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Abstract

The potential use of the dietary probiotics in aqua feeds to
enhance growth efficiency and immune response have recently
attracted intensive attention. Therefore, this study was conducted
to evaluate the growth respeonse of Galilee tilapia, Sarotherodon
gafifaeus (L.) and its resistance to water-born copper toxicity. Fish
(1.5 - 2.3 g) were randomly distributed at a rate of 30 fish per 140-
L aquarium and fed on diet containing either 0.0 or 10 g yeast/kg
diet for & weeks after which fish at each treatment were further
exposed to either 0.0, 1 ppm Cu for 24 hours, or 5 ppm Cu for 1
hour (T1, 72, or T3 for non-yeast fed groups and T4, T5, or Té for
yeast fed group, respectively). The growth-promoting influence of
baker's yeast was observed. Feed utilization was significantly
improved when fish fed on a yeast-supplemented diet. Also, yeast
supplementation increased serum glucose, lipids, and protein, while
no significant effects on creatinine, aspartate amninotransferase
(AST), and alanine aminotransferase (ALT). After Cu exposure,
serum glucose, total lipids, total protein, creatinine, AST, and ALT
increased immediately, while fish of T3 and 76 exhibited higher
values than those of T2 and T5. These parameters were lower in
fish fed a yeast-supplemented diet than that fed on control diet (T2
vs T5 and T3 vs T6). Fish biochemically recovered the effect of Cu-
toxicity in 4-8 days. The Cu residues in fish body in T1 and T4 were
approximately the same during the 8-day period, and their values
were significantly lower than those of the other experimenta)
groups. The comparison of Cu residue in Cu-treated groups, at the
same times, implied that yeast supplementation reduced Cu
absorption and accumulation in fish body. Moreover, the Cu
residues in T3 and Té were higher than those of T2 and TS5,
respectively. The obtained results indicated to the potential use of
baker's yeast for Galilee tilapia culture to improve growth
performance and reduce the entrance and accumulation of Cu
inside fish body.

Keywords: Baker's vyeast, Saccharomyces cerevisiae,
Sarotherodon  galilaeus, growth performance, feed
utilization, body composition, physiological’ parameters, Cu
toxicity.
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INTRODUCTION

Tilapia are widely cultured in the tropical, subtropical, and temperate regions of
the world and represent the third largest productive group of farmed finfish species,
only after carps and salmonids, with annual growth rate of about 12.2% (El-Sayed,
2006). The most economically important species of tilapia are Nile tilapia, Oreochromis
niloticus, blue tilapia, O. aureus, and Galilaee tilapia, Sarothrodon gafitaeus (FAQ,
2004:; El-Sayed, 2006). Nile tilapia and biue tilapia have the highest growth rate, while
Galilaee tilapia grows at the slowest rate under warm water temperature, but it has
great cold tolerance (Rakocy, 1989). Hence, Galilaee tilapia may be a candidate fish
for farming in cold regions and/or their farming may help the farmers to extend the
rearing season.

Probiotics are live microbes that may serve as dietary supplements to improve
the fish growth (see Gatesoupe, 1999, Irianto and Austin, 2002; Kesarcodi-Watson et
al, 2008). Baker's yeast, Saccharomyces cerevisiae is a natural product used for the
bakers industry that contains various immunostimulating compounds such as f-
glucans, nucleic acids, and cligosaccharides, and it has the capability to enhance the
growth of various fish species (Oliva-Teles and Goncalves, 2001; Lara-Fiores et &/,
2003; Abdel-Tawwab ef a/, 2008). Also, the dietary intake of whole yeast cells has the
capability to enhance the immunostimulant properties via enhancing leukocyte
phagocytosis, cytotoxicity and respiratory burst (Ortunio et a/, 2002; Rodriguez et a/.,
2003; Cuesta ef a/, 2004; Esteban et a/, 2004; Li and Gatlin, 2005).

The potential use of dietary supplements to enhance environmental tolerance of
aquatic animals has increased interest worldwide. For example, Burrells et a/ (2001 a)
found dietary supplementation of nuclectides can enhance growth of Atlantic salmon
after being transferred to sait water. Glycine-enriched diet has been shown to
significantly enhance survival of oysters after being transferred to freshwater from sea
water (Takeuchi, 2007). However, benefits of dietary prebiotic or probiotic
supplementation to enhance tolerance to environmental changes have not been
reported with any aquatic species to the best our knowledge.

Copper (Cu) sulfate is frequently used as algicide, molluscicide, and herbicide in
fish ponds, irrigation and municipal water treatment systems (Boyd, 1990; Tucker and
Robinson, 1990; Stoskopf, 1993). The application of copper sulfate in fish ponds is a
dose and time dependent. However, the application of high Cu dose for short time
may be better than the application of low Cu dose for long time or vice versa, In all
cases, Cu concentration should not directly affect fish health. Therefore, the present

study was conducted to explore the effect of baker’s ycast, S cerevisiae used as a
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probiotic on the growth performance, feed utilization, and the resistance of Galilaee

tilapia, S. galilaeus to the further water-born Cu toxicity.

MATERIALS AND METHODS

Diet preparation

Two experimental diets were formulated (30% crude protein and 4.72 kcal/g
diet) to contain two levels of baker's yeast (S. cerevisiae, B.F.P., Dock Road,
Felixstone, UK). The diets contained live baker's yeast as control (0) or 10.0 g/kg diet.
The ingredients of each diet were separately blended with additional 100 ml of water
per 1 kg diet to make a paste of each diet. The pastes were separately passed
through a grinder and pelleted (1 mm diameter) in a paste extruder. The diets were
air-dried and stored in plastic bags in a refrigerator (- 2 °C) for further use.
Fish culture and feeding regime

Galilee tilapia, S. gafiaeus (L.) fry were obtained from fish hatchery, Central
Laboratory for Aquaculture Research, Abbassa, Abo-Hammad, Sharqia, Egypt. Fish
were kept in an indoor fiberglass tank for 2 weeks for acclimation to the laboratory
condition. Chemical analysis at the beginning of the trial was done where a 100-g
weight of fish was frozen at — 20 °C. Fish were randomly distributed at a rate of 30
fish (1.5 - 2.3 g) per 140-L aquarium. Each aquarium was supplied with compressed
air via air-stones using agquarium air pumps. Seftled fish wastes were cleaned daily by
siphoning a three-quarter of aquarium’s water, which was replaced by aerated water
from the storage tank. Water temperature range was 23 - 25 °C. Fish in all treatments
were fed to satiation and the feed was offered twice daily at 9:00 and 14:00; five days
a week for a period of 6 weeks, Each diet was represented by six replicates. Fish in
each aquarium were group-weighed biweekly and dead fish was daily recerded and
removed.
Copper exposure trial

After the feeding trial, fish at each yeast level were divided into 3 subgroups,
which were further expaosed to 0.0 {control}, 1 ppm Cu for 24 hours, or 5 ppm Cu for 1
hour (T1, T2, or T3 for non-yeast fed group and T4, T5, or T6 for yeast fed group,
respectively). The corresponding weight of CuS0..7H;0 was dissolved in 100 ml
distilled water, which was distributed in each aguarium’s water. Each subgroup was
represented by two aquaria (35 fish per each). Three fish from each aquarium were
anaesthetized with buffered MS222 (20 mg/L) and blood was collected with a
hypodermic syringe from the caudal vein after 0, 1, 2, 4, and 8 days for further
physiological assays.
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Analysis of water physico-chemistry

Water samples were collected biweekly at 15 cm depth from each aquarium.
Dissolved oxygen and temperature were measured on site with a YSI model 58
oxygen meter (Yellow Spring Instrument Co., Yellow Springs, OH, USA). Unionized
ammonia was measured using DREL/2 HACH kits (HACH Co., Loveland, CO., USA).
The pH degree was measured using a pH-meter (Digital Mini-pH Meter, model 55,
Fisher Scientific, Denver, CO, USA). In all treatments, dissolved oxygen concentrations
ranged from 5.6 to 5.9 mg/L, pH ranged from 7.6 to 7.9, and unionized ammonia
concentration ranged from 0.11 to 0.18 mg/L. All the previous water quality
parameters are within the acceptable range for fish growth {(Boyd, 1984).
Growth parameters

Growth performance was determined and feed utilization was calculated as

described in Abdel-Tawwab et a/. (2008) as follows:
Weight gain = final weight — initial weight;
Specific growth rate (SGR) = 100 (in W, — In W;) / T; where W, and W, are the initial
and final weight, respectively, and T is the number of days in the feeding period;
Feed conversion ratio (FCR) = feed intake / weight gain;
Protein efficiency ratio {PER) = weight gain / protein intake;
Apparent protein utilization (APU; %) = 100 x (protein gain / protein intake) ;
Energy utilization (EU; %) = 100 x (calculated energy gain / calculated energy intake).
Proximate chemical analyses

At the end of growth trial, five fish from each aquarium were collected for the
proximate chemical analyses, which were done according to the standard methods of
AOAC (1990) for moisture, crude protein, crude lipids, and ash. Moisture content was
estimated by drying the samples to constant weight at 85 °C in drying oven (GCA,
model 18EM, Precision Scientific group, Chicago, Illinois, USA). Nitrogen content was
measured using a microkjeldahl apparatus (Labconco, Labconco corporation, Kansas,
Missouri, USA} and crude protein was estimated by multiplying nitrogen content by
6.25. Lipid content was determined by ether extraction in multi-unit extraction Soxhlet
apparatus (Lab-Line Instruments, Inc¢., Melrose Park, Iliinois, USA) for 16 hours and
ash was determined by combusting dry samples in a muffle furnace (Thermolyne
Corporation, Dubuque, Iowa, USA) at 550 °C for & hours,
Biochemical measurements

Five fish from each aquarium were anaesthetized with buffered MS222 (30
mg/L) and blood was collected with a hypodermic syringe from the caudal vein. The
extracted blood was set without anticoagulant, feft to clot at 4 °C, and centrifuged at
5000 rpm for 5 min at room temperature. The collected serum was stored at ~ 20 °C
for further assays. Glucose was determined colorimetrically according to Trinder
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(1969). Total protein and total lipids contents was determined colorimetrically
according to Henry (1964) and Joseph ef &/ (1972), respectively. Creatinine was
measured colorimetrically as described by Henry (1974). Activities of aspartate
amninotransferase (AST) and alanine aminotransferase (ALT) were determined
colorimetrically according to Reitman and Frankel (1957).
Metal residue

During Cu exposure trial, three fish were collected from each aquatium after 0,
1, 2, 4, and 8 days were oven-dried at 85 °C until constant weight is reached. A 1.0 g
dry weight was ashed in a muffle furnace for 6 hours, then it was digested with
concentrated HNG; @ H,50,4 (1:1 viv) using a muffle furnace, and diluted with 2N HCl
to- a constant volume. Cu was determined using an atomic absorption
spectrophotometer (Thermo 6600, Thermo Electron Corporation, Cambridge, UK).
Statistical analysis

The growth trial data were subjected to one-way ANOVA to evaluate the effect
of yeast supplementation. On the cother hand, the data obtained during Cu exposure
were subjected to two-way ANOVA to evaluate the effect of Cu exposure and the
sampling intervals. The differences between means were analyzed at the 5%
probability level using Duncan’s New Multiple Range test. The software SPSS, version
10 (SPSS, Richmond, Virginia, USA) was used as described by Dytham (1999).

RESULTS

After the 6-week feeding period, fish fed 10.0 g yeast/kg diet exhibited higher
final weight, weight gain, and specific growth rate than those fed on the control diet
(P < 0.05; Table 1). No significant difference (P > 0.05) was observed in fish survival
due to yeast supplement and its range was 93.3 — 95.6%.
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Table 1. Growth performance of tilapia Galilee fed diets containing different levels of
live baker’s yeast for 6 weeks.

Items Levels of baker's yeast (g/kg diet)
Control {0.0) 10.0

Initial weight {g) 2.86x0.010 a 2.89+0.023 a
Final weight {g) 9.12+0.036 b 12.62+0.064 a
Weight gain (g) 6.26+0.27 b 9.73+£0.24 a '
Specific growth rate {%/day) 4.142+0.026 b 5.264+0.028 a
Survival rate (%) 93.3+2.2 a 95.6+3.8a
Feed intake (g feed/fish) 8.49+£0.075b 9.85+0.098 a
Feed conversion ratio 1.36+0.137 b 1.01£0.109 &
Protein efficiency ratio 2.63£0.051 b 4.09+0.068 a
Apparent protein utilization (%) 41.18+0.695 b 57.97+0.589 a

Energy utilization (%)

25.254£0.485 b

34.74+0.581 a

The same letter in the same row is not significantly different at P < 0.05.

Moreover, feed intake was significantly highest, while FCR was significantly
lower when fish fed yeast-supplemented as compared the control group (P < 0.05;
Table 2). Also, PER, APU, and EU were significantly enhanced when yeast was
included in fish diet (P < 0.05).

Table 2, Proximate chemical analysis (%; on dry matter basis) of whole body of
Galilee tiapia fed diets containing different levels of live baker's yeast.

Items ' Levels of baker's veast {(a/kg diet)
(%) " Initial Control (0.0) 10.0
Moisture 73.2+£0.75 73.9+0.95a 74.5x1.22 a
Crude protein 53.74£0.91 58.5+1.34 b 62.4+1.83 a
Total lipids 23.6x0.73 28.4+1.64 a 22.3+£2.18b
Ash 21.3+0.44 10.9+£0.56 b 13.3+1.36 2

The same letter in the same row is not significantly different at P < 0.05.

On the other hand, fish fed the diet supplemented with yeast had significantly (P
< 0.05) higher whole-body contents of protein and ash, and lower lipid cantent than
fish fed the basal control diet (Table 3).

Prior to the Cu exposure, serum glucose, total protein, and total lipids of fish fed

yeast-supplemented diet were significantly higher than those fed the control diet
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{Table 3). No significant differences in serum creatinine, AST, and ALT levels were
observed between the different treatments (P > 0.05).

Table 3. Biochemical changes of Galilee tilapia fed diets containing different levels of

tive baker's yeast.

Items Levels of baker's yeast {g/kg diet)

(%) Control (0.0) 10.0
Glucose {g/L) 0.614+0.0082 b 0.718+0.0043 a
Total protein (g/L) 22.4+0.49 b 25.1+0.65 a
Total lipids {g/L) 31.8+0.84b 35.840.22 a
Creatinine (mg/L} 8.4+0.19 a 8.1x0.17 a
Aspartate amninotransferase (IU/L} 11.0+£0.58 a 10.7+0.88 a
Alanine aminotransferase (1U/L) 18.7+0.88 a 19.3+0.88 a

The same letter in the same row is not significantly different at P < 0.05.

When fish were exposed to water-born Cu, blood parameters were significantly
affected by Cu treatment and yeast supplementation (P < 0.05), meanwhile no
significant changes were observed in T1 and T4 (P > 0.05 ; Figs 1 and 2). Serum
glucose, total lipids, and total protein increased immediately when fish were exposed
to Cu, irrespective to yeast supplement. Fish in T3 and T6 exhibited higher serum
glucose, lipids, and protein than that those of T2 and T5 (P < 0.05; Fig 1). On the
other hand, the levels of these parameters were lower in fish fed a yeast-
supplemented diet than that fed on control diet (T2 vs T5 and T3 vs T6; P < 0.05).

Fish recovered from the effect of Cu-toxicity after 2 - 8 days, however, no
significant differences in serum glucose and total lipids were observed among different
treatments, On the other hand, total serum protein varied dramatically (P < 0.05)
among different treatments (Fig.1). In Cu-exposed treatments, total serum protein
needed more time to recover, and it was close to the control group in the 8" day.
Similarly, levels of serum creatinine, AST, and ALT increased significantly after Cu
exposure and declined by time to be close to that of the control group in the 8% day
(Fig 2). On the other hand, fish fed yeast-supplemented diet exhibited lower values of
creatinine, AST, and ALT than those fed on the control diet (T2 vs 75 and T3 vs T6;
P> 0.05).

The Cu residues in the control groups (T1 and T4) were approximately the same
during the 8-day period (P > 0.05), and their values were significantly lower than
those of the other experimental groups (P < 0.05; Fig 3). Moreover, the maximum Cu
residue in T2 and TS5 was obtained at the second day, whereas it was obtained at the
first day in T3 and Té. In Cu-exposed groups, Cu concentrations declined by time and
the lowest levels were obtained after the 8" day. It is also noticed that yeast
supplement groups (T5 and T6) absorbed less Cu than the other groups (T2 and T3;
Fig 3).
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Figure 1. Changes in serum glucose, lipid, and protein of Galilee tilapia fed different
levels of live baker's yeast for 6 weeks and post-exposed to different Cu

levels.
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Figure 2. Changes in serum creatinine, AST, and ALT of Galilee tilapia fed different
levels of live baker’'s yeast for 6 weeks and post-exposed to different Cu levels.
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Figure 3. Changes in Cu residue (mg/g dry weight) of Galilee tilapia fed different levels

of live baker’s yeast for 6 weeks and post-exposed to different Cu levels.
DISCUSSION

Prepared diets provide not only the essential nutrients that are required for
normal growth and physiological functions but also may serve as a medium by which
fish receive certain compounds that may alter endocrine activity, immunity and other
physiological responses (Gatlin III, 2002). The dietary supplementation of live baker’s
yeast, 5. cerevisiae evaluated in the present study resulted in an enhancement of fish
growth and feed utilization. These results agreed with studies’ involving other fish
species, in which enhanced growth occasionally has been associated with dietary
supplementation of brewers yeast, S. cerevisiae (Lara-Flores et a/,, 2003; Li and Gatiin
I1I, 2005; Abdel-Tawwab ef &/, 2008). The improved fish growth and feed utilization
may possibly be due to the acceleration of the digestive system maturation and the
increased nutrient digestibility (Tovar-Ramirez et af, 2004; Waché et al, 2006).
Moreover, Buts et a/. (1994) reported that yeast may release spermine and spermidine
in the digestive tract, which playing a fundamental role in proliferating, fast growing,
and regenerating tissues (Peulen ef al, 2002). 1t is therefore possible that spermine
and spermidine production by yeasts may explain at least partly the effect observed
on fish growth and feed utilization.

The better feed utilization with yeast supplementation may have been because
yeast might play a role in enhancing feed intake resulting in higher fish growth, due to
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the high feed intake, protein utilization, energy utilization, and the high nutrient
digestibility. On the other hand, changes in protein and lipids contents in fish body
could be linked with changes in their synthesis and/or deposition rate in muscle
(Smith, 1981; Fauconneau, 1984; Soivio ef a/, 1989; Abdel-Tawwab et 4/, 2006).

' Biochemical analyses often provide vital information helping in health
assessment and management of cultured fish (Pincus, 1996, Cnaani et al, 2004,
Rehulka et al, 2004). In the present study, fish fed on a diet containing 10.0 g
yeast/kg diet exhibited higher glucose, protein, and lipids, meanwhile the levels of
creatinine, AST, and ALT were not affected. In this regard, Tacka et a/. (2006) found
that diet containing commercial probiotic increased the plasma protein of Japanese
flounder, Paralichthys olivaceus. In addition, Carver and Walker (1995} and Sato et al.
(1995) reported that dietary yeast could influence the levels of various lipids and/or
fatty acids in certain tissues, such as erythrocytes, plasma, liver, or brain. On the other
hand, the non-significant differences in creatinine, AST, and ALT suggest that yeast
supplementation had no toxic effects.

The biochemical parameters and Cu residues were significantly affected by Cu
dose and recovery time, where these parameters were higher in T3 vs T2 and T6 vs
T5 (P < 0.05; Figs 1 and 2). Moreover, The Cu content in fish body after Cu exposure
treatments was significantly higher than those in the control group. These results are
more expected and the response of Galilaee tilapia against Cu in the present study
was similar to that obtained with common carp (Peyghan et a/, 2003), Nile tilapia
(Abdel-Tawwab et a/., 2007a), and African catfish (Abdel-Tawwab et af, 2007b}. The
Cu residues in fish bodies exposed to Cu were declined after the 2" day may be due
to the gradual Cu excretion through the biliary system and gut. The ability of fish to
respond rapidly to Cu and reestablish their physiological control (homeostasis) has
been previously shown in rainbow trout (Lauren and McDonald 1987; Grosell ef al
1997) and common carp {Peyghan et a/,, 2003).

On the other hand, fish fed on yeast supplement could tolerate Cu toxicity
irrespective to its concentration. These results suggested that yeast supplements may
increase the immuno-stimutants that may have played a role in reducing Cu toxicity.
Taoka ef a/ (2006} found that probiotic supplement increased the excretion of fish
skin mucus, which has an important defense role in reducing the entrance of Cu into
fish blood. In similar regards, Burrells et a/. (2001 b) reported that dietary nucleotides
{derived from yeast) increased the resistance of salmonids to some parasites such as
sea lice. Li et al (2005) reported that the dietary nucleotides supplements could
potentially be effective in reducing mortality of juvenile red drum (Sciaenops ocellatus)

and the virulence of amyloodiniosis in conjunction with multiple chemical exposures
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and environmental control including hydrogen peroxide and copper sulfate treatment
and/or temperature and salinity adjustments. Taoka et 4/ (2006) found that Japanese
flounder, P. ofivaceus fed probioctic could tolerate exposure-to-air and heat stresses
and Vibrio anguifiarum resulted in significantly higher survival in the probiotics-treated
groups than the control group.

From the present study, 10 g baker's yeast/kg diet is recommended to
surpulenent practical diets of Galilaee tilapia to improve fish growth and feed
utilization, and resist the environmental Cu toxicity that may be occurred in aquatic

Sfys.tem.
REFERENCES

1. Abdel-Tawwab, M., A. M. Abdel-Rahman and N. E. M. Ismael. 2008. Evaluation of

- commercial live baker's yeast, Saccharomyces cerevisiae as a growth and

immunity promoter for fry Nile tilapia, Oreochromis niloticus (L.} challenged /n situ
with Aeromonas hydrophila. Aquaculture 280, -185-189.

2. Abdel-Tawwab, M., Y. A. E. Khattab, M. H. Ahmad and A. M. E. Shalaby. 2006.
Compensatory growth, feed utilization, whole body composition and hematological
changes in starved juvenile Nile tilapia, Oreochromis niloticus (L.). Journal of
Applied Aquaculture 18(3), 17-36.

3. Abdel-Tawwab, M., M. A, A, Mousa and F. E. Abbass. 2007 a. Growth performance
and physiological response of African catfish, Clarias gariepinus (B.) fed organic
selenium prior to the exposure to environmental copper toxicity. Aquaculture
272(1-4), 335-345. |

4. Abdel-Tawwab, M., M. A. A. Mousa, M. H. Ahmad and S. F. Sakr. 2007 b. The Use
of calcium pre-exposure as a protective agent against environmental copper
toxicity for juvenile Nile tilapia, Oreochromis niloticus (L.). Aquaculture 264, 236-
246,

5. AOQAC 1990. Official Methods of Analyses. 15th edition. K. Helrich (Ed.).
Association of Official Analytical Chemists Inc., Arlington, VA, USA.

6. Boyd, C. E. 1984, Water Quality in Warm water Fishponds. Auburn University
Agriculture Experimental Station, Auburn, AL, USA.

7. Boyd, C. E. 1990. Water Quality in Ponds for Aquaculture. Birmingham Publishing
Co., Birmingham, Alabama, USA.

8. Burrells, C., P. D. William, P. ]. Southage and S. L. Wadsworth. 2001 a. Dietary

nucleotides: a novel supplement in fish feeds 2. Effects on vaccination, salt water



10.

11,

12.

13.

14.
15.

16.

17.

18.

19.

20.

MOHSEN ABDEL-TAWWAB et a/. 471

transfer, growth rate and physiclogy of Atlantic salmon. Aquaculture 199, 171-
184. *

Burrells, C., P. D. William and P. F. Forno. 2001 b. Dietary nucleotides: a novel
supplement in fish feeds: 1. Effects on resistance to diseases in saimonids.
Aquaculture 199, 159-169.

Buts, ). P., N. Keyser and L. Raedemaeker. 1994. Saccharomyces boulardii
enhances rat intestinal enzyme expression by endoluminal release of polyamines.
Pediatric Research 36, 522-527.

Carver, J. D. and W. A. Walker. 1995. The role of nucleotides in human nutrition.
Journal of Nutriticnat Biochemistry 6, 58-72.

Cnaani, A., S. Tinman, Y. Avidar, M, Ron and G, Hulata. 2004, Comparative study
of bipchemical parameters in response to stress in Oreochromis aureus, O.
mossambicus and two strains of O. ndoticus. Aquaculture Research 35, 1434-
1440,

Cuesta A, ). Meseguer and M. A. Esteban. 2004. Total serum immunoglobulin M
levels are affected by immunomeodulators in seabream (Sparus awrata L.).
Veterinary Immunology and Immunopathology 101, 203-210.

Dytham, C. 1999. Choosing and Using Statistics: A Biologist’s Guide. Blackwell
Science Ltd., London, UK.

El-Sayed, A-F. M. 2006. Tilapia Culture. CABI publishing, CABI International
Willingford, Oxfordshire, United Kingdom.

Esteban, M. A., A. Rodriguez and J. Meseguer. 2004. Glucan receptor but not
mannose receptor is involved in the phagocytosis of Saccharomyces cerevisiae by
seabream (Sparus aurata L.) blood leukocytes. Fish and Shellfish Immunology
16,447-451.

FAO 2004. Food and agricultural organization fishery statistics. Aquaculture
production at: http: www.facstat.fao.org/faostat./notes/units-e.html

Fauconneau, B. 1984. The measurements of whole body protein synthesis in larval
and juvenile carp (Cyprinus carpio L.). Comparative Biochemistry and Physiology
78, 845-850.

Gatesoupe, F. J. 1999. The use of probiotics in aquaculture, Aquaculture 180,
147-165.

Gatlin III, D. M. 2002. Nutrition and fish health. pp. 671- 702 In: Halver, J.E.,
Hardy, R.W. (Eds.), Fish Nutrition. Academic Press, San Diego, CA, USA.



472 EFFECT OF YEAST SUPPLEMENTATION ON THE GROWTH PERFORMANCE AND RESISTANCE OF

21,

22,

23

24,

25.

26.

27.

28.

29.

30.

31.

32

GALILEE TILAPIA, SAROTHERCDON GALILAEUS (L.) TO ENVIRONMENTAL COPPER TOXICITY

Grosell, M. H., C. Hogstrand and C. M, Wood. 1997. Cu uptake and turnover in
hoth Cu-acciimated and non-acclimated rainbow trout {Oncorfiynchus - mykiss).
Aquatic Toxicology 38, 257-276.

Henry, R. J. 1964. Colorimetric determination of total protein. In: Clinical
Chemistry. Harper and Row Publ., New York, USA.

Henry, R. ]. 1974. Clinical Chemistry Principles and Techniques. 2nd ed., Harper
and Row Publ., New York, USA.

Irianto, A. and B. Austin. 2002. Probictics in aquaculture. Journal of Fish
Diseases 25, 633-642.

Joseph, A., M. Knight, 5. Anderson, M. Jame and H. Rawie. 1972. Chemical basis
of the sulfophospho-vanillin reaction for € timating total serum lipid. Clinical
Chemistry 18(3), 198-201.

Kesarcodi-Watson, A., H. Kaspar, M. Josie Lategan and L. Gibson. 2008. Probiotics
in aguaculture: The need, principles and mechanisms of action and screening
processes. Aquaculture 274, 1-14.

Lara-Flores, M., M. A, Olvera-Novoa, B. E. GuzmdJn-Méndez and W. Lopez- Madrid.
2003. Use of the bacteria Streptococcus faecitn and Lactobacillus acidophitus,
and the vyeast Saccharomyces cerevisiae as growth promoters in Nile tifapia
{ Oreochromis nifoticus). Aquaculture 216, 193-201.

Lauren, D. 1. and D. G. McDonald. 1987, Acclimation to copper by rainbow trout.
Canadian Journal of Fishery and Aquatic Sciences 44, 99-104.

Li, P. and D. M. Gatlin III. 2005. Evaluation of the prebiotic GroBiotic®-A and
brewers yeast as dietary supplements for subadult hybrid striped bass (Morone
cirysops x M. saxatflisy challenged in situ with Mycobacterium marinum.
Aquaculture 248, 197-205.

Li, P., G. S. Burr, J. Goff, K. W. Whiteman, K. B. Davis, R. R. Vega, W. H. Neill and
D. M. Gatlin IIT. 2005. A preliminary study on the effects of dietary
supplementation of brewers yeast and nucleotides, singularly or in combination,
on juvenile red drum { Sciaenops ocellatus). Aquaculture Research 36, 1120-1127.
Qliva-Teles, A. and P. Gongalves. 2001. Partial replacement of fishmeal by brewers
yeast Saccaromyces cerevisae in diets for sea bass Dicentraichus labrax juveniles.
Aquaculture 202, 269- 278.

Ortufio, J., A. Cuesta, A. Rodriguez, M. A. Esteban and J. Meseguer, 2002. Oral

administration of yeast, Saccharomyces cerevisiae, enhances the cellular innate



33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

MONSEN ABDEL-TAWWAL et o/, 473

immune response of gilthead seabream (Sparus awrala L.). Veterinary
Immunology and Immunopathology 85, 41-50.

Peulen, 0., P. Deloyer and G. Dandrifosse. 2002. Maturation of intestinal digestive
and immune systems by food polyamines. pp. 145-167 In: Zabielski, R., Gregory,
P.C., Westrom, B. (Eds.), Biology of the Intestine in Growing Animais, Vol. 1.,
Elsevier, Amsterdam, The Netherlands.

Peyghan, R., M. Razjalaly, M. Baiat and A. Rasekh. 2003. Study of
bioaccumulation of copper in liver and muscle of common carp, Cyprinus carnpio
after copper sulfate bath. Aquaculture International 11, 597-604.

Pincus, M. R, 1996. Interpreting laboratory results: reference values and decision
making. pp. 74— 91 In: J. B, Henry (ed.), Clinical Diagnosis and Management by
Laboratory Methods, Nineteenth edition, W. B. Saunders, Phiiadelphia, PA, USA.
Rakocy, J. E. 1989, Tank Culture of Tilapia. Southern Regional Aquaculture Center
{SRAC), SRAC Publication No. 282 California, USA.

Rehulka, 1., B. Minafik and E. Rehulkova. 2004. Red blood cell indices of rainbow
trout, Oncorhynchus mykiss {Walbaum) in aquaculture. Aquaculture Research 35,
529-546.

Reitman, S. and S. Frankel. 1957, Colorimetric determination of glutamic
oxaloacetic and glutamic pyruvic transaminases. American Journal of Clinical
Pathology 28, 53-56.

Rodriguez A, A. Cuesta, J. Ortufio, M.A. Esteban and J. Meseguer. 2003.
Immunostimulant properties of a cell wall-modified whole Saccharomyces
cerevisiae strain administered by diet to seabream (Sparus avrata L.). Veterinary
Immunology and Immunopathology 96,183-192.

Sato, N., Y. Murakami, T. Nakano, M, Sugawara, H. Kawakami, T. Idota and 1.
Nakajima. 1995. Effects of dietary nucleatides on lipid metabolism and learning
ability of rats. Bioscience, Biotechnology and Biochemistry 55, 1267-1271.

Smith, M. A. K. 1981. Estimation of growth potential by measurement of tissue
protein synthetic rates in feeding and fasting rainbow trout, Saime gairdneri
Richardson. Journal of Fish Biology 19, 213-220.

Soivio, A., M. Niemisto and M. Backstrom. 1989. Fatty acid composition of
Coregonus muksun Pallas: Changes during incubation, hatching, feeding and
starvation. Aquaculture 79, 163-168.

Stoskopf, M. K. 1993. Fish Medicine. W.S. Saunders Company, London, UK,



474 EFFECT OF YEAST SUPPLEMENTATION ON THE GROWTH PERFORMANCE AND RESISTANCE OF

44,

15,

46,

47.

48,

49,

GALILEE TILAPIA, SAROTHERODON GALILAEUS (L.) TO ENVIRONMENTAL COPPER TOXICITY

Takeuchi, T. 2007. Amino acids, Peptides, Pages 47-63 in H, Nakagawa, M, Sato
M, an:ds DM Gatlin III (editors). Dietary supplements for the health and quality of
cultured fish. CABI International, Oxon, UK.

Taoka, Y., H. Maeda, J.-Y., Jo, M.-). Jeon, S. C. Bai, W.L. Lee, K. Yuge and S.
Koshio. 2006. Growth, stress tolerance and non-specific immune response of
Japanese flounder Paralichthys olivaceus to probiotics in a closed recirculating
system. Fisheries Science 72, 310-321.

Tovar-Ramirez, D., J. Zambonino Infante, C. Cahu, F.). Gatesoupe and R.
Vazquez-Juarez. 2004. Influence of dietary live yeast on European sea bass
{ Dicentrarchus fabrax) larval development. Aquaculture 234, 415-427,

Trinder, P. 1969. Determination of glucose concentration in the blood. Annual
Clinical Biochemistry €, 24.

Tucker, C. S. and E. H. Robinson. 1990. Channel Catfish Farming Handbook. Van-
Nostrand-Reinhold, New York, USA.

Waché, Y., F. Auffray, F. ]. Gatesoupe, J. Zambonino, V. Gayet, L. Labbé and C.
Quentel. 2006. Cross effects of the strain of dietary Saccharomyces cerevisiae and
rearing conditions on the onset of intestinal microbiota and digestive enzymes in

rainbow trout, Gnchorhynchus mykiss, fry. Aquaculture 258, 470-478.





