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A Study to Evaluation Energy and Nutrients Intake and Distribution of
Meals in Nursery School Children
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'Laboratory of Nutrition and Foodservice Management, Faculty of Home economics,
Kobe Women's University
’Yamagata Prefectural Yonezawa University of Nutrition Sciences
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“Tohoku Medical Megabank Organization, Tohoku University

Abstract

In this cross-sectional study of 24 children conducted in June, August and November of 2012 and February of
2013 at a nursery school in M city, Gunma, we examined the amount of energy and nutrients they consumed both
on the days with and without their nursery school lunches (lunch and afternoon snacks). The nursery lunches were
weighed, observed and classified of its dietary content. The dietary data at home was obtained by the parents. We
totaled 12 days” meal records (4 weeks) — nonconsecutive 2 weekdays with nursery lunches and 4 days from
Saturdays and Sundays of home lunches, respectively.

In our research, we found that the intake of Calcium and Retinol per day /per 1000kcal of the nursery lunches were
50% greater than those of the home lunches and also that the volume of the nursery food was larger. As a result, we
confirmed that nursery lunches are very beneficial and helpful in providing a balanced diet to the nursery school
children.

Key words: nursery lunch, child, dietary survey
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1. #% B

R EDE L, BFR A ALOBRIZE>THRELIEMTH Y, MATHIDELLALR
BY . Ll BRI A2 0032 0 SR H i X, WP I A B L - RBE L OB A HK260%
Kl TH DY o FHISHEITHEAT XA/ HERT e Tld, BREMALFERR O L 245 E s Bk CRE\EHE
T8, FIHFEOHE O EFEPCRN, 2F DIt S8 EORUNE 72 TR ERDAHIHIRL 72
FEORFIZOWTHIETHI LS TWS, X512, WEHEARKZICB 2 EHEORMEF A F (CEk22
) U Tld, HARAO L ECEHE (20104500 ¥ G L . HRBDOT L AR L AT TRIEG M A2 VL
PDCAHA 27V ERITEIRENT WS, LA L, ShEE & LA VERO R EB) 2 %18 L 7 £ HHICR K
DOFERZL LV, MM TIZDEE N RIS, HL1EOEFRFEICOVTHEY L7zhs AT, VERIZ418]
BRMELTEBL., HEODHLHERVHIZBITZ M %8 U7 5 EIURMIZ oW THE T 5.

2. B &

PHASBEIE, 20124E6 HICHE 1B, SHIZA2ME, 11 AICHE3MEE. 20134E2H 24 E &, 20124E 8126
RO RFHEZTo7 IAOWMETHEDSHHH2H, HEOLVHIHOMH L Z2WV3HHED | 45HTH
BDOHLHIHM, #ADLRVHAHM, VEMICHEKL Z2WI2HETH 5. M EDDH S HIZ, REFTHE LA M
ENTVLHEH»LEMHO I BEFH L 2V2HEE L7 MBOZ2WHIE, THEHEEHBHICAESR#HA
R L 72

AR R BB MO LR E T8 ) 32 S5 DN RITHTH 5o TDILTXTOTF—FDE
B o123 P24 - W TA%. VB T6% - L 15%. S B 5% - K280 HF24% (B1134% - L 1114%4:
A R 9665.0%) % AT R EE L7z AT S # o G E IR, MARBIRED 2D REFT 2 57—
ERAHIENTELRD ST

A AL, A RICL SRS ERUBISEICEIDVERL-. KEORHX, REZICHELSILET
L. ARIZOVWTIRHLRCSETKBIL -, ftRIZIETIVINVAT— (=7, KD-812) ZHw
i

T )7 50, RAEFHICIZ = 7 VSRR Ver 6.0 (B4 ® 2o, REHPURRICOWTIR, FE
WMAERROREEHTHOOND TANF—RURERIIOVCTHNITEITo 72, MatATIZI3FEY 7 b,
SPSS Statistics 21.0 for Windows (IBM#l) ZH 2. #EDH L HERWHOIEEIZIL, MIEDH B tHE
V., BETEF MM O A DLEIZIE—ICRE 5 T2 v, 2O HORE IZIZBonferronid) %1k
R &ATo720 HARAD L HE (2015450 @ (SIS L& b 72 R B FCIR O F# 4l 12 (X Fisher O
LT Wz, AEHERIIVCTRS5%ARE L7z,

B, AWRIZENBREM RO IFVEAEO—RE LT, BENVRENARTOMHEERZOKBEERT
BT FEML 72 MAPGREIZ S8 O RS, SOl CHELE 72

3. # 2
1) 1EMOBENHZAELVADIHYY DI XL —{ERE

RUIVEHOHEDOHHHELRVWHO T AN F—HYUREZ R L7z, B2 E L B4R B OMAE T, HEDD
HZHPZVHIZES, IHY DO FVF—EEPEEIZE o7 (F2[H :p<0.05. 55401 H : p<0.01) -
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L2L, BERAR OB EOHAHDIH Y- DO AN F N E% —C i B T THIT L2 2A, F
BhETBEOON o FHERC, HEOLVHD, HELZIBDONED 7 VEROKBEOHLHD
TALF— IR, HEOLVHIZHS, B, o7 (p<0.01) - LEMOFHERHZ GH12HHE O
1HY 0 0O x 3L F—HIUR-IZ, 1256 +218kcal Tdh -7z

#F1 1FHOBEOHZ3HELVEDIHLYDIRILY—{ENE (kcal)
#H5HHY (n=24) Z2WH? (n=24) t-test*

51l H 1294 = 253 12900 = 380 ns

520 H 1251 = 267 1130 = 286 p<0.05
3| 137 = 206 1238 = 408 n.s

g4l 1320 = 214 1106 = 281 p<0.01

L4 [ 1320 = 209 1192 = 211 p<0.01

LAER (12H 1) 1256+218

3 it B R 2

1) #WwEOHLHH. 2HHOFX %7
2) #MADHVA
3) #EOHLAESHEOTEHEAH V. B EOLVHIZAABE O S EE
* HIBLAtHREICLDHEDHHHERVHD L : p<0.05
n.s:not significant
2) 1EEOBBEDHIAELVEHDIHYNDOREZFTRE
R2IFEHOMEDHLAHELVWHDIHY YO K BEHBNEL R T MEOHLHIZ, ZAECH
(p<0.01) . JRE (p<0.01) . AR LY (p<0.05) . ZI T 24 (p<0.001) . # (p<0.01) . LF/— Yk
(p<0.001) . ¥% 3 ¥B1 (p<0.001) ., E# 3 B2 (p<0.001) . &£k (p<0.00D) IZBWT, HEDOLRW
HEDAEZBIZEZ HEML T BREMAYNERL. HEOZVHEHLIHICHS, HEIZEZHERLTW
(p<0.05) «

%2 1EEOKEDHZELLVADIALY) OREFHENE

HBHY (n=24) W H? (n=24) t-test*
T2 AAECE (g) 444 = 72 388 = 89 p<0.01
e 8 (g0 446 = 101 381 = 115 p<001
R Av¥—E (%) 302 = 29 284 = 47 ns
e ARAL (g) 1824 = 265 1714 = 270 p<005
NI FN (mg) 462 = 77 289 = 103  p<0.001
#% (mg) 45 *= 08 37 = 11 p<0.01
LF /= (ug) 303 = 57 184 *= 65 p<0.001
E¥3VBI (mg) 057 = 0.09 048 = 012  p<0001
¥¥3IVBe (mg) 080 = 012 060 = 021  p<0001
¥¥3C (mg) 68 + 32 54 + 59 ns
Y e (g) 81 = 16 63 = 19 p<0.001
FUHAH 2 (g) 43 = 09 49 = 15 p<0.05
S 2 il A e e

1) #HE0HLHH,8HH DT HzEHR7:
2) #HEORVGAAABOFEEEE W
IS L7t EIC XM BEDOHHHELVHD LR : p<0.05

n.s:not significant
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3) 1FHDEROHZEELEVBD1000kcal 4V OREFIENE

B2l HEFEARHO AN F—HIEL VEHY VOB EOHLHOZANF—HINESHEOHLHLEL
WHTHBERENRD LN (D) 7:®, 1000kcal ) DRI FEHICREZ T L, IR L2 FEDDH
LHIE, Ay A (p<0.001) . LF/7 =4 (p<0.001) . €4 3Bz (p<0.001) . £¥#HE (p<0.05) D
R EOLZVHINVARFIZZ ML T Wz L L., kA (p<0.01) & EHiH YR (p<0.001) O
WA, AR EORWHA D S HIZHA ARKICE CERL TV,

£3 1FEOERDHZHLEVEADI000kcal ) OREFRDE

#H5BHY (n=24) Z2\WHY (n=24) t-test*

7= AR (g) 337 = 28 325 + 34 n.s

i BT (g) 335 + 32 316 * 52 n.s
wARALY (g) 1386 =+ 382 1448 =+ 132 p<0.01
B2 (mg) 352 + 43 42 = 67 p<0.001
# (mg) 34 = 04 31 = 09 n.s

LF /=i (ug) 230 £ 35 154 = 44 p<0.001
E¥3Bi (mg) 043 = 004 041 = 009 n.s
BBl (mg) 061 £ 005 050 = 0.13 p<0.001
E&3%C (mg) 52 = 27 49 = 59 ns

£ e (g) 62 = 10 54 = 17 p<0.05
LA Y (g) 33 = 103 41 = 10 p<0.001

1) #HEodsH,8HEOFIHERI W
2) HEOLRVHAHB O E v
*Hf B L7t B IC LA EDH DAL WHD - p<0.05

n.s:not significant

4) 1FHOBRDHIALLVENDBROREFZFHNE
RAUTIEM O EDODH HHERVHOBRADKFERFHIEL /R, T AVF— (p<0.0]) | ZAIFKH
(p<0.05) \ IFE (p<0.001) . AV ¥ 74 (p<0.001) . 8% (p<0.001) . L F/—N %k (p<0.001) . E¥ I Bz
(p<0.001) . E¥ 3 >C (p<0.01) , E#kHE (p<0.05) OFHE T, #MEODHLHDBLVHIZHS, HEIZE
CHIL Tz AN R SMEORVHNHHH I DA REIZE (HIL T/ (p<0.001) o

x4 1FHOBEBNHZEELVEHDOBROREFSFHANE

#HAHHY (n=24) Z2WH? (n=24) t-test*
IAINF— (kcal) 367 = 168 311 = 110 p<0.01
T AEH (g) 127 += 58 107 = 438 p<0.05
iR (g) 128 = 59 94 = 39 p<0.001
W& Ih = AL — (%) 261 = 119 253 * 55 ns
AR (g) 483 = 222 452 %= 153 ns
2D 7 N (mg) 162 £ ¥5 af = 47 p<0.001
B (mg) 1.3 = 06 10 = 04 p<0.001
LF /=Y (ug) 114 *= 53 43 + 26 p<0.001
E¥z3B (mg) 017 = 008 015 = 0.09 n.s
E¥3I2 B2 (mg) 02 = 012 015 == 012 p<0.001
Ey3C (mg) 21 = 10 12 & Ii p<0.01
1o (g) 26 = 12 19 = 09 p<0.05
oA Y A (g) 08 = 04 16 = 10 p<0.001
2 il + A 22

1) #EOHLHH.8HH DIz 7z
2) #MEOLVHAHM O fiE v
RIS L7t IZ LD B D HHHELRWHD L p<0.05

n.s:not significant
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6) 1 EMOBRDHZAELEVHORBEFZRZHENK A E AR AO B BRI (20155F5) Y ICBoLEDHES
By
WEDDHHHERWCHOREFEHHHRZ HAAD AFHPUEHE (20154EM) @ OR¥FEHETLOKIRFE
L LD THFM L7 (£5) o AL F—HAERIL, EOHIHARVHIZHR, ZHA L F— LB
(EER) KiliDOHE D ERHEIPh 572 (p<0.05) « A7 4 (p<0.05) « $ (p<0.01) , LF/—1 Y
fit (p<0.01) . ¥% 3Bz (p<0.001) . ¥¥ 3 C (p<0.01) T\ #EDDH 5 Hid AW HIZHA, HEEFH 0 g
(EAR) KiiDE OB G A AR L Edh o7z,

4. E B

3k A SO O BRI AT 2 A G4, VEMNZAR O F A 2 I ML 72 FRi254: E R HE - M A o
1~6DFAEFR FRIUE O R L T L, RO R LFRDIMETH -7z, RWFZEIL, FHIT LI
4], RETGEDHHH2HMEARHIHOMFL 2V 3HMOAF12HMO BFHEOHRTH L. #
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R Y 0> ST 53 ) e i 45 AR .00 5 il

%5 1FEOKBEDHIBELVHOREFRFHIUKR A (%)
»HHHY(n=24) 7Z&\WWH?(n=24) Fisher's Exact Test
. . EER #: i 8(33.3) 16(66.7)
IANF— *
EERLL I+ 16(66.7) 8(33.3)
E AR A ifi 000.0) 000.0)
T AEE EARVL_ERDA & il 000.0) 1(4.2) n.s
RDAM 1 24(100.0) 23(95.8)
DG(20%) A i 000.0) 000.0)
PR AN F—=%E DG(20%LL F.30%) 4 il 11(45.8) 17(70.8) n.s
DG(30%) LA E 13(54.2) 7(29.2)
EARA i 14(58.3) 22(91.7)
AN A EAREL ERDA # i 9(37.5) 2(8.3) *
RDALVL I 1(4.2) 0(0.0)
EARK i 7(29.2) 19(79.2)
% EARUVL_ERDA & i 14(58.3) 4(16.7) *
RDAUDLL L 3(125) 1(4.2)
EARiif 13(54.2) 22(91.7)
L= G EARVL_ERDA #: il 11(45.8) 2(8.3) -
RDALL L 000.0) 0(0.0)
EARA il 19(79.2) 17(70.8)
¥v3vB1Y EARLL ERDA & i 5(20.8) 5(20.8) n.s
RDADLE 000.0) 2(8.3)
EARKiif 000.0) 14(58.3)
¥y3 BY EARVL_ERDA & i 16(66.7) 8(33.3) pet
RDALLE 8(33.3) 2(8.3)
EARA i 0(0.0) 9(375)
E¥3C EAREL ERDA & i 2(8.3) 3(12.5) "
RDADLE 22(91.7) 12(50.0)
. DGkl 18(75.0) 16(66.7)
TRASR DG I 6(25.0) 8(33.3) s

EER (Estimated Energy Requirerment %€ = # )V F— &2 ), EAR (Estimated Average

Requirement i 5E 32 F ) |

RDA (Recommended Dietary Allowance 3% 5 ), UL(Tolerable Upper Intake Level i} 75 FER &),

DG (Tentative Dietary Goal for Preventing Life-style Related Diseases HEE &)

1) #EDHHH,8HMOFEHETHML
2) #WEOLZVHAHBOFHE ML 7
3) 1000kcal 470 L CEEML 72

Fisher's Exact Test:*p<0.05, **p<0.01, **p<0.001

n.s:not significant

BRo7=#RThH D KBSV IZIDE, Ny FH—F TR O R L s L7z Lol b AR % R
ARTAER AFEOILNEO KR FKFHNRZ G LR LB LW ERLTwS, £, HEVIKDE &
FHEPUE D R A R/ MR O e A % { T D7:0/MNEO BFHEAUE TR A O S E ShTw

%o

IHSY O ANVF—HNETE, HEOHLHIEEINEBORE L S48 HF T1251kcaldh b
1377kcal T, EM O EDH HHO T 3L F— L RI1X1320+209kcal TH o7z FED BV HIZE 1]
H#A 5 4540 H % T1106kcal > 51290kcal T, ER DO ED HVHO T 50 F— U 131192+ 21 1kcal
Tholze MH? L5 EFETEBOSEOL R L K G R721H 4720 D = 3oL F— AR T, L
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Bl E 22 REITICHE L TW200, 2208 EOH L HDP L2 VHPAHTH H05, T4 D &P 94EE
2B M 1542keal ~1630keal, % M21442kcal~1490kcald, HADIHEOHLHOFRELINE CELTWiz.
L L# 4 O ER I, S B0 B4 - L 24 TH 2205 MIcaR B L3 IBEGHhEeTI7THD E TN
TWdo WAL T LD MWEN. BRI, WHHE, T RO O3E A S6iE OIS ED S FRIFEE T
DIH MY O x AV F — R OFE il Tid, 3 W 1295keal~1359%kcal, 4if U11339%kcal~1428kcal, 5ifk W
1439kcal~1532kcal TH ), T4 DRI ADO D HHOIHY Y O 30 F—FHE TH 3k WMo FIE
Ve SHUTTRA LR RL ), BAEFOEMIZKYEEOI RO T AN F—FTENESELZoTWEIE
HH R HN Do TH25AE I RMEHE - HFE M ARG IO OBEEIZ, 208 Bk OB AT AL F— B O F1 i
ALOEB TR BN H D EDOWE DD Do AL FERIZHIR TS T A0 F— R A A G012 3> 2 0]
RETEAVRME S 7z,

WMEOHLHOIHK Y ORFERSHEIETIE, T AVF—EBRRZT TR, 2AEH, IRE, =KL
Y. AN, Bk LF/ -V NE EFIVBL EY I VB, PO BINESBEOLVWHIVEEICS
Molz. MADFATHETIE, IHY ) ORKEHRFHNE TR, EOHLHDHN T I LLZTH, #EDOLWV
HEWERICE D o7z BARELY O/NERSFELEZMRELAHIETIX, AV YA EEY I VB0 A
BEDOHHHTROVHIZIREFIE o720

BREORBEHFEHIETIE, WALY OIJEH H6 T TOMEDRH OB D 538 5 HUUE & il
THE SHAOHRIBIIAINF-LIFLALDORBETREDHLHTLERVETH o7 WAL O
PRTEEDO SO TH Y, 204 EL HIOEFHEOMKLETH 5720, HRO AFEICRILAZELL TV Z 075
LIz, BDIHY Y O b F— U TH B4, T OGO He 3 55 JUIUE 25 F 0L F — U
REFRIZIRAD LT WA REMEAVRIE Sz,

BAEOREFEMPEOLE TR, HEOH AL HI B= AV F—E, RAIY, €73 2B, £HH
MRUNDZANF-LRRETHEOLVHIVAREICE CHIRL Tz, BHEANEEZ, HE0HLHD
BRI ZVHID A RIS o70 THY ) O RFERFHIMEZ1000keal M ) DRKFERFHRTAHD L, i
A E EHEANEL, BHEOHIHFLVHIVAEICE o7, ZoZ ik, REORHFE. RETHE
WCHARTRA L E REHYNEI SRR THIEEILN S,

WEOHLZHOAFX G NOREXSFHERNBEOHEGEAZ L, TAVF—HEIURTIE, RETHEDOR
H34.4%. HEAH0.6%ThH o7z WHEMHHEZRICBITLEFORMA L FY TIE, DITORAECIRE, KR
BIREDS 2T SR ERIIERETIHOZ ALF—D30%. HEZ10%E LTHENR TIX1HD40%D
IANF—RERBETLI2OPOVEDDHLELTEZLNT W ZELH), COZEXF TRBELZRIELTH X
WERENT WD RIFERRL NS LD RTH o7 BRSO O/NERSEAEZNRELLHIET
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Abstract

Two bacteria were isolated from healthy human feces. Bacteroides sp. T-40 possessing 7a-hydroxysteroid
dehydrogenase which converts 7a-hydroxyl bile acids to the corresponding 7-oxo-bile acids in anaerobic culturing
system, and Clostridium innocuum T-94 possessing 7f-hydroxysteroid dehydrogenase which converts 7-oxo-
bile acids to 7P-hydroxyl bile acids. The reaction of Bacteroides sp. T-40 was oxidative but that of Clostridium
innocuum T-94 was reductive in the same anaerobic culturing system. When both bacteria were cultured together,
chenodeoxycholic acid and cholic acid were highly (over 80% by 2 days) converted to ursodeoxycholic acid and
ursocholic acid, respectively. When both bacteria were inoculated to germ-free mice given chenodeoxycholic acid in
drinking water (0.02%), fecal ursodeoxycholic acid apparently increased.

Introduction

Ursodeoxycholic acid (UDCA) is widely used as a therapeutic agent for dissolution of cholesterol gallstones'™
or for the treatment of hepatic dysfunction including hepatitis, cirrhosis or the others*”. If chenodeoxycholic acid
(CDCA) is effectively converted to UDCA in the intestine by intestinal flora, it will be useful for the treatment of
these diseases.

The effects of intestinal bacteria on bile acids are roughly divided to three major reactions; 1) deconjugation,
2) dehydroxylation, and 3) dehydrogenation and hydrogenation (or oxidation and reduction)®. The conversion of
CDCA to UDCA is concerned by the third reaction above mentioned; oxidation of CDCA to 3o-hydroxy-7-oxo-5p-

_11_



Bacteroides sp. T-40& Clostridium innocuum T-94OM AL B/ FAF A= VEEOIVY F4F L a— VO LR

cholanoic acid (7=0-LCA) by 7a-hydoxysteroid dehydrogenase (7a-HSDH) and subsequent reduction of 7=0-LCA
to UDCA by 7p-hydroxysteroid dehydrogenase (7p-HSDH) (Fig. 1).

In the previous paper, we reported that Bacteroides sp. T-40 isolated from human feces possessed a high activity
of 7a-HSDH”. Subsequently, we attempted to isolate intestinal bacteria having a 7B-HSDH activity from human
feces and succeeded to obtain a bacterium identified as Clostridium innocuum T-94. Further, we found that when
both bacteria were cultured together, CDCA was highly converted to UDCA, over 80% by 2 days. Then, we
preliminary examined the conversion of bile acids by the both bacteria in germ-free mice and found they were also
effective.

7a-HSDH 7B-HSDH
—_— e _— e
v 7 w ALY
HO™ ‘OH HO 0 HO OH
H

H H
CDCA 7=0-LCA UDCA

Fig. 1.
Mutual conversion of chenodeoxycholic acid (CDCA) and ursodeoxycholic acid (UDCA) by intestinal bacteria.
7=0-LCA: 3a-Hydroxy-7-oxo0-5 @ -cholanoic acid, HSDH: Hydoxysteroid dehydrogenase

Materials and Methods

Chemicals

Cholic acid (CA), CDCA, and glycocholic acid (GCA) were purchased from Sigma Chemical, St. Louis, MO.
a-Muricholic acid (a-MCA) and p-muricholic acid (B-MCA) were synthesized according to the methods reported
by lida et al.'". 3a, 120-Dihydroxy-7-oxo0-5B-cholanoic acid (7=0-DCA) and 3a-hydroxy-7-oxo-5B-cholanoic
acid (7=0-LCA) were prepared by the oxidation of CA and CDCA with N-bromosuccinimide'”, respectively. 7,
12B-Dihydroxy-5p-cholanoic acid (Bp), glycine-conjugated 7, 12a-dihydroxy-5p-cholanoic acid (G-pa), and
taurine-conjugated 7o, 12fB-dihydroxy-5p-cholanoic acid (T-uf) were synthesized as described previously'*'*, and
used as internal standards for analysis of bile acids by capillary gas-liquid chromatography (GLC). These bile acids
were estimated to be more than 96% pure examined by capillary GLC. Dimethylethylimidazole was purchased
from Tokyo Kasei Kogyo, Tokyo, Japan. Piperidinohydroxypropyl dextran gel (PHP GEL) was purchased from
Shimadzu, Kyoto, Japan. The other reagents and solvents of analytical grade were obtained from Wako Pure
Chemical Industries, Osaka, Japan. If not otherwise stated, the solvents were distilled once before use.

Bacteriological procedures

Bacteroides sp. T-40 was isolated from a human fecal sample in which a large amount of UDCA was found.
This Bacteroides sp. T-40 strain showed the highest 7a-HSDH activity among the bacteria isolated from the
feces. Eighty-four strains (E. coli: 4, Enterococcus: 12, Bacteroidaceae: 38, Bifidobacterium: 8, Eubacterium: 5,
Clostridium: 1 and unidentified anaerobes: 6) were isolated from the feces using 3 non-selective and 7 selective agar
plates'®’, Each strain was cultured anaerobically for 3 days in a modified peptone yeast extract glucose (MPYG)
medium"™'® containing CA and the bile acids transformed from CA were examined by thin-layer chromatography'”
and GLC". The colony (Bacteroides sp. T-40) which showed the highest production of 7=0-DCA was selected
for the present experiment. Clostridium innocuum T-94 was isolated from another human fecal sample which
converted 7=0-LCA effectively to UDCA by the culture system. This strain was identified as Clostridium innocuum
by biochemical tests and 16S rRNA sequence data. Both bacteria, Bacteroides sp. T-40 and Clostridium innocuum
T-94, were precultured anaerobically in MPYG medium'>'® at 37°C for 1 day by the gas-pack method (BBL Gas
Pak Anaerobic System; Becton Dikinson, Sparks, MD). Aliquots of the growth medium of Bacteroides sp. T-40 and
Clostridium innocuum T-94 (each 107/10 pL) were added to 10 mL of MPYG medium containing 0.5 mM bile acid
and cultured anaerobically at 37°C for 4 days.
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Animal experiments

Balb/cA germ-free mice were kept in a vinyl isolator and given 0.02% chenodeoxycholic acid dissolved in
drinking water during all the period of experiment. Ten days after the start of experiment, both bacteria, Bacteroides
sp. T-40 and Clostridium innocuum T-94, (each 10° bacteria / mouse) were orally inoculated to 5 germ-free mice,
and feces were collected daily before and after the inoculation. The animals were sacrificed 30 days after the start of
experiment, and the cecum was removed to determine the bile acids. The numbers of both bacteria in the feces were
about 10%/g wet weight.

Analytical methods

Bile acids were extracted from the medium as previously described'. One hundred microliter of the cultured
medium, was treated with 8 volumes of ethanol by warming for 10 min and then filtered. The filtrate was evaporated
to dryness under a stream of nitrogen and the residue was hydrolyzed in alkaline solution. After hydrolysis, the
reaction mixture was acidified with diluted hydrochloric acid and bile acids were extracted with diethyl ether. In the
PHP GEL analysis, prior to the analysis of bile acids, B, G-pu and T-of} as internal standards were added to 100 uL
of the culture medium. The analytical sample with the three internal standards was treated with 8 volumes of ethanol
by warming for 10 min and then filtered. The filtrate was evaporated to dryness under a stream of nitrogen and the
residue was subjected to PHP GEL column chromatography to separate bile acids into free, glycine-conjugate and
taurine-conjugate fractions'”. Glycine- and taurine-conjugate fractions were hydrolyzed individually in alkaline
solution'”. The hydrolysates and free fractions were acidified with diluted hydrochloric acid, and the bile acids were
extracted with diethyl ether. The extracted bile acids were converted into methyl ester dimethyl ether (Me-DMES)
derivatives as described previously™ ", The methyl ester of 7=0-LCA was converted to its methoxime derivative as
described by Horning et al.*", to determine separately this compound and CDCA by GLC.

Capillary gas liquid chromatography

An aliquot of the bile acid derivatives dissolved in n-hexane was injected into a gas chromatograph (Model
G14A; Shimadzu) equipped with a flame ionization detector, a solventless injector, and a computerized data system
(Model C-R4A; Shimadzu). A hicap CBP-1 capillary column (25mx0.25mm 1.D.; Shimadzu) was used. The column
temperature was kept at 285°C, the injector port at 305°C, and the detector at 300°C, and helium was used as the
carrier gas.

Results
By the screening of human feces, we obtained a suitable fecal sample which showed a high activity in converting
CDCA to UDCA. CDCA was converted to UDCA over 50% by 2 days, to 3a-hydroxy-7-oxo-5p-cholanoic acid
(7=0-LCA) about 20%, and 5% to lithocholic acid (Fig. 2). Then, we selected an active single colony from the fecal
sample and identified as Clostridium innocuum by microbiological procedures and 16s rRNA sequence. This strain
was tentatively named Clostridium innocuum T-94.

100 —0O— CDCA
—8—-7=0-LCA
<" —8— UDCA
= «O LCA
2 50
@0 == Unknown
g
C
325

Incubation (days)

Fig. 2.
Conversion of chenodeoxycholic acid (CDCA) by a human fecal sample.
UDCA: Ursodeoxycholic acid, 7=0-LCA: 3a-Hydroxy-7-0x0-5 8 -cholanoic acid, LCA: Lithocholic acid
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(1) Culture experiments.

The conversion of CDCA, 7=0-LCA and UDCA by Bacteroides sp. T-40 and Clostridium innocuum T-94 are
shown in Fig. 3. Bacteroides sp. T-40 converted CDCA to 7=0-LCA (Fig. 3, a) but the reverse reaction was weak
(Fig. 3. b). On the other hand, Clostridium innocuum T-94 rapidly reduced 7=0-LCA to UDCA without forming
CDCA (Fig. 3. c). The reverse reaction by Clostridium innocuum T-94 was also weak (Fig. 3. d). From these data, it
is concluded that Bacteroides sp. T-40 oxidizes CDCA to 7=0-LCA, while Clostridium innocuum T-94 effectively
reduces 7=0-LCA to UDCA. The reverse reaction activities of both bacteria were weak.

Subsequently, we examined the conversion of CDCA and CA by the mixed culture of Bacteroides sp. T-40 and
Clostridium innocuum T-94 in anaerobic condition. As shown in Fig. 4, both bile acids were converted to 7-isomers

and the formation of 7-oxo-bile acids was small in both experiments. The conversion of CA seemed to be slower
than that of CDCA.

(a) Bacteroides sp. T-40 (CDCA) (b) Bacteroides sp. T-40 (7=0-LCA)
e 10 ‘\\"’.‘—‘
__ 751 __ 751
2 *
5 —0— CDCA 5 —8— 7=0-LCA
‘» 50 - ‘w50 -
B —e-7=01CA § —0—CDCA
> -
é Q- Unknown é
25 4 25 4
0 lassssers*=t 0 Q_/?/f\?‘?
0 1 2 3 4 0 1 ] 3 4
Incubation (days) Incubation (days)
(c) Clostridium innocuum T-94 (7=0-LCA) (d) Clostridium innocuum T-94 (UDCA)
100 100 o\h.“.—.
—8 o—F9
75+ __ 754
2 2
= —8—7=0-LCA = —8— UDCA
= & —e—UDCA B 504 ——7=0-LCA
g g
c o
S 3
25 4 25 -+
— — o
0 T T T 1 0 T T T L}
0 1 2 3 4 0 1 2 3 4
Incubation (days) Incubation (days)
Fig. 3.

Conversion of chenodeoxycholic acid (CDCA) and 3 a-hydroxy-7-oxo-58-cholanoic acid (7=0-LCA) by

Bacteroides sp. T-40, and conversion of 7=0-LCA and ursodeoxycholic acid (UDCA) by Clostridium
innocuum T-94.
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CDCA CA
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Fig. 4.

Conversion of chenodeoxycholic acid (CDCA) and cholic acid (CA) by mixed culture of Bacteroides sp. T-40
and Clostridium innocuum T-94.

7=0-LCA: 3a-Hydroxy-7-oxo-58-cholanoic acid, 7=0-DCA: 3a, 12a-Dihydroxy-7-oxo-5-cholanoic acid,
UDCA: Ursodeoxycholic acid, UCA: Ursocholic acid

(2) Animal experiments.

Germ-free mice were inoculated with Bacteroides sp. T-40 and Clostridium innocuum T-94 simultaneously and
the fecal bile acids before and after the inoculation were examined (Table 1). The term of "No treatment" means the
data of germ-free mice without any treatment. "Before inoculation" means the data of animals in which bile acid
composition was determined 3 times during 9 days (Day 2, 5, and 9) after the start of feeding of CDCA in drinking
water (0.02%). "After inoculation" means the data of animals in which bile acid composition was determined 6
times during 20 days (Day 13, 16, 20, 23, 27 and 30) after inoculation of both bacteria. The cecum was removed
from 5 mice after sacrifice on the last day of the experiment (Day 30).

At first, the effect of CDCA feeding (Before inoculation vs. No treatment) was small, but only a-muricholic
acid in the feces increased about twice. After the inoculation, a significant increase (3~4 folds) was found in the
concentration of total bile acid. In addition, increases in UDCA and ursocholic acid (UCA), and a decrease in cholic
acid were found. The bile acid concentration and composition in the cecum were similar to those of the group of the
"After inoculation".

When the concentration of UDCA in weight was compared between before and after the inoculation, it increased

from a value around 1.1pg/g to about 7.9ug/g after the inoculation. In a similar manner, the concentration of UCA
also increased from nd to 3.2pg/g.

Table 1.
Bile acid composition and concentration in feces and cecum of gnotebiote mice innoculated Bacteroides sp.
T-40 and Clostridium innocuum T-94

No treatment Before inoculation After inoculation Cecum
(Day 0) (Day 2-9) (Day 13-30) (Day 30)
Numbers of determination 1 3 6 5
Total bile acid (ug/g) 431 46.7 £ 4.43 16138 % 853" 122.2 X+ 1.64
Composition (%)

CDCA 54 49 + 0.78 2.8 + 0.60 3.1 £ 050
a-MCA 8.9 151 £.0.64 14.8 £ 0.99 17.8 £ 0.32
B-MCA 68.1 62.8 = 0.42 62.8 £ 2.75 62.0 £ 2.06
UDCA 2.2 21 = 1.14 r24 1.028* 57 £ 0.80
CA 10.3 8.9 + 043 37 £ 048" 2.8 £ QAT
UCA nd nd 28 016 3.4 £ 027
Unknown 54 6:2 £ 113 6.8 = 1.10 5.4 + 1.38

* Statistically significant to the "Before inoculation” group (P < 0.05).

CDCA: Chenodeoxycholic acid, MCA: Muricholic acid, UDCA: Ursodeoxycholic acid, CA: Cholic acid
UCA: Ursocholic acid
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Discussion

The present paper demonstrated that when Clostridium innocuum T-94, isolated from human feces, was cultured
with Bacteroides sp. T-40 possessing 7a-HSDH activity”, CDCA was largely converted to UDCA.

A similar experiment was attempted by Lepercq et al.””, who used a single bacterium Clostridium absonum ATCC
27555 to convert CDCA to UDCA. This bacterium was first isolated from soil*” and demonstrated to epimerize
Ta-hydroxy!l bile acids to the corresponding 7p-hydroxyl bile acids®. Another 7a/7p-epimerizing bacterium was
isolated from human feces™'.

These bacteria possess both enzymes, 7a-HSDH and 7p-HSDH, in a cell, the formation of 7p-hydroxyl bile
acid was rapid in the beginning but gradually decreased with an increase in the formation of 7-oxo-bile acid after
attaining an equilibrium balance™. However, our epimerizing system consisted of two bacteria possessing 7a0-HSDH
and 7B8-HSDH, individually. Since the reaction of Bacteroides sp. T-40 was more oxidative and that of Clostridium
innocuum T-94 was reductive in the same culture system, the epimerization reaction proceeded effectively to form
7B-hydroxyl bile acids without regard to the duration of culture.

When both bacteria were inoculated to germ-free mice being kept with CDCA, UDCA in the feces increased
significantly (Table 1). Ursocholic acid also increased but to a lesser extent.

We expected a much more increase in UDCA formation since the animals were given CDCA, but CDCA seemed
to be quickly converted to muricholic acids, especially to a-muricholic acid, in mice before CDCA was transformed
by the intestinal bacteria (Table 1).

A similar in vivo experiment was reported by Lepercq et al.*’, who demonstrated that pigs administered with
Clostridium absonum ATCC 27555 also showed a slight increase of UDCA in the portal vein blood, but no
significant increase in the fecal bile acid composition, except a trend of decrease in lithocholic acid.

They also proposed an idea that such a treatment with 7a/7p-epimerizing bacterium will decrease blood
cholesterol level. This proposal is acceptable since the amount of bile aids synthesized in the liver are 300-600 mg
a day in man. On the other hand, a widely acceptable therapeutic dosage of UDCA is 600 mg a day or more. Even
when such a large amount of UDCA is given, the total amounts of bile acids synthesized in the liver is not so much
affected. Therefore, if endogenous 7a-hydroxyl bile acids are converted to 7p-hydroxyl bile acids by the bacterial
system proposed in the present experiments, the bile acid pool size will be decreased and then more cholesterol is
metabolized to bile acids, resulting in a decrease in blood cholesterol level.

Thus, the combination system of 7a/7p-epimerizing bacteria is a good candidate of probiotics not only in
cholesterol gallstone dissolution or improvement of hepatic dysfunctions but also in reduction of blood cholesterol
level.
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Inhibitory Effects of Coffee and Tea Drinks on Growth of Escherichia coli
and Staphylococcus aureus

Ayumi TAKAHASHI', Noriko TANAKA', and Hiromi YOSHIMURA?
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Abstract

Effects of coffee and tea drinks on growth of Escherichia coli and Staphylococcus aureus were studied using 0.9%
saline as a control. Viable counts of E. coli did not change 3 hours after incubation in the presence of coffee and
rather decreased 24 hours after the incubation. Viable counts of E.co/i did not increase 3 hours after incubation
with tea but increased 24 hours after incubation and reached to the control level. On the other hand, viable counts
of S. aureus did not increase 3 hours after incubation in the presence of coffee or tea and was kept to low level
until 24 hours after incubation. Thus these results showed that coffee inhibited the growth of both £. co/f and S.
aureus, and particularly had strong effect of inhibition on the latter. Tea inhibited the growth of S.aureus until 24
hours after incubation but inhibited the growth of £. co/i shortly: that is, tea seemed to have inhibitory effects on
the growth of two bacterial species at different extents.

Key words: coffee, tea, Fscherichia colr, Staphylococcus aureus
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AEHiE 37 21.0
TLLF—M Rk 26 14.8
ThE—PE R % 21 119
T LI F— P R g% 8 45
T TLIVEF— 5 28
S S 5 28
Zo A’ 4 -
BOTLLF—5H L 103 585
HY 73 415
(PR BB %5 )
1EH3 e 57 324
TLLF—M gk 23 13.1
7 RE—PE Bz 4% 10 5.7
TLbF — PR R gk 6 34
EMTLILF— 5 28
U 12 6.8
F D1l 3 -

B ORIZRD ol

F2UZIE, WTFRFEDOT LT —5 BICBE§
LHERNERLTz BT EBIIKO L IEIRL 7.
Gl ERER (KFREEDTLLF—HBD
FIE) O—HDAXRY MIH6ATH o7 EH B,
AT AT 23l U) e BT ZE O FUI6LL T TH B
13, 22T, A RHEIXITIZFE CERMOKES - 444
THLILEDD, EMIITULVF—EKBOAREIZK

ELWBERIZESRVEEZTRAT LMV ELHD
SEEALL b6 IHH 2 A L7,

R AL BT Y AT 4 v 2 AT D #
RARBFOTLAF—HBIZIE, BOTLLF—
RBEILRMOBERHFARICHEL TV HR
BV TLNF—HBEHTHM¥EF v X
. BOTULLVF—HEBDVOER L LOHIZEL
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o BEE., e

~RT8.74 (P<0.001) . FIHF AWML TV #
AN TL Y BB T s B o (7L
BB 2L E BEALE PR BUR LT e 31 kT 271

(P=0.012) T 70 M7, NI &4 >

%2 TFRBEOFPLILX—HEBIETZER"

ig, T

AH-MAELNEEOTLLEF B LEOMIZIL,
HELREENHDLEIZVZ Do,

L —PH - EEE SN %
1w A e wmmEm M e FH
HWoOTLL KL 103 85(825) 18(175) 1.00(Reference) 1.00(Reference)
FoRA Hh 73 27(370) 46(63.0) 8.05(4.01-16.14) <0.001 8.74(4.07-18.74) <0.001
LM oo FIILE
frgt BHILHDN
FILE AR 85°  63(74.1) 22(259) 1.00(Reference) 1.00(Reference)
BALERLD
O
FicfE 91 49(53.8) 42(46.2) 246(1.30-4.64)  0.006 2.71(1.25-5.89) 0.012
AR o fuiEsESe 29 18(62.1) 11(37.9) 1.00(Reference) 1.00(Reference)
%%ﬁlﬁ ve WHE A% v 35 26(74.3) 9(25.7) 0.57(0.20-1.65) 0.296 0.76(0.20-2.89) 0.685
- m:,f\rﬁgf W 112 68(60.7) 44(39.3) 1.06(0.46-2.45)  0.894 1.22(042-353) 0.715
AL LW
A B @ FEICHIE 21 16(76.2) 5(238) 1.00(Reference) 1.00(Reference)
I £ B S il 89 59(66.3) 30(33.7) 1.63(0.54-4.87) 0.384 1.74(045-6.77) 0427
EILAFo2 HE1H 41 23(56.1) 18(43.9) 250(0.77-8.14) 0127 2.60(0.62-1081) 0.189
F IR 12 8(66.7) 4(33.3) 1.60(0.34-7.65)  0.556 0.93(0.14-6.39) 0.941
FDAfil 13 6(46.2) 7(538) 3.73(0.85-16.44) 0082 3.16(054-1842) 0.201
AR o fufirEsLn 16 13(81.3) 3(18.8) 1.00(Reference) 1.00(Reference)
ﬁ “ 2 [SESRAE AR 112 73(65.2) 39(34.8) 2.32(062-862) 0211 1.74(0.38-8.09) 0.479
B aamem
;;J}Iﬁ] LB 48 26(54.2) 22(458) 3.67(092-1454) 0.065 1.70(0.32-893) 0532
HEMo FCMETHE 12 9(75.0) 3(25.0) 1.00(Reference) 1.00(Reference)
Il £ FICEEHE 7 124 80(64.5) 44(355) 1.65(0.43-6.41) 0470 0.83(0.14-5.07) 0.842
S S B E i 28 17(60.7) 11(39.3) 194(043-879)  0.390 0.71(0.10-5.15) 0.732
F IR 10 5(50.0) 5(50.0) 3.00(050-18.17) 0.232 1.25(0.12-1257) 0.849
D1t 2 1(50.0) 1(500) 3.00(0.14-64.26) 0482 0.74(0.01-50.35) 0.888

PP RFEOTULLVE—EBOAER (HD:1, HL:0) ERBEBRELTOUYAT 4y ZERSNEITS 72
"RPOSETOHB FMVERE LTEFMCEA GREIEEAL) L.
EFNXHE. P<0.001 ; Hosmer & Lemeshow @ s, P=00987 : HIBIM =, 75.6%

AL &, MEILRTE TEERT 5.

PRI R FLEE . 224 ¢ FURBREER AL L B AL o O HEURE . 63%

AR E L, BAESA P EREFETITEERT S,
THEN L, BRAYRIOBAETTEERT S,
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L REFEOT LN F—# B E LB Y2 S E M O AT E oM

N.E 2

S OXRHZ DT LIV F— R BOLIEFIE36.4%
THY, TORTHEPHE (FHIEF21.0%) Hib%
LROWTT LN F R, 7E—EM %D
HThotze PARLZ I, MHEHDTLLF—HE
A5 LEHCHE LA-#1345.4% (205%752 5 635%
FTORLDET3I5H) T D) H20i%1346.3%
(50/108%1) THo/bMEL TV S, FRIDK
HAOHREFRIL, COMERMRICHBELTTERMETH-
7ed5, ShIREMOB W O ESEELTVDE
REDHWEZEZ TV,

HRAVBMODPDTLAF—EKBELFTLHA v X
2 HOTULNF—EKBLRLEERT HoTLIL
F—BH Y OWE I8 Aoz 2OF Y
ZRix»anEd, HOsY o3 BefHzL L
SREIFIZFRBORAEDT v X (391) ICHLTD
Wl Th o7z ZORMEAMNIIER 22385
PTRZRVA, FHOBGE TIBOT LV F - A
DEMOERENREDT UL F— R BOH KD
ERPR BTV LITER LT b LA L
Vo I, W EEDOTLLF—RIBOAROFT—
Z, LBOWMISW oM E L bkIZ, BLE b L 3%
TR - IRIT L T Wiz Hid, A vy A RIdRZR-Tw
T REMED B B WTFRICLT D, S IO I,
LFRELEDTULVF—HBOAEIIBEOT LIV
FoREDARIZL->TEREZIT TWHILEIR
L72bDTHb,

FLIE I O BEFLIHLAS 7 LV F — 95 oD FE 92 12
BERIZLTWAEREPIIDOWTIFEHRSH O,
—EDITETFT AR KRZRLENT VR, 50, 2
FHROTUNF—HEEOL ML RO £% (8
L) PEETEZ TV AR ERE LS
By MBEEBTUIAF—EBEATHHERE, FIC
FLE BB ALOEN D 2\ 2L BB 7L E
B G HERUC T, B OBROY A
X2 7RV LA o7 SRS EEFLERAS
TUNF—HBORIEITE L RIZLTWSI]HE

P EBRMELT VD, 28, BEFLIEINOY;
2oV Th, FBLIHREDOT LIV F—KED
AWDERDVBEFBETH 72 H121E, Ao X
ERZSTOWIWREEDY D 5. i, EAEHET L
VX —FBOFEREL DBEYER 1D 72012, ANE ]
DY - W, FEMO % - MR »WT bR
L7z WS T UL F— B EDORMIZH
HERWETZLIETELD o7 (T S RO
Bid, KPR FEAEOLRE O £ AETH I KEDB
DT UNF =R BOH I E R T AR
W, WA O AT R RIT S vl e AT
HHIERRBELT VD,

AFEDORAL, BoBELEOT LV F—HKED
A7 I AL SRR Al 0 B B D R BE R AR B R AR
NEZOILBMOEFRONEM oS- #Ed
BORRICEH-TWAEICH S, T2 JLRHO &
FiZowTiR, B IFE BN EE LI
JE B P T A RE&TH -7 Ll
LI BV THLEDEZH S, T H
FROWAZ BT D20, SN FICREFLEIE F
VFL YR RS FLI D A\ I FL I T R L e
FEFLBE IR E L7z S51, MR EOTLLF—
PO, B EVELINE GO BEORNIC
DWTOREM L7zA% H 85 0REIZO2NT
HEM LTVIUE, XD EEMIZ% T AT HETH 72
EEZTVD, ZOLHIZRBIEHDL DD, R
TEIL, KT KFEOBAAEOT LV F—HKIBOA L
FLIB O G E O M BE DD BH%, /MR,
BAEM O AT L ORI IZBE 3 il ek % R
L7 HICEHRVDHDLEE LD 5. Y Loxi%x
B E 2 oW ATV Iz,

V.8 @®

L RFEOIL RO BATGIELGEDOT LV
¥ BOFIIEEL RITT25 AR RO H
EMOREHIIEEZ LTS VTR D 5.
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A FVRAZBIT BRI NF DS Rz il AT
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20114ELARE, B B A L O — B E, EEARGIIRENE R EOB A5 &, FLA I IRz A
FT D0, msS R E-oTWV A, L L BEMISIZIBEAN (SRAY, RN, Fihiy) odicd, Fin
FEASWH TN THLRIE ST TAT VLW, Hifi BB AR, P26 A WH B8 (MR
& BE, HERI320ATH Y, BERMEEE 2705 AN) X062, ABRBERIIFI0HAT, £20HB1E
PLEABELTWAAD20ATHY, HH1HANISEL EABRLTEY, ROFMEHHKED 2% % 555
EVIo KRG HEE TR TICHBE»SHIRTE R B LA, Bl b~ KELELLTE TV AT O
T FERMBIRETLH S,

SEHET LD VEORES AT LAREDINIEZ 2L L L VI B S, ZOMHTO
A E D—DTH B4 F ) AN204E9HICGH L2 AR R A2 WS T60TH S,

I XV RAE OB A= FATORHTH S, ZTE2HY LIF7-01d, NHS (H A —E
A) DROAN) T 277 3I)—=7 07 I AMER AT L. Kt B a3 2 2 KRB0 33 )i ook
BoOBREUILIZARTHLZENbA), fHRTHEASK TP ETH 5,

ZOER RSN ERBUTOLIRNETH S,

(1) Hbd—ahR] S H2 B PR 8 - PR A - A0 - flAE D WIE 7 TR EL TWZ e TH B
A ATIREI D SR TOFEB RS — 20 g3, SBEER VUM HO W —E 23R
ftsh Tz,
(2) bt — Wi M fl, VAR, YHRF~OWEEEMTELTNS
A F ) AORANE R BE L1840 A LR IL K BIBL 2B T Y | 1504 M 7z. Ll /—< 71 E—
aryBEORAY, KEER~OHY., 7V THHED FTORBUE LD, Bk, ABBLHs
MHED, BEEMOBEOREEEI RSN TEL EACEHBBERMIZE21997TEL - P RET, £
DHEPEN LTI FTL 2L TETZ,
(3) UHFOBRAKPIIL 2SR EEL BIRTEL VAT AL LSTWAHIL

HAUZMEAE D2014 4R I PR S 4 [REEAHER 4] (BEod 2 A\OMRICBE T2 54 ZHHEL ., KE
20164ED S [ BIINE] AT EIN D AVINANAR T 72 A2 21T 22 M e DL IR EAS O
BT bo BAVOHPTH, R VIZOWTIZ N T—7 ) =B HARTHOH SRS TE 45,
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I h%

_42_



NI TOMIEBEL FRDOWFEICDONT
— I EIN ) TR B O E L R BETE R L& L TOFIN] —

P LTk KBRS RN TR

A, KBS LRI SBAEICELZIT-HLTHY >3 78] (RRICHES) O & BAEICB 35028
iToTEE L7, AT, MBI 7 BB Lo s+ (KDN) e Eh
TWABIERRMLY ., MILKSETIIH2EMN, FEERLLTO—YLEY—LERT LAY VIZGTh oy
2R 7 PR SH ORI L BERE AT IS T A WETRICHED U L = — 7 B BN SR i R0 2 S o Ml R SR
HFEEWSICLE LA, ZO#%, WL LS L EMEBRE O B 438 IR RO BE 1EM B4,
BRI EF L7,

Lid, HHRE LD TH L9 L EL IR RMAE DO D BT REIToTHEN T3, HA
DAEEBIEH TH D O RBEMEDOE WEM TH 21205 20b 5T, BN THES ML LTw A RENER
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BREGTEH - L7 LV =D H B G- TEZLOTYY , Zh b2 FM L RMEEEZITV, 7L
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32143(1994)

2) Occurrence of GalNAc f1-4 GlcNAc Unit in N-Glycan of Royal Jelly glycoprotein., Kimura, M.Hama, Y.,
Tsumura, K., Okihara,

K. et al. Biosei. Biotechnol. Biochem. 66, 1985-1989 (2002)
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(2003)

4) Role of major oligo- saccharides on Cryjl in human immunoglobulin E and T cell responses., Okano, M.,
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5) N-Glycans linked to glycoproteins in Japanese edible beans (Zatsumame): Natural resources for bioactive
oligosaccharides., Kimura, M., Hara, T., et al. .Biosci. Biotechnol. Biochem. 75(1) 155-158 (2011)

6) Structural features of N-glycans of seaweed glycoproteins: Predominant occurrence of high-mannose type
N-glycans in marine plants., Yoshiie, T., Maedam, M., Kimura, M., et al. Biosci. Biotechnol. Biochem. 76(10)
1996-1998 (2012)

_43_



_44_



A 2 R R PR B FER
LENSa 3=

P 27 AR EMREFHK



Transgenic mice overexpressing glia maturation factor-f, an
oxidative stress inducible gene, show premature aging due to
Zmpste24 down-regulation

(Glia maturation factor-fZ B BB &2~ AL,
Zmpste24 mRNA GO FISEE L7z Z LR EZR )

M- (e xarty) 43 B

= pal=:p)

o A 4% S 09 [ - Glia maturation factor-f(GMPF) (&, #i# RO 51t - F AL E oL H 22 R El =1
2. i MAEIZ 33T AGME M B S BLUE, SHEYE A DA >/ r B'AA L DB T WETFHEL . TIVINA I — il
DOFRE B B OFREADH G- ARE SN T WA, GMFIZEFR T LD BHE AR s BT Rk
RBFBIND. In vitrolZ BT B RITEOGMF R BUL, BRALAML AZH LG LN TR — 2 A% FE T 5.
ARWFFETI in vivolZBITHRTEOGMFREMD T T B LR L 7z,

(77 &l

GMFIEpCAGGS~Z ¥ —%H\WC57BL/6] ¥ 7 A (WT)IZHAL.GMF &Sl IS hT oAV
=77 A (GMF-TG) {F R L7z S H5 MR P GMF-TGOSMBUZ, M L0 E b2 Rmme 3 2 KPR AR S
720 Z 2T\ GMF-TGIZ BT 5L L R EAEL D BRI E LT 21T 720

[#& %]
1) GMF-TGDO B #Y

GMF-TGOM#liZ, . ZElaminopathiesZ ) BILREE T N7 ALF UL - LB AELD LN,
Kaplan-Meierfi##7 Tix.GMF-TG OFFaridWTIZH LB WL Lz REET T AL, AR < X
(M Lhair regrowth?¥E F3 52 LA S Tvb. Hair regrowth assay Tl GMF-TGIZ10:8 3D 11,
TWTIZH LA #Fichair regrowth?¥ K F 3 5Z&pvnEShz,

2) GMF-TGIZH51F & Lfg el B HEL O B
1. £%lamin ABIIZONWT

BOREITHY 3 Thhlamin ADRF L, R EIETHblaminopathies®D I K & 75 . GMF-TGE I35
Wlwestern blotff#i & 17 o7-# 4, 60 iiGMF-TG Tld & % lamin A (prelamin A) D#ERIHEDLNIZ,
Lamin AlXHiBRfkprelamin A%S, 7077 —+¥Zmpste2dl LN T B &b EIZE->THER EN S 608 kEGME-
TCOHM Tt WTIZH L Zmpste24 mRNA R DA B T 322 LWL io7,
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2. ZALIRAE D G

60 M EEGMPF-TGO B Tl ML O MAMEALIC B E S 2 TGF-p1 B LU CTGF mRNABRAWTIZH LA &I
B3 52 R ENz.F 72 GMF-TGTIRW TIZ I LG 7L 7 F = Al 4 B mAasiiooh, Btk o
5T AURM RN 2. p21/wafl mRNA#RBXY proteinfid, 10 HGCMF-TGO I TIZW TICH LA B2 hg
mAsRDH SNz 60K TIEGMF-TGDp21/wafl mRNARIIWTIZHLA B4 T AR SN 7225 protein i
IZIZGMF-TG-WT 22 R TED SN o7z,

(# &)
In vivolZlBITAEFMMEOGMFZHHIL, Zmpste24 mRNAFE O FIZEE) 85 lamin ABERUSERL T, &
fba e 320 etk AR STz,
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Breadmaking Properties of Frozen-and-Thawed Bread Dough
QT OB AHK T OJHES BRI X2 B SRS RO W REPEICOWT)

WA A (R Y ER) Ao EE

(T=-BaY)

W BB N AR, 19604EACIZT A1) A TR S ] 1 72 B S AR TH Y HARIZ B TH1980
FEARPOHCHND IR TE LA LZ ORI NIBAE S AR 2R OK 7% TH L. ZOFH O BT
WHUZED B Ak (V8 LB KT Th 2. AFFEOHIE, OB AR T O UK Z R, Z Ol % 5
ZRINTIETHS,.

(77 ]

(1) A5 SRR L35 o MR B OB S RABRE TV G U LB B A DI T 2 <720 SHIZH N H Ol B
Wt 3 BEL S S o TR, BSOS F MBIt R R D72,

(2) B TAED GBI ol S TR ZPAZATZSHBONY A B, CEB B L7z By Ald/N ks B0 8%, fLiii
TR AR T HERAZAIZLD, FYBIEINOMFHIA — AP TIN5 HERAZATZLD, F7CIEA — R
M@, — WRFERE T (V397 R)  ZIRFEFER IS HLI2DDTH L AT DR 7 3B A T 2REIL
Te il Iz SHIZC OB/ F LR NS Fi 721l e A — AN RN , — R FERE WO, — R 56 %
OB R ETT o720

(3) /M2 R 13 O Z i M (locust been gum, guar gum, xanthan gum, tamarind seed gum, native

gellan gum, dextrin, LM pectin, fermented cellulose CMC, konjac-gulcomannan, HM pectin, &«

carrageenan, (_carrageenan, A_carrageenan) ZiRMIL T, 5ol L5 B BBRZ 1TV ARG i)
ERFN LB AL BT L 7.

(& 2]

(1) #35 G- FR B L 72 By DB AR, ARG BRI ~SORETT U720 B 22 H 0 38 M i (AR 15 BRI K&
CHEML 720 SO B SAVELT Ll B INE DRI, B WA OB 52 b horz,

(2)F7 A BOBNARRBIFTH /D FICIEREL T L7z ZLTEMER EDH ML 72 O CIZib Bl
A =AML, — RIERE B IRBEREO TREZITHE, A6 SR B Bk D BAF LR ARG ONIz,

(3) HHEL FERRIMNC L L8385, KRG HDONEH LB AR BN 724D, guar gum,
xanthan gum, tamarind seed gumT# -7z $FlZxanthan gumZRML 728 AR R BEIZE L 272
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G R ED, BN T LA e A — AP A, LR FERE B (V392 R) 2R FERED TR %4T
A& KRG UL DS ARk BAF R B SRR/ ZE D, B SMK T ORI, N0 7T
ARG PENG B R RIC X THRBEEZ 2T TR F LD TR AL KoK G A5 s B ) L7z 720k
b Aro7ze KA AT 5 25 FE 2 FRTE 7200 B f B 7 O B GRBR 225, xanthan gumZ R INL 7245
BV RGHNER R LD B AT DI E OB ARG HN T,
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INEEO A AEEEICOWT IR E -
LA AR (R g PR BT

- =10)

AR BN T O3 R KO S EM EEH I, B FE AN T ESOFHBEASH ML T b, i 2
HAMTEMP 77— A7 —FORMIZKODGREL SN TEY, WGP BA D LRt et ShTwa. 0
W T~ 7 W P B S 5700 (R L A < 720 O TG P I B 2 19 358 TR & TG PR L 720 4 B i
Bh IR AL 2 20T A B ZEDTREG SN TV % HAV/N R RH A 2 Tl (WA TR 7012 U B I B
BEDRELRARFIZTOWTIA 7AT—IRNCELOTWBHS, 2] VA i) iIcBuwai, e ok
HBLUM L O R SR PR T HIEDPRETHIEL TV IS LR EO R IEZT TR ZD
HOREIZODLEE LI LLSNTVDEA, [ME5 | (D | 28O R ATE) Lo EASE S0 B.0gE
Lo TWhAMETIE, WREE 70740 EDT OO TG HZGAILZHANEL T /MER R PR R
A G RT PN A2 AT L NI 353 17 Bh IS RE % M T3 AR G AR R & L WL 355 1T Bl A2 o R
DEEIEBLTOEPIT OV TR L2,

[ &)

NEED, 64 A RS AT B B 3 2 B AR 21TV T — O VB R AR 5924
Xt ST 2 AT o7 B M HIZ &P EIUHE IZ W ToIEE (145H)  £AKICMT AN EE ST EEH
2oV TOIHE (331HA) 2 v 7z R AURE X LAR OS5 BIZEDLLWOME TRRS % [V 0b (6~
7] I T35 (4~50]) | TLExEEH 5 (2~30) [ TIFEAERG (0~1) | D4B B TRIE S8 72 4 iR IR
HHE DI BIZEDLEVDBBETITIN HLVIZH I L TEDLLWHTIIE LA ZAMF TR G S 72, WM
HHIZOW T L G AR I N 2R E 5 72D R W A 1047w, IR EEE, W17 By & dh S
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1) JEAEGEAE, FH264E (2014) AT ET o4 MHERT 20144, (BIMH: 20154:12H15H)
http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/suikeil4 /dl/gaiyou.pdf
2) WEAKHERL, HPRMEE, ANMUPNHER b, P x 2 F IRl SR 5 R R G EAS L UL T A o B
Gy B NCRIRIER 24 A £ 3 L O B3 512 K AW E B 3AE S » b (SHR) O 5SA-$50i) £E ) K OF il 1 %
T1EH. Oyo Yakuri Pharmacometrics, 68 (3/4) , 89-101, 2005
3) N S APRET R T EERSE b, e EIEE 1S RS o i A A B ON IR RS BE L2 6 97 A 4L Natural Medicines, 49
(3), 288-292, 1995
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1) Aya Tabara, Mariko Nakagawa, Yuki Ushijima, Kotaro Matsunaga, and Masaharu Seguchi, “Effects of heat
treatment on oil-binding ability of rice flour.” Biosci. Biotechnol. Biochem. 2015, 30:1-6.

2) Mariko Nakagawa, Aya Tabara, Yuki Ushijima, Kotaro Matsunaga and Masaharu Seguchi, “Hydrophobicity of
stored (15, 35C) , or dry-heated (120C) rice flour and deteriorated breadmaking properties baked with these
treated rice flour/ fresh gluten flour.” Biosci. Biotechnol. Biochem. 2016. In press.
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1) FrWiES : EEEWENORAE-EEIZB1T5Toxic AGEs (TAGE)-RAGER®M Y -Hi7- % #tikhs, ] Kanazawa
Med Univ , 37, 141-161, 2012

2) John D. McPherson, Brian H. Shilton, Donald J. Walton.: Role of fructose in glycation and cross-linking of
proteins. , Biochemistry , 27 (6), 1901-1907 , 1988
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