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Abstract 
Huangguan pear (Pyrus bretschneideri Rehd cv. Huangguan) is a pear cultivar that rapidly devel-
oped in China. However, rapid postharvest browning appearing in fruit peel and core during sto-
rage and shelf life pose a challenge for their marketing. The potential for low temperature condi-
tioning (LTC) treatment to inhibit peel browning and improve quality of Huangguan pears in sto-
rage and shelf life was investigated. Pears were treated at 8˚C - 9˚C for 1, 3, 6 and 9 d, respectively, 
physiological indexes, including peel and core browning, core breakdown, malondialdehyde (MDA) 
content and ethanol content were determined and quality in storage period and shelf life was 
evaluated in this paper. LTC treatment alleviated peel browning and core browning either in sto-
rage or shelf life remarkably; it also delayed the decline of firmness, total soluble solids and ti-
tratable acidity in storage to some extent, inhibited ethanol and MDA content both in storage and 
shelf life effectively and maintained juiciness and crispness of pear fruit in shelf life. These results 
showed that LTC can serve as an important tool for the regulation of Huangguan pears external 
and internal quality in storage and shelf life with economic benefits and LTC treatment for 6 d was 
the optimum condition in the present study. 
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1. Introduction 
Huangguan pear (Pyrus bretschneideri Rehd cv. Huangguan) is a pear cultivar that rapidly developed in north-
ern China in recent years [1] [2]. Because of its thin peel, crisp flesh, rich juice, and good taste of moderate 
sweet-sour ratio [3], it has become more popular among consumers. However, rapid postharvest browning ap-
pearing in fruit peel and core during storage and shelf life pose a challenge for their marketing [4]. It was found 
that the peel became brown seriously [5] [6]. Similar to other pear cultivars, Huangguan pears were susceptible 
to deterioration with shriveling, softening, and decay under improper storage conditions. To avoid occurrence of 
postharvest peel browning, slow cooling was often used in commercially. However, this method was not good 
for the quality maintenance, and resulted in high rot index and stem shriveling. Alternative novel practices to in-
hibit peel browning were required for the storage of Huangguan pears.  

Considerable research has been conducted on low temperature conditioning (LTC) or cold acclimation in 
whole plants or other plant tissues, mainly in relation to withstanding winter chill conditions [7] [8]. In many 
cases, acclimation can reduce lesion development on plant tissues [9] and skin damage [10]. Low temperature 
conditioning prior to cold disinfestations of “Hass” avocado can effectively eliminate skin damage and improve 
internal quality [10] [11]. A similar response was found in litchi after low temperature conditioning treatment, 
which improved subsequent storage behavior and increased the shelf life of fruits after storage [12]. Numerous 
studies have shown that heat treatment before cold storage of a range of fruit can reduce damage on removal 
from storage [13]. However, reports on cold conditioning in fruit quality during shelf life were limited.  

In view of the successful application of low temperature conditioning (LTC) treatment in loquat fruit [14], 
zucchini squash [15], avocado fruit [10] [11], and peach [16] [17], LTC was employed to alleviate browning and 
improve quality of “Huangguan” pears. The effects of LTC on external peel browning and internal quality of 
Huangguan pears in storage and subsequent shelf life behavior were studied in this paper. 

2. Materials and Methods 
2.1. Fruits and Low Temperature Conditioning Treatment 
Huangguan pears (Pyrus bretschneideri Rehd cv. Huangguan) were harvested from three pear orchards in Xinji 
City, Hebei Province, China on 20 August, 2014 and 16 August, 2013. Pears were placed in single layer trays 
and transported to our laboratory in the same day. Fruit was selected for uniformity of size and appearance. All 
harvested pears were chosen without diseases, bruises, or injuries. 

The fruits were given a low temperature conditioning treatment at 8˚C - 9˚C for 1, 3, 6, and 9 days, respec-
tively; fruits without LTC treatment were regarded as control. All the fruits were stored in −1˚C - 0˚C for 250 
days; Fruits were taken out for browning and quality evaluation every 50 days. To investigate the quality 
changes in shelf life, shelf trials were undertaken in the temperature of 20˚C - 25˚C and humidity of 65% - 70%. 
The 20 fruits were used for each of the three replicates. 

2.2. Peel and Core Browning Evaluation 
Peel browning occurrence was calculated by the formula that peel browning occurrence = (peel browning 
fruits/total fruits) × 100%. 

Core browning was judged by the method of Veltman et al. [18] and was calculated by the formula that core 
browning rate = (core browning fruits/total fruits) × 100%. 

Peel browning index was judged by the surface area browned according to the method of Feng et al. [19] with 
some modifications. Browning area was recorded as a percentage of the fruit surface and scored on a 4-point 
scale (0, no browning; 1, browning area was less than 10%; 2, browning area was ranged in 10% - 20%; 3, 
browning area was ranged in 20% - 40%; 4, browning area was more than 40%); the amount and severity of 
pear peel browning was expressed by an index, which was calculated by the following formula: 

( ) ( )peel browning index browning classification level fruits at that level total fruits the highest level .= ∑ × ×  
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2.3. Core Breakdown Rate  
Core breakdown was judged by the method of Kadam et al. [20] and core breakdown rate was calculated by the 
formula that tissue disorder rate = (core breakdown fruits/total fruits) × 100%. 

2.4. Total Soluble Solids, Titratable Acidity and Flesh Firmness Measurement 
Five pears per repetition (three repetitions per treatment) were used to determine total soluble solids contents 
(TSS), titratable acidity (TA) and flesh firmness, initially and during cold storage and shelf life period. TSS was 
measured individually from the pressed juice of each fruit by means of a hand-held sugar refractometer (WYTJ; 
Chengdu Optical Apparatus Co. Ltd., China). A previously described method was used to measure TA, and the 
results were expressed as percentage malic acid [21]. Flesh firmness was determined with fruit firmness. This 
was determined on two opposite peeled sides at the widest diameter of the pear, using a penetrometer (Wagner, 
Greenwich, CT, USA, Fruit Test FT Series; FT 327, 0 - 13 kg) fitted with an 8 mm diameter plunger. 

2.5. Sensory Quality Evaluation 
In this experiment, sensory quality parameters, such as pear aroma, flesh juiciness, flesh taste, and crispness, 
were employed. For taste analysis (acceptability), five fruit per treatment as a pool removed from cold storage 
and shelf life trial were equilibrated to room temperature (22˚C) for 1 h before evaluation. They were then 
cleaned, peeled and cut into wedges for sensory evaluation. 12 panelists (6 men and 6 women; aged 18 - 50 
years old) familiar with sensory evaluation procedures, and consuming fresh pears at least twice a month per-
formed the evaluation. All possible combinations were used for each panelist. 

Sensory quality evaluation was subsequently performed, and the quality was according to the methods of 
Deng et al. [22] with some modifications that scored on a 4-point scale (3, excellent; 2, good; 1, poor; 0, ex-
tremely poor). Three different pooled flesh samples of pears of each treatment were presented to panelists in 
random order. Each sample was identified with a three-digit number. Panelists rated samples in individual rooms 
under incandescent light. Palates were cleansed with bottled water between samples. 

2.6. Malondialdehyde (MDA) Content 
MDA content was assayed using the method of Pongprasert et al. [23] with a slight modification. Pear peel (5 g) 
was homogenized in 25 ml 5% (w/v) trichloroacetic acid (TCA). The mixture was centrifuged for 15 min at 
4000 × g. To 1.5 ml of the supernatant was added 2.5 ml 0.5% (w/v) thiobarbituric acid (TBA) in 15% TCA. 
The reaction solution was held for 20 min in a boiling water bath, cooled quickly, and centrifuged at 12,000 × g 
for 10 min to clarify the solution. Absorbance was measured at 532 nm and corrected for non-specific turbidity 
by subtracting the absorbance at 600 nm, calculated with an extinction coefficient of 1.55 nmol/(l.m), and ex-
pressed as nmol/g FW. 

2.7. Ethanol Content 
Ethanol levels in pears were determined according to the method as described by Chervin et al. [24] using a 
Chrompack (HP, USA) HP5890A gas chromatograph, with a back flush. Detector: N2-stabilized FID, columns: 
a WCOT fused silica 25 m × 0.53 mm ID, CP sil 5CB pre-column, and a WCOT fusef silica 50 m × 0.53 mm ID, 
CP sil 8 CB column. The carrier gas was helium (flow 30 ml/min). 

2.8. Statistical Analysis 
Data were reported as mean ± SD for triplicate determinations. Analysis of variance and least significant differ-
ence tests (SPSS 17.0 for Windows, 1999, SPSS Inc., Chicago, IL) were conducted to identify differences 
among means, while a Pearson correlation test was conducted to determine the correlations among means. Sta-
tistical significance was declared at P < 0.05. 

3. Results 
3.1. Peel Browning in Storage 
The peel browning after LTC treatment during storage period was shown in Figure 1 and Figure 2. It can be  
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Figure 1. Effects of low temperature conditioning (LTC) on 
peel browning occurrence of Huangguan pears. Each value 
represents mean ± standard deviation of three replicates. 

 

 
Figure 2. Effects of LTC on peel browning index of Huang-
guan pears during storage. Each value represents mean ± 
standard deviation of three replicates. 

 
seen that peel browning occurrence in the control showed a sharp increase in the initial 50 days of storage, then 
gradually increased after that, and the level was more than 25%; in the contemporary, peel browning occurrence 
of pears treated by LTC for 1 d was increased remarkably, reaching 15% at last; however, peel browning occur-
rence of LTC for 3, 6, and 9 d was less than 4%, which was significantly different than that of the control and 1 
d treatment (P < 0.05), although, no significant differences in these three treatments were found (P > 0.05). 

For peel browning index, all treatments showed a more lower value than that of the control (P < 0.05) where 
the peel browning index reached about 0.3, whereas, every treatment was less than 0.05. 

Peel browning was a key limited factor influencing Huangguan pears marketing [4] [5]. The above results in-
dicated LTC treatment was efficiently to control peel browning of Huangguan pears, and treatment for 3, 6, and 
9 days was more effective. 

3.2. Core Browning in Shelf Life 
As shown in Figure 3, core browning appeared in samples of the control and treatment of LTC for 1 d after sto-
rage and core browning rate was 16.68%, 18.32%, respectively, but no significant different was found between 
them (P > 0.05); although no visible core browning in other treatments was found. After 12 d in shelf life, the  
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Figure 3. Effects of LTC on core browning of Huangguan 
pears in shelf life. Each value represents mean ± standard 
deviation of three replicates and “*” meant significant dif-
ference (P < 0.05). 

 
core browning increased remarkably. Core browning rate was 46.6%, 53.5%, 35.3% for the control, LTC for 1 d 
and 3 d, respectively; however, core browning rate by treatment of LTC for 3 d was much less than that of con-
trol and LTC for 1 d (P < 0.05), and no core browning can be seen by treatment of LTC for 6 d and 9 d. At the 
end of test for shelf life, 24 d, severe core browning was found in all treatments. Core browning appeared in all 
pears by treatment of LTC for 1 d, 3 d and the control; and for LTC for 6 d and 9 d. The core browning rates 
reached 75.36% and 84.34%, respectively, which was significant different from the other three treatments (P < 
0.05). 

The results showed that core browning occurrence of Huangguan pears in shelf life (about 22˚C) was inevita-
ble, although LTC treatment slowed the trend. In addition, treatments with longer time was more effective than 
relative short time, especially for 6 d and 9 d, and treatment for 6 d showed a best efficiency in inhibiting core 
browning; however, treatment for 1 d was the worst, even higher than the control, which indicated that treatment 
time was an important factor influencing the efficiency of LTC to inhibit core browning of Huangguan pears. 
This result was in agreement with those found by Woolf et al. [11] [25] and Hofman et al. [10] that LTC re-
sponse was time and temperature dependant. 

3.3. Core Breakdown in Shelf Life 
As listed in Table 1, core breakdown was observed in the control, and no visible core breakdown was appeared 
in the four LTC treatments. The results indicated that LTC inhibited the occurrence of core breakdown, alle-
viated the tissue darkening or softening, which was in accordance with results of core browning rate showed in 
Figure 3. 

3.4. Firmness, Total Soluble Solids Contents (TSSC) and Titratable Acidity (TA) 
It can be seen from Figure 4 that firmness of Huangguan pears decreased gradually in storage period, till 250 d, 
firmness of control was 3.58 kg∙cm−2, whereas LTC treatment maintained higher firmness that was 3.78, 3.90, 
4.02, and 4.03 kg∙cm−2 for 1, 3, 6 and 9 d, respectively, although no significant difference was found between 
them (P > 0.05). While in shelf life, firmness increased until 12 d, then, declined, which may be the reason of 
quick decreasing of flesh juiciness (seen in Table 2) or lignification with senescence of the initial shelf life, the-
reafter declined with the tissue softening and quality deterioration.  

It can be seen from Figure 5 that TSS content in storage increased till 100 d, then, declined. In shelf life, TSS 
content changed a little except for. Whether in storage or shelf life, TSS content of LTC treatment for 3, 6 and 9 
d had no significant difference from that of the control (P > 0.05).  

Titratable acid of Huangguan pears in storage influenced by LTC was shown in Figure 6. It can be seen that 
titratable acid increased in the initial, then, declined in all treatments. For the control, titratable acid changed 
remarkably. The highest value was reached at 50 d, than that of LTC, and then declined quickly until at 200 and 
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250 d, the value was the lowest. Relative small changes were found in LTC treatments for 3 and 6 d, and the 
values were 0.144% and 0.140%, respectively, which showed significant difference to the control (P < 0.05). 
Results indicated that LTC treatments played a positive role in inhibiting reduction of titratable acid and main-
taining at a relative high level. 
 

Table 1. Effects of LTC on core breakdown of Huangguan pears in shelf life. 
Each value represents mean ± standard deviation of three replicates and dif-
ferent letters in the same row meant significant difference (P < 0.05). 

LTC Shelf life for 12 d Shelf life for 24 d 

CK 0 6.67 ± 1.33a 

1 d 0 0 

3 d 0 0 

6 d 0 0 

9 d 0 0 

Core breakdown meant tissue browning or softening in and around the core. 
 

 
Figure 4. Effects of LTC on firmness of Huangguan pears in storage period 
and shelf life. Each value represents mean ± standard deviation of three rep-
licates. 

 

 
Figure 5. Effects of LTC on TSS content of Huangguan pears in storage pe-
riod and shelf life. Each value represents mean ± standard deviation of three 
replicates. 
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Table 2. Effects of LTC on sensory quality of Huangguan pears in storage and shelf life. Each value represents mean ± 
standard deviation of three replicates, higher value meant better quality and different letters in the same row meant signifi-
cant difference (P < 0.05). 

LTC treatment Fruit aroma Flesh juiciness Taste Crispness 

250 d 

CK 3a 2.43 ± 0.24a 2.23 ± 0.21a 1.74 ± 0.19a 

LTC for 1 d 3a 2.56 ± 0.17a 2.28 ± 0.14a 1.64 ± 0.12a 

LTC for 3 d 3a 2.58 ± 0.18a 2.26 ± 0.16a 1.66 ± 0.13a 

LTC for 6 d 3a 2.56 ± 0.22a 2.29 ± 0.20a 1.66 ± 0.19a 

LTC for 9 d 3a 2.55 ± 0.25a 2.32 ± 0.17a 1.67 ± 0.14a 

250 d + 24 d 

CK 2.28 ± 0.17a 1.14 ± 0.06b 1.02 ± 0.08ab 0.92 ± 0.11b 

LTC for 1 d 2.26 ± 0.19a 1.13 ± 0.07b 0.99 ± 0.07b 0.85 ± 0.09b 

LTC for 3 d 2.23 ± 0.19a 1.04 ± 0.18b 0.91 ± 0.11b 0.89 ± 0.17b 

LTC for 6 d 2.40 ± 0.21a 1.39 ± 0.12a 1.19 ± 0.13a 1.32 ± 0.12a 

LTC for 9 d 2.23 ± 0.07a 1.19 ± 0.15ab 1.04 ± 0.06a 0.91 ± 0.14b 

 

 
Figure 6. Effects of LTC on titratable acid of Huangguan 
pears in storage period. Each value represents mean ± stan-
dard deviation of three replicates. 

3.5. MDA Content 
In storage period, MDA content increased gradually with no distinct difference between all treatments (P > 
0.05). With longer shelf life, MDA content showed a marked increase; at 12 d, MDA content in LTC treatments 
was lower than the control, however, at 24 d, only treatments for 3 and 6 d were lower than the control (Figure 
7). Results showed LTC treatments would cause damage to the pear peel, increased the permeability of cell 
membrane, although the effect was minimal in cold storage. But in shelf life, LTC treatment showed a positive 
role in inhibiting MDA production.  

3.6. Ethanol Content 
Ethanol accumulation would cause browning in “Bartlett” pears [26], although it was not the direct cause of tis-
sue browning in apples [27] [28]. Ethanol content increased in storage and shelf life overall (Figure 8). At 150 d 
of storage, ethanol content of LCT treatments was higher than the control. At 200 d of storage, ethanol content 
of LCT treatments for 6 and 9 d was lower than the control; at termination of storage, ethanol content was 0.67, 
0.63, 0.33, and 0.49 μmol/g of LCT treatment for 1, 3, 6, and 9 d, respectively, which was much lower than the  
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Figure 7. Effects of LTC on malondialdehyde content of Huangguan pears in 
storage period. Each value represents mean ± standard deviation of three rep-
licates. 

 

 
Figure 8. Effects of LTC on ethanol content of Huangguan pears in storage. 
Each value represents mean ± standard deviation of three replicates. 

 
control (P < 0.05). In shelf life, LCT treatments redcued the production of ethanol for LCT treatments for 3 and 
6 d, but not for treatments of 1 and 9 d. 

3.7. Sensory Quality 
It can be seen from Table 2 that at 250 d of storage, fruit aroma, juiciness, taste and crispness changed a little. 
Sensory quality of pears was maintained for control and LTC treatment and no significant different was found 
between them (P < 0.05). At 24 d of shelf life, odor was found in all treatments, although values were not sig-
nificantly different (P > 0.05). For flesh juiciness, LTC treatment for 1 and 3 d was lower than the control, whe-
reas on 6 and 9 d was much higher (P < 0.05). Taste values declined remarkably except for 6 and 9 d treatment 
and crispness of 6 d treatment was better than the control (P < 0.05). Others were not significantly different (P > 
0.05). Results indicated LTC treatment had minimal influence for sensory quality of Huangguan pears in storage, 
and in shelf life, LTC treatment for 6 d was favored to maintain quality of fruits, especially for flesh juiciness 
and crispness.  

4. Discussions 
Browning is an important disorder of pear fruit which can lead to considerable economic losses [29]. Because of 
the thin peel, crisp flesh and rich juice, rapid postharvest peel browning of Huangguan pears has been the key 
limiting factor influencing Huangguan pears marketing [4] [5]. In this paper, disorders of peel browning, core 
browning (flesh breakdown upon 1 cm from the peel, [30]) and core breakdown (browning/softening in and 
around the core, [20]) were investigated by the effect of LTC treatment. Results indicated that LTC would alle-
viate the occurrence of disorders of Huangguan pears in storage and shelf life (see in Figures 1-3 and Table 1), 
especially for the inhibition of peel browning, which was of critical point influencing Huangguan pears’ mar-
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keting. In addition, results showed that core browning and core breakdown classified as “senescence related” [30] 
[31] was lowered by LTC treatment (see in Figure 3 and Table 1), which indicated that LTC treatment could 
delay the senescence process of pears. The above results indicated that LTC treatments inhibited the activity of 
enzymes involved in fermentative and oxidative metabolism in tissue [30].  

The results of this study show that LTC treatment can effectively eliminate skin damage and improve internal 
quality in storage and shelf life, such as Woolf et al. [11] and Holfman et al. [10] also found that LTC prevented 
skin damage, manifested as discrete dark patches on the skin, after 3 weeks at 0˚C. This suggests that LTC can 
provide very effective protection against damage during short duration storage at very low temperatures. Li et al. 
[12] reported similar responses in litchi, where pre-treatment of fruits at 5˚C for 5 days improved subsequent 
storage behavior at 1˚C and increased the shelf life of fruits after storage. Other reports on LTC in fruit are li-
mited, but numerous studies have shown that heat treatment before cold storage of a range of fruit can reduce 
damage on removal from storage [13]. Considerable research has been conducted on LTC or cold acclimation in 
whole plants or other plant tissues, mainly in relation to withstanding winter chill conditions [7] [8]. In many 
cases, acclimation can reduce lesion development on plant tissues [9] similar to the skin damage noted in the 
present study. 

Woolf et al. [25] found that the LTC response is time and temperature dependent, and conditioning develop-
ment varied with time and temperature. Woolf et al. [11] and Holfman et al. [10] found the optimal LTC treat-
ments were 6˚C - 8 ◦C for 3 - 5 days, They also found that 4 ◦C could be as effective as 6˚C - 8˚C if longer con-
ditioning periods are used, as found by Woolf et al. [10]; in litchi, the best temperature identified was 5˚C [12], 
although some flexibility in the temperatures and durations were found by Woolf et al. [11]. In this paper, the 
best outcome was obtained by LTC treatment for 6 d at 8˚C - 9˚C, which could be regarded as the optimum in 
the present study. Higher rot incidence was found by LTC treatment than the control in shelf life, which meant 
lower temperature (<8˚C) treatment should be used and combinations of different time and temperature should 
be employed in further study to approach better results. However, the benefits of LTC need to be confirmed un-
der local conditions.  

5. Conclusion 
Our results showed that LTC can effectively alleviate peel browning and physiological disorder of Huangguan 
pears in storage and shelf life, maintain sensory quality in shelf life and LTC treatment for 6 d was the optimum 
condition in the present study. Results indicated that LTC can be used to provide an effective commercial pre-
treatment before storage with acceptable external and internal quality of Huangguan pear fruit. However, com-
binations of time and temperature should be employed in further study and benefits of LTC need to be con-
firmed under local conditions. 
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