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Abstract

Muffins are sweet baked products highly appreciated by consumers due to their
soft texture and characteristic taste. This study aimed to evaluate the effect of
using different levels of functional ingredients: soybean flour (SF), quinoa flour
(QF), and carob seed powder (CSP), individually and in combination—on the
quality and nutritive value of barley muffins .The results revealed a significant
increase (P<0.05) in water absorption capacity with the addition of 3% CSP
compared to other treatments (10% SF, 10% QF) and the control. Muffins with
10% SF showed a significant (P<0.05) increase in volume compared to other
treatments and the control. Tenderness improved significantly with individual
treatments of 5% SF, 10% SF, 5% QF, 10% QF, 1% CSP, and 3% CSP.
Notably, combinations of 5% SF + 1% CSP and 5% SF + 5% QF also
significantly enhanced tenderness compared to the control. Sensory evaluation
indicated that muffins treated individually with 5% SF, 5% QF, or 1% CSP
received significantly higher scores (P<0.05). The combination of 5% SF + 5%
QF maintained higher acceptability than other treatments. This formulation also
showed increased calcium and iron content compared to the control. Moreover,
product stability was significantly enhanced with the 5% SF + 5% QF and 1%
CSP treatments throughout storage at 25°C for 7 days. The study suggests that
partial substitution with 5% SF, 5% QF, or 1% CSP individually or in
combination can improve the quality, stability, and nutritional value of barley
muffins.
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Introduction

Functional foods are rich sources of many bioactive compounds with
health-promoting properties. To date, epidemiological evidence obtained from
observational studies and clinical trials has demonstrated that the regular
consumption of nutrient-rich foods, particularly those of plant origin, can
increase vitality, benefit overall health, and reduce the risk of chronic disease
(Jurek, 2022). Barley is the fourth largest cereal crop in the world after wheat,
corn, and rice. Barley is receiving more attention from both agricultural and
food scientists, because of its special chemical composition and health benefits.
It can serve as food that meets the needs of a diet low in calories, high in fiber,
and rich in prebiotics, which has led to barley being listed as a desirable healthy
food (Geng et al., 2022).

It was found that using barley flour only has limitations for making various
barley flour-based food products, due to the unsuitable physical properties of
barley flour. The barley product became darker in color, non-uniform in shape,
harder in texture, and unacceptable in quality for the consumer (Ereifej et al.,
2007 and Punia et al., 2022). Investigators recommended looking at possible
future trends in the improved nutrition and qualities of barley products
(Holtekjolen et al., 2008 and Abdul et al., 2022).

Soybean is considered to be an excellent source of manganese, phosphorus,
and protein as well as a good source of iron, omega-3 fatty acids, and dietary
fiber. Soy flour is used as an ingredient in foods, beverages, and condiments to
promote higher optimal health benefit (Uwem et al., 2017). Quinoa is a
pseudocereal with high nutritional value. It is a good source of protein,
carbohydrates, fiber, vitamins, and minerals, which makes it a great food choice
for human health (Ng and Wang, 2021).

Hydrocolloids (gums) have good functional characteristics, such as
emulsifying, gelling, solubility, and textural improvement. In bakery products,
hydrocolloids are used to improve dough performance, bread and cake
characteristics, sensorial quality, and product shelf life (Salehi, 2020). Carob
seeds are used to produce locust bean gum (LBG), which can be used as a
thickener, hydrocolloid, stabilizer, emulsifier, and gelling agent in the food
industry. It is approved in most areas of the world and is chemically known as
E410. LBG improves the overall quality of finished baked products
(Palaiogianni et al., 2022).
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Health and nutritional virtues have become the focal point in new product
development due to increasing consumer awareness who desire to remain
healthy and fit. Baked products like muffins are veritably popular, because they
are consumed at breakfast or as a snack. Muffins are sweet baked products
highly appreciated by consumers, because of their soft texture and characteristic
taste. Muffins are cereal-based bakery products characterized by a typical
porous structure and high volume, which confer a spongy texture. People from
all age groups can be served muffins as breakfast or snacks, because they come
in a variety of sizes, shapes, and flavors (Shukla et al., 2024).

The aim of the present study was to evaluate the effect of different levels of
functional ingredients: soybean flour (SF), quinoa flour (QF), carob seeds
powder (CSP) individually and in combinations on improving quality attribute,
storage stability and nutritive value of barley muffin.

Materials and Methods

Materials:

Barley grains (Hordeum vulgare L.) and Soybean (Glycine max L. Merr)
flour were purchased from Agricultural Research Center, Giza, Egypt. Quinoa
(Chenopodium quinoa Willd), carob seeds (Ceratonia siliqua L.), and all the
other ingredients that were used for barley muffin preparation were purchased
from local market, Giza, Egypt. Chemicals used for proximate chemical
determination were purchased from Al-Gomhoria Chemical Company, Cairo,

Egypt.
Methods:

A. Chemical analysis of raw materials: Barley flour, soybean flour,
quinoa flour, and carob seeds powder were subjected to chemical analysis
to determine their proximal composition: moisture, protein, fat,
carbohydrate, fiber, and ash according to methods of AOAC (2023).

B. Ingredients and method for Muffin preparation:

e Preparation of barley flour: Barley grains were ground in a local mill,
and the resulting flour was sieved to remove bran.

e Preparation of quinoa flour: Quinoa was milled, and the resulting
flour was sieved to obtain quinoa flour.
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e Preparation of carob seeds powder: Carob seeds were ground, and the
resulting powder was sieved to remove the outer dark fiber to obtain
excellent powder.

C. Barley muffin products preparation:

Barley muffin was prepared according to the method reported by Punia et
al. (2022) with some modifications, where butter was replaced with sunflower
oil, and vanilla was used in this recipe. Products preparation were done in Food
Science Lab at Department of Nutrition and Food Science, Faculty of Home
Economics, Helwan University, Cairo, Egypt. The muffin recipe was as the
followings: 100 g barley flour or its blends, 50 g sunflower oil, 50 g sugar, 50 g
eggs, 50 g milk, 3.30 g baking powder, 0.40 g salt, and 1 g vanilla. Eggs and
vanilla were beaten, then sunflower oil, sugar, and half of the milk were added
to the mixture and well beaten. After that, barley flour or its blends, baking
powder, and salt were added and mixed properly with the rest of the milk added
gradually to produce uniform batter. Batter (60 g) was poured into muffin
molds and baked at 190 ° C for 24 min. The experiment design with the
functional ingredients is presented in Table (1). Muffin samples for each
treatment were subjected to different methods for quality evaluation.

Table (1): Barley muffin products fortified with different percentages of
functional ingredients (soybean flour, quinoa flour, carob seeds powder)
individually and in combinations.

Functional ingredients

Carob seeds
powder

5% 10% 5% 10% 1% 3%

Soybean flour Quinoa flour

Muffin

Barley (Control):
without addition of functional
ingredients under investigations

Barley + Soybean (SF) * *

Barley + Quinoa (QF) * *

Barley + Carob seeds (CSP) * *
Barley + Soybean + Quinoa * *

Barley + Soybean + Carob seeds * *

Barley + Quinoa + Carob seeds * *
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D. Quality evaluation of barley muffin products:
1. Physical evaluation (parameter measurements):

Physical parameter measurements were done in triplicates for barley muffin
treatments and the control sample according to methods reported by Penfield and
Campbell (1990). The parameters recorded included: water absorption capacity
(WAC) during dough preparation, dough weight (wt,) before and after baking
(gm), percentage change (%) in weight was calculated by using the following
equation=

weight before baking (g) - weight after baking (g) X 100

weight before baking (g)

Product’s volume (cm® was determined by displacement method, product’s
density (g/cm®) was calculated by using an equation=

weight (g)
volume (cm?®)

Height (cm), index to volume (cm), product area (cm?) was measured using
digital planimeter instrument, and product tenderness was measured using
universal penetrometer instrument (mm/sec). All physical parameters
measurement were carried out in the Food Science Lab at Department of
Nutrition and Food Science, Faculty of Home Economics, Helwan University,
Cairo, Egypt.

2. Sensory evaluation:

The prepared barley muffin with each treatment as well as the control
samples, were subjected to sensory evaluation according to Penfield and
Campbell (1990) by 15 panelists (using a score sheet) at Food Technology
Department, National Research Center, Dokki, Giza, Egypt. The evaluated
characteristics included: Appearance, external color, internal color, taste, odor,
degree of tenderness, cell size and homogeneity, and overall acceptability.
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3. Proximate chemical composition of the final muffin product:

Proximal compositions of the final muffin product that achieved
better characteristics: (moisture, protein, fat, carbohydrate, fiber, and ash)
were determined according to methods of AOAC (2023) for the final products
of each treatment that achieved better characteristics (individual and in
combination). The determination was done at Food Technology Department,
National Research Center, Dokki, Giza, Egypt, also minerals composition
(calcium, zinc, and iron) were determined using Atomic Absorption
Spectrophotometer ICE 3500 series (Thermo) according to Abdel-Rahman et
al. (2018) at Food Toxicology and Contaminants Department, National
Research Center, Dokki, Giza, Egypt.

4. Product stability under storage conditions:

The final barley muffin products stability of each treatment that achieved
better characteristics (individual and in combination) as well as the control
sample were subjected to investigation under storage condition (25°C for 7
days). Product tenderness after the storage period was measured using universal
penetrometer instrument (mm/sec) according to Penfield and Campbell (1990)
at the Food Science Lab, Department of Nutrition and Food Science, Faculty of
Home Economics, Helwan University, Cairo, Egypt.

Statistical Analysis:

The data of this study was analyzed using SPSS version 16, USA. A one-
way analysis of variance (p < 0.05) was performed to identify significant
differences among all studies' parameters (SPSS, 2007). Means was calculated
using the Duncan multiple ranges test (Duncan, 1955).

Results and Discussion

Chemical analysis of raw materials:

The results in Table (2). Show that SF contains the highest protein content
(42.26%), followed by QSF (36.74%). Fat content was high in both QF and
CSP (5.81 and 4.22%, respectively). Fiber content was high in CSP (9.53%),
followed by QF and SF (5.08 and 4.06%, respectively). The highest content of
ash found in SF (8.25%), followed by CSP (6.40%). According to Uwem et al.
(2017) soybeans had the highest value of crude protein, which can be
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considered a good source of protein, amongst many other plant-based foods.
Also is a good source of ash and fiber. EI-Sebeay and Hafez (2018) found that
quinoa had 16.4 % protein, 8.2 % fat, and 3.8 % fiber. In addition, the
percentage of protein in quinoa is higher on average than that in barley.

Table (2): Chemical composition of barley flour and the functional
ingredients.

Item Moisture Component, % on DM basis
(%0) Protein Fat | Carbohydrate | Fiber Ash
Barley flour 9.69 9.20 1.55 84.51 2.82 1.92
Soybean flour (SF) 8.43 42.26 0.53 44.90 4.06 8.25
Quinoa flour (QF) 9.96 13.06 5.81 73.03 5.08 3.02
Carob seeds powder 8.32 36.74 4.22 43.11 9.53 6.40
(CsP)

Physical parameters evaluation of barley muffin products:

The results on Tables (3a and b), show the following results for individual
and in combination functional ingredients treatments: values of water
absorption capacity of both barley muffin with 10% SF and the control sample
were recorded to be the same (60.00 gm). No significant differences (P<0.05)
were detected in dough weight before and after baking among the three muffins
treatments. Percentage changes (%) in weight were significantly decreased
(P<0.05) in both 5 and 10 % SF barley muffin (12.21 to 11.66%). The highest
volume (P<0.05) was found in muffin with 10%SF, followed by 5% SF
muffin. The product density value (g/cm® of control was (0.34 g/cm®), which
was found to be significantly different (P<0.05) than 5% SF barley muffin (0.26
g/cm?). Height increased (P<0.05) significantly (3.86 and 3.90 cm, respectively)
for 10%SF barley muffin and control compared with 5% SF (3.71). Index to
volume of control muffin was higher significantly (P<0.05) than that of both
5% SF and 10% SF barley muffin. Product area decreased (P<0.05)
significantly (from 24.14 to 22.53 cm? in 5%SF) and (from 24.14 to 22.96 cm?
in 10%SF).

Product tenderness was found to be at the highest value (P<0.05) in 10%
SF (49.89 mm/sec), followed by 5% SF muffin (45.20 mm/sec) respectively).
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Ho and Halim (2019) stated that SF had a high water absorption in batter
during mixing. It can hold and bind large amounts of water, thus improving
moisture retention and retaining the tenderness in cake, therefore giving a
higher yield of end products. Cakes made of SF showed the significantly
highest volume. This was attributed to the hydrophobic properties of proteins
from SF, which influences the development of cakes. Cakes prepared with
partial substitution of SF for all-purpose flour were found to enhance physical
properties (weight, volume, and density).

In QF treatments: Water absorption capacity was decreased significantly
(P<0.05) in both 5% QF and 10% QF (60.00 compared to control 50.00 g,
respectively). No significant differences (P<0.05) were detected in dough
weight before and after baking among the three muffins treatments. Dough
weight after baking increased (P<0.05) significantly (from 52.66 to 53.00 g in
5% QF and from 53.66 g in 10% QF). Change percentages (%) in weight were
found to significantly (P<0.05) difference among the three muffins treatments.
There were significant differences (P<0.05) among the three muffins with
regard to product volume. Product density was increased significantly (P<0.05)
in 5% QF (from 0.35 to 0.39 g/cm?®) than that of the other treatments. Both
5%QF and 10%QF muffins had the highest value for height which is
significantly (P<0.05) higher than the other treatments values. The highest
value of product tenderness was found in 10% QF muffin (45.73), followed by
5%QF muffin (41.33), compared with (40.66 mm/sec) for the control. The cake
without quinoa flour exhibited the highest hardness value, and the addition of
quinoa flour caused a significant decrease in the hardness of the cake. The
quinoa flour addition significantly increased the density of the cake. Because of
that, an increase in the density of the cakes can be associated with a decrease in
the volume of cakes (Bozdogan et al., 2019).

In CSP treatments: The 3%CSP muffin was recorded the highest value
(P<0.05) in water absorption capacity, and the lowest recorded with 1%CSP
muffin. No significant differences in dough weight before and after baking
among the three muffins treatments. Percentages change (%) in weight was
significantly higher (P<0.05) in 1%CSP muffin compared with the other
treatments. There was a significant difference among the three muffin samples
with regard to volume. The product density results showed the same value in
both 1%CSP and 3%CSP muffin (0.42 g/cm?) , which was found to be higher
than control (0.36 g/cm®). Product area was (P<0.05) decreased for 3%CSP
muffin compared with the control. The highest value of product tenderness was
recorded with 3%CSP muffin (50.93 mm/sec) compared with control (41.00
mm/sec). Barak and Mudgil (2014) reported that the addition of locust bean
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gum to wheat flour increased the water absorption capacity and improves the
final texture. Locust bean gum “carob gum” can also be used as a binding agent
as a substitute for gluten in gluten-free products formulations based on corn
starch with improved loaf volume and crumb structure. Products’ tenderness
increased upon individual treatments with each of: 5%SF, 10%SF,
5%QF,10%QF, 1%CSP and 3%CSP in comparison to that of the control
muffin.

The overall results of the functional effect of individual ingredients
treatments revealed that: the 3% CSP increased water absorption capacity
(WAC) (g) of barley muffin more than the effects of each of 10%SF and
10%QF treatments as well as the control muffin. On the other hand, all the three
ingredient treatments enhanced dough weight after baking (g) more than that of
the control. However, 10%SF increased product volume (cm3) significantly
(P<0.05) in comparison to the other treatments (10%QF and 3% CSP) and the
control. Products tenderness increased upon individual treatments with each of:
5%SF ,10%SF, 5%QF,10%QF, 1%CSP and 3%CSP in comparison to that of
the control muffin.

The results of combination ingredients treatment Table (3a and b).
revealed the following: Water absorption capacity was the same in both control
sample and the (5%SF+1%CSP) muffins (60.00 g), the lowest water absorption
capacity was found with treatment of (5%QF+1%CSP) muffin (50.00 g). No
significant differences in dough weight before and after baking among the three
muffins. Percentage changes (%) in weight was the same (12.21%) in both
control and 5%SF+5%QF muffins and was found to be higher significantly
(P<0.05) than (5%SF+1%CSP) and (5%QF+1%CSP) muffins (11.66%). There
was a significant difference (P<0.05) among the three muffins in volume, the
highest value recorded with control. Product density decreased significantly
(P<0.05) in all combination treatments compared with the control. There was
no significant difference was detected between control and both (5%SF+5%QF)
and (5%QF+1CSP) muffin in index to volume values. Product’s area (cm?) was
decreased significantly (P<0.05) in all combination treatments compared with
the control. The highest value (P<0.05) of product tenderness (mm/sec) was
noticed with (5%SF+1%CSP) muffin (55.26 mm/sec), followed by
(5%SF+5%QF) muffin (50.20) in comparison to both (5%QF+1CSP) and
control).
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Table (3a): Physical parameters of barley muffin product treatments upon
addition of functional ingredients individual and in combinations (mean+

SE).
Treatment Water Dough Dough Change % | Volume (cmq)
absorption | weight | weight after in weight
capacity before baking (g) (%)
(WAC) (g) | baking
(9)
Soybean | Control | 60.00+0.00 | 60.00NS | 52.66 N+0.20 | 12.21%+0.10 | 150.66°+1.03
flour
treatment | 5%SF 55.00°+0.00 | 60.00NS | 53.00N+0.00 | 11.66°+0.00 | 196.33+1.02
10%SF 60.00%£0.00 | 60.00NS | 53.00NS+0.00 | 11.66°+0.00 | 203.332+1.10
Quinoa Control | 60.00%+0.00 | 60.00NS | 52.66°+0.01 | 12.21%+0.10 | 148.66%+1.25
flour
treatment | 5%QF 50.00°+0.00 | 60.00NS | 53.00%+0.01 | 11.66°+0.20 | 134.00°+1.33
10%QF | 50.00°+0.00 | 60.00NS | 53.66%+0.02 | 10.55°+0.10 | 138.33"+1.29
Carob Control | 60.00°+0.00 | 60.00NS | 52.662+0.04 | 12.21°+0.10 | 143.002+1.01
seeds
powder 1%CSP | 55.00°+0.00 | 60.00NS | 52.00°+0.00 | 13.332+0.10 | 121.00°+1.11
treatment
3%CSP | 65.00%£0.00 | 60.00N | 53.00+0.00 | 11.66°+0.10 | 124.33+1.15
Combina | Control | 60.00+0.00 | 60.00Ns | 52.66N5+0.01 | 12.213+0.01 | 141.332+1.21
tion
treatment | 5%SF+ | 55.00°+0.00 | 60.00NS | 52.66N5+0.01 | 12.212+0.02 | 120.33°+1.36
5%QF
5%SF+ | 60.00%£0.00 | 60.00NS | 53.00N+0.00 | 11.66°+0.00 | 121.00°+1.29
1%CSP
5%QF+ | 50.00°+0.00 | 60.00NS | 53.00N+0.00 | 11.66°+0.00 | 126.66°+1.22
1%CSP

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.
Values in the same column with various superscript letters are significantly different at (P < 0.05).
NS: Non-significant differences.
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Table (3b): Some physical parameters of barley muffin treatments upon
addition of functional ingredients individual and in combinations (mean+

SE).
Treatment Density Height Index to Product Product
(g/cm?) (cm) volume area (cm?) tenderness
(cm) (mm/sec)
Soybean | Control 0.342+0.02 3.86%+£0.04 4.68°+0.30 24.14°+0.41 | 40.86°t1.22
flour
treatment | 5%SF 0.26+0.04 3.71°+0.05 4.50+0.20 22.53°+0.62 | 45.20°+1.35
10%SF 0.25°+0.03 3.902+£0.03 4.52+0.40 22.96°+0.71 | 49.86%+1.28
Quinoa Control 0.35°+0.02 | 3.79°+0.20 | 4.60°+0.10 | 23.89°+0.63 | 40.66°+1.01
flour
treatment | 5%QF 0.3921£0.03 3.902+£0.30 4.48+0.20 22.88°+0.68 | 41.33°+1.04
10%QF 0.3821£0.02 4.01°+0.40 4.58%+0.30 | 23.41%+0.74 | 45.73%1.06
Carob Control 0.36"+0.03 | 3.68%0.04 | 4.60N5+0.01 | 23.14%+1.21 | 41.00°+1.28
seeds
powder 1%CSP 0.422£0.01 3.612+0.03 | 4.56N5+0.01 | 22.96°+1.33 | 49.33%+1.30
treatment
3%CSP 0.422+£0.02 3.54°+0.05 | 4.52N5+0.00 | 22.20°+1.41 | 50.93%+1.26
Combinat | Control 0.732+£0.10 3.56%+0.18 4.44°+0.10 22.28%+1.28 | 40.93%+1.33
ion
treatment | 5%SF+5 0.43+0.11 3.632+£0.17 4.44°+0.20 21.83°+1.27 | 50.20°+1.35
%QF
5%SF+1 0.43+0.13 3.51°+0.15 4.37°+0.30 21.38°+1.34 | 55.26°+1.48
%CSP
5%QF+1 0.41°+0.11 3.56%+0.16 4.40°+0.40 21.60°+1.30 | 48.73°+1.41
%CSP

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.
Values in the same column with various superscript letters are significantly different at (P < 0.05).
NS: Non-significant differences.
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Sensory evaluation:

The results on Table (4a and b), show the following: in SF treatments:
appearance score increased significantly (P<0.05) in 10%SF and 5%SF muffins
(4.26 and 4.20) treatments compared to the control (4.06). The external color
was (P<0.05) higher in 5%SF muffin compared with the other treatments.
There were no significant differences in internal color among the three muffins
treatments. Taste and odor (mean score value) of control muffin was found to
be the highest (P<0.05), followed by 5%SF muffin. The degree of tenderness
increased significantly (P<0.05) in 5%SF and 10%SF muffins treatments (4.26
and 4.20, respectively) than that of control sample (3.93). Both barley muffins
5%SF (4.26) and 10%SF (4.00) had significantly (P<0.05) higher score with
regard to cell size and homogeneity than control (3.73). The highest mean value
of overall acceptability was found with 5%SF muffin. At 5% level of soybean
flour, fortification barley muffin had higher scores for all the evaluated sensory
characteristics. According to Akter et al. (2021) the flavor of cake decreased
with increasing in the substitution of soybean flour. This could be due to the
flavor of soy flour. The score for taste had decreased with an increase in the
level of substitution of soy flour. For the overall acceptability, 5% and 10% of
soy flour added cake had the highest value.

In quinoa flour treatments: The significant highest (P<0.05) mean value of
appearance was recorded with control muffin (4.36), followed by 5%QF muffin
(3.80), and the same observation with regard to in external color (4.33) for
control and 3.80 for 5%QF muffin. There were no significant differences in
internal color among the three muffins treatments. On the other hand, taste
score of 10%QF (4.03) and control (4.00) muffins were (P<0.05) higher
compared to 5%QF muffin (3.80). Odor increased significantly (P<0.05) in
10%SF and 5%SF muffins (4.06 and 4.03, respectively) compared with control
(3.83). The score for degree of tenderness (P<0.05) decreased (3.66) for 5% QF
muffin compared with the other treatments. Products’ cell size and
homogeneity results showed no significant difference between control and
5%QF muffins. The acceptability of 5%QF was higher significantly than 4.06,
followed by 10%QF muffin (3.80). The 5% level of quinoa flour, fortification
barley muffin had acceptable scores for all evaluated sensory characteristics.
Aly and Sadeek (2018) found that no significant difference was observed in
terms of taste and flavor between the control (wheat flour) and 10% quinoa
cakes. This could probably be due to the nature of quinoa flour, which did not
impart any additional flavor to the cakes.
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In CSP treatments: The control muffin had higher significant score (P<0.05)
for appearance (4.56), followed by 1% CSP muffin (3.96), then 3.43 for
3%CSP. The score of external and internal color were significantly decreased
(P<0.05) by addition of each of 1% and 3% CSP compared with control. Taste
mean score decreased significantly with 1%CSP (3.93) and with 3%CSP (3.53)
muffin compared with control (4.16). The score of odor was higher
significantly (P<0.05) in control muffin (4.23), followed by 1%CSP muffin
(3.90), followed by 3%CSP (3.33). There were significant higher values
(P<0.05) for degree of tenderness and cell size and homogeneity for control
muffin, followed by 1%CSP muffin. Overall acceptability was high in control
muffin (4.30), followed by 1%CSP muffin (4.06). At 1% level of carob seeds
powder, fortification barley muffin had acceptable scores for all sensory
characteristics evaluated after the control muffin. Salehi (2019) stated that
gums can improve food taste and texture, retard starch retrogradation, improve
moisture retention, and enhance the overall quality of the gluten-free cakes.
Positive effects in cakes of seeds gums (like locust bean “carob”) have been
reported, at level 1% flour basis.

In combination treatments: Appearance mean value was (P<0.05)
increased in (5%SF+5%QF) muffin (4.50), followed by (5%SF+1%CSP)
muffin (4.20). The highest significant value of external color was recorded with
(5%SF+5%QF) muffin (4.56). Internal color score decreased significantly
(3.73) for 5%SF+1%CSP muffin. The score of taste was (P<0.05) decreased
with 5%QF+1%CSP compared with the other muffin treatments. Odor value
was decreased significantly (P<0.05) for (5%SF+1CSP) and (5%QF+1%CSP)
muffins compared with the other samples. Degree of tenderness (mm/sec) and
cell size homogeneity significantly (P<0.05) decreased for (5%SF+1%CSP) and
(5%QF+1%CSP) compared with the other muffin samples. The overall
acceptability mean score for (5%SF+5%QF), and control were higher
significantly (P<0.05) than the other samples. The combination of (5% SF + 5%
QF) in fortified barley muffin had acceptable scores for all evaluated sensory
characteristics.

The overall results of the functional effect of individual ingredients
treatments revealed that: The 5% level of SF, fortification barley muffin had
higher scores for all the evaluated sensory characteristics, followed by 5% level
of QF, which had acceptable scores for all sensory characteristics. At 1% level
of CSP, fortification barley muffin had more acceptable scores for all sensory
characteristics than 3% of carob seeds powder. The results of combination
ingredients treatment revealed that: The combination of (5% SF + 5% QF) in
fortified barley muffin had more acceptable scores for all evaluated sensory
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characteristics than other combination treatments. Figure (1) showed the final
products of muffin which achieved better characteristics in individually and in

combination treatments.

Table (4a): Sensory evaluation of barley muffin products treatments upon
addition of functional ingredients individual and in combinations

(mean+SE).
Treatment Appearance | External Internal Taste Odor
color color
Soybean Control 4.06°+0.34 | 4.23"+0.32 | 3.90N+0.29 | 4.10°+0.31 | 4.36%+0.32
flour
treatment 5%SF 4.20°+0.33 | 4.40°+0.34 | 3.96NS+0.28 | 3.73°+0.27 | 3.86°+0.28
10%SF 4.26+0.31 | 4.23"+0.32 | 3.83M5+0.29 | 3.56°+0.26 | 3.76°+0.29
Quinoa flour | Control 4.36°+0.34 | 4.33%0.35 | 3.83"5+0.26 | 4.002+0.31 | 3.83"+0.29
treatment
5%QF 3.80°+0.25 | 3.80°+0.25 | 3.90NS+0.27 | 3.80°+0.28 | 4.03%+0.33
10%QF 3.63°40.26 | 3.73%°+0.26 | 3.76N5+0.24 | 4.03%+0.31 | 4.06°+0.32
Carob seeds | Control 4.56°+0.33 | 4.50°+0.35 | 4.26°0.34 | 4.16°10.33 | 4.23°+0.36
powder
treatment 1%CSP 3.96°+0.24 | 4.10°+0.34 | 4.00°+0.31 | 3.93°+0.27 | 3.90°+0.25
3%CSP 3.43°+0.26 | 3.56°+0.26 | 3.30°+0.28 | 3.53°+0.29 | 3.33°+0.26
Combination | Control 4.13°+0.35 | 4.26°+0.34 | 4.00°t0.31 | 4.16°+0.34 | 4.20°+0.34
treatment
5%SF+5%QF 4.50°40.33 | 4.56%+0.36 | 3.90°t0.27 | 4.20%+0.33 | 4.20°+0.34
5%SF+1%CSP | 4.20°+0.34 | 4.43%+0.33 | 3.73"+0.28 | 4.06°+0.31 | 3.96°+0.28
5%QF+1%CSP | 3.7640.25 | 4.26°+0.31 | 3.86%+0.29 | 3.73+0.27 | 3.96°+0.27

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.
Values in the same column with various superscript letters are significantly different at (P < 0.05).

NS: Non-significant differences.
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Table (4b): Some sensory evaluation of barley muffin products treatments
upon addition of functional ingredients individual and in combinations

(mean+SE).
Treatment Degree of Cell size and Overall
tenderness homogeneity acceptability
Soybean flour Control 3.93+0.29 3.73+0.28 4.03*+0.33
treatment
5%SF 4.26°+0.35 4.26%+0.34 4.20°+0.35
10%SF 4.20°+0.33 4.00°£0.30 3.70°+0.28
Quinoa flour Control 4.06°+£0.32 3.73%4£0.26 4.00°£0.30
treatment
5%QF 3.66"+0.25 3.60%+0.22 4.06%+0.29
10%QF 3.96°+0.28 3.46"+0.25 3.80°+0.34
Carob seeds Control 4.36°+0.34 4.30°£0.34 4.30°£0.33
powder
treatment 1%CSP 3.60°+0.25 3.70°+0.26 4.06°+0.31
3%CSP 2.96°+0.21 2.83°£0.22 3.10°+0.29
Combination Control 4.16°4+0.35 4.00°4£0.32 4.23°+0.36
treatment
5%SF+5%QF 4.06%+0.33 4.00°+0.33 4.16%+0.34
5%SF+1%CSP 3.96%°+0.24 3.90%°+0.27 3.86"+0.26
5%QF+1%CSP 3.60°+0.25 3.56"+0.27 3.66°+0.25

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.

Values in the same column with various superscript letters are significantly different at (P < 0.05).
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Control 5% QF 1% CSP 5% SF+ 5% QF

Individual Treatments Combination
Treatment

(SF) Soybean flour, (QF) Quinoa flour, (CSP) Carob seeds powder

Figure (1): Photo structure of barley muffin products that achieved better
characteristics after treated with individual and combination of
functional ingredients.

The proximate chemical composition of the final muffin products:

The results of muffin products that achieved better characteristics are
presented in Table (5). There was significant increase in protein content of 5%
SF muffin (14.65%), and of 5% QF muffin (12.38%) compared to control
(10.77%) muffin. Fat content for 5% SF muffin was significantly (P<0.05)
higher compared to that of the control muffin (28.91%), followed by 5% QF
muffin (28.21%) compared with (26.48%) for control. The 5% QF and 5 %SF
muffins had significantly (P<0.05) lower percentage of carbohydrate content
(23.37 and 20.56%, respectively) control muffin (26.82%). There were no
significant differences between 5% SF, 1% CSP, (5% SF+5% QF), and control
muffins with regard to fiber content. There was a significant increase in ash
content of 5 %SF muffin (2.75%) compared to 1.83% for the control sample.
These results were agreed with the reported results by Ho and Halim (2019),
who found that soybean flour significantly improved nutritional values of cake,
whereas crude protein, crude fiber, and ash contents were increased, but
lowered the carbohydrate and calorie values. Quinoa is considered a whole-
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grain product, it is a valuable source of proteins, fat, minerals, vitamins, fiber,
and other nutrients as stated by Huang et al. (2024).

Table (5): Proximal composition of the muffin of each treatment
(individual and in combination) that achieved better characteristics (g/100g
as it is) as (mean +SE).

Muffin Moisture Protein Fat Carbohydrate Fiber Ash
Control 32.85%+1.15 | 10.77°+0.35 | 26.48°+0.47 26.822+0.44 1.25%+0.14 | 1.83+0.18
5% SF 31.82°+1.12 | 14.65%0.40 | 28.912+0.48 20.56°+0.43 1.31°+0.13 | 2.75%+0.20
5% QF 32.91%+1.14 | 12.38°+0.39 | 28.21%+0.43 | 23.37°+0.46 1.12°+0.11 | 2.01%+0.19
1% CSP | 33.18%+1.13 | 10.75°+0.33 | 26.44°+0.41 | 26.47°+0.48 1.31%+0.15 | 1.85°+0.17
52/0 (S; + | 33.41%1.16 | 10.72°4#0.31 | 26.40°+0.47 | 26.27%°+0.45 1.33%+0.13 | 1.87°+0.16
5% QF

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.
Values in the same column with various superscript letters are significantly different at (P < 0.05).

Minerals content of the muffin product of each treatment that achieved better
characteristics (mg/kg) are presented in Table (6). Calcium contents (mg/kg)
were found to be higher in (5%SF+5%QF) muffin as compared to that of the
control muffin (348.82 and 332.82, respectively). Zinc content of control was
higher than that of the other muffin samples (5%SF and 5%SF+5% QF). On the
other hand, iron content of (5%SF+5%QF) barley muffin was found to be
higher (40.09 mg/kg) than that of the control muffin, followed by 1%CSP
barley muffin (24.00) and 5%SF barley muffin (20.65). Increasing in minerals
content of these muffins samples could be due to the highest content of ash in
soybean flour, followed by carob seeds powder as presented previously in
(Table 2). According to other investigators (Ghoshal and Kaushik, 2020),
calcium and iron contents of soybean-fortified cookies were higher than the
control (wheat flour) cookies. The addition of soy flour increased the levels of
these minerals in the cookies. Also, Goyat et al. (2018) found that with
increasing concentration of quinoa flour, iron and calcium content increased
significantly. In addition, Higazy et al. (2018) established that carob is a good
source of microelements, particularly calcium, and providing microelements
(iron and zinc).
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Table (6): Minerals content of the muffin products of each treatment that
achieved better characteristics (mg/kg).

Muffin Calcium Zinc Iron
Control 332.82 15.72 18.97
5% SF 270.35 13.08 20.65
5% QF 292.69 11.08 17.48
1% CSP 206.80 9.48 24.00
5% SF + 5% QF 348.82 12.25 40.09

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.
Barley muffin products stability under storage conditions:

Muffin products stability under storage conditions (25°C for 7 days) of each
treatment that achieved better characteristics are presented in Table (7). The
results showed that product stability was significantly (P< 0.05) high in muffin
products with (5%SF+5%QF) and (1%CSP), followed by (5%SF) compared to
the control and (5%QF) muffin throughout all storage periods under the present
investigations. According to Salehi (2019) gums are usually added to minimize
non-desired changes in crumb texture during storage. Also, Nguyen et al.
(2015) stated that water holding capacity of soy protein is important as it affects
the texture, juiciness, and taste of food formulations, and particularly the shelf-
life of bakery products.

Table (7): Product stability of the muffin product of each treatment that
achieved better characteristics upon storage (25°C for 1 week) as (Mean
+SE).

Muffin At zero time On day 4 On day 7
Control 41.60%+1.01 32.93+1.04 24.80°+1.02
5% SF 46.46°£1.02 38.13¢1.14 34.26°¢1.11
5% QF 42.13%1.12 34.06%+1.09 30.13%1.08
1% CSP 48.46+1.15 40.86"+1.10 36.86°+1.11
5% SF + 5% QF 51.33%+1.12 43.80°t1.14 39.93+1.13

SF: Soybean flour, QF: Quinoa flour, CSP: Carob seeds powder.
Values in the same column with various superscript letters are significantly different at (P < 0.05).
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Conclusion

Based on the results of the present study, it can be concluded that soybean
flour, quinoa flour, and carob seed powder can be used as functional ingredients
to improve the physical characteristics, nutritional value (protein, fiber,
calcium, iron), and storage stability of barley muffins when used at appropriate
concentrations. Therefore, the study recommended that the bakery industry
partially substitute barley flour during muffin preparation with 5% soybean
flour, 5% quinoa flour, or 1% carob seed powder individually. These
ingredients can also be used in combination (5% soybean flour and 5% quinoa
flour) to enhance the quality and characteristics of barley muffins.

References

Abdel-Rahman, G.N.; Ahmed, M.B.M.; Saleh, E.M.; and Fouzy, A.S.M.
(2018). Estimated heavy metal residues in Egyptian vegetables in
comparison with previous studies and recommended tolerable limits.
Journal of Biological Sciences, 18(3):135-143.

Abdul, N.A.; Abdulrahman, A.B.M.; Mhammad, H.J.; and Talb, S.S.
(2022). A comparison of the physical and chemical properties of wheat
and barley flour, and their products. International Journal of Health
Sciences, 6(S5):3914-3924.

Akter, M.; Roshid, M.; Hosen, M.A.; Hosain, M.; Islam, M.; and Khalek,
M.A. (2021). Physico-chemical and sensory properties of cakes
supplemented with different concentration of soy flour. International
Journal of Food Science and Nutrition, 6(2):16-21.

Aly, AS.; and Sadeek, R.A. (2018). Nutritional properties, bioactive
compounds content and rheological analysis of quinoa (Chenopodium
quinoa) seeds flour: Application in Cake. Journal of Research in the
Fields of Specific Education, 4(17):1-14.

AOAC (2023). Association of Official Analytical Chemists, Official Methods
of Analysis, 22" ed., New York, USA.

Barak, S.; and Mudgil, D. (2014). Locust bean gum: Processing, properties
and food applications: A review. International Journal of Biological
Macromolecules, 66:74-80.



74 Home Econ. J. Vol. (41), No. (2), June 2025

Bozdogan, N.; Kumcuoglu, S.; and Tavman, S. (2019). Investigation of the
effects of using quinoa flour on gluten-free cake batters and cake
properties. Journal of Food Science and Technology, 56(2):683-694.

Duncan, D.B. (1955). Multiple range and multiple F.test. Biometrics, 11:1.

El-Sebeay, A.S.; and Hafez, L.M. (2018). Chemical and biological evaluation
of some products from quinoa-based blends for celiac disease. Alexandria
Journal of Food Science and Technology, 15(1):23-34.

Ereifej, K.I.; Al-Mahasneh, M.A.; and Rababah, T.M. (2007). Effect of
barley flour on quality of balady bread. International Journal of Food
Properties, 9(1):39-49.

Geng, L.; Li, M.; Zhang, G.; and Ye, L. (2022). Barley: a potential cereal for
producing healthy and functional foods: Review. Food Quality and
Safety, 6:1-13.

Ghoshal, G.; and Kaushik, P. (2020). Development of soymeal fortified
cookies to combat malnutrition. Legume Science, 2(e43):1-13.

Goyat, J.; Passi, S.J.; Suri, S.; and Dutta, H. (2018). Development of chia
(Salvia Hispanica, L.) and quinoa (Chenopodium Quinoa, L.) seed flour
substituted cookies- physicochemical, nutritional and storage studies.
Current Research in Nutrition and Food Science, 6(3):757-769.

Higazy, M.M.E.; El. Diffrawy, A.A.M.; Zeitoun, M.A.M.; Shaltout, O.E.;
and Abou El-Yazeed, A.M. (2018). Nutrients of carob and seed powders
and its application in some food products. Journal of the Advances in
Agricultural Researches, 23(1):130-147.

Ho, L.H.; and Halim, N.E.F.M. (2019). Physico-chemical and sensory
attributes of sponge cakes formulated with partial replacement of soybean
flour and isomalt for wheat flour and sucrose. Bioscience Research,
16(S1):143-156.

Holtekjolen, A.K.; Baevre, A.B.; R@dbotten, M.; Berg, H.; and Knutsen,
S.H. (2008). Antioxidant properties and sensory profiles of breads
containing barley flour. Food Chemistry, 110: 414-421.

Huang, H.; Jia, C.; Chen, X.; Zhang, L.; Jiang, Y.; Meng, X.; and Liu, X.
(2024). Progress in research on the effects of quinoa (Chenopodium
quinoa) bioactive compounds and products on intestinal flora. Frontiers in
Nutrition, 1-14.


https://link.springer.com/journal/13197

Home Econ. J. Vol. (41), No. (2), June 2025 75

Jurek, J.M. (2022). Health benefits of functional foods. Journal of Biomedical
Research & Environmental Sciences, 3(11):1307-1316.

Ng, C.Y.; and Wang, M. (2021). The functional ingredients of quinoa
(Chenopodium quinoa) and physiological effects of consuming quinoa: A
review. Food Frontiers, 2:329-356.

Nguyen, D.Q.; Mounir, S.; and Allaf, K. (2015). Functional properties of
water holding capacity, oil holding capacity, wettability, and
sedimentation of swell-dried soybean powder. Scholars Journal of
Engineering and Technology, 3(4B):402-412.

Palaiogianni, A.; Stylianou, M.; Sarris, D.; and Agapiou, A. (2022). Carob-
agro-industrial waste and potential uses in the circular
economy. Mediterranean Fruits Bio-wastes. Springer, Cham, pp.765-797.

Penfield, M.P.; and Campbell, A.M. (1990). Experimental food science, 3™
ed., Academic Press, Inc. London, pp.23-77.

Punia, S.; Dhull, S.B.; and Siroha, A.K. (2022). Quality characteristics of
muffin prepared from replacement of wheat with barley: Nutritional, anti-
oxidative and microbial potential. Carpathian Journal of Food Science
and Technology, 14(1):5-14.

Salehi, F. (2019). Improvement of gluten-free bread and cake properties using
natural hydrocolloids: A review. Food Science & Nutrition, 7(11):3391-
3402.

Salehi, F. (2020). Effect of common and new gums on the quality, physical,
and textural properties of bakery products: A review. Journal of Texture
Studies, 51(2):361-370.

Shukla, D.; Tewari, B.N.; Trivedi, S.P.; Dwivedi, S.; Kumar, V.; and
Tiwari, V. (2024). Quality and functional attributes of muffins with
incorporation of fruit, vegetable, and grain substitutes: A review. Journal
of Applied and Natural Science, 16(1):344-355.

SPSS (2007). Statistical Package for Social Sciences, version 16. SPSS Inc.,
I1.USA.

Uwem, U.M.; Babafemi, A.A.; and Sunday, D.M. (2017). Proximate
composition, phytoconstituents and mineral contents of soybean (Glycine
max) flour grown and processed in Northern Nigeria. Advances in
Applied Sciences, 2(4):48-53.



76 Home Econ. J. Vol. (41), No. (2), June 2025

dalidg daddig cilig€a dilal yuwdd) chlal 4013 Lasdlls 5aga Cpand

JalaE a el ae O Baes el deaa ol gane daa] saall e 4]

s SR (Olsba Aaals ¢ Arial) sLaB¥) BIS (Aaaka) psle g A2 ond)
e Bl ¢ B (Eigaill cagdll Sl ARV L ol iS5 "

g:‘)d‘ gadlall

bl lealstl Bl ¢ Slginall o S Jualiy (Aass Al Bolall 8)guaall ilatiall o Clall ey
t oty chaiadag Clisa (e ddide ligiee aladi) il s ) Auhal) s3a s L aedll Lgdlaes
il Bysea g (58 IS ((CSP)gyall j5h Gsausay (QF)Isll 5y ¢(SF)Lsuall (30
dugina 53L) 2sns ) gl Ll 38y (e goteadll Gl AdINA dedlly Baga o

Wlie Gl sk Benwe 0 N3 Al e Sl palaicy) 3 & (P<0.05)
%10 e gsinall bl Helil WS . adailall dially (10%QF) 5 (10%SF)saY) clalladl
it ALl dially GAY) Slalledl £jlae aaall 3 (P<0.05) digies 5215 Lgeall (380
%5 Lgall (383 (0 %105 %5 criacai ) il Slalledl po Lsale (K8 Bshkll day
oo AeSal) cllalall ol WS Lug Al e Bgnna (e %35 %1 5 ¢)sisll 383 e %10

Al 43)lae Byl dayy b Bagale st ) (5%SF+5%QF) 5 (5%SF+1%CSP)

(5%QF) 5l (5%SF) duais (538 IS el L) o ) ouenl a3l Ll L Adalical)
s Ll (P<0.05)gsiee IS8 ol pen an clagy e deas (1%CSP)
Sl sine Tadall 1aa jelal LS (gAY clalladls 45)lae el Jsd cilayay (5%SF+5%QF)
il Gld dapy B el Gl e sdle LAl Al Ajlae daally asadSU g
Oe iy aiallee die U 7 50°C 25 Blha dap aie cpiadl) s (DA Lale (K6
o %5 Gawy el 38N Sl JanlVh Aubal) g ((1%CSP 5 5%SF+5%QF)
i Hpea A sl (538 IS8 elsw e Al o (Bgnsa (se %1 sl il Bs ) Ligeall 3
el 33 e gsiaaall aLall 451380 dailly il Bsbk day3s 3sn (e e O (K



