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ABSTRACT

Malnutrition is a rising issue in most of the developing countries. To overcome this problem, it is
necessary to explore alternate methods for production of non-conventional proteins utilizing the available
cheap sources. The indigenous Saccharomyces cerevisiae were isolated from different fruit samples,
identified by conventional polymerase chain reaction (PCR) and were characterized for production of
single cell microbial protein (SCMP). Out of 60 different fruit samples, a total number of confirmed
S. cerevisiae isolates were 1, 2 and 1 from orange (Citrus sinensis), grapes (Vitis), and peach (Prunus
persica), respectively. Utilizing yeast extract, peptone and dextrose maximum biomass was produced by
S. cerevisiae isolate recovered from peach (SCP-1) i.e. 4.83 g/l. Using isolate SCP-1 higher biomass of S.
cerevisiae was produced on sugarcane molasses (6.42 g/l) followed by orange peels. Microbial biomass
produced on the sugarcane molasses was rich in crude proteins (56 %) followed by that from orange peels.
Highest percentage of alanine (24.72%) and aspartic acid (17.83% and 14.57%) were observed in dried
single cell microbial protein produced on sugarcane molasses, orange peels and apple waste, respectively.
Soybean meal protein source in broilers ration was replaced by SCMP. The level of antibody titre against
Newcastle Disease Vaccine was significantly higher (p<0.05) than all treated groups. Higher antibody
titre was recorded for group C (6g/Kg) (HI>1:64) followed by group B (4g/Kg) (HI>1:32) and Group A
(2g/Kg) (HI>1:8) while antibody titre was lower for control group D. Replacement of soybean meal with
SCMP did not affect the level of liver enzymes. All the tested liver enzymes were observed to be present
in the normal range in all the treated groups A, B, C and D. Feed conversion ratio was not affected in
the treated groups and an average FCR of 1.6 was observed in all groups. From the present study it is
concluded that indigenous S. cerevisiae can be isolated from different sources and can be used as a source
of SCMP in broilers ration to enhance their performance, immunity against pathogenic microbes for
production of quality meat.
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INTRODUCTION

Microbial proteins which are also called as single cell
protein is produced by growing different organisms
like algae, bacteria, fungi and yeast using different
agricultural processing waste (Nasseri ef al., 2011). Hence,
on the one hand, single cell protein is the more valuable
optional protein than the animal protein due to the presence
of large amount of protein contents and, on the other
hand, these are economical and environment-friendly, as
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different agricultural wastes have been utilized for their
production (Saima et al., 2008, Jamuna and Ramakrishna,
1989). Further, they contain better levels of essential
amino acids and chemicals as compared to the vegetable
protein (Nasseri ef al., 2011).

There is also a robust struggle between human beings
and livestock for the available plant and animal protein
sources. That’s why animal and poultry feed industries
are in great trouble due to the availability of costly feed
ingredients which are used as protein supplementation. As
a non-conventional protein source single cell protein in
dry form can be effectively used as a replacement protein
in poultry and animal ration (Gad et al., 2010; Lyutskanov
et al., 1990).
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Some yeast species including S. cerevisiae, S.
kluyveri, S. ludwigii and S. exigus are found on most of the
citrus fruits which are acidic in nature having pH 3-4 with
tremendous sugar contents from where these can be easily
isolated (Arias et al., 2002; Qureshi et al., 2007).

The cell wall of S. cerevisiae accounts for 20% of the
cell weight (Walker, 1998). The B-glucan has been made
up of about 55 - 65% w/w of the cell walls, consisting of
both long chains of B-1,3-glucan and short chains of B-1,6-
glucan (Klis et al., 2002). It has also been reported that
glucans exhibit many practical implications with medicinal
properties such as antitumor, antimicrobial and antioxidant
activities as well as mycotoxin absorption (Magnani et al.,
2011; Chen and Seviour, 2007).

Distinctive microorganisms, including bacteria, fungi
and yeast have been used as a hotspot for the creation of
single cell protein (Chell, 1997), among them a few types
of yeast including S. cerevisiae are the most imperative
as these give concentrated development, with ideal
nourishment supply under ideal conditions (Ghanem et al.,
1986). What’s more, can be effectively reaped in light of
their vast cellular mass (Wolf ez al., 2003). In fermentation
industry different glucose rich substrates are used which
support the growth of S. cerevisiae. After successful
fermentation, the process is ceased and yeast is harvested
by centrifugation and filtration which in dry form can
effectively be used as food and feed for humans, animals,
and poultry consumption. For improvement single cell
protein are digested by mechanical disruption, autolysis,
and enzymatic treatment (Curran, ef al., 1990; Nasseri et
al.,2011).

Different types of wastes are produced by agricultural
activities and food processing plants which are rich
in organic matter and if present in the environment can
increase biochemical oxygen demand. These wastes can
be utilized to produce valuable products. Three different
types of agricultural waste materials including orange
peels, apple waste, and sugar cane molasses were studied
for the production of single cell protein utilizing indigenous
S. cerevisiae. These wastes have the potential nutrients
and elements which support the growth of a variety of
microorganisms (Haddadin ef al., 1999; Paul et al., 2002).

Our country solely depends on the import of S.
cerevisiae for the animal and poultry industries in the form
of inactive dry yeast. It is needed to isolate indigenous S.
cerevisiae and to explore the potential of various agriculture
wastes for its production, keeping in mind the end goal to
satisfy national prerequisites and to spare remote trade. In
the year 2024, the estimated world population will be about
8 billion. This expected increase in human population can
lead to the malnutrition problems due to protein deficiency
for humans and animals consumption. So, it is demanded

to explore alternate methods for production of single
cell microbial protein to overcome protein deficiency in
broilers feed replacing one of the existing protein source.
The present study was designed to isolate indigenous S.
cerevisiae from different fruit samples and to grow them,
utilizing some of the available cheap sources as substrate
and to replace them one of the existing protein source in
broilers feed.

MATERIAL AND METHODS

Isolation and identification of S. cerevisiae

Desired microorganism was isolated from different
fruit samples on yeast extract peptone dextrose agar. To
suppress the growth of unwanted bacteria the media was
supplemented with 30 mg/ml erythromycin (Guimaraes et
al.,2006). After Inoculation media plates were incubated at
30°C for 24 h. On the basis of colony morphology, isolated
colonies were subjected to microscopic examination for
identification of budding yeast (Ochei and Kolhatkar,
2000). Microscopically identified yeast samples were then
subjected to biochemical identification on the basis of their
taxonomic classification (Barnett et al., 1983; Kurtzman
et al., 2011). Conventionally the PCR products were
analyzed on 1% agarose gel.

Screening of isolates for biomass production

For biomass production, 200 ml yeast extract peptone
dextrose broth (YEPD Oxide) was prepared at pH 5 in 250
ml Erlenmeyer flasks. Each flask was inoculated with 5
ml of isolated S. cerevisiae cultures, plugged with cotton
wool and incubated in a shaking incubator at 150 rpm at
30°C. After 48 h fermentation process was stopped and
yeast cells were harvested by centrifugation and filtration.
Harvested yeast cells were then dried at 70°C for 48 h and
weighed in a pre-dried pre-weighted aluminum pain.

Collection and preparation of substrates

Three agro-industrial wastes i.e. orange peels, apple
wastes and sugar cane molasses were obtained from a
local market. After collection, the apple wastes and orange
peels were thoroughly washed with sterile distilled water
to remove the dirt and adherent chemicals. These were
then cut into small pieces, boiled for 10 min in a specific
amount of distilled water and then blended in a clean
blender to make a slurry.

The slurry materials obtained were then treated with
chemicals to obtain more available sugars from complex
polysaccharides following the procedure as described by
Bacha ef al., 2011. The sugar cane molasses was used as
such with no chemical treatment. Substrates obtained from
all three sources were then filtered through mesh size 40
to remove any large particles. In the form of solutions,
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these substrates were then used to grow S. cerevisiae for
production of SCMP.

Proximate analysis of substrates

All the three waste materials were analyzed for the
presence of moistures, crude fats, crude proteins, ash
contents, crude fibers and carbohydrates according to their
respective procedures (Association of Official Analytical
Chemist, 2006).

Optimization of laboratory parameters for maximum
production of indigenous S. cerevisiae on apple waste and
orange peels

For optimum production, different parameters such
as pH, temperature, shaking and glucose concentration
were optimized in the media containing 10% substrate
(Apple waste/Orange peels), 1% yeast extract and 0.5%
ammonium nitrate using the statistical approach of response
surface methodology. For graphical and statistical analysis
JMP 12.1.0 software was used in the study. A 2* rotatable
central composite design was adopted consisted of 26 sets
of experiments with different combinations of variables.
To confirm the production of optimum microbial biomass,
a new experiment was performed under the optimum
conditions as predicted by the model (Jalasutram et al.,
2013; Khan et al., 2016, 2018).

Biomass production utilizing prepared substrate

For three different substrates i.e. apple waste, orange
peels and sugarcane molasses, yeast cells were cultured
in 3 different jars each with a volume size of 1 L. All
jars were filled with optimized fermenting media i.e. jars
containing apple waste, 10 % substrate, 2.7 % glucose,
1 % yeast extract and 0.5 % ammonium nitrate; the jars
containing orange peels, 10 % substrate, 2.36 % glucose,
1 % yeast extract and 0.5 % ammonium nitrate; while jars
containing sugar cane molasses, 10 % substrate, 0.5%
ammonium nitrate and 1% yeast extract was added and
volume was adjusted to 700 mL with distilled water. All
jars were plugged with cotton wool and sterilized at 121°C
for 20 min. After sterilization pH of the media was adjusted
to 5 and all jars were inoculated with a SmL inoculum of
S. cerevisiae aseptically. Then all jars were incubated at
32°C for 72h in a shaking incubator at 150 rpm. After a
subsequent growth, the incubation process was stopped.
Microbial biomass was then harvested by centrifugation,
washing with sterile distilled water and then vacuum
filtration through filter paper of 0.45 pm pore size (Khan
etal., 2018).

Determination of dry biomass
Yeast cakes obtained on a sterile filter paper were

then dried into a pre-dried and pre-weighed aluminum pan
to a constant weight in a hot air oven at 70°C for 48 h
(Ojokoh and Uzeh, 2005).

Proximate analysis of dry single cell microbial protein
(SCMP)

Dried single cell proteins obtained by growing S.
cerevisiae on orange peels, apple waste and sugar cane
molasses were subjected to analysis of crude proteins,
carbohydrates, crude fats, and ash contents on the basis
of dry matter, according to their respective procedures
(Association of Official Analytical Chemist, 2006).

Amino acid profile of produced single cell protein

For amino acid profile dried single cell proteins were
crushed, acid hydrolyzed and the amino acid profile was
measured by a High Performance Liquid Chromatography
(Shimadzu LC-20A) automatic amino acid analyzer with
post-column derivatization, using Ortho Phthalaldehyde
(OPA) as a fluorescent agent (Woodward et al., 2007).
All experiments were performed in triplicates and mean
values were recorded.

Effect of replacement of soybean meal with dry SCMP
in broilers ration

A total of 120, one-week old broiler chicks were
obtained from the local market. All birds were divided into
four groups A, B, C, and D and each group was divided
into three replicates with 10 birds per each replicate so
that each group contain 30 birds. In the ration of treated
groups soybean meal was replaced with 2, 4 and 6 g/
kg of produced SCMP, respectively, while group D was
treated as control with no protein replacement as shown
in Supplementary Table 1. At the start, all birds were
vaccinated for Newcastle disease. After 5 weeks blood
samples were collected from all groups and were analyzed
for antibody titre against Newcastle Disease and liver
function tests. Birds in groups were also analyzed for feed
conversion ratio and mortality.

Statistical analysis
In last data was statistically analyzed by analysis of
variance (ANOVA).

RESULTS

Saccharomyces cerevisiae isolate and biomass production

A total of four isolates, 01 from oranges, 02 from
grapes and 01 from peaches were identified S. cerevisiae
microscopically biochemically and a301 bp pcr band. The
identified isolates were named as SCP-1, SCO-1, SCG-1
and SCG-2; isolated from peaches, oranges, and grapes
respectively.
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Table I. Proximate analysis of processed agro-industrial wastes.

Moisture contents %

Crude proteins %

Carbohydrates %  Crude fats % Ash contents %

Orange peels 51.83+4.06 7.67+2.13
Sugarcane molasses ~ 21.35+£1.93 2.08+0.13
Apple waste 76.52+4.23 1.06+.41

30.48+3.16 2.22+1.92 7.82+2.1
65.14+4.11 0% 11.43+£1.93
18.08+2.31 0.83+0.03 3.51+0.2

In the table, each value is the mean standard deviation from three replicates.

Maximum biomass was produced by isolate SCP-1
(4.83 g/1+ 1.63%) followed by SCO-1 (4.56 g/1+ 1.21%)
and SCG-1 (4.33 g/l £ 1.67%) while low biomass was
produced by isolate SCG-2 (3.82 g/l1+ 0.83%).

Proximate analysis of processed agro-industrial wastes

Table I shows proximate compositions of all three
agricultural waste materials. The sugar cane molasses and
orange peels were observed to contain a greater amount
of carbohydrates i.e. 65.14 + 4.11% and 30.48 + 3.16%
respectively and ash contents (minerals and vitamins) i.e.
11.43 +£1.93% and 7.82 + 2.10% respectively as compared
to apple waste. A better quantity of carbohydrates in
orange peels than apple waste is due to the presence of
complex polysaccharides in orange peels, which are
then converted into simple sugar by chemical treatment.
Orange peels were found to contain a significant amount
of crude proteins and crude fats i.e. 7.67 + 2.13% and 2.22
+ 1.92% respectively, as compared to sugar cane molasses
and apple wastes.

Biomass production utilizing different agro-industrial
waste materials

According to the present central composite design,
utilizing apple waste maximum biomass (5.04g/L)
was obtained at glucose concentration 2.7%, pH 5,
shaking at 150 rpm at 32°C. For orguge pcels maximum
microbial mass (5.86g/L) was produced at pH 5, glucose
concentration 2.36%, shaking at 150 rpm at 32°C.

Figure 1 shows biomass production after 48 h
of incubation. Maximum growth of S. cerevisiae was
observed in flasks containing sugar cane molasses as a
substrate (6.42 g/l £ 1.23), followed by orange peels (5.86
g/1+ 0.98), while a minimum growth was observed in a
flask containing apple waste as a substrate.

Figure 2 shows proximate analysis of single cell
protein on the basis of dry matter. The highest percentage
of crude protein (56.11 + 3.89) was observed in single cell
protein obtained from sugar cane molasses as compared
to orange peels (50.67 = 3.41) and apple waste (44.65
+ 2.12). On the other hand, biomass produced on apple
waste was rich in carbohydrates (47.67 £ 2.73) followed
by orange peels and sugar cane molasses.

Fig. 1. Saccharomyces cerevisiae biomass production on
different substrates at different time interval.

Fig. 2. Proximate analysis of single cell microbial protein.

Amino acid profile of dry SCMP

Amino acid composition along with chromatogram of
produced dry single cell protein is presented in Table II.
The results show that there were substantial differences in
the amino acid composition of single cell protein obtained
from different agricultural wastes. The highest percentage
of alanine (24.72 +2.79), glycine (4.15 £ 0.48) and arginine
(13.72 £ 3.39) were observed in dried microbial single
cell protein produced on sugar cane molasses followed by
orange peels and apple waste.

Effect of replacement of soybean meal protein source with
dry SCMP in broilers ration

Data regarding antibody titre, mortality and liver
function tests in broilers is presented in Table III. The level
of antibody titre was significantly (p<0.05) higher within
all treated groups A, B, and C as compared to control
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group D. Higher antibody titre was recorded for group C
(HI>1:64) followed by group B (HI>1:32) and Group A
(HI>1:8) while antibody titre was lower for control group
D. Replacement of soybean meal with single cell microbial
protein did not affect the level of liver enzymes and were
not significant within the groups with p. value of 0.2894,
0.2859 and 0.0627 for ALT, AST and ALP, respectively.
All the tested liver enzymes were observed to be present
in the normal range in all the treated groups A, B, C and
D. Feed conversion rate was not affected in the treated
groups and an average FCR of 1.6 was observed in all the
treated groups. In all treated groups A, B, C and D meat
colour was bright pink with no variations. Mortality was
not significantly affected in all the treated groups. Results
disclosed that higher mortality was observed in control
group D, while lower mortality was observed in Group C
in which maximum soybean meal was replaced with single
cell microbial protein.

DISCUSSION

The beneficial use of S. cerevisiae as protein source
and as probiotic for human, animal and poultry are widely
documented by recent studies that have explained different
mechanisms for its isolation, identification and for its use
as single cell protein and as probiotics. The main criteria
for isolation of indigenous S. cerevisiae is its maximum
growth on various substrates to produce protein rich
biomass and to resist the low pH of the stomach as well as
bile salt in intestine when used as probiotic (Gueimonde
and Salminen, 2006).

For isolation of indigenous S. cerevisiae strains
from different fruit samples, the samples were processed
aseptically and yeast strains were grown on artificial media
supplemented with erythromycin to suppress bacterial
contamination and the same method was adopted by
Guimaraes et al. (2006) for isolation and characterization
of yeast.

Isolation of S. cerevisiae from different fruit samples
revealed its presence normally on different fruits while

isolation of maximum S. cerevisiae isolates from grapes
reveals its significance for the production of wild-type
wine utilizing untreated grapes (Son et al., 2008). As the
main concern was maximum biomass production and the
same was produced by S. cerevisiae isolated from peach,
in this regard the isolate named as SCP-1 was subjected
to biomass production utilizing various agro-industrial
wastes under optimized conditions. Suranska et al. (2016)
also used grape berries and spontaneously fermented
musts to isolate, identify and characterize indigenous S.
cerevisiae using polymerase chain reaction.

Table I1. Amino acid profile of dry SCMP produced on
different agro-industrial wastes.

Amino acids Percent concentration

Apple waste  Sugar cane Orange
molasses peels

1 Aspartic acid  14.57+1.79 0.75+0.1 17.82+3.97
2 Threonine 4.87+1.03 5.25+1.24  4.50+0.26
3 Serine 12.89+3.08 3.83£0.62  2.92+0.17
4  Glycine 2.49+.11 4.15+£0.48  2.88+0.21
5 Alanine 11.37+.95 24.72+2.79 12.43+1.13
6 Valine 5.76+1 9.10£2.22  4.64+0.11
7  Methionine 5.66x1.3 7.85£0.61 0

8 Isoleucine 8.24+1.61 6.02+1.14  4.92+0.21
9 Leucine 14.47+2.34 2.63+0.21 15.90+2.33
10 Tyrosine 4.59+0.81 2.53£0.71  4.52+0.19
11 Phenylalanine 3.32+0.49 14.38+2.16 1.91+0.24
12 Histidine 2.08+0.61 1.14+£0.26  1.34+0.13
13 Lysine 8.79+1.33 1.83+0.41  2.42+0.51
14 Arginine 0.75+0.13 13.72£3.39  5.26+1.54
15 Glutamic acid 0 0.87+0.41  4.69+1.21
16 Proline 0 1.14+0.83  13.83+2.73

In the table each value is the mean standard deviation from three
replicates.

Table I1I. Antibody titre, liver function tests, feed conversion ratio and mortality in broilers.

Groups Average antibody titre ALT (units/L)  AST( units/L) ALP (units/L) FCR Mortality
A 3.66°+0.57 (HI>1:8) 27.66 1.5 143 £7.21 171.67* £13.5 1.658 0.66% +£0.57
B 5.66*£1.15 (HI>1:32) 31.33+2.08 159.33 +9.5 143.33*+16.8 1.621 0.66 +1.15
C 6.33°+0.64 (HI>1:64) 28.33 £3.05 155.33 £12.5 176.67*+£4.16 1.612 oP

D 3.33%1.52 (HI>1:8) 29.33 +2.08 154 +4.16 167.67® £19.5 1.641 1.66* £0.57
P=0.05 0.0189 0.2849 0.2859 0.0427 0.1631  0.026

Group A, Soybean meal was replaced with 2g/kg single cell microbial protein; Group B, Soybean meal was replaced with 4g/kg single cell microbial
protein; Group C, Soybean meal was replaced with 6g/kg single cell microbial protein and group; D, No feed replacement; ALT, Alanine aminotransferase;

AST, Aspartate aminotransferase; ALP, Alkaline phosphatase.
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Yeast have the ability to grow on a variety of substrates,
and to upgrade their protein contents (Babu and Ilyas,
2017). For the said purpose different agro-industrial wastes
were used to produce protein rich biomass. Agricultural
processing wastes contain complex polysaccharides,
which are then converted into simple sugars for easy
uptake by microorganisms. When analyzed for their
proximate composition selected wastes as substrate were
different from each other; the mentioned differences are
expected to be due to different varieties of plant species,
environmental factors and soil physico-characteristics as
discussed by (Barta, 2002). In the present study sugarcane
molasses and orange peels were rich in carbohydrates and
ash contents. A better quantity of carbohydrates in orange
peels than apple waste is due to the presence complex
polysaccharides in orange peels, which are then converted
into simple sugar by chemical treatment.

S. cerevisiae is a great source of single cell protein,
it can be used as safe food and do not cause any health
hazard to humans if consumed. In the present study
elevated S. cerevisiae biomass production was observed in
sugarcane molasses which reveals the significance of high
carbohydrate and mineral contents in sugar cane molasses
and the same support the findings of (Bacha et al., 2011)
and (Lenihan ef al., 2010). The possible reason of lower
growth utilizing orange peels might be due to higher
crude fat contents including limonene which may affect
digestion process and prevent yeast cells from taking
essential nutrients for growth which support the findings
of (Talebnia, 2008). Single cell microbial protein when
analyzed was rich in crude protein which corroborates
the findings of (Ojokoh and Uzeh, 2005). They observed
35.5% of crude proteins from single cell protein obtained
by growing S. cerevisiae on papaya extract. For detection
of optimum incubation period S. cerevisiae isolate SCP-
1 was inoculated on different substrates and incubated
from 0-48 h. Maximum growth was observed at 42 h of
incubation. For the same purpose Babu and Ilyas, 2017
incubated S. cerevisiae isolated from mangrove sediment,
they noted optimum growth after 48hrs of incubation
with 0.5% yeast extract, decrease in time may be due to
optimum medium for the growth of S. cerevisiae with
1% yeast extract and 0.5% ammonium nitrate as a source
of nitrogen. In a similar study (Nofemele et al., 2012)
mentioned that yeast growth and ethanol production was
increased with the addition of urea as nitrogen source.

When analyzed for the presence of amino acids it was
observed that single cell microbial protein produced on
orange peels was deficient in methionine which supports
the findings of (Fred and Peterson, 1921; Kihlberg, 1972;
Tannenbaum and Wang, 1975). While the single cell
protein produced on apple waste and sugar cane molasses

were deficient in glutamic acid and proline. The presence
of optimum quantities of amino acids in produced single
cell protein reveals its significance and use as an ingredient
in human food as well as poultry and animal feed (Carver,
1994; Lowry et al., 1951).

No adverse effect was observed with the replacement
of single cell microbial protein in broilers on internal
body organs and the liver function tests as compared
with control group D. B-1, 3 and B-1,6 glucan along with
Mannanoligosaccharide are used as the significant natural
growth promoters for livestock and poultry production
(Ravindra, 2000; Van et al., 2005). S. cerevisiae is
considered as one of the best microbial protein. When these
are added to the diet of the poultry, positively affected the
poultry health (Patterson and Burkholder, 2003). Field
reports concluded that yeast addition was highly effective
in broilers (Cmiljanic et al., 2001; Banday and Risam,
2001). S. cerevisiae regulates the intestinal microflora
and reinforces the host natural defenses (Line et al.,
1998). The oligosaccharide content is approximately 50%
of the total carbohydrate and improved body weight in
broilers. These products have a positive effect on intestinal
mucosa because due to its administration villus height was
increased, in first week (Santin et al., 2001).

When soybean was replaced with single cell microbial
protein in broilers ration showed a positive effect on the
level of antibody titre. The titre was positively increased in
the groups B, and C as compared with group A and control
group D. Antibody responses have been used as measuring
parameter for detection of the immune response against
an antigen (Davis and Sell, 1989). Humoral immunity was
increased in the mannan oligosaccharide group in the trials
of Shashidhara and Devegowda, 2003 who suggested that
MOS can be used to enhance immunity. The mechanism
of B-glucans in the modulation of the immune system
is understood but the detailed mechanism of the effect
of MOS on the humoral immune system needs to be
explained. One the other hand, Cotter ez al. (2000) and Raju
and Devegowda (2000) conducted experiments in broilers
and they reported that antibody titres against Infectious
bronchitis disease vaccine (IBDV) and Newcastle disease
were not enhanced by the addition of MOS in the feed.

No mortalities were reported in group C in which
soybean meal was replaced with 6g/kg SCMP. The
mentioned results could be due to mannan-oligosaccharides
(MOS) which are used to control the growth of pathogenic
bacteria in the livestock (Laegreid and Bauer, 2004). It is
observed that in the presence of mannan-oligosaccharides
the attachment and colonization of pathogenic bacteria
to the bird’s intestine is inhibited which may protect the
birds from different diseases. On the other hand mannan-
oligosaccharides act as a nutrient to other normal flora
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which enhances the health of birds.

SCMP enhances the broilers immunity, so further
increasing the health status of birds by increasing their
immunity against pathogenic bacteria. Firon et al. (1983)
and Oyofo et al. (1989a) observed that in the presence
of mannose, attachment of Salmonella typhimurium was
inhibited to the small intestine of chicks. It was also
observed that when mannose was included in the drinking
water of chicks, colonization of S. #yphimurium in the
cecum was reduced (Oyofo ef al., 1989a, b).

CONCLUSIONS

The present study concluded that along with
carbohydrates present in different agricultural processing
wastes; vitamins and minerals also play a key role in the
growth of indigenous S. cerevisiae. Single cell protein
produced by growing indigenous S. cerevisiae on different
agro-industrial wastes can be successfully utilized
as protein replacement in broilers feed to combat the
malnutrition problem.
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