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ABSTRACT

This study was conducted to prepare low fat chicken meat balls with 
incorporation of grape (Vitis vinifera) pomace powder and assess its 
proximate composition, physico-chemical, sensory and textural properties. 
Emulsion based low fat chicken meat balls were prepared with the addition 
of grape pomace powder (GPP) at  levels of 2% (GPP2), 4% (GPP4) and 
6% (GPP6), over and above the amount of meat along with a control 
(GPP0). There was a significant (P≤0.05) increase in the crude fibre, total 
ash and gross energy levels of GPP4 and GPP6. In the physico-chemical 
properties, the emulsion pH and product pH significantly (P≤0.05) 
decreased with increase in the GPP content. In sensory evaluation, the 
scores for appearance and colour, flavour, juiciness, tenderness and overall 
acceptability were significantly (P≤0.01) reduced for GPP6. Though the 
scores of GPP2 and GPP4 were significantly (P≤0.05) lower than that of 
GPP0, the scores were above the acceptable level. The textural properties 
of the chicken meat balls significantly  (P≤0.05) changed with the addition 
of GPP. It can be concluded that emulsion based functional low fat chicken 
meat balls could be enriched with an optimum level of 4% of grape pomace 
powder without affecting the quality characteristics, thus enhancing the 
dietary fibre content and antioxidant efficacy of the chicken meat balls.
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INTRODUCTION
Chicken is one of the favorite delicacies at present due to 
more amounts of unsaturated fatty acids and absence of 

any religious taboos. Yet, meat eaters are more vigilant 
about the consumption of meat with the misconception 
that meat is not good for health. The American Heart 
Association Dietary Guidelines recommend that an aver-

#This Research article is a part of the Ph.D. Thesis submitted by the first author to the Tamil Nadu Veterinary and Animal Sciences University, 
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age 15% of the total energy should be met by protein, and 
the consumption of a diet that contains a variety of foods 
from all the food categories is healthy. Fortifying chicken 
meat products with dietary fibre from various sources such 
as cereals, pulses, legumes, fruits, vegetables will improve 
the dietary fibre content (Santhi et al., 2020; Santhi et al., 
2022). This study was conducted to prepare low fat chicken 
meat balls with incorporation of grape (Vitis vinifera) 
pomace powder and assess its physico-chemical and sen-
sory properties.

Grape pomace is one of the vital by-product obtained 
in the process of grape juice preparation and winemak-
ing. Over 60 per cent of the grape pomace dry matter is 
composed of dietary fibre (non-starch polysaccharides 
plus lignin) as well as condensed tannins and resistant 
protein, which would provide grape pomace with peculiar 
physiological and nutritional properties (Bravo and Saura-
Calixto, 1998; Yavruyan and Avetisyan, 2021).Seedless 
grape skin powder was found to contain 12.91% of fibre 
(Mostafa et al., 2022). Pomace of different grape varieties 
has been shown to contain high concentrations of pectin 
and phenolic substances (Ageyeva et al., 2021). The ben-
eficial effect of a grape pomace extract, as an antioxidant 
has been demonstrated by Bekiari et al. (2022). The insol-
uble residues of the grape pomace from ten grape varieties 
had lignin content ranging from 16.8% to 24.2%, and the 
peptic substances ranging from 37% to 54% of cell wall 
polysaccharides, and hence grape pomace was suggested as 
a potential dietary fibre source of good quality (Gonzalez-
Centeno et al., 2010).

In the global scenario of poultry meat production, 
India finds place as one of the leading producers. The 
increase in the average income and the urban population 
has led to a tremendous increase in the poultry demand 
and a steady increase in consumption over the years. In 
2021, the consumption of poultry meat in India was found 
to be over four million metric tons (Statista Research 
Department, 2022). Healthcare specialists have vouched for 
rich protein intake and chicken being an excellent source 
of protein has become a staple diet for consumers across 
age groups. Non-vegetarians have increased their chicken 
consumption to twice a week on average from once in 10 
days earlier as they look to increase protein intake amid 
Covid-19 pandemic. Demand for protein-rich food items 
value-added meat products like chicken nuggets, sausages, 
and salami has also surged, as a high-protein diet is rec-
ommended to speed up recovery from Covid-19 infection 
and to boost immunity. One of the main reasons for the 
surge in consumption of ready-to-cook and value-added 
foods is the convenience factor – there is low involvement 

in terms of time and effort taken to prepare the meal (The 
Economic Times, 2022). 

In earlier research studies, grape pomace powder 
(GPP) had been used as a functional ingredient in many 
food products such as frankfurters (Ozvural and Vural, 
2011), beef hamburgers (Abdelhakam et al., 2019), 
Chicken nuggets (Cagdas and Kumcuoglu, 2015), biscuits 
(Mildner‐Szkudlarz et al., 2013; Lou et al., 2021), cookies 
(Kuchtova et al., 2018), chocolate (Bursa et al., 2021) bread 
sticks (Rainero et al., 2022), wafer sheets (Altinok et al., 
2022) and sausages (Zahran, 2021).The present study was 
conducted to fortify low fat chicken meat balls with GPP 
as dietary fibre source and to assess its proximate com-
position, physico-chemical, sensory and textural proper-
ties, thus optimizing the level of inclusion of GPP in the 
chicken meat balls.

MATERIALS AND METHODS
Source of Raw Materials

Broiler meat: Dressed broiler carcasses were purchased 
from the retail outlets of Namakkal town, packed in fresh 
polyethylene bags and transported in thermo cool box to the 
Department of Livestock Products Technology Technology 
(Meat Science), Veterinary College and Research Institute, 
Namakkal. The carcasses were hygienically deboned and 
trimmed of all visible adipose and connective tissues at 
the department laboratory. The deboned meat was minced 
through an 8-mm plate using a meat mincer (Junior MEW 
510, MADO, Germany) packaged in low-density poly-
ethylene (LDPE) and stored in the laboratory freezer at 
-18±2oC for subsequent use in the experiments.        

Grape pomace powder (GPP) - Fresh black grapes 
(Vitis vinifera) were purchased in bunches from local 
market. The grape fruits were processed by detaching 
from the stem, rinsing thoroughly, draining and crushing 
in a juice extractor to obtain the juice and the pomace. The 
pomace was then dried in hot air oven by placing them 
on a drying tray at 60°C for 16 hours, ground to a flour, 
sieved to a fine powder with a 0.45 mm diameter stainless 
steel mesh and stored at room temperature for use in the 
experiments.

Spice mix Formulation: The spices were weighed 
and ground to fine powder as per the following compo-
sition expressed in percent (Coriander-40, Cumin seeds-
5, Fennel seeds-10, Black pepper-10, Poppy seeds-2, 
Cinnamon-1, Cloves-1.5, Cardamom-0.5, Nutmeg-0.5, 
Star anise-0.1, Bay leaf-0.4, Turmeric-0.5, Red chilly-20, 
Mace-0.5, Dried ginger-8.0). This spice mix was stored for 
subsequent use.
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Green Condiments: Freshly procured ginger, garlic 
and onion were peeled off, cut in to pieces, made in to a 
paste in a mixer and used as condiments in the meat ball 
formulation.

Other ingredients: Commercially available food 
grade ingredients available in the local market namely 
refined sunflower oil, refined wheat flour (RWF), dried 
spices, salt, ginger, garlic and onion were used in the pres-
ent the study.

Chemicals used for analyses: Standard chemicals 
procured from authorized dealers were used in the present 
study for various analyses.

Preparation of chicken meat balls

Preparation of meat emulsion: The frozen minced meat 
was tempered to 4oC by keeping in refrigerator overnight 
and used for the preparation of emulsion.  The emul-
sion was prepared in a bowl chopper (TC11 Bowl Cutter 
Scharfen, Germany) by adding minced meat and the other 
ingredients of the formulation (Table 1) in a sequential 
order at a specified time interval. During chopping, the 
temperature of the emulsion was maintained at 10-12°C 
by the addition of slush ice. GPP was added at levels of 
2% (GPP2), 4% (GPP4) and 6% (GPP6) over and above 
the control (GPP0) formulation (Table 1) and processed as 
described above.

Forming, cooking and packaging of meat balls: 
Meat balls of 10 g weight each were formed manually and 

placed on stainless steel trays. Water was preheated to 
50oC in a cooking vessel and the meat balls were put in to 
the water and cooked to reach an internal core tempera-
ture of 82°C. After cooking, the meat balls were allowed 
to cool at room temperature, weighed and used for anal-
ysis.

Analytical Procedures

Physico-chemical (emulsion pH, product pH, emulsion 
stability, product yield) and sensory evaluations were con-
ducted for all the trials to optimize the level of inclusion of 
grape pomace in the chicken meat balls.

Proximate composition

Proximate composition of the cooked chicken meat balls 
viz., gross energy, moisture, crude protein, crude fibre, 
ether extract (total fat) and ash were analyzed following 
the standard procedure (AOAC, 1995).

Physico-chemical evaluation

pH: The pH of chicken meat was determined by adopting 
the method of AOAC (1995). 

Emulsion stability (ES): A method of Baliga and 
Madaiah (1971) as modified by Kondaiah et al., (1985) was 
followed for the estimation of ES. The ES calculated by the 
formula

Table 1: Formulation for chicken meat balls with different levels of grape pomace powder

Ingredients (g) Treatments

GPP0 GPP2 GPP4 GPP6
GPP% 0 2 4 6
Lean meat 1000 1000 1000 1000
Vegetable oil 50 50 50 50
Refined wheat flour 40 40 40 40
Grape pomace powder - 20 40 60
Salt 20 20.40 20.80 21.20
Ginger 25 25.50 26.00 26.50
Garlic 25 25.50 26.00 26.50
Onion 25 25.50 26.00 26.50
Spice mix 20 20.40 20.80 21.20
Added water 100 110 120 130

GPP0: control (without grape pomace powder), 
GPP2: formulation with grape pomace powder at 2% level
GPP4: formulation with grape pomace powder at 4% level
GPP6: formulation with grape pomace powder at 6% level 
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ES (%)=
Weight after heating

X 100
Raw emulsion weight

Product yield: Weights of meat balls before and after 
cooking were recorded. The product yield was calculated 
as below

Product 
yield(%)=

Weight of chicken meat 
balls after cooking X 100

Raw emulsion weight

Sensory evaluation

Semi trained sensory panel consisting of students and 
teaching faculty of the college evaluated the products. 
Samples were evaluated for appearance, flavour, juiciness, 
texture, tenderness and overall acceptability using an 8- 
point hedonic scale (Keeton, 1983) as given in the score 
sheet.

Texture Profile Analyses (TPA)

Texture profile analysis was performed using a texture ana-
lyzer (Stable Micro System, Model TA.XT2i/25, UK). Each 
sample was compressed twice to 80% of the original height 
(Feng et al., 2003) using a compression probe (P25). A cross-
head speed of 10 mm/s was used. For testing, the frozen 
samples were heated in a microwave oven, equilibrated to 
room temperature for 20 mins and cut into uniformly sized 
cubes of 1”x 1” x 1” dimension. The values were recorded 
based on the software available in the instrument.

Statistical Analysis

The data generated in the present study were subjected to 
statistical analysis (Snedecor and Cochran, 1994) for anal-
ysis of variance, critical difference and Duncan’s multiple 
range test was done for comparing the means to find the 
effect of treatment using the statistical software SPSS for 
windows.

RESULTS AND DISCUSSION
Proximate analyses 

The moisture (%) content of all the treatments differed 
significantly (P<0.05) wherein the values decreased corre-
spondingly with the increase in GPP levels (Table 2). There 

was a significant (P<0.05) decrease in the crude protein 
(%) content in GPP4 and GPP6 where that of GPP2 was 
comparable with GPP0. Crude fibre (%) and total ash con-
tent significantly(P<0.05) increased in GPP4 and GPP6. 
Addition of GPP at 4% and 6% levels to chicken meat 
balls showed significant(P<0.05)increase in ether extract 
(%) levels. There was a significant (P<0.05) increase in the 
gross energy level in GPP4 and GPP6 where that of GPP2 
was comparable with GPP0. In accordance with this study, 
Ozvural and Vural (2011) observed an inverse relation 
between moisture and fat values in frankfurters formu-
lated with grape seed flour. In addition, total dietary fibre 
of the treatments significantly increased depending on the 
amount of grape seed flour in the treatments and there-
fore they considered that frankfurters, which lack dietary 
fibre, could be enriched and become functional for human 
health. Beef sausages incorporated with grape seeds as 
natural antioxidants showed a decrease in protein content 
and increase in fat and energy content (Zahran, 2021). 
In a study,where wheat flour was replaced with GPP up 
to 10% level in the preparation of fortified breadsticks,v-
ery similar results were observed by Rainero et al. (2021). 
The replacement of wheat flour with different amounts of 
GPP caused a reduction in crude protein, increase in ash 
and increase in dietary fibre content including the insolu-
ble fibre. Similarly, incorporation of grape skins and grape 
seeds in the preparation of cookies (Kuchtova et al., 2018) 
and substituting wheat flour with white grape pomace 
in wheat biscuits (Mildner‐Szkudlarzet al., 2013) signifi-
cantly increased the total dietary fibre content.

Physico-chemical characteristics 

The emulsion pH (EpH) and product pH (PpH) signifi-
cantly (P≤0.01) decreased with increase in the level of GPP 
(Table 3). In accordance with our results, Ozvural and and 
Vural (2011) also found that the pH significantly reduced 
with increased levels of addition of grape seed flour 
(GSF) (0, 0.5, 1, 2, 3, 4, and 5 per cent) in frankfurters. 
The drop in pH by the addition of GPP is due to the fact 
that it is rich in phenolic acids and tartaric acid (Nair and 
Pullammanappallil, 2003; Ageyeva et al., 2021). Sánchez-
Alonso et al. (2007a) incorporated grape antioxidant 
dietary fibre prepared from red grape in minced fish at 0, 
2 and 4 per cent levels and observed a reduced lipid oxi-
dation which was attributed to the presence of antioxidant 
phenolic compounds in the red grape. In the present study, 
addition of GPP did not affect the emulsion stability and 
cooking yield of the chicken meat balls. Sánchez‐Alonso 
et al. (2007b) found that addition of white grape dietary 
fibre concentrate at 2 per cent and 4 per cent to minced 
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fish muscle of horse mackerel improved cooking yield but 
made the samples more softer and less springy.

Sensory characteristics 

In the sensory evaluation of our study, the appearance 
score drastically (P≤0.05)  decreased with increased 
levels of GPP due to its dark colour (Table 4). Also, the 
overall acceptability score was very low for GPP6 and 

that of GPP4 was organoleptically acceptable. Ozvural 
and Vural (2011) also observed that the overall accept-
ability decreased with the increased level of GSF. They 
stated that though the GSF was added as a fine powder 
as done in the present study, the particles could be per-
ceived by the panellists, which they considered as a prej-
udice against products containing functional additives 
and might be overcome by raising consumers’ awareness 
of their bioavailability. Sáyago-Ayerdi et al. (2009) incor-
porated grape antioxidant dietary fibre in chicken breast 

Table 2: Proximate composition of chicken nuggets with/without oat flour (Mean±SE#)

TreatmentsA Significance of  
treatment effect##GPP0 GPP2 GPP4 GPP6

Moisture (%) 69.35a±0.03 68.75b±0.10 68.00c±0.07 67.71d±0.05 **
Crude Protein (%) 18.48a±0.11 18.30ab±0.07 18.14bc±0.01 18.04c±0.01 **
Crude Fibre (%) 0.587b±0.015 0.597b±0.020 0.707a±0.032 0.780a±0.046 **
Ether Extract (%) 3.65b±0.43 3.83b±0.06 4.34ab±0.09 4.86a±0.22 *
Total Ash (%) 0.95b±0.06 1.07b±0.08 1.68a±0.04 1.58a±0.05 **
Gross Energy (%) 1702b±1 1704b±19 1752a±14 1793a±16 **

Means in a row with different superscripts are significantly different
#Standard error of the mean
##Significance of treatment effect: *P <0.05, **P<0.01
A Same as Table 1

Table 3: Effect of inclusion of grape pomace powder on the physico-chemical qualities of chicken meat balls (Mean±SE#)

Quality attributes
TreatmentsA Significance of  

treatment effect##
GPP0 GPP2 GPP4 GPP6

Emulsion pH 6.09a±0.01 6.01b±0.01 5.90c±0.01 5.80d±0.01 **

Product pH 6.30a±0.01 6.19b±0.01 6.09c±0.01 5.94d±0.03 **
Emulsion stability (%) 93.64±0.30 93.89±0.24 93.58±0.22 94.15±0.05 NS
Product Yield (%) 93.22±1.32 93.52±0.73 93.43±1.20 91.84±0.84 NS

Means in a row with different superscripts are significantly different
#Standard error of the mean
##Significance of treatment effect:  **P<0.01, NS - Not Significant
A Same as Table 1

Table 4: Effect of inclusion of grape pomace powder on the sensory quality of chicken meat balls (Mean±SE#)

Quality attributes
TreatmentsA Significance of 

treatment effect##
GPP0 GPP2 GPP4 GPP6

Appearance and colour score 7.00a±0.21 6.00b±0.37 5.33b±0.28 4.17c±0.44 **
Flavour score 7.00a±0.00 6.25b±0.13 6.00±b0.21 5.00c±0.21 **
Juiciness score 7.25a±0.13 6.25b±0.13 6.00b±0.21 5.25c±0.13 **
Texture score 7.25a±0.13 5.75b±0.25 5.75b±0.25 5.00b±0.37 **
Tenderness score 6.75a±0.13 6.25ab±0.13 5.75b±0.25 5.00c±0.37 **
Overall acceptability score 7.25a±0.13 6.17b±0.17 6.08b±0.15 4.75c±0.13 **

Means in a row with different superscripts are significantly different
#Standard error of the mean
##Significance of treatment effect:  **P<0.01
A Same as Table 1
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hamburger which significantly decreased the sensory 
scores, especially for the colour. Though grape pomace is 
known to be a good source of dietary fibre and antioxi-
dants, studies pertaining to its inclusion in meat products 
is scarce. Tseng and Zhao (2013) used wine grape pomace 
as a source of antioxidant dietary fibre in yoghurt salad 
dressings and observed that the pH and sensory scores 
decreased with increase in grape pomace. They explained 
that though the grape pomace fortified products were 
rich in dietary fibre, in sensory evaluation they scored 
poor in terms of colour and overall acceptability where 
few panellists could feel a sour taste. In the present study 
also, the sensory panellists felt the taste and flavour of 
GPP which they disliked beyond the level of 4 per cent 
and this could be correlated with the significant decrease 
in pH. In the evaluation of incorporating grape seed flour 
(GSF) in cereal bars, pancakes and noodles, Rosales Soto 
et al. (2012) found that pancakes containing 25 per cent 
GSF and noodles containing 20 per cent GSF had low 
consumer acceptance and cereal bar containing 5 per cent 
GSF showed a good balance of high antioxidant activity 
with consumer acceptability.Fish muscle of horse mack-
erel containing 2 per cent of white grape dietary fibre was 
scored high in overall sensory acceptance as compared 
with the control (Sanchez‐Alonso et al., 2007b). In a study 
evaluating the  consumers’ behaviour regarding the con-
sumption of grape pomace-based products, Baldissera et 
al. (2022) showed that informing consumers about the 
presence of grape pomace powder in food formulations 
positively impacted the product’s acceptance. In wafer 
sheets, substitution of wheat flour with grape pomace 
powder at concentration of 5.00 g per 100 g was recom-
mended by Altinok et al. (2022), based on the function-
ality, nutrient content, and sensory properties. Kuchtova 
et al. (2018) found that grape seeds and grape skins can 
be incorporated in cookies, without affecting their overall 
sensory acceptability. Incorporation of grape seed flour 
grape seed flour above 0.5% in frankfurter formulations 
significantly decreased the overall acceptability of the 
product (Ozvural and Vural, 2011).

Texture profile analyses 

There was a significant (P≤0.05) increase in the hardness 
values of the GPP4 and GPP6 wherein the values of GPP2 
and GPP0 were comparable (Table 5). Adhesiveness sig-
nificantly (P<0.05) decreased in GPP4 and GPP6 whereas 
GPP2 and GPP0 did not differ significantly. Addition 
of GPP at all levels significantly (P<0.05) decreased the 
springiness, compared to control.Gumminess was sig-
nificantly (P<0.05) highest in GPP6 where the other 

treatments were comparable. There were no significant 
differences in cohesiveness and chewiness values among 
all the treatments. In accordance with our study, addition 
of grape seed flour in summer salami (Amariei et al., 2018)
and beef hamburger patties (Pereira et al., 2022), Passion 
fruit albedo in raw and cooked pork burgers (Lopez-Vargas 
et al., 2014) increased hardness and gumminess. Inclusion 
of GPP in biscuits as a substitute for wheat up to 20% sig-
nificantly increased the hardness as measured by a texture 
analyser (Lou et al., 2022). In an earlier study, chicken nug-
gets formulated with oats powder showed an increase in 
the hardness and decrease in the adhesiveness, springiness 
and cohesiveness (Santhi and Kalaikannan, 2014). In gen-
eral, addition of fruit based and other forms of dietary fibre 
to meat product led to an increase in the hardness probably 
because their addition would involve incorporating parti-
cles in the protein matrix that would strengthen the bind-
ing formed during cooking (Viuda-Martos et al., 2010).

CONCLUSION
Food processing industry has become well advanced with 
technology interventions and the products evolved accord-
ing to the timely needs of the consumers. Huge research 
works are being carried out in the domain of functional 
meat products in bringing out potential healthy and con-
venience foods. Since meat is devoid of fibre content, 
enriching meat products with dietary fibre rich functional 
ingredients would greatly improve the nutritional value 
of meat. Hence incorporating grape pomace as a func-
tional component in chicken meat balls would be highly 
beneficial, since grape pomace is rich in dietary fibre, 
antioxidants and other micronutrients. In addition, the 
environmental pollution caused by the disposal of grape 
waste from the juice and wine industries can considerably 
be reduced by effectively utilizing the grape pomace. From 
this study it can be concluded that grape pomace powder 
can be included in chicken meat balls at a level up to 4% 
without much affecting the physico-chemical and sensory 
characteristics.
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Table 5: Texture profile analyses of chicken meat balls (Mean±SE#)

Parameters
TreatmentsA Significance of 

treatment effect##GPP0 GPP2 GPP4 GPP6

Hardness (g) 9422.88c

±223.84
9681.53cb

±229.19
10239.77b

±194.35
11003.70a

±162.80 **

Adhesiveness -0.230a

±0.044
-0.432ab

±0.108
-0.592bc

±0.096
-0.801c

±0.109 **

Springiness (cm) 0.905a

±0.004
0.891b

±0.003
0.873c

±0.005
0.873c

±0.005 **

Cohesiveness (ratio)1 0.471
±0.007

0.458
±0.010

0.451
±0.008

0.454
±0.010 NS

Gumminess2 4435.29b

±116.72
4443.96b

±162.96
4610.22b

±90.78
4990.34a

±122.22 *

Chewiness3 4014.82
±102.50

3962.87
±155.06

4023.68
±88.19

4357.34
±118.05 NS

Resilience4 0.156c

±0.002
0.161bc

±0.002
0.163b

±0.001
0.173a

±0.001 **

Means in a row with different superscripts are significantly different
#Standard error of the mean
##Significance of treatment effect: *P <0.05, **P<0.01, NS - Not Significant
A Same as Table 1
1Area under second curve / Area under first curve
2Hardness × Cohesiveness
3Hardness × Cohesiveness × Springiness
4 Area during the withdrawal of the first compression / Area of the first compression

Fig. 1. Grape pomace

  
Fig. 2. Grape pomace powder
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