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ABSTRACT

Probiotic and prebiotic or their combinations can potentially function as an alternative to an-
tibiotics growth promoters (AGPs) for broiler. This study was designed to investigate the growth
performance, intestinal microstructure, and nutrients digestibility of broilers administered with
probiotics of Lactobacillus plantarum AKK30 and Saccharomyces cerevisize B18 in combination with
inulin. A total of 275 male chickens (initial bodyweight of 47+0.05 g) were reared for growth perfor-
mance evaluation. At the 32-d-old, 25 male chickens were necropsied for intestinal microstructural
analysis, while the other 25 male chickens were selected for evaluation of digestibility (body weight=
1525+0.08 g). Treatments of probiotics in combination with different levels of inulin consisted of con-
trol with probiotics without inulin (S0), probiotics with 0.5% of inulin (S1), probiotics with 1.0% of
inulin (S2), probiotics with 1.5% of inulin (S3), and commercial probiotics without inulin (Sc), which
were arranged in a completely randomized design with five replications. Results showed that body
weight gain and performance index in broilers treated prebiotics in combination with 0.5% inulin
(S1), 1% inulin (S2), and commercial probiotic without inulin (Sc) were significantly higher (p<0.05)
than those in control broiler chickens that were treated with probiotics without inulin. Feed intake
showed no differences among treatments, whereas feed conversion ratios in broiler chickens treated
with the commercial probiotics (Sc) or probiotics in combination with inulin at 0.5% (S1) and 1.0%
(52) were lower than control chickens. Metabolizable energy, nitrogen retention, and villi height
in chickens treated with probiotics in combination with 0.5% inulin (S1) and 1.0% inulin (S2) were
higher than those in the control group. In conclusion, the administration of probiotic combined with
inulin at the level of either 0.5 or 1.0% improves broiler performance, intestinal microstructure, and

nutrients digestibility.
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INTRODUCTION

Antibiotics growth promoters (AGPs) have played
an important role in improvement of feed efficiency and
poultry productivity. However, long-term use of AGPs
has led to pathogenic bacteria resistances in poultry,
which affect the potential risk to human health (Ricke
et al., 2020). Therefore, the exploration of alternative
substances for replacing AGPs has been extensively
elucidated. Previous studies indicated that organic acids
(Salah et al., 2019), phytobiotics (Ripon et al., 2019), pre-
biotics (Iriyanti et al., 2018), and probiotics (Sofyan et al.,
2019) have potencies for replacing AGPs.

Probiotics administration gives some benefits to
the enhancement of poultry performance. Probiotics
produce antimicrobial substances for inhibiting the
pathogenic bacteria (Mehdi et al., 2018) and increasing

feed digestion in the digestive tract (Sofyan et al., 2019).
Prebiotic is known as non-digestible carbohydrates that
selectively stimulate the growth of beneficial bacteria
in the small intestine and caecum (Iriyanti et al., 2018).
Beneficiary effects of probiotics and prebiotics have
potentially improved animal health (Mohammed ef al.,
2019). Varies factors possibly affect the role of prebiotics
in modulating the role of probiotics in improving broiler
performance, which were depending on the types and
level of oligosaccharides administration (Kowalczuk-
Vasilev et al., 2017).

Several studies reported that probiotics and pre-
biotics improved health status and performances of
chickens. Jiang et al. (2020) revealed that the addition of
probiotics in combination with fructo-oligosaccharides
improved the health status of chicken without increas-
ing feed efficiency. Villagran-de la Mora et al. (2019)
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reported that the addition of probiotic and prebiotic in
chicken could inhibit pathogenic bacteria and improve
mucosal immunity. A study reported by Sarangi et
al. (2016) stated that dietary inclusion of probiotic and
prebiotic did not show an increase in growth perfor-
mances and meat qualities of broiler chickens. However,
probiotics used in those studies consisted of bacterial
strain only. In a previous study, the use of a combina-
tion of bacteria and yeast improved antibacterial activity
(Sofyan et al., 2019). The study of probiotics consortia
between bacteria and yeast on growth performance,
immune system, and intestinal microbiota of chickens is
still limited.

The present study was conducted to investigate the
effects of dietary supplementation of probiotics consist-
ing of Lactobacillus plantarum AKK30 and S. cerevisine B18
in combination with inulin prebiotic on metabolizable
energy, intestinal profile, as well as the growth perfor-
mance of broiler chickens.

MATERIALS AND METHODS

The Bio-ethics Committee of the Universitas Gadjah
Mada (UGM) approved this research protocol with the
recommendation letter number 00051/04/LPPT/X/2019.
Broiler chickens were reared in poultry experimen-
tally closed house belongs to the Research Division
for Natural Product Technology (BPTBA), Indonesian
Institute of Sciences (LIPI), Gunungkidul, Yogyakarta,
Indonesia

Experimental Chickens Management and Feeding

Two hundred and seventy-five of one-day-old
(DOC) male broilers of Lohmann MB 202 strain were
obtained from the closest commercial hatchery (PT Japfa
Comfeed, Indonesia). DOCs were vaccinated directly in
the hatchery facility with ND, IB, and IBD vaccines. The
experimental broilers were reared for 32 days and sup-
plied diet and drinking water ad libitum.

The poultry closed house (8 x 10 m) was equipped
with two blowers, temptron 304, cooling-pad, and
brooder. The experimental broilers were supported in
continuous light conditions during the first two weeks,
and 18 h light/6 h dark cycles for the rest of the experi-
ment. Room temperature was set at 33+1°C for five days
and gradually reduced by 1°C per day until it reached
24+1°C, and this temperature was kept for the rest of the
experiment. Poultry closed house was disinfected with
200 ppm chlorine solution before the broilers arrived.
The experimental broilers were reared in pens (25 pens)
to prevent contact between group treatments with the
maximum stocking density of 10 chickens m=2.

The experimental broilers were reared and treated
according to the guide for the care and use of agricul-
tural animals in research and teaching (McGlone, 2010)
as well as Lohmann MB 202 management guided (JCI,
2020). The broilers diet was formulated according to the
recommendations of nutrient requirement for broiler
chicken (NRC, 1994). The composition and nutrient con-
tent of the diet were shown in Table 1. The experimental
broiler chickens were fed the crumble diets during the
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experiment. Growth performance parameters measured
consisted of feed intake (FI), body weight gain (BWG),
and feed conversion ratio (FCR), as well as the perfor-
mance index (PI) of broilers were evaluated at the age of
32 days. The performance index was calculated refers to
Sofyan et al. (2012) using the following equation.
PI=[BWG x (100- % mortality)] / [FCR x 100 x period]

FI was recorded by cumulative collections during
the starter period (1 to 15-d-old) and finisher period
(16 to 32-d-old). At the end of the experimental period
(32-d-old), one broiler chicken per replicate (a total of
25 broiler chickens) was randomly sampled, weighed,
and necropsied for intestinal microstructural observa-
tions. Then 30 male broiler chickens were selected for
metabolic energy assays with the average body weight
of 1525+0.08 g.

Probiotics Preparation and Experimental Design

Probiotics in this experiment consisted of L.
plantarum and S. cerevisize B18 (The collected isolates

Table 1. Composition (%) and nutritional content of basal diet

Composition (%)

Ingredients Starter Finisher
Corn 60.50 62.30
Rice bran 0.00 2.30
SBM (Soy Bean Meal) 30.00 26.00
MBM (Meat and Bone Meal) 1.70 2.20
CPO (Crude Palm Oil) 2.30 2.90
Premix* 0.50 0.50
DCP (Dicalcium Phosphate) 0.50 0.50
Salt 0.10 0.10
Limestone 1.3 1.40
L-Lysine 1.7 1.20
DL-Methionine 1.0 0.60
Total (%) 100 100
Nutrients content**
Dry matter (%) 91.17 91.02
Ash (%) 4.92 521
Crude protein (%) 22.95 21.89
Crude fiber (%) 2.75 5.98
Ether extract (%) 423 3.75
Calcium (%) 224 2.63
Total phosphorus (%) 0.74 0.80
Amino acids™* (%) - -
Lysine 0.98 0.92
Methionine 0.22 0.26
Metabolizable energy**** (kcal kg')  3050.87 3100.75

Note: *= Premix/kg containing vitamins A: 12,500,000 IU, D3: 2,500,000
IU, E: 10,000 mg, K3: 2,000 mg, B2: 4,000 mg, B6: 1,000 mg, Niacin:
40,000 mg, Ca-d-Panthotenate: 4,000 mg, Choline: 20,000 mg,
Fe: 30,000 mg, Cu: 5,000 mg, Mn: 80,000 mg, Co: 2,000 mg, L:
200 mg, and Zn: 70,000 mg; **<Results of proximate analysis at
the Laboratory of Feed Science and Technology, Department of
Nutrition and Feed Technology, IPB University. ***= Based on the
Table of National Research Council (1994), ****= Value was calcu-
lated based on the formula of National Research Council (1994) as
follow: ME = 0.725 x GE.
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of BPTBA-LIPI), and inulin (Orafti, Beneo-USA). The
probiotics were made from a suspension of 50% (w v)
L. plantarum AKK30 (10% cfu g™), 50% (w v*) S. cerevisiae
B18 (107 cfu g') mixed with 0,5%, 1,0%, 1,5%, and 2,0%
(w v") liquid inulin, and dried using a spray dryer.
The probiotics were dissolved in water-soluble powder
preparations and administered in drinking water of
broiler at 1-day-old to 32-d-old. The experimental
broiler chickens in all treatments were not provided
drinking water from 07:15 every morning, and simul-
taneously started at 7:30 am. The experimental broilers
chickens consumed probiotics as much as 0.3% of feed
requirements (Leeson & Summers, 2005). After finishing
probiotics consumption, the experimental broiler chick-
ens offered drinking water ad libitum starting at 9.00 am.

All experimental broiler chickens were arranged in
a completely randomized design with five treatments of
the combination of probiotics and inulin, each treatment
with five equal replicates. The treatments consisting of
probiotics with different concentrations of inulin were
as follows: 50% L. plantarum AKK30 10° cfu g + 50% S.
cerevisiae B18 107 cfu g without inulin (S0), 50% L. plan-
tarum AKK30 10° cfu g +50% S. cerevisine B18 107 cfu g
with inulin 0.5% w v (S1), 50% L. plantarum AKK30 108
cfu g +50% S. cerevisiae B18 107 cfu g with inulin 1.0%
w v (S2), 50% L. plantarum AKK30 10°® cfu g + 50% S.
cerevisine B18 107 cfu g with inulin 1.5% w v (S3), and
the commercial probiotic (Green Culture ZS, Han Poong
Co. Ltd., Korea) (Sc). Parameters observed were perfor-
mance, intestinal profile, metabolizable energy (ME),
and nitrogen retention (NR).

Small-Intestine Microstructure

The analysis of intestinal microstructure was per-
formed to measure the height of villi using Scanning
Electron Microscope/SEM (Hitachi-SU3500). Twenty-five
experimental broiler chickens 32-d of age, one chicken
from each pen were taken randomly and necropsied. A
sample of the small intestine was collected from jejunum
intestine (10 cm) which was taken from the proximal of
Meckel’s diverticulum. The sample was washed by a
phosphate buffer solution then the sample was placed
into a 10% formalin solution. Villus height (VH) of
intestinal sample was determined by scanning electron
microscopy (Titze & Christel, 2016).

Sample Collection and Chemical Analysis

Determination of metabolizable energy (ME) and
nitrogen retention (NR) were conducted according to
Sibbald & Wolynetz (1985), as previously described by
Sofyan et al. (2019). Briefly, a total of 25 male experimen-
tal broiler chickens at 32-d-old (body weight = 1525+0.08
g) were reared and randomly distributed in the indi-
vidual pen (width 30 cmxlength 40 cmxheight 40 cm).
The amount of five male birds were also reared in the in-
dividual pen as indigenous groups. After fasting for 24
hours, the experimental broiler chickens were given diet
(137 g/bird) except indigenous group. Broiler chickens at
treated groups were orally offered the diluted probiotic,
prebiotic, and its combination (0.3% x FI (g/bird).

All excreta from treatment and indigenous birds
were collected continuously for 24 h and immediately
dried by oven at 60°C.

The feed samples were analyzed for dry matter
(AOAC, 2005), nitrogen (AOAC, 2005), and gross energy
determined in bomb calorimeter Parr®6200 Oxygen
(Parr Instrument Company, USA).

The excreta samples were dried in forced-air oven
at 50-60°C for 72 hours and ground in disk mill with
80 mesh sieves. Furthermore, dry matter and nitrogen
of samples were analyzed according to AOAC (2005)
and gross energy determined in bomb calorimeter
Parr®6200 Oxygen (Parr Instrument Company, USA).

Determination of metabolizable energy (ME) and
nitrogen retention (NR) were estimated according to
Sibbald & Wolynetz (1985) as previously reported by
Sofyan et al. (2019) by following the formula:

AME (kcal kg') = {(E-ingested — E-excreted) / Feed-
intake} x 1000

AMEn (kcal kg')= {(E-ingested - [E-excreted + (8.22 x
NR)]) / Feed intake} x 1000

TME (kcal kg?') = {[E-ingested — (E-excreted +
E-endogenous)] / Feed intake} x 1000

TMEn (kcal kg™) = {(E-ingested - [E-excreted +
E-endogenous + (8.22 x NR)]) / Feed
intake} x 1000

NR (%) = {[N-ingested - (N-excreta — N-endogenous)] /

N intake} x 100%

where AME is apparent ME (kcal kg'), AMEn is appar-
ent ME with nitrogen correction (kcal kg'), TME was
true ME (kcal kg™'), TMEn is true ME with nitrogen cor-
rection (kcal kg™), E is energy, N is nitrogen, and 8.22 is
coefficient of energy value from uric acid (kcal g RN).

Statistical Analysis

The collected data consisted of broiler performance,
intestinal profile, metabolizable energy (ME), and ni-
trogen retention (NR) were analyzed by ANOVA. The
Duncan post hoc test was run by CoSTAT statistical soft-
ware (Cohort, 2008) for distinguishing different effects
among treatments. Interrelationship patterns between
parameters were analyzed by multivariate cluster analy-
sis (Sofyan et al., 2019) which was visualized by dendro-
heatmap in R-statistical software (Warnes et al., 2019).

RESULTS
Growth and Performance Index of Chicken

Growth performance consisted of feed intake, body
weight gain (BWG), feed conversion ratio (FCR), and
performance index (PI) of experimental broiler chickens
during the starter period (1 to 15-d-old) and finisher
period (15 to 32-d-old) were summarized in Table 2.
During the experiment, feed intake among treatments
both during starter and finisher periods. However, BWG
of control broiler chickens treated with probiotic with-
out inulin (S0) was lower compared to the other groups
of experimental broiler chickens treated with probiotics
in combination with inulin (S1, S2, and S3) and broiler
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chickens treated with a commercial probiotic without
inulin (Sc) (p<0.05) during the starter period. However,
during the finisher period, the BWGs of broiler chickens
treated with probiotic in combination with 0.5% inulin
(51) and 1.0% inulin (S2) were higher (p<0.05) than
broiler chickens treated with probiotic in combination
with 1.5% inulin (S3), broiler chickens treated with com-
mercial probiotic without inulin (Sc) and control broiler
chicken treated with probiotics without inulin (50).
Moreover, during the whole period of the experiment
from starter to finisher periods, BWGs of broiler chick-
ens treated with probiotics in combination with inulin at
concentrations of 0.5% (S1), 1.0% (S2), and broiler chick-
ens treated with commercial probiotic without inulin
(Sc) were higher than those of broiler chickens treated
with probiotics in combination with 1.5% inulin (S3) and
control broiler chickens treated with probiotics without
inulin (S0).

During the starter period, the FCR in all groups of
experimental broiler chickens were not significantly dif-
ferent. However, during the finisher period, the FCRs of
broiler chickens treated with probiotics in combination
with 0.5% inulin (S1) and 1.0% inulin (S2) were lower
than that of control broiler chickens treated with pro-
biotic without inulin (50) (p<0.05). Performance index
(PI) data showed that the administration of probiotics
in combination with inulin at the levels of 0.5% (S1) and
1.0% (52), and commercial probiotic without inulin (Sc)
increased the PI (p<0.05) compared to control broiler
chickens treated with probiotics without inulin (S0).

Small-Intestine Profile
The microstructure of villus heights (VH) was pre-

sented in Table 3 and Figure 1. VH of the control broiler
chicken treated with probiotics without combination

Table 2. Growth performance of broilers fed combination of probiotic and inulin

. Treatments
Variables
S0 S1 S2 S3 Sc
Starter period, d 1-15
Feed intake (g bird™") 4559+ 1.8 452 +10.2 454 +2.8 452.6+1.3 453.8 + 14.2
BWG (g bird™) 440.5 + 104 452.7 +12b 450.2 + 27b 450.6 + 9° 453.0 + 21
FCR 1.01 £0.01 1.04 +0.04 1.02 +0.02 1.01 £0.03 1.02 +0.02
Finisher period, d 16-32
Feed intake (g bird™) 1,943 + 35 1,946 +18 1,946 +18 1,948 + 42 1,945 +21
BWG (g bird™) 9,68.7 + 452 1,110 + 22¢ 1,099 + 52¢ 1,006.5 + 21P 1,065.5 + 25
FCR 2.01+0.03b 1.75 £ 0.022 1.77 £0.012 1.94 +0.02° 1.82 +0.03*
Overall, d 1- 32
Feed intake (g bird™) 2,399 +72 2,398 + 68 2,399.6 + 82 2,400 + 43 2,398 + 28
BWG (g bird™) 1,409.2 + 352 1,562.7 + 21 1,549.2 + 320 1,457 + 212 1,518.5+15b
FCR 1.70 £ 0.07° 1.53 + 0.04= 1.55 +0.052 1.65 +0.02> 1.58 +0.032
PI 264 +24 3144+ 10 3129 £21 253.8 £12 300.3 10
Mortality (%) 5.462 (0 (0 3.642 op

Note: S0=50% L. plantarum AKK30 108 cfu g +50% S. cerevisiae B18 107 cfu g without inulin; S1=50% L plantarum AKK30 108 cfu g + 50% S. cerevisiae
B18 107 cfu g with inulin 0.5% w v'; S2=50% L. plantarum AKK30 108 cfu g* + 50% S. cerevisiae B18 107 cfu g with inulin 1.0% w v*'; S3=50% L.
plantarum AKK30 108 cfu g +50% S. cerevisiae B18 107 cfu g with inulin 1.5% w v™'; Sc= commercial symbiotic; BWG= body weight gain; FCR=
feed conversion ratio; PI= performance index. Means in the same row with different superscripts differ significantly (p<0.05).

Table 3. Villi height and energy availability of broilers fed combination of probiotic and inulin

Variables Treatments
SO S1 S2 S3 Sc

Villous height (um) 869.2 + 36.52 1,122 +40.9° 1,205.2 + 408.5> 905 +1352 919.4 +2282
Weight of excreta (g DM) 329+3.12 20 +4.90 21.5+3.40 30.4 +4.52 29.7 +4.32
N-excreta (g DM) 1.7 +0.222 1.1+0.29° 1.1+0.16° 1.4 +0.39% 1.9+0.922
GE-excreta (kcal kg™) 2,528.6 +21.92 3,054.9 + 208¢ 2,852.6 + 80.8 2,875.8 +42.4 3,038.1 + 42.4¢
AME (kcal kg™) 2,613.47 + 82.22 2,906.13 + 133.7° 2,936.60 + 71.2b 2,654.51 + 142.62 2,725.24 +42.62
AMEn (kcal kg™) 2,613.66 + 82.22 2,906.38 + 133.7° 2,936.84 + 72b 2,654.72 + 1422 2,725.45 +42.62
TME (kcal kg™) 2,717.14 + 82.52 2,999.12 + 127.6° 3,020.83 + 71P 2,750.45 + 140.62 2,818.82 + 402
TMEn (kcal kg™) 2,717.35 + 82.22 2,999.39 + 127.6° 3,021.10 £ 71® 2,750.68 + 139.62 2,819.05 + 402
NR (%) 67.2 +5.52 83.9 +7.3b 85.7 + 3.3 74.9 +9.32 71.04 +14.22

Note: SO= control; S1= Probiotic + inulin 0.5%; S2= Probiotic + inulin 1.0%; S3= Probiotic + inulin 1.0%; Sc= commercial probiotic. *isolated in caecum
broiler sample; N= nitrogen; GE= gross energy; AME=apparent metabolizable energy; AMEn= apparent metabolizable energy and corrected by
N-energy; TME= true metabolizable energy; TMEn= true metabolizable energy and corrected by N-energy; NR=nitrogen retention. Means in the
same row with different superscripts differ significantly (p<0.05).
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Figure 1. Image of jejunum villi height by using scanning electron microscope. Jejunum
villi height of SO= control; S1= Probiotic + inulin 0.5%; S2= Probiotic + inulin 1.0%;
S3=Probiotic + inulin 1.0%; Sc= commercial probiotic. Each treatment consisted of
replication 1,2...5. Image processing using scanning electron microscope (Hitachi
SU-3500) to measure the height of jejunum villi.
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with inulin was lower than those of broiler chickens
treated with probiotics in combination with 0.5% inulin
(51) and 1.0% inulin (S2) (p<0.05). However, VHs of
broiler chickens treated with probiotics in combina-
tion with 1.5% inulin (S3) and broiler chickens treated
with commercial probiotic without inulin (Sc) were
not significantly different compared to control broiler
chickens treated with probiotics without inulin. VH in
broiler chickens treated with probiotics in combination
with 1% inulin (S2) was higher than that in the other
groups, but broiler chickens treated with probiotics in
combination with 1.0% inulin (S2) did not significantly
differ compared to broiler chickens treated with probiot-
ics in combination with 0.5% inulin (S1). Based on SEM
images (Figure 1), the VHs of all broiler chickens treated
with probiotics in combination with inulin at the levels
of 0.5% (S1), 1.0% (S2), and 1.5% (S3) as well as broiler
chickens treated with commercial probiotics without
inulin (Sc) were higher than the control broiler chickens
treated with probiotics without inulin (S0). The surfaces
of villi in the control broiler chickens supplemented
with probiotics without inulin showed many distur-
bances that were characterized by the irregular surfaces
of the villi.

Nutrients Utilization and Interrelationship Between
Parameters

Nutrients utilization parameters consisted of me-
tabolizable energy (ME) and nitrogen retention (NR) of
the experimental broiler chickens were summarized in

Table 3. The metabolizable energy (ME) and nitrogen
retention (NR) of experimental broiler chickens treated
with probiotics in combination with inulin at the level
of 0.5% (S1) and 1.0% (S2) were higher than the other
groups (p<0.05). Meanwhile, nitrogen retentions (NR) in
control broiler chickens treated with probiotics without
inulin (50), broiler chickens treated with probiotics in
combination with inulin at the level of 1.5% (S3), and
broiler chickens treated with commercial probiotics
without inulin (Sc) were significantly different from
broiler chickens treated with probiotics in combina-
tion with inulin at the levels of 0.5% (S1) and 1.0% (S2)
(p<0.05).

Interrelationships between growth performances,
villus heights, nutrients utilization were visualized in
Figure 2. Broiler chickens treated with probiotics in
combination with inulin at the levels of 0.5% (S1) and
1% (S2) were categorized in the same cluster having the
higher growth performance, villi height, and nutrients
utilization.

DISCUSSION

Dietary probiotics and prebiotics have potencies for
altering the structures of intestinal mucosa of broilers
(Slizewska et al., 2020; Jiang et al., 2020). Antibacterial
activity in probiotics can reduce colonization of patho-
genic bacteria in the intestine resulting in the optimal
growth of villous (Villagran-de la Mora et al., 2019).
Nutrient utilization and absorptions are strongly influ-
enced by the growth of villi because the absorption cells,
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Figure 2. Interrelation between performance, villi height, and digestibility using dendro-
heatmap. SO= control; S1= Probiotic + inulin 0.5%; S2= Probiotic + inulin 1.0%; S3=
Probiotic + inulin 1.0%; Sc= commercial probiotic; FLst= feed intake at starter period;
BWG.st= body weight gain at starter period; FCR.st= feed conversion ratio at starter
period; FL.fn= feed intake at finisher period; BWG.fn= body weight gain at finisher
period; FCR.fn= feed conversion ratio at finisher period; FI.c= feed intake cumulative;
BWG.c=body weight gain cumulative; FCR.c= feed conversion ratio cumulative; PI=
performance index; VH= villi height; AME= apparent metabolizable energy; AMEn=
apparent metabolizable energy corrected by N-energy; TME= true metabolizable en-
ergy, TMEn= true metabolizable energy corrected by N-energy.
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trophy cells, and entero-endocrine cells from the surface
of the villi serve to expand the area of absorption (Yadav
& Rajesh, 2019). The presence of pathogenic bacteria in
the crypt villous area inhibits nutrient flow that eventu-
ally disturbs nutrients absorption (Gadde et al., 2017;
Villagran-de la Mora et al., 2019).

Synbiotic showed a beneficial alteration in the
intestinal microbiota composition, an increase in villi
height, and crypt depth of intestinal mucosa in broilers
(Sohail et al., 2012). Tayeri et al. (2018) reported that feed-
ing commercial synbiotic to broiler chickens resulted
in higher villus widths in the ileum. In this study, in-
testinal villi of broilers chickens treated with probiotics
and inulin (0.5% and 1.0%) were higher than that of the
other treatments. These results indicate that the effects
of probiotics administration on gut morphology may be
dependent on inulin concentration.

Probiotics activities for improving nutrients digest-
ibility in broiler are closely associated with the effects of
prebiotic in stimulating gut health (Iriyanti et al., 2018).
The results proved that the villus growth directly inhib-
its the colonization of pathogenic bacteria in the intes-
tine. Slizewska et al. (2020) showed that the villi height
of ileum, weight gain, and final weight gain increased
significantly compared to the control group. These
results can be indications of the increased intestine villi
height that increase nutrients absorption in the intestine
that eventually increases body weight gain and feeds
efficiency.

The damaged villi will decrease nutrients absorp-
tions in the digestive tract of poultry (Mishra & Jha,
2019). In this study, there was an interesting result that
L. plantarum and S. cerevisiae without inulin showed the
poorer performance of intestinal villi compared with the
other groups. These results confirmed that probiotics
have a synergistic effect with inulin. Synergies between
prebiotics and probiotics were reported by Sohail et al.
(2012), that the synbiotic increased villi height and crypt
depth.

Metabolic processes of energy and protein metabo-
lism are supported by the presence of probiotic which
may relate to the growth of intestinal villi (Kavoi ef
al., 2016; Kridtayopas et al., 2019). The results of the
present study strongly confirm that treatment with
a combination of probiotics and inulin significantly
improves energy and protein metabolisms, as are in-
dicated by the increase in ME and NR values (Table 3).
Addition of inulin at the levels of 0.5%-1.0% possibly
increased the viability of L. plantarum AKK30 and S.
cerevisiae B18 in the broiler intestine. Short-chain fatty
acids (SCFAs) produced from inulin fermentation might
be used as an energy source for the growth of probiotics
in the digestive tract. This synergistic mechanism was
previously reported by Wang ef al. (2019) that L. planta-
rum ZLP001 growth was synergistically supported by
fructo-oligosaccharide addition. The microbial coloniza-
tion of synbiotic in the intestine inhibited the growth
and activities of pathogenic bacteria in the intestine
(Villagran-de la Mora et al,, 2019), which eventually
enhanced the absorptions of glucose and amino acids
(Jiang et al., 2020).

Dietary inulin has a potency for altering microbial
composition in the digestive tract through the inducing
the growth of bacteria producing SCFAs (Hoffman et al.,
2019). Kowalczuk-Vasilev et al. (2017) recommended that
the administration of inulin in broiler diets was 4-6 g
per kg of mixture (0.4 — 0.6%). In this study, the level of
inulin addition at 0.5-1.0% in combination with probiot-
ics increased the performance index of the experimental
broiler. However, the increased level of inulin to 1.5% in
combination with probiotics had no significant influence
on broiler performance compared to control. A different
result was observed by Huang et al. (2015) that inulin
supplementation at 0.5% — 1.5% of diet had no effect
on growth performance, however, it could improve the
intestinal immune parameter of broilers.

The synergetic effect between microorganism/
probiotics in nutrients metabolism might be enhanced
by the addition of inulin in the growth medium (de-
Souza Oliveira et al., 2012). We found that probiotics, in
combination with inulin addition at 0.5-1.0% increased
energy and protein metabolism (Table 3). These results
were also suggested by the other studies that synbiotic
between bacteria-yeast probiotic with inulin reduced
pathogenic bacteria in the gut (Gao et al, 2017) that
eventually increased energy metabolism (Yadav &
Rajesh, 2019).

Evaluation of dietary probiotic with prebiotic
supplementation on growth performance was reported
by several studies. Ghasemi et al. (2010) revealed
that administration of 0.1% and 0.15% symbiotic
(Enterococcus faecium with inulin) increased BWG, and
improved FCR compared to non-supplementation
groups in broiler. Mookiah et al. (2014) also reported
that the administration of synbiotic (a combination of
iso-malto oligosaccharides, and probiotic mixture from
11 strains of Lactobacillus spp.) significantly increased
BWG and feed efficiency. A combination of yeast-
derived carbohydrates and probiotics increased BWG of
pullets (Yitbarek et al., 2015). Yang et al. (2018) reported
that Lactobacillus plantarum had antibacterial activity and
affected nutrient digestibility, whereas p-glucan and
chitin content in Saccharomyces cerevisiae inhibited the
growth of pathogenic bacteria in the intestine (Anwar et
al., 2017), and improved the intestinal health (Sun &
Kim, 2019).

The improved feed efficiency of broilers due to
the presence of probiotic was related to the increased
digestion efficiency and nutrient absorption processes
(Istiqgomabh et al., 2013). Therefore, inulin provides nutri-
ents required for the growth of probiotics (Pranckute et
al., 2016) that eventually stimulates the growth of
health-promoting bacteria in the gastrointestinal tract
(Slizewska et al., 2020). Probiotics produce anti-bacterial
compounds in lactic acid bacteria and yeast, implying
the reduction of pathogenic bacteria growth and colo-
nies that eventually improve the intestinal environment
for digesting nutrients (Villagran-de la Mora et al., 2019).
Those studies suggested the beneficiary effect of dietary
probiotics in combination with prebiotic on broiler per-
formance, as was reported in this study.

In this study, the experimental broiler mortality in
treatment of probiotics combined with inulin signifi-
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cantly decreased. This effect may be associated with the
potential role of probiotics in pathogenic infection risk.
Kalia et al. (2017) reported that coccidiosis risk had been
successfully reduced by the administration of probiotics
consisting of B. coagulans and S. cerevisiae in broiler diet.
The performance index of broiler treated by administra-
tion of probiotic L. plantarum and S. cerevisiae and inulin
(0.5% and 1%) in this study showed the highest perfor-
mance of growth parameter and intestinal morphology.
These results suggest that the use of probiotic-prebiotic
(synbiotic) positively influences feed efficiency and
performance index in broiler as previously reported by
Salah et al. (2019).

CONCLUSION

Probiotics consisting of L. plantarum AKK30 and S.
cerevisiae B18 in combination with or without inulin can
be used as broiler’s feed additive. Probiotics combined
with either 0.5% or 1.0% inulin improve growth perfor-
mance, intestinal mucosa morphology, and nutrients
utilization in broiler.
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