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There is a consensus among experts and consumers that pulses are a good source of nutrients and fiber. In a traditional hummus
recipe, chickpeas are the major ingredient. The present study is aimed at developing new legume dips by exchanging chickpeas
(Chd) with dry green (GId) and red lentils (Rld), dry white beans (Wbd), and dry green peas (Gpd). Presoaking, boiling,
proximate composition, pH, energy, color measurement, and sensory evaluation were conducted on the dips using chickpea
dip (hummus) as a control. One-way ANOVA was used to determine the differences between the dips. The results revealed
significant differences in the proximate composition of legume dips. The protein content of the five samples ranged between
7.46% and 9.19%, while the values varied from 8.59% to 10.93% in fat, 3.88% to 6.54% in crude fiber, 14.48% to 15.51% in
carbohydrates, 171.95 to 195.13 in energy, 1.55% to 1.76% in ash, and 63.35% to 66.90% in moisture. These variations could be
attributed to the type and composition of each legume, the soaking and boiling process, and the tahini added during the
preparation. pH ranged between 4.5 and 4.7. The color measurement indicated that the five legume dips could be considered
bright products (high L % >67), with a positive color valuebluered-green and yellow-. Significant differences (p <0.05) were
observed in the legume dips sensory evaluation, and the red lentil dip was the most acceptable with results comparable to the
chickpea dip; it was followed by the green lentil, white bean, and green pea dips. These results highlight the feasibility of
commercial production of legume dip that promotes human health and gives consumers more choices.

1. Introduction

It is anticipated that the world’s population will reach 8.1
billion by 2025 and 9.6 billion by 2050. As the world’s pop-
ulation continues to grow and as climate change threatens to
disrupt the food supply, the prospect of widespread food
shortages is becoming increasingly real. Both developed
and developing countries are currently facing nutritional
challenges that necessitate the implementation of effective
solutions pertinent to alleviating protein energy malnutri-
tion (in developing countries) and the imbalance of macro-
to micronutrient consumption (in developed countries).
Therefore, the agrifood industry has a great deal of opportu-
nity and incentive to investigate alternative protein sources,
such as plant-based proteins [1].

Being a member of the Leguminosae, legumes are an
important source of inexpensive, good-quality protein for
consumers. It has the most protein of any plant and meets
about 10% of the total protein needs of people around the
world [2]. Legumes comprise oilseeds, which include
soybeans, peanuts, clover, and mesquite, and pulses, which
consist of dry grains of peas, chickpeas, lentils, peas, beans,
and lupins [3].

Among the various benefits they provide, consumption
of pulses may lessen the risk of acquiring diet-related
chronic illnesses (obesity, cardiovascular diseases, and type
2 diabetes), and is also associated with decreased total of
blood cholesterol and low-density lipoprotein cholesterol
(LDL-C). Furthermore, they have a nutrient profile consis-
tent with weight control and antinutrients [4]. Moreover,
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the availability of legume-based products can help decrease
meat consumption, which has proven effective in preventing
diseases such as cancer and hypertension [5].

Legumes have nutritional, sensory, technological, and
functional qualities. Similar to their nutritional values, they
can be used as ingredients in many options. Many tradi-
tional foods in the Middle East are based on legumes of
which fuol or medamis (stewed broad beans, Vicia faba, sea-
soned with garlic, lemon juice, and olive oil), falafel (deep
fried flattened balls prepared from a mixture of previously
soaked ground broad beans and chickpeas, garlic, onion,
and a blend of herbs), and hummus are the most popular [6].

Hummus, chickpea dip, is a typical Mediterranean Ara-
bic dish that has been popularized worldwide with the glob-
alization of the food market. It is widely consumed by the
entire population in Jordan, Syria, Lebanon, and other Ara-
bic countries as a main breakfast dish, an appetizer snack, or
in sandwich preparations. It is prepared with boiled, mashed
chickpeas, tahini, lemon juice, and salt and topped with olive
oil and spices, although other varieties exist [6]. Hummus is
a highly nutritious food with about 6% protein, 15.7% carbo-
hydrates, 1.7% ash, and 4.8% fat, as well as a moisture con-
tent is 71.0% and high water activity (0.98) [7]. Generally,
the main ingredient in the preparation of hummus is chick-
pea (Cicer arietinum L.), which belongs to the Leguminosae
family. It is a crucial component of the diets of people who
cannot afford animal proteins or are vegetarians by choice
[3]. This is due to the amount of protein in legumes (17-
37%) being about the same as that in red meat (22-31%) [8].

Tahini (or sesame seed), the second major component in
the hummus recipe, is obtained from mechanically hulled,
roasted, and ground sesame seeds (Sesarmum indicum L.) [9].
Tahini is consumed in Middle Eastern areas as a salad dressing,
a dip, or a main component of many ready-to-eat foods such as
hummus, foul moudamas, and baba ghanoush [10]. It has a
positive effect on human health due to having high protein
(>25%), fat (>45%), ash (<3.5%), and moisture (<1.5%) [11],
with a shelf life at room temperature of one year [10].

Chickpeas and other legumes are similar in terms of
their components and nutritional values. This has raised
the question of whether it is possible to develop a product
similar to hummus by exchanging chickpeas with other
legumes. Accordingly, this study is aimed at developing
hummus-like dips from dry red and green lentils, dry white
beans, and dry green peas. These legumes were selected due
to their availability, affordability, and high level of consump-
tion in the Middle East in general, and Jordan in particular.
The newly developed products offer different alternatives for
both customers and factories to choose from. Studying their
physical and chemical properties can increase the nutritional
values of consumers. Furthermore, sensory evaluation can
allow us to determine the customers’ readiness to accept
the new products when using hummus as a standard.

2. Materials and Methods

2.1. Materials. Dry chickpeas, dry red and green lentils, dry
white beans, and dry green peas, as well as the rest of the
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ingredients, namely, tahini, lemon juice, and salt, were col-
lected from a local retail market in Amman, Jordan. The
preparation of the dips was conducted under conventional
hygienic conditions, following the recipe used by Yamani
and Al-Dababseh [6] for hummus. It is worth noting that
modifications have been made to the recipe to accommodate
the legumes under study. The flow chart in Figure 1 demon-
strates the steps taken in the preparation of the products [12].

2.2. Soaking and Boiling Methods. Five hundred grams of
each dry legume was cleaned of foreign matter, washed,
and then soaked overnight in boiled water (seed-to-water
ratio of 1:3 (w/v)) at room temperature [13]. Sodium bicar-
bonate (1%) was added to the soaking water. After 12 hours
of immersion, the soaking water was discarded, and the
seeds were rinsed with tap water.

Taking the predetermined weight of soaked seeds, the
legumes were put in tap water and cooked in a pot at
100 C at a water ratio of 1:4 (w/v) until soft [14]. Then,
the surface of the treated seeds was dried using towel paper
to eliminate the excess amount of water, and the weight of
the samples was measured using a precision analytical bal-
ance (BTD-323, Phoenix Instrument, Blomberg, Germany).
The water absorbed by the seeds was calculated according
to Shafaei et al. [15].

The residue water boiling was used later in the step of
product preparation. Because boiling water contains soluble
proteins mobilized from the grains during cooking, it was dec-
anted and saved for use in the preparation of products [16].

2.3. Preparation of the Legume Dips. One kilogram of each
boiled legume was mashed with the other ingredients
(detailed in Table 1) by using a conventional blender (Mou-
linex Fp247127) while gradually adding the water used in
boiling until we got the desired texture. The ready products
were packed in airtight plastic containers and labeled as fol-
lows: chickpea dip (Chd), red lentil dip (Rld), green lentil dip
(Gld), white bean dip (Wbd), and green pea dip (Gpd).

2.4. Determination of pH. The AOAC method 981.12 was
used to determine the pH of the samples [17]. The pH was
measured by blending 10 g of the sample with 90 ml of dis-
tilled water, homogenized with a homogenizer for 30 sec-
onds, and then measured using a calibrated pH meter
(Hanna Instruments, Italy).

2.5. Proximate Composition. Moisture, protein, fat, ash, and
crude fiber were determined according to the standard
AOAC [18] official methods 925.09, 979.09, 920.39, 923.03,
and 962.09, respectively. The total amount of carbohydrates
was calculated by subtracting the sum of the other main con-
stituents, including moisture, protein, ash, and fat from 100.
To reduce errors, all tests were performed in triplicate.

2.6. Energy Determination. The total energy content of sam-
ples was computed using a conversion factor for each
energy-yielding substrate of each food sample, where carbo-
hydrate, protein, and fat yielded 4.0kcal/g, 4.0kcal/g, and
9.0kcal/g of energy, respectively [18].
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FIGURE 1: Preparation steps of legume dips [12].

TaBLE 1: Ingredients of different legume dips, including chickpea dip (hummus) as control.

Basic ingredients (%)

Dip Mashed legume Tahini Fresh lemon juice Salt Boiling water
Chickpeas 48.60 14.58 12.76 0.73 23.33
Red lentils 62.34 18.70 11.78 0.94 6.24
Green lentils 56.69 17.01 10.71 0.85 14.74
White beans 56.67 17.00 11.31 0.85 14.17
Green peas 51.95 15.58 10.91 0.78 20.78

2.7. Color Measurement. The color of legume dips was mea-
sured using the colorimeter Hunter Lab Color Flex (Chroma
Meter, CR-400, Konica Minolta, Sensing Inc., Japan). The
determined color values were the mean of three readings
taken for each sample and expressed in the color of L *, a
#, and b *, where L * indicates lightness from black (0) to
white (100), a * describes the red-green color range with a
# >0 indicating redness and a * <0 indicating greenness,
and b * represents the yellow-blue color range with b * >0
indicating yellowness and b * <0 indicating blueness [19].

2.8. Sensory Evaluation. The sensory evaluation of the newly
developed products was evaluated by 12 panellists selected
from the Department of Nutrition and Food Technology at
the University of Jordan. Among the panellists, 12 professors
were taken as trained panellists to professionally assess each
attribute of the five samples. The present study followed

Lawless and Heymann’s [20] ethical guidelines for an effec-
tive sensory evaluation test. Accordingly, the final products
were placed in different dishes, which were carefully predisin-
fected and covered to ensure the safety of the products and to
avoid any contamination. The panel was handed the food
samples as well as a piece of bread and a bottle of water so that
they could cleanse their palates between each tasting. An eval-
uation form was provided to each panellist, in which the food
samples were coded with numbers to avoid the recognition of
terms that might be influential. Panellists were asked to rate
the products’ overall acceptability, appearance, texture, smell,
taste, and acidity on a nine-point hedonic scale, with 1 indicat-
ing extreme dislike and 9 indicating extreme liking.

2.9. Statistical Analysis. Statistical analysis of the data was
carried out using the Statistical Analysis System Package
(SAS Inc., 2000). A Tukey’s test was performed to assess
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FIGURE 2: Water absorbed during the soaking and boiling of the legumes used in the preparation of the dips. Levels not connected by the

same letter are significantly different (p <0.05) + SD.

significantly different means. Moreover, an analysis of var-
iance (ANOVA) was conducted, and a t-test was used to
compare the means between sensory scores of treatments.

3. Results and Discussion

3.1. Soaking and Boiling Results. No significant differences
were recorded between chickpeas, white beans, and green
peas during soaking, and green and red lentils displayed
significant differences. Chickpeas had the highest water
absorption (104.40%) and red lentils (80.87%) had the
lowest (see Figure 2). These results can be due to the size
of each legume used in our study. Soaking causes the
seeds to absorb water, which increases their size and
weight [14]. Additionally, other factors may affect the
water absorption of the legumes during soaking such as
water temperature, soaking time, and some seeds’ physical
characteristics like hardness and seed coat thickness.

This process has certain advantages, such as reducing
the antinutrient factors existing in dried legume seeds
such as phytate, tannins, and oligosaccharides (raffinose,
stachyose, verbascose, and ciceritol). These latter are also
referred to as flatus-producing carbohydrates because they
contain a-galactosidic bonds. The human body lacks the
enzyme a-galactosidase, which is necessary to break these
bonds. Hence, a-galactosidic is regarded as an antinutri-
tional factor [21]. To reduce the oligosaccharide content,
several methods are used, including soaking and boiling
[22]. Han and Baik [23] found that soaking lentils, chick-
peas, and green peas in tap water for 12h reduced oligo-
saccharide content by 28%, 74.6%, and 56.3%, respectively.
Furthermore, Vidal-Valverde et al. [24] reported that the
total sugar content in chickpeas and kidney beans was
decreased by 32% and 42% when boiled in water.

Except for lentils, the addition of sodium bicarbonate
enhanced the softening of the chickpeas, white beans, and
green peas. Sodium bicarbonate is usually added to soaking
water to shorten the cooking time, because it breaks the pec-

tate calcium and magnesium connections that are present in
the tegument of beans, allowing for easier water absorp-
tion [25].

Boiling is the second step after soaking, which is the
period from the commencement of boiling until 90-100%
of the seeds are cooked, as measured by the standard method
of determining the softness of the seeds by finger pressure
[26]. In our study, the recorded boiling time for the samples
ranged between 10 min for red lentils, 35 min for green len-
tils, 75min for white beans, 90min for green peas, and
105 min for chickpeas. The results obtained from the boiling
of the five samples (see Figure 2) demonstrate significant dif-
ferences between the weight variations. The absorbed water
ranged from 119.60% (chickpeas) to 168.53% (red lentils).
The weight of legumes was higher than the average values
previously reported for dry legumes [27]. Thus, the factors
of longer cooking time and higher temperature increase
the rate of water uptake [28]. With regard to the cooking
time, peas usually take up to 20 minutes [27]. However,
the green peas used in the present study took longer than
usual (90 min). This might be attributed to the variety of
peas that were found in the area of Amman, Jordan. Further-
more, chickpeas and white beans are legumes that are “hard
to cook” [28]. They took longer to cook than lentils.

3.2. pH Results. No significant differences were noticed in the
pH of the legume dips, which were 4.55, 4.52, 4.53, 4.73, and
4.63 for chickpea dip, red lentil dip, green lentil dip, white bean
dip, and green pea dip, respectively. Yamani and Al-Dababseh
[6] reported a pH value of 5.1 in hummus, while Al-Qadiri
et al,, [29] recorded a value of 4.78, classifying it as a low-
acid food. According to the Jordanian Standard N°465 [30]
and CXS 257R [31], the total acidity of hummus should not
exceed 1%, such as citric acid. As compared to the values
reported in the literature, the samples in the present study
have lower pH values. This decrease in pH could be due to
the amount of lemon juice (which contains citric acid, which
is antimicrobial) added during the preparation of dishes.
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TaBLE 2: Proximate composition of legume dips, including chickpea dip as control.

Chd Rld Gld Wbd Gpd
Moisture 66.70* +0.33 63.35" +0.52 65.35° +0.59 66.01° +0.27 66.20°° +0.21
Protein 7.46" +0.13 9.19° +0.22 7.60° + 0.64 8.59% +0.28 8.15% +0.74
Fat 9.41° +0.36 10.93* +0.79 10.54* +0.12 8.69+0.21 8.59°+0.16
Ash 1.76* +0.02 1.52¢ +0.02 1.55¢ +0.01 1.71° +0.01 1.55¢ +0.01
Carbohydrate 14.48* +0.15 15.00° +0.34 14.96* + 0.45 15.01* +0.35 15.51% +0.79
Fiber 5.66° +0.30 4.94°+0.91 4.28% +0.46 6.54° +0.36 3.88¢+0.08

Data are expressed as means of triplicate determinations. Levels not connected by the same letter are significantly different (p < 0.05) + SD. Chd: chickpea dip;
Rld: red lentil dip; Gld: green lentil dip; Wbd: white bean dip; Gpd: green pea dip.

3.3. Proximate Composition. A significant difference was
pertinent to the moisture content of the control sample
chickpea dip and red lentil dip, green lentil dip, white bean
dip, and green pea dip with the percentages of 66.70%,
63.35%, 65.35%, 66.01%, and 66.20%, respectively
(Table 2). Aside from the red lentil dip, these results were
in agreement with those found by Al-Qadiri et al. [29],
who reported a 66.8% value of moisture content in hummous.
As for the red lentil dip, moisture content was significantly
lower than that reported by Takruri et al. [32], with a value
of 65.01% in the chickpea dip. These variations could be
attributed to the amount of water absorbed by the legumes
during the soaking [33] and the amount of water added dur-
ing the sample preparation to get the desired texture.

The protein content of the samples ranged between
7.46% and 9.19%, with red lentil dip having the highest pro-
tein content, followed by white bean dip, green pea dip,
green lentil dip, and chickpea dip in that order (Table 2).
These differences could be due to the soaking and cooking
of the legumes, which causes a slight loss of nutrients like
protein, minerals, and total sugar. It is noteworthy that the
protein content of the legume dips is the sum of the legume
protein and that of the next major dip ingredient, tahini [34,
35]. In the protein content of each legume, chickpeas, lentils,
white beans, and green peas contain a high percentage of
proteins, estimated at 24.41, 26.34, 22.48, and 22.25, respec-
tively [36, 37], while tahini contains 23-27% protein [10]. In
another study, Yamani and Isa [9] found that the percentage
of protein in tahini was 24.7%.

Fat contents of 10.93%, 10.54%, 9.41%, 8.69%, and
8.59% for red lentil dip, green lentil dip, chickpea dip,
white bean dip, and green pea dip, respectively, were sig-
nificantly different. These results are in agreement with
Wallace et al. [38], who found that the fat content of
chickpea dip ranged from 4.83% to 12.3%. Pulses have
no cholesterol and are often low in fat [39]. Hence, the
main source of fat in these products is attributed to tahini,
in which fat ranges from 57% to 65% [9, 40].

Significant differences in ash content p <0.05 were
noticed between samples (Table 2). Ash contents varied
from 1.52% for red lentil dip to 1.76% for chickpea dip.
Results were similar to those reported by Takruri et al. [41]
whose findings revealed a value of 1.28%, and slightly lower
than those of Al-Holy et al. [7] and Al-Qadiri et al. [29], who
reported ash content results of 1.7% and 1.55-2%.

TaBLE 3: Color of legume dips, including chickpea dip (hummus)
as control.

Dip L« a* b *

Chd 74.47° £0.79 5.57% +0.27 30.66" +0.83
Rld 71.70° £0.99 6.35% +0.31 30.65% £0.18
Gld 67.86% +0.11 3.43% +0.39 25.26°+0.17
Wbd 78.63* +0.60 4.05° +0.45 29.63* +0.46
Gpd 70.45° +0.99 2.68°+0.33 27.81° £0.12

Data are expressed as means of triplicate determinations. Levels not connected
by the same letter are significantly different (p < 0.05) + SD. L «: lightness; a =:
red-green color; b : yellow-blue color; Chd: chickpea dip; Rld: red lentil dip;
Gld: green lentil dip; Wbd: white bean dip; Gpd: green pea dip.

The carbohydrate content, as shown in Table 2, revealed
no significant difference (p <0.05) between the samples. In
particular, the values of chickpea dip, red lentil dip, green
lentil dip, white bean dip, and green pea dip were 14.48%,
15%, 14.96%, 15.01%, and 15.51%, respectively. The results
of the study were nearly similar to those obtained by Wallace
etal. [38] and Amr and Yaseen [42], whose findings revealed
a carbohydrate content of 14.29% and 15.7% in chickpea
dip, respectively. Pulses have a total carbohydrate content
(such as starch, polysaccharides, and other mono and oligo-
saccharides) ranging from 60 to 65%.

Dietary fiber is a component of plant-based diets that
cannot be digested in the human small intestine [43]. Fibers
are of two types, soluble (pectin and gums) and insoluble
(cellulose, hemicellulose, and lignin). Soluble fiber can aid
in weight management and cholesterol reduction, which is
most advantageous for those who have diabetes and heart
disease, while insoluble fiber assists with digestion [44]. It
accelerates the transit of food through the stomach and
intestines, increases bowel motility, promotes the growth of
intestinal bacteria, improves gastrointestinal health, and
lowers the risk of colorectal cancer by speeding up the elim-
ination of waste from the digestive tract [45]. Noticeable dif-
ferences (p <0.05) in the crude fiber content of the five
legume dips, the highest was in the white bean dip at
6.54%. This result is generally consistent with that found
by Wallace et al. [38], who reported the value of crude fiber
in hummus was 6%. Additionally, the findings were in agree-
ment with those reported by Reister et al. [46] and
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TABLE 4: Sensory evaluation of legume dips, including chickpea (hummus) as control, representing means for n = 12, where score 1 refers to
dislike extremely and 9 to like extremely in the nine-point hedonic scale.

Overall acceptability Appearance Smell Texture Teste Acidity
Chd 7.45% +1.08 7.83* +1.11 7.08% +1.56 7.66™ +1.49 7.00* +1.95 6.83* £1.58
Rld 7.63* +1.23 7.58* +1.37 7.73* +1.21 7.96% +0.90 7.15% +1.46 7.01* +1.75
Gld 6.97°% +1.83 491°+1.72 6.83 +1.74 6.00° + 1.70 6.91° +1.44 6.33* £1.77
Whbd 5.31% +2.57 7.08* +1.78 5.33° +2.26 6.16° +1.99 6.00* +2.08 5.66% +2.26
Gpd 5.09 +2.50 6.16" +1.58 6.25" +1.86 6.75" £1.65 5.25% +2.45 6.16* £2.03

Levels not connected by the same letter are significantly different (p < 0.05) + SD. Chd: chickpea dip; Rld: red lentil dip; Gld: green lentil dip; Wbd: white bean

dip; Gpd: green pea dip.

Sokolowska et al. [47], in which the crude fiber content was
5.5% and 8.4%, respectively. While the crude values of the
samples chickpea dip, red lentil dip, green lentil dip, and
green pea dip were 5.66%, 4.94%, 4.28%, and 3.88%, in that
order, these values were much higher than those obtained by
Al-Holy et al. [7] and Takruri et al. [32], who reported that
the crude fiber content in chickpea dip was 0.7% and 1.21%.
These differences in crude fiber content could be attributed
to the type of legumes used, as well as the soaking and boil-
ing processes applied to them. Furthermore, pulses are the
main source of dietary fiber in a hummus recipe. Tahini,
with a fiber content of 1.8% [48], comes next to legumes as
a main source of this component. Keyata et al. [49] found
that the crude fiber in chickpeas was affected by different
processing methods (direct grinding, dehulling, soaking, ger-
minating, boiling, and dry roasting), where the average
crude fiber content of the unprocessed chickpeas (5.81%)
was significantly reduced to 5.16% after soaking and to
4.91% after boiling.

3.4. Energy Determination. The energy content of the sam-
ples ranged between 171.95kcal and 195.13 kcal. The energy
levels of red lentil dip (195.13kcal) and green lentil dip
(185.1kcal) were significantly higher (p <0.05) than those
of white bean dip (173 kcal), chickpea dip (172.09kcal),
and green pea dip (171.95). These could be due to the high
fat, carbohydrate, and protein content of legumes and tahini.
According to Takruri et al. [32], the energy content of chick-
pea dip was 237 kcal. In another study by Reister et al. [46],
they found that the value of energy in hummus commercials
was 181 keal.

3.5. Color Measurement. Color is one of the important qual-
ity attributes of foods that could influence their acceptability.
There were significant differences between the five samples,
where the L * values obtained for the legume dips ranged
from 71.70 to 78.63 (Table 3). These values indicate that
the legume dips studied are bright products (high L * value),
while a * and b * values ranged from 2.68 to 6.35 and from
25.26 to 30.65, respectively. Ahmed et al. [50] reported that
the L%, a*, and b * values of the hummus were 78.56,
2.77, and 27.01, respectively. In another study by Alvarez
et al. [19], they found that the values of the colors L x, a *,
and b * in hummus were 75.3, 0.29, and 14.3, respectively.
The difference between the results of those studies and our

results may be attributed to the color of each legume used,
which contains several pigments at different levels, including
carotenoids, chlorophyll, and flavonoids, as well as to tahini,
whose values of L , a *, and b * are 55.37, 5.61, and 12.23,
respectively [51].

Color changes in products may be induced by several
factors, including the action of such enzymes as polyphenol
and other oxidase and chlorophyllases. Although enzymes in
hummus are inactivated by heat treatment during the boil-
ing of chickpeas and roasting of sesame seeds, some enzy-
matic activity may persist [52]. Giizel and Sayar outlined
[53] the factors that can influence the color of foods during
processing. The most prevalent are color degradation, brow-
ning reactions, and heavy metal contamination.

3.6. Sensory Evaluation. A sensory evaluation test was evalu-
ated that provided five attributes, namely, appearance, smell,
texture, taste, acidity, and overall acceptability of the pre-
pared samples. This test was conducted to measure the sen-
sory differences between legume dips and the control sample
(chickpea dip) and to determine the consumers’ opinions on
newly developed products. The sensory evaluation scores of
the new products indicate statistically significant differences
between the five attributes and the overall acceptability
(p <0.05) as reported by the study’s panellists (Table 4).

The red lentil dip sample received the highest score in
five of the attributes, with a score of 7.15 in taste, 7.73 in
smell, 7.96 in texture, 7.01 in acidity, and a score of 7.63 in
overall acceptability in comparison to chickpea dip, green
lentil dip, white bean dip, and green pea dip. The reason
why the red lentil dip sample was favored by panellists is
generally due to its similarity to traditional chickpea dip in
terms of appearance, taste, smell, and texture. It was
followed by chickpea dip (the control sample), whose results
were approximately similar to those of red lentils. Andersen
et al. [5] reported that Danish food producers have tried a
commercial version of hummus made from yellow peas as
an alternative due to the similarity in taste, texture, and color
between chickpea dip and yellow peas. Andersen et al.’s [5]
study focused mainly on consumers’ willingness to try and
pay for hummus made from chickpeas, yellow peas, borlotti
beans, carmencita beans, and lollandske rosiner produced in
Denmark.

Although they could be considered generally acceptable
dips, dips made from green lentils, white beans, and green
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peas received lower scores in terms of overall acceptability
(6.97, 531, and 5.09, respectively) due to poor ratings in
the categories of appearance, taste, and acidity. This can be
attributed to the unusual appearance displayed by these
newly developed products, which is significantly different
from traditional hummus. The green lentil dip sample
received a rating of “like slightly” on the hedonic scale, while
the white bean dip and green pea dip samples received “nei-
ther like nor dislike.”

According to Hajas et al. [54], the addition of 15% of
germinated green lentils affected the color, taste, and flavor
of cookies. In their study, entitled “Consumers’ opinions
and choices using vegetable dip as an example product,”
Mora et al. [55] examined the acceptability of vegetable
dip, which consisted of beans, pumpkin, dried orange pulp
and peel, lemon juice, olive oil, and tahini. The results of
the sensory evaluation revealed a likeness to the newly devel-
oped product, which was further reinforced by the use of the
term “fruits and vegetables.”

4. Conclusion

This study investigated the possibility of developing chick-
pea dip- (hummus-) like products from other legumes (dry
green and red lentils, dry white beans, and dry green peas)
that have high nutritional value and at the same time have
sensory receptivity. Of all the legume dips studied, red
legume dip was the best dip in terms of consumer preference
and had the highest value of protein (9.19%). It is recom-
mended that the product be marketed as an affordable, read-
ily available alternative to the existing products on the
market. The dips fit within a more realistic and accessible
diet frame. Moreover, they can be interesting in populations
following plant-based diets such as vegans and vegetarians as
these dips are usually paired with bread, thus providing all
the necessary amino acids. Further studies should be con-
ducted to produce these dips on an industrial scale.

Data Availability

The data used to support the findings of this study are
included within the article.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Acknowledgments

This research work was supported by the Scientific Research
Deanship, The University of Jordan.

References

[1] C. Cargo-Froom, A.-K. Shoveller, C. P. F. Marinangeli, and
D. A. Columbus, “Methods for processing pulses to optimize
nutritional functionality and maximize amino acid availability
in foods and feeds,” Cereal Foods World, vol. 65, no. 6, 2020.

[2] M. Asif, L. W. Rooney, R. Ali, and M. N. Riaz, “Application
and opportunities of pulses in food system: a review,” Critical
Reviews in Food Science and Nutrition, vol. 53, no. 11,
pp. 1168-1179, 2013.

[3] G. A. Annor, Z. Ma, and J. L. Boye, “Crops-legumes,” in Food
Processing: Principles and Applications: Second Edition: Princi-
ples and Applications: Second Edition (Vol. 9780470671146),
pp. 305-337, Wiley-Blackwell, 2014.

[4] C. E. O'Neil, T. A. Nicklas, and V. L. Fulgoni III, “Chickpeas
and hummus are associated with better nutrient intake, diet
quality, and levels of some cardiovascular risk factors: National
Health and Nutrition Examination Survey 2003-2010,” vol. 4,
p. 254, 2014.

[5] N.R. Andersen, R. van Deurs Petersen, and M. B. Frgst, “Con-
sumer interest in hummus made from different pulses: effects
of information about origin and variety seeking tendency,”
International Journal of Gastronomy and Food Science,
vol. 29, article 100572, 2022.

[6] M. I. Yamani and B. A. Al-Dababseh, “Microbial quality of
hoummos (chickpea dip) commercially produced in Jordan,”
Journal of Food Protection, vol. 57, no. 5, pp. 431-435, 1994.

[7] M. Al-Holy, H. Al-Qadiri, M. Lin, and B. Rasco, “Inhibition of
Listeria innocua in hummus by a combination of nisin and
citric acid,” Journal of Food Protection, vol. 69, no. 6,
pp. 1322-1327, 2006.

[8] I F.Bolarinwa, M. F. Al-Ezzi, I. E. Carew, and K. Muhammad,
“Nutritional value of legumes in relation to human health: a
review,” Advance Journal of Food Science and Technology,
vol. 17, no. 5, pp. 72-85, 2019.

[9] M. I Yamani and J. K. Isa, “Microbiological quality of tehena
and development of a generic HACCP plan for its produc-
tion,” World Journal of Agricultural Sciences, vol. 2, no. 3,
pp. 290297, 2006.

[10] T. Osaili, A. al-Nabulsi, D. Nazzal et al., “Effect of water activ-
ity and storage of tahini on the viability of stressed Salmonella
serovars,” Food Science and Technology, vol. 41, no. 1, pp. 144-
150, 2021.

[11] Codex Alimentarius International Food Standards, Regional
Standard for Tehena 1, CXS 259R-2007, 2007.

[12] World Health Organization, Regional Office for the Eastern
Mediterranean & Regional Center for Environmental Activi-
ties, Hazard Analysis and Critical Control Point Generic
Models for Some Traditional Foods: A Manual for the Eastern
Mediterranean Region, 2008, https://apps.who.int/iris/handle/
10665/119885.

[13] E. Olika, S. Abera, and A. Fikre, “Physicochemical properties
and effect of processing methods on mineral composition
and antinutritional factors of improved chickpea (Cicer arieti-
num 1.) varieties grown in Ethiopia,” International Journal of
Food Science, vol. 2019, Article ID 9614570, 7 pages, 2019.

[14] 1. A. AlBallat and F. F. Abd Raboh, “Effect of variety on soak-
ing and cooking quality of common bean,” East African
Scholars Journal of Agriculture and Life Sciences, vol. 3, no. 1,
2020.

[15] S. M. Shafaei, A. A. Masoumi, and H. Roshan, “Analysis of
water absorption of bean and chickpea during soaking using
Peleg model,” Journal of the Saudi Society of Agricultural Sci-
ences, vol. 15, no. 2, pp. 135-144, 2016.

[16] M. A.-. L. E. Faris and H. R. Takruri, “Study of the effect of
using different levels of tahinah (sesame butter) on the protein
digestibility-corrected amino acid score (PDCAAS) of



(17]

(18]

(19]

(20]

[21]

(22]

(23]

(24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

chickpea dip,” Journal of the Science of Food and Agriculture,
vol. 83, no. 1, pp. 7-12, 2003.

AOAC, Official Methods of Analysis, Washington, DC, USA,
Association of Official Analytical Chemists, 18th edition, 2011.

AOAC, Official Methods of Analysis of Association of Official
Analytical Chemists, Association of Official Analytical Chem-
ists, Washington, DC, USA, 19th edition, 2012.

M. D. Alvarez, R. Fuentes, G. Guerrero, and W. Canet, “Charac-
terization of commercial Spanish hummus formulation: nutri-
tional composition, rheology, and structure,” International
Journal of Food Properties, vol. 20, no. 4, pp. 845-863, 2017.

H. Lawless and H. Heymann, Sensory Evaluation of Food Sci-
ence Principles and Practices, Chapter 1, Springer Nature, Ith-
aca, New York, 2nd edition, 2010.

N. Singh, “Pulses: an overview,” Journal of Food Science and
Technology, vol. 54, no. 4, pp. 853-857, 2017.

J. Frias, C. Vidal-Valverde, C. Sotomayor, C. Diaz-Pollan, and
G. Urbano, “Influence of processing on available carbohydrate
content and antinutritional factors of chickpeas,” European Food
Research and Technology, vol. 210, no. 5, pp. 340-345, 2000.

I. H. Han and B.-K. Baik, “Oligosaccharide content and com-
position of legumes and their reduction by soaking, cooking,
ultrasound, and high hydrostatic pressure,” Cereal Chemistry
Journal, vol. 83, no. 4, pp. 428-433, 2006.

C. Vidal-Valverde, J. Frias, and S. Valverde, “Changes in the
carbohydrate composition of legumes after soaking and cook-
ing,” Journal of the American Dietetic Association, vol. 93,
no. 5, pp. 547-550, 1993.

B. P. Avila, M. Santos dos Santos, A. M. Nicoletti et al., “Impact
of different salts in soaking water on the cooking time, texture,
and physical parameters of cowpeas,” Plant Foods for Human
Nutrition, vol. 70, no. 4, pp. 463-469, 2015.

S. Jood, S. Bishnoi, and A. Sharma, “Chemical analysis and
physico-chemical properties of chickpea and lentil cultivars,”
Nahrung/Food, vol. 42, no. 2, pp. 71-74, 1998.

C. R. Meiners, N. L. Derise, H. C. Lau, S. J. Ritchey, and E. W.
Murphy, “Proximate composition and yield of raw and cooked
mature dry legumes,” Journal of Agricultural and Food Chem-
istry, vol. 24, no. 6, pp. 1122-1126, 1976.

D. Perera, L. Devkota, G. Garnier, J. Panozzo, and S. Dhital,
“Hard-to-cook phenomenon in common legumes: chemistry,
mechanisms and utilisation,” Food Chemistry, vol. 415,
p- 135743, 2023.

H. Al-Qadiri, A. Amr, M. A. Al-Holy, and M. Shahein, “Effect
of gamma irradiation against microbial spoilage of hummus
preserved under refrigerated storage,” Food Science and Tech-
nology International, vol. 27, no. 7, pp. 598-607, 2021.

Jordan Standards and Metrology Organisation JISM, “Cereals,
pulses and derived products-tehena,” JS N°465, 2003.

Codex Alimentarius International Food Standards, “Regional
standard for canned humus with tehena,” CXS 257R, 2007.

H. Takruri, K. Al-Ismail, R. Tayyem, and M. Al-Dabbas, Com-
position of Local Jordanian Food Dishes, ABC Books, 2020.

O. S. Jjarotimi and O. O. Keshinro, “Formulation and nutri-
tional quality of infant formula produced from germinated
popcorn, bambara groundnut, and African locust bean flour,”
Journal of Microbiology, Biotechnology and Food Sciences,
vol. 1, pp. 1358-1388, 2012.

T. A. El-Adawy and E. H. Mansour, “Nutritional and physio-
chemical evaluation of tahini (sesame butter) prepared from

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

[43]

(44]

[45]

[46]

(47]

(48]

(49]

(50]

International Journal of Food Science

heat-treated sesame seeds,” Journal of Science of Food and
Agriculture, vol. 80, pp. 2005-2011, 2002.

Z. Ma, J. Boye, B. Simpson, S. Prasher, D. Monpetit, and
L. Malcolmson, “Thermal processing effects on the functional
properties and microstructure of lentil, chickpea, and pea flours,”
Food Research International, vol. 44, no. 8, pp. 2534-2544, 2011.
Y. Ladjal-Ettoumi, H. Boudries, M. Chibane, and A. Romero,
“Pea, chickpea, and lentil protein isolates: physicochemical
characterization and emulsifying properties,” Food Biophysics,
vol. 11, no. 1, pp. 43-51, 2016.

N. Huma, M. Anjum, S. Sehar, M. Issa Khan, and S. Hussain,
“Effect of soaking and cooking on nutritional quality and
safety of legumes,” Nutrition & Food Science, vol. 38, no. 6,
pp. 570-577, 2008.

T. Wallace, R. Murray, and K. Zelman, “The nutritional value
and health benefits of chickpeas and hummus,” Nutrients,
vol. 8, no. 12, p. 766, 2016.

N. S. Affrifah, M. A. Uebersax, and S. Amin, “Nutritional sig-
nificance, value-added applications, and consumer percep-
tions of food legumes: a review,” Legume Science, vol. 5,
no. 4, 2023.

B. Abu-Jdayil, K. Al-Malah, and H. Asoud, “Rheological char-
acterization of milled sesame tehineh,” Food Hydrocolloids,
vol. 16, no. 1, pp. 55-61, 2002.

H. R. Takruri, N. J. Al-Awwad, and M. I. Yamani, “Develop-
ment of probiotic hummus,” Journal of the Saudi Society for
Food & Nutrition, vol. 9, 2014.

A.S. Amr and E. I. Yaseen, “Thermal processing requirements
of canned chickpea dip,” International Journal of Food Science
and Technology, vol. 29, no. 4, pp. 441-448, 1994.

D. Dhingra, M. Michael, H. Rajput, and R. T. Patil, “Dietary
fibre in foods: a review,” Journal of Food Science and Technol-
0gy, vol. 49, no. 3, pp- 255-266, 2012.

A. R. Khan, S. Alam, S. Alj, S. Bibi, and I. A. Khalil, “Dietary
fiber profile of food legumes,” Sarhad Journal of Agriculture,
vol. 23, no. 3, p. 764, 2007.

W. Khalid, M. S. Arshad, A. Jabeen, F. Muhammad Anjum,
T. B. Qaisrani, and H. A. Suleria, “Fiber-enriched botanicals:
a therapeutic tool against certain metabolic ailments,” Food
Science & Nutrition, vol. 10, no. 10, pp. 3203-3218, 2022.

E. J. Reister, L. N. Belote, and H. J. Leidy, “The benefits of
including hummus and hummus ingredients into the Ameri-
can diet to promote diet quality and health: a comprehensive
review,” Nutrients, vol. 12, no. 12, p. 3678, 2020.

B. Sokotowska, J. Nasitowska, M. Rutkowska, M. Fonberg-
Broczek, and S. J. Rzoska, “The usage of high hydrostatic pres-
sure (HHP) to control food-borne pathogens in hummus,”
High Pressure Research, vol. 39, no. 3, pp. 525-532, 2019.
A.H. A. Mohammed and R. M. A. Soba, “Evaluation of nutri-
tional composition of yoghurt supplemented with sesame paste
(tahini),” Doctoral dissertation, Sudan University of Science
and Technology, 2018.

E. Keyata, S. Abera, and A. Fikre, “Effect of processing
methods on proximate composition and functional properties
of improved chickpea (Cicer arietinum L.) varieties grown in
Ethiopia,” Food Science and Quality Management, vol. 72,
pp. 36-40, 2018.

J. Ahmed, L. Thomas, and M. Mulla, “Dielectric and micro-
structural properties of high-pressure treated hummus in the
selected packaging materials,” LWT, vol. 118, article 108885,
2020.



International Journal of Food Science

(51]

(52]

(53]

(54]

[55]

H. S. Ali, A. N. Badr, T. Alsulami, M. G. Shehata, and M. M.
Youssef, “Quality attributes of sesame butter (tahini) fortified
with lyophilized powder of edible mushroom (Agaricus bla-
zei),” Foods, vol. 11, no. 22, p. 3691, 2022.

A. Amr, H. Al-Qadiri, M. Saleh, and M. Shahein, “Physical and
sensory quality of hommos preserved with combined gamma
radiation and refrigeration,” Radiation Physics and Chemistry,
vol. 144, pp. 304-307, 2018.

D. Giizel and S. Sayar, “Effect of cooking methods on selected
physicochemical and nutritional properties of barlotto bean,
chickpea, faba bean, and white kidney bean,” Journal of Food
Science and Technology, vol. 49, no. 1, pp. 89-95, 2012.

L. Hajas, L. Sipos, E. C. Csobod, M. V. Balint, R. Juhdsz, and
C. Benedek, “Lentil (Lens culinaris Medik.) flour varieties as
promising new ingredients for gluten-free cookies,” Foods,
vol. 11, no. 14, p. 2028, 2022.

M. Mora, E. Romeo-Arroyo, P. Toran-Pereg, C. Chaya, and
L. Vézquez-Aratjo, “Sustainable and health claims vs sensory
properties: consumers’ opinions and choices using a vegetable
dip as example product,” Food Research International,
vol. 137, article 109521, 2020.



	A Study of Physical, Chemical, and Sensory Characteristics of Novel Legume Dips
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Soaking and Boiling Methods
	2.3. Preparation of the Legume Dips
	2.4. Determination of pH
	2.5. Proximate Composition
	2.6. Energy Determination
	2.7. Color Measurement
	2.8. Sensory Evaluation
	2.9. Statistical Analysis

	3. Results and Discussion
	3.1. Soaking and Boiling Results
	3.2. pH Results
	3.3. Proximate Composition
	3.4. Energy Determination
	3.5. Color Measurement
	3.6. Sensory Evaluation

	4. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments



