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ABSTRACT

Objective: In the present research work, we examined the dietary Moringa oleifera effect on gut
health and growth traits in chickens.

Materials and Methods: There were 280 chicks (day old) that were weighted and allotted uni-
formly in seven groupings, each containing eight replicates (n = 5). Birds were supplemented with
M. oleifera leaf extract (MLE) and seed extract (MSE) for 35 days. Group | was the control (fed
merely basal diets), while Group Il received 0.8% MLE, Group Il was given 0.8% MSE, Group IV
was given 1.2% MLE, Group V was given 1.2% MSE, Group VI was given 0.8% MLE + 0.8% MSE,
and Group VIl was given 1.2% MLE + 1.2% MSE. At the end of the fifth week, two chickens were
selected from each replica, and samples (small intestine and ileal ingesta) were collected.
Results: The chicken diet with MLE and MSE supplements saw significant improvement (p < 0.05)
in both feed conversion ratio (FCR) and body weight gain (BWG). In the small intestine (duodenal,
jejunal, and ileal), dietary MLE and MSE supplements significantly increased (p < 0.05) the surface
area of the villus and the ratio of their height/crypt depth in comparison to the control group. The
MLE and MSE supplements significantly increased (p < 0.05) the total goblet cell counts in the
small intestine. The Lactobacillus spp. count was significantly improved (p < 0.05) and reduced
(p < 0.05) in Escherichia coli counts when the bird diet was supplemented with MLE (0.8%) and
MSE (0.8%).

Conclusion: Results indicated that M. oleifera leaf and seed extract diet improved the growth trait
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and gut health in chickens.

Introduction

Long-term health advantages are increased by therapeu-
tic plants that contain a variety of phytochemicals and
bioactive substances such as vitamins, lipids, alkaloids,
polyphenols, trace metal ions, carotenoids, carbs, and pro-
teins [1]. When describing botanicals, essential oils, and
extracts produced from herbal plants, the word “phytobi-
otics” is frequently used to describe the inherent bioactive
compounds present in plants that have an impact on ani-
mal growth and health [2]. Herbal products are a common
choice for dietary supplements in humans due to their
non-toxic chemical makeup, low cost, and ease of accessi-
bility. However, because phytogenics are a novel class of

feed additives, we still do not fully understand how they
function or how to include them in animal diets [3].
Moringa oleifera (MO), which belongs to the family
Moringaceae, is commonly known as a horseradish tree or
drumstick tree. It has both nutritional and medicinal val-
ues, with some useful minerals, vitamins, and amino acids.
All segments of the MO tree, such as the fruit, leaves, seeds,
bark, gum, leaf, and seed oil, have been utilized for the
treatment of various diseases alone or in combination with
other medicines in South Asia. This includes gastrointesti-
nal, hematological, hepato-renal, and cardiovascular disor-
ders, as well as the treatment of infectious, inflammatory,
and inflammatory diseases [4,5]. It is capable of providing
exceptional medicinal, industrial, and nutritional value for
both human and animal food/feed consumption. It is rich
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in amino acids, beta-carotene, ascorbic acid, and vitamins.
Because of its exceptional therapeutic and medicinal prop-
erties, it may be used as a medication to treat a variety of
conditions. It can also be utilized as a growth promoter,
antioxidant, and antimicrobial agent. The presence of caf-
feic acid and cinnamon acid gives it antioxidant benefits.
It was reported that this plant has over 92 useful compo-
nents, including 36 anti-inflammatory agents, 46 antioxi-
dants, and 18 amino acids [6].

The MO leaf meal contains 86% dry matter, 22.4% crude
fiber, 4.36% ether extract, 29.5% crude protein, 28.0% cal-
cium, 0.23% phosphorus, and a very small amount of tan-
nin, according to a study. It promotes immunity and has
antibacterial properties. MO contains anti-inflammatory,
anticancer, antiulcer, and antioxidant effects within its var-
ious extracts and powder forms [7]. MO leaf supplements
in diets have indicated anti-inflammatory, antioxidant,
anti-ulcerous, and anti-cancerous activities. Immune-
modulatory and growth-promoting properties showed
that it has no major side effects that endanger human life
or livestock [8]. The dietary MO leaf powder supplemented
in the feed or water of chickens has an improved effect on
their production performance. Reducing the pathogen’s
burden in the digestive tract also improves the villus height
of the villus in the intestine tract (duodenum) and protects
against different harmful microorganisms [9]. The MO leaf
as a dietary supplement for broilers resulted in a notable
enhancement in weight gain in comparison to the con-
trol (negative) group. The improvement can be linked to
the elevated protein content found in MO leaves [10]. MO
has several positive health factors, including the immune
responses of the birds. Moreover, chick diet supplements
with MO indicate greater performance (production) and
immunity than untreated chicks [11]. The dietary leaf pow-
der of MO might enhance physiological and physiochemi-
cal features as well as intestinal health in birds, which is
linked to the Moringa leaf’s capacity to reduce inflamma-
tion in the intestinal tract [12].

MO leaf and seed extracts (SEs) have multiple character-
istics due to their high fiber content, increased absorption,
lower toxicity, and enhanced microflora of beneficial bac-
teria. The combination of MO seed and leaf extract is sta-
ble, and due to its bioavailability, it is expected to enhance
the morphological parameters of the intestinal tract and
gut microbiota. Therefore, this study is planned to find out
the role of MO leaf and seed supplementation on growth
traits, gut health, and microflora in broilers. As far as our
knowledge is concerned, there has been no such research
done on the use of MO seed and leaf extract in broilers.
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Materials and Methods
Ethical approval

The Ethical Committee of the Department of Chemical
and Life Sciences, Qurtuba University of Science and
Information Technology, Peshawar, Pakistan, has approved
this research trail. DR/393, dated April 12, 2022.

Grouping and management of birds

This research study included 280 birds. The birds were
weighed on arrival and randomly divided into seven (7)
groups with eight (8) replicates in each group (n = 5). The
humidity and temperature on day 1 were kept at 65% *
5% and 35°C + 1°C, respectively. The temperature dropped
off by 3°C each week till it attained 26°C + 1°C on day 21,
with a humidity of 65% * 5%, and stayed the same at the
end of the trial.

Preparation of M. oleifera leaf and SE

The MO leaves and stem was collected from Muzaffargarh,
Punjab, Pakistan, and then taxonomically identified in the
Department of Botany, Qurtuba University of Science and
Information Technology, Peshawar. The leaf and seed were
separately crushed to make powder. Subsequently, 500
gm of the powder was soaked in 51 (5,000 ml) of ethanol
for 48 hours and thoroughly mixed and filtered through a
muslin cloth. The final extracted product was weighed and
refrigerated for further use.

Dietary strategy

Chicks were fed commercial basal diets (BDs) made from
corn base; these diets were supplemented with vary-
ing concentrations of MO leaf extract and SE for 35 days.
Group I was the control (untreated) group (fed merely BD),
while Group Il received 0.8% M. oleifera leaf extract (MLE);
Group III was given 0.8% MSE; Group IV was given 1.2%
MLE; Group V was given 1.2% MSE; Group VI was given
0.8% MLE + 0.8% MSE; and Group VII was given 1.2% MLE
+1.2% MSE.

Parameters

The following parameters were examined: growth trait
(body weight, body weight gain (BWG), feed intake, and
feed conversion ratio), small intestine morphometry
(height, width, and surface area of villus, crypt depth
(CD), and height/CD ratio of villus, thickness of lamina
propria (LP), muscularis mucosa, and externa), goblet cell
counts in the small intestinal tract (acidic, mixed, and total
goblet cell count), and gut microflora (Escherichia coli,
Lactobacillus, and Bifidobacteria).
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Growth performance

The initial body weight was measured, and then it was
measured every week for BWG. The feed utilization by
birds was recorded daily. Recorded feed consumption and
weight gained were used for the calculation of the feed
conversion ratio (FCR).

FCR = Feed consumed/ BWG
Sampling

On day 35, two birds from each replicate (16 birds/group)
were selected for sampling. After cervical dislocation, the
small intestine and ingesta were collected. From the duo-
denum (at the duodenal loop), jejunum (between duo-
denum and ilium), and ilium (distal segment before the
ileocecal junction equaling the length of the cecum), about
2 cm portions were obtained and preserved in 10% buft-
ered formalin for histological analysis as described by
Ali et al. [13]. Ingesta from ilium was collected in normal
saline and used for microbial counts.

Preparation of intestinal sample slides for microscopic
study

Tissue processing was performed using the paraffin
embedding technique, according to Khan et al. [8]. All
tissues were fixed in 4% paraformaldehyde in phos-
phate-buffered saline for about 24 hours and washed over-
nightin PBS. The tissue becomes dehydrated by immersion
in its higher ethanol concentrations (60%, 70%, 90%, and
100%) each for 2 hours. The tissues underwent a clear-
ing process in two rounds of xylene, each lasting 2 hours.
Paraffin wax was employed for infiltration, and the tissues
were immersed in molten paraffin using a hot air oven
(58°C) for 6 hours. Plastic molds were utilized to create
blocks, and subsequently, the tissue block was affixed to
the microtome and rotated on the wheel. If the embedded
intestinal tissue reached 20 pm, the block was adjusted to
5-6 um to obtain a thin ribbon. A water bath (45°C) with a
small amount of gelatin facilitated the transfer of the thin
tissue ribbon after the microtomy. The resulting tissue
section was mounted on a slide and appropriately labeled
using a pencil. The slides were subjected to a hot air oven
(90°C-100°C) for 15 minutes to achieve drying. The slides
containing tissue sections were then stained through the
hematoxylin and eosin (H&E) technique, following a pro-
tocol similar to that used by Khan et al. [7] with slight
modifications.

Morphometry of the intestinal tract

In each intestinal cross-section, five well-oriented villi
were selected for measuring villus height (VH), width
(VW), and CD. The VH (um) was determined from the villus
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of the tip to the crypt junction of the villus. The CD (pm)
was demarcated as the depth between nearby villi. From
VH and CD, the VH/CD ratio was measured. Villus width
(VW) was measured at three points, i.e., at the villus tip,
at the midpoint of the villus, and at the base of the villus.
An average of these three values was used as the width of
the villus. The villus surface area (VSA) was determined
by using the formula (2m) x (V/2) x (VL). The thickness of
the LP and muscularis externa was measured [14]. For his-
to-morphometry, the slides were observed under a micro-
scope with a 4X objective lens (Labomed USA), and for
measurement of VH, VW, CD, and the thickness of LP, MM,
and ME, using a commercial program (Labomed, PixelPro)
software.

Cellular differentiation in the intestinal tract (duodenal,
jejunal, and ileal)

The slides were stained with combined Alcian blue-PAS
for goblet cell counting and examined with a 10X objective
lens. Acidic mucin-containing goblet cells (GC) are stained
blue, neutral mucin-containing GC are stained magenta,
and mixed GC with both neutral and acidic mucin stain
purple [15].

Gut microflora

The Bifidobacteria spp., Lactobacillus spp. and E. coli
counts were determined through different selected medi-
ums. Using a traditional culturing procedure, digesta was
taken from two birds per replicate for the counting of spec-
ified microbial diversity. The colony-forming unit formula
was used to get the selected bacterial count [16].

Statistical design

The data were analyzed using a one-way analysis of vari-
ance, and it was presented as mean SEM using Statistical
Packages (SPSS Inc.) for Windows Version 13.3 (Chicago,
IL, USA). Using significant differences (p < 0.05), the differ-
ences between the groups were measured.

Results
Growth traits
Body weights (BW)

In the first 3 weeks of the trial, body weights did not vary
among the treated and control groups (Table 1). In the
fourth week, body weight was increased (p < 0.05) in the
D (BD + 1.2% MLE) and F (BD + 0.8% MLE + 0.8% MSE)
groups than in the A (control) group. Moreover, the B (BD +
0.8% MLE) and E (BD + 1.2% MSE) groups showed greater
(p < 0.05) BW than the A (control) group. In the last week
(5™ of the trial, BW was increased (p < 0.05) in the F (BD
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+ 0.8% MLE + 0.8% MSE) and B (BD + 0.8% MLE) groups
than in the A (control) group.

Body weight gain

In the first two weeks, the BWG showed no significant
changes among the control and treated groups (Table 2).
In the third week, BWs were increased (p < 0.05) in the F
(BD + 0.8% MLE + 0.8% MSE) group than in the A (con-
trol) and all treated groups. In the fourth week, the BWGs
were higher (p < 0.05) in the B (BD + 0.8% MLE), D (BD +
1.2% MLE), E (BD + 1.2% MSE), and F (BD + 0.8% MLE +
0.8% MSE) groups than in the A (control) group. In the last
week (5th), BWGs were also higher (p < 0.05) in the D (BD
+ 1.2% MLE) and F (BD + 0.8% MLE + 0.8% MSE) groups
than in the A (control) group.

Feed intake

In the whole trial, feed intake did not vary among the con-
trol and treated groups (Table 3).

Feed conversion ratio

FCR between the treated and untreated (control) groups
did not differ significantly during the first three weeks
(Table 4). In the fourth week, FCR had improved (p < 0.05)
among all treated groups compared to the A (control) and
G (BD + 1.2% MLE + 1.2% MSE) groups. In the last week
(5th), FCR was improved (p < 0.05) in the B (BD + 0.8%

MLE), D (BD + 1.2% MLE), and F (BD + 0.8% MLE + 0.8%
MSE) groups than in the A (control) group.

Gut morphometry
Duodenum

In the duodenum, VW, muscularis mucosa, thickness of
the externa, and CD did not vary among the treated and
control groups (Table 5). The D (BD + 1.2% MLE) and F
(BD + 0.8% MLE + 0.8% MSE) groups have higher VH (p
< 0.05) than the A (control) group. Furthermore, VH was
also higher (p < 0.05) in B (BD + 0.8% MLE), and C (BD +
0.8% MSE) groups than in the A (control) group. Duodenal
villus, surface area, and ratio of VH/CD were higher (p <
0.05) in B (BD + 0.8% MLE), D (BD + 1.2% MLE), and F (BD
+ 0.8% MLE + 0.8% MSE) groups than in the A (control)
group. LP thickness (LPT) was also higher (p < 0.05) in B
(BD + 0.8% MLE), C (BD + 0.8% MSE), D (BD + 1.2% MLE),
and F (BD + 0.8% MLE + 0.8% MSE) groups than in the A
(control) group.

Jejunum

In the Jejunum, VW, surface area, thickness of muscularis
mucosa, externa, and LP remained unaffected in the exper-
iment among the treated and control groups (Table 5). VH,
surface area, and ratio of VH/CD were higher (p < 0.05) in
the D (BD + 1.2% MLE) and F (BD + 0.8% MLE + 0.8% MSE)
groups than in the A (control) group. The jejunal CD was

Table 1. Effect of leaf and seed powder extracts of M. oleifera on body weight (grams) of broiler chickens.

Week A B C D E F G SEM p-value
First 137.40 139.60 142.20 136.33 138.50 142.33 136.60 1.2 0.119
Second 382.32 400.61 392.28 406.16 388.20 398.83 380.39 2.8 0.385
Third 726.50 746.50 719.38 756.30 738.66 775.63 726.22 4.8 0.188
Fourth 1180.25¢ 1292.20° 1245.30 1310.38* 1296.33° 1344.83° 1198.38¢ 9.5 0.020
Fifth 1650.60° 1767.20¢ 1717.30° 1808.60° 1768.38¢ 1864.30° 1668.60° 11.3 0.002

=4 Means with different superscripts within the same row are significantly different (p < 0.05) from each other.

A = Basal Diet (BD), B = BD + 0.8% M. oleifera leaf extract (MLE), C = BD + 0.8% M. oleifera seed extract (MSE), D = BD + 1.2% MLE, E = BD + 1.2% MSE, F = BD

+0.8% MLE +0.8% MSE, G =BD + 1.2% MLE + 1.2% MSE.

Table 2. Effect of leaf and seed powder extracts of M. oleifera on BWG (grams) of broiler chickens.

Week A B C D E F G SEM p-value
First 90.40 91.38 92.20 85.30 86.33 92.40 89.60 1.0 0.186
Second 244.92 261.01 250.08 269.83 249.70 256.50 243.78 1.8 0.194
Third 344.18° 345.89° 327.10° 350.14° 350.46° 376.80° 345.84° 2.5 0.028
Fourth 461.75¢ 545.70% 525.92° 554.08° 557.67° 569.20° 472.16¢ 6.8 0.015
Fifth 462.35° 475,00 472°.00 498.22% 472.05° 519.47° 470.22° 7.7 0.003

*Means with different superscripts within the same row are significantly different (p < 0.05) from each other.
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increased (p < 0.05) in A (control) and G (BD + 1.2% MLE +
1.2% MSE) groups than in all other treated groups.

lleum

In the ileum, significant differences were not observed in
the thickness of the LP, muscularis mucosa, externa, VSA,
and CD among the treated and control groups (Table 5). In
B (BD + 0.8% MLE), D (BD + 1.2% MLE), and F (BD + 0.8%
MLE + 0.8% MSE) groups, the VH was increased (p < 0.05)
than in the A (control) group. VW was increased (p < 0.05)
in A (control) and G (BD + 1.2% MLE + 1.2% MSE) groups
than in the other all treated groups. [leal VH/CD was higher
(p<0.05) in the B (BD + 0.8% MLE) and F (BD + 0.8% MLE
+ 0.8% MSE) groups than in the A (control) group.

GC count in the intestinal tract

Duodenal, jejunal, and ileal mixed goblet (MG) cell counts
did not vary among the treated and control groups
(Table 6). Duodenal and jejunal acidic goblet cell (AG) and
total goblet cell (TG) numbers were increased (p < 0.05) in
B (BD + 0.8% MLE), D (BD + 1.2% MLE), and F (BD + 0.8%
MLE + 0.8% MSE) groups than in the A (control) group.
Ileal AG and TG cell numbers were increased (p < 0.05) in B
(BD +0.8% MLE), C (BD + 0.8% MSE), D (BD + 1.2% MLE),
and F (BD + 0.8% MLE + 0.8% MSE) groups than in the A
(control) group.

Bacterial cell count

The count of Bifidobacter did not differ (p < 0.05) among
the treated and untreated (control) groups (Table 7). The
Lactobacillus counts were higher (p < 0.05) in the B (BD

+ 0.8% MLE), E (BD + 1.2% MSE), and F (BD + 0.8% MLE
+ 0.8% MSE) groups than the A (control) group. E. coli
counts were decreased (p < 0.05) in all treated groups
compared to the A (control) and G (BD + 1.2% MLE + 1.2%
MSE) groups. However, group G (BD + 1.2% MLE + 1.2%
MSE) also had lower (p < 0.05) E. coli counts than the A
(control) group.

Discussion

The study aims to investigate the effect of dietary MO on the
growth traits and gut health of the chickens. In the current
experiment, in the last of the fourth and fifth weeks, body
weight was increased (p < 0.05) in Groups D (BD + 1.2%
MLE) and F (BD + 0.8% MLE + 0.8% MSE) than in the A
(control) group. In the current study, in the starter phase of
the trial, body weight did not vary among the supplement
groups. These results are endorsed by Ochi et al. [10], who
documented that the significant decrease in chick weight
in the starter phase (first 3 weeks of the trial) did not vary
among the treated groups. This may be because MO con-
tains tannins and phytates, which are considered antinu-
tritional factors. These factors decreased the absorption of
nutrients in the birds at an early age. The current study
is similar to Agashe et al. [4], who claimed that the body
weight of the birds was increased due to the dietary leaf
of MO. This is due to the fact the fact that moringa has sig-
nificant amounts of vitamins, iron, proteins, and minerals.

In the current study of the first two weeks, the BWG
did not vary among the control and treated groups. In
the last three weeks of the experiment, BWGs were also

Table 3. Effect of leaf and seed powder extracts of M. oleifera on feed intake of broiler chickens.

Week A B C D E F G SEM p-value
1t 126.83 122.83 122.33 118.50 118.14 124.50 121.70 0.9 0.280
2nd 364.33 360.16 361.50 352.60 357.16 354.00 363.30 1.2 0.255
3rd 636.30 620.60 607.20 591.80 625.30 589.36 630 3.9 0.182
4t 847.80 808.36 795.30 790.53 822.50 810.40 850.60 7.5 0.100
5th 1075.80 896.60 990.80 965.20 1008.30 939.70 1090.50 9.5 0.212
Table 4. Effect of leaf and seed powder extracts of M. oleifera on FCR of broiler chickens.
Week A B C D E F G SEM p-value
1t 1.40 1.34 1.33 1.38 1.37 1.35 1.36 0.01 0.830
2nd 1.49 1.38 1.45 131 143 1.38 1.49 0.01 0.080
3 1.85 1.79 1.85 1.69 1.78 1.56 1.82 0.01 0.060
4th 1.84° 1.48° 1.51° 1.43° 1.48° 1.42° 1.80° 0.02 0.040
5th 2.33¢ 1.90%* 2.10° 1.94% 2.14b¢ 1.822 2.32¢ 0.03 0.020

*Means with different superscripts within the same row are significantly different (p < 0.05) from each other.
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Table 5. Effect of leaf and seed powder extracts of M. oleifera on morphometric parameters of intestine in broiler chickens.

Parameters A B C D E F G SEM p-Value
Duodenum

VH (um) 911.60° 1218.80% 1188.50°¢ 1269.80 1174.20¢ 1330.60° 902.50¢ 17.5 0.002
VW (um) 117.10 147.30 135.40 141.60 133.50 138.80 118.10 2.3 0.320
VSA (mm)2 335.90¢ 564.80° 505.90° 565.60° 492.90° 580.10° 335.70° 14.60 0.003
CD (um) 215.60 170.50 191.30 177.40 194.80 167.60 216.30 3.9 0.110
LPT (um) 82.21° 89.20% 92.10° 91.70° 85.30° 96.10° 81.10° 1.9 0.045
MMT (um) 37.70 28.30 30.43 29.60 31.35 28.60 28.50 0.9 0.120
MET (um) 162.58 142.16 148.33 150.41 139.91 141.83 162.58 1.9 0.200
VH:CD 4.22¢ 7.15° 6.21° 7.15° 6.03° 7.93° 4.17¢ 0.3 0.001
Jejunum

VH (pm) 758.57° 920.20° 900.56° 983.30° 848.23% 998.85° 757.45¢ 19.4 0.030
VW (km) 134.50 127.20 131.41 128.55 128.58 127.33 133.50 35 0.225
VSA (mm)? 320.90° 368.20% 372.70° 397.10° 342.40* 399.40° 318.5° 11.40 0.049
CD (um) 143.50° 111.10% 121.60% 109.85% 132.80* 103.60° 141.40° 2.0 0.019
LPT (um) 76.30 90.50 102.70 81.40 87.60 92.45 78.20 1.7 0.135
MMT (pm) 36.40 26.10 32.06 25.65 30.48 27.40 35.60 0.9 0.088
MET (pm) 165.35 134.80 157.30 138.22 161.35 131.20 163.25 2.0 0.07
VH:CD (um) 5.29¢ 8.28° 7.41° 8.95° 6.39" 9.64° 5.36° 0.4 0.019
lleum

VH (um) 565.70¢ 866.20° 739.30° 795.50% 708.15° 813.40% 559.20° 18.3 0.002
VW (um) 138.20° 120.52% 121.30% 127.20° 116.55¢ 125.00° 139.40° 2.0 0.009
VSA (mm)2 245.50 328.50 282.10 318.10 259.50 319.50 245.80 6.25 0.135
CD (um) 134.10 110.70 128.00 114.85 110.60 109.70 130.60 1.8 0.080
LPT (um) 64.50 78.75 69.10 71.80 72.75 83.90 65.00 1.5 0.350
MMT (um) 39.90 30.50 36.20 30.40 35.80 28.70 38.50 0.6 0.090
MET (um) 180.30 154.70 166.70 160.60 162.50 153.00 175.00 1.9 0.088
VH:CD 4.21¢ 7.82° 5.78° 6.93* 6.40° 7.41° 4.30° 0.3 0.010

*Means with different superscripts within the same row are significantly different (p < 0.05) from each other.
VH(Villus height); VW(Villus width); VSA(Villus surface Area); CD(Crypt Depth); LPT(Lamina propria thickness); MMT(Muscularis mucosa thickness);

MET(Muscularis Externa thickness); VH:CD(Villus height:crypt depth ratio).

higher (p < 0.05) in the groups D (BD + 1.2% MLE) and F
(BD + 0.8% MLE + 0.8% MSE) than the A (control) group.
Similar results were also mentioned by Khan et al. [8],
who observed that MO did not affect BWG in the starter
phase. This may be due to the early age of the birds; the
gut is not fully developed. Another study showed that MO
supplements improved the weight gain of the chicks. This
is caused by the active ingredients that play an important
role in the improvement of digestion, metabolism, and
nutrient absorption through the gut [1]. Another study
showed that BWG did not vary with dietary supplements

http://bdvets.org/javar/

Gul et al. / J. Adv. Vet. Anim. Res., 11(2): 339-348, June 2024

of MSE during the growing phase. This effect is due to the
high dose of MO and the improper processing of the leaves,
which increased the levels of anti-nutritional factors that
resulted in the reduction of utilization and digestion of
feed [17].

In the trial, feed intake did not vary among the con-
trol and treated groups. Ullah et al. [6], reported the same
finding, they concluded that MLE reduced feed intake in
the whole trial. Feed intake is reduced due to the use of
a high concentration of MO in the diet of broilers, which
might have harmful effects due to a weakened taste when
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Table 6. Effect of leaf and seed powder extracts of M. oleifera on GC containing mixed and acidic mucin in small intestine of broilers.

Intestinal segment  Goblet cell A B C D E F G SEM p-value
Duodenum AGC 61.10° 97.20° 90.20% 99.30° 88.30* 105.50° 65.00° 2.9 0.010
MGC 35.90 49.20 43.10 47.50 39.20 51.90 36.60 1.2 0.050
TGC 97.00¢ 146.40° 133.30% 146.90° 127.50° 156.40° 101.60¢ 3.2 0.020
Jejunum AGC 82.20°¢ 137.60° 127.50% 139.30° 112.80° 146.30° 85.60° 43 0.020
MGC 49.80 52.30 48.00 43.50 46.40 40.60 49.90 1.2 0.240
TGC 132.00 189.90 175.50 182.80 159.20 186.90 135.50 4.3 0.080
lleum AGC 90.90¢ 155.40% 147.85%* 176.10° 124.20° 170.10° 95.30°¢ 5.0 0.013
MGC 47.30 51.50 39.60 47.20 40.80 51.20 51.50 1.0 0.190
TGC 138.20¢ 206.90° 187.45% 223.30° 165.00° 221.30° 146.80¢ 5.9 0.012
@< Means with different superscripts within the same row are significantly different (p < 0.05) from each other.
Table 7. Effect of leaf and seed powder extracts of M. oleifera on bacterial cell counts of broiler chickens.
Bacterial population A B C D E F G SEM p-value
Lactobacilus 6.85° 8.09° 7.50% 7.80% 7.38° 8.06° 7.00° 0.05 0.025
Bifidobacteria 7.32 7.78 7.46 7.57 7.66 7.72 7.45 0.07 0.590
Escherichia coli 8.05¢ 7.25° 7.62%® 7.48® 7.49% 7.27° 7.89° 0.04 0.042

**Means with different superscripts within the same row are significantly different (p < 0.05) from each other.

included in the feed of broilers. Another study reported
that feed intakes were not significant when the birds were
treated with different levels of MO. Moringa supplements
have shown no toxic results or contain some factors that
prevent the intake of feed in opposition to the absorption
of nutrients [8,18].

In the current experiment last week, FCR was improved
(p <0.05) in B (BD + 0.8% MLE), D (BD + 1.2% MLE), and
F (BD + 0.8% MLE + 0.8% MSE) groups than in the A (con-
trol) group. A similar study also reported that moringa sup-
plementation in the diet of chickens improves production
performance. Improvement in feed efficiency and weight
gain in the feed of broilers by having MO supplements,
which improve the FCR in broilers [19]. In another simi-
lar study, Eladia et al. [11], also reported that Moringa leaf
meal showed better FCR as compared to the control broiler
diet. Moringa leaf meal contains natural growth promot-
ers, immune and beneficial bacteria-stimulant activities
that enhance growth performance.

The current research revealed that, in the duodenal
segment, the villus, surface area, and ratio of VH/CD were
higher (p < 0.05) in B (BD + 0.8% MLE), D (BD + 1.2%
MLE), and F (BD + 0.8% MLE + 0.8% MSE) groups than in
the A (control) group. A similar study documented that gut
histomorphometry in broilers is vital for the utilization of
nutrients and absorption and designates the good physiol-
ogy of the birds. Higher villi are valuable for better nutri-
ent absorption because they enhance the surface area and
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improve the intestinal health of broilers [7]. In the duode-
num, the VSA and the ratio of VH/CD are improved due to
the MLE supplementation in the feed of broilers in com-
parison to birds whose diet contains no MO leaf powder or
extract [20]. The higher ratio of VH/CD made the intestinal
architecture more oriented toward digestion and absorp-
tion and improved the potential of hydrolysis, thus requir-
ing fewer nutrients for gut maintenance [21].

In the jejunum, the VH, surface area, and the ratio of VH/
CD were higher (p <0.05) in D (BD + 1.2% MLE) and F (BD
+ 0.8% MLE + 0.8% MSE) groups than in the A (control)
group. Kavoi et al. [22], endorsed our finding and stated
that the Moringa supplementation in the diets of the birds
increased the surface area of the villus, which is freely
available for the absorption of nutrients, and the ratio of
VH/CD is a key factor in the gut functional capability, and
a decrease in the ratio is considered harmful to the nutri-
ent’s digestion and absorption in the chickens. The muco-
sal intestinal wall, whose capability to produce movement
locally and cause the mucosal folding to enhance the con-
tact between the luminal content and the wall of the epi-
thelium to enhance absorption [23].

In the current study, in groups B (BD + 0.8% MLE), D
(BD + 1.2% MLE), and F (BD + 0.8% MLE + 0.8% MSE),
the VH of the ileum was increased (p < 0.05) than in the A
(control) group. A similar study documented that dietary
Moringa leaf increased the length and width of the vil-
lus (duodenal and ileal) in broilers. The intestinal tract
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absorbs the nutrients through digestion with the frag-
ments of feed in the duodenum, fermentation, and con-
sequently the absorption in the ileum of the fermented
products [24]. The MLE contains glutathione contents, a
conjugate component of glutamate, the richest amino acid
in the circulation of the blood, which plays an important
role in maintaining intestinal mucosal integrity [25].

The ability of MO to enhance growth traits, successfully
prevent intestinal morphological atrophy, relieve oxidative
damage, and downregulate mRNA expression of mucosal
inflammatory genes in the jejunum under oxidative stress
[12]. The findings indicate that there were notable varia-
tions in growth characteristics and feed costs. Additionally,
it demonstrates that the leaf meal of moringa may easily
replace up to 15% of the costlier protein sources in the diet
without sacrificing performance [26].

The duodenal and ileal tissue, AG, and TG numbers were
increased (p < 0.05) in B (BD + 0.8% MLE), D (BD + 1.2%
MLE), and F (BD + 0.8% MLE + 0.8% MSE) groups. The
current study was endorsed by Zeeshan et al. [27], who
found out that the GC in the mucosa of the intestine indi-
cates the capacity of the intestine to produce mucin. GCare
is an important element of the intestinal immune system.
Mucin (glycoprotein) is produced on the superficial layers
of the intestinal mucosa of the broilers. It plays an import-
ant role in lubricating the intestinal mucosa and identify-
ing and inhibiting the colonization of pathogenic bacteria.
Acidic GC can protect against harmful bacteria by showing
resistance to the destructive action of the bacteria’s pro-
teases. Another study showed that MO leaf supplementa-
tion enhanced the counts of total GC. This improvement
may be due to the presence of vitamins in MO, which play
an important role in the development and maturation of
mucin cells, as documented by Khan et al. [8]. The inclu-
sion of MSE in the broiler’s diet promoted mucin produc-
tion, which protects the lumens of the intestinal tracts. The
higher mature GC (Acidic), containing acidic mucin due to
the dietary supplementation of moringa seed, contributed
to the reduction in the pH of the intestine, which may lead
to an increase in the uptake of nutrients and enhance the
microbial profile in the intestine [21].

The Lactobacillus counts were higher (p < 0.05) in the B
(BD+0.8% MLE),E (BD +1.2% MSE), and F (BD + 0.8% MLE
+0.8% MSE) groups than the A (control) group. Escherichia
coli counts were decreased (p < 0.05) in all treated groups
compared to the A (control) and G (BD + 1.2% MLE + 1.2%
MSE) groups. A similar study reported that MLE and MSE
have antibacterial activity. The supplementation of MSF
and MSE significantly increased the number of beneficial
bacteria (Lactobacillus, Bifidobacteria) and decreased the
number of pathogenic bacteria (Salmonella spp., E. coli)
[20]. MO is rich in fiber, which is a substrate for benefi-
cial bacteria. When the beneficial bacterial population is
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increased, it causes the expulsion of harmful bacteria, and
the beneficial bacteria also cause the production of volatile
fatty acids [8]. The volatile fatty acids acted on enterocytes
and increased the surface area of the villus, resulting in
increased absorption, which led to growth and enhanced
the immune status of the birds [1,30]. MO enhances the
activity of antioxidants such as catalase and superoxide
dismutase. These antioxidant enzymes have effects on free
radicals, viruses, and pathogenic bacteria in broilers [19].
The count of Lactobacillus was higher in the group supple-
mented with MLE, and counts of E. coli and Salmonella spp.
were decreased as compared to the control. The herbal
supplements prevent pathogenic bacteria colonization,
develop the outer barrier, and inhibit the nutrient supply
for the growth of bacteria [20,28].

Metagenomics provides a new perception of micro-
biomes and the interactions between microbes and their
hosts. Dietary nutrition, such as phytobiotics (M. oleifera),
has a positive influence on the composition of the intestinal
microbiota, which is important for gut health maintenance
and improving the immune status of the host. The bene-
ficial microbiota such as Lactobacillus spp., Bacteroides
fragilis, Butyricoccus pullicaecorum, and Bacteroides barne-
siae had higher populations than the pathogenic ones such
as Clostridium and Salmonella spp. with phytobiotic sup-
plements like MO, it is important to modulate the immune
system, protect the gut health from pathogenic microbes,
and improve the gut health by increasing the population of
beneficial bacteria, which leads to an increase in the pro-
duction of volatile fatty acids that cause villus hypertrophy
and improve the nutrients [29,30].

Conclusions

The leaf extract of MO group D (MLE-1.2% in the diet of
the broilers) and the combined use of MLE and MSE, group
F (BD + 0.8% MLE + 0.8% MSE) is superior for enhanc-
ing the broilers performance, the architecture of the intes-
tine, and mucosal protection of the gut. The MO seed and
leaf extract reduced the load of pathogenic bacteria in the
intestinal tract and improved the beneficial gut microflora
due to the higher fiber content of this medicinal plant. It is
also a great stress-reducing agent and is used as an antibi-
otic replacement.

List of Abbreviations

BD, Basal diet; CD, Crypt Depth; LPT, Lamina propria thick-
ness; MMT, Muscularis mucosa thickness; MET, Muscularis
Externa thickness; MLE, Moringa oleifera leaf extract; SE,
Seed extract; VH, Villus height; VW, Villus width; VSA, Villus
surface Area; VH: CD, Villus height: Crypt depth ratio.

Gul et al. / J. Adv. Vet. Anim. Res., 11(2): 339-348, June 2024 346



Acknowledgment

The authors express thanks to the faculty and staff at
“College of Veterinary Science and Animal Husbandry,
Abdul Wali Khan University Mardan, Pakistan” and the
Institute of Chemical Sciences, University of Peshawar,
Pakistan, for their support in the preparation of extract
material, running of the birds’ trail, and post-sample pro-
cessing in their laboratories.

Conflict of interests

In the submitted manuscripts, the author(s) have con-
firmed that there is no potential conflict of interest con-
cerning the authorship, research data, or publication.

Authors contributions

Shumaila Gul: Investigation, Project administration,
Writing-original draft preparation; Fida Hussain:
Conceptualization, Supervision, Methodology, Writing;
Raheela Taj: Resources, Extraction from supplements;
Asad Ullah: Data Curation, editing, and formal analysis.

References

[1] Nkukwana TT, Muchenje V, Pieterse E, Masika PJ, Mabusela TP,
Hoffman LC, et al. Effect of Moringa oleifera leaf meal on growth
performance, apparent digestibility, digestive organ size and
carcass yield in broiler chickens. Livest Sci 2014; 161:139-46;
https://doi.org/10.1016/jlivsci.2014.01.001

[2] Khan RU, Khan A, Naz S, Ullah Q, Laudadio V, Tufarelli V, et al.
Potential applications of Moringa oleifera in poultry health and
production as an alternative to antibiotics: antibiotics 2021;
10(12):1540; https://doi.org/10.3390/antibiotics10121540

[3] Windisch W, Schedle K, Plitzner C, Kroismayr A. Use of phytogenic
products as feed additives for swine and poultry. ] Anim Sci 2008;
86(14):140-8; https://doi.org/10.2527 /jas.2007-0459

[4] Agashe JL, Manwar SJ, Khose KK, Wade MR. Effect of supplemen-
tation of Moringa oleifera leaf powder on growth performance of
broilers. ] Poult Sci Technol 2017; 5(03):28-34.

[5] Ogbe AO, Ombugadu SB, Dan-Azumi OA, Ayuba F. Oral administra-
tion of aqueous extract from Moringa oleifera seed, gum Arabic
and wild mushroom (Ganoderma sp.): effect on growth perfor-
mance of broiler chickens in comparison with antibiotic. Int] Med
Plant Alter Med 2013; 1(2):30-8.

[6] Ullah E, Tahir M, Naz S, Khan NA, and Khan RU. In vitro efficacy
and ameliorating effect of Moringa oleifera on growth, carcass,
stress and digestibility of nutrients in Escherichia coli-infected
broilers. ] Appl Anim Res 2022; 50(1):118-24; https://doi.org/
10.1080/09712119.2022.2039156

[7] Khan I, Zaneb H, Masood S, Ashraf S, Rehman HF, Tahir SK, et
al. Supplementation of selenium nanoparticles-loaded chitosan
improves production performance, intestinal morphology, and
gut microflora in broiler chickens. ] Poult Sci 2022; 59(3):272-
81; https://doi.org/10.2141/jpsa.0210026

[8] Khan I, Zaneb H, Masood S, Yousaf MS, Rehman HF, Rehman
HU. Effect of Moringa oleifera leaf supplementation on growth
performance and intestinal morphology in broiler chickens.
] Anim Physiol Anim Nutr 2017; 101(1):114-21; https://doi.
org/10.1111/jpn.12634

http://bdvets.org/javar/

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Gul etal. /J. Adv. Vet. Anim. Res., 11(2): 339-348, June 2024

Ganguly S. Supplementation of prebiotics, probiotics and acids on
immunity in poultry feed: A brief review. World’s Poult Sci ] 2013;
69:639-48; https://doi.org/10.1017/S0043933913000640
Ochi EB, Elbushra ME, Fatur M, Abubakr O, Hafiz A. Effect of mor-
inga (Moringa oleifera lam) seeds on the performance and carcass
characteristics of broiler chickens. ] Nat Sci Res 2015; 5(8):66-73.
Eladia R, Ampode KM. Moringa (Moringa oleifera Lam.) pod
meal: nutrient analysis and its effect on the growth performance
and cell-mediated immunity of broiler chickens. ] Anim Health
Prod 2021; 9(2):170-7; https://doi.org/10.17582 /journal.
jahp/2021/9.2.170.177

Khalid N, Sakhawat SF, Mehmood H, Ali MM, Ali R, Amin Y, et
al. Effects of Moringa oleifera leaf powder as feed additives on
growth performance and blood parameters of broiler. ] Anim
Health Prod 2021; 9(3):271-6; http://dx.doi.org/10.17582/
journal.jahp/2021/9.3.271.276

Ali S, Masood S, Zaneb H, Rehman HF, Masood S, Khan MR, et
al. Supplementation of zinc oxide nanoparticles has beneficial
effects on intestinal morphology in broilers chicken. Pak Vet ]
2017; 37:335-9.

Rehman HF, Zaneb H, Masood S, Yousaf MS, Hayat K, Majeed KA, et
al. Effect of selenium nanoparticles and mannan oligosaccharide
supplementation on growth performance, stress indicators, and
intestinal microarchitecture of broilers reared under high stock-
ing density. Animals 2022; 12:2910; https://doi.org/10.3390/
anil2212910

Bancroft JD, Floyd AD, Suvarna SK. Bancroft’s theory and practice
of histological techniques. 7th ed, Elsevier Health Sci, New York,
NY, 2013.

Nabizadeh A. The effect of inulin on broiler chicken intestinal
microflora, gut morphology, and performance. ] Anim Feed Sci
2012; 21:725-34; https://doi.org/10.22358 /jafs /66144 /2012
Teteh A, Lawson E, Tona K, Decuypere E, Beassor G. Moringa oleif-
era leave: hydro-alcoholic extract and effects on growth perfor-
mance of broilers. Int ] Poult Sci 2013; 12(7):401-5; https://doi.
org/10.3923/ijps.2013.401.405
Ogbe AO, Affiku JP. Effect of polyherbal aqueous extracts (Moringa
oleifera, Gum arabic and wild Ganoderma lucidum) in compari-
son with antibiotic on growth performance and haematological
parameters of broiler chickens. Res ] Rec Sci 2012; 1(7):10-8.
El-Deep MH, Dawood MAO, Assara MH, ljiric D, Ohtsukac A.
Dietary Moringa oleifera improves growth performance, oxida-
tive status, and immune related gene expression in broilers under
normal and high temperature conditions. ] Therm Biol 2019;
82:157-63; https://doi.org/10.1016/j.jtherbio.2019.04.016
Chakma ], Samanta AK, Dutta TK, Arya RS. Effect of supplement-
ing Moringa oleifera leaf extract and clove bud oil to the diet
on microflora population and intestinal morphology of broiler
birds. Indian ] Anim Health 2020; 59(2):222-7; https://doi.
org/10.36062/ijah.59.2SPL.2020.222-227
Egbu CF, Motsei LE, Yusuf AO. Effect of Moringa oleifera seed
extract administered through drinking water on physiological
responses, carcass and meat quality traits, and bone parameters
in broiler chickens. Appl Sci 2022; 12(20):10330; https://doi.
org/10.3390/app122010330.

Kavoi BM, Gakuya DW, Mbugua PN, Kiama SG. Effects of dietary
Moringa oleifera leaf meal supplementation on chicken intes-
tinal structure and growth performance. ] Morphol Sci 2016;
33(4):186-92; http://dx.doi.org/10.4322 /jms.095915

Adibmoradi SM, Seifdavati ], Royan M. Effect of dietary garlic meal
on histological structure of small intestinal in broiler chickens. ]
Poult Sci 2006; 43:378-83; https://doi.org/10.2141/jpsa.43.378
Mendoza YM, Lopez-Villarreal KD, Hernandez-Martinez CA,
Rodriguez-Tovar LE, Hernandez-Coronado AC, Soto-Dominguez
A, et al. Effect of moringa leaf powder and agave inulin on perfor-
mance, intestinal morphology, and meat yield of broiler chickens.

347



[25]

[26]

[27]

Poult Sci 2021;
psj.2020.11.058
Nkukwana TT, Muchenje V, Masika PJ, Mushonga B. Intestinal
morphology, digestive organ size and digesta pH of broiler
chickens fed diets supplemented with or without Moringa oleif-
era leaf meal. S Afr ] Anim Sci 2015; 45(4):362-70; https://doi.
org/10.4314 /sajas.v45i4.2

Owen 0], Alikwe PN, Okidim IA. The economic potential of com-
pounding rabbit diets with graded levels of Moringa oleifera leaf
meal. ] Environ Issues Agric Dev Countries 2013; 5(2):34-40.
Zeeshan M, Zaneb H, Masood S, Ashraf S, Khan I, Rehman HF, et
al. Morphological modulation of broiler organs in response to an
organic acid-phytogen composite in healthy broilers. Agriculture
2022; 12:791; https://doi.org/10.3390/agriculture12060791

100(2):738-45; https://doi.org/10.1016/j.

http://bdvets.org/javar/

[28]

[29]

[30]

Amin M, Anwar F, Naz F, Mehmood T, Saari N. Anti Helicobacter
pylori and urease inhibition activities of some traditional
medicinal plants. Molecule 2013; 18(2):2135-49; https://doi.
org/10.3390/molecules18022135

Hafsa SA, Ibrahim SA, Eid YZ, Hassan AA. Effect of dietary Moringa
oleifera leaves on the performance, ileal microbiota and antioxi-
dative status of broiler chickens. ] Anim Physiol Anim Nutr 2020;
104:529-38; https://doi.org/10.1111/jpn.13281

Soundararajan S, Selvakumar ], Maria Joseph ZM, Gopinath Y,
Saravanan V, Santhanam R. Investigating the modulatory effects
of Moringa oleifera on gut microbiota of chicken model through
metagenomic approach. Front Vet Sci 2023; 10:1153769; https://
doi.org/10.3389/fvets.2023.1153769

Gul et al. / J. Adv. Vet. Anim. Res., 11(2): 339-348, June 2024 348



