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Abstract :  The a im of th is study to determine the impact  of dietary vi tamin  C and  yeast  
Saccharomyces cerevisiae  as an  Immunost imulan ts on  cul tured Oreochromis ni lot icus,  
presen t  study was car r ied out  on  th ree groups each  20 fish  The fi r st  2 groups r eceived a  
supplemen ted diet  wi th  vi tamin  C and yeast  Sacchromyces  cerevisiae ,while the r emain ing 
group served as a  con trol  one.  The 1s t  group fed a  diet  con ta in ing vi tamin  C 500 mg /  kg diet  
wh i le the 2n d  group fed a  diet  con ta in ing yeast  S  . cerevisiae  1 .0 g /  kg diet  for  two weeks.  
Presen t  study r evealed that  Phagocyt ic act ivi ty and phagocyt ic index of O. ni lot icus  fed on  
diet  con ta in  vi t .  C and yeast  S.  cerevisiae  for  2 weeks were sign ifican t ly elevated than  the 
con trol  group a lso lyzozyme concen tra t ion  and serum albumin ,  globul in  and A/G ra t io.   
[Amnah A.H. Rayes. Role  of  dietary vitamin C and yeast  Saccharomyces cerevisiae  as an 
Immunostimulants and probiotics on cultured Oreochromis ni lot icus.  Researcher 2012;4(8):59-
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Introduction: 
         The innate immune system is of prime 
importance in the immune defence of fish. It is 
commonly divided into 3 compartments: the 
epithelial/mucosal barrier, the humoral parameters and 
the cellular components. The epithelial and mucosal 
barrier of the skin, gills and alimentary tract is an 
extremely important disease barrier in fish, being 
constantly immersed in media containing potentially 
harmful agents. As well as providing physical and 
mechanical protection the fish mucus contains several 
immune defence parameters including antimicrobial 
peptides, complement factors and immunoglobulins 
(Aranishi and Mano 2000; Smith et al. 2000; Ellis 
2001; Hatten et al. 2001; Fast et al. 2002; Suzuki 
et al. 2003; Magnadottir 2006; Whyte 2007; 
Subramanian et al. 2007; Subramanian et al. 2008). 
The humoral parameters are either expressed as cell 
receptors or as secreted soluble forms. These include 
the complement system, which is well developed in fish 
and comprises the alternative, lectin and classical 
pathways. The three pathways can terminate in 
membrane attack complex and cell lysis or enhance 
phagocytosis by opsonisation of the pathogen and 
activation of the adaptive immune response through the 
classical pathway (Nonaka and Smith 2000; Boshra et 
al. 2006). Another  method for  disease 
preven t ion  has been  invest igated,  such  
method is the immunost imulan t  therapy.  I t  
based on  non  specific st imulat ion  of the 
immune system,  causes an  overal l  immune 

r esponse that  hastens r ecogn i t ion  of foreign  
proteins,  r est imulates the normal  immune 
response after  a  per iod of immune 
suppression  (Campos et  al . ,  1993; and 
Sordel lo et  al . ,  1997) .  

 Immunost imulan ts st imulate the 
macrophage immune – force of the fish  to 
el iminate unwan ted pathogens in  thei r  blood 
st r eam.Fur thermore,  i t  a lso r el ieves 
a l lergies that  may occur  due to depressed 
funct ional i ty of the immune system by 
supplemen t ing the fish ' s diet  wi th  these 
immune st imulan ts.  The use of 
Immunost imulan ts for  preven t ion  of 
diseases in  fish  is considered an  impor tan t  
a t t r act ive and promising field (Friedmann 
et  al . ,  2000) .   
         Several  studies were per formed on  the 
yeast  Saccharomyces cerevisiae  as 
Immunost imulan ts and concluded that  
addi t ion  of S.  cerevisiae  to the common fish  
diet  act ivates phagocyt ic act ivi ty and 
phagocyt ic index (Ortuno et  al . ,  2002  and 
Abdel-Tawwab et  al . ,  2008).  The role of 
vi tamin  C as an  an t ioxidan t  i s a lso 
impor tan t  for  inact ivat ing harmful  fr ee 
r adicals produced th rough  normal  cel lular  
act ivi ty.  The an t ioxidan t  funct ion  of vi tamin  
C could in  par t ,  a t  least ,  enhance immunity 
by main ta in ing the funct ional  and st ructura l  
in tegr i ty of impor tan t  immune cel ls (Alves 
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et  al . ,  2007 and Affonso et  al . ,  2007)  Thus,  
the presen t  study a imed to invest igate  
appl icat ion  of dietary vi tamin  C (ascorbic 
acid)  and yeast  Saccharomyces cerevisiae  as 
an  Immunost imulan ts on  cul tured 
Oreochromis ni lot icus.  
Materials and methods :   
Fish: 

A tota l  number  of 90 apparen t ly 
heal thy Ni le t i lapia  Oreochromis ni lot icus 
col lected from a  pr ivate fish  farm.  The 
average body weigh t  was 80 ± 5g.  They 
were t r anspor ted a l ive to the laboratory,  
th ree ful ly prepared glass aquar ia  measur ing 
50x50x100 cm3  were used and provided with  
aera t ing devices and thermosta t ic heater s 
(for  chal lenge exper imen t) ,  aquar ia  were 
fi l led wi th  de-ch lor inated water ,  each  
con ta ins 20 fish .  From which  30 fish  were 
used for  exper imen tal  in fect ion .  The diet  
was formulated to con ta in  30 % crude 
protein  composed of fish  meal ,  soybean  
meal ,  wheat  bran ,  yel low corn ,  wheat  
flower ,  cod l iver  oi l ,  vi tamins and mineral  
mixture.  The diet  formulated in  smal l  
pel lets and was provided a t  3 % of the body 
weigh t  as descr ibed by Eurel l  et  al  (1978).  
Experimental  design:  

Seven ty five of cul tured Oreochromis 
ni lot icus fish  were divided in to th ree groups 
(each  20 fish )  and accl imated for  one week,  
th ree ful ly prepared glass aquar ia  measur ing 
50x50x100 cm3  were used for holding fish during 
the experiment. The fi r st  2 groups r eceived a  
supplemen ted diet  wi th  vi tamin  C and yeast  
Sacchromyces  cerevisiae ,while the 
r emain ing group served as a  con trol  one.  
The 1s t  group fed a  diet  con ta in ing vi tamin  
C with  dose;  500 mg /  kg diet  wh i le the 2n d  
group fed a  diet  con ta in ing yeast  S  
. cerevisiae  1 .0 g /  kg diet  for  two weeks.  
Samples of blood and serum were taken  for  
the fol lowed four  weeks.   
Vitamin C  (Ascorbic acid):  from Adwia 
company.  
Yeast  (Saccharomyces cerevisiae ) :  (sigma) 
Company.   
Both  Vitamin  C and yeast  were dissolved in  
oi l  then  mixed wel l  wi th  the diet  and stored 
in  r efr igera tor  (4o C) t i l l  used .  
Bacterial  strain: 
       A wel l  iden t i fied vi rulen t  Aeromonas 
hydrophi la  st r a in  was fr esh ly sub-cul tured 
for  exper imen tal  in fect ion .   
Yeast strain: 

       A wel l  iden t i fied Candida albicans  
St r a in  and the r efr eshmen t  was displayed by 
Sabauroud's dextrose broth  (Oxoid 1982) .  
Feeding regime: 
      Ei ther  con trol  or  vi t  C & Yeast  
supplemen ted diets were admin ist r a ted a t  a  
feeding r a te of 300 g diet  biomass /  day for  
two weeks,  and then  fed wi th  fr ee diet  wi th  
the same feeding r a te t i l l  the end of the 
exper imen tal  per iod.   
Sampling and blood col lection: 
       Blood samples were col lected on  days 
7,  14,  21,  and 28.   five fish  r andomly 
col lected from each  t r eatmen t  groups and 
con trol  group,  par t  of them used for  whole 
blood col lect ion  using an t icoagulan t  (EDTA 
10%) and the other  hal f used for  serum 
col lect ion  wi thout  adding an t icoagulan t .  
Whole blood col lection: 
        Whole blood was col lected from the 
caudal  vessels according to Rowley (1990)  
wh ich  used for  Assessmen t  of cel lular  
immune response th rough :   
Phagocytosis assay: (phagocytic  activi ty 
and phagocytic  index).  
       Phagocytosis was determined according 
to Kawahara et  al .  (1991)   
 
Phagocytic  activi ty (PA) = Percen tage of 
phagocyt ic cel ls con ta in ing yeast  cel ls.  
 
Phagoytic  index (PI)  =  
Number  of yeast  cel ls phagocyt ized 
 Number  of phagocyt ic cel ls  
 
Lysozyme assay: 
        Lysozyme assay was determined 
according method descr ibed by El l is (1990)  
wi th  minor  modificat ion  as fol low,  15 ml  
1% (W/V) agarose gel  in  0.07 M NaH2 Po4  /  
Na 2 HPo4  buffer ,  pH (6.2)  con ta in ing 50 
µg/ml  Micrococcus lysodic tecus were 
prepared and poured on to 10×10 cm 
diameter  clean  glass pla tes.  Rows of 3mm 
diameter  holes in  agarose were punched.  
Two fold ser ia l  di lut ions of (HEWL)  
or iginal  concen tra t ion  1.6 µg/ml  in  
phosphate buffered sa l ine were added to 
wel ls as standard.The test  samples were 

appl ied to wel ls in  25µl  volumes a t  25
o
C 

and then  l i fted for  17 h  (over -n igh t)  a t  the 
same temperature.  The diameter  of cleared 
zones for  both  standard and tested samples 
was measured.  The concen tra t ion  of 
lysozyme in  the sample was the r ead off as 
standard graph  compiled from the (HEWL) .  
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Determination of  ser um total  protein:  
         Serum tota l  proteins were determined 
according to Doymas et  al .  (1981)  using 
commercia l  ki ts produced by Pasteur  Lab 
(France).  
Disease  resistance (experimental  
infection):

 

          Studying the effect  of vi tamin  C and 
yeast  S.  cerevisiae  on  disease r esistance was 
done.  Fish  were chal lenged with  
A.hydrophi la  st r a in  using 24 h r s broth  
cul ture.  As fol low,  Two weeks after  the last  
admin ist r a t ion  of medicated diets,  ten  (10) 
fish  from each  t r eated group were in jected 
I /P wi th  0.2ml /24 h r s broth  cul ture of 
A.hydrophi la  st r a in  con ta in ing 3×107  viable 
cel ls/ml .  20 fish  from con trol  group were 
col lected,  10 fish  were in jected I /P wi th  
A .hydrophi la  st r a in  con ta in ing 3× 107  viable 
cel ls/ml ,  the other  10 were in jected I /P wi th  
0.2 ml  phosphate buffered sa l ine (PBS).  
Mor ta l i t ies were r ecorded dai ly for  7 days,  
cl in ical  signs and Postmor tem findings were 
a lso mon i tored and r ecorded.   
 
Results  
Assessment of  ce l l  mediated immune 
response.  
1- Effect  of  vi tamin C and yeast  S.  
cerevisiae  supplemented diet  on 
phagocytosis assay :   
        Phagocyt ic act ivi ty and phagocyt ic 
index of O. ni lot icus  fed on  diet  con ta in  vi t .  
C and yeast  S.  cerevisiae  for  2 weeks were 
shown in  table (1) .   
1-  vi tamin  C supplemen ted diet  :  
Phagocyt ic act ivi ty displayed sign ifican t  
increase in  the1s t  ,  2n d  and 3r d  week than  the 
con trol  group but  in  the 4 t h  week there was 
non  sign ifican t  di fference whi le the 
phagacyt ic index r evealed sign ifican t  
increase in  the four  weeks than  the con trol  
group .  
2-  yeast  S.  cerevisiae  supplemen ted diet :   
Phagocyt ic act ivi ty r evealed sign ifican t  
increase in  the1s t  ,  2n d  and 3r d  weeks than  
the con trol  group whi le in  4 t h  week there 
was sign ifican t  increase than  the con trol  
group and that  fed diet  con ta in  vi tamin  C 
whi le phagocyt ic  index r evealed sign ifican t  
increase compar ing to the con trol  group in  
the four   weeks,  there was a lso sign ifican t  
increase than  the group fed on  diet  con ta in  
vi t .  C .  
 

2- Effect  of  vi tamin C and yeast  S.  
cerevisiae  on protein gram of  O.  ni lot icus  
fed for  2 weeks :  
Serum tota l  protein ,  serum albumin ,  serum 
globul in ,  and A/G ra t io of O. ni lot icus  fed 
on  diet  con ta in  vi tamin  C and yeast  S.  
cerevisiae  for  2 weeks was shown in  table 
(2) .   
1-  vi tamin  C supplemen ted diet  :  
Serum tota l  protein  and globul in  were 
showed sign ifican t  increase in  the1s t  ,  2n d  
and 3r d  weeks than  the con trol  group but  in  
the 4 t h  week there was non  sign ifican t  
increase wh i le a lbumin  r evealed sign ifican t  
increase for  2 weeks on ly than  the con trol  
group whi le A/G ra t io displayed 
sign ificance for  the fi r st  week on ly .  
2-  yeast  S.  cerevisiae  supplemen ted diet :   
Serum tota l  protein  and globul in  were 
r evealed sign ifican t  increase a long the four  
weeks of the exper imen t  than  the con trol  
group whi le globul in  and A/G were r evealed 
sign ifican t  increase in  the1s t ,  2n d  and 3r d  
weeks than  the con trol  group there were non  
sign ifican t  di fference than  the group fed on  
vi t .  C supplemen ted diet  in  tota l  serum 
protein ,  a lbumin ,  globul in  wh i le A/G ra t io 
there was sign ifican t  di fference than  the 
group fed on  vi t .  C .  
3- Effect  of  vi tamin C and yeast  S.  
cerevisiae  on the lysozyme concentration 
of  serum of O. ni lot icus:  
         Lysozyme concen tra t ion  of serum of 
O. ni lot icus  fed on  diet  con ta in  vi tamin  C 
and yeast   S.  cerevisiae  for  2 weeks shown 
in  table (3)   .  
1-  vi tamin  C supplemen ted diet  :  
In  the 1s t ,2n d  and 3r d  week there was 
sign ifican t  increase than  the con trol  group 
whi le in  4 t h  week there was non  sign ifican t  
increase than  the con trol  group .  
2-  yeast  S.  cerevisiae  supplemen ted diet :  
In  the 1s t ,2n d  and 3r d  week there was 
sign ifican t  increase than  the con trol  group 
whi le in  4 t h  week there was non  sign ifican t  
increase than  the con trol  group there was 
non  sign ifican t  di fference than  the group fed 
diet  con ta ins vi t .C .    
4-Disease  resistance ( immunocompetance 
test):  
          Mor ta l i ty r a tes of O.ni lot icus fed on  
vi t .  C and yeast  S.  cerevisiae  for  2 weeks 
shown in  table (4)  .  There was a  decrease in  
mor ta l i ty r a tes in  the group fed on  yeast  S.  
cerevisiae  compared to con trol  (+ve) group 
chal lenged with  A.  hydrophi la  and fed on  
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diet  wi thout  vi t .C and yeast  S.  cerevisiae  
wh ich  r eached i ts h ighest  level  on  O. 
ni lot icus (90%).  I t  was fol lowed by the 
group fed on  diet  con ta ined vi t .  C (40%) 
fol lowed by group fed on  diet  con ta ined 
yeast  S .  cerevisiae  (20%) whereas no 
mor ta l i t ies were r ecorded in  con trol  (-ve)  
group .  
Clinical  signs and postmortem findings: 
        The cl in ical  pictures and postmor tem 
of exper imen tal ly included fish  of group fed 
on  diet  wi th  vi t .  C and group fed on  diet  
wi th  yeast  S.  cerevisiae  and con trol  groups 
were near ly similar  but  var ied in  the 
sever i ty of developed lesions.  They included 
poor  appet i te,  loss of equi l ibr ium with  

er r a t ic movement  in  some fish .   Abdominal  
distension  and final ly loss of a l l  r eflexes 
just  pr ior  to death .  Also presence of 
congest ion  and hemor rhage on  fins,  under  
the dor sal  fin ,  caudal  peduncle,  body sides 
and ven tra l  abdominal  wal l  wi th  
hemor rhagic and protruded anal  open ing .  
In ternal ly,  congest ion  of a l l  in ternal  organs 
wi th  yel lowish  serous fluid in  the abdominal  
cavi ty was found en larged l iver  wi th  
hemor rhagic patches,  distended gal lbladder  
wi th  bi le,  en larged and congested spleen .  
Kidney appeared swol len  and congested 
whi le gi l l s var ied from pale anemic in  some 
cases to congested in  other  cases .  

 
Table  (1)  Showing effect  of  vi t  C and yeast  S.cerevisiae  on phagocytosis assay in O. 
ni lot icus : 
   
Treatment 
 
week 

contr ol  Vit .  C Yeast 

phagocytic  
activi ty %  

phagocytic  
index  

phagocytic  
activi ty %  

phagocytic  
index  

phagocytic  
activi ty %  

phagocytic  
index  

1 
 
 
2 
 
 
3 
 
 
4 

20.00 ± 
0.81 A 

 
20.10 ± 
0.90 A 

 
20.20 ± 
0.80 A 

 
20.10 ± 
0.85 A 

3.58 ± 0.15 
A 
 

3.60 ± 0.09 
A 
 

3.63 ± 0.08 
A 
 

3.61 ± 0.10 
A 

29.50 ± 
1.20 a 

 
28.10 ± 
1.31 a 

 
25.70 ± 
1.05 a 

 
23.50 ± 
0.90 B 

8.70 ± 
0.23 aB 

 
6.50 ± 

0.16 aB 
 

5.85 ± 
0.15 aB 

 
4.90 ± 

0.10 aB 

33.50 ± 
1.30 a 

 
28.70 ± 
1.25 a 

 
28.20 ± 
1.10 a 

 
26.70 ± 
0.82 ab 

13.25 ± 
0.37 ab 

 
10.64 ± 
0.25 ab 

 
8.34 ± 0.18 

ab 
 

7.75 ± 0.12 
ab 

Smal l  let ter s (a) and (b)   r epresen t  a  sign ifican t change to capi ta l  la t ter s A and B 
respect i vel y (by LSD using ANOVA at  p ≤ 0.05)  
 
Table  (2)  Showing effect  of  vi t  C and yeast  S.cerevisiae  on proteinogram,  in O. ni lot icus:   

T r e at m e n t  
 
 

weeks 

c on t r o l  Vi t .  C  Y e a s t  
s e ru m  
t o t a l  

p r o t e i n  
(g/dl) 

s e ru m  
a l b u m i n  

(g/dl) 

S e ru m  
g l ob u l i n  

(g/dl) 

A/ g  
r a t i o  

s e ru m  
t o t a l  

p r o t e i n  
(g/dl) 

s e ru m  
a l b u m i n  

(g/dl) 

S e ru m  
g l ob u l i n  

(g/dl) 

A/ g  
r a t i o  

s e ru m  
t o t a l  

p r o t e i n  
(g/dl) 

s e ru m  
a l b u m i n  

(g/dl) 

S e ru m  
g l ob u l i n  

(g/dl) 

A/ g  
r a t i o  

1 
 
 
 
 
 

2 
 
 
 

3 
 
 
 

4 

A  
5 . 8 1  ±  

0 . 0 7  
A  

5 . 8 1  ±  
0 . 0 8  

A  
5 . 8 3  ±  

0 . 0 9  
A  

5 . 7 8  ±  
0 . 0 8  

A  
4 . 1 0  ±  

0 . 0 7  
A  

4 . 1 1  ±  
0 . 0 8  

A  
4 . 1 2  ±  

0 . 0 6  
 

4 . 1 0  ±  
0 . 0 7  

A  
3 . 7 1  ±  

0 . 0 8  
A  

3 . 7 0  ±  
0 . 0 9  

A  
3 . 7 0  ±  

0 . 0 7  
A  

3 . 6 8  ±  
0 . 0 6  

A  
3 . 2 7  

±  
0 . 0 2  

A  
3 . 2 6  

±  
0 . 0 4  

A  
3 . 2 8  

±  
0 . 0 3  

 
3 . 2 5  

±  
0 . 0 3  

a  
6 . 4 9  ±  

0 . 1 2  
a  

6 . 3 2  ±  
0 . 1 0  

a  
5 6 2 1  ±  

0 . 1 0  
 

6 . 0 1  ±  
0 . 0 9  

a  
4 . 4 2  ±  

0 . 1 0  
a  

4 . 3 5  ±  
0 . 1 7  

 
4 . 3 1  ±  

0 . 0 9  
 

4 . 2 3  ±  
0 . 0 7  

a  
4 . 0 7  ±  

0 . 0 7  
a  

3 . 9 7  ±  
0 . 0 8  

a  
3 . 9 3  ±  

0 . 0 6  
 

3 . 7 8  ±  
0 . 0 7  

a  
3 . 1 3  

±  
0 . 0 3  

 
3 . 1 8  

±  
0 . 0 3  

 
3 . 2 0  

±  
0 . 0 2  

 
3 . 2 3  

±  
0 . 0 2  

a  
6 . 7 5  ±  

0 . 1 4  
a  

6 . 5 8  ±  
0 . 1 1  

a  
6 . 4 2  ±  

0 . 1 2  
a  

6 . 2 6  ±  
0 . 0 9  

a  
4 . 5 2  ±  

0 . 1 0  
a  

4 . 4 1  ±  
0 . 0 7  

a  
4 . 3 7  ±  

0 . 0 8  
 

4 . 3 0  ±  
0 . 0 8  

a  
4 . 2 3  ±  

0 . 1 0  
a  

4 . 1 7  ±  
0 . 0 8  

a  
4 . 0 5  ±  

0 . 0 8  
a  

4 . 9 6  ±  
0 . 0 8  

a  
3 . 1 0  

±  
0 . 0 3  

a  
3 . 1 6  

±  
0 . 0 2  

a  
 

3 . 1 9  
±  

0 . 0 3  
 

3 . 2 2  
±  

0 . 0 4  

l l  Small  letters (a)  and (b)  represent a signif icant change to capital  latters A and B  
respectively (by LSD using ANOVA at p ≤ 0.05)       
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Table  (3)  Showing the  effect  of  vi t  C and yeast  S.cerevisiae  on serum lysozyme 
concentration µg/ml of  O. ni lot icus  

Treatment.  
week 

contr ol  Vitamin C Yeast 

1 
2 
3 
4 

375.75 ± 8.50 A 
373.65 ± 9.53 A 
373.20 ± 9.24 A 

376.50 ± 10.62 A 

399.56± 11.23 a 
398.18 ±11.62 a 
396.53 ± 9.17 a 
388.64 ± 9.50 a 

436.70±12.15 a 
422.64±11.17 a 
399.25±10.05 a 
392.40±10.15 a 

Small  let ter s (a)  and (b)  r epresen t  a  sign ifican t  change to capi ta l  la t ter s A and B respect ively 
(by LSD using ANOVA at  p ≤ 0.05 Each  value r epresen ts mean  ± SE;  n=5).  
 

 
Table (4) Showing results of experimental infection in O. niloticus by A. hydrophila  fed on vit  C and yeast  

S.cerevisiae : 

Survival 
% 

No. of 
survived 

fish 

Died fish during 7 days after injection 
Dose 

Type of 
inoculation 

No. 
of 

fish 

Fish group 
 7 6 5 4 3 2 1 

100 10 0 0 0 0 0 0 0 --- 
0.2 ml  
PBS* 

10 
Control 

(-ve) 

20 1 0 0 0 0 1 1 6 3x107 
0.2 ml  

A. hyd**. 
10 

Control 
(+ve) 

80 8 0 0 0 0 1 1 0 3x107 
0.2 ml  
A. hyd. 

10 
Yeast S.  

cerevisiae 

60 6 0 0 1 0 1 0 2 3x107 
0.2 ml  
A. hyd. 

10 Vit. C 

*PBS= phosphate buffer saline                                             **A. hyd.= Aeromonas hydrophila 
 
Discussion : 
      concern ing  the effect  of vi t .  C and 
yeast  on  phagocyt ic act ivi ty and phagocyt ic 
index,  the presen t  study r evealed that  vi t .  C 
and yeast  were sign ifican t ly increased for  3 
weeks than  the con trol  group,  the r esul t  
near ly agree wi th  the r esul t  obta ined by 
Nevien (2005) who repor ted that  O. 
ni lot icus fed on  S.  cerevisiae  supplemen ted 
diet  showed increased phagocyt ic act ivi ty 
and index,  similar  r esul ts were obta ined by 
Siwicke et  al  (1994 a)  who observed an  
increase of some cel lular  act ivi t ies in  
r a inbow t rout  after  feeding S.  cerevisiae  a t  a  
dose of 27 g/kg diet  for  one week.  The 
enhanced cel lular  act ivi ty could be 
a t t r ibuted to the presence of glucan  
r eceptor s on  the cel l  sur face of blood 
monocytes,  macrophages and neutroph i les 
wh ich  main ly r esponsible for  phagocyt ic 
act ivi ty and phagocyt ic index.  These finding 
go hand by hand with  the r esul ts obta ined 
by Yoshida et  al . ,  (1995) in  Afr ican  cat fish  
who repor ted an  increase in  phagocyt ic 
act ivi ty and index after  feeding with  ß – 
glucan  supplemen ted diet  a t  a  dose of 1 g/kg 

diet  for  45 days.  The cel lular  act ivi ty 
peaked after  2-3 weeks of feeding then  
decreased sl igh t ly t i l l  dropped to basel ine 
level  a t  45 day.   
       Simil lary Jeney et  al . ,  (1997)  on  
r a inbow t rout  suppor t  our  r esul ts as they 
determined that  feeding of di fferen t  doses of 
ß – glucan  for  4 weeks caused sign ifican t  
increase in  monocytes and neutroph i les 
coun t  and act ivi ty wh ich  r each  thei r  peak a t  
low and medium doses a lso phagocyt ic 
act ivi ty and index enhanced in  a l l  groups 
th is may a t t r ibuted to the mode of act ion  of 
glucan  on  phagocyt ic cel ls wh ich  act ivated 
after  engagement  of ß – glucan  to i t s 
specific r eceptor s on  sur face of phagocyt ic 
cel ls suppor t ing th is hypothesis (Cook et  
al . ,  2001)   
       On  the other  hand,  the r esul t  of presen t  
study r evealed that  vi t .  C affect  
sign ifican t ly on  phagocyt ic act ivi ty and 
index.  Th is r esul t  agree wi th  that  of Kumari  
and Sahoo (2006) who repor ted that  feeding 
of vi tamin  C for  Asian  cat fish  (Clarias 
batrachus)  sign ifican t ly enhanced 
phagocyt ic act ivi ty compared to thei r  
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respect ive con trol ,  similar  r esul ts obta ined 
ear l ier  in  other  fish  species  (Findlayand 
Munday 2000,  Sahoo and Mukherjee  2001 
a,b,  Kumari  et  al . ,  2003 and Kumari  and 
Sahoo 2005b) also B lazer (1982) who 
repor ted that  feeding of r a inbow t rout  a t  
doses of 120,  1200 mg/kg diet  for  12 weeks 
sign ifican t ly enhanced phagocytosis a t  1200 
mg/kg diet ,  a lso Robertsen et  al . ,  (1995)  
demonstr a ted that ,  feeding of turbot  wi th  
vi t .  C (800,  2000 and 4000 mg/kg diet )  for  
18 weeks leading to enhanced phagocyt ic 
act ivi ty a t  dose of 800 mg/kg whi le 
phagocyt ic act ivi ty and serum lysozyme 
were markedly increased a t  dose of 2000 
mg/kg diet .  In  con trast ,  no effect  on  
phagocyt ic act ivi ty on  4000 mg/kg diet .   
      Regarding to the concen tra t ion  of tota l  
protein  in  serum presen t  r esul t  r evealed that  
dietary vi t .  C increase tota l  protein  of O. 
ni lot icus for  3 weeks whi le yeast  S .  
cerevisiae  a ffect  sign ifican t ly a long four  
weeks of the exper imen t .  The r esul ts near ly 
agree wi th  the r esul t  of Nayak et  al . ,  (2007) 
who repor ted that  dietary supplemen tat ion  
of vi t .  C in  the form of ascorbyl  
polyphosphate and probiot ic bacter ium 
"Baci l lus subt i l i s" and thei r  combinat ion  for  
Indian  major  carp,  rohu (Labeo rohi ta Ham)  
finger l ings fed for  a  per iod 60 days.  serum 
protein  and globul in  con ten t  were 
sign ifican t ly h igher  than  the con trol  group 
and h igher  in  the group of vi t .  C than  the 
other  groups.  They a t t r ibuted that  to the 
product ion  of oxygen  r adicals in  the 
ascorbyl  polyphosphate group which  in  turn  
increase the metabol ic act ivi ty increasing 
serum tota l  protein  and globul in .   
      Also Tongjun et  al . ,  (2007) r epor ted 
that  the admin ist r a t ion  of dietary vi t .  C to 
Japanese eel  (Angui l la japonica)  r evealed 
that  sign ifican t  increase of tota l  serum 
protein  than  the con trol  group when  fed a t  a  
dose 762 mg/kg diet  they suggest ing that  
vi tamin  C can  in teract  wi th  other  
an t ioxidan ts such  as vi t .  E  as they funct ion  
as water  – soluble and l ipid – soluble chain  
breaking an t ioxidan ts,  They protect  l ipids,  
protein  and membranes of cel ls from 
oxidat ive damage.  I t  a lso scavenges oxygen  
r adicals in  aqueous phase,  (Niki  1987 and 
Mccay,  1985 ) .  On  the other  hand the 
presen t  study r evealed that  yeast  was of 
bet ter  effect  on  concen tra t ion  of serum tota l  
protein  these was in  agreemen t  of Abdel  – 
Tawwab et  al . ,  (2008)  who repor ted that  

tota l  serum protein  sign ifican t ly increased 
when  O. ni lot icus fed on  commercia l  l ive 
baker ' s yeast  S.  cerevisiae  when  fed 1 g/kg 
diet  a lso a lbumin  and globul in  were 
sign ifican t ly increased than  the con trol  
group.  Th is may be a t t r ibuted to that  baker ' s 
yeast  i s a  source of nucleic acid and ß – 1.3 
glucans wh ich  have been  r ecogn ized to be 
effect ively enhance immune funct ion  of 
Afr ican  cat fish  (Yoshida et  al . ,  1995)  
At lan t ic sa lmon  (Engstad et  al . ,  1992)  
r a inbow t rout  (Jorgensen et  al . ,  1993 a;  
Siwicki  et  al . ,  1994) .   
     Cocern ing to the effect  of vi t .  C and 
yeast  on  lysozyme concen tra t ion  in  serum,  
the presen t  study displayed the effect  of 
both  vi t .  C and yeast  S.  cerevisiae  as the 
same on  cul tured O. ni lot icus increasing 
sign ifican t ly for  3 weeks.  The r esul t  near ly 
agree wi th  wh ich  obta ined by Tongjun et  
al . ,  (2007) who repor ted that  dietary 
vi tamine C for  japan isi  eel  Angui l la 
japonica  a t  the dose 762 mg/kg diet  for  3 
weeks showed sign ifican t ly h igher  lysozyme 
act ivi ty of mucus and serum compared to 
con trol  group Also Ai et  al  (2004) who 
repor ted that  post  dietary admin ist r a t ion  of 
vi t .  C for  Japanese seabass Lateolabrax 
japonicus at  489 mg/kg diet  for  8 weeks 
there was sign ifican t  increase of lysozyme 
act ivi ty in  serum with  the increase of 
dietary ascorbic acid.  Moreover  Robertsen 
et  al . ,  (1995) who repor ted that  feeding of 
turbot  wi th  vi tamin  C (800,  2000 and 4000 
mg/kg diet  for  18 weeks)  leads to enhanced 
phagocyt ic act ivi ty a t  dose of 800 mg/kg 
whole phagocyt ic act ivi ty and serum 
lysozyme were markedly increased a t  dose 
of 2000 mg/kg diet  Verlhac et  al . ,  (1998) 
observed that  feeding of r a inbow t rout  wi th  
vi t .  C supplemen ted diets a t  doses of (150 
and 1000 ppm) caused a  sign ifican t  increase 
in  lysozyme act ivi ty a t  dose of 1000 ppm 
while 150 ppm was non  effect ive.  Th is may 
be due to the role of vi tamin  C as an  
an t ioxidan t  i s impor tan t  for  inact ivat ing 
harmful  fr ee r adicals produced th rough  
normal  cel lular  act ivi ty.  The an t ioxidan t  
funct ion  of vi tamine C could in  par t ,  a t  least  
enhance immunity by main ta in ing the 
funct ional  in tegr i ty of impor tan t  immune 
cel ls (Chew,  1995) .   
        On  the other  hand,  Jorgensen et  al . ,  
(1993 b)  r epor ted that  r a inbow t rout  
in jected wi th  ß – 1.3 glucan  showed 
enhanced bacter icidal  act ivi ty of head 
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kidney macrophages wi th  increased serum 
lysozyme concen tra t ion  lysozyme and 
complemen t  act ivi ty can  a lso be act ivated 
by several  immunost imulan ts as glucan  
(Engstad et  al . ,  1992)  vi tamine C (Wagboo 
et  al  1993)  moreover ,  Sakai  et  al . ,  (2001) 
r epor ted that  the nucleot ides from brewer ' s 
yeast  RNA were capable of enhancing the 
phagocyt ic and oxidat ive act ivi t ies of 
kidney phagocyt ic cel ls,  serum lysozyme in  
common carp.  
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