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The present investigation was carried out to evaluate the influence of aerobic
packaging and nitrogen flush packaging methods on quality characteristics (physico-
chemical, microbial and sensory quality) of 15 % prune puree extended mutton kheema
at 0, 30, 60 and 90 days of frozen storage (-18 =1 °C). The results revealed that there was
a significant (P<0.05) decrease in pH, thiobarbituric acid reactive substance (TBARS)
values, tyrosine value and per cent free fatty acid (FFA) values with incorporation of
prune puree. Furthermore, there was a significant (P<0.05) increase in the pH, TBARS
values, tyrosine and FFA content as the storage progressed from 0-90 days in during
frozen storage. Irrespective of storage days and treatments, nitrogen flush packaged mutton
kheema recorded significantly (P<0.05) lower pH, TBARS, Tyrosine value and FFA content
compared to aerobic packaging method. Prune puree added mutton kheema recorded
significantly (P<0.05) lower standard plate counts (SPC) and yeast and mould counts,
and these counts are increased as the storage progressed from 0 to 90 days during frozen
temperature. Nitrogen flush packaging of mutton kheema also helped in limiting the
microbial growth during entire period of storage. Organoleptic evaluation scores of all
the products were rated as excellent to very good, except for the appearance, which was
rated as good. However, the scores decreased significantly with increase in storage time
during frozen temperature. Based on the results, it is concluded that prune puree could
be beneficially incorporated at levels of 15 % improving the physico-chemical, microbial
quality with more health benefits. Nitrogen flush pouches for packaging mutton kheema
help in preserving the sensory scores of fresh product during frozen storage.

Keywords: Mutton kheema, prune puree, nitrogen flush packaging, frozen storage,
quality characteristics.

Keema, Kheema, or Qeema isatraditional

South Asian meat dish which originally meant
“minced meat” (Platts, 1884). In South Asia, both
lamb (mutton) and goat meat (chevon) are also
minced to produce kheema, though the process of
mincingismanual. In additionitisan indigenous,
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delicious meat product prepared by cooking
comminuted meat from low grade and cheaper cuts
with spices and seasonings. It is consumed fresh
because of its high perishability with chances of
microbial spoilage (Karthikeyan et al. 2000).
Extension of meat and meat productswith
vegetables and fruits could improve the nutritional
qualities of the products. However, the
incorporation of fruits and vegetables in
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processing of meat products relates to their
functional properties such as water binding, fat
emulsification, yield and their sensory properties.
In this context, prunes are considered as healthy
food because of lower fat content and contain
considerable amount of important nutrients like
carbohydrates, vitamins and minerals.
Consumption of fruits, like plums and prunes, is
useful in blood circulation problems, measles,
digestive problems, in prevention of cancer,
diabetes and obesity (Li, 2008). Plum derived
food ingredients have been reported to function
as antioxidants, antimicrobials, fat replacers and
flavourings (Nunez et a. 2008). Dried plum puree
contains chemical compounds that serve specific
functions in foods, pectin aids in moisture
retention, while malic acid enhances flavour and
sorbitol acts as a natural humectant (Nunez et al.
2009).

Prunes are highly reputed in folk
medical practices treatment of hypertension,
diabetes, jaundice and fever. The recent studies
showed that it has antioxidant, anticancer,
antihyperglycemic, anti-hyperlipidemic,
antihypertensive, anti-osteoporosis, laxative and
hepatoprotective activities. Prunes contain dietary
fibers, carbohydrates, amino acids, vitamins,
minerals and antioxidant polyphenolic
phytochemical s (Jabeen and Aslam, 2011).

Modern meat packaging techniques are
intended to maintain the nutrient, microbial and
sensory quality of the product. Changes in the
packaging atmosphere (aerobic, vacuum or
modified atmosphere) are used in the meat
packaging to extend products shelf-life. Modified
atmosphere packaging using ahigh carbon dioxide
(CO,) environment is an effective means of
prolonging microbial shelf-life of meat during
extended storage (Silliker et al. 1999). In modified
atmosphere packaging (MAP), the atmosphere
inside the package is modified in such a way to
extend the shelf life of meat while retaining its
colour and flavor. The air in package is suitably
replaced by gases usually nitrogen, oxygen or
carbon dioxide aone or in combination. Modified
atmosphere combined with low temperature delays
the del eterious effect and maintainsthe quality of
chilled stored meat for extended periods. Carbon
dioxide and nitrogen atmospheres lowers the
psychrophilic counts (Christopher et al. 1980) and
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vacuum packaging aso significantly influenced
phsico-chemical quality attributes and reduced the
microfloraand improves the sensory attributes of
grape seed incorporated restructured mutton slices
(Reddy et al. 2013). Many studies have provided
detailed insight into the microbiol ogy and spoilage
of red meat and poultry during storage under
vacuum packaging and modified atmosphere
packaging (Mc Millin, 2008).

Keepinginview the beneficial effectsof
prunes on human health and nutrition and taking
into congruence the benefit of modification of
atmosphere in the packaging system, nitrogen
flushing is considered, to see its effect on shelf
life of kheema prepared by incorporation of prune
puree during frozen storage (-18+1°C).

MATERIALS AND METHODS

Sour ceof mutton kheemaand other raw materials

Mutton kheema was procured from the
retail outlet (Royal mutton shop, Hyderabad) and
due care was taken during its processing as per
scientific method and wasimmediately transported
to the Department of Livestock Products
Technology, College of Veterinary Science,
Rajendranagar in chilled condition (Ice box) for
further processing. Dried plums, common salt,
vegetable ail, red chilly powder, ingredients for
spice mix, onion, ginger and garlic were procured
from thelocal market of Hyderabad. Dried plums
were soaked inwater (ratio of 1:2 of plumtowater)
for 12h at 4°C and mashed inamixer grinder (REMI,
Auto-Mix-Blender) to obtain prune puree. The spice
ingredientswere

cleaned and dried in the hot air oven at
80°C for 3 hours. The ingredients were ground
separately inahome mixer (REMI, SUPER MIXER
GRINDER) and sieved through a fine mesh. The
powders were mixed in suitable proportions to
obtain the spice mix and were stored at room
temperaturein air tight container until use. Onion,
ginger and garlic were peeled of their external
covering and washed thoroughly in potable water.
They were cut into small pieces, weighed in
required proportions in the ratio of 3:1:1, mixed
and ground in amixer-grinder (Panasonic MX-AC
3005, super mixer grinder) to obtain afine paste.
The onion, ginger and garlic paste was freshly
prepared for every trail just before used.
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In pre standardized trails, prune pureewas
added to mutton kheemaat different levels (10 %,
15 % and 20 %). Among the three levels of prune
puree, 15% prune puree added mutton kheemais
identified as the best acceptable level. Mutton
kheemaincorporated with 15% level of prune puree
(Treatment) and the mutton kheemawithout prune
puree (Control) was packaged in metalized LDPE
pouches (8 X 12 inches) by aerobic and nitrogen
flush packaging methods is designated as Control
Aerobic (CA), Control Nitrogen (CN), Treatment
Aerobic (TA) and Treatment Nitrogen (TN). All
packages were done manually maintaining
appropriate head space and sealed. The packaged
kheemawas stored at frozen temperature (-18+1UC)
to evaluate its keeping quality. The physico-
chemical, microbiological, and organol eptic quality
of the product was evaluated at 0, 30, 60 and 90
daysintervals during frozen storage.

Evaluation of Quality Attributes
Physico-Chemical Char acteristics

pH of the mutton kheema was estimated
by following themethod of Trout et a. (1992) using
digital pH meter (Oakton Instruments, USA). The
distillation method outlined by Tarladgis et al.
(1960) wasfollowed for the determination of TBARS
values and expressed as mg of mal onal dehyde per
kg of sample. Tyrosine value was estimated
adopting the procedure of Strange et a. (1977).
Free fatty acids were calculated based on the
method outlined by Koniecko, (1979).

Microbial Quality

Themicrabial quality of the kheemawas
evaluated by estimating the Standard plate count,
psychrophilic count and yeast & mould counts
following pour plating technique as per the
standard procedure of APHA (1984).
OrganolepticEvaluation

The standardized mutton kheema
prepared was evaluated organoleptically for
appearance, flavor, juiciness, texture, mouth coating
and overall acceptability using 9- point hedonic
scale (where, 9isvery excellent and O isextremely
poor) as described by Keeton (1983) by semi
trained panelists consisting of teaching faculty and
post graduate students of the department. The
panelists were explained about the nature of
experiment and were requested to record their
preference. Mutton kheema was heated in
microwave oven (BPL-SANYO) to desirable
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temperature to serve hot. Sensory eval uation was
conducted between 3-4 pm every time. Warm water
and bland biscuits were used as neutralizers for
eval uating between samples.
Satistical Analysis

Each experiment was conducted three
times and the data was analyzed using SPSS
version 20.0 of windows, SPSS Chicago. The data
on all parameters are analyzed using two way
ANOVA analysis.

RESULTS AND DISCUSSION

Physico-Chemical Char acteristics
H

The results of influence of packaging
methods and frozen storage on pH values of
mutton kheemais presented in Table 1. Asfrozen
storage period progressed from 0 to 90 days, the
mean pH values were significantly (P<0.05)
increased irrespective of treatment and packaging.
Treatment groups viz. TA and TN recorded
significantly (P<0.05) lower pH values compared
to control group (CA and CN). The pH values of
mutton kheema packed in aerobic condition were
significantly (P<0.05) higher compared to nitrogen
flush package. The incorporation of prune puree
at 15 % significantly decreased the pH of mutton
kheema initially compared to control. It may be
due to the acidic nature of prune puree, due to
malic acid (predominant acid), citric, tartaric,
benzoic and boric acid, which might have
decreased the pH of mutton kheema. Similar
findings of decrease in pH were also reported in
beef patties incorporated with plum puree at
different levels by Yyldyz-Turp and Serdaroglu
(2010).

However, on storage there was a
significant increment in the pH values as the
storage period progressed from 0 to 90 days.
However, theincrease wasrelatively lower which
might be due to lower microbial activity during
frozen storage, which reflected in lower Standard
plate counts. A similar observation of increase in
pH during storage was also noted by Karthikeyan
et d. (2000) in hurdletreated chevon kheemastored
at ambient temperature and Reddy and Rao (2000)
also observed increase in pH with increase in
chicken loaves during storage period.
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Thiobarbituricacid reactivesubstances(TBARS)
value

The results of TBARS value (mg
mal onal dehyde/kg) observed at different storage
intervals during frozen storage were presented in
Table 1. Treatment and nitrogen flush packaging
significantly (P<0.05) affected the TBARS values
(mg mal onaldehyde/kg) of mutton kheema. TBARS
values of aerobically packed mutton kheema (CA
and TA) were significantly (P<0.05) higher
compared to nitrogen flush packed mutton kheema
(CN and TN). Throughout the storage study, TN
samples showed significantly (P<0.05) lower
TBARS valuethan other products. The significant
increase in TBARS values as the storage period
progressed from O to 90 days in both control as
well as prune puree incorporated products is
evident during frozen storage. This might be due
to the intensity of lipid oxidation enhanced and
production of more secondary products of lipid
oxidation formed from the decomposition of
oxidized lipid moleculeswhichyield more TBARS
valuesinthe mutton kheema. Similar findingswere
also reported by Kandeepan et a. (2010) in buffalo
meat kheema stored at different temperatures and
Karthikeyan et al. (2000) in hurdletreated chevon
kheemastored at ambient temperature.

However theincorporation of prunepuree
at 15% leve significantly reduced thelipid oxidation
(rancidity) as evident by the significantly lower
TBARS values recorded in mutton kheema. The
lower values recorded for mutton kheema
incorporated with prune puree might be due to
potential anti-oxidative property of prune puree.
The antioxidant property of prune puree mainly
due to polyphenolic phytochemicals such as
chlorogenic acid, neochlorogenic acid, caffeic
acid, coumaric acid, rutin (Donovan etal. 1998)
and proanthocyanidin (Kimura et al., 2008).
Furthermore, proanthocyanidins are direct
scavengers of reactive oxygen species and have
the ability to chelate metal ionssuch asiron. These
findings are in congruent with Yyldyz-Turp and
Serdaroglu (2010) in beef pattiesincorporated with
plum puree at different levels; Nunez et a. (2008)
injected dried plumin roast beef and Lee and Ahn
(2005) inirradiated turkey breast rollsformulated
with plum extract.

Packaging also showed a significant
effect onthelipid oxidation asevident by thelower
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TBARS values recorded for nitrogen flush
packaging as against aerobic packaging. Thismay
be attributed to the very inert nature of the
nitrogen, which prevents oxidation, polymerization
and isomerization of fatty acids present in the fat.
Similar to our findings, Zanardi et al. (2002) also
reported a significant lower TBARS value in
nitrogen packaged (100% N,) atmosphere in
Milano-type fermented sausage and al so by Scetar
et a. (2013) in nitrogen (100% N,) and vacuum
packaged samples of sliced dry fermented sausage.
Tyrosinevalue

Tyrosine value in the meat samples
indicates the level of protein breakdown during
storage. Tyrosine values obtained at different
storage intervals in frozen temperature under
aerobic and nitrogen flush package of mutton
kheema were presented in Table 1. There was a
significant (P<0.05) increaseintyrosinevaluesin
all the groups viz., CA, CN, TA and TN as the
storage period progressed from 0to 90 daysunder
frozen storage. The major cause for this increase
might be due to proteolysis produced by either
microbia growth or chemical reaction (Leistner,
1994). Tyrosine values for nitrogen flush packed
samples were found to be significantly (P<0.05)
lower, when compared to the corresponding values
of aerobic packaged samples for frozen storage.
This may be attributed to low microbial growth
and reduced proteolysis in nitrogen packed
samples in comparison to aerobically packed
samples. Although tyrosine valuesfor aerobically
packaged mutton kheema were found to be high,
the sampleswerefound to have greater acceptance
among the sensory panel. Further, al the aerobicaly
packed and nitrogen flush packed samples, treated
with and without prune puree did not reveal
spoilage at the end 90 days of frozen storage. These
results are in agreement with the findings of
Morrissey et a. (1980) who reported increase in
tyrosinevalue of buffalo meat samples stored under
refrigeration. Similar resultswere also reported by
Agnihotri (1988) in beef samples stored under
refrigeration. Incorporation of prune puree at 15%
level significantly lowered the tyrosine values in
mutton kheema compared to control (without prune
puree) which might be due to the antimicrobial
activity of prune puree as suggested by Nunez et
al. (2008), which coincidewith thelower microbial
counts recorded in the present study.
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Per cent FreeFatty Acid (FFA)

Treatment (nitrogen flush packaging) and
storage period were significantly (P<0.05) affected
the percent FFA of mutton kheema (Table 1). The
percent FFA was significantly (P<0.05) lower in
nitrogen flush packaged mutton kheema (CN and
TN) compared to aerobic packaged mutton kheema
(CA and TA) under frozen storage. This may be
due to efficient control of the lipid oxidation by
nitrogen flush. Theseresultsarein agreement with
thefindingsof Zanardi et a. (2002) in Milano-type
fermented sausages and Scetar et al. (2013) indry
fermented sausage, stored at 22 and 37 °C in both
vacuum and 100% N, atmosphere.

Therewasasignificant (P<0.05) increase
in percent FFA, as storage period progressed from
0 to 90 days of frozen storage irrespective of
treatment and packaging. The increased FFA
values during storage might be due to microbial
lipolytic activity and oxidative degradation of
polyenalic fatty acids. These observations are in
congruence with the findings of Gopal Reddy et
al. (1978) in ground rabbit meat stored under
refrigeration for 10 days; Kumudavally et a. (2008)
in fresh mutton treated with ethanolic extract of
Greenteaand Scetar et al. (2013) in dry fermented
sausage stored at 22 and 37 °C in both vacuum
and 100% N, atmosphere.

Microbial Quality

The behavior of microorganismsin food
is governed by the constraints through a variety
of environmental and ecological factors. These
include water activity, pH, chemical composition,
presence of natural or added antimicrobial agents
and storage temperature as well as the processing
factors such as heat treatment and physical
manipul ation (Hobbs, 1986).

Sandard Plate Count (SPC)

Nitrogen flush packaging significantly
influenced the standard plate counts of mutton
kheemaduring 90 days of frozen storage (Table 2).
The Standard plate counts recorded were lower
for prune puree incorporated and nitrogen flush
packed mutton kheema samples than aerobically
packed control mutton kheema. Thismight be due
toinert atmosphere (N, gasflush) which limitsthe
growth of the aerobic microorganisms and plum
consists of high in phenolic compounds may
inhibit growth of microorganismsat aconcentration
of 2.6t05.6 mg/ml (Cevallos- casals et al. 2005).
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Mutton kheema incorporated with prune puree
packed under nitrogen flush recorded significantly
lower standard plate counts compared to all other
samples of mutton kheema and during the entire
storage studies. However, the frozen stored
mutton kheema samples recorded lower standard
plate counts. Similar findings were observed by
Karthikeyan et al. (2000) in chevon kheemaand by
Das (2002) in chevon chunks.

Asthe storage period progressed from 0
to 90 days, there was a significant increase in
standard plate countsirrespective of treatment and
packaging. Significantly lower count than other
groups, were observed at the end of 90 days of
frozen storagein prune pureeincorporated mutton
kheema under nitrogen flush. Theseresultsarein
agreement with Biswas et a. (2004) in enrobed
precooked patties.

Yeast and Mould Counts

Yeast and mould counts were
significantly (P<0.05) influenced by incorporation
of prune puree and nitrogen flush packaged mutton
kheema (Table 2). In general, the nitrogen flush
packed mutton kheema (CN and TN) recorded a
significantly (P<0.05) lower yeast and mould counts
compared to aerobically packed mutton kheema
(CA and TA). This decrease of yeast and mould
counts of nitrogen flush packed samples might be
dueto protective atmosphere (N, flush) which limits
the growth of yeast and mould, phenolic
compounds and sorbic acid present in prune puree
which may inhibit the growth of microorganisms.
A Significant increase in yeast and mould counts
was noticed only in CA packed mutton kheema
during the entire period of frozen storage. However,
yeast and mould countswere not detected in prune
puree incorporated mutton kheema packed in
nitrogen flush throughout the frozen storage. On
the other hand, mutton kheema without prune
puree packaged in nitrogen flush showed some
retarding effect on the yeast and mould indicates
the inertness of nitrogen and the absence of
oxygen required for their growth and multiplication.
These results are in accordance with Kandeepan
et al. (2010) in buffalo meat kheemaand Reddy et
al. (2013) in aerobic packaged restructured mutton
slices(RMS). Similar observations were made by
Lee et al. (1983) in vacumm or nitrogen packed
veal chucksand by Simard et al. (1983) in nitrogen
packed frankfurters.
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Table 1. Effect of incorporation of prune puree and packaging on the physic-chemical
characteristics of Mutton Kheema under frozen storage (-18+10C) (Mean+SE).

Days of 0 30 60 20 Mean
storage
pH
CA  6.06+0.06 ™ 6.11+0.06%® 6.19+0.00¢ 6.31+0.0184 6.17+0.03"
CN 6.06+0.06"" 6.09+0.07 6.16+0.00°¢ 6.28+0.01%° 6.15+0.01°
TA 5.57+0.06 5.69+0.04® 5.80+0.01%¢ 5.97+0.00® 5.76+0.05%
TN 5.57+0.06 5.66+0.10% 5.82+0.00%¢ 5.94+0.01%® 5.75+0.04?
Mean 5.82+0.07* 5.89+0.03® 5.99+0.06° 6.13+0.04°
2-TBARS value (mg malonaldehyde/kg)
CA 0.64+0.01%* 0.75+0.01® 1.03+0.00¢ 1.39+0.01® 0.95+0.04¢
CN 0.64+0.01°® 0.50+0.04* 0.66+0.01%® 1.07+0.00%¢ 0.72+0.03°
TA 0.4440.01 0.67+0.01°8 0.92+0.00°¢ 1.36+0.00°° 0.85+0.04°
TN 0.4440.01 0.43+0.00* 0.63+0.01%® 0.98+0.00%¢ 0.62+0.072
Mean 0.54+0.02* 0.59+0.078 0.81+0.03° 1.20+0.05°
Tyrosinevalue (mg/ 100 gm)
CA 8.25+0.77"* 9.59+0.13%® 12.48+0.144¢ 15.41+0.10% 11.43+0.05¢
CN 8.25+0.77°* 8.62+0.05® 10.28+0.13°¢  12.44+0.10° 9.90+0.02°
TA 7.33+0.13» 9.26+0.08® 10.82+0.04¢ 13.25+0.05®° 10.17+0.07°
TN 7.33+0.13» 8.24+0.07® 9.24+0.05¢ 11.18+0.05® 9.00+0.03#
Mean 7.79+0.05* 8.93+0.10°8 10.71+0.02¢ 13.07+0.05°
Freefatty acid (%) value
CA 0.1565+0.12** 0.1603+0.01*®®  0.2217+0.03*¢ 0.2272+0.04®® 0.1915+0.03¢
CN  0.1565+0.09"* 0.1483+0.00"® 0.1760+0.002°° 0.1943+0.01*® 0.1689+0.05°
TA  0.1542+0.08* 0.1538+0.03® 0.2180+0.00°¢  02258+0.03®®  0.1879+0.04°
TN 0.1542+0.006* 0.1350+0.01®  0.1558+0.01*¢ 0.1760+0.02®  0.1553+0.072
Mean 0.1554+0.07®  0.1494+0.05*  0.1929+0.09°  0.2058+0.06°

Means with different superscripts in a row (upper case letters) and in a column (lower case
letters) differ significantly (P< 0.05).

Table 2. Effect of incorporation of prune puree and packaging on the microbial counts
of Mutton Kheema under frozen storage (-18+10C) (MeantSE).

Days of storage 30 60 90 Mean
Standard plate count (log cfu/gm)
CA 3.35£0.02"*  3.67+0.03®  3.74+0.00°° 3.84+0.01°°  3.65+0.07¢
CN 3.35£0.02"*  3.26+0.01®®  3.31+0.02®® 3.38+0.02°  3.36+0.04°
TA 3.00£0.01»  3.16+0.00"  3.25+0.01*® 3.34+0.01°¢ 3.19+0.01°
TN 3.00£0.01»  3.03+0.01*»  3.13+0.01® 3.25+0.00*  3.10+0.10°
Mean 3.18+0.074  3.28+0.07®  3.36+0.04¢  3.45+0.03°
Yeast and mould count (log cfu/gm)
CA ND 1.65+0.028  2.12+0.00®®  2.34+0.00°  1.53+0.01°
CN ND ND 1.83+0.00°  1.94+0.00°  0.94+0.01°
TA ND ND 1.68+0.02¢  1.74+0.01*>  0.86+0.03%
TN ND ND ND ND 0
Mean 0 0.41+0.01*  1.41+0.07®  1.51+0.04°¢

Means with different superscripts in a row (upper case letters) and in a column (lower case letters) differ

significantly (P< 0.05).

CA-Control Aerobic; CN-Control Nitrogen; TA-Treatment Aerobic; TN-Treatment Nitrogen
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Table 3. Effect of incorporation of prune puree and packaging on the organoleptic

attributes of Mutton Kheema under frozen storage (-18+10C) (MeantSE).

Days of 0 30 60 90 Mean
storage
Appearance
CA 8.11+0.11*  7.80+0.15%®¢ 7.50+0.17¢8  7.31+0.13* 7.68+0.09*
CN 8.11+0.11*¢ 7.97+0.11®¢ 7.69+0.12®#  7.33+0.14*  7.78+0.07°
TA 8.36£0.09*  7.77+0.11®  7.58+0.10¢  7.38+0.14*  7.77+0.06°
TN 8.36£0.09®  7.91+0.10¢  7.55+0.09®  7.41+0.09* 7.81+0.04°
Mean 8.24+0.04° 7.86+0.05°¢ 7.58+0.038 7.36x0.08*
Flavor
CA 8.33+0.11*¢  7.72+0.12#®  7.50+0.09#®  6.55+0.15*  7.53+0.04°
CN 8.33+0.11*  8.09+0.10"®  8.02+0.09**  7.94+0.09**  8.10+0.07°
TA 8.36£0.10°  7.88+0.09®C 7.77+0.10®®  6.61+0.10*  7.66+0.01°
TN 8.36+0.10®°  8.08+012"*  7.94+0.11"  7.88+0.12"*  8.07+0.04°
Mean 8.35+0.04° 7.9440.02°¢ 7.81+0.088 7.25+0.04*
Juiciness
CA 8.02+0.10¢ 7.61+x0.108  7.44+0.10"®  7.27+0.08* 7.59+0.042
CN 8.02+0.10®  7.91+0.10"®  7.80+0.09"®  7.66+0.10**  7.85+0.05°
TA 8.05+0.11®  7.75+0.12*®  7.61+0.14*  7.50+0.12®*  7.73+0.02°
TN 8.05+0.11®  7.88+0.10"®  7.75+0.12*®  7.61+0.13**  7.82+0.09°
Mean 8.04+0.03° 7.79+£0.05°¢ 7.65+0.108 7.51+0.09*
Texture
CA 8.05£0.09°  7.36+0.11®  7.16+0.13"®  6.83+0.15* 7.35+0.04%
CN 8.05+0.09®  7.77+0.08"®  7.66+0.09"*  7.52+0.11"  7.75+0.07°
TA 8.25+0.09®  7.41+0.14»  7.25+0.12»  7.16+0.12%*  7.52+0.03"
TN 8.25+0.09°  7.61+0.07*® 7.57+0.08%8 7.42+0.10"*  7.82+0.05°
Mean 8.15+0.07° 7.54+0.06° 7.41x0.028 7.23+0.04*
Mouth coating
CA 7.724¢0.12°¢  7.25+0.09®®  6.97+0.11*®  6.69+0.14* 7.16+0.03*
CN 7.724¢0.12%  7.55+0.12*%®  7.22+0.10¢  7.08+0.12*  7.39+0.01°
TA 7.86£0.13¢  7.47+0.09*®  7.16+0.09"®  6.94+0.10®%*  7.36+0.04°
TN 7.86£0.13°  7.58+0.10°¢  7.27+0.10°®  7.11+0.07**  7.46+0.02°
Mean 7.79+0.02° 7.46+0.05°¢ 7.16x0.078 6.96+0.03*
Overall acceptability
CA 8.11+0.10° 7.58+0.10¢  7.02+0.11®  6.55+0.08* 7.32+0.022
CN 8.11+0.10°  7.86+0.10%¢  7.63+0.09°®  7.25+0.16"  7.71+0.08°
TA 8.27+0.08° 7.77£0.14°  7.41+0.12"®  6.91+0.12*  7.59+0.05°
TN 8.27+0.08° 7.88+0.10°  7.61+0.09*®  7.18+0.09**  7.74+0.02°
Mean 8.19+0.08° 7.77+0.05° 7.42+0.048 6.97+0.074
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Means with different superscripts in a row (upper case letters) and in a column (lower case

letters) differ significantly (P< 0.05).

CA-Control Aerobic; CN-Control Nitrogen; TA-Treatment Aerobic; TN-Treatment Nitrogen

Psychrophilic Counts

No psychrophilic counts were detected
inall groups of mutton kheemaat theend of storage
period of 90 daysunder frozen storage (Not shown
in Table). This might be due to the thermal
processing, packaging and storage conditions to
which the mutton kheema is subjected to frozen

storage. These results are in accordance with the
study of Christopher et al. (1980) in the microbial
floraof pork packed in carbon dioxide and nitrogen
atmosphere.
OrganolepticEvaluation

Theinfluence of packaging methods and
frozen storage on organol eptic eval uation of mutton

J PURE APPL MICROBIO, 11(1), MARCH 2017.



256

kheema extended with pruned puree is presented
inTable 3. Ingeneral, all the productswere scored
between excellent to very good except for the
appearance which wasrated asgood. It isobserved
that the scores decreased significantly with
increasein days of storagein frozen temperature.
These results are in congruent with Karthikeyan
et al. (2000) in hurdle treated chevon keema and
Kandeepan et al. (2010) in buffalo meat kheema
stored at different temperatures. Mutton kheema
incorporated with prune puree and packed under
nitrogen flush recorded significantly higher scores
for al the sensory attributes viz., appearance,
flavour, juiciness, mouth coating, texture and
overall acceptability during entire period of frozen
storage. Similar findingswerereported by Leeand
Ahn (2005) in plum puree added ready-to-eat turkey
breast rollsand by Zanardi et al. (2002) in Milano-
type sausages. M utton kheemastored under frozen
condition had better acceptability, which may be
attributed to thelow temperatureand lower a, which
retards enzymatic activity and microbial growth
responsible for deterioration in sensory quality.
Similarly nitrogen flush packaged mutton kheema,
both control and treatment samples scored higher
organoleptic scores than aerobically packaged
mutton kheema sampleswhich preserved the flavor
and the aroma is maintained. These observations
arein agreement with thefindings of Yyldyz-Turp

Minced mutton was pressure cooked with water (10%) for 20 min and kept aside

Onion, ginger and garlic paste (10%) was fried for 10 miniin oil
|

Salt (1.5 %), red chilly powder (0.2%) and
spice mix (2%) was added sequentially
|

Pressure cooked kheema was added
and cooked for 20 min
|
Prune puree was added at 15% level
and further cooked for 15 min

Cooled to room temperature

1
Packaged in metalized LDPE laminate

/ N\

Aerobic packaging Nitrogen flush packaging

~ 7

Storage

}

Frozen (-18£1°C)
Figl. Flow chart for the preparation of ready-to-eat
kheema incorporating prune puree
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and Serdaroglu (2010) who reported a significant
increase in flavour scores with incorporation of
plum puree at 10% level. It is observed that the
mutton kheemawas not spoiled in terms of any off
odour/flavour during the entire period of storage
of 90 days under frozen storage.

CONCLUSON

It may be concluded that mutton kheema
can be prepared with incorporation of prune puree
at 15% level with the beneficial effect in terms
physico-chemical, microbial and organoleptic
quality and extending shelf life. Further, nitrogen
flush packaging in metalized L DPE resultsin better
quality by preserving during frozen temperature.

ACKNOWLEDGEMENTS

Authors are grateful to the Sri
Venkateswara Veterinary University, Tirupati for
its support in all forms throughout my P.G.
programme.

REFERENCES

1 Agnihotri MK. Studies on the keeping quality
and spoilage pattern of buffalo meat. PhD.
thesis, 1988; Indian Veterinary Research
Institute, |zatnagar.

2. American Public Health Association (APHA).
Compendium of methods of microbial
examination of foods (1st Ed.). Washington, DC:
American Public Health Association. Inc. 1976 .

3. Biswas AK, Keshri RC, Bisht GS. Effect of
enrobing and antioxidants on quality
characteristics of precooked pork patties under
chilled and frozen storage conditions.Meat Sci,
2004; 66(3): 733-741.

4, Cevallos-Casals, Bolivar A, Byrne, David, Okie,
William R, Cisneros-Zevallos, Luis. Selecting
new peach and plum genotypesrich in phenolic
compounds and ehhanced functional properties.
J of Food Chem, 2005; 96: 273-280.

5. Christopher FM, Smith GC, Dill CW, Carpenter
ZL, Vanderzant C. Effect of CO,- N,atmosphere
on the microbialflora of pork. J of Food Prot,
1980; 43: 268.

6. Das H. Effect of marination, packaging and
storage period on quality and stabilit hurdle
processed chevon at refrigeration. J of Food Sci
and Tech, 2002; 39(5): 507-514.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

PRASAD et a.: AEROBIC PACKAGING & NITROGEN FLUSH PACKAGING METHODS 257

Donovan JL, Meyer AS, Waterhouse AL.
Phenolic composition and antioxidant activity
of prunes and prune juice (Prunusdomestica).
J of Agricul and Food Chemi, 1998; 46: 1247-
1252.

Gopal Reddy S, Rajya Lakshmi A, Rao DR.
Microbial, biochemical and organoleptical
changesin ground rabbit meat stored at 5-7p C.
Jof Ani Sci, 1978; 46: 584-588.

Hobbs. Ecology of food microorganisms:
Microbial Ecology Publisher, Soringer Newyork,
1986; 12(1): 15-30.

Jabeen Q, Aslam N. The pharmacological
activities of prunes: Thedried plums. Jof Medi
Plants Rese, 2011; 5(9): 1508-1511.
Kandeepan G, Anjaneyulu ASR, Kondaiah N,
Mendiratta SK. Quality of buffalo meat keema
at different storage temperature. African J of
Food Sci, 2010; 4(6): 410-417.

Karthikeyan J, Kumar S, AnjaneyuluASR, Rao
KH. Application of hurdle technology for the
development of Caprine keemaand its stability
at ambient temperature. Meat Sci, 2000; 54(1):
9-15.

Keeton JT. Effect of fat, NaC1 and phosphate
levels on the sensory properties of  pork
patties. J of Food Sci, 1983; 48: 878 — 881.
Kimuray, Ito H, Kawaji M, Ikami T, Hatano T.
Characterization and antioxidative properties of
oligomeric proanthocyanidin from prunes, dried
fruit of Prunus domestica L. Bioscience,
Biotechnology and Biochemistry, 2008; 72(6):
1615-1618.

Koniecko EK. In: Handbook for meat chemists.
Ch.6, Avery Publishing group Inc., Wayne, New
Jersey, USA, 1979; 68-69.

Kumudavally KV, Phanindrakumar HS,
Tabassum A, Radhakrishna K, Bawa AS.
Greentea—A potential preservativefor extending
the shelf life of fresh mutton at ambient
temperature (25+2p C). Food Chem, 2008;
107(1): 426-433.

Lee BH, Simard RE, Lalaye LC, Holley RA.
Microflora sensory and exudate changes of
vacumm or nitrogen packed veal chucks under
different storage conditions. J of Food Sci, 1983;
48(5): 15371542 (1563).

Lee EJ, Ahn DU. Quality characteristics of
irradiated turkey breast rolls formulated with
plum extract. Meat Sci, 2005; 71:300-305.
Leistner L. Introduction to hurdle technology.
In L. Leistner, & L. G. M. Gorris, Food
preservation by combined processes. (pp. 1-6).
Final Report of FLAIR Concerted Action No.7,
Subgroup B, EUR 15776 EN, European
Commission. DG XI|I, Brussels 1994.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Li TSC. Vegetables and fruits: nutritional and
therapeutic values. Taylor and Francis Group,
USA, 2008; pp. 169,195, 198, 202-203.

Mc Millin, KW. WhereisMAPgoing?A review
and future potential of modified atmosphere
packaging for meat. Meat Sci, 2008; 80(1):43—
65.

Morrissey PA, Buckley DJ, Daly MC. Effect
of Flour, Spices on Bacteria of Minced Beef
Stored at 7p C. Irish J of Food Sci and Techn,
1980; 4: 1.

Nunez de Gonzalez MT, Boleman RM, Miller
RK, Keeton JT, Rhee KS (2008) Antioxidant
properties of dried plum ingredientsin raw and
precooked pork sausage. J of Food Sci, 73:
1750"3841.

Nunez de Gonzalez MT, Hafley BS, Boleman
RM, Miller RK, Rhee KS, Keeton JT
(2009) Qualitative effects of fresh and dried
plum ingredients on vacuum packaged,
sliced hams. Meat Sci, 83:74"81.

Platts, John (1884) A Dictionary of Urdu,
Classical Hindi, and English. London: W. H.
Allen and Co. p. 797. ISBN 81-215-0098-2.
Reddy GV, Sen AR, Nair PN, Reddy KS, Reddy
KK, Kondaiah N (2013) Effects of grape
seed extract on the oxidative and microbial
stability of restructured mutton slices. Meat
Sci, 95(2): 288-294.

Reddy PK, Rao JB (2000) Effect of bindersand
pre-cooking meat on quality of chicken
loaves. J of Food Sci and Tech, 37: 551-553.
Scetar M, Kovacic E, Kurek M, Galic K (2013)
Shelf life of packaged sliced dry fermented
sausage under different temperature. Meat Sci,
93(4): 802-809.

Silliker JH, Woodruff RE, Lugg JR, Wolfe SK.,
Brown WD (1999) Preservation of refrigerated
meats with controlled atmospheres: Treatment
and post-treatment effects of carbon dioxide on
pork and beef. Meat i, 1, 195-201.

Simard RE, Lee BH, Laleye CL, Holley RA
(1983) Effects of temperature, light and
storage time on the microflora of vacuum or
nitrogen-packed frankfurters. J of Food Prot,
46: 199-205.

Strange ED, Benedict RC, Smith JL, Swift
CE (1977) Evaluation of rapid tests for
monitoring alterations in meat quality during
storage. Jof Food Prot, 40: 843 -847.
TarladgisBG, Watts BM, Younthan M T, Dugan
LR (1960) A distillation method for the
guantitative determination of malonaldehydein
rancid foods. Jof Ame Oil Chemists Society,
37:403-406.

Trout GR, Chen CM, Dale S (1992) Effect of

J PURE APPL MICROBIO, 11(1), MARCH 2017.



258

34.

PRASAD et a.: AEROBIC PACKAGING & NITROGEN FLUSH PACKAGING METHODS

calcium carbonate and sodium alginate on the
textural characteristics, Colour and colour
stability of restructured pork chops. J of Food
Sci, 55(1):38-42.

Yildiz-Turp G, Serdaroglu M. Effectsof using
plum puree on some properties of low fat beef

J PURE APPL MICROBIO, 11(1), MARCH 2017.

35.

patties. Meat Sci, 2010; 86 (4): 896-900.
Zanardi E, Dorigoni V, Badiani A, Chizzolini R.
Lipid and colour stability of Milano- type
sausages: Effect of packing conditions. Meat ci,
2002; 61: 7-14.



