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Abstract
The objective of this study was to evaluate the effect of yeast fermentative biomass as a protein source
on blood metabolites, hematological index and serum minerals in buffalo male calves. Four iso-
nitrogenous and iso-caloric diets containing 2, 4, 6 and 8% yeast fermentative biomass as a protein
source were formulated. Twenty buffalo male calves with approximate body weight of 230–240 kg were
used. Calves were divided into four groups with �ve replicates each. The experiment was lasted for 100
days. First 21 days were for adjustment period while remaining time for collection period. These diets
were fed to the animals ad libitum twice a day as a total mixed ration with free access to fresh water for
the entire duration of the experiment. Blood samples were collected by jugular vein at the start and end of
the trial, serum was harvested. Blood metabolites (blood urea nitrogen and blood glucose), hematological
index and serum minerals (calcium, phosphorus, magnesium, sodium, potassium and chloride) were
analyzed. Yeast fermentative biomass had non-signi�cant (P > 0.05) effect on the blood glucose, blood
urea nitrogen, hematological index and blood serum minerals. However, serum calcium concentration
signi�cantly (P < 0.05) increased in the treatment having 8% inclusion level of yeast fermentative
biomass at 100th day. It can be concluded that yeast fermentative biomass may be used as alternate
protein source without any side effect on the level of blood glucose, blood urea nitrogen, hematological
index and serum minerals.

Introduction
Nutrition plays a very important role in livestock production. Feed cost constitutes usually 70% of the
total cost in almost any livestock production system1. Fodders and concentrates are usually used to meet
the maintenance and production requirements of the ruminants. Concentrates have the major share in
compensating the protein requirements. However, as these are the expensive sources so they ultimately
decrease the pro�t margin. Moreover, the availability of conventional protein sources is not su�cient to
meet rapidly increasing livestock production requirements2. Protein ingredients such as cotton seed cake,
soybean meal, canola meal etc. are mostly used for concentrate preparation to ful�ll the requirements of
the animals. The gap between supply and demand of the crude protein to the animals in Pakistan is
37.2%3. Hence, there must be non-conventional source of protein to meet the requirement of animals.

Saccharomyces cerevisiae is a unicellular fungus and belongs to kingdom fungi distributed widely in
nature and has high protein, vitamin and mineral value4. Different yeast species are available but
Saccharomyces cerevisiae is one of the best for culture production because of its growth and metabolic
characteristics. It is rich source of enzymes, vitamins and other unknown cofactors that increase the
activity of microbes in the rumen5, 6 and reported with good amino acid pro�le containing the prebiotic
properties7. It has also the ability to compensate vitamin and amino acid de�ciencies8. Saccharomyces
cerevisiae (SC) improves the mineral and protein value9 and rumen undegradable protein content of the
low protein feedstuffs10. It is one of the most useful yeast which is used widely in baking and other
industries11. Dried cells of microorganism such as algae, fungi, yeast and bacteria referred as single cell
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protein (SCP) can be added as protein source in animal diet12, 13. Chemically, SC consists of proteins
(49.63%), carbohydrates (31.55%), minerals (7.98%), Ribonucleic acid (RNA) (8.12%) and total lipids
(4.64%) of biomass which showed that it has high protein value and nutritional pro�le which can be used
as a protein source in animals feed14. Numerous yeast fermented by-product are produced at the
commercial level and marketed and used extensively in the ruminant feed15. Single cell protein can be
produced on agricultural and processing plant waste16.

Dry yeast can be used as alternate protein source to replace costly protein sources due to its higher
nutritional pro�le17, 18. Supplementation of yeast culture stimulates the growth of bene�cial
microorganisms in the rumen5 and reduces urinary nitrogen excretion. Yeast supplementation also
positively affects the feed intake and nutrient digestion process in the rumen19, 20.

Yeast fermentative biomass can be used as alternate protein source without any effect on the dry matter
intake, digestibility and rumen ecology of the beef cattle21. Yeast fermented ethanol waste increased dry
matter intake (DMI), weight gain22 and improved feed conversion in the beef animals23. Yeast improve
the nutrient digestibility by increasing ruminal cellulolytic bacteria number and balancing ecosystem24. It
improved rumen ecosystem by two ways: by direct production of digestive enzymes and growth
stimulator and by promoting the growth and function of bene�cial microbiota. It also has potential to
produce metabolites, which stimulate the growth, like rumen acetogens and antimicrobial compounds
which inhibit potential pathogens25.

Yeast supplemented in the diet of Holstein cow lowered blood urea nitrogen (BUN) and improved blood
glucose that may be due to better utilization of protein26 and increased in the number of cellulolytic
bacteria24. Whereas in another study, yeast fermentative biomass used as alternate protein source had no
signi�cant effect on the BUN in beef cattle21. In similar study, yeast fermented ethanol waste also had no
effect on BUN and blood glucose in dairy cattle22. Yeast supplementation in the diet of dairy heifers
increased the number of red blood cells (RBCs), white blood cells (WBCs) and improved the concentration
of hemoglobin, calcium, phosphorus, zinc, magnesium and copper in the blood serum. It may be due to
improved absorption of salt and iron which aid in the blood cell formation27. Similarly, adding yeast in the
diet of ruminants signi�cantly increased the concentration of calcium and magnesium in serum28.

Due to high levels of crude protein in yeast, it is hypothesized that yeast fermentative biomass can be
used as protein source in ruminants. The following study was planned to evaluate the single cell protein
(Sc) as a source of protein for substituting canola meal and its effect on nutrient intake, digestibility,
nitrogen metabolism, growth rate, blood urea nitrogen and feed e�ciency in buffalo calves.

Materials And Methods
Housing and management
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This experiment was conducted in buffalo calves at Raja Muhammad Akram Animal Nutrition Research
Center, University of Agriculture, Faisalabad for 100 days. Animals were given 21 days for acclimatization
period while remaining time for collection period. All experimental animals were housed in isolated well-
aerated pens, cemented with concrete, with a connected open yard. Animals were dewormed before the
start of the experiment. During the research period healthy environment and appropriate cleanliness was
maintained in the shed.

Experimental animals and feed

Twenty Nili Ravi buffalo male calves with approximate body weight of 230-240 kg were used. Animals
were separated into four groups with �ve replicates each. Four iso-nitrogenous and iso-caloric diets
holding 2, 4, 6 and 8% yeast fermentative biomass as a protein source was formulated. These diets were
fed to the animals at ad libitum twice a day as a total mixed ration with free access to fresh water for the
entire duration of the experiment.

Growth trial on buffalo calves

Twenty buffalo male calves were used to determine the effect of yeast fermentative biomass on nutrient
intake, digestibility, nitrogen metabolism and growth performance. Formulation and chemical
compositions of these diets are given in Table 1. All the animals were fed on 50% forage and 50%
concentrate containing ration. The crude protein of concentrate was 18% while the crude protein of total
mixed ration was adjusted to 14%. These diets were fed to the calves ad libitum twice a day as a total
mixed ration (TMR) with free access to fresh water for the entire duration of the experiment. 

Animals were weighed after every 15 days before morning feeding to assess their growth performance.
Initial and �nal weights of the calves were used to calculate the average daily gain and total gain. Feed to
gain ratio was calculated by dividing the total feed intake over total weight gain.  Different nutrient
intakes were also calculated. Feces and urine samples were collected by total collection method. During
collection period, data on feed offered and refusal were recorded on daily basis and samples were taken
for chemicals analysis to calculate nutrients intake and digestibility. 

Blood collection and analysis 

Blood samples were collected from the jugular vein at the start and end of the trial, serum was harvested
for further analysis. To collect blood site was sterilized to minimize any contamination. Needle was
attached to syringe and air bubble was removed, inserted �rmly needle at 20° angle, and aspirated
syringe to con�rm insertion and collected blood. Once collection completed, removed vacutainer tube,
then applying pressure over injection site, removed needle and blood transferred to vacutainer.

After collection of the whole blood, allowed the blood to clot by leaving it undisturbed at room
temperature. This took 15–30 minutes. Then removed the clot by centrifuging at 1,000–2,000 x g for 10
minutes in a centrifuge. Glucose was examined by method as described by Davies et al.29 while blood
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urea nitrogen was analyzed by method as de�ned by Bull et al.30. Hematological index was determined
with hematology analyzer. Serum minerals (calcium, phosphorus, magnesium, sodium, potassium and
chloride) were analyzed by atomic absorption spectrophotometry. These samples were analyzed from
Molecular Care Diagnostic Lab, University of Agriculture, Faisalabad.

Complete urine and feces were collected for determination of nitrogen balance on each day during
collection. Blood samples were collected by jugular vein and serum was harvested for further analysis.
Glucose was analyzed by method as described by Davies et al. (2007) while blood urea nitrogen was
analyzed according to method as described by Bull et al. (1991).

Feed and fecal samples were used for nitrogen, neutral detergent �ber and acid detergent
determination. Nitrogen content was calculated by Kjeldhal’s procedure31 and CP was estimated as N ×
6.25. Neutral detergent �ber (NDF) and acid detergent �ber (ADF) were analyzed by the procedure of Van
Soest et al.32.

Statistical Analysis

Data were subjected to analysis of variance using statistical package for social sciences (SPSS)33 and
means were compared by using Tukey’s test.

Results And Discussion
Growth performance and feed e�ciency

A non-signi�cant effect on weight gain was observed in calves fed various levels of yeast fermentative
biomass. Similarly, lack of effect was observed on feed e�ciency and feed to gain ratio in buffalo male
calves fed various levels of yeast fermentative biomass to replace canola meal. A non-signi�cant on
price/kg weight gain was observed in calves across the treatments (Table 2).

Nutrient intake and Nutrient Digestibility

Yeast fermentative biomass   had non-signi�cant difference (P>0.05) on dry matter intake among all the
treatments. Lack of effect on crude protein intake was also observed in calves at all levels of yeast
fermentative biomass  . A non-signi�cant effect was also noticed on neutral detergent �ber and ADF
intakes across the treatments. Similar effect was also found regarding dry matter digestibility. The CP,
NDF and ADF digestibility was also remained unaltered at all levels of yeast fermentative biomass (Table
3).

Nitrogen Balance

Nitrogen intake and its exertion in feces and urine were remained non-signi�cant (P>0.05) at various
levels of yeast fermentative biomass. A non-signi�cant difference was observed on nitrogen balance in
calves among all dietary treatments (Table 4).
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Blood metabolites and hematological index 

Lack of effect was observed on blood metabolites and hematological index in male buffalo calves fed
various levels of yeast fermentative biomass. Although there was slightly higher blood glucose while
decreased BUN in animals fed diet A, however, the results were statistically non-signi�cant (P>0.05)
among all dietary treatments (Table 5).

Discussion
Single cell protein is the edible unicellular microorganism. The microorganisms like fungi, yeast, bacteria
etc. are extensively being employed in fermentation of many kinds of waste materials to get more
protein12. In our study we observed an increase in protein contents from 5.40% to up to 34.34% after
addition of S. cerevisiae as protein supplement even after 96 hours of incubation. Our results were
supported by others34, 35 who also reported an increase in protein contents after S. cerevisiae
supplementation. In a study performed by Darwish et al.36, S. cerevisiae was used in combined mixture to
upgrade the nutritional value of maize stalks using solid state fermentation technique. The crude protein
increased from 3.60–11.80% when S. cerevisiae was used as biological additive material after incubation
of 7 days at 28°C.

Aggelopoulos et al.37 also reported similar �ndings. A study performed by Araújo et al.38 also reported
that use of S. cerevisiae in fermentation would help to increase in protein contents. Correia et al.34

reported that Saccharomyces cerevisiae had signi�cantly increased the crude protein of pineapple waste
from 6.4–16%. Hassaan et al.39 prepared soybean meal using S. cerevisiae to enhance protein contents
and also supported our results. After 96 hours of incubation, protein amount was found to be decrease
which may be due to proteolysis or more production of nitrogen metabolites during fermentation.

Growth Performance And Feed E�ciency
Lack of signi�cant effect on body weight gain is in consistent with Sartori et al.23 who observed that
supplementing yeast in the feed of beef cattle showed non-signi�cant effect on daily weight gain. Titi et
al.40 also observed no effect of yeast supplementation on average daily gain in lambs. However, Sunato
et al.22 found that addition 25% yeast fermented in total mixed ration of dairy cattle resulted in improved
body weight. Other researchers41, 42 observed improved daily weight gain in ruminant animals by the
supplementation of yeast. It was also found that supplementation of yeast improved growth
performance of calves43. This improvement might be due to the supplementation of yeast which
enhanced the �ber digestion and ultimately enhanced feed intake44.

Contray to our �ndings, Özsoy et al.45 reported that goat kids fed diets containing yeast culture
consumed less feed dry matter per kg weight gain than those without supplementation during the
experiment. Lima et al.17 also found that Saanen goats had higher average daily gain and feed
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conversion fed dry yeast compared to control. Panda et al.46 reported lower feed to gain ratio in cross-
bred calves fed without supplementation compared to supplemented animals. No differences on feed
e�ciency in calves fed yeast was in consistent with the �ndings of other researchers47, 48 which might be
attributed to lack of signi�cant effect on feed intake and daily weight gain.

Nutrient Intake
Non-signi�cant results were observed when animals were fed diet containing yeast fermentative
biomass. Our �ndings were in consistent with Prado et al.49 who reported that the replacement of cotton
seed meal with yeast as a protein source did not in�uence nutrients intake in 18 months old heifers. In
another study, Cherdthong et al.21 replaced soybean meal with yeast fermentative biomass (0, 33 67 and
100% substitution) and found non-signi�cant effect on the feed intake and digestibility. Similarly,
Promkot et al.50 reported that addition of different levels of yeast fermented cassava root (10%, 20% and
30% of dry matter) in concentrate had no effect on the dry matter intake among the treatments. It was
shown by Anjum et al.24 that the addition of yeast in the diet of Nili Ravi buffalo had no effect on DMI.
However, Crosswhite et al.51 noticed higher feed intake by supplementing diets with fermented citrus
pulp. The reason for increased intake might be likeness of animals for yeast fermented citrus pulp due to
its speci�c smell and taste or better palatability of the citrus pulp52.

Nutrient Digestibility
Our �ndings were in agreement with Cherdthong et al.21 who reported that replacing soybean meal with
yeast fermentative biomass had no effect on the digestibility of nutrients. Similarly, Titi et al.40 reported
that replacing SBM with inactive dried yeast in beef cattle had no effect on total digestibility and
apparent digestibility of the nutrients. However, Khampa et al.53 showed that replacing concentrate with
yeast fermented cassava chip in one-year old male cattle resulted in improved digestibility of nutrients.
Similarly, Promkot et al.54 reported that replacing SBM with fermented cassava chip improved crude
protein and neutral detergent �ber digestibility in cows (p < 0.05). In another study, Promkot et al.50

showed that by adding 20% yeast fermented cassava root improved the digestibility of neutral detergent
�ber. Increase in digestibility might be due to high count of cellulolytic bacteria which resulted in e�cient
utilization of cellulose and more volatile fatty acids production for energy24. Moallem et al.55 also linked
improvement in �ber digestion with addition of yeast in diet to enhancement in the production of
cellulolytic bacteria.

Nitrogen Balance
Lack of effect of yeast fermentative biomass was in accordance with Mutsvangwa et al.56 who reported
that supplementation of yeast in bull's ration resulted in non-signi�cant effect on urinary and fecal
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nitrogen losses. Lehloenya et al.57 noticed that supplementation of yeast culture in steers had non-
signi�cant effect on nitrogen balance. Bueno et al.58 also reported similar �ndings regarding the effect of
yeast fermented product on nitrogen balance. However, Sawsan et al.59 observed that supplementation of
yeast in the diet of lambs signi�cantly increased the nitrogen balance as compared to non-supplemented
group. Cole et al.60 reported that lambs had higher nitrogen balance raised on ration supplemented with
yeast culture. The higher nitrogen balance may be due to higher production of microbial protein synthesis
as a result of yeast culture61.

Blood Metabolites And Hematological Index
Lack of effect on blood glucose was in consistent with Promkot et al.54 who showed that adding yeast
fermented cassava chip in the diet of cows had no effect on blood glucose level. Similarly, Sunato et al.22

reported that adding yeast fermented ethanol waste (0, 25, 35 and 45% of dry matter) in the total mixed
ration of the dairy cattle had no effect on blood glucose. However, Dehghan-Banadaky et al.62 found that
dairy cow supplemented with live yeast had high blood glucose compared to control group (P < 0.05). In
similar study, Dolezal et al.26 reported that adding yeast culture in the diet of Holstein cow increased
blood glucose. The probable reason for this might be that adding glycerol enriched yeast in the diet of
animals resulted in increase in plasma glucose concentration63.

Our �ndings on BUN was in agreement with Sunato et al.22 who pointed out that adding yeast fermented
ethanol waste in dairy cattle had no effect on BUN. Similarly, Cherdthong et al.21 showed that replacing
SBM with yeast biomass had no effect on concentration of BUN. Contrary to this, Dehghan-Banadaky et
al.62 reported that adding live yeast in the diet of dairy cow lowered BUN compared to the control group
(P < 0.05). Addition of yeast cell wall to dairy cow resulted in lower BUN concentration probably because
of the better utilization of NH3-N and better stimulation for ruminal microbial protein synthesis64.

A non-sign�cant effect was observed on hematological index was non in line with Ghazanfar et al.25 who
showed that yeast supplementation in the diet of dairy heifers increased the counts of red blood cells
(RBCs) and white blood cells (WBCs) and improved the level of hemoglobin. Similarly, Osita et al.27

reported that diet containing yeast resulted in increase in packed cell volume (PCV), hemoglobin
concentration and count of the RBCs and WBCs in African dwarf sheep. The erythrocyte, hematocrit and
hemoglobin indices were superior in rabbit supplemented with yeast as compared to control group65.

Conclusion
The study revealed that Saccharomyces cerevisiae is a good choice for development of excellent source
of protein from agro-industrial waste for livestock feed. This yeast fermentative biomass may be used
successfully as new non-conventional feed ingredient to replace costly conventional protein source i.e.
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canola meal without any adverse effect on nutrient intake, digestibility, nitrogen balance and growth
performance of calves.
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Table 1
Ingredients and chemical composition of the experimental diets

Ingredients Experimental diets

  2% YFB 4%

YFB

6%

YFB

8%

YFB

Yeast fermentative biomass 2 4 6 8

Maize oil cake 2 2.5 2.5 2

Corn gluten 30% 3 3.4 3.45 3.2

Molasses 5.25 8 9 9

Rice polish 21.75 22 22 21.9

Canola meal 18 16 14 12

Sun�ower meal 3 3 3 3

Wheat bran 21.5 20 20.1 21.65

Corn grain 18 15.6 14.45 13.75

Cotton seed cake 3 3 3 3

Urea 0.5 0.5 0.5 0.5

Mineral mixture 2 2 2 2

Total 100 100 100 100

Nutrients composition (%)        

Crude protein (%) 18.01 18 18 18

Metabolizable energy (MCal/kg) 2.8 2.8 2.8 2.8

Total digestible nutrient (%) 76.4 76 75.61 75.08

Neutral detergent �ber (%) 26.64 25.97 25.72 25.79

Acid detergent �ber (%) 13.9 13.61 13.4 13.22

Yeast fermentative biomass (YFB) 2, 4, 6 and 8% represents 10, 20, 30 and 40% substitution of canola
meal in the concentrate diet, respectively.
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Table 2
Effect of different levels of yeast fermentative biomass on growth performance and feed e�ciency in

male buffalo calves
Parameters Experimental diets *SEM

2%

YFB

4%

YFB

6%

YFB

8%

YFB

Initial weight, (kg) 185.33 209.33 229.00 208.00 6.46255

Final weight, (kg) 259.50 277.3333 298.0000 284.3333 6.00772

Weight gain, (g/day) 741.667 680.00 690.00 763.33 37.73475

Feed e�ciency 0.1159 0.1034 0.0956 .1005 0.00429

Feed to gain ratio 8.6407 9.6761 10.5503 10.5012 0.47577

Price/kg weight (Rs.) 222.92 226.76 248.56 252.37 8.09

*Standard error of mean

Yeast fermentative biomass (YFB) 2, 4, 6 and 8% represents 10, 20, 30 and 40% substitution of canola
meal in the concentrate diet, respectively.



Page 17/19

Table 3
Effect of different levels of yeast fermentative biomass on nutrient intake and digestibility in male

buffalo calves
Items Experimental diets *SEM

2% YFB 4%

YFB

6%

YFB

8%

YFB

Nutrient Intake, kg/day

Dry matter 6.39 6.58 7.29 7.48 0.25

Crude protein 1.04 1.13 1.28 1.40 0.07

Neutral detergent �ber 2.26 2.44 2.69 3.08 0.16

Acid detergent �ber 1.34 1.37 1.49 1.56 0.04

Nutrient Digestibility, %

Dry matter 62.30 61.51 68.67 68.10 1.29

Crude protein 74.62 73.57 78.28 80.35 1.62

Neutral detergent �ber 54.83 59.07 67.22 68.69 2.54

Acid detergent �ber 58.88 57.21 69.68 65.77 1.76

*SEM: Standard error of mean

Yeast fermentative biomass (YFB) 2, 4, 6 and 8% represents 10, 20, 30 and 40% substitution of canola
meal in the concentrate diet, respectively.
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Table 4
Effect of different levels of yeast fermentative biomass on nitrogen balance in male buffalo calves

Parameters (g/day) Experimental diets *SEM

2% YFB 4%

YFB

6%

YFB

8%

YFB

Nitrogen intake (g/day) 167.33 180.92 205.67 224.48 12.308

Nitrogen in feces (g/day) 41.64 47.19 40.77 43.70 1.382

Apparent absorption (g/day) 125.68 133.72 164.89 180.77 12.476

Nitrogen in urine (g/day) 103.23 100.74 139.30 148.12 12.394

Nitrogen balance (g/day) 22.45 32.98 25.59 32.65 1.712

Nitrogen retention (%) 13.75 18.58 13.72 14.58 1.201

*SEM: Standard error of mean

Yeast fermentative biomass (YFB) 2, 4, 6 and 8% represents 10, 20, 30 and 40% substitution of canola
meal in the concentrate diet, respectively.
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Table 5
Effect of different levels of yeast fermentative biomass on blood metabolites and hematological index in

male buffalo calves
Parameters Experimental diets *SEM

2%

YFB

4%

YFB

6%

YFB

8%

YFB

Blood glucose (mg/dL) 46.67 45.33 45.00 57.33 3.218

BUN (mg/dL) 26.33 22.33 19.67 21.67 1.048

WBCs (103/µL) 14.49 15.22 15.36 15.96 1.658

RBCs (106/µL) 9.23 8.02 8.33 8.34 0.238

HGB (g/dL) 12.63 10.96 11.33 11.33 0.306

HCT (%) 38.16 33.40 35.43 34.13 0.810

MCV (fL) 41.30 42.06 42.66 40.93 0.734

MCH (pg) 13.70 13.76 13.60 13.60 0.173

MCHC (g/dL) 33.100 32.800 32.000 33.167 0.283

PLT (103/µL) 252.33 277.67 256.67 227.67 35.687

*SEM: Standard error of mean

Yeast fermentative biomass (YFB) 2, 4, 6 and 8% represents 10, 20, 30 and 40% substitution of canola
meal in the concentrate diet, respectively.


