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ABSTRACT

For many years, plant-based feed additives have served as alternatives to antibiotics, improving feed efficiency
and ensuring livestock safety. The present study aimed to investigate the effects of garlic skin, shallot skin, and
onion skin on the ileum in broiler chickens. A total of 189 broiler chickens were used in the present study and
randomly assigned to nine treatment groups with three replicates, each consisting of seven chickens. The
chickens were fed a basal diet supplemented with no onion skin (T0), 0.1% bacitracin (T1), 0.5% garlic skin
(T2), 0.5% shallot skin (T3), 0.5% onion skin (T4), a basal diet supplemented with 0.25% garlic and 0.25%
shallot skins (T5), a basal diet supplemented with 0.25% garlic and 0.25% onion skins (T6), a basal diet
supplemented with 0.25% shallot and 0.25% onion skins (T7), and a basal diet supplemented with 0.167%
garlic, shallot, and onion skins each (T8) for 35 days. The current results indicated that adding garlic skin
meal, shallot skin meal, and onion skin meal did not affect ileal histology, villi number, villi length, villi width,
villi surface area, and crypt depth in broiler chickens. The absence of adverse histological alterations indicated
that onion skin meal is safe for utilization as a feed additive.
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INTRODUCTION

The use of antibiotics as feed additives in broiler nutrition
has caused several adverse effects, including drug residues
in livestock products and the development of bacterial
resistance, which may pose significant human health risks
(Mehdi et al., 2018). Several countries have banned
antibiotics in livestock feed because of concerns about
drug residues and antimicrobial resistance (Castanon,
2007). Since January 1, 2006, the European Union has
formally prohibited antibiotic use in livestock feed under
Regulation No. 1831/2003 (Castanon, 2007). A similar
policy was implemented in Indonesia through Minister of
Agriculture Regulation No. 14/2017, which banned the use
of antibiotics as feed additives since January 2018 (Azizah
et al., 2024). Following the prohibition on using antibiotics
as feed additives in livestock production, numerous
alternatives, including probiotics, prebiotics, phytobiotics,

and organic acids, have been explored (El-Hack et al.,
2022; Anyigor et al., 2026).

One promising alternative is phytobiotics: plant-
derived feed additives containing bioactive compounds
with diverse biological effects, such as antioxidant,
antibacterial, anti-inflammatory, antiviral, antifungal, and
immunomodulatory activities (Ilvanova et al., 2024). The
plant-based feed additives are known to increase
productivity, improve feed utilization efficiency, and
enhance gut morphofunctional properties (Selionova et al.,
2025). Garlic skin, shallot skin, and onion skin are
different types of phytobiotic feed additives (Kothari et al.,
2019). Garlic skin possesses flavonoids, tannins,
phenolics, and anthocyanins (Dos Santos et al., 2022).
Shallot skin has phenolic and flavonoid compounds
(Moldovan et al., 2024). Onion skin is a food waste that
can cause environmental pollution when not properly
managed. Onion skin contains bioactive compounds
beneficial for poultry health, including flavonoids,
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phenolics, anthocyanins, tannins, saponins, phenols, and
quercetin (Benitez et al., 2011; Shabir et al., 2022).
Bioactive compounds in onion skins have antibacterial,
antioxidant, and immunomodulatory properties (Adeyemi
et al., 2021) that may enhance gut health and improve
poultry productivity (Obianwuna et al., 2024). The
antibacterial properties of onion skins can inhibit the
growth of pathogenic bacteria in the gut (Kumar et al.,
2022). Reducing the pathogenic bacterial population may
help maintain intestinal health, thereby supporting optimal
gut function. This mechanism can improve Vvillus
morphology, which plays an important role in nutrient
absorption (Heak et al., 2017). No scientific reports have
addressed the impacts of dietary onion skin on poultry
intestines. Therefore, the present study aimed to
investigate the effects of garlic skin, shallot skin, and
onion skin meals on the histological structure of the ileum
in broiler chickens.

MATERIALS AND METHODS

Ethical approval

The Animal Care and Use Committee of the
University of Brawijaya, Malang, Indonesia, approved all
procedures performed in the present study.

Study design

A total of 189 unsexed Lohmann MB 202 broiler
chickens with an average body weight of 44.78 g/chicken
were randomly divided into nine treatment groups with
three replicates, and each replicate consisted of seven
chickens. The first group received only the basal feed
without any feed additives (TO), and the second group
received the basal feed supplemented with 0.1% bacitracin

(T1; Widodo etal.,, 2022). The third, fourth, and fifth
groups received the basal feed supplemented with 0.5%
garlic skin (T2), 0.5% shallot skin (T3), and 0.5% onion
skin (T4), respectively. The sixth group was fed the basal
feed supplemented with 0.25% each of garlic skin and
shallot skin (T5), the seventh group received the basal feed
supplemented with 0.25% each of garlic skin and onion
skin (T6), and the eighth group received the basal feed
supplemented with 0.25% each of shallot skin and onion
skin (T7). The last group received the basal feed
supplemented with 0.167% each of garlic, shallot, and
onion skins (T8). Before the chickens arrived, the pens
were cleaned and disinfected. The chickens were raised for
35 days in 27 floor pens measuring 100 x 100 x 80 cm,
which were lined with rice husks. The ambient
temperature was maintained at approximately 32°C during
the first three days and gradually reduced to 23°C by the
end of the rearing period, while relative humidity was
maintained between 50 and 70% (EFSA AHAW Panel et
al., 2023). The chickens were fed a basal feed
manufactured by PT New Hope, Indonesia, using a mash-
form starter feed from 1 to 21 days of age and a crumble-
form finisher feed from 22 to 35 days of age, including
soybean meal, corn, fish meal, meat and bone meal, corn
gluten, palm kernel meal, oil, and calcium phosphate
(Table 1). Drinking water was provided ad libitum.
Chickens were vaccinated with Newcastle disease and
infectious bronchitis vaccines (PT Vaksindo Satwa
Nusantara, Indonesia) at 1 day of age via eye drops. The
Gumboro vaccine (PT Medion Ardhika Bhakti, Indonesia)
was administered at 10 days of age via drinking water.
Each vaccine was administered once during the rearing
period. There were no mortality rates in the present study.

Table 1. Nutrient content of the basal feed for broiler chickens at starter and finisher phases

Nutrient content

Starter (1-21 days) Finisher (22-35 days)

Water content (%)

Crude protein (%)

Crude fat (%)

Crude fiber (%)

Ash (%)

Calcium (%)

Total phosphorus (with phytase enzyme, %)
Total aflatoxin (pLg/kg)
Lysine (%)

Methionine (%)
Methionine + cystine (%)
Tryptophan (%)
Threonine (%)

Max 14 Max 14
Min 22 Min 20
Min 5 Min 5
Max 5 Max 5
Max 8 Max 8
0.8-1.1 0.8-1.1
Min 0.5 Min 0.5
Max 50 Max 50
Min 1.2 Min 1.2
Min 0.45 Min 0.45
Min 0.8 Min 0.8
Min 0.19 Min 0.19
Min 0.75 Min 0.75

Source: PT New Hope East Java, Max: Maximum, Min: Minimum.
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Onion skin meal

Garlic skins, shallot skins, and onion skins were
obtained from traditional markets in Malang City,
Indonesia, and collected on the same day. A total of 1.2 kg
of garlic skins, 3 kg of shallot skins, and 1.8 kg of onion
skins were collected in dry and intact condition. The skins
were washed with clean water, then oven-dried at 50°C for
24 hours. After the drying process, the skins were ground
into a 100-mesh meal. The resulting meals were stored in
airtight glass jars and kept in a dry place away from direct
sunlight. The meals were then added to the basal feed
according to treatment doses.

Ileum histology

lleum samples were obtained at 35 days of age by
slaughtering one chicken from each experimental unit,
resulting in a total of 27 chickens. The chickens were
slaughtered with a sharp knife by cutting the neck to sever
the carotid arteries, jugular veins, trachea, and esophagus
(Salwani et al., 2016). The small intestine was then
removed. Samples were taken by cutting the ileum of the
small intestine along 1 cm, then cleaned with distilled
water and fixed in 10% neutral buffered formalin.
Histological examination was performed by cutting the
ileum into 4 pm sections using a microtome, then
mounting them on slides for staining with Harris
Hematoxylin and Eosin (Tejeda and Kim, 2021).

Examinations were performed using a light microscope
(Nikon, Japan) equipped with an Optilab camera
connected to a computer, and analyzed using Image Raster
software (version 4.0.5). The number of villi (per
transverse cut), villi length, villi width, and crypt depth
were measured. In addition, the villi surface area was
calculated using Formula 1 (lji et al., 2001).
Villi surface area= (b +c)/cxa (Formula 1)
where a is the villi length, b is the basal width of villi,
and c is the apical width of villi.

Statistical analysis

One-way analysis of variance (ANOVA) was used to
analyze the data with SPSS software version 27.
Significant differences between mean values were tested
using Duncan's Multiple-Range Test (DMRT), with the
significance level set at P value less than 0.05.

RESULTS AND DISCUSSION

Histological examination of the ileum demonstrated that
adding garlic, shallot, and onion skin meal to the feed did
not produce statistically significant changes in the
measured parameters across all treatment groups (p > 0.05;
Table 2). Histological findings of the ileum sampled from
broiler chickens across different treatment groups are
illustratedin Figure 1.

Table 2. Effects of onion skin meal on ileum histology in 35-day-old broiler chickens

Treatment (pGXlgnzzr\?:rléthUt) ViII(iJ;r;gth Vilziumi)dth Villi S?Jrfr?%e area Crypt depth (um)
TO 4.80 377.20 41.83 1,054.60 110.70
T1 5.73 374.43 46.78 1,248.10 78.40
T2 7.33 399.87 34.90 1,119.27 100.17
T3 5.27 376.07 37.33 1,135.93 95.20
T4 4.80 336.20 40.60 862.30 81.30
T5 5.53 333.90 37.67 931.23 76.37
T6 5.00 338.43 42.05 893.37 83.47
T7 6.60 445.27 31.70 1,330.13 84.57
T8 5.13 353.43 37.13 961.57 86.83
SEM 0.28 9.42 1.45 53.44 3.38

TO: Basal feed (control), T1: Basal feed + 0.1% bacitracin, T2: Basal feed + 0.5% garlic skin, T3: Basal feed + 0.5% shallot skin, T4: Basal feed + 0.5% onion
skin, T5: Basal feed + 0.25% each of garlic skin and shallot skin, T6: Basal feed + 0.25% each of garlic skin and onion skin, T7: Basal feed + 0.25% each of
shallot skin and onion skin, T8: Basal feed + 0.167% each of garlic, shallot, and onion skins. SEM: Standard error of the mean
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Figure 1. lleal histology of 35-day-old broiler chickens fed diets supplemented with garlic, shallot, and onion skin meals. A: Without onion skin (T0), B: 0.1% bacitracin (T1), C: 0.5% garlic skin
(T2), D: 0.5% shallot skin (T3), E: 0.5% onion skin (T4), F: 0.25% each of garlic skin and shallot skin (T5), G: 0.25% each of garlic skin and onion skin (T6), H: 0.25% each of shallot skin and onion skin (T7), I:
0.167% each of garlic skin, shallot skin, and onion skin (T8).
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Garlic skins, shallot skins, and onion skins are
agricultural byproducts rich in bioactive compounds and
can be used as natural feed additives to support the
digestive health of broiler chickens (Dulia et al., 2026).
Onion skins contain different bioactive compounds,
including flavonoids, alkaloids, terpenoids, tannins,
saponins, phenols, anthocyanins, and quercetin, which
have been reported to possess antibacterial activity (Shabir
et al., 2022). However, the level of onion skins used in the
current study was not sufficient to produce significant
changes in the ileum of broiler chickens. The absence of
significant effects in the present study was likely due to
the low level of onion skin meal added. Mozin et al. (2015)
reported that adding shallot by-products at levels ranging
from 0.5% to 2% had no remarkable effects on small
intestinal characteristics in broiler chickens, including villi
height and crypt depth. These findings indicated that these
levels of bioactive compounds were insufficient to
optimally stimulate intestinal villi development.

Intestinal morphology is related to the intestine's
capacity to absorb nutrients (Awad et al., 2009). Longer,
wider villi provide a larger surface area for nutrient
absorption, making the process more efficient (Prakatur et
al., 2019). Feed additives can support intestinal
development and optimize nutrient absorption (Oni and
Oke, 2025). One method for assessing the effects of feed
additives on the digestive tract involves histological
examination of intestinal morphology (Alsafy et al., 2024).
The current results demonstrated that the onion skin meal
had no notable effects on the ileum in broiler chickens,
indicating that the bioactive compounds in onion skin
meal could not enhance villi growth, so the surface area
for nutrient absorption did not increase notably (Hossain
and Amin, 2026). Onion skins contain bioactive
compounds with antibacterial properties, such as
flavonoids and phenols (Albandary, 2023). Flavonoids act
as antibacterial agents by targeting key bacterial processes
such as nucleic acid replication, membrane functionality,
and energy production (Shamsudin et al., 2022). Moreover,
flavonoids may also reduce adhesion and biofilm
formation, porin expression on cell membranes, membrane
permeability, and pathogenicity, all of which are critical
mechanisms for bacterial growth (Shamsudin et al., 2022).
Furthermore, phenol demonstrates its antibacterial efficacy
by disrupting cell membranes (Dembinska et al., 2025).
Specifically, phenolic compounds interact with the lipid
layer, increasing membrane permeability and triggering
leakage of intracellular components, eventually resulting
in cell lysis (Dembinska et al., 2025). Such bioactive
compounds can suppress the population of pathogenic

bacteria in the digestive tract and create a healthier gut
environment (Gilani et al., 2021).

According to Li et al. (2024), lactic acid bacteria such
as Lactobacillus sp. and Enterococcus sp. are beneficial
microorganisms found in the chicken gut, whereas
pathogenic bacteria such as Escherichia coli and
Salmonella sp. can disrupt gut health. Active compounds
in onion skins can modulate the composition of the gut
microbiota by promoting the growth of beneficial bacteria
while suppressing pathogenic bacteria (Adeyemi et al.,
2021). However, when onion skins were included in the
diet at low levels, the resulting antibacterial activity did
not demonstrate sufficient potency to influence the
composition of the gut microbiota and, ultimately, the villi
morphology.

CONCLUSION

The addition of garlic skin, shallot skin, and onion skin
meal did not negatively affect ileal histology in broiler
chickens. However, the inclusion levels used in the present
study were too low to induce significant histological
changes. Therefore, further studies at higher levels of
garlic, shallot, and onion skin meal are recommended to
achieve significant histological improvements.
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