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Development of Hurde Technology and
Ready-to-use(RTU) Fruit Produces using Domestic Fruits
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SUMMARY

I. Title
Development of Hurdle Technology and Ready-to-use(RTU) Fruit Produces

using Domestic Fruits

II. Objective and Significance
1. Objective

Ready-to use fruit produces (fresh-cut fruit) was processed by minimal
processing method using domestic fruits to increase the consumption of fruits.
Ten kinds of domestic fruit (apple, pear, grape, mandarin orange, watermelom,
melon, persimmon, strawberry, peach and kiwi) were used in this to develop
ready-to—use (RTU) fruit produces for various type of consumption (food
service system, lunch bag and beauty or diet). The main puporse of this
study is to develop RTU fruit produces which have health, acceptability,
conveniece and high quality through by hurdle technology such as prevention
of browning and softening, control of microbial growth and packaging

technique.

2. Significance

From the last decade, the most evident changes of fruit consumption trend
is the increase of raw and fresh—cut type of fruit consumption in developed
countries. For the advantage of convenience, reduction of labour and waste,
simple quality control and possibility of new product development, fresh-cut
produce have been one of the hottest commodities in grocery stores over past
10 years at U.S. and European countries. The market of fresh-cut produce
was over $10 billion in U.S. retail food service sale in 1999 and will grow at

10-15% a year for the next five years. But, the industry in our country is
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just in the beginning because the technology required in minimal processing
is not studied still. To enlarge the consumption of domestic fruits and to
satisfy consumers’ convenience, development of ready-to-use fruit produces
and hurdle technology such as prevention of browning and softening, control

of microbial growth and packaging technique are needed.

M. Scope

1. Establishment of key techniques for the processing of RTU fruit produces

1) Effects of cutting method and conditions on the quality of RTU fruit
produces

2) Inhibition of browning and softening in the processing of RTU fruit
produces

3) Effects of physical treatment on the quality of RTU fruit produces

4) Effects of natural extract treatment on the quality of RTU fruit produces

5) Effects of combined(physical and chemical) treatment on the quality of
RTU fruit produces

6) Effects of edible coating on the quality of RTU fruit produces

2. Development of various type of RTU fruit produces and packaging
technology

1) Design of RTU fruit on the class of consumer

- Investigation and choice of type of RTU fruit produces

— Organization of contents in the fruit box as a consumer type

— Scrutinize the nutritional value in the fruit box

2) Minimal processing and quality investigation of fruit model system

- Selection and application of packing material

- Investigation of shelf life of fruit packed by minimal processing

- Sensory evaluation of fruit model as preservation periods

_14_



- Investigation and choice of type of ready-to—use fruit produces

— Organization of contents in the fruit box as a consumer type and
investigation of nutritional value of the produces

- Selection and application of packing material and packaging methods

- Investigation of shelf life and preference test of ready-to-use fruit

produces

3. Establishment of Microbiological Quality Safety of Commercially Available
Ready to Eat Vegetables

1) Microbial distribution of RTU fruits (total counts, yeast and molds,

coliforms)

2) Microbial growth in RTU fruits during storage at different temperatures

3) Inactivation of natural microflora by electrolyzed treatments

4) Inactivation of foodborne pathogens by electrolyzed water or natural
antimicrobials treatments

5) Extension of shelf-life of RTU fruits by using hurdle concepts of

pre-treatment, temperature and packaging

IV. Results and Recommendation

1. Establishment of key techniques for the processing of RTU fruit produces
1) Effects of cutting method and conditions on the quality of RTU fruit

produces

The effects of cutting methods on the quality of fresh—cut fruit was studied. L
value of cut surface and hardness of flesh cut with sharp knife was higher than
those cut with dull knife during storage of fresh-cut apples. The difference in
changes of soluble solid and pH of apple were slight as the different cutter but
polygalacturonase activity which has related with softening of fruit was lower

when the fruit cut with sharp knife than that with dull knife.
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2) Inhibition of browning and softening in the processing of RTU fruit
produces

Chemical methods to prevent browning and softening of fresh-cut fruit were
studied. The most effective chemicals for preventing of browning on the cut
surface of fresh—cut fruit was 1% cystein and 1% CaCly solution treatment
for apples, 1% NaCl, 1% MgCly, and 1% CaCly; for pears among tested. For
the persimmon, 1% cystein was most effective and 1% MgCls, 1% CaCls were
effective, too. 1% solution NaCl, CaCl; and MgCly, were effective for melon,
196 CaCly for mandarin orange, 1% CaCl: and MgCl, were effective for kiwi
fruit. 1%6 NaCl was the most effective for peach variety named Yumyung, but
1%6 CaCly for the Changhowon variety.

As the effective chemicals for preventing of softening of fresh—cut fruit
produces were 1 % MgSQO, for melon, 1% CaCl: for mandarin orange and
kiwi. For the grape, 126 CaCly solution treatment was effective when grape
was stored 12 days at 4T and 05% CaCl: was effective in hardness
retention for watermelon after 7 days storage. 1% CaCl: was the most
effective for peach variety of Changhowon till after 7 days of storage and 1%

MgCly was effective for the hardness retention of strawberry.

3) Effects of physical treatment on the quality of RTU fruit produces

Blanching at 50°C for 30 seconds was effective for retention of L value in
melon after 4 days storage and blanching at 50°C for 5 seconds effective for
kiwi after 24hours storage. Blanching at 50°C for 20 seconds was effective
for hardness retention after 3 days storage of melon and blanching at 40°C
for 10 seconds was effective for kiwi after 24 hours storage. The treatment
of ozone water was effective in preventing of browning and softening of

fresh—cut melon.
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4) Effects of natural extract treatment on the quality of RTU fruit produces
Some natural extracts were treated on fresh-cut fruits to prevent browning.
L wvalue of minimally processed mandarine orange was high after 7 days
storage at 4°C when treated with tea phenol(0.5%). The extracts from
Cnidium dfficinale was effective for fresh-cut pears and Astragali radix

extract was effective for fresh-cut apples.

5) Effects of combined(physical and chemical) treatment on the quality of
RTU fruit produces

The effect of combined treatment of physical and chemical method in
preventing of browning and softening was studied. Blanching at 40°C for 15
seconds and 50°C for 5 seconds in 1% CaCly solution were effective in
retention L value after 24 hours storage of fresh-cut kiwi fruit. Decrease of
hardness was reduced during storage of fresh-cut kiwi when treated with
blanching at 50°C for 5 seconds in 1% CaCls solution, too.

The most effective combined mixture of chemicals for prevention of
browning of fresh—cut fruits was made up the same amount of ascorbic acid,
citric acid, NaCl and MgCl,. The effect of 196 combined mixture was more
effective in L value retention after 8 days storage of fresh-cut apples than
commercial antibrowning agent named drywite. Combined mixture was
effective in browning and hardness retention of strawberry, too.

6) Effects of edible coating on the quality of RTU fruit produces

Edible coatings with dextrin and WSF(whole soy flour) was effective in
browning inhibition of fresh-cut apples. Coatings with 05% WSF, 1%
albumin and 3% dextrin were effective in browning inhibition of fresh-cut
pears. There was no difference in hardness between coated and not coated
fresh-cut apples, but 1% and 2% dextrin coating on fresh—-cut pears was

effective in hardness retention after 5 days storage at 4°C.
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2. Development of various type of RTU fruit produces and packaging

technology

Development of model system of RTU fruit was conducted with Apple, Pear,
Grape, Tangerine, Watermelon, Melon, Persimon, Strawberry, Peach, Kiwi for
food service system, lunch bag, beauty and diet as class of consumer. The fruits
for model system was investigated on the effect of shelf life by minimal
procesing. Sample wraped with LDPE(low density polyethylene) film showed
positive effect on prolong of shelf life. Weigh loss was low ranging —0.39% ~
1.76% in sample wraped with film, compared to none ranging 1.54% ~14.10%.
Solid content and pH were not significant in samples wraped with film, or
neither. Titratable acidity was high in sample with film. Color was maintained
by film wraping and chemical treatment with delay of browning. Sensory
evaluation of film wraping and treating chemicals was better than that of
neither sample. Samples, wraped with film and treated with chemicals,
showed shelf life of maximum 2 weeks compared to that of 2 days~7days.
RTU fruit from the result of model system will be commercially developed

with improvement of film and addititive.

3. Establishment of Microbiological Quality Safety of Commercially Available

Ready to Eat Fruits

1) Microbial distribution of RTU fruits (total counts, yeast and molds,
coliforms)

The microbial distribution of 9 kinds of ready to use(RTU) fruits(apple,

grape, kiwi, melon, orange, pear, persimmon, strawberry, watermelon) were

determined. The total counts ranged from 10° to 10 CFU/g, respectively.

Among them, the mellon showed the highest initial total counts of 4.12 log
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CFU/g and followed by apple, persimmon, watermelon, strawberry, pear,
respectively. Similar results was observed in the initial yeast and molds of
the RTU fruits. An melon had highest initial numbers of 4.03 log CFU/g and
followed by strawberry, apple, persimmon, kiwi, watermelon, pear, grape,
respectively. On the other contray, psychrotrophic bacteria, coliform and
Escherichia coli was not detected before storage. However, psychrotrophic
bacteria and coliform grew well and ranged from 10> to 10 CFU/g,
respectively after 21 d storage at refrigeration temperature, but no growth of

Escherichia coli in RTU fruits was observed during storage.

2) Microbial growth in RTU fruits during storage at different temperatures
Melon and watermelon showed the least storge period with 7 d and 14 d,
respectively, but the other fruits could store up to 21 d without quality
deterioration at 4C. However, Melon, strawberry and watermelon started to
deteriorate after 3 d storage, whereas pear, orange and kiwi started to
deteriorate at 25C after 14 d storage. The total counts of apple, pear,
persimon, grape, kiwi, strawberry, orange increased up to 6 log CFU/g at 4
C after 14 d storage, whereas total counts in mellon and watermelon were
rapidly grown up to 6 log CFU/g after 3 and 7 d storage. However, mellon,
strawberry and watermelon completely deteriorated after 3 d storage at 25C.
Similar results was observed in yeast and mold. In the meantime, coliform
and psychrotrophic bacteria did not grow up to 7 d storage in most RTU
fruits, but started to grew well after 7 d storage at 4C and rapid growth
was observed in apple, pear, grape and kiwi at 25TC.

3) Inactivation of natural microflora by electrolyzed treatments

Inactivation effects of electrolyzed water on the microflora of 7 kinds of
RTU fruits (apple, grape, kiwi, melon, orange, strawberry, watermelon) were

analyzed. Water washing reduced the total counts and yeast and molds on
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the 9 kinds of RTU fruits by approximately 0.2 to 0.5 log CFU/g, but
electrolyzed water treatment significantly enhanced the inactivation effects by
1.0 to 15 log CFU/g reduction, respectively. The the total counts and yeast
and molds on apple, grape, kiwi were more sensitive to electrolyzed water
treatment than that of pear, orange, melon, but least effect was observed in
watermelon. Overall, acidic or alkalic electrolyzed water showed similar
inactivation effect on the RTU fruits, alkalic electrolyzed water was more

effective based on senseroy evaluation or antibrowning effect.

4) Inactivation of foodborne pathogens by electrolzyzed water or natural
antimicrobials treatments
When E. coli O157:H7 inoculated into apple was treated with acidic and
alkalic electrolzyzed water or grapefruit seed extract for designated dipping
time, approximate 35 to 4 log CFU/g reduction of E. coli O157:H7 was
observed in the acidic and alkalic electrolzyzed water. Also, similar reduction
was observed in the treatment of 0.5% to 1% grapefruit seed extract. The
inactivation effect significantly increased as dipping time increased from 1
min to 5 min. However, when E. coli O157:H7 inoculated into apple was
treated with combined electrolzyzed water with 1% grapefruit seed extract,
significantly enhanced inactivation was observed. Results showed that the 5
min dipping treatment in the electrolzyzed water or 1% grapefruit seed
extract had the strongest inactivation effect on E. coli O157:H7 inoculated

into apple.

5) Extension of shelf-life of RTU fruits by using hurdle concepts of
pre—treatment, temperature and packaging
The growth effects on the microflora of 7 kinds of RTU fruits (apple,

grape, kiwi, melon, orange, strawberry, watermelon) by antibrown agents
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and packaging(PE and LDPE), singly or combined during storage at 4T and
25C are determined. The initial number of total counts in the control and
treatment of apple was 3.13 and 2.98 CFU/g, respectivel and similar result
was observed in the yeast and mold. The treatment showed a slightly
enhanced inhibitory effects by 0.5 to 1 log CFU/g reduction compared to
control in 7 kinds of RTU fruits. When apple was stored in the antibrowning
treated LDPE packging at 4 and 25C, more than 2 log CFU/g reduction of
total counts was observed compared to non-treated PE packaging. Also,
sensory and antibrowning effect was significantly enhanced in the
antibrowning treated LDPE packging. In the meantime, there was no different
effect between treatment or packaging in the RTU fruits containing high
water content or soft tissue, such as kiwi or watermellon. Also, most RTU
fruits was easily deteriorated within 2 to 3 d storage at 25C. Overall, the
antibrowning treated LDPE packging had the best sensory and quality effect

in the RTU fruits, except for kiwi, melon or watermelon.
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ato] 1 oA S AS|A I8ttt Rhubarb Ax&< 4, 18 m
AFAE TH3he 2T S 80CFFTAA 2/ ¢ W&, F53 v o
vale] FE Aoz ALgE
o ddE g AE =4
A &= W3k Chroma-meter (CR-200, Minolta Co., Japan)® Hunter's value$!
L, a % b #& SAste] 2Aelon] W= A% x7|9k AR L o
Apol = e T
o EZAWAEe ThAE Y
A% T X uF-o] 7k 412 dual gas analyzer (David bishop Instruments
280 Combo, USA)E °o]-&3te] CO8F On9] WstE S48
A=W 3= texture analyzer (Model TA-XT2
Az 15784 FHslteo] 54

g A 54
A2t BAFY A F
England) & °¢]&3to] F43Ath Al5e H a7t
stRemn, SAHZAL &9 Table 13 Zt}
Table 1. The operating conditions of texture analyzer
Items Conditions
Sample height 5 mm
Sample width 25 mm
Test Type Hardness
Adaptor type Circle
Adaptor area 5 mm (diameter)
Sample type Vertical Round
Table speed 60 mm/min
Load cell 2 kg
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HAa7ts Agydd AR pH, 74 ¥ 2 AEE ARSI Y pHE AR

112 &3tete] #dstst s o33t pH meter (Orion, model
420A, USA)E Z7433t 7H8A 138 7 A9 ARE vfste] &5
il o3 & A8 ANS FHAGLEA (Atago Hand Refractometer, N1, ]apan)
£ o] &ste]l AT AN EE 4 A ARE vhfste] ZAE3 F o3
slo] A& A 10 mE & FHFFE 100 me7kA] sl A stk o] A 20 mE
0.1 N NaOHZ pH 8.17}# A Aste] 4ulH %S malic acidZ 3Hiksle] el
ATt

uh, B 7A
Zzke] BaAe) A7t A% R xel F AAAE AFe] BeA FAe wA
= ogge 2] Sl dAd &
5wl o Seld AR EAE A

2 =
Ads AAANA A Al Fasdvh

A}, Polygalacturonase(PG) &4 =4
PGe &4& FAst7] flstel Al

T, ZAFste] F&, ofFste] I ofdE FAhOR S 7 EA o
polygalacturonic acid® 7|22 7}8le] 308 &9 WS A7l & DNS A]eFS 7}
st #Be B @A AlA Y FE YA (spectronphotometer, Optizen
2120UV, Mecasys, Korea)Z ©]&3}o] 540nmolA THFEES A3l IdIS
A&ste]l 2R G408 AE 30TAA 2471

EAFES 1 unitE 3

ﬂd
offl

r (o} I
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8

3
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lo,
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o

o

oX,

ol
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o

o}, Vitamin C 3§

HElY C 52 FFFE o T3l B4t A5 E 5% m-phosphoric
acid &4 T3l ddslst ¢ dAFS 5% m-phosphoric acid §Ho =
100me st oAate] A|FEHor AT A& Imlel 0.2%
2,6-dichloroindophenol 0.ImlE 7}3}o] =33k & 3% thiourea 0.1mlE 7}3}¢]
2 5335t ¥ 2] dichloroindophenol

o
o
10,
e

A3 TS sodium acetate &< 1ml



7¥al 155 o)At ALojA] BE ‘]3}"15} 047] o 0.02% o-phenylenediamine &< 5mlE 5
A5l AAE HFRES o)7]|5F 350

= plgle 3} 2k X=Xb)xCxf _V
S Amgele] YRE, Xb 1 FARE] FRE

=& ascorbic acid EF 899 F4=

wn
J

Sh : %Xé% ascorbic acid EFFA 59 FFE

AR AMRS M IR AR S AEel olfEHI e &AA T dY
AA 9 albumin, ©53E 49 dextrin, AW A9 sucrose polyester(SPE)$} # %
)+ (whole soy flour, WSF)2 Table 19] o8] s =2 SFFol &3] £ &
AAA A, AHEEEA

Table 2. Coating materials and its concentration used on fresh—cut

apple and pear

Coating materials Concentration(%)
albumin 05,1, 1.5
WSF(whole soyflour) 05,1, 15
dextrin 1, 2, 3, 4
SPE(sucrose polyester) 0.5, 1, 1.5
2) A”YA Aot 2 # AR
uk) 3

1 dAT712 Adadt ARE Alxd Zy g9 15%7 dipping, 3%3F
drain A7l & ¥ % Zg o€ (High density polyethylene : HDPE, 18cmx20

cm,, T 20pm)v]d Aol EGsko] 4T, AET W ARG
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FA A9 FuvA 2 0F 2 HFIFAD NN BFA AAF 9%
Tste] MARTEFS YA, FFE(Table DE F 907 FYsHAT

7 NRE 2uEA $2, 44 W4, 243os Zehg L AH 59 3

Table 3. The kind and number of collected samples

Sample spp. \ No. of Samples
Apple 10
Grape 10
Kiwi 10
Melon 10
Orange 10
Pear 10

Persimmon 10

Strawberry 10

Watermelon 10
Total \ 90

U Al 4 A AFY nAAETF 4
A EFEe] XS total counts, yeast and mold, coliform, E.coli ~L# il
psychrophileE ZAeA T Z+7+e] HUdF 959 AEFL2 F2A4F(25T0)4 I

AZAT)eZ Yo, AF 7IF 5 e AF 25g8 At 0.1% peptone

BN

4 225mLE stomacher bagoll ¥ 1 120s =<t stomacher 3+ % 0.1% peptone
Foll oA s A ste] dat Al g8 FFole] T E S48 fAg wiA<d
PCA(plate count agar, DIFCO) plate®} PDA(potato dextrose agar, DIFCO)

plated]l 0.ImLE &5 & = v T2 4 98t PCA plate=
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30CelA 48A17F wijkaloda, Aol FAHS flstol= 15ColA 797 wjgst

TR F3olo FAHE fste], PDA plate
= 25ColA 4827 wigstdh. gty oigre] 4 3M  Petrifilm
(E3M/F2LH)S gstdet. @ASA & ImlEs Fstel 3M
Petrifilmoel] 53k % 32CelA 24h w3t & FEYE A3t log CFU/gS
= e i

o
ofo
ol
o
£
A\

o sl o A 2y
= Al AR Adsiaes (F)Fdmoldi A iEl] Ade AYEA

(A2-1000) 225 Apgsto] @AM AAste] ALkt Al B8 =

g ‘[ Bl
| ——p

59 +=8
—_— ef—

1)

Fig 1. Structure of electrolyzed water

o

sl EE A7 (Ch), X ot AAHHOCHEA — WA, OH- o] 29 7+

29 H+ol F7t= pHASHph25), AAHe-)E #HAaE ORP<s (ORP 1150mv)
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stal, &84 %% 50ppme]th.
Fah4E He o] 29 7H49 OH- o9 =712 phAs(pHIlS) — A ES
M, AAHe-)E Z7FE ORPA S (ORP -850mv)3ste] AB5o] X F ).

HLdF 7F2 sampelS W & Aste] control(FA ), M4, A5, &
Zre| ol 33 B AT & dgsle] AES e

Ao AMEI TFFE E coli 015TH:7 932¢} Listeria monocytogenes
ATCC 191118 AMgstglon, HyaydFe Ao AME3t7] A Tryptic soy
brothol Al 33] AlthatAtt. AF29] inoculations 93] -2 37Tl A 244 7HE ot
Aujetstdon, ojgA wdy FAL ARSI cell pelets R F W@
Wa2 3|4 35te] Al E coli 0157TH: 73} Listeria monocytoges® =7]% %7}

10° CFU/g¢] ¥ A inoculum3} 4l th.

.

b A dAE 2 2FA e HEAH e o MEfA

HA5F TEF] samples AW FAE AHIE T owpdste] 1% CaCl, 1%
MgCLel #Agte] xgA-Z st AY APS stk dAYE 242 7
dol #HE Aoz APS AT, Aol FolE uEe § Adsio
1% CaClell 3#A= HASATE 58 Fo| APS s+, vl vy = 4
©ate] 1% MgClol 3¥7 #Ad & A9 vk A A4S 9lste] 3
A 2EFE oAk dwrH o R Ag3st= PEX A LDPE(Low Density
Polyethylene : Ad % Zgoda) A2 AH23 A FZE EFsle] 4T 25
CTEF2)NA AgstE A v

=)

0%
o,

Y
Ho
o
BN
>
Q‘L
32
B
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24 A7 g % A

G o] Aol Fd MAE 9SS AR Ay g8 A
9t Rzelq s URe 294 b cutter knife AbghE uhw]
7 FA WskE waskgth Fig 28 AAHdG Aol A% F dL e
WHetE Ve AdE Z7)o= A Zdo] TR wE Lite] Aol AA &
5¢ o]% o= sharp knifeZ A3t AlFo] A dLgke]l w-$- A o
Bl AAdd AFe Az A AR grHoR AAsYH e & dvl=
& ZAgE ARk Aol F5 Bo® oAAXY A9 Wle Fig. 39049 2
o] & Aol= YEFA &gkey sharp k
=1 et ol AxfA Zde Adzdde wE HAVEE A
polygalacturonase &/d<2] =folo] 7]Qlsl= Ho=E
pH % 7184 & FFelre] dadzdded we Aol= yehuA Fdvt

(Table 4).

nifeZ At Algo| A A = AE7}

—@— dull knife
—@— sharp knife

dL

0 5 10
storage days

Fig. 2. Delta L-value of apple by different cutting knife.
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hardness(g/e
N
T

2 4

storage days

—a— dull knife
—@—sharp knife

Fig. 3. Effect of different cutting knife on hardness at fresh-cut apple.

PG activity(unit)

dull knife

sharp knife

Fig. 4. Effect of different cutting knife on polygalacturonase activity in apple.

Table 4. Effect of different cutting knife on soluble solid and pH at fresh-cut apple

pH Soluble solid
Dull knife Sharp knife Dull knife Sharp knife
0 4.2 4.23 5.0 5.0
3 4.25 4.26 5.0 5.0
5 4.27 4.28 5.0 5.0
7 4.29 4.28 5.0 5.0
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v A ddde] Aw 9 Ast 1A s AT
1) spsta] wpgo] Alddw e A 5 FAEA vA= 9T
LEE AR L F{ I AES AAtsty] et AdH o] AdwAe] 9 x4
o AZAE g 7ol Folry Jasirt Al Ao AHE A )
atal ASAAE flete] ARUAAE Astar AAetAA Agke] A wE
FAEAES AU ARE 7 wEo & 3 JAAA F =7]E AA
stal 7|H-g 7o) EAste] 4T AAstaA A T FHdWsE S5
7h) Azl Wil

Aediol ga% AWHe Addd HdF AFe F40 7P 8% Aol n=m
et 249 AF S fetde dode ok a3AQd AwA|o st Folu

o Fadtt AdE ZF AuAsAe] Aol mE AdEG RdFe AY F

2z HEE FAMS AyE Fig. 5-149F 2t} Al A= 1% cysteine 3 1%

=

CaCl9] A&7} 7b¢ EA Yebstov(Fig. 5) ¥l 1% NaCl, 1% MgCl, 2 1%
CaClel A&7l £& a34= BHYtHFig. 6). 72 1% cysteine®] &7} 73
A el ahsh ey
(Fig. 7). 393 1% NaCl¥#} 1% CaClo] A7} A A s s o] 714 A7 ve
o 19 MgCh® w3z $53 ZuAdsS BhFig 8). 719E 1%

CaCl® A3 Ay AAz7t AsjEdor(Fig. 9), FolA= 1% CaCl9t 1%

=

[e)

o F9E UJeyon 1% MgCh¥}t 1% CaCLold %

MgCl, A&7} AstE 9 FAchFig. 10). 55oF F5 5 92 1% NaCl
Aol A AWsrb 7bg Zgko v (Fig. 11), Wake mE g FollA A% 3¢7t
2 A E o] YEY Lito]l 718t th(Fig. 12). =3 439 F3EE =43
o] 4% Ars FAdAEH ARG T FF=TE SUEEA Awle] AdgE =
A& st on 1% CaChA 77t A% 27156 79704 F3%=7F 71 2
LR ZRie] xeo] b = Zlow vEEtHFig. 13). HAvte 2re A%
24X 73 Al 1% MgCly Aol ojste] ZAwiAs] g7t 7bd FA vebgtt
(Fig. 14)
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82 HMControl
_ 80 W1 %A.A
© El1 %Cystein
To78 = 01 %NaCl
- 6 g N1 %MgCl,
B 01 %CaCl.
74 = %Histidine
72 =

hours after treatment

Fig. 5. Effect of browning inhibitor on L-value in fresh—cut apple during storage.
“Control: distilled water, AA: ascorbic acid.

80

1 In L i M T HEcontrol
60 I AA
OCA

40 ONacCl
MQC|2
NCaCl.

20 Ecys
EBEDTA

0 B O xal

0 3 6 24 ElRaffinose

L-valt

hours after treatment

Fig. 6. Effect of browning inhibitor on L-value in fresh—cut pear.
"Control: distilled water, AA: ascorbic acid, CA: citric acid, cys:
cysteine, EDTA: ethylenediamine tetraacetic acid, Oxal: oxalic acid,
The concentration of browning inhibitor is 1%.

80 r
HTT] —TT7 - M Control
60 =Y
E mCA
|§ 40 ONaCl
— MQC|2
20 H B CaCl, .
Cystein
0

0 3 24 48
hours after treatment

Fig. 7. Effect of browning inhibitor on color change in fresh—cut persimmon.
“Control: distilled water, AA: ascorbic acid, CA: citric acid,
The concentration of browning inhibitor is 1%.
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80
60 il sl 7| |mControl
[ Ascorbic acid
= O Citric acid
‘%‘ 40 O NaCl
— B8 Cystein
20 MgClz
7 CaCl,
0

0 3 6 24
hours after treatment

Fig. 8. Effect of browning inhibitor on L-value in fresh—-cut melon.
“Control: distilled water, The concentration of browning inhibitor is 1%.

46
44

42

M control

40 |
O 1%CaClz

L—-value

34
0 3 24
hours after treatment

Fig. 9. Effect of browning inhibitor on L-value in fresh-cut kiwi.
“Control: distilled water.

40
M control
EMgCl
38 L O CaClz
36
0

4 7
storage days

L-valu

Fig. 10. Effect of browning inhibitor on L-value in fresh—cut orange.

“Control: distilled water, The concentration of browning inhibitor is 1%.
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90 r W0 day [l 3 days O7 days 010 days after storage

L-value

60
Control 1% AA 1% SC 1% SA 0.005% HR

Fig. 11. Effect of browning inhibitor on L-value in fresh—cut peach(Yu-Myong).
“Control: distilled water, AA; ascorbic acid, SC:sodium chloride, SA:sodium
ascorbate monohydrate, HR:4-hexylresorcinol.

M0 day W1 days O3 days 7 days after storage

70

L-value

65

60
Control 1% SC 2% SC 1% SA 2% SA

Fig. 12. Effect of browning inhibitor on L-value in fresh—cut peach(Baek-Hyang).
“Control: distilled water, SC:sodium chloride, SA:sodium ascorbate monohydrate.

M0 day O3 days [O7 days after storage

0.045
0.04 r —
0.035
0.03
0.025
0.02
0.015
0.01
0.005

Absorbance(420nm

Control 1% 1% Calcium 1% CaCl,  0.05% CaO 1% MgCl.  0.3% TPP
Ascorbic lactate
acid
Fig. 13. Effect of browning inhibitor on L-value in fresh—cut peach(Janghowon).
“Control: distilled water, TTP: Tetrasodium pyrophosphate peroxidate.



68 .
trol
S 64 M contro
2 mAA
I> OC.A
- ONacCl
60 B MgCle
56

0 5 24
hours after treatment

Fig. 14. Effect of browning inhibitor on L-value in fresh—cut strawberry.
“Control: distilled water, AA; ascorbic acid, CA: citric acid.

W) Arws
Ax7be AT A Fd Fod e WAL E OB AxE x40
%

Asfoltt. Havbe Aol weh Astdd g IR

3 2o AAAG 2o A= 1% MgSO7t AEfAd 7h4 £& 235 ve
Wwor(Fig. 15 #AAE 1% MgChe 1% CaClel A&7 &34 oo
1% CaClell A9 Ashd=] a7 g4 o™ (Fig. 16) 1% CaClg A2ld 7|9
A= dAshA E3E JYeEhlJthFig. 17). £55 durtes A & &9
o HAS AFHAAC M & A T A=WsE ARG A% A% 129
ol 1% CaClel A7t 7H4 =& HAEE FA3A9tHFig. 18). 92 05%
CaClel Agl7F A% 79714 A=/Ao 235 el It (Fig. 19). B5o &
T T F3YL 1% CaCly7t AZfAlol 714 axpdoldon AF 774 =
MgClhte £2 &3%E8 HEIthFig. 20). €71& HAarteste] 229 #HAE

g A3 1% MgChAel7b A=Al 7bd a4l Aoz vebutthFig. 21).

A

Ao
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] M Cotrol
(] CaC|2
OMgCl,
OMgSO-
# KClI

Hardness(g/cm
~
T

0 2 4 6
storage days

Fig. 15. Changes of hardness in minimally processed melon.
“Control: distilled water, The concentration of softening inhibitor is 1%.

400 r
- 300 r |
= M control
qc‘@ 200 r 01%MgCl2
s O1% CaClz
I

100 r

0

0 4 7
storage days

Fig. 16. Changes of hardness in minimally processed orange.
“Control: distilled water.

800
_ 700
2
s W control
° 600 F
< 1% CaCl,
s
T 500 |

400

0 3 24 48
hours after treatment

Fig. 17. Changes of hardness in minimally processed kiwi.
“Control: distilled water.
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Hc

ontrol Mozone E—1% CaCl2 EH0.5% TPP ®1% NaCl

350

150

Hardness(g

100
50

L

storage days

Fig. 18. Changes of hardness in minimally processed grape.

“Control:

5000

/

4000

Hardness(g

3000

2000

distilled water, TTP: Tetrasodium pyrophosphate peroxidate.

0o day 02 days @4 days W7 days
Control 0.5% Calcium 0.5% Calcium 0.05% CaO
chloride lactate

Fig. 19. Changes of hardness in minimally processed watermelon.

“Control:

N
[&)]

1.5

Hardness(g/c

distilled water.

M0 day @3 days 7 days after storage

Control 1% 1% 1% CaCl, 0.05% CaO 1% MgCl. 0.3% TPP
Ascorbic Calcium
acid lactate

Fig. 20. Changes of hardness in minimally processed peach(Janghowon).

“Control:

distilled water, TTP: Tetrasodium pyrophosphate peroxidate.
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20000

’E 15000 - H control
= Ei1% AA
@ 10000 O1% CA
5 O1% NaCl
©

= 5000

o B 1% MgCl,

0 5 24
hours after treatment

Fig. 21. Changes of hardness in minimally processed strawberry.
“Control: distilled water, AA; ascorbic acid, CA: citric acid.

A 8k A tH(Fig. 22). Fel= A7 st 7HA4

A ol sk =d MgSOA g 7ol A o] HaFol 74 A skth(Fig. 22).
X QA THEA P E FEFol A=t NaCl A2l oA 342
3

=
2k eh(Fig. 23). 78 FA 2779 05% CaCl; Ael 7+ 74 37 ol

T+, 1% ascorbic acidd gl Tl A& 717+ F 7484 ¥R ko] A

o A AR TN 28l ST e 29, e 18y 29 T
of ARG F £EoR gaddgid TALNTAN b Bol Fastdm
A

1% ascorbic acidd 2] 77} vla A A S FA A chFig. 26). W& A%
71 5 7FEA R o] A FAE 9 1% sodium acatate #
ol A a7 7S Flew UmA ATFES FARSE S A s th(Fig. 27).
27 A A 717 Fol 7HEAd @R TRkl fAAstAed 1% NaCld e T

oA FHaFo] 7HE Zekvh(Fig. 28).
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M control E1% MgCl. 01% CaClz B Control M1%Cal, DO1%MgC. O1%MgSO, HBE1%KA
45

4
z 37
5
k=l
s 40 2
k)
Qo
=)
3 1

35 0

0 4 7 0 2 4 6
storage days storage days

Fig. 22. Effect of chemical treatments on soluble solid in minimal processed orange
and melon during storage.
“Control: distilled water.

7 [0 day EH2 days 05 days El12 days —

soluble solic

control ozone 1% CaCl2 0.5% TPP 1% NaCl

Fig. 23. Effect of chemical treatments on soluble solid in grape.
“Control: distilled water, TTP: Tetrasodium pyrophosphate peroxidate.

0 dav 2 davs E4 davs W7 davs
i _
°
° 10 r
s
(%]
5
Control 0.5% Calcium 0.5% Calcium 0.05% CaO
chloride lactate

Fig. 24. Effect of chemical treatments on soluble solid in fresh—cut watermelon.
“Control: distilled water.
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7r Ml 0 day [ 3 days 7 days after treatment
=
@
6 r
o
©
(2]
(]
S 51
3
o
n

4

Control 1% Ascorbic 1% Calcium 1% CaCl, 0.05% CaO 1% MgCl, 0.3% TPP
acid lactate

Fig. 25. Effect of chemical treatments on soluble solid in fresh—cut peach(Janghowon).
“Control: distilled water, TTP: Tetrasodium pyrophosphate peroxidate.

0 day E3 days 7 days 10 days after storage
6 -
E]
©
@
o 5
a
]
o
(2]
4
control 1% AA 1% SC 1% SA 0.005%

Fig. 26. Effect of chemical treatments on soluble solid in fresh—cut peach(Yu-Myong ).
“Control: distilled water, AA; ascorbic acid, SC:sodium chloride,
SA:sodium ascorbate monohydrate, HR:4-hexylresorcinol.

6 - M0 day [ 3 days [O7 days after storage

Soluble solid(*Brix)
[¢;1
T

control 1% SC 2% SC 1% SA 2% SA

HFg. 26. Effect of chemical treatments on soluble solid in fresh—cut peach(Baek-Hyang).
“Control: distilled water, SC:sodium chloride, SA:sodium ascorbate monohydrate.
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- _
© Wcontrol
» H1% A.A
L 4.5 = a1% C.A
3 1% NaCl
o B1% MgCl,
n

4.0

0 5 24
hours after treatment

Fig. 28. Effect of chemical treatments on soluble solid in fresh—cut strawberry.

“Control: distilled water, AA; ascorbic acid, CA: citric acid.

Zh) pH ¥ s}
HarbE A ddFe] A7 $ pHWstE 343 A3 Fig.29-363
ok #e AAG7IZRel Fhgkel wel pHYF #HAasted 1% CaCly A2 7ol A
agkel 7HE AA dErRtH(Fig. 29). #ele= A 7IF ol Ao R FHAEt
dem vz A3 ghs FAskd e (Fig. 29) KCl A g 7oA ghel ®strt
7P AsH 2E= AR 597HA pHIE Al SRkl em A Aol A= A
A 1240 g sl yoA Ao giEel ASHor dASHA
A 5 A tH(Fig. 30). s7¥He] pHe HarbeAe & A% 24 S7hekivrt o
W3k A= 05% CaCl, AgTelA 7Hd 2tkth(Fig. 30).
FE T W39 AF 3Yel= pHYE A 746l Fbet e
1% CaCly Aol A ol gk gtel Wstrh 7 27 yebskth(Fig. 31). '8
A% 3del pH7F S7FstA 7 ol % fFaskslem 19 NaClA 2] 7ol A ¥ 3}gk
o 7bd #gka(Fig. 31), W2 AZ7IE Tl ALaA pHEkel S7heklen
A 3L7HA = Ao gkl FAE el s Agkony Tde= By 2
o7 ZFrhstel frAbg ghol HATHFig. 32). BV A% 71k Fell pHF HA
Akl 1% ascorbic acid®t 1% MgCly A2 oA W3}t gho]l 7hg 2okt
(Fig. 32).

¢

rlo
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451 7 —e—Control
—&—control 1% CaCl
—.— 1% MgCl, —A— 1% MgCle
4 —&— 1% CaCl, = =X= =1% MgSO,
T
[o 6
35
3 5 ‘ , ‘ . ‘
0 2 4 6 8 0 1 2 3 4 5
storage days storage days

Fig. 29. Effect of chemical treatments on pH in minimally processed orange and
melon during storage.

“control: distilled water.

—&— control —H=—ozone

r 6.5
4 ——1% CaCl2 —e—0.5% TPP
—¥— 1% NaCl —&—control —=—05% CaCl
—&—05% CL —>—005% CaO
5 35 60
3 5.5 a |
0 5 10 15 0 2 4 6 8
storage days storage days

Fig. 30. Effect of chemical treatments on pH in minimally processed grape and
watermelon during storage.
“Control: distilled water, TTP: Tetrasodium pyrophosphate peroxidate, CL: calcium lactate.
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—&— control —H—1% AA —A—1% SC

---4-- Control —&—1%CL —*—1%SA  —6—0.005% HR
—F— 1%CaCl» —A—0.05%Ca0 57
—6— 1% MgCl, —+—0.3%TPP

55 -
T 45

4.5 4

0 1 2 3 4 0 1 2 3 4 5
storage days storage days

Fig. 31. Effect of chemical treatments on pH in minimally processed

peach(Janghowon and yu-myung)
*Control: distilled water, CL: calcium lactate TTP: Tetrasodium pyrophosphate peroxidate

AA; ascorbic acid, SC:sodium chloride, SA:sodium ascorbate monohydrate,

HR:4-hexylresorcinol.

50 % conta —H—1% NaCl

—A—2%NaCl ~ —%—1% SA 4.5

—4&— control
—B—1%AA
—&—1%C.A
= X= =1%NaCl
—X—1%MgCl.

—— 2% SA

4.0
20 30

storage hour

Fig. 32. Effect of chemical treatments on pH in minimally processed

peach(Back-hyang) and strawberry.
“Control: distilled water, SA:sodium ascorbate monohydrate, AA: ascobic

acid, C.A: citric acid.
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wh EE e wal

Hatg AA5e AN F EFFS COS O FEZ ZAeAAh BE
Bela RE ATN 0, FEE #LSL CO, FEE SASAT. B 1%
CaCl, AT BEFe] Wal7t /bg Ao (Fig. 33), F9IE ALAZ A

H

gl T A 6dol 1% CaClet 1% MgCl7t &F Al ass 2 oh(Fig. 34).
T+ AF 5¥9e] 1% CaClet 05% TTP(Tetrasodium pyrophosphate
peroxidate) A&7} vh& Aglgtu FA g el Bls) Ao Fx7F =4 #A
= om(Fig. 35), 749 0.05% CaO Hel7b A% 797bA] Abo] 3Ha7t

N

by

A e ol aEeae] F7hE 744 A4 UehathFig. 36). Baols 4%
A, %9, el A FE =¥ AT wADT Sl Wsdthrg.
37-39). @71 1% NaCIA @7t A% 2440477 55 A0 744 G37h A9

Y tgo g 1% MgChx: £ 3= HtH(Fig. 40).

—&—control  —HB—1% MgCl.  —A—1% CaCl» 5
10
5 Lot
= [
S =
g £
z c
8 817
8 @)
10
8 0 2 4 6 8

storage day storage days

Fg. 33. Change of CO; /O» concentration in minimally processed orange during storage.

“Control: distilled water.
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Fig. 34. Change of CO» /O, concentration in minimally processed melon during storage.
“Control: distilled water
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— —8—o0zone
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g 5 20 —<—05% TPP
©
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Fig. 35. Change of CO» /Oy concentration in minimally processed grape during storage.
“Control: distilled water, TTP: Tetrasodium pyrophosphate peroxidate.

—=— Control

12 1
—B—0.5% Calcium chloride 217
R
% —A—0.5% Calcium lactate
S 971 °
= —>%—0.05% CaO <
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8 2
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© o)
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Fig. 36. Change of COs /O» concentration in minimally processed watermelon
during storage.

“Control: distilled water.
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Fig. 37. Change of CO: /O: concentration in minimally processed
peach(Janghowon) during storage.
“Control: distilled water, AA: ascorbic acid.

20 r

20
X
,5 15 --o--- control E 15
g —5—1% AA i
C —
310 ®
2 —A—1% NaCl 8 10
o c
o o
o —6—1% SA °
8 5 S 5

—X—0.005%
O L HR\
0
0 5 10 15 0 5 10 15
storage days storage days

Fig. 38. Change of CO. /Os concentration in minimally processed peach(Yu-Myung)
during storage.

“Control: distilled water, AA; ascorbic acid, SA:sodium ascorbate monohydrate,
HR:4-hexylresorcinol.
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Fig. 39. Change of CO; /0. concentration in minimally processed peach(Baek-Hyang)
during storage.
“Control: distilled water, SA:sodium ascorbate monohydrate.
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Fig. 40. Change of CO, /O concentration in minimally processed
strawberry during storage.

“Control: distilled water, AA; ascorbic acid, CA: citric acid.
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Fig. 41. Effect of blanching on L-value in fresh—-cut melon during storage.

“Control: not blanched.
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Fig. 42. Effect of blanching on L-value in fresh—cut kiwi during storage.

“Control: not blanched.
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Fig. 438 #9& 50TelA 10%, 20%, 30%, 40%3F dA st A 73k
T A 3dAe] AreE AT A= 50ToAA 203 A oA 7Hd =
= ArEs fAste] Havbe Zele] dsAE 917 blanching 2312 50Tl
A 20%9] AgAzto]l 7Hd &k ol
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Fig. 43. Hardness of fresh-cut melon 3days after blanchng.
“Control: not blanched.
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Fig. 44. Effect of blanching time at 40C on the hardness of minimally
processed kiwl.
“Control: not blanched.
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(3) 7H&4 Pk Wt

Fig. 45+= blanching Al%te] Ha7bs FFele] 7H&d g ddwstel wA«=
S SAS Aol 50ToA 10%, 20%, 30%, 40%3F A A3 20x
Aok 302 A TolAe A7 T M8 5’—“53% o] Wstrk A9 gl
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E fsliAde 50TCaAA dA-ed Aol 20 30x2H 27t 71 E3A o)t
Fig. 462 blanching 2%=¢ Al7to] HA7FE 71919 7144 g E =k H3}
o MA= FEFgFE FABAT. AT T A LI T FHFS FAGR e
FA g Aol 7Hd BRkal 40Tl 5&3F A elgk FrolA Wskrh 7H

27 e
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Fig. 45. Effect of blanching time at 50C on soluble solid in fresh-cut
melon during storage.
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Fig. 46. Effect of blanching conditions on soluble solid in fresh—cut kiwi

during storage.
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(4) pH W3}

Fig. 472 #9]E 50CeA blanching AIZHS E83te] A st #AZstHA pH
5 A% Aot FAYTE= A 19 Fol pH7F S7betthrt ol 3HAsks
AL 20&3F AEd ok 403 A = ASSA Skt 3023 A2 g
T 10%23F Agd = A% 29704 skl o] $ Al Frbskdth A 3Y
7RA 303 Al ok 40&3F AEg 7 7F 2719 fARE ghs A skl
Fig. 48 7191E 40TColA 5%, 10%, 15%3F EA g & Aurlgslie] A3
Tl pHHESHE F43% Aot BE oA A% 24ANII7HA = FHAstar)
o] Ttk 6% Aol A WEAFEE 7 A vEhsi o™ 40Tl A &
Ael & A 5% Agste 3ol pHE FA=H 7HE 3402 vER
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o

Fig. 47. Effect of blanching time at 50C on pH in fresh—cut melon during storage.
“Control: not blanched.
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Fig. 48. Effect of blanching time at 40C on pH in fresh-cut kiwi during storage.

“Control: not blanched.
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Fig. 49. Effect of blanching time at 50C on 02/CO: concentration in
minimally processed melon.

“Control: not blanched.
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Fig. 50. Effect of ozone water on color and hardness in minimally processed
control: not washed and not package, NWP: not washed and packaged with high

density polyethylene(HDPE), WP: washed with distilled water and packaged with

HDPE, OWP: washed with ozone water and packaged with HDPE.

melon.
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Fig. 51. Effect of ozone water on soluble solid in minimally processed melon.
“control: not washed and not package, NWP: not washed and packaged with high

density polyethylene(HDPE), WP: washed with distilled water and packaged with
HDPE, OWP: washed with ozone water and packaged with HDPE.
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Fig. 52. Effect of ozone water on pH in minimally processed melon.
“control: not washed and not package, NWP: not washed and packaged with high
density polyethylene(HDPE), WP: washed with distilled water and packaged with

HDPE, OWP: washed with ozone water and packaged with HDPE.
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o] WeE ZARS AxE A 74 05% tea phenol] Lgkel 7Hd =of zZtW
Aol s VEdon 2% tea FEEE A3 T 3y FALTERGE
Lgto] SHA yverwth Havbe wlel A= AgA 27 A% 2483704 Like]
Wtz 7Hg Aok JHE =8 Like AR e Mol HAavby wje AW
Adfol A Aoz YebthFig. 54). 34, AdE=2 A3 A7t A
B Fr1AE el A Lol Wash 24 A dehg dwAse] avE noo
(Fig. 55).
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Fig. 53. Effect of natural extracts on L-value in minimally processed mandarin orange.

“cont: distilled water.
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L-value
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storage hours

Fig. 54. Effect of natural extracts on L-value in minimally processed pear

during storage.

‘DW: distilled water, Rhu: 0.5% rhubarb.
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Fig. 55. Effect of natural extracts on L-value in minimally processed apple during storage.

"Control: distilled water.
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Fig. 56. Effect of blanching and CaCl; on L-value in minimally processed kiwi.
‘CW: dipped in distilled water and not blanched, CS: dipped in 1% CaCl

and not blanched, all blanching is treated in 1% CaCl..
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Fig. 57. Effect of blanching and CaCl, on hardness in minimally processed kiwi.
‘CW: dipped in distilled water and not blanched, CS: dipped in 1% CaCl,
and not blanched, all blanching is treated in 1% CaCl..
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Fig. 58. Effect of blanching and CaCl, on soluble solid in minimally processed kiwi.
‘CW: dipped in distilled water and not blanched, CS: dipped in 1% CaCl,
and not blanched, all blanching is treated in 1% CaCl..
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Fig. 59. Effect of blanching and CaCl; on pH in minimally processed kiwi.
‘CW: dipped in distilled water and not blanched, CS: dipped in 1% CaCl
and not blanched, all blanching is treated in 1% CaCl,.
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AFHE blanching A @ ¢t CaCl, HElE @5 5 WA ste] AFstwA] Al
b A del] mE Aninel Arwsts S48 Table 5= &4 Aol A
F T Aare wgs Yeid o dAE et CaCl, AEE Wahs Ao
AR EZE A yElston BE A oA FAZ R U2 duES B
of =t

Table 5. Effect of blanching and CaCly on L-value in fresh-cut apple

o

Storage hours

Treatments 0 5 . o 15
Control 76.69 71.91 74.18 74.82 74.67
S 40 5sec 74.93 73.9 73.8 73.66 73.73
S 40T 10sec 74.54 73.39 73.56  72.95 71.35
S 50T 5sec 76.2 75.43  75.29 75.58 73.64
S 50T 10sec 75.16 73.57 73.32 74.23 < 73.47
S 60T 5sec 73.72 73.14 72.2 73.18 70.45
S 60T 10sec 73.81 71.87 70.75  70.62 61.93
C 40T bsec 76.49 75.24  75.04 7522 75.31
C 40T 10sec 76.38 7477  75.14  74.98 74.74
C 50T bsec 75.54 74.08 74.09 74.61 75.46
C 50T 10sec 77.05 76.17  76.08 76.47  77.27
C 60T bsec 75.57 74.68  73.81 74.97  76.17
C 60T 10sec 79.12 75.82  75.09  75.05 67.27
W 40C 30sec 77.02 74.62 74.35 < 74.58 75.72
W 40C 60sec 76.72 74.57 74.36  74.57  75.61
W 45T 30sec 77.12 75.66  75.58 75.76  76.79
W 45T 60sec 77.61 76.17  75.84  76.33 77.09
W 50T 30sec 76.88 74.85 7474 7497 7542
W 50T 60sec 76.2 74.28 74.39  74.67 75.59

'S: slice blanching, C: CaCl: blanching, W: blanching with whole
apple without cutting and peeling.
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Table 6+ Z=®stE Yed Aoz HAEWse A sliced] AHA
blanching 3+ FolA S7FsFR 2™ calcium chloride & 9ol A blanchingS 3 3t
T YAARD SIS Hola v fAstg o vy A blanching S 3 ¢
%]

= 74359 calcium chloride & 0ol A Ex 23 F9 fresh-cut AH2F 7
= 2]
W Az 9t dAAHS FHAo=Z o AR calcium chloride £ 9o A <]
blanching®] t}& Ao Hl&] A= W37l 718 HA velgen 53] 50T

Aol EAY F7F A= Wsrh YA UEs

Table 6. Effect of blanching and CaCly on degree of hardness in fresh—cut apple

Storage hours

Treatments

0 24 48
Control 54 454 451
CaCl, 4.87 5.02 45
S 40T bBsec 4.56 4.86 5
S 40T 10sec 5.11 5.35 479
S 50T 5sec 473 4.86 5.01
S 50T 10sec 4.82 5.3 5.36
S 60T bsec 4.58 523 5.07
S 60T 10sec 541 4.66 471
C 40T bsec 453 5.64 5.38
C 40T 10sec 4.45 5.64 4.95
C 50T bsec 4.19 5.26 5.16
C 50T 10sec 597 5.84 5.55
C 60T bsec 4.82 519 5.58
C 60T 10sec 5.19 547 6.29
W 40T 30sec 4.86 5.65 498
W 40T 60sec 5.56 5.03 4.63
W 45T 30sec 4.78 4.07 3.9
W 45T 60sec 513 4.62 4.48
W 50T 30sec 6.23 473 4.69
W 50T 60sec 5.14 4.49 4.98

S @ slice blanching, C : CaCly blanching, W : blanching with whole apple

without cutting and peeling
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7hAd s" AR A AE Abske] A9 Table 73 o] TR#AAES A%
Z1zko] Aol weh BE ATl Srkete 4%E naloew 53 gEe
e 2 wAs gaste] A 109 Fel= 1.25%2 7H

T FRAta o] 023% % JF WA et mEAde] srd FEgss
& B W dextrin AT A REEAGFE FRtAT oA H L YuH o] A
3]

= AYEet sEHLETY] ARAAE & 5 sl

Table 7. Changes in weight loss rate of coated fresh-cut apple during storage at 4C

Coating Storage day
materials 0 2 4 6 8 10
Control 0 0.31 031 078 093  1.25
Albumin 0.5% 0 0.17 033 033 050 050
Albumin 1% 0 0 0 0.28 041  0.55
Albumin 1.5% 0 0 0 0 0.17  0.34
Dextrin 1% 0 0 0.19 038 038 057
Dextrin 2% 0 0.30 0.30 0.45 0.59 0.59
Dextrin 3% 0 0 0 041 061 061
Dextrin 4% 0 0 0 0.19  0.19  0.23
SPE" 0.5% 0 0 0 0.18 0.18 0.21
SPE 1% 0 026 0.26 066 079  0.92
SPE 1.5% 0 025  0.37 050 062  0.62
WSF? 0.5% 0 0 0 0.15 020  0.25
WSF 1% 0 0 0 0.14  0.14  0.29
WSF 1.5% 0 0 0.16 031 031 047

YSPE : sucrose polyester YWSF : whole soy flour
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Table 8. Changes in weight loss rate of coated fresh-cut pear during storage at 4C

Coating Storage day
materials 0 2 4 6 8 10
Control 0 0.53 0.73 0.85 1.06 1.48
Albumin 0.5% 0 0.31 0.41 0.51 0.51 0.72
Albumin 1% 0 0 0.11 0.11 0.23 0.34
Albumin 1.5% 0 0.12 0.36 0.60 0.84 0.96
Dextrin 1% 0 0.12 0.47 0.94 1.06 1.18
Dextrin 2% 0 0.11 0.11 0.11 0.22 0.22
Dextrin 3% 0 0 0.11 0.21 0.32 0.42
Dextrin 4% 0 0.25 0.38 0.63 0.76 0.88
SPE" 0.5% 0 025 025 049 062 074
SPE 1% 0 0.25 0.38 0.89 1.14 1.40
SPE 1.5% 0 0.12 0.24 0.24 0.48 0.48
WSF? 0.5% 0 0.21 0.84 1.27 1.48 1.69
WSF 1% 0 0.12 0.23 0.59 0.83 1.01
WSF 1.5% 0 0.39 0.52 0.65 0.91 1.04

USPE : sucrose polyester JWSF : whole soy flour
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Table 9. Change in degree of browning of coated freshcut apple during storage at 4°C

Coating Storage day

materials 0 2 4 6 8 10
Control 0 401 530 546 592  7.49
Albumin 0.5 % 0 290 321 454 694 771
Albumin 1 % 0 254 290 446 469 T7.12
Albumin 1.5 % 0 2.46 277 293 417  6.56
Dextrin 1 % 0 236 255 340 412 552
Dextrin 2 % 0 1.96 225 236 3.06  4.55
Dextrin 3 % 0 .10 1.35 1.82 3.11  3.96
Dextrin 4 % 0 1.27 165 244 452 545
SPE" 0.5 % 0 3.34 3.37 364 4381 6.22
SPE 1 % 0 3.23 377 3.86 547 10.99
SPE 1.5 % 0 9.19 939 943 1044 13.68
WSF? 0.5 % 0 1.84 191 240 442 543
WSE 1 % 0 1.00  2.18 292 3.23  4.88
WSE 1.5 % 0 2.67 277 330 419  6.09

* Degree of browning . [(Linitial - Lmeasurement)/ Linitial] X 100

Y SPE : sucrose poly ester 2 WSF : whole soy flour

A dek wfe] A Table 109} o] A% 7]3ko] ZJapete] whel AR HA
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Table 10. Changes in degree of browning® of coated fresh-cut pear during storage at 4

Coating Storage day
materials 0 2 4 6 8 10
Control 0 4.05 558 577 7.05 6.89
Albumin 0.5 % 0 545 597 6.01 6.15 7.01
Albumin 1 % 0 3.05 379 414 4.14 4.30
Albumin 1.5 % 0 1.50 1.68 1.76  2.29 2.89
Dextrin 1 % 0 297 379 3.85 4.63 4.81
Dextrin 2 % 0 2.32  4.16  4.24  4.32 5.09
Dextrin 3 % 0 0.61 1.93 219 2.44 3.10
Dextrin 4 % 0 4.41 486 503 6.58 8.13
SPEY 0.5 % 0 2.07 3.6 3.96  3.97 6.11
SPE 1 % 0 3.37 522 515 6.17 8.18
SPE1.5 % 0 262 486 4.46 546 6.50
T  WSF” 0.5 % 0 1.00  1.68 1.80 238 244
WSF 1 % 0 2.38 3.85 4.37 6.02 8.15
WSF 1.5 % 0 094 279 3.02 3.17 3.63

*Degree Of browning . [(Linitial - Lmeasurement)/ Linitial] X 100

Y SPE : sucrose poly ester ? WSF : whole soy flour
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o)k M EH F3] 342 polygalactrunase?] 2H-8 3 B-galactosidase?] #3fjol wh

2 AxY FAEEEY Wste Axy gy mE Ao oAXITH

A4 Aok At F AR 54 AFE Table 116 YR A 5 7&o] <3}
UE Z%EE Table 11649} Zo] R o] #AAIgle] BE A FolA

AA7717ke] Aagte] wep 1o gho] FHAelke Ade vEhddth Arewsirt g &

Al YeRd A2 4% dextrin 9F 1.5% WSF A 2|7+ 2# SPE 2] 79} albumin

AT v ATl vla] vl Asprl W] doju= Ao ® yEith

H

Table 11. Changes in hardness of the coated fresh—cut apple during

storage at 4T (kg ¢/@5mm)

Coating Storage day

materials 0 5 10
Control 0.97 0.95 0.92
Albumin 0.5 % 0.98 0.96 0.83
Albumin 1 % 0.95 0.92 0.90
Albumin 1.5 % 0.95 0.90 0.85
Dextrin 1 % 0.94 0.93 0.85
Dextrin 2 % 0.98 0.92 0.92
Dextrin 3 % 0.96 0.93 0.91
Dextrin 4 % 0.93 0.92 0.91
SPE" 0.5 % 0.99 0.88 0.86
SPE 1 % 0.95 0.89 0.89
SPE 1.5 % 0.96 0.93 0.83
WSF? 0.5 % 0.97 0.93 0.85
WSF 1 % 1.01 0.89 0.79
WSF 1.5 % 0.96 0.96 0.94

Y SPE : sucrose poly ester Y WSF : whole soy flour

wje] 7§ Al Table 120149} o] =Y o Fo] BAQlo]l E A2 oA
A7)zl wel AETb FaetE o ATk Abdbel 2] FA e 2"

O
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o
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Azlol Wal 1 ASAEA B 2A depen 53 dextrin 42T

37 g A vEhd AL 4 5 Adn A 1099
dextrin A gl oA & FEo] E#A i

T A

Table 12. Changes in hardness of the coated fresh-cut

pear during

storage at 4T (kg ¢/ @omm)

Coating Storage day
materials 0 5 10
Control 0.94 0.87 0.72
Albumin 0.5 % 0.97 0.96 0.86
Albumin 1 % 0.91 0.82 0.81
Albumin 1.5 % 0.92 0.82 0.83
Dextrin 1 % 1.00 0.79 0.66
Dextrin 2 % 0.86 0.92 0.70
Dextrin 3 % 1.01 0.87 0.88
Dextrin 4 % 0.95 0.92 0.88
SPE" 0.5 % 0.92 0.91 0.88
SPE 1 % 0.94 0.93 0.86
SPE 1.5 % 1.01 0.94 0.83
WSF? 0.5 % 0.96 0.91 0.85
WSF 1 % 0.95 0.94 0.90
WSF 1.5 % 0.90 0.90 0.84

Y SPE : sucrose poly ester 2 WSF : whole soy flour
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tk(taste), TF&A (juiciness), YWAl(odor), 7d%(hardness), A¥r#Eel 73Z%
(overall-acceptability) 5 2] & s FTHAIE AA s, 74 ZEARY] &
L T 7N5E} 52 AS Adete] 2 A3E Table 13 B 14 YEi AT AL
o] 9ol 1.5% albumin, 4% dextrin, 0.5% SPE % 1.0% WSF77} H] a4
E2 Hedrt 2dE vl wje] AFg-ol= 05% albumin, 4% dextrin,
1.0% SPE % 05% WSF17F =2 #edidS Wetiddoh 7H44d 28 A28
A Abah gowe] AeE el A A 194, A% 59 B 4% dextrin
A7t 7H ek Al F7EE A

Table 13. Effect of coating materials on sensory characteristics” of

fresh—-cut apple storage at 4C

one day after storage

Coating
; . Overall
materials Color Sweetness Juiciness Odor Hardness .

acceptability

Control 4.50™ 475" 5.50°  5.25" 6.88% 6.88%"
Albumin 1.5% 6.25°  5.63% 5.75°  5.50° 5.75" 5.75"
Dextrin 4 % 7.13% 6.88° 6.75° 5.75% 7.50° 7.38°
SPE 0.5 %  4.38"  2.88° 5.38°  3.63" 563" 5.63"

WSF 1.0 % 4.38°  4.75° 5.63*° 4.25"  6.25% 6.25%"
five days after storage

Coating

. Overall
materials  Color Sweetness Juiciness Odor Hardness .
acceptability

3.00%
Control . 4.91° 473" 4.82° 573" 4.46"
Albumin 1.5% 5.20®  6.00?" 5.60°  5.00° 6.50° 5.60%
Dextrin 4 % 6.60°  6.40° 5.60°  5.70*  7.00° 6.80°
SPE 0.5 %  4.80°  4.60° 4.30°  3.70°  4.70 5.10°
WSF 1.0 % 5.60°® 6.00™ 6.30°  5.40°  6.70° 6.00°

* Each values represent the mean of the ratings by 10 judges using a
9-point scale (1 : very poor, 5 : fair, 9 : very good).

* Values followed by the same letter are not significantly different at p <0.05 level.
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Table 14. Effect of coating materials on sensory characteristics' of

fresh-cut pear storage at 4T

one day after storage

Coating
i Overall
materials Color Sweetness Juiciness Odor Hardness ve a. .
acceptability
Control 4.00%"  4.88° 6.00"  5.13° 5.63 4.25°
Albumin 0.5 % 7.50° 5.38° 6.50"  4.63° 5.75° 6.00°
Dextrin 4 %  7.38° 7.13° 7.75%  5.50° 7.13° 7.50°
SPE 1.0 %  5.25" 2.25¢ 513" 2.88° 5.75° 2.88°¢
WSF 0.5 %  6.60% 5.38" 6.75"  5.50° 5.88% 5.75
. five days after storage
Coating
. Overall
materials Color Sweetness Juiciness Odor Hardness .
acceptability
Control we D20 5.37°  4.85°  5.90% 4.76
3.88
Albumin 0.5% 5.20°  5.48%®  560* 5.12°  7.00° 5.80°
Dextrin 4 % 6.60° 6.40° 6.30* 5.70° 6.70° 6.60°
SPE 1.0 % 3.60°  4.00° 4.30° 3.70™ 5.08% 4.60°
WSF 0.5 % 5.20°  6.26° 5.32% 5387% 6.57° 5.10°

* Each values represent the mean of the ratings by 10 judges using a
9-point scale (1 : very poor, 5 : fair, 9 : very good).
* Values followed by the same letter are not significantly different at p

{0.05 level.
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Fig. 60. Effect of combined browning inhibitors on L-value in minimally
processed apple during storage at 4C.
‘control: distilled water, combi: ascorbic acid+citric acid+NaCl+MgClx(1:1:1:1

wW/W).
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Fig. 61 Alddd &7]9] L-valued VA& HdRdES 53E ARG 3o
2 1% combi & HE oA 24Xt F 7HE =2 Lats dERde] & 4¥A
SER-EET 1

70

68

66 r —&— control
o 64 | —a— 1%AA
= 6o | - -a--1%C.A
T co | —0— 1%NaCl

—K— 1% MgCl>

58 r —&— 1% Combi

56

54

0 5 24
hours after treatment

Fig. 61. Effect of combined browning inhibitors on L-value in minimally
processed strawberry during storage.
“control: distilled water, A.A: ascorbic acid, C.A: citric acid, combi:

ascorbic acid+ citric acid+ NaCl+ MgClo(1:1:1:1 w/w).
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Fig. 622 FH A&7 AFdel] 1% combi &2 1% Drywite §Ho 2 A&t &
SA4% Aotk AR 129 $9 AEE B 1% combig * g
BEE FA AT

Fig. 632 1% S @24 =(comb) 2 A2l3t Harke 27]e A% 717 59

AEWEE S48 Astelth 44 UATt] 1% combid @) o] FwAt 713
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th 19 combiTi= A4 27198 Fmel = Wa}
WA TE A A Awsk STt ol F G443 gass,

1.4
‘:3 M Control
§ 1.2 01 % Combi
g 1% Drywite
I

1.0

0 4 8 12
storage days

Fig. 62. Effect of combined browning inhibitors on hardness in minimally

processed apple during storage at 4C.
“control: distilled water, combi: ascorbic acid+ citric acid+NaCl+MgCly(1:1:1:1 w/w).

16000

—— control
—a— 1%AA
—a—1%C.A
—%—1%NaCl
-+ 1%MgCl,
—@— 1% Combi

12000

8000

Hardness(g/er)

4000
0 10 20 30

hours after treatment

Fig. 63. Effect of combined browning inhibitors on hardness in minimally

processed strawberry during storage.
‘control: distilled water, A.A: 1% axcorbic acid, C.A: 1% citric acid,

combi: ascorbic acid+ citric acid+ NaCl+ MgCla(1:1:1:1 w/w).
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Fig. 652 1% ascorbic acid, 1% citric acid, 1% NaCl, 1%MgCly2} o] 3}st& 4
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storage dyas

Fig. 64. Effect of combined browning inhibitors on soluble solid in
minimally processed apple during storage at 4TC.
“control: distilled water, combi: ascorbic acid+ citric acid+ NaCl+ MgCla(1:1:1:1 w/w).

5.2
;‘3 5 —e—control
5 is | —m—1%AA
o -—&-1%CA
246 L % X —>¢— 1% NaCl
s S~ T~ —%—1%MgClz
H a4 L \‘\ —@— 1% Combi

Tha
4.2
0 10 20 30

hours after treatment

Fig. 65. Effect of combined browning inhibitors on soluble solid in
minimally processed strawberry during storage.
“control: distilled water, combi: ascorbic acid+ citric acid+ NaCl+ MgClo(1:1:1:1 w/w).

_85_



&
T

F& Aol 1% combi &7} 1% Drywite & o= A2t
=343 Aytolth, A7 FoF pHE AL i A% 1294

Y
P
N

2h) pH
Fig. 66
1% Drywite#] 2] 7ol gkol 7 =LA AastAth
ZE7F 111 = 4dolA e 1% B3E A (combi) o2 A d H 47t
A7 =
& =

pH W3l=
5t Aot}

HControl
O1% Combi
O1%Dryw ite

_%
A% 7% Fo) pHEsE 3

A% 247 3HS A EE 1%combiA 22 pHEEo] 7}

in  minimally

8
inhibitors on pH

4
4
storage days
“control: distilled water, combi: ascorbic acid+ citric acid+NaCl+MgCla(1:1:1:1 w/w).

5
Fig. 66. Effect of combined browning

processed apple during storage at 4TC.
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“control: distilled water, combi: acorbic acid+ citric acid+ NaCl+ MgCla(1:1:1:1 w/w).
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Fig. 68. Effect of combined browning inhibitors on 02/COs concentration
in minimally processed apple during storage at 4TC.

“control: distilled water, combi: ascorbic acid+ citric acid+NaCl+MgCla(1:1:1:1 w/w).
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Fig. 69. Effect of combined browning inhibitors on 02/COs2 concentration
in minimally processed strawberry during storage.

“control: distilled water, combi: ascorbic acid+ citric acid+ NaCl+MgClo(1:1:1:1 w/w).
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Table 153 2t}
Table 15. Sheet of acceptability and composition of fruits for Ready-to-Use

fruit processing
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- 9 FWol 22 4AsE HY 1052 tgos AP
A

7bEAEE NEslel SAAM 2HAEe] dxE Y

L #de] HrrbeAEFSs dstaz & u Adds dddzs ve o 4
A3 Bl om gk Aoleta Azst Yyt
© A4dd 114 (50%)
@ e 119 (50%)

AES A GO 24D, 9
oF hFE AF el bsye s,

Skt

3AAE #ALEA S AF, 5 HFHAL 105 dzsts Hdo =23

HI S Udste] A1 L.

Aol A flo] Adzstes Hdy a2 =3HE &
(Table 17). %719 A3 =7k 73%= 7 =%om 1 59%
sob, A, wlE 32%-41%E, 7191, Fele 14%-23% UEtHAL 72 9% = U
Lt
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4 xFISE dAER AFS ALsaA & W 2o odel b A el
S AZEAE Bdw o 2GS ddske] T4/ shg
AT
A (487
g 2 thelojEg
AFA S, BAGS, v 9 thelol=g § 2w gEE AFe] AdE A9
HEmsl 234 vhgor §Ed we] =)

5 A8 tH(Table 18).
7

7191, S, @ AA7F 5506-64%= wob HIEW B SR BF
S Azsnh AR W), ¥EE 3208, FlE 14%E dEhiglen W, 3t

506-006 Shalth. Baobs $EAL glof v, toloEgo iy HEsA Gt

Table 16. Acceptability of seasonal fruits

Summer Fruits Autumn Fruits
G Orienta 0 Persi
P e T Peach Kiwi 0| Apple Pear o
€ €lon - Melon €
F
requeney 45 16 7 15 6 13 | 22 20 12
(persons)
Percentage

68 73 32 68 27 59 100 91 55
(%)

SAI 450 570 150 500 160 350 | 1050 810 340

AAI 30 36 21 33 27 27 48 41 28

Frequency(person) : Numner of panels who chose each fruit within overall panels
Percentage (%) : Frequency/overall panels(22 persons) x 100

SAI : Sum of Acceptant Intensity

Acceptant Intensity : Proportion of each fruit which is involved in one product

Average of Acceptant Intensity (AAI) : SAI/Frequency
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Table 17. Acceptability of overall fruits

Stra .
wher Grape %ﬁ Ol\n/[eelr(l)tr?l Peach Kiwi Orange Apple Pear Persimmon

Iy
Frequency (persons) 16 9 13 5 8 3 9 8 7 2
Percentage (%) 73 41 59 23 36 14 41 36 32 9
SAI 600 165 290 70 205 40 230 180 170 30
AAI 38 18 22 14 26 13 26 23 24 15

Table 18. Acceptability of overall fruits with consumer type

For Food Service System
Frequency (persons) 3 8 9 3 3 3 8 15 9 2
Percentage (%) 14 36 41 14 14 14 36 68 41 9
SAI 90 270 350 90 90 55 260 560 245 90
AAI 30 34 39 30 30 18 33 37 27 45
For Lunch Bag

Frequency (persons) 7 11 5 0 0 6 16 11 1 1
Percentage (%) 32 50 23 0 0 27 73 50 5 5

0

0

SAI 260 390 180 0O 200 730 510 20 10

AAT 37 35 36 0 33 46 46 20 10
For Beauty and Diet
Frequency (persons) 7 7 12 3 0 14 12 7 2 1

Percentage @ 32 32 55 14 0 64 55 32 9 5
SAI 245 220 520 35 0 415 455 190 100 20
AAI 35 31 43 12 0 30 38 27 50 20

18k &S xR £z 109 FdFolA 5% 5
A el == RdES 23ete] A4 %Y 2ES =i (Table 19, Fig. 70).
Table 19. The Combinations of fruits for Ready—to—use processing with consumer type

Kinds of fruits

For Food Service system | apple pear water melon: orange grape
For Lunch bag orange apple grape strawberry kiwi
For Beauty and Diet kiwi iwater meloni orange |strawberry: grape
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(For Food

Service system) (For Lunch Bag)

(For Beauty and Diet)

Fig 70. Photo of fruit models for Ready-to-use processing with consumer type

W) 7135 FA}
2] - S AR A gk B A 2 N (Table 2D A, 3 o 5%
A 7as 9 SR 58 U E 94 HEHS

o]-g-3to] FALeFATHTable 20).

Table 20. Sensory evaluation of fruits for Ready-to-use processing with
consumer type

overall .
color flavor taste . usability
acceptability
For Food Service system 5.9£0.9 5.94+1.1 6.2+0.8 6.0%0.7 6.3£1.0
For Lunch bag 8.2x0.7 7.7£0.7 7.7£0.9 7.9%0.6 7.9£0.6
For Beauty and Diet 8.1£0.9 7.9£0.8 7.7£1.0 7.6£1.0 7.0x1.9

Table 21. Sheet for sensory evaluations of fruits for Ready-to-Use processing
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with consumer type
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AAME m&2, mAEEo] TTRA TdAFAE 626 Fof HAA 7EEo
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Table 22. Nutritional factor of overall fruits with consumer type

Carbohyd
Frui . rate . . . .
Cal|Moi|Pro . |Vit.|Vit.[Nia| Vit.
;Eiesc tce(ilr‘é orie|sturlt e i|Lipi ? Slca |P Fme Xlt- B, By |cin |C
riptil(g) (Kcle [n |[d(g) Fibl(g) (g) |(mg) ) g (LU) (mg|(mg|(mg|(mg
on al) [(%) |(g) Suga erl ) ) ) )
g (g

For Food Service System (Grape, Apple, Pear, Watermelon, Tangerine)

906|436

06143617977.6/3.5(93.1| 5.4 |2.8 |1 10| 108| 4.2| 82+ 12.5/3.8| 10+ 7

2] .2 9

For Lunch Bag (Grape, Apple, Strawberry, Kiwi, Tangerine)

873417 142|154 31

. 11.1273
g | 1 1766(8.7|3.9(86.2|18.9 3.7 17| y7|5.2| "3 |1.5|1.8

For Beauty and Diet (Grape, Strawberry, Watermelon, Kiwi, Tangerine)

58
7

110 75

2
1 |1-0/1.8]6.617g

8_87 3_13 792|7.1|3.6|77.76.8|3.7 1.610 3.6
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17 F@dFE £ SHAA AFHVE JhestEs AakE Abyetan Add g&

Agds 2AFe7] flske] ARAS 1% (w/v) CaCh® HA7HE A gstal LDPE
5oz AT Al And mdo FAWE 54L Table 237 2t}
LDPE 2& ¥4, 1% CaCl, &3 LDPE Z& ¥4 g9 45 AF77
S FF s A9 filed 2F Agglel, CaCl, A& & AT TF
EAEo] 151~2612 =AUTh LDPE Z&F A& g Ao swHdEdE] 4
g - s eI E sded ol BE 2] B £ SHE WX
ayz A4 744 ngEe e 1% CaCl, A2 we 3 Ao 109
3~1143, LDPE Z& Az Agto] 11.43~11.83, 1% CaCl, A& sta 2

S 3 Aol 11.03~11.23 brix %2 A&7]|7ke] ZoiAdx A A &

-
2 Aolg wolx ik AwAowm wel A F A4 nAR §

rTS
B A

=
5 F% 3 AR 5 a¥a BA9 Bz dskel Agzrlel 7t
[e) [e]

19% CaCl, M 2l& ¢ AR} ko] of

o Y

o

N
—_

| AF8-3F ALbe] pHE 3.98~4.092 A Fo A
Fatel A 49 Fol 410~4209 WS e} pHe W3}
= ATt w2 Aol Holx| gtk Al atkme] A9 A 4U7A = F
Zdetthrt A 7Y Fell Fashe AES BHAth 1% CaCl, A#E A &
A 27] AR e 1944 mg%E 3EAYE 3 o2 T APae 1806~
1842 mg%E T kot Akt zolE HolA = ot AR A %7
2132.43g~2622.23gel R om, A & HAk F7kete] A% 49 Fol & 2517.27g~
302897g¢] WS eI LDPE & AE a4 & Aol
Ao HE AyrFoR =S AL S HEU, ol Aty xW e
SHEHA Ao Arrt B Bow s

o
%

4
M
o
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Table 23. Changes of weigh loss, brix, titratable acidity, pH and hardness of

apple treated with CaCls, packed in LDPE film during storage at 4C

Da Treatment
o)
y 1% CaCl, LDPE 1%
CaCl,+LDPE
0 0.00£0.00 0.00£0.00 0.00£0.00
. oy 2 2.17%0.12 ~0.07+0.03 ~0.14+0.01
Weight loss(%) 2.51+0.46 ~0.02+0.03 ~0.07+0.10
7 2.610.80 0.00+0.03 ~0.05+0.03
0 10.93+0.23 11.83+0.21 11.200.26
b rix(9) 2 11.37+0.25 11.53+0.35 11.23+0.29
4 11.13£0.31 11.430.60 11.13£0.21
7 11.43+0.06 - 11.03+0.35
Titratable 0 18.06+0.23 19.44+1.21 18.42+054
acidity as 2 19.09+0.86 19.44+0.23 18.55+0.47
malic acid(mg 4 19.22+1.53 19.62+1.32 19.49+0.82
%) 7 18.73+0.31 - 19.13+1.54
0 3.98+0.04 4.09+0.02 4.05+0.05
- 2 4.10+0.05 4.25+0.02 4.11+0.05
D 4 4.16£0.05 4.20+0.03 4.10£0.05
7 4.23+0.04 - 4.18+0.02
0  2622.23+29177  2247.30+777.14  2132.43+17755
Hardness(g) 2 JI8857628306  235253:51257  230087:85207
4 302897435474 280117496531  2517.274629.23
7 2947.07+575.36 - 9535.70+114.91

il

A T Bty Abtel A wskE MAAR FA5te] L, a, b gto® vEd A3
T Table 24% Zth A 23 whg] Ap#o] Mw= 1=79.24~81.40, a=—6.13~
-540, b=22.81~24.34Q o A 49 Fol= L=73.16~76.01, a=-4.01~-188,
b=2354~26.400.= Mo W7= Aoy, AMee GAEE JAp Frtete
& Uetisith LDPE 258 A3 ddae 4

[e)
o
grol -1.88% 9|4 FA dFS VAL Uss & Uk
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Table 24. Changes in Hunter L, a, b values of apple treated with CaCls,

packed in LDPE film during storage at 4C

Treatment
Color Day
1% CaCly LDPE 1% CaCly+ LDPE
0 79.24+1.62 79.29+1.78 81.40+0.41
L 2 77.44+1.29 73.00%3.85 77.50%2.04
4 75.49%+0.50 73.16%0.96 76.01£1.31
7 76.18+2.54 - 74.97+£2.61
0 -6.13+£0.71 -5.40£0.46 -5.556%0.41
. 2 -4.48+0.43 -2.86£1.09 -4.82+1.12
4 -4.01£0.34 -1.88+0.25 -3.60£0.66
7 -3.28+0.73 - -2.82£0.72
0 24.34%£0.96 24.29%+0.79 22.81+0.78
b 2 26.80%+4.33 32.08+6.02 24.77+2.05
4 25.39+2.22 26.40%+1.83 23.54%+0.83
7 27.15+1.93 - 24.80%£2.72

(2) FA=HA}
ststx e} 5 Aol 93 Atzte] A F BFHAF AF= Table 253 2
o oAl AEa BF A7l AojdeE o3, A 3 g 2% 7 (Texture) 2]

71557 Zaetdth 1%(w/v) CaCl, HElE shA &2 Al A 29 £

o & HH(Sweetness)d 71EEE 1% CaCl, A& 84 ¥& Ad o] 4508

A& g Ao 292~352 Bk FoAow Eok
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Table 25. Sensory quality evaluation of apple treated with CaCls, packed in

LDPE film during storage at 4C

Ttem Da Treatment

Y 1% CaCl LDPE 19% CaCl,+LDPE

0 8.00+1.35 7.17+1.19 8.00+1.04

Aoearan 2 4.08+1.08°>" 2.67+0.98™ 5.00+1.28™

ppeatance 3.08+1.16 2.67+1.15 3.92+1.08

7 2.08+1.16 - 2.92+1.00

0 8.00+1.13 7.08+1.16 7.92+1.00

Color 2 4.08+0.90™ 2.50+1.09" 5.00+1.28*

4 2.67+0.98™" 2.50+1.17"" 3.67+1.07**

7 2.25+1.06 - 3.00+0.95

0 758+1.00 7.17+1.03 758+1.00

- 2 4.42+1.08 3.83+0.94 5.00+1.04

avor 4 3.92+1.08 4.25+1.06 4.08+1.08

7 2.83+1.03 - 3.42+1.16

0 5.83+1.647 7.75£0.97 6.17+1.64°

Sweetness 2 3.92+1.24 3.92+1.00 475+1.29

4 2.92+1.08"" 450+1.24% 3.50+1.17*"

7 2.25+1.14 - 2.83+1.27

0 7.75+1.14 753+1.08 7.83+1.11

Texture 2 450+1.31™ 4.42+1.08™ 5.50+1.09°

4 458+1.24 450+1.17 5.17+0.94

7 3.08+1.16 - 3.75+1.22

"Means with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.
Al we Alzke] B

NIEEE

A stel skl
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Fig. 71el Yeboleh. A4 24 Akt
Z1E5EE 642~7429 WMSE Yoy A 49 Fol= 292~
- A% 29 ¥ 1% CaCl; ##1& 8fal LDPE #52
2 EFF Abhe] 715V 5082 YeAl AR TEY foHoR ol
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—a— 1% CaCl,
—=— LDPE
—0— 1% CaCly+LDPE

Overall acceptability score
-

Day after storage

Fig. 71. Changes in overall acceptability of apple during storage at 4C.
& @) Means with same letter are not significantly different at p<0.05

) o
(1) F23st 54
stekael el dFol Aol o7 whe] A T

%‘E = =
25 AYs oA 2, 1%(w/v) MgClh AdE 3 Ao FIFELES
=}

Ak713ke] Aol el wet AA3] Frhste], A 49 Fole 7] Sl vl
10.89%°] +=4&<S Hth LDPE 45 AYE & F A¥w2 AF 64 F9
45 S & Agato] -0.22%, 1% MgChe AHlsta 25 348 3 49
o]l -0.31%%5 YEH Abe} vz AgS dERSith Hdeoly AAhE
717 A% v SRR 1/50] S&l 7Iklet 455 FEs T 7dgte
Bz g, ¥ AFolA LDPE 2§ 3o $7F £48 ARz JA%
Re X Yo Ao FE7F Eol FE TEHE gAY WED ez Aztw
o 7hEA YR gHe A 7] 1040~10.67 brix% R o, A 49 o
= 11.27~11.67 brix%= Ars S7He WeEtgla, ATt w& xfo]7t A4
ool Abzhse} FAFEE &S w3t pHE 432~4495 Uehiiglen] dubzow

= |
1% MgChLE AHelshA] &2 o] &gk ol nls) pHgkol tha =9t 4tk
4, LDPE ¥52o=2 ¥4 F A7 7] %2 2020~21.55 mg%ol A A

=y
F713ke] Ao AFE oM ZAdste AYFS Hol A 8Y T 1725~
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1833 mg%E YWebf et Ankd o LDPE BEow 484 o2 wje] 4=
b EATRYG B AR e Bl olfiE Be FRZIW /A% FHad
Mo FEET g AL A9, 1% MgChE AaA 2o A97e A
F 27] 2612.32g4 A 69 ol 3677.73go = F7kek vk MgCl, A&
P A F AfEe A% 4Q04A A% Fol gasdb, o
B o) Bge A B4 Aol A MAF Ao marh we A%
g7k 2A7 FAolE ool HIHE HolH ehgir.

Table 26. Changes of weigh loss, brix, titratable acidity, pH and hardness of
pears treated with MgCly, packed in LDPE film during storage at 4C

Da Treatment
y 196 MgCls LDPE 1%6 MgCl,+LDPE
0 0.00+0.00 0.00+0.00 0.00+0.00
2 4.42+0.38 -0.05+0.02 -0.01+0.02
Weight loss(%) 4 10.89+1.42 -0.10+£0.02 -0.11£0.07
6 - -0.22+0.03 -0.31£0.17
8 - -0.12+0.05 -0.16£0.08
0 10.47+0.21 10.67+0.38 10.40+1.30
2 10.47£0.21 11.40£0.87 11.20+0.26
brix (%) 4 11.67+0.21 11.33+0.50 11.27+0.78
6 - 10.33+0.50 11.30+0.26
8 - 10.30+0.36 10.23+0.15
0 22.57+1.51 20.20+1.14 21.55+2.50
Titratable acidity 2 20.96=0.87 19.76+1.01 19.13+1.17
as 4 23.96+1.48 16.36£1.10 18.86+1.32
malic acidimg %) 6 - 17.57+1.17 18.91+0.88
8 - 18.33+0.41 17.25+1.57
0 4.32+0.03 4.49+0.03 4.37+0.05
2 4.37+0.01 4.48+0.01 4.41+0.04
pH 4 4.34+0.02 4.60+0.03 4.39+0.06
6 - 457+0.06 4.44+0.03
8 - 4.40+0.03 4.42+0.07
0 3566.50+518.64 2612.32+898.34 3032.55+640.78
2 2367.55+554.06 2710.14+£453.21 2624.28+179.73
Hardness(g) 4 2844.95+£501.33 3182.81+4.90 2529.09+543.51
6 - 3677.73£769.23 2832.631781.56
8 - 2909.64+209.24 3407.71+320.94

- 104 -



A % o) dee] AwsE A

Table 273 2t} A%

2¢l % LDPE 3

L=40.92, a=0.15, b=3.45= A& Z7]] Hlﬁﬁ Ae]
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Table 27. Changes in Hunter L, a, b values of pears treated with MgCls,

packed in LDPE film during storage at 4C

Color Day Treatment
196 MgCls LDPE 1% MgCl,+LDPE
0 64.41+£0.56 65.25£0.25 68.64+3.83
2 40.92+9.37 64.89+£1.05 59.59+2.43
L 4 61.39+5.46 60.67+1.35 60.66+2.17
6 - 66.19+2.47 67.94+2.10
8 - 66.88+2.16 64.68+2.36
0 -0.98£0.17 -1.19£0.13 -1.23£0.20
2 0.15+0.81 -0.81£0.32 -0.67£0.06
a 4 -1.08+0.23 -1.28+0.14 -1.07+0.22
6 - -0.80+0.17 -0.97+0.60
8 - -0.43+0.52 -0.46+0.11
0 5.24+0.42 5.64+0.32 558+1.28
2 3.45+1.22 454+0.98 5.09+0.72
b 4 4.71+0.68 5.78+0.89 6.73+0.78
6 - 7.20+£0.56 8.35+0.66
8 - 8.13+1.64 6.43+0.56

(2) HsHA

stetA e et A5 Aol o wje AF T ¥ A 2= Table 289 et
Ytk A 29 F <@ (Appearance), A (Color), BH(Sweetness), Z27t
(Texture)®] 7|5 %olA LDPE #& Aes ¢ 49 475~6589 waLste] I
A e A e AgTFE 308~3332A fFoHor e HEE E?idr.
LDPE d5o=2 x4% F A2 1%(w/v) MgClel Ao <& ¥oe 3t
ol HolA & Fskout A 6Y Fol ¥ FHo]l 292~308% AA oA
ok R, gk Vs ke A% 8Y FHA 4Ee o ® UErRTh
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Table 28. Sensory quality evaluation of apple treated with MgCls, packed in

LDPE film during storage at 4C

Ttem Day Treatment
1% MgCl, LDPE 1% MgClL+LDPE

0 8.00+0.74 8.00+0.95 8.08+0.67

2 3.17+0.58 4.92+0.90° 6.00+1.21¢
Appearance 4 1.75+0.75" 4.83+0.94" 4.67+1.23"
6 - 3.08+1.08 2.92+0.90

8 - 3.33+1.07* 2.17+0.83""

0 8.00+0.74 8.25+0.87 8.08+1.00

2 3.33+0.98¢ 4.92+1.44° 6.08+1.31"

Color 4 1.75+0.87% 4.75+0.97" 4.33+1.30™
6 - 3.25+0.45 2.75+0.97

8 - 3.17+1.03™ 2.00+0.74*

0 8.08+0.79 8.25+0.87 8.00+1.04

2 4.25+0.97¢ 5.92+1.00" 6.33+1.23"

Flavor 4 3.00+1.41" 4.92+1.38™ 5.17+1.19™
6 - 4.42+0.90 4.42+1.31

8 - 4.25+1.36 450+1.31

0 8.00+0.74 8.17+0.72 8.00+1.04

2 3.08+0.67 6.33+0.98 6.08+1.73

Sweetness 4 3.83+1.03% 5.25+1.29¢ 5.58+1.31¢
6 - 475+0.97 5.08+1.38

8 - 5.17+1.80 5.17+1.03

0 8.08+0.90 7.83+1.34 8.08+1.00

2 3.25+1.06" 6.33+0.89" 6.58+1.44"

Texture 4 2.33+1.15™ 5.08+1.16" 517+1.27"
6 - 5.17+0.83 4.92+1.31

8 - 4.92+1.51 4.50+1.00

UMeans with the same letter in column are not significantly different at p<0.05 level by
Duncan’s multiple test.

Ao W wje] 32 7)|EEE Fig. 72 YEFNAT.  MgCly 1%(w/v)
A2 & 3slal LDPE ZEo =
I%v 7755 YEeRgdey, A% 2d

Waew, A% 64

‘_[%q
38302 AF A =2
Aol el aaE yEhl o, MagChel A= #& 71 A%l 7]

- 106 -



)
n)
o2
o
o
=
N
XN,
W
HF
S,
o
it
i
1,
3
)

10

—a— 1% MgCly
—O0— LDPE
—e— 1% MgCl+LDPE

shelf-life line

Overall acceptability score

Day after storage

Fig. 72. Changes in overall acceptability of pears during at 4C.
abaabb) \feans with same letter are not significantly different at p<0.05

of ok xwe] FAW 5A4E Table 299 2tk F XA
AEE w2A Frbste] A 4d F 378%°] FH EAS X
o= Fasrrt vAl Frketel AR 149 Fel=
th. ¥t LDPE dE5o = x43% Ao T3 &4F
< AR 7L FHEE Y SUhe] AlAednh e @Rl dEe A%

Z7] 1260~12.80 brix% A ou, A7 29 Fel&= 13.30~13.97 brix%= °FF &

o

>

7V AES B9, 1 o]Fo+= 11.80~13.13 brix% S AT AM, wet
npR7A R E5o AR ARy dE A wE g Wale & Aole ¢l

Atk pHe= 271 3.09~3.160190 00 F2A2 A5 AA73ke] dojgol ut
S s }_1—4:
S

921.00 mg%°] &2 MHE HeEld e, T T= 643.00~740.50 mgl% = Sk
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Table 29. Changes of weigh loss, brix, titratable acidity, pH and hardness
grape packed with LDPE film during storage at 4C

Treatment
Day
Control LDPE

0 0.00+0.00 0.00=0.00

2 3.62+0.75 -0.12+0.03

4 3.78+2.51 -0.39+£0.48

Weight loss(%6) 7 1.97+4.40 0.05+0.03

9 3.72+1.75 0.06+£0.02

11 8.715+4.27 0.02+0.02

14 9.76+5.05 0.05=0.07

0 12.80+0.40 12.60+0.10

2 13.97+0.15 13.30+0.17

4 12.3310.25 12.47+0.38

brix(%) 7 12.70+0.26 12.07+0.12

9 11.80+0.53 12.20+0.00

11 12.43+0.12 12.07+0.40

14 13.13+0.23 12.63+0.38

0 771.50+£22.72 720.50+18.99

2 796.00+30.05 740.50+16.86

Titratable acidity 4 821.50+38.13 778.00+34.54
as 7 703.50+29.28 643.00£40.59
tartaric acidimg %) 9 704.50+28.83 654.00+27.00
11 788.50+31.83 706.00+37.42

14 921.00+6.87 669.50+57.63

0 3.09+0.05 3.16+£0.03

2 3.14+0.03 3.12+0.05

4 3.13+0.02 3.12+0.03

pH 7 3.21+0.05 3.30+0.06

9 3.24+0.02 3.24+0.07

11 3.25+0.03 3.38+0.05

14 3.28+0.02 3.24+0.04

0 464.63+66.78 587.26+55.87

2 641.16+44.49 438.27+37.42

4 558.30+96.82 454.99+81.96

Hardness(g) 7 552.08+64.77 405.90+97.72
9 572.70+49.16 474.33+78.92
11 532.18£65.70 388.83+108.20

14 636.72+51.54 397.10+£82.16
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A T 2 5o A WEE AR S48 L a b g vehd Avhs
Table 307 2tk A% 149 gk Fage] A L=1378~2628, a=2397~36.16,
b=882~1679°] WS UEhloL, Aol A9 L-17.66~2534, a=2827~3355,
b=11.37~14.62°] W= F2g Hrhls £ Hde Hs FAskalth A% A3 5=

o HED JMen ¥ AT 2F AT 1Y F A%k 1 Re e e

Table 30. Changes in Hunter L, a, b values of grape packed in LDPE film
during storage at 4C

Treatment
Color Day
Control LDPE
0 26.28+2.33 22.75%4.49
2 19.11+1.58 18.64+3.52
4 18.79+4.59 19.30+3.24
L 7 23.84+4.78 20.91+1.08
9 17.82+7.44 20.47+2.89
11 13.78+0.66 17.66+3.31
14 21.50+3.28 25.34%6.02
0 36.16£1.59 32.77+2.75
2 32.08+2.06 33.31£4.40
4 29.48+5.43 32.38£2.17
a 7 34.07+2.44 30.70+0.73
9 31.00+8.14 33.55+3.13
11 23.97+1.24 28.27+4.28
14 35.87+£3.05 30.83+3.17
0 16.79+1.39 14.62+2.79
2 12.21+1.04 11.91+2.29
4 12.06+2.96 12.36+2.10
b 7 15.26+3.01 13.44+0.70
9 11.34+4.80 13.12+1.86
11 8.82+0.45 11.37+2.16
14 13.86+2.08 15.67£3.45

(2) TsHAA

d5 Aol 9% 2= A 5 #HsAA A Table 313 2o F AT
B% AF7|7te] ZojAo uwiz} 9 #(Appearance), M (Color), (flavor), =t
(Sweetness), =& ZH(Texture)o] Azt #Aistgovy, FEATY A 1 74
Aol T3] A 149 FolE=  Appearance=4.50(p<0.05), Flavor=4.92,
Sweetness=4.25(p<0.05), Texture=4.08 (p<0.05)% HE o]dle] H+E Yeld

oo 2R £xE 4G 149 ¢ RE DA FEAA 59 ol 3
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Table 31. Sensory evaluation of grape after storage at 4°C

It D Treatment
em ay Control LDPE
0 7.8340.94 8.17+0.83
2 6.00+1.35 6.92+1.08
4 7.08+0.79 6.67+£1.23
Appearance 7 6.17£1.53 7.17£0.94
9 6.08+1.38 6.75+1.22
11 4.92+1.38% 6.33+1.23"
14 4.50+1.17% 6.0840.79
0 8.00+0.74 8.17+0.83
2 6.17+1.11 7.004+0.95
4 7.1740.94 6.50+1.31
Color 7 6.58+1.38 7.95+1.14
9 6.25+1.06 6.67+1.15
11 5.25+1.42 6.42+1.38
14 5.25+1.42 6.08+1.08
0 7.9240.79 7.75+1.06
2 6.25+1.22 6.50+1.24
4 6.50+1.09 6.67+1.23
Flavor 7 6.75+1.29 6.92+1.24
9 5.50+1.09 6.33+1.07
11 5.75+1.36 6.42+1.51
14 4.924+1.08 5.67+1.15
0 7.67+0.89 8.17+1.03
2 6.25+1.29 6.83+1.27
4 6.75+0.87 6.58+1.44
Sweetness 7 6.67+1.23 6.67+1.07
9 5.67£1.07 6.1741.40
11 5.42+1.08 6.33+1.15
14 4.25+1.22% 5.67+1.23%
0 7.754+0.97 7.9241.00
2 6.25+1.29 6.67+£1.23
4 6.67+1.07 6.33+1.37
Texture 7 5.50£1.09 6.00+£1.28
9 5.67+1.15 6.00+£1.21
11 5.25+1.29 5.25+1.42
14 4.08+1.16¢ 5.42+1.24%

"Means with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.
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Fig. 73. Changes in overall acceptability of grape during storage at 4TC.
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A Sol mebd el Uit Auhe weth gEel pHE gEe] 49e) go] F
qeld mF A1 B FRS AF Aol BAT S Ak AMES T
AT pH 354~362, EATE pH 352~3660] WS Uehigied, 28T 49
A U 455 pHel o $7 A%e WY ok el ARE 27
76.50~84.27 mg%oll X A7 49 o= 6494~66.56 mg%= FAstrh Aol -5
Ew0] B9k o] AWH O FEPT BT Ha B b et A
5 AuEY %27 FEFTY 7S 30043g EGTE 25837goll A A 8Y Sl
FEAT 25043g2F vlaste] XAgTro A 172.83g o2 A A vt Atwe] ek} 7o)
A% g AwAom FRATel wlaste] £RTIA e g vkl

Table. 32 Changes of weigh loss, brix, titratable acidity, pH and hardness of
orange packed with LDPE film during storage at 4C

Day Control LDPE

0 0.00%+0.00 0.00%+0.00

2 1.87+0.10 -0.01+0.02

4 3.06%+0.39 -0.04%+0.05

Weight loss(%) 6 3.02+0.34 0.01%+0.03
8 5.33%+0.18 0.06%+0.03

10 - 0.09£0.00

13 - 0.12+0.01

0 9.20+0.56 10.10%+0.35

2 10.40+0.36 10.13+£0.42

4 10.47+0.29 9.07%+0.86

brix(%) 6 9.40%+0.72 10.20+0.10

8 9.83+1.33 10.97+0.15

10 - 9.67£0.64

13 - 9.47+0.68

0 84.27+14.78 76.50%8.99

2 71.72+2.85 67.01£2.02

Titratable acidity as é ggggf%gz g%g%f%;g

citric acid(mg %) LoxA oxra

8 72.7914.69 64.09£3.02
10 70.21+10.19

13 - 64.94+3.62

0 3.62%+0.03 3.52%+0.06

2 3.58%+0.02 3.55+0.03

4 3.60+0.06 3.56+0.04

pH 6 3.62+0.04 3.63%+0.06

8 3.54%0.02 3.61+0.02

10 - 3.59+0.04

13 - 3.66%0.10
0 300.43+37.26 258.37+34.98
2 355.05+71.77 261.63%+30.94
4 274.37+21.63 238.67+61.22
Hardness(g) 6 249.73+40.05 254.13+21.45
8 250.43%+43.90 172.83+£28.19
10 - 261.07£91.22
13 - 205.57+12.62
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Table 33. Changes in Hunter L, a, b values of orange packed in LDPE film

during storage at 4C

o)

e dre] Asts MAAR SAske] L, a, bt o2 YEH A=
o] A= L=2380~33.68, a=13.09~
74§ L=25.39~38.35,

Al 5 Wskdo] glo

Treatment
Color ~ Day Control LDPE
0 23.80£2.80 25.39+3.63
2 26.87+2.90 30.64+1.60
4 24.52+0.40 26.07+1.80
L 6 27.61+2.19 27.63+3.32
8 33.68+1.91 38.35+1.15
10 - 38.25+2.24
13 - 27.8242.14
0 16.41+1.26 17.26+1.03
2 16.13%0.70 16.31+1.73
4 13.09%1.07 12.35+1.14
a 6 14.00%+0.32 15.01+0.39
8 18.60+2.52 19.94+0.15
10 - 20.88+0.67
13 - 14.57+0.86
0 17.60%2.49 16.6312.32
2 17.46%1.80 19.26+0.77
4 15.86+0.24 16.62+0.93
b 6 17.74%1.25 17.79+1.89
8 21.61+1.37 24.49%0.65
10 - 24.51+1.30
13 - 17.95+1.34

2 H5AA

2% Al A% #Ee AF F PN ARe
o] Aol el !
a7l delth A4 69 F FEgTel gEe o
o] 3} ] %

A5s

T olgte] VlE=E dEhfo] A% @

o~
s AAATE,
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Table 34. Sensory evaluation of orange after storage at 4°C

It D Treatment
em y Control LDPE
0 8.42+0.90 8.50+0.67
2 7.00+1.13 7.4240.90
4 6.17+1.11 6.67+0.98
Appearance 6 4.17+1.03%Y 5.50+0.67™
8 3.17+1.19% 5.50+1.31°"
10 - 4.00i1.18
13 - 4.50+1.0
0 8.42+0.90 8.17+1.03
2 7.25+1.06 7.67+1.07
4 6.25+1.22 7.00£1.13
Color 6 4.50+1.17% 5.5840.79%
8 3.50+1.24% 5.50+1.312%
10 - 4.9241.31
13 - 4.83+1.34
0 7.83£1.19 8.0840.90
2 6.46+1.00 6.50+1.00
4 5.25+1.14 5.50+1.24
Flavor 6 3.50%0.80°¢ 4.58+1.00%
8 3.17+1.53*¢ 4.58+1.16>
10 - 3'(5)8i1'24
13 - 4.00+1.21
0 8.17+0.94 8.25+0.97
2 6.58+1.08 6.67+1.23
4 5.67+1.07a 6.75+0.87b
Sweetness 6 4.25+1.06™ 5.17+£0.94
8 3.42+1.16°¢ 5.3340.98%
10 - 4.58+1.24
13 - 3.50+1.24
0 8.17+0.83 8.0840.90
2 6.08+1.16 6.25+1.29
4 6.17+0.94 6.42+1.31
Texture 6 4.08+1.08¢¢ 5.0040.85¢
8 3.75+1.54°% 5.00+1.28%4
10 - 3.42+1.16
13 - 3.42+1.31

UMeans with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.

Aol wE el T4 7IEEE Fig. 749l YERAT A AH F A
825~842%8 £ FHAFE AAAW AAe] AyPdF
Azbz A A 64 F

FEFFE 329, AT LITE
Aole welth AT FEE A% 1 A 57}

0d
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Table 35. Changes of weigh loss, brix, titratable acidity, pH and hardness of
water melon packed with LDPE film during storage at 4C

Day Control LDPE
0 0.00£0.00 0.0020.00
9 5.33+0.84 0.14+0.37
4 7274170 0.08+0.13
Weight loss(%) 7 14.10+2.97 0.17+0.13
9 554+1.65 1.39+1.24
12 8.62+3.18 077073
14 10774751 0294008
0 10.6320.21 10572045
9 11.80£0.46 10.03+0.32
4 11574093 10.43+0.06
brix(%) 7 11.33+0.74 10.23+0.06
9 953046 9.3040.52
12 913032 9.1040.10
14 9.07+0.80 9.37+0.06
0 9.79+1.06 863015
2 9.21+1.80 11714155
Titratable acidity as 7 T o0
malic acidimg %) g 921063 15.115.16
12 769109 1269213
14 10.33+2.48 10.95+051
0 5.97£0.29 6.22:0.13
2 6.05-0.35 5.08+0.15
4 6.28+0.15 5714005
ol 7 6.5240.07 5.7240.13
9 6.02+0.08 5.23+0.99
12 6.33+0.22 5.24+0.83
14 6.14+019 5.8340.00
0 813.302101.26 818.63:112.06
2 762158747 761.67+103.79
4 1226.20+33.38 1026.50+231.65
Hardness(g) 7 91050+276.76 538.57+56.62
9 910773+ 169.06 771.9563.43
12 789.35+106.28 647.61+72.96
14 663.80+430.91 944.25+96.10
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Table 36. Changes in Hunter L, a, b values of water melon packed in LDPE

film during storage at 4T

Treatment
Color Day
Control LDPE

0 38.70+7.22 44.30£3.28
2 36.49+3.73 41.994+2.30
4 31.16+3.88 35.61£4.07

L 7 36.08+3.02 35.11£1.80
9 47.17£2.67 39.36%+4.5
12 43.22+5.91 34.75+0.92
14 40.58%2.46 36.77£1.55
0 13.83+£2.78 17.28£0.92
2 15.08+1.75 16.61+3.52
4 14.19+7.65 17.72£2.50

a 7 13.70£3.68 16.31£1.28
9 19.78+1.67 20.08%£5.97
12 18.96+3.96 13.54£2.16
14 16.24+6.41 15.31£4.87
0 11.28+2.10 14.48+0.46
2 11.81+£2.07 13.91£2.67
4 9.29+3.74 11.71£1.48

b 7 11.08+3.69 11.38+1.00
9 17.75+£2.37 14.55+£4.13
12 16.06+£3.67 10.03£1.13
14 14.32+4.59 10.80£2.63
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Table 37. Sensory evaluation of water melon after storage at 4°C

Item Day Control LDPE
0 8.30+0.82 8.40+0.84
2 467+1.237 6.42+1.24
4 2.92+0.79° 5.42i1.3311
Appearance 7 3.50+1.62* 5.08+1.38
9 3.25+1.14 450+1.17%
12 3.00+1.21% 4.25¢1.14‘ji1
14 2.83+1.64%¢ 4.33+1.30°
0 8.00+0.94 8.30+0.95
2 475+1.36° 6.25i1.22?
4 3.67+1.37 5.50+1.00
Color 7 4.33+1.72 517+1.34
9 3.25+1.14. 4.67+1.23.
12 3.00+1.21¢ 4.42+1.167
14 2.75+1.22°¢ 4.25+1.14
0 7.80+1.32 8.00+1.33
2 6.00+1.21 6.25+1.22
4 417+1.11 5.17+0.83™
Flavor 7 4.83+1.47 4.33+1.37
9 3.42+1.3] 417111
12 3.00£1.35 % 4.08<1.16™
14 2.75+1 48 4.08+1.24
0 8.40+0.84 8.30+0.95
2 475+0.87° 6.17i1.03£
4 4.17+1.34" 6.00+0.95
Sweetness 7 3.67+1.50 4.58+1.56
9 3.67+1.50% 5.17¢1.34fff
12 3.17+1.70" 4.67+1.37°
14 2.75+1.82 4.08+1.62
0 8.30+0.82 8.30+0.95
2 5.17+1.27 5.92+1.24
4 4.42+1.08" 6.25+1.22°
Texture 7 4.33+£1.72 4.83+1.34
9 3.67+1.23" 5.17+1.40%
12 3.42+1.08¢ 4.92+1.16%
14 3.17+1.80™ 4.75+1.48%°

UMeans with the same letter in column are not significantly
Duncan’s multiple test.
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Fig. 75. Changes in overall acceptability of water melon during storage at 4C.

abcaabbecabachebd N\ iaang with same letter are not significantly different at p<0.05
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Table 38. Changes of weigh loss, brix, titratable acidity, pH and hardness of
oriental melon treated with CaCly, packed with LDPE film during storage at 4T

Day 1% CaCls LDPE 1% CaClx+ LDPE
0 0.00£0.00 0.00£0.00 0.00£0.00
1 3.46+0.48 -0.07£0.07 -0.04+0.03
2 2.65+0.14 -0.16x0.04 -0.07+0.03
Weight loss(%) 3 2.76+0.33 0.14£0.29 -0.05£0.01
) 3.37+0.27 - 1.76x£1.77
7 3.17x0.51 - -0.18+0.07
9 3.99£0.29 - -0.02+0.08
0 9.73+0.57 10.17£0.67 10.43£0.29
1 10.07+0.21 11.33+£0.21 9.93+0.51
2 10.23+0.21 11.10+0.80 10.27£0.25
brix(%) 3 10.10£0.20 10.80%0.26 10.17£0.59
) 9.97+0.25 - 9.63x0.21
7 10.53+0.35 - 10.77£0.35
9 10.83%+0.55 - 10.23£0.45
0 15.87+1.60 17.16£3.25 15.33+£0.31
1 16.18+£0.94 16.99+3.11 16.32+0.81
Titratable acidity 2 17.03+0.58 16.23£1.19 15.87+£0.97
as 3 17.97+0.88 17.61+£0.43 16.81£0.15
malic acid(mg %) 5 18.10£1.10 - 15.56+0.70
7 18.91+£0.48 - 17.12+0.82
9 18.01£1.43 - 16.67£1.62
0 3854.00%£880.10 4319.30%£801.51 4557.10£945.25
1 4961.00+£401.00 5608.30+363.55 4327.50+304.37
2 5375.10£571.30 3850.83%£866.92 5309.87+£280.97
Hardness(g) 3 5254.70%£438.50 4252.90%£819.53 4932.50£955.57
5 4060.10£916.10 - 5154.63+446.68
7 3184.90+691.20 - 4510.60x744.52
9 3708.10£194.70 - 4041.27£172.61
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Table 40. Changes in Hunter L, a, b values of oriental melon treated with

CaCls, packed in LDPE film during storage at 4TC

Color D Treatment
olor ay 1% CaCl, LDPE 1% CaCly+ LDPE
0 71.48+3.18 69.13+1.65 69.47+2.73
1 70.26+4.73 69.194+0.63 71.41+2.16
2 72.69+1.37 71.16+5.31 68.36+2.30
L 3 70.69+3.75 70.75+2.69 65.30£2.18
5 71.15%+2.45 - 67.92+2.23
7 73.61+£1.97 - 72.77+2.98
9 65.3447.09 - 66.06+3.67
0 -1.4340.45 -1.38+0.13 -1.3940.27
1 -1.65%0.51 -1.244+0.32 -1.85%0.02
2 -1.5240.24 -1.3340.23 -1.36%0.15
a 3 -1.35+0.16 -1.40+0.08 -1.2140.08
5 -1.314£0.01 - -1.19£0.19
7 -1.4640.31 - -1.4240.08
9 -1.40+0.27 - -1.5140.02
0 5.48+0.32 5.28+0.48 5.50%0.89
1 5.70+1.68 5.26+1.53 6.60+0.38
2 5.70+1.10 5.5240.92 5.14+0.66
b 3 5.10+0.64 5.54+0.41 4.85+0.17
5 5.2140.48 - 4.86+0.29
7 5.06+0.42 - 5.03+£0.31
9 4.60+0.87 - 4.87+0.15
(2) H53HA
stst Aol HE Ao 93 Helo A T BFHAF A= Table 413 2
t} 1% CaCl, A8l x2S A (LDPE)S A% 39 & xZA7to] @o] I+
231 ofu], o] H7F A7I7] AlFete) T V1St @A Haskglth LDPE 4&
o7 TAEA Fe A% CaCl)S A% 39 5 &3t 49 7|5%7} 375
2 "olMth 1% CaCl, A8 E sl 28 45 3 Feo gaEZ AL 708%
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5 S =~ = , © = ZAR= ?‘T"i‘@.’ T 9}]\-0—11], = /‘gxﬂLH
b Sdael oja) deue e AEAS A3ae 1Y FoE ReE B4
t}. 1% CaCl9 ﬂEV} el o] A el a7t Ao stk A g

Table 41. Sensory evaluation of oriental melon after storage at 4°C

ltem Day 1% CaCls LDPE 1% CaCl,+ LDPE

0 7.5840.67 7.9240.67 7.92+0.67

1 5.25+1.22% 6.00+£1.21° 7.17+0.94°

2 4.33+1.56 5.25+1.91 6.00+1.28

Appearance 3 4.42+1.38° 3.756+1.29¢ 7.08+1.56"
5 4.25+1.36% 6.08+1.73

7 3.33+1.67 - 4.42+1.68

9 3.17+1.47% - 4.92+1.62™

0 7.42+0.67 7.58+0.67 7.75+0.75

1 5.9240.90° 5.8340.94°¢ 6.83+1.19¢

2 4.58+1.56, 5.17+1.64 6.17£0.94

Color 3 5.00£1.28' 4.3341.07" 6.58+1.44
5 4.5841.00% - 5.75%1.66%

7 4.60+1.35 - 4.80+1.48

9 3.83+1.27" - 5.00+£1.41"

0 7.50£0.52 7.424+0.51 7.50£0.52

1 6.08+1.24 6.08+1.38 6.17+1.03

2 5.58+1.16 6.08+1.08 6.25+1.22

Flavor 3 5.42+1.16" 5.42+0.79¢ 6.75+1.29™
5 5.3341.30 - 5.58+1.68

7 4.80+1.55 - 4.70+1.64

9 4.17+1.34 - 4.925+1.82

0 7.58+0.51 7.5840.51 7.50+0.52

1 5.58+1.16 5.83+1.19 6.33+0.89

2 4.17+1.11°¢ 5.67+1.50" 5.75+1.66'

Sweetness 3 4.424+1.08" 2.58+1.08" 7.00£0.95"
5 4.00+1.04¢¢ - 5.924+1.78"

7 2.92+0.79% - 4.42+1 .44™

9 2.75+1.36 - 3.67£1.78

0 7.75+0.62 7.58+0.51 7.58+0.67

1 6.08+1.24 5.83%+1.03 6.17+1.27

2 5.42+1.44 5.83+1.59 6.58+0.90

Texture 3 5.92+1.16° 2.92+1.44" 7.42+0.90"
5 4.83+1.11°% - 6.42+1.00™"

7 4.40+1.58 - 4.50+1.65

9 3.58+1.31 - 4.42+1.31

"Means with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.
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€ Fig. 7601 YeEFATE. 1% CaCl, A2l &
A @2 el AR Ad 71758 & VExEE JUEdd ey, A% 2~3Y
b wEA Fastel A% 39 Foll= 3.009 W AFE AATHP<0.05). EE
FAS A ¥ 1% CaCl Agwts 3 Felo] dowme= A% 2d7H4] 5453
5 kRbstAl ZHAske]l AR 7
o= A% A 9 oldel 3809 VERE B ®vH 1% CaCl A# =

Sa WE THL F FE AR 99 350024 @A el mEad

—_

O

—a— 1% CaCly
—O— LDPE
—e— 1% CaClp+LDPE

Overall acceptability score

Day after storage

Fig. 76. Changes in overall acceptability of oriental melon during storage 4.

abedgaabb) \foans with same letter are not significantly different at p<0.05

A AYzAs g e 4% 5 W

(1) F49s =4

el AR F FAWME 54 Table 423 2t 28 AYE A @1
1%(w/v) CaCl; A2l& & AP FHFELES 240~248% =2 LDPEEE O =2
ET F APT -002~0.04%K8t EoF LDPE EE59 27o] 7o 7 &4
B = EHE YERUATE AdE A7 et 7o bed 13 E FEe
1% CaCl, A2Iwhe 3 A3 to] 11.90~1255 brix%, LDPE ZEwo g 33l

A3 to] 12.80~13.45 brix%, 1% CaCl; A 2l& stal LDPE Z5 o2 X743 4
AT7F 12.30~1250 brix%= LDPE &% o= 43t A3+7

v
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Hlal] oFgF kot o= AbF, wi, Zejo Aol zFo] 2k A A o] Aol F
23tk A7 BoF 7He] pHE 1%CaCl, A gwte 3 238 F71 543~551,
LDPE gEgnte s 33 A&7}t 550~565 1% CaCl, glE 3tal LDPE 2
AE 7t 547~5612 74 nyRe] dEgAE AF 717ty
Aol wE ol ATk HH AEE 1% CaCl, Awre & A3+9)
LDPE d&vwto s 73k A3 49 A% A4 22 454 mg%, 560mg% <
Hetlov, A4 49 Fell= 82 mg/ 6.34 mg%z}x] Z7}sbdek. ur
™ 1% CaCly A skt
mg%ol A A 24 F 525 mg%7tA| %7}3}3221/} ?ﬂ’é} 419 E]r/\] 7Li3}0
. Az A% LDPE 2808 A F AY & AA 5159.07g ~
6441.17geI R ot AF 49§ 3893.43g ~4634.48g 2. Aok AF 49 %
1% CaCl, Agrts o Ag4+= 7 AA7 8 & A&t
A HA ekokr] Wil #d] mwe] W AHoR w2 Ax s YER
=3

Table 42. Changes of weigh loss, brix, titratable acidity, pH and hardness of
persimmon treated with CaCls, packed with LDPE film during storage at 4C

5 Treatment
ay
1% CaCly LDPE 1% CaCly+ LDPE
0 0.00£0.00 0.00£0.00 0.00£0.00
Weight loss(%) 2 2.40%0.54 0.04+0.03 0.04+0.03
4 2.48+0.27 -0.02+0.03 0.02+0.04
0 12.10£0.28 13.45+0.07 12.50+0.14
brix(%) 2 12.55+0.49 13.10£0.14 12.30+0.14
4 11.90£0.14 12.80+0.28 12.43+0.31
Titratable acidity O 4.544+0.63 5.60x0.77 4.994+0.00
as 2 5.57£0.09 5.63%£0.09 5.25+0.18
citric acid(mg%) 4 5.82+0.27 6.34+0.09 4.294+0.45
0 5.51%+0.01 5.62%0.09 5.61£0.01
pH 2 5.46%+0.01 5.50£0.01 5.61+0.05
4 5.43%+0.02 5.65%+0.06 5.47+0.04
+
0 0463.85+966.69 6441.17+£584.41 5159.07£606.07
Hardness(g) 2 4833.97+£692.50 5864.15+442.60
+
4 0197.30£1260.63 4634.48+689.84 3893.43%+658.80

6422.15+£519.90
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A T 3 o] ANEE MAAR SAse] L, a, b2 UEd A

Table 4337 Zth. A% 7]17+Ee 1% CaCl, Hwks 3k d3 3=

66.30, a=1.68~3.82, b=30.10~33.24¢] W= viebio] 2 A
LDPE Z&xtoz Agd 237+ L=59.90~64.65 a=1.91~3.59, b=30.93~32.00
o] s UeEtdATh 1% CaCl, A2lE sl LDPE 3502 X4% AT+
L=5893~6843, a=1.50~4.10, b=27.35~40.13% et o A 49 F HAx

S FAE grol skt

Table 43. Changes in Hunter L, a, b values of persimmon treated with CaCls,

packed in LDPE film during storage at 4C

Color Day 1% CaCl, LDPE 1% CaClo+ LDPE
0 62.27+1.28 60.71+£2.98 60.24+9.78
L 2 66.30%£7.13 64.65+1.47 58.93%5.46
4 58.14+4.60 59.90%+4.45 68.43+1.80
0 1.68+£0.94 1.91+1.17 2.60t4.42
a 2 1.79%£1.06 3.59+2.71 1.50+1.98
4 3.82+£3.58 2.47+2.09 4.10£1.50
0 31.28%+5.66 31.75+1.89 34.42+1.72
b 2 33.24+2.04 32.00+9.12 27.35%+0.96
4 30.10£0.80 30.93+1.16 40.13+10.78
(2) FFHA
stel Aot A7 Ao o 7o A T #s HAF A= Table 449 Zrt

Table 44. Sensory evaluation of persimmon after storage at 4°C

ltem Day 1% CaCl, LDPE 1% CaCly+ LDPE
0 7.92+1.08 8.08+1.00 8.17+1.03
Appearance 2 2.58+1.31 3.58+1.24 3.67£1.30
4 2.67+1.37 3.58+1.38 3.50+1.31
0 7.58+1.31 7.67+1.23 7.58+1.24
Color 2 2.92+1.38 3.92+1.16 4.17+1.11
4 2.834+1.19 3.58+1.24 3.75+1.22
0 7.42+1.38 7.50+1.31 7.50+1.31
Flavor 2 3.58+1.38 4.08+0.90 4.0840.79
4 3.42+1.38 3.67%+1.23 3.75+1.48
0 6.42+1.38 7.92+1.08 7.25+1.42
Sweetness 2 3.25+1.29%Y 4.67+0.89° 4.25+1.14°
4 2.83+1.11 4.17+1.34 3.75+1.29
0 8.08+1.00 8.08+1.00 8.17+0.94
Texture 2 4.83+1.11 4.92+0.90 5.17+0.94
4 3.17+1.34 4.08+1.24 3.92+1.24

"Means with the same letter in column are not significantly different at p<0.05 level by Duncan’s muiltiple test.
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CaClz 1% AH# & ¢ 79| 7|axe A% 29 & w2/ Haste] BE 354
FEo A BE olste] F4E AUtk 53] 7 ] mHe] AYAA AxH]
A 94% A ol dA3s ATk LDPE 2Eo2 I3 F AetE A%
29 F4H 7lE=7F $48] Aadkdled, A% 44 Felle BE B 5
Al LDPEYre.2 A3 Ag-17} 358~4.17, 1% CaCl, #g]E & LDPEZ X

|
A3 APt 350~3928 e AFEE Adh

Ao wE 7o F3¢24 7|2 E Fig. 7791 YEhAT A AA e 3
AQl 713 %+= LDPE Eve 2 x4 Ag77F 80022 7HE Eded, o
1% CaClel g7} gte] AZ=e] GaS v ez Bt A% 29 F 1%
CaCl; HEwhs & AgTe] ANtAd 7axE 2672 A A FolA 7+
wa) g g A olstE "ol th(p<0.05). LDPE FEwte g xgs 7hy)
1% CaCl, #12]2 &ta LDPE 2502

24 ta AdgEAst ddod fo9Hed a3E YA E stk

10
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Fig. 77. Changes in overall acceptability of persimmon during storage at 4TC.

abed) Neans with same letter are not significantly different at p<0.05
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Table 45. Changes of weigh loss, brix, titratable acidity, pH and hardness of
strawberry treated with CaCls, packed in LDPE film during storage at 4C

Day 1% CaCl, LDPE 1% CaCly,+ LDPE
0 0.00£0.00 0.00+0.00 0.00+0.00
T 5eit00 009£003  003£005
: 9440, 03+0.05 03+0.05
Weight loss(%) 7 5.73%0.47 0.36+0.48 0.13+0.04
9 11.40+5.58 0.16+0.01 0.17+0.01
11 - - 0.21+0.06
0 8.55+0.07 8.65+0.07 8.70+0.17
2 8.90+0.26 9.00+0.10 8.77+0.15
brix(%) 4 8.90+0.17 8.73+0.21 8.53+0.15
X7 7 8.9040.20 9.00+0.42 8.63+0.21
9 9.10+0.10 8.70+0.00 8.27+0.21
11 - - 8.40+0.35
D ORI edsains Gecsrodl
. . 7.71+1. 4241, 65+0.
Tltratab;z acidity 68.86+2.63 67.20+1.38 67.03+2.12
oL as 7 66.35+0.52 66.43+3.33 62.12+3.93
citric acid(mg®) g §9'3146.43 63.2314.45 62.38+1.59
11 - - 61.40%+2.50
0 3.80+0.02 3.82+0.04 3.80+0.00
2 3.85+0.05 3.8440.04 3.79+0.00
- 4 3.72+0.05 3.7840.02 3.75+0.01
P 7 3.8940.02 3.88+0.08 3.92+0.06
9 3.7640.0.1 3.82+0.06 3.79+0.03
11 - - 3.86+0.10
0  537.83194.50 472.75+63.99 447.65+63.99
2 367.17+42.62 428.10+72.41 276.50+37.48
Hardnoss(a) 4 768.10£109.04  628.10+38.47 501.00+2.97
ardnessig 7 521.83+79.31 523.83+62.72 299.60+26.72
9  592.97491.49 569.00+86.91 527.75+18.03
11 - - 521.00+61.69
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/,—‘:-1__

]

d A/ Tk 219 FrE 1% CaCl, Agwks 3 A3 371 855~
137k 865~9.00, 1% CaCl, #2E &}
LDPE Z&o 27~877=% 3} o] Ao WE Hol=
Ve A gkgkth A7 B9 @19 pHE 1% CaCl, Agwks 3 2937}
372~389, LDPE dExto g ¥343 g7} 378~3.88, 1% CaCl, H2& 3}

LDPE ZEo =2 ¥33 Ag47t 375~3928 F=o A$AHH Ao w
£ Aol ATk AAAMEE Ao A4 Ad 1% CaCl Agvks ¢ AF
T 7650 mg%, LDPE fE&wto g x43 A3t 7347 mg%, 1% CaCly A
g & 3stal LDPE ZHFo= x34s AdT+= 7053 mg% oo, A%o] 18
gl whe}t A& 7rAadtel A 99 Fell= Zb7 69.31, 6323, 62.38 mg%E Ho
Ak #2719 Axe 3§ AA ] AT AX AFE AFVIE FF SHES W
Eapadeh A7 St 1% CaCl, Agwts & AP Ame 367.17g~
768.10g, LDPE Zgvwto g2 33 2317} 428.10g~628.10g, 1% CaCl, &=
stal LDPE #ZHo2 xAst A7t 27650 ~527.75¢ 2.2 1% CaCly, A&
s 7 Aol 1 A Fo] AetA vEREh "27]e 22 Ad Bde st
+ polygalactronase?} Z-2 AA| A7/MES| a4 HAH vAE 23 FEH|H
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d
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e
o
%
>
n g
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ru;vl oo m*

=

+ endopolygalactronase, endopectin lyase, cellulase, hemicellulase% ¢ A|¥H
BalEacl o x40 Bysh paAA

A 3 w7) sl A WEE ARAZ Sl L, a b o vhebdl A
+ Table 467 Zth 1% CaCl; Aws & 2719 M=+ A% 2 L=36.10,
a=36.65, b=19.68¢1 o1t A 79 F L=32.80, a=32.94, b=13.892 }7]e} A A
=, AR go] BF Pl 1% CaCl A9E o3 B8 xge A7
AEw AR 2 L=3956, a=37.24, b=26.24A A% 74

b=16.002.2 743t th WhH LDPEVIe 2 st A3y HAAEE ‘/‘rE]r‘ﬂT‘:‘
a®l w2 37.60% A% Hd 32.18E.tt F7hsEAATh
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Table 46. Changes in Hunter L, a, b values of strawberry treated with CaCly,

packed in LDPE film during storage at 4C

Color Day 1% CaCl, LDPE 1% CaClot+ LDPE
0 36.10+2.30 37.53+0.81 39.53+5.52
2 36.08+1.14 33.454+2.03 32.77+2.09
L 4 33.34%+2.59 34.3440.74 36.99+3.30
7 32.80+0.64 34.77+1.52 33.00%+2.29
9 35.424+3.61 34.4940.93 35.15+2.20
11 - - 32.74%+2.93
0 36.65+1.06 32.184+4.18 37.24+3.12
2 37.55+4.53 35.66+4.38 33.06+2.82
a 4 33.90+4.82 39.284+1.70 34.48+2.01
7 32.9441.98 37.65%+0.62 33.3443.33
9 34.52+3.62 38.86+2.47 35.27+5.14
11 - - 34.75+2.88
0 19.68+2.61 20.30+2.89 26.2448.22
2 19.51+4.56 15.76+2.06 14.33+1.34
b 4 15.97+2.48 20.29+2.50 20.27+3.96
7 13.89+1.19 19.65+2.97 16.00+3.63
9 18.30+4.15 20.324+1.26 17.06+4.19
11 - - 16.73+3.84
(2) &5 AAL
ket Ao BE Aol ot Br|e A T FdsHAF A= Table 479 2
o 1% CaCl, Aewte & 2379 7ame A A7 dojdss A4 3
23l A 7Y Fole= BRE B4 dEAA 58 olFE UEAY. 53] o
9 7laxE A 29 FT4500.% LDPE wre =z 23 AT 567, 1% CaCly
8] E sta LDPEE ¥ A3 A& 5338t Fojd oz ektl LDPE 2890
2 A A F AT VEEE A 4 Fo| RESFE otz "WolH
=
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Table 47. Sensory evaluation of strawberry after storage at 4°C

ltem D Treatment
© ay 1% CaCly LDPE 1% CaCly+ LDPE
0 8.08+1.08 8.17+0.94 8.00+1.04
i 383%197 505114 et
83+1.27 25+1. 67+1.07
Appearance 7 3'08+1.08 3.83+1.27 37541.22
9 317+1.47 3.83+1.97 1.00+1.21
11 - - 3.00+0.95
0 8.2510.97 8.08£1.08 8.00£1.28
2 5.00+1.04 5.50+1.24 5.25+1.14
Color 4 4.08+1.08 4.95+1.99 4754142
7 3.08+1.08 4.00+1.28 3'50+1.00
9 3.33%1.44 3.92+1.16 4.00+1.35
11 - - 3174094
0 8.17+0.94 7.92+1.16 8.1710.83
2 5.8310.72 5.58+0.67 5.33+0.98
Flavor 4 517+1.11 4.67+1.15 5.00+1.13
7 4.75+1.36 4254154 4.50+1.38
9 3.33%1.23 3.67+1.37 442%1.16
11 - - 458%1.38
0 7.2551.22 7.67+1.56 7.33%1.37
Do e
5841, +0. 67%0.
Sweetness 7 4.00+1.28 4.08+1.00 49541.92
9 2.92+1.38° 4.08+1.31¢ 4.42+1.16¢
11 - - 3.58+0.90
0 8.00£1.04 783119 8.00+1.13
2 5.00+1.35 5.50+1.00 533+1.15
Texture 4 4.75+1.29 4.75+0.97 4.83%0.94
7 4.00+1.48 3.92+1.16 4.33%1.07
9 3.75+1.48 3.83+1.11 4.17+1.34
11 - - 4.08%0.90

"Means with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.

Aol we =271 FEA 7IZ=E Fig. 78 WEldTh Al A e

5
A 271l 712=7 5487 dojxoey, $ubyR A g g A

T A A AYT FolA 1% CaCly

it
o

ggvon TF Bvlsh Wk o Pastel A7 79

A% 49 FHEE LDPEWIO 2 ¥43 B7)9} /5% Ao}
Fol 33302 @A 57 o5tz Wolgth
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8 —e— 1% CaClp
—O— LDPE
—a— 1% CaCly+LDPE

Overall acceptability score

Day after storage

Fig. 78. Changes in overall acceptability of strawberry during storage at 4
C.
@b Means with same letter are not significantly different at p<0.05

zle] dstel Fajg o] A HAH FE7|gbo] Hlu A #FHE &
A %ol olE: ATV SlEked AR T FUIASd EA
controlled atmosphere(CA) % hypobaric # %, modified atmosphere(MA) X%
S 2E MHES Aol dE dAEo] FHEY gk st Aok dF
Aol o3 Bgote] A T FHAWSE HEEU o™ Table 48] WERATH
A% 717w AEAE A 23 1%(w/v) CaCl, A8 E 3 HFole T&F
4.29~1040%= A 1~2% Afolel w2 A é@ﬂ%%a E F otk
LDPE d5o2 AHZ F A9 TFELES -027-052%= 3hshA 2|
ug Afeol= AT A 3dFt HEot] A n@Ee 2 1% CaCl
Aewks & APT7F 880~10.37 brix%, LDPE dEwroez xgsh A7)
9.57~1040 brix%, 1% CaCl, #2]E 3tal LDPER 2733 4
brix% & 2] -gtel whel AFrjgk ApolE B AAIN

=
A4S WA 47 Aew nad. dwdes Hio 484 udEe

[

- 131 -



65%~80% A %7} sucrose, fructose, glucose % sorbitol 53 7& &

Hol 9ol BEE AAAoT YE= ARE AREHT o]Yg HFole] 7h&
A P EY A T WA da FF, AsE 2 AU 59 o8 7HA
8d5d wep FUh A, SS HgEA gFErhE Ravh glo

M= obA WA B A A Far Ak

Table 48. Changes of weigh loss, brix, titratable acidity, pH and hardness of
peach treated with CaCly, packed in LDPE film during storage at 4C

Atrributes Day 1% CaCls LDPE 1% CaClo+ LDPE
T m o
. 1 90+1. 9940.1 ~0.2740.
Weight loss(%) 5 9.16<1.60 ~0.06+0.16 ~0.1440.04
3 10.40+9.41 0.18+0.11 0.52+0.35
0 9.20+0.17 10.40+0.26 9171051
(%) 1 8.80+0.75 9.57+0.65 8.30+0.00
o 2 10.3740.51 9.60+0.60 8.50+0.30
3 9.47+0.35 9.77+0.31 8.67+0.21
Titratable 0 25.66+1.14 25.88+2.03 23.78+4.34
acidity as 1 93.91+4.34 26.86+2.63 19.36+4.34
malic 2 24.94+0.88 21.99+2.83 10.1452.82
acid(mg%) 3 03.78+3.48 27.40%2.70 19.3646.13
0 1.43%0.03 1.55+0.08 1.1910.10
o 1 4'50%0.13 456+0.11 4754028
P 2 4'50%0.02 4.8640.05 468+0 11
3 4'50%0.13 4.45+0.01 4754031
0 00BNl 598.47+232.74 1275.75%415.28
Hardness(e) 1 oooa a0 oan89 1283:354430.27  1510.40£579.47
ardnessig 2 (V099 482.95+193.25 1341.70+429.64
3 888.35+126.50

1970.50+1091.35 004.93£293.30

A A EFole] pHE 443~4550100u A% 29 F 450~4.860 = <kt
Z7hetd e, Al g o2 LDPE 2E&o g ¥43 £ Agyrt $x4¢ woh pH
grol kg wokth A A Hgole] AAAMEE 1% CaCl, WHo & AHee A¥
T7F 25.66mg%, LDPE dERto = Ak A377F 2583 mg%, 1% CaCly * &
£ &lal LDPE ZEo 2 EAsh Agt7) 2378 mg%i o, A4 29 FHE 2z
7} 2494mg%, 21.99mg%, 19.44 mg%7}A| 7Aasrh. Bgole] AR 1% CaCly
o Ay g AAT7t 660.83g~4089.30g, LDPE who® x3at AF 7} 4829
5~1283.35g, 1% CaCl, A& 31 LDPE Z&o® ¥43 2377} 88835~
151040g o5 7| e} mprpA 2 A AA o] HAZE ] =ZA ERE T gk

o

2

X
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Moz Biole] Qs AENEARA A4FoR Hudo ALAHHY] BE
olgdle] RAEY BYL fESHE Qo delA itk X Aol

53 BE A9E 4 %S Biol 4mrk 2 WA mglEd, ot A
BH =

74.86°1A ot A 3 .
ALE Yehls b 2> A% A4 171718558 o4 A% 1Y i 20.79~25.49
A F74ET 7 ol %F Hasth dwrdor Aol gHAE F agte F7ket
bake] F7be HAo]l EAw I 3 i

wE o % 1% CaCl, A8]S stal LDPE® 43 E5olo] gAw Zlo] =4 U
Eb sk oh

_I

Table 49. Changes in Hunter L, a, b values of peach treated with CaCls,
packed in LDPE film during storage at 4C

Color Day 1% CaCly LDPE 1% CaClo+ LDPE
0 74.86+£2.62 74.85+2.12 74.31+£3.98
L 1 72.02+2.34 67.66+0.74 65.78+0.50
2 67.23£5.17 65.75+£5.84 69.05+1.74
3 52.98+16.07 56.98+3.00 67.26%+2.17
0 -2.45+1.22 -1.26£1.91 -3.38%0.75
A 1 -2.23+0.54 -1.23£0.64 -1.53%£1.07
2 -2.39+0.73 -1.77£1.79 -1.78%£1.12
3 -0.55£0.55 -2.38+0.62 -2.26£0.54
0 17.17£3.32 17.46+1.15 18.55+2.41
b 1 20.79%+2.45 25.05+0.81 25.494+0.59
2 19.02+2.43 18.07+4.09 23.09%+4.36
3 15.55+2.03 18.21+5.31 21.90+2.21

(2 P54

3 Aelsk BE Aol 9% Bl 44 F wH5AA vk Table 507 2
o 1% CaCl, AZWHE & Baole] 7EnE A4 19 5

Ad 29 Fol A, W, 24z FRA 17 WS e FEE AT Be
ofe] e wh F AuAuA o} ZME7] ARSAEH, 1% CaCly Ay

LDPE ZE9] ¥3o] 4 Wxlo & L&o] HA+= &t LDPE uko g 3

- 133 -



A=

ol

AN

BE O A 2775~4.429)

Table 50. Sensory evaluation of strawberry after storage at 4°C

Item Day 1% CaCls LDPE 1% CaClo+ LDPE
0 7.334+0.78 7.50+0.52 7.50+0.52
1 4.0840.90 4.25+1.29 4.00+0.74
Appearance 5 1.67+0.78) 358+1.51" 275+1.14"
3 2.08+1.44 2.92+1.16 3.08+1.24
0 7.50%0.67 7.00+1.28 7.17%+1.03
Color 1 4.17+1.11 3.83+0.83 4.33+0.65
2 1.75+0.87¢ 2.75+1.06¢ 2.83+1.11¢
3 2.00+1.35% 3.17+0.94"° 3.08+1.24"°
0 8.00+0.85 7.50+0.67 7.75+0.75
Plavor 1 5.3340.78 5.25+1.06 4.50+1.31
2 3.67+1.37 4.42+1.24 4.08+1.51
3 3.50+1.24 4.42+1.44 4.00+1.54
0 7.58+0.67 7.424+0.67 7.25+0.62
1 5.17+1.19 5.42+1.44 4.58+1.38
Sweetness 2.83+1.27 3.75£1.06 3.33+1.61
3 1.9241.08 3.17+1.19% 3.08+1.44¢
0 6.83%1.80 7.17+1.40 7.25+1.29
Texture 1 4.334+0.89 4.50+1.38 4.67+1.15,
2 1.75+0.87¢ 3.08+1.16 3.4240.90
3 2.25+1.06 2.83%+1.19 3.424+1.31

PMeans with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.

10

Overall acceptability score

shelf-life lim it

—a— 1% CaCly

—e&— LDPE

—o— 1% CaClp+LDPE

Fig. 79. Changes in overall acceptability of peach during storage at 4TC.

T
2

Day after storage

abed NMeans with same letter are not significantly different at p<0.05
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Climacteric fruitd] 7191 %<l wel total sugartt soluble solid’} <7138t
2 Q3] firmness7t 7HAasto] A To=
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Table 51. Changes of weigh loss, brix, titratable acidity, pH and hardness of
kiwi packed with LDPE film during storage at 4C

Treatment
Day
Control LDPE
0 0.00+0.00 0.00+0.00
Weight loss(%) 2 3.75+4.96 1.15+4.96
4 1.54+2.43 1.15+1.06
0 13.33£0.42 12.67£0.55
brix(%) 2 13.97£0.50 12.83£0.15
4 13.80£0.56 12.90+0.36
Titratable acidity O 138.37%+10.53 124.84+9.41
as 2 135.85%+8.41 128.55%+6.06
citric acidmg %) 4 127.57+£8.69 124.29+7.13
0 3.32%£0.02 3.49+0.13
pH 2 3.32+0.03 3.32%+0.06
4 3.30%+0.07 3.31+0.07
0 184.43%+46.98 242.20+£31.30
Hardness(g) 2 178.37+35.61 188.70£31.82
4 170.57+39.61 205.27+£34.07
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(9) FHLAES FEPT A9t 3% TATE] L15%uT A U
377} 1333~ 1397 brix%2 LHT 1267~1290 brixerrh
qel wF Age] [YHAA Fush ok 7}6}01@.
S| 1919] pHs FEYT7E 330~3328 tehllo] Agel] wE 2
Bo| 982 & & vk TAT FS pH 331~3499) WS vehilEd), o 719)
T AA ] HAF w2l Ao Btk ARMNEE AR F¥gT7E 1255Tmg%~
13837mg%2 EAT 12429mg%~12855 meort ANAHOR Ee A% ghe wvh
wEAT 71909 Awes AY 7 1843gelgont, WA gasle] A 4% Folw
17057g7H4] R, 2347 71919 A FEdreh vkl } 1= A7 A 242.20g°ﬂ
A A 2 F 18870g7HA] 7HA3ts ~Eﬂ, Agkr oz 5 BTt Fr=E fAsIth
A < 71919 A WEkE ARHAR SAse] L, a, bfto® UrE}L Z3}= Table 529t
2 AR B FEYTE] 190 L-3837~3521, a=4T9~-374, b-852~1056]
WS vehich ETe AEE L-3648~3876, a=647~-48, b=1076~12.87¢]
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Table 52. Changes in Hunter L, a, b values of kiwi packed in LDPE film during storage at 4C

Color Day Control LDPE
0 35.21+1.56 36.48+3.15
L 2 33.37+£0.54 38.76+1.41
4 35.13+2.11 37.76+2.35
0 -3.74+1.13 -4.83+2.63
a 2 -3.03+1.46 -6.47+0.61
4 -479+1.35 -6.45+1.10
0 9.34+1.92 10.76+3.83
b 2 8.52+1.98 12.87£1.17
4 10.56+0.82 12.43+2.52

SEE AR gastel A4 29 Fole BE B
54 Gl E ow o A5E AT 53 A% 29 FHE @ FdeA
sele] A4 45 Lol

- 136 -



Table 53. Sensory evaluation of strawberry after storage at 4°C

Item Day Control LDPE
0 8.00+0.85 8.00+0.85
Appearance 2 3.42i1.681) 3.92i1.38b
4 2.25+1.36° 3.7511.71
0 8.08+£0.67 8.331£0.78
Color 2 3.42+1.73 4.00+1.71
4 2.17+1.27° 3.58+1.83¢
0 7.92+0.90 7.83+0.94
Flavor 2 3.75+1.54 4.08+1.83
4 3.75+1.54 4.42+1.56
0 8.00+0.85 8.00+0.85
Sweetness 2 4.08+1.44 417+1.95
4 3.33+£1.72 4.00+1.65
0 7.67+0.98 7.83+0.94
Texture 2 2.75£1.60 2.92+1.68
4 2.50+1.57 2.75%1.36

"Means with the same letter in column are not significantly different at p<0.05 level by

Duncan’s multiple test.

Agel e /1919 F9H /SRS Fig 809 Uehhth A% D4 71919
NEwE T61-TRHoN, A% 2/VE FAMA gadtel A% 29 Fol
3.08~3.75, A 49 Fol= 2.00~3.08& HEFHAT. 71918 45 LDPE 2 &9
o] AFH Aol BAE G4 Rgome Bgote] Fgs vhahA

35 AspeA Zwelq neto] Bastin Bl

—O— Control
—e@— LDPE

Overall acceptability score

Day after storage

Fig. 80. Changes in overall acceptability of kiwi during storage at 4C.
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Fig. 81. Distribution of total counts collected from RTU fruits.
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Fig. 82. Distribution of Yeast and mold collected from RTU fruits.

- 138 -



27y A2 A7 (25C) T A=2AF4TC)E A AE7IHE<HY] total counts, yeast
and mold, coliform, E.coli ¢ psychrophiles ZA}aF3itt.
1) Total counts =74
Fig. 83% 4T} 25ColA A3 Aol Total counts =43k Aot} vl %
T+ 3 log CFU/gA =R A% 3L7MR] = A2AH4T)ol F=A725T)e] o
= 719 Zeol7t Il o, A% 39 o] - A4 wj7b Aol A7k il H
3l tief 1 log CFU/g A% ASAAE Btk A4 149 ool A - 42 A%
% t} 8 log CFU/g ALxR Z7Fsl9th Alake= %7] 3 log CFU/g® ALA3e] 729
A TAA = T ARV S B Ao, AR 7Y o] REHE
g F7He YERSITE vhA A8 AAeAE A 3Y AEe T SR
2 =

AT, L o] FHEHE SV Eilen, 1 oY

2 34d T 2T 7P Z-]}v\-—]% XVJ ¥ 7 wE Ao e ddel Hle) =
< e HERTE 4248 149 olFell= 9 log CFU/g o4 o= Yehdth
1919 2712 2 log CFU/go= vhe 3} HISssAT, 2474 3L ~747H4] 6 log

CFU/g, A% 14991 8 log CFU/g® A5 velilon, A4 gdAME 2 log CFU/g2
2 7P AL 271 vehllen, A% 2197k4 b 33} vuste] 6 log CFU/ge R
7P AL s UERITE ) T 71907F AeA el 7R &b 0w et

2 log CFU/ge.& A7 Yepg A e, 4244 149 + 9 log CFU/g<
T/ BolEs B AT, ALAGA A TA7A = e A
& ol Hlal] 4 log CFU/g® 271d7F 7 =%aL
A4 3Y o]F A2 A FH4E 6 log CFU/geld oz wZo] Hufjs|o] #7go]
Erbssl R on, ARG M FeAETE 3 AR AGS gAY
#4E 9 log CFU/go.2 718kt #9 %73t 2 log CFU/g 522 A-2A4%
Al FA3 F71E Yoy, AAZd M= 4~5 log CFU/gR <] Ao] A=
oh 2 9 @7 ke x7)9Fo] 3 log CFU/gel F&ollont, A% 3UAEE 6

oX
-
12
2
i
32
.
=,
il
rlo
k)

- 139 -



log CFU/go.2 ZF7tatglon, o] Hujuo] 1 o4} A4 & 4= glA= A
AZH o7 %7] Total counts™= ZHLHF 9FlA 10° ~ 10" CFU/g 2oz, W&

°] 412 log CFU/ge.2 7V =3, v, Abzl, 7h &@7], uto] Zbz} 302, 3.55. 3.49,

3.36, 341 log CFU/gellem, X% 719, & 247+ 217, 2.30, 265 log CFU/go =
ke Fol ula) e @5E Uehich WA 2 F59 348 e e EEZ,

AL g 27155 217 log CFU/gollAl A& 2194, 11.27 log CFU/go 2 714
Z 75 F7HE Yehdlal, Al 27)5F 355 log CFU/goll Al A4 2194 10.74
log CFU/go 2 Z7Ftdth A4S 3 JAdF= A 7440 i o =

Ao| Brlss WEy) Fuks Aojs BE AMZol AF 2144 10° ~ 10° CFU/go2

Z7v8t9a, 1 % Al 994 log CFU/g o2 7}

g2 el 27k el

10.0 pear apple
10.0
o 80 o 80
(E) 6.0 g 6.0
2 40 8 40
2.0 2.0
0.0 0.0
0 3 7 14 21 0 3 7 14 21
day day
1 ra
100 persimmon 120 grape
8.0 r ’ 10.0
2 < 8.0
Z 6.0 r 2
S S5 6.0
8 40 g 8 40
20 r 2.0
0.0 0.0
0 3 7 14 21 0 3 7 14 21
day day
kiwi
melon
10.0 10.0 \
8.0 8.0
g o
> 2
g 6.0 g 6.0 r
8 4.0 8 4.0
2.0 20 r
0.0 : : 0.0
0 3 7 14 21 0 3 7
day day

- 140 -



watermelon

strawberry 10.0

10.0 ' L
8o | o 8.0
o ’ ) L
2 60 | g 6.0
2 40 E 3 40 g
20 20
0.0 0.0 :
0 3 7 14 21 0 3 7 14
day day
orange
10.0
o 8.0 >
2 6.0
O
o 4.0
©
2.0
0.0
0 3 7 14 21
day

B 25C & 4T
Fig. 83. Changes in total counts on RTU fruits at 4C and 25C storage

temperature.

2) Yeast and molde] A

Yeast and mold®] %7] &% - #3olx= #AF 9FolA 10° - 10" CFU/ge] 72
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Fig. 84. Changes in yeast and mold on RTU fruits at 4C and 25T

storage temperature.

3) Coliform #} Elcoli®] 78
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Fig. 85. Changes in coliform on RTU fruits at 4C and 25T
storage temperature.
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Fig. 86. Changes in Psychrophile on RTU fruits at 4C storage temperature.
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91, AF= controlell HlE] A3t SR Aelste] 2 log CFU/gH %= oA
s dedloy, ke e Fda v & ow 2 23t BolA gtk
7191:= A2l A 34 log CFU/gAA 7kes= A § 209 log CFU/go.=, Abte
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252 log CFU/g, vHA#te2 2= Ae] A 399 log CFU/gelA 25 log CFU/ge.2 A
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Asje Ae)d o] 233 219, 23, 233 log CFU/go.2 2 oA ase vhehid
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log CFU/gAER AAE&HE velgth W22 355 log CFU/g? controlell 43|
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Al THEE a9E 2Y, 7 # 79 E S sE AYs Ao
442, 242, 219 log CFU/g=2 o2 A2lsk 28t Yeast and moldol A&
7t Srksk e, A, b, WE OXEo] A 233, 242, 3.03, 2.23 log
CFU/g® &Z8 iy A2 A Aol Yeast and molde] Ao &34
o = b tH(Fig 87, 83).
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mControl mwashing
NAcidic Electrolyzed Water mAlkalic Electrolyzed Water

Fig. 87. Effect of electrolyzed water on inactivation of total counts on fruits.
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Fig. 83. Effect of electrolyzed water on inactivation of yeast and mold on fruits.
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Fig. 89. Effect of electrolyzed water and grape seed fruit, either alone or in
combined on inactivation of E. coli 0157:-H7 on apple.

AcidicEW" : acidic electrolyzed water

AlkalicEW ":alkalic electrolyzed water

GSE™ : grapefruit seed extract
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Fig. 90. Effect of pre-treatment and package on growth of total counts on

apple during storage at 4C and 25C.
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Fig. 91. Effect of pre-treatment and package on growth of yeast and mold on

apple during storage at 4C and 25C.
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Fig. 92. Effect of pre-treatment and package on growth of total counts on

grape during storage at 4C and 25TC.
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Fig. 93. Effect of pre-treatment method and package on growth of yeast and
mold on grape during storage at 4C and 25TC.
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Fig. 94. Effect of pre-treatment and package on growth of total counts on

pear during storage at 4Cand 25C.
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Fig. 95. Effect of pre-treatment and package on growth of yeast and mold on
pear during storage at 4C and 25C.
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Fig. 96. Effect of pre-treatment and package on growth of total counts on

watermelon during storage at 4C and 25C.
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Fig. 97. Effect of pre-treatment and package on growth of yeast and mold on

watermelon during storage at 4C and 25C.
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Fig. 9. Effect of pre-treatment and package on growth of total counts on Kiwi during
storage at 4C and 25C.
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Fig. 99. Effect of pre-treatmnet and package on growth of yeast and mold on
Kiwi during storage at 4C and 25TC.

wolA ggrout, A& 44 controlel vl
AeFe F wAAR LFE AL 1~2 log CFUg AR SIAEAE el
d =3 #Z2 FS vERilth(Fig. 100, 10D).

4T 5C

—y
o

log CFU/g

O = N W PHh OO N 0 O
loa CFU/a

o

O NWhUTIONDODZ

@ control+PE packing E control+LDPE packing
A dipping process+PE packing x dipping process+LDPE packing
Fig. 100. Effect of pre-treatment and package on growth of total counts on
Melon during storage at 4C and 257C.
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Fig. 101. Effect of pre-treatment and package on growth of yeast and mold
on Melon during storage at 4C and 25C.

H#e Z7)9e] 3 log CFU/gA %, A2, X4 o] g7datua 4T
M A 39744 = 3 log CFU/ge 2 9 AZS odAsd oy, A% 694 F

= FAYTE #4538 F7HE vEdle] A% 129¢= 7 log CFU/go & 1
Ehgtow, IAAER 243 At 4uks] FUkstdou A% 12960 T A
gl9} o] 7 log CFU/go & UERSTh 247l control® Ao z7]
& 326, 3.04 log CFU/g2 A g|to] ¢kzte] A axs yetlon, A4377Hs
oF LDPEEZZAZ E33 Helto] A=z 343 A3} vuste] 2 log
CFU/gR & oA ads dein &
(Fig. 012, 103).

1z
o
rlr

r°"
fol
ol
ld
)
o
2
>
i
M
o
o
ox
filo
i
2
T

- 168 -



4C
xC

Y

loa CFU/a
O—_-MNWAhUITO~N ®OWO©D

—
o

log CFU/a
O =~ M WwWh O ON®O

0 3 6 9 12 dys

@ control+PE packing W control+LDPE packing
A dipping process+PE packing X dipping process+LDPE packing
Fig. 102. Effect of pre-treatment and package on growth of total counts on

Orange during storage at 4C and 25TC.
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on Orange during storage at 4C and 257C.

- 189 -



L
HH %L o o om
el 2R3 s 2Ee | @
: f @_ﬁ aﬁ i EL E
| | | ,mﬂ \m.ﬁ Ew, _.E
R S A
;&
— 1:MH
iy = -
< o < : :
o) < 5
N ~a i = 1& - ]
q_mo hi T - - ﬂo 0 UT.C oT
o fr<e) —_ nMO ,ﬂ ﬂﬁﬂ m_x mAno E.._
0 rmo =K e o ﬁn X - 5
] ,_t ﬂAF ia ¢e joig| ~
& x oo M i N MM 3 M ﬂm .
e O R - 3 %o o < -
= pE N ) ) N s T
T 3 A o oz T 5 N u : :
T z B X o %0 N ) gy B3R
- M — o He R - - .
=e X ooel N Nfo g y ‘L.W T : -
g 72 u - ~ o < 3 O
s = & z Eﬁ % T N L
25t ﬂm v dp Hr Mo oy %o = o
: 2 ﬂyl : " U, B oW MT o Mg Wﬂ
: 2 i wo - KR w ) =
Nl B_. oF K il E g H IO % .
™o —~ i) = ral % ]ﬁ r mrﬂc s i ”
A T o e o < mr T > L
@ K N w P = T F kT
T 5K 3 B i ~ = O P = 9 A
cZ T S o o gl I -
) fr = ol € L TE 2
— | o o A =
) T | S T rE ©
ll %T M | | | ;Irkl |
& % |
B x
o

- 160 -



Sl = 2ok 254 4 ol vk 2y ATt mEs Fdds)
Aol7lz, MAE Azst 7le 2 AFE ofoldolst W E E A7t

o] Atgstel Hof=eol Holgkth 5ol FdFol FH AHFH = AdAEe] Ao
g AASER U ddiansdE T3 Atbete] A5 B A4 w4
ool 71ofsk7] A= aEd 54 A AlEe] Aol ARG aEo] sk
thoolg gk AHollA Al ] Aatz Aozl AW g AsiAlo] V)&, v
A3t 71 aeal AEst 2 e = Fa

wope] el 7 4 glem 55| AT ofelH o] & Akjistel] 7]

5 glogle 7Y,

%
A

o]

nfl‘

- 161 -



shA o]

beleh

Barel FpE

A| = ¢

Q]
=

1}

Jlgdch 1 gl

o

o

- 162 -



rq

6T HI=T

1. Ohlsson T. 1994. Minimal processing preservation methods of the future, an
overview. Trends in Food Sci. & Tech., 5:341-344.

2. Ahvenainen R. 1996. New approaches in improving the shelf life of
minimally processed fruit and vegetables. Trends in Food Sci. & Tech,,
7:179-186.

3. Ferreres F. Gil MI, Castaner M, Tamas-Barberan FA. 1997. Phenolic
metabolites in red pigmented lettuce (Lactuca sativa) changes with minimal
processing and cold storage. J. Agric. Food Chem. 45:4249-4254.3.

4. Gamage TV, Yuen CMC, Wills RBH. 1997. Minimal processing of custard
apple (Annona atemoya) pulp. F. Food Processing and preservation.
21:289-301.

5. Brecht JK. 1995. Physiology of lightly processed fruits and vegetables.
HortSci. 30(1):18-21.

6. Chi JH, Ha TM, Kim YH, Ju YC. 1996. Effects of storage temperature and
packing method for keeping freshness of fresh mushrooms. RDA. J. Agri
Sci. 38(1):915-921.

7. Jiang Z, Ooraikul B. 1989. Reduction of nonenzymatic browning in potato
chips and French fries with glucose oxidase. J. Food Processing and
Preservation. 13:175-186.

8. Lee-Kim MS, Hwang ES. 1997. Inhibition studies on burdock polyphenyl
oxidase (PPO) activity. J. Food Processing and Preservation. 21:485-494.

9. Rosen JC, Kader AA. 1989. Postharvest physiology and quality maintenance
of sliced pear and strawberry fruits. J. Food Sci. 54(3):656-659.

10. Ma S, Silva JL, Hearnsberger JO, Garner JO, Jr. 1992. Prevention of
enzymatic darkening in frozen sweet potatoes[Ipomoea batatas (L.) Lam.]
by water blanching: Relationship among darkening, phenols, and polyphenol
oxidase activity. J. Agric. Food Chem. 40:864-867.

11. Mccord JD, Kilara A. 1983. Control of enzymatic browning in processed
mushrooms(Agaricus bisporus). J. Food Sci. 48: 1479-1483.

12. Mondy JI, Munshi CB. 1993. Effect of maturity and storage on ascorbic
acid and tyrosine concentrations and enzymatic discoloration of potatoes. ].
Agric Food Chem. 41:1868-1871.

- 163 -



13. Mondy Ni, Mobley EO, Gedde-dahl SB. 1967. Influence of potassium
fertilization of enzymatic activity, phenolic content and discoloration of
potatoes. J. Food Sci. 32:378-381.

14. Lourenco EJ, Neves VA, Silva MAD. 1992. Polyphenol oxidase from sweet
potato: Purification and properties. J. Agric. Food Chem. 40:2369-2373.

15. Biekman ESA. 1992. Enzymatic maceration of potatoes for the production
of instant dried mashed potato: Modeling of the disintegration process.
Food Biotech. 6(1):19-33.

16. Ferreres F. Gil MI, Castaner M, Tamas-Barberan FA. 1997. Phenolic
metabolites in red pigmented lettuce (Lactuca sativa) changes with minimal
processing and cold storage. J. Agric. Food Chem. 45:4249-4254.

17. Duangmal K, Apenten RKO. 1999. A comparative study of
polyphenoloxidases from taro(Colocasia esculenta) and potato(Solanum
tuberosum var. Romano). Food Chem. 64:351-359.

18. Tomas—Barberan FA, Gil MI, Castafiler M, Artés F, Saltveit ME. 1997.
Effect of selected browning inhibitors on phenolic metabolism in stem
tissue of harvested lettuce. J. Agric. Food Chem. 45:583-589.

19. Langdon TT. 1987. Preventing of browning in fresh prepared potatoes
without the use of sulfating agents. Food Tech. May:64-67.

20. Mcevily A], Iyengar R, Otwell S. 1991. Sulfite alternative prevents shrimp
melanosis. Food Tech. September:80-86.

21. Shewfelt RL. 1986. Postharvest treatment for extending the shelf life of
fruits and vegetables. Food Technol. May:70-80.

22. Sapers GM, Miller RL. 1992. Enzymatic browning control in potato with
ascorbic acid-2-phosphates. J. Food Sci. 57(5):1132-1135.

23. Sapers GM, Miller RL, Douglas FW, JR, Hicks KB. 1991. Uptake and fate
of ascorbic acid-2-phosphate in infiltrated fruit and vegetable tissue. J.
Food Sci. 56(2):419-422.

24. Sapers GM, Hicks KB, Phillips JG, Garzarella L, PondishDI], Matulaitis
RM, Mccormack TJ, Sondey SM, Seib PA, Ei-atawy YS. 1989. Control of
enzymatic browning in apple with ascorbic acid derivatives, polyphenol
oxidase inhibitors, and complexing agents. J. Food Sci. 54(4):997-1012.

25. Kato-Noguchi H, Watada AE. 1997. Citric acid reduces the respiration of
fresh-cut carrots. HortSci. 32(1):136.

26. Oszmianski J, Lee CY. 1990. Inhibition of polyphenol oxidase activity and

- 164 -



browning by honey. J. Agric. Food Chem. 38:1892-1895.

27. Kahn V, Lindner R, Zakin V. 1995. Effect of kojic acid on the oxidation of
0-dihydroxyphenols by mushroom tyrosinase. ]J. Food Biochem. 18: 253-571.

28. Monsalve-gonzalez A, Barbosa-canovas GV, Cavalieri RP, Mcevily A]J,
Tuengar R. 1993. Control of browning during storage of apple slices
preserved by combined methods. 4-Hexylresorcinol as anti-browning agent.
J. Food Sci. 58(4):797-800.

29. Dawley RM, Flurkey WH. Differentiation of tyrosinase and lactase using
4-hexylresorcinol, a tyrosinase inhibitor. Phytochem. 33(2):281-284.

30. Monsalve gonzalez A, Barbosa-canovas GV, Mcevily A]J, Iyengar R.
Inhibition of enzymatic browning in apple products by 4-hexylresorcinol.
Food Tech. April:110-118.

31. Son SM, Moon KD, Lee CY. 2000. Kinetic study of oxalic acid inhibition
on enzymatic browning. J. Agric. Food Chem. 48:2071-2074.

32. Lin Z, Schyven E. 1995. Influence of blanching treatments on the texture
and color of some processed vegetables and fruits. J. Food Processing and
preservation. 19:451-465.

33. Lurie S, Klein JD. 1992. Calcium and heat treatments to improve
storability of Anna apples. HortSci. 27(1):36-39.

34. Tijskens LMM, Rodis PS, Hertog MLATM, Waldron KW, Ingham L,
Proxenia N, Kijk CV. 1997. Activity of peroxidase during blanching of
peaches, carrots and potatoes. J. Food Engineering. 34:355-570.

35. Ramaswamy HS, Fakhouri MO. 1998. Microwave Blanching : Effect on
peroxidase activity, texture and quality of frozen vegetables. J. Food Sci.
Technol. 35:216-222.

36. Dawkins NL, Lu JY. 1991. Physico-chemical properties and acceptability
of flour prepared from microwave blanched sweet potatoes. J. Food
Processing and preservation. 15:115-124.

37. Hidalgo FJ, Zamora R. 1995. Characterization of the products formed
during microwave irradiation of the nonenzymatic  browning
lysine/(E)-4,5,-Epoxy—(E)-2-
heptenal model system. J. Agric. Food Chem. 43:1023-1028.

38. Scanberg SJM, Suortti T, Nyman EMGL. 1997. Physicochemical changes
in dietary fiber of green beans after repeated microwave treatments. J.
Food Sci. 62(5):1006-1010.

- 165 -



39. Zamora R, Hidalgo F]J. 1992. Browning and fluorescence development
during microwave irradiation of a lysine/(E)-4,5,—epoxy —(E) -2-heptenal
model system. J. Agric. Food Chem. 40:2269-2273.

40. Gunes G, Lee CY. 1997. Color of minimally processed potatoes as affected
by modified atmosphere packaging and antibrowning agents. J. Food Sci.
62(3):572-582.

41. Walingo A, Davidson V. 1994. Modified atmosphere packaging of
pre—peeled potatoes. E. Afr. agric. For. J. 60(2):67-74.

42. Sapers GM, Miller RL. 1993. Control of enzymatic browning in prepeeled
potatoes by surface digestion. J. Food Sci. 58(5):1076-1078.

43. Hughes JC, Swain T. 1962. After-cooking blackening in potatoes.
III.-Examination of the interaction of factors by in vitro experiments. J.
Sci. Food Agric. 13:358-363.

44. Son SM, Moon KD, Lee CY. 2000. Rhubarb juice as a natural
antibrowning agent. J. Food Sci. 65(7):1288-12&9.

45. Osuna-garcia JA, Wall MM, Waddell CA. 1997. Natural antioxidants for
preventing color loss in stored paprika. J. Food Sci. 62(5):1017-1021.

46. Kim JK, Cha WS, Park JH, Oh SL, Cho Y], Chun SS and Choi C. 1997.
Inhibition effect against tyrosinase of condensed tannins from Korean green
tea. Korean J. Food Sci. Technol. 28(1):173-177

47. Graham DM, Use of ozone for food processing. 1997. J Food Tech
51(6):72-75.

48. Kim JG, Yousef AE. 2000. Inactivation kinetics of foodborne spoilage and
pathogenic bacteria by ozone. J Food Sci 65(3):521-528.

49. Ana GP, Carlos S, Jose JR., Rios RO, Jose MO. 1999. Effects of ozone
treatment on postharvest strawberry quality. J Agric Food Chem
47:1652-1656.

50. Liew CL, Prange RK. 1994. Effect of ozone and storage temperature on
postharvest diseases and physiology of carrots (Daucus carota L.). J Am
Soc Hortic Sci 119:563-567.

51. Henry LK, Puspitasari-Nienaber NL, Jaren-Galan M, Breemen RBYV,
Catignani GL, Schwartz SJ. 2000. Effects of ozone and oxygen on the
degradation of carotenoids in an aqueous model system. J Agric Food
Chem 48:5008-5013.

52. Jiang ST, Ho ML, Jiang SH, Lo L, Chen HC. 1998. Color and quality of

- 166 -



mackerel surimi as affected by alkaline washing and ozonation. J Food Sci
63(4):652-655.

53. Dudley ED, Hotchkiss JH. 1989. Cysteine as an inhibitor of polyphenol
oxidase. J Food Biochem 13:65-75.

54. Wang ZY, Athar M and Bickers DR. 2000. Licorice in foods and herbal
drugs: chemistry, pharmacology, toxicology and uses. Herbs, botanicals and
teas. Technomic Co. 321-353.

55. Kim NJ and Hong ND. 1996. Studies on the processing of crude drugs
(V). Kor. J. Pharmacogn. 27(3):196-206.

56. Thomas Ohlsson. 1994, Minimal processing preservation methods of the
future, an overview. Trends in Food Sci. & Tech., 5, 341-344

57. Donard V. Schlimme. 1995, Marketing lightly processed fruits and
vegetables. Hortsci., 30(1), 15-17

58. R. Ahvenainen. 1996, New approaches in improving the shelf life of
minimally processed fruit and vegetables. Trends in Food Sci. & Tech.,
7, 179-186

58. FHAH 1999, www. maf. go. kr

59. Wiley, R.C., 1994, Minimally Processed Refrigerated Fruits and
Vegetables. Chapman & Hall

60. Ahvenainen, R. and Hurme, E. 1994, Minimal processing of vegetables. in
Minimal Processing of Foods (VTT Symposium Series No. 142)
(Ahvenainen, R., Mattila-Sandholm, T. and Ohlsson, T., eds.), pp. 17-35,
Technical Research Centre of Finland (VTT), Espoo, Finland

61. J.D. Park, SI. Hong, HW. Park and D.M. Kim. Extending shelf-life of
Oriental Melon(Cucumis melo L.)by modified Atmosphere Packaging.
Korean J. Food Sci. Technol. 32(3):481-490 (2000).

62. S.K. Chung, S.H. Cho and D.S. Lee. Modified Atmosphere Packaging pf
Fresh Strawberries by Antimicrobial Plastic Films. Korean J. Food Sci.
Technol. 30(5):1140-1145 (1998).

63. Y.M. Kim, D.S. Han, T.K. Oh, KH. Park and H.K. Shin. Modified

- 167 -



Atmosphere Storage of 'Shingo’ Pears Packaged with Polyethylene Film.
Korean J. Food Sci. Technol. 18(2):130-136 (1986).

64. J. Rocourt, P. BenEmbarek, H. Toyofuku and J. Schlundt. Quantitative risk
assessment of Listeria monocytogenes in ready-to-eat foods: the
FAO/WHO approach. FEMS Immunology and Medical Microbiology
35:263-267 (2003).

65. Rasa M. Garcia-Gimeno and Gonzalo Zurera-Cosano. Determination of
ready—-to—eat vegetable salad shelf-life. Inter. J. of Food Microbiology.
36:31-38 (1997).

66. Gina, L.Y. and Jeffry, J.W. Designing packages for fresh-cut produce.
Tappi J. 79(6):205-211 (1996).

67. J.S. Koh, Y.T. Yang, SH. Kim and J.Y. Kim. cold storage charactensncs
of early variety of citrus unsiu produced in cheju with various treatment.
J. Korean Soc. Agric. Chem. Biotechnol. 40:117-122 (1997).

68. G.H. Han and B.Y. Kim. The Correlation Between Quality Changes and
Skin Thickness of the Stores Citrus Fruit. J. Korean Soc. Food Sci.
Nutr. 69(2):237-276 (2001).

70. K.C. Yoo, Y.N. Song, C.S. Jeong and G.Y. Sin. Varietal differences in
sufar accumulation and kind of sugars in Cucumis melo L. J. Kor. Hort.
Sci. 30(1): 1-6 (1989).

71. D.M. Kim, H.S. Kang and K.H. Kim. On the storability of strawberry in
air included the different CO2 concentrations (in Korean). J. Food Sci.
Technol. 18:66-70. (1986).

72. HS. Chung, J K. Kim, W.W. Kang, K.S. Youn, J.B. Lee and J.U. Choi.
Effect of Nitric Oxide Pretreatment on Quality of MA Packaged Peachs.
Korean J. Food Technal 34(6): 1018-1022 (2002).

73. S.B. Kim, SH. Hong and C.H. Lee. Effect of intermittent warmimg on
peach fruit quality in cold storage. J. Korean Soc. Hort. Sci. 39: 40-45 (199%).

- 168 -



74. Chung WT, Lee SH, Cha MS, Sung NS, Hwang B and Lee HY. 2001.
Bioligical activities of Glycyrrhizae uralensis FISCH. Korean J. Medicinal
Crop Sci. 9(1):45-54.

75. Tan NH, Wong KC and Lumen BO. 1984. Relationship of tannin levels
and trypsin inhibitor activity with the in vitro protein digestibilities of raw
and heat-treated winged bean. J. Agric. Food Chem. 32(4):819-822.

76. Jeon BJ, Lee KH, Ryu HS, You BJ. 1996. Purification and some properties
of the polyphenol oxidase from Ascidian, Halocynthia roretzi. J. Food Sci.
Nutr. 1(1):111-116.

77. Lee CY, Kagan V, Jaworski AW, Brown SK. 1990. Enzymatic browning
in relation to phenolic compounds and polyphenoloxidase activity among
various peach cultivars. J. Agric. Food Chem. 38:99-101.

78. Jung SW, Lee NK, Kim SJ and Han DS. 1995. Screening of tyrosinase
inhibitor from plants. Korean J. Food Sci. Technol. 27(6):891-896.

79. Mapson LW, Swain T. Tomalin A. 1963. Influence of variety, cultural
conditions and temperature of storage on enzymatic browning of potato
tubers. J Sci Food Agric 14: 673.

80. Coseteng MY and Lee CY. 1987. Changes in apple polyphenoloxidase and
polyphenol concentrations in relation to degree of browning. J. Food Sci.
52(4):985-989.

81l. Hwang T.Y., Son S.M., Lee C.Y. and Moon K.D. 2001. Quality changes of
fresh-cut packaged fuji apples during storage. Korean J. Food Sci. and
Tech. 33(4):469-473.

82. Cho Y.K. and Ahn HXK. 1999. Purification and characterization of
polyphenol oxidase from potato: 1. Purification and properties. J. Food
Biochemistry. 23: 577-592.

83. DC Protein assay instruction manual. Bio-rad Co.

84. &5 2000. EAawA AAH, FA 7t

85. Chot SW and Sapers GM. 1994. Effects of washing on polyphenols and
polyphenol oxidase in commercial mushrooms (Agaricus bisporus). J. Agric.
Food Chem. 43: 2286-2290.

86. Ji HH and Kenneth CG. 1998. Surface sterilization of whole tomato fruits
with sodium hypochlorite influences subsequent postharvest behavior of
fresh-cut slices. Postharvest Biology and Technol. 13:51-58.

87. AdH, o]F 4. 1998. SASE o] &3 FAEA. wrgA}

- 169 -



88. Son SM, Moon KD and Lee CY. 2001. Inhibitory effects of wvarious
antibrowning agents on apples slices. Food Chemistry 73:23-30.

89. Hwang TY, Son SM and Moon KD. 2002. Screening of effective browning
inhibitors on fresh-cut potatoes. Food Science and Biotechnology.
11(4):397-400.

90. Sapers GM. 1993. Browning of foods: control by sulfites, antioxidants, and
other means. Food Technol. 47(10):75-84.

91. Robert CM, Cadet FR, Rouch CC, Pabion M, Richard-forget F. Kinetic
study of the irreversible thermal deactivation of palmito (Acanthophoenix
rubra) polyphenol oxidase and effect of pH. J. Agric. Food Chem.
43:1143-1150.

92. =t AFFTAF]. 1999, AFH/META p. 261

93. Ma S, Silva JL, Hearnsberger JO, Garner JO, Jr. 1992. Prevention of
enzymatic darkening in frozen sweet potatoes[Ipomoea batatas (L.) Lam.]
by water blanching: Relationship among darkening, phenols, and polyphenol
oxidase activity. J. Agric. Food Chem. 40:864-867.

94. Mate JI, Quartaert C, Meerdink G, Riet KV. 1998. Effect of blanching on
structural quality of dried potato slices. J. Agric Food Chem. 46:676-681.
95. Agblor A, Scanlon MG. 1998. Effects of blanching conditions on the
mechanical properties of french fry strips. Amer. J. potato res. 75:245-255.
96. Garcia-reverter J, Bourne MC, Mulet A. 1994. Low temperature blanching
affects firmness and rehydration of dried cauliflower florets. J. Food Sci.

59(6):1181-1183.

97. Mizrahi S. 1996. Leaching of soluble solids during blanching of vegetables
by ohmic heating. J. Food Engineering. 29:153-166.

98. Mohamed S, Hussein R. 1994. Effect of low temperature blanching
cysteine~HCl, @ N-acetyl-L-cysteine, Na metabisulphite and drying
temperatures on the firmness and nutrient content of dried carrots. J. Food
Processing and Preservation. 18:343-348.

99. Quintero-ramos A, Bourne MC, Anzaldua-morales AA. 1992. Texture and
dehydration of dehydrated carrots as affected by low temperature
blanching. J. Food Sci. 57(5):1127-1128.

- 170 -



	국내산 주요 과일을 이용한 즉석 (RTU:ready to use) 과일 제품의 개발 및 관련 핵심 기술의 확립에 관한 연구

	요 약 문
	목 차
	제 1 장 연구개발과제의 개요
	1절 연구개발의 필요성
	2절 연구개발 내용 및 범위

	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	1절 연구 수행 방법
	2절 연구 내용 및 결과

	제 4 장 목표달성도 및 관련분야에의 기여도
	1절 평가착안점에 입각한 연구개발목표의 달성도
	2절 관련분야에의 기여도

	제 5 장 연구개발결과의 활용계획
	제 6 장 참고문헌

