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SUMMARY

(FEQFE)

| . TITLE

Mashing and its Frozen Storage of Red Pepper for Maximum Utilization

1. OBJECTIVE AND NECESSITY

Red peppers are the representative cash-crop of the farm house in Korea
that makes 1.1 billion dollars per year and 30% of the total product of
vegetables. So far harvested red peppers have been sun dried or hot air
dried by farmers, then stored and distributed as dried red pepper until it is
ground for utilization. Recently most of the harvested red peppers have
been dried, washed and then ground, which processing cost would be high.
Sun drying is required long time for drying and in case of the rainy
weather, drying red peppers would be degraded in quality. Most of the red
pepper is dried by hot-air dryer and this method is convenient, but red
color was decreased by browning reaction. So these kind of problems have
to be solved by using proper treatment and storage method. If the fresh
red pepper were mashed and then frozen for storage, that would abbreviate
the process of drying and grinding, consequently the producer would get
economic profit and maximum using of red peppers.

For example breeding of the new variety of the red peppers are
focussing disease resistance and labor saving, but thickness of pericarp
being restricted because of convenience of drying or shape after drying. If
the thickness of pericarp were twice, the production of red pepper would be
twice, and then the profit of farm house increased. In addition to that, the

marketing system of the red pepper would be changing completely and
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adulteration by artificial color for red pepper powder etc. would be

disappeared.

ll. SCOPES OF THE STUDY

This project consists of two subjects. The one is to examine mashing
and freezing treatment method of red pepper for maximum using and its
application on Kimchi etc. The other is to examine mashing and drying
method of red pepper for maximum using and its application. The major

contents and scopes of this project can be summarized as follows :

1. Mashing and frozen storage of red pepper for

maximum utilization

1) Selection of cultivars of red pepper which have good productivity,

quality and easy breeding

2) Examination of mashing procedure of red pepper

(D Blanching of the mashed red pepper for inactivation of the enzymes

@ Addition of vitamin C on the mashed red pepper for retardation of
oxidation

@ Addition of NaCl on the mashed red pepper for control of
microorganisms

@ Aging of mashed red pepper at room temperature

3) Establishment of optimal condition of mashing and freezing method of
red pepper
(D Examine of color changes such as L, g, b value and ASTA color

value during frozen storage

_11_



@ Examine of the changes in capsanthin, capsaicin, dihydrocapsaicin
content during frozen storage
@ Examine of the changes of pH, water activity and vitamin C content

during frozen storage

4) Processing quality of the mashed and frozen red pepper for making
Kimchi and Kakdugi

(D Examine of the changes in pH and acidity of Kimchi with red pepper
powder and mashed red pepper

@ Examine of the L, a, b value and organic acid content in Kimchi with
red pepper powder and mashed red pepper

@ Examine of the sensory test of the Kimchi with red pepper powder

and mashed red pepper

2. Mashing and drying of red pepper for maxim-

um utilization

1) Selection of cultivars of red pepper which have good productivity,

quality and easy breeding

2) Establishing mashing and drying method of red pepper
(D Examination of mashing and drying condition of red pepper
@ Analysis of changes in a value, ASTA color, capsanthin, organic acid

and sensory test of the mashed and dried red pepper

3) Establishment of optimal storage condition of the mashed and dried

treatment of red pepper

4) Examination of processing quality of the mashing and drying of red

pepper for making Kimchi etc.

_12_



(D Examination of changes of pH and acidity, color, bacterial count and
sensory test in Kimchi with the mashed and dried red pepper

@ Examination of changes of pH and acidity, reduced sugar, amino type
nitrogen content, capsaicin, dihydrocapsaicin, color and sensory test in

Kochujang based on the mashed and dried red pepper

IV. RESULTS AND RECOMMENDATIONS

1. Results

1) Mashing and its frozen storage of red pepper for maximum utilization

o For studying this project, selected cultivars of red pepper were
Pochungchun and Gumtap. For the preservation of quality of the mashed
red pepper, various treatment before freezing were conducted such as
blanching, addition of vitamin C and salt, and aging. The quality of
Pochungchun cultivar was better than Gumtap cultivar in result of this

processing test.

o Most important quality factors of red pepper is red color when it is
purchased by housewife. a value or red pepper powder of Pochungchun
was 31.511, but that of mashing and its frozen stored red pepper were
33.528 ~33.839, these showed mashing treatment of red pepper was effective

to preserve red color.

o ASTA color and capsanthin content did not show consistency, but
addition of vitamin C on Pochungchun and Gumtap were decreased 4.2%,
1.8% and 2.2%, 1.0% respectively. These meant that addition of vitamin C

helped preservation or retaining of ASTA color and capsanthin content.

_13_



o0 Capsaicin and dihydrocapsaicin contents in Pochungchun and Gumtap
were decreased 11.9%, 6.3% and 18.32%, 24.8% during frozen storage
respectively, these results showed that dihydrocapsaicin content was
decreased faster than capsaicin. In general, capsaicinoids on the
mashed-frozen stored red pepper was less decreased than red pepper
powder and addition of vitamin C on the mashed red pepper was the most

effective to preserve capsaicinoids than others.

o The contents of vitamin C after blanching of the mashed-frozen red
pepper was 12.0mg/100g, which compared with 44.0mg/100g of the
mashed-frozen, that meant vitamin C was destroyed by blanching. Addition
of NaCl on the mashed red pepper showed same inclination. But addition of
vitamin C on the mashed red pepper, vitamin C was decreased 32.9% than
red pepper powder’'s 81.6% and mashed red pepper’s 69.0% during frozen
storage, which showed that addition of vitamin C on the mashed red

pepper could maintain vitamin C in the red pepper.

o pH and water activity of the red pepper powder and mashed-frozen

red pepper were not almost changed during frozen storage.

o Kimchi and Kagdugi with addition of vitamin C and blanching on the
mashed red pepper were lower pH and higher acidity than with red pepper
powder. These meant that Kimchi and Kagdugi with mashed red pepper
had fresh flavor than that of red pepper powder.

o Extracted juice and liquid of Kimchi and Kagdugi with mashed red
pepper had good color.

o Sensory test showed that Kimchi and Kagdugi with addition of
vitamin C on the mashed red pepper(Pochungchun) had the highest redness

_14_



and overall acceptability.

o On the consequence of the above results, mashed, 95°C blanching for
5 min. and addition of vitamin C then frozen red pepper showed good red

color and no damaged of the flavor.

2) Mashing and drying of red pepper for maximum utilization

o0 Selected cultivar of red pepper was Pochungchun since it had good

red color value and appearance.

o Drying time in the mashed red pepper was shorter than that of whole

fruit red pepper.

o L, a, b value and capsanthin content of the mashed-dried red pepper
were higher than that of cut-dried red pepper and mashed/ blanched/ dried

red pepper had poor red color.

0 Capsaicin and dihydrocapsaicin contents of the cut and mashed-dried
red pepper were decreased 20~30% than that of whole fruit red pepper.
These meant that capsaicinoids in mashed-dried red pepper were more
easily vaporized than that of whole fruit dried red pepper by the hot air
drying.

0 Sugar content in the red pepper powder with vitamin C was the
highest and prolongation of frozen storage reduced glucose and fructose

content by browning reaction.

o Kimchi with mashed-dried red pepper showed not much difference of

pH, acidity and reduced sugar content compared with control.

_15_



o In Kochujang, pH of control sample was the highest in 5.35 and
acidity was the lowest in 22.15. Kochujang with mashed-dried red pepper

with vitamin C showed lower pH and higher acidity than others.

o In the sensory test, appearance and taste of Kochujang with
mashed-dried red pepper were showed the highest value of 8.09, 7.76
respectively and general preference was also showed the highest value of

7.75.

2. Recommendations

0 Mashed-frozen stored red pepper was abbreviated drying and grinding
process. Therefore this method can preserve red color of red pepper which
is important quality factor and save processing cost and reduce the rate for

abolition.

o If drying processes were omitted, breeding of the new variety which
had thickness of pericarp would be possible, and new varieties which had
thickness of pericarp were cultivated, the income of the farm house would

be increased.

o If utilization of mashed-frozen stored red pepper became general, such

as adultery by artificial color would be disappeared.

0 Gained results could transfer to the food manufactures who produce

Kimchi and Kochujang etc,.

o The patent of mashed-frozen stored red pepper is being submitted.
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ATt

th) mhaf 230l vitamin C %+ NaCl 7}

a3 EF A FHS 100g¥ Al #@3ske] polyethylene¥ nylons Zﬂ%‘/\]ﬂ
ZE(25%11.8 cm) B Ao ¥ il vitamin CE 0.1%, T+ NaClg 2% H7F3F %

FAA A v EFsIY 95T A 573 blanching A 2]} At

) e %4
BaE FRFE LA 247 S

A2 FE(25x11.8 cm) & Aol @i EA3EH

< polyethylene® nylons %

2) 45A%

k7ol A ezt v Al Koma(Netherland) w415 i3L9] 40Tl Al 14
P YEAZ F 20T BRaetEA Ao Al-gatih

AA g A7) Az Ayl AHER Aw B ARE R 1987d F-E 19951 d 7}
A 9del] g E e H, FA AR GelA AT AAFO) b wFA
o} 7] AxwHE AR it THAelA Hae wrow HEFHoR

AFEE = ABE AMES

_&
N
,

= ol AFES VE Oy 2AY A
w5 s AlASaL HH% 5ol ZHE o] 452 WSS 6000g FHlste]
91e] LBl 323 302 dolstdlen ojw 1A tuirh Aol wiFe] A=
9, okl mbH ;EA Aglo]l H% Stk F= kI E A CmE F
A T3 AE o] 2700ge FHlEHl o, = bemE ZEHAM FHE AE A
Ak HlF Aol B A& 49 AL PTo] dojEra BES AASAE
olmf =o] Wi wWAA = st

s ARES AAE v aF 800gel 10% FHE EF 200g7 A
2700gE ¥ WEF st A7 80g, vFE200g, 3+ 200g, A 360cc, v =t
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—_
o

4

WA RS AOACU0)e F3}o]
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7B L, a, b value
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22|
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}) ASTA(American Spice Trade Association) color value
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200ml Zgt~3o| Y¥al acetone 100mlE 7}sle] &dFny sd=z 4 of2
&1l 7] (Bio-shaker DR-303SR, W& #3h) % 50rpmel Al 30&7F 58 o
FE2NS I X (Toyo No.2)&2 o33ta1 UV/Vis. Spectrophotometer Jenway
6305 (UK)DE Ab&ste] 460nmelA JF3=E 43tk old blanks=

acetones 7|F 22 3%

ASTA color =

7}) Capsanthin

Capsanthin® #4123 Rosebrook? WH(12)& W3] A&t A=A
< AAsked AFE3 capsanthine )& 78 3H4d 2 (Japan) Al # & AH&-3F39 2
W 359 capsanthin F&< vt 2ol vk F, vaF 100mgS

H
100ml Azt Z =36 Yal obHE 50mlE 7FskAth. o
2

E T XA u
HhelH A 3043 F%3F9] Whatman paper No. 2 o733 e Al
10ml oA ES Y FF et o] L 245 33 HHEsie &

5 dAZFA00mD) o2 9E S UV/Vis. Spectrophotometer Jenway 6305
(UK)E AFE3l9 460nmoll A oA=L blank® 3t 4 =S =43 )&
capsanthin 7 #&del o3te] 1 i%?%k% zAsgom ol R <& 0.998¢] %

o,

) 714k
#7142 BE241(13)& HPLC(997]7], Korea)® 3} 1L, columne Supelcogel

H 59346 HPLC column(25cm*4.6mm)2S AF&3lAth A5 Y53 v
& Az F 1gs FHstel 100ml & #FZet~=e] ¥ g ¢ 100ml
2 A3 vortexZ 5&7F wHbETE o] & 158%F sonicationA] 7131 533

degasing®d < Toyo No. 2 # X2 oJ¥etdrt 3@ A8 2 charcoalol
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o] 542  0.15% phosphoric acid, %2 0.3ml/min.o] 3 A& FJHFES 20
7

pLolgith. &2 UV 210nm #stiew ofmf Abgd FEEH2 Sigmart

I

o,
o

Q

citric acid, quinic acid, malic acid, fumaric acid S5+
citric acid 0.9946, quinic acid 0.9998, malic acid 0.9982, fumaric acid
At

t}) Capsaicinoids

Capsaicin® dihydrocapsaicin® A %S HPLC(SG#7]7], Korea)E AM&31%)
L olEe FEL e o] AT mHuFE 66T IOl F
15% 4 w74 Ax3 o5 5g¥ A &3] AlEske] 4709 vialel gL
N ELE 4A0mIE ¥ & 65T dry ovenolA 5A17F 73ttt 714
b vortexE ol-&ste] wwRkE T o st A2 FAAS GRS
At o] & 5&3t sonicationdt T 0.45n/ filter(Millipore) = o 738} St}

column<e WatersAl®] u Bondapak C18 symmetry column(125A, 10um,
3.9x300mm)S AFE3tTh olE e WEHEY ES 7302 i F&ES
Iml/min. o]tk A5 F4&F2 10p0%lem UV 280 nmoll 4 A Astsitt. o]

] AbgHE FFEAL SigmaAl capsaicin(8-methyl-N-vanillyl-6-nonenam-

tlo

ide)¥ dihydrocapsaicin(8-methyl-N-vanillyl-nonenamide) & A}-&3}o] A wA

S Fatgon olu R® F<S capsacin 0.9739, dihydrocapsacine 0.9998¢] 21t}

2h) HEY C A=

HElYl C A %2 2,6-dichlorophenol indophenol® (14)& Al-&3le] th&3} 2
o] AHsdtt. =, ascorbic acid ¥(FE 43 indophenol £H2] FTEHFTES
stlown, Amgde ANgE AIEFE~10g) ALFSd v A 1gol 4mle]
5% wIERQIAE &S 7hstal sjAbE AbEete] mbalE F 1gs FHetar of7]d
5ml & 7Fsle] HAANZ B4 2 AE5AS #H359 1ml indophenold] 0. & =

sl o,

7 pH R FEEAHAE 574
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7h pH

v 25 1gell 100ml EFFE 71t A0 A 583F magnetic stirers 9]
£3le] wHket thg  Whatman paper 2W-& AF§3te] o7 & dL dS pH
meter(Orion Co., US.A)E AH&3te] 103 W& SA3s ofg Jdaks
oo Adx et 271 w2 =] pHe vhaget sde wHoew %
ALt St

a5 RIS (Aw)E hygroskop BT-RS1 (rotronic, Swiss)E A}

B3leo] =43 the JHEFe AP

ofo
off
o
s
—_
©
©
!
[\
o
\]
@)
=,
2
—_
o
oty
rf

19] mhyol @ B0 FAEE AOACH W wel Al 10ml
H 22% 0.IN NaOH ml5E Ztstaoz F A& T).

N
S

)
—
N

AA= 10TolA AFstiA g A5 A% 7d4 D A% 1494 2z
100g¥ A 7|9k w=o] TZFW/W)ol HEE fFHste] sdgk &7 A
stk AvAE Ve AR Ao #HAlo] e dFA st AEE g 3
48hd A A 508 S Ao 2 9 A (appearance), F(aroma), Zk(taste), =2 7+
(texture), WAl 7)Z % (overall acceptability) 5 94 HAHo g Hr}s)
G BAIEAMLS FdEdE ddEded 9¥eS e ® ML (redness), FU
(green odor), "&39t(pungency), @3 (sweetness), & 9t(umami flavor), 4l
(sourness), Zuk(saltiness), 53k 9(fresh flavor), 79 2 (moldy flavor)s <
154 2=ALES Abgste] Hrketdvh #s A Ad= SAS(Staistical
Analysis System) SA X=2ZI3;ES  o]&sle]  ZtZ A E4HEA
(One-way ANOVA Test)2 3li Duncan’s multiple range test® Hir7He]
gsHl s AA sk

A% 10CAA AFSHEA G2 AF, A% 794 L AF U4DA 247
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100g¥ A 7|9k w=o] TZFW/W)ol HEE st sdgt &7] AA|
stth &R Ve x A= AT A E3sta 3

o2 9] F(appearance), ¥F(aroma), B(taste), =
&% (overall acceptability) 5 948 HAWOZ H7lstgal HEAMHEA LS &4
H gded 94HeE didoe®  AHME(redness), FUW(green odor), wi-&ut
(pungency), %3(sweetness), 7 5H(umami flavor), 4l (sourness), %3t
(saltiness), A3k “h(fresh flavor), 79 % (moldy flavor)s < 158 2Ad S

ARgeto] kst dth de A A= RS $dE W ow APeih
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3. 2% ¢ nF

7} AR R

uha i dWd e Table 13 Zvh 8= A% a9 1571
F7} 25%, 3.2%°]a whaf EAH o] 87.2%, v FHO] 85.6%°]A Tt ek
Ao THHA nE7F7 11.9% 38 2F=7FF7F 12.1%, v 3 2 o] 2.329%,
nha] FEo] 248% % wialg FEel WA sheke] XA A fHTh Rt
wdom, 2AWLS XYW NFIMF 77% v AF7FF7F 59%010 5 w3
3 ZAHH] 0.74%, vl FHo] 045%% ZuwW Azt wdle] AES B
o x2(14) = FFH 1539 =AYES HAkg 2% 1 180% o] thar s}
of FFl WE Aol7t A&S Kol Fola, dd Fa) ek Ao A T
g2 747t 720~8.00%, 2250~23.60% AThil skglom, o](16)= 10¥FF<] L
FE AxzdEsste] g gwd ] Hr ke 14.54%, A H-2 13.99%0°] 3t
Il sk & Ao AR 2uwde] Al A4 O AL 2 AR A
ZA AE AAGRA7] dfEom A AR

Table 1. Proximate composition of the mashed red pepper without

seed (%)
) Crude
Samples Moisture ) Crude fat Crude ash
protein
Pochungchun powder 2.5 119 7.7 49
Gumtap powder 3.2 12.1 5.9 51
Mashed Pochungchun 87.2 2.32 0.74 1.21
Mashed Gumtap 85.6 2.48 0.45 1.25
p €0.05, n=10
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4. 239 vy 2 Z4F Adst 13 A3 2 oty B wWAE
9

D XR3A 15

7}) Blanching A 2|7} vl FHd v X &= 9

s nFe A" AHge wel 4 2e A0E oAAm gtk Pectic
enzyme 5 EAGEES $HYSFT v AN BAoE Ayl 521 4
Aeshs nag AUE @ F FAWG olvE Adsdrh 5 nay A

D7, v 2 aEm v AP S B AS WA st EA
FAWSE AT aFo FAAR bl 7P TasH A7 A
A9l mje wto g o]7}ed carotenocidAlel £dlE 1Fo MAE B uLF
b s How A Qrh ey Ax L ARE WAS AP o] WA
Aes F4 AE=E et AAAE AHEst S489 La(H %) 137}

F7F 5200602 wh il wha & Bl A 404067} 41.003¢1 W]}
o ¥/ gt ol EouFe mwAo] Ho] We| wAlE Wo| oz A
oJ AA M B Ael whfaFs vk
1o wjste] Lgko] ok = A ugtou Aol AA Ut
180U 7 WEAGA Lake Wt nxrhs wida 2ad At 7
7} 22%, 2.3%, 1.8% #Aso] Bl HEls 18A @& A Hlste] Like
Wb Ae Aog vl Bald HYadrt W AgA HEfA Egol
15 4 5 A
agh(AA )& ax7be, whlas Bad e 27 31511, 33.839,
33.601= wmpafjarFo] AME7E 7bg Fgtow O vFS BalA A
5.
Bl

—

180 W& A Al agke] Wsle= 7h7; 3.2%, 84, 41%2 YEALAA 1E7}
o] agk WME7E 7P Aflen o
5)2 aE7HE, vhag, BElA A

T7F 747+ 30.798, 25.380, 25.455% il
] A= AolE 719 HolA

N
_{
Lo
o
S
o,
N
2
f
x2
o«
)
=}
i)
kd
o
1o
{u:
oN'
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et 1809 WEAGA batel dat 717

ZF 5.

g7 WeAGA 7 W Ao O gEd axrbEdn dAH o ®
L, a, b#k WEAZA mbai A Almrt g A Wk

F HF2 A A-E 4 £ AdE ASTA(Americain Spice Trade
Association) colorE FA}el7] Yato] a7k 2 w39 acetoneFE Y
= 460nmel A 3 =5 SAT Ay ux7bE, v g, Bl A 7
Zb 7954, 41.33, 40.18% ZE7FE7F 7V A vhgkom whaaigel Bald A
gs AE7EFRT SRt wpauFe] s sty vl w2
ASTA color#ts HUS & AUk 180€7F WE5A A ASTA color®] #
St AE7EE, vhaE, BRI A b 742 9.2%, 59%, 34% 3223t

27t AHE W AAsE 39 ASTA color 37 714 ZA YEYS

Ir
fd
o
N
N
jm
o
=)
2
k=l
»
(z
)
oy
2
Ak
-
N
N
)
o
o1l
0
20
N
B
o1
e
N
N
]
>
8
®
~
—
o
S
0
o
fr

BAlA 227} capsanthin ZF4o] H3dFS H| A&
o & Ak 180¥ WE A AA capsanthin 3o W3tE wE7bE ulA
F, 2493 A7 747 66%, 88%, 106% Frashe] H
capsanthin &#o] 7}4 =4 7143%e] ASTA colorsE o2 SAHS B9t}
a3 Au ARl capsaicin® dihydrocapsaicindll n & BEAA T3S A}
g A3 capsaicin® A ax7FE, vk, BAA A7 242 76.67,
56.70, 53.45mg/100g°] 2™ dihydrocapsaicin<= 26.79, 25.01, 26.69mg/100g 2.
% capsanthin®] 4 -¢9t= 9] ax7bFek vk AvAdR kol 7t
A ZA Gk ole e Ax EHHAFolA 4w vl
ofuts Rt olygt BT NE AAsE HAAAA AW E] AT o
FoAR7] WEeR oA 180¥€3F WEAAA =72 capsaicinP A S
11.9%, whlais= 11.6%, 283 A3+ 6.5%°] 2™ dihydrocapsaicin®]
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Table 2. Changes in pysico—-chemical properties of dried, mashed and

blanched after mashing

red pepper(Pochungchun)

during frozen

storage
orage time(days)
1 14 30 90 180
Items

A 52096 | 51.830 | 51.760 | 51.642 | 50.949
L value| B 40406 | 40403 | 40312 | 40.003 | 30.463
C 41003 | 41000 | 40520 | 40493 | 40246
A 31511 | 31215 | 30916 | 30.916 | 30.490
a value | B 33830 | 33820 | 33711 | 33143 | 31.863
Color C 33601 | 33452 | 33403 | 33267 | 3223
A 30793 | 30.671 | 30.151 | 30.050 | 29.220
b value | B 25330 | 25250 | 24132 | 24130 | 23217
C 25455 | 24918 | 24773 | 24674 | 24232

AsTA LA 7954 | 7784 | 7610 | 7241 | 7220

B 4133 | 4121 | 4102 | 3999 | 3887

color C 40.18 39.70 40.00 39.81 33.81
Capsanthin A 5588 | 5420 | 5388 | 5248 | 5220
B 2452 | 2442 | 2427 | 2411 | 2237

(mg/100g) C 276 | 2182 | 2083 | 2076 | 2035
Capsaicin A 7667 | 7308 | 7166 | 6936 | 6756

B 5670 | 5512 | 5487 | 5226 | 50.12

(mg/100g) C 5345 | 5338 | 5296 | 5187 | 49.98
Dihydrocapsaicin |2 2679 | 2626 | 2568 | 2275 | 21.88
B %501 | 2420 | 2212 | 2003 | 1332

(mg/100g) C %660 | 2510 | 2408 | 2312 | 2187
Vitamin C A 770 654 36.8 364 142
B 440 107 316 305 136

(mg/100g) C 12.0 11.9 116 11.0 90

A 446 143 142 442 441

pH B 5.09 5.01 197 197 434

C 5.04 5.04 5.03 501 501

A 0579 | 0577 | 0568 | 0566 | 0552

Water activity B 0992 | 0991 | 099 | 0987 | 0989
C 0992 | 0992 | 0989 | 0975 | 0988

p €0.05, n=10, A : dried Pochungchun powder, B : mashed Pochungchun,

C : blanched after mashing Pochungchun
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Table 3. Changes in physico-chemical properties of dried, mashed
and blanched with 0.1% of vitamin C after mashing red pepper

(Pochungchun) during frozen storage

torage time(days)
1 14 30 90 180
Items
A | 52096 | 51.830 | 51.760 | 51.642 | 50.949
L value | B | 40406 | 40403 | 40.312 | 40.008 | 39.468
C | 40913 | 40677 | 40378 | 40229 | 40.226
A | 31511 | 31215 | 30.916 | 30.916 | 30.490
avalue | B | 33839 | 33820 | 33711 | 33.143 | 31.868
Color C | 33530 | 33432 | 33188 | 33.223 | 33012
A | 30798 | 30671 | 30.151 | 30.050 | 29.220
b value | B | 25330 | 25.259 | 24132 | 24.130 | 23217
C | 25337 | 24503 | 24471 | 24452 | 24.449
ASTA A 7954 | 7784 | 7610 | 7241 | 72.20
B 4133 | 4121 | 4102 | 3999 | 3887
color C 3870 | 3820 | 38.05 | 37.06 | 37.06
A 5588 | 5420 | 5388 | 5248 | 52.20
Capsanthin(mg/100g) B 24.52 24.42 24.277 24.11 22.37
C 2352 | 2373 | 2316 | 2330 | 23.10
Capsaicin A 7667 | 7308 | 71.66 | 6936 | 67.56
B 5670 | 5512 | 5487 | 5226 | 50.12
(mg/100g) C 5467 | 5425 | 5397 | 5387 | 5245
Dihydrocapsaicin A 2679 | 2626 | 2568 | 2275 | 21.88
B 2501 | 2429 | 2212 | 2003 | 18.32
(mg/100g) C 2680 | 2642 | 2622 | 2592 | 2468
Vitamin C A 770 | 654 | 368 | 364 | 142
B 440 | 407 | 346 | 305 | 136
(mg/100g) C 520 | 510 | 494 | 390 | 349
A 446 | 443 | 442 | 442 | 441
pH B 500 | 501 | 497 | 497 | 484
C 502 | 502 | 502 | 501 | 502
A 0579 | 0577 | 0568 | 0566 | 0552
Water activity B 0992 | 0991 | 0990 | 0937 | 0989
C 0992 | 0992 | 0983 | 0970 | 0992

p €0.05, n=10, A : dried Pochungchun powder, B : mashed Pochungchun,
C : blanched after mashing Pochungchun with vitamin C (0.1%)
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Table 4. Changes in physico-chemical properties of dried, mashed
and blanched with 2% of NaCl after mashing red pepper

(Pochungchun) during frozen storage

torage time(days)
1 14 30 90 180
Items
A | 5209 | 51.830 | 51760 | 51.642 | 50.949
L value | B | 40406 | 40403 | 40.312 | 40.008 | 39.468
C | 40463 | 40326 | 40313 | 40.260 | 39.996
A | 31511 | 31.215 | 30916 | 30916 | 30.490
avalue | B | 33839 | 33820 | 33711 | 33.143 | 31.868
Color C | 33528 | 33.149 | 33.140 | 33150 | 32,624
A | 30798 | 30.671 | 30151 | 30.050 | 29.220
b value | B | 25330 | 25.259 | 24132 | 24.130 | 23217
C | 25013 | 24782 | 24512 | 24508 | 24.168
ASTA A 7954 | 7784 | 7610 | 7241 | 72.20
B 4133 | 4121 | 4102 | 3999 | 3887
color C 39.03 | 3850 | 3854 | 3820 | 3745
A 5588 | 5420 | 5388 | 5248 | 52.20
Capsanthin(mg/100g) B 24.52 24.42 24.277 24.11 22.37
C 271 | 2187 | 2148 | 21.29 | 2087
Capsaicin A 7667 | 7308 | 7166 | 6936 | 67.56
B 5670 | 5512 | 5487 | 5226 | 50.12
(mg/100g) C 1068 | 4362 | 4848 | 47.92 | 46.20
Dibydrocapsaicin A 2679 | 2626 | 2568 | 2275 | 21.88
B 2501 | 2429 | 2212 | 2003 | 1832
(mg/100g) C 2174 | 2150 | 2012 | 1998 | 1845
Vit C A 770 | 654 | 368 | 364 | 142
B 440 | 407 | 346 | 305 | 136
(mg/100g) C 132 | 127 | 117 | 114 | 109
A 146 | 443 | 442 | 442 | 441
pH B 500 | 501 | 497 | 497 | 484
C 507 | 507 | 506 | 505 | 493
A 0579 | 0577 | 0568 | 0566 | 0552
Water activity B 0992 | 0991 | 0990 | 0987 | 0939
C 0989 | 0934 | 0976 | 0959 | 0900

p €0.05, n=10, A : dried Pochungchun powder, B : mashed Pochungchun,
C : blanched after mashing Pochungchun with NaCl (2%)
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Table 5. Changes in physico-chemical properties of dried, mashed

and aged after mashing red pepper(Pochungchun) during frozen

storage
torage time(days)
1 14 30 90 180
Items
A | 52096 | 51.830 | 51.760 | 51.642 | 50.949
L value | B | 40406 | 40403 | 40.312 | 40.008 | 39.468
C | 40203 | 40.180 | 40.012 | 39.214 | 38.985
A | 31511 | 31.215 | 30.916 | 30.916 | 30.490
avalue | B | 33839 | 33820 | 33711 | 33.143 | 31.868
Color C | 33725 | 33418 | 33210 | 33.028 | 32.279
A | 30798 | 30.671 | 30.151 | 30.050 | 29.220
b value | B | 25330 | 25.259 | 24132 | 24.130 | 23217
C | 25332 | 25260 | 24.142 | 24219 | 23214
ASTA A 7954 | 7784 | 7610 | 7241 | 72.20
B 4133 | 4121 | 4102 | 3999 | 3887
color C 4128 | 41.19 | 41.00 | 39.78 | 38.84
A 5588 | 5420 | 5383 | 5248 | 52.20
Capsanthin(mg/100g) B 24.52 24.42 24.277 24.11 22.37
C 2450 | 2440 | 2425 | 2408 | 2234
Capsaicin A 7667 | 7308 | 71.66 | 6936 | 67.56
B 5670 | 5512 | 5487 | 5226 | 50.12
(mg/100g) C 56.18 | 5480 | 5433 | 5227 | 50.03
Dihydrocapsaicin A 2679 | 2626 | 2568 | 2275 | 21.88
B 2501 | 2429 | 2212 | 2003 | 18.32
(mg/100g) C 2499 | 2418 | 2209 | 2000 | 1827
Vitamin C A 770 | 654 | 368 | 364 | 142
B 440 | 407 | 346 | 305 | 136
(mg/100g) C 340 | 322 | 308 | 264 | 127
A 446 | 443 | 442 | 442 | 441
pH B 500 | 501 | 497 | 497 | 484
C 508 | 501 | 499 | 497 | 486
A 0579 | 0577 | 0568 | 0566 | 0552
Water activity B 0992 | 0991 | 0990 | 0937 | 0989
C 0992 | 0992 | 0991 | 0937 | 0989

p €0.05, n=10, A : dried Pochungchun powder, B : mashed Pochungchun,
C : aged after mashing Pochungchun
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Table 6. Changes in pysico—-chemical properties of dried, mashed and

blanched after mashing red pepper(Gumtap) during frozen storage

Storage time(days)
1 14 30 90 180
Items

A | 51.99 | 51.560 | 51.020 | 50.122 | 49.149
L value | B | 40533 | 40.340 | 39.875 | 39.065 | 38.429
C | 4049 | 40111 | 40.002 | 39330 | 39.224
A | 31.087 | 30810 | 30.620 | 30544 | 30.410
a value | B | 33063 | 33030 | 32.687 | 32.636 | 31455
Color C | 32716 | 32213 | 31379 | 31.146 | 30.805
A | 29005 | 29660 | 28787 | 23776 | 23.040
b value | B | 24670 | 24238 | 24193 | 24.003 | 23212
C | 24.836 | 24.094 | 23.334 | 23110 | 22917

ASTA A 7560 | 7421 | 7118 | 6347 | 61.83

B 5151 | 5412 | 5478 | 51.00 | 50.02

color C 4871 | 4743 | 47.05 | 47.08 | 46.78

A 5047 | 5008 | 4885 | 46.26 | 4520

Capsanthin(mg/100g)] B 2084 | 2958 | 2878 | 2842 | 27.68
C 2380 | 2883 | 2742 | 2724 | 2696

Capsaicin A 6206 | 6176 | 6095 | 5854 | 58.14

B 1792 | 4752 | 4684 | 4575 | 429

(mg/100g) C 4680 | 4625 | 4618 | 4583 | 43.99
Dihydrocapsaicin A 2467 | 2092 | 2047 | 1891 | 1855
B 2032 | 1993 | 1942 | 1883 | 17.20

(mg/100g) C 1903 | 1900 | 1887 | 1857 | 17.32
Vitamin C A 642 | 58 | 427 | 384 | 133
B 389 | 342 | 298 | 261 | 122

(mg/100g) C 118 | 106 | 102 | 87 73

A 465 | 460 | 460 | 460 | 443

pH B 514 | 512 | 508 | 501 | 474

C 506 | 490 | 474 | 472 | 483

A 0584 | 0582 | 0580 | 0542 | 0539

Water activity B 0992 | 0992 | 0939 | 093 | 0983
C 099 | 0984 | 0982 | 0978 | 0934

p €0.05, n=10, A : dried Gumtap powder, B : mashed Gumtap,
C : blanched after mashing Gumtap
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Table 7. Changes in physico-chemical properties of dried, mashed
and blanched with 0.1% of vitamin C after mashing red pepper

(Gumtap) during frozen storage

Storage time(days)
1 14 30 90 180
Items

A | 5199 | 51560 | 51.020 | 50.122 | 49.149
L value | B | 40533 | 40.340 | 39.875 | 39.065 | 38429
C | 41.350 | 41.200 | 40.670 | 40670 | 40556
A | 31.087 | 30810 | 30.620 | 30544 | 30.410
a value B | 33.063 | 33.030 | 32.637 | 32636 | 31.455
Color C | 33277 | 32814 | 32.8%0 | 32.053 | 32.085
A | 29905 | 29660 | 28787 | 28776 | 28.040
b value | B | 24670 | 24233 | 24.193 | 24003 | 23212

C | 26087 | 25617 | 24839 | 24830 | 24.771

ASTA A 7560 | 7421 | 7118 | 6347 | 61.83

B 5151 | 5412 | 5478 | 5100 | 50.02

color C 4992 | 4980 | 4882 | 4880 | 48.80

A 5047 | 5008 | 4885 | 46.26 | 4520

Capsanthin(mg/100g)[ B 2084 | 2958 | 2873 | 2842 | 27.68
C 3016 | 3002 | 3000 | 2983 | 29.86

Capsaicin A 6206 | 6176 | 609 | 5854 | 5814

B 792 | 4752 | 4684 | 4575 | 42.98

(mg/100g) C 4692 | 4690 | 4645 | 4597 | 4478
Dihydrocapsaicin A 2467 | 2092 | 2047 | 1891 | 1855
B 2032 | 1998 | 1942 | 1883 | 17.20

(mg/100g) C 1989 | 1972 | 1964 | 1940 | 1360
Vitamin C A 642 | 58 | 427 | 384 | 133
B 389 | 342 | 298 | 261 | 122

(mg/100g) C 28 | 402 | 383 | 364 | 298

A 465 | 460 | 460 | 460 | 443

pH B 514 | 512 | 508 | 501 | 474

C 504 | 486 | 472 | 471 | 484

A 0584 | 0582 | 0580 | 0542 | 0539

Water activity B 0992 | 0992 | 0989 | 0935 | 0983
C 0992 | 0983 | 0979 | 0971 | 0980

p €0.05, n=10, A : dried Gumtap powder, B : mashed Gumtap,
C : blanched after mashing Gumtap with vitamin C (0.1%)
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Table 8. Changes in physico-chemical properties of dried, mashed
and blanched with 2% of NaCl after mashing red pepper (Gumtap)

during frozen storage

torage time(days) ) u 20 90 180
Items
A | 5199 | 51560 | 51.020 | 50.122 | 49.149
L value | B | 40533 | 40340 | 39.875 | 39.065 | 38.429
C | 40690 | 40501 | 40474 | 40.434 | 39.688
A | 31.087 | 30810 | 30.620 | 30544 | 30.410
a value B | 33.063 | 33.030 | 32.687 | 32.636 | 31.455
Color C | 33125 | 32102 | 31918 | 31.311 | 31.166
A | 29905 | 29660 | 28787 | 23776 | 28.040
b value B | 24670 | 24233 | 24.193 | 24.003 | 23212
C | 5285 | 24554 | 24061 | 24.047 | 232394
ASTA A 7560 | 7421 | 7118 | 6347 | 61.83
B 5151 | 5412 | 5478 | 5100 | 50.02
color C 4362 | 44.02 | 4356 | 43.30 | 4320
A 5047 | 50038 | 4885 | 46.26 | 4520
Capsanthin(mg/100g)| B 2084 | 2958 | 2878 | 2842 | 27.68
C 2R77 | 2742 | 2733 | 2465 | 2424
Capsaicin A 6206 | 6176 | 609 | 5854 | 5814
B 1792 | 4752 | 4684 | 4575 | 42.98
(mg/100g) C 1692 | 4690 | 4645 | 4597 | 4478
Dihydrocapsaicin A 2467 | 2092 | 2047 | 1891 | 1855
B 2032 | 1993 | 1942 | 1883 | 17.20
(mg/100g) C 1897 | 1872 | 1834 | 1801 | 17.32
Vitamin C A 642 | 58 | 427 | 384 | 133
B 389 | 342 | 298 | 261 | 122
(mg/100g) C 119 | 112 | 108 | 92 84
A 465 | 460 | 460 | 460 | 443
pH B 514 | 512 | 508 | 501 | 474
C 504 | 502 | 49% | 493 | 494
A 0584 | 0582 | 0580 | 0542 | 0539
Water activity B 0992 | 0992 | 0989 | 093 | 0983
C 0982 | 0980 | 0970 | 0963 | 0956

p €0.05, n=10, A : dried Gumtap powder, B : mashed Gumtap,
C : blanched after mashing Gumtap with NaCl (2%)
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Table 9. Changes in physico-chemical properties of dried, mashed

and aged after mashing red pepper(Gumtap) during frozen storage

torage time(days)
1 14 30 90 180
Items
A | 5199 | 51560 | 51.020 | 50.122 | 49.149
L value | B | 40533 | 40.340 | 39.875 | 39.065 | 38429
C | 30987 | 30.808 | 39.733 | 33.456 | 38.234
A | 31.087 | 30810 | 30.620 | 30544 | 30.410
a value B | 33.063 | 33.030 | 32.637 | 32636 | 31.455
Color C | 32267 | 32.123 | 31.237 | 31436 | 31527
A | 29905 | 29660 | 28787 | 23776 | 28.040
b value | B | 24670 | 24233 | 24.193 | 24003 | 23212
C | 24782 | 24343 | 24210 | 23978 | 23.708
ASTA A 7560 | 7421 | 7118 | 6347 | 61.83
B 5151 | 5412 | 5478 | 5100 | 50.02
color C 5234 | 51.27 | 50.02 | 4827 | 4792
A 5047 | 5008 | 4885 | 46.26 | 4520
Capsanthin(mg/100g)[ B 2084 | 2958 | 2873 | 2842 | 27.68
C 2302 | 2874 | 2864 | 2839 | 2801
Capsaicin A 6206 | 6176 | 6095 | 5854 | 5814
B 792 | 4752 | 4684 | 4575 | 42.98
(mg/100g) C 4791 | 4733 | 4673 | 4624 | 42.03
Dihydrocapsaicin A 2467 | 2092 | 2047 | 1891 | 1855
B 2032 | 1998 | 1942 | 1883 | 17.20
(mg/100g) C 2101 | 1980 | 1968 | 1824 | 1787
Vitamin C A 642 | 58 | 427 | 384 | 133
B 389 | 342 | 298 | 261 | 122
(mg/100g) C 362 | 307 | 264 | 228 | 131
A 465 | 460 | 460 | 460 | 443
pH B 514 | 512 | 508 | 501 | 474
C 500 | 509 | 507 | 493 | 481
A 0584 | 0582 | 0580 | 0542 | 0539
Water activity B 0992 | 0992 | 0989 | 0935 | 0983
C 0992 | 0991 | 0992 | 093 | 094

p €0.05, n=10, A : dried Gumtap powder, B : mashed Gumtap,
C : aged after mashing Gumtap
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Table 10. Organic acid contents of the mashed red pepper

(Pochungchun) treated by blanching, vitamin C and NaCl

mg/100g
Acids . ) . ) . ) . .
Citric acid Quinic acid Malic acid  Fumaric acid
Samples
Control 1023 1602 250 13
A 1092 1451 259 14
B 1080 1547 259 15
C 1118 1466 295 15
p €0.05, n=10

Control : mashed Pochungchun, A : 95C, bmin. blanching, B : blanching
with vitamin C 0.196, C : blanching with NaCl 2%

Table 11. Organic acid contents of the mashed red pepper (Gumtap)
treated by blanching, vitamin C and NaCl

mg/100g
Acids o ) o ‘ . ‘ ‘ ‘
Samples Citric acid Quinic acid Malic acid  Fumaric acid
Control 1234 2229 285 16
A 1285 2110 303 15
B 1273 2018 310 13
C 1278 1997 308 16
p <0.05, n=10

Control : mashed Gumtap, A : 95C, bmin. blanching, B : blanching with
vitamin C 0.1%, C : blanching with NaCl 2%
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Table 12. Effect of mashed red pepper on pH and acidity of Kimchi

fermentation at 2~47C

pH & Fermentation time (weeks)
acidity 0 1 2 3 4 5

A 6.73 6.25 6.09 4.22 4.18 3.93

B 5.65 5.49 547 4.22 3.92 3.90

pH C 543 5.33 5.09 4.20 4.10 3.96
D 5.34 525 5.06 4.11 3.88 3.87

A 0.297 0.301 0.577 0.724 0.779 0.818

Acidity B 0.201 0.318 0.595 0.795 0.781 0.832
(%) C 0.491 0.481 0.518 0.632 0.667 0.702

D 0.495 0.493 0.595 0.644 0.697 0.723

A extracted Kimchi juice of red pepper powder, B : Kimchi liquid of red
pepper powder, C : extracted Kimchi juice of mashed red pepper, D :

Kimchi liquid of mashed red pepper
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Table 13. Effect of mashed red pepper on L value of Kimchi

fermentation at 2~47C

Ferm. time

(Weeks) 0 1 2 3 4 5
Samples”
A 47.82 49.81 51.03 54.60 56.82  50.58
B 29.58 29.97 31.67 31.76 3243  30.30
C 43.80 43.93 55.18 55.31 5850  54.87
D 32.19 32.36 33.60 42.05 3841  34.09

“same as table 12.

Table 14. Effect of mashed red pepper on a value of Kimchi

fermentation at 2~4TC

Ferm. time

(Weeks) 0 1 2 3 4 5
Samples”
A 7.18 7.71 7.83 841 8.03 7.67
B 8.41 851 11.25 11.96 11.01 10.52
C 10.12 10.62 10.43 10.96 10.13 9.26
D 11.58 12.21 14.83 13.69 1245 1242

“same as table 12.
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Table 15. Effect of mashed red pepper on b value of Kimchi

fermentation at 2~47C

Ferm. time

(Weeks) 0 1 2 3 4 5
Samples”
A 1897  22.26 20.9 23.1 24.18  22.85
B 7.42 9.87 9.78 15779  16.24 17.2
C 1809 2037 2783 2481 2469 21.74
D 5.26 559 6.33 1286 1559 14.63

“same as table 12.
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Table 16. Effect of red pepper powder on organic acid contents of

Kimchi liquid during fermentation at 2~4TC

(mg/100ml)
Ferm. time
(weeks) 0 1 2 3 4 5

Acids
Citric acid 7396 6243 1276 N.D N.D N.D
Quinic acid 676.1 566.6 5206 6379 5375 N.D
Lactic acid 1046 9767 11065 1256.1 1341.1 12820
Acetic acid ND 575 2578 4385 4764 5299
Malic acid 676 575 472 53.4 N.D N.D
Fumaric acid 3.1 2.3 29 29 2.8 2.6

N.D : Not detected

Table 17. Effect of mashed red pepper on organic acid contents of

Kimchi liquid during fermentation at 2~4TC

(mg/100ml)
Ferm time
(weeks) 0 1 2 3 4 5
Acids

Citric acid 525.2 589.6 92.8 N.D N.D N.D
Quinic acid 589.1 4547 715 N.D N.D N.D
Lactic acid 428 6782 1071.3 12016 11494 11269
Acetic acid 10.2 40.8 2534 3679 431.2  465.6
Malic acid 735 61.0 21.5 585 N.D N.D
Fumaric acid 1.1 1.6 2.8 2.8 2.8 2.6

N.D : Not detected
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Redness*
15

Moldy flavor Green odor

Pungency

Saltiness Sweetness

Sourness Umami flavor

Fig. 1. QDA of Kimchi with different cultivars of mashed red pepper
before fermentation(* : significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Redness*
157

Moldy flavor 12+ Green odor

Fresh flavor= Pungency**

Saltiness Sweetness

Sourness **x Umami flavor

Fig. 2. QDA of Kimchi with different cultivars of mashed red pepper
fermented for 7 days (¢ : significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Redness*

Moldy flavor Green odor

Fresh flavorx Pungency **

Saltiness Sweetness

Sourness *** Umami flavor

Fig. 3. QDA of Kimchi with different cultivars of mashed red pepper
fermented for 14 days(x : significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Overall acceptability

Appearance

Fig. 4. Acceptance test of Kimchi with different cultivars of red
pepper before fermentation(* : significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Overall
acceptability

Texture X Appearance*

Fig. 5. Acceptance test of Kimchi with different cultivars of mashed
red pepper fermented for 7 days(* : significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Overall
acceptability *

Texture Appearance*

Fig. 6. Acceptance test of Kimchi with different cultivars of mashed
red pepper fermented for 14 days(* : significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Table 18. Effect of mashed red pepper on pH & acidity of Kagdugi

during fermentation at 2~47TC

pH & Fermentation time (weeks)
acidity 0 1 2 3 4 5
A 594 4.49 4.10 4.01 3.97 3.93
B 5.40 4.32 413 3.96 3.92 3.90
pH C 5.37 4.31 3.90 3.85 3.84 3.78
D 4.90 4.09 3.79 3.78 3.78 3.67
A 0.018 0.189 0.274 0.542 0.677 0.694
Acidity B 0.220 0.401 0.543 0.718 0.797 0.834
(%) C 0.045 0.278 0.401 0.631 0.682 0.712

D 0.201 0.432 0.574 0.749 0.803 0.914

"A @ extracted Kagdugi juice of red pepper powder, B : Kagdugi liquid of
red pepper powder, C : extracted Kagdugi juice of mashed red pepper, D :
Kagdugi liquid of mashed red pepper
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Table 19. Effect of mashed red pepper and powder on L value of
extracted Kagdugi juice and Kagdugi liquid during fermentation at
2~47C

Ferm. time
(weeks) 0 1 2 3 4 5
Samples”
A 50.67 51.16 51.71 48.75 48.24 46.32

B 33.47 37.39 34.85 36.85 3652 34.80
C 58.46 57.54 57.21 52.78 5345  51.68
D 39.24 39.64 40.75 41.80 4012 39.85

“same as table 18.

Table 20. Effect of mashed red pepper and powder on a value of
extracted Kagdugi juice and Kagdugi liquid during fermentation at
2~47C

Ferm. time
(weeks) 0 1 2 3 4 5
Samples”
A 13.64 11.37 14.43 14.88 13.65 13.09

B 19.14 23.90 25.64 24.37 21.28  22.03
C 11.38 10.35 16.26 15.46 1530 1547
D 24.79 24.67 27.46 28.52 27136  26.89

“same as table 18.
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Table 21. Effect of mashed red pepper and powder on b value of
extracted Kagdugi juice and Kagdugi liquid during fermentation at
2~47C

Ferm. time
(weeks) 0 1 2 3 4 5
Samples”
A 39.73 41.11 44.26 42.97 42.25  40.39
B 14.55 19.52 24.59 26.78 2354  23.06
C 29.83 32.85 34.84 42.66 4167  42.08
D 21.71 24.09 24.07 28.93 21778 26.95

“same as table 18.
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Table 22. Changes in organic acid contents of Kagdugi liquid with

red pepper powder(Pochungchun) during fermentation at 2~4TC

(mg/100ml)
Ferm. time
(weeks) 0 1 2 3 4 5
Acids

Citric acid 386.8 5672 1479 82.9 N.D N.D
Quinic acid 600.7 5429  551.0 1379 1375 N.D
Lactic acid 69.6 253.0 12183 12322  1141.1 12427
Acetic acid 5.84 376 157.8 1345 1186 1209
Malic acid 48.4 12.1 N.D N.D N.D N.D
Fumaric acid N.D 2.7 1.9 2.1 N.D N.D

N.D : Not detected

Table 23. Changes in organic acid contents of Kagdugi liquid with

mashed red pepper(Pochungchun) during fermentation at 2~4T

(mg/100ml)

Ferm. time

(weeks) 0 1 2 3 4 5
Acids

Citric acid 5186 5474  249.6 120.9 40.8 189
Quinic acid 416.8 3279  241.0 111.6 477 12.6
Lactic acid 32.9 69.7 952.3 892.2 1051.2 11389
Acetic acid N.D 12.8 37.8 1345 1795 1689
Malic acid 28.4 32.1 18.9 N.D N.D N.D
Fumaric acid N.D 1.9 3.7 N.D N.D N.D

N.D : Not detected
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Redness**
15

Moldy flavor Green odor

Fresh flavor=* Pungency
Saltiness Sweetness
Sourness Umami flavor

Fig. 7. QDA of Kakdugi with different cultivars of red pepper before
fermentation(* : significant at level of a=0.05).

—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Redness*x
1571

Moldy flavor 121 Green odor

Fresh flavor* Pungency

Saltiness Sweetness

Umami flavor

Sourness

Fig. 8. QDA of Kakdugi with different cultivars of mashed red
pepper fermented 7 days(* @ significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Redness**

Moldy flavor Green odor

Fresh flavor= Pungency

Sdltiness Sweetness

Sourness Umami flavor

Fig. 9. QDA of Kakdugi with different cultivars of mashed red
pepper fermented 14 days (* @ significant at level of a=0.05).
—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Overall
acceptability

X Appearance*

Fig. 10. Acceptance test of Kakdugi with different cultivars of
mashed red pepper before fermentation(* : significant at level of «a
=0.05).

—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Overall
acceptability

Texture Appearance *

Fig. 11. Acceptance test of Kakdugi with different cultivars of
mashed red pepper fermented for 7 days(x : significant at level of «a
=0.05).

—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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Overall acceptability *
9

Texture Appearance*

Tastex* Odor

Fig. 12. Acceptance test of Kakdugi with different cultivars of
mashed red pepper fermented for 14 days(x : significant at level of a
=0.05).

—— : Control, —M— : Chilbo, —A— : Pochungchun, —x— : Buchon
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woe AHE 5 2718 A vs

P
O

EiuFE ¥, 49, v & dAxety v a5 e AF dx, 30T
incubatorell Al 2A17F A% A=, vk % 0.1% Vitamin C& H7tste] 1Az
st & 57FA A7 2o® gEste] 70T A 4F AxAA &4 & A}

gt
U A7y
1) 239 v}

ARFE A} Hgow B
}_

9 ¥ BuFE vhAE W A9l Fe] 217 o,
10, 20, 40%7} S == #7139

Anss A9, A9, vhste] 0T 30L&k A2 § Be A% 3
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F AR HF 78 Tl 13%7F HEE T0TCAA AbS
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Az AAHTYZE ARFE M Fste] 0T EolA 30%5<2 blanching*] 2]
s a=

o) 139 Ax=xA

_93_



Aars AF F =715 gl o5 255 43, " $ 30T
incubatoroll A 2A17F WX eF A wRwt 3 A uwpd & 0.1%(w/w) HEF C
S H7Me A To F 57HA AIRE 70CA EFARAA st ALEs)
A Th

O

3) 239 FA 54 24

7H) pH 2 A= &4

pH= 3L57FF 1 gl 100 mee] S5 7hehar 2ol 5:3F ankgh o
+ %A (Whatman paper NO.2)E AF§3dte] ofgsto] Ao FFAE, Alm
AA = =3 7 =aF AFAS] ZA7IE vAFd 5 AEAIZ cheese
cloth# oj¥ste] 1P ES Aol ds AIZ=Z AMESIH . 1542 A= bg
of T 45mlE Hlo]7el wol 1At X F&3d] uwwkst
pH meter(Corning pH meter 220, England) & AF-&3te] 33 ¥tE =A% g
SAA Y TR Dbstats ©l-&3dte] o 5%clelA gt xFE
AAE Ttk AR AAY AEE AR 1 mLE At THTE 504
8141915 0.1% phenolphtahalein A Al 9FS 3 7kste] pH 847bA A A8k
28 % NaOHE N S &2 93] lactic acid(%, W/V) Fo=z 4t
SFAGL(28) F S pHOE TYe WHoR ARE FHE F 01%
phenolphtahalein A A 22 #7}5te] pH 847bA] A A3F=d 2 2%¥ NaOH¥
o8 FASATH

Acidity (%, as lactic acid)

0.009x mL of 0.IN NaOHxFxdilution factor
= %100
sample(g)

( F : factor of 0.IN NaOH )

R
des "UAE dEA( 72 =7 A7 A Model T-32)24 5%
st

Ll
A\
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A29 A =S DNS(dinitrosalyeylic acid) B MR (29) 0.2 =431
o &, SRTE 1008 Mg Algd 1 mLet DNS A9 3 mLS &334
e B 587 83 & Wy AlA Spectrophotometer(Hitachi 220S, Japan)
£ o]&3to] 550nmollA FFEE A =AY FHE 3
standard curveoll Z-83to] glucosed] U$o® AAFIL o F 3}
(mg/mL)S.2 YERHRITE 534S AR 1goll S/F+5 2ol 200ml2 783
S 2000rpmoll Al 2A17F wwkel & 50mlE FHa& 10% lead acetate$} 3.2%

—

<2 glucose

>~

o,
ofl

3

o

sodium oxalateE 77} 5mls Ho @WAS A A & oste] 100ml= 4
43 T somogyi MW (30)% o] gale] FUAFS AZaldr.

P uAE 25 54
PHAon A% AR | mLE Bitgol 109 Hagow g4% ¥ 84

o1 =
a 0.1 mLE 3F3 ZFT4E PCA(Plate Count Agar)u]#]ol], ZHAibd4=
MRS(de Man, Rosaga and Sharp agar)®¥j A el spreading culture method®

HE3 th2 30T incubatoroll A 48417+ vk & A3l T).

uh) ofW =] AA
A& 5gol SHS4 100mlE 7hel 1A% ot wtslel FR3 £33 T 9
A2 (1000rpm, 10min)slte] &84T A 2], AAsIL o9 10mll &
A(pH 84)2. 2 AT formaling e} 10mlE 7}s thS 0.IN NaOH& o =
pH 84744 A AZTH e oz FAPS AAste] b o] uwe} ofn
e A s 7Yk
(A-B) x 14 x F

Amino nitrogen(%) = %100
sample(g)

A : 0.IN NaOHE& 2] Alg HAF(ml)
B : 0.IN NaOH$ 9 2] blank test
F : 0.IN NaOH& 2] % A4
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B}) Capsaicinoid A %

Capsaicinoid &2 Ahn(31)¢] WHol T3l desz FE3 £
capsaicin®} hydrocapsaicin®| &3S HPLC(Millenium 32 HPLC System,
USA)E AHg38te] At & 11371 A8 2 g ethanol 16 mlE 24
A kst A A W FE A e 48 mE dAEE sk 045 pm
filter2 o33 ¥ 108] 3 A3Fe] 50 w® HPLCOl FYAIATE capsaicind}
hydrocapsaicin®] %S 33 WE 543 3 AAE = Dbstat T2 &
ol gsto]l fFrolgE 5%elelA HEgta FF=HAE AEskH Column
Cig Column(4.6x250 mm, BECKMAN Ultrasphere, Germany)< A}&3}%aL
Mobile phaset acetonitrile : water(50:50)& AF&3F3 2 flow ratex= 1.5 ml
/min®| At} olul ¥FE A2 SigmaAl A% 8-Methyl-N-Vanillyl-6-Nonen-

amide(capsaicin) ¥} 8-Methyl -N-Vanillyl-NonanamideZ A}-& 3191t}

by

red &S Lee(32)9 WHe]l el ethanol® FE3+ $  glucosest
fructose %S HPLC(Millenium 32 HPLC System, USA)E Al&3}o] A%
At &, 2E7HF AR 05 gol 80%(v/v) ethanol 2.5 mlE 7Fako] 6A17H4
YA 7IHEA F H F&5 & AAEZ (7,000 rpm, 5 min)ste] F5H4S 33t
Ak FAE FEde 50CAA FHFFste] duass &
meel SF5¢ 0.6 me chloroforms 44 & &5 & & I421(7,000
rpm, Smin)3te] AL A5 S 045 mm filter® o3 & 108] 3| Aste] 20
w2 HPLCO FdAIZT. freld s 33 wbE SAHT v
Dbstat Z2 138 o] &3t Fo4F 5%l Figa TEHAE =E
39t Columne sugar PaK I(9 m, 65 mmx300 mm, BECKMAN

Ultrasphere, Germany)2 A}F83F31 31 Mobile phasei= 100% deionized water

E Algdtg o flow ratex 0.5 ml/mine] i th.

>

of) A &
uE7FE L aFHe] MEi= AMAA(Color and color difference meter,

JC-8015, Japan)E ©]-&3}le] Hunter scaledl 23+ L, a, b #&< F3t3ch A=
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& 57 ARE T0TAAM & AdxAA 24712 7 5 Al ARS8t

(2) Mg AAY A=

HFEAIRE 2 U5 T 4x4 m A7|E Ao wjFFAL 112 H] &9
20%(W/V) g5 oF 15~25% A% Aot} oA FEE= 33 T+

oF 1A &A1 & FdS 4o Table 13 22 A oZ A4 A=71A
agstel HFT Ak 2 A = Z717F 74
e E FEdgd Y F4o2 FEs & 20T incubatordl Al A A AL 24
AlZbutel A FH st BAA SR, BeHALE A

w2 Fske] o] &3kt

Table 1. Formula of Kimchi (%)
Chinese cabbage 100
Red pepper power 2
Ginger 0.5
Salt-fermented anchovy extracts 2
Garlic 1

Final salt content was adjusted to 2%

) 234 44 4%

AFE XA £33 E1FE T, A, vd) & 30C incubatorol A 24 3¢
01%E H7tste] & o7HA] A RE Az & 7

AA FHA7IZ2 I F AR oY HFENR(LTTE
2

FEAAA, R ABES ol FatgTh



Table 29} 2t Q7|5 71 60T Z9 & £ 55T incubatoroll 4 1A]

bk WA F wWrbRe EFstar 60TCoAA Zhe AolFHA AR AHE

N

¢

F AgAYse] AeolA AAR WFAT, DFAT, £FS EFs] £
Q2
[e)

7ol @il 25T incubatorol Al 90U 7t <24 Al # T}

Table 32. The mixing ratio of raw materials for the preparation

of kochujang

Materials Ratio(%)
Wheat flour 16.7
Fermented soybeans powder 8.3
Red pepper powder 125
Malt powder 4.2
Salt 8.3
Water 50
Total 100
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30

D - -

a value
— — r\)
o (é)] o (é)] o
1 1 1 1
L] L] L] L]

Fig. 1. Changes in a value of Pochungchun cultivar of mashed red
pepper with different seed content.
A : Seed 0%, B : Seed 10%, C : Seed 20%, D : Seed 40%.
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Overall acceptability
by sensory evaluation
o —_ N w EAN al

Fig. 2. Changes in overall acceptability of Pochungchun cultivar of
mashed red pepper with different seed content.
A : Seed 0%, B : Seed 10%, C : Seed 20%, D : Seed 40%.
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Moisture
(kgH20/kg dry solid)

B

Time(min)
A 1 90C, 30min drying B : 70C drying
Fig. 3. Drying curve of Pochungchun cultivar of red pepper with

different treatment.

@® : whole drying, [ : cut drying, A : mashed drying.
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[A] [B]

(C]

[D]

Fig. 4. Redness of mashed red pepper with different treatment.
A : Mashed, B : Mashed after blanching, C : Mashed after blanching with
0.196 salt D : Mashed after blanching with 0.1%6 vitamin C.
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[A] (8] [C]

(D] [E]

Fig. 5. Redness of Pochungchun cultivar of red pepper powder with
different processing methods.
A : Control, B : Cut drying, C : Mashed drying after aging,
D : Mashed drying, E : drying with 0.1% vit. C.
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7h vt Az 1o AFS pHel W

Auk A 120459 A E7 = 2 2ol7F 99T vitamin CE A g
A 12097 4642 7 oka U X Al 259 pHEFS 47500 4 4.83

Fo pHE nFel Tga A A¥E
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al
ot 239 A RS ascorbic, oxalic,
cis—aconitic, citric, malic, fumaric, shikimic, pyroglutamic acid o] =4
©o] ¥ ascorbic, citric, oxalic acide AZF T3] ZAas= ¥, malic,
fumaric, cis—aconitic aicd= 78R tH(36). ZH 22 AX
ol TS UEd AEo] EAsy] wiEdd dAAHez A
A & AR AR ETH
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5.5

4-0 T T T T T T T
0 15 30 45 60 75 90 105 120

Storage time(Days)

Fig. 6. Changes in pH of red pepper powder with different drying
conditions during storage at —-20TC.

®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥:. Cut drying, V -

V' : Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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W) mlf A% 139 AAF F Capsaicin @ Dihydrocapsaicin® 3ol W3}

Lol g L’%Z«Q] A A %= capsaicin % dihydrocapsaicin®] 3+#@H 3= Fig.
15 ) 27-9] capsaicin & #°] 59.38mg% = tE A o
), o] & A3 Fraslte] 1208 AFAI7A FL HEF
ihydrocapsaicin®] 3t#w slo] % capsaicin®] =5 89
oz T, dadz vt iz, vit. C J7F A2, vk 45
ol FAuS AdstorA dF osto] A FFEol
Luning 5(36)¢] B9} dZFe] ¢35t capsaicino] 57| wf&
Z7F 98 A Z0| W3] capsaicin g#Fo] 20~30% #HAE A= Kim
3 Chun(5)®] Bt mpz7iA|&2 sz 4% ddd xR capsaicin &
gFo] yrolx = of e TUS olfEt AtEHET. X3 capsaicint
dihydrocapsaicin< T %74 © & phenolic group® methoxy group®] 7}7}e] &
Ast7] el bshRkgo] HA dojd & A=u(36) e Ak 2 omp A
2]+ ©o]E phenolic group®} methoxy group? AH3tE ¢ & &3t 713 A
g Welgt dekE

B3l gBAQ A2 AMAEe 1FEL Az oRd Fadt 13 5

o ot
e N e

rsz' Ez (o -

o Bu

r My od &

) i)

32 8

o

oo B

o,

=

rE«,

=2
i)
A%y
o
F

=

A=

)

o wE ws Y AMAES capsaicinoide]™  ©] A2 capsaicin®}
dihydrocapsaicin 52 o1& 7}#A ¥3 9 E¥3} ofnfol= 33

olg g AiEEol HIHor IfFH me vte AAst= A
(37,38). Capsaicinoids®] =A== 55024 13 FAUYd iy & AL
o]  capsaicin®  dihydrocapsaicin®] i, ©°]E  ©]€d]  nordihydrocapsaicin,
homodihydrocapsaicin 2 homodihydrocapsaicin®] ®j-¢- 2 & o2 EA3H, o &
= 1F9 wE we A FE=E N FL3I AELS capsaicin

dihydrocapsaicin®] tH(37).
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(3]

A
o

Capsaicin content
(mg%, dry weight)
i-N
(3,

B
o
|

35 T T T T T T T 1
0 15 30 45 60 75 90 105 120

Storage time(Days)

Fig. 7. Changes in capsaicin content of red pepper powder with

different drying methods during storage at —-20C.
®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥:. Cut drying, V -

V' Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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30

(mg%, dry weight)
N
o

Dihydrocapsaicin content

1 5 T T T T T T T
0 15 30 45 60 75 90 105 120

Storage time(Days)

Fig. 8. Changes in dihydrocapsaicin content of red pepper powder
with different drying methods during storage at -207C.

@®-®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
V: Mashed drying with 0.1% Vit. C, ll-Il: Mashed drying after aging.
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) w1z 139 AF T FEF A

Az uFe A T glucose 2 fructosed] o W= Fig. 9, 103
2t} Glucose 3-8 Fig. 99} o] 159 AAA7A = txT9 Ttko] 74
=okot ol A FHAdte] 459 A Alel= vitamin C A gl ok R F
AAzx AgTre golgon 1204 AGAIZEA ASG sdd FES BA
1204 A A&AAll  vitamin C 2879 glucosed o] 3.028 714 =gk}
T3 fructosedt® W3lE Fig. 103 Zo] mty & <A
Hh 16 AGAd s @ S BAA o] F 45U AFAIMA o 2=+
A2F ZHadto] vitamin C A 2l7-¢k v § A E ARy dopx o
T 1209 AFAZA FLE FFES Kol ATh wEbA "

s &

o
R
2
ol
N
i
B
Olr

sheko]l Wish= vit. C A T7F Fade] 7H AJa 1 o v 4% A
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Fig. 9. Changes in glucose content of red pepper powder with

different drying methods during storage at -20C.
®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥:. Cut drying, V -

V' Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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Fig. 10. Changes in fructose content of red pepper powder with

different drying methods during storage at -20C.
®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥:. Cut drying, V -

V' Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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Fig. 11. Changes in L(lightness) value of red pepper powder with

different drying methods during storage at -20TC.

Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V —

V' Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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Fig. 12. Changes in a(redness) value of red pepper powder with

different drying methods during storage at -20TC.
®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥:. Cut drying, V -

V' Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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Fig. 13. Changes in b(yellowness) value of red pepper powder with
different drying methods during storage at -20TC.
@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥:. Cut drying, V -

V' Mashed drying with 0.1% Vit. C, ll-l: Mashed drying after aging.
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Fig. 14. Color acceptability by sensory test of red pepper powder
with different drying methods.

A : Control(hole drying), B : Mashed drying, C : Cut drying, D : Mashed
drying with 0.1% Vit. C, E : Mashed drying after aging.
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Fig. 15. Taste acceptability by sensory test of red pepper powder
with different drying methods.

A : Controlthole drying), B : Mashed drying, C : Cut drying, D : Drying
with 0.1%6 Vit. C, E : Mash-drying after aging.
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Fig. 16. Changes in pH of Kimchi with different red pepper powder
during fermentation at 20°C.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V-
V. Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 17. Changes in acidity of Kimchi with different red pepper
powder during fermentation at 20°C.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V-
V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 18. Changes in reducing sugar of Kimchi with different red
pepper powder during fermentation at 20TC.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V-
V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 19. Changes in lightness(L) of Kimchi with different red pepper
powder during fermentation at 20°C.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V-
V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 20. Changes in red color(a) of Kimchi with different red pepper

powder during fermentation at 20°C.
@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V -

V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 21. Changes in yellow color(b) of Kimchi with different red

pepper powder during fermentation at 20TC.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V -

V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 22. Changes in total microbial count of Kimchi with different red
pepper powder during fermentation at 20TC.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V-
V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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Fig. 23. Changes in lactic acid bacterial count of Kimchi with different
red pepper powder during fermentation at 20°C.

@®-@®: Control(hole drying), O-O: Cut drying, ¥-V¥: Mashed drying, V-
V: Mashed drying after aging, ll-l: Drying with Vit C 0.1%
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(P<0.05)5 HolW 7Hd F9kh

Table 3. Statistical analysis of sensory evaluation scores of Kimchi

Apperance Aroma Taste Texture Overalk

acceptability
F-value 3.49° 366~ 040 0.86 0.96
Control (hole drying) 395" 396" 438 483" 437
Cut drying 3.72" 372" 4610 427 4.16"
Mashed drying 5.08" 546°  512° 516 5.16°
Drying with Vit C 0.1%| 577" 392° 465" 527 4.92°
Mashed drying after aging| 6.64 5.71° 5.19° 5.01% 547

- “P Means with the same letter are not significantly different(p<0.05).
- The higher scores indicate the higher preference

<% 0P <005 = P <001, % P < 0.001
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Fig. 24. Changes in pH of Kochujang with different red pepper
powder during storage at 25T.

@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
v: Drying with Vit C 0.1%, ll-I: Mashed drying after aging
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Fig. 25. Changes in acidity of Kochujang with different red pepper
powder during storage at 25T.

@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
Vv: Drying with Vit C 0.1%5, Ill-l: Mashed drying after aging
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Fig. 26. Changes in reducing sugar content of Kochujang with
different red pepper powder during storage at 25T.

@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
Vv: Drying with Vit C 0.1%, Ill-Il: Mashed drying after aging
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Fig. 27. Changes in amino type nitrogen content of Kochujang
with different red pepper powder during storage at 25T.
@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
v: Drying with Vit C 0.1%, ll-I: Mashed drying after aging
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Fig. 28. Changes in Lightness(L) of Kochujang with different red

pepper powder during storage at 25C.
@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
v: Drying with Vit C 0.1%, ll-I: Mashed drying after aging
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Fig. 29. Changes in red color(a) of Kochujang with different red
pepper powder during storage at 25T.

@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-
Vv: Drying with Vit C 0.1%, Ill-Il: Mashed drying after aging
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Fig. 30. Changes in yellow color(b) of Kochujang with different

red pepper powder during storage at 25C.
@®-@®: Control(hole drying), O-O: Mashed drying, ¥-V¥: Cut drying, V-

Vv: Drying with Vit C 0.1%, Ill-Il: Mashed drying after aging
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Appearance **x*
9

Overall acceptability

Fig. 31. Acceptance test of Kochujang with different red pepper
powder(* : significant at level of a=0.05)
- - Controlthole drying), —® - Mashed drying, —4-: Cut drying, -@-:

Drying with Vit C 0.196, —*-: Mashed drying after aging
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