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Abstract: This research evaluated the use fenugreek seed flour (3,6,9 and 12%)as antioxidant and antimicrobial
agent in manufacture of beef burgers instead of soybean flour (SF). with emphasis on frozen storage stability
for most important quality criteria of beef burger. The incorporation of fenugreek seed flour into beef burger
patties instead of soybean flour improving the content of essential amino acids and caused an improvement
or retention of physiochemical quality criteria (pH value, WHC, cooking shrinkage, TVN and TBA contents)
during frozen storage, as well as improvement of the microbiological quality, when compared to control sample.
Also, beef burger samples containing FSF exhibited a good sensory properties and better acceptability,
especially those contained 3 and 6%, even after frozen storage for 3 months.
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INTRODUCTION the auto-oxidation of fats, oils and food products

Numerous food products require protection against Fenugreek is an annual herb that belongs to the
microbial spoilage during their shelf life. The growing family Leguminosae widely grown in Pakistan, India,
demand of consumers for safe and natural products has Egypt and Middle Eastern countries [5]. Due to its strong
resulted in thorough investigations from food authorities flavor and aroma fenugreek in one of such plants whose
and researchers to assess the feasibility of mild leaves and seeds are widely consumed in Indo-Pak
preservation techniques and to improve the safety of subcontinent as well as in other oriental countries as a
products, with maintaining their good nutritional and spice in food preparations and as an ingredient in
organoleptic properties [1]. Lipid oxidation and microbial traditional medicine. Both leaves and seeds should be
growth are considered the major problems occurring included in normal diet of family, especially diet of
during processing and storage of meat and meat products. growing kids, pregnant ladies, puberty reaching girls and
Biogenic amines are basic nitrogenous compounds found elder members of family because they have haematinic (i.e.
in a wide variety of foods such as meat and meat products stimulate blood formation) value [6]. Also, it is widely
[2]. The presence of biogenic amines in food constitutes used as a galactagogue (milk producing agent) by nursing
a potential public health concern due to their mothers to increase inadequate breast milk supply [7].
physiological and toxicological effects. It is important to Fenugreek seeds are used as a traditional remedy for the
monitor biogenic amine levels in fresh and processed treatment of diabetes and hypercholesterolemia in Indian
food, not only due to their toxicity, but also they can be and Chinese medicines [8,9]. It is reported to have
a useful index of spoilage [3]. restorative and nutritive properties and to stimulate

Lipid oxidation and microbial growth in meat products digestive processes, useful in healing of different ulcers
may be controlled or at least minimized by using either in digestive tract [10]. Fenugreek has also been reported
synthetic or natural food additives commonly used in the to exhibit pharmacological properties such as antitumor,
meat industry. Natural antioxidants found in plants have antiviral, antimicrobial, anti-inflammatory, hypotensive
gained considerable interest for their role in preventing and antioxidant activity [11, 12]. 

containing fat [4]. 
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Fenugreek, is a good source of dietary protein (20- and 12% FSF by replacing SF with 25, 50, 75 and 100%
30%) for consumption by human and animals, the fatty
acids from 5-10% which are predominantly linoleic,
linolenic, oleic and palmatic acids. It had 45-65% total
carbohydrates with 15% of galactomannan (a soluble
fiber) [8]. It is a rich source of calcium, iron, a-carotene
and other vitamins [13].

Also, the fenugreek seeds contain lysine and L-
tryptophan rich proteins, mucilaginous fiber and other
rare chemical constituents such as saponins, coumarin,
fenugreekine, nicotinic acid, sapogenins, phytic acid,
scopoletin and trigonelline, which are thought to account
for many of its presumed therapeutic effects, may inhibit
cholesterol absorption and thought to help lower sugar
levels [14-15]. Therefore, the current study aimed to
evaluate the effect of using Fenugreek seed flour in meat
products as a antioxidant and antimicrobial agents on the
chemical,physiological,microbiological and sensory
characteristics of beef burger patties during frozen
storage.

MATERIALS AND METHODS

Materials
Fenugreek Seeds: Trigonella foenum-graecum and
Soybeen flour containing 48 % protein were obtained from
the Agriculture Research Center (ARC), Giza, Egypt.

Beef Meat: Beef meat of binned quarter, obtained from the
local butcher shop in the day before each experiment was
used in this investigation. The meat was stored in a
refrigerator at 5±1°C overnight.

Other Ingredients: Spices, Fresh eggs, onion and salt
(sodium chloride) were obtained from the local market.
While, sodium tripolyphosphate, sodium ascorbate and
sodium nitrite were obtained from Adwic Laboratory
Chemicals Co., Cairo, Egypt.

Experimental Treatments: Fenugreek seeds were soaked
in tap water for 12 hr at 37 °C. A seed to water ratio of 1:5
(w/v) was used. The unimbibed water was discarded. The
soaked seeds were rinsed twice in distilled water and then
dried at 55-60 °C. The dried seeds were ground to fine
powder in an electric grinder and then stored in plastic
containers for further use.

Preparation of Beef Burger Patties
Beef Burger Formulation: Beef burger patties were
formulated to contain 0 (Control, contain 12 % SF), 3, 6, 9

FSF, respectively. Beef burger patties were formulated to
contain the following ingredients: 62% lean meat, 12% SF
and / or FS, 7% Fresh eggs, 7% Fresh onion paste, 1.5%
salt, 10% Iced water, 0.5% spices, 0.3% Sodium
tripolyphosphate, 0.03% Sodium ascorbate and 0.015%
Sodium nitrite [16, 17].

Cooking of Beef Burger Patties: The patties were cooked
for measuring cooking measurements and to sensory
evaluate according to Ou and Mittal [18].

Analytical Methods: Beef burger patties were periodically
analyzed every month during the frozen storage at -18 ±
2°C for 3 months as follows:

Chemical Analysis: Proximate composition was estimated
according to A.O.A.C [19]. Amino acids composition were
determined using HPLC-Pico-Tag method according to
Millipore Cooperative [20].Total volatile nitrogen (TVN)
content and Thiobarbituric acid (TBA) value was
estimated as described by Pearson [21].

Physical  Analysis:  The  pH  value  for  beef  burger
patties was determined by using a calibrated pH meter
(Beckman model 3550, USA) according to Schoeni et al.
[22]. Water holding capacity (WHC) was determined by
filter press method [23]. Calculation of cooking yield was
determined according to Raharjo et al. [24], whereas
cooking shrinkage was calculated according to Adams
[25]. Also, moisture retention value was determined
according to El-Magoli et al. [26]. while, fat retention was
calculated  according  to  the  method  described by
Murphy et al. [27].

Microbiological Tests: Total bacterial count (TBC),
psychrophilic bacteria count, mold and yeast count and
coliform bacteria count were determined according to
FAO [28] and Oxoid [29].

Sensory Evaluation: cooked meat patties were sensory
evaluated by twenty panelists and statistically analyzed
according to Basker [30].

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 burger
samples [31].
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RESULTS From the same table, it could be noticed that protein

Chemical    Analysis  for     Fenugreek     Seed    Flour: decreased (P< 0.05) with increasing FSF levels, as
Table   1    shows    that   Fenugreek   seed   flour compared with control beef burger sample containing soy
contained     32.29%     protein,     9.18%     ether   extract, flour only. Also, a gradual decrease was observed in
4.32 %  crude  fiber,  3.13%  ash  and  50.65% protein content of all beef burger samples during frozen
carbohydrate. storage up to 3 month. On the other hand, fat and fiber

Frozen Storage Stability for Quality Criteria of Beef increasing FSF levels, as well as with increasing frozen
Burgers storage time. A slight decrease in ash content of these
Gross Chemical Composition of Beef Burgers samples was noticed when compared with control sample,
Containing FSF: As shown in table 2, there was a these contents were affected during frozen storage
negligible  alteration  in  moisture  content of all beef periods in all samples. While, there was a negligible
burger patties containing FSF when compared with the alteration in carbohydrate content of all beef burger
control. samples.

content of beef burgers containing FSF obviously

contents obviously increased (P< 0.05) in all samples with

Table 1: Chemical composition of fenugreek seed flour
Component (%)

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
FSF Moisture Crude protein Ether extract Crude fiber Ash Carbohydrate
W.W 7.8 29.9 8.5 4.0 2.9 46.9
D.W 0 32.29 9.18 4.32 3.13 50.65

Table 2: Chemical composition of beef burger samples as affected by addition different levels of Fenugreek seed flour (FSF) during frozen storage at-18 ± 2°C
for 3 months

Treatment Control 3% FSF 6% FSF 9% FSF 12% FSF
% Moisture

0 70.87 70.81 70.98 71.11 70.35
1 70.72 70.69 70.62 70.69 69.38
2 70.63 69.28 69.21 69.63 69.54
3 69.89 68.69 68.15 68.35 70.15

% Protein *
0 56.45 52.24 49.91 42.12 40.32a b c c c

1 54.32 51.24 48.15 41.52 40.14a b c c c

2 56.85 50.69 47.25 40.29 39.88a b c c c

3 54.25 50.50 46.21 40.21 39.58a b c c c

% Fat *
0 14.82 15.21 15.69 15.98 16.25c b b b a

1 14.69 14.89 15.42 15.71 16.43c c b b a

2 14.52 14.89 15.10 15.21 16.46c c b b a

3 14.20 14.52 14.87 14.78 16.50c c c c a

% Ash *
0 13.89 11.23 11.10 10.87 10.25a b b b b

1 14.36 10.39 10.65 10.36 10.20a b b b b

2 14.89 10.21 10.52 10.25 10.18a b b b b

3 14.32 10.14 10.25 10.10 10.15a b b b b

% Fiber *
0 1.18 2.10 2.25 2.54 2.75c b b b a

1 1.26 2.21 2.29 2.59 2.84c b b b a

2 1.51 2.35 2.57 2.61 2.98c b b a a

3 1.60 2.42 2.63 2.74 3.01c b a a a

% Carbohydrates *
0 15.20 15.39 15.10 13.95 13.14a a a c c

1 15.29 15.31 14.69 14.21 13.54a a b b c

2 15.67 15.14 14.63 14.24 14.21a a b b b

3 16.28 15.81 15.87 15.32 14.98a a a a b

* on dry weight basis, ;  and  means in the same row with different superscripts are different significantly (P< 0.05) a b c
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Table 3: Amino acids composition* of beef burger samples as affected by addition different levels of Fenugreek seed flour (FSF) at zero time

Amino acids Reference Pattern
(IAA)* (g/16gN) Control 3% FSF 6% FSF 9% FSF 12% SFF (FAO/WHO;1973)

Lysine 5.23 5.59 6.21 6.48 6.78 5.44
Leucine 6.75 6.63 6.56 6.48 6.39 7.04
Isoleucine 4.10 4.02 3.91 3.80 3.76 4.00
Valine 5.43 5.36 5.28 5.11 4.84 4.96
Therionine 3.62 3.58 3.33 3.11 3.05 4.00
Meth+Cyst 3.28 3.33 3.39 3.42 3.47 3.40
Phen+Tyro 7.62 7.38 6.51 6.03 5.76 6.08
Tryptophan 1.25 1.29 1.32 1.52 1.62 1.00

* 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 Fenugreek seed flour (FSF) during frozen storage
at-18 ± 2°C for 3 months

Storage period Control 3% FSF 6% FSF 9% FSF 12% FSF

PH value

0 6.99 6.78 6.64 6.50 6.45a a b b b

1 7.04 6.90 7.05 6.75 6.48a a a b b

2 7.12 6.88 7.11 6.93 6.54a a a b b

3 7.39 7.29 7.15 6.95 6.65a a a a b

Water Holding Capacity (WHC) % bound water

0 83.25 80.21 80.29 82.14 82.36a b b a a

1 82.42 78.25 79.54 81.52 81.14a c c a a

2 81.22 77.28 79.51 80.29 80.88a c b b b

3 80.71 77.36 78.36 78.21 77.58b c c c c

Total Volatile Nitrogen (TVN) mg/ 100g sample

0 4.20 6.71 6.14 5.20 4.39c b c c c

1 5.06 7.31 7.01 6.76 5.29c a a b c

2 6.20 8.12 7.97 7.15 6.37b a a a b

3 8.50 9.92 9.47 8.30 7.29a a a a a

Thiobarbituric acid value (TBA) mg/kg sample

0 0.2340 0.4312 0.1715 0.1404 0.1350c c c c c

1 0.3290 0.5380 0.3270 0.2960 0.2830c b c c
c

2 0.5928 0.6942 0.4919 0.4680 0.4290b b b b b

3 0.7800 0.8970 0.7332 0.7020 0.6240a a a a b

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

Nutritional Protein Quality of Beef Burgers Containing in that value was decreased with increasing of FMF level.
FSF: From table 3, it could be noticed that the increasing From the same table, it could be also observed that water
FSF level in beef burger samples resulted in increasing the holding capacity (WHC) of beef burger samples increased
contents of lysine,tryptophan and sulfur amino acids by increasing FSF level from 3 to 12 %. During frozen
(Methionine + cystein) of beef burger samples, especially storage, WHC values continuously reduced in all beef
in burger sample containing 12 % FSF.The other burger samples with progressing of storage period. The
indispensable amino acids were lower than reference same table, showed that samples containing FSF were
protein pattern of FAO / WHO. higher  (P<0.05)  than  control  in  its  content  of  TVN.

Physicochemical Quality Criteria of Beef Burgers than control in its content of TBA. While the increasing
Containing FSF: As shown in table 4, the replacing of SF of FSF into beef burgers from 6 to 12 % resulted in high
resulted in a slight decrease in the samples pH values reduction of TVN and TBA contents than control sample.
when compared with pH value of control sample. On the Table 4, also shows that TVN and TBA contents of all
other hand, pH value continuously increased in all beef beef burger increased gradually during frozen storage up
burger patties during frozen storage. The increment rate to 3 months.

Also,  sample  containing 3 % FSF was higher (P<0.05)
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Table 5: Cooking measurements* of beef burger samples as affected by addition different levels of Fenugreek seed flour (FSF) during frozen storage at-18 ±2°C

for 3 months

Storage period Control 3% FSF 6% FSF 9% FSF 12% FSF

% Cooking yield

0 74.17 73.56 74.33 84.72 87.10b b b a a

1 73.85 73.02 74.00 84.15 86.25b b b a a

2 73.75 71.96 73.20 83.10 85.29b b b a a

3 73.62 71.60 72.90 83.20 84.92b b b a a

% Cooking Shrinkage

0 37.49 37.20 37.19 26.97 26.59a a a c c

1 37.92 37.69 36.92 27.91 26.92a a b c c

2 38.29 38.20 37.29 28.10 27.56a a a c c

3 38.98 38.67 37.92 28.72 28.23a a a c c

% Moisture retention

0 37.18 37.33 38.20 46.29 47.82c c c a a

1 36.92 36.92 37.29 45.21 47.15c c c b a

2 36.20 36.27 37.00 44.97 46.76c c c b a

3 36.12 36.05 36.89 44.00 46.00c c c b a

% Fat retention

0 64.92 66.20 66.72 68.12 75.29c c c b a

1 64.42 65.82 66.30 67.37 76.28c c c b a

2 64.10 65.20 66.21 66.27 73.87c c c c a

3 62.92 64.79 65.29 65.34 73.26c c c c a

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

Table 6: Microbiological counts * (log cfu /g) of beef burger samples as affected by addition different levels of Fenugreek seed flour (FSF) during frozen storage

at-18 ±2°C for 3 months

Storage period Control 3% FSF 6% FSF 9% FSF 12% FSF

Total bacterial count (TBC)

0 4.59 4.12 3.50 3.30 3.20a b b c c

1 4.65 4.15 3.53 3.42 3.32a b b c c

2 4.78 4.20 3.62 3.56 3.42a a a b c

3 4.86 4.28 3.72 3.67 3.38a a a a c

Psychrophilic bacteria

0 3.25 3.10 2.95 2.89 2.76a a b c c

1 3.40 3.29 3.03 2.97 2.97a a b c c

2 3.58 3.40 3.19 3.00 2.90a a b b c

3 3.72 3.52 3.46 3.17 3.21a a a b b

Coliform group

0 2.76 2.69 2.57 2.50 2.40a a b c c

1 2.89 2.78 2.79 2.46 2.47a a b c c

2 3.00 2.95 2.80 2.38 2.27a a b c c

3 3.20 2.95 2.82 2.28 2.17a a b c c

Molds and yeasts

0 3.65 3.39 3.18 2.96 2.23a a c c c

1 3.77 3.46 3.32 3.00 2.40a a a b c

2 3.98 4.56 3.45 3.17 2.45a a a b c

3 4.15 400 3.54 3.20 2.52a a a b c

* Means in the same row with different superscripts are different significantly (P< 0.05).
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Table 7: Sensory evaluation (rank sums)* of beef burger samples as affected by addition different levels of Fenugreek seed flour (FSF) during frozen storage
at-18 ± 2°C for 3 months

Storage period Control 3% FSF 6% FSF 9% FSF 12% FSF
Color

0 56 52 65 70 71a a b c c

1 53 51 68 71 72a a b c c

2 55 52 66 73 73a a b c c

3 55 53 65 78 75a a b c c

Taste
0 58 60 61 77 82a a a b c

1 58 60 62 76 82a a a b c

2 57 59 62 75 82a a a b c

3 60 60 60 75 80a a a b c

Flavour
0 50 57 55 77 81a a a b c

1 50 57 55 78 84a a a b c

2 51 56 56 73 84a a a b c

3 50 56 54 71 83a a a b c

Tenderness
0 47 48 57 75 78a a b c c

1 46 47 54 73 77a a b c c

2 45 43 56 72 79a a b c c

3 42 47 55 73 80a a b c c

Juiciness
0 47 46 47 75 81a a a c c

1 46 46 55 73 80a a b c c

2 45 45 56 71 80a a b c c

3 43 47 55 73 82a a b c c

Appearance
0 55 56 54 73 81a a a c c

1 58 59 50 72 82a a a c c

2 52 52 51 71 85a a a c c

3 53 52 51 70 85a a a c c

Overall acceptability
0 55 55 65 73 81a a b c c

1 58 55 64 73 81a a b c c

2 52 55 61 72 83a a b c c

3 54 53 65 75 80a a b c c

* Rank sums with different superscripts in the same row are significantly different, The critical difference among the samples is 27.3.

Cooking Measurements of Beef Burgers Containing other samples containing FSF. Also, the same table shows
FSF:  As  shown  in  table  5,  cooking  yield  percent  of that moisture retention and fat retention values of beef
beef  burger  samples  containing  FSF  at   levels   of 9 burger samples increased (P<0.05) with the increasing
and 12 % was higher (P<0.05) than the control, while level of FSF in beef burger samples. However, these
sample contain FSF at level of 3 % had lower cooking values decreased during frozen storage linearly in all
yield  percent  than  control,  but  cooking  yield  percent samples.
of the sample contain 6 % was in equal with the control.
The cooking yield decreased with increasing frozen Microbiological Quality Criteria of Beef Burgers
storage time in all burger samples. With regard to % Containing FSF: Table 6, illustrates that the total
cooking  shrinkage  of  beef burger samples containing bacterial, Psychrophilic bacteria, coliform bacteria group
FSF at levels 9 and 12 % were lower (P<0.05) than the and mold and yeast counts of beef burger samples
control and the samples contain 3 and 6 % were almost in decreased(P< 0.05) with increasing the addition level of
equal with control. In addition, cooking shrinkage FSF, also, the count of microorganisms increased with
increased linearly for all beef burger samples during frozen progressing the storage time, especially for the sample
storage, but it was more evident in control sample than containing 3 % FSF and control.
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Sensory Quality Criteria of Beef Burgers Containing On the other hand, the TBA values of beef burger
Fsf:  Beef  burger   samples   were   sensory   evaluated
and compared to the control sample as shown in table 7.
Data   show that    there   were   no  significant
differences   among   beef   burger   samples   in  color,
taste, flavor and appearance. Also, the same table shows
that the samples containing 3 and 6% of FSF were
significantly different (P < 0.05) as compared with the
other samples. 

With regard to the Overall acceptability, the sample
containing 6 % of FSF was the lowest acceptable sample,
while the other samples were not significantly different as
compared with control.

DISCUSSION

In the last few years, an increased attention has been
focused on the natural plants, especially those containing
high nutritional quality with antimicrobial and antioxidant
properties. Fenugreek seeds are one of the important
dietary sources of these factors [32].

Proximate composition of fenugreek seed flour (FSF)
showed high levels of protein, fiber, ash and carbohydrate
contents on dry weight basis. Therefore, incorporation
FSF into meat products increased fiber and fat contents.
While, protein and ash contents were slightly decreased
by increasing levels of FSF and frozen storage periods as
compared to the control. This decrease could be mainly
attributed to deficiency of most ingredients for FSF as
compared with soy ingredients. Also, incorporation FSF
into beef burger patties increased the contents of
lysine,tryptophan and sulfur amino acids. These results
are in agreement with those reported by [14, 15].
Generally, beef burger containing FSF had a good
nutritional quality even after frozen storage for 3 months
with regards ash and crude fiber contents.

Physiochemical quality criteria of beef burger
samples such as pH value, WHC and TVN contents were
obviously affected by increasing levels of FSF and frozen
storage periods. Degradation of beef burgers protein
during storage resulting in formation of some basic
compounds such as volatile nitrogen compounds, amines
and hydrogen sulfide, leading to increase pH value [33].
WHC value were reduce continuously in all beef burgers
with extending the frozen storage periods as the result of
breakdown hydrogen bonding between the water
molecules and gross chemical components of beef
burgers  [34].  Concerning  TVN   content   of  beef
burgers containing FSF, it was clearly decreased with
increasing level  of  FSF.  Generally,  these  results  were
in accordance with those found by  Oroszvári  et  al.  [35].

samples increased gradually during frozen storage, 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 [36]. 

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 [37]. Moisture retention and fat
retention values of beef burger samples increased with the
increasing level of FSF in beef burger samples, which was
attributed to the high water and oil binding capacity of
FSF [38].

Microbiological quality criteria of beef burger
samples  containing  FSF  were  affected  by increasing
level of FSF at either the initial time or at any frozen
storage period. Results indicated that TBC, Psychrophilic
bacteria,   coliform   bacteria   group   and   mold  and
yeast counts decreased with increasing level of FSF,
which  may  be  due  to  the reducing of free water
resulting from the high water binding capacity of
FSF.These results providence for the presence of
antimicrobial compounds in FSF.These compounds can
degrade the cell wall, disrupt the cytoplasmic membrance,
damage membrance proteins and interfere with membrance
– integrated enzymes,which may eventually lead to cell
death [39]. Generally, microbial quality criteria of all beef
burger samples were within permissible counts reported
by E.O.S [40], which recommend that the total bacterial
and coliform group counts not exceed 5 and 3 log cfu /g,
respectively.

Sensory evaluation of beef burgers revealed that,
beef burgers with 3 and 6 % FSF have the highest level of
acceptance for all sensory characteristics, there were no
significant differences could be detected among these
samples and control, even after frozen storage for 3
months.

It could be concluded that, using of FSF into beef
burger patties instead of soybean flour exhibited effective
antimicrobial properties and high antioxidant activity. In
addition it enhanced nutritional, physiochemical and
sensory quality criteria. 
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