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ABSTRACT

This research was conducted to investigate the effects of adding nano-encapsulated graviola
(Annona muricata Linn.) leaf extract (NGLE) to drinking water on microbial populations, jejunal
morphology, and growth performance of broilers. A total of 300 seven-day-old Lohmann male
broilers were allocated into 6 treatments with 5 replications and 10 chicks in each replicate pen. All
birds were given the same basal diet but given drinking water treated with: drinking water only as a
negative control (T1), drinking water + 25 mg/L Tetracycline (T2), drinking water + 15 mL/L GLE (T3),
drinking water + 30 mL/L GLE (T4), drinking water + 15 mL/L NGLE (T5), or drinking water + 30 mL/L
NGLE (T6). Variables observed in the current study included: body weight gain (BWG), final body
weight (FBW), feed conversion ratio (FCR), feed intake (FI), carcass percentage, jejunal lactic acid
bacteria (LAB), jejunal coliform bacteria, villus height and width, crypt depth, and crypt depth ratio.
All variable data were statistically analyzed using a completely randomized design with one-way
arrangement. Results showed that the addition of NGLE in drinking water improved (p<0.05) jejunal
morphology, jejunal LAB, and growth performance of broiler chickens. The height of jejunal villus
and population of jejunal LAB increased (p<0.01) when NGLE up to a dose of 15 mL/L was added
into the drinking water. Supplementing 15 mL/L NGLE reduced (p<0.01) feed conversion ratio and
improved (p<0.01) final body weight and carcass production compared with the other treatments. It
is concluded that supplementation of 15 mL/L NGLE might be useful as an alternative for antibiotics
growth promoters in poultry.
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INTRODUCTION

Antibiotics at sub-therapeutic dosages are used
widely in poultry production systems to control sub-
clinical diseases, inhibit enteric pathogens” growth,
maintain gut health, improve growth performance, and
minimize mortality by preventing infections (Alonge et
al., 2017). However, the uncontrolled use of antibiotics
in poultry diets leads to the accumulative residues in the
products of animals, reduction in the population of ben-
eficial intestinal microflora, the resistance of pathogens
to multiple or all antibiotics (superbug), and imbalance
population of normal microflora in the gut (Cherkasov
et al., 2008; Sugiharto & Ranjitkar, 2019). Today, public
worries over routine uses of antibiotics have been
increasing about the possible accumulation of antibi-
otic residues in animal bodies, animal products, and the
environment (Wachira et al., 2011; Sen et al., 2012). The
European Union (EU) countries started to remove all
growth-promoting antibiotics in poultry diets in 2006. In
Indonesia, antibiotics as a growth promoter in poultry
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diets have been banned since January 2018 (Amalia &
Adisasmito, 2017). This decision was in line with the
policy of many countries to restrict the use of antibiot-
ics as growth promoters (AGPs) in poultry (Sugiharto,
2016).

With the removal of antibiotics as growth promot-
ers in poultry diets, poultry nutritionist and the poultry
industry must focus on exploring alternative substances
to enhance intestinal health, control the growth of harm-
ful bacteria, and improve the growth performance of
broiler chickens. One of the potential alternatives for
antibiotics is natural medicinal products from herbs
(Phyto biotic). Previous studies reported that medicinal
herbs and essential oils had been used as feed addi-
tives to enhance growth performance and digestive
function as well as to control the growth of harmful
microbes in the gut of broiler chickens (Dei et al., 2008;
Leusink et al., 2010). Bioactive compounds contained
in the medicinal herbs were beneficial in reducing the
growth and population of pathogenic bacteria in the gut
(Hosseini et al., 2019; Gharechopogh et al., 2021), and
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potentially improve the growth performance of broiler
chickens (Dono, 2013). Graviola (Annona muricata Linn.)
leaf has long been appreciated as an important source
of bioactive compounds of medicinal value, since they
contain a variety of useful bioactive metabolites, such as
flavonoids, alkaloids, terpenoids, saponins, coumarins,
lactones, anthraquinones, tannins, cardiac glycosides,
phenols, and phytosterols (Gavamukulya ef al., 2014;
Sugayana et al., 2016). It has also been reported that bio-
active compounds in graviola leaf extract could benefi-
cially improve gut health, stimulate the immune system,
enhance digestive products utilization, and improve
broiler chickens’ performance (Jiwuba et al., 2017).

The technology of nanoparticles such as chitosan
nanoparticles that are cross-linked to sodium tripoly-
phosphate (STPP) is beneficial for maximizing bioactive
compounds’ transports from natural medicinal prod-
ucts to improve their absorptions (Calvo et al., 1997).
Chitosan nanoparticles can be used as drug carriers for
natural medicinal products and have some advantages
to increase drug solubility, protection from toxicity, as
well as protection from physical or chemical degrada-
tion, and enhance efficacy. Because of their small sizes,
they can pass through barriers in vivo and deliver a
drug to the lesion site to enhance the drug efficacy
(Buzea et al., 2007). Chitosan also has various bioactivi-
ties, such as antibacterial activities and immuno-en-
hancing effects that can improve the effects of herbal
products (Nouri, 2019).

The nano-encapsulation technology with chitosan
cross-linked to sodium tripolyphosphate protects bioac-
tive compounds from damage in the gastrointestinal
tract of broilers. The technology of nanoparticles will
protect bioactive compounds in Phyto biotics and
increase their durability. The liquid Phyto biotics
added to drinking water had higher homogeneity and
durability than the powdered Phyto biotics added in
feed. The combination of Phyto biotics (graviola leaf
extract) with chitosan nanoparticles technology in drink-
ing water for broiler chickens has never been studied
before. Therefore, the objective of this study was to
determine the effect of nano-encapsulated graviola leaf
extract with chitosan cross-linked to sodium tripoly-
phosphate on microbial populations, jejunal morphol-
ogy, and growth performances of broiler chickens.

MATERIALS AND METHODS
Ethical Approval

This study used a standard procedure that has
been certified by the ethical board from the Faculty
of Veterinary Medicine, Universitas Gadjah Mada,
Yogyakarta, Indonesia, with certification number 0056/
EC-FKH/Eks/2019.

Preparation of Ethanolic Extract of Graviola Leaf

Fresh graviola leaves were cut into small pieces
and dried in an oven at 55 °C for 72 h. The dried
sliced-leaves were then milled (2 mm) with a Wiley
mill to facilitate the extraction process. A total of 200 g

of graviola-leaves meal was weighed using analytical
scales (Ohaus GA200D, Pine Brook, New Jersey, USA).
The samples were placed in a beaker glass and then
macerated with 96% ethanol. The liquid-extract solution
was evaporated until free from ethanol solution using
a water bath (Memmert, Schwabach, Germany) at 60
°C for 3 h until the extract was viscous. Graviola-leaf
extract (GLE) was obtained by dissolving 2% aqueous
graviola-leaf extract using distilled water.

Preparation of Nano-Encapsulated Graviola-Leaf
Extract

Nano-encapsulation of graviola-leaf extracts
(NGLE) were formulated by ionic gelation method,
a cross-linking of chitosan (CS) with sodium tripoly-
phosphate (STPP) according to Sari et al. (2018) with
slight modifications in the concentration ratio of
CS:STPP:herbal-plant extract. A total of 0.2 g chitosan
was dissolved in 100 mL of distilled water which was
added with 1% acetic acid. The solution of graviola-leaf
extract was added into chitosan solution with a ratio of
1:1. In addition, 0.04 g of STPP was dissolved in 40 mL
of distilled water. The solution of STPP was then added
into the solution of CS-graviola-leaf extract with a
constant magnetic stirring (700 rpm) for 30 min at room
temperature. The formula of CS-STPP-graviola-leaf
extract was centrifuge at 3500 rpm for 30 min.

The optimization formula of nano-encapsulation
of graviola-leaf extracts was presented in Table 1. The
volumes of CS-STPP solutions used were chosen so as
to give chitosan:STPP weight ratios (w/w) of 2:0.020,
2:0.013, 2:0.010, 1:0.020, 1:0.013, and 1:0.010, respectively,
as were presented in Table 1. The above solution was
stirred for 30 min to generate chitosan nanoparticle-
graviola leaf extract suspensions (CS-NPs-GLE).

Phytochemical Screening

Phytochemical tests were done on the graviola-leaf
extract and nanoencapsulation of graviola leaf extract
using standard procedures to identify the constituents
as described by Sofowora (1993).

Test for total phenolics. The graviola leaf extract was
weighed accurately at the weight of 100 mg and dis-
solved in 100 mL of distilled water. A total of 1.5 mL of
this solution were transferred into a test tube. Further, 1
mL of 2N Folin-Ciocalteu and 2 mL of 20% Na,CO, solu-
tion were added and ultimately the volume was made
up to 10 mL with distilled water. The above solution
was allowed to stand for 2 hours, after which the absor-
bance was measured at 760 nm. Total phenolic contents
were estimated using a standard calibration curve ob-
tained from various diluted concentrations of gallic acid.

Test for flavonoids. To test for flavonoid in the extract
obtained from the leaves of graviola, 0.5 g of each ex-
tract was added into a tube containing 10 mL of distilled
water. A total of 5 mL of dilute ammonia solution were
added to a portion of the aqueous filtrate of each plant
extract, followed by the addition of 1 mL of concen-
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Table 1. Formulation of graviola leaf extract-loaded chitosan nanoparticles cross-linked to sodium tripolyphosphate

Formulation CS : STPP ratio (mL) Graviola leaf extract (uL)  CS concentration (%w/v)  STPP concentration (%w/v)
A 02:0.020 2000 0.002 0.001
B 02:0.013 2000 0.002 0.001
C 02:0.010 2000 0.002 0.001
D 01:0.020 1000 0.002 0.001
E 01:0.013 1000 0.002 0.001
F 01:0.010 1000 0.002 0.001

Note: CS= Chitosan; SSTPP= Sodium tripolyphosphate. Formula A, B, and C were produced by dropping the STPP solution into CS solution at 2 mL
and GLE at 2 mL; while formula D, E, and F were prepared by pouring the STPP solution into CS solution at 1 mL and GLE at 1 mL.

trated H,SO,. The above solution was allowed to stand
for 2 hours, after which the absorbance was measured
at 760 nm. The yellow color indicated the presence of
flavonoids in each extract.

Birds, Diets, and Experimental Design

The research was conducted for 35 days (5 weeks)
using 300 seven-day-old Lohmann male broiler chicks.
The birds were allocated into six treatment groups with
five replications and ten chicks in each replicate pen.
All of the birds were given the same basal diet, but with
different treatments: drinking water only as a negative
control (T1), drinking water + 25 mg/L Tetracycline (12),
drinking water + 15 mL/L GLE (T3), drinking water + 30
mL/L GLE (T4), drinking water + 15 mL/L NGLE (T5), or
drinking water + 30 mL/L NGLE (T6). Birds were given
diets and drinking water ad-libitum throughout the
research. Formulation and nutrient compositions for the
basal diets are presented in Table 2.

Growth Performance

The final body weights of individual birds, average
body weight gain, feed intake, and feed conversion ratio
were calculated for the overall study period (days 8-35).
Daily mortality was recorded, and due importance was
given to mortality while calculating feed intake and feed
conversion.

Microbial Populations

Thirty birds were randomly selected (5 birds
from each treatment group) and slaughtered accord-
ing to Islamic law at the 35 days rearing period of the
trial to study the intestinal microflora and morphology.
Samples of the contents from the jejunal (from the distal
end of the duodenum to the Meckel’s diverticulum)
were collected with gentle press and placed in sterile
plastics bottles. The samples were immediately placed
in the freezer (-20 °C) for further analysis. The jejunal
microflora were analyzed using a culture technique
described by Shang et al. (2016) with slight modifica-
tions. Dilutions of the contents from the jejunal were
inoculated in duplicate onto selective agars: Brilliance
E. coli/coliform Selective agar (Oxoid, Basingstoke,
Hampshire, UK) for Escherichia coli incubated at 37
°C for 24 h; Peptone Glucose Yeast (PGY) agar (Difco,
USA) for Lactic acid bacteria incubated at 37 °C for 48
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h; and Salmonella shigella agar (SS) (Oxoid, Basingstoke,
Hampshire, UK) for Salmonella sp incubated at 37 °C
for 24 h. Microbial population counts were expressed
as log10 colony-forming units (CFU) g™ wet digesta for
each jejunal content sample.

Morphology of Jejunal Villi

The samples used for jejunal morphology were
taken in a 6 cm section of the jejunum from Meckel’s di-
verticulum. The jejunal samples were immediately fixed
into 10% formalin buffer solution for further analyses.
The jejunal was histologically prepared using Bouin’s,
alcohol, toluol, xylol, paraffin, hematoxylin-eosin (HE)
dye solutions, and Image Raster software version 4.0.5.
The jejunal sample was dehydrated in a series of alcohol
with increasing concentrations (35%, 50%, 70%, and
95%) and embedded in paraffin. The jejunum was then

Table 2. Composition and nutrient contents of the basal diet for
pre-starter, starter, and finisher periods

Items Content

Diet composition (% as fed)
Corn 58.50
Soybean meal 27.50
Meat and bone meal 7.00
Rice bran 2.50
Crude palm oil 2.60
Vitamins and minerals premix 2.50
CaCoO, 1.00
L-lysine HCI1 0.20
Dl-methionine 0.20
NaCl 0.25
Total 100.00

Calculated provisions
Metabolic energy (kcal/kg) 3159.24
Crude protein (%) 21.04
Ether extract (%) 5.65
Crude fiber (%) 3.16
Phosphorus. available (%) 0.68
Calcium (%) 1.19
Lysine (%) 1.33
Methionine (%) 0.53
Threonine (%) 0.76

Note: *Vitamins and minerals premix content per kg: Calcium 32.5%,
Phosphorus 1.0%, Iron 6 g, Manganese 4 g, lodine 0.075 g, Copper
0.3 g, Zinc 3.75 g, Vitamin B12 0.5 mg, Vitamin D3 50,000 IU.
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fixed using Bouin’s solution for 12 h. Villi tissues were
then cut into 4 pum slices prepared using microtome
stained by the HE method as described by Thanh et al.
(2009). The observations of jejunal morphology were
conducted using an electron transmission microscope
with 4X magnification equipped with an Optilab digital
camera (Optilab Advance, Miconos, Indonesia).

Statistical Analysis

The variable data were statistically analyzed using
a completely randomized design with a one-way ar-
rangement. Means among treatments were statistically
separated by Duncan post-hoc test. SPSS version 2.2
Software was used for all statistical analysis, with sig-
nificance statements were based on a p<0.05.

RESULTS
Particle Size and Phytochemical Screening

The particle size of graviola-leaf extracts (GLE) and
nano-encapsulation of graviola-leaf extracts (NGLE) are
presented in Table 3. GLE was found to have a particle
size of 2708.13 + 173.36 nm. The particle size of GLE-
loaded by chitosan-sodium tripolyphosphate nanopar-
ticles was found to be 234.00 + 21.50 nm in optimum
formula of CS-GLE-STPP ratio 1:1:0.01 (Formula F, Table
1). The GLE was found to contain 2.40% of phenolics
and 49.18% of flavonoids; NGLE contained 0.97% of
phenolics and 23.99% of flavonoids (Table 3).

Growth Performance

The effect of supplementation of both GLE and
NGLE on the growth performances of broiler chickens
is summarized in Table 4. Supplementation of drinking
water with GLE at a dose of 15 mL/L increased (p<0.01)

final body weight and carcass percentage. The increased
dose of GLE supplementation up to 30 mL/L increased
final body weight simultaneously (p<0.01). However,
supplementation of drinking water with NGLE at a
dose of 15 mL/L not only increased weight gain but also
reduced (p<0.01) feed conversion ratio and improved
(p<0.01) body weight, final body weight, and carcass
production resulting in the better improvement than
those of non-supplemented birds or antibiotic-supple-
mented birds.

Microbial Populations

Table 5 summarizes the effect of supplementation
of both GLE and NGLE on the microbial population of
broiler chickens. Supplementation of GLE at a dose of
15 mL/L in the drinking water increased (p<0.01) the
population of jejunal LAB and reduced (p<0.01) the
population of coliform bacteria, resulting in the better
improvement when compared to the negative control.
Meanwhile, broiler chickens supplemented with GLE
at a dose of 15 mL/L in the drinking water had higher
(p<0.01) jejunal LAB than those fed with Tetracycline.
Supplementation of drinking water with NGLE at a
dose of 15 mL/L also reduced (p<0.01) jejunal coliform
bacteria, similar to the effect of Tetracycline supplemen-
tation in the feed.

Jejunal Morphology

Table 6 shows the effect of GLE and NGLE
supplementations on the jejunal morphology of broiler
chickens. Broiler chickens fed diets supplemented with
NGLE at a dose of 15 mL/L had higher (p<0.01) villus
height in the jejunum (Figure 1) when compared to
control chickens without NGLE supplementation, birds
supplemented with GLE, or birds supplemented with
antibiotic. Furthermore, supplementation of NGLE at

Table 3. Phytochemical screening and particle size of nano-encapsulated graviola leaf extract compared with graviola leaf extract

Secondary metabolite

S 1 Particle si
ampres Total phenolics (% b/v) Total flavonoids (% b/v) article size (nm)

Graviola leaf extract (GLE) 24 49.18 2708.13 +173.36

Nano-encapsulation of GLE 0.97 23.99 234.00 + 21.50

Table 4. Growth performance of 35 days old male broiler chickens supplemented with nano-encapsulated graviola leaf extract

Variables
Treatments Final body weight (g) Weight gain (g) Feed intake (g) Feed conversion  Carcass percentage (%)

T1 1714.38+20.40° 1584.66+20.14° 2575.82+224.66 1.61+0.13* 64.89+1.524

T2 1737.71435.724% 1615.07+38.42" 2464.58+106.43 1.52+0.82* 65.75+1.59

T3 1784.25+31.66 1635.68+32.29 2574.22+146.34 1.55+0.89 67.40+0.58

T4 1820.60+30.97" 1650.98+16.68" 2451.51+ 91.08 1.48+0.51® 67.77+2.04"

T5 1859.54+56.56 1704.94+56.84° 2489.10+138.13 1.46+0.82" 68.46+1.47

T6 1880.16+39.22° 1709.37+46.28° 2517.33+100.08 1.47+0.76" 70.12+1.20°
SEM 12.81 57.90 25.24 0.02 0.40
P-value <0.01 <0.01 0.62 <0.05 <0.01

Note: GLE= graviola leaf extract; T1=drinking water without feed additive as a negative control, T2=drinking water + Tetracycline 25 mg/L drinking wa-
ter as positive control, T3=drinking water + 15 mL/L GLE, T4=drinking water + 30 mL/L GLE, T5= drinking water + 15 mL/L nano-encapsulation
of GLE, and T6= drinking water + 30 mL/L nano-encapsulation of GLE. **¢¢*Means in the same column with different superscripts differ signifi-
cantly (p<0.05).
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a dose of 15 mL/L increased (p<0.01) the ratio of villus
width and crypt depth.

DISCUSSION
Particle Size and Phytochemical Screening

The particle size of NGLE was found to be 234.00
+ 21.50 nm, and these results are appropriate with the
requirement of chitosan nanoparticles, which should
be less than 500 nm. This size indicates the potential of
graviola leaf extract loaded by chitosan nanoparticles,
possibly as drug carries because of their small sizes.
Nanotechnology is needed to protect the bioactive com-
pounds from physical and chemical degradation (Saraf,
2010; Bonifacio et al., 2014). It also has maximized bioac-
tive compounds from herbal extracts in transportation
for effective absorption in the animal’s gastrointestinal
tract (Calvo et al., 1997).

The bioactive compounds of graviola-leaf extract,
such as flavonoids and phenolic compounds, were
considered to be most important. The extracts of GLE

Table 5. Microbial populations of 35 days old male broiler
chickens supplemented with nano-encapsulated gravi-
ola leaf extract

Microbial populations (log cfu/g)

Treatments L]jdlc a.c1d Coliform Salmonella sp.
acteria

T1 3.10+0.12¢ 3.97 +0.08° ND

T2 3.50 + 0.04° 3.14+0.16° ND

T3 3.60 +0.10° 3.60 +0.12¢ ND

T4 3.58 +0.27° 3.38 +0.06¢ ND

T5 417 +0.15* 3.10 £ 0.09¢ ND

T6 4.18 +0.14° 3.17 +0.12¢ ND
SEM 0.09 0.08 -
P-value <0.01 <0.01 -

Note: GLE= graviola leaf extract; T1=drinking water without feed ad-
ditive as a negative control, T2=drinking water + Tetracycline 25
mg/L drinking water as positive control, T3=drinking water + 15
mL/L GLE, T4=drinking water + 30 mL/L GLE, T5= drinking water
+ 15 mL/L nano-encapsulation of GLE, and T6= drinking water +
30 mL/L nano-encapsulation of GLE. ***4*Means in the same col-
umn with different superscripts differ significantly (p<0.05).

were rich in flavonoid and phenolic compounds (Table
3) which have wide pharmacological effects, such as
antioxidants and antibacterial activity. Flavonoids are
known to prevent oxidative cell damage, have antimi-
crobial properties, and also have anti-cancer activity to
inhibit all stages of carcinogenesis (Vijayameena et al.,
2013; Pieme et al., 2014; Moghadamtousi et al., 2015).
Flavonoids possess antioxidant properties (George et
al., 2012; Nawwar et al., 2012), protect against aller-
gies (Ross, 2010), inflammation (Hassan et al., 2013;
Monigatti et al. (2013), microbes (Vieira et al., 2010;
Solomon-Wisdom et al., 2014), viruses (Helfer et al.,
2014), and tumor (Hamizah et al., 2012). The important
phenolic compounds found in graviola leaves include
quercetin (Nawwar et al., 2012) and gallic acid (Correa-
Gordillo et al., 2012). Phenolic compounds are consid-
ered to be the major phytochemicals responsible for
antioxidant activity (George et al., 2014). The mechanism
of antioxidant activity of graviola leaf is due to their
redox properties, carboxylic groups, and the presence of
conjugated ring structures, which have been reported to
inhibit lipid peroxidation (Rice-Evans et al., 1995). The
graviola leaf extracts were found to be rich in phenolic
compounds, which have antimicrobial activity. It has
been demonstrated that phenolic compounds inhibit
and change the microbial enzymes by binding the mem-
brane protein or hydrogen with vital proteins (Radji et
al., 2015).

Growth Performance

The supplementation of NGLE optimized the
growth performance of broiler chickens compared
with the other treatments. In this study, the addition
of NGLE improved lactic acid bacteria and suppressed
the growth of pathogenic bacteria (Table 5) with a
mechanism of a bioactive compound of graviola leaf
extracts as an antibacterial agent. The mechanism of an-
tibacterial activity could be attributed to the decreased
intestinal pH, that was important to limit the growth of
pathogenic bacteria, which were known to be intolerant
to acidic pH environment (Fascina et al., 2012). With the
decrease in pathogenic bacteria population, the accu-
mulation of the microbial toxins in the intestine would

Table 6. Jejunal morphology (um) of 35 days old male broiler chickens supplemented with nano-encapsulated graviola leaf extract

Treatments Jejunal morphology
Villus height Villus width Crypt depth Crypt depth ratio

T1 1448.43 + 61.79° 188.59 + 55.50° 267.48 +48.29 5.16 + 1.34¢

12 1502.91 + 70.34° 205.74 + 36.91* 254.79 +80.61 5.53 £1.52%

T3 1530.09 + 59.68" 168.76 = 28.72° 232.15+49.12 6.07 + 0.69"

T4 1531.48 +90.83° 200.18 + 50.71 217.59 +46.12 6.69 +1.20°®

T5 1823.86 +23.49° 257.95 + 51.40° 253.15 + 47.60 6.86 +1.01®

T6 1791.67 + 92.42° 213.11 +10.80° 240.89 + 36.83 7.52 +0.74°
SEM 29.6 8.63 9.34 0.22
P-value <0.01 <0.05 0.72 <0.05

Note: GLE=graviola leaf extract; T1=drinking water without feed additive as a negative control, T2=drinking water + Tetracycline 25 mg/L drinking wa-
ter as positive control, T3=drinking water + 15 mL/L GLE, T4=drinking water + 30 mL/L GLE, T5= drinking water + 15 mL/L nano-encapsulation
of GLE, and Té= drinking water + 30 mL/L nano-encapsulation of GLE. *****Means in the same column with different superscripts differ signifi-

cantly (p<0.05).
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Figure 1. Sections of jejunum morphology of broiler chicken supplemented with nano-encapsulated graviola leaf ex-
tract (GLE). (a) T1= drinking water without feed additive as a negative control, (b) T2= drinking water +
Tetracycline 25 mg/L drinking water as positive control, (c) T3= drinking water + 15 mL/L GLE, (d) T4= drink-
ing water + 30 mL/L GLE, (e) T5= drinking water + 15 mL/L nano-encapsulation of GLE, and (f) T6= drinking

water + 30 mL/L nano-encapsulation of GLE.

also decrease, which will be beneficial in improving the
micro-morphology of the intestinal villi and micronutri-
ent absorption by the intestinal cell wall. The increased
availability of micronutrients increases the utilization
of nutrients as precursors for carcass production so that
that bodyweight gain can be increased and growth per-
formance becomes more optimal (Herndndez et al., 2006;
Dono, 2013).

Microbial Populations
The increase of LAB in the present study agreed

with the previous study (Ningsih et al, 2019) who
found that supplementation of encapsulated Phyto

biotic increased the population of LAB in the intestine
broiler chickens. Rehman et al. (2007a,b) reported that
lactic acid bacteria improved gastrointestinal function,
nutrients digestibility, and animal performance. Lactic
acid bacteria may also produce organic acids and other
antibacterial substances (Neal-McKinney et al., 2012).
Furthermore, Rahimi ef al. (2011) reported that bioactive
compounds in herbs, such as flavonoids, phenol, and al-
kaloids, may improve the growth of lactic acid bacteria
and bifidobacterial populations and inhibited coliform
bacteria. Antibiotics and Phyto biotics may control and
limit the growth and colonization of various pathogenic
bacteria in the gut of chicks (Ferket, 2004). These effects
are due to interference in cell wall synthesis, changes in
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the permeability of the cytoplasmic membrane, interfer-
ence in the cell protein synthesis, and interference in the
chromosome replication (Mellor, 2000). More balanced
microflora colonization in the poultry gastrointestinal
tract could lead to greater efficiency in digestibility and
feed utilization, resulting in enhanced feed efficiency
and maximized growth of host animals (Ferket, 2004).

Jejunal Morphology

The addition of NGLE in the drinking water of
broiler chicken contributed to improving villus height
and width, and crypt depth ratio (Table 6). The anti-
bacterial activity of NGLE could be attributed to the
decreased intestinal pH, reduced pathogenic bacteria
populations, which in turn will be beneficial to improve
the jejunal villi. The increased villus height in the cur-
rent study might have respectable contributions to en-
hancing absorptive surface area for better nutrients and
energy utilization (Adil et al., 2010). Abdel-Rahman et al.
(2014) and Debnath et al. (2014) similarly reported that
supplementation of herbal products improved intestinal
morphology, enhanced villus height and surface area,
resulting in better gut health in broiler chickens. The
depth of the jejunal crypt in the present study was simi-
lar between groups. These findings should be favorable
as a small crypt produced longer villus. As reported by
Petrolli et al. (2012), the crypts were responsible for the
production of enterocytes required for villi renewal. The
more the crypt is demanded in terms of cell renewal, the
greater its depth. Therefore, this indicated that supple-
mentations of nano-encapsulated GLE through drinking
water were beneficial to maximize the production of
absorptive cells in the small intestine, which might be a
good indicator of better gut health. The beneficial effects
on jejunal morphology attributed to the antibacterial
action of nano-encapsulated GLE, decrease the inflam-
matory reactions at the mucosa, facilitate better villus
growth, increase the nutrients utilization, and improve
the growth performance broiler chickens (Mahmood et
al., 2015).

CONCLUSION

Supplementation of 15 mL/L NGLE improved jeju-
nal morphology, jejunal LAB, and growth performance
of broiler chickens. Dosage up to 30 mL/L of NGLE was
not different from the drinking water supplemented
with NGLE at a dose of 15 mL/L. The reduced coliform
bacteria populations in the jejunum, increased jejunal
LAB population, and improved jejunal morphology sug-
gests that NGLE might be an alternative for antibiotics
growth promoters in poultry.
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