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Abstract

This study was conducted to evaluate the impact of Fenugreek seed meal (FGSM) on Physiological
and histological hemostasis of broiler chickens. A total of 144 unsexed, one day old chicks one day
old (Ross) were used in the present study. They were divided randomly into four groups, each with
36 chicks, in four duplicates of nine chicks. The initial group (control group) received a conventional
diet. while the second, third, and fourth groups (T1, T2, and T3) were fed a diet with 5%, 10%, and
20% Fenugreek seed meal, respectively. The duration of the experiment was five weeks. The main
results demonstrated significant variations in live body weight (LBW), body weight gain (BWG), feed
intake (Fl), and feed conversion ratio (FCR) among the treatments at five weeks of age. Also, the
total digestive tract length (cm) showed significant differences due to the applied treatments. while
cecum length (cm) was not significantly affected. In addition, carcass characteristics, were
significantly affected by different dietary treatments, except heart, bursa, and spleen. Also, none
of the blood parameters showed significant changes except cholesterol. Also, intestinal enzymes
activity was not significantly affected. Using FGSM (T1, T2, and T3) in broiler diets decreased the
total bacterial count, while also increase the levels of clostridia and coliforms in comparison with
the control group. Conversely, there is a decrease in lactic acid bacteria compared to the birds
provided with the standard diets. while the histological analysis indicated a negative effect with the
increased inclusion of (FGSM) in poultry feed.

Keywords: Fenugreek seed meal; Broiler; productive and Physiological performance; gut
health and carcass characteristics.

Introduction

Broiler chicken meat is widely favored by people due to its premium protein content, low lipid
composition, and favorable lipid profile. With a rich nutrient profile and relatively low-calorie count,
chicken meat is highly valued in human diets. The breast and thigh muscles, in particular, are
appreciated for their nutritional density. Moreover, Chicken meat contains minimal fat and
cholesterol. levels and contains a higher than usual concentration of polyunsaturated fatty acids
(PUFA), which are recognized by Buyers for their Beneficial impact on health. Broiler chicken meat
is also esteemed for its abundance of protein, minerals, and vitamins, further enhancing its
nutritional appeal. Its excellent flavor, high dietetic value, and easy digestibility contribute to its
popularity among consumers, as noted by [1].

Poultry nutrition Is crucial in the poultry industry, as a source of feed expenses account for 70 to
80% of total farm expenditures [2], and the elevated cost of poultry feed is mainly attributed to the
limited availability of essential components, such as soybean as well as fishmeal [3].
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Identifying substitutes to conventional animals and their feed sources is essential to tackle the
challenge of expanding populations in certain states [4].

Since 2005, Plant-based protein options, with a focus on soybean meal (SBM), have been in
limited supply for broiler chickens in the poultry sector. As a result, alternative sources of protein
are anticipated to be incorporated at higher incorporation rates to ensure optimal production [5].

Fenugreek is a promising alternative in poultry production, offering various physiological
benefits, including antibacterial, anticancer, anti-ulcer, antihelmintic, hypocholesterolemic,
hypoglycemic, antioxidant, and anti-diabetic properties. It also positively affects Breakdown and
uptake. Fenugreek is abundant in the levels of protein, fat, and total carbohydrates, and essential
minerals including calcium, phosphorus, iron, zinc, and magnesium [6].

Fenugreek seed meal results from manually extracting fenugreek oil from fenugreek seeds.
Therefore, the study aims to evaluate the feed stuff on various levels of fenugreek seed meal, as an
alternative, feed stuff on broiler productivity, gut health, and carcass characteristics.

Materials and methods

The present experiment was conducted in the Department of Animal and Poultry Production,
Faculty of Agriculture and Natural Resources, Aswan University, during the period from October to
November 2023.

Experimental design and birds

A total of hundred and forty-four unsexed one day old (ROSS) broiler chicks that were used and
divided into four groups at random distribution. There were 36 chicks in each treatment group in
four replicates, with 9 chicks each. Three periodical diets were used, starter phase (0- 14 days),
grower phase (15-28 days), and finisher phase (29-35 days). The experimental groups were as
follow: control group fed basal diet and groups T1, T2and T3 fed diets with 5, 10 and 20% fenugreek
seed meal, respectively. Tables (1) describe the composition and calculated analysis of experimental
diets.

Birds managements

Feed was provided ad libitum in stainless steel feeders in the form of pellets for grower and
finisher feed and mash for starter feed. Nipple drinkers that work automatically have access to fresh
water at all times. Excreta were removed daily to ensure keeping all birds in the same
environmental, sanitary, and managerial circumstances throughout the entire experimental period.
Every bird received a drinking water-based Newcastle immunization. at the age of 7 days, against
Gambaro at 14 days, and both at 18 and 28 days, against Lasota. All vaccines were obtained from
the Egypt-based Veterinary Serum and Vaccine Research Institute (VSVRI) for animal health.

The current study was conducted from October to November 2023 at Aswan University's Faculty
of Agriculture and Natural Resources, Department of Animal and Poultry Production.

Measurements and procedures

1. Productive performance: upon completion of every stage of the birds age, feed consumption
(FC) in grams, live body weight (LBW) in grams, body weight gain (BWG) in grams were
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observed, feed conversion ratio (FCR) in grams of feed per gram of gain, and mortality rate
were calculated. European Productive Efficiency Factor and performance index were
calculated as follow: The performance index (Pl) = (final LBW [kg] / FCR) As stated by [7] and
European productive factor of efficiency (EPEF) = (final LBW [kg] * survival rate %) / (FCR *
rearing periods [days]) According to [8].

2. Carcass characteristics: After 35 days of age, four chicks from each group were chosen at
random, immediately weighed, slaughtered. then eviscerated percentage of carcass and Fat
in the abdomen, bursa, spleen, liver, and empty gizzard in addition to length of digestive
tract parts (cm) were recorded.

3. Digestive enzyme activity (U/dl): At 35 day of age, individual intestinal continents were
collected in dry, clean tubes from four chicks within each treatment, quantitative
determination of amylase, lipase, trypsin, and chymotrypsin activities was determined
according to [9].

4. Cecum microbiology: Four birds per treatment was randomly selected for digesta sampling
in Cecum at the conclusion of each experiment, one sample from each group was collected
to determine the total bacterial count, coliforms, and the count of lactic acid bacteria in the
microbiological laboratory of the Faculty of Agriculture, Ain Shams University, the contents
of the cecum were collected. A suspension of microbes from each sample dilution was plated
using the pour plate technique [10] And allowed to incubate at 372C for 24 hours. The
pathogens were identified by culturing on selective media and performing biochemical tests.

5. Small intestine (lleum) histopathological examination.

At autopsy, tissue samples obtained from the ileum were collected to examine histological
changes related to the experimental treatments. Morphometric analysis of digital images
from light microscopy was conducted using the Image software, as per the method of [11]

6. Blood Serum parameters: Blood samples were obtained from the slaughtered birds and
collected in non-heparinized tubes. The samples underwent centrifugation at 3000 rpm for
15 minutes, and the serum collected was kept at -20°C until further analysis. Blood
biochemical parameters were measured by calorimetry utilizing commercial diagnostic kits
(manufactured by Spectrum Company, Egypt). The levels of total protein, albumin,
cholesterol, triglycerides, and the activity of AST and ALT were recorded.

7. Statistical analysis: The linear model of SAS software was utilized to statistically examine the
data using the analysis of variance (ANOVA) method. SAS USER'S GUIDE (1994), derived from
the model that follows:

If Y_ij is any observation, then Y_ij = u+ T_i + e_ij. Where- p is the overall' mean. T_i is the
treatment’s effect’ (i = 1- 4), while e_ij is the random error. The mean values of each experimental
group and the control group were analyzed, and the data were compared with Duncan’s Multiple
Range Test. [12].
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Table 1 The composition and calculated analysis of starter, grower, and finisher phases.

phases Starter (0-14 days.) Grower (15-28 days.) | Finisher (29-35 days.)
Ingredients % Control T1 T2 T3 Control T1 T2 T3 Control T1 T2 T3
Yellow corn 52.96 50.84 48.11 41.79 55.96 54.22 51.34 46.61 61.77 59.50 56.54 52.76
Soybean meal 33.00 33.40 33.00 34.00 32.10 31.00 31.00 29.50 28.00 28.00 28.00 24.00
(46%)
Corn gluten meal 7.00 5.00 3.80 0.00 5.00 4.00 2.30 0.00 4.20 2.50 0.85 0.20
(60%)
Fenugreek seed 0.00 5.00 10.00 20.00 0.00 5.00 10.00 20.00 0.00 5.00 10.00 20.00
meal
Soybean oil 2.40 1.55 1.00 0.30 2.80 2.00 1.50 0.00 2.80 2.10 1.65 0.00
Monocalcium 2.50 1.64 1.60 1.45 2.18 1.45 1.40 1.23 1.75 1.10 1.10 1.00
phosphate
Limestone 0.96 1.35 1.33 1.30 0.88 1.25 1.20 1.22 0.55 0.82 0.80 0.80
HCI- Lysine 0.28 0.30 0.21 0.18 0.21 0.20 0.27 0.34 0.12 0.13 0.16 0.28
DL- Methionine 0.30 0.32 0.35 0.38 0.27 0.28 0.39 0.50 0.21 0.25 0.30 0.36
NaCl 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Premix* 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 | 100.00 100.00 100.00 | 100.00 100.00 100.00 100.00 100.00 100.00
i 22217.8 20535.3 19403. | 17215. 21424. 19856. 18944. 16688. | 20241.9 | 18786.2 | 17781.3 | 15568.2
Price LE/(ton)***
5 8 0 9 8 4
Calculated chemical analysis
Metabolizable 3017.48 3003.77 3002.7 | 3003.9 | 3050.2 3052.6 | 3053.3 3040.3 | 3105.01 | 3101.11 | 3100.16 | 3106.76
energy (Kcal/kg) 5 9 9 6 3 5
Crude protein (%) 23.07 23.06 23.05 23.02 21.57 21.50 21.53 21.56 19.54 19.53 19.52 19.53
Crude fiber (%) 2.53 2.85 3.13 3.73 2.53 2.80 3.09 3.63 2.46 2.76 3.04 3.52
Calcium (%) 0.965 0.969 0.968 0.963 0.871 0.887 0.874 0.876 0.651 0.647 0.655 0.655
Available 0.486 0.478 0.484 0.482 0.437 0.433 0.437 0.428 0.366 0.354 0.369 0.371
phosphorus (%)
Lysine (%) 1.403 1.467 1.404 1.456 1.293 1.295 1.294 1.296 1.089 1.078 1.085 1.076
Methionine %) 0.666 0.689 0.727 0.764 0.608 0.626 0.678 0.741 0.521 0.535 0.558 0.579
Methionine + 1.088 1.072 1.081 1.088 0.990 0.990 0.995 0.998 0.870 0.859 0.860 0.857

cystine (%)

The premix contains 15000000 I.U. Vit A and 3000000 I.U. VIT D in 50g portions for every 3 kg. VIT E, 3000 mg K3. VIT, 3000 mg VIT. B1, 8,000 mg. VIT B2, 4000 mg.
Vit B6, 20 mg, pantothenic acid, 15000 mg, niacin, 60000 mg, folic acid, 1500 mg, biotin, 200000 mg, and VIT B6 VIT C 700 g of choline chloride, 80 g of manganese,
80 g of zinc, 60 g of iron, 10 g of copper oxide, 1 g of iodine, and 0.2 g of millennium; 3 kg of premix per ton of feed was the inclusion rate, with CaCo3 being used as
a carrier up to 3 kg. ** The experimental diets were formulated according to Brazilian feed stuffs (2017). *** Data Cost 2023.

Results and Discussion
Productive performance

Table (2) showed that, diets containing fenugreek seed meal FGSM (T1, T2, and T3) had a
noticeable negative effect on live body weight (LBW), body weight gain (BWG), feed conversion ratio
(FCR) and feed consumption (FC). In addition, Throughout the period (0—35 days), notable
differences were observed between the treatments compared to the control diet. These results
agree with [13] who reported that there was a negative effect on feed utilization, indicating that
fenugreek seeds might not always be beneficial in enhancing feed conversion efficiency. [14]
demonstrated that adding Fenugreek seed powder into the broiler diet led to a reduction in
appetite, which in turn decreased growth performance.

On the other hand, [15] revealed that there was no significant influence observed on feed intake
(FI) when feeding poultry on fenugreek in comparison with the baseline diet. [16] indicated that
including fenugreek seeds in the diet led to a rise in the body weight of broiler chickens.
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Table (2): Impact of dietary treatment on productive performance of broiler chicks.

Items Treatments SEM Sig.
Control T1 T2 T3

live Body weight (g)

At 35 days 1996.39° 1330.77° 1084.17¢ 914.17¢ 107.34 *
Body weight gain (g)

0-35 days 1950.14° 1284.17° 1039.97¢ 869.67¢ 107.25 *
Feed consumption (g)

0-35 days 2921.25° 2433.75° 2346.25° 1931.25¢ 91.89 *
Feed conversion ratio (g feed/g gain)

0-35 days 1.50¢ 1.90° 2.27° 2.23° 0.09 *

a, b and c mean in the same raw with different superscripts are significantly (p<0.05) different, SEM:
standard error of means. Control: basal diets, T1: diet with 5% FGSM, T2: diet with 10% FGSM, T3:
diet with 20% FGSM.

Carcass characteristics

Table (3) summarized the average values of carcass characteristics (carcass, liver, gizzard, heart,
digestive tract without gizzard, abdominal fat, bursa, and spleen%). All parameters were a
significantly affected by different dietary treatments except heart, bursa, and spleen. The results
showed an increase in gizzard, liver and digestive tract.in birds fed FGSM (T1, T2, and T3) at all levels
in comparison with the control group. While the results indicated the proportion of both abdominal
fat and carcass decreases with increasing levels of FGSM in broiler diets. These results agree with
[17] who reported that no significant differences absolute organ weights of liver, heart, spleen and
bursa of Fabricius. On the other hand, when chicks were fed at 1% and 2% levels of fenugreek seed
powder, a significant increase in dressing percentage was observed, and the weights of the control
group, as well as the weights of the gizzard, decreased significantly. [18]

Table 3: Carcass traits (%) of broiler chicks at market age as affected by different treatments.

Items Treatments SEM Sig.
Control T1 T2 T3
Carcass% 70.45° 70.24% 69.49%¢ 66.92¢ 0.68 *
Liver% 1.62° 1.96%° 2.16° 2.31° 0.08 *
Gizzard% 1.27¢ 1.53b¢ 1.77%° 1.90° 0.09 *
Heart% 0.50 0.52 0.50 0.55 0.02 N.S
Abdominal fat% 1.41° 0.78° 0.28° 0.03¢ 0.15 *
Digestive tract% 5.01° 8.62% 6.77% 9.02? 0.67 *
Bursa of fabricus% 0.07 0.07 0.08 0.08 0.01 N.S
Spleen% 0.09 0.12 0.13 0.09 0.01 N.S

a,b,c and d means in the same raw with different superscripts are significantly (p<0.05) different, N.S.: non-
significant. SEM: standard error of means. Control: basal diet, T1: diet with 5% FGSM (Fenugreek seed meal),
T2: diet with 10% FGSM, T3: diet with 20% FGSM.

Digestive tract length (cm)
Data shown in Table (4) demonstrated that, the total length of the digestive tract and small

intestines (cm) were significantly affected by dietary treatments; While cecum length (cm) was not
significantly affected (T1, T2, and T3) compared to birds in control groups (basal diets) and the
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corresponding values for the total small intestine varied among the birds were fed on FGSM (T1, T2,
and T3) by 163.38,159.60 and 148.38 cm, respectively compared to control group (159.25 cm), In
the same order for total digestive tracts, values ranged between 191.88,172.43 and 161.50 cm,
respectively, compared to control group (192.75 cm).

These results are in contrast with [14] who reported that the weights of digestive system parts
were similar among groups fed with fenugreek seed powder between the control and treatment
groups. The beneficial effect on intestinal morphology, resulting in increased contact between
digesta and the mucosal epithelium, this enhanced contact may facilitate better digestion and
absorption of nutrients [19]

Table (4): Impact of dietary treatments on the lengths of digestive tract parts (cm) in broiler chicks.

Items Treatments SEM Sig.
Control T1 T2 T3

Total digestive tract 192.75° 191.882 172.43° 161.50° 4.34 *

Small intestine 169.25¢ 163.38% 159.60%° 148.38° 4.29 *

Cecum length 15.25 14.12 14.95 15.60 0.45 N.S

a,b,c and d means in the same raw with different superscripts are significantly (p<0.05) different, N.S.: non-
significant. SEM: standard error of means. Control: basal diet, T1: diet with 5% FGSM (Fenugreek seed meal),
T2: diet with 10% FGSM, T3: diet with 20% FGSM.

Digestive enzymes activity (U/dl)

The data presented in Table (5) showed the effects of using different levels of (FGSM) compared
with a control diet on amylase, lipase, trypsin, and chymotrypsin.

Data in Table (5) Found that activity of amylase, trypsin, and lipase (U/dl) did not significant differ
in birds fed diets containing FGSM compared with a control diet, while chymotrypsin were
significantly differed in birds fed diets containing FGSM compared with a control diet, also, there is
a numerical decrease in activity of chymotrypsin (T1, T2, and T3) began at 33.29, 33.76, and 33.83
U/dl compared to control group at 42.83 U/dl.

Table (5): Impact of dietary treatments on digestive evzyme activities of broiler chicks.

Items Treatments SEM Sig.
Control T1 T2 T3

intestinal enzymes activity

Amylase 3.84 4.72 4.79 4.48 0.20 N. S

Lipase 10.79 9.91 9.53 9.06 0.30 N. S

Trypsin 32.88 32.58 33.45 33.62 1.11 N. S

Chymotrypsin 42.83° 33.29° 33.76° 33.83° 2.19 *

N.S.: non-significant. SEM: standard error of means. Control: basal diet, T1: diet with 5% FGSM (Fenugreek
seed meal), T2: diet with 10% FGSM, T3: diet with 20% FGSM.

Cecum microbiota (CFU/G) of broiler chicks

The obtained results in Table (6) showed that using FGSM (T1, T2, and T3) in broiler diets
decreased the total counts bacteria also decrease the levels of clostridia and coliforms compared
to the control group. On the other hand, there is an increase in lactic acid bacteria compared to the
birds fed control diets.
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Table (6): Impact of dietary treatments on cecum microbiota of broiler chicks.

Items Treatments

Control T1 T2 T3
Cecum microbiology (CFU/G)
Total counts * 10° 450 358 315 298
Clostridium * 10! 3 100 130 100
Coli forms *10° 5 17 49 40
Lactic acid bacteria * 10* 120 109 99 52

Control: basal diet, T1: diet with 5% FGSM (Fenugreek seed meal), T2: diet with 10% FGSM, T3: d with 20%
FGSM.

Blood parameters

The results shown in Table (7) indicated that there were no significant differences recorded in all
blood parameters were not significantly affected except cholesterol. The present study revealed a
significant impact of FGSM substitution in broiler diets up to 35 days of age, leading to a reduction
in plasma cholesterol levels. This suggests that FGSM supplementation could influence lipid
metabolism in broilers and the corresponding values for total cholesterol ranged between birds
were fed on FGSM (T1, T2, and T3) by 59.14, 56.69 and 55.76, respectively compared to control
group (88.28) mg/dl.

Table (7): Impact of dietary treatments on blood parameters of broiler chicks.

Items Treatments SEM Sig.
Control T1 T2 T3

Blood parameter

Total protein (g/dl) 4.68 4.52 4.25 3.96 0.22 N. S
Albumin (g/dl) 2.07 2.19 1.99 1.90 0.10 N.S
Globulin (g/dl) 2.61 2.33 2.26 2.06 0.12 N.S
Albumin \ Globulin (ratio) 0.80 0.95 0.88 0.92 0.03 N.S
AST (U/L) 59.07 44.50 40.07 35.07 3.88 N. S
ALT (U/L) 11.40 11.49 11.54 9.49 0.37 N. S
Total cholesterol (mg/dl) 88.28° 59.14° 56.69° 55.76° 4.29 *
Triglycerides (mg/dl) 46.02 41.71 36.25 35.65 1.71 N.S

a, b, ¢, and d represent means in the same row with different superscripts are significantly (p < 0.05) different. N.S.:
non-significant. SEM: standard error of means. Control: basal diet. T1: diet with 5% FGSM (Fenugreek seed meal), T2:
diet with 10% FGSM, T3: diet with 20% FGSM.

These results agree with [18] who indicated that the reduction in serum cholesterol levels could
be attributed to the presence of saponins and resins in fenugreek seeds, which may inhibit bile acid
and cholesterol absorption in the intestine. Additionally, the reduction in serum cholesterol levels
may be due to the presence of saponins, resins, hemicelluloses, mucilage, tannins, and pectin in
fenugreek seeds. These compounds are known to inhibit bile acid reabsorption, reduce LDL-
cholesterol levels, and prevent intestinal cholesterol absorption, thereby contributing to lower
blood cholesterol levels. [16]

Histological observatios

Histological examination of ileum sections from chicks of different treatments are illustrated in
Fig. 1: A, B, C, and D.
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It is clear from these sections that the villi shape and size was significantly affected by
treatments. Results showed also that birds from the control group had an obvious increase in villus
height and crypts depth as compared to those of treatment groups. The best results were recorded
for the R3 and R6 treatment groups followed by R4 and R5, respectively. Histological sections also
showed a shortening of the villi in the T3 and T4 treated chicks compared with T1 and the control
chicks, respectively. It appears also that supplementation of FGSM caused negative effects on ileum
histology, in terms of villi height and diameter with many well-developed crypts in the sub-mucosa
layer. These observations were observed in all treatment groups, which may reflect a deleterious
effect on the morphology of the ileum villi. It is assumed that the increased VH is paralleled by an
increase in digestive enzymes activity and the absorptive function of the small intestine segments
due to increased absorption surface area. In this respect [20] and [21] suggested that the greater
VH is an indicator that the function of the intestinal villi is activated.

Figure (1): Transverse section of the ileum from chicks subjected to different treatments.

Control: basal diets, T1: with 5% FGSM (Fenugreek seed meal), T2: diet with 10% FGSM, T3: diet with 20%
FGSM.

It is also well known that the crypts of Lieberkiihn had the ability to secrete fluids containing
different vital substances essential for enhancing the internal micro-environment of the intestine
segments [22] These fluids are rapidly absorbed from the villi lumens, making a circulation from
crypts to villi which results in a watery vehicle supply for improving absorption of nutrients,
elaboration and production of antibodies and lymphocytes along with an increase in goblet cells
which secrets substances responsible for reducing ph of the intestinal segment. Similarly, [23] and
[24] showed that shortening of villi decreases the surface area for nutrient absorption, while a large
crypt depth can lead to poor nutrient absorption and lower performance of broilers. This was the
case for the performance of the FGSM groups in the present study, depending on the level of FGSM
supplementation.

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095) https://journals.aswu.edu.eg/stjournal



https://journals.aswu.edu.eg/stjournal

(ASWIST/ Volume 05, Issue 01/ March 2025 Page | 147

In the present study, increased villus height of the ileum in broilers fed, a traditional diet suggests
an increase in the surface area that would be capable of greater absorption of the available
nutrients, which is supported by the enhancement of growth performance.

Conclusion:

It is concluded that it could not use Fenugreek seed meal (FGSM) at a level of 20%, 10%, or 5%
due to their negative effect on Physiological performance as alternative sources of protein in broiler
diets with negative effects on chick viability.

References

[1] Makig, A.; Certik, M.; Klempova, T.; Semjon, B.; Marcin¢akova, D.; Jevinova, P.; Marcinéak, S. Fermented
Products Enriched with Polyunsaturated Fatty Acids in Broiler Chicken Nutrition and Fat Quality of
Produced Meat. Appl. Sci. 2024, 14, 4327.

[2] Olugbenga, 0.S.; Abayomi, 0.0.; Oluseye, A.A.; Taiwo, A.A. Optimized Nutrients Diet Formulation of
Broiler Poultry Rations in Nigeria Using Linear Programming. J. Nutr. Food Sci. S 2015, 14, 2.

[3] Adeniji, A.A. Effect of Replacing Groundnut Cake with Maggot Meal in the Diet of Broilers. Int. J. Poult. Sci.
2007, 6, 822—-825.

[4] EI-Sabrout, K.; Khalifah, A.; Mishra, B. Application of Botanical Products as Nutraceutical Feed Additives
for Improving Poultry Health and Production. Vet. World 2023, 16, 369.

[5] EI-Deek, A.A.; Abdel-Wareth, A.A.; Osman, M.; El-Shafey, M.; Khalifah, A.M.; Elkomy, A.E.; Lohakare, J.
Alternative Feed Ingredients in the Finisher Diets for Sustainable Broiler Production. Sci. Rep. 2020, 10,
17743.

[6] Gupta, K.A.; Thakral, S.; Arora, K.; Chowdhary, M. Structural Carbohydrate and Mineral Seeds. Ind. Cocoa
Arecen. Spec. J 1996, 20, 120.

[7] North, M.O.; Bell, D.D. Breeder Management. In: Commercial Chicken Production Manual; 4th ed.; Van
Nostrand Reinhold: New York, USA, 1981; pp. 1-705.

[8] Emmert, J. Efficacy of Phase-Feeding in Supporting Growth Performance of Broiler Chicks during the
Starter and Finisher Phases. Poult. Sci. 2000, 79, 764—770.

[9] Nitsan, Z.; Ben-Avraham, G.; Zoref, Z.; Nir, |. Growth and Development of the Digestive Organs and Some
Enzymes after Hatching in Broiler Chickens. Br. Poult. Sci. 1991, 32, 515-523.

[10] Quinn, P.J.; Carte, M.E.; Markey, B.K.; Carter, G.R. Clinical Veterinary Microbiology; Mosby-Year Book
Europe Ltd.: London, UK, 1992; pp. 61-65.

[11] Abramoff, M.D.; Magelhaes, P.J.; Ram, S.J. Image Processing with Imagel. Biophotonics Int. 2004, 11, 36—
42.

[12] Duncan, D.B. Multiple Range and Multiple F Test. Biometrics 1955, 11, 1-42.

[13] Singh, A.; Sharma, T.; Kumar, R.S.; Arif, M. Biosurfactant Derived from Fenugreek Seeds and Its Impact
on Wettability Alteration, Oil Recovery, and Effluent Treatment of a Rock System of Mixed Composition.
Energy Fuels 2023, 37, 6683-6696.

[14] Duru, M.; Erdogan, Z.; Duru, A.; Kucukgul, A.; Duzguner, V.; Kaya, D.A.; Sahin, A. Effect of Seed Powder
of a Herbal Legume Fenugreek (Trigonella foenum-graceum L.) on Growth Performance, Body
Components, Digestive Parts, and Blood Parameters of Broiler Chicks. Pak. J. Zool. 2013, 45, 1007-1014.

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095) https://journals.aswu.edu.eg/stjournal



https://journals.aswu.edu.eg/stjournal

(ASWIST/ Volume 05, Issue 01/ March 2025 Page | 148

[15] Paneru, D.; Tellez-Isaias, G.; Arreguin-Nava, M.A.; Romano, N.; Bottje, W.G.; Asiamah, E.; Lohakare, J.
Effect of Fenugreek Seeds and Bacillus-Based Direct-Fed Microbials on the Growth Performance, Blood
Biochemicals, and Intestinal Histomorphology of Broiler Chickens. Front. Vet. Sci. 2023, 10, 10.

[16] Adil, S.; Qureshi, S.; Pattoo, R.A. A Review on Positive Effects of Fenugreek as Feed Additive in Poultry
Production. Int. J. Poult. Sci. 2015, 14, 664.

[17] Tollba, A.A.H.; Hassan, M.S.H. Using Some Natural Additives to Improve Physiological and Productive
Performance of Broiler Chicks under High Temperature Conditions: 2. Black Cumin (Nigella sativa) or
Garlic (Allium sativum). Egypt. Poult. Sci. J. 2003, 23, 327-340.

[18] Mamoun, T.; Mukhtar, M.A.; Tabidi, M.H. Effect of Fenugreek Seed Powder on the Performance, Carcass
Characteristics and Some Blood Serum Attributes. Adv. Res. Agric. Vet. Sci. 2014, 1, 6-11.

[19] Toaha, S.M.; Mollah, B.R.; Ahammad, M.U. Use of Dietary Fenugreek (Trigonella foenum-graecum L.)
Seed for the Production of Safe Broiler Lean Meat. Res. Agric. Livest. Fish. 2016, 3, 305-314.

[20] Samanya, M.; Yamauchi, K.E. Histological Alterations of Intestinal Villi in Chickens Fed Dried Bacillus
subtilis var. natto. Comp. Biochem. Physiol. A 2002, 133, 95-104.

[21] Awad, W.A.; Ghareeb, K.; Abdel-Raheem, S.; Bohm, J. Effects of Dietary Inclusion of Probiotic and
Synbiotic on Growth Performance, Organ Weights, and Intestinal Histomorphology of Broiler Chickens.
Poult. Sci. 2009, 88, 49-56.

[22] Hodges, R.D. The Histology of the Fowl; Academic Press: London, UK, 1974; p. 648.

[23] Anonymous, S. How Do Mannan Oligosaccharides Work? Feed Times 1999, 1, 7-9.

[24] Xu, Z.R.; Hu, C.H.; Xia, M.S.; Zhan, X.A.; Wang, M.Q. Effects of Dietary Fructooligosaccharide on Digestive

Enzyme Activities, Intestinal Microflora and Morphology of Male Broilers. Poult. Sci. 2003, 82, 1030-
1036.

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095) https://journals.aswu.edu.eg/stjournal



https://journals.aswu.edu.eg/stjournal

(ASWIST/ Volume 05, Issue 01/ March 2025 Page | 149

o] Zlxd (2 g) gaundllg (S USYI sV e Cale BaleS Al gy wgswa"
Lod dandl dazms ¢ 2ol (alasas dezme ¢ 3dacee (e L) ¢ Zhazes eadaall das (263 ¢ Lot U9

20 cOlganl danlr - dagdall 3yl gally dely3ll & - gl Blguadl Z Y @ud -1
s (mads (AS danol> —&s‘-b}nw—&?bdﬂcbﬁlw—z
_an 4;&33,4»@\: daol> - dely3ll ar - L?‘?"'JJ|3 L}‘ﬁﬁ"‘” Ct‘u}“ ‘m.w..é -3

oasall

SUstall i) Olgasl Aol — dunglall 33150ty el IS tadsig os3ST (5 IS a2t Ayl sy
SS9 e Sgiml HLSS 59 hSS )Y dewdie Alolae 5 iy cdelas 4 (3 Uslgane

s QW1 goudl e danyl A el OlaMall C36)

(U9 lalas) LI 09 g sl didds Je il Houb -1

(S Uslaall) Gl 9y S %5 o ($525 dade Jo codd ypb -2

(4511 Alslaadl) Aol 59y S % 10 e S5ios3 Ade Jo i jobo -3

(31 dbalaol) ddoull jods oS %20 o S5 Aade Jo cdl jobo -4

Db Lo gl o yglsl W3

! dedseine]l Odlelaall 2oz @l 1kl Mgl Y daeg Sl el 0399 S Oyl ¥ uae) dnddly, -
Ualaay L5ylae (G Jogmmidl Jalas (3 59005 I @l LS (U9l ) Alolaos dylae Yuaadl 540 5§ Soine ozl
(J9 A1)

Q.‘a,a.‘\ OgRd9 3443\.5.]‘3 .)..&” e W (djfus.”) 4.L0L9.AA &)Lﬁ.& Mo laod! &m}d l:\w a:c:)JJ‘ Olae gL Y] CA).:S;G LS -
Lol g Clal) Jg iSOl dlalray dylae ddldadl codlolaall doeuddl cilaga) (331 (asdl 3l o) laiws (sl 3lgd! sl
(S AST) Alolaa &5ylEe 451041 o lolaall guazd doeoddl Olisl § pudls 985 3929 g Jlselally

e Sgizs @1 Al Cdlelaall gz (§ Ssime (olass] Jasg) AaBull slaedlg drasagdl ol JlazY Al Lol -
L5101 OMelaall (p Dgine 3929 pde Jamg) LS. 0BLsI (ST (315 o @1 Jg Al de gazeay diylie ddodl 9dy oS
2959 Jgb (3 (U9 ASl) Aolaay

A3 CMelaadl e Sgine L T Ll Sballly el akeadl @u3sl oo DU S0 o olassdl bolad) dellyg -
Creend 3 900! @33l (3 9 AiS) Alolaay &5ylie &8I0l Malaadl cy L goxbe (Sginn (plassil Jag) oSy Jo Sl Alolasy

83 e LSl U1 sl (3 olassl ] ol grewddl s Cale J] ddadl ads durg 8| O il copglof S -
L)lie LSWI jas> LiSs § polass] La>g) (n> § (J9AS) degazmoy dylie $Y9S Y19 Lol wbgiwe §
Jo s dide Je @S gl Hgahall

(J9 e SU1 slisianly pll Ol 50 aunz (3 Sgine U (ST U o o -

ezl § S8 glasly poye g 08 dabiseall 431481 cMalaall 0T (§Ans8y90lly (Sraudl Ukl L5 ipglly -
A1) bl jolaiels slacdl douo e 455 03 Lae Jo Sl dholasy 43ylae

39 Lad % 5 91 %10 9 %20 Sginnas dudoel 19y S plueinnl pias Ao gill Sy dushyl)] 8Ao U 0

eSS dogem e (el 30 ao (el Zlar ) (o) gaaadl 1Yl (Y1 sV e el 5T

(ASWJST 2021/ printed ISSN: 2735-3087 and on-line ISSN: 2735-3095) https://journals.aswu.edu.eg/stjournal



https://journals.aswu.edu.eg/stjournal

