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Abstract The effects of active batter coatings containing

quince seed gum (QSG) and carvacrol microcapsules (CM)

on oil uptake, moisture loss, lipid oxidation, texture, color

and organoleptic properties of chicken nuggets during the

frying process were investigated. Active coatings on the

surface of nuggets reduced oil uptake and moisture loss of

fried samples decreased by 33.21% and 29.64%, respec-

tively. Antioxidant activity tests showed that oxygen rad-

ical absorbance capacity (ORAC) and DPPH radicals

scavenging activity of carvacrol microcapsules were

152.23 ± 4.11 lmol TE/g, and 51.09 ± 3.32%, respec-

tively. Investigation of primary and secondary oxidation

products in the fried nugget samples showed that the

peroxide value and thiobarbituric acid levels in control

samples were 7.43 meq peroxide/kg and 1.35 mg MDA/kg,

respectively. The results of this study showed that the

highest reduction in PV and TBA were 41.85 and 37.04%

for the QSG-coated samples containing 1% carvacrol

microcapsules. The color of QSG-coated samples did not

change significantly compared to control samples, although

their hardness was reduced compared to the control sam-

ples (p\ 0.05). The results showed that the use of active

edible coatings made from quince seed gum and containing

carvacrol microcapsules did not show any negative effects

on the sensory properties of nuggets.
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Introduction

As a cooking process, frying is a common method in fast-

food chains and homes for food products such as nugget, in

which in direct contact with food, oil acts as a heat transfer

medium, bringing its temperature to above-boiling water.

This frying process causes mass and heat to be transferred

quickly between the food and the oil as a heating medium.

The high temperature of the oil in the process increases the

outflow of water from the food and its evaporation, and

subsequently, oil is absorbed by the food (Khazaei et al.

2016). Oil uptake is influenced by oil and food tempera-

ture, frying method and time, and initial food moisture

content (Parimala and Soda 2012). So, any change in any

of the above factors can decrease the oil uptake during the

deep-fat frying process.

Application of food hydrocolloids to further maintain

the moisture and prevent moisture from escaping during

the deep-frying process can decrease the absorption of oil

in the fried food product. Sahin et al. (2005) reported that

the addition of different gum types could reduce oil uptake

by 40% and moisture loss by 10% in chicken nugget

samples during the deep-frying process. They also reported

that hardness of the nuggets increased when the moisture

value decreased during deep frying. Parimala and Sudha

(2012) stated that adding guar gum with a concentration of

0.5% increases moisture retention, reduces oil absorption

and improves the texture and quality of puri (Indian fried

bread).

The effect of some hydrocolloids such as gellan gum,

carboxymethyl cellulose and guar gum, on food quality and

oil absorption during the deep-fat frying process has been

studied by some researchers (Kim et al. 2011; Khazaei

et al. 2016; Adedeji and Ngadi 2011). Adedeji and Ngadi

(2011) studied the effects of batter formulation enriched by

carboxymethyl cellulose on the nugget quality during deep-

fat frying. They stated that the batter coating of batter could

improve the textural and physical properties of chicken

nuggets. Khazaei et al. (2016) reported that the addition of

basil seed gum at 1% level could reduce oil uptake by

34.5% and moisture loss by 13.9% in shrimp samples

during the deep-frying process.

The effect of strong antioxidants carvacrol and thymol

on lipid oxidation and stability in meat products during

deep-frying and storage has been studied in various studies

(Lucera et al. 2009; Luna et al. 2010; Khazaei et al. 2016).

There is no scientific literature about reducing quality loss

of chicken nuggets by active batter coatings made by

quince seed gum (QSG) containing carvacrol microcap-

sules during the deep-fat frying process. The aim of this

study was to evaluate the effects of active batter coatings

on oil uptake, moisture loss, lipid oxidation and quality loss

of fried chicken nuggets.

Materials and methods

Material

Whole quince seeds were purchased from a local market in

Tehran (Iran), and Carvacrol (99.5%) was purchased from

Sigma Aldrich (St. Louis, USA). All chemicals were
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obtained from Merck (Germany). Fresh boneless and

skinless chicken breast was purchased from a local market

(Tehran, Iran).

Extraction of quince seed gum

Gum extraction from the quince seeds was performed

according to the method of Jouki et al. (2014b). The gum

was extracted from the seeds in several stages. Briefly,

20 g of whole quince seeds sieved and washed with its

triple weight of pure ethanol for 15 min under constant

stirring. Then, ethanol was removed and the seeds dried in

an oven at 45 �C and the gum was extracted from whole

seeds using distilled water (at ratio of 1:25), and stirred

with a rod paddle blender at 1100 rpm and 60 �C for 5 min

to scrape the gum layer off the seed surface. Finally, the

gum was then filtered with cheese cloth and then dried

using a vacuum oven at 45 �C. The extracted gum was

stored in a cool, dry place until the coating solutions were

prepared.

Preparation of carvacrol microcapsules

Carvacrol microcapsules were prepared according to the

layer-by-layer deposition method (Raeisi et al. 2021). QSG

solution (3%) and carvacrol were mixed at a ratio of 3:1

and Tween 80 as an emulsifier was added to the mixture at

a rate of 1% (v/v). The mixture was stirred with a magnetic

stirrer for 15 min at 700 rpm and then homogenized by an

ultra-torax homogenizer at 5000 rpm for 2 min. Separation

of the capsules was performed with the help of ultrasound

at a power of 200 watts for 2 min. Some gum was added to

the emulsion again and homogenized for 30 s. The formed

emulsion was placed in a freezer at -18 �C and after 24 h

transferred to a freeze dryer (Armfield FT-33, Ltd., UK)

with a temperature of -49 �C and dried after 22 h

(Alipoorfard et al. 2020). The prepared capsules were kept

in moisture impermeable plastic bags until the day of

preparation of the batter coating.

Encapsulation efficiency and particle size

The encapsulation efficiency was calculated by calculating

the percentage of trapped carvacrol in the capsule relative

to the initial carvacrol based on its antioxidant activity

(Milani et al. 2020). The particle size of the carvacrol

microcapsules was determined by dynamic light scattering

(DLS) with a Zetasizer (Model ZEN3600, MALVERN,

UK) at a fixed detector angle of 90� (Li et al. 2019).

Briefly, sample were deionized water adjusted pH (a dro-

plet concentration of 1:1000) and then analyzed. The

results were expressed as mean diameter (nm).

Antioxidant activity of carvacrol microcapsules

The DPPH method was used to determine the antioxidant

activity of carvacrol microcapsules (Jouki et al. 2014a).

Briefly, 10 g of microencapsulated carvacrol powders were

mixed and extracted in 90 mL methanol: water solvent

mixture (80:20), and centrifuged at 4000 rpm for 15 min.

Then 0.1 ml of the surface phase (supernatant) was mixed

with 3.9 ml of methanolic DPPH solution (0.1 mM). The

samples were kept in the dark for 30 min and then the

absorbance of the samples was measured at 517 nm. The

scavenging activity of DPPH radicals (%) was calculated

by the following equation (Jouki and Khazaei 2010):

Scavenging activity %ð Þ ¼ AbsDPPH � Abssample

AbsDPPH
� 100

ð1Þ

Oxygen radical absorbance capacity (ORAC)

To measure the ability of capsulated carvacrol powders for

inhibition of peroxyl radical the ORAC method was used

(Zhou et al. 2007). In this method, TroloxTM was employed

as an antioxidant standard and fluorescein (FL) was used as

a fluorescent probe. Peroxyl radicals were produced from

AAPH in phosphate buffer (pH 7.4, 75 mM). Briefly,

225 ll of FL solution (81.6 nM) and 30 ll of reconstituted
functional drink, blank (DMSO) or standard (TroloxTM)

were mixed and incubated at 37 �C for 20 min. Then, 25 ll
of APPH solution (0.36 M) was added to starts the reac-

tion. The fluorescence of the reaction mixture was mea-

sured using a multilabel plate reader (Perkin-Elmer, USA)

at lex = 485 nm and lem = 535 nm every 60 s and kept at

37 �C until the reading had been declined (less than 5% of

the initial reading). The results were determined by using a

regression equation relating Trolox concentrations and the

net area under the kinetic fluorescein decomposition curve.

The results of ORAC test were expressed as lmol Trolox

per equivalent (TE)/g of capsulated carvacrol powder.

Preparation of active batter coatings

To prepare batter formulation, dry ingredients (97.5% flour

(wheat and corn flours in equal proportions), 1% salt, 0.5%

leavening agent and 1% soy flour) were mixed with water

in a ratio of 3: 5 and stirred with a hand mixer at 1000 rpm

for 2 min (Sahin et al. 2005). This formulation was used as

a control batter coating. In other formulations, 1% quince

seed gum alone, or gum containing carvacrol microcap-

sules in the levels of 0.5 or 1% was used as a substitute for

soy flour in the formulation.
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Preparation and coating of chicken nuggets

A mixture of chicken breast (88%), onion (10%), pepper

(1%), and salt (0.5%) as the meat part of chicken nugget, in

dimensions of 4.5 9 2.6 9 1.1 (cm) was cut using a steel

mold. The nugget samples were immersed separately in the

coating batter for 30 s. The nugget samples were divided

into 4 groups: one group was uncoated chicken nuggets, the

second group was nuggets coated with batter without car-

vacrol microcapsules, the third group was chicken samples

coated with batter containing 0.5% carvacrol microcap-

sules, and the fourth group was chicken nuggets coated

with batter containing 1% carvacrol microcapsules. The

coated nuggets were allowed to dry in an oven at 25 �C for

5 h (Fig. 1).

Chemical composition of nuggets

Proximate composition of chicken nuggets was measured

as described by Jouki et al. (2020). Kjeldahl’s method was

employed to measure the protein content. Lipid content

was determined by the method of Bligh and Dyer (1959).

Moisture content and crude ash of the was measured

according to the method of Gharibzahedi et al. (2012).

Frying conditions

Frying of the nugget samples was performed in an electric

fryer (ZDF 8802, Japan) with a volume of 5 L containing

sunflower oil (Nina, Iran) at a temperature of 180 �C for

4 min. The surface oil of the samples was removed with a

paper towel immediately after leaving the fryer and the

fried samples were cooled to ambient temperature (25 �C).

Moisture loss and oil uptake

The moisture content of the raw and fried nugget was

determined according to the method of Gharibzahedi et al.

(2012), and the moisture loss (%) of the fried-nuggets was

obtained by calculating the percentage difference between

the moisture content of raw and fried nugget samples

divided by the moisture content of fried nugget samples.

The oil content was evaluated using the Soxhlet extraction

method, and the oil uptake (%) of the fried-nuggets was

calculated according to Eq. (2):

Peroxide value (PV)

After cold extraction of nugget fat, the amount of peroxide

value was calculated. Briefly, 1 g of fat extracted in 25 ml

of the chloroform acetic acid mixture was dissolved in a

Fig. 1 Production process and application of active edible coatings made from quince seed gum (QSG) and carvacrol microcapsules (CM)

Oil uptake %ð Þ ¼ oil content of fried nuggets� oil content of raw nuggets

oil content of raw nuggets
ð2Þ
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ratio of 2:3. Subsequently, 1 ml of potassium iodide satu-

rated solution was mixed into the mixture and placed in the

dark for 10 min. In the next step, 30 ml of distilled water

was added and the mixture was titrated with 0.01 M in the

presence of starch solution with sodium thiosulfate (Jouki

et al. 2012). Finally, the peroxide value was measured as

follows:

PV mequiv=kgð Þ ¼ S� Bð Þ � F � mol equiv=L Nð Þ
� 1000=W ð3Þ

where S is the titration amount of sample, W is the mass of

fat extracted (g), and B, F, mol equiv/L(N) are the titer of

0.01 mol equiv/ LNa2S2O3, the normality of Na2S2O3.

Thiobarbituric acid reactive substances (TBARS)

5 g of nugget sample was mixed with 15 ml of 20% TCA

solution and homogenized for 1 min and then filtered using

Whatman 1 filter paper. Subsequently, 2 ml of the mixture

was transferred to a test tube and mixed with 2 ml of

0.02 M aqueous 2-thiobarbituric acid. Then, the mixture

was placed at 90 �C for 30 min to react. After cooling, the

absorbance of the nugget samples was determined at

532 nm (Jouki and Yazdi 2014). TBARS value was mea-

sured as mg malondialdehyde (MDA) /kg sample.

Texture analyses

A texture analyzer (CT3, Brookfield, USA) equipped with

a 500 N load cell was used to measure the hardness of

nugget samples. Nugget samples were penetrated using the

double compression method and pressed up to 60% of their

height. The samples were placed in the center of the probe

using a 6 mm probe at a speed of 5 mm/s and a recovery

time of 15 s. Texture characteristics were analyzed to

evaluate the texture profile analysis values, including

hardness, springiness, cohesiveness, chewiness, and gum-

miness (Jouki et al. 2014c; Tayyari et al. 2017).

Color measurement of fried chicken nuggets

A Minolta colorimeter (CR-400, Minolta, Japan) was used

to determine the color parameters of nugget samples. Color

parameters were measured as L (lightness), a (redness) and

b (yellowness) and the total color difference (DE) was

obtained using the following equation (Eq. 4):

DE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

L� Lcð Þ2þ a� acð Þ2þðb� bcÞ2
q

ð4Þ

where Lc, ac, and bc are the values of L, a and b color

parameters for the fried control samples (Shariati et al.

2020).

Sensory evaluation

After frying, nugget samples were given to 11 trained

panelists from the laboratory staff, including 6 women and

5 men (ages 25–35). Briefly, five representative nugget

samples of the different treatments were individually pre-

sented in covered small porcelain dishes to each panelist.

The panelists were not informed about the experimental

approach and the nuggets were blind-coded with 3-digit

random numbers. All evaluations were conducted in a

sensory laboratory under white fluorescent light. A 5-point

hedonic test score (5 = like extremely, 4 = like a little,

3 = neither like nor dislike, 2 = a little dislike and

1 = dislike extremely) was used for color, taste, smell,

texture and overall acceptance (Jouki et al. 2014d).

Statistical analysis

Statistical analysis of the results was performed using SPSS

software (version: 22.0, SPSS Inc.) and Duncan multiple

comparison tests were used (p\ 0.05) to evaluate the

differences between the means. Pearson correlation test

was used to make comparisons between coating treatments.

A non-parametric ANOVA of Kruskal–Wallis test was

employed to analyze the results of sensory evaluation.

Results and discussion

Encapsulation efficiency and particle size

of carvacrol microcapsules

The encapsulation efficiency of carvacrol was

83.13 ± 1.56%, which was similar to the results reported

by Sun et al. (2019) by 76.98% for pectin microcapsules,

and higher than reported value by Bagis and Karabulut

(2020) for gum arabic microcapsules (66.24%). As stated

by Paulo and Santos (2017), the encapsulation efficiency is

affected by many factors including drying methods, drying

temperatures, and core and wall materials. The mean size

of carvacrol-microcapsules was 5.46 ± 0.34 lm. In the

layer-by-layer technique, the capsules are formed in micron

range size with smooth texture. However, with the increase

in the size of the capsules in millimeter dimensions, their

texture become rough and gritty (Raeisi et al. 2021; Bagis

and Karabulut 2020).

The particle size is an important physical characteristic

that affects the texture and sensory attributes such as

mouthfeel. It has been stated that the microcapsule size

affects the efficiency of microencapsulation and its stabil-

ity. The Larger microcapsules offer more protection against

the core material compared with the smaller capsules,

although they have poor dispersibility in the food product
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(Li et al. 2019). Therefore, there is an optimal size to not

only provide good protection against bioactive compounds

and achieve good shelf stability, but also have a good

distribution in the food product.

Antioxidant activity of carvacrol microcapsules

The results of antioxidant activity tests showed that the

oxygen radical absorbance capacity (ORAC) and DPPH

radicals scavenging activity of carvacrol microcapsules

were 152.23 ± 4.11 lmol TE/g, and 51.09 ± 3.32%,

respectively.

Proximate composition of chicken nuggets

The results of chemical composition for raw chicken

nuggets were determined. Protein, lipid, moisture, and ash

contents of the chicken nuggets averaged 16.65, 2.74,

63.51, and 2.24%, respectively. Our results are in good

agreement with those reported by El-Anany et al. (2020).

They showed that the protein, lipid, moisture, and ash

contents of the chicken nuggets averaged 18.09, 3.37,

65.76, and 1.95%, respectively.

Moisture loss and oil uptake of nuggets

The amount of fat and moisture content of nugget samples

were 1.46% wb (3.83% db) and 61.21% wb, respectively

(Table 1). The frying process significantly reduced the

moisture content and increased the oil uptake in the nugget

samples (p\ 0.05). After the frying process, the fat and

moisture content of the control samples reached 14.12 and

23.41%. The difference in fat and moisture content of fried

samples is due to the replacement of water with oil after the

evaporation process. Khazaei et al. (2016) and Kim et al.

(2011) stated that the moisture is released and the food

space is emptied due to heat transfer during the frying,

resulting in replaced oil and increased oil content of fried

food products.

The application of quince seed gum significantly

reduced the moisture loss of fried nugget samples

(p\ 0.05). The use of QSM ? 1% CM (carvacrol micro-

capsules) reduced the moisture loss in fried nuggets by

30.81% compared to the control sample. The highest

reduction in oil uptake was observed in the fried QSM-

coated samples with a value of 33.21%. In our study, lower

oil uptake is found during the frying due to the lower

moisture loss of nugget samples. Due to the role of quince

seed gum on moisture retention in the nugget matrix and

closing the pores, less moisture is removed from the food

during the process and due to the increased vapor pressure

of the retained moisture, less oil enters the food tissue.

According to the results, there was a high correlation

between the rate of moisture loss and oil absorption

(R2 = -93, p\ 0.05).

Therefore, adding batter coating containing QSG due to

increasing the moisture content of the samples and main-

taining it during the frying process prevents excess oil from

entering the food sample. Sahin et al. (2005) reported that

the addition of different gum types could reduce oil uptake

by 40% and moisture loss by 10% in chicken nugget

samples during the deep-frying process. Khazaei et al.

(2016) reported that using of basil gum as a hydrocolloid at

a concentration of 1% reduced moisture loss by up to

13.9% in deep-fried shrimps, thereby reducing the fat

uptake of the samples by 34.5%. In addition, Kim et al.

(2011) showed that the use of guar gum solution at a

concentration of 0.9% reduced the oil absorption in the

samples of deep-fried potato strips by about 41%.

Lipid oxidation

Figure 2 shows the effect of deep frying on oxidation in

nugget samples. The initial values of peroxide value and

thiobarbituric acid in raw nuggets were 1.21 meq peroxide/

kg and 0.59 mg MDA/kg, respectively. Similar results

have been reported by some researchers (Raeisi et al. 2021;

Jouki et al. 2020). To measure the oxidation of lipids in

fried nugget samples, peroxide value (PV) as the primary

Table 1 Moisture and oil content of nugget samples before and after frying process

Treatments Moisture content (% wb) Fat content (% db) Moisture loss (%) Oil-uptake (%)

Raw nuggets 61.21 ± 1.14a 3.83 ± 0.29c – –

Fried uncoated nuggets 23.41 ± 0.59c 14.12 ± 0.48a 61.75 ± 1.33a 271.81 ± 4.43a

Fried QSG-coated nuggets 34.67 ± 0.43b 10.76 ± 0.55b 43.46 ± 2.31b 181.57 ± 3.87b

Fried QSG ? CM1-coated nuggets 35.12 ± 0.61b 11.02 ± 0.44b 42.85 ± 2.68b 188.36 ± 4.71b

Fried QSG ? CM2-coated nuggets 35.08 ± 0.37b 10.91 ± 0.61b 42.67 ± 1.90b 186.83 ± 3.27b

Values with the same letter in the same column are not significantly different at the 5% level. QSG Quince seed gum, CM Carvacrol

Microcapsules
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oxidation, and thiobarbituric acid (TBA) as the secondary

oxidation were evaluated. The frying process increased the

peroxide value and malondialdehyde levels for all nuggets

(p\ 0.05). As shown by Kumar et al. (2015), in the oxi-

dation process of lipids, hydroperoxides and oxidized

unsaturated fatty acids are formed that decompose rapidly

to form compounds such as aldehydes, hydrocarbons,

alcohols, ketones, acids and esters.

The rate of oxidation was highest in untreated nugget

samples and lowest in samples containing QSG ? 1% CM

(Fig. 2). Therefore, the coating of quince seed gum and

carvacrol microcapsules on the nuggets reduced the oxi-

dation during frying. Based on the results obtained in the

oil absorption of samples, the reason for the decrease in

oxidation in the fried coated-nugget samples could be

related to reduced oil uptake. These results were expected

because of the effects of QSG in reducing oil absorption

and the antioxidant effects of carvacrol microcapsules. The

antioxidant activity of carvacrol has been stated by many

researchers (Lucera et al. 2009; Luna et al. 2010).

According to the report of Khazaei et al. (2016), the

formation of secondary oxidation products occurs in the

disintegration of peroxides produced at high temperatures

(C 150 �C). Because of the high temperature of the deep

frying used in this research (180 �C), an increase in these

compounds is seen in the fried nugget sample. The findings

of this study show that the deep-frying enhanced the per-

oxide value (519.11%) and malondialdehyde (128.11%) in

the untreated samples. The amount of peroxide and

malondialdehyde in nugget samples containing 1% car-

vacrol microcapsules after frying was 41.85 and 37.04%

less than the control sample. These results could be related

to the reduction of oil absorption due to the influence of

quince seed gum and the antioxidant activity of carvacrol

in inhibiting oxidation. Similar results have been previ-

ously reported in reducing lipid oxidation by reducing oil

uptake due to the use of dietary hydrocolloids (Khazaei

et al. 2016; Kim et al. 2011).

Texture properties

As Table 2 shows, the frying process reduces the hardness

of the nugget samples. This effect can be related to the

temperature of the frying process, which causes protein

degradation and cell damage on the surface (Min and Ahn

2005). As Chen et al. (2008) stated, after oil uptake, the

most important quality parameter to accept or reject fried

products is texture, especially crispy crust. It also demon-

strates that the addition of batter coating containing QSM

had a significant effect on texture parameters (p\ 0.05).

The fried uncoated nuggets were harder than the other

nugget samples. The higher hardness of these samples is

probably due to the greater loss of moisture in the samples

during the frying process and hardening of the samples.

Among the fried nuggets, the fried uncoated-sample

(control) had the highest hardness (p\ 0.05). The fried

samples coated with a batter containing QSM ? 1% CM

had the minimum required hardness (p\ 0.05), which is

probably due to higher moisture retention in these samples.

Coating active batter containing quince seed gum and

carvacrol microcapsules on nuggets improved chewiness

and springiness. Using active coatings also decreased the

cohesiveness and softness of the tissue. Choi et al. (2014)

showed that the addition of makgeolli fiber to frankfurter

samples can improve the texture of the product. In another

study, Usawakesmanee et al. (2008) stated that the fried

shrimp samples coated with 6% methylcellulose showed

significantly less shear strength than the untreated shrimps.

They showed that these samples retained more moisture

than control samples.

Sahin et al. (2005) reported that the addition of different

gum types could reduce moisture loss by 10% in chicken

nugget samples during the deep-frying process and the

hardness of the nuggets decreased when the moisture loss

decreased. Parimala and Sudha (2012) stated that adding

guar gum with a concentration of 0.5% increases moisture

retention, reduces oil absorption and improves the texture

and quality of puri (Indian fried bread). Han and Bertram

Fig. 2 PV (a) and TBA (b) of chicken nugget samples before and after deep-fat frying
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(2017) stated that dietary fiber may reduce tissue hardness

by disturbing the protein–protein and water-protein net-

works. In addition, Verma et al. (2010) showed that adding

apple pulp to chicken nugget formulation can reduce the

hardness of nugget samples and improve the texture

properties by retaining more moisture.

Color analysis

The effect of quince seed gum and carvacrol microcapsules

on the color parameters of fried chicken nuggets is shown

in Fig. 3. The L (lightness) of nugget samples decreased

after frying (p\ 0.05). The highest reduction in L was in

the coated-nuggets with quince seed gum containing car-

vacrol microcapsules. The significant decrease in L values

for fried nuggets may be attributed to changes in light

absorption and light scattering caused by the formulation

materials. Figure 3 shows the L value of the raw nuggets

sample was 71.44 and after frying in the range of 62.37 for

the control sample to 65.01 for the coated-nuggets with

QSG-1% CM.

The frying process also increased the redness (a) and

yellowness (b) of the nugget samples. During the frying

process, several reactions occur, such as Millard reactions

due to sugar–protein interactions, lipid oxidation reactions,

and the formation of primary and secondary oxidation

products, which can lead to color changes in the fried

samples. The total difference color (DE) of fried nuggets

compared to the fried control sample is also shown in

Fig. 3. In addition, samples coated with batters containing

quince seed gum (QSG) and 0.5% carvacrol microcapsules

had the lowest amount of changes a, b and DE. Improve-

ments in physical properties such as the color of food

products by treatments containing quince seed gum have

also been reported in previous researches (Vaseghi et al.

2020; Jouki et al. 2014e; Khodashenas and Jouki 2020).

Therefore, seed gum with unique color properties such as

high transparency and minimal amount of red and yellow

can improve the appearance of food products by absorbing

water and reflecting light, and the adverse effects of ther-

mal processes or chemical reactions leading to adverse

color changes. At least.

Sensory evaluation

Sensory evaluation was performed to study the effect of

treatments on the sensory attributes of fried nuggets on

consumer acceptance. Figure 4 shows the scores of sensory

evaluations (color, odor, taste, texture and overall accept-

ability) of fried nuggets samples. The results of sensory

evaluations showed that there was a significant difference

Table 2 Textural properties of nugget samples before and after frying process

Treatments Hardness (N) Springiness Cohesiveness Gumminess Chewiness (N)

Raw nuggets 14.43 ± 0.76a 0.68 ± 0.03ab 0.46 ± 0.02a 6.21 ± 0.34a 4.51 ± 0.48a

Fried uncoated nuggets 9.13 ± 0.44b 0.71 ± 0.03a 0.37 ± 0.03b 3.67 ± 0.25b 2.37 ± 0.29b

Fried QSG-coated nuggets 7.26 ± 0.51c 0.65 ± 0.02b 0.40 ± 0.04b 2.88 ± 0.39c 1.87 ± 0.33bc

Fried QSG ? CM1-coated nuggets 7.33 ± 0.59c 0.69 ± 0.01ab 0.38 ± 0.02b 2.72 ± 0.43c 1.94 ± 0.31bc

Fried QSG ? CM2-coated nuggets 6.97 ± 0.67c 0.67 ± 0.02ab 0.39 ± 0.03b 2.76 ± 0.38c 1.79 ± 0.25c

Values with the same letter in the same column are not significantly different at the 5% level. QSG Quince seed gum, CM Carvacrol

Microcapsules

Fig. 3 Color parameters of nugget samples before and after frying Fig. 4 Sensory evaluation scores of deep-fat fried nuggets
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in organoleptic attributes between different nugget samples

(p\ 0.05). The lowest scores of texture, taste, color and

aroma among the samples were attributed to the untreated

sample, which could be related to the reduction of moisture

and more oil uptake of this sample during the frying pro-

cess. Fried coated nuggets containing QSG ? 0.5% car-

vacrol microcapsules have a better texture, color and taste

and a higher overall acceptance score, which can be

attributed to the reduction in oil uptake and moisture less in

these samples.

Due to the positive antioxidant effects of carvacrol

microcapsules on oil oxidation in fried nugget samples, it is

understandable that the taste and smell scores of the sam-

ples are higher. Also, the higher scores of nuggets coated

with batter containing QSG ? carvacrol microcapsules

correspond to the results of texture analyses test and show

that this treatment could improve the textural properties of

nuggets, in addition to reducing oil absorption and oxida-

tion. As it turned out from the results of physical tests,

QSG-Coatings containing carvacrol microcapsules were

able to prevent the hardening of the texture of nugget

samples in the process of deep frying by retaining more

water and consequently reducing oil absorption.

Conclusion

The effect of batter coatings containing quince seed gum

and carvacrol microcapsules on reducing moisture loss, oil

uptake, lipid oxidation, texture and color of chicken nug-

gets in the process of deep fat frying was investigated. The

active batter coatings reduced the moisture loss and oil

uptake of the nugget sample and subsequently reduced the

oxidation and hardening of the nugget texture after frying.

Carvacrol microcapsules along with seed gum reduced the

primary and secondary oxidation rates of the samples

(p\ 0.05). The use of quince seed gum along with 0.5% of

carvacrol microcapsules in batter coatings improved the

color, texture and sensory properties of fried nugget

samples.
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