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ABSTRACT. The effects of dietary supplementation with rosemary oil (RO), 
Nigella sativa oil (NSO) and their combination (NSO+RO) were studied in 
Japanese quails challenged with Escherichia coli. Thirty hundred quail chicks 
were randomly allocated to 5 equal groups, each of 3 replicates (20 quails/
replicate). Quails in the negative and positive control groups were fed a basal 
diet based on maize and soybean with vegetable oil as a lipid source. The 
experimental dietary groups were fed basal diet with RO, NSO or NSO+RO as 
a lipid source. At day 33 of age, birds from all groups, except negative control, 
were injected subcutaneously with 200 µl of E. coli. It was shown that NSO and 
NSO+RO addition significantly improved final body weight and body weight gain 
in comparison with both control groups. Additionally, the supplementation with RO, 
NSO or their combination reduced serum liver and kidney functions biomarkers, 
decreased MDA level and increased antioxidant enzymes activity in both liver and 
breast muscle in comparison with the positive control. Moreover, serum lysozyme 
and bactericidal activities were significantly increased in all experimental dietary 
groups. Furthermore, NSO and NSO+RO treatments suppressed harmful bacteria 
like E. coli, increased coliforms and lactobacilli bacteria in comparison with the 
RO group, and also significantly alleviated histopathological and morphometric 
changes induced by E. coli in the small intestine, spleen and bursa of Fabricius. 
In conclusion, NSO and RO can exert antioxidant and immunomodulatory effects. 
However, NSO alone or combined with RO is more effective than RO as a growth 
promoter and for controlling intestinal pathogenic bacteria. 
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Introduction

In birds Escherichia coli infection causes 
colibacillosis, a local or systemic disease which 
in very acute and serious form may lead to 
septicemia and mortality with heavy economic 
losses in the poultry industry (Barnes et al., 2008). 
In broilers E. coli infection usually opens a gate for 

secondary infections with other microorganisms 
through lowering bird’s resistance causing severe 
illness or death. Moreover, Shen et  al. (2010) 
postulated that E.  coli infection may lead to 
increased lipid peroxidation in cell membranes 
and may impair antioxidant defence of the body, 
increase vascular permeability and cause tissue 
damage.
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Previously, antibiotics at sub-therapeutic levels 
were used as a growth promoter in the swine and 
poultry industry as they improve the growth rate and 
efficiency of feed utilization and reduce morbidity 
and mortality (Cromwell, 2002). However, the use 
of antibiotics as feed additives causes an increase 
in the transmission and proliferation of resistant 
bacteria via the food chain. This has driven the nu-
tritionists to develop natural products for obtaining 
the desired weight without the usage of antibiotics 
as growth promoters.

Recently, growing attention has been paid to es-
sential oils derived from herbs and spices, as an al-
ternative to antimicrobial feed additives, since they 
exhibit antioxidant, antifungal and digestion-stimu-
lating activities (Hernández et al., 2004). Moreover, 
plant extracts and essential oils exert effects on dif-
ferent body systems functions, as endocrine and im-
mune ones (Yazan et al., 2009).

One of the historically famous medicinal herb, 
Nigella sativa (black cumin), belongs to the family 
Ranunculaceae. Its seeds contain alkaloids, volatile 
as well as fixed oils and a variety of pharma-
cologically active substances like thymoquinone, 
dithymoquinone, carvacrol, thymol, nigellicine-
N-oxide, nigellidine and α-hedrin, which possess 
activities against a large variety of diseases and 
are thought to be relatively safe (Nasir et  al., 
2005). The N.  sativa seeds contain volatile oils  
(0.5–1.6%), fixed oils (35.6–41.6%), protein and 
amino acids (22.7%) (Al-Gaby, 1998). The previous 
studies reported that fixed oils of N.  sativa have 
antibacterial and anti-inflammatory activities, and 
exert a positive effect on the performance of poultry 
(Abu-Al-Basal, 2011).

Rosemary (Rosmarinus officinalis) oil is also 
an essential oil that contains carnosal, carnosic acid, 
caffeic acid and rosmarinic acid. It has been known 
that rosemary and its constituents present powerful 
antioxidant, antibacterial, anti-inflammatory, anti-
cancer, immunomodulatory and health-promoting 
activities (Al-Kassie et al., 2011). In some studies 
it was reported that dietary herbal plants or their es-
sential oils improved growth and productive perfor-
mance (Basmacioğlu et al., 2004), while others had 
insignificant effects (Abd El-Latif et al., 2013).

Therefore, the current study was designed to 
evaluate the influence of rosemary oil (RO), N. sa-
tiva oil (NSO) and their combination on growth 
performance, biochemical, antioxidant and immu-
nological parameters as well as intestinal bacterial 
count and histopathological changes in quail chick-
ens challenged with E. coli. 

Material and methods

This experiment was approved by the Nutrition 
and Nutritional Deficiency Diseases Department of 
the Faculty of Veterinary Medicine, Mansoura Univer-
sity (Egypt). It was conducted at the experimental unit 
connected to the department. The experimental unit 
was provided with all equipment necessary to meet 
the requirements for each experimental group such as 
light, water and good health condition of the area.

Animals, diets and experimental design
In total, three hundred 12-day old Japanese 

quails, of both sex, were randomly divided into 
five equal groups, each of sixty birds subdivided 
into three replicates (20 quails/pen). The quails in 
the negative and positive control groups were fed 
a  maize-soybean basal diet with mixed vegetable 
oil as a lipid source. The other dietary experimental 
groups were fed basal diet with rosemary oil (RO), 
N.  sativa oil (NSO) or combination of these both 
oils (NSO+RO) (1  volume: 1  volume) as a  lipid 
source. A  24-h constant lighting program was 
maintained throughout the experimental period. 
The composition of diets was adopted from the 
National Research Council (NRC, 1994), and the 
ingredients percentage and chemical composition 
of experimental diets are presented in Table 1.  
 

Table 1. Ingredients and proximate composition of the experimental 
diets

Indices Amount
Ingredients %

maize grain (8.5%) 55
soybean meal (44%) 35.3
maize gluten (62%) 6
oil1 0.7
limestone 1.3
dicalcium phosphate 1
vitamins & minerals premix2 0.25
Salt 0.3
DL-methionine 0.1

Proximate chemical analysis
CP, % 23.98
ME, kcal/kg 2914
Ca, % 0.84
available P, % 0.32

1 mixed vegetable oil in positive or negative control, rosemary oil (RO), 
Nigella sativa oil (NSO) or their mixture (RO+NSO); 2 vitamins and 
minerals premix used to cover the required vitamins and minerals 
per each kilogram diet (IU: vit. A 10 000, vit. D3 1500; mg: vit. E 10, 
vit. K3 2, vit. B1 2, vit. B2 5, vit. B6 3, vit. B12 0.01, niacin 27, folic acid 1, 
biotin 0.05, pantothenic acid 10, Mn 60, Zn 50, Cu 10, I 0.1, Se 0.1, 
Co 0.1, Fe 50); CP – crude protein, ME – metabolizable energy
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Rosemary and N. sativa oils were purchased from 
El-Captain Company (CAPPHARM) for Extracting 
Natural Herbs and Cosmetics (Cairo, Egypt).

Preparation of E. coli suspension and E. coli 
challenge

A clinical isolate of E. coli serogroup O2 strain 
from a  natural case of poultry colibacillosis was 
inoculated into Brain Heart Infusion broth (BHI), 
incubated at 37 °C for 24 h, and passaged once on 
Eosin Methylene Blue (EMB) agar for 13 h at 37 °C. 
Absorbance was measured with the Nano-Drop 
1000 spectrophotometer (Thermo Fisher Scientific, 
Wilmington, DE, USA) at a wavelength of 600 nm, 
and the number of bacteria was counted by  
a standard plate count method. The dose 106 colony 
forming unit (CFU) of E. coli per ml was used for 
experimental reproduction of the disease as reported 
by Nain and Smits (2011). Before infection, cloacal 
swabs were collected from all the quails in order to 
confirm if they were free from pathogenic E.  coli 
organism.

At day 33 of age, quail chickens from all groups, 
except negative control group, were injected subcu-
taneously in the breast with 200 µl of 1 × 106 CFU 
of E. coli serogroup O2 per 1 ml BHI broth (Lau 
et al., 2010). Meanwhile, the negative control group 
was injected subcutaneously with 200 µl BHI broth 
per bird.

Growth performance indices of quail 
chickens

The quails were weighed individually at the 
beginning of the experimental period, at day 33 of 
age and at the end of the experiment (day 40 of age) 
for the calculation of body weight gain (BWG). 
The feed conversion rate (FCR) was calculated as 
kg feed per kg BWG. At the end of the trial, all 
quail chickens were fasted overnight. Two quails 
per replicate (six birds per treatment) were weighed 
just prior to slaughter. After removal of feather 
and evisceration, the heart, liver, gizzard, bursa of 
Fabricius, thymus and spleen were weighed and 
expressed as a percentage of body weight (BW).

Sample collection 
At the end of the experiment (day 40 of age), 

five quails from each treatment were picked up 
randomly for blood collection. Blood samples 
were collected from wing vein into plane test tubes 
and kept at room temperature for 20 min to allow 
clotting, and then left in the refrigerator for 4  h. 
Carefully the clear serum was then separated by 

centrifugation at 3000  rpm for 10  min and stored 
at −20  °C until further selected biochemical and 
immunological parameters measurement. After 
blood sampling birds were slaughtered, and one-
gram samples from the liver and breast muscle were 
rapidly excised from each bird, washed in an ice-cold 
saline buffer (20 mM Tris-HCl, 0.14 M NaCl buffer, 
pH 7.4) and homogenized in ice-cold phosphate-
buffered saline (PBS) (pH 7.4). The homogenates 
were centrifuged at 4 °C for 15 min at 3000 rpm., 
the supernatants were then carefully collected 
and stored at −80  °C for estimation of oxidative 
stress and antioxidant biomarkers (Ferdandez-
Botran et al., 2002). Also, specimen from jejunum, 
spleen and bursa of Fabricius were fixed in 10% 
neutral buffered formalin for histopathological  
examination. 

Serum biochemical analysis 
The serum samples were analysed spectropho-

tometrically (5010 photometer, BM Co., Berlin, 
Germany) for estimation of alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) 
activities by using commercial kits provided by 
Vitro Scient (Hannover, Germany). The serum to-
tal protein (TP) and albumin (Alb) contents were 
evaluated using Stanbio Laboratory (Boerne, TX, 
USA) kits. Globulin (Glob) concentration in se-
rum was calculated by subtracting albumin from 
total proteins, after that albumin to globulin ratio  
(Alb/Glob ratio) was calculated. The creatinine  
and uric acid contents were assayed by us-
ing ready-made kits manufactured by Human  
(Wiebaden, Germany) and Spinreact (Sant Esteve 
d’en Bas, Spain), respectively. The kits manufac-
tured by Spinreact (Sant Esteve d’en Bas, Spain) 
were also used for the determination of choles-
terol, triglycerides (TG) and high-density lipopro-
tein cholesterol (HDL-C) concentrations. Subse-
quently, very low-density lipoprotein cholesterol  
(VLDL-C) content was calculated according to  
Parizdian et  al. (2011) by using the following  
formula: VLDL-C = TG/5.

Oxidative stress and antioxidant markers  
in tissue homogenates

The malondialdehyde (MDA) and reduced 
glutathione (GSH) contents, and catalase (CAT) 
and superoxide dismutase (SOD) activities were 
determined in liver and muscle homogenates 
spectrophotometrically by enzymatic colorimetric 
method using commercial Bio-diagnostic (Giza, 
Egypt) kits, according to the supplier’s instructions. 
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Immunological parameters
Serum lysozyme activity. Lysozyme activ-

ity was measured by the turbidimetric assay as 
described by Parry et  al. (1965). The lysozyme 
substrate (0.75  mg/ml of gram positive bacterium 
Micrococcus lysodeikticus lyophilized cells) was 
suspended in 0.1  M sodium phosphate/citric acid 
buffer of pH 5.8. Twenty five microliters of serum 
was added to each well of a round-bottom 96-well 
microtiter plate with 175 μl of substrate solution at 
25  °C. By utilizing microtiter plate ELISA reader 
(RBK 3.500A, Robonik, Brussels, Belgium), the 
reduction in absorbance was measured after 0 and 
20 min at 450 nm. The unit of lysozyme in serum 
(μg/ml) was obtained from standard lysozyme curve 
made with lyophilized hen-egg-white-lysozyme 
(Sigma-Aldrich, St. Louis, MO, USA).

Serum bactericidal activity
Serum bactericidal activity was determined 

according to Kampen et al. (2005). 100 μl of serum 
or Hank’s balanced salt solution as control were 
mixed with 50 μl of living 24-h culture of E. coli 
suspension (1  ×  108) in a round-bottom 96-well 
microtiter plate. The plate was then incubated 
for 2.5  h at 37  °C. After that, 25  μl of diphenyl 
tetrazolium bromide solution (MTT; 2 mg/ml) were 
added to each well and the plate was then incubated 
for 10  min at 25  °C to allow the development of 
formazan. The plate was then centrifuged at 2000 g 
for 10 min, the supernatant was carefully removed 
and 200  μl of DMSO were added for dissolving 
formazan. The absorbance of the dissolved formazan 
was read by microtiter plate ELISA reader (RBK 
3.500A, Robonik, Brussels, Belgium) at 560  nm 
and was reported as absorbance units by subtracting 
the absorbance of blank samples.

Microbial populations
Five quails from each group were sacrificed 

under aseptic conditions. Liver and intestinal con-
tent were taken immediately after the slaughter in 
screw-capped sterile plastic cups separately. One 
gram of each liver sample was aseptically added to 
9 ml of Tryptic Soya Broth (TSB/CM129, Oxoid, 
Hants, UK) into a stomacher bag for at least 2 min, 
and then they were incubated at 37 °C for 24 h ac-
cording to De Boer and Heuvelink (2000). Loop-
ful from the incubated broth was streaked onto the 
surface of EMB agar (CM69, Oxoid, Hants, UK). 
After 24 h at 37  °C, the colonies of E.  coli were 
confirmed biochemically followed by O-serotyp-
ing. On the other hand, one gram of intestinal con-
tent from each bird was aseptically added to 9 ml of 

0.1% sterile peptone solution to prepare ten-fold se-
rial dilution up to 107 of each sample. Viable counts 
of total aerobes, coliforms and lactobacilli were 
performed using the spread-plate technique. Total 
aerobes were enumerated on nutrient agar (Oxoid, 
Hants, UK) and coliform enumerated on MacCon-
key agar, the plates were incubated aerobically at 
37  °C for 24  h. For lactobacilli, deMan, Rogosa 
and Sharpe (MRS) agar (Biolife, Milan, Italy) was 
used; the plates were incubated in 5% CO2 for 48 h. 
The media plates were inoculated with 0.1  ml of 
the sample dilutions. After incubation, colonies 
were counted according to colony morphology. 
Numbers of CFU per gram of digesta content were 
recorded (Mahdavi et al., 2010).

Histopathological examination
Tissue samples from jejunum, spleen and bursa 

of Fabricius were fixed in 10% neutral buffered 
formalin for histopathological study. All fixed tis-
sue samples were embedded in paraffin, sectioned 
at 5  µm and stained with hematoxylin and eosin 
(H&E) (Bancroft and Gamble, 2001). The intesti-
nal villus length (µm) and width (µm) were mea-
sured in the jejunum of slaughtered broilers using 
eyepiece (10×) and magnification of 100× in the 
microscope according to Sakamoto et  al. (2000). 
Villous surface area (µm2) was calculated accord-
ing to the formula: π × villus width × villus length, 
as described by Sakamoto et  al. (2000). The his-
tological length and width of bursal follicles and 
white pulps of spleen were measured as mentioned 
by Khan et al. (2014).

Statistical analysis
The statistical analysis was conducted by using 

the statistical software program SPSS for Windows 
ver. 20 (IBM, Armonk, NY, USA) performing 
a one-way analysis of variance (ANOVA) with 
Tukey’s post-hoc test. The data were expressed as the 
mean ± standard error; values with dissimilar letters 
are statistically significantly different at P  < 0.05. 
Graphs were prepared using GraphPad Prism ver. 5 
(GraphPad Software Inc., La Jolla, CA, USA).

Results
Before E. coli infection, there were no signifi-

cant differences in growth performance among all 
experimental groups (Table 2). After the challenge, 
the FBW and BWG of birds fed diets supplement-
ed with NSO and NSO+RO were significantly in-
creased in comparison with birds from the positive 
control group. 
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Carcass and relative organs weight (liver, heart, 
gizzard, spleen, thymus and bursa of Fabricius) 
were not considerably affected by any dietary treat-
ment (data not shown). 

Escherichia coli infection induced a  significant 
elevation in serum activities of ALT and AST, as 
well as a serum level of uric acid (Table 3). However, 
in NSO and NSO+RO supplemented groups these 
parameters were significantly improved to the level 
of the negative control group. The ALT activity 
and uric acid content were also improved by RO 
supplementation. The serum TP and Glob levels were 
significantly elevated in NSO group in comparison 
with the positive control group. Meanwhile, Alb 

content and Alb/Glb ratio were not significantly 
varied between all experimental groups. 
Noteworthy, there was observed a serum cholesterol 
increase in the positive control group in comparison 
with the negative one. The dietary supplementation 
of quail diets with RO, NSO or their combination 
caused non-significantly lower serum cholesterol 
content than in the positive control group; however 
cholesterol content in dietary groups did not differ 
either from positive or negative control groups. 
In contrast, serum contents of TG and VLDL-C 
did not differ among all groups. The HDL-C was 
significantly increased in the RO-treated group 
as compared with the positive control group  

Table 2. Impact of rosemary oil (RO), Nigella sativa oil (NSO) or their combination (NSO+RSO) on growth performance of Japanese quails 
challenged with Escherichia coli

Indices Groups1

negative control positive control RO NSO NSO+RO
Pre-infected, days 12–33 

IW, g 69.6 ± 1.7 69.0 ± 1.2 69.3 ± 1.5 69.3 ± 1.4 68.3 ± 1.5
BW, g 180 ± 2 179 ± 3 181 ± 4 178 ± 2 175 ± 4
BWG, g 110 ± 2 110 ± 3 114 ± 5 112 ± 3 110 ± 4
FCR 2.71 ± 0.06 2.69 ± 0.05 2.75 ± 0.08 2.65 ± 0.07 2.64 ± 0.10

Post-infected, days 33–40
FBW, g 204 ± 3b 200 ± 4b 206 ± 4ab 218 ± 3a 216 ± 3a

BWG, g 137 ± 3b 135 ± 3b 141 ± 4b 154 ± 3a 152 ± 3a

FCR 3.33 ± 0.06ab 3.23 ± 0.05ab 3.49 ± 0.07a 3.05 ± 0.05b 3.16 ± 0.08b

1 groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed maize-soybean basal diet with mixed vegetable oil 
(positive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except 
negative control were challenged with E. coli at day 33 of age; a-b – means with different letters within the same row are significantly different  
(P < 0.05); values are presented as means ± standard error (SE); IW – initial weight, BW – body weight, BWG – body weight gain, FCR – feed 
conversion ratio, FBW – final body weight 

Table 3. Effect of rosemary oil (RO), Nigella sativa oil (NSO) or their combination (NSO+RSO) on the selected serum biochemical parameters in 
Japanese quails challenged with Escherichia coli

Groups1
Indices

NSO+RO NSOROpositive controlnegative control
6.16 ± 0.79b5.74 ± 0.39b6.30 ± 0.54b12.60 ±1.83a7.34 ± 0.57bALT, U/l
54.5 ± 2.6b54.4 ± 2.38b57.0 ± 2.9ab  70.5  ± 6.1a51.7 ± 3.1bAST, U/l
4.53  ± 0.57ab4.95 ± 0.52 a3.94 ± 0.37 ab 2.82   ± 0.25b2.97  ± 0.17bTotal protein, g/dl 
1.25 ± 0.091.27 ± 0.051.35 ± 0.17   1.21 ± 0.081.10  ± 0.07Alb, g/dl
3.28  ± 0.62ab3.67  ± 0.54a2.59 ± 0.52ab   1.61  ± 0.22b1.86  ± 0.13abGlob, g/dl
0.46  ± 0.110.38  ± 0.060.71 ± 0.27   0.82 ± 0.130.60  ± 0.05Alb/Glob ratio, %
0.34  ± 0.02ab0.33  ± 0.02ab0.31  ± 0.03b  0.39  ± 0.01a0.32  ± 0.02abCreatinine, mg/dl
2.46  ± 0.22b2.91  ± 0.04ab2.55  ± 0.52b  4.01  ± 0.15a2.09  ± 0.15bUric acid, mg/dl
 160  ± 18ab 170 ± 15ab 159  ± 9ab   208  ± 12a139  ± 15bCholesterol, mg/dl
 266  ± 25 253  ± 33 233  ± 15   230   ± 19186  ± 16TG, mg/dl
61.6  ± 2.0b 54.1 ± 3.7b99.9  ± 9.3a  59.7  ± 7.6b66.8  ± 6.3bHDL-C, mg/dl 
53.2 ± 5.0 50.7 ± 6.646.6 ± 3.1  45.9  ±  3.737.2 ± 3.1VLDL-C, mg/dl

1 groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed maize-soybean basal diet with mixed vegetable oil (posi-
tive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except negative 
control were challenged with E. coli at day 33 of age; a-c – means with different letters within the same row are significantly different (P < 0.05); 
values are presented as means ± standard error (SE); ALT – alanine aminotransferase; AST – aspartate aminotransferase; TP – total protein; 
Alb – albumin; Glob – globulin; TG – triglyceride; HDL-C – high-density lipoprotein cholesterol; VLDL-C – very low-density lipoprotein cholesterol 
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(Table 3). The effects of different dietary treatment 
on lipid peroxidation and antioxidant enzymes in 
E.  coli challenged quails is illustrated in Figure 
1. MDA levels in the liver and breast muscle were 
significantly reduced to the level in the negative 
control in all supplemented groups when compared 
with the positive control group. The hepatic GSH 
level significantly increased only in RO and NSO 
groups when compared with both control groups. 
On the other hand the GSH level in breast muscle 

was significantly increased in the RO+NSO group 
as compared with either positive or negative control. 
CAT activity was significantly increased in the 
RO+NSO group in comparison with the positive 
control group in both liver and breast muscle. SOD 
activity in the liver was significantly higher in the 
RO+NSO group compared to the positive control 
one. Meanwhile, in the breast muscles, SOD activity 
was significantly higher in the RO group than in the 
positive control group. 

Figure 1. Effect of rosemary oil (RO), Nigella sativa oil (NSO) or their mixture (NSO+RSO) on of dietary supplementation with RO or NSO and 
their combination on malondialdehyde (MDA) level (A), glutathione (GSH) level (B), catalase (CAT) activity (C) and superoxide dismutase (SOD) 
activity (D) in Japanese quails challenged with Escherichia coli in (left column) and breast muscles (right column)  
Groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed with maize-soybean basal diet with mixed vegetable oil 
(positive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except negative 
control were challenged with E. coli at day 33 of age; mean ± standard error; a–c – bars with different letters differ significantly at P < 0.05
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Serum lysozyme was significantly elevated in 
NSO and RO+NSO groups in comparison with the 
positive control group. Meanwhile, the bactericidal 
activity was significantly elevated in all dietary sup-
plemented groups in comparison with both controls 
(Figure 2). 

Quails fed diet supplemented with NSO and 
NSO+RO resisted the E. coli infection in compari-
son with those fed diet with RO. Total aerobic bac-
terial count in the NSO+RO group was higher than 
in RO one; however did not differ from the positive 
control. Coliforms count was higher in NSO and 
NSO+RO groups in comparison with the RO group; 
but none of the dietary supplemented groups differ 
from the positive control. The lactobacilli count was 
decreased in the RO group in comparison with posi-
tive control and NSO and NSO+RO supplemented 
groups (Table 4).

Microscopical examination of the small inte-
stine in the negative control group showed no 
histopathological lesions (Figure 3A). The epithelial 
covering villi and lining the crypts were cuboidal. 

Severe vacuolar degeneration of the epithelial cells 
in apical halves of the villi was observed in the 
positive control group (Figure 3B). Loss of apical 
third of the villi was noticed in the RO group (Figure 
3C). Mild epithelial degeneration, loss of tips of the 
villi and widening of apical lamina propria were 
observed in NSO and NSO+RO groups (Figures 3D 
and 3E). Morphometric measurements of intestinal 
villi showed significant variation for villous length 
among groups. The lowest villous length was in 
the positive control and the highest in the negative 
one. The villous length in RO, NSO and NSO+RO 
groups did not differ but it was higher than in the 
positive control (Table 5).

Histological examination of the bursa of Fab-
ricius in the negative control group showed no 
histopathological lesions (Figure 4A). In the posi-
tive control group, the follicles became fewer in 
number and smaller in size than in the negative 
control group (Figure 4B) accompanied by inter-
stitial oedema and fibrosis. Lymphocytic depletion 
in follicles was observed where lymphocytes were 
replaced by vacuoles (Figure 4C). In three dietary 
treated groups, these changes were milder than in 
the positive control group (Figures 4D–F). The fol-
licles became larger with less interstitial fibrosis in 
the NSO+RO group (Figure 4F). Follicular length 
and width did not differ among all groups (Table 5).

The microscopical examination of spleen in the 
negative control group showed no histopathological 
lesions (Figure 5A). In the positive control group, 
lymphocytes were depleted from the white pulp 
(Figure 5B). In three dietary-treated groups, the 
lymphocytic population in white pulp was restored 
(Figure 5C–E). Morphometric measurements of white 
pulp length and width showed significant variation 
in length with statistical difference only between 
negative control and NSO+RO group (Table 5). 

Figure 2. Effect of rosemary oil (RO), Nigella sativa oil (NSO) or their mixture (NSO+RSO) dietary supplementation with RO or NSO and their 
combination on serum lysozyme activity (A) and bactericidal activity (B) in Japanese quails challenged with Escherichia coli
Groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed with maize-soybean basal diet with mixed vegetable 
oil (positive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except 
negative control were challenged with E. coli at day 33 of age; mean ± standard error; a–c – bars with different letters differ significantly at P < 0.05
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Table 4. Effect rosemary oil (RO), Nigella sativa oil (NSO) or their 
combination (NSO+RSO) on pathogenic Escherichia  coli serogroup 
O2 strain and intestinal microbial ecology of Japanese quail challenged 
with Escherichia coli

Indices
Groups1

control  
positive RO NSO NSO+RO

Pathogenic  
E. coli (O2) + + − −

Total aerobic 
bacterial count, 
CFU/ml

7.34 ± 0.24ab5.99 ± 0.30b 7.95a ± 0.42ab 8.35 ± 0.34a

Coliforms,  
CFU/ml 5.89 ± 0.31ab5.34 ± 0.38b 7.04 ± 0.31a 7.26 ± 0.26a

Lactobacilli,  
CFU/ml 4.40 ± 0.27a 2.43 ± 0.33b 5.12 ± 0.26a 5.43 ± 0.18a
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Figure 4. Bursa of Fabricius showing normal histology in control negative group (A) and fewer and smaller follicles in control positive group (B), 
besides, oedema (asterisk) and fibrosis (arrow) in the interfollicular interstitium (B), lymphocytic depletion of lymphocytes which was replaced 
by vacuole (small arrow) (C), interstitial oedema (asterisks) and fibrosis (arrows) in RO group (D), less interstitial fibrosis (arrows) in NSO and 
NSO+RO groups (E and F, respectively). Note: size of follicles became larger than in control positive group (F) 
Groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed maize-soybean basal diet with mixed vegetable oil (positive 
control or negative control), rosemary oil (RO), Nigella sativa oil  (NSO) or combination (NSO+RO, 1:1 volume), all groups except negative control 
were challenged with E. coli at day 33 of age; hematoxylin and eosin stain; A–F: 100× magnification, except C: 200×; bar = 100, except C = 50

 

Figure 3. Jejunum showing normal villi covered with cuboidal epithelium in control negative group (A), severe vacuolar degeneration of the 
epithelial cells covering villi (arrow) in apical halves of the villi in control positive group (arrow) (B), loss of apical third of the villi in RO supplemented 
group (arrow) (C), mild epithelial degeneration, loss of tips of the villi and widening of apical lamina propria in NSO and NSO+RO supplemented 
groups (arrow) (D and E, respectively) 
Groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed maize-soybean basal diet with mixed vegetable oil 
(positive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except 
negative control were challenged with E. coli at day 33 of age; hematoxylin and eosin stain; A–E: 100× magnification, bar = 100
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Discussion

Currently, the usage of essential oil mixtures as 
feed additives in poultry nutrition has gained great 
interest, especially after the ban on using antibiot-
ics. Previously, several studies have evaluated the 
effect of essential oils supplementation on growth 
performance, antimicrobial and antioxidant activi-
ties as well as nutrient digestibility and lipid me-

tabolism (Al Saleh et  al., 2006; Abd El-Hack and 
Alagawany, 2015; Attia and Al-Harthi 2015; Tor-
ki et  al., 2018). Herein, N.  sativa oil either sepa-
rately or in the combination with rosemary oil has 
a  positive effect on growth performance rather 
than rosemary oil alone. That could be related to 
N.  sativa oil high nutritive value, as it contains 
a mixture of beneficial fatty acids such as linoleic, 
linolenic and oleic acids (Babayan et  al., 1978).  

 

Table 5. Impact of rosemary oil (RO), Nigella sativa oil (NSO) or their combination (NSO+RSO) on morphometric parameters in intestine, bursa 
of Fabricius and spleen of Japanese quails challenged with Escherichia coli

Morphometric 
parameters

Groups1

negative control positive control RO NSO NSO+RO
Intestinal villi

length, µm     1165 ± 38a         570 ± 18c          767 ± 33b         885 ± 38b          893 ± 30b

width, µm       76.2 ± 8.1       72.4 ± 8.6     114.0 ± 18.5         79.6 ± 17.2         84.6 ± 17.2
surface area, µm2 282452 ± 37955 129033 ± 13744 277764 ± 53738 228170 ± 60574 235719 ± 45675

Bursal follicles
length, µm 639 ± 30 568 ± 33 587 ± 46 603 ± 50 604 ± 78
width, µm 479 ± 70 444 ± 40 458 ± 31 459 ± 36 460 ± 12

Splenic white pulp
length, µm 399 ± 21ab 298 ± 18b 350 ± 15ab 436 ± 54a 374 ± 14.65ab

width, µm 262 ± 28 241 ± 35 265 ± 26 345 ± 27 302 ± 13.2
1 groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed with maize-soybean basal diet with mixed vegetable oil  
(positive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except negative 
control were challenged with E. coli at day 33 of age; a-b – means with different letters within the same row are significantly different (P < 0.05); values 
are presented as means ± standard error (SE)

Figure 5. Spleen showing normal histology in control negative group (A) and marked lymphocytic depletion (pointed with arrows) of white pulp  
in control positive group (B). Lymphocytic population gradually restored in RO (C), NSO (D), NSO+RO (E) groups
Groups: negative control, positive control, RO, NSO and NSO+RO represent birds fed maize-soybean basal diet with mixed vegetable oil 
(positive control or negative control), rosemary oil (RO), Nigella sativa oil (NSO) or combination (NSO+RO, 1:1 volume), all groups except 
negative control were challenged with E. coli at day 33 of age; hematoxylin and eosin stain; A–E: 100× magnification, bar = 100
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Also, it exerts choleric effects increasing bile flow, 
which acts as an emulsifying agent, as well as it ac-
tivates the pancreatic lipase which aids fat diges-
tion and fat-soluble vitamins absorption (Crossland, 
1980). In addition, NSO stimulates the digestive en-
zymes in the intestinal mucosa and pancreas, so im-
proves the digestion of dietary nutrients and feed ef-
ficiency (Abu-Dieyeh and Abu-Darwish, 2008). The 
results obtained in the present study are in line with 
the findings of Saleh (2014) and Attia and Al-Harthi 
(2015) who recorded that feed intake, BWG and 
FCR were improved by N. sativa supplementation. 
However, NSO and RO had no effect on carcass and 
relative organs weight as mentioned by Toghyani 
et al. (2010) and Abd El-Latif et al. (2013).

The analysis of serum biochemical parameters 
gives an indication about the health, nutritional 
and physiological status of animals (Abd El-Hack 
and Alagawany, 2015). In this study, the results 
of serum of liver and kidney function biomarkers, 
and TP and Glob levels were in agreement with the 
results of Khan et al. (2012), Soliman et al. (2017) 
and El-Hack et  al. (2018). The increase in serum 
TP may be referred to the immunostimulant effect 
of N.  sativa (Al-Beitawi and El-Ghousein, 2008) 
and the availability of black cumin seed proteins in 
birds diets (Khan et al., 2012). In the same context, 
Yildirim et al. (2018) found that diet supplemented 
with ethanolic extract of rosemary (Rosmarinus 
officinalis) (100 and 200 mg/kg basal diet) in broilers 
for 42  days significantly reduced serum ALT and 
AST activities but had no effect on Alb and Alb/Glob 
ratio. Additionally, serum levels of TP, Alb, Glob and 
Alb/Glob ratio did not differ in broiler supplemented 
with RO at a dose 100  and 200  mg/kg diet  
(Abd El-Latif et  al., 2013). Furthermore, the 
serum creatinine level was significantly improved 
in sodium nitrate intoxicated birds treated with 
rosemary extract (Akhavast and Daneshyar, 2017).

The hepatoprotective effect of black cumin is re-
lated to its components, particularly thymoquinone, 
carvacrol, p-cymene, m-cymene and α-thujene, 
which have antioxidant and free radicals scaveng-
ing properties, subsequently inhibiting lipid peroxi-
dation (Hassan et al., 2012). 

In the present study, the RO supplementation 
non-significantly reduced the serum the cholesterol 
level that may be caused by the inhibition of 
hepatic 3-hydroxy-3-methylglutaryl coenzyme A 
(HMG-CoA) reductase activity that is necessary for 
cholesterol synthesis (Valenzuela et al., 2004). This 
is proven by the previous study of Alagawany and El-
Hack (2015) who reported a decrease in serum TG, 

cholesterol and LDL-C content, but an increase in 
HDL-C content in laying hen with rosemary dietary 
treatment. Partially in accordance with the present 
study, Torki et  al. (2018) reported a significant 
reduction in the serum cholesterol level in laying 
hen fed diet supplemented with 200 mg RO per kg 
diet. Conversely, Abd El-Latif et  al. (2013) found 
that TG, TC, LDL-C and HDL-C were significantly 
increased in broiler fed diet supplemented with 
RO and such discrepancy may be attributed to 
breed, gender, age, feed composition, route of 
administration and experimental conditions. 

Nigella sativa oil alone or combined with RO 
had no effect on serum cholesterol and HDL-C 
levels, which is in agreement with Khalaji et  al. 
(2011) who found no effect of black cumin on serum 
levels of cholesterol, TG, HDL-C and VLDL-C. In 
contrast, Shokrollahi and Sharifi (2018) reported 
hypocholesterolemic effect of N. sativia, which may 
be attributed to its component such as thymoquinone 
and monounsaturated fatty acids (MUFA) that may 
lower either synthesis of cholesterol by hepatocytes 
or its reabsorption from small intestine and increase 
its conversion to bile acids (Khodary et  al., 1996; 
Brunton, 1999). Black cumin has also inhibitory 
effects on HMG-CoA reductase activity (Khan 
et al., 2012).

The dietary supplementation with RO, NSO or 
their combination significantly reduced MDA level 
and increased antioxidant enzymes activities. The 
antioxidant activity of rosemary may be attributed 
to its components such as phenolic diterpenes, 
flavonoids, phenolic acids and volatile oils which 
have free radical scavenging properties (Ho et al., 
2000; Begum et  al., 2013). The role of RO in 
reducing MDA and increasing GSH level and CAT 
activity was previously reported by Türk et  al. 
(2016) and Yildirim et al. (2018). Black cumin may 
be an antioxidant that inhibits free radicle production 
and increases antioxidant enzymes activity due 
to the main bioactive components of black cumin 
essential oil (Tülüce et  al., 2009). Such a result 
is in agreement with El-Hack et  al. (2018). The 
anti-inflammatory effect of polyphenol containing 
substances may cause inhibition of nuclear factor 
kappa (NF-𝜅B) signalling consequently enhancing 
nuclear factor erythroid 2-related factor  2 (Nrf2) 
activation, which protects cells against oxidative 
damage and stimulates antioxidant activity (Tangney 
and Rasmussen, 2013).

Serum lysozyme and bactericidal activi-
ties were improved in all supplemented groups.  
Few previous studies stated that medicinal plants 
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and their constituent could activate immune  
functions, e.g., rosemary powder inoculated to the 
diet of laying hen (3, 6 and 9 g/kg diet) improved 
serum immunoglobulin (Ig) M content (Alagawa-
ny et al., 2015). Additionally, RO significantly in-
creased phagocytic activity and phagocytic index in 
broilers (Abd El-Latif et al., 2013). Moreover, black 
cumin may have an immunostimulant effect by in-
creasing antibody titer against Newcastle disease 
(ND) and infectious Bursal disease as well as IgG 
and IgA contents in broilers challenged with E. coli 
and fed 4.2 or 5.6% N. sativa (Soliman et al., 2017). 

Nigella  sativa has beneficial effects on the 
immunity and growth performance that may be 
related to its antimicrobial, antioxidant and anti-
inflammatory activities (Al  Saleh et  al., 2006). It 
has also an effect on intestinal microflora that has 
a vital role in the health status of host animals 
(Guo et al., 2004). In the present study, the better 
improvement in microflora was stated in NSO and 
NSO+RO groups than in RO. Since the number 
of useful bacteria increased in order to inhibit the 
colonization of invading pathogens maintaining the 
host health. Antimicrobial activity of NSO is closely 
linked with its constituents especially polyphenols 
and volatile oils which have pharmacological 
effects against, e.g. Staphylococcus and E.  coli 
(Ishtiaq et  al., 2013; Gessner et  al., 2017). It was 
hypothesized that essential oils can destabilize 
mitochondrial membranes and disturb the cellular 
integrity of both prokaryotic and eukaryotic cells 
resulting in cell death via necrosis and apoptosis 
(Bakkali et al., 2007). 

Moreover, it has been observed that RO has no 
significant effect on E.  coli counts. Norouzi et  al. 
(2015) showed a significant elevation in E.  coli 
counts in broiler chickens parallel with increasing 
rosemary supplementation. Otherwise, Cross et al. 
(2007) found no significant effects of rosemary 
supplementation on lactic acid bacteria or coliform 
counts. However, Al-Kassie et  al. (2008) showed 
that lactobacilli counts increased and coliform 
counts decreased with increasing level of rosemary 
supplementation in broiler diet from 0.5 to 1%. 

In the present study dietary treatments alleviated 
histopathological and morphometric changes 
induced by E.  coli in small intestine, spleen and 
bursa of Fabricius. The non-significant increases in 
relative weights of lymphoid organs supported by 
the restored histopathological pictures observed in 
the bursa of Fabricius and spleen were indicative 
of better immune response and good physiological 
status of birds. The performance and feed efficiency 

were in turn closely interrelated with the qualitative 
and quantitative microbial load of the animal gut, 
the morphological structure of the intestinal wall 
and the activity of the immune system. Finally, 
most of the above-mentioned improvement effects 
were observed in NSO+RO and NSO groups. 
This may be returned to thymoquinone the most 
active component of NSO that exhibits potent 
antioxidative, anti-inflammatory and antibacterial 
effects.

Conclusions
Both rosemary oil (RO) and Nigella sativa 

oil (NSO) can exert hepato-renal protective, 
antioxidant and immunomodulatory effects. 
Moreover, NSO alone or in the combined treatment 
with RO improved performance, histology of villi 
and immune-related organs, and exerted more 
beneficial effects on intestinal microflora in quails 
challenged with E. coli. Thus, NSO and NSO+RO 
could be used either as growth promoters or as  
a tool for controlling intestinal pathogenic bacteria.
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