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ABSTRACT
As natural substitutes for antibiotics in poultry production, phytogenic feed additives
(PFAs) have garnered significant interest because to their potential to regulate intestinal

£ oins health. This trial was performed to determine the effect of Ferula asafoetida gum powder
s b (FAGP) inclusion in diets of broiler chickens on digestive enzymes and intestinal
°'":"°:.l°xmo|. of morphology. The 192 one-day-old Ross 308 broiler chicks were divided into four treatment

gricultura

groups, each consisting of three replicates, for the 35-day feeding trial. FAGP was examined
at different inclusion levels per kg diet, 0% (control, T0), 4 g (T1), 8 g (T2),and 12 g (T3) in
a completely randomized design. The results showed that at the end of the trial (35 days) the
FAGP addition had positive effects (p <0.001) on the serum lipase, chymotrypsin and trypsin
in compared to control group. Dietary addition of FAGP had no effect on the small intestine's
weight and relative length between days 1 and 18. But FAGP addition significantly reduced
the relative weight of duodenum. From day 1 to day 35, the addition of FAGP to the diet was
linked to higher (p<0.05) villus height in the ileal and jejunal mucosa compared to same
regions in the control. When compared to the control group, the addition of FAGP did not
significantly (p>0.05) affect the crypt depth in the ileal and jejunal mucosa. In conclusion,
dietary addition of FAGP enhanced intestinal morphology, increased intestinal weight and
length, and enhanced digesting enzyme activity.
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INTRODUCTION

In the poultry industry, intestinal health is
one of the main elements affecting a bird's
performance and, in turn, its financial yield. The
use of natural dietary supplements to improve
intestinal health has been the subject of numerous
studies (Moharreri et al., 2022; Rafeeq et al.,
2023; El-Kholy et al., 2025). A common practice
in chicken nutrition is the use of natural feed
additives to improve physiological indices,
productivity, health, and product quality (Arif et
al., 2022; El-Kholy et al., 2022 & 2024,
Taghizadeh et al., 2024). Because the internal
oxidative equilibrium is disrupted, poultry are
vulnerable to stressors such food, physiology,
pathology, or both, and the environment (Shi et al.
2022; Peng et al. 2023). Functional additives can
be added to the feed to help broilers cope with
oxidative stress-related poorer performance,
higher mortality, and financial losses (Yan et al.
2024). Among these, Phyto-biotics can boost host
welfare and health by acting as antioxidants in a

variety of ways (Strugala et al. 2016; Yao et al.
2023). The use of phytobiotics—biologically
active compounds produced in plants—as an
antibiotic substitute has drawn the attention of
numerous researchers working in farm animal
feed in recent years (Abreu et al., 2012). The
effects of phytobiotics' secondary bioactive
chemicals are similar to those of synthetic
antibiotics (Murugesan et al., 2015), and they can
help farm animals develop better and maintain gut
health (Stevanovi¢ et al., 2018). According to
recent research, phytobiotics can completely
replace antibiotics in the chicken business
(Carrasco et al., 2018). Because phytobiotics can
alter the dynamics of the beneficial microbiota
(Yadav and Jha, 2019), which enhances feed
efficiency (Suresh et al., 2018) and growth rates
(Mashayekhi et al., 2018; Saleh et al., 2018),
adding them to the diet of broiler chickens has a
positive impact on intestinal health (Basit et al.,
2020).
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One of the plants that has been tested and
used in poultry diets is Ferula asafoetida, which
has many active compounds with medical effects
that directly affect human health. According to
Mahboubi (2021), the gum of the Umbelliferae
family plant Ferula asafoetida is traditionally
used to cure gastrointestinal diseases, including
cancer, bloating, parasites, and digestion. The
plant extract contains significant amounts of
antioxidants, antibiotics, and antimicrobial
compounds, which lower blood pressure and
improve the functions of the digestive and
respiratory systems (Fatehi, 2004). According to
Kareparamban et al. (2013), ferulic acid, a
phenolic acid with strong pharmacological
activity, is present in the oleo gum resin derived
from Ferula asafoetida, generally known as
"HING." Additionally, one of Ferula asafoetida's
active components is ferulic acid, which is linked
to the plant's antioxidant and anticancer properties
(Baskaran et al., 2010). Phytobiotics are known to
affect the growth performance and nutrient
absorption of poultry. The most crucial aspects of
intestinal mucosal physiology are enterocyte
enzymatic activity, shape, and development. The
small intestine is the place where feed nutrients
are both digested and absorbed (Yang et al.,
2013). In addition, the intestinal epithelium serves
as a natural defense against poisons and harmful
germs (Xiaofei and Yuming, 2008). The impact of
including FAGP into broiler diets on intestinal
morphology, however, remains unknown. Based
on this theory, the study's objective is to evaluate
the effects of dietary addition of FAGP and
determine whether this has a positive overall
effect on the gut development, morphology, and
digestive enzyme activity of the broiler chickens.

MATERIALS AND METHODS
Ethical Approval

The experimental procedures were
approved and carried out in accordance with the
ethical guidelines of the experimental animal care
committee at Damietta University in Egypt.
During the trial, the European Union Council's
Directives 2010/63/EU and 98/58/EC on the
protection of animals used for studies and for
scientific reasons were also adhered to.
Animals and experimental design

This experiment carried out in a private
farm near of Kafr Saad, Damietta Governorate in
collaboration with Faculty of Agriculture,
Damietta University, Egypt, during the period of
September to October 2024. One hundred and
ninety-two (192) unsexed commercial broiler
chicks (Ross 308), 1-day old “obtained from a
local commercial hatchery” were weighed and
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divided into equal four experimental groups, each
of three replicates (16 chicks/ replicate) in a
completely randomized design (CRD). The
commercial diets (starter, grower and finisher)
were formulated approximately iso- energetic and
iso- nitrogenous to meet the broiler requirements
according to NRC (1994). Chicks fed a starter diet
from hatch day up to 14 days, the grower diet from
15 day up 28 days, then the finisher diet from 29
day up to 35 days of age. The experimental groups
arranged as, the first group fed a control diet (NC)
that formulated without any addition (To=
standard diet or control treatment), T1= contained
Ferula asafoetida gum powder (FAGP) 4 g / kg
diet, T,= contained 8g FAGP/kg diet; and T4=
contained 12g FAGP/kg diet. The composition
and calculated analysis of commercial diets are
shown in Table 1 for each growth period. Every

broiler chick was housed under identical
environmental, sanitary, and management
circumstances. The broiler chicks in each

replicate were kept at an ideal stocking density of
30 kg/m? in floor pens on wood shavings litter.
Programs for lighting and temperature were in
line with Ross's breeding guide's suggestions. For
the first seven days, the light schedule in each trial
pen was maintained at 23 L:1 D h, and then it was
changed to 20 L:4 D h until the study was over.
The original ambient temperature was around
32°C for the first seven days of life, and it then
progressively dropped by 2°C per week until it
reached 22°C. A range of 65 to 75% relative
humidity was maintained. Over the course of the
experiment, no mortality was reported. A
veterinarian oversaw the immunization program's
implementation.

Obtained data and estimating parameters:

At 35 days of age, blood samples were
collected from five slaughtered birds per
treatment in  non-heparinized tubes, then
centrifuged at 3000 rpm for 15 minutes, and
serum obtained was stored at —20°C. Serum

amylase, lipase, trypsin and Chymotrypsin
concentrations were measured using
spectrophotometry  (commercial ~ kits  from

Biodiagnostic Company, Giza, Egypt). Relative
length and weights of small intestine in broilers.
Three broilers from each treatment were chosen at
random, weighed after 12 hours of feed
deprivation, and slaughtered at the conclusion of
each experimental period (18 or 35 days). The
intestinal portions were then removed. The small
intestine was divided into three sections:
duodenum (from gizzard outflow to the end of the
pancreatic loop), jejunum (from the pancreatic
loop to Meckel’s diverticulum), and ileum (from
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Meckel’s diverticulum to the cecum junction).
Each small intestinal segment was emptied by
gentle pressure, and the length and weight were
recorded to calculate the relative length and
weight of each segment.

Table 1. The composition and calculated
analysis of the commercial diets.

Ingredients., % Stz'irter Grgwer Fin_isher
N diets diets diets
Corn 55.90 61.40 66.50
Soybean (46%) 40.10 34.60 29.50
Di Cal phosphate 1.50 1.60 1.60
Limestone 1.50 1.40 1.40
Min. & Vit. Premix! 0.30 0.30 0.30
Salt 0.30 0.30 0.30
Bicarbonate sodium 0.10 0.10 0.10
Methionine 0.10 0.10 0.10
Lysine 0.20 0.20 0.20
Total 100 100 100
Calculated analysis?
CP,% 22.99 20.89 18.94
ME kcal/kg 3064 3186 3200
C. fat, % 2.53 2.68 2.82
Ca, % 0.98 0.95 0.94
Av. Phos., % 0.42 0.43 0.42
C. fiber, % 2.89 2.80 2.71
Av. Methionine, % 0.42 0.40 0.37
Av. Lysin, % 1.32 1.20 1.06
Na., % 0.17 0.17 0.17

1Each 3 kg of the Vit and Min. premix contains: Vit. A 10
MIU, Vit. D 2 MIU, Vit E 10 g, Vit. K 2 g, Thiamin 1 g,
Riboflavin 5 g, Pyridoxine 1.5 g, Niacin 30 g, Vit. B3, 10 mg,
Pantothenic acid 10 g, Folic acid 1.5 g, Biotin 50 mg, Choline
chloride 250 g, Manganese 60 g, Zinc 50 g, Iron 30 g, Copper
10 g, lodine 1g, Selenium 0. 10 g, Cobalt 0.10 g. and carrier
CaCO03 to 3000g.

2According to NRC (1994).

Morphological measurement of the jejunal and
ileal mucosa

At 18 and 35 days of age, and from the
same 3 birds previous randomly selected for
morphology, one centimeter of the ileum,
jejunum, and duodenum were removed,
respectively, and preserved in a 10% formalin-
buffered saline solution before being embedded in
paraffin. According to Uni et al. (2001), three
cross-sections of each intestinal segment
(duodenum, jejunum, and ileum) were preserved
with formalin solution and made using
conventional paraffin embedding procedures by
sectioning at 5 pum thickness and stained with
hematoxylin and eosin. Every type of tissue from
each broiler had thirteen intact, properly aligned
crypt-villus units measured. Villus height (VH)
and crypt depth (CD) were measured in
micrometers (um) using an image processing and
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analysis system (version 6.0, Image-Pro Plus).
The VH to CD ratio was computed.
Statistical analysis

This study analyzed by using a general
linear model approach (one-way analysis of
variance; SAS, 2012). Differences between
treatment groups were determined using Duncan's
new multiple range post-hoc test, and p < 0.05
was deemed significant. All data were expressed
as least square means + pooled standard error of
the mean (SEM).

RESULTS:
Blood digestive enzymes:

Effect of different dose of Ferula
asafoetida gum powder added to broiler diets on
serum digestive enzymes is found in Table 2.
From the results, it is noted there is a significant
alteration in activities values of amylase, lipase,
trypsin and chymotrypsin among treatments.
Serum lipase, chymotrypsin and trypsin were
significantly (P<0.01) higher in treated groups in
compared to control one. Trypsin and lipase levels
were found to be highest in T3 broilers in
compared to other experimental groups. In
contrast to other treatments, T4 broilers had the
greatest value of chymotrypsin activity, followed
by T3.

The small intestine’s weight and relative
length in broilers

Table 3 displays the impact of adding
varying amounts of Ferula asafoetida gum
powder to broiler diets on the small intestine's
weight and relative length. There was no
nutritional influence (p>0.05) on the relative
length and weight of the duodenum, jejunum, and
ileum during the period of 1 to 18 days when
broilers were pretreated with  varying
concentrations of Ferula asafoetida gum powder.
Furthermore, during the period of 19 to 35, there
was no significant (p>0.05) impact on the relative
weights of the ileum or the relative lengths of the
duodenum and ileum. The weight and relative
length of the jejunum significantly (p<0.05)
increased in broilers treated with FAGP.
Nonetheless, compared to the control group, the
treated groups' relative duodenal weight was
considerably (p<0.05) lower.

Broiler intestinal mucosa morphology (um)

Table 4 displays the morphological
measures of the ileal and jejunal mucosae. Over
the course of the experiment, the treatment
group's villus height in the jejunal mucosa was
considerably (p<0.05) greater than that of the
control group.  Although there were minor
(p>0.05) differences between the To and T:
groups, the villus heights in the jejunal mucosa in
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the treated groups were considerably (p<0.05)
higher than those in the control group. The villus
height in the ileal mucosae of chicks receiving the
Ferula asafoetida gum powder in the feed was
significantly (p<0.05) greater than in the control
group but there were no significant (p>0.05)
differences between the To and T1 groups during
the overall experimental period. Dietary addition
with Ferula asafoetida gum powder had
significant (p<0.05) influence on the CD in the
jejunal and ileal mucosa in compared to the
control during the overall experimental period.
Table 4 also shows that high-dose of Ferula
asafoetida gum powder (T4) recorded the lowest
crypt depth in the jejunal and ileal mucosa in
compared to those belonging to other
experimental groups. During the overall
experimental period, the Ferula asafoetida gum
powder -addition groups differed significantly
(p<0.05) from the control group in terms of the

VH to CD ratio in the jejunal and ileal mucosa.
The VH to CD ratio was not significantly
(p>0.05) different from either the control (To)
group or the T; group.

DISCUSSION

In current study, the improvement of
digestive enzymes in treated groups especially in
high dose are consistent with Wang and Gu
(2010) and Abd El Latif and Omar (2023)
findings that adding probiotics, prebiotics, or
antibiotics raised blood digestion enzymes like
lipase, protease, and amylase. Also, Jin et al.
(1997) found that significantly increased
intestinal amylase activity when probiotic has
been added to the control diet of broiler chicks.
Wang et al, (2021) and Sun et al. (2022)
described that amylase, lipase and chymotrypsin
activity were significant increased with basal diet
supplemented with probiotic.

Table 2: Effect of dietary addition of Ferula asafoetida gum powder on the digestive enzymes of broiler chicks.

Treatments! )
Items To (Control) T T Ts SEM®  P-value
Amylase (U/L) 51.272 47.78 46.48° 40.21° 0.44 0.001
Lipase (U/L) 24.30¢ 27.16° 43.272 31.84P 0.65 0.001
Chymotrypsin (U/L) 25.59¢ 37.26° 46.22 57.96 0.35 0.001
Trypsin (U/L) 41.26° 46.21° 62.19% 58.18° 151 0.001

ab.c, d.

: indicates there are major differences between each item with different superscripts in the same row (P<0.05).

1To= standard diet or control treatment, T1= contained 4 g Ferula asafoetida gum powder (FAGP)/kg diet, T>= contained
8g FAGP/kg diet; and Ts= contained 12 g FAGP/Kkg diet. 2SEM: standard errors mean.
Table 3: Effect of dietary addition of Ferula asafoetida gum powder on the relative weights (%) of some carcass

parameters of broiler chicks.

Treatments® ,
Items To (Control) T T T SEM™  P-value
1 to 18 days
Relative length, cm/kg
Duodenum 33.03 32.81 32.08 32.00 0.70 0.668
Jejunum 73.26 73.18 73.41 73.94 0.32 0.385
lleum 70.78 69.06 68.24 69.39 1.64 0.744
Relative weights, g/kg
Duodenum 9.35 9.06 9.09 8.81 0.26 0.586
Jejunum 14.71 15.00 14.78 15.00 0.31 0.860
lleum 10.61 10.64 10.72 10.37 0.18 0.592
19 to 35 days
Relative length, cm/kg
Duodenum 10.97 10.88 10.95 10.94 0.17 0.981
Jejunum 24.99° 25.00° 26.13° 28.09° 0.41 0.002
lleum 28.12° 28.64% 29.15P 31.922 0.28 0.001
Relative weights, g/kg
Duodenum 7.612 6.30% 5.62° 5.63° 0.56 0.013
Jejunum 8.07° 8.09° 8.27° 10.812 0.13 0.001
lleum 8.00% 7.69¢ 8.39° 9.11° 0.13 0.003
ab.c, d.

: indicates there are major differences between each item with different superscripts in the same row (P<0.05).

To= standard diet or control treatment, T1= contained 4 g Ferula asafoetida gum powder (FAGP)/kg diet,
T.= contained 8g FAGP/kg diet; and Ts= contained 12 g FAGP/kg diet. 2SEM: standard errors mean
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Table 4: Effect of dietary addition of Ferula asafoetida gum powder on the morphology (um) of the

intestinal mucosa in broiler chicks.

Treatments® )
Items T0 (Control) T2 T3 T4 SEM®  P-value
1 to 18 days
Jejunum
Villus height, um 815.63°¢ 818.00° 905.00° 965.332 2.68 0.001
Crypt depth, um 123.002 122.002 114.33° 107.33¢ 1.03 0.001
Villus height/crypt depth 6.63¢ 6.70° 7.92b 8.992 0.07 0.001
lleum
Villus height, um 517.00°¢ 516.67°¢ 550.00P 576.002 2.07 0.001
Crypt depth, pm 129.672 129.33? 118.00° 105.33° 0.91 0.001
Villus height/crypt depth 3.99° 3.10° 4.66° 5.472 0.03 0.001
19 to 35 days
Jejunum
Villus height, pm 1060.33¢ 1059.33¢ 1192.00°  1344.00° 3.59 0.001
Crypt depth, um 146.332 143.67° 135.00¢ 123.33¢ 0.82 0.001
Villus height/crypt depth 7.25¢ 7.37¢ 8.830 10.90° 0.04 0.001
lleum
Villus height, um 786.00° 788.00° 847.33° 902.332 2.67 0.001
Crypt depth, um 148.002 147.332 128.00P 124.00° 0.67 0.001
Villus height/crypt depth 5.31¢ 5.34¢ 6.61° 7.28° 0.02 0.001

ab,c, d.

: indicates there are major differences between each item with different superscripts in the same row (P<0.05).

To= standard diet or control treatment, T1= contained 4 g Ferula asafoetida gum powder (FAGP)/kg diet, To=
contained 8g FAGP/Kkg diet; and Ts= contained 12 g FAGP/Kkg diet.

2SEM: standard errors mean.

While, Thenmozhi et al., (2020) concluded that
probiotic group in broiler chickens was recorded
significant increase in digestive enzymes of serum like
amylase and protease, nevertheless activity of lipase
was not enhanced in probiotic supplemented group
compared to control group. The improvement of
digestive enzymes because of declining pathogenic
load in gut thereby the perfection in intestinal health
morphology and integrity (Lei et al., 2015) and the
great effect of antimicrobial activity of probiotic (Jin
etal., 1997). Additionally, because of the secretion of
probiotic and the stimulation of endogenous enzymes
synthesis and improve enzymes levels (Hu etal., 2018;
Cao et al, 2020). The current findings were
corroborated by Garcia et al. (2007), who emphasized
the significance of Ferula asafoetida in stimulating the
excretions of the digestive system, and Roy (2014),
who found that adding Ferula asafoetida to poultry
diets increased the production of digestive enzymes. In
addition, Ferula generally has strong antibacterial and
antioxidant qualities since it includes active
substances and minerals such flavonoids, alkaloids,
and glucosides. These characteristics can be used to
fight against bacteria and other dangerous microbes
(Fisher and Phillips, 2008). So, these findings may be
related to current improvement of digestive enzymes
for treated chicks.

The present study showed significant (p<0.05)
change in the relative weight of the jejunum in birds
who received high dose of dietary addition of Ferula

99

asafoetida gum powder. These could be linked to a
slower rate of ingestion through the digestive tract, and
the jejunum utilized the limited nutrients for its growth
with higher priority over body weight increase.
Increased intestinal villi function is shown by higher
villus heights in the jejunal and ileal mucosa
(Ruttanavut and Yamauchi, 2010).

In the current study, the small intestine mucosa
of the broiler chicks treated with Ferula asafoetida
gum powder showed increases in villus height and the
villus height to crypt depth ratio. These results are in
agreement with the findings of Tu et al. (2024), who
suggest that Phytobiotics can stimulate villi of the
small intestine. Furthermore, increased villus size was
also associated with activated cell proliferation in the
crypt (Lauronen et al., 1998).

The intestine's ability to digest and absorb food
is linked to intestinal condition indicators (VH and
CD) (Bellucci et al. 2022). While CD indicates the
generative capability of the cells, with higher cellular
maturity and lighter CDs indicating more absorption
capacity (Yason et al. 1987), an increase in VH in the
jejunum can enhance the surface area for nutrient
absorption in broilers (Zhang et al., 2022). Conversely,
a rise in the VH:CD ratio may suggest that Ferula
asafoetida gum powder improves the intestinal
morphology of broilers. The improvement of intestinal
absorption by supplements may be closely associated
with intestinal integrity. Intestinal morphology
showed that the addition of Ferula asafoetida gum
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powder did not damage the intestine causing oxidative
stress. Rather, it enhanced the jejunum'’s capacity to
absorb nutrients, indicating that Ferula asafoetida
gum powder had a positive effect on the intestine. The
results showed that dietary addition of different levels
of Ferula asafoetida gum powder improved intestinal
morphology, significantly prolonged jejunal villi and
increased with the increase of dose, significantly
reduced crypt depth, and significantly increased
VH/CD value. It indicated that the addition of Ferula
asafoetida gum powder greatly increased the capacity
for intestinal absorption.

Phytogenics have potent antioxidant qualities
because they contain secondary metabolites including
flavonoids and phenolic acids (Oni and Oke, 2025).
By scavenging free radicals and lowering oxidative
stress in intestinal epithelial cells, these compounds
preserve the integrity of tight junctions and lessen
inflammation (Oni et al., 2024). Immune modulation
is another important mechanism. By triggering innate
immune responses through Toll-like receptor
signaling and altering the production of cytokines like
interleukins and interferons, certain phytogenics
improve mucosal immunity and regulate the activity
of gut-associated lymphoid tissue (Obianwuna et al.,
2024). Phytogenics also enhances intestinal barrier
function by reducing intestinal permeability and
preventing pathogen invasion by increasing the
production of mucin and upregulating the expression
of tight junction proteins including occludin and
claudin-1 (Peng et al., 2023). Furthermore, they
promote the production of digestive enzymes like
protease and amylase, which improve the gut's
capacity to absorb and process food (Obianwuna et al.,
2024).

Conclusively, according to the current study's
results, the dietary addition of FAGP to broiler chicks
can exert beneficial effect in the gut digestive enzyme
activity and intestinal morphology and development.
However, research on the mechanism or mechanisms
of FAGP on the gastrointestinal system is still lacking.
Therefore, FAGP can be useful as a feed addition in
the diet of broilers, but more research is required to
fully comprehend and elucidate the process or
mechanisms involved.
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