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Several efforts showed that linseed or black cumin meal is a good supplement for growing laying hen 
without any adverse effect on organs. One hundred twenty 28-wk-old Hi-sex brown laying hens were 
randomly classified into 5 equal groups of 6 replicate (4 birds each). The 1

st
 group feeding the basal diet 

and served as control group (G1). The other four groups (2
nd

 – 5
th
) feeding the basal diet at 25% 

replacement of soybean meal (SBM) by linseed meal (LSM), the basal diet at 50% replacement by 
(LSM), the basal diet at 25% replacement by black cumin meals (BCM) and the basal diet at 50 % 
replacement by (BCM), respectively till age 12 wks. Feeding hens the replacement by LSM or BCM at 
the two levels used significantly decreased the egg production by 4%, 11%, 3 and 14%, respectively, 
compared to the control group.  The 3

rd
 and 5

th
 treatment significantly decreased the feed intake by 5% 

and 8%, respectively, compared to the control group. The 2
nd

 and 3
rd

 treatment significantly increased 
the egg albumin by 3% and 8%, the yolk % by 8% and 5%, respectively, compared to the control group. 
Feeding hens the replacement by LSM or BCM at the two levels used significantly decreased the 
cholesterol level by 13% and 32% or by 28% and 17%, respectively, compared to the control group.   
The 2

nd
 treatment significantly decreased the albumen by 24%, the globulin by 24%, respectively, 

compared to the control group.  The 2
nd

, 3
rd

 and 5
th
 treatments significantly decreased the triglycerides 

by 18%, 24% and 19% respectively, compared to the control group.  The 2
nd

 and 5
th
 treatments 

significantly increased the unsaturated fatty acid of palmitoleic acid by18 and 14% as well as 
significantly decreased the saturated fatty acid of stearic acid by 14 and 18%, respectively, compared by 
the control group. 

Keywords: Hi-sex brown laying, linseed meal, black cumin meal, egg production, egg quality, egg yolk fatty acid 
composition and some blood parameters. 

 
INTRODUCTION 

  Soybean meal is becoming increasingly 
expensive and the diet price remains the greatest 
item that limits the profits margin in poultry 
industry. The search for alternatives is the best 
strategy to reduce those costs. Linseed meal or 
(BCM) have potential low-cost protein sources as 
well as their roles to improve nutritional and health 
status are underutilized for poultry diets (Al-
Jasass and Al-Jasser 2012). Flax, Linum 

usitatissimum. (Linaceae), extensively cultivated 
in ancient Egypt, where the temple walls had 
paintings of flowering flax, and mummies were 
entombed in linen (Sekhri 2011). Linseed meal is 
one of several forms which contains the highest 
content of dietary fibers in common forms of 
linseed (Bassett et al. 2009). Linseed meal 
contains biologically active substances, such as 
lignans secoisolariciresinol diglucoside (SDG) 
which is converted to the mammalian lignans 
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enterodiol and enterolactone as anti-carcinogenic 
by ruminal microbiota (Gagnon et al. 2009) and 
linoleic acid, which are believed to provide 
cardioprotective effects (Prim et al. 2012) in 
addition to its ability to induce sex hormone 
binding globulin to act as antioxidants (Wang 
2002). 
   Black cumin seeds, Nigella sativa L. belonging 
to (Ranunculaceae) family, widely grown in the 
Mediterranean countries (Venkatachallam et al. 
2010), that has extensively used for the treatment 
of asthma, cough, bronchitis, headache, 
rheumatism, fever, kidney and liver disorders, 
influenza, eczema, and as a diuretic, lactagogue, 
carminative and vermifuge (Khattak and Simpson 
2008) and has an phenolic profile, antioxidant and 
diuretic effects (Toma et al. 2015) as well as 
demonstrates anti- parasitic effects (El Shenawy 
et al. 2008). Long chain fatty acids and medium 
chain fatty acids in black cumin seed have been 
reported to increase oral bioavailability of 
peptides, antibiotics, and other important 
therapeutic agents (Ali et al. 2015). Black cumin 
oil being rich at lenoleic fatty acid (Al-Jasass and 
Al-Jasser 2012).  
Our hypothesis that, the commercial table eggs 
contain a high proportion of ω-6 polyunsaturated 
fatty acids (PUFAs) and dietary cholesterol but 
are poor source of ω-3 fatty acids (Simopoulos 
and Salem 1992), therefore the properties of hen 
eggs could be modified in a favorable way by 
altering the fatty acid composition of yolk lipids 
through manipulation of laying hen diets (Jiang 
and Sim 1992) by using some rich sources of ω-3 
fatty acids as FSM or BSM (Martínez et al. 2013). 
This study aimed to evaluate the effects of 
soybean meal replacement at 25 and 50% levels 
by linseed meal or black cumin meals on egg 
production, egg quality, egg fatty acid composition 
and some blood parameters in Hi-sex brown 
laying hens 

 
MATERIALS AND METHODS 
             This experiment was carried in Nubaria 
research and production station, National 
Research Centre and was conducted to study the 
substitute replacement effect of 25 and 50% 
levels of SBM by LSM or BSM in laying hens 
diets.  One hundred twenty, 28-weeks old, Hi-sex 
brown-egg type hens housed in individual wire 
cages, and divided into 5 equal treatments 
(groups) of 24 hens, 6 replicates each. All hens 
were kept under the same managerial hygienic 
and environmental temperature which ranged 
from (35–38 ºC) and humidity (40-60%) during 

over all the experimental intervals 3 periods, 4 
weeks each.  Also, the lighting schedule was 16 h 
light: 8h dark/day. Hens received an iso-caloric 
and iso-nitrogenous (2800 ME Kcal/kg and 18% 
CP) basal diet (Table 1), balanced to meet 
requirements of laying hens (NRC, 1994). 
Flaxseed was grinded and defatted by cold-
pressing which contained approximately 10% of 
flaxseed oil. 
     The five experimental groups (treatments) 
were classified as follow: Group 1 basal diet with 
no replacement and served as (G1), group 2 
basal diet with 25% replacement of SBM by LSM 
(G2), group 3 basal diet with 50% replacement of 
SBM by LSM (G3), group 4 basal diet with 25% 
replacement of SBM by BCM (G4) and group 5 
basal diet with 50% of (SBM) with BCM (G5).   
     Feed and water were offered ad-libitum. Egg 
weight (EW) and egg number (EN) were recorded 
daily. Feed intake (FI) was recorded weekly, while 
feed conversion ratios (FCR) were calculated. 
Egg quality parameters were measured using 30 
eggs (6 eggs/each group), these involved yolk, 
albumen, egg shell weight (%). Egg shell 
thickness was measured in mm using a 
micrometer. Egg shape index was calculated as 
egg diameter divided by an egg length. Yolk index 
was calculated as yolk height divided yolk 
diameter. Haugh unit was calculated using the 
calculation chart for rapid conversion of egg 
weight and albumen height.   
      Blood samples were collected in tubes from 
the brachial vein (5 hens /group), and centrifuged 
at 3000 rpm for 15 minutes to separate clear 
serum which stored at 20ºC for determination of 
some blood constituents as aspartate 
transaminases (AST), alanine transaminase 
(ALT), total lipids (TL), cholesterol, triglyceride 
(TG) and total protein by spectrophotometer using 
available commercial kits. Some of the either of 
polyunsaturated fatty acids (PUFAs) and 
saturated fatty acids concentration was 
determined in egg yolk by using a portion of the 
yolk which powdered and approximately 10 mg of 
the powder used for extraction in liquid nitrogen 
by using chloroform and methanol (Burdge et al. 
2000).  Data were analyzed using general linear 
model (GLM) procedure of statistical system 
(SPSS, 1997). Duncan’s Multiple Range Test 
(1955) was used to separate means when the 
dietary treatment effect was significant. 
 
RESULTS AND DISCUSSION 
Effect of LSM or BSM replacement on hen 
productive performance 
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Table (1): Composition of the experimental diets. 
 

 

 

Ingredient % 

Experimental Treatments 

Control 

(T1) 

25% 

Linseed 

meal (T2) 

50% 

Linseed 

meal (T3) 

25% cumin 

seed meal 

(T4) 

50% cumin 

seed meal 

(T5) 

Yellow corn 

Soybean meal (44%) 

Linseed meal
1 

Black Cumin seed meal
2
 

Corn glutein meal  

Wheat bran 

Di-Ca-Phosphate 

Limestone 

Sodium chloride 

Vit. & Min. mixture
3
 

63.5 

20.0 

- 

- 

5.5 

1.8 

1.0 

7.5 

0.5 

0.2 

58.0 

15.0 

5.0 

- 

6.5 

6.3 

1.0 

7.5 

0.5 

0.2 

53.3 

10.0 

10.0 

- 

8.0 

9.5 

1.0 

7.5 

0.5 

0.2 

60.0 

15.0 

- 

5.0 

6.3 

4.5 

1.0 

7.5 

0.5 

0.2 

58.0 

10.0 

- 

10.0 

7.4 

5.4 

1.0 

7.5 

0.5 

0.2 

Calculated CP 18.05 17.94 18.08 18.08 17.95 

ME, kcal/ kg DM 2805 2800 2815 2781 2796 

 

1-
 Linseed meal contain 24 % crude protein; 3960 ME / kg; 0.89 % lysine; 0.44 % methionine; 0.87 % 

methionine + cysteine ; 0.28 % calcium; 0.55 % available phosphorus; 2.3 % sodium; 6.3 % crude fiber; 
35.9 % crude fat; 5.39 % Linoleic acid; 16.8 % Linolenic acid (Ensminger et al, 1990; Vaisey – Genser, 
1994). 
2-

 Cumin seed meal contain 30.14 % crude protein; 2963 DE / kg () 
3-

Vit. & Min. mixture: Each kilogram of Vit. & Min. mixture contains: 2000.000 IU Vit. A, 150.000 IU Vita. D, 
8.33 g Vit. E, 0.33 g Vit. K, 0.33 g Vit. B1, 1.0 g Vit. B2, 0.33g Vit. B6, 8.33 g Vit.B5, 1.7 mg Vit. B12, 3.33 
g Pantothenic acid, 33 mg Biotin, 0.83g Folic acid, 200 g Choline chloride, 11.7 g Zn, 12.5 g Fe, 16.6 mg 
Se, 16.6 mg Co, 66.7 g Mg and 5 g Mn. 
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Table (2): Productive performance of laying hens as affected by LSM or BSM containing diets. 

 

 

Item 

Total No. of 
egg/hen/period 

Egg 
production 

% 

A. egg weight 
(g) 

Egg mass 
(g) 

Feed intake/hen/day 
(g) 

Feed conversion 
(ratio) 

1
st
 Period 

Control 25.56
a
 85.19

a
 59.55 1519.5

a
 121.4

a
 2.40

ab
 

25% Linseed meal 24.78
a
 82.59

a
 61.39 1522.3

a
 121.1

ab
 2.39

ab
 

50% Linseed meal 22.50
b
 75.00

b
 62.55 1406.8

b
 113.8

b
 2.42

ab
 

25% cumin seed meal 25.44
a
 84.81

a
 60.15 1530.8

a
 117.8

ab
 2.31

b
 

50% cumin seed meal 22.17
b
 73.89

b
 62.41 1382.8

b
 116.1

ab
 2.52

a
 

Overall mean ± SE 24.09 ± 0.32 80.30 ± 1.06 61.21 ± 0.50 1472.4± 8.12 118.0 ± 1.12 2.41 ± 0.02 

2
nd

 Period 

Control 28.33
a
 94.44

a
 60.33

b
 1706.0

a
 134.3

bc
 2.36

b
 

25% Linseed meal 27.00
a
 90.00

a
 63.16

ab
 1704.9

a
 140.6

ab
 2.47

ab
 

50% Linseed meal 24.83
b
 82.78

b
 63.08

ab
 1566.8

b
 130.6

cd
 2.51

a
 

25% cumin seed meal 27.56
a
 91.85

a
 63.89

a
 1760.3

a
 145.5

a
 2.48

ab
 

50% cumin seed meal 23.72
b
 79.07

b
 61.11

ab
 1450.2

b
 124.7

d
 2.58

a
 

Overall mean ± SE 26.29 ± 0.38 87.63 ± 1.26 62.32 ± 0.75 1637.6±25.47 135.1 ± 1.63 2.48 ± 0.02 
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3
rd

 Period 

Control 28.00
a
 93.33

a
 63.15

ab
 1767.2

a
 148.5

a
 2.53

ab
 

25% Linseed meal 26.94
ab

 89.81
ab

 66.78
a
 1797.5

a
 139.3

ab
 2.33

c
 

50% Linseed meal 25.67
bc

 85.56
bc

 64.95
a
 1668.0

a
 139.6

ab
 2.52

ab
 

25% cumin seed meal 26.44
ab

 88.15
ab

 66.10
a
 1747.2

a
 140.3

a
 2.41

bc
 

50% cumin seed meal 24.50
c
 81.67

c
 60.37

b
 1479.0

b
 130.1

b
 2.65

a
 

Overall mean ± SE 26.31 ± 0.31 87.70 ± 1.04 64.27 ± 0.75 1691.8±28.91 139.6 ± 1.67 2.49 ± 0.03 

Whole Period 

Control 81.89
a
 90.99

a
 61.04 4992.7

a
 134.7

a
 2.43

b
 

25% Linseed meal 78.72
b
 87.47

b
 63.83 5024.7

a
 133.7

a
 2.40

b
 

50% Linseed meal 73.00
c
 81.11

c
 63.57 4641.7

b
 128.0

b
 2.49

b
 

25% cumin seed meal 79.44
b
 88.27

b
 63.42 5038.3

a
 134.5

a
 2.40

b
 

50% cumin seed meal 70.39
d
 78.21

d
 61.24 4312.0

c
 123.6

b
 2.58

a
 

Overall mean ± SE 76.69 ± 0.85 85.21 ± 0.94 62.62 ± 0.48 4801±0.62.77 130.9 ± 1.05 2.46 ± 0.08 

a,b,c,d: In each column means having different superscripts are significantly different (p<0.05). 
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Table (3): Egg quality criteria of laying hens as affected by LSM or BSM containing diets. 

 
 

 

Item 

A. of Egg 

Weight 

Shell Index 

% 

Yolk 

index% 

Haugh 

Unit 

Yolk 

Colour 

Shell 

Thickness/

mm 

Albumin% Yolk % Shell % 

1
st
 Period 

Control 62.17 77.94 45.42
a
 84.67 4.67 37.33 61.70 26.77

a
 11.53 

25% Linseed meal 63.67 78.00 44.21
ab

 82.83 4.33 40.00 63.70 24.31
b
 12.00 

50% Linseed meal 60.50 77.05 42.14
b
 82.67 4.33 38.33 64.08 24.01

b
 11.91 

25% cumin seed meal 60.50 77.01 44.64
ab

 84.67 5.00 39.17 62.73 24.90
ab

 12.37 

50% cumin seed meal 59.17 78.83 42.66
ab

 81.50 4.83 38.50 61.98 25.58
ab

 12.44 

Overall mean ± SE 61.2±0.67 77.8±0.38 43.8±0.42 83.3±1.36 4.6±0.23 38.7±0.48 62.8±0.37 25.1±0.36 12.1±0.14 

2
nd

 Period 

Control 63.33 78.90 39.52 76.00
a
 4.67

a
 38.50

b
 61.27

b
 26.44

a
 12.28 

25% Linseed meal 64.00 79.42 39.75 70.67
ab

 3.67
b
 39.17

ab
 63.63

a
 23.94

b
 12.43 

50% Linseed meal 66.50 78.36 38.07 65.50
b
 2.67

c
 38.33

b
 62.97

ab
 25.16

ab
 11.87 

25% cumin seed meal 63.50 76.36 39.96 71.00
ab

 3.67
b
 41.67

a
 63.47

a
 24.04

b
 12.49 

50% cumin seed meal 61.33 79.71 41.16 75.67
a
 3.67

b
 40.17

ab
 62.59

ab
 25.00

ab
 12.41 

Overall mean ± SE 63.7±0.90 78.6±0.66 39.7±0.85 71.8±1.27 3.7±0.15 39.6±0.46 62.8±0.33 24.9±0.29 12.3±0.12 

3
rd

 Period 

Control 63.00 81.11 37.64 78.17 5.67
a
 43.17

a
 62.06 25.61 12.33 

25% Linseed meal 66.17 80.97 41.58 79.00 5.17
ab

 38.33
ab

 63.64 24.64 11.72 

50% Linseed meal 64.50 80.38 41.14 79.17 4.67
b
 36.17

b
 62.98 25.48 11.54 

25% cumin seed meal 63.33 79.02 39.89 76.50 5.00
ab

 39.50
ab

 63.23 24.68 12.09 
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50% cumin seed meal 62.17 82.18 40.98 75.33 4.83
b
 38.50

ab
 62.72 24.94 12.34 

Overall mean ± SE 63.8±0.68 80.7±0.60 40.3±0.69 77.6±1.24 5.1±0.13 39.1±0.81 62.9±0.27 25.1±0.25 12.0±0.18 

Whole Period 

Control 62.83 79.32
ab

 40.86 79.61 5.00
a
 39.67 61.68

b
 26.27

a
 12.05 

25% Linseed meal 64.61 79.46
ab

 41.85 77.50 4.39
ab

 39.17 63.66
a
 24.30

b
 12.05 

50% Linseed meal 63.83 78.60
ab

 40.45 75.78 3.89
b
 37.61 63.34

a
 24.88

b
 11.77 

25% cumin seed meal 62.44 77.46
b
 41.49 77.39 4.56

ab
 40.11 63.14

ab
 24.54

b
 12.32 

50% cumin seed meal 60.89 80.24
a
 41.60 77.50 4.44

ab
 39.06 62.43

ab
 25.17

ab
 12.40 

Overall mean ± SE 62.9±0.59 79.0±0.34 41.2±0.42 77. 6±0.84 4. 5±0.11 39.1±0.40 62.9±0.24 25.0±0.21 12.1±0.12 

   
a, b & c: In each column means having different superscripts are significantly different (p<0.05). 

 
 
 
 
 

Table (4): Blood parameters criteria of laying hens as affected by LSM or BSM containing diets. 
 

 
a,b & c: In each column means having different superscripts are significantly different (p<0.05). 

 
 
 
 
 
 
 
 
 
 

A/G ratio Globulin Albumen T. Protein T. G. Cholesterol T. lipids ALT AST Item 

0.82 2.26
a
 1.86

ab
 4.12

ab
 223.0

a
 202.3

a
 951.5 125.7 29.33 Control 

0.82 1.73
b
 1.41

c
 3.14

c
 192.0

b
 175.3

b
 864.4 122.7 32.00 25% Linseed meal 

0.84 2.07
ab

 1.73
abc

 3.80
abc

 176.3
a
 138.0

d
 913.8 102.7 29.67 50% Linseed meal 

0.81 1.93
ab

 1.57
bc

 3.50
bc

 198.7
ab

 146.7
cd

 856.1 112.7 26.00 25% cumin seed meal 

0.85 2.35
a
 1.99

a
 4.31

a
 189.0

b
 167.0

bc
 888.4 117.0 29.33 50% cumin seed meal 

0.83±0.00 2.07±0.02 1.71 ±0.07 3.78 ±0.14 195.8
b 
±5.34 165.9±6.57 894.8±17.85 116.1±4.40 29.27±1.19 Overall mean ± SE 
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Table (5): Fatty acids composition in egg yolk of laying hens as affected by LSM or BSM containing diets 
 

Item 

 

Saturated fatty acid Unsaturated fatty acid 

Myristic 

acid 

Palmitic 

acid 

Margaric 

acid 

stearic 

acid 

Arachc 

acid 

Palmitoleic 

acid 

Elaidic 

acid 

Gondoic 

acid 

Linoleic acid 

(CLA) 
α-Linolenic acid 

Lipid Numbers 
C14:0 C16:0 C17:0 C18:0 C20:0 

C16:1 

(ω−7) 

C18:1 

(ω−9) 

C20:1 

(ω−9) 

C18:2 

(ω−6) 

C18:3 

(ω−3) 

Control 0.03
c
 28.74

a
 0.24

a
 12.11

a
 0.10 2.57

b
 36.19

d
 0.41

c
 13.48 1.59

c
 

25% Linseed meal 0.07
ab

 25.34
b
 0.17

b
 10.47

b
 0.20 3.02

a
 43.18

bc
 0.67

b
 13.67 2.41

b
 

50% Linseed meal 0.08
a
 23.60

cd
 0.10

c
 10.82

ab
 0.12 2.83

ab
 46.18

a
 0.92

a
 13.56 3.01

a
 

25% cumin seed meal 0.06
b
 25.08

bc
 0.17

b
 11.87

a
 0.10 2.71

ab
 40.93

c
 0.72

b
 13.28 2.32

b
 

50% cumin seed meal 0.08
a
 22.59

d
 0.12

bc
 9.99

b
 0.09 2.94

a
 44.11

ab
 0.96

a
 13.69 2.89

a
 

Overall mean ± SE 
0.06 

±0.01 

25.07 

±0.48 

0.16 

±0.01 

11.05 

±0.24 

0.12 

±0.04 

2.81 

±0.06 

42.12 

±0.78 

0.73 

±0.05 

13.54 

±0.14 

2.44 

±0.11 

 
a,b,c,d: In each column means having different superscripts are significantly different (p<0.05). 
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Birds received the replacement by LSM or BCM at 
the two levels used significantly decreased the 
egg production by 3.9%, 10.9%, 3.4 and 14.1% 
respectively, compared to the control group (Table 
2).  The 3

rd
 and 5

th
 treatment received the 

replacement by LSM or BCM at the 50% level 
significantly decreased the egg mass k/hen by 7% 
or 13.6% and the feed intake by 5% or 8.2% 
respectively, compared to the control group (Table 
2). The 5

th
 treatment received the replacement by 

BSM at the 50% level significantly decreased the 
efficiency of feed conversion by 6.2% compared 
to the control group (Table 2).    
 
These significant decreasing effects with the 
replacement by LSM at the two levels used on the 
productive performance may be attributed to the 
high dose percent of lignan macromolecule acted 
as a delivery system of lignans (SDG) in the large 
intestine (Eeckhaut et al. 2008). In contrast, the 
low level of adding (Basmacioglu et al. 2003) or 
replacement (Bean and Leeson 2003) of flaxseed 
up to 4% to diets did not cause any negative 
effect on some egg quality criteria such as egg 
weight, yolk weight, yolk ratio, albumen weight, 
albumen ratio, shell weight, shell ratio, shell 
strength or shell thickness, feed intake and feed 
conversion (Basmacioglu et al. 2003) 

While the benefits effects of the replacement 
by BCM may be due to the rich and diverse 
chemical composition including amino acids, 
proteins, carbohydrates, and crude fiber, oils 
minerals, alkaloids, saponin and others 
(Khoddami et al. 2011). Similar results showed 
that supplemented black cumin seed at level of 
4% or 5% positively influenced egg production 
and egg weight (Khan et al. 2013). 

Effect of LSM  or BSM replacement on hen egg 
quality 

The 3
rd

 treatment received the replacement by 
LSM at the level of 50% significantly decreased 
the yolk colour by 22.2% compared to the control 
group (Table 3). The 2

nd
  and 3

rd
 treatment 

received the replacement by LSM at the two 
levels used significantly increased the egg 
albumin by 3.21% and 7.6%, the yolk % by 7.5% 
and 5.3% respectively, compared to the control 
group (Table 3). The 4

th
 treatment received the 

replacement by BCM at the level of 25% 
significantly increased the yolk % by 6.6% 
compared to the control group (Table 3). 

These results confirms that colour 
measurement of egg yolks by sensorial analysis 
panellists using the Roche colour fan revealed 

decreasing effect on this parameter which may be 
attributed to the high-fiber ratio with the two 
replacement levels used by LSM and BCM which 
considered a high levels of the replacement 
(Baeza et al. 2015). 

Effect of LSM or BSM replacement on hen 
blood parameters 

The four treatments received the replacement 
by LSM or BCM at the two levels used 
significantly decreased the cholesterol level by 
13.3% and 31.7% or by 27.5% and 17.4% 
respectively, compared to the control group (Table 
4).   The 2

nd
 treatment received the replacement 

by LSM at the level of 25% significantly decreased 
the albumen by 23.8%, the globulin by 23.5% 
respectively, compared to the control group (Table 
4).  The 2

nd
, 3

rd
 and 5

th
 treatments received the 

replacement by LSM at the two levels used and 
the replacement by BCM at the level of 50% 
significantly decreased the triglycerides by 17.6%, 
24.4% and 18.9 %, respectively compared to the 
control group (Table 4).   
The significant decrease of blood cholesterol, 
triglycerides, albumen and globulin as feeding diet 
supplemented with LSM may be attributed to its 
rich content of fiber, lignans that improving 
vascular reactivity (Dupasquier et al. 2006), 
inhibiting the progression of atherosclerosis 
(Dupasquier et al. 2007) and as promoting the 
regression of existing atherosclerotic plaques 
(Francis et al. 2013). In other words  the more 
probable high fiber content is responsible for the 
cholesterol and triglyceride lowering actions 
(Harper et al. 2006) as well as triglyceride and 
high density lipoprotein (Basmacioglu et al. 2003), 
therefore flaxseed may be regarded as a useful 
therapeutic additive for reducing hyperlipidemia 
(Torkan et al. 2015).   Similar results showed that 
the cholesterolemia and tissue lipid modulating 
properties of chicken eggs could be modified in a 
favorable way by altering the fatty acid 
composition of yolk lipids through manipulation of 
laying hen flaxseed diets (Jiang and Sim 1992).  
The significant decrease of cholesterol and 
triglycerides as feeding diet replacement with 
BCM may be due to the useful agent in improving 
fatty acids changes in blood by reducing 
hyperglycemia and an amelioration of associated 
dyslipidemia (Mohamed et al. 2015). Nigella 
sativa is an easily available to treat dyslipidemia 
(Asgary et al. 2015), and it's proposed multiple 
mechanisms of action may produce better 
hypolipidemic effects (Ibrahim et al. 2014). 
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Effect of LSM or BSM replacement on fatty 
acids composition in hen egg yolk 
 Birds received the replacement by LSM or BCM 
at the 2

nd
 ,3

rd
, 4

th
 and 5

th
 groups  significantly 

increased the egg unsaturated fatty acid of elaidic 
acid by 44.7, 8.3, 13.1 and 21.9%, the gondoic 
acid by 63.4, 124.4, 75.6 and 134.2%, the α-
linolenic acid by 51.6, 89.3, 45.9 and 81.8% and 
the only one saturated fatty acid of myrisitic acid 
by 133, 167, 100 and 167% respectively, 
compared by the control group as well as 
significantly decreased the palmitic acid by 11.8, 
21.7, 14.8 and 21.4% and the margaric acid by 
29.2, 58.3, 29.2 and 50% respectively, compared 
by the control group (Table 5). The 2

nd
 and 5

th
 

treatments received the replacement by LSM at 
the level of 25% or BCM at the 50% levels 
significantly increased the unsaturated fatty acid 
of palmitoleic acid by17.5 and 14.4% as well as 
significantly decreased the saturated fatty acid of 
stearic acid by 13.5 and 17.5% respectively, 
compared by the control group (Table 5). 
    The improvement of unsaturated fatty acid 
profile in egg yolk by the replacement by LSM or 
BCM that showed preferentially selective variety 
absorption of some fatty acids in egg yolk with 
LSM or BCM presented in experimental diets may 
be attributed to the biosynthesis of 
polyunsaturated fatty acids induced by the 
reaction of the driving factors in the fatty acid 
profile in egg yolk (Daley et al. 2010) by eliminate 
the gondoic acid , and elaidic acid  that has ability 
to lowers HDL cholesterol (Abbey and Nestel 
1994) and the longer chain ω-3 fatty acid α-
linolenic acid that can only be obtained through 
diets because the absence of the required 12- and 
15-desaturase enzymes makes de novo synthesis 
from stearic acid impossible and decrease the risk 
of cancer (Breanne and David 2009) as well as 
increased the myrisitic acid that acts as a lipid 
anchor in bio-membranes (Yaws and Carl 2009).   
The changes of the fatty acid profile in egg yolk at 
the replacement by LSM or BCM may be due to 
its antioxidant and anti-inflammatory properties 
(Seif 2014). The significant decrease in the egg 
yolk saturated fatty acids of palmitic acid that has 
hypercholesterolaemic effect if the intake of 
flaxseed oil is lower than 4.5% of the energy ( 
French et al. 2002) and margaric acid that had 
ability at the optimum dose to lower insulin and 
triglycerides (Hansen et al. 1957) as induced by 
the reaction of the driving factors in the fatty acid 
profile in egg yolk.   

CONCLUSION 
        In spite of the replacement of SBM by the 
LSM or BCM at the 25 and 50% level showed 
significant reduction in most of productive 
performance and egg quality criteria, while 
showed significant increase in most of 
unsaturated fatty acids profile as elaidic acid, 
gondoic acid, α-linolenic acid and only one 
saturated fatty acid of myrisitic acid as well as 
significantly decreased the saturated fatty acids of 
palmitic acid and the margaric acid in addition to 
the significant decrease of cholesterol and 
triglycerides values that confirms the importance 
of the replacement of SBM by LSM or BCM in 
improving public health in hen egg production. We 
recommend further studies using lower than those 
levels to avoid the high proportion of fiber. 
. 
 
CONFLICT OF INTEREST 
The present study was performed in absence of 
any conflict of interest.  
 
AUTHOR CONTRIBUTIONS 
Magda, M. Abdel Fattah and El Mallah, G. M 
designed, performed the experiments, the fatty 
acid profile and data analysis. ElAllawy, Hewida M 
and Ibrahim, Sh. A. M, performed the egg quality 
criteria, the blood parameters analysis, reviewed 
the manuscript and approved the final version. 
 

Copyrights: © 2017 @ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Abbey M and Nestel PJ (1994). "Plasma 

cholesteryl ester transfer protein activity is 
increased when trans-elaidic acid is 
substituted for cis-oleic acid in the diet". 
Atherosclerosis. 106 (1): 99–107.  

Ali B, Jamal QM, Mir SR, Shams S, Al-Wabel NA 
and Kamal MA (2015). In silico Analysis for 
Predicting Fatty Acids of Black Cumin Oil as 
Inhibitors of P-Glycoprotein. Pharmacogn 
Mag. Oct;11(Suppl 4):S606-10.  

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Fattah et al.                                                                  linseed or black cumin meal replacement in hen diet 

 

    Bioscience Research, 2017 volume 14(2): 234-245                                                             244 

 

Al-Jasass FM and Al-Jasser MS (2012). Chemical 
composition and fatty acid content of some 
spices and herbs under Saudi Arabia 
conditions. Scientific World Journal.  
859892.12, 24. 

Asgary S, Sahebkar A and Goli-Malekabadi N 
(2015). Ameliorative effects of Nigella sativa 
on dyslipidemia. J. Endocrinol Invest. 10;38 
(10):1039-46.  

Baeza E, Chartrin P, Lessire M, Meteau K, 
Chesneau G, Guillevic M and Mourot J 
(2015). Is it possible to increase the n-3 fatty 
acid content of eggs without affecting their 
technological and/or sensorial quality and the 
laying performance of hens. Br Poult 
Sci.56(6):748-54.  

Basmacioglu H, Cabuk M, Unal K, Ozkan K, Akkn 
S and  Yalcin H (2003). Effects of dietary fish 
oil and flaxseed on cholesterol and fatty acid 
composition of egg yolk and blood parameters 
of laying hens. S Afr J Anim Sci.33:266–273. 

Bassett CM, Rodriguez-Leyva D and Pierce GN 
(2009). Experimental and clinical research 
findings  on the cardiovascular benefits of  
consuming flaxseed. Appl Physiol Nutr Metab. 
10;34(5):965-74. 

Bean LD1 and Leeson S (2003). Long-term 
effects of feeding flaxseed on performance 
and egg fatty acid composition of brown and 
white hens. Poult Sci. 3;82(3):388-94. 

Breanne M Anderson and David WL Ma (2009). 
"Are all n-3 polyunsaturated fatty acids 
created equal?". Lipids in Health and Disease. 
8 (33): 33.  

Burdge GC, Wright P, Jones AE and Wootton SA 
(2000). A method for separation of 
phosphatidylcholine, triacylglycerol, non-
esterified fatty acids and cholesterol esters 
from plasma by solid-phase extraction. Br J 
Nutr.84:781–787.  

Daley, CA,  Abbott A,  Doyle P S,  Nader G.A and 
Larson S (2010). A review of fatty acid profiles 
and antioxidant content in grass-fed and 
grain-fed beef. Nutr. J. 9:10..20219103 

Duncan, D.B. (1955). Multiple Rang and Multiple 
F–Test Biometrics, 11: 1- 42. 

       Dupasquier CM, Weber AM, Ander 
BP, Rampersad PP, Steigerwald S, Wigle 
JT, %Mitchell RW, Kroeger EA,%Gilchrist 
JS, Moghadasian MM, %Lukas A and  Pierce 
GN (2006). Effects of dietary flaxseed on 
vascular contractile function and 
atherosclerosis during prolonged 
hypercholesterolemia in rabbits. Am J Physiol 
Heart Circ Physiol. 12;291(6):H2987-96.  

Dupasquier CM, Dibrov E, Kneesh AL, Cheung P
K, Lee KG, Alexander HK, 
Yeganeh BK, Moghadasian MH 
and  Pierce GN (2007). Dietary flaxseed 
inhibits atherosclerosis in the LDL receptor-
deficient mouse in part through 
antiproliferative and anti-inflammatory 
actions. Am J Physiol Heart Circ 
Physiol.293:H2394–402. 

 
Eeckhaut E, Struijs K, Possemiers S, Vincken 

JP, Keukeleire DD and Verstraete W (2008). 
Metabolism of the lignan macromolecule into 
enterolignans in the gastrointestinal lumen as 
determined in the simulator of the human 
intestinal microbial ecosystem. J Agric Food 
Chem.  6, 25;56(12):4806-12.  

El Shenawy NS, Soliman MF and Reyad SI 
(2008). The effect of antioxidant properties of 
aqueous garlic extract and Nigella sativa as 
anti-schistosomiasis agents in mice. Rev Inst 
Med Trop Sao Paulo.50:29–36.  

Francis AA, Deniset JF, Austria JA, LaVallee RK, 
Maddaford GG, Hedley TE,Dibrov E 
and Pierce GN (2013). The effects of dietary 
flaxseed on atherosclerotic plaque 
regression. Am J Physiol Heart Circ Physiol. 
304:H1743–51. 

French MA, Sundram K and Clandinin MT (2002). 
"Cholesterolaemic effect of palmitic acid in 
relation to other dietary fatty acids". Asia 
Pacific journal of clinical nutrition. 11 Suppl 7: 
S401–7.  

Gagnon N1, Côrtes C and Petit HV (2009). 
Weekly excretion of the mammalian lignan 
enterolactone in milk of dairy cows fed 
flaxseed meal. J Dairy Res. 11; 76(4):455-8.  

Harper CR, Edwards MC and Jacobson TA 
(2006). Flaxseed oil supplementation does not 
affect plasma lipoprotein concentration or 
particle size in human subjects. J Nutr. 
136:2844–8.  

Hansen, R. P; Shorland , F. B and June, N and  
Cooke (1957). "Occurrence in Butterfat of n-
Heptadecanoic Acid (Margaric 
Acid)". Nature. 179 (98): 98. 

Ibrahim RM, Hamdan NS, Mahmud R, Imam MU, 
Saini SM, Rashid SN, Abd Ghafar SA, Latiff 
LA and Ismail M1 (2014). A randomised 
controlled trial on hypolipidemic effects of 
Nigella Sativa seeds powder in menopausal 
women. J Transl Med. 3 31;12:82.  

Jia W, Slominski BA, Guenter W, Humphreys A 
and Jones O (2008). The effect of enzyme 
supplementation on egg production 



Fattah et al.                                                                  linseed or black cumin meal replacement in hen diet 

 

    Bioscience Research, 2017 volume 14(2): 234-245                                                             245 

 

parameters and omega-3 fatty acid deposition 
in laying hens fed flaxseed and canola 
seed. Poult Sci.87:2005–2014.  

Jiang Z1 and Sim JS (1992). Effects of dietary n-3 
fatty acid-enriched chicken eggs on plasma 
and tissue cholesterol and fatty acid 
composition of rats. Lipids. 4;27(4):279-84. 

Khan SH1, Anjum MA, Parveen A, Khawaja T and 
Ashraf NM (2013). Effects of black cumin 
seed (Nigella sativa L.) on performance and 
immune system in newly evolved crossbred 
laying hens. Vet Q.33(1):13-9. 

Khattak, K.F and Simpson, T.J (2008). Effect of 
gamma irradiation on the extraction yield, total 
phenolic content and free radical-scavenging 
activity of Nigella sativa seed. Food 
Chem.110, 967–972.  

Khoddami A, Ghazali HM, Yassoralipour A, 
Ramakrishnan Y and Ganjloo A (2011). 
Physicochemical characteristics of nigella 
seed (Nigella sativa L.) oil as affected by 
different extraction methods. J Am Oil Chem 
Soc.88:533–540.  

Martínez-Ramírez HR1, Kramer JK and de Lange 
CF (2013). Ileal flows and apparent ileal 
digestibility of fatty acids in growing gilts fed 
flaxseed containing diets. J Anim Sci. 
6;91(6):2729-39.  

Mohamed WS1, Mostafa AM2, Mohamed KM3 
and Serwah AH4 (2015). Effects of fenugreek, 
Nigella, and termis seeds in nonalcoholic fatty 
liver in obese diabetic albino rats. Arab J 
Gastroenterol. 3;16(1):1-9.  

N.R.C. (1994). National Research Council. 
Nutrient requirements of poultry, National 
Academy of Science, Washington, D.C, USA. 

Prim CR, Baroncini LA, Précoma LB, Caron PH, 
Winter G, Poletti MO and Précoma DB (2012). 
Effects of linseed consumption for a short 
period of time on lipid profile and 
atherosclerotic lesions in rabbits fed a 
hypercholesterolaemic diet. Br J Nutr. 
3;107(5):660-4.  

Seif AA (2014). Nigella Sativa reverses 
osteoporosis in ovariectomized rats. BMC 
Complement Altern Med. 1,14;14:22. 

Sekhri S. (2011) "Textbook of Fabric Science: 
Fundamentals to Finishing". PHI Learning 
Private Limited, New Delhi, p. 76. 

Simopoulos AP and Salem N (1992). Egg yolk as 
a source of long-chain polyunsaturated fatty 
acids in infant feeding. Am J Clin 
Nutr. 55:411–414. 

SPSS. (1997): Spss User,s Guide Statistics 
Version 10. Copyright Spss Inc. USA. 

Toma CC1, Olah NK2,3, Vlase L4, Mogoșan C5 
and Mocan A6 (2015). Comparative Studies 
on Polyphenolic Composition, Antioxidant and 
Diuretic Effects of Nigella sativa L. (Black 
Cumin) and Nigella damascena L. (Lady-in-a-
Mist) Seeds. Molecules. 5, 26;20(6):9560-74.  

Torkan M, Entezari MH and  Siavash M (2015). 
Effect of flaxseed on blood lipid level in 
hyperlipidemic patients. Rev Recent Clin 
Trials.10(1):61-7. 

Venkatachallam, S.K.T.; Pattekhan, H.; Divakar, S 
and Kadimi, U.S (2010). Chemical 
composition of Nigella sativa L. seed extracts 
obtained by supercritical carbon dioxide. J. 
Food. Sci. Technol. 47, 598–605. 

 Wang LQ1 (2002). Mammalian phytoestrogens: 
enterodiol and enterolactone. J Chromatogr B 
Analyt Technol Biomed Life Sci. 9:25;777(1-
2):289-309. 

Yaws and Carl L. (2009). Transport Properties of 
Chemicals and Hydrocarbons. New York: 
William Andrew Inc. p. 177. ISBN. 

 


