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Analysis of Postharvest 1-MCP Treatment and CA Storage Effects
on Quality Changes of ‘Fuji’ Apples during Export Simulation

Youn-Moon Park', Hyo Geun Park', and Byung-Sun Lim’

'Department of Food Science and Biotechnology, Andong National University, Andong 760-749, Korea
’Fruit Research Division, National Institute of Horticultural & Herbal Science, Suwon 440-706, Korea

Abstract. Effects of 1-methylcyclopropene (1-MCP) treatment and controlled atmosphere (CA) storage was
analyzed for the export quality of ‘Fuji’ apples after 8-month storage. Apples were harvested from two orchards
located in different regions at relatively late stage of maturity for long-term storage. Fruit were treated with
1 LLL-L'1 1-MCP and then stored in 0°C air or CA with 1.5 kPa O, and < 1.0 kPa CO, for 8 months. To
simulate poststorage export process such as 2-week refrigerated container shipment plus 7-day local distribution,
fruit were put in 0°C air storage for additional two weeks and then on the shelf for 7 days at 20C. Both
the 1-MCP treatment and CA storage reduced respiration and ethylene evolution after storage and shipping
simulation, and successfully maintained titratable acidity and flesh firmness even after the export process. In
‘Fuji’ apples harvested after adequate stage of maturity for long-term storage, however, 1-MCP treatment
alone seemed not to be satisfactory for the maintenance of sensorial fruit texture for export market. CA storage
or 1-MCP treatment/CA storage combination program should be applied for lately harvested ‘Fuji’ apples

exported after eight months storage.

Additional key words: ethylene evolution, flesh firmness, internal browning, Malus domestica, respiration,
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Table 1. Quality and metabolic characteristics of ‘Fuji’ apples at harvest in 2008.
Instrumental quality Physiological property
Harvest date
(region) S§SC Acidity Firmness Starch Respiration Eém?igﬁ Watercore
(°Brix) (%) (N/5 mm @) index  (COz2 mL-kg™-h™) Ao index
(uL-kg™-h™)

Oct. 29 (Cheongwon) 11.1 + 0.5° 0.26 + 0.01 15.6 % 0.3 +0.2 84 +0.8 0.2 + 01 0.0 £ 0.0
Oct. 29 (Andong) 119+ 02 0.36 +0.01 16.0 +£0.7 1.3 +£0.2 9.5+ 05 0.1 £ 0.0 0.3 +£0.2

“Mean + standard error (n = 6).
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Table 2. Respiration rates of ‘Fuji’ apples from two orchards after 8-month cold storage and additional 2-week storage simulating
shipping condition as influenced by postharvest 1-MCP treatment and storage method.

Respiration rate (CO: mL-kg'1-h'1) at 20T

1-MCP Storage
(uL-L'1) method? Cheongwon apple Andong apple
After 8-month storage  After 2-week shipping After 8-month storage  After 2-week shipping

0 Air 9.4 a’ 71 a 9.8 a 7.0 a

CA 36 b 22 b 32b 43 Db
1 Air 30b 22 b 39b 25c

CA 27b 16 b 35b 3.2 bc
Significance
1_MCP (M) *k *%k *k *%
Storage method (S) > NS ** NS

M x S

*%

*%

*%

*k

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.
yMean separation within columns by Duncan’s multiple range test at P = 0.05.

"Nonsignificant or significant at P < 0.01,

respectively.

Table 3. Ethylene evolution rates of ‘Fuji’ apples from two orchards after 8-month cold storage and additional 2-week storage
simulating shipping condition as influenced by postharvest 1-MCP treatment and storage method.

Ethylene evolution (CHs pL-kg”-h™) at 20C

1-MCP Storage
(uL-L'1) method? Cheongwon apple Andong apple
After 8-month storage  After 2-week shipping After 8-month storage After 2-week shipping

0 Air 22.0 &’ 471 a 331 a 313 a

CA 14 b 05b 05b 04 b
1 Air 03 b 03b 03 b 08 b

CA 02b 03b 02b 15b
Significance
1_MCP (M) *k *% *%k *%
Storage method (S) * NS > >

M x S

*%

*%*

*%k

*%

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.

yMean separation within columns by Duncan’s multiple range test at P
"Nonsignificant or significant at P < 0.01,
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Table 4. Soluble solid content of ‘Fuji’ apples from two orchards after 8-month cold storage and export simulation, additional 2-week
shipment + 7-day shelf life, as influenced by postharvest 1-MCP treatment and storage method.

Soluble solid content (°Brix)

ZL;,[A(I;_F:) rsnteOtLac?de; Cheongwon apple Andong apple
After 8-month storage After export simulation After 8-month storage  After export simulation

0 Air 11.1 b’ 11.1 a 11.8 a 11.6 a

CA 11.5 ab 11.9 a 124 a 12.3 a
1 Air 12.7 a 11.9 a 12.1 a 125 a

CA 12.1 ab 12.0 a 12.2 a 12.6 a
Significance
1-MCP (M) * NS NS NS
Storage method (S) NS NS NS NS
M x S NS NS NS NS

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.
yMe’an separation within columns by Duncan’s multiple range test at P = 0.05.

NS "Nonsignificant or significant at P < 0.05, respectively.

Table 5. Titratable acidity of ‘Fuji’ apples from two orchards after 8-month cold storage and export simulation, additional 2-week
shipment + 7-day shelf life, as influenced by postharvest 1-MCP treatment and storage method.

Titratable acidity (%)

(ttﬂ?ﬁ) 23:13(?; Cheongwon apple Andong apple
After 8-month storage After export simulation After 8-month storage  After export simulation

0 Air 0.09 b’ 0.07 ¢ 0.18 c 0.11 c

CA 0.25 a 0.22 ab 0.28 ab 0.23 ab
1 Air 0.23 a 0.19 b 024 b 0.20 b

CA 0.26 a 0.24 a 0.30 a 0.30 a
Significance
1-MCP (M) o *x * o
Storage method (S) ** b ** **
M x S > ** NS NS

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

Nonsignificant or significant at P < 0.05 or 0.01,
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Table 6. Flesh firmness of ‘Fuji’ apples from two orchards after 8-month cold storage and export simulation, additional 2-week
shipment + 7-day shelf life, as influenced by postharvest 1-MCP treatment and storage method.

Firmness (N/5 mm Q)

(1ull\_/|cI;_F1)) riteotfg; Cheongwon apple Andong apple
After 8-month storage  After export simulation After 8-month storage  After export simulation

0 Air 10.9 b’ 99 b 11.0 b 10.3 ¢

CA 13.8 a 135 a 139 a 134 b
1 Air 135 a 13.2 a 139 a 132 b

CA 145 a 142 a 145 a 14.3 a
Significance
1-MCP (M) o - o o
Storage method (S) ** > ** **
M xS o * - o

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.
fMean separation within columns by Duncan’s multiple range test at P = 0.05.

* "Significant at P < 0.05 or 0.01, respectively.

Table 7. Texture rating of ‘Fuji’ apples from two orchards after 8-month cold storage and export simulation, additional 2-week
shipment + 7-day shelf life, as influenced by postharvest 1-MCP treatment and storage method.

Texture rating’

(1ull\_/|cl:_l?) riteotLac?; Cheongwon apple Andong apple
After 8-month storage After export simulation After 8-month storage  After export simulation

0 Air 1.7 ¢ 13 c 22 b 15b

CA 3.5 ab 3.3 ab 33 a 33 a
1 Air 3.0 ab 28 b 35 a 35 a

CA 3.8 a 3.8 a 3.8 a 3.8 a
Significance
1-MCP (M) o - o "
Storage method (S) ** ** ** **
M x S NS * NS **

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.

YScore 5 = excellent; 3 = acceptable, 1 = poor.

xMe*a@* separation within columns by Duncan’s multiple range test at P = 0.05.
Nonsignificant or significant at P < 0.05 or 0.01, respectively.
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Table 8. Incidence of internal browning in ‘Fuji’ apples after 8-month storage and export simulation, additional 2-week shipment
+ 7-day shelf life, as influenced by postharvest 1-MCP treatment and CA storage.

Incidence of internal browning”

% suffered area on cut surface”

1-MCP Storage
(uL-L™ method? Days on the shelf Days on the shelf
0 7 0 7
0 Air 7112 10/12 6.5 9.2
CA 112 0/12 2.0 0.0
1 Air 0112 112 0.0 2.0
CA 0112 0/12 0.0 0.0

“Air, refrigerated storage at 0C; CA, 1.5 kPa O, + < 1.0 kPa CO,.
YNumber suffered fruit/number of fruit investigated. Pooled data of apples from Cheongwon and Andong orchards.

*Average % injured area over total cut surface in suffered fruits.
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