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Abstract: This research aimed to use mustard flour as meat binder in processing of beef burgers instead of
soybean flour (SF). Effect of addition mustard flour from two mustard varieties, yellow (Sinapis alba) (YMF)
or brown (Brassica juncea) (BMF) mustard seed flour at different levels (3 and 6%) on the quality
characteristics of beef burger patties was studied. The incorporation of mustard flour as a binder into beef
burger patties by replacing of soybean flour resulted in enhancing the physiochemical properties (pH value,
WHC, cooking shrinkage, TVN and TBA contents) of beef burger, improving retention of water and fat, in
addition to produce beef burger patties which had good sensory properties identical for the sensory properties
of control (soy containing) sample, which allowing to use mustard flour in processing of meat products as
binder on the above mentioned replacing level without any detrimental effect on the quality of the product. 
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INTRODUCTION gastric juices [5]. Also, mustard seed flour is rich in

Processed meat products provide consumers with a with adequate amounts of sulfur-containing amino acids
wide variety of flavors and textures and allow efficient use the limiting amino acids in most of the cereals and oilseed
of less desirable meat cuts and trim. The major ingredient proteins thus using of protein rich mustard flour shows
in meat products is the skeletal muscle, however, other promise in improving the nutritive value of the final
non-meat ingredients has been used as a partial product as well as optimum utilization of the flour [6].
replacement for meat protein since skeletal muscle is Therefore, mustard flour is used as a protein extender or
relatively expensive. These ingredients are often referred emulsifier in meat products such as hot dogs and bologna
to as binders, extenders or fillers, which are added to [7]. Mustard seeds, contain special compounds namely
improve emulsion stability, cooking yield, slicing ability glucosinolates. These compounds characterize this flavor
and flavor in addition to reduce the formulation costs [1]. of mustard and mustard products. Glucosinolates are

Soy protein is the most widely used vegetable degraded into isothiocyanates by enzymatic action of
protein as meat extender in meat products. This protein plant specific myrosinase or intestinal flora in the body to
has high biological value as well as good functional give allyl isothiocyanate which has shown remarkable
properties which lead to increasing the water binding results in inhibiting the growth of food borne-pathogens
capacity and improving the texture and the acceptability and growth of cancer cells [8, 9]. Also, mustard flour
of the final product [2, 3]. Replacing of the commonly contains components with antimicrobial and antioxidant
used traditional extenders will depend on the price, properties such as phenolic acids and phytin as reported
technological, nutritional properties and consumer's by Cui and Eskin [10]. 
acceptance of the used replacer [4]. The aim of the current research was evaluating the

Since time immemorial, mustard has been known for effect of using mustard flour in beef burger production by
its antibacterial and antifungal properties, as an appetite replacing of soybean flour on the quality characteristics
stimulant and digestive aid by facilitating the secretion of of beef burger patties.

protein of excellent nutritional quality, being rich in lysine
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MATERIALS AND METHODS following ingredients 62% lean meat,  12 % Soy  Flour

Materials: Mustard seeds: Yellow mustard (Sinapis alba) contain 3 or 6 % MF by replacing soy flour, 7 % Fresh
and brown mustard (Brassica juncea) seeds, about 1.0 kg eggs, 7% Fresh onion paste, 1.5 % salt, 10 % Iced water,
were obtained from Harraz market (dealer of plant seeds), 0.5 spices, 0.3 Sodium tripolyphosphate, 0.03 Sodium
Cairo, Egypt. ascorbate and 0.015 Sodium nitrite [12,13].

Soybean Flour (SF): Soybean flour was obtained from Cooking of Beef Burger Patties: The patties were cooked
food Technology Research Institute, Agriculture to measure cooking measurements and to be sensory
Research Center, Giza, Egypt. evaluate according to Ou and Mittal [14].

Beef Meat: Beef meat of binned quarter, obtained from the Analytical Methods
local butcher shop in the day before experiment. The meat Chemical Analysis: Proximate composition was estimated
was stored in a refrigerator at 5±1ºC overnight. according to A.O.A.C [15]. The amino acids composition

Other Ingredients: Spices, Fresh eggs, onion and salt seeds flour) were determined using HPLC-Pico-Tag
(sodium chloride) were obtained from the local market. method according to Millipore Cooperative as reported by
While, sodium tripolyphosphate, sodium ascorbate and Cohen et al. [16]
sodium nitrite were obtained from Adwic Laboratory Total  volatile  nitrogen  (TVN)  content was
Chemicals Co. Cairo, Egypt. estimated according to the direct MgO method which

Methods acid (TBA) value was estimated as described by Pearson
Experimental Treatments [18].
Preparation of Mustard Flour (MF): Mustard flour was
prepared according to the method described by Aluko Physical Analysis: The pH value for beef burger patties
and McIntosh [11] as following mustard seeds were was determined by using a calibrated pH meter (Beckman
cleaned by passing through sieve to remove the stones model 3550, USA) according to Schoeni et al. [19]. Water
and fine sand; afterwards, they were kept in a refrigerator holding capacity (WHC) was determined by filter press
at 4°C±2 until use. Immediately before using the mustard method [20]. Cooking measurements, cooking yield, fat
seeds were milled into flour by using a laboratory disc mill retention and water retention values were calculated by
(Braun AG Frankfurt Type: KM 32, Germany) for 2-3 min the method described by Aleson et al. [21], while cooking
and the resulting flours were ground in a laboratory mill to shrinkage was calculated according to the method of El-
obtain the mustard seed flours to particles passing Akary [22].
through 20 mesh sieve and kept in polyethylene bag until
utilization and analysis. Sensory Evaluation: Cooked meat patties were sensory

Preparation of Beef Burger Patties: Beef burger Technology department's staff, Faculty of Agriculture, Al-
formulation: Beef burger patties were formulated to Azhar on the basis of interest and experience in sensory
contain 0 (Control, contain 12 % SF), 3 and 6 % mustard for evaluation and availability. Panelists were instructed
flour (MF) by replacing soy flour with 25and 50 % MF of to evaluate appearance, color, taste, tenderness, juiciness,
two mustard varieties (the replacing levels were flavor, texture and overall acceptability using 10 point
determined via proceeding preliminary experiment to reach scale for grading the quality of samples as described by
to the replacing level which didn't affect the palatability of [23].
the beef burger, since the levels above 6 % (9 and 12 %)
were impart the product a pungency taste which make the Statistical Analysis: All chemical and physical analyses
consumer reject the product although the benefits of were performed thrice. Data were subjected to analysis of
improving the physiochemical properties and binding variance (ANOVA). Statistical analysis was performed
ability which attained at the high replacing levels). Beef using Origin® 7.0 SR0, V 7.0220 (B220), the criterion for
burger control patties were formulated to contain the significance was P < 0.05[24].

while the mustard containing patties were formulated to

of the investigated samples (yellow and brown mustard

described by Woyedwoda et al. [17] and Thiobarbituric

evaluated by ten members of Food Science and
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RESULTS AND DISCUSSION Amino Acids Composition of Soy, Yellow and Brown

Chemical  Composition of Soy, Yellow and Brown according to its content of indispensable amino acids
Mustard Flours: Table 1 shows the chemical composition (IAAs) and comparison the reference protein pattern of
of  soy  flour  and  mustard  flour  of  two varieties, the FAO/WHO [25], as shown in Table 2. From the obtained
data tabulated  reveal  that  moisture  content  of  soy data it could be also observed that the yellow mustard
flour and mustard seed flours are fallen in near range since seed flour had higher amounts of lysine, valine and
the moisture content of the flours arranged between 4.98 therionine than those found in soy flour and brown
and 5.69 %, while crude protein content of soy flour (44.74 mustard seed flour, in contrary, it had lower amounts of
%) was significantly (P<0.05) higher than the crude aromatic amino acids (Phenylalanine & tyrosine), than soy
protein contents of mustard flour (38.68 and 34.30 % for flour and brown mustard seed flour, while regarding amino
yellow mustard flour and brown mustard flour acids-containing sulfur (Methionine & cystine) brown
respectively). In contrast mustard flours contained higher mustard seed flour had the highest value followed by
ether extract contents (33.47and 37.98 % for yellow yellow mustard flour and soy flour became later with the
mustard flour and brown mustard flour, respectively), lowest value, in concerning Leucine and Isoleucine all
which excess than two folds of soy flour ether extract tested flour were contained nearly similar contents, these
content (14.58 %). The crude fiber contents exhibit the results were in agreement with the data previously
following descending order brown mustard flour (BMF), obtained [27, 28]. Also, the data revealed that mustard
yellow mustard flour (YMF) and soy flour (6.67, 6.18 and seeds flour protein contain adequate amounts from
4.66 %, respectively), which in contrast with ash contents indispensable amino acids when compared with the
where, ash content of soy flour was the highest flowed by reference protein pattern, while soy flour protein is
yellow mustard flour (YMF) and brown mustard flour deficient in both sulfur containing amino acids (first
(BMF) became later (6.98, 4.29 and 4.08 % , respectively). limiting amino acid) and therionine (second limiting amino
The carbohydrate content of soy flour was significantly acid).
(P<0.05) higher than the mustard flours of yellow and
brown mustard seeds, since the carbohydrate content of Gross Chemical Composition of Beef Burgers
soy flour was 29.04 % while carbohydrate contents of Containing Soy, Yellow and Brown Mustard Flours:
yellow and brown mustard were 17.38 and 17.47 %, Table 3 shows that the moisture contents of all tested
respectively. These results were similar to that reported beef burger samples are nearly identical while the crude
by Sharma et al. [25]. protein  content not only decreased with replacing of soy

Mustard Flours: Amino acid composition was evaluated

Table 1: Chemical analysis of soy, yellow mustard and brown mustard flours.
Chemical Composition of used flours (%) *

-------------------------------------------------------------------------------------------------------------------------------------------------
Component (%) Soy Flour (SF) Yellow mustard (YMF) Brown mustard (BMF)
Moisture 5.69±0.12 5.05±0.04 4.98±0.12a a a

Crude protein 44.74±0.25 38.68±0.67 34.30±0.32a b c

Ether extract 14.58±0.07 33.47±0.13 37.98±0.17a b c

Crude fiber 4.66±0.08 6.18±0.19 6.67±0.17a b b

Ash 6.98±0.12 4.29±0.10 4.08±0.12a b b

Carbohydrate 29.04±0.14 17.38±0.29 17.47±0.34a b b

* Values are means of three samples ± standard error, means in the same row with different superscripts are different significantly (P 0.05).

Table 2: Amino acids composition (mg/100g protein) of soy, yellow and brown mustard seed flours. 
          SPC             YMF             BMF
 ------------------------------ --------------------------------- --------------------------------

Amino acids (IAAs) g/16gN A.S* g/16gN A.S* g/16gN A.S* FAO/WHO
Lysine 6.11 111 6.53 118.7 5.54 100.7 5.5
Leucine 7.70 110 7.89 112.7 7. 8.00 114.3 7.0
Isoleucine 4.91 122.7 4.28 107 4.54 113.5 4.0
Valine 6.28 125.6 6.72 134.4 5.66 113.5 5.0
Therionine 3.86 96.5 4.36 109 4.04 101 4.0
Meth +Cyst 2.52 72 4.26 121.7 5.89 168.3 3.5
Phen+Tyro 8.49 141.5 7.57 126.2 8.41 140.2 6.0
Total I.A.As 39.87 41.61 42.08
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Table 3: Chemical composition (%) of beef burger samples as affected by addition different levels of mustard flour (MMF). 

                        Chemical composition (%)

---------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment Control 3% YMF 6% YMF 3% BMF 6%BMF

Component Raw beef burger

Moisture 70.52±0.28 70.47±0.31 70.49±0.32 70.49±0.29 70.46±0.33a a a a a

Protein* 55.60±0.33 54.93±0.23 54.42±0.11 54.52±0.10 53.49±0.28a b b b c

Ether extract* 14.58±0.10 16.27±0.17 18.20±0.19 16.84±0.19 19.10±0.18a b c d e

Ash* 11.36±0.17 10.39±0.12 10.16±0.14 10.40±0.11 10.35±0.13a b b b b

Fiber* 3.23±0.05 3.45±0.06 3.96±0.09 3.39±0.05 3.62±0.12a a a a a

Carbohydrate* 15.23±0.20 14.96±0.21 13.26±0.11 14.85±0.15 13.44±0.14a a b a b

* On dry weight basis, means in the same row with different superscripts are different significantly (P 0.05).

Table 4: Physiochemical properties of beef burger samples as affected by addition  different levels of mustard flour.

                       Physiochemical properties*

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment Control 3% YDMF 6% YDMF 3% BDMF 6%BDMF

Criteria**

PH value 6.72±0.07 6.82±0.03 6.84±0.06 6.78±0.03 6.82±0.04a a a a a

WHC 78.92±0.23 80.96±0.17 83.74±0.11 81.55±0.17 84.66±0.40a b c b e

TVN 8.68±0.11 9.10±0.06 9.24±0.02 9.10±0.11 9.24±0.11a b b b b

TBA 0.296±0.001 0.280.005 0.288.002 0.280.005 0.280±0.005a b b b b

*Means in the same row with different superscripts are different significantly (P 0.05).

** Water Holding Capacity (WHC) % bound water, Total Volatile Nitrogen (TVN) mg/ 100g sample, Thiobarbituric acid value (TBA) mg/kg sample.

Table 5: Cooking measurements of beef burger samples as affected by addition different levels of mustard flour (MF).

                          Cooking measurements (%)*

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment Control 3% YMF 6% YDMF 3% BDMF 6%BDMF

Criteria**

Cooking yield 83.33 84.81 87.80 87.80 90.00d c b b a

cooking Shrinkage 29.37 25.00 23.33 21.59 20.69c b b a a

Moisture retention 76.15 80.41 81.76 81.72 82.11c b a a a

Fat retention 79.84 82.80 85.87 82.83 85.32 c  b  a  b  a

* Means in the same row with different superscripts are different significantly (P 0.05).

Table 6: Sensory evaluation of beef burger samples as affected by addition different levels of mustard flour.

                            Sensory evaluation *

--------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment Control 3% YMF 6% YMF 3% BMF 6%BMF

Criteria

Appearance 8.66±0.33 8.33±0.66 8.00±0.57 8.00±0.57 8.00±0.57a a a a a

Color 8.66±0.33 8.33±0.66 8.00±0.57 8.00±0.57 8.00±0.57a a a a a

Taste 8.66±0.33 7.33±0.88 7.66±0.33 7.00±0.57 6.67±0.66a a a a a

Flavor 7.66±0.33a 7.00±0.57 7.33±0.88 7.00±0.57 6.33±0.88a a a a

Tenderness 8.66±0.33 7.66±0.33 7.66±0.33 7.66±0.33 7.66±0.33a a a a a

Juiciness 7.66±0.33 8.33±0.33 7.66±0.33 7.33±0.33 7.66±0.33a a a a a

Texture 8.33±0.33 8.33±0.33 8.66±0.33 8.33±0.33 8.33±0.33a a a a a

Overall acceptability 8.66±0.33 8.00±0.57 8.33±0.33 7.33±0.33 7.00±0.57a a a a a

* Values with different superscripts in the same row are significantly different; 
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flour with mustard flour and also decreased with high non protein volatile nitrogen contents in mustard
increasing the level of replacement from 3 to 6 % in each seeds flour as reported by Vang et al. [29]. While the
mustard treatment, while the ether extract content of situation is reversed in regarding to TBA content since
mustard flour containing samples flowed a reverse trend TBA values of samples containing mustard flour were
since it increased with replacing soy flour with mustard significantly lower than control sample TBA value which
flour and increased with increasing of replacement level due to the antioxidant properties of mustard seeds flour as
from 3 to 6 %, which due to the higher ether extract reported by Plumb et al. [30].
contents of mustard flours as shown in table 1 which
result in increasing oil content of burger patties than Cooking Measurements of Beef Burgers Containing
control sample. Soy, Yellow and Brown Mustard Flours: Table 5 shows

The ash content of samples containing mustard flour that cooking yield percentage of beef burger samples
is slightly decreased with replacing soy flour with mustard containing mustard flours at levels of 3 and 6 % was
flour with excess decrement as the replacement level significantly higher (P<0.05) than the control, The cooking
increased from 3 to 6 % in each mustard treatment. yield increased with increasing level of mustard flour
Regarding fiber contents of beef burgers it could be incorporated in beef burger from 3 to 6% in each mustard
noticed that all burger patties had fiber contents which are containing treatment, these results are similar to the result
not significantly different. obtained by Standish [1]. Regarding, cooking shrinkage

While carbohydrate contents of burger patties which which is considered one of the most important physical
contain soy flour (control) and mustard flour at level of 3 quality changes that occurs in beef burgers during
% were not significantly different and were significantly cooking process due to protein denaturation and
(P<0.05) higher than its contents in burger patties which releasing of fat and water from beef burger patties [31],
contain 6 % mustard flour, these results due to the higher percent cooking shrinkage of beef burger samples
carbohydrate content of soy flour as compared to mustard containing mustard flour were lower (P<0.05) than the
flour. control, also, cooking shrinkage percent decreased as the

Physicochemical Quality Criteria of Beef Burgers mustard treatment. Also, the same table shows that
Containing Soy, Yellow and Brown Mustard Flours: moisture retention and fat retention values of beef burger
Table 4, shows that the replacing  of  Soy  Flour  resulted samples increased with replacing soy flour with mustard
in a slight non significantly increase in pH values of flour, also the values of moisture and fat retention were
mustard flour containing samples when compared to pH increased with increasing level of mustard flour in beef
value of control sample with slight increase as the level of burger samples, which were attributed to the high water
replacing increased. and oil binding capacity of mustard flour, these results are

From the same table, it could be also observed that in accordance with the previous obtained data [32, 33],
water holding capacity (WHC) of beef burger samples who reported that mustard flour had better emulsion-
significantly (P<0.05)increased by replacing of soy flour forming ability, also, Halling [34] attributes the high
with mustard flour, also, water holding capacity increased emulsifying capacity of mustard flour to proteins that
when the MF level increased from 3 to 6 % in all samples possess lower molecular weights and better interfacial
which contain mustard flour without regarding the properties at the oil-water interface which are presented in
mustard seed variety with observation that WHC values mustard flour. 
of samples containing brown mustard flour were higher
than its values in samples containing yellow mustard flour Sensory Quality Criteria of Beef Burgers Containing
which are in agreement with the foundation of Standish Soy, Yellow and Brown Mustard Flours: Table 6 shows
[1], this effect may be due to the structure or conformation the sensory evaluation results of control and mustard
of brown mustard flour proteins which exposes more flour containing samples Data show that there were no
hydrophilic groups, which facilitate increased interaction significant differences between beef burger samples
with the aqueous environment when compared to yellow which fabricated with or without mustard flour which
mustard flour proteins [11]. Also, table 4, shows that reflect the ability of using mustard seeds flour as meat
samples containing mustard flour were had slightly higher ingredient with the used levels (3 and 6 %) without
TVN content than the control sample which due to the affecting the sensory properties of beef burger patties.

level of mustard flour increased from 3 to 6 % in each
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It  could be  concluded  that  the  incorporation of 10. Cui, W. and N.A.M. Eskin, 1998. Process and
mustard  flour  into  beef  burger  patties instead of Properties of  Mustard Products and Components.
soybean flour as  a  good  functional and nutritional In: Mazza, G. Shi, J. Le Maguer, M. (Eds.), Functional
properties replacer resulted in producing burger patties foods: biochemical and processing aspects. CRC
without detrimental effect on the sensory attributes Press, Boca Raton, FL, pp: 235-245.
besides improving nutritional quality, physiochemical 11. Aluko,  R.E.  and  T.  McIntosh,  2004.
properties and cooking measurements of the product. Electrophoretic  and  functional properties of
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