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Abstract

The handling of post-harvest agricultural products has an impact on agriculfural
production. The handling should prevent factors that can lead to a decrease in the
quality of agricultural products. Ozone exposure is done to find out the most
effective shelf life for carrots. The sample consisted of 3 groups: the control group
without ozone treatment (T0), the ozone exposure group through air or spray (T1),
the ozone exposure group through immersion in water or soak (12), and the spray
and soak combination group (T3). Ozone exposure time is given for 10 minutes in a
closed container. Further observed organoleptic changes, pH, hardness, and
vitamin C levels contained in carrots after 1-5 days of storage. The research results
showed that ozone treatment with various methods resulted in significant
) 3 4 ‘ differences (p = 0) in mass loss, pH, and hardness of carrots. Ozone tfreatment with

’ spray and soak on days 1-5 resulted in the stability of mass loss, pH, and hardness
when compared fo other freatment methods. The effect of ozone exposure on
carrots by spray and soak can extend shelf life with the smallest percentage
decrease based on the results of organoleptic tests, mass loss (58%), hardness
(35%), and pH (22%), on the 5th day. So, ozone treatment is able to extend the shelf
life of carrots based on their organoleptic and physical parameters.
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Abstrak

Pengendalian hasil pertanian lepas tuai memberi kesan kepada pengeluaran
pertanian. Pengendalian itu harus menghalang faktor yang boleh menyebabkan
penurunan kualiti produk pertanian. Pendedahan ozon dilakukan untuk
mengetahui jangka hayat yang paling berkesan untuk lobak merah. Sampel terdiri
daripada 3 kumpulan: kumpulan kawalan tanpa rawatan ozon (T0), kumpulan

85:6 (2023) 105-110 | https://journals.utm.my/jurnalteknologi | eISSN 2180-3722 |DOI:
https://doi.org/10.11113/jurnalteknologi.v85.20320 |



106

Suryani Dyah Astuti et al. / Jurnal Teknologi (Sciences & Engineering) 85:6 (2023) 105-110

pendedahan ozon melalui udara atau semburan (T1), kumpulan pendedahan
ozon melalui rendaman dalam air atau rendam (T2), dan kumpulan gabungan
semburan dan rendam (T3). Masa pendedahan ozon diberikan selama 10 minit
dalam bekas tertutup. Selanjutnya diperhatikan perubahan organoleptik, pH,
kekerasan, dan tahap vitamin C yang terkandung dalam lobak merah selepas 1-5
hari penyimpanan. Hasil kajion menunjukkan bahawa rawatan ozon dengan
pelbagai kaedah menghasikan perbezaan yang ketara (p = 0) dalam kehilangan
jisim, pH, dan kekerasan lobak merah. Rawatan ozon dengan semburan dan
rendam pada hari 1-5 menghasilkan kestabilan kehilangan jisim, pH dan kekerasan
jika dibandingkan dengan kaedah rawatan lain. Kesan pendedahan ozon pada
lobak merah secara semburan dan rendam boleh memanjangkan jangka hayat
dengan peratusan penurunan terkecil berdasarkan keputusan ujian organoleptik,
kehilangan jisim (58%). kekerasan (35%), dan pH (22%), pada hari ke-5. Jadi,
rawatan ozon mampu memanjangkan jangka hayat lobak merah berdasarkan
parameter organoleptik dan fizikalnya.

Kata kunci: Keselamatan makanan, jangka hayat lobak merah, ozon,
organoleptik, pH, kekerasan, vitamin c
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1.0 INTRODUCTION

Geographically, the quality and production of
agricultural products are influenced by the handling
carried out on post-harvest agricultural products.
Improper handling processes will lead to a decrease
in the quality of agricultural [1]. The decrease in the
quality of agricultural  products is due to
microorganisms, moisture content, temperature,
enzymes, and other factors. Service modalifies,
especially disease detection instruments, have
experienced rapid development, both based on
ionizing and non-ionizing radiation. The growth of
microbes itself is influenced by intrinsic factors, such
as pH, nutrient content, and biological structure; and
extrinsic factors, including humidity and temperature.
To prevent or minimize these factors, it is necessary to
preserve food [2].

Some methods are used to extend the shelf life of
agricultural products or food, including photonic
iradiation methods [3, 4]. Irradiation method using
energy from ionizing radiation that converts neutral
atoms info positively charged ions with gamma
radiation. However, the ionizing light irradiation
removes some of the nutrients from food [5]. Non-
jonizing light can be used to reduce contaminant
bacteria [6,7] and photo biomodulation [8].

To suppress the growth of pathogenic
microorganisms in  fruits and vegetables given
exposure to chlorine. The use of chlorine only
eliminates microorganisms on the surface of objects.
In addition, chlorine is feared to react with pesticides
and form new compounds that are toxic to humans
[?]. The ozone method of food preservation has also
been used on chili peppers. It is reported that ozone
does not damage the nutritional content because, if
exposed to sunlight, it evaporates into oxygen [10,
11].

Two types of ozone formation processes are
collision processes and light parficle absorption

processes. In the process of absorption, ozone is
formed from ulfraviolet (UV) sunlight. The collision
process is used in the formation of ozone by the
method of release of dielectric stunted plasma.
Ozone is a radical oxidant hydroxide that can be
used fo degrade heavy metal oxides and organic
compounds. Therefore, it can kill microorganisms,
thus extending the shelf life of food [12]. Based on
previous research [3] ozone is able to reduce
microbial contaminants and maintain the freshness
of vegetable products.

The shelf life of carrots is expected to be longer
after ozone exposure. The damage wil be
characterized by the presence of microorganisms,
organoleptic, mass loss, pH, and hardness, as well as
the content of vitamin C in carrots [13, 14]. In this
study, ozone exposure treatment was studied for 10
minutes with variations in ozone exposure fechniques,
namely spray, soak, and combination of spray and
soak. Furthermore, carrotfs are stored for 5 days and
observed for their organoleptic, mass loss, pH, and
hardness, as well as vitamin C levels.

2.0 METHODOLOGY

This research uses Daucus carrota L. obtained from
Sumber Brantas Village, Batu City; Kl solution 0.15 M,
H2SO4 solution, Na2SO4 solution; and 1% amolum
solution. Water is used as a medium for exposure to
ozone in Sumber Brantas Village, Batu City; Kl solution
0.15 M, H2804 solution, NazSOs solution; and 1%
amolum solution. Water is used as a medium for
exposure to ozone. Ascorbic acid is the standard
(comparator) in the vitamin C level test.

An ozonator with an outfput of < 400 mg/h was
used in this study. Tools for ozone characterization
were a set of iodometric tools such as burette tubes,
oxygen tubes equipped with flowmeters, Erlenmeyer
fubes, and measuring cups. The container is closed
for ozone exposure in carrofs.
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Ozone calibration is using iodometric fitration. Pure
oxygen is delivered to the ozone generator at a flow
rate of 1L/min. Kl solution is gassed as much as 20 mL
in the Erlenmeyer flask unfil the Kl solution is yellow,
this indicates that there has been a reaction of Kl
and ozone solution. Three drops of amimilum is
added [15, 16]. The Na25203 solution on the burette
acts as a titfrant. Ozone concentration can be
calculated using Equation 1.

massof Og
— 1)

volume of Og

Massof 05 = 24xVixNit

With the value of 24, which is a factor, Vi =
volume of Na2$203 (mL), Nt = normality of Na2S203
(mg/me), and me = molar equivalent.

Ozone exposure is done fo find out the most
effective shelf life for carrots. The sample consisted of
3 groups: the control group without ozone treatment
(TO), the ozone exposure group through air or spray
(T1), the ozone exposure group through immersion in
water or soak (T2), and the spray and soak
combination group (T3). Each treatment is performed
by limiting the exposure time to 10 minutes. Ozone
exposure is performed in isolated or closed
containers.  Then | performed  organolepftic
observations, mass loss, pH, hardness, and vitamin C
every day until the fifth day [11].

Testing with spectrophotometers using
wavelengths of 271 nm. The absorption value of the
sample is displayed. Data analysis is shown by the
absorption of samples to the calibration curve using
linear regression, Equation 2.

Y =BX+A (2)

Where (Y) represents the value of the absorbance
measurement and (X) states the vitamin C levels in
the sample.

One Way ANOVA factorial tests are used to
analyze quantitative data using Statistical Package
for Social Science (SPSS). There are 3 test groups for
ozone exposure: air (spray), water (soak), and air +
water (spray+ soak) methods, and there is one
freatment factor, which is the time of exposure. The
percentage reduction formula for various parameters
is:

Oyconcentration =

{control—treatment)

B reduction = x100%  (3)

rrnkrnl

3.0 RESULTS AND DISCUSSION

In this study, ozone was produced by dielectric
obsfructed plasma discharge. That is, by placing a
dielectric material in the form of glass between two
electrodes with high voltage. Dielectric material
serves as a current filament containing energy-
energized electrons of 1-10 eV. The voltage is then
applied to the electrode. The voltage between the
two electrodes is known by the?22 , where a indicates

fime. Then the electric field perpendicular to both
electrode plates is known by So that the formula

Vs
Er = hteld—h) )

When two gaps filled with oxygen collide, oxygen
atoms (O) result from the collision of the electrons.
The oxygen atom will pound another oxygen atom
and produce ozone. The process occurs due to a
voltage that accelerates the motion of electrons
from the anode to the cathode. When the voltage
between the electrodes is higher, the electric field
inside the reactor is also higher. So electrons have
higher energy, which results in more ionization. The
higher the electron motion, the higher the growth
process, which is influenced by the length of time,
resulting in higher ozone concentrations [17].

In this study, ozone was used because it is
considered safe enough and does not leave
chemical residues on food. Ozone also has
advantages compared to other preservation
methods. The advantage is that ozone will not
change or damage the nutritional content of the
product, because ozone will evaporate into oxygen
when exposed to sunlight [18].

Table 1 shows the results of the statistical analysis
of various ozone freatments on carrots. The results
showed that ozone treatment with various methods
resulted in significant differences (p = 0) in mass loss,
pH, and hardness of carrots. Meanwhile, the
measurement of vitamin C levels showed no
significant difference. Ozone freatment with spray
and soak on day 5 resulted in the stability of mass
loss, pH, and hardness when compared to other
freatment methods. The effect of treatment on
vitamin C levels in carrots showed no significant
difference (p = 0.57).

Table 1 Stafistical analysis of the results of various ozone
freatments on carrofs

Parameter Treatment Reduction Percentage (%) Statistical
analysis
Day 1 Day 2 day 3 day 4 Day 5
Mean STD Mean STD Mean STD Mean STD Mean  STD
TossMass _ Control 1543 173 3658 201 4426 361 6669 153 7630 058  P=000
spray 1540 306 3425 200 4574 416 5213 100 6745 100 Séﬁgéﬁr;‘r":"
soak 1412 289 3044 151 @M 513 5386 361 6347 200
Spray+soak 235 100 2214 102 3937 306 5341 379 5852 252
pH Control 1456 047 1942 001 2205 005 2215 008 2681 034  P=000
spray 434 010 1602 030 2008 006 1998 012 2184 008 Sg?f',‘;ﬁrﬂ“
soak 1742 003 1747 000 2129 006 2179 003 2386 010
Spray+soak 788 030 1386 002 2113 012 2209 006 2236 002
Hardness ~ Gontrol 2183 133 3518 054 4237 247 4771 088 5571 176 P=0.00
spray 689 047 1562 043 4132 153 5200 284 5743 141 Cgomeat
soak 1455 145 1570 000 2915 082 4170 226 5562 102

Spray + soak 2002 077 2085 000 2939 030 3310 074 3513 275

Vitamin G Gantrol 735 110 747 000 1881 269 1745 240 3308 321 P=05THNo-
spray 784 152 840 001 1309 161 1621 299 3487 300 sﬁg;ﬁrﬂ"
s0ak 205 351 2810 033 2808 125 3371 505 4124 803

Spray + soak 321 036 684 003 1632 269 1499 185 3313 000

Mass Loss

Figure 1 shows the largest mass loss of carrots with
and without exposure to ozone, over time from day 1
fo day 5. Exposure to the ozone spray method
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produces carrots with the highest mass loss value.
While the spray-and-soak method has the best
influence on the shelf life of carrots with the smallest
mass loss compared to other methods,

The results of studies showed that exposure to
ozone through the air + water is able to maintain the
hardness of the stem, and carrots appear to shrink
because the value of mass loss increases every day.
This happens because carrots lose water in the
evaporation process.

Mass Los (g)

104

0- T l'.
1 2

Day to-
Control B3 Soak
B Spray E= Spray + Soak

Figure 1 Effect of ozone exposure on mass loss (g)from Day
XX 1O XX

Organoleptic

Figure 2 shows the observation of the effect of ozone
exposure on carrot organoleptic. Changes that
occur take the longest time compared to carrots
exposed fto the ozone spray method, the soak
method, or carrots that are not exposed to ozone.
Ozone exposure in carrots by the soak method still
withers the carrots, starting to decay from day 3 to
day 5. While carrots are subjected to ozone exposure
using the spray method, they decompose starting on
day 2.
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Figure 2 Observation of the effect of ozone exposure on
carrot organoleptic

The change in color from orange to pale in
organolepfic tests occurred due to changes in carrot

carotene. Carotene is easily damaged by acid; this
damage causes the color of carrofs to turn pale
orange. The black discolorafion is also caused by
microorganisms  growing on  carrofs.  These
microorganisms can stimulafte ethylene hormones. It
is this ethylene hormone that can accelerate carrot
decay [19].

pH Levels

Figure 3 shows the effect of ozone treatment on the
pH of samples. The pH of carrots that were not
spread by ozone or control samples decreased at
day 2, and over time, it continued to decrease until
the fifth day. The carrot group with ozone spray
freatment experienced a decrease in pH from day 1
and pH stability on the third to fifth days. The group of
carrots treated by immersion and spray treatment
with ozone resulted in a stable pH.

Loss of water causes carrot stems to wilt and
increase  mass loss. During storage, water
evaporation occurs in carrots to balance the system
temperature in the carrot with the temperature in the
outside environment [3]. When compared with other
freatments, the immersion and spray treatment of
ozone resulfed in a good organoleptic stability
effect, which was indicated by a stable pH and low
mass loss.

6 I =
I = e z =~ I &
” .
°©
>
3 4
T
Q
2
0- T - T - T - I-.- T a
1 2 3 4
Day to-
Control = Soak
EE Spray E= Spray + Soak
Figure 3 Ozone exposure to pH levels of2
Hardness

Figure 4 shows the effect of ozone exposure on the
hardness of carrots. Hardness in carrots that were not
exposed to ozone or control samples decreased on
the 2nd day, and gradually began to decrease untfil
the 5th day. In the carrot group with the immersion
freatment, the hardness decreased as the storage
fime went on. The hardness of carrots in the ozone
spraying group decreased on the third day, but the
hardness was lower than the freatment without
ozone exposure or the control sample. While the
hardness of carrofs with spray + soak freatment
experienced a long change compared to carrots
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that were smeared with ozone by spraying, soaking,
or not being given ozone (confrol).

The results showed that exposure to ozone
through the water method had a longer shelf life for
carrots than the air exposure method. Exposure to
ozone in the air can cause cell apoptosis or cell
damage. This is because unstable oxygen diffuses
intfo the carroft fissue so that electrons are excited to
a higher level. Excited electrons will react with
biological systems by transferring protons or electrons
and will form anion and cation radicals [15]. Radical
ions react with oxygen to produce reactive oxygen.
The electron transport reaction produces a
superoxide anion. Then the superoxide anion reacts
with the biological system and forms a hydroxyl
radical. Hydroxyl radicals are the most damaging
and diffuse into carrot tissue, resulting in apoptosis or
damaged cells [20].

While exposure through water can maintain the
shelf life of carrots longer because ozone will oxidize
the ions contained in the water so that they
decompose. Decomposition occurs when ozone
reacts with OH ions and forms hydroxyl radicals. The
hydroxyl radical ion will diffuse into the carrot cells
and cause the enzymes in the cytoplasm to become
inactive. When the enzyme is not active, it will cause
the respirafion process to be hampered. Respiration
produces water. The inhibition process was able to
maintain the water content in carrots and the shelf
life of carrots.

40

w
S
1
o]

Hardness (mPa)
N
T

104

Day to-
Control =1 Soak
EE Spray E= Spray + Soak

Figure 4 Effect of ozone exposure fo the hardness of carrots

Vitamin C

Figure 5 shows vitamin C levels in carrots that were
not peeled with ozone or control samples that
experienced a fluctuating decrease in vitamin C
levels for 5 days of observation. The levels of vitamin
C in the carrofs that were sprayed decreased on the
third day. The levels of vitamin C in carrots that were
freated with immersion decreased on the second
day, but the levels of vitamin C were lower than the
levels of vitamin C in the confrol sample. Meanwhile,
the vitamin C content of carrofs treated with soaking

and spray changed for a long time compared to
carrots that were smeared with ozone with spray,
soaked, or not exposed to ozone. However, on day 5,
ozone exposure was more effective through

spraying.

400
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B Spray E= Spray + Soak

Figure 5 Ozone exposure to vitamin C level (mg/L)

Vitamin C levels in carrots were fested using a UV-
Vis spectrophotometer. The UV-Vis
spectrophotometer tests vitamin C levels by
detecting the sensitivity of the sample solution. Light
on a UV-Vis spectrophotometer absorbs the color of
the sample solution at a certain wavelength. Vitamin
C levels use a wavelength of 271 nm. In this study, the
levels of vitamin C produced had different values for
each treatment. However, the existence of different
results is thought to be due to the influence of
inaccuracies in the procedure for obtaining vitamin
C sample solutions [21].

4.0 CONCLUSION

The research results showed that ozone treatment
with  various methods resulted in significant
differences (p = 0) in mass loss, pH, and hardness of
carrots. Ozone treatment with spray and soak on day
5 resulted in the stability of mass loss, pH, and
hardness when compared to other treatment
methods. The effect of ozone exposure on carrots by
soak and spray can extend shelf life based on
organoleptic test results, mass loss, hardness, pH, and
vitamin C.
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