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Summary. This study aimed to determine changes in the physica� properties of kiwi�erry 
(Actinidia arguta) fruits stored for up to 10 days at different temperatures (5, 15, 25°C). Du-
ring storage, the texture of the fruits was determined using a TA-HDp�us sta��e Micro sy-
stems texture ana�yser at five-day interva�s. Two mechanica� tests were used – compression 
test and puncture test using a 5 mm diameter cy�indrica� pro�e. The effect of temperature 
and storage time on fruits co�our was a�so investigated and measured using the CIE L*a*�* 
system, and the fo��owing va�ues were ca�cu�ated: co�our saturation (C*), co�our tone (h°) 
and tota� co�our difference (ΔE). The resu�ts o�tained a��owed to state that different tempe-
rature and time of storage had a significant effect on the co�our and mechanica� properties 
of kiwi�erry fruits. storing fruits at higher temperatures caused a decrease in fruits firmness 
and significant changes in co�our �y decreasing the proportion of green co�our and marked 
differences in co�our perception.  
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INTRODUCTION 

One of the �asic and crucia� qua�ity characteristics and criteria that inf�uence con-
sumer acceptance of food products, apart from taste and nutritiona� va�ue, is the prod-
uct’s physica� properties. A particu�ar�y significant feature having its �asis in the structure 
and mechanica� and rheo�ogica� properties of the product is the texture [Jaku�czyk and 
Gondek 2013, singh et a�. 2013]. 

The texture of fruits and vegeta��es is frequent�y re�ated to the structure of the tissue 
and the composition of the ce�� wa��, �ut a�so other factors, inc�uding ce�� morpho�ogy, the 
size and shape of the raw materia�, or the turgor [Andrés-Be��o et a�. 2013]. Bojarska et 
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a�. [2015] suggest that the parenchyma, the nutrient-storing tissue, is responsi��e for the 
structure of fruits, inc�uding �erries. The feature which is most often used to determine 
the texture of fruits is firmness. It is defined as the va�ue of the maximum force necessary 
to compress or puncture the test materia�, �ut it can a�so �e expressed as the ratio of the 
maximum force up to compression. This parameter is determined during mechanica� tests 
such as puncture or compression with different testers [Bojarska et a�. 2015, Gondek et 
a�. 2017].

The high qua�ity of fresh fruits is crucia� for the food industry, especia��y during stor-
age and distri�ution. Berries such as kiwi�erry are very prone to perish quick�y during 
inappropriate storage conditions. Both the content of �ioactive ingredients and physica� 
properties may change during storage. The main factor �imiting the possi�i�ity of using 
the fruit is the �oss of firmness and hardness of the f�esh and too e�astic skin [Chen et a�. 
2015, stefaniak et a�. 2017, Bogusz et a�. 2019]. The changes occurring in kiwi�erry are 
not yet known, so it was decided to conduct this study.

The aim of the study was to determine changes in the physica� properties of kiwi�erry 
(Actinidia arguta) fruits during storage at three different temperatures (5, 15, 25°C) for 
up to 10 days.

MATERIAL AND METHODS

Material 
Experimenta� materia� was one cu�tivar of kiwi�erry fruits: ‘Weiki’ Actinidia arguta, 

purchased from a �oca� p�anter, whose fie�d is under the supervision of scientists from 
Warsaw University of Life sciences WULs-sGGW (Warsaw, Po�and). 

Storage and treatment of kiwiberry fruits
Fruits harvested in Octo�er were p�aced in p�astic containers with a�uminium �ids. 

Containers were divided into three groups random�y. The first group was stored at 5°C, 
the second group at 15°C and the other at 25°C. For each group 25 fruits with simi�ar size 
and maturation stage and without visua� a�teration were taken. samp�es were taken for 
ana�ysis after 1, 5, and 10 days of storage. Before each experiment, fruits were withdrawn 
from the storage compartment, �eft to achieve room temperature (22 ±1°C). Coded sam-
p�es of 9 experimenta� runs are summarized in Ta��e 1. 

Ta��e 1.  The parameters of time and temperature used in the design of the experiment 
Ta�e�a 1.  schemat kodowania pró�ek doświadcza�nych

samp�e code
Kod pró�ki

Time of storage [days]
Czas przechowywania [dni]

Temperature of storage
Temperatura przechowywania [˚C]

1�5 1 5
1�15 1 15
1�25 1 25
5�5 5 5
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samp�e code
Kod pró�ki

Time of storage [days]
Czas przechowywania [dni]

Temperature of storage
Temperatura przechowywania [˚C]

5�15 5 15
5�25 5 25
10�5 10 5
10�15 10 15
10�25 10 25

THE PROPERTIES OF KIWIBERRY FRUITS STORED AT DIFFERENT 
TEMPERATURES 

Moisture content
The moisture content of fresh and stored at different temperatures kiwi�erry fruits 

was measured according to the AOAC standard in two rep�icates [Lammerskitten et a�. 
2019].

Colour determination 
The co�our of the mi��-crushed kiwi�erry fruits was determined using a co�orimeter 

(CR-5, Konica Mino�ta, Osaka, Japan) with CIE L*a*�* system. The CIE standard I��umi-
nate D65, di: 8° (diffuse i��umination/8° viewing ang�e), CIE: 2° standard O�server, and 
the 30 mm measuring area were used. The ana�ysis was conducted in six rep�ications for 
each kiwi�erry pu�p samp�e. Based on these parameters, a chroma (C*), hue ang�e (h°), 
and tota� co�our difference (ΔE) were ca�cu�ated according to equations:

 

where ΔL*, Δa* and Δ�* is the difference of these parameters �etween stored and contro� 
kiwi�erry fruits.

Mechanical properties determination 
The mechanica� properties of fresh and stored kiwi�erry fruits were determined �ased 

on a compression and penetration test �y using a texture ana�yser with 750 kg measur-
ing head (TA.HD p�us, sta��e Micro systems, Goda�ming, Eng�and) equipped with the 
compression p�ate (d = 75 mm) and the penetration pro�e (P/6, sta��e Micro systems, 

Ta��e 1. cont
Ta�e�a 1. cd.
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Goda�ming, Eng�and), respective�y for each test. For the compression test, the fo��owing 
parameters were used: 0.5 mm/s head test speed, 2.0 mm/s pre-test speed, 10.0 mm/s �ack 
speed, and 25% of the samp�e’s height compression. Based on the o�tained compression 
curves, the fo��owing mechanica� parameters were determined: force at 25% strain and 
work up to 25% strain (determined as the area under the compression curve mu�tip�ied 
�y the head test speed) [Wiktor et a�. 2018]. In turn, for the penetration test, 0.5 mm/s 
test-speed and the penetration was 50% of the samp�e’s height were used. Based on the 
o�tained penetration curve, the fo��owing parameters were ca�cu�ated: work, force and 
strain at the puncture [Lammerskitten et a�. 2019]. The experiment was repeated 20 times 
for each kind of ana�ysed kiwi�erry fruits.

STATISTICAL ANALYSIS 

statistica� ana�ysis was conducted using statistica 13.1 software (statsoft Inc, UsA). 
The resu�ts of water content and co�our parameters were statistica��y ana�ysed �y per-
forming a one-way ana�ysis of variance with norma� distri�ution using Tukey’s test, and 
the resu�ts were presented in ta��es and figures using different �etters. The effect of tem-
perature and time of storage on these varia��es was a�so determined �y two-way ana�ysis 
of variance without repetition using the F-test, and resu�ts are presented �y indicating 
the significance (*) of the effect of temperature or time of storage. The non-parametric 
Kruska�-Wa��is test was used to compare the mean va�ues o�tained for the se�ected me-
chanica� parameters, due to the �ack of homogeneity of variance. statistica� significance 
was set at α = 0.05. 

RESULTS AND DISCUSSION 

The resu�ts of the determination of water content in fresh and stored at different tem-
peratures kiwi�erry fruits can �e seen �y ana�ysing Figure 1. The water content deter-
mined in fresh fruits was 82.0 ±2.0% and was fo��owing the �iterature data [Krupa et a�. 
2011, Latocha 2017]. During the storage of kiwi�erry fruits at different temperatures, 
no c�ear trend in the changes of water content was o�served. At the �eginning of storage 
(�etween 1 and 5 days) at 5°C, there was an increase and then a decrease in water content. 
In turn, at the other two temperatures (15°C and 25°C), a s�ight decrease in water content 
was first o�served, and then increased to va�ues in the range 84.9–85.5%. At a further 
stage of storage (�etween 5 and 10 days), irrespective of the storage temperature, a de-
crease in the water content to a va�ue simi�ar to that of fresh fruit was o�served.  From the 
statistica� point of view, �oth the storage time and temperature had no significant effect 
on the resu�ts o�tained for water content in the studied fruits. 

Many factors affect the qua�ity of fruits during storage. Among the most important 
are: the variety, c�imatic and cu�tivation conditions, the stage of fruit maturity (harvesting 
or consumption) and storage conditions [Krupa et a�. 2011, Kadzińska et a�. 2017]. 

During postharvest storage, vita� processes such as transpiration, respiration, ripening 
and overripening continue to occur in the fruits, which are responsi��e for the activity of 
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enzymes present in the tissue [Łapczyńska-Kordon and Krzysztofik 2008, Wrzodak and 
Gajewski 2014]. Ce��u�ar respiration under aero�ic conditions resu�ts in the �reakdown of 
organic compounds into simp�e inorganic compounds – car�on dioxide and water. The in-
crease in water content of the stored kiwi�erry fruits can �e exp�ained �y the fact that the 
intensive respiration process resu�ted in the oxidation of the su�stances contained in the 
fruits (sugars and, to a �esser extent, organic acids) resu�ted in an increase in water content 
as a product of the respiration reaction [Kopera et a�. 2005, Adamczyk et a�. 2006]. The 
o�served resu�ts were pro�a��y a�so inf�uenced �y the process of transpiration, which 
aims, among other things, to maintain the correct concentration of ce�� sap and ce�� turgor 
[Ca�e� et a�. 2013, stefaniak et a�. 2017].

The co�our parameters of kiwi�erry fruits stored at different temperatures are shown in 
Ta��e 2. Fresh fruits were characterized �y L* va�ues of 40.13 ±1.89, a* and �* parameters 
of 2.52 ±1.08 and 23.67 ±0.99, respective�y. The use of different times and temperatures 
during storage contri�uted to significant changes in fruits co�our. During storage at 15 and 
25°C, the L* va�ues changed s�ight�y �ut not significant�y. In contrast, using the �owest 
storage temperature was associated with significant differences in L* va�ues, regard�ess 
of storage time. Compared to the fresh samp�e, the kiwi�erry fruits stored at 5 and 15°C 
resu�ted in greater �rightening whi�e stored at 25°C did not resu�t in co�our changes. Apart 
from samp�e 1�15, the others were characterized �y greater a* va�ues (�ess green co�our in 
favour of red co�our), which can �e exp�ained pro�a��y �y the heterogeneous co�ouring 
of the studied fruits and their random a��ocation to the specific variants of the experiment. 
As far as �* va�ues are concerned, they were compara��e to those o�tained for the contro� 

* Mean va�ues for each storage time fo��owed �y the same �etter do not differ significant�y at α = 0.05 (Tukey 
HsD test) – Wartości średnie d�a danego czasu przechowywania, oznaczone tymi samymi �iterami nie różnią 
się istotnie przy α = 0,05 (test Tukeya).

Fig.  1.  The moisture content of the fresh and stored at different temperature kiwi�erry fruits 
Rys.  1.  Zawartość wody w świeżych owocach minikiwi oraz przechowywanych w różnej tempe-

raturze
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samp�e and ranged from 22.18 ±0.80 to 24.77 ±0.79. In the case of this co�our parameter, 
�ased on a two-factor ana�ysis of variance, a different effect of the factors used was a�so 
confirmed – storage time had no significant effect.

The co�our of kiwi�erry fruits depends on the content of natura� pigments. As we 
know, the main group of compounds responsi��e for their green co�our are ch�orophy��s 
[Nowacka et a�. 2017, Bogusz et a�. 2019]. According to the �iterature, kiwi�erry fruits are 
characterized �y the green co�our of their f�esh regard�ess of the degree of ripeness, which 
inf�uences the va�ues of the a* co�our parameter [Leontowicz et a�. 2016].

The degree of ch�orophy�� degradation is considered a good indicator of the physi-
o�ogica� condition of green p�ant tissues [Micha�czyk and Macura 2008]. For instance, 
Peng et a�. [2019] harvested green kiwi�erry fruits at the maturity stage and then stored 
them at 20˚C to determine co�our changes. With increasing ripening, an increase in the 
intensity of red co�our on the skin surface was noted. Bogusz et a�. [2019] o�served that 
the carotenoid content of kiwi�erry fruits increased during the first days of storage and 
decreased afterwards, particu�ar�y at higher am�ient temperatures (15 and 25°C). The 
changes of carotenoid pigments cou�d have affected the higher proportion of ye��ow and 
red co�our in the f�esh of the studied fruits.

No c�ear trend in the change of C* va�ues was noted (Ta��e 2). Compared to the 
fresh samp�e, the fruits’ co�our saturation after 5 days was �ower for those stored at 5°C, 
whi�e the reverse phenomenon was o�served for the other temperatures. Longer storage 
time (10 days) resu�ted in �ower C* va�ues for samp�es stored at 5 and 25°C.  Based on 
a two-factor ana�ysis of variance, no significant effect of storage time on co�our satura-
tion was found.

Based on our research, irrespective of the storage time and temperature, �ower va�-
ues of the hue ang�e (h°) were o�served for most of the stored samp�es compared to the 
contro� samp�e. The exception was on�y a 1�15 samp�e. However, it is worth noting that 
despite �oth factors used, the o�tained va�ues of the co�our ang�e did not exceed 90°. The 
va�ues ranged from 78.06 to 87.24°, meaning that the stored kiwi�erry fruits sti�� showed 
a typica� green co�our. The hue ang�e descri�es the re�ative amount of red (h° = 0°) and 
ye��ow (h° = 90°). 

The tota� co�our difference (∆E) was ca�cu�ated �etween the contro� samp�e and those 
stored at different temperatures and times (Ta��e 2). The va�ue of this parameter ranged 
from 1.60 to 4.06, and most of the tested samp�es showed ΔE >2, which means that the 
co�our difference �etween the non-stored and stored samp�es was percepti��e �y an un-
trained o�server at first sight [Lammerskitten et a�. 2019]. For samp�es 5�5 and 10�5, the 
∆E va�ue exceeded 3.5, indicating that the �imit for c�ear�y recognizing co�our differences 
with the human eye was exceeded. As mentioned ear�ier, these changes were pro�a��y 
re�ated to the phenomenon of degradation of the ch�orophy�� contained in the fruits during 
storage [Fisk et a�. 2008, Öst�ring et a�. 2020]. 

The mechanica� properties of kiwi�erry fruits stored at different temperatures ex-
pressed as force and work up to 25% strain can �e seen �y ana�ysing Figure 2. Regard�ess 
of the temperature and storage time, the average force va�ues up to 25% strain were �ower 
than those for fresh fruits (Fig. 2a). These va�ues changed during storage, c�ose�y de-
pended on the storage temperature. Fruits stored under refrigeration conditions during the 
who�e storage time had simi�ar force va�ues (8.75 ±1.36, 8.09 ±1.21 and 8.48 ±0.94 N).
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The re�ationship �etween the o�tained work va�ues and the storage conditions can �e 
seen �y ana�ysing Figure 2�. The app�ied storage conditions contri�uted to a decrease 
in the compression work va�ues in a strict storage temperature-dependent manner. At 
the initia� stage (�etween 1 and 5 days), the work va�ues of fruits stored at 5 and 15°C 
decreased, whi�e those at 25°C increased. At a �ater stage (�etween 5 and 10 days), the 
trend was reversed.  

The changes in the va�ues for force and work required of compressing the fruits to 
a given strain can �e exp�ained �y the fact that the tissue of kiwi�erry �ost turgor dur-
ing storage and �ecame more suscepti��e to compression over time. According to the 
information provided �y Nowacka et a�. [2017], this cou�d a�so �e due to the shrinkage 
of protop�asts and their detachment from the ce�� wa��. On the other hand, the changes in 
mechanica� properties can �e traced to the previous�y descri�ed changes in water content 
resu�ting from the physio�ogica� processes of p�ants after harvesting.

The softening of kiwifruit is a comp�ex process, resu�ting from the activity of many 
enzymes, inc�uding po�yga�acturonase [Tavarini et a�. 2009, Krupa et a�. 2011], endo-β-
mannanase [Ren et a�. 2010, Zhang et a�. 2017], actinidin [Latocha 2017] and β-ga�ac-
tosidase, pectin methy�esterase or xy�og�ucan endotransg�ycosy�ase [Zhang et a�. 2017]. 
Tavarini et a�. [2009] noted that �ater harvested kiwifruits (more mature) were character-
ized �y a higher softening capacity during storage than those harvested ear�ier. A�so, po-
�yga�acturonase (PG) activity was higher in these fruits. Other studies indicate a decrease 

a–� Mean va�ues for each storage time fo��owed �y the same �etter do not differ significant�y at α = 0.05 (Kruska�-
Wa��is test) – Wartości średnie d�a danego czasu przechowywania, oznaczone tymi samymi �iterami nie różnią 
się istotnie przy α = 0,05 (test Kruska�a-Wa��isa).
A–B Mean va�ues for each storage temperature fo��owed �y the same �etter do not differ significant�y at α = 0.05 
(Kruska�-Wa��is test) – Wartości średnie d�a danej temperatury przechowywania, oznaczone tymi samymi �ite-
rami nie różnią się istotnie przy α = 0,05 (test Kruska�a-Wa��isa).

Fig. 2.  The effect temperature and time of storage of kiwi�erry fruits on se�ected mechanica� 
parameters from compression test: a – force at 25% strain, � – work up to 25% strain

Rys. 2.  Wpływ temperatury i czasu przechowywania owoców minikiwi na wy�rane parametry 
mechaniczne uzyskane z testu ściskania: a – siła przy odkształceniu 25%, � – praca wy-
konana do 25% odkształcenia
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in kiwi fruit hardness during storage at room temperature, with the activity of the enzyme 
endo-β-mannanase [Ren et a�. 2010]. 

One of the most accepta��e methods for measuring the firmness of fruits and vegeta-
��es are tests �ased on penetrometry [Nowacka et a�. 2017]. Figure 3 shows the se�ected 
mechanica� properties o�tained during the penetration test of kiwi�erry fruits stored at 
different temperatures, whi�e Figure 4 shows examp�es of penetration curves of kiwi�-

a–� Mean va�ues for each storage time fo��owed �y the same �etter do not differ significant�y at α = 0.05 (Kruska�-
Wa��is test) – Wartości średnie d�a danego czasu przechowywania, oznaczone tymi samymi �iterami nie różnią 
się istotnie przy α = 0,05 (test Kruska�a-Wa��isa).
A–C Mean va�ues for each storage temperature fo��owed �y the same �etter do not differ significant�y at α = 0.05 
(Kruska�-Wa��is test) – Wartości średnie d�a danej temperatury przechowywania, oznaczone tymi samymi �ite-
rami nie różnią się istotnie przy α = 0,05 (test Kruska�a-Wa��isa).

Fig. 3.  The effect temperature and time of storage of kiwi�erry fruits on se�ected mechanica� parame-
ters from penetration test: a – force at puncture, � – strain at puncture, c – penetration work

Rys. 3.  Wpływ temperatury i czasu przechowywania owoców minikiwi na wy�rane parametry 
mechaniczne uzyskane z testu prze�icia: a – siła prze�icia powierzchni, � – odkształcenie 
przy prze�iciu, c – praca prze�icia
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erry fruits depending on storage conditions. It was o�served that over time there was 
a decrease in the va�ue of the force required to puncture the pee�, with the greatest dif-
ference for storage at 15°C (Fig. 3a). On the first day of storage, the puncture force of 
fruits stored at 15 and 25°C was simi�ar to each other, �ut a�so significant�y �ower than 
for fruits stored at 5°C. However, this trend did not continue on su�sequent days, where 
su�stantia� differences in force va�ues were o�served depending on the temperature 
used. simi�ar dependences as for the puncture force were a�so o�served for the strain 
at which pee� �reakthrough occurred (Fig. 3�). On the first day, the strain at puncture 
of the fruits stored at higher temperatures was simi�ar, whi�e at a further stage it was 
c�ose�y dependent on the temperature used. It is worth noting that the o�tained resu�ts 
indicate that it is not the highest of the app�ied temperatures that shou�d �e attri�uted 
to the fastest progressing softening process. According to the �iterature, the forces re-
corded at a given strain can �e interpreted as an indicator of the hardness of the product 
[Gondek et a�. 2017], and the penetration force is a function of mass, size and chemica� 
composition [singh et a�. 2013]. Furthermore, it can �e seen that each of the factors 
used in the experiment significant�y determined the changes occurring in the tissue, 
which a�so resu�ted in the va�ues of penetration work of the fruits (Fig. 3c).

The study conducted �y Chen et a�. [2015] showed that the va�ue of temperature 
had an impact on the reduction of the hardness of ��ue�erries stored for 49 days. By 
measuring the hardness of the fruits with a cy�indrica� pro�e of 5 mm diameter, it was 
found that those stored at 5°C were harder than those stored at 10°C. In turn, Na�i� et 
a�. [2012] o�served a reduction in the force required to puncture tomatoes stored for  
10 days at 20°C.

Fig. 4.  The examp�es of puncture curves of kiwi�erry fruits storage at different temperature
Rys. 4.  Przykładowe krzywe prze�icia owoców minikiwi przechowywanych w różnej tempera-

turze 
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The obtained puncture curves of kiwiberry fruits stored at different temperatures were 
characterised by an irregular shape (Fig. 4). From the curves, it can be seen that during the 
experiment there was a marked decrease in the value of the fruits’ skin force at puncture. 

CONCLUSIONS

The biochemical phenomena occurring during fruits storage caused significant 
changes in colour, resulting in a decrease in the proportion of green colour and enabled 
the colour differences to be identified by the human eye. The applied experimental con-
ditions, including a different temperature of storage, significantly affected the texture 
of the studied fruits. The initial increase in firmness disappeared with a time of storage 
and was strictly dependent on temperature. It was observed that refrigeration conditions 
are the optimal conditions for storing fruits in an unprocessed form. This limits the 
unfavourable changes of selected texture characteristics, although it should be checked 
whether such a storage time affects the overall desirability and acceptance of such ber-
ries by consumers. 
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ZMIANY WŁAŚCIWOŚCI FIZYCZNYCH OWOCÓW MINIKIWI (ACTINIDIA ARGUTA) 
PODCZAS PRZECHOWYWANIA

Streszczenie. Ce�em pracy �yło okreś�enie zmian właściwości fizycznych owoców  
minikiwi (Actinidia arguta) przechowywanych przez 10 dni w różnej temperaturze (5, 15, 
25°C). W czasie przechowywania �adano teksturę owoców za pomocą teksturometru TA-
HDp�us sta��e Micro systems w pięciodniowych odstępach czasu. Zastosowano dwa testy 
mechaniczne – test ściskania oraz prze�icia przy użyciu trzpienia cy�indrycznego o śred-
nicy 5 mm. Badano również wpływ temperatury i czasu przechowywania owoców na ich 
�arwę mierzoną za w systemie CIE L*a*�*, a następnie o��iczono następujące wartości: 
nasycenie �arwy (C*), tonu �arwy (h°) oraz �ezwzg�ędną różnicę �arwy (ΔE). Uzyskane 
wyniki pozwo�iły stwierdzić, iż różne temperatury oraz długość czasu przechowywania 
miały istotny wpływ na �arwę oraz właściwości mechaniczne owoców minikiwi. Przecho-
wywanie owoców w wyższych z zastosowanych temperatur powoduje o�niżenie jędrności 
owoców oraz znaczące zmiany �arwy poprzez zmniejszenie udziału �arwy zie�onej i wy-
raźne różnice w postrzeganiu �arwy.  

Słowa kluczowe: tekstura, przechowywanie, właściwości mechaniczne, Actinidia arguta, 
�arwa




