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Studies on the Physiological Functions of Food
— Focus on Melanoidins and Vegetables —

Masayo MIURA *

Abstract
The authors’ research field has expanded to the functionality of plant-derived foods, starting with the
biological actions of melanoidins. Our research is summarized as follows.

(1) Study of the characteristics of melanoidins and their biological actions

Maillard reaction products exist widely in prepared and processed foods. Melanoidins are indigestible,
high-molecular weight compounds. Their physicochemical properties allow them to play various
physiological roles in the processes of digesting and absorbing the nutrients in the foods that contain them.
When melanoidins were ingested by rats, fluctuation in the intestinal flora was observed. A significant
increase in lactobacilli was seen. Decreased intestinal retention time and serum cholesterol level were also

observed. From this, melanoidins were predicted to have some kind of function in the body.

(2) Effect of miso on postprandial blood glucose

Using several types of miso specimen, we investigated the relationship between miso intake and
postprandial blood glucose levels. In a human interventional trial, the glycemic index (GI) was measured
after the intake of white rice, and the relationship between the effects of miso on carbohydrate digestion
enzyme activity (@ -amylase, @-glucosidase), the degree of brownness of the miso, and postprandial blood
glucose control was investigated. Trypsin inhibitor (TI), which blocks trypsin activity, is contained
in soybeans, which are a raw ingredient of miso. Ingestion of trypsin is reported to be involved in the
secretion of insulin, a key hormone in blood glucose control. Therefore, we also tested the effects of the miso
specimens on trypsin activity and quantified T in miso. A GI-reducing effect was observed for some of the
miso specimens. In vitro, all miso specimens were found to inhibit the activity of various digestive enzymes
(w-amylase, a-glucosidase, and trypsin), and minute quantitative values of TI were obtained as a new finding.
Also, trypsin activity tended to be more strongly inhibited with miso that was browner in color.

(8) Effect of the ingestion of vegetables on oxidative stress levels in the body and antioxidants

Dietary intervention trials were conducted using bok-choy and garland chrysanthemum, or broccoli,
cabbage, and Japanese mustard spinach. The subjects ingested the designated vegetables for 7 days. Blood
and urine were collected before and after the trials, and the levels of reactive oxygen metabolites (ROM),
isoprostanes, and biological antioxidant power (BAP) were assessed.

ROM levels significantly decreased with the ingestion of garland chrysanthemum and Japanese
mustard spinach. A significant decrease of urinary isoprostanes was observed after the ingestion of garland

chrysanthemum and broccoli, while there was a significant increase in the BAP level.

(4) Assessment of glycemic index with noninvasive blood glucose measurement using near-infrared
spectroscopy
In diabetic patients, maintaining glycemic control and self-monitoring of blood glucose (SMBG) using GI
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measurements involve blood collection and are a huge burden on users. Thus, a blood glucose measurement

method that is safe and less burdensome is desired. In this study, we measured GI with the intake of five

plant-derived food dishes (Japanese mustard spinach, cabbage, tomato, soybeans, and Chinese yam) in

an investigation of side dishes likely to suppress GI in combination with cooked rice, the staple food of the

Japanese diet. Noninvasive blood glucose measurements using near-infrared spectroscopy and SMBG were

performed simultaneously. In the noninvasive measurements, the diffuse reflectance spectrum (700— 1,050

nm) was measured and a calibration model was constructed from a single regression analysis focused on the

change in blood glucose from fasting to obtain the estimated blood glucose level. The results showed that GI

was <100 with all five types of food tested. Based on actual blood glucose levels from SMBG, it was found

that the noninvasive measurements could estimate blood glucose satisfactorily.
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Fig. 3 pH Profiles of Solubility of Melanoidin

Aliquots of browning reaction solution were adjusted to
various pH with HCL or NaOH, and centrifuged to obtain
the supernatants whose absorbance at 470 nm was measured.
Reaction mixture: amino acid Im, D-glucose 1m, NaHCOs 0.1wm,
Heated at 95°C, ——, glycine; ——, L-vline; - - -, L-gulutamic
aid; - - -, L-arginine; A, 24hr; O, 36hr; @, 90hr.
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Table 1. Composition of Diet
Ingredients %
Casein 10
Corn starch 70
Sucrose 8
Salt mixture' 4
Fibre 2
Choline chloride 0.15
Soy bean oil 4.1
Vitamin mixture’ 1.75
Total 100

'Harper’s mixture.
’A PANVITAN powder from Takeda
Chemical Industries Ltd., Tokyo.
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Table 3. Effects of Browning Products on the Yield of
Lactic Acid in the Ileum of Rat

Conc. of lactic acid

Group (mg/g contents) pH
Control 1.034+0.22
Test 1.56+0.14' 7.0+0.5'

The values are means+SD. N=8.
'Significant difference from control at p=0.05.
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Table 4. Diet Composition

Ingredients basal test I test II
Casein 20 per cent 20 20
Corn oil 5 5 5
Salt mix." 4 4 4
Vitamin mix.” 1 1 1
Choline Cl 0.2 0.2 0.2
Melanoidin 0 2 4
Sucrose-alpha starch 69.8 67.8 65.8

(1:1)

“Harper’s mixture.

"PANVITAN powder from Takeda Chemical Industries Ltd.

Table 2. Effect of Administration of Browning Products on the Number of Viable Cells in the Intestinal Contents

. Ileum Caecum Colon-Rectum
Bacterial group
Control Test Control Test Control Test
Enterococci 49+1.3 5.2+1.0 6.7+0.5 6.6+0.5 7.0+0.4 6.6+0.4
Staphylococci 5.2+1.9 5.2+1.0 6.3+0.4 6.1+1.8 53+1.4 6.51+0.6
Coliforms 4.8+1.6 5.6+0.6 6.7+0.9 6.5+1.1 6.2+0.7 6.1+1.0
Clostridia 6.7+0.9 7.4+0.4 7.4+0.6 8.0+0.3 7.24+0.9 7.6+£0.9
Lactobacilli (anaerobic) 5.84+0.4 7.0+0.6° 7.6+1.0 6.8+1.7 6.4+0.9 6.6+1.1
Lactobacilli (aerobic) 4.5+0.4 5.8+1.0Y 4.840.7 5.740.5" 4.540.7 5.7+0.4"

The values are Means ==SD of logarithmic counts of viable cells per gram of the intestinal contents.

N=8.

a) Significantly different from control at p=0.05.
b) Significantly different from control at p=0.025.
c) Significantly different from control at p=0.01.
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Table 5. Effects of Melanoidin on the Gastro-intestion Transit
Time of Rats (n : 7)
Diet basal test I test 1T

Transit time
(hour)

a and b indicate significant differences from basal at 5 at percent,

4846 36+4" 27+3"

respectively.
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Fig.4 The Cross Section of Jejunum from the Rat Fed Basal
Diet Staind with hematoxylin and eosin. (X 150)

Fig. 5 The Cross Section of Jejunum from the Rat Fed Test II
Diet Staind with hematoxylin and eosin. (X 150)
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Table 6. Diet Composition for Glucose Tolerance Test

Ingredient %

Corn starch 67 per cent
Casein 21

Corn oil

Salt mix." 4
Vitamin mix.” 1

“Harper’s mixture.
"PANVITAN powder from Takeda Chemical Industries Ltd.
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Fig. 6 Effect of Melanoidin on the Rates of Changes in Blood
Sugar Level after The Injection of a Sucrose Solution
through Stomach Probe.
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Table 7. Effect of Melanoidin Added to the Incubation

Madium on the Uptake® of Sugars trough the
Everted Jejunum Sac (n : 5)
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Table 8. Diet Composition

Ingredients Basal Control  testI test I
Casein 20% 20 20 20
Olive oil 5 5 5 5
Salt mixture® 4 4 4 4
Vitamin mixture” 1 1 1 1
Choline Cl 0.2 0.2 0.2 0.2
Choresterol - 0.5 0.5 0.5
Melanoidin - — 2 4

Sucrose/a -corn starch (1 : 1) incorporated to make 100%

*Harper’s mixture.
"PANVITAN powder from Takeda Chemical Industries Ltd.,
Tokyo.

Table 9. Effects of Melanoidin on the Cholesterol Level of Feces

Melanoidin not added added mg/head/day  mg/g of feces Excretion (%)
Sucrose 6.8+2.3 2.2+0.6" Basal 2+1 7£5 -
D-glucose 18.2+7.9 17.2+3.3 Control 33+£5 109413 54+8

“The amounts of uptake were the concentration of D-glucose Test I 26 2% 571 5% 428 5%
in the sac after incubaition. Test II 21 3** 31 5% 34 £ 7**

"Indicates significant differences from not added at 1 per cent.
The values are average =standard deviations.

** is significantly different from the control diet at p=0.01.
Test I : Mel 2%, Test I : Mel 4%
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Table 10. Influence to give to GI of test miso

miso Glycemic Standard

(soybean pastes) n Index deviation
kome miso 1* 13 104 19
kome miso 2 18 97 19
kome miso 3 12 96 20
kome miso 4 13 94 26
kome miso 5 19 96 18
mame miso 1* 12 84 10
mame miso 2 13 98 27
mame miso 3 19 95 31
mugi miso 1 17 91 21

* p<0.05

One-way analysis of variance and multiple
comparison by LSD.

Table 11. Effect of test miso (soybean pastes) on the activity
of Trypsin in vitro.

miso

(soybean pastes) 1Cs (%) TI equivalent

TI* 0.00029 1000
kome miso 1 13.1 0.02
kome miso 2 16.6 0.02
kome miso 3 19.4 0.02
kome miso 4 28.0 0.01
kome miso 5 32.8 0.01
kome miso 6 25.7 0.01
kome miso 7 21.3 0.01
kome miso 8 20.4 0.01
kome miso 9 49.9 0.01
kome miso 10 47.1 0.01
mame miso | 2.2 0.13
mame miso 2 3.8 0.08
mame miso 3 7.0 0.04
mugi miso 1 38.7 0.01
mugi miso 2 33.0 0.01

*; Trypsin Inhibitor (TI, from soybean, Wako Pure Chemical
Industries, Ltd.) was used for experiment.

Gl DIEVWAFIZ AR MO LR 2 A, HHIR
RO THICTEGT AN RBINTNSY, kg
PUBERIFE S L CRHIHMEERER TH D B A 5N,
QWb FRBERBICDONT

NU T AR ERE R BRI B W TIE, Table 111279
EOCIHEEDOT XN TOMGHEKMET MY 7 3G
ENH SN,

HEEABRIE D IC50 (%) Z Ltz L, SURBEAIZ O /I
BEEDz. ZNLD, SEREIIMOIRIIZ R, KFiT
FRWN Y T AGRHEEERND B 2 EAURB I N,
F7z, HEAKBEME O TI Y & % 5% L, Table 11 1Z/RL 7z,
TR O HHE72 TT 24582 & U CTH Wz kG5, ftakukms o
N T U HEOREIZIFETH 5 THT ARG 5 72,

a-7 2T —VIHEHERBRICDOWT, IC50 (%) &
DI RTOUREKMEICBNT, £ EKo-7I5—1F
EHEHENED SN, 7Y WK ae-7 2 7—-FTlHE
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Table 12. Effect of test miso (soybean pastes) on the activity
of @-Amylase in vitro.

Table 14. Trypsin inhibitor content of test miso (soybean pastes)
assayed by ELISA.

miso «-Amylase «-Amylase
(soybean pastes) (from human saliva) (from porcine pancreas)
1Cso (%) ICs (%)
kome miso 1 8.5 1.0
kome miso 2 14.1 1.3
kome miso 3 12.0 1.2
kome miso 4 8.8 1.5
kome miso 5 51.3 1.3
kome miso 6 10.2 2.9
kome miso 7 7.8 1.4
kome miso 8 37.4 0.5
kome miso 9 15.1 1.7
kome miso 10 13.2 1.2
mame miso 1 5.4 5.4
mame miso 2 14.4 10.5
mame miso 3 18.0 8.6
mugi miso 1 85.1 1.9
mugi miso 2 6.9 0.8

Table 13. Effect of miso (soybean pastes) on the activity of
@ -Glucosidase in vitro.

miso

(soybean pastes) I1Cs (%) Acarbose equivalent

Acarbose* 0.0026 1000
kome miso 1 1.7 1.6
kome miso 2 2.5 1.1
kome miso 3 1.3 2.0
kome miso 4 2.4 1.1
kome miso 5 1.8 1.5
kome miso 6 1.2 2.3
kome miso 7 0.1 26.3
kome miso 8 2.8 0.9
kome miso 9 0.6 4.3
kome miso 10 1.7 1.5
mame miso | 5.9 0.4
mame miso 2 10.1 0.3
mame miso 3 3.1 0.9
mugi miso 1 1.9 1.4
mugi miso 2 1.5 1.8

*;: Glucobay 100 (Bayer Co. Ltd.) containing 100mg/tablet of
acarbose was used for experiment.

MR -7 2 Z —BIZH# U T Table 12 12789 KD
12, ISP EILEE TH o /=,

-7V a3 F —EIEHEREIERABRITH N TIE IC 50 (%)
X0, TRTOMMAEKE TR -7) a2 ¥ —ViEE
FHENED SNz, £z, HElkEOY 1V R— 2 Y&
ZEM L, #5503 Table 13127 L 7=,

WD -7 a2 —FHEOREIX, 7 HILEA—
ZATHARTHENZ ENHRI N, £z, RIFOHBEUC
KO TGIME R LZERICDWT, in vitro IZBI1T 54
NG, AR ISRRET N TIZB W, BN (LEEE
Ot MERM I T YR -7 25—, T¥NFa-7
VAT F =PIk L TRWIEMELEN D 517z,

miso TI content of miso
(soybean pastes) (TT ptg/miso g)
kome miso 1 0.1040.001
kome miso 2 1.174+0.02
kome miso 3 0.56+0.02
kome miso 4 1.094+0.13
kome miso 5 0.28+0.01
kome miso 6 0.1040.001
kome miso 7 0.124+0.02
kome miso 8 0.05+0.001
kome miso 9 2.894+0.08
kome miso 10 5.45+0.18
mame miso 1 0.05+0.01
mame miso 2 0.27+0.03
mame miso 3 1.19+£0.01
mugi miso 1 0.71+0.01
mugi miso 2 16.42+4.28

Experimental data were given as the means+standard deviation.

kome miso 1
kome miso 2
kome miso 3
kome miso 4
kome miso 5
kome miso 6
kome miso 7
kome miso 8
kome miso 9
kome miso 10
mame miso 1
mame miso 2
mame miso 3
mugi miso 1
mugi miso 2

0.00 1.00 2.00 3.00 4.00 5.00

miso (soybean pastes)

E470nm

Fig. 7 Brown degree of miso in E470nm

/2, 2 TORGAKEICBNT MY 73 iE M EE
Mz 5N, HEIZELISA B2k D, ko Y
T A ey — (TD) #ERLF, KT TI HE
& (TIpg/WiEg) 7% Table 1412801 7=,

LR PRI ICZ £ 5 T RIFRIE ORI L > TR
0, kg g 7= 0 @ TI & 8iZ (0.05 ~ 16.42) g THo
Too BfE BIE, 2EMICHRIEF O TI ZRIIMETH >
7o
@RI O 8 £ 1

WG 0D 18 1 & E470nm THlE L 72 4%, Fig. 7 1R
LD ICEKRETREENRKENT EDER I N

$7z, WEFERBE R BRER D IC50 (%) LB
& (E470nm) & DREfR%E Fig. 8 IT/RL 7z,

~U T2 d i E OB R r = —0.733 (P<0.01)
THO, REOBAENRKEVIFZE N T2 2328
<HHETZMHEEICH D ENBD LN, T WK a-
7 2 I —EIImHE OB r =0.855 (P<0.01), -7
Va2 F —EI3EE OMBERE r =0.775 (P<0.01) T
HO, NS 2 DOEERIGHEITH L, BRIE OB AN



y = -0.08x + 3.24
5 | r =-0.733(P<0.01)
n=15

60

Trypsin(from porcine pancreas)

ICy, (%)
6
C
5 |
4 N
g .
o 3 r
=
= >
Mo, | y=0.47x + 0.21
r = 0.775(P<0.01)
n=15
1
P
®
0 . 1 L
0 5 10 15

a-Glucosidase(from porcine small
intestine) 1C;, (%)

15

6
B
5
4
3
g .
S2f, y=0.43x + 0.24
L r = 0.855(P<0.01)
€3] 1 n=15
o Lo
0 5 10 15
a-Amylase(from porcine pancreas)
ICx, (%)

Fig. 8 Correlation between E470 nm and enzyme-inhibiting ability (ICso).

(A): Correlation with E470 nm and ICso (%) of Trypsin (from porcine pancreas).
(B): Correlation with E470 nm and ICs (%) «-Amylase (from porcine pancreas).
(O): Correlation with E470 nm and ICso (%) «-Glucosidase (from porcine small intestine) .

ENIFERREEZ R < BHET D AR IR E N, 78
B, E MR -7 I 5 —EBRUOCLIZDNWTIXEEE
(E470nm) & ORIEIIFED 5N h o7z,

AT K D BRI OB RIC K o TREEE 2 1k %
U, 1 A e 59 5 el felE s fEll S 7z, Bk
OB & BB IMEE A6 & OBHEIERD sk
nolz.

INX D, WRmESAEBIEE LRI T OREE K
Ed ZEAURB I N, SRS &S L 2B IRBE B O
HFENHIF I NS,

F7z, WO BB FFIHIET & U T, BRI
HED TI, WIS OB AEICEF G T 555 (Melanoidin
BETY), T OMukmE b QMR S, EEROFEN
FOERANES L TSI 20 ReENE Z2 5z,

2) BHEOBRMERNOBILA B L XL NN &IF

B figtmE ™

LA B L A&, (75 NDOERTROS O AR
KU, PiB bR R NEI N, ZAE<E, JFES
K UDNA Izt U CTIBIEMEE Lo 7IREEE EEHSI N
%)17)0

%< DA SELA b L A ICBE T 2 5w TR R T
WHEERNAEN TH D ERmEINTNWDS, FE, BILA

M RERMTEINA AT —H— (BILA ML AT —
N1—=) BEE<HBEINTHY, HfiltwEz2 508
DERUC K DR R & U CHRIRDEZ O TIA< A
nHs NTNnh5,

© [FEB1] & [E82] O2D0HEKRET>T,

[ 1] TIIEREAZSICHEEE a4
BHIEICKOBILA N LALRINSEHESNDNES
DOELA RV AR —=I—M5 0L, TORERNLD
MR TE2H/HEMBL =

(%25 2] AL B EICEEN MBI EB LT
Z P HIVIHERED T 21T o 72,

Q@FEBAHIE

[EB1] KTFRFEZHFEL T -EE2DOH XA
ZTHAML, Uy a7 MEICHE UHERE I
KU TR 2RO HIETAT Lz, &ilRo
AWRIRICBI 2B N L AL X)L OEB XU
KOMBICKDHEOENEZEEL -, affatkhde
EENVHARIIBWTHERNL <, EHS D in vtro DI
FRED AU —= > 7 LEBEENS, Fo7 Y
1, varFy, Joyval—, FyXRUyBXogaxy
F @5 mEERRL 2, IR, 3ICD0 6 H%E
M E L, %<7 HENSISHEHOESY BIFICEH
ikl am Lz, £, AL OREIZLS
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WEEDPRLTZEDICTHEANSREHRELEOR
FBEHK—AZa—& L. BB OARRITEICER I
L, Bt 2 N L ZEEHIE (BAP Test) 35X UHilE(L 138
& (d-ROMs Test) 21707z, S HIT24RERRIRE O IR
H 8-isoprostane JEEZE ST L7 ZNHDNA F T —
=S A L AL NI DWW T 2175 7.
(528 2] [EBR 1] THW/ZS MEOBEEHEICIDONT,
Folin-Ciocalteu {5 12 X 2 AU 7 =/ — )L D E
8, HPLCEIC XA 7 RN EVBBXIUB-hoT >
DO EIT-> =, & 512, DPPH T ¥ h)LiERE &G
L, Viibma & o 2Lz,

(B 5R] [228k 1] 20084EE I # Bk # 144 COF > 7 >
A BRUVQT 2 > F VAR EIT> 2. 2009F 1T
PEFEILTO® IOy O —, @F XY, @IV
Efikr e EE Lz, mHEBERA ML REXS 2> F Y
BLUOYYFRBICBWTIEEERIK FNRED N
7z MR L O ERIEa< Y FRBRERLS TRXTO
BXHEICBRIN, Yo FrBiToy ay —idhk
TIIHEREANA SN (Table 15, 16),

RHENA F < — =12 DWW TIT AR O HHE & %
DZALER % Table 17 1239, L7z 4 IO RHET
R TIZBWTIRH 8-isoprostane L X)L DL RT3 H 5 11
7zo

AT OAMERIET 7oy 3 —illr (—14.59
TarFZB (—13.7%), A<V Fikk (—9.09
Fr XV (-6.7%) OJETKEL, Joyay—
KO 2 > F 7B CIIERRM TR 5Nz,

WEOEMITE > TEARNDOEILA L AHBET
L, MiBIL DN ERTHZENMESIND 20, N1 F
N — A= OB T 217 > /2. d-ROMs, BAP B X
X 8-isoprostane {2 DWW TIT ARTEIZBIT B2 EB(LERDH
HZ T L7255 & Table 18 I27R Y

d-ROMs & JR H 8-isoprostane [ TIZEEL A ML X L
NIVDOYEEIZKD, EBE5 BT 2 END IEDOHBMN
FEABNTz, T80y Y —ARGHABOAT, DM
HobOOHEREBEIZIEN >z, d-ROMs & BAP
DBk & IR BAP & 8-isoprostane [ & BF 32 E i 1
LV AaDOHENA LGNS ETFREINZ, Ty U —id

s

%)
6)

of

Table 15. B EAMIC KD MHEIL A N L X (d-ROMs) heno %

Trial day
Sample day 1 day 7 day 10 day 14
F A 350.0 (43.4) ]** 346.8 (36.9) 349.0 (37.5) ]** 372.0 (33.2) ] s
ENEY 323.3 (30.3) 309.8 (32.1) 304.0 (38.6) 288.0 (36.6)
Joyay— 287.0 (23.8) }}* 307.0 (30.0) 311.5 (38.0) 306.0 (35.3) .
FrAy 315.0 (41.0) wex 3210 (40.3) 318.5 (44.3) 316.5 (42.0) ] )
aww 297.0 (27.0) 309.0 (18.5) 317.0 (37.5) 290.0 (22.3)

Table 16. BFREMIZE D MPHIRILS (BAP) D

Trial day
Sample day 1 day 7 day 10 day 14
F YA 2180 (100) 2095 2204 (165) 2102 (179)
TarFy 2079 (128) 2063 2184 (120) 2127 (113)
Joayay— 2122 (174) 1986 2081 (134) 2077 (120)
Fr XY 1957 (51) 1986 1972 (137) 1969 (103)
avyo 2032 (77) 2021 1999 (75) 2012 (73)

Median (Quartile deviation), Hifif : d-ROMs, U. CARR, BAP, /mol/L.

Wilcoxon signed rank test 354 O8N Friedman test {2 & 2 8 E % 5. 'Friedman test, 3 ¥ XY Z 5t & L T Wilcoxon signed rank test TH
TE, Bonferroni Dl (£ 2171 p value: 0.05/2=0.025, 0.01/2=0.005 & L 7=. *: p<0.05, **: p<0.01, ***: p<0.001

20084 FEFIETF > 7 A+ 2o F 7 AR n=14, 2000FEELfE T Oy a1 — - F XY - AV F AR n=15.

Table 17. AWM FTEICIIT S R 8-isoprostane DZE1L,

Sample Pre-intake Post-intake Change (%)’ p value®
F A - - -
D= 1.13 (0.39) 0.83 (0.30) —13.74 (11.60) 0.006
Jowaly— 0.96 (0.54) 0.77 (0.27) —14.50 (23.35) 0.013
F XY 1.13 (0.34) 1.01 (0.25) —6.66 (37.48) 0.910
axvy+ 1.15 (0.43) 0.89 (0.19) —9.03 (27.41) 0.088

Median (Quartle deviation), Bifi @ pg/day.

'Change (%) = (Post/Pre) X 100— 100. *Wilcoxon signed rank test (2 & 2 MERS . *KEE DT —F 75 L.
20084 EHNETF > 7 A - 2 o F VAR n=14, 2009FEEE T Oy 2 — - F XY - DY F AR n=15.
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Table 18.  AMARBRATERICHIT D NA 4~ — T —Z{LR DB E M

d-ROMs vs. BAP d-ROMs vs. 8-isoprostane BAP vs. 8-isoprostane
Sample r! p value’ r p value r p value
F T8 0.21 0.474 -3 —*
D= 0.13 0.667 —0.25 0.383 —0.29 0.311
Joyal— 0.06 0.830 0.17 0.541 0.33 0.237
F XY 0.07 0.810 —0.26 0.355 —0.23 0.405
avwyF 0.40 0.140 —0.14 0.612 —0.48 0.069

"?Spearman rank correlation coefficient 12 & % i fil 5. > *8-isoprostane R E D /=D T —F 72 L.
2008FERIETF > 7 A - 22 F T AR n=14, 2009FEEET Dy 3 — - F NV - TV F ARG n=15.

AV Joyal)— }~
SOyay— FpRY I
FFHA avYF =
FrAy FUFU YA }
avvt vavxy |
50 100 150 200 25;0 00 25 50 75 100 125 150
(yan5s > EE é; mg/$100g HE) (mg/4E100g 2 5)
wRYI2z/—ILE WF7RaIEVEEES
avExy ]* avExy
FUT A | a%vF
Joyal)— } FoTHA
*VNVI FpRy
0 1,000 2,000 3,000 4,000 5,000 6,000 0 500 1,000 1,500 2,000
(ug/H100g 2 5) (BHA B E pmol/HE100g #E)
B-hoFrEs DPPH SUhILVEERE
Fig. 9 WHHEICEETNLMMBIEYEB LV T IV HERE
Table 19. #F—AZa2—HIFD 1 HEEERRY 7 = /) =V EBB XTI D H)LIEEAE
F 2 A TR o R AR 20094F FEF i3k p value'
WARY 7z =) E
(7 DD < A B ) 556+ 176 552491 530+ 83 0.897
DPPH 5 2271 )L {H 11184491 1089309 967+ 185 0.919

(BHA # 2 & 11mol)
Mean £ SD. 'Kruskal Wallis test 12 & 2 E§E 5.

mu%fﬁmﬁsaﬁmem a0 kbRl ”a‘smfr: UYL, BT AN ECBIEZTay 3y —,
—0.48 (p=0.07) &S &R 21572 N ARE IS AHBEIE FrRXYBLUARYFICELW, DPPH 7 2 H)LiHEEE
Shimo iz, W3 a2 FIONRERNTELS, koJoyal—, O
(B 2] TiE, [FB1] THWEERES BHHIZDW IVFBROF 7 B AIIFIERBEETH - 7z,
ﬂnﬁ%t%ET&SéTU7I/—)L, WY A)VE R e, [FEB1] THOWER - AZa2—ofgHEiEH

BLUB-HOF D3 DEWELL. ZLTIVHI DWW, RRY 7z /=)L BKUDPPH 5 VL%

WIRIEMEE LT, DPPH 5 VI ERAEIC D W TRIEL fERBIE L, RED 5 OERBMICBT DHERICHET
2o RIS Fig. 9 ITR T, BERIBMRO MBIz 2R L 7. KR Z Table 1912
,(ﬁ\ﬂ"J7I/—)I/L;t/:1/$7<‘:7D/:!U— % ~U 7z

KEBEN, B-HOT YR a>F, ANV FBRUF A 2—DRARY 7/ L BRUT DI



3 P07 3. JUEI Y - ATy o RDERADKEE AL
E oo £ "0 p(fi% ) 7= FEREEMAERI E O 5@
- B s MU VS PRI OO FEAE IR D T, fEER AR
& 1500 7 BRIEDY A0 T 755 —ThH5 T ENBEINTL
T 2,192
= 1000 T 3 < NP 90 Ak 7
43 AABOERTH DAMEDHMERICZED, GI 2K
N s00 + TEEBLED BB 2T/, GO TGLIZHE
§ BrEFITZENREIND BRSO TS
a 0 } +— } ' - 1o,
0 200 400 600 800 1000 —J7, FERIEEE O MAEERES GLIAEICBWTHN
GAYTT—LEE (me/day) 5H 5 MREEERE (SMBG) 13, $RiZ S EICHlE
BRI TH D ZENnG, KOEZETEAHOEDRN

Fig. 10 fi—AZa—0fRRY 7/ —)VGEBITIT DN 5 .
T Msromm ToomEReETE Bk 5B, TRETITRMELEE LR

BEAY 72 MBEEIETLE & U T, DB O & JE % R i i

(700 ~ 1,100nm) % fl W7z T FR7M 53 FE1EIC K B M

AE DRI Fig. 10127R Y, T P HIVIHERRICHT 5 HROHNTER, L, BAZE HEEZOEENS
RN T/ =V EBITEEREOHBENA SN, AREZLE O & M A PRSI BLRIE 5 O B FE I Rk
M—AZa—HIE (7 B OBFHEO 1 H¥EEk HUFIRR L, REEMLICEE> TuRn?™?, 4
R 7 /= EFEBIUITDNIEEREZRT. N [ElfTR O G HIE D 7= DI K U 7= 400 BLE Wi B A
BRORIZD 3 DOM— A a—MIiTING DR ELRA MFBRIC BN T, SMBG & abHH TEMRDIITIRIF AR

TR NN o7Tz, ER1OHEELD, a2 F /D 7 BV ERIE U A SRR Ol OB R I D W T
BRI B X CRP OB R b LR & FiEg{b ) O Wiz,
EWET D EMNRBEINT, 1) GIL#lE

J 0w 3 — 3Pl 1B X QAR 8-isoprostane L R E DOEEL Table 20 127779,
NIV OREDBRI N, XY FIIBWTIZMHE(L GIEIEIRAAGI RO 70 kI — )L™ 12 HE
ARV ZAEDRTNALNZ. BT, N FI—T— LU THTo 7o KMREITMH 36 4 (i 20.7+£0.5

[ D HIRESAHBIME R SN o R ER E LT, B

Table 20. y )
I BB R AT S O & & b1 MRS

N H H mean®SD
BRSO MER 7 E O EOHR I N, BFRITENM T () 36
U 7= Bl B At D Fl Bk & LE R TH ARTO M P ER LA b PR e
L ZAENEREIZEWZ ENBRIN, BREREZEDOEN LS G) 20.7+0.5
NEBEZRILZEEOD 1 DTH D alREMENRE SN HE (cm) 158.2+5.2
7z RE (kg) 50.9+5.4
B2 DRERED, TYUMINEREICEIRY T — BMI (kg/m") 20.3+1.8
VBEUB-HOT > OMGHE A SNZA, e ZBIFIEIE (me/dL) 829
. 75g OGTT 2 B fili (mg/dL) 116+ 14
Table 21.  FRBR A DAL AT K ORAE AL HLAL™
S jﬁﬁﬁ ﬁéﬁ i A & RAER
(ZFED) (FvXY) =1%%D) (b= 1) (723 d)
K () 149 146 140 141 135 117
REES (@ B 120 ~ 120 ~ 55 120 ~ 80 ~
(AT B8/ A2/ A ) (nl B/ 26 /4 2 1) OKHE) (AT £/ A/ A ) (nl B0/ 26 /40 24 1)
[OFN0] (2 1 1 1 1 1 1
K (mL) 150 150 150 150 150 150
T F— (kcal) 221 232 229 289 226 226
mKie (2 50.9 53.1 52.8 54.5 52.0 51.3
EAELE (9 3.2 4.9 4.0 10.0 4.0 4.4
e () 0.0 0.1 0.2 3.8 0.2 0.2
e () 50.4 50.0 50.1 50.0 50.0 50.0
ke (o) 0.5 3.1 2.6 45 2.0 1.2
IS E (9 0.4 0.41 0.41 0.61 0.41 0.41

* AR IR IR B FoREBHIC L, TOMIT AT MRS RL VAR L.



% BMI203+18) THD, HAMRKNFERICLDHE
TR B DRI EICAE W, 75g DT R U B A AT
(oral glucose tolerance test: OGTT) 1T & U Bl B
DERD 5NN EZE MR L 72,

z)ﬁ%ﬁ

HAERII AR (F50g fiYE, Y hool
ﬁ%@ﬁm(%ﬂéﬂhﬁ*ﬁiﬁﬁﬁtﬂﬁwﬁﬁ
KR EmERG—MOMAEDE L L, MAERMITIZ
—IRICATF Al RE/R M &5 5 R (2 XD, F+v AN
Y, ER b, 20T, htng) E2ERLE, Sl
DRERR B S DS PR /LR &2 Table 21127 U 7z,

BMERMOZEDR, F¥XY, hY D3 HEED
BIREIIEREHA21 B @1 HOERFEEER
E350g DHEMED, ZDHK1/3 & (120g) 218D
BHUEE L, 120g (4B) MMEICHE L. W36
PRI B FFE D 120 O R st (55 7 10 ™ DU s
EOV X0, 1A (B0keal) HOBHUERE U THIR G,
DRERDPFRIODEM L TKES g & Uik, 2B, M
HABETCTREEIFE 2HOBERTH D EFELTHY
5N5M, ~HTRIZEELTBHEHINSZENH S,
BHAVWS () 1E, BENT P24 RY RISV 2
2#E1780g () ITRHREL 7z,

EDMR, FrAVIIAER (F) 1204 EE T T
SF U, BiERG UERERICETL > OMBHEL
Tzo B MIEEE () 120 Y RITDOWTHRE Z
PR Ui 0 rE, BEUE AT AR Uz, 720 Ik
EDKE 55g ZKTID Uiz, IRl &H (42) 80g
ZEIERMCEBIRIC Y U7z, SBERE 1 &E0OHEE
50g MM & 70D KD KEREZ R L 7.

3) GIHIES ik

GIRIEIZYE 0, BERH DY &iTH—RZERL
oo WIEHIE, BIERTH D S 10MELL Eoffiftg, T
A9 RF &k TITHIE 2 Ba U, Z2EI M FE 2 SMBG 12 &
DPEL . TR, HERIZIIMRAERZ/K 150ml &
I (— O O EE0mIFL L, FHRRFRH 5 ~ 1057

L, RERICDOWTERBERERLZ O DA
WWENEREF b—) Lk, 2 KH BERBESG, 15
30, 45, 60, 90, 120 731%) ODIEZBE Lz, HHRFILT
SHLTI TN =TT (1T —T104L L), 7
W—T7HICEBENT2BmERZEHOR> 2., £/, H
AGIHRE2DO T 0 b a—)VIZHE> T, alBR &I bk
FHEB# T mEFE (the incremental area under the blood
glucose response curve: IAUC) ZHHH L, TDEMN25%
PAN & 75 % Sl 2 £t 538 O GT BLHNT W % BLEH
ELUTHRMLU.

4) HeatLEE

GI DfEIZ L £ FEHER A (mean*SD) TR LU 7z,
HAEFITH T 2 A B O R 205 [ O s LA il 35
X ONIAUC O LL#z1Z, paired t-testiC THEBREED 5 —
HEFAMGEDHEERD T —F & OIFEHMHEDEZBRE
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