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Scientific Note

Effects of cold treatment on fruit quality of Japanese pear ‘Niitaka’
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Abstract: The Japanese pear (Pyrus pyrifolia Nakai) ‘Niitaka’ was subjected to cold treatment at -0.5°C or below for 43 

continuous days and the quality of the fruit was investigated with reference to the cold treatment standard (0°C or below for 

40 continuous days) applied in foreign countries as a plant quarantine treatment against the oriental fruit moth Grapholita 

molesta.  In addition, assuming the condition of transportation and/or distribution to/in destination countries, the cold treated 

fruit were stored at 3°C for 7 or 15 days for a period of transportation, or stored at 3°C for 7 or 15 days and subsequently 

stored at 10°C for 7 days for a period of transportation and distribution, and then the quality was also investigated afterward.  

Although statistical differences of several values for fruit quality were observed, the difference were considered non-essen-

tial. Therefore, we consider that there is no adverse effect on the fruit’s appearance (including chromaticity), pulp, core, 

weight loss rate, firmness, sugar content acidity, pH and taste after either the cold treatment (actual condition; fruit core tem-

perature at -0.7°C to -0.9°C for 43 days) alone or the cold treatment followed by storage for the period of transportation and/

or distribution.
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Introduction

The oriental fruit moth, Grapholita molesta Busck, and the peach 

fruit moth, Carposina sasakii Matsumura, are known as, insect pests 

of the Japanese pear, Pyrus pyrifolia Nakai, and apple, Malus domes-

tica.  These pests are distributed in East Asia including Japan, South 

Korea and China, and Grapholita molesta is also distributed in the 

United States of America and South Africa (CABI, 2019).  Phytosani-

tary measures are required by countries where these pests do not exist 

since they are quarantine pests for those countries.

Mexico requires a cold treatment schedule of 0 °C or below for 40 

continuous days for apples from South Africa and the United States 

of America as a phytosanitary treatment against Grapholita molesta 

(Dohino et al., 2017; Hansen, 2002; MX-SENASICA, 2014).  

The Japanese pear is the fruit which has high production in Japan 

following tangerines and apples. The Japanese pears ‘Shinsui’, ‘Kou-

sui’, ‘Housui’, ‘Nijisseiki’ and ‘Nansui’ can be stored for 3 to 6 

months when they are stored at a low temperature of not freezing 

around 0°C (Matsumoto et al., 1986; Tsukahara et al., 1995).  ‘Niita-

ka’ pears account for a third of the cultivated area and production in 

Japan following ‘Kousui’ and ‘Housui’ (HPD-MAFF, 2016), and 

some studies that investigated the quality after low temperature treat-

ment (0 to -3°C) were reported in Korea (Hong et al., 2008; Lim et 

al., 2005, 2007）; however, there was no report on fruit quality after 

storage at low temperature around 0°C in Japan.  In this study, ‘Niita-

ka’ was subjected to a cold treatment and the effect on fruit quality 

was investigated taking into account common export and storage con-

ditions after the treatment.

Materials and Methods

1. Test fruit

The Japanese pear, Pyrus pyrifolia Nakai cv. ‘Niitaka’ fruit harvest-

ed in Shimotsuma District, Ibaraki Prefecture on 3 October, 2017 and 

packed in a consumer box (47×31×27 cm, 16 fruit per box/10kg, av-

erage fruit weight : 660 g (573-755 g)) with holes for ventilation at 

the packing house were used for the present experiments.  The fruit in 

the boxes were delivered from the packing house to the Research 

Center of Yokohama Plant Protection Station on 4, October, 2017 and 

immediately stored in a prefabricated refrigerator (Nihon Freezer Co., 

Ltd. Model: PR-4.3-4TCC, dimensions: 170 × 280 × height 242 cm) 

set at 5°C) overnight, and then used for the experiments described be-
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low.  It is reported that storage at low temperatures around 5°C soon 

after harvest is effective to maintain the quality of the Japanese pear 

(Nagano Pref. 2016).

2. Cold treatment and storage conditions after cold treatment 

2.1. Cold treatment

A total of 176 fresh fruit in consumer boxes were placed in a con-

stant temperature and high humidity prefabricated chamber (Hoshiza-

ki Co., Ltd. Model: HUB-9B, dimensions: 270 × 1200 × height 246 

cm) for cold treatment.

With referring to the cold treatment condition approved by Mexico 

against Grapholita molesta for South African or US apples (0°C or 

below for 40 continuous days), because our study subject was to ex-

amine fruit quality, we considered more severe conditions than those 

approved by Mexico, and the ‘Niitaka’ pears were placed under cold 

treatment at -0.5°C or below for 43 continuous days. 

A temperature sensor (T&D Co., Ltd., Model: RTR52) was inserted 

into the center of the fruit to measure the fruit core temperature at 

hourly intervals.  Six fruit with the temperature sensors were distrib-

uted in the boxes placed in the chamber.  Commencement of cold 

treatment was decided when all 6 sensored fruit reached -0.5°C or 

less, and the fruit were stored for 43 days.  The cold air temperature 

in the chamber was controlled so that the fruit core temperatures 

would be maintained between -1.0°C and 0.0°C to prevent the fruit 

from freezing because Matsumoto et al. (1986) reported ‘Nijisseiki’ 

pears froze below -1.0°C. 

2.2. Storage conditions after cold treatment

After the cold treatment, except for an experimental plot of cold 

treatment alone, the cold treated fruit were stored in the following 

temperature and storage period conditions.  These conditions assumed 

transportation conditions from Japan to countries of destination and 

sales conditions in those countries.  Thirty two fruit were used per ex-

perimental plot (16 fruit in untreated control plot).

Storage condition A: 3°C for 7 days

Storage condition B: 3°C for 7 days + 10°C for 7 days

Storage condition C: 3°C for 15 days 

Storage condition D: 3°C for 15 days + 10°C for 7 days

3．Fruit quality test

Sixteen fruit in each plot were randomly extracted and the follow-

ing items (1) to (6) were investigated after the cold treatment or cold 

treatment followed by each storage condition was completed (except 

for item (5), see below).

For fruit in the untreated control plot, the following items (1) to (5) 

were investigated after storing overnight in the prefabricated refriger-

ator set at 5°C.  For items (6), the investigation was conducted on 6, 

October 2017 (2 days after the fruit were obtained). 

(1)  Rate of fruit weight loss: Fruit weight of the 16 fruit was mea-

sured and the rate of weight loss was calculated by comparing 

values before the cold treatment.

(2)  Firmness: Firmness of the fruit was determined by using a fruit 

hardness meter (Fujihira Industries Co., Ltd., FT011: plunger: 

11.3 mm in diameter of column type) after slightly cutting two 

opposite sides of the fruit around the equatorial areas larger than 

the diameter of the plunger with a knife. 

(3)  Sugar content (Brix) acidity and pH: Sugar content was measured 

by %Brix.  Pulp blocks were cut out from two places opposite 

sides of the equator of the fruit and the blocks were finely cut into 

small pieces with a knife and then wrapped with ‘Kim Wipes®’ 

and squeezed to collect their juice. Brix, acidity and pH of the 

juice were measured with an automatic correction refractometer 

(Atago Co., Ltd., Model: PAL-1), an acidity meter (Atago Co., 

Ltd., Model: PAL-AC1), and Lacom tester pH meter (OAKTON 

Co., Ltd.), respectively.

(4) S kin color (chromaticity): To quantify color, L*, a* and b* of two 

opposite sides of the equatorial areas of the fruit were measured 

with a color reader (Minolta Co., Ltd., Model: CR-13).

(5)  Appearance and sectional observation of fruit: The outer appear-

ance of the fruit (mold generation, unevenness, browning, etc.) 

was visually examined. Then, the fruit were incised, and the 

cross-sectioned flesh was visually inspected for spots or browning.  

The survey was conducted with 2 fruit randomly extracted every 7 

days from the 17th day after the start of the cold treatment or every 

3-4 days during storage for transportation and distribution condi-

tions in addition to the survey immediately after the end of the 

cold treatment or after the end of each storage condition.

(6)  Taste: Five items (sweetness, sourness, freshness, palatability, and 

texture) were evaluated by five persons using a scoring method (5 

levels, refer to 1 as worst and graduating to 5 as the best).  

4. Statistical analyses

Data on the characteristics (weight loss, firmness, Brix, acidity, pH 

and chromaticity), appearance and injuries of tested fruits were ana-

lyzed using a Tukey-Kramer test. Data on the characteristics were 

transformed using arcsine transformation prior to analysis to stabilize 

variances and normalize proportional data. Data on the taste (sweet-

ness, sourness, freshness, palatability, and texture) were analyzed us-

ing a Steel-Dwass test. All analyses were performed in R version 

4.0.0 (R Development Core Team, 2020). All figures show untrans-

formed data.

Results and Discussion

1. Fruit core temperature during cold treatment

The average fruit core temperature of the 6 fruit during cold treat-

ment for 43 days was -0.82°C, and the temperature sensor with the 

highest average fruit core temperature was -0.71°C, while the sensor 

with lowest average fruit core temperature was -0.91°C. 

The recorded minimum fruit core temperature was -1.3°C and the 

maximum temperature was -0.4°C.  The average relative humidity in 
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the chamber during the cold treatment was 96.8%.

2. Fruit quality after cold treatment and storage

(1) Weight loss

The averages of weight loss of the fruit after cold treatment and for 

fruit stored at 3°C (storage A and C) immediately after the cold treat-

ment were 0.78 to 0.85% (Table 1).  The weight loss of fruit stored at 

10°C (storage B and D) after storage at 3°C was 1.26 to 1.55%.  

When stored at 10°C, the weight loss rate of the fruit grew slightly 

and was significantly different (Tukey-Kramer test, p<0.05).

(2) Firmness

The value of all experiment plots including the untreated control 

plot was 9.3 to 9.7Lb, and this result indicates that the cold treatment 

and storage conditions did not affect fruit firmness (Table 1). 

(3) Brix, acidity and pH

The Brix value of all experiment plots including the untreated 

control plot was 11.7 to 11.9%, and this result indicates that the cold 

treatment and storage conditions did not affect the Brix value of the 

fruit (Table 1).  Compared to the acidity of the untreated plot, values 

of the cold treatment (CT), CT + storage A and CT + storage B plots 

were 0.13 to 0.21% (Table 1). Those of the CT + storage C and CT + 

storage D plots became significantly smaller (0.05 - 0.07%) when 

compared to that of the CT (Tukey-Kramer test, p<0.05).  The acidity 

values tended to decrease as the storage period increased.  The pH 

value difference between the untreated control and CT + storage plot 

A showed a significant difference (Tukey-Kramer test, p<0.05); how-

ever, the difference was rather small. Moreover, the cold treatment 

and CT + storage A-D plots were 4.62 to 4.86, and non-significant 

(Table 1).  This result indicates that the cold treatment and the storage 

condition did not affect pH of the fruit.

(4) Skin color (Chromaticity)

The L* value difference between the cold treatment plots and treat-

ed plot of CT + storage D showed a significant difference 

(Tukey-Kramer test, p<0.05), but the L* value did not differ among 

the other plots including the untreated control (Table 2).  The a* value 

of all treatment plots was larger than that of the untreated control plot 

(Tukey-Kramer test, p<0.05).  The b* value of the untreated control 

plot and cold treatment plot had no significant difference, but the b* 

value was significantly smaller in all CT + storage plots A-D than the 

untreated control (Tukey-Kramer test, p<0.05).

(5) Appearance and sectional observation of fruit

No adverse effects on the skin and pulp were observed in cold 

treatment alone and CT + storage condition A, B, C and D (Table 2).  

The slight browning of a small part of the fruit core found in one fruit 

of CT + storage condition C and two fruit of the CT + storage condi-

tion D were not considered to be chilling injury because Lim et al. 

(2005, 2007) reported water-soaked symptoms and core breakdown 

of the fruit as chilling injury when the fruit was stored at -1.5 - 0°C.  

In addition, browning of the fruit often occurs when kept at ambient 

temperature (Matsumoto et al., 1986).  In fact, there were no prob-

Table 1.  Fruit characteristics of Japanese pear (Pyrus pyrifolia var. ‘Niitaka’) after cold treatment or cold treatment followed by various 
conditions of storage.

Table 2.  Fruit appearance and injuries of Japanese pear (Pyrus pyrifolia var. ‘Niitaka’) after cold treatment or cold treatment followed by 
various conditions of storage. 
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lems with other quality items or taste for these fruit.  There is a cor-

relation between the freezing point and the Brix of fruit, and higher 

Brix lead to a lower freezing point (Matsumoto et al., 1986).  Yamane 

(1982) reported that the freezing point was around -1.0°C in ‘Nijissei-

ki’ pears with a Brix value of around 10%, and the freezing point was 

less than -1.5°C in the three Japanese pear varieties ‘Shinsui’, ‘Kou-

sui’ and ‘Housui’ with a Brix value of around 12%.  The Brix value of 

‘Niitaka’ pears used in this experiment was approximately 11.7-

11.9%. No frozen fruit were found in the sampling survey conducted 

to check for fruit rot despite the fruit core temperature being recorded 

at a minimum of -1.3°C during the cold treatment for 43 days. 

(6) Taste

Some of the treated plots had a slightly lower evaluation than the 

untreated plot (Table 3).  There were significant differences in sweet-

ness and freshness between the untreated plot and all cold treated 

plots (Steel-Dwass test: P <0.05).  There was no significant difference 

in palatability between the untreated plot and the cold treatment plot 

and between the cold treatment plot and storage A or B (Steel-Dwass 

test: P < 0.05).  The scores of sweetness, freshness and palatability 

decreased in the CT storage plots C to D in accordance with the stor-

age periods after the cold treatment were prolonged. 

Based on the above results, fruit quality was affected by the storage 

temperature and the storage period length after treatment.  There were 

observed statistical differences with weight loss, only storage A for 

pH, one of chromaticity (a* and b*), sweetness, palatability and fresh-

ness between the untreated plot and the storage condition plots of CT 

+ storage A to D. Although there was a significant difference with one 

for chromaticity (a*), sweetness and freshness between the untreated 

plot and the plot that only underwent cold treatment, there was no 

significant difference for firmness, brix, acidity, pH, one of chroma-

ticity (L* and b*) palatability and sourness between the untreated 

plot and cold treatment plot.  This result indicates that these differ-

ences are not significant for the preference of consumers.  Therefore, 

it is considered that there are no adverse effects on the quality of ‘Nii-

taka’ Japanese pears even if the fruit core temperature is kept at -0.7 

to -0.9°C (maintain temperatures where the pulp does not freeze) for 

43 days of cold treatment.  In addition, it was also considered that 

there were no remarkable changes in the quality of ‘Niitaka’ pears 

even when adding storage of 7 or 15 days of transportation conditions 

at 3°C after the cold treatment and subsequent storage for 7 days at 

10°C, which assumes conditions for over–the-counter sales.
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和　文　摘　要

低温処理によるʻ新高ʼなし生果実の障害試験

松岡　郁子・田中　豊土 1)・土肥野　利幸

横浜植物防疫所調査研究部

ナシヒメシンクイ Grapholita molestaなどシンクイガに対す
る植物検疫処理として諸外国で採用されている低温処理基準
（0℃以下 40日間）に関して、茨城県産日本なし̒ 新高 に̓－0.5℃
以下 43日間の低温処理を行い、果実の品質を調査した。さら
に低温処理後の輸出先国までの輸送及び同国内での流通条件を
想定して 3℃で 7日間又は 15日間及び 10℃で 7日間保管 

し、果実の品質を調査した。その結果、いくつかの項目で統計

的な差は認められるもののその差は大きくなく、本質的な影響
はないと考えられた。したがって低温処理（実際の処理条件：
果実中心温度－0.7℃～－0.9℃、43日間）及び処理後の保管を
しても、外観（果皮の障害の有無及び色度）及び内部（果肉及
び芯部の障害の有無、重量減少率、硬度、糖度、酸度、pH及
び食味）への悪影響はなく、品質上の問題はないと考えられ 

た。
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