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ABSTRACT:  

The possibility of using apple and quince in the natural ripening process of climacteric kiwi 

fruit, which takes a long time to ripen due to a low ethylene release level after harvest, was 

investigated. Kiwi samples were stored separately, accompanied by apple and quince at 

different storage temperatures (4⁰C and 20⁰C) and periods (15, 30 and 45 days) and examined 

in terms of textural properties. It was determined that storage process accompanied by apple 

decreased firmness, chewiness and gumminess values of kiwi samples. In contrast, the storage 

process accompanied by quince did not exhibit a significant decreasing effect on these values. 

Storage process at room temperature and increase in storage time led to decreases in textural 

parameters in general. The penetration force (137.25-1722.33 g) and penetration work values 

(352.40-6453.45 g.s) of samples mainly changed depending on firmness. A similar tendency 

was also observed in relaxation time (8.40-124.83 s), maximum force (1.05-77.50 N) and 

minimum force values (0.41-50.07 N). As a result, it has been determined that storage process 

accompanied by apple is a quite good option in the natural, fast and accessible ripening process 

of kiwi and provides approximately 28% general reduction in fruit firmness. Storage treatment 

accompanied by quince can be recommended for demands in which the current ripeness level 

of kiwi is desired to be kept. In addition, it has been concluded that in cases in which rapid 

ripening is required, the choosing of storage process at room conditions will be more suitable 

due to its ripening-promoting effect. 
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INTRODUCTION 

A prevalent method of fruit classification categorizes them based on their capacity to produce 

and respond to ethylene during the ripening process. In this regard, they are classified into two main 

groups: climacteric and non-climacteric fruits (Chen et al., 2018). Climacteric fruits continue to ripen 

by entering a climacteric phase, which is a critical process for ripening of climacteric fruits and 

characterized by increased respiration rate and ethylene release, after harvest. Therefore, they are 

harvested green and hard, to be ripened with ethylene gas near consumption to minimize losses. In 

contrast, non-climacteric fruits do not show postharvest ripening, there is no characteristic increase in 

respiration rate and ethylene production is at very low levels (Abhishek et al., 2016).        

Kiwi (Actinidia spp.) is a fruit with typical climacteric characteristics (Lim et al., 2017). Kiwi, a 

deciduous, perennial, temperate climate fruit belonging to the Actinidiaceae family, has more than 70 

species (Tilahun et al., 2020). One of the most well-known varieties is Hayward kiwi (Actinidia 

deliciosa), which can be grown on various conditions (Park et al., 2013). Kiwi, which is one of the 

popular fruits today, has biologically active components that are significantly beneficial to human 

health, such as polyphenols, carotenoids and ascorbic acid, dietary fibers and minerals etc. and its 

consumption has increased considerably recently due to its high nutritive value and medical benefits 

(Park et al., 2013; Vasile Scăețeanu et al., 2019).   

On commercial terms, kiwi fruits are harvested in a physiologically mature, yet unripe phase and 

kept in storage environment with low temperature (0⁰C) (Tilahun et al., 2020). At this stage, the 

firmness of kiwi, which is the main parameter determining the ripening degree, is quite high and 

ethylene production is at minimum level, implying that it takes long to ripen (Lim et al., 2017), during 

which uneven ripening, weight loss and drying may occur (Abhishek et al., 2016). Both these risks and 

consumers' desire to buy kiwi at a ripeness that is ready to be eaten direct the food industry to apply 

artificial ripening procedures such as exogenous ethylene treatment (Tilahun et al., 2020). It has long 

been known that ethylene is a trigger and regulator of ripening process in the climacteric fruits (Yang 

and Lim, 2017). Ripening is a complex process, in which various physiological and biochemical 

changes such as ethylene production, pigment accumulation, production of volatile components and 

phenolic compounds, softening etc., occur through actions of enzymes and transcriptional 

reprogramming of genes, which are involved in the sucrose, starch, amino acid, methionine and 

cysteine metabolisms, phenylpropanoid biosynthesis, hormone signal transduction and photosynthesis 

(Tilahun et al., 2020; Choi et al., 2023). One of the most important physiological processes of kiwi 

ripening after harvest is softening (Yang and Lim, 2017). It is mainly caused by the modifications in 

cell wall due to the degradation of cell walls and starch. As a key prompter, ethylene coordinates the 

expression of some celluler metabolic enzymes containing pectolytic enzymes that cause tissue 

softening by degrading the pectic compounds (Choi et al., 2023). It also directs the expression of genes 

account for transformation of starch to sugars, increasing respiratory rate, autocatalytic production of 

ethylene, carotene synthesis and chlorophyll degradation (Abhishek et al., 2016). Etyhlene triggers a 

transcriptional cascade regulating the expression of many of genes included in aroma, flavor and color 

properties (Atkinson et al., 2011). Furthermore, ethylene initiates and coordinates intricate biochemical 

and genetic changes during climacteric ripening, thereby providing a biochemical basis to stimulate 

fruit ripening (Albert et al., 2011).       

In studies conducted to date, the effects of artificial ethylene treatments on the physicochemical, 

sensorial, fluorometric and genetic properties of Hayward kiwi have been investigated (Ciardiello et 

al., 2009; Albert et al., 2011; Koutsoflini et al., 2013; Park et al., 2013; Park et al., 2016; Zoffoli et al., 
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2016; Shin et al., 2020; Choi et al., 2022; Choi et al., 2023), while natural ripening methods are quite 

limited (Bostan et al., 2019). However, contrary to these treatments used both in literature and in 

practice, consumers are demanding naturally grown fruits rather than artificial ripening practices due 

to health and environmental concerns (Park et al., 2016). In addition, it is expressed that the cost and 

availability problems of ethylene used worldwide lead producers to apply the treatments, which are 

extremely harmful to health, such as calcium carbide, which contains harmful components like arsenic 

and phosphorous (Abhishek et al., 2016). On the other hand, in present studies, the changes in textural 

properties, except for firmness, depending on exogenous ethylene treatment, have not been 

investigated sufficiently. Conversely, textural properties are recognized as the paramount sensory 

quality parameters for fruits, significantly influencing both shelf life and consumer preference 

(Ciacciulli et al., 2018). Even if a food product is of excellent microbiological, physical and chemical 

quality, it may not be desirable in sensory terms (Ertaş and Doğruer, 2010). In these contexts, in this 

study, the possibility of using apple and quince fruits, as ethylene sources, in the healthy, low-cost and 

accessible ripening process of kiwi that takes a long time to ripen due to the low levels of ethylene 

production after harvest and the effects of different storage temperatures on ripening process were 

investigated. The ripening process was monitored through textural analyses and the changes that occur 

in the textural properties of the fruit during this process were examined. 

MATERIALS AND METHODS  

Materials  

Uniform size, medium weight (90-130g) and undamaged kiwi fruits (Actinidia deliciosa) (cv. 

‘Hayward’), which are characterized by distinctive features such as a weight of about 120 g, larger and 

more cylindrical shape than an egg and greenish-brown skin coated with the hairs (Jaeger and Harker, 

2005), were obtained from the local market in Erzurum. The primary criterion for selecting kiwi fruits 

was that they were unripe. This condition was confirmed by measuring their firmness as being over 40 

N, which is the average firmness value of an unripe kiwi after harvest (Lim et al., 2017). Similarly, 

uniform and undamaged apple (Starking delicious) and quince (Cydonia oblonga Miller) samples were 

obtained from the local market. They were purchased directly after harvest through consultation with 

producers. After the obtained fruits were brought to the laboratory, they were divided into six batches. 

The first two groups contained only 5 kiwi fruits, the second two groups contained 5 kiwi and 5 apple 

fruits and the third two groups contained 5 kiwi and 5 quince samples were placed in tightly sealed, 

double-layered polyethylene bags. Then, one bag from each group was stored at room temperature 

(20⁰C), and the other bag was stored in the refrigerator (4⁰C) for 15, 30 and 45 days, which are the 

period and storage temperatures most commonly used in practice. The samples analyzed without any 

storage were accepted as control sample. The experiments were conducted in two replications and 

three parallels. 

Methods 

Texture Profile Analysis (TPA) 

Whole kiwi samples were placed horizontally in the measuring area of the texture analyzer 

(TA.XTplus, Stable Micro Systems Ltd, Godalming, Surrey, U.K.) equipped with a cylindrical 

aluminum probe (50 mm) (P/50). In the TPA test, 1mm/s pre-test and test speed, 2mm/s post-test 

speed, 15% compression ratio and 10 g trigger force were used. As demonstrated in Figure 1, firmness 

(N), cohesiveness (A2/A1), elasticity (L2/L1), chewiness (firmness x cohesiveness x elasticity) (N) 

and gumminess values (firmness x cohesiveness) (N) were calculated from the obtained curve.  
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Figure 1. A typical texture profile analysis curve and determining the parameters 

Stress Relaxation Test  

The stress relaxation test was carried out on whole kiwi samples in horizontal position with the 

texture analyzer (TA.XTplus, Stable Micro Systems Ltd, Godalming, Surrey, U.K.) equipped with a 

cylindrical aluminum probe (50 mm) (P/50) under the following conditions: pre-test speed: 1 mm/s, 

test speed: 0.50 mm/s, holding time: 200 s, distance: 3 mm, trigger force: 10 g. As demonstrated in 

Figure 2, relaxation time (s) (time required for the maximum force to decrease to itself 66.72 %), 

maximum force (N) and minimum force (N) values were calculated from the obtained curve.      

 
Figure 2. A typical stress relaxation test curve and determining the parameters  

Penetration Test   

The penetration test was made on whole kiwi samples in horizontal position with the texture 

analyzer (TA.XTplus, Stable Micro Systems Ltd, Godalming, Surrey, U.K.) equipped with a 

cylindrical aluminum probe (2 mm) (P/2) under conditions: 2 mm/s pre-test speed, 1 mm/s test speed, 

10 g trigger force, 20 mm penetration distance. As demonstrated in Figure 3, penetration force (g) and 

penetration work (g.s) values of the samples were calculated from the obtained curve.    

 
Figure 3. A typical penetration test curve and determining the parameters  

Statistical Analysis 

Data were analyzed using analysis of variance with IBM® SPSS Statistics software version 

22.0.0.0. Significant means of the main sources of variation were compared using the Duncan's 

Multiple Range Test. The relationship between textural properties of kiwi samples was assessed using 

Pearson's Correlation Test. The results were expressed as mean ± standard error (SE). 
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RESULTS AND DISCUSSION  

Results of Texture Profile Analysis 

Texture is the functional and sensory manifestation of surface, mechanical and structural 

properties of a foodstuff determined via senses of touch, hearing, vision and kinesthetics (Szczesniak, 

2002). The textural properties of a foodstuff are one of the main indicators that determine its 

acceptance by consumers (Llull et al., 2002). They determine the quality level and type of a product 

(Ertaş and Doğruer, 2010). As with many food items, textural properties are also one of the most 

critical quality parameters for fruits especially considering shelf life and consumer choice (Ciacciulli et 

al., 2018) and even small deflection from expected textural properties may lead to product rejection 

(Goulao et al., 2010). The effect of different treatments, storage temperatures and periods on the kiwi’s 

firmness value, which is an appropriate parameter to determine ripeness of kiwi (Bostan et al., 2019), 

is given in Figure 4. It was determined that in all stored samples, the firmness values decreased as a 

result of the ripening process. Softening, i.e. loss of firmness, is one of most important physiological 

processes that occurs during kiwi ripening (Yang and Lim, 2017). It is governed by the actions of 

enzymes and genes (Tilahun et al., 2020; Choi et al., 2023). Textural properties in fruits are 

fundamentally associated with structural composition of cell wall and middle lamella (Gokul Nath et 

al., 2023) and exposed to the various modifications due to the degradation of cell walls during the 

ripening process. In the course of ripening, ethylene, which can be produced autocatalytically or 

applied exogenously, triggers the expression of some celluler metabolic enzymes containing 

polygalacturonase, pectin methyl esterase, xyloglucan hydrolase/transglucosylase, expansin and 

pectate lyase. By the effect of these enzymes, pectic galactose side chains loss, hemicellulose and 

pectin undergo depolymerization and intercellular adhesion decreases, eventually leading to the 

softening in texture. Another factor in the cell wall structural composition change that causes fruit 

softening is the degradation of starch (Choi et al., 2023). Ethylene also contributes to softening by 

promoting the expression of genes account for transformation of starch to sugar (Abhishek et al., 

2016), which sugar accumulation is one of the most obvious indicators that kiwi is ripe for eating 

(Bostan et al., 2019). As it can be seen from the general effect of the treatment type on the firmness 

values in Figure 4, kiwi samples stored alone (150.46 N) and with quince (151.59 N) exhibited 

statistically similar and higher firmness values than the samples stored with apple (108.16 N). That is, 

contrary to expectations, storage process with quince did not cause the kiwi to soften; on the contrary, 

although it was not statistically significant, the samples stored with quince were firmer than the 

samples stored alone in general. The increase in the firmness of kiwi samples stored with quince raises 

the possibility that quince may have also absorbed the ethylene produced at minimum levels by kiwi in 

addition to using ethylene produced endogenously and autocatalytically by itself. It is known that 

quince is ordinarily a climacteric fruit (Carmen et al., 2015). However, ethylene production rate of 

quince is low for probably reasons such as insufficient amount of 1-aminocyclopropane-1-carboxylic 

acid oxidase, which is involved in ethylene biosynthesis of quince, or amount of 1-

aminocyclopropane-1-carboxylic acid synthase and/or 1-aminocyclopropane-1-carboxylic acid activity 

or level (Tuna Gunes and Koksal, 2005), which may have led it to act as an ethylene receiver rather 

than an ethylene transmitter. On the other side, the significant decreases in the firmness values of the 

samples stored with apple can be associated with the fact that apple is a fruit with a very high ethylene 

production capacity (Wray French, 2013; Navarro Martínez et al., 2021), which firmness-reducing 

effect of ethylene has already been mentioned earlier. In a similar study conducted by Gandhi et al. 

(2016) in which apple, pear, tomato and calcium carbide were used to ripen banana, apple was 
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particularly recommended in terms of the natural and faster ripening process. As it can be seen from 

the general effect of storage temperature presented in Figure 4, kiwi samples stored at room 

temperature had statistically lower firmness values than the samples stored in the refrigerator. This can 

be attributed to the fact that the samples stored at room temperature release more ethylene. Honda et 

al., (2014) reported that a hotter environment increases ethylene production of apple during ripening 

process. Similarly, it is stated that the for quinces, the best ripening temperature is 20⁰C (Carmen et al., 

2015). In addition, it is known that most of enzymes operate at 30-70°C optimally (Uragami et al., 

2013) and lower temperatures decrease enzyme activity due to insufficient activation energy (Moy and 

Nkongolo, 2022). Therefore, it is thought that the fact that the enzymes triggered by ethylene and 

softening the tissue by changing the cell wall composition are less active at refrigerator temperature, 

may have also contributed to the higher firmness values in the samples stored in the refrigerator. With 

regard to the storage time variable, there was no significant statistical difference between the samples 

stored in the refrigerator for 30 and 45 days and between those stored at room temperature with quince 

for 30 and 45 days. In addition, there was no statistically significant change in the firmness values of 

kiwi samples stored alone at room temperature depending on storage time. A similar tendency was also 

observed in the samples stored with apple at room temperature. Along with all these, increasing the 

storage time resulted in a general decrease in the firmness values of the samples depending on the 

continuation of the ripening process. 

 
Figure 4. The firmness values of kiwi samples stored under different conditions 

 (Each treatment group was compared within itself) (C:Control (for all treatment groups), GA:General average)  

As it is seen in Figure 5, in all stored samples, chewiness and gumminess values decreased 

compared to the control sample. In general, kiwi samples stored alone and with quince exhibited 

higher chewiness and gumminess values than the samples stored with apple, but it was not statistically 

significant. Kiwi samples stored in the refrigerator had statistically higher chewiness and gumminess 

values than the samples stored at room temperature. It was determined that as the storage time 

increased, the chewiness and gumminess values of the samples generally decreased. However, no 

significant statistical differences occurred in general, especially in the chewiness values. Chewiness 

refers to the total work (energy) needed for the act of chewing to decrease the consistency of a solid 

food into a form that can be swallowed. It is a mathematical inference derived from the firmness, 

cohesiveness and elasticity parameters (Pandey et al., 2014). Gumminess refers to the energy needed 

to turn a semi-solid food into a form that can be swallowed. Similarly, gumminess is also a 

formulation output obtained using the firmness and cohesiveness parameters (Hwang et al., 2012). 

That is, both parameters are characterized by the basic textural properties from which they are 
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obtained, specifically by firmness. As a matter of fact, the higher firmness values imply the higher 

chewiness values (Zaini et al., 2020). Likewise, the higher gumminess values result from higher 

firmness values (Chandra and Shamasundar, 2015). Therefore, the change trend in the chewiness and 

gumminess values of the kiwi samples depending on the applied treatment, storage temperature and 

period variables can be explained by the changes in the firmness values, which their tendencies were 

similar (Figure 4). Supportively, significant interrelations were determined between the firmness and 

chewiness values (r = 0.967) (p ˂ 0.01), firmness and gumminess values (r = 0.980) (p ˂ 0.01) and 

chewiness and gumminess values (r = 0.998) (p ˂ 0.01) (Figure 8).    

 
Figure 5. The chewiness and gumminess values of kiwi samples stored under different conditions 

 (Each treatment group was compared within itself) (C:Control (for all treatment groups), GA:General average) 

As it is seen in Table 1, in all stored samples, cohesiveness values decreased compared to the 

control sample. Although it was not statistically significant, kiwi samples stored with quince exhibited 

higher cohesiveness values. In general, kiwi samples stored in the refrigerator had statistically higher 

cohesiveness values than the samples stored at room temperature. Cohesiveness values generally 

decreased as the storage time increased in all treatment groups. Cohesiveness expresses the strength of 

the internal links forming the body of the food (Bourouis et al., 2023). It indicates how the material 

resist a second deformation compared its resistance to the first deformation (Cortez-Trejo et al., 2023) 

and is mainly related the intramolecular attractions and inner viscosity (Lanza et al., 2023). Higher 

cohesiveness properties imply that food has a more compact structure and denser texture (Laili and 

Sofyan, 2024). Pectin substances, main components of structural constituent found in cell wall and 

middle lamella, are mainly responsible for fruit cohesiveness (Maringgal et al., 2020) and it is highly 

connected to the changes that occur in microstructural properties of fruit in the course of ripening 

process (Bianchi et al., 2016). During ripening, the cell wall components, which are responsible for the 

cohesiveness of the fruit, undergo enzymatic degradations (Massiot et al., 1988). As previously 

mentioned in the firmness section, cell wall degrading pectolytic enzymes such as pectin methyl 

esterase, pectate lyase, polygalacturonase etc., whose expression is activated by ethylene, cause that 

pectic galactose side chains loss and hemicellulose and pectin undergo depolymerization (Choi et al., 
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2023). As a result of depolymerization and solubilization of polysaccharides, intercellular rupture 

occurs, cohesive pectin matrix losses and eventually cohesiveness decreases (Bianchi et al., 2016). For 

these reasons, it is thought that storage process at room temperature, where ethylene release is 

estimated to be higher as detailed earlier, reduced cohesiveness further. In addition, the general 

decreases in cohesiveness values of samples depending on the increasing the storage time can be also 

attributed to the continuity of the mentioned effects with the continuation of ripening. As a solution-

oriented approach, Maringgal et al., (2020) stated that calcium may preserve and strengthen cell wall 

structure of fruits through mechanisms such as decreasing the activity of enzymes that degrade the cell 

wall, holding the cell together and creating calcium pectate complexes. Finally, Lázaro and De 

Lorenzo (2015) reported that as the weakening of cohesion forces directly affects the firmness 

property, a linear correlation between firmness and cohesiveness values may be expected (Bianchi et 

al., 2016). The mentioned relationship was also detected in our study (r = 0.932) (p ˂ 0.01) (Figure 8). 

The decreases in these values were already due to similar reasons, meaning that a linear relationship 

was naturally expected.  

Table 1. The cohesiveness and elasticity values of kiwi samples (Mean ± SE)a 

Storage 

Temperature 

Storage 

Time 

(Day) 

Cohesiveness 

 

Elasticity 

  
Treatment/Storage Type  Treatment/Storage Type 

Alone With quince With apple Alone With quince With apple 

 Control 0.77±0.06a 0.77±0.06a 0.77±0.06a  0.86±0.03a 0.86±0.03a 0.86±0.03a 

20⁰C 

15 0.43±0.01bc 0.44±0.01bc 0.54±0.01b  0.78±0.01ab 0.66±0.01bc 0.82±0.01ab 

30 0.39±0.07bc 0.42±0.01c 0.40±0.01c  0.64±0.14bc 0.70±0.01b 0.66±0.06c 

45 0.33±0.03c 0.31±0.01d 0.37±0.01c  0.48±0.01c 0.55±0.01d 0.40±0.01d 

 GA 0.49±0.04B**  0.69±0.03B** 

         

4⁰C 

15 0.50±0.01b 0.53±0.02b 0.42±0.01c  0.72±0.01ab 0.73±0.03b 0.71±0.01c 

30 0.46±0.01bc 0.46±0.01bc 0.41±0.02c  0.72±0.03ab 0.66±0.01bc 0.65±0.00c 

45 0.46±0.01bc 0.45±0.01bc 0.44±0.01c  0.70±0.01ab 0.60±0.05cd 0.74±0.03bc 

 GA 0.53±0.03A**  0.73±0.02A** 

 
                     

GA 
0.51±0.04A 0.52±0.04A 0.51±0.04A 

 
0.72±0.03A 0.70±0.03A 0.71±0.04A 

a Means with different small letters and means with different uppercase letter are statistically different (p < 0.05) 

**P < 0.01, GA.: General Average (Each treatment group was compared within itself)   

As it is seen in Table 1, in stored samples, elasticity values decreased compared to the control 

sample in general. The treatment type did not affect the elasticity values of the samples statistically 

significantly. In general, kiwi samples stored in the refrigerator had statistically higher elasticity values 

than the samples stored at room temperature. Depending on the storage time variable, kiwi samples 

stored alone in the refrigerator were not affected statistically significantly. While the elasticity values 

of the samples stored with quince at room temperature first increased and then decreased again, the 

opposite effect was observed in the samples stored with apples in the refrigerator. With all of these, 

when the general effect of the storage time on the elasticity values of the samples was examined, it was 

determined that the elasticity values of the samples generally decreased due to the increase in the 

storage time compared to the initial levels. Elasticity property of fruit tissues exhibits changes as a 

function of ripening process (Dakogol et al., 2015). Decrease in the elasticity property is mostly 

connected to the tissue breakdown (Rico Rodríguez et al., 2015). During ripening process, 

solubilization and depolymerization of pectin and depolymerization of starch result in increase in the 

osmotic pressure and decrease in the cell swelling, leading to the disintegration of middle layer cells 

and cell wall. However, a high elasticity is generally associated to the presence of good cellular 
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adhesion and structural integrity (Li et al., 2024). For these reasons, kiwi samples stored at higher 

temperatures that increase ethylene release (Honda et al., 2014), and the samples with increased 

storage periods that continue to release ethylene, exhibited lower elasticity values, since structural 

destruction is greater due to the triggering effect of ethylene as detailed earlier. The extent of structural 

destruction occurring due to the variables mentioned, which is clearly evident from the sharp decreases 

in the cohesiveness and firmness values of samples (Table 1, Figure 4), reflected in the elasticity 

property. Already, similar changes have occurred between elasticity and cohesiveness values (r = 

0.817) (p ˂ 0.01) and elasticity and firmness values (r = 0.718) (p ˂ 0.01) due to the same effect 

(Figure 8).   

Results of Stress Relaxation Test   

Stress relaxation test is a rapid method used to determine viscoelastic properties (Magaña 

Barajas et al., 2012). Main principle of stress relaxation test is the monitoring of the stress relaxation 

behavior of the material, which is subjected to an initial loading like a tension and compression at a 

particular strain rate kept constant (Bakbak and Colak, 2023). The relaxation time values of kiwi 

samples are given in Table 2. It was determined that the relaxation time values significantly decreased 

in all stored samples. In general, kiwi samples stored alone showed higher relaxation time values, 

followed by the samples stored with quince and the samples stored with apple, respectively. In 

addition, kiwi samples stored in the refrigerator had statistically higher relaxation time values than the 

samples stored at room temperature. There was a general decrease with minor exceptions in the 

relaxation time values of the samples due to the increase in storage time, especially compared to the 

control sample. The relaxation time refers to the time required for the maximum force value, which is 

another parameter of the stress relaxation test, to decrease to 66.72 % of itself. Higher relaxation time 

value is associated to the bigger structure units, which have a slower molecular motion (Lin et al., 

2018). Therefore, the samples stored with apple, the samples stored at room temperature and the 

samples with advanced storage period, exhibited lower relaxation time values. Because, pectolytic 

compounds and starch breakdown are estimated to be higher in these samples as detailed firmness 

section, meaning that the smaller structure units with faster molecular motion. Also, higher relaxation 

time values are also associated to a more rigid and elastic behavior of the material (Kadiri et al., 2019), 

because, thanks to its high elasticity, material can structurally tolerate the applied force further and 

does not immediately show relaxation behavior by resisting and this extends the time required for the 

maximum force to decrease at the specified rate. In line with literature guidelines, the kiwi samples, 

which had lower firmness and elasticity values, exhibited lower relaxation time values in general 

(Figure 4, Table 1). In addition, the relationships between relaxation time and firmness (r = 0.916) (p ˂ 

0.01) and relaxation time and elasticity (r = 0.757) (p ˂ 0.01) were statistically significant (Figure 8).  

As it is seen in Table 3, maximum and minimum force values decreased in all stored samples. 

The kiwi samples stored with quince exhibited statistically higher maximum and minimum force 

values, while the samples stored with apple exhibited lower values in general. Kiwi samples stored in 

the refrigerator had statistically higher values than the samples stored at room temperature in terms of 

maximum and minimum force. As the storage time increased, the maximum and minimum force 

values of the samples decreased, except for the sample stored with quince in the refrigerator for 45 

days. The general decrease in the maximum and minimum force values of the samples depending on 

the applied treatment, storage temperature and period can be explained by the change trend in the 

firmness values. Maximum force, which is the degree of initial resistance shown by sample to applied 

deformation, and minimum force, which is the degree of resistance shown by sample at the end of test, 
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are associated to the firmness of the food and increases in these parameters imply that foodstuff 

exhibits a more solid like structure (Hanoğlu and Karaoğlu, 2024). Therefore, the samples with higher 

firmness values exhibited higher maximum and minimum force values, while the samples with lower 

firmness values exhibited lower values (Figure 4). Significant relationships between the maximum 

force and firmness values (r = 0.970) (p ˂ 0.01) and minimum force and firmness values (r = 0.970) (p 

˂ 0.01) were also confirmed statistically (Figure 8).   

 Table 2. The relaxation time values of kiwi samples (Mean ± SE)a 
Storage 

Temperature 

Storage 

Time (Day) 
Relaxation Time (s) 

  
Treatment/Storage Type 

Alone With quince With apple 

 Control 124.83±1.00a 124.83±1.00a 124.83±1.00a 

20⁰C 

15 40.45±0.75b 24.69±0.50d 27.32±0.02c 

30 16.87±0.63e 9.07±0.07f 12.55±0.50e 

45 12.42±0.13f 11.47±0.02e 8.40±1.00f 

 GA 44.81±9.80B** 

     

4⁰C 

15 33.64±2.50c 32.42±0.01c 28.91±0.25bc 

30 26.03±1.00d 31.46±0.01c 19.05±0.05d 

45 25.55±1.25d 35.83±0.02b 30.70±0.70b 

 GA 53.17±8.67A** 

  GA        50.58±11.27A**       49.32±11.49B**        47.07±11.75C** 
a Means with different small letters and means with different uppercase letter are statistically different (p < 0.05) 

**P < 0.01, GA.: General Average (Each treatment group was compared within itself) 

Table 3. The maximum force and minimum force values of kiwi samples (Mean ± SE)a   

Storage 

Temp. 

Storage 

Time 

(Day) 

Maximum Force (N) 

 

Minimum Force (N) 

  

Treatment/Storage Type  Treatment/Storage Type 

Alone With quince 
With 

apple 
Alone With quince With apple 

 Control 77.50±1.00a 77.50±1.00a 77.50±1.00a  50.07±1.00a 50.07±1.00a 50.07±1.00a 

20⁰C 

15 14.87±0.85e 32.01±0.51e 12.71±0.71d  8.23±0.95d 16.95±0.95e 7.43±0.00d 

30 4.83±0.50f 5.60±0.30f 6.98±0.50e  2.05±0.68e 1.71±0.21f 2.74±0.50e 

45 2.80±0.10f 1.08±0.08g 1.05±0.05f  1.15±0.05e 0.55±0.05f 0.41±0.02e 

 GA 26.20±6.40B**  15.95±4.21B** 

         

4⁰C 

15 40.79±2.00b 45.59±0.59c 29.70±4.27b  22.21±2.75b 26.62±0.12c 16.80±2.35b 

30 29.05±1.00c 40.64±0.01d 21.40±0.40c  15.93±1.00c 23.20±0.20d 11.34±0.04c 

45 23.57±1.00d 50.62±0.00b 11.25±0.25de  13.00±0.95c 29.51±0.01b 6.58±0.08d 

 GA 43.76±4.62A**  26.28±3.15A** 

 
                 

GA 
33.86±7.17B** 41.32±6.90A** 29.76±7.43C** 

 
20.34±4.75B** 24.83±4.56A** 18.18±4.91C** 

a Means with different small letters and means with different uppercase letter are statistically different (p < 0.05) 

**P < 0.01, GA.: General Average (Each treatment group was compared within itself) 

Results of Penetration Test  

The penetration force values of kiwi samples subjected to different storage conditions are given 

in Figure 6. It was determined that in all stored samples, penetration force values decreased compared 

to the control sample, especially more pronounced in the samples stored with apple. In general, the 

kiwi samples stored with quince exhibited statistically higher penetration force values, while the 

samples stored with apple exhibited lower values. In addition, kiwi samples stored in the refrigerator 

had statistically higher values than the samples stored at room temperature in terms of penetration 

force. Although especially kiwi samples stored with apple at room temperature were not very 
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significantly affected, there was a general decrease with minor exceptions in the penetration force 

values of the samples depending on the increase in the storage time.  

 
Figure 6. The penetration force values of kiwi samples stored under different conditions 

 (Each treatment group was compared within itself) (C:Control (for all treatment groups), GA:General average) 

The penetration work values of kiwi samples stored on different conditions are given in Figure 7. 

It was determined that in all stored samples, penetration work values decreased compared to the 

control sample. In general, the kiwi samples stored with quince exhibited statistically higher 

penetration work values, followed by the samples stored alone and the samples stored with apple, 

respectively. Kiwi samples stored in the refrigerator exhibited statistically higher penetration work 

values than the samples stored at room temperature in general. Although especially kiwi samples 

stored alone at room temperature were not very significantly affected, the increase in the storage time 

caused an overall decrease with minor exceptions in the penetration work values of the samples 

compared to initial level. The general decreases in the penetration force and penetration work values of 

the samples depending on the applied treatment, storage temperature and period are due to the 

decreases in the firmness property (Figure 4), especially firmness of fruit skin, which is first 

respondent of penetration test. During ripening process, polysaccharides in the cell wall undergo 

degradation with the effect of different carbohydrate hydrolases and turgor pressure reduces due to the 

polysaccharide degradation and osmotic dehydration, leading to the cell wall of fruit to break down 

and accordingly skin firmness of fruit to reduce (Chung et al., 2021). In addition, as earlier mentioned, 

in particular, the breakdown and solubilization of pectin due to enzymatic degradations lead to a 

general softening in the fruit texture during ripening process (Verma et al., 2014). All of these result in 

the increasing the penetrability of samples, which means that the force and energy required for 

penetration action are reduced especially considering an unripe kiwi. The significant correlations 

between penetration force and firmness values (r = 0.964) (p ˂ 0.01) and penetration work and 

firmness values (r = 0.975) (p ˂ 0.01) support this phenomenon (Figure 8).   

 
Figure 7.  The penetration work values of kiwi samples stored under different conditions   
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(Each treatment group was compared within itself) (C:Control (for all treatment groups), GA:General average)  

 
Figure 8. Correlation matrix of textural characteristics of kiwi samples (**p<0.01) 

CONCLUSION 

The possibility of using apple and quince in the natural ripening process of climacteric kiwi fruit, 

which takes a long time to ripen due to low ethylene release level after harvest, was investigated.  The 

ripening process was monitored by textural analyses. It was determined that in general, storage process 

accompanied by apple decreased the firmness, chewiness and gumminess values of the kiwi samples, 

contributing the ripening process. On the contrary, storage process accompanied by quince did not 

show a decreasing effect on these values. The increase in the storage time was effective in reducing 

texture profile analysis test parameters in general. The samples stored in the refrigerator had higher 

values than samples stored at room temperature in terms of textural parameters. The relaxation time, 

maximum force, minimum force, penetration force and penetration work values of the samples were 

characterized by the texture profile analysis outcomes especially firmness, cohesiveness and elasticity.  

As a general inference, it has been concluded that storage process accompanied by apple is a 

quite good option in the natural, accessible and faster ripening process of kiwi fruit. As an important 

outcome, approximately 28% overall decrease rate in fruit firmness was achieved in the storage 

process with apple, demonstrating that apple has an obvious triggering effect on kiwi ripening. In cases 

in which the current ripeness level of kiwi is desired to be maintained, storage treatment accompanied 

by quince can be recommended. Also, valid for all three storage conditions (alone, with quince, with 

apple), it would be correct to suggest the choosing room temperature condition in order to ripen 

quickly, while refrigerator condition should be chosen to slow down the ripening process relatively. It 

is thought that the results obtained from this study may encourage further research in which apple will 

be used in the natural ripening process of other climatic fruits that take a long time to ripen. 

Conflict of Interest 

The article authors declare that there is no conflict of interest between them. 

Author’s Contributions  

The authors have contributed equally to the article.  

 

 

Cohesiveness 0.932**

Elasticity 0.718** 0.817**

Chewiness 0.967** 0.970** 0.727**

Gumminess 0.980** 0.966** 0.726** 0.998**

Relaxation Time 0.916** 0.969** 0.757** 0.979** 0.970**

Maximum Force 0.970** 0.931** 0.714** 0.945** 0.958** 0.925**

Minimum Force 0.970** 0.946** 0.718** 0.961** 0.970** 0.947** 0.998**

Penetration Force 0.964** 0.878** 0.641** 0.909** 0.929** 0.863** 0.977** 0.969**

Penetration Work 0.975** 0.948** 0.688** 0.977** 0.984** 0.951** 0.978** 0.985** 0.969**
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