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Abstract

Background: The reduction of antimicrobial usage in food-producing animals neces-
sitates the intense search for novel alternatives, including new probiotic strains with
more effective properties in improving growth performance and curtailing diseases in
animals.

Obijective: This study evaluated the effects of novel mono- and multi-strain probiotics
on the growth performance, intestinal microbiota and haemato-biochemical parame-
ters of broilers.

Methods: A total of 160 one-day-old Cobb 500 broilers were divided into eight treat-
ment groups with two replicates consisting of (1) basal diet (negative control), (2) basal
diet with antibiotic, colistin sulphate, (3) basal diet with commercial probiotic, PRO-
MAX® (positive control), (4) basal diet with Pediococcus acidilactici |5, (5) basal diet with
P. pentosaceus 113, (6) basal diet with Enterococcus faecium C14, (7) basal diet with Lac-
tobacillus plantarum C16 and (8) basal diet with the combination of all the four probiotic
strains. Birds were kept for 35 days and through oral gavage, 1 ml of 108 study probi-
otic strains administered on days 3-6, 14 and 18.

Results: Supplementation with P. pentosaceus 113, L. plantarum C16 or multi-strain pro-
biotics significantly (p < 0.05) improved the body weight gain and feed conversion ratio
with decrease in feed intake and intestinal Enterobacteria counts. There was a signif-
icant (p < 0.05) increase in haemoglobin, mean corpuscular volume, total white blood
cells, platelets counts and a lowered (p < 0.05) total cholesterol and glucose levels in
multi-strains probiotic supplemented birds.

Conclusion: The supplementation with novel multi-strain probiotics improved growth,
intestinal health and haemato-biochemical parameters in broilers and could be used as

suitable antibiotic alternatives.
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1 | INTRODUCTION

With the total ban and restrictions on the use of antibiotics in animal
production and poultry industry, probiotics have been widely and
increasingly accepted as suitable, natural and safe alternatives to
antibiotics (Olnood et al., 2015a). These beneficial microbial strains
collectively referred to as probiotics are known to be “live microor-
ganisms that when administered in adequate amounts, confer a health
benefit on the host” (Hill et al., 2014). Probiotics confer multiple
nutritional and health benefits, including improving animals’ perfor-
mance and feed utilization (Mahmood et al.,, 2014), enhancing gut
microflora (Olnood et al., 2015a), immune modulation (Salim et al.,
2013), competitive pathogens exclusion (Rocha et al., 2012), entero-
toxins neutralization (Rahimi, 2009), meat quality (Zhang & Kim, 2014),
lowering cholesterol level (Ashayerizadeh et al., 2011), and reducing
morbidity and mortality rates (Hatab et al., 2016; Salim et al., 2013),
when administered in adequate amounts.

In the poultry industry, different probiotic strains belonging to
Bifidobacterium spp., Lactobacillus spp., Enterococcus spp., Bacillus spp.,
Streptococcus spp., Candida spp., Saccharomyces spp. and Aspergillus
spp. have been successfully applied and reported to improve poul-
try’s performance (Chen et al.,, 2005; Chichowski et al., 2007; Liu
et al., 2012). Although previous studies concentrated on mono-strain
probiotics, the application of multi-strain probiotics is gradually now
reported by many researchers with mixed outcomes (Abdel-Latif et al.,
2018; Olnood et al., 2015a). In a recent study, dietary supplementa-
tion with multi-strains probiotic consisting of Lactobacillus fermentum,
L. plantarum, Enterococcus faecium, Pediococcus acidilactici and Saccha-
romyces cerevisiae significantly improved growth performance, some
haemato-biochemical parameters as well as beneficially modulating
gut microflora and also ameliorating Pasteurella multocida infection in
broilers (Reuben et al., 2021). Similarly, Fesseha et al. (2021), Ram-
lucken et al. (2020), Kazemi et al. (2019) and Olnood et al (2015a) sep-
arately reported the effects of multi-strain probiotics supplementation
on growth performance, gut microbiome development and diversity,
intestinal morphology, lipid oxidation and pathogens control in broiler
chickens.

Some studies have previously reported discordant findings on
the influence of probiotics supplementation on chicken haemoglobin,
packed cell volume (PCV), total counts of red blood cells (RBCs),
white blood cells (WBCs) and platelets, erythrocytes sedimentation
rate (ESR), monocytes, glucose level, total cholesterol, total proteins,
triglycerides and other blood parameters (Alkhalf, Alhaj & Al-homidan,
2010; Abdel-Hafeez et al., 2017; Deraz, 2018 Hussein, 2014), the
direct influence exhibited by mono- and/or multi-strains probiotic sup-
plementation on haemato-biochemical parameters of poultry has not
been clearly elucidated.

In spite of the soaring acceptability of probiotics application in ani-
mal production, their functionality and efficacy in the field are highly
inconsistent. This is partly because most commercial probiotics fall
short of the basic standard and quality in both microbial viability
and composition (Fasoli et al., 2003). The lack of generally accept-

able administration dose in the field and the great variability in feed

composition (Zhang et al., 2013) also affects the consistency of field
reports. Furthermore, most manufacturers lack the patience to con-
duct in-depth studies and in vivo trials for optimal efficacy of each pro-
biotic strain before commercializing, as most industries are after prof-
its maximization with minimal expense (Reuben et al., 2019).

The probiotic strains used in this study were isolated from indige-
nous raw milk and broilers, evaluated for probiotic properties, char-
acterized molecularly and sequenced using 16S rRNA sequencing
(Reuben et al., 2019; 2020). This experiment is the first to assess the
field effectiveness of these newly identified probiotic strains with suit-
able in vitro probiotic properties. More so, most field experiments
do not often evaluate the effect of mono- and multi-strain probiotics
simultaneously. Therefore, our study investigated the effects of indi-
vidual and combined supplementation of novel strains of probiotics on
growth performance, intestinal microflora and haemato-biochemical

parameters of broilers.

2 | MATERIALS AND METHODS

2.1 | The probiotic strains

Four potential probiotic strains previously isolated and identified as P.
acidilactici 15 (chicken intestine), P. pentosaceus 113 (chicken intestine),
E. faecium C14 (chicken crop) and Lactobacillus plantarum C16 (cow
milk) were selected for this field trial. Each strain previously stored
at -20°C in De Man, Rogosa, Sharpe (MRS) broth (Hi-Media, M6411-
500G) with 40% glycerol was resuscitated by repeated culture in the
MRS broth at 37°C for 24 hours and then harvested by centrifugation
at 6000 x g for 5 minutes. Harvested cells were resuspended in phos-
phate buffered saline (PBS, pH 7.4) and vortexed for 10 minutes. The
concentration of each probiotic strain supplemented in this study was
108 cfu/ml. Also, commercial probiotic product PROMAX® (Sanzyme
Biologics (P) Ltd., Japan), which contained (per gram) 4.5 x 107 cfu/g
cells of Bacillus subtilis, B. coagulans and Saccharomyces boulardii, was
used as positive control.

2.2 | Experimental design and diet treatments

A total of 160 one-day-old Cobb 500 broiler mixed-sex chicks
were purchased from a commercial hatchery (Nourish farms, Dhaka,
Bangladesh), weighed individually and randomly assigned to eight
treatments with two replicates containing nine chicks each after they
were allowed to acclimatize for 2 days. Birds in each treatment were
housed in a floor pen containing sawdust litter. Twenty-three hours of
light was provided during the first week and then reduced to 18 hours
throughout the 35 days of the experiment. Basal diets (starter and
grower/finisher) designed in our laboratory were provided as pellets
all through the trial and were based on wheat, soybean meal and
corn (Table S1). The eight treatments adopted in this trial included:
(1) negative control (NC), (2) antibiotic (colistin sulphate) supple-

mented (Ant), (3) positive control (PC) supplemented with commercial
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Days
1 3 - 6 7 p € 3 18 21 28 35 NC
Only PBS BWG, FI FCR BWG, FI, FCR Only PBS BWG, FI, FCR BWG, FL, FCR BWG, FI, FCR
Only PBS GCCA, HBA GCCA, HBA
1 3 - 6 7 14 18 21 28 35 Ant
Antibiotic BWG, FI, FCR BWG, FI, FCR Antibiotic BWG, FIL, FCR BWG, FI, FCR BWG, FI, FCR
Antibiotic GCCA, HBA GCCA, HBA
1 3 -6 7 14 1s 21 28 35 PC
Commercial BWG, II. FCR BWG. FI, FCR Commercial probiotics BWG, FI. FCR BWG. FI, FCR BWG. FI, FCR
probiotics Commercial probiotics GCCA, HBA GCCA, HBA
1 3 -6 7 1a 18 21 28 35 Pa
Study Probiotic Pa BWG, FI, FCR BWG, FI, FCR Study probiotic Pa BWG, FI, FCR BWG, FL, FCR BWG, FI. FCR
Study probiotic Pa GCCA, HBA GCCA, HBA
1 3 - 6 7 14 18 21 28 35 Pp
Study Probiotic Pp BWG, FI, FCR BWG, FI, FCR Study probiotic Pp BWG, FI, FCR BWG, FI, FCR BWG, FI, FCR
Study probiotic Pp GCCA, HBA GCCA, HBA
1 3 - 6 7 14 18 21 28 35 Ef
Study ProbioticEf ~ BWG, FI, FCR BWG, FILLFCR  Study probiotic Ef BWG, FI, FCR BWG, FI, FCR BWG, FI, FCR
Study probiotic Ef GCCA, HBA GCCA, HBA
1 3 -6 7 14 1s 21 28 35 Lp
Study Probiotic Lp BWJ FI, FCR BWG, FI, FCR Study probiotic Lp BWG, FI, FCR BWG, FI, FCR BWG, FI, FCR
Study probiotic Lp GCCA, HBA GCCA, HBA
1 3 -6 7 14 is 21 28 35 Multi
Study Probiotics Multi ~ BWG, FI, FCR BWG, FI, FCR Study probiotic Multi BWG, FI, FCR BWG, FI, FCR BWG, FI, FCR
Study probiotics Multi GCCA, HBA GCCA, HBA
b § 7 1 =21 2 35

:Basal Diet- Staner* Basal Diet- Finisher=

FIGURE 1 Schematicillustration of the experimental design. Birds were fed basal diet all through the experiment. Treatment groups included:
NC, negative control; Ant, antibiotic supplemented; PC, positive control; Pa, supplemented with Pediococcus acidilactici |15; Pp, supplemented with

P. pentosaceus 113; Ef, supplemented with Enterococcus faecium C14; Lp, supplemented with Lactobacillus plantarum C16 (Lp) and Multi,
supplemented with Multi-strains. Abbreviations: BWG, body weight gain; FCR, feed conversion ratio; Fl, feed intake; GCCA, gut content and
carcass analysis; HBA, haemato-biochemical analysis; PBS, phosphate-buffered saline

probiotic, (4) P. acidilactici |5 (Pa) supplemented, (5) P. pentosaceus 113
(Pp) supplemented, (6) E. faecium C14 (Ef) supplemented, (7) L. plan-
tarum C16 (Lp) supplemented and (8) multi-strains (Multi) supple-
mented group. In all the treatments, feed and water were provided ad
libitum. The treatment procedures adopted for this study are shown in

Figure 1.

2.3 | Sample collection and processing

The individual weight of all chickens was measured before grouping

them into respective treatment pens. Individual bird and leftover feed

from each treatment were weekly weighed and the feed intake (FI)
and body weight gain (BWG) recorded. Also, feed conversion ratio
(FCR; feed intake/weight gain) and mortality (when it occurred) for
each treatment were also calculated (Gao et al., 2008; Olnood et al.,
2015a).

On days 21 and 35 of the experiment, two birds from each
pen were selected at random and sacrificed by cervical disloca-
tion after exposing them to overdose of isoflurane anesthesia. Vis-
ceral organs of each of the sacrificed bird were carefully removed
and weighed after opening the abdominal cavity. After emptying
the contents into sterile plastic containers, the weights of giz-

zard, ileum and caecum were recorded. Also, the weights of heart,
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liver, bursa, spleen, thigh, drumstick, breast, wing and dressing were
recorded and expressed as the percentage of the body weight
(Zhanget al., 2013).

2.4 | Enumeration of culturable intestinal bacteria
For each bird sacrificed, fresh gizzard, ileum and caecum digesta
were immediately collected within 1 hour for microbial enumera-
tion. Using 0.85% normal saline solution, the fresh digesta samples
were serially diluted for the enumeration of total aerobes, Enter-
obacteria (coliforms and lactose negative Enterobacteria) and lactic
acid bacteria by conventional microbiological techniques using selec-
tive media, including nutrient agar, MacConkey agar and MRS agar,
respectively (Engberg et al., 2004), and results were expressed as
Logyq cfu/g.

2.5 | Determination of digesta pH

Exactly 1 g of fresh digesta samples from gizzard, ileum and caecum of
each sacrificed bird on days 21 and 35 were transferred into 9 ml of
distilled water in 15 ml tubes and measured the pH using the standard
procedures described elsewhere using glass electrode (HANNA Instru-
ments, Inc., Woonsocket, RI, USA) (Kumar et al., 2018).

2.6 | Haemato-biochemical parameters

Complete blood counts and lipid profile determining the haemato-
biochemical parameters were carried out. Approximately 4 ml of blood
samples from the birds sacrificed in each treatment were collected
from the jugular vein into plane tubes (for biochemical analyses)
and anticoagulant tubes (for haematological analysis) on days 21
and 35 of the trial. Haematological assays were conducted using
automatic SYSAM-XN-1000, XN-550 AL Random Access Haema-
tology Machine (SYSMEX CORPORATION, Japan) and checked
manually, while the biochemical analyses were carried out by Siemens
Dimension RxL/Max/Vitros350 Random Access Chemistry Analyzer
(Siemens Healthcare Diagnostics Inc, Tarrytown, NY, USA) after
obtaining the serum through centrifugation. The average of results
obtained from the haemato-biochemical analyses per treatment were
determined.

2.7 | Statistical analysis

Data iwere collected iand analysed iby ianalysis iof ivariance ias
ia icompletely irandomized idesign iusing ithe iGLM iprocedure as
described by iGraphPad iPrism iversion i5.0 ifor iWindows i(GraphPad
iSoftware, iSan iDiego, iCA, iUSA) and SAS software (version 9.4, SAS
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Institute Inc., Cary, NC, USA). Viable counts of the gizzard, ileum and
caecum contents were subjected to logarithmic conversion (Logqq)
before statistical analysis. All the results iwere ipresented ias imeans of
two independent experiments, iand differences ibetween itreatment
igroups iwere determined using the Duncan’s iimultiple iirange itest.
Probability ivalue iless ithan i0.05 i(p < 0.05) iwas iconsidered as

significant.
3 | RESULTS
3.1 | Growth performance

We prepared the basal diet for the study devoid of antibiotics. Also,
the basal diet used in this study supported the general performance
of the birds during the period of the experiment. The required com-
position of ingredients and calculated nutrients used in the basal diet
during this study was arrived at after repeated pilot study involving 80
broilers (data not shown). The effects of dietary supplementation of
mono- and multi-strain probiotics on the BWG, FCR and FI of broiler
chickens as obtained from this study are shown in Table 1. No sig-
nificant differences (p > 0.05) were recorded in the BWG between
the treatment groups with the NC and PC from days 1 to 14 of the
experiment. At 21 days of age, the mean BWG of the mono-strain
probiotic groups Pp (860.17+13.91 g), Lp (915.60+13.91 g) and the
Multi-strain probiotics group, Multi (934.33+13.91 g) was significantly
higher (p < 0.05) when compared with the NC (818.44+13.91 g) and
PC (842.03+13.91 g) and the Ant (844.72+13.91 g) groups. This pos-
itive probiotic effect continued within the same groups of study pro-
biotics with significantly higher (p < 0.05) BWG till day 35 of the
experiment. Probiotics supplementation did not cause any significant
increase in the Fl during from days 1 to 7 of the experiment (p > 0.05).
However, while this study recorded a significantly higher FI among
all the probiotic supplemented groups on day 14 of the experiment,
there was only an increased (p < 0.05) Fl only in the Multi group on
day 21, when compared with the NC. Conversely, there was a signif-
icant decrease (p < 0.05) in FI among birds in the probiotic supple-
mented groups when compared with the NC from day 28 until the
end of the experiment. Furthermore, there were no significant differ-
ences (p > 0.05) recorded from this study in the means of FCR between
study probiotics and the control groups on day 7. Nevertheless, at
days 14, 21, 28 and 35 of age, this study recorded significant differ-
ences (p < 0.05) between the FCR of study probiotics and the NC.
Although the NC and Ant groups showed higher FCR throughout the
study period, study probiotic groups Lp and Multi showed the least FCR
than the three other study probiotic-treated groups, Pa, Pp and Ef as
well as the NC and PC, respectively. Also, 5.56% and 6.25% mortality
were recorded in the NC and Ant groups, respectively,ondays 4 and 29
during the period of the experiment. Therefore, the percentage surviv-
ability at the end of the experiment was 94.40%, 93.75% and 100.00%
for NC, Ant and other treatment groups, respectively. Although the
survivability of birds supplemented with probiotics was 100.00% all
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TABLE 1 Effects of mono- and multi-strain probiotic strains on growth performance of broilers
Growth Treatment
performance  NC Ant PC Pa Pp Ef Lp Multi SEM p-Value
BW 1 (g) 50.112 50.282 50.722 51.222 51.50% 50.222 51.942 51.232 0.24 0.862
BW7(g) 230.06? 228.89° 237.222 229.50° 239.11° 238.67° 241.56° 237.00? 3.64 0.984
BWG (g) 179.952 178.612 189.282 178.282 187.612 188.442 189.612 185.772 3.57 0.999
Fl(g) 146.222 150.00% 175.052 171.782 163.567 164.892 177.502 165.612 3.96 0.484
FCR 0.8132 0.840° 0.9252 0.9642 0.8792 0.8752 0.9362 0.8912 0.010 0.324
BW 14 (g) 416.22°2 405.00? 434.222 404.002 434.392 455.612 474.00% 485.50%  10.86 0.041
BWG (g) 366.11° 354.722 385.50° 352.782 382.89° 405.392 422.062 432.222 10.59 0.068
Fl(g) 346.678 366.22¢ 370.72° 366.67° 348.614 359.94¢ 390.72¢ 392.67f 6.02 0.512
FCR 0.947¢ 1.032b 0.962¢ 1.039° 0.910f 0.888¢ 0.926¢ 0.908¢ 0.02 0.414
BW 21 (g) 868.56? 895.00? 893.06? 906.56? 911.67% 899.11° 967.56% 985.61%¢ 14.09 0.014
BWG (g) 818.44¢ 844.72°¢ 842.33¢ 855.33¢ 860.17° 848.89¢ 915.60° 934.33° 13.91 0.004
Fl(g) 706.83° 690.50P 716.61° 702.33¢ 701.56° 687.28° 711.67° 749.38? 6.83 0.198
FCR 0.8642 0.8174 0.851° 0.821°¢ 0.816¢ 0.810¢ 0.777g 0.802f 0.01 0.023
BW 28 (g) 1337.75° 1339.13° 1349.442 1357.50? 1394.00¢ 1346.38* 1382.38°¢ 144713  13.23 0.041
BWG (g) 1287.69°¢ 1289.06¢ 1298.44¢ 1306.13¢ 1342.31° 1295.75¢ 1330.31° 1395.252 13.01 0.013
Fl(g) 1073.56? 966.944 935.50¢ 900.45" 894.94b 861.69¢g 849.38f 915.88¢ 25.09 0.020
FCR 0.8342 0.750P 0.720¢ 0.6894 0.667¢ 0.665¢ 0.638¢g 0.656 0.02 0.017
BW 35 (g) 1795.06° 1836.40° 1882.442 1897.732 1913.192b 1865.812 2014.06* 2052.50%0 30.64 0.014
BWG (g) 1745.00¢ 1786.27¢ 1831.434¢ 1846.479 1861.50¢ 1815.199 1962.00° 2000.632 30.39 0.011
Fl(g) 1401.252 1261.27° 1146.19f 1154.00¢g 1129.00¢ 1211.38¢ 1186.42¢g 1211.31¢ 30.90 0.001
FCR 0.803? 0.706° 0.626¢ 0.625¢ 0.607¢ 0.667¢ 0.605f 0.609¢ 0.02 0.021
Mortality 5.56 6.25 0.00 0.00 0.00 0.00 0.00 0.00 = =

Note: Values are means of two replicates and standard errors of means. Within each variable, values with the same superscript letter are not significantly

different according to Duncan’s multiple range test (p > 0.05).

Abbreviations: Ant, antibiotic supplemented; Ef, supplemented with E. faecium C14; Lp, supplemented with L. plantarum C16 (Lp); Multi, supplemented with
Multi-strains; NC, negative control; Pa, supplemented with P. acidilactici |5; PC, positive control; Pp, supplemented with P. pentosaceus 113.

through the experiment, birds in Pp, Lp and Multi treatment groups
showed better performance than birds in other treatment groups
(Table 2).

3.2 | Carcass and visceral organs weight

The supplementation of study probiotics positively affected (p < 0.05)
the relative weights of the spleenin Pp group; ileumin PC, Pa, Ef, Lp and
Multi; and also a numerical increase (p > 0.05) in the relative weight of
dressing in all the treatment groups when compared with the NC on
day 21 of the experiment. Furthermore, on day 35 of the experiment,
the relative weights of the liver in Pp, Ef, Lp and Multi groups; ileum
in Pa, Ef and Multi groups; caecum in Pa and Ef groups; and dressing
in Multi group were significantly higher (p < 0.05) than those of the
NC and in some instances the PC and/or other study probiotic supple-
mented groups. The relative weights of heart, bursa, gizzard, duode-

num, drumstick, breast, thigh and wing were not affected by the sup-

plementation of probiotics during the entire period of the experiment
(Figure 2).

3.3 | Enumeration of bacterial population in
intestinal digesta

The composition of the bacterial population in the intestinal digesta
on days 21 and 35 of the experiment is shown in Figure 3. This study
recorded a gradual increase in total aerobes and lactic acid bacteria
(LAB) counts with decrease in Enterobacteria counts as the birds grow
older. The viable counts of total aerobes in the gizzard, ileum and cae-
cum ranged between 6.86 and 9.70, 7.77 and 9.26, and 9.00 and 9.68
Logo cfu/g across the treatment groups on day 35 of the experiment.
Probiotic supplementation grossly reduced (p < 0.05) the number of
Enterobacteriain the gizzard, ileum and caeca with Lp and Multi groups
showing the least counts both on days 21 and 35 of the experiment,

respectively. However, LAB counts were significantly (p < 0.05) lower
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TABLE 2

Parameter

Day 21

RBC

Total RBC (mil/Cmm)
Haemoglobin (g/dl)
ESR (mm/1h)

PCV (%)

MCV (fl)

MCH (pg)

MCHC (g/dl)

RDW (%)

WBC

Total WBC (C/mm)
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Basophiles (%)
Platelets

Total platelet count (C/mm)
MPV (fl)

Day 35

RBC

Total RBC (mil/Cmm)
Haemoglobin (g/dl)
ESR (mm/1 h)

PCV (%)

MCV (fl)

MCH (pg)

MCHC (g/dI)

RDW (%)

WBC

Total WBC (C/mm)
Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Basophiles (%)
Platelets

Total platelet count (C/mm)
MPV (fl)

Effects of mono- and multi-strain probiotics supplementation on haematological parameters of broilers

WILEY -2

Treatment
NC Ant PC Pa Pp Ef Lp Multi SEM p-Value
2412 2.352 2372 2.335? 2.542 2.61° 2.672 2.782 0.09 0516
6.75° 6.60° 6.85° 7.10° 6.41° 8.10° 8.052 8.00% 0.16 0.029
2.002 2.502 1.50° 2.502 2.002 2.50° 2.502 2.002 0.13 0.623
31.2% 28.6° 31.7% 32.1% 31.85% 31.80% 33.10° 32.70° 048 0.021
142.452 136.52 139.4° 137.55*  133.25? 140.55° 129.00°  134.85° 1.53 0.733
30.35? 31.50° 29.70° 30.45° 28.55? 31.50° 31.40° 30.30? 0.36 0.836
21.30° 23.05? 21.30° 22.15° 21.45° 22.35° 24.35? 22452 0.37 0.540
12.55¢ 10.85¢ 12.30¢ 12.40¢ 13.10¢ 10.60¢° 10.35¢ 10.45¢ 0.39 0218
180,210¢  164,855¢  198,385¢  316,700¢ 282,810¢ 283,630¢ 295,510¢ 280,235¢ 20,884.64 0.634
7.50¢ 4.50¢ 15.00¢ 4.00¢ 6.50¢ 12.50¢ 2.50¢° 11.50¢ 1.60 0.118
90.50¢ 87.00¢ 92.00¢ 95.00¢ 91.00¢ 86.00¢ 97.00¢ 96.00¢ 143 0.489
1.00%¢ 2.50%¢ 0.50%¢ 1.00%¢ 1.00%¢ 0.00%¢ 0.50% 1.50% 0.27 0.321
1.50% 0.50% 3.00% 0.00%¢ 1.50% 1.50% 0.00%¢ 2.00% 0.37 0.267
40002 450020 400020 50002 6000? 30002 55002 2500° 421.92 0.001
8.752 9.65? 11.20° 10.402 11.452 9.65? 10.052 10.402 0.31 0.340
2.240f 2.95f 2.47°f 2.38f 2.525f 2.63f 2.73f 2.89f 0.09 0579
6.65¢ AGEES 7.00¢ 8.552P A2 7.10¢ 7.45b¢ 8.852 0.12 0.016
3.50bcd 2.00¢ 3.00¢de 2.504 4.5% 4.002b¢ Gl5Ec 5.002 0.35 0.001
30.35? 33.75? 29.35? 34.05? 33.25? 30.45° 32.05? 34.00° 0.67 0.246
154.452 146.32 132.4° 142.85% 137.15%  130.6" 132.8° 131.4° 3.04 0.028
31.85? 31.252 31.70° 32.80° 31.80° 30.45° 30.85? 29.90° 0.32 0.402
20.70° 21.35? 23.92 22.95° 23.20° 23.40° 23.25? 22.80? 0.39 0.093
10.90%° 11.30%° 10.95% 9.85% 9.50% 9.852 8.90° 9.70% 0.3 0541
97,620° 133,080%* 213,670% 275810° 275810% 207,880%° 281,675 260,335 145,767 0.031
38.007° 40.50% 16.00%¢ 19.00%¢ 25.50%¢ 23.50% 31.00%¢ 34.00% 3.14 0344
61.00° 57.00° 83.50° 80.00° 73.00? 75.50? 68.00° 70.50? 3.18 0.395
1.00%¢ 2.00%¢ 0.00%¢ 0.00%¢ 2.00%¢ 1.00%¢ 0.50% 1.00%¢ 0.27 0461
0.002° 0.502° 0.00° 0.502° 0.002° 0.00%° 0.002° 0.00?° 0.08 0.836
4800° 7850% 18,750° 7100° 8100% 9000%° 6500° 8200% 1469.75 0.039
9.35? 9.552 10.30° 10.702 9.40° 9.902 9.05? 9.552 0.19 0.465

Note: Values are the mean + standard error of the mean of two replicates. Within each variable, values with the same superscript letter are not significantly
different according to Duncan’s multiple range test (p > 0.05).
Abbreviations: Ant, antibiotic supplemented; Ef, supplemented with E. faecium C14; ESR, erythrocyte sedimentation rate; Lp, supplemented with L. plantarum
C16 (Lp); MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin concentration; MPV, mean platelets volume; Multi, supplemented
with Multi-strains; MVC, mean corpuscular volume; NC, negative control; Pa, supplemented with P. acidilactici 15; PC, positive control; Pp, supplemented with
P. pentosaceus 113; RDW, RBC distribution width.
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FIGURE 2 Relative weights (% BW) of organs from broilers supplemented with mono- and multi-strain probiotics during 35 days trial. Note:
Values are the mean + standard error of the mean of two replicates. Within each variable, values with the same letter are not significantly different
according to Duncan’s multiple range test (p > 0.05). Abbreviations: Ant, antibiotic supplemented; Ef, supplemented with E. faecium C14; Lp,
supplemented with L. plantarum C16 (Lp); Multi, supplemented with Multi-strains; NC, negative control; Pa, supplemented with P. acidilactici |5; PC,

positive control; Pp, supplemented with P. pentosaceus 113

in caecum of birds in NC, PC and Ant groups when compared birds in all
the treatment groups supplemented with the study probiotics either as
mono- or multi-strain.

3.4 | Digesta pH
The evaluation of the digesta pH from the gizzard, ileum and cae-
cum showed a gradual change from acidity to alkalinity from the

upper (proximal) to the lower (distal) gut regions of the studied birds

(Table S2). When compared to the NC and some other groups, the pH
of the gizzard was significantly lowered in Multi group throughout the
period of the experiment with pH values of 2.89 and 3.22 on days 21
and 35, respectively. This study did not record any significant effect
(p>0.05) on the pH of the ileum of the birds in all the treatment groups
throughout the experiment. This study further revealed that the caeca
of older birds (35 days of age) had increased pH values than younger
birds (21 days of age). Also, in comparison with the NC, this study
recorded anincrease (p < 0.05) in the pH values of caecum in birds from
the Ant, Pa, Pp, Ef and Multi groups.
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FIGURE 3 Bacterial counts (Log4q cfu/g) in the digesta of chickens supplemented with mono- and multi-strains probiotic on day 21 (a-c) and
day 35 (d-e). Note: Values are the mean + standard error of mean of two replicates. Within each variable, values with the same superscript letter
are not significantly different according to Duncan’s multiple range test (p > 0.05). Abbreviations: Ant, antibiotic supplemented; Ef, supplemented
with E. faecium C14; Lp, supplemented with L. plantarum C16 (Lp); Multi, supplemented with Multi-strains; NC, negative control; Pa, supplemented
with P. acidilactici |5; PC, positive control; Pp, supplemented with P. pentosaceus 113

3.5 | Haemato-biochemical parameters

With regard to the effects of probiotics supplementation on chicken
haematological parameters, no significant changes (p > 0.05) were
recorded on total RBC, mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC), Red Blood
Cell distribution width (RDW), neutrophils, lymphocytes, monocytes,
basophils and mean platelets volume (MPV) among all the treatment
groups throughout the experiment (Table 2). While this study recorded
a significant increase (p < 0.05) in both haemoglobin in birds in Ef, Lp
and Multi groups and a numerical increase (p > 0.05) in PCV among
birds in Pa, Pp, Ef, Lp and Multi groups on day 21, birds in Pa and Multi
groups showed significantly higher haemoglobin values on day 35. Sim-
ilarly, birds supplemented with the study probiotics showed numerical
increase in PCV when compared with the NC on day 35 of the exper-
iment. Although the total WBC count increases numerically in all the
treatment groupsinday 21, asignificant increase (p > 0.05) was noticed
among birds in Lp and Multi groups as birds in other probiotic supple-
mented groups showed no difference when compared to the NC on
day 35. Furthermore, birds in only the Multi group showed significantly
higher ESR values, while those in groups Pp and Ef had numerically

higher values at the end of the experiment when compared with the

NC, Ant and PC groups. At the end of the experiment, the total platelet
count increased significantly (p < 0.05) only in birds in PC, neverthe-
less, birds in other treatment groups showed numerically higher counts
when compared with the NC.

The serum biochemical parameters are shown in Table 3. Although
this study recorded a significant decrease in total cholesterol in probi-
otic supplemented groups Lp and Multi when compared with the NC on
day 21, there was numerical decrease in total cholesterol in Ant, PC and
all the study probiotics supplemented groups with birds in the Multi
group having the least value (49.00 mg/dl) on day 35 of the experiment.
While birds in the Multi group had significantly (p < 0.05) reduced
HDL cholesterol level, birds in other study probiotics groups showed
reduced (p > 0.05) HDL cholesterol values on day 21 of the experiment.
Similarly, this study also recorded a reduced (p > 0.05) LDL choles-
terol level in birds supplemented with study probiotics when compared
with the NC. High glucose levels of 14.21 and 14.41 mmol/L were
recorded in birds from the NC group on days 21 and 35, respectively.
Notably, birds in all the study probiotics treatment groups showed sig-
nificantly lowered glucose levels when compared with the NC at the
end of the experiment. This study did not show any significant differ-
ence in triglyceride, RISK (total cholesterol-HDL ratio) and protein dur-

ing the experiment. Although triglyceride values tended to decrease in
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TABLE 3 Effects of mono- and multi-strain probiotics supplementation on serum biochemical parameters of broilers
Treatment

Parameters NC Ant PC Pa Pp Ef Lp Multi SEM p-Value
Day 21

Total cholesterol (mg/dl)  118.00? 113.50% 85.00%¢ 99.002b¢ 82.00%¢ 107.00% 69.50¢ 88.50°¢ 226 0.039
HDL cholesterol (mg/dl) 97.00? 87.00P2 96.50? 94.50° 94.10° 96.50% 87.50° 91.00? 1.43  0.033
LDL cholesterol (mg/dl) 8.70%° 12.40° 10.30° 10.902 6.80%° 5.40%0 1.95° 2.90P 1.35 0.022
Triglyceride (mg/dl) 123.502 117.002 119.002 116.00? 111.502 114.502 108.00? 109.502 1.82 0.344
RISK 1.172 1.112 1.152 1.212 1.172 1.202 1.142 1.192 0.01 0.718
Total protein (g/dl) 2.552 2722 2782 273 2.5872 2,912 3.052 2.82° 0.06 0.281
Glucose (mmol/L) 14.212 13.412b 13.09° 13.072 13.192b 13.06° 12.69%¢ 12.1¢ 0.21  0.046
Day 35

Total cholesterol (mg/dl) 98.50? 92.00? 71.00? 91.00? 93.00? 52.00? 94.50? 49.00? 7.09 0.285
HDL cholesterol (mg/dl) 62.00%° 82.002 49.50%0 71.50%0 70.00%° 24.50° 74.00%0 47.50%0 6.6 0.034
LDL cholesterol (mg/dl) 20.10% 6.00° 11.55° 25.00% 8.43° 21.60% 24.50% 19.50° 2.61 0.483
Triglyceride (mg/dl) 75.50% 73.502 124.502 96.50? 157.502 156.50* 101.50* 144.50% 12.16  0.719
RISK 2.48 fIHIE 153 1.27¢ 1.33« 5.19« 1.28< 3.46 0.51 0.601
Total protein (g/dl) 2.842 2.90° 2.752 3.022 3.052 3.082 2.83? 2.892 0.04 0.087
Glucose (mmol/L) 14.412 12.91% 9.32¢ 9.09¢ 9.10¢ 10.58b¢ 8.44¢ 9.23¢ 0.76  0.038

Note: Values are the mean + standard error of the mean of two replicates. Within each variable, values with the same superscript letter are not significantly

different according to Duncan’s multiple range test (p > 0.05).

Abbreviations: Ant, antibiotic supplemented; Ef, supplemented with E. faecium C14; HDL, high-density lipid; LDL, low-density lipid; Lp, supplemented with
L. plantarum C16 (Lp); Multi, supplemented with Multi-strains; NC, negative control; Pa, supplemented with P. acidilactici 15; PC, positive control; Pp, supple-

mented with P. pentosaceus 113; RISK, total cholesterol-HDL ratio.

probiotics supplemented groups, protein levels tended to increase in
birds supplemented with probiotics throughout the trial.

4 | DISCUSSION

Dietary supplementation of a mono- or multi-strain probiotics in broil-
ers has been reported to promote the general performance and health
of broilers by modulating intestinal microbiome, improving diges-
tion and enhancing immunomodulation (Yang et al., 2012). Findings
from this study revealed that the supplementation of novel multi-
strain probiotic consisting of P. acidilactici 15, P. pentosaceus 113, E. fae-
cium C14 and L. plantarum C16 through the oral gavage significantly
improved the BWG and FCR from day 21 to 35 of the experiment,
with decrease in Fl (Table 1). The supplementation with individual pro-
biotic strains, including P. pentosaceus and L. plantarum, also shows
increase in BWG on day 21, 28 and 35, respectively. Although there
was a significant increase in FI among birds supplemented with sin-
gle strain of the study probiotic candidates on day 14 of the exper-
iment, conversely on days 28 and 35 of the experiment, birds sup-
plemented with the study single- and multi-strain probiotics showed
significantly reduced FI. In agreement with our findings, multiple
independent research (Bostami et al., 2015; 2016; Zhang and Kim,
2014) reported that the dietary supplementation of multi-strain pro-
biotics improved the BWG and FCR of broilers significantly, while
the Fl remains unaffected. On the contrary, Hossain et al. (2015) and

Balamuralikrishnan et al. (2017) reported increased BWG with no
effects on Fl and FCR after supplementing multi-strain probiotics on
broilers.

The significant effects on BWG due to the supplementation of sin-
gle strain of probiotic, P. pentosaceus and L. plantarum and also FCR
for all the single strain of study probiotics are in consonance with the
reports of several authors (Cao et al., 2013; Huang et al., 2004; Jinet al.,
2000). Conversely, several studies also found no or minimal effect of
single-strain probiotics on the growth performance of broilers (Huang
et al., 2004; Olnood et al., 2015a). The magnitude of the improvement
of broilers performance is dependent on the probiotic strain used as
single or as combination couple with the conditions under which they
are applied (Olnood et al., 2015b).

Based on the findings of this current study, multi-strain probiotics
supplementation can improve the growth performance of broilers bet-
ter than mono-strain probiotics. This could be attributed to the syner-
gistic actions of the combined strains, which positively improves nutri-
ents utilization, sugars fermentation, synthesis of enzymes, increases
in the secretion of beneficial metabolites and enhances antagonism
against pathogens in broilers gut (Chapman et al., 2011; Szymanowska-
Powalowska et al., 2014). Similarly, multi-strain probiotics supplemen-
tation in broilers has been evidently revealed to be more efficacious
than mono-strain probiotics (Timmerman et al., 2004) and also, optimal
health benefits are elicited by host-specific probiotic strains (Timmer-
man et al., 2005). Furthermore, the increase in BWG and improved FCR
as recorded from this study may be due to the ability of the probiotic
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strains to improve the efficiency of digestion and subsequent absorp-
tion of nutrient within the gastrointestinal tract (GIT) of broilers.

Our findings showed a reduction in the mortality rate of probiotic
supplemented birds, which is similar to other findings (Abdel-Latif et al.,
2018; Cmiljanic et al., 2001).

One of the major indicators of the effect of probiotic supplementa-
tion on broilers is the changes in the relative weight of visceral organs
and carcass. Although the current study reported inconsistencies in the
effects of specific probiotic strains on the relative weight of organs,
birds supplemented with P. pentosaceus showed significant increase in
relative weight of spleen on day 21 of age (Figure 2). Also, there was
an increase in the relative weight of liver among birds supplemented
with P. pentosaceus, E. faecium, L. plantarum and multi-strain probiotics
when compared with the controls (NC and PC). The relative weight of
both the ileum and caecum increased significantly only in birds sup-
plemented with mono-strains probiotic candidates, P. acidilactici and
E. faecium as well as multi-strains supplemented birds when compared
with the NC and antibiotic supplemented groups (Figure 2). Although
the inclusion of a mono-strain probiotic (B. subtilis) increased the rela-
tive weight of spleen by 3.8% in broilers, the relative weights of liver
and bursa of Fabricius were unaffected (Zhang et al., 2013). Probiotics
effect on the weight of visceral organs and intestines of animals is inex-
plicit, and can also be determined by the nature and concentration of
either the single strain or combination of strains used as probiotics. It
has been reported that probiotics consistently influence the intestinal
morphology and micro-structure, which often increases the absorptive
function of the ileum (Olnood et al., 2015b; van Dijk et al., 2002).

The current study demonstrates that the GIT microbiota of broilers
can be significantly influenced by the supplementation of broilers with
multi-strain probiotics. Also, some mono-strain probiotics as revealed
from this study also have the ability to cause significant changes in the
GIT of broilers. The population of Enterobacteria significantly reduced
in the gizzard, ileum and caecum with the inclusion of the study pro-
biotics when compared with the control. Although the gizzard had the
least Enterobacteria count, the reduction of Enterobacteria tended to
improve with increase in age of the birds, as the multi-strain probiotics
supplemented birds had the least counts, which is consistent with other
findings (Lan et al., 2003; Teo & Tan, 2007; Van der et al., 2002; Zhang &
Kim, 2014). Other reports using multi- (Priyankarage et al., 2003) and
mono-strain (Zhang et al., 2013) probiotics showed no changes in the
microflora of broilers, which differs with the current finding.

Although the supplementation with multi-strain probiotics as
observed from this study increased the population of LAB in the giz-
zard, ileum and caecum contents, birds supplemented with single strain
of E. faecium or L. plantarum also had high LAB counts in their ileum and
caecum contents, respectively. However, the comparison of studies on
the effect of mono- or multi-strain probiotics on intestinal microflorais
difficult because probiotics influence in the GIT depends on the nature
and viability of strain(s) used, dosage, method of application, bird age,
diet used, farm hygiene and other environmental factors (Patterson
& Burkholder, 2003). The gradual increase in the pH from the prox-
imal to the distal GIT regions of birds supplemented with probiotics

as shown in this study corroborated with other reports (Olnood et al.,

2015a; 2015b). Birds supplemented with multi-strain probiotics as well
as those given E. faecium or L. plantarum tended to show more acid-
ity in their gizzard and ileum. The highly acidic gizzard environment as
recorded in this study could be one of the major factors that reduced
the population of total aerobes as well as other Enterobacteria (which
are mostly pathogenic) from accessing the distal regions of the GIT,
hence their lower counts.

Although this study recorded no significant differences in some
haematological parameters examined, birds supplemented with probi-
otics showed numerical increase in total RBC, MCHC, MPV and lym-
phocyte counts. Contrary with our findings, Alkhalf et al. (2010) and
Dimcho et al. (2005) reported no effect on haematological parame-
ters, including PCV and haemoglobin concentration of birds supple-
mented with probiotics. In agreement with our findings, Cetin, Guclu
and Cetin (2005) observed a statistical increase in ESR, haemoglobin
concentration and haematocrit values in birds supplemented with pro-
biotics. Also, the supplementation of either single strain of L. lactis
and L. plantarum or their combination as multi-strain probiotics sig-
nificantly increases the total RBC counts and haemoglobin concen-
tration (Deraz, 2018) as shown in the present study. Arising from our
study, the significant increase in total WBC count, total platelet counts,
haemoglobin, PCV and ESR in one or more of the single and/or multi-
strain probiotics supplemented birds agrees with literature reports.
Significant increase in RBC and WBC counts and ESR concentration
were observed by Paryad and Mahmoudi (2008) and Cetin et al. (2005)
when mono- and multi-strain probiotics (Deraz, 2018) were supple-
mented in birds. The dietary inclusion of probiotics positively influ-
enced haematopoiesis, which among others increase the WBC counts,
hence enhancing immune cells synthesis, which further protects the
host against invading pathogens (LaFleur & LaFleur, 2008; Gaggia et al.,
2010).

The decrease in key biochemical parameters, including total choles-
terol, HDL cholesterol and LDL cholesterol as reported in this study, is
in consonance with the work of Arun et al. (2006), who reported a sig-
nificant reduction in total cholesterol and triglycerides by dietary inclu-
sion of 100 mg/kg diet of L. sporogene probiotic in broilers. In his work,
Deraz (2018) reported a non-significant decrease in both total choles-
terol and triglyceride levels after the supplementation of two mono-
and multi-strain probiotics on broilers. Total cholesterol reduction in
probiotic supplemented birds could be as a result of direct assimila-
tion of cholesterol by bacterial cells (which causes reduction in the
cholesterol absorption and synthesis in the GIT), 3-hydroxy-3-methyl-
glutaryl-CoA reductase inhibition and bile salt hydrolysis (Fukushima
& Nakano, 1995; Mohan et al., 1996). Furthermore, triglyceride reduc-
tionin probiotic-treated birds may be as aresult of increased hydrolysis
of bile salt, which causes inadequate lipid absorption in the small intes-
tine (Alkhalf et al., 2010). Strains of Lactobacillus are known to show
high hydrolytic activity on bile salt, which consequently leads to bile
salts deconjugation within the GIT (Surono et al., 2003).

The significant decrease in glucose levels of birds supplemented
with all the mono-strain probiotic candidates as well as the multi-strain
supplemented birds (which have the least glucose level) agrees with

the report of Al-Kassie et al. (2008). It has been previously reported
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that the relationship existing between blood glucose levels and probi-
oticinclusion is dose dependent (Samanya & Yamauchi, 2002). Also, the
addition of probiotics as recorded from this study had no significant
effect on total protein when compared with the NC. Although triglyc-
eride values tended to decrease in probiotics supplemented groups (in
day 21), protein levels tended to increase in birds supplemented with
probiotics as reported from the present report. This corroborated with
the findings of Dimcho et al. (2005), Alkhalf et al. (2010) and Abdel-
Hafeez et al. (2017) who unanimously reported no effect on total pro-

tein concentration in chickens supplemented with probiotics.

5 | CONCLUSIONS

Although findings from this study showed that supplementation with
novel mono-strain probiotics P. pentosaceus 113 or L. plantarum C16
could improve the growth performance of broilers, supplementation
with multi-strain probiotics has more beneficial effects in both the
growth performance and haemato-biochemical parameters. Further-
more, multi-strain probiotics ability to grossly reduce the number of
Enterobacteria while improving gut health is a major attribute of their
positive effects in pathogens control in poultry. Future research would
centre on the development of commercial probiotics with pathogens
challenge and metagenomics analysis.
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