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Compact food bars have become consumers' first choice as an
alternative to unhealthy snacks, meal replacements or quick
energy sources before exercise. Considering the increasing need
of society for such products, the aim of this research is to
investigate the effect of using quinoa flour in raw and processed
form (flaked and roasted) and different levels of rice flour (zero,
15 and 30%) on the physicochemical (moisture, fat, protein, ash,
carbohydrates, calories, specific volume, color, water activity
and texture) and sensory characteristics of compact food bars.
The results showed that the processing applied on quinoa, while
improving the quality of the product, led to a decrease in
moisture, fat and water activity, and an increase in ash and
texture hardness, and the samples containing quinoa flour
showed the highest amount of protein. In addition, the flaking
process decreased carbohydrate and specific volume and
roasting increased them and had a significant effect on the color
changes of the samples. The results of the sensory analysis of
the samples also showed that the processing done on quinoa and
increasing the amount of rice flour in the formulation increased
the overall acceptance of the product. Finally, the sample
produced with quinoa flaked flour and containing 30% of rice
flour (8.10% moisture, 5.90% fat, 5.74% protein, 0.78% ash,
79.47% carbohydrates and 393.97 Kcal/100g calories) was
chosen as the optimal formula.
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1- Introduction

Compact Food Bars (CFBs) are products
created by compressing various ingredients
such as grains, dried fruits, nuts, legumes, and
a binding syrup, typically made from glucose or
honey. These bars help provide essential
nutrients like carbohydrates, protein, and fiber
that are usually obtained from main meals [1].
Chenopodium quinoa is a type of pseudo-cereal
and has technological-functional properties
such as solubility, water-holding capacity,
gelatinization, emulsifying ability, and foaming
and it is a suitable nutritional replacement for
wheat, rye, and barley [2]. Quinoa’s protein
content (ranging from 12% to 23%) is generally
higher than that of rice, corn, barley, oats, and
sorghum and it is rich in essential amino acids
such as lysine, methionine, and cysteine, which
are limited in cereals and legumes.
Additionally, quinoa contains all essential
amino acids and vitamins (B6, Folate,
Riboflavin, and Niacin) [3]. The
phytoestrogens present in quinoa contribute to
preventing cancer, cardiovascular diseases, and
osteoporosis [4]. Currently, quinoa has become
one of the most promising food products in the
21st century. Both the National Research
Council and NASA recognize the nutritional
value of quinoa by including it as part of
controlled ecological life support systems
(CELSS) [5]. Researchers have explored raw
and processed quinoa in various studies,
including forms such as flakes, extruded,
steam-cooked, malted, and fermented.
Processing quinoa allows for increased
nutritional compounds, reduced antinutritional
factors, and improved sensory properties [6].
Roasting, acommon food processing operation,
involves dry heating, where hot air envelops the
food and cooks it evenly on all sides. Roasting
softens the kernels by increasing porosity and
destroying the endosperm structure. When food
is exposed to warm air, low air humidity creates
a moisture-vapor pressure gradient. This
gradient leads to moisture evaporation from the
food surface, equalizing internal moisture with
the surface. The increased pressure causes
expansion of internal cells, alteration of the
porous nanostructure of cell walls, and
facilitated gas flow. The extent of changes
depends on the roasting method and considered
parameters [7]. The flaking process not only
improves the nutritional and functional
properties but also improves the taste of the
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products and is used commercially to produce
ready-to-eat and ready-to-cook breakfast
cereals and snacks. Conventional flaking
technology has been widely used to produce
cereal grains including rice, wheat, barley,
corn, and millet, which are popular among
consumers for their crispiness, flavor, and taste
[8]. This process is typically done by rolling
compression of precooked or extruded grains
[9]. Various studies have been done in this
regard. Radhai et al. (2018) conducted a study
on nutritional bar formulation containing
several different seeds and evaluated the
sensory acceptance, physicochemical quality,
and nutrients of the bars. Grains of wheat,
sorghum, millet and green mung bean flour,
soybean flour, peanuts, and sesame seeds as
well as yellow sugar and butter were used as
binding syrups for bar formulations. The seeds
were subjected to four different processes
including roasting, grinding, steaming, and
soaking. According to their findings, soy flour,
legumes, and oilseeds used in the formulation
led to an increase in the amount of protein.
Also, replacing millet instead of barley in the
preparation of bars improved the sensory
characteristics [10]. Sharma et al. (2022)
investigated the effect of different thermal
processes including wet boiling and autoclave
processes and dry roasting and microwave
processing on total phenolic and flavonoid
content, antioxidant activities, antinutrients,
and functional properties of quinoa, in their
study [11]. Pravalika et al. (2022) conducted a
study on the production of low-cost and
sustainable nutritional nutbars for overweight
people. For this purpose, they produced and
evaluated  four  different  formulations
containing quinoa, flax seeds, chia seeds, nuts,
and dried fruits with different proportions of
quinoa and flax seeds. They also examined the
sensory parameters of the samples during 60
days and observed that the hardness of the bars
decreased significantly during storage. On the
other hand, it was found that the use of flax
seeds and chia seeds is a complementary
combination to improve omega-3 fatty acid as
well as the quantity and quality of protein in the
Nutrabar product [12].

Therefore, while studying and reviewing
similar research conducted by other researchers
and the growing acceptance and marketability
of these products and society's need to benefit
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from high-quality products with high
nutritional value and ready for consumption,
the purpose of this study is to formulate a
compact food bar containing raw or processed
guinoa flour by the methods of flaking and
roasting and replacing zero, 15 and 30% of
quinoa flour with rice flour and investigate the
effect of these processing methods and different
ratios of quinoa flour and rice flour on the
physicochemical and sensory characteristics of
the samples.

2- Materials and methods

2-1- Materials

Titicaca white quinoa flour and Danima brand
from llya Sabz Trade Development Company
(moisture 36.80%, fat 3.90%, protein 11.13%,
and ash 2.25%), Iranian white rice flour
Abgineh brand from Gokern ( moisture
16.90%, fat 2.20%, protein 8.73% and ash
0.37%), Ghancheh brand sunflower oil,
maltodextrin from Behtam Powder Company,
Keshav India brand soy lecithin from
Pishgaman Chemi Company, glucose syrup
from Zarfructose (Heshtgerd, Gold Grain
Refinery), Bargah brand white sugar from Pazh
Mabnatejarat Company, Golchekan Zamani
brand rose water from a store in Mashhad, and
all chemicals were purchased from reputable
companies. The required water was also
provided through purified water.

2-2- Quinoa processing

Prepared quinoa flakes were bought in ready
form and converted into flour (moisture 8.06%,
fat 3.67%, protein 17.10%, and ash 1.95%)
using a semi-industrial mill (model PX-
MFC90D made in Germany). To prepare
roasted quinoa and rice flour, the purchased raw

flour sample was heated at a temperature of 100
degrees Celsius for 12 minutes in a cast iron
container in a laboratory oven. Roasted quinoa
flour had 6.56% moisture, 3.46% fat, 6.82%
protein, and 2.47% ash [13].

2-3- Sample preparation method

The dry ingredients of the formulation (control
sample) including quinoa flour and binding
syrup ingredients including sunflower oil,
sugar, water, maltodextrin, lecithin, glucose
syrup, and rose water are listed in Table 1. After
weighing all the ingredients, the ingredients of
the binding syrup were mixed and heated with
continuous stirring until an elastic mass was
obtained. In the next step, dry ingredients were
added to this binding syrup at a temperature of
approximately 95 degrees Celsius and mixed
well until a homogeneous mass was formed.
Then it was poured into a stainless steel mold
with a thickness of 1 cm and placed in a digital
circulation laboratory baking oven (Binder
model, made in Germany) at a temperature of
100 degrees Celsius for 40 minutes. After that,
the sample was cut into rectangular molds with
a weight of 25 grams and a size of (9x3x1 cm).
Finally, the cut samples were wrapped in a
flexible polyethylene film with a zipper,
packed, and kept at room temperature for
physicochemical tests and sensory evaluation,
as well as in a 37°C incubator (VELP model,
made in Italy) to measure water activity and
texture for four weeks. In this research, the type
of quinoa flour (raw, flake, and roasted flour)
and the ratio of quinoa flour and rice flour were
varied according to Table 2. It should be noted
that rice flour was subjected to dry heat
treatment at 100°C for 8 to 12 minutes before
preparing the samples [14].

Table 1- The percentage of compounds used in the preparation of samples (control sample).

Samples ingredients Each one’s percentage per-[:grtﬁ:;lge
Quinoa flour 45
Dry ingredient (%) Glucose syrup 26 45
Crystal sugar 14
Maltodextrin 5
Sunflower oil 4
Agglutination syrup ingredients Soybean lecithin 2.5 55
(%)
Water 2.5
Rose water 1
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Table 2- Treatments obtained from different proportions of quinoa flour and rice flour (dry
ingredients of samples)

Treatments
flour

Type of quinoa

Quinoa flour (%) - Rice flour
(%)

Raw

Flaked

Roasted

© 0o ~ o 01 b~ w N

100-0
85-15
70-30

100-0
85-15
70-30

100-0
85-15
70-30

2-4- Moisture

Moisture was determined using a hygrometer
scale (Sartorius model, made in Germany). For
this purpose, the amount of 1 to 2 grams of the
crushed and homogenized sample was
weighed in the special container of the
machine and placed inside the machine, and
after 10 to 20 minutes, the moisture percentage
of the samples was obtained [15].

2-5- Fat

The percentage of fat was measured using the
standard method of 10-30, AACC (2003)-
Soxhlet [16]. First, the balloons were placed in
a 105°C oven for one hour, then placed in a
desiccator and weighed. 2 to 3 grams of the
sample were weighed and transferred to filter
paper. Then they were placed in Soxhle
containers. In the next step, distilled petroleum
ether and extracted fat were placed in a 100°C
oven for 30 minutes to evaporate the possible
solvent with it. Finally, the balloons were
cooled and weighed in a desiccator, and the fat

percentage was calculated using Equation 1:
Fat%=

The difference between the initial and the final weight of the b

Dry sample weight
100 (1)

2-6- Protein
The protein evaluation of the produced samples
was done using the standard method 10-46,
AACC (2003)-Kjeldahl [16]. First, one gram of
weighed sample was poured into the digestion
container and 10 grams of catalyst was added to
it. Then 25 milliliters of concentrated sulfuric
acid was added to it and it was closed on the
Keldal digester and heated slowly. In the
distillation stage, about 30 ml of water and 125
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ml of 50% soda were added and injected into
the steam sample .In an Erlenmeyer flask, 50 ml
of 4% boric acid and a few drops of methyl red
were poured to obtain a purple-pink solution.
Evaporation continued until the volume
reached 200 ml. In the next step, the solution in
the Erlenmeyer flask was titrated with a
standardized 0.1 M hydrochloric acid solution.
The percentage of protein was calculated using
equation 2, where N is the specific coefficient
for converting nitrogen into protein and for
quinoa flour samples, itis 5.7, and for rice flour,
itis 5.95:

Protein% =
The volume of acid used for the samplexNormality of consumed acid x0/014 XN %
Sample weight

100  (2)

2-7- Ash
Ash was measured using Iran's national
standard number 13577 [17]. About 4 grams
of the sample was weighed into a Chinese
capsule that had already reached constant
weight. The porcelain capsule was heated on
the flame and burned until the sample turned
into charcoal. Then, the capsule containing the
burnt residue of the sample was transferred to

PRBir model, made in
Iran), the temperature of which is set at 550 +
5 °C, and kept in the furnace until the contents
were completely whitened. Finally, the capsule
was removed from the oven, placed in a
desiccator, and then weighed. The amount of
total ash in 100 grams of sample was obtained
using Equation 3 :

Ash% =

The difference between the initial & final weight of the container containing the sample

Wet sample weight

100 (3)

2-8- Carbohydrate
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Carbohydrate content was obtained by
subtracting the percentage of all compounds
from 100 [18].

2-9- Calories

Calories were calculated using Atwater
conversion factors according to Equation 4
[19].

)
(4xCarbohydrate%)+(9xFat%)+(4xProtein%)
(Kcal/100g) Calories =

2-10- Specific volume
To obtain the specific volume of the samples,
first, their volume was measured by measuring
the length, width, and thickness with a caliper.
Then, by dividing the volume (cubic
centimeters) by the weight of the sample
(grams), the specific volume was calculated
[15]
2-11- Color
The color of the samples was evaluated using
the HunterLab device (HUNTERLAB model of
the United States) and the color indices L", a",
and b" were obtained [20]. L" index
(representing the lightness of the sample and its
range varies from 0 i.e. pure black to 100 i.e.
pure white), a* (representing how close the
color of the sample is to green and red and its
range is from -120 i.e. pure green to +120 to
The meaning of pure red is variable) and b”
(representing how close the color of the sample
is to blue and yellow and its range of changes is
from -120, which means pure blue, to +120,
which means pure yellow). To describe the
color changes during the processing of quinoa
flour and the addition of rice flour to the
formulation, the AE index (color difference of
the samples compared to the control sample)
was used, which is defined as Equation 5:
(5) = (L — Lo)? + (a—ag)? + (b — by)?
AE
In this regard, Lo, &, and bo are the color
parameter values of the control sample
(Treatment 1 contains raw quinoa flour and no
rice flour) and L, A, and B are the color
parameter values of the other samples
2-12- Water activity
Water activity was measured using a water
activity measuring device for samples stored at
25°C, one day and one month after production
[21].
2-13- Texture
The texture of the samples was measured using
a Texture Analyzer (TA PLUS model ,USA)
for the samples stored at 25°C, one day after
production and one month after production. To
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evaluate the stiffness of the tissue samples, a
cutting/shearing test was performed using a
blade probe of a tissue measuring device
(HDP/BSK) and a load cell specification of 100
newtons, a maximum cut of Y+ mm and a test
speed of 1 mm/s [13[YY &

2-14- Sensory characteristics

To evaluate the sensory characteristics, 10
judges were selected from the Institute of Food
Science and Technology, University of
Mashhad. Sensory characteristics of the
samples, such as form and shape, surface
(burnt ,unnatural color, wrinkles, cracks, and
abnormal surface), firmness and softness of the
texture, chewability, smell, and taste, for all
samples using the scoring method. The general
ranking is the result of multiplying the points
given to the sensory indicators in the
coefficients of each of the characteristics (form
and shape (4), surface (2), firmness and softness
of the texture (2 ,(chewability (3) and smell and
taste ( 3)) and a 5-point hedonic scale (1: very
bad, 2: bad, 3: average, 4: good, 5: very good)
was evaluated. Finally, with this information,
the overall acceptance score was calculated
using equation 6 ,where Q is the overall
acceptance, P is the coefficient for each feature,
and G is the score obtained from the judges for
that feature:[Y )]

_ X(PxG)

2-15- Statistical analysis

The statistical analysis of the data was done in
the form of a completely random design based
on the factorial of 2 factors (the first factor: is
the type of quinoa flour, and the second factor:
is different levels of rice flour). Analysis of the
results was done using Mini-Tab version 21
software at a significance level of 5%,
comparison of averages with Tukey's method
and figures were drawn with MS Office Excel
version 2013 software. All tests were
performed in duplicate

3- Results and Discussion

3-1- Nutritional characteristics

In this section, the moisture, fat ,protein, ash,
carbohydrates, and calories of the samples have
been examined, and Table 3 shows the effect of
the type of quinoa flour (raw, flaked, and
roasted (And the different levels of rice flour
(zero, 15 and 30 percent) used in the
formulation show the nutritional characteristics
that are discussed in the following for each of
the parameters.
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Table 3- The effect of different types of quinoa flour and rice flour levels on nutritional values of
produced samples

Treatments gﬁﬁg R'C?(,/':)Iour Moisture (%) Fat (%) Protein (%)
1 Raw 0 7.99+0.81° 6.18+0.04? 3.31+0.03°
2 Raw 15 8.031+0.59° 6.06+0.01% 3.34+0.09°
3 Raw 30 8.55+0.35* 5.9940.022¢ 3.25%+0.19¢
4 Flaked 0 7.3840.12° 6.10+0.04® 7.46+0.33°
5 Flaked 15 7.72+0.29* 5.9610.032¢ 6.95+0.36°
6 Flaked 30 8.1040.04% 5.9040.02" 5.74+0.23"
7 Roasted 0 6.301+0.38° 5.96+0.02%¢ 3.024+0.00°
8 Roasted 15 6.961+0.63° 5.954+0.01% 3.22+0.17°¢
9 Roasted 30 7.10+£1.27% 5.78+0.08° 3.08£0.12°

Type of Rice Flour Carbohydrate Calorie

Treatments Qﬁnoa (%) Ash (%) (%% (Kcal/100g)
1 Raw 0 0.99+0.02%8  81.5040.75% 394.984+3.572
2 Raw 15 0.89+0.00°%  81.65+0.66%° 394.62+2.39°
3 Raw 30 0.81+0.00%  81.38+0.18%c 392.51+1.30°
4 Flaked 0 0.96+0.00" 78.08+0.49¢ 397.144+0.22°
5 Flaked 15 0.85+0.01¢%®  78.50+0.02 395.52+1.052
6 Flaked 30 0.78+0.03° 79.4740.26 393.9740.08?
7 Roasted 0 1.1740.012 83.53+0.40° 399.95+1.342
8 Roasted 15 0.94+0.05>4  82.90+0.77% 398.10+2.23?
9 Roasted 30 0.8940.01°  83.1241.222 396.92+4.612

Different letters in each column represent significant difference from one another (p<0.05).

3-1-1- Moisture

According to the obtained results (Table 3), the
samples produced with raw quinoa flour had the
highest and the samples containing roasted
guinoa flour had the lowest moisture values, but
this difference was not significant (p 0.05). On
the other hand, increasing the percentage of rice
flour in the formulation led to an increase in
moisture content, but this difference was not
significant (p 0.05). The reason for the higher
moisture content of samples containing raw
flour can be attributed to the higher moisture
content of raw flour and the effect of the
thermal process on reducing the moisture
content of roasted quinoa flour. Also, the reason
for the increase in moisture content in samples
containing a higher percentage of rice flour is
the higher moisture content of this flour
compared to raw and processed quinoa flour. In
the research of Kaur et al. (2018) on the
production of Nutrabar containing quinoa flour
and rice flour, it was found that the dry heat
process led to a decrease in the moisture content
of quinoa, brown rice, and flax seed [13].
3-1-2- Fat
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The analysis of the obtained fat amounts (Table
3) showed that the samples produced with raw
quinoa flour had more fat content than the
samples containing roasted quinoa flour. The
lower amount of fat in samples containing
processed quinoa flour compared to samples
containing raw flour is due to the breakdown
and oxidation of some fat during dry heat
treatment, which has reduced the amount of fat
in the final product. Kaur et al. (2018) also
reached similar results in their research on the
effect of the thermal process on Nutrabar
prepared with quinoa, brown rice, and flax seed
[13]. Sheikhalipoor (2016) compared the
composition of raw and processed fenugreek
seeds and concluded that there was a significant
difference between the fat of raw fenugreek and
microwaved and roasted fenugreek and the raw
fenugreek had more fat. This researcher
attributed the reason to the release of fat as a
result of the applied heat treatment [23]. On the
other hand, increasing the amount of rice flour
in the formulation caused a significant decrease
(p<0.05) in the amount of fat in the samples,
which is justified considering the higher
amount of fat in quinoa seeds compared to rice.
The results obtained from the research of
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Javaheripour et al. (2021) also indicated an
increase in the amount of sponge cake fat as a
result of adding quinoa flour and sprouted
wheat flour to the formulation [4]. Jancurova et
al. (2009), in their research, reported the
amount of fat in quinoa between 2 and 10%,
which is similar to that of legumes such as
soybeans and is much higher than the fat of
cereals. They stated that quinoa is a rich source
of fat, especially essential fatty acids [24].
Omega-6 and omega-3 fatty acids are essential
fatty acids that cannot be synthesized by
humans, so they must be obtained directly from
food [25].

3-1-3- Protein

The evaluation of the protein content of the
samples (Table 3) showed that the protein
content of the samples containing flaked flour
and without rice flour) treatment 4) was higher
than other treatments. In addition, flaked flour
had more protein than the other two types of
quinoa flour (raw and roasted). Also ,the
findings showed that treatments containing
roasted quinoa flour had the lowest amount of
protein, which is due to the loss of some non-
protein content and protein denaturation due to
dry heat treatment [13]. On the other hand, by
increasing the substitution of quinoa flour with
rice flour, the amount of protein decreased
significantly (p ,(+,+°>which can be attributed
to the higher protein content in quinoa flour
compared to rice flour. Panjeh (2019 (also
achieved similar results in his research and
reported that increasing the level of quinoa
flour in gluten-free wafer bread formulation
compared to buckwheat, amaranth, and rice
flour caused a greater increase in the protein
content of the samples [26]. Jaldani et al. (2017)
also investigated the effect of adding whole
quinoa flour and xanthan gum to Berberi bread
formulation and concluded that the protein
content of the samples increased significantly
PLYV] (450>

3-1-4- Ash

The findings (Table 3) showed that the type of
quinoa flour had a significant effect (p<0.05) on
the amount of ash in the samples, so the
samples containing roasted flour had the
highest amount and the samples containing raw
flour had the lowest amount of ash. This
difference was due to more ash in roasted
quinoa flour. In his research, Sheikhalipoor
(2016) compared the ash of raw, roasted,
flaked, and microwaved vetiver seeds and
concluded that there is no significant difference
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between the ashes of the samples, however,
based on the small changes observed, he
reported that the microwaved seeds were first,
then the roasted seeds, raw seeds and then
flaked seeds had the highest amount of ash [23].
Increasing the replacement of rice flour with
quinoa flour significantly (p<0.05) led to the
reduction of ash in the samples. The reason for
this can be attributed to the higher ash content
of quinoa flour compared to rice flour.
According to the results, the sample containing
roasted quinoa flour in the absence of rice flour
had the highest amount and the sample
containing quinoa flakes flour and 30% of rice
flour had the lowest amount of ash. Based on
the research findings of Jaldani et al. (2019),
which investigated the optimization of gluten-
free cake formula containing rice flour, quinoa,
and purslane leaves, it was found that the use of
whole quinoa flour increases the amount of ash
in the product. They attributed this to the
presence of more mineral salts in bran than in
other parts of the grain [28]. Haghayegh and
Salehi (2017) also investigated the production
of gluten-free cookies by adding different
amounts of buckwheat, amaranth, and quinoa
flour and obtained similar results and reported
that an increase in the amount of all three
pseudo-cereals caused an increase in the
amount of ash in the samples [29].

3-1-5- Carbohydrate

Based on the results obtained from the
carbohydrate values of the samples (Table 3),
the type of flour and different levels of rice
flour used in the formulation had a significant
effect (p<0.05) on the carbohydrate content of
the samples in such a way that the samples
produced with roasted flour and in the absence
of rice flour had the highest amount of
carbohydrates and the samples produced with
flaked flour had the lowest amount of
carbohydrates (Table 3). The amount of
carbohydrates in quinoa is comparable to rice
and barley, and due to its beneficial
hypoglycemic effects and reduction of free
fatty acids, it is considered a useful food [25].
3-1-6- Calories

Examining the calorie values of the samples
(Table 3), it was found that the sample
containing roasted quinoa flour and no rice
flour (Treatment 7) has the highest amount of
calories and the sample containing raw quinoa
flour and 30% rice flour (Treatment 3) had the
lowest amount of calories (Table 3). However,
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the values obtained in this table did not show a
significant difference with each other (p 0.05).
3-2- Specific volume

Table 4 shows the length, width, thickness, and
weight values of each treatment and the effect
of the type of quinoa flour (raw, flaked, and
roasted) and different levels of rice flour (zero,
15, and 30%) used in the formulation on the
specific volume obtained for each treatment.
According to the results, quinoa flour
processing had no significant effect (p 0.05) on
the specific volume of the samples, but the
samples produced with roasted flour had the
highest specific volume. The denaturation of
flour proteins and starch due to the thermal
process causes the expansion of air bubbles due
to the presence of carbon dioxide and water
vapor and leads to an increase in the volume of
the product [30]. Marston et al. (2016) during
the investigation of the heat treatment of
sorghum flour on the quality of cake and bread,
found that the volume of the cake increased due
to the application of heat [31]. On the other
hand, the addition of rice flour did not have a
significant effect (p 0.05) on the specific
volume of the samples, however, the specific
volume of the samples decreased with the
increase of rice flour. In the research conducted

by Moazeni Esfanjani (2017) which was
conducted on the production of gluten-free
bread based on rice and quinoa flour, similar
results were obtained and the reason for the
increase in volume was result of increasing the
quinoa flour in the formula, creating more
viscosity by quinoa flour and improving the
distribution of water and gas in the dough,
which trapped more gas bubbles and led to an
increase in the volume of the product [2].
Panjeh (2019) attributed the increase in the
specific volume of gluten-free wafer bread to
the high fiber content in the structure of pseudo-
cereal flour such as quinoa compared to rice
flour [26]. Elgeti et al. (2014) reported that by
replacing quinoa flour instead of rice and corn
flour in gluten-free bread, quinoa flour
improved the volume of produced bread by
increasing the activity of the alpha-glucosidase
enzyme [32].

Table 4- The effect of different types of quinoa flour and rice flour levels on specific volumes of
produced samples

Treatment Type of Rice Flour Weight Volume (cm?) Specific
S Quinoa (%) (9) Length Width  Thickness Volume
(cm) (cm) (cm) (cm3/g)

1 Raw 0 23-1?-’1-6 911032 310.002 0.79:0.08  0.84<0.12°
2 Raw 15 25-9§i0-5 9.50<0.00 3.25:0.00 0.660.02  0.78+0.00?
3 Raw 30 2303109 923001 327.004 060:002 0772001
4 Flaked 0 21.8%412.0 020006 545 015 061001  0.80:0.07°
> Flaked 15 2521205 931018 340.014 064:001  0.75:0.0
6 Flaked 30 23-3§i1-0 9.30£0.00 3.5.003 0574002  0.73+0.00°
7 Roasted 0 26-1iio-3 9.96:0.29 370.023 062005  0.86:0.01°
8 Roasted 15 21-83i3-7 9.40:0.03 3.15:007 0.600.04  0.80+0.00%
9 Roasted 30 25.02:0.0 9.28:0.25 400,003 050:000  0.79:0.01°

8

Different letters represent significant differences from one another (p<0.05).

3-3- Water activity and texture
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Table 5 shows the effect of the type of quinoa
flour (raw, flaked, and roasted) and different
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levels of rice flour) zero, 15, and 30%) on the
amount of water activity and texture stiffness
of production samples kept at 25 degrees

Celsius, which was evaluated one day and one
month after production.

Table 5- The effect of different types of quinoa flour and rice flour levels on water activity and texture
of produced samples during storage at 25 one day and One month after production.

Tvpe of Rice Water activity Texture (N)
Treatments yp Flour f h aft ft h af
Quinoa %) One day after  One month after ~ One day after ~ One month after
(% production production production production
1 Raw 0 0.6040.00? 0.5940.01° 2.2840.62° 5.05+0.58"
2 Raw 15 0.59+0.01* 0.57+0.01% 6.42+3.62° 7.5540.59%
3 Raw 30 0.5940.02% 0.5240.00? 9.314+2.13* 8.04+1.31%®
4 Flaked 0 0.60+0.01* 0.58+0.01% 3.77+0.61* 5.93+0.02%*
5 Flaked 15 0.5740.00? 0.56+0.04° 7.8040.45% 8.2311.24%
6 Flaked 30 0.5740.02% 0.50+0.01° 9.6710.84° 11.11+2.00%
7 Roasted 0 0.54+0.02% 0.51+0.01¢ 9.024+0.30% 9.5442.28%
8 Roasted 15 0.5440.01% 0.4940.19° 11.114+3.08? 12.71+2.87%®
9 Roasted 30 0.53+0.01% 0.4840.03% 11.974+1.93° 14.2640.58%

Different letters in each column represent significant differences from one another (p<0.05).

3-3-1- Water activity

The results showed that the type of quinoa flour
used in the formulation decreased the water
activity of the samples during one month of
storage in such a way that the samples produced
with raw quinoa flour had the highest water
activity and the samples produced with roasted
quinoa flour had the lowest amount of water
activity (Table 5). This difference in the amount
of water activity of the samples can be related
to the moisture content of quinoa flour. As the
moisture content of raw flour was higher and
the moisture content of flaked and roasted flour
was lower due to the processing done, the water
activity of the prepared treatments changed
corresponding to the type of flour used. On the
other hand, the results showed that the
replacement of rice flour with quinoa flour
reduced the water activity of the samples during
both  measurement periods at ambient
temperature. In this way, the highest amount of
water activity for treatment 1 after one day of
storage at 25°C, which contains raw quinoa
flour and no rice flour, and the lowest amount
of water activity for treatment 9 kept at this
temperature for one month, which contains
roasted quinoa flour and 30% of rice flour were
obtained. Sanai Fard (2009) in his research on
energy-generating food rations, investigated
the effect of storage time on the water activity
of the samples and reached similar results. He
stated the reason for the decrease in water
activity over time, in addition to the moisture
exchange of the sample with the environment
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inside the package, and the reactions related to
the constituent compounds of the samples. For
example, water absorption by moisture-
absorbing compounds and expansion of
monolayer water or change in water absorption
property due to the conversion of crystal forms
of constituents into each other are among the
factors affecting the reduction of water activity
of the samples [33].

Enzymatic and non-enzymatic browning,
microbial growth, fat oxidation, and physical
properties such as texture are influenced by the
water activity of the food. In water activity, less
than 0.6 food items are resistant to the growth
of microbes [34]. Usually, the maximum
browning in water activity is between 0.6 to 0.7
and the maximum oxidation of fats in water
activity is 0.1 to 0.3. In addition, most enzymes
are ineffective in water activity less than 0.85.
If lipases can be active up to 0.3 or even 0.1
water activity [35]. The highest amount of
water activity of the samples in this research
was 0.6, which according to what was
mentioned, enzymatic reactions, browning, and
oxidation in the produced samples are the least.
3-3-2- Texture

Texture is one of the important physical
characteristics of food, which plays a
significant role in product acceptance. The
results obtained from examining the texture of
the samples show that the samples produced
with raw flour had the lowest and the samples
produced with roasted flour had the highest
amount of texture hardness (Table 5). On the
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other hand, increasing the replacement of rice
flour with quinoa flour led to an increase in the
texture hardness of the samples during four
weeks of storage at ambient temperature. The
use of rice flour in the formulation is due to the
function of its starch, which acts as a filler by
gelatinization. The maximum gelatinization of
rice starch occurs at a temperature of 75 degrees
Celsius, which causes the consistency of the
texture in the final product, and in this study, it
happened at the stage of baking the samples in
the oven [35]. Also, quinoa flour makes the
texture soft due to its water-binding capacity.
The large number of hydroxyl groups in fiber
molecules increases water absorption and
allows more interaction with water through
hydrogen bonds [2]. Buresova et al. (2017)
obtained similar results in their research. In a
study on gluten-free bread based on rice flour,
they found that the texture of the bread became
significantly softer by increasing the amount of
quinoa [37]. In the research of Mifarro et al.
(2012), it was found that there is a negative
relationship between the volume and the texture
hardness so the texture hardness increases with
the decrease of the volume [38]. This result is
consistent with the results obtained from this
research because adding more rice flour in the
formulation has reduced the specific volume of
the samples and increased their texture
hardness. The hardness values of the texture
samples at 25°C have increased four weeks
after production, which can be attributed to
enzymatic reactions, changes in the moisture
content of the samples, or reactions in food
polymers that cause cross-linking and
hardening of the texture [34].

3-4- Color difference (AE)

The color differences of the samples compared
to the control sample are shown in Figure 1.
The obtained results indicated that the sample
containing roasted quinoa flour and no rice
flour (treatment 7) had the highest color
difference and treatment 2, containing raw
quinoa flour and 15% rice flour had the lowest
color difference with the control sample
(treatment 1 containing raw quinoa flour and
without rice flour). The use of roasted quinoa
flour has significantly (p<0.05) darkened the
color of the samples (Table 6). Based on the
results of Karimi Abdolmaleki et al. (2018) in
the field of investigating the effect of using raw
and heated chickpea flour on the quality
characteristics of the cake, it was found that the
L" index decreased with the application of heat,
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and the brightness of the cake decreased with
the increase of temperature and time. [39]. On
the other hand, the color of the product became
brighter with the increasing substitution of rice
flour with quinoa flour. The darker samples
with a higher percentage of quinoa flour are due
to the presence of reducing sugars such as
glucose and amino acids such as lysine in
quinoa flour, which during the cooking process
causes a non-enzymatic browning reaction and
darkens the color. In addition, the presence of
betalain pigment in quinoa flour causes the
color of the product to darken [21]. In his
research, Moazeni Esfanjani (2017) obtained
similar results and attributed this darkness to
the presence of fiber and bran in quinoa flour.
During the investigations, the sample
containing quinoa flakes and 30% rice flour had
the highest brightness, and the sample
containing roasted quinoa flour in the absence
of rice flour had the lowest brightness [2].

The examination of color index a” showed that
the type of quinoa flour and the percentage of
rice flour used in the formulation were
significantly (p<0.05) effective on this index.
The treatments prepared with roasted quinoa
flour had the highest amount of a”, and with the
increase of substitution of rice flour with quinoa
flour, the redness of the samples decreased. In
the study conducted by Karimi Abdolmaleki et
al. (2018), it was found that by applying heat
treatment to chickpea flour, the AE index
showed a significant increase compared to the
untreated sample [39]. The decrease in redness
in the samples with an increase in rice flour and
a decrease in quinoa flour is due to the presence
of betalain pigment in quinoa flour and the
occurrence of the Maillard reaction [40]. The
results showed that treatment 7 (containing
roasted quinoa flour and no rice flour) had the
most and treatment 3 (containing raw quinoa
flour and 30% rice flour) had the least amount
of redness among the samples.

According to the investigations, the type of
quinoa flour used in the formulation had a
significant effect (p<0.05) on the b” index of the
samples, and the treatments prepared with raw
quinoa flour had the highest amount and the
treatments prepared with roasted quinoa flour
had the lowest amount of b*. Also, the increase
in the amount of replacing rice flour with
quinoa flour caused an increase in this color
index, the reason for which can be related to the
yellow nature of quinoa flour compared to rice
flour (which has a white color). In general, the
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highest amount of color component b” obtained
was related to the sample containing raw quinoa
flour and 30% rice flour, and the lowest was

Table 6- The effect of different types of quinoa flour and rice flour levels on color of produced samples

related to the sample containing roasted quinoa

flour and no rice flour.

Type of Rice Color Values
Treatments QFuI:)nuora Flour (%) L o b
1 Raw 0 32.9940.46° 7.5840.04¢  27.5140.38®
2 Raw 15 34.55+0.21*  7.43+0.07°  27.98+0.87%
3 Raw 30 36.21+0.55®  7.2140.02°  31.54+0.10°
4 Flaked 0 34.09+1.23%  7.8740.04"  25.51+0.70%
5 Flaked 15 35.7740.06®  7.60+0.32°  25.54+1.49%
6 Flaked 30 37.48+0.13*  7.304+0.13°  27.76+0.66%
7 Roasted 0 27.60+1.21° 9.334+0.05%  22.06+0.72°
8 Roasted 15 32.63+0.27°  8.894+0.025* 24.11+2.61b
9 Roasted 30 33.504+0.61°  8.7340.29%  27.3540.95%

Different letters in each column represent significant difference from one another (p<0.05).
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Figure 1 - The effect of different types of quinoa flour and rice flour levels on AE of produced
samples.

3-5- Overall acceptance

The sensory characteristics of the samples
produced in this research were examined from
different aspects such as form and shape,
surface, texture, chewability, and smell and
taste by 10 judges, and their results are shown
in Table 7 and the overall acceptance results
obtained are also shown in Figure 2. According
to these results, the processing of quinoa flour
had an effective role in accepting and
increasing the acceptability of the samples. The
samples prepared from quinoa flour obtained a
higher form and shape score than other samples
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in sensory evaluation, and the samples
containing raw flour had the lowest acceptance
rate in terms of form and shape. The shape of
food is closely related to its texture. According
to the results obtained from this research, the
samples prepared with raw flour had a softer
texture and were slightly deformed when cut
compared to other treatments, which reduced
their form and shape score. On the other hand,
the amount of rice flour used in the formulation
had no significant effect (p 0.05) on the
acceptance of the samples. Examining the
points obtained from the level of the samples
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showed that the treatments prepared with flaked
quinoa flour got the most points and the
treatments prepared with raw quinoa flour got
the least points. Also, the different amounts of
rice flour used in the formulation did not have
a significant effect (p 0.05) on the surface of the
samples, from the point of view of the judges.
According to the survey conducted regarding
the hardness and softness of the texture, the
difference in the type of quinoa flour used in the
samples had a significant effect (p<0.05) on
their acceptance in this aspect, and the samples
produced with flaked quinoa flour obtained the
highest score. The different levels of rice flour
used in the formula of the samples did not have
a significant effect (p 0.05) on the acceptance
level in terms of texture hardness and softness.
According to the instrumental evaluation of the
texture of the samples kept at ambient
temperature (25°C) and comparing with the
sensory evaluation results, it was found that the
samples with medium texture hardness
(containing flaked quinoa flour and 30% rice
flour) scored more sensory acceptance points.
The results obtained from the chewability
feature indicated that the samples produced
with flaked quinoa flour scored higher than the
samples produced with roasted flour and they
also scored higher than the samples containing
raw quinoa flour. The different levels of rice
flour used in the formula did not have a
significant effect (p 0.05) on the acceptance of
the product in terms of chewability, however,
samples with 30% rice flour received the
highest score. The chewability is closely related
to the hardness and softness of the texture, and
as the sensory evaluation results show, the
treatment containing flaked quinoa flour and
30% rice flour, both in terms of texture and
chewability, has received the most points from
sensory evaluators. During the investigations
conducted on the smell and taste scores of the

samples, it was found that the type of quinoa
flour used had a significant effect (p<0.05) on
this characteristic. So that the samples prepared
with raw quinoa flour scored the lowest and the
samples prepared with roasted quinoa flour
scored the highest. Karimi Abdolmaleki et al.
(2018) also investigated the effect of using raw
and heated chickpea flour on the characteristics
of the cake and found that the taste score
increased with the application of heat and the
heat increased the aromatic compounds created
during the Maillard reaction [39]. Also, the
results showed that by increasing the
percentage of rice flour and replacing it with
quinoa flour, the smell and taste have been
approved and accepted by the judges. The
reason for this can be attributed to the special
flavor of quinoa. Moazeni Esfanjani (2017)
achieved similar results in his research on the
production of gluten-free bread based on rice
flour and quinoa [2].

Finally, by calculating the obtained sensory
scores, the overall acceptance rate of the
samples was obtained and it was found that the
processing of quinoa flour increased the overall
acceptance. So the samples produced with
flaked quinoa flour received the highest overall
acceptance score. At the same time, the
different levels of rice flour used in the
formulation had no significant effect (p 0.05)
on overall acceptance. However, samples with
30% rice flour showed higher scores. In
general, the results indicated that the treatment
containing flaked quinoa flour and 30% rice
flour had the highest scores, and the treatment
containing raw quinoa flour and no rice flour
had the lowest scores.

Table 7-The effect of different types of quinoa flour and rice flour levels on sensory properties

produced samples

Treatments Type of Rice Flour Form & Shape Surface Texture Chewiness Odor &
Quinoa (%) P Taste
1 Raw 0 3.904+0.70? 4.20+0.60° 3.70+0.78* 3.60+0.912 2.90+1.22°
2 Raw 15 4.004+0.63? 3.90+0.53* 3.60+0.01* 3.60+0.91% 3.10+1.13%
3 Raw 30 4.10+0.70? 3.9040.53* 4.00+0.63* 3.904+0.70* 3.6040.80%
4 Flaked 0 4.604+0.48? 4.6040.48° 4.40+0.48% 4.30+0.45* 3.10+0.70%
5 Flaked 15 4.7040.45? 4.6040.48* 4.104+0.70* 4.204+0.60* 3.8040.74%
6 Flaked 30 4.604+0.48? 450+0.80*° 4.60+0.48% 4.60+0.48% 4.30+0.78%
7 Roasted 0 4.50+0.50? 4.4040.48* 4.30+0.45* 4.304+0.45* 3.7040.90%
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Roasted 15 4504050  4.4040.48* 4.20+0.74* 4.1040.70° 3.9041.04%
Roasted 30 4.30+0.64° 4.20+0.60* 4.10+£0.70* 4.00+£0.77* 4.30+0.64*
Different letters in each column represent significant differences from one another (p<0.05).
6
5 b ab 2 ab ab ab
2 b b B
3 4
g
8 3
©
T2
2
o)
1
0
. cQ . cQ . cQ . cQ . cQ o cQ e e .
),gQ W °’°\5$\c °‘°3Q$\c ’°’°Q C °I°\6$‘c °’°3Q C °’°° W °I°\5$\c “,;ﬁ@c
Ny \\,\o@’ \“\“o‘y N \{\“°‘y \‘_\“o‘x o> \;“\o‘y R
@«Q S0 S &aQ & a0
w W Q\‘b' Q\%\‘ Q\‘bv‘ Q,o‘b ?&‘bs $0‘3$

Samples

Figure 2 - The effect of different types of quinoa flour and rice flour levels on the overall acceptability
of produced samples.

4- Conclusion

The results showed that the processing of
quinoa flour improved the quality shelf life and
nutritional properties of the food bar .Flaked
and roasted quinoa flour played a role in
reducing moisture and fat and increasing ash in
production samples, and the samples containing
flaked quinoa flour had the highest amount of
protein. On the other hand, increasing the
amount of replacing rice flour with quinoa flour
decreased the percentage of fat, protein, and ash
in the final product and increased the moisture
content of the samples. In addition, roasting
caused an increase, and flaking caused a
decrease in the amount of carbohydrates and the
specific volume of the samples.
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