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ABSTRACT  
 

This research aimed to evaluate the effect of partial replacement of beef fat with flaxseed oil (FO) and 
ascending levels of rice bran (RB) in beef burger formula. Effect of FO/RB addition on frozen storage stability 
for most important quality criteria of beef burger patties was studied. The incorporation of FO/RB into beef 
burger patties instead of beef fat decreased their contents of total lipids (from 23.85 to 8.12%) and total 
saturated fatty acids (from 51.76 to 24.57 g/100g lipid); while increased their contents of dietary fibers (from 
1.25 to 7.23%), unsaturated fatty acids (from 45.91 to 77.84 g/100g lipid) and the ratios of unsaturated to 
saturated fatty acids (from 0.89 to 3.17). Also, FO/RB formulations caused an improving or retention of 
physiochemical quality criteria (such as pH value, WHC, cooking shrinkage, TVN and TBA contents) during 
frozen storage at -18±2°C for 3 months, as well as improvement of the microbiological quality, when compared 
to control burger sample. Moreover, the present results revealed that beef burger samples containing different 
FO/RB formulations exhibited a good sensory properties and better acceptability (especially formulations 1and 
2) even after frozen storage for 3 months. While, the produced burger sample from formula 3 was significantly 
varied (P<0.05) and had less judging scores for most the organoleptic quality properties and less acceptability as 
compared with the other samples. Therefore, it could be concluded that the partial replacement of beef fat with 
FO/RB into burger formula considerably improved the nutritional and sensory quality properties of produced 
beef burger patties.  
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Introduction 
 

Meat and meat products are major sources of fat in the diet and provide high amounts of saturated fatty 
acids and cholesterol, which have been implicated in diseases include various cancers, obesity, hypertension, 
cardiovascular diseases and coronary heart diseases (Wood et al., 2003, Moon et al., 2008 and Akesowan, 
2015). 
A focus of dietary recommendations for cardiovascular disease prevention and treatment has been a reduction of 
saturated fat intake (Siri-Tarino et al., 2010). However, fat in meat products play important role in stabilizing 
meat emulsions, reducing cooking loss, improving water holding capacity, providing juiciness and hardness and 
have considerable effects on the binding, rheological and structural properties of the meat products (Hughes et 
al., 1997 and Yoo et al., 2007).  Fat reduction can increase the toughness of meat products and significantly 
alter their acceptability (Giese, 1996 and Mendoza et al., 2001). Therefore, the reduction of animal fat in meat 
products or the substitution of animal fat with vegetable oils and dietary fibers could result in healthier products. 
The incorporation of vegetable oils in meat products to replace animal fat may have a positive effect on 
consumer health such as they are free of cholesterol and have a higher ratio of unsaturated to saturated fatty 
acids (Barcelo-Coblijn and Murphy, 2009, Yang et al., 2009 and Akesowan, 2015). 

Vegetable oils are the one that had received most attention, chiefly as a source of monounsaturated 
fatty acids. It has a high biological value and contains antioxidant substances in optimum concentrations. 
omega-3 fatty acids intake are associated with a lessened risk of heart disease and breast cancer and have 
positive effects on colon cancer (Bloukas et al., 1997 and Servili et al., 2009). It is important for vegetarians to 
include foods that are rich in omega-3 fatty acids on a daily basis. α-linolenic acid (a common omega-3 fatty 
acid) is found in many vegetables, fruits, nuts and seeds. The best source of α-linolenic acid is flaxseed oil 
(Zhao et al., 2004 and Harper et al., 2006). 

Flaxseed oil is a particularly rich source of α-linolenic acid (LNA) with concentrations ranging from 40 
to 60% (Giese, 1996 and Moknatjou et al., 2015). LNA can act as the precursor of longer chain n-3 
polyunsaturated fatty acids or compete with linoleic acid to reduce arachidonic acid content or direct interaction 
with ion channels and nuclear receptors; and thus may exert numerous beneficial effects in the human body such 
as lower serum lipids, liver size, hepatic lipid contents (Yang et al., 2009), antiarrhythmic, antiinflammatory and 
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neuroprotective functions as well as accelerating brain growth in preterm and neonates (Barcelo-Coblijn and 
Murphy, 2009). 

Fibers incorporation in frequently consumed foods (meat, dairy and bakery products) could help to 
overcome the fiber deficit. Dietary fiber plays a major role in the human diet, not only for its nutritional 
properties but also for its functional and technological properties (Choi et al., 2009, 2010a, 2010b, 2011). It is 
one of the most communicational ingredients in food products and can be used as fat replacer, fat reducing agent 
during frying, volume enhancer, binder, bulking agent and stabilizer (Ang and Miller, 1991 and Shi et al., 
2015). 

Fiber is suitable for meat products and it has previously been used in cooked meat products to increase 
the cooking yield due to its water and fat binding properties and to improve texture (Cofrades et al., 2000). In 
some meat products (such as sausages and hamburgers), a decrease in fat content can have marked effects on 
caloric intake and cholesterol content (Hoelscher et al., 1987). Although the production and sales of low-fat 
foods have increased, there are many problems concerning the acceptance of those products (Sandrou and 
Arvanitoyannis, 2000), when the fat levels are lowered the products become firmer, more rubbery, less juicy, 
darker in colour and less acceptable (Keeton, 1994). Increased concerns about the potential health risk 
associated with the consumption of high-fat foods have led the food industry to develop new formulations or 
modify traditional products to make them healthier (Garcia et al., 2002). 

Rice bran is a rich source of dietary fiber (30%), protein (12-15%), fat (Faiyaz et al., 2007), minerals 
and micronutrients (such as B vitamins and trace elements). Also, it has a range of bioactive phytochemicals 
(include dietary fiber, phytosterols, gamma oryzanol, tocopherol, tocotrienols, ferulic acid and other phenolic 
compounds) with potential for reducing the risk of chronic degenerative diseases (Bor et al., 1991, Wiley and 
Sons, 1996; and Shi et al., 2015). 

Many researchers have evaluated various natural sources of dietary fiber such as wheat bran, rye bran, 
oat bran, lemon albedo, hazelnut pellicle, seaweed, citrus peel and carrot, but a limited number of studies have 
reported on dietary fiber from rice bran added to reduced-fat emulsion meat products (Hughes et al., 1997; 
Garcia et al., 2002; Sanjeewa et al., 2010 and Choi et al., 2011).  

Therefore, the current research aimed to evaluate the effect of using flaxseed oil and ascending levels 
of rice bran into beef burger formula as a replacement of beef fat on the chemical, physiochemical, 
microbiological and sensory characteristics of beef burger patties during frozen storage periods.  

Materials and Methods 

Materials: 
Flaxseed Oil: 

Virgin flaxseed oil samples were obtained from Tanta Oil and Soap Company, Tanta, Gharbia, Egypt. 
The oils were extracted on cold express. The resultant oil was filtered through a fine cloth, filled in dark brown 
bottles and stored at deep freezing temperature (-18 °C) until use. 
 
Rice Bran: 

Rice bran (variety Sakha 101) was obtained from the farm of Rice Mechanization Center, and was 
milled immediately after natural dryings to a moisture level of about 14% ± 1 using Satake rice mill model 
(SB10-D). Then the produced rice bran was filled in plastic bags and stored temporarily freeze at -5°C in order 
to suppress fungal growth and minimize quality changes. 
 
Soybean Flour: 

Soybean flour at 48 % protein was obtained from food Technology Research Institute, Agriculture 
Research Center, Giza, Egypt. 
 
Beef Meat and fat: 

Beef meat of binned quarter and beef fat obtained from the local butcher shop in the day before each 
experiment were accomplished in this investigation. The meat and fat were stored in a refrigerator at 5±1°C 
overnight. 
 
Other Ingredients: 

Spices, dried onion and salt were obtained from the local market while, Sodium tripolyphosphate was 
obtained from Adwic Laboratory Chemicals Co., Cairo, Egypt. 

 
Methods: 
Experimental Treatments: 
A- Preparation of Milled Rice Bran (RB): 
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The collected bran was processed to inactivate the endogenous lipase enzyme and denature the trypsin 
inhibitors according to the method described by Saunders (1990). To achieve this objective the bran subjected to 
soaked and steamed treatments followed by drying and milling. Milled rice bran was passed through a 32-mesh 
sieve (0.5 mm), sealed in plastic bags and stored in a freezer at -12 ºC until utilized. 
 
B- Preparation of Beef Burger Patties: 

Four different formulations (control, F1, F2 and F3) of beef burger patties were prepared as shown in 
Table (1). The control beef burger formula consisted of  62.5% lean meat, 20% ground beef fat, 4% hydrated 
defatted soy flour, 3% dried onion, 1.5% salt, 0.2% sodium tripolyphosphate, 1.5% spices and 10% iced water 
according to Feiner (2006) and Oroszvári et al., (2006). Other burger formulations (F1, F2 and F3) were 
prepared by partial replacement of beef fat with flaxseed oil and ascending levels of rice bran as shown in Table 
(1). 
 
Table 1: Beef burger formulations prepared without or with partial replacement of beef fat with flaxseed oil and rice bran: 
 
Ingredients 

Formulation amount 
(g/kg burger) 

Control F1 F2 F3 
Beef meat 625 625 625 625 
Beef fat 200 100 50 25 
Flaxseed oil - 50 50 50 
Rice bran - 50 100 125 
Defatted soy flour (hydrated) 40 40 40 40 
Salt 15 15 15 15 
Sodium tripolyphosphate  2 2 2 2 
Dried onion  3 3 3 3 
Spice mixture  15 15 15 15 
Water  100 100 100 100 
 

C- Cooking of Beef Burger Patties: 
The beef burger patties (the control burger patties and containing different FO/RB formulations) were 

cooked in a preheated electrical grill for a total of 5 minutes, 2.5 minutes on each side (70°C core temperature) 
before being coded and evaluated by sensory evaluation (Gehan Kassem and Emara, 2010).  

 
Analytical Methods: 

The tested beef burger patties were periodically analyzed every month during frozen storage at -18 ± 
2°C for 3 months as follows: 
 
A- Chemical Analysis: 

Proximate composition of burger samples was estimated according to A.O.A.C (2000).While, total 
volatile nitrogen (TVN) content and thiobarbituric acid (TBA) value were estimated as described by Pearson 
(1976). 
 
B- Fatty Acid Profiles: 

Fatty acids of the extracted burger lipids were converted to their methyl esters (Anonymity, 1999) and 
the analysis of fatty acid methyl esters was accomplished using a 6890 Hewlett Packard gas chromatograph 
equipped with flam ionization detector. The peak areas and retention times were measured using a Hewlett 
Packard 3392A integrator. Fatty acids of burger samples were identified by comparing their retention times with 
the fatty acid methyl esters standards; compared with chromatograms of the Ce 1h-05 method from A.O.C.S. 
(2011), which that reported by Ratnayake et al., (2002, 2006). 
 
C- Physical Analysis: 

The pH value for beef burger samples was determined by using a calibrated pH meter (Beckman model 
3550, USA) according to Schoeni et al., (1991). Water holding capacity (WHC) was determined by filter press 
method Soloviev (1966). Calculation of cooking yield was determined according to Raharjo et al., (1995), 
whereas cooking shrinkage was calculated according to Adams (1994). Also, moisture retention value was 
determined according to El-Magoli et al., (1996). While, fat retention was calculated according to the method 
described by Murphy et al., (1975). 

 
D- Microbiological Tests: 

Total bacterial count, psychrophilic bacteria, coliform group bacteria, mold and yeast counts of beef 
burger samples were determined according to FAO (1979) and Oxoid (1979). 
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E- Sensory Evaluation: 
The cooked burger patties were sensory evaluated by twenty panelists (from the staff members of Food 

Science and Technology Department, Faculty of Agriculture, AL-Azhar University, Cairo) for desirability in 
appearance, color, taste, tenderness, flavor, juiciness and overall acceptability using a 9-hedonic scale test as 
described by Larmond (1991), varying from 9 as like extremely to 1 as dislike extremely. Pieces of bread and 
water were used to neutralize the taste between samples. Data were statistically analyzed according to Basker 
(1988). 
 
Statistical Analysis: 

Results other than sensory evaluation were analyzed using analysis of variance (ANOVA) and least 
significance difference (LSD) at a significance of probability 5 % to evaluate different beef burger samples 
(Steel and Torrie, 1980). 

Results and Discussion 

Effect of Different FO/RB Formulations on Gross Chemical Composition of Beef Burgers: 
Rice bran is an incredible source of the dietary fiber, essential fatty acids, minerals, micronutrients and 

more than 100 antioxidant nutrients that helps to fight against disease and promote good health (Malekian et al., 
2000 and Shi et al., 2015). Much attention has been recently paid to develop meat products with physiological 
functions to promote health conditions and prevent the risk of diseases (Zhang et al., 2010). Therefore, the 
partial replacement of beef fat with flaxseed oil (FO) and ascending levels of rice bran (RB) in burger patties 
markedly decreased their contents of total lipids (from 23.85 to 8.12%) and increased their contents of dietary 
fibers (from 1.25 to 7.23%) as shown in Table (2). Increased intake of dietary fibers has been recommended for 
reducing the risk of colon cancer, diabetes, obesity and cardiovascular diseases in human (Rothstein, 2006). 

Also, the same Table shows that there is a negligible alteration in moisture content of all beef burger 
samples. Also, it could be noticed that protein and ash contents of beef burger samples containing FO/RB 
gradually increased (from 54.14 to 57.86% and 13.12 to 14.99%, respectively) with increasing FO/RB levels, as 
compared with control sample. While, there was a negligible alteration in carbohydrate content of all beef 
burger samples as shown in Table (2). 
 

Table 2: Effect of partially replacement for burger fat with flaxseed oil and rice bran on gross chemical composition of 
different beef burger formulations: 

Component 
(g/100 g) 

Beef burger formulation  
Control F1 F2 F3 

Moisture 57.62 57.72 57.70 57.67 
Protein 52.83 54.14 55.95 57.86 
Total lipids 23.85 17.76 12.65 8.12 
Ash 12.52 13.12 13.92 14.99 
Dietary fiber 1.25 3.65 5.17 7.23 
Carbohydrates* 9.55 11.33 12.31 11.80 
* Carbohydrates were calculated by difference 
 

Effect of Different FO/RB Formulations on Fatty Acid Profiles of Beef Burgers: 
The high levels of saturated fatty acids (SFAs) is desirable to increase oil stability, on contrast 

nutritionally they became undesirable. The high levels of SFAs are frequently considered do have influence by 
increasing the concentration of low density lipoproteins (LDL), affecting the ratio of LDL to HDL, promoting 
clotting and vascular smooth muscle proliferation (Eunjoo, 1994; Przybylski and Mcdonald, 1995 and Dzisiak, 
2004). While, the high levels of polyunsaturated fatty acids are important to the adequate ratio of LDL to HDL-
cholesterol, these fatty acid becomes more susceptible to oxidation, even by in vivo peroxidation, resulting in 
several oxidation products, and many of them results in quality reduction, improving undesirable flavour 
compounds, generating many toxic effects such as cell injuries, plaque formation, cell membrane cytotoxity and 
coronary heart disease (Bradley and Min, 1992; Eunjoo, 1994; Zambiazi, 1999; Zambiazi and Zambiazi 2000; 
and Moknatjou et al., 2015). 

The effect of partially replacement for burger fat with flaxseed oil and ascending levels of rice bran on 
saturated fatty acid (SFA) and unsaturated fatty acid (UFA) contents of produced beef burgers was observed and 
the results are present in Table (3). 

From the Table noticed that lipid of all burger formulations contained the same fatty acids. Hence, the 
lipid of beef burger samples showed a range of SFAs composition between 24.57 to 51.76 g/100g. However, 
lipid of the control burger formula had the highest content of SFAs (51.76 g/100g) and the predominant SFAs 
were palmitic (25.76 g/100g) and stearic (19.11 g/100g). Myristic and margaric fatty acids also were present in 
significative amounts (4.18 and 1.32 g/100g, respectively). Meanwhile, total identified UFAs reached 45.91 
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g/100g, and oleic acid (38.69 g/100g) was the most abundant monounsaturated fatty acid (MUFA), while 
linoleic (3.33 g/100g) and linolenic (0.52 g/100g) were the predominant polyunsaturated fatty acids (PUFA). 

Also, the results present in Table (3) indicated that partial replacement of beef fat with flaxseed oil and 
ascending levels of rice bran changed the fatty acids composition of the produced beef burgers. Where, 
gradually decreased identified SFAs content for those burgers (from 51.76 for control sample to 24.57 g/100g 
for burger sample contain F3) with increasing replacement level of FO/RB. The decrease in SFAs content for 
these burger samples was due to the decrease in palmitic, stearic and myristic acid contents, which may be 
attributed to the presence of small quantities of these acids in flaxseed oil (Bhatty, 1995; Choo et al., 2007 and 
El-Beltagi et al., 2007) and rice bran lipid (Mckenzie and Taylor, 1996 and Zambiazi et al., 2007), also they 
found that the amount of total SFAs ranged from 9 to 13% in flaxseed oil and from 18 to 20% in rice bran oil. 

On contrast, gradually increased identified UFAs content for those different beef burger formulations. 
Whereas the increase in MUFA and PUFA contents for those different formulations was from 54 - 65% and 
from 33.9 - 76%, respectively when compared with control formula. The increase in MUFA content of burger 
samples may be due mainly to increase of oleic acid, since the addition of flaxseed oil and rice bran decreased 
the palmitoleic acid contents. While, the increase PUFA content was due mainly to increase of linoleic acid and 
less extent of linolenic acid. This result is approximately similar with the previous studies results of Bhatty, 
(1995), Mckenzie and Taylor, (1996), Choo et al., (2007) and Zambiazi et al., (2007), who reported that the 
total UFAs amount in flaxseed oil and rice bran was 87 - 91% and 80 - 82%, respectively. Also, Flachowsky et 
al., (1997), El-Beltagi et al., (2007), Xu et al., (2013) and Ebrahimi et al., (2014) supported these findings, they 
found that the flaxseed oil is rich in MUFAs and PUFAs, particularly oleic (16 - 24%), α-linolenic acid (50 - 
70%) and linoleic acid (18 - 24%). 
 
Table 3: Effect of partially replacement for burger fat with flaxseed oil and rice bran on fatty acids profile of different beef 

burger formulations: 
Fatty acids 
(g/100 g lipid) 

Beef burger formulation 
Control F1 F2 F3 

12: 0.63 0.38 0.29 0.18 
14: 4.18 2.14 1.68 1.02 
15: 0.49 0.39 0.27 0.19 
16: 25.76 19.55 15.42 12.78 
16:1 3.22 2.11 1.88 1.57 
17: 1.32  0.89 0.65 0.40 
18: 19.11 14.32 12.11 9.98 
18:1 38.69 44.32 47.23 50.84 
18:2 3.33 8.53 12.21 16.68 
18:3 0.52 2.76 4.99 8.25 
20: 0.27 0.25 0.23 0.21 
20:1 0.15 0.21 0.25 0.31 
SFA 51.76 37.53 30.38 24.57 
UFA 45.91 58.32 66.83 77.84 
U/S 0.89 1.55 2.20 3.17 
SFA: Saturated fatty acids; UFA: Unsaturated fatty acids; U/S: Unsaturated/Saturated 

 

The relationship between the unsaturated and saturated fatty acids content is expressed as U/S index. In 
the diet, it is important the index value be higher than 1 due to the essential character of the linoleic fatty acid 
(WHO 1982). Several studies indicate that the P/S ratio influences in the level of nutrient metabolization in the 
body, and as the proportion increases a smaller deposition of lipids (Lawton et al., 2000). From Table (3), it 
could be noticed that the increasing FO/RB level into beef burger formula resulted in increasing the value of 
U/S index of produced beef burgers, especially in burger formula 3, which recorded the highest U/S index (3.17) 
when compared with the values of other burger formulations. 
 

Frozen Storage Stability for Quality Criteria of Beef Burgers Containing FO/RB: 
A- Effect of Different FO/RB Formulations on Physicochemical Quality Criteria of Beef Burgers: 

As shown in Table (4), the partial replacement of beef fat with flaxseed oil and ascending levels of rice 
bran resulted in a slight decrease in the pH values of burger samples when compared with pH value of control 
sample. On the other hand, pH value continuously increased in all beef burger patties during frozen storage at -
18 ± 2°C for 3 months. Degradation of burger protein during storage resulted in formation of some basic 
compounds (such as volatile nitrogen compounds, amines and hydrogen sulfide) leading to increase pH value 
(Oroszvári et al., 2006). 

From the same Table, it could be also observed that water holding capacity (WHC) of beef burger 
samples increased (from 80.22 to 81.20%) by increasing FO/RB level, but less than value of control sample 
(83.36%). During frozen storage, WHC values continuously reduced in all beef burger samples with extending 
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of the frozen storage periods as the result of breakdown hydrogen bonding between the water molecules and 
gross chemical components of beef burgers (Oroszvári et al., 2006). 

Also, the same Table showed that burger samples containing different FO/RB formulations were higher 
(4.82 to 5.14 mg/100g sample) than control sample (4.31 mg/100g sample) in its content of TVN. On contrast 
the increasing of FO/RB level into burger formulations resulted in high reduction of TBA contents than control 
sample. Also, Table (4) shown that TVN and TBA contents of all beef burger samples gradually increased 
during frozen storage up to 3 months. This increase could be mainly attributed to the oxidation of beef burger 
lipids and formation of some TBA-reactive compounds during the storage period as reported by Stahnke (1995). 
 

Table 4: Effect of different FO/RB formulations on physiochemical properties of beef burgers during frozen storage at-18 
±2°C for 3 months: 

Storage period 
(Month) Control 

 Beef burger formulation  

F1 F2 F3 

PH value 
0 7.11 6.98 6.76 6.68 
1 7.16 7.01 6.84 6.79 
2 7.29 7.10 6.89 6.83 
3 7.36 7.26 7.11 6.98 

Water Holding Capacity (% bound water) 
0 83.36 80.22 80.27 81.20 
1 82.45 78.36 79.42 80.63 
2 81.23 77.86 79.13 79.72 
3 80.81 77.48 78.27 79.41 

Total Volatile Nitrogen (mg/100g sample) 
0 4.31 5.14 5.00 4.82 
1 5.06 6.52 6.22 5.46 
2 6.30 6.82 6.60 6.15 
3 8.60 8.92 8.32 7.49 

Thiobarbituric acid (mg/kg sample) 
0 0.253 0.181 0.132 0.129 
1 0.347 0.290 0.268 0.248 
2 0.589 0.424 0.390 0.372 
3 0.794 0.562 0.436 0.419 

 

B- Effect of Different FO/RB Formulations on Cooking Measurements of Beef Burgers: 
The partial replacement of beef fat with flaxseed oil and ascending levels of rice bran greatly improved 

the cooking yield and cooking shrinkage of burger samples as well as their moisture retention and fat retention. 
The observed improvement was pronounced with increasing level of the added bran fibers. As shown in Table 
(5), cooking yield% of beef burger samples containing FO/RB at different levels was higher (82.21 - 89.41%) 
than control sample (75.77%). The cooking yield values decreased with increasing frozen storage period in all 
burger samples.  

Regarding, cooking shrinkage which is considered one of the most important physical quality changes 
that occurs in beef burgers during cooking process due to protein denaturation and releasing of fat and water 
from beef burger patties (Lopez et al., 1991 and Akesowan, 2015). From Table (5), cooking shrinkage% of beef 
burger samples containing FO/RB formulations were lower (24.44 - 30.24%) than control sample (35.68%). 
This may be due to add bran fibers to emulsion meat products, which caused the reduction of cooking loss due 
to its water and fat binding properties and to enhance texture (Cofrades et al., 2000). In addition, cooking 
shrinkage% increased linearly for all beef burger samples during frozen storage, but it was more evident in 
control sample than other samples containing FO/RB. 

Also, the same Table shows that the values of moisture retention and fat retention for beef burger 
samples increased with increasing level of FO/RB in beef burger formulations, which were attributed to the high 
water and oil binding capacity of rice bran (Cofrades et al., 2000). However, these values linearly decreased 
during frozen storage in all tested samples. Generally, these results were in accordance with those found by 
Sharaf et al., (2009). They found that the incorporation of defatted-detoxified Moringa meal into beef burger 
patties instead of soybean flour caused an improvement or retention of physiochemical quality criteria during 
frozen storage for 3 months. 

 
C- Effect of Different FO/RB Formulations on Microbiological Quality Criteria of Beef Burgers: 

It is well established that meats and their products contain a broad spectrum of microorganisms and 
constitute a major source for foodborne pathogens (Ahn et al., 2006). 

Microbiological quality criteria of different beef burger formulations were affected by partial 
replacement of beef fat with flaxseed oil and ascending levels of rice bran at either initial time or at any frozen 
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storage period. From the results of Table (6), it is clear that the total bacterial, psychrophilic bacteria, coliform 
bacteria group, mold and yeast counts of beef burger samples significantly decreased (P<0.05) with increasing 
the replacement level of beef fat by FO/RB, which may be due to the reducing of free water resulting from the 
high water binding capacity of bran fibers (Oroszvári et al., 2006). Also, the count of microorganisms linearly 
increased (P<0.05) with progressing the storage period of all tested samples, especially the burger samples 
containing F1 and control were different as compared with the other burger samples. 

Generally, microbial quality criteria of all tested beef burger samples were within permissible counts 
reported by E.O.S. (2005), which recommend that the total bacterial and coliform group counts not exceed 5 and 
3 log cfu /g, respectively. 
 
Table 5: Effect of different FO/RB formulations on cooking measurements of beef burgers during frozen storage at-18 ±2°C 

for 3 months: 
Storage period 

(Month) Control 
 Beef burger formulation  

F1 F2 F3 

% Cooking yield 
0 75.77 82.21 86.96 89.41 
1 75.34 81.35 85.65 88.61 
2 74.69 80.81 84.32 87.43 
3 74.21 80.21 83.98 87.15 

% Cooking Shrinkage 
0 35.68 30.24 27.74 24.44 
1 36.21 31.08 27.99 24.82 
2 36.89 31.68 28.26 25.31 
3 37.07 32.34 28.97 26.08 

% Moisture retention 
0 37.20 40.25 43.52 48.65 
1 36.95 39.21 42.82 46.78 
2 36.27 38.95 41.46 44.65 
3 36.15 38.11 40.88 42.98 

% Fat retention 
0 66.92 72.36 76.11 80.68 
1 66.20 72.24 76.00 79.95 
2 65.23 72.01 75.87 79.21 
3 64.33 71.96 75.04 78.75 

 

Table 6: Effect of different FO/RB formulations on Microbiological counts* (log cfu /g) of beef burgers during frozen 
storage at-18 ±2°C for 3 months: 

Storage period 
(Month) Control 

 Beef burger formulation  

F1 F2 F3 

Total bacterial count (TBC) 
0 4.69a 4.25b 3.88c 3.26d 

1 4.73a 4.27b 4.04c 3.32d 

2 4.78a 4.32b 4.12c 3.54d 

3 4.87a 4.48b 4.27b 3.69d 

Psychrophilic bacteria 
0 3.30a 3.14b 2.85c 2.62d 

1 3.41a 3.25b 2.97c 2.72d 

2 3.58a 3.36a 3.03c 2.84c 

3 3.72a 3.43a 3.10b 2.98c 

Coliform group 
0 2.72a 2.67b 2.52c 2.28d 

1 2.83a 2.71a 2.59c 2.34d 

2 2.92a 2.86a 2.66b 2.40d 

3 3.14a 2.98a 2.80a 2.51c 

Molds and yeasts 
0 3.57a 3.35b 3.16c 2.69d 

1 3.61a 3.39b 3.25c 2.88d 

2 3.72a 3.58a 3.31b 3.02c 

3 3.88a 3.70a 3.51a 3.14c 

* a, b and c Means in the same row with different superscripts are different significantly (P< 0.05) 
D- Effect of Different FO/RB Formulations on Sensory Quality Criteria of Beef Burgers: 

Sensory evaluation is an important factor in judging about food stuffs quality. Also, consumer is a 
major factor for selecting a product and among the main characteristics related to product quality are color, 
odor, taste and texture (Pereira et al., 2013 and Akesowan, 2015). 



Middle East J. Appl. Sci., 5(3): 645-655, 2015 
ISSN 2077-4613 

 

652  

Cooked beef burger samples were sensory evaluated and compared with control burger sample as 
shown in Table (7). Data show that there were no significant differences observed among tested beef burger 
samples (for all formulations) and control sample in color, appearance and odor at zero time. Also, the same 
Table shows that there were no significant differences among control and samples containing formulations 1 and 
2 in taste, tenderness and juiciness, but the sample containing formulation 3 was significantly different (P < 
0.05) as compared with the other samples. With regard to the overall acceptability, the sample containing 
formulation 3 was the lowest acceptable sample, while the other samples were not significantly different as 
compared with control. 

On the other hand, beef burgers with different formulations of FO/RB showed higher or similar judging 
scores in all sensory characteristics than control burger sample during storage periods for three months with 
exception, the taste, tenderness and juiciness of the sample containing formulation 3 was significantly reduced 
(P < 0.05) when compared with other samples as shown in Table (7). 

Generally, these results show that formulations of beef burger with partial replacement of beef fat with 
flaxseed oil and rice bran produced acceptable samples compared to the control burger sample with a consistent 
texture, adequate juiciness and good flavor. Rice fiber is neutral in taste and help to retain moisture and fat 
leading to producing of a more succulent and juicy meat product (Faiyaz et al., 2007 and Choi et al., 2011). The 
results of sensory traits for the cooked burger samples agree with those observed in study of Mahmoud and Badr 
(2011). They found that the replacement of beef fat with olive oil and ascending levels of wheat bran in burger 
patties showed a high sensory acceptability for all produced burger samples. 
 
Table 7: Effect of different FO/RB formulations on sensory characteristics* of beef burgers during frozen storage at-18 

±2°C for 3 months: 
Storage period 

(Month) Control 
 Beef burger formulation  

F1 F2 F3 

Color 
0 8.2a 8.3a 8.1a 7.9a 

1 8.1a 8.1a 7.9a 7.8a 

2 7.9a 8.0a 7.9a 7.6a 

3 7.8a 8.1a 7.8a 7.7a 

Appearance 
0 8.3a 8.2a 8.0a 7.9a 

1 8.2a 8.0a 8.1a 7.9a 

2 8.0a 8.1a 7.9a 8.0a 

3 7.9a 7.8a 7.7a 7.8a 

Taste 
0 8.1a 7.9a 7.7a 7.5ab 

1 7.9a 7.8a 7.7a 7.4b 

2 8.0a 7.7a 7.6a 7.5ab 

3 7.9a 7.7a 7.5ab 7.3b 

Flavor 
0 8.3a 8.2a 8.0a 7.9a 

1 8.2a 8.1a 8.2a 8.0a 

2 8.3a 8.0a 8.1a 7.9a 

3 8.1a 8.1a 7.9a 7.8a 

Tenderness 
0 8.0a 8.1a 7.8a 7.0b 

1 7.9a 8.0a 7.7a 7.1b 

2 7.9a 7.8a 7.6a 6.9b 

3 7.8a 7.9a 7.5ab 6.6c 

Juiciness 
0 8.4a 8.1a 7.8a 7.1b 

1 8.3a 8.0a 7.6a 7.0b 

2 8.1a 7.9a 7.7a 6.9b 

3 8.2a 8.0a 7.5ab 6.8b 

Overall acceptability 
0 8.3a 8.2a 8.0a 7.5b 

1 8.1a 8.1a 8.1a 7.3b 

2 8.2a 8.0a 8.0a 7.4b 

3 8.0a 7.9a 7.7ab 7.3b 

* a, b and c Means with a different letter within each of attributes are different significantly (P < 0.05) 
 

It could be concluded that the partial replacement of burger fat with oil rich in monounsaturated fatty 
acids, such as flaxseed oil or rice bran as good source of fiber may improve the oxidative stability and 
nutritional value as well as microbiological quality of beef burger. 
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