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Postharvest Study on Effect of Modified Atmosphere Storage of

Capsicum annuum L. (sweet pepper)

Thant Sin Nwe!, Nwe Oo?2, Bo Bo Zaw?

Abstract

Postharvest study on Capsicum annuum L. variety, fresh sweet pepper was
conducted in East Yangon University Campus during May, 2023. In this study, the
sweet peppers were carried out by using modified atmosphere storage (MA) with
low and high polyethylene bags. There were altogether seven treatments such as T
(LDPE no-perforated), T, (LDPE 4-perforated), T3 (LDPE 8-perforated), T4 (HDPE
no-perforated), Ts (HDPE 4-perforated), Ts (HDPE 8-perforated) and T (control)
respectively. In this experiment, LDPE 8-perforated is the best result of lesser
retaining in percentage of cumulative weight loss, high in total soluble solid (TSS)
content, least occurrence of incidence and severity of defects and marketable peel
color for 20 days shelf-life. Among the treatments, treated with both LDPE and
HDPE had attained the longer shelf-life than the control. Therefore, the use of
modified atmosphere storage may prolong the shelf-life and maintain the postharvest
quality of fresh sweet peppers.
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Introduction

Capsicum annuum L. sweet pepper, family Solanaceae, occupies important
rank as a commercial fruit crop in many regions of the world (Rubio, et al., 2010).
The major difference with the commonly larger bell pepper is that bell peppers are
considered “sweet” and chili peppers are “hot” (Tuquero, et al., 2016). Sweet pepper
is a vegetable appreciated by consumers because of its pleasant, refreshing taste,
attractive color and special biochemical composition (Araceli, et al., 2011). It
deteriorates rapidly during handling and storage due to poor post-harvest handling
leading to huge losses (Halloran, et al., 1995). The main purpose of post-harvest
handling is to deliver fresh and nutritious food to the consumer in an economical
manner. The retention of fruit green color, freshness, absence of defects, free diseases
and also shelf life are regarded as postharvest quality parameters during handling and
storage of fruits and vegetables (Sigge, et al., 2001). Modified atmosphere storage
technology can significantly maintain the freshness and ensure a long shelf life
without microbial pollution of fruits and vegetables. This study intended to retain
postharvest quality of sweet pepper along with the reduce of postharvest losses and
appropriate choice of storage materials for growers and retailers.
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Materials and Methods

Study area

Postharvest study was conducted at Botany Department, East Yangon
University, Thanlyin Township during May, 2023.

Procedures for postharvest handling operations of sweet pepper

Harvesting

¥

Sorting

¥

Weighing

¥

Labeling

¥

Packaging

Tl(LDPE no- T2(LDPE4- T, (LDPE 8- T4(HDPE no- T5(HDPE4- T (HDPE 8- T7(control)
perforated) perforated)  perforated) perforated) perforated)  perforated)

Figure 1. Postharvest handling operations of sweet pepper

Data Collection

The data collected during storage were as follows: cumulative weight
loss (%), incidence of defects (%), severity of defects, total soluble solids, pH,
peel color and room temperature and relative humidity (%).

Methods
1. Cumulative weight loss (%) (Babarinde, 2009)
WO- Wt
WL (%) = x 100
W

where, Wo = initial weight and W+ = weight at time

2. Incidence of defects (%0) ]
Total numbers of defected fruits

Incidence of defects (%) = x 100
Total numbers of intact fruits
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3. Severity of defects (Scores)
1 = excellent in freshness
2 = 25% of defects (minor shrinkage)
3 =50% of defects (moderate shrinkage)
4 = 75% of defects (unmarketable)
5 =100% of defects (unmarketable)

4. Total soluble solids (TSS) (°Brix)
Total Soluble Solids was determined by using the refractometer reading.
5. pH
pH value was measured using a digital pH meter.
6. Peel color (Scores)
1 = totally jade green
2 =slightly pale green
3 = slightly occurrence of reddish brown in green
4 = more occurrence of reddish brown
5 = most occurrence of reddish brown
6 = reddish brown more than green
7. Room temperature (°C) and relative humidity (%)

Room temperature and relative humidity were determined with an indicator
for Relative Humidity (RH) and temperature, during storage room temperature was
ranged from (34-36 °C) and relative humidity was ranged from (73-82%),
respectively.

8. Statistical analysis

All results were statistically analyzed using Statistix software version 8.0.
Total of seven treatments were carried out by using Completely Randomized Design
(CRD). Each treatment consisted of three replications. All treatment means were
compared using LSD (Least Significant Differences) at 5% level of significance.



4™ Myanmar Korea Conference Research Journal Volume 4, No.1 361

Results
Physiological weight loss and cumulative weight loss (%)

Fresh weight of sweet pepper was drastically decreased in all
treatments treated with both LDPE and HDPE. The results showed that, fresh
pepper treated with LDPE, 8-perforated (T3) had obtained (194.33g) the
maximal shelf life with lesser physiological weight loss and cumulative weight
loss (36.93%) among the treatments for 20-days of storage (Table 1, Fig. 2 and
Table 2, Fig. 3). In contrast, the shortest shelf life was found in control (T7), it
was deteriorated at 12-days storage under room temperature.

Table 1. Effects of modified atmosphere storage on

physiological weight loss of sweet pepper under
room temperature

Weight loss (g/fruit)

Storage Period (day)

Treatments 0 day 4 day 8 day 12 day 16 day 20 day
T (LDPE no-perforated) 27333 26367 24333 19600 17667  149.00 1500
T2(LDPE 4-perforated) 289.00 28500 276.00 25467 20867 17633 1600 J—
Ts (LDPE 8-perforated) 301.67 29333 28333 27333 22367 19433 f”“”- . ; P /\
Ta (HDPE no-perforated) 264.67  240.67 21733 17833 14767  72.00 g . /"‘\
£ 1000 N
Ts (HDPE 4-perforated) 280.67 27333 25433 21967 18100 15967 k
T 800 N
Ts (HDPE $-perforated) 270.67 251.67 23333 18867 15633 14333 H
] et —t— .
Tr (contral) 25333 23333 19633 140.67 ¥ T
F-test ns * ** = ns * - e e e
59 LSD 14.17 14.19 15.07 17.99 3130 3031 B
. o . B o TILDFEme- TI(LDPE4- TI(LDPE$- T4 (HDPEne- TS (HDPE4- T6(HDFEE- T7 (conwel)
CV (%) 8.89 9235 10.70 14.47 3303 40.53 perforated)  perfomated)  perbrated)  perforated)  perforated)  perforated

— - - Storage Period (day)
Each value represented the mean from 3 replications. Mean differences in each column was

determined by LSD. ——() day - § day 12day wmemmifday emem20 day
* = gignificant at 5% level, ** = highly significant at 196 level, ns = non-significant

Figure 2. Effects of modified atmosphere
storage on physiological weight loss of
sweet pepper under room temperature

Table 2. Effects of modified atmosphere storage on cumulative
weight loss (%) of sweet pepper under room
temperature

Cumulative Weight Loss (%)

Sweet pepper 120
Treatments 2 dav ” g 100 =
12 day 20 day g 80 // \ I
T, (LDPE no-perforated) 21.47 47.22 } @ i : N\
- 0 °
7 X .
T» (LDPE 4-perforated) 11.99 39.25 - 2 e e g T S ——
v 0
T3 (LDPE 8-perforated) 9.38 36.93 2% & N S R S S <D
a < \\,\\ p & & & \‘(.\“’ & $
S $ 5§ S
Ts (HDPE no-perforated) 30.28 65.57 g \\\* >,Q°\ *Qé\ )\\\\N XQV* wxé AN
v > ¥ & N X &
Ts (HDPE 4-perforated) 19.25 45.55 g ! & g \\Q L\\\Q \\\\\
2 < g 5 L S =
Ts (HDPE 8-perforated) 28.82 51.77 g 1
[s] Treatments
T7 (control) 35.31

i 1 ——12 ds - 20 d
Each value represented the mean from 3 replications 12 day 0 day

Figure 3. Effects of modified atmosphere storage
on cumulative weight loss (%) of sweet pepper
under room temperature
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Incidence and severity of defects
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There was no incidence and severity of defects in all treatments at initial day
of fresh sweet pepper fruits during storage at ambient temperature. The results
showed that, lowest percentage of incidence and scores of severities was found in
LDPE, 8-perforated (Ts) which were (53.33% and 3.25 score) respectively. In
contrast, the level of decay and severity was highest in control T7 (75.55% and 4.86
score), without treatment which was observed unmarketable quality at 12-days of
storage period under ambient temperature.

Table 3. Effects of modified atmosphere storage on

incidence of defects of sweet pepper under room temperature

Incidence of defects (%0)

350

Storage Period (day) g 300 .
\ < ® \.______—-
Treatments 0day  4day 8 day 12day  16day 20 day & ::j e — /.k
) S ——— c—— ° °

T:(LDPE no-perforated) ~ 0.00 3666  39.99 4171 6444 7555 3 19

T2 (LDPE 4-perforated) 000 3666  39.33 4366 sles 121 % o

Ts (LDPE $-perforated) 000 3666  39.00 4333 4555 5333 2 S & P S & » &

Ts (HDPE no-perforated) ~ 0.00  39.99 4333 5222 6866 8333 & A & \ *\,o“‘\ O

Ts (HDPE 4-perforated) 000 3666 3966 4666 5222 732 & \\\\\“ R A o o

Ts (HDPE 8-perforated) 000 3999  41.33 4999 6666 7621 v * & N

T» (control) 000 3999 4666 7555 Storags Feriod (da7)

Each value represented the mean from 3 replications. wmtm() diy wmtmd day wte8 day 12 day wmtmm16 day smtem20 day
Figure 4. Effects of modified atmosphere
storage on incidence of defects of sweet
pepper under room temperature

Table 4. Effects of modified atmosphere storage on severity

of sweet pepper under room temperature

Severity (Scores)
Storage Period (day)
Treatments 0day 4day 8day 12day 16day 20day =
= -‘-"'-‘-u-_.
T1 (LDPE no-perforated) 1 16 283 293 445 55 EFoas T 4 ______:A
= '—'——-.
T2 (LDPE 4-perforated) 1 13 265 276 354 467 g !
Ts (LDPE $-perforated) 1 12 232 236 3 3.25 ° = _
= 3 3 > = S &
T4 (HDPE no-perforated) 1 18 312 326 495 593 & & & & & &£ ¢
N ] - ] = . o
Ts (HDPE 4-perforated) 1 1.5 279 284 423 5.2 & & & & &«
o A e & L& &
Ts (HDPE 8-perforated) 1 17 301 315 483 578 < s N & s s
T (control) 1 19 325 486 . o ened (49

Each value represented the mean from 3 replications.

v () day === day 8 day 12 day w=sm=] day emem=20 day

Figure 5. Effects of modified atmosphere
storage on severity of sweet pepper under
room temperature
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Total soluble solid

Total soluble solid (TSS) content of fresh sweet pepper showed gradually
increased over time during the storage period. In contrast, the fresh sweet pepper
treated with both LDPE and HDPE were revealed more TSS content than control.
Among the treatments, LDPE-8perforated (T3) had showed the highest content of TSS
(3.70 °Brix) for 20 days of storage period.

Table 5. Effects of modified atmosphere storage on total soluble solid of
sweet pepper under room temperature

Total Soluble Solid (°Brix)

Storage Period (day)
Treatments 0 day 4 day 8day 12day 16day 20day 20
T, (LDPE no-perforated) 1.23 2.03 2.30 2.73 2.75 2.80 .
T> (LDPE 4-perforated) 1.67 223 2.80 2.90 3.10 3.20
T3 (LDPE 8-perforated) 1.77 233 3.00 3.20 3.67 3.70
T4 (HDPE no-perforated) 1.17 1.33 1.73 2.03 2.30 2.53
Ts (HDPE 4-perforated) 1.50 2.23 2.50 2.87 3.00 3.17
Ts (HDPE 8-perforated) 1.17 1.97 223 2.30 2.50 2.67

Total Soluble Solid (°Brix)

owo
1
1
|

[
7 | /
LI /‘.
.

N D N O N N N
N & & & & & &
X 2 £ > & o & & &
T (control) 1.10 1.27 1.60 1.97 - - &8 & & & & & &
K N N ¥ ] P S
F-test s " L L s * & N &N \CR e e
5 $© £ 8Y & £ §°
5% LSD 0.12 0.13 0.14 0.13 0.10 0.08 Q9 S S St S N
NS A A S N\ A
CV (%) 15.50 11.77 10.8 8.70 7.51 4.74 o v A > S S
Each value represented the mean from 3 replications. Mean differences in each column Storage Period (day)
was determined by LSD.
w—tm() day wwsmed day w=em$ day 12day w=em=16day ==e==20 day

** = highly significant at 1% level

Figure 6. Effects of modified atmosphere
storage on total soluble solid of sweet pepper
under room temperature

pH level

The hydronium ions concentration of pH value was gradually increased over
time during the storage period. The higher pH value considered as the lower acidity
content in was found LDPE-8perforated (T3) (5.56) of fresh sweet pepper at 20-days.

Table 6. Effects of modified atmosphere storage on pH level of sweet
pepper under room temperature

pH Level
Storage Period (day)
Treatments 0 day 4dav Sday 12day 16davy 20 day
T1(LDPE no-perforated) 442 4.56 4.83 5.18 522 5.26 .
33
Tz2(LDPE 4-perforated) 487 522 5.26 527 541 5.49 30 g e B e B e e B e
—_ 5 e () e @ e
T: (LDPE §-perforated) 522 523 526 536 548 5.56 : . = N "'k.
T+ (HDPE no-perforated) 464 474 4381 187 5.00 5.14 = 15 - . .
B 10 e B — Y — . .
Ts (HDPE 4-perforated) 475 4904 516 523 5.28 5.32 5 > .
5 5 5 52 0
Ts (HDPE 8-perforated) 4.54 4.76 4.84 5.13 5.16 5.21 IS o o o o o «5-\
T+ (control) 458 487 525 584 - - __\.\_,@‘ _{_\:@“ _{_\_:g-“\' _ée@“ {\Q@ . ;\\“‘"\v \;~‘°\
Ftest . . - - - . 5 W o A o . <
o & 4 &% P &
5% LSD 0.06 0.06 0.06 0.05 0.06 0.02 \V\‘"’ H\\\" \\\." (\Q* i § \\\.Q
) v 3 ~)
CV (%) 220 224 205 174 21 o ™ ~ <> - -
S Period (day
Each value represented the mean from 3 replications. Mean differences in each column torage Period (day)
was determined by LSD.
—w={) day =—e=4q day ww==F day 12 day ==w==16 day ==w==20 day

** = highly significant at 1% level

Figure 7. Effects of modified atmosphere storage on
pH level of sweet pepper under room temperature
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Peel color

The peel color of the fresh sweet pepper was totally jade green in all
treatments at initial day of storage period. The peel color of the fresh sweet pepper
was gradually changed from totally jade green to reddish brown in color. The
appearance of small color patches or streaks of reddish brown were increased mostly
in control (T7). The least occurrence of reddish brown in jade green was found in
LDPE-8perforated (Ts) which can be hold the marketable quality of freshness among
the treatments.

Table 7. Effects of modified atmosphere storage on peel color of
sweet pepper under room temperature

Peel Color (Scores)
Storage Period (day)

Treatments Oday d4day 8day 12day 16day 20day 53 . /.\. "
T1 (LDPE no-perforated) 1 1.7 2:5 3.5 44 4.6 5 i: — -\.__-k.
T2 (LDPE 4-perforated) 1 1.6 23 2.3 3 35 T e s S——
Ts (LDPE 8-perforated) 1 1.5 1.9 1.9 3 35 I E - A p . e
T4 (HDPE no-perforated) 1 22 3 37 45 52 & & & (__@""

& W Al & w o ~

Ts (HDPE 4-perforated) 1 1.6 25 33 43 4.6 \\s‘\ & §° \\\\\\‘* & \\\s\
Ts (HDPE 8-perforated) 1 1.8 26 35 44 49 < < S < &

Storage Period (day)

T7 (control) 24 33 48
Each value represented the mean from 3 replications.

wmtem() day ewtemd day s=ee=$ day 12day wwem=|Gday e=ee=20day

Figure 8. Effects of modified
atmosphere storage on peel color of
sweet pepper under room temperature

12 Days 16 Days

Figure 9. Effects of modified atmosphere storage on peel color of sweet pepper
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Figure 10. Effects of modified atmosphere storage on decay fruit of sweet pepper
Room temperature (°C) and relative humidity (%0)

The most important environmental factors of temperature and relative
humidity were ranged from (34-36 °C) and (73-82%) during postharvest studied on
fresh sweet pepper.

Table 8. Room temperature and relative humidity during

storage of sweet pepper under room temperature

Storage Period (day) (May,2023) _ 10
5 10 _———
Parameters E 1o
0 4 8 12 16 20 :ze
day day day day day day Z2F
i
5E 4 .
Room temperature (°C) 36 35 36 34 35 34 E g .
2 o
= 0 day 4 day 8 day 12 day 16 day 20 day
Relative humidity (%) 75 73 8 76 8 719 Storage period (day)

=—g=Room temperature (*C) —a— Relative humidity (%)

Figure 11. Room temperature and relative
humidity during storage of sweet pepper
under room temperature
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Discussion and Conclusion

In this study, the sweet peppers storage with low density polyethylene bags
(LDPE): T1 (LDPE no-perforated), T2 (LDPE 4-perforated), Ts (LDPE 8-perforated)
and high-density polyethylene bags (HDPE): T4 (HDPE no-perforated), Ts (HDPE 4-
perforated), Te (HDPE 8-perforated) were compared and contrasted with T7 (control)
without treatment. Among the treatments, the treatments treated with low- and high-
density polyethylene bags were achieved more prolong shelf life and marketable
quality (20 days) than control, which was unmarketable after 12 days.

It is agreed with Samjate (2006) who reported that modified atmosphere storage
or packaging is very effective in retaining freshness and of fruit and vegetables
quality and for extending shelf-life. During the storage period, the physiological
weight of sweet pepper was decreased significantly. Incidence and severity of defects
on fresh sweet pepper increased over time in all treatments. It is due to the postharvest
water loss and it may cause deterioration and decrease visual quality over time. It was
agreed with Kinhal (2021) who stated that weight loss occurs due to respiration, water
loss and evaporation, all of which parameters are depend on temperature and relative
humidity.

In contrast between both LDPE and HDPE treatments, the occurrence of decay
incidence and scores of severities were increased over time might be due to the
accumulation of excessive water vapour inside the package of LDPE and HDPE
during storage under ambient temperature because of the restricted movement of
water through the film (Yekula et.al., 2013). The hue of sweet pepper is also an
important factor in the visual appeal of the fruit for customers. Loss in jade green
color may be due to the degradation of chlorophyll and appearance of reddish-brown
streaks may be subsequent synthesis of carotenoids during ripening and causing
decrease in visual quality (Nunes and Emond 2007).

In this study, the temperature and relative humidity were ranging from (34-36
°C) and (73-82%) respectively. Halloran, et al., (1995) reported that the quality
parameters are functions of temperature, relative humidity and air composition of the
handling or storage environment. When the TSS content increased during storage, it is
due to the maturity status of the fruit increased which could be seen with peel color
changed of sweet pepper (Halloran, et al., 1995). The pH value was increased
gradually in all treatments may be resulted in depletion of acidity, this was agreed
with report of Kinhal (2021). According to the results, sweet peppers treated with
LDPE 8- perforated (Ts) had performed the lesser weight loss (194.33g), lesser
occurrence of incidence (53.33) and severity of defects (3.25), increased in total
soluble solids content (3.70°Brix), pH (5.14) and marketable peel color (3.5).

Based on the statistical analysis, the interaction effect of packaging materials
with physiological weight loss over storage days showed among treatments were not
significant statistically in each day of measurement. Total Soluble Solid (TSS) is
considered as a primary quality attribute of sweet pepper as high TSS content
enhances the flavor and palatability of the fruit. The changes in TSS content during
the time was a highly significance (p<0.05) effect of different packaging materials on
the TSS values which varied between 2.53-3.70°Brix under ambient conditions. pH,
the hydronium ions concentration in a fruit, which is fundamental to assess the ability
of a microorganisms to grow and the tendency of fresh fruit to prolong its shelf life.
The pH level was highly significant at (p < 0.05) of different packaging materials on
sweet pepper.
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In conclusion, losses after harvest are distributed throughout the entire
marketing chain from the farmer to the consumer. Losses may be increased within a
few days to a few weeks of traditional handling of horticultural crops. Postharvest
technology has become necessary to improve food quality and safety for appropriate
handling, packaging, transportation and storage reduce postharvest losses of fruits and
vegetables. This study may enhance the need of growers, retailers and consumer to
expand shelf-life and improve quality of sweet pepper by using appropriate packaging
material.
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