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SUMMARY 

 

he objective of this study was to improve the quality of camel meat burger by replacing camel 

meat fat with two levels (5 and 10%) of barley grains and wheat bran as fat replacers. The 

obtained results of fat-replaced treatments scored higher content of moisture, crude protein, total 

ash, crude fibres and lower content of fat, compared with those of control sample. Also, the total 

energy value was 254.49/100g kcal for fresh, while low-fat levels of treated samples were 175.10 (10% fat) 

and 207.43 kcal/100g (15 % fat) before cooking, respectively. The pH values of all treatments were 

significant higher (P≥0.05) than those of control one. Meanwhile, Thiobarbituric acid values (TBA) of the 

treated burger samples were significantly lower (P≥0.05) than those of control sample. Furthermore, the 

impact of storage on the quality attributes of the camel meat burger was as per the following: slight decrease 

in pH values was noticed in all treatments, an increase in TBA values in all treatments. Water holding 

capacity (WHC) of the treatments with fat-replacers which was significantly higher (P≥0.05) than the control 

counterpart decreased during frozen storage for all treatments. Cooking loss and shrinkage percentage of fat-

replacer treatments were significantly lower than those of control and by progressive frozen-storage period, 

noticed an increase in both of cooking loss and shrinkage, meanwhile, the cooking yield was decreased. The 

total bacterial count as well as psychrophilic count was significantly higher in fat–replaced treatments than 

those of control one. The number of bacterial count increased with decreasing the fat level for 45 days of 

storage periods then number of bacterial count decreased until the end of frozen storage. Concerning the 

sensory evaluation, the overall acceptability was higher due to fat-replaced samples. It could be concluded 

that using wheat bran and barley grains for producing camel meat burger led to an improvement in quality 

characteristics and an improvement in the overall acceptability of the treatments. The best treatment was 

camel burger which prepared with 10% barley grain + 10% fat content. 

Keywords: Camel burger, fat, wheat bran, barley, fat replacers. 

 

INTRODUCTION 

 

The camel (Camelus dromedarius) plays a key role in the lifestyle of the people of many countries, 

especially those in dry zones. Besides providing various labor, transportation and sports services, camel 

contributes to the economy and food security of humans by providing milk and meat (Benkerroum et 

al.,2004). Camel meat had moister, less fat and ash, meanwhile, protein content was similar to beef, lamb, 

goat and chicken meats (El Gasim and AlKanhal, 1992 and Mansour and Ahmed, 2000).  

Because of the meat and meat products lead to certain diseases, the meat industry has been worst hit 

by adverse publicity. The role of fat as one of the main causes of cardiovascular disease has been well 

documented (Rossum et al., 2000). Fat, trans fatty acids (FAs), cholesterol and saturated FAs of meat 

products have also been associated with obesity and cancers (especially colon, prostate and breast) in 

developing countries (Grundy, 1994; Slattery et al., 1999). Extensive researches have been performed on 

fat replacement to improve quality of many products (Lucca and Tepper, 1994; Allen et al., 1999 and 

Jimenez-Colmenero, 2000). 

It has been reported that, carbohydrates, protein or fat-based replacers could be used to reduce fat 

content of meat products (Egbert et al., 1991 and Giese, 1996). Among these, fiber has many health 

benefits besides improving technological properties of the products (Mansour and Khalil, 1997). High-

fiber low-fat foods tend to reduce the risk of colon cancer, obesity, cardiovascular diseases and several 

other disorders (Tungland and Meyer, 2002). In recent years, cereals and their ingredients have been 
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accepted as functional foods, primarily due to constant promotion of dietary fiber, proteins, energy, 

minerals, vitamins and antioxidants required for human health.  

Previous studies have been performed to evaluate the effects of adding dietary fibre (DF)-rich cereal 

materials to meat products with a reduced fat content, for examples being rye bran, oat fibre, barley B-

glucan, and wheat fibre (Petersson, 2012). According to “Regulations on Nutrition Claims for 

Conventional Foods”, food products marked as “high fiber” must contain at least 6 g of dietary fiber for 

every 100 g of solid food; food products marked as “containing dietary fiber” must contain at least 3 g of 

dietary fiber for every 100g of solid food (Huang et al., 2011). 

In Egypt, the production area of barley attained about 67.520 hectares at 2011 and the total yield is 

about 18.112.26 Hg/Ha and the production is 122.294 tones according to FAOSTAT (2011). On the other 

hand, the production area of wheat attained about 1.284.950 hectares at 2011 and the total yield in about 

65.427.68 Hg/Ha and the production is 8.407.130 tones according to FAOSTAT (2011).   

Therefore, our objectives was to improve the quality of camel meat burger by replacing camel meat 

fat with two levels (5 and 10%) of barley grains and wheat bran as fat replacers. Also, to study the effect 

of storage at -18ºC for 3 months on the products.  

 

MATERIALS AND METHODS  

  

Fresh camel meat and fat were obtained from Maryout Research Station, Desert Research Center. 

Samples were taken from boneless rounds that had been trimmed of all subcutaneous fat and thick, visible 

connective tissues. The meat samples were kept frozen at -18°C until they were used. Wheat bran and 

barley grains were obtained from Agricultural Research Center. They were ground to be a powder using a 

(Moulinex Mill) and then used as a fat substitute in the preparation of low-fat camel meat burgers. Fresh 

onion, milk powder, salt and spice mixture (black pepper, nutmeg, Chinese kebab, laura paper, 

cardamom, cinnamon) were purchased from a local market.  

Camel meat burger formulation: 

 Separately, meat and fat were minced in an electrical meat mincer. The experimental design included 

five treatments that differed in the percentage of fat replaced at different quantities of dietary fiber, as 

shown in Table 1. Meat and other ingredients were carefully mixed by hand before being minced for all 

treatments and then shaped into 70g as burger. Then placed into foam plates coated with polyethylene 

layer and stored at –18 ºC until analysis, as Farouk and Bekhit described in (2013). Samples were thawed 

overnight at 4ºC before chemical analysis. All samples were tested immediately after processing and 

grilled (zero time) and once a month for three months during storage according to Ali et al. (2011). All 

treatments were performed in triplicates. 

 

Table (1): Formulation of camel meat burgers (%) with different fat replacers. 

C = control, W5= wheat bran 5%, W10= wheat bran 10%, B5= barley grains 5%, B10= barley grains 10%. 

 

Chemical and physical analysis: 

The moisture, ether extract, crude protein content, total ash content and crude fibers was determined 

according to the method described by the A.O.A.C., (2005). Total carbohydrates content was calculated 

by difference. Total calorie (Kcal) for uncooked and cooked burgers were calculated based on 100 g 

Ingredient Treatment % 

C W5 W10 B5 B10 

Minced camel meat 70 70 70 70 70 

Camel fat 20  15 10  15 10 

Wheat bran powder - 5 10 - - 

Barley grains powder - - - 5 10 

Spice mixture 2 2 2 2 2 

Milk powder 3 3 3 3 3 

Salt 2 2 2 2 2 

Fresh onion 3 3 3 3 3 
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sample using Atwater values as described by Ali et al. (2011). The pH value of raw burgers samples was 

measured using a digital pH meter (model 3305, Jenway) according to the method described in AOAC 

(2005). Thiobarbituric acid (TBA) value of samples was determined according to the method of Vyncke 

(1970). The water holding capacity (WHC) of raw burger samples was estimated according to Ali et al. 

(2011). The shrinkage percentage of samples after cooking was calculated as described by Serdaroğlu and 

Değirmencioğlu (2004). Cooking loss and cooking yield of the prepared camel burgers were determined 

according to Khalil (2000). 

Microbiological analysis: 

According to American Public Health Association (APHA, 1992) Total aerobic mesophilic bacterial 

count (TABC) and Psychrophilic bacterial count (SBC) were determined using standard plate count agar 

medium for all treatments during storage period.  

Sensory evaluation: 

Cooked camel burger samples were sensory evaluated immediately after cooking during storage 

period. All cooked camel burger samples were cut to small pieces and coded with random numbers as 

described by AMSA (1995). Eight panelists from Desert Research Center, Ministry of Agriculture and 

Land Reclamation, evaluated five parameters as taste, odor, texture, color and overall acceptability. The 

means of obtained results from sensory evaluation were statistically analyzed. 

Statistical Analysis: 

Results of the chemical composition, physical properties, microbiological analysis and sensory 

evaluation were statistically analyzed by the General Linear Model procedure according to SAS (2001). 

 

RESULTS AND DISCUSSION 

 

Chemical composition: 

Table (2) shows moisture content of the camel burger during the storage and cooking period affected 

by different fat replacers. 

The highest moisture content of raw and cooked camel burgers was recorded for sample contains 10% 

B followed by sample contains 5% B with significant differences (P≤0.05) between all treatments. 

Hussein (2015) found that moisture content of low-fat sausage prepared with fat replacers was affected of 

type and fat replacers. Generally, moisture content increment was by substitution ratio increased but 

during frozen storage in all treatments whether raw or cooked were significantly decreased. These results 

agree with those obtained by Ali (2008). 

It could be observed from Table (2) that during storage time, the ether extract content was 

significantly (P≤0.05) increased for all fat replacer treatments. This might be attributed to the decrease in 

moisture content throughout the frozen storage period. These results in agreement with those obtained by 

Osheba (2003), Abolgasem (2011), Hamza (2011) and Hussein (2015). 

Results presented in Table (3) showed the crude protein content of raw and cooked camel burger 

samples during storage period. It could be observed that, there were significant differences (P≤0.05) in 

protein content among all treatments studied at any time of storage. During frozen storage at -18°C, the 

protein content progressively increased along the period of storage for all treatments.  Also, increased in 

crude protein content for cooked camel meat burger samples. These results may be occurring due to the 

moisture loss during frozen storage (Lin and Chao, 2001). 

Results in Table (3) showed the crude fiber content of different studied treatments during storage 

period at -18ºC. With prolongation of frozen storage, crude fiber content slightly increased in all 

treatments. This probably may be due to losses in moisture content during the frozen storage. Similar 

results obtained by Hussein (2015) observed that low-fat sausage prepared with fat replacers at different 

fat levels showed higher crude fiber contents than high fat sausage controls. 

Results in Table (4) demonstrated the total carbohydrates content of different studied treatments 

during storage period at -18ºC. It could be observed that, there were significant differences (P≤0.05) 

among all studied treatments in total carbohydrates content. These results may be occurring due to the 

presence of total carbohydrates in original additives as fat-replacers. the highest total carbohydrates
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Table (2): Moisture and ether extract content of camel meat burger samples as affected by adding different fat replacers % during frozen storage at       

-18°C and cooking. 

 Storage 

period 

(months)  

C W5 W10 B5 B10  C W5 W10 B5 B10 

Raw  cooked 

M
o
is

tu
re

  59.60Ac 59.75Abc 59.89Ab 60.14Aa 60.22Aa  50.69Ac 50.80Abc 51.80Ab 54.03Aa 54.13Aa 

 58.85Bc 58.92Bc 59.66Ba 59.09Bb 59.80Ba  50.10Be 50.42Bd 51.37Bc 53.37Bb 53.89Aa 

 58.26Cc 58.50Cb 58.79Cb 58.24
Cc

±0.5 59.13Ca  49.61Ce 50.08Cd 50.89Cc 52.12Cb 53.58Aa 

 57.53Db 57.67Dab 57.84Da 57.90Da 58.03Da   48.80De 49.40Dd 50.27Dc 51.63Db 53.29Aa 

E
th

er
 

ex
tr

ac
t 

Zero time 20.32Ca 14.52Db 10.48Cc 14.64Cb 10.31Cc  20.94Da 16.97Db 11.91Dd 14.80Dc 11.75Dd 

1 20.66Ba 15.18Cb 10.55Cd 14.91Bc 10.36BCde  21.07Ca 17.01Cb 11.99Cd 14.99Cc 11.81Cd 

2 20.74Ba 15.53Bb 10.78Bd 15.06Ac 10.46ABde  21.19Ba 17.11Bb 12.17Bd 15.05Bc 11.90Be 

3 20.85Aa 15.92Ab 11.14Ad 15.14Ac 10.55Ae  21.94Aa 17.35Ab 12.29Ad 15.21Ac 11.99Ae 

Within the same column and row means with different superscripts a, b, and c are significant at P <0.05. C= control sample &W5= wheat bran 5% & W10= wheat bran 10% & 

B5= barley grains 5% & B10= barley grains 10%. *Values presented are mean of three replicates  
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Table (3): Crude protein and crude fiber content of camel meat burger samples as affected by adding different fat replacers % during frozen storage 

at -18°C and cooking. 

 Storage 

period 

(months)  

C W5 W10 B5 B10  C W5 W10 B5 B10 

Raw  Cooked 

C
ru

d
 

p
ro

te
in

 Zero time 14.29Dc 15.45Ab 15.04Cb 15.84Ab 16.23Ca  18.78Dc 19.85Db 19.96Db 19.99Cb 20.69Ba 

1 14.59Cc 15.50Bb 15.11Cbc 15.90Bb 16.32Ba  18.98Cd 19.96Cc 20.08Cb 20.02Cb 20.71Ba 

2 14.84Bc 15.55Cb 15.27Bbc 15.95Bb 16.40Bab  19.25Bc 20.07Bb 20.24Bb 20.70Bb 20.77Aa 

3 15.23Ac 15.60Db 15.40Abc 15.99Cb 16.56Aa  19.53Ac 20.30Ab 20.44Ab 20.83Ab 20.80Aa 

C
ru

d
 f

ib
er

 Zero time 0.71Ae9 3.70Cc 5.18Da 3.12Cd 4.68Cb  1.95Ce 4.48Bc 6.01Da 4.21Dd 5.15Bb 

1 0.81Ae 4.03Bc 5.40Ca0 3.68Bd 4.69Cb  2.99BCd 4.51Bc 6.09Ca 4.54Cc 5.23Ab 

2 0.82Ad 4.08Bc 5.56Ba 4.02Ac 5.01Bb  3.01Bd 4.57Ac 6.13Ba 4.70Bc 5.28Ab 

3 0.87Ad 4.19Ac 5.75Aa 4.05Ac 5.26Ab  3.16Ad 4.20Ccd 6.27Aa 4.75Ac 5.32Ab 

Within the same column and row means with different superscripts a, b, and c are significant at P <0.05. C= control sample &W5= wheat bran 5% & W10= wheat bran 10% & 

B5= barley grains 5% & B10= barley grains 10%. *Values presented are mean of three replicates.  
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Table (4): Total carbohydrates, ash content and caloric value of camel meat burger samples as affected by adding different fat replacers % during 

frozen storage at -18°C and cooking. 

 Storage 

period 

(months)  

C W5 W10 B5 B10  C W5 W10 B5 B10 

Raw  Cooked 

T
o
ta

l 

ca
rb

o
h
y

d
ra

te
 Zero time 3.64Ac 3.79Ac 5.48Da 3.67Cc 5.10Db  4.82B e 4.91Cc 6.21Da 4.00Bd 5.09Cb 

1 3.60Ac 3.49Cc 5.61Ca 3.71Bc 5.30Cb  4.90Ae 4.93Cc 6.31Ca 4.04Bd 5.15Bb 

2 3.79Ac 3.44Cc 5.84Ba 3.92Ac 5.42Bb  4.97Ae 4.97Bc 6.37Ba 4.24Ad 5.17Bb 

3 3.82Ac 3.68Bc 6.08Aa 4.01Ac 5.97Ab  5.08Ce 5.36Ac 6.43Aa 4.24Ad 5.25Ab 

A
sh

 

Zero time 1.42Be 2.79Ac 3.79Ca 2.59Cd 3.46Cb  2.85Bd 2.99Cc 4.11Da 2.97Dc 3.19Cb 

1 1.49Bc 2.88Ab 3.67Ba 2.71Bb 3.53BCa  2.96Ac 3.17Bb 4.16Ca 3.04Cb 3.21Cb 

2 1.55Bc 2.90Ab 3.76BCa 2.81ABb 3.58ABa  2.97Ab 3.20Bb 4.20Ba 3.19Bb 3.30Bb 

3 1.70Ac 2.94Ab 3.93Aa 2.91Ab 3.63Aa  2.99Ac 3.39Ab 4.30Aa 3.29Ab 3.35Ab 

ca
lo

ri
c 

v
al

u
e 

Zero time 254.41Da 207.43Db 175.10Dc 209.64Cb 177.78Dc  269.50Da 251.55Da 211.48Db 229.02Dab 208.63Db 

1 258.52Ca 212.42Cb 177.39Cc 212.35Bb 179.33Cc  272.03Ca 252.41Ca 213.02Cb 231.01Cab 209.49Cb 

2 260.98Ba 215.52Bb 180.96Bc 214.74Ab 181.03Bc  274.47Ba 253.87Ba 215.55Bb 235.09Bab 210.60Bb 

3 263.66Aa 219.98Ab 185.73Ac 215.96Ab 183.31Ac  278.65Aa 258.47Aa 217.64Ab 236.76Aab 211.82Ab 

Within the same column and row means with different superscripts a, b, and c are significant at P <0.05. C= control sample &W5= wheat bran 5% & W10= wheat bran 10% & 

B5= barley grains 5% & B10= barley grains 10%. *Values presented are mean of three replicates.  
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content was recorded for W10 followed by B10, either raw or cooked camel burger during storage 

periods. This increased may be occurring due to the loss in moisture content (Hamza, 2011).  

Results in Table (4) showed the ash content of raw and cooked camel meat burger samples during 

storage period. It could be observed that all treatments which containing additive ingredients as 

fat-replacers had high ash content when compared to control sample. These results may be occurring due to 

the high total ash content of these fat-replacers. There were significant differences (P≤0.05) in total ash 

content among different studied treatments during storage period. The W10 treatment recorded the highest 

percentage of ash content while the control camel meat burger recorded the lowest value for raw and 

co o ked  came l  b ur g e r  d ur ing  s to r age  p e r io d  ( Ab o lgase m,2 0 1 1 )  and  Ha mza , 2 0 1 1) . 

Results in Table (4) showed the caloric value of different studied treatments during storage period on -

18ºC. The caloric values were higher in the control treatment followed by the treatments containing 5% 

fat-replacers and then treatments containing 10%. These results explain that the control treatment contains 

the highest fat percentage (20%) compared to the other treatments. During storage period the caloric 

value increased for all treatments for raw or cooked camel meat burger. This probably occurs due to the 

losses in moisture content (Hussein, 2015). 

Physicochemical properties: 

Results in Table (5) appeared the change of pH value of camel meat burger samples storied at –18ºC 

for 3 months. It could be observed that, treatments which prepared by using fat-replacers (W or B) had 

higher significantly (P≤0.05) pH-values than that of control sample during storage. These results may be 

occurring due to the high pH values of these fat-replacers (Kim et al., 2016). Generally, the pH values for 

all camel burger treatments were decreased significantly (P≤0.05) during frozen storage time. The 

percentages of decreasing in pH value for camel meat burgers samples were ranged between 3.19 -6.51 % 

with the end storage period. These results are in agreements with those obtained by Hamza (2011). 

The changes of thiobarbituric acid values of different studied treatments during storage period on -

18ºC were graphically illustrated in Table (5). Significant differences (P≤0.05) were observed in TBA 

values among different studied treatments at any time of storage. Generally, the TBA values were higher 

in the control treatment followed by the treatments containing 5% of (W or B) fat-replacer and then 

treatments containing 10%, this increase in the TBA values is associated with the percentage of fat in the 

product and during storage. This increase in TBA value during the frozen storage could be indicated 

continuous oxidation of lipids and consequently the production of oxidative by products (Ali, 2008 and 

Hamza, 2011).  

Results showed that in Table (5) were significant differences (P≤0.05) in WHC values among 

different treatments at fresh. It could be observed that, fat replacers (W or B) increased the WHC of low-

fat burger samples. This could explain the fact that the addition of fiber increased the WHC due to their 

ability to bind water molecules and retain fat, Gerardo et al., (2015). By advancement of frozen storage 

time, the WHC was decreased for all studied treatments whether the control or low-fat burger. This is 

probably due to the protein denaturation, its ability to bind water decreases, the loss of protein solubility 

and biochemical change associated with freezing meat product (Serdaroğlu and Değirmencioğlu, 2004 

and Aktas and Genccelep, 2006). 

Plasticity values of camel burger treatments during storage period at - 18
o
C are presented in Table (5).  

From these results, there are significant differences (P≤0.05) in plasticity values among different 

treatments at any time of frozen storage. An improvement in plasticity was observed as the fat-replacers 

were added to burger as compared to the control samples. This may be occurring due to bind water and 

fat (Mansour and Khalil, 1999 and Kerr et al., 2005). Moreover, the plasticity values of all camel burger 

treatments increased during storage time. Similar results were obtained by Mohamed (2005) and Ali 

(2008). 

Results tabulated in Table (5), showed the shrinkage values of different studied treatments during 

storage period at -18ºC up to 3 months.  It could be observed that adding fat replacers to a camel burger 

improves the shrinkage values as compared to control treatment.  By prolongation the frozen storage time, 

the shrinkage was significantly (P≤0.05) increased for all studied treatments. This might be due to protein 

solubility which led to decrease in water holding capacity. This increase in shrinkage value during frozen 

storage similar with the observation of Mohamed (2005) and Ali (2008). 

Results given in Fig. 1 and 2 showed that cooking loss and cooking yield of different studied 

treatments during storage period at -18°C. It could be observed that, the control burger had higher the 

cooking loss and lower cooking yield than the other camel burger samples. This could be attributed to the 

excessive fat separation and water release that occurred from breaking emulsion during cooking. In the 
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control burger sample, fat content was more easily leaching out during cooking, probably occurring due 

to a low-density meat protein matrix, along with a high fat instability as reported by Suman and Sharma 

(2003). On the other hand, the cooking loss decreased, and cooking yield increased significant by increase 

% level of W or B addition different fat-replacers to camel meat burger. By increasing period of frozen 

storage, the cooking loss increased, and cooking yield decreased of all studied formulas. during frozen 

storage period, the percentages of increasing in cooking loss and decreasing cooking yield for camel meat 

burgers samples were ranged between 11.96 - 31.84% and 3.70 - 5.98 %, respectively. 

Table (5): Physicochemical properties of camel meat burger samples as affected by adding different 

fat replacers % during frozen storage at -18°C for 3 months. 

Storage period 

(months) 
C W5 W10 B5 B10 

p
H

 v
al

u
e 

Zero time 6.61
Ad

±0.29 6.68
Abc

±0.11 6.63
Acd

±0.22 6.90
Aa

±0.68 6.77
Aab

±0.31 

1 6.37
Bd

±0.24 6.52
Bc

±0.38 6.45
Bcd

±0.41 6.82
Aa

±0.13 6.71
Ab

±0.25 

2 6.25
Cd

±0.09 6.46
Cc

±0.15 6.37
Ccd

±0.20 6.76
Ba

±0.12 6.62
Bb

±0.20 

3 6.18
Dd

±0.14 6.35
Db

±0.20 6.29
Dc

±0.13 6.68
Ca

±0.31 6.53
Ca

±0.16 

T
B

A
(m

g
 

m
al

o
n

al
d

eh
y

d
e/

K
g

) 

Zero time 0.229
Da

±0.021 0.114
Db

±0.011 0.095
Dc

±0.022 0.135
Db

±0.031 0.067
Dc

±0.033 

1 0.311
Ca

±0.011 0.188
Cc

±0.029 0.115
Cd

±0.016 0.204
Cb

±0.017 0.088
Ce

±0.033 

2 0.606
Ba

±0.116 0.325
Bc

±0.112 0.212
Bd

±0.095 0.421
Bb

±0.096 0.150
Be

±0.048 

3 0.965
Aa

±0.122 0.503
Ac

±0.107 0.352
Ad

±0.147 0.665
Ab

±0.127 0.283
Ae

±0.079 

W
H

C
 (

%
) 

Zero time 43.83
Ae

±0.95 60.75
Ac

±1.83 64.85
Ab

±1.68 56.75
Ad

±1.86 69.80
Aa

±2.02 

1 41.27
Bd

±0.83 56.08
Bc

±1.55 60.22
Bb

±1.32 54.13
ABc

±1.77 64.20
Ba

±2.11 

2 38.81
Cc

±0.75 53.90
Bb

±1.41 57.09
Ba

±1.44 51.56
Bb

±1.54 59.08
Ca

±2.42 

3 36.42
Dc

±0.90 49.39
Cb

±1.19 51.43
Ca

±1.50 47.33
Cb

±1.90 55.82
Da

±2.20 

p
la

st
ic

it
y

(c
m

2
/0

.

5
g

) 

Zero time 3.42
Aa

±0.21 2.62
Ab

±0.35 2.37
Ab

±0.31 2.75
Ab

±0.25 2.43
Ab

±0.18 

1 2.72
Ba

±0.26 2.14
Bb

±0.16 1.37
Bc

±0.31 2.28
Aab

±0.24 1.67
Bc

±0.23 

2 2.42
Ba

±0.87 1.95
BCab

±0.09 1.05
BCc

±0.06 2.08
Bab

±0.37 1.43
Cbc

±0.18 

3 2.10
Ca

±0.12 1.75
Ca

±0.13 0.97
Cb

±0.11  1.97
Cb

±0.53 1.27
Db

±0.17 

S
h

ri
n

k
ag

e 
(%

) 

Zero time 32.80
Ca

±0.27 23.16
Bc

±0.18 20.03
Bd

±0.41 28.19
Cb

±0.21 
20.37

Dd
±0.3

5 

1 33.10
BCa

±0.21 25.12
Bc

±074 21.35
Bd

±0.65 29.59
Bb

±0.91 
21.83

Cd
±0.3

3 

2 34.01
Ba

±0.60 27.50
Ac

±0.59 22.03
Be

±0.41 32.13
Ab

±0.77 
23.08

Bd
±0.3

9 

3 35.13
Aa

±0.71 28.28
Ac

±0.11 23.33
Ae

±0.29 33.19
Ab

±0.21 
24.65

Ad
±0.3

0 

Within the same column and row means with different superscripts a, b, c, d and e are 

significant at P <0.05. SD, standard deviation of group mean. C= control sample &W5= wheat 

bran 5% & W10= wheat bran 10% & B5= barley grains 5% & B10= barley grains 10%. 
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Figure (1): Cooking loss % of camel meat burger samples as affected by % adding different fat 

replacers during frozen storage at -18°C for 3 months. 

C= control sample &W5= wheat bran 5% & W10= wheat bran 10% & B5= barley grains 5% & 

B10= barley grains 10%. 

 

 
Figure (2): Cooking yield % of camel meat burger samples as affected by % adding different fat 

replacers during frozen storage at -18°C for 3 months. 

C= control sample &W5= wheat bran 5% & W10= wheat bran 10% & B5= barley grains 5% & 

B10= barley grains 10%. 

 

Microbiological evaluation: 

Total bacterial count (CFU/g) of raw different studied treatments and during storage period at -18ºC 

indicated that low-fat camel burger treated with fat-replacers had higher counts of total bacteria than 

control sample during frozen storage period, as shown in Fig 3. In addition, when compared to the other 

treatments, the treatment containing B10% had the greatest total bacteria counts. The addition of fat 

replacers may be causing these results. On the other hand, by advancement of frozen storage time, the 

total bacterial counts were increased (P≤0.05) for all treatments 2months and the decreased at the end of 

storage period may be occurring due to the damage of bacterial cells caused by ice crystals. Moreover, the 

mean values of total bacterial count for camel burger samples were still in the limits permitted by the 

Egyptian standard for frozen burger (10
5
) (Egyptian Standards, 2005). 
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Figure (3): Total bacterial count of camel meat burger samples as affected by adding different fat 

replacers % during frozen storage at -18°C for 3months. 

 

Psychrophilic bacterial counts (cfu/g) of the various treatments examined during storage at -18ºC in 

Fig 4. At zero time and during the frozen storage period, low-fat camel burgers treated with fat-replacers 

had greater numbers of psychrophilic bacteria than the control sample. In addition, when compared to the 

other treatments, the treatment containing B10% had the greatest total bacteria counts. The addition of fat 

replacers may have caused these effects. On the other hand, increasing the frozen storage time increased 

the psychrophilic bacterial counts (P≤0.05) for all treatments until 2 months, and the reduction at the 

ending of the storage period could be attributed to ice crystal damage to bacterial cells. Furthermore, the 

Egyptian standard for frozen burgers set the limitations for the mean values of psychrophilic bacterial 

count for camel burger samples (Egyptian Standards, 2005). These findings are consistent with those of 

Osheba (2003), and Hamza (2011). 

 

 
Figure (4): Psychrophilic bacterial count of raw camel meat burger samples as affected by adding 

different fat replacers % during frozen storage at -18°C for 3 months. 

 

Sensory evaluation: 

Sensory evaluation was conducted to evaluate the taste, odor, color, texture, and overall acceptability 

of camel burgers because of fat replacer percentages during a 3-month frozen storage period at -18°C 

showed in Table (6). Throughout the storage period, there were significant differences (P≤0.05) in taste 

scores across different camel burger samples. B10 received the greatest taste rating (7.63), followed by 

control treatment (5.50), and W5 received the lowest rating (5.00). Taste score values were dramatically 
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reduced in all treatments when storage time was extended. The percentages of decreasing taste score 

values for camels at the end of the frozen storage period were ranged between 27.92 - 37.40 %. 

Table (6) shows the odor scores of camel burger treatments after 3 months of storage at -18
o
C. 

Throughout the frozen storage period in all treatments, the odor score values were considerably (P≤0.05) 

reduced. Panelists gave B10 the highest odor score, followed by control treatment during storage 

durations. The percentages of decreasing odor score values for camel meat burgers samples ranged from 

37.74 to 28.77 percent at the ending of the frozen storage period. 

The texture scores of the different tested treatments during a 3-month storage period at -18
o
C are 

shown in table 6. During all storage periods, there were significant differences (P≤0.05) decline in texture 

scores among different camel burger treatments. Panelists gave B10 the highest texture score (7.00), 

followed by control treatment (6.13) at zero time, and the same result was observed over all storage 

durations.  

 

Table (6): Sensory evaluation of camel meat burger samples as affected by adding different fat 

replacers % during frozen storage at -18°C for 3 months. 

sc
o

re
 Storage 

period 

(months) 

C W5 W10 B5 B10 

T
a

st
e 

 

Zero time 5.50
Ab

±2.45 5.00
Ab

±2.27 5.38
Ab

±2.26 5.25
Ab

±3.11 7.63
Aa

±0.52 

1 5.25
Ab

±2.47 4.89
Bb

±2.25 5.13
Bb

±2.95 5.02
Bb

±2.28 6.50
Ba

±2.05 

2 4.50
Bb

±2.49 4.00
Cb

+2.28 4.38
Cb

±2.92 4.22
Cb

±2.20 6.25
Ba

±0.76 

3 3.75
Cb

±2.05 3.13
Db

±2.10 3.63
Db

±2.62 3.50
Db

±2.07 5.50
Ca

±0.88 

O
d

o
r 

 

Zero time 6.50
Ab

±2.51 5.25
Ac

±2.34 5.83
Ac

±2.83 5.50
Ac

±2.20 7.38
Aa

±0.74 

1 5.38
Bb

±2.00 5.19
Ab

±2.11 5.25
Ab

±2.31 5.20
Ab

±2.33 6.25
Ba

±0.91 

2 5.05
Bb

±2.53 4.20
Bc

±2.31 4.50
Bc

±2.62 4.25
Bc

±2.26 6.13
Ba

±0.83 

3 4.63
Cb

±2.26 3.43
Cc

±2.06 3.63
Cc

±2.45 3.50
Cc

±1.93 5.25
aC

±0.71 

T
ex

tu
re

 

Zero time 6.13
Ab

±2.42 5.75
Ac

±2.92 5.63
Ac

±2.39 5.75
Ac

±3.06 7.00
Aa

±0.53 

1 6.03
Ab

±2.39 5.25
Ac

±2.20 5.50
Ac

±2.78 5.38
Ac

±2.62 6.25
Ba

±0.71 

2 5.25
Bb

±2.12 4.70
Bc

±2.07 4.88
Bc

±2.85 4.75
Bc

±2.92 5.63
Ca

±0.74 

3 4.38
Cb

±1.85 3.73
Cd

±1.89 4.00
Cc

±2.67 3.88
Cd

±2.75 5.00
Da

±0.53 

C
o

lo
r 

 

Zero time 6.75
Aa

±1.39 5.75
Ab

±1.83 6.25
Aa

±2.20 6.13
Aa

±2.10 6.88
Aa

±0.64 

1 6.55
Aa

±1.32 5.35
Bb

±1.77 6.18
Aa

±2.26 6.00
Aa

±1.93 6.25
Ba

±0.89 

2 5.63
Ba

±0.74 4.75
Cb

±1.83 5.38
Ba

±1.92 5.13
Ba

±2.10 5.75
Ca

±1.39 

3 4.75
Ca

±1.42 3.88
Db

±1.55 4.50
Ca

±1.60 4.25
Ca

±1.83 4.88
Da

±0.64 

O
v

er
a

ll
 

a
cc

ep
ta

b
il

it
y

  
 

Zero time 5.25
Ac

±2.60 6.13
Ab

±1.96 6.50
Ab

±2.51 6.25
Ab

±2.49 7.13
Aa

±0.64 

1 5.13
Ad

±2.42 6.03
Ab

±1.88 6.13
Ab

±2.36 5.13
Bc

±2.10 6.50
Ba

±0.76 

2 4.25
Bc

±2.58 5.13
Bb

±1.96 5.50
Bb

±2.51 5.03
Bb

±2.20 5.88
Ca

±0.83 

3 3.50
Cc

±2.27 4.25
Cb

±1.67 4.63
Cb

±2.26 4.50
Cb

±1.93 5.13
CDa

±0.64 

Within the same column and row means with different superscripts a,b,c,d and e are significant at P <0.05. C= 

control sample, W5= wheat bran 5%, W10= wheat bran 10%, B5= barley grains 5% , B10= barley grains 10%. 
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The percentages of declining texture score values for camel meat burgers at the conclusion of the 

frozen storage period were ranged between 28.55 - 35.13%. 

The average color scores of the different treatments examined during the frozen storage at -18
o
C are 

shown in table 6.  Throughout all storage periods, there were significant changes (P≤0.05) reduced in 

color scores among different camel burger treatments. Panelists gave B10 the highest color score (6.88), 

followed by W10 with a score (6.25). The percentages of decreasing color score values for camel meat 

burgers samples ranged from 28.00 to 32.52 % at the conclusion of the frozen storage period. The similar 

trend was discovered in all types of storage.  

The results in Table (6) demonstrate the overall acceptance scores of the various treatments evaluated 

throughout a 3-month storage period at -18
o
C. Throughout the storage period, there were significant 

changes (P≤0.05) reduced in overall acceptance scores between different camel burger treatments. 

Panelists gave B10 the greatest overall acceptability score (7.13) at zero time, followed by W10 with a 

score of (6.50). The percentages of declining score values of overall acceptability for camel meat burger 

at the conclusion of the frozen storage time were ranged between 28.00 - 33.33%. 

 

CONCLUSION 

 

The sensory and physical qualities of camel meat burgers were improved by using fat-replacers. Using 

fat- replacers during manufacturing of low-fat camel burger have considerable importance in the 

industrial, nutritional applications, useful for human weight control, and some other diseases require    

low – calories diets. Based on the chemical, physical, microbiological, and sensory qualities of camel 

meat burgers, the optimal treatment was discovered to be a camel burger manufactured with 10% barley 

grain + 10% fat content. 
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 الوصٌوع باسخخذام بذائل الذهوى أثٌاء الخخشيي بالخجويذ البل ححسيي جودة بزجز لحن ا

 

ًاديت عبذ الزحوي سالهت
3

شاهيٌاس أحوذ حلوى ،
3

دمحم فزج شحاحه ، 
2

عبيز طلعج عوزو دمحمو  
2 

 .هصز–الجيشة -جاهعت القاهزة -كليت سراعت  -الصٌاعاث الغذائيت قسم  6

 هصز. -القاهزة -هزكش بحود الصحزاء -لذواجيشعبت اإلًخاج الحيواًي وا 2

 

٪( مين بنيى  66و  7الهدف من هره الدزاسة هى جحسيُن ويى ب جسويس لحيم امجيخ مين تيدا اسيحنداا  هيىس امجيخ جتسيحىَ ت م ح  ية  

 ليدهىس مححيىي لع يً ميين الشييُس وخ  لية الحتيب ينيدَخ ل ييدهىس  سيت ث اللحي تم الحيٍ جيم الحمييىا ع ُهي  مين التيي مدت الحيٍ جييم اسيحنداله  ج

يتي  السطىجة ، والنسوجُن ال  م ، والسم   الك ٍ ، واأللُ ف ال  م ، ومححىي لقخ مين اليدهىس ، مح زخية جح يم التىويى ب عيٍ اليُلية الكلحيسوا  

يُ يى يي لىزٌ  66 697يُ ى ي لىزٌ ل ط شوة ، جُلت  ي خث التسيحىَ ت مل  ةية اليدهن ل يُلي ت التي م ية  ;6 676ج غث قُتة الط قة الك ُة 

 ٪  هىس( قنخ الطهٍ ع ً الحىالٍ  ي خث قُم األض الهُدزووُلٍ لتتُع التي مدت لع ً ميلىًَ 67يُ ى ي لىزٌ   65 669٪  هىس( و 66 

(P≥0.05) من ج م ال  صة ج لكلحسوا  يت  ي خث قُم بتض الثُىج زجُحىزَم (TBA)  ليُل ت النسوس التي مخ لقخ ميلىَي (P≥0.05)  مين

ج م ال  صة جيُلة الكلحسوا  عدوب ع ً ذلم ، ي س جأثُس الح صَن ع ً ص  ت وى ب جسوس لحم امجيخ يتي  َ يٍ> ليىبخ اخ  ي ف ط ُي  عيٍ 

 (WHC) عيٍ وتُيع التيي مدت  اخ  ةيث التحيدزبع ً اظبح ي ا ج لتي   TBA قُم األض الهُدزووُلٍ عٍ وتُع التي مدت ، شَ  ب عٍ قُم

مين خيُسجهي  الكلحيسوا لثلي   الح يصَن ج لحتتُيد لتتُيع التيي مدت   (P≥0.05) م جداتخ الدهىس والحٍ ي خيث لع يً ميلىَي ل تي مدت ج سح دا

ي خث خسنة ال حد ج لطهً واظخكت ش عيٍ ميي مدت اسيحنداا اليدهىس لقيخ جكثُيس مين الكلحيسوا ، و يتي  ليىبخ تيدا عحيسب الح يصَن ج لحتتُيد ،  

ج لطهً و اظخكت ش ، وعٍ الىقث خ سه ، اخ   ف الل جم جي لطهٍ  يي س الييد  اموتي لٍ ل نكحُسَي  وييرلم األعيدا   شَ  ب عٍ يخ من خسنة ال حد

التحنة ل نسو ب لع ً جشكخ م حىا عٍ مي مدت اسحنداا الدهىس مح زخة جتتتىعة الكلحيسوا  بُيز شا  عيد  النكحُسَي  ميع اخ  ي ف مسيحىي 

 يصَن ثيم اخ  يض عيد  النكحُسَي  بحيً خه َية وقيث الح يصَن ج لحتتُيد  عُتي  َحي يل جي لححُُم الحسيٍ ، يي س َىًم  مين عحيسات الح 67الدهىس لتدب 

الحنىا الي م لع ً عً عُل ت اسحنداا الدهىس  وت مث الدزاسة إلً لس اسح دام بنيى  الشييُس و خ  لية الحتيب مخحي ر جسويس لحيم امجيخ ل ي 

٪ بنيى  66م ل تيي مدت  ي خيث لعةيخ مي م ية هيً جسويس امجيخ اليرٌ جيم جحةيُسه جلسينة إلً جحسُن تم تص التى ب وجحسن الحنىا اليي 

 .٪ مححىي  هل66ٍشيُس + 


