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Abstract

How long can fresh-cut vegetables stay acceptable without chemical preservatives? This research examined
modified atmosphere packaging (MAP) effects on shelf life of five fresh-cut vegetables stored at 4°C for
15 days. Four treatments were tested: ambient air, 3% O2, 10% CO, and combined 3% Oz + 10% CO-. The
combined MAP reduced weight loss by 67.3%, kept microbial counts 1.8-2.3 log CFU/g lower, and
maintained firmness above acceptability thresholds for 12 days. These findings support combined low-
0O2/high-CO: packaging as a practical non-chemical preservation approach.

Keywords: Modified atmosphere packaging, fresh-cut vegetables, shelf life, postharvest quality, weight
loss, microbial growth, sensory evaluation, colour retention, minimal processing, cold storage

Introduction

What happens to a freshly cut lettuce leaf once it leaves the processing line? Within hours,
enzymatic browning, moisture loss, and microbial colonisation begin eroding its appeal. The
fresh-cut vegetable market has grown roughly 8.4% annually ™M, yet perishability remains a
persistent challenge . Minimal processing disrupts cell walls and speeds up respiration &1, and
cold storage alone often can't maintain quality beyond 5-7 days . Consumer resistance to
chemical preservatives has pushed industry toward MAP, which adjusts Oz, CO2, and Nz to slow
deterioration > €. Earlier work showed low-O. suppressed browning in cut apples [l and
elevated CO: slowed fungal growth on berries [, but few compared combined gas effects across
multiple vegetables under identical conditions I, This research evaluated four MAP treatments
on five fresh-cut vegetables over 15 days of cold storage [*%.

Materials and Methods

Materials

Five vegetables were selected: iceberg lettuce, baby carrots, cucumber, green bell pepper, and
white cabbage—representing leafy, root, fruit, and brassica categories. All were procured from
commercial farms in Gauteng Province within 24 hours of harvest, washed at 5°C, sanitised in
100 ppm sodium hypochlorite for 2 minutes, rinsed, and centrifugally dried at the Postharvest
Technology Laboratory, University of Pretoria. Samples were cut uniformly into standard pieces
and packaged in 35 um OPP film at 150 g per pack 13,

Methods

A completely randomised design tested four treatments: T:—ambient air (control); To—3% O;
T3—10% CO2; Ts—combined 3% O: + 10% CO.. Gas flushing used a Multivac T»0 sealer.
Each combination was replicated five times per sampling day (0, 3, 6, 9, 12, 15), totalling 600
units. Weight loss was measured gravimetrically; firmness by TA.XT Plus texture analyser;
colour by Minolta CR-400 chromameter; microbial count by plate count on PCA at 30°C/48 h
[12): sensory quality by 12 trained panelists on a 9-point hedonic scale '3, Two-way ANOVA
with Tukey’s HSD (p < 0.05) was performed in SPSS v28. The research ran March-August 2023
(Ethics Protocol NAS-2023-0214).

~ 48 ~


https://www.agronomyjournals.com/
https://www.doi.org/10.33545/2618060X.2025.v8.i3a.5135

International Journal of Research in Agronomy

https://www.agronomyjournals.com

Results
Table 1: Mean weight loss (%) after 15 days under different MAP treatments

Vegetable Control 3% O: 10% CO: Combined

Lettuce 8.71+0.43a 4.23+0.31b 3.52+0.28bc 2.14+0.19c

Carrot 6.33+0.37a 3.11+0.24b 2.72+0.21bc 1.83+0.15¢

Cucumber 9.14+0.51a 4.82+0.36b 3.93+0.29bc 2.61+0.22c

Bell Pepper 7.42+0.39% 3.64+0.27b 2.83+0.23bc 1.91+0.17c
Cabbage 5.81+0.34a 2.93+0.22b 2.31+0.18bc 1.52+0.13c

Different superscript letters within rows indicate significant differences at p < 0.05. Mean £ SD (n = 5).

Weight loss increased across all treatments, but MAP-treated  Firmness at day 12 was 48.7-71.8% higher in combined MAP
samples deteriorated far more slowly (Table 1). The combined  versus controls, with carrots and cabbage responding most
treatment cut weight loss by 63.2-75.4% compared to controls.  favourably (Table 2) 241,
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Fig 1: Weight loss (%) of five fresh-cut vegetables under four MAP treatments after 15 days at 4°C

Microbial counts in control packages reached 9.4 log CFU/g by  safety threshold for all vegetables except lettuce, which crossed
day 15, while combined MAP limited growth to 4.9 log CFU/g. this level at day 13.

The combined treatment kept counts below the 6 log CFU/g

Table 2: Firmness retention (N) at day 12 under different MAP treatments

Vegetable Control 3% O: 10% CO: Combined
Lettuce 2.31+0.18c 3.74+0.22b 3.91+0.25b 4.83+0.29a
Carrot 11.4340.87c 16.27+0.93b 17.14+0.81b 19.62+1.04a

Cucumber 3.82+0.24c 5.47+0.31b 5.83+0.33b 6.91+0.38a

Bell Pepper 5.14+0.33c 7.86+0.42b 8.23+0.45b 9.71+0.51a

Cabbage 8.62+0.54c 12.34+0.67b 13.07+0.71b 14.83+0.79%

Different superscript letters within rows indicate significant differences at p < 0.05. Mean + SD (n = 5).
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Fig 2: Total microbial count (log CFU/g) during 15 days of storage at 4°C under different MAP treatments (averaged across vegetable types)
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Discussion

The shelf life extension under combined MAP aligns with earlier
reports. Sandhya and Singh [ reported 2-3 day extensions for
MAP-stored pineapple, though smaller due to higher tropical
fruit respiration. Our combined gas advantage supports Oliveira
et al. I, who noted synergistic effects on cut bell pepper at 5°C.
Lettuce showed the highest weight loss even under MAP due to
its large surface-area-to-volume ratio I, while dense carrot
tissue and waxy cabbage cuticle provided extra barriers. Slight
off-odours in high-CO. packages after day 12 were linked to
anaerobic fermentation 1%, suggesting headspace monitoring
could improve outcomes [61,

Conclusion

This research confirmed that MAP effectively extends fresh-cut
vegetable shelf life at 4°C. The 3% O2 + 10% CO: combination
outperformed single-gas and ambient treatments across all five
vegetables. Weight loss dropped by up to 75.4%, firmness was
retained 48.7-71.8% better at day 12, and microbial counts
stayed below 6 log CFU/g for at least 12 days in four products.
A single combined-gas MAP formulation can serve as a
practical non-chemical preservation strategy for mixed vegetable
packs.
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