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QUALITY PARAMETERS OF KIWIBERRIES GROWN IN THE CZECH REPUBLIC

Miroslav HORAK

Mendel University in Brno, Czech Republic

The present study evaluated the quality of kiwiberries produced in the territory of the Czech Republic in 2018 and 2019. Actinidia
arguta is a very hardy and flexible species which can produce fully ripe fruits even in the setting of moderate climatic zones unlike
commercially available A. chinensis as a variety which needs a longer season with higher temperatures to become fully ripe. Once
harvested, the fruit was studied for soluble solids content, titratable acidity, antioxidant activity and the content of malic, citricand
ascorbic acids. Unlike commercially available kiwifruits, kiwiberries lack hair and can be consumed unpeeled. The results of the
present study confirmed the notable potential of kiwiberries consisting namely in the levels of antioxidants present in the skin of
the fruit. Kiwiberry fruits feature a higher level of acidity than is common in conventional commercial varieties of A. chinensis as
citric acid is the type of acid prevailing in the fruit at all times.
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Kiwiberry is a member of the same genus as kiwifruit and
presents a species of fruit possessing a great potential
to expand the segment of food with increased content
of biologically active substances on markets around the
world. The commercial production of kiwiberry is more
recent than that of kiwifruit; it had not started until the
1980s (Debersaques et al., 2015). Currently, New Zealand,
USA, Chile, China and Australia are major global producers
of kiwiberry along with some of European countries such
as France, Belgium or Germany (Latocha, Vereecke and
Debersaques, 2018).

A. arguta is among the most widespread species of
the Actinidia genus. The fruit is smooth and lacks hairs; it
weighs 5-10 g and is much smaller than the commercially
available kiwifruit. While A. arguta is mostly bright green
in colour, it may also be pale green, pink up to bright dark
red or violet; sometimes, the colour may change during the
storage period (Ferguson, Testolin, Huang 2016). The great
resistance to frost is typical for kiwiberries when compared
with the better known kiwifruit (Drzewiecki et al. 2016).
Kiwiberry is richer in taste than kiwifruit; it also features
a distinct, aromatic manifestation of tropical fruits. With
the positive health effects of the substances contained
in the fruit (Rush et al. 2006), kiwiberry is often referred
to in the context of superfoods (Ferguson and Ferguson,
2003, Lim, 2012). Wojdyto et al. (2017) report that with the
high representation of substances kiwiberry is considered
a functional food and ranked as one of the most nutritious
fruits globally. For its high levels of phenolic and mineral
substances, chlorophylls, carotenoids and ascorbic acid, the
fruit is often used in Chinese traditional medicine (Dawes
and Keene, 1999; Nishiyama, Fukuda and Oota, 2005).

Experimental material

The experimental material comprised of two varieties
of Actinidia arguta, ‘Issai’ and ‘Ananasnaya, both grown
at a site in Lednice, Czech Republic; as the fruits were
ripening in almost identical periods, both varieties were
harvested in October decade 3 and 2 in 2018 and 2019,
respectively. In both cases, fruits were harvested when
they were fully coloured and reached both the size and the
degree of hardness corresponding to that variety. The fruits
were picked manually and once harvested, they were stored
at -28 °C until further processing. For comparison, Actinidia
chinensis fruits (the varieties of ‘Hayward’ and ‘Soreli’) were
bought in available commercial shopping chains; these
counted 50 fruits in both 2018 and 2019.

Prior to the analysis, the fruits were removed from the
freezer and left at a room temperature until they thawed.
Subsequently, the skin was removed from each of the fruits
and weighed. Each of the samples consisted of 10 fruits
in triplicate, i.e. a total of 30 fruits for each of the A. arguta
varieties. For Actinidia chinensis, it involved 10-15 fruits in
triplicate, i.e. a total of 30-45 fruits.

Soluble solids

The soluble solids content (SSC) was established using
a digital refractometer of PR-32a (Atago, Japan). The fresh
fruits were crushed to obtain juice which was subsequently
measured. The resulting value was expressed in °Brix
degrees.
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Titratable acidity

To determine titratable acidity (TA), the fresh fruits were
homogenised, 5 g were removed from the homogenate,
10 ml of water added to the same and total titratable acidity
established through the method of potentiometric titration.
The obtained values were recalculated as the citric acid
equivalent and then recalculated and specified in g per
100 g of fresh matter.

Organic acids

Each sample was diluted by demineralised water (the 1:10
proportion) and subsequently filtered through a micro
filter, grain size 0.2 um. Concentrations of malic, citric and
ascorbic acid were determined using an HPLC system with
the Chrom SDS 150 pump, thermostat (at 30 °C) and the
Thermo-Spectra System UV 6000 LP DAD Detector (Thermo,
USA). The used column: Prevail 5 um Organic Acid 110A
HPLC Column 250 X 4.6 mm, mobile phase 25 mM KH,PO,,
flow: 1 ml.min™. The absorbance of the acids was set at
a wavelength of 210 nm. Determining the concentration
employed 10-point calibration system using tartaric acid
and malic acid standards. Sample volume was 20 pl.

Antioxidant activity

Determination by means of the FRAP (Ferric Reducing
Antioxidant Power) method was done in a pH 3.6 acetate
buffer (23 mM sodium acetate trihydrate in a solution of
34 mmol.I" acetic acid). The reaction mixture contained
12 mmol.I" of FeCl; solution, 10 mmol.L'" of 2,4,6-tris(2-
pyridyl)-s-triazine in 40 mmol.I" of HCl solution and a buffer
inaratio of 1:1:10.2 ml of the reaction mixture were mixed
with 25 pl of a diluted sample (5x) with deionized water
in a disposable plastic cuvette (10 mm) and the obtained
solution was measured using a Helios 3 spectrophotometer
after 10 minutes at a wavelength of 593 nm.

For the DPPH method, 1.9 ml of DPPH (2.2-diphenyl-1-
picrylhydrazyl) a radical solution in methanol (0.1 mmol.I"")
was mixed with 0.1 ml of 5x diluted sample with deionized
water in a disposable plastic cuvette (10 mm). Absorbency
at 515 nm was measured after 30 min using the Specord
50 plus (Analytik Jena AG, Germany) spectrophotometer.

The resulting values of antioxidant activity (Trolox
equivalents) for both methods were related to the same

molar mass of the studied compounds and Trolox to make
them mutually comparable.

Statistical analysis

Analysis of variance was performed and means were
compared by the Tukey’s multiple range test of significant
difference (p <0.05). Statistical analyses were performed
using the software Statistica 12.

The results of the two-year observation made it evident that
within the respective years the studied parameters exhibit
certain deviations; however, given that the deviations
were not very significant, both years can be identified as
very similar. The size of the fruits is the underlying quality
parameter; in this study, it was determined by means of
weight. While the average fruit weight did not exceed 7.3 g
for Actinidia arguta, the weight of Actinidia chinensis fruits
reached considerably more than 100 g (Table 1). However,
as the small size of Actinidia arguta fruits is typical for this
species, the weight of fruits is essentially no different than
values identified by other authors (Zaouay et al., 2012;
Wojdyto et al., 2017; White et al., 2005). For both of the
A. arguta varieties, fruits were smaller in 2018 (by more
than 0.7 g). The pulp to skin ratio is higher in the A. arguta
fruit where the skin presents a higher proportion of weight
out of the total fruit than it is with the A. chinensis fruit.
The detected results match those achieved as a part of
another study (Latocha, tata and Stasiak, 2015).

The highest amount of sugar, or, the highest level of
soluble solids, was determined in the ‘Issai’ fruit in 2019; in
the same year, however, the ‘Ananasnaya’ fruit reached high
values, too; as well, a relatively high value was measured for
commercially available ‘Soreli’ fruits (Table 1). In comparison
withthe commerciallyavailable species, A. argutafruits exhibit
corresponding soluble solids levels. The same conclusion was
reached by authors as a part of other studies (Wojdyto et al.,
2017; White et al., 2005; Krupa, Latocha and Liwin ska, 2011).
If conditions are appropriate, fruits are capable of generating
large quantities of sugar even in rather cold settings. Based on
the lower soluble solids value and, simultaneously, the higher

Table 1 Fruit, flesh, peel weight, soluble solids and titratable acidity in Actinidia fruit
Species Variety Year Weight (g) SSC (°Brix) TA (%)
fruit flesh peel
‘Ananasnaya’ 2018 6.42° 5.72° 0.65° 11.58° 1.20¢
‘|ssai’ 2018 6.48° 6.08° 0.37° 12.11° 1.22¢
Actinidia arguta
‘Ananasnaya’ 2019 7.29° 6.27° 0.79° 13.98¢ 1.03¢
‘Issai’ 2019 7.18° 6.76° 037 14.60° 1.02
‘Hayward’ 2018 95.00¢ 88.8° 6.60° 10.18° 0.84°
‘Soreli’ 2018 77.52° 70.70° 5.80° 10.01° 0.81°
Actinidia chinensis
"Hayward’ 2019 112.3¢ 102.8° 9.44¢ 10.09° 0.85°
‘Soreli’ 2019 85.43¢ 78.65¢ 6.60° 13.36° 0.56°

Different uppercase letters next to values indicate significant differences in columns (p <0.05)




value of titratable acidity in fruits, 2018 can be identified as
a less appropriate year for A. arguta fruit to ripen. ‘Issai’ was
assessed to contain a relatively high value (1.22%); an almost
identical level of 1.2 was identified for ‘Ananasnaya’ (Table 1).
While the larger acidity is typical for A. arguta varieties, when
years are warmer, they are capable of reducing the level of
acidity to below 1% as confirmed for‘/Ananasnaya’in 2019. For
acidity, citric acid is represented to the largest extent in any of
the 4 varieties studied. The fruits also contain malic acid, the
proportion of which is considerably lower in the pulp than in
the skin with respect to citric acid. This differing proportion
was largely observed for the ‘Hayward’ variety when the pulp
contains more than 2.5-fold higher amount of malic acid
than that of citric acid while in the skin both of the acids are
presentin nearly identical concentrations. This tendency was
observed for all of the varieties; it was, however, exhibited in
none of the samples to such a degree as it was for the variety
mentioned above, i.e., 'Hayward’ (Table 2). Similar citric acid
concentrations in A. arguta were measured by other authors
as well (Boyes, Striibi and Marsh 1996; Zhou-Li et al. 2013;
Latocha, 2017).

Ascorbic acid is another acid of those studied which
is significantly involved in the health benefits of kiwi fruit;
it is generally considered as quite a good source of the
acid as was confirmed through the results of the present
work. Overall, it can be stated that a higher ascorbic acid
concentration was the one observed in the pulp of any of
the studied varieties, which is in conflict with the study
(Latocha, tata and Stasiak, 2015), where an opposite trend

was observed, i.e.,, a higher ascorbic acid concentration
in the skin compared with the pulp. Similar ascorbic acid
concentrations in the fruit are reported by other authors as
well (Latocha, tata and Stasiak, 2015; Latocha 2017; Latocha
etal, 2013; Nishiyama et al., 2004; Cesoniene, Daubaras and
Viskelis, 2004). For the present study, the highest value was
found for ‘Issai’ in 2018 with fruits containing 141.4 mg per
100 g of FW (Table 2 and 3). Some smaller levels were found
for ‘Soreli’ in the same year. Out of the studied varieties,
‘Ananasnaya’ exhibited the lowest ascorbic acid levels in
both years of study.

Antioxidant activity was studied using two methods -
FRAP and DPPH.The results confirmed that for both Actinidia
chinensis and Actinidia arguta, fruits are a good source of
antioxidants compared with other fruit species found in the
moderate climate zone. In terms of pulp, the highest values
were measured for the variety of ‘Soreli’ when the FRAP
method marked the level of 1.283 and the DPPH technique
detected the level of 1.309 (Table 2). While the kiwi fruit
skin exhibited a higher concentration of substances with
antioxidant effects in any of the cases, at the species level,
a significant difference was detected between A. arguta
and A. chinensis. The commercially available varieties of
‘Soreli’ and ‘Hayward’ showed to have the antioxidant
activity 2-3 times higher in the skin compared with the
pulp, and the A. arguta skin exhibited more than 15 times
the concentration as the one observed for the pulp (Table
2). These results match those achieved by other authors
(Latocha et al. 2013; An et al., 2016; Leontowicz et al., 2016).

Table 2 Concentration of organic acids and antioxidant activity in Actinidia fruit pulp
Species Variety Year Malic acid Citric acid Ascorbicacid | Antioxidant activity (mmol TE.I"")
(9.100gFW") | (g.100gFW"') | (mg.100g FW™") FRAP DPPH

‘Ananasnaya’ | 2018 4.34+0.68° 8.93 +0.98° 38.7 +2.21° 0.64 +0.20° 0.73 +0.18°

Actinidia ‘Issai’ 2018 466 +0.32° 8.69 +0.71° 141.4 +16.3¢ 0.93 +0.29° 0.75 +0.07¢

arguta ‘Ananasnaya’ | 2019 3.72 +0.47¢ 7.66 +1.73¢ 57.6 +14.2° 0.48 +0.05° 0.55 +0.05°

‘Issai’ 2019 3.67 +1.37¢ 8.02 +2.09¢ 72.8+18.0° 0.66 +0.16° 0.64 +0.13°

‘Hayward’ 2018 2.14 +0.69° 6.82 +1.43%° 52.0+12.6" 0.41+0.11° 0.56 +0.19°

Actinidia ‘Soreli’ 2018 3.04 +0.56° 7.56 +0.46° 134.0 +21.5¢ 1.283 +0.10' 1.3140.07°

chinensis ‘Hayward’ | 2019 | 2.60+0.79" 7.03 +0.84° 75.1 £11.9° 0.58 £0.11°¢ 0.71 £0.13¢

‘Soreli’ 2019 1.93 +0.45° 6.64 +1.27° 73.0+13.6 0.89 +0.24° 0.98 +0.24¢

Different uppercase letters next to values indicate significant differences in columns (P <0.05)
Table 3 Concentration of organic acids and antioxidant activity in Actinidia fruit skin
Species Variety Year Malic acid Citric acid Ascorbicacid | Antioxidant activity (mmol TE.I'")
(g.100gFW") | (g.100gFW") | (mg.100g FW") FRAP DPPH

‘Ananasnaya’ | 2018 3.16 +0.67°° 5.34 +0.79° 24.5+12.5 8.51 +3.13¢ 10.33 +1,43¢
Actinidia ‘Issai’ 2018 3.83 £0.92° 6.64 £0.46° 18.8+7.3 11.27 £2.28° 14.18 £1.44
arguta ‘Ananasnaya’ | 2019 2.76 +0.64° 459 +0.95° 33.5+6.29° 6.18 +1.34 ¢ 7.81 +1.70°
‘Issai’ 2019 3.3740.32° 6.83 +0.94° 55.0 +10.3¢ 10.12 +1.68° 1239 +2.15¢

‘Hayward’ 2018 4,06 +0.10° 432 +0.56° 8.6 +0.7° 1.13 £0.15° 0.98 +0.13°

Actinidia ‘Soreli’ 2018 456 +0.97° 5.54 +0.91° 24.2 +0.7° 3.83+0.12° 3.31+£0.63¢
chinensis ‘Hayward’ | 2019 3.37 £0.85" 3.88 +£0.56 52+4.3° 1.16 +£0.14° 1.73+0.11°
‘Soreli’ 2019 237 +0.30° 3.52+0.32° 14.0 +7.4% 232+0.18° 3.27 +0.19¢




Conclusion

As a species, Actinidia arguta is undoubtedly a very
prospective species of kiwi; one that extends the scope of
application of the genus as such to the colder regions. Even
despite the smaller size, the fruits are tasty and refreshing;
they contain a well-balanced proportion of not only sugars
and acids, but also substances with antioxidant effects.
The smooth skin of the fruits is a great advantage as it is not
necessary to be removed prior to eating. It is precisely the
high antioxidant potential in the skin which provides a good
indicator of the fact that in terms of nutritional composition,
A. arguta fruits outdo even normally commercially available
fruit of A. chinensis, more specifically, the ‘Hayward’ a ‘Soreli’
varieties. The content of vitamin C, or, ascorbic acid, in kiwi
fruits is considerably high; in particular, the ‘Issai’ variety has
a high level in the pulp when the studied fruits contained
over 140 mg per 100 g of FW. In terms of soluble solids and
titratable acidity of fruits, the two kiwi species seemed to be
consistent with each other except that the A. arguta fruit is
moretypical withitsslightly higher content of titratable acidity,
which is largely evident through citric acid as the prevailing
type of acid that reached over 8 g per kg of FW in some of
the samples. For a fruit crop grower, A. arguta presents, as
a species, a definitely attractive alternative to traditional fruit
species of colder zones, such as apple, pear, cherry etc. With
its notable aromatic manifestation featuring a distinct taste
of tropical fruits as well as the well-balanced proportion of
sugars and acids, the popularity of the species is sure to
rise as evidenced through the increase in scientific studies
focusing precisely on the research in the health-beneficial
bioactive substances contained in kiwiberry. A. arguta could
also be a promising species for the processing industry,
since it is not necessary to remove the skin from fruits. The
disadvantage of these fruits is more difficult harvesting, to
determine the exact date of harvest it is necessary to know
the physical characteristics of each variety. The gradual
ripening of the fruit also complicates the harvest.
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