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(LAF MLHPO) %. HBALIEI -V TGS 230k L S5 —E&EA L, MLHPO & fif
HELTOF hro—5b CRORNEEHELTOLI ) —LEDRRTEL S CL DR
BRI £ BEEERE T — 1 LU= U3 VIETIET 55k (CLIKE) #BE Lk (Fig.
1), 7 CL ¥EIc L0, BEbEESFa®w BHT, LFY. a-haTzm—L, y-k



a7 zu—) OREEETRocfER, TR S ORI XY REEFNIC MLHPO
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a- a7 = o =BT CL ERRVWEEZ & LI AMIHEBERSRD b (Fig
3)o

=9 B CL Bl3EEBER0FBLEORBRB IV 7 RoRB g e LTO
xanthone BEEDEE
209 BEOAR - WO ) —N, PxF L —F iy CLIETHEIE LR
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EEEERLEDOBRED DR, =F /) —LVEBEOFEBOFEIZLY | CLETOL
R VBEKEPEEI N LI s

mF =), =—TRHES L bEWEEE R L. BEEOTRBLERS OREN 2o
1= 7 Y (Swertia japonica) \IZ OV TE LVWRE 21T o 7o, BIESE. Sephadex LH-20
BT hva<w b T77 40—, TLO, BEEREQER E2EHEHET, 6 BED(LEYZ
CLIEIC L ATEMERD & LTHEE LT, FEEEBENTRERND, SEWiit 7 ) ITFE
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bellidifolin, norswertianin, desmethylbellidifolin) & [FE &7 (Fig. 4), % xanthone
FBRDOFERLIEIZ DV T, 2,2-2z20-bis(2,4-dimethylvaleronitrile)55iE Y / — LEE A F )L
ER VBRI L VEME Lo/ R, CL ETOERERE b ED - 7o bellidifolin AHIEKIEIZE
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ETOBRLmEIHREER Lz, BETBRIZKEE CRBVEBLIERE R TOIIT L,

EIERERNTIIEIZ MbO: 8L 2 RE T 2 (“Pro-oxidant” {ER) BA LN, &ET
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FREE (afF) LHHRT 2 CARDOFMEIT 227,

7 RANE VR 0.03%REDKEERML, BBRESEMHEEIZ L5 2¥ buid, —18T
BRI b R~ RS~ B 2B U T E LW ERERE L (Fig. 10), — 7.
FRANEUEEE 0.3REREDOHRERML, BE AU THAEICLLIRF ik, —18C
AT ET A2, BERICEE LVARICERICEL., ThiRmEMESRE L (Fig.
1), XX rooi MERRIFEICL Y, BERET RV VBRRM+EERAY THEERT
R EiE, BEEETICA MUC L AEENED OO, BE-HEE%. TAaAEVEO
VEFIZ X 1 metMb 2580k &N, REFOBELEEGL T MbOUIETTHI LITLY,
s LWEELE L 225 2 RS (Fig. 12),

EEEET 2 L E VERTRINAR X hu D, 7 A 3L E VEROD Pro-oxidant fEAIC L DK B
B &S —PEMC L o Tl S hs (Fig. 18), £72, A7V AHRICIIT A2V EVRRIC
245500, FF buEEMGEISRFED b1 (Fig. 14),

WEEE

KM ORBIGE T & 20t — Bt & LT, BKRICBT DBIHREL
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Chemiluminescence Intensity

Ci. Reagent

in 50mM furninol: 1 ug/mil
borate buffer

oH 9.3

P ) Catalyst

cytochrome ¢: 10 ug/ml

sample & MLHPO: 10 Ul

chiorcform-methanol
(1:9 viv)

L

LA D |—
0.8mi/min : waste
B 4 C :
0.75mlimin  =esecssse E

A,B: pump, C:UVY detecior, D: CL detector, E: integrator

Fig. 1. Flow diagram of the CL method.
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Fig. 2. Decrease of the CL intensity
as a result of the addition of BHT.
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Fig. 8. Relationship between the CL
method and the thiocyanate method.
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Compound Rl R2 R3 R4 Compound R1 R2 R3 R4
desmethylbellidifolin H H H H norswertianin H H H H
bellidifolin H Me H H swertianin H Me H H
methylbellidifolin H Me Me H methylswertianin H Me Me H

Fig. 4. Structures of xanthones isolated from Swertia japonica.

@ o-tocopherol
O BHT

A swertianin
A bellidifolin
O no addition

MLHPO (%)
o

500

200

Reaction time (min)

300 400

Fig. 5. Comparison of antioxidant activity of swertianin and bellidifolin with
BHT and a-tocopherol on the oxidation of methy!l linoleate. All antioxidant
compounds were at a concentration of 0.18 mM.

Table 1. Comparison of inhibitory rate (IR) value of various compounds on oxidation

of MbOs.
Conc(e:;c/rl?tlons L-ascorbic acid glutathione kojic acid gallic acid
3 69.4%10.6% -0.2%+4.2% -7 2%+4.4% 37.3%+1.4%
10 71.8%%0.7% 14.8%+2.5% 6.3%+5.8% 21.2%+4.3%
30 71.9%+0.6% 17.9%+4.1% 13.9%+2.4% -0.3%+5.8%
100 71.6%+0.6% 24.0%+3.5% 22.1%%8.2% | -33.8%%7.7%
300 74.0%+0.5% 12.0%%7.1% 33.8%+3.1% | -82.4%%11.9%
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-140
1 10 100 1000

Gallic acid concentration (UM)
Fig. 6. Effect of catalase on the IR values of gallic acid in regard to MbO:
oxidation. *p <0.001.
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Fig. 7. Reductive effect of low molecular compounds against ferricyanide(A) and
XTT(B). The reducibilities by ( O ); L-ascorbic acid, ( ® );glutathione,
( A )ikojic acid and ( [J );gallic acid are expressed. The effect of gallic acid in the
ferricyanide assay could not be measured due to coloring.

jg —O—Chinese cabbage | IR curve of&scorbic aidf ria_ge_ri s o
80 —&— paprika -
50 —8—lemon
X 40 —{—radish P
% 30 ‘/
0| _ O,__//O/
10
0 R .
-10 D\U
-20
0.1 1 10 100

Concentration of ascorbic acid in plant sampie soiution  (uM)

Fig. 8. Relationship between the change in the IR values of Chinese cabbage,
lemon, paprika, and radish on MbO: oxidation, and their L-ascorbic acid
concentrations.
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Fig. 9. Effect of ascorbate oxidase (AsOD) on the IR values of
paprika and L-ascorbic acid as a reagent with regard to MbO:z
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L- ascorbic acid concentration
0% 0.01% 0.03% 0.10% 0.30% 1.00%

Stored at -18°C

Stored at 5 C
(24 hours)

E ; .

Fig. 10. Observation of the color changes of minced bigeye tuna meat “Negitora”
which were packaged in plastic film bags with high gas permeability
(OPP/LLDPE). The “Negitoro” samples containing various concentration of
L-ascorbic acid were stored at -18 T and subsequently thawed, unpacked, and
stored at 5 TC.



0% 0.01% 0.03% 0.10% 0.30% 1.00%

Stored at -18C
(2 days)

Stored at -18C
(33 days)

Thawed
(Before opening)

Unpackaged and
storedat5 C
(0 hour)

Stored at 5 C
(2 hours)

Storedat 5 T
(24 hours)

Fig. 11. Observation of the color changes of minced bigeye tuna meat “Negitoro” which
were packaged in plastic film bags with low gas permeability (ONY/LLDPE). The
“Negitoro” samples containing various concentration of L-ascorbic acid were stored at
-18 C and subsequently thawed, unpacked, and stored at 5 C.

~0-0% —8—0.01% -A~-0.03%
——0.10% -+ 0.30% ¢ 1.00%

(A) during -18°C storage (B) after thawing, unpacking
O and 5 °C Storage

L-ascorbic acid conceniration
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metMb ratio(%)
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" opening
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Fig. 12. The changes in the ratio of metMb of “Negitoro” which were packaged in
plastic film bags with low gas permeability (ONY/LLDPE) during -18C storage(A),
and subsequently after thawing, unpacking, and during 5 T storage (B). The
“Negitoro” samples containing various concentration of L-ascorbic acid.



aScorbic acid concentration 0.4%

catalase
—O—no addition
-8 0.5%
L -—1.0%
——2.0%
——3.0%

a* value

1 1 L

0 2 4 6 8 10 12
20°C incubation time (hour)

Fig. 13. The changes in a” value of “Negitoro” with 0.4% of L-ascorbic acid and various
concentrations of catalase (food additive grade) during 20 “C storage.
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0 20 40 60 80

5°C incubation time (hour)

Fig. 14. The changes in the ratio of metMb of “Negitoro” with paprika powder or
ascorbic acid during 5 ‘C storage.
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DREMER T OB THEFERE LT, £F v I47nrey (MbO,) HA RMIA 7 vy (meiMb)
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DOREZAToTfER, TAANE VBN L2 L bEWBRTEE T Lz, BETEITEER TRl
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MRS eI REOEABLEZENELT, 53, 4sZ0RMTEPELARDONET R a Ly
B, W57 —8, "NTVAIDIEREERT. FORR, TRAILCUBEOETHEZFALT, EEHE
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