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Abstract This study was performed to investigate the effect of thermal processing (microwave oven, roasting by dry heat
at 130°, for 10 and 20 min. and steaming by using an autoclave under atmospheric pressure for 10 and 20 min.)
on the stability of rice bran and the utilization of microwave stabilized rice bran as fat replacers in preparing
a low-fat beef burger. The obtained results revealed that: rice bran contained high levels of carbohydrates and
moderate amounts of ether extract and crude protein. No differences were detected in the refractive index of
rice bran oil among the stabilization procedures, whereas slight differences were found in the case of specific
gravity. When rice bran oil was subjected to stabilized procedures, the acid value, iodine value, peroxide value,
saponification value, and unsaponifiable matter were reduced. Moreover, the total saturated fatty acids content
of rice bran oil increased as a result of subjecting to stabilization procedures whereas the total unsaturated fatty
acid content decreased. The results show that stabilized rice bran is effective in improving the chemical and

functional characteristics of a beef burger.
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Use of Stabilized rice bran for preparing Beef Burger

Introduction

High-fat diets are associated with several types of dis-
eases, such as obesity, hypertension, cerebral apoplexy,
myocardial infarction, diabetics, and coronary heart diseases
Husak et al. [1], therefore many consumers now, are look-
ing for no fat or low-fat versions of their traditional foods.
Modern consumers interested in low-fat diets have led the
food industry to develop or modify traditional food products
in order to contain less fat. Rice bran has recently been used
in ground beef products for both nutritive and antioxidant
functionality. In addition, it possesses high levels of mono-
unsaturated fatty acid, oleic acid, and very high levels of
antioxidant compounds including tocopherols, tocotrienols,
and oryzanols Godber et al. [2]. However, rice bran, a by-
product of rice milling was considered unfit for prolonged
storage and consumption, because of the enzyme lipase, rice
bran is no longer used as waste material. The stabilized rice
bran (SRB) is an allergen-free functional ingredient that can
replace some of all of the traditional binders in meat products
Lee et al. [3]. Moreover, rice bran is highly nutritious and
hence used as a food additive. Its major use as an additive in
foods is due to the dietary fibers present in it which confer
upon it the characteristics of a good laxative Kim et al. [4].
Rice bran is a low-cost byproduct of rice (Oryza sativa L.),
which is widely grown in many places of the world Ruk-
mini, and Raghuram [5]. In 2014, the worldwide production
of paddy rice exceeded 738 million metric tonnes (MMT),
yielding around 70 MMT of bran FAO/UN [6]. Rice bran is a
considerable byproduct of the rice milling process, account-
ing for 5-10% of milled rice. The bran is a good source of
protein, fat, crude fiber, carbohydrates, vitamins, minerals,
essential unsaturated fatty acids, and phenolics Saenjum et
al. [7]. Rice bran oil is usually used as an excellent cooking
medium because of its nutritional superiority, abundant mi-
cronutrients longer shelf-life stability at high temperatures,
and better taste provided to food items.

The amount of rice bran components vary according to
rice type, storage, climate conditions, rice bran stabilization,
and processing methods Amarasinghe and Gangodavilage
[8]. In addition, rice bran contains 88-89 % neutral lipids,
3-4 % waxes, 2-4 % free fatty acids, and approximately 4
% unsaponifiable Kim et al. [9]. However, because of its
enzymatic activity following rice dehulling, rice bran oil’s
use is limited. Rice bran is abundant in lipids, and excessive
lipase activity in the presence of endogenous lipoxygenase
induces rancidification of these lipids Paucar-Menacho et al.
[10]. Because of the lipid deterioration susceptibility of the
rice bran. To avoid fatty acid release, increase shelf life, and
allow commercialization for human consumption, it must be

enzymatically inactivated immediately after bran extraction
Herfel et al. [11]. Rice bran cannot be used as a food com-
ponent because of the instability that occurs during storage.
This instability refers to the lipase enzyme activity present
in the outer layers of the rice kernel which is responsible
for the hydrolysis of triglycerides yielding glycerol and free
fatty acids. Lipoxygenase and peroxidase are also key en-
zymes responsible for the instability of rice bran Orthoefer
[12]. Rice bran oil stands out among the healthiest and most
nutritious edible oils. Rice bran oil has a fatty acid com-
position that is around 19% saturated (palmitic acid), 42%
monounsaturated (oleic acid), and 39% polyunsaturated (li-
noleic acid) Mezouari et al. [13]. When compared to other
vegetable oils, crude rice bran oil is noted for its relevant
untraditional matter. Refined rice bran oil and crude rice
bran oil may contain 1.5-2.6% and 5% unsaponifiable mat-
ter, respectively, while the unsaponifiable content of many
commonly used oilseed oils is normally 0.4- 0.6% Krishna
et al. [14]. Currently, there is an increased interest in the
use of dietary antioxidants, including vitamins C and E, to
prevent cardiovascular diseases. However, numerous natural
antioxidants may be added to meat products to enhance their
health advantages. Malekian et al. [15] This work was un-
dertaken to study the possibility of using stabilized rice bran
as a food additive for preparing healthy beef burgers.

Materials and methods

Materials

Rice bran samples have been collected as a byproduct of
milling of a combination of three Egyptian rice (Oryza sati-
va L.) cultivars, namely Sakha 101, 105, and 106, which are
popular short-grain japonica varieties consumed in Egypt.
Rice bran samples were collected at the Rice Research and
Training Center (RRTC) in Sakha, Kafrelsheikh Governor-
ate, Egypt, during the 2020 growing season. The red muscle
beef, kidney fat, and other components necessary to make
beef burgers were obtained from a local market in Ka-
frelsheikh. The analytical grade chemicals used in the study
were obtained from El-Gomhouria for Trading Chemicals
and Medical Appliances in Tanta City, Egypt.

Methods

Rice bran conditioning

The full-fat raw bran was cleaned by removing the husk,
and the samples collected were free of impurities.
Stabilization of rice bran

Rice bran samples were subjected to different stabi-
lization methods as follows: the control was unstabilized
rice bran (Un-RB); the first sample was stabilized by MW
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treatment at  900W, for 2 min. and manually mixed ev-
ery minute according to Faria et al. [16]. The second and
third samples were separately roasted in a hot-air oven at
130°C for 10 min. (HAO1) and 20 min. (HAO2), respec-
tively Bagchi et al. [17]. The fourth and fifth samples were
steamed in the autoclave under atmospheric pressure for 10
min. (Autoclave 1) and 20 min. (Autoclave 2), respectively
Rosniyana et al. [18]. Finally, the bran samples were stored
in the dark at -10°C in water-tight containers until further
analyses.

For the clearer presentation of the samples, I suggest
you to insert a table and present the final notation and main
parameters for each sample. These notations should be the
same in all article.

Preparation of beef burger with different percentage
of stabilized rice bran

Beef meat and kidney fat were grounded separately
grounded in a meat grinder. The beef burger was formulated
to contain: 80% grounded red beef meat, 20% grounded
kidney fat, 18% (w/w) water, 1.5% salt, 0.3% black pep-
per (powder), 0.2% red pepper (powder) and 0.2% cum-
in (powder) as outlined by Aleson-Carbonell et al. [19].
Other burger formulations were added by substitution of fat
at levels of 5%, 10%, 15%, and 20%) of microwave stabi-
lized rice bran.

Gross chemical composition of the samples

Moisture, protein, ether extract, and ash contents were
analyzed according to A.O.A.C. [20]. Total carbohydrates
were calculated by differences.

Rice bran oil extraction

Rice bran oil was extracted from all bran samples by
slurring with four volumes of food grade hexane at room
temperature for 1 hr. Hexane was evaporated in a rotary
evaporator at 400C Kahlon et al. [21] .

Physical and chemical parameters of extracted oils
Rice bran oils’ refractive index, specific gravity, acid val-
ue, peroxide value, iodine value, saponification value, and

unsaponifiable matter were determined using the procedures
described in A.O.A.C. [20].

The fatty acid profile of rice bran oil samples
was determined

The methyl ester of fatty acids in rice bran oil samples
was evaluated using gas chromatography (GC) in accor-
dance with the A.O.A.C. method [20].
Beef burger cooking parameters

The beef burger studied samples were cooked using an
electrical grill (Arcelik Mini Firin, Turkey) at 300 °C (the

distance between heat source and the sample was 4 cm) for
a total of 10 min, 6 min one side and 4 min in the other side
Sorour et al. [22].
Beef burger organoleptic properties

The Sensory characteristics of the cooked burger sam-
ples were carried out by well-trained 20 panelists of Food
Technology Research Institute (FTRI). Panelists were asked
to evaluate color, taste, odor, texture, tenderness, and overall

acceptability, of cooked samples according to the method
described by Badr, and El-Waseif [23].

Statistical analysis
The data were statistically analyzed by paired samples
T test analysis of variance (ANOVA) procedure with SPSS

software (Version 16.0, SPSS Inc., Chicago, IL) software as
described by Steel, R.G. and Torrie [24].

Results and discussion

Chemical composition of rice bran samples

Many factors influence the chemical composition of rice
bran, including rice type, variance in organic compounds in
the soil, fertilizer used, climatic and environmental condi-
[25].
As a result, chemical compositions were obtained in order

tions, milling degree, and treatments El-Bana et al.

to investigate the previously indicated treatments and their
influence on the quality of the various samples. The results
presented in Table 1, shows the chemical composition of
Un-RB and rice bran after the various stabilizing processes
MW, HAO1, HAO2, and Autoclave 1 and 2. The moisture
content values of rice bran samples were significantly dif-
ferent at (P<0.05). The moisture content of HAO?2 rice bran
was lower than that of Un-RB and rice bran subjected to the
other stabilization procedures, this procedure may be effec-
tive for samples with a longer shelf life, less microbial con-
tamination, and some nutrient preservation. The obtained
results are in accordance with those of Abd El-Hady [26],
who reported that the moisture content of stabilized oils de-
pended on the processing temperature and duration of heat-
ing. Furthermore, moisture content plays a key role during
storage Amorim et al 2004 [27]. Also shown in Table (1)
the autoclaved rice bran samples (Autoclave 1 and 2) con-
tained the highest content of crude protein contents 16.94
and 17.04 %, respectively, followed by HAO2 (16.65%)
while the lowest crude protein content (15.34%) was found
in the control (Un-RB). These results are in line with those
obtained by Bagchi et al. [17].

Based on ether extract, Un-RB and stabilized rice bran
contained 18.52 to 20.32% crude fat (Table, 1). Further-
more, stabilization by either dry or moist heat helped to in-
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Table 1. Gross chemical composition (%) of rice bran after different stabilization procedures.

Treatment Moisture Crude Protein  Ether Extract Ash Carbohydrates*
Un-stabilized 8.56a+ 15.34d 18.52d 8.7b 57.44a
Microwave 6.65¢+ 16.04c 20.32a 9.31a 54.33b
Hot Air Ovenl 6.60c+ 16.16¢ 19.42¢ 9.20a 55.22b
Hot Air Oven2 6.10d+ 16.65b 19.82b 9.40a 54.13b
Autoclave 1 7.30b+ 16.94a 19.32¢ 9.27a 54.47b
Autoclave 2 7.50b+ 17.04a 20.02a 9.40a 53.54d

+ Means with the same small superscript letters in a column are not significantly different at p< 0.05.

* Total carbohydrates were calculated by the difference.
(1) Un-stabilized (Un-RB).

(3) Hot Air Ovenl (HAO1) 130°C for 10 min.
(5) Autoclave 1: Steaming for 10 min.

crease the ether extract levels in rice bran. The augmentation
of oil extractability could be related to the ability of heat to
cause the fat in the cells to coalesce into oil droplets and
break down cell structure, thereby improving the speed and
extent of oil extraction, or causing degradation of lipopro-
teins. These results are in agreement with those reported
by Vissers et al. [28]. As previously reported by other au-
thors, different stabilization techniques play an active role
in reducing enzymatic activity to a greater or lesser degree,
hence, increasing or decreasing oil extraction Lakkakula et
al. [29]. As shown in Table (1) the ash content of Un-RB
and stabilized rice bran ranged from 8.70 to 9.0%, and the
total carbohydrate content ranged from 54.13 to 57.44 %.
The present findings are similar to those reported by Abd
El-Hady and Bagchi et al. [26 and 17].

Physical and chemical characteristics of oils
obtained from rice bran after various stabilizing
processes

Physical characteristics

The physical characteristics of rice bran oil were deter-
mined, and the findings are shown in Table (2). One of the
most significant physical factors used in the identification
of fats and oils is the refractive index; it may be used to
measure the degree of saturation of oils. There were no sig-

(2) Microwave (MW) 900 W for 2min .
(4) Hot Air Oven2 (HAO2) 130°C for 20 min.
(6) Autoclave 2: Steaming for 20 min.

nificant changes in the refractive index of Un-RB (1.4603)
or stabilized rice bran oils (1.4671-1.5703) at (p 0.05) (Ta-
ble, 2). These findings are consistent with those of Kawase
et al. [30].

At 25°C, the specific gravity of oils extracted from un-
treated rice bran was 0.9152. These findings are consistent
with those of Iskander et al. [31]. The heat treatments, spe-
cifically the MW treatment, increased the specific gravity
of rice bran oil to 0.9281. Furthermore, the heat treatments
had a slight effect on specific gravity. However, there is a
non-linear relationship between temperature and the specific
gravity of oils as found by Davies [32]. The obtained results
are in agreement with those of Rizk et al. [33].

Chemical characteristics

The chemical properties of rice bran oil were determined
and the results are presented in Table (2). The acid and per-
oxide values of oil extracted from un-stabilized (Un-RB)
rice bran were (1.34% and 0.901 meq O2/kg oil), respec-
tively. These results are comparable to those reported by
Sanghi and Tiwle [34].

The heat treatments especially MW led to a decline in
both acid and peroxide values. Such results may be due to
the inhibition of lipase activity in rice bran by heat. Acid and
peroxide values reflect oil quality degradation as a function

Table 2. Physical and chemical properties of rice bran oil after different stabilization procedures.

Paramoters Stabilization Treatments
Control MW HAO1 HAO2 Autoclave 1 Autoclave 2

Refractive index (25°C) 1.4603a+ 1.4671a 1.4603a  1.4602a 1.4602a 1.4703a
Specific gravity (25°C) 0.9152b+ 0.9281a 0.9144b  0.9162b 0.9252a 0.9201ab

Acid value (%) 1.34a+ 1.11d 1.29b 1.21c 1.15d 1.13d

Peroxide value (meq/kg oil) 0.901a+ 0.655¢ 0.838b 0.805¢ 0.751d 0.731d
Todine value (gI/100g oil) 107.20a+ 100.61f 106.10b  105.22¢ 102.10d 101.41e
Saponification value (mg KOH/g oil) ~ 196.12a+ 195.41b 195.55b  194.77¢ 194.10d 194.30d

Unsaponifiable matter (%) 4.52a+ 4.37b 4.31b 4.19¢ 4.16¢ 4.11c

+ Means with the same small superscript letters in rows are not significantly different at p< 0.05.

(1) Un-stabilized (Un-RB).
(3) Hot Air Ovenl (HAOT1) 130°C for 10 min.
(5) Autoclave 1: Steaming for 10 min.

(2) Microwave (MW) 900 W for 2 min.
(4) Hot Air Oven2 (HAO2) 130°C for 20 min.
(6) Autoclave 2: Steaming for 20 min.
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Table 3. Fatty acids (%) profile of o rice bran oil after different stabilization procedures.

Fatty acid Control* MW oil HAOL oil HAO2 oil Autol oil Auto? oil
Myristic, C14:0 0.55 0.57 0.75 0.77 0.69 0.72
Palmitic, C16:0 17.40 17.80 19.65 19.96 19.0 19.30
Palmitoleic, C16:1  0.13 0.14 0.23 0.23 0.16 0.20
Stearic, C18:0 1.72 1.76 2.3 2.34 1.79 2.09
Oleic, C18:1 42.40 42.10 41.17 41.06 41.72 41.42
Linoleic, C18:2 36.40 36.30 34.75 34.55 35.30 35.0
Linolenic, C18:3 0.80 0.76 0.67 0.63 0.76 0.73
Eicosenoic, C20:1  0.60 0.57 0.48 0.46 0.58 0.54
TSFA** (%) 19.67 20.13 22.70 23.07 21.48 22.11
TUSFA** (%) 80.33 79.87 77.30 76.93 78.52 77.89

*- Control = oil extracted from Un-RB.

**TSFA = Total saturated fatty acids, **TUSFA = Total unsaturated fatty acids

of triacylglycerol hydrolysis and the further breakdown of
hydroperoxides Nagassapa et al. [35]. Furthermore, Auto-
clave 2 had a stronger effect on the acid and peroxide values
than Autoclave 1. In addition, autoclaving process was more
effective than the use of a hot-air oven treatment. Abdel-Aal
and Sosulski [36], stated that steam treating of some grains
for 5 min. led to a reduction in the acid value of their oils
and that steaming oat for one minute reduced the peroxi-
dase activity to 40-60% of that in the control, moreover, the
reduction reached 95% of the original activity after steam-
ing for 3 min. Additionally, El-Sayed [37], stated that, heat
treatments especially steaming, led to the decline of both
acid and peroxide values, in addition to heat treatments for
20 min. were more effective than those for 10 min. The io-
dine value also indicates the stability of oil against oxida-
tion, since it represents the degree of unsaturation of oils
and measures their vulnerability to oxidation Nagassapa et
al. [35]. The iodine values of the rice bran samples varied
from 107.20 to 100.61 g /100g (Table 2). These results are
comparable to those reported by Iskander et al. and Abdel-
Aal, and Sosulski [31 and 36]. Furthermore, heat treatment
had an obvious effect on the iodine value of rice bran oil and
played an active role in decreasing the iodine value. This
result could be related to the destruction of double bonds in
the unsaturated fatty acids of oils as a function of heating
as found by Nagassapa et al [35]. The results in Table (2)
showed that the saponification values of rice bran oils ranged
from 194.10 to 196.12 mg KOH/g. Crude rice bran oil con-
tains about 96% saponifiable matter and approximately 4%
un-saponifiable matter. These results are in agreement with
those of Orthoefer [12]. The stabilization process especially
in MW had a slight effect on the saponification value. These
results are comparable to those found by El-Sayed [37],
who reported that heat treatment had a small effect on sa-
ponifiable matter. In addition, the reduction of saponification
value of oils as a result of heating could be attributed to the

chemical reactions that led to the degeneration of products
other than free fatty acids Nagassapa et al. [35]. In addi-
tion, unsaponifiable matter including hydrocarbons, sterols,
vitamins, and pigments, usually play an important role in oil
stability. Table (2) shows that the unsaponifiable matter of
rice bran oil extracted from the Un-RB and stabilized rice
bran oil samples ranged from 4.11 to 4.52%. These results
confirmed that, rice bran oil has a large amount of unsaponi-
fiable matter. The results of unsaponifiable matter content
were in accordance with those reported by Kahlon et al. and
El-Sayed [21 and 37].

Fatty acids composition

The results presented in Table (3) show the fatty acid
composition of rice bran oil extracted from Un-RB and
stabilized (MW, HAO1, HAO2, Autoclave 1 and 2) rice
bran. Oleic acid (C18:1), linoleic acid (C18:2), and palmitic
acid (C 16:0) are the dominant fatty acids in Un-RB, and
stabilized rice bran oil were in the ranges of 41.06- 42.40;
34.55-36.40 and 17.40- 19.96%, respectively.

The concentrations of the major fatty acids, namely
C18:2, Cl18:land C16:0 of the investigated rice bran oils
generally agreed with those of Kahlon et al. and Amaras-
inghe and Gangodavilage [21 and 8], who studied the fatty
acid composition of 204 rice varieties and found that the
main fatty acids in rice bran oil were palmitic, oleic, and
linoleic acids, which were in the ranges of 13.9-22.1, 35.9—
49.2, and 27.3— 41.0%, respectively. The level of these fatty
acids depends on the variety and cultivation location of the
rice Gupta and Awad-Allah [38 and 39]. The reduction in
oleic and linoleic acids represents a decrease in the yield-
ed free fatty acids that might be expected during storage.
Conditions especially conditions that promoting oxidation
reactions. The results of the present study agree with those
obtained by Krishna [40]. Concerning thermal processing,
the results presented in Table (3) revealed that thermal pro-
cessing of rice bran caused a decrease in unsaturated fatty
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Table 4. Chemical (%) and cooking properties of beef burger supplemented with different levels
of microwave stabilized rice bran.

Chemical Characteristics Moisture Ash Crude Protein Crude Fat Carbohydrates*
Control **57.97e 1.88¢ 5270 e 2350 a 2192e
5% rice bran 58.55d 2.40d 54.80d 18.21b 24.59d
10% rice bran 59.35¢ 290 ¢ 56.95¢ 14.61 ¢ 2554 ¢
15% rice bran 60.40b 350b 58.10b 11.95d 26.45b
20% rice bran 61.20a 4.0l a 59.29a 9.70 e 27.00 a
cooking properties Control 5% rice bran 10% rice bran 15% rice bran 20% rice bran
Cooking Yield% +67.54 ¢ 72.08 d 77.82¢ 82.30b 86.30 a
Cooking Loss% 3246a 2792b 22.18¢ 17.70d 13.70 e
Shrinkage % 25.15a 20.86 b 16.89 ¢ 13.89d 11.69 ¢

*- carbohydrates were calculated by difference.

**Value in column with the same letters are not significantly different at p <0.5.
+- Values in rows with the same letter are not significantly different at p <0.5.

acids especially after (HAO2), while saturated fatty acids
increased. In contrast, MW processing caused a slight de-
crease in unsaturated fatty acids. The results of the present
study were in agreement with those obtained by Abd El-
Hady and El-Sayed [26 and 37].

Chemical and cooking properties of beef burger
supplemented with different levels of microwave stabilized
rice bran

Microwave stabilized rice bran with levels 5.0, 10.0,
15.0, and 20.0 % was used in the beef burger formula, and
the resultant beef burger was subjected to chemical charac-
terization and cooking properties determination. It should
be noted from the results shown in Table (4) that, the mois-
ture content of all-beef burgers containing stabilized rice
bran with levels (5.0, 10.0, 15.0 %, and 20.0 %) as fat re-
placer, increased significantly (p<0.05) with increasing of
replacement level of rice bran. The increment of moisture
content may be due to the capability of microwave stabi-
lized rice bran rich with fiber to hold more water via the
preparation and cooking process. These results are in agree-
ment with Ibrahium et al. and Sorour et al. [41 and 22],
who stated that dietary fiber source has the capacity to hold
three or four times the weight of water. For fat content of
the control, the beef burger had a high amount of fat with
significant difference from that of other treatments. Fur-
thermore, the fat content of all-beef burgers containing sta-
bilized rice bran with levels (5.0, 10.0, 15.0, and 20.0 %)
decreased significantly (p<0.05) with increasing of replace-
ment level of stabilized rice bran. These results agree with
Ibrahium et al. [41].
of the beef burger was increased as the replacement level

On the other hand, the protein content

increased. Furthermore, protein content percentages of beef
burger samples were 52.70,54.80 56.95,59.10, and 61.30 %
for the control sample and those formulated by replacing fat
with levels (5.0, 10.0,15.5, and 20.0 %). These results agree
with, Ibrahium et al. and Sorour et al. [41 and 22].

From analysis of data presented in the same Table (4)
it could be noticed that, the ratios of replacement levels in-
creased the total carbohydrates of samples were increased
with a significant difference in comparison with the control
beef burger. Meanwhile, the ash content in the beef burger
formula was significant differences at p>0.05. Data of the
present study are in agreement with those found by Mah-
moud and Badr [42]. According to the data in Table (4),
there were significant differences (P<0.05) between beef
burger control and all low-fat beef burger formulas prepared
with microwave stabilized rice bran for cooking properties.
Apparent also from the same Table that, cooking loss of beef
burgers enriched with stabilized rice bran decreased
with increasing the addition levels since beef burgers en-
riched with stabilized rice bran had cooking loss values
lower than that of control. The highest value of the cook-
ing loss was observed with beef burger control (32.46%)
while, the lowest value was observed with a low beef
burger stabilized
bran (13.70%). This may be related to the protein and fiber
content of microwave stabilized rice bran which could influ-

containing 20.0% microwave rice

ence the cooking loss of the beef burger since protein and
fibers could reduce the water loss during cooking by form-
ing gels as reported these results are in agreement with those
of Choi et al. and Gibis et al. [43 and 44]. From the results
presented in this Table, it could be noticed that cooking the
yield of beef burgers enriched with different levels of mi-
crowave stabilized rice bran is increased with increasing the
addition levels, since beef burgers enriched with microwave
stabilized rice bran had cooking yield values higher than that
of control. Burgers containing 20.0 % stabilized rice bran
had the highest cooking yield values while the control had
the lowest value. This may be related to the protein and fi-
bers content of stabilized rice bran which could influence
the cooking yield of the beef burger since protein and fibers
could reduce the water loss during cooking by forming gels
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as reported by Choi, et al., Ibrahium et al. and Han, et al. [45
and41 and 46].

The beef burger control had the highest values of shrink-
age and cooking loss (25.15 and 32.46 %). On the other
hand, using microwave stabilized rice bran at different lev-
els improved the shrinkage and cooking loss of low-fat beef
burgers in compare with those of high-fat beef burger con-
trol. These results are in harmony with those of Choi et al.
and Ibrahium et al. [43 and 41].

Sensory evaluation of beef burgers fortified by different
levels of microwave stabilized rice bran

Fortifying meat with other non-meat ingredients has
been done in the processed meat industry. This replacement
is done for many reasons, such as health or economic pur-
poses, and quality. The replacement of constituents from
animal sources with those from plants has been applied in
food manufacturing Egbert and Payne [47]. Data presented
in figure (1) showed the sensory properties of cooked beef
burger samples prepared with different levels of microwave
stabilized rice bran compared with control burger samples.
Results showed that there were no significant differences
in the score values of taste, odor, texture, tenderness, and
overall acceptability between control burgers and burg-
ers fortified by 5, 10, or 15% of microwave stabilized rice
bran. Therefore, a fortifying burger with microwave stabi-
lized rice bran till 15 % could be suggested to be made as
a burger with good quality and suitable sensorial quality .
These findings are in agreement with the results of Ibrahium
et al. [41] who showed that formulations of beef burgers
with partial replacement of beef fat with flaxseed oil and
rice bran produced acceptable samples compared to the con-
trol burger sample with a consistent texture, adequate juici-
ness, and good flavor. Rice fiber is neutral in taste and helps
to retain moisture and fat leading to producing of a more
succulent and juicy meat product Choi et al. [43] But the
burgers fortified with 20% microwave stabilized rice bran
were significantly different (P < 0.05) as compared with the
other samples. With regard to the color, taste, odor, texture,
tenderness, and overall acceptability, the burgers fortified
with 20% of microwave stabilized rice bran had the lowest
values.

Conclusions

Data obtained from this experiment indicated that un-sta-
bilized rice bran has higher free fatty acids and can be stopped
by stabilization treatment and improve oil extraction yield. In
addition, microwave stabilization of rice bran has advantages
over other stabilization methods. Furthermore, the beef burger
that is prepared from rice bran stabilized by microwave im-
proves chemical, cooking, and sensory properties.

Overall acceptability 9.5

Taste

(—m— Rice bran 20%)
\—e— Rice bran 15%|
4~ Rice bran 10%|
—w— Rice bran 5%
Control

Tenderness Odor

Texture

Figure 1. Organoleptic properties of beef burger supplemented
with different levels of microwave stabilized rice bran.
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