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Increase of Strawberry Fruit Shelf-life through Preharvest Spray of
Calcium-chitosan and Post-harvest Treatment with High Pressure CO,

Sun-Eun Ahn, Ah-Youn Lee, Mao-Hua Wang, and Yong-Soo Hwang*

Department of Horticultural Science, College of Agriculture and Life Sciences, Chungnam National University, Deajeon 305-764, Korea

Abstract: This experiment examined the effects of preharvest Ca-chitosan spraying and short-term post-harvest treatment with
high pCO; on the shelf-life of ‘Seolhyang’ strawberry fruit. Fruit firmness decreased when harvested late in the season and
was little affected by Ca-chitosan spray treatments. Short-term treatment with high pCO, after harvest, however, significantly
increased fruit firmness regardless of preharvest treatment. The combined treatment of Ca-chitosan spray and high pCO; led
to an additional increase in shelf-life through delay of skin disorder, fruit decay incidence and firmness loss during simulated
marketing. The residual effects of both treatments, however, were reduced when fruit were harvested late in the season. Fruit
firmness was more affected by high pCO; treatment whereas decay and visual quality were affected by preharvest spraying
with Ca-chitosan. Although more research is required to determine the optimum concentration of calcium and chitosan, and
the optimal spray interval, our results show that the combined treatment of preharvest Ca-chitosan spray and postharvest high
pCO; is effective in improving strawberry fruit shelf-life by increasing firmness and delaying decay.
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Table 1. Effect of pre- and post-harvest treatments of Ca-chitosan
and/or 100% CO; on the firmness of ‘Seolhyang’ strawberry
fruit during storage and after exposure to ambient temperature.

Storage Treatment” Firmness (N)
(days)  preharvest Postharvest  April 17 May 2
0 Untreated - 0.36 0.32
Ca-chitosan - 0.39 0.33
Untreated Air 040 035b
Ca-chitosan Air 042 b 041 b
! Untreated CO2 0.66 a 0.68 a
Ca-chitosan CO, 0.76 a 0.73 a
Untreated Air 040 b 043 ¢
Ca-chitosan Air 045 b 043 ¢
* Untreated CO, 0.80 a 0.65 b
Ca-chitosan CO> 0.83 a 0.83 a
Untreated Air 042 c 0.38 b
442 Ca-chitosan Air 042 c 039 b
Untreated CO; 062 b 0.63 a
Ca-chitosan CO, 0.76 a 0.63 a
Significant
Storage (A) ok kK
Treatment (B) otk otk
A x B * *

“Fruit were sprayed with calcium-chitosan 4 to 6 times prior
to harvest as preharvest treatment and exposed to 100%
CO; or air for 12 h as postharvest treatment.

YDifferent letters within same storage date indicate the significant
difference at p < 0.05 by Tukey’s multiple range test.
*Fruit were exposed to ambient temperature for 2 days after
4 day storage at 4°C.

* ok otk

" Significant at p < 0.05 or 0.01, 0.001, respectively.
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Fig. 1. Effect of preharvest Ca-chitosan spray on ‘Seolhyang’
strawberry fruit firmness between harvest seasons. Strawberries
were grown in the plastic houses. Ca-chitosan was sprayed
3 to 5 times among harvest dates. Data were the average
of 20 fruit + SD.
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Table 2. Effect of pre- and post-harvest treatments of Ca-chitosan and/or 100 kPa CO; on pectin composition of ‘Seolhyang’
strawberry fruit during storage and after exposure to ambient temperature.

Storage Treatment” Acid Sugar (ug GA-20 mg'1 EIS)

(days) Preharvest Postharvest WSP CSP SSP

0 Untreated - 110.68 55.14 100.00
Ca-chitosan - 136.29 61.90 102.49

1 Untreated Air 124.64 a’ 55.28 b 97.25 a
Ca-chitosan Air 131.73 a 5496 b 86.84 a
Untreated CO, 78.66 b 94.78 a 91.12 a
Ca-chitosan CO, 76.14 b 113.72 a 102.79 a

4 Untreated Air 12751 a 64.98 ¢ 94.19 a
Ca-chitosan Air 116.46 b 56.28 c 108.98 a
Untreated CO; 100.89 b 9361 b 92.90 a
Ca-chitosan CO, 4545 ¢ 116.12 a 99.97 a

4+ 2" Untreated Air 91.08 ab 5442 b 8691 a
Ca-chitosan Air 11448 a 5751 b 93.06 a
Untreated CO, 5545 b 109.59 a 98.51 a
Ca-chitosan CO; 5715 b 110.48 a 98.31 a

Significant

Storage (A) ok NS NS

Treatment (B) ok ok *

A X B skskok NS *

“Fruit were sprayed with calcium-chitosan 4 to 6 times prior to harvest as preharvest treatment and exposed to 100% CO:

or air for 12 h as postharvest treatment.

YDifferent letters within same storage date indicate the significant difference at p < 0.05 by Tukey’s multiple range test.
*Fruit were exposed to ambient temperature for 2 days after 4 day storage at 4°C.

ns,* ¥

Nonsignificant or significant at p < 0.05, 0.001.
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Table 3. Effect of pre- and post-harvest treatments of Ca-chitosan
and/or 100% CO; on bound calcium of ‘Seolhyang’ strawberry
fruit during storage and after exposure to ambient temperature.

Storage Treatment’ Bound Calcium

(days) Preharvest  Postharvest ~ (ug'mg’ EIS)

0 Untreated - 8.37
Ca-chitosan - 6.95
Untreated Air 1291 v
Ca-chitosan Air 1344 b

! Untreated CO; 12.79 b
Ca-chitosan CO, 16.29 a
Untreated Air 1183 b
Ca-chitosan Air 14.07 b

* Untreated CO; 12.87 b
Ca-chitosan CO; 17.44 a
Untreated Air 1147 b

442 Ca-chitosan Air 12.79 ab
Untreated CO; 17.72 a
Ca-chitosan CO; 15.47 ab

Significant

Storage (A) NS

Treatment (B) kK

A x B *k

“Fruit were sprayed with calcium-chitosan 4 to 6 times prior
to harvest as preharvest treatment and exposed to 100% CO,
or air for 12 h as postharvest treatment.

YDifferent letters within same storage date indicate the significant
difference at p < 0.05 by Tukey’s multiple range test.
*Fruit were exposed to ambient temperature for 2 days after
4 day storage at 4°C.
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" Nonsignificant or significant at p < 0.01, 0.001, respectively.
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Table 4. Effect of pre- and post-harvest treatments of Ca-chitosan and/or 100% CO on skin color of ‘Seolhyang’ strawberry
fruit during storage and after exposure to ambient temperature.

Storage Treatment” April 17 May 2

(days) Preharvest Postharvest L hue L hue
Untreated - 39.91 34.97 43.22 35.78

0 Ca-chitosan - 40.02 36.99 38.79 32.30
Untreated Air 37.96 bc’ 3276 b 43.38 ab 37.85 ab

1 Ca-chitosan Air 40.55 b 35.78 ab 40.07 c 3578 b
Untreated CO; 37.33 bc 3263 b 44.00 a 39.17 a
Ca-chitosan CO, 4290 a 3738 a 41.22 bc 37.62 ab
Untreated Air 37.24 ¢ 31.09 b 44.23 a 39.59 a

4 Ca-chitosan Air 40.44 ab 36.23 a 40.87 b 3652 b
Untreated CO; 37.76 bc 3230 b 4451 a 37.90 ab
Ca-chitosan CO; 41.00 a 36.08 a 4094 b 3595 b
Untreated Air 38.64 a 33.03 a 41.86 a 37.63 a

44 P Ca-chitosan Air 39.24 a 34.35 a 37.56 b 3224 c
Untreated CO, 3935 a 33.06 a 42.06 a 37.07 bc
Ca-chitosan CO; 39.49 a 34.26 a 3918 b 3494 b

Significant

Storage (A) NS NS kK ok

Treatment (B) skokk skokok skokok skekok

A xB *x NS NS NS

“Fruit were sprayed with calcium-chitosan 4 to 6 times prior to harvest as preharvest treatment and exposed to 100% CO;
or air for 12 h as postharvest treatment.
YDifferent letters within same storage date indicate the significant difference at p < 0.05 by Tukey’s multiple range test.
*Fruit were exposed to ambient temperature for 2 days after 4 day storage at 4°C.
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Table 5. Effect of pre- and post-harvest treatments of Ca-chitosan and/or 100% CO; on soluble solids and acidity of ‘Seolhyang’
strawberry fruit during storage and after exposure to ambient temperature.

Harvest Date

?g;;z%e Treatment April 17 May 2
Preharvest Postharvest Solids (°Brix) Acidity (%) Solids (°Brix) Acidity (%)
0 Untreated - 9.88 0.68 8.47 0.51
Ca-chitosan - 9.15 0.69 8.65 0.70
Untreated Air 9.10 a 0.65 a’ 9.13 a 0.53 ¢
1 Ca-chitosan Air 9.03 a 0.69 a 847 b 0.62 b
Untreated CO2 9.67 a 0.64 a 9.08 a 0.52 c
Ca-chitosan CO, 9.00 a 0.67 a 820 b 0.70 a
Untreated Air 9.58 a 0.65 ab 9.08 a 0.54 a
4 Ca-chitosan Air 9.13 a 0.72 a 803 b 0.65 a
Untreated CO, 9.44 a 0.57 b 890 a 0.58 a
Ca-chitosan CO, 840 b 0.58 b 757 b 0.53 a
Untreated Air 9.85 a 0.78 a 9.85 a 0.78 a
4477 Ca-chitosan Air 8.88 bc 0.76 a 8.88 bc 0.76 a
Untreated CO, 9.53 ab 0.78 a 9.53 ab 0.78 a
Ca-chitosan CO; 8.48 c 0.77 a 848 c 0.77 a
Significant
Storage (A) NS sk sk Hokok
Treatment (B) kekk kk kekk kekk
A X B * *kk * skksk

“Fruit were sprayed with calcium-chitosan 4 to 6 times prior to harvest as preharvest treatment and exposed to 100% CO;
or air for 12 h as postharvest treatment.

YDifferent letters within same storage date indicate the significant difference at p < 0.05 by Tukey’s multiple range test.
*Fruit were exposed to ambient temperature for 2 days after 4 day storage at 4°C.

R, ¥ ¥ ek

" Nonsignificant or significant at p < 0.05, 0.01, 0.001, respectively.

Table 6. Effect of pre- and post-harvest treatments of chitosan and/or 100% CO, on the quality of ‘Seolhyang’ strawberry fruit
during after exposure to ambient temperature.

Harvest Date

?3‘;;2%6 Treatment April 17 May 2
Preharvest Postharvest Skin injury’ Decay (%) Skin injury Decay (%)
Untreated Air 0.65" - 0.70 -

4 Ca-chitosan Air 0.30 - 0.45 -
Untreated CO; 0.50 - 0.45 -
Ca-chitosan CO, 0.30 - 0.40 -
Untreated Air 1.17 13.3 1.77 30.8

4+ 2" Ca-chitosan Air 0.37 - 0.87 14.8
Untreated CO; 1.00 6.7 1.46 111
Ca-chitosan CO, 0.53 - 0.73 3.7

“Fruit were sprayed with calcium-chitosan 4 to 6 times prior to harvest as preharvest treatment and exposed to 100% CO;
or air for 12 h as postharvest treatment.

¥Skin injury was determined in the range 0 (sound) to 3 (severe).

*Data were collected from pooled sample of 3 styrofoam trays without replication.

“Fruit were exposed to ambient temperature for 2 days after 4 day storage at 4°C.
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