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Introduction: The Japanese quail is a species known for its short production period and high productivity. Due
to their small size and low feed requirements, they are considered a cost-effective option for egg production
compared to other poultry species. Additionally, quail eggs are recognized for their superior nutritional value
compared to regular chicken eggs. However, there is a need for effective methods to enhance productivity,
especially in stressful situations. Previous research has indicated that the use of certain dietary supplements can
address this issue and improve the productive traits of birds. Therefore, there is considerable scientific interest in
studying the effects of natural compounds such as black seed and L-carnitine on the productive performance of
laying Japanese quails, both under normal conditions and during heat stress. Investigating these factors can provide
valuable insights into the development of strategies to effectively manage and optimize egg production in laying
Japanese quails. This, in turn, would contribute to the sustainability and profitability of the poultry industry. In this
study, we aimed to examine the effects of black seed, L-carnitine, and vitamin E on the productive performance,
carcass characteristics, blood biochemical parameters, and immune responses of Japanese laying quails.

Materials and Methods: A total of 500 Japanese laying quails were included in this study. They were divided
into two temperature conditions: normal temperature and high temperature (36 degrees Celsius for 6 hours per day).
Additionally, there were five experimental treatments: control diet (without any additives), black seed (1.5% black
seed diet), L-carnitine (250 ppm + control diet), 1.5% black seed + 250 ppm L-carnitine diet, and Vitamin E diet
(200 ppm + control diet). This resulted in a 5x2 factorial experiment with a total of 10 treatments, 5 replications, and
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10 quails per replication. The study consisted of three phases: an adaptation period to the experimental diets lasting
two weeks, exposure to the designated temperature conditions for five weeks, and a three-week recovery period.
During these phases, various parameters were measured and recorded, including productive performance, carcass
characteristics, and blood biochemical and immune indicators (such as triglyceride, cholesterol, LDL, HDL
concentrations, heterophil, and lymphocyte percentages) under both heat stress and recovery periods in Japanese
laying quails. Data analysis was performed using the Generalized Linear Model (GLM) method with the assistance
of SAS software. Mean comparisons were conducted using Tukey's multiple range tests.

Results and Discussion: The results of this study revealed several important findings. During the initial two
weeks of the experiment, the consumption of feed containing black seed + L-carnitine led to the highest feed intake,
while diets containing black seed, black seed + L-carnitine, and vitamin E demonstrated the highest egg mass
compared to the control group (P<0.05). During the heat stress period, high temperatures caused a decrease in feed
intake, egg weight, egg production, and egg mass. However, the consumption of feed containing black seed + L-
carnitine resulted in increased feed intake, and diets containing black seed, black seed + L-carnitine, and vitamin E
showed increased egg production and mass compared to the control group. Furthermore, vitamin E exhibited a better
conversion coefficient (P<0.05). During the recovery period, high temperatures led to a decrease in feed intake but
an increase in bird body weight. The control group exhibited the lowest feed intake and body weight, whereas diets
containing black seed, black seed + L-carnitine, and vitamin E demonstrated the highest egg production and egg
mass compared to the control group. Birds fed diets with black seed and vitamin E exhibited a better conversion
coefficient (P<0.05). Regarding carcass yield and relative liver weight, the effect of environmental temperature and
experimental treatments during both heat stress and recovery periods was not significant. However, the consumption
of black seed, L-carnitine, and vitamin E was found to increase carcass yield and relative heart weight. Additionally,
high temperatures increased the relative liver weight (P<0.05). Moreover, birds fed control and black seed diets at
normal and high temperatures exhibited higher blood cholesterol levels compared to other experimental treatments.
In normal temperature conditions and diets containing vitamin E and L-carnitine, a higher percentage of
lymphocytes was observed in the blood. In high temperature conditions and diets containing L-carnitine and vitamin
E, the heterophil to lymphocyte ratio was also higher (P<0.05).

Conclusion: Finally, the findings of this study highlight the beneficial effects of incorporating black seed, L-
carnitine, and vitamin E into the diet of Japanese laying quails, both under normal and high-temperature conditions.
These dietary interventions have shown positive impacts on the performance of the quails. Consequently, these
results can serve as valuable guidance for quail breeders and producers in selecting suitable feed regimens to
manage heat stress in Japanese quail layers, thereby enhancing performance efficiency, carcass characteristics, and
blood lipid and immune parameters.
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019;_; )IJ.EA
Item Amount
(Mo yd) St o2lo 9%
Dry matter (percentage)

(F)§9'LS » d)JL%l:'{) &35! 3.60
Energy (kcal/kg)

(+2,3) 092 23.54
Protein (percentage)

(20,3) P& b 8.17
Crude fiber (percentage)

(o) St 5.34
Ash (percentage)
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Fat (percentage)

(’\‘0)3) S odga ) J}‘L""’L P 26.24
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INDF=Neutral Detergent Fibre, 2ADF=Acid Detergent Fibre,
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Table 2- Chemical composition of black seed essential oil (Mass Spectrometry Gas chromatography) (GC-MS)

o)los sl pU e oy o)
S. no. Chemical name Inhibition coefficient  Percentage
1 obs e 77 930 0.4
3-methyl nonan
2 O J"“‘ SV 960 03
3,1 and 5- terimethyl banzen
3 o> 1000 05
Decan
4 o3 obon —Y Jsem) 1050 04
1-methyl 3-propyl banzen
5 O3 e 3T 5 ¥ sl - 1085 0.2
1-ethyl 2 and 3- Dmethyl banzen
6 o303 1403 0.2
Tetradecan
7 o> oylise 1605 03
hexanone decan
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10 Gl 974 15
Sabinen
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13 o o 1002 0.7
a —phellanderen
14 G Ll 1024 13.8
Para-simen
15 oird 1027 4.0
Limonene
16 G Ll 1049 04
Gama-terpinen
17 S 1093 13
Phenshon
18 0S5k 2 1202 04
Dihydrokaron
19 o9 1240 42
Karon
20 09550 1239 08
Thymoquinone
21 Jos1s8 1030 14
Karakrol
22 o57¥-() 1243 05
(+)-4-Carene
23 ol Jte ¥ ¥ 1220 0.4
2,4-Dimethylanisole
24 g ™) Ve e Y S 1225 03
Phenol, 2-methoxy-4-(1-propenyl)-
25 (E%(J""’B)‘ =) S g - (b 1180 05
Phenol, 2-methoxy-4-(1-propenyl)-, (E)-
26 Jete =0l —oeYgjlig e =Y 1214 0.2
2-Benzothiazolamine, N-methyl-
27 Joes 1246 1.2
Thymol
28 I oy 1219 0.6

Terpinen-4-ol
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Table 3- Composition of the experimental diets for laying Japanese quail

(A.o)b) 0> L;l)'?‘ Jals A}]Aal:..u
Ingredients (%) Control  Black seed
Zé’r i 60.8 59.55
5 o3 513 452
Corn gluten

(PL 095 20y TF) Lguo dllowis

22.32 22.85
Soybean meal (44% CP)
Lgw €9 ) 2.0 1.96
Soybean oil
Sl S 7.16 7.15
Limestone
uLmu.B ﬁ,“.li «© 1.54 1.53
Dicalcium phosphate
Aol
= 0.0 15
Black seed
APTIE™
“iolizg JoSo 0.25 0.25
Vitamin premix!
Yy o.
e JuSa 0.25 0.25
Mineral premix?
o~ 0.20 0.20
Salt
ot —Jl-d 0.26 0.24
DL- methionine
osd=J 0.09 0.0
L- lysine
Chemical composition
(PTkS 2 SNES) puadlio LB (551 2950 2950
Metabolizable energy (kcal.kg)
(3053) pB 559
] 18 18
Crude protein (%)
(340)3) S
3.10 3.10
Calcium (%)
(105) > JB s 0.449 0.449
Available phosphorus (%)
(1252) oz 0.129 0.129
Sodium (%)
(2o ) S5 0.129 0.129
Cl (%)
(32) 23 0.850 0.850
Lys (%)
(323) igste 0.583 0.583
Met (%)
(253) Coptams + (gt 0.820 0.820
Met + cys (%)
E onolizg s lallir 515100 o+ + D3 poling 11U 0o A sl 331 35 g Jol e p SIS 5 3 disabsg JoSis pS5kS

Spwl o5 e /N0 B12 yelig (05 Lo dw Be polug 05 Lo Hlaa B2 pelug )5 Lo 9 B1 elig (Mol soly VO e
PS5 sk S« SIg8 sl 805 o dus K3 (eling f)5 (e Vo Sl gl 05 oo YO (St sS
CLS S ke Vo e p S ko B0 55y eSSk Ar 2l p S e £o 510 22 25 0lge Sl opix 2 SolS y 53 ine JoSo p SlS 0T
P o b S e +/Y0- poile 05 e 9
L Vitamin premix supplied per kilogram of diet: vitamin A, 15,000,000 IU; vitamin D3, 1500,000 1U; vitamin E,
15,000 1U; vitamin B1, 2 mg; vitamin Bz, 4 mg; vitamin Bs, 3 mg; vitamin B12, 0.015 mg; nicotinic acid, 25 mg;
pantothenic acid, 10 mg; vitamin K3, 3 mg; and folic acid, 1 mg.
2 Mineral premix supplied per kilogram of diet: Mn, 60 mg; Fe, 80 mg; Zn, 50 mg; Cu, 10 mg; Co, 2 mg; |, 1 mg,
Se, 0.250 mg; and vehicle quantity sufficient to 500 mg.
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