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Received: October 27, 2020 Objective: The present study was carried out to evaluate the effects of probiotic in diets of growing calves
on performance, blood metabolites and rumen metabolism parameters.

Design: Descriptive study.

Animals: Twelve Holstein calves (~151 kg) were divided randomly into three groups of four animals and
were reared in clean well-ventilated boxes for 3 months.

Procedure: In the treatment groups, probiotic (ANKOR ONE)® contained Saccharomyces cerevisiae,
Aspergillus oryzae and Kluyveromyces marxianus was supplemented with concentrate mixture at the rate
of 0.5 g/kg and 1 g/kg feed. All the calves were offered diet contained roughage and concentrate
separately.

Results: The average daily gain of the calves in the control group had significantly lower value (54 kg) as
compared to those in the supplemented groups. Furthermore, calves fed unsupplemented diet had
significantly the highest fecal score (3 = runny) compared to those fed supplemented diet with probiotic.
Supplementation of probiotics in diets of calves did not show any significant differences in the blood
glucose, total protein and albumin contents in comparison to those fed unsupplemented diet. Addition
of probiotics led to significant higher concentrations of B-hydroxybutyrate and total volatile fatty acids of
ruminal fluid in comparison to unsupplemented group. No significant effects for ammonia-N content of
ruminal fluid were noted by feeding probiotic-supplemented diet compared to unsupplemented group.
Conclusion and clinical relevance: Probiotic supplementation in diets of calves generally improved
average daily gain, reduced the incidence of diarrhea and did not adversely affect the levels of blood
metabolites indices.
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1. INTRODUCTION The cellulolytic rumen microbes establishment is faster

Achieving high production and growth performance of in calves and lambs receiving S. cerevisiae on daily basis [8].

growing calves is necessary to increase their economic
benefits. There are many researches focusing on using feed
additives (antibiotics, probiotics and prebiotics) to
modify/change the gastrointestinal tract microbial
population to enhance animal production and health [1].
However, years ago the use of antibiotics in ruminant feeds
has been inhibited due to avoid the occurrence of cross-
resistance with pathogens in human. Thus, it is essential to
find suitable feed additives to sustain the ruminant
productivity and health as probiotics “natural” products [2].
Probiotics are defined as live microorganisms that improve
the intestinal microbial balance of the host animal [3].
Probiotics enhance beneficial ruminal microorganisms and
stabilize the rumen pH and hence increase the nutrient
digestibility [4]. Moreover, addition of probiotics to the diets
of ruminants showed enhancement of the immunity and
reduction of pathogens in the intestine [5].

Yeast contains some growth factors, as vitamins which
help rumen pH stabilization and prevention of acidosis by
stimulation lactate utilizing bacteria. Saccharomyces
cerevisiae (S. cerevisiae) is considered the most common
yeast culture used in ruminant diet [6]. Nevertheless, the
positive results observed with yeast of S. cerevisiae varied
and differed according to management and diet composition

[7].

Dijkstra et al. [9] observed that yeasts reduced daily
fluctuations in pH values and hence a higher stability
of rumen environment during the day. Dry matter
intake and growth of Holstein Friesian calves were
increased significantly by addition of S. cerevisiae in
the calf starter [10].

Sullivan and Martin [11] reported that the dietary
supplement of a S. cerevisiae improved the utilization
of lactate and digestion of cellulose. It could be that S.
cerevisiae compete with other starch utilizing bacteria
for starch fermentation leading to the prevention of
ruminal lactate accumulation [12]. In contrast, other
researchers showed that the yeast culture had no
effect on counts of cellulolytic bacteria and ruminal
digestion [13].

Another probiotic which widely used is Aspergillus
oryzae (main source of fungi) being used as a feed
additive to stimulate fiber digestion and milk yield [14].
Improving fiber or starch digestion in the rumen could
be enhanced by using Aspergillus oryzae and
Aspergillus niger [15]. Kluyveromyces marxianus
(formerly Kluyveromyces fragilis) is a lactic yeast
isolated from different dairy products, mainly kefir
[16].
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The actions of K. marxianus on nutrient utilization in
ruminants are not well investigated; however, Nooraee et al.
[17] found that in vitro apparent dry matter digestibility of
alfalfa, guinea grass and timothy hay improved significantly
with addition of the K. marxianus. In contrast, Tripathi et al.
[18] observed that addition of K. marxianus in diets of lambs
did not show any positive effects on the performance.
Therefore, this study aimed to determine the effects of
probiotics supplementation in diets of growing calves on
growth performance, feces quality, some blood metabolites
and rumen parameters.

2. MATERIALS AND METHODS
2.1. Animal housing and experimental design

Twelve Holstein calves (~151 kg + 1.16) were divided
randomly into three groups of four calves according to their
body weights and reared for 3 months (duration of the
experiment) at Abdel Monaem Abdel Aziz Farm, Tanta
Province, Egypt. The calves were reared individually in clean
well-ventilated boxes. A clean, fresh drinking water was
provided ad libitum for all calves individually. Before the
start and each four weeks throughout the experimental
period, the calves were weighed.

2.2. Feeding regime

All the calves in control and experimental groups were
offered diet contained roughage and concentrate separately
to meet the requirements [19]. The calves control group fed
diets without any supplementation of probiotic (0O Pro). In
the treatment groups, probiotic was supplemented with
concentrate mixture at the rate of 0.5 g/kg feed
(recommended levels) as well as at higher level of 1 g/kg
feed (0.5 Pro and 1 Pro, respectively). The composition of the
concentrate mixture fed to calves and its calculated
composition are shown in Table (1). Calves were fed
concentrates twice daily (2 kg/calve/d) and chopped hay was
offered ad libitum. On the next day morning, any residues
were weighed.

2.3 Source of yeast

The thermo tolerant probiotic (ANKOR ONE, AKRON
GLOBAL, Turkey) contained Saccharomyces cerevisiae (NCYC
Sc47, CFU 4x1011), Aspergillus oryzae ak7001 (DSM 1862)
and selected cultures of Kluyveromyces marxianus. The
chemical analysis of ANKOR ONE is: 14% moisture, 17%
protein, 25% ash, 4% fiber, 3% fat, 1.7% calcium, 3%
magnesium, 0.5% sodium.
2.4. Sample collection of feces

The fecal consistency was scored bi-weekly before
feeding. A scoring system was used from one to four (1= firm,
well-formed feces; 2= soft pudding like feces; 3= runny
pancake batter (beginning of diarrhea); 4= watery liquid like
substance feces that can be described as severe diarrhea as
described by Larson et al. [20].
2.5. Rumen metabolism profile

Every four weeks the rumen fluid was collected via
stomach tube for analysis of ammonia nitrogen and volatile
fatty acids (VFA) throughout the experimental period at four
hours post-feeding. Rumen fluid was analyzed for pH
immediately and for further analysis, rumen fluid was stored
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frozen (-20°C). According to Coverdale et al. [21], for analysis
of VFA the samples were thawed then centrifuged for 10 min
at 3500xg. Samples were then filtrated through two layers of
cheesecloth and were treated with 25% meta-phosphoric
acid at a ratio of 5:1 (rumen fluid to acid). Then the tubes
were mixed and allowed to stand for 30 min and the fluid
was then centrifuged for 10 h at 3500xg. The clear
supernatant was removed and frozen at -20°C. Total VFA
components were separated and quantified by gas
chromatography (model GC-2014, Shimazu, Kyoto, Japan)
Ammonia-N levels in ruminal fluid were determined by the
steam distillation method using an automatic-N analyzer
(Kjeltec auto sampler system 1035 Analyzer, Tecator,
Sweden) as described by Qadis et al. [5].

Table 1. Composition of the concentrate mixture fed to
growing calves and its calculated composition

Ingredient Unit Value
Cotton seed cake % 50
Rice bran % 30
Wheat bran % 15
Limestone % 3
Salt % 2
Calculated composition

Dry matter g/kg 858
Metabolizable energy Mcal/kg 2.7
Crude protein g/kg 297
Crude fat g/kg 61.6
Neutral detergent fiber g/kg 142
Acid detergent fiber g/kg 162
Lignin g/kg 56.3
Crude ash g/kg 74.2
Calcium g/kg 12.2
Phosphorus g/kg 12.9
Magnesium g/kg 6.3
Sodium g/kg 8.1
Potassium g/kg 14.9

2.6. Blood samples and analytical procedures

Blood samples were collected (four calves/group) every
four weeks via jugular vein puncture. Blood was collected in
10 mL tubes containing potassium oxalate and sodium
fluoride for glucose and total protein analysis and sodium
heparin for plasma wurea nitrogen (PUN) and B-
hydroxybutyric acid (BHBA) analyses. The blood was
centrifuged for 15 min at 3000 rpm, then plasma was
collected and stored in deep freeze at -202C until following
analyses glucose; total protein and albumin; BHBA and PUN
according to Quigley and Bernard [22]; Dumas and Biggs
[23]; Quigley et al. [24]; Hayashi et al. [25], respectively.

2.7. Statistical analysis

One-way ANOVA was used to test the effects of using
probiotics supplementation in diets of growing calves on
growth performance, feces quality, some blood metabolites
and rumen parameters. Data were analyzed using statistical
SPSS v20 (SPSS Inc., Chicago, IL, USA). Differences between
dietary groups’ means were compared using Duncan’s
multiple range test. Differences were considered significant
if P-value for the effect was < 0.05.
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3. RESULTS AND DISCUSSION

Optimal calf health either pre-or post-weaning is
essential for production. It is well known that growth
performance and health of the calves are affected mainly by
GIT function as well as immune function, which could be
altered at periods of infection and/or stress [26]. Therefore,
prebiotic supplementation was given to determine its effects
on performance and health of the post-weaned calves.

3.1. Effects of probiotic on body weight

Average daily gain of calves affected by probiotic
supplementation is shown in Table (2). At beginning of the
experiment, body weight (BW) of calves was averaged 151
kg. The calves fed unsupplemented diet (control group) have
lower significantly final BW than those fed supplemented
diets (Table 2). Average daily gain of all supplemented
groups showed a significant difference compared to
unsupplemented ones. The average daily gain of the calves
in the control group (0 Pro) had the lowest value (54 kg) as
compared to those in the supplemented groups 0.5 Pro (58.7
kg) and 1 Pro (64.8 kg).

According to Miles [27] the desirable effects of
probiotics supplementation to diets of ruminants are mainly
due to improvement in nutrient absorption and reduction in
the counts of pathogens.

Table 2. BW development of calves raised on experimental
diets (Mean+SE)

Dietary treatment

Period (week) Control 0.5 Pro 1Pro
0 151+1.11 151.3+1.28 151.2+0.78
4 172.5°¢3.23 181.5b+2.64 185.72+£2.50
8 189.4°¢4.38 193.7b+3.27 197.32+£2.35
12 205°+3.62 210°+3.30 2162+3.07
Wight gain (ke) 54.042.51 58.7042.02 64.8%+2.29
in90d
Wight gain (g/d) 600 652 720
Feed:gain 7.15 6.99 6.93
Dry matter intake (kg/d)
Concentrate 2.21+0.11 2.32+0.23 2.55+0.21
Straw 2.08+0.14 2.24+0.20 2.44+0.18
Total 4.29 4.56 4.99

2bMeans in the same row with different superscripts are significantly
different (p<0.05)

Furthermore, the digestibility of the nutrients and
improved rumen microbial growth have been found upon
Aspergillus oryzae supplementation via cellulases and
proteases secretion [28]. These current results are in
agreement to the results of Hossaini et al. [29] who stated
that using probiotic and antibiotic as feed additives led to
higher BW (p < 0.05) than the control group. In addition,
Abdala et al. [30] found that in groups fed diets supplied with
probiotics resulted in a significant higher growth rate in
comparison to unsupplemented group.

In contrast, Gorgulu et al. [31] reported that supplied
groups with probiotics showed no significant difference in
average daily gain compared to unsupplied groups. Similarly,
in another study of Vishal and Baghel [32] the addition of
Lactobacillus acidiphilus to diets of developed rumen calves
the utilization of crude fiber is not improved. Nevertheless,
many factors should be considered regarding the differences
in the results of previous studies and our results as the
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composition of animal diets, growth stage, environment,
supplementation level, etc.

3.2. Effect of probiotic on diarrhea

Influence of probiotic supplementation on mean fecal
score according to Larson et al. [20] in calves is shown in
Figure (1). Briefly, the fecal scoring was done as follows: 1 =
normal, 2 = soft, 3 = runny and 4 = watery. Generally, in this
study if the fecal score is =3, it indicated diarrhea. There was
significant difference (p < 0.05) in the fecal score between
the treatment groups and the control. The highest fecal
score (3 = runny) was recorded in the control (0 Pro) and the
lowest score (2 = soft) was noted for group (0.5 Pro).
Suggesting that calves in the supplemented groups had
constant fecal score and never exceeded the normal value
(Figure 1). This could be explained due to improvement of
intestinal bacterial flora in calves supplemented with
probiotic. Timmerman et al. [33] stated that addition of
probiotics to milk replacer fed by calves reduced the
incidence of diarrhea by stabilizing their intestinal flora.
Probiotics can reduce diarrhea in neonatal calves after
weaning and as well as morbidity cases [34]. Furthermore,
Gorgulu et al. [31] also reported that calves supplemented
with probiotics were superior with respect to diarrhea than
the control groups. Their findings are in agreement with this
present study. In contrast, no marked effects were noted
with probiotic supplementation to milk replacer regarding
incidence of diarrhea [35].
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Figure 1: Mean values of fecal scores for calves fed diets with with
or without probiotics; Fecal score scale: 1 = normal, 2 = soft, 3 =
runny and 4 = watery

3.3. Blood metabolites

Effect of probiotic supplementation on some blood
metabolites in calves is shown in Table (3). Supplementation
of probiotics in diets of calves did not show any significant
differences in the blood glucose, total protein and albumin
in comparison to those fed unsupplemented diet. It was
observed from the above table that 1 Pro and 0.5 Pro
recorded the lowest values of blood glucose (74.2 mg/dL)
and (70.7 mg/dL), respectively whilst the highest value was
recorded in O Pro (78.4 mg/dL) but the difference observed
was not statistically significant (P > 0.05).

Table 3. Effects of probiotic supplementation on some blood
levels in calves (Mean+SE)
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Dietary treatment

ST Control 0.5 Pro

Glucose, mg/dL 78.4°+1.34 74.2°+1.14 70.7°+1.14
Total protein, g/dL 7.51°+0.21 7.57°+0.11 7.642+0.04
Albumin, g/dL 3.6420.06 3.713+0.23 3.743+0.07
PUN, mmol/L 3.132+0.05 2.89%0.18 2.7320.17
B-Hydroxybutyrate, 0.318°+0.05 0.4222+0.04 0.486°+0.08
mmol/L

2bMeans in the same row with different superscripts are significantly
different (p<0.05)

According to Radostits [36] the values obtained in this
study were within the normal references for cow 59-105
mg/dL which indicates a good health condition. The
physiological state of the ruminant animals could be
indicated by the glucose level in the blood. It is well stated
that the main functions and/roles of proteins inside animal
body are building all cells/tissues as well as for growth
performance and production of animals [37]. Thus, it could
be concluded that low protein level in the body resulted in
decrease production, immunity and the animal is become to
be more susceptible to pathogens [37]. Two classes of blood
proteins were enumerated: albumin and globulin. Albumin
keeps fluid from leaking out of blood vessels while; globulin
proteins stimulate the immune system [37]. The results in
this study are in consistent with the findings of Adams et al.
[38] who found no significant differences in blood protein
levels between calves fed diets supplemented with
probiotics and control animals. However, calves fed diets
supplied with probiotic had lower levels of urea in the blood,
which could be due to better utilization of nitrogen in the
rumen.

Addition of probiotics led to significant higher
concentration of B-hydroxybutyrate in comparison to
control group. The ketone B-hydroxybutyric acid produced in
the rumen epithelial cells from the oxidation of the butyrate,
thereafter, absorbed into the blood vessels [39].
Additionally, the metabolic development of the rumen might
be indicated by the capacity of rumen epithelial cells to
produce B-hydroxybutyric acid (as a predictor) from butyrate
as undeveloped rumen at birth is unable to oxidize butyrate
[39].

3.4. Rumen parameters

The effects of different levels of probiotic on some
biochemical parameters of ruminal fermentation are
presented in Table (4). The pH values are important
parameters reflecting ruminal environment. According to
Chiquette [40], probiotics in ruminants are of special interest
whereas there is microbial imbalance. It is well known that
concentrates are rapidly fermented in the rumen with a
rapid accumulation of VFAs. Prolonged period with low
rumen pH for can lead to acidosis and hence, affect
negatively on feed intake and microbial metabolism and
decreased activity of cellulolytic bacteria [8].

Interestingly, it was observed that with using yeasts in
diets of ruminant animals led to regulate the ruminal pH and
limit risks of acidosis by its role in interactions with lactate
producing bacteria [41]. S. cerevisiae are able to utilize
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soluble sugars more efficiently than lactate producing
bacteria and can provide nutrients, which may be used by
the lactate-utilizing bacteria [42]. In the current study, all pH
values of rumen fluid were within the normal range and
were not affected by probiotic addition. In this study,
differences in the pH values of rumen fluid sampled from
experimental calves were statistically insignificant. These
results are in consistent with results of previous studies [11].

The levels of VFA in the rumen affected by addition of
probiotic is presented in Table 4. Increased ruminal VFA
concentrations are often assumed a result of microbial
fermentation of carbohydrates. According to Kristensen [43]
the VFA fermented in the rumen are considered as an energy
source and as a factor in increasing the surface, length and
width of rumen papillae [44]. Physiological reference range
of total VFA of rumen fluid were between 80 and 120
mmol/L [45]. Our data regarding increasing total VFA of
rumen fluid by supplementing probiotic are in agreement
with Frumholtz et al. [46]. However, Caton et al. [47] found
that total VFA were not affected by probiotic
supplementation to the diets.

The content of ammonia in the rumen depends mostly
upon the dietary protein breakdown and the uptake of
ammonia by bacteria [48]. The rumen microflora starts to
convert a part of ammonia-N into microbial proteins, which
represent an essential source of nitrogen for the ruminant
animal, and another part is recycled in form of urea by the
animal [48]. In this study, no significant effects for ammonia-
N were noted by feeding probiotic-supplemented diet
compared to control group.

Similarly, Jouany et al. [49], who reported that
ammonia-N in vitro, did not affected by adding probiotic.
Also, Monnerat et al. [50] found that addition of S. cerevisiae
did not influence the rumen ammonia-N concentration of
cattle fed high concentrate diet with two different levels of
starch.

Table 4. Some rumen parameters affected by probiotic
supplementation in diets of calves (MeanSE)

Dietary treatment

Parameters Control 0.5 Pro 1 Pro
pH 6.682+0.34 6.632£0.12 6.572£0.24
NH;s-N, mg/dL 15.2°+1.14 14.7°+1.06 13.52+0.83

Total VFA, 87.6°+1.55 93.4%v+1.71

mmol/L

104.2°+1.26

abMeans in the same row with different superscripts are significantly
different (p<0.05)

Moreover, Al Ibrahim et al. [51] stated that addition of
S. cerevisiae to the diet of Holstein cows decreased the
concentration of ammonia-N in the rumen. It is well known
that low dietary roughage and/or also higher easily
degradable protein in rumen is often associated with a
higher content of ammonia in rumen fluid. The obtained
results corroborate earlier observations that revealed that
added yeast product had no significant effects on the
ammonia content in rumen [52]. However, Ghasemi et al.
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[53] reported that rumen ammonia-N concentration did not
affect by feeding bulls of yeast.

Conclusion

Probiotic supplementation in diets of calves generally
improved average daily gain, reduced the incidence of
diarrhea and did not adversely affect the levels of blood
metabolites indices compared with the unsupplemented
groups.
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