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ABSTRACT

Background and Obijectives: The food product known as the *hamburger’ plays a crucial role in people’s
nutrition and the diversity of the food they consume. The reasons for our study include the area under
cultivation, the remarkable amount of protein in chickpeas and lentils, as well as the public interest in tending
to meat products, especially hamburgers.

Materials and Methods: In this study, beef burgers were combined with chickpea flour and lentil flour at 4%,
8% and 12% levels. We evaluated the properties of uncooked beef burgers, including protein, fat, moisture,
ash, pH, texture profile (hardness, springiness, cohesiveness, gumminess and chewiness), cooking properties,
and sensory attributes.

Results: Compared with the controls, the percentage of the samples’ protein and fat increased with the rise in
the level of chickpea and lentil flour. At 12% level, the chickpea and lentil flour had the lowest ash content.
Samples of hamburgers with lentil flour at 12% level had the highest pH value. The hardness, chewiness and
gumminess value of the samples significantly increased with increase in the level of chickpea and lentil flour,
compared to the controls. At the level of 12%, the lentil flour had the lowest shrinkage percentage. Scores for
all sensory parameters except for appearance decreased with increase in the level of extension.

Conclusions: We successfully produced a new product with significant nutritional value, cooking features and
acceptable sensory-textural properties. Hamburger with 4% content of chickpea or lentil flour had sensory
properties similar to the control, and was rated close to very good. Further research should be focused on the
optimized use of amounts of legumes in hamburger.
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Introduction

Meat products in Italy, Spain, Ireland and Turkey
are about 30% of the cost of the related food products
with 25% for England, Holland and Greece, as well as
35% for Denmark, France and Belgium (1). The
growing population of the world has forced humans to
turn to new food resources and, in particular, protein
resources. Protein resources chiefly come from
animal protein (2). As the urban population increases,
new circumstances have reduced our physical access
to food (e.g., fruit and vegetables). Consequently, for
economic prosperity of their family, people are forced

to spend more hours of the day outside of their
homes. As a result, the fast food market has
flourished. The food product known as the
‘hamburger’ plays a crucial role in the nutrition and
diversity of the food people consume. Meat is the
main component of this product. Meat is one of the
most important food elements for humans. It is very
rich in protein and meets the body’s needs. In terms
of necessary amino acids, meat is a good source of
high quality protein. Furthermore, it has additional B-
complex vitamins and special minerals, iron in
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particular (3). A healthy society should not hesitate to
provide protein, a principal source of nutrition.
Today, animal protein is recognized as a human need.
Special meat products supply a portion of consuming
protein with its replacements, at the rate of meat
consumed per capita. As a result, society’s nutritional
and economical needs are met (3). With meat in its
ingredients and a desirable flavour, hamburger is
considered to be an easy-to-consume meat product
(4). Due to its price variation, fast food can be
purchased by everyone, from the wealthiest to the
most destitute class of society (5). One of the most
widely consumed food products is meat. Germany is
one of the biggest producers of meat products; it has
over 100 types of meat products with different names
(6). For a large number of people, varying in both
social status and age, a significant portion of their
daily food intake comes from different types of
hamburger (7). Enriching them at any level can be
useful in improving the health of individuals and
society (8). After cereal, the second most important
type of crop is legume. The protein percentage in
legumes varies between 17.1% and 25.2%. For
cereals including wheat, rice and corn, the protein
percentage is 11.8%, 8.5% and 11.1%, respectively.
Furthermore, the protein percentage of a lentil is
equal to a bean. This is more than a chickpea, and two
times more than the protein percentage in wheat (9).
Recently, there have been several studies about the
role of legumes in growing functional foods. Legumes
contain the necessary vitamins, minerals, proteins,
dietary fibres and energy for human health. Legumes
are considered to be the meat of the poor. They are
rich in protein, and supply slow
carbohydrates. Diverse metabolic diseases like
mellitus, coronary heart disease and colon cancer
could be controlled and prevented by including
legumes in a daily diet (10). This would have many
physiological effects. The reasons for our study
include the area under cultivation, the remarkable
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amount of protein in chickpeas and lentils, as well as
the public interest in tending to meat products,
especially hamburgers.

Materials and Methods

The chickpeas (Cicer arietinum) and lentils (Lens
culinary) used in this study were prepared at the
Institute of Agricultural Research, Khorramabad city,
Iran (Table 1). The boneless beef round, onions,
wheat flour and salt were prepared at the local market.
Next, they were soaked in water for 3 hours, with the
volume ratio of 1:8 legume to water (9). They were
then placed in boiling water for half an hour. The
chickpea and lentils were separately dried in an
electric oven (100 °C) for 5 hours and ground in a
mill. After being grounded with an industrial mill, the
seeds were passed through a sieve mesh 16.

Table 1. Proximate composition (g/100 g) of different
legumes

Legume Protein fat ash
Chickpeas 20.48% 5.46% 2.85%
Lentils 25.69% 1.45% 2.73%

Chickpea and lentil analysis: The fat, protein, ash
and moisture of chickpeas and lentils were based on
AACC, 2000 (11).

Sample preparation: The control hamburgers were
prepared based on a commercial formulation
containing 62% meat, 18.5% onion, 1.25% salt,
1.25% spices, 5% wheat flour, and 12% rusk flour
(Table 2).

Samples were made with three levels of legume
flour (4%, 8% and 12%) instead of rusk flour, and
were compared to the control formulation. After
preparation, the hamburger samples were moulded
and stored in zipped nylons in a -18°C freezer. To
defrost the hamburger samples, they were kept in a
fridge at 5+2°C for 72, and then in the refrigerator
just 12 hours before the test at 2 + 5°C.
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Table 2. Product formulation for different flour hamburgers

. Control CF LF

Ingredients

4% 8% 12% 4% 8% 12%
Meat (%) 62 62 62 62 62 62 62
Onion (%) 18.5 18.5 18.5 18.5 18.5 18.5 18.5
Salt (%) 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Spices (%) 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Wheat flour (%) 5 5 5 5 5 5 5
Rusk flour (%) 12 8 4 - 8 4 -
Legume flour (%) - 4 8 12 4 8 12

CF= Chickpea Flour
LF= Lentil Flour

Texture analysis: Analysis of texture profile on raw
samples was conducted with a Texture Analyser
(Texture  Analyser/USA/LlIoyd  Version  3:4)
following the standard procedures. Cubic samples
(1x1x1 cm) were cut from patties suitable for a two-
cycle compression test. The samples were
compressed to 50% of their original height by a
cylindrical probe of 10 cm diameter at a compression
load of 25 kg and an across-head speed of 20 cm/min
(12).

The extreme force required to compress the
samples was the hardness (Kg). Cohesiveness
(without unit) was the limit to which the rupture
(As/A,) could be deformed following the samples. A,
was the overall energy needed for the first
compression, and A, was the total energy needed for
the second compression (12).

The springiness (cm) included the capability of the
samples, following the removal of the deformation
force to recover its original shape. The gumminess
(Kg) was the force used to break into the semi-solid
meat samples to swallow (hardness-cohesiveness).
The chewiness (Kg-cm) was the work required to

chew the samples to swallow (springiness-
gumminess) (12).
Proximate compositions measurements: The

proximate compositions of the hamburgers including
fat, ash, protein and moisture measured were based
on AOAC, 2003 (13).
The pH of each hamburger sample was measured

using the AOAC method (2003) (13).

Cooking and cooking measurements: The
hamburgers were cooked at 175°C for 6 minutes in
an electric grill machine (Philips, Model 4466HD,
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Made in China), giving an internal temperature of
175 °C. The thickness and diameter of hamburger
were measuring by a digital calliper (Guanglu,
Model 75400RZ, made in China). The reduction in
the hamburgers’ diameter, and increase in their
thickness and shrinkage of the hamburgers were
calculated  according to  Serdaroglu  and
Degirmencioglu, 2004 (14). Cooking yield was
determined according to Prabpree  and
Pongsawatmanit (2011) by weighing the samples
before and after cooking. (15):

Cooking yield%:(Uncooked weight—cooked weight) % 100

Uncooked weight

The reduction in the hamburgers’ diameter
percentages was calculated through the following
equation:

Reduction in hamburger diameter % =
U ked di ter—cooked di t
(Uncooked diameter—cooked diameter) %100

Uncooked diameter

The increase in the hamburgers’ thickness
percentages was calculated by the following
equation:

Increase in hamburger thickness % =
(Cooked thickness—uncooked thickness) % 100
Uncooked thickness

The shrinkage percentages were calculated as
below:

Shrinkage% =

(Cooked thickness—uncooked thickness)+(cooked diameter—uncooked diameter)

x 100

Uncooked thickness+uncooked diameter
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Sensory  evaluation:The  sensory  evaluation
parameters were colour, texture, taste, appearance
and overall palatability. The samples were assessed
by a 10-membered trained panel (academic staff of
Food Technology Department, Damghan University,
Iran) Recruitment, selection and training of panellists
were performed according to the sensory evaluation
procedure (Mohammadi et al, 2012).Ten panellists
were screened out of the 13 potential panellists (16).
The evaluation form was prepared based on a 7-point
Hedonic scale (1= extreme dislike and 7= extreme
desire). Water was applied to rinse the mouth
between the samples.

Statistical analysis: The data obtained from the
cooking measurements, proximate compositions and
texture analysis measurements to compare the
average were analysed by the use of completely
randomized design with three replications. The
results were reported as the mean zstandard
deviation, and subjected to analysis of variance
(ANOVA) using the SPSS software (ver.18). Finally,
Duncan’s multiple range test was run to assess any
statistically significant difference between the
obtained mean values in each experiment at P<0.05.
Results

Proximate composition: The mean values for the
proximate of uncooked hamburgers are shown in
Table 3. Adding chickpea and lentil flours increased
the percentage of fat (in the samples with 12%
chickpea flour 11.6% and lentil flour 11.46%)

compared to the controls. Also, based on the
ANOVA results, we saw a significant increase in
protein (in the samples with 12% chickpea flour
15.19% and lentil flour 15.34%) with the rise of
replacement level. We found that adding chickpea
and lentil flour had no significant effect on the
moisture of the samples. Additionally, adding
chickpea and lentil flours decreased the percentage
of ash in the samples compared to the controls.

pH: The pH values of different samples are given in
Fig. 1. The controls had the lowest pH (5.88) and the
samples with 12% chickpea (6.04) and lentil (6.05)
flours had the highest pH.

6 o . B
a ':17 1i
58 I L_J control
L5 I
2
Bd cr
54 o
52 =
s
4 :

control 4% 8% 12%

Fig 1. Mean values of treatments for pH analysis of
hamburger samples by addition different levels of legume
flour.

CF= Chickpea Flour, LF= Lentil Flour.

Different letters: indicates the significant differences of each shape
(P<0.05).

The numbers are the mean of three replications + standard deviation.

Table 3. The chemical composition of the uncooked hamburger samples affected by adding various levels of chickpea and

lentil seed flours

Type of the burger Fat (%) Ash (%) Protein (%) Moisture (%)
Control 10.80+0.10® 2.28+0.03 13.58+0.11% 58.54+0.12°
4% 10.85+0.06* 2.24+0.02* 14.11%0.05° 58.56+0.05
CF 8% 11.430.38% 2.17+0.02° 14.57+0.08° 58.68+0.07°
12% 11.6+0.09° 2.11+0.01° 15.19+0.09° 59.22+0.21°
4% 11.15+0.08™ 2.22+0.03" 14.25+0.02° 58.54+0.09°
LF 8% 10.87+0.13% 2.15+0.02° 14.59+0.21° 58.79+0.17°
12% 11.460.08° 2.04+0.02° 15.34+0.09° 59.26+0.62°

CF= Chickpea Flour, LF= Lentil Flour.
Different letters: indicates the significant differences of each column.

The numbers are the mean of three replications * standard deviation (P<0.05).
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Cooking properties: The cooking parameters of the
samples are given in Table 4. Based on the ANOVA
results, the control samples had the maximum
diameter reduction and shrink  percentage.
Furthermore, the samples with 12% chickpea and
lentil flours had the minimum diameter reduction
(chickpea flour 13.02% and lentil flour 12.77%) and
shrink percentage (chickpea flour 13.52% and lentil
flour 12.59%).

Texture analysis: Texture analysis of the samples is
given in Table 5. Based on the ANOVA results, an

Table 4. The cooking parameters of the hamburger samples affected by the addition of different levels of chickpea and lentil

increase in the replacement level of legume flour led
to a significant increase in the hardness, gumminess
and chewiness of the samples, compared to the
controls.

Sensory properties: The sensory scores of the
samples are given in Table 6. The control samples
had the highest overall acceptability score, and the
samples with 12% chickpea and lentil flour, had the
lowest score. The sensory results are consistent with

the study of Bhat and Pathak, 2011 (17).

seed flour
Type of the burger Reduction in diameter Thickness increase Cooking yield Shrinkage
(%) (%) (%) (%)
Control 19.60+0.85" 34.01+4.04° 6.14+0.32° 20.93+0.49°
4% 16.33+0.85° 21.53+0.70° 6.42 £0.67* 16.84+0.76°
CF 8% 15.2140.38° 20.46+1.16™ 7.04+0.95%® 15.50+0.54°
12% 13.02+0.23% 14.11+0.83* 7.84%0.93" 13.52+0.58"
4% 14.77+0.61“ 20.09+0.95™ 6.37+£0.51% 15.28+0.57°
LF 8% 13.94+0.53° 17.20+1.52 6.4610.12 14.28+0.42°
12% 12.77+0.36" 11.03+0.68° 7.64+0.85™ 12.59+0.27°
CF= Chickpea Flour, LF= Lentil Flour.
Different letters: indicates the significant differences of each column (P<0.05).
The numbers are the mean of three replications + standard deviation.
Table 5. Texture analysis parameters of the control and treated hamburgers
Product Hardness Cohesiveness Gumminess Chewiness (Kg- Springiness
(Kg) ) (Kg) cm) (cm)
Control 5.94+0.63 97.73+3.84° 580.75+24.8° 310.30+16.85% 0.508+0.06°
4% 6.46+1.63° 97.91+3.13° 632.31+27.81° 380.42+26.03" 0.548+0.027°
CF 8% 6.63+0.6% 104.29+3.33* 690.03+18.21%° 365.40+12.31° 0.522+0.103°
12% 8.01+0.44° 101.71+2 5 814.69+14.21° 484.79+25.70° 0.566+0.09%
4% 6.4+0.51° 99.34+4.32° 634.12+16.9° 348.04+20.42° 0.548+0.04%
LF 8% 6.72+0.8% 106.19+4.27° 717.75+8.5® 368.02+16.61° 0.526+0.07
12% 7.97+0.74° 106.92+3.8° 825.569.54° 483.48+12.9° 0.567+0.13
CF= Chickpea Flour, LF= Lentil Flour.
Different letters: indicates the significant differences of each column (P<0.05).
The numbers are the mean of three replications + standard deviation.
Table 6. Sensory scores of the control and treated hamburgers
Type of the burger Colour Flavour Texture Appearance Overall acceptability
Control 5.8+0.63 5.9+1.73° 5.8+0.82° 5.3+0.48 6.4+0.51°
4% 5.240.78% 5.5+0.71% 5.3+0.67% 5.3+0.67° 5.6+0.51°
CF 8% 4,7+0.82° 4,7+0.48% 4.6+0.70° 5.6+0.70°% 4.7+0.82°
12% 3.7+0.67° 4.2+0.63" 4.4+0.51° 5.8+0.70° 4.2+0.62°
4% 5.620.7% 5.520.7% 5.4+0.96% 5.4+0.70° 5.6+0.92°
LF 8% 4,8+1.03" 5.2+0.42™ 4.8+0.42™ 5.4+0.52% 5.3+0.82°
12% 4,6+0.84° 4.4+0.73¢ 4.7+1.94° 5.9+0.74% 4.3+0.83°

CF= Chickpea Flour, LF= Lentil Flour.

The numbers are the mean of 10 panelists of + standard deviation (P<0.05).

Different letters indicate the significant differences of each column.
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Discussion

In this study, the amount of fat in the chickpea and
lentil flours was 5.8 and 1.5%, respectively. As a
result, it is clear to see that the amount of fat in the
entire hamburger samples containing chickpea and
lentil flours increases from 10.8% in the control
sample to 11.46% in the lentil and 11.6% in the
chickpea samples. Though these increases were not
important technologically; they were statistically
meaningful. The controls had the lowest percentage
of protein and fat. Additionally, the sample with 12%
chickpea flour and lentil flour had the highest
percentage of protein and fat. Hegazy (2011) found
that replacing fenugreek at four levels (3%, 6%, 9%,
and 12%) instead of soy flour in beef hamburgers
significantly increased the fat content of the samples,
compared with the control (18). The protein content
of the controls was significantly lower than of other
burgers, due to the high protein content of legume
flour. Jokar et al. (2011) reported that adding the
germinated chickpea flour increased the protein level
of sausages (8). The samples with 12% chickpea and
lentil flours had the lowest ash and the highest ash
percentage. The control hamburgers were prepared
with 3.4% ash content (based on tests); thus, while
replacing them with a lower ash content of legume
flour with 2.8% chickpea and 2.7% lentil, the ash of
the samples with legume flour decreased as
compared to the controls. Ali et al. (2011) reported
that the hydrated rice flour in beef sausages reduced
the ash percentage (19). Moisture content of the
burgers ranged from 58.54 to 59.26%, and there was
no significant difference among the burger samples.
In the treatment samples, the pH ranged from 5.88 to
6.05, and was significantly different among the
different treatments. The increase of pH in the
samples could be the result of the increase in amine
compounds in the samples with chickpea and lentil
flour due to increase in their protein content. Legume
contains plenty of alkali amino acids like Arginine
and Lysine and also plenty of acidic amino acids like
Aspartic and Glutamic acids (20). These results are
consistent with the study of Bhat and Pathak, 2011
(17). All treatments had a reduction in hamburger
diameter and thickness. On average, the samples
containing lentils had the percentage of diameter
reduction (13.82), thickness increase (16.106%), and
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shrinkage (14.05%). The hamburgers tend to shrink
during the cooking process due to the denaturation of
the meat proteins (21). Cook losses depend on a
number of different variables such as composition,
additives, cooking methods, and oven temperature,
and sample dimensions. It has also been indicated
that cook losses are mainly due to water and fat
decreases, which in turn depend on the mass transfer
process during the thermal treatment (21). The
lowest shrinkage was recorded in the treatment with
12% chickpea and lentil flour (Table 3). As in the
case of diameter reduction (19.60%), the highest
“‘thickness increase” (34.01%) was observed in the
control hamburger. Maintaining the cooking,
especially the appearance, features of the product
such as diameter, thickness and shrinkage was
considered to be beneficial. This means that, in spite
of the rise in the nutritional value of the product due
to adding the chickpea and lentil flours, the cooking
parameters were not reduced. The results are
consistent with the study of Sharaf et al. 2009 (22).
The cooking yield indicates the weight of material
that the hamburgers lost during cooking; this was
achieved by the weight difference of the product,
before and after cooking. The samples with 12%
chickpea and lentil flour had the lowest for the
treatment cooking yield (7.84%, 7.64%, respectively)
and the highest cooking yield (6.14%) for the control
(Table 3). Since the time and temperature were the
same for all samples, the decline in cooking yield
may be the result of increase in moisture and fat
percentage of the samples. The results are consistent
with the study of Verma et al, 2012 (23). Texture
profile analysis is a very useful technique for
evaluating food quality in product development. In
the present study, the hardness values of hamburger
increased significantly with increase in the level of
chickpea and lentil flour contents (Table 4). The
lowest level of hardness, gumminess and chewiness
was related to the control samples. The highest level
of hardness is related to the 12% sample of the
chickpea and lentil flour (8.01% and 7.97%
respectively). The increase in hardness can be
attributed to the increase of protein in the samples
with chickpea and lentil flours. Increased amount of
protein leads to increased connections in product. At
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a level of 4%, the chickpea and lentil flour (4.46 and
6.4 respectively) had no significant difference,
compared to the control samples (5.94). The
gumminess of this parameter was obtained by
multiplying the hardness by the cohesiveness amount
(24). Since the hardness of the samples increased
with increase in the level of protein; therefore, the
related parameters were increased too. The
chewiness of this parameter was obtained by
multiplying the springiness by the gumminess (24).
The comparison of the average data indicated that
adding chickpea and lentil flours had no significant
effect on the amount of springiness and cohesiveness
of the produced hamburgers as compared to the
control. The results of texture analysis are consistent
with the study of Prabpree and Pongsawatmanit,
2011 (15). Data for sensory evaluation is presented
in Table 5. There were significant differences in
colour, flavour, texture and overall acceptability
among the hamburgers prepared with chickpea and
lentil flours. An increase in the level of the chickpea
and lentil flour hamburgers reduced the colour score
of the samples. Generally, the control hamburgers
had the highest colour score (5.8) and the
hamburgers with 12% chickpea flour had the lowest
colour score (3.7) compared to the controls. The low
colour score of the hamburgers with chickpea flour
could be due to the bright yellow colour of the
chickpea flour. Studies show that consumers do not
like the bright yellow colour in hamburgers and
sausages (25). The addition of 4% chickpea and
lentil flours in the formulation had no significant
effect (5.2 and 5.6, respectively) on the sensory
attributes of the products. The control samples had
the highest sensory score (5.8), and the samples with
12% chickpea (4.4) and lentil (4.6) flours had the
lowest sensory score. The results of texture analysis
showed that, with increase in the level of chickpea
and lentil flours, the samples became stiffer than the
control samples; these results prove the scores. The
decrease in texture scores at higher levels of extender
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may be due to higher connections created in the
product’s texture as a result of increased structural
meat proteins by the addition of legume flour.
Flavour score deceased as a result of dilution of
meaty flavour due to increase in the replacement
level. The control samples had the highest taste score
(5.9) and the samples with 12% chickpea and lentil
flours had the lowest taste score. This could be
because people do not like the sharper flavour of
legume, arguably covering the pleasant taste of meat
in the treated hamburgers. Some people believe that
adding chickpea and lentil flour increases the
appearance score of the samples with legume flour
compared to the control samples. However, this
increase was not significant (samples with 12%
chickpea flour 5.8 and lentil flour 5.9). The results of
cooking parameters prove the score because the
samples with legume flour had diameter reduction,
thickness increase, and a lower percentage of
shrinkage compared to the control samples. Based on
the analysis of the variance, the increase in the level
of chickpea and lentil flours reduced the overall
acceptability of the hamburger samples with legume
flour (samples with 12% chickpea flour 4/2 and lentil
flour 4/3).

The results of this study suggest that chickpea and
lentil flours can be acceptably used in the
formulation of Momtaze hamburgers, instead of rusk
flour. Thus, we are able to produce a new product
with significant nutritional value, cooking features
and  acceptable  sensory-textural properties.
Hamburger with 4% chickpea or lentil flour content
had sensory properties similar to the control, and was
rated close to very good. Further research should
focus on the optimized use of amounts legumes in
hamburger production.
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