var. cutaneum (6) Gm+
S. cerevisiae (7) Gm+C. laurentii (8) Gm+D. occi-
dentalis var. occidentalis.

Plant parameters studied

Plant height and number of leaves were recorded
once in 20 days interval up to the time of harvest,
i.e., 90 days after sowing (DAS). Only values at the
time of harvest are presented in this paper. Dry
weights of shoot and root were determined after
drying to a constant weight. Yield of pods/plant
was also recorded. The chlorophyll content of
leaves was estimated by dimethyl sulfoxide (DMSO)
method (Hiscox and Israedstam, 1979). The phe-
nolic content of root and leaf samples were
estimated by the method given by Sadasivam and
Manickam (1996). Plant phosphorus concentration
was estimated colorimetrically following the vana-
domolybdate yellow color method (Jackson, 1973).
The nitrogen content of plant samples was deter-
mined by the method given by Catalado et al.
(1975).

Microbiological analysis

Mycorrhizal root colonization was determined by
the grid line intersect method (Giovannetti and
Mosse, 1980) after staining the roots with trypan

blue (Philips and Hayman, 1970). The number of
extramatrial chlamydospores produced by AMF in
the root zone soil was estimated by wet sieving and
decantion method (Gerdemann and Nicolson,
1963). The population of soil yeasts in the
root zone soil was determined at 20 days interval
by serial dilution plate method using malt extract
agar (Galloway and Burgess, 1952). But only
the values at the time of harvest are given in this
paper. The vitamin B12 production of yeasts was
determined by the microbiological assay using
Lactobacillus delbrueckii sub sp. lactis (MTCC
0911) as the test organism. The culture filtrate of
yeasts grown on malt yeast extract broth was used
in the assay solution. Vitamin B 12 agar was seeded
with the test bacterium. One cm filter paper
discs dipped in assay solution were placed on
seeded agar plates and inoculated. The zone of
exhibition by the test bacterium indicated the
presence of vitamin B12 in the assay solution (Foster
et al., 1949).

Statistical analysis

The results of various parameters obtained from
the experiments were analyzed by statistical
analysis suitable to RCBD and were separated using
Duncan’s Multiple Range Test (DMRT) (Duncan,
1965).
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Table 1. Interaction effects of Glomus mosseae and soil yeasts on growth and yield of cowpea

Treatment Plant height
(cm)

No. of
leaves

Shoot dry weight
(g/plant)

Root dry weight
(g/plant)

Total biomass
(g/plant)

Yield
(g/plant)

Uninoculated
control

28.23d 7.0c 3.91f 1.42d 5.33f 9.21e

Inoculated with
G. mosseae (Gm)

29.08cd 7.3bc 4.3de 1.62cd 5.92e 10.1de

Inoculated with
Gm+R.
mucilaginosa

33.18a 10.3a 6.26a 2.12a 8.38a 13.8a

Inoculated with
Gm+M.
pulcherrima

33.08a 8.6abc 5.93b 1.91ab 7.84b 11.03cd

Inoculated with
Gm+T. cutaneum
var. cutaneum

31.55ab 9.2a 5.21c 1.96ab 7.17c 10.34de

Inoculated with
Gm+S. cerevisiae

31.99ab 9.0ab 4.84d 1.74bc 6.58d 13.71a

Inoculated with
Gm+C. laurentii

30.19bc 9.4a 6.12a 1.70bc 7.82b 12.9ab

Inoculated with
Gm+D.
occidentalis var.
occidentalis

31.13b 9.5a 5.83b 2.02a 7.85b 12.0bc

Means having same superscript do not differ significantly at P ¼ 0.05 level by DMRT.
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Results

Response of cowpea to inoculation with G.
mosseae and soil yeasts

Among the various treatments, plants inoculated
with G. mosseae+R. mucilaginosa showed highest
plant height, number of leaves, total biomass, number
of pods and yield of cowpea (Table 1). At the time of
harvest, highest height was observed in plants
inoculated with G. mosseae+R. mucilaginosa, which
was found to be significantly different from that of G.
mosseae alone and uninoculated control. Highest
number of leaves were observed in G. mosseae+R.
mucilaginosa treatment, which was on par with all
treatment combinations of G. mosseae plus soil yeasts
but significantly different from G. mosseae alone and
uninoculated control. Single inoculation with G.
mosseae did not result in significantly higher number
of leaves compared to uninoculated control.

Shoot dry weight was highest in plants inoculated
with G. mosseae+R. mucilaginosa which was on par
with the treatment G. mosseae+S. cerevisiae. This
was followed by G. mosseae+C. laurentii, G.
mosseae+M. pulcherrima and G. mosseae+D. occi-
dentalis. Inoculation with G. mosseae alone re-
sulted in significantly higher dry weight compared
to uninoculated plants but on par with G. mos-
seae+S. cerevisiae treatment. Root dry weight was
highest in G. mosseae+R. mucilaginosa treated
plants which was on par with G. mosseae+D.
occidentalis, G. mosseae+T. cutaneum and G.
mosseae+M. pulcherrima treatments. Single inocu-
lation of G. mosseae did not result in significantly
higher root dry weight compared to uninoculated
plants but the difference in total plant biomass
(shoot and root) was significantly more. Total
biomass of plants in all the dual inoculated plants

was significantly more compared to plants inocu-
lated with G. mosseae alone. In G. mosseae+R.
mucilaginosa treated plants, the total plant bio-
mass was significantly more compared to all other
treatments. This was followed by G. mosseae+D.
occidentalis, G. mosseae+M. pulcherrima and G.
mosseae+C. laurentii inoculated plants, all the
three not differing significantly. Uninoculated
plants had the least plant biomass compared to
all inoculation treatments.

The yield of pods was also highest in plants
inoculated with G. mosseae+R. mucilaginosa which
was on par with the treatments G. mosseae+S.
cerevisiae and G. mosseae+C. laurentii. This was
followed by those treated with G. mosseae+D.
occidentalis, G. mosseae+M. pulcherrima, but not
differing significantly from the treatments G.
mosseae+T. cutaneum and G. mosseae alone.

Nitrogen and phosphorus uptake

The shoot P content was highest in plants
inoculated with G. mosseae+R. mucilaginosa which
was on par with G. mosseae+C. laurentii followed
by G. mosseae+D. occidentalis and G. mosseae+M.
pulcherrima both not differing significantly
(Table 2). Single inoculation with G. mosseae
resulted in significantly higher shoot P content
compared to uninoculated plants. Root P content
also showed more or less a similar trend, except
that the roots of plants treated with G. mosseae+C.
laurentii had lower P content, which was on par
with G. mosseae alone treatment.

Highest shoot N content was recorded in plants
inoculated with G. mosseae+R. mucilaginosa
which was significantly different from all other
inoculation, the next best treatments being
G. mosseae+M. pulcherrima and G. mosseae+
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Table 2. Interaction effects of Glomus mosseae and soil yeasts on P and N content of cowpea

Treatment Shoot P content
(mg/plant)

Root P content
(mg/plant)

Shoot N (mg/
plant)

Root N
(mg/plant)

Uninoculated control 0.59e 0.23e 15.29g 4.43g

Inoculated with G. mosseae (Gm) 0.73d 0.35d 16.81f 5.38f

Inoculated with Gm+R.
mucilaginosa

1.18a 0.53a 26.23a 7.39a

Inoculated with Gm+M.
pulcherrima

1.01b 0.45abc 24.37b 6.13d

Inoculated with Gm+T. cutaneum
var. cutaneum

0.93c 0.48ab 20.84d 6.47b

Inoculated with Gm+S. cerevisiae 0.89c 0.43bc 19.94e 5.60e

Inoculated with Gm+C. laurentii 1.11a 0.40cd 23.93b 5.41f

Inoculated with G+D. occidentalis
var. occidentalis

1.03b 0.46abc 23.32c 6.34c

Means having same superscript do not differ significantly at P ¼ 0.05 level by DMRT.
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C. laurentii. Plants inoculated with G. mosseae
alone had significantly higher N than the uninocu-
lated plants. The root N content was also maximum
in plants treated with G. mosseae+R. mucilaginosa
significantly differing from all other treatments.
Plants treated with G. mosseae and the other soil
yeast combinations showed better root N content,
except G. mosseae+C. laurentii, than plants in-
oculated with G. mosseae alone and uninoculated
control.

Chlorophyll and phenolic content

The plants inoculated with G. mosseae+R. muci-
laginosa had significantly higher chlorophyll con-
tent compared to all other treatments (Table 3).
Chlorophyll content in the dual inoculated
treatments did not differ significantly from the
G. mosseae alone treated plants. Uninoculated
plants had the least chlorophyll content.

Plants inoculated with G. mosseae+R. mucilaginosa
had highest phenolic content in leaves significantly
differing from all other treatments. All other
G. mosseae+soil yeast combinations had significantly
higher phenolic content than G. mosseae alone
treated plants; uninoculated control plants had the
least phenolic content. Root phenolic content in
G. mosseae+R. mucilaginosa treated plants was almost
thrice as that of G. mosseae+other soil yeast
combinations. All the G. mosseae+soil yeast treat-
ments were significantly different from G. mosseae
alone treatment and uninoculated plants had the least
root phenol content.

Mycorrhizal root colonization and spore
count

Inoculation of plants with G. mosseae signifi-
cantly increased root colonization compared to the

uninoculated plants (Table 4). When G. mosseae
was co-inoculated with soil yeasts, root coloniza-
tion was further increased. Highest percent root
colonization was observed in the treatment G.
mosseae+R. mucilaginosa, which was significantly
different from all other G. mosseae+soil yeast
treatment combinations. The next best treatments
were G. mosseae+S. cerevisiae and G. mosseae+
T. cutaneum. Mycorrhizal spore count in the root
zone soil also showed more or less a similar trend.

Population of yeasts in the root zone soil of
cowpea

The population of yeasts in the root zone soil of
cowpea showed fluctuations from 20 to 90 DAS. The
population of R. mucilaginosa was highest through-
out the period followed by S. cerevisiae. At the
time of harvest, highest population of soil yeasts
was observed in the root zone soil of plants treated
with G. mosseae+R. mucilaginosa followed by
G. mosseae+S. cerevisiae both differing signifi-
cantly. This was followed G. mosseae+T. cutaneum
and G. mosseae+C. laurentii both being on par with
each other. The root zone soil of uninoculated
plants and those treated with G. mosseae alone had
significantly lower yeast population.

Vitamin B12 production by soil yeasts

An exhibition zone of approximately 5mm was
produced by all the 6 yeast cultures used in the present
study suggesting that they are positive for vitamin B12
production in Lactobacillus seeded Petri plates.

Discussion

Reports available till now reveal that in spite of
the presence of natural endophytes, introduced
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Table 3. Interaction effects of Glomus mosseae and soil yeasts on the chlorophyll and phenolic content of cowpea

Treatment Chlorophyll content
(mg/g)

Phenolic content (mg/g)

Leaves Root

Uninoculated control 0.401c 8.61g 0.10g

Inoculated with G. mosseae (Gm) 0.455b 9.12f 0.47f

Inoculated with Gm+R. mucilaginosa 0.510a 15.5a 3.06a

Inoculated with Gm+M. pulcherrima 0.500ab 13.7c 0.93d

Inoculated with Gm+T. cutaneum var.
cutaneum

0.470ab 10.61e 0.76e

Inoculated with Gm+S. cerevisiae 0.483ab 14.25b 1.06c

Inoculated with Gm+ C. laurentii 0.50ab 10.5e 1.07c

Inoculated with Gm+D. occidentalis var.
occidentalis

0.477ab 11.86d 1.25b

Means having same superscript do not differ significantly at P ¼ 0.05 level by DMRT.
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mycorrhizal fungi could improve growth under
unsterile soil conditions. It has also been reported
that dual inoculation of AM fungi with other
beneficial microorganisms enhances P uptake and
increased dry matter yields (Antunes and Cardoso,
1991; Ortas et al., 2002). In the present study,
cowpea plants inoculated with the AMF G. mosseae
alone grew taller than the uninoculated plants but
better growth was observed when AMF was co-
inoculated with soil yeasts. Plants inoculated with
G. mosseae+R. mucilaginosa exhibited maximum
height, number of leaves and biomass. In
G. mosseae+R. mucilaginosa treated plants the
increase in total biomass was 60 % more compared
to uninoculated plants. Dual inoculation with other
yeasts like M. pulcherrima, D. occidentalis,
C. laurentii resulted in increase in biomass of 47%
each while treatment with T. cutaneum and
S. cerevisiae resulted in 36% and 23% increase,
respectively. An increase in plant biomass due to
inoculation with the native AM fungi+S. cerevisiae
has been reported by Singh et al. (1991). This was
attributed to the stimulatory effect of yeasts on
multiplication, spore germination and establish-
ment of native AMF. The present study brings out
that R. mucilaginosa is a better mycorrhizal helper
organism stimulating colonization of mycorrhizal
fungus and thus in turn better plant growth
response compared to S. cerevisiae. There is
evidence that B vitamins can be absorbed by roots,
producing favorable effects on root development
(Dobbelaere et al., 2003). Perhaps this valorized
root development is responsible for the enhanced
activity of AMF.

The AMF G. mosseae, which improved plant
biomass, also enhanced P uptake by the plants.
Plants inoculated with G. mosseae in combination
with soil yeasts further enhanced plant P uptake.
Plants inoculated with G. mosseae+R. mucilaginosa

had highest P content. The shoot P uptake was two
times higher in G. mosseae+R. mucilaginosa trea-
ted plants compared to uninoculated plants. The
root P uptake was 30 % higher in G. mosseae+
R. mucilaginosa treatment compared to the unin-
oculated plants. AM fungi are known to improve P
nutrition of plants especially in P deficient soil and
can translocate phosphate by scavenging a larger
volume of soil with extensive hyphae (Kothari
et al., 1990; Ortas et al., 2002).

Shoot and root N content of plants inoculated
with G. mosseae+R. mucilaginosa was 70% and 65%
more, respectively, compared to uninoculated
plants. Singh et al. (1991) reported increased
nodule number and dry weight of legumes due to
inoculation with yeasts because of stimulation of
indigenous microflora. The increase in nodulation
and other symbiotic parameters of forage legumes
(Trifolium alexandrium and Medicago sativa) due
to combined inoculation of yeasts (S. cerevisiae and
Candida torpicalis) and specific Rhizobium sp. have
been reported earlier (Tuladhar and Subba Rao,
1985) and it was attributed to the stimulatory
action of yeasts on the multiplication of native
rhizobia (Tuladhar, 1983). Therefore, it is possible
that the increased uptake of N observed in the
present study could be due to stimulation of native
rhizobia by AMF+soil yeast combinations. Synergis-
tic interaction between rhizobia and AMF is well
documented (Dela Cruz et al., 1988; Mandal et al.,
1995).

Inoculation with G. mosseae alone resulted in
significantly higher chlorophyll content compared
to control plants. Increase in chlorophyll content
due to inoculation with AMF in plants has been
reported by earlier workers (Bian et al., 2001; Feng
et al., 2002). Plants treated with G. mosseae+
R. mucilaginosa exhibited 80% increase in phenolic
content in leaves compared to uninoculated con-
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Table 4. Interaction effects of Glomus mosseae and soil yeasts on mycorrhizal root colonization, spore count and
yeast population in the root zone soil of cowpea

Treatment Root colonisation
(%)

Spore numbers/50 g
soil

Yeast population
(CFUx104)

Uninoculated control 40.0e 37.0e 18.0f

Inoculated with G. mosseae (Gm) 52.0d 44.0d 22.0f

Inoculated with Gm+R. mucilaginosa 77.7a 72.0a 80.4a

Inoculated with Gm+M. pulcherrima 68.0c 58.0c 27.4e

Inoculated with Gm+T. cutaneum var.
cutaneum

70.3bc 66.0ab 35.5c

Inoculated with Gm+S. cerevisiae 72.7b 58.7c 45.2b

Inoculated with Gm+C. laurentii 69.0c 60.0bc 32.8cd

Inoculated with Gm+D. occidentalis var.
occidentalis

69.7c 55.0c 28.1de

Means having same superscript do not differ significantly at P ¼ 0.05 level by DMRT.
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trol. Leaves of plants inoculated with G. mosseae
alone, also had 20% higher phenolic content
compared to uninoculated plants. Increased poly-
phenol oxidase, phenyl alanine ammonia lyase and
peroxidase activity in mycorrhizal plants, which are
responsible for the oxidation of phenolic com-
pounds to quinones to keep off pathogens has been
reported earlier (Mathur and Vyas, 1996; Raman
et al., 2001). The present study brings out that
coinoculation of soil yeasts with AMF can enhance
the chlorophyll and phenolic content of plants
significantly compared to inoculation with AMF
alone. The reason for such an increase needs
further investigation.

In general, mycorrhizal inoculation increased the
percent mycorrhizal root colonization and spore
numbers in the root zone soil compared to unin-
oculated plants. The extent of mycorrhizal root
colonization and spore numbers in the root zone
soil varied with G. mosseae and different soil yeast
combinations. The maximum percent mycorrhizal
root colonization and spore numbers in the root
zone soil was observed in plants inoculated with
G. mosseae+R. mucilaginosa. Singh et al. (1991)
observed increased production of vesicles, arbus-
cules and spores of native AMF because of inocula-
tion with S. cerevisiae in legumes while Fracchia et
al. (2003) reported enhanced AM colonization of
soyabean and red clover when the yeast
R. mucilaginosa was applied to the soil.

The population of soil yeasts in the root zone
soil was stimulated in plants inoculated with
G. mosseae+soil yeasts. The plants inoculated with
G. mosseae alone also had higher yeast population
in the root zone soil compared to uninoculated
plants. This upholds the observation made by
earlier workers that AM fungi stimulated the
activity of beneficial soil microorganisms (Meyer
and Linderman, 1986; Boby and Bagyaraj, 2003).

All the characters studied such as plant height,
number of leaves, dry weight, P and N uptake were
highest in plants inoculated with G. mosseae+
R. mucilaginosa. Mycorrhizal root colonization and
spore numbers in the root zone soil also increased
in the presence of yeast. It appears that increase in
N content with yeast inoculation may not merely be
due to its effect on the proliferation of native
rhizobia but could also be due to stimulatory effect
of yeast spore germination and multiplication of
AMF (Singh et al., 1991) which are known to
increase the uptake of P and other micronutrients
involved in N fixation (Bethlenfalvay, 1992; Barea
et al., 1992). All the soil yeasts used in the
experiment whether fermentation and sexual re-
production positive or negative, were positive for
Vitamin B12 production. The yeasts may enhance

AMF development by supplying vitamin B12 to the
rhizosphere, because AMF have been shown to be
stimulated by this vitamin (Singh et al., 1991). Thus
vitamin B12 produced by the soil yeasts might have
resulted in better plant growth and yield in plants
treated with G. mosseae plus soil yeasts. Singh
(Pers. Commun.) observed that inoculation with S.
cerevisiae had negligible effect on non-mycorrhizal
plants while it increased the root colonization and
spore count of mycorrhizal plants. This suggests
that the yeasts specifically stimulate AM develop-
ment rather than the host plant, which upholds the
observation made by Larsen and Jacobsen (1996). It
is quite possible that Vitamin B12 production by soil
yeasts could be the main reason for the stimulation
of mycorrhizal development observed in the pre-
sent study, which needs further investigations.
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a b s t r a c t

The aim of this study was to investigate the effects of the dietary supplementation of mannan oligo-
saccharides (MOS) extracted from yeast Saccharomyces cerevisiae, acidifiers -calcium formate (CF),
calcium propionate (CP)- and their combination on the caecal microflora of Japanese quail (Coturnix
japonica). Four hundred and fifty 1-day old quail where divided in six groups with three replicates each.
One group that served as control received the basal diet. The five experimental diets consisted of the
basal diet to which either 1 g MOS/kg, or 6 g CF/kg, or 6 g CP/kg, or 1 g MOS plus 6 g CF/kg or 1 g MOS
plus 6 g CP/kg were added. The body weight was examined at weekly intervals and mortality was
recorded daily. At days 21 and 42 of age, the total count of aerobic bacteria, lactic acid bacteria, enter-
obacteriaceae and coliforms in the caecal content of one bird of each replicate was determined. Also, at
day 42 of age, two birds of each replicate were slaughtered and their carcass weight was determined. The
results showed that MOS significantly (P � 0.050) increased the total aerobic plate and lactic acid bacteria
counts on day 21. Furthermore, CP significantly (P � 0.050) decreased the total aerobic plate and lactic
acid bacteria counts compared to controls on day 21. Significant interaction between MOS and acidifiers
was noticed on total aerobic plate count on day 21. No significant (P > 0.050) difference was found in the
caecal microflora on day 42. Finally, no significant (P > 0.050) difference was noticed on mortality, body
and carcass weight.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The use of antibiotic growth promoters in animal feed diets has
been highly regulated in recent years, due to their residual effects
and the risk of development of drug resistance in animal and
human pathogenic bacteria. As a result, today there is a growing
interest in the identification and evaluation of alternative natural
feed additives that can benefit the health of the productive animals
and also improve their performance [1,2].

One such feed additive that is being examined as growth
promoter, are themannan oligosaccharides (MOS) of the cell wall of
the yeast Saccharomyces cerevisiae. MOS can adhere to pathogenic
bacteria that have type-I fimbriae and therefore limit their ability to
colonize the mucosa of the digestive tract and multiply. Moreover,
MOS can benefit the intestinal function by improving the height,

the uniformity and the integrity of the intestinal villi. Also, they can
exert a positive effect on the immune response of the animal and
the production of IgA antibodies [3,4].

Other feed additives are the acidifiers, i.e. organic acids and their
salts such as calcium formate (CF) or calcium propionate (CP). The
acidifiers can modify the pH of both the feed and the animal’s
digestive tract and can disrupt the normal cell function and protein
synthesis of various gutmicroorganisms.Moreover, theyare natural
substances, which have an important role in cell metabolism [5].

The aim of this study has been to examine whether diets supple-
mented with MOS and acidifiers CF or CP, alone and in combination,
would exert an effect on the performance and the native caecal
bacteria populations of growing Japanese quail (Coturnix japonica).

2. Materials and methods

Four hundred and fifty 1-day-old Japanese quail (C. japonica) as
hatched were individually weighted and assigned randomly to six
treatment groups with three replications of twenty five birds each,
which were housed in separate wire suspended cages until the
42nd day of age.

Abbreviations: MOS, mannan oligosaccharides; CF, calcium formate; CP, calcium
propionate; CFU, colony forming units.
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To meet the nutrient requirements of growing quail, a complete
basal diet (Table 1) in mash form was formulated [6] and analyzed
according to AOAC [7]. The basal diet was given to the controls
(Group CONTR). The birds of the other three groups were fed the
above diet with the addition of 6 g CF/kg (Group CFO6) or 6 g CP/kg
(Group CPR6) or 1 gMOS/kg (GroupMOS1) or both 1 gMOS/kg plus
6 g CF/kg (Group MOS1-CFO6) or both 1 g MOS/kg plus 6 g CP/kg
(Group MOS1-CPR6). The MOS used was “MOS 500” (Ultra Bio-
Logics Inc., Canada). The CF used was “Calcium formate feed grade
99%” (Degussa-Huls, Canada). The CP usedwas “Calcium propionate
granules” (Dr. Paul Lohmann, Germany). Feed and drinking water
were offered to birds ad libitum. The body weight was examined at
weekly intervals and mortality was recorded daily. Conventional
breeding andmanagementprocedureswere applied throughout the
experimental period. The quail were handled according to the
principles of theGreekDirectorateGeneral ofVeterinary Services for
the care of animals in experimentation.

On day 42 of age, one male and one female bird from each
replicate were randomly selected, weighted and slaughtered under
commercial conditions. After dressing the carcass weight was
measured.

On days 21 and 42 of the experimentation, one quail from each
subgroup was sacrificed, after anesthetizing with chloroform, by
cervical dislocation and the caecal content of each bird was trans-
ferred under aseptic conditions into a sterile glass vial. After
recording its weight, the material was diluted 1:10 with sterile
peptone diluent water (Conda, Spain). Subsequently, the glass vial
was shaken 25 times in 7 s over a 30 cm arc. The interval between
mixing and removing the test potion did not exceed 3 min [8].
Tenfold serial dilutions for each sample were made with sterile
peptone diluent water, until they were diluted to 10�7 and plated in
duplicate to enumerate the following microorganisms: (1) Total
Aerobic Bacteria were enumerated by the pour-plate method using
Standard Methods Agar (Conda, Spain). Plates were incubated at
36 �C for 2e3 days [9,10]. (2) Lactic acid bacteria were enumerated
by the pour-overlay method using MRS agar (Conda, Spain). Plates

were incubated anaerobically at 30 �C for 3 days. (3) Enter-
obacteriaceae were enumerated by the pour-overlay method using
Violet Red Bile Glucose agar (Conda, Spain). Plates were incubated
at 37 �C for 24 h. Purple colonies surrounded by the purple zone,
were enumerated and recorded as Enterobacteriaceae [11]. (4)
Coliforms were enumerated by the pour-overlay method using
Violet Red Bile Lactose agar (Conda, Spain). Plateswere incubated at
37 �C for 24 h. Purple colonies surrounded by the purple zone, were
enumerated and recorded as coliforms [11]. Average results of
duplicate measurements, are presented as log10 colony forming
units (CFU)/g of caecal content [12].

The statistical analysis was performed using the SPSS 16.0.1
statistical package (SPSS Inc., Chigaco, IL, USA). The experimenta-
tion was based on a factorial model “2x3” (MOS � acidifiers). In all
cases the design was balanced, with three replications per treat-
ment (group). The one-way analysis of variance (ANOVA) for the six
groups of the experimentation was performed. Also, the two-way
ANOVA was performed, using as main effects the inclusion of
MOS in the feed (two levels) and the inclusion of acidifiers in the
feed (three levels). Interaction plots were used to measure and
explain the possible interaction of the factors [13]. A value of
P � 0.050 was considered significant. Levene’s test was applied to
test the homogeneity of the variances. Tukey’s test was applied to
determine statistical differences between the means.

3. Results and discussion

At the end of the experimentation no significant (P > 0.050)
difference was noticed on body weight, carcass weight and
mortality. Also, the interaction betweenMOS and the acidifiers was
not significant (P> 0.050) for the above measurements. In previous
studies involving the dietary use of MOS in bird diets, Ghosh et al.
[14] and Sarica et al. [15] did not observe significant improvement,
whereas Oguz and Parlat [16] found higher body weight with for
birds fed MOS. Moreover, in birds fed acidifiers Cakir et al. [17] did
not notice significant improvement, but Ocak et al. [18] found
higher body weight. The growth promoter effects of MOS and
acidifiers may be attributed to their ability to limit the growth of
potential pathogens in the animal’s digestive tract [19,20].

Table 2 presents the effect of MOS and acidifiers CF and CP on
quail caecal total aerobic bacteria, lactic acid bacteria, Enter-
obacteriaceae and coliforms on the 21st and 42nd days of age. On the
21st day significant (P ¼ 0.001) higher total aerobic bacteria count
wasnoticed for thequail of groupMOS1compared to thoseof groups
CONTR, CPR6, MOS1-CFO6 and MOS1-CPR6, and for the quail of
groups CFO6 and MOS1-CPR6 compared to those of group CPR6.
Also, significantly (P ¼ 0.012) higher lactic acid bacteria count was
found for the quail of groups CONTR, MOS1 and MOS1-CPR6
compared to those of group CPR6. The dietary addition of MOS
resulted in significantly higher total aerobic bacteria (P¼ 0.005) and
lactic acidbacteria (P¼0.029) counts.Moreover, thedietaryaddition
of CP resulted in significantly lower total aerobic bacteria (P¼ 0.014)
and lactic acid bacteria (P¼ 0.016) counts compared to non-addition
of acidifier. No significant effect (P > 0.050) was noticed for the
Enterobacteriaceae and coliforms counts. Furthermore, regarding
the interaction between MOS and acidifiers, significant (P ¼ 0.002)
effectwas noticed for the total aerobic bacteria count. The combined
addition of MOS and CF resulted in increase of the total aerobic
bacteria count, whereas the combined addition of MOS and CP
resulted in decrease of the total aerobic bacteria count. On the 42nd
day of age CF and CP on quail caecal total aerobic bacteria, lactic acid
bacteria, Enterobacteriaceae and coliforms, no significant (P> 0.050)
difference was noticed between the six groups. Moreover, no
significant (P> 0.050) effect was found for MOS or acidifiers and no
significant (P > 0.050) interaction was noticed.

Table 1
Ingredients and composition of basal diet.

g/kg

Ingredients
Maize 452.6
Soybean meal 320.0
Wheat 100.0
Corn gluten meal 79.7
Calcium carbonate 14.3
Dicalcium phosphate 11.4
Soybean oil 10.8
Lysine 3.7
Vitamin and trace mineral premixa 3.5
Salt 2.1
Sodium bicarbonate 1.9
Chemical analysis
Dry matter 914
Crude protein 238
Crude fat 28
Crude fiber 36
Ash 62
Calculated analysis
Calcium 8.5
Total phosphorus 6.5
Lysine 13
Methionine & Cystine 8.7
Metabolisable energy, kcal/kg 2950

a Supplying per kg feed: 14000 IU vitamin A, 5000 IU vitamin D3, 30 mg
vitamin E, 13mg vitamin K, 3mg vitamin B1, 8mg vitamin B2, 3mg vitamin
B6, 20 mg vitamin B12, 85 mg vitamin niacin, 20 mg pantothenic acid, 2 mg
folic acid, 200 mg biotin, 10 mg vitamin C, 960 mg choline cloride, 100 mg
Zn, 116 mg Fe, 120 mg Mg, 20 mg Cu, 0.2 mg Co, 1 mg I, 0.3 mg Se.
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In previous studies, Sarica et al. [15] found no significant
difference in quail fed MOS compared to controls on total aerobic
bacteria or Escherichia coli counts in the small intestine. Also, Ghosh
et al. [14] did not report significant difference on coliforms or E. coli
counts in the small intestine, but found decrease of Clostridium
perfringens. Baurhoo et al. [21,22] noticed increase of lactobacilli
and bifidobacteria in the ceca of broilers due to dietary MOS. Spring
et al. [23] found decrease of Salmonella in the ceca of broilers due to
the dietary MOS, but no difference in lactobacilli, coliforms,
enterococci and anaerobic bacteria. The addition of MOS in the feed
can limit the growth of some pathogens or potential pathogens
such as Salmonella and E. coli [3,4,14]. Also, it can increase the
counts of beneficial bacteria, such as lactobacilli and bifidobacteria.
Several mechanisms have been proposed to explain this modifica-
tion in the microflora balance: competition for receptor sites,
production of antimicrobial products (e.g. bacteriocins), production
of volatile fatty acids or stimulation of the host immune system
[24,25].

As far as the acidifiers are concerned, Ghosh et al. [14] reported
reduction of coliforms, E. coli and C. perfringens in the small intes-
tine of quail fed acidifiers. Moreover, Paul et al. [26] found reduction
of coliforms and E. coli in the small intestine of broilers fed acidi-
fiers. Samanta et al. [27] reported increase of lactobacilli in the
small intestine of broilers fed acidifiers, while Pirgozliev et al. [28]
described reduction of lactobacilli and coliforms in the crop, small

intestine and ceca of broilers. Since the acidifiers are mostly
absorbed in the first parts of the digestive tract, their effect on the
bacterial populations of the last parts of the digestive tract may be
the result of their action in the crop, proventriculus and gizzard. In
addition, Dhawale [29] described that the multiplication of path-
ogens or potential pathogens begins in the crop, because the
ingested feed remains there for a large period of time (up to 45min)
and the pH and temperature conditions there benefit the multi-
plication of such microbes.

The differences in the bacterial counts between the 21st and the
42nd day can be attributed to the different age of quail. Birds at
younger age have not completed the development of their digestive
tract and the bacterial populations have not stabilized yet.
Whereas, adult birds have mature digestive tract and the bacterial
populations are much more stable and not so easily influenced by
different diets [30,31].
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Table 2
Effect of dietaryMOS and acidifiers CF and CP on quail caecal total aerobic bacteria, lactic acid bacteria, Enterobacteriaceae and coliforms (log CFU/g) on 21st day and 42nd of age
(mean � s.d.).

Groupsa Total aerobic bacteria Lactic acid bacteria Enterobacteriaceae Coliforms

21st day of age
CONTR 9.50ab � 0.24 9.36a � 0.22 8.58 � 0.45 8.71 � 0.44
CFO6 9.92bc � 0.07 8.47ab � 0.11 9.58 � 0.22 9.49 � 0.29
CPR6 9.17a � 0.26 7.01b � 1.09 9.04 � 0.41 8.97 � 0.37
MOS1 10.41c � 0.31 9.70a � 1.14 9.33 � 1.05 9.03 � 0.86
MOS1-CFO6 9.59ab � 0.33 8.68ab � 0.64 9.34 � 0.24 9.30 � 0.32
MOS1-CPR6 9.76b � 0.12 9.11a � 0.66 9.07 � 0.71 8.63 � 1.20
P value 0.001 0.012 0.439 0.616

MOS effect
0 g/kg 9.53a � 0.37 8.28a � 1.17 9.07 � 0.54 9.06 � 0.47
1 g MOS/kg 9.92b � 0.44 9.16b � 0.86 9.25 � 0.66 8.98 � 0.81
P value 0.005 0.029 0.532 0.818

Acidifier effect
0 g/kg 9.96a � 0.55 9.53a � 0.76 8.95 � 0.83 8.87 � 0.63
6 g CF/kg 9.76ab � 0.28 8.57ab � 0.42 9.46 � 0.24 9.39 � 0.29
6 g CP/kg 9.47b � 0.37 8.06b � 1.40 9.06 � 0.52 8.80 � 0.82
P value 0.014 0.016 0.319 0.285
Interaction (P) MOS � Acidifiers 0.002 0.089 0.355 0.683
42nd day of age
CONTR 9.85 � 0.75 9.70 � 0.79 9.43 � 0.49 9.72 � 0.57
CFO6 9.55 � 0.80 9.11 � 0.60 8.64 � 1.70 8.81 � 1.75
CPR6 9.18 � 0.24 8.71 � 0.57 8.59 � 0.32 8.64 � 0.32
MOS1 9.52 � 0.94 8.86 � 1.16 8.64 � 0.30 9.11 � 0.60
MOS1-CFO6 9.50 � 0.57 9.41 � 0.99 8.80 � 1.25 8.86 � 1.01
MOS1-CPR6 9.17 � 0.35 8.52 � 0.18 8.55 � 0.70 8.62 � 0.58
P value 0.801 0.472 0.856 0.711

MOS effect
0 g/kg 9.53 � 0.63 9.17 � 0.71 8.89 � 0.99 9.06 � 1.06
1 g MOS/kg 9.40 � 0.60 8.93 � 0.86 8.66 � 0.74 8.86 � 0.69
P value 0.684 0.524 0.622 0.671

Acidifier effect
0 g/kg 9.69 � 0.78 9.28 � 1.00 9.04 � 0.57 9.41 � 0.62
6 g CP/kg 9.53 � 0.62 9.26 � 0.75 8.72 � 1.34 8.84 � 1.28
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Values in the same column with a superscript in common do not differ significantly at P � 0.050.
a Groups: CONTR ¼ Control; CFO6 ¼ 6 g CF/kg; CPR6 ¼ 6 g CP/kg; MOS1 ¼ 1 g MOS/kg; MOS1-CFO6 ¼ 1 g MOS/kg þ 6 g CF/kg; MOS1-CPR6 ¼ 1 g MOS/kg þ 6 g CP/kg.
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The Use of Bread Yeast as a Biocontrol Agent for Controlling
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Abstrnet: Pre",nt obj.....1ive was to 'lUdy thi, phenomenoo 00 the common "'cd-borne fungi of faba beao in
soil amended with compostcd organic wastcs and infestcd with the most commonly isolated fungi from
Vida faba ...,."d. III "ilro studies showed that the yeasl was eff""tive in reducing the linear groWlh of
Cephalosporia", sp.• F. \·enicillioidr•. F. oXJSporllm .. F. 50lani. R, .oltmi and V, dahliar. Pre- and post
emergence damping-off caused by C('l'i",loS!'orium sp.. F. "erlidllioidu. F. oxysporum. F. sol<mi, R. sol<mi
and V. dahliar wa, ,wluced 'ignificantly when seed, of faba bean were coated with a water ,u'l"'n,ion
(10' du mL-I) of the yeast before sowing in soil supplememed with compost type (I) (prepared by Mansoura
manufacturer with organic waste fmm city gamage) or type (2) (consi,ted of I ton of honicuhurnl wa,te and
100 kg 'heep manure). Soil was anificially infested with the fungi isolated from faba bean seeds. The above
treatment signifICantly increased plant growth parameters including height. shoot and root length. number of
hrancheslplam, number of pods/plant. pod weighllplam, fresh weight and dry weight. Photo,ymhetic pigmems
(chlorophyll A. chlorophyll Band carolenoids) were also increased by the trcatmcms. Total phenols comem
in the treated plaOlleavcs WaS higher than in the control plants.

Key "'oros: s.-,ccharomj"Ces are..i.'iae. bread yca,t, biological cOOlrol. (aba bean. composted organic materials

INTlWOUCl'ION

Vidll f"bt.,. "'hich has scveral con1ll\On names (broad
bean, fava bean. faba bean. horse bean. f,e1d bean. tic
bean). is a species of bean (Fabaceae) native to North
Africa and Southwest Asia and is extensivcly cultivated
elsewhere.

This crop is subjected to numerous injuries and
,tre,ses which interfere with growth and development.
Many fungi are serious pathogens OIl flowers and seeds.
reducing «:cd yicld both qualitativcly and quamitativcly.
Other fungi, induding saprophyte' and very weak
parasites. may lower sced quality. The most common
'eed-borne fungi on faha bean arc: Ascoch)'la fabae, the
cause of leaf and pod spot: BOlrylis cinerea. the cause of
grey mould: BOII)'lis /<1/)(1('. the cause of chocolate spot:
Fusorium sp," the cause of foot rot and wihs and
Rhi~ocIOl,ia ,"olo"i. the cause of damping-off of
'eedlings. S..'Cd abonion, ,hrunken ,,"'Cd,. r..-du<1ion in
seed size. seed rot. seed r1e<:rosis, seed diseoloration.
reduction in gcrmination capacity and physiological
aherations in seed are caused by these pathogens
(Neergaard,1979).

Cenain yca,t, ro'sess many features which make
them favourable as biocontrol agents (Wilson and
Wisniewski, 1989). Gianluca eI III. (2006) isolated
antagoni,tic yeast' fmm the epiphytic flora ...s"",iated
with grape berries. The yeasts sho"'e<\ biological control
of A<I>ergillu,< c(1rbonari"s and A. niger, which produce
Ochratoxin A in grape. Lassois e' "I. (2008) reported the
antagonistic activity of two yea,t strains, Pichi" wlOttUllo
and Candido oleophilo, on the parasiti," complex of
banana crown rot.

Compo,ts have heen found to be effective as
biocontrol agem, of various plam pathogens under field
conditions (Keener ('/ 01.. 2000). loanna el III. (2008) found
that no chemical comrol method wa, adequatc 10 comml
the soil-borne fungus Verticil/i",,, dahliar. Managemcnt
,trategies were focused on preventive measures. utilizing
microbes to suppress V. daM;'",. Eggplants grown in
,terilized or non-,terilized compost wcre tran,plamed to
'oil infesk-d with V. dahli"e microsderotia. amended or
not with sterilized or non-sterilized compost. The most
effectivc trcatmcms wcre those thaI included non
,terilized compo,t: therefore, the ob",rved suppre,sion
of V. <I,d,ihl(' could be anributed to microbial agents.

Cnr""-"I"'ndin~ Authur: M.A. EII"ak;!. Depanmeot of Plant P'tilol<>gy. Faculty of Agriculture. Maosoura Uoi"ers;ty,
EI-Mansoura. 35516. Egypl
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• Conlrol (non-amended !'Oil. non-treated seeds)
o COOIpostlypc: (I) treated !'Oil, oon·treated seeds
o COOIptlStlype (2) treated !'Oil. non·treated seeds
o Ye~ (non-amended soil. S. crrn';siO<' treated seeds)
o Compost type (I) ~au:d soil. S. crr<'.·;SKw treated....,
o Compost type (2) treated soil. S. urt'.UItw treated

"""

An upcrimcnt "'as oonduc1ed 10 de1ermine the: effect
of the composted organic matcriaJs enriched ".-ilb the
)'east S. cr""";SKw on the six patt.lgenic fungi.
S. cue"is;iJ<' "'lIS applied as a §«I.I dressing 10 the faba
bean seeds. Three nasks con\ll;ning I...o-days-dd liquid
cultures of S. urlI,,;$iat' "'ere used. Seeds "'ere coated
...ith an adhe.~ive material (acacia gum) before lrealmclll,
Yeast·coatl-d seeds contained about 10' cfu sced~1

(Weller and Cook. 1983).
Eighteen pla>!ie pots (25 em diameler) conlaining

sterilized sandy loam soil were used for each fungu_s.
Three replicales (polS) "'ere used for each treatment as
follows:

Each Iype of oontpoSl "'as added to the pocs al lhe
r:lle of 25 gfpot. The ~atmenlS ...t'R: illOC\llaled
separalely,,'ilh each fungal prepanlion at the r:lte of 5".
(...·,w). Pots ...t:rr l;cpt in a greenhouse f..- 7 days at
22±.'i~C to allow t~ fungi to ad.1pt before """'ing l'ttds..
During that pmod. the soil WltS moistmcd ...hen
n="'Y. Seeds were COOted "'ilh a )'east suspension
taken from 3-days~d liquid cultures. Fi"e seeds were
planled in each pot. Control pols ...t'R: prepared similarly
bul "'ere palhogen,free.

The numbers of pre- and post-emcrgctlCe damping
off and SlUmI'd seedlings, as "'1'11 as healthy plants, "'ere
recorded after l~, 30 and 45 days. Growth parameter.;
including plant heiGht (em), rootlensth (em), shoot lenGth
(em). number ofbratlChes (branch/plant), number of pods
(podIplant). pod weight (Il), fresh "'eight (g) and dry
weight (g) ....ere recorded after 60 days, Photosynlhetic
pigment5 (mg g-I fresh ....eight) and 1000al phenols
(mg catechol/loo g fresh ....eight) ....ere measured.
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I" ~ilro 1IW:lIr pialI' biOOSSll)":!I: 1lle iwlated )"Cast was
:LWI)"N i" .'jtro f..- inhibition of t~!Ill pathogc:nic fungi.
Initial inhibition assa)"S "-ere conducted on POA plates
"'ith single Slreab of )'ust dr:l"'n across the plate's
lXntcrs. Afler 2-3 da)"S gro..1h at lO-15OC. PDA di~ of
0.5 em diamelCr "'-ere taken from the lNI'lins of grov.'i"g
pathogen coIon~ and plat"tld on eilher sides of the: )'east
strub al a distana: of 30 mm.. lhen incubated for an
addilional 4-6 days at lO-2S"C, The diStance ....s
meastlml from lhe fungal colony lXnter to its edge
nearest the )·east Streal<_ This ...-as compared to the gl'O'lo1h
of a non_streaked OOIIuul 10 determine the degree of
inhibition of pathogen gro"'1b (Wang ..' 0/., 2O(H). Three

repliclltes were used f..- each pathogen.

.:ffl'C:t ofS, eUl!"i$int' combinl-d with romllOStl'Clorganic
Ilulterials Oil the Sl~,homc patbogenlc funW oHalla I"..'an
IJllints under I:rl't'nbouSl' conditions: Two types of
compost .....re us..'<.1; Compost (I) which ...a~ pr..pared by
Mansoura manufacturer for organic manure from city
garbage and Compost (1) "'hich consisted of I ton of
horticultural waste and 100 kg shec:p manure. Chemical
and physical analyses of the:se composts were performed
at the t.bnsour:a manufacturer for compost (I) and at the
Faculty of Agriculture, Mansour:l Uni"ersity foroompost
(2). The results arc shown in Table I.

Isolallun and identification of )'casl: S",;cI",rOlnJ<'e>'

cu"..i.';IIt' (Mcyen e~ E.C. Han",n) was isolaled on
maIL e~traCI agar medium (MEA). idenLified in the
Microbiology Depanmcnt. Faculty of Agriculture,
Mansour.. Univer.;ity and tested for its antagOflistic
cfTC(ls again'll the following seed-bome fungi of faba
bean: C"/lhu/oS{'Qrium sp., F. o_<)'sPO"""', F. soIuni.
F, .·"nkilliowt's, R. soIa"i and V. dahlia..,

MATERIALS ANIl MKI'IIOIlS

&"er:ll mKrobe:s ""ere i'iObled from t~ mol S)'stem of
eup!;ln1S gro....n in the compost and tesled ill .';/ro

againSI V. dohlKw. Two bioclmal wains Wt'R: idenfiflCd
as mernbo:o of the pSftMiomottas flMOrtSUns complex and
1"'0 funpl isolates of Fltklri"", ox)"SpOTlI'" ....t'R: sel«ted
for fllnher e>..tuation undn" Ibsshouse condilions. 1lle
abilily of the microbial ~mlS to mlocc the pereemage of
diseased Iea.·es~ to the control ~atmem "-as
demonstmed.

This study ...-as undenalcn to e"atuate I~ effect of
bre:ld )"Casl in SUppITssing the nJO§I common l'ttd·1Joorne

pathogens of f3.ba bean in the presence of !'Oil amended
with oornposted organic household ..·.Sles and yard
trimmings.

'"
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Metzner e1 a/. (1965) was w,ed in this inve~ligalinn. A
definite weight of fresh leaves was homogenized
immediately after harvesting in 5 mL eold aqueous
acelnne (85%). kepi overnight in a refrigerator aod then
centrifuged. The supernataot. which contained the
pigmcllts. was diluted with cold aqueous acetone to an
appropriate volume for sl"--cuophotometri<' measuremems.
The extract was measured against blank~ of pure ~5%

acetone solution at three wavelengths: 452. 644 and
663 nm. The concemmlion of each pigmem. <'hlorophyll
A (ChI. A). chlorophyll B (ChI. B) and carotenoid~

(Carol.). was dC1ennined by using the following
.,<-]uation"

ChLA= 10,3£...,-0.9186...

ChI. H = 19.7 E644-3.87 E663

CaroL = 4.2 E452-(0.0264 ChI. a + 0.426 ChI. b)

Estimation of total phenols content: Total phenols wen:
detennined using the Folin-Ciocalteau reagellt (Singleton
and Rossi, 1965). To detennine the calihmtion <·urve. I mL
aliquotsofO,02. 0.04. 0.06. 0,08 and 1,00 mg mL-, ethanolic
catechol solutions were eombined with 0.5 mL Fohn
Ciocalteau reagem. After 3 min, 2 mL (200 g L-I) "-'<lium
carbonatc was added and thc contents were mi~ed

thoroughly, Thc final color change was measured
calorimelri<'aUy at 650 nm using a SPEKOLlI Carl Zeiss
photomeler and the calihration curve wa~ drawn.

Fresh leaf samples (2 g) ""ere homogcnized 111 80%
aqueous ethanol at morn tempemture and cemrifug.,d in
cold at 10,lXXl rpm for 15 min and Ihe supcrnatam wa~

savcd. The residues were re·extractcd twice with 80%
ethanol and the supernatants were pooled. put in
evaporaling dishe~ and evaporaled 10 dryne~s at room
temperature. Residues wcre dissolved ,n 5 mL of distilled
water, One hundred mierolitres of this extmet was diluted
to 3 ml Wilh waler and mixed with Ihe sarne amoum of
n:agent~ as described above. Thc color I>'as developed
and absorbance measured after 60 min. The results were
cxprcsS<.>J a., mg catechol/loo g fresh weight material. All
determination~ were replicated three time~, Total coment
of phenolie compounds in plant ethanohc extmets was
caleulated as catechol equivalents by the following
equation:

Where:
1': Total eontent of phenolic compounds. in mg of

catechollioo g of fresh weight material
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c: The COllCemration of catechol e..ahli~hed from the
calihralion curve. in mg mL-'

V: ThevolumeofextraclinmL
m' The weight of pure plam elhanolic e~lracl in g

Statistical analy.sis: Da1a were ~uhjccted to analysi~ of
variance by Duncan', multiple range 1c<1S using SAS

ven<ion 6.11 (Duncan, 1995).

RKSUI.TS

t:ffect of S. cere,'isiae isolated )'cast from compost on
seed-bornc pathogcnic fungi of faba bean plants under
greenhouse conditions: The following patllogenic fungi
wcre used in this investigation: Cfl"wIOSJ'ori",," sp..
F. W'rticillioldes. F. oxys/w,",,,", F, solani. R. solimi and
V. dah/iaf,

III ,'ilro agar plale bi03.",a)'" Data pre~ented in Tallie 2
show tile degree of fungal inhibition due to the cffoxt of
isolated yeast: Cfl"",IOSlwri",," sp, had lincar growth of
1.35 cm. F. .-.midllioid.", had 0.97 CIII. F. o.t)'spo""" had
0.77 cm. F. wl<mi had 1.80 cm. R. solani had 0.97 cm and
V. dahliac had 0.87 cm.

Effed ofS. cerevisiae combined with tested composts 011

raoo bean seeds gro..-n in pathogen-infested soil under
greenhouse conditions: Faba bean seeds coak>J with
S. cerel'is;"e were grown in soil ,upplemented with
compo" type (I) or type (2). Soil was infe..ed wilh the
fungal isolates, Thc results showed decreases in pre· and
post-emergence damping-off and sWnted seedlings
(Table 3-5).

Data in Table 3 show that secd treatment with
S, cere"is;"c significantly reduced the amount of
pre-emergence damping-<>ff due to the presence of
foUowing fungi in soil: P. oxysporam and F. solalli
(50.00%), F verticil/io/de,< (25.00%). N. .<o/alli (33.32%)
and V. dah/iae (25.(XI%).

Data in Tablc 4 show that the treatmcnt in which
compost type (l) was added to soil and seeds were coated

T>ble 2' Anugon;";c t1foc< of i,;ojllt<J Y«"" "" ti"".. g"""lh of '<>led
pathulI<n;c run;i ;" ..,'"

F~~, Li..... .,,,,,,'h (em) Inhibitioo !'l-)
eono.... 2.1S.' 0,00
C',w,I",porl_ "P l.l~bc 5O.'JO
f'. ''''''1'''''''" 0.77< noo
f'. ",/<m; l.!lOb J4~~

f, ,~"idI/iOOh, 0,97< 64,73
K. ",Ion; 0.97< 64.73
v. ,),.hli"" 0.87< M.J6
Control: No Oll'IlI""i" y<.... 'Me.. ~·ithi" • <oIumn folkl,,<J by dlo "'"'"
tet"l\') i,"", .iV'if",,,,,Uj' dille",", a.<rordirlf '" D,me'..... muloi?le mIlge

""IS
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T,61o: 3: Eff«' of S, ",,,,';,,,,,, "" "",,"i"l ",,,,i,'" of r... bc"" I!!'"" iE<'~·"--.!!!.~"'=T=n-i"f<>,«I 'Oil _1=""",,'" """,Ii,,,,,,,
1'r<~IlICOC<domp;"i:-off 11-) Imt-<m<fgcn« d"npml-ofl ("') SWnt,," >=Ili"l' ("')

Fung... C_ Y.,.., ROOoctioo 1%) C_ Y..." R<doctioo (%) COOl"" Y...... ROO"","", (%)
Non_;"f<>t<J"'1 6.67c' 0.1lIe '00.00 6.67b 0._ 0.00 6.67b 6.67. 0.00
C,pholo>po'-;"", 'I'- I3JJbc IJ,JO:xI 0.00 20.00.0 IJ.JJ.o 113S 33.JJ. 26,67. 20,00
f'. ,~rtidlli,~"', S3.JJ. -10.000 2S.00 6.67b 6.~7ob 0.00 2~.~7ob ;>0.00. )'.00
f'."Xl"I"'''"''' DJ3< 6.6Jde SO.OO 2O.00.b 20.00. 0.00 2O.00.~ u.n. JJ.J~

f'., wi",,; -IO,oo..b 2O,00l>:: SO.OO M.67ob I3.JJ.~ SO,OO 13.JM, 13,33. 0,00
R. ">I",,i ·10.00al> 16.6Jb 33.31 33.33, 10.00. -10.00 10.00al> 13.3la JJ.3'
V. _ 26.67bc 2O.00bc 2S.OO 6.67b 6.67011 0.00 33.JJo 20.00. -10.00
C",,"oI: ll<'~h)' >e<d. pI,o«J ... """-<00.0,,," ~. Y....: Il<..lhy ),,,..-«»t«I >e<d. pI,"[<J ;" f>I""'s,,".;"f.,,<J "",. R«Ioct;on (1-) • V...._
Comro,Co,"ro'x'OO, 'Mcon ~·ithin • ","um" foHo.,ed by Iho """" kI,,,,,,);, "'" .igmflClII1t1y d,ff<r<" ",«><tIi"I'" DIln<an'. m"ltip!< ranI< ,_

T""l< 4, Elf"'" qf compo.. 1)'fIO OJ «>mbined ~ilh S. c"'",i,i~, on >eed"tlf """in] qf fllbll be.. pi";' VO""" i" pathog<n.;nf<>t<d.soi' under g'«nI>ou",
,,>n<!'t~X1'

S. c"'",i,i", R<docOOo S. "''',...,w~ Roooction S c,,·,,'i"", R«Ioct;on
F.nK'" C,X1'"" +Comro" ()) (%j C""t,,~ +Com",'" (I) (%j Cnm"" +C(xnl"'" (I) (%)
Non·;nf<>1<d soil 6,67c 0,_ 100.00 6.676 0,00. '00,00 6.676 0.00. 100.00
C.pho~w"m·"", ,po 'J33b< 6.67"" 50.00 2O.00..b 6.67. MM 33.33' 6.~7, 00.00
f'. .~rtkillioiJ" ~ll3, 20.00. 62.50 6.67b 6.67, 0.00 26.67.~ 6.67. 7S.OO
f, "-'-"'I""""' D.3l< 6,6701> 50.00 20.00.0 D.J3, JJ,3~ 20.00.0 13.33. 33.J5
F ">I",,i -10.00"" ,0.00, 50.00 26.67ob 0.00. '00.00 lJ.33ob (m\> Hlml
/(, "A,,,,i 40,00.6 D.JJ,6 66.6S JJ.JJ. 'llJ, 60,00 20.00.0 6.67. 66.65
V JahJWr 2667b< D3301> 5000 6.676 6,67, 0.00 33.33. 13.33. 6000
Com",,; 11<.I.,.,y >«<,l, pI;ont«J in IIOII-,,,,.ed >Oil .nJ 1IOII-<'O<oII«l >«<,l" So e".,"';,"'" """"""" I: Ik,lthy )'<"'" .,.,.,ed -" v'...ed in l"'bogon·inf<>1«.!
.00 rom""" tyl'" (I) ,"',,"[<J "';'. Redochoo (It) •.'1. ,.,.,,,""i,.; «OOlJ'O" tyl'" (' )-Coo[roIiCoorrolx '00. 'M."" ~'ithi" • 00'0"'" fol"""N oy "'" ...,'"
Io:ll<r(" i, 001 ,igniflCUl,ly d,II=.. OCOOfdi"i: '0 OIl"'..•• m"ltip!< ranl< I<>l'

T_ 5, Elf"'" of corn"",1 1)'p" (2) combined ~ ith So "',,,',-,,-.,,. on ...-dlinS """i,,' qf foba 0'''01 pi,,",' 3"""n in ~.n.infe>l<d soil under f'«nI>o<l><
<OII<I'tion.,

ShJnt<d ><-<dlinl' ('t)

I. "'m'i,;"" Redochoo S. ,.,.",,,·,w; Roooc''''' S. ,·.m';,;", R«Ioct;on
F.n~ Coot",,__+Coo'/!"!>'IH ("'I C""t",,__+C,,",~lll !%l Contml__+Com/!,,!"lll l%l
Non·;nfr>teo soil 6,67<' 0,00. 100.00 6.670 0,00. 100.00 6.670 0,00. 100.00
C.pho~w"m·"", ,po 'J.3Jb< ~.67. 50.00 .'O.OOol't ~.6J. 66.ft.'! 33.33. 6.67. 00.00
f'. .~rt;dmoi<k, 5JJla 6.67. 88.00 6.67b 0.00. 100.00 26.67ab 6.67. ......6S
f, "-""I""'''"' D,33< 6,67. 50.00 2O.00ab 0,00. 100.00 2O.00ab 0,00. 100,00
f". ">I",,i -IO.OOob 6.67. 83.32 2~.~7ab 6.67. 75.00 1J.33ab 6.~7. 50.00
R. t<Aoni -lO.OOaI> 6.67. 83.32 33.33. 0.00. 100.00 2O.00ab 'll3. JllS
V, Jahiio' l6,67b< 6,67. 7S.OO 6,676 6,67. 0.00 33.33, 6,67, 80,00_
Control: Jkahhy >ml> r"orIl<d in 00<1·11<.«0 "';1 (1IOII-<OO.O'ed >«<1», S, ,",,,)'i,i,,,, >rom"",' (2); 11<.lthy jU,HOOled ><f0' pl..,cd in pothogcn·infC>l«l and
<om"",' 1)j't< m rn:0l<d ,,"I. ROOoct~'" ('1'.) • So e,"'-<.w. +«on""" 'n'" (l)-C'",'roIiC"",m1x '00. 'M."" ~ ;th;n • wI.mn f<;l"''''..1 oy ,1>< ,..,.., klrn-(')
i. "'" signjf",.."y dillm", O<COId'ng 10 lJIJJ",,"·' munifll< ''IJlg' t<;t,

with S. crre"isi"e significantly reduced pre·emergence
damping-Qff caused by N, sol<mi (66.68%),

Cepl'alo'1'orillm sp. (50.00%). F. \'fmici//ioides (62,50%),
F. oxyspomm (50.00%). F. so/(mi (50.00%) and V. dolr/ioe
(50.00%).

Dala in Table 5 show lhat the addition of compost
Iype (2) wilh S. CNi"'isi"e significan(ly reduced pre·
emergence damping-off cau-....J by F. l'ert,cillioides
(88.00%). Ceplwlosl'orill'" sp, (50.00%), F, oxysponm'
(50.00%). F. ,cohmi (83.32%). N. ,colani (83.32%) and
V. d"hli"e (75,00%).

Data in Table 3 show (hat seed lrealment wi(h
S. cert'I'lsme significantly reduced post-emergence
damping-Qff caused by F, solani (50.00%),
Cel'lmloworium _p. (33.35%) and N. ,colw'i (40.(lO%).
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F. vertiei/lioides, F. OXYSIKJrllm and V. dahliae were not
affected by (he yeast.

Dala in Table 4 show lhat composl type (I) in the
presence of S, eerevisi"e significantly reduced post·
emergence damping-off cau-....J by F. .wltm' (l00%l,
Cepl",losporilU" sp. (66.65%), F. oxyspomm (33.35%)
and R. sol,,"i (60.00%). F. "erticillioides and V. dahli"..
were resi_tant to the antagonistic propenies of
S, cereJ'i"iar,

Data in Table 5 show lhal compo'l lype (2) in lhe
presence of S. cere",s",e significanlly reduced
post-elllergence damping-off caused by F, "erticillioides,
F. oxpl'orlllll and R, .mltmi ( I00%) compared with other
pa1hogenic fungi: Cq)lwlo,poriUIII sp. (66.65%). F, solani
(75.()()%) and V. dohliae did nO! reacl 10 S. cere"r,ia".
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Data in Table 3 show that seed treatment with
S. cerel'isi".. signifICantly reduced the number of stunted
seedlings due to V. d"I,lio.. (40.00%). Cepiwi"sporiu",
sp. (20.00%), F. l'uI;cil/ioMe" (25.00%), f". Ox}"porulII
(33.35%) and R. soll/lli (33.35%). F, sol""i was nOt
affected by S. cere";sia...

D~t~ in T~ble 4 show th~t compost type (I) in the
presence of 5, cU""ish,,' significantly reduced the
number of stunted seedlings caused by F. soiani (100%).
as compared with Cephalosporium sp. (80.00%).
F. I·..r/icillioid..s (75.00%). F. OXYSl>orUIII (33.35%).
R. soltmi (66.65%) and V. dailli".. (60,00%),

D~t~ in Table 5 show th~l compost type (2) added to
soil in the pre<ence of seed coated with S. cere,-i.,i"..
signifIcantly reduced the number of stunted seedlmgs
cHosed by F. ".\)'spomm (100%). as eompared with
Cel'lllJlo,'poriulII sp. (80lx}%). F. IV!rlici/lioide" (66.65%),
F. ,'0100; (50.00%). R. solao; (33.35%) and V. dolt/ioe
(80.00%),

Bfect ors. ctreo-isiae combined with tested composts on
the growth parameten; or raba !>elln plants grown in
pathogen.ink,,;t.... ,oil under g.....~nhou'e eo"ditions: In
this expenment faba bean secds COaled with
S. cere,'isi".. and grown in soil amended with compost
type (1) and (2) showed an increa<e in variou, growth
parameters (plant height. shOO! length. root length.
number of branehesJpl~nt. number of pods/plant. pod
weight/plant. fresh weight and dry weight) when
compared with non-coated seeds (Table 6·8).

Planl height (em): Data in Tahle 6 show an increa<e in
plant height in the treatment where S. cere,'isiae wa., used
and soil was infested with R, sohmi. with an average
height of 88.46 cm. while CeplUllosl'ori"m sp. a'-eraged
79.60 cm. F. ver/ic;lIio;des 78.50 l'm. F. ory,'porum
84.33 cm. F. sol""i 82,2) em and V, dohlio.. 79.10 em.

Data in Table 7 show an increase in plant hcight in
the treatment where compost type (I) was added to the
,oil and seeds were coated with S. cere,'is;ae in soil
infested with R. solaoi. with an a"e.....ge height of
92.76 cm. while Ccphalosporium sp. avcraged 116.26 cn,.
F. l'uliciIliQidl',' 92.26 cm. F. ory,</'O",,,, 87.86 cm,
F. so/ani 86.66 cm and V. d"l</;o,. 88.00 cm.

Data in Table 8 show an increase in plant height '"
the trcatment wllere compost type (2) was added to the
soil and seed, were coated with S. cere,'i,<;ae in soil
infested with F. oxyspo",m. with an ~,-erage height of
91.80 cm. ".-hile C"l'lwlasl'oriu", sp. averaged 83.50 cm.
F, ,...,ricillioidn 95.00 cm. F, sol<mi 91.33 cm. R. so/(mi
87.70 cm and V. dahliae 88.00 cm.

Shoot length (em): Data in Tablc 6 show an increase in
shoot length in the treatment wherc faw hean seeds
l'IJak..J with S. cere,'isiae were ,own in ,oil infesk..J with
R. sohmi, The average length was 64,66 cm. while
CCl'halospori",n sp. averaged 57.60 cm. F.•'uticilli"idcs
60.00 cm. F. O.l)"'l""r",,, 61.00 cm. F. so/"ni 59.56 cm and
V. dahlia.. 59.00 cm,

Data in Table 7 show that the treatmcm of compost
type (I) and S. aredsiile in the presence of R. so/(mi
,igniflcantly inl're~",d ,hoot length to an ~verage

S"","- kng>h I'm) R"", ","gIn «m)

N",,_inr.,teJ ,.,;t
c."oow,puri"'" .p.
r, 'er1icilfioUh,

F '''')'>1'''''''
F, "A'I/1;
ri, wi",,;
v. dOOliuI

1>4.300 91.l3.
jjj60C 19._
~9,6J>b 78.SOb
s-t.J!h ~.l3""

jOlt.; 82.23.b
~2m< 88.4606
~7.6lh 7'J.Hb

locl<:oI<
('Ii>
4''-0)
43.17
31.6.'5
~~.JO

~m

61,13
31.))

,~- locl<oso< tOCIUSO<

0"""" s ~""';,~ ('1» ,- S ~",,';,ia< (%)
,_.

S ~""uia< ('1,)

4~.3Oo 61.00- 47'10 tq.oo- H». ~~-O.l ,~ ,- ~q.t4

41.&Oat> j1i\Oa l·U8 12.161> llOObc 1Ht 1.61. 2.33. 39jl
4UO. 00._ )2.4~ 14.33"" ,,~ :!',l,10 1.8Jo 2.160 18,OJ
)8.7!11 61.00- S7.6~ IS.Wah lJ,]Jo-e 4q.~~ 1.67. m t9.76
41..560b j9,.560 43.3t 16.1606 21,66o-e .1.24 I.n. ,.- ~.

38,Bb ".- ".w 14,Wah 2J.&Oat> 3~,W UJo 2.33. ",Iq

~-
~q.oo- ll.18 lJ..lllb 1O.to..-e ~Ltl 1.4la 1.W. 8.1.92

,~- Incrc". locl<''''' tOCI<'''''
r""w' e,,,,,..,. s, cr'!";""'" (%) '~M S, "'''';,~ (%1 ,-- S, "',"'if..... (%1 ,- S ",..!i,"" (%1
N",,-; nf<.oed "';1 4,61. •.- 42.61 14.73. t6.00>. 8.62 00._ 6S.00. '00 18,860 Iq.i\Oa 3,92
C<"oo""I",ri"", 'po ~.JJt.; 4.l3. 8S.8-l 6.111>< HOa-e n.ll 3U7< ]8.10<1" ~ 1.4~ 6.63< 105M ~8.KZ

F, "",jcillioUh, 3.Jhb 6.l3. W.OO ,~ t2.00>.b 21.66 ~.~ ~.- 61,lJ ,- I3.tl),.d n.oo
f'. ''''1''1'''''''' 4.JJa ,- 15-47 .- to.86ol> 81.00 33t.Ot>< Sl-23"" ~5-4~ t4.&Oat> 16._1> t4.S9
F 1<>1",,; ,- ,- 100.00 l.lJOXd 8.00>.-e t22.22 "- 4~.llkd 11.-'6 ,- I L:ID,:<J 43.S'I
ri, wi",,; Uk •.- ~.oo ,.- 8.10.-e 62.00 4~,11'" ~.- Il,lj 9.261>< 1~.66--< (>9,1l

V. dOO;~ ,- ,- IS(JOO .- .- ll.oo ,l4'lOt1< S2.00>b ~oo .- IO.OOd tl.16
0"""""N~-'>. ,5. <>''''Q......, Y""-«»I«1 -'> p1'"1«l ;" paoI1Qg<tHnre"«l "';1. t",,,,... (...) • S. ,·.",'i,io,-(:""lmloI:"",,,~,,too. 'Me.n ~ ."';"
• 001""," [,"10•.-«1 6)' II>< "a",,, 1"11«(') j, '"" ';g";("'''''U)' d;ff"""" "OO«!;"g 10 0.."".... " mo";pI< '''''g< '"",

137



1'/,,11/ 1',,11'01. J., Ii (4); IJJ-14J, 2009

ToI:>I< 7; Efk<1 ur "-""P'-">' 'll" (I) """*"""" ...i,h S, ~"~'i,",, on if'-""'h po""'><I<I1> of fobo 1>:'0 ~I",.. V'~." in ",thoc<n-iof<>1«! "",I 0"""1""""'"'"
c,,,,,n",",,

G"""·'" _ ..""
PI... h<igh' (eml Shoot I<~h (om) R"'" knlth (em) ~o, oft>r...,Oo.

---------
ComflOSl(l) ,"'",.'" Co""""t (I) ''''''':IS< ComflOSl(') ,"',••"" ComflOSl(l) ,"''''...

Fon...' Com,,~ .~ "",,,,ifia, (%) Com,,~ • S. ""m';,;"" (%)
~".

..s. cr.~i,;'" (%1 Con,,,,1 ..s. cr.~i,;'" 1%)

Non-iof<.1«! """ M.~ "~ S2.19 4S.3O> 71.00. 56,13 19.00. •.~ 41.36 ,~ 3,200 72.1)1
C'f,I."t.>'1M,rium ,po ,,= 116.'f>b ~5.26 4VIOal> 66.9Jo-<o ~. 1l.7f>b 19.BI> 51.49 1.67. 2._'" ¥U8
F .~rti<ilfioiJ" ~9.63ob 92.1_ l-4.12 4S.:lOa 68.2....'" M 1•.33a~ :U.00ab 61.48 1.83. 2.9Jab ItO. I I
f, ""N""'''n ~.~ 87,W> 61.80 .~ 6.J, :!Ot><; ~.~ 15.60>0 "- 58,08 1.67. l,33t><; 39.52
F ">I,,,,; 5K.Bbr ~- 48.51 41.~ 61Xlc -18.77 16.16ab '4.83ob 4K.I~ 1.77. 2.~ ~U8

/(, ">I,,,,; l2,9lc 92.i6ob 7S.25 38,33b 68,8Oob 19,49 1•.6000 23.960b 601, II 1.33. 2.530'" 90.22
V. J<,hH". 576/h -- 52.18 44..10>- 61.-10< J8.74 IHO!> .:6.60>- M% 1.4J. 2.~ 100.00

G".,.,·'" 1""""'1<»

~o. of pod, (po,h/p1an')

CoonflOSl (1) 'nc",o", Compo>' (I) I""".", Compoo.l (I) Inc",."" Coonpoo.l (I) Inc",...
~ Cootrol +S, """";""" (%) Cootrol +S. "',....j,"'" (%) Cootrol..s. cr."","" (%, Coo,,,,I..s. crr,,"''''' l'l)
Noo·ior..t~d"';l 4,67. 6,00. 28,48 14.73. 18,_ 26,6-8 1tO.300 12.13. 19.62 18.860 :U.000 21.25
C.pJon~W,,>n'um;p. l.JJbr 4._ 100.00 6.1()x 1•.001> 1;>9.50 31.37" S306b m.14 6.63<: 10.0l); 50.8,
F .~rti<ilfioiJ<, 1330b 5.JJa 1tO.00 9.401> 1-1.001> -lS.9J J'J.()O" 6-8.000 126.67 7.-lObc 1•. 'lOab IOI.3~

f, """I"""'" 4.3J. ~,_ J(l.72 6,(1(\>< 12,001> 100,00 JJ.6/h ~7,06b 69,82 14.llOoo 17,43,0 17.77
F">I,,,,; ).(1(\>< ~.OOO 150.00 J6O<d II.JJI> 214.12 J-l.6/h 4JOl); )4.)8 7.lllJI><: 12.001><: S3.R.1
/(.1<>1",,; Uk ~._ 325.51> HIO"" 12.931> 1~8.1>O 4~.lh~ 7O.so. 56.08 ~.2_ 11>.83.t> 81.1~

v., J<,hUor 2,001><__1>,000 200,00 6,(1(\>< 1.,7J,b 145,50 J-l,9fMx 4J.23c lU7 8,9OIx 14.7U."_ M,IL
CooJrol;Noo~ >UtI> plan'oo ,n OO!l·''''ated "';1. Comro>t (I) + S, """';j;,,r; IkoJthy y"""<OIItOO ""d, pl,o,,," io ""thoicn·mf<>loo "'" CQIJ\\lO>1')'1'<

(I) ""tOO "';1. Inc""",,, I'}) • Com"",' (I» S. ,·."',i,...._Coollt..VCootn>!" 100. 'Me"" ,,'i,hin • col"m" f"I"""ed by '00 ,..... 1«1«'(,) i, "'" ;ig"ir"'.otly
dif(ere"' xconlitlf 10 lJtJncan', ""'ltip!< ....,ge 'e"'"

Tobie 8, Elf'd of0'"'''''''' type (2) <OIllb;""<I ~'i'" s. ",,,,,,i,i,,. "" growth 1""'""""''' of lobo "".n plan" gto»'" i" palMge"_inl.,led "';1 onder g-.,""'-'''''
rondo"""

R"'" k"gt~ (em) ~o. olbtooc"",

Com""" m I",,,,,,,, COOl""" m I",,,,,,,,, Coml"-"t (21 I",,,,.,, Comp'-"t(21 I",,,,,,,,,
Foot'" C_~ +S. """,;,u.< (%) C_~ +S. ,·.m';,..... I'}) c_ ..s. "",,-i>u.< (-.) Coo",>1 ..s. ..".,,-i>u.< ('k)

Noo_inbted "';1 6oI.JOo %~ 49.71 4~.J(l> ~~ 51.66 19.1llb 3UJ.o M.37 ,~ JJJ.o 73.66
C",h<;loJpo';um .p. lS.SI>OC 83,500 50.29 42,800b I>l,llab un 12.161> 1~,00b 48.90 1.67. 2.660b S'!.28
f'. ,~rm'illi,~"', WI>3ob 9~.000l SQ.3' 4S.J(l> M3J>b 44.)) 1•.JJo. ;>9_ 106.98 1.8,. J)J-o 76.50

f'. ""7'f'O"''' ~~ 91.800 1>9.06 38.7a> M_ W% 15.1>Oab 27JJa 7S.1~ 1.1>7. ,- S'!.28
f", "A,,,,; l8.33br 91.lJa S6.S7 41.SI>IIb ~- ~~,IO 11>.71>00 21>,860 00.• Ln. 2.7Jab l-4.2-1
N. ">I,,,,; ".93c ~7 .700 6S.m 383Jb W~ nl9 1•.60>" )7.60> 89.1)1 I.]]. nJ-ob 1(».,6
v,~ ~7.1J(k .~ S2.78 ~.~ oo.~ 3~M l3.3Ob 28,000l IIO.S3 1.4J-o 2.13'" WW

G"",'''' 1""""""'"
~o...I' pud' (pudslpl""')

Com""" m I",,,,,,,, COOl""" m I",,,,,,,,, Coml"-"t (21 I",,,,.,, Comro>t (21 I",,,,,,,,
F""lIl" C"",m1 +5- ~.,..;,.... (%) C"",m1 +S. (·.m';,;'" I'}) c""",~..s.~.......... ('l.) c(",,,,~..s.cr"....... I'})

Noo_iofe>-l<d"';1 4.67. H"""- )l.lO 1•.7Jo IS.l\l);< ~'IO 1tO.300 1j(J.330 JJ,1I 18.1l6a 25.000 2.56
c.pJont.>,po';um'p. 1.33"" S.OOO 114.S'! b.l()x 11.01>0.., 81.31 31.370 48.~3"" 54.40 1>.l>k 10.53"" 58.82
f, ,~rtidlfioi<h, J.33ob ~.J3. 1>0,00 9.401> IJ.7lM> 45,74 J(l.0l); 66.00.0 IlO,oo 7,4Ob<; 1•.7()x 98.65
f".'"l''I''''''''' 4.J3. ~JXl> IH7 I>.ln>c 12.60"b 110.00 33.6/h 66.21l>~ 91.02 14.Wab 20.500~ 38.51
f", "A,,,,; 2,001>< l.660 183.00 3.6Oi:d 12.20.0 238,89 l4.6/h 40.00< I~,I>O 7,lllJI><: IO.2lho J(l.77
N. ">I,,,,; 1.,3c S.33. ,03.00 5.ln>c 10.ln>c 100.00 45.17.. 56.J(I> )4.601 9.26bc 15-801> 1(I.f>.J
V.duIIl;"" 2.ln>c 5._ IKJ.(XI I>.ln>c 12.1llab 111.1>7 J-l.'IlJ:Ic 49.50"" 41.l!J g.'IlJ:Ic ILll60C 44.49

0 ..'''''- Non--<:<_ >«<I, pllUltOO i" ",...,,,,,,ed "';1 C""'f"~'(2) + S. ,,,..#ia,, 1J<'lthy j"o,,<OIII<d S<e<L' p1oo'ed io paU>o:'8<n-;"f...oo "'" "'""""" 'll'<
(2) ",,'r<! ",il. """..'" (%). Com"",t (2) + ~. """";'·""·Coo'roIlColllrol, 100 'M,... ~i'hin • <OI"lIIn loIlo~'ed by til< ..me kt"'ri') .. "'" ,ignif"'anUy
~iff=o' xconJi"lll<J Do",,,,,', """tip!< ...,go ,<>I,

68.80 em. while Cel'halO${'orium 'po averaged 66.93 em,
F. \'erticillioides 68.26 ('m. F oxysl'"",m 63.20 em.
F, SQI<mi 61 ,83 Cm and V, d"hUnt 61.46 cm.
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Oala in Tahle 8 'how thaI the lreatment of compo"
Iype (2) in ,he presence of S. ceret'i"ioe significantly
increased avcrage shOOllcnglh where soil was infested
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with H. w/a"i 10 66-(1) em, ...·hiIe C,phalosporium 5p.

.''mIgCd 65.13 em. F. ''I'ni.-illioitk, 6S.33 em.
F. t»:).SfKN'U" 6U6em. f: wUJni~.46em and V. dalrJitN
60.00 em length.

Root length (em): Dat2 in TlIblc 6 !ohoIoo' all a,~

inc:t'e:lSC in root length in lhe l""at....,nt ",'hfm,

S. err"'isiD, ...-:as usnl and !'Oil infe!ited ...·ith

C,pllDltJ.JPI1rium 51'. of 22.00 em. while F. ''I'nkilliQiMs
.".:r.tged 18.50 em. F. lll}'.Jf1Onu>f 2J.33 em. F. .JoIa"i
22.66 em. H. wla"i 23.80 em and V. dahlia' 20.10 Cm.

Dala in Table 7 5110...• an a"rn,ge inc""asc: in root

lenglh of faoo bean plants grown in liOil supplemcnted
with <;(>mposl lype (I) ...·hen seeds were coated ...·;th

S. urrl'isi<" aoo soil was infestoo Wilh V. dahliae of
26.60 CI11. while CeplllJlosporimn 'p. aver~gcd 19.33 em.

F. lwtieil/ioides 24.00 em. F. o.rY'l'0mm 24.66 cm.
F. "ollmi 24,83 em and R, Sf,"",i 23.96 CI11,

Dam in Table 8 silo ..., an a"crJgc increase in rom
Ienglh inlhe lreatmem where composl lype (2) combined
...·ilh S. cun';si,,,, was used Wilh soil infcsled ...'ilh
V. dahliac of 28.00 em....·hile C'phuIOlI/Qrium sp.
••·craged 19.00 em, F. ..,nieiI/Wi,/" 29.66 em.
f'. t»:)'spo",m 27.33 cm. F. SOlall; 26.86 cm and H. .JoIalli
27.60cm.

Nun.~r or brancbes (brandl('§(planl): Dala in Table 6
show an inc:t'e~ in the a"Cfage numbu of branches in
lhe treatnrnt when: S. CCff1'SW "''as u$N and wil
infe!ited ...·ith V. dahl;." of 2.63 br.tnchesIpiant. ...hilt

C'p/rlIlospori"m 51'. .I\'nagN 2.33 ~anl,
F, I'I'ni.-ilUoidu 2.16 branctteslplant. F, OXJJponun
2.00 b.-an<.:heslplant. F. .JoIani 2.66 branchcslplant and
N. .JoIo,,; 2.33 br.meheslplant.

Data in Table 7 show an incn:a.se in lhe a,·,,!'age
number of branches in the lI"Calnrnt ... tter.. CQItlpost type
(I) wmbinal with S. ur"·;.J;',r was used in soir infested
with V, Juhliue of 2.86 branches/pram. ",'hilc

C'phillosporium sp. a"eraged 2.66 br.tncheYplant.
F. l'ut;cillio;J,.. 2.93 brancheslplam, F. o.Q'.pan'm
2,33 branches/planl. F. so"",i 2.86 brJllchesiplanl and
R. ,,,1"'1; 2.53 branches/plant

1)ala in Table 8 show an incrense in the a"erage
number of branches ;n lhe lrenllnenl .....here soil as
supplemcmed wilh COmpoSI lype (2). S. ('Url'i.,;"" as
u!-Cd and lhe soil infested with N. ,'ohmi of 2.73
br'ancheYplanl. ...·hile CepIUl/tl.Jporium 51', a"cragcd
2.66 branches/planl. F. ,·rnicillioi</,.. 3.23
branches/plant. F. oxyspo",m 2.66 branchc:sJplam.
f'. roJa",' 2.73 br.mcheslplanl and V. dtlhU_ 2.73
bfaoche:slplanl.
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Num~ror pods (pods/plant): Data in Table 6 show lWl
increl5C' in the .'·enge numher of pods in the trc:;tlnrnt
....hen: S. r,rrl"w "'"as 1I$N and IOOiI infe§led ...·ith
N. .JoIoni of 4.00 pods/plam• ...-hile CrplwloJporium 51'.
3\'nagN 4.33 podslplalll. F. I.,nkiIliQi(1,J 6.33

pods/plant. F. 6X}'sponurt 5.00 podsIpiant. F. .JoIan;
5.00 pod:slplant and V. dahlitw 5.00 podslplanl.

Data in TlIblc 7 $/tow an incn:asc in the a"cr:\&C
numbel" of pods in the lI"CaUnenl of rompost t)'pc(l)
and S. urrl';liM with H. .Jolon; infC$ted .soil of

5.66 podslplant....·hilc CrpllDlosporium 51'. a"crap
4.66 pods/plant. F. "rnieillioidrs 5.33 pods/plant.
F. o.rY.Jf'O",m 5.66 pods/plam. P. Iolani 5.00 pods/plant
and V. dl,hlhlt 6.00 pods/plant.

Dala in Tablc 8 show an increase in lhe averagc
number of pods in lhe lrealmenl where compoSI lype (2)
and S. l'tre,'i,';ae we", used in 'IOil infeSled wilh N, "uill/ii
of 5.33 potIs/plam. whild C"I,/",Io,<porium sp. averagcd
5.00 pods/plnm, F. l'erticil/ioide,< 5.33 pods/piam.
F. oxy,'I"m"" 5.00 pods/plant. F. solan; 5.t>6 pods/plnm
and V. dahlill' 5.66 pods/plant

.........eight (~I)/lInl): Data in Table 6 show an incn:a!-C in
a"cnge tOial pod ...~ight in the treat....,nt ....hen:
S. "rr.';sla, ·as used and wil infe51ed ...·ith F. .JoIM; of
8.00 glpLanl ·hile C,pltalowonum 51'. a"mlged 7.40 l-
F. I'Cnici/lioidrs 12.00 g. F. <U)'spanun 10.86 Il- N. soIani
8.10 g and V. dtlhlitN 6.66 g.

Data in Table 7 s/loIIo' an incn:15C' in the a"erage total
pod .'right in the tn:aII1ll:nt ",'hen: compo$! type (I) and
S. CCff1<isI<N ....en: U$N ...·ith soil infeSled ",'ith F• .JoIM;
of 11.33 glplant, ...·hile CrphalOJpori_ 51'. a"eflled
14.00 g. F. ''I'f1killioidrs 14.00 g. F. <U)'spanurt 12.00 Il
N. .JoIoni 12.93 g and V. dtlhliDr 14.73 g.

Dala in TabIc 8 5how an incrc,"" in awrage toQIl pod

....eight in tlte treat....,nt when:~ type (2) and
S. cerel'ism, en: usN in wil infested ....ith V. dtlhl;u, of

12.70 glplanl ·hile C,phalospor;um 5p. a"cragcd
11.06 g. P, ''I'nk'iII/(}W,.. 13.70 g. f'. a:c)".Jponun 12,60 g.
F• .101011; 12.20 II and N.•olani 10.00 g.

rn:sh weight (gllllmllJ: Dala in Table 6 show an a"crJge
inc'rease in lhe fre.\h weighl of faba bean plam. in Ihe

Ireatmem where S. are";.,i"" was "scd and soil infcSICd
wilh F. lwti('il/i"ides uf 50.20 g. while C"l'halosl""iulII
'po averaged 38,10 g, F. m:y.'porum 52.23 g. f'.•'o/(mi
44.10 g. N. $,,11111; 50.66 It and V. dahliae 52.00 g.

Dala in Table 7 show an a"erngc increase in fresh
...~iglu in lhe In:atmcnl ....here compo$! I)'pe (I) and

S. cerr.';sia, ...·en: used ....ith !'Oil infesled ...ith
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F. \·erlicil/ioide.< of 68.00 g. while Cel'l'''/o,<poriom <po
averaged 5H16 g. F. o.rY,<I'0r",,, 57,(16 g. F. .<o/,,"i 43.00 g,
R. sol""i 70,50 g and V. dllhli"e 43.23 g.

Data in Table 8 show an average increase 10 fresh
weight in the treatment where comlX'St lype (2) and
S. cerel'is;,w were used in soil infested with
F. \'erlici//iaides of 66,00 g. while Cepl",losporiom sp,
averaged 48,53 g. F, oxyspor",,, 66,20 g. F, .<ol'mi 40.00 g.
R. ,<olm'i 56.30 g and V. dahliae 49.50 g.

Or}' weight (glplan!): Data in Table 6 show an increase in
average dry weight in the trealment where S. cere";si""
was used and soil IOfesled with F. "erli";/Iioide,' of
13,10 g. while Cepl",lospori",,, sp. a"e.....ged 10,53 g.
F. OfySpo'''''' 16.96 g. F. solo"i I 1.20 g. R. solo"i 15.66 g
and V. dahliae 10.00 g.

Dala in Table 7 ,how an increase in a"erage dry
weighl in lhe lrealmem wherr compo" Iype (I) and
S. a,e";s;'u' were used 10 soil infested with
F. "..,Iicillioides of 14.90 g, while Cel'ha!<'spori,ml sp.
averaged 10.00 g. F. OX)sp•.mm, 17.43 g. F. ,'o/a"i 11.20 g.
R. sohmi 16,83 g and V. dllll/iue 14.70 g.

Data in Table 8 show an increase in average dry
weighl in lhe treatment where compost type (2) and
S. cere"i.'ioe were used in ""il infested with
F. "nticil/ioide,< of 14.70 g. whi Ie Cepha/OSI''''i1ml <po
averaged 10.53 g, F. OX)"l'or",o 20.50 g. F. so/alli I0.20 g.
R. sol""i 15,80 g and V. dllhli"e 12.116 g.

Effect of S. cne.-isiue separately and combined with
each compost on photosynthetic pigmenls and total
phenols content of raba llean plants grown in fungi
infested soil under gr~'Cnhousecondilions.

Falla Dcan seeds ~'()ated with S. cere\'isi"e separately.
a' well as combined with compost type (I) and Iype (2)
treated soil. were grown in soil infe<ted with each fungu,.
The plants showed an increase in photosynthetic
pigments (chlorophyll A. chlorophyll Band carotenoids)
and total phenols COTllcnt when compared with thc
control (fable 9·11).

Data in Table 9 show that chlorophyll A content
inc'reased when S. cere\'isiae-coa1<'l.l «,cds were planted
in ,oil infes1<'l.l wilh N. so/m'i by 70.11 %. while the

increase was 32.43% with F. .<olalli, 11.69% with
Cepha/o.'IH>ri",,, sp .• 15.87% with F. wrtidWoide,<.
14.g.j% with F. ox)'S/'0"'''' and 11.28% with V. dahliae.

Data in Table 10 show that chlorophyll A conteTll
increased in the S. cern'isiae'Hompost type ( I) treatmeTll
in soil infesk'<.l with R. solo"i by 65.52%. While the
increase was 39.64% with F. soh",i. 19.23% with
Cepl",lo"po,i,m, sp .. 15.87% wilh F. l'erticil/ioides.
13.28% with F. oX)'${JO"'''' and 12.78% with V. dahliae.

Oala in Tahle 11 <how Ihat chlorophyll A content
iocreased in the S. ce'el'isi",,+compost type (2) trealment
in soil infested with R. solo"i by 72.41%. While the
increase was 30.63% with F. sola"i. 20,00% with
Cepl",lospo';"'1I sp,. 19.84% with F, l·erticill;oides.
13.53% with V. d"hli"e and 13.28% with F. oxyspo"'m.

Data in Table 9 ,how thm chlorophyll B <'Omenl
increased when S. ceruisiae-coaled sec><ls were planted
in '\Oil infcsted with R. .<olalli h)' 73.53%. while the
increase was 24.o-t% with C"{>h"I"sl'ori"m sp .. 18.81 %
with F.•'enidllioides. 12.50% wilh F. oX)'''I'''''''''. 51.80%
with F, ,"olalli and 11.93% wilh V. ;/u"';oe.

Data 10 Table 10 show that chlorophyll B conteTll
increased in thc S. cerel'i"iue+compost type (1)
trealmem in ,oil infested wilh N. so/""i by 73.53%. while
the inc·rea,e wa, 51.80% wilh F. .<oh"'i. 24.04% with
CeplJalo.,po,;"", sp .• 18.81% with F. wrtidllioide,<.
12.50% with F. oXy,<po"'''' and 11.93% with V. dahliae.

Data in Table 11 show that chlorophyll B content
increased in the S. ce'n'isiae+compost type (2) trea1tneTll
in soil ",fested wilh R. sah",i by 85.29%%. while lhe
increase was 48.19% with F. solo"i. 26.92% with
Cepl",lospo,;",,, sp.. 26,92% wilh F. oxy"porw". 14.85%
wilh F, \'erticilloides .",d /1.93% ...ith \I. dohliae.

Oala in Table 9 show that car01enoids contcnt
increa<ed when S cere"i$iae-coo.led <ecds were planted
in soil infested with R. sol,,"i by 68.42%. while the
increase was 35.05% with F. sol,,"i, 11.11 % with
C"I"wlosl'oriu", sp.. 9.01 % with V. doll/iue. 5.08% with
F. OXPPO"'''' and 5.00% with F. \'enicillioides,

Dala in Table 10 show that carolenoids content
increased in lhe S. cere\'isiae+compost type (1)
treatment in ""il infesl<'l.l wilh N. solalli by 77.63%. while

Tab!< 9; Elf"" of S, c,,,,j,w. 00 p/>oo",yDlh<1ic l'it;'OCflb .00 ,otat ph<00I, oontcDl of foDo b<.., pi.... I .....·n in patOOe<n·inf<,t<tl soil uod<r j;l«nhoo""
<on<li'ioo'

0.1 A ''''I: 1-' f",,," ~.,,) nl (l ''''I: 1-' f",,," ~t,) C_c"'-"'J, (mll-' fr<>h ",',) r"",' r*o:nol. ("W'-'Ioo I f=" ~t,)

FWl&", COOl"'" S. ,·.,.."i...... I""",.,., Cootrol $. "",-;.u..r 1"".-.- Control S. ",,,,i,;"" I"""~,, Control S. r"",i,"" I"""..",
Noo·inrc.l«lsoil tM, t.w. l1.1t 1.1... Ut, t2.9J t.2~. I.SOo 20.00 98.'N< 112.1Od Il.JO
c.pOOw,puri""'.p. 1.:lOb 1.~3ab 11.t>9 LO-lb 1.2'lab 24.1:.. 1.11. 1.:lOb ILII Ilb.8S<l 12'I.1'lOC 10.S/>
f'..M;,·jllioib, 1._ 1,46>b 1~.81 LOlb 1.2Ob--d I~.~I 1.20. 1._ ~.I)() IlJ.l.lJ 114.J~d I.lll!
f'. '"PI''''''''' I.!Sb 1.4701> 14,84 LI)lb 117<d 1),5(1 1.18. 1.24b Hll! 127.1k 149.11);0 17.19
f",,,A''''i 1,llc 1,47.b 32.43 0.83< 1.260..: 31,80 O.97b 1,31b 33.03 IJ3.0Cl>c 147.3'. 10.76
K.><A""i 0.~7d 1.4Sab 70.11 0.b8d 118<d 13.3J 0.1oc I.!~b 68,42 178.9S. 1'l(}.02~ 0.';2
V. OOJoi;"" I.J]ab 1,4&.b I U~ UN'" I.nt>-d 11.9] 1.22. I.JJb 9.1>1 lJltBb 142.94"" J.l]
Corurol: Noo-rootcd >=I., S. c""j,j"" Itulthy J'e>>t-<:oatro >«<l, flI011tro in poOOOe<n·inf<>lro ,011, 11.,=>< ('I') • S. "m'j,"',·Con,roOCoolrol, 100,
'lot,.., ~ith,n • column follo~'ed by ,he ..... lett,';.) i. noI ~8nif",an~ylIiff"",n' :o«onli"f '0 lln""...·, mnltipl< 'ang< t,,,..
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ToI:>I< 10; Efk<1 of """I"-'" Ill'< (l)oombin«I ~'i'" 5: e"",i,.... 00 pt..-oo,ynlh<li< pOl\m<nt> and ",.. I pt>erol, ""'lem of lot,. boon "hlnl> I"""n ill ",'",-,;<n
.. f"""<l ,;0;] "00<, &"",""""", oond' bon>.

Com".,., II) '''''fell'' Com".,., 11) '''''fell'' Com"",,(1) I""",,,,,, Compo>! II) ''''''''0><
Fo"l:'!-' C"",mI. +,5. ,·,,,,,i,"" 1%) C"","~ .5.0'''';''''' (%) C,..mI. +$. "'......... ('li-) c...mI. .5. ("""';''''' (%)
Non_inr.,,,,,,,...1 '-44, '-67' ".97 lit.. '-.If>-o 17.24 '-2~' '-490 19..'(1 9\l.9-l< 114.~7"" IH!O
C.p/lulo,pvri""'.p. '-JOb ,-SSob 19.n LiJ.lb 1.320~ 2b.92 I 17. IA30~ 11.22 IIb.8S<! 146.7Oa 2S.SS
f,m1idlfioUh, 1.26b 1,460 IS,87 I,Olb 1.16<1 14.8S 1,200 1..lO<d 8,33 113,13<1 126.1% 11.54
F '")'>1''''''''' '-2~b '-4~~ 13.2~ LiJ.lb 1.32.0 16.92 Il&a IAlo-c .'(1.24 127.13< 149Jl'>. 17.18
F""",,; Ille I.SSob 39M 0.83< '-Bcd 48.19 O.9Th '-3tl..-.J J.>.02 133.iJOb< ISI.9S. 14.2S
«, wi",,; O,87d 1.44t> 65,S2 0,6&1 U6b< 8S.29 0,76< USb< n63 178,9S. 190.560 6.49
V. Wl<1.... l.J]ab '-~ Ins 1.0'1'" U2cd 11.9.1 l.lla 1..1_ Il.JO JJ8 ..Db 149.40. S.Ul
C",,',,", N""..,"-'I«I ",«I•. Com",~' (I) • S. "'''''''"''' )I"I"'y l'<"~-w>I<d>=I. pion"'" ;n com",,,,, (I) ,,,,.Led "';1. ,,,,,,,,_ ('1:.) • C"""""" (I l>
So "",,,,;s',,,·Coo,roIJCooltOl, 100. 'Mean "'ilhjn • roIumn follo~'ed by <he ••me 1<'''1\') i. noI 'lfniflCantly diffe",'" ""'Ofdin8 '0 Du""",', multiple raIlse
=,
Table II, Effect of"","""" l)'pe (2) ""'_ 'Oi'" So "".....'...,,,,,, pt..-oo,yrtlletic pWneoo ond ""-'I phenol> of fabo ""an plant< S,o~ n in patbog... infe,'ed

",., onJ<r ue<1lt-.",,,, ",n,n"""
OIIAIln£1 'f",,,y,~·t.) C\1lfllln£1 'f",,,y,~'I,) C.",l<oo••I>(o1ll 'f=ll ..,.) T<.:<lII,*"",*,(~IOOI_"")

Com,,",' ill '''''fell'' Com".,., (2) I"""",.. Com"....'(21 I""",,,,,, Compo,' (2) ''''''''0><
Fo"g.., ConLmI. +5. ,.,"",;,;.. 1%) Con'''~ +5: 0'..,.;,.... (%) C,..tml. +$. ",,,,-i,",, ('1:-1

C__
.5. (·,m';';., (%)

Non-inf<.I«I,...1 'M. ,~ 11.11 1.160 ,~ 17.24 US. 1.4S. 16,00 98,94< 12-1.-17< 2S,80
C'p/luIo'I"rium 'I'. m ,~ 20.00 ,~ ,,~ 1'-S4 I 17> '-.l4.ab 143] 116.SS<! 143.00< n ..18

f, "''''eil/loUh, ,.~ ,-SI.b 19,84 LOlb ,n 18.81 ,~ US.., 12.SO 11113<1 17(l,W• .., SO,61

f,o.n'I""""' U~b 1.4St> 13,28 I.l)lb ,n IS.38 I. 180 US.., ,,~ 127.2k 156,7S"" 23,20
f". "A",,; I II< '-4~~ ~~ 1).83< US.o ~1.60 0.9Th Ulb< 3S.05 I]],(UIC 19S.0II>b M
/(, "A,,,,; O,87d ,-SOob 12.., O.~ ,~ 85.29 0,76< ,.- 69,74 178.9S. 2OJ.68, 13,82
V. J<,hlfu, l-.U'" l.S1 ab 1J.S) 10'1.0 1.2.1<> 12-84 l.n. 1..1-1.0 9Sl IlS.J.lb 169.I!-a-c 1226
C"",rol, Non-<o"-"<d >=I, Con,,,,,,, m + S (un;,...., 1l.,I[by l'<''''-<:oo>l«I >«d> 1'1...1«1 ;n ,Ort,po<I (2) ',,:ne<l"';1. 1""",.". (%) • C"",,,,,,, al>
s. ""'''''';""CoollollCOIHroI' 100. 'M'''' ~ ilbin • column follo~'ed by <he >IDle "''''l(') i. 001 >isniflC2lllly d,ff"",'" ~i"8 00 Du""",', multiple raIlse

",,"

the IIlCrease was 34.02% wjth F. soh",i. 22.22%
wilh Cepl",Io.'l'orium 'p.. 20.24% wilh F. ox)'sporum.
12.30% wilh V, doh/ioe and 8,33% wilh F. l'Crticillioides.

Data in Table II show that camlenoids content
irn:reased in the S. cere,·j"iae+compostlype (2) lremmenl
in soil infested wilh R. sol<mi by 69.74%. while (he
increa<e wa, 35.05% with f". ,<olonl. 1453% with
Ceph"lo;pori",n sp.. 14,40% wjlh F. OX),Sf!Orum. 12.50%
wilh F. I'Nticilloides and 9.83% wilh V. uahli"e.

Dala in Table 9 show Ihal (Ola] phenols conlcnl
increased when S. c<'re.-i,'iae-cOIltcd seeds were
planted in soil infe<ted with F. oxy,<po'''''' by
17.19%. while lhe increase was 10.76% wilh F. solani.
10,56% wilh C('pl",lospo,ium spo> 6.52% with
N. solani. 3.33% wilh V, dahliae and 1.08% wilh
F. \'ulicillioides,

Data in Table 10 show that tOial phenols contcnt
increased in Ihc S. cere";siae+composl type (I) lrealmcnt
in soil infested with Cephalosporium sp. by 25.55%. while
the increa.'Ie wa, 17.18% wilh F. ory"porum. 14.25% wilh
F. solalli. 11.54% with F. \'erticillioid,',,- 8.00% with
V. d"hliae arKl 6.49% with N. sol,,"i.

Dala in Table II show Ihat tOlal phenols conlcnl
increased in the S. ceredsiae+composl type (2) lrealment
in 'IOil infe<ted with F. l"('TIicilloides by 50.61%, while the
increase was 46.68% with F. sohmi. 22,38% with

1"

Ceplllll",porium sp.. 22.26% with V. dahliae. 22,20% with
F. oxysf'O"'''' and 13.82% wilh R. solani.

IJISCUSSION

The present study shows that the apphcalion of
yeast as a hio-comrol agent affcrted all tested fungi
in I'ilro. The percentage of inhibition reached 72% with
F"s"ri",n ox)",'I"''''m when compared wilh the other
pathogcnic fungi and lhe conlrol. Thcse rcsulls are in
agrecmcnt with Hassanein el 01. (2002). ".-ho rcponed that
yeasl< were effecti"e producer< of antifungal metabolite<.
In addilion. it was found lhal isolales of aClinomyceles
produced chitinasc and pol, 3 glucanase and caused
exlen,i,e piasmoly'is and cell wall lysis of
Cephalosporium maydis ill l'il'O. Since the cell wall of
C. 1II,,)"di,< consists largely of chilin and p-glucanase
(Bartnicki-Garcia and Lippman. 1982), Ihere is a
voluminous body of literature on the ability of
aCiinomycete, and fungi 10 pamsili"" spore,. hyphae and
othcr fungal structures. Many of thcse observations are
linked with plant disea<c bio-control (Jeffries and Young.
1994: Van de Boogcrt and Deacan. 1994: Davanlou et al..
1999).

Weller (1988). lee ('I "I. (1991). Yuan and Crawford
(1995), Valois et al. (1996). El-Tarabily el "I, (1997).
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YouS5Cf ~I 01. (2001) and Gianl..,a ~I 01. (2006) reported

al'lO lhal a microorganismtlw colonizes roots is ilkal for
usc as a bioconlrol agent aga.iDSl.soiI-bome discasa and.
consequrnIly. i"V"'ing pwn gm..-th. Yeaw; applied for
the COOiroi of pl:un p:uhogtll~ ",'m: found 10 prodoce
proICin:terol1S tilkr 10XillS IrthallO suscqJlibk ye~ and
fungi s.lIaills (Hodgson ~I al.• 1995: Ainoches n 01.•
1997: Marquill3 ~l oL 2002: SanlO$ n oJ.• 2()()4).

Resulu obUined from this ~udy sho"'ed th;u the

addilion of )'eas/. as an anlagOl1ist impro"ed di~:a!ie

suppn:ssion due 10 the Cl)lT1poSl. aoo decreased di~a.o;e

§e"erity (pre_ aoo post--emergencc damping-(lff and
Siunted seedlings). Thi.• rcsuh is supported by lhe finding
of POSlma fI 01. (2003) ill "'hich they concluded lhal the
anlagoniSl may enrich compost'; to increil.'iC lhe n:liabilily
of the beneficial effects of composl in disease
suppreSSlveness.

In lhis study. the treatmenl of compost plus yeast
increased plant gmwth. This rcsull is SUppoMl'd by
Klcifield und Chet (1992) and El-M...halawy F' Id. (2~)
"'ho reponed that the gmwth increase caused by
rhi1.osphcre microorganisms depentkd mainly on the
ability of those microorganisms 10 su....·i'·e and develop in
the rhilOsphere. III addilion. se"eral planl·microbe
interaclions ...~ dc"eloped which benc:fited pbnl
,rowIII through differenl mcclwlisms. weh as tbe
prodllClion of pl:mt regubton;. silkrophores. phosph:IIe
solubilization. nutrienl uptake and a''llilability (llof1ich
and Kuhn. 1996: Gupa ~, al.• 1998: Bovo'm and
RO'·ira. 1999).
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Abstract: The present study was carried out to investigate maize seeds infected by Fusarium moulds and fumonisin 
B1 production. In order to suppress the growth of fungal infection, and/or fumonisin B1 production in maize seeds; 
applicability of Saccharomyces cerevisiae as a biocontrol agent as well as detoxification of fumonisin B1 was 
investigated. Out of 100 samples of maize investigated 65 (65%) were fungal infection. Of them 38 (58.46%) were 
Fusarium moniliforme others were F. graminearum 19 (29.23%) and F. oxysporum 8 (12.31%). Growth of 
Fusarium moniliforme and fumonisin B1 detoxification were negatively correlated with different doses of S. 

cerevisiae while detoxification was positively correlated with the doses. At dose 1, 3, 5 and 7 g of S. cerevisiae, 

Fusarium dry weight and detoxification percent of fumonisin B1 were 5.8, 40.56, 4.3, 77.63, 2.8, 89.52, 0.9 and 100, 
respectively. The effect of water content as well as different temperatures on fumonisin B1 productions was 
investigated. At water content of 50 %, a higher level of fumonisin (16.3 µg/g) was detected in ground maize while 
in Corn flour and intact grain level of fumonisin was 0.50 and 8.66 µg/g, respectively. At temperature 21oC level of 
FB1 was 19.3 µg/g after incubation period for 4 weeks while at temperature 28oC was 9.7 µg/g after the same 
incubation period and on the same substrate. For growth r = - 0.993, p = 0.001; for detoxification r = 0.927, p = 
0.024.  
[Mohamed A. Fareid. Biocontrol of Fusarium Moulds and Fumonisin B1 Production. World Rural Observations 
2011;3(3):53-61]; ISSN: 1944-6543 (Print); ISSN: 1944-6551 (Online). http://www.sciencepub.net/rural. 
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1. Introduction 

Maize (Zea mays) is a cereal crop grown 
throughout the world. Maize plays an important role in 
the diet of millions of African people due to its high 
yields per hectare, its ease of cultivation and 
adaptability to different agro-ecological zones, 
versatile food uses and storage characteristics 
(Fandohan et al., 2003). The total production of Africa 
in 2001 was estimated to be about 42 million tons 
(FAO, 2002). In the field as well as in the store, many 
pests and parasites attack maize during the storage 
period. Insects are most often considered as the 
principal cause of grain losses (Gwinner et al., 1996).  
Surveying harvested maize grains done by many 
investigators (Samson, 1991; Ominski et al., 1994; 
Munkvold and Desjardins, 1997; Desjardins et al., 
2000; Orsi et al., 2000; El-Shabrawy, 2001), who 
reported that Fusarium spp. is the major fungal 
population recovered from the rotted maize ears. F. 

verticillioides and F. moniliforme are the most 
dominant species and earlier colonist of the 
pre-harvest maize ears before other moulds such as 
Penicillium spp. and Aspergillus spp. Kossou and Aho 
(1993) reported that fungi could cause about 50 – 80 % 

of damage on farmers’ maize during the storage period 
if conditions are favorable for their development. 
Experts at the food and Agriculture Organization (FAO) 
at the United Nation have estimated that over 25 % of 
worlds food crops are lost each year due to mycotoxin 
contamination with the Fusarium species (Chelkowski, 
1998). Fumonisins are mycotoxin produced by a 
variety of fungi of genus Fusarium; Fusarium 

monilforme and other species, fumonisins are natural 
contaminants of cereal grains worldwide and rare 
mostly found in corn and products derived from corn 
(Wan Norhasima et al., 2009). Nowadays, a great 
attention has been focused on the possibility of using 
natural and safe agents as a biocontrol against different 
diseases.  

Biological control of different plant diseases was 
focused primarily using bacteria or filamentous fungi 
(Whipps, 2001). So, application of yeasts as biocontrol 
agents acts as a new trend against different pathogens. 
Potential use of yeasts as biocontrol agents of 
soil-borne fungal plant pathogens and as plant growth 
promoters were recent investigated by El-Tarabily and 
Sivasithamparam (2006). El-Tarabily (2004) reported 
that the fungal activities of Rhizoctonia solani diseased 
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sugar beet plants were well suppressed by using 
different types of yeast. Wide variety of yeasts has 
been used extensively for the biological control of 
post-harvest diseases of fruits and vegetables (Punja, 
1997; Zheng et al., 2003), against moulds of stored 
grains (Petersson et al., 1999) and to control powdery 
mildews (Urquhart and Punja, 1997). The most 
investigated fumonisin is FB1, which can cause severe 
disorders in animals such as Equine 
Leukoencephalomalacia (Marasas et al., 1988), 
pulmonary edema syndrome and hydrothorax in pigs 
(Haschek et al., 1992) and it is nephrotoxic, 
hepatotoxic and hepatocarcinogenic in rats. 
Furthermore, FB1 has been implicated to be associated 
with high rates of human esophageal cancer in South 
Africa, the United States and China (Rheeder et al., 
1992). The aim of this study was to suppress the 
soil-borne pathogenic fungus Fusarium moniliforme 

by using S. cerevisiae as biocontrol agent and as 
fumonisin B1 production control in maize. 
 

2. Material and Methods 

The bio-compound used in this study is active dry 
yeast of S. cerevisiae. Yeast application was conducted 
as different doses amended to autoclaved, ground 
maize, using four concentrations of 1, 3, 5 and 7 
g/100g. 
 

2.1. Samples 

A total of 100 samples of maize were collected 
from different fields in Al-Dakahliya governorate, 
Egypt. These samples were kept at -4ºC until 
Fusarium moulds were isolated and fumonisin B1 

analysis was carried out. 
 
 
 
 
 
 
 
 
 
 

Figure 1. Infected maize samples 
 

2.2. Isolation and identification of Fusarium moulds  

Fusarium moulds in maize seeds were 
determined by plating seeds on 15 ml of sterile 

Czapek-Dox agar containing Iprodion and Dichloral 
(CZID-agar) in Petri-plates (Abildgren et al., 1987). 
The seeds were surface sterilized in 10% sodium 
hypochlorite for 2 minutes, rinsed in sterilized distilled 
water and air dried on sterile filter paper. Ten plates of 
potato dextrose agar media (PDA) were seeded (10 

seeds/plate) and incubated at 25ºC for five to seven 
days. All Fusarium isolates were subcultured on PDA, 
Spezieller Nahrstoffarmer Agar (SNA) and Carnation 
Leaf Agar (CLA), using a single spore technique 
(Leslie and Summerell, 2006, and Siddiquee et al., 
2010). PDA cultures were incubated at 25ºC and CLA 
and SNA cultures were incubated at 25ºC under near 
UV light for two to four weeks. Cultural characters 
were assessed by eye and by microscopic examination. 
Colony morphology was recorded from cultures grown 
on PDA. The morphology of macroconidia, 
microconidia, conidiogenous cells and the 
chlamydospores was assessed from cultures grown on 
SNA and CLA. Morphological identifications of 
isolates were made using the criteria of (Nelson et al., 
1983, and Leslie and Summerell, 2006). 

  
2.3. Production of fumonisin B1 by Fusarium 

moniliforme  

Mycotoxin production in culture was tested on 
autoclaved, ground maize (Muthomi et al, 2000). One 
hundred grams of the course ground maize in 250 ml 
Erlenmeyer flasks were moistened with 75 ml distilled 
water and autoclaved at 121oC for 20 min in two 
consecutive days. After cooling, each flask was 
inoculated with 10 mm diameter agar disks cut from 7 
to 14 day-old cultures. One flask used as a control 
sample while others were amended with S. cerevisiae 

at different concentrations (1, 3, 5, and 7 g). The 
incubation period was 4 weeks. 

  
2.4. Fumonisin B1 extraction  

The samples were extracted using the method of 
Muthomi et al (2002). In brief, samples were 
homogenized in methanol-water; 3:1(v/v) for 3 min. 
After centrifugation, an aliquot of the supernatant was 
cleaned-up, which were preconditioned with methanol 
and methanol-water (3:1). After washing with 
methanol, the fumonisins were eluted with acetic 
acid-methanol; 1:99 (v/v), then stored at 4ºC to 
analysis. 
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2.5. Fumonisin B1 analysis  

Fumonisin B1 was analyzed by the method of 
Katta et al. (1997) with HPLC. The fumonisin B1 
standard was purchased from Sigma Chemical 
Company (St. Loius, MO). A standard curve was 
constructed with levels ranging from 0.02 to 2 ng/µl 
for fumonisin B1 and a new standard curve was 
constructed on each day of analysis and only standard 
curves with correlation coefficients >0.999 were 

accepted. Fumonisin B1 (FB1) was quantified by 
correlating peak areas of the sample extracts to that of 
the standard curves. The sensitivity of the method was 
0.025 µg /g for fumonisin B1. 

 
2.6. Influence of some physical parameters on FB1 

production 

Effect of different temperature on FB1 
production by F. moniliforme was investigated at 
different incubation period. Also water content of the 
medium was investigated to test substrate influence on 
fumonisin B1 production according to ASTM D 2216 - 
Standard Test Method for Laboratory Determination of 
water (moisture) content of soil, rock, and 
soil-aggregate mixtures. 
 

2.7. Statistical analysis  

The statistical SPSS version 15 was uses in data 
analysis. The Chi2 was uses to compare observed and 
expected frequencies. The Pearson correlation 
coefficient was used to study the doses of S. cerevisiae 

and fungal growth as well as the detoxification percent 
of fumonisin B1. Linear or polynomial regressions 
were used. 
 

3. Results  

Isolation and identification of the fungal strain 

The collected seeds were washed in running tap 
water for 20 minutes, surface sterilized in 10 % 
sodium hypochlorite for 2 minutes, rinsed in sterilized 
distilled water and air dried on sterile filter paper. The 
disinfected seeds were placed on CZID-agar and 
incubated at 25ºC in the dark. After five to seven days 
the fungal colonies were observed under a microscope 
and hyphal tips of Fusarium-like fungi were 
transferred to PDA. The pure cultures of the isolates 
were obtained using a single-spore culture technique. 
Species identifications were determined following the 
descriptions in the manual of Nelson et al. (1983) and 
Leslie and Summerell (2006). Three strains of 

Fusarium viz. F. moniliforme, F. graminearum and F. 

oxysporum was isolated from infected seeds. 
Occurrence of isolated Fusarium species was 58.46, 
29.23 and 12.31 %, respectively (Table 1). 

 
Table 1. Number of Fusarium spp. isolates and their 

occurrence in maize seeds 

 
Fumonisin B1 (FB1) detection 

The percentage of Fusarium isolates which have 
the ability to produce fumonisin B1 was summarized in 
table 2.  Sixty five isolates was collected in the study, 
of all the isolates two fungal isolates not produce 
detectable level of FB1 whereas only one isolate 
produced FB1. 
 

Table 2. Toxigenic Fusarium isolates collected from 
infected maize seeds  

 
Effect of S. cerevisiae on fungal growth 

The effect of different S. cerevisiae doses/g on 
the growth of Fusarium moniliforme was detected. 
Our study revealed that, there was a reverse 
relationship between increasing S. cerevisiae 
concentration and growth of Fusarium moniliforme. 
Fresh and dry weights of Fusarium moniliforme were 
decreased to 1.9 mg and 0.9 mg in the presence of 7 
gm of yeast. Generally, addition of S. cerevisiae 
decreased fresh and dry weight of F. moniliforme 
gradually in comparison to zero dose (control) as 
shown in table 3 and fig 2. 
 

Maize 
Fusarium spp. 

identified Occurrence 
(%) No. of  isolates 

58.46 38 F. moniliforme 
29.23 19 F. graminearum 
12.31 8 F. oxysporum 
100 65 Total 

 0.001 p-value (Chi 2) 

Toxigenic 
isolated (%) 

No. of 
toxigenic 
isolates 

No. of 
collected 
isolates 

Fusarium spp. 

86.8 33 38 F. moniliforme 
0 0 19 F. graminearum 
0 0 8 F. oxysporum 
86 33 65 Total 
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Table 3. Influence of different S. cerevisiae doses on the growth of Fusarium moniliforme 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Influence of different S. cerevisiae doses on the growth of Fusarium moniliforme 

 
 
Biocontrol of fumonisin B1 

Table 4 and fig 3 represent the effect of S. cerevisiae 
on the production of fumonisin B1. Application of S. 

cerevisiae at different doses reduces FB1 production 
gradually in relation to zero dose (control). The 
detoxification percent at doses 3 and 5 were 77.63 and 
89.52, respectively. Also dose 7 was sufficient for 
complete detoxification of fumonisin B1. Table 5 
showed the dry weight, fresh weight and detoxification 
and their correlation with S. cerevisiae dose. 
 

Influence of some physical parameters on FB1 

production Effect of different water content 

Effect of different water content (30, 40 and 50 %) 
on production of fumonisin B1 (FB1) in sterile ground 
maize by Fusarium moniliforme isolate was 

determined over period of 6 weeks as shown in table 6. 
Generally, F. proliferatum grew faster with increasing 
water content. Fumonisin B1 production depends upon 
water content and type of substrate. At water content 
of 50%, a higher level of fumonisin (16.3 µg/g) was 
detected in ground maize, while in corn flour and 
intact grain level of fumonisin was 0.50 and 8.66 µg/g, 
respectively. 

Effect of different temperatures on FB1 
production by F. moniliforme was investigated as 
showed in table 7. F. moniliforme incubated at 
different temperatures ranges from 17 to 28oC. 
Generally our results indicated that level of fumonisin 
B1 was increased gradually by increasing temperatures 
degrees until reach a high level of production at 
temperature 21oC and then decreased by increasing 

F. moniliforme 
S. cerevisiae dose/ (g) 

Dry weight (mg) Fresh weight 
(mg) 

7.5 12.3 Zero (control) 
5.8 8.9 1 
4.3 6.1 3 
2.8 4.0 5 
0.9 1.9 7 
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temperature degrees. At temperature 21oC level of FB1 
was 19.3 µg/g after incubation period 4 weeks while at 
temperature 28oC was 9.7 µg/g after the same 

incubation period and on the same substrate. 
 

 
Table 4. Effect of S. cerevisiae on the production of fumonisin B1 

 
S. cerevisiae dose (g) 

0 1 3 5 7 
O. 

(µg/g) 
D. 

(%) 
O. 

(µg/g) 
D. 

(%) 
O. 

(µg/g) 
D. 

(%) 
O. 

(µg/g) 
D. 

(%) 
O. 

(µg/g) 
D. 

(%) 
14.3 0 8.5 40.56 3.2 77.63 1.5 89.52 ND 100 

 
Table 5. Correlation between the doses of S. cerevisiae and fungal growth as well as the detoxification percent of 

fumonisin B1 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effect of S. cerevisiae on the production of fumonisin B1 

 
Table 6. Influence of water content on FB1 production by F. moniliforme 

Water content 
 

50% 40% 30% 
0.50 0.90 0.70 Corn flour 

16.30 14.20 13.25 Coarse ground maize 

8.66 6.75 3.43 Intact grain 

 
 

 Dry weight Fresh weight Detoxification 

S. cerevisiae dose (g) 
r = - 0.993 r = - 0.977 r = 0.927 
p = 0.001 p = 0.004 p = 0.024 
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Table 7. Influence of different temperatures on FB1 production by F. moniliforme 
Temperatures 

Incubation period 
28oC 25oC 21 oC 17 oC 
2.2 4.1 8.6 2.5 Week 2 

4.1 5.8 10.3 3.9 Week 3 

8.7 11.1  15.0  6.4  Week 4 

9.7 14.8 19.3  8.5 Week 5 

4.9 9.1 10.5 8.3 Week 6 

 
 
4. Discussion 

Mycotoxins are fungal metabolites capable of 
having acute toxic, carcinogenic, mutagenic, 
teratogenic, immunotoxic and oestrogenic effects to 
man and animals (Castella et al., 1999). Fumonisins 
are a group of naturally occurring Mycotoxins 
produced by Fusarium moniliforme, Fusarium 

proliferatum and other related species (Bacon et al., 
2001 and Miller, 2001). Common mycotoxins in maize 
include aflatoxins, fumonisins, moniliformin, 
deoxynivalenol and zearalenone. Fusarium 

verticillioides is the leading fungal species in 
producing fumonisins that have been shown to cause 
equine leukoencephalomalacia, pulmonary edema, 
human esophageal cancer and rat liver cancer (Van 
Egmond, et al., 2007).  
Similar to our work Shephard et al. (1996) showed 
that, F. verticillioides and F. proliferatum are by far the 
most prolific fumonisin producers.  Also Rheeder et 

al. (2002), recorded that, F. verticillioides and F. 

proliferatum are produce the highest amounts of toxins: 
up to 17900 μg/g of FB1 have been recorded in 
cultures for the former, and 31000 μg/g FB1 for the 
latter. 

Our study showed that, F. moniliforme produced 
highest amounts of fumonisin 19.3 µg/g after five 
weeks incubation period. Also detoxification percent 
of FB1 was significantly increased gradually by 
addition of S. cerevisiae while growth of Fusarium 

moniliforme was significantly decreased. Linear 
regression analysis between S. cerevisiae doses and 
fresh weight and dry weight showed that significant 
negative correlation was detected. The regression 
equations for fresh and dry weights were: Y= -1.3945 
x + 11.102, R2 = 0.9538 and Y= -0.889x + 7.1049, R2 = 
0.986, respectively.   

The detoxification percent at doses 3 and 5 were 
77.63 and 89.52, respectively. Also it clear that dose 7 
was sufficient for complete detoxification of fumonisin 

B1. A similar result was obtained by Paola et al. (2010). 
He showed that, seed treatment with Bacillus 

amyloliquefaciens and Enterobacter hormaechei 
reduced the infection by the fungus and FB1 contents. 
Also these results are similar as of El-Tarabily (2004), 
Madi et al. (1997), Moustafa and Mohamed (2008); 
they reported that R. solani and S. rolfsii were 
effectively suppressed by yeasts. 

Both temperature and water content of the 
substrate are factors that are of particular importance 
for the growth and the mycotoxinogenesis of Fusarium 

species that are mainly mesophilic and hydrophilic 
fungal strains usually developing on living plants, 
acting as parasites (Marin et al., 2004). Generally our 
results indicated that, level of fumonisin B1 was 
increased gradually by increasing temperatures 
degrees until reach a high level of production at 
temperature 21oC and then decreased by increasing 
temperature degrees. At temperature 21oC level of FB1 
was 19.3 µg/g after incubation period 4 weeks. While 
at temperature 28oC was 9.7 µg/g after the same 
incubation period and on the same substrate. 

Similarly, Mogensen et al. (2009) found that 
Fusarium spp. had the maximal production of FB1 and 
FB2 at 20-25°C.  Also, Marin et al. (1995 and 1999) 
showed that both F. moniliforme and F. proliferatum 
grew faster with increasing water activity. Similarly, 
our work showed that, at water content of 50% higher 
levels of fumonisin (16.3 µg/g) was detected in ground 
maize, while in corn flour and intact grain level of 
fumonisin was 0.50 and 8.66 µg/g, respectively. Those 
results are in agreement with data obtained in other 
studies (Samapundo et al., 2005; Bailly et al., 2005 
and Narasimha et al., 2010).  FB1 production optimal 
conditions taken off for the end of the study were; 5 
weeks at 21°C on sterile coarsely cracked maize with 
water content of 50 %. 

In conclusion, the current work indicates that 
maize seeds are contaminated to various degrees with 



World Rural Observations 2011;3(3)                               http://www.sciencepub.net/rural 

http://www.sciencepub.net/rural                                              editor@sciencepub.net  59 

Fusarium moulds and fumonisin B1 and the use S. 

cerevisiae as a biocontrol agent can control the 
Fusarium moulds growth as well as fumonisin B1 
production in these seeds. In the present study, we 
suggest that caution should be used whenever, maize 
seeds are to be stored prior to use because of the 
normal occurrence of mycotoxinogenic moulds as part 
of the natural seed microflora. 
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Abstract 
 
This minireview summarizes the present state of knowledge concerning the importance of yeasts in 
fish gut. Yeasts have been commonly isolated in the gastrointestinal tract, and high population 
densities were sometimes noted in healthy fish, but the data were quite variable in terms of colony 
counts and taxonomical diversity. Rhodotorula sp. seemed relatively frequent in both marine and 
freshwater fish, and Debaryomyces hansenii has been found to be dominant in rainbow trout. Some 
other dominant strains have been described, such as Metschnikowia zobelii, Trichosporon cutaneum, 
and Candida tropicalis in marine fish, and Candida sp., Saccharomyces cerevisiae, and 
Leucosporidium sp. in rainbow trout. The natural proliferation of yeasts in fish mucus may be generally 
considered as commensalism, in spite of a few cases of pathological infections mainly due to 
opportunistic strains. 
Several strains were documented to settle and grow in fish intestine after experimental introduction, 
particularly S. cerevisiae and D. hansenii in rainbow trout. There have been a few instances of 
competition among yeasts in fish intestine, while the effect of yeast on associated bacteria is still 
unclear. 
Yeasts can stimulate the immune response in fish. ß-glucans is likely the most important compound in 
this regard, but some other cell-wall components or soluble factors may also play a role. Both cellular 
and humoral responses have been educed by dietary yeast, depending on the experimental 
conditions. Other benefits may be expected for the host, especially the intestinal colonisation of early 
feeding fry with yeast, which may have some effect on development, e.g. by accelerating the 
maturation of the digestive system. In older fish, dietary yeast may stimulate metabolism and growth. 
Such beneficial effects  need to be further investigated, either in cases of natural colonisation or after 
dietary introduction, while trying to elucidate the mode of action, and determine whether cellular 
viability is a prerequisite for efficacy. 
 
 
Keywords: yeast; probiotics; gastrointestinal microbiota; gut maturation; growth promotion; immune 
system 
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1. Introduction 
 
Yeasts are ubiquitous microorganisms, which disseminate with animals, air and water 
currents, and which can grow in various environments where organic substrates are available. 
Their presence has been noted in fish guts for some time in wild, as well as farmed animals, 
but this natural occurrence has been generally considered as incidental. Industrial yeast is 
commonly used in aquaculture, either alive to feed live food organisms, or after processing, as 
a feed ingredient (Stones and Mills, 2004). Some extracts, like β-glucans, are used as 
immuno-stimulants, and more recently, living yeasts have  been proposed as probiotics. It 
may be time to inventory the state of knowledge concerning yeasts in fish intestinal 
microbiota, with  the view to evaluate their possible effects on fish health and metabolism, 
and ways to monitor natural and artificial colonisation. 
 
 
2. Natural occurrence in healthy fish 
 
The investigation of yeasts as components of fish microbiota does not necessarily require 
specific culture media, and many microbiological broths and agars are suitable. There are 
however dedicated media whose selectivity may be improved by adding antibiotics. It appears 
that yeasts can constitute a significant part of the microbiota in fish gut (Table 1). In a few 
cases, yeasts may be more numerous than cultivable bacteria, like in the deep-sea eel 
Synaphobranchus kaupi (Ohwada et al., 1980), or in mature masu salmon in freshwater 
(Yoshimizu et al., 1976b). These examples seem exceptional, but yeast may be of 
physiological importance even when accounting for less than 1% of the total microbial 
isolates. It should be kept in mind that yeasts have cell volumes that may be larger than those 
of bacteria by a hundredfold. For instance, the cell volume of brewer’s yeast averages 200-
300 μm3 (Cahill et al., 1999), while growing cells of Pseudomonas fluorescens reach a 
volume of ca. 1 μm3 (Wilhelm et al., 1998). Therefore, an apparently negligible number of 
colony forming units (CFU) may correspond to a population size sufficient to act upon the 
host. For instance, anticipating the effects of live yeasts on fish metabolism (section 7), 
Debaryomyces hansenii was efficient in European sea bass larvae at 104 CFU g-1, on a body 
weight basis (Tovar et al., 2002), whereas the bacterial counts may range from 107 to 109 
CFU g-1 (Gatesoupe et al., 1997). It remains that highly variable levels of the natural yeast 
population have been observed, from below the detection threshold up to 107 CFU g-1, on a 
gut content basis (Table 1). 
This variability appeared also when the yeasts were characterised. Valente et al. (1999) 
emphasized the difficulty to define species of microorganisms, and this seemed particularly 
arduous with yeast. The Merriam-Webster Medical Dictionary spoke of “a unicellular chiefly 
ascomycetous fungus (as of the family Saccharomycetaceae) that has usually little or no 
mycelium, that typically reproduces asexually by budding”. The morphological determination 
may be sometimes difficult, when the budding cells form pseudomycelium. The classification 
of yeasts has been constantly undergoing change, based first on morphological and 
physiological criteria (Pelczar and Reid, 1972), then on the development of molecular 
taxonomy (Valente et al., 1999). Yeasts occurring in fish microbiota may be classified in two 
distinct phyla of the fungal kingdom: Ascomycota, among which Saccharomycetaceae are 
probably the most important family, but also Basidiomycota, which include the genus 
Rhodotorula – these red yeasts are commonly observed in fish microbiota. Table 2 
summarises tentatively the genera that have been reported in fish intestine. The classification 
was based on Patterson and McGinnis (2006), with complementary information from 
Ericksson (2006) and NCBI Taxonomy Browser (Wheeler et al., 2000). It is noteworthy that 
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the latter database proposed several orders for strains characterised as Cryptococcus, 
Rhodotorula, and Sporobolomyces, unlike Patterson and McGinnis (2006). Some 
phylogenetic revision among these genera may therefore be expected (Biswas et al., 2001; 
Takashima et al., 2001; Gadanho and Sampaio, 2002). This database was also used to identify 
the genera of four strains isolated from rainbow trout, Yarrowia sp., Kluyveromyces sp., 
Filobasidium sp., and Bulleromyces sp. (Gatesoupe, unpublished), by using partial sequences 
of PCR amplicons from primers ITS 1-4 (Aubin et al., 2005a). Among the 14 references of 
yeast characterisation listed in Table 1, Rhodotorula sp. was found dominant six times, both 
in marine and freshwater fish. Metschnikowia zobelii, Trichosporon cutaneum, and Candida 
tropicalis were also dominant in some marine fish. Most studies in freshwater concerned 
rainbow trout, or other Oncorhynchus spp. Debaryomyces hansenii was found dominant in 
four of these references, but Candida sp., Saccharomyces cerevisiae, and Leucosporidium sp. 
were also dominant in some rainbow trout intestinal samples. Cryptococcus sp., Pichia 
anomala, and Saccharomycodaceae were mentioned as minor occasional components of fish 
microbiota. Few colonies of Sporobolomyces sp. were also isolated from the intestine of 
healthy European sea bass fry (Gatesoupe, unpublished). The effort to characterise yeasts in 
fish is still meagre, and new studies will likely expand the diversity of taxons reported in fish 
microbiota. 
 
 
3. Pathogens 
 
Black yeast-like Exophiala spp. are parasites of fish, but their incidence is not discussed here, 
since they are clearly distinct from the yeasts hosted by healthy fish (Alderman, 1982; Reuter 
et al., 2003). Few types of yeast have been reported as responsible for disease in fish (Table 
3). Metschnikowia bicuspidata var. bicuspidata caused mortality in chinook salmon fry fed 
infected Artemia franciscana, while the fry fed a commercial dry diet were not affected 
(Moore and Strom, 2003). These authors succeeded to reproduce the disease by 
intraperitoneal injection of the pathogen. This is an example of the risk of emergence of new 
diseases due to rearing practices, under artificial conditions and confrontation of living 
organisms that are not  normally encountered in the wild. There were three cases of infection 
by Candida spp., two on salmon, and one on gilthead sea bream. The genus has also been 
found in healthy fish, even dominant in the gut of rainbow trout (Sakata et al., 1993; 
Gatesoupe et al., 2005a; Table 1). In their report of candidiasis in gilthead sea bream, Galuppi 
et al. (2001) emphasized that the yeast and other fungi may be potentially harmful in an 
immuno-compromised host, or in adverse environmental conditions. Sporidiobolaceae like 
Cryptococcus spp., Sporobolomyces salmonicolor and Trichosporon sp. also seem to be 
opportunistic, as they occasionally cause disease in fish. Most yeasts are likely harmless to 
healthy fish reared in good conditions, but new candidate probiotics should be carefully 
tested, while watching for any sign of casual mycosis. Even Saccharomyces cerevisiae var. 
boulardii may cause fungemia in diseased organisms, though the yeast is generally 
recognized as safe (Lherm et al., 2002; Cassone et al., 2003; Riquelme et al., 2003; Herbrecht 
and Nivoix, 2005). However, the risk of disease caused by candidate probiotics  appears to be 
much more limited with yeast than with bacteria. 
 
 
4. Experimental colonisation of the intestine 
 
Andlid et al. (1995) demonstrated the ability of yeasts to colonise the intestine of rainbow 
trout and turbot. This was particularly evident after single administration either in the rearing 
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water, or by force feeding (Table 4). More than 10 days after one introduction of Rhodotorula 
glutinis or D. hansenii HF1, the amount of yeast was much higher in the intestine than in the 
surrounding water. Most cells were counted in the transient content, but some adhered to the 
intestinal mucosa. The counts were particularly high in the feces, which likely contributed to 
establishing the yeast in the rearing system. The affinity of yeast for fish intestine was further 
studied by the same authors, who showed that autochthonous S. cerevisiae CBS 7764 and D. 
hansenii HF1 could adhere and grow on the intestinal mucus of rainbow trout as the sole food 
source (Vázquez-Juárez et al., 1997; Andlid et al., 1998). Vázquez-Juárez et al. (1993) 
showed that three strains isolated from flatfish adhered to several substrates (Rhodotorula 
rubra, R. glutinis, and Candida zeylanoides). Cell surface hydrophobicity was suspected to 
play a role in adhesion and colonisation (Vázquez-Juárez et al., 1994), as well as cell surface 
glycoproteins (Vázquez-Juárez, 1996) and heat shock proteins (Andlid et al., 1999). 
Allochthonous strains of S. cerevisiae were also retrieved associated with intestinal mucus in 
rainbow trout after overnight starvation, when the dietary yeast was daily supplied. The 
colonisation was maximum during the first month of feeding (Aubin et al., 2005a; Gatesoupe 
et al., 2005a; Waché et al., 2006). After five months of feeding, the yeast was still counted in 
high numbers in the intestinal content, but few were detected after overnight starvation 
(Gatesoupe et al., 2005b). 
Allochthonous yeasts were tested on marine fish larvae, either S. cerevisiae var. boulardii 
CNCM I-1079 on pollack (Gatesoupe, 2002), or S. cerevisiae X2180 and D. hansenii HF1, 
isolated from rainbow trout, on European sea bass (Tovar-Ramírez et al., 2002, 2004). The 
counts of yeast retrieved in the larvae were ca. 104-106 CFU g-1, on a body weight basis. 
These amounts were considerable in comparison with the results expressed on an intestinal 
weight basis for rainbow trout, but it was not possible to know whether the yeast cells were 
only transient in the gut, or whether the mucosa was actually colonised. In European sea bass 
larvae, microscopic observations of washed intestinal sections revealed the adherence of S. 
cerevisiae X2180 and D. hansenii HF1 in vitro (Tovar-Ramírez et al., 2002). The dietary 
yeast S. cerevisiae var. boulardii CNCM I-1079 was not detected in the intestine of European 
sea bass fingerlings, and the level of colonisation after 9 months was low (Gatesoupe, 
unpublished).  
 
 
5. Microbial competition 
 
After settlement in fish intestine, the yeasts have to compete with other microorganisms. 
Vázquez-Juárez et al. (1993) investigated putative factors for such competition in R. rubra, R. 
glutinis, and C. zeylanoides. The yeasts produced extracellular proteases and siderophores, 
and they bound lactoferrin. Iron availability is a key issue for fish microbiota (Gatesoupe et 
al., 1997), and such features may play a role for antagonism to some pathogens, the virulence 
of which is iron-dependent (Calvente et al., 1999). Yeasts are also known to produce killer 
toxins that can be used to control pathogenic fungi (e.g. Llorente et al., 1997; Marquina et al., 
2001; Schmitt and Breinig, 2002). 
Yeasts have been used as biocontrol agents for plant fungal diseases (e.g. Filonow et al., 
1996; Petersson et al., 1999; Payne and Bruce 2001; Santos et al., 2004), and it would be 
worth investigating their potential against the numerous fungal diseases affecting fish 
(Alderman, 1982). Ducluzeau and Bensaada (1982) showed the antagonism of S. cerevisiae 
var. boulardii to Candida spp. settlement in murine intestine. Such observations in fish 
microbiota are still scarce, but there are two examples of competition among yeasts. The 
concomitant supplementation of D. hansenii HF1 and S. cerevisiae CBS 7764 in the diet of 
rainbow trout resulted in fecal colonisation by D. hansenii HF1, which corresponded to 95% 
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of the isolates, though both strains were autochthonous (Andlid et al., 1995). Natural 
colonisation by D. hansenii was maximum in rainbow trout fry at day 20 post start feeding 
(Waché et al., 2006). In case of artificial colonisation by dietary allochthonous S. cerevisiae, 
which was maximum at day 10, the later colonisation by D. hansenii was limited by a 
hundredfold, likely due to competition. 
Yeast may be antagonistic to entero-pathogenic bacteria, e.g. due to adhesion of bacterial cells 
(Gedek, 1999) or by secreting proteases that inhibit toxins (Castagliuolo et al., 1999). Andlid 
et al. (1995) observed reduced numbers of bacteria when yeast colonisation peaked in 
rainbow trout intestine, though the effect of yeasts on bacteria associated in fish intestine is 
not clear. The proportions of the dominant strains was not the same with or without dietary 
addition of S. cerevisiae var. boulardii CNCM I-1079, but it was not possible to draw any 
general trend, due to high variability in time, and between locations (Aubin et al., 2005a; 
Gatesoupe et al., 2005a,b; Waché et al, 2006). 
 
 
6. Modulation of the immune response 
 
Yeast glucans have been extensively used as immunostimulants in fish (Sakai, 1999). Ortuño 
et al. (2002) suggested that lyophilised whole cells of a commercial strain of S. cerevisiae 
BMA64-1A could produce a more general immune response, due to other cell wall 
compounds besides ß-glucans, like mannoproteins, and chitin as a minor component. RNA 
extracts and partially autolysed brewers yeast may be also efficient (Sakai et al., 2001; Li and 
Gatlin, 2004). Siwicki et al. (1994) tested several immunostimulants on rainbow trout: 
lyophilised Candida utilis, lyophilised S. cerevisiae, ß-glucans (MacroGard®, ß-1,3/1,6-
linked polymers of D-glucose, extracted and purified from baker’s yeast, S. cerevisiae), 
deacylated chitin (Chitosan®, ß-1,4-linked polymer of D-glucosamine), a premix of selenium 
and vitamins C and E, and a premix of betaine and amino acids. The additives increased 
cellular immune response and immunoglobulin serum titres, and the most significant 
stimulations were generally observed with the two yeasts. After challenge with Aeromonas 
hydrophila, the best protection was obtained in rainbow trout fed either S. cerevisiae, ß-
glucans, or deacylated chitin, while C. utilis seemed less efficient. Quentel et al. (2005) did 
not observe a humoral response in rainbow trout fed dried active S. cerevisiae var. boulardii 
CNCM I-1079, but the treatment protected the trout against Yersinia ruckeri, while decreasing 
the number of asymptomatic carriers after challenge (Quentel et al., 2004). The response of 
channel catfish seemed different, when Duncan and Klesius (1996) compared the effects of ß-
D-glucan from barley and dried baker’s yeast, S. cerevisiae. Cellular immunity was increased 
by both feed additives, but to a lesser extent with the yeast. In particular, glucan from barley, 
but not the yeast, stimulated the chemotactic response to Edwarsiella ictaluri exoantigen by 
macrophages and neutophils, and the chemiluminescent response to E. ictaluri by peritoneal 
exudate phagocytes . However, the fish were not protected against edwardsiellosis in a 
challenge experiment, even when they were fed glucan. In gilthead sea bream, cellular 
immunity was stimulated by dietary lyophilised S. cerevisiae in a dose-dependent manner, but 
the complement was not (Ortuño et al., 2002). Serum immunoglobulin M was also stimulated 
(Cuesta et al., 2004). The response of gilthead sea bream was modulated differently by a 
mutant strain  S. cerevisiae fks-1, the cell wall of which was modified due to the inhibition of 
ß-1,3-D-glucan synthase, and thus enriched in mannoproteins and chitin (Rodríguez et al., 
2003). The lysozyme activity was significantly increased after 2-4 weeks of feeding the 
modified yeast, while serum peroxidase and complement activity were depressed after 6 
weeks. The effect of dietary yeast on cellular immunity was confirmed, but with some 
differences depending on whether the yeast was modified or not. Esteban et al. (2004) 
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demonstrated that a glucan receptor was involved in phagocytosis by gilthead sea bream 
leucocytes, unlike the mannose receptor, which was required with the glucan receptor for 
maximal phagocytosis by murine macrophages (Giaimis et al., 1993). All these data seemed 
to confirm that ß-glucans may be the most important components to account for 
immunostimulation of fish by yeast. The specific interest of feeding whole yeast rather than 
cell wall extract seemed limited for immunostimulation, but that should be evaluated with 
further challenge experiments, as well as with field studies in fish farms. To my knowledge, 
the effect of yeast viability on fish immunity has not been tested, whereas it was demonstrated 
that immune responses of rainbow trout were different when probiotic bacteria were supplied 
either active or inactivated (Irianto and Austin, 2003; Brunt and Austin, 2005; Panigrahi et al., 
2005). Taoka et al. (2006a) confirmed recently that the viability of probiotics affected the 
immune response of Nile tilapia fed a commercial preparation including S. cerevisiae, 
Bacillus subtilis, Lactobacillus acidophilus, and Clostridium butyricum (Alchem Poseidon®; 
Alchem-Korea Co. Ltd., Wonju, Korea), but the specific importance of yeast viability was not 
considered.  
 
 
7. The effects of live yeasts on fish metabolism 
 
A commercial preparation of live S. cerevisiae and Lactobacilllus coagulans (Bioboost 
Forte®, Lyka Labs. Ltd., Bombay) was used as a growth promoter for Indian carp fry. 
Mohanty et al. (1993) introduced the preparation in an experimental diet, but it was not 
possible to conclude any effect of the probiotic on Labeo rohita, due to the lack of a suitable 
control diet. The effect of growth promotion was shown in later experiments on Catla catla 
and Cirrhinus mrigala (Mohanty et al., 1996; Swain et al., 1996), though it was impossible to 
demarcate the respective efficiencies of the yeast and L. coagulans. S. cerevisiae was also 
tested on Paralichthys olivaceus, with Alchem Poseidon® (Taoka et al., 2006b). Again, it was 
not possible to discriminate the contribution of the yeast among the effects observed on water 
quality, growth, survival, immune response, or stress and disease resistance. However, the 
microorganisms might work synergistically in such consortia, and that may be worth further 
investigating. An example of synergetic effect appeared when pollack larvae were fed 
Artemia nauplii, which were treated first with live S. cerevisiae var. boulardii CNCM I-1079, 
then with Pediococcus acidilactici MA185 M (Gatesoupe, 2002). The pollack larvae grew 
better than those fed nauplii treated with one or no probiotic. All combinations are not 
necessarily efficient, and Quentel et al. (2004) noted that the double supplementation of a diet 
with S. cerevisiae var. boulardii CNCM I-1079 and P. acidilactici MA185 M lowered the 
protective effect on rainbow trout challenged with Y. ruckeri, in comparison with single 
treatments. 
When S. cerevisiae was tested alone, growth and feed efficiency were improved in Israeli carp 
(S. cerevisiae cultured on grain media, Noh et al., 1994) and Nile tilapia (Biosaf®, SafAgri, 
Minnapolis, MN, Lara-Flores et al., 2003). In tilapia fed a control diet, survival and 
digestibility were reduced by increasing the population density, while this stress did not affect 
the groups treated with the yeast (Lara-Flores et al., 2003). Such effects were not observed in 
rainbow trout, but some increase in lipid accretion and red pigmentation of the flesh was 
noted by Aubin et al. (S. cerevisiae var. boulardii CNCM I-1079, 2005b). 
Tovar-Ramírez et al. (2002) compared the effects of two yeasts on European sea bass larvae 
fed compound diets. D. hansenii HF1 improved survival, and vertebral conformation of the 
larvae, possibly due to the observed acceleration of the maturation of the digestive system. 
These effects were not observed with S. cerevisiae X2180, and the larvae grew better when 
they were fed a control diet, likely due to an inadequate way of introduction of the yeasts after 
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feed processing, which deteriorated the physical properties of the pellets. Tovar-Ramírez et al. 
(2004) remedied this defect by introducing D. hansenii HF1 in the compound diet before 
pelletization. The new probiotic diet improved the growth of larval European sea bass, in 
addition to intestinal maturation, survival, and conformation of the larvae. These 
improvements were obtained with a dose of ca. 106 CFU g-1 of diet, whereas a higher dose of 
6 × 106 CFU g-1 was less efficient. Waché et al. (2006) observed that the maturation of the 
digestive system took place before day 20 post start feeding in rainbow trout fry, and the 
natural colonisation by D. hansenii was too late to accelerate the onset. In such conditions, the 
dietary supplementation of S. cerevisiae var. boulardii CNCM I-1079 since start feeding 
stimulated at day 10 the activity of three enzymes in the brush border membrane of the 
enterocytes (alkaline phosphatase, γ-glutamyl-transpeptidase, and leucine-amino-peptidase 
N), but without any effect on growth. Another strain of S. cerevisiae NCYC Sc 47/g did not 
stimulate this early maturation. The effect of S. cerevisiae var. boulardii (Laboratoires 
Biocodex, Montrouge, France) on the digestive maturation in weanling rats was likely 
mediated by the endoluminal release of spermine and spermidine (Buts et al., 1994). Dietary 
spermine also induced intestinal maturation in European sea bass larvae (Péres et al., 1997). 
Consequently, polyamine secretion was a possible mediator for the effect of the yeast on 
rainbow trout fry (Waché et al., 2006). D. hansenii HF1 produced much more spermidine than 
S. cerevisiae X2180, and that might also account for the effects observed in European sea 
bass (Tovar-Ramírez et al., 2002). 
More generally, the polyamines play a fundamental role in proliferating, fast growing and 
regenerating tissues, while their endogenous synthesis appears somewhat insufficient in 
healthy animals (Peulen et al., 2002). It is therefore possible that polyamine production by 
yeasts may explain at least partly the effect observed on fish growth and metabolism. That 
will need further research. 
 
 
8. Perspectives 
 
In summary, fish intestine appear to be an occasional niche for yeast colonisation. The risk of 
harmful invasion seems low, as long as fish are reared in good conditions. Yeast may be 
generally considered as commensal in fish gut, and possible benefits can be expected for the 
immune and the digestive systems of the host, though many questions remain open to 
optimise the effect on fish health. 
The first strategic choice is either to favour the development of autochthonous yeast, or to 
introduce probiotic strains. Natural settlement appears somewhat unpredictable, even in 
rainbow trout, the most documented species for frequent occurrence of yeast in the intestine. 
Further investigation is required to clarify the conditions for such colonisation. Some 
prebiotics might be tested with a view to stimulate growth and activity of yeasts, either native, 
or deliberately introduced (Selvakumar and Pandey, 1999; Mitterdorfer et al., 2001; Vranesic 
et al., 2002). 
When yeasts are introduced with feed, an actual intestinal colonisation may not be necessary 
in every case. For instance, Durand-Chaucheyras et al. (1998) noted that S. cerevisiae did not 
colonise lamb rumen, where the probiotic yeast stimulated the activity of some autochthonous 
microbes. Such microbial interactions have not been evidenced in fish, where yeasts rather act 
directly on the host. The probiotic dietary yeast was efficient in rainbow trout at five months, 
in spite of poor association with the intestine (Aubin et al., 2005a; Gatesoupe et al., 2005b). 
Even if the intestinal transit is relatively short in fish, it is sufficient for digestion, and likely 
for the release of active compounds from yeast cells. 
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The question remains whether viability is a prerequisite for the beneficial effects on fish. 
Autoclaved yeast lost the effect on nutrient utilization by turkey (Bradley and Savage, 1995), 
but microbial metabolism was not affected in simulated ruminal fermentation (Oeztuerk et al., 
2005). Yeast viability is not likely to affect immunomodulation, as long as it seems mediated 
by cell-wall components. The answer is less obvious if other compounds are involved, like 
polyamines (ter Steege et al., 1999), enzymes (García-González and Ochoa, 1999) and other 
soluble factors (Freitas et al., 2005). The issue is crucial towards better understanding of the 
modes of action, especially those targeting fish metabolism. 
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Table 1 
Natural occurrence of yeasts in the gastrointestinal tract of healthy fish 
 

Fish Environment§ log(CFU/g) % microbial isolates Yeast species* Reference 

Synaphobranchus kaupi Deep sea 5-7 50-90 - Ohwada et al. (1980) 
Pleuronectes platessa, Platichthys flesus Coastal 2 - Rhodotorula sp. Andlid et al. (1995) 
Atherinopis affinis littoralis Coastal 0-2 - M.z., K.a. Van Uden and Castello-Branco (1963) 
Beryx splenedens Coastal 5 - - Sugita et al. (1989) 
Girella punctata Coastal 2 - - Sugita et al. (1988) 
Pomatomus saltatrix Coastal - 3 Rhodotorula sp. Newman et al. (1972) 
Tachurus symmetricus Coastal 1-5 - M.z., D. Van Uden and Castello-Branco (1963) 
Pagrus major, Evynnis japonica Sea farm 2-3 3-19 - Sera and Kimata (1972) 
Scophthalmus maximus Sea farm - 4 - Toranzo et al. (1993) 
Scophthalmus maximus Sea farm - - Ca. zeylanoides Vázquez-Juárez et al. (1993) 
Other species Tropical island - - C.t., R., Ca. Roth et al. (1962) 
Other species Estuar., coastal - - T.c., Ca., R., H.a., H.v., D. Roth et al. (1962) 
Marine fish Marine - - R., Ca., Cr., D., T. Bruce and Morris (1973) 
Pseudorasbora parva River 6 - - Sugita et al. (1983) 
Oncorhynchus keta F.w. farm - 1 - Trust (1975) 
Oncorhynchus keta F.w. farm 5 34 - Yoshimizu et al. (1976b) 
Oncorhynchus masou F.w. farm 4-5 84-100 - Yoshimizu et al. (1976b) 
Oncohrynchus masou F.w. farm 2 20 - Yoshimizu et al. (1980) 
Oncorhynchus mykiss F.w. farm 5-7 3-18 Ca. Sakata et al. (1993) 
Oncorhynchus mykiss F.w. farm 2-4 - S.c., D.h., R., Cr., L. Andlid et al. (1995) 
Oncorhynchus mykiss F.w. farm 0-5 - D.h., R., T. Aubin et al. (2005a) 
Oncorhynchus mykiss F.w. farm 0-2 - S.c. Gatesoupe et al. (2005b) 
Oncorhynchus mykiss F.w. farm 0-4 - Ca., L., D.h. Gatesoupe et al. (2005a) 
Oncorhynchus mykiss F.w. farm 0-4 - D.h. Waché et al. (2006) 
Oncorhynchus tschawytscha F.w. farm 3 17 - Yoshimizu et al. (1976a) 
Oncorhynchus tschawytscha F.w. farm 0-4 0-80 - Moffitt and Mobin (2006) 
Salvelinus alpinus F.w. farm 3 - - Ringø and Olsen (1999) 

§ Environment: estuar. Estuarine; f.w. fresh water 
* Yeast species (dominant in bold): Ca. Candida sp.; C.t. Candida tropicalis; Cr. Cryptococcus sp.; D. Debaryomyces sp.; D.h. Debaryomyces hansenii; M.z. 
Metschnikowia zobelii; H.a. Hansenula (Pichia) anomala; H.v. Hanseniaspora valbyensis; K.a. Kloeckera apiculata; L. Leucosporidium sp.; S.c. Saccharomyces 
cerevisiae; R. Rhodotorula sp.; T. Trichosporon sp.; T.c. Trichosporon cutaneum. 
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Table 2 
Tentative taxonomy of yeast genera reported to occur in fish microbiota 
 

Phylum Class Order Family Genus First report of occurence 

Ascomycota Saccharomycetes Saccharomycetales Dipodascaceae Yarrowia Gatesoupe (unpublished) 

   Metschnikowiaceae Metschnikowia Van Uden and Castello-Branco (1963) 

   Saccharomycetaceae Candida 
Debaryomyces 
Kluyveromyces 
Pichia§ 
Saccharomyces 

Ross and Morris (1965) 
Ross and Morris (1965) 
Gatesoupe (unpublished) 
Roth et al. (1962) 
Andlid et al. (1995) 

   Saccharomycodaceae Hanseniaspora 
Kloeckera* 

Roth et al. (1962) 
Van Uden and Castello-Branco (1963) 

 Chaetothyriomycetes Chaetothyriales Herpotrichiellaceae Exophiala Carmichael (1966) 

Basidiomycota Basidiomycetes Filobasidiales Filobasidiaceae Filobasidium Gatesoupe (unpublished) 

  Tremellales Tremellaceae Bulleromyces Gatesoupe (unpublished) 

 Urediniomycetes Leucosporidiales  Leucosporidium Andlid et al. (1995) 

  Sporidiales Sporidiobolaceae Cryptococcus 
Sporobolomyces 
Rhodotorula 
Trichosporon 

Bruce and Morris (1973) 
Muench et al. (1996) 
Bruce and Morris (1973) 
Bruce and Morris (1973) 

§ formerly Hansenula; * anamorph of Hanseniaspora 
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Table 3 

Fish diseases caused by yeast infection 

 

Pathogen Fish Symptoms Reference 

Candida sake Oncorhynchus rhodurus Stomach distended with fluid Hatai and Egusa (1975) 
Candida sp. Oncorhynchus tshawytscha Internal lesions Mueller and Whisler (1994) 
Candida sp. Sparus aurata Swimbladder swollen with dense material Galuppi et al. (2001) 
Metschnikowia bicuspidata Oncorhynchus tshawytscha Mortality, systemic infection, necrosis Moore and Strom (2003) 
Cryptococcus spp. Tinca tinca Exophthalmos Pierotti (1971) 
Cryptococcus sp. Oncorhynchus tshawytscha Surface and internal lesions (swimbladder, kidney) Mueller and Whisler (1994) 
Sporobolomyces salmonicolor Oncorhynchus tshawytscha Ascites, visceral mycosis Muench et al. (1996) 
Trichosporon sp. Oncorhynchus tshawytscha Internal lesions (swimbladder, kidney) Mueller and Whisler (1994) 
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Table 4 
Experimental colonisation of fish intestine by yeast 
 

Fish Introduction Yeast Colonisation peak Reference 
   log (CFU/g)* (days post start)  

Rainbow trout Single, in water Rhodotorula glutinis 3 (i.c.) 17 Andlid et al. (1995) 
Rainbow trout Single, force feeding Debaryomyces hansenii 6 (feces) 13 Andlid et al. (1995) 
Turbot Single, force feeding Debaryomyces hansenii 3 (s.c., i.c.) 11 Andlid et al. (1995) 
Rainbow trout Feeding every 3 days Debaryomyces hansenii 9 (feces) 53 Andlid et al. (1995) 
Rainbow trout Daily feeding Saccharomyces cerevisiae 4 (i.s.) 10 Waché et al. (2006) 
Rainbow trout Daily feeding Saccharomyces cerevisiae 4 (i.s.) 20 Aubin et al. (2005a) 
Rainbow trout Daily feeding Saccharomyces cerevisiae 3 (i.s.) 31 Gatesoupe et al. (2005a) 
Rainbow trout Daily feeding Saccharomyces cerevisiae 0-1 (i.s.) 152 Gatesoupe et al. (2005b) 
Rainbow trout Daily feeding Saccharomyces cerevisiae 5 (i.c.) 152 Gatesoupe et al. (2005b) 
Pollack Continuous feeding Saccharomyces cerevisiae 5-6 (b.w.) 16 Gatesoupe (2002) 
Sea bass Continuous feeding Debaryomyces hansenii 4 (b.w.) 31 Tovar-Ramírez et al. (2002)
Sea bass Continuous feeding Saccharomyces cerevisiae 4 (b.w.) 31 Tovar-Ramírez et al. (2002)
Sea bass Continuous feeding Debaryomyces hansenii 5-6 (b.w.) 20 Tovar-Ramírez et al. (2004)
Sea bass Daily feeding Saccharomyces cerevisiae 3 (i.c., i.s.) 278 Gatesoupe (unpublished) 

* i.c. intestinal content; s.c. stomacal content; i.s. emptied intestinal section ; b.w. body weight 
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Abstract: Two hundred and twinty five, one-day, unsexed growing Japanese quail were performed to evaluate the 
effect of dietary Yeast culture (Saccharomyces cerevisiae) supplementation on growth  performance, carcass 
characteristics, some physiological responses, and economical efficiency of growing Japanese quails. The chicks were 
distributed into 3 groups (control and 2 other groups). Each group included three replicates of 25 birds each. The 3 
treatment groups were as follows: Birds in group 1 (T1) fed the basal diet (control), birds in groups 2 (T2) fed basal diet 
with 1% yeast culture spplementation and birds in group 3 (T3) fed the basal diet with 2% yeast supplemention. The 
experiment was terminated when birds were 6 weeks old. Body weight, weight gain and feed intake were recorded. 
Feed conversion (g, feed /g, gain) was calculated. At the end of the experiment carcass characteristics were measured, 
blood samples were taken to determine some blood plasma constituents. The economic efficiency values of dietary 
treatments were calculated. 

The data revealed that, birds fed diets contain yeast culture at levels of 1 or 2% recorded slightly (P>0.05) 
improvement in body weight and body gain compared with control diet. While, feed intake was diminished (P<0.05) 
with adding yeast to the control diet. Feed conversion was enhanced (P<0.05) with increasing yeast in the control diet. 
The dressing percentage and the proportions of the carcass, edible giblets and offals had no effect (P>0.05) when birds 
fed dietary yeast. Blood plasma showed an improvement (P<0.05) in total protein, albumin, globulin, GOT and GPT 
when birds fed dietary yeast. The inclusion of yeast culture in Japanese quail diets recorded the higher economical 
efficiency (expressed as % net revenue/feed cost) compared with control diet..   
Keywords: Yeast culture, Japanese quail, performance, physiological responses)  

Introduction 

Chickens are commonly stressed by various factors 
affecting growth and feed utilization such as over-
crowding, vaccination, chilling, and/or overheating. Many 
attempts have been undertaken in order to improve the 
utilization of diet nutrients by adding dietary 
supplementation of several growth feed additives from 
different sources (Boulos et al., 1992, El-Gendi et al., 
1994, Ibrahim et al., 1998 and Abdel-Azeem, 2002).  

Probiotics, such as yeast, have the ability to stimulate 
digestion and aid in maintaining microbial equilibrium in 
the gut. Live yeast, such as Saccharomyces cerevisiae, 
contains numerous enzymes that could be released into 
the intestine and aid existing enzymes in the digestive 
tract in the digestion of feed. Also, yeast contains 
vitamins and other nutrients that may produce beneficial 
production responses (Kornegay et al., 1995). Moreover, 
yeast supplementation can inhibit pathogenic bacteria and 
increase the number of anaerobic and cellulytic bacteria 
as reported by Abdel Azeem (2002) and Soliman et al., 
(2003). In addition, Celik et al., (2001), Churchil et al., 
(2001) and Celik et al., (2003) showed that yeast 
additives reduce the toxic effects of Alfatoxin. While, 
Spring (2002) and Santin et al., (2003) revealed that yeast 
can improve immune response of birds. 

Performance of birds fed diets containing active dried 
yeast was improved (Abd El-wahed et al., 2003 and 
Soliman et al., 2003). Subrata et al., (1997) studied the 
effect of feeding yeast on the performance of broilers. 
They reported that carcass parameters did not differ 

between treatments. Also Abdel-Azeem (2002) indicated 
that carcass traits and internal organs were not affected 
due to addition of yeast culture at lg/Kg broiler diet. 

On the other hand, Omar (2006) revealed that addition 
of 2% yeast + 0.8% DL-methionine to local strain hens 
diet increased egg production, egg weight and egg mass, 
while reduced feed consumption and improved feed 
conversion (Kg feed/Kg egg mass).  

The present study was undertaken to determine the 
performance, some physiological responses and 
economical efficiency of growing  Japanese quail as 
affected by dietary yeast culture supplementation ( 0, 1 
and 2 kg/ton) .  

Material and Methods 
Two hundred and twenty five, one-day old, unsexed, 
Japanese quails were maintained in electrically heated 
battery cages housed in light and temperature controlled 
room. Free access water and feed were available during 
all time. The birds were divided into 3 groups (75 bird 
each) according to levels of yeast culture (0, 1 and 3%) . 
Each group contained 3 replicates of 25 birds. 
 
Diets:- 
The basal diet contained adequate levels of nutrients for 
growing Japanese quail as recommended by the National 
Research Council, (NRC, 1994) with no yeast culture 
additions representing the control. Two additional diets 
were obtained by incorporating two levels (1 and 2%) of 
yeast culture. The sequence of the 3 dietary treatments 
was as follow:- Control (without additives), 1.0% yeast 
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culture and 2.0% yeast culture. The composition of the 
basal diet is shown in Table 1.  
Table 1: The chemical and proximate analyses of the 
control diet  
Ingredients % 
Ground corn, yellow  52.20 
Broiler concentrate (52% CP) * 10.00 
Soybean meal (44% CP) 35.00 
Poultry fat 2.00 
Vitamins minerals mixture ** 0.50 
DL-Methionine   0.30 
Total 100.00 
Calculated analysis:  
Metabolizable energy K cal/kg 3011 
Crude protein,  % 24.05 
Calcium, % 1.15 
Available phosphorus, %  0.51 
Methionine and cystine, % 0.80 
Lysine, % 1.03 
*Each2.5 kg of vitamins and minerals mixture contain: 
12000.000 IU vitamin A acetate; 2000.000 IU vitamin D3; 
10.000 mg vitamin E acetate; 2000 mg vitamin K3; 100 
mg vitamin B1; 4000 mg vitamin B2; 1500 mg vitamin B6; 
10 mg vitamin B12; 10.000 mg pantothenic acid; 20.000 
mg Nicotinic acid; 1000 mg Folic acid; 50 mg Biotin; 
500.000 mg chorine; 10.000 mg Copper; 1000 mg Iodine; 
300.00 mg Iron; 55.000 mg Manganese; 55.000 mg Zinc, 
and 100 mg Selenium. 
 
Measurements and determinations: 
Body weight and feed intake were recorded for birds 
biweekly and feed conversion values (g, feed /g, gain) 
were calculated.  At 6 weeks of age, blood samples from 
randomly five birds of each treatment, were collected 
from the wing vein in heparinized tubes and centrifuged 
at 3000rpm /15minutes.  The plasma was obtained and 
immediately stored at -20o C till analysis. Total protein, 
albumin, total lipids, and GOT and GPT were determined 
according to methods of Weischelbaum (1946),  Doumas 
(1971), Frings et al., (1972 ),  and (Reitman and Frankel. 
1957), respectively. The total globulin values were 
calculated by subtracting the values of total albumin from 
those of total protein for each sample.  

At the end of the experiment (6 weeks of age), three 
birds from each replicate were scarified after 12 hours 
fasting. After bleeding out, the birds were scalded, 
plucked with electrical cyclomatic picker and eviscerated. 
Eviscerated carcasses were individually weighed. The 
percentages of dressing, edible giblets (liver, gizzard, 
heart, and abdominal fat) and offals (blood, head, legs, 
and feathers) were calculated in relation to the live body 
weight.  

Cost of one-kilogram feed and cost of feed/ kg gain 
were calculated based on the prices of feed ingredients 
and yeast culture prevailing 2007. 

ANOVA and LSD procedures were performed on data 
obtained herein as outlined be Snedecor and Cochran, 
(1980).  

Results and Discussion 
Productive performance: 
The effects of dietary yeast culture on body weight, body 
weight gain, feed intake and feed conversion (feed/gain) 

are shown in Table (2). It was observed that adding yeast 
at levels of 1 or 2% to the basal diet improved (P>0.05) 
body weight and body gain. The positive response on 
body weight and body  gain as a result of adding yeast 
culture may be due to that mannan oligosaccharides 
(MOS) from yeast cell walls have been researched with 
respect to their value in immune modulation (Newman 
and Newman, 2001; O’Quinn et al., 2001) and in 

reduction of intestinal pathogen colonization (Newman, 
1994). Some research studies suggest that MOS may 
improve growth performance in young pigs (Davis et al., 
1999; Pettigrew, 2000). Furthermore, yeast can inhibit 
pathogenic bacteria as reported by Line et al., (1998) and 
Soliman et al., (2003). In addition, Abdel-Azeem (2002)  
found that the number of anaerobic and cellulytic bacteria 
were increased when the experimental  diet was 
supplemented with yeast which enhanced lactate 
utilization and moderates pH of the media, Therefore, 
yeast improves the nutrients digestibility and growth 
performance. Furthermore, Vogt and Matthes (1991) 
reported that supplemented yeast increased weight gain of 
broilers. 

In the present study, quails fed basal diet presented the 
greatest (P<0.05) feed intake compared with others fed 
dietary yeast culture (Table 2). As a result of the decline 
in feed intake and the improvement in body gain for birds 
fed dietary yaest culture, the feed conversion (feed, g / 
gain, g) efficiency was enhanced (P<0.05) by adding 
yeast at all levels. The best (P<0.05) feed conversion 
value was noticed when birds fed dietary 2% yeast. This 
positive enhancement in feed conversion efficiency 
confirmed that stated  by Zeweil (1997), who reported 
that feed conversion ratios were improved (P<0.05) by 
increasing level of Yea-Sacc  in  growing Japanese quail 
diets,  from 1 to 1.5%,   by about 2.1  to 6.28% 
respectively, as compared to the control diet.  
 
Slaughter data 
The absolute and proportional weights of carcass, edible 
giblets, and offals of quaiks fed yeast culture are 
presented in Table 3.  The data showed that no significant 
differences (P>0.05) were observed on carcass, giblets 
and offalls weights and/or dressing and giblets 
percentages as a result of adding yeast culture to growing 
Japaneses Quail diet. However, higher (P>0.05) values of 
the previous items were observed when quails fed dietary 
yeast culture. This result confirm the results of  body 
weight and body gain (Table 2). Also, it gives an approve 
to the critical role of  yeast culture in the metabolic 
functions as a strong stimulating action on the activity of 
certain important bacteria, which are actively involved 
with the digestive processes, protein synthesis and 
nutrient absorption in the gastro-intestinal tract 
(Stockland, 1993). These improvements attributed to 
yeast cultures could be due to decreased proliferation of 
pathogenic bacteria (Miles, 1993).  Moreover, these 
results coincided with those obtained by Kumprechtova et 
al., (2000), Naik et al., (2000), Abdel-Azeem (2002) and 
El-Ghamry et al., (2002), who indicated that slaughter 
yield was not significantly influenced by feeding diet 
treated with yeast culture. 

In the present study, there was no significant (P>0.05) 
difference in the proportion of offals as affected by 
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adding yeast culture to the growing Japanese quail diet.  
Table 2: Effect of dietary treatments on performance of growing Japanese quails 

Treatments   Item Age / weeks control 1% yeast culture 2% yeast culture 
0 10.51a    ± 0.05 10.63a    ± 1.79 10.54a    ± .06 
2 56.31a    ± 2.59 50.62a    ± 4.33 46.36a    ± 2.59 
4 131.70a   ± 5.57 132.7a    ± 12.92 126.83a  ± 5.56 Body weight  (g, bird) 

6 215.80a  ± 1.76 219.50a  ± 8.42 219.10a  ± 1.76 
0 to 2 45.80a    ± 2.52 39.99b    ± 2.95 35.70b    ± 2.52 
2 to 4 75.45a    ± 2.52 82.12a    ± 8.55 80.48a    ± 3.19 
4 to 6 84.01a    ± 3.19 86.75a    ± 10.02 92.57a    ± 6.06 Body gain  (g, bird ) 

0 to 6 205.30a   ± 6.069 208.8a    ± 1.30 208.9a    ± 1.76 
0 to 2 43.86a    ± 3.59 46.02a    ± 8.47 45.86a    ± 1.67 
2 to 4 138.95a  ± 13.88 134.58a  ± 18.02 110.53a  ± 13.38 
4 to 6 376.34a   ± 27.37 341.7a    ± 13.61 316.83a  ± 27.73 Feed intake(g) 

0 to 6 559.15a  ± 34.18 522.54b  ± 19.22 481.62c  ± 43.18 
0 to 2 1.001a    ± 0.006 1.157a    ± 0.007 1.282a    ± 0.058 
2 to 4 1.924c    ± .009 1.638a    ± 0.002 1.470a    ± 0.054 
4 to 6 4.479a    ± 0.050 4.049a    ± 0.036 3.489a    ± 0.076 

Feed conversion   
(g, feed/g, gain) 

0 to 6 2.723a    ± 0.022 2.506b    ± 0.004 2.308c    ± 0. 009 
a-----g Means ± standard error in the same row with different superscripts are significantly different (P≤ 0.05).  
 
Table 3: Effect of dietary treatments on carcass characteristics of growing   Japanese quails 

Treatments   Items 
control     1% yeast culture      2% yeast culture 

Body weight, g  202.0a  ± 16.03 206.5a  ± 2.08 205.1a  ± 15.431 
Carcass weight, g  132.5a  ± 7.916 136.8a  ± 10.72 139.8a  ± 2.26 
Edible weigh, g 12.30a  ± 0.091 13.60a  ± 1.578 12.88a  ± 0.09 
Offal weight, g 68.32a  ± 4.758 69.68a  ± 6.07 65.57a  ± 4.70 
Dressing, % 65.59a  ± 1.33 66.29a  ± 2.03 68.06a  ± 1.33 
Edible giblets, % 6.08a    ± 0.019 6.59a    ± 0.06 6.29a    ± 0.09 
Offal , % 33.92a   ± 4.105 33.71a  ± 2.04 31.94a  ± 3.33 
a-----g Means ± standard error in the same row with different superscripts are significantly different (P≤ 0.05).  
 
Physiological responses:  
Changes in blood plasma total protein, albumin, globulin, 
total lipids, GOT and GPT as affected by dietary yeast 
culture are listed in Table 4. 
 
Total protein, albumin and globulin: 
Data showed that, adding 1% yeast culture to Japanese 
quail diet enhanced (P<0.05) plasma total protein and 
albumin compared with the control diet. Moreover, the 
highest (P<0.05) plasma albumin value was noticed when 
birds fed diet contain 1% yeast culture. The greatest 
improvement (P<0.05) in globulin was recorded when 
birds fed dietary yeast culture with a highest level (2%). 
These results contribute with the improving of 
performance and dressing percentage (Tables 3 and 5). 
This may explain the significant effects of dietary yeast in 
improving metabolic process. 

White et al., (2002), reported that, increased IgG (P < 

0.01) and IgA (not significant) levels occurred in pigs fed 

brewers yeast alone or in combinations with citric acid 
compared with pigs fed the basal diet. The trends resulting 
from the feeding of yeast in our study are in agreement 
with studies involving turkeys (Savage et al., 1996a) and 
sows fed manna oligosaccharide (MOS) products 
(Newman and Newman, 2001; O’Quinn et al., 2001). In 
addition, Santin et al., (2003) and Soliman et al., (2003) 
indicated that active yeast improves immune response of 
birds. 

  

Total lipids GOT and GPT:   
Data in Table 4 revealed that the lowest (P<0.05) values 
of total lipids and GOT were observed when birds fed 
diets contain 1% yeast culture However, no difference 
(P>0.05) in total lipids and GOT were detected by adding 
2% yeast culture to quail diet compared to the control. 
Plasma GPT increased (P<0.05) by adding yeast culture 
to the control diet up to 2%. The positive effect on plasma 
total lipids , GOT and GPT my be due to that the number 
of anaerobic and cellulytic bacteria were increased when 
the experimental  diet was supplemented with yeast which 
enhanced lactate utilization and moderates pH of the 
media, therefore, yeast improves the nutrients digestibility 
and growth performance (Abdel-Azeem, 2002). 
Moreover, Churchil et al., (2001) and Celik et al., (2003) 
revealed that using yeast culture (S. cerevisiae) in broiler 
diets reduced the toxic effects of Alfatoxin B1. In 
addition, Santin et al., (2003) and Soliman et al., (2003) 
indicated also that active yeast improves immune 
response of birds. 
 
Economical efficiency: 
The economical efficiency of dietary treatments are 
recorded in Table 5. The profitability of using yeast 
supplementation depends upon the yeast price and the 
growth performance of birds fed these dietary additives. 
The feed cost of 1 kg weight gain was reduced to 5.363 
and 5.077 L.E by adding 1 and 2% yeast to the control 
diet, respectively, compared with 5.665 for the control 
diet. As a result of improvement in feed conversion 
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efficiency of dietary yeast, these diets recorded the 
highest depression in feed cost of 1kg weight gain and the 
greatest percent of relative economic efficiency (percent 
of net revenue) compared to that of the control diet. These 
results agree with Abd El-Malak et al. (1995) reported 
that increasing Bio-Tonic level, from 500 or 750 to 1000 

g/ton diet as a supplement, in broiler chicks diet improved 
the relative economical efficiency expressed as percent of 
feed cost/kg body gain. The values were 100.00, 98.73, 
98.10 and 98.10% for the experimental diets (control, 
500, 750 and 1000 gm, Biotonic/Ton diet), respectively.  
 

 
Table 4: Effect of dietary treatments on some physiological responses of growing Japanese quails 

Treatments Items 
Control 1% yeast culture 2% yeast culture 

Total protein, g/100ml 3.45c    ± 0.03 4.503a  ± 0.08 3.617b  ± 0.02 
Albumin, g/100ml 2.280b   ± 0.009 2.637a  ± 0.45 1.415c  ± 0.25 
Globulin, g/100m 1.170b  ± 0.007 1.867b  ± 0.054 2.202a  ± 0.24 
Total lipids, mg/dl 702.7a  ± 0.05 568.7b  ± 1.02 697.0a  ± 4.71 
GOT, U/L 124.6a  ± 1.147 105.3b  ± 2.08 126.42a ± 1.67 
GPT, U/L 166.7c  ± 0.019 172.3ab ± .54 177.0a   ± 0.16 
a-----g Means ± standard error in the same row with different superscripts are significantly different (P≤ 0.05).  
 
Table 5: Effect of dietary treatments on the economical efficiency of the experimental diet (L.E* in 2007) of growing 
Japanese quails 

Treatments  
Item Control 1% yeast culture 2% yeast culture 
Price of 1 kg of yeast / L.E. 6.00 6.00 6.00 
Price of 1 kg of  diets / L.E. (a) 2.08 2.14 2.20 
Feed / gain ratio (b) 2.723 2.506 2.308 
Feed cost of kg weight gain (a, b) 5.665 5.363 5.077 
Market price of 1 kg live weight (c)  12.00 12.00 12.00 
Net revenue [c-(a.b)], L.E. 6.445 6.637 6.923 
Relative economical efficiency, % 100 102.97 107.41 
* L.E. = Egyptian pound     
 
Generally, it could be concluded that, adding yeast culture 
to growing Japanese quails up to 2 % improved the 
growth performance, metabolic responses and economic 
efficiency. 
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INTRODUCTION 
Within the general frame of the European Community “ORWINE” STREP Project (SSSPE-
CT-2006-22769), we studied the possibility to reduce fungal diseases on grapevines by 
spraying Saccharomyces yeasts on damaged grape berries before harvest in order to create a 
competition among microorganisms at their surface. The effectiveness of yeast spraying by 
different commercial Saccharomyces cerevisiae strains was first evaluated on two different 
model species of fungus diseases: Botrytis cinerea (invasive disease fungus) and Aspergillus 
carbonarius (undesirable fungus responsible for ochratoxin A (OTA) production). A general 
inhibition effect was observed with all tested yeast strains, but some of them seemed more 
efficient. Yeast spraying was found to be very efficient for reducing A. carbonarius 
development in vitro. A field experiment conducted during 2007 and 2008 vintages in a 
vineyard artificially contaminated by A. carbonarius spores reinforce this last observation.  

MATERIALS AND METHODS 
Microbiological strains.  17 industrial wine yeast Saccharomyces cerevisiae strains 
(Lallemand, Montreal, Canada) were tested in this study. They were named A to Q in the 
present study for strategic and economical reasons. All of them are available commercially as 
dry yeasts. Two strains of Botrytis cinerea M04/51 and M04/63, respectively isolated on 
Gamay and Pinot Noir vine varieties by IFV-France (Beaune, France), were used. The strain 
of Aspergillus carbonarius was isolated by IFV-France (Nîmes, France) in the vineyard of 
INRA Pech-Rouge (Gruissan, France) in 2004. 
Culture media and growth conditions.  All media were heat-sterilized (110°C, 20 min). The 
yeast strains were grown in a standard nutrient medium, YPD [10 g L-1 yeast extract (Difco, 
Detroit, MI), 20 g L-1 Bacto-peptone (Difco), and 50 g L-1 glucose]. The fungi strains were 
grown in the standard nutrient medium, PDA [200 g L-1 potatoes extract (Difco) and 20 g L-1 
glucose]. Fungi spores were obtained by growing fungi strains on PDA solid medium for 7 
days, and gentle rinsing the surface of the Petri dishes with saline buffer containing 0.2 % 
Tween 80 as a surfactant. Spores were centrifuged (3000 × g for 2 min at 4°C) and 
resuspended in sterile saline buffer before numbering. 

Cell and spore numbering.  Yeast or fungi spores suspensions were sonicated (30 s, 10 W), 
and number and volume were determined using an electronic particle counter (model ZB2, 
Beckman-Coulter, Margency, France) fitted with a 100 µm aperture probe. 
Determination of grape mycoflora.  Each sample was plated onto YPD agar medium 
containing 0.4 g L-1 chloramphenicol (Sigma) and 0.15 mg L-1 biphenyl (Sigma) for yeast 
determination, or onto Czapek yeast extract agar (Difco) for mold determination. The plates 
were incubated for 1 week at 28°C. For fine Aspergillus carbonarius identification, cultures 
were grown on malt extract agar, 25% glycerol nitrate agar, and Czapek yeast extract with 
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20% sucrose agar, and identified according to the methods given by Pitt and Hocking (1999) 
and Samson, Hockstra, Frisvad and Filtenborg (2000). 
In vitro tests on damaged grape berries.  Grape berries were purchased in supermarkets 
from the south hemisphere (before 2006 harvest) or directly in the field (during 2006 harvest). 
Berries were artificially damaged (standardized 1 cm length- and 2 mm depth-scalpel cut) 
under sterile conditions after total surface disinfection by three sodium hypochlorite 
successive baths (CaHCl2O2, 90 g L-1). Contaminations of berries with different amounts of 
controlled populations of the two model species (B. cinerea and A. carbonarius) were then 
realized as stated in the text. Spraying of S. cerevisiae species was furthermore simulated by 
immerging grape berries in yeast suspensions at different cellular concentrations and at 
different times after initial contamination by the two model species. Berries were then 
incubated for weeks at 28°C in sealed sterile boxes with constant moisture. The effectiveness 
of yeast spraying was assessed by the monitoring of the growth of the different 
microbiological populations at the surface of the grape berries. Since grape berries vary in 
size according to their origin, grape berries were first carefully weighted. Assuming an 
identical density of 1.0 for all berries, each berry surface was then calculated from the 
following formulae : 
(1)                                                                  S = p (m/4)2/3 
where S and m represent the surface (in cm2) and the mass (in g) of the grape berry, 
respectively. Three grape berries were used for each treatment, and the experiments were run 
twice. Numeration of the contaminant species populations was assayed on the supernatant 
obtained by vortexing each grape berry in 5 mL saline buffer containing 0.2 % Tween 80 as a 
surfactant and two glass beads (7 mm diameter) as a mechanical help for 3 min. After global 
electronic numbering of particles and consequent proper dilution in sterile saline, supernatant 
was plated on selective culture media to estimate fungus and yeast surface contaminations.  
Experimental design at the field scale.  In order to get the corresponding blank experiments, 
we use the experimental design schedule described in Table 1, by defining 4 different blocks 
in the same vineyard (Mourvèdre variety, a variety very susceptible to fungi infections in the 
south border of France). Each block contains 2 rows of 76 vine stocks fitted on two adjacent 
rows. The average yield of this vineyard is 2.5 kg per vine stock, and about 6-7 bunches per 
vine stock. All blocks were harvested separately by hand at grape maturity. Three weeks 
before the expected technological harvest time, vine rows were sprayed with a suspension of 
A. carbonarius spores in sterile water in order to get an average contamination of each bunch 
by 105 spores (which represents about 2500 spores per berry): for this purpose, 30 L 
containing 109 A. carbonarius spores were sprayed uniformly on the corresponding blocks. 
Since A. carbonarius is a potential very invasive fungi, such a low contamination rate was 
previously shown enough to get an impact on the hygienic quality of the grapes, even in dry 
weather situations (Perrone et al., 2006; B. Molot, IFV France, personal communication). 
About three days before the expected technological harvest time, vine rows were sprayed with 
a suspension of S. cerevisiae “F” cells in order to get about 105 S. cerevisiae cells per berry 
(about to 107 S. cerevisiae cells per bunch). For this purpose, 30 L containing 40 g de 
Solugel® (Martin Vialatte Oenologie, Epernay, france) et 50 g of S. cerevisiae “F” cells 
previously rehydrated in sterile water were sprayed uniformly on the corresponding blocks. 
Just before harvest, the grapes of the 4 blocks were carefully inspected and photographed for 
estimating their overall hygienic quality. At the time of harvest, about three different lots of 
100 grape berries were aseptically randomly harvested in each block, rinsed with sterile water 
in the presence of Tween 80 (an anionic detergent) and plated on selective culture media to 
estimate fungus and yeast surface contaminations. For estimating fungi contamination inside 
the grape berries, the previous berries were surface-disinfected with sodium hypochlorite 
solution (1%) for 1 min, rinsed in sterile distilled water three times rinsed two more times 
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with sterile water and aseptically hand-crushed in sterile small poly bags (Sigma-Aldrich, St 
Louis, Mi). The resulting juices were then plated on selective culture media to estimate 
internal invasive contamination of grape berries by fungus. 
Experimental winemaking.  For each harvested block, 200 kg of grape bunches were first 
de-stemmed and the corresponding grape berries poured into stainless steel fermentation tanks 
(100 L each one containing about 100 kg of grapes). Each tank was then inoculated with 10 g 
of rehydrated ICV-INRA K1M S. cerevisiae strain (Lallemand, Toulouse, France). 
Fermentations were conducted at 22°C until mid-fermentation. Then the tanks were heated to 
28°C at a rate of 0.125°C h-1. The final temperature of 28°C was maintained up to the end of 
fermentation. Fermentation kinetics were followed by automatic measurement of CO2 release 
by the means of gas flowmeters. Fermenting must was manually punched on a regular basis 
every day until the end of the fermentation. All fermentations were completed (residual sugars 
< 2 g L-1) in less than 300 h. Grapes were then pressed, and all liquid parts blended and 
poured into 50 l stainless steel vats. A lactic starter (Vitilactic H+®, Martin Vialatte 
Oenologie, Epernay, France) was used to initiate malolactic fermentation at the temperature 
of 24°C. 
Ochratoxin A determination.  Ochratoxin A level in the grape musts was roughly analyzed 
with the help of the Ochracard® kit (R-Biopharm Rhône Ltd, St-Didier au Mont d'or, France). 
This simple screening test for the detection of ochratoxin A in complex food matrices 
combined an extraction step on an immunoaffinity column, and a card system. The presence 
or absence of colour on the test port after sample application indicates ochratoxin A 
contamination above or below a chosen detection level. Analysis of ochratoxin A levels in the 
finished wines were assessed by the recommended OIV methodology (Norm EN 14133) 
based on a purification by an immuno-affinity column, followed by HPLC analysis with 
fluorimetric detection. These analyses were performed by Inter-Rhône analysis facilities 
(Orange, France). 
 

RESULTS 
Selection of yeast species.  Firstly, 17 industrial S. cerevisiae strains were tested on Petri 
dishes for their potential inhibition effect on fungus growth. Extemporaneous inoculation of 
solid PDA growth media with different fungi (2 strains of B. cinerea and 1 strain of A. 
carbonarius) and each industrial S. cerevisiae strain was performed. Mycelium growth was 
observed and annotated around the yeast inoculum droplets. After 3 days of incubation a 
general inhibition effect was observed with all tested yeast strains, but some of them seemed 
more efficient (Figure 1). The F strain was peculiarly efficient for inhibiting A. carbonarius 
mycelium development, while other strains are completely inefficient (data not shown). We 
therefore conserved this S. cerevisiae F strain for all the experiments. 

Effect of simultaneous yeast inoculation on infected damaged berries.  In a second set of 
experiments, extemporaneous spreading of S. cerevisiae F strain was performed in vitro at the 
surface of previously artificially damaged grape berries contaminated with the different 
fungus species. 
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Figure 1.  Test of 17 industrial S. cerevisiae strains for their potential inhibition effect on fungus growth (mean 

and standard deviation of duplicates). (A) 106 B. cinerea M04/51 and (B) M04/63 spores or (C) 104 A. 
carbonarius spores were first spread on PDA Petri dishes and 2.5 106 cells of each S. cerevisiae strain were 

extemporaneously inoculated in a 100 µL-droplet of sterile saline solution. Petri dishes were observed after 70 h 
incubation at 28°C.  Mycelium growth was observed and annotated around the yeast inoculum droplets. The 

same letters indicate homogeneous groups at the 95% confidence level, as tested by Tukey statistical test. 

As shown in Figure 2, yeast spreading was very efficient for reducing both B. cinerea and A. 
carbonarius mycelium growth after 48 h of incubation. This was not the case for a bacterial 
contamination with Gluconobacter oxydans, where a much lower effect is observed (data not 
shown). 

 Time-scale effect of yeast inoculation on infected damaged berries.  We tried finally to 
evaluate the time-scale of the effect of yeast spraying on the reduction of grape infection by 
the two tested fungi. For this purpose, we delayed the time of yeast inoculation after initial 
infection of damaged grape berries by the two model fungus species studied. As seen on 
Figure 3, yeast spraying at the surface of B. cinerea infected berries delayed differently the 
growth of the fungus depending on the strain studied. For all the fungus tested, the effect of 
yeast spraying is much more sensitive during the first three days after infection. For A. 
carbonarius infected berries, the effect of yeast spraying is significant for about 4 to 5 days 
after the initial infection by the fungus (Figure 4, P values = 0.044 and 0.042, respectively). 
Therefore, from an applied point of view, yeast spraying should be done about 2-5 days after 
initial infection by the fungi in order to get an optimal antagonistic effect. 
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Figure 2. Effect of the inoculation of 105 S. cerevisiae F cells on the surface of wounded grape berries 

previously and extemporaneously inoculated in the wound with (A) 106 B. cinerea M04/51 (black boxes) and 
M04/63 (white boxes) spores or (B) 104 A. carbonarius spores. Fungi numbering was realized after 48 h 

incubation at 28°C (mean and standard deviation of two replicates of three grape berries for each situation). The 
same letters indicate homogeneous groups at the 95% confidence level, as tested by Tukey statistical test. 

 
Results at the field scale : 2007 and 2008 vintages.  Three weeks before the expected 
technological harvest time, vine rows were sprayed with a suspension of A. carbonarius 
spores in sterile water in order to get an average contamination of each bunch by 105 spores 
(which represents about 2500 spores per berry). Careful visual inspection of the A. 
carbonarius contaminated grapes did not reveal any visible A. carbonarius infection one 
week before the expected technological harvest time. About three days before the expected 
technological harvest time, vine rows were sprayed with a suspension of S. cerevisiae F cells 
in order to get about 105 S. cerevisiae cells per berry (about to 107 S. cerevisiae cells per 
bunch) (Table 1).  

 

Table 1: Summary of the experimental design 

Dates Block n° 

3 weeks before THT 3 days before THT Technological harvest time (THT) 

A A. carbonarius inoculation - Grape harvest 

B - S. cerevisiae spraying Grape harvest 

C A. carbonarius inoculation S. cerevisiae spraying Grape harvest 

D - - Grape harvest 
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Figure 3.  Effect of the delayed inoculation of 105 S. cerevisiae F cells on the surface of  previously wounded 
disinfected grape berries inoculated with 106 B. cinerea spores ((A) M04/51, (B) M04/63) in the wound at T=0 

(mean and standard deviation of two replicates of three grape berries for each situation). ( ) B. cinerea 
population on non-treated berries, ( ) B. cinerea population on yeast-treated berries. Incubation was performed 
at 28°C in sealed sterile boxes with constant moisture. Numeration was performed 48 h after yeast inoculation. 

(n.s.) non significant differences between groups at the 95% confidence level, (*) significant differences between 
groups at the 95% confidence level, as tested by Tukey statistical test. 

 

Figure 4. Effect of the delayed inoculation of 105 S. cerevisiae F cells on the surface of previously wounded 
disinfected grape berries inoculated with 104 A. carbonarius spores in the wound at T=0. ( ) A. 

carbonarius population on non-treated berries, ( ) A. carbonarius population on yeast-treated berries. 
Incubation was performed at 28°C in sealed sterile boxes with constant moisture. Numeration was 

performed 48 h after yeast inoculation. (n.s.) non significant differences between groups at the 95% 
confidence level, (*) significant differences between groups at the 95% confidence level, as tested by Tukey 

statistical test. 
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At the time of harvest, a careful inspection of all bunches allows us to find only few (less than 
1% of the harvested bunches) exhibiting the symptoms of A. carbonarius external infection 
(black fungi between the berries). This observation could be attributed to the low rainfalls and 
the very low main humidity that were observed during grape maturation in 2007 and 2008 
(data not shown). After grape harvest, external fungus contamination was assessed on 90 
randomly chosen berries picked in each block (Figure 5).  

 
Figure 5. Distribution of yeasts and fungi at the surface of grape berries (mean and standard errors of 90 

randomly chosen berries from three different lots of 100 grape berries for each block).  
(Black boxes) Saccharomyces strains, (grey boxes) non-Saccharomyces strains, (white boxes) filamentous fungi. 

The same letters indicate homogeneous groups at the 95% confidence level, as tested by Tukey statistical 
test. 

Fungi were detected in each block, but A. carbonarius was not specifically detected in 
infected blocks. Saccharomyces yeasts were significantly detected on berries harvested in the 
blocks where yeast spraying was realized (P value = 0.024), confirming its effectiveness. In a 
second experiment, we crushed aseptically the berries harvested in the different blocks and 
studied again the occurrence of A. carbonarius in the entire grape berries. As shown on Figure 
6, we found that A. carbonarius infection occurred specifically in the artificially contaminated 
blocks. However, due to the high standard errors between sample duplicates, no significant 
differences were observed between the blocks, with respect to A. carbonarius surface 
infection. Before fermentation, a preliminary rough determination of ochratoxin A level in the 
corresponding grape musts with the help of the Ochracard® kit did not reveal any 
contamination above 2 µg L-1.  

 
Figure 6. Distribution of A. carbonarius and other fungi in crushed berries (mean and standard errors of 90 

randomly chosen berries from three different lots of 100 grape berries for each block). (Black boxes) A. 
carbonarius, (white boxes) other fungi. The same letters indicate homogeneous groups at the 95% confidence 

level, as tested by Tukey statistical test. 
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Winemaking  Fermentation kinetics were very similar for all blocks.  Close inspection of the 
fermentation kinetics shows that initial maximum fermentation rates of the musts issued from 
grapes contaminated with A. carbonarius were lower than controls unless the first must 
punching was performed. This observation is reminiscent of a limitation of the inoculated 
industrial K1M S. cerevisiae strain growth, which can be likely attributed to nutrient 
deficiency (mainly lipids) in the must (Fornairon-Bonnefond, Demaretz, Rosenfeld and 
Salmon, 2002). This effect was corrected in the fermentation performed on musts issued from 
A. carbonarius contaminated grapes and sprayed with F S. cerevisiae strain. Moreover, 
attempts to detect sprayed F S. cerevisiae strain amongst the viable yeasts during all alcoholic 
fermentations were unsuccessful (data not shown). This result proved that remnant F S. 
cerevisiae sprayed yeasts did not interfere with the alcoholic fermentation performed by the 
inoculated K1M S. cerevisiae strain. Although wines were all inoculated with a lactic acid 
bacteria starter, the wines resulting from modalities contaminated with A. carbonarius 
exhibited one week- to ten days-delay before the beginning of malolactic fermentation (data 
not shown). At the exception of volatile acidity, the global chemical analysis of the final 
wines did not reveal significant differences between the different modalities (data not shown). 
Volatile acidity was higher in the blocks where A. carbonarius initial spraying was performed 
(Figure 7). On the contrary, the sole S. cerevisiae spraying seems to significantly reduce 
volatile acidity (Figure 7, P value = 0.036). Sensory analysis of the final wines did not allow 
the finding of significant differences between the 8 experimental wines (data not shown). 
Analysis of ochratoxin A levels in the finished wines was assessed by purification of the toxin 
on an immunoçaffinity column, followed by HPLC analysis with fluorimetric detection. The 
final ochratoxin A levels were given on Figure 8. Significant levels of ochratoxin A were 
detected in wines resulting from grapes harvested in blocks contaminated with A. carbonarius 
(P values = 0.035 and 0.032, respectively), although only few harvested bunches exhibit the 
visual symptoms of A. carbonarius external infection. Yeast spraying reduces significantly by 
a 1.5 fold factor the final level of ochratoxin A in the wine (P value = 0.043). This reduction 
is compatible with the levels of A. carbonarius infection observed in the crushed berries 
(Figure 6). 

 

Figure 7. Volatile acidity levels in the finished wines (mean and standard errors of duplicates). The same letters 
indicate homogeneous groups at the 95% confidence level, as tested by Tukey statistical test. 
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Figure 8. Ochratoxin A levels (µg L-1) in the finished wines (mean and standard errors of duplicates). The same 
letters indicate homogeneous groups at the 95% confidence level, as tested by Tukey statistical test. 

CONCLUSIONS 
   The main objective of this work was the potential reduction of microbial diseases on 
damaged grape berries by spraying S. cerevisiae yeasts on the grapes by creating a 
competition among microorganisms at their surfaces. Such surface competitions were 
successfully performed to control post-harvest diseases (molds) of fruits or vegetables by pre-
harvest applications of yeasts (Elad, Köhl and Fokkema, 1994; Benbow and Sugar, 1999). 
Natural saprophytic yeasts were generally used for this purpose (Elad, Köhl and Fokkema, 
1994; Chand-Goyal and Spotts, 1996). Such natural yeasts (mainly Cryptococcus and 
Rhodotorula spp.) are known to colonize plant surfaces or wounds for long periods under dry 
conditions, utilizing available nutrients for rapid multiplication, and to be minimally impacted 
by pesticides (Wisniewski and Wilson, 1992). Limitation of the use of such yeasts relies on 
the fact that their production in mass at an industrial scale is very difficult, or even impossible 
(Villetaz, 1992). However, to our knowledge, nobody tried to test classical industrial S. 
cerevisiae strains, which are easily available in great amounts, for their ability to control 
fungus development. The choice of enological S. cerevisiae strains was dictated by the fact 
that most of these available strains were originally isolated from grapes or wines (Villetaz, 
1992), and therefore seemed more adapted to the peculiar substrate represented by damaged 
grape berries. We first assess the quantification of the effect of S. cerevisiae on the 
development of undesirable bacteria or fungi at the surface of voluntarily damaged grape 
berries. A general inhibition effect was observed in vitro by a set of 17 industrial S. cerevisiae 
strains against B. cinerea and A. carbonarius mycelium growth. However, only few of them 
are really very efficient. We therefore conserved the most promising S. cerevisiae strain, 
named F.  

A first set of experiments performed at the laboratory scale show that extemporaneous 
spreading of S. cerevisiae F strain at the surface of previously artificially damaged grape 
berries contaminated with different microbial species was very efficient for reducing fungus 
mycelium growth after 48 h of incubation. This was not the case for bacterial G. oxydans 
contamination, where no effect is observed. From this first part of the work, it could be 
roughly concluded that S. cerevisiae F spraying by its mass impact could lower grape 
infection by fungi. In a second set of experiments, we demonstrate that S. cerevisiae F 
spraying should be done about 2-5 days after initial infection by the fungi in order to get an 
optimal antagonistic effect. After this period, the potentiality of fungi to initiate disease 
remains, indicating that a competition for nutrients has taken place between protagonists 
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(Hocking et al., 2007). The effect of yeast spraying on A. carbonarius development on the 
grape berries was particularly significant. From all these experiments we therefore think that 
such yeast spraying before grape harvest could represent for the viticulturist a biological 
alternative for limiting the occurrence of A. carbonarius in the vineyard.  

In subsequent field scale experiments performed during 2007 and 2008 vintages, we show 
that yeast spraying with the selected industrial S. cerevisiae F strain on an artificially A. 
carbonarius infected vineyard was able to reduce the A. carbonarius proliferation inside the 
grape berries, even if the external black mycelia form of A. carbonarius is not observed at the 
grape berry surfaces. The ability of strains of A. carbonarius to colonize and penetrate intact 
berries is indeed known, finding OTA in the pulp, although berry skin was considered the 
major source of OTA in grapes (Battilani, Pietri and Logrieco, 2004). However, the way A. 
carbonarius penetrates the fruit in undamaged grapes when not using the portal of entry that 
the stem provides, is still unknown (Belli et al., 2006). From the obtained results, it should the 
hypothesized that yeast spraying at the surface of  intact grape berries reduce partially A. 
carbonarius penetration into undamaged grapes. This effect should be studied in more details. 
Moreover, the reduction of A. carbonarius proliferation was accompanied by a significant 
reduction of the final level of ochratoxin A in the corresponding wines. The chemical and 
sensory properties of the final wines were also not detrimentally affected by yeast spraying.  
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Abstract: As experiment was conducted to evaluate the affect of adding various levels of a live yeast to laying hen 
diets on their laying and feeding performance, egg shell, egg components and some blood constituents, as well as the 
intestinal microflora make-up. This were studied to validate the mode of a live yeast action in improving laying hens 
performance. For this purpose 75 Hy line (W-36) white layers were sited from 70 to 79 week of age in individual 
cages and randomly distributed into five experimental groups of 15 layers each. The individual hen was represented 
as an experimental unit. The five experimental groups were fed on five graded levels of a live yeast as 0.0% 
(control), 0.4%, 0.8%, 1.2% and 1.6%. The main results indicated an increase in egg production percentage of layers 
fed with 0.4% and 0.8% a live yeast which recorded 83.4% and 80.6% respectively compared with 74% of control 
which was similar to the groups of layers fed 1.2% (74.9%) and 1.6% (74.6%). Average egg weight was not 
influenced by adding yeast into diets. Egg mass results were parallel to these of egg production where the values of 
46.7, 51.0, 50.2, 48.3 and 46.1 g egg/hen/day were recorded for the group of birds fed with 0%, 0.4%, 0.8%, 1.2% 
and 1.6% a live yeast respectively. Egg albumen and egg yolk were affected significantly. There was a slight 
improvement in egg shell thickness and percentage. Feed intake values were approximately similar within the 
different treatments. Feed conversion ratios (g feed/g egg) of layers fed yeast levels of 0.4% (2.08) and 0.8% (2.07) 
were better than the control group (2.27). Blood total protein levels of birds fed 0.4% (3.82), 0.8% (3.65) and 1.2% 
(3.97) yeast were lower than the control (4.16), while the value of 1.6% yeast (4.16) was slightly higher than control. 
Blood albumen levels were parallel to those of blood protein while blood globulin values were not affected. Blood 
cholesterol levels of layers fed yeast-supplemented diets were lower than the control. Blood total lipids were not 
affected by treatments. Ileal content pH of layers fed 0.8% and 1.2% yeast levels was lower than the control. 
Microbiological examination of ileal content indicated an obvious reduction in bacterial total count. While 
Lactobacilli bacterial count was increased. There were reductions in bacterial strains of Escherichia coli (E.coli), 
Klebsiella sp., Staphylococcus sp., Micrococcus sp., Campylobacter sp., and Closterdium perfringers of layers fed 
various yeast levels. The results of this study suggest adding live yeast at 0.4% or 0.8% into laying hen diets can 
enhance the productive performance and nutrients utilization via the inhibitory effect of yeast against pathogenic 
bacteria. [Journal of American Science. 2010;6(11):159-169]. (ISSN: 1545-1003). 
 
Keywords: yeast level, laying hen, egg production, ileal microflora, blood constituents. 
 
1. Introduction 

Microorganisms used as probiotics in animal mutrition: 
Probiotics are live microorganisms that, when 
administered through the digestive tract, have a 
positive impact on the host's health. Microorganisms 
used in animal feed are mainly bacterial strains 
belonging to different genera, e.g. Lactobacillus, 
Enterococcus, Pediococcus and Bacillus. Other 
probiotics are microscopic fungi, including 
Saccharomyces yeasts. Some probiotic microorganisms 
are normal residents in the digestive tract, while others 
are not (Guillot, 2009). Different mechanisms of 
probiotic action have been suggested,  

but most are only hypothetical. The positive effect can 
result either from a direct nutritional effect of the 
probiotic, or a "health" effect, with probiotics acting as 

bioregulators of the intestinal microflora and 
reinforcing the host's natural defences (Fuller, 1977; 
Fuller, 2001).  

Kabir (2004) indicated that the gut microflora 
forms with its host animal a complex ecosystem and 
microbial interactions ensure the stability of the 
ecosystem and the health of the host. In some cases the 
gut microflora is unbalanced and the biological 
defences against pathogenic agents less effective. The 
positive effect observed can be the result of either a 
direct nutritional effect, similar to the effect obtained 
with antibiotics, or a "health" or sanitary effect, where 
the probiotic act as a bioregulator of the gut microflora 
and reinforces the natural defences.  

The different mechanisms of action suggested are: (i) 
nutritional effect include: (1) Reduction of metabolic 
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reactions that produces toxic substances (2) 
Stimulation of indigenous enzymes (3) Production of 
vitamins or antimicrobial substances.   

 (ii) Sanitary effect include (1) Increase in colonization 
resistance. (2) Stimulation of the immune response. 
Some experiments have demonstrated in vitro the 
effects of strains of Saccharomyces cerevisiae on the 
activity of anaerobic rumen microorganisms. The 
addition of S. cerevisiae live cells to cultures of some 
cellulolytic fungal species stimulated zoospores 
germination and cellulose degradation. The addition of 
yeasts stimulates also the growth of some anaerobic 
bacteria, including the cellulolytic and the lactic acid 
utilising bacteria (Chaucheyras et al., 1995; Yoon and 
Stern, 1996).      

Kizerwtter and Binek, (2009) reported that 
probiotics have reduced the incidence and duration of 
diseases. Probiotic strains have been shown to inhibit 
pathogenic bacteria both in vitro and in vivo through 
several different mechanisms. The mode of action of 
probiotics in poultry includes: (i) maintaining normal 
intestinal microflora by competitive exclusion and 
antagonism (ii) altering metabolism by increasing 
digestive enzyme activity and decreasing bacterial 
enzyme activity and ammonia production (iii) 
improving   feed   intake and digestion iv) stimulating 
the  immune system (Apata 2008; Kabir, 2009). 

Kabir et al. (2005) attempted to evaluate the 
effect of probiotics with regard to clearing bacterial 
infections and regulating intestinal flora by 
determining the total viable count (TVC) and total 
lactobacillus count (TLC) of the crop and cecum 
samples of probiotics and conventional fed groups at 
the 2nd, 4th and 6th week of age. Their result revealed 
competitive antagonism. The result of their study also 
evidenced that probiotic organisms inhibited some 
nonbeneficial pathogens by occupying intestinal wall 
space. They also demonstrated that broilers fed with 
probiotics had a tendency to display pronounced 
intestinal histological changes such as active impetus in 
cell mitosis and increased nuclear size of cells, than the 
controls. Recently, Mountzouris et al. (2007) 
demonstrated that probiotic species belonging to 
lactobacillus, Strepococcus, Bacillus, Bifidobacterium, 
Enterococcus, Aspergillus, Candida, and 
Saccharomyces have a potential effect on modulation 
of intestinal microflora and pathogen inhibition.  

A few years ago active living yeast, has been 
documented as probiotic feed additive for poultry, due 
to its improvement effect on performance 
characteristics. Including a live yeast into laying hen 
diets improved egg production percentage (Kim et al., 
2002 and Shivani et al., 2003), and egg weight (Han et 

al., 1999; Park et al., 2001 and Park et al., 2002). 
Dumanovski (2000); Sharma et al. (2001); Kim et al. 
(2002) and Kabir (2009) reported that, adding a live 
yeast into laying hens diet improved feed intake and 
feed conversion ratio. 

Inclusions of yeast into laying hen diets 
enhanced egg shell breaking strength (Park et al., 
2002), and reduced soft or broken eggs (Park et al., 
2001).  

In Egypt, a very few studies have been 
conducted to investigate the effect of feeding yeast on 
performance of laying hens. Soliman (2003) studied 
the effect of supplementing a constant level of live 
yeast into laying hens diets, he observed an 
improvement in average egg weight, feed conversion 
values and nutrients utilization. The mode of beneficial 
action of yeast can be attributed to its antagonistic 
bacteria and altering gut microflora make up Line et 
al., 1998; Wakwak et al. (2003) and Kabir 2009) 
observed a sharp reduction in bacterial total count of 
ileum content, due to supplementing yeast into 
Japanese quail diets.  In contrast ileal content of 
lactobacilli bacteria increased significantly due to 
adding yeast into laying hen diets (Kim et al., 2002; 
Hossain et al., 2005). Adding yeast to poultry diets 
leads to reduced bacterial counts of E.coli and 
Closterdium perfringers (Park et al., 2002; Nava et al., 
2005), Salmonella and Campylobacter (Line et al., 
1998). In this concern the research is still lacking under 
Egyptian conditions.  

the objective of this study aimed to investigate 
the effect of enriching Hy line (W-36) laying hen diets 
with various levels of active a live yeast on their laying 
and feeding performance, egg shell, egg components 
and some blood constituents. As well as ileal bacterial 
make-up will be studied to validate the mode of yeast 
action in improving performance of laying hens. 

This study provides a summary of the use of 
probiotic (Saccharomyces cerevisiae) for prevention of 
bacterial diseases in poultry as well as demonstrating 
the potential role of probiotics in the growth 
performance and immune response of poultry.  
  
2. Materials and Methods  

This study was carried out at (Layer Nutrition 
Research Unit), Faculty of Agriculture, Ain Shams 
University.  

It was conducted using 75 Hy-Line (W-36) 
white layers which were randomly sited from 70 to 79 
week of age in individual battery cages located in open 
sided laying house. The hens were randomly 
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distributed into five treatment groups of 15 layers each. 
The individual hen was represented as experimental 
unit. For nine weeks experimental period the hens were 
fed on a basal diet supplemented with five graded 
levels of active live yeast Saccharomyces cerevisia 
(produced by Starch, Yeast and Clean Co., Alex.) as 
0.0% (control) 0.4%, 0.8%, 1.2% and 1.6%. 

The basal diet was formulated (Table 1) to meet 
all nutrient requirements of laying hens according to 
(Hy-Line 2000) management guide. Feed was provided 
ad lib in an individual feeders and water was supplied 
through automatic nipples. Lighting hours were 17 
hours per day. Egg weight in grams was recorded daily 
for each hen throughout the experimental period. 
Average egg weight, egg production percentage and 
average egg mass (g/hen/day) were calculated for each 

hen and treatment group. Feed consumption in grams 
per hen was recorded weekly and average feed 
consumption per treatment group was calculated. Feed 
conversion ratio was calculated as gram feed consumed 
per gram egg produce (g. feed/ g. egg). Body weight 
gain was calculated for each hen and treatment group 
by subtracting individual body weight of hen at 70 
weeks from that at 79 weeks of age. Egg component 
percentages were assessed by using 12 eggs per 
treatment represent 6 hens as two consecutive eggs per 
hen. For this purpose, egg was individually weighted, 
broken, yolk and albumin was separated weighed and 
related as percentage to whole egg weight. Egg shell 
with membrane were cleaned, dried, weighed and 
related as percentage e to the whole egg. 

Table (1): Composition and calculated analysis of experimental diet.  

Feed Ingredient  
Percentage 

(%) 
Yellow corn  59.93 
Soybean meal (48%) 24.23 
Corn gluten meal  2.0 
Calcium carbonate  9.16 
di-calcium phosphate 1.84 
Oil  2.0 
Common salt  0.364 
Methionine  0.076 
Premix* 0.4 

Total 100 

Calculated analysis:  
ME (kcal/kg) 2806 
Protein (%) 17.39 
Calcium (%) 3.97 
Av. Phosphorus (%) 0.465 
Meth. + Cyst (%) 0.66 
Lysine (%) 0.86 

*: Vitamins and minerals Premix: each 1 kg supplied the following per kilogram of diet; vit. A: 12000 lu,  
vit. D3: 3000 lu, vit. E.: 12 mg.  
vit. B12 0.02 mg, vit. B1 1 mg, Choline chloride 0.16 mg, Copper 3 mg, Iron 30 mg.  
Manganese 40 mg, Zinc 45 mg and Selenium 3 mg according to NRC (1994). 

 

Egg shell thickness (millimeter) was determined 
using a micrometer. Initial and final body weights of 
layers were recorded and average body weight gain 
was calculated. 

Blood Analysis and Microbiological Examination:  

 At the end of the experiment five hens per 
experimental group were slaughtered, blood samples 

were collected and centrifuged for 15 minutes. Plasma 
total protein was determined according to Biuret 
method (Henery, 1964), albumin according to Doumas 
et al. (1971). Plasma globulin was calculated by 
subtracting albumin from total protein. Then albumin 
to globulin ratio was calculated. Plasma total lipid was 
determined according to Knight et al. (1972) and total 
cholesterol according to Watson (1960).  
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For microbial experimentation, ileal content 
samples were collected by pressing the outer wall of 
cut ileal to push its content into clean, sterile glass 
bottle. The pH value of ileum content were determined 
using pH meter. Microbiological experimentation 
procedure was done as follows: One gram of ileal 
content was adjustely weighed and transferred into test 
tube containing 9 ml of 0.1 sterile peptone the samples 
were mixed well and serial dilutions were prepared.    

Cultivation and Enumeration of Bacteria: 

Bacterial total count was examined with nutrient 
agar medium composed of (per liter) yeast extract 2.5 g 
trypton 5 g, glucose 1 g, agar 15 g and distilled water 
up to one liter (Swanson et al., 1992).  

Lactobacilli bacteria was counted with M.R.S. 
agar medium which is composed of casein peptone 10 
g meat extract 10 g, yeast extract 5 g, glucose 20 g, 
tween 80 1 g, K2hpo4 2 g, sodium acetate 5 g, 
diammonium citrate 2 g, Mnso4 0.2 g and distilled 
water up to 1 liter (Laner and Kandier, 1980)..  

Coliforms bacteria were counted by using 
MacConkey agar medium that is composed as 
pancreatic digest of gelatin 17 g, pancreatic digest of 
casein 1.5 g, peptic of animal tissue 1.5 g, lactose 10 g, 
bile salts 1.5 g, sodium chloride 5 g, neutral red 0.03 g, 
crystal violet 0.001 g, agar 3.5 g, and distilled water up 
to 1 liter (Oxoid, 1992). 

Campylobacter strains were grown in stationary 
cultures in 5 ml of Rosef broth without antibiotics for 
48 hours in a microaerobic atmosphere created by 
using BBL gas pak plus anaerobic system envelopes 
without the palladium catalyst. Rosef broth contains 
(per liter) peptone 10g, lablemco (oxid) 8 g, yeast 
extract 1 g, Nacl 5 g, rezasurin solution (0.025% 
wt/vol) 1.6 g (Ryan and Ray, 2004).  

Colstridium perfringers were grown in a 
stationary culture in an anaerobic atmosphere and 
subsequently diluted in sterile Rosef broth or sterile 
saline to concentrations of 106 to 108 CFU per ml, then 
PCR procedure was used for examination (Baumgart et 
al., 2007).  

Klebsiella and Proteus gram negative Entero-
bacteria were grown in MacConkey agar medium and 
eosin/methylene blue agar medium composed (per 
liter) of peptone 10 g, lactose 5 g, dipotassium 
phosphate 2 g, eosin Y 0.4 g, methylene blue 0.065 g, 
and agar 13.5 g (Oxoid, 1992). 

Staphylococcus sp. and Micrococcus sp. gram 
positive bacteria was grown in nutrient agar medium, 
MacConekay agar medium and Staphylococcus 

medium (No. 110) that composed (per liter) yeast 
extract 2.5 g, tryptone 10 g, glateene 30 g, lactose 2 g, 
D/manitol 10 g, Nacl 75 g, dipotassium phosphate 5 g, 
agar 15 g, pH 7 ± 0.02 (Mathews et al., 1997). 

Statistical Analysis: 

Statistical analysis was carried out using 
statistical program SAS (1988). Ducan’s multiple tests 
was used to separate means.  
 
3. Results and Discussion 

Shareef and Dabbagh (2009) reported that 
Saccharomyces cervisiae supplementation of broilers, 
to the level of 1, 1.5 and 2%, were significantly, 
increase the body weight gain, feed consumption and 
feed conversion efficiency. The beneficial effect of 
Saccharomyces cerevisiae is attributed to the fact that 
it is a naturally rich source of proteins, minerals and B-
complex vitamins.   

It is well known that yeast culture, and its cell 
wall extract containing 1,3-1,6 D-glucan and Mannan 
oligosaccharide are the important natural growth 
promoters for modern livestock and poultry production 
(Van Leeuwen et al., 2005a). The advantages of these 
promoters over the traditional antibiotic growth 
promoters are 1) no withdrawal time, 2) no residual 
effect, and 3) no causes of microbial mutation (Gibson 
and Roberfroid, 2008). Saccharomyces cerevisiae is 
considered as one of the live microorganisms probiotic 
that, when administered through the digestive tract, 
have a positive impact on the hosts health through its 
direct nutritional effect. Field reports (Banday and 
Risam, 2002) have suggested that probiotic 
supplementation improved performance of broilers. 
The different mechanisms of probiotic action suggested 
are; nutritional effect by regulation of metabolic 
reactions that produces toxic substances; stimulation of 
endogenous enzymes and by production of vitamins or 
antimicrobial substances. Moreover, Saccharomyces 
cerevisiae could act as bioregulalor of the intestinal 
micro flora and reinforcing the host natural defenses, 
through the sanitary effect by increasing the 
colonization resistance and stimulation of the immune 
response (Line et al., 1998). These effects were largely 
reflected by using mannan Oligosaccharide, the 
naturally derived extract from the cell wall of 
Saccharomyces cerevisiae. This oligosaccharide 
content is approxi-mately50% of the carbohydrate 
fraction and improved body weight gain in broiler 
chickens and that this effect can be attributed to the 
trophic effect of this product on the intestinal mucosa, 
because it increases villus height, particularly during 
the first 7 days of the chickens life (Santin et al., 2001).  
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Oligosaccharides used to control pathogenic 
scours of all kinds in livestock caused by Salmonella, 
and E.coli etc (Laegreid and Bauer, 2004). Mannan-
oligosaccharides are thought- to block the attachment 
of pathogenic bacteria to the animal's intestine and 
colonization that may result in disease, while acting as 
a nutrient to other beneficial bacteria. It is also thought 
to stimulate the animal's immune system, thereby 
further reducing the risk of disease (Firon and Ofek, 
1983). Oyofo et al. (1989) observed that the adherence 
of Salmonella typhimurium to enterocytes of the small 
intestine of chicks, in vitro, was inhibited in the 
presence of mannose. Later, they found that inclusion 
of mannose in the drinking water of chicks reduced S. 
typhimurium colonization of the cecum.  

Saccharomyces cerevisiae Probiotic 
supplementation has been shown to reduce the 

cholesterol concentration were reported in egg yolk by 
(Abdulrahim et al., 1996) and serum in chicken 
(Mohan et al., 1996). Recent   report   suggested   that 
feeding   of chicory beta fructans an oligosaccharide, a 
prebiotic, reduced the serum cholesterol and abdominal 
fat of broiler chicken (Yusrizal, 2003). Gilliland et al. 
(1985) suggested that the Prebiotic supplementation 
could have enhanced the lactobacilli count. Similar 
results have been reported by others (Mohan, 1996).   

Laying Performance:  

 Egg production percentage of laying hens fed 
0.4% (83.4%) and 0.8% (80.6%) live yeast was higher 
than the control value (74%) which was approximately 
similar to those fed with 1.2% (74.9%), 1.6% (74.6%) 
yeast in their diets. The differences between egg 
production percentages lacked significance (Table 2). 

Table (2): Effect of feeding different yeast levels on laying performance and egg components.  
Yeast Level  

Item  
0.0% 0.4% 0.8% 1.2% 1.6% 

Egg production  74.0 83.4 80.6 74.9 74.6 
Av. Egg weight (g) 63.1 61.2 62.7 64.5 61.8 
Egg mass (g egg/hen/day) 46.7 51.0 50.2 48.3 46.1 

Egg component 
Egg yolk (%) 27.3 28.1 28.8 27.6 27.7 
Egg albumin (%) 63.7 62.6 61.7 63.1 62.9 
Egg shell (%) 9.00 9.33 9.45 9.39 9.39 
Egg shell thickness (mm) 0.396b 0.425ab 0.426a 0.416ab 0.420ab 

a, b: Means with different superscripts are significantly different (P<0.05). 
 

The improvement in egg production due to low 
level of yeast inclusion is in agreement with the result 
of Kim et al., (2002); Shivani et al. (2003); Shareef and 
Al-Dabbagh (2009) who observed higher percentage of 
egg production for hens fed yeast-supplemented diets 
than the control hens.  

Average egg weight was not influenced 
significantly by adding yeast into diets. Nursoy et al.  

(2004) stated that, egg weight was not affected by 
adding yeast into diet. The improvement in egg 
production reflected on egg mass (g egg/hen/day) 
values which increased from 46.7 (control) to 51.0 and 
50.2 by adding 0.4% and 0.8% yeast level respectively, 
while the high levels of yeast (1.2% and 1.6%) 
declined egg mass value to be 48.3 and 46.1 
respectively. 

The increment in egg production and egg mass 
with 0.4% and 0.8% yeast level may be attributed to 
the antagonistic effect of yeast against harmful enteric 
microflora which may cause mal-absorption of 

nutrients. So that, adding yeast may enhance digestion, 
absorption and saving more nutrients for egg 
formation. Soliman (2003) attributed the best hen day 
egg production of hens fed dietary yeast to the decrease 
proliferation of pathogenic bacteria. The high inclusion 
of yeast level has an adverse effect on nutrient 
digestibility (Romashko, 1999). Thereby, laying 
performance was not improved due to adding of 1.2% 
or 1.6% live yeast into diet.  

Feeding Performance and Body Weight Gain: 

Feed intake values of different treated groups 
were approximately similar and lacked significance. 
Kim et al. (2002) stated that, feed intake values were 
not statistically different among yeast feeding groups 
and control. 

Feed conversion ratios (g feed/g egg) of birds 
fed with 0.4% (2.08) and 0.8% (2.07) dietary yeast 
were better than that of control (2.22), while 1.2% 
(2.24) and 1.6% (2.25) yeast levels did not show any 
improvement compared to the control. Park et al. 
(2002); Soliman (2003) and Zhang et al., (2005) 
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observed an improvement in feed conversion ratio of 
laying hens fed yeast supplemented diets.  

The slight improvement in feed conversion 
inherent with low inclusion levels of yeast (0.4% or 
0.8%) may be attributed to the improvement in 
nutrients absorption and utilization associated with 
adding yeast which reduces the proliferation of enteric 
harmful bacteria that responsible of mal-absorption 
(Table 3). Bradle and Savag (1995) observed an 
improvement in energy utilization due to feeding 

dietary yeast. Soliman (2003) reported that, 
supplementation of yeast into laying hen diets 
significantly improved digestion coefficient of crude 
protein.  

Body weight gain values of layers fed different 
yeast levels were not significantly higher than control 
(Table 3). Sharma et al. (2001) stated that, the weight 
gain of egg type chicken fed yeast supplemented diet 
was higher than those fed control diet.  

Table (3): Effect of feeding various live yeast levels on feeding performance and body weight gain. 
Yeast Level  

Item  
0.0% 0.4% 0.8% 1.2% 1.6% 

Feed intake (g/hen/day) 104.00 105.7 105.00 108.3 103.6 
Feed conversion (g feed/g egg) 2.22 2.08 2.07 2.24 2.25 
Initial body weight (g) 1475 1444 1480 1478 1481 
Final body-weight (g) 1497 1494 1540 1555 1552 
Body weight gain (g) 22 50 60 76.8 71.6 

Non-significant differences.  

 

Egg Component:  

 Incorporating of live yeast into laying hen diets 
did not influence egg albumin or egg yolk percentages 
and the difference; among treatments lacked 
significance (Table 2). Nursoy et al. (2004) did not find 
any affect on egg albumin or egg yolk of laying hens 
fed yeast-supplemented diet.  

However, egg shell percentage and egg shell 
thickness values were improved due to feeding various 
yeast levels, especially at 0.8%, when compared to the 
control group (Table 2). 

The improvement in egg shell percentage and 
egg shell thickness may be attributed to the 
enhancement of calcium absorption and retention 
associated with adding yeast into the diet (Bradly and 
Savage, 1995). Park et al. (2001) reported that, hens 
fed diets with yeast produced less soft shell and broken 
egg than control. 

Blood Constituents:  

 Blood total protein values of birds fed on 0.4% 
(3.82), 0.8% (3.65), and 1.2% yeast (3.97) were lower 
than the control (4.16) (Table 4). However, the level of 
1.6% yeast (4.33) was slightly higher than control. 
Similar results were recorded for blood albumin. There 

was no effect on blood globulins due to adding yeast to 
the diet.  

The results of blood protein did not agree with 
those obtained by Wakwak et al. (2003), who did not 
find any effect on blood protein or albumin due to 
adding yeast into growing quail diets.  

The lower values of blood proteins of birds fed 
on 0.4%, 0.8% and 1.2% yeast than the control may be 
attributed to the inhibitory effect of yeast against 
harmful intestinal microflora because harmful enteric 
bacteria secretes inflammatory agents lead to increase 
protein synthesis in liver and accordingly increased 
blood content of protein. Klasing and Austic (1984) 
observed an increase in protein synthesis in liver of 
chickens infected with Escherichia coli bacteria. 
Similar explanation can be introduced for the higher 
blood protein value of layers fed 1.6% dietary yeast, 
that the high inclusion of active live yeast may induce 
an inflammation in the small intestine wall causing 
increase in blood protein level.  

Blood cholesterol levels of layers fed yeast 
supplemented diets were lower than the control (Table 
4). Victor et al. (1993) and Endo et al., (1999) found 
that cholesterol content was lower with inclusion of 
yeast into broiler chicks’ diets. Blood total lipid was 
not affected by adding yeast into diets. 

Table (4): Effect of feeding various live yeast levels on blood constituents.  
Yeast Level  

Item  
0.0% 0.4% 0.8% 1.2% 1.6% 
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Total protein (g/dL) 4.16a 3.82ab 3.65b 3.97ab 4.33a 
Albumin (g/dL) 2.23a 1.83b 1.80b 2.08ab  2.36a 
Globulin (g/dL) 1.93 1.99 1.87 1.89 1.97 
Alb./Glob.  1.16 0.92 0.97 0.91 0.84 
Cholesterol (g/dL) 161.5a 149ab 133.7b 158.2ab 149ab 
Total lipid (mg/ dL)  418.0 395.0 396.2 437.7 423.0 

a, b: Means with different superscripts are significantly different (P<0.05). 

Ileal pH and Intestinal Bacteria:  

 Ileal content pH was not affected by adding 
active yeast into laying hens diets (Table 5). 
However, there were a reduction in digesta pH of 
layers fed yeast level of 0.8% and 1.2% which 
recorded 6.00 and 6.31 respectively against 6.58 for 
control. Dawson et al. (1990) and Gibson and  

 

 

Roberfroid, (2008) observed a reduction in 
ruminal pH value of steers fed active yeast.  

There was an effect yeast on bacterial total 
count which was sharply reduced when 
supplemented yeast level increased. The most 
reduction was recorded for the birds fed 1.6% 
live yeast (Table 5 and Fig. 1). 

 

Table (5): Effect of feeding active yeast levels on pH value of ileal content and intestinal bacteria make-up. 
Yeast Level  

Microbial Strains   
0.0% 0.4% 0.8% 1.2% 1.6% 

Ileal content pH 6.58 6.88 6.00 6.31 6.58 
Log 10 cfu./mg 

Bacterial total count  15 12.5 12.7 10.1 5.4 
Escherichia coli 7.0 2.5 3.5 2.5 2.25 
Lactobacilli sp.  6.0 4.25 15.1 10.0 8.5 
Klebsiella sp. 1 1 N.d 1 1 
Staphylococcus sp. 3 1 2 1 1 
Proteus sp. 2 1 2 1 1 
Micrococcus sp. 2 N.d 3 N.d N.d 
Combylobacter sp.  4 N.d 3  2 N.d 
Closterdium perfringers  3 N.d 2  1 N.d 

N.d: Non-dectable. 

 

 

 

 

 

 

 

 

Figure (1): Effect of yeast level on total count of E.coli and lactobacilli sp.. 
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The inhibitory effect of yeast on intestinal 
microflora had been established by Line et al. (1998); 
Wakwak et al. (2003) and Nava et al., (2005), who 
reported that, yeast has a reduction effect against 
pathogenic gut microflora. 

Count of Lactobacilli bacteria increased due to 
adding active live yeast at 0.8%, 1.2% and 1.6% into 
laying hens diets. This result confirms those of Kim 
et al. (2002), who added Pichia farinose yeast strain 
into laying hens’ diets and Park et al. (2002) and 
Kabir (2009), who included Saccharomyces cervisiae 
into broiler diets. Their results indicated an increase 
in viable count of ileal lactobacilli’s due to adding 
live yeast.  

The viable counts of Lactobacilli are inversely 
related to the pH value of ileal digesta (Table 5), 
where the reduction in pH values is associated with 
increasing Lactobacilli count. This may confirm that 
Lactobacilli bacterial grow well in slightly acidic 
media (Fuller, 2001).  

Lactobacilli bacteria secrete lactic acid which 
reduces digesta pH so the reduction in pH value may 
be due to direct action of intestinal bacilli bacteria or 
to indirect effect of yeast on increasing intestinal 
bacilli bacteria. Live yeast enriched diet led to a 
sharply reduction in pathogenic bacterial strains of 
E.coli and Campylobacter sp. These strains usually 
cause mild to moderate gastroenteritis, diarrhea and 
mal-absorption of nutrients in chickens.  

The current results are in agreement with those 
of Park et al. (2002), who stated that the counts of 
closterdium perfringer and E.coli bacteria were lower  

due to adding Sacchatomyces cervisia yeast into 
broiler chicks’ diets. The antagonistic effect of live 
yeast against intestinal microflora was elucidated by 
Line et al. (1998) and Laegreid and Bauery (2004) 
who stated that, several harmful pathogenic bacteria 
have been shown to exhibit a binding specific for the 
sugar mannose. A live yeast cells contain mannose in 
their wall. This mannose in the cell wall may cause 
the yeast to act as a decoy for the attachment of 
pathogens. Because yeast has been demonstrated not 
to permanently colonize animals, the yeast and any 
yeast-bound pathogens pass out in the bird excretion 
and bacterial colonization is diminished.  

Kabir et al., (2004) reported that probiotic 
microorganisms, once established in the gut, may 
produce substances with bactericidal or bacteriostatic 
properties (bacteriocins) such as lactoferrin, 
lysozyme, hydrogen peroxide as well as several 
organic acids. These substances have a detrimental 

impact on harmful bacteria, which is primarily 
due to a lowering of the gut pH. A decrease in 
PH may partially offset the low secretion of 
hydrochloric acid in the stomach. In addition, 
competition for energy and nutrients between 
probiotic and other bacteria may result in a 
suppression of pathogenic species. Numerous 
factors such as animal to animal variation, strain 
of yeast, and experimental procedures have 
contributed to the variation in results of yeast 
culture studies. However, the digestive 
advantages of enhanced nutrient digestibility, 
cecal fermentation and subsequent production 
parameters provide justification for nutritionists 
to continue to research yeast culture 
supplementation.  

4. Conclusion:  

It can be concluded that adding live yeast 
Saccharomyces cervisiae can enhance the 
productive performance of laying hens and 
nutrients utilization via the inhibitory effect of 
yeast against pathogenic bacteria which may 
cause mild enteritis and mal-absorption of 
nutrients. 

Probiotics constitutes now an important 
aspect of applied biotechnological research and 
therefore as opposed to antibiotics and 
chemotherapeutic agents can be employed for 
growth promotion in poultry. Scientists now are 
triggering effort to establish the delicate 
symbiotic relationship of poultry with their 
bacteria, especially in the digestive tract, where 
they are very important to the well being of man 
and poultry (Kabir, 2009). Since probiotics do 
not result in the development and spread of 
microbial resistance, they offer immense 
potential to become an alternative to antibiotics. 
The present study reveals that probiotics could be 
successfully used as nutritional tools in poultry 
feeds for promotion of growth, modulation of 
intestinal microflora and pathogen inhibition, 
immunomodulation and promoting meat quality 
of poultry.  
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ABSTRACT: To investigate the effects of a dietary 
antibiotic growth promoter (florfenicol) and a Saccha-
romyces cerevisiae fermentation product (DVAQUA) 
on growth, G:F, daily feed intake, intestinal bacterial 
community, and nonspecific immunity of hybrid tilapia 
(Oreochromis niloticus ♀ × Oreochromis aureus ♂), a 
16-wk feeding trial was conducted in a recirculating 
aquaculture system. Four feeding regimens were evalu-
ated: control, dietary florenicol (0.02 g/kg; 16 wk), di-
etary DVAQUA (0.5 g/kg; 16 wk), and sequential use 
of florenicol (0.02 g/kg; 8 wk), and DVAQUA (0.5 g/kg; 
8 wk). Each regimen had 4 replicate tanks (0.5 × 0.5 
× 0.5 m) and each tank contained 12 fish (initial BW: 
46.88 ± 0.38 g). Dietary florfenicol improved growth 
(P = 0.089), G:F (P = 0.036), and serum complement 
component concentrations (P < 0.001) of hybrid tila-
pia. However, the compound decreased the estimated 
intestinal bacterial count estimated by rpoB quantita-
tive PCR (P < 0.001) and bacterial diversity (visual 
band numbers, Shannon diversity index, and Shannon 

equitability index based on 16S rDNA V3 denaturing 
gradient gel electrophoresis fingerprints) compared 
with the control. Although sequential use of florfenicol 
and DVAQUA improved growth and G:F numerically 
to a similar extent as dietary florfenicol, and increased 
intestinal bacterial count to normal quantities, the se-
quential use of florenicol and DVAQUA decreased in-
testinal bacterial diversity (visual band numbers, Shan-
non diversity index, and Shannon equitability index) as 
well as serum complement component concentrations 
(P < 0.001) compared with their respective use and 
the control. These findings might be negatively related 
to disease control and host defense, and the sequen-
tial use of florenicol and DVAQUA should be practiced 
with caution. Feeding DAVQUA to the fish improved 
nonspecific immunity and increased intestinal bacterial 
count and bacterial diversity, but further research, in-
cluding challenge studies, should be conducted before 
recommendation of DVAQUA supplementation to hy-
brid tilapia diets.

Key words:  antibiotic growth promoter, hybrid tilapia, intestinal microbiota, nonspecific immunity, 
Saccharomyces cerevisiae fermentation product
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INTRODUCTION

The use of dietary antibiotic growth promoters in 
aquaculture has been criticized for the potential devel-

opment of antibiotic-resistant bacteria and the pres-
ence of antibiotic residues in resultant seafood products 
(Sapkota et al., 2008). Florfenicol has been approved 
for use in aquaculture in China to replace quinocetone 
since 2002 (MOA, 2002). However, no information is 
available about the effects of florfenicol on production, 
intestinal microbiota, and nonspecific immunity of fish, 
which are important factors with respect to disease con-
trol (Celli and Knodler, 2008) and host defense (Chow 
and Mazmanian, 2009).

The dietary Saccharomyces cerevisiae fermentation 
product (DVAQUA) has been reported to improve the 
growth and survival of shrimp (Litopenaeus vannamaei; 
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Burgent et al., 2004) and rainbow trout (Oncorhynchus 
mykiss; Barnes et al., 2006). Recently, it has been re-
ported that dietary DVAQUA could enhance the non-
specific immunity of hybrid tilapia (Oreochromis ni-
loticus ♀ × Oreochromis aureus ♂) and modulate the 
intestinal bacterial community, though its supplemen-
tation failed to stimulate BW gain and feed conversion 
efficiency (He et al., 2009). To reduce the use of dietary 
antibiotics and obtain satisfactory productions, some 
Chinese producers supplement the antibiotic growth 
promoter florfenicol and DVAQUA sequentially during 
the 16-wk feeding period based on the assumption that 
dietary DVAQUA can restore the intestinal bacterial 
community and the nonspecific immunity decreased by 
dietary florfenicol of the fish.

The aim of the present study was to investigate 
the effects of sequential use of dietary florfenicol and 
DVAQUA on growth, intestinal bacterial community, 
and nonspecific immunity of fish. Hybrid tilapia was 
chosen as they are a fish that is fairly easy to raise, 
fast-growing, and widely cultured in China (Lv et al., 
2007).

MATERIALS AND METHODS

The experiment was conducted under the Guidelines 
for the Care and Use of Laboratory Animals (NRC, 
1985).

Experimental Diets

Three isonitrogenous and isoenergetic experimental 
diets were formulated (Table 1). Saccharomyces cerevi-
siae fermentation product was supplied by a commer-
cial company (DVAQUA, Diamond V Mills Inc., Cedar 
Rapids, IA). According to a previous study (He et al., 
2009), the optimum amount of DVAQUA to feed, ap-
proximately 0.5 g/kg of diet, promoted nonspecific im-
munological function (serum complement component 
concentrations and head kidney macrophage phagocyt-
ic activity) of hybrid tilapia. Florfenicol (purity 99.8%) 
was supplied by another commercial company (Zheji-
ang Hisoar Pharmaceutical Co. Ltd., Taizhou, Zheji-
ang, China). The feed was processed by an extrusion 
machine (Muyan Inc., Yangzhou, Jiangsu, China) at 
120°C for 15 s (Li, 2001) and stored under dark and 
cold conditions until use. Moisture, protein, and lipid 
contents in the diets were determined as described be-
fore (Xie et al., 1997).

Feeding Trial

Juvenile hybrid tilapias (approximately 40 g) were 
obtained from a local aquaculture farm (Jiaxing, Zhe-
jiang, China). Before the experiment, the fish were ac-
climatized for 2 wk in an indoor recirculating system 
at the Zhejiang Aquaculture Station of Feed Research 

Table 1. Ingredients and chemical compositions of the experimental diets (%; as-fed basis)1 

Item Control diet
Florfenicol- 
added diet

Saccharomyces cerevisiae  
fermentation product  

(DVAQUA) added diet

Ingredient    
 Fish meal (60.2% CP) 4.00 4.00 4.00
 Intestine casing meal (55.6% CP) 4.00 4.00 4.00
 Corn gluten meal, Shandong (58.0% CP) 3.00 3.00 3.00
 Soybean meal (44.4% CP) 6.00 6.00 6.00
 Cottonseed meal (40.0% CP) 4.00 4.00 4.00
 Rapeseed meal (38.0% CP) 12.00 12.00 12.00
 Single-cell protein (73.8% CP) 4.00 4.00 4.00
 Wheat middlings (16.7% CP) 26.00 26.00 26.00
 Wheat flour (12.7% CP) 10.00 10.00 10.00
 Bentonite 2.00 2.00 1.95
 Rice bran (14.2% CP) 12.00 12.00 12.00
 Soybean oil 3.00 3.00 3.00
 Phospholipid oil 1.00 1.00 1.00
 Vital wheat gluten (75.0% CP) 4.00 4.00 4.00
 Corpuscle powder (95% CP) 2.00 2.00 2.00
 DVAQUA 0 0 0.05
 Florfenicol 0 0.002 0
 Premix2 3.00 3.00 3.00
Chemical composition    
 Moisture 5.82 4.94 5.32
 CP 32.55 32.08 31.82
 Crude lipid 5.68 5.47 5.76

1Saccharomyces cerevisiae fermentation product (DVAQUA) was supplied by Diamond V Mills Inc., Cedar Rapids, IA; florfenicol was provided 
by Hisoar Pharmaceutical Co. Ltd., Taizhou, Zhejiang, China; and other ingredients were obtained from Xinxin Feed Co. Ltd., Jiaxing, Zhejiang, 
China.

2According to Lv et al. (2007).
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Institute, Chinese Academy of Agricultural Sciences. 
After 1 d of fasting, 192 fish (46.88 ± 0.38 g) were ran-
domly and evenly distributed into 16 tanks (0.5 × 0.5 
× 0.5 m; water volume, 112.5 L) with 12 fish per tank. 
To evaluate the effects of florfenicol and DVAQUA on 
biological characteristics of cultured tilapia, 4 feed-
ing regimens were used: control (16 wk; CC), dietary 
florfenicol (16 wk; FF), dietary DVAQUA (16 wk; 
YY), and dietary florfenicol (8 wk) and subsequently 
DVAQUA (8 wk; FY). Each feeding regimen had 4 rep-
licate tanks. The fish were hand fed 1% of BW 3 times 
per day (0730, 1130, and 1730 h), and feed offered was 
adjusted weekly (He et al., 2009). Each tank was indi-
vidually aerated, and about 20% of the tank water was 
exchanged with fully aerated tap water per day. Water 
temperature and water quality were monitored during 
the feeding period: rearing temperature, 25.4 ± 1.6°C; 
dissolved oxygen, >5.0 mg of O/L; pH, 7.7 ± 0.1; NH4

+ 
N, < 0.50 mg of N/L; and NO2

– N, < 0.05 mg of N/L. 
The photoperiod was 14 h light and 10 h dark with the 
light period from 0500 to 1900 h.

The following variables were determined: BW gain 
(WG, %) = 100 × [(final BW − initial BW)/initial 
BW]; G:F = (final BW – initial BW)/feed consumed; 
ADFI, g/d = (diet consumed/d)/fish number and % 
survival = 100 × (survival number/total number).

Denaturing Gradient Gel  
Electrophoresis Analysis

After 16 wk of feeding, 5 fish from each tank were 
randomly collected for the analysis of the gut microbi-
ota. After 1 d of fasting, the fish were killed by a sharp 
blow on the head. The intestinal microbiota from each 
feeding regimen was sampled as described before (Zhou 
et al., 2009a). In the present study, pooled samples from 
20 fish (5 fish/tank × 4 tanks; each with equal weight 
of gut wall) were used for gut microbiota evaluation. 
This procedure was carried out to avoid interindividual 
variations (Spanggaard et al., 2000; He et al., 2009), 
which have been demonstrated in several previous stud-
ies (Ringø et al., 2006; Zhou et al., 2009a,b). By us-
ing pooled samples, the general trend of the intestinal 
microbiota can be presented for each feeding regimen 
and can easily be compared. The baseline samples of 
gut microbiota (BL) were collected after the acclima-
tion and 1 d of fasting. The denaturing gradient gel 
electrophoresis (DGGE) analysis of the autochthonous 
gut microbiota was carried out as described previously 
(Zhou et al., 2009a). Deoxyribonucleic acid extraction 
of gut microbiota, PCR reaction specific for bacterial 
16S rDNA V3 regions, DGGE, and sequence analysis 
were carried out as described before (Liu et al., 2008). 
The gel images were analyzed using the public domain 
NIH Image program (National Institutes of Health, 
Bethesda, MD). Lanes were individually converted to 
linear plots. Intensity of PCR product bands was equiv-
alent to peak heights and peak areas (Simpson et al., 

1999). Peak areas were calculated and converted to per-
centage of total sample area. Representative sequences 
were deposited in the NCBI database (National Center 
for Biotechnology Information, Bethesda, MD) under 
accession numbers FJ746695 to 746696 and FJ746698 
to 746715.

Relative abundance (%) was represented by the per-
centage of a specific band intensity to the total band 
intensity and defined as a statistically significant dif-
ference when the value was equal to or greater than 
1.5 fold or less than one-half (Zhou et al., 2009b). The 
Shannon diversity index, H = –∑ RAi ln (RAi), and 
Shannon equitability index, EH = H/ln (S), where RAi 
is the proportion of the ith band and S is the total 
number of visual bands, were calculated (Dethlefsen et 
al., 2008).

Cluster analysis was performed based on the un-
weighted pair-group method using the arithmetic mean 
algorithm. In this study, similarity coefficients (Cs) < 
0.60 were regarded as a statistically significant differ-
ence, 0.60 ≤ Cs < 0.85 as a marginal difference, and Cs 
≥ 0.85 was treated as similar.

Total Bacterial Count Estimated by RNA 
Polymerase β Subunit Gene  
Quantitative PCR

The total bacterial count of the pooled intestinal 
samples in each tank of a feeding regimen (n = 4) was 
estimated based on the predominant cultured bacteria 
identified by DGGE and RNA polymerase β subunit 
gene (rpoB) quantitative PCR (Dolan et al., 2009). 
Briefly, several cultured bacteria were selected based 
on the predominant microbiota present in DGGE with 
an abundance index greater than 5%. In this study, 
Pseudomonas sp. B231 (gram-negative) and Lactococ-
cus lactis ssp. lactis (gram-positive) were chosen as 
standards. Both bacterial species were cultured over-
night in Luria-Bertani medium, and the total number 
of bacteria was counted using a hemocytometer as 
described by Alongi (1988). Thereafter, each bacte-
rial strain was mixed equally at 0.5 × 108 cells/mL, 
and total genomic DNA was extracted from 1 mL of 
the combined mixture using cetyl trimethylammonium 
bromide (Griffiths et al., 2000) and lysozyme meth-
ods (Miller et al., 1999). The intestinal samples were 
thereafter precooled at –70°C for approximately 2 h 
and then freeze-dried (Martin Christ GmbH, Osterode, 
Germany) overnight. Then, DNA was extracted using 
approximately 200 mg of dried intestinal sample and 
purified as described previously. Serial dilutions of stan-
dards at 103, 104, 105, and 106 copies of the gene per re-
action were prepared for calibration. The rpoB (1 copy 
in bacteria) was used for primer design. The primers 
were rpoB1698f (5′-AACATCGGTTTGATCAAC-3′) 
and rpoB2041r (5′-CGTTGCATGTTGGTACCCAT-3′; 
Dahllof et al., 2000). The reaction mixture (20 µL) was 
prepared according to the manufacturer’s protocol: 7 
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µL of PCR-grade water, 1 µL of each primer (5 µM), 
10 µL of 2 × real-time PCR master mix (SYBR Green, 
Toyobo, Shanghai, China), and 1 µL of DNA template 
(50 ng/µL). The PCR conditions consisted of initial 
denaturation at 95°C for 5 min, 40 cycles of denatur-
ation at 95°C for 30 s, annealing at 55°C for 30 s, and 
extension at 72°C for 30 s, with a final extension step 
at 72°C for 5 min. The concentration of each standard 
in cfu/mL was input into the LightCycler 2.0 software 
using the threshold cycle value to construct a standard 
for absolute quantification analysis. The number of 
bacteria present in unknown samples (12 samples) was 
calculated based on the standard curves. Each sample 
was analyzed in at least quadruplicate.

Nonspecific Immunity Indexes

At the end of the feeding trial (16 wk), blood samples 
were obtained from the caudal vasculature by using a 
1-mL syringe and 5-gauge needle within 2 min without 
use of anesthetics (Davis and Griffin, 2004). Five fish 
were randomly chosen from each tank (n = 20). The 
blood sample of each fish was transferred into an Ep-
pendorf tube and centrifuged at 5,000 × g for 10 min 
at 4°C. The supernatant, serum, was stored at –20°C 
for lysozyme activity and complement component assay 
(He et al., 2009). After blood sampling, the head kidney 
was removed from the fish for macrophage phagocytic 
assay. Standard phagocyte isolation techniques were 
performed according to Secombes (1990), and the mac-
rophage phagocytic index was determined as described 
previously (He et al., 2009).

Statistical Analysis

Results are presented as mean ± SD. Data were sub-
jected to 1-way ANOVA to test the effects of different 
feed regimens. When significant differences were de-
tected (P < 0.10 for production or 0.05 for estimated 
intestinal bacterial count and nonspecific immunity in-
dexes), Fisher’s LSD was used to compare mean values 
among feeding regimens. All statistical analyses were 
carried out using SPSS (Aspire Software International, 
Ashburn, VA).

RESULTS

Effects of the feeding regimens on WG, G:F, ADFI, 
and percentage survival of hybrid tilapia are shown in 
Table 2. No differences were observed in ADFI or per-
centage survival of hybrid tilapia in the experiment. 
Fish in FF showed greater (P = 0.089) WG and G:F (P 
= 0.036) than those observed in CC and YY, respec-
tively. However, no differences were observed in WG 
and G:F between FF and FY.

Intestinal Bacterial Community

The Cs of the intestinal bacterial community of hy-
brid tilapia based on the PCR-DGGE fingerprints (Fig-
ure 1) are shown in Table 3. The bacterial gut commu-
nity of CC was marginally different (Cs = 0.77) from 
that of BL. Furthermore, FF (Cs = 0.67) and FY (Cs 
= 0.69) showed marginal modulation of the intestinal 
bacterial community compared with CC. However, the 
gut microbiota of YY was similar (Cs = 0.86) compared 
with the CC group. The Cs value between FY and FF 
was large (0.90), whereas Cs between FY and YY or CC 
was smaller (Cs = 0.79 or 0.69, respectively.

Twenty representative bands were retrieved from 
DGGE, in which 9 of them were unculturable bacte-
ria (Table 4). In the present study, Actinobacteria (3 
bands), Proteobacteria (11 bands), and Firmicutes (2 
bands) were the predominant bacteria in the intestine 
of hybrid tilapia. Compared with CC, FF reduced the 
intensity of 9 bands (bands 2, 7, 10, 12, 17, 18, 19, 20, 
and 21) but increased intensity of band 15. By feeding 
the fish YY, bands 13, 14, 15, and 16 showed increased 
intensity, but decreased intensity was noted for bands 
2, 17, 19, and 20. The band pattern of FY showed some 
similarity to FF except that FY increased the intensity 
of bands 1, 13, 15, and 16.

Intestinal Bacterial Diversity

Total counts of bacteria estimated by quantitative 
PCR in the tilapia intestine after 16 wk of feeding were 
greater (P < 0.001) compared with those of BL (Figure 
2a). Total counts of bacteria in the gut of FF tilapia 

Table 2. Effects of the experimental feeding regimens on the growth, G:F, and survival 
of hybrid tilapia (n = 4)1 

Item CC FF YY FY
Pooled  

SD P-value

Initial BW, g 46.71 47.04 47.06 46.95 0.43 0.669
BW gain, % 301.48a 344.05b 319.29a 333.32ab 22.20 0.089
G:F, g/g 0.65c 0.75a 0.67bc 0.72ab 0.04 0.036
ADFI, g/d 1.73 1.74 1.74 1.73 0.01 0.665
Survival, % 95.84 97.92 89.58 97.92 7.32 0.364

a–cWithin a row, means without a common superscript differ (P < 0.10).
1CC = the control (16 wk); FF = dietary antibiotics [florfenicol (Zhejiang Hisoar Pharmaceutical Co. Ltd., 

Taizhou, Zhejiang, China): 16 wk]; YY = dietary Saccharomyces cerevisiae fermentation product [DVAQUA 
(Diamond V Mills Inc., Cedar Rapids, IA); 16 wk]; FY = sequential use of dietary florfenicol (8 wk) and 
DVAQUA (8 wk).
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were less (P = 0.010) compared with CC, YY, and 
FY, respectively. However, no differences were observed 
among the CC, YY, and FY groups. Visual band num-
bers based on PCR-DGGE fingerprints in the FF and 
FY groups were less than in the CC and YY groups 
(Figure 2b). Furthermore, FF and FY decreased H and 
EH of the intestinal microbiota (Figure 2c and 2d). Al-
though FY slightly increased visual band number com-
pared with FF, the FY regimen further decreased H 
and EH compared with FF.

Nonspecific Immunity Indexes

Dietary DVAQUA (YY), FF, and FY did not affect 
serum lysozyme activity compared with CC (Figure 3a). 
However, serum complement component concentrations 
(C3 and C4) were increased (P < 0.001) in groups FF 
and YY, whereas FY showed decreased (P < 0.001) 
complement component concentrations compared with 
the other feeding regimens (Figure 3b and 3c). Head 
kidney macrophage phagocytic index for the YY group 
was the largest (P < 0.001) and that in the FY group 
was the second largest (P = 0.081), but no difference 
was observed between CC and FF (Figure 3d).

DISCUSSION

The disadvantages of using culture-dependent tech-
niques have been discussed in several previous reports; 
the techniques are time-consuming and inaccurate and 
cannot detect unculturable bacteria (Cahill, 1990; Ringø 
et al., 2006). Therefore, there has been a general trend 
toward culture-independent approaches without involv-
ing bacterial cultivation (Huber et al., 2004; Pond et 
al., 2006; Kim et al., 2007). The use of the genetic 
fingerprint method based on PCR amplification of 16S 
rDNA and DGGE in the present study provides a rapid 
survey of the intestinal microbial community in tilapia, 
and 45% (9 out of 20) of the representative bands suc-
cessfully retrieved were unculturable bacteria.

In the present study, the samples were processed 
identically for each feeding regimen, including sampling 
after 1 d of fasting at the end of the feeding trial, and 
bias could therefore be excluded when making the com-
parison. However, one should be aware that the sam-

Figure 1. Denaturing gradient gel electrophoresis profile of the 
V3–16S rDNA regions of the gut microbiota of hybrid tilapia Oreo-
chromis niloticus ♀ × Oreochromis aureus ♂. BL = baseline sample; 
CC = the control (16 wk); FF = dietary antibiotics [florfenicol (Zhe-
jiang Hisoar Pharmaceutical Co. Ltd., Taizhou, Zhejiang, China); 16 
wk]; YY = dietary Saccharomyces cerevisiae fermentation product 
[DVAQUA (Diamond V Mills Inc., Cedar Rapids, IA); 16 wk]; FY = 
sequential use of dietary florfenicol (8 wk) and DVAQUA (8 wk); 1 to 
2 and 4 to 21 = the order of the bands in the denaturing gradient gel 
electrophoresis profile.

Table 3. Pairwise similarity coefficients (Cs) matrix for intestinal bacterial community 
of hybrid tilapia under the experimental feeding regimens1 

Item BL CC FF YY FY

BL 1.00     
CC 0.77* 1.00    
FF 0.64* 0.67* 1.00   
YY 0.80* 0.86ns 0.69* 1.00  
FY 0.67* 0.69* 0.90ns 0.79* 1.00

1BL = baseline sample; CC = the control (16 wk); FF = dietary antibiotics [florfenicol (Zhejiang Hisoar 
Pharmaceutical Co. Ltd., Taizhou, Zhejiang, China): 16 wk]; YY = dietary Saccharomyces cerevisiae fermenta-
tion product [DVAQUA (Diamond V Mills Inc., Cedar Rapids, IA); 16 wk]; FY = sequential use of dietary 
florfenicol (8 wk) and DVAQUA (8 wk). Similarity coefficients (Cs): 0.60 ≤ Cs < 0.85 is regarded as a marginal 
difference (*), and Cs ≥ 0.85 is treated as similar (ns).
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pling protocol might alter the gut microbial diversity 
because animals shed the lining of the intestine when 
it is empty (Chang and Liu, 2002). We therefore sug-
gest that the effects of fasting on the gut microbiota of 
tilapia merit further investigation.

Although the intestinal microbiota of hybrid tilapia 
were sensitive to dietary florfenicol, resulting in a de-
crease of total intestinal bacterial counts and visual 
band number based on DGGE fingerprints, differences 
in the composition of intestinal bacteria as influenced 
by feeding tilapia florfenicol were observed. The rela-
tive abundance of Leifsonia sp.-like, Pseudomonas plec-
oglossicida-like, Escherichia coli-like, and 6 uncultured 
bacteria were modulated by dietary florfenicol, whereas 
Clostridium sp.-like bacteria seemed to be less affected. 
The reason why Clostridium spp. are less sensitive to 
dietary florfenicol has not been elucidated and should 
be a topic of further studies because the relationship 
between the insensitivity of clostridia and antimicro-
bial resistance is less known in fish (Akinbowale et al., 
2007).

Researchers reported previously that florfenicol had 
no effect on the antibody production and quantity 

of blood leukocytes in rainbow trout (Oncorhynchus 
mykiss Walbaum), but could suppress the chemilumi-
nescence response/phagocytic cells (granulocytes) after 
5 to 6 wk (Lunden et al., 1999). In the present study, 
we observed that serum lysozyme activity and head 
kidney macrophage phagocytic index were unaffected 
by dietary florfenicol, whereas serum complement com-
ponent concentrations were stimulated by dietary flo-
rfenicol. These results are in contrast to those reported 
by Lunden et al. (1999) in rainbow trout. The reason 
for this difference is not clear but might be due to the 
reduced supplementation (20 mg/kg) used in the pres-
ent study compared with 3,000 mg/kg used by Lunden 
et al. (1999).

In a recent study with hybrid tilapia, He et al. (2009) 
concluded that various bacteria (uncultured Mycobac-
terium sp.-like, Cetobacterium somerae-like, and un-
cultured Flavobacteria bacterium-like) were selectively 
stimulated by dietary DVAQUA, whereas Escherichia 
coli-like, uncultured bacilli-like, and Pseudomonas flu-
orescens-like bacteria were decreased. In the present 
study, the gut bacteria; Leifsonia sp.-like, Pseudomo-
nas plecoglossicida-like, and 2 uncultured bacteria were 

Table 4. Representative of bacteria or clones and their abundance isolated from the intestine of hybrid tilapia 
under the experimental feeding regimens1 

Phylogenetic  
group

Band 
No.

Accession  
No.

Relative abundance, %
Closest relative  
(obtained from BLAST search)

Identity,  
%BL CC FF YY FY

Actinobacteria 8 FJ746702 6.7 8.8 11.3 13.9 6.1 Acinetobacter sp. (FM865882.1) 100
 17 FJ746711 7.3a 5.7a 0b 1.9c 0b Leifsonia sp. (FJ772014.1) 100
 21 FJ746715 4.4a 3.3a 0b 2.8a 0b Uncultured Actinobacterium 

(AM690843.1)
100

Proteobacteria 1 FJ746695 0a 1.1b 1.9bc 2.5bc 4.6c Pseudomonas migulae (FJ715746.1) 100
 2 FJ746696 3.3a 3.2a 0b 0b 0b Pseudomonas plecoglossicida 

(EU834261.1)
100

 5 FJ746699 18.3ab 14.3ab 29.8a 18.1ab 9.5b Pseudomonas fluorescens 
(FJ787327.1)

100

 9 FJ746703 2.4 3.3 2.6 3.2 1.8 Escherichia coli (AM157447.1) 100
 10 FJ746704 0a 3.7b 0a 3.0b 0.3c Uncultured Acinetobacter sp. 

(FJ268994.1)
100

 11 FJ746705 0a 1.7b 0.8bc 1.2b 0.4c Shigella boydii (CP001063.1) 100
 12 FJ746706 5.6a 4.3ab 0c 1.5b 0c E. coli (FJ823386.1) 100
 13 FJ746707 0.3ac 0b 0b 0.2a 0.8c Uncultured Proteobacterium 

(EF701302.1)
94

 14 FJ746708 0a 0a 0a 0.8b 0a Uncultured α-Proteobacterium 
(FJ517741.1)

100

 16 FJ746710 5.7ab 5.2a 5.3a 9.5bc 9.6c Brevundimonas vesicularis 
(EU862355.1)

99

 18 FJ746712 6.3a 15a 0b 9.5a 0b Uncultured Alcaligenes 
sp.(FJ572672.1)

100

Firmicutes 15 FJ746709 1.7ab 0.4a 1.4b 2.2bc 4.7c Clostridium sp. (EU862317.1) 99
 4 FJ746698 35.0 21.4 42.1 22.1 60.7 Lactococcus lactis (FJ824739.1) 100
Unclassified 
 bacteria

6 FJ746700 2.9 4.6 4.4 4.1 2.0 Uncultured bacterium (EU777814.1) 100

 7 FJ746701 0a 3.3b 0a 3.3b 0a Uncultured bacterium (EU537702.1) 100
 19 FJ746713 0a 3.0b 0a 0a 0a Uncultured bacterium (EU539943.1) 99
 20 FJ746714 0a 1.6b 0a 0a 0a Uncultured bacterium (AY707559.1) 100

a–cWithin a row, means without a common superscript differ (see the definition of difference below).
1Difference = value (the relative abundance of a specific band) out of the range of less than 1.5 fold or larger than one-half of others in the same 

row. BL = baseline sample; CC = the control (16 wk); FF = dietary antibiotics [florfenicol (Zhejiang Hisoar Pharmaceutical Co. Ltd., Taizhou, 
Zhejiang, China): 16 wk]; YY = dietary Saccharomyces cerevisiae fermentation product [DVAQUA (Diamond V Mills Inc., Cedar Rapids, IA); 16 
wk]; FY = sequential use of dietary florfenicol (8 wk) and DVAQUA (8 wk).
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Figure 3. Effects of the experimental feeding regimens on the non-
specific immunity of hybrid tilapia. Data (mean ± SD) sharing a com-
mon letter (a–d) are not different (P < 0.05). CC = the control (16 
wk); FF = dietary antibiotics [florfenicol (Zhejiang Hisoar Pharmaceu-
tical Co. Ltd., Taizhou, Zhejiang, China); 16 wk]; YY = dietary Sac-
charomyces cerevisiae fermentation product [DVAQUA (Diamond V 
Mills Inc., Cedar Rapids, IA); 16 wk]; FY = sequential use of dietary 
florfenicol (8 wk) and DVAQUA (8 wk). a) Lysozyme [unit (U)/mL]; 
b) C3 (serum complement component C3 concentration); c) C4 (serum 
complement component C4 concentration); and d) phagocytic index.

Figure 2. Effects of the experimental feeding regimens on the in-
testinal bacterial diversity of hybrid tilapia. Data (mean ± SD) shar-
ing a common letter (a–c) are not different (P < 0.05). BL = baseline 
sample; CC = the control (16 wk); FF = dietary antibiotics [florfenicol 
(Zhejiang Hisoar Pharmaceutical Co. Ltd., Taizhou, Zhejiang, China); 
16 wk]; YY = dietary Saccharomyces cerevisiae fermentation product 
[DVAQUA (Diamond V Mills Inc., Cedar Rapids, IA); 16 wk]; FY = 
sequential use of dietary florfenicol (8 wk) and DVAQUA (8 wk). a) 
Count; b) visual band number; c) Shannon diversity index (H); and d) 
Shannon equitability index (EH).
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decreased by dietary DVAQUA, whereas Clostridium 
sp.-like and 2 uncultured bacteria were stimulated. As 
our results are different from those reported by He et 
al. (2009), we suggest that this might be due to dif-
ferent rearing conditions [i.e., the indoor recirculating 
aquaculture system with aerated tap water in the pres-
ent study compared with the net cages in a pond used 
by He et al. (2009)]. On the other hand, Zhou et al. 
(2009a) reported that autochthonous Clostridium sp.-
like bacteria were stimulated in juvenile hybrid tilapia 
fed DVAQUA in a similar recirculation aquaculture 
system as used in the present study.

Based on the work of He et al. (2009) that showed 
selective stimulation of intestinal microbiota by dietary 
DVAQUA, we put forward the hypothesis that feeding 
hybrid tilapia florfenicol for 8 wk and subsequent use 
of DVAQUA for the next 8 wk decrease the intestinal 
bacterial diversity. This hypothesis was confirmed in 
the present study that the sequential use of dietary 
florfenicol and DVAQUA could re-establish the intes-
tinal bacterial count to a normal CC level, but failed 
to re-establish microbial richness (visual band number) 
and diversity (H and EH) to the normal level. The in-
crease of Clostridium sp.-like bacteria from the sequen-
tial use of florfenicol and DVAQUA might be due to 
its insensitivity to dietary florfenicol and stimulation 
of DVAQUA, but verification merits further investiga-
tions. Some Clostridium spp. (e.g., Clostridium perfrin-
gens), have been reported to be important pathogens 
that colonize the animal gastrointestinal tract and 
cause necrotic enteritis and subclinical disease (Barba-
ra et al., 2008). The insensitivity of Clostridium sp.-like 
bacteria to dietary antibiotics observed in the present 
study could probably be ascribed to its resistance to 
dietary florfenicol (Akinbowale et al., 2007).

In summary, dietary florfenicol decreased intestinal 
bacterial count and bacterial diversity compared with 
the control. Sequential use of florfenicol and DVAQUA 
decreased intestinal bacterial diversity as well as se-
rum complement component concentrations compared 
with their respective use and the control, which might 
be negatively related to host defense. Therefore, we 
recommend that the sequential use of florfenicol and 
DVAQUA should be practiced with caution. Feeding 
hybrid tilapia dietary DVAQUA improved nonspecific 
immunity and increased intestinal bacterial count and 
bacterial diversity. However, before using DVAQUA, 
challenge studies should be included as a standard to 
assess the effects on fish health.

LITERATURE CITED

Akinbowale, O. L., H. Peng, P. Grant, and M. D. Barton. 2007. 
Antibiotic and heavy metal resistance in motile Aeromonads 
and Pseudomonads from rainbow trout (Oncorhynchus mykiss) 
farms in Australia.  Int. J. Antimicrob. Agents  30:177–182.

Alongi, D. M. 1988. Bacterial productivity and microbial biomass in 
tropical mangrove sediments.  Microb. Ecol.  15:59–79.

Barbara, A. J., H. T. Trinh, R. D. Glock, and J. G. Songer. 2008. 
Necrotic enteritis-producing strains of Clostridium perfringens 

displace non-necrotic enteritis strains from the gut of chicks.  
Vet. Microbiol.  126:377–382.

Barnes, M. E., D. J. Durben, S. G. Reeves, and R. Sanders. 2006. 
Dietary yeast culture supplementation improves initial rearing 
of McConaughy strain rainbow trout.  Aquacult. Nutr.  12:388–
394.

Burgent, J. E., K. G. Burnett, and L. E. Burnett. 2004. Disease 
resistance of Pacific white shrimp, Litopenaeus vannamaei, fol-
lowing the dietary administration of a yeast culture food sup-
plement.  Aquaculture  231:1–8.

Cahill, M. M. 1990. Bacterial flora of fishes: A review.  Microb. Ecol.  
19:21–41.

Celli, J., and L. A. Knodler. 2008. Of microbes and membranes: 
Pathogenic subversion of host cell process.  Cell Host Microbe  
4:514–518.

Chang, C. I., and W. Y. Liu. 2002. An evaluation of two probiotic 
bacterial strains, Enterococcus faecium SF68 and Bacillus toyoi, 
for reducing edwardsiellosis in cultured European eel, Anguilla 
anguilla L.  J. Fish Dis.  25:311–315.

Chow, J., and S. K. Mazmanian. 2009. Getting the bugs out of the 
immune system: Do bacterial microbiota fix intestinal T cell 
response?  Cell Host Microbe  5:8–12.

Dahllof, I., H. Baillie, and S. Kjelleberg. 2000. rpoB-based microbial 
community analysis avoids limitations inherent in 16S rRNA 
gene intraspecies heterogeneity.  Appl. Environ. Microbiol.  
66:3376–3380.

Davis, K. B., and B. R. Griffin. 2004. Physiological response of hy-
brid striped bass under sedation by several anesthetics.  Aqua-
culture  233:531–548.

Dethlefsen, L., S. Huse, M. L. Sogin, and D. A. Relman. 2008. The 
pervasive effects of an antibiotic on the human gut microbi-
ota, as revealed by deep 16S rRNA sequencing.  PLoS Biol.  
6:e280.

Dolan, A., C. Burgess, T. Barry, S. Fanning, and G. Duffy. 2009. A 
novel quantitative reverse-transcription PCR (qRT-PCR) for 
the enumeration of total bacteria, using meat micro-flora as a 
model.  J. Microbiol. Methods  77:1–7.

Griffiths, R. I., A. S. Whiteley, A. G. O’Donnell, and M. J. Bailey. 
2000. Rapid method for coextraction of DNA and RNA from 
natural environments for analysis of ribosomal DNA- and rR-
NA-based microbial community composition.  Appl. Environ. 
Microbiol.  66:5488–5491.

He, S., Z. Zhou, Y. Liu, P. Shi, B. Yao, E. Ringø, and I. Yoon. 2009. 
Effects of dietary Saccharomyces cerevisiae fermentation prod-
uct (DVAQUA®) on growth performance, intestinal autochtho-
nous bacterial community and non-specific immunity of hybrid 
tilapia (Oreochromis niloticus ♀ X O. aureus ♂) cultured in 
cages.  Aquaculture  294:99–107.

Huber, I., B. Spanggaard, K. F. Appell, L. Rossen, T. Nielsen, and 
L. Gram. 2004. Phylogenetic analysis and in situ identification 
of the intestinal microbial community of rainbow trout (Onco-
rhynchus mykiss, Walbaum).  J. Appl. Microbiol.  96:117–132.

Kim, D. H., J. Brunt, and B. Austin. 2007. Microbial diversity of 
intestinal contents and mucus in rainbow trout (Oncorhynchus 
mykiss).  J. Appl. Microbiol.  102:1654–1664.

Li, Q. 2001. Analysis of the processing technology for expanded 
aquafeed.  Chin. Food Feed Proc.  8:18–19.

Liu, Y., Z. Zhou, B. Yao, P. Shi, S. He, H. L. Benjamisen, and E. 
Ringø. 2008. Effect of intraperitoneal injection of immunostim-
ulatory substances on allochthonous gut microbiota of Atlantic 
salmon (Salmo salar L.) determined using denaturing gradient 
gel electrophoresis.  Aquacult. Res.  39:635–646.

Lunden, T., S. Miettinen, L. G. Lonnstrom, E. M. Lilius, and G. 
Bylund. 1999. Effect of florfenicol on the immune response of 
rainbow trout (Oncorhynchus mykiss).  Vet. Immunol. Immu-
nopathol.  67:317–325.

Lv, H., Z. Zhou, F. Rudeaux, and F. Respondek. 2007. Effects of 
dietary short chain fructo-oligosaccharides on intestinal micro-
flora, mortality and growth performance of O. nilotica ♀ × O. 
aurea ♂.  Chin. J. Anim. Nutr.  19:691–697.

Antibiotic and fermentation product and tilapia 91

 by guest on March 4, 2012jas.fass.orgDownloaded from 



Miller, D. N., J. E. Bryant, E. L. Madsen, and W. C. Ghirose. 1999. 
Evaluation and optimization of DNA extraction and purifica-
tion procedures for soil and sediment samples.  Appl. Environ. 
Microbiol.  65:4715–4724.

MOA. 2002. MOA Announcement No. 168. Ministry of Agriculture, 
Beijing, P.R. China. Accessed Sep. 10, 2010. http://www.cadc.
gov.cn/Html/2008-3-31/4207_4332_2008-3-31_10127.html. 

NRC. 1985. Guide for the Care and Use of Laboratory Animals. 
Publication No. 85–23. rev. Natl. Inst. Health Press, Washing-
ton, DC.

Pond, M. J., D. M. Stone, and D. J. Alderman. 2006. Compari-
son of conventional and molecular techniques to investigate the 
intestinal microflora of rainbow trout (Oncorhynchus mykiss).  
Aquaculture  261:193–203.

Ringø, E., S. Sperstad, R. Myklebust, S. Refstie, and Å. Krogdahl. 
2006. Characterisation of the microbiota associated with the 
intestine of Atlantic cod (Gadus morhua L.). The effect of fish 
meal, soybean meal and a bioprocessed soybean meal.  Aqua-
culture  261:829–841.

Sapkota, A., A. R. Sapkota, M. Kucharski, J. Burke, S. McKenzie, 
P. Walker, and R. Lawrence. 2008. Aquaculture practices and 
potential human health risks: Current knowledge and future 
priorities.  Environ. Int.  34:1215–1226.

Secombes, C. J. 1990. Isolation of salmonid macrophages and analy-
sis of their killing activity. Page 137 in Techniques in Fish Im-

munology. J. S. Stolen, T. C. Fletcher, D. P. Anderson, B. S. 
Roberson, and W. B. van Muiswinkel, ed. SOS Publications, 
Fair Haven, NJ.

Simpson, J. M., V. J. McCracken, B. A. White, H. R. Gaskins, 
and R. I. Mackie. 1999. Application of denaturant gradient gel 
electrophoresis for the analysis of the porcine gastrointestinal 
microbiota.  J. Microbiol. Methods  36:167–179.

Spanggaard, B., I. Huber, J. Nielsen, T. Nielsen, and L. Gram. 2000. 
Proliferation and location of Vibrio anguillarum during infec-
tion of rainbow trout, Oncorhynchus mykiss (Walbaum).  J. 
Fish Dis.  23:423–427.

Xie, S., Y. Cui, Y. Yang, and J. Liu. 1997. Energy budget of Nile 
tilapia (Oreochromis niloticus) in relation to ration size.  Aqua-
culture  15:57–68.

Zhou, Z., S. He, Y. Liu, P. Shi, G. Huang, and B. Yao. 2009a. The 
effects of dietary yeast culture or short-chain fructo–oligosac-
charides on the intestinal autochthonous bacterial communities 
in juvenile hybrid tilapia Oreochromis niloticus ♀ × O. aureus 
♂.  J. World Aquacult. Soc.  40:450–459.

Zhou, Z., Y. Liu, S. He, P. Shi, X. Gao, B. Yao, and E. Ringø. 2009b. 
Effects of dietary potassium diformate (KDF) on growth per-
formance, feed conversion and intestinal bacterial community of 
hybrid tilapia (Oreochromis niloticus ♀ × O. aureus ♂).  Aqua-
culture  291:89–94.

He et al.92

 by guest on March 4, 2012jas.fass.orgDownloaded from 



Use of the bacteria Streptococcus faecium and

Lactobacillus acidophilus, and the yeast

Saccharomyces cerevisiae as growth promoters in

Nile tilapia (Oreochromis niloticus)

Maurilio Lara-Flores a,*, Miguel A. Olvera-Novoa a,
Beatrı́z E. Guzmán-Méndez b, Wilberth López-Madrid b
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Abstract

This study evaluated the effects of three types of probiotics, two bacteria and one yeast on growth

performance in Nile tilapia. Three diets were formulated containing the optimum protein level (40%)

for tilapia fry: one supplemented at 0.1% with a bacterial mixture containing Streptococcus faecium

and Lactobacillus acidophilus; a second supplemented at 0.1% with the yeast Saccharomyces

cerevisae; and a third, a control diet without supplements. Two additional diets were formulated to

contain 27% protein to serve as a stress factor, and were supplemented at 0.1% with either the

bacterial probiotic mix or the yeast. The diets were fed for 9 weeks to tilapia fry stocked in 20-l tanks

at two densities: a high density of 20 fry per tank as a stress factor; and a low density of 10 fry per

tank. Results indicate that the fry fed with diets with a probiotics supplement exhibited greater

growth than those fed with the control diet. Of the four probiotic treatments, the 40% protein diet

supplemented with yeast produced the best growth performance and feed efficiency, suggesting that

yeast is an appropriate growth-stimulating additive in tilapia cultivation.
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1. Introduction

The demand for animal protein for human consumption is currently on the rise and is

largely supplied with terrestrial farm animals. Aquaculture, however, is an increasingly

important option in animal protein production. This activity requires high-quality feeds

with high protein content, which should contain not only necessary nutrients but also

complementary additives to keep organisms healthy and favor growth. Some of the most

utilized growth-promoting additives include hormones, antibiotics, ionophores and some

salts (Fuller, 1992; Góngora, 1998; Klaenhammer and Kullen, 1999). Though these do

promote growth, their improper use can result in adverse effects in the animal and the final

consumer, as well as lead to resistance in pathogenic bacteria in the case of antibiotics.

Though probiotics are widely used in poultry and swine rearing, little has been done to

incorporate them into aquaculture. Thus, this study was designed to evaluate the use of a

bacteria mix containing Streptococcus faecium and Lactobacillus acidophilus, and the

yeast Saccharomyces cerevisiae, as probiotic supplements in diets for Nile tilapia fry.

2. Materials and methods

The experiment was conducted for 9 weeks, using 3-week old Nile tilapia (Oreochro-

omis niloticus, 152.3 mg average weight) fry obtained from the Aquaculture Laboratory of

CINVESTAV in Mérida, Yucatán, Mexico.

The experimental system was a closed recirculation system consisting of 40 self-

cleaning 20-l plastic tanks, sedimentation tanks, a biological filter and a UV filter to

prevent cross-contamination of microorganisms between treatments. The system was

installed in an environment-controlled laboratory maintained at 22 jC, with a photoperiod

of 12 h light and 12 h darkness. Water in the system was maintained at a temperature of 28

jC with two 2000-W bayonet-titanium heaters, and the dissolved oxygen level was

controlled by adjusting water flow into each tank to 1 l min� 1. For water quality control,

temperature and dissolved oxygen were measured daily, and weekly analyses were done of

total ammonium, nitrite, nitrate and pH levels, using standard methods (APHA, 1989). The

following values (F S.D.), appropriate for tilapia cultivation, were used: temperature,

28.83F 0.45 jC; dissolved oxygen, 6.17F 1.64 mg l � 1; pH, 8.46F 0.32; ammonia,

0.07F 0.02 mg l � 1; nitrite, 0.07F 0.03 mg l� 1; nitrate, 5.93F 0.61 mg l� 1.

2.1. Experimental diets

Five isocaloric diets were formulated: three containing 40% protein, and two with 27%

protein. The lower protein in the latter diets was used as a stress factor because at this

growth stage, the optimum protein level for tilapia is 40% (Tacon, 1984). A commercial

probiotic for terrestrial vertebrates based on S. faecium and L. acidophilus (ALL-LACk,

AllTech, Nicholasville, KY) was added to one of the 40% protein diets (ALL40) and one

of the 27% protein diets (ALL27). The yeast (S. cerevisiae, BioSafk, SafAgri, Minne-

apolis, MN) was added to separate 40% (Y40) and 27% (Y27) protein diets. Finally, a

control diet was formulated with 40% protein and no supplements (CON40). To all five
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diets, 0.5% chromic oxide was added as a marker for determining digestibility. Table 1

shows diet formulation and proximate composition.

Population density in the tanks was also used as a stress factor, under the assumption

that overpopulation is one of the main growth-inhibiting factors in intensive aquaculture

systems. To this end, 20 tanks were stocked at a density of 10 organisms per tank (one fry

per 2 l) and the other 20 tanks at 20 organisms per tank (one fry per liter). All fry had

similar average initial weights. The different diet formulations were assigned within the

tanks in each density set so that for each protein level there were four diets within each

density category. The animals were allowed to adapt to the experimental system for a

week, and fed with a conventional diet, after which time the different treatments were

randomly assigned to the tanks, with four replicates per treatment.

Feed was manually administered ad libitum four times a day, for 9 weeks. A daily

record was kept of feed offered. Bulk weight was measured weekly to follow growth in

weight and calculate survival and feeding ration. Briefly, the fish were taken from each

tank using a net previously disinfected with a 1% benzalkonium chloride solution. This

was then passed over fabric towels to eliminate excess moisture and the fish weighed on an

electronic balance. Every third day, each tank was partially cleaned and the water partially

changed. Once a week, the same day bulk weight measurement was done, the tanks were

completely cleaned and a total change of water in the system carried out.

Beginning in the third week of the experiment, feces were collected by siphoning the

tank 30 min after the second daily feeding to minimize leaching. Scales were removed

Table 1

Formulation and proximate composition of experimental diets

Ingredients (%) Diets

CON40 ALL40a Y40b ALL27 Y27

Anchovy fish meal 54.23 54.23 54.23 36.60 36.60

Cod liver oil 0.00 0.00 0.00 1.85 1.85

Soybean oil 3.26 3.26 3.26 6.40 6.40

Yellow corn starch 34.50 34.40 34.40 47.04 47.04

Mineral premixc 1.50 1.50 1.50 1.50 1.50

Vitamin premixd 3.00 3.00 3.00 3.00 3.00

Carboxy methyl cellulose 3.00 3.00 3.00 3.00 3.00

Chromic oxide 0.50 0.50 0.50 0.50 0.50

Probiotic 0.00 0.10 0.10 0.10 0.10

Proximate composition (% wet weight)

Moisture 7.30 6.63 6.48 7.27 7.43

Crude protein 39.56 39.92 37.91 25.84 26.49

Ether extract 8.02 8.04 7.47 9.53 9.69

Ash 9.55 10.14 9.77 9.17 9.32

Nitrogen-free extract 34.03 33.53 36.55 44.53 43.04

Gross energy (kJ g� 1) 19.954 19.753 20.087 19.830 19.920

a ALL=Bacterial mixture.
b Y=Yeast.
c Jauncey and Ross, 1982.
d Tacon, 1984.
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from the collected feces, the feces was oven dried at 105 jC for 24 h, and then stored in

hermetic containers under refrigeration until analysis.

2.2. Chemical analyses

Proximate chemical analyses were made of diet ingredients and a sample of fish at the

beginning and end of the experiment according to standard methods (A.O.A.C., 1992).

Gross energy in the feed was determined by combustion in a Parr adiabatic calorimeter. To

evaluate digestibility, the chromic oxide content of each diet and the collected feces were

analyzed using the acid digestion method (Furukawa and Tsukahara, 1966). Protein

content was also determined for the feces to assess protein digestibility.

2.3. Statistical methods

Growth performance and feed utilization efficiency parameters were statistically

compared using a one-way ANOVA (P < 0.05), and differences among means were

identified using the Duncan Multiple Range Test. Analyses were carried out with the

STATISCA ver. 4.3 (1993) and StatGraphics Plus ver. 2.1 (1996) computer softwares.

Arcsin transformations were done when necessary.

3. Results

Of the five experimental diets and the two density categories, the 40% protein diet

supplemented with yeast administered to the 10-fry density treatment (Y40/10) produced

the best growth rate (Table 2). All the diets supplemented with yeast showed better results

than those with the microbial mixture and control diets, though ALL27/10 and ALL27/20

showed similar responses to Y27/20. The four diets ALL40/10, ALL40/20, CON40/10

and CON40/20 had the lowest growth performance.

Table 2 shows growth and feed utilization data. Fish fed with the CON40/10 and

CON40/20 diets had statistically lower survival than those fed with probiotic-supple-

mented diets (P < 0.05). The highest survival was recorded with the probiotic treatments.

The addition of yeast to the diets with optimum protein content (40%) administered in

the low organism density tanks (Y40/10) produced the best growth (individual weight

gain, IWG; specific growth rate, SGR), with values statistically higher than the other

treatments (P < 0.05). The diets supplemented with probiotics produced an IWG and SGR

significantly higher than the control diets (P < 0.05).

The ALL40/10 treatment had the statistically highest feed conversion ratio of the

probiotic-supplemented diets, though all the other probiotic-supplemented diets had feed

conversion ratios significantly lower than those for the control diets (P < 0.05). The best

conversion ratio was recorded for the Y40/20, Y40/10, Y27/20 and ALL27/20 treatments.

In general, fish fed with the diets supplemented with yeast showed better feeding

efficiency than those fed with diets containing the bacterial mixture.

The Protein Efficiency Ratio (PER) was significantly higher in the treatments contain-

ing 27% protein supplemented with probiotics and administered to tilapia at high densities
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Table 2

Growth and feeding performance of fish fed diets supplemented with probiotics

Mean values1 Diets

CON40/10 CON40/20 Y40/10 Y40/20 Y27/10 Y27/20 ALL40/10 ALL40/20 ALL27/10 ALL27/20 F S.E.M.2

Survival (%) 75.00ab 64.81a 87.50bc 92.59c 91.67bc 96.29c 91.67bc 85.18bc 95.83c 85.18bc 5.163

Initial mean weight (g) 0.156a 0.152a 0.154a 0.150a 0.156a 0.149a 0.151a 0.148a 0.153a 0.156a

Final mean weight (g) 1.285a 1.439a 6.164d 4.570bc 4.831c 4.026bc 1.910a 2.081a 4.145bc 3.826c 0.264

SGR (% day� 1)4 3.33a 3.57a 5.80d 5.43c 5.46cd 5.24c 4.03b 4.19b 5.23c 5.10c 0.119

FCR6 3.113e 3.260e 1.430abc 1.010a 1.620bc 1.170ab 4.130f 2.220d 1.620bc 1.170ab 0.153

PER 0.830ab 0.780ab 1.890c 2.640d 2.260c 3.170e 0.610a 1.140b 2.230c 3.380e 0.121

CND7 0.442a 0.482a 1.902c 2.402d 2.227cd 3.150e 0.565a 1.035b 2.422d 3.472e 0.136

ANU (%)8 13.58a 12.44a 30.35c 42.70d 32.95c 47.30d 9.62a 19.27b 32.95c 47.51d 1.843

AOMD (%)9 89.59bc 71.30a 96.18cd 96.90cd 90.27c 92.97cd 75.35a 84.78b 97.16d 97.10d 2.967

APD (%)9 94.28cd 68.79a 97.75cd 98.46d 91.78c 96.21cd 95.53cd 84.78b 97.16cd 98.25d 2.686

3Individual weight gain, IWG (mg day� 1) = 1000[(S weekly WG)/time (days)].
5Individual feed intake, IFI (mg day� 1) = 1000[(S weekly FI)/time (days)].

1 Values with the same superscript in the same row are not statistically different ( P < 0.05).
2 Standard error, calculated from the mean-square error of the ANOVA.
4 Specific Growth Ratio, SGR (% day� 1) = 100 ((log final b.w. � log initial b.w.)/time(days)).
6 FCR= IFI/IWG.
7 Carcass N deposition, CND (mg day� 1) = 1000[(final body weight� percent final carcass protein)� (initial weight� percent initial carcass protein)]/100/time

(days)/6.25.
8 Apparent N utilization, ANU(%) = 100(CND/N intake).
9 Apparent organic matter and protein digestibility.
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Table 3

Carcass proximate composition of fish fed diets supplemented with probiotics

Composition (%) Initial Diets

CON40/10 CON40/20 Y40/10 Y40/20 Y27/10 Y27/20 ALL40/10 ALL40/20 ALL27/10 ALL27/20

Moisture 81.09 73.36a 74.26a 73.40a 73.09a 73.46a 74.10a 73.85a 73.19a 73.70a 73.90a

Crude protein 11.80 15.61bc 15.72bc 15.83bc 16.22c 14.72ab 14.55ab 15.39bc 16.39c 15.50bc 13.77a

Crude lipid 3.06 5.64a 7.76bc 8.37c 7.03b 10.25d 9.86d 7.84bc 7.32bc 9.50d 10.21d

Ash 2.46 3.49a 3.76cd 3.56b 3.54a 3.72c 3.81d 3.73c 3.55ab 3.52a 3.85d

Values with the same superscript in the same row are not statistically different ( p > 0.05).
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(Y27/20 and ALL27/20) than in other treatments (Table 2). The lowest PER was recorded

for the ALL40/10 and the control treatments. For these same fish, Apparent Nitrogen

Utilization (ANU) was significantly greater in comparison with the other treatments. The

lowest apparent biological value was observed in the control diets, with results signifi-

cantly lower than those obtained with the diets including probiotics.

In general, Apparent Organic Matter Digestibility (AOMD) and Apparent Protein

Digestibility (APD) values were variable among the treatments. The maximum value was

seen in the ALL27/10 treatment, though this was not statistically different from the ALL27/

20, Y40/10 and Y40/20 treatments. In contrast, digestibility results for the control diets,

mainly CON40/20, were lower than those for the probiotic-supplemented diets, but APD for

the low population control treatment (CON40/10) showed better results than those for

CON40/20, suggesting an adverse effect of overcrowding on digestibility performance.

No statistical differences were observed in carcass moisture content between treatments

(Table 3). Differences were observed in carcass protein content, with the highest value

recorded in fish fed with the ALL40/20 and Y40/20 diets, which were statistically different

from values produced in the ALL27/20, Y27/20 and Y27/10 treatments. Carcass protein

was clearly related to dietary protein, with the lowest values in fish fed with the 27%

protein diets. Carcass lipid content was also affected by dietary protein content, with the

highest values in the 27% protein treatments, which were statistically different from the

40% protein treatments. The lowest overall lipid content was recorded for the CON40/10

treatment, which was statistically different from all other treatments. Statistical differences

were observed also in the carcass ash content among the fish fed with the different diets,

but it was not possible to establish a relation of this parameter with the protein level, fish

density or with the type of probiotic used in each treatment.

4. Discussion

All the probiotic-supplemented diets resulted in growth higher than that of the control

diets, suggesting that the addition of probiotics mitigated the effects of the stress factors. This

resulted in better fish performance, with better growth results in the diets supplemented with

the yeast. Similar results were observed by Vázquez-Juárez et al. (1993) when yeast isolated

from the intestines of wild rainbow trout was introduced into the digestive tracts of domestic

rainbow trout, producing a significant increase in the growth of the cultured trout. In

contrast, the use of the bacterial mixture in the optimum protein diets at either density caused

no significant growth increases when compared to the control and yeast treatments. These

results may be explained by the greater adaptive capacity of yeasts in aquatic environments

in contrast to bacteria such as Lactobacillus and Streptococcus. It is also necessary, however,

to consider the possibility of interspecies differences, as suggested by Noh et al. (1994), who

studied the effect of supplementing common carp feeds with different additives, including

antibiotics, yeast (S. cerevisiae) and bacteria (S. faecium). They observed better growth

response with probiotic-supplemented diets, but obtained the best growth with a bacterium,

not a yeast. Similar results were reported by Bogut et al. (1998), who fed common carp diets

supplemented with S. faecium, reporting that the bacterium has a better probiotic additive for

carp than yeast, clearly in contrast to the present results for tilapia.
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The best FCR values observed with probiotic-supplemented diets suggest that addition

of probiotics improved feed utilization even under stress conditions, with yeast being the

most effective of the supplements tested in the present study. Similar results have been

reported for probiotics use in diets for piglets (Gil, 1998a). In practical terms, this means

that probiotic use can decrease the amount of feed necessary for animal growth which

could result in production cost reductions.

The PER and ANU results indicate that supplementing diets with probiotics

significantly improves protein utilization in tilapia. This contributes to optimizing protein

use for growth, a significant quality given that protein is the most expensive feed

nutrient. The improvement in the biological value of the supplemented diets in those

treatments with high population and low dietary protein demonstrated that the probiotics

supplements performed more efficiently in stress situations (Ringo and Gatesoupe,

1998).

The better digestibility obtained with the supplemented diets suggests that the

addition of probiotics improved diet and protein digestibility, which may in turn explain

the better growth and feed efficiency seen with the supplemented diets. Similar results

were obtained by De Schrijver and Ollevier (2000), who reported a positive effect on

apparent protein digestion when supplementing turbot (Scophthalmus maximus) feeds

with the bacteria Vibrio proteolyticus. They attribute this effect to the proteolytic activity

of bacteria. The lower digestibility values for the CON40/20 treatment support this

supposition. It may also indicate that high density had adverse effects on digestibility in

the control diets, resulting in lower growth in the fish receiving these diets. Similar

effects have been reported for terrestrial animals in which digestibility is shown to

increase considerably with the use of a probiotic in the diet (Bougon et al., 1988;

Rychen and Nunes, 1994; Gil, 1998b). The results of the present study suggest the same

effect in aquatic organisms. To confirm this, more research is needed using other

ingredients and protein sources because costs can be reduced by using cheaper proteins

with higher digestibility.

It can be concluded that the addition of 0.1% probiotics in tilapia fry diets improves

animal growth, and mitigates the effects of stress factors. The two bacterial strains used in

the present study were effective in stimulating fish performance, though the yeast

produced the best results, being the most viable option for optimizing growth and feed

utilization in intensive tilapia culture. Feed utilization was highest in tilapia fry fed with

the yeast-supplemented diets, meaning the nutrients were more efficiently used for growth

and energy. Based on these results, use of a 0.1% supplement of yeast in tilapia fry feeds is

recommended to stimulate productive performance. Further research is needed to deter-

mine the most appropriate supplement levels for optimum growth results in larger animals

at a commercial scale.
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Abstract

Two separate feeding trials were conducted to evaluate graded levels of dried brewers yeast in the

diet of hybrid striped bass. A basal diet was formulated to contain 40% protein, 10% lipid and an

estimated digestible energy level of 3.5 kcal/g. In Trial 1, three incremental levels of dried brewers

yeast (1%, 2% and 4% of diet) were added to the basal diet in place of cellulose. In Trial 2, the same

levels of brewers yeast were added to the basal diet, but menhaden fish meal and menhaden oil were

adjusted to provide isonitrogenous and isolipidic diets. Each diet was fed to three (Trial 1) or four

(Trial 2) replicate groups of juvenile hybrid striped bass twice daily at rates approximating apparent

satiation for 6 or 8 weeks. After the second feeding trial, a Streptococcus iniae bath challenge was

executed to test the effects of diet on disease resistance.

Enhanced weight gain and feed efficiency were generally observed in fish fed the diets

supplemented with yeast compared to the basal diet in both trials. In the second trial, body

composition of whole fish, hemocrit and serum lysozyme levels were observed to be within normal

ranges and not influenced by the various dietary treatments. After 9 weeks of feeding in the second

trial, exposure to S. iniae resulted in no mortality and reduced signs of disease in fish fed diets

supplemented with 2% and 4% brewers yeast, while 20% mortality was observed in fish fed the

control diet (P= 0.1).

In the second trial, blood neutrophil oxidative radical production, extracellular and intracellular

superoxide anion production of head kidney macrophages and serum lysozyme were measured after

16 weeks of feeding each diet. Fish fed the diet with 2% brewers yeast were found to have

significantly (P < 0.01) higher blood neutrophil oxidative radical and extracellular superoxide anion

production of head kidney macrophages than control fish. However, no significant differences in

intracellular superoxide anion and serum lysozyme were observed among the treatments.
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Based on the result of this study, it is concluded that brewers yeast positively influenced growth

performance and feed efficiency of hybrid striped bass as well as resistance to S. iniae infection. In

addition, results of immune response assays demonstrate that brewers yeast can be administered for

relatively long periods without causing immunosuppression.

D 2003 Elsevier Science B.V. All rights reserved.

Keywords: Hybrid striped bass; Brewers yeast; Saccharomyces cerevisiae; Immune response; Bacterial resistance;

Streptococcus iniae

1. Introduction

Hybrid striped bass production is considered to be the fastest growing segment of the

U.S. aquaculture industry over the past decade and is poised to become a global seafood

delicacy in the 21st century (Harrell and Webster, 1997; Kohler 2000). However, one

major constraint to hybrid striped bass aquaculture is suboptimal production efficiency

stemming from intrinsically high sensitivity to various stressors and susceptibility to

infectious agents during normal aquacultural production. Although viral diseases are not a

primary threat to fish culture activity thus far, heavy economic loss may be caused by other

pathogenic organisms, including bacteria, fungus and protozoan ectoparasites (Kohler,

2000).

In recent years, there have been growing concerns about the adverse effects of the

bacterium Streptococcus iniae in the aquaculture of many economically important marine

and freshwater fish species including rainbow trout (Eldar and Ghittino, 1999), Nile tilapia

(Bowser et al., 1998), hybrid tilapia (Perera et al., 1997), yellowtail (Kaige et al., 1984),

Japanese flounder (Nguyen et al., 2001a,b), hybrid striped bass (Sealey and Gatlin,

2002a), red drum (Eldar et al., 1999; Colorni et al., 2002), rabbitfish Siganus (Yuasa et al.,

1999) and even wild fishes (Colorni et al., 2002). This bacterium may cause heavy losses

from mortality, reduced growth and unmarketable appearance in various fish species.

Unfortunately, hybrid striped bass is one of the most susceptible fish to S. iniae infection.

S. iniae is also associated with acute cellulitis in humans. Although some reports suggest

that the fish and human S. iniae might be genetically different (Dodson et al., 1999), all

reported occurrences of the human disease were associated with puncture wounds or

abrasions and handling of infected fish or contaminated water (Greenlees et al., 1998).

Therefore, an effective preventive strategy is not only needed to limit economical loss in

aquaculture, but also to protect the health of aquaculturists and fish processing workers.

In aquaculture, traditional methods for treating infective pathogens include a limited

number of government-approved antibiotics and chemotherapeutics. However, the dis-

advantages such as marginal effectiveness and high cost are obvious (Sealey and Gatlin,

2001). These treatments also may cause the accumulation of chemicals in the environment

and/or fish, thus posing potential threats to consumers and the environment. An alternative

strategy, besides vaccine development, is nutritional modulation of immune responses and

disease resistance of aquaculture species. Research on the subject of nutritional modu-

lation, especially evaluation of natural extracts or synthetic compounds, which may

enhance the immune responses and disease resistance of hybrid striped bass, is still in
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its infancy. In the United States, because there is no therapeutic approved by the U.S. Food

and Drug Administration specifically for hybrid striped bass, research on this topic is of

special urgency.

Yeast by-products from the brewing industry are natural diet additives that have been

shown to positively influence non-specific immune responses (Siwicki et al., 1994;

Anderson et al., 1995) as well as growth (Rumsey et al., 1991; Oliva-Teles and Goncalves,

2001) of some fish species. However, yeast products have not been investigated with

hybrid striped bass. In addition, doses and time of administration have been recognized to

have important effects on immunostimulant function, and efficacy of oral administration of

immunostimulants has been reported to decrease over time (Sakai, 1999). The present

study was conducted to determine the effects of graded levels of brewers yeast

Saccharomyces cerevisiae on growth performance, body composition and resistance to

S. iniae infection in hybrid striped bass. In addition, the efficacy of long-term oral

administration of brewers yeast was explored by comparing various immune responses.

2. Materials and methods

2.1. Experiment 1

An initial feeding trial was conducted to evaluate growth performance of hybrid striped

bass fed graded levels of brewers yeast. The basal diet of Keembiyehetty and Gatlin

(1997), which utilized menhaden meal as the protein source, was modified to contain 40%

protein, 10% lipid and an estimated digestible energy level of 3.5 kcal/kg (Table 1). This

diet satisfied and/or exceeded all known nutrient requirements of hybrid striped bass

(Gatlin, 1997) or other warmwater fishes (National Research Council, 1993). Dried

brewers yeast (BrewtechR) was supplied by International Ingredient Corporation (St.

Louis, MO, USA). Three incremental levels (1%, 2% and 4% of diet) were added to the

control diet in place of cellulose. Procedures for diet preparation and storage were as

previous described (Rawles and Gatlin, 1998).

Juvenile hybrid striped bass (Morone saxatilis�M. chrysops) were obtained from a

commercial supplier (Keo Fish Farm, Keo, AR) and maintained indoors at the Texas A&M

University Aquacultural Research and Teaching Facility prior to the feeding trial. Fish

were then graded by size and groups of 10 fish with a total weight of 253F 5 g/group were

stocked into 110-l aquaria. The basal diet was fed to all fish in 110-l aquaria during a 1-

week conditioning period. Water flow rate were maintained at approximately 650 ml/min

via a recirculating system, which maintained water quality through mechanical and

biological filtration (Sealey and Gatlin, 2002a). Salinity was maintained at 2.5–3.5x
using well water and synthetic sea salt (Fritz Industries, Dallas, TX, USA). Low-pressure

electrical blowers provided aeration via air stones and maintained dissolved oxygen (DO)

levels at or near saturation. Water temperature was at 26F 1 jC throughout the trial and a

12-h light:12-h dark photoperiod was maintained with fluorescent lights controlled by

timers.

Each diet was fed to fish in triplicate groups at 3% of body weight daily, except during

the last week of the trial, in which feeding rate reduced to 2.5% of body weight. The
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feeding trial was conducted for 6 weeks. Group weights of fish in each aquarium were

obtained weekly and feed amounts adjusted accordingly. At the end of both feeding trials,

three representative fish from each aquarium were anesthetized with tricaine methane

sulfonate (MS-222), and approximately 0.5 ml of blood was collected from the caudal

vasculature using a 1-ml syringe and 27-gauge needle for hematocrit determination.

2.2. Experiment 2

The second feeding trial was conducted to further evaluate growth responses of hybrid

striped bass fed graded levels of brewers yeast as well as some of their immune responses.

The basal diet formulation was the same as one in Experiment 1. Three incremental levels

of dried brewers yeast (1%, 2% and 4% of diet) were added to the basal diet and cellulose,

menhaden meal and menhaden oil were adjusted to provide isonitrogenous and isolipidic

diets (Table 2).

Prior to initiation of this feeding trial, juvenile hybrid striped bass obtained from Keo

Fish Farm were subjected to a 2-week conditioning period to adjust to standardized

regimes in a recirculating culture system consisting of 38-l aquaria (Gaylord and Gatlin,

2000). Water was maintained in the system at 25F 1 jC and was provided to each

aquarium at a rate of 500 ml/min. Salinity was maintained to 1.5–2x. Optimal water

quality (DOz 6 mg/l, total ammonia nitrogen V 0.3 mg/l) was maintained by biofiltration

and aeration as in Experiment 1. Groups of 15 juvenile hybrid striped bass weighing

Table 1

Composition of experimental diets in Experiment 1

Constituent Basal diet Yeast supplementation (%)

1 2 4

Ingredient (% dry weight)

Menhanden fish meala 59.0 59.0 59.0 59.0

Dextrinb 22.5 22.5 22.5 22.5

Menhaden oila 3.7 3.7 3.7 3.7

Mineral premixc 3.0 3.0 3.0 3.0

Vitamin premixc 4.0 4.0 4.0 4.0

Carboxymethyl celluloseb 2.0 2.0 2.0 2.0

Celluloseb 5.8 4.8 3.8 1.8

Brewers yeastd 0 1 2 4

Proximate analysis (% dry matter)

Dry matter 88.5 92.6 92.4 92.5

Crude protein (N� 6.25) 39.8 40.8 40.7 42.1

Crude lipid 11.2 10.4 10.8 10.4

Ash 14.2 14.0 14.5 14.4

a Omega Protein, Reedville, VA. Menhaden fish meal contained 67.8% protein and 10.7% lipid at a dry-

weight basis.
b US Biochemical, Cleveland, OH.
c Same as Gaylord and Gatlin (2000).
d International Ingredient Corporation, St. Louis, MO. Brewers yeast contained 50.7% crude protein and 2%

crude lipid (dry-weight basis).
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approximately 9.7 g/fish were stocked into individual aquaria such that initial weight

averaged 142F 5 g/group. Each experimental diet was fed to four replicate groups of fish

for 8 weeks. All groups were fed their respective diets at the same fixed rate (initially 5%

of body weight per day and gradually reduced to 3%). This rate was adjusted each week to

maintain a level approaching apparent satiation. Fish were fed in the morning and evening,

7 days each week. Growth and feed efficiency were monitored weekly by collectively

weighing each group of fish.

At the end of this feeding trial, three representative fish from each aquarium were

anesthetized with MS-222, and blood collected as previously described for Experiment 1.

After a sample of whole blood was taken for hematocrit determination, serum was isolated

by centrifugation (3000� g for 5 min) and kept at � 80 jC for lysozyme assay (Engstad

et al., 1992). After bleeding, the fish were frozen for whole body composition analysis

(Rawles and Gatlin, 1998).

An additional 30 fish previously fed each of the experimental diets for a total of 9

weeks were exposed to an estimated LD50 dose of S. iniae. A virulent isolate of S. iniae

originally obtained from the brain of an infected tilapia (Oreochromis sp.) was biochemi-

cally identified and provided by the Texas Veterinary Medicine Diagnostic Laboratory.

The bacterial suspension was prepared according to the method described by Sealey and

Gatlin (2002b) and diluted to a concentration of 2.6� 105 CFU/ml in fresh well water.

Thirty fish from each dietary treatment, pooled separately in mesh baskets, were immersed

in the bacterial suspension for 2 h. After bacterial exposure, the 30 fish from each dietary

Table 2

Composition of experimental diets in Experiment 2

Constituent Basal diet Yeast supplementation (%)

1 2 4

Ingredient (% dry weight)

Menhanden fish meala 57.9 57.2 56.4 55.0

Dextrinb 24.9 25.1 25.0 24.9

Menhaden oila 2.4 2.4 2.5 2.7

Mineral premixc 3.0 3.0 3.0 3.0

Vitamin premixc 4.0 4.0 4.0 4.0

Carboxymethyl celluloseb 2.0 2.0 2.0 2.0

Celluloseb 5.8 5.3 5.1 4.4

Brewers yeastd 0 1.0 2.0 4.0

Proximate analysis (% dry matter)

Dry matter 89.6 88.5 88.6 88.8

Crude protein (N� 6.25) 40.4 40.5 40.7 40.7

Crude lipids 9.6 9.0 9.5 9.2

Ash 14.2 14.4 14.4 14.2

a Omega Protein, Reedville, VA. Menhaden fish meal contained 69% protein and 13.2% lipid at a dry-weight

basis.
b US Biochemical, Cleveland, OH.
c Same as Gaylord and Gatlin (2000).
d International Ingredient Corporation, St. Louis, MO. Brewers yeast contained 50.7% crude protein and 2%

crude lipid (dry-weight basis).
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treatment were divided into three groups of 10 and placed into 38-l aquaria in an isolated

culture system that received a constant supply of well water at 25F 1 jC. Fish continued

to be fed their respective diets to apparent satiation twice daily and mortality was

monitored for 2 weeks. The brains of dead fish were streaked on modified selective agar

(Nguyen and Kanai, 1999) to confirm death from S. iniae.

After the second feeding trial and diseases challenge, additional fish continued to be

fed each experimental diet to apparent satiation for a total of 16 weeks. After this

extended feeding trial period, four fish from each treatment were bled from the caudal

vasculature. Neutrophil oxidative radical production was determined following the

procedure described by Siwicki et al. (1994). Absorbance was converted to Nitro Blue

Tetrazolium (NBT) units based on a standard curve of NBT diformazan per milliliter of

blood. Serum samples were separated as described above for lysozyme assay (Engstad et

al., 1992). Also, after 16 weeks, eight fish per treatment were euthenized and head kidney

samples were taken for macrophage isolation and assay of extracellular and intracellular

superoxide anion. This assay followed the procedure of Sealey and Gatlin (2002a). The

amount of extracellular superoxide anion was calculated from the formula: nmol super-

oxide anion/well=(Dabsorbance after 60 min� 100)/6.3 (Pick and Mizel, 1981).

Data from both feeding trials and the bacterial challenge were subjected to analysis of

variance and Duncan’s multiple range test using the Statistical Analysis System (SAS,

1985). Differences in treatment means were considered significant at P < 0.05.

3. Results

3.1. Experiment 1

In Experiment 1, hybrid striped bass fed the diets supplemented with 1% and 2%

Brewtech dried brewers yeast had up to 20% more weight gain compared to fish fed the

basal diet during the course of the feeding trial (Table 3). However, fish fed the diet

supplemented with 4% brewers yeast had weight gain similar to fish fed the basal diet and

Table 3

Performance of hybrid striped bass fed diets containing various amounts of dried brewers yeast for 6 weeks in

Experiment 1a

Dietary brewers

yeast (%)

Weight gain

(% of initial weight)b
Feed efficiency

(g gain/g feed)

Survival

(%)

Hematocrit

(%)

0 86 0.41 85 37.7

1 104 0.54 96.7 44.4

2 98 0.51 93.3 39.3

4 85 0.48 100 37.6

Pr>F c 0.26 0.15 0.24 0.28

Pooled se 8.51 0.038 3.97 5.23

a Values represent means of three replicate groups except the basal diet that had two replicate groups.
b Fish initially averaged 25.3 g.
c Significance probability associated with the F statistic.

P. Li, D.M. Gatlin III / Aquaculture 219 (2003) 681–692686



responses of fish fed the various diets were not significantly different. One replicate group

of fish fed the control diet also was excluded from analysis because of mortality

experienced during weighing due to toxicity from net disinfectant. Survival and hema-

tocrits of fish in all other replicates were high and not affected by diet (Table 3).

3.2. Experiment 2

In Experiment 2, weight gain, feed efficiency and survival of fish fed all experimental

diets were excellent (Table 4). In this experiment, however, dietary effects on weight gain

tended to be significant at P < 0.1, and fish fed the diets with 1% and 4% brewers yeast had

the highest gain. Hematocrits of fish fed the various diets were not significantly affected

by diet (Table 4). Serum lysozyme was highly variable in hybrid striped bass in

Experiment 2 (Table 4), with no significant effects of dietary yeast supplementation

observed. Whole body composition of hybrid striped bass was not significantly affected by

the dietary supplementation of brewers yeast in Experiment 2 (Table 5).

Table 4

Performance of hybrid striped bass fed diets containing various amounts of dried brewers yeast for 8 weeks in

Experiment 2a

Dietary brewers

yeast (%)

Weight gain

(% of initial weight)b
Feed efficiency

(g gain/g feed)

Survival

(%)

Hematocrit

(%)

Lysozyme

(103 units/l)

0 396 0.91 98.3 44.6 939

1 418 0.96 98.3 49.4 811

2 388 0.93 98.3 44.1 811

4 413 0.93 93.3 45.8 712

Pr >F c 0.10 0.19 0.24 0.36 0.50

Pooled se 8.14 0.013 3.97 2.08 165

a Values represent means of four replicate groups.
b Fish initially averaged 9.7 g.
c Significance probability associated with the F statistic.

Table 5

Body composition of hybrid striped bass fed diets containing various amounts of dried brewers yeast for 8 weeks

in Experiment 2a

Dietary brewers Moisture (%) % Fresh weight

yeast (%)
Protein Lipid Ash

0 68.9 17.1 8.4 4.1

1 69.2 17.2 7.8 4.3

2 68.1 17.6 7.8 4.5

4 69.4 17.1 8.3 4.2

Pr >F b 0.512 0.057 0.516 0.250

Pooled se 0.14 0.37 0.16 0.064

a Values represent means of composite samples of three fish from each of four replicate groups except the

basal diet and 2% brewers yeast supplementation group that had three replicate groups.
b Significance probability associated with the F statistic.
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3.3. S. iniae challenge

The controlled exposure of hybrid striped bass to a virulent strain of S. iniae at the end

of the feeding trial in Experiment 2 resulted in limited mortality after the challenge (Fig.

1). Fish fed diets with 2% and 4% Brewtech brewers yeast did not experience mortality,

while 20% and 10% mortality was observed in fish fed the control diet and 1% brewers

yeast supplemented diet, respectively, although differences in survival were not statisti-

cally significant.

3.4. Immune responses after long-term administration

After 16 weeks of feeding the diet in Experiment 2, neutrophil oxidative radical

production, serum lysozyme, intracellular and extracellular superoxide anion of head

Fig. 1. Percent cumulative survival of hybrid striped bass fed incremental levels of brewers yeast (1%, 2% and

4%) for 9 weeks and subsequently exposed to S. iniae bath ( P= 0.1). Symbols represent means of three replicate

tanks per treatment. Pooled S.E. was 5.77.

Table 6

Blood neutrophil oxidative radical production (NBT test), serum lysozyme, intracellular superoxide anion

production of head kidney macrophages and extracellular superoxide anion production of hybrid striped bass after

long-term (16-week) oral administration of graded levels of brewers yeast in Experiment 2a

Dietary brewers

yeast (%)

NBT test

(mg ml� 1)

Lysozyme

(unit ml� 1)

Intracellular superoxide

anion (O.D. at 620 nm)

Extracellular superoxide

anion (nmol O2
�)

0 1.99c 1246.7 0.897 2.679c

1 2.59ab 1073.3 1.039 3.694b

2 3.09a 965 1.293 4.511ab

4 2.31bc 1155 1.091 4.86a

Pr>F b 0.004 0.19 0.466 0.006

Pooled se 0.083 0.013 0.062 0.123

a Values in a column that do not have the same superscript are significantly different at PV 0.05 based on

Duncan’s multiple range test.
b Significance probability associated with the F statistic.
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kidney phagocytic cells were tested (Table 6). Significant differences (P < 0.01) in

neutrophil oxidative and extracellular superoxide anion of head kidney phagocytic cells

were observed among fish fed control diet and yeast-supplemented diets.

4. Discussion

Single cell proteins, including yeast and bacteria, have been viewed as promising

substitutes for fishmeal in fish diets. Researchers have evaluated the nutritional value of

brewers yeast S. cerevisiae in lake trout (Rumsey et al., 1990), rainbow trout (Rumsey et

al., 1991) and sea bass (Oliva-Teles and Goncalves, 2001) by comparing growth

performance, feed efficiency, liver uricase and nitrogen retention. Based on these studies,

brewers yeast could replace up to 25–50% of fish meal protein without adversely affecting

growth of these species. In the present study, brewers yeast was evaluated for its potential

as an immunostimulant at relatively low inclusion levels.

In Experiment 1, the fish were not in optimal condition as reflected in chronic, low-

level mortality (as high as 15%). Dietary supplementation of brewers yeast, especially at

1%, tended to improve the growth and health of fish in that experiment. In Experiment 2,

weight gain, feed efficiency and survival of fish fed all diets were excellent. The fishes’

high state of health and optimal environmental conditions may have limited potential

expression of dietary effects on fish performance.

Hemocrits of fish fed the various diets in Experiments 1 and 2 were variable, but within

normal ranges (Hrubec et al., 2001; Sealey and Gatlin, 2002c) and highest for fish fed 1%

brewers yeast. Differences in fish size may have accounted for some of the differences in

hematocrit values observed between experiments. Serum lysozyme, which is one measure

of non-specific immunity, was highly variable in hybrid striped bass in both experiments.

The average lysozyme levels in the present study were within the range reported by Sealey

and Gatlin (2002c).

Although Streptococcicosis is attracting more attention, information on effect of

nutrition on resistance to this disease is limited. Matsuyama et al. (1992) observed

intraperitoneal injection of h-1,3-glucan derived from Schizophyllum commune and

Sclerotium glucanicum could significantly enhance the percent survival of yellowtail after

Streptococcus sp. challenge. However, for the present, few strategies other than vacci-

nation have been proven to enhance resistance to S. iniae infection of any fish species.

There is some evidence that antibiotic treatment has been ineffective (Klesius et al., 2000).

After exposure to S. iniae in Experiment 2, hybrid striped bass fed diets with 2% and 4%

brewers yeast did not experience mortality, while 20% mortality was observed in fish fed

the control diet. Constant disease signs were observed including dermal hemorrhages

around the mouth, base of fins and anus, erratic swimming, dark skin pigmentation and

slow acceptance or refusal of feed, which are similar to those of tilapia described by Perera

et al. (1994, 1997) and Evans et al. (2000). However, noticeable better feeding and less

dark skin pigmentation were generally observed in fish fed diets with 2% and 4% yeast

supplementation.

Some reports (Matsuo and Miyazano, 1993; Sakai, 1999) have indicated that long-term

oral administration of immunostimulants to fish may induce immunosuppression. To
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determine this phenomenon in hybrid striped bass, after 16 weeks of feeding, non-specific

immune responses including blood neutrophil oxidative radical production, serum lyso-

zyme, extracelluar and intracellular superoxide anion of head kidney macrophages were

tested. Significant differences (P < 0.01) in blood neutrophil oxidative radical production

and extracellular superoxide anion of head kidney phagocytic cells were observed among

fish fed the basal diet and yeast-supplemented diets. These results confirm early reports

(Siwicki et al., 1994; Anderson et al., 1995) on effects of dietary brewers yeast on immune

responses including neutrophil oxidative radical production and serum immunoglobulin

level in rainbow trout. No significant differences of serum lysozyme and intracellular

superoxide anion of phagocytic cells were observed among fish. The intracellular super-

oxide anion and extracellular superoxide anion of head kidney phagocytic cells of fish fed

the basal diet were observed to be similar to that of Sealey and Gatlin (2002b,c).

Brewers yeast is a source of nucleic acids and polysaccharides including glucans. h-
1,3-glucans have been recognized to effectively enhance immune functions of many

aquaculture species including African catfish (Yoshida et al., 1995), Atlantic salmon

(Engstad et al., 1992), rainbow trout (Jorgensen et al., 1993; Siwicki et al., 1994) and

shrimp Penaeus monodon (Thanardkit et al., 2002). h-1,3-Glucan is generally viewed as

the factor in brewers yeast with a known immunological mechanism (Gannam and

Schrock, 2001). Sakai et al. (2001) reported that the nucleotides from brewers yeast

RNA were capable of enhancing the phagocytic and oxidative activities of kidney

phagocytic cells, serum lysozyme in common carp as well as resistance to Aeromonas

hydrophila. Burrells et al. (2001) also reported that dietary nucleotides, extracted from

brewers yeast, could enhance resistance to various pathogenic infections in Atlantic

salmon. However, the extent to which RNA in brewers yeast contributes to the beneficial

influences of dietary brewers yeast on immune responses and resistance to S. iniae

infection of hybrid striped bass is not clear.

It was concluded that brewers yeast positively influenced growth performance and feed

efficiency of hybrid striped bass as well as resistance to S. iniae infection. In addition,

results of immune response assays demonstrate that brewers yeast can be administered for

relatively long periods without causing immunosuppression.
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note

There is an urgent need to improve agricultural practices to 
ensure that food production is balanced with environmental 

sustainability. Globally, many high-production crop systems are 
characterized by low nutrient-use efficiency, with only ~30 to 50% 
of the applied N and P fertilizers acquired by crops. Consequently, 
up to 10-fold more fertilizer is applied than is recovered by crops 
(Robinson et al., 2011; Tilman et al., 2002; Zhang et al., 2012). 
Overfertilization of crop plants causes off-site pollution of hydro-
sphere, atmosphere, and pedosphere, results in a loss of biota, and 
threatens the integrity of ecosystems and global biogeochemical 
cycles (Gruber and Galloway, 2008; Rockström et al., 2009). To 
promote long-term soil fertility, next-generation crop systems will 
increasingly rely on nutrient-carrying materials to supplement or 
replace synthetic N and natural deposit–derived fertilizers.

While synthetic and mineral fertilizers rely on limited natural 
resources petroleum, phosphate rock, and potassium salts, organic 
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ABSTRACT
It has been previously demonstrated that dicot-
yledonous plants perform rhizophagy, a pro-
cess in which live microbial cells are engulfed by 
root cells and digested to acquire the nutrients 
from the microbes. Here we tested the hypoth-
esis that rhizophagy is a mechanism of nutrient 
acquisition that is not restricted to dicotyledon-
ous plants. We report that the monocotyledon-
ous species sugarcane (Saccharum officinarum 
x spontaneum), grown in controlled axenic con-
ditions, incorporated yeast cells into root cells. 
This suggests that rhizophagy is an evolution-
arily conserved trait that predates the diver-
gence of dicot and monocot species. To explore 
the potential relevance and practical application 
of rhizophagy, we investigated brewers’ yeast 
(Saccharomyces cerevisiae), a waste product 
of the brewing industry, for its role as biofertil-
izer. The addition of live or dead yeast to fertil-
ized soil substantially increased the nitrogen (N) 
and phosphorus (p) content of roots and shoots 
of tomato (Solanum lycopersicum) and young 
sugarcane plants. Yeast addition to soil also 
increased the root-to-shoot ratio in both spe-
cies and induced species-specific morphologi-
cal changes that included increased tillering in 
sugarcane and greater shoot biomass in tomato 
plants. These findings support the notion that 
brewers’ yeast is a cost-effective biofertilizer 
that improves not only plant nutrition but also 
plant vigor during the early growth phase. It 
remains to be established which yeast-derived 
substances trigger the observed plant growth 
effects, and how rhizophagy contributes to 
plant nutrient acquisition.
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materials are available as by-products of various industries. 
In the United States alone, ~1 billion tonnes of organic and 
inorganic agricultural recyclable by-products are generated 
annually (Edwards and Someshwar, 2000). It is not surprising 
then that there is much interest in improving plant nutrient 
supply with recycled materials (Conyers and Moody, 2009).

There is also much interest in harnessing the benefits 
of plant-growth-promoting microorganisms for sustain-
able crop production (reviewed by Vessey, 2003). Micro-
organisms can promote plant growth and health through a 
range of mechanisms, including supplying plants with bio-
logically fixed nitrogen, phytohormones, volatiles, defense 
compounds, and enzymes (Bajwa et al., 1985; Kuklin-
sky-Sobral et al., 2004; Lugtenberg and Kamilova, 2009; 
Reinhold-Hurek and Hurek, 1998; Ryu et al., 2003; Tim-
musk and Wagner, 1999). Further, we showed that whole 
bacteria and yeast cells are taken up and used as nutrient 
sources by dicotyledonous species Arabidopsis thaliana and 
tomato (Solanum lycopersicum) (Paungfoo-Lonhienne et al., 
2010b). We termed the ability of roots to incorporate and 
digest microbes ‘rhizophagy’ to reflect the apparent active 
uptake mechanism of this process (Paungfoo-Lonhienne et 
al., 2013). While the mechanisms involved in rhizophagy 
remain to be characterized, it appears to be a trait that is 
not restricted to taxa with mycorrhizal or diazotrophic 
symbioses because we also observed it in nonmycorrhizal 
Arabidopsis (Paungfoo-Lonhienne et al., 2010b). It is cur-
rently not known whether rhizophagy contributes signif-
icantly to plant nutrient acquisition. Here we tested the 
hypothesis that rhizophagy is a general trait of angiosperms 
and examined in controlled conditions if a monocotyle-
donous species can acquire yeast cells.

Following from this, we then evaluated possible prac-
tical applications of supplying microbes to plants. Disposal 
of yeast waste generated by the brewing and fermenta-
tion industries is problematic and costly and requires tech-
nologies for recycling (Blonskaja and Zub, 2009; Kobya 
and Delipinar, 2008; Zak, 2005). Formulations based on 
organic wastes, including brewers’ yeast, are considered 
fertilizers in organic and conventional agriculture (e.g., 
www.faqs.org/patents/app/20090173122, accessed 27 
Dec. 2013), and numerous organic and microbial-based 
fertilizers are available to primary producers. However, 
it is unclear how these materials affect plant growth. Our 
second aim was therefore to explore how yeast addition 
affects growth and nutrient acquisition of sugarcane and 
tomato plants in soil culture.

MATERIAlS ANd METHOdS
Saccharomyces cerevisiae Expressing  
Green Fluorescent Protein and  
Brewery Waste yeast
The preparation of yeast (Saccharomyces cerevisiae) expressing  
green fluorescent protein  (GFP) (GFPyeast) is detailed in (Paungfoo- 

Lonhienne et al., 2010b). Briefly, a single colony of GFPyeast 
clone TDH3 (YGR192C) (Invitrogen) expressing glyceralde-
hyde-3-phosphate dehydrogenase fused to GFP was used to 
inoculate in 1 L of yeast-extract peptone dextrose (YPD) liquid 
media, and the culture was grown for 48 h at 28°C. Cells were 
harvested and used immediately.

Brewers’ yeast was cultured in 20 L YPD for 1 wk at room 
temperature. The supernatant was discarded and the remaining 
yeast suspensions of 2 L were used for the experiments. 800 mL of 
yeast suspension were centrifuged (3000 rpm, 2 min) and washed 
twice with deionized water. The pellet was dissolved in 800 mL 
water (0.12 g pellet/mL water) and divided into two parts. Half 
of the dissolved material was applied as “living yeast” to soil. The 
second half was boiled for 15 min in a microwave and applied to 
soil as “dead yeast.” Water derived from the final wash of living 
yeast cells was used as the “water control treatment.”

Plant Growth Conditions
Micropropagated commercial sugarcane (Saccharum sp., Q322) 
seedlings produced from apical meristem were used in this study. 
The tissue was grown on petri dishes containing Murashige 
and Skoog (MS, Murashige and Skoog, 1962) medium solidi-
fied by 3.2 g L-1 of phytagel (Sigma) at 28°C, light intensity 
at 400 µmol m-2 sec-1 with a 16-h day and 8-h night regime. 
The fully developed seedlings were obtained after 3 mo with 
several subcultivations. Tomato seeds (variety ‘Grosse Liese’) 
were surface-sterilized with 70% ethanol for 1 min followed 
by rinsing with sterile water. The tomato seeds were sterilized 
with 5.25% NaClO plus 0.1% Tween 20 for 30 min and rinsed 
five times with sterilized water. The seeds were germinated in 
darkness for 2 d on 0.5X MS agar plates. Tomato seedlings were 
grown for 1 wk in a growth room under the same conditions 
described for sugarcane above.

Uniform sugarcane and tomato seedlings were trans-
planted to 4-L plastic pots containing University of Califor-
nia (UC) potting mix C containing fertilizer II with readily 
available nitrogen plus a moderate reserve of nitrogen, pH 
6.5 (Matkin and Chandler, 1957). Nutrients in the fertilizer 
II included (per pot): blood and bone (N–P–K: 8–5–1), 6 g; 
potassium nitrate, 1 g; potassium sulphate, 0.5 g; and super-
phosphate, 6 g. All treatments received additional 16 g (per 
pot) complete fertilizer (N–P–K: 15–9-12 with micronutrient 
blend), a standard application as instructed by the company 
(Osmocote Exact, Scotts). Longevity of Osmocote is 3 to 4 
mo, which covered the growth period of sugarcane and tomato 
in the experiment. In total, the amount of N, P, and K from 
the two sources of fertilizers corresponded to 3.02, 3.34, and 
2.59 g per pot, respectively.

Pots were supplied with 6 g wet weight of either living 
or dead brewers’ yeast as described above. Controls received 
water from the final wash of living yeast cells (50 mL per pot). 
Each pot contained one seedling, and each treatment consisted 
of eight pots (replications). Plants were watered daily with tap 
water and grown for 10 wk (sugarcane) or 4 wk (tomato) in 
the glasshouse. At harvest, plant seedlings were separated into 
roots and shoots, and roots were washed free of soil, rinsed with 
tap water, and rinsed three times in 0.5 mM CaCl2 to remove 
contamination from surfaces. Plants were dried at 60°C for 5 
d, weighed, homogenized, and analyzed for elemental content. 
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localization inside living root cells (Supplementary Movie 
1). These results are in accordance with previous findings in 
tomato and Arabidopsis plants (Paungfoo-Lonhienne et al., 
2010b). Furthermore, a gradual loss in GFP fluorescence was 
observed following uptake of yeast cells by roots, indicating 
that yeast cells are broken down in root cells and that their 
cell contents, including GFP, were degraded and presumably 
absorbed by root cells. These observations suggest that, in 
the controlled conditions of the experiment, sugarcane plants 
supplied with living yeast cells can acquire nutrients directly 
from yeast cells.

To test the effect of yeast addition to soil, we grew 
sugarcane and tomato plants in soil amended with fertil-
izer and dead or live yeast. Both plant species are impor-
tant agricultural crops and evolutionarily diverged at least 
140 million years ago (Chaw et al., 2004). Tomato plants 
grown in soil in the presence of living yeast increased root 
biomass by 56% compared with controls cultivated with-
out yeast supplementation. Similarly, sugarcane plants 
supplied with living yeast produced 47% more root bio-
mass (Fig. 2). Although shoot biomass was unaltered in 
sugarcane, the addition of yeast significantly (P < 0.05) 
enhanced tiller numbers by at least 23% (Fig. 3).

The enhanced root:shoot ratio in sugarcane and 
tomato plants supplemented with yeast is consistent with 
increases in root:shoot ratios observed in plants supplied 
with organic sources of N and P, including amides, amino 
acids, small peptides, and DNA (Cambui et al., 2011; Mat-
subayashi and Sakagami, 1996; Paungfoo-Lonhienne et al., 
2010a; Soper et al., 2011; Walch-Liu et al., 2006; Yamak-
awa et al., 1998). Previous studies have found that organic 
compounds from various sources, including microbes, can 
enhance root and plant growth (reviewed by Paungfoo-
Lonhienne et al., 2012). Therefore, it is feasible that the 
growth-enhancing effect of yeast supplementation that we 
observed does not require the yeast to be alive.

Nitrogen concentrations were determined by combustion 
using a LECO TruSpec CHN analyzer, and phosphorus was 
analyzed with a Varian Vista Pro ICPOES instrument on sam-
ples digested with 5:1 nitric:perchloric acid.

uptake of yeast by Sugarcane Roots
To assess uptake of yeast by sugarcane, axenic sugarcane seed-
lings (see above) were grown vertically on 0.5X MS plates (see 
above) for 2 wk before incubating with 1 mL of GFPyeast solu-
tion overnight (cell density of 2 A600 units). At harvest, roots 
were washed with deionized water and analyzed by confocal 
laser scanning microscopy (CLSM). A confocal laser scanning 
microscope (CLSM, Zeiss LSM510 META, Carl Zeiss) was 
used with 10X dry, 20X water immersion objectives, and 40X 
and 60X oil immersion objectives. Green fluorescent protein 
was visualized by excitation with an argon laser at 488 nm and 
detection with a 505- to 530-nm band-path filter.

Statistical Analysis
Statistical analyses were performed using ANOVA, Tukey’s 
Multiple Comparison post hoc test (GraphPad Prism4, Graph-
Pad Software, Inc.).

RESulTS ANd dISCuSSION
The prevalence of microbes in soil suggests that plants that 
can access microbes as a source of nutrients have a selective 
advantage. Currently, only dicotyledonous plants are known 
to employ rhizophagy; however, we hypothesized that rhi-
zophagy is a much more common mechanism of nutrient 
acquisition among plant species. Therefore, we examined 
if an agriculturally important monocotyledonous species 
(sugarcane) can incorporate microbes into their roots. Sug-
arcane plants were supplied with yeast cells that constitu-
tively express green fluorescent protein (GFPyeast) to visual-
ize yeast cells with confocal microscopy. We observed that 
root cells incorporated yeast cells (Fig. 1), and movement 
of yeast cells with cytoplasmic streaming confirmed their 

Figure 1. Uptake of yeast (Saccharomyces cerevisiae) expressing green fluorescent protein (GFP) (GFPyeast) by axenic sugarcane 
(Saccharum officinarum x spontaneum) roots monitored by confocal laser scanning microscopy. Plants were grown on 0.5X Murashige 
and Skoog medium for 2 wk before adding GFPyeast and incubated overnight. A–c show the presence of yeast cells inside plant cells. 
A is the bright field image, B is the fluorescent image, and c is the combined image of A and B. A file of this image showing cytoplasmic 
streaming of yeast inside sugarcane root cells is presented in the supplementary movie.
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To test this possibility, we supplied the plants with 
heat-killed yeast and examined the effects on plant growth. 
Sugarcane and tomato plants supplied with dead yeast cells 
displayed a similar increase in root biomass as plants sup-
plied with living yeast (Fig. 2). These results indicate that 
the root-growth-promoting property of yeast occurs with 
living and dead cells. Interestingly, tomato plants provided 
with dead yeast produced more biomass than plants sup-
plied with living yeast. A likely explanation is that nutrient 
uptake from heat-killed yeast is more efficient than from 
living yeast, possibly because the dead yeast cells release 
their contents into the soil, which can then be acquired 
through various nutrient transporters in the root cells.

Beyond substituting synthetic fertilizer as shown in our 
experiment, beneficial microbes can improve plant nutrition 
and vigor (Vale Barreto Figueiredo et al., 2011). Beneficial 
microbes stimulate plant vigor and growth via direct and 
indirect mechanisms that include solubilization of essential 
elements from soil and the production of phytohormones, 
volatiles, and defense compounds (Bajwa et al., 1985; Kuk-
linsky-Sobral et al., 2004; Lugtenberg and Kamilova, 2009; 
Reinhold-Hurek and Hurek, 1998; Ryu et al., 2003; Tim-
musk and Wagner, 1999). Thus, the increase in root:shoot 
ratio observed in yeast-supplied plants may be the result of 
the plant using organic forms of yeast-derived N and P as 
well as plant growth enhancing substances.

N and P control plant growth and development, and 
their availability is closely linked with productivity and 
yield. Sugarcane and tomato plants supplied with dead 
or living yeast displayed a significant increase in N and 
P content in roots (Fig. 2). Similarly, N and P content 
increased in shoots of plants supplied with dead yeast 
(tomato) and living yeast (tomato and sugarcane) (Fig. 
2), indicating that plants acquire N and P from yeast in 
either state. Beneficial soil bacteria retain soil organic N 
and other nutrients in the plant–soil system and enhance 
release of the nutrients (Hayat et al., 2010). Our experi-
ment shows that microbial supplementation is a means of 
enhancing plant growth, health, and, in the case of sug-
arcane, tillering. Whether rhizophagy contributes to the 
observed benefits conveyed by yeast is unclear. The results 
from this study indicate that while plants can perform 
rhizophagy, it is likely to be an energetically expensive 
mechanism and therefore unlikely to be a major mecha-
nism of nutrient acquisition when soil nutrients are read-
ily available. Future research is required to determine the 
ecological relevance of rhizophagy in the context of the 
availability of soil nutrients.

While yeast waste generated by the brewing indus-
try may represent an ecologically sustainable means of 
stimulating crop growth, techniques have to be devised 
to achieve consistent benefits in field conditions. Plant-
growth-promoting microorganisms are increasingly 
applied as biofertilizer, yet causal understanding is lacking 

Figure 2. Plant dry weight and n and P content of sugarcane 
(Saccharum officinarum x spontaneum) (A,c,e) and tomato (So-
lanum lycopersicum) (B,D,F) grown in fertilized soil amended with 
dead or living brewers’ yeast (Saccharomyces cerevisiae). control 
plants received water from the final wash of living yeast cells. Sug-
arcane was grown for 10 wk and tomato for 4 wk. compared with 
control treatments, biomass of sugarcane and tomato roots was 
significantly higher in yeast treatments, and dry weight of tomato 
shoots was higher in the dead yeast treatment. Root n and P con-
tent of sugarcane and tomato were higher than controls in both 
yeast treatments, while n and P contents of sugarcane shoots 
were higher in living yeast treatment and tomato shoots higher in 
dead yeast treatment. Bars represent averages and SeM of eight 
plants. Different letters indicate significant differences at P < 0.05, 
(AnOVA, Tukey’s Multiple comparison post hoc test).
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Abstract
The immunostimulatory role of an orally administered yeast cell wall preparation from
Saccharomyces cerevisiae (NutrifermTM) was assessed in the Indian major carp, rohu (Labeo
rohita). Fish were fed a diet containing the preparation for 15 days and then returned to the con-
trol diet for 20 days. Non-specific immunity was assessed at the end of the experimental feed-
ing period (day 0) and on days 10 and 20. In vitro oxidative radical production, phagocytosis of
leukocytes, nitrite production, and proliferation of lymphocytes were determined. All four para-
meters remained stable in control fish but, in fish fed the supplemented diet, reached a peak on
day 10 and remained higher than in the control until day 20, indicating that ingestion of the diet
containing the yeast cell wall preparation for 15 days had significant immunostimulatory effects. 

Introduction
Immunostimulants play a significant role in
aquaculture health management strategies.
Immunostimulants include biological and syn-
thetic compounds that activate white blood
cells (leukocytes) and enhance non-specific
cellular and humoral defense mechanisms in
animals. Such agents are used to rectify
impaired immune function and stabilize the
improved status.

Fish treated with immunostimulants usual-
ly have enhanced phagocytic cell activity,
pathogen killing ability, and killing mecha-
nisms involving reactive oxygen species and
reactive nitrogen species in macrophages.
Lymphocytes are also activated by immuno-
stimulants.

The route of administration affects the
function of immunostimulants. Oral adminis-
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tration is the most practical and preferred
method for delivery of immunostimulants
because it allows mass administration regard-
less of fish size and results in enhancement of
leukocyte function and protection against
infectious diseases. Injection, on the other
hand, is labor intensive and time consuming. 

The immunostimulatory effects of polysac-
charides and β-glucans have been widely
studied in fish. Yeast, which contains polysac-
charides and β-glucans, is a good enhancer of
the immune system. Intake of a yeast
(Saccharomyces cerevisiae) supplement
improved the cellular innate immune response
in trout (Siwicki et al., 1994) and gilthead
seabream (Ortuno et al., 2002) by increasing
the oxidative radical release and phagocytic
indices. However, reports on the immunostim-
ulatory effects of yeast cell wall extracts on
freshwater fishes of the Indian subcontinent
are meager.

As Indian carps are the backbone of fresh-
water aquaculture in India, the objective of the
present work was to study the effects of a
dietary administered yeast cell wall extract on
the cellular immune responses of the Indian
major carp, rohu (Labeo rohita).

Materials and Methods
Experimental fish. Rohu (Labeo rohita) was
used as a representative of the Indian major
carps. Fish were purchased from a local mar-
ket and maintained at the wet laboratory of the
Department of Fishery Pathology and
Microbiology at the West Bengal University of
Animal and Fishery Sciences. Rohu (45-60 g)
were maintained in circular 500-l fiberglass
tanks with 24-h aeration. About 75% of the
water was exchanged and waste feed and
fecal materials were removed daily. Basic
physico-chemical water parameters were
measured every 15 days to maintain optimal
levels of dissolved oxygen (5.65±0.72 mg/l),
pH (8.24±0.82), nitrite (0.015±0.009 mg/l),
and ammonia (0.109±0.024 mg/l). The water
temperature was 25-30°C. The fish were
acclimatized and fed a pelleted diet for three
weeks prior to the experiment. The diet was
prepared in our laboratory and fed at 1% of
the body weight of the fish. 

Immunostimulant. Nutriferm TM (AB Mauri)
was used as the immunostimulant. It is com-
posed of a purified cell wall fraction gained
from a pure culture of the yeast, Saccharo-
myces cerevisiae. Soluble parts were
removed by digestion and the remaining cell
wall fraction was purified and dried.

Feed preparation. The control diet con-
tained 40% fish meal, 35% ground nut oil
cake, 12% wheat flour, 10% rice polish, 2%
vitamins and minerals, and water. The exper-
imental diet contained the above plus 5 g of
yeast cell wall per kg feed. The feed was pel-
letized with a hand pelletizer in our laboratory
then dried at room temperature and stored at
4°C. 

Experimental design. Eighty fish were
stocked in eight tanks (4 control and 4 exper-
imental) at 10 fish per tank. Before the start of
the experiment, four control fish (one from
each tank) were randomly chosen and cellular
immune parameters were measured as
below. After acclimatization, the four experi-
mental tanks received the yeast-supplement-
ed diet once a day for 15 days and then the
control diet for another 20 days; the control
tanks received the control diet throughout.
Cellular activity was measured on days 0 (the
day after cessation of the experimental diet),
10, and 20 in four randomly chosen fish from
each treatment (one from each tank). 

Oxidative radical production by leuko-
cytes. Oxidative radical production of leuko-
cytes was assayed by the nitroblue tetrazoli-
um (NBT) reduction test as described by
Siwicki et al. (1985). Equal volumes (0.1 ml) of
blood and filtered NBT solution (0.2% in
phosphate buffered saline [PBS], pH 7.2 orig-
inal stock) was mixed and incubated for 30
min at room temperature. Then 0.05 ml of the
mixture was added to 1 ml N, N dimethylfor-
mamide. The suspension was centrifuged for
5 min at 3000 x g and the optical density of the
supernatant was assessed at 540 nm in a
spectrophotometer (Siwicki et al., 1998).

Phagocytosis. Phagocytosis was exam-
ined as described by Yoshida et al. (1993).
The number of cells was adjusted to 1 x 107

cells/ml in RPMI-1640 medium containing
10% fetal calf serum. One ml of cell suspen-
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sion was allowed to adhere to a cover slip for
1 h at room temperature and cells that did not
adhere were washed off with PBS. Cells from
a young culture of Staphylococcus sp. (108

cfu/ml PBS), obtained from the Department of
Fishery Pathology and Microbiology, were
added to the cover slip and the slips were
incubated 2 h at 28°C. The cells on the cover
slip were fixed with 95% methyl alcohol and
stained with Giemsa. The number of phago-
cytic cells per 200 cells was counted and
phagocytic activity (PA) was determined
according to Findlay and Mundaym (2000) as
PA = 100(no. phagocytosing cells/total no. of
phagocytes).

Isolation of head kidney leukocytes. Fish
were anesthetized by MS-222 and the head
kidney was aseptically removed, cut into small
pieces, minced to obtain cells, and pushed
through a stainless steel mesh with PBS (pH
7.4) containing 100 µg/ml streptomycin, 200
µg/ml gentamycin, and 100 IU/ml penicillin.
The cell suspension was layered onto
Histopaque® 1077 (Sigma, USA) at a ratio of
1:3 and centrifuged at 4°C for 30 min at 
400 x g (Chung and Secombes, 1988).
Following centrifugation, the white blood cell
interface layer was collected using a
micropipette, transferred to a clean sterile test
tube, and washed thrice with PBS. Viable
cells were counted by the trypan blue exclu-
sion method using a Neubauer counting
chamber (Maji et al., 2006).

In vitro production of reactive nitrogen.
The production of reactive nitrogen intermedi-
ates by leukocytes was assayed following the
method described by Tafalla and Novoa
(2000). This method is based on the Griess
reaction that quantifies the nitrite content of
macrophage supernatants, as nitric oxide is
an unstable molecule and degrades to nitrite
and nitrate (Green et al., 1982). The number
of head kidney leukocytes was adjusted to 2 x
106 viable cells/ml by diluting with RPMI-1640
growth medium containing 2 mM L-glutamine,
24 mM Hepes buffer, 100 IU/ml penicillin, 100
µg/ml streptomycin, and 10% V/V fetal calf
serum. Cell suspensions (100 µl/well) were
dispensed in a 96-well flat bottom tissue cul-
ture plate (Nune, Denmark). The final volume

of the wells was increased to 200 µl by adding
LPS (Sigma, USA) at a concentration of 10
µg/ml and the plate was incubated at 28°C for
96 h in 5% CO2 atmosphere. 

After incubation, 50 µl aliquots of super-
natants from the wells were removed, added
to100 µl of Griess reagent containing 1% sul-
fanilamide, 0.1% N-1 napthylethylene diamine
dihydrochloride, and 2.5% phosphoric acid,
and incubated at room temperature for 10
min. The optical density of the solution was
measured with a microplate reader (EClL,
India) at 570 nm and quantified by compari-
son to NaNO2 (Sigma, USA) as the standard
(Joardar et al., 2003).

Lymphocyte proliferation. The number of
head kidney leukocytes was adjusted to 5 x
105cells/ml in RPMI-1640 and 100 µl cell sus-
pensions were seeded into a 96-well tissue
culture plate (Nune, Denmark). Each control
(n = 4) and treated (n = 4) fish cell suspension
was repeated in triplicate. The final volume of
the wells was made up to 200 µl with
Concanavalin A (Con-A) at a concentration of
10 µg/ml and the plate was incubated at 28°C
for 48 h in a 5% CO2 atmosphere. 

The colorimetric 3-[4,5-dimethlythiazol-
2yl]-2,5-diphenyltetrazolium bromide (MTT)
assay described by Daly et al. (1995) was
used to determine the proliferation of head
kidney leukocytes. After 48 h culture, 20 µl of
MTT (5 mg/ml PBS) were added to each well
of the leukocyte culture and incubated at 28°C
for 4 h. Formazan production was determined
by the method of Plumb et al. (1989). The for-
mazan crystals were dissolved by adding 150
µl of DMSO (Sigma, USA) to each well, fol-
lowed by 25 µl glycine buffer (0.1 M glycine,
0.1 M NaCl, pH 10.5). The contents of the
wells were mixed thoroughly with a
micropipette and incubated at room tempera-
ture for 10 min. Formazan development was
read at 595 nm using a microplate reader
(ECIL, India) and a stimulation index (SI) was
calculated as SI = (mean optical density of
leukocyte wells with test mitogen at time
x/mean optical density of negative control
wells at time x) - 1.

Statistical analysis. Results are expressed
as means ± standard error (SE) and analyzed
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by one-way analysis of variance (ANOVA) to
test the significance of differences between the
control and experimental groups (Neumann et
al., 1995).

Results
Oxidative radical production of leukocytes
(Fig. 1), phagocytosis (Fig. 2), production of
reactive nitrogen (Fig. 3), and lymphocyte pro-
liferation (Fig. 4) were higher in treated fish on
day 0 than in the control. In treated fish, all
indicators peaked on day 10 and, except for
nitrite production, remained elevated until day
20. Values in the control fish on days 0, 10,
and 20 were similar to pre-experiment values
and, therefore, are not given in the figures. 

Discussion 
The in vitro production of reactive oxygen rad-
icals increased from day 0, peaked on day 10,
and gradually decreased to day 20, similar to
some earlier reports on other species.
Rainbow trout fed beta 1,3/1,6-yeast glucan
for one week had a higher oxidative burst than
control fish fed no glucan (Siwicki et al., 1994).
The number of glass-adherent NBT-positive
cells in catfish treated with oligosaccharide
peaked at 12 days, decreased slightly by 30
days, dropped to the baseline level by 45

days, and was greater than but did not signif-
icantly differ from the control (Yoshida et al.,
1995). In turbot fed beta 1,3/1,6-yeast glucan
for five weeks, the oxidative burst of head-kid-
ney macrophages was significantly enhanced
but the enhancement was no longer observed
two weeks after the fish returned to the control
diet (Ogier de Baulny et al., 1996). Also in tur-
bot, the influence of glucans on respiratory
burst activity of leukocytes and production of
O2- in all groups was higher on day 7 than on
days 14 and 21 (Santarem et al., 1997). In gilt-
head seabream, the respiratory burst activity
of head kidney leukocytes, measured as the
maximum slope of its kinetic, in fish fed a diet
supplemented by 10 g yeast per kg diet was
higher than that of fish fed any other diet after
seven weeks of feeding (Ortuno et al., 2002).
On the other hand, Verlhac et al. (1998)
obtained no statistically significant differences
in oxidative burst of head kidney phagocytes in
rainbow trout fed glucan. 

Phagocytosis is an important element of
the defense of fish against invading microor-
ganisms (MacArthur and Fletcher, 1985;
Olivier et al., 1986). Destruction of ingested
microorganisms might be due to degranula-
tion and metabolic activation when toxic inter-
mediates of oxygen are produced. In our
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Fig. 1. Superoxide anion production by leuko-
cytes of rohu (Labeo rohita) fed a yeast cell wall
preparation, determined by nitroblue tetrazolium
(NBT) reduction assay; means of four observa-
tions±SE, asterisk indicates significant difference
(p<0.01) from the control. Control did not vary
throughout experiment.

Fig. 2. In vitro phagocytic activity of head kidney
leukocytes of rohu (Labeo rohita) fed a yeast cell
wall preparation; means of four observations±SE,
asterisk indicates significant difference (p<0.01)
from the control. Control did not vary throughout
experiment.
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experiment, phagocytic activity increased
from day 0, peaked on day 10, and gradually
decreased to day 20. The phagocyte activa-
tion mechanism might be related to the S.
cerevisiae cell wall supplementation of the
feed, as was observed by earlier workers.
However, the dose and time of administration,
as with other animal models, varies from
experiment to experiment. Yano et al. (1989),
Chen and Ainsworth (1992), and Jorgensen et
al. (1993) reported that glucan raises phago-
cytosis. In an earlier study, oral administration
of 5 or 10 g yeast preparation from S. cere-
visiae per kg feed enhanced the phagocytic
function of gilthead seabream in week 4
although there was no significant difference
between doses (Ortuno et al., 2002). No sta-
tistically significant differences in phagocytic
parameters were observed in fish fed supple-
mented diets for 1 or 2 weeks compared to
fish fed a control diet (Ortuno et al., 2002). In
rainbow trout fed beta-1,3/1,6-glucan, phago-
cytic activity was higher than in control fish at
1 week (Siwicki et al., 1994). However,
Verlhac et al. (1998) reported no effect of glu-
can on the tested macrophage activities. 

Reactive nitrogen intermediates are
important molecules in regulating immune
functions and have a direct antimicrobial
effect (Liew et al., 1990; Schoor and Plumb,
1994). Wang et al. (1994) first demonstrated
that fish macrophages synthesize nitric oxide.
A macrophage activating factor secreted by
mitogen stimulated goldfish kidney leukocytes
induced nitric oxide production in both prima-
ry cultures and cell lines of goldfish macro-
phages (Wang et al., 1995). In the present
study, nitrite production of the head kidney
leukocytes was assessed in vitro. In all treat-
ed fish, nitrite production increased and
peaked on day 10. However, Novoa et al.
(2003) found that nitric oxide production in tur-
bot was not affected in vitro or in vivo by any
nisin treatment and Sakai et al. (1999) found
no evidence of activation of reactive nitrogen
species in macrophages of fish treated with
various immunostimulants.

Measurement of lymphoproliferation activ-
ity is required to evaluate stimulation of spe-
cific and non-specific mitogens. In the present
study, yeast cell wall supplementation signifi-
cantly enhanced the proliferative response of
head kidney leukocytes induced by the mito-
gen Con A. Treated fish possessed in vitro
lymphoproliferative ability up to day 20, with a
peak on day 10. Verlhac et al. (1998) found a
significant enhancing effect of dietary glucan
on the response of peripheral blood lympho-
cytes of rainbow trout induced by Con A just
after the experimental feeding (week 0) and
four weeks later but no significant variations in
the effect of dietary vitamin C on Con A-
induced proliferation of peripheral blood lym-
phocytes and no response to LPS. 

In conclusion, pelleted feed supplemented
with the yeast cell wall preparation, Nutri-
fermTM, enhanced in vitro production of reac-
tive oxygen and nitrogen, phagocytic activity,
and lymphocyte proliferation in the Indian
major carp, rohu. Bricknell and Dalmo (2005)
reported that administration of an immunos-
timulant may up-regulate the immune system
to a heightened level until the immunostimu-
lant is withdrawn, although continuous admin-
istration may cause adverse effects such as
tolerance or immunosuppression. Conversely,
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Fig. 3. In vitro nitrite (NO-2) production by head
kidney leukocytes of rohu (Labeo rohita) fed a yeast
cell wall preparation after 48, 72, and 96 h of incu-
bation; means of four observations±SE, single
asterisk indicates significant difference of p<0.01
from control, double asterisk indicates significant
difference of p<0.05. Control did not vary through-
out experiment.
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pulse administration of immunostimulants may
cause oscillations in the immune response
from rest to enhanced and back to rest. As
NutrifermTM administered orally for 15 days
resulted in a considerable immunomodulatary
effect on the rohu, this preparation together
with a pulse feeding strategy might be useful
as a disease control strategy for Indian carps.
A pulse-feeding strategy should be tested with
20-30 day intervals. 
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Evaluation of Dairy–Yeast Prebiotic Supplementation in the
Diet of Juvenile Goldfish in the Presence or Absence of

Phytoplankton and Zooplankton

L. C. SAVOLAINEN AND D. M. GATLIN III*
Department of Wildlife and Fisheries Sciences, Texas A&M University System,

College Station, Texas 77843-2258, USA

Abstract.—Prebiotics recently have been shown to increase immune responses and disease resistance in

certain fish species; therefore, the current study was conducted to evaluate the commercially available dairy–

yeast prebiotic, GroBiotic-A, for use with juvenile goldfish Carassius auratus. The study consisted of two 10-

week feeding trials in which juvenile goldfish were fed practical diets that were either unsupplemented or

supplemented with the dairy–yeast prebiotic at 2% by dry weight. Juvenile fish were sorted by size and

stocked into 12 units within each of two culture systems: one indoor system supplied with recirculated well

water and one system located outdoors with a continuous flow of pond water to provide a source of

phytoplankton and zooplankton. Both diets were fed to fish in six units within each system at the same fixed

percentage of body weight twice daily. Culture system (i.e., presence or absence of phytoplankton and

zooplankton) was the primary factor influencing (P , 0.0001) percent weight gain, feed efficiency, and

survival of goldfish during the feeding trials. No dietary effect was detected, although there was a significant

(P , 0.05) interaction between culture system and diet, with supplementation of the dairy–yeast prebiotic

tending to improve weight gain and feed efficiency of fish in the presence of phytoplankton/zooplankton.

During a controlled disease challenge with an intraperitoneally administered dose of Aeromonas hydrophila

that was equivalent to a predetermined LD50 (dose lethal to 50% of test fish), average survival values ranged

between 67% and 83% for fish that previously had access to phytoplankton/zooplankton compared with 17–

33% for fish that had no access to phytoplankton/zooplankton. The dairy–yeast prebiotic, however, did not

enhance resistance of goldfish to the bacterial pathogen and did not greatly alter microbiota of the anterior or

posterior gastrointestinal tract based on denaturing gradient gel electrophoresis analysis. In conclusion, the

dairy–yeast prebiotic did not improve feed efficiency in goldfish or resistance to a bacterial pathogen as

previously observed in golden shiners Notemigonus crysoleucas and hybrid bass (white bass Morone
chrysops 3 striped bass M. saxatilis).

The goldfish Carassius auratus is a prominent bait

and ornamental fish produced en masse by aquaculture.

In the southeastern United States, goldfish are typically

raised in large outdoor ponds, where fish are exposed

to seasonal photoperiods and temperature cycles;

supplemental fertilization of ponds is provided to

encourage growth of phytoplankton and zooplankton

as primary food resources (Lochmann and Phillips

2002). In comparison, goldfish raised in indoor culture

systems experience constant environmental conditions

and generally lack access to supplemental nutrients via

phytoplankton or zooplankton. During various produc-

tion phases, especially during harvest from ponds and

prior to shipment to retail locations, fish are subjected

to different stressors, such as netting, crowding, air

exposure, transportation, and potentially different water

quality conditions (e.g., temperature and dissolved

oxygen level; Barton 2002). These stressors typically

make the fish more susceptible to various disease

outbreaks, which can result in large numbers of losses.

Members of the genus Aeromonas are common

pathogens of cyprinid species and are the agents of a

disease known by several names, such as red-sore

disease, hemorrhagic septicemia, and ulcer disease

(Swann and White 1989; Guz and Kozinska 2004;

Yildiz et al. 2005). Symptoms typically include ulcers

in the fish’s integument, widespread septicemia, pale

gills, abnormal swimming behavior, bloating, and

sudden death (Swann and White 1989; Guz and

Kozinska 2004). Aeromonas spp. are considered to

be opportunistic pathogens, and various common

stressors can therefore lead to outbreaks (Swann and

White 1989; Guz and Kozinska 2004). Traditionally,

medications have been used in response to disease

outbreaks; however, expense and limited effectiveness

have prompted interest in developing strategies to

increase fish resistance to disease and thus reduce the

incidence of disease.

Gastrointestinal (GI) tract microbiota play a signif-

icant role in the health and nutrition of humans and
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terrestrial animals. Recently, the addition of prebiotics

to diets has been shown to provide some protection

against various diseases (Bailey et al. 1991; Grieshop

et al. 2004; Arslanoglu et al. 2007; Sink et al. 2007;

Macfarlane et al. 2008). Prebiotics were originally

described as ‘‘nondigestible food ingredients that

beneficially affect the host by selectively stimulating

the growth and/or activity of one or a limited number

of bacterial species already resident in the colon’’

(Gibson and Roberfroid 1995). These beneficial

bacterial have typically been identified as Bifidobac-
teria spp. and Lactobacilli spp. (Gibson et al. 1999;

Bouhnik et al. 2004). Prebiotics affect communities of

microbiota already present in the gut; however, if the

targeted beneficial bacteria are not present in the gut,

prebiotics will not be able to provide any intended

effects. Favorable results of prebiotics have been

reported in humans (Manning and Gibson 2004;

Rastall 2004), swine (Tzortzis et al. 2005), poultry

(Patterson and Burkholder 2003; Chung and Day 2004;

Chen et al. 2005), canines (Howard et al. 2000; Beynen

et al. 2002), felines (Sparkes et al. 1998), and some

fishes (Li and Gatlin 2004; Mahious et al. 2006; Sink

and Lochmann 2008). While prebiotics research in

fishes is still limited, a growing body of literature has

reported various beneficial effects of prebiotic com-

pounds, including increased growth, immunity, and

disease resistance in several fish species (Tovar et al.

2002; Li and Gatlin 2003, 2004, 2005; Burr et al. 2005,

2008a, 2008b; Mahious et al. 2006; El-Dakar et al.

2007; Gatlin et al. 2007; Sealey et al. 2007; Sink et al.

2007; Abdel-Tawwab et al. 2008; Sink and Lochmann

2008) and in humans and terrestrial animals (Gibson

and Roberfroid 1995; Howard et al. 2000; Beynen et al.

2002; Patterson and Burkholder 2003; Smiricky-

Tjardes et al. 2003; Bouhnik et al. 2004; Chung and

Day 2004). Further research is needed to gain greater

understanding of the role of prebiotics in the diets of

various fish species produced in aquaculture. There-

fore, the present study was conducted with goldfish.

Methods

Experimental trials and systems.—The study con-

sisted of two 10-week feeding trials conducted

simultaneously in which juvenile goldfish were

cultivated in two different culture systems to allow

the presence or absence of phytoplankton and zoo-

plankton. In each feeding trial, juvenile fish were

obtained from a local retailer, sorted by size into

reasonably similar groups, and stocked into 12 units

within each of the two culture systems. For each

feeding trial, the total initial body weight of fish in each

container was similar among all groups in each culture

system. The fish were allowed 1–3 weeks for

conditioning in each experimental setup before the

trials began. Goldfish in one feeding trial were placed

into a culture system without phytoplankton or

zooplankton; this indoor system consisted of 38-L

aquaria supplied with recirculated well water main-

tained at 26 6 18C throughout the trial. A low-pressure

blower provided supplemental aeration. Water quality

conditions were monitored throughout the length of the

experiment. A HACH DR/2000 direct reading spec-

trophotometer was used to measure alkalinity, nitrite,

and total ammonia nitrogen using the appropriate

HACH reagents. Total hardness was measured via

EDTA titration, and dissolved oxygen, temperature,

and salinity were assessed with a YSI Model 85–25

meter. Water quality conditions were maintained at

acceptable levels for warmwater fish (Stickney 2005)

by biological and mechanical filtration, and water

exchanges were performed as needed. A diurnal

photoperiod cycle of 12 h light :12 h dark was

provided via fluorescent lighting.

In the other feeding trial, an outdoor system

provided phytoplankton and zooplankton to 19-L

plastic containers accommodated within a 1,200-L

fiberglass tank, which received a continuous supply of

pond water. Water was pumped from a 0.10-ha pond

with dense aquatic vegetation dominated by filamen-

tous algae, and that pond received a continuous supply

of water from a 5-ha reservoir. No mechanical filtration

was provided, while biological filtration consisted of a

natural nitrogen cycle provided by the pond biota. A

low-pressure blower provided supplemental aeration

through an air stone within the fiberglass tank. Water

conditions were monitored throughout the length of the

experiment and remained at acceptable levels for

warmwater fish (Stickney 2005). Throughout the

experiment, daytime water temperatures remained

relatively constant at 29.5 6 0.58C due to the large

volume of water that supplied the fiberglass tank. A

naturally occurring diurnal photoperiod cycle gradually

decreased from 13.00 to 11.25 h light over the course

of the trial.

Diets.—The experimental diets were composed of

practical ingredients and consisted of a basal diet

without supplementation and a test diet supplemented

with a commercially available dairy–yeast prebiotic,

GroBiotic-A, at 2% by dry weight (Table 1). Gro-

Biotic-A is a mixture of partially autolyzed brewer’s

yeast Saccharomyces cerevisiae, dairy components,

and fermentation products. Both diets were manufac-

tured by a commercial feed mill (ARKAT Feeds,

Dumas, Arkansas).

Each of the experimental diets was randomly

assigned to six units within each culture system and

fed to fish at a fixed percentage of body weight divided
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into 2 feedings/d for a total of 10 weeks. In the indoor

aquarium trial, 20 fish initially averaging 1.38 g were

randomly selected and stocked into each aquarium at

the beginning of the conditioning period and were fed

each diet initially at 3% of body weight per day for the

first 3 weeks; the ration was then increased to 4% of

body weight at the start of the experiment. In the

outdoor trial, 10 fish initially averaging 1.74 g were

stocked into each container at the beginning of the 1-

week conditioning period and were fed 4% of body

weight per day at the start of the experiment. Goldfish

raised in the indoor experimental aquarium system

were weighed once per week, whereas goldfish

cultured in the outdoor system were weighed once

every other week. After each weighing, the quantity of

diet provided to fish in each container was adjusted

according to the biomass present and established

percentage of body weight per day, which was the

same for each diet and culture system.

The weighing process consisted of netting the

goldfish and then group-weighing by placing the fish

into a tared container of water on an electronic balance;

this procedure minimized handling stress. The exper-

imental aquaria and associated equipment were located

at the Texas A&M University System’s Aquacultural

Research and Teaching Facility in Burleson County.

Sample collection and analyses.—During the course

of the feeding trials, percent weight gain, feed

efficiency, and percent survival were measured as

response criteria. Weight gain was expressed as a

percentage of initial weight, and feed efficiency was

calculated based on the total wet body weight gain of

fish and the total dry feed given to fish in each group.

Survival was expressed as a percentage of initial

number stocked.

Gut microbiota analysis.—At the end of the 10-

week feeding period, three goldfish were selected at

random from each tank in the indoor aquarium system

and were dissected to obtain digesta from anterior and

posterior sections of their GI tracts, which were

collected and stored at �808C until further processing

could begin. Digesta samples from the two GI tract

sections of individual fish in each tank were processed

for genomic DNA extraction as previously described

(Burr et al. 2008b). The extracted DNA was subjected

to polymerase chain reaction (PCR) using the method

of Hume et al. (2003) with bacteria-specific PCR

primers to conserved regions flanking the variable V3

region of 16S ribosomal DNA. Denaturing gradient gel

electrophoresis (DGGE) was then performed on the

isolated DNA fragments to compare microbial com-

munities of the gut. At the time of DGGE analysis, the

replicate samples processed from all fish per tank were

pooled to simplify the resulting DGGE dendrogram.

The DGGE analysis was performed using the method

described by Hume et al. (2003) as modified from

Muyzer et al. (1993); materials and fragment analysis

pattern relatedness were as described by Burr et al.

(2008b). The fragment analysis pattern relatedness was

determined with Molecular Analysis Fingerprinting

software (version 1.6; Bio-Rad Laboratories, Hercules,

California). This analysis is based on the Dice

similarity coefficient and the unweighted pair group

method using arithmetic averages for clustering (Hume

et al. 2003). Relatedness of 80% or less was required to

declare microbial communities as being distinct.

Disease challenge.—Remaining goldfish from each

replicate container within each culture system were

pooled by dietary treatment and then were randomly

distributed into triplicate groups of 12 goldfish for

inoculation with Aeromonas hydrophila. The bacterial

sample was obtained from the Texas Veterinary

Medical Diagnostic Laboratory (College Station) and

was maintained in tryptic soy broth. The Aeromonas
hydrophila sample was passed through goldfish in

order to increase its virulence, and pretrial testing with

serial dilutions of the bacteria indicated that 8.5 3 106

colony-forming units/mL was the effective dose lethal

to 50% of test fish (LD50). Fish were intraperitoneally

(IP) injected with 0.5 mL of the LD50, while three

separate groups of 12 control fish each were injected

with 0.5 mL of phosphate-buffered saline solution to

ensure that no mortalities occurred due to injection

method. After injection, each group of goldfish was

TABLE 1.—Composition (% as fed except where indicated)

of extruded basal and dairy–yeast prebiotic-supplemented

diets fed to juvenile goldfish raised in the presence or absence

of phytoplankton and zooplankton for 10 weeks.

Ingredient
Basal
diet

Prebiotic-supplemented
diet

Menhaden Select fish meal 2.0 2.0
Poultry by-product meal (feed grade) 4.0 4.0
Soybean meal 50.0 50.0
Wheat shorts 30.0 30.0
Wheat bran 9.95 7.95
Vitamin premixa 0.04 0.04
Mineral premixb 0.01 0.01
Poultry fat 4.0 4.0
Prebioticc 0.0 2.0
Crude proteind 33.7 34.0
Total lipidd 7.6 7.9
Ashd 6.4 6.5
Energy : protein ratio (kJ/g protein)e 36.03 35.66

a Vitamin premix is U.S. Fish and Wildlife Service (USFWS) Number

30 for salmonids.
b Mineral premix is USFWS Number 1 for salmonids.
c GroBiotic-A was donated by International Feed Ingredient Corp., St.

Louis, Missouri.
d Percent, dry basis.
e Estimated energy content of the diets was based on values of 16.7,

16.7, and 37.7 kJ/g for carbohydrate, protein, and lipid, respectively.
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placed in a 38-L aquarium receiving a continuous flow

of well water at 24.0 6 0.58C; fish were monitored

every 12 h, and mortalities were recorded for 168 h

after injection.

Nonspecific immunity.—Representative fish from

each replicate container (three from the indoor system

and two from the outdoor system) were exsanguinated

via venipuncture of the caudal vasculature with

heparinized needles approximately 12 h after their

final feeding. Whole blood was analyzed for neutrophil

oxidative radical production (nitroblue tetrazolium test;

Siwicki et al. 1994; Li and Gatlin 2003, 2005) as a

measure of nonspecific immunity.

Statistical analysis.—Factorial analysis of variance

(ANOVA) in a 2 3 2 arrangement was used to analyze

data from the two feeding trials, and Duncan’s

multiple-range test was used to separate treatment

means when appropriate. The main factors were diet

(basal versus test) and culture system (presence or

absence of natural productivity; SAS Institute 1996).

Responses obtained only for fish in the indoor system

were analyzed by ANOVA according to a completely

random design. Statistical differences were considered

significant at P-values of 0.05 or less.

Results
Fish Responses in the Feeding Trials

After 10 weeks of receiving the experimental diets,

fish in the indoor system without access to phyto-

plankton or zooplankton had a greater feed efficiency

ratio (FER; P , 0.0001) and enhanced weight gain (P
, 0.0001; expressed as a percentage of initial weight)

in comparison with fish that were raised in the outdoor

system and given access to phytoplankton and

zooplankton (Table 2). There was no difference in

weight gain or FER values between fish fed the two

diets in either system, although there were significant

(P , 0.05) interactions, with the dairy–yeast prebiotic

tending to improve fish performance in the outdoor

culture system (Table 2). Survival during the trial was

higher for fish raised in the outdoor system in the

presence of phytoplankton and zooplankton than for

fish raised indoors (P , 0.0001), regardless of the

dietary treatment (P¼ 0.1489; Table 2).

Gut Microbiota Analysis

Results of DGGE of the 16S rDNA amplicons from

goldfish gut microbial communities are shown in

Figure 1. Analysis of the dendrogram showed high

relatedness (92%) among the GI microbial communi-

ties regardless of dietary treatment, presence–absence

of phytoplankton and zooplankton during rearing, or

GI tract section examined (anterior or posterior).

Disease Challenge and Nonspecific Immune Response

Fish reared in the presence of phytoplankton and

zooplankton, regardless of dietary treatment, survived

the Aeromonas challenge better (P¼ 0.0002) than fish

reared in the absence of phytoplankton or zooplankton

(Table 2). Average survival ranged between 67% and

83% for fish with access to phytoplankton and

zooplankton, whereas survival was between 17% and

33% for fish without access to phytoplankton or

zooplankton (Table 2). Dietary treatment had no effect

on disease trial survivability (P¼ 1.0000), although the

interaction between culture system and diet approached

significance (P¼ 0.0599), with fish fed the dairy–yeast

prebiotic tending to have greater survival when reared

TABLE 2—Mean (6SE) performance, disease trial survival rates, and nitroblue tetrazolium (NBT) test results of juvenile

goldfish fed basal and dairy–yeast prebiotic-supplemented diets in the presence or absence of phytoplankton and zooplankton for

10 weeks (FER¼ feed efficiency ratio). Values in the same column with different letters are significantly different (P , 0.05).

Treatment

Weight gain
(% of initial

weight)a
FER (g gain/g

dry feed)a Survival (%)a

Survival after
Aeromonas

challenge (%)b
NBTc

(mg/mL)

Indoor system
Basal diet 287 6 7.1 z 0.43 6 0.01 z 90 6 2.9 y 33 6 12.73 y 3.8 6 0.05 y
Dairy–yeast prebiotic diet 249 6 12.0 z 0.42 6 0.02 z 95 6 1.4 y 17 6 0.00 y 3.6 6 0.06 y

Outdoor system
Basal diet 95 6 2.7 y 0.26 6 0.01 y 100 6 0.00 z 67 6 0.00 z 4.0 6 0.17 z
Dairy–yeast prebiotic diet 142 6 13.2 y 0.33 6 0.02 y 100 6 0.00 z 83 6 8.33 z 4.0 6 0.15 z

P , Fd

Culture system ,0.0001 ,0.0001 ,0.0001 0.0002 0.0179
Diet 0.6491 0.1493 0.1489 1.0000 0.5119
Culture system 3 diet 0.0003 0.0452 0.1489 0.0599 0.7095

a Means of sextuple groups.
b Means of triplicate groups.
c Means of duplicate groups from the outdoor system and triplicate groups from the indoor system.
d Significance probability associated with the F-statistic.
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in the presence of phytoplankton and zooplankton

(Table 2). Neutrophil oxidative radical production also

was greater (P ¼ 0.0179) in goldfish reared in the

presence of phytoplankton and zooplankton, with no

dietary effect detected (Table 2).

Discussion

The use of prebiotics in piscine diets has gained

interest in recent years. GroBiotic-A, which contains

partially autolyzed brewer’s yeast, dairy components,

and fermentation products, is a prebiotic that has been

most extensively studied and has produced various

beneficial effects—including increased weight gain,

feed efficiency, and resistance to various pathogens—

in several fish species.

Weight gain of goldfish in the current study was not

influenced by the supplementation of the dairy–yeast

prebiotic, although there was a tendency for improve-

ment in the outdoor culture system. In a recent study

with golden shiners Notemigonus crysoleucas, Loch-

mann et al. (2009) reported that the same dairy–yeast

prebiotic slightly improved weight gain and feed

efficiency of fish in an indoor aquarium trial but not

in outdoor pools where fish had access to natural

productivity. In the present study, somewhat surpris-

ingly, the weight gain of goldfish located in the indoor

system was greater than that of fish in the outdoor

system with access to phytoplankton and zooplankton.

This was most likely due to the difference in the fish

culture systems, which resulted in differential access to

the prepared diets. In the indoor system, diet that was

not immediately eaten was available on the bottom of

the aquaria for an extended period of time, allowing

fish to continue foraging after the initial feeding. In

contrast, the outdoor containers had mesh bottoms;

uneaten diet slowly sank through the container and

then through the grated bottom, making further

foraging impossible. The amount of phytoplankton

and zooplankton available to goldfish in the culture

system was not measured at the time of the trial.

However, during a subsequent trial in the same

seasonal period 1 year later, zooplankton in the system

averaged 207 organisms/L and was composed primar-

ily of copepods and rotifers. Thus, goldfish had access

to zooplankton as an additional food source, although

the level was approximately one-third the amount

found in the water of the supply pond (583 organisms/

L); this difference was possibly due to destruction of

organisms in the water pump. The level of zooplankton

available to goldfish in the present study was

considerably lower than that reported for fertilized

ponds used for aquaculture production of koi (domes-

ticated common carp Cyprinus carpio) and goldfish

(Jha et al. 2006a, 2006b).

Unlike the results of the current study, in which

dietary supplementation with the dairy–yeast prebiotic

had limited effect on goldfish FER values, Li and

Gatlin (2004, 2005) reported enhanced feed efficiency

in hybrid bass (white bass Morone chrysops 3 striped

bass M. saxatilis) that were fed diets supplemented

with GroBiotic-A. Weight gain of hybrid bass fed

GroBiotic-A in those studies also generally tended to

be greater than that in fish fed the basal diet, although

the differences were not always statistically significant.

After 3 weeks of receiving diets supplemented with

GroBiotic-A or partially autolyzed brewer’s yeast,

rainbow trout Oncorhynchus mykiss exhibited en-

hanced FER, but no differences in weight gain were

observed (Sealey et al. 2007). The improved FER may

be due to further enhanced nutrient digestibility, as

reported in different fish species that were fed diets

supplemented with prebiotics or live yeast (Tovar et al.

2002; Waché et al. 2006; Abdel-Tawwab et al. 2008).

A recent study of red drum Sciaenops ocellatus (Burr

et al. 2008a) also reported enhanced protein and energy

digestibility coefficients for a soybean-meal-based diet

supplemented with GroBiotic-A at 1% dry weight

compared with the basal diet.

Feeding the dairy–yeast prebiotic to goldfish in the

present study did not result in differences in the

FIGURE 1.—Denaturing gradient gel electrophoresis of 16S ribosomal DNA amplicons of microbial communities from sections

of the gastrointestinal (GI) tracts of goldfish cultured in an indoor aquarium system: (A) anterior GI sections of fish fed a basal

diet; (B) posterior GI sections of fish fed the basal diet; (C) anterior GI sections of fish fed a dairy–yeast prebiotic-supplemented

diet; and (D) posterior GI sections of fish fed the prebiotic-supplemented diet.
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microbiota of the GI tract according to DGGE analysis

of the 16S rDNA amplicons. This analysis requires

relatedness to be 80% or lower for microbial

communities to be considered distinctive; values

greater than 80% therefore indicate similar bacterial

species. The DGGE analysis of the anterior and

posterior sections of goldfish GI tracts indicated that

relatedness among gut microbiota was 92% overall

(Figure 1), which is in contrast to results of a recent in

vitro study (Burr et al. 2008a) in which incubation of

red drum intestinal contents with GroBiotic-A pro-

duced a distinct microbial population. A change in

microbial composition of GI tract microbiota also was

recently reported (Burr 2007) for hybrid bass fed a

soybean-meal-based diet supplemented with GroBiot-

ic-A at 1% of dry weight.

Goldfish reared in the presence of phytoplankton

and zooplankton in the present study expressed far

greater survival during the disease challenge with IP

injection of Aeromonas hydrophila, regardless of

dietary treatment. The IP administration of phos-

phate-buffered saline to the control goldfish did not

kill any of the fish, thus confirming that Aeromonas
hydrophila was the cause of mortality in goldfish

exposed to the pathogen. Mortality continued until 96 h

after IP injection, and then no further mortality was

recorded through 168 h postinjection. Due to Aero-
monas spp. naturally occurring in freshwater pond

systems (Swann and White 1989), it is believed that

goldfish in the present study reared in the outdoor

system were naturally exposed to the bacterium and

thus were able to build some immunological resistance

to the disease. As a result, goldfish from the outdoor

system had higher survival after the disease challenge

(83% survival) compared with those from the indoor

system. Goldfish from the outdoor system also had

higher blood neutrophil oxidative radical production,

indicating elevated nonspecific immunity.

Li and Gatlin (2004, 2005) demonstrated statistically

improved survival of hybrid bass fed a diet supple-

mented with dairy–yeast prebiotic when exposed to

Streptococcus iniae and Mycobacterium sp. via

immersion. GroBiotic-A also has been reported to

improve survival of rainbow trout after experimental

exposure to infectious hematopoietic necrosis virus

(Sealey et al. 2007). Similarly, golden shiners fed

GroBiotic-A experienced reduced mortality when

experimentally exposed to the agent of columnaris

disease, Flavobacterium columnare, which is a major

pathogen in golden shiner aquaculture (Sink and

Lochmann 2008). However, based on the results of

the current study with goldfish, this dairy–yeast

prebiotic did not improve resistance to Aeromonas
hydrophila. However, the presence of phytoplankton

and zooplankton conferred benefits to goldfish in terms

of survival after Aeromonas hydrophila challenge.
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Establishing a risk-assessment process for
release of genetically modified wine yeast into the
environment

Heidi Schoeman, Gideon M. Wolfaardt, Alfred Botha, Pierre van Rensburg, and
Isak S. Pretorius

Abstract: The use and release of genetically modified organisms (GMOs) is an issue of intense public concern and, in
the case of food and beverages, products containing GMOs or products thereof carry the risk of consumer rejection. The
recent commercialization of 2 GM wine yeasts in the United States and Canada has made research and development of
risk assessments for GM microorganisms a priority. The purpose of this study was to take a first step in establishing a
risk-assessment process for future use and potential release of GM wine yeasts into the environment. The behaviour and
spread of a GM wine yeast was monitored in saturated sand columns, saturated sand flow cells, and conventional flow
cells. A widely used commercial Saccharomyces cerevisiae wine yeast, VIN13, a VIN13 transgenic strain (LKA1, which
carries the LKA1 a-amylase gene of Lipomyces kononenkoae), a soil bacterium (Dyadobacter fermentens), and a nonwine
soil-borne yeast (Cryptococcus laurentii) were compared in laboratory-scale microcosm systems designed to monitor mi-
crobial mobility behaviour, survival, and attachment to surfaces. It was found that LKA1 cells survived in saturated sand
columns, but showed little mobility in the porous matrix, suggesting that the cells attached with high efficiency to sand.
There was no significant difference between the mobility patterns of LKA1 and VIN13. All 3 yeasts (VIN13, LKA1, and
C. laurentii) were shown to form stable biofilms; the 2 S. cerevisiae strains either had no difference in biofilm density or
the LKA1 biofilm was less dense than that of VIN13. When co-inoculated with C. laurentii, LKA1 had no negative influ-
ence on the breakthrough of the Cryptococcus yeast in a sand column or on its ability to form biofilms. In addition,
LKA1 did not successfully integrate into a stable mixed-biofilm community, nor did it disrupt the biofilm community.
Overall, it was concluded that the LKA1 transgenic yeast had the same reproductive success as VIN13 in these 3 micro-
cosms and had no selective advantage over the untransformed parental strain.

Key words: risk assessment, genetically modified organism (GMO), Saccharomyces cerevisiae, yeast, LKA1, biofilm.

Résumé : L’utilisation et la commercialisation d’organismes génétiquement modifiés (OGM) est l’objet d’une grande
préoccupation publique et, dans le cas des aliments et boissons, les produits contenant des OGM ou leurs sous-produits ris-
quent d’être rejetés par le consommateur. La commercialisation récente aux États-Unis et au Canada de 2 lignées de levu-
res de vin GM a fait de la recherche et développement en évaluation du risque des microorganismes GM une priorité. Le
but de cette étude était de franchir une première étape en établissant un processus d’évaluation du risque de l’utilisation fu-
ture et de la commercialisation de levures de vin GM pour l’environnement. Le comportement et la dispersion de la levure
de vin GM ont été suivis dans des colonnes de sable saturées, des cellules à écoulement de sable saturées et dans des cel-
lules à écoulement conventionnelles. Saccharomyces cerevisiae VIN13, une levure de vin commerciale largement utilisée,
une lignée VIN13 transgénique (LKA1, qui comporte le gène de l’a-amylase LKA1 de Lipomyces kononenkoae), une bac-
térie du sol (Dyadobacter fermentes) et une levure du sol non œnologique (Cryptococcus laurentii) ont été comparées dans
ces microcosmes expérimentaux conçus pour suivre la mobilité microbienne, la survie et l’attachement à des surfaces. Les
cellules LKA1 survivaient dans les colonnes de sables saturées mais étaient peu mobiles dans la matrice poreuse, suggé-
rant que les cellules s’attachaient au sable avec haute efficacité. Il n’y avait pas de différences significatives entre les pa-
trons de mobilité de LKA1 et ceux de VIN13. Les 3 souches de levures (VIN13, LKA1 et C. laurentii) formaient des
biofilms stables; la densité des biofilms formés par les 2 souches de S. cerevisiae était la même, ou sinon, le biofilm formé
par LKA1 était moins dense que celui de VIN13. Lorsqu’elle était inoculée avec C. laurentii, LKA1 n’avait pas d’in-
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fluence négative sur l’écoulement de Cryptococcus dans la colonne de sable, ou sur sa capacité de former des biofilms. De
plus, LKA1 ne s’intégrait pas efficacement dans une communauté mixte stable au sein d’un biofilm, et ne perturbait pas la
communauté du biofilm. En somme, nous pouvons conclure que la réussite de reproduction de la levure transgénique
LKA1 est la même que celle de VIN13 dans ces trois microcosmes, et que LKA1 ne possède pas d’avantages sélectifs par
rapport à la souche parentale non transformée.

Mots-clés : évaluation du risque, organisme génétiquement modifié (OGM), Saccharomyces cerevisiae, LKA1, biofilms.

[Traduit par la Rédaction]

______________________________________________________________________________________

Introduction

The yeast Saccharomyces cerevisiae has a long and dis-
tinguished history as a fermentation agent. Because of its ef-
ficiency in producing alcohol and gas, S. cerevisiae is,
without doubt, the most important commercial microorgan-
ism with generally regarded as safe (GRAS) status (Pretorius
et al. 2003). By brewing beer, making wine, and leavening
bread dough, our longest serving domesticated organism
made possible the world’s earliest known biotechnological
processes. Since the emergence of genetic engineering in
the 1970s, S. cerevisiae has played a leading role in shifting
the frontiers of molecular biology, increasing our under-
standing of fundamental cellular and molecular processes,
and enabling the application of modern biotechnological
tools to research on, and development of, industrial microor-
ganisms. The importance of S. cerevisiae has extended be-
yond traditional fermentation. Today, the products of yeast
biotechnologies impinge on many commercially important
sectors, including food, beverages, biofuels, chemicals, in-
dustrial enzymes, pharmaceuticals, and agriculture.

Two genetically modified (GM) wine yeasts were recently
cleared and given GRAS status by the American Food and
Drug Administration, Health Canada, and Environment Can-
ada. Unlike conventional wine yeasts, one of these commer-
cialized GM wine strains has the capacity to conduct
malolactic fermentation, thereby reducing the risk of bio-
genic amine formation by certain bacteria during malolactic
fermentation (Husnik et al. 2006). The second GM wine
yeast secretes much less urea, which limits the production
of ethyl carbamate (Coulon et al. 2006). Whether consumers
in key export markets accept a wine made with GM yeasts
will clearly determine the commercial success of this tech-
nology and, indeed, its short-term future.

The use of GM organisms (GMOs) in commercial wine-
making is controversial for the same reasons as those pre-
sented in often-heated debates whenever this topic is
considered. Many members of the world wine community
are watching closely to see what eventuates from develop-
ments in the United States and Canada. In most wine-
producing countries, including Australia and South Africa,
GMOs are prohibited in commercial winemaking, and it
will take widespread consumer acceptance and legal appro-
val by regulatory bodies to change this. Whatever the final
outcome, extensive use of GM yeasts could soon become a
reality in some wine-producing countries. Therefore, there
is an urgent need to assess and address the perceived
health and environmental risks associated with the use of
GMOs in the human food chain (Bauer et al. 2004).

Generally, an appropriate risk-assessment procedure is an

essential prerequisite before considering the use and release
of any GMO into the environment. Almost all adopted risk-
assessment strategies are based on a common set of princi-
ples and guidelines; Paoletti et al. (2008) presented a review
on the different strategies followed by the European Union,
the United States, Canada, and Australia. One approach to
GMO risk assessment is to compare the relative fitness of
the GM strain with that of the parent it was derived from.
Any differences then become the focus of the safety assess-
ment. Such comparisons require experimental systems and
in situ studies that simulate the natural environments in
which the GM strains are most likely to be found. In a typi-
cal winemaking environment, the yeast lees is disposed of in
waste water systems and the grape skins are returned to the
vineyard.

Microorganisms have been shown to associate with and
become established on surfaces in aqueous and terrestrial
environments. Biofilm formation is acknowledged as a uni-
versal microbial strategy for survival, and has been impli-
cated in many natural, engineered, and medical systems and
processes. Biofilms are, therefore, realistic model systems
with which to study microbial behavior, including compari-
sons between transformed and parental strains.

Soil is an important part of the biosphere, and the move-
ment, biofilm formation, and growth of GM yeast in this
habitat will largely affect its survival prospects. In soil, mi-
croorganisms occur either as suspended cells in pore water
or as biofilms on soil surfaces. Growth conditions in the
soil differ substantially from those that are typically applied
in the laboratory during the cultivation of microorganisms;
the latter often involving pure cultures and employing rich
growth media that do not closely match what is found in na-
ture. Furthermore, research on biofilm formation has focused
primarily on bacteria, while yeast-biofilm research is mostly
performed on clinically relevant strains of the Candida ge-
nus. Many fungi involved in biofilm formation are not ame-
nable to genetic studies, and this is one of the reasons that
relatively little is known about fungal biofilms (Baillie and
Douglas 1999; O’Toole et al. 2000). While searching for a
model system to study fungal biofilms, Reynolds and Fink
(2001) found that S. cerevisiae can initiate biofilm formation
on a number of plastic surfaces. It was suggested that active
metabolism is a requirement for adherence, since growth in
a lowered glucose concentration enhanced the adherence of
yeast to plastic surfaces, whereas the total absence of glu-
cose led to a reduced adherence. The expression of FLO11
in Saccharomyces may play a similar role in adherence to
the glycopeptidolipids expressed on the cell surface of the
nonflagellated bacterium Mycobacterium smegmatis. These
glycopeptidolipids are thought to be required for biofilm for-
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mation, as well as sliding motility behaviour, because they
increase surface hydrophobicity (Recht et al. 2000).

Despite the widespread use of S. cerevisiae in industry
and science, relatively few studies have addressed biofilm
formation by this organism. In spite of many efforts to find
S. cerevisiae in nature, it is seldom found on healthy, un-
damaged grapes, and is rarely isolated from vineyard soils
(Martini 1993). There is, however, a school of thought that
supports the idea that the primary source of S. cerevisiae is
indeed the vineyard, with its occurrence differing entirely
with each plant and grape cluster (Török et al. 1996). Sac-
charomyces cerevisiae strains isolated from vineyards are
mostly found on damaged grapes, where competition has
led to the development of extremely efficient fermentation
behaviour (Landry et al. 2006). Others are of the opinion
that S. cerevisiae does not have a natural habitat, but is pri-
marily a domesticated species that has been selected as part
of the winemaking process over thousands of years. Previ-
ously, S. cerevisiae has rarely been isolated from areas that
are not closely associated with humans (Naumov and Nau-
mova 1991; Naumov 1996; Naumov et al. 1998). Recently,
Sampaio and Gonçalves (2008) reported the isolation of 4
Saccharomyces species from tree bark, particularly certain
oak species. The sequencing of other S. cerevisiae strains
that were isolated from oak trees has demonstrated that wild
S. cerevisiae is significantly genetically differentiated from
domesticated strains (Fay and Benavides 2005; Aa et al.
2006). However, the historical relationship of wild S. cerevi-
siae with humans might never be clearly known (Replansky
et al. 2008). The dissemination of naturally occurring and
commercial Saccharomyces yeasts has been studied by sev-
eral researchers over the past decade (Pretorius et al. 1999;
Mortimer and Polsinelli 1999; Khan et al. 2000; Van der
Westhuizen et al. 2000a, 2000b; Jolly et al. 2003; Schuller
et al. 2005; Valero et al. 2005). The conclusion from some
of these studies suggests that, although commercial wine
strains could be enriched from vineyards, fears of commer-
cial yeasts ultimately dominating the natural microflora
have been exaggerated (Van der Westhuizen et al. 2000a,
2000b; Valero et al. 2005). However, there have been no
published data on GM yeast persistence in natural environ-
ments or their impact on the soil microflora.

In this study, the behaviour of a commercial S. cerevisiae
wine yeast strain, VIN13, and a GM variant of it, LKA1
(VIN13 transformed with the LKA1 a-amylase encoding
gene from Lipomyces kononenkoae) were studied under dif-
ferent scenarios, along with a typical soil bacterium (Dyado-
bacter fermentens) and soil yeast (Cryptococcus laurentii).
To evaluate the persistence and movement of VIN13 and
LKA1 through soil, sand columns were prepared, and break-
through curves and survival rates were determined over sev-
eral months. It is known that microorganisms adhere to
surfaces and grow as sessile biofilm communities in re-
sponse to environmental stress conditions (e.g., oligotrophic
conditions). Therefore, continuous-flow cells were used in
combination with epifluorescence and scanning electron mi-
croscopy (SEM) to determine whether the strains formed bi-
ofilms on sand and glass surfaces, verifying the results
obtained in the soil columns. The results from this study
demonstrate that the approach followed, especially the use

of biofilms as an experimental system, is a suitable method-
ology for comparing the environmental behavior of GM
yeasts with their parental strains, which should form part of
the risk-assessment process established for GM wine yeasts.

Materials and methods

Microbial strains and culture conditions
A commercial wine yeast, S. cerevisiae VIN13, and a GM

VIN13 strain (designated LKA1) transformed with an a-
amylase encoding marker gene from the yeast L. kononen-
koae were used as examples of industrially relevant wine
yeast strains. Cryptococcus laurentii UOFS Y-1880 was
used as an example of a widely occurring environmental
yeast. This strain was originally identified using morpholog-
ical and physiological characteristics, as well as sequence
analyses of the D1/D2 region of the large subunit rDNA
(Botes et al. 2005). Cryptococcus laurentii UOFS Y-1880 is
being maintained in the Yeast Culture Collection of the Uni-
versity of the Free State, South Africa. To establish a
mixed-biofilm community, the yeasts Schizosaccharomyces
pombe ATCC 24843, Saccharomycodes ludwigii CBS 2625,
and Kloeckera apiculata ATCC 66165, and the bacterial iso-
lates CT01, CT04, CT05, and CT08 were included in this
study. Sequencing of the 16S ribosomal DNA of bacterial
isolates CT01, CT04, and CT08 (in both directions to com-
pletion) identified them as Microbacterium nematophilum,
D. fermentens, and Pseudomonas sp. AEBL3, respectively.
No closely related phylogenetic affiliation could be found
for CT05. The bacterial strains were isolated from biofilms,
where they coexisted in an oligotrophic environment, and
were selected because they could be co-cultured as a stable
community. The yeast strains were selected because of their
frequent association with vineyards and wine cellars.

The LKA1 gene was expressed in S. cerevisiae VIN13
under the control of the yeast phosphoglycerate kinase I
(PGK1) promoter and terminator, and was integrated into
the genome of VIN13 via the sulfometuron methyl resist-
ance marker gene (SMR1). LKA1 was originally cloned
from the yeast L. kononenkoae (Steyn et al. 1995), and enc-
odes a raw starch-degrading a-amylase that liberates reduc-
ing groups from glucose polymers containing both a-1,4 and
a-1,6 bonds. VIN13 transformants containing the LKA1 gene
were identified as colonies that produce clear zones of raw
starch degradation on Phadebas agar plates. The Phadebas
agar medium contained 6.7 g yeast nitrogen base with amino
acids (Difco; Detroit, Michigan), 1 g glucose, 20 Phadebas
tablets (Phadia AB; Portage, Michigan), and 20 g agar per
litre of distilled water.

Monitoring of yeast behaviour in a porous matrix

Saturated sand columns under conditions of continuous
flow

Polyethylene columns (23 mm in diameter and 140 mm
long) were filled with sieved (1180 mm) autoclaved homoge-
neous commercial sand. The columns were presterilized with
3.5% (v/v) sodium hypochlorite for 0.5 h, and then rinsed for
4 h with sterile Ringer’s solution (Merck; Whitehouse Sta-
tion, New Jersey). The total pore volume (PV) was deter-
mined for each experiment. Streptomycin sulfate (0.5 g/L)
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was added to the soil columns as needed to control bacte-
rial contamination.

The inlet of each column was connected with silicon tub-
ing (internal diameter of 1.6 mm) to a Watson-Marlow 502S
peristaltic pump and a reservoir containing sterile Ringer’s
solution. The Ringer’s solution was pumped through the col-
umn at 2.3 mL/h. One PV of the culture suspended in Ring-
er’s solution was subsequently pumped through the columns
at the same flow, after which flow with Ringer’s solution
was resumed. A fraction collector (Model 2110, Bio-Rad;
Hercules, California) was used to collect effluent samples
every hour.

Preparation of cultures
Isolates were cultivated overnight at 30 8C; strains VIN13

and LKA1 were cultivated in 50 mL full-strength YM me-
dium (containing 0.3% yeast extract, 1% glucose, 0.3% mal-
tose, 0.5% peptone from casein), and C. laurentii and D.
fermentens were cultivated in 50 mL 10% YM medium.
Cultures were centrifuged for 5 min at 5000 r/min and
washed 3 times with Ringer’s solution. Cells were then re-
suspended in 150 mL Ringer’s solution and the cell suspen-
sions were introduced into the columns as described earlier.
In addition to pure culture suspensions, co-cultures of C.
laurentii and the Saccharomyces strains were simultaneously
introduced into columns, using equal volumes of cultures.
The initial cell concentration was determined in each case
by serial dilution and enumeration of viable cell numbers
on YM agar plates.

Sampling methods
The total volume of selected samples (2.7 mL each) ob-

tained from the fraction collector was centrifuged for 5 min
at 5000 r/min, resuspended in 200 mL Ringer’s solution, and
plated in duplicate onto YM agar plates containing strepto-
mycin sulphate (0.5 g/L). Tryptone soy agar (TSA) plates
(Biolab; Ipswich, Masschusetts) without streptomycin sulfate
were used in the experiments with D. fermentens. At the end
of each experiment, the sand columns were dissected in
1 cm sections, and the sand from each section was asepti-
cally removed to determine the penetration distance of the
test organism. Each sand sample (10 g) was added to
90 mL of Ringer’s solution in an Erlenmeyer flask, shaken
by hand for 2 min, and mixed by vortex (Vortex Genie 2,
Scientific Industries; Bohemia, New York) for 1 min at
maximum speed. In separate experiments, the time required
for efficient removal of cells from the sand grains showed
that a minimum of 1 min of vortexing is required. In most
instances, there is little improvement of dispersion effi-
ciency with longer exposure, with reduction in viability typ-
ically occurring for vortex times >5–7 min. Samples were
serially diluted, and 100 mL was plated in duplicate onto
YM agar plates containing streptomycin sulphate (0.5 g/L)
for yeast, and on TSA plates without streptomycin sulfate
for D. fermentens. The plates were incubated for 2–3 days
at 30 8C.

Soil microcosms at 20% moisture content
To evaluate the long-term survival of the LKA1 trans-

formant in a typical vineyard soil, PVC containers (18 cm
in diameter) were filled with ~1.2 kg of typical vineyard

soil (consisting of 1/3 peat moss, 1/3 bark, 1/3 fine sand;
pH (KCl) 6.2; density, 550.8 kg/m3) (Newcellar, South
Africa) and inoculated with the VIN13 or LKA1 strain.
Yeasts were cultivated overnight at 30 8C in 100 mL YPD
medium (containing 1% yeast extract, 2% glucose, 2% pep-
tone from casein) and centrifuged at 5000 r/min for 5 min.
Cells were washed twice with sterile water and resuspended
in a volume of water to a final soil moisture content of 20%.
VIN13 and LKA1 were inoculated at a concentration of
4.20 � 107 and 2.98 � 107 CFU/mL, respectively. The soil
was watered on a weekly basis to a moisture content of
20%, and sampled at several intervals. Sampling involved
collection of 10 g composite soil aliquots from the upper
5 cm of soil in each container, which were added to Erlen-
meyer flasks containing 90 mL Ringer’s solution. Serial di-
lutions were then prepared as described earlier, plated in
duplicate onto YM agar plates supplemented with 12% etha-
nol (to prevent fungus growth and enrich S. cerevisiae
growth), and incubated at 30 8C for 2 to 3 days. Yeast-like
colonies were subsequently replica plated onto lysine agar
(Biolab) and Phadebas (Phadia AB) agar plates. After
14 weeks, the sampled soil was added to Erlenmeyer flasks
containing 90 mL of either Colombard grape must or 1%
YM medium for enrichment purposes. These Erlenmeyer
flasks were incubated for 1 day at room temperature without
shaking before serial dilutions were made and the yeast
numbers determined on YM agar plates.

Continuous-flow cells filled with sand
To further investigate the behaviour of yeast in the sand

columns, flow cells filled with sand were used to visualize
yeast–sand interactions. The channels of Perspex flow cells
(Wolfaardt et al. 1994) were filled with autoclaved sand
and covered with a glass cover slip (No. 1 thickness,
75 mm � 50 mm). Each flow-cell channel was connected
with autoclaved silicone tubing (1.6 mm internal diameter)
to a reservoir containing either Ringer’s solution or 1% YM
medium. Each flow cell consisted of 6 flow channels (each
310 mm long � 40 mm wide � 2.2 mm deep). These sand-
filled flow chambers were sterilized for 1 h with 3.5% (v/v)
sodium hypochlorite and rinsed overnight with sterile
growth medium. Aliquots of 300 mL of overnight VIN13,
LKA1, and C. laurentii cultures grown in full-strength YM
medium (1% in the case of C. laurentii) were used to inocu-
late duplicate flow chambers. The overnight cultures were
washed once with sterile distilled water (5000 r/min for
5 min) before resuspension in either Ringer’s solution or
1% YM medium. After 4 h, flow was resumed through the
channels at a flow rate of 2.3 mL/h, using a Watson-Marlow
205S multichannel peristaltic pump. One mL of effluent
from each channel was collected at daily intervals for 7
days, serially diluted, and plated in duplicate onto YM agar
plates to determine suspended cell numbers. Biofilms were
allowed to develop for periods of 3, 5, or 7 days before the
channels were stained with CalcofluorTM White M2R (Mo-
lecular Probes; Eugene, Oregon) at a concentration of
25 mmol/L. Images were randomly captured with epifluores-
cence microscopy at 600� magnification. Channels were
also stained with the FUN-1TM yeast viability probe (Mo-
lecular Probes), at a concentration of 40 mmol/L, after each
experiment of biofilm development.
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A Nikon Eclipse E400 epifluorescence microscope,
equipped with excitation/barrier filter sets of 465-495/515-
555 nm (Texas Red) and 540-580/600-660 nm (FITC), as
well as a multipass filter set for viewing DAPI, was used
for in situ visualization of biofilm formation on the sand.
Images were captured with a COHU high-performance
CCD camera (Model No. 4912-5010/0000) and a Nikon
(Coolpix 9909) digital camera. A SEM (LEO 1430 VP) was
used to obtain high-magnification images of biofilm forma-
tion on sand granules that were collected from the flow
channels after 4 and 17 days. Samples were gold-coated
with an Edwards S150A sputter coater.

Yeast behaviour in an aqueous environment

Biofilm formation by yeast isolates
Flow cells were also used to observe the behaviour of the

test strains in an aqueous environment. In this case, sterile
flow cells were irrigated with 1% YM medium or 10% arti-
ficial winery effluent (AWE). The AWE contained (per L)
1.7 g yeast nitrogen base without amino acids (Difco) and
ammonium sulfate, 5 g (NH4)2SO4, 1.8 g glucose, 1.8 g
fructose, 1 mg butanol, 1 mg citric acid, 2 mg malic acid,
2 mg tartaric acid, 2 mg lactic acid, 1.24 mg propanol,
3.8 mg isoamyl alcohol, 0.25 g acetic acid, 4 mg ethyl ace-
tate, 8 mg propionic acid, 1 mg valeric acid, 0.5 mg hexa-
noic acid, 0.7 mg octanoic acid, and 10 mg ethanol, with
the pH adjusted to 4 using NaOH. Individual flow chambers
were inoculated in duplicate with 300 mL of overnight cul-
tures of VIN13 and LKA1, grown in full-strength YM me-
dium, and C. laurentii, grown in 1% YM medium. After
washing once with distilled water, the yeast cultures were
suspended in 1% YM medium to serve as inocula. When
flow cells were irrigated with 10% AWE, the flow chambers
were inoculated in duplicate with 400 mL of overnight cul-
tures of VIN13 and LKA1, which were suspended in 10%
AWE after washing. Flow of the irrigation medium was re-
sumed at a flow rate of 2.3 mL/h after 4 h and kept at room
temperature (22 8C). Biofilms were stained with Calco-
fluorTM White M2R and FUN-1TM (Molecular Probes) to
determine cell viability using epifluorescence microscopy at
the end of the experiments. Standard procedures were fol-
lowed to enumerate cell numbers in the effluent.

In addition to microscope analysis, a photometric ap-
proach was applied to quantify and compare biofilm forma-
tion of VIN13, LKA1, and C. laurentii. Parallel-plate flow
cells with an internal volume of 12 mL were used to meas-
ure the accumulation of biomass on glass surfaces. In es-
sence, this approach measures light that passes through the
flow cell. Biofilm accumulation is recorded in real time as
a consequence of the lowered intensity of forward scattered
light (Saftic et al. 2005). Data were recorded at 5 min inter-
vals for 9 days, and stored with a designated program exe-
cuted in Lab View Student Edition, version 3.1 (National
Instruments; Berkshire, UK). Preparation of flow cells and
inoculation were performed as described for conventional
flow-cell experiments.

Behaviour of industrial yeast strains in a biofilm
community setting

Flow cells were irrigated with 10% AWE, and replicate

flow chambers were inoculated with 400 mL of a mixed-
microbial community. The community consisted of 1 mL
of an overnight culture of each of the yeasts (Schizosac-
charomyces pombe, S. ludwigii, and K. apiculata) and bac-
teria (M. nematophilum, isolate CT05, and Pseudomonas
sp. AEBL3). The yeasts were cultivated in YM medium
and the bacteria in 10% tryptone soy broth (Biolab), after
which they were washed once in sterile distilled water and
resuspended in 10% AWE. Flow was continued at a rate of
4.1 mL/h for 5 days before flow was arrested, and 400 mL
of an overnight culture of LKA1 was inoculated in dupli-
cate. Effluent was collected on days 3, 5 (before the addi-
tion of LKA1), and 10, serially diluted, plated onto YM
and Wallerstein Laboratory nutrient agar plates (Difco),
and incubated for 4–5 days at 30 8C. Colony colour and
morphology on Wallerstein Laboratory nutrient agar plates
were used to distinguish between the different yeast strains.
On day 10, the diluted effluent was plated on Phadebas
agar plates to distinguish LKA1.

Results and discussion

Behaviour of wild-type and GM wine yeasts in sand
columns

No breakthrough of VIN13 or LKA1 cells occurred
through the sand columns and, even after passage of up to
36 PV (~290 h), yeast cells could not be detected in the ef-
fluent collected during replicate experiments. The columns
were dissected in 1 cm sections at the end of each experi-
ment to assess the fate of the cells in the saturated sand.
The majority of cells was found in the first 6 to 7 cm of the
columns, and did not spread farther than 11 cm from the
column inlet (Fig. 1).

The soil yeast C. laurentii and bacterium D. fermentens
were included in the comparison between S. cerevisiae
strains VIN13 and LKA1 in the sand matrix. Duplicate col-
umn experiments with C. laurentii showed a rapid break-
through by this yeast; in both cases, a breakthrough of
cells was observed after 1 PV (~9 h) (Fig. 2A). This figure
also shows that when the LKA1 transgenic strain was co-
inoculated with C. laurentii, it had a breakthrough (migra-
tion through the sand profile) similar to that seen when it
was introduced in pure culture, indicating that the presence
of the GM wine yeast did not have an influence on the
movement of the soil yeast through the sand.

Dissection of the columns and subsequent plating revealed
that C. laurentii cells were distributed along the length of
the column, whereas LKA1 cells were primarily detected in
the first 2 cm (Fig. 2B). The higher numbers of C. laurentii
demonstrate the competitive advantage that Cryptococcus
has over LKA1 in soil. This observation may be because
soil is the natural habitat for C. laurentii, but also because
of the known ability of Cryptococcus spp. to produce antimi-
crobial substances that can inhibit the Saccharomyces strains.
Support for this is the observation that, when introduced in
pure culture, LKA1 migrated as far as 11 cm through the col-
umn, compared with 2 cm when co-introduced with C. lau-
rentii. Considering the possibility that S. cerevisiae
originated from the hybridization of other Saccharomyces
species in man-made environments, it is likely that Crypto-
coccus may have evolved more effective strategies for dis-
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tribution and proliferation in soil than Saccharomyces. This
is especially interesting when the fact that the 2 yeasts
have cells of similar size is taken into account. Overall,
there was not a difference between the mobility of the
GM and non-GM Saccharomyces strains in saturated sand.

As with C. laurentii, the bacterium D. fermentens could
be detected in the column effluent after 1 PV, and when the
columns were dissected at the end of each experiment, cells
were found distributed along the full length of the columns
(Fig. 2C). When mass balances were performed, the total
numbers of cells detected in the columns inoculated with C.
laurentii and D. fermentens were higher than the cell num-
bers introduced to the respective columns. A possible ex-
planation for this observation is that both of these
organisms are well adapted to proliferate under oligotrophic
conditions; therefore, the Ringer’s solution and impurities
associated with sand were sufficient to support prototrophic
growth by these organisms.

The survival of GM wine yeast in soil over time
The transgenic LKA1 strain and the VIN13 control strain

were detected in the soil in comparable numbers 2 weeks
after inoculation (Table 1). However, after longer periods of
incubation (7–12 weeks), the organisms were either not de-
tected or were present in numbers that were too low for enu-
meration. This result is in agreement with a number of
studies that have investigated the environmental fate of bac-
terial inoculants in soils (Van Elsas et al. 1998). Bacteria in-
troduced to soils generally respond with a decline in
population density, which often results in their persistence
at low densities or complete loss. Several biotic and abiotic
factors that can affect this behaviour have been reviewed by
Van Veen et al. (1997) and Stotzky (1980, 1995). Similarly,
an analysis of yeast population variations from year to year
indicated that permanent colonization of commercial wine
yeasts in vineyards did not occur, but instead that these

strains were subject to natural fluctuations of periodic ap-
pearances and disappearances, like autochtonous strains (Va-
lero et al. 2005). These authors showed that the
dissemination of commercial yeasts in vineyards was re-
stricted to short distances and limited periods of time, and
was mainly favoured by the presence of water runoff (Va-
lero et al. 2005).

Following the failure to detect introduced yeasts after pro-
longed incubation in the soil, we decided to use an enrich-
ment strategy, primarily to assess whether there were any
surviving cells in the soil. Both strains could be enriched
from the soil after 14 weeks when Colombard must was
used as enrichment medium. However, after 16 weeks, no
statistically meaningful data could be obtained and, there-
fore, 1% YM medium was used for enrichment on week 18.
These results indicate that cells of both the GM and non-
GM Saccharomyces wine yeasts remained viable in vineyard
soil over an extended period of time, although the majority
of cells lost their culturability.

Biofilm formation by wine and soil yeasts
The data presented in Figs. 1 and 2 suggest that the test

yeast strains attached to sand grains during the column stud-
ies. Therefore, the subsequent experiments focused on bio-
film formation by these organisms. Initially, this involved
the packing of flow cells with the same sand and irrigation
with Ringer’s solution, similar to the column experiments.
Qualitative observations with an epifluorescent microscope
showed that both VIN13 and LKA1 attached to the sand
grains in pure culture, but they were noticeably less exten-
sive than the biofilms formed by C. laurentii, an observation
that was supported by environmental SEM (Figs. 3A–3C).
Because of the uneven nature of the attachment surface of
sand grains, and the inherent difficulty in accurately deter-
mining the extent of biofilm formation, the latter was not
quantified. However, replicate experiments strongly sug-
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Fig. 1. Distribution of a wild-type commercial Saccharomyces cerevisiae VIN13 wine yeast and a genetically modified VIN13 strain,
LKA1, through sand columns, showing that the cells were attenuated in the sand. A constant flow of the irrigation medium was maintained
in duplicate experiments through the columns (0.125 pore volume (PV)/h). No yeast cells were detected in the effluents, even after extended
periods of flow (£36 PV). This graph shows data for VIN13 after 36 PV (290 h), for LKA1 after 17 PV (137 h) (A) and for LKA1 after
9 PV (76 h) (B).
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Fig. 2. Mobility and survival of the soil yeast Cryptococcus laurentii in saturated sand. (A) In contrast with the wild-type and genetically
modified Saccharomyces cerevisiae wine yeast strains (VIN13 and LKA1), C. laurentii broke through after 1 PV (9 h). (B) Distribution of
C. laurentii and the LKA1 transgenic wine yeast through sand columns after 14 PV (108 h), showing that, similar to its breakthrough profile
(A), the presence of LKA1 had little effect on the distribution of C. laurentii. In contrast to the S. cerevisiae wine strains, C. laurentii was
found throughout the length of the column, either when co-inoculated with LKA1 or inoculated on its own, supporting the breakthrough
data shown in (A). (C) Similar to C. laurentii, Dyadobacter fermentens was distributed throughout the length of the column and broke
through after 1 PV (results not shown). Column was run for 19 PV (145 h).
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gested that the biofilms formed by C. laurentii were more
expansive than those formed by the GM and non-GM wine
yeasts when cultivated under the same conditions. Biofilm
formation by C. laurentii, known for the production of ex-
tracellular polymeric substances, was been demonstrated in
a related study (Joubert et al. 2006). In our study, introduc-
tion of 1% YM medium as irrigation medium resulted in
thicker biofilms in all cases, indicating that all 3 test strains
actively formed biofilms and associated extracellular poly-
meric substances, as revealed by routine staining with Cal-
cofluorTM White. Staining with FUN-1 TM showed that,
similar to C. laurentii, both VIN13 and LKA1 contained a
high percentage of viable cells, whereas microcolony forma-
tion was demonstrated by ESEM (Figs. 3D–3E). These ob-
servations provided further proof that the wine yeasts are
capable of a biofilm mode of existence, whereas biofilm for-
mation in Ringer’s solution without an exogenous carbon
source showed that active metabolism is not a requirement
for adherence, as originally suggested by Reynolds and Fink
(2001). When co-cultured, LKA1 could not easily be de-
tected among the C. laurentii cells, although it was present
in the flow-cell effluent. There was no indication that
LKA1 had a negative effect on the biofilm formation ability
of C. laurentii.

Active biofilms release cells into the suspended phase. In
this study, relatively high numbers of cells were found in the
flow-cell effluent, as shown in Fig. 4. The data also showed
that the expression of the heterologous a-amylase gene in
wine yeast did not improve the reproductive success or cell
release by the LKA1 transgenic strain, compared with the
non-GM VIN13 strain. Overall, it was observed that there
were either no significant differences in the biofilm densities
of VIN13 and LKA1 on sand particles, or that LKA1
formed less dense biofilms than VIN13, as was the case
when 1% YM medium was used as flow medium.

Conventional flow cells were also utilized to compare the
biofilm formation potential of LKA1 with VIN13 and with
C. laurentii. Similar to observations made in the sand-filled
flow cells, it was found that biofilms formed by C. laurentii
were noticeably denser than those formed by the Saccharo-
myces wine yeasts; a difference that was observed for the
duration of the flow-cell experiments, which lasted up to
8 days. Generally, there was not a significant difference in

the numbers of culturable cells in the respective flow-cell
effluents (Fig. 5). An intersting result is that the biofilm-to-
planktonic cell yield of C. laurentii was most similar to the
2 Saccharomyces wine yeasts, despite the fact that C. lau-
rentii formed more extensive biofilms (Fig. 5A).

It should be noted that flow-cell dilution rates exceeded
the mmax values of all strains used in this study by at least
15 times; therefore, it is assumed that planktonic growth did
not have a noticeable contribution to the effluent cell num-
bers. Cells numbers in effluent from conventional flow cells
suggest that both VIN13 and LKA1 formed stable biofilm,
and that the numbers in their respective effluents were simi-
lar when grown on 1% YM medium or 10% AWE (Fig. 5).
This comparable biofilm-to-planktonic yield under notice-
ably different nutrient regimes demonstrates the buffering
capacity of biofilms, and suggests that, in addition to their
role in survival, biofilms may potentially play an important
role in microbial proliferation; phenomenon that warrants
further investigation when the environmental fate of GMOs
is of concern.

To address the inherent bias of microscope observations,
owing to the small field of observation, and to obtain quan-
titative data related to biofilm formation, an optical large
area photometer was used to monitor biofilms of the 3 test
organisms (VIN13, LKA1, and C. laurentii) (Fig. 6). Bio-
films formed by C. laurentii and VIN13 were relatively sta-
ble, with slight variations in optical density readings.
Biofilm formation for LKA1 initially showed more fluctua-
tion and had occasional sloughing events, as shown in
Fig. 6, after ~90 h of cultivation. In general, because of the
short duration of most biofilm studies, there is relatively lit-
tle information on the stability and reproducibility of biofilm
structure. Others have shown variability in bacterial biofilm
profiles when pure cultures were cultivated under carefully
controlled experimental conditions (Lewandowski et al.
2004; Bester et al. 2005). It is probable that biofilm function
is maintained by a dynamic attachment–detachment behav-
iour, which may be amplified by experimental conditions.

It has been reported that haploid S. cerevisiae cells adhere
better to plastic surfaces than diploid cells (Reynolds and
Fink 2001). This could be due to the reduced expression of
FLO11 in diploids, compared with haploids, since it has
been shown that FLO11 expression decreases as ploidy in-
creases (Galitski et al. 1999). If ploidy plays a significant
role, this may have implications in terms of the ability of
laboratory strains, as opposed to industrial yeast strains, to
form biofilms. Both S. cerevisiae wine yeasts used in this
study (VIN13 and LKA1) are diploid, and it is possible that
the soil yeast, C. laurentii, is polyploid. Little information is
available in the literature on the potential link between
ploidy and biofilm formation, and this is therefore an area
that should be considered when evaluating the ability of en-
vironmental yeasts to survive in biofilm mode.

The influence on an established biofilm community of the
addition of the GM wine yeast

Different yeasts (Schizosaccharomyces pombe, K. apicu-
lata, S. ludwigii) and bacteria were co-inoculated and al-
lowed to form biofilms. No traces of Schizosaccharomyces
pombe could be found in effluent collected on the third day,
and it was assumed that all Schizosaccharomyces pombe

Table 1. Detection of the VIN13 control yeast and the LKA1 ge-
netically modified Saccharomyces cerevisiae wine yeast in vine-
yard soil over time.

Concn.

Time
VIN13
(CFU/mL)

LKA1
(CFU/mL) Enrichment

Week 2 3.75�104 3.15�104 Not performed
Week 7 SI SI Not performed
Week 10 SI SI Not performed
Week 12 ND ND Not performed
Week 14 + + Colombard must
Week 16 – + Colombard must
Week 18 + + 1% YM medium

Note: CFU, colony-forming unit; +, presence indicated by enrichment
method; –, not detected, despite enrichment method; ND, not detected; SI,
numbers too low to be statistically meaningful.
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cells were washed out by that time. Wallerstein Laboratory
nutrient agar was used to differentiate the different yeast
genera in the effluent, since each genus displays unique col-
ony morphology when grown on this medium. Kloeckera
apiculata was shown to readily form biofilms, and light mi-

croscopy images demonstrated that K. apiculata prevailed in
high numbers in the biofilm community. However, light mi-
croscopy also revealed that LKA1 did not incorporate well
into a stable biofilm community when introduced after
5 days of biofilm development. Very few LKA1 cells could

Fig. 3. Scanning electron microscopy (SEM) micrographs showing biofilm formation by (A) Cryptococcus laurentii, (B) Saccharomyces
cerevisiae VIN13, and (C) S. cerevisiae LKA1 on sand. Confluent basal layers and microcolony formation by (D) LKA1 and (E) VIN13
demonstrate the ability of these wine yeast strains to form biofilms on geological material.
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be visualized in the mixed-community biofilms, although
LKA1 was still detected at a concentration of 3.00 �
104 CFU/mL in effluent collected on day 10 (Fig. 7). The
numberof bacterial members of the biofilm community in
the effluent remained stable over time, suggesting that the
bacteria played a role in maintaining biofilm integrity, a
function that they probably also have in nature. In contrast,
the numbers of K. apiculata and S. ludwigii cells in the ef-
fluent showed noticeable fluctuations. Overall, these obser-
vations showed that, similar to the parental strain, the

addition of LKA1 to the stabilized biofilm communities did
not disrupt the biofilms.

Conclusions

The public perception of potential health and environmen-
tal risks associated with GM food and beverage products
has, so far, outweighed perceptions of possible benefits
(Smith 1998; Pretorius 2000). The ongoing controversy is
often fuelled by the emotional arguments of various interest
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Fig. 4. Numbers of culturable cells in the effluent of sand-filled flow cells. (A) Pure cultures of VIN13 and LKA1 in flow cells irrigated
with Ringer’s solution. (B) Co-culture of Cryptococcus laurentii and the LKA1 irrigated with Ringer’s solution. (C) Pure cultures of VIN13
and LKA1 in flow cells irrigated with 1% YM medium.
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groups. Meanwhile, the recent commercialization of malo-
lactic and low-urea GM wine yeasts in the United States
and Canada has made the development of scientifically

sound risk assessments more urgent in the global wine sec-
tor.

To the best of our knowledge, this study is a first attempt
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Fig. 5. Numbers of culturable wild-type VIN13 and transgenic LKA1 wine yeast cells in the effluent of conventional flow cells irrigated
with (A) 1% YM medium or (B) 10% artificial winery effluent.
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to establish an objective risk-assessment procedure for the
release of GM wine yeast into the environment. In the pro-
cedure, it will be essential to apply principles, such as those
used here, to monitor the growth patterns, spread, and im-
pact of a GM wine yeast in minicosms that are consistent
with standard scientific method, which reject emotion in fa-
vour of objective measurement and rationality, and which
move forward by subjecting themselves to critical scrutiny.
Trustworthy, scientifically sound risk-assessment systems
and processes might help swing the current GMO debate
from one of being pro or con GM technology to one con-
cerned with evaluation of individual technology packages,
conducted on a case-by-case basis (Pretorius 2000; Pretorius
and Høj 2005).

Based on our findings and observations that biofilm for-
mation appears to be an important means of habitation for
S. cerevisiae in nature, we recommend that this mode of
growth by GM wine yeast be included when the growth pat-
terns, spread, and effect of transgenic wine yeast are moni-
tored in future risk-assessment systems and processes. The
fact that we have shown that S. cerevisiae is able to form
stable biofilms may open the possibility of exploiting such
models in clinical research on yeast pathogenesis and anti-
fungal therapy.
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Introduction
Several whole microorganisms, live or not, such as bacteria, fungi 

or algae, increase disease resistance in mammals and fish [1,2]. In fish, 
as in other aquatic organisms, the whole microorganisms administered 
have mainly been bacterial species, which in the form of feed additives, 
have been shown to improve the intestinal microbial balance and 
increase the health status of fish, seemingly by colonising the gut and 
acting as antagonists to pathogens and so increasing resistance to 
pathogens [1,3,4].More recently, other whole microorganisms have 
been tested for their possible immunostimulant properties in fish. 
Thus, the oral administration or injection of the yeasts Saccharomyces 
cerevisiae or Candida utilis has been shown to increase both humoral 
(myeloperoxidase and antibody titer) and cellular (phagocytosis, 
respiratory burst and cytotoxicity) immune responses, and to increase 
or confer resistance against pathogenic bacteria in channel catfish, 
rainbow trout or gilthead seabream [5-8]. Possible use of baker’s yeast 
in fish diets has many advantages. Firstly, they can be produced rapidly, 
easily and inexpensively and, at the same time, they are very stable and 
can be recycled from other industries. They are also natural substances 
so no negative effects may be expected either to the animals or to the 
environment. Moreover, there is no need to isolate their components, 
which consists mainly of cell wall sugars (β-glucans, mannoproteins 
and chitin), all are well-proved immunostimulant compounds. 

The yeasts (Saccharomyces cerevisiae) has been used in gilthead 
seabream was Lyophilized form, which is not easily available to the 
farmer and also very costly but the baker’s yeast, which is directly used 
in the bakery industry is low cost material. With this aim, the present 
paper discusses the effects of the dietary intake of the baker’s yeast as 
supplementary feed and possible difference with the use of control diets 
are also established.

Material and Methods
 Fingerlings of the species were obtained from a carp culture farm at 

the vicinity of Midnapore town has an initial measurement of 12.0±0.2g. 
Fish were  (12.2 ± 0.22g) released into continuous flow glass aquaria 
(76 X 41 X 41 cm3 area; 200.00 l capacity) after acclimatization for 15 
days to prevailing laboratory condition of water temperature (31-33 

ºC) and pH (7.42 –7.53). Studies were conducted at room temperature 
for 60 days. The water quality (pH, DO, Alkalinity, Ammonia) of the 
experimental aquaria was monitored periodically once in a week 
following the methods of APHA (1998) and maintained at normal level.

Preparation of experimental feeds
The four prepared feeds (Cont., Exp-1, Exp-2, Exp-3) were 

formulated using locally available ingredients (mustard oil cake, rice 
polish, fish meal and tapioca powder). Feed formulation was done 
basically by “Square method” using determined values of protein 
content of the different ingredients. Proportion of each ingredient 
required was calculated precisely providing allowance for the premix. 
Locally available Baker’s Yeast (Saccharomyces cerevisiae) was used 
as an immune stimulant. Baker’s Yeast were diluted in water and 
supplemented @ 5%, 7.5% and 10% in the feed Exp-1, Exp-2 and 
Exp-3 respectively; where as control feed was not supplemented with 
Saccharomyces cerevisiae. Feeds were pelleted separately with local 
made (Kolkata, India) hand pelletiser. The pellets were dried in a 
thermostatic oven (M/S Modern Industrial Corporation, Mumbai, 
India) at 37ºC and less then 10% moist [9, 10] and stored in an air tide 
jars at room temperature. Proximate composition of the four prepared 
feeds (Cont., Exp-1, Exp-2, Exp-3) were detailed in (Table 1).

Growth performance and conversion ratio
Fishes were fed twice daily at 8.00 and 16.00 h with ration size 

maintained with 6% of their body weight in two equal portions.   The 
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Abstract
The effect of baker’s yeast (Saccharomyces cerevisiae), in the diet of the Rohu (Labeo rohita) innate immune 

response were investigated. Indian major carps Labeo rohita were fed with four different diets for eight weeks: 
a formulated diet as control diet and the same diets supplemented with 5%, 7.5% and 10% baker’s yeast as an 
experimental diets. After every fifteen days interval different growth parameters ( such as ADG, SGR, FCR and 
PER),   Serological parameters ( such as TSP,TSA, TSG and A:G), different Hematological parameters ( such as 
TLC,TEC, Hct, MCV and MCH ) and  different Non- specific immunological parameters ( such as PR, PI, Respiratory 
Burst activity) were evaluated during experimental trial.  At the end of the experimental period, fishes of all the tanks 
were challenged with pathogenic bacteria Aeromonas hydrophila. The results show that, yeast cell wall able to 
enhance the   innate immunity and also have a positive co-relation with growth parameters. Through the absorption 
of yeast wall particle, the immune function and disease resistance of the entire organism is stimulated. These results 
support the possible use of baker’s yeast as natural immunostimulants in common fish diets.
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net weight was recorded every 15 days with an electronic and feed 
quality was readjusted after every weighting period of 15 days. For 
evaluating the  dietary performances, the nutritional indices like live 
weight gain (LWG), Net weight gain (NWG), Average daily growth 
(ADG), Protein efficiency ration (PER), Specific growth rate  (SGR) 
and Protein efficiency ratio (PER) were used. Two fishes of each group 
were terminated through overdose anaesthetiasation by MS222 (Sigma 
chemicals, India) [11] at the end of the experiment, and stored at –20 
ºC until analysis. 

Proximate analysis   

Proximate analyses of ingredients, feeds and body carcass were 
determined following the method provided in AOAC (1990). Moisture 
content was determined gravimetrically in a hot air oven   at 100+ 10 
ºC for 24 h. Crude protein contents were determined by the micro-
kjeldahl method. Crude lipid contents were determined by the soxhlet 
extraction method using petroleum ether (Boiling point: 40-60ºC) 
in the electro-thermal soxhlet apparatus. After extraction of lipid the 
defattend samples were used for the estimation of crude fiber following 
Patra [12]. Ash content was estimated by inserting samples in a muffle 
furnace at 500+ 50ºC for 10 h.  

Biochemical analysis

DNA (Deoxy-ribo nuclic acid) and RNA (Ribo nuclic acid) 
contents from liver (hepatopancreas) tissues were estimated as per the 
scheme given by Munro and Fleck (1969). Tissue was taken from fishes 
and homogenized with 0.25 m sucrose solutions. 250 µl homogenate 
and 500 µl 5% TCA mixed thoroughly centrifuged and wait for 15 
minutes and then precipitate was dissolved in PCA (several time in 
different concentration) and centrifuged with 5000 rpm (two times). 
The ultimate supernatant was used for RNA and DNA estimation by 
UV spectrophotometer. 

Enzyme assay

Two specimen from each of the replicate were sampled both the 
initial stage and at the end of a 60 days experimental period. The fishes 
were dissected and the liver was cleaned and removed and pieces of 
liver was thoroughly washed in ice chilled double distilled water and 
subsequently collected in ice-cooled Petri dishes, weighed and cut 
into small pieces. A 5% homogenate was prepared in potter- Elvehjen 
homogenizer with neutral glass powder and ice cold 0.1 M phosphate 
buffer (pH-7.4) and centrifuged at 2,500 rpm for 15 minutes in a 
refrigerated centrifuged. The supernatant was used for the GOT and 
GPT activity   following the method of Bernfeld [13].  

Initially and after completion of the study, experimental fishes 
from different feeding trials were separately pooled and liver was 
dissected out for ACP and ALP activity estimation. After weighting 
the whole quantity of proportionate quantity, 10 % sucrose and 1 % 
tritonex mixture were added and the contents homogenized in a tissue 
homogenizer. The samples were then put in appendrop tube and cold 
centrifuged (at -4 °C) at 11000 rpm for 15 minutes. The supernatant was 
collected as sample for determining the ACP [14] and ALP [15] activity.   

Study of blood parameters

Blood samples were collected by heparinized syringe from caudal 
vein for haematology. EDTA (Ethyline diamine tetraacetic acid) was 
used as anticoagulant. 1.0 mg EDTA ml-1 of blood or 1 drop of 1.0% 
solution 5 ml-1 of blood was used for haematology. Haematological 
parameters were estimated according to the method of Wintrobe 
[16]. MCV, MCH, MCHC were calculated by using standard formulae 

(Decie and Lewis 1991). Blood samples were collected in the laboratory 
for serological diagnosis by syringe from caudal vein and heart. 
Determination of the Total Serum Protein (TSP) and albumin by 
Gornall’s biuret method [17].  

TSG = TSP- TSA

(Where TSG = Total Serum globulin, TSP= Total Serum Protein, TSA= 
Total Serum albumin.)

Determination of immunity level

On day 60, blood was collected form fishes of each group. Part 
of the blood was heparinised and the rest was allowed to clot for 
serum samples, which were preserved at -20ºC for further analysis. 
Immediately after collection, the heparinised blood samples of each 
group were pooled to three aliquots. Part of the blood was analysed for 
leucocrit value in duplicate per sample [18]. The rest of the heparinised 
blood was immediately used for the phagocytic assay [8, 19]. Blood was 
collected from the fish by using a 0.2 ml glass syringe rinsed with an 
anticoagulant.  Then the blood was transferred into the heparinised 
vial and mix properly. 0.1 ml of freshly prepared NBT solution was 
added to 0.1 ml of the heparin mixed blood and 15 µl of stimulant 
solution in the incubating bottle. The bottles were incubated at 37oC 
for 10 minutes and at 26oC for another 10 minutes. 50-70 µl of this 
blood was transferred onto a clean slide and makes a thick smear with 
a spreader slide. The slides were air dried and stain with Wright’s stain.  
For staining with the Wright’s stain, first flood the slide with 1 ml of the 
staining solution for 30 seconds then 1 ml of distilled water was added 
and keep for another 30 seconds.  The slide was then pour off the stain 
and dried. Then the slide was then under oil immersion lens at 100 
X. The positive cells had the violet coloured formazan granules in the 
cytoplasm.  The percentage of the positive cells gave the idea about the 
non-specific immune status of the organism.

Challenge trial

Rohu fishes (Labeo rohita) of medium size (435±28g) were collected 
from a semi-intensive culture pond at the University campus. The 
intestine were gently excised & cut open with a pair of sterile scissors. 
The non-adherent micro floras of the intestine were isolated by three 
times washed with sterile solution & homogenized with 10 ml distilled 
water in stomacher bags. The presumptive numbers of micro flora were 
determined by the spread plate technique using nutrient agar. The 
pathogenic strain Aeromonas hydrophila (AH1) were isolated by the 
method of Kaneko [20], which had been cultured and maintained in 
the Aeromonas selective medium (M884, Hi – Media).

After 60 days feeding trial, fishes of each experimental group 
were released in four aseptic tanks. Different water quality parameters 
(Temperature pH, Dissolve Oxygen, Alkalinity, Ammonia) were 
maintained in normal level. Different experimental feeds and control 
feeds were provided twice daily according to 6 % of their body weight. 
The fishes in each treatment were challenged with Aeromonas hydrophila 
(AH1). Fishes in all replicates were immersed in a suspension of 
Aeromonas hydrophila  (AH1), ~ 105 CFU ml – 1 according to Austin et 
al. [21]. This was followed by a second immersion ~ 107 CFU ml – 1 after 
7 days Austin et al. [21]. The survivability of the fishes was recorded 
against pathogenic strain for last 10 days. 

Statistical analyses 

As all the above analyses were carried out on pooled samples of a 
given lot, standard deviations of means were calculated. However, for 
evaluating the dietary performances, nutritional indices, enzymatic 
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activity and RNA: DNA ratio, different haematological, serological, 
immunological parameters and challenge trials; correlation and 
regression test were performed through SPSS software package. 
Significant differences between the means of the treatments were tested 
by Duncan Multiple Range Test [22] through SAS software package 
[23].

Results 
Locally available ingredients (Mustard oil cake, Rich polish and 

Fish meal) were used for preparing experimental feeds for Labeo rohita. 
Except control feed (Control), other three experimental feeds (Exp-1, 
Exp-2 and Exp-3) were supplemented with baker’s yeast (Saccharomyces 
cerevisiae) and it was replaced with equal amount of rich polish. All the 
four experimental feeds are isocaloric and isonitrogenous. The average 
crude protein percentage of the feeds were 32.18± 0.22 and the crude 
protein percentage were around 7.67±0.09 (Table 1).    

After 60 days feeding trial initial and final carcass composition 
of Labeo rohita in relation to various feeds was presented in (Table 
2). The carcass composition of the test animals revealed an apparent 

increase in the final carcass protein and lipid over the initial carcass 
protein and lipid. Significantly highest carcass protein (12.01±1.29) and 
lipid  (3.16± 0.31) was recorded in feed Exp-1 fed fishes as compare 
to other experimental and control feeds. This was clearly indicating 
that, the enhancement of carcass composition with the increasing 
supplementation of yeast at a specific level (5% supplementation). 
Perhaps it was due to the enzymatic activity in the gut and there by 
nutrients are spread for the growth and it make overall well being for 
the fishes.

Maximum weight gain of 135.18±1.21(of 10 fishes) was obtained 
in feed Exp-1 fed fishes followed by Exp-2 (109.88±1.36) and Exp-3 
(102.86±1.96) and control (92.82±1.29) respectively (Table 3, Figure 
1). There were significant differences (P≤0.05) in the different growth 
parameters among the different experimental feed fed fishes (Table 3). 
Significantly lowest (P≤0.05) FCR (3.54±0.033) was observed in Exp-
1 fed fishes; it was also observed that significantly higher SGR was 
obtained from feed Exp-1 fed fishes (1.27±0.04). It indicates that Exp-1 
feed shows better utilization of nutrients than the other feeds. Similarly 
significantly (P≤0.05) highest PER values (6.46±0.11)   was obtained 

Proximate composition of feeds Diets
Control Exp –1 Exp –2 Exp –3 

Moisture(%) 7.18a 7.23a 7.19a 7.28a

Crude protein(%) 32.83
± 0.13 a

32.18
± 0.22 a

31.85
± 0.32 a

31.53
± 0.32 a

Crude lipid (%) 7.92
± 0.07 a

7.67
± 0.09 a

7.54
± 0.11 a

7.41
± 0.23 a

Ash(%) 11.69
± 0.16 a

10.62
± 0.08 a

10.08
± 0.06 a

9.55
± 0.19 a

Energy
(KJ/g)

 9.35
± 0.004 a

9.43
±0.002 a 

 9.46
±0.003 a

 9.50
±0.008 a

* On dry matter basis.
             Results are means of five separate determinations (Mean ± SEM)
             Figures having same alphabets in the different rows are significantly different (p ≤ 0.05)

Table 1:  Proximate composition (%) of different experimental diets* for Labeo rohita.

Carcass
Composition (%)

Experimental tanks

   Initial                                     Final
Control Exp –1 Exp –2 Exp –3 

Crude protein 7.75
± 0.86 a

9.96
± 1.05b

12.01
± 1.29c

10.40
± 0.30b

10.25
± 0.65b

Crude lipid 2.83
± 0.71 a

2.90
± 0.29 a

 3.16
± 0.31a 

2.93
± 0.93a

   2.99
± 0.12a

Ash 12.63
±0.062 a

12.55
± 0.089 a

12.89
± 0.073 a

12.55
±0.062a

12.68
±0.071a

Results are means of five separate determinations (Mean ± SEM).
Figures having different alphabets (superscribed) in the same row are significantly different  (p ≤  0.05)

Table 2: Initial and final carcass composition of fingerlings of Labeo rohita after 60 days  experimental trial on four different dietary treatment.

Diets NWG (g) ADG (g) SGR (%) FCR PER Hb
(g %)

TLC
(×103mm -3)

TEC
 (×103mm -3) Hct (%) Leucocrit 

value

Control 92.82
± 1.29a

1.54
± 0.002a 

0.95
± 0.30a

4.64
± 0.18a

4.35
± 0.14a

7.1
± 0.91a

13.8
± 0.76a

1.30
± 0.15a

27.21
±1.02a

37.10 
± 2.05a

Exp –1 135.18
± 1.21b

2.25
± 0.001b

1.27
± 0.41a

3.54
±0.33b

6.46
± 0.11b

8.2
± 0.17b

22.2
± 0.57b

1.76
± 0.11b

35.34
± 1.25b

59.20 
± 0.33b

Exp –2 109.88
± 1.36c

1.83
± 0.007c

1.13
± 0.39a

4.39
± 0.34a

5.30
± 0.32c

7.9
± 0.21c

18.3
± 0.76c

1.52
± 0.06c

28.32
± 1.41c

47.50
 ± 1.34c

Exp –3 102.86
± 1.96d

1.71
± 0.011d

1.10
± 0.30a

4.36
± 0.44a

5.02
± 0.19d

7.5
± 0.20d

16.7
± 0.87d

1.43
± 0.14d

32.18
±1.30c 42.60 ±2.13d

Figures having different alphabets (superscribed) in the same column are significantly different (p ≤ 0.05)

Table 3: Different growth parameters, haematological parameters and serological parameters after 60 days feeding   trial on L. rohita with yeast supplemented diets.
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from Exp-1 fed fishes, which indicate better utilization of protein for 
growth and metabolism.

Significantly (P≤0.05) highest Alkaline phosphatase (ALP) (8.62 ± 
0.04) and Acid Phosphatase (1.48 ±0.02) activity was observed in Exp-
1 feed fed fishes (Table 4) following Exp-2 and Exp-3 feed fed fishes. 
Similarly highest GPT (0.068±0.003) and GOT (0.042 ± 0.002) values 
were registered in feed Exp-1 fed fishes, where as lowest in feed control 
fed fishes (0.055±0.001 and 0.032 ±0.003). Significantly (P≤0.05) higher 
RNA: DNA ratio (2.10 ± 0.003) was observed in fishes fed with Exp-1 
feed and least was recorded (1.54 ±0.001) in control feed treated fishes 

(Table 5) after 60 days feeding trial. It was also observed that RNA: 
DNA ratio of fishes increased in all the treatments over the initial RNA: 
DNA ratio (1.02 ±0.010).  

Different Haematological and serological parameters of Labeo rohita 
after 60 days feeding trial were presented in (Table 3). Significantly 
(P≤0.05) highest TEC, Hb and HCT and lowest Albumin: Globulin 
ratio were observed in feed Exp-1 fed fishes, where as significantly 
(P≤0.05) lowest TEC, Hb and HCT and highest Albumin: Globulin 
ratio were recorded in control feed fed fishes after 60 days feeding trial.  

The effect of yeast (Saccharomyces cerevisiae) on non-specific 
immunity was observed. Significantly (P≤0.05) highest phagocytic 
ratio (63 ±1.22), phagocytic index (2.34±0.09) and leucocrit value 
(59.20±0.57) were recorded in Exp-1 feed fed fishes, where as lowest of 
all these were recorded (9±0.49, 1.52 ±0.12and 37.10 ±2.05 respectively) 
in control feed fed fishes (Table 6). Similar trend was observed in case 
of number of NBT positive cells. Significantly (P≤0.05) highest number 
of NBT positive cells (57.0 ± 0.61) were observed in Exp-1 feed treated 
fishes and least one (48.5±0.32) recorded in case of control feeds of 
Labeo rohita (Table 6, Figure 2). 

After 60 days feeding trial all treated and controlled fish faced 
challenge trial with Aeromonas hydrophila (AH1) for 10 days. After 10 
days challenge trial significantly (P≤0.05) highest (96.66%) survivability 
was observed in Exp-1 feed fed fishes followed by Exp-2 (53.33%), Exp-
3 (40%) and control (26%) feed treated fishes (Figure 3). 

Discussion
In the last two decades, many substances have proved their 

Figure 1: Growth (g) of Labeo rohita in relation to various diets.
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Figure 3: Survivability of Labeo rohita in relation to various diets when 
challenged with Aeromonas hydrophila (AH1).
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Control Exp-1
Exp-2 Exp-3
Linear (Control) Linear (Exp-1)Treatment ALP ACP GOT GPT

Control 1.08 ±0.01a
0.40±0.001 a 0.032±0.02 a 0.055±0.001 a

Exp –1 8.62±0.04b 1.48±0.02 b 0.042±0.06 b 0.068±0.005 b

Exp –2 5.29±0.02c 1.01±0.001 c 0.039±0.01 c 0.062±0.002 c

Exp –3 5.10±0.03c 0.73±0.003d 0.035±0.04d 0.059±0.006d

ALP (Alkaline phosphatase);  ACP (Acid Phosphatase);   GOT (glutamate-
oxaloacetate transaminase) (EC 2.6.1.1);   GPT (glutamate-pyruvate 
transaminase) (EC 2.6.1.2)

Table 4: Activities of ALP. ACP , GOT and GPT  in the intestine of Labeo rohita after 
60 days feeding trial.

Treatment Initial Final
Control

1.02 ± 0.010m

1.54 ± 0.001a n

Exp –1 2.10 ±0.003b o

Exp –2 1.98 ±0.005c  p

Exp –3 1.82 ±0.000c q

Results are means of three separate  determinations (Mean ± SEM), 
Values with the same superscript in the different rows are not significantly 
different (p < 0.05) 
from each other.
RNA/DNA : Initial value = 1.02± 0.010
Table 5: Initial and final RNA/DNA ratio in the muscle of  Labeo rohita after 60 
days feeding trial.

Treatment Albumin: 
Globulin

Phagocytic 
Ratio

Phagocytic 
Index

NBT cells

Control 3.00 ± 0.04a 15  ± 0.49a 1.52  ± 0.12 a 48.5± 0.32 a 
Exp –1  2.34 ± 0.03b 63  ± 1.22b 2.34  ± 0.09 b 57.0±0.61 b

  Exp – 2  2.52 ± 0.06c 42  ± 1.27c 2.15  ± 0.09c 52.5±0.24c

  Exp – 3  2.49 ± 0.09c 18  ± 0.86d 1.49  ± 0.20a 49.5±0.23d

Results are means of five separate determinations (Mean ± SEM)
Figures having different alphabets (superscribed) in the same column are 
significantly different (p ≤  0.05)

Table 6: Effect of Yeast (Saccharomyces  cerevisiae)  on A:G ratio & non specific 
Immunity levels of Labeo rohita after 60 days feeding trial.
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usefulness in fish culture because of their properties to stimulate 
the immune system & increase disease resistance. Among these 
immunostimulants the role of isolated β-glucans , chitin or vitamins 
is well documented [24-34]. However, the use of whole organisms 
instead of their isolated components has hardly been evaluated. In this 
way whole yeast cells (mainly S. cerevisiae), Which represent a major 
commercial source of β-glucans , have recently been described as good 
immiunostimulants in fish [6,8].

Charlon and Bergot [35] achieved more than 89 % survival and 
good growth of carp larvae; feed exclusively on dry diets having yeast 
powder and pork / beef freeze dried liver. Alami, Durante et al [36] 
reported 87 % survival and FCR of 0.62 in common carp larvae reared 
on liver , yeast and commercial trout starter feed . Singh et al. [37] 
also found that yeast increased the rate of feed intake and conversion 
efficiency. Mohanty et al .,  reported 100 % survival using a liver based 
diet containing goat liver , Cod liver oil  , Vitamin and mineral mixture 
with average growth of 133.3 mg / fry in Rohu ( Labeo rohit ) raised 
from spawn to fry . 

In the present study, S. cerevisiae are also found to stimulate 
the digestion through the supply of digestive enzymes and certain 
essential nutrients to the animals. Immunostimulants, particularly 
Saccharomyces cerevisiae producing several enzymes, which is not, 
produces by the host. Similar observation was also reported by Swain et 
al. [38]. A complex polysaccharide including cellulose are better utilized 
by the host in the presence of direct feed microbes like Aspergillus oryza 
, Saccharomyces cerevisiae.

Furthermore, it was reported that yeast in the diet improves 
feed efficiency, organic phosphorus (phytic acid) utilization and 
fibre digestion [38]. It also reported that supplementation of 
immunostimulants in feed improves the nutrition by hydrolytic 
enzymes including amylase and proteases, the production of vitamins 
such as biotin and vitamin B12 [39-44] and the host immunity [45]. It 
indicate that a given amount of immunostimulant elicit more than one 
protective response by the host. 

Dietary intake of  immunostimulants by fish has definite advantages 
and it is a useful method of exposure in large scale fish culture [8], 
particularly lypopolysaccharides of yeast cell wall was evaluated 
by many investigators like Ortuno et al. [6]; Sakai [28]; Sahoo and 
Mukherjee  [46]. It is recognized that immunostimulants enhance the 
host defence system against pathogens by increasing phagocytosis , 
antibody production , leucocrit level and reduced A:G (Sakai, 1999) 
. A comparative study done by Ortuno et al. [6] revealed that oral 
administration of whole yeast Saccharomyces cerevisiae enhances the 
cellular innate immune response. Notably that all kinds of cellular 
parameter such as phagocytic index, respiratory burst activity, number 
of erythrocytes, lymphocytes were also enhanced but not the humoral 
one.

 Blood is a pathophysiological reflector of the whole body and 
therefore, blood parameters are important in diagnosing the status of 
fish health (Pecie and Lewis, 1991), particularly when some additives 
used in the feed. In this present study it was observed that all the blood 
parameters in all the treatments were similar to standard (Banerjee et 
al., 2002) and Exp-1 fed fishes showed superior as compare to others, 
indication of the blood parameters revealed the positive impact, but 
also demonstrated a stable physiological reflection of the whole body 
[47]. In this study, a superior growth performance in terms of weight 
gain percentage, specific growth rate was recorded in L. rolita fishes fed 
with Exp-1 feed as compare to other feed fed fishes. These observations 
determine the optimum doses of yeast supplementation in feed. This 

might be helpful for optimum dietary utilization.

 In this study, although all the feeds were isonitrogenous but the 
concentration of immunostimulant i.e. Baker’s yeast (S. cerevisoae) 
in Exp-1 feed might be helpful for proper nutrient utilization. Whole 
body carcass composition was higher in Exp-1 feed fed fishes as 
compare to control one, which could have also noted to the overall 
low feed utilization level. RNA: DNA is known to provide dependable 
indication of growth trend [48-50]. The ratio was greatest in the fish 
fed Exp –1 feed with higher dietary utilization and best growth. Bazaz 
and keshavnath (1993) found higher RNA:  DNA in better growing 
fish fed with oil supplemented diets using equal level of crude protein. 
The present study also reports such a finding, where all the feeds are 
isocaloric and isonitrogenous but 5% supplementation of Baker’s Yeast 
(S. cerevisiae) incorporated feed ( feed Exp-1 ) exhibit better growth 
as well as better RNA:DNA ratio. The highest level of GOT and GPT 
as well as ALP and ACP were found in Exp-1 feed fed fishes and 
lowest in control. Most of the amino acids normally found in protein 
undergo transamination reaction and transaminases are localized in 
both citosol and mitochondria (Wada and Marino, 1964), which is 
induced by high protein diet [51], thus a positive correlation between 
the immunostimulant concentration at a specific level and the GOT, 
GPT level in the liver could be observed.

The result obtain in this study not only support the use of Baker’s 
yeast for better growth, and proper nutrient utilization but also it 
act as an immunostinunlant by stimulating the immune response. 
The activation mechanisms involved are known to be related to the 
carbohydrates, derived from the yeast cell wall. -glucans/whole yeast 
added to feed stimulates the phagocytic activity, respiratory burst 
activity and increase protection after challenge with pathogenic 
bacteria, similar finding ware reviewed by Robertson, 1999. 

In this study  oral administration of Baker’s Yeast (S .cerevisiae) 
stimulate the non specific immunity level as measured through 
enhanced phagocytic activity, leucocrit level, respiratory burst activity 
and reduced A: G. Although enhanced leucocrit value does not 
necessarily relate to an immunostimulatory action of Baker’s Yeast . The 
possible role of yeast as an imunostimulant due to its cell wall which 
composed of Lipopolysaccharide, such as glucan, which enhanced 
phagocytic activity of macrophages and globulin level as observed in the 
present experiment, the phagocytic indices seemed to be reliable indices 
of a hightened immunostimulatory response. Similar observation 
also observed by Swicki et al. [8]; Esteban et al. [31]; Orturo et al. [6]; 
Radriguezatal [7] in Rainbow trout and gilthread seabream. Albumin – 
Globulin ratio is a measurable humoral component at the non-specific 
defences. The reduction of A: G, might be due to the increase of Total 
serum globulin level with Significance protective mechanisms for 
fish [46]. Fish produce reactive oxygen species, which are considered 
to be toxic for fish bacterial pathogens [52,53] and are generated by 
phagocytes after stimulation by a variety of agents. In this experiment 
higher respiratory burst activity (O2

- production) was increased in all 
the experimental diets as compare to control diets, but highest number 
of NBT positive cells were observed in Exp-1 feed fed fishes, an effect 
also seen in rain bow trout ( Siwicki at al,1994), Seabream (Ortuno et al., 
2002) and turbot [54]. After challenge trial with Aeromonus  hydrophila,  
highest survivability observed in Exp-1 fed fishes, the enhanced 
protection conferred by glucan is not surprising, similar report has 
been reported to induce resistance in carp ( Cyprinus carpio) against E. 
tada [55]. Evidence suggests that glucan enhance disease resistance by 
stimulating non-specific components of fish immune system [56,57].

To conclude the present results provide evidences that Baker’s yeast 
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(S. cerevisiae) added in a common fish diet, exhibit better growth, better 
nutrient utilization and activate the innate immunity, as well as increase 
the survivability of L. rohita. Optimal doses and administration time 
have been established in an attempt to provide a useful approach for 
protecting culture fish against infectious diseases.
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Abstract

The objective of this study was to determine the effect of two levels of inclusion of mannan oligosaccharides derived
from the outer cell wall of a select strain of Saccharomyces cerevisiae (Bio-Mos, Alltech Inc, USA) on growth, feed uti-
lization, immune status and disease resistance of European sea bass (Dicentrarchus labrax). Specimens of 35 g at initial
density of 3 kg/m3 were fed during 67 days at 0&, 2& and 4& dietary MOS level of inclusion in a commercial sea bass
diet. Food conversion rate, specific growth rate, whole body biochemical composition, phagocyctic index of head kidney
macrophages, NBT index, lysozyme and alternative complement pathway (ACP) activities as well as gut and liver histo-
logical structure were evaluated. Growth significantly increased at both MOS dietary inclusion levels. Histological features
of the liver showed lower lipid vacuolization and regular-shaped morphology of hepatocytes around the sinusoidal spaces
denoting a better utilization of dietary nutrients. No differences were found on gut histological evaluation. Statistical dif-
ferences (P < 0.05) on the phagocytic index were denoted with the inclusion of 4& Bio-Mos group. A positive correlation
was found between the levels of lysozyme and alternative complement pathway activities in blood and the level of inclu-
sion of MOS in diets.

After the feeding trial, a cohabitation challenge test and direct gut inoculation were also performed with the pathogen Vibrio
alginolyticus in a ratio 3:1. Twenty-one days post-challenge the number of cohabitant fish infected in the control group reached
33% comparing with none on the 0.4& MOS group. Finally, new fish were infected with V. alginolyticus by gut canalisation. After
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24 h post-infection no significant difference was denoted between groups and 48 h post-infection total infected fish in the control
group was twice that of the 2& and 4& MOS groups.
� 2007 Elsevier Ltd. All rights reserved.

Keywords: Mannan oligosaccharides; Growth; Feed utilization; Phagocytic index; NBT index; Lysozyme; Alternative complement pathway;

Disease resistance; Dicentrarchus labrax

1. Introduction

Bacterial disease outbreaks impose a significant constraint in fish and shellfish production [1,2]. In commercial
farms, unfavourable environmental conditions (availability of iron, osmotic strength, oxygen levels, pH, water quality,
temperature) or poor management practices (inadequate nutrition, overcrowding, overfeeding) may stress the fish
causing them a growth rate reduction and immune suppression, making them more susceptible to disease outbreaks
[2e4]. This is particularly significant for European sea bass (Dicentrarchus labrax), which despite its importance for
Mediterranean aquaculture where it reaches up to 20% of total fish production, is a species very sensitive to stressors
and infections may occasionally cause important losses [5].

The increasing economical and social concern to decrease the use of antibiotics and other therapeutic chemicals
used in fish farming has encouraged more environmentally friendly approaches to disease control [2,3]. For in-
stance, there is a great interest in the use of different products and organisms to control potential pathogens by
competitive exclusion (probiotics and prebiotics), what has been successful in preventing disease outbreaks in
other areas of animal production [3,6e8]. Some of these products derive from Saccharomyces cerevisiae, like
Bio-Mos� (Alltech, Kentucky) which is composed by a fraction of its cell wall rich in mannan oligosaccharides
(MOS). The benefits of this product have been reported in a broad number of poultry species, where it improves
feed efficiency [9e13], promotes growth and seems to modulate immune response and preserve intestinal wall
integrity. However, studies of MOS effect in fish are very scarce. Common carp (Cyprinus carpio) and rainbow
trout (Oncorhynchus mykiss) growth and feed utilization significantly improved by feeding MOS supplemented
diets [14]. Besides, MOS feeding markedly reduced mortality and improved antibodies levels, bactericidal and
lysozyme activity and alternative complement pathway activity (ACP) [14]. MOS supplementation to Artemia im-
proved intestinal microvilli structure in white sea bream larvae (Diplodus sargus) and induced a higher resistance
to handling and stress [15].

In view of this evidence for other fish species, inclusion of MOS on diets for European sea bass could improve stress
and disease resistance together with growth and feed utilization. Hence, the objective of this study was to evaluate the
effect of dietary inclusion of MOS on the rearing performance of on-growing European sea bass and its implications in
certain immune parameters and resistance to infections.

2. Materials and methods

2.1. Diets

Three isonitrogenous and isoenergetic diets, based in a commercial formulation, were designed to contain
0& (Control), 2& (BM2) and 4& (BM4) MOS (Bio-Mos, Alltech Inc., USA) replacing standard carbohydrates. Diets
covered nutritional requirements for this species [5] and were manufactured by a commercial feed producer (Graneros
de Tenerife, Tenerife, Spain) with the composition indicated in Table 1.

2.2. Experimental conditions

2.2.1. Experiment I
Eight hundred commercially reared European sea bass juveniles from a population which had not suffered apparent

diseases originated from a local farm (ADSA, San Bartolomé de Tirajana, Canary Islands, Spain), arrived at the main
facility of the Canarian Institute of Marine Science (ICCM) on July 1st 2005. Fish were maintained in stocking tanks
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and fed a commercial extruded diet for 3 weeks (19e20.5 �C) until being well adapted to the environmental condi-
tions (3 kg/m2 stoking density). Afterwards, 792 sea bass juveniles were randomly distributed in 9 indoor, cylindro-
conical 1000 l fibreglass tanks at an initial stocking density of 3 kg/m3 (88 fish/tank). Fish average initial weight
(g � SD) and length (cm � SD) were 33.75 � 7.69 and 13.46 � 0.97, respectively (n ¼ 792). Tanks were supplied
with filtered sea water (1.39 l min�1), at a temperature of 20.5e23.4 �C, and natural photoperiod (12L:12D). Water
dissolved oxygen was kept at 8.0 � 0.2 ppm. Fish were manually fed until apparent satiation with one of the three
experimental diets for 9 weeks (3 times a day, 6 days a week). Each diet was assayed by triplicate.

Feed intake was calculated daily and growth parameters were determined at day 0, 36 and 67. Food conversion
ration (FCR) defined as the amount of food ingested divided by the generated biomass, specific growth rate (SGR)
defined as: [(ln final weight � ln initial weight)/number of days] � 100 and relative growth (%) defined as: [(final
weight � initial weight)/initial weight)] � 100. Nine fish at the beginning of the trial and 15 fish per tank at day
67 were sampled, after 24 h fasting, for body proximal composition and studies of hepatic and enteric tissue morphol-
ogy. Blood samples were taken from 15 fish for plasma and serum collection at day 67 to determine NBT, lysozyme
and ACP activities. In addition, the head kidney was removed from 15 fish per dietary treatment to determine phago-
cytic activity of macrophages.

2.2.2. Experiment II
After 9 weeks of feeding the experimental diets, 60 fish per diet from Experiment I were randomly selected and

distributed among 12 indoor cylindrical 500 l fibreglass tanks in the pathogens incubation facility (3 kg of fish/m3,
20 fish/tank). Each group of fish were fed the same diet that they were fed in Experiment I. Initial fish average weight
(g � SD) and length (cm � SD) were 99.37 � 21.84 and 18.71 � 6.30, respectively. A bacterial analysis was per-
formed before the beginning of the challenge test to ensure that fish were not infected by bacteria. Two groups of
20 fish from each dietary treatment (Control, BM2, BM4) were exposed to a pathogen by cohabitation (3:1, healthy:
infected) with fish intraperitoneally infected (ip) (2.4 � 108 cfu ml�1 per fish) with Vibrio alginolyticus. Another two
20 fish groups per treatment were used as non-infected controls cohabitating (3:1) with fish intraperitoneally injected
with sterile saline solution. Fish injected with V. alginolyticus or sterile saline solution were marked by Visible Im-
plant Elastomers (VIE, Northwest Marine Technologies, Shaw Island Washington, WA, USA) [16]. Water tempera-
ture ranged from 22 to 23 �C during the trial and artificial light photoperiod was adjusted to 12L:12D. Fish were
manually fed their respective experimental diets until apparent satiation for 21 days (3 times a day, 6 days
a week). At the end of this challenge test all fish were slaughtered and microbiological analysis of head kidney, spleen
and liver were conducted in order to determine the infection spread grade.

2.2.3. Experiment III
In a third experiment, 80 fish per diet from Experiment I were randomly selected and distributed among 12 indoor

cylindrical 500 l fibreglass tanks in the pathogens incubation facility (3.5 kg of fish/m3, 20 fish/tank). Each group of fish

Table 1

Main ingredients if the experimental diet

Ingredients Diet (% dry weight)

Fish meala 51.50

Soybean meal 9.78

Wheat 7.50

Wheat gluten 7.50

Corn meal 6.53

Fish oilb 12.69

Fats and oils 2.03

Mineral mixc 1.43

Vitamin mixd 1.03

Antioxidant (BHT) 0.01

a Peruvian fish meal (65% protein).
b Peruvian fish oil.
c TROUW Seabream/Seabass (0.8 g), Choline chloride (0.17 g) and Inositol (0.06 g).
d TROUW Seabream/Seabass (1 g) Calcium carbonate (0.2 g), Potassium monophosphate (0.19 g) and NaCl 97% (0.04 g).
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were fed the same diet that they were fed in Experiment I. Initial fish average weight (g � SD) and length (cm � SD)
were 98.23 � 5.63 and 18.51 � 0.30, respectively. A bacterial analysis was performed before the beginning of the chal-
lenge test to ensure that fish were not infected by bacteria. Two groups of 20 fish from each dietary treatment (Control,
BM2, BM4) were inoculated via anal canalisation with V. alginolyticus (2.4 � 108 cfu ml�1 $ per fish). Another two 20
fish groups per treatment were inoculated via anal canalisation with 1 ml of sterile saline solution. Water temperature
ranged from 22 to 23 �C during the trial and artificial light photoperiod was adjusted to 12L:12D. Fish were manually
fed their respective experimental diets until apparent satiation for one week (3 times a day, 6 days a week). After 24 h
and 48 h post inoculation, 33% of fish population was randomly selected and bacterial characterization of head kidney,
spleen and liver was performed in order to determine the pathogen’s capacity to pass through the intestinal epithelium.
Seven days after experimental infection, gut and liver samples were taken for histological studies.

2.3. Biochemical analysis

Feed and fish biochemical composition were conducted following standard procedures [17], dry matter content was
determined after drying the sample in an oven at 105 �C to constant weight, ash by combustion in a muffle furnace at
600 �C for 12 h, protein content (Nx6.25) was determined by Kjeldahl method and crude lipid was extracted following
the method of Folch et al. [18]. Fatty acids from total lipids were prepared by transmethylation as described by
Christie [19] and separated by gas chromatography under the conditions described by Izquierdo et al. [20], being
quantified by FID and identified by comparison to external standards. All analysis were conducted in triplicate.

2.4. Histological studies

On Experiment I, liver and gut samples were taken after 67 days of the feeding trial. Samples were fixed in 10%
neutral-buffered formalin, embedded in paraffin and stained with hematoxilin and eosin (H&E) for optical examina-
tion [21]. Micrographs of liver were taken from the paraffin sections at a final magnification of 400� using a Nikon
Microphot-FXA microscope and an Olympus DP50 camera. Hepatocellular area as well as maximum and minimum
longitude of cells taking hepatocyte nuclei as reference were measured with an analySIS� (Image Pro Plus�) software
package using arbitrary units. For each diet, twenty-seven micrographs originating from 9 fish (n ¼ 27) were ana-
lyzed. On Experiment III, seven days after experimental infection, gut and liver samples were taken for histology anal-
ysis and routinely processed.

2.5. Blood collection and sample preparation

Blood was obtained by caudal sinus puncture with a 1 ml plastic syringe. No anaesthetic was used in order to avoid
any possible effect in blood parameters and handle time was less than 1 min in order to minimize the stress effects. The

Table 2

Growth performance, nutrient utilization and somatic parameters of European sea bass fed commercial extruded diets with different levels of MOS

inclusion

Days of feeding Control BM2 BM4

Average Weight (g) 0 34.01 � 7.47 34.04 � 7.56 33.56 � 7.78

36 59.17a � 2.80 63.30b � 2.56 62.17b � 3.95

67 93.17a � 0.06 102.41b � 0.90 102.38b � 5.10

Long (cm) 0 13.48 � 1.03 13.55 � 0.92 13.41 � 0.95

36 15.76a � 0.05 16.26b � 0.05 16.50b � 0.29

67 18.16 � 0.13 18.73 � 0.15 18.63 � 0.25

Condition factor (k) 0 1.38 � 0.17 1.35 � 0.11 1.39 � 0.13

36 1.51 � 0.01 1.47 � 0.02 1.48 � 0.02

67 1.58 � 0.03 1.56 � 0.03 1.58 � 0.02

Relative growth (%) 36 73.18a � 0.90 84.62b � 3.38 83.81b � 8.71

67 56.90a � 1.63 58.57b � 1.97 59.75b � 2.99

Different letters within a line denotes significant differences (P < 0.05). Control ¼ 0& Bio-Mos; BM2 ¼ 2& Bio-Mos; BM4 ¼ 4& Bio-Mos.

Values expressed in mean � SD.
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Table 3

Whole body final proximal composition (g/100 g dry weight) of European sea bass fed commercial extruded diets with different levels of MOS

inclusion at the end of Experiment I (t ¼ 67 days)

Diet

Control BM2 BM4

Crude protein 46.96 � 2.10 44.74 � 1.08 44.19 � 1.12

Crude lipids 44.81 � 3.54 43.56 � 2.5 42.99 � 3.35

Ash 3.60 � 0.65 3.06 � 0.27 2.48 � 0.14

Moisture 63.12 � 2.35 63.16 � 1.00 62.77 � 0.86

Different letters within a line denotes significant differences (P < 0.05). Control ¼ 0& Bio-Mos; BM2 ¼ 2& Bio-Mos; BM4 ¼ 4& Bio-Mos.

Values expressed in mean � SD.
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first aliquot of blood was transferred to a coated Eppendorf with lithium heparin as anticoagulant and used for NBT
(Nitro Blue Tetrazolium) index, measuring the activity of circulating neutrophils spectrophotometrically as described
by Siwicki et al. [22], measuring the reduction of NBT to formazan in presence of oxygen radicals. The second aliquot
was divided in two portions, transferred to Eppendorf tubes and allowed to clot for 2 h. Serum was separated by cen-
trifugation and stored at �80 �C for ACP and lysozyme activities determination.

2.6. Serum analysis

Alternative complement pathway was performed as described by Sunyer and Tort [23] for gilthead sea bream
(Sparus aurata) using rabbit RBC. The reciprocal of the serum dilution causing 50% lysis of RBC is designed as
ACH50 and the results are presented as ACH50 units ml�1.

Lysozyme level in blood serum was determined by turbidimetric assay according to the method described by
Anderson and Siwicki [24] using hens egg white lysozyme (Sigma) in PBS as a standard. Results were presented
as Lysozyme units ml�1.

2.7. Macrophage phagocytic activity

Head kidneys of five fish per diet were removed and macrophages were isolated by density gradient centrifugation
technique as follows. Following collection, head kidneys were homogenized in supplemented Minimal Essential
Medium (MEM) (10 ml ml�1 heparin; 100 ml ml�1 penicillin/streptomycin; 2% foetal bovine serum) and filtered
through a nylon membrane (100 mm mesh syze, Sigma). Resulting cell solution was layered onto preformed gradient
of 51%e34% Percoll in 10% Hank’s Balanced salt solution (HBSS) and centrifuged at 800 � g for 30 min at 4 �C.
The interface layer was harvested with a Pasteur pipette, diluted in 1 ml of supplemented MEM and recentrifuged at
800 � g for 5 min at 4 �C to remove residual Percoll. The resulting pellet was diluted in 1 ml of supplemented MEM
and viability and concentration of macrophage cell suspensions were determined in trypan blue. The final pellet with
more than 93% viability was resuspended in supplemented MEM adjusting the final concentration to 106 macrophages
ml�1. Macrophage solution was incubated with V. alginolyticus as described by Esteban and Meseguer [25] for Vibrio
anguillarum. Phagocytic activity was measured as described by Blazer [26]. One hundred macrophages per fish were
counted and the phagocytic activity was determined as the percentage of macrophages with phagocytic ability.

2.8. Bacterial isolation and biochemical characterization

Samples of head kidney, liver and kidney from dead fish were cultured on TSA (Tryptone Soybean Agar, Cultimed)
and incubated at 25 �C for 24e48 h. All strains isolated were subjected to taxonomic analysis by standard morpho-
logical, physiological and biochemical plate and tube tests using previously methods [27], in order to identify
V. alginolyticus present in the fish.

Table 4

Composition of main fatty acids groups (g fatty acids/100 g total fatty acids) for whole body composition of European sea bass fed commercial

extruded diets with different levels of MOS inclusion at the end of Experiment I (t ¼ 67 days)

Diet

Control BM2 BM4

Saturated 27.080 � 0.805 26.224 � 0.332 27.981 � 1.595

Monosaturated 31.059 � 0.154 29.640 � 1.076 31.217 � 1.828

Sn-3 24.585 � 0.114 23.582 � 1.360 24.586 � 0.878

Sn-6 8.496 � 0.586 8.486 � 0.370 7.820 � 0.613

Sn-9 19.886 � 0.033 18.823 � 0.573 19.884 � 1.266

Sn-3 HUFA 19.796 � 0.073 18.995 � 1.105 19.767 � 0.726

Different letters within a line denotes significant differences (P < 0.05). Control ¼ 0& Bio-Mos; BM2 ¼ 2& Bio-Mos; BM4 ¼ 4& Bio-Mos.

Values expressed in mean � SD.

974 S. Torrecillas et al. / Fish & Shellfish Immunology 23 (2007) 969e981



2.9. Statistical analysis

Means and Standard Deviations (SD) were calculated for each parameter measured. Statistical analyses followed
methods outlined by Sokal and Rolf [28]. Data were submitted to a one-way analysis of variance (ANOVA) in order to
analyze the effects of the different levels of MOS inclusion. When F values showed significance, individual means
were compared using Tukey’s test for multiple means comparison. Significant differences were considered for
P < 0.05.

Fig. 2. Hepatocytes (H&E. �400) from fish fed. (a) Control diet showing foci of swelling hepatoyctes characterized by cytoplasm vacuolization

and nuclei displaced to periphery cellular; (b) BM2 diet with lower number of swelling hepatocytes; and (c) BM4 diet with a regular morphology

of the hepatocytes located around sinusoidal spaces.
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3. Results

3.1. Experiment I

No mortalities were registered during the feeding experiment. Results for growth, biometry and feed utilization are
shown in Table 2 and Fig. 1. After 36 and 67 days of feeding, fish fed with diets BM2 and BM4 showed a significantly
higher body weight and relative growth. Specific growth rate followed a similar trend (Fig. 1). Total length was also
significantly higher in fish fed MOS containing diets after 36 days of feeding. Feed conversion ratio (FCR) was
not significantly affected by MOS inclusion, but a positive correlation was found between the total amount of
ingested food and the level of inclusion MOS inclusion (y(t36 days) ¼ 88.493x þ 2366.6, R2 ¼ 0.9197;
y(t67 days) ¼ 321.2x þ 5255.2, R2 ¼ 0.869). No significant differences were found on the condition factor (K)
(Table 2). MOS supplementation did not affected whole fish proximate composition (Table 3) or fatty acid composi-
tion (g fatty acids/100 g total fatty acids) (Table 4).

Morphological analyses for fish fed diets containing MOS resulted qualitatively in a regular-shaped morphology of
the hepatocytes around sinusoidal spaces and a reduction on the lipid vacuolization of the cytoplasm that decreased the
number of hepatocytes with the nuclei displaced to the cellular periphery. This effect was more pronounced in fish fed
with the higher concentration of MOS (Fig. 2). According to these histological findings, quantitative morphometric
analysis of the liver revealed significant differences (P < 0.05) in the cells parameter studied. Thus, hepatocytes of fish
fed BM4 presented significantly lower hepatocellular area as well as maximum and minimum cell length (Table 5). No
differences were found on histological evaluation of guts of fish fed with the different diets.

Phagocytic activity of head kidney macrophages against V. alginolyticus significantly increased (P < 0.05) in fish
fed the highest MOS inclusion level (4&) (Fig. 3). Resulting in a positive correlation between the phagocytic activity
and the dietary MOS inclusion levels (y ¼ 4.33x þ 19.043, R2 ¼ 0.9742). No concluding results were obtained for
neutrophils potential of reduction because significant differences were found between all treatments (Fig. 3). No
significant differences (P < 0.05) were found on lysozyme and ACH50 (Fig. 3), although a positive correlation
was observed between the level of MOS inclusion and the level of these parameters in fish serum,
(ylysozyme ¼ 22.285x þ 389.89, R2 ¼ 0.869) (yACH50 ¼ 7.925x þ 89.903, R2 ¼ 0.9074).

3.2. Experiment II

Despite all the intraperitoneally infected fish dying within 72 h, there were no cohabitation mortalities during the
experiment. The grade of horizontal transmission was determined by the presence or absence of the pathogen in dif-
ferent internal organs, but the pathogen was only recovered on head kidney. After 21 days of challenge test the number
of fish infected by V. alginolyticus was significantly (P < 0.05) reduced by the dietary MOS supplementation (Fig. 4).
VIE mark allowed the correct identification of all injected fish.

3.3. Experiment III

No mortalities were registered in this experiment. The grade of pathogen infection was determined by the presence
or absence of the pathogen in internal organs and the pathogen was only recovered on head kidney. A 10% of infected

Table 5

Results of quantitative image analysis (mm) of hepatocytes from European sea bass fed commercial extruded diets with different levels of MOS

inclusion at the end of Experiment I (t ¼ 67 days)

Diets

Control BM2 BM4

Maximum longitude 2.030ab � 0.451 2.165a � 0.498 1.610b � 0.311

Minimum longitude 1.416a � 0.240 1.352a � 0.261 1.087b � 0.256

Area 2.577a � 0.887 2.758a � 0.781 1.711b � 0.612

Different letters within a line denotes significant differences (P < 0.05). Different letters within a line denotes significant differences (P < 0.05).

Control ¼ 0& Bio-Mos; BM2 ¼ 2& Bio-Mos; BM4 ¼ 4&Bio-Mos. Values expressed in mean � SD.

976 S. Torrecillas et al. / Fish & Shellfish Immunology 23 (2007) 969e981



0

0,1

0,2

0,3

0,4

0,5

0,6

N
B

T
 (

ab
s)

****

**

0

5

10

15

20

25

30

35

40

P
ha

go
cy

ti
c 

in
de

x 
( 

   
)

*

0

100

200

300

400

500

600

700

L
ys

oz
ym

e 
(u

ni
ts

/m
l)

(a)

(b)

(c)

(d)

* Denotes significant differences (P<0.05)

* Denotes significant differences (P<0.05)

0 2 4

MOS (    )

0 2 4

MOS (    )

0 2 4

MOS (ppt)

0 2 4

MOS (ppt)

0

20

40

60

80

100

120

140

160

A
C

H
50

 (
un

it
s/

m
l)

Fig. 3. Influence of MOS on total (a) phagocytic activity of head kidney macrophages (n ¼ 24); (b) reduction potential of circulating neutrophils

(n ¼ 24); (c) lysozyme activity (n ¼ 24); and (d) alternative complement pathway activity (n ¼ 24) in European sea bass during Experiment I

(mean � SD; n ¼ 24). Significant differences (P < 0.05) among treatments are indicated by (*).

977S. Torrecillas et al. / Fish & Shellfish Immunology 23 (2007) 969e981



fish were found in all pathogen induced fish at 24 h postinoculation regardless of the dietary treatment. However, after
48 h the number of infected fish found in the control treatment was twice in the fish fed MOS (Fig. 5).

4. Discussion

In the present study, despite inclusion of dietary MOS at 2& and 4& did not significantly affect diet proximate
composition, fish fed MOS supplemented diets showed a significant growth improvement. Similar effects have
been described for broiler chickens [29], pigs [30,31], and common carp or rainbow trout [14]. Improved growth
may be related with an enhanced amino acid absorption as it has been shown in chicken [13] and it is suggested
by the improvement in the functional integrity of the enterocyte membrane in MOS fed animals [11,32]. In sea
bass, dietary MOS did not affect fish gut at an optical microscopy level. However, some studies have reported a better
microvilli alignment when MOS was fed to fish [15] or broiler chickens [13], where a significant increased jejunal
villus height was described.

A positive correlation was also observed for sea bass between the dietary MOS inclusion level and feed intake, in
agreement with the results found in neonatal dairy calves [33] and senior dogs [34]. Besides increasing feed intake,
MOS has been found also to reduce by 20% cholesterol absorption in rats [35] and increase bile salt excretion [36,37].
In turn, both reduced cholesterol absorption and increased bile salt excretion could reduce liver cholesterol in relation
with the reduced liver fat deposition found in sea bass hepaocytes in the present experiment. This is in agreement with
the results obtained by Young et al. [38], who reported a significant reduction of fat deposition in liver and a significant
hypocholesterolemic effect in liver and eggs after fed laying hens 0.1% Bio-Mos.
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In the present study, dietary MOS incorporation at 4& significantly improved head kidney macrophages
phagocytic activity. Comparable results have been obtained for sea bass by Montero et al. [39], who observed an
improvement on immune status and stress resistance in fish fed with a mixture of MOS-b-glucans for 60 days. A
dose-dependant enhancement of phagocytic activity by MOS has been also found in chicken macrophages [40],
that could be related to the presence of a mannose receptor involved in microbe recognition and phagocytosis in
the absence of specific opsonization [41]. The mannose receptor is the main molecule involved in antigen recognition
and the binding process in antigen presenting cells [42]. Another possible action mechanism of MOS on the immune
system could be the stimulation of mannose binding lectin (MBL) by liver secretion. This protein binds the capsule of
bacteria and triggers the complement cascade [43]. In this respect, the results of the present study showed a trend to
increase in the alternative complement pathway activity by elevation of MOS dietary levels. This is in agreement with
the results obtained by Staykov [14] who found higher levels of bactericidal activity, lysozyme, antibody levels and
alternative complement pathway activity in rainbow trout and common carp fed MOS. Therefore, MOS could activate
and facilitate antigen processing and serve to stimulate the initial stages of the immune response [44]. Nevertheless,
MOS effect on immune response could be related with other factors. For instance, a selective absorption of tryptophan
by gut brush-border membrane has been reported in chicks fed MOS [13] and certain studies show that high doses of
tryptophan cause abnormal white blood cell accumulation in tissues [45,46], evidencing the active role that tryptophan
or its metabolites play in modulating immune system activity. Hence, further studies must be conducted to understand
the role of MOS in fish immunomodulation.

Despite all of the intraperitoneally infected fish rapidly dying due to the endotoxic hiperagude shock produced by
V. alginolyticus extracellular products (ECPs) [47], no mortality was detected in cohabitants. In other species such as
chinook salmon (Oncorhynchus tshawytscha) exposition to an Aeromonas salmonicida challenge showed a direct re-
lationship between a rapid death of the experimentally infected fish and disease occurrence [48]. Hence, the lack of
mortality in cohabitant fish seems to be related to a low density of bacteria released to the water from donors, being the
receptors asymptomatic infected fish. However direct gut inoculation of V. alginolyticus showed the reduction in the
number of infected fish by feeding MOS. Among other carbohydrates, mannose constitutes an important surface com-
ponent of cells. Mannose-specific lectins are utilized by many gastrointestinal pathogens as a means of attachment to
the gut epithelium [49]. These molecules function as adhesins mediating the binding of some bacteria as Campylo-
bacter jejuni [50] and Aeromonas hydrophila [51] to epithelial cells, and the interaction of bacteria with phagocytic
cells [52,53]. Some studies reported that mannose inhibited the in vitro colonization of the chicken small intestine by
Salmonella typhimurium [54] and reduced caecum colonization by S. typhimurium following oral inoculation [11].

In summary, these results showed that dietary incorporation of MOS at 0.4% enhances sea bass growth, activates its
immune system and increase its resistance to a bacterial infection directly inoculated in the gut, one of the main sites of
infection in fish [55]. Further experiments must be conducted to clarify the action mechanisms of MOS, as well as the
optimum feeding period and dose.
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a b s t r a c t

The effects of dietary whole cell yeast (Saccharomyces cerevisiae), n-3 HUFA-enriched yeast and treated
yeast cells with beta-mercapto-ethanol (2ME) on immunity, growth performance and disease resistance
to Yersinia ruckeri were investigated in Oncorhynchus mykiss. During 30 days, juvenile rainbow trout were
fed diets supplemented with different forms of yeast at 5 � 107 CFU g�1 or a control diet. After the
feeding trial, remaining fish of each treatment were challenged by pathogenic Yersinia ruckeri and kept
under observation for 14 days to record clinical signs and daily mortality rate. Yeast supplementation
in all treatment groups significantly promoted the growth performance compared to control group.
A significantly increase was also observed in immune responses in juvenile fish fed 2ME-treated yeast
diet. More ever, the lowest fish mortality was obtained in this treatment group. The present results show
that a diet supplemented with 2ME-treated yeast stimulates the immune system and growth of juvenile
rainbow trout thus enhancing their resistance against Y. ruckeri.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The intensification of fish culture has led to high number of
infectious and non infectious disease outbreak. In rainbow trout
farming, one of the most prominent bacterial diseases is caused
by Yersinia ruckeri. Rainbow trout affected by Yersiniosis mainly
show hemorrhages in various tissues and organs, especially around
the mouth, in the gills, muscles, peritoneum, body fat, viscera and
low intestine. Meanwhile, sever inflammations of the distal portion
of the intestine and vents are common. This pathogen is probably
persistent in the environment and is horizontally transmitted [1].
In order to improve health in the fish rearing, several alternatives
such as improved husbandry, nutrition, water quality, lower
stocking density, use of vaccines and different stimulants such as
probiotics have been proposed [2].

Probiotics are live microbial feed supplements with beneficial
effects on host by producing inhibitory compounds, competition

for chemicals and adhesion sites, immune modulation and stimu-
lation, and improving the microbial balance [3]. In deed, there has
already been intensive research on probiotics for use in aquacul-
ture. Baker’s yeast (Saccharomyces cerevisiae) is a natural product
from the baker’s industry that contains various immunostimulating
compounds such as b-glucan, nucleic acids, mannan oligosaccha-
rides and chitin, and has been proved to enhance the immune
responses and growth in fish [4]. Previous studies were conducted
to determine the effects of whole cell yeast, partially autolyzed
yeast or some components isolated from whole cell yeast such as
b-glucan or nucleic acids in fish species [4e9]. There are few
information regarding the potential of chemically treated baker’s
yeast with 2ME on gnotobiotic artemia and Indian white shrimp
Fenneropenaeus indicus health [10,11] but the effect of chemically
treated baker’s yeast with beta-mercapto-ethanol (2ME) and
comparisonwith whole cell yeast and n-3 HUFA-enriched yeast has
not been studied in fish species. Thus, the aim of this study was
to evaluate the effects of dietary whole cell yeast (S. cerevisiae), n-3
HUFA-enriched yeast and treated yeast cells with 2ME on some
immune parameters, growth performance and protection against
pathogen Y. ruckeri in juvenile rainbow trout.
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2. Materials and methods

2.1. Fish

Rainbow trout of 20 � 3 g average weight were obtained from
a commercial fish farm in Urmia, Iran. Healthy fish were kept in an
indoor cement tanks for 10 days for acclimation to the laboratory
conditions. Fish were randomly distributed at 42 fish per tank and
maintained in continuously aerated free-flowing dechlorinated
freshwater at 14� 2 �C. Fishwere fedwith commercial pelleted diet
(Faradaneh, Iran) at 3% of body weight daily. Analysis of pelleted
diet is shown in Table 1.

2.2. Preparation of S. cerevisiae mixtures

Three forms of baker’s yeast were used in this study: 1) Whole
cell yeast without any treatment, 2) 2ME-treated yeast, 3) n-3
HUFA-enriched yeast.

For preparing 2ME-treated yeast, yeasts cells were grown
according to the procedures described by Soltanian et al. (2008)
[10], using minimal yeast nitrogen base culture medium (YNB).
In the stationary growth phase (after 3 days) yeast cells were har-
vested by centrifugation (800�g for 10 min). Then chemical (2ME)
treatment was applied on yeast cells. First, yeast cells were sus-
pended at a concentration of 200 mg wet weight ml in a sterilized
medium containing Na2EDTA (0.05mol/L) and Tris-buffer ((0.2mol/
L); pH 8). After addition of 2ME (2% volume/volume) the yeast cells
were incubated for 30min at 30 �C. Pretreated yeastswere collected
and washed with protoplasting medium comprising a phospha-
teecitrate buffer (KH2PO4 0.08 mol/L; Na3citrate 0.016 mol/L; pH
5.8) and KCl (0.6 mol/L). Finally, yeast cells were washed thrice
with filtered (0.2 mm) seawater. Yeast cell concentrations were
determined with a Burker haemocytometer. Yeast suspensions
were stored at 4 �C until the end of each experiment (maximum
storage of 1 week).

Yeast enrichment was performed by oil rich in n-3 HUFA. The
fatty acid composition was analyzed by gas chromatography (DANI
1000, Italy) using a BP� 70 capillary glass column (0.32mm� 50m,
SGE Analytical Science Australia) after esterification in acetyl-
chloride/methanol mixture [12]. Analysis of fatty acid composition
is shown in Table 2. For yeast enrichment, protocol by Aoki et al.
(2004) with small modification was used [13]. Briefly, 1 g of S. cer-
evisiaewas inoculated at 25 �C to 700ml of a medium consisting 5%
glucose, 2% yeast extract, 0.5% choline,1% K2HPO4, and 3% n-3 HUFA
and the culturewas incubated at 25 �C and agitationwas performed
at 150 rpm for 2 days. The cells were harvested by centrifugation
and then washed with ethanol and normal saline. The wet cells
were stored at �20 �C and used for feeding to fish.

2.3. Diet preparation and feeding trial

Three experimental diets were formulated to be supplemented
at 5�107 CFU per g of diets. After spraying the yeast on commercial
feed, pellets were dried at room temperature for 2 h and then they

were stored at 4 �C for further use. Each diet was fed to triplicate
tanks twice daily for a period of 30 days. After feeding trial, diets
were replaced by normal pelleted diet without any yeast.

2.4. Fish performance

5 fish from each individual tank were randomly selected and
factors such as total length, totalweight, viscera and carcassweights
were determined. Condition factor, weight gain and specific growth
rate were calculated as following:

Condition factor (CF)¼W/L3 � 100, whereW is final weight (g), L is
total length (cm).

Weight gain (WG) ¼ (W2 � W1) � 100/W1, where W1 and W2 are
the initial and final weight (g), respectively.

Specific growth rate (SGR)¼ 100 (lnW2 �W1)/T; whereW1 and
W2 are the initial and final weight (g), respectively, and T is the
number of days in the feeding period.

2.5. Fish dissection and microbiology

5 fish from each tankwere sampled one day before start feeding,
then at 30 and 45 days post start feeding. After euthanasia with
Clove powder (200 mg ml�1) disinfection of fish external surface
was carried out. Cultivable yeast associated with the intestine
was counted by the methods of Andlid et al. (1995) [14]. Briefly
after dissection of midline in ventral surface, gut sections between
pyloric caeca and 1 cm before anal pore were gently removed.
Intestinal contents were homogenized, diluted and spread on
Sabouraud dextrose agar with antibiotics to count yeast.

2.6. Hematological measurements

9 fish from each group were anaesthetized with clove powder
(200 mg l�1) and blood was collected by caudal vein puncture in
heparinised syringes. Hematocrit values (Ht) were determined after
sampling by placing fresh blood in glass capillary tubes and centri-
fuging for 5 min in a microhematocrit centrifuge. Haemoglobin (Hb)

Table 1
Composition of the basal diet used throughout the experiment.

Proximate analysis (%) FFT1 FFT2

Dry matter 89 89
Crude protein 40 40
Crude lipid 14 14
Ash 10 10
Fiber 3.5 3.5
Phosphorous 1.2 1.2

Table 2
Fatty acid composition of whole cell S. cerevisiae and n-3 HUFA-enriched S. cer-
evisiae. Each value (X � SD) is the average performance of five samples for fatty acid
analysis.

Fatty acids Whole cell S. cerevisiae n-3 HUFA-enriched S. cerevisiae

14:0 4.5 � 0.07a 3.8 � 0.07a

14:1n5 3.8 � 0.21a 3.4 � 0.056a

16:0 29.6 � 0.91a 9.5 � 0.98b

16:1n7 0 0
18:0 7.4 � 0.14a 2.3 � 0.57b

18:1n9 11.85 � 0.67a 4.75 � 0.31b

18:1n7 11.85 � 0.33a 9.95 � 0.12a

18:2n6cis 7.7 � 0.98a 5.3 � 0.18a

18:3n3 0.87 � 0.42a 0.9 � 0.063a

20:0 0a 0.89 � 0.056b

18:3n6 0 0
18:4n3 0 0
22:0 0 0
20:3n6 0.34 � 0.007a 0 b

20:3n3 0.52 � 0.021a 0b

20:4n6 0.56 � 0.028a 0.48 � 0.021a

20:5n3 0.64 � 0.021a 17 � 0.98b

22:5n6 0 0
22:6n3 1.82 � 0.035a 30.7 � 0.98b

24:0 0 0

The same superscript alphabets in the same row are not significantly different at
P < 0.05.
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level was determined calorimetrically by measuring the formation
of cyanomethaemoglobin using a commercial kit. Red blood cells
(RBCs) and white blood cells (WBCs) were counted under a light
microscope using a Neubauer haemocytomter after dilution with
phosphate-buffered-saline. Differential leukocyte counts (neutro-
phil, lymphocyte, monocyte) were determined using blood smears
under a light microscope. Cells were identified on the basis of
morphology and cell ultra structure as documented in previous fish
leucocyte studies [15].

2.7. Immunological assays

3 fish from each tankwere sampled one day before start feeding,
then at 30 and 45 days post start feeding. Blood was collected by
vein puncture using syringes coated with heparin and transferred
immediately into sterile tubes and allowed to clot at room
temperature for 1 h samples were kept at 4 �C for 5 h. The serawere
separated by centrifugation (1500�g for 5min at 4 �C) and stored at
�20 �C until required.

2.7.1. Lysozyme activity
Lysozyme activity in serum was determined according to the

method of Demers and Bayne (1997) [16] based on the lysis of
the lysozyme sensitive gram positive bacterium, Micrococcus lyso-
diekticus (Sigma). The dilutions of hen egg white lysozyme (Sigma)
ranging from 0 to 20 mg ml�1 (in 0.1 M phosphateecitrate buffer, pH
5.8) were considered as the standard. This along with the undiluted
serum sample (25 ml) was placed into wells of a 96-well plate in
triplicate.175 ml ofM. lysodiekticus suspension (75 mgml�1) prepared
in the same buffer was then added to each well. After rapid mixing,
the change in turbidity wasmeasured every 30 s for 5min at 450 nm
at approximately 20 �C using a microplate reader. The equivalent
unit of activity of the sample as compared to the standard were
determined and expressed as mg ml�1 serum.

2.7.2. Complement activity
Alternative complement activity was assayed based on the

hemolysis of rabbit red blood cells (RaRBC) as described by Waley
and North (1996) [17]; Boesen et al. (1999) [18] and Amar et al.
(2000) [19]. The RaRBC were washed three times in ethylene
glycol tetraacetic acidemagnesiumegelatin veronal buffer (0.01 M
EGTAeMgeGVB, pH 7) and the cell numbers were adjusted to
2�108 cellsml�1 in the same buffer. At first, the 100% lysis valuewas
obtained by adding 100 ml of the above RaRBC to 3.4 ml distilled
water. The hemolysatewas centrifuged and the optical density (O.D.)
of the supernatant was determined at 414 nm using a spectropho-
tometer (Awareness, USA). Following, the test serawere diluted (100
times), different volumes ranging from 100 to 250 ml (total volume
was adjusted to 250 ml with the buffer) was allowed to react with
100 ml of RaRBC in small test tubes. This mixture was incubated at
20 �C for 90 min with intermittent mixing, following which 3.15 ml
of 0.85% NaCl solutionwas added and the tubes were centrifuged at
1600�g for 10 min at 4 �C and the O.D. of the supernatant
was measured as mentioned above. A lysis curve was obtained by
plotting the percentage of haemolysis against the volume of serum
added on a logelog graph. The volume yielding 50% haemolysis was
used for determining the complement activity of the sample as
follows:

ACH50 (Units ml�1) ¼ K � (reciprocal of the serum dilution) � 0.5

where K is the amount of serum (ml) giving 50% lysis and 0.5 is
the correction factor since the assay was performed on half scale of
the original method.

2.7.3. Serum total antibody level
Serum total immunoglobulinwas assayed following the method

of Siwicki et al. (1994) [20]. After dilution of serum samples with
0.85% NaCl (100 times), total protein content was determined by
Bradford method (Kruger, 1996) [21]. 100 ml of total serum samples
were mixed with an equal volume of 12% solution of polyethylene
glycol (Sigma) in wells of a 96-well microtiter plate. After 2 h of
incubation at room temperature, plate was centrifuged at 5000�g
at 4 �C. The supernatant was diluted 50 times with 0.85% of NaCl
and the protein content was determined by Bradford method [21].
This value was subtracted from the total protein level and the result
was equal to the total immunoglobulin concentration of the serum
that was expressed as mg/ml.

2.8. In situ Y. ruckeri challenge

After 30-day feeding trial, 30 fish from each dietary treatment
(10 fish per each tank) were obtained, anaesthetized with clove
powder (200 mg lit�1). Then, the fish were challenged by I.P.
injectionwith 0.1 ml of a suspension of Y. ruckeri (BCCM5/LMG3279)
(1 � 107 cells ml�1). Dead and moribund fish were removed and
examined microbiologically for up to 14 days. More ever, aggluti-
nation test was performed on samples for confirmation.

2.9. Statistical analysis

All the measurements were made in triplicate. The results
were subjected to analysis of variance (ANOVA) followed by least
significant differences (Tukey) test. Correlation coefficients were
significant with P < 0.05.

3. Result

After the 30 day feeding period, all treatment groups exhibited
significantly higher final weight than those fed the control diet
(P < 0.05). Fish supplemented with whole cell yeast and 2ME-
treated yeast diets showed the highest final weight followed by
group supplemented with n-3 HUFA-enriched yeast in comparison
with control group (P < 0.05) (Table 3). No significant difference
(P > 0.05) was observed in fish total length because of yeast
supplement, and its range was 14.9e16.1 cm. Viscera weight was
significantly high in all treatment groups, meanwhile carcass weight
were not enhanced when yeast was included in fish diet (P > 0.05).
Moreover, weight gain was significantly enhanced when yeast was
included in fish diet in all forms (P < 0.05). Specific growth rate was
also enhanced in all treatment groups while no significant

Table 3
Growth performance and survival rate of rainbow trout fed diets with whole cell
yeast, n-3 HUFA-enriched yeast and treated yeast with 2ME. Each value (X � SD) is
the average performance of fifteen fish/treatment for growth performance and
thirty fish/treatment for survival rate for a period of 30 days.

Items Control Whole
cell yeast

2ME-treated
yeast

n-3 HUFA-
enriched yeast

Final weight (g) 42.9 � 0.8a 54.1 � 1.4b 53.1 � 1.6bc 51.9 � 1.4c

Total length (cm) 14.9 � 0.5a 16.1 � 0.5a 15.5 � 1.5a 15.0 � 1.2a

Viscera weight (g) 13.1 � 0.7a 15.7 � 0.8b 15.5 � 1.1b 14.8 � 1.2b

Carcass weight (g) 85.4 � 1.3a 84.8 � 1.5a 84.5 � 1.1a 84.9 � 1.1a

Weight gain (%) 118.8 � 4.3a 175.9 � 7.3b 171.1 � 7.7bc 164.4 � 7.5c

Specific growth
rate (%/day)

1.13 � 0.02a 1.46 � 0.03b 1.44 � 0.04bc 1.40 � 0.04c

Condition factor 1.30 � 0.13a 1.30 � 0.15a 1.47 � 0.41a 1.57 � 0.38a

Survival (%) 46.6 � 3.56a 51 � 6.76a 66.6 � 4.87b 48 � 2.0a

The same superscript alphabets in the same row are not significantly different at
P < 0.05.
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differences in condition factor were observed between all groups
(P > 0.05).

The yeast counts in trout intestine were not significantly
different among treatments (Table 4). One day before start feeding,
yeast was not detectable in all groups while at 30 day post feeding
the count was maximum in whole yeast treatment group then the
count decreased by the end of feeding on day 45 in all groups.

Hematocrit was not significantly affected by addition of yeast to
diets (P > 0.05) in all treatment groups (Table 5). Total leukocytes
besides neutrophil counts were significantly higher in 2ME-treated
yeast group (P < 0.05) than in the control group but significant
decrease was shown in lymphocyte count in this group in
comparisonwith control group (P< 0.05). Meanwhile fish fed 2ME-
treated yeast diet had significantly elevated monocyte count than
other groups (P < 0.05).

Fish fed the 2ME-treated yeast-supplemented diet showed
a significant increase in lysozyme activity on day 30 of treatment
compared with the control group (Fig. 1). No significant differences
in the serum lysozyme activity were observed between yeast-
supplemented diets in other days. Complement activity showed
the same parent with significant increase on day 30 in fish received
2ME-treated yeast diet (Fig. 2). Treatment with whole cell yeast and
n-3 HUFA-enriched yeast did not affect the complement activity.
Total antibody titer of rainbow trout was not significantly affected
by the dietary supplementation of baker’s yeast in different forms
during the study (Fig. 3).

In Table 3 the survival rate of fish challenged with virulent strain
of Y. ruckeri is shown. During 14 days of challenge, significantly the
lowest mortality (P < 0.05) was observed in 2ME-treated yeast
group (66.6� 4.87%). Difference in other groups was not significant
even though minor decrease in mortality was observed in these
treatment groups compared with control group (P > 0.05).

4. Discussion

In the present study the supplementation of S. cerevisiae in all 3
forms improved the growth in rainbow trout. This result agree with
that obtainedwith administration ofwhole cell yeast, enriched yeast
and 2ME-treated yeast in fish and crustaceans [8,10,11,13,22].
The improved fish growth in treatment groups may possibly be due
to improved nutrient digestibility. As shown in this study highest
growth rate was shown in 2ME-treated yeast group. This treatment
breaks disulphide linkages betweenmannoprotein molecules of the
yeast cell wall, giving rise to a more open structure in the cell wall
and possibly facilitating the action of the digestive enzymes on yeast
biomass [11]. It is noteworthy to ponder that viscera weight without
fat content significantly increased in all treatment groups but carcass
weight did not change compared to control group. There is no
available data to study the weight of viscera and carcass in fish
administrated with yeast but in the present study it was shown that
the effects of all 3 forms of yeast on carcassweightwere not efficient.

The massive association of yeast with the intestine seemed
limited to the last day of feeding trial on day 30 in all treatment
groups while in control group this maximum was not reached
suggesting the colonization of yeast in all treatment groups on day
30. Similar result was observed in previous studies [7,23,24] after
feeding this yeast in rainbow trout feeding.

Haematological parameters offish blood are useful tools that aids
in diagnosis of disease. It can also be used to study immnuopo-
tentiators. Haematological parameters showed significant changes
in 2ME-treated yeast group in comparison with control group.
Reduced hematocrit values may indicate that fish are not eating
properly or are suffering from infections [25]. The hematocrit values
did not show any significant changes in treatment groups compared
with control group while elevated level of total leukocytes besides
different cell types (neutrophils and monocytes) were observed in
2ME-treated yeast treatment group. These cell types are the main
phagocytic cells that are active for phagocytosiswhich is an indicator
of immune response.

Current study showed that 2ME-treated yeast treatment
group was the most effective one in enhancing serum lysozyme and
complement activity. Neutrophil of rainbow trout is the main cell
type for production of lysozyme. As shown in this study the signif-
icant increase in neutrophil count was just observed in this treat-
ment group that is in parallel with increase in serum lysozyme
activity. However, contrary results have been reported regarding the

Table 4
Count of yeast (CFU g�1) associated with the intestine of rainbow trout fed diets with
whole cell yeast, n-3 HUFA-enriched yeast and treated yeast with 2ME. Each value
(X� SD) is the average performance of fifteen fish/treatment for a period of 30 days.

Treatment Times (Day)

�1 30 45

Control Nd Nd Nd
Whole cell yeast Nd 6.7 � 105a >100
2ME-treated yeast Nd 4.1 � 105a >100
n-3 HUFA-enriched yeast Nd 5.3 � 105a >100

The same superscript alphabets in the same column are not significantly different at
P < 0.05.
Nd: Not detectable.

Table 5
Haematological parameters in rainbow trout fed diets with whole cell yeast, n-3
HUFA-enriched yeast and treated yeast with 2ME. Each value (X� SD) is the average
performance of nine fish/treatment for a period of 30 days.

Parameters Control Whole
cell yeast

2ME-treated
yeast

n-3 HUFA-
enriched yeast

Hematocrit (%) 64.4 � 1.1a 64.6 � 1.1a 66.2 � 1.0a 63.2 � 0.8a

Total leukocyte
count (�104 mm�3)

3.45 � 1.03a 3.21 � 1.52a 4.13 � 0.3b 3.91 � 1.65ab

Neutrophils (%) 5.0 � 0.7a 5.2 � 1.0a 8.0 � 1.2b 6.0 � 0.7ab

Lymphocytes (%) 91 � 1.4a 91.2 � 1.3a 86.0 � 1.2b 90.0 � 1.0a

Monocytes (%) 3.0 � 1.0a 2.4 � 1.1a 5.8 � 0.8b 3.6 � 1.1a

The same superscript alphabets in the same row are not significantly different at
P < 0.05.

Fig. 1. The Lysozyme activity of rainbow trout fed with whole cell yeast, n-3 HUFA-
enriched yeast and treated yeast with 2ME. Each value (X � SE) is the average
performance of nine fish/treatment for a period of 30 days. Significance at P < 0.05.
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influence of yeast whole cells and their constituents on serum
lysozyme activity in carp [4]; gilthead sea bream [26]; salmon [27]
and trout [28]. The alternative pathway of complement activity is
a powerful innate mechanism for protecting fish against potentially
invasive organisms [9]. Our results showed that 2ME-treated group
exhibited significant increase in alternative complement pathway
activity. Contrary result was observed in grouper that supplemen-
tation with 105 and 107 CFU kg�1 of whole yeast cell exhibited
significant increase in this parameter [9]. This immunostimulation
can bemainly attributed to the enhanced availability of yeast cellular
constituents in 2ME-treated yeast treatment group. In other treat-
ment groups insignificant increase of these parameters were
shown on day 30 compared with control group. It can be concluded
that availability of cellular constituent in whole cell yeast was not

convenient enough to stimulate the immune system. By the way, it
was shown that rainbow trout and other freshwater fish species
have the ability to synthesis 20:5n3 and 22:6n3 from the precursor
18:3n3. On the other hand, high dietaryHUFApromote an increase of
oxidative processes in fish [29]. Application of the convenient anti-
oxidant can be helpful to decrease the oxidative stress. In the present
study the whole cell S. cerevisiae played a role as antioxidant [30]
so some minor positive effects of enrichment in fish growth was
observed.

Plasma proteins include the humoral elements of the nonspe-
cific immune system such as immunoglobulin. In our study, total
immunoglobulin level of serumwas not affected by administration
of yeast in all 3 forms. Immunostimulants can have a contradictory
effect on these parameters [31]. In Nile tilapia, Oreochromis
niloticus, after feeding the fish with Chinese herb and boron this
parameter similarly did not change significantly. In rainbow trout,
plasma total protein level was significantly increased after feeding
the fish with various herbal extracts [32].

The results of the present study demonstrated that in general fish
fedwith 2ME-treated yeast-supplemented diet enhanced the survival
of rainbow trout against Y. ruckeri compared with other groups.
Similarly,dietary2ME-treatedS. cerevisiaeenhancedresistanceagainst
white spot virus in Indianwhite shrimp, Fenneropenaeus indicus [11] in
comparisonwith untreated yeast feed and control group. Even though
yeast cells are rich in nutrients the outer thick mannan layer that
gives mechanical strength to the cell wall hinders its digestibility and
absorption [11] so the stimulation of immune system and conse-
quently protection against disease agents will dwindle.

In general it seems that great proportion of whole cell live yeast
used in this study was lost through faeces as undigested and unuti-
lized. By the way, HUFA-enrichment of this yeast was not efficient
enough for augmentation of immunity in rainbow trout. Treating
S. cerevisiae with 2ME improved the digestibility leading to a better
utilization of yeast cell nutrients.
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Introduction 
Modern winemaking practices and diversification of wine products involve an 

increasing quest for specialised wine yeasts. During the last two decades, 

considerable efforts have been made to improve wine yeast strains through the use 

of new biotechnologies. Today, about 50% of European wine production is based on 

the use of active dried yeast. Commercial yeasts are classically used in winemaking 

without any special containment and are released into the environment in large 

numbers with various effluents and by-products. The behaviour of these yeasts in 

natural habitats is practically unknown, as well as their potential impact on the 

natural microflore. There is very little available data that could contribute to the 

evaluation of the importance of starter yeast dissemination and permanence in the 

vineyard (Frezier and Dubourdieu, 1992; Vezinhet et al. 1992; Guillamón et al., 

1996). Recently, a large-scale biogeographical study in South African vineyards was 

carried out in five areas situated in the Coastal Region vineyards of the Western 

Cape. Commercial yeasts were recovered in 3 of 13 samples (van der Westhuizen et 

al., 2000a and 2000b). 

In the present study a large-scale sampling plan was established with the aim of  

evaluating the industrial starter yeasts’ ability to spread and survive in nature. This 

study provides a consistent assessment of potential environmental risks associated 

with the use of genetically engineered winery yeast strains using commercial wine 

yeast as a model. 

 

Material and Methods 
The sampling plan included 36 sites in 6 vineyards, 3 of which were located in the 

South of France (A, B and C) and 3 in the North of Portugal (D, E and F). The total 



duration of these studies was 3 years (2001-2003). The wineries selected had used 

one or more commercial yeast strains consecutively in the last 5 years. In each 

vineyard, six sampling points were defined according to the local conditions (size 

and orientation of the vineyard, predominating wind direction), and the distance 

between the winery and the sampling sites varied between 20 to 1000 m. In order to 

evaluate the remanence of commercial yeast over the years, a first sampling 

campaign was performed before the winery started wine production with the use of 

commercial yeast strains (pre-harvest campaigns). In a second post-harvest 

sampling campaign, the grapes were collected after the onset of wine production, in 

order to evaluate the immediate commercial yeast dissemination from the winery. 

With the present experimental design, 72 grape samples were collected each year. 

From each sampling point, approximately 2 kg of grapes were aseptically collected, 

and the extracted grape juice was fermented at 20ºC. Daily weight determinations 

allowed the monitoring of the fermentation progress. The yeast flora was analysed 

when the must weight was reduced by 70 g/l, corresponding to the consumption of 

about 2/3 of the sugar content. Must samples were diluted and spread on plates with 

YPD medium, and after 2 days of incubation 30 randomly selected colonies were 

collected from each spontaneous fermentation and subjected to molecular 

identification. 

 

Results and discussion 
A total of 198 samples were collected during three consecutive campaigns (2001-

2003), 108 of which were taken in France and 90 in Portugal. Of the 198 samples, 

126 musts (64%) produced spontaneous fermentations, 20% and 44% in must from 

pre-harvest and post-harvest campaigns respectively. The percentages of 

spontaneous fermentations were similar in both countries. A total of 3780 colonies 

were isolated, of which 2355 were identified as Saccharomyces strains. Molecular 

characterisation of these led to the identification of 296 strains with a genetic profile 

similar to that of commercial yeasts (Table 1). These strains represent 7.8% of the 

fermentative yeast community, the majority of which (5.8%) were recovered in post-

harvest campaigns. The global data reflects a very different situation. In 4 out of 6 

vineyards (3 French vineyards and vineyard F in Portugal) where the sampling sites 

were placed at a greater distance from the winery, the occurrence of commercial 

yeast was very low, representing between 0% and 2% of the fermentative 



community, and these strains were isolated from only five samples (Table 1). The 

results were very different in the Portuguese wineries D and E, for which a high 

number of commercial strains was isolated representing 43 and 10% of the 

fermentative yeast community respectively. 

An overview of the dissemination of commercial strains in relation to their distance 

from the winery is shown in Figure 1. Ninety four percent of commercial strains were 

found in a radius of around 10-200 m from the winery and a large majority (78%) was 

recovered in sites at very close proximity (10-50 m) to the wineries (vineyards D and 

E). A major proportion (73%) was collected in post-harvest campaigns, indicating 

immediate dissemination. 

As a whole, the evolution of the fermentative yeast communities over the three years 

studied showed that the same strains were not found in the same sites from one 

year to another. This indicates that if some of these strains are able to remain in the 

ecosystem, they are not capable of dominating the natural yeast community of the 

vineyard.  

 

Conclusion 
This study has provided new insight into the impact of commercial yeasts on the 

communities of fermentative yeast microflore surrounding vineyards. The data show 

that dissemination of commercial yeasts in the vineyard is restricted to short 

distances and limited periods of time and largely favoured by the present of liquid 

effluents. More than 90% of commercial yeasts were found at a radius between 10 

and 200 m from the winery and did not become implanted in the ecosystem in a 

systematic way. Given that they are used in large quantities, commercial strains tend 

to out-compete autochthonous strains inside the winery (Beltran et al, 2002). In 

contrast, they do not become implanted systematically in the ecosystem and are not 

able to dominate the natural microflore although they are subject to natural 

fluctuations of periodical appearance and disappearance in the same way as 

autochthonous strains are. Considering commercial yeast strains as an appropriate 

model system for genetically modified yeast strains, our data also contribute to the 

in-depth environmental risk assessment concerning the use of such strains in the 

wine industry.  
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Fig. 1. Overall (three years) distribution of commercial yeast strains according to the 

distance from the wineries in pre-harvest (a) and in post-harvest (b) campaigns. 

Table 1: Commercial yeast strains recovered in each vineyard over the 3 years  

Vineyards A B C D E F Total 
Spontaneous fermentations 19 24 29 16 23 15 126 
Isolates 570 720 870 480 690 450 3780 
Commercial yeasts strains 0 15* 1 206 54+18* 2 296 
% Commercial yeast / nb of isolates 0 2 0.1 43 10 0.5 7.8 
*Commercial yeasts initially isolated in the same region 
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Abstract: Two strains of Saccharomyces cerevisiae were tested as probiotics for rainbow trout fry, 
during the first month of feeding. Each strain was introduced into separate diets, at the rate of 106 
CFU g− 1 and their effects were compared with those of a control diet. Two rearing conditions were 
simultaneously compared, to test the adaptability of the probiotic treatment. From start feeding 
onwards, the water supply came from either spring or river, resulting in two different temperature 
ranges, 11–11.5 and 7–8 °C respectively. Growth and development were optimal in spring water, 
while some delay was observed with colder river water. A slight but significant increase in mortality 
was also observed in the river group. In all groups, the counts of bacteria associated with trout 
intestine were maximum 10 days post start feeding (dpsf; 107 CFU g− 1). The counts of probiotic 
yeast were also maximum at 10 dpsf (104–105 CFU g− 1), but the decrease was slower in river than 
in spring water. An autochthonous yeast, Debaryomyces hansenii, was also retrieved associated to 
the intestine of the control group in high numbers after 240 degree days of experiment (104–105 CFU 
g− 1), while the colonization level was significantly less in trout fed the probiotic diets. The effect of the 
dietary yeast was observed by assaying the activity of three enzymes in the brush border membrane 
of the enterocytes: alkaline phosphatase (AP), γ-glutamyl-transpeptidase (GGT), and leucine-amino-
peptidase N (LAP). At 10 and 20 dpsf, the trout reared in spring water had higher activities of the three 
enzymes when they were fed the strain S. cerevisiae var. boulardii, suggesting an earlier maturation of 
the digestive system in this group, compared with trout fed either the other strain of S. cerevisiae or 
the control diet. The effect was not observed in trout reared in river water with slower growth. Both S. 
boulardii and D. hansenii seemed to stimulate digestive maturation in fish, but the natural colonization 
by D. hansenii was likely too late for trout reared at optimal temperature. The supplementation of trout 
starter diet with S. boulardii may be particularly useful in fast growing conditions.  
 
 
 
 
Keywords: Start feeding; Larval development; Gut maturation; Brush border membrane; Yeast; 
Debaryomyces hansenii 
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1. Introduction 
 
Many probiotic bacteria have been proposed to improve health in rainbow trout. The strains 
were generally antagonistic to pathogens (Jöborn et al., 1997; Gram et al., 1999; Robertson et 
al., 2000; Spanggaard et al., 2001; Irianto and Austin, 2002; Aubin et al., 2005a), and an 
important feature was the ability to colonise fish gut (Jöborn et al., 1997; Nikoskelainen et al., 
2001a, b). The immune system was stimulated in rainbow trout by several probiotics (Irianto 
and Austin, 2002; Nikoskelainen et al., 2003; Raida et al., 2003; Panigrahi et al., 2004). 
Inactivated bacterial cells might be also efficient to control furunculosis, but the viability of 
the probiotics influenced the immune response (Irianto and Austin, 2003; Panigrahi et al., 
2005). 
Andlid et al. (1995) suggested that yeast isolated from rainbow trout might also improve 
health, with a particular attention to their colonisation potential. Like probiotic bacteria, 
Saccharomyces cerevisiae var. boulardii acted as pathogen antagonist and immunomodulator 
in mammals (McFarland and Bernasconi, 1993), but the yeast increased also the specific and 
total activities of digestive enzymes in the brush-border membrane (BBM; Buts et al., 1986, 
1999). S. cerevisiae var. boulardii had some effect on rainbow trout metabolism, since the 
dietary supply of the yeast increased muscle lipids and red pigmentation, while improving the 
resistance of trout to Yersinia ruckeri (Aubin et al., 2005b; Quentel et al., 2005). It seems that 
the probiotic efficiency of S. cerevisiae is dependent on the strain (Fietto et al., 2004;Van der 
Aa Kühle et al., 2005). 
Considering the presence of autochthonous yeast with probiotic potential in trout intestine, a 
dietary supply of allochthonous strains might seem worthless. Aubin et al. (2005a) 
hypothesised that autochthonous Debaryomyces hansenii could stimulate the mucosal 
metabolism in rainbow trout intestine, while interfering with the dietary yeast. However, the 
occurrence of autochthonous yeast was different in several locations (Gatesoupe et al., 
2005a). More generally, the intestinal microbiota of rainbow trout was highly variable in time, 
and between farms (Spanggaard et al., 2000; Huber et al., 2004; Gatesoupe et al., 2005a, b). 
Some environmental conditions may account for this variability, for instance the rearing 
temperature (Lésel, 1990). Consequently, probiotics may serve as a precaution in front of this 
variability, but at the same time, the efficiency of the treatments should be validated in several 
rearing conditions. 
The present experiment was conducted on rainbow trout fry at start feeding, to compare the 
effects of two probiotic strains of S. cerevisiae, in combination with the cross effects of two 
rearing conditions, with particular attention to intestinal microbiota, and to the activity of 
BBM enzymes in trout enterocytes. The effects of the strain already tested on rainbow trout 
(Aubin et al., 2005a, b) were compared to those of another strain, which was recommended 
by Lara-Flores et al. (2003) as growth promoter for Nile tilapia. 
 
 
2. Materials and methods 
 
2.1. Rearing conditions and diets 
 
The strain of rainbow trout (Oncorhynchus mykiss), and the general rearing conditions were 
as described by Aubin et al. (2005a), but two water qualities were compared in the present 
experiment. All the eggs were incubated and hatched in UV-treated spring water (11.54 ± 
0.02°C, mean ± standard error). Ten days post hatching, the fry were dispatched in 18 tanks. 
Nine tanks were kept receiving UV-treated spring water, while in the nine other tanks, the 
water supply was shifted to filtered river water within 5 h, resulting in a temperature decrease 
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from 11.4 to 7.2°C. Then the two conditions differed in their temperature ranges, 11-11.5 and 
7-8°C for the spring and the river, respectively. 
The diets were prepared with Ecostart® 15, crumble size ‘01’. The control diet was obtained 
by coating the pellets with cod liver oil (32 ml kg-1). Two experimental diets SC and SB were 
prepared with the probiotic yeast Saccharomyces cerevisiae strain NCYC Sc 47/g (National 
Collection of Yeast Culture, Norwich, UK), or Saccharomyces cerevisiae var. boulardii 
CNCM I-1079 (S. boulardii, Institut Pasteur, Paris, France), respectively. Both strains were 
obtained as commercial preparations, Biosaf® Sc 47 and Levucell® SB20, respectively. The 
active dried yeast preparations were powdered by grinding and sifting through 100 μm, then 
suspended in cod liver oil. The amounts of powder were adjusted in the oily suspensions to 
obtain a final concentration of ca. 106 Colony Forming Units (CFU) of yeast per g of 
experimental diet, after the pellets had been coated with the shaken suspensions (32 ml kg-1). 
After coating, the actual counts of yeast on Sabouraud agar with antibiotics (Aubin et al. 
2005a) were (7 ± 3) × 105 and (9 ± 1) × 105 CFU g-1 of S. cerevisiae (diet SC) and S. 
boulardii (diet SB), respectively (mean ± standard error). 
One day before start feeding, the fry weighed 60 mg, and they were dispatched in three tanks 
per treatment, i.e. the three diets crossed with the two water qualities. At start feeding, 423 ± 2 
fish were counted per tank, without any significant difference. The trout were weighed at 23 
days post start feeding (dpsf), then at 37 dpsf. 
 
 
2.2 Fish dissection, microbiology, and enzymatic assays 
 
Six fish were sampled in each tank one day before start feeding, then at 10, 20, and 31 dpsf, 
after 20 h of starvation. After euthanasia and dissection of the intestine, three fish were used 
for microbiological examination, and the cultivable bacteria and yeast associated with the 
intestine were counted and characterised by the methods of Aubin et al. (2005a). Briefly, 
hindgut sections were homogenised, diluted and spread on Petrifilm and Sabouraud agar with 
antibiotics, to count bacteria and yeast, respectively. After phenotypic characterization with 
the API system, the 16S rRNA genes were characterised with restriction enzymes, and those 
corresponding to the dominant genotypes were partially sequenced. The three other fish were 
used for enzymatic measurements, according to the methods mentioned by Zambonino 
Infante and Cahu (1999). Three enzymes were assayed in BBM: alkaline phosphatase (AP), γ-
glutamyl-transpeptidase (GGT), and leucine-amino-peptidase N (LAP). The maturation of the 
enterocytes is described by expressing the activities of the BBM enzymes as a ratio to a 
cytosolic enzyme, leucine-alanine peptidase (Leu-Ala). 
 
2.3 Statistical analysis 
 
The mortality was arcsine square root transformed, whereas the bacterial counts were log 
transformed. The normality and homogeneity of all the data were checked with the tests of 
Kolmogorov-Smirnov and Bartlett, respectively. When the data passed the tests, they were 
compared by two-way analysis of variance (ANOVA), followed by the Student-Newman-
Keuls test. Otherwise, they were compared by the Kruskal-Wallis test, followed by the 
Dunnett’s method. 
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3. Results 
 
Though mortality was low, the survival of trout kept in spring water was significantly higher 
than that of the other group by the end of the experiment (97.1 ± 0.4% vs. 95.5 ± 0.4%, 
P=0.01). No cannibalism was observed. Growth was strongly different between the fish 
reared with the two water qualities, due to temperature gap. At 23 dpsf, the trout reared in 
spring water weighed 605 ± 6 mg, while those reared in river water weighed 312 ± 3 mg 
(mean ± standard error). At 37 dpsf, the mean weights were 1293 ± 20 and 547 ± 2 mg for the 
groups reared in spring and river water, respectively. Neither survival nor growth was 
significantly affected by the probiotic treatment. 
 
3.1 Intestinal microbiota 
 
The bacterial counts in trout intestine were not significantly different among treatments (Fig 
1A and 1B). One day before start feeding, ca. 104 CFU g-1 were retrieved in the intestine. The 
counts were maximum at 10 dpsf (107 CFU g-1), then they decreased by the end of the first 
month (102-104 CFU g-1).  
There was no clear effect of the probiotics on intestinal bacteria, but in trout kept in spring 
water, the bacterial diversity seemed more marked than in trout reared in river water (Fig 1C 
and 1D). This was observed as early as one day before feeding, 20 h  after shifting 
temperature. At this date, Rhodococcus sp. (Table 1) was dominant in trout transferred in 
river water. The strain was also present in the group kept in spring water, but with other 
dominant bacteria, Aeromonas sp. PL2A1 and Flavobacterium sp. Aeromonas sp. PL2D1 was 
dominant at 10 dpsf in both groups, then at 20 dpsf in the river group. Pseudomonas sp. was 
observed in both groups at all dates, but the strain was strongly dominant in the river group at 
31 dpsf. 
The probiotic yeasts were retrieved associated with the intestine in high numbers at 10 dpsf 
(104-105 CFU g-1; Fig 2A and 2B). The counts were still high in the river group at 20 dpsf, 
while the population decreased to ca. 103 CFU g-1 in the spring water group. At 31 dpsf, the 
counts were irregular, and no colony was detected in the group SC in spring water. 
An autochthonous strain of Debaryomyces hansenii YB3A3 was also observed, as already 
noted in previous experiments (Aubin et al., 2005a; Gatesoupe et al., 2005a). The association 
with the intestine was maximum with the control diet at 20 and 31 dpsf in the spring water 
and river groups, respectively (104-105 CFU g-1; Fig 2C and 2D). The rearing temperature 
seemed determinative, and considering that similar numbers of degree days were cumulated at 
20 dpsf in the spring water group, and at 31 dpsf in the river group (239 and 243 degree days, 
respectively), the counts of the autochthonous yeast were compared among dietary treatments 
at ca. 240 degree days. Even after log transformation the normality test failed, and it was not 
possible to use the two-way ANOVA. By pooling the replicates fed the same diet till 240 
degree days, while disregarding water quality, the Kruskal-Wallis test indicated a significant 
difference (P<0.05). The counts in the groups fed the probiotics were found significantly 
lower than the counts in the control group with the Dunnett’s method. 
 
 
3.2 Enzymatic activities 
 
In the spring water group, the specific activity of the three BBM enzymes was significantly 
higher with diet SB at 10 and 20 dpsf, except for leucine aminopeptidase at 20 dpsf, but the 
trend was similar (Fig 3). This was no longer observed at 31 dpsf, nor was it observed at any 
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sampling date in the river group. In this latter group, the activity of the three enzymes was 
more intense with the control diet at 20 dpsf, and also at the other dates for GGT. 
The segmental activity of the three BBM enzymes was expressed as a ratio to Leu-Ala 
peptidase activity (Fig 4). The spring water group exhibited higher ratios than the river group 
for the three enzymes at 10 dpsf (P<0.001), then at 20 dpsf (P<0.05). At 31 dpfs the AP/Leu-
Ala and LAP/leu-Ala ratios were still higher in the spring water group (P<0.05), but the 
difference was not significant for GGT. An effect of the diet on enterocyte maturation was 
noted in spring water. At 10 dpsf, the LAP/Leu-Ala ratio obtained with diet SB was 
significantly greater than with the other treatments. The same trend was observed with the 
two other enzymes, though the differences were not significant. At 20 dpsf, the trend was still 
observed with alkaline phosphatase, but it disappeared at 31 dpsf. Some significant 
differences were also observed in the river group, but without suggesting any general trend. 
 
4. Discussion 
 
The difference in temperature strongly affected fish growth and metabolism. The effect on 
intestinal bacteria was less marked, since the counts were similar at each sampling date. In 
spite of UV treatment, the bacteria associated with the group maintained in spring water were 
more diverse than those of the group reared in river water. This might be due to the presence 
of a limited number of psychrophilic strains, while some other ones, still active at 11°C, 
would become nonculturable after the decrease in temperature. For instance, Aeromonas sp. 
PL2A1 was not retrieved 20 h after shifting temperature, possibly entering into the viable but 
nonculturable state below 10°C, like Vibrio vulnificus (Oliver et al., 1991).  
The effect of temperature was more visible with yeast than with bacteria. The massive 
association of yeast with the intestine seemed limited to the first month of feeding in previous 
experiments (Aubin et al., 2005a; Gatesoupe et al., 2005a, b). The decrease in counts of the 
probiotic strains was delayed in the river group, concomitantly with the delayed trout 
development. This decrease was observed in both groups when 240 degree dpsf were 
cumulated, which corresponded to the maximum of intestinal colonisation by autochthonous 
D. hansenii in trout fed the control diet. This maximum was not reached in trout fed the 
probiotic diets, suggesting a competition for space between D. hansenii and S. cerevisiae.  
Dietary S. cerevisiae var. boulardii increased the activities of BBM enzymes at 10 and 20 
dpsf in trout kept in spring water, while the other dietary yeast did not. S. boulardii stimulated 
BBM enzyme activities in mammals (Buts et al., 1986, 1999), but there was no such report 
with other biovars of S. cerevisiae. A strain isolated from rainbow trout intestine, 
Debaryomyces hansenii HF1, stimulated amylase secretion and the activity of BBM enzymes 
in larval sea bass, whereas S. cerevisiae X2180 did not (Tovar et al., 2002). However, some 
probiotic traits are not specific to S. boulardii (Brandao et al., 1998). Growth yield, and 
resistance to thermal and acidic stresses might be important characteristics of the probiotic 
strains (Fietto et al., 2004). Adhesiveness did not appear as an essential condition, even 
though the prerequisites for probiotic yeast have not been clearly identified (Van der Aa 
Kühle et al., 2005). In sea bass larvae, the colonisation potential could not explain the 
differences observed between the effects of D. hansenii HF1 and S. cerevisiae X2180, while 
the amounts of polyamines produced by the yeast were suspected to play a role (Tovar et al., 
2002). The probiotic effects of D. hansenii HF1 on sea bass larvae were further confirmed by 
Tovar-Ramírez et al. (2004). When the diet was supplemented with a suitable amount of the 
yeast, the sea bass larvae grew faster, with an accelerated pancreatic and intestinal maturation, 
while survival and conformation were improved. The case of rainbow trout is different 
because the fry are much more developed than sea bass at first feeding. In the present 
experiment, the early intestinal maturation of rainbow trout was observed at 10 dpfs, but only 
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when trout fed S. boulardii were kept in spring water. The river temperature was likely below 
the optimum for trout development, and the probiotic yeast did not appear efficient in that 
condition. D. hansenii YB3A3 colonised naturally the intestine, but not so early as the 
probiotic yeast, which was brought in high numbers since start feeding. This delay may 
explain why S. boulardii had an effect on BBM activity till 20 dpsf in the spring water group, 
while the colonisation level of D. hansenii was not sufficient yet. 
No clear effect was observed in the present experiment with the strain of S. cerevisiae that 
improved growth of Nile tilapia juveniles (Lara-flores et al., 2003). However, the long term 
effects of the yeast should be further investigated. The supplementation of trout starter diet 
with S. boulardii may be particularly useful in fast growing conditions, where it would be 
necessary to stimulate the precocious maturation of the digestive function (Tovar et al., 2004). 
However, this effect was dependent on the rearing conditions, and it should be tested in other 
locations, especially in those where D. hansenii has not been detected. The practical interest 
of such confirmation lies in regulatory aspects. The authorization of D. hansenii as probiotic 
for fish may be less easy to obtain than that of S. cerevisiae strains, which are currently used 
for mammals. 
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Table 1 – Identification of the dominant strains isolated in rainbow trout intestine, with partial sequences of 16S ribosomal RNA gene referenced in 
nucleotide databases; the identical fragments can be retrieved by reading the published sequences from the first nucleotide to the last one 
indicated in the last two columns. 

Dominant Reference strain in GenBank Identical 16S gene fragment 

Strain Genus Species Accession n° Fragment length (bp) From To 

5R020 Rhodococcus erythropolis AF532870 667 1371 705 

5S035 Flavobacterium sp. IsoA1 AJ319015 533 148 680 

AFT112 Pseudomonas sp. TB2-1-II AY599711 771 16 786 

PL2A1 Aeromonas salmonicida AF200329 821 119 939 

PL2D1 Aeromonas sobria X74683 670 151 920 

PM3B2 Arthrobacter bergerei AJ609630 808 104 911 
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Fig. 1. Left: counts of bacteria associated with the intestine of rainbow trout at –1, 10, 20, and 31 dpsf in log (CFU g-1), either kept in spring water 
(A) or reared in river water (B); white bars: control group, black bars: group SB, grey bars: group SC. Right: proportions of the dominant genera of 
bacteria characterised in trout, either kept in spring water (C) or reared in river water (D). 
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 Fig. 2. Left: counts of probiotic yeast associated with the intestine of rainbow trout at 10, 20, and 31 dpsf in log (CFU g-1), either kept in 
spring water (A) or reared in river water (B); black bars: S. boulardii, grey bars: S. cerevisiae. Right: counts of autochthonous yeast, Debaryomyces 
hansenii, associated with the intestine of rainbow trout, either kept in spring water (C) or reared in river water (D). white bars: control group, black 
bars: group SB, grey bars: group SC. 
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Fig. 3. Specific activity of the three BBM enzymes (in mg protein-1) in trout reared in spring 
water (left), or in river water (right) at 10, 20, and 31 dpsf; (A), (D): alkaline phosphatase; (B), 
(E): γ-glutamyl-transpeptidase; (C), (F): leucine-aminopeptidase N; the letters a and b above the 
error bars indicate the significant differences. white bars: control group, black bars: group SB, 
grey bars: group SC. 
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Fig. 4. Activity ratio to leucine-alanine peptidase of the three BBM enzymes in trout reared in 
spring water (left), or in river water (right) at 10, 20, and 31 dpsf; (A), (D): alkaline phosphatase; 
(B), (E): γ-glutamyl-transpeptidase; (C), (F): leucine-aminopeptidase N; the letters a, b and c 
above the error bars indicate the significant differences. white bars: control group, black bars: 
group SB, grey bars: group SC. 
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Effect of short-term feeding duration of diets containing
commercial whole-cell yeast or yeast subcomponents on
immune function and disease resistance in channel catfish,
Ictalurus punctatus
T. L. Welker, C. Lim, M. Yildirim-Aksoy and P. H. Klesius

United States Department of Agriculture, Agricultural Research Service, Aquatic Animal Health Research Laboratory, Auburn, AL, USA

Introduction

Enteric septicaemia (ESC) of channel catfish (Ictalu-

rus punctatus), caused by Edwardsiella ictaluri (Hawke,

1979), is one of the leading causes of economic loss

in the catfish industry and is responsible for approxi-

mately $60 million in lost revenue each year (Shoe-

maker et al., 2002). Increase in infectivity and

mortality of channel catfish from ESC have largely

been attributed to stress-related reductions in

immune function (Klesius et al., 2003; Sink and

Strange, 2004). Restriction of feeding, antibiotics and

vaccination are currently used to varying degrees to

control ESC. However, each of these approaches has

its drawbacks, including cost (antibiotics and

vaccination), antibiotic resistance, increased labour

(vaccination) and lack of effectiveness and

growth reduction (feed restriction). The addition of

Keywords

b-glucan, Edwardsiella ictaluri, enteric

septicaemia, mannan oligosaccharide,

Saccharomyces cerevisiae

Correspondence

Dr. Thomas L. Welker, United States

Department of Agriculture, Agricultural

Research Service, Hagerman Fish Culture

Experiment Station, 3059F National Fish

Hatchery Road, Hagerman, ID, USA.

Tel: +1 208 837 9096; Fax: +1 208 837 6047;

E-mail: thomas.welker@ars.usda.gov

Received: 2 August 2010;

accepted: 3 January 2011

Summary

Juvenile channel catfish, Ictalurus punctatus, were fed diets supplemented

with yeast or yeast subcomponents (YYS) as commercial preparations of

b-glucan (MacroGard� and Betagard A�), mannan oligosaccharide (Bio-

Mos� Aqua Grade), or whole-cell Saccharomyces cerevisiae (Levucell

SB20�) at the manufacturers’ recommended levels. Fish were fed exper-

imental diets for 1 or 2 weeks prior to disease challenge (pre-

challenge feeding periods) and sampled at the end of each feeding

period to measure haematological and immune parameters and to deter-

mine the effects of dietary YYS on resistance to Edwardsiella ictaluri, the

causative agent of enteric septicaemia disease (ESC). Feeding of experi-

mental diets continued for 3 weeks post-challenge. In channel catfish

fed diets supplemented with MacroGard�, Betagard A�, or Levucell

SB20�, survival in the 1 week pre-challenge feeding group and antibody

titres in the 2 week feeding group were significantly higher post-E. icta-

luri challenge in relation to catfish fed with the control diet. In fish fed

these same three diets, survival to ESC was significantly higher after

1 week vs. 2 weeks feeding, while the antibody response was signifi-

cantly higher after 2 weeks vs. 1 week. Lysozyme activity was also

higher in the 1 week feeding group, but the increased activity was unre-

lated to diet. Feeding YYS-supplemented diets for a shorter duration of

1 week prior to challenge may prove beneficial in increasing resistance

to ESC in channel catfish. However, we cannot discount that feeding

YYS diets during the recovery period may have contributed to ‘glucan

overload’ and reduced survival in the 2 week feeding group.
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Published 2011. This article is a US Government work and is in the public domain in the US. 1



immunostimulants, such as b-glucan, to fish diets

has been suggested as a cost-effective alternative for

prophylactic treatment against disease outbreaks in

intensive aquaculture (Sakai, 1999). Feeding chan-

nel catfish diets supplemented with immunostimu-

lants prior to exposure to stressful practices or at

times of increased disease susceptibility may prove

effective in preventing infection from E. ictaluri and

other pathogens.

Whole-cell yeast and yeast subcomponents (b-glu-

can and mannan oligosaccharide) (YYS) are often

used as immunostimulants in diets of terrestrial and

aquatic monogastric animals (Sohn et al., 2000). b-

glucans are polysaccharides composed of glucose

molecules linked by b-1,3 and b-1,6 or b-1,3 and b-

1,4 bonds. b-glucans with b-1,3 and b-1,6 bonding

are most commonly found in the cell walls of yeast

and mycelial fungi (Verlhac et al., 1998). The health

benefits of b-glucans have been studied in many

different animals, and dietary b-glucans have been

shown to stimulate cellular and humoral immune

function and increase disease resistance in many

species of fish (Sakai, 1999; Raa, 2000; Dalmo and

Bøgwald, 2008). The supplementation of mannan

oligosaccharides, a glucomannoprotein complex

derived from yeast cell wall, in diets of fish has also

shown promise in stimulating the immune response

and increasing resistance to disease (Yoshida et al.,

1995; Staykov et al., 2005; Peterson et al., 2010).

Although there are many examples in the published

literature suggesting dietary YYS increases immunity

in fish, the results are often equivocal and vary con-

siderably depending on experimental conditions

(Raa, 2000).

Dietary YYS supplementation has shown some

promise in improving channel catfish immunity, but

the results have also been inconsistent. Chen and

Ainsworth (1992) reported that catfish injected with

yeast glucans showed increased resistance to E. icta-

luri. Feeding diets supplemented with mannan oligo-

saccharide has improved resistance of catfish to ESC

(Peterson et al., 2010). However, dietary supplemen-

tation of b-glucan (Ainsworth et al., 1994; Duncan

and Klesius, 1996) or whole-cell yeast (Duncan and

Klesius, 1996), while enhancing non-specific

immune function, did not increase resistance of cat-

fish to E. ictaluri. We previously examined the effect

of YYS supplementation (b-glucan, mannan oligosac-

charide and whole-cell yeast) in diets of juvenile

channel catfish (Welker et al., 2007). Fish were fed

experimental diets for 4 weeks followed by feeding

the control, basal diet for a 2-week ‘recovery’ period

(4 + 2). Several studies have suggested that feeding

of the control/basal diet for 1 or 2 weeks should fol-

low administration of immunostimulant diets for

optimal effects on immune function enhancement

and disease resistance in fish (Chen and Ainsworth,

1992; Bagni et al., 2000; Couso et al., 2003; Bridle

et al., 2005). However, we did not observe any effect

of YYS dietary supplementation on immune function

or disease resistance in our study using this strategy.

The absence of YYS-stimulated immunity may have

resulted from a loss of immune cell stimulation

during the recovery period or from ‘glucan over-

load’. Elevated levels of YYS intake, either through

high dietary concentrations, extended feeding (nor-

mally, >4 weeks), or both can cause an overload of

glucan receptors on phagocytic cells reducing their

ability to phagocytose bacteria in fish (Couso et al.,

2003). Decreased immunity through elevated dietary

intake of YYS has been reported in seabream

(Ortuno et al., 2002; Couso et al., 2003), African

catfish (Yoshida et al., 1995), Atlantic salmon

(Robertsen et al., 1990) and rainbow trout (Jeney

et al., 1998). In channel catfish, feeding YYS diets

for extended periods may cause immunosuppression

or the immunostimulatory effects may be lost, and

shorter feeding duration may be needed to see YYS-

stimulation of immunity.

Criticisms of classical frequentist tests of signifi-

cance (e.g. ANOVA) and use of p-values in data analy-

sis have increased in recent years due to their

misinterpretation and inadequacy in addressing the

question of whether results are important, valuable,

or useful (practical significance) (Gurrin et al., 2000;

Dixon, 2003; Kirk, 2007). Traditional p-values reflect

only the probability of obtaining a particular pattern

of results, or one more extreme, on the basis of a

hypothesis (null) that is assumed to be true and

therefore, do not sufficiently inform of the impact of

treatments on measured variables (Gurrin et al.,

2000; Lecoutre et al., 2001; Kirk, 2007). Numerous

methods have been suggested to replace traditional

frequentist tests of significance (e.g. confidence

intervals and effect size). These methods are an

improvement over traditional frequentist tests but

are unduly affected by sample size, which can be

problematic when sample sizes are small (Kirk,

2007). Therefore, a fiducial Bayesian statistical

testing procedure (Rouanet, 1996) was conducted to

determine the effect of YYS supplementation on

immunity and disease resistance in this study.

The fiducial Bayesian approach based on non-

informative prior probabilities provides intuitive

interpretations and extensions of familiar frequentist

significance tests yet supplies probability distributions
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for the quantities of interest (in this case, standard-

ized effect size), thereby allowing statements approx-

imately the magnitude of effect and likelihood of

occurrence to be made (Gurrin et al., 2000). The

standardized effect size is a measure of the magni-

tude of observed effects, and the Bayesian posterior

distribution constructed around each is used to draw

inferences to find approximately how large or small

the effect may be (Rouanet, 1996). Unlike frequen-

tist measures of effect size, Bayesian methods, such

as the one used herein, are not as severely affected

by differences in sample size (Bayarri and Berger,

2004).

As glucan overload may have negatively affected

immunity in our previous work (Welker et al.,

2007), our objective was to examine the perfor-

mance of the same YYS-supplemented diets for

shorter feeding durations of 1 and 2 weeks prior to

disease challenge in the current study. Sources of

YYS were supplemented in diets at the manufac-

turer’s recommended level for fish to determine

their effects on immune function and survival

following E. ictaluri infection in juvenile channel

catfish. Feeding of experimental diets continued after

fish were challenged. We hypothesized that the

shorter feeding periods would lead to increased resis-

tance of channel catfish to ESC not seen with longer

YYS feeding durations.

Materials and methods

Experimental fish

Juvenile channel catfish (NWAC 103) raised from

yolk-sac fry to juveniles on a commercial fry diet

were acclimated to laboratory conditions and fed the

basal experimental diet without YYS for approxi-

mately 4 weeks. At the end of the acclimation per-

iod, fish weight averaged 39.1 ± 1.5 g (mean ± SD;

average of 125 fish). Thirty fish were randomly

selected and stocked in each of forty 57-l aquaria.

The total weight of fish in each aquarium was

1173 ± 9 g with approximately 1% variation in total

weight between aquaria. The aquaria were supplied

with flow-through, dechlorinated city water heated

with a central water heater at an initial rate of

0.7 l/min. Water flow rates were checked and

adjusted twice daily to ensure proper water

exchange. The water was continuously aerated with

compressed air diffused through air stones, and the

photoperiod was maintained on a 12:12-h light/dark

schedule. Dissolved oxygen and temperature in three

randomly chosen aquaria were measured daily using

an YSI model 58 Oxygen Meter (Yellow Spring

Instrument, Yellow Spring, OH, USA). During the

trial, water temperature averaged 27.1 ± 0.1 �C
(mean ± SEM), and dissolved oxygen averaged

4.5 ± 0.3 mg/ml. Care and handling of fish were in

accordance with guidelines established by the Insti-

tutional Animal Care and Use Committee (IACUC)

at the USDA, ARS Aquatic Animal Health Research

Unit, Auburn, AL, USA and the ‘Guidelines for the

Use of Fishes in Research’ of the American Fisheries

Society, Bethesda, MD, USA (http://www.fisheries.

org/afs/docs/policy_guidelines2004.pdf).

Feed and feeding

A nutritionally complete, practical basal diet formu-

lated to contain approximately 32% crude protein,

5.6% crude lipid, and 2877 kcal of digestible energy

(DE)/kg based on feedstuff values reported in NRC

(1993) (Table 1) was supplemented with commer-

cially available YYS products1, MacroGard� (Biotec-

Mackzymal, Tromsø, Norway), Bio-Mos� Aqua

Grade (Alltech, Nicholasville, KY, USA), Betagard A�

(Aqua-In-Tech, Seattle, WA, USA), and Levucell

SB20� Saccharomyces cerevisiae (Lallemand Animal

Nutrition, Milwaukee, WI, USA), supplied by the

manufacturers.1 MacroGard�, and Betagard A� are

Table 1 Composition of basal diet

Ingredient

Per cent

in diet

Menhaden fish meal 8.0

Soybean meal 45.0

Corn meal 25.0

Wheat middlings 14.0

Carboxymethyl cellulose 3.0

Menhaden oil 3.0

Dicalcium phosphate 1.0

Mineral premix* 0.5

Vitamin premix� 0.5

*Mineral premix (mg/kg diet unless otherwise stated): cobalt chloride

hexahydrate, 0.2; zinc sulphate heptahydrate, 659.6; iron sulphate

pentahydrate, 199.0; manganese sulphate monohydrate, 77.0; copper

chloride, 4.7; potassium iodide, 6.5; and sodium selenite, 0.2.

�Vitamin premix (mg/kg diet unless otherwise stated): vitamin

A-acetate, 4000 IU; vitamin D3, 2000 IU; vitamin K, 10; a-tocopherol

acetate, 50; thiamin, 10; riboflavin, 12; pyridoxine, 10; pantothenic

acid, 32; nicotinic acid, 80; folic acid, 5; biotin, 0.2; cyanocobalamine,

0.01; choline chloride, 400; L-ascorbyl acid-2-polyphosphate

(15% vitamin C activity), 75.

1Use of trade name or commercial products is solely for purpose

of providing specific information and does not imply endorsement

by the USDA.
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polysaccharides of b-1,3/1,6-linked glucose mole-

cules extracted from the cell wall of the yeast S. cere-

visiae, while Bio-Mos� is a mannan oligosaccharide

derived from S. cerevisiae. Levucell SB20� is com-

prised of live, whole-cell S. cerevisiae. Yeast or yeast

subcomponents were supplemented in the basal diet

at the expense of corn meal at the manufacturer rec-

ommended concentrations (MacroGard�, 1 g/kg;

Bio-Mos� Aqua Grade, 2 g/kg; Betagard A�, 0.1 g/

kg; Levucell SB20�, 0.1 g/kg). Each diet was mixed

thoroughly and processed into 3-mm diameter pel-

lets as described by Lim et al. (1996). Diets were

dried at room temperature (23 �C) to a moisture

content of approximately 10%, ground in a S-500

Disc Mill (Glen Mills, Glenmill, NJ, USA), and sieved

with a No. 14 US standard sieve. The particles

retained in the sieve were stored at )20 �C in sealed

plastic bags until used. Determined crude protein

content of the basal diet was 33.1 ± 0.3%. Two sets

of 20 aquaria (each diet was randomly assigned to

four aquaria) were used for the feeding trials. One

set was used for the 1 week pre-challenge feeding

regimen, and the second set was used for the 2 week

pre-challenge feeding duration. Feeding of catfish

under the 2 week regimen was initiated 1 week

prior to the 1 week feeding duration so that the dis-

ease challenge for both groups was conducted simul-

taneously. Fish were fed to apparent satiation twice

daily (between 07:30 and 08:30 hours and between

15:00 and 16:00 hours) for periods of 1 or 2 weeks,

and feeding of experimental diets continued for

3 weeks after disease challenge (described below).

Feed intake after challenge was only 1/4 of pre-chal-

lenge intake. Due to the short experimental feeding

periods, growth parameters were not measured. At

the end of the feeding trial, fish were sampled to

measure haematological and immunological parame-

ters. Thereafter, all YYS groups were tested for resis-

tance E. ictaluri infection as outlined below. No

feeding was done on disease challenge or sampling

days. All the aquaria were cleaned thoroughly once

every other week. On cleaning days, fish were fed

only in the afternoon.

Haematological and immunological assays

After the termination of the feeding trial, blood was

sampled from the caudal vasculature of three anaes-

thetized (100 mg/l tricaine methanesulfonate or

MS-222; Argent Chemical Laboratories, Redmond,

WA, USA) fish per aquarium with an air-dried, hep-

arinized (500 U sodium heparinate/ml) tuberculin

syringe. After blood samples were collected, fish

were euthanized with 200 mg/l MS-222. Haemato-

crit of each fish was determined in duplicate using a

microhaematocrit method (Brown, 1988). Red and

white blood cell counts were performed in duplicate

for each sample by diluting whole blood and count-

ing in a Spencer Bright Line hemacytometer as

described by Barros et al. (2002). Haemoglobin was

analysed using a kit from Pointe Scientific (Canton,

MI, USA), and values were adjusted by cyanomet-

haemoglobin correction factor for channel catfish

described by Larsen (1964). The remaining whole

blood was centrifuged at 1000 g for 10 min, and

plasma was stored frozen at )80 �C for subsequent

assays of bactericidal, lysozyme and spontaneous

haemolytic complement (SH50) activities. Plasma

lysozyme activity was determined by the method of

Litwack (1955) as modified by Sankaran and

Gurnani (1972). Spontaneous haemolytic comple-

ment activity (SH50) was calculated using the

method reported by Sunyer and Tort (1995). Bacte-

ricidal activity was determined as described by

Kampen et al. (2005) with modifications for plasma.

Plasma total protein was determined by the bicinch-

oninic acid (BCA) method using a BCA Protein

Assay Kit (Pierce, Rockford, IL, USA). Detailed

descriptions of the immune assay procedures are

given in Welker et al. (2007). At the end of the dis-

ease challenge trial (day 22), blood was sampled

from the caudal vasculature of four surviving fish in

each aquarium by syringe and centrifuged at 1000 g.

Plasma was collected and stored frozen at )80 �C for

subsequent determination of post-challenge aggluti-

nating antibody titre against E. ictaluri. Necropsies

were performed and anterior kidney tissue from

dead fish was cultured to confirm death due to

E. ictaluri (Klesius, 1992). Plasma collected at the

termination of the feeding trials for use in immune

assays (n = 3 fish per aquarium) was used to deter-

mine pre-challenge antibody titres – all sampled fish

were negative for E. ictaluri. Agglutinating antibody

titre against E. ictaluri (AL-93-75) in pre- (from

immune assay blood sampling) and post-challenge

plasma was determined by modifying the method of

Chen and Light (1994). See Welker et al. (2007) for

a more complete description of the antibody titre

assay.

Disease challenge

The Edwardsiella ictaluri (AL-93-75) from an out-

break of ESC was used to challenge channel catfish

by immersion according to the procedure outlined in

Welker et al. (2007). The number of channel catfish
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remaining in the original aquaria at the end of the 1

and 2 week feeding trials was adjusted to 20. All fish

were removed from an aquarium, anaesthetized, and

20 fish were randomly netted and returned. Fish

were allowed 3 days to acclimate and were then

challenged in aquaria by addition of the E. ictaluri

culture at a rate to produce approximately

1 · 107 CFU/ml. The final challenge concentration

was 9.5 · 106 CFU/ml, determined using a spiral

autoplater and Qcount (Spiral Biotech, Norwood,

MA, USA) after challenge. As stated above, the start

of the 1 and 2 week pre-challenge feeding periods

were staggered by 1 week so that they ended at the

same time allowing both groups to be challenged on

the same day using the same challenge culture. Fish

continued to be fed twice daily with the experimen-

tal diets after challenge, and mortality was recorded

twice a day for 21 days.

Statistical analysis

Source of YYS (MacroGard�, Bio-Mos� Aqua Grade,

Betagard A�, Levucell SB20� and control diets) and

pre-challenge feeding duration (1 or 2 weeks) were

fixed effects in this study. Bayesian statistical testing

procedures (Rouanet, 1996) were conducted to

determine the effect of YYS immunostimulants and

feeding duration (main effects) on measured haema-

tological and immunological parameters and suscep-

tibility to E. ictaluri infection. A Bayesian posterior

probability distribution (|d|/sobs) was calculated for

the standardized effect size (d/s) of each main effect

using LEPAC software, which is freely distributed by

the Equipe Raisonnement Induction Statistique

(ERIS) research group at the Centre National de la

Recherche Scientifique, University de Rouen,

Normandy, France. A credibility level c (‡0.90)

(non-informative prior probability) and a limit to

determine largeness llar ‡ 0.60 or smallness lsmall <

0.40 are declared to assert magnitude of effect – if

the posterior probabilities calculated for d/s exceed

the credibility level of 0.90 based on these limits,

largeness or smallness is declared respectively. If nei-

ther scenario is true, the effect would be medium or

inconclusive. Cohen’s effect size limits for large and

small effects were used (Cohen, 1988). To determine

differences between individual treatment means, the

Waller–Duncan k-ratio t-test (WD) (Waller and Dun-

can, 1969), which controls the Type I and Type II

error rates based on Bayesian principles and mini-

mizes the Bayes risk under additive loss assumptions

(Steel and Torrie, 1980), was conducted using SAS

(Statistical Analysis Software) (SAS, Cary, NC, USA).

If an interaction effect was significant (|d|/

sobs > 0.90), then each factor was analysed within

each level of the other factor using the SLICE option

of the LS Means and orthogonal contrasts (simple

effects analysis) in SAS, and differences between

treatment means are shown in figures rather than

tables. Traditional ANOVA procedures (two-way analy-

sis of variance) were also conducted, and the results

are reported for reference and comparison. Kaplan

and Meier survival curves (Kaplan and Meier, 1958)

were constructed for each diet · feeding duration

treatment for 1 and 2 week feeding durations.

Because there was a significant interaction between

diet and feeding duration, the curves for diets were

analysed separately for each feeding duration. The

curves were compared using the log-rank test to

determine differences between curves and whether

the trends in survival were different between curves.

Differences between individual survival curves for

diet were determined by Holm-Sidak method. A sig-

nificance level of a = 0.05 was used for frequentist

statistical analyses. Measured values from individual

fish were averaged for each aquarium (experimental

unit) for use in statistical analyses.

Results

Haematological parameters tended to be somewhat

lower for the control group in relation to other die-

tary groups and for fish fed the experimental diets for

1 week compared to 2 weeks (Table 2). Although F-

test p-values for the effect of feeding duration on

total, red and white blood cell counts were <0.05, the

Bayesian posterior probabilities suggest that the

effects of diet and feeding duration were only small

or medium on blood cell counts and other haemato-

logical parameters. The effects of diet and feeding on

immune responses (SH50, lysozyme, bactericidal

activity and total protein) were medium or inconclu-

sive (Bayesian analysis); however, the F-test suggests

that lysozyme activity was higher in catfish fed exper-

imental diets for 1 week pre-challenge (Table 3).

The survival curve analysis suggests that differ-

ences exist between diets (p < 0.004) for the 1 week

pre-challenge feeding duration (Fig. 1), with the

control fed fish exhibiting a survival curve signifi-

cantly lower than those fed the MacroGard� or

Betagard A� supplemented diets. A significant inter-

action existed between feeding duration and diet,

and further analysis of variance components

revealed that survival of fish fed Levucell� for

1 week prior to challenge was also significantly

greater than in the control group (explained further
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below). The log-rank test for trends indicates that no

evidence of trends exists between the diet curves for

the 2 week feeding duration (p = 0.32). Fish fed the

Levucell SB20� diet for 2 weeks prior to challenge

had a higher rate of survival initially until 10–11

days post-challenge when the survival rate decreased

markedly, giving the treatment one of the lowest

overall survival rates (Fig. 2).

Bayesian posterior probabilities show that feeding

duration had a large or significant effect on survival of

channel catfish to E. ictaluri infection with catfish fed

the experimental diets for 1 week prior to challenge

having higher survival than those receiving the diets

for 2 weeks pre-challenge (Table 3). The effect of diet

on post-challenge survival was medium or inconclu-

sive; however, there was a significant interaction

between feeding duration and diet. The interaction

was further analysed by simple effects testing, which

indicated that survival of channel catfish fed the Beta-

gard A�, Levucell SB20�, and MacroGard� diets was

significantly lower after 2 weeks pre-challenge feeding

in relation to the 1 week feeding duration (Fig. 3).

There was no difference in survival between 1 and

2 week pre-challenge feeding durations when fish

Table 2 Bayesian and frequentist statistical analysis for channel catfish haematology. Values given for diet and time are mean ± SD*

Haematocrit

(%)

Haemoglobin

(g/dl) TCC (106/ll) RBC (106/ll) WBC (105/ll)

Pre-challenge� feeding duration

1 week 38.8 ± 2.2 7.2 ± 1.3 3.10 ± 0.60 2.44 ± 0.43 6.58 ± 0.24

2 weeks 39.6 ± 1.8 7.7 ± 0.6 4.01 ± 0.62 3.14 ± 0.46 8.70 ± 0.34

Bayesian

|d/s| 2.4 · 10)4 0.34 1.14 1.16 0.77

Pr(d/sobs > 0.6) 0.003 0.13 0.89 0.85 0.75

Pr(d/sobs < 0.4) 0.93 0.61 0.003 0.002 0.07

Effect Small Medium Medium Medium Medium

Frequentist

F-value 1.24 · 10)6 2.332 25.94 27.03 11.88

p-value 0.99 0.14 <0.001 <0.001 0.002

Diet

Control 36.9 ± 2.0 7.0 ± 1.3 3.22 ± 0.67 2.51 ± 0.44 7.16 ± 0.26

Macrogard� 37.9 ± 3.2 7.7 ± 0.5 3.84 ± 0.80 3.02 ± 0.60 8.26 ± 0.34

Beta-gard� 40.9 ± 1.3 7.7 ± 1.3 3.80 ± 0.72 3.04 ± 0.61 7.60 ± 0.55

BioMos� 39.0 ± 2.4 7.6 ± 1.0 3.43 ± 0.77 2.65 ± 0.60 7.86 ± 0.27

Levucell� 39.5 ± 1.1 7.1 ± 1.2 3.63 ± 1.12 2.89 ± 0.76 7.35 ± 0.40

Total 38.8 ± 2.4 7.4 ± 1.1 3.58 ± 0.84 2.83 ± 0.62 7.64 ± 0.37

Bayesian

|d/s| 0.66 0.28 0.45 0.52 0.28

Pr(d/sobs > 0.6) 0.74 0.03 0.37 0.50 0.12

Pr(d/sobs < 0.4) <0.001 0.81 <0.001 <0.001 0.65

Effect Medium Medium Medium Medium Medium

Frequentist

F-value 3.438 0.644 1.606 2.151 0.611

p-value 0.02 0.64 0.20 0.099 0.66

Interaction

Bayesian

|d/s| 0.004 0.41 0.29 0.26 0.16

Pr(d/sobs > 0.6) 0.025 0.51 0.37 0.34 0.002

Pr(d/sobs < 0.4) 0.89 <0.001 <0.001 <0.001 0.99

Effect Medium Medium Medium Medium Small

Frequentist

F-value 7.81 · 10)5 0.68 0.331 0.261 0.967

p-value 1.00 0.61 0.86 0.90 0.44

TCC, total cell count; RBC, red blood cell count; WBC, white blood cell count.

*The average of three fish sampled from four tanks per diet (experimental unit) for a total of 20 aquaria at each feeding duration were used to cal-

culate treatment means and used in statistical analyses.

�Catfish were fed experimental diets for 1 or 2 weeks prior to challenge with Edwardsiella ictaluri. Feeding of diets continued for 21 days after

challenge.
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were fed the control or Bio-Mos� diets. Among the

1 week feeding duration group, the Betagard A�,

MacroGard� and Levucell SB20� but not Bio-Mos�

diets produced significantly higher survival in relation

to the control diet, although survival of fish fed the

Bio-Mos� supplemented diets remained high after the

2 week feeding duration trial (Fig. 3). No differences

in survival were seen among diets after 2 weeks of

pre-challenge feeding.

The effect of feeding duration on agglutination

antibody titres against E. ictaluri was large but inver-

sely related to cumulative survival – titres were sig-

nificantly higher for the 2 week pre-challenge

feeding duration in relation to the 1 week feeding

trial (Table 3). Diet had only a medium (inconclu-

sive) effect on the antibody response, but the Bayes-

ian posterior probability distribution suggests that

there was a significant interaction between feeding

Table 3 Bayesian and frequentist statistical analysis for immune function and survival to enteric septicaemia infection*. Values given for diet and

time are mean ± SD�

SH50�

(units/ml)

Lysozyme

(lg/ml)

Ab titre§

(log 10) BA–

Protein

(mg/ml) Survival (%)**

Pre-challenge�� feeding duration

1 week 12.7 ± 3.2 5.9 ± 0.9 2.47 ± 0.24 0.161 ± 0.019 30.5 ± 3.0 56.7 ± 9.8

2 weeks 12.9 ± 7.3 5.2 ± 0.6 2.96 ± 0.27 0.150 ± 0.028 30.4 ± 2.3 46.4 ± 7.5

Bayesian

|d/s| 0.03 0.63 1.90 0.25 0.02 0.91

Pr(d/sobs > 0.6) 0.005 0.55 0.99 0.20 0.004 0.91

Pr(d/sobs < 0.4) 0.92 0.02 <0.001 0.57 0.93 0.02

Effect Small Medium Large Medium Small Large

Frequentist

F-value 0.014 8.01 72.12 1.29 0.01 15.36

p-value 0.91 0.008 <0.001 0.27 0.94 <0.001

Diet

Control 14.6 ± 8.4 5.8 ± 0.9 2.41 ± 0.29 0.165 ± 0.021 29.6 ± 2.3 42.2 ± 6.6

Macrogard� 13.3 ± 7.4 5.9 ± 1.0 2.81 ± 0.20 0.146 ± 0.022 32.3 ± 4.1 55.5 ± 10.1

Beta-gard� 11.5 ± 4.3 5.2 ± 0.7 2.80 ± 0.31 0.146 ± 0.032 31.6 ± 2.9 51.7 ± 8.0

BioMos� 11.1 ± 2.6 5.4 ± 0.9 2.78 ± 0.26 0.159 ± 0.042 29.3 ± 2.4 55.5 ± 8.8

Levucell� 13.4 ± 5.6 5.6 ± 0.7 2.77 ± 0.23 0.163 ± 0.031 29.4 ± 2.2 50.9 ± 7.5

Total 12.8 ± 5.9 5.6 ± 0.8 2.71 ± 0.25 0.156 ± 0.030 30.4 ± 3.0 51.1 ± 8.2

Bayesian

|d/s| 0.24 0.37 0.23 0.29 0.49 0.72

Pr(d/sobs > 0.6) 0.09 0.24 0.61 0.14 0.44 0.86

Pr(d/sobs < 0.4) 0.82 <0.001 0.30 0.52 <0.001 <0.001

Effect Medium Medium Medium Medium Medium Medium

Frequentist

F-value 0.46 1.10 3.451 0.69 1.90 4.178

p-value 0.77 0.37 0.05 0.61 0.14 0.06

Interaction

Bayesian

|d/s| 0.49 0.21 1.44 0.34 0.50 0.82

Pr(d/sobs > 0.6) 0.58 0.30 0.95 0.43 0.62 0.92

Pr(d/sobs < 0.4) <0.001 <0.001 <0.001 0.22 <0.001 <0.001

Effect Medium Medium Large Medium Medium Large

Frequentist

F-value 0.993 0.171 4.306 0.466 1.004 2.72

p-value 0.45 0.95 0.01 0.76 0.42 0.05

*Survival and antibody titre were measured 21 days post-immersion challenge.

�The average of three fish (four for post-challenge antibody titres) sampled from four tanks per diet (experimental unit) for a total of 20 tanks at

each feeding duration were used to calculate treatment means and used in statistical analyses.

�Spontaneous haemolytic complement activity. Expressed as the dilution that produced 50% lysis of sheep red blood cells.

§Agglutination antibody titre (log 10) to Edwardsiella ictaluri.

–Plasma BA activity reported as absorbance units.

**Percent cumulative survival after challenge with E. ictaluri.

��Catfish were fed experimental diets for 1 or 2 weeks prior to challenge with E. ictaluri. Feeding of diets continued for 21 days after challenge.
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duration and diet (Table 2). Tests of simple effects

showed that channel catfish fed diets supplemented

with Betagard A�, Levucell SB20�, and MacroGard�

had significantly higher antibody responses after

2 weeks pre-challenge feeding in relation to only

1 week feeding of experimental diets (Fig. 4), which

were the same diets that showed improved survival

to E. ictaluri infection when fed for 1 week. No dif-

ferences in antibody response were observed in

channel catfish fed the Bio-Mos� or control diets for

1 or 2 weeks prior to challenge. A further break-

down of simple effects testing showed that in the

2 week pre-challenge feeding group, fish fed the

Betagard A�, Levucell SB20�, and MacroGard� diets

had significantly higher antibody titres in relation to

the control but not Bio-Mos� diet (Fig. 4). No differ-

ences were seen among the diets after 1 week of

pre-challenge feeding.

Discussion

Previously, we examined the effect of YYS supple-

mentation in the diets of juvenile channel catfish on

immune function and disease resistance (Welker

et al., 2007). Fish were fed experimental diets con-

taining commercial YYS products at the manufactur-

ers’ recommended concentrations for 4 weeks

followed by a 2 week recovery feeding period of the

basal diet (4 + 2). No differences in final post-chal-

lenge survival (positive or negative) or in immune

function parameters among diets were observed.

Much of the rationale behind the use of a recovery

period in fish appears to have originated with Chen

and Ainsworth (1992), which showed positive effects

on immune function after b-glucan injection in

channel catfish, but little corroborative follow-up

research has occurred comparing effects of YYS

administration with and without recovery periods on

immunity. This practice was extended to dietary

studies, where glucan supplementation was followed

by a recovery period of basal diet feeding (typically

1–3 weeks) in a variety of fish species (e.g., Bagni

et al., 2000; Couso et al., 2003; Bridle et al., 2005)

with mixed results. It is hypothesized that a recovery

period is needed to prevent ‘glucan overload’, a phe-

nomenon that occurs with excessive doses of YYS,

either through extended feeding duration (Sakai,

1999), high dietary concentrations, or both (Couso

Fig. 1 Kaplan and Meier survival curves for diets fed for 1 week pre-

challenge. The curves were compared using the log-rank test to deter-

mine differences between curves and whether trends in survival were

different between curves. The log-rank test indicates that evidence of

trends exists between the curves (p < 0.05). At total of 20 fish per

tank (experimental unit) were challenged with Edwardsiella ictaluri by

immersion. The average of four tanks per diet (experimental unit) was

used to calculate cumulative survival (%) for treatments after 1 week

of feeding.

Fig. 2 Kaplan and Meier survival curves for each diet fed for 2 weeks

pre-challenge. The curves were compared using the log-rank test to

determine differences between curves and whether trends in survival

were different between curves. The log-rank test indicates that no evi-

dence of trends exists between the curves (p > 0.05). At total of 20

fish per tank (experimental unit) were challenged with Edwardsiella

ictaluri by immersion. The average of four tanks per diet (experimental

unit) was used to calculate cumulative survival (%) for treatments after

2 weeks of feeding.
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et al., 2003), which can negatively affect immunity

in fish by suppressing the immune response. Based

on our previous work, it would be reasonable to

conclude that YYS supplementation is ineffective in

positively affecting immunity in channel catfish.

However, other studies not utilizing a recovery per-

iod suggest otherwise (Duncan and Klesius, 1996;

Peterson et al., 2010). If we then assume that YYS

supplementation in diets positively affects immunity

in channel catfish and that the manufacturers’ sup-

plementation recommendations are correct, then the

immunostimulatory response did not coincide with

immune sampling or disease challenge under our

4 + 2 feeding regimen. The recovery period may also

have been unnecessary and the immunostimulatory

response was lost, or the fish may have experienced

glucan overload, even with the recovery period, due

to the 4 week feeding duration. To avoid the glucan

overload possibility, we examined the effects of

reduced feeding durations of 1 and 2 weeks prior to

disease challenge without a recovery period in this

study using the same YYS products supplemented at

their respective manufacturer’s dietary recommenda-

tions as in our previous work.

In the present study, the shorter pre-challenge

feeding duration of 1 week but not 2 weeks

appeared to increase resistance of channel catfish to

ESC in this study. Catfish fed diets supplemented

Fig. 3 Mean percent cumulative survival

(±SD) 21 days after infection with enteric sep-

ticaemia (ESC) in channel catfish fed yeast or

yeast subcomponents (YYS)-supplemented

diets for 1 or 2 weeks prior to challenge. Bars

with different letters are significantly different

from one another. Survival was significantly

different for 1 and 2 week feeding groups for

the same diet when labelled with an asterisk.

At total of 20 fish per tank (experimental unit)

were challenged with Edwardsiella ictaluri by

immersion. The average of four tanks per diet

(experimental unit) at each feeding duration

was used to calculate mean cumulative

survival (%).

Fig. 4 Mean agglutination antibody titres (log

10) to Edwardsiella ictaluri (±SD) 21 days after

infection with enteric septicaemia (ESC) in

channel catfish fed yeast or yeast subcompo-

nents (YYS)-supplemented diets for 1 or

2 weeks prior to challenge. Bars with different

letters are significantly different from one

another. Antibody titre was significantly differ-

ent for 1 and 2 week feeding groups for the

same diet when labelled with an asterisk. Four

fish per tank (experimental unit) were sampled

and averaged for antibody titres. The average

of four tanks per diet (experimental unit) at

each feeding duration was used to calculate

mean antibody titres and in statistical

analysis.
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with MacroGard�, Betagard A�, or Levucell SB20�

for 1 week had significantly higher survival to ESC

infection in relation to the control diet but were not

different from each other. In fish fed these same

three diets, survival to ESC was significantly higher

after 1 week vs. 2 weeks feeding. It appears that

2 weeks of pre-challenge YYS feeding at the recom-

mended dietary levels was too long to be effective in

stimulating immunity in channel catfish. Catfish

were also fed the supplemented diets after disease

challenge, and although feed intake was approxi-

mately 1/4 of intake prior to challenge, this contin-

ued feeding may have contributed to glucan

overload and decreased disease resistance in the 2-

week pre-challenge feeding group. Even though cat-

fish in both feeding regimens were challenged on

the same day utilizing the same bacterial culture,

ESC-related mortality was first observed after four -

days and six days in control groups for the 1 and

2 week pre-challenge feeding groups respectively.

One aquarium in the 2 week feeding group

exhibited mortalities two days post-challenge, which

largely accounts for the lower average in this group.

In the other three aquaria, the average time before

the first mortality was observed was five and a half

days, which was similar to the average for the

1 week pre-challenge feeding group.

As mentioned, YYS supplementation with a 4 + 2

feeding strategy did not influence immune function

or susceptibility to E. ictaluri infection (Welker

et al., 2007). Survival of catfish utilizing the 4 + 2

feeding regimen was 20–30% higher with the 4 + 2

feeding. Even though post-challenge survival was

lowest for control groups regardless of feeding strat-

egy, survival of catfish fed the control diet in the

4 + 2 regimen was nearly double that of the 1 and

2 week feeding duration controls in the current

study. All experimental variables were generally

equal between studies. The same YYS products

were used at the same dietary concentrations in

both studies, and fish size at the time of challenge

in the 4 + 2 feeding regimen was approximately

35 g and 40 g in the present study. Water quality

parameters were nearly identical (data not shown).

However, even though the challenge concentrations

of E. ictaluri were similar (9.1 · 106 CFU/ml for the

4 + 2 regimen and 9.5 · 106 CFU/ml for the present

study), the challenge culture for the current study

was 4 · 105 CFU/ml higher than in our previous

work, which may have accounted for the lower

overall survival.

Comparison of the current study and Welker et al.

(2007) indicates that use of recovery feeding may

prove beneficial to disease resistance in catfish after

a prolonged feeding period of b-glucan depending

on the concentration in the diet. In catfish fed the

b-glucan diets (MacroGard� or Betagard A�), sur-

vival was highest after 1 week dietary supplementa-

tion and declined after 2 weeks pre-challenge

feeding. Under the 4 + 2 feeding regimen in our pre-

vious work, survival was highest for catfish fed the

Betagard A� diet, but the MacroGard� fed fish had

lower survival, second only to the control group.

The MacroGard� product was supplemented at a

rate 10· higher (1.0 g/kg diet) than the Betagard A�

product (0.1 g/kg). These results suggest feeding glu-

can products for 14 days or longer prior to challenge

may cause a reduction in disease resistance, even at

moderate dietary supplementation; however, the use

of a recovery feeding period may be beneficial when

b-glucan is included in the diet at the moderate level

tested, but excessive dietary concentrations may not

respond to recovery feeding. Fish fed the Levucell

SB20� whole-cell yeast product had post-challenge

survival similar to Betagard A� in catfish fed for the

1 week pre-challenge feeding duration and in our

previous study. Yeast (S. cerevisiae) cell walls are

approximately 70% b-glucan (Northcote and Horne,

1952), and therefore, the Levucell SB20� diet con-

tains approximately 0.07 g/kg diet, similar to the

Betagard A� supplementation levels, though pre-

sumably less b-glucan would be available due to

losses during digestion and incomplete breakdown of

the yeast cell wall. The level of b-glucan provided by

the Levucell SB20� diet would certainly be closer to

the Betagard A� diet than to the MacroGard� diet

and may account for their similarity in survival val-

ues. This comparison between the two studies

should be viewed cautiously, because they were

conducted at different times, albeit under very simi-

lar conditions. It should be used as a basis for future

study into the effects of glucan feeding concentra-

tion and duration in channel catfish diets.

Supplementation of Bio-Mos� did not increase

channel catfish resistance to ESC after 1 week pre-

challenge feeding as was observed with the other

YYS supplemented diets. Fish fed the Bio-Mos� diet

had similar survival after 1 and 2 weeks of pre-

challenge feeding, but survival was much lower for

Bio-Mos� fed fish under the 4 + 2 regimen (Welker

et al., 2007). The mode of action for mannan oligo-

saccharides, such as that found in Bio-Mos�, is to

block colonization by binding to pathogenic bacteria

and rendering them unable to attach to intestinal

mucosa (McCann et al., 2006). Peterson et al. (2010)

showed that increased resistance of channel catfish

Effect of dietary yeast and yeast subcomponents in Ictalurus punctatus T. L. Welker et al.
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to ESC occurs after feeding diets supplemented with

Bio-Mos� for 4 weeks. A feeding period greater than

the 2 weeks used in the present research may be

needed to see increased benefits to disease resistance

in channel catfish. Furthermore, we likely did not

see improved disease resistance with the 4 + 2 regi-

men, because continual feeding of fish is recom-

mended for Bio-Mos� supplemented diets (Peterson

et al., 2010).

Even though survival to ESC infection was posi-

tively affected by short-term pre-challenge YYS feed-

ing, we did not see any effect of diet on non-specific

immune function in the present study or in our pre-

vious work (Welker et al., 2007). Addition of glu-

cans to channel catfish diets has been shown to

increase non-specific immune function. Duncan and

Klesius (1996) showed that catfish fed 0.2% b-glu-

can but not 2.7% whole-cell S. cerevisiae had

increased macrophage and neutrophil migration and

phagocytosis. However, we did not measure these

immune responses in the current study. Lysozyme

activity was significantly higher (supported by ANOVA)

in channel catfish fed under the 1 week but not

2 week pre-challenge feeding regimen, but the

increased activity was unrelated to diet. This result

was not supported by the Bayesian analysis. It is

possible that this increase contributed to the higher

survival in fish fed experimental diets 1 week prior

to challenge, but it does not explain the differences

in survival related to diet during this period. Signifi-

cant increases in post-challenge antibody titres

against E. ictaluri occurred after 2 weeks but not

1 week of YYS pre-challenge feeding in the present

study, which were inversely related to survival after

challenge. Typically, an antibody response in chan-

nel catfish is detected approximately 5–7 days post-

exposure to E. ictaluri by immersion challenge, and a

significant response is detected between 14 and

21 days post-challenge (Klesius and Sealey, 1995).

Although the antibody titres measured at the termi-

nation of the disease challenge were lower for fish

fed YYS for 1 week, it is possible that the differences

in survival between the 1 and 2 week feeding dura-

tions might have been affected by the antibody

response, because we only measured the antibody

response 21 days post-challenge and do not know

what the antibody response dynamics were from the

time just after challenge up to 21 days. The effect of

b-glucans on immunity can vary considerably even

within the same species, and as shown, increased

antibody response (Ainsworth et al., 1994) or non-

specific immune response (Duncan and Klesius,

1996) in channel catfish often does not predict

resistance to ESC, which is also what we observed in

the present study.

Fiducial Bayesian analysis was used to analyse

these data, because it offers advantages over tradi-

tional frequentist (here, ANOVA) methods. Bayesian

probabilities, unlike their frequentist counterparts,

provide an indication of magnitude of difference or

practical significance (Wainer and Robinson, 2003).

The ANOVA results were provided in this manuscript

for comparison, and departures from Bayesian

results were noted. The results of the fiducial Bayes-

ian and frequentist (ANOVA) analyses in this study

generally agreed in most cases, especially when the

Bayesian posterior probability indicated a large

(significant) or small (insignificant) effect. Some

disagreement was seen when the outcome of the

Bayesian analysis was medium (inconclusive)

approximately 25% of the time, in these cases, the

p-value was often <0.05 or ‘significant’ in frequentist

terms.

While we may be approaching a better under-

standing of the effects of dietary YYS on immunity

of channel catfish and many other species of fish,

considerable variability in disease resistance exists

with regard to type, concentration, and feeding

duration of YYS, and fish age, size and species. There

appears to be a balance between feeding duration

and dietary YYS concentration that must be met in

order to achieve increased immunity and disease

resistance. For non-mannan oligosaccharide YYS

immunostimulants, 1 week feeding prior to disease

challenge appears to enhance disease resistance at

manufacturer recommended levels, but extended

feeding does not seem to be beneficial in channel

catfish. Use of a recovery period may improve

survival to infection after prolonged feeding, but fish

fed diets with higher levels of supplementation of

b-glucan may not see any benefit. Bio-Mos� man-

nan oligosaccharide supplemented diets may require

longer feeding periods for enhancement of disease

resistance, but use of recovery feeding periods will

likely reduce these benefits. The variability in the

effectiveness of YYS in increasing immunity in fish

suggests more research is needed and that effective

YYS feeding regimens may be specific to fish species

and culture conditions.
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Abstract This study was conducted to investigate the
effects of dietary dried baker’s yeast on laying
performance, egg traits and some blood parameters of
quails. In the experiment a total of 342 Japanese quails
(Coturnix coturnix japonica) aged ten weeks were
equally divided into six groups of 57 (three replicates
of 19 quails each). Six levels (0, 4, 8, 12, 16 and 20%)
of dried baker’s yeast were included in isonitrogenous
and isocaloric diets. The experimental period lasted 14
weeks. At the end of the experiment, there were no
significant differences among the groups in body
weight, feed intake, protein intake, egg production,

feed efficiency, egg yolk index and egg haugh unit.
Blood serum levels of total protein, triglyceride and
cholesterol were not affected by dietary dried baker’s
yeast. Diets containing 4 and 8% of dried baker’s yeast
increased the egg weight significantly ( p<0.01). The
inclusion of dried baker’s yeast at the level of 20% to
the diets reduced egg shell thickness and egg albumen
height. It is concluded that dried baker’s yeast can be
used up to 16% in the diets of laying quails without
adverse effects on the measured parameters.

Keywords Baker’s yeast . Blood parameters .

Egg traits . Laying quail . Performance

Introduction

The term ‘single-cell proteins’ refers to the dried cells
of microorganisms such as algae, bacteria, yeasts,
molds and higher fungi grown in large-scale culture
systems for use as protein sources in foods or feeds.
The first applicable single cell protein production
originated in Germany during World War I when
baker’s yeast, Saccharomyces cerevisiae, was grown –
with molasses as the carbon and energy source and
ammonium salts as the nitrogen source – for con-
sumption as a protein supplement (Litchfield 1983).

Yeast protein is produced by culturing different
microorganisms of yeast on different substrates such
as saccharide (i.e., molasses, whey) and polysaccharide
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(i.e., starch, cellulose) substances, hydrocarbons and
alcohols. Initially, extensive efforts were directed
toward manufacturing yeast for human food, but then
researchs have been directed towards using it as a
protein supplement in animal feeds due to acute
shortages of both soybean and fish meal in many
countries (Daghir and Abdul-Baki 1977; Önol and
Yalçın 1995; Şehu et al. 1997).

Yeast obtained as an agricultural byproduct or
produced industrially was utilized in poultry diets as a
protein source but its level of inclusion in practical
diets varied widely from 5 to 30% in different studies
(Waldroup et al. 1971; Önol and Yalçın 1995; Şehu
et al. 1997). Some studies were carried out on yeast
for broilers (Yalçın et al. 1993), quails up to 35 days
of age (Şehu et al. 1997) and laying hens (Shyam
Sunder et al. 1990; Önol and Yalçın 1995) but there
are no published reports on the feeding value of
baker’s yeast for laying quails as we know. Therefore
the aim of this study was to determine the effects of
dried baker’s yeast on laying performance, egg traits

and some blood parameters of quails. Measuring
blood parameters could be more useful to detect
some metabolic effects of dried baker’s yeast.

Materials and methods

Animals and diets

A total of 342 Japanese quails (Coturnix coturnix
japonica) aged ten weeks were housed in cages and
randomly allocated to six treatment groups each
containing 57 quails. Each group was divided into 3
replicates.

Feed and water were provided ad libitum and the
diets were offered in mash form. A photoperiod of
17 h light was maintained. The experiment was
conducted for 14 weeks.

The composition of the basal diet is given in Table 1.
The diets were formulated to be isocaloric and
isonitrogenous. The diets were supplemented with 0,

Table 1 Ingredient and chemical composition of the diets

Ingredient (%) Dried baker’s yeast supplementation (%)

0 4 8 12 16 20

Maize 57.80 58.50 59.20 60.00 60.70 61.50
Soyabean meal 20.00 16.00 12.00 8.00 4.00 0.00
Full fat soyabean 8.00 7.50 7.00 6.50 6.00 5.40
Dried baker’s yeast 0.00 4.00 8.00 12.00 16.00 20.00
Meat and bone meal 4.20 4.20 4.20 4.20 4.20 4.20
Vegetable fat 1.20 1.00 0.80 0.50 0.30 0.10
Dicalcium phosphate 0.50 0.50 0.50 0.50 0.50 0.50
Limestone 7.50 7.50 7.50 7.50 7.50 7.50
Salt 0.25 0.25 0.25 0.25 0.25 0.25
DL-methionine 0.15 0.15 0.15 0.15 0.15 0.15
Vitamin premixa 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premixb 0.15 0.15 0.15 0.15 0.15 0.15
Chemical composition (Analyzed)
Metabolizable energyc (MJ/kg) 11.89 11.84 11.82 11.78 11.94 11.81
Crude protein (%) 19.20 19.13 19.25 19.03 19.16 19.32
Ether extract (%) 5.50 5.45 5.20 5.02 4.95 4.60
Crude fibre (%) 2.92 2.90 2.78 2.61 2.69 2.38
Crude ash (%) 11.39 11.42 11.85 11.62 11.44 11.45
Calcium (%) 3.08 2.97 2.98 3.00 2.95 2.93
Phosphorus (%) 0.60 0.63 0.63 0.70 0.68 0.69

a Provides (mg per kg diet): retinol 2.4, cholecalciferol 0.075, DL-α tocopherol acetate 20, menadione 2, thiamin 1.5, riboflavin 6,
pyridoxol 3.5, cobalamin 0.01, niacin 25, panthotenic acid 8, folic acid 1, d-biotin 0.03, ascorbic acid 30, choline chloride 600.
b Provides (mg per kg diet): Mn 80, Fe 60, Zn 60, Cu 5, I 1, Co 0.2, Se 0.15.
cMetabolizable energy content of diets was calculated using the equation of Carpenter and Clegg (Leeson and Summers 2001).
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4, 8, 12, 16 and 20% of dried baker’s yeast (Saccha-
romyces cerevisiae). The dried baker’s yeast has
91.00% dry matter, 44.40% crude protein, 0.52% ether
extract, 0.33% crude fibre, 5.01% crude ash, 0.28%
calcium, 1.21% total phosphorus and 10.79 MJ/kg
metabolizable energy. The amino acid composition of
dried baker’s yeast is given in Table 2.

Traits measured

Nutrient composition of diets and dried baker’s yeast
were determined according to the AOAC (2000). The
analysis of calcium (Farese et al. 1967) and total
phosphorus (ADAS 1981) were done after dry
combustion of diets. Metabolizable energy levels of
diets and dried baker’s yeast were estimated using the
equation of Carpenter and Clegg: ME, kcal/kg=53+38
[(crude protein,%)+(2.25×ether extract, %)+(1.1×
starch, %)+(sugar, %)] (Leeson and Summers 2001).

Free and total amino acids of dried baker’s yeast
were determined with modified OPA derivatization
using the HPLC system of Agilent 1100 series
(Agilent Technologies, Waldbronn, Germany).

Quails were weighed individually at the beginning
and at the end of the experiment. Eggs were collected
daily and egg production was calculated on a bird-day
basis. Mortality was recorded as it occurred.

Eggs were weighed every week individually for
one day of production. Feed intake was recorded

weekly and calculated as g/quail/day. Protein intake
was calculated using the values of feed intake and
crude protein of diets as g/quail/day. The value of
feed efficiency was calculated as kg feed per kg egg
and kg feed per one dozen egg.

Twelve eggs were collected from each group (4 eggs
from each replicate) at the 5th, 8th, 11th and 14th week
of the experiment to determine the egg traits. Individual
eggs were weighed and their shell thickness was
measured. Then yolk height, albumen height, yolk
width, albumen width and albumen length were deter-
mined. By using these values, yolk index, albumen
index and Haugh unit were calculated (Card and
Nesheim 1972). Egg and shell quality analyses were
completed within 24 hours of the eggs being collected.

Blood samples were collected from 15 quails
randomly chosen from each group (5 from each
replicate) at the slaughtering time at the end of the
experiment and centrifuged. Serum was collected and
stored at −20°C for determination of serum parame-
ters. Serum concentrations of total protein, triglycer-
ide and cholesterol were determined by a Hitachi
autoanalyser (Serial Number 1238–23, Hitachi Ltd,
Tokyo) using their accompanying commercial kits.

Statistical analysis

Statistical analysis were done using SPSS programme
(SPSS INC., Chicago, IL, USA). One way ANOVA
was used to evaluate the effects of different concen-
trations of dried baker’s yeast on performance, egg
traits and blood parameters of laying quails. The
significance of mean differences between groups was
tested by Duncan. The effect of dried baker’s yeast on
the mortality of laying quails was evaluated by the χ2

test (Dawson and Trapp 2001).

Results and discussion

The amino acid analysis of dried baker’s yeast
indicates that yeast should be a source of good quality
protein (Table 2). Dried baker’s yeast contained high
amount of lysine (4.5%), threonine (1.9%), arginine
(2.4%) but low amount of methionine (0.6%). The
effects of dried baker’s yeast on performance and egg
traits of laying quails are shown in Tables 3 and 4,
respectively. The inclusion of dried baker’s yeast in
the diet of laying quails had no significant effect on

Table 2 Amino acid composition of the dried baker’s yeast
(mg/100 g)

Total amino acid Free amino acid

Methionine 609.1 67.4
Cystine+cysteine 385.5 33.1
Lysine 4519.7 190.5
Threonine 1858.0 114.7
Arginine 2404.7 330.6
Isoleucine 1311.8 182.2
Leucine 2635.8 295.2
Valine 1691.9 246.6
Histidine 1122.1 69.8
Phenylalanine 1601.3 191.3
Glycine 1689.0 72.2
Serine 2308.8 190.8
Alanine 2417.2 466.9
Aspartic acid 4060.1 210.7
Glutamic acid 7261.3 765.2
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the mean values of body weight. In agreement with
the present study, Önol and Yalçın (1995) found that
mean body weight values of laying hens were not
affected by the addition of baker’s yeast at the level of
5, 10 and 20%. However 15 and 20% baker’s yeast in
quail (up to 35 days of age) diets (Şehu et al. 1997)
and 15% yeast protein produced from molasses in
broiler diets (Daghir and Abdul-Baki 1977) signifi-
cantly depressed growth. Waldroup et al. (1971)
explained the reduction in body weight of broilers fed
diets containing more than 15% yeast by the reduction
in the palatability of diets rich in yeast and the reduction
in feed intake due to the powdery nature of yeast.

The values for feed intake and protein intake were
not significantly affected by dietary treatments over
the 14 week period. Similarly some researchers
(Bornstein et al. 1982; Rojas Ramirez et al. 1985;
Önol and Yalçın 1995) found that diets containing
different species of yeasts had no effect on the feed
intake of laying hens.

No differences in bird-day egg production were
observed among the groups in the present study.

Similarly 5 and 10% of baker’s yeast (Önol and
Yalçın 1995), 10% inactive dry yeast (Shyam Sunder
et al. 1990) and 7–28% dry yeast of alcohol (Gar et al.
2001) had no significant effect on egg production of
laying hens. Contrary to the finding in the present
study, Önol and Yalçın (1995) reported that diets
containing 20% of baker’s yeast reduced hen-day egg
production ( p<0.01).

Diets with 4 and 8% dried baker’s yeast increased
the egg weight significantly ( p<0.01). Egg weight of
groups fed diets containing 12, 16 and 20% of dried
baker’s yeast was similar to that of control group.
Önol and Yalçın (1995) indicated that diets containing
5, 10 and 20% of baker’s yeast had no effect on egg
weight of laying hens. Some researchers (Bornstein
et al. 1982; Shyam Sunder et al. 1990; Gar et al.
2001) also found that egg weight was not affected
from the usage of different species of yeasts in laying
hen diets.

Similar to the previous report of Shyam Sunder et al.
(1990), inclusion of dried baker’s yeast in the diets of
laying quails had no effect on the feed intake per one

Table 4 The effects of dried baker’s yeast on egg traits of laying quails

Dried baker’s yeast (%)

0 4 8 12 16 20

Egg shell thickness (μm)** 217.8±0.3a 218.4±0.2a 214.2±0.3a 211.0±0.2ab 211.2±0.2ab 205.0±0.3b
Egg albumen height (mm)* 3.61±0.08a 3.62±0.07a 3.60±0.09ab 3.76±0.09a 3.55±0.08ab 3.37±0.06b
Egg albumen index* 8.64±0.18ab 8.46±0.15b 8.42±0.26b 9.15±0.23a 8.50±0.21b 8.23±0.16b
Egg yolk index 44.8±0.5 43.9±0.5 43.8±0.4 45.2±0.5 45.3±0.5 44.5±0.5
Egg Haugh unit 83.4±0.5 82.9±0.5 82.7±0.6 84.1±0.6 82.6±0.5 81.8±0.4

a,b: Means within a row followed by the same superscript are not significantly different ( p>0.05); *p<0.05, **p<0.01.

Table 3 The effects of dried baker’s yeast on performance of laying quails

Dried baker’s yeast (%)

0 4 8 12 16 20

Body weight at start (g) 204±1 207±2 206±1 203±2 202±2 205±2
Body weight at end (g) 237±4 251±3 247±4 245±3 249±4 244±4
Feed intake (g/quail d) 36.8±2.4 36.1±2.0 35.3±2.2 35.9±1.9 35.0±1.5 35.5±1.8
Protein intake (g/quail d) 7.06±0.47 6.91±0.39 6.80±0.42 6.83±0.37 6.71±0.29 6.85±0.34
Egg production (eggs/quail d) 83.7±1.4 84.5±1.5 81.5±2.9 81.2±2.0 82.3±0.8 79.6±1.1
Egg weight (g)** 12.5±0.1b 13.0±0.1a 13.0±0.1a 12.6±0.1b 12.6±0.1b 12.6±0.1b
Feed efficiency (kg feed/one dosen egg) 0.53±0.04 0.51±0.04 0.52±0.05 0.53±0.04 0.51±0.03 0.54±0.03
Feed efficiency (kg feed/kg egg) 3.51±0.27 3.30±0.23 3.37±0.32 3.51±0.25 3.38±0.17 3.55±0.19

a,b: Means within a row followed by the same superscript are not significantly different ( p>0.05); **p<0.01.

8 Trop Anim Health Prod (2009) 41:5–10



dozen egg and per one kg egg in the present study.
Contrary to the results of the present study, Önol and
Yalçın (1995) reported that the group fed diets
containing 20% of baker’s yeast had 18% higher in
feed intake than that of the control group.

During the experimental period, 4 (7.0%), 3 (5.3%),
3 (5.3%), 4 (7.0%), 4 (7.0%) and 3 (5.3%) quails died
in the groups fed diets containing 0, 4, 8, 12, 16 and
20% dried baker’s yeast, respectively. Mortality rate
was not affected by the inclusion of dried baker’s yeast
(p>0.05). These data are consistent with the findings
of studies involving laying hen (Önol and Yalçın
1995), broiler (Yalçın et al. 1993) and quail (Şehu et al.
1997) fed with diets including baker’s yeast.

The group fed diets containing 20% baker’s yeast
had smaller values of egg shell thickness and egg
albumen height than the group receiving no baker’s
dried yeast. The reduction in egg shell thickness in the
group fed 20% of dried baker’s yeast supports the
results of Oguntona et al. (1983) who reported that
high levels of yeast in diets reduced the availability of
phosphorus. A similar explanation was given by
Yoshida et al. (1974) who indicated that egg shells
of hens receiving 15% yeast were 0.01 mm thinner
(p<0.05) than those of the control hens and attributed
the thinner shells to the high phosphorus content of
the yeast diet. The values of egg shell thickness and
egg albumen height of groups fed diets containing 4,
8, 12 and 16% of dried baker’s yeast were similar to
those of control group in the present study. Some
researchers indicated that 5, 10 and 20% of baker’s
yeast (Önol and Yalçın 1995) and 10% inactive dry
yeast (Shyam Sunder et al. 1990) had no significant
effect on egg shell thickness.

The values for egg albumen index of the groups
fed 4, 8, 12, 16 and 20% dried baker’s yeast were not
significantly different from the group receiving a diet
without yeast. There were no significant differences in

egg yolk index and egg haugh unit among the groups
in the present study. Shyam Sunder et al. (1990)
reported that haugh unit was not affected by 10%
inactive dry yeast but the values of albumen index
and yolk index were smaller in the group receiving
10% inactive dry yeast than that of the control group.

The effects of dried baker’s yeast on some blood
serum parameters of laying quails are shown in
Table 5. It was observed in the present study that
there were no significant differences among groups in
serum levels of total protein, triglyceride and choles-
terol. These findings are similar to some reports
(Saoud and Daghir 1980; Yalçın et al. 1995). Saoud
and Daghir (1980) observed that the effects of
replacing soybean protein in a semisynthetic diet with
yeast protein from molasses at the levels of 0, 10, 15
and 20% on serum total protein were not significant.
Yalçın et al. (1995) reported that the inclusion of
baker’s yeast up to a level of 20% in the diets of
laying hens had no effect on serum levels of total
protein, triglyceride and cholesterol.

Conclusion

The inclusion of 4, 8, 12 and 16% of dried baker’s
yeast in the diets of laying quails gave similar
performance data to that for the control diet. Egg
weight was improved with the diets containing 4 and
8% of dried baker’s yeast. It is therefore possible to
reduce the use of protein feedstuffs such as fullfat
soya and soyabean meal for laying quails by replacing
part of the diet with dried baker’s yeast.

It is concluded that dried baker’s yeast can be used
up to 16% in the diets of laying quails as a protein
source without adverse effects on body weight, egg
production, feed efficiency, egg weight, egg quality
characteristics and blood serum parameters.

Table 5 The effects of dried baker’s yeast on blood serum parameters of laying quails

Dried baker’s yeast (%)

0 4 8 12 16 20

Total protein, g/l 49.0±1.7 48.4±2.6 47.0±2.2 46.6±2.7 45.6±1.4 44.3±2.4
Triglyceride, g/l 8.64±0.71 8.87±0.95 8.41±0.72 7.59±0.46 7.37±0.43 7.54±0.27
Cholesterol, mg/dl 178±11 166±7 161±5 160±7 172±6 172±6

No significant differences among groups ( p>0.05).
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