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Abstract | This study aims to investigate the effects of microencapsulated moringa leaf essential oil (MOM) on body
weight gain, plasma metabolites, and liver inflammation in Sentul chickens. The microcapsules, which contain the
natural active compounds of moringa leaf essential oil (Moringa oleifera), were prepared using a complex coacervation
method with alginate coatings, a glutaraldehyde crosslinker, and a polysorbate emulsifier. The study utilized a completely
randomized design. A total of 280 Sentul chickens were randomly assigned to four treatment groups with seven rep-
licates each, where each replicate consisted of ten chickens. The treatments were administered when the chickens were
two weeks old. The groups were as follows: T0 (basal feed as the control), T1 (basal feed + 150 mg/kg MOM), T2 (basal
feed + 250 mg/kg MOM), and T3 (basal feed + 350 mg/kg MOM). The results indicated significant differences (P <
0.05) in body weight gain, as well as levels of glucose, triglycerides, cholesterol, total protein, albumin, globulin, SGOT,
SGPT, and gamma GT among the treatment groups. In conclusion, the study found that moringa leaf essential oil
(Moringa oleifera) can enhance body weight, glucose levels, total protein, albumin, globulin, and SGPT, while reducing
triglycerides, cholesterol, SGOT, and gamma GT levels.
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INTRODUCTION

High growth rates, productivity, and immune responses
are crucial in the chicken farming industry. The use of
supplements and medications, such as antibiotics, can re-
sult in harmful chemical residues in the products and con-
tribute to antibiotic resistance in harmful bacteria within
the chickens (Founou ez al., 2016; Pazla ez al., 2023).

To enhance the productivity of Sentul chickens, it is essen-
tial to pay attention to their physiological conditions, which
are closely linked to the metabolic processes within their
bodies. The liver plays a crucial role in various functions,
including glucose and lipid metabolism, digestion, fat and
fat-soluble vitamin absorption, and detoxifying harmful
substances. Damage to the liver can occur due to increased
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ens, producing free radicals. These free radicals can cause cel-
lular damage and apoptosis or necrosis, ultimately decreas-
ing liver function. This impairment raises the risk of liver
tissue damage, negatively impacting the immune response.

Moreover, the metabolic processes within the body require
ATP (adenosine triphosphate) as an energy source, which
is produced through oxidation-reduction reactions in the
mitochondria. Therefore, maintaining optimal liver health
is vital for the overall well-being and productivity of Sen-
tul chickens. Damage and death of liver cells are indicated
by an increased presence of transaminases, which are en-
zymes that transfer amine groups. Specifically, the levels of
SGOT (Serum Glutamic Oxaloacetic Transaminase) and
SGPT (Serum Glutamic Pyruvic Transaminase) rise in the
bloodstream. As a result, the levels of SGPT and SGOT in

blood plasma increase.

One feasible alternative is to use feed additives derived
from herbal plants to protect livestock and consumers from
antibiotic residues while ensuring a safe supply of protein
and promoting sustainable animal production. These plants
contain natural active compounds that can be beneficial

(Uyanga ez al., 2022; Wanapat ez al., 2015).

Moringa leaves contain approximately 65% water, 28% car-
bohydrates (primarily fructans), 2.3% organosulfur com-
pounds, 2% protein (specifically alkaloid), 1.2% free amino
acids (such as arginine), and 1.5% fiber (Santhosha ez a/.,
2013).These leaves exhibit various health benefits, acting as
antifungal, antiviral, antibacterial, anticancer, anthelmintic,
antihypertensive, antiatherosclerosis, antiseptic, and an-
ti-inflammatory agents (Bhatwalkar ez a/., 2021).

Previous studies indicate that certain active substances in
flavonoids possess antibacterial properties that can enhance
digestive function by relaxing the small intestine and in-
hibiting harmful microorganisms within the digestive tract.
The active compounds found in this natural extract can
improve digestion by promoting the growth of beneficial
intestinal flora, which may lead to increased body weight

(Mushawwir ef al., 2021a).

Furthermore, some active substances derived from natural
ingredients may serve as additives to boost immunity and
improve blood profiles (Mushawwir ez a/.,2018). They have
also been shown to reduce cell death (Korivi ez a/., 2012;
Lee e al., 2014). The active compounds in moringa leaves
can decrease hemorrhage in liver tissue (Cortes-Coronado
et al., 2017), and their antioxidant content-particularly the
diallyl component-helps mitigate oxidative stress, which
can negatively impact the immune system.

The administration of active plant compounds in local
chickens often yields ineffective results due to the instabil-

ity of these compounds. This instability is primarily caused
by exposure to oxygen, high humidity, gastric HC] damage
(in the proventriculus of poultry), and the degradation of
monomers before absorption (Chawda ez a/., 2017; Julacha
et al.,2022).

One identified weakness in research involving Moringa
leaves is the standard method of administration, which
typically relies on extracts or flour. These methods do not
ensure that the active compounds are effectively delivered
to the target cells. To overcome this issue, coating technol-
ogy using microbeads and microcapsules can be utilized.
This technique encapsulates the core ingredients of herbal
extracts within a polymer matrix, employing irradiated chi-
tosan and alginate as wall materials. With this information
in mind, this study aims to investigate the effects of feeding
microencapsulated Moringa leaf essential oil as a substitute
for antibiotics on body weight gain, blood plasma metabo-
lite levels, and liver inflammation.

MATERIALS AND METHODS

'The material used in this study was moringa leaves essen-
tial oil (Moringa oleifera). The dressing materials used were
sodium alginate, glutaraldehyde crosslinker, and tween 80
emulsifier.

PREPARATION OF THE MICROCAPSULES

Preparation of microcapsules using the complex coacerva-
tion method involved the following steps. Moringa leaves
were distilled at 100°C for 3 hours. A gelatin solution was
prepared by stirring 140 mL of distilled water at 60+1°C;
then, 0.8 g of Tween-80 was added, followed by 3.5 g of
essential oil extracted from the lime peel. In a separate con-
tainer, 0.8 g of sodium alginate was dissolved in 40 mL of
distilled water and stirred for 15 minutes at 60°C with a
stirring rate of 600 rpm. Glacial acetic acid was added to
adjust the pH to 3.75. The solution was cooled to 5-10°C,
and 1.25 mmol of glutaraldehyde was slowly introduced.
The temperature was then raised to 35°C, and the mixture
was stirred using a magnetic stirrer for 3 to 4 hours. After
mixing, the solution was allowed to cool to room temper-
ature while continuing to stir. The resulting microcapsules
were filtered and washed with water. Finally, they were
dried to achieve a solid state and ground into a powdery
consistency.

ANIMAL SAMPLE AND TREATMENTS

The study involved 280 Sentul chicken day-old chicks
(DOCs) that were not sex-separated. These chicks were
raised in semi-closed housing-type cages until they reached
the developmental phase and were randomly selected for
each experimental group. The research was conducted using

a completely randomized design (CRD).
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'The chicks were divided into four treatment groups based
on different essential oil feeding patterns, with each treat-
ment placed in seven replicate cages. Each cage measured 2
x 1 meters and was equipped with feed and water contain-
ers and lamps for heating and lighting. Each experimental
unit consisted of ten chickens.

At 14 days of age, the chicks were administered microcap-
sules of essential oil from moringa leaves (MOM) at var-
ying concentrations. The treatment design was as follows:
T0: Basal ration without MOM (control); T'1: Basal ration
+ 150 mg/kg MOM; T2: Basal ration + 250 mg/kg MOM,;
and T3: Basal ration + 350 mg/kg MOM.

ANALys1s oF Bopy WEIGHT GAIN
'The body weight of the Sentul was measured at the begin-
ning of the study and every week after that until the end.

ANALYSIS OF BLOOD PLASMA METABOLITES IN SENTUL
CHICKENS

Circulating metabolites can provide insights into cellular
metabolic phenomena. The metabolites measured include
glucose, triglycerides, cholesterol, total protein, and globu-
lin levels. Plasma metabolites will be analyzed using the UV
spectrophotometer technique, following the instructions
and protocols outlined in the Biolabo Kit from France and

the Randox S2DE Kit from the UK.
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Figure 1: Effect of MOM on Body Weight Gain of Sentul
Chicken from Starter Phase to Developer Phase.

L1vER INFLAMMATION ANALYSIS

SGOT, SGPT, and Gamma GT levels were analyzed us-
ing spectrophotometer techniques, following measurement
procedures based on the Biolabo KIT analysis protocol.

STATISTICAL ANALYSIS

Data on body weight gain, blood plasma metabolite levels,
and liver inflammation were analyzed using a completely
randomized design with analysis of variance (ANOVA).
Duncan’s multiple range test was employed to explore

significant differences between treatment groups, with a
significance level set at P < 0.05. The SAS program (SAS

Institute Inc.) conducted the data analysis.

RESULT'S AND DISCUSSION

ErrecT oF MOM oN Boby WEIGHT GAIN

'The impact of MOM in the feed on the body weight gain
of Sentul chickens during the starter-to-developer phase is
illustrated in Figure 1.

The results indicate that higher levels of MOM adminis-
tration from the starter phase to the developer phase signif-
icantly affect the weight gain of Sentul chickens (P < 0.05).
Duncan’s multiple range test (Figure 1) further shows that
the average body weight gain of Sentul chickens signifi-
cantly differed among the treatment groups (P < 0.05).

Moringa leaves contain active compounds, specifical-
ly flavonoids, which enhance the height of intestinal villi
and the depth of intestinal crypts. This development ex-
pands the nutrient absorption area and improves digestion.
The growth of intestinal villi is beneficial for both intes-
tinal function and the overall growth of Sentul chickens
(Qaisrani ef al., 2015; Rahman e# a/., 2021). Scordinin, a
compound found in Moringa leaves, also aids in acceler-
ating and enhancing body cell formation, contributing to
optimal final weight (Dahlan and Hagqiqi, 2012). Trisnadi
(2014) suggests that scordinin acts as a growth promoter by

facilitating the binding and breakdown of proteins within
the body.

Peinado ez al. (2013) discovered that compounds in Mo-
ringa leaves can increase nutrient digestibility and enhance
the activity of intestinal mucosal enzymes in Cobb strain
broilers. The essential oils in Moringa leaves, including
scordinin, also offer strength and promote growth.

Moringa leaves also contain mitogenic gurwich rays, which
stimulate body cell growth while rejuvenating various bod-
ily functions (Syamsiah and Tajudin, 2004). Scordinin pro-
motes muscle growth, while allicin inhibits the formation
of fatty tissue. This leads to increased weight gain attribut-
ed to muscle mass rather than fat accumulation (Hidayati,

2005; Mushawwir ez a/., 2022). Figure 2.

Errect oF MOM oN BLoOD PLASMA METABOLITE
LEVELS OF SENTUL CHICKEN

'The study summarizes the effect of incorporating MOM in
the feed on the blood plasma metabolites of Sentul chick-
ens in Table 1.

Based on the study’s findings, it is clear that higher con-
centrations of Moringa oleifera leaves (MOM) lead to
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an increase in glucose levels. Results from Duncan’s dif-
ference test (Table 1) indicated that the average glucose
levels in Sentul chickens were significantly different (P <
0.05) across the treatment groups. Moringa leaves possess
antioxidant and antibacterial properties that can reduce
oxidative stress, contributing to better regulation of blood
glucose levels. This regulation is crucial for improving glu-
cose metabolism in Sentul chickens.
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Figure 2: Effect of MOM on body weight of Sentul
chicken in the Developer Phase.
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Table 1: The average blood plasma metabolite levels (mg/
dL) of Sentul chicken fed with MOM.

Treat- Glucose Triglyc- Choles- Total Albu- Globulin
ment eride terol  Protein men

TO 185.98* 927.42* 117.23* 6.31* 1.69* 4.31*

T1 195.87¢ 794.23> 109.45> 8.53> 1.83> 6.74®
T2 199.76* 753.11¢ 83.64c 8.63> 2.74° 6.63®
T3 192.79* 578.05¢ 74.83¢  8.86> 2.78 6.37"

Mean followed by superscript of different alphabetical
elements showed significant difference (P<0.05).

Blood glucose levels are regulated by hormonal mecha-
nisms, specifically hormones produced by the pancreas: in-
sulin, secreted by beta cells, and glucagon, produced by al-
pha cells. Glucose is synthesized into glycogen through the
process of gluconeogenesis, and this glycogen is stored in
the liver and muscles. When blood glucose levels decrease,
glycogen is converted back into glucose through glycogen-
olysis. The glucose then enters cells and undergoes phos-
phorylation to form glucose-6-phosphate, facilitated by the
enzyme hexokinase. Glucose-6-phosphate subsequently
undergoes glycolytic metabolism to produce pyruvate and

ATP, which serve as energy sources (Prata, 2018).

'The triglyceride profile showed a decrease as the concen-
tration of MOM increased. This reduction in triglyceride
levels suggests that the sulfur compounds found in mo-
ringa leaves, particularly allicin, inhibit enzymes involved
in cholesterol and triglyceride synthesis in the liver, such

as HMG-CoA reductase (Rahmania ez a/., 2022). Con-

sequently, there is a reduction in endogenous triglyceride

production. Additionally, moringa leaves can enhance the
activity of lipoprotein lipase, an enzyme responsible for
breaking down triglycerides in the bloodstream. This in-
creased activity leads to a faster breakdown of triglycerides
into free fatty acids, which can be used as energy sources.

'The cholesterol profile improved as the concentration of
microcapsules containing moringa leaf (Moringa oleifera)
essential oil increased. This essential oil reduces cholester-
ol levels, serum triglycerides, very low-density lipoprotein
(VLDL), and low-density lipoprotein (LDL) while in-
creasing high-density lipoprotein (HDL). As a result, the
ratio of LDL to HDL decreases, which is attributed to the
presence of the active compound alkaloid. Alkaloids inhib-
it the enzyme 3-Hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase, which plays a crucial role in cholesterol
biosynthesis. By inhibiting HMG-CoA reductase, choles-
terol synthesis decreases, leading to an increase in the num-
ber of LDL receptors (Mushawwir e a/., 2021; Rahmania
et al., 2022; Firmansyah ez al., 2024).

'The total protein profile increases with higher Moringa
oleifera leaves (MOM) concentrations. Moringa leaves
contain the active compound allicin, which has antimicro-
bial and anti-inflammatory properties. Allicin can combat
infections caused by gram-negative and gram-positive bac-
teria and prevent damage to the small intestine (Tanuwiria
et al., 2023), thereby optimizing protein absorption from
the intestine. The increase in total protein is also influ-
enced by nutritional status (Kharazi ez /., 2022). Higher
concentrations of moringa leaf powder in feed can reduce
the levels of Salmonella typhimurium and improve feed
conversion in broiler chickens (Mushawwir ez a/., 2024),
leading to enhanced protein intake and increased plasma
protein levels.

Additionally, moringa leaves contain active compounds
that stimulate the growth of body cells and rejuvenate over-
all bodily functions, including those of the liver. Since most
plasma proteins are synthesized in the liver, optimal liver
function contributes to increased plasma protein levels.

'The albumin profile increased as the concentration of mi-
croencapsulated essential oil from Moringa oleifera in-
creased, compared to the control group that received no
treatment. The sulfur compounds present in moringa
leaves—such as allicin, ajoene, S-allyl cysteine (SAC), al-
kaloid, S-methyl cysteine sulfoxide, and S-allyl cysteine
sulfoxide—have therapeutic benefits. Previous studies indi-
cate that diallyl disulfide inhibits the enzyme HMG CoA
reductase in microsomes and reduces hepatocyte cholester-
ol levels. Furthermore, the administration of essential oils
can suppress the inflammatory response related to dietary
albumin, increasing the plasma albumin profile (Nurfauzi-

ah et al., 2024).

March 2025 | Volume 13 | Issue 4 | Page 838

oo )
Sols Links
OResearchers



OPENaACCESS

Advances in Animal and Veterinary Sciences

Similarly, the globulin profile also increased with higher
concentrations of microencapsulated essential oil from
moringa leaves compared to the control group. The es-
sential oil derived from moringa leaves is known for its
immune-boosting properties. Incorporating moringa leaf
powder into the feed has enhanced gamma globulin lev-
els in broiler chickens (Tanuwiria and Mushawwir, 2020;
Manin e al., 2024). This effect is believed to arise from
the increased activity of lymphoid cells, which produce
globulin and support immune strength as a defense mech-
anism. The active compound scordinin influences immune
function and has phagocytic properties. Moringa leaves act
as immunomodulators by promoting the production of T
lymphocytes (Adriani ez al., 2024). As lymphocyte activity
increases, so do the concentrations of various components
associated with the immune system, including globulins.
Helper T cells play a crucial role in regulating immune
functions by producing protein mediators known as lym-
phokines (Tanuwiria ez a/., 2022).

Errect oF MOM oN LIVER INFLAMMATION OF
SENTUL CHICKEN

'The impact of MOM in feed on the liver inflammation of
Sentul chickens is shown in Table 2. The results of Dun-
cans difference test (Table 2) showed that the average
SGOT and SGPT levels of Sentul chickens were signifi-
cantly different (P < 0.05) across each treatment group. The
findings indicated that higher levels of Moringa oleifera ex-
tract (MOM) administration decreased SGOT and SGPT
profiles. MOM contains active compounds that possess
antioxidant and anti-inflammatory properties, which can
reduce liver inflammation, subsequently lowering SGOT

and SGPT levels.

Table 2: The Effect of MOM on Sentul Chicken Liver

Inflammation.

Treatment Inflaimmatory Biomarkers (IU/L)
SGOT SGPT Gamma GT
TO 182.39* 40.33* 17.45°
T1 123.43¢ 33.41° 11.11°
T2 83.18" 23.17¢ 7.28¢
T3 52.28 16.26¢ 5.514

*®Averages followed by different notations in the same
column indicate significant differences (P < 0.05).

Previous research on natural extracts has demonstrated
that MOM positively impacts kidney histology (Ansar ez
al., 2014; Eyng et al., 2015; Kharazi et al., 2022; Setiawan
et al., 2024). Specifically, it reduces damage to kidney cells
and tissues and decreases cell death caused by free radicals,
thereby lowering necrosis and apoptosis (cell death) rates
while improving immune function. According to Mushaw-
wir et al. (2017), increasing essential oil concentration can

enhance nutrient absorption and utilization, reduce SGOT
and SGPT levels, and improve liver cell function. Other
studies have also indicated that the administration of active
ingredients, such as essential oils, is linked to reduced cel-
lular inflammation (Sirovina ez a/., 2013; Muhammad ez a/.,
2023; Chatterjee e al., 2015; Dudi ez al., 2023). This results
in decreased oxidative stress, improved tissue metabolism,
and reduced apoptosis or cell death (Figure 3), and these
results, similar to previous research reports (Rahmania ez
al., 2022; Mushawwir ez al., 2024).

Figure 3: Liver Histology of Sentul Chicken without and
with MOM treatment. NC: Normal Cells, Ap: Apoptosis,
Ne: Necrosis. Object magnification 100x.

Data analysis in Table 2 revealed that the levels of gam-
ma-glutamyl transpeptidase (y-GT) in the blood plasma of
treated Sentul chickens decreased compared to the control
group (untreated). This finding indicates a positive corre-
lation with the administration of MOM. Significant dif-
terences were also observed in the average levels of gam-
ma-glutamyl transpeptidase (y-GT) (P < 0.05) among the
treated groups, as presented in Table 2.

In this experiment, MOM was able to reduce the death
of Sentul chicken liver cells, both apoptosis and necrosis
(Table 3 and Figure 3). Table 3 also shows an increase in
normal cells and a decrease in the number of cell deaths
(apoptosis and necrosis) as the level of MOM in the diet
increased. This means that the administration of MOM
can reduce damage to liver cells and prevent the migration
of SGOT, SGPT, and Gamma-glutamyl transpeptidase
into the blood plasma.

Gamma-glutamyl transpeptidase (y-GT) plays a crucial
role in glutathione metabolism and detoxification. Elevat-
ed levels of y-GT in the blood often indicate stress and
liver damage in livestock. Liver function impairment can
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result from various factors, including free radicals in the
body, which increase with rising environmental temper-
atures (Mushawwir and Latipudin, 2013; Mushawwir ez
al., 2021a, b; 2023; 2024). When free radical production
surpasses the body’s antioxidant capacity, oxidative stress,
apoptosis, or necrosis can occur in cells, including hepat-

ocytes.

Table 3: Liver Cell Profile in Sentul chickens without and
with MOM Administration (one field of view, with 10x

object magnification).

Treatment Liver Cell Profile

Normal Apoptosis Necrosis
TO 535.53° 107.26 64.44°
T1 654.66¢ 86.25¢ 47.358°
T2 603.27¢ 75.63¢ 41.23¢
T3 617.40¢ 63.42 29.35¢

Mean followed by superscript of different alphabetical
elements showed significant difference (P<0.05).

As chickens age, organ function typically declines due to
increased cell degeneration—AMoringa oleifera essential oil
exhibits antibacterial and anti-inflammatory properties.
Several studies have shown that consuming moringa leaves
can enhance animal health and positively influence enzyme
profiles, particularly gamma-glutamyl transpeptidase (y-
GT). The anti-inflammatory properties of moringa leaves
may lead to improved liver health, the primary organ re-
sponsible for producing y-GT. Improved liver function may
contribute to better regulation of y-GT levels, and previous
researchers have reported similar findings (Adriani ez a/,
2024; Purwanti ez al., 2024; Aritonang et al., 2024).

CONCLUSIONS AND
RECOMMENDATIONS

'The results of the current study indicate that higher con-
centrations of moringa leaves essential oil (Moringa oleif-
era) during the developmental phases of Sentul chickens
significantly affect body weight gain (P < 0.05). As the
moringa essential oil (MOM) concentration increased, the
average blood plasma metabolite levels, such as triglycer-
ides and cholesterol, decreased. Conversely, glucose, total
protein, albumin, and globulin levels increased with higher
concentrations of MOM. Additionally, mean liver inflam-
mation decreased as the concentration of MOM increased.
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