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ABSTRACT The oral application of probiotics in the poultry industry is time-consuming and laborious.
Therefore, using a powdered probiotic supplement that can easily mix with feed is important. We in-
vestigated the effect of spray drying encapsulation on the viability of indigenous probiotic lactic acid
bacteria during production and storage and evaluated broiler chicken performance after providing
the supplement. Encapsulated probiotics exhibited >80% survival rates after spray drying. All bacte-
rial species maintained up to 80% cell viability rates after exposure to 80–85°C temperatures for 15 or
30 s. The viable cell number of all encapsulated bacteria decreased over seven weeks of storage. The
supplement was mixed with feed at concentrations 0.5 (T1), 1.0 (T2), and 1.5 (T3) g/kg feed and adminis-
tered to 48 one-day-old Lohmann broiler chickens for 21 days; a T0 group was raised without probiotic
supplementation. Probiotic supplementation affected body weight gain, live weight, and feed con-
version ratio. The cecum length and duodenum and cecum weights significantly differed among the
treatment groups. Probiotic supplementation was associated with improved villus development in the
intestinal epithelium compared with that of the control. Thus, feed supplementation with indigenous
probiotic powder stimulates intestinal epithelial proliferation in broiler chickens during the starter
phase, improving their performance.

© The Author(s) 2019. This article is distributed under a Creative Commons Attribution-ShareAlike 4.0 International license.

1. INTRODUCTION
The addition of antibiotics in poultry feed has been banned
in the European Union (Cogliani et al. 2011), because of con-
cerns regarding increased antibiotic resistance among mi-
croorganisms and the accumulation of antibiotic residues
in food. Probiotics are thus promoted as an alternative
to antibiotics. Probiotics contain one or more strains of
microorganisms, and when powdered, can be used as an
animal feed supplement (Fuller 1992). Lactic acid bacteria
(LAB) is the most commonly used probiotic agent in poul-
try production. A previous study showed that, when mixed
with poultry feed, LAB replaced pathogens via competitive
exclusion (Harimurti 2009; van Immerseel et al. 2009; Arsi
et al. 2015; Schneitz et al. 2016). In another study that used
probiotics as an efficient replacement of antibiotic growth
promoters, an increase in intestinal length and liver and giz-
zard weights along with a decrease in abdominal fat was
reported (Harimurti and Hadisaputro 2014). The oral sup-
plementation of broiler chickens with LAB probiotics at
dosages as high as 107, 108, and 109 colony-forming units
(CFUs)/mL/bird/day increased the total LAB population in
the gastrointestinal tract, as well as the villus height and
width and crypt depth, thereby improving the performance
of chickens (Harimurti et al. 2012, 2013). Thus, these obser-
vations show that LAB of poultry origin are ideal probiotics
for broiler chickens. Effectiveness and efficiency are the
most important factors in oral probiotic supplementation
because individual supplementation on an industrial-farm
scale would require a large amount of time and manpower.

Probiotics are beneficial microbes, mostly bacteria,
that are administered in a prepared form or directly in a
live form to poultry or other animals (Fuller 1992). Probi-
otic bacteria must remain viable to exert their functions
(Harimurti and Hadisaputro 2015). Encapsulation protects
the bacteria from external damaging factors (Kailasapathy
2002; Soukoulis et al. 2014), and thus maintains their via-
bility and functional activities. In the context of producing
probiotic feed supplements for the large-scale poultry in-
dustry, encapsulation is required to maintain cell viability
during processing and storage. Spray drying is presently
one of the most feasible and frequently used methods for
bacterial cell encapsulation. This method is rapid, cost-
effective, and reproducible. Additionally, the method facil-
itates size control and is suitable for industrial-scale appli-
cations (Burgain et al. 2011; Serna-Cock and Vallejo-Castillo
2013; Mutukumira et al. 2014; Soukoulis et al. 2014). In a pre-
vious in vitro study, encapsulated probiotics inhibited the
growth of Salmonella enteritidis and Escherichia coli (un-
published data). Therefore, we elucidated the effects of
feed supplementation with encapsulated probiotics on the
performance of chickens.

2. MATERIALS AND METHODS

2.1 Bacterial strains and growth media
The following indigenous LAB strains were previously iso-
lated from the gastrointestinal tracts of native Indonesian
chickens: Lactobacillus murinus strain Ar-3, Streptococ-
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cus thermophilus strain Kp-2, and Pediococcus acidilactici
strain Kd-6 (Harimurti et al. 2007). Maltodextrin with a dex-
trose equivalent of 10 and skim milk powder (SMP) were
used as carriers during spray drying.

Peptone glucose yeast broth (PGYB) and PGY agar
(PGYA) were used for bacterial propagation and cell enu-
meration, respectively. Coconut water and bean sprout ex-
tract, a bacterial enrichment medium, was prepared as fol-
lows: 450 g bean sprouts were chopped, mixed with 900
mL coconut water, sterilized at 121°C for 5 min, and filtered.
Coconut water, sterilized at 121°C for 15 min, was added to
the solution to a final volume of 1,800 mL.

2.2 Probiotic starter preparation and biomass production
Each probiotic strain (L. murinus strain Ar-3, S. ther-
mophiles strain Kp-2, and P. acidilactici strain Kd-6) was
inoculated in 5 mL PGYB and incubated for 24 h at 37°C.
The cells were then harvested and recultivated in 10 mL
PGYB for an additional 24 h at 37°C. A subsequent culture
was grown in 30mL coconut water and bean sprout extract
and incubated for 24 h at 37°C. Thereafter, 30-mL cell sus-
pension was harvested, transferred into 1,800 mL coconut
water and bean sprout extract, and incubated for another
18 h at 37°C.

The final cell suspension was transferred into ster-
ile 1-L centrifuge bottles and centrifuged at 1350 × g for
30 min at 4°C. After discarding the supernatant, sterile
peptone-buffered saline was added to each pellet and cen-
trifuged. Each harvested pellet was mixed with 10% (w/v)
skim milk (SM) and 2% (w/v) sucrose (5:1, v/v ratio) and
stored overnight at 4°C before encapsulation.

2.3 Bacterial cell encapsulation and powder evaluation
Maltodextrin and SMP solutions were prepared in distilled
water (20%, w/v, each solution) by gentle stirring. The so-
lutions were then sterilized at 121°C for 15 min and 115°C
for 10 min, respectively. Subsequently, they were asepti-
cally mixed together with bacterial pellets for 1 h at room
temperature. Initial cell viability was counted before spray
drying. The mixed solution, comprising cell biomass and
carriers, was spray dried using a small-scale spray dryer
with inlet and outlet temperatures of 180°C and 60°C, re-
spectively. The spray-dried powder was collected in a ster-
ile plastic clip and stored under aerobic conditions at room
temperature (30°C) for 7 weeks. The collected powder was
then subjected to cell viability, moisture content, and wa-
ter activity analyses accompanied with a scanning electron
microscopy (SEM) evaluation of cell shape andmorphology.

Cell viability was analyzed after preparation (day 0) and
during storage. The powders were suspended and diluted
in 0.85% NaCl solution and constantly mixed by shaking for
10min at room temperature to ensure complete dissolution.
The solutions were then serially diluted, plated on PGYA,
and incubated for 48 h at 37°C under aerobic conditions.
The observed colonies were counted, and the CFU/g was
calculated. The viability of encapsulated probiotic bacteria
was determined on days 0, 3, 7, 14, 21, 28, 35, 42, and 49 of
storage and calculated according to Equation 1.

Viability(%) = 100 × Nx

N0
(1)

where N0 is the cell viability after preparation (day 0)
and Nx is the cell viability during storage (x denotes the
number of days in storage). Furthermore, cell viability was
evaluated after the encapsulated probiotics were exposed

to temperatures between 80°C and 85°C for 15 or 30 s. Seri-
ally diluted samples (1mL)were pour plated on PGYA before
and after high-temperature exposure.

The moisture content of the encapsulated probiotics
wasmeasured using a vacuumovenmethod (Soukoulis et al.
2014) by exposing the powders at 100°C for 4 h. The water
activity was measured at 25°C using a Pawkit water activ-
ity meter. The shape and morphology of the powders were
observed using SEM, and images were recorded at an accel-
erating voltage of 10 kV.

2.4 Animal and feed formulation
This experiment was performed at the poultry research fa-
cility of the Faculty of Animal Science of Universitas Gadjah
Mada, Indonesia, in compliance with the Guide for the Care
and Use of Laboratory Animals. A total of 48 one-day-old
chicks, vaccinated against Marek’s disease and infectious
bursal disease, were used. The chicks were randomly cat-
egorized into four treatment groups of four chickens each:
T0, T1, T2, and T3. The T0 group was raised without probi-
otics, whereas the T1, T2, and T3 groupswere provided feed
supplemented with probiotics at concentrations of 0.5, 1.0,
and 1.5 g/kg, respectively. All treatments were performed
in triplicates for 21 d. The broiler chicken diet, mainly com-
prising corn and soybean meal without antibiotics, was for-
mulated to meet the National Research Council’s (National
Research Council 1994) recommendations. This diet con-
tained 22.29% crude protein and 3,074.90 kcal/kg metab-
olizable energy. In addition, it contained 1.15% (w/w) cal-
cium, 0.63% (w/w) available phosphorus, 0.55% (w/w) me-
thionine, 1.23% (w/w) lysine HCl, and 0.24% (w/w) tryp-
tophan. Feed and drinking water were provided ad libi-
tum. The growth performance of chickenswas evaluated by
recording the weekly feed consumption, body weight gain,
live weight, and feed conversion ratio.

2.5 Sample collection
At the end of the starter phase, three birds from each treat-
ment group were randomly euthanized and sacrificed by
severing the jugular vein. The intestines were immediately
harvested, and the length and weight of the intestinal tract
(duodenum, jejunum, ileum, and cecum) were measured.
One bird from each treatment group was randomly sacri-
ficed at the third week of age for histological analysis of the
intestinal structure. Small sections (2 cm) of the duodenum,
jejunum, and ileum were excised and immediately washed
with 0.85% NaCl solution. Each sample was placed in 10%
formalin buffer and fixed for 48 h before histological pro-
cessing.

2.6 Histology
The tissue samples were dehydrated using a series of in-
creasing alcohol concentrations (30%, 50%, 70%, 80%,
90%, 95%, and 100%), and embedded in paraffin wax. A
microtome was used to obtain 5-μm sections, which were
placed on glass slides for hematoxylin and eosin staining.
The histological sections were observed using a light mi-
croscope.

2.7 Statistical analysis
Data were analyzed using one-way analysis of variance, fol-
lowed by Duncan’s new multiple range test, and viability
data collected before and after spray drying were analyzed
using t-test. Differences were considered to be significant
at p < 0.05.
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3. RESULTS

3.1 Cell viability

Before spray drying, cell viability was 108–1010 CFU/g. Log
reductions of one- to two-fold were observed after spray
drying (Table 1), suggesting that the percent viability of all
samples exceeded 80%. The total cell viability of all encap-
sulated bacterial species weekly decreased during storage
(Figure 1). A combination of three and one species (P. acidi-
lactici strain Kd-6) exhibited viability rates of up to 70%dur-
ing the first four weeks of storage, followed by decreases
after seven weeks. After four weeks of storage, S. ther-
mophilus strain Kp-2 and L. murinus strain Ar-3 had viabil-
ities of 63% and 40%, respectively. Moreover, the viability
of both strains decreased further after seven weeks.

The decrease in bacterial cell viability during feed pro-
cessing is likely caused by heat treatments. Accordingly,
encapsulation should protect bacterial cells and promote
survival. In the present study, probiotic cells were encap-
sulated using a mixture of maltodextrin and SMP and col-
lected as described in the Materials and Methods section.
The survival ability of encapsulated cells was then mea-
sured in response to exposure to temperatures of 80–85°C.
All strains, except L. murinus strain Ar-3, exhibited post ex-
posure viability rates of greater than 80% (Table 2). S. ther-
mophilus strain Kp-2 and P. acidilactici strain Kd-6 could
maintain the viability rates as high as 80% after exposure
to temperatures of 80–85°C for 30 s. Notably, there were
nodifferences (p > 0.05) in the survival rate among four sam-
ples exposed to high temperatures for 45 s (data not shown).
Thus, a combination of maltodextrin and SMP yielded good
cell protection against heat exposure for 15 or 30 s (Table
2). After 15 s, P. acidilactici strain Kd-6 was most persistent
compared with L. murinus strain Ar-3 and S. thermophilus
strain Kp-2. After 30 s, S. thermophilus strain Kp-2 and P.
acidilactici strain Kd-6 had higher survival rates than that
observed in L. murinus strain Ar-3.

3.2 Moisture content, water activity, and SEM of the en-
capsulated probiotics

The samples significantly differed with respect to moisture
content and water activity (Table 3). The highest moisture
content among the encapsulated probiotics (3.99%) was
recorded for P. acidilactici strain Kd-6, whereas the low-
est (3.60%) was reported for the combined species. The
powder containing P. acidilactici strain Kd-6 had the high-
est water activity (0.20), whereas that containing S. ther-
mophilus strain Kp-2 had the lowest value at 0.17. The high
water activity of P. acidilactici strain Kd-6 was in line with
the high moisture content.

The morphologies of the encapsulated probiotics of
spray-dried powders visualized using SEMare shown in Fig-
ure 2. These particles had irregular morphological shapes,
including deflated, flat, ball-like, and spherical, and their
sizes ranged from 2.56 to 27.00 μm.

3.3 Performance of chickens
Based on the data presented in Tables 1–3 and Figure 1, the
combined probiotic culture was selected to analyze the ef-
fect of probiotic feed supplementation on the performance
of chickens. Although probiotic powder supplementation
did not affect feed consumption between the treatments
groups, it led to significant increases in body weight gain,
live weight, and feed conversion ratio (Table 4). Regard-
ing the intestinal segments (e.g., duodenum, jejunum, and

TABLE 1. Viabilities of encapsulated probiotics before and after spray
drying (log CFU/g).

Time log CFU/g

L. murinusa S. thermophilusa P. acidilacticib Mixturea

Before 9.53 ± 0.21 9.30 ± 0.30 8.52 ± 0.45 10.10 ± 0.17
After 8.00 ± 0.00 8.42 ± 0.10 8.00 ± 0.00 9.10 ± 0.17

aSignificant (p < 0.05), bNonsignificant.

TABLE 2. Viability percentages of encapsulated probiotics after 15 or 30 s
exposure to 80–85°C (%).

Time L. murinus S. thermophilus P. acidilactici Mixture

15 s 92.78a,y ± 3.02 87.31z ± 4.56 98.43a,x ± 0.74 97.13a,xy ± 0.87
30 s 77.92b,z ± 1.76 85.05xy ± 0.28 81.81b,y ± 4.71 87.05c,x ± 0.53

x,y,zMean values with different superscripts in the same row differ
significantly (p < 0.05).
a,b,cMean values with different superscripts in the same column differ
significantly (p< 0.05).

TABLE 3. Moisture content and water activity of encapsulated probiotics.

Probiotic Moisture content (%) Water activity

L. murinus 3.77c ± 0.05 0.19a ± 0.01
S. thermophiles 3.80bc ± 0.02 0.17c ± 0.00
P. acidilactici 3.99ab ± 0.13 0.20a ± 0.01
Combined species 3.60c ± 0.12 0.19a ± 0.00
Control (without probiotic) 4.10a ± 0.15 0.18b ± 0.00

Control: a mixture of maltodextrin and SMP without probiotic addition.
a,b,cMean values with different superscripts in the same column differ
significantly (p < 0.05).

FIGURE 1. Cell viability rates of encapsulated probiotics stored at 30°C
for 49 days. MIX: mixture.

ileum), only the cecum length significantly different among
the treatment groups, and the weights of the jejunum and
cecumwere significantly different (Table 5). The analysis of
intestinal histology indicated a greater villus density in the
treatment groups than that in the control group, even at
the lowest level of supplementation (0.5 g/kg feed; Figure
3). The ileum clearly contained shorter villi in the control
group than that in the treatment groups.

4. DISCUSSION
SMP contains lactose and proteins, whichminimize the cel-
lular membrane damage during spray drying. According to
the water replacement theory, lactose and milk proteins
protect cells by interacting with the polar head groups of
membrane phospholipids (Crowe et al. 1998; van Oss 2008;
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Soukoulis et al. 2014). A previous study reported that sam-
ples prepared with a mixture of maltodextrin/SMP (1:1) had
high viable cell count (8 log CFU/g) after four weeks of
storage at 30°C (Mutukumira et al. 2014), including tem-
perature, moisture content, and oxidative stress (Abd-Talib
et al. 2013). Because the encapsulated probiotics in the
present study were stored at 30°C and under aerobic con-
ditions, exposure to oxygen might have caused oxidative
stress in the cells, triggering cell death and a decrease in
viability.

Feed manufacturers commonly use heat and moisture
to produce dry meal. In Indonesia, feed mills routinely op-
erate at 85–88°C to generate dry feed (Muttaqin 2005). In
the present study, viability rates of greater than 80% were
noted after exposure to temperatures of 80–85°C in spray-
dried probiotics, except for L. murinus strain Ar-3. This
finding agrees with a previous study, wherein P. acidilactici
strain Kd-6 and S. thermophilus strain Kp-2 were thermo-
tolerant under drought and high-temperature (up to 50°C)
conditions (Abd-Talib et al. 2013). Another study reported
viability rates of greater than 90% for Bacillus subtilis, a
heat resistant, spore-forming bacterial strain, exposed to
temperatures of 85–90°C (Setlow 2006).

The moisture content data met the acceptable limit
of greater than 4% for a dried product (Gharsallaoui et al.

2007). The water activity is a measure of water molecules
available in a “free” form. Bound water is the water
molecules involved in hydrating hydrophilic molecules and
dissolving solutes; it does not contribute to the water ac-
tivity (Setlow 2006). A previous study found that the three
tested strains had different cell surface hydrophobicities:
L. murinus strain Ar-3 had a 93.56% hydrophilic cell sur-
face, whereasS. thermophilus strain Kp-2 and P. acidilac-
tici strain Kd-6 had values of 96.61% and 96.28%, respec-
tively (Harimurti 2011). This result supports the high mois-
ture content observed in S. thermophilus strain Kp-2 and P.
acidilactici strain Kd-6 in the present study.

A study onmicrocapsule powder reported a similar size
range of 1–25 μm (Mutukumira et al. 2014). The strong abil-
ity of the maltodextrin/SM matrix to preserve cell viabil-
ity (Table 2) might be attributable to its good encapsulating
properties (Figure 2). Maltodextrin alone exhibited poor
interfacial properties and would require chemical modifi-
cation to improve the surface activity. Conversely, SMP
is amphiphilic and exhibits the physicochemical and func-
tional properties required to encapsulatematerials with hy-
drophobic cores. Moreover, protein compounds, such as
sodium caseinate, soy protein isolate, and whey protein
concentrate and isolate, may exhibit good microencapsu-
lating properties (Soukoulis et al. 2014).

TABLE 4. Effects of supplementation with microencapsulated indigenous probiotic lactic acid bacteria on performance parameters.

Criteria T0 (control) T1 (0.5 g probiotics/kg feed) T2 (1.0 g probiotics/kg feed) T3 (1.5 g probiotics/kg feed)

Feed consumption, g/bird
Week 1 108.71 ± 4.66 112.91 ± 2.48 107.81 ± 1.31 110.70 ± 1.57
Week 2 230.27 ± 21.57 215.70 ± 5.90 226.77 ± 12.72 240.26 ± 5.52
Week 3 238.60 ± 30.41 207.65 ± 12.68 242.27 ± 6.65 235.98 ± 28.52
Starter phase 577.59 ± 54.46 536.26 ± 19.11 576.85 ± 17.44 586.94 ± 33.20

Body weight gain (g/bird)
Week 1 76.83b ± 5.67 96.17a ± 5.44 90.08a ± 4.50 92.75a ± 3.53
Week 2 147.67b ± 15.14 174.83a ± 9.77 175.25a ± 4.98 185.67a ± 15.18
Week 3 101.42c ± 3.36 111.00bc ± 22.66 148.42ab ± 8.31 172.33a ± 40.84
Starter phase 324.00b ± 21.69 364.75ab ± 34.95 402.50a ± 4.27 400.17a ± 37.50

Live weight (g/bird)
Week 1 119.58b ± 6.64 140.08a ± 5.57 133.00a ± 5.11 137.17a ± 5.15
Week 2 275.75b ± 17.18 312.00a ± 15.16 306.50a ± 6.34 317.17a ± 12.25
Week 3 366.75b ± 23.01 408.67ab ± 35.50 445.42a ± 5.95 444.58a ± 35.75
Starter phase 366.75b ± 23.01 408.67ab ± 35.50 445.42a ± 5.95 444.58a ± 35.75

Feed conversion ratio (g/g)
Week 1 1.43a ± 0.09 1.19b ± 0.08 1.20b ± 0.08 1.20b ± 0.03
Week 2 1.57a ± 0.09 1.24b ± 0.04 1.30b ± 0.05 1.30b ± 0.12
Week 3 2.54a ± 0.45 2.06ab ± 0.16 1.68b ± 0.13 1.59b ± 0.25
Starter phase 1.8a ± 0.07 1.49b ± 0.08 1.44b ± 0.05 1.48b ± 0.07

a,b,cMean values with different superscripts in the same row differ significantly (p < 0.05).

TABLE 5. Effect of supplemented microencapsulated indigenous probiotic lactic acid bacteria on intestinal length (cm) and weight (g).

Treatment Duodenum Jejunum Ileum Cecum
Lengthns Weightns Lengthns Weight Lengthns Weightns Length Weight

T0 (control) 18.50 ± 1.32 2.27 ± 0.43 41.33 ± 1.04 4.10b ± 0.53 40.67 ± 3.78 2.95 ± 0.45 10.45ab ± 0.64 1.30b ± 0.16
T1 (0.5 g/kg feed) 18.77 ± 2.58 2.09 ± 0.49 45.80 ± 4.70 4.01b ± 0.80 43.43 ± 0.51 2.59 ± 0.47 9.22b ± 1.09 1.12b ± 0.24
T2 (1.0 g/kg feed) 17.17 ± 0.76 2.46 ± 0.29 46.00 ± 2.00 5.16ab ± 0.84 43.63 ± 2.90 3.40 ± 0.50 9.72b ± 0.60 1.49ab ± 0.03
T3 (1.5 g/kg feed) 20.67 ± 1.04 2.74 ± 0.54 46.73 ± 5.37 5.65a ± 0.42 43.27 ± 3.16 4.07 ± 0.85 11.93a ± 1.41 1.88a ± 0.41

a,b,cMean values with different superscripts in the same column differ significantly (p < 0.05).
nsNonsignificant.
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(a)

(b)

FIGURE 2. SEM of spray-dried microcapsule powders containing a mixed
culture of probiotics. Scale bars, (a) 50 μm and (b) 10 μm.

In the present study, probiotic powder supplementa-
tion led to a significant increase in body weight gain, live
weight, and feed conversion ratio, although it did not af-
fect the feed consumption between the treatment groups.
This finding is in agreement with that of previous studies
(Harimurti et al. 2012; Amerah et al. 2013; Harimurti and
Hadisaputro 2014). The complex metabolites produced by
complementary probiotic strains may act synergistically
to support health (Ray 1996). A study reported that oral
probiotic supplementation increased the concentration of
short-chain fatty acids (e.g., propionic acid and butyric
acid) in broiler chickens (Harimurti and Hadisaputro 2014).
Although LAB do not directly produce butyric acid, their
consumption indirectly leads to increased butyric acid con-
centration in the digestive tract, a process known as cross-
feeding. In vitro, lactic acid produced by Bifidobacterium
adolescentis is used by Eubacterium halii and Anaerostipes
caccae (in coculture) to produce large amounts of butyric
acid (Anuradha and Rajeshwari 2005), which is required
by the intestinal epithelial cells to stimulate the prolifer-
ation of normal epithelium and maintain mucosal barrier
defenses (Harimurti et al. 2012). This absorptive function
might be reflected by the ratio of villi height to crypt depth
in the small intestine.

5. CONCLUSIONS
In conclusion, the testedmaltodextrin/SMPmixture exhib-
ited good encapsulating properties that protected probi-

(a) (b)

(c) (d)

(e) (f)

(g) (h)

(i) (j)

(k) (l)

FIGURE 3. Histologic analysis of duodenal (a–d), jejunal (e–h), and ileal
tissues (i–l) from broiler chickens during the starter phase. Scale bars,
20 μm.

otic cells during heat treatment and maintained cell viabil-
ity during storage. Supplementation with the encapsulated
probiotics improved chickens’ live weights, body weight
gain, and feed conversion ratios as well as promoted better
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villus development, which could increase nutrient absorp-
tion. Therefore, encapsulated probiotic supplementation
could be used as an alternative chicken feed supplement to
improve the growth performance.
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