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Abstract—The continuous use of growth promoter (AGP) antibiotics in rearing chickens will cause residues in the meat. Finding a
natural antibiotic derived from herbal plants that noni fruit is necessary. Microencapsulation of noni fruit extract (MNFE) was reported
to positively affect poultry nutrition absorption. The research was conducted to determine the effect of MNFE with maltodextrin and
its implementation as a feed additive to nutrient digestibility and the performance of Sentul chicken. The experiment used 100 Sentul
chicks with a Completely Randomized Design (CRD), with five treatments and four replications. The treatment consisted of basal ration
TO (control), T1 (basal ration + 50 mg/kg Zinc-Bacitracin), T2 (basal ration + 125 mg/kg MNFE), T3 (basal ration + 125 mg/kg MNFE),
and T4 (basal ration + 375 mg/kg MNFE). Variables observed were nutrient digestibility (crude protein digestibility, dry matter
digestibility, organic matter digestibility, metabolic energy, nitrogen retention) and performance (feed consumption, body weight gain,
feed efficiency). The results showed that Crude Protein Digestibility (CPD), Dry Matter Digestibility (DMD), Organic Matter
Digestibility (OMD), metabolic energy, nitrogen retention, and performance of Sentul chicken were significantly (p<0.05) different in
the group when compared to controls. It was concluded that adding 250 mg/kg MNFE could improve Sentul chicken's best nutrient
digestibility and growth performance. It is recommended to be used as a feed additive to replace AGP.
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Growth promoter (AGP) antibiotics should be added to the
I. INTRODUCTION feed to improve growth performance. The addition of feed
additives to ration components has a vital role in optimizing
livestock productivity and improving livestock health [1].
AGP has been forbidden from being used as a feed additive in
poultry for the past few years because it may cause residues
in meat and eggs, which will endanger the health of
consumers throughout the food chain and spread widely in the
environment through livestock manure [2].

Noni fruit Morinda citrifolia Linn is a possible alternative
to AGP, which can be used as an additive for feeding stuff.
Morinda can increase the digestion of food substances
through its photogenic components and ingredients, which
serve as antimicrobials, antioxidant agents, and anticancers
[3], [4]- These compounds are anthraquinones, scopoletin,
proxeronins, and xeronins, iridoids, coumarins, flavonoids,
lignans, phytosterols, and carotenoids [3] [5]. Noni fruit is a
medicinal plant commonly found in Indonesia and contains
bioactive antioxidant and antimicrobial compounds. The

The need for animal protein continues to increase, in line
with the population growth rate. Local chickens contribute
quite a lot to poultry meat production. The large and
continuous demand for local chicken products has not been
able to be fulfilled by breeders, so it is necessary to develop
local chickens. Sentul chicken is a local chicken, including the
dual-purpose type, because it acts as a producer of meat and
eggs that have the potential to be developed to fulfill the
community's source of animal protein. The advantage of
Sentul chickens compared to other domestic chickens is their
good productivity (meat, eggs) and relatively faster body
weight growth, and they are more resistant to disease. Proper
management during rearing must support increasing the
productivity of Sentul chickens. Feeding is a significant factor
in their growth because it contains several essential nutrients.
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antimicrobial effect of Morinda inhibits the growth-inhibiting
effects of Staphylococcus aureus, Pseudomonas aeruginosa,
Proteus mirabilis, Staphylococcus epidermidis, Proteus
vulgaris, Streptococcus oralis, Enterococcus faecalis, and
Escherichia coli [6], so they can be used as an alternative to
antibiotic use in poultry.

Noni fruit as a feed additive for poultry must be processed
first so that the bioactive compounds' components can be
attracted, so an extraction process must be performed. Solvent
extraction is the process of separating active substances from
materials or liquids. The characteristics of the antioxidant
compounds present in natural fruit extracts, such as
instability, sensitivity to heat, rapid reactions, and easy
oxidation, need to be protected. The microencapsulation
method is a way of avoiding damage, increasing quality and
stability, and being safe during storage by protecting
biological products against any potential influence on the
environment [7], [8]. This encapsulation method or technique
has proven more effective and efficient because when
entering the body's tissue, it can optimize the absorption of
the active substance so that the active or core substance's
function is absorbed optimally. Maltodextrin is a coating that
dissolves easily in water, has a low viscosity, and is colorless.

The successful utilization of noni fruit extract
microcapsules as a feed additive in Sentul chickens is by
analyzing the value of metabolic energy, nitrogen retention,
and digestibility. The metabolic energy value is a component
needed for metabolic processes in the livestock body, so it
needs to be known. Digestibility is also an important
parameter in evaluating the utilization of food substances
consumed by livestock. A feed ingredient's digestibility
reflects how much of the nutrient in the ingredient the
livestock can extract and use. The higher the digestibility, the
more benefits the material will provide to the livestock, which
will be reflected in the performance of the chickens. Based on
this description, the authors were interested in examining the
dietary use of noni fruit extract microcapsules for metabolic
energy, nitrogen retention, digestibility, and the performance

II. MATERIALS AND METHODS

A. Noni Fruit Extract Microcapsules (preparation)

Noni fruit powder samples were collected from Surade-
Sukabumi, West Java, Indonesia. The noni fruit, with a ratio
of 1:3 and 48 hours of macerated time, is extracted from its
flour by the maceration method using methanol solvent. At
this time, the filtrate was filtered with paper filters, and then
it was concentrated using a rotary evaporator at a temperature
of 60°C and a speed of 40 rpm. In addition, 5 ppm CuSO4 and
40 ppm ZnO were added as catalysts to the resulting
concentrated extract [9]. The microencapsulation process was
carried out by mixing noni fruit extract and distilled water,
maltodextrin, and distilled water in a ratio of 1: 1, mixed using
a homogenizer for 30 minutes at 800 rpm. The viscous extract
and maltodextrin, which were utterly homogeneous, were
then formulated (70% Extract: 30% Maltodextrin). The final
stage of microencapsulation is drying using the dry oven
method at 60°C. Fig.1 shows the flowchart for making noni
extract, whereas Fig. 2 shows the Microencapsulation
process.

Noni fruits
Cleaned and cut into thin pieces
Dried in the sun until dry
Ground into flour
Maseration : 48 hours: methanol solvent
Filtgred
Filt?ate
Rotary evaporator (evaporation: 60°c and a speed of 40 rpm)
Thick extract of noni fruit

Added 5 ppm cuso4 and 40 ppm zno

Fig. 1 Making Noni Extract

of Sentul chickens.

Mixed using a
omogemzer(speed
rpm, 30 minutes)

£

Fig. 2 Microencapsulation process
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B. Animal and Experimental Feed

The Sentul chickens used in this study were 12 weeks old.
Chickens were obtained from BPTTU Jatiwangi-West Java,
Indonesia, and randomly placed in 20 experimental plots.
Each treatment consisted of four replicates. Chickens in
individual cages were given treated feed and drinking water
ad libitum. The composition of the feed ingredients used are
fine bran (15%), yellow comn (59%), fish meal (9.5%),
soybean meal (15%), bone meal, CaCo3, and top mix (0.5%).
The nutrient content of the basal ration includes crude protein
(16.57%), crude fat (9.59%), crude fiber (8.65%), and
metabolic energy 2,952 (kcal/kg). Levels of treatment in
research include:

TO = Basal ration

T1 = Basal ration + 50 mg/kg Zinc-Bacitracin.
T2 = Basal ration + 125 mg/kg MNFE

T3 = Basal ration + 250 mg/kg MNFE

T4 = Basal ration + 375 mg/kg MNFE

C. Parameter measurement

Variables measured in this experiment included nitrogen-
corrected metabolic energy, nitrogen retention, CPD, DMD,
OMD, and performance (feed consumption, body weight
gain, feed efficiency). Fig. 3 shows the flowchart nutrient
digestibility and performance measurement.

D. Nutrient Digestibility Sampling

« Sampling was carried out in the 12 week

o Chickens are given feed treatment, and drinking water
is given ad libitum.

« Chicken is slaughtered and cut open on the chest

o The intestine is removed, and the large intestine is cut to
take a stool sample.

e The fecal samples are dried and analyzed for lignin
content, crude protein, and dry and organic matter.

E. Metabolic Energy sampling

o Sentul chicken is prepared with as many as 20 tails.
Sampling was carried out in the 12th week

Chickens are placed into individual cages, then fasted
for 24 hours to eliminate the remaining previous ration
from the digestive tract

The amount of ration given is 80 grams per head.
Drinking water is provided ad libitum.

Perform sample collection. Excreta was collected after
the ration was given, and the excreta released from it
was sprayed with 5% boric acid every three hours to
overcome the volatilization of nitrogen. Stool storage
time is 24 hours.

The excreta from the shelter is cleaned of hair and other
impurities, then weighed and dried in an oven at 45-
50°C for three days.

Excreta that has been dried is analyzed for its nitrogen
content and gross energy

F. Statistical Analysis

Statistical analysis was performed using SPSS software
(IBM SPSS version 21). The mean difference for all
parameters was determined using a one-way analysis of
variance (ANOVA). The difference is considered significant
at the 0.05 level. In addition, Duncan's test compares different
treatments in different ways.

Implementation of Microcapsules of Noni Fruit Extract (Morinda citrifolia L) as a Feed
Additive on Nutritional Digestibility and Performance of Sentul Chickens
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III. RESULTS AND DISCUSSION

A. Effect of Microcapsule Extract of Noni Fruit on The
Nutrient Digestibility of Sentul Chicken

1) Organic Matter Digestibility

The results showed that the administration of noni fruit
extract encapsulates had a significant effect (p <0.05) on
DMD. T4 has an average organic matter digestibility of
77.46%, followed by T3 = 77.11%, T1 = 72.46%, T2 =
72.31% and TO = 69.28%. The addition of noni fruit extract
encapsulated in the Sentul chicken ration was able to increase
OMD at a level of 250-375 mg/kg better than positive and
negative controls. T4 is significantly higher than TO, T1, and
T2, but not significantly different from T3. Sentul chickens
that were not given AGP in the ration had lower OMD
compared to the administration of bacitracin antibiotics and
the addition of encapsulated noni fruit extract with various
levels. The average OMD of Sentul chicken diets for each
treatment is shown in Table 1.

TABLEI
AVERAGE OF NUTRIENT DIGESTIBILITY IN SENTUL CHICKEN
Parameter TO T1 T2 T3 T4
DMD (%) 6941+ 73.86+ 72.94 78.09+ 77.02+
198 a 1.11b +1.03 0.88 ¢ 1.24c¢c
b
OMD (%) 6928+ 7246+ 7231+ 7711+ 7746+
1.57a 1.20b 1.01 b 092¢c 1.25¢
CPD (%) 61.57+ 6923+ 64.13+ 7374+ 79.63 %
271a 1.43b 1.48 a 1.05¢ 1.46d

Different superscript letters on the same line show significantly different
effects (P<0.05).

The noni fruit was found to contain phytochemical
compounds including alkaloids, terpenoids, saponins,
carbohydrates, proteins, flavonoids, tannins, steroids,
scopoletin, anthraquinone and ascorbic acid [3], [5],[10],
[11]. Using encapsulated noni fruit extract is the best
treatment to increase OMD in the ration. The ability of the
anthraquinones, which are contained in noni fruit extract
capsules that could influence the acidity of the intestinal pH
to become more acidic and thereby inhibit pathogenic bacteria
from establishing themselves in the digestive tract has been
shown to increase growth and stability of lactic acid bacteria
in producing organic acids so that the digestibility of organic
matter will increase. [12] stated that anthraquinone
compounds (acidic materials) can affect the pH of the
intestinal to make it more acidic. Where, when in an acidic
environment, the protein-breaking enzyme in the
proventriculus (pepsin) can work optimally, so that more
ration protein is absorbed by the body which supports optimal
growth.

The increased digestibility of organic matter appears to be
in line with a higher digestibility of dried matter, given that
the majority of its components are organic. Therefore, factors
that affect high or low DMD also affect low or high organic
matter. A high digestibility indicates a high rate of absorption
of food substances by the body. Rations with a good balance
of amino acids show optimal growth performance [13].
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2) Crude Protein Digestibility

Based on statistical analysis, the feeding treatment had a
significant effect (p<0.05) on CPD. T4 had the highest crude
protein digestibility with a percentage of 79.63%, followed by
T3 =73.74%, T1 = 69.23%, T2 = 64.13%, and TO = 61.57%.
The results of the Duncan test show that TO and T2 are
significantly different from T1, T3, and T4. The addition of
the encapsulated level of noni fruit extract tends to increase
the digestibility of crude protein rations; this is presumably
because the active substance serotonin accumulates more and
more as more noni fruit extract is added. [14] stated that the
identified alkaloid was proxeronine, a precursor of xeronine.
Alkaloids are the most active biological compounds found in
herbal plants [15]. One of them is found in noni fruit. In the
intestinal organs, proxeronine is converted into xeronine by
the enzyme proxeroninase [16]. Thus, the role of xeronine in
the body is vital. Supported by [17] xeronine regulates the
structure and function of proteins to regenerate damaged cells,
activates all body functions, and plays a vital role in nutrient
absorption.

The high digestibility of crude protein at P3 was also due
to a positive correlation attributed to the DMD in the diet,
which also tended to be superior to other treatments. The
digestibility of dietary protein is proportional to the DMD and
OMD in the diet. This is because the CPD is directly related
to the digestibility coefficient of OMD in the feed. Therefore,
addition of 375 mg/kg of encapsulated noni fruit extract was
the best treatment to improve crude protein digestibility in
Sentul chicken feed. [18] suggested that improving feed
ingredients' nutritional value and digestibility is essential to
improve broiler performance. Low faecal protein content also
affects digestibility values. A number of studies show that the
use of phytogenic feed additives can increase the digestibility
of feed nutrients, especially protein digestion, namely by
stimulating appetite, saliva secretion, intestinal mucus
production, bile acid secretion, and the activity of digestive
enzymes such as trypsin and amylase as well as having an
effect on positive for intestinal morphology [19].

3) Dry matter digestibility

Dry matter digestibility percentage sequentially from the
largest, namely T3 (78.09%), T4 (77.02%), T1 (73.86%), T2
(72.94%), and PO (69.41%). Based on statistical analysis, it
was shown to have a significant effect on dry matter
digestibility (DMD) (P<0.05). This is because the
administration of microcapsule noni fruit extract gave a
positive response to the digestibility of dry matter. Treatment
T1-T4 is significantly higher than PO. Administration of
bacitracin (P1) antibiotics was significantly higher than TO
and T2. The administration of encapsulated noni fruit extract
(P3) and (P4) was significantly higher than all treatments.

It is because noni fruits are phytogenic plants that can be
used as feed additives. It's got a lot of important substances.
Phytogenic feed additives have been reported to increase
nutrient digestibility (less excretion of undigested nutrients)
in the gastrointestinal tract and increase carcass weight in
chicken [20], [21]. Thus, the addition of noni fruit extract
encapsulates causes better absorption of nutrients in the
digestive tract and results in a high digestibility value.

According to [22] most of the absorption of nutrients
occurs in the small intestine, and their absorption is affected



by the intestinal mucosa. This is supported by the statement
[23] that high digestibility values are caused by a wider
surface area of intestinal villi and increased secretion of
digestive enzymes. One of the things that affect livestock's
ability to digest feed properly is a healthy digestive tract. With
healthy livestock, the digestive tract of livestock will get
better.

B. Effect of Microcapsule Extract of Noni Fruit on Metabolic
Energy and Nitrogen Retention in Sentul Chicken

1) Metabolic Energy

Table 2 shows the metabolic energy values from the
administration of noni fruit extract microcapsules. The
average metabolizable energy values of Sentul chickens range
from 3005.14 kcal’kg to 3019.28 kcal/kg. The highest
metabolic energy value was obtained from chickens that
received T4 treatment (3019.28 kcal/kg), followed by
chickens that received T3 treatment (3016.05 kcal/kg), T1
(3012.48 kcal/kg), T2 (3005.60 kcal’kg) and TO (3005.14
kcal/kg). The effect of each treatment can be known by
analysis of variance. The results showed that the treatment
significantly differed (p< 0.05) on metabolic energy.

TABLE II
AVERAGE OF METABOLIC ENERGY AND NITROGEN RETENTION IN SENTUL
CHICKEN
Parameter TO T T2 T3 T4
1
ME 3005.1 3012.48 + 3005.6  3016.0 3019.2
(kkal/kg) 4+ 6.54 ab 0 + 5 + 8+5.35
4.28a 4.96 a 727b b
7298+ 7505 £ 7494+ 7701+ 7743+
NR (%) 0.52a 045b 041b 0.19¢ 0.75¢
ME = Metabolic Energy

NR = Nitrogen Retention
Different superscript letters on the same line show significantly different
effects (P<0.05).

This proves that the ration containing encapsulated noni
fruit extract causes a positive response in Sentul chickens to
the value of metabolic energy. This means that the nutrient
content of processed feed can increase metabolizable energy
values because the treated ration can increase digestibility so
that many components are easily digested due to the addition
of encapsulated feed additives so that the ration quality
increases proportionally. The opinion of [24] is that a high
metabolic energy value means that the energy contained in the
feed is utilized well by the chicken. Encapsulated amounts of
noni fruit extract up to 375 mg/kg were shown to have a more
positive impact on metabolizable energy values than the
control diet (TO). Metabolizable energy values are directly
proportional to digestibility. Therefore, by increasing
digestibility, the metabolic energy value will increase. The
proxeronine bioactive compound in noni fruit extract works
in the digestive tract. [25] states that xeronine can increase the
activation of enzymes, which can help absorb nutrients and
increase digestibility. Metabolic energy will increase if
digestibility increases, following the opinion of [26] that feed
additives can increase energy availability due to their effect
on the digestive process.

2) Nitrogen Retention

The average retention value by administering encapsulated
noni fruit extract is listed in Table 2. The average nitrogen
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retention value of rations containing noni extract encapsulated
with maltodextrin ranged from 72.98% to 77.43%. The
highest nitrogen retention values were obtained from the
treatment ration T4 (77.43%), followed by the treatment
ration, T3 (77.01%), T1 (75.05%), T2 (74.94%), and TO
(72.98%). Based on the analysis of variance results, using
different amounts of encapsulated noni fruit extract had a
significant effect on nitrogen retention (p<0.05), meaning that
all levels of adding feed additives positively responded to
nitrogen retention values. This shows the efficient use of
digested protein from various levels of encapsulated noni fruit
extract in the ration, so much protein is digested.

The average value of nitrogen retention for all treatments
was higher than 67%, namely 72.98% to 77.43%. Thus, there
is an efficient use of protein so that more protein is digested.
Rations containing antibiotic treatment (T1) and encapsulated
noni fruit extract (T2, T3, T4) had better nitrogen retention
values than the control treatment. Even those who were given
noni fruit extract with levels of 250 mg/kg and 375 mg/kg
were better than those who were given bacitracin antibiotics.
Many factors can affect the nitrogen retention value. Research
results [27] prove that not only food factors influence the
composition of broiler chicken feces but also the age of the
bird. The excreta urine N ratio can reflect differences in
broiler N utilization between different age categories, the
higher the urine N content in the finisher phase, the higher the
urine N content, and the lower the N retention in that phase.
Nitrogen retention is dependent on metabolic energy and
nitrogen consumption values. Increased nitrogen retention
may occur due to the role of proxeronine as a bioactive
compound. It supports the process of nutrient absorption in
the digestive tract and is aided by acting as an antibacterial
agent, thereby increasing nitrogen retention. The higher the
nitrogen retained in the poultry body, the lower the nitrogen
in the feces and urine.

C. Effect of Microcapsule Extract of Noni Fruit on
Performance of Sentul Chicken

1) Feed Consumption

Feed consumption is determined by calculating the
difference between the number of feeds given and the
remaining feed. Optimal ration consumption has an impact on
optimal productivity as well. Table 3 shows the average feed
consumption of the Sentul chickens during the study, which
ranges from 239.71 + 0.84 to 242.77 + 0.53 gram/head. The
highest feed consumption was obtained in the TO treatment,
242.77 + 0.53 gram/head, while the lowest was at T3 of
239.71 + 0.84 gram/head. Highest to lowest average
sequentially, TO, T4, T2, T1, and T3.

Based on the results of the Duncan test, microcapsule
administration significantly decreased food consumption
(P<0.05). This reduction was due to the presence of bioactive
compounds in each treatment that may improve food
digestion; therefore, feed consumption was relatively
low. The treatment feed consumption value (T2 — T4) was
relatively lower than the control. This condition is believed to
be caused by various microencapsulation processes in noni
fruit, such as drying and soaking in a solvent, thereby
reducing unwanted secondary compounds. [3] that noni fruit
contains components of phenolic compounds, especially



coumarin, flavonoid, and iridoid compounds which are useful
as antioxidants, and antibacterial.

TABLE III
AVERAGE OF NUTRIENT DIGESTIBILITY IN SENTUL CHICKEN

Parameter TO T1 T2 T3 T4
Feed 242.77 240.65 240.78 239.71 241.18
Consumption +0.53 +0.92 +1.76 +0.84 +0.49
(gr/head/week) b a a a a
g;’ﬁly weight 5286+ 5742+ 5852+ 6200+ 58.84+
(gr/head/week) 240 a 4.08b 3.09b 2.83b 1.93b
Feed Efficiency 21.78+ 23.86+ 2430 2587+ 2440+
(%) 095a 1.66b +1.17b 1.15b 0.76 b

Different superscript letters on the same line show significantly different
effects (P<0.05).

The potential of M. citrifolia fruit extract microcapsules
can ensure healthy growth of chickens, especially due to the
presence of potential bioactive compounds. Bioactive
analysis reported from research results [6] shows that M.
citrifolia fruit contains an excellent source of antioxidants and
polyphenols including alkaloids, flavonoids, tannins and
anthocyanins. This potential can suppress anti-radical activity
against stress factors such as pathogens which affect the
growth rate of chickens.

2) Body Weight Gain

Weight gain is a sign of cell changes, meaning that Sentul
chickens experience an increase in the number of cells and an
increase in cell size over a certain period. Thus, the
productivity of Sentul chickens can be increased with quality
feed [28]. The average body weight gain for Sentul chickens
ranged from 52.86 +2.40 to 62.00 = 2.83 g/head/week (Table
3). The highest body weight gain was in the T3 treatment of
62.00 +2.83 gram/head/week, and the lowest was in T0, 52.86
+ 2.40 gram/head/week. Analysis of variance showed that
administration of noni fruit microcapsules was significantly
different from body weight gain (P<0.05). The increase in
body weight gain was seen in the treatment given by
microcapsules.

Based on the results of the Duncan test, the T2-T4
microcapsule treatment gave significantly higher body weight
gain (P<0.05) than the control treatment. High weight gain is
influenced by the effect of diet on carcasses. From Table 3, it
can be seen that food consumption was relatively lower at T2-
T4 than in the control treatment. Increased feed efficiency and
absorption of nutrients in this treatment due to bioactive
compounds, namely anthraquinones, are believed to be used
more effectively and efficiently in the gastrointestinal tract of
Sentul chickens. Noni extract, which contains anthraquinone
substances (acidic material), can affect the pH of the
proventriculus to be more acidic because, in an acidic
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environment, the protein-breaking enzymes in the
proventriculus (pepsin) can work optimally, so that more ratio
protein is absorbed by the body which supports the occurrence
of optimal growth [9]. The better the digestion and absorption
of nutrients, the better the body weight gain and indirectly the
higher the final body weight. The utilization of artificial
antibiotics can be substituted with organic components that
have been verified to enhance performance [29].

3) Feed Efficiency

Feed efficiency is a measure used to assess the efficiency
of feed use in livestock. Efficiency is the ability of the ration
consumed in a certain time unit to produce the body weight of
an animal at the same time. The average feed efficiency for
Sentul chickens ranged from 21.78 to 25.87% (Table 3). The
highest feed efficiency was in the T3 treatment, which was
25.87 + 1.15 and the lowest was in TO, which was 21.78 +
0.95%. Analysis of variance showed that treatment had a
significant effect on feed efficiency (P<0.5). It can be seen in
Table 1 that the feeding efficiency was higher for the T1, T2
and T3 treatments than for the TO and T1 treatments. Adding
noni fruit extract microcapsules to the feed also improves feed
efficiency, because the bioactive compounds contained in
noni fruit can work in the intestine by providing conditions
that will increase nutrient absorption. The anthraquinone
compounds in noni fruit extract microcapsules can help
digestion by improving the structure of the small intestinal
villi during the absorption of nutrients from food and have the
potential to inhibit the growth of pathogenic bacteria in the
small intestine. Anthraquinone compounds will be absorbed
in the intestines, distributed in other tissues and organs, and
reabsorbed into the blood [12]. This condition causes the
surface of the small intestine's villi to expand for better
absorption of nutrients. Increasing nutrient absorption by the
intestinal villi can support the productivity of Sentul chicken.
Gut health determines overall animal health and can increase
productivity [30]. The mechanism of action of noni fruit
extract on poultry nutrition can be seen in Fig. 4.

IV. CONCLUSION

The addition of noni fruit extract microencapsulates 250
mg/kg to feed increases metabolic energy, nitrogen retention,
digestibility, and performance in Sentul chickens. Because
they have a positive effect on the digestive tract, they can be
used as good feed additives to replace AGP.
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Fig. 4 Mechanism of Action of Noni Fruit Extract in Poultry Nutrition

REFERENCES

1. Placha I, F. Gai, M.P. Simonov4, “Editorial: Natural feed additives
in animal nutrition-Their potential as functional feed.” Frontiers in
veterinary — science, vol. 9 1062724. 9 Nov. 2022,
doi:10.3389/fvets.2022.1062724 1. Placha I, F. Gai, M.P. Simonova,
“Editorial: Natural feed additives in animal nutrition-Their potential as
functional feed,” Frontiers in veterinary science, vol. 9 1062724, pp.
1-4, Nov. 2022, doi:10.3389/fvets.2022.1062724.

[2]

[3]

1024

M. Alagawany, S.S. Elnesr, M.R. Farag, M.E. Abd El-Hack, R.A.
Barkat, A.A. Gabr, M.A. Foda, A.E. Noreldin, A.F. Khafaga, K. El-
Sabrout, H.A.M. Elwan, R. Tiwari, M.I. Yatoo, I. Michalak, A. Di
Cerbo, K. Dhama,“Potential role of important nutraceuticals in poultry
performance and health-a comprehensive review,” Res. Vet. Sci., vol.
137, pp. 9-29, July 2021, doi: 10.1016/j.rvsc.2021.04.009.

H.N. Murthy, K.S. Joseph, K.Y. Paek, and S.Y. Park,” Production of
anthraquinones from cell and organ cultures of Morinda species,” App!
Microbiol Biotechnol, vol. 107, no.7-8, pp. 2061-2071, Apr. 2023,
doi:10.1007/s00253-023-12440-4.



[10]

[13]

[17]

H.C. Kumar, X.Y. Lim, F.H. Mohkiar, S.N. Suhaimi, N.M. Shafie,
T.Y.C. Tan,“Efficacy and Safety of Morinda citrifolia L. (Noni) as a
Potential Anticancer Agent,” Integr Cancer Ther, vol. 21, pp.1-20,
Nov. 2022, doi:10.1177/15347354221132848.

X. Lin, S. Chen, R. Wang, C. Li, Lu.Wang, “Fabrication,
characterization and biological properties of pectin and/or chitosan-
based films incorporated with noni (Morinda citrifolia) fruit extract,”
Food Hydrocolloids, Vol. 134, January 2023,
doi:10.1016/j.foodhyd.2022.108025.

H. Sina, G. Dramane, P. Tchekounou, M.F. Assogba, K. Chabi-Sika,

B. Boya, A. Socohou, A. Adjanohoun, L. Baba-Moussa,
“Phytochemical composition andin vitro biological activities
of Morinda citrifolia fruit juice,” Saudi journal of biological

sciences,vol. 28, no. 2, Feb.
doi:10.1016/.sjbs.2020.11.059.

S. Sriwidodo, R. Pratama, Abd. K. Umar, A. Y. Chaerunisa, A. T.
Ambarwati, and N. Wathoni, “Preparation of Mangosteen Peel Extract
Microcapsules by Fluidized Bed Spray-Drying for Tableting:
Improving the Solubility and Antioxidant Stability,” Antioxidants, vol.
11, no. 7, pp. 1331, Jul. 2022, doi: 10.3390/antiox11071331.

V.1 Sousa,J. F. Parente, J. F. Marques, M. A. Forte, and C. J. Tavares,
“Microencapsulation of Essential Oils: A Review,” Polymers, vol. 14,
no. 9, pp. 1730, Apr. 2022, doi: 10.3390/polym14091730.

T. Widjastuti, L. Nurlaeni, A. Hasbuna, I. Setiawan, 1. Yudaasmara,
and W. Tanwiriah, “The Microencapsulation of Noni Fruit Extract
(Morinda Citrifolia L.) with Maltodextrin and Its Implementation as
Feed Additive on Carcass Quality and Histology of Intestinal Sentul
Chicken,” International Journal on Advanced Science, Engineering
and Information Technology, vol. 13, no. 1, pp. 104, Feb. 2023,
doi:10.18517/ijaseit.13.1.18370.

K. Zhang, J. Meng, X. Li, X. Tang, S. Ma, Y. Lv, S. Yang,“Noni
(Morinda citrifolia L.) wine prevents the oxidative stress and obesity
in mice induced by high-fat diet,” J Food Biochem, vol. 44, no.11 pp.
¢13460, Nov. 2020, doi: 10.1111/jfbc.13460.

B. Singh, R.A. Sharma, “Indian Morinda species: A
review,” Phytotherapy research: PTR, vol. 34, no. 5, pp. 924-1007,
2020, doi:10.1002/ptr.6579

D. Wang, X-H. Wang, X. Yu, F. Cao, X. Cai, P. Chen, L. Minglun, Y.
Feng, L. Hongliang and X. Wang, “Pharmacokinetics of
Anthraquinones from Medicinal Plants,” Front. Pharmacol, vol. 12,
no. 638993, April 2021, doi: 10.3389/fphar.2021.638993.

A. Abun, D. Rusmana, T. Widjastuti and K. Haetami,” PrebioticsBLS
from encapsulated of extract of shrimp waste bioconversion on feed
supplement quality and its implication of metabolizable energy and
digestibility at Indonesian local chicken,” Journal of Applied Animal
Research, vol. 49, mno. 1, pp. 295303, Jun. 2021,
doi:10.1080/09712119.2021.1946402.

R. Sudmoon, S. Kaewdaungdee, U. Ameamsri, T. Tanee, P.
Siripiyasing, W. Wonok, A. Chaveerach, “Investigation of Morinda
citrifolia Activities through Pinoresinol and o-EG Related Gene
Expression,” Plants, vol. 11, no. 15, pp. 1985, Jul. 2022,
doi:10.3390/plants11151985.

A. Thawabteh, S. Juma, M. Bader, D. Karaman, L. Scrano, S.A. Bufo,
R. Karaman,“The Biological Activity of Natural Alkaloids against
Herbivores, Cancerous Cells and Pathogens,” Toxins, vol. 11, no. 11,
pp. 656, Nov. 2019, doi: 10.3390/toxins11110656.

D. M. Sanni, T. H. Fatoki, A. O. Kolawole, and A. C. Akinmoladun,
“Xeronine structure and function: computational comparative mastery
of its mystery,” Silico Pharmacol., vol. 5, no. 1, 2017,
doi:10.1007/s40203-017-0028-y.

S-1. Choi, H-Y. Kwon, I-J. La, Y-H. Jo, X. Han, X. Men, S-J. Lee, Y-
D. Kim, G-S Seong G-S, O-H. Lee,” Development and Validation of
an Analytical Method for Deacetylasperulosidic Acid, Asperulosidic
Acid, Scopolin, Asperuloside and Scopoletin in Fermented Morinda
citrifolia L. (Noni),” Separations, vol. 8, no. 6, pp. 80, Jun. 2021,
doi:10.3390/separations8060080.

pp.1331-1335, 2021,

1025

[18]

[19]

[20]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

AR. Zhang, M. Wei, L. Yan, G.L. Zhou, Y. Li, HM. Wang, Y.Y.
Yang, W. Yin, J.Q. Guo, X.H. Cai, J.X. Li, H. Zhou, Y.X. Liang,
“Effects of feeding solid-state fermented wheat bran on growth
performance and nutrient digestibility in broiler chickens,” Poult Sci.,
vol. 101, no. 1, pp. 1-8, Jan. 2022, doi: 10.1016/j.psj.2021.101402.
A.O. Oso, R.U. Suganthi, G.B.M. Reddy, P.K. Malik, G.
Thirumalaisamy, V.B. Awachat, S. Selvaraju, A. Arangasamy, R.
Bhatta, “Effect of dietary supplementation with phytogenic blend on
growth performance, apparent ileal digestibility of nutrients, intestinal
morphology, and cecal microflora of broiler chickens,” Poult. Sci.,
Vol. 98, pp. 4755-4766, Oct. 2019, doi: 10.3382/ps/pez191.

B. Syed, J. Kesselring, J. Sanchez, and M. Gracia, “Growth
Performance and Nutrient Digestibility in Broiler Chickens Fed with
an Encapsulated Blend of a Phytogenic Feed Additive,” J. World's
Poult.  Res., vol. 11, no. 3, pp. 278285, 2021,
doi:10.36380/jwpr.2021.33.

C. A. Zumbaugh, G. R. Murugesan, E. A. Wong, B. Syed, and M. E.
Persia, “Evaluation of a phytogenic feed additive on performance,
nutrient digestion, and absorption in turkey poults,” Anim. Feed Sci.
Technol., vol. 267, no. 114575, May 2020,
doi:10.1016/j.anifeedsci.2020.114575.

M. Herath, S. Hosie, J. C. Bornstein, A. E. Franks, and E. L. Hill-
Yardin, “The Role of the Gastrointestinal Mucus System in Intestinal
Homeostasis: Implications for Neurological Disorders,” Front. Cell.
Infect. Microbiol.,, vol. 10, no. 248, pp. 1-14, May 2020,
doi:10.3389/fcimb.2020.00248.

V. Ravindran and M. R. Abdollahi, “Nutrition and Digestive
Physiology of the Broiler Chick: State of the Art and
Outlook,” Animals, vol. 11, no. 10, pp. 2795, Sep. 2021, doi:
10.3390/anil11102795.

D.N. Adli, O. Sjofjan, M.H. Natsir, Y.F. Nuningtyas, N. Sholikah, and
A.C. Marbun, “The effect of replacing maize with fermented palm
kernel meal (FPKM) on broiler performance,” Livestock Research for
Rural Development, vol. 32, no.7, July 2020,
https://www.lrrd.org/lrrd32/7/danung32120.html

I. Asiseh, Kismiyati and G. Mahasri “Effect of Mengkudu’s (Morinda
citrifolia) distillation with differential fruit ripeness to control Argulus
on Carassius auratus auratus,” in Proc. IOP Conf. Series: Earth and
Environmental Science: 2nd International Conference on Fisheries and
Marine Science, 2020, pp. 1-7, doi: 10.1088/1755-1315/441/1/012153.
S. Barzegar, S.B. Wu, M. Choct, R.A. Swick, “Factors affecting
energy metabolism and evaluating net energy of poultry feed,” Poultry
science, vol. 99,n0.1, pp. 487-498, Jan. 2020, doi: 10.3382/ps/pez554.
N. Such, L. Pal, P. Strifler, B. Horvath, I.A. Koltay, M.A. Rawash, V.
Farkas, A. Mezélaki, L. Wagner, K. Dublecz, “Effect of Feeding Low
Protein Diets on the Production Traits and the Nitrogen Composition
of Excreta of Broiler Chickens,” Agriculture, vol. 11, no. 8, pp. 781,
Aug. 2021, doi: 10.3390/agriculture11080781.

T. Widjastuti, 1. Setiawan, Abun, 1.Y. Asmara, R.L. Balia,
“Application of Mangosteen Peel Extract (Garcinia mangostana L) As
Feed Additive in Ration for Performance production and Egg Quality
of Sentul Chicken,” International Journal on Advanced Science,
Engineering and Information Technology, vol. 10, no. 2, pp. 789-794,
2020, doi: 10.18517/ijaseit.10.2.10666.

T. Widjastuti, L. Adriani, I. Y. Asmara, I. Setiawan, Abun, and L.
Nurlaeni, “Effect of Mangosteen Peel Extract (Garcinia mangostana
1) with Supplemental Zinc and Copper on Performance and Egg
Quality of Sentul Laying Chicken,” Jordan J. Biol. Sci., vol. 14, no. 5,
pp. 1015-1020, 2021, doi: 10.54319/JJBS/140520.

V. H. C. Moita and S. W. Kim, “Nutritional and Functional Roles of
Phytase and Xylanase Enhancing the Intestinal Health and Growth of
Nursery Pigs and Broiler Chickens,” Animals, vol. 12, no. 23, pp.
3322, Nov. 2022, doi: 10.3390/ani12233322.





