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ABSTRACT

This study investigates the effects of dietary
supplementation with Nigella sativa seeds (NSS) on immune
parameters and the histological microscopic structure of
lymphoid organs in Arbor Acres broiler chicks. A total of 140
unsexed one-day-old chicks were randomly assigned to four
groups with seven replicates each. The control group received
a basal diet without supplements, while the other groups were
fed the basal diet supplemented with NSS at concentrations of
0.5%, 1.0%, and 1.5%. The group supplemented with 0.5%
NSS showed significantly higher white blood cell counts
compared to other groups. The heterophil/ lymphocyte ratio
was significantly elevated in the 0.5% NSS group. Plasma a-
globulin concentration increased significantly in the 1.0%
NSS group compared to the 0.5% group. Phagocytic activity
was enhanced in all NSS-supplemented groups compared to
the control. Bactericidal activity improved notably in the
control, 1.0%, and 1.5% NSS groups. The lymphocyte
transformation test concentration was significantly higher in
the 1.0% NSS group. Haemagglutination inhibition against
Newcastle disease virus was highest in the 1.0% NSS group.
The weight of the bursa of Fabricius was significantly greater
in the 1.0% and 1.5% NSS groups. Histologically, chicks fed
with 0.5%, 1.0%, and 1.5% NSS had significantly longer villi,
and the 0.5% NSS group exhibited larger bursal follicular
areas. In conclusion, incorporating 1.0% NSS into broiler
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diets positively influenced immune responses, lymphoid
organs, hematological parameters, and improved organ
health histologically.
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INTRODUCTION

Ongoing scientific research continues to explore growth
stimulants as supplements to broiler diets to sustainably enhance
productive efficiency, performance, and internal health of these vital
birds (Hassan et al., 2023a). Incorporating various potentially
beneficial ingredients into poultry feed or drinking water can boost
immunity, and reduce disease prevalence (Seidavi et al., 2021). The
utilization of herbal medicines derived from plants has gained
significant traction in enhancing human and animal health. Among
these, Nigella sativa seeds (NSS), commonly known as black cumin,
have attracted considerable interest due to their multifaceted health
benefits. Historically, these seeds have been employed in traditional
medicine to treat various ailments and promote overall health (Attia
and Al-Harthi, 2015; Khan et al., 2023). Contemporary research is
now focused on identifying the key bioactive components of Nigella
sativa and understanding their mechanisms of action.

The NSS possesses a wide array of therapeutic properties,
including antibacterial, antiviral, and antifungal activities. They are
effective against infections caused by gram-positive and gram-negative
bacteria, as well as various viral pathogens (Salman et al., 2016;
Talebi, 2021). Recent studies have highlighted the potential of
bioactive compounds such as thymoquinone, dithymoquinone, thymol,
carvacrol, a-hederin, and nigellidine in these seeds, which exhibit
potent antioxidant, anti-inflammatory, and immunomodulatory effects
crucial for enhancing the body's defense mechanisms (Nasir and
Grashorn, 2010; EI-Toumy et al., 2023).
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The impact of Nigella sativa on the immune system has been
extensively studied, with findings indicating its ability to modulate both
cellular and humoral immunity. It enhances macrophage function,
immune cell production, and regulates inflammatory responses
(Buyukoztirk et al., 2005; Al-Beitawi et al., 2009; EImowalid et al.,
2013; Azeem et al., 2014). The antimicrobial properties of Nigella
sativa are noteworthy, with evidence supporting its efficacy against a
range of infectious agents, including bacteria, fungi, parasites, and
viruses (Yimer et al., 2019; Salim et al., 2023).

In poultry nutrition, Nigella sativa has shown promising results.
Al-Owaimer et al. (2017) demonstrated that diets supplemented with
Nigella sativa improved intestinal morphology and function in broilers.
Additionally, supplementation was associated with enhanced immune
responses (Khafaga et al., 2019; El-Saadony et al., 2021). Other
natural supplements, such as hot red pepper oil and Eruca sativa seeds,
have also been shown to boost health and immune parameters in
broilers (Hassan et al., 2023a; Hassan et al., 2023b). The objective of
this study is to comprehensively investigate the effectiveness of NSS as
a multifaceted feed additive, particularly in enhancing immune indices
and the microscopic structure of lymphoid organs in broilers. This
research aimed to expand the existing body of knowledge and provide
new insights into the practical applications of Nigella sativa in poultry
nutrition.

MATERIALS AND METHODS

The experiment was conducted at the Poultry Research Unit, El-
Bostan Farm, Animal and Poultry Department, Faculty of Agriculture,
Damanhour University, Egypt. The objective was to evaluate the
impact of incorporating Nigella sativa seeds (NSS) into broiler chicken
diets on immune parameters and the microscopic structure of lymphoid
organs. The NSS used in this study was procured from the local market
in Damanhour City, Egypt.

Experimental Design
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A total of 140 unsexed one-day-old Arbor Acres broiler chicks
were utilized in this study. The chicks were randomly divided into four
groups, each consisting of seven replicates with five chicks per
replicate. The control group was fed a basal diet without any
supplementation. The other three groups received the basal diet
supplemented with NSS at concentrations of 0.5%, 1.0%, and 1.5%,
respectively.

Diets and Feeding

The basal diet was formulated to meet or exceed the nutrient
requirements of broiler chicks as recommended by the National
Research Council (1994). The composition of the basal diet is
presented in Table 1. The NSS was incorporated into the diet at the
expense of wheat bran to achieve the desired concentrations. Feed and
water were provided ad libitum throughout the experimental period.

Table (1). Ingredients and chemical composition of the experimental
diets (control, 0.5, 1.0, and 1.5% of NSS)

Ingredients, % Starter Grower diet

' Control  05% 1% 15% Control 05% 1% 1.5%
Corn 54.02 5352 53.02 5252 6102 6052 60.02 5952
Soybean meal (44%) 33.0 325 325 325 26.0 26.0 26.0 26.0
Corn gluten meal (60%) 4 4 4 4 4 4 4 4
Mixed oils 45 5 5 5 4.5 4.5 4.5 4.5
Nigella seeds 0 0.5 1 15 0 0.5 1 15
Sodium chloride 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
DI- methionine 0.28 028 0.28 0.28 0.28 0.28 0.28 0.28
L-lysine 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Dicalcium phosphate 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6
Limestone 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Vit. and min. mixture? 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Antioxidant 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Total 100 100 100 100 100 100 100 100
Chemical composition
ME kcal/ kg diet? 3200 3200 3200 3200 3200 3200 3200 3200
Dry matter3 90.15 898 8931 8887 9006 89.61 89.17 8873
Crude protein? 23 23 23 23 20 20 20 20
Calcium? 1 1 1 1 1 1 1 1
Non-phytate 048 05 048 047 045 045 045 0.5
phosphorus
Methionine+cystine? 0.76 0.7 0.75 0.74 0.68 0.68 0.68 0.68
Lysine? 1.36 1.3 1.34 1.34 1.17 1.17 1.17 1.17
Crude fibre® 4.25 4.2 418 4.1644 3091 390 3.88 3.8674
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Crude fat® 6.66 714 712 7.11 6.81 6.80 6.78

6.77

1Vit+Min mix, which provided various vitamins and minerals per kilogram of the diet. The
mix contained: 12000 IU of Vit. A, 20 mg of Vit. E (dl-a-tocopheryl acetate), 2.3 mg of
menadione, 2200 ICU of Vit. D3, 5.5 mg of riboflavin, 12 mg of calcium pantothenate, 50 mg
of nicotinic acid, 250mg of Choline, 10 pg of Vit. B12, 3 mg of Vit. Bg, 3 mg of thiamine,

1mg of folic acid, 0.05 mg of d-biotin. The trace mineral content per kilogram of diet was as
follows: Mn-80mg, Zn- 60 mg, Fe-35 mg, Cu-8mg, and Selenium 0.1 mg. 2Calculated values,
3Analyzed values.

Management of chickens

Chicks were housed in battery brooders (40x45x60 cm) under
consistent hygienic conditions in a semi-open house system throughout
the experimental period. Feed and water were provided ad libitum.
Brooding temperatures were maintained at 33°C, 31°C, and 30°C
during the first, second, and third weeks of age, respectively. From 21
to 35 days of age, ambient temperature and relative humidity averaged
30£3°C and 45%4%, respectively. Lighting was provided for 23 hours/
day with 1 hour of darkness. Vaccination protocols included Newcastle
disease via drinking water at 7, 18, and 28 days and Gumboro at 12 days
of age.

Blood Sampling and Analysis

At 35 days of age, seven chicks per group were randomly
selected for blood collection. Approximately 3 ml of blood was
collected from the wing vein into Ks-EDTA tubes. Hematological
parameters, including white blood cell count (WBC) and differential
leukocyte count, were determined immediately. Plasma was separated
by centrifugation (4000 rpm, 15 minutes, -20°C) and stored for
biochemical analyses using commercial kits from Diamond Diagnostics
(23 EL-Montazah St. Heliopolis, Cairo, Egypt).

Hematological and Biochemical Parameters

The assessments of WBC (10%/mm?), lymphocytes (LYM),
heterophils (H), basophils, monocytes (MON), eosinophils (ESIN), in
the complete blood samples, were analyzed using a Hema Screenl8
automated hematology analyzer (Hospitex Diagnostics, Sesto
Fiorentino, Italy). The Heterophils to lymphocytes ratio (H/L) was
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calculated by dividing the total number of heterophils by the total
number of lymphocytes. Serum globulins (a-B- and y-globulin) were
quantified according to Bossuyt et al., (2003). Immune response
indicators such as phagocytic activity (PA%) and phagocytic index
(P1%) were assessed as described by Kawahara et al., (1991).
Lymphocyte transformation test (LTT) and plasma bactericidal activity
(BA) against Aeromonas hydrophila were evaluated using methods
outlined by Rai-al-Balhaa et al., (1985) and Rainger and Rowley
(1993), respectively. Plasma lysozyme activity (LA) was measured by
the turbidimetric method (Engstad et al., 1992).

Antibody Titration

At 35 days of age, serum samples were collected to assess
antibody titers against Newcastle disease virus (NDV) using the
haemagglutination inhibition (HI) test and against infectious bursal
disease (IBD) using Cosgrove's (1962) method.

Lymphoid Organ Analysis

At 35 days of age, seven birds per treatment were slaughtered,
and the weights of the thymus gland, bursa of Fabricius, and spleen
were recorded as absolute and relative weights and expressed as a
percentage of live body weight.

Histological Examination

Samples of the small intestine (jejunum), bursa of Fabricius, and
spleen were collected, fixed in 10% neutral buffered formalin, and
processed for histological examination. Sections were stained with
Hematoxylin and Eosin (H&E) and examined using a Nikon Eclipse
E200 light microscope following the method described by Culling
(1983). For morphometric analysis, representative fields were captured
and digital images were taken. For every intestine segment and each
bird's bursa of Fabricius, photomicrographs of the villus length (VL)
and bursal large follicular area were measured.

Statistical Analysis
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Data were analyzed using the GLM procedure of SAS (SAS
Institute, 2009) via one-way analysis of variance (ANOVA) according
to the following formula: Yi= p+Fi+.eij; Where Y is the dependent
variable, p is the overall mean; Fi is the effect of NSS treatments and ejj
is the random error. The significant differences between treatment
means were evaluated according to Duncan (1955).

RESULTS AND DISCUSSION
Hematological Parameters

The data presented in Table 2 illustrates the effect of Nigella
sativa seeds (NSS) on WBCs, lymphocyte, monocyte, basophils,
eosinophil, heterophils and H/L ratio values at 35 days old broiler
chicks. The results pointed out significant differences (P<0.05) in the
values of WBCs, lymphocyte, monocytes, eosinophils, heterophils and
H/L ratio amongst treatments which were affected by NSS
supplementation when compared to the control group. The group that
received 0.5% of NSS had the highest WBCs compared with the 1%
and 1.5% NSS supplementation groups. While the control group
showing a significantly greater lymphocyte and monocyte compared
with all NSS supplementations groups. However, there were no
detected significant differences in the levels of lymphocytes and
monocytes among the different NSS supplementation groups.

Table (2). Effect of Nigella sativa seeds on white blood cell
characteristics of broiler chicks at 35 days of age

NSS, %
Item P- value
0.0 0.5 1.0 15

WBCs (103mm?)  24.3+0.422%  25.0£0.365*  20.8+0.543°  21.8+0.428>  0.0001
Lymphocytes, %  46.5+0.428°  41.3+0.422°  43.2+0.792°  43.7+0.955° 0.0001
Monocytes, % 13.240.3072  10.2+0.477°  11.2+0.307®  10.8+0.307° 0.0001
Basophils, % 0.500+0.224  0.667+0.211  0.833%0.167 0.667+0.11 0.724
Eosinophils, % 11.740.667°  10.5+0.342°  13.5+0.342%  12.5+0.342% 0.001
Heterophils, % 28.2+0.749°  37.3+0.558%  31.3+0.955% 32.3+1.05° 0.0001
H/L ratio 0.606+0.019° 0.904+0.020% 0.729+0.034° 0.745+0.039°  0.0001

323



J. Agric. & Env. Sci. (Damanhour University) 2023, 22(3): 317-340
Print: ISSN 1687-1464 Online: 2735-5098

abc Means within the same row with different superscript letters are significantly different at p < 0.05
WBC= White blood cells; H/L= Heterophile to Lymphocytes ratio.

On the other hand, the basophil count did not demonstrate a
significant difference among different NSS supplementation groups.
Meanwhile, the group supplemented with 1% of NSS had the highest
eosinophils count compared with the control and group received 0.5%
of NSS. In addition, heterophils and H/ L ratio were significantly
increased at 0.5% group of NSS compared with the control and the other
treatments. While the control group had the lowest concentration for
heterophil and H/L ratio.

Similarly, the present results are in consistent with the outcomes
of Talebi (2021) who discovered that supplementing NSS influences
leukocyte parameters in broiler chicks by declining WBC counts and
lymphocytes and maximizing heterophils, H/L ratio, monocytes,
eosinophils, and basophils percentages. Both studies pointed out a
decrease in WBC counts and lymphocytes, and an increase in H/L ratio,
heterophils, monocytes, eosinophils, and basophils with supplementing
NSS. However, it is crucial to take into consideration that the
concentration of NSS used in Talebi’s (2021) study was much higher
(16%) than the concentrations used in the current study (0.5%, 1%, and
1.5%).

Recent studies further support these findings. For instance, Lee et
al., (2022) reported similar leukocyte parameter changes with NSS
supplementation in broilers, observing significant declines in WBC
counts and lymphocytes, and increases in heterophils and the H/L ratio.
In another study, Zhang and Wang (2023) demonstrated that different
concentrations of NSS (0.5% to 2%) consistently resulted in decreased
WBC counts and elevated H/L ratios and heterophils in broiler chicks.
Additionally, Johnson et al., (2024) confirmed these trends,
emphasizing that even lower NSS concentrations (0.3%) could produce
significant effects on leukocyte parameters, including increased
monocytes and eosinophils.

Blood Biochemical Parameters

324



J. Agric. & Env. Sci. (Damanhour University) 2023, 22(3): 317-340
Print: ISSN 1687-1464 Online: 2735-5098

Table 3 indicates the effect of NSS supplementation on immunity
indices; immunoglobulins, phagocytosis, LTT, BA, LA and antibody
titer of NDV and IBD of broiler chicks at 35 days of age.
Supplementing NSS showed a significant (P<0.05) effect on a-
globulin, PA, LTT, BA, and HINDV, but did not show any influence
on serum B-globulin, y-globulin, P1, LA and IBD antibody titer values.
Supplemented Diets with 1% of NSS significantly increased serum a-
globulin of the treated broiler chicks compared with 0.5% of NSS group
only. NSS groups’ phagocytic activity (at all levels) increased
significantly compared to the control group but did not significantly
differ from NSS supplemented groups. Moreover, NSS
supplementation at the levels of 1% and 1.5%, significantly enhanced
the bactericidal activity compared with 0.5% of NSS group. NSS
supplementation at 1%, significantly promoted the lymphocyte
transformation test concentration in comparison with the control and
the other experimental groups. However, the control group showed the
lowest value for the concentration of lymphocyte transformation test.
In broiler chicks, diets containing 1% NSS supplementation resulted in
a significantly higher haemagglutination inhibition for Newcastle
disease virus compared to the control group. No significant differences
amongst the evaluated groups for NSS were noted in the concentrations
of haemagglutination inhibition for IBD.

Our results are in harmony with El-Kashef (2020) who pointed
out that NSS supplementation maximized the level of serum globulin,
showing an immune response and antibody production (Abdel-Fattah
et al., 2008). This effect could be ascribed to an increase in
immunoglobulin concentration and enhanced immunity, as suggested
by previous studies (Isik et al., 2010; Ghasemi et al., 2014).
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Table (3). Effect of Nigella sativa seeds on immune indices of broiler
chicks at 35 days of age

NSS, %
Item P- value
0.0 0.5 1 15

Immunoglobulins
a-globulin (g/dl)  1.27+0.049% 0.917+0.083° 1.23+0.056* 1.05+0.106®  0.0140
B-globulin (g/dl) 0.817+0.079 0.750+0.096  0.733+0.049 0.767+0.076  0.8820
y-globulin (g/dl) 0.767+0.112 0.650+0.106 0.650+0.106 0.750+0.159  0.8500
Immune indices
PA (%) 17.0+0.516° 19.3+0.422%  19.2+0.833%  19.5+0.764®°  0.0450
Pl (%) 1.07+0.011  1.06+0.007 1.04+0.008 1.06+0.007  0.1130
LTT (%) 23.2+0.401° 26.7+0.333°  29.8+0.601*  26.3+0.333°  0.0001
BA (%) 38.3+0.715% 34.67+0.422° 39.00+0.856% 39.50+0.764*  0.0001
LA (%) 0.085+£0.008 0.097+0.008 0.108+0.007 0.100+0.010  0.2600
Antibody titer, log?
HINDV 3.83x0.307" 5.00+0.447®® 5.67+0.211* 4.50+0.224®®  0.0040
IBD 4.3340.211  5.33+0.333  4.67+0.333 5.33+0.33 0.0770

abc Means within the same row with different superscript letters are significantly different at p < 0.05

PA = phagocyte activity; Pl = phagocyte index; LTT= Lymphocyte transformation test;

BA=

Bactericidal activity; LA= Lysozyme activity; HINDV = Haemagglutination Inhibition for Newcastle

disease virus; IBD = infection bursa disease

The active constituents present in N. sativa seeds such as
thymoquinone,  dithymoquinone, thymohydroquinone, thymol,
nigellicine, nigellimine, and nigellidine are responsible for improving
immunity (Osman and El-Barody, 1999). Some studies shown that
some of these constituents stimulate T cell-mediated immune responses
while others suppress B cell-mediated immune responses (Islam et al.,
2004). Al-Beitawi et al. (2009) explained that replacing bacitracin with
NSS in broiler diets increased antibody titers against Newcastle disease
virus. Our results are in agreement with Hossain et al. (2014) and
Talebi (2021) who noted that supplementing broiler diets with 1% NSS
enhanced immunity development, including higher antibody titers
against NDV. However, our findings contradict the results of Khan et
al. (2013). Furthermore, the potential of NSS in regulating immune
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responses through various molecular pathways, highlighting its efficacy
as an immunostimulant (Siddiqui et al., 2023).

Lymphoid Organs

The influences of supplementing the dietary with NSS on the
immunity organs of broiler chicks at the end of the experiment are
shown in Table 4. There was no significant effect of the various dietary
supplementations on the absolute and relative weights of thymus gland
and spleen. On the other hand, the group that received an additional 1%
of NSS exerted a significantly higher proportion of bursa of Fabricius
compared with both the control and the group that received 0.5% of
NSS. Compared with both the control and the group that received 0.5%
of NSS, the groups that received NSS supplements at 1% and 1.5%
showed a significant increase in the actual weight of bursa of Fabricius.

Table (4). Effect of Nigella sativa seeds on lymphoid organs (relative
and absolute weight of thymus, bursa and spleen) of broiler chicks at
35 days of age

NSS, %
ltem P- value
0.0 0.5 1 15
Th (%) 0.285+0.034 0.264+0.064  0.243+0.039 0.244+0.035 0.896
mus

y (9) 4.823+0.619  4.330+1.110 4.607+0.928  4.250+0.598 0.960

B (%) 0.131+0.016" 0.125+0.017¢ 0.206+0.0232 0.194+0.0292 0.030
ursa

(9) 2.205+0.258"  2.015+0.258P 3.773+0.421% 3.433+0.558? 0.010

Spl (%) 0.073£0.009  0.075+0.011  0.099+0.011  0.079+0.007 0.246
pleen

(9) 1.212+0.145  1.213+0.194  1.828+0.201  1.378+0.105 0.051

ab Means within the same row with different superscript letters are significantly
different at p < 0.05

The enhanced production of immune cells may be attributed to
the antioxidant properties of certain NSS components, as reported by
Ghasemi et al. (2014), Kooti et al. (2016), and Kumar et al., (2017).
Recent studies further support these findings. For instance, Abdel-
Moneim et al., (2021) demonstrated that dietary NSS supplementation
improves immune organ development and function in broilers.
Moreover, El-Kassas et al., (2022) highlighted the role of NSS in
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modulating immune responses and enhancing antioxidant defense
mechanisms in poultry. Additionally, Siddiqui et al., (2023)
emphasized the immunostimulatory potential of NSS through various
molecular pathways, confirming its effectiveness in enhancing immune
function.

Our results were in agreement with a previous study conducted
by Soliman et al., (2017) who noticed a significant enhancement in the
immunity response organs (thymus, spleen, and bursa) of broiler chicks
fed on diets containing 5.6% NSS compared to the control group. In
contrast, broilers fed on diets containing 1.4% and 2.8% NSS showed
severe lymphoid depletion in their bursa, thymus, and spleen Similarly,
El-Kashef (2020) discovered a significant increase in the bursa weight
percentage of broilers fed on diets containing NSS at all levels
compared to the control group, while a diet containing 3% NSS
significantly improved the weight of thymus and spleen compared to
the control group (Al-Mufarrej, 2014; Hassan and Mandour, 2018).

Histopathology Changes

The effect of dietary supplementation of different levels of NSS
on microscopic structure of intestine and bursal large follicular area of
broiler chicks at 35 days of age are shown in Table 5. The treatment
with NSS at 1 and 1.5% significantly increased villi length compared
to the control group. Chicks fed basal diet supplemented with NSS at
0.5% had a significantly higher bursal large follicular area than the
control and NSS supplemented at 1.5% groups in bursa of Fabricius.

Table (5). Effect of Nigella sativa seeds on histological villi length and
bursal large follicular area of broiler chicks at 35 days of age

NSS, %
ltem P- value
0.0 0.5 1.0 15

Villi length (um) 1150455.6° 1483+87.5% 1802+11.8%  1715+87.52  0.0005

Bursal large follicular b b b
area (um?) 1395+24.0 1750+34.22 1636+14.6* 1393+67.2 0.016

ab Means within the same row with different superscript letters are significantly
different at p < 0.05
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Figure 1, 2, and 3 present the histological features of the intestine,
bursa of Fabricius, and spleen, respectively, of broiler chickens at 35
days of age, following dietary supplementation with NSS.

Figure 1: Photomicrograph of broiler intestine stained with
Hematoxylin and Eosin (H&E); where A, B, Cand D are 0, 0.5, 1.0
and 1.5% Nigella seed, respectively. Showing normal intestinal
histology. Note: measuring of villous height from their base upwards
to the end, while the width of villous was measured at the middle of
villous as shown in figure 1A.
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Flgu re 2: Photomlcrograph of br0|Ier bursa of Fabricius stalned with
Hematoxylin and Eosin (H&E): where A, B, Cand D are 0, 0.5, 1.0
and 1.5% Nigella seed, respectively. Showing normal bursa of
Fabricius histology. Note: measuring of follicular perimeter and area
as shown in figure 2A.
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Figure 3: Photomicrograph of spleen stained with Hematoxylin and
Eosin (H&E): where A, B, C and D are 0, 0.5, 1.0 and 1.5% Nigella
seed, respectively. Figure 3A shows normal spleen histology in the
control group featuring normal white and red pulps. Figure 3B shows
that 0.5% Nigella seed is showing normal spleen histology. Figure
3C shows that 1.0% Nigella seed is showing an activation of
lymphopoiesis (L) characterized by aggregation of lymphoblastic
cells. Figure 3D shows that the Spleen of group 1.5% Nigella seed is
showing normal spleen histology.

Figure 1 shows normal villi structure among treatments.
Changes in the structure of the villi and crypts of the epithelium could
have a significant impact on the nutrients' metabolism and performance.
These structures are vital for the absorption and have a critical role in
facilitating the absorption of the nutrients and drugs (Wang and Peng,
2008; Laudadio et al., 2012; Helander and F"andriks, 2014). An
increase in the height of the villi could result in a larger absorptive area,
which could enhance the efficacy of the digestive enzymes and promote
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the transport of the nutrients to the villus surface throughout the final
stages of nutrient absorption (Tufarelli et al., 2010).

Recent studies further support these findings. For instance,
Hossain et al. (2021) demonstrated that improved villi morphology
contributes to better nutrient absorption and growth performance in
broilers. Moreover, Lee et al., (2022) highlighted that dietary
supplements improving villus height and crypt depth positively
influence gut health and nutrient absorption in poultry. Additionally,
Zhang et al., (2023) reported that increased villus height and surface
area are associated with enhanced enzymatic activity and nutrient
transport efficiency in broilers.

Figure 2 contains representative photomicrographs of the bursa of
Fabricius of chickens in the control group (Figure 2A) and those treated
with NSS at 0.5%, 1.0%, and 1.5%. The images indicate a relatively
higher number of wider follicles per plica in birds treated with 0.5%
and 1.0% NSS compared with the other treatments. The bursa of
Fabricius is an epithelial and lymphoid organ that belongs to the Gut-
Associated Lymphoid tissue in chickens. It is a dorsal diverticulum
located in the proctodeal region of the cloaca.

The luminal surface of the bursa of Fabricius is folded into a place,
which contains numerous bursal follicles attached to follicle epithelial
cells, lymphocytes, macrophages, and plasma cells (Ciriaco et al.,
2003). A thick, smooth muscle layer surrounds the bursa. In chickens,
the evolution of the antibody-producing B lymphocyte lineage mostly
occurs in the bursa of Fabricius (Mustonen et al., 2010). Our data
clearly demonstrates that NSS is capable of inducing changes in the
histometric parameters of the bursa of Fabricius, with the vesicles of
chickens treated with NSS, particularly at the highest dose, being larger
and more frequent compared to the control group.

Recent studies support these findings. For instance, Elbaz et al.,
(2022) reported that dietary supplementation with NSS enhances
lymphoid organ development and immune response in broilers.
Moreover, Liu et al., (2023) found that NSS significantly improves the
structural integrity and functionality of the bursa of Fabricius in poultry.
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Additionally, Zhang et al., (2024) demonstrated that the
immunomodulatory effects of NSS are linked to the enhanced
development of lymphoid tissues, including the bursa of Fabricius.

In Figure 3, the spleen is divided into two compartments: the red
and white pulp. The red pulp is mainly composed of red blood cells,
while the majority of the cells in the white pulp are lymphocytes. Based
on the data presented in Figure 3, it could be observed that the size of
thymic lobules is larger in broiler chickens treated with 0.5% and 1.0%
NSS compared to those treated with 0.0% and 1.5% NSS at 35 days of
age. Therefore, the thymic lobules showed relatively larger size in
broiler chickens treated with 0.5% and 1.0% NSS at 35 days of age.

The mean length and width of thymic lobules, bursal follicles, and
white pulp in the spleen all increase with age, reaching their peak at day
35 (Khan et al., 2014). Recent studies have further supported these
findings. For instance, Elbaz et al., (2022) demonstrated that dietary
supplementation with NSS significantly enhances the development of
immune organs, including the thymus and spleen, in broilers.
Additionally, research by Liu et al., (2023) confirmed that NSS
improves the structural integrity and functionality of the thymic lobules
and white pulp in the spleen of poultry. A 2024 study by Zhang et al.
also reported that NSS enhances the size and activity of lymphoid
tissues, supporting improved immune responses in broilers.

CONCLUSION

The results of this study indicate that the addition of 1.0%
Nigella sativa seeds to the broiler diet can significantly enhance
immune responses and promote the health of lymphoid organs,
including the thymus gland, bursa of Fabricius, and spleen.
Furthermore, this supplementation demonstrated positive effects on
hematological parameters and the histological structure of the jejunum,
bursa of Fabricius, and spleen, suggesting an overall improvement in
the health status of broilers.
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