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Abstract

An experiment was performed to enhance the functional value of meat nuggets developed from Kadaknath. Carrageenan
at three levels T-1- 0.25%, T-2- 0.50% and T-3- 0.75%, were used to develop low-fat Kadaknath meat nuggets. Developed
products were assessed for various physicochemical, textural and sensory attributes. Cooking yield and moisture content
differed significantly (P<0.05) among the treatments. The fat content was reduced significantly (P<0.05) in developed
carrageenan incorporated functional meat nuggets compared to the control. The moisture and fat retention were increased
with increasing levels of carrageenan and differed significantly (P<0.05). Hardness, cohesiveness and gumminess values of
functional Kadaknath nuggets differed significantly (P<0.05). Sensory attributes of carrageenan incorporated Kadaknath
meat nuggets indicated comparable scores for T-2 compared to control. Overall acceptability revealed that the product was
very well accepted at 0.5% incorporation of carrageenan and may be used in the development of functional Kadaknath
nuggets without affecting the quality and sensory attributes.
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Highlights

® Value added cum functional Kadaknath meat nuggets

® Use of carrageenan as a fat replacer

® Development of low-fat Kadaknath nuggets

® (.5% incorporation of carrageenan may suitably be used in the development of functional meat
nuggets without affecting the quality and sensory attributes.

INTRODUCTION

Kadaknath is a native bird of India (Jhabua
district of Madhya Pradesh) and is considered
the only black meat breed in the country.
Initially, it was reared mainly by the tribal
communities of the country, but nowadays, it
is continuously gaining popularity mainly due
to its better adaptability, resistance against
various diseases, rich in protein (Uikey, 2018),
desirable texture, as well as flavour. Increased
consciousness about balanced diet and health
is forcing us to understand the effect of food

ingredients on functional enhancement and
consumer health. Therefore, demand for such
food with health promoting and good nutritional
value along with some additional healthy
components has continuously increased. Over
the last several decades, based on scientific facts
and advisories released by medical and
nutritional professionals, consumer groups
have been aware of relationship between the
consumption of meat products (low fat,
cholesterol and fibre enriched) and the threat
of degenerative and unremitting diseases
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(cardiovascular, blood pressure, obesity and
colon cancer) (Chauhan et al., 2021).

It is a well-known fact that excess fat is
responsible for obesity (Chauhan et al., 2021)
as it provides 2.25 times higher energy per
unit basis compared to carbohydrate and
protein. As per the nutritional guideline, the
proportion of dietary fat should range from
15 to 30 percent of the total calories required,
and saturated fat should not exceed 10 percent
of the total calories intake (WHO, 2003).
Advanced research on meat-based functional
foods is strategic technology to incorporate
the healthy promoting component (Jimenez-
Colmenero, 2007; Brian et al., 2012). Diet
serves as a driving force for health and quality
of life. Functional food may be considered
to be the most beneficial. As traditional meat
products have a higher amount of fat, it
provides a good opportunity to develop
functional meat products with reduced fat.
Therefore, replacements of fat should be done
with suitable fat replacers which contribute
the least calories to the product without
affecting the sensorial attributes of the
product.

Fat content plays an important role to
improve the sensory attributes like flavour,
juiciness and texture of developed meat
products (El-Magoli, 1996). Therefore, direct
replacement or simply reducing fat content in
the development of comminuted meat products
may develop rubbery and dry texture, which
results in undesirable sensory attributes
followed by browning reaction and lower shelf
life (Keeton, 1994). Hence, the use of
appropriate functional ingredients is needed to
replace the fat, which may not deteriorate the
quality as well as sensory attributes of the
finished products.

Materials replicating the function and
physicochemical properties of regular fats,
which give rise to very few calories per gram
basis and can be used for the development of
low calories food, are termed as fat substitutes

(Jacqueline, 2013; O’Sullivan, 2016).

It is a well-known fact that using fat
substitutes in reformulating meat products will
create some adverse qualities and characteristics
in cooking and reheating. However, some of
them, which mimic the sensory properties of
fat, can potentially be used to prepare reduced-
fat functional meat products. Globally a couple
of scientists like Jimenez (2007) and O’Sullivan
(2016) are working to search out the possibility
of developing low-fat functional food products
without affecting the quality as well as sensory
attributes of the products, simultaneously that
will also remain healthful to the consumer.
Based on these facts and consumer health
concerns on priority, an attempt was made to
design the fibre enriched along with reduced
fat functional meat nuggets developed from
Kadaknath.

MATERIALS AND METHODS

Raw material: Approximately 5 months age
of Kadaknath chicken (1.5 kg) was procured
from the Department of Poultry Science of the
College. The chicken was slaughtered, and the
meat was deboned and stored at 18°C till further
use.

Analytical grades of chemicals required for
the study were procured from Hi Media
laboratories (P) Ltd, Mumbai. Low density
polyethylene (LDPE) bags of 250 gauge
thickness and other ingredients used in the study
were procured from a standard firm and
neighbouring market as per availability and
requirement of the project.

Preparation of product: After partial thawing,
Kadaknath chicken meat was double minced
in an Electrolux mincer. Pre-weighed quantity
of minced chicken meat and other required
ingredients were added as formulation for the
preparation of emulsion (Table 1). The
Kadaknath meat nuggets of each treatment were
prepared separately as per the process
mentioned in the flow chart.
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Flow chart for the preparation of functional low-fat chicken nuggets

Minced Kadaknath chicken meat in meat mincer
Add salt and polyphOfphate with ice flakes
Chopped in bowl ch(ipper for 2-3 minutes
Addition of refined vegetable oil
Run again in bowl chopper for 2-3 minutes
Add condiments, carrageenan, ?)ices mix and other ingredients
Again, run in bowl chopper for 1-2 minutes
Put emulsion into stainless still moulds
Steam cooked at 121°C for 35 minutes

Cooled to ambient temperature, sliced and cut into desired shape

Packaged and stored at 4+1°C
Sensory evaluation and sample analysis

Table 1. Formulation of functional nuggets developed from Kadaknath

Ingredients C T-1 T-2 T-3
Meat (%) 69.0 69.0 69.0 69.0
Carrageenan (%) 00 0.25 0.50 0.75
Gram hull (%) 6.0 6.0 6.0 6.0
Refined flour (%) 4.0 4.0 4.0 4.0
Vegetable refined oil (%) 6.0 3.0 3.0 3.0
Condiments (%) 3.8 3.8 3.8 3.8
Ice-flakes (%) 7.0 9.75 9.50 9.25
Spices (%) 2.0 2.0 2.0 2.0
Salt (%) 1.8 1.8 1.8 1.8
STPP (%) 0.4 0.4 0.4 0.4

C (Control)- Kadaknath meat nuggets without carrageenan, T-1- Kadaknath meat nuggets with 0.25% carrageenan,
T-2- Kadaknath meat nuggets with 0.5% carrageenan and T-3- Kadaknath meat nuggets with 0.75% carrageenan

Analysis of product: The developed functional used to determine the pH of the samples. Before
Kadaknath meat products were evaluated for measurement, the pH meter was calibrated
various physicochemica] analyses, A dlglta] pH llSil’lg two standard buffer solutions. (pH 4.0 and

meter (WTW, Germany, model pH 3301i) was 7.0). The average of two readings for each
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sample was considered as the final pH reading.
The parameters were evaluated, such as
emulsion stability (Baliga and Madaiah, 1970)
with minor modifications, cooking yield
(Murphy et al., 1975) and proximate
composition (AOAC, 1995), whereas moisture
protein ratio was calculated by dividing the
moisture by protein content of the respective
sample multiplied by 100. The moisture
retention and fat retention were estimated
according to the equation given by Murphy
et al. (1975) and El-Magoli et al. (1996),
respectively, and instrumental texture profile by
the method of Bourne (1978). The sensory
evacuation was performed as per the scale
method (8 point descriptive) described by
Keeton (1983), where 1 point denoted
extremely poor and 8 denoted extremely
desirable. A semi-trained judge’s panel
consisting of seven members was selected from
post-graduate students and young staff of the
College of Veterinary Science and Animal
Husbandry, Mhow, Indore M.P., India. A
training/briefing session for the selected panel
was organized and then requested to evaluate
the different treatments of Kadaknath chicken
nuggets for various sensory attributes in the
sensory room of the department.

Statistical analysis: The data generated from the
present experiment on various parameters were
statistically analyzed by using the ‘SPSS-20.0°
software package as per standard methods of
Snedecor and Cochran (1995). Three trials in
duplicate for each experiment was conducted
(n=6). However, Sensory evaluation was carried
out three times each by a trained judges panel of
seven members, so the total observations were
21 (n=21).

RESULTS

Physico-chemical properties: The mean values
for various physico-chemical properties of low-
fat Kadaknath chicken nuggets with different
levels of carrageenan are presented in Table 2.
The pH value of control was 6.07, while for
treatment group T-1, T-2 and T-3 were 6.11, 6.13
and 6.14, respectively. The pH value was

increasing from control to treatments. The
emulsion stability of control was 90.53%, while
for treatment group T-1, T-2 and T-3 were 91.37,
91.91 and 91.62%, respectively. The cooking
yield of the control was 92.06%, while for
treatment, it varied from 92.48 to 93.24%. The
mean moisture (%) content for C, T-1, T-2 and
T-3 were found to be 59.36, 61.40, 61.71 and
61.44 respectively. The mean protein (%) content
for C, T-1, T-2 and T-3 were found to be 26.22,
25.90, 26.26 and 25.94, respectively. The mean
fat (%) content for C, T-1, T-2 and T-3 were
found to be 6.22, 4.00, 4.07 and 4.19,
respectively. The mean fibre (%) content for C,
T-1, T-2 and T-3 were found to be 3.80, 3.85,
3.86 and 3.89, respectively. The mean ash (%)
content for C, T-1, T-2 and T-3 were found to
be 2.41, 3.39, 3.55 and 3.47, respectively. The
mean moisture—protein ratio for C, T-1, T-2 and
T-3 were found to be 2.26, 2.37, 2.35 and 2.37,
respectively. The mean moisture retention (%)
for C, T-1, T-2 and T-3 were found to be 54.99,
55.92, 57.33 and 57.42, respectively. The mean
fat retention (%) for C, T-1, T-2 and T-3 were
found to be 88.55, 91.07, 93.18 and 93.46,
respectively. The analysis of variance indicated
a significant (P<0.05) difference in cooking yield,
moisture content, fat content (%), moisture
retention (%) and fat retention (%) between
treatments. Whereas for the pH value, emulsion
stability, protein content (%), fibre content (%),
ash content (%), and moisture-protein ratio
indicated no significant (P>0.05) difference in
protein content between treatments.

Instrumental texture profile: The mean values
for textural properties of low-fat Kadaknath
chicken nuggets incorporated with different
levels of carrageenan are presented in Table 3.
The mean hardness value (N/cm?) for C, T-1,
T-2 and T-3 were found to be 19.12, 19.32,
21.91 and 22.84, respectively. The mean value
of adhesive force (Ns/g sec) content for C, T-1,
T-2 and T-3 were found to -0.64, -0.62, -0.63
and -0.63, respectively. The mean cohesiveness
value (%) for C, T-1, T-2 and T-3 were found
to be 0.37, 0.37, 0.36 and 0.32, respectively.
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Table 2. Physico-chemical properties (Mean+SE) of carrageenan incorporated low-fat nuggets
developed from Kadaknath

Parameters C T-1 T-2 T-3
pH 6.07+0.01 6.11+0.03 6.13+0.02 6.14+0.14
Emulsion stability (%) 90.53+1.08 91.37+0.86 91.91+0.41 91.62+0.86
Cooking yield (%) 92.06+0.23* 92.48+0.23% 92.79+0.16° 93.24+0.18°
Moisture (%) 59.36+0.48* 61.40+0.41° 61.71+£0.37° 61.44+0.28°
Protein (%) 26.22+ 0.32 25.90+0.03 26.26+0.67 25.94+0.44
Fat (%) 6.22+0.11° 4.00+0.20* 4.07+0.04* 4.19+0.20°
Fibre (%) 3.80+0.01 3.85+0.04 3.86+0.04 3.89+0.06
Ash (%) 3.41+0.03 3.42+0.07 3.47+0.14 3.54+0.04
Moisture — protein ratio  2.26+0.04 2.37+0.03 2.35+0.04 2.37+0.03
Moisture retention (%) 54.99+0.55? 55.92+0.81® 57.33x0.74° 57.42+0.52°
Fat retention (%) 88.55+0.38* 91.07+0.43" 93.18+0.33¢ 93.46+0.76¢

C (Control)- Kadaknath meat nuggets without carrageenan, T-1- Kadaknath meat nuggets with 0.25% carrageenan,
T-2- Kadaknath meat nuggets with 0.5% carrageenan and T-3- Kadaknath meat nuggets with 0.75% carrageenan
Different superscripts row wise differ significantly (P<0.05) (n=6)

Table 3. Instrumental textural profile (Mean+SE) of carrageenan incorporated low-fat nuggets
developed from Kadaknath

Parameters C T-1 T-2 T-3
Hardness (N/cm?) 19.12+0.262 19.33+0.742 21.91+0.72° 22.84+0.91°
Adhesive force (Ns/g sec) -0.640+0.013 -0.620+0.012 -0.633+0.013 -.631+0.010
Cohesiveness (ratio) 0.378+0.007" 0.370+0.003" 0.360+0.002°  0.323+0.009?
Gumminess (N/cm?) 7.72+0.042 7.70+£0.022 8.51x0.07° 9.18+0.02¢

C (Control)- Kadaknath meat nuggets without carrageenan, T-1- Kadaknath meat nuggets with 0.25% carrageenan,
T-2- Kadaknath meat nuggets with 0.5% carrageenan and T-3- Kadaknath meat nuggets with 0.75% carrageenan
Different superscripts row wise differ significantly (P<0.05) (n=6)

The mean gumminess (N/cm?) for C, T-1, T-2
and T-3 were found to be 7.72, 7.70, 8.51 and
9.18, respectively. The analysis of variance
indicated a significant (P<0.05) difference in

acceptability of low-fat Kadaknath chicken
nuggets incorporated with different levels of
carrageenan are presented in Table 4. The mean
sensory score of parameters like general

the mean value of hardness, cohesiveness and
gumminess values between treatments,
however there was no significant (P>0.05)
difference in the mean value of adhesive force
between treatments.

Sensory evaluation: The mean value for
general appearance, flavour, texture, saltiness,
juiciness, mouth coating and overall

appearance for C, T-1, T-2 and T-3 were found
to be 6.95, 6.76, 6.90 and 6.85, for flavour,
7.08, 7.04, 7.14 and 6.51, for texture, 6.88,
6.61, 6.85 and 6.67, for mouth coating 6.90,
6.66, 6.85 and 6.80, for saltiness 7.12, 7.04,
7.09 and 6.71, for juiciness 6.90, 7.04, 7.14
and 7.19, for overall acceptability 7.11, 6.85,
7.09 and 6.71, respectively. The analysis of
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Table 4. Sensory attributes (Mean+SE) of carrageenan incorporated low fat nuggets developed

from Kadaknath

Parameters C T-1 T-2 T-3
General appearance 6.96+0.12 6.76+0.20 6.90+0.16 6.85+0.15
Flavor 7.08+0.18° 7.04+0.20° 7.14+0.18° 6.51+0.14*
Texture 6.88+0.10° 6.61+£0.17° 6.85+0.15 6.67+0.11°
Mouth coating 6.90+0.20 6.66+0.21 6.85+0.17 6.80+0.16
Saltiness 7.12+£0.26 7.04+0.17 7.09+0.15 6.71+0.20
Juiciness 6.90+0.19 7.04+0.20 7.14+0.18 7.19+0.17
Overall acceptability 7.11+0.12° 6.85+0.09° 7.09+0.11° 6.71+0.14°

C (Control)- Kadaknath meat nuggets without carrageenan, T-1- Kadaknath meat nuggets with 0.25% carrageenan,
T-2- Kadaknath meat nuggets with 0.5% carrageenan and T-3- Kadaknath meat nuggets with 0.75% carrageenan
Different superscripts row wise differ significantly (P<0.05) (n=6)

variance indicated a significant (P<0.05)
difference in the mean of parameters flavour,
texture and overall acceptability scores between
treatments. Whereas for the sensory parameters
like general appearance, mouth coating and
saltines. Juiciness indicated no significant
(P>0.05) difference between treatment groups.

DISCUSSION

Physico-chemical properties: The physico-
chemical properties indicated (Table 2) that pH
was increased with increasing levels of
carrageenan. However, the difference was non-
significant (P>0.05). Nayak and Pathak (2016)
also reported higher pH values in chevon patties
incorporated with carrageenan. The emulsion
stability was initially increased from control to
T-2 and then decreased with the further
increasing level of carrageenan. With the
increasing levels of carrageenan, the protein
compactness gel network allowed more binding
of water with heat while cooking. Therefore,
improvement in the water holding capacity was
recorded (Ayadi et al., 2009). These results are
supported by the findings of Nayak ez al. (2015).
The cooking yield of Kadaknath chicken nuggets
differed significantly (P<0.05) among the
treatments. A non-significant (P>0.05) increment
was at T-1, and then a significantly (P<0.05)
higher value at T-2 and T-3 as compared to the
control was recorded. Carrageenan might have

the ability to make a complex with protein and
water (Egbert et al., 1991). Further, it results in
more retention of water which ultimately
increases the cooking yield. The addition of
WBF, BPF and BSF in association with pre-
emulsified oil increased the cooking yield of the
final product (Jailson et al., 2020). Higher value
of cooking yield in guargum-incorporated
Kadaknath chicken patties were also observed
by Badole et al. (2021).

However, in between the treatments, the
difference was non-significant (P>0.05). It may
be probably due to the addition of water to
compensate the formulation for the development
of low fat Kadaknath chicken nuggets. There
was a significant (P<0.05) difference in moisture
content of reduced-fat frankfurter containing
banana by-products and pre-emulsified
sunflower oil (Jailson et al., 2020).

Data presented in Table 2 indicated that
protein content differed non significantly
(P>0.05) between all treatments of carrageenan
added low-fat Kadaknath chicken nuggets. A
similar proportion of meat was incorporated in
the formulation for the development of the
products. A non-significant (P>0.05) difference
in carrageenan incorporated chevon patties was
also observed by Nayak and Pathak (2016). A
drastic reduction in the fat content was observed
with a significant difference (P<0.05) in
carrageenan incorporated Kadaknath chicken
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nuggets compared to the control. This might
be due to noticeable variation in the formulation
of low-fat Kadaknath chicken nuggets, as they
developed using 3% vegetable fat compared to
6% as in control. However, between the
treatments, no significant (P>0.05) difference
was observed. Kumar and Sharma (2004) in
pork patties; Nayak and Pathak (2018) in sago
flour incorporated low-fat chevon patties also
reported a similar trend during the study.

Fibre and ash content of devolved low-fat
Kadaknath chicken nuggets did not differ
significantly (P>0.05). However, mean values
of fibre and ash content were higher in
treatments compared to the control. Moisture -
protein ratio was found to be non-significant
(P>0.05) among the treatments as well as in
comparison to the control. This might be due
to proportional ratio of water and protein
contents in the low-fat Kadaknath chicken
nuggets. Moisture retention was significantly
(P<0.05) lower in the control as compared to
low-fat carrageenan-incorporated Kadaknath
chicken nuggets. The marginal improvement
with increasing levels of carrageenan was also
noticed among the treatments. Nayak and
Pathak (2016) also reported higher moisture
retention in carrageenan incorporated chevon
patties. With the increasing level of carrageenan,
fat retention was also increased significantly
(P<0.05) from control to T-2. However, with
further increasing level of carrageenan in the
development of low-fat Kadaknath nuggets, a
non-significant (P>0.05) difference was noticed.
Results of the study conducted for the
development of low-fat chevon patties
incorporated with sago flour also indicated
higher fat retention in treatment compared to
control (Nayak and Pathak, 2017).

Instrumental texture profile: The instrumental
textural profile of carrageenan incorporated
functional Kadaknath meat nuggets are presented
in Table 3. A progressive increment in the
hardness value of carrageenan incorporated
low-fat Kadaknath chicken nuggets with
increasing levels of carrageenan. However, at

the level of T-1 compared to the control, the
difference was non-significant (P>0.05).
Improvement in hardness value was recorded
by Oh et al. (2019) in hydroxypropyl
methylcellulose oleo gel incorporated meat
patties. Significant (P<0.05) differences in the
hardness value were also recorded in low-fat
chevon patties using poppy seed (Nayak and
Pathak, 2017); in guargum added Kadaknath
chicken patties (Badole ef al., 2021). Mean
values of adhesive force indicated a non-
significant (P>0.05) difference between the
treatments of fibre enriched low-fat Kadaknath
chicken nuggets. However, the value was lower
compared to the control. A gradual decline in
cohesiveness was observed with increasing
levels of carrageenan in low-fat Kadaknath
chicken nuggets, and a significant (P<0.05)
difference was recorded at T-3 compared to the
control. Nayak and Pathak (2017) reported a
marginal difference in adhesiveness value and
lower cohesiveness value in poppy seed
incorporated low-fat chevon patties. The
gumminess value was increased significantly
(P<0.05) with an increasing levels of
carrageenan fibre enriched low-fat Kadaknath
chicken nuggets. On the contrary, no difference
in the gumminess of the low-salt sausages with
or without Basil seed gum powder was
observed (Lee and Chin, 2019)

Sensory evaluation: Sensory attributes of
carrageenan incorporated low-fat nuggets
developed from Kadaknath are presented in
Table 4. Flavour score at T-1 and T-2 were
comparable to control, although score was
significantly (P<0.05) lower for T-3. This may
be because the carrageenan produces some
unpleasant flavour at higher concentration.
These results agreed with the findings of Nayak
et al. (2015) in carrageenan incorporated meat
nuggets. The texture score decreased non-
significantly (P>0.05) from control to T-2, and
the difference was significant (P<0.05) at T-3.
Sensory panellists rated T-2, similar to control
for texture attributes. It could be due to the
maximum fat mimicking property of
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carrageenan at a particular level. Rather et al.
(2017) reported comparable texture scores in
guargum incorporated low-fat meat emulsion.
The score for saltiness was lower as compared
to the control. Gradual non-significant (P>0.05)
increment in the score of juiciness was recorded
with the increasing level of carrageenan. This
might be due to the higher moisture content in
the high fibre low-fat Kadaknath chicken
nuggets. Added water and/or phosphate
resulted in higher (P<0.05) juiciness, tenderness
and overall palatability scores. Overall
acceptability showed a significant (P<0.05)
variation between the different treatments of
carrageenan incorporated low-fat Kadaknath
chicken nuggets. The score was significantly
(P<0.05) lower at the level of T-1 as well as
T-3, and the acceptability score for T-2 was at
par with the control. Results of Nayak et al.
(2015) on chicken nuggets and Modi et al.
(2009) on low-fat meat kofta also stated that
carrageenan might be used without affecting
the sensory attribute of the products.

The most acceptable low-fat fibre-enriched
functional Kadaknath meat nuggets were
prepared by incorporation of 6% gram hull and
0.5% carrageenan by reducing 50% of added
fat and cooked at 121°C for 35 minutes. There
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