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Summary
The objective of this study was to investigate the effect of 1-MCP treatment on the
postharvest quality of 'Ponkan' mandarin fruits. 'Ponkan' mandarin fruits were treated with 0.5 g
1-MCP in closed chamber (28x38x58 cm3) at 25±3°C for 12 hrs and then stored at 6, 9, 12, 15,
20 and 25°C for 30 days. Results indicated that 1-MCP inhibited degreening in fruits stored at 6
and 9°C. At 6, 9, 12 and 15°C, the 1-MCP treatment reduced decay rate of the fruits during
stored. At 15°C, the total soluble solids content were significantly lower than control fruits,
while at 6, 9, 12, 20 and 25°C showed no significantly difference between 1-MCP treated fruits
and control fruits. The titratable acidity content did not significantly difference between 1-MCP
treatment and control in all storage condition.

Introduction
'Ponkan' mandarin (Citrus reticulata Blanco) fruits are non-climacteric; their natural
ripening is not accompanied by rises in respiration and ethylene production rates. However,
exposure to exogenous ethylene has been shown to stimulate various ripening related processes,
such as destruction of the green chlorophyll pigments and accumulation of carotenoids, in citrus
peel tissue (Stewart and Wheaton, 1972; Barmore, 1975; Purvis and Barmore, 1981; Rodrigo
and Zacarias, 2007). The responses of citrus fruits to ethylene, which are usually unwanted
during postharvest storage, are the enhancement of chilling injury symptoms (Hatton and
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Cubbedge, 1981; Yuen et al., 1995), enhancement of decay and, especially, of stem-end rot
(Wild et al., 1976; Brown and Lee, 1993).
1-Methylcyclopropene (1-MCP) is an ethylene action inhibitor that apparently binds to the
cellular ethylene receptors. In particular, ethylene-related postharvest physiological effects in
fruits, leaf and flower abscission in floricultural commodities, and in some instances, fruit decay
have been reduced by postharvest 1-MCP application (Serek et al., 1994, 1995, 2006; Porat et
al., 1995; Sisler et al., 1996). Moreover, many researches showed 1-MCP usage has
successfully delayed postharvest deterioration of various fruits, such as kiwi, apple, plum,
avocado, custard mango, papaya and litchi (DeReuck et al., 2009; Elfving et al., 2007;
Koukounaras and Sfakiotakis, 2007; Luo et al., 2009; Watkins, 2008; Yuan and Carbaugh, 2007;
Hofman et al., 2001). The aim of this study was to investigate the effect of 1-MCP treatment on
the postharvest quality of 'Ponkan' mandarin fruits.

Material and Methods
'Ponkan' mandarin fruits at the stage of light greenish were obtained from a commercial
orchard in Xinser District, Taichung City, Taiwan, and then transported to the laboratory,
National Chung Hsing University, Taichung City, where they arrived within a day of harvest.
'Ponkan' mandarin fruits were selected uniformly in shape, color and size. 60 fruits were
treated with 1-MCP [0.5 g 1-MCP plus 2 ml distilled water and put in closed chamber
(28x38x58 cm3)] and storage at room temperature for 12 hrs. After 12 hrs transfer to 6, 9, 12,
15, 20, 25 °C (10 fruits per each temperature) and storage for 30 days. The control fruits also
storage in the same temperature but without 1-MCP treatments.
1. Color attributes
The color of the fruit was measured with a Lab Scan XE DP-9000 colorimater (Hunter
Associates Lab II, Preston VA). The 'Ponkan' mandarin fruit samples consisted of two spots of
approximately 1cm obtained from the exterior of the fruit (on peel) was used for color
measurements. The values of L (lightness), a (redness to greenness), b (yellowness to blueness),
C (Chroma), and H (Hue angle) were recorded for each sample.
2. Total soluble solids
The total soluble solids of samples were measured with a Digital Refractometer (Atago
PR-32, Atago Co., Ltd., Tokyo, Japan) and expressed as a percentage. Juice sample were
prepared by throughtly mixing 'Ponkan' mandarin slices (4 segments for 'Ponkan' mandarin
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fruits).
3. Titratable acidity
The titratable acidity was determined by titration to pH 8.2 with 0.1 N NaOH, using
phenolphthalein as an indicator and expressed as g of citric acid per 100 ml of juice. Each
measurement comprised ten fruits per treatments.
4. Decay rate
Decay development was assessed by viewing the 'Ponkan' mandarin fruits had a stem-end
rot, green and blue mold, stem end rind breakdown, sour rot and chilling injury after storage.
Calculated;
%

R

R = Fruits decay
A = 10 fruits per replication (Bo, 2009)
5. Statistical analysis
The experiments were conducted in a complexly randomized design. The mean values
were analyzed by SAS version 9.0 (SAS Institute Inc., Cary, NC, USA). Analysis of variance
was performed; means were compared by the least significant and t tested (L.S.D) at
significance levels of 0.05.

Results
1. Color attributes
The L* values of 1-MCP treatment did not significant different when compared to the
control fruit (Table 1). However, the L* values of 1-MCP treatment and control fruits storage at
6, 9, 12, 15, 20, and 25°C were significantly higher than after harvest. The effect of 1-MCP
treatment on the hue angle values of 'Ponkan' mandarin fruits were showed in the Table 2. The
result showed that the hue angle values of 1-MCP treatment did not significantly different when
compared with control fruit. 1-MCP treated fruit stored at 6, 9, and 12°C were significantly
higher than other temperature, whereas control fruits storage at 6 and 9°C were significantly
higher than other storage temperature.
The chroma values of 'Ponkan' mandarin fruits were showed in the Table 3, only the
1-MCP treatment storage at 12°C were significantly lower than control fruits. The chroma of
control fruits and 1-MCP treated fruits storage at 9, 12, 15, 20, and 25°C had higher than after
harvest. The a* values of 1-MCP treatment after 30 days of storage showed no significantly
different as compared to the control fruits, whereas a* values of 1-MCP treated fruit and control
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fruit storage at 6, and 9°C had significantly lower than after harvest but other temperature
storage had significantly higher than after harvest (Table 4).
Table 1. Effect of 1-MCP treatment on the L* values of 'Ponkan' mandarin fruits.
L* values
Storage temperaturez

Control

After harvest

37.97 cA

1-MCP
38.84 dA

After storage

z

6°C

40.24 byA

41.49 dAx

9°C

51.39 aA

54.30 cA

12°C

63.88 aA

63.02 aA

15°C

66.98 aA

67.61 aA

20°C

64.11 aA

66.10 aA

25°C

66.96 aA

56.41 bA

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.

Table 2. Effect of 1-MCP treatment on the hue angle values of 'Ponkan' mandarin fruits.
Hue angle values
Storage temperaturez

Control

1-MCP

After harvest

79.38 cdyA

79.55 deAx

6°C

91.37 bA

91.03 abA

9°C

97.81 aA

95.64 aA

12°C

84.74 cA

87.78 bcA

15°C

78.69 dA

76.52 eA

20°C

82.07 cdA

82.72 cdA

25°C

82.77 cdA

84.41 cdA

After storage

z

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.
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Table 3. Effect of 1-MCP treatment on the chroma values of 'Ponkan' mandarin fruits.
Chroma values
z

Storage temperature

Control

1-MCP

After harvest

17.50 dA

21.41cA

6°C

29.47 dyA

30.35 cAx

9°C

44.78 cA

42.55 bA

12°C

62.15 bA

50.70 bB

15°C

63.77 aA

62.34 aA

20°C

60.72 aA

63.51 aA

25°C

61.85 aA

47.44 bA

After storage

z

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.

Table 4 Effect of 1-MCP treatment on the a* values of 'Ponkan' mandarin fruits.
a* values
z

Storage temperature
After harvest

Control
3.47 cyA

1-MCP
3.81 cxA

After storage
6°C

-0.94 dA

-0.83 deA

9°C

-6.09 eA

-4.68 eA

12°C
15°C

z

5.85 bcA
12.56 aA

3.41 cdA
13.24 aA

20°C

9.95 abA

8.62 dbA

25°C

8.12 abA

5.68 bcA

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.

-30-

At 12°C, the b* values of 1-MCP treatment had significantly lower than control fruits
(Table 5). After storage for 30 days at 9, 12, 15, 20, and 25°C, the b* values of 1-MCP treated
fruit were higher than fruits storage at 6°C and after harvest. However, the lowest of b* values
was observed after harvest in control fruit.
2. Total soluble solids content
After treated with 1-MCP and storage at 6, 9, 12, 15, 20, and 25°C for 30 days, only in
1-MCP treatment at 15°C were showed significant lower total soluble solids than control fruit
(Table 6). Total soluble solids had a slightly increased after storage for 30 days in both
treatments.
3. Titratable acidity content
The titratable acidity did not significant difference between control and 1-MCP treated
fruit (Table 7). Titratable acidity had a slightly decreased after storage for 30 days in both
treatments. This indicated that these fruits did not changed titratable acidity in association with
using 1-MCP.
4. Decay rate
After 30 days of observation, at temperature of 15, 20, and 25°C, 1-MCP treatment had
lowered the development of decay than control fruits. The fruit storage at 15, 20 and 25°C, the
decay rate of 1-MCP treatment was showed 0 and 10%, respectively. Whereas in the control
fruit showed decay rate about 20, 40, and 70%, respectively (Figure 1 and Table 8).
Table 5. Effect of 1-MCP treatment on the b* values of 'Ponkan' mandarin fruits.
b* values
z

Storage temperature

Control

1-MCP

After harvest

19.36 dyA

20.98 dAx

6°C

29.37 cA

30.21 dA

9°C

44.34 bA

42.23 cA

12°C

61.70 aB

50.37 bcA

15°C

62.41 aA

60.47 abA

20°C

59.19 aA

62.68 aA

25°C

61.19 aA

48.59 cA

After storage

z

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.
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Table 6. Effect of 1-MCP on the total soluble solids of 'Ponkan' mandarin fruits.
Total soluble solids (°Brix)
z

Storage temperature

Control

1-MCP

After harvest

8.76 byA

8.76 cAx

6°C

9.50 aA

9.01 abcA

9°C

8.99 abA

9.25 aA

12°C

9.06 abA

9.35 aA

15°C

9.35 aA

8.84 bcB

20°C

9.03 abA

8.84 bcA

25°C

9.43 aA

9.18 abA

After storage

z

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.

Table 7. Effect of 1-MCP on the titratable acidity of 'Ponkan' mandarin fruits.
Titratable acidity (%)
Storage temperaturez

Control

1-MCP

After harvest

0.86 ayA

0.86 aAx

6°C

0.59 bA

0.65 bcA

9°C

0.57 bA

0.70 bA

12°C

0.57 bA

0.60 bcA

15°C

0.55 bA

0.56 cA

20°C

0.60 bA

0.57 cA

25°C

0.58 bA

0.61 bcA

After storage

z

: Storage temperature: Storage at different temperature for 30 days.

xy

: Mean separation within columns (small letters) and within rows (capital letters) were by
Least Significant Different test (L.S.D.) at 5% level.
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Table 8. Effect of 1-MCP treatment on the decay rate of 'Ponkan' mandarin fruits.
Decay rate (%)
z

Storage temperature

Control

1-MCP

After harvest

0

0

6°C

0

0

9°C

0

0

12°C

0

0

15°C

20

0

20°C

40

10

25°C

70

10

After storage

Z

: 10 fruits in each treatment.

Fig. 1. Peel color and appearance of 'Ponkan' mandarin fruits after treated with 1-MCP 12 hrs
and then stored at 6, 9, 12, 15, 20, 25°C for 30 days.

-33-

Disscussion
1-MCP is a potent inhibitor of ethylene action and has been added to the options for
extending the shelf-life and maintaining the quality of fresh produce for which ethylene
responses limit storability (Blankenship and Dole, 2003; Harima et al., 2003; Prange and
Delong, 2003). Total soluble solids content (°Brix) and titratable acidity (TA) are important
factors in evaluating flesh flavor quality of citrus fruit (Mayuoni et al., 2011).
In this study, 'Ponkan' mandarin fruits after treated with 1-MCP and storage for 30 days,
results showed not significantly difference on total soluble solids between treatments except in
1-MCP treated fruits at 15°C, while not significantly difference were observed in titratable
acidity between control and 1-MCP treated fruits at the end of storage (Table 6 and 7). However,
Porat et al. (1999) were reported that total soluble solids and titratable acidity did not change
independent from 1-MCP at 100 nl l-1 during 4 weeks of storage at 20°C on 'Shamouti' oranges.
Similar results were also found for 'Shatangju' mandarins (Li et al., 2012). Reported in mangoes
fruits, Santos et al. (2004) found that total soluble solids did not change independent from
1-MCP at 100 ppb during 24 hrs, at room temperature (24±1°C) on ‘Rosa’ mangoes. Similar
results were also found for 'Gala' apples (Fan et al., 1999). In addition, Silva et al. (2004) were
also indicated that there were no differences for the total soluble solids content during 8 days
storage at room temperature for evaluating storage period for 'Rosa' and 'Jasmin' mangoes with
1-MCP at 100 ppb during 24 hrs, at room temperature (23±1°C).
In this reported, L* values, a* values, and hue angle values were not significantly
difference between control and bagged fruit treated with 1-MCP showed in the Table 1, 2, and 4.
Similarly, in 'Shatangju' mandarin fruits, treated 5 µl l-1 of 1-MCP for 16 hrs before storage for
20 days at 20°C, results showed not significant differences in fruit hue angle values were
observed between control and 1-MCP-treated fruits (Li et al., 2012). In some studies have
shown that 1-MCP at high concentration had deleterious effects, including the accumulation of
volatile off-flavors, pitting development in different citrus cultivars (Porat et al., 1999; Marcos
et al., 2005; Cajuste et al., 2011). The color of 'Ponkan' mandarin fruits was characterized by
oxidation of skin pigments that became yellow to dull by the end of storage period. These
results indicated that 1-MCP did not influence on total soluble solids and titratable acidity in
'Ponkan' mandarin fruits.
The positive effects of 1-MCP in delaying ripening and maintain harvested product fruits
quality vary with plant genetic, physiological, and morphological characteristics (Sisler and
Serek, 1997). Application of 1-MCP reduced chilling injury and peel pitting in 'Fallglo'
tangerine and grapefruit at 50-500 μg l-1 (Dou et al., 2005). Similar, this result showed that
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1-MCP treated fruits delayed decay incidence and reduced chilling injury during storage fruits
for 30 days in Table 8. In addition, Jiang and Joyce, (2000) were reported to delay fruit
softening for 'Zihua' mangoes stored at 20°C for postharvest application of 1-MCP. Study over
the last few years has also showed that 1-MCP can delay ripening and senescence of harvested
products (Cameron and Reid, 2001).
Moreover, low temperatures reduce respiration and ethylene production rates, water loss,
pathogen growth, and decay incidence (Kader, 2002; Thompson et al., 2001). Obenland et al.
(2011) were reported that 'Owari' mandarins not significant changes in SSC, TA, SSC/TA or
measured volatiles due to low storage temperature at 0, 4, and 8°C for 6 weeks, but in 'W.
Murcott' mandarins showed significant changes in SSC and TA content. There were showed any
difference on titratable acidity and total soluble solids content after 30 days of storage compared
with difference temperature storage (Table 6, and Table 7). May be is the influence of any
difference temperature. Toivonen, (1997) were reported that storage broccoli for 10 days at 5°C
resulted in much lower shelf-life than found for broccoli stored at 1°C with the differences in
quality being associated with degree of yellowing during 5 days at 13°C. Storage at low
temperature (6, and 9°C) showed green and less yellow color on fruits peel and low decay rate
in both treatments while storage at higher degree temperature (12, 15, 20, and 25°C showed
more yellow on fruits peel and high decay rate in control fruits (Figure 1, and Table 8). In
addition, after storage 'Or' mandarins for 4 weeks at 2, 5, and 8°C can decrease in peel color
intensity (Tietel et al., 2012). This study investigated the effect of 1-MCP, and low temperature
storage on the quality of 'Ponkan' mandarin fruits. The data presented herein shown that 1-MCP
and low temperature storage has potential for the commercial control of 'Ponkan' mandarin
fruits decay and diseases incidence.
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採後 1-MCP 處理對'椪柑' (Citrus reticulate Blanco)
果實品質之影響
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關鍵字：'Ponkan' mandarin, 1-Methylcyclopropene

摘要：本研究的目的在調查 1-MCP 處理對'Ponkan'果實採後品質的影響。將‘椪柑’
果實以 0.5 克 1-MCP 處理並置於室溫下密閉呼吸缸內(28x38x58 cm3) 12 小時，取
出後分別放置於 6、9、12、15、20 和 25℃溫度下 30 天。結果顯示，當貯藏於 6
℃和 9℃時，1-MCP 處理會抑制果皮褪綠的發生，而在貯藏溫度為 6、9、12 和 15
°C 時，1-MCP 處理會延緩貯藏期間果實腐爛的發生。貯藏於 15°C 時，1-MCP 處
理會使果實可溶性固形物含量顯著低於對照組，但在貯藏溫度為 6、9、12、20 和
25°C 時 1-MCP 處理和對照組果實間並沒有顯著的差異。在可滴定酸含量部份，
1-MCP 處理和對照組在所有貯藏溫度下沒有顯著差異。
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