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ABSTRACT

Retail packaging of fresh red meat in India is largely confined to low-barrier LDPE pouches that offer poor protection against oxidative
and microbial deterioration during chilled display. The objective of the present investigation was to evaluate the effect of four food-
grade wrap films of differing oxygen and water-vapour transmission rates (LDPE, LLDPE, HDPE and PVC) with and without an iron-based
oxygen scavenger sachet (O-SORB U100, 2.5 g) on the storage stability of deboned fresh pork chunks tray-packaged in food-grade
polypropylene trays at 4+1 °C. Eight treatments were evaluated and physico-chemical, microbiological and sensory parameters were
monitored on day 0, 5 and 8 of storage. By day 8, control LDPE-packaged chunks were unacceptable, with pH 6.99 + 0.02, TBARS 1.39 +
0.04 mg MDA/kg, extract release volume of only 14.88 + 0.27 mL and total plate count of 5.88 + 0.09 log CFU/g. In contrast, the THDPE
treatment (HDPE wrap film plus oxygen scavenger) retained acceptable quality (pH 6.16 + 0.01, TBARS 0.64 + 0.01 mg MDA/kg, ERV
28.25 + 0.11 mL, total plate count 4.67 + 0.05 log CFU/g) and the highest sensory acceptance among all eight treatments. The HDPE
wrap film combined with an in-pack oxygen scavenger extended the refrigerated shelf life of fresh pork chunks from 5 days to 8 days,
suggesting a feasible upgrade pathway for chilled pork retailing in tropical markets.
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INTRODUCTION

Pork is the most widely consumed meat globally, with world
production of about 94.33 million metric tonnes in 2020.
The leading producers are China, the European Union and
the United States; Indian production stood at approximately
297 thousand metric tonnes (20™ Livestock Census, 2019).
In India, however, pork consumption is concentrated in
the north-eastern states because of religious and cultural
restrictions on its consumption elsewhere in the country,
and an estimated 2.01 % of the country’s livestock are pigs,
with crossbred animals contributing approximately 23.85 %
of the population (20" Livestock Census, 2019). Of the total
meat produced in India only about 21.0 % is processed and
sold as frozen meat or value-added products, indicating
that the country’s meat processing sector is still in an early
growth stage.

Fresh pork is a highly perishable substrate that supports
rapid microbial proliferation and lipid and protein oxidation
once exposed to oxygen during retail handling (Lambert
et al, 1991). The conventional retail format in India for fresh
pork is unsealed or loosely sealed LDPE pouches displayed
in butcher cabinets, a system that is both unhygienic and
severely limited in barrier performance. LDPE films offer an
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oxygen transmission rate (OTR) of 6,500-8,500 cm*m?24
h and limited puncture resistance, which translate into
a refrigerated shelf life of only 3-5 days for fresh chunks
(Dhanze et al., 2012). Lipid oxidation is the predominant cause
of qualitative deterioration in chilled fresh meat, in which
unsaturated fatty acids react with molecular oxygen through
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a free-radical chain mechanism to produce peroxides and
secondary oxidation products that alter colour, texture and
aroma (Min and Ahn, 2005; Lima et al., 2013).

Tray-and-overwrap presentation is the dominant fresh-
meat retail format in developed markets. The package format
provides visual appeal, supports labelling and portion control
and, when combined with appropriate wrap films, can
substantially extend the chilled shelf life of red meat (Dawson,
2010). Among commercial wraps, LLDPE, HDPE and PVC offer
progressively lower oxygen and moisture transmission rates
than LDPE, while polypropylene (PP) trays add rigidity and an
oxygen barrier to the bottom of the package. Beyond passive
barrier improvement, active packaging - the deliberate
incorporation of in-pack functional components such as
oxygen scavengers, moisture absorbers, ethylene scavengers
or antimicrobial release devices - has emerged as an effective
strategy to manage residual headspace oxygen (Hogan and
Kerry, 2008; Bhardwaj et al., 2019).

Iron-based oxygen scavenger sachets reduce in-pack
oxygen to below 0.01 % by oxidation of metallic iron in the
presence of moisture, thereby retarding lipid oxidation,
suppressing aerobic microbial growth and protecting
pigments (Vermeiren et al.,, 1999; Dey and Neogi, 2019).
Recent reports show that combining oxygen scavengers with
appropriate barrier films can extend the refrigerated shelf
life of muscle foods by 3-7 days (Mexis et al., 2012; Ahmed et
al., 2017). Despite this progress, comparative shelf-life data
for fresh deboned pork tray-packaged in PP trays with the
four most commonly used commercial wrap polymers (LDPE,
LLDPE, HDPE, PVC) and an iron-based oxygen scavenger
under tropical refrigerated conditions are scarce. Such data
are essential for the Indian organised retail sector, where tray
packaging of meat is virtually non-existent at present. The
present study therefore evaluated the effect of four wrap
films, with and without an iron-based oxygen scavenger, on
the physico-chemical, microbiological and sensory quality of
fresh deboned pork chunks tray-packaged in PP trays during
refrigerated storage at 4+1 °C.

MATERIALS AND METHODS
Raw Material and Sample Preparation

Crossbred pigs of approximately six months of age were
slaughtered humanely at the experimental abattoir of the
Division of Livestock Products Technology, ICAR-Indian
Veterinary Research Institute, Izatnagar, India, following
the institute’s standard animal welfare and slaughter
hygiene guidelines. Carcasses were deboned, surface fat
was trimmed and the lean muscle was immersed briefly in
1 % saline to reduce surface microbial load. Deboned meat
was packed in food-grade LDPE pouches and held at -18+2
°C until use. Three independent trials were conducted;
for each trial, approximately 10 kg of deboned pork was
thawed at refrigeration temperature, cut into chunks of
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approximately one cubic inch after completion of rigor and
used immediately for tray packaging.

Packaging Materials

Food-grade polypropylene trays (19 x 14 x 3 cm) compatible
with microwave and freezer temperature were used as
the primary container. Four food-grade wrap films were
procured from Krishna Agencies, DD Puram, Bareilly, Uttar
Pradesh, India: LDPE (60 um; OTR 6,500-8,500 cm¥m?/24 h;
WVTR 10-20 g/m?/24 h); LLDPE (60 um; OTR 200 cm*m?%24 h;
WVTR 15.5-18 g/m*24 h); HDPE (80 um; OTR 1,600-2,000 cm*/
m?24 h; WVTR 7-10 g/m%24 h); and PVC (55 um; OTR 8-125
cm®m?24 h; WVTR 1.5-5 g/m?/24 h). Iron-based food-grade
oxygen scavenger sachets (O-SORB U100, 2.5 g per sachet)
were procured from the local market in Bareilly.

Tray Packaging and Treatments

Approximately 200 g of fresh pork chunks were weighed
on an electronic balance (SCALE-TEC SAB-300E, Scaletec,
India) and placed in each PP tray under good manufacturing
practice. Trays were heat-sealed in a manual MITSUMI tray-
sealing machine at 150-155 °C (LDPE), 155-160 °C (LLDPE) or
175-180 °C (HDPE), followed by a 10-sec cooling step. PVC was
wrapped manually around the tray because the film cannot
withstand heat-sealing temperatures. Eight treatments
were prepared by combining each of the four wrap films
with two scavenger conditions: control (C, no scavenger)
and treatment (T, one iron-based oxygen scavenger sachet
placed inside the tray prior to sealing), giving treatments
CLDPE, TLDPE, CLLDPE, TLLDPE, CHDPE, THDPE, CPVC and
TPVC. All packages were stored at 4+1 °C and analysed on
day 0,5 and 8.

Physico-Chemical Analyses

Sample pH was measured in a 1:9 (w/v) meat-to-distilled-
water homogenate using a digital pH meter (Hanna
Instruments, Italy) according to Trout et al. (1992). Water
activity (%) was determined with a Hygrolab 3 instrument
(Rotronics, Switzerland) in quick mode. Extract release
volume (ERV) was measured as the filtrate volume recovered
through Whatman No. 1 filter paper from a homogenate of 25
g of meatand 50 mL of distilled water (Jay, 1964). Instrumental
colour was measured with a Hunter Color Lab (MSEZ2022,
4500L, Hunter Associates Laboratory, Reston, VA, USA) on
2 cm-thick slices bloomed for 20 min at 4 °C; L*, a* and b*
values (lightness, redness, yellowness) were recorded at
three locations per sample. Warner-Bratzler shear force was
measured on cooked cylindrical cores (1.5 cm diameter) at a
crosshead speed of 2 mm/s using a texture analyser (Model
81031307, G.R. Elect Mfg Co., USA) according to Berry and
Stiffler (1981). TBARS was determined by acid distillation
according to Tarladgis et al. (1960); 10 g of meat was distilled
and the malonaldehyde-TBA complex in the distillate was
measured at 538 nm against a reagent blank using a UV-Vis
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spectrophotometer (Genesys 10 UV-Vis, Thermo Scientific,
USA). The optical density was multiplied by 7.8 and results
were expressed as mg malonaldehyde/kg. Tyrosine value
was estimated as mg tyrosine/g sample after TCA extraction
and reaction with Folin-Ciocalteu phenol reagent at 730 nm
(Strange et al.,, 1977).

Microbiological Analyses

Samples were prepared as 1:9 (w/v) homogenates in 0.1 %
sterile peptone water under aseptic conditions in a horizontal
laminar-flow cabinet and serially diluted following the
procedure of APHA (2001). Total aerobic plate count (TPC) was
determined on Plate Count Agar (HiMedia M091, Mumbai,
India) after 48 h of incubation at 3741 °C; psychrophilic
count was determined on the same medium after 12 days of
storage at 4+1 °C; coliform count was determined on Violet
Red Bile Agar (HiMedia M049A) after 48 h of incubation at 35
°C; and yeast and mould count was determined on Potato
Dextrose Agar (HiMedia M096) acidified with 10 % tartaric
acid (1 mL/100 mL) and incubated at 20-25 °C for 5 days in
an inverted position. Counts were expressed as log;, CFU/g.

Sensory Evaluation

Sensory evaluation was conducted by a six-member trained
panel comprising faculty and postgraduate students of
the Division of Livestock Products Technology, ICAR-IVRI,
Izatnagar, using a five-point descriptive scale for general
appearance, colour, odour, texture and overall acceptability.
Sessions were held in the early evening with drinking water
provided between samples for palate cleansing.

Statistical Analysis

The experiment was conducted in three independent trials,
eachintriplicate, giving n=9 per treatment per day. Data were
analysed by two-way ANOVA (treatment X storage day) using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Treatment
means were compared by Duncan’s multiple range test at p
< 0.05 (Snedecor and Cochran, 1994).

ResuLts AND Discussion

Sample pH

The initial pH of fresh pork chunks was 5.53 = 0.01, consistent
with the typical ultimate pH range of pork (5.5-5.8) reported
by Honikel (1987). The pH increased significantly (p<0.05)
in all eight treatments during refrigerated storage, with
the most pronounced rise between day 5 and day 8 (Table
1). On day 8, control LDPE chunks recorded the highest pH
(6.99 £ 0.02), whereas chunks tray-packaged in HDPE wrap
with an oxygen scavenger (THDPE) showed the lowest pH
(6.16 £ 0.01). The progressive pH rise reflects the formation
of basic nitrogenous metabolites such as amides arising from
endogenous and microbial enzymatic activity (Sylvestre et
al., 2001), and the lower pH of HDPE-packaged samples is
consistent with the lower microbial load recorded for this
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treatment. A similar gradual pHrise has been reported earlier
for refrigerated chicken meat (Vaithiyanathan et al., 2011).

Instrumental Colour

Hunter L* (lightness), a* (redness) and b* (yellowness) values
for the eight treatments showed significant changes during
refrigerated storage. L* values increased and a* and b* values
decreased significantly (p < 0.05) in all treatments. The
increase in L* and the decline in a* and b* are attributable
to surface drying and to oxidation of oxymyoglobin to
metmyoglobin, with formation of a brown discolouration
(Lorenzo and Gémez, 2012; Lavieri and Williams, 2014). The
smallest change in colour coordinates was observed for
chunks packaged with PVC wrap, attributable to its very low
OTR (8-125 cm®m?24 h); HDPE-packaged chunks were the
second most colour-stable. LDPE showed the largestincrease
in L* and LLDPE the largest decline in a*. The presence of an
oxygen scavenger improved colour retention within each
polymer category, consistent with the role of the scavenger
in maintaining residual oxygen at levels favourable for
metmyoglobin-reducing activity.

Extract Release Volume and Water Activity

ERV is an inverse indicator of meat spoilage; it declines as
hydrolytic activity by endogenous and microbial enzymes
increases (Jay, 1964; Reddy et al.,, 2007). Initial ERV was
33.00 £ 1.15 mL and decreased significantly (p < 0.05) in all
treatments (Table 1). By day 8 the lowest ERV was observed
for control LDPE chunks (14.88 + 0.27 mL), while THDPE
retained an ERV of 28.25 + 0.11 mL, indicating significantly
less proteolytic deterioration. Water activity declined slightly
from 0.9974 + 0.001 on day 0 to 0.9894-0.9948 by day 8
across all treatments, with the smallest reduction observed
for HDPE-packaged samples, reflecting the favourable WVTR
(7-10 g/m?/24 h) of HDPE relative to LDPE.

Warner-Bratzler Shear Force

Shear force decreased significantly (p < 0.05) from an
initial value of 3.45 + 0.15 kg/cm? in all treatments during
refrigerated storage, reflecting proteolytic disintegration
of structural proteins (Table 1). The retention of shear force
was greatest for THDPE samples (2.59 + 0.02 kg/cm? on day
8), while CLLDPE recorded the lowest value (1.45 + 0.21 kg/
cm?). Damaziak et al. (2016) reported a comparable decline
in shear force in smoked goose meat during refrigerated
storage. The relatively higher shear force of HDPE-packaged
samplesis attributable to lower microbial proteolytic activity
rather than to inherent differences in tenderness.

TBARS and Tyrosine Value

TBARS rose significantly (p < 0.05) in all treatments throughout
the storage period (Table 1) from an initial value of 0.32 +
0.02 mg MDA/kg. On day 8, control LDPE chunks recorded
the highest TBARS (1.39 + 0.04 mg MDA/kg) and THDPE
chunks the lowest (0.64 + 0.01 mg MDA/kg). TBARS values for

131



Effect of Barrier Film Type and Oxygen Scavenger on Refrigerated Fresh Pork Chunks

LDPE and LLDPE-packaged samples on day 8 exceeded the
commonly cited rancidity threshold of 1.0 mg MDA/kg, while
HDPE and PVC samples remained below this threshold. The
reduction in TBARS observed in all four oxygen-scavenger
treatments relative to their respective controls confirms the
role of in-pack oxygen scavenging in retarding lipid oxidation,
in agreement with Mexis et al. (2012) and Ahmed et al. (2017).
The superior performance of HDPE samples in spite of its
intermediate OTR is most likely the combined consequence
of a thicker film (80 um), better puncture resistance and more
effective heat-seal integrity, all of which limit total oxygen
ingress over the 8-day storage period.

Tyrosine value rose from 0.45 + 0.02 mg/g on day O to
0.98 + 0.05 mg/g for CLDPE and 0.48 + 0.01 mg/g for THDPE
on day 8 (Table 1). The increase is attributable to proteolysis
by endogenous and microbial enzymes (Strange et al., 1977),
and the substantially lower values in HDPE-packaged samples
again parallel their lower microbial counts. Similar patterns
have been reported for refrigerated meats from other species
(Kandeepan and Biswas, 2007).

Microbiological Quality

Total aerobic plate count, coliform, psychrophilic and yeast-
mould counts all increased significantly (p < 0.05) during
storage. Initial TPC was 2.93 + 0.05 log CFU/g. On day 8, control
LDPE chunks recorded 5.88 + 0.09 log CFU/g and THDPE
chunks recorded 4.67 + 0.05 log CFU/g, the lowest among
the eight treatments (Table 2). Adopting 7.0 log CFU/g (ICMSF
guidance) as the upper acceptable limit, HDPE-packaged
chunks remained microbiologically acceptable up to day 8,
while LDPE-, LLDPE- and PVC-packaged chunks were marginal

by day 5 and unacceptable by day 8 with respect to yeast
and mould load.

Psychrophilic counts increased from 1.99 + 0.12 log CFU/g
onday0to 5.24 +0.07 log CFU/g (CLDPE) and 3.75 £ 0.09 log
CFU/g (THDPE) on day 8 (Table 2). Yeast and mould counts
on day 8 were significantly higher in PVC packages (CPVC
5.33 + 0.15 log CFU/g) than in HDPE packages (THDPE 2.45
+ 0.02 log CFU/g), most likely because the comparatively
higher CO, retention in PVC creates a favourable substrate for
yeasts that utilise CO, as a carbon source (Babic et al., 1992).
The lower aerobic, psychrophilic and coliform loads in HDPE-
packaged samples are consistent with the role of HDPE's
barrier performance and the in-pack oxygen scavenger in
limiting headspace oxygen and thereby aerobic microbial
growth (Huang et al,, 2011; Zhang et al., 2012).

Sensory Attributes

Mean sensory scores for general appearance, colour, odour,
texture and overall acceptability decreased significantly (p
< 0.05) in all treatments during refrigerated storage. On day
8, the highest overall acceptability score was recorded for
THDPE chunks (3.84 £ 0.02; Table 2), followed by TPVC (3.54 +
0.01) and CHDPE (3.52 + 0.01); the lowest score was recorded
for CLDPE (2.76 £ 0.01). The improved sensory performance
of HDPE samples mirrors their lower TBARS, tyrosine value
and microbial load and their higher ERV and shear force.
PVC chunks scored well on visual colour but were marginal
on odour by day 8, consistent with the elevated yeast and
mould load observed for this polymer. Vaithiyanathan et al.
(2011) and Lavieri and Williams (2014) reported comparable
declines in sensory scores for refrigerated chicken and beef,
respectively.

Table 1: Selected physico-chemical parameters of fresh pork chunks tray-packaged in polypropylene trays sealed with four wrap films, with and
without an iron-based oxygen scavenger, during refrigerated storage for 8 days at 4+1 °C (Mean + SE, n=9)

Days of Packaging treatments
Parameter
storage  CLDPE TLDPE CLLDPE TLLDPE CHDPE THDPE CPVC TPVC
0 5.53+0.01°" 553+0.01%*  553+0.01*® 5.53+0.01** 553+0.01%* 553+0.01*" 553+0.01** 5.53+0.01*A
Sample pH 5 6.23+0.02®  6.18+0.02®  6.37+0.03"®  6.27+0.03%®  6.04+0.02°®  5.94+0.02®  6.22+0.04°®  6.17+0.01B
8 6.99+0.029¢ 6.89+0.029C  6.94+0.02°C  6.98+0.02C  6.39+0.01°C  6.16+0.01°C 6.89+0.029C  6.84+0.02
0 33.00+1.15%C 33,00+1.15°¢ 33.00+1.15%C 33.00+1.15°C 33.00+1.15%C 33.00+1.15%C 33.00+1.15%¢ 33.00+1.15%
ERV (mL) 5  26.08+043% 26.33+0.27°® 24.1740.30® 25.54+0.31°F 28.58+0.379° 30.67+0.24" 25.67+0.24° 26.58+0.23"
8 14.88+0.27°" 16.56+0.30°" 18.56+0.31°" 19.54+0.37 26.00+0.009% 28.25+0.11M 15.94+0.23°A 17.84+0.379
0 3.45+0.15%C  3.45+0.15°¢  3.45+0.15%C  3.45+0.15°C  3.45+0.15°C  3.45+0.15°C  3.45+0.15%C  3.45+0.15%
f’k';e/irr:;’)rce 5 2302007  253x007® 2114008  2.17+021°  2.65:0.07% 2.80+0.05" 231:+0.09%®  2.46+0.10%
8 1.54+0.07°"  1.85+0.07%  1.45+021*" 1.66+0.07" 2.55+0.029" 2.59+0.02"  1.89+0.10°"  1.94+0.21%
0 0.32+0.02°*  0.32+0.02**  0.32+0.02**  0.32+0.02*"  0.32+0.02*"  0.32+0.02**  0.32+0.02**  0.32+0.02%"
I/\BSE/Sk;Tg 5 0.63+0.03"  0.53+0.05%®  0.61+0.06%°  0.54+0.06® 04440048  0.39+0.04® 0.51+0.06% 0.46+0.05%
8 1.3940.04"C  1.11+0.04°C  1.35+0.069  1.19+0.06 0.76+0.01°C  0.64+0.01° 0.98+0.06%C  0.85+0.04°
. 0 045%0.02°" 045+0.02°"  045+0.02*"  045+0.02°*  045+0.02°°®  045+0.02%° 0.45+0.02*"  0.45+0.02*"
(T;':;’/sg)‘e 5 053x0.04%® 047006 057+0.06%  0.54+0.05®  040+0.03°" 0.36+003* 051+007%  0.47+0.06%
8 0.98+0.059¢  0.85+0.03°C  0.89+0.05  0.7440.039  0.59+0.01°C 0.48+0.01°° 0.74+0.03%  0.68+0.05

C = control (no oxygen scavenger); T = oxygen scavenger sachet inside the package.
Means with different superscripts within each row (a,b,c) and within column (A.B,C), differ significantly (p<0.05).
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Table 2: Microbiological counts (log,, CFU/g) and acceptability scores (5-point descriptive scale) of fresh pork chunks tray-packaged in polypropylene
trays sealed with four wrap films, with and without an iron-based oxygen scavenger, during refrigerated storage at 4+1 °C (Mean = SE, n=9)

Day of Packaging treatments
Count Storage () ppg TLDPE CLLDPE TLLDPE CHDPE THDPE CPVC TPVC
TPC 0 2.93+0.05%  2.93+0.05%  293+0.05°  293+0.05°  293+0.05°  2.93+005%  2.93+0.05  2.93+0.05
5 4312010  4.18+0.09°  4.65+0.06° 4.45+0.06° 3.45+0.16° 3.25+0.10"  4.20+0.09¢  4.01+0.08
8 5.88+0.09°  534+0.16° 538+0.09° 522+0.16°  520+0.04° 4.67+0.059  5.34+0.09°  5.11+0.09'
Coliform 0 1.51£0.06°  1.51+0.06° 1.51+0.06° 1.51+0.06° 1.51+0.06> 1.51+0.06° 1.51+0.06°  1.51+0.06°
5 2454008  228+0.07°  2.88+0.08"  242+0.07¢ 1.95+0.039 1.72+0.02" 235+0.07¢  2.24+0.08'
8 3254009  3.01+0.08°  3.88+0.09%  3.22+0.08°  2.52+0.03"  2.16+0.019  3.11+0.08  3.01+0.09°
Psychro- 0 1.99+0.12°  1.99+0.12°  1.99+0.12°  1.99+0.12%  1.99+0.12%  1.99+0.12*  1.99+0.12°  1.99+0.12°
trophic 5 3.82+0.09°  3.48+0.08°  3.75+0.09°  3.54+0.08¢  3.41x007° 2.88+0.10"  3.74+0.09°  3.15:0.089
8 524+007°  4.69+0.06° 5124007 4.78+006°  4.61+0.05"  3.75:0.09"  5.11+0.07°  4.18+0.069
Yeast- 0 1424008  1.42+0.08° 1424008 1424008 1424008  1.42+0.08"  1.42+0.08°  1.42+0.08°
mould 5 2.78+0.16%  2.61+0.12°  2.81+0.16°  2.72+0.12°  2.16+0.059  1.74+0.05"  3.64+0.12*  3.36+0.12°
8 418+024°  3.95+0.150 4224024  4.10+0.15° 33540029 245+0.02"  5.33+0.15°  4.96+0.15°
Acceptabil- 0 47440017 474+0.01*  4.74+0.01° 4.74+0.01° 4.74+0.01° 4.74+0.01° 4.74+0.01°  4.74+0.01°
ity scores 5 375+0.019  3.89+0.02° 3.81x0.01"  3.95+0.00¢ 4.04+0.01° 4.19+0.01° 3.89+0.00°  3.99+0.01¢
8 2.76+0.01"  2.94+0.01°F  2.88+0.009  3.14+0.01°  3.52+0.01°  3.84+0.02° 32240009  3.54+0.01°

Microbiological counts in log;, CFU/g. C=control; T=oxygen scavenger inside the package.
Means with different superscripts within each row (a,b,c) differ significantly (p<0.05).

CONCLUSIONS

Active tray packaging of fresh deboned pork chunks in food-
grade polypropylene trays sealed with HDPE wrap film and
containing an iron-based oxygen scavenger maintained
acceptable physico-chemical, microbiological and sensory
quality at 4+1 °C for 8 days, compared with only 5 days for
the same product packed in conventional LDPE pouches.
PVC wrap delivered the most stable instrumental colour but
was less effective in controlling yeast and mould growth. The
HDPE-plus-oxygen-scavenger system therefore represents
a feasible, commercially available retail-ready packaging
upgrade for fresh pork in organised Indian retail and could
be especially useful for tropical markets where extended
refrigerated shelf life is essential.
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