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ABSTRACT

This study aimed to investigate effects of varying doses of Nigella sativa seed powder or acetone extractsin diet on feed
intake, mortality, serum lipid profiles and population of intestinal microflora of broilers. A total 168, day-old broiler
chicks (Cobb 500) were ad-libitium manually prepared feeds supplemented with 0, 1.5, 2.5, 3.0% seed powder or 0,
0.2, 0.4% acetone extracts of N. sativa seed for 4 weeks. The experiment was conducted in a complete randomized
design (CRD) with seven treatments and three replications. N. sativa supplemented feed had no significant effects on
feed intake, body weight and mortality rate of broiler. However, supplementation of either 3.0% seed powder or 0.4%
extracts of N. sativa seeds significantly (p<0.05) decreased serum cholesterol and triglycerides contents in broiler.
Furthermore, both N. sativa seed powder and extract supplemented feed also suppressed harmful bacterial (Escherichia
coli) population in the feces. These results suggest that N. sativa seed might have potential as an alternative to hazardous
synthetic feed additives (antibiotics) to formulate low cost and environment-friendly diet for the broiler.
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INTRODUCTION (Denli et al. 2004; Cheikh- Rouhou et al. 2007). The

black seeds of N. sativa has been reported to have many

Feed additives have been widely used in poultry biological properties including anti-parasitic (Mahmoud

industry since long time as a tool to increase animals’ € al., 2002), anti-diabetic (Al-Hader et al. 1993),
performance in regard to growth, egg production, and ~ anticancer (Padhya et al. 2008) and diuretic effects
feed efficiency (Collington et al. 1990). A number of ~ (Zaoui et al. 2000). Antibacterial activity of N. sativa
feed additives including antibiotics have been widely ~ Seed extracts has also been reported (Nair et al. 2005 and
used in the poultry industry for several decades. Theuse ~ !Slametal. 2011). Positiveimpacts of supplementation of

of antibiotics as feed additives is hazardous due to cross- ~ N- sativa seed powder to poultry diets have been reported
resistance amongst pathogens and residues in tissues (Akhtar et al., 2003). Supplementation of N. sativa seeds
(Schwarz et al. 2001). in diets of rats significantly decreases serum triglyceride

Considering the multifaceted detrimental effects, ~ and increase HDL level (Tayyab et al. 1995; Chaudary et
the use of antibiotic growth promoters hasbeen bannedin @ 1996). However, scant information is available on the
many countries including Bangladesh. Consequently, the ~ €ffect of N. sativa seed supplementation in diets on
use of antibiotics in poultry diets has been reduced. ~ Population of intestinal bacteria and performance of

believed to be safe, biodegradable, hedlthier, less  N. sativa seed supplemented poultry feed is also poorly
hazardous than the synthetic chemicals. Therefore, understood. Therefore, to assess the beneficial effects and
research for alternative natural growth promoters from ~ commercial potentials of N. sativa seeds as an alternative
plants or their extracts is becoming more important dueto 0 antibiotic additives in poultry feed, a thorough
their antimicrobial effects (Ramakrishna et al. 2003; Jang ~ investigation is needed in both layers and broilers.
et al. 2004). In our previous study, we demonstrated that
One of the alternatives to hazardous synthetic ~ Supplementation of seed powder of N. sativa significantly
chemicals (antibiotics) is addition of aromatic plantsand ~ decreased egg cholesterol and suppressed population of
their extracts. Nigella sativa L. is an annual herbaceous ~ EScherichia coli in the feces of laying hens (Islam et al.
aromatic plant belonging to the Ranunculaceae family, 2011). The objective pf this stud_y was to evaluate Fhe
growing in countries bordering the Mediterranean Sea  €ffect of supplementation of varying doses of N. sativa
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seed powder or its acetone extracts on feed intake, body
weight, mortality, fat content, serum lipid profile and
population of intestinal bacteriain the broilers.

MATERIALSAND METHODS

A. Preparation of N. sativa seed powder: N. sativa L.
seeds were obtained from a loca market of Dinajpur
(Bangladesh). The seeds were coarsely powdered by a
mechanical grinder and then directly mixed with
manually prepared diets in appropriate doses (Tables 1, 2
and 3).

B. Extraction of N. sativa seeds: To obtain extracts, 3 kg
coarsely powdered seeds of N. sativa were dissolved in
6.0 L acetone and were kept for 72 hours with occasional
shaking for extraction of secondary metabolites. The
acetone extract was filtered with cheese cloth followed by
filter paper. The extract was dried by a vacuum rotary
evaporator (HAHN SHIN HS-2005V-N) connected with
HAHN water bath B-480 at 40° C. Stock solution of
crude acetone extract was prepared by diluting with 10%
aqueous ethanol and mixed with the manually prepared
diet at 0.2 and 0.4% extracts in the feed.

C. Experimental birds and design: A total of 168, day-
old broiler chicks (Cobb 500) were purchased from a
local hatchery (CP Bangladesh Ltd., Konabari, Gazipur,
Bangladesh). Initialy the chicks were reared at brooding
house up to 10 days to adjust with the environmental
conditions. Then, the chicks were randomly assigned to
different seven dietary treatment groups of 24 chicks
each. Each treatment comprised of three replicates with
eight birds in each in a completely randomized design.
The composition of manually prepared experimental diet
according to NRC, (1994) used in different treatments for
the broiler is presented in Table 1, 2 and 3.

D. Parameters studied: The experimental birds were
randomly assigned to diets and fed ad-libitium. During
the experimental period (4-weeks), growth performance
of the birds was evaluated. Body weight was measured
for al birds at the beginning of the experiment, and it was
repeated daily at the beginning of the week at the same
time. Live weight gain was calculated by subtraction the
live weight at the beginning of the week from the live
body weight of the next week. Feed consumption is the
amount of feed consumed every day; it was calculated for
each treatment at daily basis. Then feed conversion ratio
(FCR) was calculated every week at the amount of feed
consumption per unit of body gain. Mortality was
recorded throughout the study. Excreta at final week were
collected and analyzed for culturable bacterial counts
using some selective media. All the samples were
cultured primarily in nutrient agar at 37°C for 24 h, and
then subcultured onto the MacConkey agar, EMB agar
and S-S agar by streak plate method to observe the
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morphology. Morphological characteristics (shape. size,
surface texture, edge, elevation, color, opacity etc.)
developed after 24 h of incubation were carefully studied
as described by Marchant and Packer (1967).

E. Blood collection and serum lipid profile analysis:
The blood samples from wing vein of each bird were
collected at 2-weeks interval beginning at 1-week of
feeding using sterilized syringes and needles (Ilam et al.
2011). Each syringe with blood sample was kept at
normal temperature in an inclined position. After 20
minutes, the blood serum was collected and centrifuged
for 15 min at 2500 rpm. After centrifugation, the
supernatant was carefully separated by a micropipette and
preserved in an eppendorf vial. The collected serum was
stored at -15°C until determination of total cholesterol,

high-density  lipoprotein ~ (HDL)-cholesterol  and
triglycerides using lipid profile kit (Crescent
Diagnostics).

F. Statistical analyses: The data thus collected were
analyzed using analysis of variance technique through the
MSTATC program according Kuehl (1994). The means
were compared using Duncan’s Multiple Range Test.
Statements of statistical significance were based on P <
0.05.

RESULTS

A. Growth performances: The effect of varying
levels of N. sativa seed powder on body weight, body
weight gain, total feed intake, feed conversion ratio and
mortality of broilers is shown in Table 4. Average body
weight and body weight gain were improved by 3.0%
dose of N. sativa seed supplementation in the diets,
whereas, feed intake and feed conversion ratio decreased
by 3.0% seed or 0.4% acetone extract of N. sativa
supplemented diets compared with the control treatments.
The mortality rate slightly decreased by supplementation
of broiler-ration with N. sativa supplemented seed
powder and their acetone extract.

B. Serum lipid profile: Effects of supplementation
of N. sativa seed powder on the contents of serum
cholesterol, HDL and triglycerides concentration in
broilers at 2, 3, and 4-weeks are presented in Fig. 1. The
results revealed serum cholesterol  concentration
significantly  (p<0.05) differed among different
treatments of seed powder and seed extracts (Fig. 1-A).
Cholesterol contentsin blood serum remained statistically
unchanged by dietary supplementation of seed powder up
to 2-weeks and then significantly decreased irrespective
of doses of seed powder or extracts than those of control.
The lowest serum cholesterol content was recorded in
broilers fed 0.4% acetone extract supplemented diet until
4-weeks.
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Serum triglycerides content did not affect by
feeding either N. sativa seed powder or acetone extracts
supplemented until 3-weeks (Fig. 1-B). However, feeding
seed powder or seed extracts significantly (p<0.05)
decreased  serum  triglycerides  irrespective  of
supplemental levels.

Almost no significant differencesin blood serum
HDL content were recorded by the treatments of N. sativa
seed powder or acetone extracts (Fig. 1-C). Although
acetone extract at 0.4% significantly decreased after 2-
weeks treatment, however, datistically no differences
were observed at 4-weeks treatment irrespective of the
inclusion levels of the extract.

C. Bacterial counts in use feces. Figure 2 shows
the effect of different dietary levels of N. sativa seed
powder on Escherichia coli and total viable bacterial
count in excreta of broilers. Both E. coli and total
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bacterial counts were significantly (p<0.05) decreased by
N. sativa seed powder supplemented diets irrespective of
inclusion levels. Interestingly, broilers those fed control
diets without addition of any seed powder also had
significantly lower number of E. coli and total viable
bacteria than those of control. Supplementation of seed
powder at 1.5% seed powder significantly suppressed
bacterial population in feces than control and then
remained statistically unchanged with increasing doses of
seed powder (Fig. 2- A)

Acetone extract of N. sativa seed
supplementation in diets also showed amost similar
effects on both E. coli and total culturable bacterial
counts in the feces of broilers (Fig. 2-B). Seed extracts as
low as 0.2% significantly suppressed the population of E.
coli aswell astotal cultural bacterial countsin the feces.

Table 1. Ingredients and chemical composition of the experimental broiler starter diets

Items Dietary level of N. sativa, %
To T Ts T Ts Te

Feed Ingredients (%)

Maize 49.60 49.60 49.60 49.60 49.60 49.60
Soybean meal 26.35 25.64 25.16 24,92 25.64 24.92
Rice polish 10.00 10.00 10.00 10.00 10.00 10.00
Meat and bone mesl 8.00 8.00 8.00 8.00 8.00 8.00
Soybean QOil 3.50 3.00 273 2.57 3.00 2.57
Lime stone 0.85 0.85 0.85 0.85 0.85 0.85
DCP 0.50 0.50 0.50 0.50 0.50 0.50
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Methionine 0.12 0.12 0.12 0.12 0.12 0.12
Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25
Toxin binder 0.30 0.30 0.30 0.30 0.30 0.30
Chaline chloride 0.07 0.07 0.07 0.07 0.07 0.07
Coccidiostate 0.05 0.05 0.05 0.05 0.05 0.05
Lysine 0.01 0.01 0.01 0.01 0.01 0.01
Enzyme 0.05 0.05 0.05 0.05 0.05 0.05
Growth promoter 0.06 0.06 0.06 0.06 0.06 0.06
N. sativa seed 0.00 150 2.50 3.00 150 3.00
Calculated composition/ Kg feed

ME, kcal/kg 3084 3106.5 31245 3133 3106.5 3133
Crude protein, % 21.40 21.35 21.30 21.28 21.35 21.28
Crude fibre, % 3.77 371 3.78 3.78 371 3.78
Ca % 111 112 112 1.13 112 1.13
P, % 0.54 0.54 0.55 0.55 0.54 0.55
Methionine, % 0.48 0.48 0.48 0.48 0.48 0.48
Lysine, % 1.19 1.19 1.18 1.18 1.19 1.18

Table 2. Ingredients and chemical composition of the experimental broiler starter diets

Items Dietary level of N. sativa, %
To T2 T3 Ty Ts Ts
Feed Ingredients (%)
Maize 52.00 52.00 52.00 52.00 52.00 52.00
Soybean meal 22.70 21.98 21.50 21.26 21.98 21.26
Rice polish 12.00 12.00 12.00 12.00 12.00 12.00
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Meat and bone meal 7.00 7.00 7.00 7.00 7.00 7.00
Soybean Oil 3.50 3.00 273 2.57 3.00 2.57
Lime stone 1.00 1.00 1.00 1.00 1.00 1.00
DCP 0.80 0.80 0.80 0.80 0.80 0.80
Salt 0.25 0.25 0.25 0.25 0.25 0.25
Methionine 0.10 0.10 0.10 0.10 0.10 0.12

Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25
Toxin binder 0.30 0.30 0.30 0.30 0.30 0.30
Choline chloride 0.06 0.06 0.06 0.06 0.06 0.06
Coccidiostate 0.02 0.02 0.02 0.02 0.02 0.02

Lysine 0.01 0.01 0.01 0.01 0.01 0.01
Enzyme 0.05 0.05 0.05 0.05 0.05 0.05

Growth promoter 0.05 0.05 0.05 0.05 0.05 0.05

N. sativa seed 0.00 150 2.50 3.00 150 3.00

Calculated composition/ Kg feed

ME, kcal/kg 3096 31185 31375 3143 31185 3143
Crude protein, % 19.66 19.58 19.52 19.57 19.58 19.57
Crude fibre, % 3.77 3.78 3.79 3.80 3.78 3.80

Ca % 1.15 1.16 1.17 1.17 1.16 1.17

P, % 0.56 0.57 0.57 0.57 0.57 0.57

Methionine % 0.43 0.43 0.43 0.43 043 0.43

Lysine % 1.06 1.06 1.05 1.05 1.06 1.05

Table 3. Ingredients and chemical composition of the experimental broiler starter diets

Items Dietary level of N. sativa, %
To LE T3 Ta Ts Te

Feed Ingredients (%)

Maize 55.00 55.00 55.00 55.00 55.00 55.00
Soybean meal 21.50 20.78 20.30 20.06 20.78 20.06
Rice polish 10.70 10.70 10.70 10.70 10.70 10.70
Meat and bone meal 6.00 6.00 6.00 6.00 6.00 6.00
Soybean Oil 3.50 3.00 2.73 2.57 3.00 2.57
Lime stone 1.00 1.00 1.00 1.00 1.00 1.00
DCP 0.70 0.70 0.70 0.70 0.70 0.70
Salt 0.27 0.27 0.27 0.27 0.27 0.27
Methionine 0.08 0.08 0.08 0.08 0.08 0.08
Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25
Toxin binder 0.30 0.30 0.30 0.30 0.30 0.30
Choline chloride 0.05 0.05 0.05 0.05 0.05 0.05
Coccidiostate 0.05 0.05 0.05 0.05 0.05 0.05
Lysine 0.02 0.02 0.02 0.02 0.02 0.02
Enzyme 0.05 0.05 0.05 0.05 0.05 0.05
Growth promoter 0.065 0.065 0.065 0.065 0.065 0.065
N. sativa seed 0.00 1.50 2.50 3.00 1.50 3.00
Calculated composition/ Kg feed

ME, kcal/kg 3120 31425 31305 3169 31425 3169
Crude protein, % 18.85 18.76 18.69 18.66 18.76 18.66
Crudefiber, % 3.69 3.70 371 3.71 3.70 371
Ca, % 1.06 1.07 1.07 1.08 1.07 1.08
P, % 0.51 0.50 0.52 0.52 0.50 0.52
Methionine % 0.40 0.40 0.40 0.40 0.40 0.40
Lysine % 1.01 1.00 1.00 0.99 1.00 0.99

Added broiler premix (Renata Animal Health Ltd.) @ 250 g per 100 kg which contained: vitamin A: 4800 IU; vitamin D: 960 1U;
vitamin E: 9.2 mg; vitamin ks: 800 mg; vitamin B1: 600 mg; vitamin Bz2: 2 mg; vitamin Bs: 12 mg; vitamin Bs: 3.2 mg; vitamin Be: 1.8
mg; vitamin Be: 2 mg; vitamin Bi2: 0.004 mg; Co: 0.3 mg; Cu: 2.6 mg; Fe: 9.6 mg; I: 0.6 mg; Mn: 19.2 mg; Zn: 16 mg; Se: 0.48 mg;
DL — Methionine: 20 mg; L- lysine:12 mg.
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Table 4. Effect of dietary supplementation of Nigella sativa L. on growth performances of broilers

Parameters Nigella sativa supplemented diets!, %
CD’ 0 1.5 2.5 3.0 0.2 Extract 0.4 Extract
Average body weight(g) 1996.57 2032.27 189253 1851.62  2045.24 1983.84 2016.29
Average weight gain(g) 1718.47 1760.27 1614.83  1576.82 1784.74 1716.14 1765.19
Total feed intake(g) 3054.58 3135.83 312041 3125.00 3038.75 3118.75 3047.08
Feed conversion ratio 177 1.78 1.93 1.98 1.70 181 172
Mortality (%) 0.00 8.00 0.00 4.00 4.00 0.00 0.00

* Commercial diet
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Fig. 1: Effects of varying levels of Nigella sativa L. seed powder or seed extracts supplementation in diets on (A):
serum cholesterol; (B): serum triglyceride and (C): serum HDL (mmol/l) of broiler chicksat 2, 3, and 4-
weeks of feeding. The data represent the average + standard error of at least three replications each of
which has 8 birds. Data points bearing different letters are significantly different at p<0.05. CD,
commercial diet.
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Fig. 2: Effects of varying levels of Nigella sativa seed extracts supplemented diets on Escherichia coli and
culturable bacteria (total viable) in the excreta of broiler chicks at 4 weeks of feeding. (A): Nigella sativa
seed powder supplemented diets; (B) Nigella sativa seed extract supplemented diets. The data are the
average + standard error of at least three replications each of which 8 birds. Data points bearing
different letters are significantly different at p< 0.05. CFU, colony forming unit.

DISCUSSION

In this study, the effects of N. sativa seed and
acetone extract supplemented diets on average body
weight, body weight gain, total feed intake, feed
conversion ratio, mortality, fat content, lipid profile in
blood serum and population of intestina bacteria of
broilers (Cobb 500) were investigated. Both N. sativa
seed and acetone extract supplemented diets significantly
decreased cholesterol and triglyceride contents in blood
and suppressed the number of harmful bacteria such as E.
coli in the feces of the broilers without affecting growth
and other parameters studied (Table 4; Fig. 1,2). Taken

together, these results suggest that supplementation of N.
sativa seeds or seed extracts to diets could be considered
as an alternative natural growth promoter to hazardous
synthetic antibiotics for safe poultry meat production. In
our previous study, we observed that supplementation of
N. sativa seed powder in diets significantly decreased
population of E. coli in the feces of layers (Islam et al.
2011). The findings of our research on the effect of N.
sativa seeds in poultry diets were more or less in
agreement with the findings of some earlier researchers
(Ramakrishna et al. 2003; Jang et al. 2004; Ziad et al.
2008). As both seed powder and acetone extracts showed
almost identical results on decrease of serum lipid profile
and number of E. coli in feces of the broilers, it can be
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suggested that secondary metabolites present in the seeds
might be responsible for these bioactivities of the popular
medicinal herb. A further bioassay-guided should be
useful to elucidate the active principle of acetone extract
of N. sativa seed.

It has been reported that substitution of soybean
meal by N. sativa meal a 3.0% in broiler diets
significantly increased body weight and body weight gain
(Abdel-Mageed, 2002). Mehmet et al. (2008) found that
feed consumption reduced linearly by increasing doses of
black seed extract in 0 to 12 weeks of age. However, in
the present study, N. sativa supplemented diets had no
significant effect on average body weight, average body
weight gain and total feed intake up to 4.0%. Our
findings are in full agreement with those of Durrani et al.
(2007), where they observed improved broiler
performance by supplementation of 2 and 4 % N. sativa
seeds. Contrarily, Ismail (2011) reported that both N.
sativa seeds and their extracts supplemented diet
increased (P<0.05) feed intake compared to the control
diet. But feed intake was not significantly different
between the N. sativa seeds and their extracts.

One of the interesting findings of our study is
that N. sativa seed supplemented diets significantly
decreased blood serum cholesterol and triglycerides but
increased HDL contents compared with control (Fig. 1).
Akhtar et al. (2003) also observed that serum
triglycerides and total cholesterol contents were reduced,
while serum high density lipoprotein cholesterol level
was increased. This could probably be attributed to the
possible cholesterol lowering mechanisms of tocopherols
explored in number of research investigations i.e. like
inhibition of cholesterol oxidation (Xu et al. 2001) and
reduced HMG-CoA-reductase activity (Qureshi et al.
2002; Ha et al. 2005). Although mechanism of blood
cholesterol lowering effect of N. sativa seed powder is
not clearly understood from our study, however, Martin
et al. (2001) and Torra et al.(2001) hypothesized that
cholesterol lowering mechanism of N. sativa seed oil is
dependent on Peroxisome Proliferator-Activited Receptor
(PPARQ) activation. The mode of action of cholesterol
reduction associated with consumption of fixed and
essential oils of N. sativa seed is multidimensional. The
fixed oil of N. sativa seed isrich in polyunsaturated fatty
acids which mainly accounts for cholesterol lowering
potential (Chelkh-Rouhou et al. 2007; Atta 2003;
Ramadan 2007).

Another important finding of our research is the
suppression of number of E. coli in the feces of broilers
(Fig. 2). Intestinal bacteria play an important role in the
health status of host animalsincluding poultry. Therefore,
a common approach to maintain host health isto increase
the number of desirable bacteria (e.g. probiotics) in order
to inhibit colonization of invading pathogens (Guo et al.
2004). In the present study, supplementation of both seed
powder and acetone extracts of N. sativa in the diet of
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broilers significantly (P<0.05) decreased the harmful
bacterial count of E. coli, as well as total culturable
bacteria (Fig. 2). Our results are in agreement with those
observed by Alsawaf and Alnaemi, (2011) and Islam et
al. (2011). Our current findings and previously described
results suggest that herbal feed additives might be an
effective alternative to synthetic antibiotics for the
promotion of health and performance of poultry (Cross et
al. 2007; Islam et al. 2011).

Acknowledgement: We are grateful to Ministry of
Science and Information and Communication
Technology, Government of the Peoples’ Republic of
Bangladesh for their financia support. We are aso
grateful to Professor Dr. Mustafizur Rahman, Department
of Microbiology for technical support for excreta
analysis.

REFERENCES

Abel-Mageed, M.A. (2002). A study of subdtitution of
soybean meal by Nigella sativa mea on the
performance of broiler chicks. Ph.D thesis, Cairo
Univ., Fayoum.

Akhtar, M. S, Z. Nasir, and A. R. Abid (2003). Effect of
feeding powdered Nigella sativa L. seeds on
poultry egg production and their suitability for
human consumption. Vet. Arhiv., 73: 181-190.

Al-Hader, A, M. Agd and ZA. Hasan (1993).
Hypoglycemic effects of the volatile oil of Nigella
sativa seeds. Int. J. Pharmacogon., 31; 96-100.

Alsawaf, S.D. and H.S. Alnaemi (2011). Effect of Nigela
sativa (seed and ail) on the bacteriological quality
of soft white cheese. Iraqi J. Vet. Sci, 25 (1): 21-
27.

Atta, M.B. (2003). Some characteristics of nigella (Nigella
sativa L.) seed cultivated in Egypt and its lipid
profile. Food Chem., 83: 63-68.

Chaudary, S. A., M. Tayyab, and A. Ditta (1996). Serum
lipid profile in Albino rats fed on atherogenic
supplemented pam oil diet and Nigella sativa.
PhD Theiss Postgrad. Med. Ing., Lahore,
Pekistan.

Cheikh-Rouhou, S., S. Besbes, B. Hentati, C. Blecker, C.
Deroanne, and H. Attia (2007). Nigella sativa L.:
Chemica composition and physicochemica
characterigtics of lipid fraction. Food Chem., 101:
673-681.

Collington, G.K., D.S. Park, and D.G. Armstrong (1990).
The influence of inclusion of both an antibiotic and
a probiotic in the diet on the development of
digegtive enzyme activity in the Pig. Br. J. Nuitr.,
64 (1): 59-70.

Cross, D.E., RM. McDevitt, K. Hillman, and T. Acamovic
(2007). The effect of herbs and their associated
essential oils on performance, dietary digestibility



Siddiqui et al.,

and gut microflorain chickens from 7 to 28 days of
age. Brit. Poultry Sci., 48: 496-506.

Denli, M. F. Okan. and A.N. Uluocak (2004). Effect of
dietary black seed (Nigella sativa L.) extract
supplementation on laying performance and egg
quality of quail (Coturnix coturnix japonica). J.
Appl. Anim. Res, 26: 73-76.

Durrani, F.R., N. Chand. K. Zaka, A. Sultan, F.M. Khattak,
and Z. Durrani (2007). Effect of different levels of
feed added black seed (Nigella sativa L.) on the
performance of broiler chicks. Pakistan J. Bial.
Sci., 10(22): 4164-4167.

Guo, F.C., B.A. Williams, R.P. Kwakkel , H.S. Li, and X.P.
Li (2004). Effects of mushroom and herb
polysaccharides, as dternatives for an antibiotic,
on the cecal microbid ecosystem in broiler
chickens. Poultry Sci., 83: 175-182.

Ha T.Y., S. Han, I.H. Kim, H.Y. Lee, and H.K. Kim (2005).
Bioactive components in rice bran oil improve
lipid profiles in rats fed a high-cholesterol diet.
Nutr. Res., 25: 597-606.

Idam, M.T., A.SM. Sdim, M.A. Sayed, A. Khatun, M.N.
Siddiqui, M.S. Alam, and M.A. Hossain (2011).
Nigella sativa L. supplemented diet decreases egg
cholesteraol content and suppresses harmful
intestind bacteria in laying hens. J. Anim. Feed.
Sci., 20 (4): 576-587.

Ismail, Z.SH. (2011). Effects of dietary black cumin growth
seeds (Nigella sativa L.) or its extract on
performance and total coliform bacteria count on
broiler chicks. Avian Dis, 50(1): 55-58.

Jang, 1.S, Y.H. Ko, H.Y. Yang, JS. Ha, JY. Kim, SY.
Kang, D.H. Yool, D.S. Naml, D.H. Kim, and
CY. Lee (2204). Influence of essential oil
components on growth performance and the
functional activity of the pancreas and small
intestine in broiler chickens. Asan-Aust. J. Anim.
Sci., 17: 394-400.

Kuehl, R.O. (1994). Statistical principles of research design
and analysis. Duxbury press, Bemont, CA, pp
686.

Mahmoud, M.R., H.S. El-Ahbar, and S. Saleh (2002). The
effect of Nigella sativa oil againgt the liver damage
induced by Schistosoma mansoni infection in
mice. J. Ethnopharmacal., 1-11.

Marchant, [.A. and RA. Packer (1967). Veterinary
Bacteriology and Virology. 7" edn. The lowa State
University Press, Ames, lowa, USA. Pp. 211-305.

Martin, G., H. Duez, C. Blanquart, V. Berezowski, P.
Poulain, J. Fruchart, J.C. Ngib-Fruchart, C.
Glineur, and B. Staels (2001). Statin-induced
inhibition of the Rho-signaling pathway activates
PPARalpha and induces HDL apoA-l. J. Clin.
Invest.,, 107: 1423-32.

Mehmet, C., Y. Sabri, S. Turgay, and S. Bunyamin (2008).
Effect of black seed extract (Nigella sativa) on

379

J. Anim. Plant Sci. 25(2):2015

growth performance, blood parameters, oxidative
stress and DNA damage of partridges. J. App.
Anim. Res,, 34 (2): 0971-2119.

Nar, M.K.M., P. Vasudevan, and K. Venkitanarayanan
(2005). Antibacterid effect of black seed on
Listeria monocytogenes. Food Control. 16: 395-
398.

NRC, National Research Council (1994): Nutrient
Requirements of Poultry. 9" rev. ed. National
Academy Press, Washington, DC, USA.

Padhya, S., S. Banerjee, A. Ahmad, R. Mohammad, and
F.H. Sarkar (2008). From here to eternity — thea
secret of Pharaoh: Therapeutic potential of N.
sativa seeds and beyond. Cancer Therapy. 6: 459-
510.

Qureshi, A.A., SA. Sami, WA. Sdser, and FA. Khan
(2002). Dose dependent suppression of serum
cholesterol by tocotrienol-rich fraction (TRF25) of
rice bran in hyper-cholesterolemic humans.
Atherosclerosis, 161 (1): 199-207.

Ramadan, M.F. (2007). Nutritional value, functional
properties and nutraceuticals applications of black
cumin (Nigdlla sativa L.): an overview. Int. J. Food
Sci. Technal., 42: 1208-1218.

Ramakrishna, R.R., K. Platel, and K. Srinivasan (2003). In
vitro influence of species and spice-active
principles on digestive enzymes of rat pancreas and
small intestine. Nahrung. Dec., 47: 408-412.

Schwarz, S. C., Kehrenberg, and T.R. Walsh (2001). Use of
antimicrobial agents in veterinary medicine and
food animal production. Int. J. Antimicro. Agent,
17: 431-437.

Tayyab, M., H. Khan, and G.S. Sheikh (1995). Effect of
consumption of dietaries elaesis guineensis (pam
kernel) seeds on serum lipid profile in abino rats.
M.Sc. Thesis, Postgrad. Med. Ingt., Lahore,
Pakistan.

Torra, I.P.,, G. Chinetti, C. Duval, J.C. Fruchart, and B.
Staels (2001). Peroxisome proliferator-activated
receptors:from transcriptiond control to clinica
practice. Curr. Opin. Lipidol. 12: 245-54.

Xu, Z., N. Hua, and J.S. Godber (2001). Antioxidant activity
of tocopherols, tocotrienols, and c-oryzanol
components from rice bran against cholesterol
oxidation accelerated by 2, 2 V-azobis (2-
methylpropionamiding) dihydrochloride. J. Agric.
Food. Chem., 49: 2077-2081.

Zaoui, A., Y. Cherrah, K. Alaoui, N. Mahassne, H.
Amarouch, and M. Hassar (2002). Effects of
Nigdla sativa fixed oil on blood homeostasis in
rat. J. Ethnopharmacol. 79: 23-26.

Ziad, H.M.A. (2008). Mohammad SA. Effect of feeding
powdered black cumin seeds (Nigella sativa L.) on
growth performance of 4-8 week-old broilers. J.
Anim. Vet. Adv., 7 (3): 286-290.



