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Abstract

or without dry yeast to the diet on blood, immune characteristics and antioxidant status of

THIS study was conducted to evaluate the effect of adding multi-strain probiotics (MSP) with

male Saidi sheep. Five males (54.14 + 1.67 kg average body weight) were used and randomly
distributed in a 5 x 5 Latin square design to evaluate MSP administration for a period of 105 days.
The five treatments were given the basic diet (50:50% rough/concentrate), where the first treatment
was control and without other additives, while 2™ and 3™ groups were added at a rate of 1
g/day/animal to the other four treatments at a level of (2 x 10° cfu/g) or (4 x 10° cfu/g), ABLB2 and
ABLB4, respectively. The 4™ (ABLB2+SC) and 5" (ABLB4+SC) treatments were ABLB2 and
ABLB4 enriched with 1 g/day/animal of dry yeast Saccharomyces cerevisiae (SC) was added at a
level of (2 x 107 cfu/g). The results showed that adding MSP to the basal diet had no effect on blood
parameters. While ABLB4 and ABLB4+SC groups had better values of GSH-Px and TAC and
significantly reduced the level of MDA compared to the control (P < 0.001). There was a slight
improvement in the IgM concentration, along with a significant increase in IgA and IgG levels, as
well as lysozyme activity in the blood serum in all MSP groups. In conclusion, adding multi-strain
probiotics with yeast to the basic diet enhanced the antioxidant capacity and immune response in

blood serum in Egyptian male sheep.
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Introduction

Recently, there has been a growing demand for
animal products and heightened public concerns
about the negative impacts of livestock farming. As a
result, the industry is under pressure to enhance
animal welfare, reduce environmental harm, and
guarantee the safety of animal-derived products. This
has sparked a surge in interest in natural feed
additives, such as direct-fed microbials (DFM),
which include substances like enzymes, probiotics,
and prebiotics [1-4]. Probiotics, which are deemed
safe by the Food and Drug Administration (FDA),
consist of non-pathogenic microorganisms such as
bacteria, yeasts, and fungi [5]. It plays a vital role in
regulating host metabolism, bolstering barrier
function, modulating the immune system, and

exhibiting antimicrobial properties [6]. Probiotics are
mainly lactic acid creating bacilli, mostly lactobacilli
(L. acidophilus DDS-1, L. casei, L. lactis, L.
rhamnosus, L. salviarius) and bifidobacteria (B.
longum, B. infantis, B. bifidum), and yeasts
(Sacharomyces  boulardii  and  Sacharomyces
cervisiae) [7].

Above all, there is evidence that adding probiotics
to the diets has improved blood hematological
parameters [8], blood biochemistry [9], immunity
response [6, 10], and antioxidant parameters [10,11].
In recent years, many commercial products have
been formulated to contain a mixture of
microorganisms and their fermentation products
[10,11]. This approach aims to ensure the efficacy of
the product and provide a multi-factorial response.
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As part of a series of research studies evaluating the
effects of probiotic combinations and yeast on animal
performance, physiological status, and nutritional
efficiency, thus the present study aimed to assess the
effects of adding two levels of a novel combination
of four bacterial probiotics with or without yeast to
the diet on the blood hematological parameters,
antioxidant status, and immune response of Saidi
sheep.

Material and Methods

The experimental work was conducted at the
Animal Nutrition Research Unit, Animal Production
Department, Faculty of Agriculture, Zagazig
University, Zagazig, Egypt. The animals, procedures,
and protocols in this experiment were reviewed and
approved by the Institutional Animal Care and Use
Committee of the Faculty of Agriculture, Sohag
University, Sohag, Egypt (Sohag-
IACUC/6/12/1/2024/01).

Experimental design, animals, and diets

Five healthy male Saidi sheep (54.14 + 1.67 kg
body weight) were randomly assigned in a 5 x 5
Latin square design to evaluate the basal diet and
four other tested diets supplemented with probiotic
combinations. In the first treatment, sheep were fed a
basal diet consisting of 50% roughage and 50%
concentrate, as presented in Table 1. The second and
third treatments sheep were given the basal diet
supplemented with 1 g/day/animal of a bacterial
probiotics combination containing Lactobacillus
acidophilus, L. bulgaricus, Bacillus licheniformis,
and Bifidobacterium bifidum at a ratio of 1:1:1:1
(ABLB) at two levels: 2 x 10° (ABLB2) and 4 x 10°
cfu/g (ABLB4), respectively. While sheep in the
fourth (ABLB2+SC) and fifth (ABLB4+SC)
treatments received the second and third diets
enriched with 1 g/day/animal of Saccharomyces
cerevisiae (SC) 2x10" cfu/g. The dietary feed
samples were analyzed for dry matter (DM), ash,
crude protein (CP), ether extract (EE), and crude
fiber (CF) according to the official methods of the
AOAC [12]. The organic matter (OM) was
calculated by subtracting ash content from 100, while
the nitrogen-free extract (NFE) content was
estimated as 100% - (CF + CP + EE + ash). Animals
were housed and fed individually in metabolic cages
(150 cm length x 70 cm width x 120 cm height). The
tested diets were offered twice daily (8 a.m. and 4
p.m.), the daily dose of tested additives was mixed
with 50 g of offered feed and delivered to each
animal once a day in the morning feed. Free access to
water was available throughout the day.

Blood sampling and blood parameters

At the end of each experimental period, blood
samples were collected from the jugular vein by
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using a sterile syringe from all tested animals at §8:00
a.m. in the morning and then transferred into two
sterile tubes. The first tube was supplemented with
heparin for the hematological assay to estimate
hemoglobin (Hb), hematocrit (HCT), red blood cells
(RBC), white blood cells (WBC), lymphocytes
(LYM), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), and platelets
(PLT). The second tube was without heparin to
obtain serum by centrifugation at 3000 rpm for 10
minutes. The serum was collected in Eppendorf tubes
and then stored at -18 °C until biochemical analysis.
Immunoglobulins were measured by a microplate
reader method described in ELISA kit manufacture
catalog of IgA (CSB-E13681Sh), IgG (CSB-
E14400Sh) and IgM (CSB-E13682Sh) at wavelength
of 450 nm. Serum lysozyme activity was measured
using a spectrophotometer at a wavelength of 450
nm. Commercial kits from Biodiagnostic Egypt were
utilized to determine malondialdehyde (MDA) (CAT
No: MD2529), glutathione peroxidase (GSH-Px)
(CAT No: GP2524), and total antioxidant capacity
(TAC) (CAT No: TA2513#) following the standard
protocols provided by the suppliers.

Statistical analysis

The SAS software V.I.13 SP4
(SAS Institute Inc., Cary, North Carolina, USA) was
used to analyze the collected data using the General
Linear Model (GLM) procedure. The data of blood
parameters were statistically analyzed using the
analysis of variance (ANOVA) model for Latin
square design. Duncan’s multiple range tests were
used to find the differences among the treatments.
The Statistical model used to analyze the data was

Yi=u+R+ G+ T +ey

Where Y is the observed value of each trait, u is
the overall mean, R; is the i" row effect, C; is the j*
column effect, 7} is the k" (1,2,3,4,5) treatment

effect, ey is the random effect of error.
Results
Blood hematological parameters

Table 2 shows that dietary probiotic blends have
no significant impact on the estimated hematological
parameters in Saidi sheep, except for a notable
increase (P=0.002) in white blood cell (WBC) count
with both doses of the multi-strain probiotics
combination plus SC (ABLB2+SC and ABLB4+SC)
compared to the multi-strain probiotics combination
without SC (ABLB2 and ABLB4) and the control
group. Additionally, the lymphocyte percentage was
higher in ABLB2+SC and ABLB4+SC compared to
the control group by 1.76 and 3.24 units,
respectively.
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Antioxidant status

Fig.1 (A-C) shows how the multi-strain probiotics
enhance serum antioxidant parameters in the tested
sheep fed the experimental diets. The probiotic
supplements led to statistically  significant
improvements in GSH-Px (Fig. 1A) and TAC (Fig.
IB) values (P=0.010 and P=0.025, respectively),
while the mean MDA (Fig. 1C) values were
significantly reduced compared to the control
(P=0.001). The highest resistance to oxidative stress
(OS) was observed with ABLB2+SC2 supplements.

Immune response

Fig.2 (A-D) shows a slight increase in serum IgM
levels (Fig. 2C) (P=0.346) when MSP was included
in the sheep diets. Additionally, there were
significant increases in serum IgG (Fig. 2A), IgA
(Fig. 2B) concentrations, and lysozyme activity (Fig.
2D) with the supplemented diets compared to the
control  (P<0.001, P=0.038, and P=0.008,
respectively). Saidi sheep in the ABLB2+SC group
had better results for immunological biomarkers than
other groups.

Discussion

In this study, incorporating Saccharomyces
cerevisiae with bacterial strains (L. acidophilus, L.
bulgaricus, B. licheniformis, and B. bifidum) in the
diets of Saidi sheep led to a significant increase in
blood WBC count. Similar findings were reported by
Hussein [13], who included L. sporogenes and S.
cerevisiae in the diets of Najdi male lambs; El-
Mehanna et al. [14], who fed probiotics containing L.
bulgaricus to Noemi male lambs; El-Ashker et al.
[8], who supplemented Ossimi male lambs with a
combination of Lactobacillus bulgaricus and
Lactobacillus fermentum, and Mousa et al. [11], who
added B. subtilis to Barki lamb's diets. Additionally,
a study on ewes by Milewski & Sobiech [15],
showed improved immunity with an increase in
WBC count due to dietary S. cerevisiae.

Song et al. [6] reviewed that B-lymphocytes and
macrophages can be stimulated by probiotics. Our
study indicated that the probiotic combination with
SC significantly reinforced the white blood cell
count. To our knowledge, the mechanisms
responsible for Saccharomyces cerevisiae increasing
the production of WBC remain unclear. However,
Milewski et al. [15], discussed that beta-glucans in
the cell wall of SC can stimulate the immune cells.
The WBC count and lymphocyte percentage values
fall within the reference range (5 to 11 x 10°/L and
60 to 65%, respectively) for sheep [4]. This implies
that the tested lambs have a normal physiological and
immunological status.

Several antioxidant parameters in the blood can
serve as biomarkers of oxidative stress. One such
index is GSH-Px, an enzyme that contains selenium
and catalyzes the reduction of hydrogen peroxide and
lipid peroxides when combined with GSH [6].

The serum MDA level is a product of oxidative
stress and serves as an indicator of the intensity of
lipid peroxidation. Estimating TAC can help evaluate
the oxidation status. Moreover, overexpression of
lysozyme can protect against oxidative stress by
boosting natural antioxidant reserves and providing
resistance to molecules like advanced glycation end
products that contribute to acute or chronic oxidative
stress [1].

The results of the blood antioxidant parameters in
this study are consistent with findings from other
studies. For example, Mousa et al. [11] found that
supplementing Barki lambs with Bacillus subtilis for
30 days resulted in significant improvements in
GSH, TAC, and lysozyme activity, as well as a
significant reduction in MDA values. Similarly,
supplementing Holstein calves with Dbacterial
probiotics, including L. plantarum and B. subtilis,
significantly increased the activity of superoxide
dismutase at 80 days of age, indicating that
probiotics can enhance TAC [16]. Jia et al. [10] also
reported a significant increase in GSH-Px values
when supplementing fattening lambs with a probiotic
mixture containing B. licheniformis plus SC,
although they did not observe significant impacts on
MDA and TAC values. Additionally, Izuddin et al.
[17] found higher GSH-Px and lower MDA levels in
serum when incorporating secondary metabolites of
probiotic bacteria Lactobacillus spp. in Dorper
lambs' diet. In mice, supplementation with B. subtilis
or L. Plantarum increased serum TAC and GSH-Px
levels while reducing MDA levels [16].

Magistrelli et al [18] demonstrated that
probiotics containing Lactobacillus and
Bifidobacterium strains prevented reactive oxygen
species production in human peripheral blood
mononuclear cells. Moreover, selenium in SC
activates the enzyme glutathione peroxidase,
preventing oxidative damage to the cell membrane.
Additionally, yeast is a source of B-complex
vitamins, which act as precursors of vital co-enzymes
like Nicotinamide Adenine Dinucleotide (NAD) and
Flavin Adenine Dinucleotide (FAD), responsible for
biological oxidation. Therefore, the probiotic
supplements in the current investigation may
enhance antioxidant indices and reduce oxidative
stress in sheep.

Many mechanisms of how probiotic bacteria
affect the immune system are attributed to an
increase in innate or acquired immunity that induces
both the systemic and mucosal immune responses
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[19]. Enhancing the production of antibodies is one
of these ways that can improve the host immunity
[20]. B-lymphocytes produce serum
immunoglobulins (IgA, IgG, and IgM) to fight
infections. Serum antibodies are important indicators
of humoral immunity in ruminants [10]. The first
antibody secreted during an initial exposure to
infectious organisms is IgM. The antibody IgA has a
significant role in mucosal immunity by excluding
pathogenic bacteria. On the other hand, IgG is the
prevalent antibody in blood plasma antibody and
plays a crucial function in the systemic immune
response [21]. Lysozyme is a ~14 kDa protein found
in animal tissues and mucosal secretions. It can
stimulate the production of immunoglobulins,
enhance  neutrophil activities and bacterial
phagocytosis, and hydrolyze the peptidoglycan of the
cell walls in pathogenic bacteria.

The results presented here demonstrate that
ABLB2+SC supplements led to a relative increase
(105.78%) in the lymphocyte percentage (Table 2)
compared to the control group. Overall, the probiotic
strains used in this study have beneficial effects on
animal immunity. Song et al. [6] also reported that
probiotics can stimulate B-lymphocytes and
macrophages. Furthermore, combining lactic acid
bacteria (LAB) with other bacteria and yeast has
shown synergistic effects in commercial products
[20]. This combination can enhance the immune
response against pathogenic bacteria and mitigate the
negative effects of infections [18].

Several studies have highlighted the advantages of
dietary supplementation with Lactobacillus-based
probiotics in improving mucosal immunity [17].
Bacillus-based probiotics in the diet can increase
IgGl1 levels as part of an anti-spore immune response
[18]. Bifidobacteria are known to produce essential
active compounds such as vitamins and amino acids
and support lymphoid tissue development.
Supplementation of Comisana male lambs with L.
acidophilus and a combination of Bifidobacterium
animalis and B. longum improved immune-
regulatory functions and humoral responses,
respectively. Additionally, Bifidobacterium and L.
plantarum supplements have been shown to
modulate lipid metabolism and enhance the immune
response in the host [22]. The inclusion of SC in the
diet positively influenced humoral immunity
indicators in lambs [15].

The results of the blood immunoglobulin response
in our study were similar to previous studies.
Milewski et al. [15] stated a significant (P<0.01)
increase in serum concentrations of gamma globulins
in lambs fed diets including SC. Also, Jia et al. [10]
noticed that lambs fed rations supplemented with a
probiotics blend containing SC and Bacillus
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licheniformis resulted in a significant increase in the
serum levels of IgA, IgG, and IgM. In another study
by Chen et al. [9] it was recorded that probiotic
treatment (B. subtilis, B. licheniformis, and
Lactobacillus  plantarum) significantly (P=0.001)
increased the serum concentration of IgG in lambs
but did not affect the serum concentration of IgA and
IgM. Similarly, Sun et al. [21] demonstrated the
benefits of probiotics addition (B. subtilis natto) on
immune function showing a significant enhancement
of IgG, with slight increases in IgA and IgM levels in
the serum of Holstein's calves. Other authors
displayed that there was a tendency to increase the
blood concentration of IgG through supplementing
Holstein dairy calves with B. subtilis and B.
licheniformis [16], L. acidophilus and L. plantarum, a
bacterial blend containing B. subtilis and L.
plantarum  [16], and when including B.
amyloliquefaciens or B. subtilis in beef calves’ diets.
Concerning serum lysozyme, Mousa et al. [11],
observed a significant (P=0.004) increase in its
activity in the serum after 30 days of adding B.
subtilis to diets of Barki lambs. In the same context,
after 30 days of treatment with a combination of
probiotics (L. delbrueckii ssp. Bulgaricus and L.
fermentum), the lysozyme activity in the serum of
Ossimi lambs was significantly improved according
to the study conducted by El-Ashker er al. [8].
Likewise, Devyatkin et al. [23] determined the
positive influence of B. subtilis and B.licheniformis
supplements on serum lysozyme activity in sheep,
which elevated by about 52% with probiotic addition
relative to the control ones. Furthermore, lambs fed
the SC diet presented a significant (P<0.01) increase
in serum lysozyme activity [15].

Finally, the OS is connected to the immune
response, which can impact on the health status of
animals [24]. The enhancement of antioxidant
capacity with probiotic supplements was orchestrated
with the stimulated immune function [11, 17]. The
probiotic formula used in this study improved both
resistance to OS and immunity.

Conclusions

A combination of probiotics with different
mechanisms of action could provide better results
and potentiated probiotics are more effective than
their components separately. In the present study, it
is noted that the improvement in blood
hematological, antioxidants and immunity was not
only related to the level of combined bacterial strain
supplementation but was also associated with the SC

supplementation. Therefore, we emphasize the
inclusion of formulations of Lactobacillus
acidophilus, Lactobacillus  bulgaricus, Bacillus

licheniformis, Bifidobacterium bifidum at a level of
2x10° cfu/g plus SC at a level of 2x10" in the
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regular diets of sheep to enhance performance and
physiological responses. The use of probiotics and
their combinations in animal nutrition needs further
studies to evaluate their effects on animal
performance and nutritional efficiency.
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TABLE 1. Ingredients and chemical composition of the basal diet on dry matter basis %.

Ingredients Kg/Ton

Yellow corn 350

Soybean meal 75

Wheat barn 65

Common salt 2.5

Limestone 6

Mineral and vitamin mixture* 1.5

Berseem hay 500

Chemical composition (on DM basis)

Items, % Concentrate mixture Berseem hay Total mixed diets
(calculated)

Dry matter 88.93 91.28 90.1

Organic matter 87.84 85.8 86.82

Crude protein 14.2 15.1 14.65

Ether extract 4.98 1.66 3.32

Crude fiber 9.58 359 22.74

Nitrogen free extract 59.08 33.14 46.11

Ash 12.16 142 13.18

*: minerals and vitamins mixture contained: Copper 30000 mg, Iodine 800 mg, Selenium 300 mg, Iron 10000 mg, MgO
80000 mg, Zinc 100000 mg, Cobalt 400 mg, Vit. A 10000000 IU, Vit. D; 2500000 IU, Vit. E 35000 IU, and CaCOs to 3 Kg.

TABLE 2. Influence of dietary probiotic combination (ABLB) with or without SC on haematological parameters of

Saidi sheep
Treatments’
Items> P-value
Control ABLB2 ABLB4 ABLB2+SC  ABLB4+SC

Hb, g/dL 10.64+0.37 10.85+0.31 10.75+0.26 10.95+0.45 10.78+0.36 0.987
HCT, % 32.74+0.54 33.28+1.03 33.18+0.70 33.63+0.83 33.35+0.84 0.937
RBC, 10%/uL 12.78+ 0.54 13.15+0.38 13.17+0.71 13.33+0.66 13.18+0.59 0.969
WBC, 10°/pL 7.14%+0.11 7.77%+0.24 7.49 °+0.54 8.90°+0.92 8.71%+0.80 0.002
LYM, % 62.14+ 3.04 62.48+2.78 64.85+1.37 65.73+2.24 65.38+1.36 0.476
MCYV, fL 2591+ 1.46 25.47+1.27 25.57+1.48 25.60+1.57 25.53+1.22 0.999
MCH, pg/cell 8.43+ 0.58 8.29+0.36 8.30+0.53 8.34+0.60 8.200.20 0.998
MCHC, g/dL 32.47+0.74 32.85+1.76 32.42+0.56 32.75+1.88 32.35+1.04 0.998
PLT, 10°/L 347.0+41.52 372.5+42.50 350.3+38.10 386.3+45.04  357.8+41.94  0.969

'ABLB2 and ABLB4: 2x10° cfu/g and 4x10° cfu/g of the bacterial combination. SC: 2x107 cfu/g of yeast. *Hb: Hemoglobin, HCT:
Haematocrit, RBC: Red blood cells, WBC: White blood cells, LYM: Lymphocytes, MCV: Mean corpuscular volume, MCH: Mean
corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, PLT: platelets. * ™ ° means in the same row with
different superscripts are significantly (P<0.05) different.
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& Control EABLB2 i ABLB4 HABLB2+SC M ABLB4+SC

A
GSH-Px ® TAC ®)

(©

nmol/mL

Fig. 1. Influence of dietary probiotic combination (ABLB) with or without SC on antioxidant parameters including
GSH-Px (Fig. 1A), TAC (Fig. 1B) and MDA (Fig. 1C) of Saidi sheep.

ABLB2 and ABLB4: 2x10° cfu/g and 4x10° cfu/g of the bacterial formula. SC: 2x107 cfu/g of yeast. GSH-Px: glutathione

peroxidase. MDA: malondialdehyde. TAC: total antioxidant capacity. > ¢ means in the same row with different superscripts

are significantly (P<0.05) different.

# Control M ABLB2 MABLB4 MABLB2+SC MABLB4+SC
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Fig. 2. Influence of probiotic formulations on blood immunoglobulin response including IgG (Fig. 2A), IgA (Fig.
2B), IgM (Fig .2C) and lysosome activity (Fig. 2D) of Saidi sheep.

ABLB2 and ABLB4: 2x10° cfu/g and 4x10° cfu/g of the bacterial formula. SC: 2x107 cfu/g of yeast. IgA, IgM and

IgG: Immunoglobulins A, M and G, respectively.
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