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Abstract: There is a general tendency toward wellness and good health. The objective of the research was to
investigate the possibility of producing barley waffle samples substituted with different powdered broken
pulses. Barely waffle prepared by partially substituting hulless barely flour with powdered broken pulses (0.0%,
40% chickpea, 40% lentil, and 30% white bean, individually) and wheat waffle used as commercial control.
Waffle batter's properties were examined, as were the physicochemical and sensory attributes of the produced
waffles. The density and viscosity of the waffle batter were reduced by substituting powdered broken pulses
compared with the batter, which contained 100% barely flour. An increase in protein, ash, -glucan, total
phenolic, and carotenoids was observed in barley waffle substituted with powdered broken pulses relative to
the wheat waffle, as well as in vitro protein digestibility and antioxidant activity. However, compared with wheat
waffles, backing loss decreased in all barley waffle samples. Moreover, barely waffles substituted with broken
pulse powders, particularly chickpeas, had a high overall acceptance score. This indicates the great potential
of broken pulse powder utilization for producing barely waffles as a functional food.
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INTRODUCTION comparable nutritional value, they provide a significant

Pulses are the most important nutrients and stand point [7]. Globally, there is a growing trend toward
economically valuable crops worldwide, especially in the use of some agricultural crop by-products, such as
underdeveloped and developing countries. However, the rice bran, wheat germ, broken chickpea seeds, and wheat
deficiency of good harvest and post-harvest practices, bran, in the production of functional foods [8]. Chickpeas
incorrect management and storage services, and common are a widely used source of nourishment because of their
milling processes are the greatest and most important low cost and well-balanced nutrient content. Chickpeas
causes of losses that affect the nutritional and economic are a major source of protein for those who cannot afford
value of pulses [1, 2]. Production procedures for pulses, animal-based protein, vegans, and residents of semi-arid
including harvesting, storing, cleaning, shipping, and areas. As a result of the process of extracting chickpea
handling, invariably result in mechanical damage [3]. seeds from their dried horns, broken chickpea seeds are
Broken pulses are considered seeds with some but less one of the residues and have the same composition as
than one-fourth of each broken off or with one-fourth or chickpeas, in addition to the low price of broken
more of the seed coat removed [4]. The quantitative chickpeas [9, 10]. A high-quality lentil by-product can be
losses of pulses and oilseeds are estimated to be 20% and utilized as a beneficial source of protein due to its
16% per year, globally and in the MENA Region, inexpensive price [11]. Thus, Hassan et al. [12] assessed
respectively [5]. In Egypt, the loss of pulses estimated to the possibility of using lentil screenings by-product as an
be 27,000 tons in 2014 reached 60,000 tons in 2018, up by alternative protein source and their influence on nutrients
122.22% [6]. Broken pulses, or grain fragments, are digestibility. Beans represent habits of excellent
frequently disregarded by producers. While broken grains nutritional, economic and functional importance in
are five times less expensive than whole grains and have manufacturing. Broken beans are fragmented components

economic challenge and are important from a technology
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that are occasionally disregarded during  production, different amounts of powdered broken pulses, and to
even though they are five times less expensive and have assess their impact on the final product's chemical
similar nutritional value to whole beans. Broken grains composition, antioxidant activity, total phenolic content,
typically point to a significant economic issue, but their color changes, and sensory appeal
utilization in production is a sign of advancements in
technology [13]. Barley (Hordeum vulgare, L.) is the best MATERIALS AND METHODS
crop to cultivate in Egypt's challenging conditions, and it
can be grown in newly reclaimed areas with low water Materials:
quality and few soils [14]. Barley (Hordeum vulgare L.) is Raw Materials: Hulless barley grain (Hordeum vulgare)
unjustly neglected as a food crop. Recently, there has cultivar Giza 130 was obtained from the Barley Research
been a rise in interest in barley's application in the food Section, Field Crops Research Institute, Agricultural
business. Barley and its derivatives are mostly composed Research Center, Giza, Egypt. Broken pulses of chickpea
of, sugar, proteins, fat, ash and -glucan bakery products (Cicer arietinum L.), lentil (Lens culinaris L.), and white
can be produced very easily using barley, and the bean (Phaseolus vulgaris L.) were obtained from Al-
products have better nutritional qualities and acceptable Sayyad Agricultural Crops Company, Damanhour, Egypt.
sensory characteristics [15]. In Egypt, the total area under Wheat flour 72% extraction rate was obtained from South
cultivation for barley from 2004/2005 to 2018/2019 was Cairo Mills Company, Egypt. Gallic acid, DPPH (2, 2-
around 84.9 thousand feddans, with an average diphenyl-1-picrylhydrazyl),   pancreatin   and   Pepsin
production of 91.35 thousand tons [16]. The planting of were purchased from Sigma-Aldrich Chemical Company
barley in the growing season of 2020-2021 was 53.3 (St. Louis, USA). The Folin Ciocalteu reagent was
thousand feddans, yielding 87.6 thousand tons with purchased from LOBA Chemie, India. All chemicals were
productivity of 1.6 tons/fed [17]. Barely is obtaining more of the analytical grade. The following ingredients were
interest due to its nutritional importance, especially purchased from the local market in Giza, Egypt:  sugar,
because of the content of dietary fiber and non-starch egg, skimmed milk powder, corn oil, salt, baking powder
polysaccharides, barely is a rich source of fiber supplying and vanilla.
useful [18,19]. Although barley is frequently utilized in
animal feed, its emphasis on bioactive components is Methods:
reviving interest in it as a component in the manufacturing Sample Preparation: The broken pulses (chickpea, lentil,
of functional foods [20, 21]. Many by-products rich in and white bean) and hullless barley (whole grain) were
valuable compounds are produced by the food industry carefully cleaned, then ground into a fine powder in a
and can be useful for future uses, particularly as Laboratory Mill Junior, passed through a 500 µm sieve,
ingredients in functional foods. Because of the favorable packed in polyethylene bags, and stored at -18°C before
effects on human health, the environment, and the being used for preparing waffles and undergoing further
profitability of process production, this is a trend that is analysis.
becoming more and more popular. Because consumers
have good attitudes about these foods, there is a steady Preparation of Different Types of Waffle: A preliminary
increase in the production of functional foods enhanced experiment was conducted with various substitution
with by-products [22, 23]. Waffles are a tasty convenience ratios of barley flour as a whole meal with (10, 20, 30, 40,
food with a smooth texture similar to cakes. Waffle and 50%) of broken pulse powder (chickpea, lentil, and
ingredients typically include eggs, milk, sugar, flour, fat white bean). So as to obtain the appropriate substitution
and flavours. Also, waffle is a frequently used product ratio to produce barley waffles with good sensory
that is made up of  three  main  ingredients:  sugar,  fat, properties. The best results were achieved by substituting
and wheat flour [24, 25]. In recent years, waffles have flour barley at 40, 40, and 30% for each broken powder of
gradually become a regular meal among people, as white chickpea, lentil, and white bean, respectively. The formula
wheat flour is a main  ingredient in waffle making and is of Choi et al. [27] with some modifications was used to
considered poor in nutrients, replacing it with enriched prepare waffles. Table 1 displays the formulas for waffle
grain flour may improve some important nutrients [26]. samples. The waffle was prepared by creaming the sugar,

The aim of this work was the development of a novel egg and vanilla together in a kitchen-aid mixer for three
functional food product: barely waffles substituted with minutes on speed 5, then adding the oil and blending for
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Table 1: Ingredients and formulas for preparing different waffle samples.
Waffle formulas
-------------------------------------------------------------------------------------------------------------------------------------------------

Ingredients (%) Wheat Barley Chickpea Lentil White bean
Wheat flour 60 --- --- --- ---
Barley flour --- 60 36 36 42
Chickpea powder --- --- 24 --- ---
Lentil powder --- --- --- 24 ---
White bean powder --- --- --- --- 18
Fresh whole egg 20 20 20 20 20
Skimmed milk powder 7 7 7 7 7
Sun flower oil 8 8 8 8 8
Sugar 3 3 3 3 3
Baking powder 1.5 1.5 1.5 1.5 1.5
Vanillin 0.5 0.5 0.5 0.5 0.5
Ratio between barley flour to chickpea 60:40; Ratio between barley flour to lentil 60:40; Ratio between barley flour to white bean70:30: The water was added
as required.

two minutes at the same speed. Following the addition of Total Carotenoids Determination: The method outlined
the flour, skimmed milk powder and baking powder, the by Santra et al. [32] was used to determine the total
batter was blended for four minutes at speed 2. Carefully carotenoids content of the raw materials and waffle
measured dough portions were placed in the center of a samples. A mixture of 3 g of samples and 15 ml of water-
Kempen, Germany-made Clatronic HA 3494 waffle maker, saturated n-butanol (8:2 ratio of n-butanol to distilled
and they were baked for approximately 1.5 minutes at water) was maintained in the dark for 16-18 hours. The
180°C. Following their cooling, the waffles were packed supernatant absorbance was determined at 440 nm in
and used for more analysis. respect to the blank using a Jenway Spectrophotometer.

Sensory Evaluation of Waffle Samples: The sensory standard used was -carotene.
evaluation of waffles was done by ten panelists
comprised of members of Food Technology Research DPPH Radical Scavenging (%): According to Brand-
Institute staff, Agriculture Research Center, Giza, Egypt. Williams et al. [33], the antioxidant activity (%) of the
Using a nine-point hedonic scale (1 = strongly dislike to waffle samples' methanolic extract was determined based
9 = strongly like), panelists were asked to evaluate the on its capacity to scavenge radicals when they reacted
waffles' acceptability based on their appearance, color, with a stable DPPH free radical. In brief, 0.10 ml of sample
flavor, taste, texture, and overall acceptability [28]. extract was mixed with 3.90 ml of DPPH solution (2.40 mg

Proximate Chemical Composition: The AOAC [29] was measured at 515 nm after being violently shaken for just
used to assess the raw materials and waffle samples a few seconds using a tube shaker. It was then left to
(moisture, protein, ash, crude fiber, and fat) content on stand at room temperature for 30 minutes in the dark.
dry weight basis. Carbohydrate content was calculated by Using the following calculation, the radical scavenging
the difference: [Carbohydrates=100 - (protein + ash + percentage (DPPH) was determined:
crude fibers +fat)]. Value of energy (kcal/100 g) = protein
×4.0+ fat ×9.0+ carbohydrate ×4.0. Using Agilent DPPH radical scavenging (%) = [(A0 - A1/A0)] x 100
Technologies Microwave Plasma Atomic Emission
Spectrometers (Model 4210  MPAES, USA), the contents A0 = Absorbance of the control reaction (all reagents
of calcium, iron, potassium, and zinc were determined in except test compounds included)
samples in accordance with the procedure described in
the AOAC [29]. The colorimetric method of Trough and After 30 minutes, A1 = Absorbance with the tested
Mayer [30] was used to determine phosphorus. extracts present.

Total Phenolic Determination: Following Singleton and -glucan Content: The method outlined by Carr et al. [34]
Rossi [31], the Folin-Ciocalteu method was used to was used to determine the -glucan content.
estimate the total phenolic content of the raw materials
and waffle samples. The standard curve was prepared Water Holding Capacity (WHC):  Using  the  Beuchat
using gallic acid as standard. [35]  method,  the  flours' capacity  to  absorb   water  was

The unit of measurement used was mg/kg, and the

of DPPH in 100 ml of methanol). The mixture was



Weight waffel (g)Baking loss (%) = 1 - [ ] x 100
Weight batter (g)
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ascertained. After one gram of material was mixed with ten
milliliters of distilled water and allowed to remain at room
temperature (30°C±2) for thirty minutes, it was centrifuged In vitro Protein Digestibility: The In vitro protein
for thirty minutes at 2000 xg. (Model Z 206 A, HERMLE
Labrotechnik GmbH, Wehingen, Germany). Water
absorption was examined using the percentage of water
bound in each gram of flour.

Characterization of Waffle Batters: The pH value and
batter density are determined in accordance with Huber
and Schönlechner [25]. A pH meter (Testo GmbH, Vienna,
Austria) was used to measure each batter's pH. The
density: A 100 ml cup was filled with batter, and the
weight (g/100 ml) was recorded to determine the density.
The viscosity of various waffle batters was determined in
accordance with the Brookfield Manual [36]. Using the
Brookfield Engineering Labs DV-III Ultra Rheometer, the
sample was placed in a small adaptor, and the appropriate
temperature was kept constant using a water bath. The
viscometer's rpm range was 10 to 60. At room temperature
(25°C ± 1), the viscosity was measured directly from the
instrument, the measurement was conducted using the
SC4-21 spindle. Three replicates were used to average the
measurement for each sample. 

The microstructure of the batters was observed with
a DM750 light microscope attached with a Leica camera
(ICC50 HD Leica Microsystems IR GmbH, Switzerland)
with Magnifications 40xs.

Color Parameters, Hardness and Baking Loss: 
Color Parameters: In accordance with McGurie's [37]
methodology using a handheld chromameter (model CR-
400, Konica Minolta, Japan), the surface of each waffle
sample was measured. The parameters of color were
expressed by the following values: lightness (L*), redness
(a*), and yellowness (b*). Three replicates were used to
average the measurement for each sample.

Hardness: In accordance with the method described by
Jambrec et al. [38], hardness was measured using
Brookfield Engineering Lab. Inc., Middleboro, MA 02346-
1031, USA. Each waffle was divided into quarters and
placed on the texture analyzer platform. The waffle pieces
were compressed with a cylindrical probe using 50%
strain. The maximum force required to break the waffle was
reported in Newton (N).

Baking Loss: The following formula was used to
calculate the baking loss of waffles, giving information on
the moisture loss during baking as described by Huber
and Schönlechner [25].

digestibility was determined according to Akeson and
Stahmann [39] method. Briefly one g sample was added to
15 ml of HCl (0.1 M) containing 1.5 mg pepsin, then
incubated for three hours at 37°C. NaOH (0.2 M) was used
to neutralize the suspension that was obtained following
the addition of 7.50 ml of pancreatin (4 mg in 0.2 M
phosphate buffer, pH 8.0) After that, the mixture was
softly shaken and kept at 37°C for 24 hours. Following a
10% trichloroacetic acid treatment, the samples were
centrifuged at 5000 xg for 20 minutes at room temperature.
The Kjeldahl method AOAC [29] was used to estimate the
amount of protein in the supernatant. Using the following
equation, the percentage of protein digestibility was
calculated:

IVPD = In vitro protein digestibility;  N = Nitrogen. 

Statistical Analysis: The data from this study were
statistically analyzed using the Costat statistical software
for means and standard deviations as Steel et al. [40]. The
data 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. 

RESULTS AND DISCUSSION

The chemical composition of wheat flour (72% ext.),
barley flour and broken pulse powder (chickpea, lentil,
and white bean) is presented in Table 2. Results showed
that the lentil had the highest protein level (25.25%),
followed by chickpea (22.03%) and white bean (21.56%).
The protein content was lowest in barley and wheat flour
(11.85 and 12.18 %, respectively). Results indicated that,
in comparison to the other raw materials under study, the
broken white bean powder had the highest values of ash
and crude fiber, at 3.17 and 3.97%, respectively. However,
wheat flour had the lowest amounts of ash and crude
fiber, at 0.55 and 0.61%, respectively. Furthermore, broken
chickpea powder had the highest amount of fat (3.03%)
relative to other raw materials. As shown in Table 2 wheat
flour had higher carbohydrate content, followed by barley
flour (85.44 and 81.34% respectively) compared to broken
pulse powder. These results are in line with those
reported  by  El-Taib et al. [41], Twfik et al. [42], Sharma
et al. [43], Ali and Abdelsalam [44], and Xu et al [45].
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Table 2: Chemical composition, total phenolic, carotenoids and water holding capacity of raw materials. 
Parameters Wheat flour Barley flour Chickpea Lentil White bean
Moisture (%) 9.11±0.04 7.40±0.01 6.55±0.03 8.03±0.03 6.96±0.02a c e b d

Protein (%) 12.18±0.09 11.85±0.02 22.03±0.02 25.25±0.03 21.56±0.02d e b a c

Ash (%) 0.55±0.01 2.10±0.01 3.06±0.04 2.16±0.03 3.17±0.03d c b c a

Crude fiber (%) 0.61±0.01 2.66±0.01 3.47±0.02 2.64±0.02 3.97±0.02d c b c a

Fat (%) 1.22±0.01 2.05±0.04 3.03±0.02 2.47±0.03 2.03±0.05d c a b c

Carbohydrates (%) 85.44±0.06 81.34±0.07 68.41±0.06 67.48±0.02 69.27±0.05a b d e c

Minerals content (mg/100g sample)
Calcium 11.45 118.35 87.15 49.77 291.70
Iron 2.17 9.25 4.39 6.06 4.93
Potassium 111.15 456.90 948.16 947.25 1298.78
Zinc 2.38 3.15 3.75 3.42 4.21
Phosphorus 116.71 470.5 452.28 435.25 202.50
Total phenolic (mgGAE/100g) 50.49±0.16 110 ±2.83 115±1.41 123±4.24 122±2.83c b b a a

Carotenoids (mg/kg) 3.88±0.07 4.86±0.07 7.36±0.13 9.04±0.02 3.29±0.15d c b a e

WHC (%) 92.45±0.63 130.02±0.56 121.65±0.50 111.00±1.41 128.10±0.71d a b c a

Values followed by the same letter in a row are not significantly different at p (  0.05). WHC: water holding capacity. Chemical composition, minereals, total
phenolic and carotenoids were calculated based on the dry weight basis.

Table 3: Waffle batters characterization: pH, temperature, density and
viscosity of different waffle batter samples.

Waffle Temperature Density Viscosity
batters pH [°C] [g/100ml] (Pa*s)
Wheat 6.65±0.07 26.25±0.07 0.87±0.01 10.6±0.28a a c e

Barley 6.50±0.10 26.15±0.10 0.93±0.00 24.2±0.30ab a a a

Chickpea 6.35±0.00 26.25±0.07 0.90±0.00 14.2±0.28c a b c

Lentil 6.45±0.07 26.20±0.14 0.91±0.01 12.6±0.20bc a b d

White bean 6.20±0.00 26.15±0.10 0.90±0.00 19.6±0.50d a b b

Values followed by the same letter in a column are not significantly different
at p( 0.05).

The minerals content of the various samples (cereals
and broken pulses) was shown in the same Table 2. In
general, it is clear from the results that the minerals
content of hulless barley and different broken pulse
samples is higher than that found in wheat flour. Iron and
phosphorus appeared at highest level (9.25 and 470.5
mg/100g sample, respectively) in hulless barley compared
with other samples. The similar results were found by
Mananga et al. [46] and Galal, et al. [47]. On the other
hand, it is clear that broken white bean powder had the
highest content of calcium, potassium and zinc, which
were (291.70, 1298.78 and 4.21 mg/100g, respectively),
compared to the rest of the samples. Also the data
confirms that the minerals content of ground hulless
barley were superior in its amount of various minerals to
wheat flour. This result is agreement with Yan et al. [48].

Comparing wheat flour (WF) to other broken pulse
powders and barely flour, the table data indicates that WF
had a lower amount of total phenolics (50.49 mg
GAE/100g). The total phenolic in barely flour was 110 mg
GAE/100g. Simic et al. [49] reported that the total phenolic
content of barely ranged from 91 to 200 mg GAE/100g
According to the same table, broken lentil powder had the
highest content of total phenolics and carotenoids (123

mg GAE/100g and 9.04 mg/kg, respectively).  According
to El-Taib et al. [41], barley flour has a higher percentage
of total phenolic compounds than wheat flour. As
reported by Kan et al. [50], White bean had a very low
amount of carotenoids, while lentils had the highest
concentration (4.53-21.34 mg/kg DW).

Regarding water holding capacity, it was clear that
barley flour had highest water holding capacity (130.02%),
followed by broken white bean powder (128.1%), while
wheat flour had the lowest water  holding  capacity
(WHC) (92.45%). White bean flour exhibited the highest
water-holding capacity, while red lentil flour had the
lowest [51]. The component of barley flour tends to help
in water absorption and therefore improving physical
characteristics like water holding capacity [52].

Characterization of Waffle Batters: The waffle batter's
characteristics (pH, temperature, density, and viscosity)
are displayed in Table 3. The batters had pH values
ranging from 6.20 to 6.65.  Among  the  batters,  white
bean batter had the least  pH  reduction.  The  optimum
pH value  for  waffle batter lies in the range of pH 5.5 to
pH 7.0 and it is well known that batter with high pH values
can cause waffles to stick more than usual [25].

There was no noticeable temperature difference
between the waffle batter samples. The temperature range
of the batter was 26.15 to 26.25°C, which was within the
suggested range for making waffles [25]. An excessively
high batter temperature causes the batter to clump, which
might result in an excessive amount of sticky waffles and
no consistent batter deposit amounts. The fluidity
properties of batters and eventually, the quality of waffles
are significantly influenced by two parameters: density
and viscosity.  The  waffle  batter's  density  varied  from
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a b

c d

e
Fig. 1: Image microscopy of waffle batters: a: Wheat; b: Barley; c: Chickpea; d: Lentil; e: White bean.

0.87 to 0.93 g/100 ml. Waffle batter density should be have been caused by a decrease in -glucan contents.
between 0.80 and 0.95 g/100 ml to exhibit appropriate According to Malunga et al. [53] the waffles' viscosity
fluidity behavior and fill the entire baking plate after increased as their -glucan concentration increased. 
application. There is more dough waste when the dough Density and viscosity measurements for each batter
is extremely liquid [25]. With the incorporation of the sample were in an acceptable range for waffle batters.
pulses, the batter density significantly decreased (p<0.05), These findings are consistent with those of Maghaydah
indicating that more air had been incorporated into the et al. [54].
structure. There were variations in the batter samples
incorporation of air bubbles. The microstructure of the Sensory Evaluation of Different Waffle Samples: The
batters (Fig. 1) supports that observation. Furthermore, results of the sensory evaluation (appearance, color,
pulse batters displayed an uneven structure with more flavor, taste, texture and overall acceptability) of waffle
gas cells. However, the microstructure of the wheat batter samples are displayed in Table 4. The results indicated
was uniformly characterized (Fig. 1). The viscosity of the that, with the exception of flavor and texture, there are
barely batter (100% barely flour) was higher than other significant variations in each sensory attribute between
batter samples (24.2 Pa*s). Moreover, the viscosity was the wheat waffle and the barely waffle sample, which
decreased by substituting with broken pulses,  which may contained  100%   hulless   barely  flour.    However,   the
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Table 4: Sensory evaluation of different waffle samples.
Overall

Waffle samples Appearance Color Flavor Taste Texture acceptability
Wheat 8.65±0.41 8.50±0.47 8.45±0.44 8.50±0.42 8.40±0.32 8.50±0.00a a a a ab a

Barley 7.90±0.32 7.30±0.26 8.25±0.26 7.80±0.37 8.25±0.26 8.25±0.35c c ab c ab b

Chickpea 8.45±0.37 8.20±0.26 8.30±0.35 8.20±0.26 8.50±0.33 8.65±0.24ab ab ab ab a a

Lentil 8.20±0.26 7.95±0.37 8.35±0.34 8.10±0.32 8.30±0.42 8.45±0.16bc b ab bc ab ab

White bean 8.15±0.24 8.35±0.41 8.05±0.28 7.90±0.39 8.15±0.24 8.45±0.28bc a b bc b ab

Values followed by the same letter in a column are not significantly different at (p 0.05).

Table 5: Chemical composition (%), energy value (Kcal/100g) and -glucan content (%) of different waffle samples.
Waffle Energy value 
samples Moisture Protein Ash Crude fiber Fat Carbohydrates (Kcal/100g) -Glucan
Wheat 6.54±0.01 12.45±0.05 1.87±0.04 0.38±0.03 11.02±0.03 74.28±0.07 446.10±0.25 0.19±0.01a d c d d a a d

Barley 6.59±0.03 12.24±0.04 2.80±0.03 1.59±0.02 11.49±0.03 71.88±0.01 439.89±0.17 4.59±0.02a e b c c b bc a

Chickpea 6.58±0.03 14.68±0.03 3.03±0.02 1.80±0.02 11.77±0.01 68.72±0.01 439.53±0.35 2.55±0.04a b a b a d c c

Lentil 6.54±0.02 15.46±0.04 2.83±0.02 1.58±0.01 11.62±0.03 68.51±0.03 440.46±0.24 2.54±0.02a a b c b e b c

White bean 6.55±0.03 13.98±0.03 3.07±0.02 1.86±0.02 11.47±0.03 69.62±0.05 437.63±0.18 2.97±0.03a c a a c c d b

Values followed by the same letter in a column are not significantly different at p 0.05. Chemical composition was calculated based on the dry weight basis.

substitution with broken pulse powders enhanced proteins that can be used to fortify starch-based bakery
sensory characters in barely waffles, particularly the products [42].
chickpea waffle, as there were no significant differences Ash content increased in white bean waffle followed
between it and the wheat waffle in all sensory attributes. by chickpea waffle (3.07 and 3.03%, respectively) relative
Nonetheless, barely waffle substituted with broken pulse to barley waffle (2.80%). White bean and chickpea waffle
powders got an acceptable score (above 7) in all sensory samples had the highest crude fibres content. The fat
characteristics. Regarding overall acceptability, all barely content in the waffle samples ranged from 11.02% to
waffle samples substituted with different broken pulse 11.77%. These values are comparable to the value of
powder had a good acceptability for sensory evaluation 10.60% as reported by Giau et al. [26]. Results also,
and there is no significant difference in the overall indicated that significantly reduction in carbohydrates of
acceptability of waffle prepared from wheat flour, waffle samples prepared broken pulses compared to wheat
particularly waffle substituted with chickpea. These and barley waffle control due to the high content in
results were similar with Kaewmak et al. [24]. protein and ash of pulses, in addition, This is probably

Chemical Composition, Energy Value and -glucan than wheat and barley flour as mentioned in Table 2. As
Content of Different Waffle Samples: The chemical gradually, decreasing in total carbohydrates caused by
composition of the control waffle (wheat and barley the gradually increased in protein content, ash and total
waffle) and waffle substituted with broken pulse (40% lipid content [42]. Finally, it can be concluded that the
chickpea, 40% lentil and 30% white bean) powder is incorporation of broken pulses (chickpea, lentil, and white
shown in Table 5. From the results in Table 5 it could be bean powder) in the preparation of the barley waffle
noticed that, the barley waffle subsisted with broken samples significantly increased the protein and ash
pulse leads to a significantly increase of protein content content. This was due to the substitution with pulses
in lentil, chickpea, and white bean waffle samples (15.46, which contain higher protein, ash and fat content than
14.68 and 13.98%, respectively) compared with control wheat and barley flour [57]. Regarding energy values
wheat and barley waffle samples (12.45 and 12.24%, provided from the nutrients in waffle samples, there are
respectively). As well as observed, the protein content significant differences between samples whereas, the total
increased as the substitution of pulses percentage energy of chickpea and white bean waffle samples is
increased. This confirmed that pulses are characterized by (439.53 and 437.63 kcal/100 g) lower than the total energy
a higher content of proteins as compared to cereals [55]. of barley control sample (439.89 kcal/100 g). The -glucan
Combinations of cereal and legumes are essential for the content of waffle samples is presented in Table 5. As
creation of products that offer a comprehensive protein mentioned in the results, it could be observed that the
source [56]. It is a nutritional characteristic that provides proportions of barley flour with broken pulses powder
more protein needs. Pulses are excellent sources of increased  the -glucan  content  of  waffle  samples,  as

because pulses contained lower carbohydrate content
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(a) (b) (c)

(d) (e)
Fig. 2: Photos of waffle samples; a): Wheat; b): Barley; c): Chickpea; d): Lentil; e): White bean.

compared with the control wheat waffle, While, the barley Total Phenolic, Carotenoids, Antioxidants  Activity  and
waffle sample recorded the highest significantly -glucan in Vitro Protein Digestibility: Figure 3 display, Total
content (4.59%) followed by the white bean waffle sample
(2.97%) but, the wheat waffle sample recorded the lowest

-glucan content (0.19%). The increase of -glucan for
waffle samples is due to the barley grains containing -
glucan, which ranged from 5 to 11% according to Lante,
et al. [58] and nearly matched with Khaleghdoust et al.
[59] who evaluated the -glucan content and ranged from
3.53 to 5.85%. Increasing the -glucan content in waffle
samples is very important due to importance of -glucan
from barley in lowering blood glucose levels after eating
[53]. This has been supported by the evidence that high
molecular weight -glucan tends to be more effective in
impairing intestinal carbohydrate assimilation than its low
molecular weight counterparts [60]. EFSA [61] suggest
that 4g or more  of -glucan for every 30g of available
carbohydrates is required to notice a significant decrease
in post-prandial blood glucose approved. Blewett et al.
[62] conducted a feeding experiment on waffle samples
that contained amounts of -glucan equivalent to 2.4, 4,
and 6 g for every 30  g  of  available  carbohydrates,  all
the three concentrations of -glucan resulted in
significant reductions in postprandial glucose
concentrations.

phenolic, carotenoids, antioxidants and in vitro protein
digestibility. It could be observed  that  the  proportions
of barley flour with broken pulse powder increased the
total total phenolic, caroteinoids content and antioxidant
activity of waffle samples, as compared with wheat waffle,
these results indicated that barley grains and their
products are excellent sources of natural antioxidants due
to the existence of total phenolic. The health advantages
of barley grains may be mostly attributed to their
phytochemical content [63] and [64]. The highest total
phenolic content observed in waffle incroporated with
lentil followed by white bean. Waffle with lentil had a
higher carotenoids content followed by chickpea. A
similar study was carried out by Tok and Ertas [65] in
which the obtained results for TPC in cookies with lentil
powder were higher than in the control and other pulses.
The reason for such a high increase is possibly due to
higher TPC of their lentil powder.

Broken pulse powders were incorporated to produce
a protein-enriched waffle with significantly (p<0.05) higher
accessibility protein and high in vitro digestibility. The
pH rapidly decreased in the chickpea waffle, subsequently
in the lentil and white bean waffle, showing an increase in
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Fig. 3: Total phenolic (mgGAE/100g), caroteinoids (mg/kg), antioxidants activity (%) and in vitro protein digestability
(%) of waffle samples.

Table 6: Color parameters, hardness and baking loss of waffle samples
Color parameters 
-------------------------------------------------------------------------------

Waffle samples L* a* b* Hardness (N) Baking loss (%)
Wheat 68.42±0.44 7.27±0.08 24.17±0.08 6.28±0.07 20.06±0.08a e e d a

Barley 65.39±0.29 10.56±0.07 25.68±0.04 6.97±0.04 10.30±0.18c b d a c

Chick pea 66.16±0.17 9.93 ±0.04 26.98±0.09 6.52±0.13 15.17±0.35b
d b c b

Lentil 64.85±0.12 10.68±0.05 27.79±0.11 6.42±0.02 15.82±0.13d a a cd b

White bean 65.65±0.09 10.36±0.05 25.89±0.07 6.78±0.04 10.52±0.43c c c b c

Values followed by the same letter in a column are not significantly different at (p 0.05). L*= Lightness, a*= redness and b*= yellowness.

the in vitro protein digestibility (Fig. 3), which is induced The studied formulas could be arranged  according
by the release of carboxyl groups during enzymatic to redness value in the following descending order: lentil,
protein digestion [66]. For the reason of assessing a barley, white bean, chickpea and wheat. Lentil sample
protein's nutritional quality, its digestibility serves as an showed the highest value in yellowness. On the contrary
indicator of the availability of its amino acids [66]. wheat had record the lowest yellowness. According to

Color Parameters, Hardness and Baking Loss of Waffle increased a* values, indicating a more reddish and less
Samples: Color is considered to be one of the most white color. Gómez et al. [23] explained that the
important variables assessing the acceptance of food differences in color are due to the replacement of barley
products by consumers, as well as one of the most flour with different amounts of pulses powder caused
significant sensory factors that influence a consumer's change from wheat flour. This could be explained by the
decision and preference for any food product. The color effect of original color of legume powder. It was also
parameters which including (lightness, redness and indicated in literature that addition of pulses to bakery
yellowness) of crust waffle samples were measured in products resulted in color change [68].  The  similar
Table 6. It was obvious that the highest value of lightness results were found by Sakiyan [69] and Ozkahraman et al.
was found in wheat flour waffle. On the contrary, to lentil [70] they reported that lightness decreased with increased
waffle which possessed the lowest lightness, whereas, the levels of pulses to cake. This may be due to a negative
other formulas lied in between. relationship between protein content and  lightness. Color

Koubaier et al. [67] adding lentil flour reduced L* and
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characteristic differences can be caused by the amount 3. Abdelghany, A.M., 2002. Internal mechanical injuries
and kind of proteins [71]. Regarding to hardness, all diagnosis and subsequent effects on seed quality of
barely waffles had significantly higher values of hardness some legume species. J. Agric. Sci. Mansoura Univ.,
than wheat waffle (6.28N). Moreover, substituted with 27(1): 1-17.
broken pulses decreased hardness of waffles  compared 4. Codex Standard  for  certain pulses grains 1995.
to 100% barely waffle. Codex Stan 171-1989, rev.

Baking loss provides details about the moisture loss 5. FAO. 2015. Regional Strategic Framework Reducing
during baking. Baking loss was significantly influenced Food Losses and Waste in the Near East & North
by  substitution  by  powdered  broken  pulse.  Baking Africa Region. Cairo. 
loss was decreased in barley waffle sample relative to 6. FAOSTAT, 2020. Food and Agriculture Organization
wheat waffle Ashokkumar and Adler-Nissen [72] and of the United Nations: New Food Balances. Available
Ashokkumar et al. [73] found that sticking of pancakes online: http:// www. fao. org/ faost at/ en/# data/ FBS
was influenced by moisture loss of the products. Huber (accessed on 10 October 2020).
and Schönlechner [25] reported it was shown that an 7. Carvalho, A.V.,  P.Z.  Bassinello,  R.A.  Mattietto,
increase in pH of the batter and addition of ingredients R.N. Carvalho, A.O. Rios and L.L. Seccadio, 2012.
with increased water holding capacity to limit baking loss Processamentoecaracterização de snack extrudado a
can play a positive role. These values of baking loss (%) partir de farinhas de quirera de arroz e de bandinha
of waffles are comparable to the value of as reported by de feijão. Brazilian Journal of Food Technology,
Giau et al. [26]. 15(1): 72-83. http://dx.doi.org/10.1590/S1981-

CONCLUSION 8. AbdRabo, F., M. A. Azzam, and O. M. Dewidar 2019.

To conclude, the study aimed to evaluating the Probiotic Frozen Yoghurt. Curr. Res. Nutr. Food Sci.
potential benefits of producing barley  waffle  samples J., 7(3): 807-818.
that were substituted with different powdered broken 9. Thavarajah, P., 2012. Evaluation of chickpea (Cicer
pulses (chickpea, lentil, and white bean) by replacing the arietinum L.) micronutrient composition: Bio
100% barely flour-containing batter with  powdered fortification opportunities to combat global
broken pulses, the waffle batter's density and viscosity micronutrient  malnutrition.  Food   Res.  Inter.,  49:
were decreased. When barley waffle was substituted with 99-104.
powdered broken pulses as opposed to wheat waffle, 10. Ipekesen, S., F. Basdemir, M. Tunc and B.T. Bicer,
there was an increase in protein, ash, -glucan, total 2022. Minerals, vitamins, protein and amino acids in
phenolic and carotenoids, as well as in nevertheless wild Cicer species and pure line chickpea genotypes
backing loss for each barley waffle sample as compared to selected from  a  local  population.  J. Elem., 27(1):
wheat waffle samples. Furthermore, the waffle that was 127-140. DOI:10.5601/jelem.2022.27.1.2188. 
enhanced with powdered broken pulse especially the 11. Lardy, G. and V. Anderson, 2009. Alternative feeds
chickpea had a high acceptance score all over. Compared for ruminants. General concepts and
to wheat waffles, there was an apparent decrease in barley recommendations for using alternative feeds. North
waffle production, according to the production cost Dakota  State   University  Fargo,  AS-1182,  USA,
evaluation. This suggests that broken pulses would be pp: 24.
recommended for enriching barely waffle. 12. Hassan, F.A., M.A. Suliman, H. El-Gabbry, S.M.

REFERENCES lentil screening by product for soybean meal on

1. Vishwakarma, R.K., U.S. Shivhare, R.K. Gupta, D.N. carcass parameters of growing rabbits. Egypt. Poult.
Yadav, A. Jaiswal and P. Prasad, 2017. Crit Rev Food Sci. Vol. (40) (II): (463-480) http://www.epsj.journals.
SciNutr 58 (10), 1615-1628. https://doi.org/10.1080/ ekb.eg/ ISSN: 1110-5623 (Print) - 2090-0570 (Online).
10408398.2016.1274956. 13. Gomes, L.D.F., R.D.C. Santiagd, A.V. Carvalhd, R.N.

2. FAO. 2019. The State of Food and Agriculture Rome Carvalhd, I.G. De Dliveira and P.Z. Bassinelld, 2015.
http://www.fao.org/3/ca6030en/ca6030en.pdf. Application of   extruded   broken   bean   flour   for

67232012000100008.

Whey/Broken Chickpea Extract for Manufacture of

Mobarz and H. F. Amin, 2020. Effect of substituting

growth performance, nutrients digestibility and



World J. Dairy & Food Sci., 19 (1): 18-30, 2024

28

formulation of gluten-free cake blends Luciana de lotus stamen. Food Research, 4(Suppl.4): 1 - 8 Journal
Dliveira Froes. Food Sci. Technol, Campinas, 35(2): homepage: http://www.myfoodresearch.com. 
307-313. 25. Huber, R. and R. Schönlechner, 2016. Waffle

14. El-Banna, M.N., M.A. Nassar, M.M. Noaman and production: influence of batter ingredients on
M.A. Bosily, 2017. Inheritance of grain yield, it's sticking of fresh egg waffles at baking plates - Part I:
components & leaf rust resistance in some Egyptian effect of starch and sugar components. Food Science
barley crosses. Egyptian Journal of Plant Breeding, & Nutrition, 2017; 5: 504-512. 504.
21(7): 1141-1158. 26. Giau, T.N., N.M. Thuy, V.Q.  Tien  and  N.V. Tai,

15. Lukinac, J. and M. Jukic, 2022. Barley in the 2023. Quality evaluation of waffles produced  from
Production of Cereal-Based Products. Plants, 11: the partial replacement of wheat flour with green
3519. https://doi.org/10.3390/ plants1124351. banana flour and potato starch. Acta Sci. Pol.

16. El-Khalifa, Z.S., E.H. El-Gamal and H.F. Zahran, 2022. Technol. Aliment., 22(1): 13-21. http://dx.doi.org/
Evaluation of Barley Cultivated Areas’ Actual Status 10.17306/J.AFS.2023.1076.
in Egyptian Newly Reclaimed Lands. Asian Journal 27. Choi, S.N., N.Y. Chung and H. J. Kim, 2013. Quality
of Agriculture and Rural Development, 12(3): 164-172. characteristics of waffle by adding brown rice flour.
DOI: 10.55493/5005.v12i3.4532. Korean Journal of Food and Cookery Science, 29(1):

17. Egyptian Ministry of Agriculture & Land 47-52.
Reclamation, 2020-2021. Agricultural statistics 28. Meilgaard, M., G.V. Civile and B.T. Carr, 1999.
bulletin. Retrieved from: https://moa.gov.eg/. Sensory Evaluation Technique. 3rd edn. CRC press,

18. Singh, M., A. Manickavasagan, S. Shobana and V. Boca Raton.
Mohan, 2020. Glycemic index of pulses and pulse 29. AOAC, 2019. Official Methods of Analysis of
based  products:  a  review.  Critical  Reviews in Association of Official Analytical Chemists
Food Science and Nutrition, , 1-22. https://doi.org/ international. Latimer, G. (Ed.), 21 ed., Association th
10.1080/10408398.2020.1762162. of Official Analytical Chemists, Washington, DC,

19. Cavallero, A., S. Empilli, F. Brighenti and A.M. Stanca USA.
2002. High (1-3), 1-4)- -glucan barley fraction in 30. Trough, E. and A.H. Mayer, 1929. Improvement in
bread making and their effects on human glycemic the deingess calorimetric method for  phosphorus
response. J. Cereal Sci., 36(1): 59-66. and areseni.  Indian  Eng.  Chem.  Annual  Ed., 1:

20. Pejcz, E., A. Czaja, A. Wojciechowicz-Budzisz, Z. Gil 136-139.
and R. Spychaj, 2017. The potential of naked barley 31. Singleton, V. L.  and J.A.  Rossi,  1965.  Colorimetry
sourdough to improve the quality and dietary fibre of total phenolics with phosphomolybdic-
content of barley enriched wheat bread. Journal of phosphotungstic acid reagents. American Journal of
Cereal Science, 77: 97-101. Enology and Viticulture, 16(3): 144-158.

21. Lotfy, T.M.R., N.F. Agamy and N.M. Younes, 2021. 32. Santra, M., V.S. Rao and S.A. Tamhankar, 2003.
The effect of germination in barely on its chemical Modification of AACC procedure for measuring -
composition, nutritional value and rheological carotene in early generation durum wheat. Cereal
properties. Home Econ. J., 37(2), Dec. 2021. Chem., 80(2): 130-131.

22. Helkar, P.B., A.K. Sahoo and N.J. Patil, 2016. Review: 33. Brand-Williams, W., M.E. Cuvelier and C. Berset,
Food Industry By-Products used as a Functional 1995. Use of a free radical method to evaluate
Food Ingredients. Int. J. Waste Resour., 6(3): 1-6. antioxidant activity. LWT-Food Tech., 28: 25-30.
1000248. 34. Carr, J., S. Glatter, A. Jeraci and B. Lewis, 1990.

23. Gómez, M., B. Oliete, C.M. Rosell, V. Pando and E. Enzymic determination of -glucan in cereal based
Fernández, 2008. Studies on cake quality made of food products. Cereal Chem., 67(3): 226-229.
wheat chickpea flour blends. LWT Food Sci. 35. Beuchat, L.R., 1977. Functional and electrophoretic
Technol., 41: 1701-1709. characteristics of succinylated peanut flour protein.

24. Kaewmak, N., C. Chupeerach, U. Suttisansanee, D. Journal of Agriculture and Food Chemistry, 25(1):
Siriwan, R. Chamchan, C. Khemthong and N. On- 258-261.
nom, 2020. Production and quality  evaluation of low 36. Brookfield Manual, 1998. Brook field Manual
glycemic index crispy waffle from whole wheat flour Operating Instruction. No. M/98:211-B0104. Brook
supplemented with type 4-resistant starch and sacred field Engineering Laboratories Inc., Middleborough.



World J. Dairy & Food Sci., 19 (1): 18-30, 2024

29

37. McGurie, G.R. 1992. Reporting of objective color 49. Simic, G.,  D. Horvat, A. Lalic, D.K. Komlenic, I.
measurements. Hort. Sci., 27:  1254-1255.

38.  Jambrec, D., M. Pestoriæ, M. Saka , N. Nedeljkoviæ,
M. Hadna ev, B. Filip ev, and O. Šimurina, 2013.
Sensory and instrumental properties  of  novel
gluten-free products. Journal Process of Agriculture,
17(2): 86-88.

39. Akeson, W.R. and M.A. Stahmann, 1964. Pepsin
pancreatin digest index of protein quality evaluation.
J. Nutr., 83: 257-261.

40. Steel, R.G.D., J.H. Torrie, and D.A. Dicky, 1997.
Principles and Procedures of Statistics, A Bio-
metrical Approach. 3rd Edition, McGraw Hill, Inc.
Book Co., New York, pp: 352-358.

41. El-Taib, H.I., I.R.S.A Rizk, E.I. Yousif and A.A.
Hassan, 2018. Effect of barley flour on wheat bread
quality. Arab Univ. J. Agric. Sci., Ain Shams Univ.,
Cairo Special Issue, 26(2A): 1109-1119.

42. Twfik, F.M., A.M. Sulieman, A.S. Barakat, M.S.
Abbas and H.M. Sobhy, 2016. Production of healthy
snacks from barley, chickpea, vlettuce seeds and
herb distributed in Egypt. Arab Univ. J. Agric. Sci.,
24(2).

43. Sharma, H., N. Ramawat  and  C. Gupta, 2022.
Nutritive content of lentil. J. Nutr. Health Food Eng.
12(1): 27-32.

44. Ali, G.M. and F.F. Abdelsalam, 2020. Antioxidant
Activity, Antinutritional Factors and Technological
Studies on Raw and Germinated Barley Grains
(Hordeum vulgare L). Alex.  J.  Agric.  Sci.,  65(5):
329-343.

45. Xu, Y., M. Thomas and H.L. Bhardwaj, 2014.
Chemical composition, functional properties and
microstructural characteristics of three kabuli
chickpea (Cicer arietinum L.) as affected by different
cooking methods. International Journal of Food
Science and Technology. 49, 1215-1223.
doi:10.1111/ijfs.12419.

46. Mananga, M.J., E.N.J. Karrington, K.T. Charles,
K.N.B. Didier and F. Elie, 2022. Effect of different
processing methods on the nutritional value of red
and white bean cultivars (Phaseolus vulgaris L.).
Journal of Food and Nutrition Sciences, 10(1): 27-35.

47. Galal, W.K., T.A. Ghada, and M. Asel, 2022.
Preparing high nutritional value rice flakes by
untraditional method. Middle East Journal of Applied
Sciences, pp: 270-281.

48. Yan, W.W., H.Y.Y. Yao, S.P. Nie and Y.J. Li, 2016.
Mineral analysis of hulless barley grown in different
areas and its -glucan concentrates. Cogent Food &
Agriculture, 2(1): 1186139.

Abicic and Z. Zdunic, 2019. Distribution of -Glucan,
Phenolic Acids, and Proteins as Functional
Phytonutrients of Hull-Less Barley Grain. Foods, 8,
680; doi:10.3390/foods8120680. 

50. Kan, L., S. Nie, J. Hu, S. Wang, Z. Bai, J. Wang, Y.
Zhou, J. Jiang, Q. Zeng and K. Song, 2018.
Comparative study on the chemical composition,
anthocyanins, tocopherols and carotenoids of
selected pulses, Food Chemistry, doi:
https://doi.org/10.1016/j.foodchem.2018.03.148.

51. Moussaoui1, D., C. Chaya, C. Badia-Olmos, A. Rizo
and A.Tarrega, 2023. Effect of pH and  Calcium on
the Techno Functional Properties of Different Pulse
Flours, Pastes, and Gels. Food and Bioprocess
Technology, https://doi.org/10.1007/s11947-023-
03264-1.

52. George. E.I., D. Chen and Lee, S. 2013. Rheological
Properties of Barley  and  Flaxseed  Composites.
Food and Nutrition Sciences, 4: 41-48 http://dx.doi.
org/10.4236/fns.2013.41007. Published Online January
2013 (http://www.scirp.org/journal/fns).

53. Malunga, L.N., N. Ames, H. Zhouyao, H. Blewett and
S.J. Thandapilly, 2021. Beta-Glucan From Barley
Attenuates Post-prandial Glycemic Response by
Inhibiting the Activities of  Glucose  Transporters
but Not Intestinal Brush Border Enzymes and
Amylolysis of Starch. Front. Nutr., 8: 628571. doi:
10.3389/fnut.2021.628571.

54. Maghaydah, S., S. Abdul-hussain, R. Ajo, Y.
Tawalbeh and N. Elsahoryi, 2013. Effect of lupine
flour on baking characteristics of gluten free cookies.
Advance Journal of Food Science and Technology,
5: 600-605.

55. Rajnincova, D., A. Špaleková, Z. Gálová and K.
Romanová, 2019. The protein profile of cereals,
pseudocereals and pulses Journal of Food Science
and Technology - Mysore, pp: 48-53.

56. Vignesh, K., D. Yadav, D. Wadikar and A.D. Semwal,
2024. Exploring sustenance: cereal legume
combinations for vegan meat development.
Sustainable Food Technol., 2: 32-47. DOI: 10.1039/
d3fb00074e.

57. Bravo-Nunez, A. and M.  Gomez,  2021.  Enrichment
of sweet bakery products with pulse flours. Food
Reviews International. pp: 2895-2913 | Published
online: 30Sep 2021. https://doi.org/10.1080/87559129.
2021.1983591.

58. Lante, A., E. Canazza and P. Tessari, 2023. Beta-
Glucans of Cereals: Functional and Technological
Properties. Nutrients. May; 15(9): 2124. doi:10.3390/
nu15092124.



World J. Dairy & Food Sci., 19 (1): 18-30, 2024

30

59. Khaleghdoust, B., K. Esmaeilzadeh-Salestani, M. 65. Tok, H. and N. Ertas, 2020. Effects of Different
Korge, M. Alaru, K. Moll, R. Varnik, R. Koppel, Ü. Germinated  seeds  Flour  on Mineral, Phytic Acid
Tamm, M. Kurg, I. Altosaar  and  E.  Loit,  2024. and Total Phenolic Content of Cookies. Journal of
Barley and wheat beta-glucan content influenced by Agricultural Sciences Journal of Agricultural
weather, fertilization, and genotype. Front. Sustain. Sciences (Tar m Bilimleri Dergisi), 26: 424-433 425.
Food Syst., 7: 1326716. doi: 10.3389/fsufs.2023. 66. Gularte, M.A., M. Gómez and C.M. Rosell, 2011.
1326716. Impact of Legume Flours on Quality and In Vitro

60. Biörklund, M., A. Van Rees, R. Mensink and G. Digestibility of Starch and Protein from Gluten-Free
Önning, 2005. Changes in serum lipids and Cakes. Food and  Bioprocess  Technology, 5(8):
postprandial glucose and insulin  concentrations 3142-3150.
after consumption of  beverages  with -glucans 67. Koubaier, H. B., A. Snouss, I. Essaid, M. Chabir and
from oats or barley: a randomised dose-controlled N. Bouzouita, 2015.  Cake  quality  evaluation  made
trial. Eur. J. Clin. Nutr., 59: 1272-81. doi: of wheat-lentil flour blends. Volume JS-INAT (17).
10.1038/sj.ejcn.1602240. Published september, 01, 2015 www.jnsciences.org

61. EFSA, 2011. Panel on Dietetic Products N, Allergies. ISSN 2286-5314. 
Scientific Opinion on the substantiation of health 68. Fenn,  D., O.M. Lukow, G. Humphreys, P.G. Fields
claims related to beta-glucans from oats and barley and J.I. Boye, 2010. Wheat-legume composite flour
and maintenance of normal blood LDL-cholesterol quality. Inter. J. Food Prop., 13: 381-393.
concentrations (ID 1236, 1299), increase in satiety 69. Sak yan, Ö. 2014. Optimization of  formulation of
leading to a reduction in energy intake (ID 851, 852), soy-cakes baked in infrared-microwave combination
reduction  of   post-prandial glycaemic  responses oven by response surface methodology. Journal of
(ID 821, 824), and “digestive function”(ID 850) Food Science and Technology -Mysore- 52(5).
pursuantto Article 13(1) of Regulation (EC)No DOI:10.1007/s13197-014-1342-6.
1924/2006. EFSA J. 9:2207. doi:10.2903/j.efsa.2011. 70. Ozkahraman, B.C., G. Sumnu and S. Sahin, 2016.
2207. Effect of different flours on quality of legume cakes

62. Blewett, H., N. Ames, J. Petkau, S. Joseph and S. to be baked in microwave-infrared combination oven
Ludwig, 2020. Randomized controlled crossover and conventional oven. J. Food Sci. Technol., 53(3):
dose-response trial shows low dose (2g) barley - 1567-1575.
glucan provided in waffles lowers post-prandial 71. Shevkani, K., A. Kaur, S. Kumar and N. Singh, 2015.
glycaemic response in healthy. Adults. 4:615. doi: Cowpea protein isolates: Functional properties and
10.1093/cdn/nzaa049_008. application in gluten-free rice muffins. LWT-Food

63. Narwal, S., D. Kumar, S. Sheoran, R.P.S. Verma and Sci. Technol., 63, 927-933. https://doi.org/10.1016/
R.K. Gupta, 2017. Hulless barley as a promising j.lwt.2015.04.058.
source to improve the nutritional quality of wheat 72. Ashokkumar, S. and J. Adler-Nissen, 2011.
products. J. Food Sci. Technol. 54, 2638-2644. Evaluating non-stick properties of different surface
https://doi.org/ 10.1007/s13197-017-2669-6. materials for contact frying. Journal of Food

64. Bangar, S.P., K.S. Sandhu, M. Trif, A. Rusu, I.D. Pop Engineering, 105: 537-544.
and  M.  Kumar,  2022.  Enrichment  in  different 73. Ashokkumar, S., J. Adler-Nissen and P. Møller, 2012.
health components of barley flour using twin-screw Factors affecting the wet ability of different surface
extrusion technology to support nutritionally materials with vegetable oil at high temperatures and
balanced diets. Front. Nutr. 8: 823148. its relation to clean ability. Applied Surface Science,
https://doi.org/10.3389/ fnut. 2021.823148. 263: 86-94.


