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SUMMARY

I. Title

Freezing preservation of fresh red pepper by the dehydrofreezing method

II. Objectives and Necessity of Research

Using sun dried red peppers as a spice, as it is practiced now in Korea,
causes lots of hygenic problems to food products. To solve these problems,
fresh red peppers are subjected to washing, sterilization, partial dehydration,
packaging, freezing and frozen storage, and this processing method is called
in this project as the dehydrofreezing(DF). Advantages of DF process include
extending the shelf-life of fresh red peppers, supplying hygenic and high
quality red pepper products to food processors and general consumers
throughout a year, and differentiating red pepper products from the low
quality and low priced imported red pepper products, which could result in
higher income to domestic red pepper growers by stabilizing the red pepper

price.

The objectives of this research were to study the suitable sterilization
method of fresh red pepper and the partial dehydration conditions to remove
half of the moisture in fresh red peppers, to develop freezing and frozen
storage conditions for dehydrofreezing storage, to monitor quality changes
during the frozen storage period, and to select a suitable thawing method for

the frozen stored red peppers.

III. Contents and Scope of Research
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1. Developing the freezing method of partially dehydrated red peppers
1) Developing pretreatment methods of fresh red peppers.
2) Studies on the sanitizing method of fresh red peppers.
3) Studies on the dehydration conditions for partial dehydration of fresh
red peppers.

4) Studies on freezing methods for partially dehydrated fresh red peppers.

2. Developing the frozen storage method for frozen red peppers

1) Storing dehydrofrozen red peppers at 3 different storage temperatures.

2) Monitoring quality changes during the storage period.

3) Selecting an optimum freezing temperature and shelf-life at different
storage temperatures.

4) Applicating the dehydrofrozen red pepper product to the food system.

5) Evaluating the effectiveness of the sterilization method on the stored
red pepper.

6) Economic feasibility analysis of the dehydrofreezing red peppers.

IV. Research Results and Recommendation for applications of results

1. Research results

(1) Developing the freezing method of partially dehydrated red
peppers
Washed whole and halved fresh red peppers were subjected to hot water,
ozon water, hydrogen peroxide solution, sodium hypochlorite solution for
sanitizing coliform bacteria and E. coli. Among the tested methods, 0.5ppm
ozon water treatment for 6 min. was the best, resulting in coliform bacteria
and E. coli negative with the quality close to fresh red peppers.

Whole and halved fresh red peppers were subjected to dehydraion at 60, 70

_11_



and 80T to remove 50% of moiture in red peppers. Based on the quality
evaluation of the dehydrated red peppers, dehydrating fresh red peppers at 7
0C for 1 hour resulted in the best quality, and these were selected as the

dehydration conditions.

(2) Developing the frozen storage method for frozen red peppers
Partially dehydrated red peppers(moisture content about 50%) were frozen
at -10, 20 and -40C and subjected to frozen storage at —-18, -25 and -307C.
Samples taken after 0, 3, 6, 9, and 12 months of storage were used to
evaluate quality changes during the frozen storage. Drip loss, sensory color
and appearance, texture, Hunter color, capsaicin, carotenoids, ascorbic acid,

free sugars, falvor compounds were analysed for the stored samples.

Drip loss, texture, capsaicins, carotenoids and flavor compounds were
affected by the freezing temperatures. Based on these results, -40C was
selected as the optimum freezing temperature of red pepper samples. When
the effects of frozen storage temperatures on the quality factors of stored red
pepper samples were evaluated, drip loss, texture, capsaicinoids, carotenoids,
ascorbic acid, flavor compounds were found to be significantly affected. The
shelf-life of the dehydrofrozen red peppers were 6, 12, and 12 months at -18,

-25 and -307C, respectively.

(3) Studies on the thawing method and application of dehydrofrozen
red peppers

The stored dehydrofrozen red pepper samples were subjected to hot water
dipping for a rapid thawing and 4C cold chamber for a slow thawing.
Quality of thawed samples indicated that the slow thowing was better than
the rapid thawing. Based on these results, the slow thawing in a cold
chamber was selected as the suitable thawing method of the stored

dehyrofrozen red peppers.
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Dehydrofrozen(DF) red peppers were applied to make a watery Kimchi and
Kaktoogi(redish cube Kimchi). The results of sensory evaluations indicated
that watery Kimchi with DF red peppers had better acceptability than that
with sun dried red pepper powder. Similar results were observed with

Kaktoogi.

(4) Evaluating the effectiveness of the sterilization method on the
stored red pepper and economic feasibility of the dehydrofreezing
preservation of fresh red peppers

Red pepper samples stored for 9 months and 12 months were sampled
to evaluate the effectiveness of the sterilization method applied to fresh red
peppers before drying. E. coli was negative in all samples stored for 9 or 12
months, indicating the sterilization method was effective and stable for the
storage period tested.

The estimated price of red pepper paste prepared with the stored
dehydrofrozen red peppers was 1.74~3.03% higher than the -currently
marketed products. The dehydrofrozen red pepper imported from China could
be sold in the Korean market at 6,210won/kg, whereas the test product at
7540~7,720won/kg, depending on the storage period. This price difference
was far less than that between Chinese sun dried red pepper and domestic

sun dried red pepper.

2. Recommendation for application of results

Results obtained from this research will be transferred to the red pepper
growers association, red pepper processors, regional agricultural co-operative
units and frozen food companies by presenting seminars or on-site education
programs, etc. Appropriate recommendations for practical applications of the
research results will also be made to Ministry of Agricultural and Forestry

and to the administration offices of the red pepper growing area. The results

_13_



obtained from this research will also be presented at the academic meetings
or seminors, and will be published in journals. Arrangements will be made to

protect the important research results by applying for patent, if necessary.

_14_
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Fig. 1. The change of E. coli in red pepper during the sterilization
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Fig. 2. The change of E. coli in red pepper during the sterilization

in 0.5ppm ozoned water
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strage count in whole
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P57 Ao A b= Tables 1~29F 2stch Colorst 9l el Al 2% v 75 A
A2 eyt 32849 xfold AAUES A AEE
Fob FolH 2
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JEJ‘
gl Fold AelE urhigon eEs At Ant o

o7t g Aoz vEht wEd FAMS b He $E% 4F Yo

Table 1. Sensory color scores of whole red pepper and halved red pepper

after Imonth storage

Hydrogen Sodium
Ozoned ) )
Control Blanching peroxide chlorate
water . .
solution solution
whole red a o i . b
4.3 41 6.0 55 5.0
pepper
halved red
3.8' 41" 6.1" 4.7¢ 458
pepper

a-h

Means with the same letter in the same row are significantly different as determined by

Duncan’s Multiple Range test(p<0.05)
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Table 2. Sensory scores of appearance in whole red pepper and halved red

pepper after Imonth storage

Hydrogen Sodium

Ozoned . .
Control Blanching peroxide chlorate
water . .
solution solution
whole red A a . b b
4.0 4.0 5.8 4.3 4.1
e T e
halved
@ 45" 441 5.6° A7 5.8°
red pepper

“®Means with the same letter in the same row are significantly different as determined
by Duncan’s Multiple Range test(p<0.05)

ZF o g Agrste] 17193 WeAY o oF a1 48 Hrbsk 23 (Fig.
5~7 % Tables 1~2) E. coli negativeE FA& 4 U oH
A oA JA =2 drip loss7F EASS T $+E B HAIAY 9 EF AT

& aLF7F controlel 7HE 7RAS)aL, A7) & AJEZF 7B wuid ol diE
Tt &5 A (05ppm, 61)S ST AFWHow MAAsdh

%k 5(1979), Burleson 5(1975)3 O'Donovan(1965)2] 7Z2$- &2 7#H3k Al
e AW 7ha Ao EdE AR A 9l MAA 5o a3t et
g s o T3k Ingram(1954), Shingezo N 5(1989), Shingezo N(1991)9|
ofet AAGE AN HA EeHl HFHoR AR HEOIER 234 ¥

e do71A] F7] WEel ol o] &% AF A R A HokE v Ed ¥
e ARt A kel o] Fox 3 Y. Cotrovo 5(1977)2F Burleson
5(1979)¢] od¥ mAEo 23 Rice 5(1981)¢ F7]1 &4l A7, &
=2 o MF 5 b4 A7 RaEa Yk Moon 5(1989)2 9 &g
v HA4d wEtA] oFEe HYFEH(LEF EI SEVN), TE, £E, FE §
o 215 AAdMokst= olgwe] way AFd tte A9d Agxdow A

Fol A Beld 5ol gol @ 93 /AN gtk gHol 9

3T
=
itk FH o TR 9] VN LA Y] T ALREH Hay

_36_



5t 9} o

] o
S

G o Aelel 9@ Aart

=
T

e
il

AT Ao M= &

B
L.

goltt

=

=
=

Jerh weka 9 2

jolo

o

+o] 0.5ppm<]

o

=

o

_37_



A2 A A FaF9 dehydro-freezings 93 AZ

1. A € AAT
7h 7o AlF - YA

. 959 3
O control(B Z1%) - Whole, HH&

O 23td Z 1% - Whole, HHE

o,

ok

£71%F 112 1 60T, 70T, 80ClA 30~90% =x=3kr}.

k. A% curvezA

1) A F313%9 dehydro-freezings 93 AxdA+243%

£ 60, 70, 80CeA HAxstHA HAx curved: XA A

100
80 |
X 60
a0
ol
I 40
<+
20 |
0

0 40 80 120 160 200 240 280 320 360 400 440
A Z=AIZHmin)

Fig. 8. Drying curve of whole red pepper at 60C
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Fig. 9. Drying curve of whole red pepper at 70C
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Fig. 10. Drying curve of whole red pepper at 80T



T2 (%)

T (%)

100

60

20

0 20 40 60 80 100 120 140 160 180
HAZ=AIZHmin)

Fig. 11. Drying curve of halved red pepper at 60C
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Fig. 12. Drying curve of halved red pepper at 70C
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Fig. 13. Drying curve of halved red pepper at 80T
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Table 3. Drying time of whole red pepper and halved red pepper at different

temperatures
2 E(T) 4%"%}%(50%)5% Az 7&(%)—
TauF W T
60 400 7
0 240 60
80 170 50
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60C 7z Al Azl Aol 2259, 80C Axe Axd 159 ¢33
Aol control® HAFA TrEA HUlEo SaFel WwHEIF AZX2LEE 7

MU F9l 23S 247 70TColA 608 = T70TA 240%-3F A3 A7
ZAE Hrlsl7] 98t carotenoids, ascorbic acid, texture % TS5 AALS A A

3t A3l= Tables 4~103 Z9kt).

Table 4. Carotenoid content in dehydrated red pepper with different

treatments

E%Fcontrol E1FQFESF W T Fcontrol WHEILFQ EF
3

3+ F(mg%) 109.71 123.77 180.85 180.

Table 5. The Hunter color of dehydrated red pepper with different

treatments

% 313 control TAFLES ¥R I Fcontrol WHEIFLES

L 30.0825 27.78 29.07 31.52

a 42.474 42.495 442175 42.64

b 38.52 38.17 39.8 36.03

HUE -1.1 -1.11 -1.11 -1.18

Chroma 57.34 57.12 59.49 55.83

AE 64.82 63.61 66.27 64.13

Table 6. Ascorbic acid content in dehydrated red pepper with different

treatments

TalFcontrol  FIFSES WHEIFcontrol HHEILF Q=S

2 (mg2%) 56.78 55.76 219.14 214.05

Table 7. Texture of dehydrated red pepper with different treatment

il Fcontrol  ®AFeFEF  WHE I Fcontrol WHEILFQ E¢

Force(g) 2444.9 2157.44 3629.32 3438.03
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Table 8. Sensory color of dehydrated red pepper with different treatments

%13 control 3.45°

FaF 9ES 476
"k 313 control 497°
HHE S QS 4.86°

2’Means with different superscripts are significantly different at p < 0.05.

Table 9. Sensory texture of dehydrated red pepper with different treatments

%315 control 6.24°

FaF LESF 6.17°

HER- 313 control 497
BERE QES

4.88"

*®Means with different superscripts are significantly different at p < 0.05

Table 10. Sensory preference of dehydrated red pepper with different
treatments

%33 control 6.75°
FAF LETF 7.25°
HHE 315 control 5.58"
WIS 0 &5 4.83"
*“Means with different superscripts are significantly different at p < 0.05.
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2 AT M BT
A 14 4EAF 2% o

L YEAFLE

S T

7= 74

Sampling A &

© -18TC, -25T, -30TC

2. Sampling schedule : 0, 3, 6, 9, 1271 ¥

A2dIEAF FuFe FEAH

7l A=
A Z1FZE control® 1l TuFE

7} Drip loss

S
oy

controld WFAZX T uFE

B7kshe o,
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W dsH Az g oy

Almel Az B AR o T

Al
o

Lo

%34 FA) el Appendix I3 II¢]

AAEE AHgste] SqateldaE AAstdh BshAde] Awe fstel W
o

O:

A 34 AAgoR wEe] A%, g Fol uE A4 FHe $5g
309 AR o5 F 33ol AA Amsh WP % Br SH W%

AEE FAND T H5AAE NS

Aol A g @ A% V1] we B Az 9 9w wsE 94 3
fex]

t}) Texture
Texture: texture analyser (Stable micro systems, TA-HDi, USA)E A}-&3}
o] olgfe} L FHAoE TEHZAE(puncture test)ES AASETE ABRE

2x3em e vlsRe] 9% FakAl shel Zgstelvh

Apparatus TA-HDi

Test Mode & option measure Force in compression
Pre Test Speed 2.0mm/s

Test Speed 2.0mm/s

Post Test Speed 5.0mm/s

Distance 30mm/s

Probe type P/0.25

2}) Hunter color

A= B3 A 217 (Colorquest, Hunterlab, USA)S AF&319], L(ight-ness),

=5

H

a(redness/greenness), b(yellowness/blueness)E refelectance mode®l| 4 =73}

O AR AF F AAAA QEgel: 1] 98 AB=VALZ+ AL+ APROE
e Qe
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n}) Capsaicinoids
Ken¥ Vincent(1987)2] WS <7+

=As At A8 508 50mL

4
o,
QL
2

Bo| Y31 acetonitrile 20mLE

} St 4 ImLE @l

S5 5mL, methanol bmL= A3 A 71 Cig
?8ll acetonitrile 4mL$} 1% acetic

e AT &9 A

4n

=z = =

=T bmLE

i

=
T

ofs

7}e+ % vortex mixerZ 10#37F F&

g M

A2 3 vg acetonitrile 5SmL %}t

Sep-pakdll &ZAIZl & olE ©3A]7]7]

acid 843} acetonitrile ImLE EHAA w& A

o

=5

&= g =] membrane

ImLE - acetonitrile 100uLoll
filter (pore size 0.45pm)E o] ¥}3te] HPLCE o] &3lo] A =slgich
capsaicin¥ dihydrocapsaicin®] Z%% (Sigma, Japan)2 AF&3lsith. HPLC *

A& ofelsh g,

speed vaco.=

a =
==

57 A& 1 [e)
ixEEdS

Apparatus Gilson 305system
Detector Gilson UV/VIS 119
Wave length 280nm
Column nucleosil 100-5 Cig(25cm)
Injection volume 20ulL
Flow rate 0.8mL/min
Mobile phase
A solvent : B solvent Water MeOH
Gradient table time (min) A(%) B(%)
0 - 5 30 70
6 - 20 45 55
21 - 35 30 70
36 - 50 45 55

v}) Carotenoids

o~

A8 5g& 50mL Falcon tubeo] ®il 20mL benzenel & 30&7F FZ3le] A

2

EZ %At A 16mL benzenes A= Hrlsla 30837 F&3)

S35 UV/VIS spectrophotometer

i
i
12
o

Z%og 5omLe H&a9h
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% olg3te] A5G scanning F T AP WM FHEE SHsn

capsanthin®] specific extinction coefficient(E*1,)Ql 20728 A5 =2 o] 8314

2ol Aol ols) Ass

Carotencids (mg/100g) Abs x AlgHe] (mL)
arotenoildas (m. g) = P
. E% x A 29 % A(mg)

AF) Ascorbic acid

25 E29 2 6-dichlorophenyl indophenol (1998)el <] =A
Atk A8 50mL# HERQIAH-Z2ARE- 9 25mL, S HlERQIAH-ZA4F 89 50mL
S oAFstdnt o] oo F 20mLS FH A
5

Eic

o
N
o
ME

d vl

A

homogenizer = 7 3} %}

o
(ol

(1)1_5
o

v ] WEo] % indophenol& S ¥4 & 98 Vit.CE T3t

. S A ZFA(g) X2 100
VitC(mg/100g) = Amg X—— X10 X X
T W A =55Al(g)
A Q= EL& M TmlLol tgsts of 29122 (ml)

T : Vit.C EF(100mg/500L) o2 AAH A=wEgAe]l 4n] % (mL)
S Aggde] A Al AEHEEAel A (mL)

oh) e
Gancedo 5(1986)¢] %
A2 20gS FH3Fo] 80% ethyl alcohol® FE3dlal F3&H
. o1& YAl YAEE (8,000rpm, 20min) St

Yol we f29 dwe SAddn. =, dze nF

A7 & E24 20mLE A8

USA) % membrane filter (pore size

& Sep-pak Cig cartrige (Waters Co.,

045pm)= A&EH o2 ojzjsle] ool e F7o| wgl HPLCZ #4189tk
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Instrument Gilson 305system (France)

Column Sugar—-Pak (6.5x 300mm, Waters, USA)
Column temp. 90T

Eluent Ca-EDTA (0.05%)

Flow rate 0.5mL/min

Detector R.I.(Model 132, Gilson Co., France)
Injection volume 20ul

+Z715 %3542 (Likens and Nickerson

ot
i)
oX
o
N
oX,
M
lo
g v
o My
rlo
re
AP

type simultaneous stea istillation and extraction apparatus, SDE)Z 7l %3t

Schultz 5(1977)¢] WHozZ FF3IUt. AZFAE 100g +7FF 400mLs &

|

k3t &89+ n-pentane® ethyletherE 2 @ 1 ¥]|&2 4L A 50mLE A

Aste] oF 02mL7MA] A F=3te] gas chromatography/mass spectrometry (Hewlett
Packard 5890 GC, Hewlett Packard 5970 MS, USA)E & #d - A4}

24 & A A g

qd4

_Y‘_I‘
e
2
™
>
P
e

SAS(Statistical Analytical System, USA) program

(1988)2 Ah&3dto]l EAston, 4k B4F Aa A g3te] Aol7t e I

30
o

of WsjAE Duncan’s multiple range test® A B57re] Fo)xE AAS)

(P<0.05).
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7}. Drip loss

ul
=

Tables 11~13

CAS

713to] AXGEEA drip

T

P

= drip loss7}

KN
=

3K

Thahe

(Table 13). 183 WkAZ% 313

=
]

loss7}

o

control2.t} drip loss7} ¢

1
fu

A

o]
S

=
T

[si3
=

39l

Table 1114 =

L
Fu

zrel Aol

Fig. 14+ ¥s2%=7F A% T drip lossel " A

)
=

Table 12

Astolrt,

= drip loss7}
TATA BarEnke}

=]

control@}

=
1

,WO

o]

B

el
0
To
o]J
"

b o,

1o

1139 drip lossol H] X

&

=z}

1

A

NEESIRCES

Table 11.

12
A10.82°

Storage period(month)

Treatment

A5 76P A7.60° A9 144
B17.07°

B16.38"

Aoa
Aoa

Red pepper

B15.66"

B15.67°

Dried red pepper

Means with different superscripts in the same column are significantly different at p < 0.05.
Means with different superscripts in the same row are significantly different at p < 0.05.

AB

a-e
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9] drip lossell " X]+&= 3k

Freezing temp.

Storage period(month)

() 0 3 6 9 12
-10 A0 46.31° 49.33¢ ABg 49¢ 413.15¢
Red 20 A Asqpb  ABygye  ABggyd  AByg 4pd
pepper
-40 Ag? A5.00P B5.79P B3 38° B3 85°
Dried -10 Age B17.97° “16.75° ©20.47" “19.16°
red -20 Ag? 5617.06° “1689>  “P1a.75° “17.21°
pepper -40 Age “14.10° D1338°  AP1460° AB10.59°

ADMeans with different superscripts in the same column are significantly different at p < 0.05.

“dMeans with different superscripts in the same row are significantly different at p < 0.05.

Table 13. Y& A4 X AF7|zke] WsA% 359 drip lossel WA+
4k
Storage temp. Storage period(month)
(C) 0 3 6 9 12
-18 Ag? 46,05 A6.50P Ag.40™ AL1.08°
Red , . :
© -25 Ag? 46.06 Ag.82° A9 11 410.94¢
pepper
-30 Ag? A516° A750P A9 99° A10.44°
Dried -18 for o Pro.24” #15.87" #21.01° M7.12°
red -95 Ag? ©14.88" B15.12° “15.06° A16.54°
bepper -30 Ag? ©15.02° 516.00 “15.75° A13.31°

AMeans with different superscripts in the same column are significantly different at p < 0.05.
“d\eans with different superscripts in the same row are significantly different at p < 0.05.

_51_



a. Control

25
m-10T
20 - HW-20T
0-40C
E 15t
2
ke
210
@)
5 -
0

0 3 6 9 12

Storage period(month)

b. Dehydrofreezing

25
Ob-10TC
20 L ._2000
0-40C
Hq5 |
0
n
o
210 |
[m)
5 |
0
0 3 6 9 12

Storage period(month)

Fig. 14. W&257F ¥&A%d 359 drip lossel vA= 9%
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Tables 14~16
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folo
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Table 159141 X&= npel 2o

Zd stol] m A
1= 9 (Table 16)2 <

A
X

Zkel m|

IS5

T

7 A

b

|
TR

B

o
;OO
ﬁo
%

12
A3 gt
A3'7a

7FE At

]

8

s A% 6744 o

S

o=
A35°
AS. 5&1

F4 e 2
o) Wol Wi

A3 6°

7VEE 25T A AAF
A3 5

Aol ATt
Storage period(month)
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A3 50
A36°

2ol

=5

7 4

R

!

I3

ke

]

&
Red pepper

Treatment

R

Dried red pepper

ol
Table 14.

Means with different superscripts in the same column are significantly different at p < 0.05.
Means with different superscripts in the same row are significantly different at p < 0.05.

F(2006)2] A--A el o] s}

<
T

A
a



Table 15. Y%7 YA £31F2 #54 colordl v A= Fa

Freezing temp. Storage period(month)

() 0 3 6 9
-10 Aq.08 A3 97 A41° A49°

Red , . ‘
€ 20 AB3 ga Ag 3 BCg 5 BC3 5

pepper ) .
~40 9.4 Ag o €3.0° €3,0°
Dried -10 AB3 g8 A39? AB3 g8 B3 9
red -20 B3 6° Ag o €32 B3 42
pepper -40 B3 5B A3 78 BC3 42 B3 g

AMeans with different superscripts in the same column are significantly different at p < 0.05.
““Means with different superscripts in the same row are significantly different at p < 0.05.

Table 16. YesAT2= 2L AHZ7|7te] WesAY T35 54 colorel
2= e
Storage temp. Storage period(month)
(C) 3 6 9 12
-18 A3 57 A3 47 A3 67 A3 67
Red .
© 25 Ag g2 Ag Ag 48 Ag 7
pepper
-30 A3 67 A3 3 A3 57 A41°
Dried -18 A3.9° 3.8 A35° A4.0°
red -25 A33? A33 Ag 28 A347
bepper -30 Az g Ag 7 A36° Az g

AMeans with different superscripts in the same column are significantly different at p < 0.05.
““Means with different superscripts in the same row are significantly different at p < 0.05.
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FnFEARY A4 F B qBe #rHE AW Tables 17~199 2
s

2 OWEAYIIe WEAYG FuFe o F

)\

o4 e JTS FH Fe Aoz HUHEJY. 2L controld WHAZR 1 F

Table 17. REAZ7F WA 359 #54 ool vA&= I

Storage period(month)

T
reatment 0 3 6 9
Red pepper Aq.0 A4 A4 A3
Dried red pepper Aq.3° Aq3° Agq00 Ag.00

“Means with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.

Table 18. W27l YsAd T dss oy nA= JF

Storage temp. Storage period(month)
(C) 0 3 6 9
-18 A58 Ag 42 Ag 42 Ay 0
Red A a A a A a A a
-25 A4.0° 243 45 A
pepper
-30 Ay 0 Ay 3 Ay 8 Ay 6
Dried -18 Aq1® Ag 42 Aq1® Ag 38
red -25 A4.3° Ay 3 Aq1? Aq10
pepper -30 Ag3e g2 Ay 30 Aq1®

AMeans with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.
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Table 19. Y& AF2=E 2 AAF7|3be] WaeAd T3 #54 2dd
n X = o gk
Freezing temp. Storage period(month)
() 0 3 6 9
-10 Agq? Ag 42 g Ag 42
Red A a A a A a A a
-20 4.4° A4 4.2 A4
pepper
-40 Aq 07 A58 Ay 30 Ay 08
Dried -10 Aq30 Aqq2 A4 50 Ag3°
red -20 Aq18 A 07 B4 0? A 07
pepper -40 Ay 8 Ag 42 Bg 0 Aq10

AMeans with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.
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2}, Puncture testoll o3t &l 4

WE ZuFA89 AF F textured3FE puncture test® A3 A=
Tables 20~22 3! Fig. 15~17¥% Z3ith W2 YsAdLeE a74E 5%
sle] & $i1F(control)9} WX T A S dxx WstE *

23 AH Z7]dE controlo] WFAZE A

NS

=

i

=

= Table 203 2. &, A F =
SR 9oy, A4 6719 o] HE = control®] textures=2A o] #AA WkA
Z 337} control® T} texture 40] XAt} Controld® WHHZ A8 BEF A

713ko] AFHEA texture £l HA}F FrtelE AFS B

Table 20. REAZ7F W AY 359 textured PIX&= 9

Storage period(month)

Treatment

0 3 6 9 12
Red pepper £3405.75 A3125.15" A3093.34" A3055.25° 4208156
Dried red pepper 43349.44"° 43116.01° A3072.97° 43102.34° 43067.16"

AMeans with different superscripts in the same column are significantly different at p < 0.05.

a-d:

Means with different superscripts in the same row are significantly different at p < 0.05.

4000
HMred pepper
Odried red pepper
3000 |
o
8 2000 f
o
[V
1000
0

0 3 6 9 12
Storage period(month)

Fig. 15. ¥vAZ7F W5 AH T 139 textureo]| WX & o3
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WE SEh WEAR FuFe] gaAd vAE e =G A(Table

Iw HAx 7gardts 4TS BAr AukH o Z controle] Bl A

Cl
]_

o A gt Fgom, ot A% A FEIW Fo| od £xe] Wss
2 4 ex

QL
N

o F3AQ Az AL ojd 42 Hudy =2 YF ol A A&
JEad 2 dedaso 2 AAA 2FHES oF71ste] puncture testoll A
puncture®l] tlste] & A& gk (force)S YENZ] wEQ0 A A =, Lt

=
oz AAFE ALYSHE 9247t o SHHI YEEE WAFT

o
o
2

Table 21. W&s2%7F WA &31F9 textured W A& 33

Freezing Storage period(month)
temp.
) 0 3 6 9 12
(T)
-10 A3405.75"  “3059.60°  “3031.07° A301851%  A9294258°
Red
© -20 4340575 “P3105.84° 4309658 A3063.86™  42989.02°
pepper
-40 A3405.75" 83910.02° A3152.35™  £3083.39"  AB3013.07¢
Dried -10 "3349.44%  P306848” 304444 43060.857  "P3023.30
red -20 A3349.44*  “B312655°  £3099.25° A3117.14° B3073.39
bepper -40 A3349.44*  “P3153.02>  *3075.24° 43120.03" B3104.78"

APBMeans with different superscripts in the same column are significantly different at p < 0.05.

““Means with different superscripts in the same row are significantly different at p < 0.05.
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a. Control

4000

3000

2000 r

Force(g)

1000 r

0 3 6 9 12
Storage period(month)

b. Dehydrofreezing

4000

3000

2000

Force(g)

1000 r

0 3 6 9 12
Storage period(month)

Fig. 16. Y2257} Y24 T339] textured] M| 2E= J3F
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Table 22 ¥ Fig. 179 &3t vhe} 2okt vz 339 A9 dsA%Y =
57t veseE foAd JdA =& "H2A FE FASteE Ae=2 Yeyony
control®] B¢ AFE g7l AFH o =2 dAASA ZUdth 181 control
WAz T35 ] ]

Zo] wlsle] A2 AL controlo] whole Al AR A F 24 U ¢Eo]
ol R x FuFHT AN AA dojyr] wtelw, WX SauFE A F
o MZAA Toz WA FEolFo] dF Al drip loss®Z2 |FA £4E 5 A7)

Table 22. WA= B AZ7IZo] YA i3 textureo] VA=
R
Storage Storage period(month)
temp. 0 3 6 9 12
(C) ) "
-18 A3405.75° ©3038.25" ©3027.21° 43028.76" 42929 87
Red .
¢ -25 43405.75° AB3176.43° AC3121.81™ AB3059.33% AB2999.65¢
pepper
-30 A3405.75° ABC3160.78° AC3130.99° ABC3077.67™ B3015.14°
Dried -18 4334944 BC3053.79° BC9984.41° 43038.25" B3008.21°
red -25 43349447 ABC3000.04°  “B€3061.55 BC3127.93% BC3072.32¢
PEPREr gy 23349 44° 4319522 A3172.96" €3140.83" €3120.93"

AC\Means with different superscripts in the same column are significantly different at p < 0.05.
“dMeans with different superscripts in the same row are significantly different at p < 0.05.
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a. Control

4000

3000

2000

Force(g)

1000

0 3 6 9 12
Storage period(month)

b. Dehydrofreezing

4000

3000 |

Force(g)
N
(@]
o
o

1000 r

0 3 6 9 12
Storage period(month)

Fig. 17. Y& A= 9 AA7|7ko] WA 3139 textureol
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ol W 4%

1) L(lightness)

Y A vz A dEAd 23 Litel vAs 93 A 23
+ Table 23 ¥ Fig. 187 Zokt}. &, vz AHEe YA &5 Litd
AAT FaFs T4 B2 Aoz FUHE AT Control# ¥HAZXAE BF WEA
Fol AAEEA 0 timeXth Lkl A 7T A7 &< d WSt
S At
Table 23. W+ 27t WeAd S5 AL Ll vX= 93

Treatment Storage period(month)
0 3 6 9 12
Red pepper A2351° 432,92 A31.88" A31.70° 432,05
Dried red pepper 423.98° 432,96 432,89 432,67 432,90

AMeans with different superscripts in the same column are significantly different at p < 0.05.
aPMeans with different superscripts in the same row are significantly different at p < 0.05.

35
M red pepper

30
[ dried red

25 pepper

20

L value

10 r

0 3 6 9 12

Storage period(month)

Fig. 18 W=7 W AY o A= Lt v 4%
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= 92 Table 24

o%
offt
rlo
ki
S
o%
offt
Y
o3l
ofy
ool
=
A
lo
=3
(g
1=
wy
oy
=
§:}L
=
=)
N

% Fig. 199k 2ot AF7to] A= UM Lol S7ksh= &= B, |
TRk Litel ¥ d%Fe A4 ¥ AR dEut old d&E control
Abstth. A% 370 ol foll Lgtel @A sl F7hste] 1270

[e)
S
9 EoF ou = Wk gl=d, Latel S/t A2 red colore] 749l

Freezing Storage period(month)
temp. 0 3 6 9 12
(C)
-10 A2351% A33,02° A32.06° 430.75° A31.89°
Red
¢ -20 A2351% 432.99° A31.65° 430.83" A31.99"
pepper
-40 42351 A32.75° 431.94° 430.52° A32. 27"
. -10 423.08° A32 96" 432.90° 42979 A33.15"
Dried
red -20 493,98 432.98" 43291° 499.68° A32.76°
bepper 40 493 98" A39 9P A39 85" 2499 54" 39 80P

“Means with different superscripts in the same column are significantly different at p < 0.05.
“PMeans with different superscripts in the same row are significantly different at p < 0.05.
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a. Control

35

30

25

20

L value

15

10

0 3 6

Storage period(month)

b. Dehydrofreezing

35

30

25

20

L value

15

10

Fig. 19. Y5 errt dsA4 T3

12

0 3 6
Storage period(month)
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WesAd 257 YEA 1159 Lkl mx= 93¢ Table 25 2 Fig. 20
oM B whel &Aoot =, Lit2 WA MEATH @A Shete] AR
=
[e)

b 2 Wbt gglor, Agerd ARE fo4el gl AoR Hrts

= 9%
Storage Storage period(month)
temp.
. 0 3 6 9 12
()
-18 A2351° A32.92° A31.50 430.15° A32.10°
Red
¢ -25 A2351° 432.91° 432,30 A31.10° 431.98"
pepper
-30 A2351° 432,93 A31.84° A30.84° A32.07°
. -18 A23.08° A33.02° A33.06" 499.31° A32.59
Dried
red -25 423.08° A32.97° 432 76" A30.07" A33.06"
bepper -30 423,98 A30 87" A39 84" 499 63" A33.05”

AMeans with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.
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2) a(redness)
WAz Azt e A S5 agtel WA+ FFE FAFgE A3= Table
26 2 Fig. 217} 72 3kt}h Hunter azgte 2 S YeEWEdY, ¥z 331

F9 a
1S 0 timeA]l control®th AR Egkon o= Axd o3 FEAAR ved

=N

iy,

seta B ey WEAY 309 F2E a gtol 498 gasdn
T ool FREE 12719744 olv] gl Wash 99, old F e controldh W3
% ARolA At

Table 26. WFAZ7F W AY S5 WML aglel v+ &
Storage period(month)
Treatment
0 3 6 9 12
Red pepper A33.83 A31.12° 229,70 £30.02" A30.73"
Dried red pepper B37 26 A30.73" 99,92 A30.75" A30.15

ABMeans with different superscripts in the same column are significantly different at p < 0.05.

“PMeans with different superscripts in the same row are significantly different at p < 0.05.
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WELEst WEAY & 159 agtel v e A3 Table 27 2 Fig. 229}
Zoth JEeeEe agtell ¥ 9FgS FA &dv o FriHden, A7 370
9 o]F control? WHAZE AlZellA FolA = WL fIdTh @ 2k(2006) 9]
g3t A 3MY ol FHE agt
o] 200 AT web WEAGE FuFAREE 12700l Ave

a
Aoz He Azo] FeAd bR uletel A5E 58
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Table 27. Yo7t YA TaFo 9% aghol MA= 9F

Freezing Storage period(month)
temp.
) 0 3 6 9 12
-10 433 83" 431.29 499.94° 430.05° 430.55"
Red
¢ -20 433.83% A31.16° 429.37° 430.60° 430.93"
pepper
-40 A33.83" 430.92° 499.79° 430.41° 430.73"
. -10 B37 26° A30.78" 429.82° 430.89" 430.01°
Dried
red -20 B37 26° 430.78" 429.82° 430.88" 430.01°
bepber 40 B37.26° A30,72° 299 87" 430.16" 499 77°

APBMeans with different superscripts in the same column are significantly different at p < 0.05.

“PMeans with different superscripts in the same row are significantly different at p < 0.05.
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WEAZ 257} Hunter agkol
Fig. 233 2 3kc},

AdZms agkel v A=

Table 28. W% A%

A o

ol
w
N
-

©

Storage Storage period(month)
temp.
} 0 3 6 9 12
()
-18 433,837 A31.16° 42915 A29 55” A30.49°
Red
¢ -25 A33.83° 430.94° A30.45 A30.42° A30.91°
pepper
-30 433,837 A3127° A29,51° A30.08" A30.80°
Dried -18 B37 26% A30.99 A29.39° A30.51° A99.11°
red -25 B37.26° 430.66" 430.19° A31.19° 43075
bepper -30 B37 26" A30.55" A30.18" A30.56” A30.60

A-B

Means with different superscripts in the same column are significantly different at p < 0.05.

“PMeans with different superscripts in the same row are significantly different at p < 0.05.
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3) AE(total color difference)

—|~
o

Az AR, dEeiE % YeARdET YA 5 FaFe AEd nA

>

£ 9FE Fig. 24~2600 elstel ago R HAF A LAtk Fig. 2494
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v}, Capsaicinoids

1Fe] wjeuts UelYE  capsaicinoidsol & wjEube] thRES A E=
capsaicin,  dihydrocapsaicin®] %13 HFAFSE  nordihydrocapsaicin,
homocapsaicin, homodihydrocapsaicin®] It A|EE HPLCZ ®43 Ay
capsaicin® dihydrocapsaicin®te] HEH A i
FAROE e MEARES AFHA 7Y a"olnRE o] FARTS
doz  deo]  BEAEAT. 0](1996)9] A capsaicin  13.5-228.6mg2%,
dihydrocapsaicin 14.3-68.7mg% %] <& zZtEvta st 2 A3 Axpel v £y
o} A1(2002)2 31F9] v o

capsaicn®] %<& TE AL 31-156mg%, EAFEo A9 32-115meg%, A5
26-46mg%°] W92 2 FTolHgE AuiA Aol wEl wjegle] & Aozt
Ebskal, @dE o g Z4E vho] ] mjYxithal sl

Dehydrofreezing* 8] 7} W5 A% Z132] capsaicinoids 3% ®3lo)] wjxl= o
&S FASE A3} Table 29 ¥ Fig. 2739 £kl W& A Wb Z = capsaicinoids
P%ELE oF718 2™, controle] WHA R
717b Bt oA A =A capsaicinoids ¥ HS FASIIT g AlRe

capsaicinoids @& A HA7HA] @ASA Hasddn. TR A aFe

it

=

capsaicinoids’} A@3] €49 A4S U8 dFxEY dFRuAE FolE

Ay

9= Hom ol AEE Y AzuEs FuE wuoh @ ue o] §= s4y
A

Table 29. BFA 7 WE5AY S1F9] capsaicinoidsgtel WX+ 93

Storage period(month)

Treatment
0 3 6 9 12
Red pepper A127.88" £120.83" A72.06” A24.TT° 420.60¢
Dried red pepper Bg3.36 B69.87" B33 87° A12.28¢ 412.18¢

ABMeans with different superscripts in the same column are significantly different at p < 0.05.
“dMeans with different superscripts in the same row are significantly different at p < 0.05.
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Table 30. W=7t Y54 &3F9] capsaicinoidszkel v x]+= 38

Freezing temp.

Storage period(month)

(C) 0 3 6 9 12
-10 A127.88" A116.28 A64.31° A90.82¢ A15.04¢
Red . . i i
© -20 A127.88° A122.38° ABEg &P A24.16° A1861°¢
pepper 3
40 A127.83 A123.83 B3 02° £29.34¢ B28.15°
. -10 533,36 B65.09° €35.37° P6.61¢ €858
Dried
red -20 B33.36° 570.01° ©38.97° Bg 744 9,60
bepper 40 B83.36° B74.50° 42.27" Mg49° M83T°

AMeans with different superscripts in the same column are significantly different at p < 0.05.

d\eans with different superscripts in the same row are significantly different at p < 0.05.
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W AGE7t Ws A §iF9 capsaicinoids #koll WA+ 92 Fig. 29
of &Egtalnlel vt = -18CYH -25ColA A3 3139 capsaicinoids $F
Fe -30CoNA A&e A5 HT} capsaicinoids $F#Fo] A om old HgLS
control®} HFAZ AlZoA H|EHA YERT e Ao A capsaicinoids
EHo] A2 AL 2=adE FUHEAY. 200600 Arrare] osd Hxa
Z7MFE 25CoA AAPYES 749 capsaicinoids eF#o] 0 timeol 43.4mg% ol A
37hE % 187mg%, 99 F 26mg%sE A A3 7AsHTE o] capsaicinoids
Ao Z Hrteo] WsA%d
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A}, Carotenoids
1Fo] A Ml carotenoidsE YWFA 0 & capsanthin®] ¢F 35%, B-carotene
7} violaxanthin ¢F 10%, cryptoxanthin F 10%, capsorubin ¢F 6% S o % T4
Ho] o mFo FH y|FogA HA wi: FE carotenoidsE A HE AL
A AE ol gste] vl #Astal vk 3o FE HIbelA Fagk Adv|E

]
Sy

0

o i 3= Az, wient, i WA b A2 e dukd

o
il

1=
X

2 OEANE D QEd waAs =2l carotenoidsd AES
specrohpotometryBell st 2451 =t H 2= HPLCE o] &3k W

s
o g At & Aol = A F(1998)¢] Wl ¢s F carotenoids ¥

= N
fr

=

W A wrdx Ags 312539 carotenoidsE oF 20% WAl oW (Table
31), controle] YEsA% & ¥tz SuFHY H 4 =2 carotenoids$HS F
AR ot (Fig. 30), WeAY & &£245%+ controlo] =¢kow, 12701€ A%

A= A

So| A F A& 7t carotenoidsd o] H] =3}

Table 31. RFAZ7F WS A4 33139 carotenoidsztell 1 X+ 33
Treatment Storage period(month)
0 3 6 9 12
Red pepper 412928 4120.96 A113.10° AM11.21° 4100.21°
Dried red pepper "105.21° P 9513" Y9487 94.34" 493,34

ABMeans with different superscripts in the same column are significantly different at p < 0.05.
““Means with different superscripts in the same row are significantly different at p < 0.05.
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Table 32. =257} WEAE T 3139 carotenoidsgtel v x&=

Freezing temp.

Storage period(month)

(C) 0 3 6 9 12
-10 A129.28° A14.16°  M0869° A106.87° Agq.45°
Red

€ -20 A12928"  B12354®  AM1342°  M1162° A8100.84°

pepper
-40 A12928*  B12519*  A117.18°  A15.15° B105.35"
Dried -10 5105.212 €92.99 Bgp 75P Bor11® €g9.76°
red -20 5105.21° €95.86" Bos.71° Bos 27" €94.08"
pepper -40 5105.212 €96.55" Bo6.15° B 64P “92.19°

AMeans with different superscripts in the same column are significantly different at p < 0.05.
““Means with different superscripts in the same row are significantly different at p < 0.05.
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WEAF2E7F YEAH 1139 carotenoidsed o] WX &= IS ZALS
ZA¥= Table 33 % Fig. 329+ £tk =, control®] Z-¢ €A ZX Z 3130 BT
of A% zx7]o| carotenoids?] £Ao] &Rislel o, vEHZE $3139] carotenoids
FFe 271 A MY st dASA Fag F 3~1270E A7 s &
Aol AAvt. g il control? ¥HZE FaF BT WEAH SEVF HEFE

carotenoids®] £4o] Ao A% 3= controlo A Zlt}.

lo

Table 33. YEAZLE7} YA £33 carotenoidsgrol] Pl x| &= ok

Storage temp. Storage period(month)
() 0 3 6 9 12
-18 4129.28° A117.83 A102.54° A9g.77¢ ABgs o7¢
Red
-95 A129.28 A120.63% B113.45° B112.73° A101.89°
pepper )
-30 4129.28° A124.43" ©123.31° “122.15" A103.49°
. -18 $105.21° Bgp 53° Pg2.30° A91.67° Bgp 52°
Dried
red -25 $105.21° Bo5.16" Pg4.94° 494 52° B93.08"
bepper -30 $105.21% Bg7.71° Abg7 37 Agp6.83" ABgG 43P

ADPMeans with different superscripts in the same column are significantly different at p < 0.05.
““Means with different superscripts in the same row are significantly different at p < 0.05.
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o}. Ascorbic acid

aell= HER C7F ol el AN #F, Awl 23 sl we
g Aol7h & 8wk obyet Ax vbE 2 AR Tl B s JHA2 F
al

(200002 =4t ax7FEE F4 W A3

g kate]l 263mg/100g® 7Hd =g ASI &3 e Z vletwl CEhgo] 74zt
26lmg/100g = =< Heoldvkar sttt ¥F 5(1975)2 4% # dFAx A 7
7} 76%, 89%°] WIEFR C A7 ldvka skt

HIEHFICE 7HE Al A Aksts| =1, Table 34 % Fig. 33614 H& w9} o]

gl A

RN I

% FasxE Az control®th ¢F 47% W& ascorbic acidd S FA
shAa 127019 AF7)ZE F<t controlo] 24 UA ¥ ascorbic acid¥ S

FA B,

Table 34. WFZ7F WE A 31159 ascorbic acidgkol "X+ 4

Storage period(month)

Treatment
0 3 6 9 12
Red pepper £1032.40° 4830.20° 4691.51° A616.74% A546.86°
Dried red pepper B552.49° B343.36" B396.25¢ B324.12¢ B312.85¢

ABMeans with different superscripts in the same column are significantly different at p < 0.05.
“d\eans with different superscripts in the same row are significantly different at p < 0.05.
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s g deAdEE YsAY T T35 ascorbic acid¥ el
A gE gdEs w AR ggkon old AZE control# HHAFR FaFAE

% $AbeA ubebutcH(Fig. 35).
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FTaFe FdU|EAS $ste] I ES Likens-Nickerson apparatus@ F&
3ol GC/MS=Z E2X3% AP (Table 35) alkaned 10%, alkene® 3%, arene¥ 4
<, alcohol& 4%, amine® 2%, aldehyde® 3%, ketonew 3%, carboxylic acid
5+ 6%, pyrazinew 1% S % 3639 flavor compound® libraryE AF&3le] &
Aotdth dtH FuFE HEESte] dbAxs te 2 wHoeR FUIAEE F

A3} alkened 2%, arened 2%, alcohol& 1%

’

aldehyde# 2%, carboxylic acid¥ 5% & % 12%9 flavor compound’} &% =
ATk ol EFoE dkdx sty Tt FUIAERY 7 oF 1732 Ao,

total flavor peak area®= 13 A A T3F9] oF 22% = 743 tH(Table 35).

Table 35. A %1% contorol® WFAZ 113 control® 7|4 E groups™ total

flavor peak area.

Family name Compounds e = WA X3
Alkane Tridecane 40,194,876 -
Heptadecane 56,560,090 -
Octadecane 56,145,131 -
Pentadecane 8,873,221 -
Docosane 26,166,283 -
Tetratriacontane 16,370,294 -
Triacontane 41,529,506 -
Pentacosane 42,088,343 -
Hexacosane 12,729,751 -
Nonane 41,815,024 -
Alkene Etene 3,112,143 -
1,3,6-Octatriene 51,609,646 -
E,E-a-Farnescene 10,326,851 -
Z-.beta.—ocimene - 14,321,047
alpha-terpinolene - 58,782,900
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Benzene 11,061,176 11,221,993
Arene 4-vinyl-2-methoxy—phenol 8,902,754 -
1H-benzocycloheptene 9,203,405 -
Phenol,2,6-bis(1,1-dimethylethyl-4-
329,630,685 -
meyhyl)
Phenol - 112,030,381
Alcohol 3-Cyclohexene-1-methanol 27,641,871 -
Geraniol 20,142,835 -
Nerolidol 31,566,298 -
L-linalool 136,617,027 -
Farnesol - 6,683,215
Amine Pyridine 6,432,389 -
Bis-(octylphenyl)-amine 10,734,368 -
Aldehyde Benzaldehyde 29,025,308 2,638,536
Benzeneacetaldehyde 8,223,950 4,945,319
Tetradecanal 40,413,506 -
Ketone Propanal 7,346,963 -
B-Damascenone 7,740,140 -
2,6-Di-t-butyl-4-methyl
. 29,126,486 -
-2,5-cyclohexadien—-1-one
Benzoic acid 89,523,373 40,303,834
Carboxylic acid Tetradecanoic acid 30,968,602 -
1,2-Benzenedicarboxylic acid,
87,644,856 15,200,959
butyl 2-methylpropyl ester
1,2-Benzenedicarboxylic acid,
. 154,439,735 36,035,544
bis(2-ethylhexyl)ester
Hexadecanoic acid 188,158,188 11,130,433
Hexanedioic acid, dioctyl ester 1,089,819,525 313,538,170
Pyrazine 2-Isobutyl-3-Methoxy-Pyrazine 12,229,328 -
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Az A7t 7w SHE &4 v X = 932 Table 3690 42l sk
A A vpe} 7Egkoh & b % Al alkane 9 amine¥, ketonew % pyrazinet
o] A&EEe] 100%E=AHASS ¢ F AATh ol9d % arenefF, alcoholF,

| AASHA HASA. oloh 22 AFA

o,
(o
@)
=
<
(o
@)
=i
o
Q)
=
o
o
=
i
£
Q
Q.
o,
S
1o
b
i
o

Table 36. Dehydrofreezingo] 7|4 & group

¥ total flavor peak area<l

A= 9T
Family name control( C ) control(DF)
Alkane 342,472,524 0
Alkene 65,048,640 73,103,947
Arene 358,798,020 123,252,374
Alcohol 215,968,031 6,683,215
Amine 17,167,257 0
Aldehyde 77,662,764 7,583,855
Ketone 44,213,589 0
Carboxylic acid 1,640,554,279 416,208,940
Pyrazine 12,229,328 0
Total area 2,774,114,432 * 626,832,331"

*“Means with different superscripts in the same row are significantly different at p < 0.05.
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Control( &a5)3} vtz 135 JeAdstdA 67143 127149 A%d
AR5 samplingste] Ye=oh A=l FVAELA 23S compilingst

o A7kl &35 Gl AL Fig. 399 23kt delA ojn] A upe}

st ZFAastg ot 0 time Bt EZgkoh
o] A2 Hol Wu P WAV TaFAEe] Eal7F AldEe] peak

area’t 713 Ao FAHM, o] FA activity E AEHES Sl 7]

S
Control®] 7% 7|4 ES F7FE peak areadl E7H7F & AES dynd
alkene+F, aldehydefr, ketonef % pyrazinei Solo™, EAI= 108] F 7kl A
A= 2~5M9 peak areas 77} &2 At (Table 35). 33 dehydrofreezing 2]
529 AS TUF Fo] F IV EY FTFHE HW alkenefr, arener, alcoholi,
aldehyde® % carboxylic acid® & ©l2W, 53] aldehyde® <} alcoholi+ 10
vl A =¢] peak areas7h7F #EE o 7P AASHA FVIAHAEY STt 71T

[e) A=
S ¢ T UYL

1.E+10

M red pepper
8.E+09 [ [Idried red pepper

6.E+09 -

Total area

4.E+09

2.E+09 |

0.E+00

0 6 12

Storage period(month)

Fig. 39. Dehydrofreezing®o] WE A% T 15 7)o nxx= Jk
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Yok T ASde2=9 -207T
=7 61e 2 12709 AAI AE 9 flavor peak areadl] W A& IS
3t A3+ Fig. 407 29kt).
Control®] 4% 85Y&5(-40TC)3 T332 87| total flavor peak area’} A
HWE(-200)8 FaFe] 2ART A% 6719 2 1270 A dASHA Eol W
9 a7 FEstA vErstth. 18y dehydrofreezing 3t Al 89 A $-of &=
Ye2% G347t control¥hE YWERYA] gktom, A% 127]1€el A 40T & 3
Aol = veEbwtth 18]al Fig. 39914 ##¥ ukel o] control?] total flavor

peak area’} dehydrofreezing3dt A XU A A3 =t} oy Ade= o5 2 F

i

AE AoZA 3% A B F7] E4o] o7 FiFe WesAT Fol=
e total flavor peak areas A &HA 7] wjEolt}.

Control®] A& 671€ 2 1271€ A E F 40Tl ¥Ys 3 A total flavor
peak area’} 0 timee] “17lo] W]dle] Y53 =& AL Fig 4004% 2 F gl
om o™ mechanismel] €38t o] Aol e} Ex A3 o & A7}

S Robelal 47w gle,

5

°

m&‘i
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a. Control

1.E+10

8.E+0

6.6+

4B+

Total aree

2B+

0.E+0

B-20C
O-40cC

0 6 12
Storage period(month)

b. Dehydrofreezing

1.E0
m-0C
8E+0 |  O-0C
S BEO |
©
©
© AFm |
2F+0 |
0.E+00

0 6 12
Storage period(mmonth)

ol

Fig. 40. Y5271 Y5 A 21139 total flavor peak areacl] H|X]
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Agete] 6719 2 12701Y A § samplingste] 7148 B4 v dE

A A2 7) total flavor peak areacl "X += 9 FS FAMSE A3 = Fig. 413 &

a. control

1.E+10
H-18C

g.E+09 725C

6.E+09

Total area

4.E+09

2.E+09

0.E+00
0 6 12

Storage period(month)

b. Dehydrofreezin

1.E+10
m-18C

8.E+09 |  L-25C
8 6.E+09
©
©
©  4.E+09

2.E+09 |

- W B
0.E+00
0 6 12

Storage period(month)

Fig. 41. Y& AF2=7t Ws A 359 total flavor peak areal
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Control®] 7Z-¢ 67142 1270 A3 A g A= a7t 22 43S
UEb A @29k o | dehydrofreezing®] Z4-¢%= AA2w=e] Fart FelatA B2
w12 S ktH(Fig. 41). 12y 1270 A3 A5 670 AT A5l vt

flavor peak area’} o} A 7|7to] AFFHWHA Fr|HEo] £AHS HAFS

o] flavor&=de AA b= &Bd7F AT 2y EEAF

Ade &33F9 flavor retentionel F24 A& &7t gl

67019 7+ -18C¢F -25ColA A A3F control 139} dehydrofreezing 2 115
o] F719EE groupEE FTHAEW Fig. 429} ZAth o7 FTH FUIHE
groups oAl E3] carboxylic acid®] §#Fo] %7 @S2 9t} Controldl
A 9 carboxylic acidgr®Fe]l AL Z JFIFS weAo BaA= B A
Ao 2= Adelr] ol en, &5 old #I AE de AT Fasria
o] AZ ok

Carboxylic acid €]l % alkane, arene, aldehyde 59| 3F7]4 0] controldl
o B2 A& & 5 o, ofdd A= 0 timed] A=A 7FEdx Al o]

el £ BE Aom nFof Hol o= Agl

o,

il
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a. Control (671 A

5.E+09
E Control(MZ 1 %)
4 E+09 r m-18C
@ -25C
S 3.E+09 | 0-25
©
o 2.E+09 r
|_
1.E4+09 |
0.E+00 =
Q Q Q Q > @ @ Q O o »
&@o &Q)o ®<\ S c,&\ & @\b N (OC,\ 6\\6 &\o
v v v ¥ VEoE @ v
¥ R Q
o
O
c?
First name
b. Dehydrofreezing(6719 A %)
5.E+09
@ Control(BFA=11F)
4.E+09 B8
[qv) o
S gE+09  H725C
©
o 2.E+09
'_
1.E+09
__.:n_l_‘:.:u_.:l_l_l:—:_l—__l_-—\ |
0.E+00 [
@ @ @ Q> 2 ) Q O > L
S I\ & & > o © N N
> @ 4 X Q 03 © SV
{QO
o
First name

Fig. 4

2. 6L ¥ A 33159 groupd FVIAAE vl
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12719 -18C % -25TCAA WdsAAed TaFA 52 groupd F/HES F
hell ™ Fig. 43¥ 2tk 671€ AFA RS 59 u7EA R controlol A
carboxylic acid group® peaks”’} dehydrofreezingdt AlSHT} A3 ).
Fig. 429} Fig. 43 dHlwsiE® 12789 A 43 controlol A alkanes, alkane¥,
alkene#, arene® % aldehyde® ¢ #47F sS4 5 A ol 6713
12709 714 T wstE Hol 670 AT o|Fo FHe F|GEY &
Aol WAt own, ol W= -18T e -25TAFele] ztol7} @A 8A] &gkt
ol AR Hol ¥F WEAHALLE(-18T) oJ3lZ Y AFRXEE UFE AL

BAAeR daAol gl Aoz H7bE A
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a. control(12714)

5.E+09

4. E+09

2.E+09

Total area

1.E+09

0.E+00

3.E+09 |

I Control (A& 11 )
W-18T
O-25C
L;_mj:l:lg:-_‘ |:I:|
@ Q @ > R Q QO
Q Q Q & S <O o> N
> Q Q A A
N SRS N ¢ T @
L S O o ] S
o
0
®
First name

b. Dehydrofreezing(127§€)

5.E+09
| @Control(BFAZ1%F)
4.E+09 m-18C
© o
© gEr09 [ O 20C
©
© 2.E+09 r
|_
1.E+09 |
@ Q2 L& O & 0w & O ©O & o o
& & V@Q Q&‘Ov & L & \&\0\ & & PN
N Q O N .
0
c?
First name

Fig. 43. 127043 W% A#§ F139] grouped 7|4 & vl
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R ascorbic acid?]

& (2006)2] AFolA=

}+= ascorbic acid

e =

©

FAl w2 ascorbic acid
27k 3

)

.

1 =4 YERh
o A=A 6,9, 1270

FASG FAL
A A A A

of ofg] 7pA =
Table 379] A3& H

controlo] Yt DF & 3139 A

capsaicinoids



reaction kinetics® A3 R Wslel= o] o] E X oA o] ol H
ol AdAtk vk carotenoidsv Fi1F9] FZO 7MY & S WA= A7

W AHR AV glewA, Hlad AR g3 o224 AXbA

4

A FomA YedE Aom AT ofdd o]E4<] afES VxR
ZF Aol AA7IZe] ARFEEA HaA MAE FAists B Hols
carotenoids & shelf-life 42 AR o= HAAsgon, W54 a3t
WE A% DF S WYesA%d 259 shelf-lifes S4¢ d3d= th53 29k
=
WsAg2%E -18ColA shelf-life 971 €
-25Cl A shelf-life 1271¥
-30ClA shelf-life 1271€
18] 3 controlZ 1L 9] 2 %9 shelf-lifex tS3 29k}
WA G % -18ColA shelf-life 37§<4
-25C A shelf-life 971<€
-30ClA shelf-life 971<€

AWM o A4Fol shelf-lifel EF AFLE -18ColA A% o 12714
= maso] gtk old] uake] Fm3el shelf-lifer} vl s ZS o= A7)
2 aA ge Jgoz gAY AR AA 2AdE B0 B EaEol

27t BEAY 2ERAME MAE] 7} gt A EAE
5o TAAA FAEAEES oA olF WASH] ety AiaAFeE ¥ A

of BA71E WAl BAE RBYS A7lE Aol Aot 1t A FuF
A a1z
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7F AR
A Fazo wbAz T3 BE -70CHA 12719 AAE A a2 Agsigy
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=
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=
2
ol
2
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—
(@]
Shid
)
o,
o
QL
38
k]
=
A
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ool
k]

b 2ol AFE = ARE 4T WALAA 2443 dEste] #FEF €

pui

2) Texture
Texture= texture analyser (Stable micro systems, TA-HDi, USA)E A}-&
3to] olgie} e FrHow TWEH AE(puncture test) S AASIT AlEE

2x3em= Zet Lol A5 FeHA st AT

Apparatus TA-HDi1

Test Mode & option measure Force in compression
Pre Test Speed 2.0mm/s

Test Speed 2.0mm/s

Post Test Speed 5.0mm/s

Distance 30mm/s

Probe type P/0.25
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3 A%

A= B3 A 217 (Colorquest, Hunterlab, USA)S AF&319], L(ight-ness),

R

a(redness/greenness), b(yellowness/blueness)E refelectance modeol A =% 3}

o As AF F AAR Anol2 B 98 AE=V AL+ AL+ ApRFEO R

LHER AT

4) Carotenoids
A& 5g& 50mL Falcon tubeol © i 20mL benzenel & 30E-7} F&3lo] A
TSNS LA Al 15mL benzenes “FF Aol H7star 30w7F FE3Ho
HE 50mLE ALt FEH9 FFEE UV/VIS spectrophotometer
o] HUE4 94 scanning & 1 9 HeoA EFEE =AHFAa
capsanthin®] specific extinction coefficient(EX° 1)<l 20725 A4 =2 o] &3¢ of

e Aol o) Alrksla

Carotenoids (mg/100g) = =T

5) Capsaicinoids
WS Ken?t Vincent(1987)¢] ®WH S ot A5t th53 22 Wo] 9
) & ARES =AUt AR 5g& 50mL FHo| Y acetonitrile 20mLE
713§ vortex mixer® 1083 FE39Y. FE2Y 1ImLE Hs SFF dmLE
m

ethanol 5mLE A 34171 Cig

01N
3
a1
8
i

A& 3 vg acetonitrile 5SmL %}t
Sep-pakell EZA|Zl & olZ EZAF]7] Y& acetonitrile 4mLe 1% acetic
acid & $t3F acetonitrile ImL& FHAIA W& BES &EAZT &59 Al
25 ImLE speed vaco® w3 F gcetonitrile 100uLe] ¢ membrane
filter (pore size 0.45um)% o]¥}sle] HPLCE o] &3te] AH#sdY. EEEHLS
capsaicin® dihydrocapsaicin® &3%& (Sigma, Japan)S AM&3l%th. HPLC %

A ohelg gk
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Apparatus Gilson 305system

Detector Gilson UV/VIS 119
Wave length 280nm
Column nucleosil 100-5 Cis(25cm)
Injection volume 20uL
Flow rate 0.8mL/min
Mobhile phase
A solvent : B solvent Water : MeOH
Gradient table time (min) A(%) B(%)
0 - 5 30 : 70
6 - 20 45 : 55
21 - 35 30 : 70
36 - 50 45 : 55

6) Ascorbic acid

AEEA r g AW 2,6-dichlorophenyl indophenol™ (1998)el &l =4

sttt Als 50mL¥t W EFQIAE-ZARE- < 25mL, #-& WERQIA-Z4F &9 50mL
S &% % homogenizer® AT F ofFstGth o] ofH F 20mLS H A
n 2] ®=0%l indophenol & 45 %4 F 3d¥ VitCE skt

. S A ZFA(g) X2 100
VitC(mg/100g) = Amg X—— X10 X X
T W AN =ZFA(g)
A ¢ EdAEgd TmLol &t ob=s=2nlqtE (mL)
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2) Texture
siegol 1270 ARE FaF9 textureol WA= FFS AN A=
Fig. 459} ZJt. &, F5 & A5 texture=4 X (puncture test)”} A%
ledt 2 B Eokon, oyl A4S A FaFe vz FaFdA st
YEeldt}. Texturezte] &=t AL Z3ZF o] toughdtth= 9nolH, ZZ 2] cello]

FES £489 g2l A zaztEw ZZ o] toughdl Xt = dl5 Al drip

lossoll &3] celltf o] F&o] &A% F3Z o] toughdl A= AF}E Yyelf=d),
drip loss7} ¢ wbAZ 1139 texture’} toughdt AL F& FiE&Ade Ay

= F7rE A

4000 -
WMC(MELRF)
ODF(BHA =1 %)
3000
C)
8 2000 |
o
[V
1000
0
M&ol S =5dll=
off = 2

Fig. 45. sls¥wo] 1271€9 W& AG3 359 texture o WA= F&

S v A A &kth(Table 38). 18]l control®} ¥HA X313 Alolo &= fol4 <l
= Latel #eolrt sl

Hunter a%t< redness® UEIl+= A=z Z339 HEeMe mosica 3
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= Atk Table 39914 & &4 %ol AeWHS TuFY aglel]l TS 54 &
Skth. IE]3l control® W ZIF Afoldk agke] zboldl feAde] gt
Table 38. 315 Wo] 1270Y W A43 TuFe Lo vxe= 9
A 43 & T34 5
CH &%) A39.17° A38.14°
DFE(RFAZ313) A37.17° A38.00°

AMeans with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.

Table 39. sl 5 W] 1212 WY& A T2 aztel v A= J3F

A &3l 5 F&8 5
CA &%) A39.32° A39.87°
DF(WH A =313 439,55 A39.41°

AMeans with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.

4) Carotenoids

lEHol WeEAde FaFA R carotenoids FHEol WA= S A
st A3 Table 407 2dt). dleWHS $315FA| 59 carotenoids &#Fol <3
S FA Fgtom A TuFE WkAE T3 HU} carotenoids dEFo] =9k
o ool Ax A T3F 9] carotenoids?t Foll 9]ste] & Aoz HrlE o
H, old Ay o] “o|3eA E A -carotenoids’ol A BEIF vle} AU H ek
o] ATH.

Table 40. W o] 12714 W& A4g &3139] carotenoids 3ol w] A

= 93

A &3l & (mg %) = &8l & (mg %)
CH &3 *145.04° *42.94°
DF (371 }_ﬂ%) "105.53" "103.29"

ABMeans with different superscripts in the same column are significantly different at p < 0.05.
*Means with different superscripts in the same row are significantly different at p < 0.05.
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5) Capsaicinoids

el 1271 WE A

A e A= Table 413
_]

s FA

olH AL carotenoidso} #

Table 41. 35 Hol 1271€ W5

o WMAZX TuF

A &3 531

g F3159 capsaicinoids el WA= TS

- [e2re]

9] capsaicinoids$F #ol|

o
nAE 9%
A 23] % (mg%) H& 85 (mg%)
CH &%) A117.89° 4114.69"
DF(¥H A 2= 313) BR2.48° B30.23?

ABMeans with different superscripts in the same column are significantly different at p < 0.05.
“Means with different superscripts in the same row are significantly different at p < 0.05.

6) Ascorbic acid

Table 42914 Hi= wvie} Zo] e HS 1279 Y& AR TaFA 59
ascorbic acid&=eol ol A= JFFES v A A gt Controle] ¥Hx A=

X} ascorbic acid@F=Fe] =gkom, o

r

7382 carotenoidst}t capsaicinoids©l 4]

HE A FARRE oI

Table 42. i Ho] 12719 WY& A3 Tu159 5ol

ascorbic acid$F=Fol v x= gk

#4285 (mg %)
A850.2°
¥363.3

585 (mg%)
Ag48.4°
B350 2

CH &aF)

DF(WFAZ 1)

ABMeans with different superscripts in the same column are significantly different at p < 0.05.

“Means with different superscripts in the same row are significantly different at p < 0.05.

olg A o)

%

g FRAuE ALdBol FHAENG YEALE FuF
& fAshzd Festhn WrhE A
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A Ao aE AT
)00 vha) Fe] WEAL B AN vh WEALE FnF
ge 4R BEAAE ARG of A7A% v AFF 1FAH 45719
0246 F84 ERdA ®& A%F dof WAL nFh AEAZD
nEAAFe Mastel HHelAA ¥ F& 54 el Ao vehun
Table 43. o] A Hol| o) gt EZ1X 9] HAsdA 2
Sample A ok el
Control 12° 11° 3?
Dehydrofreezing 18 192 27"
Means with different superscripts in the same column are significantly different at p < 0.05
Table 44. 958 715 ZHE=Ho| 2|3k 1x]9] 7|5 FAF A3
Control 5.6°
dehydrofreezing 6.7°
Means with different superscripts in the same column are significantly different at p < 0.05
Table 45 2&F =4A AA nd AMEE A Aol RednessE
Bl agte DFEA X7 433 =2 red color’} control®.th 738HS HolFQ)
o o] A= Table 429 #5AAF 2= A= Aot
Table 45. 271 X9] THENE
L a
Control 31.31 18.16
Dehydrofreezing L5 33.16 20.96
2. Z+r57]
715 Tt recipe ofEo Eokow @t = 1Y =4 F 4TAA 39 =
AN v FEEE AR AT ZHFr] e #eddAbe EAHA #e A
AESE EAH AL AEsgon, Hegads 9 sk 2av,
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7AE719] AAAS NETEE AF 1F7FEE A8 controld 294
2po] 7} glth(Table 46). Z+5F7] H¢] Hunter color® =% 3t A3} (Table 47) DF
DFZ et 4579 agte]l AEd =2 Aoz eyt a8y DFZAF7] 9]

< agte] 7lskole WA okt

L
R

o)
PR

1_4

ki

o]4¢l A3 Mo} DF FuFE red colorrk Zake] AA 488 4% %

e auA Bee NE £ e AoE FrH

75 7] recipe

FAE - F270(1.5kg), %3} 100g, #=24w 70g, =100g
FAR(FER) - e 4 15g, MF-3 5g, thxlvks 45g, A 2g, &
= 10g, A& 10g

ZE

1. &= AZ2S HA 2ecmFAE A ©A] A 15cm=z 2452738 & F52
2TE Ya Hen

2. 024 E A F7F wo] FoW Eo o] FFo] FiL Ao WA =7
E wit},

3. BV &3 W d FA 17T ¢ 35.7g(dehydrofreezing il 5+ Ef
ZaZE7Ee] 17976 8] s ¥k 642g)E ¥l HFE AS Wtk

4. oAmA IE7F WtEo] 5o FHldw A FHa oA S W

Table 46. 98713 A =Wl o& 7579 7% 2AF A}

Control 5.2°

dehydrofreezing 5.3°

*Means with the same superscrips in the same column are not significantly different at P < 0.05

Table 47. 7tF719] FHA =

L a
Control 27.11° 22717
Dehydrofreezing L5 25.42° 25.47°

*Means with the same superscrips in the same column are not significantly different at P < 0.05
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A6 d HAFAFY A HE

L. A2 2 ¥4

7F AR
1) T31FA) 8 : Control¥ W% ZiF
2) A= W : -10TC, -20C, -40C
3) WEAder  -18T, -25C, -30T

4) Sampling schedule : A% 9714, 12714

L m g E HAL
WEE AREE 10g® FHdle] HEEHFE 1004 x50z A8 & g%
ot =44 Petrifilm™(3M, St. Paul, MN55144-100, USA)E o] &3}, A<

37Tl A 48A17F et & FAE A=s AFeArt.
2. E. coli 2 Coliform bacteria AA2 3}

7}. E. coli

Control? ¥Hx 135 YsAqFstwA 9714 2 12704l samplingste] E.

coli® #HAFSH A¥= Table 483 24t} -10TC, -20CH -40TColA Wd53 A&
£ -18C, -25C % -30ColA AAstHA E colis detectiondt 23} 9714 2
127149 A3 ZE Algo A negative®Z YERYL o= WEAAYRE AAS

Aol g37F 1d F% FAYE Adew 3y & 5 e 27 ARga
37k ATk
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Table 48. WE A A3 Eu3=A59 E coli AA AT

Storage period(month)

9 12
Storage Freezing temp. Freezing temp.
temp. -10C -20C -40TC -10C -20C -40T

-18T ND ND ND ND ND ND

red pepper ). ND ND ND ND ND  ND
(CFU/g) )

30c ND ND ND ND ND  ND

dried red  -18C _ND _ND ND ND ND  ND

pepper -25T ND ND ND ND ND ND

(CFU/g) 30c ND ND ND ND ND  ND

1}. Coliform bacteria
Table 49914 Hi= vpe} o] -18TColA AFs A= (control ¥ Wz &3
ZF)ol = 127197t coliform bacteria’} negative® vEFYITH 28U -25TC 2
-30CoA AF3 Algo s dF AlFZoA positivedt 237l HAT o= A

TR Aol Bth= A 82 handlingoll #3o] ANY Aoz AT 5 U3l

rr

g, 2L o2 -18TolA AAI ARAM= EE AR A coliform negativeZ
k7l wiZelth Agd 2= gloy FAsIEE A & 2t HAol

A ZRol ARE s Aol vkl A A

Table 49. Y=# 43 3159 Coliform bacteria A}

Storage period(month)

Storage 9 12
temp.(C) Freezing temp. Freezing temp.
-10C  -20C  -40C -10C -20C -40T
-18 ND ND ND ND ND ND
Red 25 ND 05 05 1 ND 05
pepper
-30 ND 1 1.5 19.5 2.5 5
i -18 ND ND ND ND ND ND
ried
red -25 ND ND 0.5 1 ND 2
pepper -30 ND ND ND ND 1 1
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A 74 Dehydor-freezing ¥ 2 HAAAH HE
1. 71 voi7] o A EFo] 74|

A= =2F 100% 3=k 7] - 7,0009/kg

(M g2 F6) 20079 39 7HA)

A 20079 49 FrEARE T

[e]

TAF(TEF) 66009/kg(EFAHE

& : 1.979/kg/hr x 70CAA 1A AZ

= 1.9794(2¢)
3) ¥EH & 309 /kg (F-Fds6H A8)
4) A7nE 159/kg/4 (+-FEeF A7)

671447 90<l/kg
9L Ag 1359 /kg
12719 A% 1809 /kg

¥+ 175109 29 +30¥ = 75429 /kg
F 166009 + 29 + 309 = 6,6329U/kg

}3l dehyrofreezing & 115 A x=A7}

6) 6714 A4

A 75429 +909 = 7,6329 /kg
THw 66329 +90Y = 67229 /kg
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7) 91 ¥ A3 dehydrofreezing 213 #| 247}

e 75429 +1359 = 7,677 /kg
FTHE 66329 +1359 = 6,7679/kg

8) 1270 ¥ A3+ dehydrofreezing 2L F#| 247}

A 75429 +1809 = 7,722¢/kg
FTH¥ 66329 +180¢ = 6,8129/kg

20079 49 AlFel fEE= vdris AdA o Wi k] oy, v

A F(F)NA T2 1FE o] g3te] 70009 /kgel AATTHE AnE AT

9. 2 s44E SEEAY fE4un H2w Fnie Au@F 7ol
7500 FF) 0w ANE Ao Hol meAFe] nFUr)E FFE 3

670 A & gdi7] Ax AaE o 7,6329 + 4009 = 8,032¢/kg
16,7229 + 4009 = 7,122 /kg(1.74% up)
IHE A F vyl Ax dEFE 0 76779 + 4009 = 8,077 /kg
THw 67679 + 4009 = 7,1679/kg(2.39% up)
1270 A% 5 gojr] Alx das 07,7229 + 4009 = 81229 /kg
w¥ 681249 + 4009 = 7,2129/kg(3.03% up)e|th.

+

+

WA 2FES 71Fo 2 v wstA dehydrofreezingste] 6, 9, 12719 W% A%
g goprlE wEW AA A EFstEe ohdizlel wlske] Az 1,74%,
2.39% 2 3.03% 7FZAo] AxEE Aow HulET o7A Fd He g
ANA tf7] AZA7H AHEAES] TH, AHEUEY origingol g

T 5 oglo du vuE 4@ AR AsE 5 drka Az,

]
H

s}
=1

¢

A

R
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6,210

8,400
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ooy~
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9,000~11,000
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Table 500 AAIE =Z e o] Faa 137}
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Aol A et
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= 4
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]‘jl_
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]
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ol
W 7Hg vk,

=
5

2~ 0 =
T

AL

=
Fel A3

3L
™

- dehydrofreezing & W& A3 A&

08,0329 /kg
D122
2 8,077

A
Mo
<0

Chef 7] A =

5
T

A%

Cis

671

A /kg

ol
Mo
Nfo

/kg

H
Mo

X0

\

L2 R e

5
T

A =

o

97y

7,167 /kg

TH

v 81229 /kg

&

Chef 7] A =

ko3
T

A%

]

o

1270

2 FTEE /e R

o
14.7% 6719 A7), 154%671E A7), 16.1%(1270L A7) 1]

F 172129 /kg

Zz1
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2}2}
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T A} od YEAF T FAEAY HIE xR o FiaF
dehydro-freezingol] A g3 2Hdo =

=-5Celete] LR ANSGOn, olsh dol AR AF FuFe $5E F
AL 27 e e 120E AT Uik o ARELe a9
dehyro-freezing o] &iF9 53 FH4& 7] BEsted A Wy

& dzskel FAch

_i'_

3 AF7FFE 25T AASEA 120YE § T8 FEEHES 4% A7
carotenoids= Z+Z}t 69%, 83%, 94% £A QA ; FEF =
¥ 91 3L; capsaicinoidsE 63%, 68%, 95% £ EQon; B3 MZAL wEEZ T

Fob nEgolE §949E Aot Aot nEAT il @A

ot B A Ay WEE 139 DF(dehydro—freezing) 139 12719 A% &
capsaicinods £A#EHL Ad85% 9F (6%E ¥ Aolrl gl o (Fig.2l),
2 23%9F 12%((Fig. 32)2 DFaF9] £A&o] 23|y Yot
a, #54 MZ(Table 15 B 16)°]v #54 ¢ (Tables 18 % 19)%= Y544
359 DF S35 Atolol] {94 9= AFol7k Atk o5 A#E F3tsl

B dehdro—freezing WHOoE I uFE WEAAS]H WEiTuaFs #AS =
==
=

off
>

carotenoids <2

o

A
(3)Dehydro-freezing & 1132 7 A
6, 9, 1270 A&g AFe A7y A7 7,632, 7677, 17,7229 /kgel Ao,
ol Tl FAH fod 5 v AAEHE 7S 62109 /kg R Th 23 -
24% =& Aol 28y HAAR $H5 O 25 E dehydro-freezing¥ 15
Ao ® ZALE AT $H SUA SR A
Fol 11,0009/kg o2 T FUF 84009 /kgRth oF 31% © WA Zo& FA
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H 4 saEd: & 2800 7| E

F

A1 A AR E dFNEEES WE

FE|ATAREE ATAL W B W
o A FaFo AAYriE M
A5 Al
P E R R E
- Qe gy
o whole @ Z-=|RF A A
o WHE 1 HAAA -7t E R vHE-HA A7
- At ATt
1) "HXA7] 0 &% 95T
Al ZF peroxidase negative
2) OzoneT At @ % 2 Ak
3) Hakstra s H AR
A A SaFe YT FEYE
(2005) Ys7ls o F7HH

. standard plate count

e A B 339] dehyro—freezings 93 AZ
- control(A &%)

- &7 AZANEAFT AAAR)

o A

Fare YEPy A
- WELeE

; —10, —20, -40C
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AFAL Hg % W

A ZaFo] YAy A
- A 2% -18, -25, -30C
- Sampling schedule : 0, 3, 6, 9, 1271 ¥
- =437t
O drip loss
#-54 EA : scoring tests
g3 54 . puncture tests
Hunter color : L, a, b & AE

o|s}8t# 54 : capsaicinoids,

O O O O

carotenoids, ascorbic acid,
Z, F7eE

- WEAY 27 #Y 0 AGLE o

shelf-life 23

22Pd =
A Fake |- aE wy
oo | FEAE E AL |0 AKAE vs FHAT
0 #AE Al A= TALE=A
2007)

AL B2 A% 3 2497}
O HFAMES &£=A4A | pastes

- HEAEFY A HE
O E. coli
O Coliform bacteria

- Dehydro—freezing W9 AAA HAE
O 7] tul7] vs /NdAFE
O FAk 71EAFE vs MEA =
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