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Abstract | The adequacy of dietary energy is crucial for optimizing the performance of local chickens, promoting opti-
mal growth while minimizing abdominal fat deposits. Amino acids can influence growth and are linked to energy syn-
thesis through metabolic feedback mechanisms. This study investigated the effects of a low-calorie diet supplemented
with various amino acids (valine, serine, tryptophan, and arginine) on local chickens’ ileum morphology and growth.
Three hundred and fifty day-old Sentul chickens were randomly assigned to 35 experimental groups, each containing
ten chickens. The study involved five different dietary treatments: P1: 2417 kcal/kg; P2: 2590 kcal/kg; P3: 2417 kcal/kg
with amino acids; P4: 2590 kcal/kg with amino acids; and P5: 3178 kcal/kg. The chickens were fed these diets for eight
weeks, from one day to eight weeks old. The results indicated that a low-calorie diet affected (P<0.05) the morphology
and growth of the ileum and its cells. However, the group receiving a low-energy diet of 2590 kcal/kg supplemented
with amino acids experienced enhanced growth of ileum and villi cells.
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INTRODUCTION a significant production input that constitutes a substan-
tial portion of costs. Currently, standard rations (based on

he focus on ration management has become a signifi- ~protein and energy iso) for various commercial and local
cant concern for researchers and practitioners in ani- chicken breeds are deemed inefhcient (Mushawwir ez al.,

mal nutrition. This is mainly because the essence of a ration ~ 2011). This inefficiency is particularly evident in accurately

lies not just in its nutrient content but also in its role as determining the ideal metabolic energy requirements (Mu-
Q
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hammad ez a/., 2023; Manin ez al., 2024). A key indica-
tor of this issue is the production of abdominal fat in both
purebred and non-purebred chickens; under the currently
recommended ration, this fat can account for as much as
7% of the slaughter weight (Kharazi ez a/., 2022; Rahmania
et al.,2022).

Excess abdominal fat in chickens is undesirable. While it
contributes to body weight, it is lighter than muscle mass in
the same area, making it a discarded product for consumers.

The accumulation of abdominal fat indicates excessive en-
ergy consumption from the feed. Previous studies have re-
ported several consequences of inappropriate calorie levels
in the diet, including premature sexual maturity, which
shortens the production period (Muller ez a/., 2022), as
well as increased production of free radicals (Mushawwir
et al., 2020, 2021a; Nurfauziah ez al., 2024). Additionally,
excess fat can lead to increased body heat, making it dif-
ficult for poultry to release heat (Pazla ez al., 2023; Pur-
wanti ¢ al., 2024) and does not support optimal muscle
growth (Rahmania ez a/., 2022; Mushawwir ez al., 2024).
Most published studies have primarily focused on the im-
pact of energy on growth (Waniapat ez /., 2015), and little
research has explored low-energy diets that do not inhibit
growth. However, many research reports have publicized
that too-low energy levels cannot meet the metabolic ener-
gy requirements for maintenance and growth (Wang ez a/.,
2023). Other studies have shown too low growth rates, egg
production (Purwanti ¢z a/., 2024), and reduced immunity
(Abouelezz ez al., 2022). Energy deficiency encourages the
use of energy deposits (TAG and glycogen). To prevent this

catabolism, amino acids can be added.

Amino acid feeding applications are part of a nutrigenom-
ic strategy that involves modulating genes at the molec-
ular level. Research indicates that energy-deficient cattle
show a significant increase in the expression of the adenine
monophosphate kinase (AMPK) and phosphatidylinosi-
tol-3-kinase (PI3K) genes (Aengwanich, 2007). Combin-
ing low-energy rations with amino acid supplementation
prevents abdominal fat storage while supporting growth.
Studies on ileum histology provide strong evidence for the
benefits of integrating energy and amino acids to enhance
the performance of local chicken breeds.

Formulating a better feed ratio by reducing the total met-
abolic energy content can achieve an optimal composition
without hindering skeletal muscle growth (Hernawan ez
al., 2027; Kamil ez al., 2020). Amino acids can specifical-
ly modulate energy signaling to act as nutrigenomic feeds.
Amino acids such as valine, serine, and tryptophan can
inhibit the signaling of the mTOR gene and prevent the
signaling of lipid and carbohydrate catabolism. Utilizing

nutrigenomic approaches to feed preparation is an effective

strategy to improve feed efficiency for local chickens. Nu-
merous studies have shown that certain amino acids can in-
fluence genes associated with protein synthesis (Dudi ez o/,
2023) and growth (Firmansyah ez a/., 2024) and regulate
genes involved in lipid and energy metabolism (Abouelezz

et al.,2022).

However, the effects of combining energy sources with
amino acids on the morphometric histology of the ileum
have not yet been reported.

MATERIALS AND METHODS

EXPERIMENTAL LIVESTOCK

The experimental animals used for this study were 350
Sentul chickens in the starter phase with an average body
weight of 36.74 + 2.83g. Sentul chickens began to be treat-
ed at 0 to 8 weeks. Sentul chickens were kept in a mul-
ti-tiered battery cage measuring 1 m x 0.8 m equipped with
feed and drink containers. Ten Sentul chickens were placed
into each experimental flock, which was randomly selected.
During the study, cage temperature and humidity were re-
corded at an average of 26°C and 78%, respectively.

EXPERIMENTAL RATION

Feed ingredients used during the study were obtained from
a commercial poultry shop and then prepared based on a
pre-calculated formulation. The rations were in the form
of crumbles and were fed ad libitum. The table of food sub-
stance and metabolic energy content of feed ingredients
(Table 1) formulations and experimental rations are shown

in Tables 2 and 3.

SAMPLING AND ANALYSIS TECHNIQUE

Sampling was carried out. At the end of the rear, at the
age of 8 weeks, the samples were taken randomly, with five
chickens from each flock of experimental units, so the total
samples taken were 175 chickens. A 3 mL blood sample
was taken using a syringe inserted into the flank vein (vena
pectoralis externa). Blood samples were placed into a con-
tainer containing EDTA, shaken gently, and stored in the
refrigerator before blood analysis to avoid clotting.

Histological observation and analysis were performed us-
ing the Hematoxylin-Eoisin method. The ileum prepa-
rations were cut using a microtome with a thickness of 5
microns and then fixed with NBF 10 for 24 hours. Tissue
processing began with dehydration, clearing, embedding,
and blocking stages using a Leica TP 1020 tissue proces-
sor. Preparations were deparaffinized for 15 minutes using
mineral oil and xylol at room temperature. HE staining was
performed using standard procedures, followed by clearing
the preparations with xylol. Microscopic observation was
carried out using a binocular microscope.
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Table 1: Food content and metabolic energy of research feedstufs.

Feed Ingredients EM PK LK SK
Keal/kg e
Yellow maize 3290 8.7 5.50 2.00
Fine bran 1655 11.38 6.65 12
Soybean meal 2217 43.55 3.48 6
Coconut meal 1591 22.44 12.97 15
Fish meal 3068 41.96 9.43 1.00
Bone meal 0 0.00 0.00 0.00
Coconut oil 8600 0.00 93.97 0.00
Premix 0 0.00 0.00 0.00

Ca P Lysine =~ Methionine Cysteine
..... 0.
0.02 0.1 0.26 0.19 0.18
0.12 0.21 0.81 0.26 0.40
0.22 0.29 2.70 0.66 0.67
0.20 0.20 0.48 0.32 0.30
5.50 2.80 6.10 1.70 0.94
24.00 12.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
10.00 5.00 0.30 0.30 0.10

EM: Metabolic Energy; PK: Crude Protein; LK: Crude Fat; SK: Crude Fibre; Ca: Calcium; P: Phosphorus.

Table 2: Experimental ration formula (%).
Feed Ingredients Experimental Ration Formula

P1 P2 P3 P4 P5

Yellow Corn 4539 49.02 45.39 49.02 53.70
Rice Bran 14.18 7.55 1418 755 1.50
Soybean Meal 14.18 19.61 1418 19.61 30.04
Coconut Meal 17.02 15.69 17.02 15.69 0.19
Fish Flour 1.42 1.47 1.42 1.47  9.39
Bone meal 6.38 4.90 6.38 490 0.00
Coconut Oil 0.71 1.47 0.71 1.47 499
Premix 043 0.49 0.43 049 0.19
Total 100 100 100 100 100
RESULTS AND DISCUSSION

EFrFeCT OF TREATMENT ON ILEUM MORPHOMETRICS
oF LocarL CHICKEN

Based on the study’s results, Table 4 and Figure 1 show the
effect of various doses of metabolic energy with the addi-
tion of several amino acids on the morphometrics of local
chicken ileum, including the length of the ileum and the
number, height, and width of ileum villi.

Based on Table 4, the length of the ileum of broiler chick-
ens in P1 (68.93 cm) is significantly different from the
other treatment groups (P2 - P5), which are consecutively
71.25,72.43,84.23, and 80.15 cm. This result supports the
statement of Rahmania e# a/. (2022) that the administra-
tion of chitosan with lower levels shows good anti-inflam-
matory. Ahmed-Farid ez a/. (2021) reported the effect of
ration energy levels on the morphometric improvement of
the ileum of Cihateup ducks. This study showed that the
optimal ileum length of local chickens appeared to be 2590

keal of ration energy with amino acid enhancement.

The analysis of variance also showed that the provision of
energy levels with the addition of amino acids had a sig-
nificant effect (P < 0.05) on the number, height, and width

of the ileum villi of experimental chickens. Based on the
results of the current study, it seems that feeding rations
with low energy levels (2417 - 2590 kcal/kg) does not seem
to be a factor in reducing the morphometric growth of villi
if amino acids are added to the rations. Similar results were
also shown for villi height and width, indicating that higher
doses of chitosan without glutathione induction resulted in
lower villi morphometrics. The number, height, and width
of villi remained optimal at P3 and P4 with ratio energy
levels of 2417 and 2590, respectively, with the addition of
amino acids.

Table 3: Nutrient content of food substances in
experimental rations n.

Feed Ingredients Experimental Ration Formula

P1 P2 P3 P4 P5
EM (Kcal/kg ) 2417 2590 2417 2590 3178
PK (%) l6.16 1778 16.16 17.78 2191
LK (%) 6.94 742 694 742 97
SK (%) 603 541 603 541 3.18
Ca (%) 0.24 0.22 0.24 022 0.61
P (%) 0.22 0.22 0.22 022 042
Lysine (%) 0.79 0.88 0.79 0.88 1.54
Methionine (%) 024 022 024 022 0.61
Cysteine (%) 0.22 0.22 0.22 022 042
Addition:
Valine (%) 0.00 0.00 0.25 0.25 0.00
Serine (%) 0.00 0.00 0.25 0.25 0.00
Tryptophan (%) 0.00 000 025 025 0.00
Arginine (%) 0.00 0.00 0.25 0.25 0.00

'The villi morphometrics of local chickens fed a low-calorie
diet without added amino acids tended to be lower than
those of chickens that received amino acid supplementa-
tion. Research conducted by El-Attrouny ez a/. (2021) in-
dicated that low-calorie diets reduced lipase activity and
fat absorption in the small intestine. Furthermore, other
studies demonstrated decreased lipid absorption in the di-
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gestive tract due to bile acid binding (Mushawwir e7 al.,

2021b; Tanuwiria e al., 2022a, 2023).

Table 4: Morphometrics of ileum of local chicken with low
energy diet supplemented with several amino acids.

Treat- Parameters
ment  Jleym Total Villi Height Villi width
length (cm) Villi* (pm)* (pm)*

P1 68.93+1.35* 34.67+1.53° 458.38+4.12° 74.45+1.68*
P2 71.25+2.87° 47.00£2.00*° 526.78+7.11* 81.42+1.44°
P3 72.43+1.91°> 41.33+1.53> 549.18+1.84> 88.39+1.76¢
P4 84.23+2.88¢ 43.33+2.52 550.58+2.19° 90.50+0.93¢
P5 80.15+2.01> 45.33+1.53*4 542.48+1.84"> 88.62+0.36¢

Description: *Occasion field of view with 4x magnification;
sbed Different letter notations in the same column indicate

differences (P<0.05).

Figure 1: Morphometric villi ileum of local chicken is fed
a low-calorie diet with added amino acids.
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Figure 2: Relationship between ileum length and body

weight of eight-week-old experimental chickens.

A study conducted by Wang ez a/. (2023) highlights that
several factors influence the performance of small intes-
tinal villi, including the type of feed substances and feed
additives. Inconsistent findings regarding small intestine
morphology may arise from variations in species and age
(Selim ez al., 2021; Mushawwir ez al., 2023), as well as the
metabolic energy of the ration. (Pazla e a/., 2023; Tanuwir-

ia et al., 2022a; Purwanti ez al., 2024), rearing system and
environmental stress (Tanuwiria ez a/., 2022b).

Rations requiring intensive absorption cause the small in-
testine to expand its surface, expressed by the height and
width of the intestinal villi. This causes the growth of the
ileum and the growth of the chicken. The results of this
study appear to show a close relationship between ileum
growth and chicken body boot, with R* = 0.8899 or r =
0.943 (Figure 2).

Ileum growth The role of amino acids as regulators of
growth proteins has been shown to increase the expression
of proteins associated with gut tissue anabolism, thereby
stimulating ileum morphometric improvement. This factor
may be why the resulting ileum length and the number,
height, and width of ileum villi remain optimal at appropri-
ate doses. Amino acids will increase the intensive work of
the ileum, which is the absorption intestine, thus encourag-
ing the growth of the digestive tract to become longer. This
is to the view of Petrilla ez a/. (2022) that rations require
intensive absorption; the intestine expands the surface by
thickening the intestinal wall or lengthening the intestine
so that nutrients are absorbed by the intestine optimally.
Other researchers have shown a strong relationship be-
tween gut length and its volume (Mushawwir e a/., 2021b)
and its absorption capacity (Mushawwir e a/., 2023; Adri-
ani et al., 2024).

The low-calorie diet (P1) showed the lowest average villi
growth (P<0.05) among all treatments (Table 4 and Figure
1). This result indicates that the intestine is less active, re-
sulting in villi atrophy. Ration energy without adding ami-
no acids causes lipogenesis inhibition, especially fat syn-
thesis, a precursor to the growth of ileum tissue and villi.
Low-energy feed increases digestion viscosity (Adriani ez
al., 2021), so the feed digestion rate is faster. It will reduce
nutrient contact with the small intestine during absorption
(El-Attrouny ez al., 2021), thereby reducing villi develop-
ment (Adriani and Mushawwir, 2020). Another factor is
that early feeding of low-energy diets causes inhibition of
the expression of genes or proteins that regulate lipid me-
tabolism (Setiawan ez al., 2024). As a result, villi growth
and development are reduced (Wang ez a/., 2023) and sup-
press the activity of the ileum in performing its function as

an absorptive gut (Pertilla ¢7 a/., 2022).

'The role of amino acids in signaling mTOR is crucial in in-
ducing tissue growth in local chickens, even with low-cal-
orie feeding (P3 and P4). The amino acids added in the
experimental rations were growth-related amino acids, as
reported by Mushawwir ez a/. (2024) that amino acids, es-
pecially glutamine, play an essential role in growth-related
nutritional pathways and regulation of cell proliferation,
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of specific proteins related to tissue growth (Adriani and
Mushawwir, 2020; Muhammad ez a/., 2023). In contrast,
high-calorie feed (P5) promotes inflammation caused by
high reduction-oxidation activity and increased free radicals.

ErrecT OF TREATMENT ON ViLLl CELL PROFILE OF
LocaL CHICKEN ILEUM

Based on the study results, Table 5 and Figure 3 show the
effect of giving various doses of ration energy with amino
acid induction on the local chicken ileum villi cell profile,
including the number of goblet cells, normal cells, apoptot-
ic cells, and necrosis cells.

Table 5: Villi ileum cell profile of local chicken with low

ration energy and amino acid addition.

Treat- Parameters

ment  Goplet Cell Normal Cell Number of Number of
Count® Count™ Apoptotic  Necrosis
Cells™ Cells™

P1 22.62+1.03
P2 23.68+0.62°
P3 25.31+1.11¢
P4 27.11+1.01¢
P5 26.97+1.214

785.67+6.51* 97.00+2.00°
815.67+7.09° 74.00+4.36
859.33£2.52¢ 70.00+5.57°
877.67+5.51¢ 42.67+4.04
852.33+3.51¢ 53.67+1.53¢

131.16+6.11*
100.33+3.06"
100.67+5.08"
69.67+2.69¢
97.00+4.58¢

Description: *Once the field of view with 100x
magnification; **Number of cellsin 1000 cells; differentletter
notations in the same column indicate differences (P<0.05).

P4 [ ¥ ps

Figure 3: Cell Condition of Villi Ileum of Local Chicken
with Low Ration Energy and Amino Acid Addition; Ap:
Apoptosis; Nk: Necrosis.

'The results of the analysis of variance showed that the pro-
vision of low-calorie rations, accompanied by the addition
of amino acids, had a significant effect (P < 0.05) on the
number of goblet cells, normal cells, apoptotic cells, and ne-
crosis cells of ileum villi of broiler chickens. Based on Table
5 and Figure 3, it appears that the number of goblet cells
of ileum villi of local chicken PO (22.62 cells) was signif-
icantly (P<0.05) lower than the other treatments, namely

23.68; 25.31; 27.11; and 26.97 cells, respectively for P2-
P5, respectively. Similar results were also observed for the
number of normal cells, the number of apoptotic cells, and
the number of necrosis cells.

Based on the results of the current study, it can be stated
that the number of goblet cells and the number of normal
cells do not appear to be influenced by the number of calo-
ries in the diet. Still, the role of amino acids is an essential
factor for the profile of ileum cells. A decrease in cell death,
both apoptosis and necrosis (Chatterjee ¢z a/., 2015), even
appears to decrease with the provision of amino acids, even
with low-calorie rations (Setiawan e7 a/., 2024). Feeding a
high-calorie ration without adding amino acids (P5) did
not show the capacity for goblet cell growth and standard
cell number nor its ability to prevent cell death.

One factor influencing goblet cell growth is the availability
of cell growth precursors, especially lipids and amino acids.
As shown in the previous discussion, amino acids can stim-
ulate the synthesis of specific proteins, namely proteins that
play a role in lipid regulation and tissue-forming proteins.
Previous research has been reported by Wang ez a/. (2023)
that amino acids can induce the expression of genes that
play a role and the regulation of lipid metabolism, name-
ly PPARA and SREBP-1a genes and protein regulation
genes, namely mTOR (Aritonang ez a/., 2024).
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Figure 4: Relationship between the number of normal

ileum villi cells and body weight of eight-week-old

experimental chickens.

Conversely, low energy levels and amino acid deficiencies
inhibit these genes, decreasing the activity of proteins in-
volved in lipogenesis and protein synthesis. This reduces
the regulation of endogenous fatty acids and cholesterol,
essential precursors for cell growth. The amount of calories
in the feed and adding amino acids significantly impact
the number of healthy cells and chicken growth. Relation-
ship between the number of normal ileum villi cells and
body weight of eight-week-old experimental chickens (see
Figure 4), is indicated by the closeness of the effect, R* =
0.8983 and the relationship r = 0.945.
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Other studies have shown that low calories cause reac-
tions with functional groups in the thiol group contained
in various types of enzymes, including the enzymes acyl-
coA synthetase, phosphotransacetylase-CoA synthetase,
and HMG-CoAR by inhibiting their activity (Rahmania
et al., 2022; Wang et al., 2023; Mushawwir ez al., 2024).
Amino acid deficiency accompanied by low energy also in-
hibits the rate of protein synthesis by reducing the activity
of RNA polymerase (Muller ¢z a/., 2022; Nurfauziah ez al.,
2024), inhibition of the rate of protein synthesis triggers
apoptotic cell death (Chatterjee e a/., 2015; Aritonang ef
al.,2024) and decreased cell growth in villi and goblet cells
(Mushawwir ez a/., 2023, 2021b; Kamil e# a/., 2020).

CONCLUSIONS AND
RECOMMENDATIONS

The results showed that the addition of amino acids (valine,
serine, tryptophan, and arginine), even with a low-calorie
diet, was able to stimulate ileum and villous cell develop-
ment, prevent cell death, and support the growth/body
weight of local chickens. This indicates the ability of these
amino acids to modulate the inhibition of catabolism of
energy deposit sources.

Further investigation of the relationship between calories
and lipid-related gene expression is needed to ascertain
the genes involved. Similarly, amino acid modulation of
growth-related gene expression needs to confirm the rela-
tionship between the two (caloriesand aminoacid signaling).

ACKNOWLEDGEMENTS

This research can be carried out with funding from the
Ministry of Education, Culture, Research and Technolo-
gy, Republic of Indonesia, through the grand Fundamental
Research. We also express our appreciation to all parties,
especially Biosciences Bandung, who have supported the
implementation of this research.

NOVELTY STATEMENT

Nutrient standards of local chickens are always equated
with commercial chickens, whereas different growth char-
acteristics should be an essential consideration for ration
application for local chickens. This study shows the impact
of low and high-energy diets and the role of amino acid
modulation in low-calorie/energy diets on ileum morpho-
metric growth and body weight growth.

AUTHOR’S CONTRIBUTIONS

'The research and writing of this article have been under-
taken by the authors with equal contribution and equity.

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

REFERENCES

Adriani L, Latipudin D, Mayasari N, Mushawwir A, Kumalasari
C, Nabilla TT (2024). Consortium probiotic fermented milk
using Bifidobacterium sp. and Lactobacillus acidophilus
protects against Salmonella typhimurium and repairs the
intestine. Asian J. Dairy Food Res., 43 (2): 216-218. https://
doi.org/10.18805/ajdfr. DRF-326

Adriani L, Mushawwir A, Kumalasari C, Nurlaeni L, Lesmana
R, Rosani U (2021). Improving blood protein and albumin
levels using dried probiotic yogurt in broiler chicken, Jordan

J. Biol. Sci., 14(5): 1021-1024. https://doi.org/10.54319/

jjbs/140521
Adriani L, Mushawwir A (2020). Correlation between blood
parameters, physiological and liver gene expression

levels in native laying hens under heat stress. IOP Conf.
Ser. Earth Environ. Sci.,, 466: 012015. https://doi.
org/10.1088/1755-1315/466/1/012015

Aengwanich W (2007). Effects of high environmental
temperature on blood indices of Thai Indigenous chickens,
thai Indigenous crossbred chickens, and broilers. Int. J.
Poult. Sci., 6(1): 427-430. https://doi.org/10.3923/
ijps.2007.427.430

Ahmed-Farid OA, Salah AS, Nassan MA, El-Tarabany MS
(2021). Effects of chronic thermal stress on performance,
energy metabolism, antioxidant activity, brain serotonin, and
blood biochemical indices of broiler chickens. Animals. 11:
2554. https://doi.org/10.3390/ani11092554

Abouelezz K, Jiang Z, Gou Z, Wang Y, Jiang S (2022). Effects
of metabolic energy intervention on lipid content and liver
transcriptome in finisher yellow-feathered chickens. Ital. J.
Anim. Sci., 21: 1362-1370. https://doi.org/10.1080/18
28051X.2022.2116607

Aritonang H N, Mushawwir A, Adriani L, Puspitasari T' (2024).
Lipid Regulation by early administration of irradiated
chitosan and glutathione in heat-stressed broilers. IOP
Conf. Ser. Earth Environ. Sci., 1292:012011. https://doi.
org/10.1088/1755-1315/1292/1/012011

Chatterjee N, Das S, Bose D, Banerjee S, Jha T, Saha KD (2015).
Leishmanial lipid affords protection against oxidative stress-
induced hepatic injury by regulating inflammatory mediators
and confining apoptosis progress. Toxicol. Lett., 232(3): 499-
512. https://doi.org/10.1016/j.toxlet.2014.11.023

Dudi D, Hilmia N, Khaerunnisa I, Mushawwir A (2023).
DGAT1 gene polymorphism and their association with
fat deposition and carcass quality in Pasundan cattle of
Indonesia. Biodiversity, 24: 4202-4208. https://doi.
org/10.13057/biodiv/d240765

El-Attrouny MM, Iragi MM, Sabike II, Abdelatty AM,
Moustafa MMM, Badr OA (2021). Comparative evaluation
of growth performance, carcass characteristics, and timed
series gene expression profile of GH and IGF-1 in two
Egyptian indigenous chicken breeds versus Rhode Island
Red. J. Anim. Breeding Genet., 138: 463-473. https://doi.
org/10.1111/jbg.12517

Firmansyah A, Adriani L, Mushawwir A, Mayasari N, Rusmana
D, Ishmayana S (2024). Effect of feed supplementation
with liquid and powdered probiotic yogurt on the lipid
profile of chicken egg yolk. Adv. Anim. Vet. Sci., 12

March 2025 | Volume 13 | Issue 4 | Page 796

oo )
Sols Links
OResearchers


https://doi.org/10.18805/ajdfr.DRF-326
https://doi.org/10.18805/ajdfr.DRF-326
https://doi.org/10.54319/jjbs/140521
https://doi.org/10.54319/jjbs/140521
https://doi.org/10.1088/1755-1315/466/1/012015
https://doi.org/10.1088/1755-1315/466/1/012015
https://doi.org/10.3923/ijps.2007.427.430
https://doi.org/10.3923/ijps.2007.427.430
https://doi.org/10.3390/ani11092554
https://doi.org/10.1080/1828051X.2022.2116607
https://doi.org/10.1080/1828051X.2022.2116607
https://doi.org/10.1088/1755-1315/1292/1/012011
https://doi.org/10.1088/1755-1315/1292/1/012011
https://doi.org/10.1016/j.toxlet.2014.11.023
https://doi.org/10.13057/biodiv/d240765
https://doi.org/10.13057/biodiv/d240765
https://doi.org/10.1111/jbg.12517
https://doi.org/10.1111/jbg.12517

OPEN 8ACCESS

Advances in Animal and Veterinary Sciences

(7):  1371-1377.  https://doi.org/10.17582/journal.
aavs/2024/12.7.1371.1377

Hernawan E, Adriani L, Mushawwir A, Cahyani C, Darmawan
(2017). Effect of dietary supplementation of chitosan on
blood biochemical profile of laying hens. Pak. J. Nutr., 16:
696-699. https://doi.org/10.3923/pjn.2017.696.699

Kamil KA, Mushawwir A, Latipudin D, Rahmat D, Lobo R
(2020). The Effects of Ginger Volatile Oil (GVO) on The
metabolic profile of glycolytic pathway, free radical and
antioxidant activities of heat-stressed Cihateup duck. Int.
J. Adv. Sci. Eng. Inf. Tech., 10: 1228-1233. https://doi.
org/10.18517/ijaseit.10.3.11117

Kharazi A'Y, Latipudin D, Suwarno N, Puspitasari T, Nuryanthi
N, Mushawwir A (2022). Lipogenesis in Sentul chickens
of starter phase inhibited by irradiated chitosan. IAP Conf.
Proc., 1001(1):1-7. https://doi.org/10.1088/1755-
1315/1001/1/012021

Manin F, Yusrizal M, Adriani L, Mushawwir A (2024). Effects of
the combination of probiotic probio fmand phytobiotics on
broiler meat’s performance, gut dysbiosis, and lipid profile.
Adv. Anim. Vet. Sci., 12 (11): 2110-2117. https://doi.
org/10.17582/journal.aavs/2024/12.11.2110.2117

Muhammad LN, Purwanti S, Pakiding W, Marhamah, Nurhayu,
Prahesti KI, Sirajuddin, SN, Mushawwir A (2023). Effect
of combination of Indigofera zollingeriana, black soldier fly
larvae, and turmeric on performance and histomorphological
characteristics of native chicken at starter phase. J. Anim.
Feed Res., 13(4): 279-285. https://doi.org/10.51227/
0jafr.2023.42

Muller M, Xu C, Navarro M, Elias-Masiques N, Tilbrook A,
Barneveld RV, Roura E (2022). An oral gavage of lysine
elicits early satiation, while gavages of lysine, leucine, or
isoleucine prolong satiety in pigs. J. of Anim. Sci. 100: 1-8.
https://doi.org/10.1093/jas/skac361

Mushawwir A, Adriani L, Kamil KA (2011). Prediction models
for olfactory metabolic and sows % RNAreticulocyt (RNArt)
by measurement of atmospheric ammonia exposure and
microclimate level. J. of The Indon. Trop. Anim. Agric., 36:
14-20. https://doi.org/10.14710/jitaa.36.1.14-20

Mushawwir A, Arifin J, Darwis D, Puspitasari T, Pengerteni
DS, Nuryanthi N, Permana R (2020). Liver metabolic
activities of Pasundan cattle induced by irradiated chitosan.
Biodiversitas. 21: 5571-5578. https://doi.org/10.13057/
biodiv/d211202

Mushawwir A, Permana R, Latipudin D, Suwarno N
(2021a). Organic Diallyl-n-Sulfide (Dn-S) inhibited the
glycogenolysis pathway and heart failure of heat-stressed
laying hens. IOP Contf. Ser. Earth Environ. Sci., 788: 012091.
https://doi.org/10.1088/1755-1315/788/1/012091

Mushawwir A, Permana R, Darwis D, Puspitasari T, Pangerteni
DS, Nuryanthi N, Suwarno N (2021b). Enhancement
of the liver histologic of broiler induced by irradiated
chitosan (IC). AIP Conf. Proc., 2381: 020046. https://doi.
org/10.1063/5.0066271

Mushawwir A, Permana R, Latipudin D, Suwarno N (2023).
Flavonoids avoid the damage of ileum plaque patches of heat-
stressed Cihateup ducks. IAP Conf. Proc., 2628. 140007-1-
14007-6. https://doi.org/10.1063/5.0144095

Mushawwir A, Permana R, Darwis D, Puspitasari T (2024). The
villi ileum growth of native quail fed by irradiated chitosan
with glutathione from an early age in high temperature. IOP
Conf, Ser. Earth Environ. Sci., 1292(1):1-6. 6. https://doi.
org/10.1088/1755-1315/1292/1/012016

Nurfauziah I, Adriani L, Ramadhan RF, Mushawwir A,
Ishmayana S (2024). Bacteriocin activity of yogurt probiotics
on increasing production of laying hens. Adv. Anim. Vet. Sci.,
12 (8): 1548-1555. https://doi.org/10.17582/journal.
aavs/2024/12.8.1548.1555

Pazla R, Zain M, Despal, Tanuwiria UH, Putri EM, Makmur
M, Zahera R, Sari LA, Afnan IM, Rosmalia A, Yulianti IY,
Putri SD, Mushawwir A, Apriliana RA (2023). Evaluation
of rumen degradable protein values from various tropical
foliage using in vitro and in situ methods. Int. J. Vet. Sci.,
12(6): 860-868.

Petrilla J, Matis G, Mackei M, Kulcsar A, Sebok C, Papp M,
Galfi P, Febel H, Huber K, Neogrady Z (2022). Modulation
of hepatic insulin and glucagon signaling by nutritional
factors in broiler chickens. Vet. Sci., 9: 103. https://doi.
org/10.3390/vetsci9030103

Purwanti S, Pakiding W, Nadir M, Nurhayu, Prahesti KI,
Sirajuddin SN, Syamsu JA, Mushawwir A (2024). Lipid
regulation and cardiovascular biomarkers of native chickens
fed a combination of maggot, Indigofera, and Turmeric.
J. Anim. Health Prod., 12 (2): 173-181. https://doi.
org/10.17582/journal.jahp/2024/12.2.173.181

Rahmania H, Permana R, Latipudin D, Suwarno N, Puspitasari
T, Nuryanthi N, Mushawwir A (2022). Enhancement of the
liver status of Sentul chickens from the starter phase induced
by irradiated chitosan. IAP Conf. Proc., 1001:1-7. https://
doi.org/10.1088/1755-1315/1001/1/012007

Selim A, Megahed A, Kandeel S, Alanazi AD, Almohammed
HI (2021). Determination of seroprevalence of contagious
caprine pleuropneumonia and associated risk factors in goats
and sheep using classification and regression tree. Animals.
11: 1165. https://doi.org/10.3390/ani11041165

Setiawan, Muhammad A, Tanuwiria UH, Mushawwir A
(2024). 'The Balance of rumen degradable protein with
non-fiber carbohydrate in cattle rations and its effect on
total gas production, kinetics, and methane gas production.
Adv. Anim. Vet. Sci,, 12 (10): 2000-2007. https://doi.
org/10.17582/journal.aavs/2024/12.10.2000.2007

Tanuwiria UH, Mushawwir A, Zain M, Despal D (2023).
Lipid regulation and growth on native ram lambs in the
south coast of West Java, Indonesia, fed legume forages.
Biodiversity. 24: 4183-4192. https://doi.org/10.13057/
biodiv/d240763

Tanuwiria UH, Susilawati I, Tasripin D, Salman LB, Mushawwir
A (2022a). Evaluation of cardiovascular biomarkers and lipid
regulation in lactation friesian holstein at different altitudes
in West Java, Indonesia. HAYATT J. Biosci., 29: 428-434.
https://doi.org/10.4308/hjb.29.4.428-434

Tanuwiria UH, Susilawati I, Tasripin DS, Salman LB,
Mushawwir A (2022b). Behavioral, physiological, and blood
biochemistry of Friesian Holstein dairy cattle at different
altitudes in West Java, Indonesia. Biodiversity. 23: 533-539.
https://doi.org/10.13057/biodiv/d230157

Wang Z, Brannick E, Abasht B (2023). Integrative transcriptomic
and metabolomic analysis reveals altediets in energy
metabolism and mitochondrial functionality in broiler
chickens with wooden breast. Sci. Rep., 13: 4747. https://
doi.org/10.1038/s41598-023-31429-7

Waniapat M, Cherdthong A, Phesatcha K, Kang S (2015).
Dietary sources and their effects on animal production and
environmental sustainability. Anim. Nutr, 1 (3). 96-103.

https://doi.org/10.1016/j.aninu.2015.07.004

March 2025 | Volume 13 | Issue 4 | Page 797

oo )
Sols Links
OResearchers


https://doi.org/10.17582/journal.aavs/2024/12.7.1371.1377
https://doi.org/10.17582/journal.aavs/2024/12.7.1371.1377
https://doi.org/10.3923/pjn.2017.696.699
https://doi.org/10.18517/ijaseit.10.3.11117
https://doi.org/10.18517/ijaseit.10.3.11117
https://doi.org/10.1088/1755-1315/1001/1/012021
https://doi.org/10.1088/1755-1315/1001/1/012021
https://doi.org/10.17582/journal.aavs/2024/12.11.2110.2117
https://doi.org/10.17582/journal.aavs/2024/12.11.2110.2117
https://doi.org/10.51227/ojafr.2023.42
https://doi.org/10.51227/ojafr.2023.42
https://doi.org/10.1093/jas/skac361
https://doi.org/10.14710/jitaa.36.1.14-20
https://doi.org/10.13057/biodiv/d211202
https://doi.org/10.13057/biodiv/d211202
https://doi.org/10.1088/1755-1315/788/1/012091
https://doi.org/10.1063/5.0066271
https://doi.org/10.1063/5.0066271
https://doi.org/10.1063/5.0144095
https://doi.org/10.1088/1755-1315/1292/1/012016
https://doi.org/10.1088/1755-1315/1292/1/012016
https://doi.org/10.17582/journal.aavs/2024/12.8.1548.1555
https://doi.org/10.17582/journal.aavs/2024/12.8.1548.1555
https://doi.org/10.3390/vetsci9030103
https://doi.org/10.3390/vetsci9030103
https://doi.org/10.17582/journal.jahp/2024/12.2.173.181
https://doi.org/10.17582/journal.jahp/2024/12.2.173.181
https://doi.org/10.1088/1755-1315/1001/1/012007
https://doi.org/10.1088/1755-1315/1001/1/012007
https://doi.org/10.3390/ani11041165
https://doi.org/10.17582/journal.aavs/2024/12.10.2000.2007
https://doi.org/10.17582/journal.aavs/2024/12.10.2000.2007
https://doi.org/10.13057/biodiv/d240763
https://doi.org/10.13057/biodiv/d240763
https://doi.org/10.4308/hjb.29.4.428-434
https://doi.org/10.13057/biodiv/d230157
https://doi.org/10.1038/s41598-023-31429-7
https://doi.org/10.1038/s41598-023-31429-7
https://doi.org/10.1016/j.aninu.2015.07.004

