
Introduction

Poultry meat occupies an unique place in human
diet by virtue of its specific nutritional characteris-
tics. It is particularly suited for processing due to
its bland flavour, which can be enhanced by condi-
ments. In recent years, the consumption of poultry
meat has risen drastically. To ensure the continued
growth and competitiveness of this industry, it is
essential that the quality and safety of poultry meat
products are maintained during processing.

The transformation in the meat eating habits,
lack of time for food processing at home, fast mov-
ing world, changes in the preferences for variety
and taste of meat foods has lead to a shift from hot
meat consumption to convenience and ready to eat
meat products such as meat balls, sausages,
nuggets, patties, loaves etc. They are gaining higher
degree of importance due to its demand, urbaniza-
tion, changing lifestyles etc.

The appearance, eating quality and shelf life of
meat products are the major determinants of its ap-

peal to consumers. Meat products typically spoil
due to oxidative rancidity and microbial spoilage.
Processed meats such as meat balls are highly sus-
ceptible to oxidative rancidity as they are highly
manipulated during manufacturing.

The addition of antioxidants such as Butylated
Hydroxy Anisole (BHA), Butylated Hydroxy Tol-
une (BHT) and Propylgallate are being used to pre-
serve flavour and colour and to prevent destruction
of vitamins in meat products. Use of such chemical
additives are minimal with growing awareness
among the consumers about chemical additives and
also due to current legal limitations. There has been
an increased interest in the use and research on nat-
ural antioxidants of plant origin (Namiki, 1990;
Pokorny, 1991; Madhavi and Salunkhe, 1995).
Hence  the present investigation was planned to
study the effect of pomegranate rind powder extract
as natural antioxidant in chicken meat balls during
refrigerated storage.

Materials and methods

Separate batches of chicken meat balls were pre-
pared incorporating pomegranate rind powder ex-
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Abstract
Trials were conducted to study the effect of pomegranate rind powder extract as natural antioxidant in chicken meat balls

during refrigerated storage. Significantly (p<0.05) lower values for cooking loss, pH and 2-thiobarbituric acid (2-TBARS)
values and higher values for emulsion stability were obtained due to the incorporation of pomegranate rind powder extract
at 5 percent level followed by 2.5 percent level than the other treatments. There was a significant (p<0.05) increase in cooking
loss, pH, 2-TBARS values and free fatty acid content as the storage period progressed from 0 to 8 days, however emulsion
stability of chicken meat balls decreased significantly (p<0.05) during the course of refrigeration. Microbial quality evaluation
revealed that chicken meat balls incorporated with pomegranate rind powder extract at 5 percent level had significantly
(p<0.05) lower standard plate count during refrigerated storage and a significant (p<0.05) increase in microbial load was ob-
served. Organoleptic evaluation indicated that addition of pomegranate rind powder extract at 5 and 2.5 percent levels to
chicken meat balls registered significantly (p<0.05) higher sensory scores for various eating quality attributes than the other
treatments. However there was a significant (p<0.05) in all the organoleptic attributes of the product as the storage period in-
creased.
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tract at 2.5 percent (T1) and 5 percent (T2), BHA
at 0.005 percent  (T3) and 0.01 percent (T4) and
BHT at 0.005 percent (T5) and 0.01 percent (T6)
along with the Bengal gram flour at 10 percent
level. These meat balls were packed in low density
polyethylene bags and stored at refrigeration tem-
perature (4±10C) up to 8 days. The samples were
drawn at an interval of 2 days and were analyzed
for physico –chemical characteristics, microbial
counts and organoleptic quality along with control.
Cooking loss was estimated by recording differ-
ence between the pre and post cooking weight of
meat balls and expressed in percentage. Emulsion
stability was determined as per the procedure of
Townsend et al. (1968). The pH  of the samples
was determined by following the procedure of Jay
(1964). The 2-thiobarbituric acid (2-TBARS) reac-
tive substances value of the sample was determined
by following the procedure of Tarladgis et al.
(1960). The methodology adopted by Pearson
(1973) was followed to determine the free fatty
acids present in the refrigerated samples. The
mesophilic counts per gram of chicken meat balls
at refrigerated temperature was estimated as per the
technique recommended by Chestnut et al. (1977)
Sensory evaluation of the product was  carried out
on a 9 point hedonic scale by a semi trained five
members taste panel. The data obtained in the pres-
ent study was analyzed statistically as per the meth-
ods outlined by Snedecor and Cochran (1994).

The steps for preparation of chicken meat balls in-
corporated with various levels of antioxidants were
illustrated in Fig. 1.

Results

Percent cooking loss of chicken meat balls incor-
porated with pomegranate rind powder extract at 5
percent level was significantly (p<0.05) lower than
the other treatments and it was increased for 8 days
during the refrigerated storage. 

The overall mean pH values of chicken meat
balls incorporated with 5 percent pomegranate rind
powder extract had significantly (p<0.05) lower
values than the other formulations and the pH was
increased significantly (p<0.05) during refrigerated
storage for 8 days.

Values of 2-thiobarbituric acid of chicken meat
balls with pomegranate rind powder extract at 5
percent level were significantly (p<0.05) lower
than the other formulations.

The overall mean free fatty acid values (percent
oleic acid) of chicken meat balls increased gradu-
ally with increasing storage period.

The overall mean free fatty acid values (percent
oleic acid) of chicken meat balls increased gradu-
ally with increasing storage period.

Among the treatments chicken meat balls incor-
porated with pomegranate rind powder extract at 5
percent level showed significantly (p<0.05) lower
counts than the others. 
Results are summarized in tables 1, 2 and 3

Discussion

Percent cooking loss of chicken meat balls incor-
porated with pomegranate rind powder extract at 5
percent level was significantly (p<0.05) lower than
the other treatments and it was increased for 8 days
during the refrigerated storage. This might be due
to lowering of water binding capacity and loss of
moisture during storage. Similar findings were ob-
served by Johnton et al. (2005) in ground beef pat-
ties, and by Naveena et al. (2007) in microwave
cooked chicken patties in refrigerated storage.

Among the treatments chicken meat balls incor-
porated with 5 percent pomegranate rind powder
extract had higher emulsion stability which might
be due to the denaturation of myofibrillar proteins
associated with increased storage period and cook-
ing loss and might be due to the presence of high
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Fig. 1. Flow chart for the preparation of chicken meat balls
incorporated with various levels of antioxidants.



percent of pomegranate rind powder which might
have been responsible for binding of water. The re-
sults are in accordance with Nag et al. (1998) in
chicken nuggets extended with rice flour stored at
refrigeration temperature.

The overall mean pH values of chicken meat
balls incorporated with 5 percent pomegranate rind
powder extract had significantly (p<0.05) lower
values than the other formulations and the pH was
increased significantly (p<0.05) during refrigerated
storage for 8 days which might be due to the accu-
mulation of metabolites by bacterial action in meat
in addition to protein and amino acid degradation
resulting in formation of ammonia and consequent
increase in pH. The results are in agreement with
Biswas et al. (2004) in pre cooked pork patties and
Georgantelis et al.(2007) in refrigerated pork
sausages.

Values of 2-thiobarbituric acid chicken meat
balls with pomegranate rind powder extract at 5
percent level were significantly (p<0.05) lower

than the other formulations. This might be due to
large amount of phenolics contained in pomegran-
ate which acts as reductones by donating electrons
and reacting with free radicals to convert them to
more stable products and terminate free radical
chain reactions. The results are in accordance with
Naveena et al. (2007) in microwave cooked
chicken patties and Naveena et al. (2008) in refrig-
erated cooked chicken patties.

The overall mean free fatty acid values (percent
oleic acid) of chicken meat balls increased gradu-
ally with increasing storage period. This might be
due to progressive oxidation of lipids during stor-
age. The results are in agreement with Panda et al.
(1993) in deep fat fried quail, Kanatt et al. (1998)
in chicken meat during chilled storage.

Among the treatments chicken meat balls incor-
porated with pomegranate rind powder extract at 5
percent level showed significantly (p<0.05) lower
counts than the others, which might be due to the
presence of certain antimicrobials like gallic acid
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Table 1. Percent cooking loss, emulsion stability and pH of chicken meat balls as influenced by
different treatments during refrigerated storage



and ellagic acids which had a check on microbial
growth. The overall mean bacterial count (log10
cfu/g) increased significantly (p<0.05) with in-
crease in storage period. This might be due to the
permissive temperature and relative availability of
moisture and nutrients for the growth of mesophilic
bacteria. The results are in accordance with Nag et
al., (1998) in chicken nuggets during refrigerated
storage.

Chicken meat balls incorporated with pome-
granate rind powder extract secured significantly
(p<0.05) higher colour scores than all other treat-
ments but the scores were decreased during stor-
age. This might be due to oxidative fading and
moisture loss. Similar results were reported by
Kala et al. (2007) in refrigerated chicken patties.
Flavour scores of chicken meat balls incorporated
with pomegranate rind powder extract at 2.5 per-
cent and 5 percent levels secured significantly
(p<0.05) higher scores but the scores decreased sig-
nificantly (p<0.05) during storage and this reduc-

tion in flavour scores might be due to the overall
reduction in the quantum of volatile flavour com-
ponents and due to fat oxidation during storage.
The results are in agreement with Kala et al. (2007)
in refrigerated chicken patties.

Chicken meat balls incorporated with pome-
granate rind powder extract at 5 percent level se-
cured significantly (p<0.05) higher juiciness scores
but these scores were decreased during storage.
Evaporative losses leading to decline in moisture
content might be responsible for the result. Similar
findings were noticed by Reddy (2008) in refriger-
ated spent hen meat nuggets.

Significantly (p<0.05) higher scores for tender-
ness were obtained by chicken meat balls incorpo-
rated with pomegranate rind powder extract at 5
percent level. These scores were decreased during
storage and it might be due to the relative reduction
in moisture content and juiciness of the product that
led to hardening of the product. The results are in
agreement with Kala et al. (2007) in refrigerated
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Table 2. Values of 2-TBARS, free fatty acid and standard plate count of chicken meat balls as influenced
by different treatments during refrigerated storage



chicken patties.
The overall mean scores of acceptability were

higher for chicken meat balls incorporated with
pomegranate rind powder extract at 5 percent level,
as the storage period increased the scores were de-
creased. The decreasing trend might be due to the
lowering scores of colour, flavour, juiciness and
tenderness of the product during storage. Similar
trend in mean overall acceptability scores during
storage was reported by Kala et al. (2007) in refrig-
erated chicken patties.

Conclusion

Chicken meat balls incorporated with pomegranate
rind powder extract at 5% level recorded lower val-
ues for cooking loss, pH, total counts and 2 –
TBARS and higher values for emulsion stability,
where as free fatty acid content was significantly

(p<0.05) lower in BHA (0.01%) treated product.
Organoleptic evaluation indicates that addition of
pomegranate rind powder extract at 5 and 2.5%
levels to chicken meat balls registered significantly
(p<0.05) higher sensory scores for various eating
quality attributes. Considering the results obtained
in the study, it may be concluded that addition of
pomegranate rind powder extract at 2.5 and 5%
levels would not only protect the chicken meat
balls against oxidative rancidity than the chemical
antioxidants but also with higher acceptability and
lower microbial counts.
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Table 3. Organoleptic attributes of chicken meat balls as influenced by different treatments
during refrigerated storage.
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