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SUMMARY

1. Title

Development of value—added ginger products for industrial application and export

II. R&D Purpose and Necessities
The purpose of this research is to develop various ginger products (which are now
simply consumed and distributed mainly in the form of raw materials) containing high

storage quality and selection that can increase the added value along with the income of

farm households, and that also can be exported.

Il. Details and Scope of R&D

O Development of shelf-stable minced ginger products

- Selection of the optimal grinding condition of ginger

Selection of additives for optimal inhibition of microbial growth during the storage of

minced ginger

— Selection of browning inhibitors for prevention of browning during the storage of
minced ginger

- Selection of gums for prevention of layer separation between minced ginger and its
juice

- Establishment of the final mix ratio, manufacturing process, package type, and added
amount of minced ginger

- Establishment of measurements for quality changes and storage life at ambient

temperatures during the storage of minced ginger

O Development of sweetened ginger slice products
- Selection of optimal blanching condition for ginger (temperature, time)
- Review on the addition of browning inhibitors for prevention of browning during the
long—term distribution of sweetened ginger slice

- Review on selective addition of sugars and adding methods

Establishment of drying conditions for sweetened ginger slice, studies on the addition
of silica gel and selection of packing type and containers

- Measurement of quality characteristics during the storage of sweetened ginger slice

O Development of ginger tea products



- Establishment of manufacturing method and blanching condition for ginger slices
- Selection of sugars by preference assessment and determination of slice addition

- Measurement of quality characteristics during the storage of ginger tea

O Research on the extraction of ginger oleoresin, its efficacy and commercialization

Establishment of extraction conditions for ginger oleoresin by supercritical system and

solvent extraction

Verification of antioxidant activity of active ingredients in the ginger extract

- Verification of antibacterial effect of active ingredients in the ginger extract

Study on active ingredients and aroma compounds of ginger extract and on changes of

quality characteristics during storage

O Development of technology for maintaining freshness and extending storage life of
peeled ginger
- Selection of optimal gas concentration for peeled ginger by modified atmosphere
- Study on storage characteristics of peeled ginger under modified atmosphere

- Study on storage and quality characteristics by vacuum packing for peeled ginger

O Development of ginger slice products
- Development of pre-treatment technology for reduction of ginger taste and aroma
- Establishment of sugar solution soaking and drying conditions for ginger slices

- Study of quality characteristics during the storage of ginger slices

O Development of ripened ginger products
— Establishment of ripening conditions for ginger and the development of optimal
manufacturing process (pre-treatment, temperature, time, humidity, etc.)
- Quality assessment of hot—air dried ginger and ripened ginger
- Comparative measurement of useful substances, general compounds, nutritional

compounds, and aroma between hot-air dried ginger and ripened ginger

O Evaluation of antioxidant activity of ripened ginger
— Evaluation of antioxidant effects of ripened ginger
- Protective effect on muscle cells and measurement of ATP production

- Verification of the effects on animal exercise abilities and blood parameters

- 10 -



O Development of concentrated extracts and ginger beverages using ripened ginger
- Establishment of optimal extraction, separation, and concentration conditions for ripened
ginger
— Determination of optimal mix ratio of ginger beverages and evaluation of storage

characteristics

IV. Results of R&D

O The grinding of ginger for the manufacturing of minced ginger was performed using a
chopper and then treated with colloid mill after the first grinding, and finally ground
down to micro—fibers. Also, the addition of a mixture of ethanol, vinegar, and vitamin C
to minced ginger was effective in inhibiting microbial growth and preventing color
changes, and the addition of xanthan gum prevented the separation of ginger juice and
minced ginger. A shelf-stable minced ginger was developed, which can have a shelf life
of 3 months at ambient temperature, by mixing ethanol 3%, vinegar 3%, vitamin C 1%,
and xanthan gum 0.1% to prevent microbes and color changes. The antioxidant effect
was similar in raw ginger and prototype minced ginger stored for 1 month. In addition,
cytotoxicity was not shown at 100 ppm and an apoptosis—preventing effect due to HsOo

did not show significant differences.

O For sweetened ginger slice products, ginger was soaked in a 0.5% vitamin C solution to
prevent the color change of sliced ginger and then blanched in boiling water for 180
seconds, then soaked in sugar solutions. The appearance and sensory evaluation results
of sweetened ginger slice manufactured by soaking in sugar solutions and heating were
evaluated as excellent among those soaked in sugar, oligosaccharides, and fructose
solutions. For the storage experiment of sweetened ginger slice by containers, the color
was better in the case of paper tube but the texture was poor. No effect of silica gel
was shown. In the case of sweetened ginger slice stored at 30T, color change and
moisture absorption had a more severe to lower quality than the sweetened ginger slice

products, and those stored at 15C maintained their initial state during the storage.

O For the manufacturing of ginger tea, sliced ginger was soaked in a vitamin C solution
for 1 hour and blanched. Better sensory evaluation results were obtained when sliced
ginger with a 20% ginger tea wt. was added. The final mix ratio of ginger tea was
determined as sliced ginger 20%, oligosaccharides 18%, corn syrup 18%, sugar 9%,

ginger concentrate 10%, ginger diluted solution 1.1%, CMC 0.4%, carrageenan gum 0.226,

- 11 -



vitamin C 1%, salt 0.3%, and purified water 229%.

The vyield of ginger extract by ethanol was not greatly different depending on the
temperature of solvent extraction, the ratio of solvent and sample, and extraction time,
but the extract by supercritical treatment showed a slightly higher yield under high
pressure and high temperature conditions, particularly under 500 bar and 65T, showing

the highest extract yield of 8.86% compared to other treatment groups.

The difference in the content of useful substances of ginger extract such as 6-gingerol,
8-gingerol, 10-gingerol, 6—shogaol and curcumin by supercritical extraction pressure was
minimal, but tended to be slightly decreased with 6-gingerol as the supercritical
extraction temperature increased. No changes in the content of useful substances were

observed when ginger extract was stored at 4C and 30T for 4 weeks.

For antibacterial activity, solvent extraction did not show great differences depending on
extraction conditions, but supercritical extraction showed greatly increased antibacterial
activity in 100 bar and 500 bar extraction pressure groups and 35T and 65C extraction
temperature groups. For major volatile compounds of ginger extract, ay—curcumene,
zingiberene, a-farnesene, B-bisabolene, and B-sesquiphellandre were detected, and the
difference 1in their contents was clear when compared to aroma compounds of

supercritical and solvent extraction.

Ginger extract effectively eliminated DPPH and ABTS radicals, particularly with the
highest elimination effect of supercritical extraction. Ginger supercritical extract
suppressed L6 muscle cell apoptosis and ATP production decreased due to hydrogen
peroxide, and thus ginger supercritical extract, when ingested, was expected to
effectively prevent cell damage by rapidly increasing reactive oxygen during strenuous

exercise, but did not show the catalase-like activity degrading H:20s.

Physiological activities of 5 kinds of quantitative ingredients showed that 6-shogaol had
the best inhibitory effect on L6 muscle cell apoptosis and ATP production decrease due
to hydrogen peroxide did not yet show catalase-like activity, which was same as in the
case of ginger extract. Therefore, it is considered that the protective effect of ginger

supercritical extract for skeletal muscle cells was greatly contributed to by shogaol.

- 12 -



O To determine the CA storage effect of peeled ginger, quality characteristics were
studied after fixing the O concentration at 5% and varying COs concentrations to 69,
14%6, 22%, and 309 and then packing. Weight loss rates showed differences depending
on the storage temperatures and tended to become low as the CO: concentration
increased. For the surface color of ginger stored at 10C, L value and a value were
increased as the storage days were increased, and b value showed similar results as in
the control group, and for the section color, L, a, and b values were not greatly
different compared to those of the control group. The b value of the outer surface of
peeled ginger stored at 25C and 10C was greatly changed as the number of storage
days was increased, and the section color did not show great differences during the
storage period. The hardness of peeled ginger during storage was greatly decreased at
6% CO; concentration regardless of storage temperature, and the width of the change
was smaller as CO: concentration was higher. Microbial changes during the storage of
peeled ginger tended to be suppressed as CO: concentration was increased, and in the
case of ginger stored at 25T, it was rapidly increased to 10° cfu/g after 4 days of

storage regardless of concentration.

O Quality characteristics of ginger during the storage were studied after fixing CO:
concentration at 15% and varying Os concentrations to 19, 5%, 10%, and 15%, and then
packing. Weight loss rates showed differences depending on the storage temperatures,
and particularly in the case of 1% Oz concentration, the weight change was low
compared to other treatment groups. For the surface color of ginger stored at 10T, L
value, a value, and b value were all increased as the storage days were increased, and
for the section color, L, a, and b values were not greatly different compared to those of
the control group. The a value of the outer surface of peeled ginger stored at 25C and
10C was greatly increased as the number of storage days was increased, and the
section color did not show great differences during the storage period. The hardness
during the storage was generally decreased in ginger stored at 10C, and the 10% O-
treatment group in particular showed the greatest width of decrease. In the case of
ginger stored at 25T, the change was the greatest in the 15% treatment group.
Microbial changes during the storage, that is, the changes of the total bacterial count
depending on Os concentration were not greatly different, and in the case of ginger
stored at 25T, it was rapidly increased to 108 cfu/g after 4 days of storage regardless

of concentration, as in the case of Oz concentration—fixed treatment groups.
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O For the manufacturing of ginger slices, it was determined that ginger was soaked in a
196 vitamin C solution for 24 hours and blanched for pre—treatment, and then soaked in
a sugar mixture of 45% oligosaccharides, 50% fructose, and 5% honey for 72 hours and

dried at 50C for 12 hours.

O Ripened ginger was manufactured by ripening in a constant—-temperature—humidity bath
and by drying after steam-processing. The contents of moisture except ash, crude fat,
active compound and nutritional compounds of ginger tended to be decreased as the
ripening period of ginger increased, but free fatty acids content was not different
depending on the ripening period. The aroma pattern of ripened ginger showed the great
differences compared to the control group, hot—air dried ginger. For active compounds
and nutritional compounds, steam-processed ginger and 10-day ripened ginger were

evaluated as excellent.

O Ginger samples ripened for 10 days, compared to the control group, showed excellent
protective effects for muscle cells against oxidative damage, extended exercise time in
mice, and had a suppressive effect on increased GOT, LDH, creatinine, and lactate in
the blood due to exercise. Thus, it is considered that a constant intake of black ginger

should be considered to improve exercise capacity.

O Ginger extract was manufactured using steam-processed ginger. Steamed ginger was
ground and stirred, extracted at room temperature for 3 hours and filtered, and
concentrated to 70 °brix. Ginger beverage was manufactured by mixing oriental raisin
tree extract, a medicinal crop, and ginger extract. The mixture was determined as 10%
ginger extract and 0.3% oriental raisin tree extract, with no additives. The storage
characteristics of the final ginger beverage did not show many changes in either sample

stored at 4C and 25T, respectively, during the 30 day storage period.

V. Research Outcome and Utilization Plan

From the results of the study, the following 8 cases applied for patents: “Method for
extracting antibacterial compounds in ginger (10-2011-0010730)", “Method for extracting
zingiberene from ginger (10-2011-0010733)”, “ginger slice and its manufacturing method
(10-2011-0009327)", “Method for extracting active compounds with antioxidant activity in
ginger  (10-2011-0010710)”, “Storage of ginger through modified atmosphere

(10-2011-0026381)", “Ginger tea composite and its manufacturing with excellent sensory
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characteristics and storage quality (10-2010-0006152)7, “Manufacturing of sweetened ginger
slice with excellent sensory characteristics and storage quality (10-2010-0006127)". In
addition, 5 papers were published in scientific journals including “Korean J. Food Preserv.,
J. of Food Hygiene and Safety, ]J. Korean Soc. Appl. Biol. Chem.”,. Also, 2 cases of
technology transfer, “Manufacturing technology for minced ginger, sweetened ginger slice
and ginger tea products using ginger” and “Extraction of ginger Oleoresin, improved
storage quality of peeled ginger, and manufacturing technology of ginger slice”, were made.
Currently developed ginger products are now in the market with high sales records and

will be under constant quality management to maintain higher sales records in the future.
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¥ 1 AVEEFY AT 2 EA

pH ORP (mV) HCIO (ppm)
-2 2 - - -
otz el A Al 8.17 o830 80
v A s 0.33 837 30
A e 2.80 1166 92

(4) A=A

A7NE8F A & EVE AAS AFE vt color and color difference meterE ©]
|3ko] 2z} Aol g A7re] Lk, afk, b3t 19al AEFRES SASAT oluf ARSI HF
WAl Loa, b 32 247 L 94.30, ai -0.89, b: 0.81 °] it}

B MAE F 4

7y Aol gk dwbAler, ER/F3olg U
St. Paul, MN, US.A)E T3] AH&slch dubAlsS petrifilm™ aerobic count(PCA,
3M) WA & 37ColA 48A17F miekate] A eklal, ER/FFo)E petrifilm” yeast and mold
count(PYMC, 3M) A& o]&3lo] 21~25TC aelA] 3~5¢43F v & A oH, %
T2 petrifilm™ coliform count(PCC, 3M) 81X Z 35C oA 24A17F w]k3le] colony <] o
7127 A48 red colonyE coliform 2 ZA3AY. "AE FFE logw colony forming

unit(CFU/g) 2 YeR ST}

(1) 2 Ao sl Aol wps AEws)
b A7 100 g= A7 ofdeYd A, vk dala, A dalae] 10819 1 Lol
1

1 -
303 A skaL, Al g ARl
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%2 7 A% Adg Azle] mE Aw

2] L a b AE
o) 2T 69.44+1.22 -3.53+0.34 35.32+1.52 37.52+0.45
oftzeld A3 70.70£0.71 -3.57+0.11 35.50+0.26 36.63+0.46
R I 70.40+0.99 -3.63+0.67 35.33£0.96 36.81+0.41
Ak A 71.90+0.67 -3.95+0.38 36.95+0.46 36.29+0.41

dsfja A2k e MR oA, wakd, g dalg 5 dE LatelA dizr

Wb g2 g HolFAAT AR agke dixret muwale W e A Yt 4

M7 B vkeked], ok Adellarh 357, WAk Aslart -3.63, Aabd At
A

-3.95%2 b Adslare] A& gho]l JP skt MRS JEhl= bt tHEgtek v sd
!

;

e Booy A Aot 36965% MY =2 de WERAT o7IA wA e A
sla= A ofste] A= A delaes v Aok vlaste] Arh -5

1ol 15~20% A% A stel AadA7l A5
, Aol gl FLRAY AT 24 Aol BIAE so) FAel At
s\ AT dsixd FrE Bastel W WEY o¥y, AYHE pH 279 %

3 3]

& ARy
th ofo] whslo] mabA A= pH 5.0~6524 FE A

=
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=
™
o
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£
r do
kol
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B>
ol
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B
a
©
jus}

[e] . 170 o T =
A7b Aot 98~100% = AT 9lo] HEAE %—Qtﬂ 71, &71 el e 5440
S HaE ik o2 & oul, drEseR AAEA A Az w77t v

wm AL Fobx = dFol e AE AAL 9}‘”

(2) 7k AZFel Azl Aol e nAPE F
Al A7 7b A7 v AAE oA el

% 33 2ok BE AT 2T vaste] 05 log A% #ZAste] dARE Ei I

7 [e2]
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F 3% A dalg A wE vAe

12 CFU/g
2]
A uk A o E. coli o) At Yeast
o) = 7.76x10%+ 7.81 NDV ND 7.67x10°+8.50
ofetzkE| A A4 2.19x10°+ 6.08 ND ND 3.87x10°+5.66
u Ak A 4.70%x10%+11 50 ND ND 3.53x10%£4.51
723 Ad S 4.43x10%+ 379 ND ND 2.17x10°+5.03
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2. AT 719 7tE A A BE BA

b Als 9

15}
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(1) A= =

Bde A7)

A

gz 7ol FAste] wha7l golstE A A #eFaL, chopper® 12wt
A3 % colloid mill(¥d2 Masuko Co.)& ©]&3ste] 22 wiafsle] Ao & A x319 )t A
Aoz el At Al vkt AR E 250 mLe] v A FdEA @S §F FEEE
WAoo FALE 60T A 163, 302 A 3H i, 75TCAA 1072 205, 90Tel A 5
W 108 27 AR ste] AR 2 ARSI TH

i

(2) A=A

7t A st A7 r] o] M= color and color difference meterE o] -&3Fe] 7z A g
Toll ek B7Fe] L3k, ait, bk Lelal AEFE SASATh olwf ARESE EF WARe] L oag, b
2 247 L 94.30, a- -0.89, b: 0.830 °] Tt
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3) "AE F 54

A R | I , BR/FFe]l ¢ AL 3MAFe A Zwl A (petrifilm, St. Paul,
MN, US.A)E T4 AH&3tglt), dubat 1= petrifilm™ aerobic count(PCA, 3M) ] #] &
37Col A 48417 Wiksle]  ZAe}9al, ER/FFo)E  petrifilm™  yeast and  mold
count(PYMC, 3M) ®j A& o]-&3}lo] 21~25C oA 3~54zF v & S} A&
< logyy colony forming unit(CFU/g) & YEFH ST

o
N
N
12
i
el
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o
rot
o2
o
v}
e
N
1o
é
b

ato] ZpAdd AP Aate ¥ 49 2tk tdex

e MxTHET 9% Lity A% b
AastAat, AME aghe FUFESTE Latel A T5TelA 2083F hEAEE ATt
ST.74Z 714 v& WEFS HAFAL, agte 79257 Eold 4= Z7hei=d 90TelA
108 7Hdd AP TolA 2882 /M & AME 4 wAvh A% bite agkd wsze
exEeh Azke] Fobel whe Srbek gl 5T 208 AhAd A TelA A e 45438
= 75°C oA
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o ©

A BE, A%, FAS gto] AR e tETe muste] 2 Ae]E el 7

e AP F wWEad 443 wgol ol ANz ATl AF Fo ofnnite el
S8 SHEste] A4 MaE QYA o 44 Mxi dyEel AFe FnE Az
ok g, B3 A F AT BAgle] dus B A Shel vzt

)

N

M
24
ool

of e Aeah AL ATz A

o
e

¥ 4, A Al AR e A%

2] L a b AE

o) 27 70.87 -5.18 38.12 37.47
60°C, 15min 65.99 -3.79 33.39 39.63
60°C, 30min 65.90 -3.76 32.65 39.51
75°C, 10min 64.78 -3.38 31.80 40.18
75°C, 20min 57.74 -3.08 28.06 45.43
90°C, 5min 64.03 -3.49 31.70 40.79
90°C, 10min 61.23 -2.88 30.47 42.86
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Algt F7F 3.3x10°

B

6.7x10"

B

8.3x10°
8.0x10
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(1 A= = A
5

Qe A

—

u

10%), Az@u2z)e ()57, +4L (?)ﬁi, DF-1002- (F)el Zef o]l =] A -
of d3slty A2 Aol 7b ol E A #efFa HAUEEA &
27k FAILT, 19, 25%, 4%, Az FA A T, 1%, 2%, 3%, DF-100 73 7h
T, 0.2%, 049, 0.6% A 71sle] mixer(Hanil, Korea)E ©]-&3lo] #A vwladh Fo] o= A%

<& 3BT Bastar S4e Ay E

o]

= =
Zy Aol et nAE ¢ 42 3MAMY] 2w A (petrifilm, St. Paul, MN, US.A)E
gatgivt, Al AL wiA = petrifilm™ aerobic count(PCA, 3M) ®iA]Z 37T
1 B E 53= log colony forming unit(CFU/g) & ER

g
=
=

A7) o] FAWSE dodles vABE TS A S8t Aw 1%, 2.5%, 4%, 2
z= 1%, 2%, 3%, T4 1%, 2%, 3%, DF-100 0.2%, 0.4%, 0.6%E 77t #H7ist A7 &
A5 30T AdstHA A7t wet s o WEE v dybe vt 2
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() 2 H7beel whe AdTdrle] A% & kA 5 ¥}

(CFU/g)
A #7172k (days)
FE (%)
4 11 18 %5
0 A47x10°+94  99x10°+£13.8  7.3x10°7.1  45x10%87  55x10°+14.1
1.0 A47x10°+£94  34x10°%494  1.1x10°%32  7.3x10"+14.0  1.6x10°+7.7
25 A7x10°49.4  9.8x10°+11.7  2.3x10°+10.6  45x10'£125  6.4x10"+18.1
4.0 A7x10°49.4  3.0x10%4.1  75x10°+127  51x10°#11.0  2.6x10"+15.9
2 AL AR AR F vt F WEE B 63 2ol 25 HrbEel weka
AFS Wx o gxFe vluste] dukMiro] A AAHAE &gt AF 1% A7 T
A9 27 dubATre]l 4.7x10° CFU/g oA A 259 A & 16x10° CFU/g o= A 4
9S AEZ v AR F439ut 25%4 4% AT E MAE T4 SE7F 1% H7bre
Hlawsle] 1 log A% #43% Aoz & 2o]E Ho|XE kAW 259 Ay F 25% HIFT
N A= 6.4x107 CFU/g, 4% A7F79 AS 26x10"7 CFU/g 0.2 7 Aasdle] 23e AAHE 4
_o]:% Eoﬂ"l‘}%u}
(2) 21z "7t wpE Y7o A T dubA 5 Hs)
¥ 7. A% A7gel ve Agciivle A% 5 vk F W
(CFU/g)
A #713F (days)
FE (%)
4 11 18 %5
0 A47x10°£9.4  99x10°+13.8  7.3x10%+7.1 45x108+8.7  55x10°+14.1
1.0 477x10°49.4 1.7x10°49.4  1.6x10'+10.8  6.9x10"+13.1  3.6x10°£13.2
2.0 477x10°49.4 3.7x10°+4.2 2.4x10°+3.6 7.3x10°+3.7 45x10°4£7.6
3.0 477x10°49.4 2.0x10°+1.1 9.0x10°+7.2 1.1x10°+4.2 7.7x10°+4.4
A 2E5 A7 ARG A F kAT § wstE B 79 2o AR s)e] AxE
A7E Y Aokl wel dutAd 7 938 JAHE AL o = gl A%



19 A7 A% 259 Af § 36x10° CFU/g 02 thxT-9 vluste] 3 log A% #4391,
E3] 2% 3% A7 A 7] Ak G9F v wEte] 25Y Ax & 7.7x1o2 CFU/g o2

AE T4 A= =8 27)A9 vaste] dubAy 7F FasE A3E BolFdth

Q) A H7bwel whe AT A T dukA 5 ¥

FE 8 FA bkl whE AAGdv)e] A% F dukdat - W
(CFU/g)
A7k (days)
5 (%)
0 4 11 18 25
0 A7x10°£9.4  99x10°4138  7.3x10°:7.1  45x10°:87  55x10°:14.1
1.0 47x10°£9.4  57x10°t115  91x10°:13.3  3.4x107:116  6.6x10'£10.2
2.0 47x10°£9.4  7.2x10°t36 1.2x10"45.6 1.8x10°+4.9  82x10°£12.7
3.0 47x10°£9.4  50x10°t75  72x10°+3.2  4.0x10°t6.6 1.4x10°+6.2

FAE AU AU A T A F g 8 8% 2 #4 1% Hukrd
59 A% F 66<107 CFU/g o2 dvkaaro] Fa3tded, a7 2569 A3 $9 <
Fob Hlaste] 2 HabE oA fodkth 2% HIbTE A 27) 49 A A7A
n B F2 glo] & fFABTIE o] F 1 log¥ FUbEhE AFE HolFAth FA 3% UL
T S A A 2 WEE §lgla, ol Fells aFom TUhstel 269 A ol

1.4x10° CFU/g®] A3tg BojFo] 2 ZArhadst nlaste] dubdet ojAle] axrt e Ao

(CFU/g)
e (9) A7k (days)
0 4 11 18 25
0 47x10°£9.4  99x10°+13.8  7.3x10°:7.1 45x10°87  55x10%t14.1
0.2 A7x10°£94  54x10°£98  7.8x10'£10.1  4.8x10°t11.0  7.7x10°:13.1
0.4 A7x10°£9.4  49x10°487  81x10'£9.7  32x10°:76  6.9x10°:106
0.6 A7x10°£94  68x10°466  7.9x10'£124  67x10°:88  55x10°+10.1
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DF-100S #7Fe A7odr)e] A% &5 dwAsr 4 Wshs ¥ 99 2o DF-1002] 4%
dx79 vwste] A F 2 zel7k sk A 712 Aol wEkA AR T2 R0}
xg-oF vl=3kA Frkshe S HolFiAvh 53], A% 189 A3 § DF-100 0.6% 7}
T A 67x10° FE7A =] FAete] DF-1009 A7ME nAE oAd] 2 &) =
Ao 2 e

of

4. ATzl AdRioAE A 44 Hrls A4A

i
3
oty
r I
o
flo
AN
N
o
s
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2
Y
>
=
%
S
HE
(03
o
T
2w
%
N
—

d
ABAE Z7Lste]l Tholu A Alel ZXEE A Aste = A

17} ofH 9] 7FA e Hatko] o g A
AZE e vl AZE WAaLe] B ZS 7)3F el WA WA= 5 4
frf, ool 2 AZelM = A7) e] AWE oAty f1ske] v C, citric acid, MgCls,
sodium benzoate, potassium metabisulfite, citric acid + VP C + MgCl, 55 3 ZA3A =

Arkskel A% F AwoiAel BAH AES Hud g

N

-

hAE D

(1 A= = A
oy

B2 AH A AdE el AR, RlERY G () @A), citric acid,
MgCls, sodium benzoate, potassium metabisulfitey 15 %-3 AF&3}9 3L, citric acid + ¥ EFY
C + MgCly (ZFAANE ARSI AAF2 7 3te] FAste] vyt &olstm= 27 Zehs
3t chopper® 12} vkl 3 colloid mill(¥ ¥ Masuko Co.)S ©]&3}le] 22 vpafsk A8 A7}

7] AzEZ ARg. #AUFEZA el C, citric acid, MgCly, sodium benzoate,
potassium metabisulfite, citric acid + HEFH] C + MgCLE 2 EH71E Fd432] 399 v
oA HIFeSAaL, ol & whagh A vlel HIhske] 30TColA AAFstHA MMl uhE A
o] e] AMEwEE 5Y HA0 R 2043 S-S 4 "M AUFES ® 109l vhE
AT
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10, AT e 2 AE 9

e
i
il
i)
N
it
il
NE,
i)
N
N
o

2 E A I A7t (%)
MgCly 1 3 5)
Citric acid 1 3 5)
Sodium benzoate 0.01 0.05 0.1
Potassium metabisulfite 0.001 0.002 0.003
HlEhYl C 1 3 5
Citric acid + ¥]EFY C + MgCl, 1 2 3

(2) A=A

Az 7oA AFH7MEY] AW A ARE Lotry] 98] AAlg Ao el A%
% M color and color difference meterE ©]&3le 7z A&7 st A7 L3k,
awk, bgk ZLElal AEZLS 3vbE SASGIvE ofwf AMES B WS L, g b FE ZH7 L

94.30, a: -0.89, b: 0.80 ©|3ith.

A7) 7] o MgCly, citric acid, sodium benzoate, potassium metabisulfite, V] E}F]
7bete] 30ColA AxstaA Hw Wsts 44y 2 Aaes vhsd 2ok dA 3 e
FE AN A HE L $4% bt Aaske 4%S 1 vk,
S7tete A3E BHAFAY. AR T WA FaFH B8 H7F=ES MgCly, sodium
benzoate, potassium metabisulfite = 7}l dA Qo] A 5L X RE 4A e A
& ATeo] ®WzlEo]l =X o3 FA7F ZF H HIEES sodium benzoate, potassium
metabisulfite, W EFY] C, citric acid+H|EFY] C+MgCl, X &+ 2 yElutth. MgClhel 3% %7]
A Bret ST =2A dojxlvrt A r)zke]l At wel vhA] SUbeke Ade B
FRa, 7 a3 g Ao w yEhd HIME S citric acid® AR 20€ A3 & 5% HIH
METE L 64.27, ar 049, b 27912 YEETE dAHoz2 FaHE SAsHA &ar MER-A
FAHAQ A7l Ve C2 ey

2]

1.

D
i
E O
[0]

2 Lo
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(1) 72717 AZ7le A4 % 4% w3} (control

E L FAAT Al A% F A% wg

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 69.23+0.24 -4.00+0.21 31.85+1.49 36.62+0.55
10 65.72+0.22 ~0.05+0.11 28.90+0.05 38.58+0.19
15 65.23+0.30 0.34£0.11 28.85+0.06 39.04+0.24
20 65.68+0.57 0.73£0.20 29.06+0.53 38.71+0.36

(2) MgClz A7hel w2 A7IE & Ak W

MgCLE 1%, 3%, 5% H7Iste] Azxd Adddrle A4 5 A=wss 2 12, 13, 149
2k MgClol A7bakel gaglel A4 5AARY FFH7E 4717 A&} g MgClel
HoreFel F7Vgel mel dmoAel Earh gl= Ao v, 28y ATidr)e] 4w
AE7E g ArkEat vk s AdAs AS selskdvh AU Azl 27
AR A% 204743 F9] ARgHS was] MgClLE 1% H7psh A2 77k 71 fAk

S fAE AL FAT = U

iy
pay

ih)
_ﬂ

3 120 MgClz 1% H7F AAvid7) el A% 5 Arews)
A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 66.51+1.47 -3.26+0.15 29.99+0.90 38.25+0.98
10 68.21+2.10 -3.55+0.06 30.09+2.03 36.91+1.18
15 70.09+1.35 -3.01£0.20 31.71+1.10 35.89+0.69
20 69.50£0.57 -2.77+0.16 31.09+0.31 36.12+0.36
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MgCLE 1% H7bste] Az Avhezel 4%
Ve dlzle) A% A% 594 BE Lt A% bgtel
PHE FEs A% Fsga AF 159 ol Fol: w2

AN aghe A% 10940 A, 1 ol FRE FrhsE 4T welFnh

3 13, MgCle 3% #7F BATh7]e A% & Axws)

A 7713k L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 68.4620.26 -2.51+0.19 32.04+0.50 37.21+0.12
10 69.20+0.86 -2.86+0.23 32.02+0.78 36.62+0.45
15 69.91+1.36 ~2.77+0.16 32.86£1.41 36.38+0.63
20 69.02+0.85 -2.55+0.31 32.38+1.04 36.89+0.37

MgClLE 3% H7iste] Az Advtizle] A% =

= & 13 Yo MgClz 1%

Hob sk v%s A 5QA) Latst bake A3 AASYI agke Tk AFEe wATh
A4 109 A Fole BT Lits A% agt, FH% it v 2 s glo] vk 7

sttt

3 14 MgCl, 5% 71 BATh7]1e A% & Axws)

A 7713k L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 65.75+0.51 -1.00+0.36 31.64+0.10 39.24+0.40
10 67.01£0.76 -1.15+0.50 32.09+0.38 38.55+0.55
15 66.95+0.32 ~1.27+0.28 31.80+0.55 38.36+0.20
20 64.60+1.02 -0.83+0.20 30.20+0.58 39.89+0.72

SxaL, A% 713bol Al wel AF A4Skl
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(3) Citric acid H7}&Fel] W& AA7|7F 5 A= W3}

Citric acid& 1%, 3%, 5% #H7lste] Alx

Brttz)e] A% & AR

-
it

3
vt Citric acid®™= MgClo9t Wbl 7ol S7hekel wel tefz]e] M fxlo] F-A4 41l

B =

==
Ca
LIl

b

A& A8k 3L, citric acid® MgClLollA Vet d - H]7F A% 209474+ 4
7 BaAold AR 1% HI7ME vUE ATy HRe
B Aol A AR agke] S7kEo] = yErsith 20
W] citric acidoll A &3}7F 71

%

Ao epk

3% 15. Citric acid 1% #7F BAYd7)e] A4 5 A
A&7 3L L a b AE
0 72.75+0.17 -3.60+0.21 34.08+0.08 34.68+0.09
5) 67.88+1.35 -1.45=0.03 29.83+0.62 37.02+0.94
10 67.35+0.59 -0.30£0.14 30.29+0.32 37.57+0.43
15 68.21+0.43 -0.07£0.10 31.05+0.27 37.14+0.31
20 66.40+0.63 0.39+0.19 29.75+0.50 38.27+0.41

15, 16, 173

Citric acidE 1% 7Fate] Alx3 vtz e) A% & A= 33 159 2vh A% 54 4%
e Lty S bt w43 Aaslal, A 15Y7kA = & W

st ot A% 209 A6l = Lgke] 66.40, bgtel 20.75= 7hd wiA "Woldth AT agte A%
5AAl 1452 Z7|A -3.60° Bluste] AA Frhlar, A% 7)3ko] Aghel wheEl A&7

b

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 67.53£0.56 -1.24£0.13 29.62+0.14 37.23+0.43
10 66.71+0.32 -0.41+0.13 29.16%0.15 37.79+0.23
15 65.94+0.24 -0.14+0.01 98.41+0.26 38.300.14
20 64.69+0.33 0.27+0.07 27.85+0.06 39.24+0.31

Citric acid& 3% #H7}slo] Alzsk A7oiir] e A%
W Lt A E bk F3438 "olya, A 208714
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1% H7b7-¢F vs=g Ags HoAFA o, 2098 dAH 5 aghkd citric acid 1% FH7F-ll A
0.39= uEbd 23t Wlaske] 3% H7bol M= 0272 ¥ WA e

A 7713 (A L a b AE

0 72.75+0.17 -3.60+0.21 34.08+0.08 34.68+0.09

5 66.74+0.43 ~0.92+0.12 29.55%0.22 37.83+0.30

10 66.00£0.04 -0.21+0.09 29.27+0.15 38.43+0.08

15 64.95£0.39 0.15+0.09 28.54%0.45 39.19+0.22

20 64.27+0.12 0.49+0.04 27.91+0.21 39.63+0.15
Citric acid& 5% #7Fstel Axd AAvirle A% & Aee £ 1734 2v. "3 LY

le]
4% citric acid 1, 3% A7}7-9F v WS o A Eo]
go] "ojx= AL sty A4 agtol = FrF5< )

=
3} ZF F3L citric acid HET F
A %7125 7 o]

79tk FAE bgtel A

o

webd Al 0492 713 ¥ ARE
3% A7brek Wld AR wh

_132
rE
oty

(4) Sodium benzoate 7}l wE AA7]7E F
A EHTME T A 387 AQ 0.01%, 0.05%, 0.19% H7tste] Al x3
Aoz e] A% F AmwEE 318, 19, 203 2t Sodium benzoate ﬂx’/lﬁl—g A 7} ko
Aglo]l 109 A & wnrl 70 oo ® %7 txTe] Mnel uZ=stA A3k
&371 E5 b}EM A7b7= 001262 A7 209 Ao & w5 Lite] 7153 o]tk A% g
204 A3 £ 01% HI7bolA -l660.= 7 =A dEtsou Ak w2 Xole W
o]#] ¢¢kt}. Sodium benzoate A TolA MEZAMYro R HHS w Z7] MEol fFALE)
2 Aoy, 59 A FRE FoH L DSkl AAvdi el Hobske] &85 E §-
A2 ow Hrke AT

Sodium bhenzoate=

-39 -



i 18, Sodium benzoate 0.01%6 A7} A7tz e A4 F= =W
A7 (2 L a b AE
0 72.75+0.17 -3.60+0.21 34.08+0.08 34.68+0.09
5 68.37£1.07 -3.68+0.39 31.51+0.81 37.17+0.83
10 71.11+0.60 -2.08%0.16 33.82+0.54 35.72+0.27
15 71.38+0.45 -2.60%0.24 33.9610.11 35.61+£0.35
20 71.53+0.05 -2.40=0.22 34.02+0.38 32.50+0.11

Sodium benzoate 0.01%E 7}sto] Alzxd AAd7)e] A 5 AEE ® 184 2ol g%
Lkt 4% bgte 59 At o 27t 68373 31512 "olg o =

hzT-oF FAFSHAl S7tete] A 2098744 b Ao R gk A Q"Lﬂ?ﬁﬂr. g
B¢ 209 A Fole= 34028 27] bt 2 Aolrt §le ARE FUsETE A
B A% SYANA = IR FAESAL 109 A 5

glo] A 3k9et.

A7 (A L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 69.48+1.13 -3.48£0.52 32.21+1.59 36.50+0.43
10 70.74£0.57 -2.96+0.05 33.94+0.66 36.05+0.22
15 71.22+0.26 ~2.72+0.19 34.22+0.57 35.82+0.04
20 71.24+0.43 ~2.40+0.20 34.05+0.36 35.72+0.23

Lekah AME agl, A% bt &
Lkt bt A23olal, agts HH & %—7}3}%

o2 FA A

o, 54
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¥ 20. Sodium benzoate 0.1% 7} A7ci7| o] A=A 5 A3}

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 71.03+0.28 -2.65+0.28 34.40+0.40 35.97+0.08
10 70.68+0.91 -2.25+0.11 34.04+0.59 36.09+0.47
15 70.93+0.82 -2.03+0.11 34.42+0.83 36.08+0.33
20 70.050.42 -1.66+0.29 34.13+0.09 36.61+0.29

Sodium benzoate 0.1%%5 F7late] Azx3 A7) o] AH T MTE #2039 2o 3%
Lzke ANz Ao wat A8 ZAaste] 209 A3 o= 700574 "ol AL g
e tE Ao v A EUeE AEES Hda, AT bire 278 2 ko] §lo]

Aoz fAE ARE ne AT,

(5) Potassium metabisulfite &7} &) & A7+ 5 A= W3}

Potassium metabisulfite® 2| %37 ¥4 4 38&71F2<2 0.001%, 0.002%, 0.003% 7}
slo] Az ARty e] A% T ArwEE § 21, 22, 233 2}, Potassium metabisulfite S
A7 At HUMHEE 2 Aol E HolX il Hlsegh MEE HoFElal e 27
Ao FAFSIA bR H o= FAHAY. o] HETFE sodium benzoate®} o] MZA-X| o=
3 ARE BAFAAR A S5LARYH FfFHvE AeA st Al 483
7loll= ojE e AoR dAeH v

# 21. Potassium metabisulfite 0.001% A7} A7cid 7)1 9] A3 5 A=W 3}

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 69.37+0.77 -3.95+0.50 31.86+1.61 36.51+0.17
10 71.51+0.28 -2.95+0.03 33.96+0.51 35.48+0.04
15 71.96£0.56 -2.54+0.13 34.12+0.68 35.24+0.18
20 71.25+0.12 -2.56£0.02 33.78+0.21 35.63+0.05

- 4] -



tAl F7keke] 2 WEk glo] A3kl

M7AA S 7F8klaL ol §- A% 2047k =

¥ 22. Potassium metabisulfite 0.002% A7} A7Fcid 79 A3 5 A=W 3}

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 70.09+0.57 -3.75£0.25 32.34+0.95 36.08+0.19
10 70.68+0.72 -3.01£0.09 32.90+0.45 35.76+0.43
15 72.22+0.70 -2.85+0.02 34.40+0.69 35.16+0.26
20 70.92+0.09 -2.37£0.12 33.25+0.56 35.69+0.19

Potassium metabisulfite 0.002% 5 & 7}slo] A3 AAcihr| o] A# &

AT EE E 22

9 2k BE Lgke A% 7] st A Sskskel A% 1590 7222744 F7hs

93 209 A3 Tl 002 2% Fasyth AAE age AN Fse ARE wel
931, FAE bkl A% Lyt wzshA A% 2] 596 gasgrl 445 Frhshe

¥ 23. Potassium metabisulfite 0.003% 7} Adch 7o A 5 A=W
A3 (L) L a b AE
0 72.75+0.17 -3.60+0.21 34.08+0.08 34.68+0.09
5 70.42+1.41 -3.60+0.29 32.42+1.36 35.86+0.66
10 71.94+0.46 -2.94+0.14 33.91+0.20 35.15+0.26
15 72.08+0.16 -2.82£0.10 33.97+£0.52 35.10+0.17
20 71.31+0.40 -2.04%0.19 33.72+0.46 35.57+0.32

Potassium metabisulfite 0.003%5 A 7}ato] Az A7) o] A# T A=W3sl=E 3 23

7} 21} Potassium metabisulfite 0.003% H7F7ol A= 2F2] 0.001%, 0.002% A 7}7-9F v]<=3k
7(3]2%]:% E_()::;\ é, DOJE L%kjl]' @D‘Z\JIJE b%}% 71'31"/]\_6‘]—93\]:]—7]— ;(1%0]— 7]21_ 76“7’]'01] qu:q_ %7]—6‘]—7%14-
A 3FH AL, AT agke] A% AA 8] FrbslE AHE HAFAT
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(6) Wlepd C H7bol whi A7 5 A W3}
v e CE 1%, 3%, 5% FH7Fste] Az A7y~ s
2ok vERD C "7 A " LatelA A7l wel 2 Afe] glo] MAs adhe 4
& HOla, AR aghke AE7IZE Aol wEt fod o g Frkstaled vEkd C
P E2 1.63s YEHATh 4% bk <k
= A%E e 1% Aol A 35442 HE =2
3]

o
2
o
ol
=

N
4
2
>
N
)
ON

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 72.41%0.11 -1.58+0.05 35.51+0.19 35.34+0.12
10 70.70+0.18 0.51+0.19 35.60+0.19 36.60+0.12
15 70.22+0.25 0.74+0.23 35.22+0.18 36.87+0.24
20 69.26+0.40 1.63+0.30 35.44£0.32 37.68+0.30

HIERD C 1%5 H7ske] Alxd Adoirlel A% 5 M= i 249 2vh "% LgkelA =

Z7]e 2 WEk glo] FAHvIE A 104 A 5 70,7002 "ol i, o] Fel= &%

v AME agte A7 Aol wel fejdor FrbElon, S bgtel dgdli=
A7 54 3551% FUFsklaL A7 209 A AR 2 W3l §lo] kAo m fAE v
3 25 e C 3% H7F Adddirliel A% 5 AR
AF713E () L a b AE

0 72.75£0.17 -3.60+0.21 34.08+0.08 34.68+0.09

5 71.28+1.61 -1.10+0.15 34.79+0.73 35.92+0.94

10 71.53+0.21 ~0.05+0.10 35.19+0.32 35.85+0.19

15 70.80+0.52 0.32+0.15 35.01+0.28 36.37+0.32

20 70.650.10 0.86+0.15 35.27+0.25 36.57+0.02
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HlelYl C 3%E H7sle] Alxs Ao e AR &= Ax
Ashgel wek T Lge ANE gashs AL WAL, AUT age AWHoz 2
7Fakih. BT bgke 2 W3 glo] ekAA o=, 27]A 34087 wlwdte] 209 A} &
o= 35.27% AE =713 AL A

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 72.08+0.24 -0.91+0.17 35.55+0.22 35.58+0.25
10 70.75+0.11 0.28+0.20 35.42+0.22 36.49+0.11
15 70.56%0.30 0.58+0.06 35.07+0.49 36.57+0.13
20 69.49+0.51 1.23+0.08 35.12+0.46 37.40+0.24

A= & 269 2vh W= Lgkel A
A bt e A% 5Y Al 35.55%
o= FASSIY. AR agte vE
| $-oll = A A3 F7FekaATh.

oy

%7}k um xwﬂ Aol whet 2 wst glo] b
W C AN F AR 5L A 0917 2

JH
FU
o|\
N
_O|L
2
=
o

(7) Citric acid+¥]EFR C+MgCly & &3} H7h= AA W& AR7|zF ¢ e ¥}
Citric acid+¥|E}l C+MgCle SAAE 1%, 2%, 3% H7lsle] Azxst A7 i 7] 9

)
o2l

T M WslE 327, 28 299 2o A x27)e Al MBS EF AR a2 SUeke A
BE L S8 bits & FASAARE A 10¢ A3 5 HE Late A Aasila

ST bt 2 WEk glo] A% 20Y7HA 27 ARl 2 WSt %io] et Aoz fr skt
Citric acid+B]E}Y] C+MgCly &3t s+ AZodi7]e &= Fi3H S 5 Eolxee §ld

Ak, FArbEdE BokS o BlE CE dx oz AYd AUy Eg 2E gl Ao
detE A
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& 27. Citric acid+v]EFRl C+MgCly E3FA1 A 1% H7F AR 7] o] A% 5 4=wg

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 71.30£0.47 -1.00£0.22 33.92+0.05 35.59+0.35
10 69.81+0.13 0.89+0.19 34.06£0.12 36.78+0.07
15 68.22+0.22 1.89+0.21 33.87+0.41 38.07+0.22
20 65.960.32 3.25+0.12 33.26+0.48 39.73+0.17

ke
:i

Citric acid+WEFYl C+MgCl, EFAA 1% H7F Ao A% 5 A=wsis ®
O oBE Lakel A9 AR 15974A AAE gaste] 6822714 WolAuisl A4 209 2
oz vﬂoaxq 65969 AnE MolZTh AME agtlNE A3 59 =A F7ksaar, ol
T A3 FrbskE AEFE Holurt A% 20¥dE= 3252 AA FE AT BE AME
oA citric acid+H]EFY] C+MgCly 1% H7F Ao 7] o] 20€ A3 & A% gho] 717 =7
ekt S % bate] A 2 W glo] kAo R fAshE AS Felskth

JPH m

ol

3 28. Citric acid+H]E}FYl C+MgCly S3HA A 2% H7F AZd7| o] A% 5 M=)

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 72.59+0.11 -1.69+0.15 34.51£0.09 34.86+0.11
10 71.02+0.13 -0.36+0.01 34.01£0.23 35.82+0.03
15 71.23£0.42 0.10+0.27 34.22+0.07 35.78+0.29
20 69.94+0.15 1.08+0.15 34.00£0.14 36.77+0.18

Citric acid+VIEFYl C+MgCl: E3AA 2% H7l BAThr] o] A% & A=Wsts 1 283%
2k A 1I5Y97HA "k Lt 2 W3k glo] & FA oy 20¢ A & AE 6991=
A EolHvh AME agt vhE A2 Al 196 A7 un <71

Z ]

2 Aekon, AL bt A% 73kl W3l glo] kA om fA E sl

e Agor F/dE
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& 29. Citric acid+v]EFRl C+MgCly &34 A 3% H7F A7) o] A% 5 H=wg

A %713 (L) L a b AE
0 72.75+0.17 -3.60£0.21 34.08+0.08 34.68+0.09
5 72.28+0.19 -1.79+0.14 34.07+0.05 34.93+0.12
10 71.28+0.41 -0.38+0.16 34.07+0.32 35.65+0.35
15 70.58+0.29 0.04+0.25 33.82+0.13 36.14+0.24
20 70.21+0.11 0.53+0.07 33.92+0.02 36.45+0.08

Citric acid+B]E}Y] C+MgCly E3FAA 3% H7F Ao 7o A% 5 AE¥stE 1 299
#Zr}. Citric acid+H]EFY] C+MgCle A el Sl A 3%lA] Lgke] #AaZo] 7 Ao 209 A
I Fell 70212 #F FAEAL, ANE agtl e 22 FAR St o SkEe] vE
A7VFEY 7 A AT bk A 1097hA] Ao =2 FAHS A, 169 A & &

5 T4, 2%, ¥ebd C, xanthan gum &3 7ol w2 A7 A3 =5 EAWE
UA AP AATrle vAE A MERA] mdHoR vehd H7F=S FA (F
7} 1, 2, 3%), A& (47 1, 2, 3%), WEFY C 1% A4odr]e] F9885 437 93
xanthan gum 0.1%(F3H JHUME)E E3ste] AT 7| E A =x3kar 30Tl #7stH
A AFZE A7 T 7] o] dukAl v ®iEl, AR Wl 4Gt wE 49Ut dsA 54,

PN E WEE Lol gkt

~
B

hoAlE %oy

' T F
Zy Aol et nAE ¢ 42 3MAMY] 2w A (petrifilm, St. Paul, MN, US.A)E
239, AT =AL BXE  petrifilm™ aerobic count(PCA, 3M) ®]x] 2 37°C
ol 5] 48A17F vkl At v AE 5= loge colony forming unit(CFU/g)Z e

Ao 71e] A% 5 M= color and color difference meterE o] 43fe] 7} A ]+ )

F AT L3, ot bak 23 AERES 30 SASr) olul ALSF B W Awo
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L oa b 3< 27} Lt 94.30, @@ -0.89, b: 0.80 ] At}

(3) AT 7Y HeA A Aol dedrs 2 AYrE R gl gk FREAL
B sl 5 158 e® FASe] 9 A ER R Hrtsiivh A@da ol A gdd dd &
AZ = SAS TS A3 21, Duncan’s multiple range testE E3Fo] A& 7+
A/K‘]o 747(4 ]- ]:]-(p<005)

(ld

oA 3w

AATdiz e A% T ndE AAE 2 A7 wistE A Ay v
o FAHo] Holdk anE vetlilar, A2 fFAdl= vE C7F FE e ZHE o] 2
zok 4 2 et CE &3tste] A7l E Alxshe Aowm AAEAT
7)ol Az Al BAHE AU s Al EdE AASH7] 98] xanthan
gum< 0.1% A71E7 2 4AsaA 9 A2 A u &S AAS 7 Y5t AR &
S A= A 1%+ % 1%+8] R C 1%+xanthan gum 0.19% H7F, 4 2%+2] % 2%+H]
EFYl C 1%+ xanthan gum 0.1% 7}, 74 3%+2 % 3%+1E}Yl C 1%+xanthan gum 0.1%
A2 AAGNIE Azt AR 0TolA AZ7|Tel e 545 AHE A=
Uit 2

(1) A% vgi7|e A4 T A= Wst

A7 gzlel F4, 4%, Bl C, xanthan gumS F7Fske] doir1 & Al xste] A%
A WsE A die oed 2ok A Az "l wel L, a, b3k 27 2
B2 o= YA 2zt FAL 747t 19% Avre A7 thulv1e] A9 Like]l 69.15, bt
o] 3358% ThE HI7b4H HoFH o, Akl Ml AEZtel A F434 2
2 3% H7HE ATl AH 289 Fol 37052 b4 Wsh A3 AAA FU)

Ak w3 A F Az FA 1%9 2% At AeE stadgorw EHyl wAno] A%
Aol A F& FoE JdH o] HfE AATTE A& 3%, F48 3%, HIEE C 1%,
xanthan gum 0.1%& #H7}slo] Alxshe AS=Z ZA AT

(& ofd

—

v
i
flo
X
o o

£

)
s

I
2 Pl
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¥ 30. +4 19+H) B} C 1%+xanthan gum 0.19% A7} A7 oz o) A = A=
A 7713k L a b AE
-2 g 66.53+0.47 -2.54%0.30 33.67+0.31 39.20+0.33
0 71.47+0.74 -3.52+0.10 34.57£0.42 35.75+0.39
7 70.28+0.52 ~0.25+0.04 33.24+0.32 36.14+0.33
14 69.48+0.12 0.51+0.10 33.16%0.17 36.72+0.05
21 69.48+0.26 1.24£0.19 33.70+0.21 36.970.15
28 69.15+0.40 1.26+0.15 33.58+0.41 37.18+0.19

FA 1%+ 2 1%+HEPY C 1%+xanthan gum 0.1%6 A7} A7 thdj7) o] A

< Axwst

i

303 2k 4 AR 27 WE LS 71472 A& FA, vEpd ¢ AYE 3H @
A T7F 66.6391 A vlaste] 2 AolE HoFa, AME atd -3528 FA T EU
2T yekon] AT hke 34572 2T B uEhsth dAZ ez Aol st uhe)
BE Lgte #astded #daFe] A JeEuAE &dvh A% agte A7Izre] A ¥s)
WA FrbekE AE BN, AR bk 27) 1500 Aoy ofFol= kAo m
2] 3} v}
T 31 FA 2%+ % 2%+9EF C 1%+ xanthan gum 0.1% H7F A7 tdiz1e) A4 5 A
A A7) 7 L a b AE
-2 g 66.53+0.47 -2.54%0.30 33.67+0.31 39.20+0.33
0 71.57+0.87 -3.69+0.18 34.63+0.56 35.72+0.46
7 70.19+1.04 -0.30+0.02 33.030.60 36.15+0.61
14 69.49+0.22 0.59+0.10 33.18+0.19 36.73£0.14
21 69.22+0.49 1.040.07 33.25+0.25 37.03+0.31
28 68.55+0.54 1.47+0.02 33.04%0.32 37.49+0.33

FA 2%+2 %2 29%+8]EFYl C 1%+xanthan gum 0.19% 7} A7 g7 A& 5 A=W
= &% 313 7LE]r Aoz F4, Az 1% HA7F Aok & AolE HolA= &skARt A
B Lgkol 68552 1% W7F TRl 23 wA vERga, AT azte] Ao
2, 3% ﬂﬂ? WA Fo A 7P e e 1478 YR A&, 34 2% A tE 1%
7R 2 kel 2 walgle] Aoz FXEHE 4TS HAFA

rir
—
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¥ 32. 4 3%+2 % 3%+9 el C 1%+xanthan gum 0.1% 7} A7 ti7]e] AF 5 A%
A 7713 (H) L a b AE
-2 2 66.53+0.47 -2.54%0.30 33.67+0.31 39.20+0.33
0 71.75+0.39 -3.68+0.13 34.12+0.21 35.40+0.30
7 70.85+0.08 -0.35+0.02 33.16+0.12 35.67+0.08
14 69.96+0.58 0.39+0.05 33.14+0.29 36.35+0.36
21 69.47+0.40 1.01+0.08 33.14+0.21 36.80+0.26
28 68.87+0.36 1.18+0.06 32.79+0.07 37.15+0.26
FA 3%+2 2 3%+ el C 1%+xanthan gum 0.1% A7} A7 vh7)e] A3 5 A ol =

it 32% Z:l_r’]' %lg 1, 29 7]-:|1ﬂ— H}X]—7]—X]E ]:l]—?(—] o7 = tﬂﬁ_e EO] ]L 1%,% E]— E]—E
A2l Fek vhEs agtel A WEEo] s Aa A% 289 A% F L8R AARI} S B
drebtTh kAl AAel ARS] W 1968F W)5abxl shA ¥k 37152 v A2 ek viis)o]

M e S Bl

=

(2) A7 vddizle] A% & dukAd 5 ¥}

& 33 A% 7o Hobe gl e A S5 dukAld ¢ w3t
(CFU/g)

A2

A b 5.37x107+4.16 - -

FA1%+vit.C 1%+xanthan gum 0.1% 4.63x10°4551  1.70x10°+252  1.47x10°+1.15

L)
P PN'

FA206+vit.C 19%+xanthan gum 0.196 3.93x10°+5.69  1.33x10°+1.53  1.47x10°+2.08

2 %A 96+vit.C 1%+xanthan  gum 0.1% 3.80x10°+9.54  1.57x10°+3.06  1.43x10°+2.52

m 4 e RS GoEAE dag
ATl b FFIE 537x107 o] Q3 229 FA HAUlHHEE 4 log AE YubA|Fo
4

=
she A%e WAtk A7l Angel wek A TEE B Aol UAAW, 2 73

4
%0,
52
o
S
N
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1%9} 2%65 #H7pst AAgdr) e 4%+ 7har BASte FEIF 33SE AoE Ko g
A7 7] g agHl 2 AR @22 Aoz AGEH T oo uwel AT Axs 2
3%, +4 3%, "EY C 1%, xanthan gum 0.1%E H7}3e] A X3 Aoz HE
3} 54 o}

dis F BT o] #
A 7E 3.64+1.75" 5.31+2.18" 4.38+1.56"
2 Z2-F81%6+vit.C 19%+xanthan  gum 0.196 3.62+1.66" 4.46+1.81" 4.69+2.14°
A - F7226+vit.C 19%+xanthan  gum 0.196 3.69+2.21° 4.38+2.22° 4.00+1.87°
2 %2 32%+vit.C 19%+xanthan  gum 0.196 3.92+1.75° 4.92+2.18" 4.08+2.06"

Y Values are means * standard deviation. Means with the same alphabet in each column are not

significantly different at p<0.05 using Duncan’s multiple range test.

A7 vz o] el ue #eH st A3E ® 349 vl & 340 dER A 2ol Ut
T Tt AUbEe 2este] Az AT kel &rlel ek s rrel delM
oj#l zolE HolA &tk olHd A ARAA L] F7F vF AEA HteE ¥

Hzst dng F % e oFH} ME =AXA @] gE Aoz BusiAch 1ey v

AT Fo4 Aol UEhhA @gtovt AT AT WF FEAA Aol

oM AES W AeT vstel FHATY ETe) 4TS b BebA AAsHE

A% % 5 Atk aElw oeF AR Frhel 9% Bud Wokek 124 113A9 A
1

Asiskel $7] B4 AskE wsts) 9ol AA4RE ol §F 4% vhie B

6. Aatstell 9@ ATz A T Fr] HERA

7 Am E ubd

A7HE Eboll whE ARG A% T ] HE B8 AASE o &ste] SA 53T
A8 oA AgH AAFE 2-NOSE™ M4200(Electronic Sensor Technology, Newbury park,
CA, USA)olH, o] HAXF(GC/SAW Electronic Nose)= GC Al&"lo] quartz crystal

b
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microbalance Al 4] (Surface Acoustic Wave AlA @ SAW)Z&= AE7]7F AAEHAY. AlEE
A0mL vialell 2442 AlZE 2 g¥ FHIH =uE AFZ7F HYPo] o]FoH-S u, UHH
22 =

2L
o JHEom Qste], Ame FYTE Fabe] Ame) HWYEY Fu)

= A= 30% Fer
G AT oA FUE AR Azl wE Efie] AU}, wxbr AL

T dE: 99.9995%) 28] DB-5 capillary Z¥ (0.3 mm x 1 m, Supelco, Bellefonte, PA,
USA)e 2 AdaHy ofrjA & 22 oa] &4 g7t dojvbal, SAWAIA o] 93}
A=HARY AR S Y] st of Almvivt 33 v HFES gplon, B4 AL AR
A0z, AHe &%= 30ToA 120C7HA] 3C/sec® Z =13 33, Y7 +%& 130T, F
A5 WHo 2= 110T, AlA e 2w 30TE AAste] £33 Th

o

HE A SAWAA ZH5-E Adoj7 HFEE AI7HE frequency o] W39} o] & n|E3lo] AL
ABvlEDY = derivative FEl& VaporPrint ojn| A AMXEOE o]&sle] HEE AIZE
S 7} "9 (angular variables)®, AA# 9] SHAEE HFA W S (radical variable)® A& 3}

1

5 A7ro iy viXE dEo] 71Ed HEE AIAE 360° 938 2% polar
derivative pattern©. 2 o]w] x| &3] FER A T).
v Ay 9o

Ao 7)o H7be AT A A5 dAs 4 S|

a9 1, 2, 33 2ok dAm AR o) )R B4 Ay FHE T 271A AT
of H7bEo] E3bd Z7|A ATt 7| ek U e
etk &, FAE T 271 AT 7] ) vlste] HrbEo] £3E 27 AT
719 &7 & vl AeA AA =AY, 2y AT 79 1%, 2%, 3%

i 7
= gore] AROE FIARE A glojA 2 ol
7l

glal A7)z 2% B4 = uaaA
erottt. olg e ARE TPHAoR AHE o HINES Y HY T FHITA T F
ZIfel s ApolE vERRA oY T4, A&, vlEbd Co HUEEE APget ART)del wE
Aol = 71w dEel 2 AtelE dEhiA ekt webA] FIAdREE e 244
2 5 oo gAY A% T AR WEte HJUkEe Ry Aukel #Algle]l A%
S 30CoAME tdH ez FAM= Aoz sl
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SH IR

1% 7|

2% 7|

SY. L FA, 4% A7 AATY] 2714 Ee) GC-SAWE ngo R 3 dxjae] Bz

vaporprint T 2 o]7] %] &} 3 polar derivative pattern (S8 ZE A7 A A WSO R 4%71H2)

3% =J|

=

=

EAT T

SEIIP

1% 25 At

TR 20 74, Az AUb 23 A A7) AR GC-SAWE v)

& vaporprint™ Z o]V %8} & polar derivative pattern (S{EZZAIZEE A AMEEO R 433

2% 25 At

3% 25 A}

o2 g dAse] &

—_—

N

2

)

SEILP

1% 45 At

a9 3 F4, Az FJrb 45 A A7) AliRe] GC-SAWE vt

7}Z vaporprintn 2 ©]u] X8} 3 polar derivative pattern (SNE1AZA|ZFE A AWEo 2 4271
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7. AT 1o A3l w

gl
ru |
o)
o,
N
N

hoAlE %oy

(1) ANFEQ A%

=
BN
N
S
N
o,
)
o P
N
W
X
)
=
o
s}
@
P
A
j=p
=
jtje]
e
8
&
X
o

2] + T (%)

A7 1.2
A% 30T, 159 Ast A7) 11
A% 30T, 309 Ast A7) 1.0

Al 59 DPPH radical 2242745 St AL Blois(1958) 9]

3 mLel Z47te] R 80% cl'h&ol 343 77kl A% FEES
02 mL A7 g =9 4x10*M  DPPH  (2,2-diphenyl-1-picrylhydrazyl,
Sigma-Aldrich Inc.)&%4-% 0.8 mL 7}8lal 1027t vortexing3FSith o] A& 108-7F A2
28kl Wk A7l & 517 nmollA] FFEE =439t DPPH radical scavenging ability =
Am A7k 24 dExTY 5%

v CZ 39tk

o
(ld
B
o
ol
£
=
fL
fito
f
X
iu)
=

Q
(o
&
=
BN
M
rlo
=
iu)

(3) ABTS Radical &~H3 3% £4

A7 7ol ABTS radical scavenging ability s Pellegrini(1998) 9] W8 o] &3lo] =43+
t}. 01 M PBS (phosphate buffered saline, pH 7.4 25 mM ABTS
(2,2-Azino-his(3-ehtylbenzothiazoline-6-sulfonic  acid), Wako. Ltd.)¢} 1.0 mM AAPH
(2,2'-Azobis(2-methylpropionamidine) dihydrocholide, Wako. Ltd.) & &33}e] 68T, Aol A
12 35 WA 715 Aue] WA A ABTS 8948 wETH 01 M PBSell %21 Z47he] Frn
o] A7 FEE 20 ol ABTS £ 980 wS 7}8le] 37C water bathol A 105-7F ¥kg-A)1 7
F 0734 ool FREE SAST. % gxEe el % Trolox®

(6-hydroxy-2,5,7,8-tetramethylchroman-2- carboxylic acid, Sigma-Aldrich. Inc.)E& A3}
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o A AT NEE WA e $4 UETY FREE

AT,

Ao
o
o
2
=
Mo
o
hu
=
Bu)
=

zyzvel A7y FEE A4 (0) AAY #HEFE SOD (superoxide dismutase) FAFEA
getlch. AdF=E 100, 10, lppm(HEF=)e H7Fste] SOD-assay kit-WST
(Dojindo Lab.)E& o]&
Molecular Device co.)E o]-&3to] A G o *A gxrdozE e CE o] &3tk

o
Ao
X

3lo] w&A 7zl F 450 nmoll Al microplate reader (Thermomax,

(5) L6 oA e MESAe st #o] &3

THAESY] L6 cell lined FFAEZFSPoNA ol ARl on 10% FBS (Fetal
bovine serum, Gibco), 196 AA (Antibiotic Antibiotics, Gibco)E *¥3+3t DMEM (Dubecco’s
modified Eagle’s Medium, Gibco)H]#]ol] w3ttt o] Eo] 3 HA wxZ weadA
confluent Fef7} ¥7] Aol A wj<g At 3 AGFE= AXFAHS Fotir] 93k
100, 50, 10 ppmol A MTT (thiazolyl blue tetrazolium, sigma co.) assayZ 2 A3} t}.

(6) L6AI Lol A o] Absha] &74ol ti g wbo] &3}

Abeka 2B aE JAbskeAs (H0)E ARSI o AAdsns 245 Ak 01, 0.5,
1.0, 1.5, 1.8 mMell A on]dd-e zaste] of 50069 MEAPHe] dojus v 25 AAATH
ZATAZ Ul 8H sEds AFfaREs Leolnr] A5 L6 cel & 1 x 10°
cells/mle] %= 96 well plateo] seedingdlil 24 A7 & Z2+e] ¥ % AAFEEF 15
mM H:0.5 &Alel Aelstar 24 A3k wiegAzl & MTT (0.5 mg/ml in PBS) 4oz ¢4
AlA 540 nmollA FHAE=E AL

o A 3 u

FAZFRD A 7ok Arbes ol Axd A tdirlE 2k 30TedA A7 154,
] $98l DPPH, ABTS radical 27 &3 ZA3 SOD
GFrksl gagd B L6 AEoA e AXEEA ek o] aahet AbshA EA4fel g WeoladE

W
S
e
2
2
_?ﬁ
>
i
lo
it
o,
ol
T
o
o,
N
N
Ol
ol
N

4 | ARE A2l 30U Astel® x7] Al ssh v st
5% radical £ABYE eSO SOD B4E A wel stelgth EE 100
pom FEONA ALEAS EA Seion] HO2 A% AXAEP RIE FoHQ) Fo]i=

e ersie mhebd] H7bES We gguhtiy] ARE 30T 309 AGselE 27 A
Aerdlzlel vstel AF Aoz UE @4 e FHsle] B w2 aelv} gl Gt

s vehdS & 5

}1_:1
N
)
1
o
o
rlo
o=
ol
s}
=
N

=
ol
_Yi
=
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(1) DPPH radical 2 &4 =4
A7 719 A7 Aol wE DPPH radical 27434 24 ZAxb= a9 49 #oh
30¢ A¥st A% vyl A5+ 100 ppm

I AAZ7|7ke] 156Y,
v 3le] 97k %S DPPH radical
| &

=%

DPPH radical 24 &4 =

g
oA T A 2AEdE YL of
A

o] AA77ro]l 30¥ AFH}3tA % radical 2AEAE

>

]
o
ﬁ?JrOM Wi A o] A7)
FABE Ao dasil)

120
O1 ppm
H 10 ppm

100
M 100 ppm

vitamin C

x5 302 27}

X E 152 Ao}

L=+
a9, 4, AT 719 A&7)zF A abe| wE DPPH radical 224 84

(2) ABTS radical 27184 =4
A= a9 5o 2 &

A7k 7] o] A7z Aol wE ABTS radical 2484 =4
o

[}

x473?% AAANZE 159, 309 A A7}
gA-S veho] DPPH A9}
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120

O1 ppm
=10 ppm

Vitamin C Trolox

9. 5 vtz e) A%t el whE ABTS radical 427124

(3) ket a4gA =4

A 71 o] AG71zE Aol wE SOD FAMEd A Ads 2yl 69 vk QA7)
9] SOD #&A4-& <ol DPPHS® ABTS radical 2717153 W24 #4737k A
2EE AEE UERAT. o] AR HEY fFe #Agle]l Adrhdvie AA

dpghol] wpet gAdka AAT Y] ojA = AL AL 5 AU

4

0O0.1 ppm

=+ A& 15 Amt X 30 Aot vitamin C

" 6. A vl AR7IE Aate] wE SOD AR
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(4) L6 Al A e] AxzmAol thah ol &
A7 vefrlel A7t Aatel whE L6 Aol e AE=5/del
Z2rh B2 ATt AlEs 100 ppmoldhel A MESEE YERA ftes YEEEd 1
Z’:

= ¥
B}l C9 esculetin GA] & FToA AEEAo] ge&s el

120

O10 pom EH50 ppm M 100 ppm

100

CH=+ vitamin C Esculetin

9. 7. A g e AT 6 Ao M2 FA=A
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70

00.1 ppm
0T m1ppm
W10 ppm
50 -
40 -
(%)
30
20
10
O 1 1 1

vitamin C Esculetin

a9, 8 A7 vy L6 AlEoAe HO 2 <13

N
lo
i
(X,
rE
oty
(ld
BN
>,
_0|L
2
£

L "RAE F 54

zh A el gk dRbAlet, ER/FFolg AT 54 3MAR] H E 8l A (petrifilm,
St. Paul, MN, US.A)E F9ate] Abgatglth dubA#5E petrifilm™ aerobic count(PCA,
3M) WA & 37ColA 48A17F miekate] A eklal, ER/FFo)E petrifilm” yeast and mold
count(PYMC, 3M) HIA| & ©]&3}o] 21~25C ¢AhelA 3~54%F v & SAs9o, g3
T2 petrifilm™ coliform count(PCC, 3M) 81X Z 35C oA 24A17F w]k3le] colony <] o
1Z27F 449 red colonyE coliform 2 ZA3Av. v AE #5E logw colony forming

unit(CFU/g) 2 YeR ST}

(2) HE=

Ao 71e] A% 5 M= color and color difference meterE o] 43fe] 7} A ]+ )
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st A7 L, at, bit 1E]3 AEFHS 3wk S AT ojw AMES BT WA
L,a b 32 242y L: 94.30, a- -0.89, b: 0.80 ©] .

(3) F7 A EEH

7h #7124

AT 7] AR 10 g& SRS 100 mL3t 314121 F Schultz 59 Wil whe} Likens &
Nickerson &A1& AH&3le] A& =57 SRR PV ES 243 &k 2388 24
Sl 2+ A5 73 n-pentane: diethyl ether =& 4(1:1. v/v) 50 mL& AF&3on Wzhag]
CEE 4~6TE A% AUt 2ol ¢ Fode FFIAAUEFOR EFA7|aL
Vigreux column(30 cm)& ©|&3le] 45CA &ulE A A3 T

(Wb 718+

AL FF7l FRHA A doRl FEE 1 wWE F 363 2L XUAA gas
chromatography®l ¢]3te] #4393l & 379 22> 27122 GC-MSDE o]l &3ty &84 3
7158 FdeAth. GC-MSDZ ¥ mass spectrum-g ©| &3] 2@ VA ES T3
At

i 36. Operating conditions of GC for flavor analysis

Instrument
Column

Oven temp.
Injection temp.
Detector temp.
Carrier gas

Split ratio

GC(Hewlett-Packard 5890, USA)

DB-5

(50 m x 0.20 mm x 0.33 m, J&W Scientific, USA)
50C (2min) ~ 240°C (10min)

250°C

280 C(FID)

He. 1.5 ml/min

1:25
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i 37. Operating conditions of mass spectrometer for the flavor compounds

Instrument HP3970 mass selective detector
(Hewlett-Packard 5890, USA)
Column DB-5MS(50 m x 0.20 mm x 0.33 mm, J&W
Scientific, USA)
Oven temp. 50C (2min) ~ 240 (10min)
Ton source temp. 230°C
Tonizing voltage(EID) 70 eV
Mass range 50 ~ 600 m/e
1) T
AT 7] AR 20 g& F3Fe] 80% ethyl alcohol® FEF3Fal FEF4-2 40TCAA Y 555
A7l & E24 20 mLE AE3A olF thA] AAE(R,000rpm, 20%)3F & Sep-Pak C18

cartridge(Waters Co., USA) ¥ membrane filter(pore size 0.45 mm)Z 4802 of33fo] I
383 2 x| we HPLCE #4394t

i 38. Operating conditions of HPLC for free sugar analysis

Instrument Gilson 305 system (France)
Sugar—Pak

Column
(6.5%250mm, Waters, USA)

Column temp. 90 C

Eluent Ca-EDTA (0.05%)

Flow rate 0.5 m¢/min.

Injection volume 20 pl

AAEY v A HS FHBE] ethyl esterz

A3k v} Amberlite IR 1200 E3A1#A o}v]wAbe &2 A]7] 32 ammonia
EAAC. £E94S8 AYF=E o] ammonia® A A3 F loading buffer
solution(20mA BORATE BUFFER, pH 95)°2 % 10 mL¢| ¥ &% ALl o]E membrane
filter(pore size 0.45 )= ol #}stH vl 1 oJRx A A °F(o-phthaldialdehyde)s 1:5% 7f
sto] 1+ &b vh&AZl = 3 39, 403 22 X7 wel HPLCE #4133t
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i 39. Operating conditions of HPLC for free amino acid analysis

Instrument Gilson 305 system(France)
Column Lichrospher 100RP-18
(4 x 250 mm, Merck, Germany)
Column temp. 40 C
Eluent Solvent AD, B?
Flow rate 1.5 mé/min.
Excitation wavelength 254 nm
Emission wavelength 360 nm
Detector Fluorometer(Model 121, Glison Co., France)

Y Solvent A : Acetate buffer:water:methanol:tetrahydrofuran(515:350:100:30)
? Solvent B : Acetate buffer:water:acetonitrile:tetrahydrofuran(290:195:490:25)

i 40. Condition of linear gradient solvent system for free amino acid analysis

Time (min) Solvent B (%)
0.00 2.0
3.60 17.0
17.00 30.0
19.30 51.0
22.20 05.0
28.50 100.0
30.70 100.0
31.40 2.0

(6) A4k
ARG 7] Alge] AWE FEUE v 2t} Folchyeol ¢3te] A& 5 goll chloroform

‘methanol(2:1, v/v)&< 50 mL-g 7}3t & FoiZt7|o| A A& -& chloroform &2 2 o]s§Al 7]

Z2H% 33 vHE APt A hydrous sodium sulfate®4] F8-& A4 3 chloroform
TS o#3ta 1 oA g 40CAA BHEFee 1 mL2 FE3Ah s5HE AE 100 @E

test tubeo] 2L o]7]e] methylene chloride 100 09} 99.5% methanolol] 0.5N NaOH-S &3

3 gl 1 mLe Y& F AAZ flashing 3F U} Teflon-lined screw-capl 2 test tubeE %+

o % 90C water batholl 4] 108zt 7FE3tSTh 7HEE AEE W2 $ 99.5% methanolol| &

3l 14% BFss 1 mL #7183 A4 2 flushingdtar v/l E - $ 90T water bathol A

1083 7FE3kd ). d=ddA] 23 £ 1 mL /799 400 gl hexanes tubed] Y3l 1A%
o

AA EE 5 QABelsi] A2eg AN & 415 2 27 we) Gez EAS,

o)
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41. Operating conditions of GC for fatty acid analysis

-
ik

GC(Varian STAR 3400, USA)

DB-FFAP

Instrument

(30 m x 0.25 mm x 0.25 mm, J&W Scientific, USA)
120°C(1min) ~ 2207 (30min)

230°C

Column

Oven temp.

Injection temp.

250 C(FID)

Detector temp.

He. 1.5 m{/min

Carrier gas

225

1 p

Split ratio

Injection volume

il

=

SREE N

&

2

W

3

AAL-E 10T, 20C 2 30CoAA Z7 wastaa A%~

ojy

Rkt

(L =

27 3F

i3

o ¢

H
ol

Az 7)ol A3
= AAZZEZ 10T, 20T, 30T A A

el

[e]
A&

[oS =N
BA L

RS CORCE S

Alxtol 1§ o

of EA43k=

A7) =

-
1.

sheg.ot

27F EA4

=

%712 5x10" CFU/g?)

-
1.

of

%

ol &R

o]
A

iz
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(CFU/g)
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NS ZASE vp A7) ZEo] Aol whEt FV|AEY AR TS Wavh o
ouk=H 484 3= sesquiterpene hydrocarbons : oxygenated sesquiterpene : monoterpene
hydrocarbons : oxygenated sesquiterpene 2] ZAH] o] 62:7:10:18 o|A¥ Zo] 3 3 57
AT A 39:3:31:17=2 AF7|Fe] AH}EFE sesquiterpene hydrocarbons 2 oxygenated
sesquiterpene?} & =R xAv]= FAStE ATE HAvA BTk s A A7
2oAqx Ao SHR-Eo] Q= essential oile] FAOlA & zingiberene, citronellol, B
-sesquiphellandrene, B-phellandrene, camphene, geranial, ¥y-bisaholene, a-pinene, liminene & ©|
T8 VIR IAPE F AA7IFe] Aijste] uwel  a-pinene, camphene,
zingiberene, Y-bisabolene, citronellol, limonene, geranial %] 433t W3S H At H s}t
Aed A T 2R g AAdrY TR ATl dojdeE B A=V}
Fold 4 E 9o AEEC FadeE HAIS E ¢ AAY. Bednarczyk 52 AAA 5 A
ol WAl A¥EoF a-terpineol, neral, geranial, B-sesquiphellandrene, nerolidol, cis—B
-sesquiphellandrol %8 X 33}% 3, Macleod %<& neral geranial, bhornyl acetate, B

~zingiberene, B-eduesmol, trans—B-sesquiphellandrol & ©] &3l X318} T}
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F 44, A7) o] AL

H

W R W (A% 177)

Retention 2w A5
time SIS 10C 20°C 30°C
14.63 Tricyclene 0.20 0.20 0.18 0.15
15.31 a-pinene 3.03 3.04 3.02 3.00
16.16 Camphene 6.88 6.66 0.58 0.55
17.49 B—pinene 0.35 0.35 0.29 0.31
18.30 Myrcene 1.23 1.21 1.20 1.12
18.98 a-phellandrene 0.83 0.81 0.80 0.82
20.03 a-terpinene 0.38 0.38 0.36 0.35
20.49 B—phellandrene 9.61 9.54 9.57 9.42
20.68 1,8-cineole 6.89 6.78 6.72 6.68
21.90 y—terpinene 0.10 0.10 0.10 0.10
23.47 Terpiolone 0.38 0.38 0.36 0.35
24.24 Linalool 1.09 1.10 1.08 1.06
25.37 Sabinene 0.11 0.10 0.10 0.10
26.50 Camphor 0.14 0.13 0.12 0.12
26.70 Camphene 0.21 0.21 0.22 0.20
27.80 Borneoll 2.28 2.24 2.25 2.15
28.27 Terpine-4-ol 0.33 0.32 0.33 0.30
29.00 a—terpineol 0.61 0.61 0.58 0.4
30.87 Citronellol 0.24 0.24 0.23 0.23
31.52 B-citral 3.14 3.12 3.28 3.10
33.00 Geraniol 3.96 3.88 3.76 3.65
33.65 Bornylacetate 0.14 0.14 0.13 0.13
33.90 Z—undecanone 0.23 0.23 0.25 0.24
37.95 a-copaene 0.18 0.18 0.19 0.17
41.40 trans—B- farnesene 0.23 0.24 0.23 0.22
41.78 ¥y-curcomene 0.07 0.07 0.05 0.06
42.71 AR-curcumene 2.83 2.83 2.80 2.76
43.41 a-zingberene 10.16 10.05 9.97 9.92
43.54 a-amorphene 0.87 0.86 0.87 0.85
43.75 Farnesene 2.48 251 2.46 2.42
43.87 B-bisabolene 2.19 2.18 2.18 2.18
4457 Sesquiphellandren 3.93 3.93 3.88 391
44.80 a-patchoulene 0.14 0.14 0.14 0.14
46.05 Germacrem B 0.27 0.26 0.25 0.24
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3F 45 AT e ARkl wE frede] Wt

Ui AR5
(%) EES 10C 20C 30T
Fructose 0.23 0.19 0.24 0.24
Glucose 0.20 0.20 0.23 0.23
Sucrose 0.26 0.19 0.19 0.18

T A FEld A @3 A= o] T3 " Sl Y3 naEde T
HPLCZ B354k A7r2] fructose, glucose?}t sucrose &3] 0.23%. 0.20%, 0.44% HZ=H AL
B33t 28 o] 53 Pradeep 52 oAb A9l ol glucose, fructose, sucrose
shafol 0.38%, 0.35%, 0.18%% glucose & #ol 71 A YeAdT S1=2ke] g9
0.88%, 0.35%, 0.18% = glucose 3¥rFe] 7Hd =4 Hax o] Aib=rlel| we} f2d 3hake
kol 7t = Aoz Atz e 7 52 Ao Fo38k 3= fructose, glucose, sucrose
ojglom AHA7|7ro] Aol uwelA] sucrose FTFHS FAFAL fructose 2 glucose $HE

ZF
ZASANIE Fasts A el Baste] B dvbel g AR et

iy

R
o
=
=8
2
lo
i
ot k
y

-
(ld
B
o

o

&
St A A% 57} E%*’FE oFzt raste s vERAT BT 27)A F o]
WAk RS 437.35 mg%ol ot 10T AFAEE 4233 mg2%, 20C AA 5+ 421.39 mg%
223l 30C AFAEE 41398 mg%E 54 Aaste A3 dEhdYh 3 A7)
=9 FQ ol AE o R glutamine, valine, alanine, asparagine, tyrosine % leucine©]
HZ% A} Takahashi 52 7ol F8 ofv|xit AF OS2 A& aspartic acid, glutamine,
serine, glycine, cysteine, valine, isoleucine, leucine, arginine ©]2}3l H a3} =9 2 A44
e} AR A3E eI

obv]) =28 maillard WH&o] Bl Aoz el A Q4 maillard 223 whgo] w A=



ofmi=gbe] Fitet A ofH FAHFA delAA Fhrh thut a-alanine®] W& E7F B
—alanine Bt} A= B a7l 9low Reyes < glucose, fructose ¥ sucrose 7} o} =2kl

glycine®} wF-2& uw o} AWzl A4S W askgt)

& 46, AT 9 Ak whE opw] kel W)

Freobnl Ages
(mg?%) EIESS 10C 20C 30C
Aspartic acid 14.38 15.75 14.28 12.74
Asparagine 40.65 27.74 26.11 2792
Glutamic acid 18.34 16.42 15.44 12.34
Serine 24.62 22.35 23.71 20.73
Glutamine 68.06 57.34 57.81 54.34
Histidine 13.45 11.76 10.43 11.62
Glycine 9.62 15.82 16.18 15.15
Threonine 17.34 18.81 15.61 17.35
Arginine 18.62 18.21 17.18 15.43
Alanine 45.34 49.24 46.34 47.08
Tyrosine 31.37 42.76 49.82 52.67
Methionine 10.82 11.48 12.42 8.66
Valine 56.82 51.44 50.72 57.15
Tryptophan 6.56 7.060 6.31 7.00
Phenylalanine 22.73 20.62 20.37 18.05
Isoleucine 8.34 13.35 12.42 14.82
Leucine 30.29 22.15 26.24 20.94
Total 437.35 423.3 421.39 413.98
(6) A "Ak

& AR E 175 B9 A% ¥ Auitel WEE AWE A% ® 479 29 17
f%%%lm:%m 30TA AGE ATy Fo AW FF WEHE 239 Ay 27
Fgrgel wshe] 23 Z718 A0 E e A4l A xyow: ¥

x| HAFS 2 C8:0 caprylic acid, Cl10:0 capric acid, lauric acid, tridecanoic acid, myristic

2 A

LA
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acid, pentadecanoic acid, palmitic acid, heptadecanoic acid, stearic acid, arachidic acid,
behenic acid $°] AE=WHQ 1 BEF3 FHAo 2= palmitoleic acid, oleic acid, elaidic acid,
caprylic acid, capric acid, linoleic acid7} =% o Aok Ex 3 Wik 23 x| ukike] 4]
& AAAFo=Z oF 30 1 7082 ZIA|HAE v &0 %—574] ekt el AAE xAd ol g
AT== Salzer 59 AT Ao o= 7] 2ze] ik AT HEE o] vk
Salzer= 742 Aukite E¥ 3} 2 ubikal ¥ 312 W4t ] o] 53:46°.% 4] palmitic acid, oleic
acid, linoleic acid”’} 23% % ETE&Z s3] 9o 7|t caprylic acid 1.4%, capric acid
4.1%, lauric acid 7.6%, myristic acid 3.5%6, pentadecanoic acid 0.4%, heptadecanoic acid
1.3%, steric acid 3.3%, linoleic acid 6.6% ¢} arachidonic acid 1.1%7} &% -5 o] dthal 3t

Atk fri= AAA7| 264 linoleic acid?} 15.3% 24 T2 A A WAES o] FH o] 9
myristic acid, steric acid7} A% 5o dohar 3 Th ol A FIAT], A S}
GC &4 zxdd & Aolql Ao = AR H A
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E AT ARG 78 A7 bl whE Agake] W gt

(unit @ Area %)

A&
A

o = 10C 20°C 30C
Caprylic acid 8.84 8.33 9.84 10.49
Capric acid 10.43 10.06 7.82 8.22
Lauric acid 2.89 3.01 2.89 2.97
Tridecanoic acid 0.81 0.92 0.48 0.62
Myristic acid 2.26 2.24 2.14 3.74
Pentadecanoic acid 1.30 1.35 1.52 2.49
Palmitic acid 30.09 31.16 34.66 35.93
Heptadecanotic acid 0.67 0.68 0.77 0.70
Stearic acid 13.41 13.39 13.71 13.94
Arachidic acid 0.32 0.59 0.38 0.49
Behenic acid 217 213 1.77 1.50
TSFAY 73.82 73.86 75.98 80.69
Palmitoleic acid 1.21 1.57 1.49 1.30
Oleic acid 421 4.04 5.12 4.96
Elaidic acid 14.05 11.93 10.84 8.07
Linoleic acid 4.84 491 4.23 3.57
Linolenic acid 0.59 0.78 0.71 0.69
cis—11-eicosenoic acid 012 0.10 0.22 0.18
Erucic acid 1.13 1.71 1.40 1.33
TUFA? 26.15 25.04 24.01 20.1
TS/TUY 2.82 295 3.16 1.01

V TSFA : Total Saturated Fatty Acid
? TUFA : Total Unsaturated Fatty Acid
Y TS/TU : Total Saturated Fatty Acid/Total Unsaturated Fatty Acid
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BC® F=& F&<2 896%

i

]

o
i

H

il
N

6.08
417
3.77
7.36
7.60
8.09
7.80
7.90
8.96

35
20
65
35
20
65
35
20
65

100
100
100

250

250

250
500
500
500
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AR L
(1) A&7 2 Ao

49w HEe Folldy Hed vAd=s2 €9 Gram 4, Gram
ot AEALAY A B Lot 338 AhajFate] AREEATE A
Pt T ARRHIA R w2 mE 8L dER AT

W ges
= T vy & .
T - =] (C)
Pseudomonas aeruginosa KCTC 2004 Nutrient agar 37
Gram(-)
FEscherichia coli KCTC 1039 Nutrient agar 37
Staphylococcus aureus KCTC 1621 Nutrient agar 37
Gram(+)  Bacillus subtilis KCTC 1022 Nutrient agar 30
Listeria monocytogenes KCTC 3569 Brain Heart Infusion agar 37

dee 2 YA FHF A7 FEHEL DMSO(dimethyl sulfoxide)ol 0.1%, 1%, 5%9] ¥ %
2 g4stel ARE AHgsg.

A7y FEE0) F4tH A AL paper disc agar diffusionf ol wl 2asck -70Co] B
A A8 77 stocks 7) ﬁ?‘*oﬂ uk= Nutrient (Difco, USA), Brain Heart Infusion
(BHI: Difco, USA) A=rvlAle] FEsto] 24430 Aujgsidvt. d57F aidd AswAE
Nutrient agar, Brain Heart Infusion agaroﬂ 100 w® F3}a1 spreadingdto] rFE vl x| o
Z4A17l 3 "WerE 8mm paper disc(Tokyo Roshi Kaisha)E <@ #]xo] "&A 731 zH7zto
A5 84S 3H w FFAAT 2 FFo] s v 2443 s Azl F disc
T A AV E SAs] FHE S s
v, Ay 9 31

(1) A7 oleoresin g9 g H7t
Aol A F&38k ZF Al oleoresin® & HE5ES Al AMEE T Pseudomanas
aeruginosa, Bacillus subtilis, Listeria monocytogenes, Staphylococcus aureus, Escherichia
coli 0157¢]Qd. F-3 Wl o=zs FEA 2F9 Fi dllo]l IHi=  Pseudomanas
aeruginosa®t WEd ZAE P O9Yd 3714 Ado=z 2EFe Haddx ol & x|yt
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[e]

= ar

Q1+t 3l Listeria monocytogenes, =4 7|4 HoZ YT Oo=E
B

2 F= A2l Staphvilococcus aureus, 7=, QXA R 2
[e]
&

27k 019%, 1%, 5%2 84 3e], s we) F
o] T AFE AAsE AEE e & 82, 833 19 16, 17¢] YESITH
P. ageruginosas A 93 Umx] 4#FE5EL g oE7

=
Al =t S E GirddS UElE clear zone AL7)7) wlEld oz F7)8l

ZYAFEF 0.1% s=AA clear zoneo]l A3 UEIR] ko, E coliv YA FZFE0lA
clear zones UERUA] ol A g Lo A= @ ido] Ao gles g3t
AdFE2E JAdss 1% HgT9 HAe fu5F ABdA L monocytogenes <+ P.
=it F8sHA e g
70

TH
Frads Jetla, 294 FE2ES A%E L monocytogenesdl| A It &3 o] 7k ZFsHA
1y

¢ & 5

L. monocytogenes oA &xt&do]l 7 A UegoH, FEARE F 169 vEE FEFI
FEE9 clear zone®] 165 mmzZ W& Hg ol vl 7HF A3 S HoFAd. P
aeruginosa, B. subtilis, S. aureus® 4% FE=Z A uwtg} & zo)glo] o] W =FHA
El%tal, . coli®] ¢ FExAY FEEY vg dAgle] e &
AT

Z97A FEE AE L monocytogenesol Al 7 =8 FrEAS HEH, FEA
% 250 bar 66C FZE=3} 100 bar 35C FEFE9 clear zone°] 7Mg = Sk
subtiliso) 1= 100 bar 35C ZZAo|A clear zone®] 14 mm, 500 bar 65T
mm=z AA e oE FE2AET 52 YEAE BT a8
=5 100 bare] 1A vhe &
P. aeruginosa, S. aureus 152 4% v T v}

L

o]
FgHdoz g % 2QA FERAN wE 4 4T 4 F
U
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212 SriFEee] 4% 169 wEAdAAM FE2T F
35C, 250 bar 35C, 250 bar 65C Z7dolA 7
A FE wEd Fedel & ApolE MolA fskou, A F

%
=9 -+ =949 100 bar, 500 bar A2l 9 FE5% 35T, 66T Aol FatdAd ol
1}

=
=
&3 et

Clear zone on plate (mm)

Lmonocytogenes P.aeruginosa B.subtilis S.aureus E.coli

F5(%) 0.1 1 o | 01 1 o | 01 1 o | 01 1 o |01 1 5)

Control” - - - +9 + + - - - - - - - - -

1:2 120 125 1565 | 140 ++Y ++ | 90 110 120 | ++ 100 ++ | 90 90 90
1:4 110 140 165 | 125 125 ++ | 90 120 110 | ++ 100 110 | 80 90 90
16 115 1256 165|120 120 115 | 90 120 130 | ++ 100 120 | 80 90 90
18 115 130 160 | 115 120 120 | 90 100 130 | ++ 100 110 | 80 &80 80

30T 80 100 130 115 120 125 90 110 110 | ++ 100 120 | 80 &80 80
20T 80 110 130|120 115 115 | 80 100 120 | ++ 110 120 | 80 &80 90
65°C 80 110 130|120 ++ 125 90 110 120 | ++ ++ 115 80 90 90

80¢C 110 120 150 | 115 120 120 | 90 110 130 | ++ ++ 120 90 90 90

1 hr 80 115 140 | 120 ++ ++ | 90 120 110 | ++ 110 120 90 90 90
3 hrs 100 110 140 110 120 120 | 90 110 120 | ++ 100 110 | 90 90 90
o hrs 100 120 150 | ++ 115 115} 90 110 110 | ++ 100 110| 90 90 90
7 hrs 110 130 150 | 120 115 120 | 90 110 110 | ++ ++ 110 | 80 80 100

U DMSO(dimethyl sulfoxide).
¥ Not detected.

¥ Slight growth.

Y Less than Smm.
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Lmonocytogenes (FEF% 116 =& 5%) B.subtilis (%% 118 &% 5%)
2%, 16, AdEE &v AAFEE & FHI7HLmonocvtogenes, B.subtilis)
I 83 YA FEX nE AUFEEY e
o Clear zone on plate (mm)
FE2Z27
L.monocytogenes P.aeruginosa B.subtilis S.aureus E.coli

E2(%) 01 1 o | 01 1 o | 01 1 o |01 1 o | 01 1 5)

Control” - - - | &+ o+ - - - - - - - - -

100/35 120 115 200 [ 100 110 110 | 90 110 140 | ++Y 110 120 | ++ ++ 130
100/50 120 1656 170 110 11.0 110} 90 105 110 | ++ 110 120  ++ 110 110
100/65 160 150 160 | 1056 115 110 | 80 90 100 | ++ 80 100  ++ 110 120

250/35 115 150 220 | 100 100 100 | 90 90 130 | ++ ++ 100 ++ ++ 110
250/50 125 150 180 | 110 11.0 110 | 80 90 120 | ++ 110 115 ++ ++ 100
250/65 120 150 230 100 11.0 110 | 90 100 120 | ++ 110 110  ++ ++ 110

500/35 110 110 165|100 100 100 | 80 90 110 | ++ 100 100 | ++ ++ 90
500/50 125 150 165|100 11.0 110 | 80 100 150 | ++ 100 100  ++ ++ 100
500/65 115 150 170 110 11.0 110 | 100 100 165 | ++ 100 110  ++ ++ 100

Y DMSO(dimethyl sulfoxide).
? Not detected.

¥ Slight growth.

Y Less than Smm.
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L.monocytogenes (FZ371: 100bar, 35C 5%) B.subtilis (FZZ7: 250bar, 65C 5%)

8. 17. 294 FEE A4 HI7HLmonocytogenes, B.subtilis)

AR5 ATA WAEES] 28 v539 242 A2d AR 237 (Gerstel Dynamic
headspace analyzer: DIS)®} gas chromatography(GC)(Agilent 6890, Palo Alto, USA)<}
GC-mass spectrometry(Agilent 5972MSD, Palo Alto, USA)E A}83}31 0, GC-Massell 2|3
% peak? A2 mass spectrum libraryol] <A 3] A3}

kA AR A8 93 GCo GC-Mass? s 2@ uvps-3t 2. GCE Supelcowax
10™(0.25 mm x 60 m, film thickness 0.25/m) column©] F ¥ Agilent 6890(USA)& A3}
Act. e8] £ 50T AABHY 5C/min® %2 F&38ke] 280TeHA 483 FA4
A3, carrier gast PEHe)E 11 ml/ming ZEFHEEZ ALESIYT GC-Masse
Supelcowax 10™(0.25 mm x 60 m, film thickness 0.25um) column®] &2¥ Agilent 5972MSD &
AF-&3FSI T
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A FE2E9 M 4L color and color difference meterg o] &3fo] 7t A
ABrkel Lgk, afk, bk 2elal AEFE SANY. MESAA AEE FE
DMSO(dimethyl sulfoxide) 10 mL &3l3}o] Z43} Tt ojuf AFESH F&= WA [ g b
ke ZH7y L 100.01, @@ -0.02, b: -0.00 oAt

(4) HPLCE o] &% =&Y A T F&84E W3t &4

A Ee  @AAES e Slste] Alxd ARFE=EC Fa¥ 6-gingerol,
8-gingerol, 10-gingerol, 6-shogaol, curcumin®] 3&S HPLCE o]&3te] At HPLC
= Jasco Co. (Japan)®] ¥4& liquid chromatography® AF&33 AH-E Waters
symmetry C-8 reversed phase column (150 x 3.9 mm, Cat. No. WATO 54235)-&, ©| &=
methanol-water (65:35, v/v)E& 1 m/ming $E2 §%39 1 A H #UHL 282 nm oA =
Al B354 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol< chromadexA} ol A]

T-Y3ke] AFE3F AL curcumine sigma-aldrich Aol A T 3Fe] A&t Ala e A
55 5 mg/mlE eSS =9 F 045 um syringe filter (Millipore) & o ¥}3}o] A % 3}9) 1L

o1F ENE NEER AT

11

O

() AFFE=E9 S48 9 FH4EA =4
A7re] AR F U AF= w¢ B dxlo] 9=t connell? chen 59

E34e ARERE T4
o3t 50~65% © A
monoterpenoid compound®} ©]# miscellaneous compound = T & $)i+= terpenocide] H%t
3l 3stEolglar ok AL 3w AR e sesquiterpene hydrocarbonsoli= bisabolene

cathon =4°| 7|2& & (-)-zingiberene(a), (-)-B-bisabolene, (+)-ay-curcumene %5 °] ) 3L,

—_

ot
o

Aol sesquiterpene hydrocarbonse} 2 oxygenated sesquiterpenoids,

-

oxygenated sesquiterpenoids ©l|i= zingiberol®] monoterpenoids®| camphene, geraniol,

geraniol, 1,8-cineole %5°] ¢t}

%294 F& 70l Z+2F 100 bar 35C FEE, 100 bar 66C F&&, 500 bar 35T F&E,
500 bar 66C FE&E3 Jd&& F55E AR AE&E, 16, 50T, 5AIZF 5219 Fr|AE %=
qE GC/MS = %’ﬁ%}‘}iotﬂ, GC/MS #49] oste] 49 A FrdEe =49 ¢
& F 840 YEMR A 19 18, 19, 20, 21, 229 chromatogram .2 %213 stk 294 F
=& 5 100 bar 35C F==9 T8 3IYAd Fr|dE 23-butanediol, zingiberene, ay
—curcumene, B-sesquiphellandre, B-phellandrene &2 Z+7z} 3keldl & 7| A E-9 31.18%,

24.40%, 9.41%, 8.92%, 4.66% % AA| 3=, thE A FEE2Ao)Y EriFEE v st
3o

__]i—_
& uw 23-butanediol®] o] A YERY AES ST 4 Y. 2YA FF 100 bar 3
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5Ce] 274 714 =4 AE9 23-butanediol® “4-% acetaldehyde, ethyl acetate®} 7
AN HaAd JRoz dukdl FEWH < SDE(simultaneous distillation extraction)™H ol 4]
esk7] olgw fldde] A AR dEA vk 294 F=x1 100 bar 66C FE=S

T8 IEA VA EE zingiberene, 2,3-butanediol, ay-curcumene, B-sesquiphellandre, £
—phellandrene® Z+2} 31.60%, 13.91%, 12.32%, 11.56%, 6.26%%= e} ©] < zingiberene
o At vE 2UA FE= T 7P =4 dERa, vFEE(32.06%)% vaske] Hls2gk
Ag FAsdvt. Zingiberenes g B Fmel de] AAEH o] gtow, H Al A gt
ol 2, FAYE B AdEAVF FAHAE Bavh vk =g Al A A FUE
Bosl=d 523 AEEZ 24HZA neral, geranial, a-terpineol, bornyl acetate, zingiberene,
B-eudesmol, B-sesquiphellandrol &°] €A d=d olF B AddA &AW a-terpineol,
bonyl acetate®} zingiberene®] d#Fo] ZFzb 1.349%, 0.64%, 31.60% % YA FE=Z7 <5 100
bar 65C ZolA 7P =4 vebd A& &g 4 A3k 500 bar 35C F+E5=2 837
AE Aol A9 zingiberene 29.05%, 2,3-butanediol 14.10%, ay-curcumene 10.92%, B
-sesquiphellandre 9.79%, PB-bisabolene 5.09% %= uYElste™ E3 B-phellandrened «
~farnesene®] Z+7} 820%¢F 6.90% % U2 FEE 73} nudle] =4 HdEYE AL Foldsich
500 bar 656C FE=E9 FRUY7|HE A9 A-$ zingiberene, 2,3-butanediol, ay-curcumene,
B-sesquiphellandre, B-phellandrene©| Z}7} 25.489%, 24.34%, 9.58%, 8.66%, 6.52%62] A& 4}
PR3, g2 FExA9 ¥adte] acetic acide] $HaFo] 5.32% = A UEbG AL

t} dEE FE3 FEE F8 Fr|AHE XAE zingiberene, ay-curcumene, a-farnesene,

-

2,4-diisoprophenyl-1-methyl-1-vinyl cyclohexane, B-bisabolene®. 2 7|4 E Ao Z7+
32.06%, 12.01%, 7.71%, 7.00%, 5.46% <] B B e, £ 3]
2,4-diisoprophenyl-1-methyl-1-vinyl cyclohexane® A% ZdUA FEF3I} FEIZA FH4
1.30% AZ=H At waste] SulFEENA 7.00%= Be & AEH 2 AolF HolFAUT
U geetic acid, B-phellandrene &F7]d% Aol ZH7F 0.82% % 1.31%=2 244 &=

Wlasto] share] Al el
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E 8 ARFEE) FExde BB PR 24

Pl\el(a)l.{ Regﬁrrll‘gon Compounds v 92 3 49 5
1 7.26 acetic acid 3.66 2.19 495 5.32 0.82
2 13.25 2,3-butanediol 3118 | 1391 | 1410 | 24.34 | 14.34
3 18.11 6-methyl-5-hepten—-2-one 0.49 0.74 0.98 0.81 0.56
4 20.39 B-phellandrene 4.66 6.26 8.20 6.52 1.31
5 20.49 Eucalyptol 0.95 1.27 1.53 1.31 1.02
6 23.12 terpinolene 0.43 0.66 0.68 0.4 0.24
7 23.39 cumic alcohol 0.32 0.47 0.57 0.48 0.29
8 24.24 borneol 0.08 0.11 0.12 0.09 0.05
9 28.33 a-terpineol 0.64 1.34 1.13 0.83 0.97
10 32.60 bornyl acetate 0.43 0.64 0.49 0.43 0.47
11 32.72 2-undecanone 0.22 0.39 0.29 0.24 0.30
12 36.47 cycloisosativene 0.87 1.09 1.08 0.92 0.94
13 36.84 a-cubebene 1.25 1.52 1.17 1.36 1.45

3747 | 2A-disoprophenyl-l=methyl=1 ' g9z | 130 | 116 | 097 | 7.00

14 -vinyl cyclohexane
15 39.20 y—elemene 0.84 1.13 1.04 0.87 112
16 39.94 B-farnesene 0.76 0.79 0.75 0.72 0.81
17 41.42 ay—curcumene 941 12.32 10.92 9.58 12.01
18 42.16 zingiberene 2440 | 31.60 29.05 2548 | 32.06
19 42.48 a-farnesene 545 5.35 6.90 6.13 771
20 42.65 B-hisabolene 4.09 5.34 5.09 4.39 546
21 43.29 B-sesquiphellandre 892 11.56 9.79 .66 11.06

D 2QA FF 100 bar, 35T FEE

, =97 % 100 bar, 65C FE2

, =9 % 500 bar, 35C FEFE

o Z2Y4A F= 500 bar, 60C F=E.

Vg gE)FE 16, 50C, bAITE FEE
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K
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3¢+ F=99 250 barst 500

FEE

|

A

tel L3k, agh, bat

S

]

[e)

e

ofpy

Zo] & T
bar # -2

20
2

= YERHATL

Fol7k g A

=
L

sy
B

of i

e
ol
h
N

o
ﬁo

—
o

A(AE)®] 73-F- 100 bar 65CelA]

o F9le). Akl
P =2 89129 AM=E YERHSLAL 500 bar 65T ollA

ML

o
;OO

59
o
Njo
o}

H
=
"
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FExA L a b AE
gyt 19.67 12.48 30.98 84.01
100 bar, 35C 17.78 -5.87 12.73 84.54
100bar, 50°C 10.88 -2.35 4.25 88.89
100bar, 65°C 10.48 -1.60 2.65 89.12
250bar, €35 17.66 -6.15 19.33 84.77
250bar, 50C 18.26 -6.14 19.29 84.36
250bar, 65T 17.38 -5.86 18.42 84.93
500bar, 35C 20.18 -6.68 21.98 83.12
500bar, 50C 19.82 -6.35 21.67 83.35
500bar, 65T 22.39 -6.91 23.31 81.60

V16, 50°C, 5AIZF 3,
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3E 86, 4TolAN 4530 AFS AF FE=9 A=

FZEx7 L a b AE
£ 10.30 578 15.83 89.50
100/35 12.44 -4.14 9.93 88.00
100/50 10.76 -2.34 3.93 88.96
100/65 10.06 -1.38 2.08 89.38
250/35 13.70 -4.98 14.29 87.28
250/50 18.02 -6.22 17.20 84.48
250/65 15.16 -5.31 15.74 86.36
500/35 17.94 -5.86 18.96 84.57
500/50 17.48 -5.44 19.27 84.88
500/65 20.13 -6.01 21.31 83.13

V16, 50°C, 5AIZF 3,

™
0T A FEEAAE 288 S718 As & & AT 28 294 FEFx7 250 bar
Z ) ]_

2
g Ae & dd 53], 500 bar 65T FEES] AUt L
o.
=

3312, a: -5.21, bt 31.27 & Z 7|3k 22.39, at -691, b: 233D VWS W M=o W)
71 2A dEY A F vE FEERT ARl HeojA e Ao g ddH AT
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3 87.30ColA 453 AR A FE2E9

it
o

FEx L a b AE
g 12.78 9.12 20.46 88.14
100/35 12.90 -4.10 9.01 87.69
100/50 10.30 -2.12 3.45 89.24
100/65 13.46 -1.91 1.70 87.22
250/35 27.86 -6.56 22.30 77.54
250/50 15.73 -4.69 16.45 89.98
250/65 16.30 -4.96 16.59 80.61
500/35 17.89 -4.70 19.77 84.60
500/50 20.08 -5.20 21.53 83.15
500/65 33.12 -5.21 31.27 73.86

V16, 50°C, 5AIZF 3,

il

(t}) HPLCE o] &% AF=E2 Ad 5 F8 gingerol A4&+4

Gingerol oleoresin®] ©F 1/3-5 *}#|3l32 029 aldehyde unit(side chain)e] Zo]7} v} &
oe] T4 9 TFEE EA43}. connellsS A A gingerolS ¢ 3to] aldehyde unit?]
Zdolo]| we} 6-, 8-, 10-gingerol® HH3IIL o] Eo] 53:17:308] H] &= EAjdv}ar B st}
219 Masadas< 3-, 4-, b-gingerole] €& 2739 3L chene 14-gingerole] £AHE A&
steolslgivt. ol ¢ 7] gingerol& 3-, 4-, 5-, 6-, 8-, 10—, 11—, 12—, 14-gingerol =49 &

e, dukd o2 G-gingerole] 714 $A3FaL o}&# 8-, 10-gingerole] A% ¥ o] =
Rnoz d#A Qo side chain® Zolo| uwe} Ao % tha xo]7t e AS=Z &E A
AT},

$H8 shogaol¥} zingerones W A4S A7 Fole EAsHA Fow Ao A, 7he,

A7 Foll €9} retro—aldol WFHS-ol 2]3le] A 7]= artifacte]™ o] &L gingerol H.t} A=A
o] Holx|= Aoz LA}

Aol A = A weuts WA st FA5< 6-gingerol 4bsh, FHFo 5
AE 7R AL 9lo] B AT AYE L o

6-gingerol(1-4'-hydroxy -3’ -methoxyphenyl-5-hydroxy-3-decanone) < & A}gFo] 29491 3
2 EFolvt. YlE-ot AT o] E(FeCls—ascorbate) Al 2®lo]] o3k <1x]de] 2ta& v
e EAz 4y ¢lal, 53] superoxide 0] #& & A AFAE(reactive oxygen

species) 8] WA d3S vH = B ¥ A3 E A (xanthine oxidase)?] A& &% 71X

oot
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2 curcumin
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3 89. 4T elA 3093 As A%

=z

2]
100/35  100/50  100/65 | 250/35 250/50 250/65 | 500/35 500/50  500/65 TEE
6-gingerol 17.24 947 491 17.64 16.91 12.44 12.45 13.66 10.79 815
8-gingerol 495 2.83 1.25 494 489 371 361 3.92 3.05 2.56
10-gingerol 401 1.43 0.56 430 452 324 3.06 3.69 2.76 2.10
6-shogaol 2.16 2.68 1.60 2.16 271 1.63 151 0.98 1.24 1.18
curcumin 0.44 0.00 0.00 1.01 1.45 0.96 093 0.80 0.79 0.75
T 90. 30ToA 30Uz ARE A FEHZ G4 W3
(%)
297 FEE (/&5 bar/T) a
100/35  100/50  100/65 | 250/35 250/50 250/65 | 500/35 500/50  500/65 TEE
6-gingerol 14.83 8.26 472 13.41 12.23 12.78 11.81 12.38 10.49 8.86
8-gingerol 375 2.03 092 394 347 3.68 342 361 2.98 2.61
10-gingerol 2.92 1.20 0.40 3.37 3.00 3.15 2.95 312 2.56 2.16
6-shogaol 1.70 2.37 1.34 1.78 1.59 1.66 1.61 1.59 1.38 1.37
curcumin 0.00 0.00 0.00 1.03 1.18 1.25 1.12 1.19 1.04 0.81

- 118 -



ZA4s v A2 Blois(1958) ¢
ogts 3 mLol 7479 TE=E 80% &g 3As e A FEES
02 mL H7bsta oer&e] = 4 x 10*°M DPPH (22-diphenyl-1-picrylhydrazyl,
Sigma-Aldrich Inc.)& %8 0.8 mL 7}3Far 10%7F vortexing 33t o] A2 10F-7F Ay H
23k ¥ A1zl & 517 nmolA] FFEE =43+t DPPH radical scavenging ability s
AE A7 4 dxde] SREE SAste WEERE YErddlon A tixae vER
cz s}

2
BN
)
o,
ol
2
e
i
>,
:
o
-
=)
=)
.
=
‘:i
o
=R
>,
R
X‘i
O_u
o

B

(2) ABTS Radical ~A& 3 A

A7FA E o] ABTS radical scavenging abilitys Pellegrini(1998)¢] HHH-S o] &3}o] =43}l t}.
01 M PBS (phosphate  buffered  saline, pH  7.4)° 25 mM  ABTS
(2,2-Azino-his(3-ehtylbenzothiazoline-6-sulfonic  acid), Wako. Ltd.)¢} 1.0 mM AAPH
(2,2'-Azobis(2-methylpropionamidine) dihydrocholide, Wako. Ltd.) & &33}e] 68T, Aol A
12 83 wreA 7 3 Auke] Y77 ABTS €98 wHE 01 M PBSO| 391 7H7be] 5%
o] A7 FEE 20 wol ABTS £ 980 08 713} 37C water batholl A 10#7F ¥F8-A) 7]
734 nmolA  EREE ZA YT 4 dixwe vEw Cc9 Trolox®
(6-hydroxy-2,5,7,8-tetramethylchroman—2- carboxylic acid, Sigma-Aldrich. Inc.)E& A}&3}
oW ANE FAU7be AlRE HUMeHA 2 54 xRy FREE SAS HEEE UEY
AT

—_—

(3) L6AIZ oA o] MESA et o] g

THAES] L6 cell linex SmAlEFLPol A Fdlol ALEEN oW 10% FBS (Fetal
bovine serum, Gibco), 196 AA (Antibiotic Antibiotics, Gibco)E *¥3+3t DMEM (Dubecco’s
modified Eagle’s Medium, Gibco)H]#]ol] w3ttt o] Eo] 3 HA wxZ weadA
confluent ef7F = 7] ol At wiek spdvk. g, AGFEE0] Ax54e dotur] 3
o] 100, 50, 10 ppmel A MTT (thiazolyl blue tetrazolium, sigma co.) assayZ 2 A3} v},

(4) LA Eo| A 2] 2bsla &abo] tsh uho] &3}
AstE 2EGaE BASEA (HLO0)E AEsgon ARELE 4457 93] 0.1, 05,
10, 1.5, 1.8 mMelA ou]d g s aste] °of 5029 xﬂg/\}eo] oojipi= =mE Agaa)
AT Wt AEA ~EF 2o AHEAE Dolns] A5 16 cell & 1 x 10°
cells/mle] %2 96 well plateo] seeding3dlil 24 A7} & 7hzhe] ®xmol AAEZEEF 15
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mM 0.5 &Alel Helslar 24 A ZF 8l A|Zl & MTT (0.5 mg/ml in PBS) o= ¢
AA 540 nmoﬂ A FEEE

(5) L6 AX ATP AT =A

L6 AlZEolAe ATP A" =AHLE ATP bioluminescence assay kit HS I (Roche,
Germany) & Ab&stel Z4aH5ivh L6 cell & 1 x 10° cells/ml] %2 96 well plated]
seoding 33t 24 A< 5 F 2zke] FEe ABAES 2 mM O BA9] At
TAl 24 A7 &oF HlEAZl & AIEE lysis Al ATP bioluminescence assayE 2 A3kl

luminometer (Molecular Devices. USA) & Ag3te] E3=E =As5 ).

i

(6) Catalase TAFE2AH =74

AAdFEE @45 (0 AALY #HAW catalase FAFEA S catase assay kit
(Sigma—-Aldrich, USA)E o]&3le] =433t 200 mM hydrogen peroxide £< 25 pf 2+ 50
mM potassium phosphateo] =<1 AAAHE 75 WS EF3ar 5 71 Ao v 5 15
mM  sodium azide F8& 900 wE H7IsAck o ®EEH 10 wE FH3Fel 025 mM
4-aminoantipyrine ¢ 2 mM 3,5-dichloro-2-hydroxybenzenesulfonic acid & 150 mM
potassium phosphate buffer (pH 7.0)o] =< €94 1 ml & 7}t AroA] 15 #3F wjoksh

520 nmol 19 FFEE A B RETORE Vit CE AEarh

(D) AZFa8yd ue A2lad ¥

=5 (AR 5-8), A (AE 9-12)d] we}

= %9
§ 297 #ZAE (MR 132DF EF 910] ehd ks
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(1}) Radical 4~7 & 3}

=
=

18 23, 249 7}

-
1.

3}
o] FER 80% &t 3

puit

St

10“°M  DPPH

by
(2,2-diphenyl-1-picrylhydrazyl, Sigma-Aldrich Inc.) €942 0.8 ml 7}8taL 10 %37+ vortexing

A2 Blois (1958)2)

o

2 7} &)aL

belet.

A 3]

=
=

517 nm A FHEE

kel
T

A1z

o
I

=

7174

= oAE

DPPH radical scavenging ability
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[e]
ZurH o] & DPPH radical 2A &4 9 & Xolx veh)A &gkor} &)

o M —

120

100
80

O
60 1 ppm
10
40 H100

Inhibition (%)

20

1 2 3 4 5 6 7 8 9 10 11

9. 23 AdF=EEC DPPHEHZ A7 24

120

100 A
80 A

O
60 - 1 ppm
w10

40 - m100

Inhibition (%)

20 A

12 13 14 15 16 17 18 19 20 21 Vit
C

19, 24 A FE=4] DPPHEYZ A 24

=
=

w3k A Ee] ABTS radical scavenging ability S Pellegrini (1998)2] Wi -8 o] &3] =

AstAc. 0.1 M PBS  (phosphate buffered saline, pH 7.4)° 25 mM ABTS

(2,2-Azino-his(3-ethylbenzothiazoline-6-sulfonic  acid), Wako. Ltd.)¢} 1.0 mM AAPH
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(2,2'-Azobis(2-methylpropionamidine) dihydrocholide, Wako. Ltd.) & &33}e] 68T, Aol A
12 ®3F ¥hgA1 7] a0 Ae] YZhA A ABTS 8948 #herh 0.1 M PBSel| =91 Zh7he] &
A7} FFE 20 ol ABTS' &9 980 pl-S 7F3slte] 37C water batholA 10 23+ wb
734 nmel A FFE=E SATSAT

UA )z Vit. C2F Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2- carboxylic acid,
Sigma-Aldrich. Inc)& ARE3IGIoW A& H7F7e AIRE HI7bskA &2 &4 dEaY
BeE SA4st] WEEE HERHSI T

1) 250 v viel 2ol S A 10 ppm wEOIA BE A|Z7F 85% o)Akl ABTS
Agde Uedida A s3] 2 Aol oy tAA R ARk A mol 1] ko]
YA FERGANRTE =2 ABTS 2424 & Yerde] DPPH 4239t A A3s |
AT

o]

BB

o

120
100
g 80 -
5 0ol
E 60 - L ppm
2 @1
e
= 40 - W10
20 A
0 .
1 2 3 4 5 6 7 8 9 10 11 12
120
100 A
X 80
C
Re)
g 60 00.1 ppm
E w1
—_ 40 -
m10
20 A
O .
'\’/)) '\/b( '\<;) '\/b '\//\ '\(/b '\9 q/Q ’],'\’ -\,(’ \O+
&8

9. 25, AAFEES ABTS 2724
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(th LeAI oA 9] bstade] et Wo] &t

A EQD L6 cell lines FmAEF2 oA Eddol ARSI 10% FBS (Fetal
bovine serum, Gibco), 196 AA (Antibiotic Antibiotics, Gibco)E *¥3+3t DMEM (Dubecco’s
modified Eagle’s Medium, Gibco) B =] ol #j 3} o}

o Fol A wiAE WSt HEA confluent HEN7F H 7] Aol Aeh wik shlvt. wE, A
FEEY AXEAHE Zdolrr] 3 10 ppm FE 7] % MTT (thiazolyl blue
tetrazolium, sigma co.) assayE AAISt] BE A7 AXAIES Yo7]R &858 89 0} ‘jr
AbshA 2B AE GAEEeAs (HO0)E AR ow AAds=s AAS7] 9lgko] on
Fagste] 2 mMell A oF 50%9 AEAPEC] dojup= As Flsiath =AZAXE
34 ez As|EAE Lolry] HAFte] L6 celld 1 x 10° celly/ml®] $=2 96 well
plateol] seeding3d}a 24 A3t 3 Ao T AAFE=E3 2 mM ILO-E A A star
24 A1ZF wiEAIZl & MTT (05 mg/ml in PBS) §eo 2 A7 540 nmoA TH=E =
At A9 Aakstea vA Y e A EAAEES 1" 2600 YERU S

70
60 -
gSO'
2 -
5 00.1 ppm
.0
> 30 (=]
Ko}
V) H10
20 -
10 -
o_-
1 2 3 4 5 6 7 8 9 10 11 12

70

|
[l

13 14 15 16 17 18 19 20 21 Vit
C

9. 26, AAFEES LA XA e HOE 1 AlzAbdEH ol 254

Cell viability (%)
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A 60.3%2] MEE APEAA MERESEE 397% A3 B
o H)Ele] ZAA FE3I ABT AE 13-2D)A4 nEE=Z
[e]

N AlER S ENGE wEe = dAT V)

(2}) L6 M Xl ATP A ol mA= &

L6 A¥oAe] ATP AAHZEF =4 ATP bioluminescence assay kit S II (Roche,
Germany)< AFg3te] =AU 16 celg 1 x 10° cells/ml®] %2 96 well plateo]
seeding®}al 24 A3k F¢t wjgdk & zhzhe] wre] AAGAIE S 2 mM H:O.5 FAlol AelshaL
Al 24 AlZF s wiAIZl B AEE lysis A ATP bioluminescence assays A A 8}ar

luminometer (Molecular Devices. USA) & A3l SHFTE SA3S

40
35 -
30 -

25 1
00.1 uM
H1
m10

20 7

ATP (nM)

15 -
10

oL il

H202 only 5 21 Vit. C

9. 27, BAF=Ee] LoA ol e HoO.= Q18 ATP Ao Al &t

2343 a9 2739 o]l AW YA FEE (AR 2D)o] ¥l FEFE (A7 Holl H|sk]
hydrogen peroxide® 913lo] 74w 16 ¥ ATP A #HS adow =

AT

)
o

(v} H20p Al A 24

AdFEE] 4 A (H0:) AASY #A#HAH  catalase FAFEHAS  catase assay  Kit
(Sigma-Aldrich, USA)E ©]&3 =433t} 200 mM hydrogen peroxide &< 25 ul ¢ 50
mM potassium phosphateo] =<1 AAAHE 75 WS EF3ar 5 71 Ao v 5 15

mM  sodium azide F8& 900 wE H7IsAck o ®EEH 10 wE FH3Fel 025 mM

>
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4-aminoantipyrine ¢ 2 mM 3,5-dichloro-2-hydroxybenzenesulfonic acid & 150 mM
potassium phosphate buffer (pH 7.0)el =<1 €< 1 ml & 7}t Ao A 15 #7F w3k
g 520 nmolAe) SFEE =AY A dxToeEE Vit CE AHESdey =4Hd A

AN 29 catalase SAFEA S 28 289 LERUI QLT

50
$ 40
e
2
g 30 1
o 0o0.1 ppm
S 20 m1
©
o W10
O 10
T

2 ZAAFEFENA] LF A9 el ¢o}
= Aoz Adyy wbA H.0, S0 thet AFFEE9 16

= ¥ 6-gingerol, 8-gingerol,
o Awkdldvl. HPLCY Jasco Co.

(Japan) ¢ #28 liquid chromatographyE AF831993 ZHE 2 Waters symmetry C-8

10-gingerol, 6-shogaol, curcumin® 3t#& HPLCE °]

reversed phase column (150 x 3.9 mm, Cat. No. WATO 54235)%, ©]%4< methanol-water

(65:35, v/v)E 1 ml/ming] £E2 82391 AR AL 282 nm oA =AYy BAF

RUNRy [ A

=2 A

& 28 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol & chromadexA} oA F3te] A&

=& 22 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, curcumin® %= L19¥ 292}

iR
Za dEeds 99 Zled 23w §E:417 A= 2 303 2k
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H,CO HCO
HO HO
6-gingerol 8-gingerol
0 OH 0
H5CO H;CO F
HO HO
10—-gingerol 6-shogaol
0 OH
HO OH
Curcumin

9. 29. A7 AR 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, curcumin®] 7%

55,000 £ uv
G-gingerol
5,000 aing

4% 00 :
curcumin
40,000

; shogaol
35,000

30000
g-gingerol

x 10-gingerol

15 00 \
!

10,000

by (F "

’
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) 0
750 S0
00 L0
G5 0
500 000
S50 Q00
500,000
&50 500
S00 D00
350 000
300 000
250 000
200 D0
150 000
100 500
50,000

G0 0y
750,000
700,000
50,000
500,000
50 i
5000 000
450,000
400,000
T30 00
300,000
50,000
200,000
150,000
100 00

50,000

A21

(o
filo
L
0
>
il
=
)
N
N
v}
o=
v
oL »
o =5
o 8
o 1o

u

Al =4

h k
[l ) o ol A |

6-gingerol 8-gingerol 10-gingerol 6-shogaol

curcumin

A=A L28 ) 10.93% 3.01% 3.01% 1.45%

A B2 1AEH) 11.48% 3.12%% 2.715% 1.52%

A 2 3(A 7168 ) 9.23% 2.53% 2.18% 1.18%

A A 7188 ) 9.81% 2.70% 2.31% 1.25%

1.09%

1.04%

0.89%

0.92%
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i) 000
50 000

E50 00
00 o
50,000
40601 00
50,000
ELLLE
250 000
Pl L]
150,000
00 D00

32% 3 930 uERd niel o]
= 2 Aot ehtA g

A|Z5

o1} 80C (M=

s.a.-::-; _|'|,-. - AN

e5000] WY

L]
FhK
T
E5,000
Lobi ]
55,000
il ]
45 000
A0
X5 000
)
5,00
20,00
15 )
Lel]
EA]

-5 000

9. 32 AAFEEY FEIEC 0E A

* &l &5

Bk ek (w/w, %)

6-gingerol

8-gingerol

10-gingerol 6-shogaol

curcumin

A5 (35C)
56 (50C)
A =T (65C)

A =8 (80C)

10.53%

10.46%

9.79%

0.34%

2.94%

2.90%

2.67%

0.09%

2.59%

2.41%

2.35%

0.07%

1.37%

1.40%

1.49%

0.06%

0.97%

0.99%

0.96%

0.04%
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A

a9 33, ¥ 94oll YeRd Aaje} o] FEAIZH
(ANF9, 10, 11) F7Fsteb7E 7 A1 (A 512) A 52438 43

of FEAwe FEC M

32,000
X000
28,000
26,000
24000
22000
20,000
18,000
16 000
14,000

10,000

fsiz
=

Aoz Hore),

A|Z11

Fl M L_.f_f'u'."., —

AlE12

6-gingerol

8-gingerol

10-gingerol

6-shogaol

curcumin

A Z10 (34]
A Z11 (54

A F12 (74]

i)

i

)

i)

0.13%

1.49%

4.12%

0.13%

0.03%

0.41%

1.14%

0.03%

0.01%

0.35%

0.97%

0.01%

0.02%5

0.18%

0.56%

0.01%

0.02%5

0.15%

0.42%5

0.01%
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FEIT AR 2 WsE A HH 20S A Y. dESAA 19 34,
3959 ol FAALRE FTHFe AAFoR v 28 (BO)NA 294 FE2A =2 FEFE
i= » W FEE )

6-gingerol 8-gingerol 10-gingerol 6-shogaol curcumin

A 8513 o o o . .
(100bae 3510y 18.76% 5.34% 431% 2.42% 0.63%

=l 10.88% 2.60% 1.79% 2.99% -
(100bar, 50°C) 88% 69% 79% 999

A 515 5.35% 1.30% 0.64% 1.76% -
(100bar, 65°C) 35% 30% £4% 76%

A E16 o o o . )
b S50 18.38% 5.35% 1.60% 2,500 1.24%

A 317 o o o . .
5 B0 C) 1895% 5.46% 4.79% 2.42% 1.56%

=18 14.35% 1.06% 3529 1.91% 1.17%
(250bar, 65°C) 35% 06% 52% 91% 17%

=19 13.76% 3.93% 3.39% 1.81% 1.07%
(500bar, 35°C) 6% 93% 39% 81% 07%

=20 14.98% 430% 3.81% 1.98% 1.19%
(500bar, 50°C) 98% 30% 8% 98% 199%

Al 521 o o o . .

11.35% 3.35% 2.96% 1.54% 1.10%

(500bar, 65TC)
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6

X hydrogen peroxide= 3 4ks}4d Ao gk HojgysE 43 Ay
2% 359 vl WA 16 Al Ee] 6-gingerolS B £33 A
2] dte] MEAPES do7|A] #eS 33 3 20 mM9 hydrogen peroxide ¥ @A 0.1,
1, 10 ppme AAAAES 2447 A3 23 2.0 mME hydrogen peroxide®rS 2123 L6 A
¥ = 764%2 MXE APFEAFH oY shogaols 7 AHEA] AXAEELS 01, 1, 10 ppm oA
7k7y 319, 475, 50.7% o= F7tete] 7 EnA <l AEAbE AAERE VERITH
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(L) L6 AlE2] ATP A Zol nA+= 9T
3, 5ol BRF ouA o)A Axe] Ao AFHor dad ATP A4 s 4T
Ay 18 363 7o) hydrogen peroxide® ¢l13te] 749 L6422 ATP A4 #S 6-shogaol

A A b4 aaHes F7hES % 5
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10 W10

(t}) Hydrogen peroxide A7 &34

Catalaset™ hydrogen peroxide®] water % oxygenl.22] EIHE FA|7]= 71 5 L%
antioxidative enzyme % 2| stufoltt. 1 379 Aito| ot RE AR A catalase FAME
AL YR k], olE ol A4 E°] hydrogen peroxideE #-33te] o] vEFTE
SR e AE Yu|st) meba kA9 L6 M XA 9] hydrogen peroxide =/l gk
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e ¢ 4 9
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Texture Analyzer(Model TA-XT 2,
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threshold; 20.0 g, dist. threshold; 0.50 mm, sample area; 7.06 mm®, contact force; 5.0 g, test
speed; 0.5 mm/s, trigger type; auto@l0 g, distance; 2.0 mm=A4] Hg¥d Alze| we} 27+
10718 =A 319},

(5) VIAE 5 =3
nA7Ye) Jhaw 7 AETE AR T Fae SHS 3MAR] 719 (petrifilm, St. Paul,
MN, USA)E F¢5te] Alastant. % ;
3M) Ml A = 37C°ﬂ/\1 ARA 7Y wleksle] =R )
LER AT

A4 WA= petrifilm™ aerobic count(PCA,

F = bt
At} EF33E colony forming unit(CFU/g) &2

(6) HPLCE ©]&3 71872 A% 5 #8844+ W &4

A7re] shi-% 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, curcumin 2] ¢ #S- HPLCE
o] &3to] A&l HPLCE Jasco Co. (Japan) ¢ #4€ liquid chromatographyZ AF-& 3}

131 A e Waters symmetry C-8 reversed phase column (150 x 3.9 mm, Cat. No. WATO
54235)&, °] &< methanol-water (65:35, v/v)E 1 m{/min® £E2 &F3I931 A 59 A

=2 282 nm oA FAHEAY EYETE=4S 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol <
chromadexAl oA 43k AFE3 3L curcuming sigma-aldrich Aol A 74 3Fe] A&

sheach.

B8 AMEe AT 7G-S F230x3 § acetones AHEEFo] 7T0TolA 6A17F =
T oliste] S AASEAT. ol F A 889 dmg/mLe Fde] HPLCE HE&e =3 F

5
k-
0.45 um syringe filter (Millipore)©ll o] ¥}3lo] o] & &8 A 5= ALE3}19 T}

(1) =zt

(71 15% CO2 s = O, s&& dste]l 33 74739 F39s

CO: ¥EE 15%2 A3 0 ¥EE 1%, 5%, 10%, 15% 2 N. ¥ 849%, 80%, 75%,
70%2 AA Az 100%2 F9)
387 #Zrh A 8dEer AL FEF
TR 1% AT FHgaEo] 3271%= 73 33t
of wet e Aol slEAE AN A ArTEI BEEFE FRAEFE Q1T T
27F vEbsth 283 o, ¥ % =5
2 Aol nste F&F ®slyh A9 gldlt

[Se}

=3
bmbm %9} 4 A 129 Ash 5 2
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40

—&— Control

—— C0215%+02 1%
C02 15%+02 5%

25 C02 15%+02 10%

—X¥— C02 15%+02 15%

30

20

Weight loss (%)

12 16
Storage period (days)

1% 38, Oz w&ol wel CA A7sh 747t e] T2 s}

() 5% O, s=o CO, 555 dste] 43 7tA87}e Faus
O; ¥52 5%&E 1AL COr ¥ES 6%, 14%, 22%, 30%= N, ¥% 89%, 81%, 73%,
65%6 % AA ThaxAdES 100%2 FH5] st 249 A% e AR7IE FEEste 19
399k 2} oAbsE A % 6% AT A FEHAAE] /M 2A vEldEE A 8Y
H 148%% 743 3 129 Ay Fo| 428%= vz 2 9 #F4E&S HoFou. 2y
A

=
1= 7 #daFo] A &%, oitses w7 s THH AT

—&— Control

—B— 02 5%+C02 6%
02 5%+C02 14%

4r 02 5%+C02 22%

—¥— 02 5%+C02 30%

Weight loss (%)
w

Storage period (days)

2§ 39. CO2 s wet CA A7sh 47 T st
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spofvt. 17 400 dER A} o] A2I 4Tol W

—
o

=
=

ARAE (1%, 5%, 10%, 15%)

=ge)

=
=
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CO2 CcO2 CO2 CO2
15%+02 15%+02 15%+02 15%+02 5%+C0O2 5%+C0O2 5%+C0O2 5%+CO2

Control

5% 10% 15% 6% 14% 22% 30%

1%

AT 0s%F COy 7k 248

St

R

-
N

18, 40. CA

R
aw
X
o
ﬁo
o}
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P

L
N

96~99¢} 2ot 7
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-
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M9 Aol
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E 96. 10T AA 44 At AL A=
g Ak
L a b L a b
N 8(0;?;_%?)20% 62.8021.95 -443£094 34114221 | 79.23£3.00 -7.69+046  37.49+1.45
COz 15%+02 1% 64.2524.08 -3.39+£2.86  36.09+3.37 | 80.62+2.15 -7.29+1.00  40.03£3.90
COz 15%+02 5% 67.87+1.85 -343£2.03 35.73£3.80 | 81.37+1.34 -7.88+029  39.73+3.13
COz 15%+0, 10%  6390£2.05 -2.68+0.79  3491+1.09 | 81.0310.89 -7.45+0.60  37.25+5.94
COz 15%+0q 16%  62.059+1.92 -213+1.31  35.02+3.03 | 80.97+1.40 -7.69+0.22  37.78+4.14
02 5%+CO2 6% 63.44+1.68 -1.95+£0.69  38.19+1.80 | 81.67+1.58 -7.82+048  39.59+3.59
02 5%+CO2 14% 63.7322.94 -2.64£0.80  36.08+3.06 | 81.48+1.57 -7.95£029  38.51+4.25
02 5%+CO;2 22% 63.89+2.28 -2.79£1.72  3590+£1.13 | 8250+1.60 -7.87£019  39.17£0.78
02 5%+CO2 30% 64.7826.27 -3.06£143  36.38+279 | 82.24+1.60 -7.77x034  39.10£2.61
E97.10C A% 8 A Az A%
w9 Ak
L a b L a b

N 8(0;?;_%?)20% 62.80£1.95 -443£094 3411221 | 79.23£3.00 -7.69+046 37.49+1.45

COz 15%+02 1% 66.39£2.44 -377£1.31 36.21£3.08 | 80.73x1.82 -7.02+0.508 40.52+1.69

COz 15%+02 5% 68.40+3.83 -2.10£226 33.73£3.29 | 80.88+2.37 -7.41+0.39 40.59+0.82
COz 15%+02 10% 64.09£1.76 -2.10£0.97 3526372 | 80.54+1.89 -7.36x0.39 39.84+2.77
COz 15%+02 15% 64.19+2.85 -1.08+1.64 3844233 | 80.56+1.92 -7.06+0.21 38.54+3.88

02 5%+CO2 6% 67.97£295 -3.80+2.14 4131384 | 80.30+3.42 757054 41.63+1.54

02 5%+CO2 14% 60.62+2.16 -3.50+1.86 37.98+3.80 | 79.87+5.21 -7.40+0.39 34.45+4.70

02 5%+CO;2 22% 63.02+2.85 -2.13+2.62 35.88+3.40 | 81.46+1.30 -7.44+0.50 3811+2.77

02 5%+CO2 30% 60.04£3.34 -3.08+1.88 30.06+3.71 | 7856+1.63 -7.00+0.24 36.99+1.61
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E 98 10T A% 129 A3 7A87%e A=
Rias) A
L a b L a b
N 8?;?;2_3)20% 62.85+1.95 -4.43+094 34112221 | 79.23+3.00 -7.69+0.46 37.49+1.45
CO; 15%+0; 1% 66.73:1.64 -301+159 3472406 | 79.30+131 -7.36:0.34 39.15:2.89
COs 15%+02 5% 65.30¢5.23 -351+120 3540486 | 7863+215 -7.34:054 39.743.09
CO» 15%+0: 10% 6435179 -329+¢125 3525+¢424 | 78.23+4.92 -7.39+029 44.41¢4.18
CO» 15%+0: 15%  6424+167 -255+197 35804499 | 80.38+1.87 -7.50£0.47 36.63+451
Oz 5%+CO2 6% 64712429 -251+153 3839458 | 7838+312 -7.16:042 3366596
02 5%+COz 14% 64044352 -202+150 3554354 | 8055+1.69 -7.19:0.63 43.84+2.92
Oz 5%+CO2 22% 65974231 -323+1.36 35.85+262 | 7653+473 -6.83:062 3596:6.14
02 5%+CO2 30% 65.63:220 -217+154 3696302 | 8156+1.07 -7.00:0.25 3858:2.95
E 99 10C A% 169 d3 787 A=
Rias) A
L a b L a b
N 8(0;?;2_3)20% 62.80£1.95 -4432094 3411+221 | 79.23£3.00 -7.692046 37.49+1.45
CO2 15%+02 1% 66.67£3.02 -3342262 3502356 | 80.18x1.00 -7.07x044 4241+4.28
CO2 15%+02 5% 67421436 -297+204 38.99+2.46 | 77.59+4.06 -7.182047 38.37+2.85
CO2 15%+02 10% 67.34£2.89 -311x1.64 3841+389 | 7821268 -7.16x052 36.98+4.45
CO2 15%+02 15% 64.10£3.06 -257+1.24 36.22+1.74 | 78.72x1.84 -7.33x047 40.37+£2.92
02 5%+C0O2 6% 65.61£5.50 -243+273 38.62+6.53 | 81.00£254 -7242071 41.33£4.03
02 5%+C0O2 14% 68.62+2.99 -338t1.79 37.83+6.66 | 80.08+3.05 -7.35:040 39.41+2.25
02 5%+C02 22% 65.2614.85 2512195 34.45+465 | 79.84+x224 -7.042051 40.03+4.57
02 5%+C0O2 30% 65.38+1.88 -371£1.07 31.36+3.37 | 78.62+2.26 -7.36x0.37 36.56+3.81
25CoANA 7AZFE 497 AAZ A= % 1003 2 ot Es T2E 16% = A
AEFEEE 1%, 5%, 10% % 15%= A gk 7bAZFe] s 4% 10TCoAA 49 AF A
i wlarste] AME agte] FvbshE WS BT AdREEE 5%E Al o4tk A



TEE 6%, 14%, 2296 2 30%= M3 747 AT Ao AT bito] Fadte
%! Bk dud Mro] Fe spazAd @A gle] 10T
7] LEke] #AAashs A3E HoFoln) Edor JtaxAdol A T kA7 el A

™
FAE FAARE, A= A Ame S vz A

1. oy

(
o

e

wx Mo

t}

Og Sk

[e]

o

T 100. 25C A% 42 Azt AT Aw

L a b L a b

Nz 802+02 20%
(=)

COz 15%+02 1% 64.7824.85 -1.63£2.62 3482484 | 80.91+226 -7.732039  39.18+2.80

62.80t1.95 -443+094  34.11+221 | 79.23£3.00 -769+046  37.49£1.45

COz 15%+02 5% 64.71£2.93 -2.48+125  32.83+2.67 | 79.40+219 -7.3320.13  37.15+2.42
COz 15%+02 10% 66.10£4.43 -1.84£2.15  36.059+510 | 78.84+1.85 -6.86+0.50  38.38+3.96

COz 15%+02 15% 63.30£2.62 -0.67£1.06 3800527 | 78.68+1.80 -6.73£0.57  42.90£5.55

02 5%+CO2 6% 67.64£1.39 -456+£027  33.63x2.06 | 79.74+151 -6.95£024  34.81+2.80
02 5%+CO2 14% 63.09£1.73 -2.89+0.67 3234359 | 7948217 -741£027  39.40+2.07
02 5%+CO;2 22% 63.26£2.23 -1.32£1.67 3043x492 | 78.40+2.96 -711+028  38.15+321

02 5%+CO2 30% 60.61£6.10 -3.29+234  37.78+6.68 | 79.33£1.31 -6.99£026  42.07+2.03
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FH

101. Op 273(CO; 15% A)& Lelste] 10T AFe 287 e drwst

0 4 8 12 16
Control” 1844.847 1404.344 1420.181 1423.719 1388.365
CO2 15%6+02 1% 1844.847 1455.239 1415.461 1333.729 1289.631
CO2 15%6+02 5% 1844.847 1518.366 1495.463 1222.067 1281.545
CO:2 15%6+02 10% 1844.847 1488.109 1370.953 1261.626 1195.456
CO:2 15%6+02 15% 1844.847 1467.440 1456.376 13565.117 1259.013

U Ny 80%, Qg 20%.
? Unit : g, force.

2000

1800

1600
“© 1400
o
2 1200
O)
~ 1000 |
@ —&— Control
¢ 800 —B— CO2 15%+02 1%
_O (o] (o]
j—_?’ 600 I CO2 15%+02 5%

400 - C02 15%+02 10%

—%— CO2 15%+02 15%
200
O 1 1 1
0 4 8 12 16

Storage period (days)
9. 41 Oy ZA(CO: 15% 1A)-S E8sle] 10T AAs 77 e HArws)t
NWBEA FEACl Wik TFF B AFNL F Y 24 A8 AEE Lol

3 textureEs: A4S A¥E ¥ 102, 29 420 YRR AL} o)rtslerA
A F AR WM3lE AbAh 5%+o|2EtEr A 6% X Tl A b ZA JErsEd AF 129

[@))
e
o
i)
o
é
"
10
o
I~
X
o
[N
_0|L
£
BN
N
re
oty
AN
)
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3 102. COz 273(0, 5% aA)s Eelste] 10T A3 e Jrwsl

0 4 8 12 16
Control” 1844.847 1404.344 1413.181 1323.719 1288.365
0O, 5%+C0O, 6% 1844.847 1371.164 1371.287 1301.428 1209.6269
02 5%+C0O2 14% 1844.847 1521.816 1333.481 1290.806 1245.479
02 5%+C0O2 22% 1844.847 1417912 1366.564 1312.178 1266.885
02 5%+C0O2 30% 1844.847 1441.431 1404.783 1354.393 1304.624
U No: 80%, O 209%.
? Unit : g, force.
2000
1800 T
1600
CI.) ? -
2 1200 | .
51000 |
% 800 r —&— Control
_% 600 —— 02 5%+C02 6%
s 02 5%+C02 14%
T 400 02 5%+C02 22%
500 | —¥— 02 5%+C02 30%
O 1 1 1
0 4 8 12 16

Storage period (days)

a9, 42, COy 2402 5% 1A)e Eelste] 10T A4s 7b47e Hwst

1 43?% A R *&i, ojitEte A Fmateld wel xAgE TS 10T, 25TelA 4

FE A FE Abole whE A A 25T ATl wEIF 6% W Ao
A7t g Alsked 10T XW%IOH Hjskef oF 55% %
] g 4 9ledt), 3 4

T AR AR
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1600
10C
1400
W 25C
1200
3
:C__) 1000
)
~ 800
»
o)
c
S 600 [
©
T
400 T
200
0
Control C02 15%+02 1% CO0215%+02 5% CO215%+02 10% CO2 15%+02 15%
¥, 43, 02 £24(CO2 15% ALA)& gto] 10°C, 25°CollA 443F A4e A7) A =wst
1600
10C
1400
W25C
1200
B
1000
)
» 800 T
%]
[}
c
© 600 [
©
T
400
200
0 1 1 1 1
Control 025%+C026% 02 5%+C02 14% 02 5%+C02 22% 02 5%+C02 30%

% 44, COp 274(0: 5% 1A)E EEl3le] 10T, 25TAA 493t A 7t 79 ZH =g}

O]A ﬂ'%-}l\— TEE 1% = qu]— A =R E 7_}- Z} 196, 5%, 10% w159 %2 2%6]_0:]
Ao AdE 10TAA A7 169 &<ty v 44 3%= #1033 Zv) i 103

oA B F el 27A Fatd 2.83x10° cfw/gol Al AVl AAAFE FatFIt FUtE
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~8x10" cfu/g, 18

B
ot
o
off o
=
o

al

47t 19%,

A 894 1~6x10" cfu/gE

& F40] Hao] o2& RO
Z

5%, 10% % 15%=

gelste] x4 A tas e e T A zel7t gl Aoz v
=
E 103, Oz 2A(CO; 15% LA4)e Eelste] 10T ARG ALY T W3
717 (D)
0 4 8 12 16
Control” 2.83x10°6.117  3.65x107£7.78  1.55x10%+354  250x10°£12.73  1.17x10°£12.02
COs» 15%+02 1% 2.83x10°£6.11  4.65x107+7.78  556x107+0.71  250x10°+212  1.10x10"+2.83
COs 15%+0s 5%  2.83x10°+6.11  6.85x10'+0.71  1.85x10°+2.12  150x10°+2.83  1.90x10%+7.07
CO; 15%+0: 10%  2.83x10°46.11  6.75x10'+495  1.60x10°t1.41  155x10°+4.95  2.25x10°+7.78
CO» 15%+0; 165%  2.83x10°+6.11  8.10x1074566 655x10'+1768  1.00x10°:7.07  2.35x10°+3.54

U Ny 80%, Qg 20%.
2 CFU/g.

6%,

E
X
L
X
%2
&
X
i

1
104014 2 4 gl5zo] 2714 F75 2.83x10° cfu/goﬂ/\i A7&713r

cfu/gE YERIY R 283 A% 1294 1~3x10° cfu/gE UERSIT) o2 B uf o]AtEAaE
AAgeta AbhEEE GEd Ky ol nste] AAFEEE 1A ol s EAE JEd A
T7F WAE F2lo] ojA e =¥ RS & F AT o] A= AAvian s o4l
sheba Thae M AES] F2Ao] & ¥ AA|EH= Aael 7|l Ao gt
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E 104 COz 2723(0: 5% aLA)E Zelste] 10TalA A3 78 7e] T ¥t
717 (YD)
0 4 8 12 16
Control” 2.83x10°6.117  3.65x107£7.78  956x10'+354  250x10°£12.73  1.17x10°£12.02

02 5%+C0s 6% 2.83x10°46.11  6.60x10'+1.41  940x10'+1.41  620x10°:0.00  2.40x10°+7.07

02 5%+C0Os 14%  2.83x10°46.11  360x10'+566  450x10'+0.71  1.70x10°+2.83  1.41x10°+354

O 5%+C0Os 22%  2.83x10°6.11  375x10'+2.12  7.70x10'£7.07  1.13x10°+4.95  1.01x10%+0.00

02 5%+C0Os 30%  2.83x10°6.11  360x10'+2.83  4.00x10't1.41  265x10'+354  6.35x10'+4.95
U No: 809, Ou 20%.

? CFU/g.

Tk 27 S AR 25TolA AFstH S WY St Wk 3 106 %
1063 2ok A% 10T Ag7-9k g AZLSE 25T AZE B¢ A% 497
FT57 1~9x10%fuw/g® F43] F71e AL 2 5 duh 2ga oistes vE 2 Aay
5 dystel 233 A FHFE vus B oo ash 9 oibsiek s sk A
#glo]l WA= F2o] ofFolxl AL & AATH A @ AAGE A= 25Tl A
AZE A VA= 7o S7HE opvEt £ A3 B ol AF A FHY &= F
el F4dol 548 AstEe AS & F AN
E 105 Oz 2A(CO2 15% LA4)e Eeldte] 25T ARG ALY T W3

24713 (4)
0 4
Control” 2.83x10°+6.117 5.95%10°£13.44
CO: 15%+02 1% 2.83x10°+6.11 4.85x10%+4.95
CO2 15%+02 5% 2.83x10°+6.11 8.40x10°+2.83
CO2 15%+02 10% 2.83x10°+6.11 5.80x10°+12.73
CO2 15%+02 15% 2.83x10°+6.11 8.50x10%+4.24

Y Ny 80%, Qs 20%.
? CFU/g.
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0 4
Control” 2.83x10°+6.117 5.95%10°£13.44
Oz 5%+C02 6% 2.83x10°+6.11 1.59x10°+0.00
Oz 5%+CO2 14% 2.83x10°+6.11 6.15%10%+0.71
Oz 5%+C02 22% 2.83x10°+6.11 1.50x10%+4.24
Oz 5%+CO2 30% 2.83x10°+6.11 9.90x10%£15.56

Y Ny 80%, Qs 20%.
? CFU/g.

(5) A7 A% T +&HAE ¥
A, olAbE R A 9 A4 TtAwE Ao uwel 233 7+ A7 A S5 6-gingerol,
8-gingerol, 10-gingerol, 6-shogaol ¥ curcumins g F&4&2 WHIE &7] 3 AH=
10T, A7z 169 we] A59 AFeE 25T, AF77t 49 we] A 85 HPLCE &4

E 107, 3 1083 2 i 107904 & 5 do] A% 10ToA A%e 78 7h

—
O
&

Aol - z7]A el Wl 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol ¥ curcumin®]

Z Wk gl 28u AE F 6-shogaol®] FaFol glejrl 271A 0.09%<F v
3l o]ibslErA 15% 1A TRl AAFE 1%, 5%, 109% % 15%< 7+ A FE 0.16%,
0.20%, 0.19%, % 0.15%% %= S7Is AS & & JATh ol¢st Bai= AbahsE 5% A
Fol o]t EA 6%, 14%, 22% 2 30% FEE XA ARE $93 dyEs JeEd.
A AxE 30TolA 44z A 2 AZHE 108)8] A -Felx Z7|A el ko
6-gingerol, 8-gingerol, 10-gingerol, curcumin’d &< # 2] W3}7} ¢l 21} 6-shogaol 9]
= 6-shogaol &2 4% A
AAA = mloFsk Al g E o] AN Ax, vhE 2 Ax FA Tl ST e Halet

TARE A3E Yl

PN
N
o
=
_O|L
2
i
B
of\
~
_O|L
rie
ol
ot
o
=
o
=
3@
£
w
rot
—\7‘—1‘
y
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& 107 A 10C A T FE8AE Wst

7Y 7 CO; 15%+ CO2 15%+ CO; 15%+ CO2 15%+
z7] 02 1% 02 5% 02 10% Oz 15%
6-gingerol 10.43 10.81 11.37 11.47 10.71
8-gingerol 2.04 243 2.32 2.20 2.50
10—-gingerol 1.86 212 2.16 1.95 2.09
6-shogaol 0.09 0.16 0.20 0.19 0.15
curcumin 0.64 0.72 0.65 0.69 0.71
7Y 7 Oz 5%+ 02 5%+ O, 5%+ Oy 5%+
z7] CO:2 6% CO2 14% COy 22% CO2 30%
6-gingerol 10.43 10.94 11.03 11.39 10.54
8-gingerol 2.04 2.18 2.21 211 2.25
10—-gingerol 1.86 194 211 1.98 2.13
6-shogaol 0.09 0.14 0.18 0.21 0.15
curcumin 0.64 0.69 0.70 0.72 0.66

& 108 AL 25C AY T FEAE WSt

A7 CO2 15%+ CO2 15%+ CO2 15%+ CO:z 15%+
z7] 0: 1% 02 5% 02 10% 02 15%
6-gingerol 10.43 10.65 11.23 11.26 10.58
8-gingerol 2.04 2.22 2.15 2.27 2.31
10-gingerol 1.86 2.09 2.18 2.00 1.96
6-shogaol 0.09 0.20 0.26 0.25 0.23
curcumin 0.64 0.71 0.62 0.65 0.68
A7 Oz 5%+ Oz 5%+ Oz 5%+ Oz 5%+
z7] CO: 6% CO: 14% COy 22% CO2 30%
6-gingerol 10.43 10.88 11.15 11.42 10.37
8-gingerol 2.04 212 2.18 2.14 2.20
10-gingerol 1.86 1.90 2.03 1.99 2.15
6-shogaol 0.09 0.19 0.21 0.25 0.18
curcumin 0.64 0.66 0.69 0.70 0.64
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= AZFIe] AT e wE AmwislE A dojiubx] gkt AT FHAT ZV])H e
A+ H71E dERE Lito] 66.09, AN EE UEE agte]l 597 183 FAEE YERE
btol 341301 o A 169 weo] A% FHMAEZE Z47F 6890, -4.04 2 32.78 2 Z7|A ¢}
2 Zol7F et aEal IF XA Almet AFEHEA] e A 77Ee] Mo Aol A
ERLRA] eF gkt
#* 109. LDPE & vAF ¥ 77 AA & M=wst
#d™ Aok
L a b L a b
0Y(27]1x)  66.09+2.26 -597+1.61  34.13#251 | 78.35+453 -7.84+0.44  34.54+4.19
49 64.62+1.09 -3.46+1.26  36.42+2.33 | 80.15+1.41 -7.22+0.72  39.93+2.42
8y 68.02£1.72 -5.31+1.08 36.62+3.16 | 78.76+1.33 -7.38+0.76  37.73+4.02
129 70934367 -4.65+0.81  30.96+2.42 | 78.35+223 -6.60+0.19  37.87+4.24
16¢ 68904349 -4.04+1.15  32.78+354 | 80.92+1.01 -6.86+0.65  39.16+3.83
# 110. LDPE & =& 2% 2447 A% & A=rst
i Ak
L a b L a b
0Y(z7] 66.09+2.26 -5.97+1.61  34.13+251 | 78.35+453 -7.84+0.44  34.54+4.19
49 65974358 -4.33+252  3500+252 | 79.14+428 -754+0.36  37.74+4.56
8y 68.18+3.05 -5.09+1.35 39.83+2.18 | 80.97+161 -7.73+0.44  41.98+4.20
129 66.12+1.43 -4.92+1.13  37.10+2.87 | 80.15+1.43 -7.27+056 42.38+10.93
16¢ 67.29+4.62 -4.73+1.12 3921192 | 80.16+3.18 -7.22+0.36  38.84+4.97
(3) 7+ A7kl A F texture W3}h
LDPE Z5 o= Agxigst A% AFxgs=] v Ao A7 5 24 AgAEE
A e7] 9t BAXE 2Ae A ¥ 111, 29 463 2oh A3 EAs 4o 4% %
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4 8 12 16

2 347x10°+3.06"

3.47x10°+3.06

753x10°+4.95  2.60x10°+5.66 9.21x10°+566 2.80x107+1.41

828x10°+0.71  3.20x10°+1.41 850x10°+2.12  1.75x107+3.54

- 152 -



72

Ry R
=3

H A

<
=0

WA VLS

A5 4d A

&l .

[

Ta

=K

i

i

B
<

o}

K

tol Aas A7

A 3]

152 Ade %

A5

RS

A

—
o

FH e

]

5o 2
o7 HAAP FHo=E

&

o] Azs} sof Fol A

oF

1}

Bl

A

3L

S

e

1t

st

390 60: 5, 450 50: 5, 55:

=
g 77

]

H

3kH

g Eo

Fe] 80TCelA 3

S

o}
M

A A1 71

9] LEE 0TCE &

ol
ol

e

j2)

peae.

7}+3

A S AAWe WA Fejo] Fte] Aol whA]

=]
A Hko]]

g

Foith E]ar

S RIRES R

pais
=

- 153 -



Ao R i

7+ 2

]

>3

il

°
pad

7.11£1.05
7.00£1.12
2.33+£1.58
0.11£1.62

g o]

D A e S T I =21
ﬂ_&o%ﬁ%ﬂo%z%ﬂﬂz o
1_.,_&0 n,mo1r1_ G ~NoRT
T H b &E.7ﬂwoﬁ NN s
TRE Oy TR T TN | T
R TR E S W T i o] | =0
I e O ~ | R
A A NI P O
JLIEﬂWHz.mEﬂﬁQu GO
ﬂﬂmnmﬂﬁo%ﬂliwﬂu}
oxow T O®T T o
w N RE e Yo n
= ° = _ 0
wmmo%wﬁ%mgﬂa%mm%ﬂ. o
- = o o0 =
=0 7.._ LN =
MWA&I?IMEEO MMﬂlnw.dﬂmm =1
7w = ~ = iy oo ™ o ~
I I S o o
oo om M B o g O g g
FazgfiEigcioTd .
17_.0 3 ﬂ_OI .mw.o E EE ,.ﬂﬂ 0 OT X M H&l ﬁi ‘_.Wo
=0 ok o le m_.lg = < W o T 0 o S0
O O ) —_—
oTﬁ%Mw7moﬂ%xu.ﬂo_x =0
o K ob X T T o=
ﬁodﬂ_aﬂﬁ dﬂ,o|1_.]o lx
o < o 9 R oy
7E ﬂLﬁ JA|;O
o = m 9o WM o = W o = g
%%ﬂﬂoﬁoﬂﬂumﬁﬂqﬁ}@
E % Ko o B )
G S Y BN o B o ol
o o X W W W M E X o N
N s T T F K w g N
oo L b or ﬂljlwmlﬂulﬁﬁl o)
=~ R B R o 2
oE W TR T W sy By Jo
got o R T = T o
B T N~ i e N R w
R~ G < —~ o X ~
Ao =N e T
P e rdgz® g e T > N
DR = _zw ok N =0
P 8T o P oe B oooR
R B S O R v
of MR B X o BT R T T g X
@ﬂﬂﬁaﬂnwﬂaﬂo%%i%i X!
= =0 =0 .
DS W R T oo T g o
3 Mo T XWX TR I —
XTSRS B

=
AN

)

6.67+1.00
6.78+0.97
4.44+1.13
3.44£1.01

bol b ) et

<]

6.22+1.09

6.67+1.12

451+0.93

2.89+0.93
- 154 -

A2l el m)

ol

A
=

R

of slejA tha
F7F 508 o= o}

o
pal
=

Y3 24X 3k
ol Vzw

40: 52 A&



TR

o}
M

o}

‘ﬂl

A
‘ﬂl

7Ll 2

wrol A9 A 2o

=

=

7}

[}

]

%

&tof Al

13

0.
H

7} TR R =L

=

o x

747]

gy 45%, A4 50%, = 5% %

bl e,

o} A mho] 6274, &

5

o

I

of
B

)
&

=

o
)
ol

-
1.

o

s

ol
ol

5

Fol 7} 24

A

5.80£1.60
7.30£1.84
6.10£1.77

5.00£1.83
6.20+£1.87
5.90£1.73

T1

tol 249 &elard 45%, #9 50%, = 5% &
3]

G
7b Ads 5863 0= A8AIZE, T2AIZE A A eahe 7.29,

=
3

6.90+1.64
3

7.05£1.45
6.30£2.08

1.

J
o

<
i

3

=

7
e Ve, 2y

e}
A
5

[e]
= 2

]

o] 9

pol ok

H

9

60°C ol A 48~ 2, T2A1 %L, 9641 ZF

3}
al

1)

pad
AA

kel
T

35: 60: 5V

45 500 5

55 40: 5
A 24
3tA el

]

1.

Ata, o

A

e

j2)

&

A A7kl

=]
T1

ke
T

o

6.149F v

7NZxoll A 714 HS e

- 155 -



o

I

o}

B

X

=r

o
B
ol

6.32+1.83 6.43+1.13

7.29£1.50

KH

o

Ne

A8

6.56+1.64 7.14+0.49

6.14+1.07

6.95+1.08 5.14+1.68

5.86+1.35

KH

o

Ne

9641

T3 96213

3 4847

K

A,

7o)

™

fveel

s

~

12413k, 18A1%E, 24412 A
116°l vepd 4 3tof

way

[e]
& ZF

IE

A

7] 55CellA A4

-
it

1165} #Z .

-
it

N
Y

LHERL A

S9HE

Aol

toiet ey A%

S

Aoz AA

o e}

T
A5

oL
[}

A

- 156 -



o

!

—

Nd

I

o
B
ol

=r

B

=]

7.70+1.08 7.80+1.03

7.63£0.97

+0.79

6.50

N

e

124] 31

7.2511.84 6.35+1.85 6.40£1.71

6.15%1.78

N

e

Ne

184

7.40£1.52 0.40+0.92 6.10+1.81

6.32£1.07

N

e

Ne

244

Az AzEAZEY] HE AXTAR

]

U

TR
o}
Hin
ol

K

fveel

s

1}

Nd

Z1g) 48, A

o
I

= o

ral
’\Wo
oy ™
Po = N
7
R
— o
T o=
bw =
u.ooo,w%
O
o
@
—
\A
£ o= N
5]1_;1_
0~ N
dp N
SR T
=0
=
W

u.o
ﬂu%ﬂu
£ F W
55
4ﬂ.edl
)
H X
T B E
oj
R o
x 3 ®
— N
T oo
i 9p)
NS
7].Er
R =
X
=
)]
9
7
=K
T
-
o}
ﬂo
ﬂymo

Hin

K
.

23!

A kel w77

- 157 -



- 158 -



=74 AAdAE M

0 T
W o T+
R do E= B ol
A zh . Mwo g
o T m SERE R
N W2 2K o Mo = G
i =y ° oy o ~ r o
CRCE _ = EAGIN
= Ty [ o) RO E LS o}/ @\ ok < H_ﬂrﬁ Moo
I o %0 R = O~ <N i
T 0 70 <4 LT }7ﬂ@14ﬂ
w o R = w7 5 T
= == 5 E o ms s AR by To W0 RO = =
ool ~ ° o i B o 50 Njo U ol ojy i
B FE NS U oo T o
il o 0wR = X o} o° N Tor
= Mo Hﬁ ok ) mw N w ~ ol = 0 T o
hﬂﬂ%z% ur.xq%;% Ry ms o &
" T - B HoT DR ow N o
o_%ﬁwﬁuﬂiﬁ : e %ﬂagvm, 23 ELOH_W e
Wﬁ%mﬁﬂxﬂr %m%ﬂ% mmﬁwazaraumo
_= o3 ' e
agfu;w e ﬂm%q%g;w
J,wu AT._._ 5 © s —_ - E#E ﬁE E =7 ! dﬂ o0 OwE
P~ N jof O =~ > < © W on R o o
L o N g o mN & 8 s o, O N T mo
m " _E Gl OL ﬂ Mo & m K T =0 ﬁu B ) 5
T4 W R g e i m1.w. = Mo )
= nNO =0 3 o ) nY _ ,Ul - XE =0 ﬂll
u] S =0 = N =5 o o- Ajm &) Ne
< I iy, B ﬂﬁ,%o%m@vﬁ
ﬂﬂa_zﬁmﬁﬂx T . 58 oc%ooﬂéA
T = ol kil =L T 3 AN P
g + B < oo 7 A = (Y fo g
B ~ R i o) = ) ! = oy =0 gl
[E e % HM u_w " Nj o0 O I o =0 o oF < R
O&O =0 ﬂll o N =5 17rO — ol 0w o ~ © ﬂﬁl EH E 7E
- = A =0 g ) N N 0 wooxc b o=
~ _ ™ of =& =0 <0 O = g =e NN W AN = Y £
RO = o ™ o O = = =% < T = ol o| 0 o
W @ﬂwm,ﬂmﬁg_ do ~ O A S
. o oH R RN : T o B DT
= i %0 & T 0 5 o oy = ~
~ ‘mW \EE —_ B —_ \m_ﬂ To = R s N ‘:E e ,AE ~ X0
— i =) 1 g (s =0 o — No©
Hqu}xﬂio X g, ™ CR o T N &P
L2 0 0 = o _— o} = Wﬁ o o o T o Z]jﬁ T o NS
AR X =% u Lo F e o . o R I
%@ﬂnmﬁ?ﬂ Zmamom%@r < L(%ﬁﬂ o
< 4 = o T %o E s w4 i%.#lﬂﬂr%mo
hC T HOHLH < T G I o
c g g LE Lt P oo B g
o} Hin e o) o JromK 9 o 3 o < v T %O R
o= T " L N R .o %
RNCHN =3 2 < M PR R = w T WS N
=0 @R o o wY g ~ ™ m T ro R N I — o M T <o
A TE g ER Tl A W ¥ 83
S e T @k@TgﬁWy i ﬁ%mximwa
X v — o} _— ) y )
-~ TEEE: Ty m.mn@ﬂwm :
CF o @ o < G g T
< N : N T R o
my = =0 offl = T o= T
W R F - MR
of ™

I gy 93

=

-

- 159 -

o] &
1 Ao Ade %
Fol gz v}

ke
T

Al

7

Gera



=K

—~
;oo

—

0L =71 el o #(Ar 109

ad

AT Az

a

=2
&5

Fol 95Tl A 3431

G

T

o}

—
o

1% 53, 54, 559 YERU ST}

ke
o T

9]

K

- 160 -



Az 2487 A3t

- 161 -



= M 2A (Minolta, CR-200, Japan)E ©]&3le] 7z} sAddE 2 B3 79

20
2
Bg 7h 39 Wk 2A3ke] eI

S 4% ALY FEAE AolE AWy de sAAYE AEANE
> o] 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol®] & &S HPLCE o] &3}

of Attt HPLCE Jasco Co. (Japan)®] #2438 liquid chromatography & AHE-3}%3 Z

2 Waters symmetry C-8 reversed phase column (150 x 3.9 mm, Cat. No. WATO 54235)

&, o] % AE methanol-water (65:35, v/v)E 1 ml/min® £E& £ N8B AFS

282 nm oA AP, FNETFEAL 6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol<

chromadexAtoll Al 7-918Fo] AFE3SITE AR AFEES 5 mg/mE e =9 &

al

0.45 um syringe filter (Millipore) 2 o] #3}o] 2| %3}5aL o] & B8 NBEE AFR3S T

Ankd F& AOAC ®WHlel|l F3ke] A8 T FRdS Artadxy, 2uid ek
Micro-Kjeldahl #A4 A=W, Zx4 shake Soxhlet's FEH, X238 stk A3 Ho=
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gl 50% ethyl alcohols 7}ate] Wz7)e] A3 ar

FYL AAL FE5d £9E 100 mL A8 230] &4 S O]% HH2 313 50% ethanol
gHoz ALIATE o]E vhA] AR (8000rpm, 208)% F  Sep-Pak CI8 cartridge
(Waters Co., USA) % membrane filter (pore size 045 )% AEH o7 oatste] F 1173
A2 x7del wel HPLCE #4313l

i 117. Operating conditions of HPLC for free sugar analysis

Instrument Jasco RI-2031 plus, Jasco (Japan)
Column Asahipak NH2P-50 4E (.:olum.n

(4.6 mm=x250 mm, Sem particle size)
Detector Refraction index (Positive mode)
Column temp. 3 C

Isocratic elution

Mobile Phase Acetonitrile : D.W. (75 : 25, v/v)

Flow rate 1.0 m¢/min.

Injection volume 20 pl

(5) T/ obr Ak #4

A& 1 g& cap test tubeol #3}a 6N-HCl 15 mL-& 7}13}¢9] vortex mixer#= 357F W WHA|
At Aaas ANB7F dXEEA g o4 =
heating blockell F&A|Zl & 24A3F &< 7hpRdll skt &3l7F € § AEE WAl
50 mL A& Feta=o] ANE&HS &7 Fal SHRTFE A 5
o] 3} 2] (whatman no. 5% ©]3}3}9] test tubeol 10 mL &
mL A& Fghxz=e] 32 FRFE QLS 22 TR
filtering 3] AlgdgHo = 3l F 1183 29 569 7ol wg} 435190k

L Q
s
(ld
<O
.
Ul
=
=
-
;%
eS|
=
=
=
¢}
=
il
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i 118. Operating conditions of AAA for free amino acid analysis

Instrument Hitachi AAA L-8900
Ion exchange column (4.6 mmx60 mm)

Column . . ) ) )
Packed with Hitachi custom ion exchange resin

Detector Visible detector

Column Flow 1Y 56

Mobile Phase 9 channel glradient1>

Injection volume 20 pl

U B1: mixed buffer 1(pH 1.0), B2: mixed buffer 2(pH 2.0), B3: mixed buffer 3(pH 3.0), B4: mixed
buffer 4(pH 4.0), B5: Distilled water, B6: Re-generation solution, R1: ninhydrin( =3 &2 ¢F R2:
buffer solution for ninhydrin derived compound, R3: 5% ethanol.

 Pump
.~ Pressure Limit T = T =
: ime | . 4 5 5 2 5 o emp | . 5 a o
bin Il & {min] %B1 | ¥B2 | ¥B3 | ¥B4 | XBh | %ZBE {l_/min] (T) %R1 | XR2 | 2R3 (L #min]
Puml [20  [15.0  MPa N O A I T I I 0.400 57 B0 | 50 | O 0,350
a0 100 0 0 i] 0 0
F'ump2 |E|'1 IED MF'a 3.1 D 100 D D D D
 Buffer/Heagent 6.3 0 100 0 0 0 0
7 0 0 100 i] 0 0
Fumed B ﬁl 143 | 0 | 0 |10 0 | 0 | D
B |PH-1 15.0 0 0 0 100 0 0
28.0 0 1} 0 100 0 0
B2 [PH-2 21 | 0 0 | 0| 0 | 0 |1m
I— 320 50 50 i]
o L 321 0 0 | 100
B4 [PH-s 330 | 0 0 i i o | 100
331 0 100 0 1] 0 0
B |HzO 4.0 ] 100 0 1] 0 0
34.1 100 0 0 i] 0 0
8 [prro 370 0 | o |10
Pump2 [Reagent] 71 50 B0 i]
rl [nin 53.0 100 0 0 i] 0 0 a0 50 i]
Rz |Nin-Equfer
R3 IS%EtOH

219 56. Gradient program

AR 9F 25 mgs 8 tubed A3 FHea WF-EFEN 1 mLe #H7Fskar, o]of 05N H
2

4 FASUHEFEY 15 mLE 7tekaL

©

o]o] 100C heating blockol A ¢F 583t 7}23la o0& WZdk & 149% BF; (in methanol) &
of 2 mLE 7F8tal vA] AaE Bo] ¥2 & FA] F4& Yal ek 100TelA 303t
b8kt o] & 30~40TC=E W7bste] o|ASeE&d 1 mLE 7lste] AAE Zoj¥ e & 45
Ya 3023 A9d] H'e v £ X3} NaOH 5 mLE 7tstal A4E Eo¥ e & ¥4&
Qo Aegiv, deow Jz4d & FF3o2RY #£89 olASTHIFTE Al 7Yl tubed ¥l
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AArE Bojde & A F48 9Er 35 olase 1 mLE F7F2 2a 99 22 1w
MOoR FEF F olaSHES Ao olaSwdy Fii, FRIMUIEFOR d5F IL
AggAoR 3har iF 1199 2 xHo= B39t

i 119. Operating conditions

of GC for fatty acid analysis

Instrument

B3o] 23} 7% 7| (Flame Ionization Detector, FID)

Column

HP-FFAP
(Polyethylene glycol-terphthalic acid; 25 m x 0.32 mmx 05

Column temp.

150C(Imin) - 4C/min - 230C(10min)

Injection temp. 200C
Detector temp. 260C(FID)
1.0 m¢/min

Flow rate

H: 30 m¢/min
Air 300 m¢/min

Split ratio

10 © 1

Injection volume

1 pt

(7) 71+ 4

Fr)d i B 7 Al A4S sAAXE 88 AASY B4 ARSI
HE 2o ARE3E 7]7]+= FOX 4000(Alpha M.O.S, France)s AF&3t 3 &4 2748 3 1200
2R ea=
¥ 120, F71AE 99 248 s 77 2R

Aquisition Time(s) 120 sec

Aquisition Period(s) 1 sec

Aquisition Delay(s) 1080 sec

Carrier gas Air

Flow{(ml/min) 150 ml/min

Injection vol.(uf) 500 ¢l

Injection speed(uf/s) 500 pf/min

Auto sampler

Oven incubation time(s) 120 sec

Oven incubation temp.(C) 50C

Syringe flushing time(s) 120 sec

Syringe temp.(TC) 60C

- 165 -



K

iz

0

0

\._A.uﬂo

it

T

St RET2A

(1) A=

ol

24

A7) $)8he]

o Aol %

of we A
1219] e gk,

)
s

o 19 o

oF
3T

-
it

o] 747} 67.98%} 58.360.2 )0

] 47 Bl LRt

o utel

3h
i

of 59.05, <4 3099 481608 <:4d7)7ko] A

J

e %A 209

5|

o] 70.38°] %}

et ol

o 2097HA =

4 g

d 10€ el 18.23¢1 41 20

Z A
A

5.530. %

A

A

s
H

=r
0

W
-
il

o 17.55, 30¥ el 12.98= =4 7]|3ko]

[}
=

A~
—_I_"

08.36£0.22 70.38+0.04 09.05£1.03 48.16+1.75

67.98+0.27

3.480.07 3.26+0.20 0.21+0.48 0.0320.28

3.020.15

24.09+0.11 18.23+1.14 17.550.77 12.98+0.42

24.13+0.42

45.39£0.14 32.11+0.49 42.14+1.27 51.19+1.63

37.36£0.24
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<
[G0]
<
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717ko] HolFAE T4 F7hele] 109 S48 x3

7k el 3PS 7.06%=2 YEF
ool el Aol F5A%] 49%%2 A1 v FEe Uehgdn, dEAx 4%
o] 6.61%% 7Hd A UBtETE 4GS 4700 mE FYAE BolA skl 10€3t
S A7) xR Go] 693%2 /1% A et AL FA5Y
FAx A7 FFo] 366%2 7HE B eI S5l 217%2 7

(;;gi) Ta A 109 544874 209 4484 30d 5487
(%) 11.49+0.27 19.51+0.23 73.47+1.49 15.14+0.12 1577+0.01
3] 2(%) 8.06+0.00 0.99+0.18 6.66+0.08 6.88+0.16 7.060.14
2 (%) 6.61+0.16 4.95+0.22 6.93£0.00 0.98+0.28 6.16+0.11
A% (%) 3.66+0.32 2.17£0.24 2.24+0.12 1.96+0.04 1.86+0.11

M

3) ARG A7 F&4%8 4

A7Fe) Z4t 54 #A F gingerol¥?} shogaol 59 F8&AE WIS olry] 94 HPLC
E o] &3l AES A% A= ¥ 1237 2 Connell's 2 A7olA gingerols #8384
aldehyde unit®] Zole] we} 6-, 8-, 10-gingerol® W 3laL o] &0 53:17:309 v]|&E FEA)3
vt W3y, Gingerols- 3-, 4-, 5-, 6-, 8-, 10-, 11-, 12—, l4-gingerol =49 &3 &
oly, YwtA o= G-gingerolo] 7}E A o}&# 8-, 10-gingerolo] A% THEHo 9=
Aoz dHA oW side chaine] Zolo| wel A% ThAh Zol7t = Aoz YA

At} A shogaold} zingerone= Y 2A3 A Foll= EAF A o AArel xA, 7}

T, AA Fo| €59} retro-aldol ¥l ¢3le] A 7)== artifacto] ™ ©] &L gingerol Xt} A}
o] "HojAlE Aoz &4HA Ay
A7Fe) AfAdE T Ao wieuks WA ke 459 6-gingerole ¥4Hsl AT &

A 7HA AL o] Be AT e ar gl
6-gingerol(1-4'-hydroxy -3’ -methoxyphenyl-5-hydroxy-3-decanone) < & A}gFo] 29491 3
2 EFolvt. YlE-ot AT o] E(FeCls—ascorbate) Al 2®lo]] o3k <1x]de] 2ta& v
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gAaksl EAz A i, E3] superoxide 290l #Z& A AAFE(reactive oxygen

species)?] WA HES v A= &2 Y 43 E A (xanthine oxidase)®] A& T 71A

-gingerol®] A% F4A70] 6.041%% 7 =4 yebkar, 30

d S8 0276%= 7HE vA vebgth 4l A5 *@%oﬂ—t— Aol EAsHA & A7
o) Tl A F 718l Ao 4 A 6-shogaole] 7 AR 7Fe A 2% W2 WS 4=
A5 BAoY 10¢€ s A7 A7l A 2.326% = 7}*WF =2 FAE B sAAR Ao

. 8-Gingerol®] ¢ &AM 1677% = 713 =4 JeER
s/ 7ol At 10Y S48 Aol A 1.098% Zﬁﬁﬂ‘»’i 2043 309 A4S Aol A= A
A &gk} ol &A= BAO A 8-gingerol AEo] & X wiH AOE ALRYH

At lo—gingerolfﬁ Ao SAAXI A 1281%= 714 =4 vEbskal, 8-gingerol

2

(%0)

FEax  SA0= 10 209 302
S5A%
A% A% SAAR  RARAR  GAAR
6-Gingerol 4433 5.084 6.041 3.177 0.566 0.276
6—Shogaol 0.537 0.199 0.944 2.326 2.160 2.233
8-Gingerol 1.455 1.551 1.677 1.098 0.000 0.000
10-Gingerol 1.176 1.281 1.194 0.964 0.349 0.000

%*é%%}ﬂr AFAE ALY FEFs B3 Ades 11249 2k B 1240 R A
ol T QEAZX AAY fructoset glucose SheFke- 1.15%6, 0.57% % YEFE AL sucrose

o
HAFAY. ST A7l & AxRAA XﬂZ:'J /‘37}4 ¢ fructose 0.92%, glucose 1.02%,
_]

sucrose 0.85% %2 10¥ A A YEbEAR 25 B2 729 FEes BTk



Control 2% A% 109 5447 0D 444 09 447
(@31dx)
Fructose(%) 1.15+0.01 0.92+0.04 1.02+0.09 0.64+0.00 0.32+0.06
Glucose(%) 0.57+0.04 1.02+0.01 1.31+0.02 0.45+0.08 0.51+0.15
Sucrose(%) 0.00+0.00 0.85+0.03 0.92+0.06 0.14+0.19 0.00+0.00
Total(%) 1.72+0.03 2.79+0.06 3.24+0.18 1.22+0.27 0.82+0.09
() T ok At 24
SR AF AR A POl et 4 AaE E 1269 2y dAFde®r EE S
AdotmibEo] /g Algko]l A igtel| wet FhasheE ARS HAth 53 109 54 At A
T ez FsAAEY obnAl FEFol A UewWth S8 FAo =t F
aspartic acid’} 109 <4 A7relA 11329 mg%, 183 glutamic acid’7} EF71% A7l A
10171 mg%= t& 4 o4t A4 HAEFHJAT 53] dFopn|ilez FFHE

’

threonine, glutamic acid, alanine, valine, leucine, tyrosine©] A7 %ol vz 5o A= A

o2 eyt
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£ 195, 54472 AFAx A% T A B4
(mg%)
(;;gi) T A 109 44874 20 =487 30¢ 484
Aspartic acid 964.4£33.55 1032.0+2.63 1132.9+0.14 787.6£2.58 729.4+0.72
Threonine 286.3+3.03 271.8+2.50 329.6£0.00 239.2£2.15 225.6+0.85
Serine 270.3+3.04 297.0+2.25 357.4£0.63 227.0£1.42 203.90.79
Glutamic acid 1017.1£2.89 727.5%2.63 882.310.10 713.91£1.60 733.2+1.65
Proline 255.0+0.01 207.1+1.46 279.3£3.75 211.4£7.71 195.3£2.51
Glycine 327.7+3.98 288.6+2.72 345.0£0.14 285.512.84 273.0x0.72
Alanine 305.6+2.64 197.9£2.01 321.7£0.90 202.4£0.03 175.320.14
Cysteine 32.810.85 22.9£5.17 36.5£19.37 22.4£9.98 16.8+2.51
Valine 358.8+1.92 287.7+2.25 371.6£2.85 279.5£1.88 274.3+1.40
Methionine 81.8+25.23 73.3+12.44 88.52£10.73 76.6£0.42 69.61£8.95
Isoleucine 299.9+1.64 245.4+2.26 314.6£1.48 237.812.84 238.6+0.07
Leucine 480.5+3.58 407.7+3.54 526.7£0.04 405.0£1.28 398.3+0.62
Tyrosine 202.0x4.77 136.1£2.20 211.3£3.01 123.4+1.43 152.9£0.41
Phenylalanine 321.6+3.48 282.7+2.86 343.311.62 276.913.84 273.5+0.65
Lysine 184.2+6.15 112.6+5.86 124.7+5.65 62.11£0.14 33.6+11.37
Histidine 60.2£1.80 54.110.65 60.3+0.34 65.8+3.41 32.4£1.18
Arginine 276.0+2.26 277.3+2.74 352.0£0.71 173.8+3.55 89.7£4.45
Total 5714.01 4921.79 6077.82 4390.49 4116.32
(Th) Frel A 2
SAADH AFAx AT FAAEN FES B4R A% ® 1269 2ok 4 AYxA

of w& A7 FEAWA AH o Z= EsFX|HMEo] myristic acid, palmitic acid, stearic
acid, arachidic acid, behenic acid, lignoceric acid?} AZHQa, XA H$
palmitoleic acid, oleic acid, linoleic acid, linilenic acidZ /% o] QAT EX X Wik 2
g Aake] Bl & & oF 60:400.2 B ¥ 3} A|whake] w]go] = el

AA A o2 palmitic acid®} linoleic acid®] $hako] tv}E x|ukabzt wlwsle] T4 eI,
e Ay 243 vuste] d3dxs Ao A dEhd ez yElsETl Palmitic
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acid®] - 21.8%, linoleic acide= 41.9% A=H vt A7 7k & {2 XAk sk

o4 AolE e gtk

#0126, AR d3Ax ALY FE AU 4

2/100g
513} SEx:
N ® Control . ) 104 20! 304
(d34x) o R RIS =3 A%
Cl40  Myristic acid 442007 5.10.00 52:0.14 1328014 97007

C16:0 Palmitic acid 21.8+0.28 192+0.14 18.8+0.21 18.9+0.28 19.4+0.14

C18:0 Stearic acid 3.7£0.00 5.8+0.14 5.5£0.07 4.1£0.07 4.3£0.00
C20:0  Arachidic acid 1.1+0.07 1.5+0.14 1.6+0.00 1.3+0.00 1.4+0.00
C22:0 Behenic acid 3.30.07 4.7£0.00 49£0.07 3.9£0.07 45+0.07
C24:0  Lignoceric acid ~ 4.0+0.35 5.1£0.28 5.5%0.57 45£0.78 49£0.71
TSFA" 383 414 415 459 44.2
C16:1  Palmitoleic acid ~ 1.4+0.07 2.120.07 2.1£0.07 1.2+0.00 1.2+0.00
C18:1 Oleic acid 8.70.00 11.4+0.07 9.1£0.07 6.90.21 6.90.07

C18:2 Linoleic acid 41.9+0.14 37.2+0.14 38.9+0.14 38.2+0.21 39.3£0.28

C18:3 Linolenic acid 9.7+0.07 7.9£0.00 8.4+0.07 7.8£0.07 8.4+0.07
TUFA” 61.7 o8.6 o8.0 041 0.8
TS/TU? 062 0.70 0.71 0.85 0.79

U TSFA : Total Saturated Fatty Acid.
? TUFA : Total Unsaturated Fatty Acid.
Y TS/TU : Total Saturated Fatty Acid/Total Unsaturated Fatty Acid.

@) A% Az A7 G EA

(7h Aol Aepiigel wE A ] oiE

AZEel Al e wE g VAR el ZolE HWAIZ(FOX 4000, Alpha M.O.S,
France)= 743} mental oxide sensor®] 7H&#t-S o]&3te] 7)o &(proportion), A1F73E
R ARG aea 7 Alme] Frsde Uk Adke g 573 Zuh el dErd
uhel 7ol Ao AFAEF(PCHS 99.085L.2 o] oz Frafus Agd & g 4F
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AZAYZHHWD) 9] 45 A1FA RG] -459 -5 Aleld] 2 XA, FT547(STD)Y
-+ -0.259F 025 Atelel 10¥ =48 (Aging 1009] 2B-F 03 +1Akelol 209 =487
(Aging 20)2 +29} +2.75 Apelol 1e]a 30¥ A A3 (Aging 30)2] 4% +1.759F +2.25 A}o]
o F2 Exwol gt wekA A7 Fo FrPAEHEL A AR FEEAEY A W
A2 DI, 7 AR 58709 109 487, Al 9AZ 2047 30Y S48
Fr o] AAAE FE Vst A2FAH RG-S 073098 e Al® ¥l 109 %
AR 7F(-0459F +0.35)0] ()gkel A BX¥ v AF AR, FHA7, 2083 308 A4 A

el Bk BEACR (H7ke) 0514 +024b0101 A E olFolA T A sdew T
AL Faadt.
03
I s0
0.2 \ T
\ §1D
Qi@m
)
: ;H‘ ND ,HWD Nw‘wygmz
HWO_ .
0 S 7
N \\K(‘Ag\’m:gzc
8 \AQing20
S o
S
o
0.2
0.3
o gmAgr@WO ‘&gmgwo
70
5 4 3 2 B 0 1 2 3

PC1-99.084%

Y. 57 AAFE o] £31o] =A% PCA(principal component analysis) 2 3}

(\}) Flavor lader flat
ZF A7Fol 7| E-HE-S flavor lader flate 2 YE A3 vbe 18 58% #v) Flavor
lader flate. 2 1o YEeRd nlel o] BE AR 7| Ee FASHA YERY Aoz &9l

93, ol b A e AR dEAxA%, 109 S48, F54% Lela 20
A3} 30U ST Fol Bu Ao AASA e AL FAFAY. olHF A B
W AEARNTE NFOR BT 47N Aol A5E Y] Fo| @ol AaHE AL
o3 5 gglrh
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Distance (Odor unit)

60

50
40
30
20
10 \
qing1 0 Aging1 0 /Icg‘\ngﬂ 0 / \
(nalQ inalQ. \ ’ \
| |
\ l STD.

\ | i

qing20 w(yn\gzoj M%&MK‘[\ 1030

Analysis #

8. 59, 109 £AAS 7o ® 3 SQC(Statistical quality control) & 2 3}
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G, BALAT, & 5o o 2 &

=1 1= = H, L=n=anul [e} ) o, T By
shol &S Fuar €¥A ot AAG FS oA HW e @RI AAEHY o
2 Q8 2524 ol s E4-E dodA du B drelAs S8 FEe e &
I g FEE] SHARNA A0 e WelBE YEHHE=AE L6 muscle cell oA
FrbstpE sk gAY & ARAAEE vAE TS FA4Se] IAST £ vkg2d
AL FEES 47Fo F treadmill oM SEA S 2 Xl vA = ddFe S
dote] Esd o3 EHE YA oF-E Fdstad gkt

7ho A= H A

%2l DPPH radical &7 &d-& 433 v. 4 H 2 Blois(1958) 9
g Wste] olehg 3 mLel Ao wRR 80% olegel g Az A FEES
02 mL A7sE gL *=d 4 x 10*°M DPPH (2,2-diphenyl-1-picrylhydrazyl,
Sigma-Aldrich Inc.)&94-S 0.8 mL 7}8Far 1027} vortexing 3t th o] A& 108-7F Ao =
28] Wk Azl & 517 nmollA §HEE =43 DPPH radical scavenging ability:=
Am A7 24 dExTY F3EE SASe] MESE UEley ¢ tixae nlE
W CR FTh

(2) A Evfk
S AR L6 cell lined: hm Al 280 A FFtol ALg3Fel o 37T, 5% CO. 7
4 10% FBS (Fetal bovine serum, Gibco), 1% AA (Antibiotic Antibiotics, Gibco)E X33t
DMEM (Dubecco’s modified Eagle’'s Medium, Gibco)g AF&3lo] #j<F 3]t}

MEAEE FAHLS MTT assay WS AFE3ATh -S5AH 2o sk A7 e Baaas
1} FTEZ 96 well platedl seedingd}al 24 A 7F
Qb wFe & Ao wre S FEEH 15 mM IL0:E FAC HElstal thA] 24
7F Sob vk zl & MTT (05 mg/ml in PBS) €402 MAIA 540 nm oA FTHE=E
SAstAT S FE=9 L6 AX HIads JJr* s ?%1’/]7\]4 A ZAPEE o]
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L6 cells were treated with 1.5 mM H-0O, and test samples for 24 hr. The data represents

the mean + S.E. of three experiments.
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3 g
A2AABW GOT, GPT, creatinine, lactate &S (F)opel=&
(HITACHI, 7020, Japan)E ©|&3}% colorimetry W o= #2438

2 A F2- wako(Japan), creatinine 2 A] °F2 Daiichi(Japan)oll Al ¢} 3ke] AR-&-3}S T

T o] Esle] d A7)
At GOT, GPT, lactate ¥

i

Wslek 2 treadmill 3

g 629 19 631 YERHA
[e)

1
&
O

10 4zt 49 ZAFe E55E AR F9 2 59 =
A 7F (treadmillell Al 3 & o)A ol&dsl=d 71#] AeE A7hHE

b
83 g vl 71 2 =

oh EFAe WElHEe EFr A Aol 1.8 o2 Frtedl e, f5+10
d =4 SAY AFHTY BFA F7ES 727 1.32 g o] v Treadmill 3 A1 & A 4]
o7 2 ST AFTe SHRTFE FAS 7ol 13t

creatinine, lactate 5 %7} & 2} &
<7t GOT, LDH, creatinine, lactate =& TAAIH O™ AAFE2ELS 104 4 SA 7l

H)glho] A=t wekoh (& 127).

3
2.5
°
£ 2
©
(@)}
S 15
(]
2
3 1-
(@]
[aa]
0.5
0
NE E E+G E+BG

a9, 62. ARG FEE ATFAd e FHe BN W 2F Ay
The data represents the mean + S.E. (n=6). NE: No exercise group, E: Exercise group,

E+G: Exercise and ginger feeding group, E+BG: Exercise and black ginger feeding group
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700

600

500 A

400 -

300 A

Running Time (Sec.)

200 A

100 A

E E+G E+BG
a9, 63 A4 FEE A7 FHY treadmill FHAIZE 2F 4 H)
The data represents the mean * S.E. (n=6). E: Exercise group, E+G: Exercise and ginger

feeding group, E+FRS: Exercise and black ginger feeding group.

F 127 H¥ewd AdFEE Fo # ol wE daEy Ay
GOT GPT LDH Creatinine Lactate
(U/L) (U/L) (U/L) (mg/dL) (mmol/L)
NE 122+41 90+28 371+139 3.12£0.5 0.8£0.8
E 151£32 115+22 39589 3.5%0.5 7.0£0.9
E+G 137+52 118+39 379+66 3.5£0.5 6.8+0.8
E+BG 118+33 118+40 33466 3.2£04 6.4£0.7

NE: No exercise group, E: Exercise group, E+G: Exercise and ginger feeding group, E+BG:

Exercise and black ginger feeding group, n=6.
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A9 104

=12

=
t}A] whatman no.

N

3%
™

7] (Mega science, Korea)

A% a5 A

AAE2(9000 rpm, 5C, 10%-)8}ar

kel
T

ol H#

*

Fel HE 71°Brix 744

12] of x|

A 8 A
= 80 mesh

[6)

TR

T}

0
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