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Abstract 

Wastes from the fruit juice industry are sources rich in functional compounds like dietary fiber. The present study aimed to 

investigate the suitability of dietary fibers derived from the orange, lemon, and grapefruit juice production wastes in the 

production of chicken nuggets as a coating material. In the control group, nugget samples were coated with breadcrumbs. 

Obtained chicken nuggets were analyzed for color, texture, pH, and sensory properties. The results indicated that the use of 

dietary fiber from different sources had a statistically significant effect on the pH and L*, a*, and b* values of the product before 

and after cooking at the level of p < 0.01. Particularly, the use of lemon and grapefruit fiber decreased the pH value of the 

samples significantly, whereas the usage of grapefruit fiber increased the a* value of both raw and cooked samples significantly. 

The results of the sensory analysis of the cooked samples revealed that except for salinity and juiciness, all sensory parameters 

were influenced significantly (p < 0.05) by the use of dietary fiber, and the grapefruit-coated samples had a more bitter taste 

compared to the other groups. In terms of overall acceptability scores, the lowest mean value was determined in the samples 

coated with grapefruit fiber. All texture parameters except adhesiveness and springiness were influenced by the use of different 

dietary fibers in cooked samples (p < 0.05). 
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1. Introduction 

Chicken meat is an important source of protein that can 

be purchased at a lower price. Due to its structure, it is 

appropriate for further processing techniques and can 

be used to produce a wide variety of processed meat 

products from chicken ham to emulsified sausage. One 

popular food obtained by processing chicken meat is 

nuggets (Talu and Kayaardı, 2012). For the production 

of a quality industrial nugget, 80-85% chicken breast 

meat and 5-10% chicken skin are used. For production 

at low cost, the ratio of chicken skin in the base 

formulation can be increased and the production can 

also include mechanically separated chicken meat. 

Depending on the recipe, a certain amount of salt, 

spices, phosphate and ice water can be included in this 

mixture. The shaped nuggets are dusted with a fine 

layer of flour for a better adhesion of the batter and 

following the battering process, the outer surface of the 

battered nuggets are coated with crumbs for enhanced 

texture and flavor (Feiner, 2006). By changing the 

ingredients in the nugget recipe, the product 

formulation can be modified and the nugget 

formulation can be made more functional (Khatun et 

al., 2022). 

Fruits and vegetables naturally have many 

beneficial functional compounds for human health. 

Dietary fiber, which is among these functional 

compounds, positively affects consumer health and is 

used for improving product’s technological features. In 

terms of its general chemical composition, chicken 

meat is an important source of protein and essential 

amino acids. Unlike plant-based products, however, 

due to its structure, chicken meat does not contain 

dietary fiber and to eliminate the deficiency, plant-

based dietary fibers can be added to processed chicken 

products for functional purposes (Talukder, 2015).   

Citrus wastes are an important source of dietary 

fiber. There have been many studies conducted on the 

 Research Article    /   Received: 23 May 2024,   Accepted: 20 June 2024,   Published Online: 26 June 2024. 

https://www.gastronomyresearch.com/
https://doi.org/10.56479/ijgr-37


Yalınkılıç & Çiğdem / International Journal of Gastronomy Research    2024; 3 (1), 17-23 
 

18 

use of fibers derived from these wastes in the 

formulations of highly processed products (Nieto et al., 

2021).  Among the processed meat products in which 

citrus fibers are used successfully in formulations are 

dry-fermented sausage (Yalınkılıç et al., 2015; 2016), 

non-fermented dry-cured sausage (Sayas-Barbera et 

al., 2012), emulsified sausage (Viuda-Martos et al., 

2010), chicken patty (Abdel-Naeem et al., 2022), and 

chicken meatball (Kılınççeker and Yılmaz, 2019). The 

effects of dietary fiber sources including wheat bran 

(Pathera et al., 2017), green pea (Binti Mohd Zaini, 

2021), and dragon fruit peel (Madane et al., 2020) were 

investigated in studies on the quality parameters of 

chicken nuggets.  On the other hand, the effects of 

orange fiber (Golge et al., 2018) and orange albedo 

(Ammar, 2017) were investigated in studies on the 

effects of citrus fibers on nugget production. 

Nevertheless, there is no study that investigates the 

effect of using citrus fibers like lemon and grapefruit, 

as well as orange fiber, as coating material in nugget 

production on the color, texture and sensory features of 

the product. Therefore, this study aims to investigate 

the effect of heat-treated dietary fibers derived from 

orange, lemon, and grapefruit juice production wastes 

on the textural, color, and sensory features of chicken 

nuggets. 

2. Material and Methods 

2.1. Materials 

All of the materials (skinned chicken breast meat, 

sunflower oil, spices, and salt) that were used in the 

study were purchased from a national gross market 

chain (Iğdır/Türkiye). The oranges, lemons, and 

grapefruits used in the production of dietary fiber were 

also obtained from the same market chain. 

2.2. Production of dietary fibers  

For dietary fiber production, the flavedo layer of lemon, 

orange, and grapefruit fruits was first peeled with a 

knife and then the juice extraction process was 

performed with the assistance of a juicer (Sinbo SJ-

3143, Istanbul, Turkey). Following this process, the 

residual pulp was processed based on the method 

described by Fernandez-Gines et al. (2003), which 

resulted in the production of cooked-dried dietary 

fibers. Within this scope, fibers of lemon, orange and 

grapefruit were produced from fruit juice wastes. In 

total three different groups of dietary fibers were 

produced in the laboratory environment. 

2.3. Nugget production 

For the production of nuggets, chicken breast meat was 

used. After purchasing, the skinned chicken breast 

meat was brought to the meat technology laboratory 

under cold chain and stored in refrigerator at 2°C until 

use. The chicken breast meat was ground in a meat 

grinder (Beko Km 5024M, Istanbul, Turkey) using a 3 

mm plate and the ground chicken meat was then mixed 

by adding 2% NaCl, 0.3% black pepper, and 0.5% garlic 

powder. Following the mixing process, the nugget 

dough was allowed to rest at 2℃ for 2 hours and then 

proceeded to the molding process. In the molding 

process, manual nugget molds (Artvinli Machine, 

Bursa, Turkey) with a 70 mm diameter were used and 

the nugget dough weight was standardized as 40g. The 

molded nugget mixtures were coated with flour and 

milk-egg mixture in order, and at the last step, they 

were coated with breadcrumbs in the control group and 

lemon fiber, orange fiber and grapefruit fiber 

individually in the experimental groups. After the 

coating process, the nuggets were rested at 2℃ for 1 

hour and then deep-fried in sunflower oil at 175℃ for 

3.5 minutes. As a result, four different groups of 

nuggets were produced. The group coated with 

breadcrumbs served as the control group, while the 

nuggets coated with lemon fiber, orange fiber, and 

grapefruit fiber constituted the other groups. 

2.4. Analyses   

2.4.1. Color Analysis 

The color measurements (L*: lightness, a*: redness, 

and b*: yellowness) of the raw nugget samples were 

determined using a colorimeter (Chroma Meter CR-

400, Japan) with illuminant D65, 2° observer. 

Following the calibration of colorimeter, raw nugget 

samples were measured prior to cooking, and cooked 

nugget samples were measured 15 min after cooking 

process. The color values of the samples were measured 

on the outer surfaces of the nuggets. The color 

measurement was carried out at three replicates with 

five samples in each group. 

2.4.2. Texture profile analysis  

Cooked nugget samples were cooled to room 

temperature for 10 min after cooking, and the samples 

were analyzed with the use of a texture profile analyzer 

(Stable Macro System - TA.XT2I) for hardness, 

adhesiveness, chewiness, springiness, resilience, 

gumminess, and cohesiveness parameters. Five 

parallel measurements were taken from each sample in 

each replicate. The running conditions were as follows; 

probe: 36 mm dia aluminium radiused aacc, pre-test 

speed: 1.00 mm/sec, test speed: 5.00 mm/sec, post- 
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test speed: 5.00 mm/sec, distance: 10mm, time: 5 sec, 

trigger force: 5.00 g, load cell: 5 kg 

2.4.3. Sensory analysis 

After cooking, samples were evaluated by 23 semi-

trained panelists in terms of appearance, texture, odor, 

bitterness, saltiness, juiciness, and overall assessment 

parameters using a nine-point hedonic scale. The total 

number of semi-trained panelists who participated in 

three different sensory sessions was 69.  

2.4.4. pH 

Ten g of samples in 100 mL of distilled water were 

homogenized using an Ultra-Turrax (IKA Werk T 25, 

Germany) homogenizer, and the pH value of the 

samples was measured with a calibrated pH-meter 

(ATI ORION 420, MA 02129, USA). The pH 

measurement was carried out at three replicates with 

two samples in each group. 

2.4.5. Statistical analysis 

The use of dietary fiber in the study was evaluated as a 

factor. The experiments were performed with three 

replicates. The results obtained for each parameter 

were analyzed with one-way ANOVA, and the 

differences among the groups were tested with 

Duncan’s multiple comparison test at the p < 0.05 

level. All statistical analyses were carried out using the 

IBM SPSS Statistics 25 software package. 

3. Results and Discussion 

3.1. Color Values 

Table 1 presents the L*, a*, and b* values of raw 

nuggets. Application of cooked-dried citrus fibers as 

coating material in nugget production had a very 

significant (p < 0.01) impact on the color values of the 

product. In fact, a statistical difference at p < 0.05 level 

was detected between the experimental groups and the 

control group in the L* value, an indicator of 

brightness, depending on the use of dietary fiber in the 

production of nuggets. This situation is likely due to the 

color substances in citrus fibers. In a similar manner to 

our findings, it was determined that the use of orange 

fiber in dry fermented sausage (Yalınkılıç et al., 2012) 

and lemon fiber in low-fat chicken meatballs led to a 

significant increase in L* value (Chappalwar et al., 

2021). Regarding a* values, which give information 

about redness and blueness values, it was found that 

the highest a* value was found in nuggets produced 

using grapefruit fiber. On the contrary, it was found 

that the a* values of the products coated with lemon 

fiber and orange fiber were lower than the control 

group (p < 0.05). Regarding the b* values of the 

nuggets without heat treatment, it was also determined 

that higher b* values were observed due to the use of 

citrus fiber and the highest b* value was detected in the 

products coated with grapefruit fiber, as in the a* value. 

The samples coated with grapefruit fiber had higher a* 

values, which is likely due to the fact that this dietary 

fiber source contained more lycopene and β-carotene 

than oranges and lemons (Xu et al., 2006). 

The L*, a*, and b* values of deep fried nuggets are 

presented in Table 1. It can be observed that there were 

statistically significant differences (p < 0.01) between 

the groups with respect to the color parameters in the 

cooked nuggets as in the raw product. There was a 

decrease in the mean values of all groups after the heat 

treatment with respect to L* value, while there was an 

increase in the mean values of a* and b* parameters 

independently of the group. Caramelization reaction 

and Maillard reaction products during deep frying 

process probably lead to a decrease in L* value of 

chicken nuggets (Ngadi et al., 2007). In terms of L* 

value, no statistical difference was observed between 

the control group and the nuggets coated with lemon 

Table 1.  Color values of nuggets before and after cooking 

Group 
Color of uncooked product Color of cooked product 

L* a* b* L* a* b* 

Control 66.53±3.61a 3.84±1.01c 18.81±2.95a 55.67±2.89b 11.13±1.21b 37.74±1.84a 

Lemon 74.27±2.64c 1.71±0.34b 20.61±1.10b 54.60±2.98b 12.33±1.39c 38.06±1.86a 

Orange 74.98±2.71c -1.36±0.34a 29.83±1.55c 63.17±1.12c 7.06±1.68a 46.54±1.16c 

Grapefruit 69.84±1.50b 7.47±0.68d 32.19±0.84d 49.56±2.81a 17.78±1.72d 41.31±2.57b 

Significance ** ** ** ** ** ** 

a-d: Any two means in the same column having the same letters in the same section are not significantly different. **p < 0.01. 
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fiber (p >0.05), while the highest value was determined 

in the products coated with orange fiber (p < 0.05) and 

the lowest value was determined in the products coated 

with grapefruit fiber (p < 0.05). When the a* value 

averages of the samples were taken into consideration, 

as in the raw samples, the highest average a* value was 

detected in the products coated with grapefruit fiber. 

There was no difference (p > 0.05) in the mean b* 

values of the heat-treated products between the 

products coated with lemon fiber and the control 

group, whereas a statistically significant difference was 

observed in the mean b* values of the products coated 

with orange and grapefruit fiber (p < 0.05). In a similar 

manner to our study findings, the color values of 

cooked chicken meatballs with apple fiber, pea fiber, 

and lemon fiber exhibited variability depending on the 

type of fiber used (Kılınççeker and Yılmaz, 2019). 

Furthermore, in the study conducted by Ngadi et al. 

(2007), it was determined that deep-frying increased 

the a* and b* values of chicken nuggets significantly. 

Another study on chicken nuggets with different 

protein types deep-fried in oil found that deep-frying 

decreased the L* value and increased the a* value of the 

samples, although a similar tendency was not found for 

the b* value (Doğan et al., 2005).  

3.2. pH value 

Table 2 presents the pH values of the raw nugget 

samples. The pH values of the raw nugget samples 

ranged between 5.14 and 5.98 and there were 

significant (p < 0.01) differences in pH values due to 

the use of dietary fiber. While the lowest pH value was 

detected in the group with lemon fiber with 5.14, a 

statistically significant (p < 0.05) difference was 

detected between the group with grapefruit fiber and 

the control group. It is likely that the different pH 

values detected in raw nugget samples are associated 

with the acidic compounds in the fiber type used as 

coating material (Ünal et al., 2022). Indeed, it has been 

found that the use of lemon fiber in the production of 

low-fat chicken meatballs decreased the pH value of the 

product significantly, which is similar to our findings 

(Chappalwar et al., 2021). Moreover, dietary fiber use 

in meat products can either decrease or increase the pH 

value of the product based on the type and source of the 

dietary fiber used, or it can have little effect on the pH 

value of the product (Choi et al., 2011).  

In all deep fried groups, significant increase was 

observed in the mean pH values (Table 2). The lowest 

pH value of 5.46 was observed in the nuggets coated 

with lemon fiber (p < 0.01) just like the raw nuggets. 

Presumably, the pH increase in the heat-treated 

products is related to changes in the proteins in the 

meat layer of the nugget. In fact, denaturation of meat 

proteins and degradation of free amino acids take place 

depending on the heat treatment during cooking, and 

as a result, nitrogenous compounds that lead to an 

increase in pH are produced (Sohn and Ho, 1995; 

Alugwu et al., 2022). Increase in pH was also observed 

in another study in nugget samples, produced by the 

use of orange fiber, after cooking and this situation was 

interpreted by the alkaline compounds that emerged in 

the meat mixture during the heat treatment (Ammar, 

2017).  

3.3. Sensory analysis 

Table 3 presents the results of the sensory analysis of 

the deep fried nuggets. According to the scores of the 

samples presented to the panelists, except for salinity 

and juiciness parameters (p > 0.05), all parameters 

were significantly (p < 0.01) effected by the use of 

dietary fiber as coating material. In case of using 

dietary fibers from different sources, there may be 

significant differences in the sensory scores of nugget 

samples (Ammar, 2017; Chappalwar et al., 2021; 

Khatun et al., 2022). While appearance score was the 

highest in the samples coated with grapefruit fiber, the 

control group was the next highest. For texture 

parameter, the highest mean values were determined 

in the control group and nuggets coated with orange 

fiber (p < 0.05).  On the other hand, the lowest texture 

value was found in the samples coated with grapefruit 

fiber. For the odor parameter, similar to the texture 

value, the lowest mean value was found in the nuggets 

coated with grapefruit fiber (p < 0.05), while no 

statistical difference was noted between the mean 

values of the other three groups with respect to the odor 

parameter (p > 0.05). Panelists who consumed the 

heat-treated nuggets disliked the products coated with 

grapefruit fiber with respect to bitterness parameter 

and rated the products coated with this fiber with a 

Table 2.   pH values of nugget samples coated with 
different citrus fibers before and after cooking 

Group Uncooked Product Cooked Product 

Control 5.98±0.05c 6.12±0.05c 

Lemon 5.14±0.66a 5.46±0.95a 

Orange 5.93±0.10c 6.10±0.06c 

Grapefruit 5.40±0.72b 5.76±0.05b 

Significance ** ** 

a-d: Any two means in the same column having the same letters in 
the same section are not significantly different. **p < 0.01. 



Yalınkılıç & Çiğdem / International Journal of Gastronomy Research    2024; 3 (1), 17-23 
 

21 

high bitterness score (p < 0.05). Nevertheless, no 

statistical difference (p > 0.05) was found between the 

orange fiber and lemon fiber groups and the control 

group for bitterness values. Regarding the overall 

assessment parameter, it was understood that the use 

of grapefruit fiber in nugget production was at 

unacceptable levels (p < 0.05). Conversely, no 

statistical difference (p > 0.05) was found between the 

use of lemon fiber and orange fiber as coating material 

and the control group with respect to the overall 

assessment parameter. The fact that the nugget 

samples coated with nugget scored high on bitterness 

score is possibly due to the flavanone glicoside called 

naringin, which is found in grapefruit fiber and gives a 

bitter taste to the product. Because this compound 

imparts a bitter taste to grapefruit where it is present in 

high levels (Victor et al., 2018).  

3.4. Texture Profile Analysis 

Table 4 presents the results of texture profile analysis 

of the nuggets cooled at room temperature after deep 

fat frying. It was found that there were significant 

statistical differences (p < 0.01) between the mean 

values of hardness value. Whereas the lowest hardness 

value was determined in the control group where 

breadcrumbs were used as the outer coating material, 

all groups prepared using citrus fiber showed higher 

mean values in comparison to the control group (p < 

0.01). This was probably a result of the chemical 

composition of the dietary fibers used in the study. 

Because citrus fiber sources are rich in different 

carbohydrate compounds, dietary fiber coated nuggets 

may have been harder (Wang et al., 2015). However, on 

the other hand, this variation may have affected the 

water-holding capacity of dietary fiber and thus 

particularly affect product texture scores (Binti Mohd 

Zaini et al., 2021). No statistically significant difference 

(p > 0.05) was observed between the groups with 

respect to adhesiveness and springiness values. 

Cohesiveness and resilience values were the highest 

mean values and gumminess and chewiness 

parameters were the lowest mean values in the control 

group (p < 0.05). The nugget samples coated with 

lemon fiber, orange fiber, and grapefruit fiber exhibited 

higher gumminess and chewiness values. In studies 

where alternative dietary fibers were used to produce 

chicken nuggets, significant differences between the 

samples with respect to texture parameters were found 

similar to our findings, according to the type of dietary 

fiber used (Pathera et al., 2017; Chappalwar et al., 

2021). 

Table 3.   The results of sensory analysis of cooked nugget samples coated with different citrus fibers 

Group Appearance Texture Odor Bitterness Salinity Juiciness 
Overall  

Assessment 

Control 5.98±1.66ab 6.36±1.64b 6.36±1.57b 2.02±1.27a 3.11±1.50a 4.64±1.97a 6.29±1.50b 

Lemon 5.64±1.57a 6.00±1.70ab 6.22±1.86b 2.64±1.86a 3.02±1.40a 4.60±2.09a 6.11±1.60b 

Orange 5.71±2.30a 6.60±1.47b 6.70±1.52b 1.88±1.08a 2.81±1.36a 4.40±2.13a 6.17±1.68b 

Grapefruit 6.56±1.83b 5.51±1.82a 4.91±2.26a 5.84±2.74b 2.67±1.45a 3.89±2.22a 3.61±1.82a 

Significance * * * * NS NS * 

a-d: Any two means in the same column having the same letters in the same section are not significantly different. *p < 0.05, **p < 0.01, 
NS: not significant. 

Table 4.   The results of texture profile analysis of cooked nuggets coated with different citrus fibers 

Group Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness Resilience 

Control 23486.64±7206.97a -1.46±1.09a 0.86±0.004a 0.73±0.05b 16891.44±4371.49a 14545.83±3603.90a 0.34±0.04b 

Lemon 32019.94±9797.98ab -2.72±2.77a 0.82±0.06a 0.66±0.04a 20774.77±5725.42ab 17021.78±5096.07a 0.29±0.02a 

Orange 43741.87±5635.72c 2.68±2.01a 0.85±0.08a 0.63±0.02a 27505.79±2747.54c 23382.11±4261.97b 0.29±0.01a 

Grapefruit 36188.91±5757.54bc -4.80±2.42a 0.80±0.04a 0.66±0.03a 23901.35±2562.41bc 18981.36±2490.65ab 0.29±0.02a 

Sig. * * * * NS NS * 

a-d: Any two means in the same column having the same letters in the same section are not significantly different. *p < 0.05, **p < 0.01, 
NS: not significant 
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4. Conclusions 

The present study investigates the usability of dietary 

fiber derived from the wastes of orange, lemon, and 

grapefruit juice production as a coating material in 

chicken nugget production. It was found that it is 

possible to successfully use orange and lemon fiber as 

nugget coated material, except for grapefruit fiber, 

which adversely affects the sensory properties of the 

product. The use of orange and lemon fiber as a coating 

material in the production of nuggets is a favorable 

example of converting agricultural wastes in food 

production into high value products. Furthermore, the 

health beneficial phytochemicals within the dietary 

fiber are delivered to the consumer via chicken nuggets, 

which makes chicken nuggets more functional in terms 

of health. 
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