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performance, intestinal Escherichia coli colonization and jejunal
morphology in laying hens
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Summary

This study was conducted to investigate the effects of different levels of black cumin seeds (Nigella sativa L.) on
performance, intestinal Escherichia coli count and morphology of jejunal epithelial cells in laying hens. A total of
100 Leghorn laying hens (Hy-Line W-36) of 49 weeks old were randomly distributed among five cage replicates
of five birds each. Experimental diets consisted of different levels (0%, 1%, 2% and 3% of diet) of dietary black
cumin inclusion. The experimental period lasted for a total of 10 weeks, and egg quality indexes and laying
hens’ performance were measured as two 35-day trial periods. At the final day, two hens per replicate were
slaughtered to investigate the influence of dietary treatments on intestinal E. coli colonization and morphology
of jejunal cells. Although dietary black cumin in all supplementation levels decreased (p < 0.05) the enumera-
tion of ileal E. coli, the morphological and histological alterations in small intestine such as enhancement of villus
height to crypt depth ratio, increased goblet cell numbers and proliferation of lamina propria lymphatic follicles
were observed after dietary supplementation with at least 2% black cumin. Dietary treatments decreased
(p < 0.05) the concentration of serum cholesterol and triglycerides and increased (p < 0.05) serum HDL concen-
tration and relative weight of pancreas; however, the egg yolk cholesterol was not influenced by dietary treat-
ments. In addition, dietary supplementation with black cumin improved (p < 0.05) eggshell quality and Haugh
unit. The best feed conversion ratio was obtained when diets were supplemented with 2% black cumin. This
improvement was due to the increase (p < 0.05) in egg mass and contemporaneous decrease (p < 0.01) in feed
consumption. The present results indicated that regardless of supplementation level, dietary inclusion of black
cumin decreased E. coli enumeration in ileal digesta and improved serum lipid profile and eggshell quality,
whereas the best intestinal health indices and haying hens” performance were obtained by at least 2% black
cumin seeds.
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countries has forced producers to use other safe

Introduction natural additives in poultry feeds such as phytobiotics

Antibiotics have been used for years to promote the
profitability of poultry production by reducing of
pathogenic bacteria in the gut lumen, thereby improv-
ing weight gain, feed conversion ratio and flock
uniformity (Wegener et al., 1998). There is increasing
pressure to reduce or eliminate the application of anti-
biotic medications in poultry feed because of the nega-
tive issues related to human health especially
antibiotic resistance in human populations. Addition-
ally, the proposed ban of antimicrobial growth
promoters in the European Union in 2006 and other

(Adibmordi et al., 2006; Windisch and Kroismayr,
2006). Phytobiotics are included a very wide range of
substances and four subclasses in animal feeding and
may classify to herbs (product from flowering, non-
woody and non-persistent plants), botanicals (entire
or processed parts of a plant such as root, leaves,
bark), essential oils (hydro-distilled extracts of volatile
plant compounds) and oleoresins (Windisch and
Kroismayr, 2006).

Black cumin (Nigella sativa 1.) is one of the best
alternatives used as feed additive in poultry feeds.
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Black cumin is also known as black seed and grows
in Asian and Mediterranean countries (Aydin et al.,
2008). It was demonstrated that black cumin seeds
have considerable antioxidant (Guler et al., 2007),
antibacterial (Hanafy and Hatem, 1991), digestive
and appetite stimulant (Guler et al., 2006) and he-
patoprotective (Mahmoud et al.,, 2002) and immu-
nomodulative (Salem, 2005) properties, and the
essential oils of black cumin could markedly
decrease the growth of Escherichia coli, Bacillus subtilis
and Streptococcus faecalis (Saxena and Vyas, 1986).
Dietary supplementation with black cumin seeds has
shown some positive effects on broiler performance
(Guler et al.,, 2006; Abu-Dieyeh and Abu-Darwish,
2008), laying hens’ performance and egg quality
indexes (Akhtar et al.,, 2003; Aydin et al.,, 2008;
Yalcin et al., 2009). Yalcin et al. (2009) noted that
black cumin seeds are rich in unsaturated fatty acids
such as linoleic and oleic acids, and dietary inclusion
of black cumin seeds at the levels of 10 and 15 g/kg
had beneficial effects on egg weight, feed efficiency,
egg cholesterol content and egg vyolk fatty acid
composition; however, dietary black cumin did not
significantly affect feed intake, egg production, egg
quality characteristics and some of blood parameters
such as serum concentrations of total protein, trigly-
cerides, cholesterol, aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and alkaline
phosphatase (ALP). Akhtar et al. (2003) reported
that dietary inclusion of Nigella sativa seeds at the
level of 1.5% in laying hen diets could improve egg
production, egg weight, egg shell thickness, Haugh
unit and feed conversion ratio, with suppressive
effect on egg yolk cholesterol. Furthermore, Aydin
et al. (2008) showed that although black cumin at
the levels of 2% or 3% could positively influence
egg production, egg weight and eggshell quality and
decrease the concentration of egg yolk cholesterol,
but had no effect on live weight, feed consumption,
feed conversion ratio, organ weights and abdominal
adipose tissue. Stimulatory effects of black cumin
and thyme essential oil on enhancing intestinal
weight and length and reduction in intestinal pH
have been also demonstrated by Denli et al
(2004b).

Because there are limited published data concerning
the effects of black cumin on intestinal histology and
ileal bacterial populations of laying hens, the present
study was designed to evaluate the efficacy of dietary
supplementation of black cumin seeds on intestinal
Escherichia coli enumeration, intestinal morphology,
some blood biochemical parameters and production
performance of Leghorn laying hens.
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Materials and methods

Experimental design and dietary treatments

A total of 100 Hy-Line W-36 Leghorn laying hens of
49 weeks of age were randomly allocated into the five
cage replicates with five hens in each according to a
completely randomized design. Dietary treatments
were consisted of different levels (0%, 1%, 2% and
3% of diet) of black cumin. All treatment groups
received the normal isocaloric and isonitrogenous
diets formulated to meet or exceed the nutrient
requirements of laying hens as recommended by Hy-
Line W36 manual (Table 1). Black cumin seeds

Table 1 The composition and nutrient content of experimental diets (49
—58 weeks of age)

Dietary treatments, black cumin seed
supplementation (%)

Iltem 0 1 2 3

Ingredient (%)

Yellow corn 61.33 59.80 58.26 56.72
Soybean meal 21.78 21.63 21.47 21.31
Soybean oil 1.50 1.50 1.50 1.50
Fat powder 1.50 1.50 1.50 1.50
Oyster shell 5.00 5.00 5.00 5.00
Monocalcium phosphate 1.53 1.54 1.55 1.56
Limestone 5.66 5.66 5.65 5.65
Common salt 0.22 0.22 0.22 0.22
L-Lysine HCL 0.03 0.04 0.05 0.06
DL-Methionine 0.17 0.18 0.18 0.18
Na bicarbonate 0.77 0.78 0.81 0.83
Vitamin—-mineral premix* 0.50 0.50 0.50 0.50
Sand - 0.66 1.31 1.97
Black cumint — 1.00 2.00 3.00
Calculated analysis

ME (kcal/kg) 2790 2790 2790 2790
Crude protein (%) 14.90 14.90 14.90 14.90
Methionine (%) 0.42 0.42 0.42 0.42
Methionine + cysteine (%) 0.66 0.66 0.66 0.66
Lysine (%) 0.76 0.76 0.76 0.76
Threonine (%) 0.62 0.62 0.62 0.62
Calcium (%) 4.25 4.25 4.25 4.25
Available phosphorus (%) 0.45 0.45 0.45 0.45
Electrolyte balance (mEg/kg) 250 250 250 250

*Vitamin and mineral premix provided per kilogram of diet: vitamin A
(from vitamin A acetate), 10 000 IU; vitamin D3, 2500 IU; vitamin E (from
dl-o-tocopheryl acetate), 10 1U; vitamin By, 2.2 mg; vitamin B,, 4 mg;
pantothenic acid, 8 mg; vitamin B, 2 mg; niacin, 30 mg; vitamin By,
.015 mg; folic acid, 0.5 mg; biotin, 0.15 mg; choline chloride, 200 mg;
manganese, 80 mg; copper, 10 mg; iodine [from Ca (103)2-H20],

0.8 mg; cobalt, 0.25 mg; selenium, 0.3 mg; zinc, 80 mg; iron, 80 mg.
‘tProximate analysis of black cumin seed (g/kg DM basis): moisture, 52.5;
ash, 45; CP, 208; ether extract, 389; crude fibre, 97; ME, 5,622 kcal
(Takruri and Dameh, 1998 and Aydin et al., 2008).
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crushed and then added to diets. Birds were housed in
the cages in a windowless poultry house with a light
regimen of 16L: 8D.

Hens had free access to water and to the experimen-
tal diets during 10 weeks experimental period, and
body weights were recorded at the beginning and the
end of experiment.

Performance and egg quality measurements

During the present study, laid eggs were collected
daily (at 9:00 am) and immediately weighed. These
data (egg numbers and weights) were used to calcu-
late egg mass. Feed consumption, egg production
percentage, egg weight, egg mass and feed conver-
sion ratio were measured as 35-day intervals and
during entire trial period. Three eggs (15 eggs per
each treatment group) were collected from each
replicate at days 35 and 70, and egg quality indexes
including egg shape index, yolk index, Haugh unit,
eggshell weight, eggshell thickness and eggshell
breaking strength were measured. The yolk and egg
shape indices were calculated by yolk height/yolk
diameter and egg width/egg length formulas respec-
tively. The following formula was used to calculate
Haugh unit: HU =100 log (H + 7.57 — 1.7 W>7).
Yolk cholesterol of two eggs per replicate was
extracted by the method described by Folch et al.
(1956), with consideration of the modifications made
by Washburn and Nix (1974) at the end of study and
estimated by the colorimetric Leibermann-Burchard
method.

Intestinal E. coli enumeration

On day 70 of experiment, the total contents of ileal
digesta from Meckel’s diverticulum to the ileocecal
junction were carefully collected from two birds per
replicate. The contents were then mixed thoroughly,
placed in the sterile tubes and kept in an ice-covered
box and then immediately transferred to the labora-
tory. A volume containing 1 g of digesta was serially
(1:10) diluted to 10~° using 0.85% NaCl, and 0.1 ml
of each dilution was plated in duplicate on eosin
methylene blue agar plates (Merck, Darmstadt,
Germany). The plates were incubated at 37 °C for
24 h, and E. coli colonies were confirmed using bio-
chemical tests of indole, methyl red, Voges—Proskauer
and citrate reactions. The number of colony-forming
units per plate was counted by spread plate method to
determine the total number of bacterial colony-form-
ing units per gram of digesta, as described by Mahdavi
et al. (2010).
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Jejunal histological alterations

At the end of trial, two randomly selected hens from
each replicate were killed to determine the effect of
dietary treatments on jejunal cell morphology as
described by Mahdavi et al. (2010). Tissue samples
were collected, and a 3-cm segment of jejunum ante-
rior to Meckel’s diverticulum was excised for light
microscopic observations. The scraps of tissues were
immediately immersed in a 10% phosphate-buffered
formalin solution for fixation. Two portions per sam-
ple were cut, and cross sections (5 um thick) of each
intestinal fragment were processed in paraffin wax,
according to the histopathological routine techniques
and stained by haematoxylin and eosin (H&E). The
slides were examined using a light microscope with
the magnifications of 100x and 400x. The variables
measured were included villus height, crypt depth,
villus height to crypt depth ratio (VCR), goblet cell
numbers (GCN) and lamina propria lymphatic follicles
(LLF). In each intestinal slide, 10-well-oriented villus
heights and crypt depths were measured. The average
of 10 measurements per each sample was used for sta-
tistical analysis.

Relative weights of liver and pancreas

At the final day of trial, two birds per replicate were
selected randomly to evaluate the relative weights of
liver and pancreas. Feed was removed 3 h before
slaughtering. Each bird was exsanguinated by cutting
the jugular vein and allowed to bleed for approxi-
mately 2 min, and the weights of pancreas and liver
were immediately obtained. The relative weights of
these organs were calculated as a percentage of live
body weight, and mean data of two birds per cage
were used for analysis of variance.

Serum biochemical parameters

Blood samples of two hens per replicate were collected
at the final trial day and centrifuged (3000 x g for
15 min). Sera samples were harvested and stored
(—20 °C) until further analysis for serum cholesterol,
triglycerides and HDL concentrations using turbidi-
metric method (Pars Azmoon, Tehran, Iran).

Statistical analysis

All data were analysed using the GLM procedure of
SAS software (SAS Institute, 2001). The following
model was assumed in the analysis of all studied traits:
Y= p+ A; + ¢ where Y; = observed value for a
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particular character, p = overall mean, A; = effect of
the ith treatment and ¢; = random error associated
with the 7jth recording. Least significant difference test
was used to identify the significant differences
between groups at the 0.05 significance level.

Results and discussion

Intestinal E. coli enumeration

As shown in Table 2, dietary inclusion of black cumin
caused a significant (p < 0.05) decrease in E. coli num-
ber in the ileal content of laying hens. In agreement,
the initial reports showed that essential oil of black
cumin included antibacterial activity against some
gram-positive and gram-negative bacteria such as
E. coli, Staphylococcus aureus, Streptococcus faecalis, Pseu-
domonas aeruginosa, Shigella dysenteriae, S. sonnei,
S. boydii, Vibrio cholerae and Bacillus subtilis (Saxena
and Vyas, 1986; Fedorus et al., 1992). Also, the in vivo
study by Boltiikbasi et al. (2009) indicated that Nigella
sativa oil had strong potential for reducing ileal E. coli
enumeration in laying hens; however, Erener et al.
(2010) found that dietary supplementation with black
cumin seed or its extract had no significant effect on
coli form count in broiler chicks.

It has been stated that phenolic components are
chiefly responsible for the antibacterial activities of
essential oils (Cosentino et al., 1999). Of course, the
antibacterial activity of black cumin has been attrib-
uted to the thymoquinone substances such as terp-
enes (Mahfouz and El-Dakhakhny, 1960; Bourgou
et al., 2010). The antibacterial properties of black
cumin could be associated with the ability of its

Table 2 Effect of different levels of black cumin on ileal Escherichia coli
enumeration and histological changes in jejunum in laying hens

Villus Crypt
Black E. coli Count*  height depth
cumin (%) (logyo cfurg) (em) (um) VCR GCN  LLF
0 4.93° 779° 133° 576° 1+ 1+
1 3.87° 772° 124°° 630° 2+ 1+
2 4.18° 932° 121° 7.68° 2+ 3+
3 4.11° 9122 117° 750° 4+ 3+
SEM 0.15 2.41 1.01  0.08 - -
p-Value  0.04 0.01 0.05 0.01 - -

VCR, villus height to crypt depth ratio; GCN, goblet cell numbers; LLF,
lamina propria lymphatic follicles.

Means with no common superscript letters within each column are sig-
nificantly (p < 0.05) different.

*The number of E. coli was calculated as logqo cfu per gram of ileal con-
tent.

+tNumber of +'s indicates severity of the histological changes such as
cellular hypertrophy or hyperplasia.
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essential oil, which can destabilize membranes includ-
ing mitochondrial membranes and also can disturb
cellular integrity of bacteria and eukaryotic cells and
result in cell death via necrosis and apoptosis as
described by Bakkali et al. (2007). Therefore, with
considering these findings, it seems that dietary
administration of black cumin at all supplementation
level could provide a quantities of bioactive antimicro-
bial components, thereby significantly reducing E. coli
proliferation by 1.06 log cfu/g of ileal content in laying
hens.

Measurement of jejunal histological alterations

As shown in Table 2, the VCR was increased signifi-
cantly (p < 0.01) via dietary inclusion of 2% and/or
3% black cumin seed. This observation resulted from
the increase (p < 0.01) in villus height and concomi-
tant decrease (p < 0.05) in crypt depth. There are lim-
ited histological studies in laying hens fed diets
supplemented with herbs or their active substances.
Although it has been suggested that thinner intestinal
epitheliums promote nutrient absorption and decline
the metabolic demands of gastrointestinal system
(Visek, 1987), a taller villus would increase the surface
area for nutrient absorption. On the other hand, the
crypt can be regarded as the villus cells producer, and
a small crypt shows slower tissue turnover and so a
lower need for new tissue regeneration (Yason et al.,
1987).

The VCR is a histological index for digestive capacity
of the small intestine. Enhancement in this ratio
improves digestion and absorption processes (Monta-
gne et al., 2003; Mahdavi et al., 2010). Recently, the
positive effects of extracted essential oils, originated
from aromatic plants, on the intestinal absorptive cells
and local immunological responses have been
reported by Lavinia et al. (2009). In agreement with
the present findings, the previous studies demon-
strated that some medicinal plant such as garlic pow-
der could increase the villus height (Adibmordi et al.,
2006), and administrating mint, sage and thyme
markedly decreased crypt depth (Demir et al., 2008);
however, Catala-Gregori et al. (2008) found that die-
tary supplementation with plant extracts had no
remarkable effects on intestinal cell morphology. As
explained previously, using all black cumin levels in
diets could decrease the enumeration of intestinal
E. coli as an avian pathogenic bacteria species. There-
fore, it is possible that the improvement in VCR had
been associated by antimicrobial properties of black
cumin; because it has been suggested that declined
microbial activity in the intestinal contents, at the
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level of brush border, would reduce both the damage
of enterocytes and the demands for new cell prolifera-
tion in the gut (Hughes, 2003), resulting in taller vil-
lus and smaller crypts (Xu et al., 2003).

After inclusion of at least 2% black cumin in hens’
diets, the increases in GCN and proliferation of LLF
were motivated. These findings reinforce the previous
observations that demonstrated some bioactive com-
ponents of herbs and spice plants, such as cinnamalde-
hyde, carvacrol or capsaicin, have the ability to
preserve microvillus as nutrients absorption site, by
increasing intercellular antioxidant (Jamroz et al.,
2006) and promoting mucin secretion (Best, 2000).
These functions of intestinal mucosa layer are associ-
ated with their inherent antioxidative activity at both
cell and tissue levels (Best, 2000; Tschirch, 2000).
Goblet cells are accountable for the secretion of mucin
that is used for the mucinous lining of the intestinal
epithelium (Schneeman, 1982). It is possible that the
active substances of black cumin such as nigella, thy-
moquinone and thymohydroquinone at high levels
(Mahfouz and El-Dakhakhny, 1960) stimulate the
proliferation of goblet cells to secret mucin, whereby
it could protect the intestinal epithelium layer against
pathogenic bacteria. The previous studies suggested
that the creation of thicker mucinous layer by herbal
bioactive substances could reduce the probability of
adhesion of pathogenic microflora such as E. coli and
Clostridium perfringens and fungi to the epithelial cells
(Jamroz et al.,, 2006). This can explain the lower
enumeration of ileal E. coli in laying hens fed black
cumin seeds as described above. Furthermore, in the
present study, it was demonstrated that supplement-
ing 2% black cumin in addition to increase in goblet
cells number motivated the LLF proliferation. It notes
that the high levels of black cumin seeds may have
the local inflammatory effects on gut-associated
lymphoid tissue. Therefore, our results suggest that
administration of black cumin could induce wide-
spread structural and functional alterations in the
intestine of haying hens and that it might result in
the lower enumeration of pathogenic bacteria in the
gastrointestinal tract.

Liver and pancreas relative weights

As shown in Table 3, supplementation of different
levels of black cumin had no effect on relative weight
of liver as a percentage of live body weight; however,
dietary inclusion of black cumin seeds increased
(p < 0.05) the relative weight of pancreas. In agree-
ment with the present findings, the ineffectual herbal
inclusions on relative weight of liver have been
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Table 3 Effect of dietary supplementation of black cumin on relative
weights of liver and pancreas in laying hens

Relative organ weigh (g/kg live

body weight)

Black cumin (%) Liver Pancreas
0 2.97 0.16"

1 2.61 0.23°

2 2.77 0.23%

3 2.66 0.21°
SEM 0.08 0.01
p-Value 0.1 0.04

Means with no common superscript letters within each column are
significantly (p < 0.05) different.

reported when diets had been supplemented by black
cumin (Al-Beitawi and El-Ghousein, 2008), rosemary
(Ghazalah and Ali, 2008), oregano and garlic essential
oils (Kirkpinar et al., 2011). Although Hernandez
et al. (2004) and Kirkpinar et al. (2011) found that
the relative weight of pancreas was not affected in
broilers fed plant extracts, Platel and Srinivasan
(1996) indicated that dietary supplementation of curc-
umin, capsaicin and piperine could promote the diges-
tive enzyme activities of pancreas and intestinal
mucosa and that it might be due to the antioxidant
activity of these substances for stimulating of protein
synthesis by enzymatic system (Osawa et al., 1995;
AL-Sultan, 2003). On the other hand, many studies
have demonstrated that Nigella sativa seeds, Pimpinella
anisum seeds and Thymus vulgaris mixture have stimu-
latory effects on animal digestive function and, in
turn, improve protein, fats and cellulose digestibilities
(Jamroz and Kamel, 2002; Cabuk et al., 2003; Rama-
krishna et al., 2003). These events may be occurred
by the alteration in pancreas activities. Furthermore,
black cumin has choleric properties producing a defi-
nite enhancement in bile flow (Mahfouz and El-
Dakhakhny, 1960). Bile is identified as an emulsitying
agent, activating the pancreatic lipase that helps in the
digestion and absorption of fats and fat-soluble vita-
mins (Crossland, 1980; Hassan et al., 2004). There-
fore, in the current study, it is possible that improved
egg production and feed conversion ratio might be
due to the enhancement of relative weight of pancreas
and its activities as described above.

Serum biochemical variables

As noted in Table 4, dietary inclusion of black cumin
decreased (p < 0.05) the concentration of serum
cholesterol and triglycerides and increased (p < 0.05)
serum HDL concentration. The lowest serum
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Table 4 Effect of different levels of black cumin seed on the serum con-
centration of cholesterol, triglycerides and HDL in laying hens

Black cumin Cholesterol Triglycerides HDL
(%) (mg/dl) (meg/dl) (mg/dl)
0 1597 21447 25.2°

1 125° 164920 26.5%
2 128% 1314° 27.0°
3 139% 1716% 25.7%
SEM 9.97 155.6 0.42
p-Value 0.05 0.02 0.04

Means with no common superscript letters within each column are
significantly (p < 0.05) different.

cholesterol and triglyceride levels were observed
when diets supplemented with 1% and 2% black
cumin, respectively, and the highest level of serum
HDL concentration was assigned to the birds on 2%
black cumin diets. These findings are consistent with
the results of Akhtar et al. (2003) that showed adding
1.5% black cumin to the diet of laying hens decreased
plasma concentration of cholesterol and triglycerides
and enhanced HDL content. Also, Al-Beitawi and El-
Ghousein (2008) found the similar results after feed-
ing 3% uncrushed Nigella sativa seed to the broiler
chicks. These effects might be attributed to the hypo-
cholesterolaemic activity of black cumin, as described
by El-Dakhakhny et al. (2000). It has been suggested
that decrease in serum and plasma cholesterol con-
centrations is related to the inhibitory effects of herbal
extracts on hepatic 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG-CoA) reductase activity, an allosteric
enzyme that is necessary for cholesterol synthesis in
liver (Crowell, 1999). Also, Brunton (1999) found
that these improvements are due to the reduction in
cholesterol reabsorption from the small intestine.
Moreover, it has been demonstrated that thymoqui-
none substances of black cumin could either suppress
de novo cholesterol synthesis or stimulate bile acid

J. Boka et al.

excretion (Badadry et al., 2000). All together, these
effects would lead to the depression in serum choles-
terol concentration (Beynen et al.,, 1987; Badadry
et al., 2000). Consequently, our results suggest that
black cumin with hypolipidaemic and hypocholeste-
rolaemic properties had strong potential for improving
the serum lipid profile.

Egg quality

The egg quality traits were assessed two times in the
present study, at days 35 and 70 of experiment
(Table 5). Using the highest level of black cumin could
improve (p < 0.05) albumin quality (Haugh unit)
during the second experimental period. This finding is
inconsistent with the reports of Akhtar et al. (2003)
and Aydin et al. (2008) who showed that supplemen-
tation of black cumin up to 3% in laying hens’ diet
had no remarkable effect on albumin quality. Com-
pared with these results, Boliikbasi et al. (2009) found
that feeding laying hens by 3 mg/kg Nigella sativa oil
decreased Haugh unit markedly. The improvements
in albumin quality might be due to the presence of
alkaloid and saponin contents and also the antioxi-
dant substances of black cumin such as thymoquinone
and carvacrol (Denli et al., 2004a). Several studies
have suggested that the bioactive components of
medicinal plants have strong potential to protect mag-
num and uterus cells as well as promote the secretion
of albumin in laying birds (Osawa et al., 1995; Denli
et al., 2004a; Nadia et al., 2008).

Although feeding 2% black cumin decreased yolk
index during the first (p < 0.01) 35-day experimental
period, the egg shape index increased (p < 0.05) at
the first 35 days by dietary black cumin supplementa-
tion. Furthermore, supplementation of diets with
black cumin seeds for 70 days could significantly
(p <0.05) improve the eggshell thickness and
strength. Aydin et al. (2008) reported that black

Table 5 Effect of different levels of black cumin on egg quality traits of laying hens

Eggshell
Eggshell weight ~ Eggshell hardness
Haugh unit Yolk index Shape index (9 thickness (mm) (kg/cm?) Egg yolk cholesterol

Black (mg/g egg yolk)
cumin (%) Day35 Day70 Day35 Day70 Day35 Day70 Day35 Day70 Day35 Day70 Day35 Day70 Day70

0 7350 75.94° 42877 4413 7230° 7427  9.01 896 0372 0368° 208 242° 1471

1 7417 76.57° 43.19° 4555 72.39° 7487 9.07 9.59 0.378 0.389%° 2617 2.71° 12.94

2 76.63 75.28° 39.03°  43.97 75.09° 7458 9.02 9.34 0.369 0.390%  2.54 2.81° 17.19

3 74.94 79.14%  40.67* 43.33 7426 7317 8.83 9.15 0.376 0.398° 2.87° 2.82° 15.22

SEM 0.96 0.54 0.79 0.63 0.72 0.47 0.24 0.28 0.002 0.007 0.15 0.93 2.22

p-Value 0.30 0.01 0.01 0.13 0.04 0.14 0.90 0.46 0.15 0.05 0.01 0.03 0.61

Means with no common superscript letters within each column are significantly (p < 0.05) different.
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cumin had no considerable effects on yolk index, egg
shape index and eggshell weight; however, addition
of 2% and 3% black cumin to the diets of laying hens
could increase eggshell thickness and shell breaking
strength. Similarly, Akhtar et al. (2003) found that
eggshell thickness and yolk index improved by feeding
at least 0.5% black cumin. As described, the previous
reports (Osawa et al., 1995; Denli et al., 2004a; Nadia
et al., 2008) mainly have suggested that the antioxi-
dant components of spices herbs are responsible for
uterus health, as eggshell mineral deposition site and
improving eggshell thickness. Nevertheless, it has
been demonstrated that some herbal bioactive sub-
stances could stimulate the protein synthesis via avian
enzymatic systems (AL-Sultan, 2003), and it might be
another reason for enhancing eggshell hardness by
dietary inclusion of black cumin in the present study.
Dietary supplementation with different levels of
black cumin had no significant effect on egg yolk cho-
lesterol concentration. This finding is consistent with
the report of Chowdhury et al. (2005), who showed
the inclusion of tamarind had no suppressive effect on
egg yolk cholesterol content. However, Aydin et al.
(2008) reported that dietary supplementation of black
cumin decreased egg yolk cholesterol. Several studies
mentioned that the efficiency of dietary manipulation
for egg cholesterol depression is very low, because it
seems that reducing the egg cholesterol content
accompanies decreases in egg production and egg size
(Elkin et al., 1993; Kim et al.,, 2004; Chowdhury
et al., 2005; El-Bagir et al., 2006). Kim et al. (2004)
observed that oral administration of pravastatin
reduced the weights of egg and yolk; however, it
decreased cholesterol content of egg yolk. Also, Elkin
et al. (1993) reported that although dietary supple-
mentation of a synthetic HMG-CoA reductase inhibi-
tor caused remarkable decrease in egg cholesterol
content (up to 30%), it redounded to egg production
depression up to approximately 20%. On the other
hand, our data indicated that the inclusion of black
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cumin at all supplementation levels decreased plasma
cholesterol and triglycerides, whereas it had no signifi-
cant effect on yolk cholesterol content. These findings
are in well agreement with the results obtained by
Marks and Washburn (1977) and Chowdhury et al.
(2005). Overall, our results indicated that although
dietary administration of black cumin had no suppres-
sive effect on egg yolk cholesterol content, feeding at
least 2% black cumin could improve albumin and egg-
shell quality.

Laying performance

The effects of different levels of black cumin on laying
hens performance were presented in Table 6.
Although feed intake was not influenced by experi-
mental diets during the first 35-day period, this
parameter decreased (p < 0.01) by dietary supple-
mentation of black cumin seeds in the second 35-day
period as well as in the entire experimental period.
Regarding the previous reports, the observed effects of
herbs and spices on feed consumption are variable.
For example, some researchers reported that this
group of additives increased (Erener et al.,, 2010),
reduced (Al-Beitawi et al., 2010) or not affected (Ay-
din et al., 2006) feed intake in birds. In the current
study, the significant reduction in feed intake might
be due to the bitter taste of black cumin seeds con-
cerning the presence of phenolic terpenes, as
described by previous reports (Cross et al., 2003; Toll-
ba et al., 2010). Cross et al. (2003) suggested that the
effect of essential oil on stimulating appetite may be
dependent on its dietary level and birds age, as young
growing chickens appear to find this compound
unpalatable in diets during the early weeks; however,
our results indicated that the feed intake depression
could be occur in aged laying hens 58 weeks old.

Our data showed that the egg weight was not
affected by different levels of black cumin seeds during
the whole experimental period. In consistent,

Table 6 Effect of dietary supplementation of black cumin on performance of laying hens

Feed intake (g/d per hen) Egg weight (g) Egg production (%) Egg mass (g/d per hen) Feed conversion ratio

Black 0-35 35-70 1-70 0-35 35-70 1-70 035 35-70 1-70  0-35 35-70 1-70 0-35 35-70 1-70
cumin (%) days days days days  days days days days days  days days days days  days days
0 1128 11337 112.9° 6326 6452 6421 7543 80.14 7778 46.78° 5142  4929° 246 2157 234
1 1148  947° 1068° 6420 6513 6466 7574 8037 7805 48497 5233 5041°® 238 183" 216
2 1147 99.1° 1085% 6342 6429 6385 8148 8328 8238 54327 5539 5486° 222 185" 207
3 1114 91.6° 10357 6444 6478 6461 7280 7405 7342 4690° 4800 47.45° 241  191° 221
SEM 1.78 2.82 1.81 1.01 0.85 0.88 3.42 2.95 2.47 1.96 1.85 1.67 0.10 0.07 0.08
p-Value 0.49 0.01 0.01 0.80 0.90 0.87 0.36 0.20 0.12 0.05 0.10 0.05 0.43 0.02 0.17
Means with no common superscript letters within each column are significantly (p < 0.05) different.
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Boliikbasi et al. (2009) reported that administration
of Nigella sativa oil up to 3 ml/kg of laying hens diet
had no effect on egg weight. However, Aydin et al.
(2008) and Yalcin et al. (2009) observed that dietary
black cumin seed supplementation at the levels of 10—
15 and 30 g/kg, respectively, increased egg weight.

Supplementation of 2% black cumin in different
production periods caused a numerical (p = 0.12)
increase in egg production percentage so that this
parameter improved approximately 5% compared
with control group in the entire experimental period.
There are some reports that suggested 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 and also Nigella sativa extracts at the level of 1 g/
kg of diet (Denli et al., 2004a) raised egg production.
In contrast, Aydin et al. (2006), Bolikbasi et al.
(2009) and Yalcin et al. (2009) found ineffectual black
cumin seed or oil inclusion on egg production. On the
other hand, El-Bagir et al. (2006) reported that die-
tary black cumin inclusion (10 and 30 g/kg) resulted
in significant decrease in egg production percentage.

Egg mass was improved (p < 0.05) by black cumin
supplementation especially at the level of 2% during
the experimental period. This enhancement was lar-
gely due to the increase in egg production, as reported
by previous studies (El-Sheikh et al., 1998; Akhtar
et al., 2003; Denli et al., 2004a). The increase in egg
mass in birds fed black cumin may be, in part, related
to antioxidant property of black cumin. It is demon-
strated that by enhancing free radicals, the plasma
concentrations of VLDL and vitellogenin, which are
egg yolk precursors, may be reduced due to the distur-
bance of hepatic cell functions (Bollenger-Lee et al.,
1998). Therefore, it is possible that using black cumin
might have increased the egg yolk precursor’s secre-
tion from liver, by preserving hepatocytes from oxida-
tive damage, resulted in improvement in vyolk
formation and ovulation, as explained by Bollenger-
Lee et al. (1998).

However, the feed conversion ratio was improved
(p < 0.05) with dietary black cumin seed supplemen-
tation in the second 35-day period. The best feed con-
version ratio in the entire experimental period was
obtained when diets supplemented with black cumin
at the level of 2%. Similar results have also been
obtained by El-Sheikh et al. (1998), Denli et al.
(2004a) and Yalcin et al. (2009). Improvement in feed
conversion ratio was due to the increase in egg pro-
duction (p = 0.12), reflected in egg mass (p < 0.05),
and contemporaneous decrease (p < 0.01) in feed
consumption. However, Aydin et al. (2006) and
Boltkbasi et al. (2009) showed that feed conversion
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ratio was not significantly affected by black cumin
seed supplementation up to the level of 30 g/kg or
Nigella sativa oil up to 3 ml/kg in laying hens
respectively.

It seems that the beneficial effects of black cumin
on inhibition of bacteria and development of intesti-
nal morphology such as increase in absorptive surface
area and slight stimulation of mucosal inflammation
resulted in improvement in the health status of the
gastrointestinal tract and subsequent production per-
formance. As previously explained, using two higher
levels of black cumin not only could increase the VCR,
as an index for digestive capacity, but also enhanced
the numbers of goblet cells and LLF. Therefore, it is
probable that up-regulatory effects of black cumin on
mucosal defensive mechanism and its antimicrobial
properties could decrease the enumeration of faecal
E. coli, as a pathogenic bacteria species. There is evi-
dence that the control of gut micro-organisms can
lead to decrease in competition for nutrients and
decline in growth inhibitory metabolites (Catala-
Gregori et al., 2008).

In confirmation with the present findings, Langhout
(2000) and Williams and Losa (2001) reported that
medicinal essential oils have positive effects on animal
digestive systems. Many studies postulated that these
effects could be, in part, due to the enhanced produc-
tion of digestive enzymes such as pancreatic lipase
and amylase (Langhout, 2000; Williams and Losa,
2001; Ramakrishna et al., 2003). As noted, the rela-
tive weight of pancreas increased by administration of
black cumin in the diet, and it might have improved
the nutrient digestibility that was appeared in feed
conversion ratio.

Another factor that could be a reason for the
favourable effects of some spices plants, such as black
cumin, is the presence of a mixture of linolenic, lino-
leic and arachidonic acids (as essential fatty acids) that
are necessary for proper production performance
(Babayan et al., 1978). In this regard, Atta (2003) and
Yalcin et al. (2009) reported that the dominant fatty
acid of plant glycolipids fractions from black cumin
seeds is linoleic acid (C 18:2 n-6), followed by oleic
acid (C 18:1 n-9).

On the other hand, our findings showed that die-
tary supplementation of 2% black cumin improved
egg production, egg mass and feed conversion ratio
compared with the highest level (3%). These results
are consistent with the findings of Al-Beitawi and El-
Ghousein (2008) that noticed feeding low level
(1.5%) of crushed black cumin could improve the per-
formance of broiler chicks. According to these results,
Mandour et al. (1998) reported that low doses of
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black cumin increased thyroxin concentration, which
means that black cumin seeds had an effect on thyroid
gland hormones known as the enhancers of metabolic
rate. Based on these observations, we can speculate
that the direct and indirect effects of black cumin, as
an antimicrobial and antioxidant agent, on both local

Black cumin supplementation and laying hens performance

and systemic responses have been improved haying  hens’ diets.

hens’ performance.
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