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 Experimental flock, a total of 105 birds, was divided into 5 groups (with three replications), 15 
females and 6 males in each. Group I (control) was fed  a complete feed mix of standard composition. 
Feed mix for groups II and III was the control one with 4 and 7% common flax seeds (CFS), whereas 
that for groups IV and V was the control one with 2 and 5% black cumin seeds (BCS) added, 
respectively. During the whole study that lasted from week 6 to 40 of quail life, feed intake and 
egg number and weight, as well as deaths and cullings, were recorded on a daily basis. In the last 
week of experiment, quality of eggs was evaluated, determining their morphological composition. 
Egg hatching proceeded at 26, 32 and 38 weeks of quail life. The best egg laying performance 
(about 86%) was characteristic of the quail groups being fed with 4% CFS or 2% BCS, whereas a 
significantly lower was that of the control group (82%). No effect of the experimental factors on egg 
morphological composition was observed, except the eggshell percentage which was significantly 
lower in the quails receiving 4% CFS in their diet. The highest egg fertilization  (95%) was obtained 
when feeding the quails with feed mix containing 7% CFS. The best hatchability of fertilized eggs 
(about 90%) was observed in the quail groups receiving feed mix supplemented with 7% CFS and 
5% BCS. The results obtained in these quail groups differed from the hatchability of  eggs of the 
control group (81%).
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The ability of female birds to produce a large quantity of eggs of  quality which 
may be intended for hatching and then receive healthy chicks is one of the most 
important factors determining the profitability of poultry production. Even a small 
increase in egg fertilization rate and chick hatchability significantly improves the 
economic performance of a poultry farm. However, a considerable reduction in the 
egg laying performance and reproduction  by the end of egg laying season is still a 
current problem in all poultry species. Many experiments have been conducted in 
which different environmental factors have been modified in order to improve chick 
hatchability. These studies referred, among others, to the effect of artificially generated 
magnetic field [Lis 2000, Tarasewicz et al. 2006, Shafey et al, 2011], different egg 
hue types [Chełmońska et al. 2000; Veterany et al. 2005], modification of incubation 
temperature and relative humidity [Horbanczuk et al. 1999, Yahav et al. 2004], or 
hatching egg storage time [Haque et al. 1996; Fasenko et al. 2001, Horbanczuk and 
Sales 2001]. Nutrition of parental flocks has a direct effect on the health of birds as 
well as the quality of hatching eggs, shell and content [Wilson 1997, Cooper and 
Horbanczuk 2004, Mróz et al. 2008]. Due to a tendency persisting in recent years 
to withdraw from using synthetic feed additives in poultry nutrition, studies have 
been conducted on possibilities to modify feed mixes through introduction of natural 
components of a different type to them, showing immunostimulating and therapeutic 
effects or affecting birds’ performance. These feed components may include herbs, 
dry fruits or vegetables, as well as plant extracts. Active substances contained in them, 
such as flavonoids, fatty acids, vitamins, antioxidants, macro- and microelements, 
exert components with such properties into poultry diet and may also contribute to the 
improvement of birds’ health status. Introduction of components with such properties 
into poultry diet may also contribute to the improvement of reproductive capacity 
of birds, which is of particular importance at the time of egg quality deterioration 
and the reduction of  hatchability at the end of egg laying season. Ogbe et al. [2009] 
showed a favourable effect of bioactive substances of natural origin on the laying 
performance in hens. Bozkurt et al. [2008] found a positive effect of fatty acids 
contained, among others, in sunflower and fish oils on the egg laying performance, 
fertilization and hatchability in broiler chickens. Biesiada-Drzazga [2009] observed a 
considerable improvement of hatching egg quality after application of common flax 
seeds in feed ration. Similar results were obtained in the experiment with black cumin 
seeds conducted on layer hens by Akhtar et al. [2003].

This study aimed at determination of the effect of common flax and black cumin 
seeds being used in feed ration on quail performance and reproduction rate at the end 
of egg laying season.

Material and methods 

The study was carried out at the experimental farm of the Department of Poultry and 
Ornamental Bird Breeding, Western Pomeranian University of Technology in Szczecin. 
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The research material consisted of Japanese quails (Coturnix coturnix japonica) of own 
hatching and rearing. The birds were kept in groups in cages over the whole experiment, 
following the recommendations by Rutkowski [2000], i.e. temperature 20-22˚C, relative 
humidity 65-75%, and an appropriate lighting  cycle (17L:7D).

On day 42 of life, the quails were weighed and divided into 5 groups with three 
replications, 15 females and 6 males each. The flock set up this way numbered 105 birds 
in total. Group I (control) received a complete feed mixture of standard composition, 
being produced from maize, wheat and post-extracted soybean oil meal (Tab. 1).

Diet with common flax and black cumin seeds on quail performance and reproduction

Feed mix for groups II and III was supplemented with 4 and 7% common flax 
seeds (CFS) whereas that for groups IV and V with 2 and 5% black cumin seeds 
(BCS), respectively. During the whole study lasting to week 40 of quail life, feed 
consumption and egg number and weight, as well as deaths and cullings were recorded 
on a daily basis. From the data obtained, basic production indicators were calculated, 

 Table 1. Composition of feed mix 
 

 Group Item  I (control) II III IV V 
Feed components (%)       

common flax  0 4.0 7.0 0 0 
black cumin  0 0 0 2.0 5.0 
maize meal  24.0 5.0 1.0 40.0 47.0 
wheat meal  41.14 58.52 60.82 22.71 12.99 
soybean oil  0.50 0.50 0.50 0.50 0.50 
post-extractive soybean oil meal  26.4 24.0 22.7 26.8 26.5 
NaCl  0.21 0.21 0.21 0.21 0.21 
monocalcium phosphate  1.25 1.25 1.25 1.25 1.25 
limestone  5.10 5.10 5.10 5.10 5.10 
DL-Methionine (technically pure)  0.11 0.10 0.10 0.12 0.13 
L-Lysine hydrochloride  0.24 0.27 0.27 0.26 0.27 
kemzyme X DRY1  0.05 0.05 0.05 0.05 0.05 
toxfin2  0.10 0.10 0.10 0.10 0.10 
lutamix DJR3  0.50 0.50 0.50 0.50 0.50 
sodium hydrogen carbonate  0.20 0.20 0.20 0.20 0.20 
natuphos 5% Layer4  0.20 0.20 0.20 0.20 0.20 

Chemical composition (calculated)       
dry matter (g)  883 885 886 883 884 
metabolizable energy (MJ/kg)  11,76 11.92 12.12 11.63 11.72 
crude protein (g)  201.00 202.30 202.35 200.35 200.40 
crude fibre (g)  35.26 37.30 39.00 35.96 36.73 
calcium (g)  25.38 25.43 25.46 25.33 25.28 
total phosphorus (g)  8.15 8.23 8.27 8.03 7.89 
available phosphorus (g)  5.75 5.78 5.79 5.70 5.64 
lysine (g)  11.48 11.51 11.38 11.50 11.33 
methionine (g)  4.03 3.92 3.94 4.13 4.16 
methionine + cysteine (g)  7.55 7.51 7.55 7.51 7.40 

 
1Dry stabilised enzyme preparation containing phytase.  
2Preparation against mycotoxins.  
3Vitamin-mineral premix. 
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i.e. egg laying performance (%), average egg weight (g), average feed intake (g/quail/
day) and feed utilization (g per egg). In order to evaluate reproductive capacity of 
quails, the hatching analysis was performed for eggs with standardized weight in 
all groups. Hatching eggs were collected at 26, 32 and 38 week of quail life, each 
time over a 10-day period, and stored in dark room at 18˚C and relative humidity 60-
65%. When the eggs were collected, they were candled and those unfit for hatching 
were eliminated (improper shape, bad colour, damaged or dirty shell). On the day 
of egg setting, the eggs were disinfected with formaldehyde vapours, using 21 cm3 
40% formaldehyde, 17 g KMnO4 and 21 cm3 water per 1m3 of disinfection chamber. 
Egg hatching proceeded in a box-type hatching apparatus, following the technique 
appropriate for this poultry species.  In the last week of the experiment (week 40 of 
quail life), eggs, quality was evaluated, determining their morphological composition. 
Out of each quail group, 15 eggs were randomly sampled. They were weighed, boiled, 
and then relative albumen, yolk and eggshell weights were determined.

When the data were collected and passed into Statistica 7.1 PL computer software, 
one-way analysis of variance and Duncan’s multiple range test were performed.

Results and discussion

Introduction of experimental components into quail diet did not significantly affect 
the weight of quail eggs. It was similar in all quail groups analysed and amounted to 
about 12 g (Tab. 2). Similar results, though on chickens, were reported by Bölükbaşi et 
al. [2009] who did not find any differences in the egg weight in laying hens receiving 
different amounts of black cumin oil in their diet (1, 2 or 3 ml/kg feed). In the present 
study, the highest egg laying performance (about 86%) was obtained in group II being 
fed with feed mix supplemented with 4% CFS and group IV being fed with feed mix 
supplemented with 2% BCS. The lowest laying performance occurred  in the control 
group (82%). Differences between these groups were significant. Comparable results 
were obtained by Augustyn et al. [2006] and Basmacioglu et al. [2003] who showed 
an increase (by 4% on average) in the egg laying performance in hens in the groups 
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 Table 2. Quail production traits (means ±SD) 
 

Group  Egg weight 
(g)  

Egg laying 
performance 

(%) 
 Feed intake 

(g/day)  
Feed 

utilization 
(g/egg) 

 Deaths and 
cullings (n) 

           
I (control)  12.00a±0.21  82.57a±9.54  40.29a±4.38  49.89±8.23  0 
II (4% common flax)  11.93a±0.19  86.14b±6.88  41.04a±4.32  48.65±9.78  1 
III (7% common flax)  11.97a±0.21  84.44ab±8.3

7 
 41.56a±4.16  49.64±7.13  0 

IV (2% black cumin)  11.96±0.26  86.22b±6.31  42.60±4.26  48.87±11.14  0 
V (5% black cumin)  12.00a±0.31  83.79ab±9.31  38.23b±4.90  48.28±8.71   

 
abWithin columns means bearing different superscripts differ significantly at P≤0.05. 
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fed with CFS as compared to the control. Satisfactory results were also reported by 
Sari et al. [2002] who while feeding hens with a feed supplemented with 5, 10 and 
15% CFS obtained a higher egg laying performance (87, 91 and 88% respectively), 
with 84% in the control group. On the other hand, Hayat et al. [2009] did not find any 
significant effect of the application of feed supplemented with 10% CFS on hen egg 
laying performance. It was found that the diet of hens with 1, 2 or 3% BCS induced a 
significant increase in their egg laying performance [Aydin et al. 2008]. Also Akhtar 
et al. [2003] observed that BCS included into the diet of hens (1.5%) increased their 
egg production from 59 to 77%. Different results were reported by El-Bagir et al. 
[2006]. They showed a decrease in egg production by 9-16% in the groups being fed 
with a feed supplemented with 1 or 3% BCS. The authors suggested that a smaller 
egg  production could have been induced by a substantial decrease in the cholesterol 
level in egg yolk.

Daily feed consumption was significantly smaller (38.2 g) in the quail group 
receiving feed mixture supplemented with 5% BCS when compared to other 
experimental groups. Shewita et al. [2011] observed the lowest feed consumption in 
the chickens being fed with a diet supplemented with 4 g/kg BCS in relation to the 
groups fed with a diet with higher percentage of that component (6, 8, and 10 g/kg). 
On the other hand, Çetin et al. [2008] reported a linearly decreasing feed consumption 
together with an increasing percentage of BCS extract in the feed ration of partridges. 
Results of the study by Augustyn et al. [2006] indicate that administration of 5% CFS 
in diet does not affect significantly the feed consumption, whereas Sari et al. [2002] 
show its significant decrease in the groups receiving that component.

The lowest feed consumption, as compared to the control group, was found after 
introduction of 4% CFS or 5% BCS  into feed mixture. The results obtained in the 
present study correspond with those of Augustyn et al. [2006] and Sari et al. [2002] 
in which smaller feed consumption was reported in the experimental groups receiving 
feed with 5, 10 and 15% CFS.

The health status of quails during this experiment did not create objections, as 
negative health indicators were of accidental nature (Tab. 2). Small losses observed 
in group II and V were induced by self-mutilation of quails between cage bars and 
therefore were not related to any experimental factor.

No significant effect of the experimental factors on relative albumen and yolk 
weight was found. In the group being fed with feed mix supplemented with 4% CFS, 
a significantly smaller percentage of eggshell in egg morphological composition was 
recorded but only in relation to the control group (Tab. 3). Results of the experiment 
carried out by Sari et al. [2002] indicate a significant decrease in the yolk weight of 
the eggs of hens receiving CFS in a diet, contrary to the report by Hayat et al. [2009] 
who found that feed supplemented with CFS did not affect the egg morphological 
composition significantly. Introduction of CFS  and CBS into quails’ diet favourably 
affected their reproduction results (Tab. 4). Fertilization rate in the experimental 
groups ranged from 86.6 to 95,5% and was significantly higher when compared to 
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that of the control (82.7%). The best hatchability of fertilized eggs (about 90%) was 
obseved in the quail groups receiving feed mix supplemented with 7% CFS and 5% 
BCS. The results obtained in these groups significantly differ from the hatchability in 
the control birds (81%). Quail reproduction rates in the present study differed slightly 
from those reported by Hazim et al. [2010]. In the latter, quails being fed with feed mix 
suplemented with 3% common flax oil were characterized by better hatchability of set 
and fertilized eggs (83% and 94%, respectively), as well as by higher fertilization rate 
(87%), when compared to the control group.

It can be supposed that very good reproductive results of the quails receiving BCS 
and CFS in the diet could have been induced by a high percentage of phytoestrogens 
[Caston et al. 1994, Cetin et al. 2008]. Souza et al. [2008] showed that linseed contains 
much of lignans and isoflavones which play an important role in reproduction control 
together with fatty acids. According to Dalton [2000], a decreased ratio of omega-6 to 
omega-3 fatty acids in the diet of quails receiving feed supplemented with CFS  had 
a significant effect on increased egg  production, higher fertilization rate and better  
hatchability.

The performed study shows that the best egg laying performance was a 
characteristic of the quail groups being fed with feed mixture supplemented with 4% 
common flax seeds and 2% black cumin seeds. At the same time, no effect of the 
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 Table 3. Morphological composition of quail eggs (means±SD) 
 

Group  Yolk (%)  Egg white (%)  Eggshell (%) 
       
I (control)  29.0a±1.99  60.1a±1.46  10.9a±1.08 
II (4% common flax)  29.9a±1.60  60.0a±1.76  10.0b±0.67 
III (7% common flax)  29.7a±2.01  59.6a±2.78  10.7ab±1.07 
IV (2% black cumin)  29.2a±1.71  60.4a±1.9  10.4ab±0.83 
V (5% black cumin)  30.4a±1.97  59.2a±1.75  10.3ab±0.6 

 
abWithin columns means bearing different superscripts differ significantly at 
P≤0.05. 
 

 Table 4. Quail reproduction traits. Results of three settings (from 26th, the 32nd and the 38th week of 
quail life, means ±SD) 

 
  Indicator (%) 

Group  
Set eggs 

(n)  fertilization 
rate  hatchability 

rate of set eggs  hatchability rate of 
fertilized eggs 

         
I (control)  180  82.78±2.35  67.22±3.47  81.21a±5.80 
II (4% common flax)  164  92.19±3.18  80.28±7.95  86.96ab±4.51 
III (7% common flax)  179  95.56±2.11  86.09±10.00  89.91b±5.96 
IV (2% black cumin)  180  92.78±1.89  80.55±2.54  86.86ab±3.56 
V (5% black cumin)  180  86.67±2.01  78.34±10.41  90.11b±5.96 

 
abWithin columns means bearing different superscripts differ significantly at P≤0.05. 
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experimental variation factors   on egg morphological composition was observed, 
except the eggshell percentage which was significantly lower in the quail group 
receiving 4% CFS in their diet. The obtained results indicate a favourable effect of 
the plant components being evaluated on quail reproduction. The highest fertilization 
rates were obtained in the quail group being fed with the diet containing 7% common 
flax seeds. Significantly higher hatchability rates of fertilized eggs were found when 
the experimental components, i.e. common flax and black cumin seeds, were used in 
a higher percentage (7% and 5 %) of feed mixes.

REFERENCES

AKHTAR  M., NASIR S.Z., ABID A.R., 2003 – Effect of feeding powdered Nigella sativa L. seeds 
on poultry egg production and suitability for human consumption. Veterinarski Arhiv 73, 181-190.
AUGUSTYN R.,  BARTECZKO J., SMULIKOWSKA S. 2006 – The effect of feeding regular or 
low α-linolenic acid linseed on laying performance and total cholesterol content in eggs. Journal of 
Animal and Feed Sciences 15, (Suppl. 1), 103-106.
AYDIN R.,  KARAMAN M., CICEK T., YARDIBI H., 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. Poultry Science 87 (12), 2590-2595.
AYDIN R., M. KARAMAN, H.H.C. TORAK, A.K. OZUGUR, D. AYDIN, T. CIECK., 2006 – The 
effect of long-termfeeding of conjugated linoleic acid on fertility Japanese quail. South African 
Journal of Animal Science 36, 99-104.
BASMACIOGLU H., CABUK M., UNAL K., OYKAN K., AKKAN S., YALCIN S., 2003 – Effect 
of dietetary fisch oil and flax seed to diets of laying hens on some production characteristics, levels 
of yolk and serum cholesterol, and fatty acid composition of yolk. Archiv fuer Gefluegelkunde 66, 
75-79.
BIESIADA- DRZAZGA B., 2009 – Estimation of morphological composition and physical traits 
of hatching eggs in the selected meat hen stock. Roczniki Naukowe Polskiego Towarzystwa 
Zootechnicznego 5, (1) 35-42. In Polish, summary in English.
BOZKURT M., M. CABUK, A. ALCICEK, 2008 – Effect of dietary fat type on broiler breeder 
performance and hatching egg characteristis. Journal of Applied Poultry Research. 17, 1, 42-53.
BÖLÜKBAŞI CANAN Ş., ÖZGÜR KAYNAR, M. KUDDUSI ERHAN, HILAL ÜRÜŢAN, 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. Archiv fuer Gefluegelkunde 73, 167-172.
CASTON L.J., SQUIRES E.S.,  LEESON S., 1994 –Hen performance, egg quality and sensory 
evaluation of eggs from SCWL hens fed dietary flax. Canadian Journal of Animal Science 74, 
347-353. 
Çetin  M., Yurtseven S., Şengiil T., Sögüt B., 2008 – Effect of black seed extract (Nigella 
sativa) on growth performance, blood parameters, oxidative stress and DNA damage of partridges. 
Journal of Applied Animal Research 34, 121-125. 
COOPER R.G., HORBAŃCZUK J.O., 2004 – Ostrich nutrition: a review from a Zimbabwean 
perspective.  Revue Scientifique et Technique de L Office International Des Epizooties 23(3), 1033-
1042. 
CHEŁMOŃSKA  B.T., GWARA, DYMKOWSKA B., 2000 –  Wpływ barwy światła na wyniki lęgu 
jaj kurzych i  przepiórczych. In Polish. (Effect of the hue type on hen and quail egg hatching results). 
Zeszyty Naukowe Przeglądu Hodowlanego 49, 437-445. 

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Diet with common flax and black cumin seeds on quail performance and reproduction



268

DALTON  M.N., 2000 – Effects of dietary fats on reproductive performance, egg quality, fatty acid 
composition of tissues in Japanese quail (Coturnix coturnix japonica). M.Sc Thesis, Faculty of the 
Virginia Polytechnic Institute and State University, USA.
EL- BAGIR N.M., A.Y. HAMA, R.M. HAMED, A.G.A. EL RAHIM, A.C. BEYNEN,  2006 – Lipid 
composition of egg yolk and serum in laying hens fed diets containing black cumin (Nigella sativa). 
International Journal of Poultry Science 5, 574-578.
FASENKO G. M., F. E. ROBINSON, A. I. WHELAN, K. M. KREMENIUK, J. A. WALKER, 2001 – 
Prestorage Incubation of Long-Term Stored Broiler Breeder Eggs:1. Effects on Hatchability. Poultry 
Science 80, 1406-1411.
HAQUE M. A., J. T. PEARSON, P-C. L. HOU, H. TAZAWA, 1996 – Effects of pre-incubation egg 
storage on embryonic functions and growth. Respiration Physiology 103, 89-98. 
HORBAŃCZUK J.O., SALES J., CELEDA T., ZIĘBA G., 1999 – Effect of relative humidity on the 
hatchability of ostrich (Struthio camelus) eggs. Czech Journal of Animal Science 44 (7), 303-307. 
HORBAŃCZUK J. O., SALES J., 2001 – Egg production of Red and Blue Neck ostriches under 
European farming conditions. Archiv fuer Gefluegelkunde 65, 6, 281-283.
HAYAT Z., G. CHERIAN, T.N. PASHA, F.M KHATTAK, M.A. JABBAR, 2009 – Effect of feeding 
flax and two types of antioxidants on egg production, egg quality, and lipid composition of eggs. 
Journal of  Applied Poultry Research 18, 541-551.
HAZIM J.,  AL-DARAJI, H.A., AL-MASHADANI, W.K. AL-HAYANI, H.A. MIRZA, A.S. 
AL-HASSANI, 2010 – Effect of dietary supplementation with different oils on productive and 
reproductive performance of quail. International Journal of  Poultry Science 5, 429-435.
LIS M., 2000  – Badanie wpływu pola magnetycznego na embriogenezę zarodków kurzych  In 
Polish.The study of magnetic field effect on chicken embryo development. PhD Thesis Agricultural 
University in Cracow.
MRÓZ E,  MICHALAK K,   FARUGA A,  HORBANCZUK J.O,  ORŁOWSKA O-   2008- Shell 
microstructure  and hatchability of turkey eggs.  Animal Science Papers and Reports vol. 26,  2, 
129-140
OGBE A.O., U. DITSE I., ECHEONWU K., AJODOH S.E., ATAWODI P.A. ABDU  2009  – Potential 
of a wild mushroom, Gasoderma sp., as feed suplement in chicken diet: Effect on performance and 
health of pullets. International Journal of  Poultry Science 8, 11, 1052-1057.
RUTKOWSKI A., 2000 – Przepiórka japońska (Japanese Quail. In Polish. Państwowe Wydawnictwo 
Rolnicze i Leśne, Poznań
SARI M., M. AKSIT, M. OZDOGAN, H. BASMACIOGLU, 2002 – Effects of addition of flaxseed 
to diets of laying hens on some production characteristics, levels of yolk and serum cholesterol, and 
fatty acid composition of yolk. Archiv fuer Gefluegelkunde. 66, 75-79.
SHAFEY T.M, R.S., ALJUMAAH S.A., SWILLAM S.I., AL-MUFARREJ  A.A. AL-ABDULLATIF, 
M.M. GHANNAM, 2011 – Effects of short term exposure of eggs to magnetic field before incubation 
on hatchability and post-hatch performance of meat chickens. Saudi Journal of Biological Science 
18, 381-386.
SHEWITA R.S., A.E. TAHA, 2011 – Effect of dietary supplementation of different level of black seed 
(Nigella sativa l.) on growth performance, immunological, hematological and carcass parameters of 
broiler chicks. World Academy of  Science, Engineering and Technology  77, 788-794.
SOUZA J.G., F.G.P. COSTA, R.C.R.E. QUEIOGA, J.H.V. SILVA, A.R.P. SCULER , C.C. GOULART, 
2008 – Fatty acid profile of eggs of semi-heavy layers fed feeds containing linseed oil. Brazilian  
Journal of Poultry Science 10, 37-44.
TARASEWICZ Z., D. SZCZERBIŃSKA, D. MAJEWSKA, A. DAŃCZAK, M. LIGOCKI, M. 
WOLSKA, 2006 – The effect of magnetic field on hatchability of Japanse quail eggs. Czech Journal 
of Animal Science. 51, 355-360.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

D. Szczerbińska et al. 



269

VETERÁNY L., S. HLUCHÝ, A.  VETERÁNYOVÁ, 2005 – The Influence of Ultra-Violet Radiation 
on Chicken Hatching. Journal of Environmental Science and Heath 39, 9, 2333-2339.
WILSON H. R., 1997 – Effects of Maternal Nutrition on Hatchability. Poultry Science 76, 134-
143.
YAHAV S., R. SASSON RATH, D. SHINDER, 2004 - The effect of thermal manipulations 
during embryogenesis of broiler chicks (Gallus domesticus) on hatchability, body weight and 
thermoregulation after hatch. Journal of Thermal Biology 29, 245-250.

30.

31.

32.

Diet with common flax and black cumin seeds on quail performance and reproduction




