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Abstract 

 The present study aimed to investigate the effect of addition 

flaxseeds on the nutritional value of camel meat sausage at the ratio 

of 0 (control), 10, 20 and 30%. The chemical composition of both 

raw materials and the product were estimated using standard meth-

ods. Antioxidant activity in sausages were valuated by estimating the 

number of peroxide value and Thiobarbituricacid value. Also,  mi-

crobiological analysis and sensory changes in sausage at zero time 

and during freezing period at -18°C for three and six months were es-

timated. 

The results showed that flaxseeds are rich in fat, protein, crude fiber 

and elements such as calcium, iron, magnesium, phosphorus, potassi-

um and zinc. The number of peroxide was apparent from the results 

that PV (mill. Equiv. /kg lipids) was ranged from 5.04±0.04 to 

5.32±0.41 at zero time. The highest value of PV was noticed in con-

trol samples and the lowest value was found in prepared formula (4). 

During freezing and frozen storage, TBA values of prepared camel 

meat sausages were decreased from 1.17±0.03 to 1.11±0.07 malo-

naldehyde /kg meat at zero time till reached between 0.91±0.09 and 

93±0.07 at the end of storage. Control sample recorded the highest 

number, meanwhile formula (4) had the lowest number spore forming 

bacteria was slightly decreased as the level of dried flaxseeds powder 

increased. Results revealed that total fungi and yeasts ranged from 2 
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x 10
2
 to 2.4 x 10

3 
cell/g after processing. Total fungi and yeasts were 

slightly decreased. 

 The study recommends that flaxseeds can be used up to 30% in 

sausage manufacturing and was nutritionally and microbiologically 

valid for up to six months. 

Key words: Flaxseed, Nutritional value, Camel meat, Chemical anal-

ysis, Peroxide Value, Microbiological analysis, Organoleptic test.  

Introduction 
Generally, meat and meat products have a good sources of high 

biological value proteins, fat-soluble vitamins, minerals, trace elements 

and bioactive compounds. Life style and socioeconomic factors changes 

in recent years have increased the consumer’s preference for ready to eat 

foods including meat products. The processing of meat and meat prod-

ucts leads to generation of many functional compounds beneficial to hu-

man health but most of those foods are rich in fat, added salts but defi-

cient in complex carbohydrates like dietary fiber and pose a health hazard 

that somehow is proved to be a predisposing factor for cardiovascular 

diseases, colon cancer, obesity including diabetes mellitus (Verma and 

Banerjee, 2010; Biswas, et al., 2011 and Mehta, et al., 2015). 

Kimassoum et al., (2016) reported that world production of cam-

el meat has been regularly increasing, mainly in the Central African sub-

region doubling during the past two decades, it is also presents high pro-

tein content. The amino acid and mineral contents of camel meat are of-

ten higher than beef (Kadim et al., 2008). 

The same author  stated that camel meat is rich in many essential 

amino acids, minerals, vitamins, bioactives compounds such as carno-

sine, anserine, glutathione and essential fatty acids such as omega 3 fatty 

acids. In addition it is  more beneficial for health because the meat con-

tains lower fat and cholesterol levels than other red meats. Camel meat is 

also relatively high in polyunsaturated fatty acid (PUFA) in comparison 

to other red meat which contributes to its health promoting benefits. Con-

sumption of camel meat can lead to a reduction in total fat and cholester-

ol intake and an increase in PUFA as compared with other conventional 
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meat sources (Gheisari and Ranjbar, 2013 and Kadim, et al., 2014). 

Meat in general is considered a functional food for cures of many 

elments and for improved performance in many cultures around the 

world. Camel meat has been processed into burgers, patties, sausages and 

shawarma to add value. The nutritional value of camel meat is similar to 

other red meats (Kadim et al., 2008). 

Xu, et al., (2008) studied that flaxseeds proteins exhibit 

antifungal properties against Alternariasolani, Candida albicansand 

Aspergillus flavus Flaxseeds has an amino acid profile comparable to that 

of soybean (Oomah, 2001; Hongzhi, et al., 2004). 

Hall, et al., (2006) found that the protein content of flaxseeds varies from 

20 to 30 %, constituting approximately 80% globulins (linin and 

conlinin) and 20 % glutelin. Chung, et al., (2005) and Singh, et al., 

(2011) showed that flaxseeds protein is rich in arginine, aspartic acid, 

glutamic acid, methionine, arginine, cysteine and aspartic acid, with low 

amounts of lysine, threonine and tyrosine, High cysteine and methionine 

contents improve the antioxidant levels , thus helps in reducing risk of 

cancer (Oomah, 2001 ;Rabetafika, et al., 2011 ; Kajla, 2015). 

Oomah and Mazza, (1997) found that flaxseeds oil content of ranges 

from 38 to 44%.Schmitz and Ecker, (2008) reported that flax is 

naturally high in polyunsaturated fatty acids (PUFA), Alpha-linolenic 

acid (ALA) and linoleic acid (LA) are the essential fatty acids. Morris, 

(2007) found that flaxseeds contains very low level of carbohydrates (1 

g/100 g) and thus contributing very little to total carbohydrates intake. 

Flaxseeds are emerging as an important functional food ingredi-

ent because of its rich contents of α-linolenic acid (ALA, omega-3 fatty 

acid), lingans (Singh, et al, 2011). Flaxseeds oil, fibers and flax lingans 

have potential health benefits such as in reduction of cardiovascular dis-

ease, atherosclerosis, diabetes, cancer, arthritis, osteoporosis, autoim-

mune and neurological disorders. Flax protein helps in the prevention and 

treatment of heart disease and in supporting the immune system. As a 

functional food ingredient, flax or flaxseeds oil has been incorporated 

into baked foods, juices, milk and dairy products, muffins, dry pasta 
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products, macaroni and meat products. (Ankit, et al,.2014). Flaxseeds 

are a promising candidate to cater for sustainable protein sources (Ma-

rambe, and Wanasundara,. 2017). 

MATERIALS AND METHODS 

Materials: 
Flax Seeds were obtained from Agriculture Research Center in Giza 

Governorate, Egypt. Minced camel meat, fat, salt, onion, garlic, spices 

and cardamom were obtained from local market in Qalyubia Gover-

norate. Chemicals were obtained from Alpha Chemicals. 

Methods  

Preparation of flax seeds powder:- 
  Flax seeds were cleaned from impurities and were dried in solar energy 

unit in the  National Central Research, Dokki, Egypt. Then ground into 

fine power in an electrical grinder very well and packed in polyethylene 

bags and kept in the refrigerator at - 18 °C. 

Preparation of camel sausages : 
Sausage was prepared by mixing minced camel meat with the other in-

gredients according to the method described by Azizkhani and Toor-

yan,. (2014). Four formulae of sausage were prepared with replace camel 

meat with flaxseeds powder at ratio (0, 10, 20 and 30%) as showing in 

table (1). 

Table (1) : the percentage of food materials used in 

prepared camel sausages (g/100g on fresh weight basis). 

4 3 2 1               Formulae       

Ingredients(%) 

40 50 60 70 Minced camel meat 

10.00 10.00 10.00 10.00 Minced camel fat 

30.00 20.00 10.00 0.00 Flaxseed powder 

3.00 3.00 3.00 3.00 Chopped raw onion 

3.00 3.00 3.00 3.00 Minced raw garlic 

2.00 2.00 2.00 2.00 Sodium chloride 

2.00 2.00 2.00 2.00 Spices mixture 

10.00 10.00 10.00 10.00 Cooled water 
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Chemical analysis: 
Moisture, protein, fat, fiber and ash were determined according to the 

method described by AOAC, (2005).And carbohydrates were calculated 

by difference. % Total Carbohydrates   100 -    Protein   Fat   Ash   

Fibers . Results calculated as g   100g on dry weight basis). Approximate 

value of the materials were calculated using the appropriate factor as de-

scribed by FAO/WHO, (1985) as following equation: Energy value 

(Kcal) = [(carbohydrates × 4.0) + (fat × 9.0) + (protein × 4.0)].  

Determination of Minerals:   
Potassium (K), sodium (Na), magnesium (Mg), iron (Fe) zinc (Zn) were 

determined in flaxseeds according to the method described by AOAC, 

(2005) using Atomic Absorption in Agricultural Center Research, Giza, 

Cairo, Egypt. 

Determination of peroxide value (PV) : 
Peroxide value (PV) of samples was determined according to method de-

scribed by AOAC, (2005).  

Thiobarbituric acid value (TBA) : 
The TBA values of samples were determined as outlined in the AOCS, 

(1998). The T A value calculated as mg malonaldehyde   Kg sample. 

Determination of pH: 
The pH value of camel Sausage formulae were determined immediately 

after preparation of the samples. The pH value was measured by digital 

pH-meter (HM-5 S; TOA Electric Industrial Co. Ltd., Tokyo, Japan). 

Microbiological Analysis : 

Total bacterial count, total psychrophilic count, spore forming 

bacteria and fungi and yeasts count of the prepared camel Sau-

sage was determined according to ICMSF, (1978). 

Organoleptic tests: 
Organoleptic evaluation i.e. color, odor, texture, taste and overall accept-

ability of both Sausage formulae and minced cooked meat by using dried 

flax seeds were evaluated by the panelists of the stuff members of De-

partment of Home Economics, Faculty of Specific Education, Benha 
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University after cooking. According to the method described by Watts, 

et al., (1989). 

Statistical analysis: 
Statistical calculations were carried out by SPSS version 10.0 software 

(SPSS, 1998). 

Results 
Data showed in table (2) illustrates the chemical composition of raw 

camel meat. The obtained results showed that moisture content was 

71.80%, protein 18.05 %, fat 7.36 %, ash 1.73 % and carbohydrates 0.79 

%.These results are confirmed by Mohamed, (1998) who reported that 

moisture content of camel meat 77.80%, protein 18.45%, fat 2.80% and 

ash 0.95%, respectively. And, Fakhre El-Din, (2006) found that mois-

ture 72.07 %, protein 18.51 %, fat 7.40 %, ash 1.18 % and carbohydrates 

0.84 %. 

Table (2) Chemical composition of raw camel meat (W.W): 

raw camel meat Component (%) 

71.80 Moisture 

18.05 Protein Total  

7.63 Fat  Total 

1.73 Ash  Total  

0.79 Carbohydrates 

Table (3) illustrates the chemical composition of dried flaxseeds were 

expressed as (g/100g dry weight basis).The obtained results showed that 

moisture content was 3.97 %, protein 18.36 %, fat 44.42 %, crude fiber 

26.90 %, ash 2.80 % and carbohydrates 3.55 %. These results are con-

firmed by Morris, (2007) and DeClercq, (2012) who found the average 

composition of commercial flaxseed was fat 41 %,  protein 20 %, total 

dietary fiber 28%, moisture 7.7 %, and ash 3.4 %. The obtained results 

proved that dried flax seeds powder are considered as a good sources of 

plant protein, fat and fiber content.  
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Tabel (3) Chemical composition  of flaxseeds (g/100 g). 

Table (4) illustrates the amino acids contents of dried flaxseeds powder 

as g/100g protein. Generally flaxseeds are rich in amino acids such as 

Glutamic acid was a high content (4.04 %) flowed by Aspartic acid (2.04 

%). These results correspond to the results mentioned by Rabetafika, et 

al., (2011), Bernacchia, et al., (2014) and Kajla, et al., 

(2015).Flaxseeds protein is rich in aspartic acid, glutamic acid,   arginine, 

Glycine and leucine, while tryptophan is limiting. Hall, et al., (2006) 

studied that the protein content of flaxseeds varies from 20 to 30 %, con-

stituting approximately 80% globulins (linin and conlinin) and 20 % glu-

ten. 

Table (4) Amino acid profile of flaxseeds (g/100 g protein) 

Component (%) Flaxseeds 

Moisture 3.97 

Protein 18.36 

Oil 44.42 

Crude fiber 26.90 

Ash 2.80 

Carbohydrates 3.55 

Amino acid Flaxseeds 

Glutamic acid 4.04 

Aspartic acid 2.04 

Arginine 1.89 

Glycine 1.25 

Leucine 1.22 

Valine 1.07 

Serine 0.97 

Phenylalanine 0.95 

Alanine 0.92 

Isoleucine 0.88 

Lysine 0.85 

Proline 0.79 

Threonine 0.76 

Tyrosine 0.49 

Histidine 0.46 
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Table (5) showed that, the minerals contents of dried flax seeds 

powder (mg/100g on dry weight basis). Results indicated that dried flax-

seeds powder contained Ca, K, Mg, P, Fe and Zn (253, 812, 387, 646, 

5.70 and 4.32 mg/100g on dry weight basis), respectively. These results 

were in accordance with those mentioned by Carter, (1993)who found 

that flaxseeds serves as a good source of minerals especially, phospho-

rous (650 mg/100 g), magnesium (350–431 mg/100 g), calcium (236–250 

mg/100 g) and has very low amount of sodium (27 mg/100 g). And, 

Morris, (2007) who showed that it contains highest amount of potassium 

560–920 mg/100g among various foods. 

Table (5): Minerals of dried flax seeds powder (mg/100 g) 

Element (mg/100 g) Flaxseeds 

K 812 

P 646 

Mg 387 

Ca 253 

Zn 4.32 

Fe 5.7 

Chemical composition of prepared camel sausages supplemented with 

different ratio of dried flaxseeds powder in either at zero time was shown 

in table (6) Chemical composition was calculated as g/100g on dry mat-

ter. Results showed that prepared camel sausages contained moisture 

ranged from 50.52±0.51 % to 61.64±0.04 %. Formula (1) showed the 

highest value of moisture and the lowest value was found in formula (4). 

Statistical analysis of the data showed that there were a high significantly 

differences (P < 0.05) between formulae among treatments during frozen 

storage period.    

It is obvious from the same table that, protein content of all formu-

lae was ranged between 17.81±0.13 % and 18.72±0.08 %. The highest 

Cystine 0.34 

Methionine 0.36 

Tryptophan 0.29 
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value of protein was found in formula (4), followed by formula (3) and 

(2), but formula (1) was the lowest value of protein content. The higher 

value of protein in prepared formulae by using dried flaxseeds powder 

may be due to the higher value of protein in flaxseeds as shown in the 

previously results. Statistical analysis of the data showed that there were 

a significantly differences (P < 0.05) of  formulae (1 and 4), but there 

was no significantly differences (P < 0.05) of  formula (2 and 3). 

 It was evident from results that oil content of prepared camel sau-

sages ranged from 13.45±0.21 % to 18.16±0.18 %. The highest value 

was found in formula (3) and the lowest value was noticed in formula 

(1). These results were due to high oil content in flaxseeds as mentioned 

in the previously results. Statistical analysis of the data showed that there 

were a significant difference (P < 0.05) of  formulae (1and 2), but there 

was no significantly differences (P < 0.05) of  formula (3 and 4). 

Results also showed that cured fiber content of prepared camel sau-

sages formulae ranged from 1.29±0.05 % to 4.98±0.05 %. The highest 

value of fiber content was noticed in formula (4) and the lowest value 

was found in formula (1). Statistical analysis of the data showed that 

there were a significantly differences (P < 0.05) between  formulae. 

It was obvious from the same table that, ash content of all formulae 

was ranged between 1.54±0.05 % and 1.86±0.05 %. The highest value of 

ash was found in formula (4) followed by formula (3) and (2), but formu-

la (1) was the lowest value of ash content. Statistical analysis of the data 

showed that there were a significantly differences  (P < 0.05) of  formu-

lae.  

 Recorded the highest value of carbohydrates in formula (4): 

5.74±0.04 % while the lowest value was in formula (1) 3.99±0.36 %. Sta-

tistical analysis of the data showed that there were a significantly differ-

ences (P < 0.05) of  formulae.  
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It was evident from results that energy content of prepared camel 

sausages formulae ranged from 208±3.85 % to 261±2.13 %. The highest 

value was found in formula (4) and the lowest value was noticed in for-

mula (1). Statistical analysis of the data showed that there were a signifi-

cantly differences (P < 0.05) between  formulae. 

It is worthy to mention that, chemical composition of prepared 

camel sausages formulae was in the permissible limits according to rec-

ommendation of Egyptian Standard Specifications (ESS), (1991).  

Table (6): Chemical composition of prepared sausages formulae 

supplemented with different levels of  dried flaxseeds powder.  

30% 20% 10% Control Component(%) 

50.52
d
±0.51 52.32

c
±0.07 58.28

b
±0.01 61.64

a
±0.04 Moisture 

18.72
a
±0.08 18.32

b
±0.02 18.17

b
±0.02 17.81

c
±0.13 Protein 

18.16
a
±0.18 17.77

a
±0.34 15.72

b
±0.29 13.45

c
±0.21 Oil 

4.98
a
±0.05 4.73

a
 ±.70 2.01

b
±0.01 1.29

 b
±0.05 Crude fiber 

1.86
a
±0.05 1.75

b
±0.07 1.60

c
±0.02 1.54

c
±0.05 Ash 

5.74
a
±0.04 5.34

b
±0.06 4.21

c
±0.01 3.99

c
±0.36 Carbohydrates 

261
a
±2.13 254

b
±4.10 231

c
±3.46 208

d
±3.85 Energy 

Peroxide value: 

Peroxide value (PV) was determinate in camel sausages samples supple-

mented with dried flaxseeds powder during subsequent freezing storage 

at -18
o
C for 6 months are shown in table (7). The peroxide value is a pa-

rameter of lipid oxidation; it is used for the evaluation of the fat quality. 

A high PV is an index of undesirable changes in the fats. It is apparent 

from the results that PV (mill. Equiv. /kg lipids) was ranged from 

5.04±0.04 to 5.32±0.41 at zero time. The highest value of  PV was no-

ticed in control samples and the lowest value was found in prepared for-

mula (4). It is interesting to note that PV reduced parallel with increasing 

the replacement rate of dried flaxseeds powder. This decreasing of PV is 

mainly due to that flaxseeds powder has an antioxidant properties be-

cause it delays the oxidation process. In the end, it could be concluded 

that PV of all camel sausages formulae which contained dried flaxseeds 
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powder had a lowest values at zero time or during frozen storage. This 

may be due to flaxseeds powder which have an antioxidant property. Sta-

tistical analysis of the data showed that there were no significant differ-

ence (P < 0.05). But there were a significant difference (P < 0.05) at zero 

time and during storage period. 

Table (7): Peroxide value (PV) of prepared camel sausage formulae   

supplemented with  different levels of dried flaxseeds 

powder at zero time and during frozen storage period 

(mille equiv. /kg fat). 

Thioparbituric acid value: 

Thioparbituric acid of prepared camel sausages samples at zero time and 

during freezing storage at -18
o
C for three and six months was illustrated 

in table (8).  

The TBA values were reduced parallel with increasing the levels of dried 

flaxseeds powder. This improving of fat TBA is mainly due to that flax-

seeds powder has an antioxidant effects during freezing and frozen stor-

age, adding of flaxseeds powder to sausages formula caused decrease in 

TBA as compared to control formula. The results had decrease from 

1.17±0.03 to 0.91±0.09 in zero time. While, the decreasing in TBA was 

1.11±0.07 to 0.93±0.07 after six months storage period. Statistical analy-

sis of the data showed that there were no significant difference (P < 0.05) 

of formula (1) at zero time and during storage period. But, there were a 

significantly differences (P < 0.05) between samples. Camel meat 

showed the higher TBARS than cattle and chicken and the values in-

creased with an increase in storage time Gheisari, (2011). Also, 

Maqsood and Benjakul, (2011) reported that camel meat is known to 

Formulae Zero time Three months Six months 

Control 5.32
a
±0.41 5.05

a
±0.05 5.04

a
±0.04 

10% 4.63
b
±0.07 4.60

b
±0.07 4.59

b
±0.07 

20% 4.35
c
±0.05 4.31

c
±0.08 4.27

c
±0.07 

30% 4.01
d
±0.07 4.00

d
±0.08 4.37

d
±0.07 
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contain high amount of myoglobin and other hem compounds which 

function as pro-oxidants to promote lipid oxidation. Therefore, the pres-

ence of high amount of PUFA and pro- oxidants likehem pigment (myo-

globin and hemoglobin) makes camel meat highly prone to lipid oxida-

tion. It could be concluded that TBA values were decreased as the addi-

tion of dried flaxseeds powder increased in either after processing or dur-

ing frozen storage, but did not reached to the permissible limit according 

to Egyptian Standard Specifications (ESS), (1991) for frozen minced 

meat and their products not exceed than 0.9 mg malonaldehyde /kg meat. 

Table (8): Thioparbituric acid value (TBA) of prepared camel sau-

sages formulae supplemented with different levels of dried flaxseeds 

powder at zero time and during frozen storage peri-

od(malonaldehyde /kg) 

Concentrations zero time Three months Six months 

Control 1.17
a
±0.03 1.16

a
±0.03 1.11

a
±0.07 

10% 0.99
b
±0.09 0.99

b
±0.07 1.01

a
±0.11 

20% 0.96
b
±0.09 0.92

b
±0.07 0.96

a
±0.08 

30% 0.91
b
±0.09 0.88

b
±0.08 0.93

a
±0.07 

PH value: 

PH values of prepared camel sausages formulae supplemented with dried 

flaxseeds powder at zero time and during frozen storage at -18
o
C for 

three months and six months were illustrated in table (9). PH values of all 

prepared camel sausages formulae were ranged from 5.40±0.48 to 

5.61±0.13 at zero time. During frozen storage, PH value of all prepared 

formulae increased till reached 5.50±0.31 to 5.72±0.25at the end of stor-

age period. Statistical analysis of  PH-Values of all sausages formulae 

indicated that there were no significantly differences (p ≤ 0.05) in either 

at zero time or during frozen storage period for six months. Such results 

are in accordance with those mentioned by Kadim, et al., (2006) who 

found that the ultimate pH of camel meat ranges between 5.5 and 6.6. 

Camels younger than three years had greater pH than camels older than 
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six years. McCarthey, et al. (2001) showed that the increasing in PH 

might be due to the accumulation of metabolites by bacterial action in 

meat and denaturation of protein.  

Table (9): pH value of prepared camel Sausage formula supplement-

ed with different levels of flaxseeds powder at zero time and during 

frozen storage at -18
o
C for three months and six months. 

Formulae Zero Time Three Months Six Months 

Control 5.40
a
±0.48 5.43

a
±0.62 5.50

a
±0.31 

10% 5.42
a
±0.42 5.49

a
±0.10 5.54

a
±0.44 

20% 5.51
a
±0.12 5.52

a
±0.13 5.60

a
±0.12 

30% 5.61
a
±0.13 5.63

a
±0.49 5.72

a
±0.25 

 

Microbiological evaluation of prepared camel sausages 

formulae: 

Table (10) illustrated that total bacterial counts of sausages for-

mulae supplemented with flaxseeds powder at zero time and during 

freezing at -18
o
C for zero, 3 and 6 months. Results indicated that, total 

bacterial counts of camel sausages ranged from 5 x 10
4
 to8 x 10

5
cfu/g. 

The results indicated that the formula (4) which supplemented with 30% 

flaxseeds had the lowest number of total bacterial as compared to control 

which had the largest number of total bacterial: It is worthy to mention 

that these microbial populations were slightly decreased with the incre-

ment of flaxseeds powder level during preparation of sausages. This de-

crease of microbial load may be due to the reduction of moisture content 

in sausages samples by increasing flaxseeds powder. In addition to, sau-

sages containing flaxseeds powder had considerably lower bacterial 

counts than control sausages. These results due to that water activity (wa) 

of flaxseeds powder. During frozen storage, total bacterial counts of all 

prepared sausages formulae were decreased gradually as the prolonged of 

storage time. Total bacterial counts of all samples ranged from 8 x 10
4
 to 

5 x 10
5
cfu/g at zero time and its decreased gradually as the prolonged of 
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storage time till reached between 8 x 10
3
 and 5 x 10

4
after six months. 

However, the high ratio of flaxseeds powder caused a low number of 

bacteria. This trend of results was in accordance with those found by El-

Gazar, (1997). This decrease in microbial load might be due to drastic 

condition of freezing and frozen storage. The reduction of total bacterial 

counts during freezing and frozen storage could be due to mechanical 

effect on ice crystal formation of cell proteins in microorganisms result-

ing from freezing. Also, this decrease may be due to that dried flaxseeds 

powder has an antioxidant and antibacterial effect. Freezing process of 

beef patties caused a slight decrease in aerobic bacteria after 6 months as 

reported by Berry, (1990). It is worthy to mentioned that all camel sau-

sages were in the permissible limits according to the Egyptian standard 

Specifications Egyptian Standard Specification (ESS), No .1972, 

(1991) which reported that total bacterial counts should not exceed than 

10
6
cfu/g. 

Psychrophilic bacterial counts of camel sausages were illustrated 

in table (10). Generally, the results showed increasing of psychrophilic 

bacteria in sausage samples during storage period. It is obvious from the 

data that, total psychrophilic bacteria ranged from 1.8 x 10
1
 to 5.9 x 

10
1
cells /g at zero time. While formula (4) recorded the lowest number of 

psychrophilic bacteria. Meanwhile control sample had the highest num-

ber. It is worthy to mention that the number of total psychrophilic bacte-

ria was slightly decreased as the percentage of flaxseeds powder in-

creased. This decrease of bacteria may be due to the reduction of mois-

ture in camel sausages as shown in table (6) with increment of percentage 

dried flax seeds powder. Also, formulae containing flaxseeds powder had 

considerably lower psychrophilic bacterial counts than control. This re-

sult may be due to that water activity (wa) of flaxseeds powder which 

caused to decrease in moisture as shown in the previously results. During 

subsequent frozen storage period, total psychrophilic bacterial counts of 

all samples were slightly increased upon storage period. Control sample 

increased from 5.9 x 10
1
 to 6.0 x 10

2
 cell /g. 
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El-Adl, (1995) reported that Psychrophilic bacterial counts may 

influence the development of total bacterial count during storage period. 

When psychrophilic bacteria were not detected in sausage samples, the 

total bacterial count was increased. It is apparent from the results that at 

any time of storage, total Psychrophilic counts was a low with the per-

centages of flaxseeds increased; adding flaxseeds powder to camel sau-

sages caused a reduction of microbial populations. The same trend of re-

sults was in agreement with those obtained by El-Harery, (1997). It is 

worthy to mention that total Psychrophilic bacterial counts, under inves-

tigation, was lower than the permissible limits of Egyptian Standard level 

in either after processing or during storage  period at – 18
o
C for 6 

months. 

Table (10) show spore forming bacteria of prepared camel sau-

sages supplemented with different percentages of flaxseeds powder dur-

ing frozen storage at – 18
o
C for 3 and 6 months. Results showed that the 

number of spore forming bacteria ranged from 1.0 x10
1 

to 2.0 x 10
1
 cell/g 

at zero time. Control sample recorded the highest number, meanwhile 

formula (4) had the lowest number i.e. spore forming bacteria was slight-

ly decreased as the level of dried flaxseeds powder increased. This de-

crease could be attributed to the lowering of camel sausages contamina-

tion in by increasing the addition of dried flaxseeds powder. 

During freezing storage, there was a gradual decrease in spore 

forming bacteria of all camel sausages at any given time of storage peri-

od. This conclusion was mentioned by Emam, (2003). 

Dave and Ghaly, (2011) noted that meat and meat products are 

prone to microbial spoilage during slaughtering, processing and storage 

because its possess an ideal nutrient matrix that can favor the prolifera-

tion of micro-organisms especially pathogenic ones. Mostly, water activi-

ty of fresh meat fall in the range of 0.85–0.98 and it's also providing an 

optimum pH for the growth of microorganism, so the chances of micro-

bial contamination are evident. 
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Results in the same table also demonstrated that spore forming 

bacteria were decreased from 1.2 x 10
1
to 1.0x 10

1
 cell /g in control sam-

ples at the end of storage. This decrease might be due to drastic condition 

of freezing process. The results are in the line with Shady, (1999) who 

found that freezing and frozen storage for 2 months of fresh meat sam-

ples caused destruction in spore forming bacteria. Also, the results were 

in agreement with those showed by Russel (1996) who noted that freez-

ing process and frozen storage for both meat and their products which 

caused a reduction of microbial populations. 

The changes occurring in fungi and yeasts of different prepared 

camel sausages by adding various levels of dried flax seeds during freez-

ing storage period at – 18
o
C for 3 and 6 months are tabulated in table 

(10). Results revealed that total fungi and yeasts ranged from 2 x 10
2
 to 

2.4 x 10
3 

cell/g after processing. Total fungi and yeasts were slightly de-

creased; this decrease could be attributed to the lowering of contamina-

tion in camel sausages by increasing dried flaxseeds powder. 

During freezing storage, there was a slightly decrease of total fungi and 

yeasts of all samples under investigated, with the increment of storage 

time till reached to 2 x10
2
 to 2.5 x10

3
cfu/g. It is worthy to mention 

that, the higher level of dried flaxseeds powder, the lower number of 

fungi and yeasts. The same conclusion was found by Emam, (2003) 

and El-Bassyoni, Ghada, (2003). 
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Table (10): Total bacterial counts, Psychrophilic bacteria, Spore 

forming bacteria and Fungi and yeasts of camel sausages and 

formulae supplemented with different levels of  flaxseeds at zero 

time and during storage at -18
o
C for three and six months. 

Samples Zero time Three Months Six months 

 Total bacterial counts 

Control 5×10
5

 4×10
5

 5×10
4

 

10% 4×10
5

 3×10
5

 3.9×10
3

 

20% 3×10
5

 2×10
5

 4.4×10
3

 

30% 8×10
4

 7×10
4

 8×10
3

 

 Psychrophilic bacteria 

Control 5.9×10
1
 5.8×10

2
 6.0 ×10

2
 

10% 3.5×10
1
 3.1×10

2
 3.4 ×10

2
 

20% 2.4×10
1
 2.5×10

2
 3.0 ×10

2
 

30% 1.8 ×10
1
 2.3×10

2
 2.0 ×10

2
 

 Spore forming bacteria 

Control 2.0×10
1

 1.6×10
1

 1.2×10
1

 

10% 1.5×10
1

 1.3×10
1

 1.1 ×10
1

 

20% 1.2×10
1

 1.1×10
1

 1.0×10
1

 

30% 1.0 ×10
1

 1.0 ×10
1

 1.0×10
1

 

 Fungi and yeasts 

Control 2.4×10
3

 2.4×10
2

 2.5×10
3

 

10% 2×10
3

 1×10
2

 1.1×10
3

 

20% 4×10
2

 3.8×10
1

 4×10
2

 

30% 2×10
2

 2×10
1

 2×10
2

 

Sensory properties of camel sausage formulae supplemented with 

different levels of dried flaxseeds powder are shown in Table (11). It was 

obvious from the results that Appearance of prepared camel sausage was 

ranged from 8.20±0.44 to 8.80±0.29, the lowest score was found in for-

mula (1) and the highest score was found in formula (4). 

The results in the same table revealed that the color score of pre-

pared camel sausage samples  was ranged from 7.70±0.60 to 8.10±0.28 
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the lowest score was found in formula (1) and the highest score was 

found in formula (2) .Statistical analysis of the data showed that there 

were no significant difference (P < 0.05) of color score among treatments 

during frozen storage period. Abu-Salem, et al.,(2014) showed that  this 

reduction may due to discoloration of meat products , namely lipid oxida-

tion outcomes between the formation of pro-oxidation successful over 

reacting together with oxymyoglobin, who propulsion after metmyoglo-

bin composition, so it caused to drip loss, off-odor and of-flavor devel-

opment , and the production of potentially toxic compounds  

Results revealed that texture score of prepared camel sausage was 

highly acceptable and ranged from 7.80±0.39to8.10±0.31. Formula (2) 

had recorded the best results of texture score. This decrease of texture 

score could be due to that meat and the products becomes more and more 

tender due to the hydrolysis of protein and the growth of microorganisms 

(Emam, 1990). Statistical analysis of the data showed that there were no 

significant difference (P < 0.05) among formulae during frozen storage 

period.  

Results showed that prepared sausage showed the higher score of 

taste after processing, it reached from 6.80±0.42 to 8.40±0.5. The highest 

score was found in formula (1) and the lowest score was in formula (3). 

Statistical analysis of the data showed that there were a significant differ-

ence (P < 0.05) of taste score among prepared samples during frozen 

storage period. It could be noticed that taste score of formula (1) and (2) 

samples were highly acceptable for the panelists in either at zero time or 

at the end of storage.  

Results indicated that odor score ranged from 7.20±0.36 to 

7.90±0.53  just after processing. The highest score of odor was found in 

formula (1) and the lowest value was found in formula (4). This decrease 

in odor score may be due to the increasing of TBA   and peroxide value 

of sausage as shown in the previously results in tables. Warries, (2000) 

showed that oxidation of meat fats lead to production of disagreeable 

odor and flavor in cooked meat and their products. Statistical analysis of 
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the data revealed that there were no significant difference (P < 0.05) of 

odor score of sausage among all during frozen storage period. It could be 

concluded that all samples were highly acceptable in odor score at zero 

time or during storage period. 

Results indicated that all prepared camel sausage were highly ac-

ceptable for the panelists in either after processing or during freezing and 

frozen storage. However, formula (2) showed the best results of overall 

acceptability. Statistical analysis of the data showed that there were no 

significant decreased (P < 0.05) of overall acceptability among formulae 

during frozen storage. 

Finally it could be concluded that all cooked camel sausage were 

highly acceptable of all sensory properties, i.e. color, texture, taste, odor 

and overall acceptability for the panelists in either after processing or 

during frozen storage. However, all organoleptic evaluation properties no 

significantly decreased (P < 0.05) with the prolong time of storage pro-

ceeded, but all formulae recorded higher score of sensory properties and 

also acceptable for human consumption . In addition  , Formula (2) rec-

orded the highest value of these properties. 

Table (11) Sensory properties of camel sausage formulae supple-

mented with different levels of  dried flaxseeds.  

Properties control 10% 20% 30% 

Appearance  8.20±1.39
a 

8.6±1.07
a 

8.6±1.07
a 

8.8±0. 92
a 

Color 7.70±1.88
a 

8.1±0.99
a 

8.1±0.88
a 

8.1±0.88
a 

Texture 8±1.33
a 

8.1±0.99
a 

7.8±1.23
a 

7.9±1.29
a 

Taste 8.4±1.57
a 

8.1±0.99
ab 

7.5±1.51
ab 

6.8±1.32
b 

Odor 7.9±1.66
a 

7.8±1.03
a 

7.7±0.82
a 

7.2±1.14
a 

Overall 

acceptability 

8.1±1.79
a 

8.5±0.85
a 

8.2±0. 92
a 

7.7±1.49
a 
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 السمخص العربي
 حُـ٠ِٔحُٜٔ٘ٞع ٖٓ حُِلْ  اٟخكش رٌٍٝ حٌُظخٕ ػ٠ِ حُو٤ٔش حُـٌحث٤ش ُِٔـن طؤػ٤َ

ُزلغ ا٠ُ ىٍحٓش طؤػ٤َ اٟخكش ريٌٍٝ حٌُظيخٕ ػِي٠ حُو٤ٔيش حُـٌحث٤يش ُِٔيـن حُٜٔي٘غ ٓيٖ ٣ٜيف ٌٛح ح

۱(. طييْ طوييي٣َ حُظ٤ًَييذ ح٤ٔ٤ٌُييخث٢ ٌُييَ ٓييٖ حُٔييٞحى حُوييخّ  ٖٓٝ  ٕٓ،  ٓٔ، ُٓلييْ حُـٔييَ ر٘ٔييزش )

ٝحُٔ٘ظؾ رخٓظويحّ حُطَم حُو٤خ٤ٓش. طْ طو٤ي٤ْ ٗ٘يخ١ ٠ٓيخىحص ح٧ًٔييس كي٢ حُٔيـن ٓيٖ هي٬ٍ طويي٣َ 

٤ًَٝٔييي٤ي ٝه٤ٔيييش كٔيييٞ حُؼ٤ٞرخٍر٤ظ٣ٍٞيييي. طيييْ طويييي٣َ حُظل٤ِيييَ ح٤ٌَُٔٝر٤ُٞيييٞؿ٢ ػييييى ه٤ٔيييش حُز

ىٍؿيش ٓج٣ٞيش ُٔييس  2ٔ-ٝحُظـ٤َحص حُل٤ٔش ك٢ حُٔـن ك٢ ٝهيض حُٜيلَ ٝهي٬ٍ كظيَس حُظـٔيي ػ٘يي 

ػ٬ػييش ٝٓيييظش أٗيييَٜ. أظٜيييَص حُ٘ظيييخثؾ إٔ ريييٌٍٝ حٌُظيييخٕ ؿ٤٘يييش رؼ٘خٛيييَ ٓؼيييَ حٌُخُٔييي٤ّٞ ٝحُلي٣يييي 

حُ٘ظيخثؾ ػِي٠ إٔ اٟيخكش ريٌٍٝ حٌُظيخٕ حُٔـليق أىٟ اُي٠ حٗوليخٝ  ىُيضٝحُٔـ٤ٔ٤ّ٘ٞ ٝحُلٞٓيلٍٞ. ٝ

طي٣ٍـ٢ ك٠ ٍهْ حُز٤ًَٔٝ٤ي ُـ٤ٔيغ ػ٤٘يخص حُٔيـن ُٝيٞكع ًِٔيخ ُحىص ٗٔيزش ح٩ٟيخكش ٓيٖ ريٌٍٝ 

حٌُظخٕ حُٔـللش ًِٔخ هَ ٍهْ حُز٤ًَٔٝ٤ي. ٝرٜ٘خ٣ش كظَس حُظو٣ِٖ حُظـ٤ٔيي ًخٗيض أهيَ ه٤ٔيش كي٢ حُؼ٤٘يش 

ي حٗولييخٝ كيي٢ ه٤ٔظييٚ ًُٝييي ر٣ِييخىس ٗٔييزش ح٩ٟييخكش ٓييٖ رييٌٍٝ (. أظٜييَ كييخٓٞ حُؼ٤ٞرخٍر٤ظ٣ٍٞييٗ)

كي٢ . أٟٝيلض حُ٘ظيخثؾ ٣ُيخىس ه٤ٔيش   ( ًخٗض أهَ ه٤ٔيشٗحٌُظخٕ ، ٝه٬ٍ حُظو٣ِٖ ُٞكع إٔ حُؼ٤٘ش )

ؿ٤ٔغ حُؼ٤٘خص ًِٝٔخ ُحىص ٗٔزش ريٌٍٝ حٌُظيخٕ ُحىص ه٤ٔظٜيخ ، ٝرٜ٘خ٣يش كظيَس حُظوي٣ِٖ ًخٗيض حُؼ٤٘يش 

 (PH)( ٢ٛ ح٧ػ٠ِٗ)

ك٢ أػيحى حُزٌظ٣َيخ ح٤ٌُِيش ٝحُٔظـَػٔيش  ٝحُلط٣َيخص ٝحُؤيخثَ كي٢ ؿ٤ٔيغ هِطيخص  كيع حٗولخٝ. 

حُٔـن ر٣ِخىس ٓٔلٞم رٌٍٝ حٌُظيخٕ حُٔـلليش ػويذ حُظٜي٤٘غ ٓزخٗيَس ٝأ٠٣يخ هي٬ٍ كظيَس حُظوي٣ِٖ 

رخُظـ٤ٔي كيع حٗولخٝ طيي٣ٍـ٢ كي٢ أػييحى حُزٌظ٣َيخ ٓليَ حُيٍحٓيش ، ٝػِي٠ حُؼٌيْ ُحىص أػييحى 

س طييي٣ٍـ٤خ رظويييّ كظييَس حُظويي٣ِٖ ًٝخٗييض ؿ٤ٔييغ أػيييحى حُزٌظ٣َييخ كيي٢ كيييٝى حُزٌظ٣َييخ حُٔلزييش ُِزييَٝى

ىُض ٗظيخثؾ حُظو٤ي٤ْ حُلٔي٢ حُٔٞحٛلخص حُو٤خ٤ٓش ح٣َُٜٔش حَُٜٔف رٜخ ًٝخٗض ؿ٤ٔؼٜخ أٓ٘ٚ ٛيل٤خ.

ُؼ٤٘خص حُٔـن حُٜٔ٘ؼش ًخُِٕٞ ٝحُوٞحّ حُطؼْ ٝحَُحثلش ٝحُوزٍٞ حُؼخّ ريؤٕ ؿ٤ٔؼٜيخ ٓوزُٞيش ريٍؿيش 

ٝٓيـِض ىٍؿييخص ػخ٤ُييش كي٠ ؿ٤ٔييغ حُوييٞحٙ حُلٔي٤ش ٓييٞحء ػوييذ حُظٜيي٤٘غ ػخ٤ُيش ُييي١ حُٔلٌٔيي٤ٖ 

( ٓيـِض أػِي٠ ىٍؿيخص حُظو٤ي٤ْ ًٕٔخ ُٞكع حُؼ٤٘يش ٍهيْ )ٓزخَٗس أٝ ه٬ٍ كظَس حُظو٣ِٖ رخُظـ٤ٔي. 

ط٢ٛٞ حُيٍحٓش رؤٗٚ ٣ٌٖٔ حٓظويحّ ريٌٍٝ حٌُظيخٕ ر٘ٔيزش  (.ٖك٠ حُوٞحٙ حُل٤ٔش ط٤ِٜخ حُؼ٤٘ش ٍهْ )

 حُظٜيييي٤٘ؼ٤ش ٝحُظـ٣ٌٝييييشن ًٝخٗييييض ٛييييخُلش ٓييييٖ حُ٘خك٤ييييش ۱ كيييي٢ ٛيييي٘خػش حُٔييييـٖٓطٜييييَ اُيييي٠ 

 ٝح٤ٌَُٔٝر٤ُٞٞؿ٤ش ُٔيس طَٜ ا٠ُ ٓظش أَٜٗ.
ٍهيْ  –حُظل٤ِيَ ح٤ٔ٤ٌُيخث٢  رٌٍٝ حٌُظخٕ ــ حُو٤ٔش حُـٌحث٤يش ـيـ ُليْ حُـٔيَ ــيـ انكهًبد الاٍزوشبكٚخ :

 . حُظو٤٤ْ حُل٠ٔ –حُظل٤َِ ح٤ٌَُٔٝر٤ُٞٞؿ٢  –حُز٤ًَٔٝ٤ي 

 

  


