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The present study throw lights on the influence of dietary supplementation of live dried yeast
Saccharomyces cerevisiae and chitozan on digestion coefficient and molecular biology of some
cellulolytic bacteria in male Balady goats. A total number of 12 castrated adult male Balady
goats aged one-year-old were allocated into three equal groups. Concentrates were offered at
rate of 3% of body weight. Experimental groups were control group fed on basal diet without
any feed additives, Saccharomyces cerevisiae group fed on basal diet with S. cerevisiae
additive at rate of 0.3% (3 Kg/ton concentrate), and chitosan group fed on basal diet with
chitosan additive at rate of 0.2% (2 kg/ton concentrate). Results revealed significant increase
(p <0.05) in nutrient digestibility of dry matter, crude protein, ether extract (EE), crude fiber,
nitrogen free extract, and Ash. Moreover, there was a significant (P< 0.05) up regulation of
genes expression level in S. cerevisiae and chitosan groups when compared with the control
except in EE showed non-significant increase in chitosan group compared with the control
group. Thus, it is recommended to use S. cerevisiae to improve feed efficiency of diet, growth

and multiplication of ruminal microbes.

1. INTRODUCTION

Goat meat has gained market mainly due to increased
demand for healthy foods because of its low-fat content.
Goat play an important economic role and make a significant
contribution to both domestic and export markets through
provision of food (meat and milk) and non-food (manure,
skin and wool) products (Polizel et al., 2016). Although
goats play a significant role in national economy of the
country to date the benefit obtained from these livestock are
hampered by different constrains (Duguma et al., 2011). In
recent years, there has been considerable interest in food
safety implications of probiotics and prebiotics (Jacob and
Nagaraja, 2012). Saccharomyces cerevisiae as probiotics
have been extensively used in ruminants for improving
performance and normalizing rumen fermentation (Chevaux
and Fabre, 2007). In addition, yeast saccharomyces
cerevisiae create better conditions for the growth of
anaerobic cellulolytic bacteria by using the traces of
available oxygen on the surfaces of freshly ingested feed and
stimulate their attachment to cellulose particles. Yeasts can
improve rumen bacterial growth and protein synthesis,
bacterial enzymatic activities, digestion of fiber, voluntary
feed intake and animal production (Roger et al., 1990;
Jouany et al., 1999). Numerous studies documented positive
effects of YC not only on the rumen environment, but also
on the improvement of microbial activities (Chevaux and
Fabre, 2007). Chitozan, a deacetylated chitin, is widespread
in nature from the exoskeletons of arthropods such as crabs,
shrimps, insects, and other marine creatures in the
crustacean family are good sources of chitozan (Li et al.,

2009). Chitozan has become a new candidate as a growth-
promoter for farm animals. Chitozan can be used as an
additive modulator of rumen fermentation because its
capability to improve nutrient digestibility (Aradjo et al.,
2015; Mingoti et al., 2016). Therefore, the present study was
undertaken to compare the impacts of feeding
Saccharomyces cerevisiae on rumen fermentation functions
and activity of fibrolytic bacteria in male balady goats.

2. MATERIAL AND METHODS

2. 1. Experimental design:

A total number of 12 castrated healthy adult male Balady
goats aged one year old and weighing 24+1 Kg were
obtained from a private farm for Balady goats' production in
El-Kalioubia Governorate, Egypt during the period from the
end of December 2017 till the end of April 2018 (4 months).
The animals were allocated into three similar groups (4
males for each group) with a completely randomized design.
Concentrates were offered at rate of 3% of live body weight.
The feed additives used in this study included are (1)
Saccharomyces cerevisiae (Brewer's yeast, Angle Yeast Co.,
Inc. assay) with 3x10° CFU/gm (2) Chitozan (Marine
chemicals Co.) extracted from crab shells of medium
molecular weight, deacetylation degree was >85%. The
experimental groups were control group fed on basal diet
without any feed additives, Saccharomyces cerevisiae group
fed on basal diet with Saccharomyces cerevisiae additive at
rate of 0.3% (3 Kg/ton concentrate), and chitozan group fed
on basal diet with chitozan additive at rate of 0.2% (2 kg/ton
concentrate). The animals were reared for 4 months as the
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15t month for acclimatization of goats for new environmental
conditions, the 2" month for adaptation of goats to feed
additive substance and last two months for collection of the
samples.

All animals were managed at the same environmental and
nutritional conditions. The goats were housed in separated
pens of the same size (one pen for each group) with special
feeders and drinkers. The feed and the water were supplied
ad libitum. The ratio between goats and feeder was 4:1.
Goats were fed on concentrate feed mixture ration (its
ingredients and its chemical analysis are illustrated in table
1) with about 14% crude protein. Samples of ruminal juice
for expressions of selected bacterial DNA of Ruminococcus
flavefaciens, Ruminococcus albus and Fibrobacter
succinogenes genes collected at the beginning of the 31
month of experiment (8" week) then continued every 2
weeks till the end of experiment (16™ week). Fecal samples
were collected three times at the beginning of the 3 month
of experiment (8" week), beginning of the 4" month (12t
week) and at the end of the 4" month (16" week).

Table 1 The feed ingredients and chemical analysis of the ration for adult
goats
Feed ingredients %

Chemical analysis (%) of %
the basal diet on dry matter
basis

Yellow corn (8%pt.) 55% Dry matter (DM) 82.3
Wheat bran. 15.8%  Crude protein (CP) 14.05
Soybean meal (47%pt.) 13.6% Ether extract (EE) 4.63
Soybean meal hulls 9.5% Crude fiber (CF) 7.31
Molasse 1.5% Ash 7.01
Vit.& Min. premixture 0.3% NFE 49.29
Limestone 2.4% TDN 70.25

0.4%
1%
0.5%
100

Sodium bicarbonate
Sodium chloride
Ammonium chloride

Sum

The TDN (total digestible nutrients) = the percentage of food that digested from
carbohydrate, proteins and fats

2.2. Determination of digestibility coefficient of diet:

Only a 10% of collected fecal matter (representative

samples) was taken and were dried at 60° C for 48 hrs to

remove water content. DM content was determined, the dry

samples were ground allowed to pass through 1 mm. screen

sieve and kept for analysis (Mousa et al., 2012).

Proximate chemical analysis of feed and feces samples for

dry matter (DM), crude protein (CP), ether extract (EE),

crude fiber (CF), nitrogen free extract (NFE) and ash was

done according to A.O.A.C. (1995).

Feed digestibility coefficient for feed stuff was determined

as follow (McDonald et al, 2011):

Digestibility coefficient= (feed intake - feces weight) x100.
Feed intake

2.3. Determination of expressions for selected bacterial
DNA of Ruminococcus flavefaciens, Ruminococcus albus
and Fibrobacter succinogenes genes by real-time PCR
analysis.

Rumen liquor samples were collected after morning meal,
using a suitable stomach tube connecting with a suction
plastic syringe 250 ml capacity (Grummer et al., 1993).
About 100-200 ml of rumen fluid was collected in sterile,
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clean and dry Peaker. Samples of rumen fluid were taken 3-
4 hours after feeding (Dolezal et al., 2005).

The rumen fluid samples were immediately collected and
placed in 2 ml Eppendorf tube and stored at -80°C till RNA
extraction by using Real Time polymerase chain reaction
(RT-PCR) with 16S rRNA (Stevenson and Weimer, 2007).
Forward and reverse primers sequence for Ruminococcus
flavefaciens, Ruminococcus albus and Fibrobacter
succinogenes genes were showed in table 2.

Table 2 Forward and reverse primer sequences used in gPCR.
forward primer (5™ ------ 3) reverse primer (5 ------ 13)

Ruminococcus
flavefaciens

GGACGATAATGACGGTACTT GCAATC(CT)GAACTGGGACAAT

Fibrobacter GGTATGGGATGAGCTTG

succinogenes

GCCTGCCCCTGAACTATC

Ruminococcus CCCTAAAAGCAGTCTTAGTTCG

albus

CCTCCTTGCGGTTAGAACA

2.4, Statistical analysis:

All collected numerical data were tested statistically by
using One-Way ANOVA at 5% level of significance
followed by Fishers Least Significant Difference test (LSD).
Duncan multiple tests at (p <0.05) (Duncan, 1959) were
applied to evaluate the differences among means. The
statistically homogenous means were denoted by similar
alphabets. All analyses were performed using SPSS 16.0
version for Windows.

3. RESULTS

3.1. Digestibility coefficient of diet:

Table 3 showed that the dry matter digestibility (DM)
percentages, crude protein digestibility (CP) percentages,
crude fiber (CF) digestibility and nitrogen free extract (NFE)
significantly increased in both S. cerevisiae and chitozan
groups when compared with the control group. Also, there
was significant increase in Saccharomyces cerevisiae group
when compared with chitozan group during all periods of
treatment. The ether extract digestibility (EE) percentages
increased significantly in S. cerevisiae groups and non-
significantly in chitozan group when compared with the
control group during all periods of treatment.

Ash percentages digestibility significantly increased in both
S. cerevisiae and chitozan groups when compared with the
control group. All periods of treatment except at 12t week
increased significantly (Table 3)

3.3.  Expressions of Ruminococcus flavefaciens,
Ruminococcus albus and Fibrobacter succinogenes bacterial
DNA genes

Treatment with Saccharomyces and chitozan groups caused
a significant (P<0.05) up regulation of R. flavefaciens, R.
albus and F. succinogenes gene expression compared to the
control, with the significant highest expression in
Saccharomyces treated group than chitozan and control
groups during all periods of treatment (Table 4). R.
flavefaciens gene expression level at 4" week was increased
non-significantly in Saccharomyces treated group when
compared with chitozan group. Also, the data revealed that
there was a significant increase in the expression level of R.
flavefaciens, R. albus and F. succinogenes genes in chitozan
group than control group.
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Table 3 Effect of feeding of Saccharomyces cerevisiae and chitosan on digestibility coefficient (%) of diet (mean + SE, n = 12)

D.C Control Saccharomyces Chitozan
8 week 121 week 16" week 8 week 12 week 16™ week 8™ week 12 week 16" week

DM 60.99+0.72°¢ 62.39+0.75°¢ 61.90+0.71°¢ 70.79+0.36% 71.67+0.30% 71.38+0.63% 67.08+0.21° 67.49+0.43° 68.03+0.16°
CP 58.68+0.42°¢ 59.38+0.36° 59.23+0.30° 66.70+0.272 67.96+0.33% 66.76+0.48% 63.61+0.49° 64.36+0.82° 65.01+0.54°
EE 81.48+0.37° 82.01+0.84° 82.12+0.75P 83.62+0.55% 85.00+£0.722 84.52+0.64% 82.27+0.31% 83.83+0.66% 83.45+0.75%
CF 61.08+0.21°¢ 62.10+0.28° 61.78+0.31° 68.71+0.312 69.66+0.46% 69.02+0.40% 65.69+0.58° 65.97+0.80° 66.67+ 0.49°
NFE 66.40+0.38° 67.98+0.49° 67.14+0.33° 80.28+0.372 80.42+0.10% 80.79+0.27% 75.54+0.26° 75.84+0.38° 76.20+0.51°
Ash 11.88+0.69° 12.38+0.69¢ 11.88+0.69° 20.68+0.80* 21.76+0.83% 20.68+0.80% 18.48+0.907 18.15+0.84° 18.27+0.90°

Means with different letters in the same rows are significantly different (p < 0.05).

Table 4 Effect of feeding of Saccharomyces cerevisiae and chitosan on expression of selected bacterial DNA of R. flavefaciens, R. albus,

genes (Fold change, mean * SE, n=12)

and F. succinogenes

Period Control Saccharomyces Chitozan
R. flavefaciens R. albus F. succinogenes R. flavefaciens R. albus F. succinogenes R. flavefaciens R. albus F. succinogenes
8M week 1.00+0.05° 1.00+0.04°  1.00+0.04¢ 3.71+0.13% 2.93+0.14% 3.61+0.15% 3.30+0.11% 2.10£0.11°  2.66+0.10°
10" week  1.00+0.05° 1.00+0.08°  1.00+0.08° 3.26+0.15% 11.50+0.37%  8.02+0.272 2.21+0.1° 9.27+0.26"  2.59+0.14°
12t week 1.00+0.06¢ 1.00+0.08°  1.00+0.05° 4.48+0.14% 12.32+0.46*  8.90+0.25% 2.38+0.11° 4.83+0.30°  4.18+0.20°
14" week  1.00+0.07° 1.00+£0.04°  1.00+0.07¢ 4.51+0.18% 5.04+0.25% 10.58+0.32% 2.16+0.13° 2.59+0.12°  8.30%0.25°
16" week 1.00+0.07¢ 1.00+0.06°  1.00+0.05° 8.48+0.18% 3.54+0.21% 4.24+0.217 3.54+0.13° 3.3740.18°  2.70+0.13°

Means with different letters in the same rows are significantly different (p < 0.05).
4. DISCUSSION

Concerning to the digestibility coefficient of diet, the
obtained results revealed that Saccharomyces cerevisiae
group had significantly higher in nutrient digestibility of dry
matter (DM), crude protein (CP), ether extract (EE), crude
fiber (CF), nitrogen free extract (NFE) and Ash than the
control group. These results are in consistent with those
obtained by Helal et al. (2010) in lactating Rahmani ewe
who found significant increase in nutrient digestibility of dry
matter (DM), crude protein (CP), ether extract, crude fiber
(CF), nitrogen free extract (NFE) and Ash in yeast
containing Saccharomyces cerevisiae groups compared with
the control group and Ghazanfar et al. (2015) in small dairy
breeds heifers who found significant increase in nutrient
digestibility of dry matter and crude protein in
Saccharomyces cerevisiae groups compared with the control
group. These results are in partially agreement with the
results obtained by Bhanderi et al. (2016) in cows who
recorded significant increase in digestibility of DM, CP and
CF and non-significant increase in EE and NFE in a yeast
containing Saccharomyces cerevisiae groups compared with
the control group. Also, these results are partially agreed
with those obtained by Mousa et al. (2012), who found
significant increase in digestibility of DM, CP and CF in a
yeast containing Saccharomyces cerevisiae groups while EE
digestibility increased non significantly in a yeast containing
Saccharomyces cerevisiae groups compared with the control
group in male lambs. Moreover, these results are partially
agreed with those obtained by Reséndiz-Hernandez et al.
(2012) in lambs who recorded significant increase in nutrient
digestibility of dry matter and non-significant increase in
crude protein in yeast containing Saccharomyces cerevisiae
groups compared with the control group.

On the contrary, GarcdAa et al. (2000) in sheep reported
non-significant change in digestibility of DM in a yeast
culture containing Saccharomyces cerevisiae group
compared with the control group. On the same respect, Ding
et al. (2008) in lambs revealed no significant increase in
nutrient digestibility of dry matter and crude protein and
starch (NFE) in Saccharomyces cerevisiae group compared
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with the control group. Also, Kowalik et al. (2016) in rams
found non-significant decrease in nutrient digestibility of
crude protein, crude fiber and N-free extract in yeast
containing Saccharomyces cerevisiae groups compared with
the control group. These results may be attributed to
different animal species of the studies or the differences in
the level of addition of SC used or different strains of SC
used (Newbold, et. al., 1995) or nature and quality of diet
fed to animals (Desnoyers et al., 2009) as variation may be
due to the variation in animal species (Ding et al., 2008;
GarcBAa et al., 2000; Mousa et al., 2012; Reséndiz-
Hernéndez et al., 2012) for lambs or may be due to the
variation different strains of SC used Saccharomyces
cerevisiae (Levucell) (Bhanderi et al., 2016; Kowalik et al.,
2016) or may be due to the nature and quality of diet fed to
animals (Kowalik et al., 2016).

The increase in crude protein (CP) digestibility in
Saccharomyces cerevisiae group due to stimulation of
proteolytic rumen bacteria (Williams et al., 1991) and the
increase in crude fiber (CF) digestibility due to increased
cellulose degrading microbial biomass population inside
rumen so improve crude protein (CP) and crude fiber (CF)
digestibility which affected by yeast supplementation
(Ghazanfar et al., 2015). The increased digestibility can be
due to stable rumen pH and removal of oxygen from the
rumen in the yeast supplemented group. That stable rumen
pH provides better environment for growth of rumen
microbes, especially cellulose degrading bacteria and fungi.
At the same time the anaerobic condition inside rumen also
helped in better growth of fibrolytic microbial biomass helps
increase fiber digestibility (Bhanderi et al., 2016).
Consequently, these microbial species helped in better fiber
digestion. The stable pH also enhanced microbial protein
synthesis in the rumen (Lascano et al., 2012).

The results of the present study revealed that the feeding of
chitozan showed significantly higher nutrient digestibility of
dry matter (DM), crude protein(CP), crude fiber (CF),
nitrogen free extract (NFE) and ash than the control group
except in EE showed non-significant increase in chitozan
group comparing with the control group. These results were
nearly similar to the results of Aradjo et al. (2015) in steers,
Mingoti et al. (2016) in dairy cows, Dias et al. (2017) in



Abd- Elkader et al. (2019)

BVMJ 37 (2): 66-71

steers and Del Vallea et al. (2017) in Holstein dairy cows
who reported that supplying chitozan significantly increased
the digestibility of dry matter (DM), crude protein (CP) and
did not show any significant change in EE digestibility.
Also, these results are partially in agreement with those
obtained by Henry et al. (2015) in beef heifers who recorded
significant increase in nutrient digestibility of dry matter in
chitozan group compared with the control group but no
significant differences for digestibility of CP in chitozan
group compared with the control group. Moreover, these
results are partially agreed with those obtained by Goiri et
al. (2014) in sheep, who showed non-significant decrease in
nutrient digestibility of CP and EE in chitozan group as
compared to the control. Also, Gandra et al. (2016) in beef
heifers showed significant increase in nutrient digestibility
of DM but non-significant increase in CP and EE in chitozan
group compared with the control group. Moreover, the
obtained results of the present study are partially agreed with
those obtained by Vendramini et al. (2016) in Holstein cows
who found non-significant changes in DM and CP and EE in
chitozan (CH) comparing with the control. On the contrary,
Wencelova et al. (2014) in sheep reported significant
decrease in digestibility of DM in chitozan group compared
with the control group. These results may be attributed to
different animal species of the studies or the dosage of
chitozan used or nature and quality of diet fed to animals
(Vendramini et al., 2016) as variation may be due to the
variation in animal species (Goiri et al., (2014), Gandra et al.
(2016) and Vendramini et al. (2016) in lambs, beef heifers
and Holstein cows, respectively) or variation may due to the
level of dose of chitozan used 0.5 and 1% of dietary (Henry
et al., 2015).

The significant increase of nutrient digestibility of dry
matter, nitrogen free extract (NFE), crude fiber, crude
protein and ash in chitozan group than control group can be
attributed to that CHI action on ruminal bacteria responsible
for proteolysis and deamination since CHI have also
indicated by increased ruminal ammonia nitrogen in this
study.

The significant increase of nutrient digestibility of crude
fiber in chitozan group than control group could be attributed
to that CHI stimulate growth and activity of cellulolytic
bacteria because antimicrobial activity of chitozan help in
better growth of fibrolytic microbial biomass helps increase
fiber digestibility indicated by significant up regulation of
Ruminococcus albus, Ruminococcus flavefaciens and
Fibrobacter succinogenes genes expression level in chitozan
treated group when compared with the control during all
periods of treatment in this study.

The chitozan mechanism of action is still not clear, but ionic
interactions between positively charged surface chitozan
amino groups and negatively charged in the surface of
bacteria, resulting in alteration of membrane permeability,
has been the most acceptable theory (Helander et al., 2001;
Kong et al., 2010). Zhong et al. (2008) reported that Gram-
positive bacteria are more susceptible to derivatives of CHI
as a con- sequence of the Gram-negative outer membrane
barrier. The in- crease in protein digestibility could be
related to the action of CHI on bacteria which promote
proteolysis and deamination, resulting in a decrease of
ruminal protein degradation and increasing amino acids
availability in the intestine, a similar effect of ionophores
(YYang and Russell, 1993). Thus, we suggest that the increase
of the nutrient digestibility with CHI addition is due to its
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capacity to change rumen microorganisms and digestive
processes, acting mainly on the gram-negative bacteria,
which are justified by improvement in NDF and CP
digestibility. Also, the non-significant change in EE could
be interacting with negatively charged free FA, thereby
preventing the biohydrogenation process, and/or could be
affecting certain microbial population's growth. Another
reason which may explain the absence of CHI effects on FA
biohydrogenation in the current study is the level of EE in
the diet (Mingoti et al., 2016).

Regarding the expressions of bacterial Ruminococcus
flavefaciens, Ruminococcus albus and Fibrobacter
succinogenes genes, the obtained results from the present
study revealed a significant (P<0.05) up regulation of
Ruminococcus flavefaciens, Ruminococcus albus and
Fibrobacter succinogenes genes expression level in yeast
containing saccharomyces cerevisiae in ruminal fluid
following administration of Saccharomyces cerevisiae
treated group when compared with the control during all
periods of treatment. These results are in consistence with
the findings obtained by Jiang et al. (2017) in lactating dairy
cows and Ogunade et al. (2019) in steers, who revealed that
addition of SC significantly increased the gene expression of
cellulolytic bacteria in yeast containing Saccharomyces
cerevisiae group compared with the control group. On the
same respect, Chaucheyras and Fonty (2001 and 2002) in
lambs and Bhanderi et al. (2016) in Kankrej cows revealed
that addition of SC significantly increased the cellulolytic
bacteria number in yeast containing Saccharomyces
cerevisiae group compared with the control group. These
results are partially in agreement with obtained by Vyas et
al. (2014) in beef heifers who recorded significant increase
in Ruminococcus flavefaciens gene expression and non-
significant changes in F. succinogenes gene expression in
yeast containing Saccharomyces cerevisiae group compared
with the control group

The higher expression level of Ruminococcus flavefaciens,
Ruminococcus albus and Fibrobacter succinogenes genes
following administration of Saccharomyces cerevisiae
treated group than non-treated control may attributed to
yeast supplements increase dry matter degradation rates and
thereby improve the release of energy that can be used for
microbial growth (Chaucheyras and Fonty, 2002; Kamel et
al., 2004) indicated by decrease of ruminal ammonia
nitrogen because numerous bacterial species, particularly
cellulolytic bacteria, use ammonia as a preferential source of
nitrogen (Chaucheyras and Fonty, 2002). Also, Live S.
cerevisiae strains are capable of oxygen scavenging in vitro
and in vivo (Newbold et al., 1995; Chaucheyras et al., 1996).
A lower redox potential would provide better conditions for
growth and metabolism of anaerobic microorganisms,
especially for extremely oxygen sensitive species such as
cellulolytic organisms because cellulolytic species are
known to be extremely oxygen-sensitive and indeed oxygen
acts as a toxic substance (Hungate, 1996). About 10-20 | of
oxygen are considered to enter the rumen of adult animals
within a day, particularly during the meals, and up to 3 mM
of dissolved O2 are measured in ruminal fluid (Ellis et al.,
1989). Moreover, nutrients supply (vitamins, amino acids,
peptides) by the yeast could stimulate growth of certain
microorganisms at the beginning of rumen colonization.
Yeasts are also reported to release vitamins and other growth
factors (organic acids, B-vitamins and amino acids) that are
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essential for the growth of cellulolytic bacteria (Chiquette,
2009).

Regarding to the effect of feeding of chitozan on gene
expression of cellulolytic bacteria selected bacterial DNA of
Ruminococcus flavefaciens, Ruminococcus albus and
Fibrobacter succinogenes genes, the present study revealed
a significant up regulation of Ruminococcus flavefaciens,
Ruminococcus albus and Fibrobacter succinogenes gene
expression level in chitozan group when compared with the
control during all periods of treatment. These results are in
not agreement with the results of Belanche et al. (2016) who
reported that supplying chitozan (CHI) on in in-vitro rumen
digestion and fermentation as artificial rumen system of
Holstein—Frisian cows caused negative impact on the
abundance of most of the rumen cellulolytic bacteria. These
results may be attributed to different animal species of the
studies or related to the diet composition (forage to
concentrate ratio), the dosage, and the method of supply (in
vitro supply) (vendramini et al., 2016). But in this study,
there was significant up regulation of cellulolytic bacteria
with significant increase in CF digestibility in chitozan
group when compared with the control during all periods of
treatment so need further investigation because the
literatures cited in effect limited due to recent application of
chitozan in ruminant as antimicrobial feed additive.

The significant increase in bacterial community different
species suggested that these chitooligosaccharides can
further be used by some gut bacteria as carbon source (Chen
et al., 2002) and could explain to some extent the change in
the bacterial community Thus, we suggest that the increase
of the nutrient digestibility with CHI addition due its
capacity to change rumen microorganisms and digestive
processes, acting mainly on the Gram-positive bacteria, that
is justified by improvement in NDF and CP digestibility
(Mingoti et al., 2016).
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