: Zagazig Veterinary Journal, ©Faculty of Veterinary Medicine, N

g Zagazig University, 44511, Egypt. H i

‘{7‘. 3 Volume 48, Number 2, p. 153-164, June 2020 @/;
DOI: 10.21608/zvjz.2020.20416.1088 '\.._M, e

RESEARCH ARTICLE
Evaluation Study on the Effect of Saccharomyces cerevisiae and Lactobacillus casei on

Some Ruminal and Biochemical Parameters in Fattening Calves

1026

Ossama |. Eladawi®’, Shaimaa M. Gouda®, Elabasy M. Elnaggar” and Sobhy El. Maghawry?

'MSD Animal Health, 5™ Settlement, New Cairo, 11835, Egypt
Animal Medicine Department, Internal Medicine, Faculty of Veterinary Medicine, Zagazig
University, 44511, Egypt

Article History: Received: 15/12/2019 Received in revised form: 07/01/2020  Accepted: 26/01/2020

Abstract

This study was designed to evaluate the effect of Saccharomyces cerevisiae and
Lactobacillus casei on some ruminal and biochemical parameters in sixty healthy fattening
calves in a private dairy farm at Sharkia Governorate, Egypt. Three groups were included in the
experiment, each contains 20 calves. The first Group (G1) served as a control that received a
basal diet as total mixed ration. The second (GZP and the third (G3) Groups received the same
ration in addition to Saccharomyces cerevisiae °?® and Lactobacillus casei, respectively, both
were added by 5 g per head per day for three months experiment. Blood samples were collected
monthly for three times. The results demonstrated that supplementation of Saccharomyces
cerevisiae '%%° and Lactobacillus casei to calves’ feed improved fecal, respiratory and locomotors
scores. They increased the ruminal contraction (3.66 £0.33/2 minutes), protozoal population and
activity and total volatile fatty acids (87.66 £1.45 mmol/L). On the other hand, both supplements
reduced the ruminal ammonia concentration (25.16 +1.12 mmol/L), but ruminal juice pH was
elevated in case of Saccharomyces cerevisiae *°*° (6.53 10.062 and stabilized in case of
Lactobacillus casei supplementation. Saccharomyces cerevisiae *°?° and Lactobacillus casei
significantly increased serum levels of B-hydroxy butyric acid (0.29 + 0.02 mmol/L) while
decreased level of non-esterified fatty acids (1.80 +0.15 mmol/L and 1.81 +0.14 mmol/L,
resg)ectively). Aspartate transferase showed significant reduction in Saccharomyces cerevisiae
102657.0 +21.4 U/L) and Lactobacillus casei (68.66 +9.49 U/L) supplemented groups, while
alanine transferase and gamma-glutamyl transferase showed only reduction (10.33 £13.83 U/L
and 9.06 +0.88 U/L, respectively) in Lactobacillus casi supplemented group. There was a
significant increase in reduced glutathione GSH and glutathione peroxidase GPX in G2 and G3,
while Malone dialdehyde MDA of G2 and G3 showed insignificant reduction in comparison
with G1. Weight gain was significantly improved in Saccharomyces cerevisiae
supplemented group compared with Lactobacillus casei and control ones. The results suggested
that supplementation of Saccharomyces cerevisiae %% and Lactobacillus casei to fattening
calves feed has a positive impact on calves' general health and their weight gain.
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Introduction

Nowadays, cattle producers either for beef or managemental methods of fattening calves
milk purposes, do their best to increase the that feedlot producers follow to increase their
productivity together with decreasing the cost of  profit render calves very susceptible to diseases
production, so they always try to follow most and retarded growth. To face these challenges,
recent rearing methods to achieve this purpose diets have been supplemented with antibiotics,
[1]. The intensive rearing and specific which have been widely used as feed additives

*Corresponding author e-mail: (osama.el.adawy@merck.com), MSD Animal Health, 5th Settlement, 153
New Cairo, 11835, Egypt.
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[2]. However, the use of antibiotics may develop
antibiotic-resistant strains and interfere with the
use of veterinary antibiotics. To avoid these
problems, probiotics are used as substitution for
replacing antibiotics as growth promoter;
improving the general health and lowering the
incidence of diseases. Yeast has more than 1000
different species; few of them are used
commercially.

The most commonly used yeast species is
Saccharomyces cerevisiae, also known as
"baker's yeast." Although its beneficial effects
have been established for centuries, the inclusion
of yeast and yeast products in animal diets has
only occurred in recent years [3]. Probiotics are
live microorganisms conferring a health benefit
on the host when administered in adequate
amounts [1]. Yeast and Lactobacilli are from the
commonly and widely used probiotics in animal
feed. Yeast supplementations to ruminant diets
improve significantly their performance [4],
milk production [5] and weight gain [6]. Yeast
can alter the patterns of total volatile fatty acids
(TVFA) formation [7], stabilize ruminal pH [8],
and improve digestibility [9,10]. Lactobacillus
aids in digestion and compete with potential
pathogenic microbes [11], leading to decrease
the incidence of diarrhea [12], improve the body
weight gain and feed conversion [13] and
decrease the mortality rate [14,15]. Therefore,
this study was planned to evaluate the effect of
Saccharomyces cerevisiae 2% and Lactobacillus
casei on some ruminal and biochemical
parameters in fattening calves.

Materials and Methods
Animals and experimental design

Sixty Holstein calves in a private dairy farm
located at Sharkia Governorate were included in
the study. The calves were healthy as proved
from thorough clinical examination, their life
weight ranged from 90 to 110 kg and they were
classified into 3 groups in separate yards each of
them contains 20 calves. The first group was the
control one (G1), which received basal diet
without feed supplement and the second group
(G2) received Yea- Sacc® %% (Alltech natural,
USA), which is life dry yeast contains 2.8 x
10°CFU of Saccharomyces cerevisiae strain

1026 in a rate of 5g per head per day for three
months, while the third group (G3) received
Probax® (Microbax, India), which contains
Lactobacillus casei not less than 1x10' CFU in
rate of 5g per head per day for the three months.

Clinical examination

Thorough clinical examination was done for
all calves before and during periods of the
experiment, particularly, the assessment of the
vital parameters (body temperature, heart rate,
mucous membrane, respiratory rate and ruminal
contractions) according to the method described
previously [16]. Some clinical scores as fecal
score was observed once daily for calves and the
results were recorded by fecal fluidity
(O=normal, 1=soft, 2=runny, 3=watery)
according to a previously published study [17].
Moreover, respiratory and locomotors scores
measured from 0 to 3 depending on the severity
of the disease were detected as described
previously [18]. The calves were weighted using
digital balance (BOCSHE, Germany) at the
beginning of the experiment then once monthly
to evaluate the daily weight gain in different
groups.

Blood samples

Blood samples (n=10) were collected
monthly (three times) from all calves from the
jugular vein in dry, clean and sterile labeled
glass tubes with rubber stoppers. The collected
serum samples were used for determination of -
hydroxy butyric acid (BHBA) using commercial
spectrophotometric Kits (Pointe Scientific, Inc.
USA) [19], non-esterified fatty acids (NEFA)
using colorimetric kits (IVD DIALAB, Austria)
[20], total serum protein [21], serum albumin
concentration [22], serum globulin [23], some
liver enzymes; aspartate transferase (AST), and
alanine transferase (ALT) as described
elsewhere [24]. Moreover, gamma-glutamyl
transferase (GGT) was measured
calorimetrically using kit (colorimetric assay kit
ab241029) produced by Abbott Core
Laboratories, USA [25]. Peroxidase enzymes;
Malone dialdehyde (MDA) [26], glutathione
peroxidase (GPX) [27] and reduced glutathione
(GSH) [28] were measured as well.
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Ruminal juice samples

Twenty mL of ruminal fluid were collected
by stomach tube three times monthly, to
determine the pH, which was measured directly
by using a pH meter \ (Mettler Toledo,
Germany) [18]. Physical examination of ruminal
juice (smell, color, consistency, viability and
potentiality of ruminal protozoa) [29], ammonia-
nitrogen concentration was performed using a
modified phenol-hydrochloride reaction [30].
Total volatile fatty acids (TVFA) concentration
was measured by Gas Liquid Chromatography
(GLC) using Shimdzu GC 2010 equipped with
15-m EC-1000 column with an internal diameter
0.53 mm and a film thickness of 1.2 um; the
reagent preparation procedures and temperature
gradient for TVFA were previously determined
[31,32].

Statistical analysis

All data were analyzed using one-way
ANOVA and the differences between means
were tested by Duncan's multiple-range test. The
results were displayed as mean values with their
standard errors (mean + SE) using the statistical
package SPSS 16.0 [33].

Results

Clinical scoring and vital parameters of
different groups of calves under the experiment

The vital parameters (temperature, heart rates
and respiratory rate), showed insignificant
changes between the three groups, while ruminal
contraction began to be significantly improved
in G2 at 2" month (3.66+0.33 / 2 minutes) and
extended with significance till the end of the
experiment. The significant improvement in G3
(3.63+0.33 / 2 minutes) was only appeared at the
3" month of the experiment (Table 1).

On the other hand, a significant improvement
in fecal, respiratory and locomotor scores of G2
and G3 was observed in the 3 month of the
experiment when compared with the control
group (Table 1).

In comparison with G1 and G3, average
monthly gain (AMG) and average daily gain
(ADG) of G2 started to be significant from the
2" month and extend to the 3 month of the
experiment, where AMG of G2 was 39.0+ 1.08
kg and 44.37+1.25 kg in 2" and 3™ month,
respectively and ADG was 1.3+0.036 kg and
14740041 kg in 39 and 2" month,
respectively.

Table 1: Clinical scoring, and average daily gain (ADG) in different groups of fattening calves under

investigation

Criteria First month Second month Third month
Groups Gl G2 G3 G1 G2 G3 G1 G2 G3
Fecal score +%'6158a 0.45+0.17° +%"154a 0.6 +0.13" 0.4 +0.11° +00iiza 0.6 +0.168" 0.3 0.11° 0.3 0.11°
Respiratory score +é.;6’" 1.1 +0.23° +3'212a 1.7 +0.47* 1.2 +0.39° +%'9353a 13+0.44* 09 +0.20° +%i%b
0.35 . 03 035 0.2 0.25 . b b
Locomotors score +0.09° 0.25 +0.099 +0.09° +013° +0.091°  +0.091° 0.4 £0.16° 0.2 +0.091° 0.2 +0.12
38.53 ,38.66 38.36 38.5 38.36 . 3846 38.46
Temperature (°C) [ ee38440.115" [y i0a (052 40115¢ 20310 980015 553 ip09°
Heart rate (per min) ngga 73.33 +1.76° 122"2’1:;’ 73.0 +3.6° Zzlfga 1124351 73.0 +1.52° 72.33 +3.8° 72.0 +3.6°
Respiratory rate (per 23.95 a 2325 258 244 23.65 24.15 23.65 22.75
min.) 085023020457 o 50w 41350 4058 40450  4073° 40450  +1.30°
Ruminal contractions 2.33 b 2.66 2.66 3.66 b b a a
(per 2 min) o3 2663033 0% U0 0% 30%000° 3.00.00° 3.66+0.33° 3.63:40.33
ADG (Per Kg) ggﬂ" 0.76+0.024° %(7;3" 1.2+0.055° 1.3+0.036" 1.2+0.038° 1.3+0.036 1.47+0.041° 1.33+0.04°

Values with different superscripts within rows are significantly different (P < 0.05). G1: Group 1 (control); G2: Group
2 (yeast supplemented group); G3: Group 3 (lactobacillus supplemented group), ADG: average daily gain
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Biochemical analysis reduced (10.33 +13.83 U/L and 9.06 +0.88
Table 2 shows significant increase in U/L, respectively) only with G3 all over the
BHBA and a significant reduction in the level experiment, while those of G2 showed
of non-esterified fatty acids (NEFA) in G2 and insignificant changes all over the experiment
G3 compared to G1. While, serum total when compared with G1. GSH and GPX were
protein, alboumen and globulin levels showed significantly increased (50.4+5.82 U/ml and
insignificant changes between the three groups 53.53%£7.22 U/ml, respectively) in G2 and G3
all over the experimental period. The AST respectively, while MDA of G2 and G3
liver enzyme showed a significant reduction showed insignificant reduction (30.8+ 3.41
(57.0 +214 U/Land 68.66 +9.49 U/L, nmol/L and 27.33% 2.46 nmol/L, respectively)
respectively) in G2 and G3 respectively in in comparison with G1(32.75+ 3.7 nmol/L).
comparison with G1 (80.6 +17.2 U/L). While
ALT and GGT levels were significantly

Table (2): Biochemical changes in different groups of calves under investigation

iteria First month Second month Third month
Groups Gl G2 G3 Gl G2 G3 Gl G2 G3

Total serum protein 7.03 7.3+1.15 6.78 +0.42% 6.4 +0.35% 6.43 6.08 6.73 6.56 6.33

(g/dL) +028° @ +0.48° +04° 053  £0.12°  +0.64°
. 224 24 b w 275 246 263 303 293

SerumalbumingfdL 5 ngm yg g 1.98 2028724120077 5 yam 130w 1021 10097 +0.43°
. 48 49 W o 468 462 4.7 3.53 3.4

Serumglobuling/dL ;362 1 gg2 480+0.5874.992033% ) anew 10 6g®  1+0404® +0176° +1.05%

Alobumin/ globulin 047 051 . . 074 077 089 121 134
ratio % +005° +005 0-96%0.13° 0.620.05° 5412 g0t 1016  2011°  +0.78°
AST (UI) 86.66 6233 8133 8533 626 80 806 570  68.66
+545° +581°  +10.72°  +10.39°  +14.6° +10.11° +17.2° +21.4%°  +9.49
180 170 1233 . 1566 1033 1766 150  10.33
ALT (U/L) +3.0° +4.16° 2020 180%208° g ioash 11200 4692 +13.83°
140  13.66 , 1366 120 933 1433 130  9.06
GGT (U/L) +115° #4170 F38FA09T eed 41730 1040 126 42080 +0.88°
MDA (nmol/L) 253841242680, 24.94x 2984+ o oo 259t 3275+ 308+ 2733
98a 59%a 3.28a 3.03a - 1.39a 3.7a 3.41a 2.46a
GSH (UlmL) 35.2+1.937.76+2. 36.83+2.64 41.16+320 43.3442.8 ,, . o 45.46+8.4550.44582 5353+7.2
b 23a a b 6a - b a 2a
GPX (UML) 22.64+0.30.77+1. 2496+ 3048+ 331+ 335+ 3500+ 3961+ 42.38+
5b 6la 1.04ab 3.94b 3.23ab 2.8labc  6.69b 4.6a 5.71a
022+ 026+ 027+ 022+ 027+ 029+ 022+ 029+ 029+
BHBA (mmol/L) 00148 0016° 0012°  0020° 0013 001° 0017° 002° 002"
NEFA 281 239 209 2106 207 180 181
mmol/L £0.00° +0pg0 24130.15°23140.08" o [ouic L0130 1015 40.14°

Values with different superscripts within rows are significantly different (P < 0.05). G1: Group 1 (control); G2: Group 2 (yeast
supplemented group); G3: Group 3 (lactobacillus supplemented group). AST: Aspartate Transaminase; ALT: Alanine
Transaminase; GGT Gamma-Glutamyl Transferase; MDA: mMalone Dialdehyde; GSH: Reduced Glutathione; GPX: Glutathione
Peroxidase; PHBA: B-hydroxy butyric acid; NEFA: non-esterified fatty acids.
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Ruminal juice analysis

The results of physical, microscopical
and chemical examinations of ruminal juice
are documented in Table 3. In comparison
with G1, a visible improvement in odour,
protozoal population and activity were
observed in G2 from the 1% month of
experiment, while an improvement was
observed in the 3™ month with G3. The
colour showed no changes  between
different groups. The ruminal pH of G2
showed significant elevation in 2™ and 3"

month of the experiment, while G3 showed
stabilization in pH value all over the
experiment. Ammonia concentration of G2
showed significant decrease in all over the
period of the experiment, while in G3, it
showed insignificant changes along the
period of the experiment. However, TVFA
concentration was significantly increased
in G2, while it insignificantly changed in
G3 all over the period of the experiment
in comparison with G1.
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Table 3: Ruminal juice analysis of calves in different groups under investigation

First month Second month Third month
iteria
Gl G2 G3 Gl G2 G3 G1 G2 G3

Groups

Greenish . .
Colour vellow No change No change Greenish yellow No change No change Greenish yellow No change No change
Odour Weakly Typically Weakly aromatic  Weakly aromatic ~ Typically aromatic Weakly aromatic Weakly aromatic Typically aromatic Weakly aromatic

aromatic aromatic
Protozoal . . . . . . . .
motility Mll_d active Highly a}ctlve, querate active querate active Highly active Mc_)derate active Mc_)derate active Highly active Highly active
and with low massive with moderate with moderate Massive numbér with moderate with moderate massive numbér massive numbér
population number number number number number number
PH 6.46 £0.27" 6.83 +0.17° 6.93 +0.14° 6.13 £0.07° 6.61 £0.11% 6.53 £0.07%" 6.1 +0.15° 6.53 £0.06™ 6.31 +0.06"
Ammonia b a b a b ab a b a
mmol/L 18.13 +0.81° 15.8 +0.93 18.0 £2.13 25.06 +0.99 21.23 £0.66 24.33 £0.44 27.43 £1.16 25.16 £1.12 27.1+1.45
VA 6633:405° 77.036'  66.66+176° 76.0 +3.21° 86.0 +3.05° 76.0+435°  8166+352°  87.66+145°  82.33+4.48°

Values with different superscripts within rows are significantly different (P < 0.05). G2: Group 2 (yeast supplemented group); G3: Group 3 (lactobacillus supplemented group), pH:

Hydrogen ion concentration; TVFA: Total volatile fatty acids.
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Discussion

Farmers and feedlot managers are always
looking for nutritional strategies to improve
performance of feedlot. The utilization of
probiotics as an alternative to feeding
antibiotics to improve feedlot performance and
decrease cost of feed has gained interest in the
feedlot industry [3]. However, because of the
results obtained when probiotics are included
in calves’ diets have not been consistent,
further research is needed for validation of this
technology for the feedlot industry to test the
effects of probiotics (Lactobacillus and active
dry yeast) in calves’ diets.

In the current study, Ruminal contractions
were significantly improved in Saccharomyces
cerevisiae '°° and lactobacilli casei groups
(3.66 %0.33/ 2 minutes and 3.63 +0.33/
2minutes respectively) compared to the control
group (3x00 /2 minutes). Those results were
agreed with previous studies [4,15] in which,
the improvement was related to enhancement
of the food digestibility. Saccharomyces
cerevisiae %% stimulates lactic acid utilizing
bacteria, which consume excess rumen lactate
leading to proper rumen environment for
action of other digestive bacteria so improved
digestibility and rumen motility.

Fecal score showed an improvement in
G2 and G3 at 3" month of experiment, which
were consistent with previous researches [34,
35]. It is possible that feeding of
Saccharomyces cerevisiae *°° may decrease
the risk of diarrhea by reducing the attachment
and invasion of intestinal cells by these
pathogens, because they may bind to the
oligosaccharides present in the yeast cell wall,
minimizing the growth of enteric pathogens by
the metabolites produced by yeast or reduce
the inflammatory response in the gut because
of the metabolites of yeast. Moreover, another
study [13] found an improvement in fecal
score of calves supplemented  with
Lactobacillus in their feed. Respiratory score
was significantly improved with addition of
Saccharomyces cerevisiae 1% and Lactobacilli
casei, which was similar to that reported in a
previous work [12] in which, feeding of

Lactobacilli ~ decreases  the  respiratory
affections due to the improvement of general
health and immune status of the treated calves
and competing properties of probiotics with
pathogenic bacteria. Locomotors score was
significantly improved in G2, in a previous
study [36], it was reported that feeding of yeast
culture decreased hoof affection as the yeast is
O, scavenger and stabilize the pH for the
rumen, so optimize the living environment for
ruminal bacteria then minimize the dead
bacteria which become endotoxins causing
inflammation of the hoof and udder.
Moreover, Saccharomyces cerevisiae 9%
minimizes the chance for acidosis that causes
hoof inflammation. The body temperature of
calves under investigation was insignificantly
changed between the three groups

We recorded a significant increase in
average daily gain (ADG) of G2 (1.47+0.041
kg). Previously, [6] an increase in weight gain
after using yeast in animal feed was
documented. This increase in weight gain with
supplementing yeast to animal diet is due to
increase of dry matter intake (DMI) and
improvement of digestion, as the animals can
ingest more food, at the same time the outflow
rate of digesta increased from the rumen to the
duodenum by improvement of digestion
process. In contrast, we recorded that addition
of Lactobacilli casei had no effect on ADG of
calves.

BHBA serum concentration significantly
increased in G2 and G3 (0.29+£0.02 mmol/L
and 0.29+0.02mmol/L, respectively) calves in
comparable to the control group (0.29+0.01
mmol/L). In a previous study [37], BHBA
concentrations were high in probiotic
supplemented treatments, and this considered
as an indicator for greater development of
rumen. Most of PBHBA is formed from
conversion of butyrate in the rumen wall
before releasing into portal circulation, but the
rumen in the newborn calves is metabolically
nonfunctional. So, BHBA concentrations were
low in the early age of calves. After initiation
of solid feed intake by calves and the
subsequent  establishment of  microbial
population and ruminal fermentation, the
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rumen is then physically and metabolically
developed, and the ruminal epithelium
becomes the primary source of BHBA
production. BHBA concentrations were high in
probiotic supplemented treatments, and this
considered as an indicator for greater
development of rumen. Serum level NEFA
showed significant reduction in G2 and G3
(1.80+0.15 mmol/L and 1.81+0.14 mmol/L
respectively) calves, which was similar to the
results reported in another study [37] in which,
a reduction in the value of NEFA when using
probiotic in animal feed and a decrease in
NEFA levels as indication of a more efficient
use of dietary energy and greater dry matter
intake in the probiotic received groups were
reported. A significant reduction was recorded
in AST value in both G2 and G3 (57+21.4 U/L
and 68.66+9.49 U/L, respectively) in
comparison with G1 (80.6x17.2 UJL).
Moreover, a significant reduction in GGT and
ALT (9.06+0.88 U/L and 10.33+13.83 U/L
respectively) values in G3 all over the
experiment was documented [32]. This
reduction in liver enzymes in treated calves
while using probiotics is due to the suggestion
that probiotic promote integrity of the gut
mucosa to prevent gut permeability,
endotoxemia, and pro-inflammatory cytokine
production and liver injury [38]. In
comparison with G1, GSH and GPX were
significantly increased in G245.46+8.45 U/ml
and 35.99+6.69 U/ml, respectively) and G3
(53.53+7.22 U/ml and 42.38+£5.71 U/ml,
respectively) all over the period of experiment,
while the mean values of MDA of G2 and G3
showed insignificant reduction. These results
were consistent with a previous study [39] in
which, the antioxidants activities were
accelerated, while MDA levels were decreased
by probiotics supplementation. As explained
previously [40], probiotics have antioxidant
activity, as they have enzymatic and non-
enzymatic effect and they can produce GPX as
non-enzymatic antioxidants which, reduce
reactive oxygen intermediates. Also, they deal
with oxygen radicals by producing superoxide
dismutase that dismutates the superoxide
radicals to oxygen and hydrogen peroxide.
while, [41] stated that Lactobacilli can

produce a haem-dependent catalase that can
quickly degrade the hydrogen peroxide.
Further researches are needed to measure
antioxidants activities in calves after using
probiotics.

An improvement in odour and protozoal
population and activity in G2 and G3 was
observed all over the period of experiment. A
previous study [42] emphasized that yeast and
probiotics have a positive effect on number
and activity of rumen protozoa. The
accelerated activity and increased proliferation
of protozoa with supplementing yeast
attributed to the proper environment provided
by slight increases and/or stabilization of
rumen pH and TVFA with reduction in
ammonia concentration as reported in the
current study. Ruminal pH in our work showed
significant elevation and stabilization in G2
and G3 (6.31+0.06 and 6.53%0.06,
respectively) in 2" and 3™ month of
experiment, which was similar to previous
studies [42- 44]. Conversely, other researchers
[45] observed a stabilization in pH value with
addition of yeast and direct feed microbial
DFM. The increases and stabilization of
ruminal pH when adding yeast and probiotics
to animal feed may be attributed to the
stimulation of lactic acid utilizing bacteria in
the rumen [45]. Ruminal juice ammonia
concentration in the current study recorded a
significant decrease in G2 all over the period
of experiment. This result matched with those
reported in a previous work [46] as a reduction
in ruminal ammonia concentration with adding
DFM and yeast to calf diet was observed.
Decreasing rumen ammonia concentrations is
attributed to the high ruminal microbial
proliferation by yeast [47].

Conclusion

The supplementation of Saccharomyces
cerevisiae '°%° and Lactobacillus casei to the
feed of fattening calves has a positive impact
on calves' general health and their weight gain.
Additionally, an improvement of the fecal,
respiratory and locomotors scores, ruminal
contraction, rumen protozoal population,
ruminal pH and ruminal TVFA concentrations
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with a reduction in liver enzymes, NEFA and
rumen ammonia were also reported.
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