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ABSTRACT Research Article

In this study, the effect of 1% ascorbic acid and 1% citric acid

solutions and dionize water (control) dips on storage and quality Article History

properties of fresh cut kiwifruit slices was investigated. The fruits Received +20.01.2020
were washed, peeled, sliced, and the slices packaged with stretch Accepted - 17.03.2020
film after immersion in the solutions. Kiwifruit slices packaged were

kept at 4°C for 12 days. In kiwifruit samples, physical and chemical Kgyx';vorfis

changes such as weight loss (%), fruit flesh firmness (Shore), total gi;ﬁgt

soluble solids (%), titretable acidity (%), pH value, fruit flesh color
(h°), vitamin C (Li-Ascorbic acid), total fenolic compounds (mg gallik
acid.Li'1), antioksidant activity (%), appearance were determined in
each 3 days during shelf life. The highest h° angle value was
determined in 1% citric acid treatment. Among the treatments, the
highest firmness at the end of storage was determined in 1% ascorbic
acid treatment. Results showed that 1% citric acid and 1% ascorbic
acid dips had a positive effect on overall quality parameters of
kiwifruit slices.

Citric acid
Ascorbic acid
Fresh Cut

Sitrik ve Askorbik Asit Daldirmalarinin Taze Dogranmig Kivi Dilimlerinin Depolanmas: ve Kalite
Ozellikleri Uzerine Etkisi

OZET Aragtirma Makalesi

Bu calismada, taze kesilmig kivi dilimlerinin depolama ve kalite

ozellikleri tizerine %1 askorbik asit ve %1 sitrik asit ¢ozeltileri ve Makale Tarihgesi

dionize su (kontrol) daldirma uygulamalarinin etkisi arastirilmistir. Gelig Tarihi  :20.01.2020

Meyveler yikanmig, soyulmus, dilimlenmis ve dilimler, c¢ozeltilere Kabul Tarihi :17.03.2020
daldirildiktan sonra stre¢ film ile paketlenmigtir. Paketlenen kivi

dilimleri 12 gin boyunca 4°C'de muhafaza edilmistir. Kivi Anahtar Kelimeler
orneklerinde agirhk kaybi (%), meyve eti sertligi (Shore), suda Kivi

¢oziiniir toplam kuru madde (%), titre edilebilir asitlik (%), pH Daldirma

degeri, meyve et rengi (h°), C vitamini (L-Askorbik asit), toplam Sitrik asit

fenolik bilesikler (mg gallik asit.L'!), antioksidan aktivite (%) ve Askorbik asit
gorinim gibi fiziksel ve kimyasal 6zellikler raf 6mri boyunca g Taze dogranmisg
giinde bir belirlenmigtir. En yiksek he degeri %1 sitrik asit

uygulamasindan, en yiksek sertlik %1 askorbik asit

uygulamasindan elde edilmistir. Sonuglar, %1 sitrik asit ve %1

askorbik asit ¢ozeltilerine daldirma uygulamalarimin @ kivi

dilimlerinin genel kalite parametreleri tizerinde olumlu bir etkiye

sahip oldugunu goéstermigtir.

To Cite : Dundar O, Demircioglu H, Ozkaya O, Dundar B 2020. The Effect of Citric Acid and Ascorbic Acid Dips on Storage
and Quality Properties of Fresh Cut Kiwifruit Slices. KSU J. Agric Nat. 23 (4): 807-815. DOL:
10.18016/ksutarimdoga.vi.677688.

INTRODUCTION recent years (Bostan and Giinay, 2014). Consumers in
Kiwifruit, bringing higher revenue per unit area, next Turkey derpand for vegetables and fresh fruits has
to a wealth of vitamin and mineral substances to be }ncreased mn r?cent years. The consumers usually
low-calorie aspect is one of the productions and judge the quality of fresh-cut fruit of freshness and

consumption of fruit species rapidly increasing in appearance at the time of purchase (Kader, 2002).
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However, to protect the long-term quality of these
products is still a major problem to be overcome.
Products during the preparation of fresh-cut products
undergo various injuries and bruises scratches. These
injuries and bruises cause the softening and
discoloration of the tissues, which increases the
enzymatic activities, resulting in shortening the shelf
life and storage of the products. Applying antioxidant
treatments as dipping after peeling or cutting is the
most common way to control the browning of freshly
cut fruits. Organic acids (citric, lactic, tartaric and
acetic acid) have been identified as potent
antimicrobial agents due to environmental pH
reduction, membrane permeability and transport
impairment, anion accumulation or a reduction in
internal cellular pH (Parish et al., 2003). Carboxylic
acids (oxalic acid and citric acid) have been also
proposed as effective antioxidant agents in freshly cut
fruits (Jiang et al., 2004; Son et al., 2001; Pizzocaro et
al., 1993).

Less  direct antibacterial activities include
interference with nutrient transport, cytoplasm
membrane damage resulting in leakage, disruption of
outer membrane permeability, and influence
onmacromolecular synthesis (Beuchat, 1998; Inatsu
et al, 2005; Miller et al., 2009). Citric and ascorbic
acids are commonly used in fruit and vegetable
washing and added in fruit juices (Velazquez et al.
2009). Ascorbic acid is the most commonly used
organic acids to prevent enzymatic browning of cut
fruit due to the return of the o-quinones produced by
the action of PPO enzymes to phenolic substrates.
(McEvily et al, 1992). However, ascorbic acid oxidizes
to dehydroascorbic acid after a certain period of time,
thus allowing O-Quinones to accumulate (Luo and
Barbosa-Canovas, 1997; Rojas-Grau et al, 2008;
Sapers, 1993). Several studies have been done to
reduce these quality losses and thus achieve greater
shelf life in freshly cut fruits.

Jang and Moon (2011), investigated the effects of
ultrasound and ascorbic acid on polyphenol oxidase
and peroxidase activity in freshly cut apples during
storage. Combined treatment of ultrasound and
ascorbic acid was found to be ineffective in
monophenolase, diphenolase and peroxidase, but with
inverse and limited inhibitory effect on individual
ultrasound or ascorbic acid enzymes. This research
has revealed that simultaneous treatment with
ultrasonic and ascorbic acid has synergistic inhibitory
effects on various enzymes related to enzymatic
browning.

Agar et al. (1999) showed that fresh-cut kiwifruit had
a shelf-life of 9-12 days if treated with 1% of CaCl: or
2% of calcium lactate, and stored at 0-2°C in an

ethylene-free atmosphere of 2—4 kPa of Oz and/or 5—
10 kPa of COsa.

Slices containing 8 varieties of nectarine and 13
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varieties of peaches have changed shelf life (2-12 days
at 8°C). Controlled atmospheres of 0.25 kPa Oz and 10
kPa or 20 kPa CO;: extend shelf life from Control (air)
to 1-2 days in 10°C Elegant Lady or O'Henry peach
slices. 1% calcium lactate +2% ascorbic acid dipping
after cutting resulted in a limited reduction of texture
softening and browning of the cut surface in Carnival
peach slices (Gorny et al., 1999).

The quality indices of fresh cut fruits and the effects
of processing and storage on the nutrient content
were evaluated when compared to all fruits stored
during the same time but prepared on the day of
sampling. Pineapple, mango, melon, watermelon,
strawberry and kiwifruit fresh cut were kept open at
5°C for 9 days. The visual appearance after cutting
shows that the shelf life for freshly cut kiwifruit is 6
days and for strawberry, pineapple and melon is 9
days. On the other hand, freshly cut mango and
watermelon were found to be marketable after 9 days.
Loss of vitamin C was 25% in melon cubes, 12% in
kiwifruit slices, 10% in pineapple slices and 5% in
mango, strawberry and watermelon slices, after 6
days. Loss of carotenoid was not observed in kiwifruit
slices and melon cubes but loss of carotenoid was 10-
15% mango, strawberry and melon slices and 25%
pineapples after 5 days. There was no significant loss
in total phenolics after 6 days in freshly cut fruits.
Light exposure encouraged browning in pineapple
and decreased vitamin C content in kiwifruit. Total
carotenoid content in mango and watermelon
increased, but decreased in melon and kiwifruit in
response to exposure to light during storage at 5°C up
to 9 days. There was no effect of exposure to the
phenolic contents. In generally, fresh-cut fruits were
clearly impaired Dbefore significant nutrient loss
occurred (Gil et al., 2006).

Effects of heat treatments on the quality of minimally
processed kiwifruit with calcium dipping have
investigated. All the fruits were cooled to 4°C after
immersion in water, CaCls solutions (1, 2 and 3%) for
25 minutes at 45°C. After 24 hours, the fruits were
peeled, sterilized, sliced and packed. 8 days of
immersion treatments calcium firmness kiwifruit
slices was effective during storage at 4°C (Beirdo-Da-
Costa et al., 2008).

Cucumbers (Cucumber sativus L. 'Beith Alpha') were
peeled, sliced and then stored at 4°C for 7-10 days in
modified atmosphere packet (MAP). On the positive
result of MAP, cucumber slices were stored in the
same solution in calcium lactate (5%), calcium lactate
(5%)+ascorbic acid (5%) or only immersed in water.
One of the most important factors causing quality
losses in sliced wells was weight or water loss, and
the best way to prevent it was to register as MAP.
MAP has increased the shelf life of sliced cucumber
fruits at 4°C from 2 days to 5 to 7 days. Softening and
quality losses in the slices could be delayed by
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calcium lactate applications. Calcium lactate
increased shelf life of sliced cucumber juice, which
was limited to 5 days, to MAP days to 9 days.
Treatment of MAP together with calcium lactate has
resulted in increased shelf life of freshly cut cucumber
slices ( and , 2007).

Softening and gas exchange rates of kiwifruit were
measured during two seasons under a range of MAP
(0-21 kPaOz, 0-5 kPa CO2) at 0-10°C to by Hertog et
al., 2004. Partial pressures of CO2 delayed the
softening. However, it could not inhibit the gas
exchange rate. Lower Oz levels did not completely
prevent softening, which suggests that the softening
rate was driven by the energy provided by both
oxidative and fermenting processes. The correlation
between the MAP application and the softening
rate/gas exchange rate were explained the 88% of the
effect of MA. Also, shelf-life simulations have shown
that lowering Oz during storage (at 0°C) or raising
CO:z results with an extended shelf life at
temperatures higher than 3°C (Hertog et al., 2004).

A nonconventional atmosphere (65% N20, 25% Ar, 5%
COz2, 5% 0O2), combined with a dipping treatment in an
aqueous solution of 0.5% of citric acid, 0.5% of calcium
chloride and 0.5% of ascorbic acid for 3 min have
maintained the fresh quality of minimally processed
apples for 12 days (Rocculi et al., 2004).

The shelf life of fresh cut kiwifruit is principally
limited by colour degradation and softening, caused
by increased enzymatic activities as a result of injury.
MAP, which is nontraditional gas mixtures, has been
tested on maintaining some of the physicochemical
properties of freshly cut kiwifruit during chilled
storage. The  kiwifruits were sealed into
polypropylene boxes stored in air (control) and in
three different modified atmospheres (Ar (90%), O:
(56%), COz (5%); N2 (90%), Oz (5%), COz (5%) and N20
(90%), Oz (5%), CO2 (5%)). In conclusion, the modified
atmosphere containing 90% of N20, 5% of Oz and 5%
of CO:2, was the best mixture of gases regarding
firmness, color and T'SS, lowering respiratory activity.
The use of a N2O modified atmosphere together with
a calcium salt treatment could have contributed to
the prolongation high quality properties of freshly cut
kiwifruit. The effects of argon were somewhat
positive, not for the preservation of color, but only for
the preservation of firmness, and for slowing
breathing. This protective effect of N2O obtained on
freshly cut kiwifruit quality can be effective in all
climacteric fruits (Rocculi et al., 2005).

In this study, the effects of the ascorbic acid and citric
acid dipping on storage and quality characteristics
which are weight loss (%), flesh color (h%, flesh
firmness (Shore), pH, titratable acidity (TA, %), total
soluble solids (TSS, %), vitamin C (L-Ascorbic acid),
antioxidant activity (%) and total phenolic content
(mg gallic acid.L?) of kiwi slices were investigated.
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MATERIAL and METHOD
Material

The kiwifruit (Actinidia deliciosa cv. ‘Hayward) were
harvested (7 November, 2016) from Mersin (Caglarca
village), when TSS was 6.5%, and flesh firmness was
81.16 N, in the first week of November. Kiwifruit
were selected as uniform size (110-120 g), no visual
defect and color and immediately transferred to the
postharvest laboratory of Horticulture Department of
Cukurova University, Adana-Turkey, within 1 hour
in a frigorific truck at 4+0.5°C and 90+5% relative
humidity.

Method

Kiwifruits were selected and washed. Then it was
peeled and sliced. The applied slices were packaged
and are stored for 12 days at 4°C.

Dipping and general analysis

All kiwifruit is rinsed in 1% hypochlorite water for 5
minutes. After rinsing, fruits are stripped and each
fruit is divided into four equal parts. Fruit slices were
adjusted according to each application and kept for 5
minutes in 1% ascorbic acid water, 1% citric acid
water and deionize water (control) respectively. Ten
slices of kiwifruit were placed on each polypropylene
(pp) plate and packaging was done using stretch film.
Packaged cleaved kiwifruits are stored for 12 days at
4°C and 0, 3., 6., 9. and 12. day physical and chemical
changes such as weight loss (%), fruit flesh firmness
(shore), TSS (%), TA (%), pH, fruit flesh color (h°)
were determined. The weight loss in weight during
storage was calculated by subtracting the final weight
from the initial weight of fruits and expressed in per
cent. Fruit flesh firmness was calculated by
shoremeter. TSS of fruit slices were determined at
room temperature by using Refractometer having a
range of 0 to 32° Brix by putting a drop of fruit juice
and taking the readings. For TA 5 mL fruit juice was
mixed with 45 mL distilled water. Mixture was
titrated to pH of 8.1 with NaOH (0.1 N). TA was
expressed as the percentage of citric acid mg.100 g't.
pH value was calculated by pH meter. Fruit flesh
color (h°) was determined by color meter (CR 400,
Minolta).

L-Ascorbic acid content

L-Ascorbic acid (vitamin C) was determined by the
spectrophotometric (UV-1800 240V, Shimadzu Japan)
method. 5 mL of fruit juices were kept into a glass cup
with 45 mL of 45 mL %0.4 oxalic acid, shaken, and
filtered through filter. Then, one mL of the filtrate is
taken into two tubes. 9 mL 2.6
dichlorophenolindophenol solution is added to one of
the tubes and 9 mL of purified water is added to the
other tube. Immediate Lz reading is read at 520 nm
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transmitter. First, the L1 reading is performed. L and 10 mL pure water is placed in the other tube
readingg; 1 mL 0.4% oxalic acid+t9 mL 2.6 (Ozdemir and Diindar, 2006; Diindar et al., 2014;
dichlorophenolindophenol solution is put in one tube Equality 1).

.. (mg ascorbic acid Curve factor.(L; — L;).100 (1)
L — ascorbic acid ( /10{) I iui ) = —
mL juice 5 mlL juice
Total Phenolic Content slices were tasted by 5 people during the periodical
Total phenol was extracted from a 5 g juice of fruit analysis days and evaluated according to the scale

samples with 5 mL of 80% methanol. Then total (very ]oad, bad, medium, good and very good). Views of
phenol was determined by the Folin-Ciocalteu method the slices were periodically photographed.

with measurement at 765 nm absorbance using o '
spectrophotometer (UV-1800 240V, Shimadzu Japan). Statistical Analysis

The results were expressed as mg of gallic acid The experiment is based on the experimental pattern
equivalents (GAE) per g dry weight (Cemeroglu, of random parcels in factorial order. The experiment
2018). Control, 1% ascorbic acid and 1% citric acid

treatments were established as 10 slices of fruit in
Antioxidant Activity each replicate and all data are means of 3 replicates.
For Antioxidant activity (%), one complementary Each treatment was performed according to the JMP

assay was used DPPH. 5 mL of a kiwi juice sample package program and LSD=0.05.

was added to 5 mL of 80% methanol solution and

vortexed sufficiently and then centrifuged (Rotina RESULTS and DISCUSSIONS

38R, Hettich, Zentrifugen, Germany) for 20 minutes The weight loss of kiwifruits was given in Table 1.
at 4000 rpm at 4°C. 2460 wuL 1,1-diphenyl-2- Maximum weight loss determined was in ascorbic
picrilhydrazil (DPPH; 0.025g.L1 in 80% methanol) acid group, followed by citric acid and control

was added to 100 pL of fruit juice sample from the treatments during storage. However, the difference
centrifuged sample. The absorbance of the samples between the weight losses of kiwi fruits treated with
was measured at 515 nm in spectrophotometer (UV- different solutions was not statistically significant
1800 240V, Shimadzu Japan) at 0, 5, 20 minutes during storage. Weight losses of all kiwi fruits
against 80% methanol without wasting time and the increased value during the storage period. Since the
20-minute data was used. Antioxidant activity was fruit slices were kept wrapped in stretch film after
expressed as % inhibition of DPPH wusing the treatment, the weight losses of different treatments
following equation (Klimczak et al., 2007; Equality 2). were close to each other. Rocculi et al. (2005)

determined a similar tendency for weight loss values

(Absorbance goprol~ AbsoTbancesgmyle)*100 of minimally processed kiwifruit during storage. Also,

Antioxidant activity = Absorbanceggntrol @) it was reported that the same property of kiwifruit
was reached an approximate value on the 12th day of

General Appearence and Taste storage under air or 5% COz, 5% O2 90% N2
atmosphere.

The changes in appearance and taste of the fruit
during the storage period were investigated. The fruit

Table 1. The effect of Citric acid and Ascorbic acid dips on weight loss (%) of kiwifruits slices
Cizelge 1. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin agirlik kaybi (%) degerleri
lizerine etkisi

Storage Time (day) (Muhafaza Siiresi (giin))

Treatment (Uygulama) 3 6 9 12 Mean (Ortalama)
Control (Kontrol) 0.16 0.31 0.47 1.06 0.50 ¢

%1 Ascorbic acid 0.45 0.84 1.11 1.61 1.00 a

%1 Citric acid 0.33 0.62 0.78 1.20 0.74 Db
Mean (Ortalama) 0.31c 0.59 b 0.79 b 1.29 a

LSD.05) Treatment:0.15 LSD(.05 Storage Time: 0.17 LSD(.05) TreatmentXStorage Time: N.S.** **NS: Nonsignificant

During storage, h° angle values in kiwifruit slices 9. day. Beirdo-Da-Costa et al. (2006) found that the

were found close to each other (Table 2). 1% Ascorbic combination of heat and time did not affect the color
acid and 1% Citric acid treatments had higher values of the kiwifruit slices and there was no enzymatic
of h° angle than control. The h° values of kiwifruits reaction. The change in weight loss and color of
showed significant increase during storage until the kiwifruit indicated the involvement of another
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anaerobic process that affected the rates of both effect of fermentation and respiration in apple and
weight loss and color change (Hertog et al., 2004). kiwifruit by Rocculi et al. (2005).
The effects of storage on fruit flesh firmness was The values of TSS content significantly decreased
found statistically important (p<0.05) (Table 3.). At during storage (Table 4). The highest amount of TSS
the end of the storage, the highest average value was content was in the control, followed by 1% ascorbic
determined in the treatment of 1% ascorbic acid. acid and 1% citric acid, respectively. In addition, it
Beirdo-Da-Costa et al. (2006) and Rocculi et al. was determined that there is a significant effect of the
(2005), also found that firmness decreased during treatment on the amount of TSS content. The TSS
kiwifruit slices during storage. It was indicated that, value of control group was found higher than the
the rates of softening could be related to the combined kiwifruits treated with ascorbic or citric acid.

Table 2. The effect of Citric acid and Ascorbic acid dips on h° value of kiwifruits slices
Cizelge 2. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin h° degerleri tizerine etkisi

Storage Time (day) (Muhafaza Siiresi (giin))

Treatment (Uygulama) 0 3 6 9 12 Mean (Ortalama)
Control (Kontrol) 118.35 120.37 122.94 125.09 125.74 122.50

%1 Ascorbic acid 118.35 120.63 122.30 127.95 125.96 123.04

%1 Citric acid 118.35 121.57 124.51 126.67 125.40 123.30
Mean (Ortalama) 118.35d 120.86 ¢ 123.25 b 126.57 a 125.70 a

LSD.05) Treatment:N.S. LSD(.05) Storage Time: 1.58 LSD(.05) TreatmentXStorage Time: N.S.. (LSDw,05)

Table 3. The effect of Citric acid and Ascorbic acid dips on fruit flesh firmness (shore) of kiwifruit slices
Cizelge 3. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin meyve eti sertligi (shore)
lizerine etkisi

Storage Time (day) (Muhafaza Siiresi (giin))

Treatment (Uygulama) 0 3 6 9 12 Mean (Ortalama)
Control 29.08 4.51 2.22 1.51 1.06 7.68

%1 Ascorbic acid 29.08 5.63 2.77 1.52 1.46 8.09

%1 Citric acid 29.08 5.64 2.46 1.52 1.13 7.97

Mean (Ortalama) 29.08 a 5.26 b 2.48 ¢ 1.52 cd 1.21d

LSD.05) Treatment: N.S. LSD.05) Storage Time: 1.12 LSD0.05) TreatmentXStorage Time: N.S. (ZSD,05).

Table 4. The effect of Citric acid and Ascorbic acid dips on total soluble solids content (%) of kiwifruits slices
Cizelge 4. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin toplam suda ¢oziiniir kuru
madde (%) igerigi iizerine etkisi

Storage Time (day) (Muhataza Siiresi (giin))

Treatment (Uygulama) 0 3 6 9 12 Mean (Ortalama)
Control (Kontrol) 15.13 14.00 13.93 13.67 13.80 14.11 a

%1 Ascorbic acid (%1 Askorbik asit)  15.13 13.80 13.53 13.67 14.00 14.03 a

%1 Citric acid (%1 Sitrik asit) 15.13 13.27 13.33 13.00 13.40 13.63 b
Mean (Ortalama) 15.13a  13.69bc  13.60bc  13.44c 13.73 b

LSDo.05) Treatment: 0.84 LSD(.05 Storage Time: 1.08 LSD(.05) TreatmentXStorage Time: N.S. (LSDw,05

The pH values reduced in all three treatments during and the pH value decreased during storage in
storage (Table 5). In the control group, pH values kiwifruit slices. In this .study, .TS.S content, TA
were found to be higher than other treatments. The content and pH value in kiwifruit slices were
effect of citric acid dip was higher than the effect of decreased.

citric acid on pH of kiwifruit. The effect of treatment, The change in taste and appearance of the kiwifruit
storage time and combination of them on pH were during the storage period were investigated. In
statistically significant at 5% significance level. general, it was determined that the tastes were close
The level of TA content in terms of citric acid which is to each other and the slice stiffness in the mouth was
major acid of kiwifruit was given in Table 6. TA different (evaluation data were not given). Kiwifruit
content in each of the three treatments was decreased slices dipped in citric acid and ascorbic acid were

found to be hard during storage. The appearance of
slices during storage was shown in Figure 1. It was
observed that the color was opened in the kiwi slices
during the storage period.

with the increasing storage time. This decrease can be
related with the degradation of organic acids. Gil et
al. (2006) also found that TSS content, TA content
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Table 5. The effect of Citric acid and Ascorbic acid dips on pH of kiwifruits slices
Cizelge 5. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin pH degerleri tizerine etkisi

Storage Time (day) (Muhataza Siiresi (giin) Mean (Ortalama)
Treatment (Uygulama) 0 3 6 9 12
Control (Kontrol) 4.80 a 4.67Db 4.61 cd 4.53 f 4.54 ef 4.63 a
%1 Ascorbic acid 4.80 a 4.63 bc 4.59 cde 4.55 ef 440 ¢g 4.59 Db
%1 Citric acid 4.80 a 4.58 cde 4.58 def 442 ¢ 4.31h 4.54 ¢
Mean (Ortalama) 4.80 a 4.63b 4.59 ¢ 4.50d 4.42e

LSD0.05 Treatment: 0.2 LSD.05) Storage Time: 0.3 LSD(o.05) Treatment XStorage Time: 0.5. (LSDw,05

Table 6. The effect of Citric acid and Ascorbic acid dips on titratable acidity (citric acid mg/100 g) content of
kiwifruits slices

Cizelge 6. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin titre edilebilir asit (mg sitrik
asit 100 g'1) icerigi lizerine etkisi

Storage Time (day) (Muhafaza Siiresi (giin)) Mean (Ortalama)
Treatment (Uygulama) 0 3 6 9 12
Control (Kontrol) 1.82 1.48 1.36 1.40 1.32 1.47
%1 Ascorbic acid 1.82 1.43 1.33 1.31 1.42 1.46
%1 Citric acid 1.82 1.41 1.34 1.36 1.41 1.47
Mean (Ortalama) 1.82 a 1.44 b 1.34 ¢ 1.35¢ 1.39 be

LSD(.05) Treatment: N.S. LSD(.05) Storage Time: 0.07 LSD(.05) TreatmentXStorage Time: N.S. (LSDw.05 Uygulama: O.D..

Figure 1. Picture of Ascorbic acid and Citric acid dips during storage of kiwifruits slices; A) 0 day, B) after 3 days
storage, C) after 6 days storage, D) after 9 days storage, E) after 12 days storage; 1) control, 2) 1%
ascorbic acid, 3) 1% citric acid-immersed kiwi slices.

Sekil 1. Muhafaza siiresi boyunca sitrik asit ve askorbik asit daldirma uygulanan kivilere ait gorseller; A) 0. giin,
B) 3. giin, C) 6.gtin, D) 9.gtin, E) 12.giin; 1) kontrol, 2) 1% askorbik asit, 3) 1% sitrik asit.

The effect of storage time and treatment were found distinguishes kiwifruit from other fruit and increases

to be statistically significant at 5% level (Table 7) on its importance for healthy nutrition is the high
vitamin C level. One of the features that amount of vitamin C. Although the ascorbic acid

levels of kiwifruits were close to each other at the
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beginning of storage, it was observed that the maintained their initial ascorbic acid levels better
kiwifruit slices treated with ascorbic acid had the than the control group until the 9. day of storage. Gil
highest ascorbic acid level at the end. The kiwifruits et al. (2006) also showed that vitamin C (L-ascorbic
were treated with the mentioned organic acids acid) of the kiwifruit slices decreased during storage.

Table 7. The effect of Citric acid and Ascorbic acid dips on vitamin C content (L-ascorbic acid mg.100 g'») of
kiwifruits slices

Cizelge 7. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin C vitamini icerigi (mg L-
askorbik asit.100¢7) iizerine etkisi

Storage Time (day) (Muhafaza Siiresi (giin))

Treatment (Uygulama) 0 3 6 9 12 Mean (Ortalama)
Control (Kontrol) 35.90 35.07 34.90 34.00 33.75 34.72 Db

%1 Ascorbic acid 35.90 35.40 35.35 35.85 34.15 35.33 a

%1 Citric acid 35.90 35.50 35.25 34.95 33.57 35.03 ab
Mean (Ortalama) 35.90 a 35.32ab  35.17b 34.93b 33.82c¢

LSD(.05 Treatment:0.46 LSD(.05 Storage Time:0.60 LSD(.05 Treatment XStorage Time: N.S. (LSDw,0» Uygulama:0,46

In this study, the total phenolic contents of fruits in there was no difference between treatments at the
each treatment and control decreased during 9 days. end of storage. However, treatments were affected the

The highest value (232 mg GAE.L!) at the end of total phenolic content significantly during the first 6
storage was determined in 1% ascorbic acid treatment days of storage (p<0.05). Gil et al. (2006) found an
(Table 8). These values were followed by control and increase in phenolic content on the 9. day of kiwifruit
1% citric acid treatments, respectively. Statistically, slices during storage.

Table 8. The effect of Citric acid and Ascorbic acid dips on total fenolic content (mg GAE.L?) of kiwifruits slices
Cizelge 8. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin toplam fenolik madde igerigi
(mg GAE.L) lizerine etkisi

Storage Time (day) (Muhafaza Stiresi (giin))

Treatment (Uygulama) 0 P) 6 9 12 Mean (Ortalama)
Control (Kontrol) 41458 ab  335.03bc  399.58 ab 219.42d 218.52d 317.42

%1 Ascorbic acid (%1 Askorbik asit) 41458 ab 462.76a 271.85¢d 223.21d 232.00 d 320.88

%1 Citric acid (%1 Sitrik asit) 414.58 ab 398.82ab 205.64d 217.76d 193.21d 286.00
Mean(Ortalama) 41458a 398.87a 292.35b 220.13¢ 214.58¢

LSD.05) Treatment: N.S. LSD.05) Storage Time: 47.62 LSD(.05 TreatmentXStorage Time: 82.49. (LSDw.05

Antioxidants are a group of compounds that help acid, while the lowest was determined in control. The
protect many diseases (heart, blood vessel, cancer, obtained results showed that citric acid dipping was
alzheimer, cataract, etc.) by binding active radicals. the most appropriate treatment to improve the
The effect of treatment and storage time on antioxidant activity in kiwifruit. Park et al. (2014)
antioxidant activity was found statistically significant also found similar results to this study and indicated
at the level of 5% (Table 9). The antioxidant activity that antioxidant activity of kiwifruit increased during
increased with during storage. The highest increase storage.

was determined in kiwifruit treated with 1% citric

Table 9. The effect of Citric acid and Ascorbic acid dips on antioxidant activity (%) of kiwifruits slices
Cizelge 9. Sitrik asit ve askorbik asit daldirma uygulamalarinin kivi dilimlerinin antioksidan aktivite degerleri
(%) iizerine etkisi

Storage Time (day) (Muhafaza Siiresi (giin)) Mean
Treatment (Uygulama) 0 3 6 9 12 (Ortalama)
Control (Kontrol) 81.21 81.85 88.22 89.33 89.60 86.04 b
%1 Ascorbic acid (%1 Askorbik asit) 8121  83.70 88.91 89.60 91.03 86.89b
%1 Citric acid (%1 Sitrik asit) 81.21  88.38 90.07 90.82 91.99 88.49 a
Mean (Ortalama) 81.21d 84.64c  89.07b 89.92 ab 90.87 a

LSD.05) Treatment: 1.28 LSD(.05) Storage Time: 1.65 LSD(.05) TreatmentXStorage Time: N.S. (LSDw,0» Uygulama- 1,28
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CONCLUSION

In this study, it was determined that the ascorbic acid
and citric acid immersion processes were positively
affected on kiwifruit slices of Hayward kiwifruit
variety. The minimum weight loss was obtained in
the control group. The highest h° angle value was
determined in 1% citric acid treatment. Among the
treatments, the highest firmness at the end of storage
was determined in 1% ascorbic acid treatment. While
TSS was the highest in the control group, it was
determined that other treatments were close to each
other. While the pH value of kiwifruit treated with
1% citric acid was minimum, the amount of TA was
close to each other. 1% ascorbic and citric acid
treatments were found to be better in appearance and
taste. Vitamin C content was higher in 1% ascorbic
acid than other treatments at the end of storage. The
maximum total phenolic content was found in fruit
treated with 1% ascorbic acid during storage. The
highest value of antioxidant activity was determined
in 1% citric acid treatment. As a result, it was found
that kiwifruit slices with 1% ascorbic acid and citric
acid dip at 4°C after 12 days of storage had a positive
effect on the preservation and quality properties.
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