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The present study aimed to investigate the influence of incorporation linseed meal at different levels (0, 
5, 10, 15 and 20%) of rabbit rations formulation on their performance, digestion coefficients, nutritive 
values, economic evaluation, carcass characteristics and blood constituents. Forty five New Zealand 
White (NZW) rabbits aged 5-6 weeks with an average body weight of 668g ± 11.19 were randomly 
divided into five equal experimental groups (9 rabbit in each) and feeding trial continuous for 56 days. 
The results showed that linseed meal (LSM) contained adequate portions of CP (35.92%) encourage 
using it in animal ration formulation. Also, the present results mentioned that LSM good source of energy 
(4673 kcal/ kg DM of gross energy and 2944 kcal/ kg DM of digestible energy, respectively). All tested 
ration were iso-caloric and iso-nitrogenous, where CP contained was ranged from 18.07 to 18.96%, 
meanwhile gross energy varied between 4164 to 4179 kcal/ kg DM and digestible energy ranged from 
2596 to 2638 kcal/ kg DM. Incorporation 5% of LSM in rabbit rations (R2) improved final weight, total 
body weight gain, average daily gain and feed conversion that expressed as (g. DM intake/ g. gain). 
Meanwhile, it recorded the lowest value of feed intake in comparison with the other groups. Inclusion 
LSM in rabbit rations had no effect on blood plasma of total protein, albumin, total lipids and alkaline 
phosphatase. Meanwhile dietary treatments slightly increased HDL and ALT, but it decreased LDL, 
creatinine and AST. Introduce LSM in rabbit rations at different levels decreased feed cost/ kg LBW. On 
the other hand, rabbits received ration contained 5% LSM recorded the best values of total revenue, 
economic efficiency, relative economic efficiency and feed cost/ kg LBW. Dietary treatments had no 
significant effect (P>0.05) on all carcass parameters. From the previous results obtained, it can be 
mentioned that linseed meal considered an important source of CP and energy depend on using it in 
rabbit rations formulation at suitable level that recorded at 5% of ration contents without any adverse 
effect on their health or gain, also it depressed LDL concentration in blood.    

Keywords: linseed meal, rabbits, performance, digestion coefficients, carcass characteristics, blood constituents, 
economic evaluation. 

 
INTRODUCTION 

One of the very important limiting factors for 
animal production in Egypt is the availability of 
feedstuffs. Locally produced feeds are not 
sufficient to cover the nutritional requirements of 
livestock (Abou-Akkada, 1988).  

Using non-traditional feed led to decrease the 
cost of feeding and alleviate the pollution 
problems (Abdel-Magid et al., 2008). 

While feeding is the main cost of animal 
production, protein is an essential key ingredient 
of animal feed and it is necessary for mass rabbit 
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growth performance, soybean meal is becoming 
the chiefly protein source, most reliable and at the 
same time the greatest single item determines 
profit margins in meat production. On the other 
hand, the capability of different feedstuffs to meet 
the protein requirements of rabbits depends on 
the nitrogen unit used. Our theoretical hypothesis 
that rabbits require high amounts of fiber in their 
diet to provide a substrate for fermentation in the 
caecum to produce bacterial cells as another 
source of protein and vitamins B which has 
beneficial health effects (Peterson et al., 2010).  

Historically, linseed has been used for food 
and feed for animals for several thousand years in 
Europe, Asia and Africa, and more recently in 
Canada and United States. Oil pressed from 
linseed also has been basic cooking oil in China 
and other countries for centuries (Steven's farm, 
2013). 

The revival of interest in flaxseed is due to the 
oil content, which is about 40%on a dry matter 
basis (Budin et al., 1995). This oil is a rich source 
of the following unsaturated fatty acids: oleic 
(C18:1n-9; 12-20%), linoleic (C18:2n-6; 20-24%), 
and linolenic acid (C18:3n-3; 36-42%) 
(Flachowsky et al., 1997) and it has a relatively 
low glucosinolate content (Schuster and Friedt, 
1998). The protein and fiber content in the seed 
are also important nutritional parameters: the 
crude protein content in the seed ranges from 
25% to 45%, while the crude fiber content is about 
10% (Korsrud et al., 1978). 

Ground linseed is a source of Alpha-linolenic 
acid (ALA) and lignans that exhibit a number of 
properties that are essential to good health. 
Alpha-linolenic acid (ALA) is both an essential 
fatty acid and an omega 3 fatty acid that can aid in 
regulating cholesterol, triglycerides, blood 
pressure, controlling immune and inflammatory 
disorders (Stevens's farm, 2013).  

Linseed contains lignan, which is a type of 
photo estrogen that serves as an antioxidant. 
Lignan may help to prevent certain types of 
cancer, especially breast cancer, report doctors at 
the Mayo Clinic. Lignan metabolites may bind to 
estrogen receptors and inhibit the growth of breast 
cancer cells (Ray, 2011). 

Also linseed rich in protein, B vitamins, 
vitamin E, beta-carotene, calcium, potassium, 
magnesium, manganese and zinc as noted by 
Steven's farm (2013). 

In addition for that, linseed is a good source of 
soluble and insoluble dietary fiber and is the 
richest plant source of α-linolenic acid (ALA; 
C18:3 n-3, omega-3 [n-3] fatty acid), as well as 

the lignan secoisolariciresinol diglucoside (Liggins 
et al., 2000; Prasad 2000 and Simopoulos, 2002). 

Prasad (2000) noted that linseed 
contains 32-45% of its mass as oil, of 
which 51-55% is alpha linolenic acid (n-3 
fatty acids, omega 3 fatty acids). Linseed 
lignan (secoisolariciresinol diglucoside; 
SDG) is isolated from defatted flaxseed.  

Golden variety of flaxseed (GFS) can be given 
to rabbits at levels up to 16% in the diet without 
any adverse effects on growth performance and 
with a better digestibility than the control (Peiretti 
and Meineri, 2008), also the results obtained by 
Omer et al., (2013a and 2013b) recorded that it 
can be inclusion brown flaxseed up to 10% in 
growing New Zealand White rabbits without any 
adverse effect on digestion, performance, carcass 
characteristics blood constituents.  

Linxseed Linum usitatissimum L. (Linaceae) is 
the richest known source of plant lignans 
(Thompson et al., 1991). Flaxseed exists in 
several main forms such as whole seed, ground 
seed and partially defatted flax seed meal (DFM) 
which contain the highest content of a good 
source of soluble and insoluble fibers (Bassett et 
al., 2009). The DFM contains biologically active 
substances as lignans secoisolariciresinol 
diglucoside (SDG) which represents about 95% of 
the total lignans in flaxseed plant which converted 
by colon bacteria to the mammalian lignans 
enterodiol and enterolactone (Liu et al., 2006). 
Numerous studies confirmed the antioxidant 
activity not only of flaxseed lignans in different 
experimental model systems (Lorenc et al., 2005) 
but also of non-lignan phenolic compounds 
present in flaxseed that contribute to its 
antioxidant potential (Struijs et al., 2007).  

Lignans, flavonoids and phenolic acids in 
DFM may prevent degradation of many 
molecules; lipids, DNA, proteins being significant 
to the metabolism and provide protection to 
biologically-active substances contained in seeds; 
e.g., essential fatty acids (Żuk et al., 2011). 
Polyphenols remain in the flaxseed cake even 
after the cold-extraction of oil (Magdalena et al., 
2015). The colon bacterial strain can transform 
secoisolariciresinol diglucoside (SDG) to 
secoisolariciresinol under less stringent anaerobic 
culture conditions due to its preventive effects 
against breast or colon cancers, atherosclerosis 
and diabetes (Li et al., 2012). 

So this work was carried out to investigate the 
impact of incorporation linseed meal at different 
levels (0, 5, 10, 15 and 20%) on productive 
performance, digestion coefficients, nutritive 
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values, blood constituents, carcass characteristics 
and economic evaluations of growing rabbits.  
 
MATERIALS AND METHODS 

The present study was carried out at El-
Nubaria Experimental and Production Station at 
El-Imam Malik Village in co-operation work among 
Animal Production and Field Crops Departments, 
National Research Centre, Dokki, Giza, Egypt. 

Experimental animals and feeds 
Forty five New Zealand White (NZW) rabbits 

aged 5-6 weeks with an average body weight of 
668.4 ± 11.19g were randomly divided into five 
equal experimental groups (9 rabbit in each).   

Rabbits were housed in galvanized wire 
cages (50×50×45 cm) and provided with stainless 
steel nipples for drinking and feeders allowing 
recording feed intake during the feeding trial that 
continuous 56 days.  

All experimental group rabbits were kept 
under the same managerial conditions and rations 
were offered pelleted with diameter 4 mm.  

Chemical analysis different ingredients used 
in experimental rations formulation is presented in 
Table (1), meanwhile, the experimental pelleted 
rations were formulated to cover the nutrient 
requirements for rabbits according to NRC (1977) 
as illustrated in Table (2). 

Rabbits were received one of the fifth rations 
as follows: 

The first one was considered as control (R1). 
The 2nd, 3rd, 4th and 5th experimental rations were 
formulated to contain 5, 10, 15 and 20% of linseed 
meal (LSM) for R2, R3, R4 and R5, respectively. 
Rations were offered ad libitum. 

Digestibility trials 
At the end of feeding trial, all rabbits were 

used in digestibility trials that carried out over a 
period of 7 days. Feces was daily collected 
quantitatively during the collection period before 
feeding at 8:30 a.m. Feed intake of experimental 
rations and weight of feces were also daily 
recorded. Representative samples of 10% of total 
fresh weight of feces was sprayed with solution of 
10% sulfuric acid and 10% formaldehyde and 

oven dried at 60C for 48 hrs and composite 
samples of dried feces were ground and stored for 
later chemical analysis. The nutritive values 
expressed as total digestible nutrients (TDN) and 
digestible crude protein (DCP) of experimental 
rations that calculated using classic method as 
described by Abou-Raya (1967).  

Carcass traits  
Five representative rabbits from each 

treatment were randomly chosen to determine the 
carcass parameters according to (Blasco et al., 
1993).  Rabbits were fasted for 12 hours before 
slaughter, which was performed according to the 
Islamic rules. Animals were weighed just before 
slaughter, slaughter weight (SW) was recorded 
and as well as after complete bleeding. 

Total edible offal's (Giblets) included heart, 
liver, kidneys, lungs, spleen and testes were 
weighed.  

Full and empty weights of digestive tract were 
recorded. Hot carcass without any other parts 
(CW1) or with head (CW2) or with head and giblets 
(CW3) were weighed and used in calculation of 
dressing percentages.  

Blood parameters 
Blood samples were collected from the 

slaughtered rabbits and centrifuged at 4000 r.p.m 
for 20 min., for preparation of blood plasma. 
Plasma kept frozen at -18 °C for subsequent 
analysis. Plasma total protein was determined 
according to Armstrong and Carr (1964) and Witt 
and Trendelenburg (1982); albumin according to 
Doumas et al., (1971) and (Tietz 1986); 
triglycerides (Fossati and Principe 1982); total 
lipids (Postman and Stroes, 1968); total 
cholesterol according to Allain et al., (1974) and 
Pisani et al., (1995); Alkaline phosphates activity 
was measured according to the method of 
Beliefield and Goldberg (1971); plasma Glutamic 
Oxaloacetic Transaminase (GOT or AST) and 
Glutamic Pyruvic Transaminase (GPT or ALT) 
activities were determined as described by 
Reitman and Frankel (1957) and Harold (1975); 
creatinine (Husdan, 1968); high-density 
lipoprotein concentration (HDL) was estimated 
according to the Assmann (1979) and low density 
lipoprotein concentration (LDL) was determined 
as method described by McNamara et al., (1990), 
total lipids  evaluated according to Postman and 
Stroes, 1968 using commercial kits. On the other 
hand, globulin and albumin: globulin ratio (A: G 
ratio) were calculated.   

Analytical procedures 
Chemical analyses of tested materials and 

experimental rations were analyzed according to 
AOAC (2005) methods. Meanwhile, neutral 
detergent fiber (NDF) was determined according 
to Goering and Van Soest (1970) and Van Soest 
et al., (1991). 

Gross energy (Kcal/ Kg DM) calculated 
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according to Blaxter (1968). Each g CP= 5.65 
Kcal, g EE= 9.40 Kcal and g (CF & NFE) = 4.15 
Kcal.  

Digestible energy (DE) was calculated 
according to Cheeke (1987) by applying the 
following equation: DE (Mcal/ kg DM) = 4.36 – 
0.049 x NDF.  

Non fibrous carbohydrates (NFC), calculated 
according to Calsamiglia et al., (1995) using the 
following equation: NFC = 100 – {CP + EE + Ash 
+ NDF}.  

Statistical Analysis  
Data collected of feed intake, live body 

weight; feed conversion, blood constituents and 
carcass data subjected to statistical analysis as 
one way analysis of variance according to SPSS 
(2008). Duncan’s Multiple Range Test Duncan, 
(1955) will be also uses to separate means when 
the dietary treatment effect was significant 
according to the following model:       Yij = μ + Ti + 
eij 

Where:        Yij = observation.             μ   = 

overall mean. 
Ti = effect of experimental rations for i = 1–5, 1 

= (control ration contained 0% linseed meal, 
LSM), 2 = ration contains 5% LSM, 3 = ration 
contains 10% LSM, 4 = ration contains 15% LSM 
and 5 = ration contains 20% LSM. eij = the 

experimental error. 
 
RESULTS AND DISCUSSION 

Chemical analysis and cell wall constituents of 
different ingredients 

Data of Table (1) cleared that, linseed meal 
(LSM) contained adequate portions of CP 
(35.92%) encourage using it in animal ration 
formulation. Also, the present results mentioned 
that FSM good source of energy (4673 kcal/ kg 
DM of gross energy and 2944 kcal/ kg DM of 
digestible energy, respectively). 

Composition and chemical analyses of the 
experimental rations 

 The experimental pelleted rations were 
formulated to cover the nutrient requirements for 
rabbits according to NRC (1977) as described in 
Table (2).  

All tested ration were iso-caloric and iso-
nitrogenous, where CP contained was ranged 
from 18.07 to 18.96%, meanwhile gross energy 
ranged from 4164 to 4179 kcal/ kg DM and 
digestible energy ranged from 2596 to 2638 kcal/ 
kg DM. Incorporation linseed meal at different 
levels lead to gradully increasing in CF, EE, ash 
and hemicellulose contents with increase level of 
linseed inclusion.  

Table (1). Chemical analysis and cell wall constituents of different ingredients. 

Item 
Yellow 
corn 

Soybean 
meal 

Linseed  
meal 

Wheat 
bran 

Barley 
grain 

Clover 
hay 

Moisture 9.78 7.15 7.82 9.71 10.47 10.03 

Chemical analysis (%) on DM basis 

Organic matter (OM) 
Crude protein (CP) 

Crude fiber (CF) 
Ether extract (EE) 

Nitrogen free extract (NFE) 
Ash 

98.50 
9.00 
4.60 
4.80 

80.10 
1.50 

94.38 
44.00 
4.93 
0.60 
44.85 
5.62 

94.11 
35.92 
10.22 
4.36 

43.61 
5.89 

87.79 
13.72 
10.25 
2.81 
61.01 
12.21 

89.68 
14.25 
8.42 
4.05 
62.96 
10.32 

90.13 
16.86 
30.62 
3.05 
39.60 
9.87 

Cell wall constituents 

Neutral detergent fiber (NDF) 
Acid detergent fiber (ADF) 
Acid detergent lignin (ADL) 

Hemicellulose* 
Cellulose** 

34.52 
21.38 
2.24 

13.14 
19.14 

34.77 
26.13 
6.33 
8.64 
19.80 

28.89 
14.67 
3.75 

14.22 
10.92 

43.54 
31.42 
3.98 
12.12 
27.44 

41.62 
10.33 
6.95 
31.29 
3.38 

34.68 
20.36 
2.93 
14.32 
17.43 

Gross energy (kcal/kg DM) 4475 4608 4673 3997 4148 4153 

Digestible energy (Mcal/kg DM) 2.669 2.656 2.944 2.227 2.321 2.661 

Non fibrous carbohydrates (NFC) 50.18 15.01 24.94 27.72 29.76 35.54 

 
* Hemicellulose = NDF – ADF.     ** Cellulose = ADF – ADL. 
NFC: Non fibrous carbohydrates, calculated according to Calsamiglia et al., (1995) using the following equation: 
NFC= 100 – {CP + EE + Ash + NDF}.  
Gross energy (kcal/kg DM) was calculated according to Blaxter (1968). Each g CP = 5.65 kcal, g EE = 9.40 kcal and 
g (CF & NFE) = 4.15 kcal. 
Digestible energy: (M cal) was calculated according to Cheeke (1987) using the following equation:  
DE (Mcal/kg DM) = 4.36 – 0.049 x NDF. 

 



Omer, et al.,                                           Productive performance of growing Nnew Zealand white rabbits 

 

                                         Bioscience Research, 2018 volume 15(4): 4215-4228                                                4219 

 

 
Table (2). Composition (Kg/ ton) and chemical analysis of different experimental rations. 

Item 

Experimental rations 

Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

1- Composition (Kg/ ton) 

Yellow corn 
Soybean meal 
Linseed meal 
Wheat bran 
Barley grain 
Clover hay 
Di-calcium 
Limestone 

Sodium chloride 
Vit. & Min. Mixture1 

D-L-Methionine 

250 
200 

- 
160 
140 
220 
12 
12 
3 
2 
1 

230 
150 
50 
140 
180 
220 
12 
12 
3 
2 
1 

200 
100 
100 
150 
200 
220 
12 
12 
3 
2 
1 

180 
50 
150 
130 
220 
240 
12 
12 
3 
2 
1 

140 
- 

200 
100 
260 
270 
12 
12 
3 
2 
1 

Price, L.E/Ton 2890 2850 2800 2730 2650 

2- chemical analysis 

Moisture 9.20 9.25 9.30 9.35 9.42 

Chemical analysis (%) on DM basis 

Organic matter (OM) 
Crude protein (CP) 

Crude fiber (CF) 
Ether extract (EE) 

Nitrogen free extract (NFE) 
Ash 

90.03 
18.96 
11.70 
3.01 

56.36 
9.97 

89.87 
18.67 
12.00 
3.20 
56.00 
10.13 

89.58 
18.41 
12.38 
3.36 
55.43 
10.42 

89.43 
18.18 
13.14 
3.53 
54.58 
10.57 

89.14 
18.07 
14.16 
3.69 
53.22 
10.86 

Cell wall constituents analysis of the experimental rations 

Neutral detergent fiber (NDF) 
Acid detergent fiber (ADF) 
Acid detergent lignin (ADL) 

Hemicellulose* 
Cellulose** 

36.01 
21.54 
4.08 

14.47 
17.46 

35.82 
20.31 
4.11 
15.51 
16.20 

35.75 
19.62 
4.09 
16.13 
15.53 

35.42 
18.60 
4.03 
16.82 
14.57 

35.14 
17.25 
4.06 
17.89 
13.19 

Gross energy (kcal/kg DM) 4179 4178 4170 4169 4164 

Digestible energy (kcal/kg DM) 2596 2605 2608 2624 2638 

Non fibrous carbohydrates (NFC) 32.05 32.18 32.06 32.30 32.24 
 

1Vit. & 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. 
LSM: linseed meal. - SBM: Soybean meal.    * Hemicellulose = NDF – ADF.     ** Cellulose = ADF – ADL. 
R1: Control ration contained 20% soybean meal + 0% flaxseed meal  
R2: Ration contained 15% soybean meal + 5% flaxseed meal (Replacing 25% of SBM by SFM).  
R3: Ration contained 10% soybean meal + 10% flaxseed meal (Replacing 50% of SBM by SFM). 
R4:  Ration contained 5% soybean meal + 15% flaxseed meal (Replacing 75% of SBM by SFM). 
R5: Ration contained 0% soybean meal + 20% flaxseed meal (complete Replacing of SBM by SFM). 
Gross energy (kcal/kg DM) was calculated according to Blaxter (1968). Each g CP = 5.65 kcal, g EE = 9.40 kcal and 
g (CF & NFE) = 4.15 kcal. 
Digestible energy: (M cal) was calculated according to Cheeke (1987) using the following equation:  
DE (Mcal/kg DM) = 4.36 – 0.049 x NDF. 
NFC: Non fibrous carbohydrates, calculated according to Calsamiglia et al., (1995) using the following equation: 
NFC= 100 – {CP + EE + Ash + NDF}.  
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These may be related to linseed meal 

composition.   

Digestion coefficients and nutritive values of 
experimental group rabbits 

Data of Table (3) cleared that dietary 
treatment significantly (P<0.05) improved both CF 
and EE digestibility, meanwhile, insignificantly 
improved for DM, OM, CP and NFE in comparison 
with the control. The highest values of nutrient 
digestibility coefficient and nutritive values were 
realized occurred with rabbits received ration 
contained 5% linseed meal. These results were in 
harmony with those reported by Ibrahim et al., 
(2017) who noted that replacing 25 or 50% of 
soybean meal by flaxseed meal in rabbit rations 
occurred an improving in their nutrient digestibility 
coefficient and nutritive values. These results may 
be attributed to the effect of flaxseed meal in 
healthy improvement associated with the 
reduction of transit time, and improved the fiber 
bacterial fermentation into short-chain fatty acids 
(Gomides et al., 2013). On the other hand, Omer 
et al., (2013a) noted that rabbits received rations 
containing 2.5, 5, 7.5 and 10% flaxseed improved 
all nutrient digestibility coefficients includes (DM, 
OM, CP, CF, EE and NFE) and nutritive values 
(TDN and DCP). Also they observed that rabbits 
received ration contained 10% flaxseeds recorded 
the highest digestion coefficient of (OM, CP, CF, 
NFE, NDF, ADF and cellulose) and TDN value. 

Growth performance of the experimental 
group rabbits 

As shown in Table (4) the results mentioned 

that incorporation 5% of LSM in rabbit rations 
improved final weight, total body weight gain, 
average daily gain and the best feed conversion. 
Meanwhile, it recorded the lowest value of feed 
intake in comparison with the other groups. In 
genarally, except for incorporation 5% LSM in the 
ration our results noticed that increase level of 
LSM in the rations occurred decreasing in values 
of the same parameter mentioned above. These 
results were agreement with those noticed by 
Ibrahim et al., (2017) who noted that replacing 25 
or 50% of soybean meal by flaxseed meal in 
rabbit ration insignificant (P<0.05) increased total 
weight gain and average daily gain, meanwhile 
replacing 75% occurred significant (P<0.05) 
decreasing in total weight gain by 10% and 
average daily gain by 22% in comparison with the 
control group. 

All parameters of feed intake were decreased 
with incorporation LSM in rabbit rations. These 
results agreement with those found by Ibrahim et 
al., (2017) who noted that feeding rabbits ration 
replaced 25% of soybean meal content by linseed 
meal showed significantly decreasing in their daily 
feed intake by 15%. 

Introduce LSM at 5% significantly (P<0.05) 
improved feed conversion that expressed as (g. 
intake of DM, CP, DCP and TDN/ / g. gain) or 
(kcal intake of GE and DE/ g. gain). These results 
in harmony with those noted by Ibrahim et al., 
(2017) who noted that rabbits received ration 
substituted 25% of soybean meal by linseed meal 
improved their feed conversion by 13.80% 

Table (3). Digestion coefficients and nutritive values of the experimental group rabbits fed 
different levels of linseed meal containing rations. 

Item 
 

Experimental rations 

SEM 
Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

Nutrient digestibility of 

Dry matter (DM) 
Organic matter (OM) 
Crude protein (CP) 

Crude fiber (CF) 
Ether extract (EE) 

Nitrogen-free extract (NFE) 

66.79 
69.09 
73.23 
33.44b 
76.20b 
82.39 

74.99 
76.12 
79.37 
41.88a 
84.61a 
85.64 

72.22 
72.93 
75.63 
41.80a 
83.17a 
85.06 

74.53 
75.30 
75.58 
38.75a 
81.74a 
85.09 

72.84 
74.22 
74.33 
38.77a 
81.90a 
85.39 

1.34 
1.15 
1.04 
0.95 
0.91 
0.59 

Nutritive values (%) 

Total digestible nutrient (TDN) 
Digestible crude protein (DCP) 

69.39b 
13.88ab 

73.89a 
14.82a 

72.53ab 
13.92ab 

71.77ab 
13.74ab 

71.11ab 
13.43a 

0.57 
0.21 

 
a and b: Means in the same row having different superscripts differ significantly (P<0.05).  
LSM: linseed meal. 
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Table (4). Growth performance of experimental group rabbits fed different levels of linseed meal 

containing rations. 

Item 

Experimental rations 

SEM 
Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

Animals numbers 9 9 9 9 9 - 

1- Live body weight 

Initial weight, g 674 633 684 680 670 11.19 

Final weight, g 2374ab 2448a 2238abc 2148bc 2074c 45.68 

Total body weight gain, g 1700ab 1815a 1554bc 1468bc 1404c 42.74 

Duration period 56 days 

Average daily gain, g 30.36ab 32.41a 27.75bc 26.21bc 25.07c 0.76 

2- Feed intake 

Dry matter intake (DMI), g 122.8a 105.2d 115.9b 113.3bc 109.9c 1.124 

Protein intake expressed as 

Crude protein intake (CPI), g 
Digestible crude protein (DCPI), g 

23.28a 
17.04a 

19.64d 
15.59b 

21.34b 
16.13b 

20.60bc 
15.57b 

19.86cd 
14.76c 

0.235 
0.148 

Energy intake expressed as 

Total digestible energy intake (TDNI), g 
Gross energy intake (GEI), kcal 

Digestible energy intake (DEI), kcal 

85.21a 
513.2a 
318.8a 

77.73d 
439.5d 
274.0d 

84.06ab 
483.3b 
302.3b 

81.32bc 
472.3bc 
297.3bc 

78.15cd 
457.6cd 
289.9c 

0.671 
4.708 
2.854 

3- Feed conversion expressed as (g. intake / g. gain) of 

Dry mater (DM) 
Crude protein (CP) 

Digestible crude protein (DCP) 
Total digestible energy (TDNI) 

4.045b 
0.77b 
0.56b 
2.81b 

3.246a 

0.61a 
0.48a 
2.40a 

4.177bc 

0.77b 
0.58bc 
3.03c 

4.323cd 

0.79b 
0.59c 
3.10c 

4.384d 

0.79b 
0.59c 
3.12c 

0.067 
0.011 
0.007 
0.044 

Feed conversion expressed as (kcal. intake / g. gain) of 

Gross energy (GEI) 
Digestible energy (DEI) 

16.90b 
10.50b 

13.56a 
8.48a 

17.42bc 
10.89b 

18.02cd 
11.34c 

18.25d 
11.56c 

0.227 
0.180 

 
a, b, c and d: Means in the same row having different superscripts differ significantly (P<0.05).  
LSM: linseed meal. 

 
These negative impact of incorporation 

linseed meal at portion of 15 or 20% of ration 
content on rabbit productive performance 
parameters obtained may be related to the 
shortage of sulfur amino acids associated with 
decreasing soybean meal especially without using 
other protein sources or synthetic amino acids 
(Rezaei and Hafezian 2007), which reflect the 
positive effects by the inclusion 5% of linseed 
meal. In other words decreasing these 
performance values when linseed meal was used 
at the high levels (15 or 20%) of ration content 
may be due the presence of anti-nutrients, such 
as flaxseed mucilage, which modify and other 
anti-nutritional factors such as linatine and 
cyanogenic glycosides (Alzueta et al., 2003) that 
have a negative impact on the growth and 
development of young animals (Batterham et al., 
1991). 

Economic evaluation of the experimental 
group rabbits 

The economic evaluation of dietary treatments  
 
is presented in Table (5). The profitability of using 
rations containing flaxseed depends on upon their 
prices and the growth performance of rabbits fed 
this rations. Results showed that inclusion linseed 
meal in rabbit rations at different levels (0% up to 
20%) decreased total feed cost and feed cost/ kg 
LBW. On the other hand, rabbits received ration 
contained 5% linseed meal recorded the best 
values of total revenue, net revenue, economic 
efficiency and relative economic efficiency 
(125.61%). Also it showed the lowest value of 
feed cost/ kg LBW (7.56 LE). These results in 
agreement with those tabulated by Omer et al., 
(2013a) who noted that with increasing levels of 
flaxseed (0.00, 2.50, 5.00, 7.50 and 10.00% in 
growing rabbit rations both net revenue and 
relative economic efficiency were increased. Net 
revenue was improved by 8.15%, 15.29%, 
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19.97% and 27.41% for tested rations compared 
to the control diet. While, relative economic 
efficiency was improved by 9.7%, 18.4%, 25.1% 

and 36.4%. 
 

Table (5). Economic evaluation of the experimental group rabbits fed different levels of linseed 
meal containing rations. 

Item 

Experimental rations 

Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

Marketing weight, Kg 
Feed consumed/ rabbit, kg (as it is) 

Costing of one kg feed, (LE)1 
Total feed cost, (LE) 

Management/ Rabbit, (LE)2 
Total cost, (LE)3 

Total revenue, (LE)4 
Net revenue 

Economic efficiency5 
Relative economic efficiency6 

Feed cost / kg LBW (LE)7 

2.374 
7.574 
2.89 

21.89 
5 

46.89 
83.09 
36.20 
0.7720 

100 
9.22 

2.448 
6.492 
2.85 
18.50 

5 
43.50 
85.68 
42.18 
0.9697 
125.61 
7.56 

2.238 
7.156 
2.80 
20.04 

5 
45.04 
78.33 
33.29 
0.7391 
95.74 
8.95 

2.148 
7.000 
2.73 
19.11 

5 
44.11 
75.18 
31.07 
0.7044 
91.24 
8.90 

2.074 
6.794 
2.65 
18.00 

5 
43.00 
72.59 
29.59 
0.6881 
89.13 
8.68 

 
FSM: Flaxseed meal. 
R1: Control ration contained 20% soybean meal + 0% flaxseed meal.  
R2: Ration contained 15% soybean meal + 5% flaxseed meal (Replacing 25% of SBM by SFM).  
R3: Ration contained 10% soybean meal + 10% flaxseed meal (Replacing 50% of SBM by SFM). 
R4:  Ration contained 5% soybean meal + 15% flaxseed meal (Replacing 75% of SBM by SFM). 
R5: Ration contained 0% soybean meal + 20% flaxseed meal (complete Replacing of SBM by SFM). 
1 Based on prices of year 2017.      2 Include medication, vaccines, sanitation and workers. 
3 include the feed cost of experimental rabbit which was LE 20/ rabbit + management. 
4 Body weight x price of one kg at selling which was LE 35.    5 net revenue per unit of total cost (Khial, 1997). 

6 Assuming that the relative economic efficiency of control diet equal 100. 
7 Feed cost/kg LBW = feed intake * price of kg / live weight.  LE = Egyptian pound equals 0.15 USS approximately. 

Carcass characteristics of the experimental 
group rabbits  

Dressing percentages 
Data presented in Table (6) showed that 

dietary treatment had no significant effect 
(P>0.05) on digestive tract, empty body weight 
(EBW), head weight, edible offal's includes (liver, 
heart, kidneys, testes, lungs and spleen), non 
edible offal's, carcass weight and dressing 
percentages. These results were in harmony with 
those reported by Omer et al. (2013b) who noted 
that incorporation flaxseed at 2.50, 5.00, 7.50 and 
10.00% had no significant effect on the same 
carcass parameters mentioned above. Also, the 
present results were also similar with that 
obtained by Peiretti et al. (2007) how used three 
levels of false flaxseed (Camelina sativa L.) 0%, 
10% or 15% in rabbit diets to study its effects on 
some carcass characteristics. They noticed that 
there were no significant differences among the 
groups in carcass yield and the percentages of 
edible organs. The percentage values of head, 
skin and limbs, four legs, hind legs, breast and 

ribs, loin and abdominal wall were not affected by 
the inclusion level of false flaxseed. 

Carcass cuts and chemical analysis of best 9, 
10 and 11th ribs 

Data of Table (7) cleared that no significant 
effect (P>0.05) among treatments were observed 
for carcass weight, carcass cuts and chemical 
composition of best 9, 10 and 11th ribs except for 
ash content. These results comparable with those 
found by Omer et al. (2013a) when they studied 
the impact of inclusion flaxseed at different levels 
(0.00, 2.50, 5.00, 7.50 and 10.00%) on carcass 
characteristics. On the other hand, Kouba et al. 
(2008) reported that n-3 poly unsaturated fatty 
acids rich diet with 3% extruded flaxseed did not 
have any effect on the dry matter, protein or lipids 
of the rabbit muscles. Similarly, the chemical 
composition of the longissimus dorsi muscle was 
unaffected when rabbits were fed 8% flaxseed 
diet (Dal Bosco et al., 2004). 

Blood parameters 
The present results of blood parameters that 

illustrated in Table (8) cleared that incorporation 

http://www.aspajournal.it/index.php/ijas/article/view/ijas.2010.e70/html_13#21
http://www.aspajournal.it/index.php/ijas/article/view/ijas.2010.e70/html_13#12
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linseed meal in rabbit rations at 15% or 20% 
significantly (P<0.05) decreased plasma total 
protein, globulin, total cholesterol, low density 
lipoprotein (LDL), triglycerides, creatinine and 
AST contents, however it significantly increased 
albumin, albumin: globulin ratio, total lipids, and 
ALT contents compared to control ration. On the 
other hand incorporation 5% of linseed in rabbit 

rations had no significant effect on all blood 
plasma parameters except for total cholesterol, 
LDL, triglycerides and AST were significantly 
(P<0.05) decreased in comparison with the 
control. There were no significant differences 
among different groups for HDL; however, there 
were significant differences among different 
groups for total cholesterol, LDL and triglycerides. 

 
Table (6). Edible and non edible offal's, carcass weight and dressing percentages of the 

experimental group rabbits fed different levels of linseed meal containing rations. 

Item 

Experimental rations 

SEM 
Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

Slaughter weight (SW), g 2200 2233 2147 2173 2164 48.03 

Digestive tract 

Full weight, g 
Empty weight, g 

Content weight, g 

358 
158 
200 

361 
155 
206 

347 
150 
197 

365 
161 
204 

358 
156 
202 

7.12 
3.01 
4.35 

Empty body weight (EBW), g 2000 2017 1950 1969 1962 47.18 

Head weight, g 129 126 135 137 134 2.34 

Edible offal's (Giblets) weight 

Liver 
Heart 

Kidneys 
Testes 
Lungs 
Spleen 

85 
9 

18 
8 

18 
1 

83 
8 
18 
7 
16 
1 

80 
10 
21 
7 
15 
1 

76 
9 
19 
8 
16 
1 

77 
9 
18 
7 
17 
1 

2.41 
0.44 
0.51 
0.25 
0.61 

- 

Total Giblets weight, g 139 133 134 129 129 2.71 

Non edible offal's weight, g 

Blood 
Fur, ears and four legs 

Digestive tract 

55 
440 
358 

58 
476 
361 

53 
467 
347 

51 
504 
365 

54 
491 
358 

1.29 
14.96 
7.12 

Total non edible offal's 853 895 867 920 903 20.20 

Carcass weight, g 

Carcass weight (CW1) 
Carcass weight (CW2) 
Carcass weight (CW3) 

1079 
1208 
1347 

1079 
1205 
1338 

1011 
1146 
1280 

987 
1124 
1253 

998 
1132 
1261 

40.07 
41.48 
43.83 

Dressing percentages (DP)% 

DP1 
DP2 
DP3 
DP4 
DP5 
DP6 

49.05 
54.91 
61.23 
53.95 
60.40 
67.35 

48.32 
53.96 
59.92 
53.23 
59.45 
66.01 

47.09 
53.38 
59.62 
51.85 
58.77 
65.64 

45.42 
51.73 
57.66 
50.13 
57.08 
63.64 

46.12 
52.31 
58.27 
50.87 
57.70 
64.27 

0.93 
0.89 
0.91 
0.91 
0.86 
0.84 

 
SEM: Standard error of mean.             
EBW: Empty body weight = Slaughter weight – digestive tract content. 
CW1: Carcass weight.                            
CW2: Carcass weight + head. 
CW3: Carcass weight + head + edible offal's include (Liver, heart, kidneys, testes, lungs and spleen). 
DP1: Dressing percentages calculated as (CW1 / SW * 100). 
DP2: Dressing percentages calculated as (CW2 / SW * 100). 
DP3: Dressing percentages calculated as (CW3 + SW * 100). 
DP4: Dressing percentages calculated as (CW1 / EBW * 100). 
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DP5: Dressing percentages calculated as (CW2 / EBW * 100). 
DP6: Dressing percentages calculated as (CW3 + EBW * 100) 

Table (7). Carcass cuts and chemical analysis of best 9, 10 and 11th ribs of experimental group 
rabbits fed different levels of linseed meal containing rations.  

Item 

Experimental rations 

SEM 
Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

Carcass weight (CW) , g 1079 1079 1011 987 998 40.07 

Carcass cuts 

Fore limbs 
weight, g 367 392 363 368 365 14.37 

% of CW1 34.01 36.33 35.91 37.28 36.57 0.70 

Loin 
weight, g 275 271 270 265 260 14.81 

% of CW1 25.49 25.12 26.71 26.85 26.05 0.69 

Hind limbs 
weight, g 437 416 378 354 373 16.81 

% of CW1 40.50 38.55 37.38 35.87 37.38 0.88 

Chemical analysis of best 9, 10 and 11th ribs 

Moisture 61.78 63.22 62.80 63.91 62.45 0.52 

Chemical analysis (%) on DM basis 

Crude protein (CP) 
Ether extract (EE) 

Ash 

64.56 
24.86 
10.58a 

66.93 
25.75 
7.32ab 

65.14 
25.42 
9.44ab 

67.33 
25.62 
7.05b 

65.59 
25.27 
9.14ab 

0.50 
0.64 
0.55 

 
a and b: Means in the same row having different superscripts differ significantly (P<0.05). LSM: linseed meal. 

 

Table (8). Blood parameters of different experimental groups. 

Item 

Experimental rations 

SEM 
Control 
0% LSM 

5% 
LSM 

10% 
LSM 

15% 
LSM 

20% 
LSM 

R1 R2 R3 R4 R5 

Total protein (g/dl ) 
Albumin (g/dl ) 
Globulin (g/dl ) 

Albumin: Globulin ratio 
Total lipids (mg/dl ) 

Total cholesterol (mg/dl ) 
HDL (mg/dl ) 
LDL (mg/dl ) 

Triglycerides (mg/ dl) 
Creatinine (mg/ dl) 

Alkaline phosphatase (IU/L) 
ALT (IU/L) 

AST (IU /L ) 

5.78a 
2.66b 
3.12a 
0.85d 
109.7c 
75.36e 
36.89 
30.18e 
38.71e 
1.22c 

68.12bc 
28.31c 
24.66a 

5.69ab 
2.73ab 
2.96ab 
0.92cd 

110.8bc 
70.12d 
37.22 
25.41d 
33.36d 
1.17bc 
66.33c 
29.26c 
20.39b 

5.56ab 
2.81ab 
2.75bc 
1.02bc 

112.3bc 
65.71c 
37.98 
23.26c 
30.72c 
1.09ab 
69.10b 
31.12b 
18.30c 

5.51ab 
2.86a 
2.65c 
1.08ab 
113.5b 
60.33b 
38.14 
20.86b 
27.85b 
1.05a 
71.18a 
32.70a 
16.59d 

5.44b 
2.90a 
2.54c 
1.14a 
117.9a 
57.19a 
38.34 
18.34a 
25.41a 
1.02a 

67.42bc 
33.14a 
15.46d 

0.05 
0.03 
0.06 
0.03 
0.86 
1.77 
0.25 
1.11 
1.26 
0.02 
0.50 
0.52 
0.89 

 
a, b, c, d and e: Means in the same row having different superscripts differ significantly (P<0.05). 
LSM: linseed meal. -ALT: Plasma Glutamic Pyruvic Transaminase.- AST: Plasma Glutamic Oxaloacetic 
Transaminase.  - HDL: High Density Lipoprotein concentration. - LDL: Low Density Lipoprotein concentration. 

 
These result in agreement with those noted by 

Ibrahim et al., (2017) who noted that feeding 
rabbits diets replaced 25, 50 and 75% of soybean 
meal with defatted flax meal caused significantly 
decreasing in total cholesterol by (3, 7.4 and 
14.5%); HDL by (3.7, 9.1 and 17.1%); LDL by 

(4.7, 7.5 and 12.7%) and the triglycerides by (7.4,  
 
17.7 and 15.4%), respectively, compared to the 
control group. In contrast our results 
disagreement with the values of total lipid that 
recorded by Ibrahim et al., (2017) who found that 
total lipids decreased by (5, 11 and 24 %) 
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compared to control. These results may be 
attributed to the linseed meal gum is likely the 
major active ingredient responsible for the lipid-
lowering action (Babu et al., 2000) or limit 
cholesterol-induced atherogenesis and 
abnormalities (Dupasquier et al., 2006). 
Therefore, linseed meal may be regarded as a 
useful therapeutic diet for reducing hyperlipidemia 
(Torkan et al., 2015). 

Also, depressing that occurred in plasma total 
protein in the present results in agreement with 
those found by Ibrahim et al., (2017) who found 
that feeding rabbits diet replaced 50 and 75% of 
soybean meal by defatted flax meal significantly 
decreased total protein by 12.3% and 24.7, 
respectively, compared to the control group. This 
result may be due to the high level of defatted flax 
meal and the long-term feeding experiment (56 
days) lead to the undesirable effects on the 
assayed hematological and biochemical blood 
markers (Magdalena et al., 2015). 

CONCLUSION 
From the present results obtained and under 

the conditions of this study it could be mentioned 
that inclusion linseed meal in rabbit rations had no 
adverse effect on their health. It give the best 
results in terms of growth performance with a 
positive effect on digestion coefficients, feed 
conversion, relative economic efficiency and it 
also, had no adverse effect on their carcass 
quality and blood constituents.  

It could be concluded that we can be used 
linseed meal at 5% of ration content for growing 
rabbits because this level realized the best values 
of growth performance, digestion, feed conversion 
in addition to improving the economic and 
realizing high net revenue with decreasing in feed 
cost/ kg live body weight.  
 
CONFLICT OF INTEREST 
The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

This work was supported by scientific project 
section, National Research Centre (P11030120) 
under title "Maximizing the productivity and quality 
traits of some oil crops (flax, peanut and 
sunflower) grown under newly reclaimed lands". 
 
AUTHOR CONTRIBUTIONS 
HAAO, Hamed Abdelaziz Aly Omar,BAB, Bakry 
Ahmed Bakry.MFE, Mohamed Farouk El 
karamany.HAAO performed animal treatments, 

flow cytometry experiments, tissue collection, and 
data analysis.MFE designed and performleed the 
experiments and also wrote the manuscript.BAB, 
designed and performleed the experiments, data 
analysis. and also wrote the manuscript.All 
authors read 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   
Abdel-Magid Soha, S., Abd El-Rahman, H.H., 

Mohamed, M.I. and Awadalla, I.M., 2008. 
Utilization of chick pea straw and pea straw 
in feeding growing Rahmani lambs. 
American-Eurasian J. Agric. & Environ. Sci., 
4 (2): 214-217.  

Abou-Akkada A.R., 1988. For national strategic 
for increasing feedstuff in Egypt. 1stNational 
Conf. On Role Of Scientific Research in 
Developing Animal Health, Academy of 
Scientific Research and Technology, 25-29 
Sep. Cairo Egypt (In Arabic).  

Abou-Raya A.K., 1967. Animal and Poultry 
Nutrition. 1st Ed. Pub. Dar El-Maarif, Cairo 
(Arabic text book).  

Allain C.C., Poon C.S. Chan, Richmond W. and 
Fu. P.C., 1974. Enzymatic determination of 
total serum cholesterol. Clin. Chem., 20: 470- 
475. 

Alzueta C., Rodriguez M.L., Cutuli M.T., Rebolé 
A., Ortiz L.T., Centeno C. and Treviño J., 
2003. Effect of whole and demucilaged 
linseed in broiler chicken diets on digesta 
viscosity, nutrient utilization and intestinal 
microflora. Br. Poult. Sci., 44: 67-74. 

AOAC, 2005. Official Methods of Analysis, 18th 
ed. Association of Official Analytical 
Chemists, Washington, DC, USA. 

Armstrong W.D. and Carr C.W., 1964. 
Physiological Chemistry: Laboratory 
directions 3: 75 Buger Puplishing Co. 
Minneapolis, Minnesota, U.S.A. 

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


Omer, et al.,                                           Productive performance of growing Nnew Zealand white rabbits 

 

                                         Bioscience Research, 2018 volume 15(4): 4215-4228                                                4226 

 

Assmann G., 1979. HDL-cholesterol 

precipitant. Randox Labs. Ltd. Crumlin 

Co. Antrim, N. Ireland. Internist., 20: 

559-567.  

Babu U.S., Mitchell G.V., Wiesenfeld P., 

Jenkins M.Y. and Gowda H., 2000. 

Nutritional and hematological impact of 

dietary flaxseed and defatted flaxseed 

meal in rats. Int. J. Food Sci., Nutr. 3, 51 

(2): 109-17. 
Bassett C.M., Rodriguez-Leyva D. and Pierce 

G.N. 2009. Experimental and clinical 
research findings on the cardiovascular 
benefits of consuming flaxseed. Appl. 
Physiol. Nutr. Metab. 34:965–974. 

Batterham E.S., Andersen L.M., Baigent D.R. and 
Green A.G., 1991. Evaluation of meals from 
Linola™ low-linolenic acid linseed and 
conventional linseed as protein sources for 
growing pigs. Animal Feed Science and 
Technology, 35: 181–190. 

Beliefield A. and Goldberg D.M., 1971. Estimation 
of serum alkaline phosphates. Enzyme, 
12:561.   

Blasco A., Quhayaun J. and Masoscro G., 1993. 
Hormanization of criteria and terminology in 
rabbit meat research. World Rabbits 
Sciences, 1: 3-10.   

Blaxter, K.L., 1968. The energy metabolism of 
ruminants. 2nd ed. Charles Thomas 
Publisher. Spring field. Illinois, U.S.A. 

Budin, J.T., W.M. Breene and D.H.  Putman, 
1995. Some compositional properties of 
Camelina (Camelina sativa L. Crantz) seeds 
and oils. J. Am. Oil Chem. Soc., 72 (3): 309-
315. 

Calsamiglia, S., M.D. Stem and J.L. Frinkins, 
1995. Effects of protein source on nitrogen 
metabolism in continuous culture and 
intestinal digestion in vitro. Journal of Animal 
Science, 73: 1819. 

Cheeke P.R., 1987. Rabbit Feeding and Nutrition. 
Academic Press Orlando, Florida, USA. 

Dal Bosco, A., C. Castellini, L. Bianchi and C. 
Mugnai, 2004. Effect of dietary α-linolenic 
acid and vitamin E on the fatty acid 
composition, storage stability and sensory 
traits of rabbit meat. Meat Sci., 66: 407-413. 

Doumas B.L., Watson T. and W.A. Biggs T., 1971. 
Albumin standards and measurement of 
serum with bromocresol green. Clin. Chem. 
Acta, 31:87. 

Duncan D.B., 1955. Multiple Rang and Multiple F–

Test Biometrics, 11: 1- 42. 
Dupasquier C.M., Weber A.M., Ander B.P., 

Rampersad P.P., Steigerwald S., Wigle J.T., 
Mitchell R.W., Kroeger E.A., Gilchrist J.S., 
Moghadasian M.M., Lukas A. and Pierce 
G.N., 2006. Effects of dietary flaxseed on 
vascular contractile function and 
atherosclerosis during prolonged 
hypercholesterolemia in rabbits. Am. J. 
Physiol. Heart Circ. Physiol., 12 (6): 291: 
2987-2996. 

Flachowsky, G., T. Langbein, H. Böhme, A. 
Schneider and K. Aulrich, 1997. Effect of 
false flax expeller combined with short-term 
vitamin E supplementation in pigs feeding on 
the fatty acid pattern, vitamin E concentration 
and oxidative stability of various tissues. J. 
Anim. Physiol. Anim. Nutr., 78: 187-195. 

Fossati, P and Principe L., 1982. Clin. Chem., 28: 
2077. 

Goering H.K. and Van Soest P.J., 1970. Forge 
fiber analysis (apparatus, reagents, 
procedure and some applications). Agric. 
Hand book 379, USDA, Washington, and 
DC., USA. 

Gomides A.F., Paula S.O., Rosa D.D., Oliveira 
L.L., Comastri D.S. and Peluzio Mdo C., 
2013. Use of defatted flaxseed meal reduces 
precancerous colon lesions in C57BL/6 mice. 
Acta Cir Bras., 8, 28 (8): 607-613. 

Harold V., 1975. Colorimetric Determination of 
Glutamate Pyruvate and Oxaloacetic 
Transaminase, Practical Clin. Biochem. 4th 
Ed.: P 294. 

Husdan H., 1968. Chemical determination of 
creatinine with deproteinization. Clin. Chem., 
14:222. 

Ibrahim, Sh. A.M., El-Nomeary, Y.A.A, El Allawy 
Hewida M.H and Bakry A. B., 2017. Effect of 
dietary replacement soybean meal by 
defatted flaxseed meal on growth 
performance, digestibility coefficient, carcass 
characteristics and some blood parameters 
in growing rabbits. Bioscience Research, 14 
(2): 265-272.   

Khial, A.A., 1997. Nutritional effects of rabbit 
manure on the performance of growing 
rabbits. M. Sc. Thesis, Faculty of Agriculture, 
Moshtohor, Zagazig University. 

Korsrud, G.O., M.O. Keith and J.M. Bell, 1978. A 
comparison of the nutritional value of crambe 
and camelina seed meals with egg and 
casein. Can. J. Anim. Sci., 58: 493-499. 

Kouba, M., F. Benatmane, J.E.  Blochet and J. 
Mourot, 2008. Effect of a linseed diet on lipid 



Omer, et al.,                                           Productive performance of growing Nnew Zealand white rabbits 

 

                                         Bioscience Research, 2018 volume 15(4): 4215-4228                                                4227 

 

oxidation, fatty acid composition of muscle, 
perirenal fat, and raw and cooked rabbit 
meat. Meat Sci., 80: 829-834. 

Li M.X., Zhu H.Y., Yang D.H., Ma X.Q., Wang 
C.Z., Cai S.Q., Liu G.R., Ku B.S. and Liu S.L. 
2012. Production of secoisolariciresinol from 
defatted flaxseed by bacterial 
biotransformation. J. Appl. Microbiol. 12; 
113(6):1352-1361. 

Liggins J., R. Grimwood and S.A. Bingham, 2000. 
Extraction and quantification of lignan 
phytoestrogens in food and human samples. 
Anal Biochem 287: 102-109.  

Liu, Z., Sarrinen N.M. and Thompson L.U. 2006. 
Sesamin is one of the major precursors of 
mammalian lignans in sesame seed 
(Sesamum indicum) as observed in vitro and 
in rats. J. Nutr. 136:906–912. 

Lorenc-Kukuła K., Amarowicz R., Oszmiański J., 
Doermann P., Starzycki M., Skała J., Zuk M., 
Kulma A. and Szopa J. 2005. Pleiotropic 
effect of phenolic compounds content 
increases in transgenic flax plant. J. Agric. 
Food Chem. 5.4; 53 (9): 3685-92. 

Magdalena M., I. Kosieradzka, M. Zuk and J. 
Szopa, 2015. Effect of dose and 
administration period of seed cake of 
genetically modified and non-modified flax on 
selected antioxidative activities in rats. Int. J. 
Mol. Sci., 16 (6): 14259-14275. 

McNamara J.R., Cohn J.S., Wilson P.W. and 

Schaefer E.J., 1990. Calculated values 

for low-density lipoprotein cholesterol in 

the assessment of lipid abnormalities and 

coronary disease risk. Clin. Chem., 36: 

36-42.  
NRC, 1977. National Research Council. Nutrient 

requirements of rabbits, National Academy of 
Science, Washington, D.C. 

Omer, H.A.A., A.A. Abedo, Sawsan M. Ahmed, 
Azza M.M. Badr and Mervat S.M. Hasanin, 

2013a. Utilization of Flaxseeds (Linum 
usitatissimum L.) in Rabbit Rations. 1. 
Response of Growing Rabbits to Diets 
Containing Different Levels of Flaxseeds. 
Life Science Journal 10 (4): 2638-2646. 

Omer, H.A.A., Sawsan M. Ahmed, A.A. Abedo 
and Azza M.M. Badr, 2013b. Utilization of 
Flaxseeds (Linum usitatissimum L.) in Rabbit 
Rations. 2. Influence of flaxseeds levels 
supplementations on blood constituents, 
carcass characteristics and fatty acids 
profile. Life Science Journal 10 (4): 2625-

2637. 
Peiretti, P.G. and G. Meineri, 2008. Effect of 

golden flaxseed supplementation on the 
performance and feed digestibility of rabbits. 
Journal of Animal and Veterinary Advances, 
7 (1): 56-60.  

Peiretti, P.G., P.P. Mussa, L. Prola and G. 
Meineri, 2007. Use of different levels of false 
flax (Camelina sativa L.) seed in diets for 
fattening rabbits. Livestock Science 107: 
192–198. 

Peterson, J., Dwyer J., Adlercreutz H., Scalbert 
A., Jacques P. and McCullough M.L., 2010. 
Dietary lignans: Physiology and potential for 
cardiovascular disease risk reduction. 
Nutrition Reviews. 68 (10): 571-603. 

Pisani T., Gebski C.P. and Leary E.T., 1995. 
Accurate direct determination of low- density 
lipoprotein, cholesterol Assay. Arch Pathol, 
Lab. Med., 119: 1127. 

Postma T. and Stroes J.A., 1968. Lipids 
Screening in Clinical Chemistry Clinica 
Chimica, Acta. 22: 569. 

Prasad K., 2000. Flaxseed: a source of 
hypocholesterolemic and antiatherogenic 
agents. Drug News Perspect 13: 99-104. 

Ray, L., 2011. Benefits of flaxseed in the diet, 
reducing cholesterol. 
http://www.livestrong.com/article/83994benef
its flaxseeddiet/#ixzz2GAqQZdJG.  

Reitman S. and Frankel S., 1957. Calorimetric 
method for the determination of serum 
glutamic oxaloacetic and glutamic pyruvate 
transaminase. An. J. Clin. Path., 28: 56. 

Rezaei and Hafezian H., 2007. Use of different 
levels of high fiber sunflower meal in 
commercial leghorn type layer diets. Int. J. of 
Poultry Sci., 6 (6): 431-433. 

Schuster, A. and W. Friedt, 1998.Glucosinolate 
content and composition as parameters of 
quality of Camelina seed. Ind. Crops Prod. 7: 
297-302. 

Simopoulos A.P., 2002. Omega-3 fatty acids in 
wild plants, nuts and seeds. Asia Pacific J. 
Clin. Nutr., 11: 163-173.  

SPSS, 2008. Statistical package for Social 
Sciences, Statistics for Windows, Version 
17.0. Released 2008. Chicago, U.S.A.: 
SPSS Inc 

Steven's farm, 2013. What is flaxseed? 
http://www.stevensfarm.com/pages/faqs 

Struijs K., Vincken J.P., Verhoef R.P., Oostveen 
W.H.M., Voragen A.G.J. and Gruppen H. 
2007. The flavonoid herbacetin diglucoside 
as a constituent of the lignan macromolecule 



Omer, et al.,                                           Productive performance of growing Nnew Zealand white rabbits 

 

                                         Bioscience Research, 2018 volume 15(4): 4215-4228                                                4228 

 

from flax seed hulls. Phytochem. 68:1227–
1235. 

Thompson L.U., Robb P., Serraino M. and 
Cheung F. 1991. Mammalian lignan 
production from various foods. Nutr Cancer. 
16:43-52. 

Torkan M., Entezari M.H.1. and Siavash M., 2015. 
Effect of flax seed on blood lipid level in 
hyperlipidemic patients. Rev. Recent Clin. 
Trials.10 (1): 61-67. 

Tietz N.W., 1986. A method for the rapid 
determination of albumin of blood plasma. 
P.589 in Textbook of Clinical Chemistry. 
W.B. Saunders Company, Philadelphia. 

Van Soest P.J., Robertson J.B. and Lewis B.A., 
1991. Methods for dietary fiber, neutral 
detergent fiber and non-starch 
polysaccharides in relation to animal 
performance. Journal of dairy Science, 74: 
3583–3597.  

Witt I. and Trendelenburg C., 1982. A method for 
the rapid determination of total protein 
plasma. J. Clin. Biochem., 20: 235.  

Zuk M., Kulma A., Dymińska L., Szołtysek K., 
Prescha A., Hanuza J. and Szopa J. 2011. 
Flavonoid engineering of flax potentiate its 
biotechnological application. BMC 
Biotechnol, 11 (1): 10. 

 
 
 
 
 
 
 
 
 


