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ABSTRACT  
 

This study was carried out to produce both reduced and low fat sausages by replacement fat tissues 
with two type of fat replacers (hydrated wheat bran and hydrated hull-less barley) at levels 25, 50, 75 and 100% 
and compared with high fat sausage control (20% fat) and low fat sausage control (5% fat). The effect of 
substitution ratio on proximate composition, some chemical & physical properties, nutritional value, texture 
parameters and sensory characteristics of different sausage treatments during frozen storage at -18oC for 3 
months were studied. The results indicated that fat-replacers resulted in improvement of WHC, plasticity and 
reduced cooking loss and TBA compared to the high and low controls (20 and 5% fat, respectively) immediately 
after processing and during frozen storage. Also, using of fat-replacers aiming to reduce fat-level led to 
decreases in total calories in comparison with the high fat control sample.Also, results indicated that overall 
acceptability was good for all prepared sausage treatments, the lowest overall acceptability was recorded for 
sausage prepared with 20% hydrated wheat bran without addition fat tissues (5.50) followed by that prepared 
with 20% hydrated barley whole meal without addition fat tissues(6.00) with significant differences between. 
Sausages which contained hydrated barley meal had the best sensory attributes at different levels than hydrated 
wheat bran sausage treatments.For the production of reduced and low-fat beef sausages at a commercial scale, it 
could be recommended use hydrated barley and wheat bran as fat replacers to prepare such low fat sausages 
production up to 5% fat level to overcome the problems of obesity, atherosclerotics and heart diseases. 
 
Key words: Wheat Bran, Barley, Biomarkers, fat tissues, sausages 

 
Introduction 
 

In recent years, health concerns about fat consumption and changes in consumer’s preferences have led 
to extensive research on low-fat foods (Carrapiso, 2007). Meat is still the most valuable food in the world. The 
quality aspect of meat is decided by the nutritional and sensory values. Consumers awareness on diet and health 
increased the demand for healthy food, specially, meat. Meat is high in saturated fatty acids (SFA) and 
monounsaturated fatty acids (MUFA). Replacing or reducing animal fat in meat products could create a better 
image for the industry, but, sensory quality as well as product stability could be affected. Animal fat can be 
replaced or reduced by adding more water in the product or by substituting with vegetable fats and oils, or by 
adding hydrocolloids like dextrin, starches and gums in the product (Halwai, 2012). 

Lin et al. (2004) theorized that an increase in the risk of colorectal cancer is associated with dietary 
saturated fat. People are reluctant to increase sausage consumption because of SFA content in it and these fatty 
acids are associated with increased risk of coronary heart diseases (Gines et al., 2005). 

Therefore, dietary guidelines for Americans suggested reducing sodium, fat and cholesterol in diets. 
Moreover, the American Health Association suggested limiting fat consumption to < 30 % of calories, 
cholesterol to < 300 mg and sodium to < 3g daily (Matulis et al., 1995). 

In recent years, cereals and their ingredients have been accepted as functional foods, primarily due to 
constant promotion of dietary fiber, proteins, energy, minerals, vitamins, and antioxidants required for human 
health. Cereals possess dietary fiber such as β-glucan and arabinoxylan and carbohydrates such as resistant 
starch and oligosaccharides (galacto- and fructooligo saccharides (Otles and Cagindi, 2006). 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 some examples being rye bran, oat fibre, barley B-glucan, and wheat fibre; Petersson 
et al. (2014).  

Dietary fiber is naturally present in cereals, vegetables, fruits and nuts. The amount and composition of 
fibers differ from food to food (Desmedt and Jacobs, 2001). A fiber-rich diet is lower in energy density, often 
has a lower fat content, is larger in volume and is richer in micronutrients. This larger mass of food takes longer 
to eat and its presence in the stomach may bring a feeling of satiety sooner, although this feeling of fullness is 
short term (Rolls et al., 1999). It is suggested that healthy adults should eat between 20 and 35 g of dietary fiber 
each day. Several non-starch food provide up to 20–35 g of fiber/100 g dry weight and other those containing 
starch provide about 10 g/100 g of dry weight and the content of fiber of fruits and vegetables is 1.5–2.5 g/100 g 
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of dry weight (Selvendran and Robertson 1994). Moreover, Lambo et al. (2005) reported, cereals to be one of 
the main sources of dietary fiber, contributing to about 50% of the fiber intake in western countries, 30–40% 
dietary fiber may come from vegetables, about 16% from fruits and the remaining 3% from other minor sources. 

Wheat bran is the most popular source of dietary fiber, with widespread recommendations for 
prevention and treatment of constipation and diabetes and reducing the risk of certain types of cancer Haripriya 
and Premakumari (2010).  It forms a good source of protein and minerals, in addition to its high fiber content 
and antioxidant activity (Vaher et al., 2010). 

Shand (2000) studied the efficacy of hull-less waxy barley and normal starch barley in ultra-low-fat 
pork bologna sausages and concluded that hull-less waxy barley at 4% level had better texture and sensory 
properties. Bond et al. (2001) studied the physical, chemical and shelf life characteristics of low-fat ground beef 
patties formulated with waxy hull-less barley and they found that the low-fat beef barley patty had substantially 
higher cooking yields. Beef barley burger on texture profile analysis by instron was found to be less chewy, 
springy, cohesive, gummy and hard than controls. They also reported that low-fat ground beef patties 
formulated with 10% hydrated cracked waxy hull-less barley was found to be more juicy, soft and less chewy 
and crumbly than control 

Reduced-fat sausages were prepared by replacing pork back fat with barley flours of different particle 
sizes. Three barley flour fractions with different particle size were obtained by passing the ground barley 
material through a sieve. Fraction 1 and 2 had a higher water absorption index than other fraction and showed 
higher peak and final viscosities due to higher β-glucan content. Therefore, fraction 1 and 2 were used as a fat 
replacer in preparation of reduced-fat sausages. Response surface methodology was employed to optimize the 
formulation of reduced-fat sausage and the effects of fat content and barley flour paste concentration on the 
textural properties were analyzed simultaneously Jin-Woong et al. (2011). 

Thus the aim of this study was to produce both reduced and low fat beef sausages by replacement fat 
tissues with two type of fat replacers (hydrated wheat bran and hydrated hull-less barley) at 25, 50, 75 and 
100%. To study the effect of substitution ratio on proximate composition, some chemical &  physical properties, 
nutritional value, texture parameters and sensory characteristics of sausage treatments during frozen storage at -
18oC for 3 months.  

Materials and Methods 

Materials: 
Wheat seeds (Triticum astivum L,) cultivar Sakha 69 and hull-less barley seeds (Hordeum vulgarel L,) 

cultivar Giza 130 were obtained from Field Crops Res .Inst., Agric. Res. Center, Giza-Egypt. Wheat and barley 
seeds were milled in laboratory Mill Junior to a fine powder and the whole meal of wheat was passed through 
different sieves to give wheat bran. Each wheat bran and barley whole meal was hydrated by water at a ratio of 
1: 1 w/v. 

 
Lean beef meat and fat tissues:  

Fresh lean beef meat from boneless round and fat tissues (sheep tail) were purchased from the private 
sector shop in the local market at Giza, Egypt.  Other ingredients used in sausage preparation such as rusk, salt 
and spices were purchased from local market at Giza, Egypt.   

 
Methods 
Preparation of beef sausage  

Ten formulas of sausage were manufactured in this study. The high fat sausage control formula was 
prepared according to Rocco et al. (2003), as follows: lean beef meat (62.0%), sheep fat tail (20.0%), ice water 
(10.0%), rusk (5.0%), salt (2.0 %) and spices (1.00%). Meanwhile, low fat sausage control was prepared by 
reducing fat level from 20.0% to 5.0% and replaced it by adding ice water. Other sausage treatments were 
prepared by reducing added fat level from 20% in high fat sausage control to 15, 10, 5 and 0% fat and replaced 
it by hydrated wheat bran and hydrated barley whole meal according to the applied fat substitution level as 
shown in Table (1). 

The high and low fat sausage controls and other sausage formulas were prepared by mixing the minced 
lean beef meat with other ingredients for 8 – 10 min by using a laboratory emulsifier (Hobbart Kneading 
machine, Italy) specialized for sausage manufacturing. The obtained emulsion was stuffed into a nature casings 
which were hand linked at about 15 cm intervals. All treatments were aerobically packaged in a foam plate, 
wrapped with polyethylene film and stored at -18°C for 3 months. Samples were taken for analysis every month 
periodically. 
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Table 1: Ingredients (%) used for the preparation of different sausage  formulae. 
Sausage treatments prepared with fat replacers Low fat control 

(5% fat) 
High fat control 

(20% fat) 
 

Recipes 0% Fat 5% Fat 10% Fat 15% Fat 
62.0 62.0 62.0 62.0 62.0 62.0 Beef  meat 

- 5.0 10.0 15.0 5.0 20.0 Sheep fat 
20.0 15.0 10.0 5.0 - - Wheat bran 
20.0 15.0 10.0 5.0 - - Barley 
5.0 5.0 5.0 5.0 5.0 5.0 Rusk 
2.0 2.0 2.0 2.0 2.0 2.0 Salt 
1.0 1.0 1.0 1.0 1.0 1.0 Spices 

10.0 10.0 10.0 10.0 25.0 10.0 Ice water 

 
Chemical analysis of raw materials and sausage treatments  

Chemical composition (moisture, crude protein, crude fat and total ash) were determined in fat 
replacers (whole meal hull-less barley and wheat bran) and lean beef meat and different sausage treatments 
according to AOAC (2005). Carbohydrate contents were calculated by difference. 

Total dietary fiber (TDF), soluble and insoluble dietary fibers were determined in wheat bran and hull-less 
barley whole meal according to the method described by Prosky et al. (1984) and Prosky et al. (1988). Total β-
glucan, soluble and insoluble β- glucan were determined in wheat bran and hull-less barley whole meal 
according to the method described by McCleary and Mugford (1997) and Gaosong and Vasanthan (2000). 

  Thiobarbituric acid (TBA) and total volatile nitrogen (TVN) were determined in different sausage 
treatments according to the method described by Egan et al. (1981) and Winton and Winton (1958) respectively.  

 
Physical analysis of sausage treatments        
          Water Holding Capacity (WHC) and plasticity of different sausage treatments were measured 
immediately after processing and during frozen storage period according to the filter press method of Soloviev 
(1966). The cooking loss of sausage and their formula during storage period were determined as the method 
described by AMSA (1995).  
 
Texture profile analysis 

The texture profile analysis (TPA) indices of different sausage treatments were determined using a 
texture analyzer (Cometech, B type, Taiwan). The conditions of texture analyzer were provided with software, 
35 mm diameter compression disc was used. Two cycles were applied at a constant crosshead velocity of 1 
mm/s, to 30% of sample depth, then returned. From the resulting force-time curve the values for texture 
attributes, i.e. Hardness (N), gumminess (N), chewiness, (N). adhesiveness (N.S), cohesiveness, springiness and 
resilieness were calculated from TPA graphic according to Bourne (2003). 

  
Nutritional evaluation 
         Total energy value (Kcal/ 100g) was calculated as follows: 
Total energy value = (Protein % + carbohydrate %) × 4 + fat % × 9. 
 
Fat calories  

The percentage of calories related to the calories intake for each blend was calculated as follows:  

% Fat calories = 
Calories of fat  

× 100 

Total calories 
 
The amount of sausage in grams consumed to cover the daily requirements of adult man in protein (63 

g) or energy (2900 kcal) were calculated (RDA, 1989). Percent satisfaction of the daily requirements of adult 
man in protein or energy was calculated when consuming 150 g of products.  

 
Organoleptic evaluation of different sausage treatments  

          Organoleptic evaluation of beef sausage was carried out according to Watts et al. (1989) by aid of ten 
members of the Meat and Fish Res. Dep., Food Technology Research Institute. Judging scale for each factor 
was as follows: excellent (8-9), Very good (7-<8), Good (6-<7), Fair (5-< 6), Poor (4-<5) and Rejected (<4). 

 
Statistical analysis 

Data were subjected to Analysis of Variance (ANOVA). Means   comparison was performed using 
Duncan’s test at the 5% level of probability as reported by Snedecor and Cochran (1994). 
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Results and Discussion 
 
Chemical composition of fresh lean beef and some fat replacers 

From the obtained data in table (2), it could be noticed that fresh lean beef contained on wet weight 
basis 72.10% moisture, 20.57% crude protein, 6.12% crude fat and 1.21% total ash. These results are in 
agreement with those obtained by Moawad (1995) and Abd El-Aziz (2000) and Osheba (2003) who found that 
fresh beef meat contained 72.00 – 74.01% moisture, 18.6 – 22.08% crude protein, 3.1 – 4.6% crude fat and 1.02 
– 1.70% total ash on weight basis.  

Also, from the same table, it could be observed that, wheat bran and hull-less barely whole meal which 
used as fat replacers in processing low fat sausages contained 6.35 and 12.01 % crude protein, 1.57 and 2.75 % 
crude fat, 7.25 and 4.40 % total ash, 12.18 and 7.68% crude fiber and 72.65 and 73.16 % total soluble 
carbohydrates, respectively on dry wet basis. These results are partially in agreement with those obtained by 
Ranhotra et al. (1994) and Zhang and Moore (1997), who reported that the composition of commercial wheat 
bran depends upon many factors, which include wheat class, grain shape and size, thickness of the bran layers 
and milling system. Moreover, hull-less barely whole meal had higher total, soluble and insoluble β-glucan 
(6.30, 2.00 and 4.30%, respectively) than wheat bran (1.10, 0.23 and 0.87%, respectively). Moreover, total 
dietary fiber content of hull-less barely whole meal was 14.52% and this was low when it compared to wheat 
bran (44.60%). The high protein content of hull-less barely is required and important to bind water. Also, wheat 
bran had higher crude fiber (12.18%) than hull-less barely whole meal (7.68%). The high fiber content in wheat 
bran and hull-less barely whole meal is required for binding more water and fat, besides, it is important for 
manufacturing of low-fat meat sausages with lowest cooking losses as described by Claus and Hunt (1991), 
Thebaudin et al. (1997) and Mansour and Khalil (1999), who reported that fiber can be used in cooked meat 
products to increase the cooking yield due to their water and fat-binding properties and to improve texture.  

 
Table 2: Chemical compositions of some raw materials used in preparation   of different sausage formulas.          

Chemical constituents Fresh beef meat 
(WW) 

Wheat bran 
(DW) 

Hull-less barley whole meal 
(DW) 

Moisture 72.10 - - 
Protein 20.57 6.35 12.01 
Fat 6.12 1.57 2.75 
Ash 1.21 7.25 4.40 
Total carbohydrates 0.0 72.65 73.16 
Crude fiber - 12.18 7.68 
Total β-glucan - 1.10 6.30 
Soluble β-glucan - 0.23 2.00 
Insoluble β-glucan - 0.87 4.30 
Total dietary fiber - 44.60 14.52 
Soluble dietary fiber - 3.40 2.32 
Insoluble dietary fiber - 41.22 12.20 
WW : Wet weight basis, DW : Dry weight basis. 

 
Chemical composition of sausage treatments as affected by type of fat replacers and their percentages at 
different fat levels during frozen storage at -18oC. 

Gross chemical composition of high and low fat sausage controls and other treatments which prepared 
by replacement of fat tissue by two types of fat replacers i.e., hydrated wheat bran and hydrated barely whole 
meal with different levels (25, 50, 75 and 100%) during frozen storage at – 18oC up to three months was 
presented in Table (3). From these results it could be noticed that the moisture content of all sausage treatments 
ranged from 54.15 to 69.31% at zero time.  The highest moisture content (69.31%) was recorded for low fat 
sausage control at zero time, this might be due to reduce fat tissue from 20% (high fat control) to 5% (low fat 
control) and replaced it 15% water. On the other hand, the lowest moisture content (54.15%) was recorded for 
high fat sausage. These results go in line with findings of Troutt et al. (1992), Bullock et al. (1994), Hughes et 
al. (1997) , Chin et al. (1998) and Osheba (2003), who reported that high fat meat products; i.e., patties, ground 
beef, bologna, frankfurters and sausages had lower moisture contents.   

Moreover, moisture content of low fat sausage prepared with fat replacers was affected not only by 
substitution ratio of fat tissue with fat replacers but also by type of fat replacers. Moisture content increased by 
substitution ratio increment, also low fat sausage prepared with hydrated barley whole meal slightly lower 
moisture content than that prepared with hydrated wheat bran immediately after processing and at any time of 
frozen storage. Frozen storage at -18 ºC resulted in decreasing moisture contents of all sausage treatments. This 
decrease might be due to the reduction in protein solubility and subsequently the decrease in water holding 
capacity, as reported by Abd El-Aziz (2001), Lin and Chao (2001) and Osheba (2003). 

 Also, from the same table, it could be observed that, protein contents were higher in sausage samples 
prepared by using fat replacers, i.e., hydrated barley and hydrated wheat bran than that in low and high fat 



Middle East J. Appl. Sci.., 5(2): 618-629, 2015 
 

622  

sausage controls at a zero-time and during frozen storage. These results might be due to the fat replacers contain 
original crude protein. Moreover, protein content of low fat sausage treatments prepared with fat replacer 
increased by increasing substitution ratio. Low fat sausage prepared with hydrated barley whole meal slightly 
higher protein content than that prepared with hydrated wheat bran at any substitution ratio. This might be due 
to higher crude protein content of barley whole meal (12.01%) than wheat bran (6.35%) as shown in table (2). 
Immediately after processing, protein content of high fat sausage control (14.81%) and low fat control (14.75%) 
and sausage prepared by 5% wheat bran + 15% fat was lower than permissible limit which reported by Egyptian 
Standard (2005) which sausages should contain protein content not less than 15%. moreover, by prolongation of 
frozen storage, protein contents of all sausage treatments were slightly of slight protein breakdown. 

Fat contents in high and low-fat sausages were determined directly after the processing and throughout 
frozen storage and its data are shown in Table (3). It could be noticed that, there were slightly differences in fat 
contents between all low-fat sausages which prepared by using fat replacers at the same fat levels. The lowest 
fat content (1.55%) was recorded for low fat sausage treatment which substituted all fat tissue with hydrated 
wheat bran followed by sausage treatment prepared with hydrated barley whole meal (2.07%) with slightly 
differences between them. Also, from the same table, it could be observed that, by the advancement of frozen 
storage, fat contents in all treatments were slightly increased. This might be attributed to the decrease in 
moisture and protein contents throughout the frozen storage. These results are in agreement with those obtained 
by Lin and Chao (2001) who found that fat content increases as same as moisture content decreases.  

Also, from the same table, it could be observed that, low-fat sausages prepared with fat replacers at 
different fat levels showed higher ash, crude fiber and total soluble carbohydrates contents than low and high fat 
sausage controls. Also, ash, crude fiber and total soluble carbohydrates contents of low fat sausages increased by 
increasing substitution ratio. Low fat sausage prepared with hydrated wheat bran had slightly higher ash and 
crude fiber contents and lower total soluble carbohydrates content than low fat sausage prepared with hydrated 
barley whole meal at any substitution ratio 

A prolonged frozen storage at -18ºC slightly increased ash, crude fiber and total soluble carbohydrates 
contents in all treatments. This probably may be due to losses in moisture and protein contents during the frozen 
storage. 

 
Table 3: Effect of fat replacers (wheat bran and barley whole meal) and their percentages at different added fat levels on 

chemical composition of high and low fat sausage during frozen storage at – 18oC up to 3 months.  
Treatments 

 

Items  

Storage 
periods 

(months) 

 
High fat 
control 

(20% fat) 

Low 
fat 

Control 
(5% 
fat) 

Hydrated Wheat bran Hydrated barley whole meal 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

Moisture  0 54.15        69.31 57.70 60.15 62.62 65.13 56.58 59.08 61.59 64.06 
1 53.76 68.95 57.34 59.79 62.31 64.83 56.17 58.69 61.28 63.75 
2 53.40 68.58 56.95 59.46 61.97 64.45 55.79 58.38 60.88 63.38 
3 53.03 68.20 56.59 59.06 61.55 64.08 55.47 58.00 60.53 63.03 

Protein  0 14.81 14.75 14.93 15.10 15.24 15.41                                   15.08 15.37 15.66 15.95 
1 14.55 14.51 14.67 14.82 14.97 15.13 14.81 15.15 15.45 15.70 
2 14.28 14.27 14.42 14.58 14.73 14.89 14.59 14.88 15.22 15.46 
3 14.08 14.01 14.21 14.37 14.51 14.67 14.35 14.65 14.95 15.24 

Lipids  0 21.41 6.30 16.38 11.40 6.46 1.55 16.43 11.58 6.77 2.07 
1 21.56 6.47 16.53 11.52 6.61 1.72 16.58 11.72 6.93 2.21 
2 21.74 6.62 16.74 11.71 6.78 1.90 16.77 11.91 7.07 2.38 
3 21.93 6.83 16.92 11.93 6.99 2.07 16.95 12.09 7.26 2.57 

Ash  0 2.04 1.95 2.20 2.36 2.55 2.72 2.13 2.23 2.32 2.44 
1 2.06 1.97 2.22 2.39 2.57 2.75 2.15 2.26 2.34 2.47 
2 2.09 2.00 2.25 2.41 2.60 2.87 2.18 2.28 2.37 2.49 
3 2.11 2.02 2.27 2.44 2.63 2.81 2.21 2.31 2.41 2.53 

Crude fiber 0 0.91 0.85 1.17 1.49 1.76 2.06 1.06 1.22 1.44 1.62 
1 0.93 0.87 1.19 1.51 1.78 2.09 1.08 1.25 1.46 1.64 
2 0.96 0.88 1.21 1.54 1.81 2.12 1.11 1.27 1.50 1.67 
3 0.99 0.90 1.24 1.56 1.84 2.15 1.14 1.30 1.53 1.70 

TSC 0 6.68 6.84 7.62 9.50 11.37 13.13 8.72 10.52 12.22 13.86 
1 7.14 7.23 8.05 9.97 11.76 13.48 9.21 10.93 12.54 14.23 
2 7.53 7.65 8.43 10.30 12.11 13.77 9.56 11.28 12.96 14.62 
3 7.86 8.04 8.77 10.64 12.48 14.22 9.88 11.65 13.32 14.93 

TSC: Total soluble carbohydrates. 
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Nutritional values of different sausage treatments as affected by fat levels, type of fat replacers and their 
percentages.  

 
From Table (4), it could be noticed that, as the fat content decreased in sausage treatments, total energy 

(kcal / 100 g) declined. The high fat sausage control had higher total energy which was 278.65 kcal / 100 g in 
comparison with other treatments. Also, sausage treatments which prepared by using hydrated wheat bran at all 
different fat levels slightly lower total energy when compared with sausage treatments which prepared by using 
hydrated barley whole meal at the same fat levels. This could be mainly due to hydrated wheat bran treatments 
had lowest protein and carbohydrates contents when compared with barley whole meal treatments (Table 2). 
These results are in line with Osburn and Keeton (1994) and Mansour and Khalil (1999) who reported that 
caloric reduction correlated positively with fat reduction.  

Also, from the same table, it could be observed that, fat calories of sausage treatments prepared by 
using different fat-replacers (hydrated wheat bran and hydrated barley whole meal) were decreased with 
reducing fat levels. Generally, calories produced from fat only were lower for the treatments which prepared by 
using fat-replacers than high fat sausage control (69.15%).Sausages which prepared by using hydrated barley 
whole meal at different fat levels had slightly higher fat calories when compared with hydrated wheat bran 
treatments. 

Due to the decrease in fat content of sausage treatments which prepared by using fat-replacers 
compared to high- fat sausage control (prepared by 20% fat) the amount of sausages consumed to cover the 
daily requirements of man in energy (GDR for energy) increased, while percent satisfaction of the daily 
requirements of adult man in energy when consuming 150 gm of sausages (P.S. / 150) decreased. Moreover, the 
changes in percent satisfaction of the daily requirements of adult man in protein when consuming 150 g of 
sausages were slight (35.12 – 37.98%). Generally,  GDR for protein decreased by increasing percentages of fat 
replacers. On the contrary, GDR for energy increased by increment of fat replacers percentages and decrement 
of fat content. These results agree with those obtained by Wahdan and Mahmoud (1999) and Abd El-Aziz 
(2001) who reported similar trends in nutritional value of products, based on energy or protein when changing 
of the fat in meat products using fat replacers. 

 
Table 4: Effect of fat replacers (wheat bran and barley whole meal) and their percentages at   different added fat 

levels on nutritional values of high and low fat sausage immediately after processing (zero time).       
Treatments 

 
Items 

High fat 
control  

(20% fat) 

Low fat 
Control  
(5% fat) 

Hydrated Wheat bran Hydrated barley whole meal 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

Total energy  (Kcal/100g) 278.65 143.06 237.62 201.00 164.58 128.11 243.07 207.78 172.45 137.87 
Fat calories (Kcal/100g) 69.15 39.63 62.04 51.04 35.33 10.89 60.83 50.16 35.33 13.51 
GDR for protein 425.39 427.12 421.97 417.22 413.39 408.83 417.77 409.89 402.30 394.98 
GDR for energy 1040.73 2027.12 1220.44 1442.79 1762.21 2263.68 1193.07 1395.71 1681.65 2103.43   
% P.S/150g for protein 35.26 35.12 35.55 35.95 36.29 36.69 35.90 36.60 37.29 37.98 
%P.S/150g for Energy 14.41 7.40 12.29 10.40 8.51 6.63 12.57 10.75 8.92 7.13 

 
Chemical properties 

From the data in table (5) it could be noticed that total volatile nitrogen (TVN) of all sausage treatments 
ranged from 8.15 to 10.79 mg/100g, immediately after processing. These values increased gradually by 
increasing frozen storage period which ranged between16.22 to 19.31mg/100g at the end of storage period (after 
3 months). The increment of TVN during frozen storage might be due to the breakdown of proteins as a result of 
activity of microbial strains and proteolytic enzymes (Yassin, 2003). 

Moreover, sausage prepared by using hydrated wheat bran or hydrated barley whole meal at all fat 
levels had lower total volatile nitrogen in comparison with high and low fat sausage controls at a zero-time. 
Moreover, the treatments contained hydrated barley whole meal at all fat substitutions slightly lower total 
volatile nitrogen as compared to treatments which prepared by using hydrate wheat bran. T.V.N of all treatments 
at any time of storage was lower than permissible level reported by the Egyptian Standards Specifications 
(2005) which limited the content of TVN must be not more than 20 mg /100g. 

Also, from Table (5), it could be observed that thiobarbituric acid of all sausage treatments at zero time 
ranged from 0.22 to 0.44mg malonaldhyde/kg. TBA value in high fat control sample was the highest as 
compared to the other sausages which prepared by using fat-replacers at all different fat levels. This might be 
due to the high fat level of the control sausage (21.41%) which consequently led to higher TBA values. Also, 
TBA values of the treatments prepared by using all fat-replacers were decreased with reducing fat level in these 
treatments. These results are in agreement with those obtained by Bloukas et al. (1997) reported that low-fat 
frankfurters had lower TBA values than high-fat control frankfurters throughout the storage period.  

As time of frozen storage progressed, the thiobarbituric acid values of all treatments gradually 
increased. The lowest thiobarbituric acid (0.51 mg malonaldhyde /kg) were recorded for sausage contained 20% 
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hydrated barley whole meal followed by sausage contained 15% barley whole meal + 5% fat at the end of frozen 
storage, meanwhile the highest increment of TBA value recorded for high fat sausage control which reached 
0.96 mg malonaldhyde /kg after 3 months of frozen storage (-18oC). The lower thiobarbituric acid values for 
sausages prepared with wheat bran or barley whole meal than sausage controls, this is probably due to the 
presence of natural antioxidants such as which could retard lipids oxidation. Qureshi et al. (1991) reported that 
the barley contains tocotrienols and tocopherol, which are ubiquitous, naturally occurring antioxidants. Finally, 
TBA values of all samples in the range of permissible level limited by Egyptian Standards Specification (2005) 
which limited that the value of TBA must be not more than 0.9 mg malonaldhyde /kg for frozen sausage. 
 
Table 5: Effect of fat replacers (wheat bran and barley whole meal) and their percentages at different added fat levels on 

some chemical properties of high and low fat sausage during frozen storage at – 18oC up to 3 months. 

        Treatments 
 

Items 

Storage 
periods 

(months) 

 
High fat control 

(20% fat) 

Low fat 
Control (5% fat) 

Hydrated Wheat bran Hydrated barley whole meal 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

TVN 

0 10.79 9.80 9.78 9.36 9.01 8.76 9.56 9.02 8.50 8.15 

1 13.65 12.66 12.64 12.25 11.84 11.53 12.30 11.83 11.27 10.82 
2 16.44 15.57 15.45 15.11 14.70 14.27 15.08 14.60 14.04 13.54 
3 19.31 18.45 18.31 17.98 17.55 17.01 17.85 17.41 16.85 16.22 

TBA 

0 0.44 0.35 0.40 0.38 0.32 0.30 0.36 0.33 0.26 0.22 
1 0.62 0.46 0.52 0.48 0.41 0.39 0.48 0.44 0.34 0.31 
2 0.78 0.56 0.65 0.61 0.50 0.48 0.61 0.54 0.43 0.42 
3 0.96 0.67 0.78 0.72 0.61 0.59 0.71 0.64 0.52 0.51 

TVN: Total volatile nitrogen (mg/100g) -TBA: Thiobarbituric acid (mg/kg sample) 

 
Physical properties 

Water holding capacity (WHC), plasticity and cooking loss of different beef sausage treatments as 
affected by fat levels, fat replacers (hydrated wheat bran and hydrated barley whole meal) and their percentages 
during frozen storage were presented in Table (6). Water holding capacity of all beef sausage at zero time 
ranged from 0.73 to 4.10 cm2/0.3g. The highest WHC (lowest value, 0.73 cm2/0.3g) was recorded for sausage 
treatment prepared by substitution fat with hydrated barley whole meal at 100%. On the other hand, the highest 
WHC (4.10 cm2/0.3g) recorded for low fat sausage control (prepared by substituted 75% of fat tissues with 
water). Generally, it could be concluded that fat-replacers, i.e., hydrated wheat bran and hydrated barley resulted 
in increasing of the water holding capacity of low-fat sausages. This is probably due to the ability of wheat bran 
and barley whole meal to bind more water. In this concern, Bhat and Pathak. (2009) and  Bhat and Bhat, (2011) 
reported that the fiber is suitable for addition to meat products and has previously been used in cooked meat 
products to increase the cooking yield due to its water-binding and fat-binding properties and to improve 
texture. Sausage treatments prepared with hydrated barley had higher WHC than that prepared with hydrated 
water bran at the same fat level.  

Finally, WHC of all sausage treatments prepared with fat replacers slightly increased with increasing 
their percentages or substitution ratio. 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). 

Water holding capacity (WHC) values of all sausage treatments decreased by advancement of storage 
period. The loss of WHC during storage may be attributed to protein denaturation and loss of protein solubility 
(Osheba et al., 2013). 

Plasticity values took the same trend of WHC values. Plasticity values increased by increasing fat 
replacers percentages (wheat bran and barley whole meal). The highest value (3.72 cm2/0.3g) was recorded for 
sausage treatment prepared by substitution fat with hydrated barley whole meal at 100%. On the other hand, the 
lowest value (2.94 cm2/0.3g) recorded for low fat sausage treatment control at zero time. Generally, fat 
replacers, hydrated wheat bran and barley whole meal improved the plasticity of low-fat sausages. These results 
are in line with the findings of Mansour and Khalil (1999), who mentioned that wheat bran was able to bind 
water and fat, consequently improved the plasticity.  

Also, plasticity values of all sausage treatments slightly decreased by increasing frozen storage period. 
This behavior might be due to protein denaturation and loss of protein solubility. 

From the data in table (6), it could be noticed that cooking loss of all sausage treatments ranged 
between 18.16 to 32.17% at zero time. The highest cooking loss (32.17%) was recorded for low fat sausage 
control. This may be attributed to the higher moisture content of this treatment compared with other treatments 
(Table 3).Generally, fat-replacers, i.e., hydrated wheat bran and barley whole meal resulted in increasing in 
cooking yield or decreasing cooking loss in low-fat sausages. Cooking loss of sausage prepared by using fat 
replacers decreased by increasing percentages of fat replacers or substitution ratio. 

The high cooking loss of high fat sausage control might be attributed to the excessive fat separation and 
water release that occurred from breaking emulsion during cooking. Similar results were obtained by Mansour 
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and Khalil, (1999) and Osheba (2003). Also, during frozen storage at -18ºC, the cooking loss progressively 
increased as the period of storage increased for all treatments, whether control samples (low or high fat) and 
low-fat sausages prepared with fat replacers. This might be due to decreasing in the water-holding capacity 
during storage. 

 
Table 6: Effect of fat replacers (wheat bran and barley whole meal)   and their percentages at different added fat levels on 

some physical properties of high and low fat sausage during frozen storage at – 18C up to 3 months. 
Treatments 

 

Items  

Storage 
periods 

(months) 

 
High 
fat 

control 
(20% 
fat) 

Low fat 
Control 
(5% fat) 

Hydrated Wheat bran Hydrated barley whole meal 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

WHC 0 1.70 4.10 1.15 1.02 0.95 0.87 0.99 0.87 0.75 0.73 
1 1.95 4.61 1.47 1.30 1.22 1.1 2 1.30 1.14 1.01 0.98 
2 2.98 5.14 1.83 1.61 1.51 1.42 1.58 1.40 1.24 1.20 
3 3.37 5.68 2.16 1.92 1.81 1.68 1.89 1.70 1.51 1.47 

Plasticity 
(cm2/0.3g) 

0 3.20 2.94 3.30 3.36 3.38 3.41 3.40 3.55 3.70 3.72 
1 2.83 2.51 2.93 3.05 3.08 3.13 3.07 3.25 3.36 3.42 
2 2.46 2.07 2.59 2.71 2.80 2.85 2.73 2.91 3.05 3.15 
3 2.07 1.62 2.22 2.38 2.51 2.54 2.38 2.62 2. 71 2.87 

Cooking 
loss (%) 

0 26.17 32.17 24.41 21.86 20.37 19.64 22.69 19.32 19.24 18.16 
1 27.73 33.80 25.90 23.30 21.68 20.80 24.14 20.57 20.26 19.37 
2 29.28 35.50 27.45 24.68  22.98 22.01 25.56 21.94   21.25 20.55 
3 30.83 37.15 28.94 26.12 24.27 23.19 26.99 23.27 22.18 21.76 

Cooking 
yield (%) 

0 73.83 67.83 75.59 78.14 79.63 80.36 77.31 80.68 80.76 81.84 
1 72.27 66.20 74.10 76.70 78.32 79.20 75.86 79.43 79.74 80.63 
2 70.72 64.50 72.55 75.32 77.02 77.99 74.44 78.06    78.75 79.45 
3 69.17 62.85 71.06 73.88 75.73 76.81 73.01 76.73 77.82 78.24 

 
Texture Profile Analysis (TPA): 

Data illustrated in Table (7), revealed that texture indices of sausage treatments as affected by fat 
levels, types of fat replacers (hydrated wheat bran and barley whole meat) and substitution ratio. From statistical 
analysis of these data, it could be noticed that there were significant differences in all texture indices between 
different sausage treatments. Hardness of sausage treatments was significantly increased by reducing fat level 
and increasing fat replacers. Sausage treatments prepared by hydrated wheat bran (as fat replacer) had higher 
hardness values than that prepared with hydrated barley whole meat at different fat levels. The highest hardness 
value (11.86) was recorded for sausage prepared with 20% hydrated wheat bran at 0% fat level followed by 
sausage prepared with 20% hydrated barley at 0% fat level (11.13) and finally sausage prepared with 15% 
hydrated wheat bran at 5% fat level (10.54) with non-significant differences between them.  

Cohesiveness values ranged from 0.51 to 2.15 showed significant differences between different 
sausage treatments. The highest cohesiveness value was recorded for sausage prepared with 20% hydrated 
wheat bran at 0% fat level. On the contrary, the lowest value (0.51) was recorded for high fat control. No 
significant differences in cohesiveness were observed between low fat control sample and sausages treatments 
which prepared with both hydrated wheat bran and hydrated barley.  

Gumminess of different sausage treatments ranged from 2.19 to 25.50 g showed significant differences 
(p>0.05). Gumminess of sausage treatments was significantly increased by reducing fat level or increasing fat 
replacers. Sausage treatments prepared by hydrated wheat bran (as fat replacer) had higher Gumminess values 
than that prepared with hydrated barley whole meal at different fat levels. The highest value (25.50g) was 
recorded for sausage prepared with 20% hydrated wheat bran at 0% fat level followed by sausage prepared with 
15% hydrated wheat bran at 5% fat level (20.34g) with significant differences between them (p<0.05). on the 
other hand, non-significant differences were recorded between low fat control (5% fat) being gumminess 
(13.47g) and sausage prepared with 10% hydrated wheat bran at 10% fat level (12.64g) . 
Chewiness values ranged from 4.64 to 19.13 and 2.69 to 14.38 for sausage treatments prepared with hydrated 
wheat bran and hydrated barley whole meal respectively. Chewiness values significantly increased by fat 
replacers percentages increment. Also sausage prepared with hydrated wheat bran had significantly higher 
chewiness values than that prepared with hydrated barley whole meal Springiness value for all sausage 
treatments ranged from 0.60 to 0.75 showed no significant differences between all treatments. These results 
were in line with the results reported by some researchers on different cooked sausages (Kerr et al., 2005; 
Garcia et al., 2006; Herrero et al., 2008).  
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Table 7: Effect of fat replacers (wheat bran and barley whole meal) and their percentages at   different added fat levels on 
texture profile of high and low fat sausage immediately after processing (zero time). 

Treatments 
 
 

Items 

High fat 
control  

(20% fat) 

Low fat Control  
(5% fat) 

Hydrated Wheat bran Hydrated barley whole meal 
 

LSD at 
0.5% 15% 

Fat 
10% 
Fat 

5% 
Fat 

0% 
Fat 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

Hardness N 4.29e 6.91d 6.89d 8.21d 10.54bc 11.86a 5.32e 7.24d 9.61c 11.13ab 1.052 
Cohesiveness (%) 0.51b 1.95a 1.02ab 1.54ab 1.93a 2.15a 0.79ab 1.25ab 1.73ab 1.82ab 0.837 
Gumminess(g) 2.19h 13.47d 7.03f 12.64d 20.34b 25.50a 4.20g 9.05e 16.63c 20.26b 0.995 
Chewiness(g×mm) 1.31h 9.70d 4.64f 8.72d 14.64b 19.13a 2.69g 6.06e 11.47c 14.38b 1.058 
Springiness(mm) 0.60a 0.72a 0.66a 0.69a 0.72a 0.75a 0.64a 0.67a 0.69a 0.71a 0.306 

 
Organoleptic evaluation: 

Sensory properties of high and low fat beef sausage treatments as affected by fat levels, types of fat 
replacers (wheat bran and barley whole meal) and their percentages immediately after processing were given in 
Table (8). Form statistical analysis of these data, it could be observed that there were significant differences (P< 
0.05) in all sensory properties (taste, aroma, color, texture and overall acceptability) between different sausage 
treatments.  

The highest score of taste (8.50)were given by the panelists for both high- fat control and the treatment 
prepared by 5% hydrated barley at 15% fat, followed by10%hydrated barley treatment at 10% fat level (8.30) 
and there 5% hydrated bran treatment at 5% fat (8.20) with non-significant differences between them. On the 
other hand, the lowest taste score (5.50) was recorded for low fat sausage prepared with 20% hydrated bran 
without addition fat tissues. Also, taste scores were decreased significantly by fat levels decrement or fat 
replacers percentages increment.  Sausage prepared with hydrated barley as fat replacer had significantly higher 
taste scores than that prepared with hydrated wheat bran.   

No significant differences were recorded in aroma scores between high fat sausage control and sausage 
treatments which prepared with 5 and 10 % barley at 15 and 10% fat  and finally sausage prepared with 5% 
hydrated wheat bran at 15% fat. Moreover, aroma, color and texture scores of sausage treatments significantly 
decreased with decreasing fat level or increasing fat replacers percentages. Also, low fat sausage treatments 
prepared with hydrated barley whole meal had higher scores of abovementioned properties than that prepared 
with hydrated wheat bran.  

The best color score (8.89) was given for both of high fat control and sausage treatment which prepared 
by 5 hydrated barley whole meal at 15% fat, followed by 5% hydrated wheat bran treatment at 15% fat (8.70) 
with non-significant differences between them. On the contrary, the lowest score of color (5.70) was recorded 
for the treatment prepared with 20% hydrated wheat bran at 0% fat level followed by sausage treatment 
prepared by 20% hydrated barley whole meat at 0% fat (6.10) with significant differences between them . 

Also, from the same table, it could be noticed that no significant differences (P< 0.05) were recorded in 
texture scores between high fat control (8.50) and that prepared with5% hydrated wheat bran at 15% fat and that 
prepared 5 and 10% fat hydrated barley whole meal at 15 and 10% fat. The highest texture score (8.70) was 
recorded for sausage prepared with 5% hydrated barley whole meal at 15% fat. On the contrary the lowest 
texture scores (5.30) was recorded for sausage prepared with 20% hydrated wheat bran without addition fat. 
          Overall acceptability significantly affected by fat level, types of fat replacers and their percentages. The 
highest overall acceptability (8.67) was recorded for sausage prepared by 5% hydrated barley whole meal at 
15% fat followed by high fat control (8.65) and sausage treatments prepared with 5% hydrated wheat bran 15% 
fat (8.50) and 10% barley whole meal at 10% fat (8.50) with non-significant differences between them. The 
lowest overall acceptability was recorded for sausage prepared with 20% hydrated wheat bran without addition 
fat tissues (5.50) followed by that prepared with 20% hydrated barley whole meal without addition fat 
tissues(6.00) with significant differences between them. Finally from the abovementioned results, it could be 
concluded that fat replacers (hydrated barley whole meal and hydrated wheat bran) improved sensory properties 
of low fat sausage. The addition of all cereal flour to sausages which contain 10% animal fat had better 
acceptability scores for flavor and texture characteristics when compared with low-fat control. All cereal flours 
can be used successfully as a fat substitute in low-fat duck sausages (Yang, et al. 2009). In this concern, Arafa 
and El-Akel. (2011) found that addition of oat meal gel enhanced the sensory characteristics of beef patties. 
Gerardo et al. (2015) who found that the sensory evaluation demonstrated that dietary fibers can be used in 
sausages as fat replacers and also as a source of prebiotic ingredients. 
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Table 8: Effect of fat replacers (wheat bran and barley whole meal) and their percentages at different added fat levels on 
organoleptic evaluation of high and low fat sausage immediately after processing (zero time). 

Treatments 
 

 
Items 

High fat 
control  

(20% 
fat) 

Low fat 
Control 

(5% fat) 

Hydrated Wheat bran Hydrated barley whole meal 
15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

15% 
Fat 

10% 
Fat 

5% 
Fat 

0% 
Fat 

LSD at 
0.5% 

Taste 8.50a 6.70c 8.20a 7.50b 6.10d 5.50e 8.50a 8.30a 7.50b 5.90d 0.328 
Aroma 8.70a 6.40d 8.60a 7.90b 6.20d 5.50e 8.60a 8.50a 7.50c 6.00d 0.350 
Color 8.89a 6.60e 8.70ab 8.20c 6.80e 5.70g 8.89a 8.60b 7.70d 6.10f 0.218 

Texture 8.50ab 6.30de 8.50ab 7.80c 6.60d 5.30f 8.70a 8.60a 8.10bc 6.00e 0.374 
Overall 

acceptability 
 

8.65a 6.50c 8.50a 7.85b 6.40c 5.50e 8.67a 8.50a 7.70b 6.00d 0.381 

Values are mean and SD (n = 10); where: Mean values in the same row with the same letter are not significantly different at 
0.05 level. 
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