A

I

=

EXI) \

~—

_

"

[l

B 5
3 =
~ -
U=
= £
JXIO m
Ho 2 ~
T
CLRCI <
12}
= ) N
i B S 5T L2 o
z L m_w_ 3 i
&) pH gL 5 - 5
L =
: ol g g =y 3 o+
3 s 2 TS i 9 Hp
Wt 5 2 ™ w " . B,
—~ Koo @ g o~ T <« — ~n 2
T £ £ T z =
= B OE E W
® fw 202 f
Z - g o
- 0 “ io
o Moo o
_ £
= <2
oy 2
2 A
n_i ~
FREN TR BRI TR WTYT B Horomw w5
o
S
G ar
4 a8
o 5
B! ZT @ o)
K =




il
" :
- — Iz
! i o
g iy = B
l RPRERTTRRRT TR BT T HPRTTETT
T <T AR AR o o] TR o) R o T B g WO RO BB R OIFEHAORT
» G %o %0 %5 4 W M 5 BT R R0 AT O B N KB ) FHEROROS S
_
Lo
o R K HHF PR TR F P FFF K FHFHFHF
. T o of T oF T oF on
K & ~ R R ~ " ~ R G
= it ai i ala ot e s eVt o) o ot oy I
T_ = X 3 BB 3 B B B B
H 4 W 1k bo to to po o
ﬂ T E B BB BT BT B BB BB B B BB BB
(2
N W)
oF
R il
X S
o0
a3
N
of
o Hia
G =T
7 x
o0 5
o Wy
Hip Jx_l
9 o
<] o B
N T
(o o TR

&
=
=



A

%o

e
K

s}ehgH g =l

2 ATFEA,

Him

~—
o

o
el
he

N

&

Ae zvRe] Fojagle] dHFEe
el FQ issueZ FZhE o] 2 F71A|

I~
T

=
=

Al
A

= #H71&

o
o

Sol AyEol gt

s

=0

3!

o)
G

RN

Q35

1)

7N B Fe =

é-_]__

A%

o waty M7 =AY

gAY -

o
=

=
=

$4997H

T
T

ghg-& e

A i &

II.



. €4 ol 2oy 8t

Fef ok 2ok, &)

T

O

2.0 o

T
Aw3t A 1 EA ] B FASNAE

wK
==

!
2§
iy

w

@)

il

ZA}

o A F471F =

xr
R

o}
wK
ot

Ko
Ul

hurdle technology 7]& &§
AT

o B4 AP A5 A7

o =94 AYrle HE
B Z2ueiA Mgsd dd7ls g (F%

B

@)

N

&0

Mo
K
oL
gl

@)



'8 A o) A 8 )

AT A
W A AA A

V.

o

A 1
I S R P % KT
ol NN T S o O 34 7 ~ o
SR (S Tz B o Z oM oR
T W 11|mmﬂ.% N o= ﬂﬁw o XM i T b I

N o o Mo N o|/ N [ & o
) e ,_nw_w_u olo __o_l U_.E m_._._ ,A_._ 71_ \_lﬁoﬂ a — _.___.:
AK I g g o oy Fm B 9 YV o = i X oy
- 9 o wﬂwuaauﬁ o P o o O o om B T T W
A e P m N A g 7w T - o g A
o ud.r o H ' W el jie Q g ~ O X A 2 al S o
i I B T 55 5 B OB s g mw_w = &0 %%

0 Fogom > o A g N =t S -
) ﬂmﬂawﬂﬁ ~ P oTow oo 3 g o
7 %mﬁw%wﬂ% A _nE e g = 5 7
= FCERCERE i SH¥° mET e
e N~ £} o wh X <] . T+ i =r £} e X Jo o
2 = W s #® o o W E m Mo T T W
5 = =3 5 ™ B o Wy g o] ® Mo == N
g K g = weos v = ' Al e T Mo 4

s « s T B En_au m M " & TE " c N X ) T B
= maﬂo@mHmo_L T EE T IR Vawm..m%
W B o W5 o g oo B U < w R g ok oL T =
o .8 c g < ¥ = 4= . m_xyﬁmﬂ
[ o . T T e Tk . ) To v — 9 or
- o) ﬂﬂw1u%.@ ” a T o w oo o o w 25 £ E
H_—.,_A o __on_ Q_o U_.E ‘_m_- ‘_In_ﬂ G HT_ Zm_ _._._o ,I.__% @W ,_l‘l@l ﬂﬂ_ Murm z,._o ) m W ﬂ:._

T ogp W & o S oo L 3o < T 3 = &
H,%l.ml_%ﬂo_a cﬁoalﬁiwx Zow B T Mo oW g
T RET =2 % S dp o A X < B am Mo o o A
TS EAR R FE G v 94T B o T L © T ”
@@uﬁcq@q1aﬂi@:_§fo Pwde s FELEZ
= oo o g W o o~ W R e U ol N G- TR Hp RO
B oow ﬂevy N _W.E Cka X iy ﬁ_%glmL% 5w g o+

ko e A T B @ OB K o T >
mﬂ_zﬁ%ﬂnm%_wﬁoﬁ%ﬂ,%ﬁ m_,ofﬂ%ﬁmoﬂw,o_e
gmmﬂim_xmﬂ__ﬁoamg%z&oHT Hﬂaﬂ@ﬂ?qa@wa
o BN = ®ow 0 o ™Mox = = W o N
5 w 4 mmuc 5 5 0 oo~ Mo T Wjﬂmﬂi ﬂnﬁaﬂm "
T 5 o2 < = ﬁegp\ﬁmwﬁ_%o of & l %L@%_$1|x S
L 0 mogm,ﬁ L B ﬁﬂw % I %Mﬁugmlﬁ

- i

o ¥oe ' oM W Wu A_u/_m % dQ w® % N T Wu %uo o M-WE :._/ o
o o i ok = B o T~ N KM %! Nr1_ m

_—A jan — ‘.Jl
B O . T N 3

O

SE

S

PPO 4 A



i
2%

W
o

~—
o

EH

ol
)

59, Abrheetol

T
T

7} wE R w

v

=1
=

H oAl o3 ¢ Bye, Gal

¥l

Az

)

‘cq

o ZH A A

A3 45TC¢ 1 LoME AZ7|7F T PPOEA A 3iE

é-_]__

g

wK

ot

—

_ZU
)
—_

732y 714 (2,280

T
T

A= ©l

5L 2~
g 5

]

[}
8=

L
—a-

3

2

ZAHAA A ] £~8H] 8-S 47619/F 100L

€ /100g)

r

=94 g 7]

é-_]__

_OA

tad. Zhzrel 2214 A2

HES

e

B @A

T COx AY Alelle &Y Ak AA9H US HE A

Ho

K

At.

Q]
=

e CO, A F7F AF-Ado|v} secondary browning©]

=)

¢} v

foll o &xHolgta AR H o

d A7t 2 A§

CO, &

T
T

Yo B8 AYEG

or

EAgs]

ki3

o Abst, 4F, Al BHF AHge o

A}t el

sttt

3

I~
T

Sha

ki3

_OA

=79 HAH3E
37FA EZ oA BE5F ultrasonication®} 1% ascorbic acid€]

A

Al ek

e A7t
7b 40 KHzo] 2o}

2]

3fj el

<

¢

’
’

=
T

=
R

Bao. HA3} 2A4E 1.66% ascorbics}t 1

BHE

=
T

a4 A



)

kel

37}

g &9 HelHE

o}

1l ol

Az 7h e 2 As

3

[e]
01;-1'%'

T /AT

A

5 =X hurdle technology 7]

1}

)

il

14 0.04 mm OPPZEE,

dotr 7] 3

3=

g

| 2% oAAEZFHT} 7HF

0.04 mm PP¥EE, 0.04 mm PE¥E, NylonZ

)

Nylone. 2

& Ao uuyg. sixRte R P

=
3

A}t el

T

T

2 Vet 2238 £33 hurdle technology

1.66% ascorbic acid¢} 40 KHz® 187 &3}

3

o #e)

B

]2 1% ascorbic

AARZ 40T A 30

T

T

2 73

™
)

~
o

o] Nylon &

A8t m)

T

st

S

=4

=

=

2 hurdle technology

W Z2RoA Aeged 7= N2(RAF

wK

.i|o

il

~
0

Mo

oF
!

Aze 4w

=

oy

&, Atk A

al A

Aze olFE #Iy 2

2 ZAEAY. &

~u
il

wK

o
il

2 AA 48 3 Adsele BAAY HETL

D Al whed

o &9 FHE AHYrle AL dF
Azt AE A 37h 2 Al

T



e JANZ BE AT 2 Fado] 50%0]d vrol W oA
Ak FE FHE g %ﬂa Zz71 oz AMdHo] A, FAF,
Zyzh 55T A 60 =, 50CA 30 %, 60ColA 15 =2 IAHZ] HFY =1S A9
Aol AFFA, FFFE, Alzhel tigk A (A e] A 55T, 60x/AldHe] g
F 50T, 30%/414¥He] AT 60T, 15%) 2 FZWHA| HEAHIE xﬂ% A
T, s o] vsle] dHoAle duldoz ERAH Aem FAHEAC

=
L_l}i
2

o FEd 2 WY ¥ AHYZH 75 FEEE active MAZH S st W B FHWS
£ AR 23, Az gl 2 ol A Olﬁi}%_,_ =7t =54 L 3 AES] Wyt 4
Rom, ZAWHE Al 22 ¥glE Bt 3 PPOZE/H PALE YA E 1 ojitgiets X
ol FAY T v EAFAHES AASAAT EL olisga FERE A% FUH IF
o2 BFHIL olF oA e HFE ol AHiFez 02 5% : CO2 10%7F 7FE F&

1. A3A
- ZYEFHZY 134, =E94F 154, Auvt 23 14, =EAA 83



o =524
FUAE =57 29% | EUdE
Z5utel AW AsA o] HEAHE ol o5t ) Fo
2008 B °° m 3=l = | 10—2008—0131834
ZA¥S WA st BEZHE AAsts 7
2011 | B2 22EL FHate 2UNAL 242 T g | 10-2011-0054683
2011 | A=y FE2ES FHoe A E =4S gkl = | 10—2011-0054686
2012 | i 2E2EBL FHotE 1A THNA 24E g = | 10-2012—0115392
2012 | 2% 22EL Tgste 2d 2HwR 242 g = | 10-2012-011539
2012 G FEES IS A AR 2A4E i gkl = | 10—-2012—0115402
2013 LA} FEEL Tt dHAE ZAE 3l = | 10—2013—-0078571
2013 | Wizlor 22EL Foots THENAL 2HE g = | 10-2013-0078548
2013 | RALY 228 FHots BERAE 24T | YI}UT | 10-2013-0078562
2013 | BHolH 2ZEL Fhots THERAL 2HE | gFUD | 10-2013-0078511
2013 | s 2282 FHois AWEAE 24E tEHR T | 10-2011-0078577
2013 AAFZEES Fhole 2HUAE =4E o S+l = 43 F
2013 | AAFEEo] =& A ZHYA§ =A4E o S+l = 43 F
o =EUE 2 AR
72 =2 8973 AT | wEA
Effects of Taraxacum platycarpum and
¥ | Chrysanthemum indicum Extracts as Bl A Z 31 8} 3] 2011 | A8 =
Antibrowning Agents in Apple Slices
Antioxidative Activities and Antibrowning
93 | Effects of Apple and Onion Extracts Bl A Z 31 8} 3] 2011 | 4438 =
in Apple Slices
Effects of Combined Green Tea Extracts
2 | and Propolis on Antibrowning Bl 2] Z- 3] 5} 3] 2011 | A3 =
in Apple Slices
Fresh—cut 2011
. . . . (International
ayg Screening o'f various antibrowning agents Conference Quality 2011 | 71718 =
for apple slices Management of Fresh
Cut Produce)
_ | Screening of Various Antibrowning Agents | IPS 2012 (International _
)13 ] =
LS for Apple Slices Postharvest Symposium) 2012 | 443 3
Effects of Antioxidative Activities and IPS 2012 (International
13 Antibrowning to Citrus unshiu Extracts in Postharvest gyi;gislizrrf) 2012 | WA S
Apple Slices




7 = 53] 9% | wmA
_ | Screening of Various Antibrowning Agents Bl A Z }

123 . - 2012 | 2AA3 =

= for Potato Slices 4 3} 5} 3] #ds S
289 Pirs 2 BAA 3t ENELL
Scutellaria baicalensis Extracts as Natural . s i}

18 e , el 2013 | A3 =

= Inhibitors of Food Browning =HEES AdE s

gy Dyioncide &9 A7k AdBel R | ARTAFAGHET | L0 g o

STAR F 2R B4 nAE 9% 3] oo
1FE CO29% A& blanching H-E&xa87} | . - )

| ZAZ RO EF

4 AdEel g AT F FAN GlAE G 50T TR 012 | 3a3 5
3}

Effects of phytoncide solution on

2¥ | microbiological and sensory characteristics | 3F=-4] %1} 8} 3] 2012 | Ax38 =
of fresh—cut lettuce
Browning inhibition of fresh—cut Tsugaru

2@¥ | apples by cotreatment of CO2 gas, Bl A .3} 5} 3] 2012 | =AM =
ultrasound and ascorbic acid

- | %= CO2¢ Ascorbic acid &2 7} 4l S A=A A -
[l = . L = 2011 | AAY &
ARY 2% Ak FA RAE 9 4533
B Effects of Comb.lned Treatment‘mth.ngh ASEAN FOOD _
B¥ | CO2 Concentration and Ascorbic acid on 2011 | AAXg =
. .. CONFERENCE
Browning of Fresh—cut Fuji Apples
S Al 2] RO E
4 AdBel FLE BAA T1E BE | pm mgone | 2012 | AR
= =270 v
AA 29 o AA MLE T Fh, A% |
i ’ 3T E

A |8 e B9 F2E gaa 9 24 gEaERd 20U aag
A &7 7}8}3] %] 24(3)

A A Z2HANAZA Y A5 & HA= F Sk A F A 2011 273 =
229 i3 9 PuofA & #EGRA | 184 | FEH S
Phytoncide &7} 214 o] oo A =

I AR}

A | E olBed, MAERY 2 wEy Bae) | eS| 208 ey g
mx= ok 5 8+3] #] 20(2)

e EREAYos 45T zewet A | o

A | & B BeAR 2ol Agwe) o | Loir ¥ A ey g
439 2z B4 nAE 9 FE A
gz 2 dHANA HEA] o3 y =

L= A 32 =) R}

AR | AdHe] gAAE] A F EASA RRARAE 2082 e s
e #5537 0

A4 %S9 2 Ascorbic acid H-&H g7 AAM Sk 2 5 A g 2012 | g =
A 2R ATk Rl HAE g #E5SIA | 19(3) T o

AR Aol A4S Alghel AR F4 Sk 2 5 A g 2012 AP =
of A= FEF %5337 19(2) =

A 1FE CO29 Ascorbic acid A&7} 4144 S A =% 3} 2011 el =
o AL3be] Z o) m| X JTF 5 8+3] #] 18(4) | 7= °

_10_




A
TAT B
g 72

2.

)

i
)

Ho

el

Hp

A g

11



SUMMARY

I. Research Title

Development of natural resources and processes for the inhibition of browning in

fresh—cut produces.

II. Purpose and necessity of research

1. Purpose of Research

This is a practical research for prevention of browning during the processing of fresh
food. The objectives of this research are to replace browning inhibitors from chemically
synthetic compounds to natural browning inhibitors using domestic agricultural and fishery
resources, and to develop the commercialization of natural browning inhibitors. At the
same time, they are to improve a unit process for the browning inhibition at industrial
manufacturing system levels, to establish operating conditions, and to present the basic

models of treatment processes according to the items.

2. Need for research

o Browning reaction, severe quality reduction of fresh—cut food, is the selection standard of
consumers buying behavior, and is the major cause of refuse rate occurrence. Many
researches and methods have been performed by being magnified as a critical issue in
the food industry.

o Despite active researches and industry’s efforts for the market entry until the late
1990’s and early 2000’s, the domestic and international market extensions have been

stagnant because the consumers tend to avoid chemical food additives.

o Therefore, in order to promote the industry development of fresh—cut food like advanced
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foreign countries, the development of materials and application techniques for a browning
inhibitor derived from natural resources is required to be able to replace the synthetic

additives that the domestic consumers have expressed the sensitive reactions.

II. Contents and Scopes of Research

o Detailed contents are as follows

B Development of natural browning inhibitors and research of characteristics
o Screening of various natural substances
o Researh on anti—browning and antioxidative effects of natural substances extract
o Verify a selected natural substances extract as antibrowning inhibitor

o The anti—browning effects of selected natural substances by drying and storage

B Development of browning inhibitors and commercialization techniques
o Investigation on the physicochemical and antioxidant properties of existing found materials

o Investigation on the mechanism characteristics of browning inhibitors

O

Research on the optimal mixing techniques of extracts

@)

Research on the stability of browning inhibitors by environmental conditions

O

Analysis of verification experiments and effects

B Development of combine treatment for synergy effects of browning inhibition
o Research on physical treatments
o Optimization of physical treatment process

o Establishment of the hurdle technology for commercialization of each fruit vegetables

B Development of processing technology for browning inhibition in fresh—cut product

o Investigation on the factors of browning occurrence and the rate of quality loss during

the fresh—cut food processing

o Research on the improvement of processing technology in a unit process

_13_



o Development of packaging technology

o Establishment of treatment process by items

IV. Research Results

B Development of natural anti—browning inhibitors and research of characteristics

o The water and ethanol extract of traditional medical herbs, green tea, citrus fruit peel,

O

etc. were investigated of antibrowning effects.

The extracts of traditional medical herbs C and citrus fruit peel showed higher than
other natural substances for PPO inhibitory activity, DPPH radical scavenging activity,
metal chelating activity, total phenolic/flavonoid contents. And the color of apple and

potato slices dipped in extracts of C and citrus fruit peel was better than other extracts.

o The extracts of traditional medical herbs C and citrus fruit peel were fractionated into

solvents. CHCl3 and hexane fractions showed high PPO inhibitory activity, and also, the
maximum activity was achieved when L—DOPA was used as substrate. Likewise, these
fractions were measured for various browning inhibitory factors using HPLC analysis
because the results of antibrowning effects were very different from antioxidative effect.
CHCIls fraction exhibited the highest phenolic compounds, the contents of enzymatic
browning inhibitors (ferulic acid, hesperidin, neohesperidin, nobiletin) were much more

than substrates (caffeic acid, coumaric acid, narirutin).

o The citrus fruit peel showed high PPO inhibitory activity, metal chelating activity, and

total phenolic contents by freeze drying methods. The apple slice dipped citrus fruit peel

extract seems to be effective in controlling of enzymatic browning during 9 days at 4C.

B Development of browning inhibitors and commercialization techniques

o Selection for the candidate materials from natural browning inhibitors : About 49 kinds of

plant materials that reported or have been passed down about the antioxidant capacity,
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O

about 105 kinds of mountain herbs based on use as the traditional medicines among the
people and use as the therapy or disease preventors in oriental medicines for
skin—lightening, white hair, and skin—related diseases, and about 18 kinds of pH adjusters
by considering the organic acid content and the sour taste characteristics were selected
as candidate materials.

Prior selection for the natural browning inhibitors : 38 kinds of prior browning inhibitors
were selected according to the inhibitory ability of tyrosinase activation by the type of
extraction solvent and substrate, and according to the effect of application on peeled
potato.

Research on browning—related quality properties and kinetics of preliminary selected
materials : Among 38kinds of candidate materials, 8 kinds of browning inhibitors were
selected by estimating the inhibitory mechanism of PPO activity based on pH, titratable
acidity, phenolic compound content, inhibitory ability of PPO activity, DPPH radical
scavenging activity, and chelating capacity. And then, 5 kinds of natural extracts were
selected by the analysis of correlation between analysis of inhibitory patterns of PPO
activity and browning inhibition—related quality factors for peeled—cut potato and apple

slices with 8 kinds of extracts.

o Research on the optimal mixing techniques by browning inhibition mechanism : Optimum

O

concentration was established by optimal mixing method with different concentrations of
selected 5 kinds of natural extracts through the analysis of surface response method,
and corroborate experiment was conducted. As a result, 5 days for peeled—cut potato, 4
days for apple slices, and 4 days for cut head lettuce were able to maintain their
marketability with the inhibition of browning reaction.

Research on the stability of browning inhibitors by the environmental conditions
According to the result of storability experiment by different environmental temperature
with Bye, Gal and 5 kinds of mixed extracts, the inhibition ability of PPO activity is a
stable level, but the each value of quality characteristics by different items and by
environmental temperature had low correlation with the preference changes by sensory

evaluation. Thus, the estimation of shelf—life was impossible.
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B Development of combine treatment for synergy effects of browning inhibition

o Research on physical treatments : To inhibit of browning on fresh—cut apples, the
treatments of high pressure CO, gas, low—temperature blanching and ultrasonication were
investigated. The single treatment of high pressure CO; gas and combine treatment with
ascorbic acid solution, ultrasonication were effective to inhibit browning. Especially, the
CO, treatment prevented the secondary browning and the single treatment of CO, gas is
more effective than combine treatment.

o Research on optimization of physical treatment process : This study was investigated the
optimized condition of physical treatment on fresh—cut apples, lettuces, potatoes. In the
case of apples, the combine treatment of ultrasonicaion with 1% ascorbic acid inhibited
the browning. The optimized condition was 1.66% ascorbic acid and 40 KHz
ultrasonication for 1 minute. The combine treatment of ultrasonication with blanching
was effective to inhibit browning of fresh—cut lettuce. The optimized condition was 40
KHz ultrasonication for 90 seconds and blanching at 45C for 90 seconds. The blanching
was also effective to inhibit browning of fresh—cut potatoes, it is difficult to acquire the
conclusion of high confidence level because of whitening and drying.

o Establish of the hurdle technology for commercialization of each fruit vegetable : The
packaging materials(OPP, PP, PE, Nylon) were investigated the change of quality
properties on fresh—cut apples, lettuces, potatoes. In the case of apples, The PP film was
suitable for apples and the OPP film was suitable for fresh—cut lettuces. The fresh—cut
potatoes packed in nylon film, it was effective to inhibit quality deterioration. The hurdle
technology of fresh—cut apples is combine treatment of 1.66% ascorbic acid with 40 KHz
ulatrasonication for 1 minute and packing in the polypropylene film. In the case of
fresh—cut lettuces, the combine treatment of 40 KHz ultrasonication for 90 seconds with
blanching at 45C for 90 seconds. Lastly, the hurdle technology of fresh—cut potatoes is
the blanching at 40C for 30 minutes wholly, peeling, cutting and dipping in 1% ascorbic

acid for 1 minute.

B Development of processing technology for browning inhibition of fresh—cut product
o Investigation on the factors of browning occurrence and the rate of quality loss during
the fresh—cut food processing: In the research of product transfer methods and

environmental conditions (temperature, exposure level) between unit processes, the process
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in fresh—cut product producing focused on temperature control in potato products, foreign
matters control and steralization in head lettuce products, and browning inhibition in apple
products. Main process of browning occurrence was cutting and packaging in potato
products, packaging method in head lettuce products, and was peeling, cutting, browning
inhibition process in apple products.

o Research on the improvement of treatment technique by a unit process: According to the
result of fresh—cut food browning by cutting materials, the ceramic cutting material was
effective for the browning inhibition. But, economical efficiency is considered for practical
application and industrialization because the ceramic material is much more expensive
than stainless material. In the research of oxygen contact inhibition technology during
transportation, fresh cut potato did not show significant difference between oxygen
contact time and degree of browning. The treatment condition of cutting—in—water for the
inhibition of oxygen contact in fresh—cut apple was effective for the browning inhibition
with lower browning progress level over 50%. The optimum heat treatment condition for
the improvement of quality set 60 sec at 55C for fresh—cut potato, 30 sec at 50C for
fresh—cut head lettuce, and 15 sec at 60C for fresh—cut apple, respectively. The
combination of heat treatment and browning inhibitor for fresh—cut potato, lettuce, and
apple showed the relatively positive effect on browning inhibition compare to
no—treatment or one—treatment.

o Establishment of packaging method and treatment process by items : In the research of
browning and quality change with active MA packaging, the higher CO. concentration, the
lower L, AE change and browning index. Even though PPO activity and PAL activity of
high CO, packaging were lower than those of no—treatment, the off flavor in sensory
evaluation got low scores due to anaerobic respiration by high CO, concentration.
Conclusively, the relatively optimum packaging condition of fresh cut potato, lettuce, and

apple was considered as the O, 5% : CO, 10% for the active MA packaging.

V. Research Results and Uilization Plans
1. Research Results

o Application for 13 patents, 16 presentations, and publication of 8 papers

o Media—Report on our research results in June, 2013
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2. Plans for Utilization of Research Results

o The result of this research project would disseminate to the fresh—cut fruit vegetables
manufacturer in whole country by technology transfer to SNTech corporation, a natural
antimicrobial agent manufacturing company. The research of production process will push
ahead the industrialization of developed technology despite after finishing research project.

o According to the result of this research project, we would contribute to develop fresh—cut
food industry by disseminating the manufacturing technique of fresh cut potato, head

lettuce, and apple for high quality. And we plan to provide products of improved

customer satisfaction by excellent sensory characteristics.

o Academic activities and technology promotion will be continued.
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M3 PPOS] T glo] polyphenolstg&Eo| 4HslEo] @AlstE vl gAY Z¥Hubgo=z
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SES RIS

A 14, ZAAAA L] &4 d= 2 AEFIAT

1 AQZHAAA 24 22(HFD

FAaxMzA A, 52, 9E, A=, &9, citrusF FLHE, Z2EY2 5] AMEH
Rom T EZFXA(FEAE non-alcohol 20%)E A Lgk LAE et 5 E &L FF
HHE A8t FE2ES AT

1) PPO A3&EA

FEE 01% F%=o thgk PPO &4 AsE S catechin 7|2S o3t HlwI A=
Table 1-13} Zom W ztok(Paeonia lactiflora Pallas) @S FEENA 56.24% = 714 =& A
IS BRIt 2 veo g2 E3Aucklandia lappa Decne), Wk(Salvia miltiorrhiz Bunge), 3+
F(Scutellaria baicalensis) &89 T2 2 PPO AP Ao] =o A4 FE2ET oL
=94 B =& AsEHEe HERAAS

rl

N

Table 1—1. Inhibition ratio of PPO activity according to water and ethanol extracts of various

natural substances and inhibitors in catechin

Inhibition (%)

Natural substances/Inhibitors

Water EtOH

Scutellaria baicalensis 38.64+0.28 43.23£1.31
Drynaria fortunei 21.67£2.05 22.72+3.28
Aloe ferox 9.78x1.08 11.75£2.07
Salvia miltiorrhiza Bunge 37.20£0.27 38.27+1.49
Aucklandia lappa Decne 50.28%0.87 52.08+1.38
Pulsatilla koreana 9.27+0.28 11.23£1.21
Diodia teres Walter var. teres 8.17+3.17 8.96+2.24
Paeonia lactiflora Pallas 54.08+2.71 56.24%+1.78
Atractylodes japonica Koidzumi 11.284+0.89 16.13%+1.32
Ascorbic acid 11.05+0.49
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FZEE9 o3 PPO &4 A3 L catechin 7]&
F7HETE AsgAdol FUtst =3 FEES B¢
87.55%, 1.5%) A 94.06~9510%2 As|EAe Ve
ANA 1.78%, A&E FEENA 188%E S| duts FEERT @5 FEE9
< ANBAYL EAT (Table 1-2). 7R F$¢ 5 FZ2EAA ICon 7L 332, A& &
oA ICx #2 1972 REH FE2EFH= 28 dee FE2ENAM o =2 A& 4e e
ok gut 45 2 Jdee F2E AL 05%00A 2z 38.07%F 24.12%, 1% A 74.00%
o} 53.22%, 1.5%) A 89.95%<} 73.65%<] A BFAHL JERIQOH old] thd ICse zhe ztzt
218%, 3.89% L2 AqEE FEFEY dF FEEIM H =2 4 ASTHE YERlAH:
AEHY FEE A T2l F71E54E PPO &4 A Eo] Bolion A FEE T
3 ICs9] gh& 338, &E FE=0l T 1G9 g2 3412 AT

2 o] &3t vk A3, AR T}
05%N A 44.15~4818%, 1%l A 79.98 ~
a, olof] thdt ICse e &

J
i\
A
oy

>
inj
i e

Table 1—2. Inhibition ratio of PPO activity according to different concentrations of extracts

from various natural substances in catechin

Natural substances Conc. — Water 0 EtOH
(%) Inhibition (%) ICso (%) Inhibition (%) 1Cs0 (%)

Camellia sinensis 0.5 48.18%0.95 44.15%£1.70

(Green tea) 1.0 87.55%x2.45 1.78 79.98%+1.73 1.88
1.5 95.10%1.60 94.06%£1.03

Taraxacum platycarpum 0.5 8.74£2.06 5.76x1.65

(Dandelion) 1.0 17.41+2.83 7.75 12.26+£2.79 7.95
1.5 25.26%£1.08 21.72%£1.69
0.5 32.61%£1.27 35.27%£0.59

Chrysanthemum indicum 1.0 73.52+2.28 3.32 77.94+4.64 1.97
1.5 83.03%x1.27 89.85%1.48
0.5 38.07%£2.12 24.12£2.61

Onion 1.0 74.00%x1.55 2.18 53.22+£2.58 3.89
1.5 89.95+0.37 73.65%x2.12
0.5 7.56£2.85 8.10£0.38

Apple 1.0 18.53£1.86 7.81 18.09£2.00 7.92
1.5 31.61%£0.48 25.54%£2.89

Ci hi 0.5 25.61%x1.15 29.21%£2.43

(ﬁ;ﬁaﬁf ;fange beel) 1.0 57.33+2.95 3.38 49.37+1.88 3.41
1.5 74.98+2.08 69.82%+3.01
0.5 5.41£3.06 8.03£2.82

Polygoni multifiori 1.0 19.27£2.77 9.02 19.51+£3.13 7.81
1.5 22.72+2.48 25.51£0.84

Laminaria longissima 0.5 7.05+1.84 12.35£2.18

(Sea tangle) 1.0 15.11£1.29 11.06 25.43%£0.44 6.81
1.5 22.68%0.45 32.15%£1.20
0.5 23.12%£1.60

Prpolis 1.0 45.57%£2.51 4.01
1.5 65.16%£2.02

_35_



2) atstg xAL
7}) DPPH radical scavenging activity
Ao aHRHoIYYW FEEQ 3 (Scutellaria  baicalensis), ©4}(Salvia miltiorrhiza
Bunge), &-3F(Aucklandia lappa Decne,), ¥ Zt2F(Paeonia lactiflora Pallas)oll t) 3+ DPPH radical 4
Ass 4% 2= Fg 1-13 Zon g5 dF FEFEC] 8.2%= 7P =9t o
ascorbic acid(84.65%)¢} #-AFSE kol I thSo =z Wizl ofets FEFEFo] 8233%E =
=

FIF l-

—le rlo

DPPH radical £H1%5S UERAAT. T3 JALANA Agdd FE2E2] 3¢ 53 45
A 90.81%, =2 oEtL FZ2EA 76.68% 2 74 =2 DPPH radical £2A5 S Rgo
< H]ElR]l C9} polyphenol 33HE<Ql catechinfo] 23k Aoz B

=8

M ol2lgl Fatke] FAshs
Hu o O Hggog fg=: AuE FEEAA 7610%, AEIAY AdEE FEEA 40.27%,
s £

al
2 E2| 204 2844%¢] DPPH radical A%< UJeESiTh
2] Z

Az ols F-o AlEE DPPHE <HA S free radical2 A 279 v FFAA=ZE As)| 517
nm FZo A FHTj A& Ve AR 2 45 @Hom 517 nm B2 A FFE7}
==

L
N
FEEA o8 radicale FHLA|

T
T

st
AstEde I 5 . meEkA 2 Aol A
D

A7
Nee F2E 59 DPPH radical £274% Fhol Eo} datsldo] glvtn A5 H T

Fig. 1—-1. DPPH radical scavenging activities of water and ethanol extracts from selected

natural substances.

AA: ascorbic acid,

1-W: water extract of Scutellaria baicalensis, 1—E: 80% EtOH extract of Scutellaria baicalensis,

4—W: water extract of Salvia miltiorrhiza Bunge, 4—E: 80% EtOH extract of Salvia miltiorrhiza Bunge,

5—W: water extract of Aucklandia lappa Decne, 5—E: 80% EtOH extract of Aucklandia lappa Decne,

W: water extract of Paeonia lactiflora Pallas, 8—E: 80% EtOH extract of Paeonia lactiflora Pallas

water extract of Camellia sinensis (Green tea), A—2: 80% EtOH extract of Camellia sinensis (Green tea),

water extract of Chrysanthemum indicum, C—2: 80% EtOH extract of Chrysanthemum indicum,

water extract of onion, D—2: 80% EtOH extract of onion,

water extract of Citrus unshiu (Mandarin orange peel), F—2: 80% EtOH extract of Citrus unshiu (Mandarin orange peel),
propolis

8—
A-1:
Cc-1:
D-1:
F-1:
I:

4% 9] citrus 3 2 &9 DPPH radical iﬂ%% ZAVE A3, A Hog HE > P =
edA > AF Fo7 22 £AAEHS KA F HE



Qe Hol PEo A 1% LA 90.63%9 o2t =& AL By (Fig. 1-2).

Fig. 1—2. DPPH radical scavenging activities of citrus peel extracts.

Each value represented mean = SD (n=3).
Values within each column followed by different letters are significantly different (p<0.01).

1}) Metal chelating activity
Metal chelating &2 ZAS Axe Fig 137 gon wWzel 4 FEE A 57,

7HE w2 EIE HYd, O tEoR wFet due FEEQ2L71%) 5 47 FEE
(2011%)ol M =& chelating 7S BATH T, =3 A5 22BN 4593%2 7HE =o
chelating 32 Hgorn I t}h&o g 7= FEEA 2498~3537%2] chelating &3= }
BRAS AEFY g FEES A$ 2422%2] chelating effects7} ZAE A=W AA=Z
TAA FAM T 2E fU1A 2 EYHEs RS Hol, Fol2¥ FE ASEHIAE
chelatings}e] free radical 42 JAsl= a3l &¥slvty Ruwx o

l

Fig. 1—3. Metal chelating effects of water and ethanol extracts from selected natural

substances.

AA: ascorbic acid,

1-W: water extract of Scutellaria baicalensis, 1—E: 80% EtOH extract of Scutellaria baicalensis,

4—W: water extract of Salvia miltiorrhiza Bunge, 4—E: 80% EtOH extract of Salvia miltiorrhiza Bunge,

5—W: water extract of Aucklandia lappa Decne, 5—E: 80% EtOH extract of Aucklandia lappa Decne,

8—W: water extract of Paeonia lactiflora Pallas, 8—E: 80% EtOH extract of Paeonia lactiflora Pallas,

A—1: water extract of Camellia sinensis (Green tea), A—2: 80% EtOH extract of Camellia sinensis (Green tea),

C—1: water extract of Chrysanthemum indicum, C—2: 80% EtOH extract of Chrysanthemum indicum,

D—1: water extract of onion, D—2: 80% EtOH extract of onion,

F—1: water extract of Citrus unshiu (Mandarin orange peel), F—2: 80% EtOH extract of Citrus unshiu (Mandarin orange peel),
I

propolis.
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Citrus 73] FZ2EE2] Cu*’ ZHo|E aFHE 2AZ 23}, g & > 37 > eax > A2
To B f& FIolA 7P =2 &S Ben (Fig. 1-4) o|= ascorbic acid®] g3} fAts}
Atk E3], 0.2% olste] FXolA ascorbic acid®tlh $-53F A4S HAJT}.

Fig. 1—4. Copper chelating activities of citrus peel extracts.

Each value represented mean = SD (n=3).
Values within each column followed by different letters are significantly different (p<0.01).

Table 1—3. ECsp values of citrus peel extracts and ascorbic acid in different antioxidant assays

Sample ECs0
DPPH radical scavenging Copper chelating activity
Citrus sinensis 0.44+0.04°Y 0.71+0.01¢
Citrus unshiu 0.39+0.01° 0.38+0.01°
Citrus limon 0.2540.01" 0.2940.01°
Citrus paradisi 0.64+0.02¢ 0.6440.05°
Ascorbic acid 0.02%+0.00? 0.29+0.01°

Y ECso value is the term half maximal effective concentration. %
? Each value represented mean = SD (n=3). Values within same column followed by different letters are significantly different
(p<0.01, LSD test).

3) o334 SQ4=A
7}) Total phenolic contents

FZ2E9 FiE FHE 243 A= Fig 158 Zow 53T o
EoA 158554 mg GAE/Le. 2 7} =k,
Tt > Wzl 22 E 59 £o2 FHE FEol A UsHth ®I, 53
17042 mg/ml, 3} S FEEA 15012 mg/ml, I 5 FEEA] 86.92 mg/ml,
A3 EHE FZ2EA 9407 mg/ml, 4T G5 FEZEI A 9435 mg/mL, &I L F
=54 88.90 mg/mL, T3] A5 FEEANA 7796 mg/mL, =TT &L FEEI

=
= T
a
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Al 8439 mg/mL, T2 Fa 204 79.84 mg/mLe] FHFE YEHo] 3k A FEE F7
= ggol 74 =A JEhdh

Fig. 1-5. Total phenolic contents of water and ethanol extracts from selected natural

substances.

AA: ascorbic acid,
1—-W: water extract of Scutellaria baicalensis, 1—E: 80% EtOH extract of Scutellaria baicalensis,

4—W: water extract of Salvia miltiorrhiza Bunge, 4—E: 80% EtOH extract of Salvia miltiorrhiza Bunge,

5—W: water extract of Aucklandia lappa Decne, 5—E: 80% EtOH extract of Aucklandia lappa Decne,

8—W: water extract of Paeonia lactiflora Pallas, 8—E: 80% EtOH extract of Paeonia lactiflora Pallas

A—1: water extract of Camellia sinensis (Green tea), A—2: 80% EtOH extract of Camellia sinensis (Green tea),

C—1: water extract of Chrysanthemum indicum, C—2: 80% EtOH extract of Chrysanthemum indicum,

D—1: water extract of onion, D—2: 80% EtOH extract of onion,

F—1: water extract of Citrus unshiu (Mandarin orange peel), F—2: 80% EtOH extract of Citrus unshiu (Mandarin orange peel),
I

propolis

Citrus #3 FEE9 & H=sdH9 A d&2749 FEFE9] 9.77 mg GAE/ge 2 71 =
L o AEHy FEEo| 7.04 mg GAE/ge 2 71 28 kS Htt (Table 1—4).

Table 1—4. Total phenol contents of citrus peel extracts

Sample Total phenol contents (mg GAE/g extract powder)
Citrus sinensis 8.7940.13
Citrus unshiu 8.85+0.62"
Citrus limon 9.77£0.15*
Citrus paradisi 7.04£0.01°¢
Ascorbic acid NT?

Y Each value represented mean = SD (n=3). Values within same column followed by different letters are significantly
different (p<0.01, LSD test).
? NT; Not tested.

1}) Total flavonoid contents
3l FEZRolE FHFES EN% 2 =3 A8 FEENA 11059
O

Adtd FEE9 S
HAom O tgo® 7 ogE FEEN4] 10260 mg/mL,
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0%

v A4 22EBoA 9668 mg/mLE Feko] Eghth ZzEFgsE 5638 mg/mLE AdE
z

AE FoA FZetRol= FFo] /M L AR ZAEHUY (Fig. 1-6).

b

Fig. 1—-6. Flavonoid contents of water and ethanol extracts

from selected natural substances.

A—1: water extract of Camellia sinensis (Green tea), A—2: 80% EtOH extract of
Camellia sinensis (Green tea),

C—1: water extract of Chrysanthemum indicum, C—2: 80% EtOH extract of
Chrysanthemum indicum,

D—1: water extract of onion, D—2: 80% EtOH extract of onion,

F—1: water extract of Citrus unshiu (Mandarin orange peel), F—2: 80% EtOH
extract of Citrus unshiu (Mandarin orange peel),

I: propolis.

Z Z@RolE e AL PR = 4F > AR > 9#x] £ov o IS Ho 2
HE 37 2 S Bt (Table 1-5).
Table 1—5. Total flavonoid contents of citrus peel extracts
Sample Total flavonoid contents (mg QE/g extract powder)

Citrus sinensis 2.41+0.06°

Citrus unshiu 3.62+0.02°

Citrus limon 3.60+0.03%

Citrus paradisi 2.80£0.19"

Ascorbic acid NT

Y Each value represented mean = SD (n=3). Values within same column followed by different letters are significantly
different (p<0.01, LSD test).
? NT; Not tested.
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23}

49517} 4T (Table 1-6).

Table 1—6. Changes in Hunter L, a, b and AE value of apple slices by water and ethanol

extracts from various natural substance solutions after 48 hours at room temperature

Natural substances/Inhibitors  Solvents L a b AE
Untreated 58.39%£2.38 —0.09£0.03 20.72%*1.65 6.57
Ascorbic acid 67.27£0.90 —1.73%£0.06 19.48%+0.38 2.63
Calcium ascorbate 65.33%£2.82 —1.68%0.20 19.56%0.67 2.45
Sucrose 63.80+£0.90 —2.12+0.21 18.35%+0.30 1.46
NaCl 67.40£0.57 —2.05%0.19 18.45%+0.68 2.70
) Water 70.98+2.97 —2.5240.28 21.18%+1.52 2.23
Scutellaria baicalensis
EtOH 70.31£1.81 —2.76%x0.71 19.72+1.14 2.60
. , Water 64.58+1.29 —1.13+0.19 19.55%0.54 3.75
Drynaria fortunei
EtOH 66.67£2.81 —0.93%£0.64 20.58%+0.38 3.72
Water 67.22£1.11 —1.18+0.21 19.15£0.57 4.04
Aloe ferox
EtOH 66.58+4.20 —1.43+0.85 19.90+1.48 3.77
Water 70.01£2.48 —1.99£0.79 20.44%+1.13 2.80
Salvia miltiorrhiza Bunge
EtOH 71.35+£2.75 —1.64%+0.13 18.54%+0.98 2.31
) Water 69.10+1.68 —1.51+0.36 18.78%+0.61 2.41
Aucklandia lappa Decne
EtOH 70.75+1.49 —1.46+0.40 18.04%1.20 2.82
. Water 67.44%+1.86 —1.60%£0.23 18.60%+0.73 4.66
Pulsatilla koreana
EtOH 63.66t5.52 —1.18+0.61 20.43%0.52 3.17
o Water 66.30+1.65 —1.15+0.68 20.40%0.65 4.50
Diodia teres Walter var. teres
EtOH 65.47£4.19 —0.90£0.94 20.17%1.65 3.85
Water 70.22+2.78 —1.26%0.20 17.68%+1.16 2.98
Paeonia lactiflora Pallas
EtOH 71.17£0.63 —1.65%£0.21 18.07%0.86 2.10
) ) ) ~ Water 69.97£0.95 —2.01+0.30 16.95%0.94 4.22
Atractylodes japonica Koidzumi
EtOH 67.74+2.02 —1.52+0.29 18.93%+0.52 3.11
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@) shA] e Alg &efol A9 Lzko] 525046899 W WA 2 ES X% Al &
gho] 29 Lgko] Mutdeoz =gt a8y FEE A7 FHE Aole glden =3
F (

28U 39 Lgol 743 =9x, 2ol A7 Lojee & & UAT (Table 1.7).

Table 1—7. Changes in Hunter L, a and b value of apple slices by various water and ethanol

extracts from various natural substance solutions after 24 hours

Natural substances Extract L a b
Untreated 52.50+6.89 —34.61+4.30 13.72+1.68
o ) Water 79.03%+5.44 —49.02+2.97 14.31%3.15
Camellia sinensis (Green tea)
EtOH 77.46%£1.71 —46.73+2.28 14.35%1.19
) Water 66.87£0.49 —43.994+0.45 14.56%3.02
Taraxacum platycarpum (Dandelion)
EtOH 55.68+3.52 —36.73%+2.28 13.83%+1.70
Water 78.26+1.12 —46.57+0.35 15.53%0.80
Chrysanthemum indicum
EtOH 72.824+0.98 —48.01£0.50 12.99%+1.22
o Water 78.11£3.57 —52.53+1.74 15.07£1.98
nion
EtOH 76.41+£0.67 —52.12%+1.22 16.17%2.29
Aol Water 71.83%£1.38 —46.78+2.97 18.16%£1.99
pple
EtOH 69.52+0.21 —42.00%0.17 12.40+094
) ) ) Water 74.27+£3.63 —=57.67+x1.15 15.93%0.87
Citrus unshiu (Mandarin orange peel)
EtOH 71.64+3.48 —58.71%+1.61 19.36%3.03
, , Water 68.52+2.568 —52.73+1.49 15.17£1.16
Polygoni multiflori
EtOH 71.82+2.41 —48.98+1.26 18.57+4.96
o o Water 65.68+3.52 —41.424+0.72 7.75+1.10
Laminaria longissima (Sea tangle)
EtOH 74.92+3.32 —40.71£1.59 15.95+2.44
Prpolis 76.96+£2.07 —51.13%£0.53 16.29%1.60
Citric acid 74.30+£0.95 —48.40%+0.34 11.61%1.72
Ascorbic acid 81.12+2.06 —53.62%+1.44 10.74%1.97

24 17.089] A WHIE e HH, 53 A FEEAAE 135 dE8E FEECAdAE
1979 AW E Bt REH 95 FEE4A 668 TEH d@EE FEENA 6

A4 FZEAA 341, FF dEL F
Al A W JA dold As d 5
oA 3.00~3.71 2@ AT} FZE A
Atk 2HHog H3 F2E >

2 AE gol ¥ston &%

(2
N
i
s
2
2,
ot
o
1o,
N

0
3
o
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Table 1—8. Changes in AE value of apple slices by various water and ethanol extracts from

various natural substances after 24 hours

AE

Natural substances Water ELOH
Untreated 17.08

Camellia sinensis (Green tea) 1.35 1.97
Taraxacum platycarpum (Dandelion) 6.68 6.97

Chrysanthemum indicum 3.41 2.22

Onion 3.00 3.71

Apple 12.12 7.11

Citrus unshiu (Mandarin orange peel) 2.37 2.63

Polygoni multiflori 10.16 14.35
Laminaria longissima (Sea tangle) 13.55 8.89

Prpolis 5.65 -

Citric acid 1.37

Ascorbic acid 0.30

Atz o]l A8 4F9] citrus Y] FZE 2 ascorbic acidol] A8l 48A|7F B9 o|H3}
S BAS A7 citrus B3] FEE AT ES FE7F ol FE o] doji} 238 F
AErrt o WAEoe Mutxoa 1% o|stdA] AWANEAAE Bom, BE HFYTAA
Aoz 0.1%7F 71 74 2 A3 azE et (Table 1-9). o]= Hunter L 2 4
Ezte 2 Fx3gs v 22 AFs Bvt. FAZTe Lgta 4dEgke]l 242 69.71% 3.01
Jom ARG AAG 1% ol5te] 228 Az Ese] AN Lgko] 69.42~72.58, ABgko]
1.19~3.532 A5 &+ AeTEQ Lgkol FAYT ok 5821t citrus T/E B

v o4 Folt AUk AEe A 0.1%NNE GE 22BN sl 943 w7
2 wgou, o9 FEAE ZEANET} Qe B ol esly TANTRY O 2
HEE 94 By

Table 1—9. Changes in Hunter L and AE value of apple slices by various concentrations of

various Citrus peel extracts

Treatment Conc. 0 hr after 48 hr
L L AE
Untreated 0 71.87 £ 1.29Y 69.71 £ 0.71 3.01 £ 0.64
Citrus sinensis 0.1 72.27 £ 0.74% 70.26 £ 1.08? 2.99 + 0.58%
C. unshiu 0.1 73.18 £ 0.39% 71.22 £ 0.62°% 2.43 + 0.36°
C. limon 0.1 73.21 £ 0.70% 72.58 £ 0.67°% 1.19 £ 0.50°
C. paradisi 0.1 73.64 £ 0.77% 71.72 £ 0.97% 2.01 + 0.88?
Ascorbic acid 0.1 73.45 + 0.70? 72.33 £ 0.40°% 1.62 + 0.14%

U Each value represented mean = SD (n=3).

2 Values within cell by different letters are significantly different (p<0.05, Duncan’s multiple range test).
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= TEHEE £32dsta, PPO AsEdd 24E EUE ARefAd axHoid
FEEY = tisto] AlF Safolzd IAAFE T AF2o] Bt A 48417 Bt B
E #E3 Z2F, APsiA &2 Al sgtol2En FEES A Ay AR dWHs
71=H Z#F ot 53] =
8k (Aucklandia lappa Decne), —}%E(Pueoniu lactiflora Pallas) FZ& & A A AA ] &FFHA A
o2 #FEFHGen ol FWHA ¥ AAE FIMAE FAHIT (Fig 1-7).

B+ (Scutellaria baicalensis), &4}(Salvia miltiorrhiza Bunge),

Fig. 1—-7. Changes the appearances of apple slices by water and ethanol extracts

from various natural substances after 48 hours at room temperature.

DW: distilled water, AA: ascorbic acid, Ca—As: calcium ascorbate,

1-W: water extract of Scutellaria baicalensis, 1—E: 80% EtOH extract of Scutellaria baicalensis,

2—W: water extract of Drynaria fortunei, 2—E: 80% EtOH extract of Drynaria fortunei,

3—W: water extract of Aloe ferox, 3—E: 80% EtOH extract of Aloe ferox,

4—W: water extract of Salvia miltiorrhiza Bunge, 4—E: 80% EtOH extract of Salvia miltiorrhiza Bunge,

5—W: water extract of Aucklandia lappa Decne, 5—E: 80% EtOH extract of Aucklandia lappa Decne,

6—W: water extract of Pulsatilla koreana, 6—E: 80% EtOH extract of Pulsatilla koreana,

7—W: water extract of Diodia teres Walter var. teres, 7T—E: 80% EtOH extract of Diodia teres Walter var. teres,,
8—W: water extract of Paeonia lactiflora Pallas, 8—E: 80% EtOH extract of Paeonia lactiflora Pallas,

9—W: water extract of Atractylodes japonica Koidzumi, 9—E 80% EtOH extract of Atractylodes japonica Koidzumi.

=3t 2 G FEIAA ZHAA N AR Aer BFEHYo DEH B A F&
=2 3F A ggfolad] o FEE°] va FMFHe BEFE Ho ATEE AHYst=

byt
5o Hgto] Yasitin Bud
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Fig. 1—8. Changes the appearances of apple slices by various water and

ethanol extracts from various natural substances after 24 hours at room temperature.

DW: distilled water, CA: citric acid, AA: ascorbic acid,

A—1: water
B—1: water

(Dandelion),

C—1: water
D—1: water
E—1: water
F—1: water

extract
extract

extract
extract
extract
extract

of Camellia sinensis (Green tea), A—2: 80% EtOH extract of Camellia sinensis (Green tea),
of Taraxacum platycarpum (Dandelion), B—2: 80% EtOH extract of Taraxacum platycarpum

of Chrysanthemum indicum, C—2: 80% EtOH extract of Chrysanthemum indicum,
of onion, D—2: 80% EtOH extract of onion,

of apple, E—2: 80% EtOH extract of apple,

of Citrus unshiu (Mandarin orange peel), F—2: 80% EtOH extract of Citrus unshiu

(Mandarin orange peel),
G—1: water extract of Polygoni multiflori, G—=2: 80% EtOH extract of Polygoni multiflori,
H—-1: water extract of Laminaria longissima (Sea tangle), H—2: 80% EtOH extract of Laminaria longissima (Sea tangle),

I: propolis.

Citrus =3

=
o, F&5 AT

lo

o Ae, FAYTEYG A5 Z¥ol AHiE AL AT =
7hedl dEF AeHy FEF o] ascorbic acid AT AR

Fig. 1-9. Changes in the appearance of apple slices added with 0.1%

various citrus peel extracts after 48 hours at room temperature.
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Table 1—10. Changes in Hunter L value of potato slices by water and ethanol extracts from

various natural substance solutions during 8 days at 4C

Storage period (days)

Treatments
0 2 4 6 8

Untreated 66.70£1.88 62.63%2.04 60.72£0.61 59.81+0.79 54.74%1.24
Ascorbic acid 65.15£0.01 64.58%+1.11 63.73£0.09 63.11+0.85 61.55+0.41
1-W 64.88+£0.30 64.36%0.25 63.36%£2.48 61.75+1.54 60.34£0.18
1-E 65.41+0.35 65.41%+1.55 61.484+0.34 63.00+1.13 62.21%+0.25
4—W 65.14+1.31 64.42+1.22 64.26+0.37 60.18+1.26 59.85%+0.59
4—-E 67.73£1.94 65.66%x1.12 63.52+£0.52 61.43%+2.12 60.33+0.83
5-W 66.74+0.50 65.52+0.48 64.84+0.33 63.65+2.08 62.24%+1.08
5-E 65.20+1.78 64.86%+1.32 63.40+0.37 62.62+1.22 61.64%+1.85
8—W 65.23£0.89 65.09%£0.55 64.46+£0.52 63.73%x1.30 61.78%1.20
8—E 65.85+£0.27 64.24%+1.27 63.72£0.66 62.03+x1.07 61.74%0.89

D
1
4
5
8

====

W: distilled water, AA: ascorbic acid,
. water extract of Scutellaria baicalensis, 1—E: 80% EtOH extract of Scutella—2.18251ria baicalensis,
. water extract of Salvia miltiorrhiza Bunge, 4—E: 80% EtOH extract of Salvia miltiorrhiza Bunge,
. water extract of Aucklandia lappa Decne, 5—E: 80% EtOH extract of Aucklandia lappa Decne,
. water extract of Paeonia lactiflora Pallas, 8—E: 80% EtOH extract of Paeonia lactiflora Pallas

Table 1—11. Changes in Hunter a value of potato slices by water and ethanol extracts from

various natural substance solutions during 8 days at 4C

Storage period (days)

Treatments 0 5 1 6 3
Untreated —2.18%£0.09 —-1.68%0.21 —1.45%0.7 —1.04%x144 -0.13%0.21
Ascorbic acid —2.23£0.18 —-1.92+1.08 —-1.80£0.92 -—-1.72%£0.73 —-1.61£0.87
1-W —2.07£0.06 —2.00x0.14 —-1.85%£0.18 —-1.41%£1.18 -—1.32£0.75
1-E —1.90+£0.35 —2.08%1.20 —1.98+£0.87 —1.13£0.08 —1.02£1.97
4—-W —2.04£0.61 -1.66%£0.18 —1.44%£1.08 —1.08%£1.08 —1.09£1.05
4-E —2.44+£0.03 —-1.97£0.28 —-1.66£0.66 —1.32£1.08 —1.37£0.85
5—W —1.92+£0.11 —-1.74%1.27 —-1.88%£0.85 —1.61%x1.04 —1.47£1.48
5—-E —1.91£0.43 —1.88%£0.28 —1.24%£1.08 -1.13%£1.97 —1.09£1.47
8—W —2.19£0.51 —-1.89+098 —1.35%£0.74 —147%£0.16 -—-1.25£1.08
8—E —2.09£0.91 -1.81+£1.05 -—-1.79£1.08 —1.24%+0.71 -—-1.02£1.06
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Table 1—12. Changes in Hunter b value of potato slices by water and ethanol extracts from

various natural substance solutions during 8 days at 4C

Storage period (days)

Treatments 0 5 . 6 <
Untreated 13.25+£0.18 14.24+0.22 14.47+£1.05 15.43+1.41 14.49%0.75
Ascorbic acid 13.45+£0.08 13.87+£0.78 14.51+1.54 15.27+1.57 15.17%0.57
1-W 15.43+£0.51 14.54+1.12 15.01+£0.09 14.28+1.08 15.53%0.85
1-E 14.85+0.78 14.52+1.59 15.07+£1.07 15.21+1.35 15.47%0.65
4-W 14.91+£1.08 13.13x1.31 14.87£0.28 14.01£1.05 15.67%0.54
4-E 15.01£1.35 14.98+1.32 15.01+£1.08 14.88+0.84 14.91+0.41
5—W 14.98+1.24 15.08+£0.48 14.66%0.08 14.72%£0.57 16.11%1.51
5-E 14.85x1.16 14.74x1.78 14.98%0.57 15.01£1.18 15.32%1.85
8—W 15.82+1.27 14.32+£0.54 14.11£1.08 14.72£1.03 14.80£1.08
8—E 14.94+1.57 15.01£0.57 15.03+£1.81 15.05+0.87 14.98+1.27

Table 1—13. Changes in AE value of potato slices by water and ethanol extracts from various

natural substance solutions during 8 days at 4TC

AR

Natural substances

Water EtOH
Untreated 12.20
Ascorbic acid 4.04
Scutellaria baicalensis 4.60 3.38
Salvia miltiorrhiza Bunge 5.43 7.48
Aucklandia lappa Decne 4.66 3.68
Paeonia lactiflora Pallas 3.72 4.25

(2) ¢j#dst

ml

zdo] 2 BASYo DAL A2 BN (Fig 1-10). TF, F2EL A2l
GUAL FRFEZHE AUT @R Seie] 2 A4S WA FE2ER AYF LR DHol
wol Yoyt
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Fig. 1-10. Changes the appearances of potato slices by water and

ethanol extracts from various natural substances after 8 days at 4C.

DW: distilled water, AA: ascorbic acid,
—W: water extract of Scutellaria baicalensis, 1—E: 80% EtOH extract of Scutellaria baicalensis,
. water extract of Salvia miltiorrhiza Bunge, 4—E: 80% EtOH extract of Salvia miltiorrhiza Bunge,
. water extract of Aucklandia lappa Decne, 5—E: 80% EtOH extract of Aucklandia lappa Decne,
. water extract of Paeonia lactiflora Pallas, 8—E: 80% EtOH extract of Paeonia lactiflora Pallas.
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t}. tyrosinase ZAd A Ho o3 ARG 4A w2

Add dd A E s g2 E3es FEEUE gsty FE23 19 S84 E
FZd 9] tyrosinase inhibition rate®= TS ¥ 1—-16%} Zt). AFd=H LS AXES hot waters}t
80% ethanol2 FZ&% thf WEUxF &% 1%s=d the 7122 tyrosinased] AHEHE
ZAVsE T, 71 d 2 A], diphenol& L—DOPA, polyphenol& cateching A}&3stH T ¥ 1—-169 4]
o} Zol FE2E9 dFFEY ZF diphenolol] tidk PPOZA As|g o] 43 EH-L etpoleend}

Table 1—16. Relative anti—browning effects of hot—water extracts of oriental

plants in the diphenol—mushroom PPO system

Inhibition Inhibition
No. Plants (%) No. Plants (%)
Mean  std Mean  std
Lindera strychifolia (Sieb.
1 Etpoleen 8627 041 | 26 et Zuc) Villar 2639 2.54
2 Gallnut 7406 1.08 | 27 Rhus verniciflua 2526 0.61
3 Eangmsorba officinalis o304 0.06 | 28 Piper longum L 2498 285
4 Rheum undulatum * 63.03 29  Cornus officinalis (F.) 2285 1.35
5 Winsed spindic, 5791 278 | 30 Artemisia capillaris 2205 337
Euonymus alatus
6 Bycirus 5785 098 | 31 Curcumae rhizoma 21.72 448
7 Pinus densiflora 5730 1.16 | 32 Prunus mume (F.) 19.85 1.68
8 Bulalia 5534 345 | 33 Wax pattern 1955 342
9 Dianus 5117 428 | 34 Bambusoideae (L.) 1940 278
10 Alpinia officinarum 4628 5.08 | 35 Acanthopanax 19.02  3.07
11 Saururus chinensis* 44,27 36 Sonsitive plant Mimosa g5 043
pudica
12 Green tea 4231 202 | 37 E. stephanianum 1538 0.54
Ampelonsis i .
13 Citrus limon (P.) 4018 146 | 38 . PeOPSIS japonica 1493 447
(Thunb.)
Perill .
14 Sophora flavescens 3056 059 | 39 | criafrutescens var 560 g9
acuta Kudo
15 TPortulaca oleracea 3846 174 | 40 Cista 1332 1.83
16 Prunus serrulata var. 3807 194 | 41 Alisma canaliculatum AlL 1217 187
spontanea Br.
lla b -
17 Rosa laevigata 3561 116 | 4p 2psella bursa 1017 024
pastoris(L.)
18 Chrysanthemum boreale 35.18 1.13 | 43 Nitraria sibirica Pall 829 0.89
drobi i
19 Atractylodes japonica® 34.61 44 T]? endrobium moniliforme 6.17 0.66
2 U?carla rhynchophylla 412 271 | 45 Sk.ullcap,. Scutellaria 537
Migq. baicalensis*
21 Raph wus (6) 3147 127 | 46 Cremanhend 501 237
aphanus sativus (S.) . . asphodeloides Bunge . .
22 Magnolia denudata (R) 31.13 0.12 | 47 Coptis chinensis 249 288
Alli i .
23 Pyrrosia lingua 3080 326 | 48 Al satvum for 871 3.8
pekinense
Camellia sinensis O,
24 KTZE. 2859 073
25  Ficus carica (syconus)*  28.30
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gallnut(GAL) 2.2, Z+Z} 86.2710.41%, 74.06£1.08%2 A4 =& A aHNE

¥ 1-172 polyphenolg 7|22 &} uf tyrosinaseo] 44 Ho| =2 EFS Jeld A
© 2 etpoleen©] 96.35% % 7} =9k, gallut(GAL), Sanguisorba officinalis L.(San)e] 82.57%%}
89.65%, Bulalia(BUL)7} 78.32% =2 %43+ 3= JehHSItt. 22w} Sanguisorba officinalis
L.(San)®@} Bulalia(BUL)9] diphenole]l that PPOA &L 63.04%, 55.34%2 k7t e 430]Y
=3

ol

Table 1—17. Relative anti—browning effects of hot—water extracts of oriental plants in
the polyphenol—mushroom PPO system

Inhibition Inhibition
No. Plants (%) No. Plants (%)
Mean std Mean std
1 FEtpoleen 96.35 0.58 26  Curcumae rhizoma 2125 267
2 QGallnut 89.66 0.19 27 Coptis chinensis 2121 1.60
3 Sanguisorba officinalis L. 82.57 1.56 28 Saururus chinensis 1817  2.85
4 Bulalia 78.32 226 29 Bambusoideae (L.) 1812  0.55
5 Green tea 5488 027 | 30 Lorilafrutescens varacul .5 gy
Kudo
g lrunus serrulata var. 4709 189 | 31 Cista 1638 0.74
spontanea
E. stephanianum 37.53 154 32 Chrysanthemum boreale 16.06 176
8 Z\{i‘ied spindle, Buonymus 3710 103 | 33 Pyrrosia lingua 1601 2.96
Lind hifoli ieb.
9 Bycirus 3633 105 | 34 Lindera strychifolia (Sieb. et gg0 g o
Zucc) Villar
10 Magnolia denudata (R.) 3416 6.56 35 Alisma canaliculatum All. Br. 1559  1.11
11 Rhus verniciflua 33.93 0.56 36 Dendrobium moniliforme L. 1554 212
12 Raphanus sativus (S.) 33.74 2.38 37 Rheum undulatum 1545 3.4
13 Pinus densiflora 3213 0.37 38  Artemisia capillaris 1529  3.28
14 Dianus 3176 054 | go Alum sativum for 1387 1.8
pekinense
15 Capsclla bursa - 2976 165 | 40 Acanthopanax 1325 211
pastoris(L.)
16 Uncaria rhynchophylla Miq.  27.50 114 41 Nitraria sibirica Pall 1321 087
gy Sensitive plant, Mimosa o550 043 | 42 Citrus limon (P) 1265 4.0
pudica
18 Rosa laevigata 25.58 2.06 43 Portulaca oleracea 1250  4.93
19 Cornus officinalis (F.) 25.10 278 44 Ampelopsis japonica (Thunb.) 11.94  0.85
20 Camellia sinensis O, KTZE.  24.20 140 45 Wax pattern 1049 296
21 Prunus mume (F.) 23.64 0.87 46  Atractylodes japonica 7.04 0.96
» Sk.ullcap,. Scutellaria 23.61 370 47 Anemarrhena asphodeloides 451 0.46
baicalensis Bunge
23 Sophora flavescens 23.47 1.36
24 Alpinia officinarum 21.66 0.48
25 Piper longum L 21.59 1.08
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(o]

diphenol®} polyphenoldl] &-&
ATt

Table 1—18. Relative anti—browning effects of 80% ethanol—extracts of oriental plants in

= =

—18% 80%ethanol

=]

TEE= E

2

= T

A

fr

223 0.1%%
olt}. o]5 = Cista, Bycirus, Gallnut, Rheum undulatum, Dianus®] £o 2 392
AgH = 71.78~79.41% FTEL 2 5% ZAE YER AT

A3Z Table 1-169] G324

H

the diphenol—mushroom PPO system

I HwA,

g4 =Z2E2 2 etpoleen, gallnut(GAL)S Agkgt

I~
T

ol o] diphenole)] t3dt PPOEA &3S e}k

dTFFEE

AE 70%He] PPOA S E S

Inhibition Inhibition
No. Plants (%) No. Plants (%)
Mean std Mean std
1 Cista 79.41 1.83 26 Pyrrosia lingua 30.54 1.94
2 Bycirus 78.74 1.69 27  Wax pattern 25.51 4.73
3 Gallnut 74.93 240 28 Artemisia capillaris 23.54 2.60
4 Rheum undulatum * 73.16 29 Ampelopsis japonica (Thunb.))  22.66 13.08
5 Dianus 71.76 3.90 30 Dendrobium moniliforme L. 22.60 5.01
6 Pinus densiflora 6595 200 | 3z Okulleap, Scutellaria 21.91
baicalensis*
7 Winged spindle, Euonymus 65.10 241 n Lindera .strychlfoha (Sieb. et 21.00 302
alatus Zucc) Villar
8 Bulalia 65.07 2.64 33 Acanthopanax 20.68 3.09
9 Green tea 61.11 251 34 Cornus officinalis (F.) 20.66 3.49
10 Alpinia officinarum 60.95 1.26 35 Piper longum L 19.15 141
11 Sanguisorba officinalis L 5814 243 | 3 ol TUSCONS VAL AU g5y s
12 Camellia sinensis O, KTZE.  55.87 1.37 37 Coptis chinensis 17.78 2.79
13 Magnolia denudata (R.) 54.32 0.46 38 Citrus limon (P.) 17.54 3.20
14 Atractylodes japonica* 53.66 39 E. stephanianum 16.38 0.54
15 Sophora flavescens 4790 117 | 49 Sevsitive plant Mimosa 14735 285
pudica
1 Prunus serrulata var. 4697 453 | 41 Chrysanthemum boreale 1451 036
spontanea
17 Rosa laevigata 45.28 0.40 42 Ficus carica (syconus)* 14.44
18 Uncaria rhynchophylla Miq.  41.67 4.34 43  Bambusoideae (L.) 13.13 11.34
19 Rhus verniciflua 39.98 1.63 44 Alisma canaliculatum All Br.  11.34 2.67
20 Saururus chinensis* 3811 g5 Allium sativum for. 903 197
pekinense
21 Portulaca oleracea 3512 297 46  Raphanus sativus (S.) 8.85 5.82
g Capsella bursa - 3511 015 | 47 Curcumae rhizoma 621 030
pastoris(L.)
23 Rosa multiflora 34.61 274
24 Prunus mume (F.) 34.03 0.05
%5 Anemarrhena asphodeloides 057 053

Bunge
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veld & ]O] Gallnut(74.08%, ==} polypenol FZE21 etpoleend A|9]) 157k Ady vy
ethanol FEANA = 5% E4& Adste trdde] FRTE 4+ Ao Gallnute] H-¢ 45
ZEA] 74.08%, AEE FE2A] 74932 FAGE FE0Y odgE FE2E9 PPOAAERAT} =

HeldS & 4 JdAo.
¥ 1-19¢& Polyphenolg 7122 39S o NESFZE 9] tyrosinased] BAAANHLS =FHE
2 el Z3oltt, 2 A Ho] =4 et ERZAE, 90%) 7} Cista(93.13%), Camellia

Table 1—19. Relative anti—browning effects of 80% ethanol—extracts of oriental plants in the
polyphenol—mushroom PPO system

Inhibition (%) Inhibition (%)
No. Plants Mean otd. No. Plants Mean std.
1 Cista 9B.13 032 26 Coptis chinensis 25.03 2.74
2  Camellia sinensis O, KTZE. 91.70 045 27 Acanthopanax 24.97 152
3 Gallnut 89.65 044 28  Perilla frutescens var. acuta Kudo 24.72 2.02
4  Bycirus 88.31 115 29  Bambusoideae (L) 24.02 1.99
5 Bulalia 82.91 096 30 Curcumae rhizoma 23.58 3.01
6  Dianus 76.90 236 31 Artemisia capillaris 2243 0.52
7 Green tea 76.50 276 32 Chrysanthemum boreale 22.38 3.00
Lind ifoli icb.
8  Sanguisorba officinalis L. 697 070 | 3B era strychifolia (Sieb. et 201 140
Zucc) Villar
9  Pinus densiflora 62.40 1.07 34 Saururus chinensis 21.75 044
10  Alpinia officinarum 5833 173 35  Ampelopsis japonica (Thunb.) 20.63 0.64
11 E. stephanianum 57.41 1.55 36 Rosa multiflora 20.06 1.78
Prunus serrulata var. .
12 spontanea 53.32 6.12 37  Capsella bursa - pastoris(L.) 18.61 2.01
13 Zl\;ﬁied spincle, Euorymus 499 019 | 38 Atractylodes japonica 1834 041
14 Rhus verniciflua 46.49 061 39  Cornus officinalis (F.) 15.77 0.56
he hodeloid
15 Uncaria rthynchophylla Mig. 4643 137 | 40 gu“s;“:“ e asphiodeioldes 1387 111
16  Magnolia denudata (R) 4147 050 41 Gtrus limon 11.87 1.59
17 Skullcap, Scutellaria baicalensis 40.31 025 42  Alisma canaliculatum All. Br. 11.69 207
18 Rosa laevigata 35.12 222 43  Raphanus sativus (S.) 10.64 149
19 Sophora flavescens 34.41 220 44 Piper longum L 7.60 122
20 Rheum undulatum 3413 1.05 45  Wax pattern 6.38 1.22
21  Dendrobium moniliforme L. 33.4 0.69 46  Allium sativum for. pekinense 6.3 0.76
22 Portulaca oleracea 32.60 0.86
23 Pyrrosia lingua 31.32 128
24 Sensitive plant, Mimosa pudica 3011 245
25 Prunus mume (F.) 25.79 133
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sinensis O, KTZE(91.7%), 80%t 24]+= Gallnut(89.65% ), Bycirus(88.31%), Bulalia(82.91%), 70%tH
2= Dianus(76.90%), green tea(76.50%)& Awg 4 Ut A7) EZE9] diphnoldl] o gk
PPOA 8]-&-& Table 12| 4 &} Zo] Cista(79.41%), Gallnut(74.93%), Bycirus(78.74% ), Dianus
(71.76%)2 ¥ & 53 72 yebd W Bulalia(65.07%), green tea(61.11%), Camellia
sinensis O, KTZE(55.87%)%= polyphenol® 2 AsEo] sty A= Jeh)Qt.
mabs e F2E9 ZAHoAA 2 AL diphenold®} polyphenold| A $-=3F E 7S Iehd
Cista, Gallnut, Bycirus, DianusS Aa&}9 11, diphenole] QA7 Ao A 9438+ €8 polyphenol

oA 65%2] Tha e AL ROl BulaliaZ H7} Awrsladt

9] deep freezero] BE#stHA] 4
T717tel A thEFe] Ed 238y

=
£ 11| ] MAA#3}H 4] Hunter colorimetero]] 2]
g xAle] W3lE S5t AWAAaTI =2 EFAE ou] Adstgd.

#1—1. Nelumbo nucifera

Conc. of Treatments
Index days Control

0.1 0,2 0,3
Hunter 0 66.39+0.81 | 69.10+0.44 | 66.75+0.61 | 67.66+0.43
L—value 3 60.634£0.87 | 62.9340.62 | 62.444+0.59 | 62.55+0.65
Hunter 0 ~1.9840.25 | —2.734£0.12 | —2.3440.11 | —2.1740.38
a—value 3 0.1940.15 | —0.53+0.24 | —0.50+0.17 | 0.07+0.14
Hunter 0 13.1240.32 | 13.05+0.14 | 12.67+0.27 | 12.2140.25
a—value 3 13.11+0.32 | 13.04+0.41 | 12.81+0.16 | 13.34£0.18

chroma 0 13.27 13.33 12.88 12.40

value 3 13.11 13.02 12.81 13.34

telta B 0 0.00 0.00 0.00 0.00

3 6.15 6.55 4.69 5.68
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#1—2 Pharbitis Nil Choisy

Conc. of Treatments (%)

Index days Control 01 0.2 0.3
Hunter Oday 66.39£0.81 66.07%+0.50 65.15%£0.42 64.21%£0.45
L—value lday 62.27%x1.06 47.60x1.27 40.00+1.78 39.37x1.16
Hunter Oday —1.98+£0.25 | —1.05%0.27 | —0.26+0.23 | —0.32%0.14
a—value lday —0.7140.17 | 1.65%0.25 | 3.04%0.17 | 3.34%£0.27
Hunter Oday 13.12£0.32 13.64%0.35 13.96+0.33 13.92£0.21
a—value lday 12.16£0.20 | 11.43£0.14 | 10.0940.51 | 10.43%0.28
chroma Oday 13.27 13.68 13.97 13.92
value lday 12.18 11.54 10.53 10.95
Oda 0 0 0 0
delta £ 1da§ 442 17.04 25.66 95.34
#1—3 Arpil Liorum
Conc. of Treatments (%)
Index days Control 01 0.2 0.3
0 —-0.17 —0.20 —0.18 —0.18
a/b 3 —0.08 —-0.17 —-0.16 —0.16
4 —0.06 —0.16 —-0.16 —-0.14
5 —0.07 —-0.14 —-0.15 —-0.13
0 12.57 15.05 16.08 15.60
chroma 3 12.77 15.10 16.17 15.34
value 4 13.11 15.75 16.41 15.43
5 13.30 15.94 16.58 16.21
0 0 0 0 0
3 5.42 0.96 0.47 1.99
delta £ 4 5.57 1.21 0.81 1.81
5 4.93 2.07 1.30 3.05
A 3¢HA A7 54 A
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#1—4 Lilium longiflorum

Conc. of Treatments (%)

Index days Control 01 0.2 0.3
0day 68.01+0.34 | 68.72+0.56 | 69.02+0.59 | 68.49+0.43
Hunter 3day 63.1340.45 | 64.47+0.64 | 64.77+£0.75 | 63.49%0.75
L—value 4day 62.264+0.49 | 63.82+0.74 | 63.02+£0.61 | 64.48+0.57
5day 62.474+0.36 | 63.25+0.56 | 64.14+0.38 | 62.384+0.61
0day —2.4840.12 | —3.26+0.09 | —3.23+£0.09 | —2.81+0.14
Hunter 3day —0.7940.21 | —1.3840.20 | —1.094£0.19 | —0.8740.20
a—value 4day -0.6940.17 | —1.23+0.22 | —0.52+0.19 | —1.10%0.14
5day —0.3440.18 | —1.03+£0.17 | —1.01£0.15 | —0.2440.19
0day 14.51£0.27 | 14.23+0.31 | 14.13+£0.19 | 14.03%0.17
Hunter 3day 13.414£0.28 | 13.4340.22 | 14.13+£0.29 | 13.2740.23
a—value 4day 13.74+0.18 | 14.01£0.30 | 13.70£0.17 | 13.88%0.27
5day 14.7940.27 | 14.47+0.25 | 15.0440.31 | 13.9240.20

Oday 14.72 14.60 14.49 14.31

chroma 3day 13.43 13.50 14.17 13.30

value 4day 13.76 14.06 13.71 13.93

5day 14.80 14.50 15.07 13.92

Oday 0 0 0 0

3day 5.27 4,72 4.76 5.42

delta £ Aday 6.07 5.32 6.60 4.36

5day 5.94 5.92 5.44 6.64

#1—6 Eprota gimpsa
Conc. of Treatments (%)

Index days Control 0.02 0.05 010
0 68.55+0.72 | 69.96+0.73 | 70.03+£0.55 | 70.15+0.55
Hunter 3 64.40+0.53 | 66.33+0.41 | 66.72+0.55 | 65.13+0.49
L—value 4 62.01+1.85 | 65.78+0.70 | 64.96+0.77 | 65.05+0.59
5 64.05+0.80 | 65.214+0.47 | 64.28%0.76 | 62.84+0.62
0 —2.5640.08 | —2.8940.06 | —3.05+£0.07 | —2.9840.04
Hunter 3 -1.0040.13 | —1.404£0.14 | —1.89+0.09 | —1.394+0.12
a—value 4 -0.9240.13 | —1.2240.18 | —1.61£0.12 | —1.3740.12
5 —0.8340.19 | —1.17£0.13 | —1.21+0.15 | —1.16+0.19
0 13.5940.16 | 12.90+£0.24 | 14.67+0.25 | 14.07%0.24
Hunter 3 14.554+0.27 | 13.70+£0.31 | 14.47+0.23 | 14.35+0.21
b—value 4 14.63+0.28 | 13.9440.28 | 15.17£0.29 | 13.50+0.83
5 14.8740.18 | 15.11+0.22 | 15.28+0.31 | 15.2440.30

0 13.82 13.22 14.98 14.38

chroma 3 14.59 13.77 14.59 14.42

value 4 14.66 13.99 15.26 13.57

5 14.90 15.15 15.33 15.29

0 0.00 0.00 0.00 0.00

3 4.54 4.00 3.52 5.28

delta E 4 6.82 4.62 5.29 5.39

5 4.99 5.52 6.07 7.63
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#1—8 Agrimonia pilosa Ledeb

A% 344 (1-6)

A% 544 (1-6)

Index

days

Control

Conc. of Treatments (%)

0.1 0,2 0,3
Hunter 0 day 69.91%£0.49 69.28+0.73 66.90%+0.72 67.10%£0.57
L—value 3 day 67.48+0.55 63.77%+0.76 62.19%+0.77 60.61%£0.90
Hunter 0 day —3.00£0.13 | —2.82%£0.08 | —2.43+0.10 | —2.62%0.08
a—value 3 day —1.48+0.17 | —0.12+0.18 | —0.09+0.11 | 0.42+0.25
Hunter 0 day 14.57+0.30 14.86+0.25 14.78+0.27 15.31+0.27
a—value 3 day 15.1240.16 | 14.90+0.15 | 16.214+0.14 | 16.92+0.23

chroma 0 day 14.88 15.13 14.98 15.54

value 3 day 15.19 14.90 16.21 16.93

0 day 0.00 0.00 0.00 0.00

delta £ 3 day 2.92 6.14 5.45 7.34

#1—9 Duchesnea chrysantha
Conc. of Treatments (%

Index days Control 01 0.2 ( )0’3
Hunter 0 day 69.91%£0.49 69.31%£0.40 67.26%x0.88 64.43%0.69
L—value 3 day 67.48+0.55 65.91+0.57 63.67%+0.52 62.61%£0.53
Hunter 0 day —-3.00£0.13 | —2.73%£0.08 | —2.31+0.08 | —1.95%0.14
a—value 3 day ~1.4840.17 | —0.9240.16 | —1.03£0.15 | —0.48+0.19
Hunter 0 day 14.57+0.30 14.64+0.24 14.60+0.24 15.12+0.27
b—value 3 day 15.1240.16 | 15.274£0.21 | 15.45+0.29 | 15.75+0.17

chroma 0 day 14.88 14.89 14.78 15.24

0 da 0.00 0.00 0.00 0.00

delta E 3 dag 2.92 3.91 3.91 2.43
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#1—10 Selaginella tamariscina (P. Beauv.) Spring

Conc. of Treatments (%)

Index days Control 01 0.2 0.3
Hunter 0 day 69.91%£0.49 70.08%+0.32 68.11£0.73 69.24%0.51
L—value 3 day 67.48+0.55 66.03%+0.55 65.45+0.76 66.33%£0.39
Hunter 0 day —3.00£0.13 | —3.28%0.05 | —3.03x0.11 | —3.36%0.05
a—value 3 day ~1.4840.17 | —1.4240.08 | —0.62+0.17 | —1.31£0.09
Hunter 0 day 14.57+0.30 14.47+0.11 15.284+0.28 15.41+£0.22
b—value 3 day 15.1240.16 | 15.68+0.30 | 15.6740.22 | 15.0940.22
chroma 0 day 14.88 14.84 15.58 15.77
0 day 0.00 0.00 0.00 0.00
delta E 3 day 2.92 4.61 3.61 3.58
#1—11 Humulus japonicus S. et Z.
Index days Control — Conc. of Tr(;e;tments (%) 05
Hunter 0 day 69.91%£0.49 68.21£0.75 69.36%+0.65 69.56+£0.46
L—value 3 day 67.48+0.55 65.09£0.73 64.78+0.94 63.63%+1.01
Hunter 0 day —3.00£0.13 | —3.16x0.06 | —3.03x£0.10 | —3.26%0.05
a—value 3 day —1.4840.17 | —=1.21£0.21 | —0.6440.23 = —1.2240.17
Hunter 0 day 14.57+0.30 14.83+0.20 15.294+0.18 15.25+0.13
b—value 3 day 15.1240.16 | 15.24+0.29 | 14.98+0.20 | 15.33%0.30
chroma 0 day 14.88 15.16 15.59 15.59
value 3 day 15.19 15.28 14.99 15.37
0 da 0.00 0.00 0.00 0.00
delta E 3 dag 2.92 3.70 5.18 6.27
#2—1 Glysis Japoni Fischer
Conc. of Treatments (%)
Index days Control 01 0.2 0.3
0 —-0.19 —-0.21 —-0.21 —-0.21
a/b 3 —0.13 —-0.17 —0.18 —0.18
4 —-0.12 —0.18 —0.18 —0.18
5 —0.15 —0.18 —0.18 —0.18
0 14.47 15.16 14.52 15.37
chroma 3 14.72 15.54 14.78 15.54
value 4 15.50 15.25 15.15 15.91
5 15.85 16.10 16.22 15.92
0 0 0 0 0
3 4.10 1.14 0.55 0.44
delta £ 4 4.70 1.66 1.49 0.80
5 4.04 2.19 1.83 1.03
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#2—2 Glycine max L. Merrill

A% 39A

A% 59A

Conc. of Treatments (%)

Index days Control
0.1 0.2 0.3
0 62.4841.94 | 64.5840.88 | 65.1240.47 | 66.75+0.55
Hunt
y i ler 3 63.1840.78 | 63.7240.57 | 60.3040.87 | 62.7840.75
—value
4 61.60+0.68 | 61.86+1.07 | 60.4940.82 | 61.40+0.69
0 —1.6040.17 | —1.4940.17 | —1.3740.11 | —1.57+0.12
Hunter
1 3 —0.9640.21 | —0.96+0.15 | —0.6840.23 | —1.16+0.19
a—value
4 —0.2240.24 | —0.2040.18 | —0.1040.18 | —0.01+0.12
0 11.1840.32 | 10.64+0.22 | 11.68+0.24 | 12.6040.34
Hunt
. un ler 3 12.2140.20 | 12.04+0.17 | 11.6440.24 | 12.8240.30
—value
4 12.2140.23 | 12.6240.15 | 13.0740.15 | 13.4740.25
0 11.29 10.74 11.76 12.69
chroma
3 12.95 12.08 11.65 12.87
value
4 12.29 12.62 13.07 13.47
0 0 0 0 0
delta E 3 1.40 1.73 4.87 4.00
4 1.93 3.61 5.00 5.64
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#2—3 Lycium chinense Miller

Ind d Control Conc. of Treatments (%)
r
naex ays ORHO 0.1 0.2 0.3
0 —-0.19 —-0.18 —-0.19 —-0.16
b 3 —-0.13 —-0.13 —-0.12 —-0.13
4 A ~0.12 —0.14 —0.14 —0.12
5 —-0.15 —-0.15 —-0.13 —-0.12
0 14.47 14.78 15.03 14.69
chroma 3 14.72 14.83 14.31 14.33
value 4 15.50 15.31 15.45 14.63
5 15.85 15.65 15.70 15.39
0 0 0 0 0
3 4.10 2.47 4.73 2.98
delta E
4 4.70 3.30 3.87 4.39
5 4.04 4.08 3.28 3.85
#2—4 Phaseolus radiatus L
Conc. of Treatments (%)
Index days Control
0.1 0,2 0,3
0 62.48+1.94 64.70+0.59 66.12+0.46 67.06+0.59
Hunter
L | 3 63.18+0.78 65.23+0.58 65.25+0.80 62.25+0.52
—value
4 61.60+0.68 63.79+£0.94 64.15+0.82 59.22+1.16
0 —-1.60%+0.17 | —1.62%+0.06 | —1.83%+0.14 | —1.78%0.13
Hunter
3 —-0.96%+0.21 —1.444+0.19 | —1.59£0.18 | —1.16£0.20
a—value
4 —-0.22+0.24 | —0.90%£0.25 | —0.97%£0.17 | —0.47£0.13
0 11.18%£0.32 10.884+0.21 11.10£0.19 10.92£0.23
Hunter
. unle 3 12.2140.20 | 12.98+0.27 | 12.8540.19 | 12.27+0.27
—value
4 12.21£0.23 12.56+0.30 13.1£0.28 13.25%£0.15
0 11.29 11.00 11.25 11.06
chroma
3 12.25 13.06 12.95 12.33
value
4 12.22 12.59 13.14 13.25
0 0 0 0 0
delta E 3 1.40 2.17 1.97 5.03
4 1.93 2.04 2.94 8.28
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#2—5 Angasseol josiac

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.19 —0.20 —0.20 —0.20
a/b 3 —-0.13 —-0.17 —0.16 —0.16
4 —-0.12 —-0.17 —-0.17 —-0.17
5 —0.15 —0.16 —-0.17 —0.15
0 14.47 15.54 15.25 15.46
chroma 3 14.72 15.14 15.36 14.82
value 4 15.50 15.63 15.30 14.55
5 15.85 15.55 15.56 15.15

0 0 0 0 0

3 4.10 2.25 1.03 1.41

delta £ 4 470 1.04 1.30 2.97
5 4.04 2.73 1.57 2.77

#2—6 Bomco bysisorpus
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.19 —0.20 —0.20 —-0.21
a/b 3 —-0.13 —0.16 —-0.17 —-0.19
4 —-0.12 —-0.15 —0.18 —-0.19
5 —0.15 —-0.15 —0.16 —0.18
0 14.47 15.53 15.36 15.88
chroma 3 14.72 15.60 15.00 15.40
value 4 15.50 15.26 15.46 15.52
5 15.85 15.26 15.36 15.82

0 0 0 0 0

3 4.10 0.73 0.55 0.61

delta £ 4 4.70 2.12 1.30 1.45
5 4.04 2.42 1.72 2.07

A7 39A A7 54 A



#2—7 Ampelopsis Radix

Ind d c | Conc. of Treatments (%)
ndex ays ontro 01 0.2 03
b 0 ~0.17 ~0.16 —0.18 ~0.18
1 ~0.11 —0.04 ~0.08 ~0.06
chroma 0 12.57 13.34 14.08 14.36
value 1 12.55 11.84 13.16 13.77
0 0 0 0 0
delta E 1 4.60 7.36 4.97 4.59
#2—8 Poria cocos Wolf
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 ~0.15 ~0.19 ~0.18 ~0.18
b 3 ~0.10 ~0.08 ~0.03 ~0.04
4 ~0.08 ~0.07 ~0.03 ~0.04
5 —0.04 ~0.03 0.02 ~0.01
0 14.27 14.94 14.15 14.66
chroma 3 15.10 15.79 14.93 15.50
value 4 15.59 15.57 15.39 15.53
5 15.80 16.19 15.82 17.00
0 0 0 0 0
3 4.40 5.38 6.24 6.94
delta E 4 4.97 5.51 5.87 6.75
5 5.78 7.36 7.86 7.31
#2—9 Maajata Paepoca
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
Hunter 0 62.48+1.94 | 66.88+0.48 | 65.8240.31 | 64.60+0.66
3 63.1840.78 | 66.03+0.72 | 65.86+0.56 | 64.90+0.45
L—value 4 61.60+0.68 | 65.3310.48 | 63.2940.82 | 63.51+0.37
Hunter 0 —1.60+£0.17 | —1.85+0.13 | —1.93%0.09 | —2.01£0.10
3 —0.96+£0.21 | —1.5240.20 | —1.7240.09 | —1.52+0.12
a—value 4 —0.224+0.24 | —-1.2240.20 | —-1.15+0.09 | —1.00£0.12
Hunter 0 11.18+0.32 | 11.12+0.25 | 11.33£0.12 | 10.98+0.23
3 12.214£0.20 | 13.06+0.25 | 13.83£0.20 | 14.14+0.16
b—value 4 12.2140.23 | 13.4840.18 | 13.57+0.16 | 14.00+0.15
chroma 0 11.29 11.27 11.49 11.16
3 12.25 13.15 13.93 14.23
value 4 12.22 13.53 13.62 14.03
0 0 0 0 0
delta E 3 1.40 2.14 2.51 3.21
4 1.93 2.89 3.47 3.36
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A% 39

#2—10 Behoda cahurica Bentoker

Conc. of Treatments (%)

Index days Control 01 0.2 0.3
0 68.01+£0.34 67.87+0.74 68.02+0.34 67.95+0.64
Hunter 3 63.13+0.45 65.91+£0.73 66.55+0.59 62.88+1.13
L—value 4 62.26+0.49 64.98+0.69 66.45+0.75 64.74+0.96
5 62.47+0.36 64.25+0.74 67.14+0.26 63.95+0.55
0 -2.48+0.12 -3.19£0.05 —3.38%£0.03 —3.23%0.09
Hunter 3 -0.79+0.21 -1.51%0.15 -2.39%+0.23 —1.54+0.20
a—value 4 -0.69%0.17 -1.10%£0.13 —2.18%0.20 —1.85+0.28
5 —0.34%0.18 -1.31£0.18 -2.144+0.13 —1.48+0.14
0 14.51%+0.27 13.89%0.20 14.34%0.20 14.57%+0.19
Hunter 3 13.41£0.28 13.63+0.21 13.66+0.12 13.06+0.18
b—value 4 13.74%0.18 13.13%£0.15 13.58%0.17 13.41%£0.19
5 14.79%0.27 13.61%£0.27 13.82%0.20 13.43%£0.19
0 14.72 14.25 14.73 14.92
chroma 3 13.43 13.71 13.87 13.15
value 4 13.76 13.17 13.76 13.53
5 14.80 13.68 13.99 13.51
0 0 0 0 0
3 5.27 2.59 1.89 5.55
delta £ 4 6.07 3.65 2.12 3.69
5 5.94 4.09 1.60 4.51
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A7} 394 (2-10) A% 544 (2—-10)

#2—11 Racvatract Lychin DC.

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.17 —-0.17 —=0.20 —0.20
a/b 3 —0.08 —-0.13 —0.02 —0.18
4 —0.06 —-0.11 —-0.17 —0.18
5 —0.07 —0.10 —0.15 —0.18
0 12.57 13.37 14.78 15.63
chroma 3 12.77 13.10 117.81 15.48
value 4 13.11 13.12 15.21 15.17
5 13.30 13.08 15.09 16.61

0 0 0 0 0

3 5.42 2.68 103.39 1.14

delta £ 4 5.57 3.73 2.59 2.80
5 4.93 4.08 3.37 2.43

A 3¢HA A7 54 A
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#2—12 Hordeum vulgare L.

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —0.15 —0.18 -0.19 -0.19
3 —0.10 —0.08 —0.07 —0.09
alb 4 ~0.08 ~0.07 ~0.06 ~0.09
5 —0.04 —0.04 —0.04 —0.08
0 14.27 14.64 14.23 14.82
chroma 3 15.10 15.37 14.88 16.21
value 4 15.59 15.45 15.19 16.29
5 15.80 16.42 15.89 16.85
0 0 0 0 0
delta E 3 4.40 5.80 5.10 5.57
4 4.97 5.25 5.23 5.32
5 5.78 6.09 6.01 6.04
#2—13 Bachpipun unuspers Batsch
Index days Control Conc. of Treatments (%)
0.1 0.2 0.3
0 68.55+0.72 69.77£0.57 69.43+0.79 70.00£0.75
Hunter 3 64.40+0.53 67.52+0.74 66.99+0.43 66.72+0.66
L—value 4 62.01+1.85 66.16+1.11 64.86+0.42 67.01+0.54
5 64.05£0.80 65.30+0.51 65.65+£0.57 65.80+0.60
0 —2.56%0.08 —2.85%0.04 —2.90£0.04 —2.79%0.05
Hunter 3 —1.00%0.13 —1.48%+0.11 —1.49+£0.10 —-1.61+0.18
a—value 4 -0.9240.13 -1.21£0.18 —1.38+0.12 —1.68%+0.06
5 -0.83%0.19 —-1.21+£014 —1.34£0.10 —1.59£0.19
0 13.59%0.16 13.70%£0.19 13.43%£0.22 14.44+0.12
Hunter 3 14.55%+0.27 13.97+£0.21 14.11%+0.25 14.20£0.24
b—value 4 14.63%0.28 14.31%+0.17 14.51+£0.21 14.78%0.20
5 14.87%+0.18 14.75%0.20 15.40%0.46 15.32%+0.25
0 13.82 13.99 13.74 14.70
chroma 3 14.59 14.04 14.18 14.29
value 4 14.66 14.36 14.58 14.87
5 14.90 14.80 15.46 15.40
0 0.00 0.00 0.00 0.00
3 4.54 2.66 2.90 3.50
delta E
4 6.82 4.02 4.94 3.21
5 4.99 4.88 4.54 4.46
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A7 394 (2-13) A7d 544 (2—-13)

#2—14 Prunus armeniaca var. ansu Max.

Conc. of Treatments (%)
days Control
Index 0.1 0.2 0.3
0 -0.15 -0.19 -0.19 -0.19
3 -0.10 —-0.09 -0.09 -0.12
a/b
4 —-0.08 -0.11 -0.10 -0.13
5 —0.04 —-0.11 —-0.11 —-0.12
0 14.27 14.57 14.40 14.64
chroma 3 15.10 16.00 15.22 15.24
value 4 15.59 16.38 15.62 15.59
5 15.80 17.24 16.51 15.98
0 0 0 0 0
3 4.40 5.20 3.93 4.02
delta E
4 4.97 4.38 3.69 3.56
5 5.78 4.88 3.65 4.85
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#2—15 rurus chinensis (Lour.) Baill.

Conc. of Treatments (%)

Index days Control 01 0.2 0.3
0 68.134+0.58 69.74+0.65 68.744+0.52 68.96+0.64
Hunter 3 64.3240.48 67.36+0.55 65.6310.64 65.2640.50
L—value 4 64.074+0.59 66.1140.49 65.104+0.46 65.4040.78
5 62.6440.68 64.6240.51 61.76+0.38 63.8240.48
0 —2.624+0.05 | —2.97£0.06 | —2.70+£0.11 | —2.67+0.06
Hunter 3 -1.07£0.18 | —-1.3240.13 | —1.17+£0.14 | —1.18+0.12
a—value 4 —0.794£0.19 | —-1.26£0.19 | —0.85+0.18 | —1.21+0.16
5 —0.05+0.23 0.0840.19 0.3340.20 —0.39+0.15
0 12.89+0.12 15.05£0.20 15.39£0.27 15.59£0.26
Hunter 3 14.1440.18 15.3940.24 15.7940.20 15.87£0.19
b—value 4 14.7940.21 16.10£0.19 15.85+0.18 16.87+0.36
5 16.53+0.29 18.1240.23 17.16£0.22 18.2640.24

0 13.15 15.34 15.62 15.82

chroma 3 14.18 15.44 15.83 15.91

value 4 14.81 16.15 15.87 16.91

5 16.53 18.12 17.16 18.26

0 0.00 0.00 0.00 0.00

3 4.30 2.92 3.49 4.00

delta E 4 4.85 4.03 4.59 5.03

5 7.07 6.85 8.22 7.24

#2—16 Mantinia hmaaglusa
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 68.134+0.58 70.23%0.55 70.8940.57 71.3240.34
Hunter 3 64.3240.48 69.0040.44 66.6840.45 67.2240.57
L—value 4 64.07+0.59 68.4740.55 67.15+0.52 66.914+0.52
5 62.64+0.68 67.9240.41 66.4640.44 65.764+0.52
0 —2.624+0.05 | —3.16£0.06 | —3.13+£0.09 | —3.21+0.09
Hunter 3 ~1.07£0.18 | —2.14£0.12 | —1.4940.22 | —1.1240.14
a—value 4 -0.794£0.19 | —-1.73£0.16 | —1.50+0.18 | —1.18+0.13
5 —0.054£0.23 | —1.66%0.25 | —0.74+0.23 | —0.54+0.23
0 12.89+0.12 14.75£0.26 14.40£0.12 15.12+0.36
Hunter 3 14.1440.18 15.3240.24 14.38+0.27 14.1440.17
b—value 4 14.7940.21 15.53+0.22 15.54+0.20 15.11£0.31
5 16.53+0.29 18.18+0.31 17.774£0.21 15.9940.29

0 13.15 15.08 14.74 15.46

chroma 3 14.18 15.47 14.46 14.18

value 4 14.81 15.62 15.62 15.15

5 16.53 18.26 17.79 16.00

0 0.00 0.00 0.00 0.00

3 4.30 1.69 4.51 4.71

delta E 4 4.85 2.80 3.04 2.91

5 7.07 5.38 5.49 4.43
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A 34A (2-16)

#2—17 Rice bran

A4 5dA (2-16)

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 -0.15 —-0.20 —0.20 —-0.22
/b 3 -0.10 —0.09 —0.09 —-0.11
4 —-0.08 —-0.09 -0.08 -0.12
5 —0.04 —0.08 —0.09 —-0.13
0 14.27 14.33 14.34 14.49
chroma 3 15.10 15.79 15.19 15.76
value 4 15.59 16.00 15.66 16.15
5 15.80 16.63 16.42 16.76

0 0 0 0 0

3 4.40 4.39 4.33 4.14

delta E 4 4.97 4.64 5.02 1.65
5 5.78 5.14 5.51 4.36

A% 3¢ A 544
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#2—18 Honia cordata Thunberg

Conc. of Treatments (%)

Index days Control
0.1 0.2 0.3
0 68.13+0.58 70.10£0.26 68.34+0.57 70.20£0.64
Hunter 3 64.32+0.48 69.041+0.48 66.66+0.92 66.59+0.57
L—value 4 64.07£0.59 67.56£0.50 66.03£0.55 66.42+0.42
5 62.64+0.68 64.59+0.51 65.77+0.41 65.42+0.47
0 —2.62%0.05 —3.24£0.05 —3.11+0.14 —3.41+£0.04
Hunter 3 —1.07%£0.18 —-1.77£0.11 —1.65%0.20 —-1.76%0.11
a—value 4 —0.79+0.19 —1.65%0.14 —1.77%£0.14 —1.58+0.11
5 —0.05%0.23 —0.92£0.20 —1.59£0.20 —1.07£0.13
0 12.89%+0.12 14.73%£0.16 15.28%0.27 16.02%0.27
Hunter 3 14.1440.18 15.58+0.22 15.21+0.34 15.86%0.26
b—value 4 14.79%£0.21 15.73%£0.15 15.65%0.31 16.31%+0.19
5 16.53%0.29 16.82+0.21 17.26%0.34 17.35%£0.21
0 13.15 15.08 15.59 16.38
chroma 3 14.18 15.68 15.29 15.95
value 4 14.81 15.82 15.75 16.38
5 16.53 16.84 17.33 17.38
0 0.00 0.00 0.00 0.00
3 4.30 2.01 2.23 3.97
delta E
4 4.85 3.06 3.57 3.96
5 7.07 5.55 5.07 5.44

A% 384 (2-18)

A 524 (2-18)

_70_



#2—19 Coix lachryma—jobi var. mayuen (ROMAN STAPF)

Conc. of Treatments (%)

Index days Control
0.1 0.2 0.3
0 -0.17 -0.19 -0.20 -0.19
3 —-0.14 —-0.09 -0.13 -0.13
a/b

4 —-0.10 —-0.09 -0.10 -0.13

5 -0.09 —-0.02 -0.08 —-0.08

0 14.25 14.84 14.32 14.17
chroma 3 13.24 13.66 13.45 12.27
value 4 13.89 14.40 13.83 14.04

5 15.05 16.17 15.69 15.36

0 0 0 0 0

3 2.86 3.32 2.32 2.83
delta E

4 3.93 3.26 3.42 2.40

5 3.90 5.15 4.58 4.84

#2—20 Cininale Prunaki
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 -0.17 —-0.21 -0.20 -0.19
3 —-0.08 -0.20 -0.19 -0.19
a/b

4 -0.06 -0.18 -0.20 -0.19

5 —-0.07 -0.19 -0.19 -0.17

0 12.57 15.05 16.15 16.56
chroma 3 12.77 15.34 15.64 15.59
value 4 13.11 15.70 16.00 15.98

5 13.30 15.88 15.78 16.11

0 0 0 0 0

3 5.42 0.57 0.94 1.62
delta E

4 5.57 1.29 1.34 1.78

5 4.93 1.24 2.47 4.49
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A% 39A

#2—21 Paddy rice

A% 59A

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.17 —-0.19 —-0.19 —-0.20
/b 3 —-0.14 -0.16 -0.13 -0.16
4 -0.10 —-0.11 -0.11 -0.13
5 —0.09 —-0.10 —0.08 —-0.11
0 14.25 14.41 14.81 14.60
chroma 3 13.24 14.19 13.58 14.03
value 4 13.89 14.10 14.87 14.10
5 15.05 15.30 17.00 14.84

0 0 0 0 0

3 2.86 2.00 2.67 1.96

delta E 4 3.93 3.93 3.42 2.10
5 3.90 4.68 5.28 2.68

A% 3¢ A 544
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#2—22 Thatorihamus Japoni

Conc. of Treatments (%)
Index days Control

0.05 0.1 0.2
0 68.13+0.58 70.97£0.60 70.89£0.63 69.50+1.10
Hunter 3 64.32+0.48 69.68+0.41 66.42+0.53 66.05+0.75
L—value 4 64.07£0.59 67.94+0.44 67.52+0.50 66.53+0.82
5 62.64+0.68 67.90£0.56 67.31+0.60 65.87+0.55
0 —2.62%0.05 —3.24%0.08 —2.68%0.06 —-2.08%0.11
Hunter 3 —1.07%£0.18 —-1.69£0.12 —-1.17£0.17 -1.01£0.16
a—value 4 -0.79%£0.19 —1.07£0.09 -1.26%0.12 -0.92%0.13
5 —0.05%0.23 —-0.95%0.15 —-1.06£0.14 —0.48+0.14
0 12.8940.12 15.9740.31 16.01£0.15 16.88+0.25
Hunter 3 14.14%0.18 14.57+£0.24 15.36%0.21 15.46%0.25
b—value 4 14.79%£0.21 14.19%+0.25 16.10%0.15 16.09%£0.35
5 16.53%0.29 15.17%£0.21 17.65%+0.32 17.04%0.26

0 0.00 0.00 0.00 0.00

chroma 3 4.30 2.45 4.76 3.88

value 4 4.85 2.03 3.53 3.96

5 7.07 2.83 5.08 5.19

0 13.15 16.30 16.23 17.01

3 14.18 14.67 15.40 15.50

delta E
4 14.81 14.23 16.15 16.12
5 16.53 15.20 17.68 17.05

A% 344 (2-22)
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#3—1 Cuscuta japonica CHOIS.—Seeds

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.21 —0.19 —0.18 —0.15

a/b 3 —0.04 —0.06 —0.01 0.01
4 —0.06 —0.05 0.02 —0.02

5 —0.04 —0.06 0.01 0.00
0 13.16 14.88 14.11 14.26
chroma 3 13.61 14.92 14.66 15.23
value 4 14.44 15.36 15.23 15.75
5 14.57 15.65 15.73 16.15

0 0 0 0 0

3 5.56 3.13 3.81 3.36

delta £ 4 3.92 3.91 4.68 2.73
5 9.76 4.13 5.41 3.83

#3—2 Saposhnikovia divaricata Schiskin
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.21 —0.22 —=0.20 —0.20
a/b 3 —0.04 —-0.14 —-0.07 —-0.11
4 —0.06 —-0.14 —-0.07 —0.09
5 —0.04 —-0.11 —0.08 —0.08
0 13.16 13.82 14.50 13.45
chroma 3 13.61 13.81 13.90 13.47
value 4 14.44 15.59 14.53 14.06
5 14.57 14.93 15.09 14.67

0 0 0 0 0

3 5.56 1.06 1.97 1.62

delta £ 4 3.92 2.32 2.35 1.71
5 9.76 2.97 1.95 2.11

#3—3 Dictamnus dasycarpus Turcz.
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.21 —-0.22 —-0.13 —-0.22
a/b 3 —0.04 —0.09 —-0.07 —0.07
4 —0.06 —0.07 —0.08 —0.09
5 —0.04 —0.06 —-0.07 —0.07
0 13.16 14.16 22.27 13.83
chroma 3 13.61 12.94 13.32 13.08
value 4 14.44 13.68 13.14 13.10
5 14.57 13.63 13.73 13.72

0 0 0 0 0

3 5.56 2.13 9.06 2.07

delta £ 4 3.92 9.44 9.20 6.38
5 9.76 3.21 8.68 3.33
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#3—4 Reynoutria japonica

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.21 —-0.19 —-0.13 —-0.17
a/b 3 —0.04 —0.07 —0.08 —0.05
4 —0.06 —0.06 —-0.07 —0.07
5 —0.04 —0.05 —0.10 —0.08
0 13.16 15.78 24.66 18.03
chroma 3 13.61 14.63 15.82 17.21
value 4 14.44 14.72 16.26 17.22
5 14.57 15.04 16.70 17.54

0 0 0 0 0

3 5.56 3.17 9.17 3.35

delta £ 4 3.92 3.53 9.30 3.49
5 9.76 3.50 8.51 4.36

#3—5 Rumex crispus L.
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.21 —-0.19 —0.18 —-0.22
a/b 3 —0.04 —0.08 —0.08 —0.10
4 —0.06 —0.08 —-0.07 —-0.11
5 —0.04 —0.08 —-0.07 —0.09
0 13.16 15.14 16.53 16.93
chroma 3 13.61 14.21 14.41 16.17
value 4 14.44 14.67 15.72 17.24
5 14.57 14.87 15.66 16.60

0 0 0 0 0

3 5.56 2.69 5.80 2.48

delta E A 3.92 4.04 3.93 2.52
5 9.76 3.91 4.19 3.76

A7 34A A& 54|



#3—6 Persicaria tinctoria

Conc. of Treatments (%)
Index days Control 01 0.9 03
0 —0.133 —-0.167 —0.153 —0.182
a/b 3 0.012 —0.008 —0.022 —0.068
4 0.024 0.028 —0.007 —0.051
5 0.027 0.076 0.024 0.004
0 12.98 13.23 13.93 14.75
chroma 3 13.51 14.12 14.07 14.50
value 4 13.77 13.91 15.02 14.68
5 15.10 14.88 15.35 15.03
0 0.00 0.00 0.00 0.00
3 5.27 3.81 5.30 3.31
delta £ 4 5.95 5.36 4.26 3.48
5 6.60 7.15 6.53 5.59
#3—7 Equisetum hyemale L.
Conc. of Treatments (%)
Index days Control 01 0.2 03
0 —0.20 —0.20 —-0.21 —-0.19
a/b 3 —0.07 —0.10 —=0.10 —0.13
4 —0.08 —-0.11 —0.08 —0.08
5 —0.07 —0.09 —0.06 —0.05
0 14.00 13.38 14.83 15.26
chroma 3 14.19 13.59 14.25 15.12
value 4 13.99 13.86 14.37 14.59
5 15.39 14.82 15.32 15.35
0 0 0 0 0
3 3.15 3.17 1.79 1.98
delta £ 4 3.08 3.28 2.71 2.50
5 3.58 3.48 3.67 3.64
#3—8 Carpesium abrotanoides L.
Conc. of Treatments (%)
Index days Control 01 0.2 03
0 —0.20 —0.16 —-0.14 —-0.11
a/b 3 —0.07 —0.08 —0.08 —0.06
4 —0.08 —0.08 —0.06 —0.04
5 —0.07 —0.06 —0.04 —0.01
0 14.00 15.00 15.07 14.69
chroma 3 14.19 13.64 14.97 15.23
value 4 13.99 13.76 14.78 15.68
5 15.39 14.41 15.39 15.60
0 0 0 0 0
3 3.15 1.95 1.23 1.47
delta £ 4 3.08 2.15 2.06 3.32
5 3.58 2.66 3.43 2.96
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#3—9 Typha orientalis C.Presl

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.20 -0.19 —-0.21 —-0.21
/b 3 —-0.07 —-0.11 -0.13 -0.13
4 —-0.08 -0.12 -0.13 —-0.11
5 —-0.07 —-0.11 —0.09 —-0.06
0 14.00 15.09 15.09 15.40
chroma 3 14.19 13.54 13.73 14.51
value 4 13.99 14.02 14.00 14.28
5 15.39 15.09 14.61 14.91

0 0 0 0 0

3 3.15 3.32 2.01 2.71

delta E 4 3.08 3.48 3.04 3.51
5 3.58 2.69 4.45 5.09

A% 3¢ A 544
#3—10 Suaco tillastria Thunb.
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.20 —-0.18 —0.17 —-0.14

/b 3 —-0.07 —-0.09 -0.08 0.01
4 —-0.08 —-0.09 -0.08 0.01

5 —-0.07 —-0.07 —0.05 0.02
0 14.00 14.56 14.23 15.14
chroma 3 14.19 14.48 15.49 16.42
value 4 13.99 14.52 15.52 16.69
5 15.39 15.26 15.82 17.08

0 0 0 0 0

3 3.15 2.18 3.81 6.99

delta E 4 3.08 1.73 2.69 6.75
5 3.58 4.00 3.44 6.83
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A% 39A

A% 59A

#3—11 Cirsium japonicum var. maackii (Maxim.) Matsum.

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.16 —0.20 —-0.20 —-0.18
a/b 3 —-0.13 —-0.14 —-0.13 —-0.12
4 —-0.13 —-0.13 —-0.11 —0.09
5 —0.08 —-0.04 —0.04 —-0.03
0 14.24 14.38 14.24 14.85
chroma 3 13.07 13.39 12.88 13.30
value 4 15.25 15.40 14.56 14.86
5 17.31 17.37 16.68 16.97

0 0 0 0 0

3 3.63 2.63 1.87 2.58

delta £ A 3.78 3.80 3.03 3.96
5 6.99 6.81 5.99 7.08

#3—12 Hemerocallis fulva (L.) L.
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.16 —0.20 —-0.19 —-0.19
a/b 3 —-0.13 —-0.16 —-0.15 —-0.13
4 —-0.13 —-0.13 —-0.13 —-0.11
5 —0.08 —-0.09 —-0.07 —-0.07
0 14.24 13.86 14.05 14.05
chroma 3 13.07 12.90 12.50 12.79
value 4 15.25 15.06 14.77 15.15
5 17.31 17.62 17.37 16.42

0 0 0 0 0

3 3.63 2.26 2.22 1.54

delta £ A 3.78 3.19 2.23 3.03
5 6.99 6.86 5.71 4.98
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#3—13 Celosia cristata L.

Conc. of Treatments (%)

Index days Control
0.1 0.2 0.3
0 -0.16 -0.18 -0.16 -0.15
3 -0.13 -0.15 -0.11 -0.12
a/b

4 -0.13 -0.11 -0.07 -0.07

5 —0.08 -0.07 —-0.05 —-0.05

0 14.24 14.15 14.61 14.65
chroma 3 13.07 12.90 13.18 13.64
value 4 15.25 14.78 14.72 14.72

5 17.31 16.85 16.91 17.13

0 0 0 0 0

3 3.63 2.05 2.02 2.00
delta E

4 3.78 3.36 3.46 2.91

5 6.99 6.06 4.98 5.47

#4—1 Ligustrum lucidum Aiton—Fruits
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 -0.17 —-0.14 -0.11 —-0.08
3 —-0.14 -0.13 -0.09 —-0.08
a/b

4 -0.10 -0.11 -0.06 —-0.09

5 —-0.09 -0.12 —-0.08 —-0.05

0 14.25 14.82 15.63 15.77
chroma 3 13.24 13.79 14.63 15.08
value 4 13.89 14.35 14.59 15.26

5 15.05 15.64 15.86 15.32

0 0 0 0 0

3 2.86 2.74 2.53 0.74
delta E

4 3.93 2.85 1.90 0.86

5 3.90 2.96 2.28 1.14
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#4—2 Celastrus orbiculatus

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.133 —0.147 —0.163 —0.143
a/b 3 0.012 —0.029 —0.054 —0.007
4 0.024 —0.009 —0.049 0.005

5 0.027 0.049 —0.019 0.046

0 12.98 14.07 14.60 15.00

chroma 3 13.51 14.24 14.90 15.04
value 4 13.77 14.57 14.77 15.47
5 15.10 15.60 15.42 16.10

0 0.00 0.00 0.00 0.00

3 5.27 2.78 4.91 4.57

delta £ 4 5.95 3.81 3.95 5.29
5 6.60 5.47 6.75 6.29

#4—3 Zizyphus jujuba Mill var. inermis Rehder
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.133 —0.203 —0.206 —0.190
a/b 3 0.012 —0.049 —0.047 —0.055
4 0.024 —0.049 —0.051 —0.036
5 0.027 —0.028 —0.059 —0.011

0 12.98 13.17 13.71 13.59

chroma 3 13.51 14.02 13.32 13.29
value 4 13.77 14.00 13.86 14.06
5 15.14 15.10 15.11 14.86

0 0.00 0.00 0.00 0.00

3 5.27 3.74 3.68 4.56

delta £ 4 5.95 3.65 2.87 5.49
5 6.61 4.47 2.85 6.02

A 44H A% 544

_80_



#4—4 Koscochiaisatins Scharder

Conc. of Treatments (%)
Index days Control 01 0.9 03
0 —-0.17 —0.15 —-0.13 —-0.12
a/b 3 —-0.14 —-0.11 —0.06 —0.06
4 —0.10 —0.10 —0.05 —0.04
5 —0.09 —0.08 —0.03 —0.03
0 14.25 14.34 14.41 13.95
chroma 3 13.24 13.40 13.66 13.54
value 4 13.89 13.84 13.76 13.29
5 15.05 14.26 14.59 13.69
0 0 0 0 0
3 2.86 1.49 2.25 2.75
delta £ 4 3.93 1.64 3.22 2.73
5 3.90 2.11 49.31 3.36
A 3¢HA A7 54 A
#4—5 Anthium marium L.—seeds
Conc. of Treatments (%)
Index days Control 01 0.2 03
0 —0.238 —0.200 —0.145 —0.190
a/b 3 0.012 —0.059 —0.015 —0.094
4 0.024 —0.049 —0.023 —0.068
5 0.027 —0.023 0.017 —0.069
0 13.22 13.94 14.51 14.39
chroma 3 13.51 13.28 13.44 13.60
value 4 13.77 13.99 13.54 14.16
5 15.10 14.13 14.03 14.53
0 0.00 0.00 0.00 0.00
3 5.89 4.38 6.38 4.18
delta £ 4 6.54 4.86 5.41 3.23
5 7.15 5.84 6.67 3.43
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A 4244

#4—6 Eriobotrya japonica Lindley

A% 59A

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —0.16 —-0.14 —-0.12 —-0.11
a/b 3 —-0.11 —-0.12 —0.08 —0.05
4 —0.10 —-0.11 —0.08 —0.04
5 —0.08 —0.07 —0.05 —0.03
0 14.78 15.59 16.47 16.81
chroma 3 13.63 14.55 15.70 16.15
value 4 13.90 15.16 15.90 16.01
5 15.63 16.00 17.22 16.92

0 0 0 0 0

3 4.04 3.23 3.46 4.31

delta £ 4 5.11 3.29 4.35 4.28
5 5.91 4.48 4.79 5.84

#4—7 Paniculachum Podemasum
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —0.16 —-0.17 —0.16 —-0.19
/ 3 —-0.11 —-0.14 —-0.12 —-0.17
a/b 4 ~0.10 ~0.14 -0.11 ~0.16
5 —0.08 —-0.11 —0.10 —-0.14
0 14.78 15.47 15.95 16.30
chroma 3 13.63 14.39 15.10 15.98
value 4 13.90 15.04 14.93 15.59
5 15.63 16.15 15.12 16.27

0 0 0 0 0

3 4.04 2.83 2.20 2.15

delta £ 4 5.11 3.40 3.74 2.61
5 5.91 5.03 5.51 4.69
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A% 39A A% 59A

#4—8 Pinus densiflora S. et Z. —resin

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.16 —-0.18 —0.20 —-0.20
/b 3 —-0.11 -0.16 -0.18 —-0.17
4 -0.10 -0.16 —-0.17 —-0.17
5 —-0.08 —0.14 —-0.17 -0.18
0 14.78 15.33 15.38 14.81
chroma 3 13.63 14.41 14.69 14.77
value 4 13.90 14.60 15.13 14.49
5 15.63 15.76 15.30 15.15

0 0 0 0 0

3 4.04 2.26 2.63 1.88

delta E 4 5.11 2.18 2.68 2.98
5 5.91 4.19 4.06 3.16

A% 3¢ A 544
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#4—9 Equisetum arvense L.

Conc. of Treatments (%)
Index days Control

0.1 0.2 0.3
0 —0.183 —0.193 —0.189 —0.193
3 —0.061 —0.055 —0.081 —0.072
/b 4 —0.072 —0.038 —0.066 -0.071
5 —0.045 —0.009 —0.043 —0.026

0 15.31 16.01 15.81 16.04

chroma 3 13.85 14.18 13.90 14.86
value 4 14.43 14.67 14.10 15.53
5 15.42 16.01 15.46 16.37

0 0.00 0.00 0.00 0.00

telta E 3 3.88 5.49 5.08 4.60
4 3.52 5.59 6.03 4.85

5 4.88 6.18 6.93 7.50

#4—10 Ricomicinus Cartano L.
Conc. of Treatments (%)
Index days Control

0.1 0.2 0.3
0 —0.163 —0.198 —0.224 —0.197
3 —0.015 -0.117 —0.107 —0.082
/b 4 —0.025 —0.103 —0.090 —0.064
5 0.016 —0.060 —0.068 —0.024

0 15.32 14.68 14.68 13.76

chroma 3 12.91 14.51 13.67 13.46
value 4 13.95 14.58 14.16 14.44
5 14.09 16.02 14.66 15.42

0 0.00 0.00 0.00 0.00

telta E 3 8.87 2.54 3.60 3.49
4 7.05 3.60 3.80 2.98

5 9.21 5.37 4.81 4.42




A% 39A

A% 59A

#4—11 Majusenium var. asiaticum

A 4244

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.133 —0.203 —0.208 —0.221
a/b 3 0.012 —0.105 —0.097 —0.082
4 0.024 —0.079 —0.075 —0.076
5 0.027 —0.032 —0.014 —0.031

0 12.98 14.69 15.49 15.51

chroma 3 13.51 14.27 14.51 14.64
value 4 13.77 14.37 14.94 14.86
5 15.10 14.74 15.06 15.00

0 0.00 0.00 0.00 0.00

3 5.27 3.03 2.85 2.32

delta £ 4 5.95 3.98 3.61 3.32
5 6.60 5.14 4.95 3.12
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A% 3244 A% 444

A% 59A

#4—12 Tiumla lappatium

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —0.183 —0.205 —0.188 —0.195
b 3 —0.061 —0.157 ~0.125 ~0.123
4 ~0.072 ~0.171 ~0.096 —0.145
5 —0.045 ~0.153 ~0.054 ~0.107

0 15.31 16.14 16.00 15.62

chroma 3 13.85 14.92 14.50 13.99
value 4 14.43 15.67 14.46 14.84
5 15.42 17.19 15.71 15.22

0 0.00 0.00 0.00 0.00

3 3.88 3.12 3.78 3.19

delta E 4 3.52 1.34 4.32 2.04
5 4.88 2.65 5.52 3.60
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A 3LH A 4L A
#4—13 Konsisus Gusdium Zieb et Eucc
Conc. of Treatments (%)
Index days Control 01 0.2 03
0 —0.183 —-0.216 —-0.226 —0.209
/b 3 —0.061 —-0.010 —-0.116 —-0.102
4 —-0.072 —0.092 —0.080 —-0.077
5 —0.045 —0.069 —0.095 —-0.093
0 15.31 15.26 16.12 16.25
chroma 3 13.85 13.57 14.03 13.82
value 4 14.43 14.05 14.36 13.90
5 15.42 14.67 15.74 14.94
0 0.00 0.00 0.00 0.00
3 3.88 4.35 3.51 5.94
delta E 4 3.52 3.79 419 5.79
5 4.88 5.30 4.38 6.07
A 4L A A 5YU A



#4—14 FEugenia caryophyllata Thumb
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.183 —0.216 —-0.215 —0.203
a/b 3 —0.061 —0.142 —0.075 —0.019
4 —-0.072 —0.124 —0.104 —0.033
5 —0.045 —-0.122 —0.080 —0.062

0 15.31 16.70 16.79 16.38

chroma 3 13.85 15.37 15.81 16.88
value 4 14.43 15.55 16.32 17.06
5 15.42 16.54 16.48 17.20

0 0.00 0.00 0.00 0.00

3 3.88 2.90 6.26 8.32

delta £ 4 3.52 2.21 2.93 6.11
5 4.88 2.71 4.13 4.54

#4—15 Smilamilax ampleglabra
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.173 —-0.212 —0.190 —0.202

a/b 3 0.031 —-0.107 —0.039 0.019
4 0.006 —0.069 —0.018 0.025

5 —0.012 —0.091 0.026 0.038

0 15.01 17.62 16.02 16.54

chroma 3 13.59 17.17 16.16 17.39
value 4 13.91 16.84 16.28 17.64
5 14.72 18.24 16.55 18.32

0 0.00 0.00 0.00 0.00

3 6.86 2.43 3.35 5.97

delta £ 4 6.31 2.96 4.25 6.26
5 7.61 3.75 6.74 7.53

A 3¢HA A 49A
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#4—16 Diospyros kaki THUNB. (fruit)

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.163 —0.209 —-0.211 —0.191
a/b 3 —0.015 —0.101 —0.097 —0.104
4 —0.025 —0.061 —0.093 —0.078
5 0.016 —0.042 —0.033 —0.064

0 15.32 14.18 14.04 14.11

chroma 3 12.91 13.56 13.78 13.69
value 4 13.95 13.67 14.51 13.96
5 14.09 14.73 14.86 15.25

0 0.00 0.00 0.00 0.00

3 8.87 1.67 2.95 2.06

delta £ 4 7.05 2.18 2.56 3.28
5 9.21 2.88 6.18 4.17

A7 34A A 44A

A% 59A



#4—17 Polydonati rhizoma

Conc. of Treatments (%)
Index days Control

0.1 0.2 0.3
0 —0.163 —0.184 —0.199 —0.176
3 —0.015 —0.061 —0.125 —0.090
b 4 —0.025 —0.045 —0.085 —0.055
5 0.016 —0.024 —0.084 —0.014

0 15.32 14.13 14.99 14.39

chroma 3 12.91 13.76 14.66 14.06
value 4 13.95 14.38 14.89 14.48
5) 14.09 15.17 16.29 14.59

0 0.00 0.00 0.00 0.00

delta E 3 8.87 2.62 3.12 2.30
4 7.05 3.22 4.86 4.58

5 9.21 3.93 4.91 6.41

#4—18 Bocomtarbus commixta Hedl.
Conc. of Treatments (%)
Index days Control

0.1 0.2 0.3
0 —0.163 —0.155 —0.141 —0.143

3 —0.015 —0.015 0.055 0.046

/b 4 —0.025 —0.016 0.035 0.037
5 0.016 —0.048 0.073 0.045

0 15.32 15.77 15.43 15.10

chroma 3 12.91 15.92 16.97 17.15
value 4 13.95 16.74 17.56 17.56
5 14.09 17.39 17.96 17.96

0 0.00 0.00 0.00 0.00

telta E 3 8.87 4.39 7.26 7.53
4 7.05 4.68 7.44 7.81

5 9.21 5.04 8.45 7.69
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A% 39A A% 59A

#4—19 Prunus nakii Leveille

Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 -0.173 —-0.191 —0.182 —-0.185
" 3 0.031 —0.098 —-0.108 —0.090
a
4 0.006 —-0.096 —-0.082 —0.087
5 —-0.012 —-0.096 —0.056 —-0.062
0 15.01 16.11 15.97 16.00
chroma 3 13.59 14.20 14.77 14.47
value 4 13.91 14.70 14.86 14.58
5 14.72 16.61 16.55 15.19
0 0.00 0.00 0.00 0.00
3 6.86 3.82 2.85 3.79
delta E
4 6.31 4.17 3.98 4.35
5 7.61 5.31 4.96 4.83




#4—20 Artemisia argyi Lev. et Vant.

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —-0.173 —0.182 —0.182 —0.183
a/b 3 0.031 —0.097 —0.101 —-0.112
4 0.006 —0.069 —0.084 —0.078
5 —-0.012 —0.081 —0.118 —-0.074

0 15.01 16.35 16.94 15.66

chroma 3 13.59 14.19 14.78 14.57
value 4 13.91 14.82 15.53 14.98
5 14.72 15.61 16.10 15.30

0 0.00 0.00 0.00 0.00

3 6.86 3.42 2.76 2.12

delta £ 4 6.31 4.69 2.69 3.63
5 7.61 5.44 4.09 4.32

#4—21 Thoparuthhonax eugelca Seeman
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.163 —0.185 —0.180 —0.158

a/b 3 —0.015 —0.065 —0.039 0.005
4 —0.025 —0.055 —0.038 0.019

5 0.016 —0.044 0.008 0.037

0 15.32 14.63 15.66 16.11

chroma 3 12.91 13.88 14.59 14.87
value 4 13.95 13.93 15.06 14.79
5 14.09 14.32 15.26 15.38

0 0.00 0.00 0.00 0.00

3 8.87 5.76 5.31 6.87

delta £ 4 7.05 4.64 4.55 6.51
5 9.21 5.37 6.75 6.93

A 3¢HA A7 54 A
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#4—22 Scabra Gencaunge for. scabra
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 -0.173 —-0.204 —-0.207 —-0.226
3 0.031 —-0.112 —0.089 —-0.136
a/b
4 0.006 —-0.076 —-0.078 —-0.120
5 —-0.012 —0.068 —0.058 -0.117
0 15.01 15.52 15.38 16.22
chroma 3 13.59 13.64 14.15 14.50
value 4 13.91 14.24 14.02 14.87
5 14.72 15.01 14.37 15.37
0 0.00 0.00 0.00 0.00
3 6.86 2.58 3.45 3.25
delta E
4 6.31 3.06 3.11 3.05
5 7.61 3.85 4.02 2.95
A% 397 A% 494
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#4—23 Zanthoxylum piperitum De Candolle

Index days Control Conc. of Treatments (%)
0.1 0.2 0.3
0 —0.193 —0.196 —0.182 —-0.162
3 —0.130 —0.136 —-0.117 —0.074
a/b 4 ~0.130 ~0.122 ~0.114 ~0.056
5 —0.120 —-0.120 —0.106 —0.062
0 15.59 15.92 16.21 16.06
chroma 3 14.34 14.88 15.74 15.63
value 4 14.14 14.95 15.82 15.46
5 15.94 16.90 17.83 17.75
0 0.00 0.00 0.00 0.00
3 2.80 2.06 2.44 3.02
delta E
4 2.94 2.80 2.72 4.33
5 3.10 3.31 4.56 3.79
#4—-24 Lentinula edodes (Berk.) Pegler
Index days Control - Conc. of Troe;tments (%) .
a/b 0 —0.200 —0.199 —0.189 —0.211
3 —0.058 —-0.017 0.011 —0.062
chroma 0 14.39 14.00 13.55 14.55
value 3 14.69 14.13 14.06 14.84
0 0.00 0.00 0.00 0.00
delta B 3 3.61 4.35 4.60 4.43
#4—25 Plumulturopterus didas
Index days Control — Conc. of Troe;tments (%) —
0 —0.193 —-0.215 —0.192 —0.211
a/b 3 —0.130 —0.151 —0.110 —0.155
4 —0.130 —0.149 —0.085 —0.139
5 —0.120 —0.140 —0.073 —0.138
0 15.59 15.89 15.77 15.96
chroma 3 14.34 14.28 13.87 14.19
value 4 14.14 14.11 13.84 14.51
5 15.94 15.91 16.27 15.60
0 0.00 0.00 0.00 0.00
2. . . 2.
war |3 ook
5 3.10 3.65 4.39 3.24
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#4—26 Cucumosita moschata DUCHESNE

A% 39A

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.193 —-0.198 —-0.215 —-0.214
/b 3 —-0.130 —-0.136 —-0.177 —0.154
4 —-0.130 -0.128 —-0.166 —-0.131
5 —-0.120 -0.115 —0.134 —-0.106

0 15.59 15.87 16.60 15.85

chroma 3 14.34 14.55 14.78 14.42
value 4 14.14 14.19 15.17 13.89
5 15.94 15.80 15.95 15.74

0 0.00 0.00 0.00 0.00

3 2.80 2.30 2.82 2.01

delta E 4 2.94 3.04 2.71 4.29
5 3.10 4.27 2.69 4.23

A 444 AF 5



#4—27 Muricurania Nemborarium —leaf

Conc. of Treatments (%)
Index days Control

0.1 0.2 0.3
0 —0.193 —0.232 —0.221 —0.233
3 —0.130 —0.209 —0.200 —0.191
4 —0.130 -0.213 —0.203 —0.200
ik 5 —0.120 —0.198 —0.188 —0.184
6 -0.119 —0.196 —0.182 —0.180
7 —0.090 -0.167 —0.155 —0.149

0 15.59 16.27 15.84 15.67

3 14.34 14.62 15.39 14.99

chroma 4 14.14 14.83 14.74 14.66
value 5 15.94 15.90 16.42 15.29
6 16.39 16.69 16.77 15.51

7 17.29 17.81 17.92 16.95

0 0.00 0.00 0.00 0.00

3 2.80 1.68 0.89 1.49

telta E 4 2.94 1.90 1.58 1.39
5 3.10 1.50 1.63 1.11

6 3.69 2.02 1.38 0.81

7 4.83 3.74 2.40 2.37

A7F 6LA AZ 14A
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#4—29 Zanthoxylum piperitum A. P. DC.

Ind d Control Conc. of Treatments (%)
r
naex as ORHo 0.1 0.2 0.3
0 —-0.200 —-0.208 -0.211 -0.215
" 3 —0.058 —-0.039 —0.105 —-0.093
a
4 —0.055 —-0.011 —0.067 —-0.025
5 0.006 0.044 —0.049 —-0.016
0 14.39 14.17 15.44 15.70
chroma 3 14.69 14.07 15.14 15.28
value 4 15.64 14.47 15.18 15.04
5 15.84 15.12 15.94 16.05
0 0.00 0.00 0.00 0.00
3 3.61 3.71 3.52 2.05
delta E
4 3.60 4.47 5.23 3.92
5 5.49 8.23 5.53 4.50
#5—1 Viscum album var. coloratum (KOM.) OHWI
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
I 0 —-0.200 —0.183 —-0.174 —-0.157
4 3 —-0.057 —0.080 —0.056 —0.049
chroma 0 14.39 15.09 15.60 14.93
value 3 14.69 14.79 15.17 14.76
0 0.00 0.00 0.00 0.00
delta E
3 3.61 1.76 2.87 2.11
#5—2 Osmunda japonica Thunb.
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
I 0 —-0.200 —0.183 —-0.173 —-0.157
4 3 —0.058 —0.044 —0.040 —-0.015
chroma 0 14.39 15.35 15.63 16.49
value 3 14.69 14.56 14.98 15.44
0 0.00 0.00 0.00 0.00
delta E
3 3.61 3.22 4.07 3.98
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#5—3 Gentiana squarrosa Ledeb. var. squarrosa

Conc. of Treatments (%)

Index days Control 01 0.2 0.3
0 —0.200 —0.225 —0.206 —0.218
alb 3 —0.058 -0.079 —0.067 —0.054
chroma 0 14.39 16.16 16.75 17.34
value 3 14.69 14.51 16.05 15.62
delta E 0 0.00 0.00 0.00 0.00
3 3.61 4.12 4.80 5.01
#5—4 Chrysanthemum zawadskil var. latilobum KITA
Index days Control Conc. of Treatments (%)
0.1 0.2 0.3
0 -0.178 -0.201 -0.193 —0.181
a/b 3 —0.036 —0.051 —0.034 —0.018
4 —0.007 —0.052 —0.035 —0.009
chroma 0 12.87 13.52 13.33 14.05
3 14.06 14.73 13.95 14.77
value 4 14.51 15.04 14.01 15.02
0 0.00 0.00 0.00 0.00
delta E 3 2.62 3.64 3.98 2.85
4 4.47 3.51 3.45 3.36
A 39H A 494
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#5—5 Cudrania tricuspidata BUREAU—bark

Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 -0.178 —-0.234 —0.244 —0.248
I 3 -0.036 —0.055 -0.035 0.086
4 4 —-0.007 -0.062 -0.032 0.074
5 0.034 —-0.050 —-0.008 0.088
0 12.87 15.09 17.48 18.11
chroma 3 14.06 15.56 17.44 18.06
value 4 14.51 15.82 17.13 17.94
5 15.10 16.03 17.17 17.14
0 0.00 0.00 0.00 0.00
delta E 3 2.62 3.61 3.82 9.68
et 4 4.47 3.52 412 9.09
5 6.17 4.27 5.88 9.68
#5—6 Isatis tinctoria
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 -0.178 —-0.180 -0.169 —-0.142
a/b 3 —-0.036 —0.068 —-0.026 —-0.011
4 -0.007 -0.075 —-0.029 -0.003
0 12.87 13.59 13.05 14.23
chroma
| 3 14.06 14.27 13.43 14.42
vaue 4 14.51 13.99 13.81 14.94
0 0.00 0.00 0.00 0.00
delta E 3 2.62 2.69 2.93 2.62
4 4.47 3.67 2.40 2.50
#5—7 Metaprexis japonia Loganiaceae <Thunb> Makino
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
I 0 -0.178 —0.187 —0.158 -0.159
4 3 -0.036 —0.048 —-0.053 —-0.030
chroma 0 12.87 13.10 12.88 13.13
value 3 14.06 13.34 13.09 13.20
0 0.00 0.00 0.00 0.00
delta E
3 2.62 3.71 3.07 3.53
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#5—8 Hypoderma bovis

Conc. of Treatments (%)

I l
ndex days Contro 01 0.2 0.3
a/b 0 —-0.178 —0.190 —-0.176 —-0.176
3 —0.036 —0.057 —0.065 —0.051
chroma 0 12.87 12.89 13.71 14.24
value 3 14.06 13.66 13.72 13.91
0 0.00 0.00 0.00 0.00
delta £ 3 2.62 1.21 3.67 311
#5—9 NoliaMalia denudata
Conc. of Treat ts (%
Index days Control onc. of Treatments (%)
0.1 0.2 0.3
0 —-0.181 —-0.161 —-0.144 —-0.171
a/b 3 —0.083 —0.068 —-0.117 —0.091
4 —0.048 —0.039 —0.088 —=0.077
5 —0.043 0.007 —=0.077 —0.073
0 13.04 11.81 12.78 13.90
chroma 3 13.25 11.95 13.09 13.37
value 4 13.57 12.78 14.22 14.34
5 15.70 13.63 15.95 16.27
0 0.00 0.00 0.00 0.00
3 3.05 1.22 1.73 3.62
delta E 4 4.36 2.96 3.34 3.37
5 4.91 5.25 4,11 4.66
A 4L A A 5YU A
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#5—10 Gonideragonia tetragonoides

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.181 —-0.215 —-0.177 —0.196
a/b 3 —0.083 —0.140 —-0.104 —0.108
4 —0.048 —0.145 —0.067 —0.088
5 —0.043 —0.126 —0.044 —0.078

0 13.04 13.21 13.56 13.96

chroma 3 13.25 12.95 12.65 13.10
value 4 13.57 14.40 13.54 14.20
5 15.70 15.83 14.89 15.05

0 0.00 0.00 0.00 0.00

3 3.05 2.92 1.45 2.74

delta £ 4 4.36 1.88 2.55 3.20
5 4.91 4.21 4.07 3.74

A 44A 7 54
#5—11 Wolfiporia cocos (Schw.) Kyu. et Gilbn
Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.152 —0.181 —-0.173 —-0.179
a/b 3 —0.009 —0.084 —0.051 —0.061
4 0.049 —0.026 —0.053 —0.029

5 0.064 —0.025 0.960 0.002

0 12.52 12.26 12.59 13.09

chroma 3 11.94 12.84 12.86 12.78
value 4 12.72 13.27 13.25 13.02
5 13.88 14.28 19.68 14.57

0 0.00 0.00 0.00 0.00

3 6.17 2.30 4.48 3.38

delta £ 4 6.19 5.39 4.98 5.90
5 8.31 5.20 7.35 6.67
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#5—12 Tonicalis jamradi

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.181 —0.206 —0.218 —0.218
a/b 3 —0.083 —0.106 —0.186 —-0.137
4 —0.048 —0.090 —0.138 —-0.134
5 —0.043 —0.092 —0.147 —-0.117

0 13.04 13.49 14.30 14.30

chroma 3 13.25 12.33 13.71 13.00
value 4 13.57 12.77 14.08 14.46
5 15.70 14.75 15.71 15.40

0 0.00 0.00 0.00 0.00

3 3.05 2.52 0.79 3.26

delta £ 4 4.36 3.34 2.67 1.81
5 4.91 3.47 2.23 2.73

A 44H A7 54 A
#5—13 CanbisCanna Lagemia
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —0.181 —0.202 —0.200 —0.146
a/b 3 —0.083 —0.149 —0.073 —0.141
4 —0.048 —0.138 —0.066 —0.093
5 —0.043 —0.108 —0.071 —0.142

0 13.04 13.97 14.46 13.64

chroma 3 13.25 13.45 12.27 13.34
value 4 13.57 14.18 13.38 14.01
5 15.70 15.20 14.68 15.49

0 0.00 0.00 0.00 0.00

3 3.05 1.19 6.56 1.40

delta £ 4 4.36 0.90 7.80 3.12
5 4.91 2.55 6.29 5.12
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A 4244

#5—14 Edgeworthia chrysantha Lindl.

A% 59A

Conc. of Treatments (%)

Index days Control 01 0.9 03
0 —0.181 1.000 —0.181 —0.137
a/b 3 —0.083 —-0.111 —-0.119 —0.036
4 —0.048 —0.085 —0.090 —0.036

chroma 0 13.04 18.54 14.63 14.26
3 13.25 12.95 13.08 12.55

value 4 13.57 13.38 14.00 12.45
0 0.00 0.00 0.00 0.00

delta E 3 3.05 14.54 4.32 7.17
4 4.36 14.33 5.65 6.80

#5—15 Cuscuta japonica CHOIS.—Fruits
Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.177 —0.206 —-0.177 —0.146
a/b 3 —0.062 —-0.125 —0.070 —0.036
4 —0.026 —-0.119 —0.048 —0.059

5 0.007 —0.043 —0.013 0.007

0 14.06 13.47 14.11 14.14

chroma 3 13.14 13.85 14.44 22.55
5 15.13 16.17 15.42 15.20

0 0.00 0.00 0.00 0.00

3 5.39 1.41 2.12 9.35

delta £ 4 6.60 1.99 3.44 3.70
5 7.48 4.26 5.90 7.45
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A% 39A

A% 59A

#5—16 Gameus corisamineus Sol.

A 4244

Conc. of Treatments (%)

Index days Control 01 0.2 03
0 —-0.177 —-0.222 -0.193 —-0.169
/b 3 —0.062 —-0.170 —0.144 —-0.141
4 —0.026 —-0.170 —-0.139 —-0.148
5 0.007 —-0.097 —-0.076 —-0.078

0 14.06 14.72 13.91 14.17

chroma 3 13.14 14.44 13.79 14.79
value 4 13.76 15.14 13.88 15.18
5 15.13 16.35 15.20 15.55

0 0.00 0.00 0.00 0.00

3 5.39 1.05 1.16 2.17

delta E 4 6.60 2.25 0.75 1.52
5 7.48 4.07 3.44 5.29
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A% 3244 A% 444

A% 59A

#5—17 Perilla frutescens var. acuta KUDO.

Conc. of Treatments (%)

Index days Control
0.1 0.2 0.3
/b 0 -0.177 —-0.178 —0.158 —0.138
a
3 —-0.062 —-0.079 —0.083 0.026
chroma 0 14.06 14.18 14.43 15.88
value 3 13.14 14.13 14.45 14.67
delta E 0 0.00 0.00 0.00 0.00
3 5.39 1.61 1.12 410

- 105 -



#5—18 Pinus densiflora S. et Z. —leaf

Conc. of Treatments (%)
Index days Control 01 0.9 03
a/b 0 —-0.174 —-0.178 —-0.162 —0.182
3 0.026 —0.003 0.016 0.030
chroma 0 12.94 14.10 14.16 14.93
0 0.00 0.00 0.00 0.00
delta £ 3 415 4.78 4.32 5.84
#5—19 Aloe vera
Conc. of Treatments
Index days Control 01 0.9 03
a/b 0 —-0.174 —-0.196 —-0.176 —0.185
3 0.026 —0.041 —0.013 —0.039
chroma 0 12.94 13.87 13.82 15.09
0 0.00 0.00 0.00 0.00
delta £ 3 414 2.23 955 3.07
#5—20 Acanthopanax sessiliflorus
Conc. of Treatments (%)
Index days Control 01 0.2 03
a/b 0 —-0.133 —0.109 —-0.164 —0.140
3 —0.028 —0.016 —0.046 —0.003
chroma 0 12.75 14.43 14.10 13.96
value 3 13.04 13.11 13.43 13.40
0 0.00 0.00 0.00 0.00
delta £ 3 1.62 2.75 1.81 3.21
#5—21 Cephalonoplos segetum (Bunge) Kitamura
Conc. of Treatments (%)
Index days Control 01 0.2 03
a/b 0 —-0.133 —-0.234 —0.229 —0.205
3 —0.028 —0.068 —0.037 —0.033
chroma 0 12.75 13.96 14.82 14.46
value 3 13.04 13.65 13.27 13.26
0 0.00 0.00 0.00 0.00
delta £ 3 1.62 3.27 3.56 3.47
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#5—22 Thuja orientalis L.

Conc. of Treatments (%)

Index days Control 01 0.9 03
a/b 0 —-0.133 —-0.216 —0.242 —0.250
3 —0.028 —0.004 —0.019 —0.062
chroma 0 12.75 14.17 14.28 14.64
value 3 13.04 13.34 14.26 14.31
0 0.00 0.00 0.00 0.00
delta £ 3 1.62 6.17 5.51 479
#5—23 Phellodendron amurense RUPR—Bark
Conc. of Treatments (%)
Index days Control 01 0.9 03
a/b 0 —-0.133 —-0.234 —0.290 —0.259
3 —0.028 —0.065 —-0.151 —0.066
chroma 0 12.75 14.29 14.52 17.62
value 3 13.04 13.61 14.32 14.60
0 0.00 0.00 0.00 0.00
delta £ 3 1.62 5.07 2.11 6.05
#5—24 Vitis vinifera L.
Conc. of Treatments (%)
Index days Control 01 0.2 03
a/b 0 —-0.169 —0.181 —-0.199 —-0.214
3 0.014 0.030 0.030 0.009
chroma 0 12.84 13.30 13.81 15.60
0 0.00 0.00 0.00 0.00
delta £ 3 959 5.09 6.16 19.67
#6—1 Ligustrum lucidum Aiton—Fruits
Conc. of Treatments (%)
Index days Control 01 0.2 03
a/b 0 —-0.169 —0.062 0.004 0.005
3 0.014 0.026 0.039 0.052
chroma 0 12.84 12.64 13.48 13.84
0 0.00 0.00 0.00 0.00
delta £ 3 959 1.56 3.00 2.91
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#6—2 Lamium amplexicaule L

Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
" 0 —-0.169 -0.167 —-0.171 —-0.139
a
3 0.014 —0.030 —-0.050 —-0.002
chroma 0 12.84 14.35 13.21 14.20
value 3 12.43 13.09 13.30 13.49
0 0.00 0.00 0.00 0.00
delta E
3 2.59 3.85 2.59 6.11
#6—3 Xanthium strumarium L. —Leaf
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
" 0 —-0.169 —-0.212 —-0.168 —-0.191
a
3 0.014 0.030 —0.043 —0.036
chroma 0 12.84 13.69 14.08 14.51
value 3 12.43 13.08 13.42 13.08
0 0.00 0.00 0.00 0.00
delta E
3 2.59 6.10 3.93 3.16
#6—4 Lagerstroemia indica
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
" 0 —0.152 —0.155 —0.152 —0.130
a
3 —0.009 0.029 —-0.018 0.003
chroma 0 12.52 13.68 13.40 13.93
value 3 11.94 12.49 13.15 13.57
delta E 0 0.00 0.00 0.00 0.00
3 6.17 10.26 5.50 5.93
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#6—5 Paris

verticillata M. Bieb.

Conc. of Treatments (%)
Index days Control 01 0.9 03
/b 0 -0.152 -0.204 -0.197 -0.184
3 —0.009 -0.022 —0.008 —0.007
chroma 0 12.52 13.73 14.09 14.07
0 0.00 0.00 0.00 0.00
delta E 3 6.17 7.18 5.46 6.14
#6—6 Diospyros kaki THUNB. —branch
Conc. of Treatments (%)
Index days Control 01 0.9 03
0 -0.152 -0.196 —0.188 -0.198
/b 3 —0.009 -0.084 —0.047 —0.044
4 0.049 —0.006 0.011 —0.015
5 0.064 —0.016 -0.017 —0.028
0 12.52 13.26 13.59 13.41
chroma 3 11.94 12.84 14.43 14.48
value 4 12.72 14.20 14.64 14.86
5 13.88 15.30 15.80 15.50
0 0.00 0.00 0.00 0.00
3 6.17 2.81 4.28 4.05
delta £ 4 6.19 6.87 6.39 6.35
5 8.31 6.79 6.51 6.43
#6—8 Staphylea bumalda DC
Conc. of Treatments (%)
Index days Control 01 0.2 03
0 -0.163 -0.195 -0.202 -0.183
/b 3 —0.055 —0.054 -0.107 —0.065
4 —0.053 -0.136 -0.125 —0.029
5 -0.013 -0.990 —0.050 0.022
0 13.26 13.38 13.59 13.29
chroma 3 12.26 12.69 13.61 13.24
value 4 13.54 13.44 14.11 13.52
5 14.18 20.65 15.56 14.50
0 0.00 0.00 0.00 0.00
3 5.63 6.49 5.05 5.24
delta £ 4 5.33 7.81 4.15 7.59
5 7.55 6.84 6.74 7.84




#6—9 Quercus acutissima CARRUTH.

Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
0 —-0.163 —-0.206 —-0.200 —-0.194
a/b 3 —0.055 —0.062 —-0.020 0.007
4 —0.053 —0.059 -0.023 —-0.002
0 13.26 13.89 13.40 14.16
chroma
3 12.26 13.92 14.52 15.16
value
4 13.54 14.98 15.11 15.55
0 0.00 0.00 0.00 0.00
delta E 3 5.63 3.99 5.14 5.93
4 5.33 5.36 5.96 7.03
#6—10 Rhodiola sachalinensis
Conc. of Treatments (%)
Index days Control
0.1 0.2 0.3
" 0 —-0.163 —0.196 —-0.194 —-0.201
a
3 —0.055 —-0.034 —-0.024 —0.056
chroma 0 13.26 13.15 13.98 13.60
value 3 12.26 13.71 13.95 14.03
0 0.00 0.00 0.00 0.00
delta E
3 5.63 4.36 5.78 4.30
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2 Az WHetE 272 WA FrA ol

Fol2 UEhhlE delta E gl ME 0.1%7} 2714
= 0.05%¢9] o]t}
the 3 1-128 A7) WEoE AP wudwAze U4 85 AoE e

Ao 2= iz o] WAaAETe AT 4d9%H UMt #5FQ ZAnEs

Hunter colorimeter® =33 ZAz}¢} %%8}7{] 0.1%9F 0.05%F =4 2 A
AHRE YERA] ZSHUT) ol
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<L-value #3}> <Hunter a-value ¥ 3}>

<Hunter b-value ¥ 3}> <Delta EZ} ¥3}>

<Chroma value 4 3}> <a/b W 3}>

a2y 1-119m4 2909 F28 A9 uduAte A4 F £94 A
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a9 1-12. oA 200 s A d uyAuATel A4 5 TAA W AR
] |

Control
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0.15%

0.2%

) HeAwAisy A g oA 22 7

AE=
WA tyrosinase] TR EH7L woFe LmA 229 WACAERE FY7] 95
o wplEEAle] tE eFA FEe AUl BAALNE AFEFLA 5
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lo
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fuj
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T2 2T Ao 1E3 A3 & LDPE F52%
Aol W32 Hunter colorimeter® %3190 H
< ARt FE EEo == Al A

=
0.05%<}F 0.1%AF0]2] F=<1 0.05, 0.06, 0.08, 0.1%2] F=dA A3

- 114 -



S+
0.05~0.1%2¢] FEEolA ux FE2do F=¥ pHe v T 1-229 o], pH
3.16~3.462] ¥W¢lg2 0.05~0.2% =% 7} pH 3.09~3.4 I

E 1-22. evA F3E99 x4 pH
oA FE 0.05% 0.06% 0.08% 0.1%
pH 3.46+0.03 3.35+0.02 3.26+0.02 3.16+0.03

E 1220 A9k Zo] pH 3.16~3.469] HFol A Wy dertzte] Z ol M ZAHE 2ALSH7]
st dEga T3 PRHez AAAS A FWAHEE e A T 44 wsteE 19
1-12, 1-13% o] Uehygich,

vt A ehalab o] 5Co|A MAP A& = Hunter a—value$} chroma value® 79 0.08%<}
01%ADTE A% 29744, 18 BE AGTE AF 194K 3535 27F T AgsEs AP
o2 0.08%Ag]77F Wst&ol 7Y WA vEhves ZoE ddEAd. FAEE JeEis
Hunter b—value= Hunter a—value9} FAFSE M3l 43¢ c 2 0.08% Al 7o Ao 7HE 2|
eSS 7] WA oY A S FFIEAAR delta E gellAd= tizF tiv] 0.06%,
0.08% 0.1%7} F7F&o] AAE R, 1 FolA 0.08%A 2] HE}FS o] 0.06%2}F 0.1%8]F
Hro} 3o A E Hole Ao Z FAE YA, chroma value®t a/b valued] ¥W3}ol A= Hunter
a B b—valuest fFALZE ZAaFolH, o|F 0.08% Al FollAel WM3tso] 71 WA vYeh= 23
2 B9 uElA gadgaige] 2o ars 0.08%9 ujx FEHo| 7 HAAHFTE=Y
o

enzt FEH9 el dulduiiate] JAHstE Fstr] fste] 23 1-143 o] A
d T W3S Ao E AASEE T 2l vERd vhek Zo] txF, 0.05% B 0.06%A ] F=
AR 17 2] VEETH ¥ 0.08%¢ 0.10% e A 29 TRE ZH P A o] wHAY
st e T 1A BT vk Aot A 39 Ade 0.08%AH ] FAA =
Zo] gt oyt 0.10%A4 2 TR HAzgo] d FPFHE Aoz e

aEu euR} FEHY AR Al 0.1% ol FRoAE uRp MATL F&of HF o
HAgo g 93)H AEAL adets EA Jon, 3F TEEtn JARAE 0.08%0A=
pH7} 3.26+0.022 4] PPOZAAA &I} mefet Rz s Aot

metA 0.08%F =9 euat FEAE &85 WA IAF e duejAades oF 29 Bt
IAF AoT AAA YA & A @ Aog Aty

ot

Ol30
"
¥
flo
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< Hunter L-value3}> <Hunter a-value ¥ 3}>

< Hunter b-value 3}> < Delta EZF ¥3} >

< Chroma value ¥H3} > < a/b value® 3} >

a9 1-13. 0.05%—0.1% %2 ux} FE=Aoz X H vy ddAla o] A& = Hunter
color EAWH3}
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a9 1-14. 0.05%—0.1% =9 v FEq A | dud Az A F THA W)
3
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)& tyrosinase®] Z/dAA| Frfe} vtuA TALTle] gk 2 o
AEHE BE3] A Xl mef Jx4HE #8319 pHE 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5 ¥
=]

1.09] o2 243 549 o AuAse 127 2AF F LDPE B& 23344 5T A

2 pH 0.5~4.09] 92 A7 & AF 1~-2¢7F A9
WElE Ao g vEhd Aol

pH 0.5¢] §doz wadarly A2 AF 24
st AA¢ anthocyanin 47} #8072 S&w o] AE =
1.0~pH 3.09] ZitollA= #& 229 S92 238 ZHo] =< Z7E ¢A% vk pH
3.56~4.08] &AM T ZFibel] ot A EAFo} WA &Fo] BASHA] ggort 8o 8H

Ho| thzTe fAS HEE 4YH ZWolA Eobe YehiA Rt

J

I3 1-15. 43899 pHYE A2d vy dartate] J3ust
g [ 19 [ 29 pH g | 19¢
Cntrl pH 2.5
pH 0.5 pH 3.0
pH 1.0 pH 3.5
pH 1.5 pH 4.0
pH 2.0
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< Hunter L-value W3} >

< Hunter a-value W3} >

< Hunter b-value W3} >

g 1-16. 2H38-M o pHYE A ¥ uru]dir}lze] FTHA W3] (contineud)
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Delta EZL W3}

Chroma value %3}

a/b W3}

2% 1-16. A4gole] pHYE X2 uvdgazte] Fwa W
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¥ 1-162 9ty AgAlatE ez pH 0.5~4.09 HLZ A2 Al W49 WH3E
Hunter M 2}A2 =74
pH 0.59] Ag|7+= EHA ] Brle AR FASHHA A= GAE FI7HES AT
28l a1, delta E, chroma @ a/b 3k w3l AT 713 b3 AelE e 7
goll oste] Awo] ZRE ] ¢Fkd pH 3.5¢ pH 4.0 A9 B¢, BE
et tz7o A e pH 3547 xRt #l4s
v pH 4.0 7= x2T R ddo] A e & Aole <

o
it
)
=

°|

re N
o

]
2 ZAES
o A 3

SEE

2

_IC_)I__
uw}
H

o

™
my
o
N

§
g:_‘o_l
o

webd el g TMeAAA BB F29 pHAE 0.50]8kel ALk 4.0%29] Bho] 7
A% Aoz BHHUo, pH 059 AL HPAel BAl AFY NBE a7k ol 4w o]
QA Fgol —gﬂhd Acs waE.

ARAo 2 AAAEN A8 AL AHATF AAEE fARA 2AL Asehs
=2 2, pH 4.0¢] A4AZ AAF Aoz Busgon, 499 gRlALdL B2

9 JPARA A8F Ao ANY F Uk

H

2) A
B AFodes Zatel o3t Ao Fe] PPOZAAAEZH7E vkl whel pH 1004
4 AA IS AHEIA ST ALt AAE Ad A4L
,350°CQ peoz AA3 T ARSI A3 1A L4 (High activated calcium, HAC)
2 gdo ¥5E2 0.03%%} 0.05%2 Az3 e daATATGE
7 AR st Ay 3 5984 HEstgnt. 0.03%9F 0.05% HACR ¢ pHE 11.0 &
3

7 AAD s EwASE EWESS oy LLDPERES
al

jLe =
2 MAZES F 5Co g A4 A4siud 243 Tusel wge 447 it 2
33 A E

—_

21 .
e Ael® A eaThs L) o] taTRT %, agh(H4 %)% bgt(FE)o

=7 Bty & Ado|w, A7) 252 BE chroma value$} a/bzt 3+ 2R =& 7
S VERSITH dutdgo g Zo] g E AdH|AFANAME A} HAE 2 AT
7F Fbele Aoz B o &ZE] &9 o3 vtulddalate] A A av=E fIAY mlu
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< Hunter b-value W3} > < Delta Egt W3} >

< Chroma value W3} > < a/b W3} >

< Hunter L-value 3} > < Hunter a-value W3} >
29 1-17. Ggelgole] pHY Ael® wmAnaizie] ErA sl
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79 118 %@ §oho pHE A @ vy AwArzte] 44w s)

Control | pH 110003%) |  pH 13(0.05%)
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te weol 2y

=)

2ol o] A&

=
=

=

/1\_]__

A

ol

. 71349 F/E PPOZdAE T

B

+

s

A

E 2 Gallnut, Bycirus, Dianus=

EEES

b, 49 2o A

=)

o] A7 = ofok

7 Bo REAZA L &80 7| FHAeH, FAA

)

~
o

HAl 2 A Ak o]
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E 1-23. AADAAHAZA ] ou] AdEA

Code No. Plants Code No. Plants

Cista Castanea crenata var. dulcis (S.) 2—10 Behoda cahurica Bentoker
Gallnut | Aphis chinensis 2—20 Cininale Prunaki
Bycirus | Morus bombycis 2—22 Thatorthamus Japoni
Dianus gfi??rj%z;gni]?am’ Ulmus  davidiana 4-08 Pinus densiflora S. et Z. —resin

1-03 Arpil Liorum 4-27 Muricurania Nemborarium —leaf

1-06 Eprota gimpsa 5—12 Tonicalis jamradi

2—01 Glysis Japoni Fischer 5—13 CanbisCanna Lagemia

2—06 Bomco bysisorpus Citrus @3]

2—-09 Maajata Paepoca DS-C

2—11 Racvatract Lychin) DC.

2—13 Bachpipun unuspers Batsch

2—16 Mantinia hmaaglusa

2—17 Rice bran

2—18 Honia cordata Thunberg

2—21 Paddy rice

3—05 Rumex crispus L.

3—09 Typha orientalis C.Presl

4-03 Zizyphus jujuba Mill var. inermis

Rehder

3—10 Suaco tillastria Thunb.

4-04 Koscochiaisatins Scharder

4-05 anthium marium L.—seeds

4-07 Paniculachum Podemasum

4-10 Ricomicinus Cartano L.

4-11 Majusenium var. asiaticum

4-12 Tiumla lappatium

4-13 Konsisus Gusdium Zieb et Eucc

4—-15 Smilamilax ampleglabra

4-16 Diospyros kaki THUNB. (fruit)

4—18 Bocomtarbus commixta Hedl.

4—-21 Thoparuthhonax eugelca Seeman

4-22 Scabra Gencaunge for. scabra

4-25 Plumulturopterus didas

4—-26 Cucumosita moschata DUCHESNE

5-09 NoliaMalia denudata

5-10 Gonideragonia tetragonoides

5—-15 Cuscuta japonica CHOIS.—Fruits

5—16 Gameus corisamineus Sol.
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b AdE AwelAl 259 2uASA

1) C EgE9 ZudAEA
7}) DPPH radical scavenging activity

ZdrgAe] a7 a4 F C 45 FEFES F4d ot &8s = DPPH radical
aASE A8 A3 EtOAcE B83 49 91.11%= 71¥ %2 DPPH radical 2474 %5< B
o o]= ascorbic acid(93.57%), trolox(93.57%) 5<¢] AASNEZo ZHAA A kT GAF
sttt (Fig. 1-19).

oX

Fig. 1-19. DPPH radical scavenging activities of different

solvent fractions from C water extracts.

1}) Metal chelating activity
C & FEE9 &rjE 8o 3+ metal chelating &3] ¢ waterZo|l A 14.63% 2 7}
4 =2 chelating §32 REYon HAAFYUEZE FoA= trolox7} 55.12% 2 =2 chelating
95 el AT (Fig. 1-20).

Fig. 1-20. Metal chelating effects of different solvent

fractions from C water extracts.
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t}) Total phenol contents

C dF FZE9 &ui2gd g Fos FHS 43 27, EtOAcE 243 7
258440 mg GAE/Lo.2 T dAo] 71 =92 ™ hexaneZ2 667.64 mg GAE/L, CHCl;&
551.99 mg GAE/L, waterZ2 51320 mg GAE/LZ Zd & 3Heko] 2AIE T (Fig. 1-21).
A& 2 &2 ascorbic acid, BHT, trolox 5-& 3051.88~4547.33 mg GAE/Le & C 45 &
o] FHe FFEA =AUt

Moo Ho

Fig. 1-21. Total phenolic contents of different solvent

fractions from C water extracts.

2} st

Fig. 1—22. Changes the appearances of potato slices by different

solvent fractions from C water extracts after 8 days at 4TC.
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2) Citrus limon peel®] Zr¥ oA E A
7}) PPO inhibitory activity

0.1% #2373 2FE2 PPO Hsl&AE L-DOPA systemol| 4] CHCl; (16.28%) > Hexane
(9.51%) > Water (—5.24%) = EtOAc (=7.79%) <22 =AYl catechin systemol| A= CHCl;
(29.33%) > Hexane (11.97%) > Water (=3.47%) > EtOAc (=5.77%)% &%} L-DOPA systemX.
t} catechin systemo|A] B 953k A s|&AL HYe ™, catechin systemo| A 0.1% CHCl; £ 3
E9] PPO A& AMo] U3 T5 9] ascorbic acidRt} 43t} (Table 1—24).

Table 1—24. Inhibitory activities of various fractions from 80% EtOH crude extract of lemon

peel against polyphenol oxidase

Inhibition®’ ICs0”
Fractions
L—DOPA system Catechin system L—DOPA system Catechin system

Hexane 9.51+0.49%% 11.97+2.50" 1.71+0.04¢ 0.94 0.14°
CHCl; 16.2842.70° 29.33+1.38% 0.61+0.03" 0.29 0.02°
EtOAc —7.79+0.36¢ —5.77+2.49° - -

Water —5.2441.07¢ —3.47+0.32¢ — —

AAY 50.61+1.24% 13.06+0.97° 0.11+0.00° 0.18+0.01%

Y PPO inhibition activities of 0.1% each fraction, %

2 1Cs0 value is the term half maximal inhibitory concentration, %

3 AA: ascorbic acid

Y Fach value represented mean + SD (n=3).

% Values within each column followed by different letters are significantly different (p<0.01).

) gatst £4

At} Zato) 2o Y-S w EoA oYW 0.1%9] DPPH radical &4 &< EtOAc >
CHCl; > Hexane > Water 2.2 ZAEF Qo AAZ O ascorbic aciddl] v]s] HEo]A &=
EHE Bt (Table 1-25). vk, Cu*" Zeo]E A4S Water > EtOAc > Hexane > CHCls

Fo 7 AL o, 18.42%2] ascorbic acidel] B]3l] Water= 3u], EtOAc= 1.4 vfjof o2&
3 &AL B,
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Table 1-25. 1% and ECs¢ values of various fractions from 80% EtOH crude extract of lemon

peel in different antioxidant assays

) DPPH radical scavenging Copper chelating activity
Fractions D
0.1% ECso 0.1% ECso
Hexane 26.61+0.25% 0.20940.01¢ 17.34+1.40¢ 0.3240.02¢
CHCl; 44.48+1.39° 0.13240.00° 15.09+1.24¢ 0.4340.01°
EtOAc 71.71+1.91° 0.05340.00" 24.9040.24° 0.26+0.00"
Water 21.86+0.42° 0.280+0.00° 54.3140.48" 0.0940.00%
Ascorbic acid 95.12+2.33% 0.018+0.00° 18.424+1.63¢ 0.3740.01¢

1 . . . .
ECso value is the term half maximal effective concentration. %

? Each value represented mean = SD (n=3). Values within same column followed by different letters are significantly different
(p<0.01, LSD test).

h) o|gtstA] 54
g 273 E8E9 Z phenol ] ¢, EtOAc Z2
@%‘E% B3, 2 F &2 CHCl; > Hexane > Water &
Z flavonoid =9 ¢, phenol®} mz7A 2 EtOAc
fé}%k% BYor} 7 FH=Z Hexane > CHCl; > Water

coz wo gwe st
oA 17.03 mg QE/g& 7} =&
g Foz =& FHFE HATh

Table 1—26. Total phenol and flavonoid contents of various fractions from 80% EtOH crude

extract of lemon peel

Fractions Total phenol contents (mg GAE/g) Total flavonoid contents (mg QE/g)
Hexane 24.00£0.79""% 9.03%0.51°
CHCls 25.40£0.72" 4.91+0.36°
EtOAc 48.74+1.10° 17.03+0.51%
Water 10.28%0.64° 4.01+0.18°¢

U Each value represented mean £ SD (n=3).
2 Values within each column followed by different letters are significantly different (p<0.01).

) 14U

A serolas AEnY BREA AAG 4847 Fof v AL VI AT 05%
OJARE BE7l Fo}A4E Aoz g wWale] et Lzkel A%, AMAS T Water >
CHCl3 > Hexane > EtOAc &2 2, AEZEY] A-¢, Water > CHCl; > Hexane > EtOAc =22 ¢
53 G39E BYon, BE AH LA tAFer 01%7F &38d A a7 el
Atk (Table 1—-27).
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Table 1—-27. Changes in Hunter L and AE value of apple slices added with lemon fractions

after 48 hours at room temperature

Treatment Conc. 0 br after 45 hr
L L AE
Untreated 0 68.50+2.52" 64.91£0.72 4.51+1.10
Hexane 0.1 71.61£1.67° 69.17£1.06° 2.66+1.02°
CHCls 0.1 69.85+0.85° 69.09+0.49° 1.88+0.9°
EtOAc 0.1 71.2412.62° 68.56+0.94° 3.86+0.85"
Water 0.1 70.50£1.74" 70.14£0.17° 1.20£0.79°
Ascorbic acid 0.1 71.89£0.68" 70.61£0.25% 2.12+0.57°

U Each value represented mean £ SD (n=3).

2 Values within cell by different letters are significantly different (p<0.05, Duncan’s multiple range test).

nh) el st

7FA] B8 E FTollA 0.1%5 A3 At ol e A, FAg ol vs) AL E
o] Zwol A AAHAL, AT E 7HEH EtOAce] die] 7 ol Iy Hen o]
B EoA B #5AE Hol Z2As) aart getez SJAHAN (Fig. 1-23). Lgkat AE
el 23 9 s FEHeE AHEe W, VM EEE F 0.1%4 CHCls9F Water &3]
Eo] AN aTRI}t Ytk ALEHT

Fig. 1-23. Change in the appearance of apple slices added
with 0.1% various fractions from 80% EtOH crude extract

of lemon peel after 48hours at room temperature.

- 130 -



o

3) &4 E AW A
7F) w7

aulAd © 2 PPO9) 4L 547 Zd ME, 71d " PPOY m A= g kel 37}
2 o] 71Zto 7 FRE 4 9lon, HIIES EAo wla} reducing agents(ZH A ), acidulants (2}

o] A)), competitive binder, chelating agents % complexion(Z¢ A )2 A% Sof 9&) Do) A

|

3

Lo
T
oo
>,
e

qE= Aer HusEm vk wEbA A zolo] PPOASEZE A3 E, pHAsHA,
chelating capacityso] 38t AU PPOEA 7|2 FAAHo 2 2ste] PPOS 71A9 AT
S AbH 2pste] AW 8-S oAAstE AT glojob stk wetA B Ao Ae gakstE

g
7 #HAU= total phenol@d, pHASIeE BASH= pH, #7114 @& FHE & 3
%

=

2 E 5y
TE =ARgOH ol PARE Bohusl Askel Heloliit U FEHE
a

A FE AT

) Ay
(1) 2d AwsA

pHE= pH meter(Corning 150, Sweden) 2, AAFAte = vl X EALE A (Acidity titrator, TA—70,

Takadunobaba, Tokyo, Japan)& ©]&35l] =35}, Total phenold -2 Folin—Ciocalteu

We olgstel =451t PPO AslE@ <L 50mM sodium phosphate buffer (pH 6.8) 0.5ml ¢}

10mM L—DOPA &8 0.2ml, 0.1% &x=2] A3A 0.2ml Zrz+ F7Fska PPO (110units/ml) 0.1ml-g

=g & £33 =A (JASCO, V=560, Japan)E ©|-§3t 420nmef| A 20427He] ©stE =735}
a0 BT FHES WHSE BES $ curved] ALRAZEEH ALlstot.

Inhibition(%) = [1—-(A/B)] x 100

A @ Sample9] &3 %, B : Blank solution®] &34 %

&

FZ24 B 0.2¢5 338 =7t Hste 500CelA 2417t 3|3hA|A Wzpgk & o]df ©ol
L Zz=22 100 #23 FAAFL M (HNO; : H,O =1 :1 gAd) 3mlE 2A2~HA 718t 100C
of dutell A #HFe] Askg AASAT. ©]E A 500C3 g2 A 147 ﬁlﬁ‘r/‘]fﬂ T
ol (HCl: H,O =1 :1 gAal)o =z 50m 7} 5A BLst] AJE=2 /\}&o}ﬁu} 230 =
Ao wha ZgkAnl B A7) (Inductively Coupled Plasma Atomic Emission Spectrometer,

Jovin Yvon JY38 Plus, France)Z& o] -&3l4t}.
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Aite 2250 2y Ay TAEANY FoAsES T1-289 1-299) 242 vehgdct.
¥ 1-284 Yt 7 F2E PPOASHEE L-DOPAE 7122 39S w mushroom

tyrosinase?] A AL 72t FE2E TEEE ZAS Aoty FE2E e 0.1~1%=2
zRstgon, g AEY 4FE FEEY M % FFE BHATE @ 0.1%9 FY
E5o|A PPO E4EA AHHEL 8.18%~78.05%=2 2L o7} AYAT}. o]5 F 2-9, 2—22,

4—15, Byc, Cista, Galo] 70%0])4e] =& PPO §484 AHsEL Vegen, 7 tfeoa=
2—130] 66.51%, 4—270] 59.05%2] o]t}
FZE9| pHE 3.39~7.149] oFibA4d & FA49G G Ex519 ) pH/L 718 & Ed2 2-16
o|er} PPOA & Eo] 33.4%= uj-$- Po} ZA¥AAE S 7| + gllen, ZdAsige] =
=]

S HA ZHAd BEAZAE 2-97F pH 3.712A4 Z|dE & Ak
AAANTE 0. ~18.77%<] W9 & Bxg {7|2kd 93t chelation@H e =4 &S Ao
g w2

Z JAEAT. JqAH AT M =2 %@i/\ﬂf Bul.O] 18.08%, Gal.o] 18.77% =% 7]-;‘]' =
e UdeEhiglen, ol5 5 Gal.o] 4tx
AT

Total phenold#-& 4—47} 1012.98ug/ml 2 7} =9gpor}, =225 & PPOA & Eo] =& E
AZ A= 4-157} 976.74pg/ml 2 F WA Z =o} phenolFFel 9§+ anti—oxidation&E 77} &

Umz 2ZEE59] Ca §F 12.4~17.0mg/100ge] FFolqict. E3t
T Fe, Cu, Mn ¥ Zn9] #F-& 0.5mg/100go]ste] oz e FFolqirt.
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bl

1-28. FEE(0.1% s%)9 ZAWA

i E
2 wmET 7o

1 E &)

Total phenol

PPO

Extracts pH Acidity (%) (ue/ml) inhibition(%) Yield(%)
Byc 7.14+0.02 2.10+0.13 163.28%0.13 67.60%4.46 6.3
Bul 4.02%0.23 18.08+1.04 610.72£0.66 35.05%£3.93 27.9
Cista 5.27£0.02 3.71x0.64 235.77%£0.14 73.08%£0.07 8.79
Dia 7.15%£0.30 4.31+1.50 458.05%+0.20 8.09%+2.10 8.35
Gal 5.15%£0.02 18.77x£0.76  734.76%x1.37 73.90%4.30 67.0
Sang 6.20£0.05 11.73+1.33 559.87%£2.36 27.27£3.88 19.95
Yel 7.08%£0.05 2.81+0.13 447.02%+0.18 45.11£3.58 35.60

1-03 3.79£0.03 1.05%0.02 947.14 -

1-06 4.27%£0.04 0.77£0.04 708.69 53.030
2—01 4.48+0.03 0.85+0.02 330.27 56.789
2—05 4.31+0.05 0.85%0.03 380.34 54.005
2—06 5.23%0.01 0.62%£0.03 344.93 27.542
2—09 3.71£0.03 1.25%0.03 816.57 78.048
2—10 4.51%0.01 0.70%+0.03 186.43 47.726
2—11 4.284+0.03 0.77%£0.01 336.08 45.378
2—13 4.2710.00 0.85%+0.01 108.42 66.510
2—16 3.39%£0.01 0.79%£0.05 200.26 33.409
2—17 5.68%0.01 0.74%£0.02 487.67 20.809
2—18 3.99%£0.01 1.02£0.04 712.84 46.452
2—20 4.31+0.05 0.75%0.01 214.64 33.947
2—21 6.44%+0.02 0.62%0.01 329.16 -

2—22 3.78%£0.04 0.87%+0.03 464.43 77.489
3—05 3.72%£0.03 1.10%£0.01 951.57 37.156
3—09 4.10£0.04 1.08%£0.04 611.87 39.817
3—10 3.71+0.03 0.86%+0.01 384.76 17.446
4—-03 5.09%£0.01 0.68%+0.03 285.18 23.540
4—-04 4.36%0.06 1.04£0.04 1012.98 —

4—-05 4.38%£0.04 0.81%£0.02 662.49 53.436
4—-07 3.61£0.01 1.23+0.02 420.45 51.707
4—-08 5.63%0.0 0.64%£0.02 523.91 9.947
4—-10 5.74%+0.03 0.64%0.01 243.96 9.215
4-11 3.86%0.01 1.37%£0.02 575.64 27.808
4—-12 5.54%0.05 0.65+0.02 898.45 52.660
4—13 5.69£0.02 1.50£0.06 55.86 8.187
4—15 3.98%0.05 1.29+£0.03 976.74 71.489
4—-16 4.51%0.02 0.71£0.03 34.01 21.523
4—18 3.50£0.00 1.13%£0.02 951.01 46.030
4-21 3.97+£0.03 0.76+0.03 671.07 50.321
4—-22 3.52%0.05 0.81+0.02 290.44 15.593
4—-25 5.15%£0.02 0.71£0.04 115.89 9.340
4—-26 4.84%+0.01 0.74%0.01 101.23 19.880
4-27 3.99£0.04 0.92£0.04 827.92 59.047
5—-09 3.72%+0.03 0.88%+0.03 767.89 27.175
5—=10 4.2210.06 0.88%+0.01 377.57 45.364
5—12 5.56%£0.04 0.64%0.01 297.08 24.998
5—13 4.79%+0.03 0.79%£0.01 255.31 31.893
5—15 3.72+0.01 1.13%£0.04 861.94 43.715
5—16 3.48%£0.03 1.54£0.01 488.78 19.956
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ZE9 774 I=F

2714 st (mg/100g)

%

Bul Byc Cista Dia Gal Sang Yel
Ca 13.05 17.03 12.42 15.80 0.50 41.49 5.32
Fe 0.15 1.21 0.16 1.08 0.17 0.38 0.53
Cu 0.13 0.13 - 0.10 0.11 0.06 0.17
Mn 0.13 0.12 - 0.05 0.05 0.21 0.14
Zn 0.20 0.31 - 0.35 0.17 0.26 0.47
Sn 0.00 0.00 - 0.00 0.00 0.00 0.00

(2) PPO A3y Hr}
3Iett g E 3 2 HAFEEY A dHEAT W3 FEFEAZ D& EET|EAA]
FHE Asvastrlole oEgol Atk wetA JAEY dHAAHEE 50%E Asfist=d 2
83 % EE vlusks 1G5 ez 43 Hriste] A4 AsAE ddstaa ot
AFuH o g 2259 ZF 59 PPO inhibition rate® A<dlule} AA|stg e, 1Cs

AL tyrosinase AsHEFA L Z+ A28 A ¥ 22 935+ tyrosinase(110Units/ml )= o

%“*4 ILFﬂPiTEi 7Jr7Jr Xi oHXﬂ
sttt ICsogke FEE¢] 54 %*o 50%5 Adst=d 24t AsfAL %

i

mushroom tyrosinase®] @&/ A& 2AG Aoty FE2EI #AS =5
3 ICsogk= T317] flste] PPO E4g4d AalFo] 5028 UYElE ¥ =S
ZALte] S5t 7] W& oltt.

F 1-309 2%, 712 L-DOPAst Z+ &5 0.1%9] TY T=ddA PPO 424 A aiE
L 12.72%~74.06% 2 = Zol7l A= AL 2 VEYT. o] & By, Cista 2 Gale] 0.1%% =
N 73.1~74.1%9] wWj-$ =& PPO EAEA AL JeRNQeH, 2—9, 4-27, 4—157} 30%0]
ol oA&e JEMQPT, 7 theo g 4-21, 4-18, 2—13, 2—19] £o 7 eIt} 0.5%9]

T ME 5.3%~62.0%2] PPOAE 7}¢Hl, 4—157} 62.0%=2 7} =gem 1 thgo
—9, 4-27, 2—130] 50% o]’¢¢] =& E4ZAHAAEE YERUTE v FE7F 2 1%
o] F&E FEAAME Yelo] 90.53%=2 7H¢ =2 EAAAH S vebd 7h2-d, 4-15, 2-97}
60%0)4F, 2—13, 2—22, 4—270] 50%°]A2] PPOZAAIIAE L e

My
o
fr
e
> F e
oxl

2
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X 1-30. Z2WdAS AT ALTEZ9 F=o ©E PPO B4 4AY
(substrate : L-DOPA)
TENY T
Code No. 0.1 0.25 0.5 0.75 1.0
Bul. 31.14+1.88 - 40.111.75 - 47.3021.20
Byc. 74.06+0.38 - - - -
Cista 73.08+0.07 - - - -
Dia 12.73£2.07  2059+3.70  2411:2.32  31.0524.02 32.71:3.41
Gal 73.2521.09 - - -
Sang 18.43+1.98 26.05+1.78 37.21:0.80 38.6811.86 45.89+1.53
Yel 37.45+1.89 5530:0.61 66.59+135 73.58:027  90.53+0.00
1-03 ND ND ND ND ND
1-06 24.302 38.038 44.597 49.821 53.030
2-01 28.765 31.007 40.396 47.135 56.789
2-05 16.774 26.589 35.990 43.329 54.005
2-06 3.746 10.445 16.500 22.555 27.542
2-09 37.731 53.095 57.212 66.664 78.048
2-10 17.696 22.803 33.743 38.771 47.726
2-11 21.174 26.943 37.654 43.065 45.378
2-13 28.994 35.882 52.311 59.082 66.510
2—-16 8.163 13.001 18.821 26.531 33.409
2-17 1.513 10.357 9.974 20.042 20.809
2-18 15.792 20.862 30.825 40.917 46.452
2-20 4.274 8.610 25.002 26.148 33.947
2-21 ND ND ND ND ND
2-92 14.460 23.802 39.962 57.581 77.489
3-05 19.926 25.947 27.073 34.275 37.156
3-09 9.268 19.330 23.762 25.602 39.817
3-10 7.735 9.788 14.960 16.627 17.446
4—-03 5.343 10.388 14.419 19.426 23.540
4—04 ND ND ND ND ND
4—-05 22.615 37.128 42.498 47.222 53.436
4-07 18.245 34.542 44.072 47.090 51.707
4—-08 2.487 5.653 6.819 6.217 9.947
4-10 4.269 6.353 5.366 6.742 9.215
4-11 6.789 7.729 19.906 23.792 27.808
4-12 19.926 31.036 43.864 47.560 52.660
4-13 3.307 2.892 5.315 6.781 8.187
4-15 34.951 55.405 61.977 67.509 71.489
4—-16 13.443 18.788 21.392 22.485 21.523
4—-18 29.234 31.451 35.622 44.036 46.030
4-21 29.303 35.957 45.751 47.107 50.321
4-22 5.596 10.017 13.107 15.473 15.593
4—-25 1.262 2.938 5.499 7.928 9.340
4—-26 1.172 7.045 10.514 18.791 19.880
4-27 35.065 31.886 53.580 57.246 59.047
5-09 8.374 13.940 17.423 25.782 27.175
5-10 9.288 21.472 29.793 39.134 45.364
5-12 4.818 9.274 17.510 22.221 24.998
5-13 9.254 20.490 23.251 28.570 31.893
5-15 8.581 30.782 37.576 41.784 43.715
5-16 ND 7.675 11.999 15.700 19.956

- 135 -



E 1-31. 2tekx FE59o] PPO &4 A" 3 1Cs

Code No Regression R* 1C50(%)
Byc y = 0.00102x — 0.02016 0.9411 0.0298
Bul y = 0.05526x — 1.65044 0.9838 1.1146
Cista y = 0.00120x — 0.00900 0.9886 0.0573
Dia y = 0.04615x — 0.66527 0.9655 1.6447
Gal y = 0.00173x — 0.07551 0.9091 0.0095
Sang y = 0.03801x — 0.73488 0.9988 1.1651
Yel y = 0.01325x — 0.42018 0.9275 0.2398
1-03 - - -
1-06 y = 0.0366x — 0.8924 0.9789 0.7520£0.06
2—01 y = 0.0314x — 0.7607 0.9912 0.8035£0.08
2—05 y = 0.0251x — 0.3675 0.9869 0.8875+0.03
2—06 y = 0.0383x — 0.0988 0.9832 1.8101+0.08
2—09 y = 0.0269x — 1.0021 0.9897 0.3480£0.08
2—10 y = 0.0300x - 0.4446 0.9887 1.0531+0.15
2—11 y = 0.0284x — 0.5158 0.9800 0.9773£0.09
2—13 y = 0.0275x — 0.8199 0.9998 0.5360£0.01
2—16 y = 0.0359x - 0.1974 0.9983 4.8026%0.06
2—17 y = 0.0407x — 0.0556 0.9412 2.2764%0.05
2—18 y = 0.0257x — 0.2955 0.9990 1.0131+0.06
2—20 y = 0.0293x — 0.0853 0.9975 1.4710+0.09
2—21 - - -
2—22 y = 0.0196x — 0.4442 0.9543 0.6349+0.03
3—05 y = 0.0517x - 0.9725 0.9506 1.6045+0.06
3—09 y = 0.0305x — 0.2413 0.9698 1.3505+0.14
3—10 y = 0.0666x — 0.4178 0.9589 2.4642%0.26
4—-03 y = 0.0505x — 0.2180 0.9875 2.2227%0.20
4—04 - - -
4—-05 y = 0.295x - 0.6756 0.8920 0.8937£0.15
4—-07 y = 0.0432x — 1.2889 0.9410 0.8747+0.14
4—08 y = 0.1228x — 0.3019 0.9201 5.9706£0.23
4—10 - - -
4-11 y = 0.0373x — 0.1219 0.9439 1.9044%0.12
4-12 y = 0.0262x — 0.5003 0.9122 0.8131£0.10
4—13 y = 0.1825x — 0.4932 0.9983 7.5661%0.83
4—15 y = 0.0234x — 0.18 0.9999 0.3333%0.05
4—16 y = 0.2181x - 0.2176 0.9473 2.2175%+0.41
4—18 y = 0.0529x - 1.4187 0.9951 1.1766+0.06
4—-21 y = 0.0425x — 1.2042 0.9709 0.9015+0.05
4—-22 y = 0.0911x — 0.6722 0.9942 3.0037x0.61
4—-25 y = 0.108x — 0.0627 0.9878 3.3054%0.51
4—-26 y = 0.0498x — 0.0178 0.9759 2.3494%+0.03
4-27 y = 0.0395x — 1.3168 0.9940 0.5051£0.08
5—-09 y = 0.0495x — 0.3652 0.9816 2.0708%£0.16
5—-10 y = 0.0307x — 0.4162 0.9941 1.0761+0.08
5—-12 y = 0.0426x — 0.128 0.9822 1.9991+0.06
5—13 y = 0.0624x - 0.9994 0.9859 1.6789+0.07
5—15 y = 0.0527x — 1.487 0.9909 1.3684+0.34
5—16 y = 0.0616x — 0.2272 0.9991 2.8525%0.33
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TheoRgE 2-9,4-27,2-13, 1-6 59 £o2 FF 5 YAt o5

of thek Ae4y Zaehe 4 dAEHA =

7P °—?8}951 HA % PPOEAG A

5.

=
_>,i
o
O,)’
n{l:l
>~

mlo
do
N
_O|L

fr

512

oft

>

N

L
Ny Hiv
m 2
L2y X2
230
ot [o
o
o
i

f

BN

>

i,

g
S
@)
ek
o_>|:
nE
ot
i)
1z
h=
)
mU)
o
D
2
=
o,
iINA
B
12
2
Y
ol
>,
ot
2
S
>
ol
it
N
i
o
g
S
@)
o
o\
il

b

1|

A HQ% IC5o o2 vl A
FE2E9 1G5 259 FEE PPOZAAAE & EZ3 dXse TS YeEA
i1, catechol®th L-DOPA9] Z|HANA H 53 AdHANES eI
E ZFd A Galo] 0.0095% = 7} 945+ CistaZ} 0.05%, Byce 0.03%2] <o 2 m]$
& F7= JERNYTE 2 9o 4—158F 2—097} 0.333%, 0.348%, 4—277 2—130] 24z}
0.505%9} 0.536%, 1-6°] 0.752%2 FAHHA EFZ Yelyt. 2 FE2E9 ZradAgLe
ascorbic acid®] 1Cso gl 3.71%2 AT o vi-¢ 3 ZHANH S Yeplle A &
AeH AFHo 7 AHEIsAHol =5 AR AHEIUT.

O

3o
s

(3) k8 A5 F=E9 DPPH radical scavenging activity 37}

F2E89 PPOAM 7| 2e mHotslr] 918t DPPH radical 2754 §3 d4tstg & xAls)
gom, TEo} ascorbic acide] GAtstET} BlmFoaN AU FEIISAHL st &)
k.

TEEA FrrztEe F7l Fxe wEk deRE, FEES Fx=¥ DPPH radical
2

AaE F&
DPPH radical q35

APAT} 0.1% F=oNA 2t FZE9 DPPH radical &2A 52 4- 127} oF 97%2 A 7} ¢
s a9 Jep9la O o zE 4 ., 5—157} 95.0~96.3%= GA}3F
N A ©435-9 2 Dia, Cista, Gal, Sang, 1-03, 3—05, 4—21, 4—15, 2—18, 5-09, 4—04%=
90.0~94.0%2] =& gaztass ez Q.

a8 -8 PPOZA AdlsS Ve Byce 70.02%24 7H¢ @& skstaAE vERY
Aot o] 3k AL W Altyrosinase@ A A Ho| ™ 4-15, 2—09, 4—-27, 2—13, 1-06= &=z
93.4%, 96.0%, 82.8%, 18.5%, 84.3%= JEMF I wrolAhzixte] AW oA|go] =gd 4-27,
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2-20, 5-12, 2-22, 5-13, 2—-10 & 4-8& 4-27& A3} BF 50% ©|5te] F4te1e-g Jeh)
22, $58] DPPH radical £7%52 WAltyrosinase@ ol A gl wisdeiziae] el
A AxsA = Ans Jehgoh.
F 1-33-12 F299] =& F2E2 SAd wek 0.0005%~0.0075%= % :} Q‘M DPPH
A AA5L swE ZAste PAAS
0.001%~1.0%=2 =A%t Ao DPPHHT L A AS
o

ojt}. 47 Z2¥E EtE DPPH 275 o] ®TE yZo| plotting 53 3
A2 3 Aot 2w 1G> & 1-347 o},

FZE9 DPPHElHZ &ATS tidhk ICs52 0.00147~1.1295%2] Lol dAeH, o=
ascorbic acid®] 0.00142% KT} §-A}SHA =L FFo|rt.
F2E FdA 7HF e [Co2 UEd EZL 0.00147%S Yed Galolgler, O g&o
+ Bul, Sang, Cista, Dia, Yel, 4—157} 0.05%°]3t2 3+ shAEES H-F3 vt 4-18,
3—05, 1-03, 2—09, 4—04¢] =22 0.01%°]5+] e Vel £3) 4-156= 8| d =& PP
24 Adfgs YA E £& 3bgEE Ad se g FAEQ e, DPPH radical &A%
o thgk ICs500] 0.003%Z A, ascorbic acid®] FAkste thu] oF 1/24Fd MF21 §lof, Gal
B}t gtz osle] PPORAS AAlste AAE $E3] 7Idshy] ode Aoz A
= A

wheld gAEAl 24 PPOC o3t A AAEdZ A=, 4G x99} total phenoldFo] 714
=0 WA % DPPH radical 2A%5d] tha+ IC50] 0.00147% =2 Vit Co} S-A}3F garal el o =)y
Gal.& A 8}% 7401 E}%?:S} Ao 2 AerE k. 3] Gald 93 PPO gmq oﬂz}ﬁg A
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¥ 1-32. 0.1 55949 Z =52 DPPH radical scavenging activity

Code No. % Code No. % Code No. %
Bul 96.02+2.47 2—16 31.548+4.150 4—-12 97.052+0.485
Byc 70.0246.26 2—17 75.733%+3.644 4—13 13.837+1.276
Cista 93.15+0.10 2—18 90.484+£0.028 4—15 93.444£1.292
Dia 93.32+2.42 2—20 43.076%£2.473 4—16 31.658+1.504
Gal 93.53+2.54 2—21 62.900£4.989 4—18 96.302£1.655
Sang 93.61+2.57 2—22 34.469+3.582 4—-21 93.489+0.128
Yel 89.60+2.79 3—05 93.568+1.819 4—22 30.865%£4.104
1-03 93.723%£2.000 3—09 64.702£5.698 4—-25 15.372+1.286
1-06 84.309%0.217 3—10 62.651£1.515 4—-26 12.626+3.749
2—01 56.375%2.331 4-03 22.444+2.147 4-27 82.762+t0.179
2—05 65.230%£2.890 4—-04 89.467+0.493 5—09 89.684+5.769
2—06 44.754+2.035 4-05 95.721£0.954 5—10 48.514+5.984
2—09 95.992%0.836 4-07 39.223%7.528 5—12 35.681%£4.202
2—10 25.893+1.158 4-08 25.626%3.981 5—13 33.661%£3.556
2—11 48.949+7.554 4-10 37.856%5.384 5—15 94.581+0.121
2-13 | 1852944292 |  4—11  |84.30742.729| 5-16  |52.149+4.543
¥ 1-33-1. Z2 oA 1x AwEA9 s%o mwE DPPH radical scavenging activity
l‘(?/E) Vit C Bul Byc Cista Gal Dia Sang Yel
0.0005  20.69+2.69 - - - 23.08+0.54 - - -
0.001 34.94+2.09 23.4011.15 - - 40.78+0.85 - 26.76+2.23 -
0.0015 50.6413.12 3441150 - 38.475+1.65 54.51+0.51 - 37.36+0.43 -
0.0020 73.9416.37 47.030.82 - 47.635+2.12 - - - -
0.0025 - 54.92+0.84 - 53.538+2.07 72.95+0.28 - 50.13+1.03 -
0.0030 - - - 64.005+2.81 - 30.05+1.11  55.11+2.60 21.60+0.30
0.0040 - - - - - 37.27+1.29 - -
0.0050 - - - - - 47.58+1.11 - 32.82+1.42
0.0060 - - - - - 54.79+0.38 - -
0.0075 - - - - - - - 45.16+0.85
0.01 - - - - - - - 52.33+0.88
0.04 - - 26.04+1.13 - - - - -
0.05 - - 32.91+0.61 - - - - -
0.06 - - 42.32+0.76 - - - - -
0.075 - - 51.48+1.28 - - - - -
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F 1-33-2. Z¥AA 1A AdE

Aol F%o] wWZ DPPH radical scavenging activity

code

0.001 | 0.0025 | 0.005 | 0.0075 | 0.01 0.05 | 0.075 0.1 0.25 0.5 1.0
1-03 | 20.317 - 39.846 - 64.382 - 93.802 - - - - -
1-06 - - - - 26.946 | 48.270 | 78.784 | 82.541 | 84.309 - - -
2—01 - - - - 17.034 - 34.379 - 56.375 | — 93.655 | —
205 - - - - 15.216 - 31.960 - 65.230 | — 96.496 | —
2—06 - - - - 13.936 - 23.906 - 44754 | — 91.224 | —
2—09 ] 19.292 | — 46.123 | — 74.783 - 94.001 - - - - -
2-10 - - - - 6.661 - 14.991 - 25.893 | — 85.320 | —
2-11 - - - - 17.910 - 33.650 - 55.163 | — 98.043 | —
2-13 - - - - 5.652 - 13.367 - 25054 | — 58.424 | —
2—-16 - - - - 13.902 - 24.072 - 34.656 | — 89.077 | —
2-17 - - - - 23.231 - 57.114 - 75.733 | — 95486 | —
2—-18 - - - - 35.297 | 63.324 | 83.162 | 84.297 | 90.484 - - -
2—20 - - - - 23.061 - 36.633 - 46.183 | — 95991 | —
2—21 - - - - 16.462 - 34.313 - 63.211 | — 95.612 | —
2-22 - - - - 15.586 - 25.133 - 37.576 | — 61.360 | —
3—05 | 24.578 | 32.658 | 52.140 - 73.367 - - - - - -
3—09 - - - - 19.796 - 46.542 - 70917 | — 91.540 | —
3—10 - - - - 13.566 - 36.699 - 62.651 | — 88.225 | —
4-03 - - - - 13.497 - 17.709 - 28.659 | — 61.486 | —
4-04 | 16.340 - 3L.723 | — 55.593 - 89.096 - - - - -
4—05 - - - - 29.279 | 45439 | 75.507 | 90.175 | 95.721 - - -
4-=07 - - - - 12.488 - 25.530 - 51.651 | — 91.887 | —
4-08 - - - - - - 16.082 - 25.626 - 95.732 | 82.332
4-10 - - - - 13.027 - 36.666 - 47178 | — 77.049 -
4-11 - - - - 16.221 | 32.666 | 54.341 | 70.256 | 84.307 - - -
4-12 - - 35.234 - 48.888 | 71.023 | 89.210 | 94.299 - - - -
4-13 - - - - 13.295 - 26.491 - - - 33.453 | 73.938
4-15 | 21.932 - 53.846 | — 89.033 - 91.980 - - - - -
4-16 - - - - - - - - 31.658 | 51.630 | 82.288 | 92.932
4-18 | 10.651 | 21.440 | 38.404 | 68.103 | 93.020 - - - - - - -
4-21 - - - - 13.877 | 42.547 | 67.585 | 89.009 | 93.489 - - -
4-22 - - - - 10.770 - 36.102 - 40.186 - 70.546 -
4-25 - - - - - - - 13.658 | 15.372 | 37.020 | 64.446 -
4-26 - - - - - - - - 11.770 | 19.922 | 23.929 | 44.310
4=27 - - - - 28.416 | 69.068 | 85.306 | 84.048 | 82.762 - - -
5—09 - - - - 34.845 | 61.690 | 84.423 | 93.662 - - - -
5—10 - - - - 12.791 - 27.055 - 54.728 - 91.129 -
5—12 - - - - 10.973 - 16.449 - 32.574 - 83.426 -
5—13 - - - - 11.309 - 25.166 - 39.876 - 92.739 -
5—15 - - - - 18.563 | 36.394 | 72.187 | 87.310 | 94.581 - - -
5—16 - - - - 22.657 - 271717 - 58.364 - 91.887 -

- 140 -



X 1-34. Aokx FHE9 5 DPPH radical scavenging activity9] ICseH] 2

Code No Regression R? 1Cs0

ascorbic A y=4E—-05x — 0.0005 0.0015 0.00142+0.000061
Gal y=4E—-05x — 0.0005 0.0015 0.00147£0.000033
Bul y=5E—-05x — 0.0002 0.0023 0.00222+0.000083
Cista y=0.00012x — 0.0042 0.0018 0.00270£0.00067
Dia y=0.0001x — 0.0005 0.0045 0.00450£0.00034
Yel. y=0.0002x — 0.0018 0.0082 0.00800£0.00010
Byc y=0.0014x + 0.0003 0.0703 0.06837%0.00133
1-03 y=0.0002x - 0.0039 0.9866 0.0069£0.000463
1-06 y=0.0008x - 0.0115 1.0000 0.0287£0.001908
2-01 y=0.0028x - 0.0440 0.9945 0.0841£0.008263
2—05 y=0.0015x - 0.0020 0.9993 0.0766£0.002612
2—06 y=0.0071x - 0.1593 0.9738 0.1935£0.007383
2—09 y=0.0002x - 0.0010 1.0000 0.0077£0.000273
2—-10 y=0.0063x - 0.0482 0.9969 0.2714%+0.00465
2—11 y=0.0021x - 0.0188 0.9958 0.0886+0.001308
2—-13 y=0.0089x - 0.0792 0.9782 0.3976+£0.017865
2—16 y=0.0070x - 0.1101 0.9932 0.2295%£0.005266
2—-17 y=0.0018x - 0.0433 0.9888 0.0501£0.003569
2—18 y=0.0008x - 0.0202 0.9673 0.1890£0.002325
2-20 y=0.0071x - 0.1809 0.9844 0.1625£0.005804
2—21 y=0.0018x - 0.0137 0.9991 0.0761£0.002455
2—22 y=0.0103x - 0.1418 0.9895 0.4110£0.049439
3—05 y=0.0002x - 0.0042 0.9979 0.0065£0.000379
3—09 y=0.0019x - 0.0295 0.9990 0.0601£0.002826
3—-10 y=0.0019x - 0.0170 0.9989 0.0759£0.001241
4-03 y=0.0101x - 0.1278 0.9792 0.3662£0.005821
4-04 y=0.0003x - 0.0031 0.9989 0.0091£0.001398
4-05 y=0.0010x - 0.0182 0.9916 0.0293£0.001443
4-07 y=0.0026x - 0.0282 0.9992 0.0992+0.001405
4-08 y=0.0168x - 0.3432 0.9922 0.3995+0.049669
4-10 y=0.0106x - 0.3723 0.9950 0.1749£0.009182
4-11 y=0.0014x - 0.0179 0.9928 0.0494£0.001622
4—-12 y=0.0008x - 0.0271 0.9639 0.0128%£0.000639
4-13 y=0.0162x - 0.1333 0.9781 0.6571£0.015906
4-15 y=0.0001x - 0.0018 0.9993 0.0030£0.000186
4-16 y=0.0097x - 0.2110 0.9576 0.2547£0.012029
4-18 y=0.0001x - 0.0007 0.9868 0.0053£0.000219
4-21 y=0.0009x - 0.0054 0.9690 0.0389£0.012034
4—-22 y=0.0092x - 0.1348 0.9932 0.3098+0.009390
4-25 y=0.0083x - 0.0385 0.9982 0.3751£0.015980
4-26 y=0.0302x - 0.3733 0.9803 1.12954+0.022088
4-27 y=0.0006x - 0.0104 0.8622 0.0194£0.000153
5—-09 y=0.0008x - 0.0196 0.9889 0.0203£0.000896
5-10 y=0.0020x - 0.0125 0.9964 0.0906£0.004921
5—12 y=0.0071x - 0.0869 0.9927 0.2577£0.005201
5-13 y=0.0072x - 0.1694 0.9940 0.2000£0.004849
5-15 y=0.0009x - 0.0079 0.9693 0.0375£0.001033
5-16 y=0.0075x - 0.1607 0.9997 0.2145£0.004244
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(4) EDTA tjn] & A& ==50| Fe’ Chelating capacity 37}

Free radicaloll €& AWAIZS] £4& AFstE AolF£ Fe' ol27 g A Féions
TS FAFozN Fagtans Yehle Zos d8Ad e EDTAE thEHQI chelating
agent2A] AgHeF {FEaA AREHIL de FAH obrAbe] shvelnt. wEka EDTAS
chelating capacity® 272 sl], 2t =FE9 5549 chelating capacityS ZA}sFT 1C50L
24se 45 MagoRd 494 B854 BT ST

chelating capacity®] %L Yena 5 W'Y e S8t APk 28 vEE
223k A8 1nle)] 80% &2 0.8nE =8t 2mM FeClp4H,0 0.1ml ¢} 5mM ferrozine 0.1
g SANZ Hristn 244 102 Bt 8REAIZL & 562nmolA] FFEE SHs9 1
27E 1Cogtez R EDTAR ASt4 2& $oz ALgstd A5 dnsh um

¥ 1-35% EDTA tjy] =299 %59 chelating capacity vl w3t AF}o|t}, 2t =2 E9] &
=¥ HRS A7 w2 £3 % W3S graph? T8 TS curved] AAMRE FHild 71L& 7E
T3 & 2z} 549 54 chelating capacityg 3WHE FTX =2 e T

0.1%5 oA Z+ =2E9] chelating capacitys 0~39.29%k2] vt =72 X835 EDTAY]
chelating capacity= 96.59% 2 uj-¢- =& Z}S el JRv}. o] & = PPOZA A3E o] 9
= Ao 2 ZAME Byce, Cista ¥ Gal9] chelating capacity= 0.1%% XA z+z} 38.91, 34.29,

39.299] oz HtE 22E FolAL ¥ad =L £ JEu Aot B A7 Al
HE A HEAEES O ¢F FE3 A9 chelating capacity= EDTAS] 1/34F2 2 of
T Hdon, B AFAY E WHoR Azx®E FEEELS chelationd] 9% PPOZ AN E S
ZIHs7ls el AR

= A D EAF g HREAZ dE bEE
95 AEvastrlde oy wol vk ek dAE9 chelating capacityE 50%
=o 23 AR BEES H@etE 1[G oz Aawrsingt stgen 1

EDTA®] chelating capacityell ™3+ ICs502 0.0030%¢] vl 229 [C52 0.201~3.898%<]
BEZ2 YAt #5E S A€ Buld Bycrl 242 0.241%9}F 0.201%2 ¥y & a3
el 1o} EDTAS] 0.003%9 ®]ste] mj-$ & Axtolg}. o} 2 ZAute= v 38T
3o H]é}@l A3 FES] matrix?] B FE2EY F¢ dAE F dE ZFolth. B AF
Az, 23d B B Ao AutE dd dekx Fol|lA chelationol] 93 Zrd A &3+ Bycot
0.201%2 7 =& &3E Jehlle =22 43E + Ao
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F 1-35. Alekx FZ Aol Ex W chelating capacity 8]

FEAY TE

1% 0.75% 0.5% 0.25% 0.1%

Bul 71.53 68.58 64.47 55.30 38.54
Byc 83.70 83.55 79.62 56.95 38.91
Cista 69.616 65.643 57.36. 34.294 -
Dia 50.41 41.06 25.69 19.53 15.63
Gal 78.76 76.45 69.69 51.11 39.29
Sang 63.16 30.39 47.37 36.63 25.88
Yel 72.52 67.78 62.76 41.0 27.73
1-3 27.644 21.819 20.223 3.904 0.481
1-6 29.311 15.826 13.729 1.034 0.154
2—1 0.582 —1.629 —2.290 1.635 —0.561
2-5 12.053 9.555 3.386 2.870 1.906
2—6 - - 92.587 52.886 21.190
2-9 71.976 46.259 38.090 10.463 1.5629
2—10 42.985 30.790 18.958 3.637 1.5617
2—11 1.811 1.811 2.170 3.251 2.169
2—13 1.581 3.715 2.760 3.419 —2.271
2—16 —6.606 —3.021 1.545 4.441 1.071
2—17 66.195 39.542 33.385 5.220 1.054
2—18 98.754 79.526 47.183 4.458 3.026
2—20 —5.789 3.305 0.552 2.715 1.744
2—21 97.791 68.721 39.808 2.095 1.499
2—22 —2.254 —5.535 —4.087 1.532 —9.497
3=5 78.291 55.564 33.435 5.171 0.723
3-9 95.425 74.592 30.138 3.817 0.634
3—10 5.682 1.590 2.252 3.461 1.593
4-3 13.801 4.087 13.872 3.309 8.519
4—4 96.348 76.230 41.428 9.317 4.208
4-5 28.772 —3.937 3.832 11.213 —1.660
4-=7 27.888 24.045 6.295 2.376 0.125
4-8 1.317 9.114 0.629 2.594 5.227
4-10 —13.091 23.446 —2.557 1.301 4.165
4-11 32.290 16.388 30.991 8.419 —2.327
4-12 12.596 14.374 20.215 3.450 7.098
4-13 —9.485 —3.337 —5.732 0.915 4.670
4-15 19.632 12.659 10.525 3.937 3.100
4-16 48.944 36.013 15.933 2.292 0.855
4-18 —3.668 15.106 —0.273 3.131 7.324
4-21 27.658 36.862 34.408 5.146 7.793
4-22 0.150 6.816 0.546 3.568 0.268
4-25 —2.678 3.271 —0.688 2.476 1.642
4-26 20.499 11.527 22.075 4.911 7.525
4-27 12.368 8.814 0.141 2.156 0.256
5-9 26.545 8.132 6.035 3.244 0.125
5—10 27.062 5.751 8.558 0.552 —0.681
5—12 19.123 —28.806 4.676 0.173 —2.602
5—13 27.546 14.440 —27.951 30.573 —4.103
5—15 14.119 10.512 8.547 2.145 1.042
5—16 —2.527 5.152 9.461 —0.673 2.986

% EDTA®] chelating capacity(%-5 %) : 96.59(0.1%), 95.12(0.01%), 78.92(0.005%),
39.90(0.0025%), 23.70(0.001%)
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% 1-36. Az FZ N3 EDTAQ] Chelating capacity 3] 743} ICs
Code No. Regression Rs 1Cs0

EDTA y = 8E-05x — 0.001 0.9796 0.0030
Bul y = 0.01460x — 0.489 0.9065 0.2410
Byc y = 0.0099x — 0.2942 0.9940 0.2008
Cista y = 0.0010x — 0.1122 0.980 0.3879
Dia y = 0.0198x — 0.0245 0.9806 0.9655
Gal y = 0.0132x — 0.4201 0.9998 0.2399
Sang y = 0.0227x — 0.6070 0.9873 0.5280
Yel y = 0.0114x — 0.2175 0.99998 0.3525
1-03 y = 0.0293x + 0.0859 0.9141 1.5509
2—05 y = 0.0767x + 0.0633 0.9124 3.8983
2—06 y = 0.006x — 0.0447 0.9979 0.2553
2—09 y = 0.0127x + 0.0914 0.9784 0.7264
2—10 y = 0.0205x + 0.1186 1.1436 0.9892
2—17 y = 0.0134x + 0.1301 0.9646 0.8001
2—18 y = 0.0083x + 0.1321 0.9728 0.5471
2-21 y = 0.0086x + 0.1589 0.9803 0.5889
3—05 y = 0.011x + 0.1391 0.9903 0.6891
3—09 y = 0.0085x + 0.1739 0.9688 0.5989
4—-04 y = 0.0089x + 0.1137 0.9847 0.3313
4-07 y = 0.0244x + 0.2553 0.9203 1.4753
4—15 y = 0.0529x — 0.0074 0.9686 2.6376
4-16 y = 0.0171x + 0.1652 0.9752 1.202
4-27 y = 0.0731x + 0.1129 0.9859 3.7697
5—09 y = 0.0332x + 0.1865 0.9330 1.8465
5-15 y = 0.0627x + 0.0716 0.9497 1.7232
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(1) Va3 Ky value
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EaE e 2AR dis F 1-379 1-389 2.

1-37& 8% At 229 FE49 tyrosinase FA A< L-DOPAS tjidoz 1}

¥ 1-38« cateching thde =z vyehd Zilolr).

2z 2% 6% U3 tyrosinase A A H L L-DOPAS] T 4Z0) sl 120%

Rl ~6027129 W 2REH &5 47 Fot Vmgtez A5 713

X FEEY FEHE tyrosinased] HUWHEET A A 1/2¢] Lo Fsts 7129
E2FH Kmg 783tk Km2 7|43 549 =S Y, Km o] Fg= AL &

o] 718 3 M3} =rt ok AL Jehdch

O
%
o
(@)
o mx
S

B

>

Vm [S]
Km + [S]

—37¢] L—DOPA A|2=8le] 4= Byc, Cista, Gal, 1-06, 2—09, 2—10, 2—13 5 2-22¢] H%
=7F wokAle AFAE e ed, Km ghol =olAl= AL AsjAle] 7ol 23]
71243 Baeke] FASETE Yol = Ao g fdd vk 2t 4-15% AAY =57
of ma} Kmgh-e F7tslthrt #aste AL, 4-272 AdAY % F7d wE Km te] |
b 43 SiE s WE}IHZ] 2 Skt
m ZES Byc, 2—9 & 2-1344 =7}
Bl gt Gal2 T% F7bol met #daste Ade HYomH 712 g &

[d
Ar
T
B¢
—
JJ
oo
o,
511
D
o
=
5
N
m17>
o
lo
fru
ol
pach
filo
=)
>~

- 145 -



Table 1-37. Vm and Km calculated from Lineweaver—Burk plot for inhibition of PPO by
natural herbal plants and L—DOPA

Plants Conc. 0g/100g 0.1g/100g 0.25g/100g 0.5g/100g 0.75g/100g  1g/100g

Vm 0.0851 0.0862 0.0853 0.5288 0.0829 0.0879
o Km 0.0942 0.1556 0.1990 1.55632 0.3088 0.4184
Vm 0.04199 0.03948 0.04157 0.03806 0.03913 0.03998
o Km 0.01410 0.03165 0.06425 0.07950 0.11063 0.16811
Vm 0.03864 0.02814 0.03465 0.02671 0.02729 0.02705
o Km 0.05529 0.06653 0.17922 0.20727 0.34643 0.53883
Vm 0.14316 0.12533 0.12545 0.14552 0.14871 0.12334
o Km 0.13966 0.13191 0.14838 0.21338 0.25302 0.21978
Vm 0.0567 0.0497 0.0460 0.0419 0.0365 0.0334
e Km 0.0179 0.0229 0.0239 0.0181 0.0131 0.0109
Vm 0.0375 0.0181 0.0194 0.0198 0.0244 0.0281
e Km 0.0016 —0.0140 —0.0130 —0.0159 —0.0076 0.0014

Conc. 0g/100g 0.05g/100g 0.01g/100g 0.025g/100g 0.05g/100g 0.1g/100g

2—22 Vm  0.051287 0.054621 0.042205  0.039624 0.643170  0.028273
Km  0.023828 0.027534 0.031472  0.036411 1.632287  0.073376

Conc. 0g/100g 0.01g/100g 0.025¢/100g 0.05g/100g 0.5g/100g  1.0g/100g
Cista Vin 0.05474  0.055281  0.049686  0.046587 0.048309  0.046559
K 0.01944  0.027664  0.047284  0.073985 0.350731  0.508474

Conc. 0g/100g 0.01g/100g 0.025¢/100g 0.05g/100g 0.075g/100g 0.01g/100g

Vm 0.06027 0.05513 0.07365 0.06168 0.06317 0.07191

Byc
Km 0.03196 0.05472 0.16751 0.19182 0.29672 0.43344
Conc. 0g/100g 0.05g/100g 0.01g/100g 0.025g/100g 0.05g/100g 0.1g/100g
Gal Vm 0.040835 0.038148 0.041095 0.041051 0.037635 0.037883
a

Km  0.018237 0.063363 0.100473  0.134417 0.152881  0.253593
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Table 1—-38. Vm and Km calculated from Lineweaver—Burk plot for inhibition of PPO by
natural herbal plants and catechin

Plants  Conc. 0g/100g  0.05¢/100g 0.1g/100g 0.15g/100g 0.2g/100g 0.25g/100g

Vm 0.01775 0.01749 0.01648 0.01676 0.01658 0.01771
Byc
Km 0.05027 0.14423 0.19221 0.28837 0.44308 0.60767

Conc. 0g/100g 0.001g/100g  0.002g/100g  0.003g/100g  0.004g/100g  0.005¢/100g

Gal Vm 0.02603 0.02543 0.02538 0.02626 0.02567 0.02596

Km 0.52519 0.41781 0.33296 0.25470 0.17688 0.10011

Conc. 0g/100g  0.1g/100g 0.25g/100g 0.5g/100g 0.75g/100g  1g/100g

2—9 Vm 0.6448 0.5770 0.7701 1.2324 5.7405 7.1633

Km 0.1397 0.1319 0.1484 0.2134 0.2530 0.2198

Conc. 0g/100g  0.025¢/100g  0.05g/100g  0.075g/100g  0.1g/100g  0.25¢/100g

2-13  ym  0.01775 0.01749  0.01648  0.01676  0.01658  0.01771

Km 0.05027 0.14423 0.19221 0.28837 0.44308 0.60767

) A #3 #
Zt #2259 PPO AsF3E zAtst7] skl L-DOPASE cateching thido s 2+ &
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71& el A= Bye, Gal, 1-6, 2—9, 2-10, 2—13 ¥ 2—-22% competitive inhibition type, cista= mixed
type, 4—159} 4—27-& non—competitive inhibition type2. 2 e} T). 3 catechin® 7|2 & 3
A2 2= Byc, Gal, 2—9 2 2—-13 F3] Dixon plotell 4] noncompetitive2 el w}
o] 52 mixed typed] AMGFIFES UJEIIS U 5 It

w2 A¥ AT, PPO7} Agsts 7|Ane 723 §AMe R Qsle PPO7L Ealdx

Cista Gal

Byc 1-6

Fig 1—24. Lineweaver—Burk plot for kinetic study of mushroom PPO (25T, 50mM
phosphate buffer, pH 6.8) of natural herbal plants and L—DOPA at various concentrations.
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4—-15

Fig 1-24. Continued
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Byc Gal

2—9 2—13

Fig. 1—25. Lineweaver—Burk plot for kinetic study of mushroom PPO (25T, 50mM
phosphate buffer, pH 6.8) of natural herbal plants and catechin at various concentrations
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Table 1—39. 1/Vo vs 1/S regression equations for kinetic study of mushroom PPO by natural
herbal plants

Substrates  Plants [I] g/100g Regression curve Correlation
0.01g/100g y = 0.5004 X + 18.0894 R*=0.9587
0.025g/100g y = 0.9516 X + 20.1263 R*=0.9982

Cista 0.05g/100g y = 1.5881 X + 21.4651 R*=0.9982
0.50g/100g y = 7.3843 X + 20.6999 R*=0.9942
1.00g/100g y = 10.9210 X + 21.4779 R*=0.9987

(Blank) 0g/100g y = 0.3551 X + 18.2683 R?*=0.9242
0.01g/100g y = 0.9925x + 18.139 R*=0.9975
0.025g/100g y = 2.2744x + 13.578 R*=0.9977

Byc 0.05g/100g y = 3.1099x + 16.213 R*=0.9979
0.075g/100g y = 4.6970x + 15.830 R*=0.9999
0.01g/100g y = 6.0278x + 13.907 R*=0.9999

(Blank) 0g/100g y = 0.5303x + 16.592 R*=0.9897
0.05g/100g y = 1.661x + 26.214 R*=0.9960
0.01g/100g y = 2.4449x + 24.334 R*=0.9834

Gal 0.025g/100g y = 3.2744x + 24.360 R*=0.9976
0.05g/100g y = 4.0622x + 26.571 R*=0.9999
0.1g/100g y = 6.6941x + 26.397 R?=0.9998

L —DOPA (Blank) 0g/100g y = 0.4466x + 24.489 R*=0.9906

0g/100g y = 1.1072x + 11.749 Rz= 0.9928
0.1g/100g y = 1.8064x + 11.607 Rz= 0.9803

1-6 0.25g/100g y = 2.3337x + 11.73 Rz= 0.9466
0.5g/100g y = 2.9465x + 10.897 Rz= 0.9409
0.75g/100g y = 3.7245x + 12.062 Rz= 0.9633
1.0g/100g y = 4.7594x + 11.374 Rz= 0.9104

0g/100g y = 0.3358x + 23.817 Rz= 0.8614
0.1g/100g y = 0.8017x + 25.327 R2= 0.937

9_g 0.25g/100g y = 1.5455x + 24.055 R2= 0.988
0.5g/100g y = 2.0889x + 26.275 Rz= 0.9937
0.75g/100g y = 2.8274x + 25.558 Rz= 0.9926
1.0g/100g y = 4.2051x + 25.014 Rz= 0.9931
0.00g/100g y = 1.4312x + 25.881 Rz= 0.8357
0.10g/100g y = 2.3645x + 35.538 Rz= 0.8249

9_10 0.25g/100g y = 5.1724x + 28.861 Rz= 0.9434
0.50g/100g y = 7.7601x + 37.439 Rz= 0.9407
0.75g/100g y = 12.599x + 36.638 Rz= 0.9576
1.00g/100g y = 19.922x + 36.973 Rz= 0.9515
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Table 1—39. Continued

Substrates  Plants [I] g/100g Regression curve Correlation

0g/100g y = 0.9755x + 6.985 R2= 0.9802

0.1g/100g y = 1.0525x + 7.9787 R2= 0.9921

9_13 0.25g/100g y = 1.1828x + 7.9712 R2= 0.9920

0.5g/100g y = 1.4663x + 6.8719 R2= 0.9916

0.75g/100g y = 1.7014x + 6.7245 R2= 0.9946

1.0g/100g y = 1.7819x + 8.1077 R2= 0.9978

0g/100g y = 0.4646x + 19.498 R2= 0.9640

0.05g/100g y = 0.5041x + 18.308 R2= 0.9931

9_99 0.075g/100g y = 0.7457x + 23.694 R2= 0.8427

0.10g/100g y = 0.9189x + 25.237 R2= 0.7915

0.25g/100g y = 2.3824x + 1.5548 R2= 0.8989

L—DOPA 0.50g/100g y = 2.59563x + 35.37 R2= 0.8373

0g/100g y = 0.3163x + 17.63 R2= 0.9982

0.1g/100g y = 0.4596x + 20.101 R2= 0.9989

415 0.25g/100g y = 0.521x + 21.762 R2= 0.9273

0.5g/100g y = 0.4316x + 23.84 R2= 0.9751

0.75g/100g y = 0.3582x + 27.424 R2= 0.9003

1.0g/100g y = 0.3274x + 29.973 R2= 0.9712

0g/100g y = 0.0429x + 26.656 R2= 0.0046

0.1g/100g y = —0.7692x + 55.136 R2= 0.9949

497 0.25g/100g y = —0.673x + 51.612 R2= 0.9328

0.5g/100g y = —0.8048x + 50.616 R2= 0.9334

0.75g/100g y = —0.3134x + 41.000 R2= 0.6020

1.0g/100g y = 0.048x + 35.530 R2= 0.0081

0.05g/100g y = 8.2452x + 57.1659 R2=0.9952

0.1g/100g y = 11.6649x + 60.6878 R2=0.9900

Byc 0.15g/100g y = 17.2022x + 59.6522 R2=0.9821

0.2g/100g y = 26.7179x + 60.2998 R2=0.9865

0.25g/100g y = 34.3147x + 56.4702 R2=0.9938

0.001g/100g y = 16.4319 + 39.3292 R2=0.9993

0.002g/100g y = 13.1170x + 39.3950 R2=0.9961

Gal 0.003g/100g y = 9.9220x + 38.0835 R2=0.9943

. 0.004g/100g y = 6.8905x + 38.9550 R2=0.9920
Catechin

0.005g/100g y = 3.8568x + 38.5249 R2=0.9958

0.05g/100g y = 0.4008x + 1.5049 R2=0.9948

9_g 0.075g/100g y = 0.5054x + 1.5574 R2=0.9996

0.1g/100g y = 0.6488x + 1.5753 R2=0.9976

0.025g/100g y = 0.9109x + 1.5704 R2=0.9878

0.025g/100g y = 0.2284x + 2.0381 R2=0.9953

913 0.05g/100g y = 0.3566x + 2.0429 R2=0.9977

0.075g/100g y = 0.4873x + 2.0639 R2=0.9987

0.1g/100g y = 0.6330x + 2.0855 R2=0.9987
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Cista Byc

Gal 4-27

1-6 2-9
Fig 1—26. Dixon plot for kinetic study of mushroom PPO (25T, 50mM phosphate buffer,
pH 6.8) of natural herbal plants and L—DOPA at various concentrations(continued)
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2—22

Fig 1-26. Continued
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Byc Gal

2—9 2—13

Fig 1—27. Dixon plot for kinetic study of mushroom PPO (25T, 50mM phosphate buffer,
pH 6.8) of natural herbal plants and catechin at various concentrations

- 155 -



Table 1—40 Dixon plot regression equations for kinetic study of mushroom PPO by natural
herbal plants of L-DOPA

Subsstrate Plants [S] g/100g Regression curve Correlation
0.0197g/100g y = 3374.2x + 47.469 R*=0.9967
0.0490g/100g y = 1060.6x + 28.773 R*=0.9981

pre 0.0980g/100g y = 490.57x + 25.135 R*=0.9905
0.1971g/100g y = 247.46x + 21.569 R*=0.9883
0.0197¢/100g y = 63.2438 X + 20.9404 R*=0.9814
0.049g/100g y=111.7134 X + 26.4020 R*=0.9875
Cista 0.098g/100g y = 212.9959 X + 40.0108 R*=0.9254
0.1971¢/100g y = 552.0612 X + 57.0709 R*=0.9739
0.0197g/100g y = 3083.6x + 81.516 R*=0.9931
0.0490g/100g y = 1533.7x + 58.510 R*=0.9875
ol 0.0980g/100g y = 509.96x + 37.218 R*=0.9779

[ —DOPA 0.1971g/100g y = 220.15x + 31.810 R*=0.8054
0.0197g/100g y = 843.63x + 50.255 R2=0.8842
0.0490g/100g y = 390.09x + 30.508 R2=0.8818

e 0.0980g/100g y = 202.10x + 22.181 R2=0.9415
0.1478g/100g y = 148.57x + 27.881 R2=0.9873
0.0197g/100g y = 39.373x — 5.3202 R2=0.9112
0.0490g/100g y = 17.692x + 7.9856 R2=0.9766

o 0.0980g/100g y = 8.0967x + 12.855 R2=0.9891
0.1478g/100g y = 4.5335x + 14.817 R2=0.9868
0.0197g/100g y = 143.89x — 229.27 R2=0.9630
0.0980g/100g y = 56.839x — 83.728 R2=0.9386

o 0.1478g/100g y = 29.299x — 36.114 R2=0.9838
0.197g/100g y = 2.3201x + 10.074 R2=0.9781
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Table 1—40. Continued.

Plants [S] g/100g Regression curve Correlation
0.0197g/100g y = 17.064x + 17.737 R2= 0.9674
0.0490g/100g y = 5.1275x + 16.746 R2= 0.8748

271 0.0980g/100g y = 1.9066x + 15.287 R2= 0.9917
0.1478g/100g y = 1.1006x + 14.503 R2= 0.9885
0.0197g/100g y = 421.48x + 30.444 R2= 0.9829

9_99 0.0490g/100g y = 181.67x + 20.785 R2= 0.6365
0.0980g/100g y = 133.61x + 17.715 R2= 0.8809

L—-DOPA 0.1476g/100g y = 69.799x + 16.123 R2= 0.9090
0.0490g/100g y = 99.359x + 28.416 R2= 0.7061

L5 0.098g/100g y = 105.20x + 23.635 R2= 0.9759
0.1478g/100g y = 105.37x + 22.560 R2= 0.8308
0.1971g/100g y = 288.19x + 26.782 R2= 0.8609
0.0490g/100g y = 31.414x + 23.653 R2= 0.9425

4-27 0.1478g/100g y = 11.753x + 32.852 R2= 0.8840
0.1971g/100g y = 12.848x + 30.716 R2= 0.9390
0.0725g/100g y = 63.2875x + 32.5895 R2=0.9992
0.1415g/100g y = 40.9708x + 32.1780 R2=0.9964

bye 0.2177g/100g y = 33.6961x + 31.0268 R2=0.9993
0.2902g/100g y = 27.8930x + 29.7836 R2=0.9964

0.0725g/100g y = 42.3628x + 44.8611 R2=0.9873

0.1415g/100g y = 22.1898x + 45.6870 R2=0.9711

Gal 0.2177g/100g y = 15.6854x + 45.2710 R2=0.9839
0.2902g/100g y = 10.7534x + 43.7638 R2=0.9912

Catechin 0.0725g/100g vy = 2.4395x + 1.5924 Re=0.9757
0.1415g/100g y = 1.25647x + 1.4789 R2=0.9860

279 0.2177g/100g y = 0.7979x + 1.486 R2=0.9798
0.2902g/100g y = 0.6346x + 1.3438 R2=0.9770
0.0290g/100g y = 4.4996x + 0.7982 R2=0.9999
0.0725g/100g y = 2.0012x + 1.2953 R2=0.9993

2—13 0.1415g/100g y = 1.1698x + 1.4693 R2=0.9955
0.2177g/100g y = 0.7421x + 1.488 R2=0.9924
0.2902g/100g y = 0.5216x + 1.4133 R2=0.9964
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Table 1—41. Calculated values of Ki for inhibition of PPO by natural herbal plants

Substrates  Plants Plots Ki Type of inhibition
Lineweaver—Burk Reversible inhibition
0.1778140.44442 R
Byc plot (Competitive inhibition)
. Reversible inhibition
Dixon plot 0.00900%+0.00118 S
(Competitive inhibition)
Lineweaver—Burk Reversible inhibition
0.0781£0.0020 e
Cista plot (Competitive inhibition)
. Reversible inhibition
Dixon plot 0.0716%0.0004 L
(Uncompetitive inhibition)
Lineweaver—Burk Reversible inhibition
0.50335%+0.23494 o o
Gal plot (Competitive inhibition)
. Reversible inhibition
Dixon plot 0.01820%0.00090 L
(Competitive inhibition)
Lineweaver—Burk i inhibiti
Ki=0.0717+0.1602  Reversible inhibition
1-6 plot (Competitive inhibition)
Dixon plot Ki=—00114+0,0242  eversible inhibition
(Competitive inhibition)
Lineweaver—Burk i inhibiti
Ki=—0.4842+0.4017  Scversible nhibition
9_g plot (Competitive inhibition)
Dixon plot  Ki=0.4766+0.0718  cversible inhibition
’ - (Competitive inhibition)
L_DOPA Lineweaver —Burk . Reversible inhibition
Ki=—-1.1525%0.7250 .. .
9-10 plot (Competitive inhibition)
Dixon plot ki=—1.4919+0.1192  ~eversible inhibition
(Competitive inhibition)
Lineweaver—Burk Ki=—1.8930+1.5123 Revers‘lb‘le 1ph11?1F19n
9_13 plot (Competitive inhibition)
Dixon plot Ki=—0.4050+0,1356  cversible inhibition
(Competitive inhibition)
Lineweaver—Burk Ki=—1.8036+3.8630 Revers‘lb‘le 1ph11?1F19n
9_99 plot (Competitive inhibition)
Dixon plot  Ki=—0.0347+00062  cversible inhibition
’ - (Competitive inhibition)
Lineweaver—Burk Ki=—59.5192478.295 Reversible inhibition
4—15 plot 8 (Uncompetitive inhibition)
Dixon plot Ki=134749+101181  eversible inhibition
(Uncompetitive inhibition)
Lineweaver—Burk Ki=321.8234%449.97 Reversible inhibition
_r plot 14 (Uncompetitive inhibition)
Dixon plot Ki=0.9330+0.5095  Reversible inhibition

(Uncompetitive inhibition)
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Table 1—41. Continued.

Plots

Ki

Type of inhibition

Lineweaver—Burk

plot

Dixon plot

Ki=—6.98441+2.8191

Ki=—-0.1176%£0.0320

Reversible inhibition

(Competitive inhibition)

Reversible inhibition

(Uncompetitive inhibition)

Lineweaver—Burk

plot

Dixon plot

Ki=—-0.272710.2594

Ki=-0.0860%0.0530

Reversible inhibition

(Competitive inhibition)

Reversible inhibition

(Uncompetitive inhibition)

Lineweaver—Burk

plot

Dixon plot

Ki=-0.9935%+0.5138

Ki=—0.3477£0.1593

Reversible inhibition

(Competitive inhibition)

Reversible inhibition

(Uncompetitive inhibition)

Lineweaver—Burk

Substrates  Plants
Byc
Gal
Catechin
2-9
2—13

plot

Dixon plot

Ki=-0.1857%0.0366

Ki=—-0.049310.0824

Reversible inhibition

(Competitive inhibition)

Reversible inhibition

(Uncompetitive inhibition)
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® 1-42. Cista F&do 7 A3 vlydd xR Z2UEA QX FAAA
PPO .
Chroma o PPO DPPH Chelating L
Mo L] M5 g | AMe b | Delta E a/b inhibition DPPH (%) Phenol pH Acidity
value IC50(%) IC50(%) | IC50(%)
(%)
AT L 1 —0.898#x 0.132 0.266 0.197 —0.849#x —-0.224 0.708% 0.207 —0.575 —0.764x* 0.461 —=0.27 0.196
AT g —0.898:x 1 0.151 —0.225 -0.22 0.954 % —=0.025 —0.682 0.082 0.783% 0.479 —0.555 —-0.004 0.092
A b 0.132 —-0.151 1 0.448 0.997 % 0.145 —0.085 0.214 —0.347 -0.17 —0.082 0.189 0.021 —0.388
Delta E 0.266 —-0.225 0.448 1 0.46 —=0.099 —-0.514 0.05 0.119 —0.584 —-0.4 0.643 —-0.429 0.075
Chroma
0.97 —-0.22 0.997#x* 0.46 1 0.076 —0.086 0.261 —0.344 —-0.221 -0.12 0.227 0.016 —0.385
value
a/b —0.849%x | 0.954%x 0.145 —=0.99 0.076 1 —-0.034 —-0.593 —0.032 0.738% 0.449 —0.494 0.017 —-0.034
PPO
o —-0.224 —=0.025 —0.085 —-0.514 —0.086 —-0.034 1 0.35 —0.873#x* —=0.05 0.681 0.185 0.990#x* —0.847 %
inhibition(%)
PPO
0.708* —0.682 0.214 0.05 0.261 —-0.593 0.35 1 —0.344 —-0.517 —0.424 0.535 0.307 —0.345
IC50(%)
DPPH (%) 0.207 0.082 —0.347 0.119 —0.344 —0.032 —0.873#x* —0.344 1 0.252 —0.658 —-0.394 —0.929x%x 0.999x*
DPPH
—0.575 0.783x* -0.17 —0.584 —-0.221 0.738x* —=0.05 -0.517 0.252 1 0.27 —0.806%* —=0.08 0.273
IC50(%)
Chelating
—0.764x* 0.479 —0.082 -0.4 -0.12 0.449 0.681 —-0.424 —0.658 0.27 1 —0.146 0.730% —0.64
IC50(%)
Phenol 0.461 —0.555 0.189 0.643 0.227 —0.494 0.185 0.535 —-0.394 —0.806%* —0.146 1 0.222 —-0.413
pH —-0.27 —=0.004 0.021 —0.429 0.016 0.017 0.990%x* 0.307 —0.929#x —-0.08 0.730% 0.222 1 —0.908#:x*
Acidity 0.196 0.092 —-0.388 0.075 —0.385 —-0.034 —0.847 % —0.345 0.999*x* 0.273 —-0.64 —-0.413 —0.908x:x 1
wx, A= 0.01 5% dlM fol gt

s VAT 0055 (FE)elA fol gt
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NS A3 AlbE ol 29 AHUEY QAT FadA

PPO
Chroma o PPO DPPH DPPH Chelating | Chelating .
Mo L) Me g | M b | Delta E a/b inhibition Phenol pH Acidity
value (%) IC50(%) (%) IC50(%) (%) IC50(%)
(o
—0.881x*
R 1 —0.517 | —0.025 —-0.012 | —0.414 0.194 0.327 0.157 —0.43 0.009 0.414 0.109 0.354 0.336
ES
AT g —-0.517 1 0.034 0.481 0.006 0.856%*x* —-0.107 —0.038 —0.783*x 0.087 0.062 —=0.077 —0.09 —-0.131 —-0.129
A b —0.025 0.034 1 0.307 1 0.543 —-0.17 —0.094 0.363 0.173 0.082 —0.158 —0.135 —0.222 —-0.217
—0.881*
Delta E 0.481 0.307 1 0.295 0.526 —0.313 —0.175 —-0.07 0.321 0.15 —0.293 —0.249 —-0.411 —0.402
ES
Chroma
1 —-0.012 0.006 1% 0.295 1 0.519 —0.166 —0.094 0.385 0.171 0.079 —0.157 —0.131 —0.218 —-0.213
value
a/b —0.414 | 0.856*x* 0.543 0.526 0.519 1 —-0.173 —0.059 —0.473 0.137 0.101 —-0.122 —0.145 —0.209 —-0.207
PPO
inhibition 0.194 —0.107 —-0.17 —-0.313 | —=0.166 | —0.173 1 —0.335 0 —0.076 —0.898*x* —-0.014 0.981#x | 0.903** | 0.927#x%
(%)
PPO
0.327 —0.038 | —=0.094 | —0.175 | —0.094 | —0.059 —0.335 1 0 —0.9145x 0.716%*x* 0.94 7% —-0.514 0.101 0.043
IC50(%)
—0.783%
DPPH (%) 0.157 0.363 —-0.07 0.385 —0.473 0 0 1 0 0 0 0 0 0
ES
DPPH
—0.43 0.087 0.173 0.321 0.171 0.137 —0.076 —0.914%x 0 1 —-0.37 —0.996%x* 0.121 —0.497 —0.445
IC50(%)
Chelating —0.967*
0.009 0.062 0.082 0.15 0.079 0.101 —0.898xx 0.716%x 0 —0.37 1 0.453 —0.622* | —0.667*
(%) *
Chelating
0.414 —0.077 | —=0.158 | —0.293 | —0.157 | —=0.122 —-0.014 0.94 7%= 0 —0.996xx 0.453 1 —-0.21 0.416 0.362
IC50(%)
Phenol 0.109 —0.09 —0.135 | —0.249 | —0.131 | —0.145 0.981*x —0.514 0 0.121 —0.967*x* —-0.21 1 0.801* 0.835%*x*
pH 0.354 —0.131 | =0.222 | —0.411 | —0.218 | —0.209 0.903*x* 0.101 0 —0.497 —0.622% 0.416 0.801* 1 0.998*x*
Acidity 0.336 —0.129 | =0.217 | —0.402 | —0.213 | —0.207 0.927*x 0.043 0 —0.445 —0.667* 0.362 0.835%% | 0.998x*x 1

R R o

* AIATFE=E O

S 0.01 42 ()6 Fel G
055 (=)ol freolghny.
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Gal %o ZUAERE FAsr] S5t $4E T Aol s BAsE
F2 F vl Ue H449e FSAT A¥T ATE ob B7)(RG100, Hallde,
Sweden)ol '3 Zetols FElz AwEYTh AT Slolat du]APe Babe] Gald] Aol
a5 W eAbgbe] ARk gE FE9 0.5% ol5ke] $E 0.01~0.5%2 2HE *

L) z
A7) F Adesd og LDPE BEEFs] 5C AeAFno npshas Fud 2 o5
o

5
A7MA = HE=Fo] Ha =7
29 gavt ASHHE A4L Bolm: YUt Galdl FE
Ggrem, O thgozt

el = Hunter a—valuedl M= txT19] F71Zo] 78 =3 0.05%F=A 78 A
bttt st xo W3 AE <l Hunter b—values A3 7|7t 5 0.01%F A 714 ke 1
d&oz2e 0.05% F=TAL. o] F Fe AT Hols AX

el A zpol 7k AAEA] eF%T.

Hunter L, a ¥ b-valued Z=ZMaE Jehll= A xE<Q delta E values AHFA7|17F =<t
0.05%% = A 7}F #ol7} gle IAHE &5 YRS T I g2 s 0.1%AHE 72 ZA}
=tk =3 Hunter a @ b—value®] £33 7} 2491 chroma value$} a/bgh-e 447+ A&7
B2 0.01%7F 7H HEEHAT 2 theerE 0.05% Ay TFE Vel 28y 2715k
zto]2 1HT A= = 0.05%949 Z71E0] B& 0.01%RT} 2SS & 5 ).

ol tel AHZHE, AL g FATo] Wloa 7P HAZ AdEE e 0.05% 5=

—_

GalRel7t @aAs ] 43 S48 AAES dehie Aoz BRItk FEH AA0L o
279 A% A% 19 Yol 2oz AFHL 243 W 0.05%9) GalsER Hd Ags
3UAA BARFL DAY F ggon AF 4QPH maF gEdde YEhus 2oz B

(2) GalFZq 9] olglets FAEAHT ZAHAHNEGLY] AFBBA (Table 1-44)

0.1%9] GalZ 2|3t Wy deatate] AFryg AR dadh A7 3Yat A3 F45
dA s} 0.1%F =0 e Gal ZHBAFASAERS ZB#BAE SPSS programe AH§-5}ed
Pearson correlation coefficient2 5 7]¢] W7k #AHE AL 75T

Gale] Z¥A3IEL PPO A3 tha ICs, DPPHE] ICs, pH 2 ZHAAIEZS} 0.90]49
=2 o] 0.05%9] &< AkololA] Q1A E ¢l e, chelating capacity} chelation®] ICso
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F 1-44. Gal FZ29E& A3 AlgdEgtol 2o AHSA AR FAdA

Chroma PPO PPO DPPH DPPH Chelating | Chelating o
Ao L | A5 a | M b | Delta E a/b o Phenol pH Acidity
value inhibition(%) | IC50(%) (%) IC50(%) (%) IC50(%) ’
Ao L 1 -0.648* -0.392 -0.319 -0.353 -0.694* 0.271 0 0.121 0.18 0.36 -0.36 0.356 0.325 0.191
AT a -0.648* 1 0.242 0.283 0.177 0.959** -0.531 0.513 0.067 -0.495 -0.408 0.397 -0.359 -0.517 -0.502
AT b -0.392 0.242 1 0.726** 0.998** 0.505 0.164 -0.128 0.159 0.108 0.22 -0.22 0.218 0.198 0.115
Delta E -0.319 0.283 0.726** 1 0.718** 0.457 0.089 -0.041 0.125 0.016 0.209 -0.212 0.22 0.144 0.024
Chroma
! -0.353 0177 0.998** 0.718** 1 0.447 0.203 -0.165 -0.165 0.143 0.252 -0.251 0.247 0.236 0.15
value
a/b -0.694% | 0.959** 0.505 0.457 0.447 1 -043 0423 0.115 -0.412 -0.307 0.298 -0.265 -0.409 -0416
PPO
inhibition 0.271 -0.531 0.164 0.089 0.203 -0.43 1 -0.976** 0 0.946** 0.739** -0.718* 0.644* 0.962** 0.957%*
(%)
PPO
1C50(%) -0.213 0.513 -0.128 -0.041 -0.165 0423 -0.976%* 1 0 -0.994** -0.575 0.55 -0.463 -0.880%* | -0.997**
DPPH (%) 0.121 0.067 0.159 0.125 0.157 0.115 0 0 1 0 0 0 0 0 0
DPPH
0.18 -0.495 0.108 0.016 0.143 -0412 0.946** -0.994** 0 1 0.482 -0.455 0.363 0.822** 0.999**
IC50(%)
Chelating
Y 0.36 -0.408 022 0.209 0.252 -0.307 0.739** -0.575 0 0.482 1 -1#* 0.991** 0.895** 0.513
(%)
Chelating
1C50(%) -0.36 0.397 -0.22 -0.212 -0.251 0.298 -0.718%* 0.55 0 -0.455 -1#* 1 -0.995% | -0.881** -0.487
Phenol 0.356 -0.359 0.218 0.22 0.247 -0.265 0.644* -0.463 0 0.363 0.991** -0.995** 1 0.829** 0.396
pH 0.325 -0.517 0.198 0.144 0.236 -0.409 0.962** -0.880** 0 0.822** 0.895** -0.881** 0.829** 1 0.842**
Acidity 0.191 -0.502 0.115 0.024 0.15 -0416 0.957** -0.997** 0 0.999** 0.513 -0.487 0.396 0.842** 1
o, FRAGE 001 () A Fl g,

(3
£ FAAFE 0.0555 (F2)dA F2 3.
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(2) Aoz FFN9 ol stx FAEAT %}Eﬂ;?“]"‘ﬂ%"éﬂgl AaaA

] AE 1-6, 2—-9, 2—13, 4—15 2 4-27 FEEE 0.1%9 T=& A3t vtaldwi7iz}o]
A% 3¢9 & Zdu#dE EFEAAFE 7Y %‘%T&ﬁl% SPSS program& A}§3}e] Pearson
correlation coefficient2 3¢ Z3= F 1-45 ~ 1-493} Z}.

¥ 1459 YEldl FEE 1-69] ZdHAs|E 2 DPPH radical 224 %, phenoldt#, chelating

capacity @ A=} 15T A =& %ﬂ ol 4= o], gatsle 7} chelating capacitye] <
3k gt AL EFRE FHHAAHY. A3 T 0-0000 49 Zo] 1-62 0.1%2] FEolA] A=
7F 2k 0.77% 2 A =A] &2 phenoldt=F 3 708.69% 2 53+ Ho| X g, DPPH radical &AA%
(IC50)& 0.0287% = w]¢- 7& 3t Azl E A=A 2HAHZLS JEE RS s4E S 9l
k.

¥ 1-469] &5 2—9= total phenolg&3} A#A 47} 0.9992 of-¢ =& Bt olz} 0.1%
Sxo 4 DPPH radical 2AF22 Vehtes dstEa A9 dAste A= Ve T o
gha] 2-99] AW A 3282 phenol/d=ol] o3 ASEAR AHE F+ UUTH 53] 2-99
DPPH radical £4%(IC5)& 0.0077%2 1-6HEtt $53F 32ke 28-S LR ict.
FEE 2132 F 14704 ¢ o] vrujdezixte] A wr)of MR} 1%l A
ojde] Ao, 7E e FAHGETH Fo42 A4EHA gokth. a2y DPPH
radical Ao Wk IC5zto 2 R A E 7 0.9449 =2 AAAAES JERIL Lo,
T EAE st ZEo o3 A EAZA BT 28 2-132 0.3
radical £2A%(ICs0) 2.2 atgtasts B2 ¢ EZo|dn

F 1-480 Yed 25 4-15= & A7 2AR FEH dEde] /oL A4 HR
oottt &)} Hunter colore] AM %ol T o] W3S el E chroma valueste] A#A
Z=7} 0.988=% uj-@ =¢ko ™, chelating capacityell ™3t ICsozt = 0.9779] ml$¢ =& ABAHS
BoZF9 o} [C50e 2 VEMH chelating capacitys= 2.6376%2 =32 9rth.
Hunter color®] HM &} {248 glovt AaA47E 0.9879 of-¢ =4 Uehd & 1-499]
5 4-278 ZAAH FHJAA FolA pHSF 5% FToll AT FolAdo] AAEReH, FHA
= 0.998% "¢ =A VeI A3 T 1-499 A9} o] 4—-27& pH 3.99£0.442 ZFAHA

kel
HU

o

02510

A

A2 4], DPPH radical £ %] ICs0= 0.0194% 2 <=3} aFAks}zke-& x1Um| 0.5051%(1Cs0) 2]
3% PPO &4 A8EH S YeEll= 20 Y.
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L
£

b | ['e) LA
Chroma PPO PPO DPPH DPPH Chelating Chelating -
AT L AT g AT b Delta E a/b . Phenol pH Acidity
value Inhibition(%) | IC50(%) (%) IC50(%) (%) IC50(%)
e L 1 —.545 | —=.071 —.044 —.642% | —.602% —.104 —.472 448 —.114 —.540 147 —.281 —.490 | —.352
AT a —.545 1 —.527 —.562 .348 L9989 —-.372 511 —.525 —.365 212 —.512 .546 .081 548
AT b —.071 —.527 1 .999x .180 —-.397 .165 —.191 .198 .163 —.059 210 —=.217 —.005 | —.214
Delta E —.044 | —.562 | .999x*x 1 157 —.435 181 —.209 217 178 —.065 231 —.238 —.006 | —.235
Chroma
) —.642% .348 .180 157 1 420 204 510 —.478 216 654 —.093 258 616 .349
value
a/b —.602% | ,989*x | — 397 —.435 420 1 —.362 528 —.540 —.354 236 —.512 .552 .104 .559
PPO
. —.104 | —.372 165 181 204 —.362 1 —.362 431 1.000%: 416 898 —=.754xx | 628+ | —.643*
Inhibition(%)
PPO
1C50(%) —.472 511 —.191 —.209 510 528 —.362 1 —.997xx | —.345 696 —.735%x 886 498 .94 7%
0
—.968x
DPPH 448 —.525 .198 217 —.478 —.540 431 —.997xx 1 414 —.641x* 784 =918+ | — 432
%k
DPPH
1C50(%) —.114 | —.365 .163 178 216 —.354 1.000%x* —.345 414 1 434 890 —=741%x | 642+ | —.628=%
0
Chelating
(%) —.540 212 —.059 —.065 654 236 416 .696* —.641x* 434 1 —.026 283 .96 9% 429
0
Chelating —.914x
147 —.512 210 231 —.093 —.b12 898 —.735%x | 784 890 —.026 1 —.966%x 221
IC50(%) *
Phenol —.281 .546 —.217 —.238 258 552 —.754%x 886%x | — 918k | — T74]1xx 283 —.966%:x 1 .038 .98 8%
pH —.490 .081 —.005 —.006 616* 104 .628* 498 —.432 .642x L9699 221 .038 1 .193
Acidity —.352 548 —.214 —.235 .349 559 —.643* 94 7xx | — 968k | —.628% 429 —.914x 988 .193 1
s RAGE 0.05 55 (FE)elA Fel g
e APAGE 001 FE (@A frel P,
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Chroma PPO PPO DPPH DPPH | Chelating | Chelating .
MM | Az g | Alx b | Delta E a/b o Phenol pH Acidity
value Inhibition(%) | IC50(%) (%) IC50(%) (%) IC50(%)
A L 1 —.542 393 415 —.406 —.490 .260 695 —=.711 .867 804 —.309 —.730 —-.121 .196
AT g —.542 1 —.363 —.427 218 L9877 xx —.657* 125 —.148 .993 1.000%x* —-.817 —.174 498 744
AT b .393 —.363 1 997k 481 —.213 170 .996 —.994 .156 041 547 —.990 —.849 —.641
Delta E 415 —.427 L9977k 1 459 —.282 219 .966 —.960 —-.014 —-.129 681 —.953 —.926 —.761
Chroma
1 —.406 218 481 459 1 .299 —.048 .861 —.849 —.284 —-.392 .853 —.835 —.994 —.908
value
a/b —.490 L987 % —-.213 —.282 .299 1 —.671* .194 —.216 .999x .998x =775 —.242 437 .696
PPO
. .260 —.657* 170 219 —.048 | —.671* 1 —.691 707 —.869 —.807 314 726 115 —.201
Inhibition(%)
PPO
.695 125 .996 .966 861 194 —.691 1 —1.000%* 243 130 470 —.999*% | —.798 —.569
IC50(%)
DPPH —=.711 —.148 —.994 —.960 —.849 —.216 707 —1.000* 1 —.266 —.153 —.449 1.000%* 784 .550
DPPH
.867 .993 .156 —.014 —.284 .999x* —.869 243 —.266 1 993 —.742 —.291 .391 .659
IC50(%)
Chelating
(%) .804 1.000%:x 041 —-.129 —-.392 .998x —.807 .130 —.153 .993 1 —.814 —-.179 494 741
(e
Chelating
—-.309 —-.817 547 681 853 =775 314 470 —.449 —.742 —.814 1 —.425 —-.907 —.993
IC50(%)
Phenol —=.730 —-.174 —.990 —.953 —.835 —.242 726 —.999* | 1.000%* —.291 —-.179 —.425 1 767 528
pH —.121 498 —.849 —.926 —.994 437 115 —.798 784 .391 494 —-.907 767 1 .950
Acidity .196 744 —.641 —=.761 —.908 .696 —.201 —.569 550 .659 741 —.993 528 .950 1

sz (Fa)ol A Gel g,
01 FE(Fa)ol A ol g,
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® 1-47. &9 2-13% A3 vydd gAe ZdUEA QA F#AAA
Chroma PPO PPO DPPH DPPH o
A L A a AT b Delta E a/b o Phenol pH Acidity
value Inhibition(%) | IC50(%) | (%) | IC50(%)
AT L 1 —.441 241 253 —.551 —.433 80 Lk 7455 .903 318 963 —.963 714
AT g —.441 1 —.518 —.552 621* L9981 —.539 —.456 —.945 —.891 —.500 .500 —1.000%x*
A b 241 —.518 1 L9993 —.198 —.344 571 .361 .900 .938 .395 —-.395 .993
Delta E 253 —.552 L9995« 1 —.221 —.382 580 372 904 .935 403 —.403 994
Chroma
—.551 621%* —.198 —.221 1 641 —.545 —.359 —.993 —.605 —.826 826 —.901
value
a/b —.433 L9810k —.344 —.382 641 1 —.466 —.420 —.951 —.882 —.517 D17 —1.000%*
PPO
L L8071k —.539 571 .580%* —.545 —.466 1 897k .893 944 .380 —.380 991
Inhibition(%)
PPO
7455 —.456 .361 372 —.359 —.420 897k 1 602 .993 —.068 .068 .830
IC50(%)
DPPH .903 —.945 .900 904 —.993 —.951 .893 602 1 .694 755 —.755 .945
DPPH
318 —.891 .938 .935 —.605 —.882 944 .993 .694 1 .052 —.052 .891
IC50(%)
Phenol 963 —.500 .395 403 —.826 —.517 .380 —.068 755 .052 1 —1.000%x* 500
pH —.963 500 —.395 —.403 .826 517 —.380 .068 —.755 —.052 —1.000%x* 1 —.500
Acidity 714 —1.000%x* .993 .994 —.901 —1.000* 991 .830 .945 .891 .500 —.500 1
#, AAAFE 0.056 2 (FE) oA F2 )

01 FE(Fa)ol A ol g,
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01 FE(Fa)ol A ol g,
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1-48. &9 4-158 A3 vydd AR Z2UEA AR FAAA
Chroma PPO PPO DPPH | DPPH | Chelating | Chelating .
Mo L | Me g | e b | Delta E a/b o Phenol pH Acidity
value Inhibition(%) | IC50(%) | (%) | IC50(%) (%) IC50(%)
A L 1 206 273 242 —.478 248 1460 —.452 921 —.649 —.832 .253 .998 .5b6 —.438
AT g 206 1 —.670% | —.717%*x* 556 .99 8k —.528 .535 .135 —.986 .052 —=.702 562 999 —-.997
AT b 273 —.670% 1 .99 8% —.693* —.632% 195 —.187 776 —.835 —.645 —.026 .976 .765 —.671
Delta E 242 =717 | 998x*x 1 —.698% —.681x* 237 —.229 .802 —.810 —-.677 .018 .984 737 —.638
Chroma
1 —.478 556 —.693*% | —.698%* 1 534 —.989 .988 —855 | —.239 .936 —.933 —.534 .350 —.474
value
a/b 248 .998#x% —.632% | —.681%* 534 1 —.401 409 276 | —1.000% —.092 —.593 675 .996 —-.974
PPO
. 460 —.528 195 237 —.989 —.401 1 —1.000%x | 770 377 —-.875 975 406 —.482 596
Inhibition(%)
PPO
—.452 535 —.187 —.229 .988 1409 —1.000%*x* 1 =765 | —.385 871 —=.977 —.398 .490 —.603
IC50(%)
DPPH 921 135 776 .802 —.855 276 770 —.765 1 —.300 —.983 611 .895 .188 —.052
DPPH
—.649 —.986 —.835 —.810 —.239 | —1.000%* 377 —.385 —.300 1 118 D72 —.693 —.993 .968
IC50(%)
Chelating
(%) —.832 .052 —.645 —.677 .936 —.092 —-.875 871 —.983 118 1 —.748 —=.797 —.002 —-.134
(o
Chelating
253 —=.702 —.026 .018 —.933 —.593 975 —=.977 611 D72 —.748 1 .195 —.663 .758
IC50(%)
Phenol .998x 562 976 .984 —.534 675 406 —.398 .895 —.693 —=.797 195 1 .605 —.491
pH 556 .999x* 765 737 .350 .996 —.482 490 .188 —.993 —.002 —.663 .605 1 —.991
Acidity —.438 —.997 —.671 —.638 —.474 —-.974 .596 —.603 —.052 .968 —.134 758 —.491 —.991 1
ABA = 0.05 FF(FE) A F ).



Chrom DPP . .
PPO PPO DPPH | Chelating | Chelating .
Mo L| Mz a | A b | Delta E a a/b . H Phenol pH Acidity
Inhibition(%) | IC50(%) IC50(%) (%) IC50(%)
value (%)
A L 1 —.351 227 239 —.296 —.145 747 .830 —.994 .980 432 —.193 —.866 —.865 —.021
AT a —.351 1 —.363 —.402 .600= 616* .094 .987 —.655 .583 .931 —.810 —.292 —=.975 —.697
AT b 227 —.363 1 L999xx | — 616% 510 771 —.425 —.257 344 —.825 .940 —.626 .365 .985
Delta E 239 —.402 L9999 1 —.632% 473 725 —.486 —.189 278 —.862 962 —-.571 428 1995
Chroma
1 —.296 .600= —.616*% | —.632% 1 .023 —.876 248 433 —.513 705 —.860 761 —.184 —.935
value
a/b —.145 616%* 510 473 .023 1 644 901 —.969 .942 557 —.332 —.785 —.928 —.164
PPO
o 747 .094 771 725 —.876 644 1 .250 —.814 .863 —.276 .508 —=.979 —-.312 .649
Inhibition(%)
PPO
.830 .987 —.425 —.486 248 901 .250 1 —.766 704 862 =707 —.440 —.998x —.575
IC50(%)
DPPH —.994 —.655 —.257 —.189 433 —.969 —.814 —.766 1 —.996 —.334 .087 914 .806 —.086
DPPH
.980 .583 344 278 —.513 942 .863 704 —.996 1 246 .004 —.947 —.749 176
IC50(%)
Chelating
(%) 432 .931 —.825 —.862 705 557 —.276 .862 —.334 246 1 —.968 077 —.827 —.911
(o
Chelating
—.193 —.810 1940 962 —.860 —.332 508 =.707 .087 .004 —.968 1 —.324 .660 1985
IC50(%)
Phenol —.866 —.292 —.626 —-.571 761 —.785 —-.979 —.440 914 —.947 077 —.324 1 497 —.482
pH —.865 —-.975 .365 428 —.184 —.928 —-.312 —.998%* .806 —.749 —.827 .660 497 1 520
Acidity —.021 —.697 985 995 —.935 —.164 .649 —.575 —.086 176 —.911 .985 —.482 .520 1

sz (Fa)ol A Gel g,
01 FE(Fa)ol A ol g,
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Fig. 1—41. HPLC chromatogram at (a) 280 nm and (b) 330 nm of

phenolic and flavonoid compounds in citrus peel.

Cou: coumaric acid, Nar: narirutin, Hes: hesperidin, Neoh: neohesperidin,
Caf: caffeic acid, Fer: ferulic acid, Nob: nobiletin.
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Fig. 1—42. HPLC chromatogram at (a) 280 nm and (b) 330 nm of the 1—hexane, 2—CHCl3,
3—EtOAc, 4—Water fractions from 80% EtOH crude extract of lemon peel.

Cou: coumaric acid, Nar: narirutin, Hes: hesperidin, Neoh: neohesperidin, Caf: caffeic acid, Fer: ferulic acid..

2) ZWAAEZR 9 7|Z dig PPO A3 &4

g2y o F8-5Ho] 9= coumaric acid, caffeic acid, narirutin S5-& monophenol,
diphenol® tyrosinase ¢ PPO¢& HF2&l= 7|2=® 2839, ferulic acid, hesperidin,
neohesperidin, nobiletin & PPO A &|&Ado] Qutx Hiuxxw Jrt. g 27y FZ2EJ=
hesperidine] 7H¢ ®B& I Ho ZWAsans FUdsider 712 FAAE coumaric
acide] o] 7H =31, nobiletine] 7 At} (Table 1-50). CHCl; 28 &2 2 A &2
(219.23 mg/g)&, EtOAc EF B A 712 (71.47 mg/g)€ 7HF Zol Ffsln JE Ao =
A= o] PPO Asi&/del Ao dX|5HT.
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Table 1—-50. Enzymatic browning inhibitory factors contents of various fractions from 80%

EtOH crude extract of lemon peel

Hexane CHCls EtOAc Water
Caf ND¥ 0.9740.17" 16.3540.90* 1.5240.06"
Substrates" (mg/g) Cou 2.0140.13%%  19.8740.87°  41.71£1.37* 6.40+1.22°
Nar 2.10+0.04° ND 13.4140.83" 5.10£1.08°
Total 4.8440.21¢ 20.51+0.70°  71.47+2.82°  12.51+1.84°
Fer 1.93+0.00° 10.71+0.24*  4.5540.13" 2.2940.13°
Hes 1.46+0.15° 211.90£4.23°  30.88+2.08" 3.8840.13°

Inhibitors” (mg/g)

Neoh 2.8240.02" ND 14.08+0.31° 3.0340.06"

Nob 0.41£0.08° 0.2840.00°  0.3740.02° ND
Total 6.56%0.26" 219.2347.31"  51.13%1.22° 9.2040.32°

Inhibitors / Substrates 1.61 10.69 0.72 0.74

U Caf: caffeic acid, Cou: coumaric acid, Nar: narirutin.
2 Fer: ferulic acid, Hes: hesperidin, Neoh: neohesperidin, Nob: nobiletin.

% ND: Not deteced.

Y Fach value represented mean + SD (n=3).

% Values within each column followed by different letters are significantly different (p<0.01).
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Table 1—51. DPPH radical scavenging activity and copper chelating activity of Citrus unshiu

peels by different cultivation and drying methods

Treatment DPPH radical scavenging activity Copper chelating activity
cultivation drying 0.1% ECso" 0.1% ECso
Fresh citrus peel 17.40+2.43 0.43%£0.03 11.68+1.15 0.49+£0.02
Outdoors Freeze drying 19.47+1.65 0.40£0.02 23.14+1.45 0.25£0.00

Air—drying in shade 29.81+2.07 0.21£0.00 25.75+1.91 0.2240.01
House Freeze drying 19.01£0.29 0.40£0.01 18.84+1.59 0.34%0.01
Air—drying in shade 12.40£0.41 0.42£0.02 16.76x2.44 0.45+0.02
Ascorbic acid 101.12%+0.43 0.00%0.00 32.47+1.73 0.17£0.00

Y ECso value is the term half maximal effective concentration. %.

Table 1—-52. Total phenol and flavonoid contents of Citrus unshiu peels by different cultivation

and drying methods

Treatment Total phenol contents Total flavonoid contents

Cultivation Drying (mg GAE/g) (mg QE/g)
Fresh citrus peel 6.8040.45" 2.45+0.07

Freeze drying 7.33+0.52 2.41£0.13
Outdoors ) .

Air—drying in shade 11.95+1.19 4.58+0.27

Freeze drying 6.71+0.69 2.21£0.15
House . . .

Air—drying in shade 6.60+0.62 2.33%£0.11

U Each value represented mean £ SD (n=3).

) Azxgyel & FEES AL AldEdel 29 ZHA W
22 s 298 A& ALY EEtol2e] oy A AFS A, du
1 ZFHF AYUTETG FE2E A TAA Z2aASERT ARy, 5FF
23 7te] & ol ¢t (Table 1-53). AAFLZ 0.1% L 0.5% ST a7 24
AE UEPRO U A5 FE7F BoldFE AR Sofol2rt WAEE o] Bt 4
Egkel ZAl F7tstlen =2 Au #3oA 2 =7 7B Hoh 53/ FEE AT
T b= Al -sAAx 29 FEES H83 AHH stolzdA] mHE sh of7t B &
A ZHANE ETh.
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Table 1—53. Changes in Hunter L and AE value of apple slices added with Citrus unshiu

peels by different cultivation and drying methods after 48 hours at room temperature

Treatment 0 hr after 48 hr
— : Conc.(%)
cultivation drying L L AE
Untreated 68.67x0.96 64.44%1.17 4.54%+1.05
Distilled water 68.70x£0.56 65.68%0.56 3.49+0.54
Fresh citrus peel 0.1 68.60£0.95 67.97x1.01 1.26+0.49
Freeze drying 0.1 69.29+0.68 67.05x0.65 2.59+£0.81
Outdoors Air—drying in shade 0.1  70.9240.93  69.97+1.08  1.8520.92
House Freeze drying 0.1 71.97£0.69 71.26£0.22 0.994+0.31
Air—drying in shade 0.1 70.99£0.84 67.84+0.60 2.60£0.54
Ascorbic acid 0.1 71.08x0.81 70.93£0.56 1.35%0.31

U Each value represented mean £ SD (n=3).

2) A g o FA5A
7h) &aA Wz}

A9 Az 5 A 2 kst o] 22 FEES AFEgtol 2 A&sta, AFL
TE 2Elsty 29 wsts B 23 150 AT A A% 748 A wsirh ge] o
ot wte, 4Cell AFE B¢ A 9dA7tA F2& FASINeH ddaA #2258 8T
B At B2 AtzbgEtelse] Hlste] A WETL vl vttt (Fig. 1-43)

Fig. 1—43. Changes in the Hunter L and AE value of apple slices by antibrowning agents

and different storage temperature

4C—CT: storage at 4C—control, 4C—DW: storage at 4C—distilled water, 4'C—0OP: storage at 4C—orange peel,
15C—CT: storage at 15C—control, 15C—-DW: storage at 15C —distilled water, 15C—0OP: storage at 15C—orange peel.

- 186 -



ok} (Table 1—54).

Table 1—54. Changes in the total soluble solids acidity of apple slices by antibrowning agents

and different storage temperature (unit:, Brix)

Storage period (days)

Treatment 0 1 3 5 7 9
CT 12.40%+0.20 12.30%£0.15 12.10+0.10 11.90%+0.15 11.90%£0.10 11.70%£0.10
4C DW 12.35+0.20 12.30%£0.20 12.20+0.20 12.10+0.10 12.10%£0.10 11.90%£0.15
0)% 12.40%+0.30 12.35%x0.20 12.20x0.15 12.10+0.10 12.10%£0.15 11.95%0.10
CT 12.40%£0.20 11.50%0.15 10.30x0.10 9.60%x0.30 9.40%£0.20
15C DW 12.35+0.20 12.00%£0.20 11.40%0.10 10.80£0.15 10.35%0.10
0)% 12.40£0.30 12.10+£0.10 11.50£0.20 11.45%+0.10 11.50%0.15
CT: control, DW: distilled water, OP: orange peel
A2 gystn AdaA FE2EE A 83 AlgEtol 29 4tEe pHE B43% 27,
At A7l mEt mlE s aste BEFE Eelew (Table 1-55) pHe) B9 v 5
7tehe A4S EHa (Table 1-56), A+t & Aols HolA| gdrh

Table 1—55. Changes in the titratable acidity of apple slices by antibrowning agents and

different storage temperature (unit: %)
Treatmen Storage period (days)
t 0 1 3 5 7 9
CT 0.32£0.02 0.32£0.01 0.30£0.02 0.30£0.01 0.29£0.01 0.28%0.02
4C DW 0.33£0.01 0.32£0.02 0.32£0.01 0.32+0.02 0.31£0.02 0.29£0.01
op 0.32£0.01 0.31£0.01 0.31£0.01 0.30+0.01 0.30£0.02 0.29£0.01
CT 0.32£0.02 0.30£0.01 0.30£0.02 0.29%£0.01 0.28%+0.01
15C DW 0.33£0.01 0.32£0.02 0.31£0.01 0.30£0.02 0.29£0.02
op 0.32£0.01 0.32£0.02 0.31£0.01 0.30£0.01 0.30£0.02

CT: control, DW: distilled water, OP: orange peel
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Table 1—56. Changes in the pH value of apple slices by antibrowning agents and different

storage temperature

Storage period (days)

Treatmen
t 0 1 3 5} 7 9
CT 4.21£0.01 4.23+0.05 4.25%£0.03 4.29%£0.01 4.31+£0.02 4.34£0.02
4C DW 4.15%£0.03 4.19+0.03 4.22+£0.02 4.28%+0.02 4.30+0.01 4.31£0.01
0)3 4.19£0.02 4.22+0.03 4.23+£0.05 4.28%+0.03 4.294+0.02 4.30£0.03
CT 4.21£0.01 4.24+0.03 4.27£0.04 4.30%£0.03 4.33+0.04
15C DW 4.15%£0.03 4.20+0.02 4.25%0.03 4.29£0.02 4.30%0.02
0)3 4.19£0.02 4.23+0.04 4.25£0.02 4.28%+0.03 4.30%+0.03

CT: control, DW: distilled water, OP: orange peel

o} eldwst

AF2Es s ddaA FEEe A48T Algetiolx o@¥sis #FF A
AdaA #2222 Adstar 15Co AT B¢ A% 72x Fdol fAH v, AstA &
2 Abe] A9 AW @A #59 FZo| FF0] T (Fig. 1-44). 22 4Col AT
B A 9LAZIA AHdGe] e 53], AdaA FEES AT 49 2 5de T
5 =A%t

Fig. 1—44. Changes in the appearance of apple slices by antibrowning agents
and different storage temperature.

CT: control, DW: distilled water, OP: orange peel.
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4. A
E

. &% 2 A FF L FE WAL

Fuolwa EIBeI HA3Y AALAANTAL 0§35 JUS AL s
A% A GARA, PPOS AsHE71E 953 AL FF 25U TS yuRey
Ao HAgos AA wEAwGA] 45 F 4FH FAENE WL-BASHDA At
% Avhs PPOZA AdZE 717d 2 QA HY sguee 23] AT ol B
=9I 2] A duH 4Ae Ad

(e}
T

PPOS] Ay o] 3 AdEd 7h2dl, pHASHAI R A 2-99F 4-27, kst Al 24 4—-15%
Gal, 71239 AAA AFA<Q 2—-9¢F 2—10, Chelating agent2 4] 4—15¢} Byc. 28|22 ZAF &
oA =& ZWHAAEAE B 2-10& o] MAsIeH, ol 2459 FF ¢ =
gt Az EFEY wdHE ok F 1-577 Zoh

2 gz MY EREe mde wodugds faos, 7 Ad3ERY ZF o

=
= aEE =l 3HH 20Ce] 8o Mgy AS 127 At A
g thZ LDPEZE S22 ¥733 & 5T Aol A%stds 94 g sz xe] ¥s)
E v -E4stelrt.
E 1-57. ypujdeziae] auojAlE A% A 289 7 % =48 £
&
i FEEY FF
A2 T j
2-09 2-10 4-15 4-27 Gal Byc
1 0.1% 0.1% 0.1% 0.1% - -
2 0.05% | 0.05% | 0.05% | 0.05% - -
3 0.05% | 0.05% | 0.05% 0.1% - -
4 - - 0.1% 0.1% 0.1% 0.1%
5 - - 0.05% | 0.05% | 0.05% | 0.05%
6 - - 0.05% 0.1% 0.05% | 0.05%
7 0.05% | 0.05% | 0.05% | 0.05% | 0.05% | 0.05%
TH 1-458 A7) THe 2w FAELE A AE wadd Ao A F 5w 5 3

=) =
o] M3tE AR ZibolH, o AR AR 3d 2 SR wydy A @ vEkd
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U A gt BEMste 39 AT Y 9P RES Helw A ge Mg
4

2] BE

O e 2s 1M Ayt TH AT £ 82 3 23E vEleH, 2d

SH A e wAad Aol TAHNL 4MF 6 AgF= FEEA I3 P2

& YeR ot A= W3kl Hunter a—value®] WH3lo|A=

2.2602 7HF WErt iglen, O vgeR 2,14 T 19 ATt eFsdn A4

2 AR F7FEol ZA vERE AHEF= 4WF TH AT A -1.622 THY =

O gl RE -1.749 28 AYFAT FAE] Wil AT Hste] WgtEo] A e}
A tH] Ha 0.104 Hrf 1.59] z}ol&

A2 T A e T

FAgs dudd gAY A F ZHAE A= 9

o

e ERIA eklth

Hunter L—value Hunter a—value

Hunter b—value Firmness

1-45. 289 35 2 $=9 SqAUD 4o 29gAe] 4% F U 2 3%
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v ZEAs J1FE HHERTE o

E= 2012 6F TIEAIFAAM FYstAen, Ao Bl AL fRe]l AAHT As
Adste] Agol ARSIt A Eetol2st FH uld kAl FEE FAH 183 F

1 Az=z E71E AAS FH PE film(50um)e2 Tt 5C+1 AF oA 997+ =3k
H ZHAS S5

FHAE colorimeter(CR—400, Minolta Co, Osaka, Japan)& ¥ 3} (L=97.79, a=—0.38, b=2.05)
o2 BASY Lx(Hx), ax(HAx) 2 bx(ZFAM%), croma

=S
o 4
A
ol
_0|L
8
oo

2) WjF=Ae] HAA3 S A APAA

A oA kA FE2EY wdHlE HAZE st ARAES SAFAAGH ko] A
A, ERHS(X)e A AFZAIdA ZdidA) 277 =3d FEFEZ

o] Gal(Xy), Byc(Xy), 2—9(X3), 2—13(Xy), 4-27(X5) 2.2 HdAstgom, ¥ 1-59¢} Zo] A HES
SHAZ F3glete 2077t 2 wjEu| &S AASHT.  olE add¥gdd 4 E &
HE(Y)2E A 9dAe] 2|89 WA (L, ax, b, croma)e g SYSTAT(systat software,
verl3)& o|&3te] I ARAS HASAT

N

Table 1—58. Level of extract concentrations

Level (%)
X; Extract
-1 0 1

X4 Gal 0.02 0.06 0.1
Xy Byc 0.02 0.11 0.2
X3 2—9 0.05 0.075 0.1
Xy 2—13 0.05 0.1 0.15
X5 4-=27 0.02 0.085 0.15
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Table 1—59. Control composite design for optimized mixing condition

Experiment Mixing condition (%)
Number Gal Byc 2-=9 2—13 4-27
1 0.02(—-1) 0.02(—-1) 0.05(—1) 0.05(—1) 0.15(1)
2 0.1(1) 0.02(-1) 0.05(—1) 0.05(—1) 0.02(—1)
3 0.02(—-1) 0.2(1) 0.05(—1) 0.05(—1) 0.02(—1)
4 0.1(1) 0.2(1) 0.05(—1) 0.05(—1) 0.15(1)
5 0.02(—-1) 0.02(—-1) 0.1(1) 0.05(—1) 0.02(—1)
6 0.1(1) 0.02(-1) 0.1(1) 0.05(—1) 0.15(1)
7 0.02(—1) 0.2(1) 0.1(1) 0.05(—1) 0.15(1)
8 0.1(1) 0.2(1) 0.1(1) 0.05(—1) 0.02(—1)
9 0.02(—-1) 0.02(—-1) 0.05(—1) 0.15(1) 0.02(—1)
10 0.1(1) 0.02(—-1) 0.05(—1) 0.15(1) 0.15(1)
11 0.02(—1) 0.2(1) 0.05(—1) 0.15(1) 0.15(1)
12 0.1(1) 0.2(1) 0.05(—1) 0.15(1) 0.02(—1)
13 0.02(—1) 0.02(—1) 0.1(1) 0.15(1) 0.15(1)
14 0.1(1) 0.02(-1) 0.1(1) 0.15(1) 0.02(—1)
15 0.02(—1) 0.2(1) 0.1(1) 0.15(1) 0.02(—1)
16 0.1(1) 0.2(1) 0.1(1) 0.15(1) 0.15(1)
17 0.06(0) 0.11(0) 0.075(0) 0.1(0) 0.085(0)
18 0.06(0) 0.11(0) 0.075(0) 0.1(0) 0.085(0)
19 0.06(0) 0.11(0) 0.075(0) 0.1(0) 0.085(0)
20 0.06(0) 0.11(0) 0.075(0) 0.1(0) 0.085(0)

SSERLAEL Oy HA2AS YSHE PHOR AUy 4% F EAM W

¥ 1-602.2 YR o).

8.29+0.46, croma 18.45+0.472.2 7} & ZAWHolA a72 Jehigler, gid o=z
Byc F&E9 Fx7l & = I Halyl A vehve Aoz AdE ).
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Table 1—60. Experimental data on of Hunter L, Hunter a, Hunter b, chroma value of extract

under different conditions by response surface analysis on central composite design

Experiment contents

Experiment
Number L a b Croma value
1 71.461+0.48 —2.35%0.09 22.00+0.38 22.13+0.37
2 71.10+0.59 —1.8310.40 22.4010.34 22.51+0.33
3 70.47%£0.40 —2.056%+0.14 22.19%£0.33 22.29%0.33
4 69.86+0.83 —1.021+0.36 22.5910.35 22.64%0.35
5) 70.51£0.55 —2.14%+0.10 21.44%£0.43 21.55%0.43
6 70.4310.64 —1.2740.30 22.17£0.30 22.2310.30
7 68.41+0.76 —1.791£0.11 20.94%0.34 21.02+0.34
8 69.68+0.69 —1.11+0.36 22.08+0.33 22.144+0.33
9 68.69+0.53 —1.61+0.16 20.931+0.36 20.9940.37
10 68.80+0.71 —1.33+0.24 21.9510.26 22.0010.25
11 70.63+0.58 —2.03+0.09 20.56+0.24 20.661+0.24
12 69.06x£0.47 —1.54%+0.16 21.82%0.24 21.88%0.24
13 70.51£0.52 —1.74%+0.36 21.31£0.36 21.42%0.36
14 70.17£0.65 —1.46%+0.12 21.97%£0.44 22.02%0.44
15 70.60+0.53 —1.81+0.20 20.621+0.53 20.7010.54
16 72.27%£0.51 —2.40%x0.12 18.29+0.46 18.45+0.47
17 70.16x0.60 —2.13%£0.11 22.21£0.38 22.31%£0.38
18 70.20£0.69 —2.05%+0.09 22.02%£0.47 22.12%0.47
19 70.74£0.57 —2.10+0.09 21.98%0.29 22.0940.30
20 70.32+0.43 —2.06+0.12 21.69+0.41 21.7910.41
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Table 1—61. Polynomial equations calculated by RSM program for mixing condition

Responses Polynomial equationsl) R? ¥ Significance

Y1.=70.355—0.065X;—0.306X5—0.280X5—0.13
6X,—0.023X5+0.290X,°+0.384X,X2+0.224X,
Hunter’s L value X3—0.132X2X;—0.556X,X5+0.070X;X5—0.40  0.991 0.014x*
6X3X4—0.563X3X5+0.219X:X4—0.301 X4X5—0
.332X:1X5

Y.=—2.085+0.316X;+0.239X,+0.102X3+0.11
1X,—0.012X5—0.484X,°—0.211X,X,—0.125X;
Hunter’s a value X3—0.003X2Xs+0.110X2X5—0.072X:X5+0.13  0.999 0.000 %3
7X5X4+0.196X5X5—0.276X: X4 +0.245X,X5+0
145X, X5

Y,=21.975+0.379X;+0.452X5+0.410X5+0.62
9X,+0.226X5+0.399X,°—0.065X;X2+0.209X,
Hunter’s b value X3+0.172XoX4+0.095X2X5+0.128X,X5—0.01  0.994 0.008%x
0X3X4+0.138X3X5—0.184X,X,+0.449X4X5+0
299X X5

Yer=22.078—0.194X,+0.317Xo+0.348X5+0.5
24X,+0.221X5+0.538X,°+0.139X,X2+0.297
Croma value  XoX3+0.276X:X4+0.309X:Xs+0.176X,X;4+0.  0.996 0.013%
019X:X,+0.191X:X5+0.122X,X,+0.162X,X5
+0.183X,Xs

VX Gal(%), Xo: Byc(%), Xz 2—9(%), Xu 2—-13(%), Xz 4—27(%)
Peoefficient of determination.

#p<0.05, **p<0.01, ***p<0.0
AogAre EHae ta 9%e 2AF 27 A28 AL g & 1-619) 2o 37

=z Kol

- j=
2] R® ke 0.991~0.999% & AAAAS Yehigen, 0.1~5% oA f24d0] 94 H
AT,
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Table 1—62. The range of optimum mixing condition

Range of predicted condition(%)

Extract (optional point)
Gal 0.05~0.10
Byc 0.15~0.20
99 0.07~0.10
913 0.07~0.15
4—97 0.05~0.15

NS FHEN gz BEH3 2y FE2E59 A HMTeze HAAE dF3 AnE
1-622 JEeERQTE Byc 2E2L (0.15~0.20%, Gal =ZE2 0.05~0.10%, 2—13 ==&

© o

0.07~0.10%, 2—13 %% 2 0.07~0.15%, 4—27 22E2 0.05~0.15% ] ST H= e 2
A &S YeEh= ASE A FFH .

Hunter L
¥ OXI1: 2—13, OXI2: 2—9, OXI3: 4—-27

Fig 1—-46. Respons surface plot for Hunter L, Hunter a, Hunter b, AE Croma
value and a/b

- 196 -



Hunter a
¥ OXI1: 2—13, OXI2: 2—9, OXI3: 4-27

Hunter b
¥ OXI1: 2—13, OXI2: 2—9, OXI3: 4-27

Fig 1—-46. Continued
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croma value

# OXI1: 2—13, OXI2: 2—9, OXI3: 4—27

Fig 1—-46. Continued

o WS EEEA AT G549
D) A8

AEE 20133 29 7HEAIOA T 0}931013% A7)1ek BoFo]l fARst ool HHd A
& dustel dge) AMgaAn. BAE 9¥ad 22 wasgon, AThe szt r Adal
o g AASIL, FdFe E71FASE F 5~10cm 27|12 HAaste] Ao AHSs

Byc #&= 3499 Fre 02% EF F2& AdTY v=c & 1-63% Zo] st z
Moo 127 AAst A== 718 AAZ F PP film(50um)e2 Z
A5ttt A AEEL 5C+] AF TN AFetHA FTHM(ZA, AL H 2= (FA4F)

2} Alzhe]l ™ AS Hunter colorimeter (CR—400, Minolta Co, Japan)S w283 (L=97.79,

¥.1-63. ¢ F5E F=
AAE Byc Gal 2-9 2—13 4—-27
T 0.2% 0.1% 0.1% 0.1% 0.1%
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a=—0.38, b=2.05)0.2 HA3}I Lx«(Fx), ax(FUE) & bx(FA%), ab, AE & FH5190H,
FEF AERLfeA of 0.3cm7bEHS A A2 F 2¢5 FHF thy 20mLY]
3}e] 35C<] water bathollA] 2A17FE9F FZ35}e] o7 (Whatman No.2)3F % EFFTA
(Optizen 2120, Mecasys, Korea)& ©]-€35l4 420nmoA SFE=E =As9}.

oM
i
=
)

2) 43243
FE2EY AHzA uFPHE FEE golkiy] 918 SR HEEA o F5AT FFHAPS
AAZE A3}, vk Rte tizge dHe R s g 39 Fot AEAE AT vE, £
pas

= 1_]_— = ©° i
F=E AT Bye F2EY AHgTe 6d T AFEALS AU AT tix
% A

= A% 69 T izt HE(L+)7F 65.984£0.392.2 Byc

2] 70.5840.68, T =& E A7 F(Mix) 70.2940.6102 FZE A oA 2] 23
AdA7IE AE g F ddeH, =F FEE AT Bye FE= AFULY
Z Aol2 VERA ghokth. AT (ax), FME(b*), a/b, AR E 2FHIE ¢

AA EFHE YepI oY, Bye FE2E Al £ FEFE AYTES o o %218}
A

H

olt
i
i & oo

Aok AtFhe] FHM 9 Higte £ FEFF M T BETF 68.1810.200.2 2T BE
+0.509F v watPe w ZHolA a7 Bgor) Byc &5 A7}t 70.311£0.4820 =
FE2E AYUFEY O 22 AAEZAE JEAT JAE(ax) o} FAE (bx)= EF FF
E AT x5 vustds W vud eolg By, AE e tx77F 9.16£1.04,
FZ2E AT 5.7610.4802 3 FE2E At FUMo| AdPoz IdAsA 44
Rew, Bye &5 HF= AE grol 3.751£0.5722 7pF w2 BWM9 B E BHo, 4
AtZtol A 9] Bye F&&E A 77F ZdAled 71 508 Aoz JHE .
A 5Y F Ae FEF A 5Y F 2EEE F 1-640 YT EF F2E A
T A¥WEE 0.27+£0.0322 tix79 Z¥= 0.40£0.03
Bl e}, Bye 55 i%EHLQ Z2¥ME 0.2140.020]
HEEHEY dF & | Ao SFHedd 2
FE5 A7t ﬂ%&?iu} Zeld aznrst ¢
= & 5345 YA Rtk Bye F&E 34

o

- 199 -



F 1-64. ZWfAA A7 A= HARA, ddAtd)e] FHA
Alg | AdE L axk b a/b AR
=T | 65.9840.39 | 2.88+0.14 | 19.5440.48 | 0.19£0.01 | 7.5740.45
A}
(6e) Byc | 70.584+0.68 | 1.2440.04 | 14.60+0.30 | 0.0940.00 | 3.9340.61
=
Mix | 70.2940.61 | 1.83+0.11 | 18.68+0.29 | 0.10+0.01 | 4.14+0.48
Pz | 65.51+£0.50 | 4.33+£0.29 | 24.05£0.74 | 0.18+0.01 | 9.16+1.04
ALz}
(4e]) Byc | 70.3140.48 | 3.7240.23 | 22.02+0.76 | 0.174£0.01 | 3.75%+0.57
=
Mix | 68.18+0.20 | 4.22+0.19 | 24.60+0.55 | 0.16+0.00 | 5.76+0.48
zT Z7)ddx e AW e A4 0.40+0.03
AR
(56) Byc Z7)ddx e AW e A4 0.21+£0.02
=
Mix Z71dgR e 2T 240.27£0.03

a8 1-47. ZHAAA AR A5 AF 5 ALH

3}

ESS

Byc

Mix

A
(64)

AV
(49)

o
o
ol

—~
(@)}

114
~
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A H ByckE =B AA, Gale AE G AAHA AL FAsle] o)L}

£ 80% EtOHS 1:8 ¥ &2 W1 EtOHY] vl 5d (bp 78°C)HT} e 2xoi & (552

C, 22 A7+ :24hr, 150RPM)3F & 7+9Fed 7 (whatman no.2)sbe] 7ol o] EtOH7} 5
23l e -40CoA WEAA EZ2Ax T 2y

FE& Fob AggE ojAEy] skl AFEFste] 45T, 25T,
10Co] AAsiea BALE Wslo] 2 A Aste zAlsigt).

2) PPO &4 &4 A3

PPO A&)&-2 50mM sodium phosphate buffer (pH 6.8) 0.5ml¢} 10mM L—DOPA
0.1% &% AsjA 0.2ml ztz} FH7Fstz PPO (110units/ml) 0.1mlL =33 &
(JASCO, V=560, Japan)Z& ©]&-3t] 420nmo A 208-7+2] H3E =59t &4
3= WH3tE BEI T curved] HALFZFEH AT

Inhibition(%) = [1-(A/B)] x 100

A @ Sample9] 3%, B : Blank solution®] &34 %

3) DPPH radical assay
DPPHE 0.15mM DPPHE-9 0.21l¢} =% Sample 0.15pn1L A& (¢tA)o Al 15min ¥H&-A] 71
% 2333 = A (Optizen 2120, Mecasys, Korea)& o]-€3}] 517nmolA] =3 st

ARZAS (%) = [1-(A/B)] x 100

A @ Sample9] 3%, B : Blank solution®] &34 %

4) Total Polyphenol contents

Total Polyphenol contents2 &% Sample 0.2mle} 1IN Folin—Ciocalteu reagent 0.5ml& @
1 vortexE o]g3le] TSt 387 wkeAl7]l & 2% Na,COs 4mlg @] vortexing & 1A] 7+
Z0} ¢FAro) Hbx] 3 Z wl-g-ole] B E UV/Visible spectrophotometer® @ 750nmojl 4] =3
89 TH(ASCO, V=560, Japan). FF=E 22 1000ppm Gaillc acidg o] &ste] AL 2t
.
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5) pH, A =

pHE= pH meter(Delta320, Mettler—Toledo Inc, Shanghai, China) 2 F33}gen A3
0.01N NaOH & oz #Asled pH} 8.27F 2 wj7hx] NaOH &4 AH|HS lactic acid T
2 kst eI

L

off  HI
lo

fr

g5 WA (L=97.79, a=—0.38, b=2.05)2.2 X A3} colorimeter(CR—400, Minolta Co, Osaka,
M2 A5t 7 232 Lx(H%), ax(FME) & bx(ZA%) ab, AE

o
o= YR B RudHE AE et YR}

A 715 %

Bedibe 2EEE A3 duofA FEEL uEE 8% Hds tdez & 439
583 HrypgHel tisted w8zl F A(color), F(flavor), FFZH 7]|Z%(overall
acceptability)oll thated 95A BHHo 2 ofF F5(94), F5(7H), 2&GH), HEGH), ofF
vm(1x)oz sty

Ay 6

U} A9 B5d SHoME 22BN 2% B2 A AR ehhA gtk o 4

5Tl A A #AAst Byc F&FE0] 5.24+0.7, Gal F&E0] 5.4%0.8, Mi 6.0t+0.62°
5.

N
)
O
Hir
g:_‘o_l
lo
H
\)
(@)}
@)
=2,
2
(@)}
(]
e
=
2
o3
&
_NI_[/
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X 1-65. 29 oA FEE9 254 AF F 7|z % W3}
25 = A 7 7 ()
(C) = 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
Byc 70403 - 66402 - - 6402 62402 - 59403 - 60400 - 60404 -  6.0+00
A Gal 79404 - 75405 @ - - 68406 67403 - 63405 - 63405 - 63403 - 63403
Mix 68405  — 62404 = - - 60403 59402 - 58404 - 56406 - 55403 - 55404
Byc 75406 - 74404 - - 72402 70405 - 68408 -  63+03 - 58405 - 52407
45 3 Gal 74405 - 74%02 - - 61403 56408 - 55403 - 55404 - 54404 - 54408
Mix 79404 - 79403 - - 77404 74405 - 66406 - 68405 - 62404 - 60406
z Byc 74406 - 73403 - - 71404 71402 - 61406 - 62402 - 61407 - 62405
g Gal 78404 - 74%02 - - 66404 63405 - 60402 - 60403 - 59403 - 58408
A Mix 68405  — 66402 - - 66402 64402 - 63405 - 62405 - 62404 - 60405
Byc - 78402 - - 70+06 - - 68404 - 68402 - - - 68402 -
A Gal - 68404 - - 68404 - - 66402 - 66405 - - - 64404 -
Mix - 66104 - - 66402 - - 64402 - 63+02 - - - 6102 -
Byc - 72406 - - 68404 - - 66402 -  65+05 - - - 64402 -
25 &  Gal - 72406 - - 70409 - - 70406 - 68405 - - - 6602 -
Mix - 74405 - - 74402 - - 72402 - 71#02 - - - 70403 -
z Byc - 68402 - - 67402 - - 66402 - 65404 - - - 63107 -
g Gal - 74405 - - 71207 - - 70406 -  65+03 - - - 64402 -
A Mix - 68402 - - 68402 - - 68402 -  61+03 - - - 6101 -
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% 1-65. Continued
25 = A g 7] 7 (Y
(C) = 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
Byc 7.2%0.4 - - 7.210.4 - - - 7.2%0.2 - - - 6.6x0.5 - - -
A Gal 80403 - - 8003 - - - 80403 - - - 76104 - - -
Mix 7.6%0.5 - - 7.6+0.5 - - - 7.4%0.4 - - - 6.310.3 - - -
Byc 7.6%0.3 - - 7.6+0.3 - - - 7.6%0.2 - - - 7.5x0.5 - - -
10 3  Gal 75404 - - 75+04 - - - 70407 - - -~ 70405 @ - - -
Mix 7.6%0.3 - - 7.6+0.3 - - - 7.6%0.2 - - - 7.0x0.7 - - -
z Byc 7.0£0.3 - - 7.0+0.3 - - - 7.0£0.0 - - - 7.4x0.3 - - -
g Gal 76402 - - 76402 - - - 74404 - - - 72406 @ - - -
75‘] Mix 7.4%0.2 - - 7.4%0.2 - - - 7.4%0.2 - - - 6.6x0.3 - - -
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2= (0) FEE 37 g FaAT (R?)
Byc y=—0.05452x+8.437778 0.9115
45 Gal y=—0.05905x+8.020000 0.7825
Mix y=—0.05548x+8.564444 0.9476
Byc y=—0.04371x+8.176190 0.6955
25 Gal y=—0.03771x+8.209524 0.6527
Mix y=—0.03171x+8.309524 0.6358
Byc y=—0.03027x+8.616000 0.6768
10 Gal y=—0.03027x+8.600000 0.7860
Mix y=—0.04027x+8.716000 0.8503

(2) 715zt AF7|7e] FaaA

F 1-662 ZHAA FE2E 258 AR F 7laxet AF7e] 4BAAE 243 2
ot} 45C9] A4, Byc £2E7 Mix F£&E0] 0.9115%} 0.94762 =& A#AAFL JeER9 L
™, Gal FEE2 0.78259] F#4& Yt 25T 384 EF 0.70]5t2 W& 43
Az Jehigen, 10T 28 Mg To4E Byc 28 0.6768, Gal 2E 0

—

FEE 0850302 v ¥ duide] vehiith
oldell At Zo] AF2EE AF7|TF TaEd A7 FEAde] AF2=E dASHA Fe
Wb ol 2HATE £4 @7] dEol, 7lzed st AHA F& 28] AFTFHE

dFstrlele A g Aoz BEFHA
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¥ 1-67. Z2¥ oA &9 A = PPO &4 A Asixdd o3+ 1Cs W3}
LT F= A & 7] 7 (k)
(C) E 0 7 10 14 15 20 21 28 30 35 40 42 45 49 56
B 0.0437+  0.0605+ B 0.0479+ B B 0.0576+ 0.0635+ B 0.0488+ B 0.0471% B 0.0412+ 0.0501+
YC ' 0.0028  0.0040 0.0008 0.0020  0.0030 0.0021 0.0007 0.0025  0.0012
15 Ga]  0-0364% 0.0428% B 0.0479+ B B 0.0484+ 0.0468+ B 0.0467+ B 0.0567+ B 0.0483+ 0.0522+
a 0.008  0.007 0.0011 0.001  0.0010 0.0014 0.0008 0.0016  0.0013
Mi 0.0342+  0.0522+ B 0.0549+ B 0.0574+ 0.0563+ B 0.0542+ B 0.0568+ B 0.0579+ 0.0538+
X 0.004  0.004 0.0017 0.005  0.0046 0.0062 0.0058 0.0022  0.0074
B 0.0437+ B 0.0455+ B B 0.0461+ 0.0474+ B 0.0474+ B 0.0461+ B B B B
YC o 0.0028 0.0014 0.0015  0.0025 0.0025 0.0013
95 Ga]  0-0364% B 0.0403+ B B 0.0521+ 0.0534+ B 0.0534+ B 0.0515+ B B B B
a 0.008 0.003 0.0001  0.0010 0.0010 0.0002
Mi 0.0342+ B 0.0442+ B 0.0498+ 0.0502+ 0.0502+ B 0.0461+ B B B
1X 0.004 0.005 0.002 0.001 0.001 0.0013
B 0.0437+ B B 0.0455+ B B B 0.0461+ B B 0.0474+ B B
YC  0.0028 0.0014 0.0015 0.0025
10 Ga]  0-0364% B B 0.0403+ B B B 0.0521+ B B 0.0534+ B B
a 0.008 0.003 0.0001 0.0010
Mi 0.0342+ B B 0.0442+ B B 0.0498+ B B 0.0502+ B
X 0.004 0.005 0.002 0.001
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% 1-68. ¥ A FE2E9 AF F PPO &4 &4 Ay g
(&9 %)
o z A 7] 7F (o]
% T 2
(%) (C) = 0 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
B 56.92  57.77 B 56.72 B B 58.67  53.55 B 53.00 B 56.74 B 59.96 B 53.58
YC 14080 +0.69 +0.99 +0.30 +1.21 +0.89 +0.16 +0.48 +1.06
45  Gq 0862 56.32 B 54.67 B B 55.87  56.50 B 56.88 B 46.97 B 56.54 B 56.74
al 4999  +0.39 +0.26 +0.98  +0.72 +1.58 +1.47 +0.52 +0.70
Mix 0573 54.07 B 55.39 B B 55.67  55.39 B 43.67 B 51.27 B 48.72 B 54.90
X 4162 +1.44 +1.62 +2.28 +1.62 +0.83 +1.26 +0.83 +1.42
B 56.92 B 58.05 B B 57.72 B B 54.78 B 55.47 B B B B B
Y€ 4+0.80 +0.49 +0.72 +0.89 +0.98
59.86 56.43 50.21 52.41 51.74
0.05 25 Gal 47y, +0.73 +0.13 +0.66 +1.28
Mix 0973 B 62.45 B B 62.01 B B 63.47 B 56.49 B B B B B
X 1162 +1.26 +1.38 +0.85 +3.80
B 56.92 B B B 58.05 B B B 57.72 B B 54.78 B B B
Y€ 40.80 +0.49 +0.72 +0.89
59.86 58.41 57.74 56.71
10 Gal  17gg +1.74 +0.75 +0.28
Mix 6573 B B B 64.23 B B B 58.48 B B 60.58 B B B
X 4162 +0.61 +2.13 +1.47
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X?L

2) FE2E AR T FEEIH
7F) PPO &4 &/ Asidd o8k 1G5 ¥}

® 1-672 PPO &4 &4 Asg 93 1Cs M3tE Yehd Aot AF 27] Byc &5
0.0437£0.0028, Gal 3ZE& 0.0364£0.008, Mix 3%E& 0.0342£0.0040] 4] 45C =& 564 & =
E 225 AT ko] 0.0501~538, 25T 0.0461~0.0515, 10T #7g 45 & 0.0474~0.0534=
el dAHez Hg F PPO &4 &g AslH 9k 1C50] #FashA] & 483k 33
S HAFYTE ole} e ATs 45C9 nLFAHNAE 72 FH2E 2L ZudAg L &
Astglo] 988 BFS UEPHSEZN SE2E dBHAS & F AT

5 AF7IZE 5 PPO &4 &4 A8y W= § 1-68% #oh. PPO &4 &4
5 0.80, Gal FZE 58.62+2.29, Mix 32 & 65.73%1.620]Q2

= A% 279 PPO &4 &4 A2 45CHE FdA Bye F&FE 53.58+1.06,
= 40

A7

Gal 2ZE 56.74+0.70, Mix 22 E 54.90+1.420 2 ehgon, 25C A& 409 & Byc 2=
E 55.47+0.98, Gal && 51.74+£1.28, Mix F&E& 56.49%+3.80, 10T A
TFI A= Byc =& 54.78%0.89, Gal =& 56.71£0.28, Mix F&E 60.58%1.472 PPO &
4 B Aol ARy RRTD FaGAoY Z Aok gl RSz BUHIUT. o9 2
o AFe PPO A B Aol 9 1Cy HFelME ATE §3T 5

t}) DPPH radical &+ 5¢] #3}

Z4H FEE 0.006% s A9l A 5 DPPH radical 2459 Hal= & 1-699F 2t}
7] DPPH radical _/1:74'6% Byc F&& 83.4110.99, Gal &% 85.65%£0.05, Mix F&
87.62%0.922 45CollA 56¢, 25Tl A 50, 10Coll A 454 A3+ Az} 45Co)| A =A% 56
% Byc F&E& 34.91+0.20, Gal &%& 87.60%+0.07, Mix &% 58.64+0.482.2 e} o™

o1

S I

lo

25Col A% 504 F Byc F&E 55.84+0.35, Gal F&F 89.20£0.20, Mix
60.36+0.41, 10Cell A4} A7 45 F Byc F&%& 55.06+0.59, Gal F+&& 85.81+0.04, Mix
= 68.38%0.5122 Yeh Gal FE=°] 7H =& T4& dehiglen, Adol A&4

T AEE Bk old3 Zol & Aol =23 dd

R

B e e

2

1—67~% 1—680 Ao} o] &
Holog sja B Nl AAEL Fr3tE-89 B 71F o o3 z2A

FE.
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A
e

2ol A7 = DPPH radical £24% w3}

(48] %)
- = ] ARk 7} (<
%:_1‘:_ %E _z,_§ i Pe] 7] gLl (E
N =
(%) (C) = 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
B 83.41+ 85.46+ B 80.91 B B 80.99  79.09 B 62.56 B 54.32 B 40.22 B 34.91
YE 0.99 0.65 +0.59 +0.86  +0.25 +0.44 +0.28 +0.37 +0.20
45 Gal 8565 86.81% B 88.30 B B 83.81  85.66 B 88.65 B 88.33 B 87.65 B 87.60
0.05 0.16 +0.05 +0.49 +0.36 +0.20 +0.10 +0.16 +0.07
Mix 87:62% 86.48% B 83.18 B B 83.86  83.64 B 60.12 B 63.01 B 60.30 B 58.64
X .92 0.09 +0.52 +0.37  +0.28 +0.50 +0.41 +0.37 +0.48
B 83.41+ B 86.24+ B 85.92 B B 62.13 B 56.87 B B B 55.84 B
YC  0.99 0.22 +0.13 +1.02 +0.80 +0.35
Gal 85:65% B 88.17+ B 86.27 B B 88.28 B 90.17 B B ~ 89.20 B
0.005 25 0.05 0.11 +1.04 +0.23 +0.05 +0.20
87.62+ 85.18+ 86.06 04.72 61.72 60.36
Mix "o T 0.37 - 1008 - ié'o T t064 - T t041
B 83.41+ B B B 86.90 B B B 85.15 B B B 55.06 B B B
YC  0.99 +0.09 +0.08 +0.59
85.65+ 85.22 86.16 85.81
10 Gal "5 +0.05 +0.10 +0.04
Mix  87-62% . B 86.57 B B ~ 86.06 B B ~ 68.38 B B ~
X 0,92 +0.09 +0.10 +0.51
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% 1-70. 29 JA FZEFE2 A& F polyphenol H3}
(e8] pg/ml)
L A & 7] 7 (R
PE LR F3 ° -
% T =
(%) (L) & 0 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
Bve os7l 09877 _ 64937 _ 64921 64941 58699 45697 44966 430.19
y 71 4055 +0.65 +0.81 +1.43 +1.81 +92.74 +0.01 +9.65
73795 724+ 72120 712.84 555.33 528.96 503.12 484.48
45 Gal 76245 L '5p 1.61 4246 +1.91 +1.71 +0.78 +1.85 +1.02
Vix  7osgs 69474 _ 65889 _ | 64550 62557 48909 48285 47343 469.65
93 o3y +3.83 +2.37 +1.85 +0.95 +1.79 +1.75 +2.99
671.80 658.44 47497 1464.56 457,61
Byc  695.71 +0.54 +1.19 +2.45 +3.84 +0.68
72977 703.20 595.02 521.40 510.82
05 25  Gal 76245 - o~ 1379 T 43923 T +2139 - T 4142
. 663.72 618.06 49775 47211 471.33
Mix  703.93 +0.78 +6.51 +0.50 +1.12 +0.91
665.45 168.66 459.84
Byc 695.71 - - T 4384 - T 4097 - T 4101 - -
722.86 535.34 521.90
10 Gal 76245 = - T 4493 - T 4298 - T 4190 - -
. 662.04 48677 47638
Mix 70393 = - T 4041 - T 4141 - T 41926 - -
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2}) Total polyphenole] w3}

0.5% s% ZAWHAA FEE AA7|Zt F total polyphenol®] WH3Il= F 1-707 ZT}.
Total polyphenol®] Z7] Zk& Byc —%%% 695. 71ﬂg/ml Gal &= 762.45¢8/nl, Mix F&=
703.93pg/m 2. 2 45T A 569, 25T oA 509, 10Tl A 45U AFstrh. 45Col A A4 56
¢ 3 Byc FZE 430.194+2.65ug/ml, Gal 484.48+1.02u¢g/ml, Mix3ZE 469.65+2.29ug/ml o &2
Uelgdor, 25Co A A& 50d & =2 E g 7= Byc F2E 457.61+0.68ug/ml, Gal =
E 510.82+1.42pg/ml, Mix =& 471.3310.91ug/ml, 10CA A A 454 T A8+ Byc 3
Z5 459.84+1.21pg/nl, Gal FF& 521.90£1.90ug/ml, Mix F&& 476.38+1.26pg/mo2 33

_>.i

Wl B Afo ] AgE 2Z2E B2 73 A AFAE usid i P T ut
2} polyphenol& 413l7l A o] AASER 7lg4 FE2EE Aoz §AT Hart sl

s ¢ % Q.

v}) Hunter—AE9] W3}
2 FEE9 ARV F Hunter—AES] Wal= § 1-7137 Zo}. AEE 45Ce A A7 56
o F Byc #&E 5.60+1.30, Gal £&& 2.83+0.26, Mix &%& 10.95+1.372.2 veh} Gal

F2Eo EU4 WEp} Y Rekom, Mix 3% Euy Wsl /3 Ekh 25T
& 50¢ ¥ Byc F&FE2 3.53%£0.56, Gal +&E& 3.71£0.29, Mix F&E& 13.41+.84°2 2 }E}+

A
1} Gal 2&2¢) R84 Hapt 71 vgkon], 10CeIA A 458 F Byc

ZZE 395+0.75,
Gal 22& 1.98+0.32, Mix 22E 3.47+0.4622 UEh}, 10CH A% Gal 2289 AE gtol
ix #5329 EAA

O F2E AT v 7 ¥ vEgen, 2E 2= ATl M
W37k g & Aoz yehgth

S e
il

2

¥ F2E9 ARV & pH wWaE § 1-72¢ #th pHE AF %7] Bye F
02, Gal 2 & 3.7940.02, Mix 2 & 4.27+0.012 Jehton, 45Co)A 564, 25
}slglth. 45Ce A HF 569 & Byc && 3.40+0.03, Gal &
71+0.0122 Mix 22E9] pHrl 718 @gpen, 25CoA 3
, Gal & & 3.53£0.02, Mix & & 3.76£0.02°. 2 JElgoH,
o & Byc & 3.46+0.03, Gal & & 3.42+0.01, Mix $&& 3.71+0.012
2 pHE AA7|7te] ALKEFE oA e FEgS vepideu, 3 47
At

I\l

N

A 509, 10Co)A] 459 A
& 3.45%0.04, Mix F&&
50¢ ¥ Byc F 10
10°Co A A

owo>~l

o
k
3
o
ok
o,
o
flo
(e
>
o
N
)
offl
o
s
fr
W
lo
fru
l’ﬂ
L
i
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¥ 1-71. 29 oA F&E<9 A = Hunter—AE ®H3}
ey =z A7) 3 (d
() = 0 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
B 390 _ 3.43% 352+ 535+ 5704 _ 6.03f 548 560+
ye 0.75 0.71 1.15  1.42 1.14 1.29 1.17 1.30
5 Gal 153t 207 220+ 219+ 265 273+ 279+  2.83%
a 0.33 0.36 0.78  0.13 0.31 0.31 0.28 0.26
Mix A S VE _ 6.34% 883+  8.95% 9.83+ 9.93+ 10.95
0.89 0.77 0.66  1.28 1.00 1.51 1.15 +1.37
B B 194 297 345+ 3.24% B . 353%
ye 0.20 0.51 0.48 0.50 0.56
95 Gal B 142+ 282+ 266 3.14% B 371
a 0.18 0.53 0.55 0.35 0.29
Mix . . 3.23% o 3.39% . 6.68% 13.04 B B 13.41 B
1.20 0.88 0.70 +0.22 +.84
B . ~ B 341+ 325%  _ 296% B . 325% B B
ye 0.84 0.75 0.96 0.75
1.20+ 1.98+ 1.58+ 1.98+
10 Gal 0.22 0.32 0.34 0.32
i ~ ~ B 223 347+ 2.09+ B 34T B B
1X 0.32 0.46 0.33 0.46
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% 1-72. 29 AA FE2E9 A% F pH ¥z}
ez 23 N
(€)= 0 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
5 3.90+ 3.91+ 361+ 357+ 346+ 342+ 341+ 340 340+
Ye 0.02  0.02 0.06 0.01  0.01 0.02 0.01 0.01 0.03
L5 a 379 3761 364k 355+ 348+ 346+ 346+ 345+ 345+
a0.02  0.05 0.10 0.04 0.01 0.04 0.02 0.01 0.04
Vi 427 4lex 304k . 378+ 375+ 374+ 374 3724 3.71+
0.01 0.01 0.03 0.04 0.01 0.02 0.00 0.01 0.01
5 3.90+ 398+ _ 385% 383+ 356+ ) _ 355%
Ye 0.02 0.00 0.04 0.01 0.06 0.03
o5 ga 379E L 378 358+ 356+ 354+ ) . 353%
0.02 0.02 0.03 0.03 0.05 0.02
Vi 427 427k . 415+ 408t 378+ ) . 3.76%
X001 0.00 0.01 0.02 0.02 0.01
5 3.90 ) 362+ ) _3.60£ ) 346 ) .
Ye  0.02 0.04 0.03 0.03
3.79+ 3.43+ 3.424 3.49+
10 Gal 705 0.09 0.02 0.01
Vi 27 ) . 3.75% ) . 3.73% ) . 37mE ) .
X001 0.06 0.01 0.01
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® 1-73. 29 A FZ2E9 A F titratable acidity ¥ 3}
(&9 %)
o =z A (Y
N =
) = 0 7 10 14 15 20 21 28 30 35 40 42 45 49 50 56
B 0.05¢ 0.06+ _  0.06+ _0.06% 0.06£ _  0.06+ 006 006 _  0.07%
YC  0.00  0.00 0.00 0.00  0.00 0.01 0.00 0.00 0.00
45 Ga 013 04 o0d6x 0.8+ 022+ 020+ 019+ 019 _  0.19%
0.01  0.00 0.00 0.00  0.00 0.00 0.00 0.01 0.00
Mix  0:06F 005+ 0.6+ _0.07£ 0.08% 0.07+ _ 0.07% 0.07+ _  0.07+
0.01  0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00
B 0.05+ _  0.06 006 007 0.07% ~ o 0.07%
Y& .00 0.00 0.00 0.00 0.00 0.00
o5 G O13E _ 0l4x 017 019 019+ ~ o 019%
0.01 0.00 0.00 0.00 0.00 0.00
\ 0.06& _  0.06% 007+ 007 0.08% ~ _0.08%
X001 0.00 0.00 0.00 0.00 0.00
Bye  0.05% ~ . 0.06% ~ 006 ~ _0.05% B B
y 0.00 0.00 0.00 0.00
0.13+ 0.17+ 0.19+ 0.18+
10 Gal 0.01 0.00 0.00 0.00
Mix  0-06% ~ _0.06% ~ 007+ ~ 007 B B
0.01 0.00 0.00 0.00
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AP ARz W
o9 2229 A% F 4% s ® 1-73% 2o ®olA Ri ulsh 2ol A2

= A&x7] Byc #&& 0.05£0.00%, Gal &= 0.13£0.01%, Mix F&% 0.061£0.01%=Z =
Fgoem, 45T A% 56¢ & Byc F+&EL 0.07£0.00%, Gal =& 0.1910.00%, Mix
ZE 0.07£0.00%, 25Cox AF 50¢ & Byc F&EL& 0.07£0.00%, Gal F&E&
0.19£0.00%, Mix #Z&&-2 0.0810.00%, 10CollA #3 459 & Byc F&E-L 0.0520.00%, Gal
252 0.18%£0.00%, Mix FZE2 0.07£0.00%2 4] Gal F&E9 AE7} 714 =9keH, Byc
FZ2EY Mix 259 JF4se A vttt w3 AAH oz AF7|7to] A ot
2} F7tste A&E YER A

—008¢] pHel Wslol FASE Aoz A= w

i
o2

FrrteE A

o)
25 _ N
(C) FE= 37 w4 R2
Byc v=0.364137x+53.80674 0.0266
15 Gal v=0.865115x+49.94877 0.1095
Mix y=3.435083x+29.78403 0.3927
Byc v=0.473682x+53.16802 0.1184
PPO 25 Gal v=3.779878x+26.15890 0.7539
Mix v=2.979575x+39.32564 0.4661
Byc v=0.216425x+55.15017 0.0110
10 Gal v=1.293023x+48.32070 0.8592
Mix y=2.773168x+40.60275 0.4994
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¥ 1—-74. Continued

L=(C) #2E 27 A Re

Byc y=15.64035x—41.21770 0.7634

45 Gal y=—0.32985x+89.04003 0.0686

Mix v=9.769153x+5.601828 0.6737

Byc v=9.197678x+6.584783 0.3652

DPPH 25 Gal y=—1.44510x+98.45776 0.5395
Mix y=12.91788x—24.4894 0.4007

Byc v=7.039995x+21.76764 0.1101

10 Gal y=—0.13581x+86.74558 0.1087

Mix y=7.500699x+39.93469 0.4745

Byc v=85.59884x—11.4409 0.7996

45 Gal y=67.5202x+206.7469 0.5649

Mix y=81.90013x+8.41688 0.7784

Poly Byc v=85.68468x—36.4181 0.5287
25 Gal v=94.80857x—63.4989 0.4914

phenol Mix y=107.201x—234.644 0.5940
Byc v=123.1969x—405.152 0.4886

10 Gal y=110.5995x—207.684 0.7042

Mix y=110.4980x—210.424 0.6312

Byc y=—0.92682x+11.03958 0.5021

45 Gal y=—0.41050x+5.092130 0.6208

Mix y=—1.66857x+19.99496 0.8403

Hunter Byc y=—1.96250x+16.17475 0.9269
25 Gal y=—3.50000x+26.97000 0.8923

—AE Mix y=—27.0078x+202.9464 0.9299
Byc v=0.365385x+0.437051 0.0133

10 Gal y=—1.16000x+9.900000 0.7371

Mix y=—2.09544x+50.63000 0.9782

Byc v=0.155759x+2.487977 0.6766

pH 45 Gal v=0.101934x+2.912132 0.9204
Mix v=0.171980x+2.662004 0.7993

Byc v=0.102912x+3.049376 0.3123

25 Gal v=0.106993x+2.852517 0.5931

- Mix v=0.195725%x+2.580464 0.4007

P Byc v=0.245945x+1.693429 0.9039
10 Gal v=0.188837x+2.075116 0.9498

Mix v=0.305519x+1.371043 0.9122

Byc y=—0.00396x+0.087388 0.7530

45 Gal y=—0.02059x+0.308837 0.8217

Mix y=—0.00510x+0.102399 0.4134

Gitratable Byc y=—0.00763x+0.117348 0.8388
- 25 Gal y=—0.02500x+0.350000 0.6471
acidity Mix y=—0.00831x+0.477770 0.6358
Byc y=—0.00414x+0.087830 0.2607

10 Gal y=—0.02744x+0.376744 0.9753

Mix y=—0.00475x+0.098057 0.4850
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Kol ud
(L;C) ZzE 3 B ABASF (R2)
Byc y=—0.02957x+57.15133 0.0538
45 Gal v=—0.05060x+56.87333 0.0841
Mix y=—0.18955x+59.17511 0.3681
Byc y=—0.06170x+57.82200 0.4730
PPO 25 Gal y=—0.20260x+58.18200 0.6603
Mix y=—0.17460x+65.52200 0.6537
Byc y=—0.04500x+57.88000 0.3513
10 Gal y=—0.06747x+59.69800 0.9791
Mix y=—0.14133x+65.43500 0.6803
Byc v=—0.95555x+93.62978 0.8736
45 Gal v=0.036238x+85.92533 0.1860
Mix y=—0.61557x+91.33044 0.8236
Byc y=—0.71357x+89.57429 0.8000
DPPH 25 Gal v=0.073600x+86.11667 0.6422
Mix y=—0.68006x+89.61143 0.7020
Byc y=—0.57867x+90.65000 0.5497
10 Gal v=0.009467x+85.49700 0.2210
Mix y=—0.38820x+90.89200 0.6665
Byc y=—5.05102x+721.5709 0.8536
45 Gal y=—5.64338x+794.6402 0.8856
Mix y=—5.02271x+723.2638 0.9013
Poly Byc y=—5.70197x+713.0643 0.8522
25 Gal y=—5.88983x+772.6890 0.8704
phenol Mix y=—5.30897x+703.8743 0.9209
Byc y=—6.02933x+708.0750 0.8647
10 Gal y=—6.06113x+772.0130 0.8853
Mix y=—5.71947x+710.9680 0.8868
Byc v=0.051071x+3.267500 0.6704
45 Gal v=0.025085x+1.583571 0.8914
Mix v=0.080187x+6.185357 0.7833
Hunter Byc v=0.034500x+1.991000 0.7161
25 Gal v=0.049000x+1.280000 0.8408
—AE Mix v=0.300100x—1.053000 0.8970
Byc y=—0.00533x+3.366667 0.1230
10 Gal v=0.026000x+0.806667 0.9998
Mix v=0.041333x+1.356667 0.6663
Byc y=—0.00971x+3.836444 0.8069
pH 45 Gal y=—0.00645x+3.741778 0.8277
Mix y=—0.00952x+4.134444 0.7547

- 217 -



X 1-75. Continued

2T
(C) FE2E 3 A A4 SBAF (R2)
Byc v=—0.00866x+3.994762 0.8042
25 Gal y=—0.00583x+3.775714 0.8078
. Mix y=—0.01169x+4.343810 0.9029
Byc v=—0.00893x+3.846000 0.8811
10 Gal y=—0.00747x+3.683000 0.6216
Mix y=—0.01133x+4.120000 0.6583
Byc v=0.00019x+0.0546670 0.5333
45 Gal v=0.001119x+0.146444 0.5450
Mix v=0.000286x+0.058667 0.4000
S Byc v=0.0004x+0.05333300 0.8400
o 25 Gal v=0.001343x+0.134762 0.8568
acidity Mix v=0.000457x+0.058571 0.9143
Byc v=0.0000x+0.05500000 0.0000
10 Gal v=0.001133x+0.142000 0.6964
Mix v=0.000267x+0.059000 0.8000

£73] total polyphenol 3#3 #7g7]7ke] A#AATE FollA EHe kel Zo] A Eo
7 0.8536 ooz w4 2 JBAAE YT wEkd ZHA] FEE2 A%
X‘tﬂzz} A FE QAAE A total polyphenolE A 4 oy}, PPORAA &= F&3}
A FEHYELEA 8T T JE& ALE BEHHUT

- 218 -

i

(o



8]
=

(@)}
i
o\
i
et
p S
fol
i)
b

S

b F@A guolARd 3 F2E guelAnd

2 20139 49 7HEA A TYSAOH, Zo)sh Bopo] fASIT 9ol A

g st A9 stk e AP RE wusgon, AN szoe dus
o Hge AANAT, FFFE 2712902 F 5~10em 272 Awrste] Aol AHgsHA

APHe Al¥E 2 FH7|TANA FhS AdADAAAA 5 HHa7E JERA Bye &
=E4S EUzE st9on, AYFFL A2 & AP P 3RS A LA
. 2, AEE g5z BtHE A 55CoA 45%, BEALFE 50CoA] 30%, Aok
45F= 55C 302 &< 7 dAES H, A sy AdguodA4 sade) 1827 A5}

o 1

I AzZ E7E AAS o PP film(50um) o2 X 1-767 Zo] =2 ZHE EPIIAE

o]-§3st TtAFHEFE AASe. 2RE AEEL I E=AMNLHY 225 1HE)
+

1 Ao AFsas A8, A3 EE (43S SPss

E 1-76. T29d 7t2XBZH V- BE

L4

AR Co2(%) 02(%) N2 (%)
)3 71} 50 20 30
A} Lol ~ 50 10 40
A 10 5 85

AALob Alzhe] EHA-E colorimeter(CR—400, Minolta Co, Osaka, Japan)Z ¥4 #(L=97.79,
a=—0.38, b=2.05)2.2 BAsto] Lx(HE), ax(HAE) 2 b+(FAE), ab, AE +e SHs1Q.00,
FFE 7] AAELlelA oF 0.3cm7tES #AA AE F 2g& HF thE 20mLY FF/
A7 st 35C 9 water bathol A 241 7F59F =Z3le] o3 (Whatman No.2)3 F 2333
(Optizen 2120, Mecasys, Korea)& ©]€35l4 420nmoA SFE=E =As 9},

T 1-772 FEHEAY HAAAE 5CTE1 AF A 4 F THN HILE A
o, ¥ 1-782 SAHAHAAEY Tt WA F AU E Ao R vehd Aot

¥ 1779 vebd vie} Zo] =9 ¥ = (Hunter L*)= & 7] 3k 71.8910.589 4 A& 15Y
% 63.1340.77 7HAsEA T 1-786] Ao 2+
Byc #&= g FoAM= A 1564 3% 3
£ ol 7 ¥ Mg fA5H FA BH7E T Ao

AE k2 Hunter L—valued| Ao} Zo] thz77} 10.07£1.1202 FHAY
on, Gal FFE AT A AF 6L F AEgo] 3.02£0.5022 27 & FE=
A TR TAM Wyt g wekoh AR 159 JolE 7.3240.492.2 Byc F&E A
g7 3.49%0.41, TFFEE AT 4.5720.438 0 =4 VYEhY Gal FEE AT F¢

o] ZRo] AFF Idyd ZdIAE e
HE Zhol 71.63+0.762 :
A]

o 3

]

fu HU
2
o3l
B
N
©
ne
ol
r U
M
e

<
i

(o]

L
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£ 1-77. 334 ¢ A D 4974

A F ZHN W3}

Extracts Oday 6day 10day 15day
control 71.89+0.58 | 66.76+0.76 | 64.69+0.98 | 63.13+0.77
L+ Byc 71.89£0.58 | 72.17+£0.29 | 72.13+£0.48 | 71.63+0.76
Gal 71.89£0.58 | 72.09+0.58 | 70.34+0.32 | 69.98+0.59
Mix 71.89£0.58 | 71.53+0.65 | 70.05+£0.80 | 70.16+0.65
control 0.30+0.06 | 2.93+0.13 | 3.33%+0.36 | 3.63%+0.27
- Byc 0.30%£0.06 | 1.10+0.03 | 1.21£0.05 | 1.20%£0.06
Gal 0.30%£0.06 | 1.53+0.08 | 1.71£0.08 | 3.32%0.12
Mix 0.30%£0.06 | 1.23+0.06 | 1.32%£0.05 | 1.36%0.08
control 16.14%+0.22 | 19.66%+0.49 | 17.73%+0.38 | 19.32%0.87
b Byc 16.14%+0.22 | 13.60%£0.15 | 13.25%+0.39 | 13.68%0.40
Gal 16.14%+0.22 | 15.77%£0.47 | 16.16%x0.55 | 21.42%0.39
Mix 16.14+£0.22 | 13.78%+0.37 | 13.63+£0.34 | 14.32%0.55
control 0.02£0.00 | 0.18+0.01 | 0.17£0.01 | 0.19%£0.02
a/b Byc 0.02+0.00 | 0.08%+0.00 | 0.094+0.00 | 0.09%0.00
Gal 0.02+0.00 | 0.10+0.00 | 0.11£0.01 | 0.16%+0.01
Mix 0.02+0.00 | 0.07£0.47 | 0.10+0.00 | 0.09%0.00
control 0.00+0.00 | 6.99+0.80 | 8.37%+1.12 | 10.07+1.12
AR Byc 0.00+0.00 | 3.56+0.23 | 3.67%£0.35 | 3.49+0.41
Gal 0.00+0.00 | 3.02+0.50 | 3.58%+0.45 | 7.32%+0.49
Mix 0.00£0.00 | 3.72+0.47 | 4.07%£0.79 | 4.57£0.43
¥ 1-78. TFA LA AR A F ALK
Extracts Oday 6day 10day 15day
control
Byc
Gal
Mix
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@AM E AF 713te] AHEHFE FEE] AR A E FHMde] TS F= AL
2 AdEHAY. Bye FEEALTE AE7F A% 159 F = 3 il
o ¥M3tE vEhfglen, 7 169 Bt AEFAHS fAls
AdrE JAE o3 dydAer dAe 9 tAFHAEFE EFE F
ol A & FHA H3l= X 1-79 2 1-803 ). Al £8lo| 29 A9 L—valuer} %}ié}_ﬂ
Hunter a B b—valuee F7lste AP A WA A4S vehliglen, Hsd=s iz,
g

o
Eg;
)
ofo
2
n

i)
(.
N
>
[

mix, Gal & Bycwo® olAlEE 3L e 2uoldl AT FAME A4F 19 F
Byc #380] 70.43£0.730 2 t}E HelFo) vs) 7Hg b HoIYT 58 Bye A Fel A
E gk A9 49 % o 409 groz, tzTe) 9169 < 1/20]3e) $F& fAsm Uh
ZFgAg " ez AEA §A77S F 1-80014 HE upel go] thxTe A 29
%, oAl AT o 40 AEE 2 A% dFshe Evb} dE ReE BFHAY
® 1-79. FFA LAY dEAIe AF F AN Wz}
Extracts Oday 2day 4day
control 73.45%0.26 69.88+0.39 65.51+0.50
Byc 73.4510.26 71.4240.48 70.43%+0.73
L Gal 73.45%+0.26 71.00+0.56 68.98%0.79
Mix 73.45%+0.26 71.28%+0.30 69.03£0.73
control 3.14%+0.12 4.55+0.12 4.3310.29
Byc 3.14£+0.12 3.78+0.23 3.77£0.20
« Gal 3.14%+0.12 3.18+0.32 3.67+0.24
Mix 3.14%+0.12 3.02+0.18 4.67+0.32
control 21.4240.60 24.66%0.66 24.05%0.74
Byc 21.4240.60 23.6410.87 23.28%+0.57
b Gal 21.4240.60 22.80%0.67 23.12+0.59
Mix 21.4240.60 20.77£0.58 25.34%0.69
control 0.15+0.01 0.18+0.00 0.184+0.01
Byc 0.15+0.01 0.16+0.01 0.16+0.01
A/ Gal 0.15+0.01 0.14%£0.01 0.16+0.01
Mix 0.15+0.01 0.14%£0.01 0.184+0.01
control 0.00£0.00 4.94+0.71 9.16+1.04
AR Byc 0.00£0.00 3.14%£0.60 4.00+0.73
Gal 0.00£0.00 3.90+0.80 5.50%0.80
Mix 0.00£0.00 3.4710.47 6.40%+0.86
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1-80. FFH&A AAAA AFY F AHA
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E 1-82. 3RA4A AuPAFe AF F AR
Extracts Oday 5day 13day

control

Byc

Gal

Mix

durgon AW FYFE BAAGe] 1~29 ol &3 BAFozH YAgAY FED
2ol Fa oz Abgre] Ha ok, guoAlsh A B A2FATEIEE TEHAL

. A dudAAg e A3 FAE AE

THAY FGNA LA vEo BAL AAAAe 79 2 Hu|§Y ez F
SE AT B o= dEAAAZA FollA 7} A E4z #9dH BycE dido=
AA Lo EE HES
A5t ALE-s)

rlr

fru

™

Og{:l

i)
A

£

R

Byc 2% 0.2% 349g 45T Fe52rld 91 42ugag 18

ZF AASE AL 203 B2 Aelssich, #EAYe] % BAAENE A7) 9lste]
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1,5, 10, 15, 203 IAT fo] ABAAS A 82 slo], A=
um)e 2 TZs & 5C+1 HFaA] AZsIHEA THAS %233]_3;\_,—_,, ‘E&—“iv A4 el
FE5 MY E Fste] PPO B4 &4 AdgE SHFo2N dHAAXg T wEAE7}
A4S HESA.

PPO A3&&-& 50mM sodium phosphate buffer (pH 6.8) 0.5ml¢} 10mM L—DOPA &< 0.2ml,
A& 0.2ml Z+zF H7F5k PPO (110units/ml) 0.1mlS =33 & B33 =4 (JASCO, V-560,
Japan)E ©]§-3stod 420nmollA 20€7H¢] WME FHsAT. AL S5 TR HstE
#EAst T curveo] HMELZHE A4S

Inhibition(%) = [1—-(A/B)] x 100

A @ Sample®] &3 % B : Blank solution®] 3%

ZAAFe] g e g2 WA T(L=97.79, a=—0.38, b=2.05)2.2 H A3} colorimeter(CR—400,
Minolta Co, Osaka, Japan)& AM&-3l] MEE A5ty O 23S L+(H%), ax(HA %) 2 bx
(%), a/b, AE Lo = Ve ST}.

F 1-832 ZWAAA Mo Alze] vHER A Zgo] e ZHAANEAE dolr ] 9
st AlEE FAdd 03], 5,3], 103], 153], 203] A& Byc FEEE FAstd PPO 484
AshE} 30 AF F ARk TR WIS el Aol

HEXE dHoAsY Agsgd A PPOZY Al
o 203] vhE A Fdx 81.91%= 3|Mdo] AHAAH LS FAFIL JYE ALE VET

3 Byc FEE A HA grod g 2E 5CE£1 A aLd i
243 A7 JxFAdAE F=(Lx)7}F 62.001£0.738 e ¥ 03]~203] AR|3 2=

64.51~64.842 7|7} A&Ax7]9} v]<=3HA S A HAT. AA)FH o7 A e (ax)}
A (b), croma BT B 79 £%E JEiRer, BE AAA T gl HAE
1.47~158, 3% 15.71~15.95, croma 16.05~16.342 Ve E20 32 uHalde w A9 H]
S A% 7] ZHE eI

i
wW
o,
=
2
o3
_?L
ol
{
)

webd ABE A 203 W A sdE gdelA EWt fAHE AL FA ¥ 4
golom, Brt e AETYH S-S AUHT 44 L ASL 1% WBIA5e 203 o
A 7 dgddel aTHE & & AT B ARE ABr)Ee] s)EoldA BelA HE
ol mE FEe Aasty] g5t e AHE Hojop T Aol
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R 1-83. AA3AFd o2 AAAAS] PPO a484 A sdA A3l
47 A
é]j\_,r_ PPO(%) L ax b croma (A4 3)
o=+ - 62.00+0.73 | 1.81+0.04 | 17.18+0.09 | 17.28+0.09

0 82.58+0.89 | 64.51+0.25 | 1.494+0.09 | 15.89+0.41 | 16.34%+0.22

5 82.46+0.47 | 64.66%+0.73 | 1.58+0.04 | 15.98+0.09 | 16.05%+0.09

10 82.49+0.24 | 64.54+1.05 | 1.50£0.04 | 15.71x£0.54 | 16.28%+0.48

15 82.08+1.13 | 64.58+0.71 | 1.58+0.05 | 15.96+0.18 | 16.04%+0.18

20 81.91+0.83 | 64.844+0.53 | 1.47£0.06 | 15.95+0.38 | 16.02%+0.38

[}
Fo=2 oF 2,2809/100g0.2 a7to|HA FE7]|Zo] 2~3U R w4 F2 ukd
e e of 15649 /702 FrletAl Ho2M, 71E WY

7 fEdd 99 nHES e FEI BAAHCl e AeR

DLoF

ol oo

il

Z A A (Byc)el 284§ B4
(7} gl 715%)

£ 1-84. AARASo] Ao fe

e o} 2~ 0 == = = HhE Ayl
< b= | % | Ad e A | wka) | oo A 1|8
THF | &) (%) | E¥ | F= T 3l (&)
10 L 20.00 9,5623.81 20 476

500g | 15,000 | 6.30 | 31.5g | 0.20% | 100 L 200.00 | 95,238.1 20 4,761

1000 L | 2000.00 | 952,380.9 20 47,619
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7t 2EE CO; Aol 23 AR AF F F2 54

T 2t Ag A2 ARSI 2
2 2N-NaOH=Z Az3 gAi7t2s TFAS o] &ste] A5t
AAHYE AR AMHE 2H|
F3hAl Soll "X AL Foleld 2 EV|E AAS T F74 0.03mme] PP filmE bag(20 x 15
cm)e 2 A5 10T 12U7 AgstaA F4 WgE BFedt 27 1%% CO:
A& AAA &2 WMoz AHzslgon mE A¥L 3
HHE St st Th

>

&
=
=
=S

) pH, 7H843 13 ¢ AFME
pHE pH meter(Model Delta 320, Mettler—Toledo, Inc. china) 2 =X3lgom 71-&4 113
o Zd gx A (Atago Hand Refractometer, N1, Japan)2 =33} T}.

oft
o

K
=
1=

A (1L=97.79, a=—0.38, b=—2.05)2.2 B A3} colorimeter(Minolta, CR—200, Japan)& A}
L3l M E =Hs5 1 ZHE Z+Z Hunter' color value?l L, a @ b zte 2 Vel ST
B RTAAE 812 Yehls L g JERRh

2}) =3A 7+ (Texture)
At 2248 1eme A2 Ze A% A sun rheometer(Model compac—1001, Japan)& o|&
sle] A% (hardness)2 =359}, olu) taE e =7 wigko 7 Fgom =2 AL Q] Zo]

10 mm, Y AZ 120%, table speed 120 mm/min, prove= No. 5& A}-&35}$ ).
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wh) £ Wrel b 27

T3 Ko 714 24L& oxygen/carbon dioxide analyzer (902D, Quantek Instruments,
Northboro, MA, USA) & ¢]&3te] FA433th o] of th7]19 7|Az4L 0.5 21%, COE 025
NEo 7 st

—_

A% 5 ndE

2AF8}7] S8kl éa}owﬂ AT FR5E ZAssT. B
ol A Thge 4% Ao 9

SFAl Zek 5 gofl 0.1% Ed WESF

AR sistel 242 0.1 mi& PCA ¥Alo] FFshe] =UAT. 35 Coll A} 48417 E9F Hjok
AAE colonyE AFd FFFE log CFU/gSZ UEATH AEAF 2 dAgo Alg"

BE ZIFE 121CelA A7 < AdE2Ed 2L ol &3ttt

™o
=

o
=

AL A A E
EE dlo]E = SPSS programe- ©]-&3ste] £4HEA 2 Duncan's multiple range test(p<0.05)&

Saste] BAA o4 FASA

o] fFo wWe ol E4& Vehft. CO. AAE A
Algk B3} AlEke] pHE A 7)17to] AojASE Yolx|H A CO; A eldt Aol 4.31, 4.152 4.40,
L Z 78] ¥R TS 68002 CO, T AR =L

% 2-1.CO, AR f-570] Be ANAw Azhe] A 5 pHel W3}

g ElE=h COA =+
12} 4.40£0.06 4.31£0.03
4912} 4.30£0.03 4.15£0.04
793} 4.02£0.08 4.13£0.04
1294} 4.29£0.03 4.16£0.05
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% 2-2. CO; AAT ] §%o] wpE AMAG 7ol AF F 7184
ECECGE]
Z,:

Agd ElES, COA1 2+
12} 6.53+0.31 6.80£0.20
4912} 6.93+0.31 7.20£0.20
793} 7.20£0.00 7.1340.23
124} 6.00£0.00 6.47£0.50

b A(Lghel st

2 A= 7 2 ¢ F e A Lge S48t 29 2- 19 vt AR 713t
S7heell e} Lgk2 Al d ez Hasts S4E B COx A2 77} 78.17914 77.83&
2 2T 78.39014 76.212 Lgte] HAaFol ¥ A St ® HokS wlE Ake] Z
F o7 Aozt FE Aoz ®op COp AYF 77 AWe AdATE W B FE A
& 5 ATk

fr

o

29 2-1. CO, AR §5o me AAADG Xzl AF F
L 7ol w3



A Aoz AZHAG. 24 BEE LOEE osEs FEI} £ A%d SA0L =
Aslmz o] AsEE How 22T & gt

X 2-3. COz AATS F5o g2 AAAG Ao AR F £
714 =A< W3}

2] CO2A 2] 7+
A7t 0s COs (%) 0. (%) CO; (%)
1=} 20.70 0.20 19.23 9.30
4 =} 18.17 2.50 17.27 14.73
7 2} 14.97 5.77 14.53 7.80
122 =} 12.40 5.37 11.67 5.70

2}) hardness¢] ¥ 3}

a9 2201 CO, AA fFol we 227 54& Hehidrh. 2TE A7kl A
gol wheh 2 sk YAtH UHA HFES F4F g4E BE% 1 F US 38 AT
27k Mg =2 Zo] WMEE BHAEE o= 2oy A 2ARL oL AL EAATE AL
o4 4 9tk CO, HE AT dA e A
trt Agzte] 2 wri SAs gas
et We ALY A9 hardness7t FAS Z7bsink gasts AW BHI AAYZL F7}
A7 e FH

i

3 2-2. CO; AAH fFel @2 AHA-ADE A7 A F hardnesso] W3}

oh) 2@se] W)
2A2) 7ok CO, A2 e AAR Azte] A% 3
47)7ko] Z7hatel wel oA 4_ kol Zhake

4 Was 29 2-30] YRR A
A}, 2 Aol oA g CO,

_Ilm O}II
N,

filo

bz
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a9

2-3. CO, AA S %o 2 AAAY Az AF F
F@5o W3

A s T 2T v& AR =7 e AL
i—%%}ﬂ 22 7}3E AAE AeE #5718S 7Y Uz 3

dot
ro
ol
o,
B
Au)
2
ol
ﬂ
me
)
=2
=)
o
i
4
N
)
A

A Fske Ae a8
AAG Al F5718 dFS 28 nAE Ao FHAAY Fr1HA SEVIE Jwe] #
NeRoa

3) Qo

AMHo| Atz et 2EE CO, Mo aRE AZYTH LEE COlA A Az
b mzTol WA e L g n4E 4% A moe R u4E A% A mie
2 CO; =71 =4 FAEHEA 2714 Alde Asol Mg Aoz Azt

74 A&
d71¢] CO. AA o A3 A5k 2o Hx e S Al FSFHFN At 22
Wz At

A T slicer® o] 83l 8xzto g7 B¢t =242 50C2 2E =S Water
bath Fxo] Yol 30x7t EWF Adstidth Adg F FolekdE E7IE AAst PP
film(0.03 mm) bag(15 x 20 cm)e.2 W AU AAE & A2 25 (45, 108)2 1S
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geiste] 129 B9 AFSAA 39 BHOE HEL BAAYT. BE 4P 3W WRY 2
sz v 9o,

o FAEH 2 SARY

Ar71¢9] CO, A oA] A}&3F 2o vH 8 A18-5FH Tt

2) A% 2 uF

7b) pH 2 7144 mHE FFel dst

He Buy AU A4EH Al AT F pH B /84 neEe WaE T 2ot
F 2-4, & 2-5¢] YERSATE & Al e pHet 7HEd n@ R EWH A3 AlRTL 4.26

A%e B dzTo vnEge
JERol EaH At AHRE A}
ol3taty B4 oln A% AL mATE AL duthy & 5 ok Tt AL
Wolx) g¥o} 4Te] ATk ool LrEhiAT.

ol A 44622, 6.27°Brix o4 6.83°Brix 2.2 Z7}st=
W B3 A Aol HL pHet 7184 TRE FHL
o)
o uE Fol=

¢

¥ 2-4 AL 293 Aol F7o) B AAEG A2 AF F pH
DR:E]
A4 712k CES nag A
03} 4.05 4.26
3=t 4.33 4.42
6=} 4.46 4.46
99l 2} 4.34 4.44
129} 4.38 4.46
25 AL BAY Aol wE o {70l upE AAA Atz Y
 7H44 1R A3
A4 17 OES Bag AT
0=} 6.80+0.20 6.27+0.50
3=}k 5.37+0.06 6.2310.15
6=} 6.6310.32 7.20£0.20
9 =} 7.07£0.50 6.80+0.20
12 =} 6.6710.12 6.8310.15
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b A(LgH e Wl
A7g717ke] dojdol me} Lge Hadte %S JepiAH(E 2-6). 7] Lg& =24 3
ol7} vA] gigkont EWA At A|87F 10CeA 72,4002 thzT 71.980) vl o &2
e VERIT. AR 394 dxTE 74552 ¥ EdA HygE 753302 %7] L
75.6000 HlE} ZA FAaHA] S AR B ouf WA A Awe ABE AAAHE <
& 5 ARk olHF AT dANE A R mac BAL WeEAY 223350
3 =R

uel AWYe =FAU BA @27t ARET A LEE

g

2ol AFT ez AU Al57 AFE PJrO‘Cﬂ 7] &l o
of me}t JEjrt EebA —?3'%717} At Aol BAZ 27] Lkl UE vA Ao 71-727)
2 Yolno} BHE 74-758 FXA8t AFA ZA EAES dode 5L ol

F 2-6. A EIF A {5l ALNEG Ao AF F Lgke] w3
P e skl
4°C 10C 4°C 10C
0=} 75.78£0.92 75.61+0.81 76.19£1.28 75.60£0.81
3 =) 75.06%£1.09 74.55%£1.02 76.08t1.12 75.33£1.39
6=} 74.53%+1.26 73.82+2.17 75.83%£1.13 74.35%1.37
9 =} 73.57%£1.97 72.66%£2.28 75.58*1.39 73.62%£1.78
124} 72.32+2.13 71.98%£1.93 75.28%x1.15 72.40£1.99
o 273 hﬂ Z73 w3z
X 2-7oA He wheh ol AF2Ed wE ZAl 240 dEE FAZ A A=
Ag7)kol AodSE Aths HA gasta oldstgas Ik ¥ B 4C A%
LEoAE Ak} 19.77014 14.30% 2 & 10ColA 19.23, 11.45% B}t o] EA Vepgeh v
2 olasteta 24 4C7 10CEY o WA Yehstth 28y B0y 570 w}e 2ol
L ox

&3

Ptk mEtA AA-E AFS fFF Folv HE A ¥

A
E% st Aol $4 470 Egol 8 Zolan Az
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E2-7. AL BAR A2 {700 AQAS Azel A% 5 G ) 714 249 W95

s = A
Az 717k 4°C 10C 4°C 10C

0s COy 03 COq 02 COy 02 COq
02l =} 19.77 0.43 19.23 1.73 19.70 0.57 19.30 0.66
39) z} 16.85 4.05 10.10 | 10.00 | 16.90 3.57 11.15 9.80
62l 2} 13.93 5.83 10.50 | 10.63 | 14.65 4.90 10.95 8.30
99z} 12.20 6.85 17.47 5.27 14.03 4.67 9.83 8.87
122 2) 14.30 3.13 11.45 9.60 13.80 5.03 8.07 10.50

O 2-4e B fF B2 AH4- G A7) A% F hardnesse] W3S HoFy 9ot
Ag 2, A 6dAAAE 2T o 2 3 JERIAAT 64 olFdl= £ AT
A H 2 ghe dedh AT 22 guesle 249 2347 242 Bda 2ud A
2 Al ol wls okg Aolekm AZalATh. T Aol AelAEA 2 FolE of

a3 2-4. AL 943 A {50 AAAD Ao AR F
hardness2] W3}

Axdwol AThel By Azll W 2w A GTE FAsATh 2EL PET 5+ Y= Lgel B
3 YzTol Hala B4R AYTI BE AF A% F 2L g2 4XeE Acs FAAHAT A%
2% A% 10CHT 4THA 43T o 29 ol 57} o £& o= FAATG. 2 9 olsha

=
B
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. aE= CO: AY, A2 £ Ao =599 HEA2 2 A& ad

7 ZEE CO; Hge} L3 & ascorbic acid & HW-& g

FolEld 2 Rol EV|E AAS T AA A ‘?zlfﬂ]f”] |71d dol COE
o oA 12-13A17 5 A s AlgE AER 253 A E ST

A= 74% A2 8xzto® B3 ¥, 2Su w7 (40 kHz, Daihan Scientific Co.,

Ltd, Korea)& ©|-&3slod S/l AXA|stHA 1

HA 127 A2 (VAT Z2As HgE vk Algls A nkel 22 oz ¥4,

AGstaA F4HEE S5

) A2 B Ayt 259 HE A
AZgE ALZLE slicerg o] 83t 8xZtez E 3T
Water bath %) AlFE €o] 3
oA e AlgE US, 281 $/FE 91 50C2 258 243 & 12 7 259 A
BUSTZ at3ith. A2 ERAFA 257 BE&AT Addd T 24 9 A% F

A B
FAWUSE A& PET 2L ow s

47151 Co, A2, Xii 2a Aol A AT AT e ES Ak

7F) CO; A&a e} =Su} ¥ ascorbic acid & H-& g
(1) p 7HEAd YR kel W3

o
S
L&

CO, & Z&uto} gFAWAZ A ascorbic acid$} 2L3E HEA T3 A4t
2! £ AT 23= 3" 2-5 IF 2-60Ae 2o 1

2, gL A WE A A pHe AF 7t wat HApHez Fa

stohrt 12 3kel Frtkstant. 3744 B3 A F(BUS)7F 78 22 3h& vehl A 274717t
Mas Wolx wstolt, fzTel Watgol A% A ATHEE Z Aol Wl
EAAT 1 F AA A US BE A7t =& pH s e AT. A7 1dxtdl= AA

K-
i
N
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US 38 A7t 7 B % BYT A% 12830 AL YA 4 2 e
o2 AFr|Telt AYTE FAHY Hol7} glE AL G

a9 2-5. 1F%E CO; A9 =33 2 ascorbic acid €9 W&

Ao mE AAEG Atdhel A3 F pHel w3}

a9 2-6. 1FE CO; A9 289 2 ascorbic acid €9 W&

Aol }E AHAG Ao AF F H4A nFEe W

T- -

(2) A (Lgh)el s}
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A= ascorbic acidet ZFT B b7k HRAZFAA FHES =2 LE fASIAL
M A 129 Foll lojAE gabvk: 9d A FolA 238 &2 Lghs &
Hozg EFA HAAYEA sblx dxxgive FZ2UAY 253 My F EFA

a9 2-7. 1% CO; A9 &9 D ascorbic acid 8 W& A&
o2 AAAG AL# e A F Lk st

q
O
1E% CO, Aot 23 ¥ ascorbic acid 89 W& A3 AL AAE 24 AR
Ao M3s A% Z2os 28 2-84 Yepdth. A7
2

1
z7] F7Fsltrt Alzke] 24E fAHE ATS

BT, CO, AT TE 271%H AUHoR L #e §AFANA A 297 24D T B
43 gastgdh 53 CO5 2872 HEAUT APIME AF 19ARE & 0, 3%
g Qe ot 23 1%

weA Bd o WEHAY gEOR AR TF W Ak
of A% 1247 ¢le ATl BAC] 109 WAE FASAT Sabztae A 54 FHEH <
6-9% eIl dAHsHA FA= Aot
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a9y 2-8. 1FE COz A9 =&y A ascorbic acid 89

At o] A F Lzke] Wsh(F: 0; 9 COz)

(4) FT<] ¥}

% Wsts 23 2-9¢ YeERiATh A
A A Srhehe Ae ¢ § AT AF 27 A B
o2 A= AA+USHE| T+

2 W=, & ascorbic acid &

i
N

Y

>{

flo

ol

°
_l

[11

kv

o

L o

a9} 239 9 ascorbic acid £ H &

g 2-9. a1 5% CO;
At ] A F Fae] W

Aol e AAE T

(5) #54 54
TX CO: Aot 223 2 Ascorbic acid 89 HE sk AXA-dG Alzhe] A3 16Y
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A AE ARNE 28 2-100) 49k 2k CO, A2 454 wabds CO, A3 AB(LEZ)7}
CO; HEE oA &2 AR(YF)o] vste] ZWE T WAuby FHo] 5314 #ZEHAJL. 5
3] CO» A& sHAl B2 A8 = A7 EFolA secondary browningell ]33 2 H /o]
waEen uAdEd o3 i 52 —%79.0] T2 AF A4 A FFo17tA] A = o
ARet COr AHEF AlRodA= oleidt ddEC] LA Ut F/HF AgF (=T
1,2¥ )1} ascorbic acid A& F-(3,4¥ ) & ascorbic acide} Z2S-n} H-& X2 (5,6 )2 =&+
ARG Apols A UERGA giskth watA s® CO, Ags AAddT Atztel &

| FrAll Z37F dRew A7 7|7ko] dojd
7 AFAA el e AT HsiA dAEE & 7 A

749 WASl= secondary browning

—10. 1% % CO; A9 &3 2 Ascorbic acid €9 ¥WL Az o=

(#H: A9, §:COz . 1, 291 5

=
T

3

AA 3, 49 AA ZA 5, 6 AA+2SH)

W) A2 B Ay 259 B8 A

(1) pH 8 7184 19 &= 3}

Az EWY Aot 250 HE A ©E Addd Abke] A F pH H 7 19
2ol Wgs 243 Ay 19 2-11, 29 2-1264 ¢ 2l pHE AZ 7|7t wat gxp3 o
2 Frhetlov AgeEd e Aole wol HA ot 4Co AIE vepddnt. 7H4d o
FE FF £ 2=, AYFE AolE HolA ol =8 A AUt ogaty SAd= E o
2 9%e "AA g= AR dAddEy
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a7 2-11. 42 BAR A 285t §4 Ao BE NAAG
Aol 44 F pHel W3}

Aol A% F M8 ngEe] s

(2) Lgke) w3l

A B i%ﬂl@r Zo9 BE Ao & Addd Atzkel A F Lgke Wste o
2—13, 238 2—-149 49} o] AR7|7to] AdolAd wa} ZAstE A'S Vel 9t AL

of M2 zols ALl 4TCoA AFEYS ) 10CAA] Kb Lkl Walrh <kzk vA e
th 4Tk 10C A Addd Abgk 2% 27 Lgk2 dAg g met 2 2ol& vk
gov EHY A3 AB7F 2Tl HE 25 H =2 7S YEld. B3 2d A
2 (B)st B8 A (BUS)E Wlwstd, B8 Ad77F A% A71kell dA Lgkol 71 =4 v
Az fAef 7 AR olzta AlsEnh BRI 233 A4 dEC R HYse A

r>4 Fl
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ol Aelol BE Aot A9 ggon FHYT hERTEdE B L FASGo
BEAYRTE W Lghe fASE el Bay Ay 2w At 2de A9
SEREES S5 olF PHS FEAUES APS W 2ACiAd 457 TA 9

a9 2-13. A2 £33

]
Azte] A F Lzkel W3} (10C)
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kd

) ZA Y 1A =4 W3

Ae B A 250 ¥ AP w2 4449 Ak A F 2F W V1A =
T 2y 2-1504 9 2. Aol mE JA g E Zole vEhA ot thxT

EET F ot e ¢S Btk tAE e fasta oidstgas sk

Fe BAAT AFLE 10T 4C g5t o F43%

T 34 £ AdemdA 94 B @wE) fEdd ez wdE.

3 R v, Hed mE Aole 2A YA 4ternw &

2 9%L FAA gt Aoz dodn

N
AL
4

e _E o
o

a9 2-15. AL BAF Ao 289 BE Aol B2 VALY Aol A% F ¥F )
1A =4 st (3 4C, 9 10C

(4) Hardness ®3}
ENY 2 25 HE&AY 2 Ad-TE A9 A 5 hardness] WIS ERA 2
= 138 2-16(4TC), 28 2-17(10C)ol A BE ule) 2o 23Ry B84 Hatso] ¢
2 S UERSAIRE AR 77l AojAsE O Atolrt A At AF2Ed et
= 4T A A3 A goA Amzog o7t ¥ F& hardnesszkS VYERIT. My 74
ole AA7ItH AFLEd wet Aozt Aot E8F MW EC] hardnessel w
= Qe x| gL Aoz AZHn
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I 2-16. A& £ A7 259 HE Ao g2 JAAddG
At#+e] A4 % Hardness W3} (4C)

a9y 2-17. A2 2 A9 239 ¥E Ao 2 44
Azl A7 & Hardness ¥3} (10TC)

3) &<

Aol Atz tisiA B84 MR CO,, ERAY, 253 Ao g2¥ a7E A5t
Hoh. CO: FAHE T vunFye v, TF= COM A & EWH, 253 HE& A3 Al
A 2 AP £x7l 2o AL ATt 53] CO: A= IR Zd 2 nAdE
o ¢]%F secondary browning @Aro] thxTtoll HlEHA @A oA ®H Ao AT wat
A AdHe] Abgke] 1A AgHoeEN uF: CO; Aol Hdsd, BRI 259

j
o Wg Aol A% wHE Qe Ao 47 Wrh

AR Alshe] 2 S AAY BHoz IFE CO, g, ALBAA,

o

A Az 249 ©E 2 YA 572 ARSAT. 429 BaF A T AHED A
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A

COz g Alelle &4 At AASH US

2 2E Aow UEyT. A%l

| 15T

3]

S =
= o

J

A
o

o)
-
3

Azt

o5

St

°

Fstel %7}
Mg Ael A gl
SR E

O

_Lmo

9l

3

2

X
[}

Hol o &z olatn ALgE oA},

ISl
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=
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T

T

J 2 2ot

&

1y CO, A a7 ¥ A Ao} secondary browning©]
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2. 294 A ¥4 A3 A+

AFA A 2w A 24 AR

HEAE zdd mE 4Adyo] ‘T2 Atzmbe] AW A4S dolRy AH W8 U
ZAst7] €18l Box—Behnken Designell 9ste] A3 A & Ast9 o™, SAS program2 A}
£35te] v EW I ARAS AASHY. AF gdWgE 280 AP AIZH(X,), ascorbic acid
EF(X,) 2 citric acid FFH(Xy) o2 3tgom T 2-837 Zo] 3gARZ 25359}, oS A
Qo] HRE P A A" 29 AE e V|FSER dF"E R4S 3

S o] &35t At WERHEA R ZANSHY T

[e]
# 2-8. RSMS QI3 43 e+

A7

b mlo 4

ol

Mathematica program

X; Independent variable
-1 0 1
X, Ultrasonication time (min) 0.5 1 1.5
X2 Ascorbic acid (%) 0.1 1.05 2
X3 Citric acid (%) 0 0.5 1
AT 5 F 2-99 Zo] 3/ QAT 3FES AEE 13702 AAsIen o
S QW s we HSHF(Y)2e AR 129A9 AEE AASY 3 AZAS AA
31 olF zdol TR WAL JFL 28 2L HEez Yoo
2-9. 44 27 o 3 A9 A7
Non—coded variables Coded variables
Sample Ultrasonication Ascorbic Citric
X1 Xz X3 ) ) ) )
Time (min) Acid (%) Acid (%)
TAC1 -1 -1 0 0.5 0.1 0.5
TAC2 1 -1 0 1.5 0.1 0.5
TAC3 -1 1 0 0.5 2 0.5
TAC4 1 1 0 1.5 2 0.5
TACS -1 0 -1 0.5 1.05 0
TAC6 1 0 -1 1.5 1.05 0
TAC7 -1 0 1 0.5 1.05 1
TACS8 1 0 1 1.5 1.05 1
TAC9 0 -1 -1 1 0.1 0
TAC10 0 1 -1 1 2 0
TAC11 0 -1 1 1 0.1 1
TAC12 0 1 1 1 2 1
TAC13 0 0 0 1 1.05 0.5
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ko

) A= 27

kel

ZF WAF(L=97.79, a=—0.38, b=—2.05)2.2 XH A3} colorimeter(Minolta, CR—400, Japan)S A}
&ote] MEE FAHsta 1 ZAE ZZ L, ax & bx ez YRt B o] Fo=
chroma¢} hue angleZ YERJSITE.

) gHE =4

HN2g 43 A Felo] 2ol AR ANAFE ZASEOH, AR B 42 WHE
o G el zALSH A

2) A% 2 nF

7h) Az g Aol w3l

Azt AWzl WE 17 2-18, 28 2-199 YEMAT. & ATl HEA 2%
ascorbic acid¢} 1% citric acid €& o] &3ato] 187F 283 M g g TACI27} =AH A
A FEANA 53 gHE BYrh 2%9] ascorbic acid &ML o] &3+ TAC3, TAC4 2 TAC10
¢k TAC12& wlas] B TAC3# TAC4e] A% th& Agzxzde Fdsht A Azke] zz}
0583 15827 ztol7} QeH TACAE AP 7|2 Z4F Lgto] mMzA Zistgern
TAC3-2 TAC49) v]&te Lxgko] HulAl #Aasdth. 28y F A+ 2F TACI129| ]3| th
A EL bz BRYT TACLAE AX 4L4A7IAE 7 78 Hoo) WAool @ad 7MA157}
A kot A B2 A& FAHSH FUiete A4S Bien TAC3Y Afde A
g FUEE 3 oo Awo] o HA BT Citric acide] A AFZE Zag TACIO0
7 TAC12E w|@sfE™, citric acidE 3R] ¥ TACI09] axP b*xjk2 o] 7|3+
TACI29F A A &S B} L 3hd tha wgton i3 75 2o Z /A4
T 4 o g2 Ze® veut. v, TACL29] A AR7ZE 5 fdFoz 7 W2
AE ghol #AEReH A% Tz 24E o 2old BHE e ZAEACUY 4R
A2 A HARA ghol 27| AbF Aol fA]of 7HF &FAQ AL & F AT

N
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a3 2-18. AF 7|7t o}
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g 2-19. A% 71zl mE ZAEEe W

) HE Ay e A3
ZH A3 Ay AlAdHo] Alzte] AE Fhell thel 283 A3 A 7H(X1),ascorbicacidd =(X2)
2 citric acid F=(X3)9 &S FAS 23, =4 IFYS oS3 2.

Y=23.369311—18.890132X1—7.549377X2+4.516053X3+9.175000X12—0.373684X1X2+1.937673X22+0.30
0000X1X3—-1.410526X2X3—4.915000X32

g4 R2 #%E 0.94102 =& FBBAS e 10% sEelA #e/de] A3
ok 2™ 2-20014 £ o AE Fel Wik w859 9FL AYATE B citric acid F=

H] 8} ascorbic acid =7} HlA= %] 4 © & AL & F d=H, %—QEU%%/\#E E
3 =3 Ao E AEZE AL e HYPFxAL 289 AFAIZE 1.03%, ascorbic acid
FE 1.66% ¥ citric acid % 0.88% oo} AEZF gk wjo] =AL 2 0.978, 0.10%
2 0.49%2 2 223t A A7k tdF ke mx okl Aoz e O™ ascorbic acid &
9} citric acid 3% EF =&55F 24 A 297 =2 ATS Bt
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(%) pioe oy

a8 2-20. ‘FA' A AE =1 HAs A

o) @
Ad®el FAA 2 oA WAy wHel AT s 2w AL

=
acid =%, citric acid T8 ¥4z sto 137] 2742 UJFoli A¥L Adstgct. 2%
)=

ascorbic acid, 1% citric acid®2 18 7 2&3E #HE A3 AFFAA 2 dalo] 713 o
A EE AL B 5 ANL, 1) 24 ARES olgskd W BW BAML A48
ok 3 A4 e R2 3k 0.94102 =2 A#TAAE Yeigled, HE 2748 253 AZA|7

1.03%&, ascorbic acid & 1.66% % citric acid %= 0.88%=% }E}T}.

F3e AW aE3m 243 FS EFY A

2 zARIYT. &, A2 8xzo ' FHusle] x2S
1}9} ascorbic acid®] A& ga|d & PP

ol TAS AgsEA A, PPO B 2 3
SEd U S BA
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D AR 2

7h) 2ldHo] dxE 2 2239} ascorbic acide] A&

o] 230 g W&ol ﬂ%o] Az /‘Pﬂri Aelste] A" & cork borer (o 1.5 cm)E
ol &35t IE HOE YEFoR TwE F 05 cm FARZ FEso y23 e HAHE A
zatanh M zAd, 5‘17‘3 A ARG B 2= A APdde At APEVIE 3 R A}
g 8x7e] £tol2 FEHE Hwste o]ttt t2=ay A dHE 253 #7140
kHz, Daihan Scientific Co., Ltd, Korea)Z& o] &3} FHFFo HAAst] 187 A (227 A
2, US)8FAY 1% ascorbic acid &8 X stHA 187 &3 A8 (L3¢} ascorbic acid
Haxy, UA)stes, 283 A7 glo] 1% ascorbic acid g0 1£27F FA](ascorbic acid
A, AA)stATH A2 T (Cont)= AMHAHE FHF & 202 272 o] &3t} A
Y3k Al dHe Fo] gleE AW E7|E AAS & dFHF 3+ polypropylene (PP, 0.04
mm) FEW tx2z3gL 15704, Selo]xyg L 57 Yo A3 T 10T &-27](Vision
Scientific Co., Ltd., Korea)ol] A&AstHA 12 ZoF 4 7t A H3ls =8 Y.

AF&9 ascorbic acid N7 ZFHFFE 10C7A Y447 & /\}%8}9}5}.

r_{

=

N
] o
n{m

3

*

Hri
I

mlm
Ay
N

A
A== colorimeter (CR—400, Minolta Co., Japan)2 M % 3} 5l JER QT =,
CIE L*a*gl b* 3t& A5ttt

t}) Polyphonol oxidase(PPO) &4 &

2 B Fa42 48X PPO tiE HEAg e aFE Fsty] flotd BaEHS =
Attt 2549 FEL U7 Zo| FsYTh. =, Al AWl polyvinylpolypyrrolidone
(PVPP, 50 g/ o] 3 Wg Aee] 50 mM AAAF &N (2EA FE58: pH 5.0, &4 FF

€1 pH 7.0)& 718 F WF FoAA T27E o8t 283 mkf 3 Hg 47 ] cheese cloth
2 At AL 4T A 3027 Y422 (18,000xg) stom 1 F5HE Aol o

L3519t Atg 7HSof] 50 mM 1A= (pH 7.0)L 7}star PVPP(50 g/L)$}F 37 nha)), 44
B ste] 2E49L Axstn 0.2 mLe 100 mM catechol 93} 1.7 mLe] £3589 (10 mM
citrate—20 mM sodium phosphate (pH 3.0~4.5), 20 mM sodium phosphate(pH 5.0~8.0))-& 2 7}3}F
3 23 A,hNL 718 spectrophotometer (Optizen 2120UV, Mecasys, Korea)E ©]-&3}] 420nm
oAl 58 B¢ FHEE FASYT. B4 42 189 F¥=7F 0.001 H3l= A 1 unit
(U)o g 3t o= Ztzte] whild =k o &7 v} specific activity (U/mg)2 E AT}
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=

2) A% 2 12

A

M BAES

(1) 2=l s}

A4 F Aol Waps 27 2-210] GEIRCH 7
dwrdoz AFo 9@ AMFEL 2¥ASY A
e gddel FAF AF] AL o)

T 49
£ ATAA Lego] PoslE FFE HAEH Lgel F4% agkel 37k )

o
A
o
>
N
=
y O
N
r
2
[-'O
el
r
o
rd
)
N
=

a9 2-21. AF 71 mE FRA EFY Mxo W

Ascorbic acid= polyphenole] 4t&}o]l o]3] WA S}= o—quinone®] A AL A3} dihydroxy
polyphenol2 #ste H&S st= 2oz daA vk 22} AFE-E ascorbic acid®] 4
ol uZE W o—quinone®) FHI} FA Zwol FHAsA LA "ok B dFME AF
z7ld= AA AT FHg ek US M Fo vs) 22 L:agts Eiov A3 3712 2
TE Zulo] dASA Frtste EAS B
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(2) PPOZA 9] W3}
ZHAS Ay AZ AAdFHo] Al 2HEE FEI 2aLA 71E AHE
Hels 9 2-229 O9 2-239 JERST. F AHE T A UM =L E48 HYon
o mE FFx= W3}

a9 2-22. A Y

a8 2-23. A& 7]17td w2 PPOE A <] w3}

Gonzélez

=0
O
U

T 7R T2 "AUZ st 2H-E
Al ascorbic acid7}F &4 9] active sited] A3t PPOE 8|71 3
Agol= A7 F ascorbic

US AHZFdA=E FAHFA A FARE ®¥g FFE Btk Ariase}
ascorbic acid®] A&7} & o Azt stgth AR

As)= PPOS 712 o] FA
o7 B@AHIANTIE Aot E & A= PPO 7|2l EAE
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acid7} PPO oJaf Akslel whE4tES fAA7|= dlo o &5 7] Wj&dl, PPO &4 =74 A
%719 lag phase’} #&AEFEH I o|F2 = ThA &A4o] FrlsHl He 7H9HYd &4 At
DG Zlolth B dAFddAs AA HgFddA 54 7)o 1& Hx=9 lag phaser} w3
HAeH ol TR A4 dEst=tl, ol A Al# Ao A PPOS} At ofm] &
Aste 7129 dAesd dFEEC] AR FHEFsHA A" FTHAGES FdA7I=d A=
ascorbic acid7} o] &% 7] W& Aoz AztEch v, UA Ao A a4 4o A
o] Vet R] ¢9k=d] o]& ascorbic acid @& gl v]8] ©A] lag phase’} ¢

of EAagAgo] oAE FHoletr] Bt WHEAHIIF ALaBAP HHHoR F

1

AZE A7 o
Fe FA7] o

H
A4 Fo) A Wake 19 2-249 P FA BET opbAE UA AT Le ghol
7F 591 §oHoz 7 =L F£Foz SAHQOM ax kS AA AT FoFo
= F AR T2 242 UA Ay F9Y bxgke] 78 B Fo8

2% 2-24. A% Aol E 2% AT A% W3

(2) PPO &/J¢] Wl
A% F PPOZAe] wsls 27 2-25¢ JERfdch. ZH A AHe Ade] ‘artE
Atke] AR & PPO &4 ®HgE ARSI ERE AHEFodA A 7|2 Z4E PPO &4
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ol &3] F7tstAth UA AT A felHez 71 ¥e 58 B ARVL F
b A9 FHAol A" ‘ZA AtFetes iy A TR Q—’F% aigAdol Frkstai.
‘T2 Al A eb mbErbA R BAE et US A FollAE Adk 3o Zwo] dAEe
M AA A FAE F 2 4 3o ol J&é‘ﬂ‘}i v UA AT 3¢ A9
ool wbAEA] ergtem R ZEF el ascorbic acide] WEHZTE AR AL FHAH
A E 70 RS & 5 A

a9 2-25. A% 77t wE ‘#72’ Alze] PPO @4 W3

A ol A Wste 3" 2-263 2o oA AWE FA 9 2R FF3 npEvt
AR BE FFAAE HEA A% ZHAs adrt FAHAG. F, AZVE S
UA A FollA] frofez 5o £29 L gho] AU, axo} b kel A Azzddz
A ALA7A = AA ATt FolHer L3 FEE Edov AF TR EFFE 79

Aoz we gol BAFe] we Ao fAHE AL T & AUTh
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2% 2-26. A3 7170l WE FL AHe] A% W

(2) PPOZA 2] W3}

gdiAs) Agd AdHol TS Abme] AR F PPO A

= Has AT (O
2-27).

I 2-27. A 7136 @2 F& Aol PPO #4 WSt
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2E AHIFAAM AF 8dA7A= PPO &40l #AAdte AT Holtprt 12U
F7Fst=d, §3] US AglFe] &do] F43] Asstatt. UA A7 A9 dA dF
T2 2% 9] At@ets 28 A7 de= PPO &do] #AFHAW. et 7%*711} T O
Aol v foFom o @AYol fA|FHol WA ‘T FF A PPO &4
o AT U} e Aoz YEdT.

AXHo] ‘&=, ‘AVIFE, ‘TL Al disia Azt 1% ascorbic acide} 40KHzo

€ A o3 ZW oA S Gl TR AFe ARt HE A S
G WP AF 12903 1A o1F B Le g3k, S PPORAE BT, 2 o UnA F
FFAAE ‘FA FFUHEFL olUAR EE AFFNA #ZAW A M ZaAHd A
o2 A o] ZIAE FoA AAHdHe] AlFe] AW AAE HAF AAHZEA 1%
ascorbic acid¢} 40KHz z-guo] WE g7l mj-¢ &3l Ao =w Alg HU}.

o AR FYFel 2A Ade A% BHH AP AE

7h) Al F o]

Ao AHEH FAFT FHT HYHAA LS crisphead typeo] FAFE AP T
TYste] ARSI TE FFFE AGE AR £o2 Ao 9023 SR FA(HEF),
40KHz9] &3 g 7|olA 9027t 20 A (2&H), 45T A 9027F EHA Xz (EH
), B3 2107 289 HE F EHA A (2 + ERF)FAT. AAHE F 0.03mm
OPP film (30 x 20)e] & A & 10T A 99 ES AAstHA F2 EAHL ZA59T

) Az 4
colorimeter (CR—400, Minolta Co, Osaka, Japan)Z& WA3}(1.=97.79, a=—0.38, b=2.05)c.8 HA
Sl Lx(AT) ax(HFA ) 2 bx(FN%) e S

t}) PPO, POD &4 E4

0.5%¢] PVPPE g-8-3F 0.2 M sodium phosphat buffer (pH 7.0) 20 ml& A3 10 g 37
homogenizer2 wF2&35l9th. 4C, 3,000 rpme] Az 1087 dARYse] 2 AL =
Fadoz stk PPOE 723 o) AW buffer2 gHE 0.02M¢] catechol €9 2.4 mlo|
Za4% 0.8 mlE 2] 420 nmo A =35t 2, POD= 25 mM guaiacol®} 25 mMe] hydrogen
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peroxide® -3} 0.05 M sodium phosphate buffer (pH 7.0) 2.8 mlel] &4 0.2. ml& ¥
470 nmo| A SAs Yt &4 Al buffers® Y& AL blankz stgon, FF=rt 127
0.001 ®Hsle AL 1 unite 2 st Veh ST

AlE 10 g9 methanol 20mL-g 7}&}9] homogenizer2 T&A3}5IUTE. 4789 cheese cloth®
ATg Z1& 15000 goll A 1587 AR st O A AE BFFTAZ 437Tnmoll A FH 3}
Hot.

) Z2HE 524

AEEol A oF lem7bFg ZA A2 F 2g& FHASIGth 20mLe S/ AUEste] 35C
9] water batholl Al 2417+ 5 FZ5te] o7 (Whatman No.2)3+ F 233357 (Optizen 2120,
Mecasys, Korea)E o]&3ste] 420nmoA TF =2 =AHs Tt

B FEF 24
AR 1gol 0.1% PES 9 mE 7+ g Aoz sl 10-fold 4P o2 BAER 34

stk 1 ml¥ pour platingdk § 35Co A 4812417k wjeFste] FA® HES At log
CFU/gol #ej2 FEAISHTh

A pH R % 84 TEE P B

Aget FRTY HE LR st mdld § AF{3 dg AQoz sto, 24 TR
(Master—a, Atago Co., Tokyo, Japan)Z 7}8A 2HE TS =AY enm, pH meter
(Delta320, Mettler—Toledo Inc., Shanghai, China) o

|F5ta a7 g g 159 e e o8, M, AdE, 28 dx, 2

ﬁ
W9, WikE Jawel tetel 97 AWR(1=rl$ 4L, 3=a¢, 5=RE, T=F&, 9=0)¢
1

Zo)o 7 AASYUT A He FEL ¥ 7|FE (9! none, 70 10%1]%F, 5: 10—25%, 3
25-50%, 1: 50% =35 At HrlstA s

2) Az & 13

7h) ME ¥3}

A 717ke w2 AldWEo] FAFe Ax WE 7 2-28¢ YeERTE. L 32 A% 7]
T EY AYFERZ E Aolg Holx| &gha, ax g2 WAHoZ ARAHE FHol B F gl
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a9 2-28. A 717kl w
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iy
A
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:;) PPO, POD activity ¥3}
09} PODE= =
- g‘iﬂ %_]_3 bl
LEAs Aoz oA o]g FAo] Bt Fho|H, oA 3
= dusioz <o QTh. 7 2-303 o] PPOS} Aol grgo] vom
o] o A5)= 7‘12 le AES HYt. Mz o] W3l PODe] &7d&
= AL 32l Y= - B b Al z2ed + Bl
o o] 27E Bz 4% i, B4 B4 94 B8 AT A
admie] opael B oA AB AN 71 ol
SN = s %E]Z_‘] ;HE]H‘]O
Hoe =2

iy
g
o
o
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]

2
OE,QN
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A3}

PPO, POD & A

=
T

a9 2-30. AF 717kl w

w
)

e
R

3

%0
b3
ol

Tor

Nlo

=

o

=
=

o ogd Ay TolA g 2

$H by g

dFe BYo. iz

A

1 g

Ael e A%

3}t

8

R

7

gk olfel thalA=

A s

3]

A= dFel AL
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g 2-31. A% 717 2 A= FFel Est

a3 2-320] UEhiITh A 1S AST BE ATl A THET}
A%e Beth A% Ws), PPO 2 POD #s}, 7= wste) Avbel go| 4% mixg
& Bdy 9UAHY T 2ol b Akl AW ® AL B T & AT, ¥
§ ATl TWET} b e Aoz AR

s

o

a9 2-32. AF 7|7l @2 AW xo] w3}
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o})
qx

of

Fis
7

O

i 5}
71zko] Foletel Wt F w7t A&M Srkshks AL skt (a™2-33). A
F6dA A= HE2Te FHEet 7P =0 A e g 259, SR Bl Az
T 7 Be Tl HEHAY. ZUESS riA R W AT AF 271%H rhA

T

% og kA b R & #5439 @ 5 AQR, 285 + 2P ¥E Aot AMH]
FYFe] BAL AT BE, AAEH A3

A7HA 42 & 5 e Aoz 7| Ao

a9 2-33. AF 7IZte) mE FAdTe] W)

) 2-340) ERAGITH pH WEE A 277 H
A 9 BE ATAA 59 ~ 6.2 $ESE 2 0|2 BolX ¥UTh F 84 2

S s A% 60A pligkel F7HTh
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7H AgE HFe Wt

5

¥ 2-34. pH ¥

a3
il
X
Jo
=

)

X

do
3o

647} 7}

2] 7} 7}

*

gl we

)

A B ol

of &g g7t A% 7]

A Qoluhe Aoz 47 Ak,

e A7t 7Y =9

7 o

Qe A

=
pLe

k7] o

junt

il
A

H

il
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R 2-10. AF 7|7t w2 #5534 5A W3}
2 kA
DE A AT A7 2w A by W) 3} -
7E %
&0 8.00£1.10 7.75%0.84 8.00£0.45 8.20%£0.71 9.00£0.55 9.00£0.00 8.60£0.55 8.25%£0.55
ﬂ1 dyl 6.33%£0.58 6.33%£1.00 5.67%£0.58 6.67%£0.00 6.33£0.00 6.33£0.58 8.67£1.00 5.67£0.58
£ &3 6.08%£1.88 5.58%1.76 4.83%1.90 6.00£2.02 6.17£1.27 5.50%£2.10 7.92%1.16 5.17£2.02
-7— @b 3.50%1.40 4.10+1.91 3.70£1.93 5.40%£2.10 5.30£2.85 4.00£2.17 6.40£1.18 4.30%+1.58
7 4.60%+1.65 4.90%+1.45 4.00x1.76 4.00+1.63 4.50%+1.18 5.60£1.65 5.90£1.73 4.50%+1.08
&0 8.20%x1.41 8.20%£0.50 8.80£0.71 8.00£0.84 8.60%0.45 9.00£0.00 8.60£0.55 8.60£0.50
z dayl 7.00£0.58 6.67%£1.53 6.00£0.58 8.33£0.58 9.00£1.15 7.00£0.58 8.67£1.15 6.00£1.00
% &3 5.92%+1.51 6.00£1.93 5.83%£2.04 6.08%£1.65 6.83£1.11 5.33%£2.47 7.92%+1.31 5.58+%1.40
Fﬂr @b 2.80%£0.85 3.10£1.60 2.80%+1.64 4.80%+1.71 4.10%£1.57 2.50%+1.94 6.20%£1.23 2.60%x1.06
7 3.30£1.65 3.00£1.45 2.90%x1.76 4.00+1.63 2.90%+1.18 2.40%£1.65 5.20%£1.73 2.90%£1.08
&0 7.33%0.58 7.50%£1.00 7.75%0.96 7.67£0.58 7.80%+0.84 9.00£0.00 8.80%0.45 7.50%£1.00
% dayl 5.67%£0.58 6.33£0.58 5.67%£0.58 7.67%£0.00 7.00£0.00 7.00£0.58 8.67£0.58 5.67%x1.15
f“ﬂ_ &3 5.08%£1.16 5.42%1.16 4.67+1.83 5.50%1.45 6.75%x1.06 4.00£1.86 8.08%£1.31 4.33%+1.44
75] b 4.20%£2.04 4.30%1.70 3.90£1.52 5.40%£1.78 4.10%£2.18 3.20%+1.48 6.40£1.58 3.60%x1.51
@ 2.90%1.45 2.80%£1.23 3.30%£1.42 4.60%+1.17 3.10£2.28 2.20%£1.03 5.40%£1.58 3.00£1.89
£ &0 8.75%£0.50 8.20%£1.10 7.80%+0.84 7.60x1.14 9.00£0.71 9.00£0.00 9.00£0.00 8.50£0.58
o
=
jr dyl 7.00£1.00 7.00£0.00 8.00£0.58 7.67%£0.58 8.67£0.00 9.00£0.58 8.67£0.58 8.67%£0.89
+ @3 6.17£1.80 6.08%£1.73 5.92%£1.93 6.58+1.31 6.83%£1.19 6.58%1.78 8.17£0.94 6.17£1.27
B
= 5 6.20%£0.79 6.40£1.51 5.90%£1.37 6.30x1.64 6.20%£2.44 6.70%£1.34 6.40£1.65 6.60£1.17
@l
7}} &7 4.60%+1.71 4.90%+1.52 4.30%£2.06 5.10£2.13 4.50%+1.08 5.60£1.65 6.00£1.63 4.70%+1.49
3) q9F
Aol AFo 2 AAE A 2o, ERA Y HL/HEE AP dig a7E I
st A7 nhAE FQl 99U o] 40KHz 2S5} 45T A EHAS HEX 3 Ag o
A Aol 71 ol AAlE AL A5, W-E A= bx 3k, PPOEA, PODEA, A=
FFol v AT vimsA b we FES FASHNL, BeBIAME AZ7E T
7HE =8 HS4E Edg. 2 9 HE AHYyFdAe P ¥e 2E5E 3 A,
pH 2 F 7184 13 E FHF2 & ZolE HolA ).

CAdHEol FAFe 2 AsE AF 294 A 343

Mol A AJAFSE crisphead typeo] YAAFE AP
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Ztzte] z7d) DA DA

[e]

=

Irjg &0z #Ho

%ol 0.03 mm OPP film (20 x 30 cm)ell & HEF

1

o},

1oR

SME U3t X1

=

=

L8 "WE(X)

Aol AES A3l SAS

A% 5

(Y)=

~—
o

g3

el
N

program(version 9.2)& ©]-&3}¢]

il
™

wK

a3 2—-359] YeERRSTE AE 3kol
UB9, UB10 A& T4 718 @& AE

A4
Al

=
R

1

BA

z

AE

U

G
2 d8A =,

]

50

£

A

T UNH. 28" 2-36

;OE

—_—

el
&

kel

\a
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—_—

o
el
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el

ARG A= UBY9, UBL0 a9 ¥ 40| 7}

=1
=

39.79C

e =1L 42 2.16%,

]

}o
BA

z

sl Ao R2FE-E 0.884322 H2 FATAZE YIRS H 5% o

Atk 28 2-35004 E wf AEgLe] T
o|aL, AEZ} AT

q7] AlZF 1.50%

&

Y=172.416875—14.718750X1—6.497375X2—16.958750X3+9.975000X12—0.440500X1X2+0.084700X22+3.
4) ok

995000X1X3-0.357500X2X3+9.410000X32

2.06222 Ve

ol

il

EYz 167 zHe=
=53 AF AzE 90z,
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EEEE Y
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Tl A o
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kel
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Fd A A% 5
45C,

2x

°

Az
9

p=h
=



R

22!

el
_Lmo

AA

Non—coded variables

Coded variables

Blanching

Ultrasonication

Blanching

Time(min)

Temperature
(C)
40

Time(min)

X1 X9 X3

Sample

UB1
UB2
UB3
UB4
UBb5
UB6
UB7
UB8
UB9
UB10

40

50
50
40

40

50
50
45

1.5
1.5
1.5
1.5
1.5
1.5
0.5
2.5

1.5
1.5

0.5

45

0
-2

45

UB11

45

2.5

2
0
0
0
0

UB12

35
55
45

1.5
1.5
1.5
1.5

UB13

UB14

UB15

45

UB16

a9 2-35. AF 5¥¢HA AE F
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g 2-36. A 54A AR

g 2-37. ARl &5 RSM 2+
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ah AAWo] Al 2 ANE AR BAA A AR
D AE 8 3y

7h) AldHoe] AA g

AaE ZHEY g FrtdA A AAE 7Y HAF HE ARSI T RS AR
(15x15x15mm) 3tef 10C D.W.ofl 12 3+ H R (th27), whole e 2 40TCof A 308 Tt BB
F AbzF 8718k 10C D.W.ol 1minzt X (BHA), ERAY o} FLsiA A7 §& 10T
1% ascorbic acid €8] 18 7F AX (A= + AA), B F9o = g = 10C D.W.E
Imin7t 253 (ERY + 257 stk Hg F J1:0eE2 &g AASI 0.04 mm
LDPE film(15x20cm)el] 30708 @3 10C a7 A 62 Eot AgstH T4 BA590)

¢

W) EF ) A A
A = A JEHo] 7t~ B4L dual gas analyzer (David bishop Instruments, 280 Combo,

USA)E o]&, CO:9 029 &% W3tz A5},

==

H47tES B3 Ao Ax WEkE A (CR—400, Minolta Co., Osaka, Japan)Z w4 %
(L=97.79, a=—0.38, b=2.05)2.2 BAsl] L (MAT) ax (HAT) 2 b= (FAT) ZHS =
Hom, o] o]&3ste Chroma & YeERASIT.

4
Y

ol
ol

]_

2 Ax 234 iAot 7dAY AR F AEw3tE Rheometer (Compac—100 II, Sun
Scientific Co., Tokyo, Japan) & o|&3t St A 5E Havle AHEE 15744 F st
o FA3IHT.

=

2) A% 4 u%

7H 273 Wl 7k AR st

T W k2 AR WgE a9 2-38e YERITE A 7Ite]l AdEE 02 vEE B
€ ATl Faste S B, CO2 55 BE AHgFolA A% 243 744 F7tst
O7F oA aske e Enh AAdde] dAy BHS 2t Ay 7 EE 23
7k 4R e s s

fr
)
o,

Axmo] A2l A 7|7k w2 Lx, a*, bx, chroma ZFel W3= 23 2-399] JERNY
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ok A& 717kl Ao waba] L, a* value: d3A v AFS Holx ¢gkAgh, b value
= AAFez dAA e AFT|E AL F I dHo] JYHo) we} WA Ho=Z b+
a =

45 BWA, B A +ascorbic acide] H-E A

AA= Aol APHAEA W3l AT FA UEhtr] g L valueZ Z2HEE
71l = F87F A =

a9 2-38. AR Aol ©he ¥F W 7ks 249 WSS 0, okdl: COy)
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27 2-39. A Azl e AEe] W

AR Awel Wse 27 2-400] VERAT A 71zke] Aol wheh kel ARt Aa
pod o3 Z:]-

SUt A% 29AE J1FEeE Ol FAEHE AW BT AF 12 D5 4Bl
Ao Ewie ol FUsh] AxHE AFL RYEH, oldW olfE AR} 37 B Ao
2 47 gtk A A5E 19 o 2w, 297 v AT A9 SAY @A A
57} e Aoz SeIHL

a3 2-40. AF 7|70 & Az W3}

ol

Aro] ZAte] 2 B4S Holalx, 2H oAE A% B ALWe PEaAT @
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]
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3. AE3= Qg AAF FEY hurdle technology 71& 39

b XA FRol ME MM AW, FAF, A AF F FA 54

BEolM 2013 =el] AR FX]T FEE FASH o]
ALgste] 8xzte g BEste FRHRFA JAG A

0.04 mm OPPZE, 0.04 mm PPEE, 0.04
mm PEZE, NylonZE& o835t 30 X 20cm 5Fol @ H & 4ColA] 124 F A3}

N
)
o
fifo
i
i
)
i
2
)
ok
o
ke
O
ol
8
R
ke
ol
flo

a2 Ao Apde FLEe § srtelA ALd AAE FY AT viE ALESHA
ot A2 A} 7)(1.5x1.5x1.5 mm) sted 10C D.W.o] 182 7+ A2 & 9|22 E7]2 A
Aste] ZFA] 20704 @3 10C g27]dA 74 FA AGsHA FH4L& 24T 4F
o AMEEl LAANE F74 0.04 mm, =Z7] 20 x 30 cm®] OPP, PP, PE, Nylon 4Z%&2] TAANE
AHEHE

Instruments, 280 Combo, USA)E °]-&3ste] AT o] o thr]9] 7|A A4S 0. 21%,

A
= colorimeter (CR—400, Minolta Co, Osaka, Japan)& WA 3 (1L.=97.79, a=—0.38, b=2.05)<.
2 HASY A5 on L'(MAT), o (HA%) & b (FAa%) gte = Jehf ot
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X
0 mLe] =842 Hrhstd 35°qu water bathoﬂfﬂ 2%11}%%
%23} o] 7}H(Whatman No.2)3+ ¥ £33%7 (Optizen 2120, Mecasys, Korea)Z ©]-§5}e] 420

mol N FRES 23e9

~~

) =

A& 1 goll 0.1% HESF 9 mlE 713k A& A|Hoz 3t 10—fold A Ho 7 AAER 3|4
39tk 1 ml¥ pour platingdt & 35T E

CFU/ge 2 JER AT

=
S
oo
H
N
>
=
=
OO
ol
o,
£
o
ox,
o
iy
o
filo
o
n
ol
o,
£
o
0Q

H) % 7184 nEE o 2 H4PNE
ARS FR5 B LR shel @ & B AL Adom Agsie] 3 84 2

o2
B ke 24 g xA (Master—a, Atago Co., Tokyo, Japan)E o]-&3&}] %Xéé}‘ﬁ‘:}. pHE &
A&+ ofoll-g A}-2-3te] pH meter (pH 510, Oakion, Singapore)Z& o]&-3te] ZAs Yt HAHAE
= 99 20 mLE& FskY 100 mLe] wl2xFet~To F/HTEZ BL3819.2 ™ automatic titrator
(TitroLine easy, SI Analytics GmbH, Mainz, Germany)Z& ©]83} pH7} 8.3¢)] =&& ujj 7} %
A ste] 4ulE 0.1 N NaOH®] k& malic acid2 4+t YER o).

oh) ¢
FEYFL 7 AR 5 g8 Aol 105C JYrtaATYoR AZH the 38 wE 27
st WEge eI

24 FAAE
AMT= 303 vHE FH5Ya, O 99 EE Ad= 33 e 43 3He SAS (Statistical
Analysis System, version 9.3)& ©]-€3A4] Duncan’s multiple range test® &3] 43 94

< A58 (p<0.05).
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a7 2-43. 4R FFl B2 g ¥ W shx 240 Wl
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a9 2-44. TRAY FFHol wE JAHo| At AF F L' kel W3l

a9 2-45. TAAY FFHol wE JHHo| A AR F 2" kel W3}

a8 2—-46. XZA ] FH @E AAAo| A#e AF F b ol Wt
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2—47. XZAA FF 42 FFF9 AF T A= W3 (L value)

2—48. XZAA FFo O FAF AF 5 Mx W3 (ax value)

2—49. XZAA FFo 42 FAF9 AF T Ax W3 (b* value)
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a9 2-50. FA FHel @ AR A F AW (Lx value)

% 2-51. A FHol @2 g AF F A=A (ax value)

a9 2-52. XA FFH @2 AR AF 5 M= (b* value)

a9 2-53. XA Fiel @ AR A% F A=W} (chroma value)
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ZE 0.04 mm PPH
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1}, F549 hurdle technology 7% &9

e

7 A

Abzte] A4 tizTek vaPye o), 90% ol nFE COoA 12417 A F AMds
g Zlo] 2 A & oW 7| A A(E APAAE 169 A7) mAEA s EA st
secondary browninge] A 3] &F7} Q2L QY. 2 Qo= WA, 229 @Y HY
2 1% ascorbic acide} Z2Fue] Egtxg]7t 37t JAJAA T 2 Fel A% ascorbic acidst %
Sute] BERA e o3t AW A gyt M & Az FAFAULE RSMez FHAH3e =
AL z&y AP A7 1.03%, ascorbic acid = 1.66%=% =t

kAl AFE 2, AFHE 0.04 mme] PP(Polypropylene, 20 x 30 cm)& Z A3 #lo] Ax &
Aol 7Hd £ AR FAHAN. nAE A5 Fed= Nylon 2FA47F 7HE 738 Ao
2 o) 4CoA HF A 6UA71AE PP, PE, OPP, Nylon &% 5 log ©]3} 3o =2
nAEo] HEHN7] WEo 4AAdHA] Alzte] XFANZE PP BEo] FAFT Aoz FAFHS
T},

th) Z34 hurdle technology

Atzke] 234 hurdle technology:s 28 2—-663 Zt). 94 AlgtE &SFEE2 AA
2 84 £o|AE o] &3A AlHE Atk Aok Al E 1~2% ascorbic acidZ7} &
=3 A7l ¥ 183 40KHz2 253 A3th. 253 A ¥ J7|0EHEE ALE

u i o
rl?
NG
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o
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o
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rfo F
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E7)12 AASIE 0.04 mme] PP(Polypropylene) filmel] & H3 =
A% 10CHD 4TdA AF A F4 E3) £27F =FHA=
Sl

N
& AZolA AFste Aol HE7ITE dFste Wl 2 Aer Az "o
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a8 2-67. AAHo| FAF9 FF A hurdle technology
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3) 7Rk
) AAE P

A A= A% F Hdder deA =2 AEFEY A= g2 e A%

L= 2k, 22 b e ATt U2 o8 sty EAde Ao mE AolE g
= gk meld AddHe] ARte] 2 A AAE wHe gz = dy d whole Al 40T
A 3087F B Ay To vy @ AS s} 1% ascorbic acid €M) 1E7F A A=

Aol g &THA Aoz AT

ST BIE

Aol gael T A ATH TAAE Nylon fimez FAch olsists 542 =
FA e Aolrt Yo, PE £ZA A #Ae 2H AY L vAE F4o W 2
o= vtk 2 slel PP, OPP, Nylon 449 2% 45 2404 foHoz 2 3o|7t
AT, FAE FAIAE Nylon ZZA7} AT F4o] 7bg A8 AL FASAT. we}
q Adgel aArel T A W % w4 F4 oAE fIs4E Nylon filme] 714 Age

Aoz A7 A,

th) 34 hurdle technology

AdHe] kel F3H4 hurdle technology= 28 2-68% 2tk 7Ake] Aol €2 & 5%
EZ AF & BA=Z 40CoA 3027 A £y k. 7 5 89ty 2 duaigd S Ax=dH
B A= A} B7] (15 ecm X 1.5 cm X 1.5 cm)E st9th. Ad® 7Z4x=S 1% ascorbic
acid &l 123 FA & 7122 715 AAST. A A Nylon filme g 4 F

d
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a3 2-68. AAHo| A9l F34 hurdle technology
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o AA 2 odAAS BA AW BFAL A% BAASN a3}

7h) Ad 2 AAA

AA 2 AAARE FFAFATHAA AFTELS I (Mulberry root) £ F&9

A5z (50C, 120 rpm)o A 244 7t
AFR o o etEo] FLE w7t

) A U
AdH o] Abzkel Zatell thafA A stela, Az A

)

7F ARE Aoz 2T (Cont)E
3oL, AP T 0.2% 4y fdo] 187 A (MRE), 124]17F BeF 90% o]4+2] COqo A A7
T Ao g =282 127 A (COy), 12417 B9 90% ©]AF2] COsol A AR & Aok 2 0.2
A

Jels] Qoo 1827F A2 (CO,+MRE) sl9t. W E7]2 Al ASE 0.04 mm T4 PP

O30z AR Aede Alztel 22 ez 235 AdAHSYA, 5 mm FA=Z Ad
3 0.2% Ay gale) 187F A2 (MRE), whole Al 2 40Co| 4] 30& 7} blanching A gls}x 5
mm F74 2 A (blanching), whole AE] &2 40Co] A 3087} blanching &8tz A & 0.2%

O,)’

s folle] 127F A A (blanching+MRE) 3ttt ¥He)] E712 A At 0.04 mm PP film
o872 9 HL T F 5CdA 6¥ B¢k AFstHA =2 W3S EXA59T

S|
A = A JE YR ALA9 olAFErAS FE+ dual gas analyzer (David bishop
Instruments, 280 Combo, USA)E o] &3t =AstYrt. o] o 719 71AZAHAL 0.5 21%.
COE 0.02%E 71722 s
) A %
M == colorimeter (CR—400, Minolta Co, Osaka, Japan)Z WA (L*=97.796, a*=—0.38,
b¥=2.05)02 HAstY FGston, ZHE HWET F Ae Lx gk Watg Jf== el
k.

H

o

|\
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) Rk Mg 54

A& 1 gol 0.1% FESF 9 mlE A
39tk 1 ml® pour platingdt & 35Co|A] 48+2A17F vjkste] dAE AL AS3d log
CFU/ge 2 YeEl Y.

) F 784 ¥R, pH 2 AAA
A5 TR HE 111 O}Oq kgl & Aug AS A|Hoz AMgSle] F 78 1Y
B e 248 ge A (Master—a, Atago Co., Tokyo, Japan)& o] &3s}e =A35}9 . pHE =

43l ool S AL-2-3}e] pH meter (pH 510, Oakion, Singapore)Z o]-&3sto] S339 . A=
= 99 20 mLE& #skY 100 mLe] wlAxFet~To F/HTEZ BL3519.2 ™ automatic titrator
(TitroLine easy, SI Analytics GmbH, Mainz, Germany)Z& o]|-&3}o pH7} 8.3¢) ==& w7} %
A5t Av)E 0.1 N NaOHe] %F-& malic acid2 3H4+ste] Ve AT

=

2) A% 2 12

A

7 £ W 7paxde s

Aol Abshet Abel I Uf hexAlel Wskg a7 2-69, 2-709] UrEhH?iE} A
o] Atzte] Bg-olle nE=E COA A F dd 8 TFF 477 =2 CO: #5F ve
Weor, 3 9 dAAz Wy mE Jta A AolE: AT 5 STk YA riA =
A TEE Tl He zol7t gle AL FdEsinh

a7 2-69. AR PHo mE AHAH| Al ¥F U Tt x4
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o
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T 2-70. AA PRl mE AMWe] FAe TA W shx 249l W

) Axel W

Ao AT gAbe] A W5 2y 2-71, 2-720 YEI AT AlThe] ASole mE
AT 1T B AZTAN Y 28 L &S N A3l AATAY AT £ L
e By CO, Y 2 B ATl RETRDG e Lighe BEAW, FEH] o
# AUA ETE FAT 5 QT BT AF 39 A3 dAHY TN G B L
e BT, AF mHE FA 6UAE BPAYTAN 4 2L Lagpe Bk sAw
483 GAH el Fe} blanching BF AT Lr gel zol7t 24 erobd B Aol @
AUA AL BT BEE] ofee Aoz Azwch

g 2-71. AA Pl mE AHdHo] AMFe] Lx grel Wt
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a7 2-72. AA Pl wE AMdWe] FRe Lx ghel A3}

oh Ak A7) W

AMHe] Alzel Zatel Quk AT WMete 29 2-73, 2-74¢ JER)ATH

Addol Atzhe] B9 A ek @l 6dA] CO, @ ATolA 7 2 duhlds
g EAx, PH%UJ&M 2 AgFA Mg =& HM] o] AZHUT. CO. Aol 23t
dub Al 4 oA Bds @A AFI HF gloH, oW APdME 1 ZAE 45 T F
AR, B Agel g aHe Y5 F dAch

Adse] gate] Aedle A 3dAM7A e ddA oA T e sEe At
Aol AEEHAS. SHAT A rhA g dl 6l E B TN THE B £E A
Tol AEHAT. 34 oo 7] A Al e o3 AF T4 ZIHE Felegin, 3¢
ol AF Alele BF Al A3 wAE F4 oA AFHI} 9SS FAstATh

ag 2-73. AAY

ol e ALdA
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Wik Abghe] pHE =&

= BEE AF 71 F

Hals o9
0.6%~1.2% SZo|ct. A=A

h IS =
FABH L, FE=

2-75, 2—769] }E}
5.5~6.5, AAAT=

g R mE 2 X} R, FAE PR7EA R
x}o]7

Fol e Adnel A#el pH F 7t
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g AUA EBRE FAL + ggth Qo A BHAE CO, B Aol A AF F
4 oA ANE FASFAAT B A 9T AU ZHAE AR ol wRE A
4 3QARA A3 B ATl B Lighe RAT, AF 6LAE BY A TlA
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ol A% nPF F4 oA &R FUASAD, 39 o1 AF Aol blanchings s =
T Al 9% AT 34 oA ETWE FAL 5+ QA 3 9 pH, F 7HeH 1IE, A%
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7b 47 B

D) da 84

Z+ Al 25g9) Butterfield’s phosphate buffer dilution water 225 mLE 7}3F & stomacher
2 287 #2433 & 1 mLE Duram#o| & 3709 LST-MUG(Flurocult Lauryl sulfate)ul Z] ]
AEstAth 35Col A 24~48A17F vy & 7t A EE FEA FFo] AU (LFAETS)
EMB agar(Eosin methylene Blue agar, Difco)dl] streaking & 35Co| A 2447t v ksl th. o]
3 =M Z4& 8 colony7} A7) PCAS| 35Co Al 244 7rof| A wjekste] Bactident kit(Merk
co)Z olg5to] Gramel(mghal) BAFAT

2) T B4 4

Zy A|BE 256go] A4S 225 mLL 73+ & stomacher® 287 # &3S 1 mLA
BGLB(Brilliant Green Lactose Bile Broth, Difco) v ®|o]l HZ&}x 3521 Col| A 24~48A7F vl %
3t} T Duram¥ol] 71271 A 5™ EMB agardl] streaking 3t 35Col|A] 24~4847F Zof =
A F4&ge Z21U7F 95 ™ colonyE NA(Nutrio broth agar, Difco) #jX]ol] streakingdt &
35Co Al 24417t HlloF Bactident kitE ©]€3te] Gram EFY (=)L w514},

A1

i

3) Staphylococcus aureus 373 &4

7+ A& 25g9] 10% NaCle] Z3t®l TSB(Tryptic Soy Broth, Difco) 225 mLE Z3s}]
stomacher® 287} 7A35te] 2@ A2 35ColA 18~24A17F vjaFslsitt. o 7lol A AFE
10% W3F(egg yolk, Sigma)o] F7FE MSA(Mannitol salt agar, Difco) Bl Z]¢]] 1¥dF o] streaking
skol 35Cel 18~24A17F vl oFstith. 33 EFR o] &A™ NAs| =] streakingste] 35C
o ] 18~24A|7F ujek3l & Coagulase(BD BBL™) test €17 o¥(LuEm™ k)2 golsln
Bactident kitE ©]-&35}¢] Gram B} (F4)L AAstATh.

4) Escherichia coli O157:H7 4 &EA

7z} A8 25g9) "3 Modifie EC medium(Difco)dll novobiocin(Sigma) 0.02g/L 37}3F 225mL
of Z3ted stomacherz 287 #2315t A A2 35T A 2447 wieksldth. 282
Now kitE o]&35te] Aul2-& 3013 & EMB agarol 1¥WFo] streakingsle] 35CoA] 244]

_]
o]
7Foajek =) FageE Flgo] WAt 1wl F ol 2 whA NAw|R]of streakingdte] 35T o) A
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24 A7k wjekslt & Bactident kitE ©]€38}e] Gram BFY (=3Ha)S A1)

5) Bacillus cereus 34 &4

Z+ A8 25ge] E QA= 3| A 225 mLE E¢Ste] stomacherz 287 @A3 3 F
HAo A 19 Fo]E FHs| MYP agar(Manitol Egg Yolk Polymyxin agar, Difco)ell streakings}<]
35Cell Al 24417k wjkstdith. o] mixlo] EE3 &g zte E54 Fgo] HAHA 1G] o
Al NA#jA] o] 30°Col A 2447 vl & Bactident kitZ2 o]23te] Gramed (5-20) w451t}

6) Listeria monocytogenes 34 EA

Z} A8 25g9) Listeria emrichment broth(Difco) 225 mL &3ts}e] stomacher® 287+ # 23}
sled 30 Co A 24417 = w)ek & Fraser listeria broth(Difco)Z& A+d & supplement 1% 37}
3 5 10 mLo)) 12} 7N 1 mL 55t 30Co A 24~48A)7F v ksl 5 AA ¥ (H51A
oFolx 9kA) oA WAL SEYUTE. o] iAo 1wFo] upA] listeria selective Agar$l
Oxford Formulation(Difco) ZHAE&] colony7} A 7w 1¥9Fo] wa] TSA(Tryptic Soy Broth
agar) v Aol wl ksl Bactident kitE ©]-&5te] Grameld (F2) A5

7) PCR-DGGEE ©] &% Fafiv| & HAHY
PCR(polymerase chain reaction)& premix(20ul, bioneer)& ©o]83}o] DNA template 1pl9}b
25pmole2] 341fGC[CCTACGGGAGGCAGCAG] / 534r[ATTACCGCGGCTGCTGG]primerE- 7}slat
T2 20pl e ByE urdo] 33l & Biorad Gene Cycler(biorad, USA)ZE o]&35ls PCR
S Y. o] u ¥z AL 1U thermostable DNA polymerase, dNTP 250ul, 50mM
Tris—HCL(pH 8.3), 40mM KCI, 1.5bmM MgCl, fom, &= A& WA 94C 28, [WHA 94T 30
Z, W47z 56TC 30%, A% 72C 1819 3717 &% 303 & wrE3 & 72CoA 3087 A% vt
28 3}t PCR ®WH2o] &y Z=Z 5 DNAE <F 20ul = 2pulE #3) 1.5% agarose geld)] 0.5
rg/mLe] EtBr& 9L Ao A7) %35t UV trans—illuminators}e]] MEZS 315} HT}. ]
DGGE (denaturing gradient gel electrophoresis) A& WA FT= 3] AL 0% 100% ¥HA
(7TM  urea, 40% formamide)7} Zz+ =ZIH 8%(wt/vol) of=mzHolmlole ~AE &
(acrylamide—N,N'—methylene—bisacrylamide, 37.5:1)2.& o]% A]AH-& o] &35} 35-50%<] F%
THIE 7FAl= 8% (wt/vol) Eg|otadolrtol= AL HEH. DGGEE 1X TAE HHE 24
H 3 2 Power pac 200(biorad, USA)E o]&3}d 70V 108 & 200V 2A|7F 30& E<F A9 %
Atk A719% Fol HA F=T7u) AL shakerol A 50ug/mL EtBrz 1587k gA43 &, 1X
TAE ¥ 2 527F &35} UV trans—illuminator2 22 F W2 A9t a8l =
2Ee] &5 2 FUIAE 24E 9 DGGE A ol A 315] zt g A2 g X9
cs58 d Z=z A3 ZA Zerd ¥ mlo]lazE F ] Y1 gA BEaste] 2zt
A7 TS 53 ol ¥whEF & 13,000 rpmofl A 33t

2

£

(]
@
z
°
\e}
(@)
=
1o
wg, H1
=l
¥
i
olfL
<2
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AT T AFAs douidtt. Aol AFq2 DNA template(3ul)2 ARg-= o] GC
clamp7} @2 A 92 341f9} 534r primerol] oA AFZFsH. AFFH PCR AHEEL 9
718 A8 (Bionics, Korea)ol Al &Fsle] d& F7|AE HEE vlg e 2 Gene bankE &

3 FAIEE st mAEe B4 AAE Aot (http/www.ncbi.nlm.nih.gov)

mlo

Z%ko] z}o]E Electronic Balance(HS—4100, Hansung,
At 7] FZFd g WHEE(2)Z YERAIT

9) AWz
A =2}A] (JC801S, Color Techno System. Co. Ltd, Japan)E o]&std Atz A (A5 A A},
A A gA)e] WS 53] ¥vHE 5435l Hunter L, a, bgkS 789 H. =3 HH L, a, b #*

[

< o] &5t AE(V (AL*+ g+ Ab%)) e T3t B33 A9E MZ 29 20 mL
Zz222 HAylste] 35T g2z A 2417 A T A2z o738 % Micro Reader(BN
02910, Versa Max, USA)E o] &3l 420nmeA] §F 52 =H4ste] Z2WA TS AT

10) A=

Texture Analyzer(TA—XT, Stable Micro System, UK)& o]&3&} Z+A} AlFHE X & 1.5cm &
o] lem# A% ¥ 2mm probe® puncture test (53] ¥HE =X F FPyglo g AAHSY AE
£ Newtone 2 Jeh} STt

11) 7H84 132 T
227](SJ—-200B, Hurom, Korea)& &4 & &
A 3sta, Brix® VER AT

F = A (Master M, Atago, Japan)& ©]-&3}]

N

12) & Z¥9Es =

Z=7|8 o] L3t &3 T AR 7] (Supra22k, Hanil. Industry. Co. Ltd., Korea)& o|-&
3ted 10,000 rpm, 4ColA] 1087 AEZ] 59T}, Folin—Ciocalteu's W o o8 3= I
TS sty AR AEH 0.1 mLo] 2N—Folin—Ciocalteu(Sigma Co., USA) A]¢F 50uLS
HA7Vste] 427 v A AT 20% Na2C03 1.5 mLE 7}ate] 287 ®x)3F & Micro ReaderZ
o] &3] 96well plated] 200ul EFsl 760nmoA] FIFEE =AY TZFEAZE
Chlorogenic acid(Sigma co., USA)E A}g&-3}tTt.

FE G BAL JYHE AW ol$3AT. AP U} FYFE 05~5g o ¥
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tod 110°CellA] 608 7F

g °]83

71 (MB45, OHAUS, Switzerland)

i

skol Al

=%

2y AR 25gel Al A g 225 mL
PCA(plate counting agar, Difco)ujxel] &=

=)
g

EK

do

B

N
™
{

)
o)
B
Lo

Mo

7h AEFE Az

o sl ol

HAE HEste] FEEE A

AL A" R g9

ﬁo

3} 2y

0
Mo
)

kel

A

=
el

__00
3o

—

N

Him

o
il

Mo
—

il
<

o}
Bl

el

&0

Mo
N

T
T

Flot.

=)

H1=}

FAgon 4

&
T

Fack A HAR AR 13F AlH

ZAE

2 7 3R

o]
<

=0

)
~

fi%s)

B

ol
I+

i’

A
ol
)

wK

2= Aojel FHE T JAH(Table 3-1).

=
O

ox

By

Hp
g

wK

AAE AAs
=

1}

o]
o] o]F AR AATF. =3 150—200 ppm F=2]

o 1-2

]

(o]

il

£

A

el
el
B
s
el
KH

o

&0

Mo
H

wK

o
il

™

=y

ol

2218 Y8 AlFH F Al

o] Afph=

gl

ol

A A
4

19 tH(Table 3—2). MW= =

[e]
AA

°|

=
=

st XG5t A

=%

71 #1545 AEVE

o] A Abat A

o A

=
=

ATk A4

1

kel

He WAste &4

Atztoll AElste] &

(@7, )T g Al

F2B A+ EE)

A

o] = A

T
T

=
=

ol o] FAHL ffo Al

ZHHGFol Aol d%g= mA7] HEel &

° 2 HYri(Table 3—-3).
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Table 3—1. The processing for fresh—cut potatoes

4 A

o
ol
% %
. 3
a3l = 7 T
" on — =
i AT mx iy "
MM wL_m ro T - 0 ™ | o
IR ~ B0 ~ Y <
- G Fo J o o ke & W | ST
%° o = Ak w2 = = X o =0
fo| o NG <~ 7 B X 7 B o SIS R
+ o |= w o M o s & =y Y- o Ao £l U
© B3 § < B N w NoOXe o ~ | - o
10 e S T O N M Ho o I g o | B F
Sl N S B E RN ol T F o R =N
§ STy <R |Tg® g X | g | mE |7 | W&
o dr 4 W OE|OF o | R < = b GO Ho Mo | 1 | Fo | o
i TR T W SRR Gs LSy RS SO - R R
%
" | = | 3| % : :
il i ) ~O
o T T - < i z 2oy | H
Ho | oz N ) & G 3 T o T L
K T iy o
SR TR : <
i ~ T
o
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Table 3—2. The processing for fresh—cut lettuces

4 A

a o )
= & w 7 o
A % SIS )
& - o ] - o L
S 219 & or o w g i o
) e S| uE _ B0 g g T g\ 7! ~ H
) _ §
® s~ % X R — = 2 = €% = 4 i
o TN | T ~ X 2 M & 4 X A X 4r o)
o Y | T oz <8 ! 2 3 <u - <u Mo
o X — | W NoORR ) S| e & o =
= o BT " = | = B o B o ! s o T N o r
L Moo |, e G Y = i) — o T %0
B kR Ll I I U S R T Ho Wz Ho W o= 5 ok i -~ B e
™ AR 1 B B S T F | TR Ao TR | o W =2 " =2 Ho T
wOR Fw | S| FEN B B B T N T o u ! W
i
K |
a F e
" I B oE ~ ~ i il K
T Le il Jﬂ Jﬂ £3 %! -
7 o o IelEs il 3O
~ DX — — ~ x ~ B\ o % [t I~ vz v
[15¢ | — Gl = T g g ® g Wﬂ X _ﬂv %
— Le] —_— _— ~
Mo on o o N R e X0k oo X B s
o o s N C) e H
I 3
ol
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Table 3—3. The processing for fresh—cut apple slices

3

4 4

¥4 A

A

121 A
h A AIZE 40~6032
) o] AA 2 e
2% 5C+2C
221 A1 A i ]
Al Z A7 40 ~602
A Aq A
A A AS-5 F LAl (0} 251 2 B A+ e A 47)
2w o, :ol A7 olR, o] f
A1
s A=
3L o) (X3 T 1) ol zjol
A xg FEO(SH el or ¥l el we

fz
R
pe!
e
9‘L
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) Aol AF FANYE HAL

Aol HFL A 2 Beg Ak B AHE Ak & Adstns dwrHoz )
7} dF 8= ready—to—eat 4 Fol7] Wl Y ESHH [ <
e B ATeld AdBe]l 4F F s Bol aHsE Ao 74 Ax FHAEE swabd
o|&3ste] WEHE slal AFETo2 2 47 hE A 659 s nlWE (Escherichia coli,
Coliform, Staphylococcus aureus, E. coli O157:H7, Bacillus cereus, Listeria monocytogenes)-<
e HA ol oAt SAAE F Gram B WE7A Flsidivh. 2 23 Ho
Adstr] 913k zhd W™, 24 A AlFstr] A3 710 A B, cereus7t AEREE & T
TH(Table 3—4). o] A #Hol] AF Ax &4 FolAE vAETH ko] &L
T AR Bt 2adE HoEnh B3 AIREL e dEE FRERE 99
o7 dibilgs B FAuAEe] FFE Ed&) B O A3 A= Bot Cd
coli O157:H7, B. cereus7} AAHYL A& e D, E, FolAl= B. cereus7} AAEHP 1 &
A4 A, BllX= E. coli 0157:H7°] AZEH At (Table 3—5). o|AH A4 el HHE A
A AFES 4o F e AFETEC] FAEHE AS Q"J%‘ T UAgT TEA DM

= AF8 vAESHH tdde gHVF Algsitta AaEn. 53] Far A=l o
< Bt A2 mAEEY T UFEA ’i‘.%—% oy e oARE B

4 A HE AW AAS ANAE A7) Heln AAH

> O
o
[0}

D

i

=
=

e o

ox ¥o M 1>
> ¥ o o
of o
2
H

g to . of
ty e

o

oL

i)

2 op

A w 7 1 A
HE AFY FaArd=ol 3 HE e F=E dotiR7] ffste PCR-DGGE HA W<
ol-g3te] 97Tt £ M= AFY vAE HFS FHSAUT. E AP S = s ¥ 2
of 2-6W = MEHE st FainAE AP L stk 2 23 Table 4-60) 49k o] B

o

< F3ste Wl AEH AL Ad wat sPEA7(T-8Y) A5 ot

frefmds R=s7E =A veiet 13 AFe FE4E AsiAgles R o ndEd

Pseudomonas fluorescens®} Pseudomonas sp.2] & WEF7F solA1 QLS & F AR

) EF e FaluAYE o= Enterobacter sp.3 Citrobacter sakazakiiZy 74 &= k. 281} A

ol met faiu|AAE HAY REs & ¥HIlE2 FRAHA] GUdrt. ol JFH AFHY FHHE
x

H37E floiAl 7] WEolgta qug 3= /‘§§4 HEe] Wgte 24 AR 5%
TE RES7L ZolAle AR Hol 4 AT5H Z5o dnrt Z2tEd o F
TEol THHE ALs Ay o|& W 13}7] 43}04 AEFHoRt AFTF s F2ofsto
ofd Bk ol &Koz B stolof & Aot I EE A B HEFS HF FF

2 W Bl HE u# sl Listeriav} Pseudomonas & ALA AlFEe 4 g7 F
Frez 73 Fo7t dasin.
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Table 3—4. The detection of pathogens in the processing of fresh—cut salads using selective

media method

12+ A A - - - - - -

22 A=A - - - - - -

3k Al =4 - - - - - -

2 : : : : + :
23} A7) 7]

zAu) o] o]
3} A A 7]

71 0] 9]
H-g

vy
A 47 - - - - + .

H 7
Zu o] o

(=) not detected, (+) detected

Table 3—5. The detection of pathogens in several salads using selective media method

salad A 1.5x10* - - - - - -
salad B 7.1x10* N - B + + .
salad C 4.3x10* - - - + + -
salad D 2.0x10* - - - - + ;
salad E 4.0x10° - - - - + ;
salad F 4.0x10* - - - - + ;
salad G 2.0x10° - - - ; ; ;
stir-fryin

VegetaZesgA 5,010 ) ) ) ¥ i i
stir-fryin

vegetarliflesgB 4010 ) ) ) ¥ i i

(=) not detected, (+) detected

- 306 -



Table 3—6. Seasonal detection of pathogens in mixed salads using PCR—DGGE

10

11

12

mixed salads

S. aureus 1/2

L. monocytogenes 1/2
P. fluorescens 1/2
Enterobacter sp. 2/2
B. cereus 1/6

E. coli 1/6

L. monocytogenes 3/6
P. fluorescens 2/6
S. aureus 2/6
Citrobacter sakazakii 1/6
P. fluorescens 2/6
S. aureus 1/6

B. cereus 2/4

S. aureus 1/6

- 0/2

E. coli 1/6

B. cereus 1/6
Actnetobacter sp. 1/6
E. coli 1/4

B. cereus 1/4
Enterobacter sp. 1/4
E. coli 1/2

P. fluorescens 1/2
B. cereus 1/4

E. coli 2/4

(—) not detected
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2) WA EZW Azgel e 2w B FALLE A}
4449 AMHAF Az Bl WE AFe 2A ¥ FA AT A7) 9stel
AR Pol AZYAN B Rl F2WE AEYS shel 2y AP FYHAT

7)) ANMdHo| =} AT AW 2 TA w3}
AZ wpgel meh el B AFel Dt FA ok 2] A5t dFelA
@AMl AEYL st FFIeNA 5Colstz Busim 4 AQe Ak AF 712kl
e 7k 7 2 2 ER Wst AR, AR, QuAEE SEEE 3 Foss 99 )

Aoz 139 B¢

2=

>

=N

¥

fr

2

ol

S

ne

N

)

fr

]

rE o

=

o N

k)

N

o

e

o,

N

re r
eI c

=2,

fr

B

N

75} G o 0% gad AE B 4 S10EH (Fig. 3-2). zaz A%
717kl W elol Aol Wabek 1o (Fig. 3-3

]_
2 A 717k 1090] Ak Fol ok 7] Fakol oF 0.2% F=m
Fashs wEe £2ol9rk(Fig. 3-5). =% 7hed nFLe gL 138 A% 717§ 7

o] g7t gllem(Fig. 3-6) 2H A== AAAE o83t L, a, b 3o HstE AU

1}

V(AL 4 pa?+ ApHo 2 AAE Halsls Aow H—E}"Lﬂ-(Fig. 3—-10). 35k G4 Soto

2 A Hol Zxe] 2 AN A9 Holx & HEoh(Fig. 3—15(a)). 2

Ao gul o]l2olA 7k A AL 7hRle] B E “J% HA = FA T IFExFe

= 7] wiel] Zwel F4 tﬂi‘rﬂ mjmste] Aol 8 A FAHolg #ahr] of

Zb AL el Ak FAo| ThrlEo] o] Abbet HEFRStE Weol Bol dAE F e AAHH

of A = Fhel8 AE A FAAE ol&ste] A AdFS

Ao Me 7t A ol AEF o] oHe BAZ A dYrlEAA AAE FYs)

LT Ax T8 AR A AE A AR AFS Azt A 7] e AldH ol

A AFe 2 AEE AdFstvh. o] 27, A AR 45 A fARte 2T w9y 7Rt

Hls Ag7Izke] wet L, oa, b el 4 2 L e ALHoE Hastan JAL a e F

7behe FAE Holut b 3td mlbAE 2 o] gldoh(Fig. 3—11, 3—-12, 3—-13). 28z

AE Zt At 23 A3 EF Aol AE grEth 100144 Aozt ve AS & 5 AUTHTig.

3—14). 3 A7 7|7te] wE A A Akt 245 A AR AR QA F21%E Aol dojut

T Jee BFY £ YA (Fig. 3-15). 24 AMdHe] @A AFe] A3 vty

olFolzl 7t AARTHE Adzol 7tulEo] e A A A 45 A AAE BHeE 3§
g Aoty aEla Adk FFE AR A AFEY 29 24:7} *‘o}ﬂl O‘OMh ZoF

)
=
11—t
o,
_uol'il
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sol weh 2w PR Felh mel Atk A% sk AW WIeE AW 22 AY 24}
S A% AP rUstelol shu AVYSE Hash BE W] Woldel wet Ak HE A
< Y F dT FHES LSt ord Aolnt. B3 3 T Wl w2 A AFe A%
A3 A FAEe A 9 F4 W3E ALt F F A WS Aot & Aot
5]
CH »
= »
> 4t .
L]
=
=2
= 3t
Z . ", "
= B
=1}
L]
3 g
# Potato
I:I 1 1 1 1 1 1 1
n] 2 4 5] g 10 12 14

Storag e period (day)

Fig. 3—1. Number of aerobic bacteria of vacuum packaged fresh—cut potatoes during 13 days storage.
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E 60 -
=
(5]
=
=]
=
20+
—— Puatato
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1] 2 4 ] a 10 12 14

Storage period (day)
Fig. 3—2. Changes of moisture content of vacuum packaged fresh—cut potatoes during 13 days

storage.
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Hardness (N}
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5 —a— Fuotato
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1] 2 4 ] g 10 12 14

Storage period {day)

Fig. 3—3. Hardness changes of vacuum packed fresh—cut potatoes during 13 days. storage.
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Fig. 3—4. Changes of total phenolic content of vacuum packed fresh—cut potatoes during 13 days

storage.
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Fig. 3—5. Changes of weight loss of vacuum packed fresh—cut potatoes during 13 days storage.
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Fig. 3—6. Changes of soluble solids content of vacuum packed fresh—cut potatoes during 13 days

storage.
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Fig. 3—7. Changes of L value of vacuum packed fresh—cut potatoes during 13 days storage.
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Fig. 3—8. Changes of a value of vacuum packed fresh—cut potatoes during 13 days storage.
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Fig. 3—9. Changes of b value of vacuum packed fresh—cut potatoes during 13 days storage.
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Fig. 3—10. Changes of AE value of vacuum packed fresh—cut potatoes during 13 days storage.
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Fig. 3—11. Changes of L value of fresh—cut potatoes by different cutting method during 6 days

storage (No vacuum packing).

4
e
|:| -
a
=
5t
3
-
An b
—ai— diced patato
- shredded potato
_-15 1 1 L 1 1 1 L

a 1 2 3 4 3 G 7

Storage period (day)

Fig. 3—12. Changes of a value of fresh—cut potatoes by different cutting method during 6 days

storage (No vacuum packing).
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Fig. 3—13. Changes of b value of fresh—cut potatoes by different cutting method during 6 days

storage (No vacuum packing).
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Fig. 3—14. Changes of AE value of fresh—cut potatoes by different cutting method during 6 days

storage (No vacuum packing).
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Fig. 3—15. Color changes of fresh—cut potatoes during 6 days storage. (a) peeled potatoes— vacuum

packing (b) shredded potatoes— No vacuum packing, (c) diced potatoes— No vacuum packing
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Fig. 3—16. Number of aerobic bacteria of vacuum packaged fresh—cut lettuces during 13 days
storage.
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Fig. 3—17. Changes of browning index of vacuum packed fresh—cut lettuces during 6 days storage.
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Fig. 3—19. Color changes of fresh—cut lettuces during 6 days storage (No vacuum packing).
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Fig. 3—20. Changes of moisture content of vacuum packaged fresh—cut lettuces during 13 days

storage.
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days storage.
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Fig. 3—23. Changes of weight loss of vacuum packaged fresh—cut lettuces during 13 days storage.

th AlAdso] Al Fe] 2w Bl Fd Hs

AAdsol Atzte] 2w Bl F4 HMstE AR flste] AlzgAldA AEFsE ot
Q7 5] ot FA AAtol Ha A etk ZeiA AP Aol AAl Az (Al 73
7h# LA Alxste] WREAGC)s A A 4F-e FhsUT o] dd Ao F4 w3t
T A 71zt mE ik, Ax Ak g AF ARE FAste] BAsln 54 23 v
Ak Aol dubEaee A7z mel JAF S7beka A 8dA 2] duklEsEe 1

log cycle F7Fatert 7] dubilgsrt mf-¢- vol Fdo 2 dFS FA gtk A5t
(Fig. 3—24). 28] AEE 02 AZEZES) b8 43 gasis 2
B} 2N A9 mjn|g 2folg BYaL(Fig. 3-25) ddt AHM A
#rol astgiedl o] Wge 197 FE 2ol dojdd & & AU a
o] 2457 okrh(Fig. 3—26, 3—27, 3—28). =3+ AR ﬂ(Flg. 3-29)& 27 W7t Hom 2737
Tto] ZAustel] wheh AF AR ¥gl w3 Stz o] AYHT Qrke S AT £ 3
Arh(Fig. 3-30). 919 272 & wf AHdHe| Alzhe] e vk 5l Ao $55 vz Jgdrt=
Aoz FAHJYAL o' AxAAA FAwAS Hrivh Bridsite AL 4 5 Aok 2
A AzGANA AFESIL e FEUAE 2T E2HAT BAlEe] EFE ¥4 FEUAR
Tt ARt 7] wjEel AAFeln &It HEg A FAUArE Fesivty dgEo
A el Al Az FA oA FERA] EHE dolH Y] 98t ol E2H

A FAHAR el FoutEE HK ARG APE SRS 2] Al Az FACAA Bk

2
ol

- 321 -



5 A% F ul 1% ofimEHAm Fuln F4E wAdoR 45T £l 327 WA el
43R 3 50 B ATUD AIRA. o AL A3 43 AW 27] 4 2]
b RE AR Mg ARGOS MBAITE, AL | BR 1% GomEnd §

orf $ohn F4E wAdes sds Sus ASaAE 29 29D
TH(Fig. 3-31). E3F AEZH apzhA) 237t2R 1% O}AE_E A 37}

ot
iNA
o (&
l:oln
_ti_l,
mlm
_82
N

Zol 9] 43
S 4 5 UAcH(Fig. 3-32). 222 AR &9 23}, 1% O}iiEH*P 9~°‘Ur 20%0 1%4 FHRE 5
25 Efst] Adddoe] et Algtell dEHAE Hrbstelol FEE AT F S AR
ATH(Fig. 3—33). 3 Fig. 3—34¢] At Al A|F ARlE 919 d@239E 8 474 5= 1% oF
2R 28G4T} 30% FHIE F25 TR/ FEHAE Hrste] AR A" Al T &
st FLF &7l0l ol W AFstdA 69 Bt BIF AR AdHe] Atk o] A
o] F7t ol met F2d 2 A& il
A Dolvk= Al AlFe) A 2] 5l A 3%

2,
ol
# o
A
o
o
ir

-goa 9 xm Az A e 2 w3 4 PEa A2 PEe ool
g otk E3 A9 FAAAL B AT £ = AL TYHY P (FLAY)Y 2AL

dHsteioF & ot

B Apple

Cell number {CFU/g)
[ ]

Storage period (day)

Fig. 3—24. Number of aerobic bacteria of fresh—cut apple slices during 8 days storage.
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Fig. 3—29. Changes of AE value of fresh—cut apple slices during 8 days storage.

Fig. 3—30. Color changes of fresh—cut apple slices during 8 days storage.
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Fig. 3—31. Changes of AL value of fresh—cut apple slices using antibrowning agents during 8 days

storage.
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None treated: Fresh—cut apple slices without dipping treatment

AA1: Fresh—cut apple slices added 1% ascorbic acid

R20+AATL:
R40+AATL:
R60+AATL:
R80+AAL:
R100+AA1: Fresh—cut apple slices added 1% ascorbic acid and 100% rhubarb juice.

Fresh—cut apple slices added 1% ascorbic acid and 20% rhubarb juice
Fresh—cut apple slices added 1% ascorbic acid and 40% rhubarb juice
Fresh—cut apple slices added 1% ascorbic acid and 60% rhubarb juice

Fresh—cut apple slices added 1% ascorbic acid and 80% rhubarb juice
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Fig. 3—32. Changes of AE value of fresh—cut apple slices added antibrowning agents during 8 days

storage.

None treated: Fresh—cut apple slices without dipping treatment

AA1: Fresh—cut apple slices added 1% ascorbic acid

R20+AAlL: Fresh—cut apple slices added 1% ascorbic acid and 20% rhubarb juice
R40+AA1L: Fresh—cut apple slices added 1% ascorbic acid and 40% rhubarb juice
R60+AAL: Fresh—cut apple slices added 1% ascorbic acid and 60% rhubarb juice
R80+AAL: Fresh—cut apple slices added 1% ascorbic acid and 80% rhubarb juice
R100+AA1: Fresh—cut apple slices added 1% ascorbic acid and 100% rhubarb juice.
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Fig. 3—33, Color changes of fresh—cut apple slices treated with both rhubarb juice(20, 40,
60, 80, 100%) and Ascorbic acid(1%) as a dipping solution.

(a) Fresh—cut apple slices without dipping treatment

(b) Fresh—cut apple slices added 1% ascorbic acid

(¢) Fresh—cut apple slices added 1% ascorbic acid and 20% rhubarb juice
(d) Fresh—cut apple slices added 1% ascorbic acid and 40% rhubarb juice
(e) Fresh—cut apple slices added 1% ascorbic acid and 60% rhubarb juice
(f) Fresh—cut apple slices added 1% ascorbic acid and 80% rhubarb juice
(g) Fresh—cut apple slices added 1% ascorbic acid and 100% rhubarb juice.
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Fig. 3—34. Color change of the fresh—cut apple slices during 6 days storage. (a) Fresh—cut apple
slices without dipping treatment, (b) Fresh—cut apple slices added 1% ascorbic acid & 30% rhubarb

juice
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Fig. 3-35. Changes of AL value of fresh-cut potato according to various materials of

cutting-edge during storage at 5TC.
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Fig. 3-36. Changes of AE value of fresh-cut potato according to various materials of

cutting-edge during storage at 5TC.
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Fig. 3-37. Changes of L value of fresh-cut potato according to various material of

cutting-edge during storage at RT(Room temperature).
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Fig. 3-38. Changes of AL value of fresh-cut potato according to various material of

cutting-edge during storage at RT.
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Fig. 3-39. Changes of AE value of fresh-cut potato according to various material of

cutting-edge during storage at RT.
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Fig. 3-40. Color changes of fresh-cut potato according to various materials of cutting-edge

during storage at RT.
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Fig. 3-41. Changes of browning index of fresh-cut lettuces according to various material of

cutting-edge during storage at 5TC.
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Fig. 3-42. Color changes of fresh-cut lettuces according to various materials of cutting-edge during
storage at 5C.
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Fig. 3-43. Changes of L value of fresh-cut apples according to various materials of cutting

during storage at 5C.
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Fig. 3-44. Changes of AL value of fresh-cut apples according to various materials of cutting

during storage at 5C.
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Fig. 3-45. Changes of AE value of fresh-cut apples according to various materials of cutting

during storage at 5C.
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Fig. 3-46. Color changes of fresh-cut apples according to various materials of cutting- edge

during storage at 5C.
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Fig. 3-47. Changes of L value of fresh-cut potato according to the contact with oxygen

during storage at RT.
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Fig. 3-48. Changes of AL value of fresh-cut potato according to the contact with oxygen

during storage at RT.
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Fig. 3-49. Changes of AE value of fresh-cut potato according to the contact with oxygen

during storage at RT.
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Fig. 3-50. Changes of polyphenol oxidase(PPO) activity of fresh-cut potato according to the

contact with oxygen during storage at RT.
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Fig. 3-52. Changes of browning index of fresh-cut lettuces during storage at RT.
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Fig. 3-53. Changes of polyphenol oxidase(PPO) activity of fresh-cut lettuces during to
storage at RT.

- 347 -



Control

Cutting in

water

Contact with
oxygen for

3min

Fig. 3-54. Color changes of fresh-cut lettuces during storage at RT.
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Fig. 3-55. Changes of L value of fresh-cut apples according to the contact with oxygen

during storage at RT.
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Fig. 3-56. Changes of AL value of fresh-cut apples according to the contact with oxygen

during storage at RT.
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Fig. 3-57. Changes of AE value of fresh-cut apples according to the contact with oxygen

during storage at RT.

- 350 -



20

—a— Mone
—O— Cutting in water

18

10

PPO activity (unit/mL)

: i > 3 4
Storage time (day)
Fig. 3-58. Changes of PPO activity of fresh-cut apples according to the contact with oxygen

during storage at RT.

Fig. 3-59. Changes of fresh-cut apples according to the contact with oxygen during storage
at RT.
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Fig. 3-60. Changes of L value of fresh-cut potato by various thermal treatments during

storage at 5C.
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Fig. 3-61. Changes of AL value of fresh-cut potato by various thermal treatments during

storage at 5C.
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Fig. 3-64. Changes of PAL activity of fresh-cut potato by various thermal treatments during

storage at 5
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Fig. 3-65. Changes of the Hardness of fresh-cut potato by various thermal treatments during

storage at 5C.
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Fig. 3-66. Changes of the weight loss of fresh-cut potato by various thermal treatments

during storage at 5C.
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Fig. 3-67. Changes of the soluble solids content of fresh-cut potato by various thermal

treatments during storage at 5C.
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Fig. 3-68. Changes of the moisture content of fresh-cut potato by various thermal treatments

during storage at 5C.

Table 3-7. Sensory properties of fresh-cut potato by various thermal treatments during

storage at 5T (p<0.05).
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Fig. 3-69. Color change of fresh-cut potato by various thermal treatments during storage at

5C.
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Fig. 3-72. Changes of AE value of fresh-cut potato by various thermal treatments during

storage at 5C.
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Fig. 3-73 . Changes of PPO activity of fresh-cut potato by various thermal treatments
during storage at 5C.
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Fig. 3-74. Changes of PAL activity of fresh-cut potato by various thermal treatments during
storage at 5C.
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Fig. 3-75. Changes of the Hardness of fresh-cut potato by various thermal treatments during

storage at 5T
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Fig. 3-76. Changes of the weightloss of fresh-cut potato by various thermal treatments

during storage at 5C.
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Fig. 3-77. Changes of the soluble solids content of fresh-cut potato by various thermal

treatments during storage at 5C.
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Fig. 3-78. Changes of the moisture content of fresh-cut potato by various thermal treatments

during storage at 5C.

Table 3-8. Sensory properties of fresh-cut potato by various thermal treatments during

storage at 5T (p<0.05).
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Fig. 3-79. Color changes of fresh-cut potato by various thermal treatments during storage at

5C.
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Fig. 3-80. Changes of browning index of fresh-cut lettuces by different water temperatures

during storage at 5C.
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Fig. 3-81. Changes of PPO activity of fresh-cut lettuces by different water temperatures

during storage at 5C.
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Fig. 3-82. Changes of phenylalanine ammonia lyase (PAL) activity of fresh-cut lettuces by

different water temperatures during storage at 5C.
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Fig. 3-83. Changes of soluble solid content of fresh-cut lettuce by different water

temperatures during storage at 5C.
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Fig. 3-84. Changes of weight loss of fresh-cut lettuce by different water temperatures during

storage at 5C.
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Fig. 3-85. Changes of moisture
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Fig. 3-86. Color changes of fresh-cut lettuces by different water temperature during storage

at 5T.
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Table 3-9. Sensory properties of fresh-cut lettuces by different water temperature during

storage at 5C(p>0.05).

4T 40C 50C 60C
Day

5s 15 s 30 s 5s 15 s 30 s 5s 15 s 30 s 5s 15 s 30 s

0 8.41ab 8.51ab 8.85a 8.33ab 8.40a 8.33ab 8.43ab 8.55ab 8.81a 8.43a 8.22ab 8.33a

2 6.23b 6.13a 6.35b 7.88ab 8.10a 8.23a 8.31a 8.15a 8.65a 8.15a 7.91ab 7.81ab

flavor 4 5.11d 5.32cb 5.50cb 7.11bc 7.53b 7.51b 7.74b 791b 8.33a 7.71b 7.52b 7.51b
6 3.22¢ 3.75¢ 411c 6.71c 6.92b 6.80b 7.00b 7.35ab 7.95a 7.43ab 7.00b 7.15b

8 2.36d 257d 2.92d 5.92ab 6.32b 6.43b 6.66b 7.00ab 7.54a 7.15ab 6.96ab 6.96ab

0 8.14ab 8.24b 8.33ab 8.23ab 8.21ab 8.22ab 8.33a 8.36a 8.76a 8.60a 8.36a 8.45a

2 7.75ab 7.84ab 7.73ab 7.98ab 7.91ab 7.88ab 8.00a 8.10a 8.42a 8.23ab 8.12a 5.21c

texture 4 6.14c 6.36¢ 6.33c 7.15b 7.53ab 7.32b 7.73ab 7.93ab 8.10a 7.82ab 7.61ab 3.76d
6 4.81c 493¢ 511c¢ 6.77b 6.75b 6.63b 7.35ab 7.50a 7.93a 7.45ba 7.43ab 1.65d

8 3.73cd 3.61cd 3.83cd 5.61c 5.51c¢ 5.45¢ 6.93b 7.33ab 7.66a 7.16ab 7.22ab 1.36d

0 8.62a 8.72a 8.78a 8.15b 8.23ab 8.11b 8.21b 8.45ab 8.75a 8.30b 8.22b 8.25b

2 7 44c 7.73b 7.15¢ 7.86b 7.88b 7.86ab 8.13ab 8.00ab 8.56a 7.95b 7.74b 7.83b

color 4 7.74b 5.10d 5.24d 6.93b 7.10b 7.20b 7.52b 7.77b 8.12a 7.65b 7.55b 7.52b
6 4.16d 4.61d 4.66d 6.10c 6.55bc 6.66bc 7.11b 7.43b 7.91a 7.00b 7.00b 7.11b

8 3.71c 3.83¢ 3.81a 5.51bc 5.92bc 5.88bc 6.73b 7.16ab 7.65a 6.66b 6.41b 6.52b

0 8.80a 8.15ab 8.30ab 7.91ab 7.93ab 7.83ab 8.21a 8.45a 8.65a 8.41a 8.33a 8.22ab

2 7.75b 7.35b 7.71b 7.52b 7.41b 7.30b 7.74b 8.13ab 8.48a 7.92ab 7.82ab 591c

overall 4 481c 512c 522¢ 6.93b 6.83b 6.41bc 7.33ab 7.77ab 8.10a 7.63ab 7.61ab 2.66d
6 4.22¢ 4.63¢ 4.63¢ 6.22b 6.32b 6.13b 6.81ab 7.00a 7.73a 6.71ab 6.63ab 1.82d

8 3.89d 411c 4.22d 5.92b 6.00b 5.82b 6.42ab 6.81ab 7.35a 6.55ab 6.25ab 1.34d
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Fig. 3-87. Changes of L value of fresh-cut apples according to various thermal treatments

during storage at 5C.
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during storage at 5C.
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Fig. 3-89. Changes of AE value of fresh-cut apples according to various thermal treatments

during storage at 5C.
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Fig. 3-90. Changes of PPO activity of fresh-cut apples according to various thermal

treatments during storage at 5C.
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Fig. 3-91. Changes of Hardness of fresh-cut apples according to various thermal treatments

during storage at 5C.
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Fig. 3-92. Changes of Weight loss rate of fresh-cut apples according to various thermal

treatments during storage at 5C.
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Fig. 3-93. Changes of soluble solids content of fresh-cut apples according to various thermal

treatments during storage at 5C.
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Fig. 3-94. Changes of Moisture content for fresh-cut apples according to various thermal

treatments during storage at 5C.
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Table 3-10. Sensory evaluation of fresh-cut apples according to various thermal treatments

during storage at 5C (p<0.05).

Fig. 3-95. Changes of fresh-cut apples according to various thermal treatments during

storage at 5C.
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Fig. 3-96. Changes of L value of fresh-cut apples according to various thermal treatments

during storage at 5C.
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Fig. 3-97. Changes of AL value of fresh-cut apples according to various thermal treatments

during storage at 5C.
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Fig. 3-98. Changes of AE value of fresh-cut apples according to various thermal treatments

during storage at 5C.
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Fig. 3-99. Changes of PPO activity of fresh-cut apples according to various thermal

treatments during storage at 5C.
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Fig. 3-100. Changes of Hardness of fresh-cut apples according to various thermal treatments

during storage at 5C.
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Fig. 3-101. Changes of Weight loss rate of fresh-cut apples according to

treatments during storage at 5C.
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Fig. 3-102. Changes of soluble solids content of fresh-cut apples according to various

thermal treatments during storage at 5C.

100
. BO0r
(=]
=
k=
@
E —— 55°C-155e0
S enr —0— 55°C-1min
o —y— 55°C-3min
2 —&— BOC-14%ec
n —— B0°C-1min
2 —O— BO-3min
40 F —— B5°%C-155e0
—{— B5°C-1min
—&— B5C-3min
—>— MNaone
20 1 1 1 1 1 1 1
0 1 2 3 4 L) G

Storage time (day)
Fig. 3-103. Changes of Moisture content for fresh-cut apples according to various thermal

treatments during storage at 5C.
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Table 3-11. Sensory evaluation of fresh-cut apples according to various thermal treatments

during storage at 5C(p<0.05).

Fig. 3-104. Changes of fresh-cut apples according to various thermal treatments during

storage at 5C.
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Fig. 3-105. Changes of L value of fresh-cut potato using combination treatment during

storage at 5C.
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Fig. 3-106. Changes of AL value of fresh-cut potato using combination treatment during

storage at 5C.
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Fig. 3-107. Changes of AE value of fresh-cut potato using combination treatment during

storage at 5C.
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Fig. 3-108. Changes of PPO activity of fresh-cut potato using combination treatment during

storage at 5C.
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Fig. 3-109. Changes of PAL activity of fresh-cut potato using combination treatment during

storage at 5C.
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Fig. 3-110. Changes of the Hardness of fresh-cut potato using combination treatment during

storage at 5C.
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Fig. 3-111. Changes of the weightloss of fresh-cut potato using combination treatment

during storage at 5C.
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Fig. 3-112. Changes of the soluble solids content of fresh-cut potato using combination

treatment during storage at 5C.
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Fig. 3-113. Changes of moisture content of fresh-cut potato using combination treatment

during storage at 5C.
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Table 3-12. Sensory properties of fresh-cut potato using combination treatment storage at

5T (P<0.05).

Cay Control G T -60sec AA D13 GET + AADLZ:
0 4,420 70" 4,520 53= 4241 14" 3741 [E=
z 4,320 4R* 3.12D.74® 4.7 0 F5 344117
Ceolor
g 75D 700 3040 E7= 3540 BE 3240 Op=
10 754D FR 7.52D.71" 75+ BE 3040 F7™
i 3,820 B3= 3,740 05= 3440 Fe= 354D 70"
z 3,741 OE* 3,040 BR" 3741 [E 3040 pE"
Flasor
g 3,540 BE= 3,340 pr= 3740 F7= 3440 07=
10 2,540 53 7.B2D E3" 7540 71" pE+DFa"
0 4,00 E7* 4,740 53" 3040 74" 4140 FE=
z 1,30 E7* 4,040,04% 4,30 57 4440 70"
Texture
B 3.0:DE7* 3,340 57" 3440 F4" 3340 fR"
10 3,020 45" 3,040 Be= 344007 3540 71"
0 4,040 B2* 4,340 82" 4,340 pE= 3B+00E"
=% x x =
et 7 1,00 B2 R 4.1+D0,74 3541 27
e o PO+NET 9.14 57" 3B +0,63" 33:D 2
10 7.G2DEE= 7.52D.70= E 0 BL= 304D F7=
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Fig. 3-114. Color changes of fresh-cut potato using combination treatment during storage at

5C.
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o Col
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Ztol ZA#gte] wel A% gho]l FUbstAAIT WEAHT TV AT 10€74A &
o Zhae s 9x5tgtt. 28la PPO @42 Mxgl o] ¥

1S x5t th(Fig. 3-116). E3F ZHAAA AT

T ue #AS FASAAT BEAY T v A =2 E4E Bt ofrZ B H N

TE B

osl FdFe Fitstgo] FrhEL FAE 43 AL BAdo] Yol WEAFI &
HoojAle] avtdez yvehd Zez AZdEu. ada AREE 1097 ¥ AFSEA PAL
g4 AR Z23H(Fig. 3-117), hzx7ok A= v T4S HQ wtdd ¥8AF
o} oAl Aot w23 &S Bk ZHAAA Aot M8 T PAL 24
of B2 Aole HolA AT A x7|HH 4LdA7A = HEAH YT AHAAA M+
Eop 9o @48 Ein 74 Ag7E T dasT 7HA 18 E $¥2 BEE AYTOA
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Fig. 3-115. Changes of browning index of fresh-cut lettuces using combination treatment

during storage at 5C.
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Fig. 3-116. Changes of polyphenol oxidase(PPO) activity of fresh-cut lettuces using

combination treatment during storage at 5C.
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Fig. 3-117. Changes of phenylalanine ammonia lyase (PAL) activity of fresh-cut lettuces

using combination treatment during storage at 5C.
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Fig. 3-118. Changes of weight loss of fresh-cut lettuce using combination treatment during

storage at 5C.
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Fig. 3-119. Changes of soluble solid content of fresh-cut lettuce using combination treatment

during storage at 5C.
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Fig. 3-120. Changes of moisture content of fresh-cut lettuce using combination treatment

during storage at 5C.
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Table 3-13. Sensory acceptance of fresh-cut lettuces using combination treatment storage at
5T (P<0.05).

Day Color Flavor texture Overall
0 8.6+0.67a 7.920.73a 8.8+0.42a 8.6+0.51b
2 6.9+0.87b 6.6+0.84a 6.9+0.99a 6.9+0.56a
Control
6 2.9+0.73b 2.6+0.84a 2.9+0.73b 1.3+0.48b
10 1.4+0.51¢c 1.7+0.67a 1.8+0.91c 1.0+0.47b
0 8.6+0.84a 8.4£0.6% 8.9+0.31a 8.7+0.48ab
2 7.6£0.69ab 7.2+0.63a 74+0.51a 7.6x0.51a
507 -30sec
6 6.0£0.81a 5.9+0.73a 6.8+0.78a 6.7+0.67a
10 4.5+0.70b 4.0£0.81a 5.3+0.82bc 5.5+0.52b
0 8.8£0.00a 8.5£0.70a 8.9+0.31a 8.8£0.00a
2 8.7£0.67a 7.9£0.99a 7.9£0.99a 8.0£0.81a
A 6 8.0£0.66a 6.7+0.67a 7.1£0.73a 7.920.56a
10 6.7+0.82a 6.3+0.94a 6.8+0.78ab 6.8+0.78a
0 9.0£0.63a 8.8+0.73a 8.9+0.31a 8.8+0.40ab
AA + 2 8.5£0.70ab 7.9£0.99a 8.3+0.94a 8.3+1.05a
50C -30sec 6 8.2+0.78a 7.9+0.56a 8.120.87a 8.120.73a
10 7.2+0.63a 7.1£0.73a 7.1£0.73a 7.1+0.73a
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Fig. 3-121. Color changes of fresh-cut lettuces using combination treatment during storage at

5C.
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e B 8062 o s HQ HE AT Hok @& s B vhFig 3-122). v A7 8
AR AL e EAZF7F 216 22 314 o] WHIES H HEAHIT Bty @2 WHIss
B Y ohFig. 3-123). @A AL A% Ha=S JehlE AE # olAE AA 01% A= F77F 215 2
234 o] ¥W3tES HQ WHEAYT Bt ¥ WIES EAri(Fig. 3-124). 13} 2 AT
b= B2A "uHE 019 2polE Ho| AA HEFolA ZW A7t aFHelztn AZETh
PPO &AL A g Tl AF 27] 096 unit oA A% 245 11 unit 2 F71393, AA
01% Agl7+= 0.05 unit oA} 1.36 unit, &g+ 0.7 unitoll 4] 11.96 unit, J ZF+= 1.86

unito A 9.13 unit © 2 Z7}8}rh(Fig. 3-125). 3 BE A4 25712 Z7}sith 4R
Fasitk oA Frkske AEE UEYh 28 ARE BE AyFdA AT V1 F
QF 1~25 N Alo] ke Holw A 7|7k B9t mulstA| Z71slh(Fig. 3-126). 2% 7AgL
A 8 A& AA 01% HYF7F 061% 2o HAAES B /B4 22 B8 2T, ¥4
PT7E 039% 2 7Hg e Hage Hou dAAHeRr BE AT 0.7% wwe] Had
2 fFAHA Ael7t gl s rhFig. 3-127). E3 /M4 1R FFE BE ATl

Al 1Brix®] ztolg Ho W7 glas GAstAThFig. 3-128). At FEFHFS A 73t
e BE AgTrr A Z7] 84~85% Aol FholA A 5UA 84~86%F Kol wmE F
7+e BYTthFig. 3-129). #A5H7l Aoes AF Z7] HEX T Mo] 480, AT 440,
AA 01% AT 3.90 X T 360 BHr} =& H42 wopm 7 ST AT 270,
AA 01% 3T 240, ZXFF 1.90 Bt} 360 22 HE&AY T HF7l =9th(Table 3-14).
HAA A 7ZENAAE AR 7] WL T 480 o7 I 430, AA 01% AT+
390 2T 400 BT} =& HA42 wgry AR SUAAE AT 3.00, AA 01% )T+
290, FAe+ 220 Bk 370 o2 WEATF FFvt =g F& A TIF T4 AA
01% AZ 7o HEAZF7F o2 AP TRt ¥ e Bk =3 Fig. 3-1307F Zo] ¥&
AP ] AbF Aol Zhg wbE Bo g2 gkt AAdHo] AldkE 60TC-15% A<k 01 %
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Fig. 3-122. Changes of L wvalue, of fresh-cut apples according to using combination

treatment during storage at 5C.
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Fig. 3-123. Changes of AL wvalue, of fresh-cut apples according to using combination

treatment during storage at 5C.
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Fig. 3-124. Changes of AE wvalue, of fresh-cut apples according to using combination

treatment during storage at 5C.
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Fig. 3-125. Changes of PPO activity of fresh-cut apples using combination treatment during
storage at 5C.
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Fig. 3-126. Changes of hardness of fresh-cut apples according using combination treatment

during storage at 5C.
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Fig. 3-127. Changes of weight loss of fresh-cut apples using combination treatment during

storage at 5C.
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Fig. 3-128. Changes of soluble solid content of fresh-cut apple using combination treatment

during storage at 5C.
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Fig. 3-129. Changes of moisture content of fresh-cut apples using combination treatment

during storage 5C.
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Table 3-14. Sensory acceptance of fresh-cut apples using combination treatment storage

5°C (P<0.05).

Day T AA 0.1% 60 C-15sec None
- Imin + AA 0.1%
0  4.40+0.69 3.90+0.87" 4.80+0.63" 3.60+0.96°
2 320+0.63" 3.50+0.67" 4.30+0.67° 3.20+0.78"
Color 4 2.60+0.51° 3.70+0.67* 3.50+0.70" 2.30+0.94"
6 2.70+0.82° 2.70+0.82° 3.50+0.70° 1.80+0.63°¢
8 2704067 2.40+0.69° 3.60+0.51° 1.90+0.87°
0 3.60+1.07° 3.70+0.82° 4.60+0.51 4.10+0.73"
2 3.60+0.69" 3.90+0.56" 3.90+0.87° 4.20+0.63
Flavor 4 3.10+0.31° 2.90+0.31° 3.00+0.00° 3.90+0.99"
6 3.60+1.07° 3.80+0.91° 3.90+0.99° 4.30+1.05*
8  290+0.99* 3.20+1.03* 3.50+0.84° 3.50+0.97*
0 4.90+0.31° 4.70+0.67* 4.80+0.42° 4.60+0.69*
2 4.10+0.99* 4.00+1.24% 4.20+0.78" 4.30+0.82°
Texture 4 390+0.31° 3.90+0.31° 3.90+0.31° 4.00+0.00
6  4.20+0.78" 4.20+0.63 4.20+0.63 4.00+0.81
8  4.40+051° 4.00+0.94% 4.20+0.63 3.80+1.03
0 4.3040.82° 3.90+0.87" 4.80+0.42° 4.00+0.94"
2 340+051° 3.70+0.48" 4.20+0.78* 3.50+0.84"
Overall b a b .
acceptance 4 2.90+0.56 3.60+0.51 3.30+0.48 2.00+0.66
6 3.10+0.87° 2.90+0.56" 3.80+0.63" 2.50+0.52°
8 3.00+0.78" 2.90+0.56" 3.70+0.48" 2.20+0.78°
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Fig. 3-130. Color changes of fresh-cut apples using combination treatment during storage at

5C.
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IFAA W 7taEE 3L TAA septumE F&F3le] 7t~ FE EA 7] (Check point 11,

orp, Korea)E o]&3te] A3}

5
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o
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=
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T
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92}
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AW 2}A| (JC801S, Color Techno System. Co. Ltd, Japan)E ©|-83to A}, Al@te] WS 53
HtE =H3le] Hunter L, a, b3S T3t 7 L, a, b FHE o83l AE

(V(AL?+ Aaa’+ 00%) 3 F3HAth BdF9 A9 AZ 40 gl 200 mL ZF52 A7}
3t 35T F24ZolA 2 A7 Y & AAA2 73 FH Micro Reader(BN 02910, Versa
Max, USA)E o] &3t 420 nmollA FF=E st 2HAEE FAISHAH.

3) PPO(Polyphenol oxidase) &4

A= 10 g& T 01IM  potassium  phosphate  buffer(pH 7.0)& 7138}
Homogeniger(HG15 wisemix, Korea)Z T A3}sle] ice bath oA oztstn A4AEZ(
15,000 g, 10&)sle] AE5HL zasdoz ALYt 2EL F29 02 mLE &=
ZAE 02 M catechol €% 28 mLy &gt 25C ZAA &= 180x%7F B
(CARY100 conc, Varian, Austrailia)Z ©]-83}o] 420 nmo| A FHE=E SASIAY. §4
unit §4 FEA] 189 00019 FFx H3z el

UNF= T2 5 g8 FH3I T o] A= 05 g2 Polyvinylpolypyrolidone(PVPP)7} &%

S Hrlele] A&Eow F A3 & oice bath Aol A o3}
4C)E ol&3std 12,000 rpmel A 10 &3t A4 &3
Ao, 2E84% 0.1 mLo] 10 mM catechol 7]& 29 mLE 7}
FREAR 420 nmol 4] FAsHGATE PPOS @48 1 £33 2 & Abol9] 0.001¢ F

1

Atz 5 goll polyvinylpolypyrolidone (PVPP) 1.5 g¥ 0.1 M Potassium phosphate buffer
(pH 5.0) 25 mL-& 7}st 187+ Homogeniger (HG15, wisemix, Korea)2 600 rpmo 2 n}4
B % olTSTh olThalg 0BT 8000 x gl A ARzl AFAE Ase] TEAC
2 AFESYEE 284 01 mLo] 7] &N (10 mM catechol) 2.9 mLE 7}5te] wWbgA|AH B33
Z=A(CARY100 conc, Varian, Austrailia)Z 420 nmo|lA FHE=E SASIY L, 18237 28 A}o] 9]
0.0019] F4x= HaFe 1 unitz E7skoh
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4) PAL(Phenylalanine ammonia lyase) ¥/3

A2 5 g& FHsl 25 mM borate buffer(pH 8.8) 25 mL¥} 2-mercaptoethanol 5 nLE &3
3l & Homogeniger (HG15 wisemix, Korea)2 T 23}5}a ice bath AdlA oAzt o o
S YAE(5000 g 102) 3 & HFde zEALANO R AMGSIATE 2E4 FEFY 1 mLd
d=dog zA 3 01 M L-phenylalanine 0.55 mLE 7}3}e] 40ColA 1A B<eF w3471
T EFFEAZ 290 nmoA FFEE FA5HEY. TFEZLS trans-cinnamic acid (Sigma
Co,. USA)E A&ttt UAFE 5 g& FHsll 5 mM 2-mercaptoethanol@ 04 g2
polyvinylpolypyrolidone(PVPP)¢] &% 50 mM borate buffer(pH 8.8) 15 mL& 7|5l A
& #2333 F o7slgth 17000 rpm, 20 B AR 3 F ATAL 2ELE AMESIY
&A% 1 mLe] 100 mM L-phenylalanine 0.55 mL-& 7}ste] 40Coll A 60 27+ 8-&-A1 71
F FEAZ 290 nmoll A FEEE FAFSYH. BEF EZLS trans-cinnamic acid(Sigma

Co., USA)Z AM25tgth

i

5

5) F9= T 27
ZAF 10 g& 80% ethanol 100 mLol] ¥ o] w3t 85C2] Shakingwater bath(BS-31, JEIO
TECH Co. Korea)ollAl 4A17t FZsle] 2 oAe AF7AE=7|(R-200, BUCHI Co,,
Switzerland)ZE ©]-83}le] 10 mLE T3ttt o] F=4 01 mLE 0.9 mLel Folin-Ciocalteu
reagent (Sigma Co., USA)$} &3} o4 7)o 1 mLe] 20% sodium carbonateE FH7}ste] 14|
b HEgw. o] 2AE AFRAL 640 nmollA FFEE =AU EEEREE
chlorogenic acid (Sigma Co,. USA)E A
At 50 g& HEFT F 8000 x gelA 1027 AAEEstd 4EH 01 mLof
Folin-ciocalteu reagent (Sigma co., USA) 50 nge E33sle] vortex & 487F W
& & Zd) 20% Na,CO3E 1.5 mL H7}sk] vortex & 287 vkg
gtd 760 nmel A FFEE FASAT. BFEZE = chlorogenic acid
R85
AdAFE 10 g2 70% methanol 60 mLE 7}3te] F A3} 3k & FLo A 147 FE351] o3}
g $ofl 15,000 rpmell Al 2027 AA4lEE st 4Ee 0.1 mLe]l Folin-ciocalteu reagent(Sigma
Co., USA) 50 ngs =338t vortex & 487 vkg A AHTh 88 & T gl 20% Na,CO;E
1.5 mL 7}t vortex & 283 ¥hg & EFFEAE o]&ste] 760 nmoll A FFE=E 574

sttt ¥FE 2= chlorogenic acid(Sigma Co., USA)E A&3}S T

=
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SPSS WIN 120 Z2 1@< ol§3lo] sjdat A2¥e A5e] YAS AN 3 9w

1) Active MAXZ-S 53+ AAlHo] ZAAFS] AHAE FA}
FAE AT dYeEdA TUs AgAUSH, AF F 3 x 3 x 1 amAA2 s
THe E71E AAZ T & EFo] (24 x 165 x 5 cm)el] 100 g
Q
[}

3027 £ FA S &
A P21 MA ZF7|E 0|85 O, : CO, 7F2FAFL 5:5,5:10,5: 20,5 : 3022 349
EAst] 4T AFstAnt. Aol BAAFY] 7IAEFE =AM AR(Fig. 3-131, 3-132)

il BHstEA Faste A4S Bt FAHIHFE 7P B 2tad Ha
=2 M arolabstgba A2 F(5:20, 5:30)= A FE7] AbaTE %t FUlsR o oAl A
FAE iﬁﬂt‘q 5A8 T} 510 A= AZ7|ZE
A7t ataEEe] & AT Holx Fyth oligEd TEE T

A7t 7HE B 7 Elout 520A 2 Te 530 M TE oldstgs TE7F tha
4skglth 5542 7ok 51042 79 olitstE s Tke= AFVIRE et Be wWIHE %
pig=d

AT AF9] FoFA AEQ] ZHAEE TF F 0,2 4, 6, 8 104 ¢ AU
(Fig. 3-133, 3-134). L 2 A%717ko] 7 | webA BE ATt Zaste A% BA
oy FAHEF7F MAXY A TR o 22 L 3y WeE Btk MAZE A
ME olitstete FEVF ES5F L oghe AVt AA fAFHAJT AA A A
UJelfl= 2E = FAHIZT7F 7 B2 WHIE BYon MAXF i%EHLOM =
olitgteta A7t 7HE AL AE e HIlE Yehfidith ol 1B 2L
TEY Ata Ze] Aol bl A AA =go] givta #AeHH, e @@ﬁﬂol A
ANME FASE AFHE BAFATHI). AAMH] AF] AWE FE &
shed MAZ g we maxgAe oAazd ds ZARIGTh AAdBol BAAE
PPO(polyphenol oxidase)&A-2 A& 7|7ko] AFof ulg} 2 &AJo] F713}H thFig. 3-135). A1
T} mix7bA 2 FAHEFIF MY 22 @48 BYoen 520,530 AT AZNL F
g e FAFE FASGH ol AFE 12kgtebAx 2 7F PPOY] 48 AT E b2

Lo

fr

-

h
o,

o
o

AR S

tfEE o HE=A 3FEL shikimic acid pathwayel] 23] A E phenylalanine®} tyrosine
stol ddEH. tFE dsd SEES FAHAA MY $83 dA=
phenylalanine©] trans-cinnamic acid2 M5 ¥H§-2 =2 phenylalanine ammonia lyase(PAL)

o o8] Zuj¥t}t phenylalanined] & o}lwu]’=7] whS-o] 2]3}e] trans-cinnamic acid”’} F4d =

Mo
]
i3
il
i
fru

™ trans-cinnamic acidi phenyl propanoid® caffeic acid, phenolic acid 5 Z33F #H= 33
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=9 74 987} ol PPOC 7122 H8str] wEel Adge] Ak PAL &4& 533}
SATHFig. 3-136). PALE/d& EE A7 AF7IT 2 vh 78l e BAoH ¥
A7k 7 e 248 Bolenm MAXR HeTe foHd Rolg HolA] osith ols
TEEe BA7Rs AFs A pHE AsAA PAL e ofAFt= iﬂg‘r frAkstor
@). BlsEd2 PPO, PAL F4d & 2 E4=E AgEe o2 484 F e FFS
=78 sk irh(Fig. 3-137).

F Wsd ' FHFE ARGl Adel wE me ATt T

d T total phenol FF2| F7h= PAL Ea 5 =@y a4LdA] 712 APl 5
7F8kSA7] o o TH(5-8).

AR Ah(Fig. 3-138)dl A= M=o Aot fARHA MAXR A7k FAE 7l v A
& ZWg B3low MAXY A2 FAAE sz oitsgiAfz 77t sz oitsigs
AgTEg dWs dE Ao R oAk ols M= Aot fAS AIts Bl

MAZZo] we Ade] gAe] 7|5ed A7) 913 #e%7KTable. 3-15)14 = BE
A F7h A7kl Brpetel] wet Aol AstHAA R FAzT= 2oz s wa
FAASE AFHAT, 5120, 5 : 30HH T A WL AHoR AHAUAT AHA
of HA o]H= el FAo] AsHAAT 2HFL ¢Stk 7] T CO; 0—1—7]' cxds

rl

2

A7 RAGBE Has Naw 2dam on omi}m G R A A4dHe] 3
nd 4 Qe Baeh fASIATHR). 5 : 10877 AAe R 7}
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Fig. 3-131. Changes in O, concentration of modified atmosphere packaged fresh-cut potato

during storage at 4C.
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Fig. 3-132. Changes in CO; concentration of modified atmosphere packaged fresh-cut potato
during storage at 4C.
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Fig. 3-133. Changes in L value of modified atmosphere packaged fresh-cut potato during
storage at 4C.
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Fig. 3-134. Changes in delta E value of modified atmosphere packaged fresh-cut potato
during storage at 4C.
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Fig. 3-135. Changes in polyphenol oxidase activity of modified atmosphere packaged

fresh-cut potato during storage at 4C.
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Fig. 3-136. Changes in phenylalanine ammonia lyase activity of modified atmosphere

packaged fresh-cut potato during storage at 4C.
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Fig. 3-137. Changes in total phenolic content of modified atmosphere packaged fresh-cut
potato during storage at 4.
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Fig. 3-138. Color changes of modified atmosphere packaged fresh-cut potato during storage
at 4°C.
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Table. 3-15. Sensory properties of modified atmosphere packaged fresh-cut potato during

storage at 4C (p<0.05)

Day Control 5B 5:10 5 : 20 5 : 30
0 2.60£0.69%  2.10+£0.56%  2.2040.42%  2.30+0.48%  2.30%0.482
2 4.3040.822  3.50+0.84P  2.3040.48°  2.10+0.73¢  1.70+0.67C
4 7.0040.66%  5.20+0.63°  3.70+0.48° 27040489  2.30+0.484
Color b d d
6 7.10+0.31%  5.10+0.56 3.40+£0.51°  2.30+0.48 2.20+0.42
8 8.3040.48%  5504052°  4.2041.03¢  2.90+0319 24040519
10 9.0040.002  7.0040.81°  540+051° 47040489  4.20+0.42¢
0 1.4040.51>  1.7040.48%0 15040528  1.90+0.31%  1.70+0.482P
2 1.9040.87% 27040482  2.30+0.483°  2.30+0.48%D  2.80+0.422
4 44040514 470+048° 41040569  6.2040.420  6.80+0.422
Flavor d d b
6 6.30+0.48°  4.10+0.73 4.00+0.94 7.10+0.73 8.1040.872
8 6.7040.48° 55040529  5.0040.47¢  7.60+051°  8.60+0.512
10 65040522  5.40+051C 5504052  8.10+0.562  8.00+0.662
0 8.3040.487  8.80+04228  7.8040.63°  7.60+0.51¢  7.60+0.51C
2 7.80+0.428  7.40+0.69%  7.60£0.69%  7.40+£0.51%  7.60%0.692
4 6.6040.51>  7.0040.66° 6.5040.523D  7.40+0.692  7.3040.482
Texture b b b
6 5.10£0.56°  6.50%0.52 7.00£0.472 7.10+0.87%  6.80+0.42°
8 380+1.139  4.60+0.84¢  5.20+0.63°¢  5.60+0.692"  6.30+0.672
10 4.8040.63°  5.30+048°  520+0.63°  6.10+0.562  6.5040.702
0 7.3040.677  8.40+0.512 85040522  8.10+0.562  8.3040.672
2 5404051  6.2040.422° 65040528  5.80+0.91°¢  5.80+0.51€
Overall 4 3.40+£0.51¢  5.10£056°  6.90£0.562  5.10£0.56°  3.70+0.48°
acceptance 6 24040519 5404051  6.60+051%  3.50+0.52°  2.60+0.519
8 1.5040.52¢  4.1040.99%  4.6040.69%  3.1040.56°  2.90+0.73P
10 1.2040.42¢  370+048"  4.3040.67%  3.504052°  2.50+0.70¢

2) Active MAXES 53 ATl Al Fo 2HAHE FAL

Atgbs 2o tHErtEdA Fdste] A AFgstleod, Alx F AP 2 ddst] 2

44 Edo](24 x 165 x 5 cm)oll 100g ¥ LFsld 2z 7z HdEE EGstdA 4Col 1097

Agstadct. 242 ZiAlE = mE AddHe] Ae FAlzA e WstE xAMe 3 HH(Fig. 3-139,

4-10). AtaFES} ot g A TEE 530 AYTFE At BT Ak AT F FA

277 7 ‘E%% 7&&% HAL MAHEFES A7 5 583 5o He Has Hol
TE

A= skt = A7 Frbgel wel FAg ek 55, 510 A=
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PO %*é% AA G ol CO, F=7F =45 PPO 40| AAHT= B9t {4}
1 TH10). PPOZ A7 miz7kA 2 FHE 3HeF(Fig. 3-144) G4 FAH 77 MAXE A FH
AR S-S 0T 7 AT A FAdY AW sdue] PPOEAS 4 H
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Fig. 3-139. Changes in O, concentration of modified atmosphere packaged fresh-cut apple
during storage at 4C.
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Fig. 3-140. Changes in CO, concentration of modified atmosphere packaged fresh-cut apple

during storage at 4C.
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Fig. 3-141. Changes in L value of modified atmosphere packaged fresh-cut apple during

storage at 4C.
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Fig. 3-143. Changes in polyphenol oxidase activity of modified atmosphere packaged
fresh-cut apple during storage at 4 C.

41
an | —*— Control
D‘a —o— 5:5
o —¥— 5:10
5 Pr —— s5:2
= —— 5:30
= B}
2
E 37
g L
L
E JB
v
L
2 3t
[1:]
)
o)
= ool
33 1 1 1 1 1 1

Storage time (day)

Fig. 3-144. Changes in total phenolic content of modified atmosphere packaged fresh-cut
apple during storage at 4C.
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Fig. 3-145. Color changes of modified atmosphere packaged fresh-cut apple during storage
at 4°C.
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Table 3-16. Sensory properties of modified atmosphere packaged fresh-cut apple during
storage at 4C (p<0.05)

Days Control 5:5 5:10 5:20 5: 30
0 3.50+0.52% 2.40+0.51P 2.10+0.56P 2.60+0.96P 2.20+0.42P
2 5.20+0.422 3.30+0.48P 2.90+0.56°¢ 2.50+0.52¢ 2.50+0.52¢
4 7.30+0.67% 7.10+0.733P 6.70+0.48P 5.50+0.52¢ 5.20+0.63¢
Color
6 7.70+0.482 6.60+0.51P 6.40+0.51P 5.6040.51° 1.80+0.784
8 830+048%  67040.67°¢  7.00+081P 6.10+0.87° 1.60+0.694
10 8.90+0.31% 7.90+0.73P 6.90+0.56¢ 6.70+0.67° 6.30+0.82¢
0 31040314 2704048°¢  200:031%° 22040429 24040514
2 3.7040.48% 2.60+0.51P 2.70+0.48P 3.50+0.52% 3.9040.31%
4 550+0.52P 4.20+0.63° 410+0.73¢ 6.60+0.84% 7.00+0.66%
Flavor b b b a a
6 5.00+0.81 4604051 4404051 7.2040.63 7.30+1.05
8 5504052  510+0.73P 520+0.91P 7.40+0.69° 7.70+0.82%
10 6.70+0.48¢ 55040529 580+1.03¢ 7904087 8.8040.423
0 7.50+0.52P 740+051° 78040423 83040482 8.3040.67%
2 6.60+0.51P 6.60+0.69P 6.70+0.48P 6.90+0.31P 7.60+0.51%
4 5004094 540+051°¢  6.00+0.94P 6.90+0.73 6.9040.73%
Texture
6 56041267 51040565  550+070P¢ 62040633  6.60+0512
8 510+1.66%°  4604069°  490:073%P 52021132 59040562
10 410+1.10P 430+0.67° 5.30+1.05% 5.80+0.78 5.80+0.782
0 6.604051¢ 72040422 720:0423P  6.90+031¢ 7.4040.51%
2 5.70+0.48° 660+051°  71020563P  730+0.67% 7.30+0.82%
Overall 4 340+051¢  500+066% 52040632  490+0.87%P  450+052P
acceptance 6 2804042  480+063°  630+067% 5204078  4.80+0.78P
8 1.90:056%  4.30+0.82P 56040842  4.00:094P¢  340+1.34¢
10 12020424 4.30+0.48P 4.90+0.73% 2.60+0.51° 2.90+0.87°
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3) Active MAXFE B3 ATl FFAF dHALE A}

AT HFREAA FYsHaL, FFFe BY & EVHA B9E AASIAL 3 x 3 am =2
712 Adste zF AT JAlexs B2 50 g XFE Ed o] (24 x 165 x 5 cm)oll Ho}
Zgste] 4TA 1047 AFstdA 2%, PPO &7, PAL &4, F A= 7Alxd, &
SB7HE AT ARG A AtaEEe FARTY AthwErE AU A A&
Hog ZAsta, MAAZTES ALsEe zol7b ®Weol uWehAl ghtrh(Fig. 3-146,

3147). ol AHBIRA FEE 5203 5304 TE olMstRA TR/t AT BG 2FH P
SR UrA HeTEL wEsAY Fsdth 7 = z
Z7kstel A 1097 5% £E7A F7 }6}2515}.

NE(Fig. 3148 A1) whet FHTI MAZY HelFuc

dHo] S EAgh ht s
B2 F7FE HoA 2ol HE IAHASS & F AU ole T A4, ozt
gha FE7F 2EE Aok #AuEth(12). PPO B4 (Fig. 3-149)2 EE Ay 77t A 6%
A F7hetert 2 o] 3R H Haste AFE UEpded 530 Ayt A0t F A
aez e PPO A4S UYeRTh ol aolitstetart PPO &/4& ofAlstiivte 4z
=™, PAL &4 (Fig. 3-150)2 FAH 77 7 =& @A BYon, MAXHY HYTE F 5
30 Al77F AU Her 7 ¥ 4 JEith F dled 3 (Fig. 3-151)AAE EE A
277t St FAE T 7P weol 27}0}9517 CO, =7t =255 s FFol 9
il

A Fol Myl el A BA E3 AAEATt L ALRE T AR AT Fig. 3-152)= 1L
Ba7be AP vt dides Zwol oAl Hglen EATrt b Be Zwo] RAES)
o} A MTo] opabE=o AEWIlE % ¥ Table 3-153) & A F7t A 7|7te]l A7
of weba FAol ASHAY 2 F FAFE 53 gHFRA B FAANIFE EYx
MAXF AHelTte dlHez ZdHS o AMe FL& FFE FASAAT 1
A7tz A FE olFHE S FZol AstEe] vl A 5: 10 AUt FEAS T o
St

S
2
ol
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T

a

do
)
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Fig. 3-146. Changes in O concentration of modified atmosphere packaged fresh-cut lettuce

during storage at 4C.
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Fig. 3-147. Changes in CO; concentration of modified atmosphere packaged fresh-cut lettuce

during storage at 4C.
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Fig. 3-148. Changes in browning index of modified atmosphere packaged fresh-cut lettuce

during storage at 4C.
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Fig. 3-149. Changes in polyphenol oxidase activity of modified atmosphere packaged

fresh-cut lettuce during storage at 4C.

- 424 -



0.30

= —&— Control
. 028
= —— 55
@ —»— 5:10
= 0% o 520
m —a— 5:30
o 024 ¢
5
c 02F
£
o
= 020}
E
= 018 |
=
=
K
g 016
=
o 014 +
012 I I
] 2

Fig. 3-150. Changes

Storage time (day)

in phenylalanine ammonia lyase activity of modified atmosphere
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Fig. 3-152. Color changes of modified atmosphere packaged fresh-cut lettuce during storage
at 4°C.
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Table 3-17. Sensory properties of modified atmosphere packaged fresh-cut lettuce of during
storage at 4C (p<0.05)

Day Control 5:5 5:10 5:20 5: 30
0 250+1.95%  150:052°  120:042°  140:069°  1.60+0.692P
2 540+4126° 5604069  210:056°  1.70+048P°  130+048°
4 710+0.73% 5504052  240:051° 1600519  1.40+0514
Color 6 73041332 710+137% 4204042 4104200  1.30+067°
8 78041312 60041417  410:073°  190:0879  1.20+0424
10 870+048%  450+097°  720:063°  220:063¢  1.60+0849
0 2.00+1.41¢ 2.30+1.82% 1.80+0.78% 2.70+2.05% 3.10+2.18%
2 410+128°  420:078° 300081 5700822  6.40+0.842
4 5.20+0.78" 4.90+0.73"¢ 4.30+0.67¢ 6.40+0.51% 6.70+0.67%
Flavor 6 370:08°  300+1.24%°  240+084° 82020912 7.40+2.0%
8 33042117 32041687  360+142°  660+134% 77042262
10 48040637  440+134° 5004105 81020732  8.60+0.692
0 7.60+1.42% 7.90+0.73% 8.20+0.78% 7.50+1.64% 7.50+1.77%
2 640+117%°  590+056°  680:0912P 7004105  6.90+0.99%
4 630:048° 63040677  720+063%  640+051° 6204063
Texture 6 3604150 490+1.52°¢ 73042407  600+1.242P  670+1.882
8 5.60+1.57¢ 6.40+1.42% 6.20+1.61% 5.50+2.01¢ 5.20+1.93%
10 4.60+0.69% 5.60+1.26% 4.50+1.50% 5.30+1.33% 5.30+1.25%
0 7.10+1.85% 7.90+1.10% 8.20+1.03% 7.70+1.25% 7.30+2.49%
2 6.70+1.25° 6.40+0.51° 8.10+0.56% 7.40+0.69° 6.40+0.51°
Overall 4 55040.70%¢  570+0.67°¢ 72040632  580+091°  500+081¢
acceptance 6 16040699 3204139  590+1.66%°  490+137°  6.80+1.47°
8 540+1.26°  420+41138P  560+195°  480+1.61%°  4.40+1.07%P
10 3.30+1.15° 5.60+0.96" 7.00+0.81% 3.90+1.52° 3.50+1.26*
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A FHAYAFAN FHE B BRAE A F FH) o] Mg Bl Yol Fohs
1, Taﬂ; FAAE 2ol Hol AgHor PhuE Edol WA oI WS W5
% A

AdHe] AFe] 98 AY, AL T2 o8 F Ue FHE FAFL e ol AA
wojob sh=dl o] AL AWl AFY FE3 HHYAHJ] BASE Aol AT FFo] L8
Sttt FFe B A AFHA Xoa AR Bele AR AAS, A2 ndE sE
= =1, AAdERE golx7ld AASHH, vtEA A(FH)S AA t=F ok AdHol FAF Al
F9 Hye= drt A7AR sjl= B AEH 7S o835t IHEHE Foll Bt F3E
AL HAZE Eoprta A Beja|ske] i o BAA = HHES FE ANV A2 o
o FFHYrIE 95 dHd Adol i, HAE E7td & A 54 HAE
Aol BIAA= B 717F HEH ] EEEi e, &4 gysit 2y 7] S A
E=EEo] ZWAA ] =g& F JTH29)

h A

gt Al G322 ddstes Aol dsA] xXT o ddHe ARG AFsHol St
a3, A7 A & 7 ARl & A wHAME FH dFE FA= A & F A
Atk A= Aty Z-g ol§st= Aol 7 AAIF Fhou dA =Ystride oy
w°l Jerz dfstu A8 dFdase] H 2HHE de AHEste Aol F& ALeE
/dEH AddEo] FEF A BvE FAFA=E vEA sl obd JAH dEe A
st7] w2l 714 ol F71HA FH Al FHo] o]FolHeor & Acw AzET
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6) A= 5 A

AAHo] FAELS BE 3xE Y AFE HAAsted o] u AFd AMEHE B $45E
o]l & F JE ALE AZRAS sl F2 3~5C Wl WdAs+E ALe3T 13 AlFe
olEZ B FH& AAS I, 23 MFHE daFe) e AFRdom NFHHE i 3AAHLS
ARG E2 7= AFoth AFTHAE o8] FHo] AT 2 Foll F2 Ho| AME3IE
HHo2E Fo| ME £E2 AGEo] WA, AFHZE oldr Fr|Hge] EEFHE oF4
AMA, AuolofdE 2oz olF FU ALFE oA B2 BHFE AU BF A,
A" B0l @t Ave Al ZA4A AFH Fol JthR9). o oz Al Al Al
oA FE3] Folh waleh 22 o]EHo|Y rAES glaed Be =] € oz A
ZHETh obFA AFHE g ok ollet ZAFo BAFIE HE JHEEiH, BEA AFH
o] A% HAF ZHo] JTFE wHA Fol 4% IS AFHY u} HFAE F AFE B
Hoz AMgSta AN AHE AHAd 1Az & 59 oEFE AAS=Y AMESh &
A0 TRES F4F, ok AL, LEF T BE TR AFAoRE A 4= o|FA
A A BAH 7ER g rEAAE AGE EE GAFE AMEEY A 25 S sle Aol ¥
7t 4 WASE shuie] a]le] @ Aeolgta Azbeith
h A

AR o] Abah, FdF, A AlH AFe] mAEe] dF E2UE 2T ¥ IFE 4

24 So| A48k A4Hol

=

_,4
jute
P
>

=]
FFFo AlFH-L FA 200 ppme] Ao S

om 10~20% HE=o AHAE 7HAH FHoz AHIEE AL o diag
&ol 71 AA £n, doaATt Holun AAAH g Addde] FiEd 7HE
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SHI Qe AEAT FAFe BH 9dHo] Y tFE 3 L25L FES

- 431 -



7rest Az HAeRE A AAEZA 7] wlEo A m= Centers for Disease
Control and Prevention®} Environmental Protection AgencyollAlE A F-2 A FHo| ¢lo]A]
50~200 ppm GAEHS AFEE AL ARSI Yui13). AAE AAHAHo| 7R}, Ay, FAFE
o AHe] FEE RAESTE 2AE ZF(Fig. 3-156) AFolALANIEF 571 F7HG el o
g A EFT7E AR 100 ppmTF 200 ppm AFe] ] mAAE FFo] §2 Ao
gFobA 100 ppmo 2 AlHstAE FE3] rdET #4 a34E B + It

200 ppm} 300 ppm "B EF FAoFIAA B Rol7t UA| Fshken,
g F=7F 200 ppm o]l Aol FUHEE A4 g H

& = ks Baot frAkstArh(14). 3 200 ppm o]Fe] FEE AHA Ha
wAAste] B FHo| Asletrt. 3 daFE pH 2 25 mEpiE Adgago
A=l pH 45 FZo] 7P 7t Fout Al e FAE

pH 6~7H T & Al&3l= Fo] Evha FHETH(29).
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Fig. 3-156. Effect of the concentration of chlorinated water on the survival of total viable

cell counts on fresh-cut potato, apple and lettuce.
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Table. 3-18. Microorganisms isolated from apple, lettuce, potato

wrns | 25 Z‘iﬂj 5425} e
AP-21 Al 1,403 Bacillustequilensis10b(T) 100
AP-22 ” 1,406 BacillusthuringiensisATCC10792(T) 100
AP-23 ” 1,357 Enterobacter ludwigii DSM 16688(T) 100
AP-26 ” 1,419 Staphylococcus warneri ATCC 27836(T) 99.93
AP-27 ” 1,357 Leclercia adecarboxylata GTC 1267(T) 100
AY-21 ” 1,421 Bacillus siamensis KCTC 13613(T) 99.93
AY-24 " 1,425 Leuconostocmesenteroidessubsp.dextranicumNRIC1539(T) 99.93
LP-1 A 1415 Bacillus methylotrophicus CBMB205(T) 100
LP-2 ” 1,387 PseudomonascremoricolorataNRIC0181(T) 99.93
LP-3 ” 1,357 Enterobacter ludwigii DSM 16688(T) 99.78
LP-4 ” 1,406 BacillusthuringiensisATCC10792(T) 100
LP-5 ” 1,358 Escherichia vulneris ATCC 33821(T) 99.85
LY-3 n 1444 Weissella cibaria KACC 11862(T) 99.93
LY-4 ” 1,406 BacillusthuringiensisATCC10792(T) 100
LY-6 n 1,404 Acinetobacter pittii LMG 1035(T) 100
PP-11 = 1,357 Enterobacter ludwigii DSM 16688(T) 99.71
PP-14 ” 1,424 Bacillus aryabhattai BSW22(T) 100
PP-15 ” 1,424 BacillusthuringiensisATCC10792(T) 99.86
PP-17 ” 1,388 Chryseobacterium defluvii B2(T) 97.62
PY-11 n 1,404 Acinetobacter pittii LMG 1035(T) 100
PY-17 ” 1,405 PseudomonascremoricolorataNRIC0181(T) 99.93

(h 2A
HAAH A A FHA, £ HEA, 2 BAA T2 AMSst AAddEo] AFe F2
FAE A|E3c) olu ALE JlE3d AW WA A2+ ascorbic acid, citric acid 53 @& E3F
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2 pHE ZWan WY 2W WAAZ =7 232ol} JELYLT Ex JshiEFo
AN 5L AHestel AMTol Az 29 TLBHE ANAL MAE FAE AN
Aoz FTHARAE T F Uu. 4ldHo] Alzte] 1% Citric acid HZA| v E A o] oA =
a1, HA 0.25% mailic acid : 05% ascorbic acid : 0.25% calcium chloride, ] 0.75%

mailic acid : 1.0% ascorbic acid : 0.75% calcium chloride W& & A| v EF} 22 o] A3}
of AWE AASIHTGT RusHTH1S). AAdEZE Ax2 FEET ascorbic acidE B85}
e S WAAE A QR B WAEL o8 BEAN 3 FARAI Abseivin
SATH16). THE AAERE TulH F28 o83 Alz AW ZWeld] 9k proteased o] &

o Stk B A7E Bae] Auwsl A, oux, wiztel
AAAE BT AMH B, AT, B Bo) AF AzA HeFe
o

HolH, AZI A= FAAN HE 59 AL AAHAE T 43

() @A
AAMe] FABL AHE} AFolng FFHFN Hog FAsE Aol FRelA gk 7}
SN 2 AAAY GFLE ARe) Dasik GFLEA A B 5 e

phenylalanine ammonia lyase(PAL)¥} #Z& ZW g
Aol AFY] ZWHE AATE & Ade Yol a8y AAFY 257 R i—'i% 78‘“?— 4
AF 2 Aaes 238 FEE A3/ E 7 C

0 R
THE 7hete] B4 F4E AAANTI= Aol stE st AZhEn. 55T gl 4557 HA|

5 N

S Aol AT AW EFEo] oA HATL 4™ (25), dA AFE Bhek Zo] EAF
£ F5to] Aol AL, Az, ok 2y gAgAe] oAlHE AL FASHTE T3
AXHo] 2Ze] HAr AE 8] F2(18), AFH19) 2 HEQ20)] X7 EAHE HusY
ok SpA R AA gAY 5= 12T BEE fA=HL et AHFE o83 dx79 7
T AYgFe] EE FTHITIE EASY F25E fAlske HE B HA @& Aolwhal #
gEg. ek, A scale T HY scaled| M A Z23Fo) T HH FAHL =&Y )
Hete dA 243 F84 o8 AdAde] Jermz 53 A7E el A4Ho| HIF
3, B Az AEHeR AErhed i e 2ao] 38 Foz AZ4HEY

b
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