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Abstract

Aim: The present study was conducted for the development of ready-to-eat Vawksa rep (smoked pork product) and to study
the synergistic effect of curing ingredients and vacuum packaging on the physico-chemical and storage quality during
refrigerated storage at (4°C+1°C) for 15 days.

Materials and Methods: Four different batches of Vawksa rep samples were prepared, i.e., T-1 (uncured, first cooked at
121°C for 15 min, and then smoked at 120°C for 30 min), T-2 (uncured, cooked, and smoked simultaneously at 120°C for
45 min), T-3 (cured, first cooked at 121°C for 15 min, and then smoked at 120°C for 30 min), and T-4 (cured, cooked, and
smoked simultaneously at 120°C for 45 min).

Results: Cooking yield was significantly higher (p<0.05) for the T-4. The pH of T-3 and T-4 samples was significantly
higher (p<0.05) on day 15. The tyrosine value of all the samples increased significantly (p<0.05) among the different
days of analysis. Thiobarbituric acid value was significantly (p<0.05) lower in T-3 sample both at the beginning and at the
end of storage period. In microbiological profile, total plate count was lower in T-3 and T-4 than T-1 and T-2. However,
Escherichia coli count was negative for T-3 and T-4 samples throughout the storage period. Among sensory attributes, T-3
and T-4 samples registered superior scores for color, flavor, texture, juiciness, and overall acceptability.

Conclusion: Furthermore, Vawksa rep (smoked pork product) could be prepared easily with little technology up-gradation
and with a negligible escalation of production cost.

Keywords: curing, smoking, storage quality, vacuum packaging, Vawksa rep.

Introduction hydrocarbons, pyrazines, pyrrole, and furan deriva-
tives [3]. It mainly improves color, odor and texture
(firmness/hardness), physico-chemical, and micro-
bial quality. However, smoking is often coupled with

curing, salting, packaging, and chilling techniques to

Meat is a highly perishable commodity due to
a rich source of nutrients. Color, microbial growth,
and lipid oxidation are considered important factors
for limiting the shelf-life and consumer acceptance of

meat and meat products [1]. Thus for extending the
shelf-life, the use of a combination technology of dif-
ferent processing, packaging, and preservation condi-
tions is a need of the hour.

Smoking is one of the oldest food processing
technologies which not only improve the sensory
quality but also inactivates a number of enzymes and
microflora [2]. The active components of smoking
which produce these activities are phenols, carbonyls,
acids, alcohols, esters, lactones, polycyclic aromatic
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publicdomain/zero/1.0/) applies to the data made available in this
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produce synergistic effects toward spoilage micro-or-
ganisms and to increase the shelf-life [4]. Vacuum
packaging of meat is meant to retard or completely
check the oxidative reactions and inhibit the microbial
growth by reducing the amount of oxygen in contact
with the product. Vacuum packaging preserves the
natural flavor of the product, in addition to a num-
ber of advantages including such as saving of space
and energy during storage, transport and distribution,
reduction in weight loss, better-keeping qualities, and
better display of the product [5].

Ready-to-eat food products form an important
part of the diet in our day-to-day life. Vawksa rep,
not ready-to-eat but a ready-to-cook smoked pork
product, is one of the most popular traditional meat
products of Mizoram. “Sa-rep” means “smoked
meat” (where “Sa” stands for meat and “rep” means
dehydrated or dry ones in Mizo language) is prepared
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locally in Mizoram and is preferred and widely con-
sumed by the majority of middle-class income Mizo
people [6]. It is prepared by mild smoking (2-3 h)
of pork chunks of almost uniform size. The problem
associated with Vawksa rep is that it has a short shelf-
life because pork is highly prone to lipid oxidation due
to the presence of excessive amounts of fat in it, and
second, no other processing and preservation (except
smoking) treatments are applied to this product for
prolonging its shelf-life. Moreover, the product is
sold without proper packaging, thereby increasing the
chances of physical, chemical, and microbial contam-
ination, in addition to fat oxidation. Keeping in view
of the above-mentioned problems, the present study
was undertaken for the development of ready-to-cat
Vawksa rep and to study the synergistic effect of cur-
ing, smoking, and vacuum packaging on the physi-
co-chemical, sensory, and microbial quality during
refrigerated storage conditions.

Materials and Methods

Preparation of Vawksa rep meat samples

Raw pork cuts (hams) were purchased from the
freshly slaughtered Yorkshire pig carcasses of about
8 months to 1 year of age from local market. In the
laboratory, these were cut into small pieces of uni-
form size (3"”x3") with the help of a knife. Traditional
Vawksa rep was prepared by piercing the pork chunks
to the wooden stick and then placing the meat chunks
30 cm above the fire for 45 min. Hardwood was used
for smoking of meat. Uncured pork chunks were first
pressure cooked at 121°C for 15 min and subsequently
smoked (CS) in the smoke unit (Kerres Showsmoker
CS 350 EL) for 30 min at 120°C (T-1); cooked and
smoked simultaneously (Directly smoked, DS) in
the smoke unit at 120°C for 60 min (T-2). The pork
chunks of uniform sizes (3”"x3") were cured for 24 h
using curing mixture (Table-1). Cured pork chunks
were pressure cooked at 121°C for 15 min and sub-
sequently smoked in the smoke unit for 30 min at
120°C (T-3); cooked and smoked simultaneously
in the smoke unit at 120°C for 45 min (T-4). These
treatments were packed and sealed using the vacuum
packaging machine in high-density polyethylene
(HDPE, 3 Mil) bags and kept at refrigeration tem-
perature (4°C£1°C) for 15 days. The samples were
analyzed for different physico-chemical, sensory, and
microbiological quality parameters at 1, 5, 10, and
15 days.

Table-1: Formulation for marination of pork chunks.

Ingredients Quantity
Salt 1.5%
Sodium nitrate (NaNO,) 200 mg/kg
Sodium nitrite (NaNO,) 150 mg/kg
Spice-mix 2%
Sodium tripolyphosphate 0.5%
Yoghurt 10%
Sugar 1.5%

Physico-chemical quality parameters
Cooking yield

Cooking yield was calculated by dividing the
weights of raw and cooked sample before with that of
after cooking, multiplied by 100.

Cooking loss

Cooking loss was calculated by subtracting
weight of the cooked product from the weight of the
raw pork chunks.

pH
The pH of the sample was determined using a

pH meter (Cyberscan 1000 Euteoh Instruments) and
by following the methods as described by Bendall [7].

Texture analysis

Texture of the samples was analyzed using food
texture analyzer (TA HD- Plus) with a load cell of
250 kg on different days of analysis. Measurements
were taken at room temperature with a sample size of
2x2 em?. Data collection and analysis were performed
using the Texture Expert Stable Micro Systems com-
puter program, version 1.16.

Tyrosine value (TV) and thiobarbituric acid value
(TBA)

TV and TBA were determined as per the standard
methods proposed by Pearson [8] and Witte et al. [9],
respectively.

Microbiological quality parameters

Total plate count (TPC), coli titer count, and
E. coli counts of the samples were performed follow-
ing the methods as described by APHA [10]. The aver-
age number of colonies was multiplied by the recipro-
cal of the dilution and expressed as log, , cfu/g.

Organoleptic quality parameters
Assessment of odor

All the Vawksa rep meat samples were assessed
by a semi-trained panel of 25-30 judges by using a
10 point hedonic scorecard scale [8] on day 1 and
thereafter, on 5%, 10", and 15™ days of storage.

Sensory evaluation

A six member experienced panel of judges eval-
uated the samples for different sensory attributes,
viz., color and appearance, flavor, texture, juiciness,
and overall acceptability, using an 8-point descrip-
tive scale [11], where 8=excellent and 1=extremely
poor. On each day of analysis, samples were cooked
at 121°C for 15 min, cooled and then presented to the
panelists for sensory evaluation along with a glass of
water for rinsing of mouth.

Statistical analysis

Data were analyzed statistically on “SPSS-
16.0” (SPSS Inc., Chicago, IT USA) software pack-
age as per standard methods [12]. Duplicate sam-
ples were drawn for each parameter, and the whole
experiment was repeated three times to have total
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number of observations, n=6 for all parameters.
The entire data were subjected to two-way analy-
sis of variance along with Duncan’s multiple range
test, and the significance was studied at 5% level
(p<0.05).

Results and Discussion
Physico-chemical quality

Cooking yields and cooking losses were esti-
mated at day 0. Statistical analysis revealed that cook-
ing yield was significantly higher (p<0.05) for the
T-4 (84.61+0.029%) followed by T-2 (82.63+0.09°%),
T-3 (82.50+0.05%), and T-1 (81.75+0.05%%). It might
be due to the extra uptake of salt and sugar, which
were retained during processing, thus increasing
water retention in T-4. The cooking loss was signifi-
cantly higher (p<0.05) for T-1 (18.25+0.03%%) fol-
lowed by T-3 (17.50+0.15%), T-2 (17.37+0.03°%),
and T-4 (15.3940.09%%). The heat treatment causes
more moisture losses from the product, thereby result-
ing into more loss of meat fluid in T-1. Kanithaporn
et al. [13] observed that the cooking loss in fully
cooked RTE bacon heated for 30 s (20.91+£0.68) was
lower than that of the RTE bacon heated for 60 s
(24.23+0.32).

The results for pH, texture analysis (hardness),
TV, and TBA are presented in Table-2. The mean
initial pH value of raw pork was 6.55. Initially, the
pH values decreased up to 5™ day of storage in all
the treatment groups, but thereafter a rise in pH
was observed gradually up to 15" day of storage,
except in T-3, where progressive decrease in pH was
recorded on 1%, 5* and 10" days of storage followed
by increased pH on 15" day of storage. CS sam-
ples, i.e., T-1 and T-3 for producing RTE Vawksa rep
exhibited higher pH values compared to the ones who

were directly smoked, i.e., T-2 and T-4. The pH of T-3
and T-4 samples was significantly higher (p<0.05)
on day 15 than day 1. Overall DS samples showed
a faster fall in pH than CS samples of RTE Vawksa
rep. Arnim and Marlida [14] also reported increase in
pH values (at the end of storage) of meat balls treated
with liquid smoke. Similar findings were observed by
Kumar et al. [15] in pork nuggets during their refrig-
erated storage. The increase in pH of T-1, T-2, and T-4
on 10" and 15" day of storage, respectively, was in
agreement with the findings of Karabagias et al. [16].
The variation in pH with curing ingredients, among
the different treatments could be attributed to various
factors such as the formation of bacterial metabolites,
deamination of proteins, growth of facultative anaer-
obes, lactic acid bacteria, migration of antimicrobial
substances, and formation of carbonic acid in vacuum
packaging [17].

In texture profile, with the advancement of
the storage period, there was continued and signifi-
cant (p<0.05) increase in hardness of all the Vawksa
rep samples. In general, higher mean peak forces
were required to cut CS as compared to DS RTE
Vawksa rep samples. Between CS, i.e. T-1 and T-3;
the T-3 (1775.50-2041.70 g) required low force than
T-1(2287.21-2869.17 g). In DS RTE Vawksa rep (T-2
and T-4), a relatively lower force was required in
T-4 (1576.60-1712.50 g) as compared to T-2 (1890.41-
2683.60 g). Garcia-Esteban et al. [18] also observed
continued increase in hardness value of dry cured
hams during storage under vacuum packaging con-
ditions, with the highest hardness value (2669.00 g)
observed in vacuum packed samples at the end of stor-
age period. Cilla ef al. [19] also observed a hardness
value of 5220.99 g in vacuum packaged dry cured
ham cuts stored at 4°C+2°C.

Table-2: Physico-chemical properties of Vawksa rep (smoked pork product) stored under vacuum packaging conditions

at 4°C+1°C.
Treatments/Days 1 5 10 15
pH
T-1 6.50+0.01> 6.45+0.01% 6.54+0.13%* 6.60£0.013*
T-2 6.44+0.018 6.25+0.01¢< 6.37+0.01%48 6.45+0.012®
T-3 6.46+0.0238 6.38%+0.01°5B 6.36%£0.01® 6.40+0.01°¢
T-4 6.43+0.01%8 6.24+0.014¢ 6.30+0.01<® 6.39+0.01¢b¢
Hardness (g)
T-1 2287.21+0.06% 2687.80+0.06 2785.80+0.10% 2869.17+0.32*
T-2 1890.41+0.06 2412.90+£0.10¢® 2577.60+0.06%® 2683.60+0.06%®
T-3 1775.50+0.069 1832.90+0.10¢< 1960.92+0.11b¢ 2041.70+0.062¢
T-4 1576.60+0.109° 1650.30+0.10® 1681.40+0.10%° 1712.50+0.142P
TV (mg tyrosine/100 g)
T-1 0.058%0.05¢ 0.075+0.05<® 0.089+0.01¢%® 0.150+0.01%®
T-2 0.085%0.08% 0.101%0.01 0.152+0.06* 0.165+0.09*
T-3 0.052+0.06<¢ 0.055+0.06° 0.060+0.01b¢ 0.098+0.09%°
T-4 0.059+0.06% 0.065+0.09¢¢ 0.087+0.05"® 0.103+0.012¢
TBA (mg malondialdehyde/kg)
T-1 0.28+0.05% 0.34%0.09 0.65+0.08°¢ 1.21+0.08%®
T-2 0.25+0.019 0.32+0.058 0.80£0.09% 1.35+0.013*
T-3 0.21+£0.08¢ 0.30+0.05¢® 0.75+0.01%® 0.80+0.09%°
T-4 0.25+0.01% 0.32£0.05® 0.78+0.05% 0.90+0.09%¢

n=6, mean+SE with different superscripts row wise (small alphabets) and column wise (capital alphabets) differ
significantly (p<0.05). SE=Standard error, TV=Tyrosine value, TBA=Thiobarbituric acid
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The mean initial TV of raw pork was 0.220 mg
tyrosine/100 g (0 day). Irrespective of the treatment
groups, the TV increased in all the samples through-
out the storage period (Table-2). The mean TV of all
the samples increased significantly (p<0.05) among
the different days of analysis. At the end of the stor-
age period, i.e., day 15, TV was significantly higher
(p<0.05) in T-2 followed by T-1, T-4, and T-3. Even
though all the treatment groups showed a gradual
increase in the TV from 1 to 15" day, the DS RTE
Vawksa rep exhibited higher TV than the CS RTE
Vawksa rep samples. Similar results were reported by
Lalchamliani et al. [20] in Vawksa rep samples stored
under different aerobic vacuum packaging conditions
at 4°C+1°C. The findings are also in agreement with
the statement of Pearson [8], who reported that TV of
meat increases with storage period until deamination
of amino acid limits the formation of free amino acid.

The TBA value of raw pork was 0.235 mg
malondialdehyde/kg of meat. In general, TBA values
of all the samples increased significantly (p<0.05)
throughout the storage period (Table-2). Compared to
other treatments, T-3 sample maintained significantly
(p<0.05) lower values of TBA both at the beginning
(day 1) and at the end (day 15) of storage period. At the
end of'the storage period, i.e., on day 15, the difference
in TBA values of both CS and DS RTE Vawksa rep
samples was significantly higher (p<0.05) than day 1,
5 and 10 of storage periods. For TBA value, 0.5 mg
malondialdehyde/kg is considered as the cut-off
value for fat oxidation and 1 mg malondialdehyde/kg
for rancidity in the products. From the Table-2, it is
clear that all the treatments of RTE Vawksa rep expe-
rienced oxidation on the 10™ day of storage. Overall,
the combination of smoking and vacuum packaging
resisted the lipid oxidation in RTE Vawksa rep. In this
study, the increase in TBA values of all the samples
was within the threshold limit of 1-2 mg malondialde-
hyde/kg meat. The increase in TBA value during stor-
age might be attributed to the oxidation of meat lipid

or both CS and DS RTE Vawksa rep at refrigeration
temperature. Lalchamliani et al. [20] also observed
increasing trends in TBA values of Vawksa rep sam-
ples during refrigerated storage. Kumar et al. [15]
also reported that the TBARS values of pork nuggets
significantly (p<0.01) increased with the increase of
storage period. Kumar and Sharma [21] also observed
a linear increase in TBA value throughout the stor-
age period while studying the quality characteris-
tics of low-fat ground pork patties containing milk
co-precipitate.

Microbiological quality

The data related to microbiological quality
parameters of Vawksa rep are presented in Table-3.
The TPC in raw pork was 5.50 log , cfu/g. There
was a continued and significant increase (p<0.05)
in TPC of all the samples from day 1 to 15, though
the increase in the count was relatively less in T-3
and T-4 than T-1 and T-2. Moreover, it was evidenced
that smoking caused decrease in the number of the
viable aerobic micro-organisms from the initial mean
value of raw meat. The increase in the TPC Vawksa
rep during storage might be due to increasing in
pH values of the sample, which favored the growth
of bacteria. The reduction in the count of aerobic
microbes could also be due to the antimicrobial effect
of curing ingredients, smoking, and vacuum packag-
ing. The findings are in agreement with the results of
Lalchamliani et al. [20] in Vawksa rep meat samples
stored at 4°C+£1°C. Irkin et al. [22] also observed that
minced beef samples treated with vacuum packag-
ing showed lower viable counts than control. Kumar
et al. [15] reported gradual but significant increase in
total viable counts throughout the storage period in
pork nuggets. Lawrie [23] reported that when smok-
ing was combined with curing, the shelf-life of such
products increases and the microbial load decreases
especially on the meat surface.

The mean colititer value of raw pork was
780.00 MPN/g. The mean values of colititer counts

Table-3: Microbiological quality of Vawksa rep (smoked pork product) stored under vacuum packaging conditions at

4°C+1°C.

Treatments/Days 1 5 10 15

Total plate count (log,, cfu/g)
T-1 3.60+0.06% 3.90+0.06 4.80+0.04% 5.30+0.06%*
T-2 3.80£0.10% 4.10+0.06% 4.90+£0.06° 5.40+0.10%*
T-3 2.51£0.12%8 2.60+0.10°8 3.50+0.143* 3.80+0.06%®
T-4 2.60+0.10°8 2.70+0.06® 3.70+0.13%8 3.90+0.06%®

Colititer (MPN/g)
T-1 115.00+11.69% 310.00+52.09¢<® 343.33+55.29® 493.33+129.07°2®
T-2 134.16+10.83% 353.33+48.83 386.66+46.38bA 530.00+119.53*
T-3 15.00+0.37%¢ ND ND ND
T-4 18.00+1.71° ND ND ND

E. coli count (log,, cfu/g)
T-1 1.57+0.05 1.73+0.05% 1.82+0.0932%4 1.93+0.05%*
T-2 1.62+0.05% 1.75+0.05 1.85+0.05% 1.98+0.03¢8
T-3 ND ND ND ND
T-4 ND ND ND ND

n=6, mean+SE with different superscripts row wise (small alphabets) and column wise (capital alphabets) differ
significantly (p<0.05). ND=Not detected, SE=Standard error, E. coli=Escherichia coli
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increased significantly (p<0.05) in T-1 and T-2.
However, in T-3 and T-4 samples, colititer count was
detected only on day 1 and was not detected sub-
sequently. Among T-3 and T-4, colititer count was
significantly lower (p<0.05) in T-3 sample. Hence,
in terms of microbiological quality, T-3 sample of
Vawksa rep was superior to other variants. Irkin
et al. [22] reported that the number of coliforms
increased slightly in all the minced beef samples until
the end of storage and was below the accepted limit (3
log,, cfu/g) except in control samples stored at 4°C.
Bacteriological isolation studies by Chaudhari et al.
[6] in Mizoram involving 100 pork “Sa-rep” (smoked
meat) samples revealed the presence of E. coli only in
9 isolates. The initial mean E. coli count was recorded
to be 3.12 log , cfu/g of meat. There was a signifi-
cant increase (p<0.05) in E. coli counts in T-1 and T-2
from the mean value of 1.57 log  cfu/g and 1.62 log
cfu/g on the 1* day to 1.93 and 1.98 log,, cfu/g on the
15" day of storage, respectively. The E. coli count was
negative for all the cured CS and DS (T-3 and T-4)
products in all the storage periods. The absence of E.
coli in T-3 and T-4 conforms to the national standard,
i.e., nil presence of coliform organisms at 0.001g level
the for entire storage period.

Organoleptic quality
Assessment of odor

The odor scores for different treatments
decreased significantly with the advancement of the
storage period (Table-4). In general, the scores were
comparatively higher for T-3 and T-4 than T-1 and T-2.
At the beginning of storage period, i.e., day 1, the odor
scores for T-3 and T-4 were similar (9.60), but at the
end of the storage period (day 15), the scores were
slightly higher (p<0.05) for T-3 (7.80) than T-4 (7.60).
The decrease in odor scores of samples might be due
to continue and significant (p<0.05) increase in TBA
value throughout the storage period. Many authors
reported similar findings and observed that meat prod-
ucts were acceptable and did not show any perceiv-
able rancidity or off odor/aroma up to 21 days of stor-
age [24]. Nathappan et al. [25] also reported declining
trends in odor scores of stored mutton (5°C+1°C) with
the advancement of the storage period, and the scores
also remained within the limit of acceptability up to
72 h of storage.

Sensory evaluation

The results of the sensory evaluation are pre-
sented in Table-5. The color and appearance scores

were significantly higher (p<0.05) in T-3 and T-4,
both at beginning (day 1) and at the end (day 15) of
the storage period. However, in general, the scores
for color decreased in all the samples as the storage
advanced. At the end of storage, the scores for color
and appearance were highest for T-3 (7.00) followed
by T-4 (6.80), T-2 (5.70), and T-1 (5.50). The results
were inconsistent with the findings of Lalchamliani
et al. [20] in Vawksa rep meat samples stored at
4°C+1°C. Under vacuum packaging conditions, meat
is protected from color fading due to the low level
of oxygen [26]. Both the cured CS and DS (T-3 and
T-4) RTE Vawksa rep showed superior flavor scores
as compared to the uncured CS and DS (T-1 and T-2).
The flavor scores also followed a declining trend start-
ing from beginning till the end of the storage period,
which might be due to increase in TBA, TPC, and
coliform count. Overall the flavor scores were sig-
nificantly higher (p<0.05) in T-3 and T-4 on all the
storage days. Devatkal et al. [27] reported that there
is deterioration of flavor due to microbial growth and
oxidative rancidity in restructured pork rolls. As the
storage period is advanced, the sharp decline in flavor
scores might be due to oxidation of fat [28], liberation
of fatty acids [29] and increased microbial load [30].
Both CS (T-1 and T-3) RTE Vawksa rep registered
high texture scores as compared to the DS (T-2 and
T-4) RTE Vawksa rep. Texture also followed declin-
ing trend throughout the storage in all the samples.
Azad [31] also reported that during storage of smoked
buffalo meat at 0°C and —4°C, it started losing color,
texture, and odor. On all the storage days, juiciness
was found to be significantly higher (p<0.05) in T-3
and T-4 batches than T-1 and T-2. Throughout the
storage period, highest juiciness was observed in T-4
among the different samples. Overall, juiciness scores
declined progressively from 1 to 15" day of storage,
which might be due to significant (p<0.05) increase in
hardness values in all the samples. Kumar et al. [15]
also observed a significant decrease in flavor, tex-
ture, and juiciness of pork nuggets during storage.
Decrease in texture and juiciness of samples might be
due to loss of moisture during the storage. The overall
acceptability was significantly higher (p<0.05) in T-3
on all the storage days. Both the cured CS and DS
(T-3 and T-4) RTE Vawksa rep had registered higher
overall acceptability as compared to their uncured
counterparts, i.e. CS and DS (T-1 and T-2). In gen-
eral, overall acceptability decreased in all the samples
as the storage period advanced. These findings are in

Table-4: Odor scores of Vawksa rep (smoked pork product) stored under vacuum packaging conditions at 4°C£1°C.

Treatments/Days 1 5 10 15

T-1 9.20+0.05% 8.50+0.05"8 6.70£0.05¢® 6.20+0.05¢®
T-2 9.40+0.05%* 8.40+0.05® 6.50+0.05¢® 6.10+0.09¢
T-3 9.60+0.05%* 9.50+0.052" 8.30+0.05 7.80+0.05%
T-4 9.60+0.05%* 9.40+0.052 8.20+0.05 7.60+0.05948

n=27, meanxSE with different superscripts row wise (small alphabets) and column wise (capital alphabets) differ

significantly (p<0.05). SE=Standard error

Veterinary World, EISSN: 2231-0916

591



Available at www.veterinaryworld.org/Vol.9/June-2016/9.pdf

Table-5: Sensory properties of Vawksa rep (smoked pork product) stored under vacuum packaging conditions at

4°C+1°C.
Treatments/Days 1 5 10 15
Color and appearance
T-1 6.20+0.05%* 6.00+0.14% 5.80+0.12%8 5.50+0.15%
T-2 6.50+0.09%® 6.30+0.05%® 6.00+0.14¢%®8 5.70%0.08<®
T-3 7.50+0.18* 7.30£0.09%%4 7.20+0.09% 7.00+0.05%
T-4 7.30£0.09* 7.10£0.05% 7.00%0.142bA 6.80£0.12%
Flavor
T-1 6.20+0.05%® 6.00+0.05%® 5.70+0.05% 5.40%0.09<®
T-2 6.00+0.18%8 5.80+0.09% 5.40+0.05°¢ 5.20+0.098
T-3 7.60+0.05% 7.30£0.07%* 7.10+0.03b 7.00%£0.14<
T-4 7.40+0.12% 7.20+0.09%%4 7.00+0.14%4 6.90+0.03%
Texture
T-1 6.60+0.07%® 6.50+0.14® 6.00+0.07%® 5.80+0.05%c¢
T-2 6.40+0.05%® 6.20+0.07°¢ 5.90+0.05¢<8¢ 5.70+0.05¢4
T-3 7.60+0.05% 7.40+£0.05%4 7.20+0.09b 7.00£0.13
T-4 7.40+0.07%* 7.30+0.05% 7.10%0.05%8 6.80+0.0548
Juiciness
T-1 6.50+0.13%® 6.30+0.092°8 6.20+0.092°8 6.00+0.13%®
T-2 6.60+0.03® 6.50+0.05%® 6.30+0.05%® 6.10+0.09<®
T-3 7.40+0.09%* 7.20+0.05% 6.90+0.09% 6.70+0.09%
T-4 7.50+0.05% 7.30£0.12%4 7.00+£0.14bA 6.80+0.13
Overall acceptability
T-1 6.50+0.15%* 6.30+0.05%¢ 6.00+0.13%® 5.50+0.09<
T-2 6.30+0.05%® 6.00+0.14°° 5.80+0.09%® 5.30+0.05
T-3 7.80£0.05%* 7.60£0.09% 7.30%0.02% 7.00£0.13%~
T-4 7.50+0.13 7.30+0.052°8 7.10+0.05 6.80+0.09

n=18, meanxSE with different superscripts row wise (small alphabets) and column wise (capital alphabets) differ

significantly (p<0.05). SE=Standard error

Table-6: Economics of Vawksa rep (smoked pork product).

Commodities used Cured (Rs.) Uncured (Rs.)
Pork (25 kg) 6250.00 6250.00
Salt and sugar 26.25 -
Nitrate and nitrite 17.00 -
Spice mix 150.00 -
Yoghurt 100.00 -
STPP 93.00 -
Packaging 20.00 20.00
Sawdust/wood 20.00 20.00
Electricity 63.00 63.00
Total cost (25 kg) 6739.25 6353.00
Cost/kg 269.57 254.12

STPP=Sodium tripolyphosphate

agreement with the report of Iwanegbe et al. [32], who
also observed significant differences (p<0.05) among
the treatments groups (different cures, storage peri-
ods, and storage temperatures) in terms of color, fla-
vor, juiciness, tenderness, and overall acceptability of
smoked rabbit meat.
Production economics of cured versus uncured
Vawksa rep

The comparative cost for the formulation of
each of 25 kg CS (T-1 and T-3) and DS (T-2 and
T-4) is presented in Table-6. It includes the cost of
raw materials required, viz., cost of raw pork, cur-
ing ingredients (salt, sugar, nitrate, and nitrite), spice
mix, yoghurt, STPP, packaging, saw dust/wood, and
electricity. The cost of production of cured CS and DS
RTE Vawksa rep was estimated to be Rs. 269.57/kg,
whereas for uncured CS and DS RTE Vawksa rep, it

was Rs 254.12/kg. The expenditure incurred toward
equipment and labor was not considered. The pro-
duction cost of cured CS and DS RTE Vawksa rep
was somewhat higher than the uncured CS and DS
RTE Vawksa rep, but at the same time, it is much
lower than the present market price of Vawksa rep in
Aizawl city. Considering the above beneficial attri-
butes superior in terms of sensory, physico-chemical,
and most importantly the microbiological qualities
of CS and DS RTE Vawksa rep, it would command
higher market demand and price in comparison to
the uncured CS and DS RTE Vawksa rep, because
nowadays, consumers are more quality conscious
and ready-to-pay more for the better quality prod-
ucts. Besides, production technology, up-gradation
of traditional meat food products is the need of the
hour as these products suit to the taste and flavor of
local populates.

Conclusion

From the above study, it can be concluded that
using combination of curing, cooking, and smoking,
a new and quality assured RTE Vawksa rep could
be developed. Compared to uncured CS and DS
(T-1 and T-2), the cured CS and DS (T-3 and T-4)
RTE Vawksa rep registered superior physico-chem-
ical properties (higher cooking yield, favorable pH,
lower TV, and lower TBA values), sensory proper-
ties (higher odor scores, higher color, flavor, tex-
ture, juiciness, and overall acceptability scores), and
microbiological properties (lower TPC, absence of
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colititer, and E. coli count) throughout the storage
period of 15-day. Furthermore, cured CS and DS
RTE Vawksa rep could be prepared easily with little
technology up-gradation and with a negligible esca-
lation of production cost.

Authors’ Contributions

The present study was a part of DD’s original
research work during his M.V.Sc. thesis program. PH
helped in designing of the work and gave the guide-
lines during experimental study. LC assisted in the
processing of samples. TPS, PS, and ST assisted in
statistical analysis, interpretation of the results and
drafting of the manuscript. All the authors have read
and approved the final manuscript.

Acknowledgments

The authors are thankful to the Dean, College
of Veterinary Sciences and Animal Husbandry, CAU,
Selesih, Aizawl, Mizoram, India, for providing the
necessary infrastructure required for conducting this
research work.

Competing Interests

The authors declare that they have no competing
interests.

References

1. Singh, P., Sahoo, J., Chatli, M.K. and Biswas, A.K. (2014)
Shelflife evaluation of raw chicken meat emulsion incorpo-
rated with clove powder, ginger and garlic paste as natural
preservatives at refrigerated storage (4+1°C). Int. Food Res.
J., 21(4): 1363-1373.

2. Llave, Y., Suzuki, A., Fukuoka, M., Umiuchi, E. and
Sakai, N. (2015) Migration of smoke components into
pork loin ham during processing and storage. J. Food Eng.,
166: 221-229.

3. Gomez-Estaca, J., Gomez-Guillen, M.C., Montero, P.,
Sopelana, P. and Guillen, M.D. (2011) Oxidative stabil-
ity, volatile components and polycyclic aromatic hydro-
carbons of cold-smoked sardine (Sardine pilchardus) and
dolphinfish (Coryphaena hippurus). Food Sci. Technol.,
44:1517-1524.

4. Corzo, O., Bracho, N., Rodriguez, J. and Arias, J.M. (2015)
Optimizing salting and smoking of Catfish (Bagre Marinus)
using response surface methodology. J. Aquat. Food Prod.
Technol., DOI: 10.1080/10498850.2013.855286.

5. Sharma, B.D. and Kumar, R.R. (2013) Optimizing shelf
life of meat and meat products using innovative packag-
ing solutions. Proceedings of 5" Annual Conference and
National Symposium of Indian Meat Science Association
(IMSACON-V) on ‘Emerging Technological Changes to
Meet the Demands of Domestic and Export Meat Sector’,
07-09 February, 2013. National Research Centre on Meat,
Chengicherla, Hyderabad. p59-71.

6. Chaudhari, S.P., Tiwari, J.G. and Roychaudhury, P. (2007)
Occurrence of Escherichia coli in smoked meat. Indian J.
Anim. Sci., 77(6): 442-445.

7. Bendall, J.R. (1973) Postmortem changes in muscle. In:
Bourne, G.H., editor. The Structure and Function of Muscle.
Academic Press, New York, NY. p244-306.

8. Pearson, D. (1968) Application of chemical methods for the
assessment of beef quality and methods related to protein
breakdown. J. Sci. Food Agric., 19(2): 357-363.

9. Witte, V.C., Krause, G.F. and Bailey, M.E. (1970) A new
extraction method for determining 2 Thiobarbituric acid

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

values of pork and beef during storage. J. Food Sci., 35(5):
582-585.

APHA. (1992) Standard Methods for the Examination of
Water and Wastewater. 18" ed. American Public Health
Association Inc., Washington, DC.

Keeton, J.T. (1983) Effect of fat and NaCL/phosphate lev-
els on the chemical and sensory properties of pork patties.
J. Food Sci., 48(3): 878-881.

Snedecor, G.W. and Cochran, W.G. (1995), Statistical
Methods. 8" ed. Oxford and IBH Publishing, New Delhi.
Kanithaporn, P., Gadgil, P., Terry, A.H., Melvin, C.H. and
Scott, S.J. (2011) Heterocyclic amine content in commer-
cial ready to eat meat products. J. Meat Sci., 88: 227-233.
Arnim, F. and Marlida, Y. (2012) The effect of liquid smoke
utilization as preservative for meat balls quality. Pak. J.
Nutr., 11(11): 1078-1080.

Kumar, B.R., Kalaokannan, A. and Radhakrishnan, K.T.
(2007) Studies on processing and shelf life of pork nuggets
with liquid whey as replacer for added water. Am. J. Food
Technol., 2(1): 38-43.

Karabagias, 1., Badeka, A. and Kontominas, M.G. (2011)
Shelf life extension of lamb meat using thyme or oregano
essential oils and modified atmosphere packaging. Meat
Sci., 88: 109-116.

Jay, JM., Loessner, J.M. and Golden, D.A. (2005)
Modern Food Microbiology. 7" ed. Springer Publications,
New York, NY. p101-118.

Garcia-Esteban, M., Ansorena, D. and Astiasaran, 1. (2004)
Comparison of modified atmosphere packaging and vac-
uum packaging for long period storage of dry-cured ham:
Effects on colour, texture and microbiological quality. Meat
Sci., 67(1): 57-63.

Cilla, 1., Martinez, L., Beltran, J.A. and Roncalés, P. (2006)
Dry-cured ham quality and acceptability as affected by the
preservation system used for retail sale. Meat Sci., 73(4):
581-589.

Lalchamliani, L., Hazarika, P., Singh, T.P. and Talukder, S.
(2015) Effects of curing ingredients and nisin on product
characteristics of Vawksa rep (smoked pork product). J. Nutr:
Food Sci., 45(4): 634-645.

Kumar, M. and Sharma, B.D. (2003) Quality characteristics
of low-fat ground pork patties containing milk co-precipi-
tate. Asian Aust. J. Anim. Sci., 6(4): 588-595.

Irkin, R., Esmer, O.K., Degirmencioglu, N. and
Degirmencioglu, A. (2011) Influence of packaging condi-
tions on some microbial properties of minced beef meat at
4°C storage. Bulg. J. Agric. Sci., 17(5): 655-663.

Lawrie, R.A. (1991) The eating quality of meat. In: Meat
Science. 5™ ed. Pergamon Press, New York, NY. p56-60.
Bullock, K.B., Huffman, D.L., Egbert, W.B., Mikel, W.B.,
Bradford, D.D. and Jones, W.R. (1994) Storage stability of
low-fat ground beef made with lower value cuts of beef.
J. Food Sci., 59(1): 6-9.

Nathappan, M., Kolsalaraman, V.R. and Ramamurthi, R.
(1985) A study of certain physic chemical changes in stored
mutton in relation to odour score. Cheiron, 14: 2.

Parra, V., Viguera, J., Sanchez, J., Peinado, J., Esparrago, F.,
Gutierrez, J.I. and Andrésa, A.l. (2012) Effect of exposure
to light on physico-chemical quality attributes of sliced dry-
cured Iberian ham under different packaging systems. Meat
Sci., 90: 236-243.

Devatkal, S., Mendiratta, S.K. and Anjaneyulu, A.S.R.
(2003) Effect of calcium lactate on the quality and shelf life
of restructured pork rolls. J. Meat Sci., 1: 1-6.

Santamaria, L., Lizarraga, T., Astiasaran, 1. and Bello, J.
(1992) Characterization of pamplona chorizo sausages,
physico-chemical and sensory studies. Rev. Esp. Cien. Tec.
Ali., 32: 431-445.

Branen, A.L. (1979) Interaction of fat oxidation and micro-
bial spoilage in muscle foods. Proceedings of the 31 Annual
Reciprocal Meat Conference. p156-161.

Veterinary World, EISSN: 2231-0916

593



Available at www.veterinaryworld.org/Vol.9/June-2016/9.pdf

30.

31.

Sahoo, J. and Anjaneyulu, A.S.R. (1997) Effect of natural

Technol., 2(2): 98-103.

antioxidants and vacuum packaging on the quality of buf- 32. Iwanegbe, I., Iwanegbi, A.I., Ebabhamiegbebho, P.A. and
falo meat nuggets during refrigerated storage. Meat Sci., Bello, Y.O. (2011) Effect of cures and storage periods on
47(3-4): 223-230. the sensory and microbial evaluation of smoke - Dried
Azad, Z.R.A. (2012) Role of smoking on the textural vacuum packaged meat products. Pak. J. Nutr, 10(11):
characteristics and shelf-life of buffalo meat. J. Ind. Res. 1032-1035.

seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

594




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


