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ABSTRACT

Botanical extracts and essential oils are considered important replacement additives for the antibiotic growth promoters
in animal feeds. The aim of the present study was to investigate the effect of botanical extracts and essential oils on
production performance of laying hens and microbial count viz; total bacterial count, E. coli and salmonella presence in
feces. One hundred and twelve, 40 weeks old, white Novagin laying hens (1480+50 grams average live body weight
each) were randomly assigned to seven groups equally (n = 16). Each treatment group was replicated four times with
four birds per cage unit. Experimental diets were prepared by adding polyphenolic extracts of black tea (C), black cumin
seed (D), fenugreek seed (E) as well as seed oils from black cumin (F) and fenugreek (G) in the negative control (B;
treatment with no antibiotic or antioxidant added in the diet) and compared with positive control (A) carrying antibiotic
lincomysin (4.4%) 120mg/kg of feed, antioxidant seldox (BHA, BHT, ethoxiquine and citric acid) 120mg/kg of feed,
acetic acid (99.5%) 0.15mL/kg of feed. After completion of the five weeks trial, weekly egg production percentage of all
treatments were significantly higher than negative control (B) (P<0.05), however treatments A, C, D, E, F and G had
non-significant differences among one another (P>0.05). The presence of Salmonella and E. coli in feces of the birds on
experimental treatments on different days of trial was insignificantly variable but total bacterial count decreases with
increasing age except negative control. These results demonstrate that the plant extracts/oils have positive affect on the
production performance and microbial health of the laying hens and thus can be used instead of commercial antibiotics.
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INTRODUCTION

The research on incorporation of plant extracts
in poultry feed is gaining importance due to their positive
impact on health and performance of birds as well as
improved egg quality and yield (Lokaewmanee et al.,
2009; An et al., 2010; Mahmoud et al., 2010; Hu et al.,
2011; Duru, 2013; Zhao et al., 2013; Boka et al., 2014).
It has also been established that the use of antibiotics as
growth promoter in chicken feed results in tissue residues
(Botsoglou and Fletouris, 2001). Therefore, use of natural
plant and herb resources in order to replace antibiotic
growth promoters (AGPs) to achieve drug free poultry
products is increasing (Madrid et al., 2003). Tea leaves
contain 36% polyphenolic contents, 19% proteins and
and less than 0.1% carotenoids and other volatile contents
(Akram et al., 2012). Among polyphenolic contents of
tea, flavanols e.g. catechin, epicatechin,
epicatechingallate and epigallocatechingallate perform
prime functional role (Chaturvedula and Prakash, 2011).
The beneficial influence of tea, its extract and powder on
animal production and quality has been reported (Yosef
et al., 2012). Black cumin seeds possess antioxidant
activity (Guler et al., 2006; Guler et al., 2007; Aydin et
al., 2008). These possess alkaloids, fixed and volatile oils

and a variety of functional compounds. It has been
reported that the broiler and layers performance and egg
quality improved by offering black cumin seed in feed
(Akhtar et al., 2003; Guler et al., 2006; Abu-Dieyeh and
Abu-Darwish, 2008; Aydin et al., 2008). It is noted that
feeding 2 or 3% black cumin enhanced the egg
production, weight and shell quality (Aydin et al., 2008).
Black cumin seeds (Nigella sativa) can be used to replace
antibiotics because of its pharmacological properties
related to production performance and health of poultry.
Similarly, fenugreek showed antiviral, antioxidant,
antifungal and anti-carcinogenic effects (Abaza, 2007).
The use of fenugreek in hen feed has been investigated
for its antioxidant characteristics (Safaa, 2007; Abaza,
2007; Criste et al., 2013). Incorporation of 1%
germinated fenugreek seeds resulted in increased egg
production with no adverse effects on egg quality
(Hassan et al., 2004). The supplementation of layers feed
with 0.5% fenugreek seeds improved the egg production
gain by 2.23% as compared to that of the control group
and significantly decreased feed intake was observed as
well (Abaza, 2007). Thus plant derived feed additives
such as essential oils or plant extracts could be
considered as alternative to the antibiotic growth
promoters (Ayasan, 2011). Dash et al. (2011) showed
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that the botanical extracts of CoriandrumsativumL. and
TrigonellafoenumL. contain effective antimicrobial
agents. Sultan et al. (2009) reported that black cumin
seed has nutraceutical activity to eliminate many disease
threats because of its known phytochemistry especially
because of the presence of thymoquinone and
tocopherols. Nair et al. (2005) studied antibacterial effect
of black cumin seeds on Listeria monocytogen. Similarly
Bolukbapi et al. (2009) showed that ileal E. coli growth
was checked by Nigella sativa oil in laying hens.

The objective of this study was to evaluate
antimicrobial effects of dietary supplemented extracts of
black tea, black cumin seeds and fenugreek. Oil fractions
of black cumin seed and fenugreek seeds were also
evaluated for performance and antimicrobial potency in
layers. Various microbial safety indicators like Fecal
coliform, Salmonella and total bacterial count were
investigated to evaluate the comprehensive impact of
plant fractions application in poultry diets.

MATERIALS AND METHODS

Extract Preparation from black cumin seed,
fenugreek, and black tea: The black cumin seed,
fenugreek, and black tea samples were extracted using
method of Kim and Lee (2002) with slight modifications.
Dried samples (200 g) of each plant material were soaked
in flask for 24 hours with 1000 mL of 80% (v/v)
methanol, filtered with filter paper. The residues
collected on filter paper were extracted once more time
with 1000 mL 80% (v/v) methanol using sonication. The
extracts obtained in result of these two extractions were
combined and evaporated in rotary evaporator under
vacuum at 40°C until the volume was reduced to 300 ml.
The volumes were made 400 ml with water for each
sample to standardize crude liquid contents and stored in
refrigerator before further use.

Extraction of Oil and Polyphenols from Oil seeds: One
kg of each oil seed i.e. black cumin seeds and fenugreek
was ground to fine material using an electric grinder
(Braun, Frankfurt Germany). In order to avoid losses of
heat sensitive antioxidants, the oil was extracted with
chloroform-methanol (1:1) mixture through method
described by Bligh and Dyer (1959) with the intention of
recovering polyphenols.

Experimental trial on layers: Experiment was
conducted during August 2013 at Animal House, PCSIR
Laboratories Complex, Karachi. One hundred and twelve,
40 weeks old, white Novagin laying hens (1480+50
grams average live body weight each) were randomly
assigned to seven groups equally (n = 16). Each treatment
was replicated four times with four birds per cage
(50x46x46 cm).

Composition of the experimental diets is
presented in Table 1 and table 2. The diets were

isocaloric and isonitrogenous. Various experimental diets
were prepared with variations given as below:
A: Positive control (antibiotic lincomysin 4.4% 120

mg/kg of feed, antioxidant seldox (BHA, BHT,
ethoxiquine and citric acid) 120mg/kg of feed,

B: Negative control (N.C), no antibiotic or
antioxidant,

C: N.C + black tea poly phenolic extract 1mL/kg of
feed,

D: N.C + black cumin seed poly phenolic extract
1mL/kg of feed,

E: N.C + fenugreek seed poly phenolic extract
1mL/kg of feed,

F: N.C + black cumin seed oil 1mL/kg of feed,
G: N.C + fenugreek seed oil 1mL/kg of feed.

Experiment started from 40th week and ended at
45th week. During the experiment, hens were fed 110
grams/day feed in such a way that four birds were offered
440 grams feed in a day and they ate it completely within
few hours and water offered them at ad libitum.

Eggs production was recorded daily from each
cage. Weight of yolk, albumen, shell, and Hough unit
values were measured after every 10th day using 8 eggs
from each dietary treatment. At each 10th day of
experiment, feces samples were taken from each replicate
cage in order to determine the presence of Salmonella, E.
coli and total bacterial count.

Media and Reagents: Both commercially available and
laboratory made media were used for isolation,
identification and characterization of E. coli and
Salmonella spp. The media used for bacteriological
analysis were Soybean Casein Digest medium, Lactose
broth, Peptone water Eosin-Methylene-Blue agar (EMB,
Merck) and MacConkey (MC) agar (Merck),
Deoxycholate Citrate Agar (DCA) and Propylene Glycol
Deoxycholate Agar (PGDA) and Triple Sugar Iron Agar
(TSIA).

Bacteriological Analysis

Determination of bacterial load: The total viable cell
counts were performed by the spread-plate method. Ten g
of fecal sample was dissolved in 100 mL of Fluid
Soybean- Casein Digest Medium. Tenfold serial
dilutionwere made in 0.1% (v/v) peptone solution. One
mL of sample from 7th dilution was pipetted on to sterile
petri dishes and 20 mL of Soybean Casein Digest Agar
Medium was promptly added to each dish. Then contents
were solidified at room temperature. Inverted petri dishes
were incubated at 37°C for 24 hours and so identification
of bacteria were done based on their morphological,
staining, cultural, hemolytic and biochemical properties
described by Chessbrough (1985).

Escherichia coli determination: Ten g of fecal sample
was taken in clean sterile test tube. A hundred ml volume
was made with fluid lactose medium. Tubes were kept for
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incubation at 35°C for 24 hrs. After incubation, a portion
from test tubes was streaked on MCA medium plates
using the inoculating loop and petri plates were let for 24
hrs. incubation at 35°C.

After incubation time brick red colonies were
observed, for further identification inoculated these
suspected colonies on Eosin-Methylene Blue Agar
Medium. After incubation time a characteristic metallic
sheen under reflected light and blue –black appearance
under transmitted light was observed and presence of E.
coli was confirmed (Collee et al., 1989).

Salmonella analysis: The isolation of Salmonella from
poultry droppings was carried out according to the
method described by Barrell (1982) and Collee et al.
(1989). Approximately 10 g of poultry droppings was
introduced into 500ml flasks containing 200ml of selenite
F broth (Merck). The inoculated flasks were rotated for
proper mixing and incubated for 24h at 42°C. Sub-
cultures were thereafter made on to plates of DCA and
PGDA media (Morinigo et al., 1986). The plates were
incubated at 37°C for 24h. Salmonella typical colonies on
the plates (pale or colorless with or without black centers
on DCA and a bright red color on PGDA) were cultured
onto TSIA medium by first streaking the surface of slant
and then stabbing the wire well beneath the surface,
incubated at 37°C for 24h. Suspected Salmonella
colonies were hydrogen sulfide positive on TSIA tubes
having alkaline red slants and acid (yellow) butt.
The data for hens’ performance parameters as well as
total microbial count was analyzed by using Minitab R
17.1.10 by applying Two Way ANOVA and Tukey’s test
(Steel et al., 1997).

RESULTS

In the present study, the treatment B (negative
control) showed significantly lower egg production than
all other treatments (P<0.05), as shown in (Table 3).
However among all other treatments, non-significant
variation (P>0.05) was recorded for egg production
(Table 3). The comparisons for weekly egg weight, yolk
weight and albumin weight (Table 4), revealed that there
is no significant difference among treatments (P>0.05),
whereas shell weight and Hough unit value (Table 4)
increased with onset of age. The salmonella and E. coli
were fond present in all the feces samples collected from

birds under different supplemental treatments while the
bacterial count decreased significantly (P<0.05) from
10th day towards 30th day of age except negative control
B (Table 4).

Table1. Formulation of layer feed offered during trial
(40-45 weeks).

Ingredients Percentage
Corn 39.345
Rice broken 5.4
Rice polishing 10
Wheat bran 2
Soybean meal 45% 10
Canola meal 2.5
Guar meal 3
Sunflower meal 25% 10
Fish meal 50% 7
Lime stone /marble 7.8
Salt (NaCl) 0.110
Sodium bi carbonate 0.05
Lysine HCL 0.03
Dl methionine 0.12
Premix (vitamin/mineral) 0.5
Molasses 2.1
Natuzyme (cocktail enzyme) 0.035
Quantum blue (phytase enzyme) 0.01

Table 2. Calculated analysis of prepared feed for
layers

Parameter Results
Crude Protein 16%
ME 2700 kcal/kg
Ash 12.16%
Moisture 11.4%
Calcium 3.51%
Phosphorous (available) 0.47%
Sodium 0.16%
Chloride 0.17%
Digestible lysine 0.76%
Digestible methionine 0.49%
Diges. M+C 0.69%
Diges. Threonine 0.55%
Diges. Tryptophan 0.14%
Diges. Arginine 0.99%
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Table 3. Comparison for weekly egg production among different treatments

Weekly egg production (%age)
Treatments Week 1 Week 2 Week 3 Week 4 Mean*
A 87.5 87.5 77.67 85.41 84.52A
B 75 75 68.75 68.75 71.87B
C 81 80.46 79.46 79.68 80.15AB
D 80.35 64.06 59.82 64.84 80.15AB
E 80.35 73.44 73 80 76.69AB
F 87 83 80 84 83.5AB
G 75 76 79.46 84.34 76.69AB
A:Positive control (antibiotic lincomysin 4.4% 120 mg/kg of feed, antioxidant seldox (BHA, BHT, ethoxiquine and citric acid) 120mg/kg of feed, B:
Negative control (N.C), no antibiotic or antioxidant, C:N.C + black tea poly phenolic extract 1mL/kg of feed, D: N.C + black cumin seed poly phenolic
extract 1mL/kg of feed, E: N.C + fenugreek seed poly phenolic extract 1mL/kg of feed, F: N.C + black cumin seed oil 1mL/kg of feed, G: N.C +
fenugreek seed oil 1mL/kg of feed.
*Any two means not sharing a letter in the column differ significantly at P<0.05.

Table 4. Results for egg physical quality characteristics in birds under different treatments

T
re

at
m

en
ts

Egg weight (gm) Shell weight (gm) Yolk weight (gm) Albumen weight (gm) Hough unit Value

Day
10

Day
20

Day
30

Day
10

Day
20

Day
30

Day
10

Day
20

Day
30

Day
10

Day
20

Day
30

Day
10

Day
20

Day
30

A 56.62 62.58 56.5 7.11 8.62 8.17 16.1 16.22 15.31 35.1 37.59 35.76 100 101 100
B 54.85 57.75 60.23 6.75 7.79 7.68 16.03 16.37 15.68 31.75 33.5 37.01 89.6 101 102
C 54.3 55.04 56.49 6.86 7.54 7.34 15.8 16.11 15.22 29.82 31.61 33.79 89.4 103 108
D 59.47 52.28 57.34 7.88 7.4 8.34 15.58 14.03 15.17 35.21 30.6 33.77 95.4 102 107
E 58.45 55.7 58.09 7.44 8.1 7.81 14.25 15.42 16.08 35.43 32.12 33.97 104 104 109
F 56.15 52.28 57.68 6.68 6.94 8.12 15.72 13.63 16.22 35.32 31.6 32.56 102 104 102
G 56.79 56.19 57.17 7.32 7.97 7.44 15.5 16.66 14.59 33.57 31.32 34.92 103 106 105
Mean* 57.64

A
56.66

A
55.97

A
7.14

B
7.76

A
7.84

A
15.56

A
15.49

A
15.46

A
34.54

A
33.74

A
32.62

A
97.58

B
103.0

AB
105.0

A

A:Positive control (antibiotic lincomysin 4.4% 120 mg/kg of feed, antioxidant seldox (BHA, BHT, ethoxiquine and citric acid) 120mg/kg of
feed, B: Negative control (N.C), no antibiotic or antioxidant, C:N.C + black tea poly phenolic extract 1mL/kg of feed, D: N.C + black cumin
seed poly phenolic extract 1mL/kg of feed, E: N.C + fenugreek seed poly phenolic extract 1mL/kg of feed, F: N.C + black cumin seed oil
1mL/kg of feed, G: N.C + fenugreek seed oil 1mL/kg of feed.
*Any two means not sharing a letter in the last row differ significantly at P<0.05.

Table 5. Results for total bacterial count (cfu/gm) determination for different treatments

Treatments Total bacterial count (cfu/gm)
Day 10 Day 20 Day 30

A 1000 1000 800
B 1300 1300 1300
C 1500 1000 1000
D 1300 1300 1200
E 1300 1200 1000
F 1500 1300 1200
G 1600 1400 1000
Mean* 1300 A 1171.43 AB 1028.57 A
A:Positive control (antibiotic lincomysin 4.4% 120 mg/kg of feed, antioxidant seldox (BHA, BHT, ethoxiquine and citric acid)
120mg/kg of feed, B: Negative control (N.C), no antibiotic or antioxidant, C:N.C + black tea poly phenolic extract 1mL/kg of feed, D:
N.C + black cumin seed poly phenolic extract 1mL/kg of feed, E: N.C + fenugreek seed poly phenolic extract 1mL/kg of feed, F: N.C
+ black cumin seed oil 1mL/kg of feed, G: N.C + fenugreek seed oil 1mL/kg of feed.
*Any two means not sharing a letter in the last row differ significantly at P<0.05.
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DISCUSSION

All diets with plant extracts and vegetable oils
i.e. C, D, E, F, G and positive control A showed non-
significant effect with respect to egg production however
negative control had showed significantly lowered egg
production. The results also showed the reduction in
pathogens counts at par to the antibiotic and organic acid
bearing treatment of control diet. These results are in
contrast to Kojima and Yoshida (2008) who reported the
reduction in egg production when layers were fed with
5% and 10% green tea powder. However two layer
groups which were offered feeds with 1% green tea
powder or control showed no reduction in production of
egg. On the other hand, reduction in bacterial count in
feces of treatments under the influence of botanical
extracts and oils has been reported. The control of micro
flora of gut by these extracts can lead to reduction in
competition for nutrients and decrease in growth
inhibitory metabolites (Catala-Gregori et al., 2008). Dash
et al. (2011) showed that the botanical extracts of
Coriandrumsativum L. and Trigonellafoenum L. contain
effective antimicrobial agents. Sultan et al. (2009)
reported that black cumin seed has nutraceutical activity
to eliminate many disease threats because of its known
phytochemistry especially because of the presence of
thymoquinone and tocopherols etc. Similar study using
black cumin etc. as source of antibacterial activity was
conducted by Nair et al. (2005). Bolukbapi et al. (2009)
showed that ileal E. coli growth was checked by Nigella
sativa oil in laying hens. However Erener et al. (2010)
showed non significant effect on coliform count in broiler
chicks with black cumin seed or its extract in diet.
Bourgou et al. (2010) explained that the antibacterial
activity of black cumin seeds is due to the thymoquinone
substances such as terpenes. Bakkali et al. (2007)
observed that the antibacterial effects of black cumin may
be linked with the efficacy of its essential oil, which can
disturb mitochondrial membranes and cellular function of
bacteria and eukaryotic cells and result in cell death.
Lavinia et al. (2009) also showed the beneficial effects of
essential oils of plants, on the intestinal absorption by
cells and immunity level responses. Wenk (2002) showed
that polyphenolic extracts of plants improved birds’
performance.

Egg weight, shell thickness, albumen weight,
yolk weight and Hough unit value differed insignificantly
in test diets with positive control diet as well as negative
control diet during present study. It shows that the quality
of egg remains constant despite the botanical extracts
treatment. However egg weight and Hough unit value
elevated with increase in age which is observed as a
natural trend. Azeke and Ekpo (2008) presented that
addition of 1% and 2% black tea into laying hen feed had
no effect on egg weight. Similarly, Uuganbayar et al.
(2005) showed no effect on egg weight by feeding 1.0%

or 1.5% green tea powder. However, reduction in egg
weight by feeding 0.5% green tea was reported by Xu et
al. (2009). Biswas et al. (2000) reported that by feeding
0.6% green tea egg weight was negatively affected.
Whereas feed conversion ratio was improved by feeding
0.5%, 1.5%, and 2.5% black tea powder (Xu et al., 2009).
Aydin et al. (2008) showed that by black cumin at 2 or
3% level could significantly affect egg production, shell
strength and egg weight. However these treatments had
no effect on albumin quality. In comparison to these
results, Bolukbapi et al. (2009) showed that feeding hens
by 3 mg/kg Nigella sativa oil decreased Hough units. The
improvements in albumin quality may be because of
alkaloid and saponin contents and also the antioxidant
effects of black cumin such as carvacrol and
thymoquinone (Denli et al., 2004). Many studies have
shown that the bioactive material of medicinal plants
have strong power to keep safe magnum and uterus cells
and also increase the level of albumin in laying hens
(Denli et al., 2004; Nadia et al., 2008). Aydin et al.
(2008) reported that black cumin had little effect on egg
shape, yolk index, and egg shell weight; whereas
inclusion of 2% and 3% black cumin can enhance egg
shell thickness and shell strength. Similarly it was
observed that egg shell thickness and yolk index
improved by feeding at least 0.5% black cumin (Akhtar et
al., 2003). Bolukbapi et al. (2009) proposed that feeding
of Nigella sativa oil up to 3 ml/kg of hen’s diet had
insignificant effect on egg weight. Aydin et al. (2008)
and Yalcin et al. (2009) suggested that dietary black
cumin seed feeding at the rate of 10, 15 and 30 g/kg
respectively, increased the egg weight. The inclusion of
black cumin seed at the levels of 0.05–1.0% (El-Sheikh et
al., 1998) and 1.5% (Akhtar et al., 2003) of diet as well
as Nigella sativa extracts at the rate of 1 g/ kg of diet
(Denli et al., 2004) increased egg production. However in
contrast to these findings, a number of studies showed
ineffectual results of black cumin seed and oil use in feed
on production of eggs (Aydin et al., 2006; Bolukbapi et
al., 2009; Yalcin et al., 2009). In contrast, dietary black
cumin inclusion (10 and 30 g/kg) has been reported
showing insignificant variation in egg production
percentage (El-Bagir et al., 2006). Yalcin et al. (2009)
reported that the dominant fatty acid of plant glycolipid
fractions from black cumin seeds is linoleic acid (C 18:2
n-6), and oleic acid (C 18:1 n-9). These both fatty acids
have prime role in egg size. Al-Beitawi and El-Ghousein
(2008) noticed that feeding low level (1.5%) of black
cumin could increase the efficiency of broiler chicks.

Polyphenolic contents may reduce pathogenic
bacteria and their toxins from feed and elementary canal,
thus consequently may increase the enzyme activity. In
the present study, no incidence of animal diseases was
reported in all treatments. The low Salmonella and E coli
count in the feces in all treatments groups remained at par
(P>0.05) to the positive control group. It justifies that
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botanical extracts can control harmful bacteria like
Salmonella and E. coli at similar level to antibacterial
drug i.e. lincomysin The concept of application of plant
extracts to control micro-organisms correlates with
Madrid et al. (2003) who demonstrated that the thyme
extract reduced the Coliform count. Similar studies have
reported that essential oils derived from spices and herbs
could be successfully used as growth promoters. These
increased feed intake under the influence of their
aromatic characteristics in chicken which increases
digestive enzymes and the improved utilization of
digestive products through enhanced liver function
(Langhout, 2000; Hertrampf, 2001). Present study
explains that botanical extracts can improve health of
birds while having insignificant effect on egg production.
On the other hand total bacterial concentration reduced
with the increasing age of layer except negative control,
thus Salmonella and E coli counts may also be reduced. It
has also been reported that plant extracts e.g. carvacol,
cinnamaldhyde and capsaicin reduced the total E. coli
count in intestine of broilers chickens (Jamroz et al.,
2003). Sarica et al. (2005) found that the broilers fed with
thyme (0.1%) had significantly lower E. coli count than
the control diet in the small intestine. Tucker (2002)
reported that the supplementation of a mixed herbal
product containing garlic, anise, cinnamon, rosemary and
thyme to commercial pig diets significantly inhibited the
number of E. coli in the digestive tract. The count of
Salmonella and E. coli in feces of the birds on
experimental treatments on different days of trial, was
insignificantly variable (P>0.05). These results
demonstrate that the plant extracts/oils have shown
potential in controlling microbial growth and thus can be
used instead of commercial antibiotics.

REFERENCES

Abaza, I. M. (2007). Effect of using fenugreek,
chamomile and radish as feed additives on
productive performance and digestibility
coefficients of laying hens. Egypt Poult. Sci. 27:
199-218.

Abu-Dieyeh, Z.H.M. and M.S. Abu-Darwish (2008).
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.

Akhtar, M. S., Z. Nasir, and A. R. Abid (2003). Effect of
feeding powdered Nigella sativa L. seeds on
poultry egg production and suitability for human
consumption. Vet. Archive. 73(3): 181–190.

Akram, S., R. M. Amir, M. Nadeem, M. U. Sattar, and F.
Faiz (2012).Antioxidant potential of black tea
(Camellia sinensis L.)- A review. Pakistan J.
Food Sci. 22(3): 128-132.

Al-Beitawi, N.A. and S.S. El-Ghousein (2008).Effect of
feeding different levels of Nigella sativa seeds
(Black Cumin) on performance, blood
constituents and carcass characteristics of broiler
chicks. Int. J. Poul. Sci. 7(7): 715–721.

An, B.K., H.S. Kwon, B.K. Lee, J.Y. Kim, S.J.You, J.M.
Kim, and C.W. Kang (2010). Effects of dietary
skullcap (Scutellariabaicalensis) extract on
laying performance and lipid oxidation of
chicken eggs. Asian-Austr. J. Anim.
Sci. 23(6):772–776.

Aydin, R., M.A. Bal, A.K. Ozugur, H.H.C. Toprak, A.
Kamalak, and M. Karaman (2006). Effects of
black seed (Nigella sativa L.) supplementation
on feed efficiency, egg yield parameters and
shell quality in chickens. Pakistan J. Biol. Sci.
9(2): 243–247.

Aydin, R., M. Karaman, T. Cicek, and H. Yardibi (2008).
Black cumin (Nigella sativa L.) supplementation
into the diet of the laying hen positively
influences egg yield parameters, shell quality,
and decreases egg cholesterol. Poult. Sci.
87(12): 2590-2595.

Ayasan, T. (2011). Black cumin and usage of poultry
nutrition.7th National Animal Science Congress.
Adana, Turkey. 1228-1236 p.

Azeke, M.A. and K.E. Ekpo (2008).Egg yolk cholesterol
lowering effects of garlicand tea. J. Biol. Sci.
8(2): 456-460.

Bakkali, F., S. Averbeck, D. Averbeck, and M. Idaomar
(2007). Biological effects of essential oils. Food
Chemist. Toxicol. 46(2): 446–475.

Barrell, R.A. (1982). Isolations of Salmonella from
human food and environmental sources in the
Manchester area 1976–1980. J. Hyg. (Lond.).
88: 403–409.

Biswas, M.A.H., Y. Miyazaki, K. Nomura, and M.Wakita
(2000). Influences of long term feeding of
Japanese green tea powder on laying
performance andegg quality in hens. Asian-
Aust. J. Anim. Sci. 13(7): 980-985.

Bligh, E.G. and W.J. Dyer (1959).A rapid method for
total lipid extraction and purification. Can. J.
Biochem. Physiol. 37(8): 911–917.

Boka, J., A.H. Mahdavi, A.H. Samie, and R. Jahanian
(2014). Effect of different levels of black cumin
(Nigella sativa L.) onperformance, intestinal
Escherichia coli colonization and jejunal
morphology in laying hens. J. Anim. Physiol.
Anim. Nutr. 98(2):373-383.

Bolukbapi, S.C., E.O. Kaynar, M.K. Erhan, and H.
Urupan (2009). Effect of feeding Nigella sativa
oil on laying hen performance, cholesterol and
some proteins ratio of egg yolk and Escherichia
coli count in feces. Arch. Gefleugelk. 73(3):
167–172.



Ahmad et al., The J. Anim. Plant Sci. 26(4):2016

899

Botsoglou, N.A. and D.J. Fletouris (2001).Drug Residues
in Foods.Pharmacology, Food Safety and
Analysis.Marcel Dekker, Inc., NewYork.541-
548 p.

Bourgou, S., A. Pichette, B. Marzouk, and J. Legault
(2010). Bioactivities of black cumin essential oil
and its main terpenes from Tunisia. South Afr. J.
Bot. 76(2): 210–216.

Catala-Gregori, P., S. Mallet, A.L. Travel, J. Orengo, and
M. Lessire (2008). Efficiency of a prebiotic and
a plant extract alone or in combination on broiler
performance and intestinal physiology. Can. J.
Ani. Sci. 88(4): 623–629.

Chaturvedula, V.S.P. and I. Prakash (2011). The aroma,
taste, color and bioactive constituents of tea. J.
Med. Plan. Res. 5(11): 2110-2124.

Cheesbrough, M. 1985. Medical Laboratory Manual for
Tropical Countries. Vol. II. Microbiology. pp.
400-480.

Collee, J.G., J.P. Duguid, A.G. Fraser, and B.P. Marmion
(1989). Practical Medical Microbiology.2nd

Churchill Livingstone, New York. 456–479 p.
Criste, R.D., T. Panaite, A. Bercaru, I. Varzaru,
M. Ropota and G.M. Cornescu (2013). Study on
theuse of fenugreek in laying hens diets on egg
quality. 19th European Symposium on Poultry
Nutrition Potsdam, Germany.

Dash, B.K., S. Sultana, and S. Sultana (2011).
Antibacterial activities of methanol and acetone
extracts of fenugreek (Trigonella foenum) and
coriander (Coriandrum sativum). Life Sci. Med.
Res. 27: 1-8.

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 (Coturnixcoturnix japonica). J.
Appl. Anim. Res. 26(2): 73–76.

Kim, D. O. and C.Y. Lee (2002)., Extraction and
isolation of polyphenolics, Current protocols in
Food Analytical Chemistry. John Wiley and
Sons Inc. unit 11.2.

Duru, M. (2013). Effects of dietary strawberry (Fragaria
x Ananassa Duch.) leaf powder on egg yield,
quality and egg yolkcholesterol in laying hens. J.
Food Agric. Environ. 11(2):477-480.

El-Bagir, N.M., A.Y. Hama, R.M. Hamed, A.G.A. El
Rahim, and A.C. Beynen. (2006). Lipid
composition of egg yolk and serum in laying
hens fed diets containing black cumin (Nigella
sativa). Int. J. Poult. Sci. 5(6):574–578.

El-Sheikh, A.M.A., A.E. Amin, and A.A. Khadiga
(1998). The effect of feeding different levels of
Nigella sativa seeds on layer performance and
egg quality characteristics. Sudan J. Vet. Sci.
Anim. Husb. 37:121–128.

Erener, G., A. Altop, N. Ocak, H.M. Aksoy, S. Cankaya,
and E. Ozturk (2010). Influence of black cumin
seed (Nigella Sativa) and seed extract on broiler
performance and total coliform bacteria count.
Asian J. Anim. Vet. Advan. 5(2): 128–135.

Guler, T., B. Dalkdic, O.N. Ertas, and M. Ciftci (2006).
The effect of dietary black cumin seeds (Nigella
sativa L.) on the performance of broilers. Asian
Aust. J. Anim. Sci. 19(3): 425–430.

Guler, T., O.N. Ertas, M. Kizil, B. Dalkylyc and M. Ciftci
(2007). Effect of dietary supplemental black
cumin seeds on antioxidant activity in broilers.
Medycyna. Wet. 63(9): 1060–1063.

Hassan, I. I., A.A. Askar and G.A. El-Shourbagy (2004).
Influence of some medicinal plants on
performance, physiological and meat quality
traits of broiler chicks. Egypt. Poult. Sci. 24:
247-266.

Hertrampf, J.W. (2001). Alternative antibacterial
performance promoters. Poult. Inter. 40(1): 50-
52.

Hu, C.H., A.Y. Zuo, D.G. Wang, H.Y. Pan, W.B. Zheng,
Z.C. Qian, and X.T. Zou(2011). Effects of
broccoli stems andleaves meal on production
performance and egg quality of laying hens.
Anim. Feed Sci. Technol. 170(1-2):117-121.

Jamroz, D., T.J. Wertlecki, J. Orda, A. Wiliczkiewicz,
and J. Skorupińska (2003). Influence of
phytogenic extracts on gut microbial status in
chickens. Proc.14th Europ. Symp. Poult. Nutr.
176p.

Kojima, S. and Y. Yoshida (2008). Effects of green tea
powder feed supplement on performance of hens
in the late stage of laying. Int. J. Poult. Sci. 7(5):
491- 496.

Langhout, P. (2000). New additives for broiler chickens.
World Poult. 16(3): 22– 27.

Lavinia, S., D. Gabi, D.Drinceanu, D. Stef, M. Daniela,
C. Julean, T. Ramona, and N. Corcionivoschi
(2009). The effect of medicinal plants and plant
extracted oils on broiler duodenum morphology
and immunological profile. Rom. Biotech. Lett.
14(4): 4606–4614.

Lokaewmanee, K., S. Mompanuon, P. Khumpeerawat,
and K. Yamauchi (2009). Effects of dietary
mulberry leaves (Morusalba L.) on egg yolk
color. J. Poult. Sci. 46(2):112-115.

Madrid, J., F. Hernández, V. García, J. Orengo, M.D.
Megías, and V. Sevilla (2003). Effect of plant
extracts on illeal apparent digestibility and
carcass yield in broilers at level of farm. Proc.
14th Europ. Symp. Poult. Nutr. 189p.

Mahmoud, K.Z., S.M. Gharaibeh, H.A. Zakaria, and
A.M. Qatramiz (2010). Garlic (Allium sativum)
supplementation: Influence on egg production,



Ahmad et al., The J. Anim. Plant Sci. 26(4):2016

900

quality, and yolk cholesterol level in layer hens.
Asian Austral. J. Anim. Sci. 23(11):1503-1509.

Morinigo, M.A., J.J. Borrego, and P. Romero (1986).
Comparative study of different methods for
detection and enumeration of Salmonella spp. in
natural waters. J. Appl. Bacteriol. 61(2): 169–
176.

Nadia, L.R., R.A. Hassan, E.M. Qota, and H.M. Fayek,
(2008). Effect of natural antioxidant on
oxidative stability of eggs and productive and
reproductive performance of laying hens. Int. J.
Poul. Sci. 7(2): 134–150.

Nair, M.K.M., P. Vasudevan, and K. Venkitanarayanan
(2005). Antibacterial effect of black seed on
Listeria monocytogenes. Food Contr. 16(5):
395–398.

Sarica, S., A.Ciftci, E. Demir, K. Kilinc, and Y. Yildirim
(2005). Use of an antibiotic growth promoter
and two herbal natural feed additives with and
without exogenous enzymes in wheat based
broiler diets. South Afric. J. Anim. Sci. 35(1):
61 -72.

Safaa, H.M. (2007). Effect of dietary garlic or fenugreek
on cholestrol metabolism in laying hens. Egypt.
Poult. Sci. 27(4): 1207-1221.

Steel R.G.D., Torrie, J.H, and D.A. Dickey (1997).
Principles and procedures of statistics; a
biometrical approach, 3rd edition. McGraw-Hill,
Boston.

Sultan, M. T., M. S. Butt, F. M. Anjum, A. Jamil, S.
Akhtar, and M. Nasir (2009). Nutritional profile
of indigenous cultivar of black cumin seed and

antioxidant potential of its fixed and essential
oil. Pakistan J. Bot. 41(3): 1321-1330.

Tucker, L.A. (2002). Plant extracts to maintain poultry
performance. Feed Int. 23: 26-29.

Uuganbayar, D., I.H. Bae, K.S. Choi, I.S. Shin, J.D.
Firman,and C.J. Yang (2005). Effects of green
tea powder on layingperformance and egg
quality in laying hens. Asian-Austr. J.Anim. Sci.
18(12):1769-1774.

Wenk, C. (2002). Herbs, botanicals and other related
substances. WPSA-Bremen. Germany.

Xu, Y., K. Zhan, Y. Zhao, R. Zhao, J. Li, J. Zhou, Q.
Zhen, and Y. Tang (2009). Effects of black tea
powder on egg laying and reproductive
performance of huainan spotted-yellow chicken.
Chin. Agr. Sci. Bull. 25(8): 19-21.

Yalcin, S., S. Yalcin, H. Erol, K. Bugdayc, B. Ozsoy, and
S. Cakir (2009). Effects of dietary black cumin
seed (Nigella sativa L.) on performance, egg
traits, egg cholesterol content and egg yolk fatty
acid composition in laying hens. J. Sci. Food
Agri. 89(10): 1737– 1742.

Yosef, T.A., M.Z. Al-Julaifi, and M.Kandeel (2012). The
effects of green tea (Camellia sinensis)
probiotics on broilers exposed to lead-induced
oxidative stress. J. Am.Sci. 8: 499-506.

Zhao, L., X. Zhang, F. Cao, D. Sun, T. Wang, and G.
Wang (2013). Effect of dietary supplementation
with fermented ginkgoleaves on performance,
egg quality, lipid metabolism and egg yolk fatty
acids composition in laying hens. Live. Sci.
155(1):77-85.


