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The objective of the current study was to develop innovative quinoa-coated chicken nuggets by using quinoa flour instead of wheat
flour and evaluate the impact of this substitution on the shelf life of the product and its nutritional and sensorial stability. The
evaluation of the product has been done through physiochemical and microbiological analysis every three days of the storage
period compared with negative control (NC) and positive control (BHT) through 24 days of cold storage (4 + 1°C). During storage,
the quinoa flour-coated chicken nuggets showed the best ability for delay of lipid oxidation with a lowest TBARS value of 1.07 mg
MDA/kg compared to negative control (NC) (2.39 mg MDA/kg) and positive control (BHT) (2.00 mg MDA/kg). The same trend
was observed in protein oxidation, where the quinoa flour was able to retard the protein oxidation better than negative and
positive control (BHT) where it showed a carbonyl content of 6.44, 5.39, and 4.20 nmol carbonyl content/mg protein, respectively.
The quinoa-coated chicken nuggets showed the lowest microbial load (5.8 x 10® cfu/g) compared to negative and positive controls
(1.8 x105 and 3.8 x 104 cfu/g) at 24 days of cold storage. These findings could be emphasized such that the utilization of quinoa
flour in the coating of chicken nuggets is more effective in retarding lipid and protein oxidation, furthermore preventing microbial
contamination during cold storage. All these findings might be playing a crucial role in the extending of the shelflife of the product
in addition to giving the product a pleasant taste and flavor to consumers.

1. Introduction

Chicken meat is vital in human nutrition for its unique
natural content of health-promoting compounds and nu-
tritive value. The demand for chicken-derived products
enriched with valuable nutritional components is expected
to increase worldwide. These required new chicken meat
products must be not only high in nutritional value but also
safe, tasty, and suitable for consumption [1]. However,
processed chicken meat is more susceptible to oxidative
changes than raw unprocessed meat [2]. Chicken meat
contains, besides valuable nutritional values, a high content

of polyunsaturated fatty acids, which highly susceptible to
oxidative deterioration during storage affecting its shelf life
[3]. The chief ingredient of chicken nuggets is the battered
and breaded part; frying of battered and breaded nuggets is
used to improve their quality and organoleptic attributes
such as crispness, texture, appearance, and flavor [4]. Wheat
flour is the primary component usually used in the battered
and breaded part of chicken nuggets. For producing a
specific product suitable for celiac disease, substitution of
wheat flour with amaranth flour in batter, chicken paste, and
all layers of chicken nuggets at 0.50% has been developed by
[5]. Recently, the poultry meat industry has been
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progressively seeking to replace the synthetic antioxidants
that are currently in use with natural antioxidants that do not
cause health issues and positively affect the consumer’s final
purchase decisions [6]. The utilization of natural preservatives
in different processed meat products retarded the protein and
lipid oxidation and extended their shelf life [7]. In the recent
research work, there are many natural bioactive compounds
that have been used for improving the quality of meat and
poultry products. Carvacrol microcapsules along with seed
gum reduced the primary and secondary oxidation rates of
the chicken nuggets. The use of quince seed gums along with
0.5% of carvacrol microcapsules in batter coatings improved
the color, texture, and sensory properties of fried nugget
samples [8]. Adding of 2% tomato paste with 1% pectin to
chicken sausage inhibited lipid oxidation and enhanced the
organoleptic properties [9]. Using an active pretreatment of
pectin and tomato paste in meat products reduced oil uptake
and lipid oxidation and improved the organoleptic and
texture properties of the products resulting in a healthier fast-
food product after the deep-fat frying process [10]. Quinoa
seeds (Chenopodium quinoa Wild.) and quinoa products are
valuable sources of protein, essential amino acids, polysac-
charides, vitamins, and minerals [11, 12]. Moreover, they are
rich in polyphenols including phenolic acids, flavonoids, and
tannins, which contribute to its high antimicrobial, antiox-
idant, anti-inflammatory, antitumor, and anticarcinogenic
effects [13, 14]. Nowadays, celiac disease is a harmful immune
disease affecting the human small intestine due to the dis-
ability of protein digestion that leads to malabsorption of
essential nutrients such as vitamins and minerals. Such
disease estimated to affect 1 in 100 people worldwide. A
strictly followed gluten-free (GF) diet throughout the pa-
tient’s lifetime is the only effective treatment for celiac disease
[15]. Patients with celiac disease should avoid gluten in their
diet with maintaining of a balanced diet. So, a gluten-free diet
maintains the health intestine and reduces the celiac symp-
toms. On the other hand, the celiac patients are suffering from
many issues connected with gluten free products such as (i)
many processed foods are contaminated with gluten, (ii)
staple gluten-free foods are not widely available, and (iii) the
gluten free substitutes are often expensive [16]. Therefore, the
present study focused on the substitution of wheat flour for
battered and breaded chicken nuggets with quinoa flour to
prepare health promoting gluten-free chicken nuggets suit-
able for people suffering from celiac disease. Furthermore,
taking advantage of quinoa bioactive components in the
possibility of the extension of shelf life by retarding of the lipid
and protein oxidation and microbiota in the products due to
the presence of antioxidants compounds that might dem-
onstrate a potentiality as natural preservatives.

2. Materials and Methods

2.1. Materials

Quinoa seeds (Chenopodium quinoa Wild.) were col-
lected from the experimental farm of City of Scientific
Research and Technological Applications, Alexandria,
Egypt, in 2019. The collected seeds were purified from
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foreign materials and stored in a cold room at 4+2°C
for further use.

Chicken meat was purchased from Carrefour Alex-
andria market (Alexandria, Egypt) and transferred to
laboratory and freezing and aseptic conditions.

Chemicals, reagents, and microbiological media were
phrased from Sigma-Aldrich, USA.

The experiment has been carried out in the Department
of Food Technology, City of Scientific Research and Tech-
nological Applications, Alexandria, Egypt in 2019.

2.2. Methods

2.2.1. Flour Preparation. Quinoa flour has been prepared by
the following by the method described by [17]. To remove
saponins, the seeds were washed twice with cold water, after
that they were soaked in alkaline solution (1% sodium bi-
carbonate) for 10-20 min and then rinsed with 1% citric acid
solution for 10 min, and then the seeds were washed with
water until there was no foam that indicates saponin removal
from the seeds. Later, the saponin free seeds were spread in a
thin layer to avoid germination and contamination-in an air-
drying oven at 45+ 1°C overnight for drying. Finally, the
dried seeds were ground into flour using Miller (KARIZMA-
JX-1000A) and kept at 4+ 1°C for further use.

2.2.2. A Proximate Chemical Analysis of Minced Chicken
Meat. The moisture, protein, fat, and ash content of minced
chicken meat was determined by following [18] assays.

2.2.3. Preparation of Chicken Nuggets. The manufacturing of
chicken nuggets was carried out in a fully equipped and
sanitized laboratory in the Department of Food Technology,
City of Scientific Research and Technological Applications
according to Egyptian Standards [19] as shown in Table 1.
The ground poultry meat was mixed until a homogenous
distribution was obtained, and then it was divided into three
equal portions. The first portion was coated with wheat flour
without any additions (negative control, NC); the second
portion was prepared with 0.02% BHT (200 ppm) which is
usually used in the manufacturing of meat products as
antioxidant and wheat flour (positive control, PC). The third
portion was coated with quinoa flour (QN). The poultry
meat mixture of each treatment was shaped to chicken
nuggets (3.8cm diameter, 1.3cm thickness with average
weight 17.5 g). Each 3 chicken nugget pieces were placed into
foam plates, wrapped with polyethylene film, and stored at
4+ 1°C for 24 days. These samples are considered as fresh
chicken nuggets (not packaged).

2.2.4. Lipid Oxidation. Chicken nugget samples were
evaluated for thiobarbituric acid reactive substances
(TBARS) following the method described by [20]. The re-
sults were expressed as milligrams of malonaldehyde per
kilogram of chicken nugget (mg MDA/Kg sample).
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TaBLE 1: Recipe of manufactured chicken nugget samples.

Ingredients % Control BHT Quinoa nuggets
Lean poultry meat 73.58 73.58 73.58

Fat 12 12 12

Salt 0.92 0.92 0.92
Spice’s mixture 1 1 1

Ice water 7.5 7.5 7.5

Fresh onion 5 5 5
BHT% — 0.02 —
Wheat flour coating in batter% 100 100 —
Quinoa flour coating in batter% — — 100

Spice’s mixture was prepared from white pepper (25%), garlic powder (25%), ginger (15%), thyme (15%), red pepper (10%), and paprika (10%). Each type of
spice was powdered before mixing. After processing nuggets are stored in batter.

2.2.5. Protein Oxidation. Protein oxidations of chicken
nugget samples were quantified using the spectrophoto-
metric DNPH assay described by Levine et al. [21]. The
absorbance was measured at 280 and 370 nm with a UV-VIS

Abs370s — Abs370b

1800 spectrophotometer to quantify the carbonyl content.
Carbonyl content, expressed as nanomoles of carbonyls per
milligram of protein (nmol/mg of protein), is calculated
according to the following equation:

carbonyl group content =

where Abs 370 s = absorbance of sample at 370 nm, Abs 370
b = absorbance of blank at 370 nm, Abs 280 s = absorbance of
sample at 280 nm, Blank=800uL, HCl 3M + 1.5mL Gua-
nidine, and HCI in NaH,PO, solution.

2.2.6. pH Value. pH values were determined according to
[22]. Chicken nugget samples (10 g) were homogenized in
100 mL distilled water, and the mixture was filtered. The pH
of the filtrate was measured using a pH meter (Adwa,
AD1030 pH/mv temperature meter).

2.2.7. Water Holding Capacity. Water holding capacities
(WHCs) of chicken nugget samples were measured by
centrifugation assay according to [23]. The samples were cut
into cubes 50 mg and then centrifuged at 1000 xg at 4°C for
15min, and WHC was calculated using the following
formula:

weight before centrifugation

WHC (%) =( ) x 100. (2)

weight after centrifugation

2.2.8. Microbiological Analysis of Chicken Nuggets. The
microbial analysis was carried out according to [17, 24, 25].
Chicken nugget sample (10 g) was placed in a sterile test tube
containing 90 mL of sterilized peptone water (0.1%). The
contents were homogenized at 14000 xg for 2.5min and
allowed to stand for about 6 minutes at room temperature.
After that, a serial dilution was prepared (1 mL aliquots from
107" to 107° dilutions). One ml from each of the previously
prepared serial dilutions was aseptically transferred into
duplicate plate count agar and incubated at 37°C for 48
hours. Violet red bile agar medium was used for Enter-
obacteriaceae bacteria. Only plates containing 30-300

1
2200 x [Abs 280's — (Abs 370's — Abs 370b) x 0.43] |

0°, (1)

colonies were counted and recorded as a total aerobic
bacterial count cfu/g. The same methodology was used for
total coliforms count [26] and total yeast and molds count
[27] using Violet Red Bile agar medium (VRB) (Conda,
Spain) and Potato dextrose agar (PDA) medium (Conda,
Spain), respectively, and incubated at 28°C for 72 h for yeast
and 5 days for mold.

2.2.9. Sensory Analysis. Sensory evaluation of chicken
nuggets was executed immediately after processing to ensure
that there are no negative impacts on the organoleptic
properties of the developed product. Twenty experienced
panelists from both genders in the age range from 30 to 45
years (10 males and 10 females) were chosen from the staff
members of the Food Technology Department, Arid Lands
Cultivation Research Institute, City of Scientific Research
and Technological Applications, Alexandria, Egypt. They
received a preparatory session related to the descriptive
profile of sensory attributes (appearance, flavor, taste, color,
tenderness, and overall acceptability). The panelists were not
informed about the experimental approach, and the samples
were blind-coded with specific random numbers. Every
coded sample evaluated separately by each panelist and the
panelists scored the sensory attributes such as appearance,
flavor, taste, color, tenderness, and overall acceptability by
nine-point hedonic scale (9 denotes extremely like and 1
denotes extremely dislike) [28].

2.2.10. Statistical Analysis. The received data were analyzed
using one-way analysis of variance (ANOVA) with Duncan
by SPSS® version 16.0. A statistical probability (p value) less
than 0.05 indicated a statistically significant difference be-
tween groups [29].



3. Results and Discussion

3.1. A Proximate Chemical Analysis of Minced Chicken Meat.
The analysis of chemical composition of macronutrients in
minced chicken meat has emphasized that the chicken
minced meat contains 74.26 £+0.61% moisture, 21.59%
protein, 2.12% fat, and 2.03% ash which is meeting the
Egyptian Standards [19] for meat and poultry products. The
obtained data of the current analysis are in line with the data
previously obtained by the authors of [8, 14].

3.2. Lipid Oxidation. During the 24 days of cold storage
period at 4°C of processed chicken nugget samples, TBARS
assay was used as an indicator of lipid oxidation. Permissible
limit should not exceed 0.9 mg MDA/kg sample according to
Egyptian Standards [19] for meat and poultry products, the
limit for TBARS (MDA equivalent) has been reported to be
at 0.5 mg/kg of meat for the threshold of consumer detection
of rancid flavor [30]. As presented in Figure 1, in the present
study, at the beginning of the experiment (zero day) there
was no significant difference was remarkable in TBARS
values between the different nugget’s samples (p < 0.05). On
the other hand, through the 24 days of storage, the TBARS
values increased significantly (p < 0.05) in the negative and
positive control samples where the TBARS values elevated
from 0.24 and 0.23 mg MDA/kg at zero day to 2.39 and
2.00mg MDA/kg, respectively, at 24 days of cold storage.
While in quinoa-coated nuggets, the TBARS values in-
creased from 0.18 mg MDA/kg at zero day to 1.07 mg MDA/
kg at 24 days of cold storage (Figure 1). The negative control
group had exceeded the permissible limits at 12 days of
storage with TBARS value of 0.95 mg MDA/kg and became
unfit compared with the quinoa-coated chicken nuggets
group which did not change significantly at 24 days of cold
storage (0.35mg MDA/kg). Furthermore, the inhibition of
lipid oxidation by the effect of quinoa flour was remarked till
18 days of cold storage (0.46 mg MDA/kg) compared to
negative control (1.26 mg MDA/kg) and positive control
(BHT) (1.13 mg MDA/kg) samples. It should be noted here
that the antioxidant effect of quinoa flour at freezing storage
conditions (—20°C) will be much more effective and the
storage period will be much more extended. This might be
due to the high antioxidant properties of quinoa flour [14,
17]. The retardation of lipid oxidation might be mainly
caused by the radical scavenging activity, lipoxygenase in-
hibitory action, and metal chelating activity of phenolic
compounds.

3.3. Protein Oxidation. Protein oxidation level at cold
storage (4 = 1°C) was evaluated by DNPH assay. The levels
of DNPH during 24 days of cold storage (4+1°C) are
presented in Figure 2. The carbonyl content was increased
significantly (p <0.05) in the negative (NC) and positive
control (PC) samples during the 24 days of cold storage. The
carbonyl content in the negative control was elevated from
0.60 nmol/mg protein at zero day to 6.44 nmol/mg protein
at 24™ day of storage, while the carbonyl content value was
increased from 0.59 nmol/mg protein at zero day to 5.93 at
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Figure 1: Lipid oxidation (TBARS) (mg MDA/kg) of chicken
nugget samples during storage at 4°C for 24 days.
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FIGURE 2: Protein oxidation (DNBH) (nmol carbonyl content/mg
protein) of chicken nugget samples during storage at 4°C for 24
days.

24"™ day of storage for a positive control (BHT). On the
other hand, chicken nuggets battered and baked with
quinoa flour showed a mild increase in carbonyl content
from 0.61 nmol/mg protein at zero day to 4.20 nmol/mg
protein at day 24 of storage which is significantly lower
than the negative and positive control (p < 0.05). This is due
to the high antioxidant activity of quinoa flour which was
studied by [14]. Protein oxidation may cause an alteration in
the physicochemical properties of proteins such as
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structure, solubility, and proteolysis, affecting the quality of
meat products. Furthermore, the increasing of protein
oxidation levels in meat products may cause various im-
plications on the consumers’ health [31]. The potent of
quinoa flour in the retarding of protein oxidation in chicken
nuggets (QN) in the present study leads to a limit of the
health risk of carbonyl content, which emphasizes the
usefulness of the utilizing of quinoa flour in various pro-
cessed meat products such as chicken nuggets, burger, and
fish fingers.

3.4. pH Value. The effect of quinoa flour on the pH values of
chicken nugget samples during storage time at 4°C is presented
in Figure 3. The pH value of negative control (NC) was found
to be 6.64 +0.01, while the pH value of positive control (PC)
was found to be 6.64 + 0.01 and the pH value for quinoa-coated
chicken nuggets (QN) was 6.95+0.03 at zero time with no
significant different (p > 0.05). The pH value of all samples was
gradually decreased with the increasing of storage time. At the
24™ day of storage, there was significant difference found
between all chicken nugget samples which reached final pH
values of 4.39 +0.01 for negative control (NC) and 4.97 +0.02
for positive control (PC), while the pH value of quinoa-coated
nuggets (QN) was 5.71 + 0.01. The pH values were significantly
reduced in both negative and positive control in comparison
with the chicken nuggets coated with quinoa flour (p <0.05)
(Figure 3). The deceasing of pH value in the quinoa flour-
coated chicken nuggets (QN) was observed but not lower than
other samples, which is indicating the antimicrobial efficacy of
quinoa flour somewhat reduces the growth of acid producing
bacteria (LAB) leads to lightly preventing the sharp lowering of
the pH levels. In general, the decreasing of pH values in all
samples about 2 units is resulting in the growth of lactic acid
bacteria (LAB) which producing lactic acid in the product.
These findings are in agreement with the result presented by
[32] who revealed the antimicrobial and antioxidant effect of
quinoa flour. This finding would be playing a key role in the
extension of the shelf life of the chicken nuggets by coating
them with quinoa flour.

3.5. Water Holding Capacity (WHC). Water holding ca-
pacity (WHC) of chicken nugget samples during storage is
presented in Figure 4. There was no significant difference
(p>0.05) in WHC between the nugget samples at zero day,
while through the 24 days of storage, the WHC decreased
significantly in the negative and positive control. The WHC
of negative control was decreased from 93.28 to 86.94%, and
the positive control was changed from 93.45 to 89.46%
during 24 days of cold storage. On the other hand, the
chicken nuggets coated with quinoa flour showed the lowest
decrease of WHC during 24 days of cold storage (from 95.49
to 91.26%). The water holding capacity of chicken nuggets is
a functional property of quinoa flower to increase the water
holding capacity of any product [32]. The coating of chicken
nuggets with quinoa flour increases the water retention
during the storage period which is useful to retain the
freshness of the product. The increase of water holding
capacity in quinoa-coated chicken nuggets (QN) may be due
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FiGure 3: pH values of chicken nugget samples during storage at
4°C for 24 days.
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FiGure 4: Water holding capacity (WHC) of chicken nugget
samples during storage at 4°C for 24 days.

to the limit of oxidation of protein which has the ability for
water holding capacity and the presence of quinoa flour as
well. There was a clear tendency for WHC to increase with
increasing pH values due to the increase in solubility of meat
proteins that move away from the isoelectric point. So, in the
current study, the WHC was increased, while pH values were
decreased which is reflected the ability of quinoa flour for
protecting the protein and retention of water with low pH.

3.6. Total Bacterial Count (cfu/g). Results presented in
Figure 5 showed the effect of coating chicken nuggets with
quinoa flour on the total bacterial count during the 24
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FiGure 5: Total bacterial count (log cfu/g) of chicken nugget
samples during storage at 4°C for 24 days.

days of cold storage at 4+2°C. Total bacterial count is
expressed as (cfu/g) colony forming unit/gram of sample.
At zero day, there was no significant difference (p > 0.05)
in bacterial count between the different nugget’s samples,
while through the 24 days of cold storage, the bacterial
count increased significantly (p < 0.05) with increasing the
storage time. In the negative (NC) and positive control
(PC) samples, the total bacterial count elevated from 1.477
and 1.601log cfu/g at zero day to 5.25 and 4.57 log cfu/g,
respectively, at 24™ day of cold storage. By contrast,
quinoa-coated chicken nuggets (QN) samples showed the
lowest increase in total bacterial count compared to
negative and positive control, starting with 1.30log cfu/g
at zero day to reach 3.76 log cfu/g at the 24th day of cold
storage. From the obtained results in the present study, the
utilizing of quinoa flour significantly prevented the in-
creasing in the total bacterial count of chicken nuggets
(p<0.05) and maintained it below the permissible limit
(did not exceed 10° cfu/g) (Egyptian Standards for meat
poultry products, [19]). On the other hand, the permis-
sible limit of the total bacterial count has been exceeded
the permissible limit in the positive and negative control
after 24 days of cold storage. The significant lowering of
bacterial count during storage of quinoa-coated chicken
nuggets might refer to the antimicrobial properties of
quinoa flour by the ability of bioactive compounds to
interact with cytoplasmic membrane of the bacteria and
consequently limiting the ability of cell division [14, 33].

3.7. Coliform Count (cfu/g). Results presented in Figure 6
showed the coliform count in nugget samples during the 24
days of cold storage at 4°C expressed as (log cfu/g). Through
the 24 days of storage, the coliform count increased sig-
nificantly in the negative (NC) and positive (PC) control
where the coliform count elevated from 1.30 and 1.47 log
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cfu/g, respectively, at zero day to 1.95log cfu/g for the
negative control and 1.69log cfu/g for the positive control
group at the 9™ day of cold storage which have exceeded the
permissible limits (10 cfu/g) according to Egyptian Stan-
dards [19] for meat poultry products. On the contrary,
quinoa-coated nuggets (QN) showed the lowest coliform
count compared to negative and positive controls, where the
coliform count at the zero day was 1log cfu/g and reached
2log cfu/g at 18" day of cold storage which still agree with a
permissible limit. These results agreed with [33, 34] who
reported the antimicrobial effect of coating with quinoa
flour. The antibacterial activity of quinoa flour preventing
the different bacterial growth in the quinoa-coated nuggets
might be due to its phenolic and flavonoids content and
residue of saponin content which considered a strong an-
tibacterial. The obtained results revealed that the utilizing of
quinoa flour for coating the chicken nuggets was prolonged
the shelf life of the product up to the 18th day compared to
the negative and positive control, which reached just 9 days
(2-fold increase).

3.8. Total Yeast and Mold Count (cfu/g). Results presented in
Table 2 showed the total yeast and mold count in nugget
samples during the 24 days of cold storage at 4+°C. There was
no yeast or mold count detected in all nugget samples at zero
day, while through the 24 days of storage, the count of mold
and yeast was increased significantly (p <0.05) to reach a
permissible limit at the day 15 for negative control (NC), day
21 for positive control (PC), and day 24 for quinoa-coated
nuggets (sample should be free from visible fungal growth
according to Egyptian Standards [19] for meat poultry
products). In the negative control (NC) group, the count of
mold and yeast showed a result of 1.69 log cfu/g at the day 15,
the positive control (PC) (BHT) group showed the count of
1.60log cfu/g at the day 21 of storage but no mold and yeast
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TasLE 2: Total yeast and mold count (log cfu/g) of chicken nugget samples during storage at 4°C for 24 days.

Storage time (days) Control BHT Quinoa nuggets
0 ND ND ND
3 ND ND ND
6 ND ND ND
9 ND ND ND
12 ND ND ND
15 1.69 ND ND
18 1.90 ND ND
21 2.07 1.60 ND
24 2.39 1.84 1.47

Products should be free from visible fungal growth according to Egyptian standards [19] for meat poultry products.

color
8.70

8
8 SN
: \ 7 appearance

%

taste \

overall

flavour

N\

tenderness

—— Control
—— BHT
Quinoa nuggets

Ficure 7: The sensory scores of chicken nuggets.

cells were detected at the day 21 in quinoa-coated nugget
samples. The count of mold and yeast were detected at the
day 24 with the count of 1.47 log cfu/g. It is well established
that yeasts and molds form the most common microbial
deterioration of chicken meat during cold storage conditions
[35]. These results agreed with [33, 34] who studied the
antimicrobial effect of coating with quinoa flour. In the
present study, it can be stated that quinoa flour has the ability
to retard the deterioration of chicken nuggets resulting to
extend its shelf life. The retardation of the deterioration of
chicken nuggets might be due to the effect of the phenolic
contents and other bioactive compounds in quinoa flour.

3.9. Sensory Evaluation. The sensory attributes of nugget
samples are presented in Figure 7. The sensory evaluation
showed that there are no significant differences between
quinoa-coated chicken nuggets and positive and negative
control samples (p <0.05) in all sensory criteria including
appearance, taste, color, flavor, and overall acceptability after
processing. On the other hand, there was a significant dif-
ference in the overall acceptability which indicated that the
panelists are preferred the quinoa-coated chicken nuggets
(Figure 7). Sensory evaluation of chicken nuggets revealed

that the substitution of wheat flour with quinoa flour in
coating chicken nuggets did not significantly affect their
organoleptic properties and the acceptability of the con-
sumers (Figure 5). These results agree with [36] who re-
ported that the addition of quinoa flour to meat nuggets
resulting in no significant negative change in sensory
characteristics.

4. Conclusion

The present work was focused on the development of in-
novative quinoa-coated chicken nuggets for celiac patients.
Furthermore, asses the ability of quinoa flour to retard the
lipid and protein oxidation and decrease the microbiota in the
developed product. Quinoa flour effectively retarded the
oxidation of lipid and protein content in the developed
quinoa-coated nuggets. The utilizing of quinoa flour delayed
the lipid oxidation in developed products to maintain it below
the standard limit (0.46 mg MDA/kg) up to 18 days of cold
storage compared to negative control (1.26 mg MDA/kg) and
positive control (BHT) (1.13mg MDA/kg) samples which
exceeded the permissible limit during the same storage pe-
riod. At the same time, innovative chicken nuggets battered
and baked with quinoa flour retarded the formation of
carbonzl content which is reached 4.20 nmol/mg protein at
day 24" of cold storage (p > 0.05). Furthermore, quinoa flour
prevented a microbial deterioration and improved water
holding capacity and the organoleptic traits, resulting in an
extension of its shelf life during cold storage at 4 + 1°C with
results superior to synthetic preservatives (BHT) and wheat
flour. The obtained results of the current study may open a
promising perspective for continuing more intensive research
for utilization of quinoa flour for developing a gluten-free
nugget for people suffering from celiac problems. At the same
time, quinoa flour might be beneficial for extending the shelf
life of various processed meat products due to its antioxidant
and antimicrobial potential.
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