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Article 
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Kiwifruit (cv. Xuxiang) at Fluctuating Temperatures 
during Cold Storage 
Ranran Xu 1, Qian Chen 2, Yizhao Zhang 1, Jiali Li 2, Jiahua Zhou 1, Yunxiang Wang 1, Hong 
Chang 1, Fanxiang Meng 1 and Baogang Wang 1,* 

1 Institute of Agri-Food Processing and Nutrition, Beijing Academy of Agriculture and Forestry Sciences; 
National R&D Center for Fruit Processing; Beijing 100093, China 

2 Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, 
Beijing 100081, China 

* Correspondence: E-mail address: wangbaogang@baafs.net.cn (G. Wang) 

Abstract: Kiwifruits are often exposed to various temperature fluctuation (TF) during postharvest 
storage. To evaluate the effect of TF on the qualities of kiwifruits, fruits were stored at 2 ºC, 2 ºC or 
5 ºC (TF2ºC-5ºC), 2 ºC or 7 ºC (TF2ºC-7ºC), alternating every 12 h. Observations revealed that 
kiwifruits stored at constant 2 °C showed the lowest loss of weight and vitamin C due to the 
minimum ethylene production and respiratory rate compared to that of TF2ºC-5ºC and TF2ºC-7ºC. 
Moreover, the results of RT-qPCR verifed that the expression of genes encoding polygalacturonase, 
β-galacturonidase, and pectin methyl esterase was significantly increased by the treatment of TF. 
Hence, TF accelerated the degradation of the cell walls, softening, translucency and relative 
conductivity of the flesh of kiwifruits. Besides, the impact of TF2ºC-7ºC on kiwifruits was more 
significant relative to TF2ºC-5ºC. The present study provides a theoretical basis for kiwifruit during 
cold storage. 

Keywords: temperature fluctuation; kiwifruits; cold storage; flesh texture; qualities 
 

1. Introduction 

Kiwifruit (Actinidia chinensis Planch.) is one of the most highly-appreciated fruit by consumers 
worldwide own to its delicious taste and nutritional value, including high content of vitamin C. As a 
kind of typical climacteric fruit, kiwifruit have a short storage period [1]. There is an apparent 
physiological after-ripening process, and the fruit is easily infected by fungal pathogens during 
postharvest storage, resulting in deterioration of quality, loss of flavor and even severe rot [2,3]. It is 
extremely perishable because of its susceptibility to senescence and postharvest disease, making it 
challenging to store, transport and sell commercially [4,5]. 

Temperature is one of the most significant factors in maintaining the quality and extending the 
shelf life of fruit and vegetables [6]. Cold storage is an effective way to decay ripening and extend the 
shelf life after harvest by reducing respiration and oxidase activity [7,8]. Cold chain transport 
effectively maintains the color and texture of kiwifruit [9]. The storage of fruits and vegetables 
requires an optimal temperature with minimal fluctuation [10]. However, there are inevitable 
temperature fluctuation (TF) during long-distance transportation, including improper operation, 
imprecise temperature control devices, and other problems. Current research on TF has focused on 
the dynamics of quality loss of frozen foods during storage [11-13], with less research related to the 
impact on the quality of fresh fruit and vegetables. The seriously temperature fluctuating accelerated 
quality degradation of table grapes in cold chain quickly [14]. Besides, the quality of the mushrooms, 
broccoli and mature-green tomatoes, including flesh browning, the loss of firmness and weight were 
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significantly impacted by temperature changes, which were packaged in modified atmosphere [15]. 
The decline of food quality caused by temperature changes is cumulative and irreversible [16,17]. 

Translucency is consodered as a symbolic signal of chilling injury symptom due to fruit flesh 
texture deterioration during cold storage [18]. Liquid fills the intercellular gap in translucent flesh 
area, resulting in a water-soaked appearance [19]. Transparency leads to a loss of food quality in 
terms of taste and flavour. Moreover, translucent fruits are more susceptible to physical damage, 
fungal diseases and detrimental to storage and transportation [19]. Integrated metabolome and 
transcriptome analysis shows that translucency is a complex process involving genes belonging to 
multiple metabolic pathways and various metabolic processes [20]. Besides, transparency may be 
related to metabolic dysfunction from membrane damage [21] and the collapse of tissue adjacent [22]. 
Transparency is a frequent phenomenon in the flesh of kiwifruit during storage. However, to date, 
little was reported previously on the transparency of kiwifruit after harvest. 

The current temperature fluctuation range of cold chain land transportation is mostly 3–5 ºC, 
and the transportation time is up to 3 d. This is one of the major constraints faced by wholesalers and 
retailers. However, the study focused on the effect of TF on postharvest physiological of kiwifruit 
was limited. Accordingly, this study simulated temperature fluctuation patternand monitored the 
physiological parameters affecting postharvest life and quality of kiwifruit, including respiratory 
metabolism, flesh texture, ripening, the edible quality and related gene expression. The overall 
purpose of this research was to study the effects of different temperature fluctuation treatments on 
postharvest kiwifruit quality during cold storage. 

2. Materials and methods 

2.1. Sample collection and treatments 

“Xu Xiang” kiwifruits were harvested at commercial maturity from a commercial orchard 
located in Guiyang district, Shaanxi, China. The kiwifruits were transported to the laboratory within 
2 h and selected according to their uniformity of size and color. Those with visible mechanical injury 
or defects were discarded. The fruits were divided into three groups randomly with 540 fruits in each 
group. One group was stored at 2 ± 0.5 °C, served as control. One group was stored at 2 ºC or 5 ºC, 
alternating every 12 h, served as TF2ºC-5ºC. Another group was stored at 2 ºC or 7 ºC, alternating 
every 12 h, served as TF2ºC-7ºC. All treatments were performed at 85–95 % relative humidity (RH) 
(Figure 1). After 72 h, all fruits were transferred to storage at 2 °C and 85–95% RH.The pulp of fruits 
was combined, frozen in liquid nitrogen, and stored at −80°C until assaying for gene expression. 

 
Figure 1. Temperature changes in kiwifruit packaging during storage. The control fruit were always 
stored at 2ºC during storage. TF2ºC-5ºC fruit were stored at 2ºC or 5ºC, alternating every 12 hours. 
TF2ºC-7ºC fruit were stored at 2ºC or 7ºC, alternating every 12 hours. 

2.2. Microscope observations 
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The samples for optical microscope observations were only obtained 21 d after storage. The pulp 
were cut into small pieces (2–3 mm2), fixed in formaldehyde–acetic acid fixative solution (50% 
ethanol–5%formaldehyde–5%acetic acid=18:1:1) for 24 h. Then, the pulp was dehydrated through 
step-wise increases in ethanol concentration (50, 60, 70, 80,90, 95 and 100%). The pulp sections were 
then treated with carbon dioxide to the critical drying point using a critical point drier (HCP-2; 
Hitachi, Tokyo, Japan). The dried pulp sections were glued to a metal table with double-sided 
adhesive to expose the observed parts. The samples were then coated with gold using an ion 
sputtering meter (E1010; Hitachi) and observed using a optical microscope (MODEL ECLIPSE Ci-S; 
Nikon, Tokyo, Japan). 

2.3. Translucency assessment and decay incidence 

The translucency incidence of the fruit pulp was visually evaluated and scored based on the 
percentage of total cross-sectional area containing the number of translucency, using the following 
grading scale: 0, no symptoms; 1, less than 25%; 2, 25%-50%; 3, more than 50%, as shown in Figure 2. 
The translucency index was expressed as: 

Translucency index= 
∑ [Translucency level×number of fruit at this level]

Total number of fruit
 

Kiwifruits from different treatment groups were collected separately every week. The total 
number of kiwifruit and rotten kiwifruit (rotten spot diameter ≥ 2 mm) in each treatment were 
counted, and the decay incidence was calculated according to the following formula: 

Decay incidence= 
Number of rotten fruit
Number of total fruit

×100% 

 

Figure 2. Grading of translucency in kiwifruit pulp. 

2.4. Respiration rate and ethylene production 

The respiration intensity and ethylene production were measured with 30 fruits (containing 3 
replicates) every week using a portable gas analyzer (F-950; FELIX, Washington, USA). The ethylene 
production and respiration rate was presented as μL kg−1 h−1 and mL kg−1 h−1, respectively. 

2.5. Fruit quality assessments 

Firmness was measured using a handle penetrometer (FT327; FACCHINI SRL, Alfonsine, Italy) 
equipped with an 8 mm diameter tip. Total soluble solids (TSS) were measured using a pocket 
refractometer (PAL-1; ATAGO, Tokyo, Japan). Titratable acidity (TA) was determined from freshly 
homogenized juice samples from ten fruits per replicate using an auto titrator (809 Titrando; 
Metrohm, Herisau, Switzerland). The content of vitamin C was determined by high-performance 
liquid chromatography (HPLC) according to the methods of Gai and Wang [23]. Weight loss was 
measured by weighing each fruit at harvest and each subsequent assessment day. Cumulative weight 
loss was expressed as a percentage value determined by deducting the initial weights from the final 
weights divided by the initial weights and multiplied by 100 percent (%). 

2.6. Relative conductivity determination 
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Discs of 2 mm from kiwifruit flesh were punched out using a punch with an inner diameter of 1 
cm for relative conductivity determination. The discs was put in a large beaker and then 20 mL of 
ultrapure water was added. The water was pour off after shaking for 10 min. Then samples were 
rinsed three times with ultrapure water to remove excess pectin. The discs was put in ultrapure water 
and the electrical conductivity was measured before and after 20 minutes of boiling. The percentage 
of the ratio of two values was the relative conductivity. 

2.7. Reverse transcription and quantitative real-time PCR (RT-qPCR) 

The RNA was extracted from fruit flesh tissue using an RNA prep Pure Plant Plus kit (Tiangen, 
China) according to the manufacturer’s protocol. Complementary DNA (cDNA) was synthesized by 
reverse transcription using the Invitrogen Super-Script™ III First-Strand Synthesis System (Carlsbad, 
CA, USA). RT-qPCR were performed using a 96-well plate in a Light Cycler1480II real-time PCR 
system (Roche, Basel, Switzerland) with Ultra SYBR mixture (CW Bio Co., Beijing, China).The 
amplifcation of Pbactin sequence was used as an endogenous reference to normalize all the data. The 
2−ΔΔCt method [24] was employed to determine gene expression. The primers were listed in Table S1. 
All analyses contained three technical replicates. 

2.8. Statistical analysis 

All tests were repeated three times, and each repeated test served as a block in the statistical 
design. SPSS19.0 statistical software (SPSS Inc., Chicago, IL, USA) was used to perform the analysis 
of variance, followed by the least significant difference (LSD) mean comparison test. 

3. Results and discussion 

3.1. Effect of temperature fluctuation on micromorphology of pulp cell of kiwifruit during storage 

Firstly, the effect of temperature fluctuation on the flesh tissue of kiwifruit was observed. 
Compared to the control (Figure 3A), the flesh of fruits in TF2ºC-5ºC group (Figure 3B) and TF2ºC-
7ºC group (Figure 3C) turned transparent and water-soaked significantly. As the temperature 
fluctuation deepened, the degree of transparency became more acute. Changes in the microstructure 
of the cell wall of kiwifruit treated with different temperature fluctuation were observed by optical 
microscopy. As shown in Figures 3D, the exocarp cells of “Xu Xiang” kiwifruit were composed of 
thin-walled cells of both sizes, which were regularly round or oval in shape. The exocarp cells of 
kiwifruits stored at 2ºC for 7 d were regularly shaped and tightly arranged with the cell wall and 
starch granules intact. However, the starch granules of kiwifruits in TF2ºC-5ºC started to gel. The cell 
walls gradually loosened and the boundaries between cells became blurred (Figure 3E). The cell 
damage of kiwifruits in TF2ºC-7ºC was intensified (Figure 3F). The cell walls of kiwifruit began to 
degrade and disappear. In addition, the whole tissue was filled with starch matrix. From the 
microscopic observation results, the transparency may be related to the degradation of the cell wall, 
which further leads to the penetration of the cell solution. The disorders of water content and solutes 
such as sugar in the intercellular spaces may lead to transparency [19]. Degradation of the cell wall 
could be responsible for kiwifruit softening, which contains several polysaccharide elements, 
including pectin, cellulose, and hemicellulose [25]. Studies have shown that the dissolution of middle 
lamella and the disruption of the cell wall structure was accelerated under 5 ± 5°C TF at 30 d of the 
storage, while constant temperature under 5 ± 0°C maintained the integrity of the cell wall structure 
and firmness of apple [26]. Acoordingly, temperature fluctuation promoted the degradation of cell 
wall and the rupture of starch granules, resulting in the transparency and softening of kiwifruits. 
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Figure 3. The fruit (A: control, B: TF2ºC-5ºC, C: TF2ºC-7ºC) stored for 21 d were collected for 
micromorphology observation. The dotted line box in the fruit cross section diagram is the current 
observation sampling position. Micromorphology of pulp cell were observed by optical microscope 
(D, E, F, 40 × magnification, bar = 500 μm) in kiwifruit stored for 21 d. 

3.2. Effect of temperature fluctuation on fruit texture of kiwifruit during storage 

The firmness of kiwifruit in control group decreased from 1.76 kg cm-2 to 1.27 kg cm-2 after 
storage of 42 d (Figure 4A). The treatment of TF2ºC-5ºC and TF2ºC-7ºC decreased the firmness of the 
kiwifruits at the end of storage by 15% and 9%, respectively. As the degree of temperature fluctuation 
increases, the firmness of the peaches decreases after 15 d storage [27], which is consistent with our 
results. Cell wall structural compounds such as pectin and hemicellulose are grdually degraded 
during long-term storage, causing the decrease of fruit firmness [28]. 
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Figure 4. The firmness (A), translucency index (B), relative conductivity (C), and decay increase (D) 
of kiwifruit during storage. Each value is the mean for three replicates. The vertical bar indicates the 
standard deviation. 

The translucency index of fruits treated with TF2ºC-5ºC and TF2ºC-7ºC significantly increased 
compared with the control group (Figure 4B). In particularly, the translucency index was increased 
by 20 % and 29 % in the TF2ºC-5ºC and TF2ºC-7ºC treated fruit on 21 d, respectively. Fruit relative 
conductivity is often regarded as an important indicator of fruit cell membrane structure and 
integrity. The relative conductivity of control and treated fruits continued to increase during storage, 
although the control fruits always had the lowest relative conductivity (Figure 4C). As the 
temperature fluctuation aggravated, the degree of relative conductivity increased. Compared to 
control, the relative conductivity was increased by 16 % and 21 % in the TF2ºC-5ºC and TF2ºC-7ºC 
treated fruit on 42 d, respectively. The increase of relative conductivity implied the damage to the cell 
membrane. Multiple metabolic pathways are impacted once the membranes break down, such as ion 
leakage, finally leading to membrane rupture and cell death [29]. Therefore, it is essential to avoid 
temperature fluctuations to reduce membrane damage. 

The decay incidence is one of the important indexes representing fruit storable capacity [30]. 
Kiwifruits in the treatment groups began to decay within 14 d, but did not occur in the control group 
until 35 days (Figure 4D). In addition, the decay incidence of the treatment groups was always 
significantly higher than that of the control during the entile storage period. The decay incidence of 
the TF2ºC-5ºC and TF2ºC-7ºC treatment group was 50% and 80% higher than that of the control group 
on 42 d, respectively. 

TF accumulated the softening of various fruit and vegetable during storage, furthermore, the 
loss of firmness facilitated physical damage [31,26]. Besides, the increase of membrane permeability 
of the cells is related to the translucency of the fruit flesh [32]. The temperature fluctuation increased 
the translucency index and relative conductivity of kiwifruit during cold storage, which was 
consistent with the effect of TF on sweet cherry [33]. As a result, the decay indience was significantly 
aggravated by TF. Therefore, TF treatments should be minimized during storage. 

3.3. Effect of temperature fluctuation on respiratory rate, ethylene production and quality of kiwifruit during 
storage 

As a kind of typical climacteric fruit, kiwifruit have both obvious respiratory peak and ethylene 
peak during storage. The respiratory rate of control kiwifruits rapidly decreased during the first 7 d 
of storage and then gradually increased over the next 21 d (Figure 5A). Subsequently, the respiratory 
rate decreased, eventually falling below the harvest. The respiratory rate of the fruit in TF2ºC-5ºC 
and TF2ºC-7ºC group was consistent with that of the control group. However, the respiratory peaks 
of the fruit in TF2ºC-5ºC and TF2ºC-7ºC group appeared at 21 d of storage, 7 d earlier than that of the 
control group. The highest peak respiratory values were found in TF2ºC-7ºC group, followed by 
TF2ºC-5ºC group and the lowest in the control group. The temperature fluctuation not only promoted 
earlier peak respiration, but also increased peak respiration values, which is not conducive to 
maintaining fruit quality. Similarly, the temperature fluctuation promoted an earlier peak in ethylene 
by 7 d and increased peak ethylene values (Figure 5B). The ethylene peaks of the fruit in TF2ºC-5ºC 
and TF2ºC-7ºC group appeared at 7 d of storage, which were 30% and 86% higher than that of control, 
respectively. For postharvest products, respiration rate and ethylene release rate reflect the process 
of fruit ripening and senescence [34]. TF accelerated the ethylene and respiration peaks in kiwifruit, 
at the same time, the occur of ethylene and respiration peaks in tomato [35], “Fuji” and “Golden 
Delicious” apple fruit [26] under 5 °C was accelerated by TF. Therefore, avoiding temperature 
fluctuation is crucial to maintain suitable respiration and ethylene production. 
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Figure 5. The respiration rate (A) and ethylene production (B), weight loss (C), total soluble solids 
(D), titratable acidity (E) and vitamin C (F) of kiwifruits during storage. Each value is the mean for 
three replicates. The vertical bar indicates the standard deviation. 

The water content of fruits has been regarded as predominant indicator in fruits because it 
directly relates to taste and physiological metabolism capacity [36] (Jia et al., 2020). The temperature 
fluctuation aggravated the weight loss of the kiwifruits during storage (Figure 5C). The weight loss 
rate was dramatically higher in the TF2ºC-5ºC and TF2ºC-7ºC treated fruit than that of the control by 
51% and 125% on 42 d. The water loss was mainly due to the transpiration and respiration of the fruit 
by itself. The temperature fluctuation led to a higher peak value and lower peak value of TSS content 
(Figure 5D). The TA content of control decreased after storage (Figure 5E). The treatment with TF2ºC-
5ºC and TF2ºC-7ºC increased the TA content of the kiwifruits by 18% and 10% at 42 d, respectively. 
Kiwifruits are an excellent dietary source of vitamin C, which is a major contributor to the total 
antioxidant capacity [37]. The vitamin C content gradually reduced in control fruit during storage, 
which was promoted by the temperature fluctuation (Figure 5F). In particularly, The vitamin C 
content of fruits treated with TF2ºC-5ºC and TF2ºC-7ºC decreased by 33% and 48% at 7 d, 
respectively. 

Active respiration and high ethylene release cause the weight loss of fruit, furthermore, water 
loss is the predominant factor of mass loss. TF not only promoted respiration and ethylene release, 
but also significantly facilitated the mass loss of kiwifruit. The increase of total soluble solids by the 
treatment of TF during the first 14 d of storage may be due to the loss of water. The trend of TSS 
content in kiwifruits was the same as that in tomato [35]. While, the reduce of vitamin C content was 
promoted by the TF, which was opposite to that of tomato [35]. The rapid reduction of vitamin C may 
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be as a substrate of the rapid metabolism stimulated by TF. Overall, the stable temperature is 
conducive to the maintenance of good fruit quality. 

3.4. Effect of temperature fluctuation on gene expreesion of kiwifruit during storage 

A few of the enzymes that work to change the structure of cell walls, especially the hydrolysis 
of pectin, including polygalacturonase (PG), pectin methyl esterase (PME) and β-galactosidase (β-
Gal) [38], which was significantly associated with softening. To investigate the factors influencing 
softening, changes in the expression levels of genes encoding these enzymes were measured by RT-
qPCR. In the control group, relative expression of PbPG decreased during the first 7 days, then rose 
to a peak on 21 d, and then declined again until the end of storage (Figure 6A). The treatment of 
TF2ºC-7ºC promoted the expression of PbPG in the early stages of storage. The relative expression of 
PbPE in control fruits peaked at 14 d and then gradually decreased (Figure 6B), while TF led to earlier 
peaks and increased peak values. The relative expression of PbPE in TF2ºC-5ºC and TF2ºC-7ºC fruits 
mainly higher than that of control fruits during storage. The relative expression of Pbβ-Gal in control 
kiwifruits slowly increased during the first 7 d of storage and then decreased (Figure 6C). The relative 
expression of Pbβ-Gal in the TF2ºC-5ºC and TF2ºC-7ºC groups was 1.6-fold higher and 1.8-fold higher 
than that in the control group at 7 d, respectively. One of the fundamental causes of softening is the 
structural development of pectin in the primary wall and intercellular layer of fruit under the 
influence of enzymes associated with cell wall metabolism, including PG, PME, and β-Gal [39,40]. TF 
accelerated the expression of PG, PME, and β-Gal, which further promoted the softening of kiwifruits. 
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Figure 6. Genes expression of PbPG (A)，PbPME (B) and Pbβ-GAL (C) of kiwifruit during storage. 
Each value is the mean for three replicates. The vertical bar indicates the standard deviation. 

4. Conclusions 

The effect of TF on the quality of kiwifruit during storage was studied. TF treatments 
significantly promoted the production of ethylene and CO2, which accelerated the loss of weight and 
vitamin C. Furthermore, the expression of PbPG, PbPME and Pbβ-GAL was up-regulated by the 
treatment of TF compared to the control. Hence, the softening, translucency and relative conductivity 
of kiwifruits were aggravated. Therefore, in order to maintain better post-harvest quality and prolong 
storage of kiwifruits, TF should be avoided as much as possible. The results of this study provide a 
theoretical basis to elucidate the mechanism underlying the effect of low-temperature fluctuation on 
kiwifruit quality. 
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