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Abstract

Kiwifruit is recognized as highly nutritious having many biochemical characteristics that
deliver a range of health benefits. In Romania, kiwi is a new fruit species and the creation, testing
and introduction of winter hardy genotypes, adapted to the local harsh climate conditions is a
priority. A common Italian-Romanian kiwifruit breeding program was initiated in 1993 and during
the time, several hybrid genotypes were obtained and introduced to be tested. After more than
two decades of research, it was demonstrated that Actinidia deliciosa and Actinidia chinensis can
be grown in Romania in peach favourable areas, while Actinidia arguta (hardy kiwi, kiwiberry) can
cover larger areas, suitable for plum cultivation. At the Faculty of Horticulture within the
University of Agronomic Sciences and Veterinary Medicine of Bucharest, an experimental field
with Kiwifruit hybrid genotypes, was established in 1993. The plants were grown under an organic
orchard management, on a T-bar trellis, being irrigated with micro sprayers. The fruits were
harvested at beginning of November, in 2017 and 2018. Harvesting moment was established when
the fruit flesh firmness was lower than 7.0 kg force cm?. After harvesting, kiwifruits were stored in
two different cold storage conditions: normal atmosphere (NA) at 3°C and 95% humidity and
controlled atmosphere (CA) with 1.5% Oxygen, at 1-2°C and 95% humidity. The aim of this study
was to analyse the fruit quality characteristics of some new kiwi hybrid genotypes at harvest and
during storage with the final goal to select best elites. Fruit weight and shape index have been
determined after harvest. Different fruit characteristics were measured and evaluated in
dynamics: firmness, soluble solids, dry matter, titratable acidity and ascorbic acid. All the
determinations and analyses were made at the Research Center for Studies of Food Quality and
Agricultural Products laboratories. During the storage, observations showed that R1P9 kiwifruit
hybrid presented better biochemical quality parameters and the lowest weight losses compared to
the other studied hybrids — 4.69 % in CA and 5.22 % in NA. As expected, keeping kiwi fruits in
controlled atmosphere with 1.5% Oxygen, at 1-2°C and 95% humidity, presented better physical
and biochemical quality compared with those stored in normal atmosphere, at 3°C and 95%
humidity. Using the results of the study regarding the fruits physicochemical characteristics after
harvesting and during the storage, but also some other plant parameters, several kiwi hybrid
elites were selected — ROP13 and R1P9. They will be propagated and planted for the production
test.

Cuvinte cheie: fermitate pulpa, substanta uscata solubila, substanta uscata totala, aciditate titrabila, acid
ascorbic.
Key words: fruit flesh firmness, soluble solids, dry matter, titratable acidity, ascorbic acid.

1. Introduction

Kiwifruit also known as ‘China’s miracle fruit’, ‘the horticultural wonder of New Zealand’ and
‘Chinese gooseberry (Nirmal et al., 2018) is a native of China (Ferguson, 1990; Young et al., 1995) and is
an example of recent success in the domestication and commercialisation of a plant for food (Young et
al., 1995). The major centre of diversity for Actinidia genus is the hilly region of south-western China (Litz
2005; Nirmal et al., 2018), but the fruit was first commercially grown in New Zealand (Ferguson and
Bollard, 1990; Warrington 1990; Young et al., 1995) in 1950’s (Barboni et al., 2010). From New Zealand it
expended around the world (Biao et. al., 2018; Nirmal et al., 2018). This new fruit gained popularity
quickly (Yang, 2010), due to its high vitamin C content, flavour and nutrients rich composition (Biao et. al.,
2018).
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According to the World Health Organization, fruit and vegetables are important components of a
healthy diet, and their sufficient daily consumption could help prevent major diseases such as
cardiovascular ones and certain cancers. Kiwi is proven to be one of the most nutrient fruit available,
along with low caloric value according with Drummond (2013). It has a broad range of phytonutrients and
bioactive compounds, including carbohydrates, vitamins A, C, E, and K, folate, polyphenols, fibber
(Samadi-Maybodi and Shariat, 2003; Iwasawa et al. 2011; Testolin et al., 2016).

Due to its composition, sensory characteristics and stability during preservation, kiwi is an
economically important fruit crop and has great potential for industrial exploitation (Cano Pilar, 1991;
Soufleros et al., 2001; Tavarini et al., 2008).

A large number of studies are reported in the literature concerning the monitoring of kiwifruits
during their developmental stages, maturation and ripening (Okuse and Ryugo, 1981; Matsumoto et al.,
1983; Crisoto et al., 1984; Antognozzi et al., 1996; Manolopoulou and Papadopoulou, 1998; Nishiyama et
al., 2004; Stanica et al., 2007; Stanica et al., 2009; Chiaramonti and Barboni, 2010). Kiwi is a climacteric
fruit (De Vriesa et al.,, 1996; Sfakiotakis et al. 1997; Antunes 2007; Chiaramonti and Barboni, 2010;
Meena et al.,, 2018) and its storage has a considerable impact on its quality, in particular, on its
organoleptic flavour properties, determined mainly by the content of total soluble solids and total acids
(Lallu et al., 1989; Huang et al. 2004; Nishiyama et al. 2008; Tavarini et al., 2008; Testolin, 2016).
According with Antunes and Sfakiotakis (2002); Crisosto and Kader (1999), the storage period for the
fresh kiwi fruit market is about 4—6 months and many physicochemical parameters change during this,
because of the fruit respiration.

The objective of this paper is to compare some new Romanian kiwifruit hybrids quality as a result
of two storage methods — normal atmosphere at 3°C and 95% humidity and controlled atmosphere (CA)
with 1.5% Oxygen, at 1-2°C and 95% humidity. Various fruit physicochemical parameters: weight,
firmness, soluble solids, dry matter, acidity and ascorbic acid content, were studied in dynamics.

2. Material and methods

At the University of Agronomic Sciences and Veterinary Medicine of Bucharest, in the Experimental
Field of the Faculty of Horticulture, in 1993 an experimental plot with kiwifruit hybrid genotypes, besides
other varieties of Actinidia deliciosa, A. chinensis and A. arguta, was established (Peticila et al. 2002;
Stanica, 2009). The plants were grown on a T - bar trellis system and a micro spray irrigation system was
used. An organic orchard management was applied.

In order to accomplish the aim of this paper, five kiwifruit hybrids: ROP12, ROP13, ROP15, R1P9,
R2P6 and Hayward variety (R2P3) — control, were used (Figure 1).

The fruits were harvested at the beginning of November (Table 1). Harvesting moment was
established, when the fruit flesh firmness was less than 7 kgf/cm? and the soluble solids content was
higher than 6.5 % Brix, after minimum maturity has been achieved (according to Crisosto and Kader,
1999; Dayang, 2019).

After picking, the fruits were stored in two different conditions: normal atmosphere (NA) at 3°C and
95% humidity and controlled atmosphere (CA) with 1.5% Oxygen, at 1-2°C and 95% humidity. The
optimum storage conditions were determined according with Crisosto and Kader (1999), Zhixue (2002),
Hennion (2003), Park (2015).

Fruit weight and shape index have been determined after harvest. Different fruit characteristics
were measured and evaluated in dynamics (after harvest and then monthly, for five to eight months,
respectively): firmness, soluble solids, dry matter, acidity and ascorbic acid. All the determinations and
analyses were made at the Research Center for Studies of Food Quality and Agricultural Products
laboratories, using the common laboratory techniques.

Fruit weight (g/fruit) was measured by a digital balance of accuracy of 0.001 g. Fruit shape index
was determined by measuring length, longitudinal and transversal diameter, using a calliper with 0.1 mm
accuracy. The peduncle length, was also measured and expressed in mm. Fruit weight (g) evolution
during the storage, in 2018-2019, was determined in dynamics using the same fruits for each
hybrid/variety, in every storage condition - normal atmosphere (NA) and controlled atmosphere (CA),
respectively.

Fruit flesh firmness determined by measuring the penetration force, was determined in two
opposite cheeks of a sliced fruit, using an electronic penetrometer, equipped with a cylinder of 8 mm
diameter. The results were expressed in kgf/cm? (Fattahi, 2010; Hennion, 2003; Cipriani et al., 2018).

Soluble solids content (SSC) of the fruit juice was determined using a digital Kriiss Refractometer
DR301-95 (Fattahi, 2010; Hennion, 2003; Cipriani et al., 2018) and the results expressed in % Brix.

The samples dry matter and water content were determined by oven drying for 24 hours at 105° C
using a UN110 Memmert oven. The method was used also by Delian et al. (2011), Corollaro et al. (2014),
Cipriani et al. (2018).
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The titratable acidity (TA) was determined according to the Polish Standard PN-EN 12147: 2000,
Hennion (2003), Fattahi (2010), in water extract from an average sample of minced fruit. TA was
determined using 5 ml of fruit puree from mixed fruits with 25 ml of distilled water, titrated with 0.1N NaOH
to an endpoint pink — pH 8.2. The results were expressed as percent of anhydrous citric acid since it is
the dominant acid in kiwifruit.

Ascorbic acid content from kiwifruit samples was determined with HPLC — Agilent Technologies
1200 Series equipment. A ZORBAX Eclipse XDB-C18 (4.6x50 mm, 1.8um) column with Rapid Resolution
HT and a detector UV-DAD detection wavelength 220/30 nm, reference wavelength 400/100 nm, was
used.

Mobile phases were A= 99% (ultrapure water with HsPO, up to 2,0 pH) and B= 1% (acetonitrile
with 10% A). The samples were homogenized with IKA T25 equipment for a period of 45-50 seconds at
20 000 rpm speed. 1.5 g of fruit pulp was extracted in centrifuge tubes with 15 ml of water acidified with
phosphoric acid to a pH of 2.0. Then the tubes were mixed with an orbital shaker for 15 minutes at 500
rpm, under dark conditions. After this operation, the tubes were centrifuged for 5 minute at 7000 rpm and
4°C, to sediment the coarse part of the preparation. The samples were filtered through a filter Agilent RC
0.45 pym. The injection volume was 2.0 pyl, with 4 min post time, flow rate at 0.5 ml/min. The samples were
analysed in triplicate and were expressed in mg/100g. In order to perform the samples quantitative
analysis, a calibration curve through injection of known concentration standards (from 12.5 to 1000
pg/ml), was realised.

Statistical evaluation of the experimental data was performed by simple comparisons of mean
values and standard deviation, calculated using incorporated function of Microsoft Excel.

3. Results and discussions

After fruits were harvested, average fruit weight (represented in Table 1) and shape index
(represented in Table 2) have been determined. The size of green kiwifruits ranged from small (42.44 g at
ROP12) to large size (106.86 g at R1P9), while the yellowish fruit of the interspecific hybrid R2P6 was
rather small in size with only 8.02 g. R2P3 (Hayward) - control registered 85.60 g. Regarding shape
index, it can be observed in Table 2, that most hybrids, as well as the control variety, were elongated. The
hybrid R1P9 with nearly spherical shape and R2P6 with slightly flattened shape, were noticed.

Many physicochemical parameters changed during storage because of the fruit respiration:
firmness, titratable acidity, soluble solids, ascorbic acid, dry matter and water content. These parameters
are considered to be an important factor in terms of quality at the eating stage (Lallu et al., 1989; Tavarini
et al., 2008; Chiaramonti and Barboni, 2010).

Fruit weight (g) evolution during the storage for each hybrid, is represented in Figure 2. After eight
months of storage the highest weight losses was registered at ROP12 (26.38 % in CA), while the lowest at
R1P9 (4.69 % in CA). For the control — R2P3 (Hayward) the weight losses were 7.3 % in controlled
atmosphere (CA) and 9.86 % in normal atmosphere (NA).

After picking, during the post-harvest storage, the kiwifruits, continued the physiological
development until they become suitable for consumption. For all genotypes throughout storage a
noticeable decrease of fruits flesh firmness compared with the initial moment, can be observed in Figure
3 and Figure 4. The degree of flesh softening has influence on the storage life of kiwifruit in both
conditions — NA and CA.

Firmness is the parameter of greatest concern in kiwifruit storage and marketing, because fresh
softening is associated with senescence and fruit injuries (Chiaramonti and Barboni, 2010). Kiwifruits are
ready to eat when the flesh firmness reached less than 1,00 kgf/cm? (Krupa, 2011). The fruits harvested
in 2017 have reached the consumption maturity in mid-December, while the fruits harvested in 2018, in
mid-January (Figure 3 and 4).

In the same time, soluble solids content increased during cold storage as found by Lloret et al.
(1990), Manolopoulou and Papadopoulou (1998). After harvesting time, the soluble solids content was
increase until they reached maturity of consumption for each kiwi hybrid (Figure 5 and Figure 6). And
then, after maturity of consumption period, the soluble solids start to decrease and the fruits begin to
overripe. The minimum sugar level recommended for kiwifruit at consumption maturity is between 12 %
(Tavarini et al., 2008) and 14 % Brix (Lloret et al., 1990).

After harvest, the fruit content in soluble solids varied from 9.30 % Brix (for ROP12) to 18.43 % Brix
(for R2P6), while the control R2P3 registered 9.34 % Brix. During NA storage, the soluble solids content
highest value (18.53%) was measured in the fruits of R2P6 selection, fallow by ROP13 with 17.53 % Brix.

According with Fisk et al. (2006), total soluble solids content of fruits during storage is considered
an index of fruit ripening and an increase in TSS corresponds to a conversion of starch to soluble sugars.

Regarding dry matter and the water content, in Figure 7, can be observed the evolution of this
parameters in the both storage condition — normal atmosphere (NA) and controlled atmosphere (CA). For
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all studied kiwifruit hybrids, and also for control variety, it can be observed that the total dry matter
quantity increases to a certain point, after which it begins to decrease dramatically, with the beginning of
the process of over-ripening the fruits.

Before storage, the highest total dry matter content (21.38 % + 1.52) was registered in the fruits of
ROP12 selection, fallow by ROP13 hybrid with 20.25 % + 1.33. At R2P3 (control) 17.77 % * 1.05 was
measured. During the storage in normal atmosphere (NA), the highest total dry matter content was
determinate at ROP13 — 52.75 %, while Hayward reached 40.70 %. In controlled atmosphere (CA), the
highest total dry matter content was determinate at ROP12 — 46.0 %, while R2P3 reached 31.82 %.

The pH increased during both cold storage conditions. This value is one of the important factors
influencing fruit flavour (Chen et al., 2009) and they accumulate at the early stages of fruit development
(Zhao et al., 2007).

The anhydrous citric acid percent decreases from the moment of harvest to the final moment, in
both variants of storage. The highest anhydrous citric acid percent after harvest was recorded at R1P9
hybrid - 1.91 % + 0.04 and the lowest in ROP12 - 1.55 % % 0.02. The control, Hayward variety (R2P3),
recorded after harvesting 1.61 % = 0.01 anhydrous citric acid. After eight months of storage, the R1P9
hybrid recorded 1.62 % + 0.01, ROP12 0.92 % + 0.05, and the control 1.36 % + 0.02 in normal
atmosphere (NA) (Table 3). In controlled atmosphere (CA) at the end of the storage period, R1P9 hybrid
recorded 1.65 % £ 0.01, ROP12 - 1.06 % % 0.03, and the control R2P3 - 0.89 % + 0.66 (Table 4).

Significant reductions in vitamin C concentrations during cold storage have recorded in normal
atmosphere (NA) and also in controlled atmosphere (CA), according with a large number of authors
(Adorisio et al., 1990; Lombardi-Boccia et al., 1986; Manolopoulou and Papadopoulou, 1998; Selman,
1983; Barboni et al., 2010). In a study conducted by Tavarini et al. (2008), the vitamin C concentration of
the Hayward variety changed from 200 to 37 mg/100 g fresh weight after 6 months of cold storage.

The ascorbic acid content at the consumption maturity moment, expressed in mg/100g fresh
matter, had the values scaled between 11.61 + 2.03 mg/100g (for R2P6, in NA) and 166.90 + 11.06
mg/100g (for R1P9 in CA) — Figure 8. The control (R2P3) recorded 60.46 + 3.79 mg/100g in NA, and
70.05 £ 9.06 mg/100g in CA.

4. Conclusions

The aim of this study was to analyse the fruit quality characteristics of some new kiwifruit hybrids —
ROP12, ROP13, ROP15, R1P9, R2P6 compared with Hayward variety (R2P3) — control, at harvest and
during storage with the final goal to select best elites.

It can be noted that keeping kiwi fruits in controlled atmosphere with 1.5% Oxygen, at 1-2°C and
95% humidity, presented better physical and biochemical quality compared with those stored in normal
atmosphere, at 3°C and 95% humidity. During the storage, flesh firmness, titratable acidity and ascorbic
acid were decrease compared to the initial moment and soluble solids, respectively total dry matter
quantity were increases until they reached maturity of consumption.

R1P9 hybrid seems to be a very promising selection - with 106,86 g average fruit weight, spherical
shape and the weight losses between 4.69 % in CA and 5.22 % in NA. During the storage, observations
showed that R1P9 kiwifruit hybrid presented better biochemical quality parameters compared to the other
studied hybrids.

Also ROP13 hybrid it was noticed for the highest value of soluble solids at maturity of consumption
(17.53 % Brix) and a high value of total dry matter content (20.25 % + 1.33).

The highest amount of ascorbic acid content at the consumption maturity moment, was determined
for R1P9 — 166.90 + 11.06 mg/100g.
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Table 1. Kiwi harvesting time and average fruit weight
Sample Harvesting time Average fruit weight (g)
2017 2018 2017 2018 2017-2018 average
ROP12 Nov. 3" Nov. 7" 45.44 39.44 42.44 + 2243
ROP13 Nov. 3" Nov. 7" 65.76 65.78 65.77 + 0.014
ROP15 Nov. 3" Nov. 7" 70.51 60.46 65.49 + 7.106
R1P9 Nov. 3" Nov. 77 102.18 111.57 106.86 + 6.640
R2P6 Nov. 3" Nov. 7" 11.22 4.81 8.02 + 4.533
R2P3 - Control (Hayward) | Nov. 3" Nov. 7" 88.66 82.54 85.60 + 4.327
Table 2. Kiwifruit shape index
Peduncle Fruit Fruit diameter
length length (mm) Shape index
Sample (mm) (mm) Longitudinal Transversal
2017 | 2018 2017 | 2018 | 2017 | 2018 | 2017 | 2018 | 2017 | 2018
ROP12 32.38 | 33.13 | 5843 | 61.70 | 35.34 | 40.29 | 32.38 | 33.13 | 1.73 1.68
ROP13 4153 | 4282 | 55,53 | 54.38 | 46.39 | 47.26 | 4153 | 42.82 | 1.26 1.21
ROP15 4138 | 40.10 | 63.42 | 56.94 | 4583 | 41.36 | 41.38 | 40.10 | 1.45 1.40
R1P9 49.03 | 56.79 | 55.47 | 58.23 | 58.24 | 59.38 | 49.03 | 56.79 | 1.03 1.00
R2P6 23.90 | 28.03 | 2364 | 26.19 | 27.05 | 33.81 | 23.90 | 28.03 | 0.93 0.85
R2P3 4395 | 43.66 | 64.08 | 58.32 | 53.48 | 46.69 | 43.95 | 4366 | 1.32 1.29
(Hayward)

Table 3. Variation of titratable acidity expressed as anhydrous citric acid (%) during kiwifruit
storage in normal atmosphere (NA) — 2018-2019

Sample 19.11.2018 18.12.2018 15.01.2019 26.07.2019 29.08.2019
ROP12 1.55 £ 0.02* 1.36 £ 0.01 1.34 + 0.01 1.21 + 0.01 0.92 + 0.05
ROP13 1.59 + 0.03 1.47 £ 0.03 1.46 £ 0.05 1.36 + 0.01 1.39+ 0.01
ROP15 1.75+0.01 1.65 + 0.03 1.68 + 0.03 1.48 + 0.01 1.57 £ 0.03
R1P9 1.91+0.04 1.67 £ 0.03 1.65 + 0.04 1.63 + 0.01 1.62 + 0.01
R2P3 (Hayward) | 1.61 +0.01 1.39 £ 0.04 1.53+£0.10 1.33 + 0.01 1.36 £ 0.02
R2P6 1.66 + 0.06 1.58 + 0.04 1.76 £ 0.07 - -

*Standard deviation

Table 4. Variation of titratable acidity expressed as anhydrous citric acid (%) during kiwifruit
storage in controlled atmosphere (CA) —2018-2019

Sample 19.11.2018 25.02.2019 17.04.2019 26.07.2019 29.08.2019
ROP12 1.55 + 0.02* 1.40 £ 0.06 1.37 £ 0.01 1.16 + 0.01 1.06 + 0.03
ROP13 1.59+0.03 1.46 £ 0.10 1.49 £ 0.01 1.40 + 0.01 1.27 £ 0.01
ROP15 1.75+0.01 1.62 £ 0.05 1.60 + 0.01 1.47 + 0.01 1.31+£0.01
R1P9 1.91+0.04 1.76 £ 0.01 1.70 £ 0.01 1.64 £ 0.02 1.65 £ 0.01
R2P3 (Hayward) | 1.61+0.01 1.58 + 0.02 - 1.40 + 0.01 0.89 + 0.66
R2P6 1.66 + 0.06 1.20 £ 0.05 - - -

*Standard deviation

110




Fruit Growing Research, Vol. XXXV, 2019 DOI 10.33045/fgr.v35.2019.16
http://publications.icdp.ro/index.php

Fig. 1. Studied Romanian kiwifruits hybrids
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Fig. 2. Kiwifruit weight losses (g) during the storage in NA and CA - 2018-2019
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Dynamics of fruit flesh firmness (kgfflem?)
in normal atmosphere (NA) storage - 2017-2018
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Fig. 3. Kiwifruit flesh firmness (kgf/cm?) dynamics during the storage in NA and CA - 2017-2018

Dynamics of fruit flesh firmness (kgfiem?)
in normal atmosphere (NA) storage — 2018-2019
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in controlled atmosphere (CA) storage — 2018-2019
6,80
6,40
6,00
5,60
520
4,80
4,40
4,00
3,60

320

2,80

240

2,00

1,60

1,20

0,80 _

0.40 = ——1

0,00
13.11.2018 17.12.2018 13.01.2018 1.022019 1.04.2019 15.04 2018 4.08 2018 2507 2019 28.08.2019

=—=R0P12 =@=ROP13 =—#=ROP15 R1P9 =@=R2P§ =@=Hayward

Fig. 4. Kiwifruit flesh firmness (kgf/cm?) dynamics during the storage in NA and CA —2018-2019
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Dynamics of soluble solids content (% Brix)
in normal atmosphere (NA) storage —2017-2018
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Fig. 5. Fruit soluble solids content (% Brix) dynamics during the storage in NA and CA - 2017-
2018
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Fig. 7. Kiwifruit dry matter (DM) and water content (WC) evolution during the storage in normal
(NA) and controlled (CA) atmosphere —2018-2019: a. ROP12 — NA; b. ROP12 — CA; c. ROP13 — NA;
d. ROP13 — CA; e. ROP15- NA; f. ROP15 — CA; g. R1P9 — NA; h. R1IP9 — CA; i. R2P6 — NA; j. R2P6 —

CA; k. R2P3 (Hayward) — NA; |. R2P3 (Hayward) — CA.
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Fig. 8. Kiwifruit ascorbic acid content (mg/100g) at the consumption maturity moment in normal
(NA) and controlled (CA) atmosphere — 2018-2019
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