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ABSTRACT

This study developed three novel dried soup mixes lentil vegetable (L1), lentil-vegetable-
noodle (L2), and lentil-vegetable-broken rice (L3) and evaluated their nutritional, techno-
logical, and sensory properties against a commercial control (C) over six months. The
evaluation included proximate composition, bioactive compounds, antioxidant activity,
mineral content, color, viscosity, rehydration capacity, water activity, and sensory attrib-
utes. Results showed that L1 possessed the highest protein (23.52%), antioxidant activity
(6.86% inhibition), and carotenoid content (6.68mg/100g), along with optimal viscosity
and the lowest fat (1.00%). L2 had the highest mineral content (Fe: 4.33, Zn: 5.34
mg/100g). Sensory, L1 and L2 maintained the highest overall acceptability, significantly
outperforming the control throughout storage. In conclusion, supplementing lentil soup
with vegetables (L1) or noodles (L2) enhances its nutritional profile, functionality, and
shelf life. L1 is highly recommended for its superior overall quality, offering a nutrient-

tion.

dense and convenient food product for consumers.

1. Introduction

People are living stressful lifestyles as a result of ur-
banization, leading to a reliance on unhealthy, nutrient-
deficient junk foods. Unhealthy nutrient-deficient junk
foods. This issue can be addressed by developing high-
nutrient foods that require minimal preparation time.
Dried soup powder is one such easy-to-cook option that
can meet consumer demand for convenience (Farzana et
al., 2017). To be successful, however, these convenient
products must also be appealing and nutritionally valua-
ble, which leads to a focus on value-added formulations.
The development of value- added products is therefore a
key target, as they can provide both nutritional benefits
and a delicious taste to consumers (Monteiro, et al.,
2014). Soup is an ideal vehicle for such fortification, as
it is a widely accepted food that stimulates appetite and
provides quick nourishment (Cecil et al., 1999). Dehy-
drated foods, particularly, dry soup mixes, offer several
advantages including protection against enzymatic and
oxidative deterioration and enhanced flavor stability dur-
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ing prolonged storage at room temperature (6 - 12
months). Moreover, they do not require refrigeration and
retain a considerable nutritional value, particularly as a
rich source of protein. These products are also conven-
ient for rapid reconstitution, making them suitable for
working families, hotels, hospitals, restaurants and insti-
tutional use and military rations. In addition, their light-
weight nature facilitates transportation and ensures year-
round availability (Rekha. et al., 2010). Lentil represents
an affordable and accessible source of dietary protein in
many parts of the world, especially in South Asia where
plant-based diets predominate. It is also widely con-
sumed across Sub-Saharan Africa, West Asia, North
America, Middle East, Europe and Australia (Rekha et
al., 2010). Lentil is a highly nutritious legume character-
ized by a substantial content of carbohydrates, proteins,
minerals, vitamins, phytochemicals and dietary fibers
(Joshi et al., 2017). It serves as an excellent
source of both soluble and insoluble dietary,
fibers and essential micronutrients and
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it contains valuable bioactive compounds such as
phytosterols and tocopherols (Ryan et al., 2007).
Amal and Azza, (2014) demonstrated supplement-
ing dried vegetarian soup mixtures with legumes
significantly enhanced nutritional and technological
attributes, with lentil being the most valuable addi-
tion exhibiting the highest sensory acceptability.
Broken rice (Oryza sativa L) is a by-product gener-
ated during the grain polishing from process in rice
mills and consists of fragments that are not intact,
represents the initial stage of rice processing, pro-
ducing brown rice, which is subsequently subjected
to polishing or whitening. However, certain quality
losses occur during milling, which remains a major
challenge for the rice industry (Payman et al.,
20006). It has been estimated that approximately 9.7
million metric tons, representing about 36.6% of the
total broken rice produced globally in 2020, were
utilized for animal feed and other non-human food
applications (Childs, 2020). On the other hand, be-
yond the carrots roots in salads and curries in India,
they can be commercially processed into nutrition-
ally rich products such as juices, concentrates, dried
powders, canned goods, preserves, candies and
pickles (Krishan et al., 2012). The present study was
designed to develop and evaluate different types of
dried lentil soup mixes incorporating lentils, vegeta-
bles, rice, and noodles. Three formulations of dried
soup mixes were prepared and compared with a
commercially available standard lentil soup sample.
The chemical composition, rheological behavior,
and sensory characteristics were analyzed to assess
the nutritional and technological quality of the de-
veloped soup mixes and their corresponding recon-
stituted soups.

2. Materials and Methods

Materials

Lentil seeds and broken rice were obtained from
the Field Crops Research Institute, Agricultural Re-
search Center, Giza, Egypt. Fresh carrots, tomatoes,
onion, garlic, black pepper, wheat flour, Cumin, salt
control sample, were purchased from a local market
in Cairo, Egypt. All chemical reagents were of ana-
lytical grade and sourced from Al-Gomhoria Chem-
icals Company. The prepared soup mixtures were

packed in polypropylene bags and stored at room
temperature (20+£5°C) in a dry place) for six
months.

Methods

Preparation of noodles
The noodle formula consisted of 100g of

wheat flour, 40 ml of water and 0.5g of salt, the pre-
pared dough was placed to rest in a plastic bag for
30 minutes. The dough was passed through a small
noodle hand machine for several times with the roll-
ers gap gradually reduced, the noodle strands were
cut with a sharp knife to the appropriate length (12
cm). After cutting, the noodles were steamed at
100°C for 3 minutes and then tempered in an oven
at 50°C for half an hour. The instant noodles were
packed in polyethylene bags until ready to use
according to Nermin (2013).
Preparation of lentil soup

Lentil seeds were cleaned, washed and cut after
which fresh ingredients were mixed and spices were
added. The mixture was then cooked on heater at
100°C for 20 min. with continuous stirring. The
cooked soup was thoroughly blended using a plane-
tary mixer (Moulinex, France) for 3 min. to ensure
uniform consistency. The soup mixtures were sub-
sequently dried in electric oven at 70°C for 2 hr fol-
lowed by further drying at 45°C overnight until
complete dehydration. The dried soup mixtures
were then milled into a fine powder to enhance their
nutritional value and functional properties and
sieved through a 0.28mm mesh. Finally, the pow-
dered soup mixes were packaged in multilayer
packaged bags to protect against moisture and gas
transmission and stored at room temperature until
further use.
Proximate analysis of raw materials and

energy of the dried soup mixtures

Moisture, ash, total fat, fiber and crude protein
contents were determined according the methods
described by (AOAC, 2019) Moreover, available
carbohydrates was calculated by difference. The
Energy value (kcal/100g) of the different dried soup
mixtures was calculated using the equation reported
by (James 1995).
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Energy value (kcal/100g) = [(% carbohydrate x 4) +
(% protein x 4) + (% fat x 9)].

All results were recorded as the mean value of 3

Table 1. Ingredients of different soup mixtures (g/100g)

Ingredients (%) L1
Lentil 62.5
Instant noodles —
Breckenrtice e
Fresh carrots 15
Fresh tomatos 12
Fresh onion 5
Fresh garlic 25
Salt 2
Black pepper 0.4
Cumin 0.6
Total 100

Organoleptic evaluation of the different

dried soup mixtures
The different dried

organoleptically evaluated after reconstitution in a

hot water (10g dried soup mixtures/65ml water) to

soup mixtures were

assess their sensory characteristics, including taste,
color, aroma, flavor and overall acceptability. The
evaluation was conducted by panel of ten trained
panelists according to the method described by
(Wang et al., 2009) with minor modifications.

Color measurement of different dried

soup mixtures

The color of the dried soup mixtures was meas-
ured according to the method described by Mc-
Gurie (1992) using a hand-held Chromameter
(Model CR-400, Konica Minolta, Japan).
Rehydration ratio (RR) of different dried
soup mixtures

The Rehydration ratio was determined accord-
ing to the method described by (Krokida and Marin-
os-Kouris (2003). (2g) portion of the dried soup
mixture was rehydrated in 20ml distilled water in a
water bath maintained at a constant temperature and
agitated at a constant speed of (100 rpm). After 10
minutes, the samples were removed from the bath,
gently blotted with tissue paper to remove excess
surface water, and weighed. The Rehydration ratio
was expressed defined as the ratio of weight of re-
hydrated samples its initial dry weight.
Determination of minerals

Minerals content as calcium, zinc, and iron in
the different dried soup mixtures were determined

replicates.
L2 L3
42.5 42.5
200 e
—————— 20
15 15
12 12
5 5
2.5 2.5
2 2
0.4 0.4
0.6 0.6
100 100

using an Atomic Absorption Spectrophotometer
(Perkin Elmer model 3300, Merck hydride system
USA) according to the methods of AOAC (2019).

Determination of total phenolic com-
pounds (TPC) in different dried soup mix-

tures

The total phenolic content was determined col-
orimetrically according to the Folin-Ciocalteu meth-
od described by (Zilic et al., 2012).
Determination of antioxidant activity of
different dried soup mixtures: free radical
DPPH scavenging activity

The Free radical scavenging capacity of extracts
was determined using the stable DPPH method ac-
cording to Hwang and Do Thi, (2014). The absorb-
ance was measured at 517nm using a spectropho-
tometer (Model 6405 UV/VIS, Jenway, England)
against a blank of pure methanol after 60 minutes of
incubation in the dark. The percentage inhibition of
the DPPH free radical was calculated using the
following equation:
Inhibition(%) =100%[(A control-A sample)/A con-
trol]
Where: A control is the absorbance of the control
reaction (containing all reagents except the test
compound) and A sample is the absorbance in the
presence of the test compound. The concentration of
sample providing 50% inhibition (IC50) was calcu-
lated using linear regression analysis.
Determination of total flavonoids

The Total flavonoids content of the tested sam-
ples was determined according to the method by
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Jia et al. (1999). The results were expressed as mil-
ligrams of quercetin equivalents per 100 g sample
of dry sample.
Determination of carotenoids

The carotenoids of the samples was deter-
mined according to the methods described by Holm
(1954) and Wetsttein (1957). Five grams of each
sample were mixed with 30 ml of 85% acetone in
dark bottles and kept at room temperature for 15
hrs. The mixture was then, filtered through glass
wool into a 100 ml volumetric flask, and made up to
volume with 85% acetone solution. The absorptions
of the prepared extracts was measured using spec-
trophotometer at wavelengths of 662, 644 and 440
nm. A blank sample containing acetone (85%) was
used as a reference. The total carotenoid content
was then calculated accordingly.
Total carotenoids (mg/L) = 4.695 xXE440 — 0.268x
(Chlorophyll A+B).
Rheological properties of the resultant

soup samples

The rheological properties (viscosity) of the
dried vegetarian soup samples were measured ac-
cording to Brookfield Manual (1998) by using
Brookfield Engineering labs DV-III Ultra Rheome-
ter. Each sample was placed in a small sample
adapter and a constant temperature water bath was
used to maintain the desired temperature during
measurement. The viscometer was operated at
speeds ranging from 10 and 60 rpm. And viscosity
data were recorded directly from the instrument.
The SC4-21 spindle was used for all measurements
Rheological measurements were performed for the
resultant soup samples (C, L1, L2 and L3) at room
temperature (25°C = 1°C).
Water Activity (a,) of Different Dried
Soup Mixtures during the Storage Period:

The water activity (a,,) of the different dried
soups mixtures was measured during storage period
using Rotronic Hygrolab 3CH-8303, (Switzerland)
according to the method described by (Cadden,
1988).
Statistical analysis

The data from this study were statistically ana-

lyzed using the Costat statistical software for means
and standard deviations (Steel et al., 1997). The da-
ta were subjected to one-way analysis of variance
(ANOVA) using one way, followed by Duncan’s
multiple range tests (at p<0.05) to assess differences
between sample means.

3. Results and Discussion

Chemical composition of raw materials
The chemical composition of raw materials yel-

low lintel, broken rice and noodles are shown in
Table 2 on a dry weight basis. The proximate analy-
sis reveals significant differences in their nutritional
profiles. Yellow lentils had a higher amount of pro-
tein (25.40%), which was higher than rice and noo-
dles, also, it contained 1.36, 2.61, 3.31, and 57.84
for fat, ash, fiber, and carbohydrate, respectively,
which was similar to that reported in yellow lentil
by (Daniel et al., 2021) who indicated that yellow
lentil flour contains 25.16% protein, 1.2% fat and
62.69 % carbohydrate. In contrast, broken rice
showed the lowest protein (7.21%) but the highest
carbohydrate content (81.22%), highlighting its role
primarily as an energy-dense food source rather
than a protein contributor. Ayman et al., (2019)
found that the Egyptian rice had 6.33% protein,
0.77% fat, 0.53% ash, and 0.83% crude fiber, which
are near to our results. Noodles, however, presented
an intermediate protein level (12.08%) but the high-
est fat (3.87%) and ash (4.81%) contents. These
findings are in accordance with those reported by
(Abd Elfatah et al., 2019). Overall, the results sug-
gest that lentils are the superior source of protein
and fiber, broken rice is the best carbohydrate
source, and noodles provide a balanced composition
with relatively higher fat and mineral content.
Chemical composition of different dried
soup mixtures

Chemical composition of different dried soup
mixtures (g/100g) is shown in Table 3. The proxi-
mate composition analysis revealed significant dif-
ferences among the tested samples, particularly re-
garding protein and carbohydrate levels. Blend L1
exhibited the highest protein concentration
(23.52%), suggesting its strong potential for use in
nutritionally enhanced food products, which is
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highly relevant from a nutritional standpoint (FAO/
WHO, 2013). Surpassing the control (13.98 %) and
other blends (18.60 % in L2 and 17.33 % in L3).
Increasing protein content is of high nutritional rele-
vance (FAO/WHO, 2013). The superior protein
content of L1 suggests its potential application in
the development of nutritionally enhanced food
products. In contrast to the control, which had the
highest fat content (4.51%), the low-fat composition
of L1 (1.00%) aligns with dietary recommendations
for reduced lipid intake (Willett et al., 2019), posi-
tioning it as a more health-oriented formulation. In
contrast, the low-fat composition of L1 (1.00%)
combined with its high protein content underscores
its superiority as a health-oriented formulation. The
carbohydrate content was highest in L3 (72.42%),
which corresponded with its lower protein level.
Sample L2 exhibited a intermediate macronutrient
composition. However, the composition of L1, with
its high protein (23.52%), moderate fiber (2.10%),
and low fat (1.00%), is considered the most promis-
ing, as it directly supports the nutritional strategy of
increasing protein density and dietary fiber while
reducing fat to improve food functionality (Kumar
et al.,, 2021). Accordingly, the formulation of L1
may contribute to the production of healthier and
more functional food products capable of meeting
consumer demands for nutrient-dense diets. The ca-
loric analysis of the different samples (Control, L1,
L2, and L3) revealed noticeable variations in energy
content per 100g. The control sample recorded the
highest caloric value (372.55kcal/100g), while the
experimental samples exhibited slightly lower val-

ues. Among them, L1 (362.04 kcal/100g) and L2
(362.81 kcal/100g) showed the lowest caloric con-
tent, whereas L3 (367.10 kcal/100 g) remained clos-
er to the control. The decrease in caloric value ob-
served in the substituted samples (L1, L2, and L3)
can be attributed to the higher fat content in the
commercial control sample, while the energy ob-
tained in the soup samples prepared from lentils and
vegetables came from protein and carbohydrates.
Overall, the results indicate that while the control
sample delivers the highest energy contribution, the
modified formulations L1, L2 and L3 offer reduced
caloric values, making them potentially more suita-
ble for health-conscious consumers.
Color of different the dried soup mixtures
Color of different the dried soup mixtures is
shown in Table 4. The highest L* value was ob-
served in sample L1 (90.14%), indicating that it is the
brightest sample. The lowest L* value was recorded
in sample L2 (84.24%), suggesting it is relatively
darker. The control sample (7.74") showed the high-
est a* value, meaning it has the strongest red hue.
Sample L1 (1.287% had the lowest a* value, indicat-
ing less redness. Sample L1 (29.90%) had the highest
b* value, which means it is the most yellow among
the samples. L3 (24.95") had the lowest b* value,
showing a paler yellow appearance. Control Sample
Shows a darker shade with a stronger red compo-
nent compared to the blends. For a balance between
brightness and color intensity, blends L1, L2 and L3
are the best choice. The control sample, although
darker and redder, may be preferable in cases where
such a color profile is desired.

Table 2. Chemical compositions of the tested raw materials (g\100g)

Sample Moisture Protein Fat Ash Crud Fiber Available carbohydrate
Yellow Lintel ~ 9.49%0.08  25.40*+0.26 1.36°+0.14 2.61°+0.06 3.31%+0.04 57.84°£0.25
Broken rice 9.71°+0.04  7.21°+0.04  0.52°£0.01  0.54°+0.02 0.81°+0.01 81.22%+0.06
Noodles 5.35°£0.26  12.08°£0.29  3.87°+0.03 4.81°+0.17 0.90°+0.04 72.99°+0.09

Data are expressed as means of three replicates + standard deviation. Values at the same column followed by different super-

scripts are significantly different (P < 0.05).
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Table 3. Chemical composition of different dried soup mixtures

Sample  Moi o Protein (% Crud Fiber Fat (% Ash (% bC aflbtg)fhydrate Caloric Value
ample oisture (%) rotein (%) (%) at (%) sh (%) y 1( (;:)rence (Kcal/100g)
C 9.51% 13.98% 2.02% 4.51% 0.97+ 69.01°+ 372.55*+
0.088 0.136 0.027 0.304 0.016 0.2220 0.21
L 6.83%+ 23.52°+ 2.10% 1.00°+ 1.81% 64.74% 362.04%
0.074 0.058 0.114 0.042 0.042 0.154 0.06
Lo 8.12 %+ 18.60°+ 1.59°+ 1.01°%+ 0.85% 69.83 *+ 362.81%
0.022 0.075 0.200 0.050 0.009 0.335 0.09
L3 7.35 % 17.33% 1.34°+ 0.90°+ 0.65% 72.42% 367.1°%+
0.091 0.089 0.120 0.044 0.0055 0.420 0.18

(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried lentil soup+
broken rice. Values are mean of three replicates followed by + SD, the number at the same row followed by the same letter are

not significantly different at p < 0.05.

Table 4. Color of different the dried soup mixtures

Sample L* a* b*
C 84.58 °+£0.395 7.74 *+0.353 26.49 ®+0.731
L1 90.14 *+0.530 1.28 4£0.086 15.94 °+0.507
L2 84.24 °+ 0.690 2.69 °+ 0.245 29.90 *+ 0.501
L3 88.27 *+0.149 3.19°%£0.032 25.83 % +0.497

L* = lightness color score are a* = redness color score b* = yellowness color score h = the change of color shad Each mean val-
ue, within the same column, followed by the same letters is not significantly different at 0.05 level. (C) The commercial control,
(L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried lentil soup+ broken rice. Values are mean of
three replicates followed by + SD, the number at the same row followed by the same letter are not significantly different at

p < 0.05.

Flavonoid, Total Phenols, Antioxidant Ac-
tivity (%), and Total Carotenoids of Dif-

ferent Dried Soup Mixtures

The results presented in Table 5 summarize the
contents of flavonoids, total phenols, antioxidant
activity, and carotenoids in the prepared soup mix-
tures. The flavonoid content was highest in mixtures
L2 and LI, followed by L3, with values of 113.6,
113.0, and 101.3mg/100g, respectively. In contrast,
the commercial control sample exhibited the lowest
concentration (83.6mg/100g). Similarly, total phe-
nolic content showed a marked increase in samples
L1 and L3, followed by L2, compared with the com-
mercial control. This enhancement in phenolic com-
pounds suggests an improvement in the antioxidant
capacity of the formulated blends. Antioxidant ac-
tivity, determined using the DPPH assay, confirmed
these results. All formulated soup mixtures exhibit-
ed strong antioxidant potential, with L1 showing the
highest activity (6.86%) and the control sample the
lowest (3.85%). Regarding carotenoid content, the
highest concentration was recorded in sample L1

(6.680mg/L), while the lowest was observed in the
commercial control (0.726mg/L). A strong positive
correlation was observed between total phenolic
content and antioxidant activity, indicating that the
antioxidant potential of the mixtures is closely asso-
ciated with their phenolic concentrations, as previ-
ously reported by Benvenuti et al. (2004).
Viscosity of Different Dried Soup Mix-
tures

Understanding the rheological behavior of
foods during processing is essential for both process
optimization and quality control. Viscosity is a key
physical property of liquid and semi-liquid foods,
influencing their processing characteristics, texture,
and sensory perception. The relationship between
viscosity and shear rate allows foods to be classified
as Newtonian, non-Newtonian, pseudoplastic, dila-
tant, thixotropic, or rheopectic. Such classification is
highly valuable in processing, quality assurance,
sensory evaluation, and structural characterization
(Antonio et al., 2009). As shown in Figure 1, the
apparent viscosity of the different dried soup
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mixtures decreased as the shear rate increased. This
indicates that all four formulations (Control, L1, L2,
and L3) exhibited non-Newtonian pseudoplastic
flow behavior. Among the tested samples, soup
mixture L1 recorded the highest apparent viscosity
(264.96¢cP), followed by L3 (211.07cP) and L2
(162.78cP), while the commercial control exhibited
the lowest value (136.87cP). The relatively lower
viscosity of L2 may be attributed to the presence of
instant noodles in its formulation, which could in-
fluence water absorption and consistency. In the

context of soup preparation, viscosity serves as an
indicator of thickness and mouthfeel, both of which
are critical for consumer acceptability (Ikegwu et
al., 2009). The high viscosity observed in L1 can be
linked to the functional properties of lentil proteins,
which contribute to enhanced water- and fat-
binding capacities as well as emulsifying and foam-
ing abilities. These properties are well-documented
and have been exploited in the formulation of soups
and other food products (Boye et al., 2010).

Table 5. Flavonoids, total phenols, antioxidant activity (%) and total carotenoids of different dried

soup mixtures

Sample Flavonoid Total Phenols Antioxidant activity (%) Total carotenoids
(mg quercetin /100g) (mg GAE /100g) (mg/100g)
C 83.60°+ 0.025 148.30° £0.035 3.85%0.150 0.726°+ 0.115
L1 113.00%+ 0.030 214.30% £0.025 6.86%+0.350 6.680%£2.027
L2 113.60% 0.045 192.60°+0.035 4.47°+0.152 3.076% 0.346
L3 101.30%+ 0.025 203.60*+0.055 4.10°+0.400 3.106°+£0.300

(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried lentil soup+
broken rice. Values are mean of three replicates followed by + SD, the number at the same row followed by the same letter are

not significantly different at p < 0.05.

300

250

200

150

cp

100

50

C L1

VISCOSITY

samples at tamperature (25-ct1)

L2

L3

Figure 1. Viscosity of different dried soup mixture

(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3)

dried lentil soup+ broken rice

Rehydration Ratio (RR) of the Dried
Soup Mixtures

The results presented in Figure 2 illustrate the
rehydration ratio (RR) of the dried soup mixtures.
The RR values of the formulations containing lentil
powder, broken rice, and instant noodles (L1, L2,
and L3) were significantly higher 2.80, 2.33 and

2.93, respectively compared with the commercial
control sample (1.95). These findings are consistent
with those reported by Joki¢ et al. (2009), who stat-
ed that products exhibiting higher rehydration ca-
pacity tend to have superior taste and better reten-
tion of their fresh-like appearance after preparation.
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RR

samples

L2 L3

Figure 2. Rehydration Ratio (RR) of different dried soup mixture
(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried

lentil soup+ broken rice

Mineral Content of Different Dried Soup

Mixtures

Minerals are essential dietary components that
play a vital role in numerous biological and meta-
bolic processes, including growth, development,
nerve conduction, muscle contraction, energy pro-
duction, and maintenance of pH and osmotic bal-
ance (Chekri et al., 2012). Inadequate or excessive
intake of these minerals can lead to nutritional im-
balances and associated health problems. Among
the physiologically important minerals, calcium
(Ca), iron (Fe), and zinc (Zn) are particularly critical
for maintaining optimal health. The mineral compo-
sition of the dried soup mixtures is presented in Ta-
ble 6. Samples L1 and L2 showed significantly
higher iron contents (3.30-4.33mg/100g) compared
with both the control (0.98mg/100g) and L3 (2.50
mg/100g). The highest iron concentration was ob-
served in L2, which contained instant noodles. Len-
tils are a well-known source of iron, typically rang-
ing between 6—7mg/100g (Ryan et al., 2007), and
their inclusion in L1 and L2 likely contributed sub-
stantially to the elevated iron levels. The presence of
instant noodles in L2 may have further enhanced the
iron content, possibly due to flour fortification com-
monly practiced in the food industry. In contrast, the
lower value in L3 is consistent with the low iron
content of broken rice, while the very low value in

the control sample may reflect differences in lentil
variety, formulation ratio, or processing method.
Regarding zinc content, dried soup mixture L2
again exhibited the highest concentration (5.34
mg/100 g), significantly exceeding that of all other
formulations, including the control (4.10 mg/100g).
Samples L1 and L3 showed intermediate and statis-
tically similar values. Lentils generally contain 3—4
mg Zn/100g (Ryan et al., 2007), suggesting that the
enhanced zinc content in L2 may result from the
synergistic effect of lentils and instant noodles or
from fortification of wheat based ingredients. Given
the global concern about zinc deficiency, the high
zinc level in L2 highlights its potential nutritional
benefit (Sohair, 2019). With respect to calcium,
mixture L3 exhibited the highest level (74.55
mg/100 g), significantly surpassing all other sam-
ples. Calcium fortification is a common practice
aimed at improving the nutritional value of foods,
particularly those promoting bone health (Beto,
2015). The calcium content of raw lentils is approxi-
mately 35mg/100g, whereas polished rice contains
only trace amounts (Chekri et al., 2012). The calci-
um contents observed among the formulated lentil-
based soups (58.90-74.55mg/100g) correspond to
approximately 5.89—7.46% of the daily calcium re-
quirement for older adults (Sohair, 2019).
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Table 6. Minerals content of different dried soup mixtures (mg/100g dry weight)

Samples Fe Zn Ca

C 0.980%£0.05 4.100°+0.1 48.61%+0.01
L1 3.30°+0.05 4.593°+£0.045 63.62°+£0.02
L2 4.33%+0.02 5.340%:0.02 58.90°+0.03
L3 2.50°+0.03 4.603°+£0.065 74.55%£0.05

(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried lentil soup+
broken rice. Values are mean of three replicates followed by + SD, the number at the same row followed by the same letter are

not significantly different at p < 0.05.

Water activity (aw) of different soup mix-

tures during the storage period

Water activity (aw) is a key indicator for as-
sessing the stability and safety of dried food prod-
ucts, as it directly influences microbial growth, en-
zymatic reactions, degradation
(Farzana et al., 2017). A lower a,, value corresponds
to reduced microbial activity and an extended prod-
uct shelf life (Maria et al., 2020). At zero time, all
dried soup mixtures exhibited low Aw values rang-
ing between 0.31 and 0.36, confirming sufficient

and chemical

drying suitable for long term storage. Sample L1
recorded the lowest value (0.31), followed by L3
(0.32), L2 (0.34), and the control sample (0.36).
These results demonstrate the efficiency of the dry-
ing process in the prepared formulations compared
to the commercial control. During storage (after 3
and 6 months), all samples exhibited relative stabil-

ity in aw values, with only minor and statistically
insignificant variations. The control sample (C)
showed a slight increase in aw after 3 months (0.46)
before a small decrease at 6 months (0.44). This
fluctuation may be attributed to moisture absorption
from the environment due to differences in packag-
ing type or composition. In contrast, L1 and L3
maintained consistently low Aw values (around 0.31
—0.32) throughout the storage period, indicating ef-
fective packaging and resistance to moisture uptake.
These findings suggest that the formulated dried
soup mixtures particularly L1 and L3 outperformed
the commercial control sample in maintaining water
activity stability. This demonstrates the effective-
ness of both the drying technique and the packaging
materials used, enhancing the market potential of
these products as nutritious, shelf-stable, and high
quality alternatives

Table 7. Water activity (aw) of different soup mixtures during the storage period

Samples Water Activity
zero time After 3 months After 6 months
C 0.36 *+0.003 0.46*£0.012 0.44 *+ 0.002
L1 0.31 ©+0.010 0.29 ©£0.003 0.31°£0.010
L2 0.34 "+ 0.001 0.32°+0.001 0.34°+0.001
L3 0.32°+0.006 0.31 *+0.001 0.32 ¢+ 0.006

(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried lentil soup+
broken rice. Values are mean of three replicates followed by + SD, the number at the same row followed by the same letter are

not significantly different at p < 0.05.
Sensory Evaluation of Different Dried

Soup Mixtures

The sensory evaluation of the control sample
(C) and the dried soup mixtures (L1, L2, and L3)
was conducted at three storage intervals: zero time,
3 months, and 6 months, as shown in Table 8. The
evaluated attributes included color, taste, aroma,
flavor, and overall acceptability. At zero time, sig-
nificant differences (p < 0.05) were observed

among treatments. Dried soup mixture L1 achieved
the highest scores across all sensory attributes color
(9.00), taste (8.83), aroma (8.93), flavor (8.83), and
total acceptability (8.83) followed by L2 and L3,
while the control sample recorded the lowest scores
(7.33 for total acceptability). These findings indi-
cate that L1 was the most preferred soup mixture in
its fresh state. After 3 months of storage, a general
decline in sensory scores was observed across all
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samples, which is expected due to storage effects.
However, L1 maintained its superiority with the
highest overall acceptability (8.33), followed by L2
(7.83) and L3 (7.67), whereas the control sample
had the lowest score (7.17). L1 thus remained the
most acceptable formulation after 3 months. Fol-
lowing 6 months of storage, a further reduction in
sensory scores occurred for all samples. Neverthe-
less, L1 and L2 maintained relatively higher overall
acceptability (7.53 each) compared to L3 (7.20) and
the control (6.67). Although the difference between
L1 and L2 became narrower, both retained stable
and acceptable sensory quality, outperforming the

other samples. Therefore, L1 can be recommended
as the optimal dried soup formulation, with L2 also
demonstrating good sensory stability during extend-
ed storage. Overall, the sensory quality of all soup
samples remained satisfactory throughout the stor-
age period. The inclusion of lentils was the most
beneficial factor contributing to improved sensory
attributes and consumer acceptance. These findings
are consistent with those reported by Taiba et al.
(2022) and Panagiota et al. (2022), who emphasized
the importance of developing nutrient-rich, legume-
enriched cereal-based products to increase legume
consumption and promote public health.

Table 8. Sensory evaluation of different dried soup mixtures

Storage Sample Color Taste Aroma Flavor Over.a_ll
period )] 9) 9 9 acceptability (9)
C 7.00°+1.00 7.00°+1.00 7.00°+1.00 7.00°+1.00 6.67°+ 0.58
Zero L1 9.00%+0.00 8.67%£0.57 8.33%£0.57 8.33%+0.58 9.00*+0.00
time L2 8.67%£0.57 7.67%+0.57 8.33% 0.57 8.67% 0.58 8.67* +0.58
L3 8.33%+0.57 7.67°+0.57 8.00%°+0.00 8.33%+ (.58 8.66%+ (.58
C 6.67°+0.577 7.00°+0.00 7.33%0.577 7.00%+0.50 7.33°+0.577
After3 LI 8.33%£0.577 8.00%= 0.00 8.00% £0.00 7.83%+(.288 8.50* +0.100
months L2 8.00%+ 0.00 7.33%+0.577 7.67°+1.154 7.83%40.763 8.17%°+0.763
L3 8.333°+0.577  7.67"+0.577 8.00%:1.00 7.83%:0.763 8.50% 0.500
C 6.33%+1.154 6.33%+1.154 6.00*:1.000 6.33°4+2.081 6.33% 1.154
After6 L1 8.00%:1.00 7.67°+1.527 8.00°+1.732 8.00™+ 1.732 8.00%:1.732
months L2 7.67°41.527 8.00°+1.00 7.67°+0.577 8.00% 1.00 8.00* £1.00
L3 8.33%£0.577 7.33%0.577 7.33%+0.577 7.67%0.577 7.67°40.577

(C) The commercial control, (L1) dried lentil soup+ dried vegetables, (L2) dried lentil soup + noodles, (L3) dried lentil soup+
broken rice. Values are mean of three replicates followed by + SD, the number at the same row followed by the same letter are

not significantly different at p < 0.05.
4. Conclusion

The superior sensory acceptability and higher
apparent viscosity observed in formulation L1 can
be principally attributed to its elevated protein con-
tent and rich carotenoid and phenolic profile. In-
creased protein concentration enhances water-
binding capacity and promotes formation of a con-
tinuous protein matrix upon rehydration, thereby
increasing soup thickness and mouthfeel. Concur-
rently, high levels of phenolics and carotenoids in
L1 likely contributed to oxidative protection of li-
pids and pigments, preserving color and flavor dur-
ing storage. By contrast, L2 although rich in iron
and zinc may carry a higher pro-oxidant risk due to
iron’s catalytic role in lipid oxidation; however, its

phenolic content appears to partially counteract this
effect, resulting in acceptable sensory stability. The
low and stable water activity values measured for
L1 and L3 further limit oxidative and enzymatic
degradation, reinforcing the observed shelf-life. To-
gether, these compositional-functional relationships
explain why L1 attains the best balance of nutrition-
al quality, functional properties, and shelf stability.
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