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Abstract. The objective of this research is to study the reduction of chili postharvest losses (PHL)
after implementation of aqueous ozone treatment, perforated packaging and refrigerated
transportation in inter-city distribution. The completely randomized design method was used in the
research, with five levels of combination treatments of chili: (i) aqueous ozone treatment;
refrigerated transportation; (ii) no ozone treatment; refrigerated transportation; (iii) aqueous
ozone treatment; non-refrigerated transportation; (iv) no ozone treatment; non-refrigerated
transportation; and (v) existing handling practice as a control treatment. The study was conducted
on a large scale in order to imitate the practice of local traders when distributing chili to other cities,
with three repetitions. Each repetition used 850 kg of chili, which was transported from Magelang
District, Central Java to Bogor, West Java (541.5 km), a journey of approximately 15-17 hours.
Temperature and relative humidity in the vehicles were monitored and recorded. Quality analysis
included decayed/damaged chili and chili with inappropriate harvest age, grouped into four types,
namely physical/mechanical, physiological, microbiological, and green chili; color and texture. The
quantity parameter was determined by measuring weight loss. It was concluded that the
implementation of aqueous ozone treatment and improved transportation handling technology
using refrigerated vehicles could reduce the postharvestlosses of chili by 60.61%. Quantity loss was
reduced from 2.16% to 1.82% and quality loss from 6.70% to 1.68%. Moreover, the color and
texture (hardness) of the chili was maintained, showing a preserved freshness, which is an
important parameter in chili marketing.
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1. Introduction

Postharvest losses (PHL) are a worldwide concern these days, in the light not only of
unstable food prices, but also more importantly because of decreasing food availability. PHL
reduction technology is considered to be a solution to help maintain the availability and
quality of fresh produce (Kitinoja, 2013).

Chili is one of the primary commodities monitored by the Government of Indonesia,
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due to its integral part in the Indonesian diet and cuisine. Over the years, chili price volatility
has increased, with price swings occurring more than once every year, resulting in price
increases of over 100% in a 3-to 4-month period (Webb and Kosasih, 2011). It was reported
internationally when the price of chili increased as much as 10-fold at the end of 2010,
reaching a higher price than beef. Repeated high price increases drive up inflation and
become a matter of national concern and source of debate at every level (Webb et al,, 2012).

Unlike with other commodities, this price volatility cannot always be explained as a
result of changes in consumer demand. Although it is used as a cooking condiment, and
market demand is rather inelastic (other than in the Holy Month of Ramadhan, when a surge
in demand takes place), the price swings of chili have been persistent during the last decade
(Webb and Kosasih, 2011; Webb et al, 2012). It is reasonable to say that the price
fluctuations are caused by the production and distribution system (Webb and Kosasih,
2011).

The level of chili productivity in Indonesia over the past 5 years has been around 6
tons/ha. The national production volume was 1,045,000 tons in 2016, which exceeded the
total consumption of approximately 760,000 tons. However, two case studies in
Payakumbuh, West Sumatra (Iswari and Srimaryati 2014) and in Magelang, Central Java
(ICAPRD & PT. Agro Indo Mandiri, 2018), revealed that the loss of chili during the supply
chain reached 38% and 17%, respectively. These data suggest a relatively high discrepancy
between the amount of chili available in the market and the consumption rate of the
community. This may explain the price fluctuations and the occurrence of negative trade
balances of chili in the past, when import volume was comparably higher than export
volume. This situation is likely to recur in the future if a PHL reduction effort is not made.

As with other horticultural products, chili tends to be perishable due to its high water
content and continued active metabolism after harvest, raising challenges for those along
the supply chain (farmers, traders and retailers) to maintain its postharvest quality and
prevent losses (Mahajan et al., 2017). The value of commodities is also influenced by plant-
disturbing organisms (Wijanarko et al., 2017). Various technologies had been developed by
researchers to reduce PHL, including ozonation (Iswari and Srimaryati, 2014; Nurdjannah
et al., 2014; Setyabudi et al., 2016; Asgar et al,, 2017). Moreover, improved transportation
conditions are necessary, especially in Indonesia, where chili must be distributed daily from
production centers to different areas. However, only a few practitioners in the field had
implemented these technologies, and combining postharvest technology and improved
transportation for chili is unheard of. The lack of experiments using large scale and actual
conditions from farm to market is one of the challenges to implementation by practitioners
in their commercial activity. The objective of this research is to study the reduction of chili
postharvest losses after implementation of aqueous ozone treatment, perforated packaging
and refrigerated transportation in inter-city distribution. The postharvest handling
activities in the study were conducted with the actual daily schedules, scales and conditions
of the farmers.

2. Methods

The application of aqueous ozone technology and perforated packaging took place in
Sugihmas Village, Grabag Subdistrict, Magelang District, Central Java, in cooperation with
the Association of Farmers’ Groups (Gapoktan), namely Maju Mandiri. This location was
chosen based on recommendations from the Department of Agriculture and Food Crops of
Magelang District. According to these, apart from Magelang being a production center of
chili, supplying the crop to surrounding areas and near big cities, including Jogjakarta (+50
km), Semarang (+80 km), Jakarta (+500 km) and Tangerang (+550 km), it is also known to
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have an established mechanism of buying and selling chili with an auction method during
the harvest season.

The activity was conducted three times, scheduled based on the local farmers’ harvest
times, which fell on Kliwon days, according to the traditional Java calendar system (at five-
day intervals). The chili was harvested in the morning and sorting was done directly on the
trees. Only chili with minimum red color of 50% was harvested. After harvesting, the chili
was put into plastic crates and taken to the local packaging house operation unit (PHO) for
treatment. The study was conducted on a large scale in an effort to imitate the practice of
local traders when distributing chili to other cities. Each repetition used approximately 850
kg of chili, which was transported by road from Magelang District to Bogor, West Java
(541.5 km, approximately 15-17 hours).

2.1. Aqueous Ozone Treatment

Aqueous ozone was prepared by an ozone generator (D’Ozone, Dipo Technology,
Semarang, Indonesia). Ozone gas was pumped into water in a stainless steel tub (2,400 L,
filled to two thirds level) for 1.5 hour in order to ensure a perfectly saturated ozone
concentration in the water. The chili was placed in plastic crates (20 kg per crate) and
soaked in the ozonized water for 15 minutes. It was then drained on draining tables prior
to sorting. Subsequently, it was packed into cardboard boxes (two types) according to its
respective treatment.

2.2. Determination of Packaging Perforation

Perforation is important in order to accommodate and anticipate the respiration and
transpiration process of harvested chili. Determination of the placement of holes in the
cardboard as perforation was modified from a previous study by Mandana et al. (2013),
which recommended 3% perforation of the packaging surface area.

The dimension of the cardboard used in this study was 56 cm x 36 cm x 38 cm (length
x width x depth). 36 holes were placed evenly on four sides of the cardboards (front, back,
right and left), the obtained perforation being approximately 2.5% of the surface area.

2.3. Chili Distribution

The chili with the improved handling treatment was packed into perforated cardboard
boxes with a capacity of 20 kg/box, while the untreated chili (existing practice) was packed
into used cigarette cardboard cartons, as is the usual practice of the collectors/PHO. The
chili was then transported from Magelang, Central Java to Bogor, West Java using a
refrigerated truck and non-refrigerated truck. The temperature and relative humidity in the
trucks during transportation were monitored using a Hygrochron temperature & humidity
iButton (DS1923-F5#). Five boxes of each treatment were unloaded in Bogor as research
samples for quality and quantity parameter observation.

2.4. Quality and Quantity Parameter Observation

Examination of the decay and damage rate was made using the non-destructive method
with subjective evaluation by trained staff (Mahajan et al., 2017). Decayed/damaged chili
and chili with inappropriate harvest age was separated and weighed. The decay and
damage were then identified and grouped into different types, i.e. physical (mechanical),
physiological, microbiological and green chili, and each was weighed. Examination of the
texture profile was conducted using a Texture Analyzer (Pro CT3, Brookfield) and of color
(L, Cand hue values) using a Chromameter (AMT501U, AMTAST). The quantity/weight loss
was calculated as follows:

initial weight—end weight

Weight loss = X 100% (D

initial weight
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2.5. Data Processing and Statistical Analysis

The experiment employed completely randomized design, applying one factor and five
levels of combination treatments of chili, including treatment with/without ozone and
refrigerated transportation, and compared these with the existing practice. The applied
treatments were: (i) aqueous ozone treatment, refrigerated transportation; (ii) no ozone
treatment, refrigerated transportation; (iii) aqueous ozone treatment, non-refrigerated
transportation; (iv) no ozone treatment, non-refrigerated transportation; and (v) existing
handling practice as a control treatment. Each treatment was repeated three times,
meaning there were 15 experimental units. Sample collection was conducted by taking five
cardboards boxes of chili from each experimental unit, and sampling the chili from each
cardboard boxes. The data were analyzed statistically using analysis of variance (ANOVA)
and the Duncan multiple range test (DMRT).

3. Results and Discussion

3.1. Transportation Conditions

Upgraded value chain conditions, for example through cooling, have been found to be
beneficial for small-scale postharvest technology to reduce losses in horticultural crops
(Kitinoja, 2013). In this study, chili distribution was performed in two different conditions,
refrigerated and non-refrigerated. The temperature and relative humidity (RH) of the
environment during chili transportation using the refrigerated vehicle ranged from 17.61
to 26.11°C and from 82.71 to 90.28%, while for the non-refrigerated vehicle the figures
were 23.09 to 30.59°C and 85.46 to 94.09% (Figures 1 and 2).
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Figure 1 Temperature inside the refrigerated and non-refrigerated vehicles during chili
transportation
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Figure 2 Relative humidity inside the refrigerated and non-refrigerated vehicles during chili
transportation
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A fluctuation in temperature occurred in the refrigerated truck, which was suspected
to be a technical problem. However, the lowest temperature of 17.61°C was achieved
around half way through the trip (at midnight), which stabilized somewhat further into the
journey. On the other hand, the temperature in the non-refrigerated truck was more stable
in the first half of the trip, but started to increase after sunrise. This observation shows that
it is important to schedule transportation at night, to help maintain the temperature and
avoid more damage if a technical problem occurs. Such problems may be caused by the
required amount of energy needed to achieve the targeted temperature, which in turn is
influenced by the ambient air temperature and humidity, the age of the vehicle and of the
refrigerant used, and the specific refrigeration technology used (Budiyanto and Shinoda,
2017).

3.2. Quality Analysis

3.2.1. Quality deterioration

Quality losses were defined as deterioration due to mechanical damage,
microbiological damage, physiological damage or inappropriate harvest age. The quality
losses in the chili are shown in Table 1. The implementation of all the technology
interventions resulted in the lowest quality loss compared to other treatments.

Mechanical losses between treatments showed no significant difference, i.e. 1.02-
2.10%, a very low figure according to ICAPRD and PT. Agro Indo Mandiri (2018) reported
chili mechanical losses as high as 14.79 % between harvest by farmers and involvement of
large scale collectors and traders, due to the use of used fertilizer plastic sacks. In this study,
this practice was replaced by using plastic crates. Kitinoja (2013) found that the use of
plastic crates can reduce damage by 30 to 60% and improve market value by 40 to 140%
per kg.

In this research, physiological losses were identified by visual assessment, i.e. sorting
the withered and wrinkled chilis. The data show that all treatments had an insignificant
difference on physiological losses, as the transportation duration was probably not long
enough to make a difference. However, the data tendency indicates that the use of
refrigerated transportation did lower physiological damage compared to non-refrigerated
transportation.

Mahajan et al. (2017) elaborate that temperature management has been a focus in the
efforts to improve the marketing of fruit and vegetables. This includes minimizing delays
between harvest and cooling time, and trading and distribution. Temperature management
should cover the supply chain, applying techniques from rapid cooling to controlled
temperature at retail storage sites. Transportation with refrigerated temperatures is
considered to be a necessary part of temperature management.

The microbiological safety of fresh produce has become a concern in communities
today. Contamination can occur along the farm-to-kitchen value chain and is feared to be a
source of foodborne pathogens (Mahajan et al, 2017). Observation of microbiological
damage to the chili samples showed more differences between treatments. The lowest
microbiological damage was found in the ozone-treated and refrigerated-distributed chili,
while the existing practice resulted in the highest.

The reduction in microbiological causes of postharvest losses on horticultural crops by
ozone treatment has also been observed by previous studies (Ong et al., 2013; Alwi and
Asgar, 2014). These studies revealed the inhibition of Escherichilia coli 0157, Listeria
monocytogenes, Salmonella enterica sv. Typhimurioum and anthracnose caused by
Colletotrichum gloeosporioides fungus populations.

Anthracnose disease is a great concern in chili farming in Indonesia. Ozone exposure
has excellent potential to inhibit the growth of mycelia growth and conidia germination.
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Ozonation has been proven to be a method to degrade and reduce the toxicity level of
organic and inorganic compounds (Karamah et al., 2019). Moreover, ozone has fungitoxic
and fungistatic activity, which is suitable for controlling anthracnose in papaya (Ong et al.,
2013) and has also been observed in this study to have the same potential in chili.

In vitro and in vivo assay results reported by Alwi and Asgar (2014) show that the
effectiveness of ozone exposure increased with exposure duration, supported by a high
bacterial death rate. However, after a certain duration of exposure, the death rate reached
a plateau due to protection from dead cells or tissue from the oxidative properties of ozone.
Furthermore, Glowacz and Rees (2016) explain that a higher dose of ozone may cause tissue
damage, allowing fungal infection and thus a higher risk of disease incidence.

Table 1 Quality losses of chili with various treatments

Quality Losses (%)

Treatment Mechanical ~, Micro- Physio-  een Chili Total
biological logical

Ozone - refrigerated 1.02 0.16¢ 0.502 0.00b 1.68¢
Non-ozone - refrigerated 1.032 1.41° 0.262 0.03 ab 2.75b
Ozone - non-refrigerated 2.052 0.60 be 0.64 2 0.00°b 3.29b
Non-ozone = non- 1.06 2 1.40° 1.022 0.04 3.53
refrigerated
Existing practice 2.102 3.77 2 0.752 0.09 6.70 2

Note: the same letters in the same column indicate no significant difference in the Duncan
multiple range test level of 5%

Green or immature chili is considered underqualified due to its greater susceptibility
to damage (O’'Donoghue et al, 2018) and lower selling price in the market. Therefore,
during sorting, green chili is removed and weighed as quality losses. This is consistent with
the sorting practice of traders, who discount green chili and reduce payment to farmers.
Farmers often harvest green chili due to a lack of knowledge of appropriate harvesting
techniques and to increase the volume of the harvest (ICAPRD PT. Agro Indo Mandiri,
2018).

Capsicum sp. fruits are best harvested with a minimum 80% color coverage, when
development can continue, including that of color. However, it has been found that the
green parts seen at harvest tend to change into a darker color. Harvest at full red color is
the preferred method (O’'Donoghue et al., 2018).

Overall, based on Table 1, improved handling technology for chili, with a combination
of aqueous ozone exposure and refrigerated transportation or single treatment, has been
shown to be able to reduce quality losses by 74.92%, while ozone exposure reduced these
by 50.89% and refrigerated transportation by 58.95%.

3.2.2. Color

Color is one of the parameters that determine the quality and price of chili. The results
of color measurement using the Chroma-meter show that brightness was not significantly
different across treatments. However, ozone treatment combined with refrigerated
transportation showed the highest brightness value, while existing packing house
operation (PHO) practice gave the lowest value (Table 2). Based on the Chroma value (C),
chili from existing PHO practice had a duller color than with other treatments, as indicated
by the lowest C value. Regarding color angle (Hue/°H), existing PHO practice resulted in the
lowest hue angle and was significantly different from other treatments. Chili from existing
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PHO practice had a purplish red color based on L, C, and H in Chroma-meter diagrams, being
darker than other treatments.

Although ozone treatments have been reported to affect the surface color of some
horticultural crops, treatments with low concentration and duration have shown no
negative influence on crop appearance, including color (Ong et al, 2013). Moreover,
Glowacz and Rees (2016) observed that the concentration and exposure of ozone did not
have a significant effect on the color of red chili in terms of L, C and H values. In this study,
the initial color (degree of redness) and physiological activity of the chili may have affected
the color of the samples after treatment. The existing practice by farmers does not include
washing of the chili, and there is no effort to control the respiration rate during
transportation, hence the results of the color measurement parameters of brightness, C
value and color angle (Hue).

Table 2 Effect of different handling treatments on chili color

Color Parameters

Treatment L (brightness) C (chrome) Hue (color angle)
Ozone - refrigerated 40.17 a 55.30a 23.602
Non-ozone - refrigerated 39902 54.18 2 23.08a
Ozone - non-refrigerated 39.13a 52.51= 22.49a
Non-ozone - non- 38.512 51.19 21462
refrigerated
Existing practice 37.78 50.51 2 10.34 "

Note: the same letters in the same column indicate no significant difference in the Duncan
multiple range test level of 5%

3.2.3. Texture

Damage to chili may be indicated by the measure of hardness. An increased press value
shows higher texture changes, which indicates that the chili’s firmness had decreased, or
that it has become wrinkled or dehydrated. Wall (2010) states that firmness is one of the
primary indicators of chili quality. Glowacz and Rees (2016) had also reported that chili
softens during storage. Exposure to ozone was observed to maintain its firmness and that
the difference between treated and untreated chili was more pronounced after 10 days of
storage. They suggest that ozone treatment can significantly reduce water loss during
storage, therefore maintaining firmness.

When water evaporates from chili tissue, the turgor pressure decreases and the cells
begin to shrink and become damaged, so the fruit loses its freshness (Pangidoan, et al,,
2014). During respiration, a large amount of water may be lost, causing withering and
wrinkling, hence a harder chili texture. The chili respiration process rate increases during
transportation because of the high temperature and humidity, impact and friction.

Ozone and cold transportation had an effect on hardness value. As shown in Table 3,
this value in existing PHO practice is higher than with other treatments, although no
statistical difference was observed. The tendency shows that untreated chili loses more
freshness during the transportation process than with other treatments.

3.3. Quantity Losses

Quantity losses in this study were defined as losses in volume or weight, including
losses due to technology implementation (e.g. scattered during aqueous ozone treatment)
and transportation (end weight compared to initial weight). Quantity losses may also occur
due to the respiration and transpiration processes of chili. Ethylene, a natural ripening
hormone in fruits, causes softening during the fruit ripening process. The physiological
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process leads to a decrease in chili moisture content, resulting in the withering process
(Wall, 2010).

Table 3 Effect of different handling treatments on the chili hardness value

Treatment Hardness (gf)
Ozone - refrigerated 656.332
Non-ozone - refrigerated 629.654
Ozone - non-refrigerated 657.792
Non-ozone - non-refrigerated 658.74=
Existing practice 666.652

Note: the same letters indicate no significant difference
in the Duncan multiple range test level of 5%

A comparison of the quantity losses of chili with technology intervention and existing
practice showed no significant differences (Table 4). This indicates that the treatments did
not have enough impact on the loss of moisture content in the chili during the 15 to 17 hour
transportation process (night transportation). A longer transportation time or storage may
have more impact, with the technology showing a more positive influence. Moreover,
Glowacz and Rees (2016) elaborate that although the influence of ozone exposure on chili
weight loss was reduced after 14 days of storage, the appearance indicators of weight loss,
i.e. shrivelling and stem browning, were reduced and delayed.

Table 4 Quantity losses of chili with various treatments

Treatment Quantity Losses (%)
Ozone - refrigerated 1.82ab
Non-ozone - refrigerated 1.42b
Ozone - non-refrigerated 1.79 ab
Non-ozone - non refrigerated 1.86 ab
Existing practice 2.162

Note: the same letters indicate no significant difference in the
Duncan multiple range test level of 5%

According to Table 4, the combination of ozone treatment and refrigerated
transportation was effective in reducing quantity losses by 15.74%. Without refrigerated
transportation, ozone treatment reduced quantity losses by 50.89%, while refrigerated
transportation without ozone treatment reduced quantity losses by 34.26%. These results
show that single handling technology improvement may be sufficient to reduce quantity
losses.

The rate of quantity losses has been shown to be related to temperature and relative
humidity. Lower temperature and higher relative humidity during storage and
transportation, combined with cultivar selection, has been shown to give a longer shelf life
and lower postharvest loss (Samiran et al., 2013). However, the insignificant differences
observed in this study may be caused by the similar environmental conditions of chilli
distribution using refrigerated and non-refrigerated vehicles, as presented in Figures 1 and
2. The study by Wall (2010) found that the optimum temperature for chili storage is 7-10°C,
with chili stored in box for a week, resulting in a daily weight loss of around 3.5% at 24°C,
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and only 0.5% at 8°C. According to Nurdjannah et al. (2014), storage at low temperature is
effective in reducing chili losses.

Postharvest losses (PHL) were calculated by combining both quantity and quality
losses. The PHL reduction was then calculated by comparing the PHL of untreated samples
with that of the treated samples. The results of the calculation show that combination of
technology intervention gave the highest reduction in PHL (60.61%) (Table 5). Moreover,
simply replacing used cardboards with perforated ones (without ozone treatment and
without refrigerated transportation) succeeded in reducing PHL by 39.16%. This was a
promising result, and proves that simple improvements can help to reduce PHL, especially
for local supply provision, where extended shelf life may not be very necessary. A simple
change in practice like this has been shown to be more successful in implementation by
small scale farming businesses (Kitinoja, 2013).

Nurdjannah et al. (2014) suggest that the packaging material significantly influences
the respiration rate of chili during transportation. Perforated cardboard allows more
oxygen into the packaging and prevents the accumulation of carbon dioxide. The modified
gas concentration helps inhibit decay caused by enzymes, therefore prolonging the
freshness of the chili and reducing losses.

Table 5 Postharvest loss reduction of chili with various treatments

Treatment Total Losses (%) Loss Reduction (%)*
Ozone - refrigerated 3.49 60.61
Non-ozone - refrigerated 4.17 52.93
Ozone - non-refrigerated 5.08 42.66
Non-ozone - non-refrigerated 5.39 39.16
Existing practice 8.86 -

Note: Loss reduction was calculated by comparison with existing PHO practice

4. Conclusions

A large-scale experiment was conducted on chili using aqueous ozone treatment and
improved transportation conditions with refrigerated vehicles (length of transportation
was 541.5 km, taking 15-17 hours). The combination of aqueous ozone treatment and
improved transportation handling technology was able to reduce the quality losses (a
74.92% loss reduction) and quantity losses (a 15.74% loss reduction) of chili. Ozone
treatment accounted for the decrease in chili microbiological losses, while improved
packaging prevented high mechanical losses, as well as damage due to physiological
reasons. Moreover, refrigerated transportation also helped with physiological losses, by
allowing better respiration for the chili. Single handling technology improvement is also
applicable to the reduction of postharvest losses to meet the different needs according to
the length of transportation distance and duration. Ozone treatment without refrigerated
transportation reduced quality losses by 50.89% and quantity losses by 17.13%, while
refrigerated transportation without ozone treatment reduced quality losses by 58.95% and
quantity losses by 34.26%. Aqueous ozone treatment did not alter the color or texture of
the chili.
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