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Abstract: This study investigated the Immunomodulating activity of Rhizopus nigricans meal with a view of
comparing it with that exhibited by -glucan. The indicators of the immunomodulating activity employed in this
study were: hormonal assay (testosterone estimation), testis homogenization (elongated spermatids evaluation)
and internal organs histological examinations. R. nigricans meal supplementation enhanced the spermatozoa
production level significantly (p<0.05) than the control feed. There is however no significant difference (p>0.05)
in  the protection offered by the -glucan on the sodium arsenite toxicity when compared with that exhibited
by the R. nigricans meal. No significant differences (p>0.05) were observed for the testosterone level between
treatment groups, but a significant difference (p<0.05) was observed in the group boosted with the -glucan
after  four  weeks. The  histological  examination  of the internal organs revealed that, both -glucan and the
R. nigricans meal offered similar protection against sodium arsenite toxicity in the birds. The study revealed
that the Immunomodulating activity of the R. nigricans meal compared favorably with that of -glucan in the
experimental birds.
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INTRODUCTION propagation of Lactobacillus and significantly reduced

Fungal biotechnology has been of great assistance compared to the control without prebiotic [2].
to man particularly in immune modulation and prebiotic. Arsenic, a well-known human carcinogen, is widely
Aspergillus  meal  prepared  by  using Aspergillus niger distributed in the environment as a toxicant in coal, soil,
to ferment suitable carbohydrate products when drinking water and air [3, 4]. The metal is therefore a great
incorporated  into chicken feed has been reported by threat to public health due to exposure via inhalation in
many scientists to protect chicken against infection industrial areas and ingestion from food, agricultural
because  it  modulates  immune  system  as   a   result  of products and portable water [5]. Arsenicals are used an

-glucan in the cell wall [1]. In the preparation of the herbicides, fungicides and rodenticides and may cause
Rhizopus  nigricans  meal  prebiotic,  the fungi are made air, soil and water pollution. Arsenic poisoning through
to ferment a carbohydrate substrate by solid-state drinking water is common in many areas of the world [6].
fermentation. Intake or exposure to arsenic is associated with metabolic

In  the  assessment  of the Immunomodulating disorders, hypertrophy of adrenal glands [7] and anaemia
activity  of  Aspergillus   meal,  using  an  Interleukin-6 [8], nasal septal perforation, rhinopharyngolaryngitis,
(IL-6) production bioassay, a water-soluble extract of pulmonary insufficiency [9].
Aspergillus meal is able to induce IL-6 production by A significant decrease in spermatozoa motility was
macrophages. Dietary use of 0.2% of the prebiotic observed  in  male  rats  following  continuous exposure
Aspergillus meal (AM) also reduced the level of to 32.4 mg AS O  m  for 48 h. Similarly, motility was
Salmonella  enteritidis  in  neonate broilers and poults decreased after a 120-h exposure to 7.95 mg m , a 252-h
[1]. It was observed that Aspergillus meal or Inulin exposure  to  1.4  mg m  and an 800-h exposure to 0.36
supplementation in basal medium enhanced (p<0.001) the mg m  [10].

Salmonella enteritidis-Specific growth rate when
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Beta-glucan  had  been  reported to have the ability
to  act  as  a strong antioxidant or free radical scavenger.
It  is capable of detoxifying radicals produced by heavy
and toxic metals such as mercury, Arsenics [11]. Beta-
glucan is a fibre-type complex sugar (Polysaccharide)
derived from the cell wall of baker’s yeast
(Saccharomyces  cerevisae)  oat and barley fiber and
many medicinal mushrooms, such as maitake. In their
natural  states,  yeast  and mushrooms contain a mixture
of beta - 1, 3, -glucan and beta - 1, 6-glucan. Oats and
barley  contain a mixture of beta - 1, 3 glucan and beta-1,
4-glucan.

Incontrovertible  pieces  of  evidence have shown
that beta-glucan enhances the immune system in addition
lowering blood cholesterol and sugar levels [12-15].
Numerous experimental studies in test tube and animals
have  shown  beta-glucan to activate white blood cells
[16-19]. The efficiency of -glucan at activating white
blood cells known as macrophages and neutrophils
thereby providing one of the immune system’s first line
defenses against foreign invaders was also confirmed
[20].

The objectives of this study are therefore to: (i)
compare the immunomudulating activity of Rhizopus
nigricans meal with -glucan in male birds. (ii) To
investigate the improvement of the nutritive value of rice
bran after solid state fermentation with Rhizopus
nigricans meal and its protective effect on sodium
arsenite toxicity. (iii) To document the influence of sodium
arsenite toxicity and glucan therapy on reproductive
hormones, spermatozoa production and tissue
histopathology in cocks. 

MATERIALS AND METHODS

Production of the mycelia mat by solid-state
fermentation: The Rhizopus nigricans vegetative/spore
were inoculated into the sterile rice bran in the
fermentation trays. The organism was mixed with the rice
bran and moistened. Inoculated rice bran was evenly
spread round the base of the fermentation trays and
covered  with the lid plugged with cotton wool on top.
The solid-state fermentation was carried out at room
temperature  for  14  days  after  which  it  was sun or
oven-dried.

Proximate Analysis of the mycelia mat of Rhizopus
nigricans (Fermented Rice Bran) and Neat Rice bran:
Proximate analysis of the mycelia mat of Rhizopus
nigricans  was done according to convectional A.O.A.C.

Table 1: The proximate analysis of the unfermented rice bran (RB 00) and

fermented rice bran (RB 14)

Parameters RB 00 RB 14 % Change

Protein (%) 13.31 16.02 20.00
Carbohydrate (%) 36.30 33.70 7.20
Fat (%) 14.61 14.46 1.00
Energy (kcal/g) 3.00 2.98 0.70
Cellulose (%) 19.81 16.93 14.50
Solube sugar 5.25 4.01 23.60
Fibre (%) 15.19 13.03 14.20
Ash (%) 10.00 9.61 3.90
Moisture (%) 10.32 12.10 17.00

methods [21]. The parameters estimated were: crude
protein, ash, dietary, fiber, carbohydrate, crude fat,
soluble sugar, cellulose, moisture, energy (Table 1). The
proximate analysis was also done on the neat rice brain,
that is, the unfermented using the same method (Table 1).

The  experimental  birds: 100 Nera black cocks of about
10 months  having  an  average  weight of approximately
2 kg purchased from the Animal house of the Ladoke
Akintola University of Technology, Ogbomoso, Nigeria.
The birds were arranged in ten per group of two replicates
of five each and were allowed to acclimatize for seven
days before commencement of the experiment. The room
temperature was 30±2°C with 12 h light/dark cycle.

The experimental pen: The experimental pens were
constructed  with  the  dwarf wall base of 18 inches,
further  raised to 8 ft in Height with wood by 4 ft width
and length of 8 ft each covered with Adex roof. The floor
was concreted and littered with wood shavings of about
3 inches thick. Each group of the pen was strictly
demarcated with wire mesh. The birds were fed two times
daily with about 150 g feed/per bird daily. The feeds
(commercial and experimental diets) were provided in the
feed troughs with cool, clean and fresh water.

The experimental diet (R. nigricans meal): The
experimental diet was prepared using the fermented rice
bran (Rhizopus nigricans mycelia mat) to replace of 50%
grain content of control diet. The feed composition for the
experimental diet is as shown in Table 2.

The commercial feed (Control diet): The commercial diet
(control diet) was purchased from the farm of the Ladoke
Akintola University of Technology Ogbomoso, Nigeria.
The feed composition for the control diet is as shown in
Table 2.
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Table 2: Feed composition for the experimental diet

(*R. nigricans meal) and control diet

Feed composition Experimental diet (kg) Control diet (kg)

Maize  4.000 8.000

*Fermented rice bran 4.000 -

Maize bran  13.000 13.000

Wheat offal  10.000 10.000

Groundnut cake 7.000 7.000

Rice bran 5.000 5.000

Palm kernel cake 7.000 7.000

Bone meal 1.000 1.000

Oyster shell 0.500 0.500

Fish meal 0.250 0.250

Salt 0.125 0.125

Premix 0.125 0.125

*R. nigricans mycelia mat obtained after 14 days of fermentation

Table 3: The experimental protocol

Groups Treatments

A Birds fed with R. nigricans meal and injected with sodium

arsenite

B Birds fed with control diet and injected with sodium arsenite

and MPG 

C Birds fed with control diet, injected with sodium arsenite and

ASG

D Birds fed with control diet + vitamin E +and injected with

NaAsO2

E Birds fed with control diet + NaAsO2

F Birds fed with control diet only

G Birds fed with control diet + MPG

H Birds fed with control diet + ASG

I Birds fed with R. nigricans meal only

J Birds fed with control diet + vitamin E

Key: MPG = Micro particulate -glucan ASG = Acid soluble -glucan

Administration of sodium arsenite: Sodium arsenite
NaAs0 ; Loba, Chemie, Co. Bombay, India; mol wt 129.92,2

as 57.6% was dissolved in glass distilled water. 0.5 ml
sodium arsenite, that is, 0.2 mg/bird was administered to
the experimental group intramuscularly. Sodium arsenite
was given once per week for 5 weeks consecutively i.e.
day 7, 14, 21, 28 and 35 after which blood was collected
and the cocks sacrificed.

Beta-glucan administration: The two -glucan, -glucan
1, Micro-particulate -glucan (MPG) and -glucan 2, Acid
Soluble -glucan (ASG) were obtained from the
Biotechnology centre LAUTECH Ogbomoso, Nigeria. The
MPG and ASG were prepared from Saccharomyces
cerevisae by the method described by Baker and Silverton

[22]. With 0.5 ml of 10 mg ml  of -glucan administered1

intravenously, each experimental bird received 5mg/
injection or dose. The birds were given the -glucan in
respective groups on week 1 and on week 4 serving as
booster dose. The control group injected with sodium
arsenite  and  fed  with  control  diet was separated after
4  weeks  of  arsenite  treatment  with some given MPG
and others given ASG in order to observe any corrective
effect on arsenite toxicity. The cocks were bled and
sacrificed 2 weeks later.

Vitamin  E  administration: Vitamin E was administered
by  gavage  once  daily. The dose given was 6.7 mg/bird
in distilled water. The birds in vitamin E group (as shown
in  the  protocol  table) were gavaged daily throughout
the experiment.

Experimental  protocol: The birds were arranged in ten
per group of two replicates of five each. The birds in
group A were fed daily with R. nigricans meal and
injected with 0.5 ml of sodium arsenite intramuscularly on
days 7, 14, 21, 28 and 35. Those in groups B and C were
fed with control diet throughout the experiment, injected
with sodium arsenite and also injected intravenously with
MPG and ASG respectively every seventh day. The birds
in groups D, E, F, G, H and J with those in D and J
gavaged daily with vitamin E. Further experimental
treatments are as in Table 3.

Bleeding and sacrificing: Five birds were randomly
selected for slaughter per group. The birds were bled
ethically using needles and syringes to draw the blood
from the main vein in the armpit. The blood for
haematological analysis was collected into Ethylene
diamine  tetra  Acetic  acid  (EDTA) bottle, 5.0 ml each
with those for biochemical analysis (Hormonal assay)
collected into dry bottle (5.0 ml). The blood in the dry
bottle clotted, spun with the laboratory centrifuge,
separated and stored frozen till analyzed.

At the end of the experiment, the birds were
sacrificed with the liver, kidney, heart and spleen
preserved in 10% formol saline with testis preserved in
Bouins fluid. The organs were weighed with other
necessary measurements taken and recorded.

Histological examination: At the end of 7, 14, 21, 28 and
35 days feeding experiment, the following organs were
removed for histological analysis. These are: the kidney,
liver, spleen, heart and the testes. The organs were
observed for gross lesions. They were weighed and
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reported. Samples of the selected organs were freshly percentage changes are also indicated. Only protein and
fixed in 10% formol saline with only testes fixed in Bouin’s moisture contents were raised after fermentation with
fluid. Sections  from  the organs were prepared and other parameters close to or lower than the unfermented
stained  with conventional Hematoxyline and Eosin (H levels.
and E) technique as described by Hunter et al. [23]. Table 4 indicates some effects of sodium arsenite
Photomicrograph of the H and E stained sections on glass injection   as   evidenced   by   the   low   results  shown
slide were taken using an Olympus photomicroscope. by  the  birds  on  control  diet   and   injected  with

 Elongated spermatids evaluation: The testis to be only. Vitamin E appears to enhance spermatozoa
assessed was thawed and brought to room temperature. production with R. nigricans meal offering as much
A suitable sample was cut from the testes and weighed. protection    against     sodium     arsenite     toxicity    as
Elongated spermatids count was carried out using the -glucan.
standard method described by Brooks et al. [24]. There was a significant difference (p<0.05) in the

Statistical  analysis:  Data  were analysed using student on control diet only and those that fed on R nigricans
t-Test of significance. A value of p<0.05 was considered meal only (Groups F&I) as shown in Table 5. No
significant. significance  difference (p>0.05) exists between the

RESULTS R. nigricans meal or injected with beta glucan (Groups

The results of the proximate analysis of the mycelia (p<0.05) in the spermatids count between the two groups
mat of R. nigricans and unfermented rice bran with (F&E) that fed on the same control diet with those in
elongated spermatids estimation, the serum testosterone group E injected with sodium arsenite having a
and organ histological examination reports are as stated in significantly low spermatids count. Also, two groups
the various tables below. (B&G) that both fed on control diet, given beta glucan

Table 1 shows the results of the feed constituent and with only group B injected with sodium arsenite were
analysis of the unfermented rice bran and the fermented compared with group B injected with sodium arsenite
rice  bran    after   fourteen   days   (RB  14).   The  various showing a significantly  low counts (p<0.05) as compared

sodium  arsenite compared with those on control diet

elongated spermatids count between the group that fed

groups  injected  with  sodium arsenite but fed on either

A&B). The table also shows a significant difference

Table 4: The mean elongated spermatids (spermatozoa precursors) estimation
Mean spermatids 

Groups Treatments count (X10 /ml)6

A R. nigricans meal, injected with sodium Arsenite (NaASO ) 382

B Control diet, injected with MPG + NaASO 372

C Control diet, injected with ASG + NaASO 252

D Control diet + vitamin E + NaASO 202

E Control diet + NaASO 232

F Control diet only 45
G Control diet + MPG only 50
H Control diet +ASG only 40
I R. nigricans meal only 74
J Control diet + vitamin E 68

Table 5: Comparison of elongated spermatids count among treatment groups
Groups Means (X) X10 /ml p-value6

F & I F: Birds fed with control diet only F = 45 p<0.05
I: Birds fed with R. nigricans meal only I = 74

A & B A: Birds fed with R. nigricans meal & injected with sodium Arsenite A = 38 p>0.05
B: Birds fed with control diet, injected with sodium arsenite & given MPG B = 37

F & E F: Birds fed with control diet only E = 23 p<0.05
E: Birds fed with control diet + N ASO F = 45a 2

B & G B: Birds fed with control diet, injected with N ASO  and given MPG B = 37 p<0.05a 2

G: Birds fed with control diet and given MPG G = 50
D & J D: Birds fed with control diet + vitamin E & injected with N AsO D = 20 p<0.05a 2

J: Birds fed with control diet and vitamin E J = 68
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Table 6: The mean serum testosterone level among treatment groups

Groups Treatments  Mean testosterone (ng ml )1

A R. nigricans meal, injected with sodium arsenite (NaASO ) 1.52

B Control diet, injected with MPG + NaASO 2.22

C Control diet, injected with ASG + NaASO 2.62

D Control diet + vitamin E + NaASO 1.42

E Control diet + NaASO 2.52

F Control diet only 1.9
G Control diet + MPG only 2.4
H Control diet + ASG only 2.2
I R. nigricans meal oNLY 1.6
J Control diet + vitamin E 3.5
K Group C boosted with ASG 3.0
L Group E injected with MPG 2.3

with the other group without sodium arsenite injection. sugar and fiber when compared with the level in the
Table 5 also shows that there is a significant difference unfermented rice bran.
(p<0.05) between groups (D&J) that fed on the same The higher crude protein level in the R. nigricans
control  diet  plus  vitamin E with those in group D mycelia mat is in consonance with that of a work reported
injected  with   sodium  arsenite exhibiting significantly by Porter [25], where fermented foods were noted to be
low spermatids counts as compared to group J without often actually more nutritious than their unfermented
arsenite injection. counterparts. This is because microorganisms are both

Table 6 indicates that the group that received a catabolic, breaking down more complex compounds and
booster dose of beta glucan experienced a raised serum simultaneously anabolic synthesizing several complex
testosterone level with other treatment groups presenting vitamins and other growth factors.
with closely related results. There is decease in the level of carbohydrate,

The  histopathological  examination  of the cocks cellulose and soluble sugar as compared to the
liver, spleen, kidney and testes revealed some degree of unfermented rice bran (Table 1). This corresponds to the
histopathological changes at the applied doses. In the suggestion that the sugar that was formed during
group fed with the control diet and injected with sodium fermentation is made readily available for the fungus,
arsenite, the  spleen  showed  moderate  hyperplasia of which it used, as a source of carbon [27].
the lymph nodules with haemosiderosis. However, the This work further shows that the treatment group
liver demonstrated significant haemosiderosis with the that fed on R. nigricans meal only had the highest
kidney exhibiting no significance lesions. While there is elongated spermatids count which is a function of the
a moderate testicular hypoplasia of some seminiferous spermatozoa production potential (Table 4). The count is
tubules. significantly  higher  (p<0.05)  than  those birds that fed

Both the control group that fed on control diet only on control diet only. This suggests that the R. nigricans
and the group that fed on R. nigricans meal only both meal is able to enhance spermatozoa production potential
demonstrated normal histological appearances. and hence capable of improving fertility in birds.

DISCUSSION AND CONCLUSION revealed that there is no significant difference (p>0.05)

Rhizopus nigricans was used in this study to ferment R. nigricans meal treatment groups exposed to the same
rice bran for 14 days, with the mycelia mat so produced toxicity of sodium arsenite. This connotes that the R.
used to prepare the R. nigricans meal. The proximate nigricans meal is able to modulate the immune system as
analysis of R. nigricans mycelia mat shows that it has much as -glucan.
higher percentage of crude protein and moisture with no The result  of  the elongated spermatids evaluation
significant differences (p>0.05) in the Ash, energy and fat in Table 4 confirms the toxicity of the arsenite injected
content as compared with their unfermented counterparts into the birds particularly on the spermatozoa production
(Table 1). Significant difference (p>0.05) however exists in pathway. This is revealed by the low level of the
the decrease level of carbohydrate, cellulose, soluble spermatids  count obtained from the groups injected with

Results of the elongated spermatids count also

between  the protection offered by the -glucan and the
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the sodium arsenite as compared to the treatment groups 5. U.S.E.P.A., 1984. United States Environmental
without arsenite injection. The arsenite is suggested to be Protection Agency. Health Assessment Document
responsible for the significant reduction in the elongated for Inorganic Arsenic. EPA-600/8-83-012F. Final
spermatids count as compared to groups without the Report. US EPA Office of Research and
arsenite treatment (Table 4). Development, Office of Health and Environmental

The effect of vitamin E on the treatment groups is Assessment, Environmental Criteria and
also reported in this work. This shows that vitamin E only Assessment. Research Triangle Park, NC: US EPA.,
enhanced spermatogenesis but could not offer notable pp: 5-20. 
protection against sodium arsenite toxicity. This 6. Nickson, R., J. Mc Arthur, W. Burges, K.M. Ahmed,
observation is corroborated by the serum testosterone P. Ravenserd and M. Rahman, 1998. Arsenic
results (Table 6) where the testosterone level was poisoning of Banladesh. Nature, 395: 338.
significantly (p<0.05) raised in the group that fed on the 7. Biswas, N.M., G. Roy Chowdhury and M. Sarkar,
control diet with vitamin E, as compared with group that 1994. Effect of sodium arsenite on Adrenocortical
fed on control diet, vitamin E with sodium arsenite. activities in male rats. Med. Sci. Res., 23: 154-164. 

The serum testosterone level among treatment 8. Sarkar, M., D. Ghosh, H.M. Biswas and N.M. Biswas,
groups in this study showed no significant differences 1992. Effect of sodium arsenic on heamatology in
(p>0.05) except the group boosted with beta-glucan after male albino rats. Allied Sci., 46: 116-120.
4  weeks  (Table  6).  This observation further indicates 9. Lundgreen, K.D., 1954. Damage to respiratory organs
the comparability  of  the  efficiency  of  R. nigricans meal in workers in a Smelting plant). Nor. Hyg. Tidskr.
with that of -glucan. The demonstration of significant 3:66-82.
haemosiderosis and hyperplasia in the liver and spleen 10. Kamil’dzhanour Ax, 1982. Hygienic basis for the
respectively in the groups injected with sodium arsenite maximum permissible concentration of the arsenic
confirms the haemolytic activity of sodium arsenite. trioxide in the ambient air. Gig. Sanit., 2: 74-75.

However, the group fed with R. nigricans meal and 11. Baker, D., 2005. Beta-glucan. A miracle immune
injected with sodium arsenite and the group that fed on enhancer. www.y2khealthanddetox.com/beta
the control diet, injected with sodium arsenite and given 12. Ross, G.D., V. Vetvicka and J. Yan, 1999. Therapeutic

-glucan showed lower levels of haemosiderin in the intervention with complement and in cancer.
tissues. Immunopharmacology, 42: 61-74.

This study therefore suggests that both the R. 13. Di Renzo, L., E. Yefenof and E. Klein, 1991. The
nigricans  meal  and -glucan displayed similar function  of  human  NK  cells is enhanced by a
protection against sodium arsenite toxicity in the ligand of CR3 (CD11b/CD18). Eur. J. Immunol., 21:
experimental birds. 1755-1758.
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