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ABSTRACT

This study aimed to evaluate the effects of encapsulation of Medinilla speciosa fruit extract in feed
on the oxidative status, amino acid digestibility, and performance of broiler chickens raised at high
stocking densities. The M. speciosa contains polyphenols, flavonoids, tannins, and saponins. This study
used 290 unsexed Ross strain broiler chicks aged 8 days, with an average body weight of 196.01 + 1.12
g. M. speciosa fruit extract (MSFE) and encapsulated M. speciosa fruit extract (EMSFE) were used as
sources of phytobiotics. This study was designed with four treatments and five replicates. The treat-
ments tested were TO: normal density of 10 birds/m? without MSFE or EMSFE; T1: high density of 16
birds/m? without MSFE or EMSFE; T2: high density of 16 birds/m? + 0.08% MSFE; and T3: high den-
sity of 16 birds/m? + 0.08% EMSFE. The results showed that the addition of MSFE and EMSFE to the
diet had a significant effect (P<0.05) on performance (feed intake, daily weight gain, and feed conver-
sion ratio), protein and amino acid digestibility, oxidative status (malondialdehyde, superoxide dis-
mutase, and glutathione peroxidase), as well as total lactic acid bacteria, Escherichia coli, and small
intestine pH. The conclusion is that incorporating 0.08% encapsulation of M. speciosa fruit extract no-
tably enhances the overall health, absorption of essential amino acids, and growth of broiler chickens
raised in high-density conditions, suggesting its promise as an effective phytobiotic feed additive.
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INTRODUCTION

The intensification of broiler chicken pro-
duction has led to the adoption of high stocking
densities as a strategy to improve land efficiency
and economic returns. However, this practice is
often associated with increased environmental
stress, reduced animal welfare, disruptions to
physiological balance, and decreased production
performance. These conditions can trigger oxida-
tive stress due to increased production of reactive

oxygen species (ROS) that exceeds the capacity
of the endogenous antioxidant system. The accu-
mulation of ROS contributes to lipid peroxida-
tion, damage to proteins and cell membranes, and
disruption of gastrointestinal function, which
ultimately results in reduced nutrient utilization
efficiency and growth in broilers (Mishra and
Jha, 2019).

In addition to oxidative stress, high stocking
density affects the balance of gut bacteria.
Suboptimal environmental conditions can in-
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crease the number of pathogenic bacteria, such
as E. coli, and inhibit the growth of beneficial
bacteria, such as lactic acid bacteria (LAB)
(Akpoghelie et al., 2025). This bacterial imbal-
ance affects the pH of the digestive tract, intesti-
nal mucosal integrity, digestive enzyme activity,
and amino acid digestibility (Yadav and Jha,
2019). Given the importance of amino acids in
protein synthesis and tissue growth, impaired
digestibility will directly reduce broiler chicken
production performance.

The use of phytogenic feed additives as
growth promoters is becoming increasingly pop-
ular in modern poultry production systems. One
local plant with potential for development is M.
speciosa, which contains bioactive compounds,
such as flavonoids, polyphenols, tannins, and
saponins, with high antioxidant and antibacterial
activities. Krismiyanto et al. (2025%) reported
that the extract from M. speciosa fruit contains
13.83% antioxidant activity, 4.68% total phe-
nols, 4.11% flavonoids, 2.23% tannins, and
1.45% saponins. These compounds have the po-
tential to reduce oxidative stress, inhibit the
growth of pathogenic bacteria, and support gut
bacterial balance (Sun et al., 2024). However,
the direct use of plant extracts often faces chal-
lenges in the form of instability of active com-
pounds due to temperature, oxidation, and enzy-
matic degradation in the digestive tract, thereby
limiting their bioavailability (Ahamed er al.,
2025).

Encapsulation technology offers an innova-
tive approach to protecting bioactive compounds
from degradation during feed processing and
digestion. When active compounds are encapsu-
lated, they can be released in a controlled man-
ner within the digestive tract, which enhances
their stability, biological efficacy, and utilization
efficiency (Klojdova et al., 2023). With the im-
proved stability of antioxidant and antibacterial
compounds in M. speciosa, it is expected that
there will be an improvement in oxidative status,
total BAL growth, a reduction in total E. coli,
stabilization of intestinal pH, and increased ami-
no acid digestibility, which will ultimately im-
prove broiler performance, especially under high
-density conditions.

Although the bioactive potential of M. spe-
ciosa fruit has been widely reported in the con-
text of health, scientific information regarding
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the use of M. speciosa fruit extract encapsulated
in diets of broiler chickens, particularly under
high-density stress conditions, remains limited.
The novelty of this study lies in the integration of
oxidative stress parameters, small intestinal bac-
terial profile, digesta pH, amino acid digestibil-
ity, and production performance into a single
integrated research design, which has not been
widely reported. Therefore, this study aimed to
examine the effects of M. speciosa extract encap-
sulation on oxidative stress, total BAL, total E.
coli, small intestinal pH, amino acid digestibility,
and the performance of broiler chickens reared at
high stocking densities.

MATERIALS AND METHODS

All procedures involving animals were ap-
proved by the Faculty of Animal and Agriculture
Science, Diponegoro University, Semarang, In-
donesia (approval no. 60-08/A-16/KEP-FPP).

Preparation of M. speciosa Fruit Extract and
Encapsulation Process

The collected M. speciosa fruits were dried
in an oven at 50°C until their moisture content
was less than 14%. The dried M. speciosa fruit
was ground into flour. The extraction procedure
was as follows (Gouda et al., 2021), wherein M.
speciosa flour was dissolved in 96% ethanol at a
1:10 (w/v) ratio. The solution was placed in a
sonicator at 50 Hz for 60 min. The sonicated
mixture was allowed to stand for 24 h to maxim-
ize extraction. The sonicated solution was fil-
tered using Whatman No. 41 filter paper to col-
lect the filtrate. The filtrate was evaporated using
an evaporator at 65°C for 1 h, yielding the final
extract.

The extracted material was subjected to an
encapsulation process following the method de-
scribed by Krismiyanto et al. (2025). Maltodex-
trin was dissolved in distilled water at a 1:3 (w/
v)? ratio. The extract was added to the maltodex-
trin solution at a 3:1 (v/v) ratio. The mixture of
the maltodextrin solution and extract was placed
in a freeze-dryer and dried at —40°C for 24 h,
resulting in the encapsulated M. speciosa fruit
extract product.

Animals, Experimental Design and Treatment
The experiment used 290 mixed-sex §-day-
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Table 1. Compositions and Nutrient Contents of Dietary Experiment

Ingredients Compositions
Starter (8 — 21 days) Finisher (22 — 35 days)

Yellow corn 50.12 52.81
Rice bran 15.03 17.34
Soybean meal 24.00 19.00
Fish meal 10.00 10.00
Limestone 0.30 0.30
Premix* 0.25 0.25
Lysine 0.10 0.10
Methionine 0.20 0.20
Total 100 100
Nutrient content:
Metabolizable content (kcal/kg)? 2,996.85 3,026.32
Crude protein (%)! 21.33 19.25
Amino acid?

Lysine (%) 1.20 1.07

Methionine (%) 0.48 0.47

Arginine (%) 1.39 1.26

Methionine+Cystine (%) 0.91 0.80

Threonine (%) 0.77 0.72

Tryptophan (%) 0.17 0.17
Ether extract (%! 4.74 5.18
Crude fiber (%)' 5.51 5.59
Calcium (%)" 1.04 1.07
Phospor (%)! 0.68 0.74

13Based on chemical analysis.
2Calculated EM (Bolton, 1967).

4Premix provided per kg of diet: calcium 25%, phosphor 1%, iron 6 g, mangan 4 g, iodine 0.075 g, copper 0.3 g, zinc

3.75 g, vitamin Bi2 0.5 mg, and vitamin D3 50,000 IU.

old Ross broiler chickens with an average body
weight of 194.71 + 532 g. The M. speciosa
fruits were collected from the area of Muria
Mountain, Kudus Regency, Central Java, Indo-
nesia. The study was designed based on a com-
pletely randomized design with four treatments
and five replicates (coefficient variation of
2.73%), resulting in 20 experimental units. The
normal stocking density is 10 birds/m?, while 16
birds/m’* is the maximum stocking density
(Agusetyaningsih et al., 2022). The treatments
applied were as follows: TO (normal density of
10 birds/m? without MSFE or EMSFE), T1 (high
density of 16 birds/m*> without MSFE or
EMSFE), T2 (high density of 16 birds/m> +
0.08% MSFE), and T3 (high density of 16 birds/
m? + 0.08% EMSFE). The composition of the
feed ingredients and ration levels used in the
study is shown in Table 1.

Encapsulated M. speciosa Fruit Extract in High-Density Broilers (L. Krismiyanto et al.)

Parameters Measured

The parameters observed were malondialde-
hyde (MDA) activity, superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px), lactic
acid bacteria (LAB), total E. coli, small intestine
pH, protein and amino acid digestibility, feed
intake (FI), daily body weight gain (DBWG), and
feed conversion ratio (FCR).

Blood Sampling and Oxidative Stress Indica-
tors

Blood samples were collected from broilers
when they were 35 days old to determine SOD,
MDA, and GSH-Px levels. Approximately 3 mL
of blood was collected from the brachial vein of
each bird. The SOD activity was measured in
erythrocyte lysate based on the inhibition of py-
rogallol auto-oxidation. GSH-Px activity was
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measured using a coupled assay method, and
MDA levels were analyzed in plasma using the
thiobarbituric acid reactive substance (TBARS)
method (De Leon and Borges, 2020).

Lactic Acid Bacteria, Total E. coli, and pH

Digesta samples from each segment of the
small intestine (duodenum, jejunum, and ileum)
were collected in sample pots and homogenized.
The LAB counts were determined using de Man
Rogosa Sharpe (MRS) (Merck, Germany) and
incubated at 37°C for 48 h (Mandal et al., 2021).
The number of E. coli was counted using eosin
methyline blue agar (EMBA) agar (Oxoid, UK)
incubated at 37°C for 24 h (AOAC, 2023). Di-
gesta pH was measured in the duodenum, jeju-
num, and ileum immediately after slaughter us-
ing a digital pH meter (Hanna Instruments,
USA).

Protein and Amino Acid Digestibility

Protein and amino acid digestibility were
determined using the total collection method
with Fe,O; as an indigestible marker (Suthama
and Wibawa, 2016). Excreta were collected for
four days starting on day 30, sprayed with 0.2 N
HCI to prevent nitrogen evaporation, dried, and
analyzed for crude protein. Digestibility was cal-
culated as follows:
Protein digestibility (%) = {[protein intake —
(amount of excreted protein amount of endoge-
nous protein)] / (protein intake)} x 100 %
Amino acid digestibility (%) = {[amino acid in-
take — (amount of excreted amino acid —
amount of endogenous amino acid)] / (Amino
acid intake)} x 100 %
Where:
Protein intake = feed intake x % protein content
of feed
Protein excreta = total excreta X % protein con-
tent in excreta.
Amount of protein endogenous = total endoge-
nous X % protein content in endogenous.
Amino acid intake = feed intake %< % amino acid
content of feed.
Amount of amino acid excreta = total excreta x
% amino acid content in excreta
Amount of amino acids endogenous = total en-
dogenous x % amino acid content in endogenous

Broiler Chicken Performance
Broiler chickens were weighed at 8 and 35
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days of age. Performance was determined based
on FI, DBWG, and FCR.

FI (g) = feed given — feed refused

DBWG (g) = [(final weight — initial weight) /
maintenance period]

FCR = feed intake / daily body weight gain

Statistical Analysis

Data were analyzed for variance at a 5% er-
ror rate. Duncan’s multiple range test (DMRT)
was conducted at a 5% significance level to de-
termine the differences between treatments
(Gasperz, 2006).

RESULT AND DISCUSSION

Growth Performance

The addition of encapsulated M. speciosa
fruit extract had a significant effect (P<0.05) on
feed intake in chickens raised at high stocking
densities (Table 2). Feed intake in T2 and T3 was
significantly higher (P<0.05) than in TO and T1.
The increased feed intake in T2 and T3 is associ-
ated with bioactive compounds in M. speciosa
fruit. Bioactive activity can improve gut health,
metabolic activity, and feed palatability. Bioac-
tive compounds include flavonoids, tannins, sap-
onins, and phenols, which possess antioxidant
and antibacterial properties. These compounds
can inhibit the growth of pathogenic bacteria in
the digestive tract and support the growth of ben-
eficial bacteria. A healthier digestive tract can
improve the efficiency of digestion and nutrient
absorption, leading to higher nutrient require-
ments in chickens and consequently increased
feed intake (Yadav and Jha, 2019). According to
Adedokun and Olojede (2019), improving the
balance of gut bacteria can increase appetite and
feed intake in broiler chickens because metabolic
processes occur more optimally.

The addition of 0.08% M. speciosa fruit
extract encapsulated in the diet had a significant-
ly increased effect (P<0.05) on the daily weight
gain of broiler chickens raised at high stocking
density (Table 2). The daily weight gain in T3
was significantly (P<0.05) higher than that in TO,
T1, and T2. This is because the encapsulation
process protects the bioactive compounds con-
tained in M. speciosa fruit, making them more
stable and allowing for their maximum utiliza-
tion within the digestive tract. When adminis-
tered as an extract, some of these bioactive com-
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pounds may degrade due to the effects of temper-
ature, oxidation, or acidic conditions in the pro-
ventriculus, resulting in fewer active compounds
reaching the small intestine. Conversely, in the
encapsulated form, the coating material protects
the active compounds from damage during diges-
tion in the upper gastrointestinal tract, allowing
for the gradual release of active substances in the
small intestine—the primary site of nutrient ab-
sorption (Krismiyanto ef al., 2025b). These con-
ditions result in improved digestive health in
chickens fed the encapsulation, as evidenced by
an improved balance of gut bacteria and in-
creased digestive enzyme activity. Improved di-
gestive function enhances the digestion and ab-
sorption of nutrients, particularly proteins and
amino acids, which play a crucial role in muscle
tissue formation (Ravindran and Abdollahi,
2021). More efficient nutrient utilization results
in increased daily weight gain.

The addition of 0.08% M. speciosa fruit
extract capsules to the diet resulted in significant-
ly higher growth performance (P < 0.05) than
that in the untreated group in chickens raised at
high stocking density (16 birds/m?). High stock-
ing density is known to cause environmental
stress, increased house temperature, and competi-
tion for feed and drinking water, thereby reduc-
ing the growth performance of broiler chickens.
Stress resulting from high stocking density can
lead to digestive tract disorders, reduced nutrient
digestibility, and increased endogenous protein
loss, which ultimately reduces body weight gain
(Sugiharto, 2022). Antioxidant compounds play a
role in reducing increased oxidative stress in
chickens raised at high stocking densities, there-
by allowing bodily metabolism to function more
optimally. Additionally, the antibacterial activity
of phytochemical compounds can help maintain
the balance of gut microbiota, ensuring that di-
gestive tract health is preserved and nutrient di-
gestion occurs more efficiently (Obianwuna et

al., 2024). The administration of 0.08% M. speci-
osa fruit extract encapsulated can mitigate the
negative effects of high-density rearing by im-
proving digestive tract health, enhancing metabo-
lism, and increasing nutrient utilization efficien-
cy, thereby improving broiler chicken growth.

The addition of 0.08% M. speciosa fruit
extract encapsulation to the diet had a signifi-
cantly decreased effect (P<0.05) on the feed con-
version ratio of broiler chickens raised at a high
stocking density (Table 2). The feed conversion
ratio in T3 was significantly (P<0.05) lower than
that in TO, T1, and T2. This finding is supported
by the daily weight gain in T3 (P<0.05), which
showed higher values than those in the other
treatments. A lower feed conversion ratio indi-
cates that a smaller amount of feed is consumed
to produce greater weight gain, thereby increas-
ing feed utilization efficiency. This finding is
related to differences in the release rates of bio-
active compounds between the extract and en-
capsulation forms. In the extract encapsulation
treatment (T3), bioactive compounds become
available more rapidly in the digestive tract,
thereby playing a role in enhancing enzyme ac-
tivity, improving gut microbiota balance, and
increasing nutrient digestibility. This more effi-
cient nutrient utilization results in a higher feed
requirement to produce body weight gain (Aftab
et al., 2018), leading to a better feed conversion
ratio than that in the extract treatment.

The addition of 0.08% M. speciosa fruit
extract to the diet of chickens raised at high
stocking density (16 birds/m?) showed no signifi-
cant difference (P > 0.05) compared to the diet
without the extract given to chickens raised at
normal stocking density (10 birds/m?). This indi-
cates that the administration of M. speciosa fruit
extract improves feed utilization efficiency under
high-density conditions, making it comparable to
normal rearing conditions. The administration of
M. speciosa fruit extract mitigates the negative

Table 2. Broiler Growth Performance in 8-35 Day with Encapsulated of M. speciosa Fruit Extract

Parameter TO Tl T2 T3 SE p value
FI (g/bird/day) 109.84° 109.42° 112.04* 111.87° 1.43 0.000
DBWG (g/bird/day) 66.75° 63.05¢ 67.26° 70.522 3.31 0.000
FCR 1.65° 1.742 1.67° 1.59¢ 0.07 0.001

abe Mean values within row followed by different superscripts are significantly different (P<0.05)
T0:10 birds/m? (control); T1:16 birds/m?; T2:16 birds/m? with 0.08% MSFE; T3:16 birds/m? with 0.08% EMSFE
FI: feed intake; DBWG: daily body weight gain; FCR: feed conversion ratio.

Encapsulated M. speciosa Fruit Extract in High-Density Broilers (L. Krismiyanto et al.)
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effects of high density, as M. speciosa fruit con-
tains bioactive compounds, such as flavonoids,
phenolics, tannins, and saponins, that function as
antioxidants and antibacterial agents. Antioxi-
dant compounds can reduce increased oxidative
stress under high-density conditions, thereby
ensuring that the body’s metabolism remains
optimal (Sugiharto, 2022). In addition, antibacte-
rial activity helps maintain the balance of gut
microbiota, thereby making digestion and nutri-
ent absorption processes more efficient. This
improvement in gastrointestinal health allows
nutrients, particularly protein and energy, to be
utilized more effectively, even when chickens
are raised at high stocking densities. Better nutri-
ent utilization efficiency results in a lower
amount of feed required to produce weight gain
(Wang et al., 2015); the feed conversion ratio in
chickens fed M. speciosa fruit extract at high
stocking densities can match that of chickens
reared at normal stocking densities without the
extract.

Protein and Amino Acids Digestibility

The addition of M. speciosa fruit extract
capsules had a significantly increased effect
(P<0.05) on protein digestibility in broiler chick-
ens raised at high stocking densities (Table 3).
Protein digestibility in T3 was significantly
(P<0.05) higher than that in TO, T1, and T2.
These results indicate that the addition of M. spe-
ciosa fruit extract capsules can improve protein
absorption, particularly under stress conditions
caused by high stocking density. High stocking
density can induce heat and social stress, which
can impair gastrointestinal function, such as re-
duced small intestinal villi height, increased mu-
cus secretion, and increased endogenous protein

loss (Goo et al., 2019). These conditions result in
suboptimal protein absorption, leading to re-
duced protein digestibility. Chickens raised at
high stocking densities without any treatment,
likely experience more severe physiological dis-
turbances leading to lower protein digestibility.
The encapsulated form in T3 yielded higher pro-
tein digestibility, as encapsulation technology
protects bioactive compounds from degradation
during digestion, allowing active ingredients to
be gradually released in the small intestine—the
primary site of protein absorption. The more ef-
fective release of active compounds can increase
proteolytic enzyme activity, improve intestinal
villi structure, and reduce endogenous protein
loss (Song et al., 2023). These conditions result
in more protein in the diet being digested and
absorbed by the body.

The digestibility of lysine, threonine, and
tryptophan in TO, T2, and T3 was significantly
(P<0.05) higher than that in T1, which was influ-
enced by the increased digestibility of these es-
sential amino acids, which is related to the abil-
ity of bioactive compounds in M. speciosa fruit
to improve the condition of the digestive tract
impaired by stocking density stress. Lysine, an
essential amino acid, plays a role in promoting
growth and protein synthesis (Holecek, 2025).
Threonine plays a major role in intestinal func-
tion, the immune system, and metabolic balance
(Tang et al., 2021). Under environmental stress
conditions, tryptophan acts as a precursor to ser-
otonin and methionine, which are associated
with stress response, appetite, and physiological
stability (Hoglund et al., 2019). Under high
stocking density (16 birds/m?) in treatment T1,
the chickens experienced stress, leading to in-
creased protein requirements. In the encapsulated

Table 3. Protein and Essential Amino Acids Digestibility with Encapsulated of M. speciosa Fruit Extract

Parameter TO T2 T3 SE p value

Protein digestibility (%) 84.24° 77.22°¢ 84.09° 87.4* 4.38 0.000

Amino acids digestibility (%)
Lysine 78.86* 74.37° 78.62° 78.82° 3.22 0.050
Methionine 78.09° 70.74¢ 81.51* 82.12° 4.99 0.000
Arginine 75.71 72.97 75.03 75.97 3.03 0.417
Methionine+Cystine 71.21° 71.32° 76.87 77.26* 4.42 0.019
Threonine 83.78* 74.27° 83.95% 85.49° 4.98 0.000
Tryptophan 82.02° 75.24° 82.35% 83.51° 4.80 0.013

® Mean values within row followed by different superscripts are significantly different (P<0.05)
T0:10 birds/m? (control); T1:16 birds/m?; T2:16 birds/m? with 0.08% MSFE; T3:16 birds/m? with 0.08% EMSFE
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treatment, amino acid digestibility was higher
because the encapsulation process protects bio-
active compounds from damage caused by tem-
perature, oxidation, and acidic conditions in the
proventriculus, allowing active substances to be
released more effectively in the small intestine.
The optimal release of active compounds can
improve intestinal villi structure, reduce endoge-
nous protein loss, and increase proteolytic en-
zyme activity (Bedford and Apajalahti, 2022).
Consequently, more lysine, threonine, and tryp-
tophan were digested and absorbed than in
chickens that did not receive the treatment.

The digestibility of methionine and methio-
nine + cysteine in T2 and T3 was significantly
(P<0.05) higher than that in TO and T1. This was
influenced by the increased digestibility of these
sulphur-containing amino acids, which is related
to the role of bioactive compounds in M. speci-
osa fruit in improving the physiological condi-
tion of the digestive tract and reducing increased
oxidative stress under high-density conditions.
High stocking density can cause heat stress and
physiological stress, which disrupts gastrointes-
tinal function, reduces proteolytic enzyme activ-
ity, and increases endogenous protein loss.
These conditions result in lower digestibility of
amino acids, including methionine and cysteine.
Additionally, methionine is an amino acid highly
sensitive to stress because it plays a role in pro-
tein synthesis, feather formation, and as a methyl
group donor in metabolism; thus, methionine
requirements increase under environmental
stress conditions ( Lugata et al., 2022). Admin-
istration of M. speciosa fruit extract or capsules
can improve intestinal mucosal integrity, thereby
increasing the absorption surface area and diges-
tive enzyme activity, resulting in higher digesti-
bility of proteins and sulphur-containing amino
acids, such as methionine and cysteine. Further-
more, the antibacterial activity of phytochemical
compounds helps maintain the balance of the

intestinal microbiota, thereby making the diges-
tive process more efficient (Obianwuna et al.,
2024).

The addition of M. speciosa fruit extract or
encapsulated extract had no significant effect
(P>0.05) on arginine digestibility in high-density
broiler chickens, as arginine digestibility is rela-
tively stable and less susceptible to changes in
gastrointestinal conditions or environmental
stress compared to some other essential amino
acids. Arginine is an essential amino acid with a
high digestibility rate in corn- and soybean meal-
based diets; therefore, most of the arginine in the
feed can already be optimally digested by broiler
chickens (Nogueira et al., 2021). Under these
conditions, the administration of phytobiotics,
such as M. speciosa fruit extract, does not pro-
vide a significant improvement because arginine
digestibility is already near its maximum level.
Additionally, arginine is not heavily involved in
intestinal mucus components; therefore, the loss
of endogenous protein due to high-density stress
does not significantly affect arginine digestibility
compared to amino acids, such as threonine or
methionine.

Oxidative Stress Indicators

The addition of M. speciosa fruit extract
capsules to the diet had a significant effect
(P<0.05) on serum malondialdehyde (MDA) lev-
els in broiler chickens raised at high stocking
densities (Table 4). Serum malondialdehyde lev-
els in T3 were significantly higher (P<0.05) than
those in TO, T1, and T2. High stocking density
can increase heat stress, competition, and meta-
bolic activity, thereby increasing the production
of free radicals in the body (Sugiharto, 2022). An
increase in free radicals triggers lipid peroxida-
tion in cell membranes, producing malondialde-
hyde as the end product. Encapsulated extracts of
M. speciosa fruit, containing antioxidant com-
pounds such as flavonoids and phenolics, are

Table 4. Oxidative Status with Encapsulated of M. speciosa Fruit Extract

Parameter TO Tl T2 T3 SE p value
MDA (U/ml) 3.76° 4.86" 3.46¢ 3.134 0.68 0.000
SOD (U/ml) 42.95° 35.18°¢ 48.22° 55.832 8.55 0.000
GSH-Px (U/ml) 404.57° 368.55¢ 407.79° 421.94* 21.82 0.000

®Mean values within row followed by different superscripts are significantly different (P<0.05)
T0:10 birds/m? (control); T1:16 birds/m?; T2:16 birds/m?* with 0.08% MSFE; T3:16 birds/m? with 0.08% EMSFE
MDA: malondialdehyde; SOD: superoxide dismutase; GSH-Px: glutathione peroxidase

Encapsulated M. speciosa Fruit Extract in High-Density Broilers (L. Krismiyanto et al.) 155



immediately available in the digestive tract, al-
lowing for faster absorption and utilization to
suppress free radical formation. This results in
oxidative stress being suppressed earlier, leading
to relatively lower MDA levels compared to
treatments using the extract in its unencapsulated
form. Treatment T1 indicates that high density
can increase metabolic rate and tissue oxygen
consumption, thereby increasing free radical pro-
duction. If antioxidants are not released from the
encapsulant or the extract is not released quickly
enough to counteract this increase in free radi-
cals, the level of lipid peroxidation remains high,
as reflected in increased serum MDA levels
(Gongalves et al., 2021).

The addition of M. speciosa fruit extract
capsules to the diet had a significant effect
(P<0.05) on serum superoxide dismutase (SOD)
and glutathione peroxidase (GSH-Px) levels in
broiler chickens raised at high stocking densities
(Table 4). SOD and GSH-Px levels in T3 were
significantly higher (P<0.05) than those in TO,
T1, and T2, which may be influenced by in-
creased activity of both enzymes associated with
heightened oxidative stress under high-density
conditions, followed by the body’s adaptive re-
sponse, as well as the effect of antioxidant com-
pounds from M. speciosa fruit administered in
encapsulated form. An increase in free radicals
stimulates the endogenous antioxidant defence
system, including SOD and GSH-Px enzymes, to
work more actively in neutralizing reactive oxy-
gen species (Surai, 2016). Therefore, chickens
reared at high stocking densities generally exhib-
it higher antioxidant enzyme activity than those
reared at normal stocking densities. The admin-
istration of M. speciosa fruit extract capsules can
help reduce oxidative stress because they contain
flavonoids, phenolic compounds, and natural
vitamins with antioxidant properties. However,
as an extract, some of the active compounds may
degrade during digestion, resulting in suboptimal
absorption of active ingredients. In contrast, in
the encapsulated form, bioactive compounds are
protected by a coating, making them more stable
against temperature, oxidation, and the acidic
conditions of the proventriculus and allowing
them to be released gradually in the small intes-
tine. This more effective release enables greater
absorption of antioxidant compounds and allows
for more optimal stimulation of the endogenous
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antioxidant system (Kikusato, 2021).

The levels of SOD and GSH-Px at T2 did
not differ significantly (P > 0.05) from those at
TO, indicating that administering M. speciosa
fruit extract mitigated the effects of oxidative
stress caused by high stocking density, thereby
restoring the body’s antioxidant status to levels
comparable to those under normal rearing condi-
tions. An increase in free radicals stimulates the
activity of the endogenous antioxidant system,
including SOD and GSH-Px enzymes, to neutral-
ize reactive oxygen species (Surai, 2016). In
chickens reared at high stocking densities with-
out treatment, this condition generally causes an
increase in antioxidant enzyme activity in re-
sponse to greater oxidative stress. With low lev-
els of free radicals, the need for activation of en-
dogenous antioxidant enzymes is reduced; there-
fore, SOD and GSH-Px activity remains at nor-
mal levels. This results in SOD and GSH-Px val-
ues in high-density chickens administered the
extract not being significantly different from
those of chickens reared at normal density with-
out treatment.

Total Lactic Acid Bacteria, E. coli, and Small
Intestine pH

The addition of M. speciosa fruit extract
capsules to the diet had a significant effect
(P<0.05) on total LAB, E. coli, and small intes-
tine pH in broiler chickens raised at high stock-
ing density (Table 5). Total LAB in T2 and T3
was significantly (P<0.05) higher than in TO and
T1. This improvement was due to the increase in
total LAB associated with the bioactive com-
pounds in M. speciosa fruit, which can improve
the balance of gastrointestinal microflora, partic-
ularly in the small intestine. The administration
of M. speciosa fruit encapsulates or extracts can
increase total LAB, as they contain flavonoids,
phenolics, tannins, and saponins with selective
antibacterial properties. These compounds can
inhibit the growth of pathogenic bacteria without
disrupting beneficial bacteria, thereby allowing
LAB to thrive. Additionally, phenolic com-
pounds also act as natural prebiotics that support
the growth of beneficial microflora in the small
intestine (Plamada and Vodnar, 2021). Total
LAB in the extract and encapsulated treatments
under high-density conditions may be higher than
in untreated samples under normal density condi-
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Table 5. The Selected Small Intestine Bacterial Population and pH with Encapsulated of M. speciosa Fruit

Extract

Parameter TO Tl T2 T3 SE p value
BAL (Log CFU/g) 6.69° 6.65° 7.41% 7.69° 0.51 0.000
E. coli (Log CFU/g) 4.41° 4.49* 3.93b 3.64¢ 0.37 0.000
pH 6.4° 6.54° 6.32° 6.12¢ 0.17 0.000

3 Mean values within row followed by different superscripts are significantly different (P<0.05)
T0:10 birds/m? (control); T1:16 birds/m?; T2:16 birds/m? with 0.08% MSFE; T3:16 birds/m? with 0.08% EMSFE

tions. This indicates that phytobiotic supplemen-
tation from M. speciosa fruit is not only capable
of reducing the negative effects of high density
but can also improve the balance of small intesti-
nal microflora beyond normal levels due to the
presence of additional bioactive compounds that
function as antibacterial and antioxidant agents.
Total BAL in T1 showed a lower count com-
pared to other treatments, influenced by environ-
mental stress that disrupted the balance of small
intestinal bacteria, characterized by an increase
in pathogenic bacteria and a decrease in benefi-
cial bacteria such as lactic acid bacteria. Stress
can reduce the secretion of digestive enzymes
and damage the intestinal mucosa, making the
digestive tract less optimal for the growth of ben-
eficial microflora (Yadav and Jha, 2019). In
chickens raised at high density without treatment,
these conditions resulted in lower total LAB.

The total E. coli count in the T3 treatment
was significantly (P<0.05) lower than in the oth-
er treatments; this may be due to the fact that the
reduction in total E. coli is associated with the
greater effectiveness of bioactive compounds
from M. speciosa fruit in the encapsulated form
in inhibiting the growth of pathogenic bacteria in
the small intestine. Bioactive compounds
(flavonoids, phenols, tannins, and saponins) can
damage bacterial cell walls, disrupt membrane
permeability, and inhibit the enzymatic activity
of pathogenic bacteria, such as E. coli. When
administered as an extract, some active com-
pounds may degrade owing to the effects of tem-
perature, oxidation, and acidic conditions in the
proventriculus, resulting in fewer active sub-
stances reaching the intestine and suboptimal
antibacterial effects. Encapsulated extract from
M. speciosa fruit can improve gut microbiota
balance by increasing total beneficial bacteria,
such as lactic acid bacteria (LAB). Increased
LAB levels can lower the pH of the digestive
tract through the production of organic acids,

making the intestinal environment less suitable
for E. coli growth (Rodjan et al., 2018). This
condition resulted in lower total E. coli counts in
the encapsulated treatment group. The total E.
coli in TO was similar (P>0.05) to that in T1; this
result indicates that the increase in stocking den-
sity at that level has not yet significantly affected
the balance of gut microbiota, particularly on
total £. coli. High stocking density can increase
environmental stress, temperature, humidity, and
competition among chickens, which may impair
physiological conditions and disrupt the microbi-
al balance of the digestive tract (Sugiharto,
2022). Stressful conditions can lead to reduced
immunity and changes in the intestinal environ-
ment that support the growth of pathogenic bac-
teria, including E. coli. However, the absence of
significant differences in this study is likely due
to the fact that the high stocking density used
remained within the tolerance limits of broiler
chickens, thus not causing significant physiologi-
cal disturbances.

The small intestinal pH in the T3 group
was significantly (P<0.05) higher than that in the
other treatment groups. This finding is because a
decrease in small intestinal pH is associated with
increased activity of beneficial bacteria, particu-
larly LAB, as well as the more optimal effective-
ness of the bioactive compounds of M. speciosa
fruit in the encapsulated form. Bioactive com-
pounds can inhibit the growth of total . coli and
support the development of total LAB in the di-
gestive tract (small intestine). Lactic acid bacte-
ria produce organic acids, such as lactic acid and
acetic acid, which can lower intestinal pH, result-
ing in a more acidic intestinal environment
(Wang et al., 2018). Low pH conditions inhibit
the growth of pathogenic bacteria, such as E.
coli, and support the digestion of nutrients. In the
extract treatment, some bioactive compounds
may have degraded because of the effects of tem-
perature, oxidation, and acidic conditions in the
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proventriculus, resulting in fewer active com-
pounds reaching the small intestine. Consequent-
ly, the effects on the balance of intestinal micro-
flora and the production of organic acids were
not as optimal as in the encapsulated treatment.
High-density conditions in T1 can increase
stress, which has the potential to disrupt the bal-
ance of the small intestine’s microflora. Admin-
istration of M. speciosa extract capsules can mit-
igate these negative effects through antioxidant
and antibacterial activities, thereby maintaining a
stable intestinal environment and supporting the
formation of a lower pH.

CONCLUSION

Incorporating 0.08% encapsulated M. spe-
ciosa fruit extract notably enhances the overall
health, absorption of essential amino acids, and
growth of broiler chickens raised in high-density
conditions, suggesting its potential as an effec-
tive phytobiotic feed additive.
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