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Globally meat production and consumption has increased
rapidly in recent decades, which in turn increases the need to
develop techniques and products for improving animal
production. Probiotic is one of these impoved products. This
study was performed at AL-Khalidiah farm, Riyadh city, Saudi
Arabia. It was designed to investigate the effect of two different
probiotic (PROTEXIN®) formulation in relation to different
dosing methods on newborn Najdi breed lamb’s rumen
fermentation and histomorphology. Fourty newborn lambs were
divided into four equal groups; First group was a control group
(group C) without any probiotic supplementation, second group
(group T1) supplemented with a single dose of 5 ml
PROTEXIN® LIFE START at the first day of age, third group
(group T2) supplemented with daily dose of 0.25 gm
PROTEXIN® COMPOUNDER and the forth group (group T3)
supplemented with a single dose of 5 ml PROTEXIN® LIFE
START at the first day of age then continued with a daily dose
of 0.25 gm PROTEXIN® COMPOUNDER till the end of the
study. The study continued up to 60 days of age. Rumen fluid
(collected by a stomach pump) and rumen tissues (at
postmortem) were collected for measuring fermentation and
histomorphology effects of the treatment respectively.The
results were analyzed using (ANOVA). Rumen fluid showed
increased pH with no effect on lactic acid concentration. Rumen
TVFA, propionic acid and valeric acid increased with the
treatment, but no significant variations between the groups.
Molar proportion between VFA increased in propionic acid and
valeric acid in contrast to a decrease in acetic acid compared to
control group. No morphological or histological effects
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regarding rumen papillary length, width and surface area except
increased of papillary density per cm? and thickness of papillary
stratum corneum layer. PROTEXIN® probiotic improved
lambs’ rumen fermentation and histomorphology of rumen
papillae with no significant differences between application
methods.

Introduction:

Globally, meat production and consumption have increased rapidly in recent decades and the
demand for livestock products will soon nearly double in sub-Saharan Africa and South Asia in
2050 (Nierenberg and Dannielle, 2011). Globally meat production is projected to be 16% higher
in 2025 than the base period (2013-2015), compares to almost 20% increase in the previous
decade. Livestock supply responses to market signals, continue to be influenced by
environmental and food safety regulations, in addition to availability of natural resources,
technical and technological opportunities for productivity gains (FAO, 2016). This increases the
need for developing techniques and products to improve animals’ production in order to meet
rising demands for livestock products worldwide specially after Antibiotic Growth Promotors
(AGP) pan in Europe and other countries in 2006, to avoid risk of antibiotic resistance in human.
One of the important substitutes for AGP are probiotics which has different types and
ingredients. Probiotics can be defined as preparations containing live microorganisms as feed
supplement for ruminant (Dawson, 2002). Real idea of administering microorganisms to animals
is associated with feeding of large quantities of “beneficial” microbes to livestock when they
were “stressed” or ill (Denev et al., 2007). Microbial products used in this way were originally
called “probiotics” or products “for life”” (Beev et al., 2007). The current definition formulated
by FAO and WHO working group experts’ in 2002 states that probiotics are “live strains of
strictly selected microorganisms which, when administered in adequate amounts, confer a health
benefit on the host” (FAO, 2002).

Probiotics help preventing and controlling gastro-intestinal track (GIT) pathogens and/or
improve performance and productivity of animals’ production through various mechanisms.
Closely related strains may differ in their mode of action (Fioramonti et a/ 2003; Roselli ef al,
2007; Lodemann, 2010). One of the healthy GIT major determinants is microbial population
composition. Probiotics can change microbial population dynamics in GIT eventually creating a
more favorable microbial population due to shift in beneficial and harmful microbes balance
(Mountzouris et al, 2007; An et al, 2008; Mountzouris et al, 2009). Healthy microbial
populations in GIT are often associated with enhanced animal performance, reflecting more
efficient digestion and improved immunity (Niba et a/, 2009; Hung and Shu. 2012).

Studies have shown that main ruminal bacteria which affecting ruminal fermentative capacity are
classified as lactic acid-producers and consumers (Belanche ef al, 2012), and both bacterial
groups are use as probiotics. Probiotics which composed of various microbial components are
known to improve ruminal fermentation by activating rumen microbiota (Chiquette et al., 2008;
Nocek et al., 2002; Timmerman et al.,2005) and directly increasing ruminal performance in
dairy cattle (Belanche et al., 2012; Weinberg, et al., 2004). Researches on microbial composition
and ruminant digestive ecosystems functional diversity suggests, consecutive probiotic
supplementation to improve animal performance by altering ruminal microbiota and increasing
digestion capability (Nocek et al., 2002; Timmerman et al.,2005).
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Probiotic reduces organic acid accumulation. Study done by Hiroko ef al. (2016), showed a 24-hr
mean ruminal pH to be higher in probiotic treated groups compared to control group during
SARA (subacute ruminal acidosis) challenge. This indicated increased ruminal fermentation in
cows, same as reported by Ghorbani et al. (2002) and Weinberg et al. (2003). However,
Chiquette et al. (2012) reported no effects on ruminal pH when a single strain of probiotic was
administered in SARA-challenged cows. However, he found ruminal pH to be increased
compared to control group when using a combination of E. faecium and yeast. Probiotic appears
to increase ruminal bacteria’ ability to metabolize lactic acid and regulate ruminal pH (Qadis et
al., 2014). It has been hypothesized that functionality and efficacy of probiotics can be
determined based on their effects on predominant rumen microbiota (Ghorbani et al., 2002;
Chiquette et al., 2012).

Lactate is a common product of carbohydrate fermentation produced by lactate producing
bacteria species such as Streptococcus bovis (Chiquette, 2009; Chaucheyras-Durand et al,
2012). Lactic acid bacteria (LAB) probiotics administration is thought to help rumen microbiota
to adapt to presence of lactic acid (Ghorbani et al., 2002), and prevent lactate accumulation in
rumen (Russell and Wilson, 1996). In a study done by Qadis ef al. (2014) significantly lower
lactic acid concentrations in weaned calves receiving probiotic were observed compared to
control.

Ruminal VFAs pattern differs in different diets fed animals and can reflect ruminal microbes’
population make up (Chen et al. 2011). Some studies found increased VFA production in small
ruminants which fed probiotics (Sadiek and Bohm, 2001; Abd El-Ghani, 2004). Moreover, Abd
El-Tawab et al., (2016) reported probiotics to increase VFA production. However, other studies
recorded a significant reduction in ruminal VFA formation in growing lambs and adult goats
which were given probiotic supplemented diets (Kowalik ef al. 2011; Tripathi and Karim 2011).
Concerning rumen histology, some studies showed increased stratum corneum thickness with
probiotic supplementation (Steele ef al. 2012; Garcia et al. 2018). Probiotics in poultry diets can
affect intestinal mucosa histology. Villus height and villus: crypt ratio in intestinal mucosa were
increased by B. subtilis (Jayaraman et al., 2013; Afsharmanesh and Sadaghi, 2014), B. coagulans
(Hung and Shu. 2012), lactic acid producing bacteria L. salivarius, P. parvulus (Biloni et al.,
2013) and E. faecium (Cao et al., 2013). B subtilis PB6 reconstituted chicken intestinal villi that
distorted and damaged as a result of necrotic enteritis caused by Cl. perfringens to their normal
structure (Jayaraman et al., 2013).

Materials and Methods:

The study was performed at AL-Khalidiah sheep farm, Riyadh city, Saudi Arabia. Forty newly
born lambs (one day old) with average body weight 6.00 + 0.1 kg (Najdi breed) was divided
randomly into 4 equal groups of 10 animals each. All groups were kept in separate pens with
their mothers at the same environmental conditions (feeding and vaccination programs.)

First group (C) was a control group without any probiotic supplementation.

The 2™ group (T1) received only one dose of treatment within the first 12 hours of life using
the product PROTEXIN LIFE START® manufactured by PROBIOTIC INTERNATIONAL
COMPANY - UK, at manufacturer dose rate of 4 ml paste orally within the first 12 hour of life.
The product is a combination of probiotic bacteria (Lactobacillus plantarum, Lactobacillus
acidophilus,  Lactobacillus  bulgaricus, Lactobacillus casei, Streptococcus faecium,
Streptococcus thermophilus, Bifidobacterium bifidum) total viable count 8X10®* CFU/ gm,
natural colostrum (IgG1, IgG2, IgGA, igGm ) 10%, vitamin B'? - 0.000001 mcg/ml, minerals:
Cobalt - 0.003% and Cod liver oil base - 84.997%).
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The 3" group (T2) received a daily dose of probiotic combination using the product
PROTEXIN COMPOUNDER" manufactured by PROBIOTIC INTERNATIONAL — UK, the
product is a combination of probiotic bacteria (Lactobacillus plantarum, Lactobacillus
acidophilus,  Lactobacillus  bulgaricus, Lactobacillus casei, Streptococcus faecium,
Streptococcus thermophilus, Bifidobacterium bifidum), total viable count 2X10®* CFU/ gm and
Dextrose Monohydrate 96.67%. The dose rate was 0.25 gm/animal/day continuously till the 60
days of age. 4™ group (T3) was treated with 4 ml single dose using the product PROTEXIN
LIFE START® at the first 12 hours of age then continued treatment by receiving daily dose of
PROTEXIN COMPOUNDER® the dose rate was 0.25 gm/animal/day till the 60 days of age.
Rumen fluid was collected from the 4 groups at the age of 30 days and 60 days using stomach
pump though the mouth, the collected ingesta was squeezed by hand through cheesecloth to get
the rumen fluid, the collected fluid was centrifuged at 3000 rpm for 30 min to remove the large
particles then the supernatant fluid was collected into clean tubes and stored at -20 C for further
analysis. The pH of the collected rumen fluid was measured immediately after collection using
calibrated pH meter (Model pH 211, Hanna Instruments) and the results were recorded for
statistical analysis.

For assay of lactic acid, the ruminal fluid was centrifuged immediately at 2,000 x g for 30 min,
and concentrations in the supernatant were determined using a commercial kit (F-kit; D-
lactate/L-lactate, J. K. International, Tokyo, Japan). For the VFA analysis, 10 ml of ruminal fluid
was added to 2 ml of 25% metaphosphoric acid in 3 N H,SO, for assay of VFA. Total VFAs and
three individual VFAs (acetic acid, propionic acid and butyric acid) were separated and
quantified with gas chromatography (Model 135, Hitachi, Tokyo, Japan) using a packed glass
column (3% Thermon-3000) on a Shimalite TPA 60-80 support (Shinwa Chemical Industries
Ltd., Kyoto, Japan).

At the end of the experiment (60 days of age), randomly three lambs per each treatment were
slaughtered. A 3cm’® samples were taken from rumen without straining the wall for histological
analysis. Samples were fixed in 10% (vol/vol) phosphate-buffered formalin for at least 72h, after
which they were dehydrated in graded alcohol and embedded in paraffin. Sections of 5 um were
cut from each sample by the Microtome System and stained with hematoxylin and eosin
according to the method described by Alhidary et al. (2016). Measurements of height (L), width
(W) of the papilla, the stratum corneum (SC), the width of the epithelium (WE), lamina propria
(LP), the number of papillac/cm> mucosa (papillac density) and sub mucosa were based on
randomly 5 well-oriented papilla per section per animal using an IX71 Inverted Olympus
Microscope (Eyepiece: WHI10X, Objective Lens: 4X) and a PC-based image analysis system
(Olympus DP72 Microscope Digital Camera; Olympus NV, Aartselaar, Belgium) with software
Analysis (Cellsens Digital Imaging Software for Research Application). Papilla height and width
data were used to calculate papilla surface area [2n x (W/2) % L], where W = papilla width and L
= papilla length. In addition, the total surface of papillac per cm” mucosa was determined as
length x width x 2, multiplied by the number of papillac/cm® (Alvarez-Rodriguez et al., 2012;
Alhidary et al., 2016).

Data were subjected to analysis of variance (ANOVA) using General Linear Model (GLM)
procedure of Statistical Analysis System institute, Inc. (SAS 2009) JMP software version 11 for
a Completely Randomized Design

Results:
Lactic Acid and PH
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The effects of the three types of probiotics treatments on rumen Lactic acid are shown in Table 1.
Lactic acid was not affected significantly by treatments (P > 0.3717) compared with the control
group. Lactic acid increased significantly (P < 0.0001) with the increase of age when comparing
30 with 60 days of age.

As shown in Table 1. the pH of the rumen of treatment groups have significantly higher pH (P <
0.0123) compared to the control group, T2 group and T3 group were the highest within the
treated groups.

Rumen pH increased significantly (P < 0.0001) with the increase of age when compared 30 with
60 days of age.

Table (1) Effect of probiotics and age on Lactic Acid and pH in rumen fluid of the growing lambs

Parameters
Treatment’ L. Acid pH

C 4.69 7.10%

Tl 3.96 6.84°

T2 436 7.31°

T3 5.77 7.34°

SEM! 0.522 0.111

P-value 0.3717 0.0123
Age

30 2.34° 6.90°

60 6.85° 7.40°

SEM? 0.419 0.081

P-value <0.0001 0.0001

Treatment*Age
P-value 0.7849 0.980

*~ % Mean value within a column with different superscripts are significantly different, P< 0.05.
SEM!', standard error of the mean, Treatment® = T1, T2 and T3, Control = group without
probiotic supplementation, L. Acid = Lactic acid

Volatile Fatty Acids (VFA)

The effect of treatment on rumen concentrations of total volatile fatty acids, acetic acid,
propionic acid, butyric acid and valeric acid were compared to the control group are shown in
Table 2. The results showed significant increase in TVFA (P-value 0.018) within the treatment
groups than the control group, regarding the result of individual VFA were showed in the same
table. The concentration of propionic acid in rumen increased (P-value 0.001) within the treated
lambs. Proportion of acetic acids in TVFA lowered (P- value 0.002) and that of propionic acid
increased (P-value <0.001) in treated lambs compared to control group. Proportion of valeric
acid was also higher (P-value 0.016) in treated groups as compared to control group. T3 group
showed the highest levels of TVFA, propionic acid and valeric acid within the treatment groups
but the differences were not significant.
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Table (2) Effect of probiotics on lamb’s rumen total volatile fatty acids (TVFA), acetic acid (A),
propionic acid (P), butyric acid (B) and valeric acid (V)

Parameters Control
TVFA 87.621°
A 52392
P 23.520°
B 10.524
\Y% 1.132°
A 59.80°
P 26.90°
B 12.00
\Y% 1.30°

Treatments’
T1 T2 T3 SEM'
Total and Individual Fatty Acids (meq/L)
97.834" 99.647" 100.608* 4.641
5.3811 54.019 54.219 3.182
32.117° 32.292° 33.519° 2.483
9.206 9.817 10.143 0.896
2.809° 3.024° 3.129° 0.293
Molar Proportion (%)

50.10° 51.30° 51.40° 1.502
36.70° 36.80° 37.00° 1.453
10.00 9.20 9.00 0.712
320° 2.70% 2.60% 0.284°

P- value

0.018
0.751
0.001
0.855
0.003

0.002
<0.001
0.112
0.016

¢ Mean value within a column with different superscripts are significantly different, P< 0.05.
SEM!', standard error of the mean, Treatment’ = T1, T2 and T3, Control = group without

probiotic supplementation.
Rumen Histomorphology

The effects of treatments on rumen papilla measures are shown in table 3 and figure 1 The
results showed that there was slight increase in Papilla length (L), Papilla width (W), Papillae
surface area (SA) and total surface area of papilla within the treatment groups (T1, T2 and T3)
compared to the control group, although this increase was not significant (P > 0.5667, P >
0.0645, P > 0.7391 and P > 0.3886 respectively). On the other hand, there was significant
increase (P < 0.0005) in Papilla density per cm? in all treated groups (T1; T2; T3) compared to
control group. T2 showed that highest density within the treated groups.

Table (3) Effect of probiotics on lamb’s Rumen Papilla Length (L), Width (W), Surface Area (SA),
Density of papilla and Total Surface of Papillae (TSP).

2
Treatments L

(mm)

Control 3.9667

T1 3.8911

T2 4.6411

T3 4.0022

SEM' 0.4186

P-value 0.5667

" Mean value within a column with different superscripts are significantly different, P< 0.05. SEM'

Y
(mm)
0.43778
0.50556
0.40889
0.50111
0.0292

0.0645

Parameters

SA
(mm)
5.3011
6.0067
5.6156
5.6567
0.4448

0.7391

Density
(per cm?)
62.547°

68.489"
86.363"

78.062%
3.7710

0.0005

TSP
(per cm?)
246.98

244 81
298.68
269.99
24.632
0.3886

5

standard error of the mean, Treatment” = T1, T2 and T3, Control = group without probiotic
supplementation.
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Figure 1: Effect of probiotics on lamb’s Rumen Papilla Density and

Total Surface of Papillae (TSP).
BC HT1 mT2

T3

Treatment® = T1, T2 and T3, Control = group without probiotic supplementation.

The effects of treatments on rumen papillae histology measures are shown in Table 4. And figure
(2) The results showed that there was slight increase in Papillae width of the epithelium (WE),
Lamina Propria (LP) and sub-mucosa layers in the treatment groups (T1; T2; T3) compared to
the control group, although this increase was not significant (P > 0.0800, P > 0.1754 and P >
0.7275 respectively). On the other hand, there was significant increase (P < 0.0234) in Papilla

Stratum Corneum (SC) in all treated groups

Table (4) Effect of probiotics on measures of lamb's rumen Papillae Stratum Corneum (SC), Width of

the Epithelium (WE), Lamina Propria (LP) and Sub-mucosa.

Parameters
Treatments” sc WE LP Sub-mucosa
Control 0.0144° 0.4133 0.3156 0.7656
Tl 0.0233* 0.5433 0.4244 0.8933
T2 0.0144° 0.4456 0.4178 0.8256
T3 0.0178% 0.4489 0.3567 0.7856
SEM' 0.0022 0.0356 0.0391 0.0852
P-value 0.0234 0.0800 0.1754 0.7275
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-®Mean value within a column with different superscripts are significantly different, P< 0.05. SEM',
standard error of the mean, Treatment® = T1, T2 and T3, Control = group without probiotic
supplementation.

0.6
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0.2
) .
0

Figure 2: Effect of probiotics on measures of lamb’s rumen Papillae

Stratum Corneum (SC) and Width of the Epithelium (WE).
BC HT1 mT2 =73

SC WE

Treatment” = T1, T2 and T3, Control = group without probiotic supplementation.

Discussion:

Ruminal fermentation in ruminants can be determined by changes in ruminal pH and lactic acid
concentrations. The current study (Table 1) showed significant increase in pH levels (P-value
0.0123) within the treatment groups (T1, T2 and T3) than the control group, this agrees with
Ghorbani et al. (2002); Chiquette et al. (2012); Hiroko et al.(2016), this can be justified that
probiotic bacteria increased the ability of ruminal bacteria to metabolize lactic acid and regulate
ruminal pH (Qadis et al., 2014). Other authors correlated the increase of ruminal pH to the
increased activities of lactate-consuming bacteria and greater lactate absorption affect ruminal
pH (Khafipour et al., 2009). Some studies correlated the amount of increase in pH with the
probiotic dose supplemented, the high dose might increase lactic acid bacteria (LAB) numbers in
the rumen and hence more increase in pH (Khafipour et al., 2009; Jianbiao et al., 2017) which
consist with the present study results where T2 and T3 groups (received continuous daily
supplementation of Protexin® Probiotic) showed the highest levels of pH than T1 group
(received one dose of Protexin® probiotic). Regarding lactic acid the results of this study (Table
1.) showed no significant differences between control group and treatment groups regarding
lactic acid concentration in the rumen liquor, on the other hand the results showed significant
increase in lactic acid obtained when comparing one day old with 60 days old lambs, this may be
due to the presence of lactobacillus spp. as main component of the probiotic used in the study
(Protexin®) and the fact that lactobacillus bacteria are lactic acid producing bacteria as a result
of sugar fermentation (Zaunmiiller ef al. 2006).

Volatile fatty acids are the primary products of rumen fermentation which contributed to rumen
epithelium development of fattening sheep. The VFA profile is associated with effects on end-
product composition and energy balance in ruminants. The results of current study (table 2.)
showed significant increase in TVFA (P-value 0.018) within the treatment groups than the
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control group which agreed with the results reported by Sadiek and Bohm (2001); Abd El-Ghani
(2004) and Abd El-Tawab et al. (2016). The increase in VFA is mainly due to the improvement
of rumen fermentation by probiotics. The results of individual VFA concentrations (table 2)
showed increased propionic acid concentration (P-value 0.001) within the treatment groups.
Concerning molar proportion of VFA, propionic acid (P-value <0.001) and valeric acid (P-value
0.016) increased however, acetic acids (P- value 0.002) decreased within treatments group
compared to control group, this agrees with the results obtained by Bhatt and Sahoo (2018).
Zitnan et al. (2005) who stated that higher sum of VFAs, especially propionic, butyric and
valeric acid concentration in the rumen fluid of calves indicate enhanced rumen fermentation.
Propionate is the main source of glucose and a substrate for gluconeogenesis for the ruminant,
while acetate and butyrate are precursors for long-chain fatty acid synthesis, high glucogenic to
non-glucogenic VFA ratio is beneficial for growth of finishing cattle (Abd El-Tawab et al.,
2016)

The rumen and reticulum account for more than 70% of the total digestive tract volume in
ruminants (Stobo ef al. 1966). The results in (table 4) showed no significant influence in papillae
width of the epithelium (WE), Lamina Propria (LP) and sub-mucosa layers (P-values: 0.08;
0.1754; 0.7275 respectively) which consist with the results of Garcia et al. (2018), this may be
due to the fact that the rumen is incompletely developed both physically and metabolically at
birth, representing only 30% of the total gastrointestinal capacity (Warner et al. 1956). On the
other hand, the results showed significant increase (P-value 0.0234) in the stratum corneum (SC)
that agrees with the results of Garcia er al. (2018), a possible justification for the better
development of stratum corneum is that probiotics has protective effect on the ruminal
epithelium against the damage caused by ruminal acidosis, the protection mechanism seems to be
related to stabilization of the rumen pH, which may reduce the length of time during which the
pH is below 5.8 (Bach et al. 2007., Chung et al. 2011., Vyas et al. 2014). Figure 2. Showed that
treatment groups have increased papillae stratum corneum and width of the epithelium than
control group which can result in better digestion and absorption of nutrients.

Regarding papilla size the results of current study (Table 3) showed no significant increase in
Papilla length, width or surface area (P-values: 0.5667; 0.0645; 0.7391 respectively), this agrees
with the results obtained by Kadir ez al. (2016) in study done on goat kids. In this study there is
significant increase in papilla density per cm? (P-value 0.0005) similar to the results obtained by
Peng et al. (2011) in study done on diary calves.

Conclusion:

The supplementation of Protexin® Probiotic has positive effect in improving rumen fermentation
indicated by increased pH levels, total volatile fatty acids specially, propionic acid which is the
main substrate for gluconeogenesis, the effect is positively correlated to lamb's age.

Treatment improved rumen histomorphology indicated by increased Papillae surface area and
density per cm? accordingly, numbers of papillae protrude from the ruminal surface into the
lumen increased the absorption surface area. Rumen epithelium is responsible for physiologically
important functions, such as absorption, transport, VFA metabolism and protection.

However, differences between groups using different dosing methods or different products
(Protexin® Life start; Protexin® Compounder) were not significant which may be due to the
ability of live bacteria used to multiply within the rumen to compensate the dosing differences to
reach the desirable balance.
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