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ABSTRACT: An experiment was designed o study the cffects of feeding
different forms and levels of Nigella sativa L. as natural feed additives on
productive performance and nutrients utilization of broiler chicks raised under
summer conditions of Egypt. A total of 280 unsexed one day old "Ross" broiler
chicks was reared in batteries in an open house. Chicks were divided into 7
treatment groups of 40 chicks (4 replicates each). Ambient temperature (C)
and relative humidity (%) inside the experimental room were recorded during
the experimental period Experimental diets were formulated to be
isonitrogenous and isocaloric according to the strain manual recommendation.
- Seven experimental diets were used; the first diet (T1} was the control, with no
natural feed additives. Diets 2 and 3 (T2 and T3) contained Nigella sativa oil
(NSO) at 2 levels of 0.5 and 1.0%, respectively. In diets 4 and 5 (T4 and T3),
Nigella sativa seed (NSS) was added at 2 levels of 1.0 and 2.0%, respectively,
while diets 6 and 7 (T6 and T7) contained Nigella sativa meal (NSM) at 2 levels
of 10 and 20%, respectively. Water and feed were offered ad-libitum during the
experimental period, which lasted for 49 days. At the end of the experiment,
slaughter tests were performed using 6 birds per treatment. The apparent
digestibility coefficients of nutrients of the experimental diets were determined
using three male birds from each treatment at the end of the experiment. The
trial was continued for five days after a preliminary period of three days.
Results could be summarized as follows: 1)- Feeding hear stressed broiler
chicks the control diet only during studied periods (0-28, 29-49 and 0-49 days
of age) resulted in significantly (P<0.05) poor growth performance (BWG ,FC,
FCR, CPC, CCR), high mortality rate, low carcass characteristics, low
nutrients digestibility and low relative efficiency but high relative economic
efficiency compared with those fed treated groups (T2-T7). 2)- In most cases,
during starting period (0-28 days) and overall period (0-49 days), feeding diets
supplemented with 10% NSM (T6) or 1.0% NSS (T4) or 0.5% NSO(T2)
reflected (P<0.05) an improvement in previous studied criteria compared with
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the control and other treated groups. Contrary to that, during finishing period
(29-49 days of age), results of studied criteria showed inconsistent figures and
did not follow a definite trend as starting and overall periods.

In conclusion The results showed that addition of 10% NSM or 1.0% NSS
or 0.5% NSO in broiler diets had improved the productive performance,
livability, carcass characteristics, digestibility of nutrients and economic
return. However, addition of Nigella sativa as natural feed additives for
broiler diets reared in open houses under summer conditions of Egypt
reduced the harmful effects of high temperature.

INTRODUCTION

Under summer conditions of Egypt, poultry production (broiler
intensive production) suffered from high environmental temperature which
caused many troubles. Numerous studies have established the negative
effects of heat stress during summer on productive performance of poultry
such as redoction of feed consumption, growth rate, feed utilization and
economic efficiency. Decreased rate of productive performance has been
reported in broilers reared at high environmental temperatures (Abu-
Dieyeh, 2006),

In order to overcome the adverse effect of heat stress, a considerable
amount of research has been conducied depending upon nutritional
conditions, such as: feeding timing program (Abdel-Mageid et al,, 2007),
increasing dietary density (Galal et al., 2002), critical essential amino acids
(Abd-Elsamee, 2005), fat supplementation (Abo Saq, 2004), minerals and
vitamins (Al-Homidan, 2000) and feed additives and growth promoters
{(Hermes and Al-Homidan, 2003).

It has been found that the natural feed additives like herbs and
medicinal plants have some properties as growth enhancers to replace
synthetic drugs. These natural feed additives are given to animals/birds to
improve their productive performance under normal or stress conditions.
- Among natural feed additives, Nigella sativa seed, meal or oil showed a
significant improvement of body weight gain, feed conversion ratio,
mortality rate and economic efficiency (Nofal et al., 2006 with broiler;
Ghazalah and Ibrahim, 1996 with ducks; Abou El-Soud, 2000 with
Japanese quail; and Naser and Attia, 1998 with rabbits).

In the same order, Nigella sativa has no harmful effects on broiler
performance and could be supplemented to overcome the deleterious effects
of hot climatic conditions (Afifi, 2001 and Tollba and Hassan, 2003).
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Generally, literatures on feeding different forms and leve's of Nigella
sativa to broiler chicks under high temperature conditions are very limited.

The present study was designed to shed some light on the effects of
feeding different forms and levels of Nigella sativa L. as natural feed
additives on productive performance and nutrients utilization of broiler
chicks reared under summer conditions of Egypt.

MATERIALS AND METHODS

The experimental work was carried out at the Poultry Research Farm,
Faculty of Agriculture, Suez Canal University, Ismailia, Egypt during
summer season (July and August) of 2006.

Birds and management: Two hundred and eighty one-day old
unsexed "Ross" broiler chicks were reared in brooder batteries with wire
mesh floors in an open house. Chicks were wing-banded, weighed
individually and randomly distributed into 7 treatment groups of 40 chicks
(4 replicates each). Feed was supplied ad-libitum and birds had free access
to water. Artificial light was provided 24 hour daily through the
experimental period, which lasted for 49 days. Ambient temperature (°C)
and relative humidity (%) inside experimental room were recorded 4 times
daily and the weekly average values during experimental period are shown
in Figure (1). '

Diets and Treatments: Chicks were fed two types of diets, starter
from 0-28 days-old and finisher from 29-49 day-old. Experimental diets
were formulated to be isonitrogenous and isocaloric according to strain
manual recommendation. Seven experimental diets were used; the first diet
{T1) was the control, with no natural feed additives. Diets 2 and 3 (T2 and
T3), included Nigelia sativa oil (NSO) which was added at 2 levels of 0.5
and 1.0%, respectively. In diets 4 and 5 (T4 and T5), Nigella sativa seed
(NS5) was added at 2 levels of 1.0 and 2.0%, respectively, while in diets 6
and 7 (T6 and T7), Nigella sativa meal (NSM} was added at 2 levels of 10
and 20%, respectively. Chemical analysis of NSS, NSM, starter and finisher
experimental diets were determined according to AOAC (1990). The starter
and finisher experimental diets formulation and their chemical analyses are
presented in Tables (1 and 2).

Growth performance: Birds individual live body weight (LBW) and
pen feed consumption (FC) were weekly recorded and mortality was daily
observed. Body weight gain (BWG), feed conversion ratio (FCR), crude
protein conversion (CPC) and caloric conversion ratio (CCR) were
calculated. At the end of the study, economic studies of experimental
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treatments were estimated using two ways: 1) Economic efficiency (EEg) of
the product which was calculated from the input-output analysis based upon
the difference in both growth rate and feeding cost; 2) European productive
efficiency factor (EPEF) which was calculated according to Kamar and
Sami (1982) using the following formula:

(AFLBW (kg) x TFBWS (kg))
SNC 10000
EPEF = (AMA (days) x TFC (kg)) ( 2.2 )
FNC

Where:

EPEF=European productive efficiency factor

AFLBW =Average final live body weight

TFBWS = Total final live body weight sold SNC = Starter number of chicks

AMA = Average marketing age TFC  =Total feed consumption

FNC = Final number of chicks 10000 = Constant factor
2.2

Carcass parameters and chemical analysis of meat: At the end of
the experiment, 6 birds were chosen from each treatment. Selected birds
were individually weighted, slaughtered to complete bleeding and
defeathered. Weight of each eviscerated carcass, liver, heart, empty gizzard
and abdominal fat were recorded. Carcass was portioned and the right side
of each carcass was deboned. Giblets, meat, bone, abdominal fat and
dressing were expressed as a percentage of LBW. Meat was minced and
dried in a forced air oven at 60°C for 24 hr. Chemical analysis of the
representative samples of boneless meat was undertaken according (AQAC,
1990).

Physical characteristics of meat: Physical characteristics of meat
were measured directly using fresh samples. Tenderness and water holding
capacity (WHC) were measured according to the method of Velovinskaia
and Kelman (1962). The method of Aitken ef al. (1962) was used for
measuring pH value of meat using pH meter. Color attributes of meat;
lightness (L), redness (a) and yellowness (b) were performed using a
Minolta Color Reader CR-10 (R@ri and Einen, 2003).
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The apparent digestibility coefficients of nutrients and nutritive
values: At the end of the experiment, the apparent digestibility coefficients
of nutrients and nutritive values of the experimental diets were determined
using three male birds from each treatment. Digestion trial was extended for
five days after a preliminary period of three days. Experimental diets and
dried excreta analysis were carried out to determine DM, CP, EE, CF and
ash contents according to the methods of AOAC (1990). Fecal nitrogen was
determined according to Jakobson ef al. (1960). Metabolizable Energy was
calculated as 4.2 Kcal/g TDN as suggested by Titus (1961).

Statistical analysis: Data were statistically analyzed using the
General Linear Model procedure of SAS (SAS Institute Inc., 1998). Least
Square Means (LSM) were calculated, and’ differences among means were
differentiated by Multiple Range Test (Duncan, 1955).

RESULTS AND DISSCUSION

1. Chemical analysis and calculated ME (Kcal’kg) values of Nigella
sativa seed (NSS) and Nigella sativa meal (NSM): The experimental NSS
and NSM contained 4.40% Moisture; 23.22% and 31.97% CP; 22.38% and
10.98% EE; 19.36% and 13.86% CF and 6.33 %, 7.41% ash; 24.31% and
31.38% NFE and calculated ME values of 3950 and 3625 Kcal ME/Kg,
respectively as shown in Table (3). In this connection, Sandak (2002)

- showed that Egyptian black cumin contains: crude protein (22.37%), crude
fat (35.42%), crude fiber (8.25%), ash (4.53%) and total carbohydrates
(29.43%). From the previous results, it can be observed that NSS used in
this study contains relatively higher CP value {23.22%) than those reported
by Sandak (2002) and Radwan (2003), which ranged from 22.37 to
20.73% and relatively lower than those reported by Cheikh Rouhou ef al.
(2007) being 26.7%. NSS contains relatively lower EE value (22.38%) than
those reported by previous authors; they revealed that the NSS contains 28-
42 % of oil.

The calculated ME (Kcal/kg) values are in good agreement with those
reported by Abdel-Mageed (2002) and Abdo (2004) who reported that the
NSM contains about 3552 and 3408 (Kcal ME/kg), respectively, However,
Zeweil (1996) showed by calculation that NSM contains 3005 Kcal ME/kg,

Such variation in nutrient composition of NSS and/or NSM may be due
to genetic, cultivated, geographical and climatic regions, storage conditions,
maturity stage, seed quality, oil processing method, lipid extraction method
and quantitative techniques {(Ramadan and Mérsel, 2002).
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2- Growth Performance:

Body weight gain (BWG), feed consumption (FC), feed conversion
ratio (FCR), crude protein conversion (CPC) and caloric conversion ratio
{CCR) are shown in Table (4):

Starting period (0-28 days of age). Feeding heat stressed broiler with
diets supplemented with different forms and levels of Nigella sativa L. (NS)
(T2-T7) improved (P<0.05) BWG compared with the control. Final BWG
was (P<0.05) heavier than the control (T1) by about 33.1%, 32.0%, 26.7%,
21.7%, 15.3% and 11.9% for T6, T4, T5, T3, T2 and T7, respectively.
Significant (P<0.05) improvement in FC, FCR, CPC, and CCR were
recorded when heat stressed broiler chicks fed experimental treatments T2
to T6 compared with the unsupplemented control group (T1).

Finishing period (29-49 days of age): Results of BWG showed
different trends in comparison with starting period (0-28 days) and overall
period (0-49 days). Final BWG ranged from 865.7g (T2) to 680.6g (T4)
compared with the control (T1) 778.7g. Chicks fed diets containing 0.5%
NSO (T2) had the best FCR (1.723), CPC (0.320) and CCR (5.515)
compared with control (T1) and other treatments (T3-T7) and differences
among treatments were significant (P<0.05).

Overall period (0-49 days of age}: Data of BWG showed the same
trends as starting period except T7, in which birds recorded the lowest BWG
figure. The corresponding vatues of the final BWG ranged from 1482.3 g
(10% NSM) to 1242.9g (20% NSM) compared with the control (1280.4 g).
Chicks fed diets containing 0.5% NSO recorded the lowest FC and the best
(P<0.05) FCR, CPC and CCR compared with the control and the other
treatments (T3-T7).

The results reported herein are in good agreement with those found by
Tollba and Hassan (2003) who reported that NSS had no harmful effects
on broiler performance and could be supplemented to overcome the
deleterious effects of hot chimatic conditions and broiler chicks fed NSS
showed higher (P<0.05) BWG compared with the control. Tollba et al.
(2005) illustrated that average BWG of Gimmizah or Bandarah birds (local
strains) at 46 weeks of age fed diet supplemented with 2% NSS was
significantly different compared with the control during summer season.

The improvement of BWG due to supplementation of Nigella sativa L.
could be related to changes in the metabolism of the bird reared under heat
stress in different ways: 1- Nigella sativa L. contains different components
such as thymoquinone and thymohydroquinone which shown to posses
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antimicrobial and pharmacological activities (Mahfouz and EI-
Dakhakhny, 1960). 2- NSS acts as antibacterial, antifungal and showed
protective action against hepatoxity which lead to higher utilization
efficiency of nutrients in the feed (Rathee et al, 1982). 3- The effect of
NSS on thyroid hormones, which stimulates the thyroid gland directly
and/or through the pituitary gland to secrete the thyroid hormones. Thyroid
hormones increase metabolic rate, which lead to increase amino acids
metabolism (More et al., 1980). Furthermore, thyroid hormones accelerate
cellular reactions in most organs and tissues of the body, including the liver
in which amino acids are synthesized and formed (Smith er al, 1983).
Mandour et al. (1998) reported that feeding broiler chicks with diets
supplemented with low doses of NSS increases thyroxin concentration. 4-
The calorific effect of NSO which increases the bile flow (Mahfeuz er al,,
1962). Bile is an emulsifying agent which activates pancreatic lipase that
aids in the digestion, absorption of fat and the absorption of fat soluble
vitamins (Crossland, 1980). 5- The high amount of unsaturated fatty acids
in NSO (Ustun er al.,, 1990), especially the primary essential fatty acid
(linoleic). The improvement in BWG of chicks fed NSS containing diets
may be due to that NSS contains 37.36% of EE which is rich in the
unsaturated fatty acids such as oleic, linoleic and leinolenic acids that are
considered essential for growth (Murray et al., 1991).

: The reduction of BWG in chicks fed diets supplemented with 20%

NSM (T7) compared with other treated groups (T2-T6) may be due to the
high crude fiber content of NSM as shown in Table (2). In this respect,
Simon et al. (1996) concluded that the protein meals and oil seeds contain
carbohydrates including polysaccharides in the cell wall specially non starch
polysaccharides (NSP) such as cellulose, B-glucans, arbinoxylans and
galactomannans, which cannot be hydrolyzed by enzyme produced
endogenously by the birds. The high crude fiber contents and the major
fractions in the NSP in broiler diets may have direct and negative effects on
the performance in two ways: 1- These substances may prevent nutrients
uptake through forming nutrient complex in the gastro-intestinal tract and/or
they may directly inhibit the action of the endogenous enzyme which would
make a nutrient available for absorption. 2- Either way, if a bird lacks the
appropriate enzymes in its digestive tract to render them ineffective, their
effect is anti-nutritional. The changes in the digestive tract may reduce
nutrient absorption and retention with fat being affected more than starch
and protein. The consequences of feeding high levels of these protein meals
and oil seeds without supplementation of special enzymes resulted in
relatively poor chick's performance (reduction in LBW, BWG and FCR) as
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well as a deterioration of barn environmental and unmanageable litter
conditions due to wet sticky manure (Lesson and Summers, 1991),

Generally, the low growth rate in the present study may be due to the
high ambient temperature inside the experimental pen as the average
temperature during July—August, 2006 was 33.2°C, being higher than the
suitable temperature for poultry which is ranged between 16 and 25°C
(Sahin et al., 2006). Dawoud (1998) found that low broiler growth rate
occurred in Egyptian summer season was due to high ambient temperature
(30-36°C) especially in open houses. El-Tantawy ef al. (1998) exposed
broiler chicks to 33.5+3.5°C and reported that the body weight at all ages
reduced by about 23-37 %,

. The high ambient temperature may have direct and negative effects on
the organ systems of chicks and could be summarized as follows: 1- Dale
and Fuller (1980) suggested that only 63% of growth depression in broilers
due to heat stress is directly related to reduced feed intake and concluded
that under high temperature, birds try to reduce energy metabolism and
protect themselves through starvation (eating less feed to satisfy energy
requirement). With the starvation, fewer nutrients are available to the body,
which is reflected in reduction of body weight gain. 2- Yousef (1985)
concluded that the poor growth performance was mainly due to the
reduction in feed consumption, which leads to less protein biosynthesis
and/or less fat deposition. Moreover, the high temperature resulted in
physiological changes and reactions on the bird such as the increase of body
temperature, respiration rate and heart impulse, as the birds consume more
energy and accordingly the remaining net energy for growth is decreased. 3-
The effect on adrenal! gland, which increases the release of corticosterone
that cause reduction of the chicken growth rate (Siegel, 1985). 4- Bonnet et
al. (1997) reported that the reduction of FC in heat-exposed broilers may be
caused by a direct effect on various regions of the brain acting on feed
intake mechanism and induces inefficient digestion and impaired
metabolism. In the same order, they found that digestibility of protein, fat,
and starch nutrients was significantly reduced in heat-exposed broilers by
42%, 5.2% and 4.2%, respectively. In addition, the negative effect on
central nervous system (CNS), in which reduces metabolic rate and feed
consumption (Dawoud, 1998). 5- Har ef al. (20060) found that the passage
rate of feed residue and the expelling of digesta from the crop or small
intestine of heat-exposed broilers were decreased. They suggested that this
inhibition might be caused by the excitement of the sympathetic nerve or the
decrease of trioicdothronine during the long-term effect of high temperature.
6- Abu-Dieyeh (2006) reported that the activities of trypsin, chymotrypsin
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and amylase were reduced significantly of broilers exposed to 32°C and this
reduction might be the reason for the reduction of the amino acid
digestibility.

Chicks fed experimental diets (T2 to T7) consumed more feed than the
control (T1) during 0-28, 29-49 and 0-49 days of age and differences among
treatments were significant (P<0.05). However, during starting period either
FC or FCR was (P<0.05) improved when chicks fed diets supplemented
with different forms and levels of NS, except (T7) which showed the lowest
figures. The possible explanation for the the increase in FC and the
improvement in FCR may be attributed to the taste and the aromatic odor of
these seeds and the suppression of harmful intestinal microflora which
interfere with the absorption of nutrients such as amino and fatty acids,
minerals, vitamins... etc.

Results during: finishing and total periods showed inconsistent figures
and did not follow a definite trend as the starting period. Chicks fed diets
containing 0.5% NSO (T2) consumed the lowest FC and recorded the best
FCR during 29-49 and 0-49 days of age compared with the control (T1) and
the other treatments (T3 to T7) and the differences were significant
(P<0.05). Similar results were found by Afifi (2001) who reported that FC
and FCR were (P<0.05) improved for broiler chicks fed diets supplemented
with 2 or 3% freshly crushed NSS under hot climatic condition of Upper
Egypt. Tollba and Hassan (2003) found that adding 1% NSS to broiler
diets under high temperature conditions improved (P<0.05) FCR. On the
other hand, Osman and El-Barody (1999) found that the high levels of
NSS (0.8 and 1.0%) had an adverse effect on FC and FCR and this may be
due to the strong aromatic, higher fiber content and/or to unknown factor
presented in NSS which increase with the increasing level of NSS in the
feed. Radwan (2003) found that 1 or 3% NSS had no significant effects on
FC during the growing period.

3- Mortality rate: As shown in figure (2), the average percentage of
mortality rate (MR) during starting period showed lower figures than
finishing one (10.7% versus 12.8%). Chicks fed contro! diet had the highest
MR (22.5%) compared with those fed treated diets (T2-T7) and differences
were significant (P<0.05). At finishing period, results of MR% showed
inconsistent figures and did not follow a definite trend as starting period and
corresponding values ranged from 5% (T2) to 17.5 % (T6 and T7) with no
significant differences. Results indicated that the average MR% during the
whole experimental period was relatively high and corresponding value was
23.6%. Feeding heat stressed broiler chicks diets supplemented with
different forms and levels of NS reduced (P<0.05) MR%. Values for the
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treated groups during 0-49 days ranged from 17.5% to 25% compared with
the control group being 37.5%. The improvement of mortality percentage
for birds fed NSS and its oil may be due to their antimicrobial effects
therefore, they were used to overcome many diseases, increase body
immunity and to improve the health status of the bird (Soltan, 1999). These
findings were in good agreement with those reported by Tollba and Hassan
(2003) who found that adding 1% NSS into broiler diets under high
temperature conditions decreased (P<0.05) the mortality rate (8%)
compared with the control (26%).

4- Carcass parameters: The data in Table (5) showed that forms and levels
of NS did not significantly affect the percentage of giblets and abdominal fat
%. There was a significant difference (P<0.05) in meat % between birds fed
diets supplemented with NS than control. The highest significant figures
were found by feeding NSS (1 and 2%), while the lowest values were
recorded for chicks fed NSM 20% and the control. Chicks fed control diet
had higher (P<0.05) bone (%) than the other treated groups. Experimental
diets (T2-T6) improved (P<0.05) dressing percentage with values ranged
from 68.2 to 67.4% compared with the control group (66.6%).

These results are within the range reported by many investigators
under normal condition. Guler ef al. (2006) found that the highest carcass,
thigh and breast weights resulted from 1% NSS treated birds compared with
other levels (0.5, 2 or 3%) and the control. In the same order, Radwan
(2002) found that addition of NSM to growing rabbit diets under hot
climatic conditions caused no significant effect on either carcass or dressing
% compared to the control.

Chemical composition of meat: As shown in Table (6), birds fed
treated diets (T2 to T6) had significantly (P<0.05) higher meat protein %
and lower fat % on DM basis compared with the control (T1). Birds fed
contro] diet surpass all treated groups in ash % significantly (P<0.05). Birds
fed diet supplemented with 1% NSS had significantly higher NFE % than
the other treated and the control groups.

Physical characteristics of meat: As shown in Table (6), no
significant differences in color values (except a), tenderness and pH were
detected between chicks fed diets supplemented with different forms and
levels of NS and the control. Feeding NS resulted in significantly (P<0.05)
lower WHC values compared with the control.

Literatures dealing with the effect of NS on the chemical
composition and physical characteristics of meat for heat stressed broiler
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could not be found and therefore no comparisons were made wi'h the results
of the present study.

5- Digestion trail: As shown in Table (7), digestibility coefficients of OM,
CP, EE, CF and NFE significantly (P<0.05) increased over the control as
result of feeding NS treated diets. Data concemning the percentage of crude
protein (CP) digestibility coefficients ranged from 86.8 - 87% for birds fed
diets supplemented with 10% NSM or 1% NSS to 83.3% for chicks fed
diets supplemented with 20% NSM (T7), while the lowest figure was found
for chicks received the control diet (80.1%) and differences were significant
(P<0.05). The highest (P<0.05) EE digestibility coefficients values were
recorded for broiler chicks fed diet supplemented with 10% NSM (58.6%)
followed by chicks fed diet supplemented-with 20% NSM (58.1%), while
chicks fed control diet had the lowest figure (52%). Chicks fed T2 to T7
diets digested their CF contents in feed with higher (P<0.05) efficiency
(33.6 to 27.2%) than chicks fed control diet (17.9%).

Feeding T2 to T7 treated diets caused significant (P<0.05) increment
in TDN and ME values compared with the control group. Data of (TDN) %
were ranged from 78.3% (T6) to 75.0 % (T3) and differences failed to be
significant. While the lowest figure was observed for chicks received the
control diets being 71.6 % and differences between treated groups and
control were significant (P<0.05). Metabolizable energy values showed the
same trend. The present results are in agreement with those reported by
Radwan (2002) who stated that digestibility coefficients of CP, EE, NFE
and CF for rabbits fed diets containing NSM were increased insignificantly
(P<0.05) under hot climatic conditions.

6- Economic studies:

Economic efficiency (EEg: As shown in Table (8), Feeding heat stressed
broiler with diets supplemented with different forms and levels of NS (T2-
T7) showed a negative result on economic efficiency (EEy) compared with
control (T1), because the average cost of one/ton treated diets (starter and
finisher) were relatively higher than control diet by about 22.4%, 44.9%,
7.4%, 15.4%, 5.9% and 12.4% when chicks fed diets supplemented with
0.5% NSO (T2), 1.0% NSO (T3), 1.0% NSS (T4), 2.0% NSS (T5), 10%
NSM (T6) and 20% NSM (T7), respectively. The highest and best figure
(100%) for EEr were reported for chicks fed control diet followed by chicks
fed diets supplemented with 0.5% NSO (90.8%), 10% NSM (87.7%), 1%
NSS (87.3%), 2% NSS (79.4%) and 20% NSM (72.8%), while the worst
one was reported for chicks fed diet supplemented with 1% NSO (54.8%).
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Generally, under experimental conditions, using EE; which depends
only on feed cost to produce 1 kg body weight is unsuitable for broiler
production reared in open houses during summer months.

Unfortunately, there are no available published literatures dealing with
the effects of feeding different forms and levels of NS on EE¢ of broiler
chicks reared under hot climatic conditions and therefore, no comparisons
were made with the results of the present study.

In this respect, under normal temperature conditions, many investigators
showed the following reports on EEf of broiler chicks: Abou El-Soud
(2000) observed that the economic efficiency was increased by using NSO
at 1% level. Abaza er al. (2003) found that the use of NSS in broiler diets
was more economic than the control. Abdo (2004) indicated that 25% NSM
substitution gave the best economic efficiency and the least cost per Kg
body weight as compared with the control.

European productive efficiency factor (EPEF): The highest and best
figures for EPEF were 67.8, 60.3, 60.2, 54.6, 52.4 and 43.4 recorded for
chicks fed 0.5% NSO, 10% NSM, 2.0% NSS, 1.0% NSO, 1.0% NSS and
20% NSM diets, respectively. The worst EPEF (39.3) was reported for
chicks fed control diet (Figure 3). This means that under experimental
conditions (summer months), EPEF mainly depends on feed conversion
ratio (feed/gain) and montality rate. The improvement observed in EPEF for
chicks fed diets supplemented with 0.5% NSO (T2) or 10% NSM (T6) may
be related to the improvement of BWG, FCR, CPC, CCR and MR%.
Generally, these figures of EPEF hold true with those reported by Kamar
and Sami (1982) and Hermes ef al. (1984) who stated that the EPEF values
for commercial hybrids of broiler chicks reared under normal temperatures
are ranged from 47 to 68,

CONCLUSION

It could be concluded that the addition of 10% Nigella sativa meal
(NSM) or 1.0% Nigella sativa seed (NSS) or 0.5% Nigella sativa oil (NSO)
in broiler diets reared in open houses under summer conditions of Egypt has
the best effect to improve their productive performance and to reduce the
harmful effects of the high temperature or any stressful conditions.
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Figure (1): The average weekly ambient temperature (°C) and relative
Humidity (RH %) in the experimental house during the
experimental period.
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%) of heat stressed broiler chicks.
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Figure | (3): Effect of dietary NSO, NSS and NSM on European
productive efficiency factor (EPEF) of heat stressed broiler chicks at 49
days of age.

; - - e

> e

70 < 67.8

60.3 . N
' |

43.4

Control  0.5% NSO 1%NSO 1%4NSS 2%NSS  10%NSM  20%NSM
:m EPEF | Treatments

158



651

Table (1): Formulation of starter (S) and finisher (F) experimental diets.

Experimental diets

Control 5% NSO 19 NSO 17NSS 7% NSS 10% NSM 0% NSM
Ingredients (%) (1) a2 (13 (T4) (T3 e an
[ F 5 F S F S F s F S | F $ F

Yellow corn 50 60 50 &0 50 60 48 60 44 69 s0 | S8 50 58
Corn giaten meal (60%} 395 | 033 | 895 | 033 | 895 | 033 | 884 Pt 9 | 0 | w092 o | 1289 | 24
Soybean meal (44%) T 30 30 30 30 ET) 30 3 0 1298 ) 20 |26 ] w0 | B
Nigefla satva oil (NSO) 0 0 05 | 08 i 1 0 0 0 0 v 0 ¢

Nigella sativa seed (NSS) 0 0 s » 0 0 1 1 2 2 0 0 0

Migelia sative meal (NSM) ) 0 0 3 ) 0 0 0 0 0 0 10 20 0
Vegel, m
m“:;;:::_} soybean 551 | $36 | So1 | 486 | 45t | 436 | ss4 | so08 | 638 | 477 | 327 | 288 | 103 | e
Di-calcium phosghate 17 i1 %] 12 17 12 7 |- 12 17 12§ 167 | 145 | 165 | 115
Limestone e | bz | 04 T 14 1 14 ] T4t T 1A Al | a4 | Al | a4z | 145 14 ] a4

Vit+mineral premix 0.3 0.3 0.3 0.3 0.3 0.3 2.3 0.3 0.3 0.3 0.3 03 0.3 0.3
NaCl 04 | 04 | 04 | 04 04 0.4 0a | 04 | 04 | 04 04| 04 | 04 1 o4
DL- Methionine 0l 0.1 0.1 0.1 0.1 01 0.1 0.1 01 0.0 | 006 | 008 | 008 | 004
L-Lysine 00 | 004 | o1 | 004 | ot | 004 | 006 ) 002 | 005 | 002 | 022 | 041 | 036 | 027
Choline Chioride 0.0 | 005 | o1 | ®i5 | 01 | 015 | 01 | 015 | o1 | ©15 | ot | 015 | o1 | 015
Sand 1.44 0.7 144 0.7 1.44 0.7 2.26 0.34 417 0.12 1.64 0.86 1.5 1.22
[Total 100 | 1060 | 0 | 100 | 100 | 160 | 10p | 100 | o0 1 o6 | 100 | w0 | ang | ro0 ]
"Cost /ton ( LE) 143,72 | 1292.38 | 1761.72 | 1600.38 | 2069.72 | 1908.38 | 1557.68 | 1391.01 | 1674.86 | 1493.19 | 1537.53 | 1370.55 | 1626.16 | 1461.48

" Each 3 kg of vitamin and minerals mixture contained {starter / finisher diers); )
12,000,000 IU vit. A; 2,000,000 1U vit. Dy: 10,000 mg vit. E: 2,000 mg vit. K;; 1.000 mg vit. By; 5,000 mg vit. By; F.500 mg vit. Bg: 10 mg vit. By: 0 10,000 mg
pantothenic acid; 30,000 mg Nicotinic acid, 1.000 mg Folic acid; 50 myg Biotin; 250.000 mg choline chloride, F0,000 mg Cu, 1,000 mg I; 30,000 mg Fe: 50000
mg Zn, 60,000 mg Mn, 100 mg Co and 100 mg Se.

? According to market prices of 2006.
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Table (2): Chemical analysis of starter (5) and finisher (F) experimental diets.

Experimental diets

Ttems Control | 0.5% NSO | 1% NSO 1%NSS 3%, N8S | 10% NSM | 20% NSM
T1) (T2) {T3) (T4) (T5) {T6 I7

De""’““r;f)“"""" s | F{s(F{s | F!ls | F|s|F{s|F|s]|F

Moisture 8.79 | B.77 | 8.90 | 8.45 | 8.25 | 8.65 | 8.75 | 8.99 | 8.00 | 8.58 | 8.45 | 8.90 | 8.25 | 895

Crude Protein (CP) | 23.17 | 18.69 | 22.91 | 18.59 | 23.34 | 18.85 | 22.95 | 18.41 | 22.95 | 1872 | 23.13 | 18.55 | 23.26 | 18.10

Crude Fiber (CF) | 3.55 | 3.10 | 325 | 3.55 | 3.15 | 3.50 | 375 | 3.85 | 3.20 | 3.55 | 3.95 | 4.00 | 4.98 | 4.95

Ether Extract (EE) | 7.65 | 7.92 | 7.50 | 8.05 | 7.45 | 7.90 | 8.00 | 7.80 | 9.10 } 7.75 | 6.17 | 7.54 | 6.15 | 7.95

Ash 7.83 | 6.83 | 7.64 | 731 | 7.90 | 655 | 7.55 | 6.85 | 7.60 | 6.95 | 850 | 7.01 | 879 | 6.75

Nitrogen Free 49.01 | 54.69 | 49.80 | 54.05 | 49.91 | 54.55 | 49.00 [ 54.10 { 49.15 { 54.45 | 49.80 | 54.00 | 48,57 | 5330
Extract (NFE)
ICalculated values

3200, ] 3200, ] 3200. ] 3200, ] 3200. ] 3200. | 3200, | 3201, | 3200, | 3200. | 3200. | 3200, ] 3200, 3201

ME(Keal/Kg) 4 s | 4 s | 4 5 i 1 9 | 7 | 4 8 4 | 5

Ca% 1.00 | 0.90 | 1.00 | 0.90 | 1.00 | 0.90 | 1.01 | 0.90 | 1.01 | 0.90 | 1.00 | 0.91 | 1.00 | 0.90

Avail. P % 0.45 | 035 | 045 | 035 | 0.45 | 035 | 0.45 | 036 | 0.45 | 0.36 | 0.45 | 035 | 0.45 | 036

Lysine % 113 | 101 | L13 | 101 | 113 | 1.01 | 110 | 1,00 | 1.10 | 101 | .11 | 1.00 | 1.10 | 101

Methionine % | 0.51 | 0.40 | 0.51 | 0.40 | 0.51 | 0.40 | 0.51 | 0.40 | 0.50 | 0.40 | 0.51 | 039 | 0.51 | 038

Meth, +Cyst. % | 090 | 0.71 | 0.90 | 0.71 | 0.90 | 0.71 | 0.89 | 0.71 | 0.89 | 0.71 | 091 | 072 | 0.94 | 0.73

I.H. Hermes, et al.

| According to NRC, 1994.
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Table (3): Chemical analysis and calculated ME (Kcal/kg) values of
Nigella sativa seed (NSS) and Nigella sativa meal (NSM) used in
the experimental diets.

Nigella sativa seed (NSS) | Nigella sativa meal (NSM)

ftems %On air %On DM %On air %0On DM
dried basis basis dried basis basis
DM 95.60 160 95.60 100
Moistare 4.40 JR—— 4.40 N
CP 23.22 2429 31.97 334
EE 22.38 23.41 10.98 11.48
CF 19.36 20.25 13.86 14.50
Ash 6.33 6.62 7.41 7.75
NFE 24,31 2543 31.38 32.83
' ME(Kcal/Kg) 3950 3625

"ME= Metabolizable Energy values were calculated according 1o Carpenter and Clegg
(1956), on DM basis as follows:
ME (Kcal/Kg) = 35.3 x CP% +79.5 * EE% +40.6 * NFE +199
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Table (4): Effect of dietary NSO, NSS and NSM on body weight gain (BWG), feed consumption {FC), feed conversion ratio
{FCR), crude protein conversion (CPC) and caloric conversion ratio (CCR) of heat stressed broiler chicks (M+SE).

Traits Age Coatrol 0.5% NSO 1% NSO 1%NSS 2% NSS 10% NSM 20% NSM
{days) (T (T2) (T3) (T4) (T5) (T6) (T7)
BWG 0-28 501.1'_'5 £17.9 57847 +11.3 | 6104™ £145 | 662.5°£36.0 | 635.9"+10.7 | 667.8°+21.0 | 561.3£10.5
2949 | 171877 +379 | 865.7°x103.3 767.7"" £69.3 680.65£37.2 | 766.1° 194 | 814.5"£27.9 | 68L6"£13.2
® 0-49 | 128047458 | 1444.0°" £110.4 | 1378.1°% 256.3 | 1343.0°% 139,5 | 1402.0°% +24.3 | 1482.3" £19.0 | 1242.9°x13.6
FC 0-28 77547 2273 783,67 +19.0 849.7% £245 | 895.6" 152 826.79 8.7 921.2°x11.6 | 8719 %215
P 29-49 | 1541.7°£79.3 | 1488.2°£170.1 | 1647.4'° £84.8 | 1582.6™ +75.6 | 1746.8™ +44.3 | 1847.9" 2353 | 1589.8" £33.7
& 049 | 2317.0%£92.6 | 22718521744 | 2497.1"F £83.0 | 2478.3% 78,1 | 2573.5% +47.1 | 2769.1" 228.6 | 2461.6™ £49.0
0-28 1.546" 0,018 | 1.355°+0.020 | 1.393°+0.034 | 1.361+0.055 | 1.301" £0.030 | 1.382°£0.028 | 1.553" £0.014
FCR 29-49 | 1.979° 20,024 | 1.723°x0.032 | 2.169° 20,092 | 2.333"+0.083 | 2.281°+0.040 | 2.273* +0.047 | 2.333" +0,013
0-49 1.809°+0.018 | 1.574°0.020 18157 £0.044 | 1.845" 20,008 | 1.836°+0.012 | 1.868° 0.005 | 1.980° +0.019
0-28 0.358°:0.004 | 031485 £0.005 | 0.323°20.008 | 0.315°+0.003 | 0.302° £0.007 | 0.320° £0.007 | 0.360" +0.003
CPC 29-49 | 0370°£0.005 | 0.320°20.006 | 0.409" £0.017 | 0.429° £0.015 | 0.427° £0.007 | 0.422°x0.009 | 0.422" £0.006
0-49 | 0.419°:0.004 | 0.360°20.005 | 0.424°0.010 | 0.423°20.002 | 04217 £0.003 | 0.432° x0.001 | 0.461" £0.005
0-28 | 494770059 | 4.336°0.064 | 4.457°+0.108 | 4.354°£0.177 | 3.164" £0.095 | 4.423° £0.091 | 4.969" £0.046
CCR 29-49 | 6.336° £0.076 | 5.515°20.104 | 6.943°£0.295 | 7.467°£0.264 | 7.302° £0.127 | 7.276" £0.151 | 7.470°x0.105
0-49 | 5.789°+0.057 | 5.036 £0.065 | 5.808°#0.143 | 5.905°0.026 | 5.876° £0.039 | 5.979° 0.015 | 6.336" £0.006 |
a-d P

means within each row followed by different letters differ significantly (P< 0.05)
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Table (5): Effect of dietary NSO, NSS and NSM on carcass parametérs as a percentage of LBW of heat stressed broiler

chicks at 49 days of age (M£SE),

Traits Control 0.5% NSO 1% NSO 1%NSS 2% NSS§ 10% NSM 20% NSM
(T1) (12) (T3) (T4) (T5) (T6) (T?)
Live Body Weight 1265.50 1539.50° 1581.67™ 1947.33" 1753.67° 1730.00" 1329.33°
@® +32.24 +47.29 +48.97 +58.07 +43.30 +56.38 £47.01
Giblets 4.04 401 389 3.90 3.82 199 402
(%) +0.26 £0.13 +0.06 %0.13 £0.13 +0.15 +0.05
Meat 43.30° 45.32° 45.21° 46.96 46,74 45.91" 43.20°
(%) +0.25 +0.40 +0.28 £0.13 +0.16 +0.19 £0.35
Bone 15,70 14.76° 14.79% 14.23" 14.28" 14.24" 14.74"
(%) £0.22 +0.28 +0.28 +0.23 £0.13 +0.16 £0,11
Abdominal fat 7.55 738 7.50 6.96 7.13 7.46 7.63
(%) £0.13 +0.55 +0.27 +0.24 +0.13 =0.06 £0.21
Dressing 66.55" 67.40" 67.51" 68.15" 68.15" 67.60" 65.54°
(%) +0.29 +0.17 +0.31 +0.19 £0.16 +0.28 +0.25

I means within each row followed by different letters differ significantly (P< 0.05)
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Table (6): Effect of dietary NSO, NSS and NSM on chemical composition and physical characteristics of meat of heat

stressed broiler chicks at 49 days of age (M+5E).

Traits Control | 0.5% NSO | 1% NSO | 1% NSS | 2% NSS | 10% NSM | 20% NSM
(T1) (T2) (T3) (T4) (T5) (T6) (I7)
Chemical composition (%)
Moisture 6.01™ 6.42* 6.23*° 6.26" 6.13% 6.39° 5.88°
+0.04 +0.09 +0.13 £0.09 +0.07 +0.09 10.03
Protein 55,94° 56.54" 56.90° 56.41° 57.08 56.32° 55,92°
+0.13 +0,11 £0.06 +0.19 +0.04 +0.16 +0.05
Fat 35.01° 34.09" 33.99" 34.08° 33.99° 34.11° 35,18
£0.03 +0.06 +0.13 +0.11 +0.06 +0.06 +0.06
Ash 2.49 224" 2.37% 2.24° 131° 2.29° 229"
005 +0.04 +0.10 40.06 £0.05 £0.05 £0.03
NFE 0.558" 0.71" 0.51° 1.01° 0.49" 0.89" 073"
+0.06 £0.15 +0.15 +0.18 +0.06 +0.18 A0.04
Physical characteristics
Lightness (L) 64.16 61.24 6231 61,93 61.44 62.38 64.21
+0.93 £1.25 +0.77 +0,82 +0.56 +0.93 +1.58
8 11.58° 12.98° 1231° 12.12% | 221" 11.88% 11.35°
3 Redness (a) £0.33 0,42 £047 | 4045 | +0.44 £0.53 £0.06
Yellowness (5) 19.52 18.23 19.30 18.22 18.28 18.70 19.52
£0.36 +0.12 £0.61 +0.37 10.46 £0.63 +0.47
335 ° 3.88 3.80 389 3.76 398 333
Tenderness (Kg/cm') +0.19 £0.32 £0.40 +0.19 £0.23 £0.21 £0.11
. 575 5.90 576 5.91 5.89 5.76 5,78
P £0,06 +0.06 £0.07 +0.05 +0,02 +0.06 £0.05
WHC (cma) 2.14" 1.30° 1.95% 2.09" 2.08" 1.32° 322"
+0.49 £0.09 +0.60 +0.32 £0.64 +0.31 .71

a-c

means within each row followed by different lemters differ significantly (P< 0.05)
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Table (7): Effect of dietary NSO, NSS and NSM on digestibility coefficients and nutritive values of heat stressed broiler

chicks at 49 days of ape (M&SE).
Traits Control 0.5% NSO 1% NSO 1% NSS 2% NSS 10% NSM | 20% NSM
(ThH (12) L] ({T4) as (Ts) (T
DM 64.05° 69.56™ 68,07 68.83" 69.69"° 72.65' 69.27"
£0.99 +1.46 +2.28 +0.50 £0.72 £1.19 +1.50
cp §0.14° $4.50* 84.47" 87.00" 43.35" 86.77° 83.27°
+0.83 . +1,55 £0,52 +0.73 +0.82 +1,14 £0.12
CF 17.89° 78.18" 2728" 32.12° 31.65" 33.59" 27.21°
£1,30 £2,50 +3.98 £228 +1.83 1,85 071
EE 51985 56.24 5227 57.12% 54,02%° 58.58° £8.12%
: 40,90 +1.74 £3.31 +0,23 41,24 0.47 £2.94
NFE 74.09° 78.16" 77,56 76.97% 78.16°% 81.44" 78.41°
£0.61 £1.29 £1.58 +0,52 £1.74 +1.36 £1,22
oM 66.62° 7137 70.72° 71.34% 71,097 75.02° 747" |
+0.33 41,34 +2,09 =029 - &1.04 +1,07 +1.27
TDN 71.59° 75.52° 75.02° 7573 75.25° 78.33* 76.25
£0.10 +1.20 . :1,77 +0.28 +1.08 +0.86 £1.32
ME 300.69° 317.19° 315.10° 318.07* 31607 328.98" 32028
(Keal/100g diet) 20,42 +5,06 +7.44 £1.18 +4.40 +3.60 +5,57

** means in the same row within the same item followed by different letters differ significantly (Ps 0.05)
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‘Table (8): Effect of dietary NSO, NSS and NSM on economical efficiency (EE() of heat stressed broiler chicks at 49 days of age.

I.H. Hermes, et al,

Items Contral | 0.5% NSO | 1% NSO | 1% NSS | 2% NSS | 10% NSM | 20% NSM
(T1) {T2) (T3) (T4 (T (T6) (L]
Average feed intake (Kg/bird) Starter = af 0.775 0.784 0.850 0.896 0.827 0.921 0.872
' Price / Kg starter feed (P.T.) =b} 145.37 176.17 206.97 155.77 167.49 153.75 162.62
Average feed intake (Kg/bird) Finisher =a2 1.542 1.488 1.647 1.583 1.747 1.848 1.590
* Price / Kg finisher feed (P.T.) b2 129.24 160.04 190.84 139.10 149.32 137.06 146.15
Total feed cost (P.T.)=(a1xb1) +(a2xb2}=c 31195 376.26 490.24 359.77 399.38 394,89 374,18
Average BWG (Kg)=d 12804 | 1.4441 1.3781 1.3431 1.4020 1.4823 1.2429
¥ Price / Kg live weight (P.T.) = ¢ 800 800 300 300 300 800 800
Total revenue (P.T)=d xe=f 1024.32 1155.28 1102.48 1074.48 1121.60 1185.84 994.32
Net revenue (P.T.)=f - ¢=¢g 712.370 779.023 612.242 754.715 ) T22.224 790.949 620.137
! Economic Efficiency = (g/c) 2.28 207 1.25 1.99 .81 .00 L.66
* Relative Efficiency 100 90.79 54.82 87.28 79.39 87.72 72.81

" Based on average price of starter diets during the experimental time,

! Based on average price of finisher diets during the experimental time.
¥ According to the local market price at the experimental time.

* Net revenue per unit feed cost.

! Assuming that economic efficiency of control group equal 100.
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