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SUMMARY

I. Title

Development of All Fresh Processed Products and EcoFriendly Production of Alpine
Strawberry

II. Achievements of research according to reach objectives

- Finding out appropriate summer strawberry cultivar Albion for processed jam by
evaluating productions and yield of various cultivars such as (Albion, Charlotte,
Flamenco, Goha, Yeolha) grown on hydroponic cultivation of highland area.

By measuring the functional substances of summer strawberry cultivars, ellagic
acids and flavonoids increased as harvest time delayed and anthocyanin contents of
Albion was high and antioxidant ability is high at the Goha cultivar.

By measuring the weight of dried strawberry, its moisture content, drying rate and
the hardness of the partially dried strawberry, the optimum drying temperature and
time for partial drying of strawberry in vacuum drying were established to be 30T
and 7 hr, respectively.

Since xylose has a function to interfere the absorption of sugar in our body,
developed jam utilizing xylose as an ingredient in this study will be marketable to
consumers who are concerned of their body weight and being overweight.

The new high quality strawberry jam is expected to be marketable as the vitamin
C and ellagic acid are anticipated to remain right after the production and even
during the preservation.

This study was conducted to development the postharvest process to improve and
extend the fruit quality of minimally processed strawberry for making fresh juice of
everbearing strawberry in summer season. It is recommended the postharvest
procedure that the calyx removed fruits were cleaning with bubbling washing,
forced-air cooling and vacuum packaging with LDPE film finally. Marketing period
can be up to 7 days under application of the proper treatments of postharvest.



II. Aims and necessity of the research and development

- Current patterns of summer strawberry application is mostly fresh and decoration
on confectionery factory but in order to improve the value of summer strawberry
fruit, processed foods like jams et al, should be developed, especially for 2018
winter Olympic game travelers so that with appropriate cultivar, processed foods
containing functional substances should be developed.

- With the domestic economic development, the demand of processed foods has been
increasing along with the improved quality of life. Additionally, the meal pattern
has changed from traditional rice based meals to westernized bread and cereal
based, which reflects the increase of jam consumption.

- Due to the trend of well-being and the increasing number of consumers who
distrust processed foods, the demand of consumers preferred manufactured goods
and foods and up to date research on processed foods and carbohydrates are
increasing. Unfortunately, the current on-going research or product development of
the processed foods and carbohydrates are limited and does not fulfill the
consumers expectation or preference.

- In spite of fairly long shelf life for strawberry jam due to a great amount of sugar
and additives such as pectin and citric acid, the distrust of food additives as well as
the limited variety of products resulted consumers to have a very few option to
select. Therefore, with the new jam processing technique, we propose to improve
the preservability of flesh and replace sugar with xylose in order to remain the
sweetness, while reducing the absorption of carbohydrate in human digestive
system.

- Fresh cut fruits of strawberry without preservatives and antioxidant treatments
might be marketed for couple of days only in summer season. The taste of fresh
strawberry juice in summer was not good and constrict consumer market
furthermore because the juice was not made from fresh cut fruits but processed
by frozen fruits. It was need to supply fresh cut fruits ready to use that series of
postharvest treatments, including packaging skill, adjusted to after washing the
fruits immediately.

IV. Contents and scope of the project

- Screening of the proper summer strawberry cultivar for the processing



Development of production technology using friendly-environment material treatments

Evaluations of functional substances (antioxidants) of summer strawberry

- Optimization of partial drying condition for strawberry by using vacuum drying
technique

- Establishment of the recipe for strawberry jam made of crushed strawberry,
partially dried strawberry and xylose sugar

- Production of high quality functional jam: analysis of ellagic acid and vitamin C in
the strawberry jam with added “partially dried strawberry” and evaluation of the
quality of the flesh in the jam

- Fresh cut fruits of summer strawberry Albion cultivated on high land of
Pyeongchang area was treated with washing, cooling, and packaging to
simulate the supply of calyx removed fruits to fresh juice markets.

- The quality factors were incidence of fungus, weight loss, firmness, soluble solids

content, color, and cutting plane appearance. And effect of storage condition on

extension of marketing period was estimated after washing and forced-air cooling

under difference cooling temperatures and durations.

V. Result of the research

- Cultivar Albion yield was the highest and the fruit weight was the heaviest,
resulting in potential cultivar for the jam processing.

- Development of production technology using friendly-environment material
treatments : Treatment is as the following Daeyuguyeoncal, Daeyusunhelpalpha,
Kelpak and Neobig. Leave of strawberry Albion cultivar was sprayed using each
material, two times a week for four weeks as the concentration of 1,000ppm. The
media composition was maintained to electrical conductivity (EC; 0.8-1.2 dS - m™)
and pH 6.0 during the experiment. The results showed that the leave area and
chlorophyll content of cultivar Albion was much better in all of the treatment.
Among them, the treatment Kelpak was good than other treatments.

- One of the major phenolic compounds detected in this study was ellagic acid in the
fruit of 4 strawberry cultivars. Although the level of ellagic acid was not different
by cultivar, it was gradually increased as the fruit matured. Antioxidant activities
were determined using DPPH and ABTS radical eliminating capacity. The half
maximal inhibitory concentration (IC50) of the electron donating ability was the
lowest in the fruit of Goha. The content of flavonoids was higher in Albion and



Goha than Charlotte and Yeolha. Flavonoids content was slightly decreased when
the fruit maturity was higher. Anthocyanin content was gradually increased as the
fruit matured and the highest in Albion.

- The optimum condition of partially dried strawberry was established by using
vacuum drying technique. By measuring the physical parameters, the optimum
drying temperature and time for partial drying of strawberry in vacuum drying
(75+1 cmHg) were established to be 30C and 7 hr, respectively.

- The final recipe for strawberry jam made of crushed strawberry (CS), partially
dried strawberry (PDS) and xylose sugar was established. The proportion of CS, PDS
and xylose sugar were 35%, 35% and 30%, respectively. Concentrating temperature
and final soluble solid content in producing the jam were 60C, 55°Brix,
respectively.

- The new high quality strawberry jam was made. Fair amount of vitamin C and
ellagic acid remained right after the production and even during the preservation.
Disadvantage of the jam is that the storage life was thought to be short (3 weeks)
although the quality of the flesh was remarkably good.

- Pre-experiment was conducted to find out the condition of washing method and
duration of forced-air cooling. bubbling washing is more effective to remove
impurities like pieces of sepal and to diminish the infection by fungus than tap
water washing only. Forced-air cooling time of 4-8 hrs is good to keep the fresh
cut fruit of Albion strawberry.

- Series of postharvest treatments were investigated to extend the marketing period
of fresh cut materials removed calyx for juicing with good fruit quality in summer
strawberry Albion. It can the procedure that fresh cut fruit of strawberry was
strongly recommended a bubble washing at least one time for 3 second, forced-air
cooling at 10C for 6 hr, and vacuum packaging with 0.05mm LDPE film to have
good taste and color of strawberry juice during cold marketing period.

- Fresh cut fruit of non-marketable Albion strawberry after grading was also
investigated to figure out the duration of storage. The series of postharvest
treatments investigated before was proper to keep the minimally processed material
but it could be useful no more than 5 days for making juice by the fruit.

VI. Plan for application of the research

- Consulting cultivation technology and cultivar specifications for summer strawberry
growers by using research results.



Production of alpine summer strawberry Fresh jam containing lots of antioxidant for
the preparation of Pyeongchang Winter Olympics in 2018 as the gifts.

The core technology in this project, “The processing method of Alpine strawberry
jam maintaining strawberry fruit shape and its flavor” was applied for patent. The
patent was obtained last year. Our plan is to hand over the patent and know-how
to Daegwallyeong Horticulture National Agricultural Cooperative Federation and help
them produce the new jam to improve grower income.

Postharvest treatment, like forced-air cooling used only to extend postharvest
period of fresh crop, can be adaptable to minimally processed fruits and vegetables
including developing and marketing of fresh cut materials.

Basic data of this research can be used some fresh cut materials of fruits and
vegetables for fresh juices to keep quality and to extend marketing period.

A combination or a series of postharvest techniques will be introduced to various
fresh cut goods to develop and supply from the results of this research.
Postharvest techniques developed from this research will be provided to franchise
shops that sell the fresh juices made from fresh cut strawberry.
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Fig. 1. Comparisions of fruits and flowers of summer strawberry cultivars grown on highland
in Pyeongchang area in 2014.
A: Albion, B: Charlotte, C: Flamenco, D: Goha, E: Yeolha

Fig. 2. Environmental-friendly materials used for this experiments
A: Control, B: Daeyuguyeoncal, C: Daeyusunhelpalpha, D: Kelpak, E: NeoBig
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Table 1. Growth characteristics of summer strawberry cultivars cultivated on high land of

Pyeongchang area in 2014.

Crown
, No. of , No. of Leaf area Chlorophyll
Cultivars diameter )
crown leaves (cm?) contents
(mm)

Albion 3b” 1.2c 45d 52.45b 44.08a
Charlotte 5a 1.3b 66a 45.90c 35.97b
Flamenco 5a 1.2¢ 60c 25.27e 40.45ab

Goha 5a 1.5a 66a 35.05d 39.86ab

Yeolha 3b 1.3b 63b 59.12a 38.57b

"Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05

Table 2. Yield characteristics of summer strawberry cultivars cultivated on high land of
Pyeongchang area in July to October of 2014.

Date of first

_ No. of Fruit weight Total yield
Cultivars , harvest
fruit/10 plants (g/per plant) (g/10 plant)
(month.day)
Albion 212b* 14.44a 3,061.28a 7.70
Charlotte 122d 7.84c 956.48d 7.11
Flamenco 186¢ 10.64b 1,979.04b 7.21
Goha 252a 6.46¢C 1,627.92c 7.70
Yeolha 177c 9.52b 1,685.04c 7.14

“Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05
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Table 3. Color, firmness and brix of summer strawberry cultivars cultivated on high land of
Pyeongchang area and harvested on 25 September 2014.

Color values

Cultivars Firmness Brix
L* a* b*

Albion 35.94c 34.16b 24.02c 2.22d 9.80bc
Charlotte 40.37b 33.03b 26.65b 2.12d 9.43c
Flamenco 35.56¢ 31.08b 27.73ab 3.69a 10.97abc

Goha 40.73b 37.88a 28.04ab 2.56¢ 11.27ab

Yeolha 43.86a 37.45a 29.90a 3.16b 12.23a

“Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05

Table 4. Color, firmness and brix of summer strawberry Albion cultivars cultivated on high
land of Pyeongchang area on 28 July of 2014.

Color values

Stages of . .
fruit maturity L* Q% b* Firmness Brix
1 59.54 -7.33 38.87 49.43 5.9
2 60.77 -6.11 31.33 38.77 6.0
3 55.02 11.73 33.37 22.54 6.4
4 39.92 28.29 33.28 19.47 7.2
5 29.55 27.86 18.26 9.74 7.0
6 31.56 31.81 17.58 6.21 7.3
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Fig. 3. Fruit comparisons of summer strawberry cultivars after harvesting cultivated on high

land of Pyeongchang area in 2014
A: Charlotte, B: Yeolha, C: Goha, D: Flamenco, E: Albion

160
. une
140 4 ] July
[ August
[ September
9 120
g 100 -
E 80 -
'b 60
E 40 -
N H H H H
0 - T T
A B C D E
Cultivars

Fig. 4. Number of fruits of summer strawberry cultivars after harvesting cultivated on high
land of Pyeongchang area in 2014
A: Albion, B: Charlotte, C: Flamenco, D: Goha, E: Yeolha
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Fig. 5. Comparison of fruit size among summer strawberry cultivars.
A: Albion, B: Charlotte, C: Flamenco, D: Goha, E: Yeolha

Fig. 6. Fruit maturity stages of summer strawberry Albion cultivar.
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Fig. 7. Botrytis symptoms of summer strawberry Albion cultivar (A: Stems, B: Fruits).

Fig. 8. Fruit quality comparisions of summer strawberry cultivar Albion infected by powdery
mildew (A: control, B: powdery mildew infected fruits).
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Fig. 10. Damage of summer strawberry cultivars by Powdery mildew (1: Goha, 2: Albion, 3: Flamenco, 4: Yeolha, 5: Charlotte).
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Fig. 11. Strawberries were treated by environmentally-friendly materials.
C : Control, T1: Daeyuguyeoncal, T2: Daeyusunhelpalpha, T3: Kelpak, T4: Neobig

Table 5. Effects of environmentally-friendly materials on growth characteristics of summer
strawberry cultivar Albion cultivated on high land of Pyeongchang area on 4 September of
2014 (T1: Daeyuguyeoncal, T2: Daeyusunhelpalpha, T3: Kelpak, T4: Neobig).

Crown
No. of ) No. of Leaf area Chlorophyll
Treatments diameter 5
crown leaves (cm?) contents
(mm)
Control 2.5 1.2 36b* 51.33ab 36.41c
T1 2.5 1.2 36b 50.66b 38.41ab
T2 2.5 1.2 36b 52.04ab 38.53ab
T3 2.5 1.2 36b 53.14a 40.15a
T4 2.5 1.2 39a 51.39ab 36.80bc

“Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05
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Table 6. Effects of environmentally-friendly materials on yield of summer strawberry cultivar
Albion cultivated on high land of Pyeongchang area on 4 September of 2014 (T1: Kelpak, T2:
Neobig, T3: Daeyuguyeoncal, T4: Daeyusunhelpalpha, T5: Control).

Date of first

Treatments No. of Fruit weight Total yield harvest after
fruit/10 plants (g/per plant) (g/10 plant) treatments
(month.day)
Control 173d" 12.35gbc 2,136.55gd 8.12
T1 222a 12.85gab 2,852.70ga 8.12
T2 207b 11.11gc 2,299.77gc 8.12
T3 219ab 12.04gbc 2,636.76gb 8.12
T4 191c 14.28ga 2,727.48gb 8.12

"Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05

Table 7. Effects of environmentally-friendly materials on color, firmness and Brix of summer
strawberry cultivar Albion cultivated on high land of Pyeongchang area on 4 September of
2014 (T1: Daeyuguyeoncal, T2: Daeyusunhelpalpha, T3: Kelpak, T4: Neobig).

Color values

Treatments Firmness Brix
L* a* b*
Control 31.03a* 30.42d 21.65a 2.61a 8.36bc
T1 30.41ab 31.40b 19.86b 1.94d 9.20ab
T2 26.95¢c 29.30c 17.54c 2.10c 9.26ab
T3 29.50b 32.49a 19.80b 2.52ab 10.11a
T4 30.01ab 31.97ab 19.27b 2.41b 7.64c

"Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p=<0.05
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Fig. 12. Comparison of strawberry fruit harvested on treatments and months.
T1: Daeyuguyeoncal, T2: Daeyusunhelpalpha, T3: Kelpak, T4: Neobig
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Fig. 13. Changes of temperature in glasshouse during experiment.

Fig. 14. Comparisons of strawberry fruit cultured by different conditions on high land of

Pyeongchang area in 2014(A: Albion, B: Flamenco, C: Goha).
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Table 8. Growth characteristics of summer strawberry cultivars grown by airfog system on
high land of Pyeongchang area on 25 September of 2014.

Crown
) No. of , No. of Leaf area  Chlorophyll
System Cultivars diameter )
crown leaves (cm?) contents
(mm)
Albion 3c” 1.3bc 51c 54.32a 50.88a
Control Flamenco 4.5b 1.3bc 61b 26.22¢ 46.45b
Goha 5.5a 1.4ab 69a 34.01b 42.76C
Albion 3c 1.2c 45d 52.45a 44.08c
Airfog Flamenco 5ab 1.2c 60b 25.27¢ 40.45¢
Goha 5ab 1.5a 66a 35.05b 39.86d

“Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05

Table 9. Yield characteristics of summer strawberry cultivars grown by airfog system on high
land of Pyeongchang area in 2014.

Date of first

. No. of Fruit weight Total yield
System Cultivars , harvest
fruit/10 plants  (g/per plant) (g/10 plant)
(month.day)

Albion 1424 13.23gbc 1,878.6gf 7.7

Control Flamenco 175bc 14.17gb 2,479.7gc 7.7

Goha 314a 10.80gd 3,391.2ga 7.1

Albion 179bc 17.1ga 3,060.9gb 7.7

Airfog Flamenco 163c 14.2gb 2,314.6gd 7.2

Goha 185b 11.95gcd 2,210.7ge 7.7

"Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05
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Table 10. Color, firmness and Brix of summer strawberry cultivars grown by airfog system on
high land of Pyeongchang area in 2014.

Color values

System Cultivars o ” - Firmness Brix
Albion 30.03c” 32.81d 19.32d 2.09c 9.73bc
Control Flamenco 39.03a 36.14c 30.06a 3.47a 9.40c
Goha 39.25a 39.66a 29.49ab 2.16¢ 9.97abc
Albion 32.03b 30.81e 20.95d 2.76b 11.00ab
Airfog Flamenco 39.13a 31.92de 25.06c 3.62a 10.83ab
Goha 40.73a 37.88b 28.04b 2.56b 11.27a

"Mean separations within columns indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05
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Table 11. DPPH radical scavenging activity of four cultivars fruits at mature stages of
everbearing strawberry at harvest cultivated on high land of Pyeongchang area in 2014.

Albion
DPPH  Ascrobic acid
[ 11 11l I\ V
EDA
@ 62+0.05 94+0.00 93+0.02 95+0.01 81+0.03 96+0.02
(0)
IC50
(/) 0.008 0.126£0.00f* 0.217£0.01d 0.322+0.01b  0.308+0.02b  0.369+0.01a
yg/m
Charlotte Goha Yeolha
DPPH
Immature(Il) Mature( V) Immature(Ill) Mature( V) Immature(Il) Mature( V)
EDA
@ 93£0.01 94+0.01 62+0.01 54£0.02 81£0.01 63£0.02
()
IC50
(/) 0.177+£0.01e  0.215£0.01d 0.165%+0.01e  0.209+0.01d  0.162+£0.00e  0.255+0.01c
ug/m

IC50 (ug/mL) : Concentration for scavenging 50% of radicals.
"Mean separations within row indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05

Table 12. ABTS radical scavenging activity of four cultivars fruits at mature stages of

everbearing strawberry at harvest cultivated on high land of Pyeongchang area in 2014.

Albion
ABTS Ascrobic acid
[ I1 11l v V
EDA
%) 63+0.01 93+0.00 93+0.00 76+0.03 64+0.04 52+0.01
IC50
(/) 0.018 0.366+0.01g” 0.525+0.01f 0.725+£0.01d 0.810%£0.05c  0.962+0.02b
ug/m
Charlotte Goha Yeolha
ABTS
Immature(Ill) Mature( V) Immature(Ill) Mature( V) Immature(Ill) Mature( V)
EDA
@ 80+0.03 61+0.03 87+0.01 60+0.03 75+0.00 40+0.01
(0)
IC50
(/) 0.631+0.0le  0.819£0.04c  0.536+£0.01f 0.825+£0.03c  0.645+0.01e  1.235%0.04a
ug/m

IC50 (ug/mL) : Concentration for scavenging 50% of radicals.

“Mean separations within row indicate significant differences among cultivars by Duncan’s multiple range test at p<0.05
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Table 13. Yield, fruit weight and Birx of Albion cultivar grown on farmer plastic house by
following the cultivation recommendations.

Research contents

Months
No. of fruit fruit weight(g) Brix
July 57¢c? 18.57b 7.9b
August 132b 15.89c 7.5b
September 157a 13.60d 7.9b
October 57¢c 19.87a 10.2a

“Mean separation within columns indicate significant differences among months by Duncan’s multiple range test at p=<0.05
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Albion

Charlotte

Yeolha

Goha

Fig. 15. Fruit appearance of four cultivars at mature stages of everbearing strawberry grown
on high land (700 m above sea level) in Pyeongchang area in 2014. Albion was divided I ~
V stages of maturity and Charlotte, Yeolha, and Goha were divided by fruit maturity.
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Fig. 16. Ellagic acid content and its changes in fruits at mature stages of 4 strawberry
cultivars grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 17. Gallic acid content and its changes in fruits at mature stages of 4 strawberry
cultivars grown on highland (700m above sea level) in Pyeongchang area in 2014.

_55_



4-OH-benzoic acid

0.2
018
016
o014

= 012

"B 01
2 008
006
0.04
0.02

0

Albion Charlotte Yeolha Goha
Cultivars

4-OH-benzoic acid

0.2
018
016
o014

= 012 I + — —+— Albion

B 0.1 -]

= oos8 = —=— Charlotte
0.06 = 1 —+— Yeolha

0.04

0.02 —=—Goha

-

Fruit maturity

Fig. 18. 4-OH-benzoic acid content and its changes in fruits at mature stages of 4 strawberry
cultivars grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 19. Rutin content and its changes in fruits at mature stages of 4 strawberry cultivars
grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 20. Quercetin content and its changes in fruits at mature stages of 4 strawberry cultivars
grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 21. Kaempferol content and its changes in fruits at mature stages of 4 strawberry
cultivars grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 22. Total phenolic contents in fruits of 4 strawberry cultivars grown on highland (700m
above sea level) in Pyeongchang area in 2014.
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Fig. 23. Change in total phenolic contents according to maturing stages in fruits of 4
strawberry cultivars grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 24. Total flavonoids content in fruits of 4 strawberry cultivars grown on highland (700m
above sea level) in Pyeongchang area in 2014.

Total Flavonoid
35
3 *
T \\
“é:: 2 %\ —+— Albion
‘ﬁ. 15 T —o— Charlotte
1 i : —&—Yeolha
0.5 -»..i Goha
0 )(*’/I
I 1l 1% W
Fruit maturity

Fig. 25. Change in total flavonoids according to maturing stage in fruits of 4 strawberry
cultivars grown on highland (700m above sea level) in Pyeongchang area in 2014.
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Fig. 26. Anthocyanin content in fruits of 4 strawberry cultivars grown on highland (700m
above sea level) in Pyeongchang area in 2014.
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Fig. 27. Change in anthocyanin content according to maturing stage in fruits of 4strawberry
cultivars grown on highland (700 m above sea level) in Pyeongchang area in 2014.
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Fig. 3. Pretreatment of strawberry.
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Fig. 4. Sensory test sheet for flesh and jam of strawberry fruit.
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Table 1. Formula for Albion strawberry jams.

Ingredient (%, w/w) Sol?gée

S 1 ) soli
if)n&’ee Crushed Partially Xylose content
strawberry” dried strawberry” sugar (Brix)

Control 70 0 30 70

A 35 35 30 60

B 49 21 30 50

C 63 7 30 60

D 35 35 30 55

“Soluble solids content : 6.140.06Brix

YSoluble solids content : 8.1+0.20Brix
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Fig. 5. Change in moisture content of strawberry Albion fruit during vacuum drying at
various drying temperatures.
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Fig. 6. Change in drying rate of strawberry Albion fruit during vacuum drying at
various drying temperatures.
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Fig. 7. Physical damages of strawberry Albion fruit during vacuum drying
(upper : rupture, lower : shrinkage).
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Fig. 8. Change in hardness of strawberry Albion fruit during vacuum drying at various
drying temperatures.
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Table 2. Hardness of strawberry Albion fruit during vacuum

drying at various

temperatures
Time Hardness (kg)
(hr) 30C 40C 50C 60°C
0 0.32a*+0.01Y 0.31a+0.04 0.30a+0.07 0.32a+0.04
1 0.34a£0.03 0.33ab=+0.02 0.39a£0.04 0.43b+0.07
2 0.49b+0.02 0.39b+0.06 0.55b+0.08 *
3 0.53bc+0.03 0.40b+0.04 * *
4 0.60c+0.13 0.37ab=+0.07 * *
5 0.69d+0.11 0.39b+0.03 * *
6 0.72d+0.04 * %* *
7 0.75d+0.02 * * *
8 *X * * *

"Means with the different letter in the same column are significantly different(p < 0.05).

‘Mean £ SD

*No data due to rupture of strawberry
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Fig. 9. Hardness of strawberry Albion fruit as a function of moisture content during
vacuum drying at various drying temperatures.
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Fig. 10. Change in moisture content of the partially dried strawberry Albion fruit in
the jam during storage at 4°C (Refer to Table 1 for A, B and O.
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Fig. 11. Change in moisture content of the partially dried strawberry Albion fruit in
the jam during storage at 20°C (Refer to Table 1 for A, B and O).
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Fig. 12. Change in moisture content of the partially dried strawberry Albion fruit in
the jam during storage at 40C (Refer to Table 1 for A, B and C).
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Fig. 13. Change in soluble solid content for strawberry Albion fruit in the jam during
storage at 4C (Refer to Table 1 for A, B and O).
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Fig. 14. Change in soluble solid content for strawberry Albion fruit in the jam during
storage at 20C (Refer to Table 1 for A, B and C).
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Fig. 15. Change in soluble solid content for strawberry Albion fruit in the jam during
storage at 40C (Refer to Table 1 for A, B and C).
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Table 3. Sensory evaluation of the partially dried strawberry Albion fruit in the jam during storage at 4C

Storage
period Sample” Sweetness Sourness Flavor Color Texture Overall
(week)
A 6.29a" +2.29* 3.29b+1.92 4.98a+1.84 5.86ab+1.40 5.69a+1.96 5.98a+1.93
0 B 5.03b+1.79 4.63a+2.28 6.07ax1.59 4.82b+1.95 5.87a+1.97 5.79a+2.17
C 6.67a+1.73 4.07ab+2.13 6.05a+1.71 6.45a+1.45 6.30a+1.50 6.62a+1.92
A 6.61a+1.28 4.86a+1.15 6.37a+1.82 6.37a+1.29 4.942+1.95 5.56b+1.22
3 B 5.26b+2.16 5.39a+1.99 5.02b£2.02 4.40b+1.40 5.15a+1.57 4.12c+1.43
C 5.15b+2.21 5.77a+2.24 5.33ab+1.44 6.19a+1.56 6.0la+1.68 6.55a+1.21

‘Refer to Table 1.

YMeans with the different letter in the same column are significantly different (p < 0.05).

*Mean = SD
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Table 4. Sensory evaluation of the strawberry Albion fruit jam during storage at 4C

Storage
period Sample” Sweetness Sourness Flavor Color Texture Overall
(week)
A 7.03ab¥+1.68" 3.71bc£1.97 4.89a+1.67 6.21a+1.81 5.55a+1.63 5.33ab+1.73
B 5.30c+1.98 5.23a+2.38 4.27a+1.65 4.91b+1.46 3.79b+1.74 4.19ab+1.72
0 C 6.79b£1.51 4.25ab=+2.09 5.35a+1.78 6.19a+1.23 5.8la+1.59 5.77a+1.84
Control 8.05a+1.48 2.79c+2.56 5.25a+2.08 3.47c+1.53 4.31b£2.00 4.53b+2.32
A 7.11a+2.28 3.05b*1.24 6.8la+2.45 6.41a+2.43 7.11a+2.73 7.39a+2.11
B 4.89b£2.08 5.23a+2.49 5.57a+2.45 5.2la+2.14 4.39b+1.31 4.89b£1.68
3 C 6.41a+1.60 5.07a+1.99 5.59a+1.81 5.95a+1.69 5.6lab+2.37 6.39ab+1.40
Control 7.73a+1.35 5.63a+2.86 5.75a£2.15 4.67a£2.09 6.9la+1.41 5.74b+2.58

“Refer to Table 1.

YMeans with the different letter in the same column are significantly different(p < 0.05).

*Mean £ SD
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Table 5. Sensory evaluation of the strawberry Albion fruit flesh in the jam during storage at 4C

Storage
period Sample” Sweetness Sourness Flavor Color Texture Overall
(week)
D 5.42b" £1.49* 3.85a+1.18 8.63a+0.39 8.01a+0.81 8.25a+0.77 8.15a+0.54
0 X 7.44a+1.33 2.01b+0.99 7.02b+0.80 5.05b+1.37 6.73c+0.67 6.60b+0.64
Y 7.30a+0.87 2.19b£=1.10 6.95b+0.73 5.60b+1.24 7.25b+0.81 6.54b+0.77
D 5.44b+1.58 3.63a+1.23 8.50a+0.62 7.55a%0.93 8.02a+1.18 8.09a+0.55
1 X 7.38a£1.25 2.31b+1.27 6.82b+0.93 4.93c+1.36 6.59c+0.67 6.57b+0.44
Y 7.38a=%0.72 2.30b+1.25 7.03b£0.77 5.64b+1.22 7.20b=+0.80 6.47b+0.86
D 4.11b+1.37 4.39a+1.35 4.58a+1.76 4.79a%0.91 4.34a+1.76 5.09a+1.05
2 X 5.45a+1.32 2.41b+0.94 3.93a+1.37 2.69b+1.09 3.69a+1.29 3.76b£0.70
Y 5.21a+1.23 2.58b+1.11 4.33a+1.12 3.23b+0.99 3.87a+1.23 3.87b+0.67
D 5.07b+1.43 3.65a+0.94 7.03a+0.97 5.63a+0.73 5.08a+1.59 6.11a+0.96
3 X 6.54a+1.24 2.57Tb+1.44 5.61c+1.11 3.51c+0.91 4.49b+0.94 4.86b+0.86
Y 6.35a+0.99 2.44b+0.96 5.95b+1.18 4.14b+0.89 4.68ab+1.22 4.89b+1.23

“Refer to Table 1 for D.
X and Y are strawberry jams purchased in the market.

YMeans with the different letter in the same column are significantly different(p < 0.05).

*Mean + SD
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Table 6. Sensory evaluation of the strawberry Albion fruit jam during storage at 4C

Storage
period Sample” Sweetness Sourness Flavor Color Texture Overall
(week)
D 6.66a” = 1.54* 4.23a+1.49 7.33a+1.77 7.81a+0.92 5.20b+1.90 6.66a=+1.54
0 X 6.97a+1.01 1.71b+1.01 6.72a+1.14 3.81b+1.80 7.17a+1.23 6.97a+1.01
Y 6.60a+1.18 1.97b+1.11 6.41a+0.94 4.37Tb+1.67 7.49a+0.91 6.60a+1.18
D 5.21b+1.51 4.23a+1.43 7.13a+1.71 7.49a+0.97 4.91b+1.70 6.25a+1.15
1 X 7.43a+1.23 2.05b+1.06 6.47ab+1.18 3.66c+1.66 6.89a+0.93 6.77a+1.41
Y 7.26a%0.90 2.28b*+1.17 6.15b+1.03 4.37b£1.40 7.38a%0.70 6.32a+1.51
D 4.37b+1.40 4.41a+1.56 4.54a+1.49 4.95a+1.30 2.83b=+0.73 4.19a+1.11
2 X 6.17a+1.17 1.97b+0.93 4.21a+1.53 2.57Tb*=1.16 4.26a+1.14 3.83a+0.78
Y 5.85a+0.81 2.17b+0.80 4.49a+1.24 2.83b+1.16 4.52a+0.87 3.90a+0.73
D 3.62b+1.41 3.81a+1.09 5.71a+1.34 5.35a+0.89 3.63b+1.21 4.93a+0.91
3 X 5.47a+1.16 1.70b+0.80 5.03b+1.09 2.67b+1.21 4.98a+0.79 5.51a+0.96
Y 5.232%0.86 1.87b+0.66 5.14ab+0.97 3.03b+1.16 5.40a+1.04 5.32a+1.22

“Refer to Table 1 for D.
X and Y are strawberry jams purchased in the market.

YMeans with the different letter in the same column are significantly different(p < 0.05).

*Mean + SD
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Fig. 16. Change in moisture content of the partially dried strawberry Albion fruit in the
jam D during storage (Refer to Table 1 for D).
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Fig. 17. Change in soluble solid content for the strawberry Albion fruit jam D during
storage (Refer to Table 1 for D).
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Fig. 18. Appearance of the partially dried strawberry Albion fruit in the jam during storage
at 4C.
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Fig. 19. Appearance of the partially dried strawberry Albion fruit in the jam during storage at
20C.
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Fig. 20. Appearance of the partially dried strawberry Albion fruit in the jam during storage at
40C.
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Fig. 21. Comparison of the flesh size in the jam made of strawberry Albion fruit with
those in the jam made of June-bearing strawberry fruit in the market (Refer to Table 1
for D. X and Y are strawberry jams purchased in the market).
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(4) 718 ZA3l= vitamin Ce} ellagic acide] &+

B Agof o]gd UnH|l Tr]o Z=A3}= vitamin Ce} ellagic acid®] & Z+ZF 62.6, 10.3
mg%olom gHjLoz e AXI FTox= Z+Z 716, 11.5mg%olAdtt. M Ax Fo
vitamin C¢} ellagic acide] saFo] tii F713 AL Mo AxA FR Fiz Q3 v=8
Fol 7103 Ao g ATHACTE 4CAA 1077 A3 vitamin Ce} ellagic acide] &S Zhz+
36.5, 13.5mg% = vitamin C= ¢F 50%7} 4%t whH | ellagic acid= 48R Ut welA

A7 Zo| ellagic acid’} vitamin CETt IR T

2

A3 Zlo 2 YElgtiTable 7).

Table 7. Contents of vitamin C and ellagic acid present in strawberry and the jam of Albion

fruit
o _ , Moisture
Vitamin C Ellagic acid
Sample . . content
(mg%) (mg%) @
Strawberry fruit 62.6+1.06 10.3+0.12 92.3+0.17
Strawberry jam
71.6+0.76 11.5+0.29 42.1+0.01
(fresh)
Strawberry jam
36.5+1.58 13.5+0.26 45.7+0.19

(10 week storage at 4C)
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() F4 3 AE&xA FAMSe AZ7ILE S 27 FAC U3 AERFE JEEE UE

Ul At

ARE 7] HAERAE EAEAY(EZ Test/CE-500N, Shimadzu, Kyoto, Japan)E ©]-&3}
120mm - min™ cross head speed Z7 oA 3mm probe® Zo] Smm7tx ZA3te] N(newton)o.

2 FA A

7MY E FHFE B JAE AE5S T FHITEAPAL-1, Atago, Tokyo, Japan)= =
géte] BrixZ e ST

fr714b %2 35 2g& methyl alcohol 16mLell 2i w3t & A Eg st GAAS
0.45um membrane filter2 <] 3}3dF 3 HPLC(YL9100, Young-Lin, Anyang, Korea)Z =433
HPLC 4 =742 o]ZAS #< 0.6mL - min'e 5mN sulfuric acidE isocratic 27102 &4
o HZE7]+= UV detector2 210nmolA  ZARSEATS 84U 4 Columne Rezex
ROA-Organic Acid HE o] &3}t

T g7 #y9 FHzR 2FuE AAA(CR-400, Minolta, Osaka, Japan)Z %3}
CIE L*(M =), Chroma(} =) ¥ Hue angle(*}4}) Zto.2 E 7|33t
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= veh it

1T 71 ©° fu

Institute Inc. Cary NC 27513, USA)& o]&3te] EAFEX(ANOVA)E 3t om, A8 3te #9
e Duncan®] thEZADMRT)S o] &3t p < 0.05 FZAA AZ34 T

EAgEE HHESE SRHES X o= St AFAAe FTAAZE SAS system(SAS

Fig. 1. Cleaning of calyx removed summer strawberry Albion cultivated on high land of
Pyeongchang area in 2014 to keep the fruit quality and prevent of occurrence of decay by
dipping 2 times for 3 seconds and bubble washing one time for 3 seconds with a bubbling
washing equipment of fruits and vegetables in tap water.
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Fig. 2. Forced-air cooling of calyx removed summer strawberry Albion cultivated on high land
of Pyeongchang area in 2014 to decrease in temperature and to dry the epidermis layer of
fruit at 5C, 10C, and 15C for 2-14 hrs, respectively.
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(Th A : F7tellA Lo s3d @rls AsdFusta d7EAE A% HAE A5k
HE AEE & 29 275 Addx A F 5T, 10C, 15ColA Z2 &gk lS AAISHRA
o Ay Ags 2EEE 4AZE 6AIRE 18 a AR FF Agsklal, A 5L 7L F42
HEE ALS T

Eh =2 D AF 0 258 FAHE 9 QA g 2] F92E {79 50082 (6A17F A 2
T+ 1.5kg) o} 0.0omm F7¢ LDPE #E &R Yo £AFig. AT Ase HETE
THE 24339 =F2A AF&ITAEZ EA7)(AIRZERO [AZ-450E, Intrise, Ansan, Korea)Z
AbEsle XF B AAVA T EHF dEste Erlekath 2AE 2l I 3
a8 AAHL2ER] 4T oA dFI AR § FHAWHIE Ao

nitrogen gas filling packaging vacuum packaging
(500g) (1.5kg@)

Fig. 3. Nozzle type of vacuum and gas flushing vacuum sealer and minimally processed

summer strawberry Albion cultivated on high land of Pyeongchang area in 2014 after

forced-air cooling and 0.05mm LDPE film packaging with nitrogen gas filling or vacuum,

vacuum sealer

respectively.
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Fig. 4. Incidence of fungus on calyx removed summer strawberry Albion cultivated on high
land of Pyeongchang area in 2014 washed with a bubbling washing equipment of fruits and
vegetables in tap water and with tap water only.
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Fig. 5. Weight loss of minimally processed summer strawberry Albion cultivated on high land
of Pyeongchang area in 2014 after forced-air cooling at 5C, 10C, and 15C for 2-14 hrs,
respectively.
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Fig. 6. Firmness of minimally processed summer strawberry Albion cultivated on high land of

Pyeongchang area in 2014 after forced-air cooling at 5C, 10C, and 15C for 2-14 hrs,
respectively.

11

&
< 104 | &= 10,
= —A— 15
m C
L
€ 97
9
C
8
w 8
o
E}
o 77
o]
=)
o
N 6
5 T T T T T T T T
0 2 4 6 8 10 12 14 16

Time
Fig. 7. Soluble solids content of minimally processed summer strawberry Albion cultivated on

high land of Pyeongchang area in 2014 after forced-air cooling at 5C, 10C, and 15C for
2-14 hrs, respectively.
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Fig. 8. Lightness of minimally processed summer strawberry Albion cultivated on high land of
Pyeongchang area in 2014 after forced-air cooling at 5C, 10C, and 15C for 2-14 hrs,
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Fig. 10. Hue angle of minimally processed summer strawberry Albion cultivated on high land
of Pyeongchang area in 2014 after forced-air cooling at 5C, 10C, and 15C for 2-14 hrs,

respectively.

Fig. 11. Cutting plane appearance of minimally processed summer strawberry Albion cultivated on
high land of Pyeongchang area in 2014 after forced-air cooling at 15C for 2-14 hrs,
respectively.
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Table 1. Weight loss of minimally processed summer strawberry Albion cultivated on high

land of Pyeongchang area in 2014 during storage for 7 days after forced-air cooling at 5C,

10C, and 15C for 4-8 hrs and 0.05mm LDPE film packaging with nitrogen gas filling or

vacuum, respectively.

Weight loss (%)

Treatment after Storage (7 day)
after Cooling
NFPY VP NGP
Control - 1.8b 0.2h 0.2h
4h 1.9ef? 3.1b 2.0ef 2.0ef
Forced-air
cooling 6h 2.4cd 2.7b 2.5d 2.6d
5C
8h 2.8bc 6.5a 2.9¢ 2.9¢
4h 1.4f 2.8b 1.4¢g 1.4¢g
Forced-air
cooling 6h 1.6ef 1.8b 1.8f 1.8f
10C
8h 2.0de 2.6b 2.0e 2.1e
4h 2.6bc 6.4a 3.0c 3.0c
Forced-air
cooling 6h 3.0b 3.5b 3.3b 3.4b
15C
8h 3.7a 6.3a 4.1a 4.0a

“Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Fig. 12. Firmness of minimally processed summer strawberry Albion cultivated on high land of Pyeongchang area in 2014 during storage for 7
days after forced-air cooling at 5C, 10C, and 15C for 4-8 hrs and 0.0bmm LDPE film packaging with nitrogen gas filling or vacuum,
respectively.
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Table 2. Organic acid contents of minimally processed summer strawberry Albion cultivated

on high land of Pyeongchang area in 2014 during storage for 7 days after forced-air cooling
at 5C, 10C, and 15C for 4-8 hrs and 0.0bmm LDPE film packaging with vacuum or
nitrogen gas filling, respectively.

Organic acid (mg - g"'FW)

Treatment after storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Control - 20.22c 17.91c 18.38c¢
4h 11.40¢€” 36.08b 32.21a 32.55a
Forced-air
cooling 6h 11.97de 38.67b 28.54b 30.05b
5C
8h 26.20a 43.91a 31.24a 33.73a
4h 12.10de 10.18d 10.23ef 9.52¢e
Forced-air 11.92
ccighng 6h 12.08de 10.64d 9.76f 10.70de
T
8h 11.83e 11.44d 9.87f 10.98de
4h 12.92cd 11.88d 11.22de 11.88d
Forced-air
cggling 6h 13.50bc 13.20d 12.37d 11.88d
T
8h 13.96b 13.52d 12.11d 12.21d

“Mean separation within columns by Duncan’ s multiple range test at p < 0.05.

YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Table 3. Citric acid contents of minimally processed summer strawberry Albion cultivated on
high land of Pyeongchang area in 2014 during storage for 7 days after forced-air cooling at
5C, 10T, and 15C for 4-8 hrs and 0.05mm LDPE film packaging with nitrogen gas filling or
vacuum, respectively.

Citric acid (mg - g"'FW)

Treatment after storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Control - 15.34c 13.44c 13.53c
4h 7.39€¢” 28.20b 24.53a 25.26a
Forced-air
cooling 6h 7.31e 30.55b 21.55b 22.41b
5C
8h 18.10a 35.24a 23.73a 26.45a
4h 8.45cd 7.38d 7.39de 6.74e
Forced-air 8.05
cooling 6h 8.37d 8.12d 7.19% 7.96de
10C
8h 8.38d 8.49d 7.36de 8.19d
4h 8.94cd 8.17d 7.58de 8.26d
Forced-air
cooling 6h 9.19c 9.66d 8.65d 8.31d
15C
8h 10.08b 9.70d 8.57d 8.59d

“Mean separation within columns by Duncan’ s multiple range test at p < 0.05.

YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Table 4. Malic acid contents of minimally processed summer strawberry Albion cultivated on
high land of Pyeongchang area in 2014 during storage for 7 days after forced-air cooling at
5C, 10T, and 15C for 4-8 hrs and 0.05mm LDPE film packaging with nitrogen gas filling or
vacuum, respectively.

Malic acid (mg - g"'FW)

Treatment after storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Control - 4.98c 4.70c 4.85b
4h 4.11cd 7.89b 7.47b 7.49a
Forced-air
cooling 6h 4.59b 7.99b 7.13b 7.61a
5C
8h 7.97a 9.01a 7.91a 7.48a
4h 3.76efg 2.79% 2.97e 2.81d
Forced-air 3.99
cooling 6h 3.68fg 2.52e 2.48f 2.69d
10C
8h 3.50g 2.88e 2.55f 2.74d
4h 3.98de 3.74d 3.50c 3.62c
Forced-air
cooling 6h 4.30c 3.54d 3.76¢ 3.56¢
15C
8h 3.88def 3.79d 3.58¢c 3.55¢C

“Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Fig. 14. Lightness value of minimally processed summer strawberry Albion cultivated on high land of Pyeongchang area in 2014 during storage
for 7 days after forced-air cooling at 5C, 10C, and 15C for 4-8 hrs and 0.0bmm LDPE film packaging with nitrogen gas filling or vacuum,
respectively.
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Fig. 16. Hue angle value of minimally processed summer strawberry Albion cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C, 10C, and 15C for 4-8 hrs and 0.05mm LDPE film packaging with nitrogen gas filling or

vacuum, respectively.
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Fig. 17. Incidence rate of fungus on fruits of minimally processed summer strawberry Albion
cultivated on high land of Pyeongchang area in 2014 during storage for 7 days after
forced-air cooling at 5C, 10C, and 15C for 4-8 hrs and 0.05mm LDPE film packaging with
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Table 5. Incidence rate of non-marketable fruits of minimally processed summer strawberry

Albion cultivated on high land of Pyeongchang area in 2014 during storage for 7 days after
forced-air cooling at 5C, 10C, and 15C for 4-8 hrs and 0.05mm LDPE film packaging with

nitrogen gas filling or vacuum, respectively.

Rate of non-marketable fruit (%)

Treatment after Storage (7 days)
NFPY VP NGP
Control 18.7bcd” 4.0a 3.4bc
Forced-air 4h 71.6a 9.6a 5.4bc
cooling oh 24.4bc 4.4a 3.9bc
oT 8h 83.9a 282 9.0ab
Forced-air 4h 4.3d 2.4a 4.2bc
cooling 6h 10.5cd 1.0a 0.5¢c
10C 8h 2.2d 23a 0.0¢
. 4h 18.0bcd 10.0a 8.4ab

Forced-air

cooling 6h 31.0b 13.5a 12.9a
15¢ 8h 21.5bcd 11.6a 9.6ab

“Mean separation within columns by Duncan’ s multiple range test at p < 0.05.

YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Fig. 18. Quality of non-marketable fruits of minimally processed summer strawberry Albion
cultivated on high land of Pyeongchang area in 2014 during storage for 7 days after
forced-air cooling at 10C for 6 hrs and 0.0bmm LDPE film packaging with nitrogen gas
filling or vacuum, respectively.

A: Control, B: Non-film Packaging, C: Vacuum film Packaging, D: Nitrogen Gas film Packing
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Table 6. Weight loss of minimally processed summer strawberry Albion from non-marketable
fresh fruit cultivated on high land of Pyeongchang area in 2014 during storage for 7 days
after forced-air cooling at 5C for 4-8 hrs and 0.05mm LDPE film packaging with nitrogen
gas filling or vacuum, respectively.

Weight loss (%)

Treatment after Storage (7 days)
after Cooling
NFPY VP NGP
Oh - 4.0c 0.6¢ 0.7d
Forced-air 4h 3.3p" 6.4b 3.5b 3.7b
cooling
5 6h 3.2b 3.5d 3.4b 3.5¢
8h 4.0a 7.2a 4.1a 4.4a

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.

Table 7. Firmness of minimally processed summer strawberry Albion from non-marketable
fresh fruit cultivated on high land of Pyeongchang area during storage for 7 days after
forced-air cooling at 5C for 4-8 hrs and 0.0bmm LDPE film packaging with nitrogen gas
filling or vacuum, respectively.

Firmness (N)

Treatment after Storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Oh - 2.2a 2.0b 1.9a
Forced-air 4 170 2.0ab 1.8¢ 1.8a
cooling 1.4
5 6h 2.0a 1.9b 2.2a 1.8a
8h 1.4c 1.9b 1.4d 2.0a

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Table 8. Soluble solids content of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-8 hrs and 0.05mm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Soluble solids content (°Brix)

Treatment after Storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Oh - 7.2a 7.1a 5.8c
Forced-air 4h 7.0ab’ 6.7b 6.5b 7.2a
cooling 7.2
5 oh 7.2a 7.3a 6.6b 6.8b
8h 6.8b 7.4a 6.3b 7.3a

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.

Table 9. Organic acid contents of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-6 hrs and 0.05mm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Organic acid (mg-g*FW)

Treatment after Storage (7 days)
at Harvest after Cooling

NFPY VP NGP

Oh - 13.16a 11.83a 9.99c

Forced-ar 4 13.324 12.41b 11.17b 12.02ab

cooling 13.27

5 6h 13.32a 12.52b 11.87a 11.82b

8h 13.50a 12.43b 10.95b 12.19a

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Table 10. Citric acid contents of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-6 hrs and 0.05mm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Citric acid (mg - g"'FW)

Treatment after Storage (7 days)
at Harvest after Cooling

NFPY VP NGP

Oh - 9.57a 8.26a 6.89c

Forced-air 4h 9.43a’ 8.51b 7.83b 8.37b

cooling 9.18
oh 9.37a 8.93b 8.35a 8.35b
5C
8h 9.35a 8.67b 7.56C 8.74a

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.

Table 11. Malic acid contents of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-6 hrs and 0.0omm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Malic acid (mg - g"'FW)

Treatment after Storage (7 days)
at Harvest after Cooling

NFPY VP NGP

Oh - 3.62b 3.57a 3.11c

Forced-air 4 3.98ab’ 3.92a 3.36b 3.67a

cooling 4.11
6h 3.94b 3.64b 3.52a 3.49b
5C
8h 4.10a 3.72b 3.40b 3.54b

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Table 12. Lightness value of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-6 hrs and 0.05mm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Lightness
Treatment after Storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Oh - 32.6b 33.1a 39.6a
Forced-air 4h 36.02 30.8¢ 33.3a 33.2d
cooling 34.5
5 oh 33.2b 34.5a 33.4a 34.6b
8h 34.7a 32.4b 32.0b 33.9c

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.

Table 13. Chroma value of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-6 hrs and 0.05mm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Chroma
Treatment after Storage (7 days)
at Harvest after Cooling

NFPY VP NGP

Oh - 38.6a 38.5a 44.1a

Forced-air 4 47.60° 36.9b 36.0c 39.5b

cooling 41.7
6h 45.0b 38.8a 36.6bc 39.5b
5C
8h 47.0a 36.3b 37.0b 38.6¢

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Table 14. Hue angle value of minimally processed summer strawberry Albion from
non-marketable fresh fruit cultivated on high land of Pyeongchang area in 2014 during
storage for 7 days after forced-air cooling at 5C for 4-6 hrs and 0.05mm LDPE film
packaging with nitrogen gas filling or vacuum, respectively.

Hue angle
Treatment after Storage (7 days)
at Harvest after Cooling
NFPY VP NGP
Oh - 36.7b 36.6a 42.1a
Forced-air 4h 39.2a° 34.7c 35.2b 34.8¢
cooling 36.7
5 oh 35.9b 37.9a 32.0c 36.2b
8h 37.9a 37.4ab 35.1b 34.2c

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.

Table 15. Incidence rate of non-marketable of minimally processed summer strawberry Albion
cultivated on high land of Pyeongchang area in 2014 during storage for 7 days after
forced-air cooling at 5C, 10C, and 15C for 4-6 hrs and 0.05mm LDPE film packaging with
nitrogen gas filling or vacuum, respectively.

Rate of non-marketable fruit (%)

Treatment after Storage (7 days)
NFPY VP NGP
Oh 57.3a* 43.6a 37.0a
Forced-air 4h 57.7a 39.5a 39.0a
cooling
5 6h 58.0a 21.6b 37.7a
8h 42.3a 18.8b 38.8a

"Mean separation within columns by Duncan’ s multiple range test at p < 0.05.
YNFP: Non-film Packaging, VP: Vacuum film Packaging, NGP: Nitrogen Gas film Packing.
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Fig. 19. Quality of non-marketable of minimally processed summer strawberry Albion
cultivated on high land of Pyeongchang area in 2014 during storage for 7 days after
forced-air cooling at 5C for 6 hrs and 0.05mm LDPE film packaging with nitrogen gas filling
or vacuum, respectively.

A: Control, B: Non-film Packaging, C: Vacuum film Packaging, D: Nitrogen Gas film Packing
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Control

Fig. 20. Cutting plane appearance of non-marketable of minimally processed summer
strawberry Albion cultivated on high land of Pyeongchang area in 2014 during storage for 7

days after forced-air cooling at 5C for 6 hrs and 0.05mm LDPE film packaging with nitrogen
gas filling or vacuum, respectively.
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