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ABSTRACT: In this study, the mixtures obtained by mixing quinoa flour with wheat flour in different proportions
were added to chicken meat patties and their effects on some quality characteristics were investigated. As a result of
this study, the yields of the meatballs prepared with the mixes containing 50% and 100% quinoa flour were higher than
those of other meatballs (69.59% and 69.71%, respectively). The moisture retention of the fried meatballs prepared
with mixtures containing 50%, 70%, and 100% quinoa flour was found to be 45.80%, 45.97%, and 51.09%, respective-
ly. The results indicated that the moisture retention of these meatballs was higher than those of meatballs containing 30
and 0% quinoa flour. In contrast, oil absorption rates in the fried samples were in the range of 4.46-5.65% for all qui-
noa-containing samples and were lower compared to the control sample. Firmness decreased in meat patties prepared
with mixtures containing high quinoa rates. It was observed that quinoa flour did not have a negative effect on quality
factors. It was concluded that especially the mixtures containing 30% and 50% quinoa flour can be recommended.
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INTRODUCTION

he development of healthy nutrition awareness

around the world has increased people’s demands
for poultry meat and its products. In addition to its
consumption as fresh meat, many processed products
also stand out on the market shelves. For this reason,
producers try to offer healthier and more attractive
products to people by using various additives in this
group of meats. They are trying to increase the qual-
ity, especially by using natural plant-derived com-
ponents in their formulas (Kilincceker and Hepsag,
2011; Rubel et al., 2021).

However, studies related to moisture loss, fat ab-
sorption, textural changes, and deterioration, which
are important problems in such products, which are
mostly consumed by frying or cooking at high temper-
atures, are also increasing. On the other hand, in some
studies; it has been stated that most of these mentioned
problems occurring during the cooking process are re-
duced and quality properties are improved in similar
products prepared with various plant-based flours.In
these studies, it was emphasized that especially the
protein and starch contents of seed flours were effec-
tive on the quality parameters.They stated that during
the cooking process, these components increase the
moisture content that can be retained in the product
structure due to their properties such as denaturation
or gelatination. Thus, the components contribute to
improving the texture, reducing the absorbed fat ratio.
In addition to the positive effects on product quality,
it is emphasized that these flours reduced the rate of
absorbed fat effectively in digestion and also reduced
the calorie intake due to their high fibre content (Ilter
et al., 2008; Petracci et al., 2013; Kilinggeker et al.,
2015; Tamba-Berehoiu et al., 2019).

In many studies carried out to date, mostly wheat
flour is used as an ingredient, while the studies related
to the use of quinoa flour are limited. Whereas, quinoa
is a seed having a very high protein and dietary fibre
ratio. It is an annual plant, and its seed has impor-
tant nutritional components.While the seed contains
approximately 60% carbohydrates, 5% fat, and more
than 4% fibre, the protein rate with high biological
value can reach up to 20% depending on the variety.
Because it does not contain gluten as a protein, it is an
important resource for celiac patients. It also contains
many vitamins, and it is very rich in essential amino
acids.In addition, substances with antioxidant and an-
timicrobial properties such as some polyphenols, fla-
vonoids, and phenolic acids are also found in quinoa

(Ayasan, 2020; Alsuhaibani et al., 2022).

For these reasons, it is understood that quinoa
seed can be an important source in-human nutrition,
and it can be used the product development due to its
high protein and fibre content which have functional
properties.In addition, it was thought that oxidation
and microbiological problems which not only cause
undesirable taste and odour but also reveal harmful
substances for human health in chicken meat could
be reduced and colour changes during storage could
be decreased with quinoa (Vilcacundo and Hernan-
dez-Ledesma, 2017; Baioumy et al., 2021).

In this regard, in the current study, the flour mix-
tures prepared by using the different proportions of
wheat flour and quinoa flour were used in chicken
meat patties. The effects of mixtures containing qui-
noa flour and wheat flour on some quality factors af-
ter frying the chicken meat patties and during storage
without frying were determined. Thus, different alter-
natives were presented to consumers and producers.

MATERIALS AND METHODS

Material

Wheat flour (W), quinoa flour (Q), chicken meats
and other materials were purchased from local sell-
ers in Van and Istanbul (Turkey). The chicken breasts
were freshly purchased and kept at 4 °C until the
meat patties were produced, then they were minced.
Five mixes were prepared as 100% W, 30:70Q:W, 50:
50Q:W, 70:30Q:W, and 100% Q. Then, samples were
produced with 90% minced chicken meat, 7.5% mix,
1.5% salt,and 1% sunflower oil. Each of the samples
was kneaded and allowed to stand for 20 minutes at
4° C. Then, they were shaped with silicone moulds
weighing 32 g and having a diameter range of 62 mm.
were divided into two groups: the first group was
used in frying processes. They were fried for 8 min at
180°C and their yield, colour, texture, moisture reten-
tion, oil absorption values, and sensory quality char-
acteristics were determined. The second group was
packed in polyethylene bags and stored at 4°C and
changes in pH, TBARS (Thiobarbituric acid reactive
substances), and TVC (total viable count) were deter-
mined after 1, 3, 7, and 10 days of storage.

Determination of the yield and colour values
Equation (1) shown below was used to calculate
frying yields (Sayas-Barbera, et al., 2021).
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fried sample weight

x 100

Frying yield (%) =

The colour indices of the fried samples were de-
termined by a colourimeter (CR-400, Konica Minal-
to-Osaka, Japan). While the colour of the fried meat
patty was measured 4 minutes after frying, measure-
ments were made at the end of each storage period in
raw samples.

raw sample weight

moisture in fried sample (%)

(1

Determination of moisture retention, fat absorp-
tion, texture parameters and sensory properties

Equations (2) and (3) were used to calculate mois-
ture retention and oil absorption (Soltanizadeh and
Ghiasi-Esfahani, 2014). An oven was used to find the
moisture content of the raw and fried samples, while
the soxhlet extraction method was used to find the fat
contents (AOAC, 2002).

Moisture retention (%) =

Fat absorbtion (%) = fat in fried sample (%) — fat in raw sample (%)

The texture profile analysis was measured by us-
ing a TA.XT Plus Texture analyser (Stable Micro
Systems, Ltd., Surrey, UK), equipped with a specific
cylindrical probe (P/25). Samples were compressed
under the following conditions, a pre-test speed of 2.0
mm s ! a test speed of 1.0 mm s, a post-test speed of
2.0 mm s!, a compression of 25%, and a trigger force
of 5 g(Yuetal., 2017).

Ten students from the Food EngineeringDepart-
ment of Yuzuncu Yil University were selected for
sensory analysis. Panelists rated the samples on the
hedonic scale for appearance, colour, odour, taste, and
texture. This method included scores from 1 to 9, de-
pending on the degree of liking (1: dislike very much,
9: like very much).

Determination of pH, TBARS andTVC

These analyses were performed on raw samples.
For pH analysis, 10 g of minced sample was homoge-
nized in 100 ml of deionized water for 3 minutes and
was measured by a pH meter. TBARS analysis was
determined according to Tarladgis et al., (1960).Re-
sults wereexpressed as mg malonaldehyde (MDA )/kg
sample. The TVC of the samples was determined by
counting the colonies formed as a result of incuba-
tion at 30°C after inoculation in plate count agar(P-
CA) (Merck, Darmstadt, Germany). Results were ex-
pressed as log cfu/g (Gokalp et al., 1999).

Statistical analysis

The data were subjected to analysis of variance
(ANOVA). Duncan multiple comparison tests at the
level of P<0.05 were applied when there were dif-
ferences between the mixtures after frying or in the

moisture in raw sample (%)

x frying vield

2
3)

stored raw samples (SPSS 16.0, CHICAGO, IL,
USA). The results were expressed as mean+standart
deviation.

RESULTS

Quality characteristics of fried chicken meat pat-
ties

The yield and colour after frying are important
factors for influencing consumer acceptance. In the
meantime, the shrinkage may increase. Also, the col-
our change occurs depending on both the product
composition and the heat treatment. Therefore, many
studies aim to increase the yield, to ensure the for-
mation of a bright reddish (golden-yellow) colour in
the product (Kilincceker and Yilmaz, 2019). In this
sense, in the present study, the effects of quinoa flour
on some physical properties of fried chicken meat
patties were examined (Table 1). As can be seen from
the table, the yield increased with the increasing lev-
el of quinoa (p<0.01). The yields of the meatballs
prepared with the mixes containing 50% and 100%
quinoa flour were higher than those of other meatballs
(69.59% and 69.71%, respectively). On fried meat-
balls, L*indexes increased with increasing level of
quinoa flour and a* index decreased (p<0.01). How-
ever, there were no significant differences in b* val-
ues (P>0.05). The best results, for L* indexes, were
found in the samples containing 50%, 70%, and 100%
quinoa flour (47.51, 44.57, and 47.02, respectively).
The a* indexes were better than those of others as
19.83, 18.09 and 16.07 in the samples prepared with
control, 30% quinoa and 70% quinoa.However, the
b* colour indexes of the fried samples varied between
22.06 and 28.78.
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Table 1. Effects of quinoa flour on some physical properties of fried chicken meat patties

Mixture Frying yield (%) L* a* b*
Control 62.41+0.64° 33.40+0.60¢ 19.83+3.68* 24.26+3.94*
30% Q 62.44+3.06° 39.90+2.29° 18.09+2.91° 22.06+3.55%
50% Q 69.59+0.95° 47.51+1.24° 13.3540.59° 26.20+0.37*
70% Q 62.31£1.72° 44.57+1.48° 16.07+0.53% 28.78+4.18*
100% Q 69.71+1.32* 47.02+3.28° 8.41+1.37¢ 26.98+0.58*

*¢Different letters in the same column indicate significant differences among the mixtures (P<0.05).L *:brightness, a*:red(+)-green(-),
b*: yellow(+)-blue(-).

Table 2. Effects of quinoa flour on texture parameters of fried chicken meat patties

Mixture Hardness (N) Springiness Cohesiveness Chewiness (N) Gumminess (N)
Control 65.56+0.00° 0.42+0.00° 0.75+0.00° 20.83+0.00? 49.824+0.00°
30%Q 46.41£10.70° 0.84+0.08¢ 0.63+0.18° 23.87+3.83¢% 28.25+1.79°
50% Q 17.07+0.94¢ 0.45+0.05° 0.85+0.16° 33.60+£37.512 14.49+3.574
70% Q 20.82+2.84¢ 0.38+0.01° 0.86+0.06° 6.76=1.14¢ 18.0943.78¢
100% Q 26.92+1.40° 0.46+0.003° 0.89+0.09° 11.08+1.64* 24.02+3.91

*<Different letters in the same column indicate significant differences among the mixtures (P<0.05).

B Moistureretention Fat absorption

60
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3.65Db

40 1.54c
30
20

‘ 0.73a
1o T 0.18b 0.47b 0.01b 0.99b

T I I =
0
Control 30 50 70 100
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Fig. 1. Effects of quinoa flour on moisture retentions and fat absorptions of fried chicken meat patties (%)

Moisture and fat content are important character-
istics that can change the sensory quality of cooked
products. They affect properties such as texture and
taste. In addition, reducing the calorie value of fried
samples is an important issue for producers, as it also
affects the preference of consumers who are con-
scious of healthy nutrition. For this reason, manufac-
turers prefer materials and production techniques that
reduce moisture loss and oil absorption in fried prod-
ucts (Kilincceker and Yilmaz, 2019). According to our
results shown in Figure 1, the addition of quinoa flour
in the meatball composition increased the amount

of moisture retained in the product (p<0.01)whereas
decreased fat absorption (p<0.05) during frying. The
moisture retention of the fried meatballs prepared
with mixtures containing 50%, 70% and 100% quinoa
flour was found to be 45.80%, 45.97% and 51.09%,
respectively. The results indicated that the moisture
retention of these meatballs was higher than those of
meatballs containing 30 and 0% quinoa flour. In con-
trast, oil absorption rates in the fried samples were
in the range of 4.46-5.65% for all quinoa-containing
samples and were lower compared to the control sam-
ple.
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Table 3. Effects of quinoa flour on sensory properties of fried chicken meat patties

Mixture Appearance Colour Odour Taste Texture
Control 8.90+0.31* 8.50+0.84* 9.00+0.00 8.50+0.85* 6.70+0.94°
30% Q 8.70+0.67° 8.90+0.31° 8.90+0.32° 9.00+0.00? 7.10+0.87°
50% Q 7.20+0.63° 7.40+0.51° 7.90+1.20° 7.60+0.52° 7.05+0.95°
70% Q 6.10+£0.74¢ 7.00+0.47° 6.40+1.07¢ 6.60+0.70¢ 7.30+1.06°
100% Q 6.70+0.48° 6.70+0.82¢ 6.10+0.56° 6.40+0.70° 8.30+1.06°

*¢Different letters in the same column indicate significant differences among the mixtures (P<0.05).

The texture of food refers to a group of physical
properties that occur depending on its structural com-
ponents. Change of texture properties causes a great
impact on consumer liking. Therefore, it is important
to provide desired texture values that will attract the
consumer to products such as chicken meatballs(Ver-
ma et al., 2016).The texture profile analyses of our
study are presented in Table 2. When the amount of
quinoa flour in the meatball increased, the hardness
and gumminess generally decreased. The lowest
hardness results were measured as 17.07 N, 20.82 N,
and 26.92 N in meatballs prepared with 50%, 70%
and 100% quinoa flour, respectively. The springiness
value gave a high value at the lowest quinoa lev-
el (P<0.01). While other treatments varied between
0.38-0.46, the highest springiness was found to be
0.84 in meatballs containing 30% quinoa flour. Co-
hesiveness and chewiness results were not affected by
quinoa flour levels (P>0.05).The cohesiveness values
were in the range of 0.63-0.89, and the chewiness val-
ues were in the range of 6.76-33.60 N.The gummi-
ness values were 14.49 N, 18.09 N and 24.02 N for
samples prepared with 50%, 70% and 100% quinoa
flour, respectively. The values were lower compared
to samples containing 30 and 0% quinoa flour.

Sensory characteristics are another important fac-
torthat can affect consumer preference. For this rea-
son, it is beneficial to detect sensory properties in
product development studies (Kirpik and Kilinggeker,
2018). In this sense, sensory properties are determined
and the results are given in Table 3. It was determined,
that sensory scores decreased as the level of quinoa
flour increased in the meatball composition, while
only the texture scores increased in samples contain-
ing 100% quinoa flour. The increased quinoa levels
decreased the sensory scores, however, the scores
were still above 6, meaning that sensory properties
were in the acceptable range.

Quality characteristics of raw chicken meat pat-
ties after storage
The deterioration that occurs during storage in eas-

ily perishable foods such as chicken meat is important
in terms of quality and economy.In this regard, pro-
teolytic, oxidative, and microbial activities are effec-
tive on the shelf life of the product. Substances such
as ammonia formed during storage increase the pH
value, while aldehyde-like substances formed due to
oxidation of fatty acids increase the TBARS value.
Similarly, the increase in the activity of microorgan-
isms can damage the sensory quality of the product
and can be dangerous for consumer health. Therefore,
it is useful to determine these values during storage
in product development studies( Gokalp et al., 1999;
Dave and Ghaly, 2011; Puvaca et al., 2015). The re-
sults of the present study during the storage period are
presented in Table 4.

The effect of the mixtures on pH was significant in
all storage periods, while the effect on TBARS values
became important 1% and 10" day (P<0.01).In addi-
tion, on the 1% and 3™ storage periods, the mixtures
had a significant effect on the TVC (P<0.01). As can
be seen from Table 4, it has been understood that the
pH values fluctuated over time. On the 1% day, the
lowest pH was found in meat patties prepared with
100% quinoa flour as 5.77, whereas the lowest val-
ues on the 10th day were determined to be 5.81 and
5.78 in those prepared with 50% and 100% quinoa
flour. TBARS values generally increased with storage
time.On the first day of storage, the lowest TBARS
results were determined in the control group and sam-
ples with 50% and 70% quinoa flour to be 0.06 mg/
kg, 0.09 mg/kg, and 0.09 mg/kg respectively, while
on the 10™day of storage, the lowest values were de-
termined in the control and samples with 70% quinoa
flour as 0.18 mg/kg and 0.44 mg/kg.While the total
number of mesophilic aerobic microorganisms gen-
erally increased with time, it had the lowest value of
3.03logcfu/g in the sample containing 30% quinoa
flour on the 1% day. On the 10™ day, it was found to be
6.87 log cfu/g and 6.66 log cfu/g, for control and the
samples prepared with 50% quinoa flour, respectively
(Table 4).
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Table 4. Effects of quinoa flour on some physicochemical and microbiological properties of raw chicken meat patties at cold storage

Storage day Mixture pH TBARS TVC
mg/kg samples Log cfu/g
I+ Control 5.87+0.01° 0.06+0.004 3.4240.11%
30% Q 5.8940.04% 0.17+0.004> 3.03+0.06
50% Q 5.89+0.03% 0.09+0.01¢ 3.42+0.10%
70% Q 5.95+0.01* 0.09+0.01¢" 3.37+0.08"
100% Q 5.77+0.005¢" 0.15+0.01% 4.01+0.14*
3rd Control 5.82+0.03" 0.11£0.17+ 4.63+0.11
30% Q 5.90+0.03* 0.31+0.40* 4.04+0.03%
50% Q 5.84+0.01° 0.17+0.04% 4.40+0.09%
70% Q 5.94+0.02* 0.20+0.04> 4.13+£0.22%
100% Q 5.72+0.01< 0.20£0.01% 4.80+0.13%
7h Control 5.884+0.01° 0.10+0.009* 6.43+0.07=
30% Q 5.99+0.012 0.22+0.113* 6.38+0.38>
50% Q 5.81+0.01 0.25+0.004 6.69+0.19*
70% Q 5.87+0.01° 0.64+0.86™ 6.83+0.22%
100% Q 5.73+0.01% 0.42+0.004> 6.71+0.25>
10® Control 5.85+0.01% 0.18+0.004<~ 6.87+0.34*"
30% Q 5.86+0.04" 0.51£0.008¥ 7.96+1.25
50% Q 5.81+0.006% 0.60+0.004*" 6.66+0.57
70% Q 5.95+0.01*" 0.44+0.008% 7.55+0.31*
100% Q 5.78+0.01<" 1.05+0.004* 7.72+0.08"

*¢Different letters in the same column indicate significant differences among the mixtures in each storage time (P<0.05). ¥ Different
letters in the same column indicate significant differences for the same mixture in different storage times (P<0.05).

DISCUSSION

In a study conducted by Kirpik and Kilinggeker
(2018) were determined that when breadcrumbs
and quinoa flour mixtures were added to chicken
meatballs, as the amount of quinoa flour increased,
the yields of the fried samples increased. Similarly,
Baioumy et al., (2021) determined that adding 1:1
quinoa flour: tiger nut flour to beef patties reduced
losses in cooked samples. Sayes-Barbera et al. (2021)
observed that quinoa derivatives generally decreased
the cooking loss from meat patties during cooking.
When 5%, 10%, and 15% quinoa flour were added
to the meat burgers instead of soy flour, it was deter-
mined that the cooking yield increased (Shokry, 2016).
Also, it was revealed that while L* and b* values in-
creased, a* values decreased. Al-Mamun et al. (2018)
found that adding different amounts of corn flour to
chicken meatballs was effective on cooking loss, and
the lowest value was found in the samples contain-
ing 5% corn flour. Ikhlas et al. (2011) and Santhi and
Kalaikannan (2014) also observed some plant-based
flours increased the yields in poultry products. In
these studies, it was emphasized that the hydrophilic
properties of proteins, starches, and fibres found in
the composition of flour, as well as the barrier struc-
ture formed as a result of coagulation of proteins and

gelatinization of starches, increase the frying yields.
Park et al. (2021) observed that the addition of buck-
wheat decreased the b * values. Saikia et al. (2019) ob-
served that as the black gram flour ratio increased in
cooked duck meat patties, L* values increased, while
a* and b* values decreased. But they said that these
changes were statistically insignificant. Especially,
they attributed the increase in L* value to the light
colour of black gram flour. Ikhlas et al. (2011) found
that the addition of different flour in quail meat patties
changed the colour properties of cooked samples. In
our study, colour indices of fried meatballs were also
affected by the colour pigments of quinoa flour. The
increase in L* value and decrease in a value was at-
tributed to the pigments in quinoa flour having a low
effect on colour and a lighter reddish colour occurring
during heat treatment.

Our findings were consistent with reported data
Kirpik and Kilinggeker (2018) who revealed that an
increased level of quinoa flour in fried chicken meat-
balls increased the moisture retentions and decreased
fat absorption. Similarly, Baioumy et al. (2021) deter-
mined that the supplementation of 1:1 quinoa flour:
tiger nut flour to beef patties increased moisture re-
tention in cooked samples. Shokry (2016) observed
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the increase in moisture retention and decrease in oil
absorption with the increasing level of quinoa flour
(from 5% to 15%) in cooked meat burgers. These
results might be due to retention with water-binding
of the fibre and starch in the quinoa structure, also
the protein matrix formed during the heat treatment.
In addition, starch gelatinizes during heat treatment
and supports the strong structure formed by proteins
against moisture loss and oil absorption. The results
of our study agree with the above-mentioned studies.

Ozer and Secen (2018) observed that the addi-
tion of quinoa flour in the cooked beef burgers de-
creased hardness, chewiness, and gumminess, where-
as springiness values were not affected. Similarly,
Shokry, (2016); Saikia et al. (2019), Chatterjee et al.
(2019), and Oztiirk-Kerimoglu et al. (2020) observed
that the addition of flour having a high fibre ratio in
formulation decreased the hardness.

Kirpik and Kilinggeker (2018) found that when it
was added the mixtures prepared from breadcrumbs
and quinoa flour to chicken meatballs, the appearance,
smell, and colour scores did not differ, while the col-
our and taste scores decreased in some samples. They
attributed the decrease in colour scores to the light
colour occurring after frying and the decrease in taste
scores to the specific taste of quinoa. Despite these
results, they emphasized that all scores were above 5.
Baioumy et al. (2021) revealed that quinoa-tiger nut
flour had a positive effect on the sensory properties of
beef patties. Shokry (2016) determined that the addi-
tion of different levels of quinoa to meat burgers im-
proved texture, tenderness, and juiciness, also it was
determined quinoa flour had no also negative effects
on other sensory criteria. Park et al. (2021) stated that
the taste, texture, and acceptability of the meatballs
prepared with quinoa starch and washed quinoa seed
increased, due to the functional properties of quinoa
starch and other components. In addition, Santhi and
Kalaikannan (2014) also stated that when they added
oat fibre to chicken nuggets, some quality factors im-
proved, while some sensory results decreased.

In addition, it was understood that some applica-
tions can limit the increase of pH, TBARS and TVC
counts in raw meatballs stored in the cold. As in our
study, Baiumy et al. (2021) found quinoa-tiger nut
flour (1:1) slowed the increase of TBARS and micro-
bial counts of beef patties during frozen storage. They
attributed these results to antioxidant and antimicro-
bial compounds in the composition of quinoa flour
and tiger nut flour. Al-Mamun et al. (2017) found that

the pH value of raw chicken meatballs containing dif-
ferent proportions of corn flour was affected by freez-
ing during storage, while the TBARS value was not.
They found that while the pH value increased over
time, the lowest value was on the 15" day and the
results showed a change in the range of 5.98-6.02.In
addition, they determined TBARS was in the range
of 0.10-0.11 mg/kg during storage. Park et al. (2021)
made a study by using corn, quinoa starches, and
washed quinoa grain, it was observed that chicken
meatballs made with the addition of quinoa starch-
quinoa seed mixture reduced oxidation during frozen
storage. They said that the functional properties of
quinoa starch and the antioxidative substances in the
seed structure are effective in the limitation of oxi-
dation. In addition, they determined that all chicken
meatballs had TBARS values below the maximum
3 mg MDA/kg which is the limit value for a good
quality meat product at the end of storage. In another
study, quinoa seed, quinoa flour and its’ wet-milling
coproducts were used in meat patties and stored in
frozen storage. In the aforementioned study, it was
determined that pH and TBARS values increased
over time, whereas quinoa derivatives were generally
ineffective on pH and they decreased TBARS values
(Sayas-Barbera et al., 2021). In a study conducted by
Saikia et al. (2019), patties prepared by adding black
gram flour in different proportions were stored in the
cold after pre-cooking. They determined that the total
number of microorganisms increased during storage.
They said that at the end of 10 days, the TVC was in
the range of 4.64-4.81 log cfu/g and these values were
at an acceptable level. Verma et al. (2016) found that
pH, TBARS, and TVC increased in chicken meatballs
prepared with green cabbage during cold storage.
However, they said that the use of green cabbage was
effective to limit the increased rates of these criteria,
they attributed this to the antioxidant and antimicro-
bial substances in its structure, and that the use of
green cabbage at a rate of 15% would be appropriate.
In addition, some authors said that fluctuation of pH
and TBARS values may be related to the reactions
of basic materials and oxidation products such as al-
dehydes and ketones (Kilinggeker et al., 2015). Our
results were similar to these studies, and it was under-
stood that they did not also exceed the limits given by
Gokalp et al. (1999) for pH (6.5) and TBARS (0.7-1
mg MDA/kg). In addition, it was also seen that even
after 10 days of storage, the control sample and sam-
ples containing 50% quinoa flour did not exceed the
limit values specified as 7 log cfu/g by ICMSF (1992).
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CONCLUSION

According to the results of the study, quinoa flour
increased the retained moisture content, while it re-
duced the amount of absorbed fat. Some treatments
increased the L* and a*indices after frying. Due to
the juicy structure, which was created by quinoa flour
in the meat patties, the hardness value was reduced.
Also, sensory scores of texture received high scores
due to the juicy structure obtained by quinoa flour.
According to the results of the storage stability anal-
ysis, pH and TBARS values of meatballs were found
to be in the acceptable range even at the end of stor-
age. When quinoa flour was used at a 50% level, the

growth rate of bacteria was below 7 log cfu/g which
is the acceptable level proposed for the TVC. Accord-
ing to all results, it was detected that quinoa flour can
be an alternative to wheat flour in the production of
chickenmeat patties. Also, while it can be recom-
mended to use mixtures containing 30% and 50%
quinoa for such products, it has been understood that
more research should be done on this subject.

CONFLICT INTEREST
The authors declare that they have no conflict of
interest.

REFERENCES

Alsuhaibani AM, Alkuraieef AN, Aljobair MO, Alshawi AH (2022). Tech-
nological, sensory, and hypoglycemic effects of quinoa flour incorpo-
ration into biscuits. J Food Qual 2022: ID: 6484953.

Al-Mamun MA, Khan M, Hashem MA (2017). Effect of corn flour and
storage period on sensory and physiochemical properties of chicken
meatball. Bang J Anim Sci 46 (3): 164-171.

AOAC (2002). Offical methods of analysis (17th ed.). Associationof Offi-
cial Analytical Chemists. Washington, DC.

Ayasan T (2020). Determination of nutritional value of some quinoa vari-
eties. Turkish J of Vet Ani Sci 44(4): 950-954.

Baioumy A, Bobreneva V, Tvorogova AA, Abedelmaksoud TG (2021).
Effect of quinoa seed and tiger nut mixture on quality characteristics
of low-fat beef patties. Int Food Res J 28(5): 1038 - 1047.

Chatterjee D, Sanchez Brambila G, Bowker BC, Zhuang H (2019). Effect
of tapioca flour on physicochemical properties and sensory descrip-
tive profiles of chicken breast meat patties. J of App Poul Res 28(3):
598-605.

Dave D, Ghaly AE (2011). Meat spoilage mechanisms and preservation
techniques: A critical review. Amr J Agr and Bio Sci 6(4): 486-510.

Gokalp HY, Kaya M, Tulek Y, Zorba O (1999). Laboratory application
quide and quality control in meat and meat products (In Turkish).
Atatiirk Universitesi Ziraat Fakiiltesi, Yay No: 318, Erzurum, Turkey.

ICMSF (1992). Sampling for microbiological analysis. Microorganism in
food. Toronto, Canada: University of Toronto Press.

Ikhlas B, Huda N, Noryati I (2011). Chemical composition and physi-
cochemical properties of meatballs prepared from mechanically
deboned quail meat using various types of flour. Int J Poul Sci 10(1):
30-37.

Ilter S, Dogan IS, Meral R (2008). Application of food grade coatings to
turkey buttocks. Italian J Food Sci 20(2): 203-212.

Kilincceker O, Hepsag F (2011). Performance of different coating batters
and frying temperatures for fried fish balls. JAni and Vet Adv 10(17):
2256-2262.

Kilinggeker O, Hepsag F, Kurt S (2015). The effects of lentil and chickpea
flours as the breading materials on some properties of chicken meat-
balls during frozen storage. ] Food Sci and Technol 52(1): 580-585.

Kirpik M, Kilinggeker O (2018). Use of quinoa (Chenopodium quinoa
Willd.) flour in chicken meatball production. 1. International Gap Ag-
riculture and Livestock congress. Congre Book page: 90-95. 25-27
April 2018 - Sanlurfa/ TURKEY.

Kilincceker O, Yilmaz MT (2019). Physicochemical, technological and
sensory properties of chicken meatballs processed with dietary fibres.
J Hel Vet Med Soc 70(2): 1525-1532.

Ozer CO, Segen SM (2018). Effects of quinoa flour on lipid and protein
oxidation in raw and cooked beef burger during long term frozen stor-
age. Food Sci and TechnolCamp 38(1): 221-227.

Oztiirk-Kerimoglu B, Kavusan HS, Tabak D, Serdaroglu M (2020). For-
mulating reduced-fat sausages with quinoa or teff flours: Effects on
emulsion characteristics and product quality. Food Sci and Anim Res
40(5): 710-721.

Park JH, Lee YJ, Lim JG, Jeon JH, Yoon KS (2021). Effect of quinoa
(Chenopodium Quinoa Willd.) starch and seeds on the physicochem-
ical and textural and sensory properties of chicken meatballs during
frozen storage. Foods 10(7): 1601.

Petracci M, Bianchi M, Mudalal S, Cavani C (2013). Functional ingredi-
ents for poultry meat products. Trenin Food Sci and Technol 33(1):
27-39.

Puvaca N, Kostadinovi¢ LJ, Popovi¢ S, Levi¢ J, Ljubojevi¢, D, Tufarelli
V, Jovanovi¢ R, Tasi¢ T, Ikoni¢ P, Luka¢ D (2015). Proximate com-
position, cholesterol concentration and lipid oxidation of meat from
chickens fed dietary spice addition (Allium sativum, Piper nigrum,
Capsicum annuum).Anim Pro Sci 56(11): 1920-1927.

Rubel SA, Yu ZN, Murshed HM, Islam SMA, Sultana D, Rahman SME,
Wang J (2021). Addition of olive (Olea europaea) leaf extract as a
source of natural antioxidant in mutton meatball stored at refrigera-
tion temperature. J Food Sci Technol58: 4002-4010.

Santhi D, Kalaikannan A (2014). The effect of addition of oat flour in low-
fat chicken nuggets. JNut and Food Sci 4(1): 1-4.

Saikia K, Laskar SK, Hazarika M, Das A, Saleque A, Deka NN (2019).
Effects of black gram flour (Vigna mungo L.) on the proximate com-
position, texture andcolour profile and microbiological qualities of
duck meat patties. Int J Cur Mic App Sci 8(7): 1399-1407.

Sayes-Barbera E, Valero-Asencio MM, Navarro Rodriguez-Vera C,
Fernandez-Lopez J, Haros CM, Pérez-Alvarez JA, Viuda-Martos
M (2021) Effect of different black quinoa fractions (seed, flour and
wet-milling coproducts) upon quality of meat patties during freezing
storage. Foods 10(12): 3080.

Soltanizadeh N, Ghiasi-Esfahani H (2015). Qualitative improvement of
low meat beef burger using aloe vera. Meat Sci 99(1): 75-80.

Shokry AM (2016). The usage of quinoa flour as a potential ingredient in
production of meat burger with functional properties. MidEast J App
Sci 6(4): 1128-1137.

Tamba-Berehoiu RM, Turtoi MO, Popa CN (2019) Assessment of quinoa
flours effect on wheat flour dough rheology and bread quality. The
Annals of the University of Dunareade Jos of Galati. Fascicle VI.
Food Technol, 43(2): 173-188.

Tarladgis BG, Watts BM, Younathan MT (1960). A distillation method for
the quantitative determination of malonaldehyde in rancid foods. J
Am Oil Chem 37: 44-48.

Verma AK, Pathak V, Singh VP, Umaraw P (2016) Storage study of chick-
en meatballs incorporated with green cabbage (Brassica oleracea) at
refrigeration temperature (4+1°C) under aerobic packaging. J App
AniRes 44(1): 409-414.

Vilcacundo R, Hernandes-Ledesma B (2017).Nutritional and biological
value of quinoa(Chenopodium quinoa Willd.). Cur Opin Food Sci 14:
1-6.

Yu D, Xu Y, Jiang Q, Yang F, Xia W (2017). Freshness assessment of
grass carp (Ctenopharyngodon idellus) fillets during stroage at 4 °C
by physicochemical,microbiological and sensorial evaluations.JFood
Saf 37(2): 12305.

J HELLENIC VET MED SOC 2022, 73 (4)
TIEKE 2022, 73 (4)


http://www.tcpdf.org

