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Development of Yacon Vinegar
(Studies on the Development of Sweetener Sources for Seasonings, Part V)

Masaaki HONDO, Toyoko UNO, Yukihiro OKUMURA and Tazusa YAMAKI

To develop vinegar from yacon juices containing fructooligosaccharides, the effect of the following
factors on acetic acid fermentation was evaluated: initial pH, initial ethanol concentration, starter
volume, type of yacon juice, and culture method. When the surface culture method was used with A.
pasteurianus 1FO14814, acetic acid fermentation was generally favorable when the initial pH, initial
ethanol concentration and starter volume were 5.0, 5.5% and 10%, respectively. Under such conditions,
the desired acetic acid content was produced after 20 days of cultivation in the OC-2(10ds)Y] sample and
after 32 days in the OC-2(1d)Y] sample. However, acetic acid production was small in the Y] and
OC-2(Glu+2ds)Y]J samples, and no acetic acid was produced in the OC-2(Glu-1d)Y] sample. Using the
shaking culture method, desired acetic acid content was produced after five days in almost all cases. In
addition to reducing the cultivation period and facilitating consistent fermentation, the shaking method
resulted in only a slight decrease in fructooligosaccharide content. Sensory tests of the yacon vinegar
produced by normal acetic acid fermentation found a reduced odor level and relatively good product
quality.

YJ: Yacon juice; OC-2(1d)Y]: Juice after one day of ethanol fermentation by OC-2; OC-2(Glu-1d)YJ: Juice
after one day of ethanol fermentation by OC-2 following the addition of glucose (70g to 11 of juice);
OC-2(Glu*2ds)Y]J: Juice after two days of ethanol fermentation by OC-2 following the addition of

glucose; OC-2(10ds)Y]J: Juice after 10 days of ethanol fermentation by OC-2
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2. #EMEY, #REMRUEROMMKE
HBEDO7 va—VEECE, 71 VEBEROWESREERE]
F(0C-2) & iz, BEERFEREIZS, Acetobacter pastenr-
tanus IFO 14814 (LUF, A. pasteurianus IFO 14814 &
B&EE0) &R L7z, OC-2 OEABETERIC X, MY St (7
Wa—2A 1%, 7+ 0.5%, B+ X 0.3%, £3F
¥ Z0.3%) %, EEBREOEEIE, FUVXTH ]
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8O°CIC s R E L, ML CHERA L. HERESH1
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Ny T INATE 7 5 R 2t BERE B B A8 A B i 200 ml
WwEREL, 30°C, 200 rpm D EERET, 2 HRMIR & O 15#E
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DEOER ((1~M3) »5, KLV
TN a—VHEBERBETIE, TERU 777 b4V I8
ERESY, ¥/ —VOLEREREP TR, B
BEHEIZ 1 HE»ETIChE FEZ 6N, —FH, 77

(%)

&

E A (Day)
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¥ )= NDAHTEBARETDOYE, POIAINTBREZED
AREERBE PR T DR, HEHELRWIZEY X
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#1112, BEFFRABR AV HE®D pH, =¥
J—LVEBRRUREHEEERL. 0C20dY] TiE
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5, 0C-2(10ds) Y] Tid, EEEOEWI 77 14 VT
ERETThEINEBETLOATHS, 777 20T
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PR Y] (Glw)Y]J 0C-2(1d)Y]J 0OC-2(Glu*1d)Y] OC-2(Glu-2ds)Y]  OC-2(10ds)Y]
pH 6.1 6.0 4.9 4.7 4.6 4.8
/= 0.0 0.0 3.92 3.71 6.32 6.12
Fru 3.2 3.2 0.4 2.0 0.1 0.0
Glu 1.9 8.1 0.2 1.5 0.0 0.0
Suc 0.8 1.0 0.0 0.3 0.1 0.0
3% (1-Kes) 1.8 1.8 0.3 1.7 0.8 0.0
4% (Nys) 2.4 2.2 1.5 2.4 2.0 0.0
558 1.5 1.4 0.8 1.5 1.2 0.0
6 ¥ 0.7 0.8 0.5 0.8 0.7 0.0
79 0.4 0.4 0.4 0.4 0.4 0.1
8 ¥ 0.2 0.2 0.2 0.2 0.2 0.1
9% 0.1 0.1 0.1 0.1 0.1 0.1
10%%8 0.1 0.1 0.1 0.1 0.1 0.1
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EAEEDIL I T2, BRERIED 5 %DFEF T, pH
DETWEr -z, TRETO pHEILOER L D, RS
<, #MFEpH3.0 L 7.5 FFxy / —VEED 10% DR
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4 0OC-2(1d)YJ &R\ /- A. pasteurianus IFO 14814 8BS E & brix, ITERK pH, 7 /- LESBRUBESE
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—{F—;pH3.0+5.5% +10%, —— pH5.0+5.5% - 10%, --A---;pH7.5+5.5% « 10%,
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BT, BEEBEIATHEVbDEEZ ST,

M4-Q@)Dxy ) —VEBOREE/L LY, W% pH
D35.0 T, ¥FLY / —VIRED 3.4%DFEETIE, 20 H
MITxy /—nsix etz —F, ¥IRLY /) —LB
5.5%DFEEITIX, =¥/ —NiZ 2 A TIHEIN TR
{Ig ol MLy 7 — V5. 5%DFROF T, 20 B
Hoxs /—VEREOHE» S, BRERMEL 5 %0OR
BEDBEEBMEL 0% K T 15%DFE D FF2x ¥
/= NVERBREET U7z, #15EpH 2 7.5 RUPIFE
8/ —NVRBEN 0% DR TIE, =7/ —VOE TR
Hohbhs, BRI L - T, BBcEBRISh Y
TREL, EBEWCE2bDEHEZ oh, Y% pH 23 3.0
Tk, =8/ —VEEOEEIHE Do,

M 4—(OBEEEOREFEL» S, FF pH #75.0
DREDOBETIL, BEEOER SN2 55, 3.0 & 7.5 DR
FTlRERSh o7z, &2, FIFRLY / —NVEEDR
W% DOREOBE WS, RS had T, —FH, ¥IF
TF ) — VBB 3.4% E 5.5% DK TIIEEE DS AR
AN, 5.5% &0 3.4%DFH, FEEBE L ERES i,
IRy —VEREPETIENE, MEERSEE
ZEDD, SHRIEERENCHTT, 5/ - VEBELH
BILZEURMTILERD D EHFZ on, BER
TR DT, IWIMEO S W I705, FiRER BN S 0o
7e8, M4 —-Q0xy / —LEROER AR 10% &
15%DFE CIRBEZFLETR R, o,

DEoRRE 4 —(1)~K4 —4) 25, $1FpH LHE
BEIMES 20 FN5.0 & 0% E L., HIFKLS
J—VEEZDOWTE, WIS/ —VIREN 3 4% T
3, SR L TR OoND 4~5 %OHBENES L
DT, 5.5% 5 FERL T, UBOFMAERARET-
7z,

2) BREEFEITEOE

BERS FeBs - R T S RGN R OB EREHA X,
brix, ¥iE¥ pH, =% / — V&R K UEES B ORIFE
b okat Lz, BICidm L Tougwnhy, EERDEE,
32 HigIi, ¥5~8%%mRL7. 1) OFER L [HEER,
HERHHIC L BN S o Tz,

B 5—(Ne, HEEAHE L brix DERFELOBEFRETRL
7o, BURHIRE b1, FFEPOD brix OFA(LZ/NE»o
7z, brix » 5 BEFEREBOAERCBEOZ BHE TR R
polz,

B 5—(2) D5 E ¥ pH O EREZAL» 5, 0C-2(10ds)
YJ T3, #5322 A%, pH 3.6 WKL, —H,
32 Hi#%12,0C-2(1 A)YJ Tk pH 233.6 12, Y] Tix 3.7

12, OC-2(Glu=2ds)YJ Tiz 4.1z, OC-2(Glu*1d)Y]J
TIE 4.6 KT U7z, pHAIR T 20 5, RS FEBEFEEEHTT
bR TWwa LS 2RWE, Y—a1rOBEEIE, vk
< &b, pH» 3.6 A2 RTHAHKIIFRBAREIIE
WiTbhTwb EFHZ ok,

M5-@B)Dry /- VEEOEEE{ LD, 0C-2(10
ds) Y] Tid, 22 HEIL Ty /) — V&80 0.1%IETL
7z, —75, ¥5#% 32 Hiki, OC-20 Y] TlR=F / —n
SEH0.2%12, Y] T 1.1%12,0C-2(Glu*2ds) Y] T
1 1.6%12,0C-2(Glu*1d) Y] Ti& 3.3% BT L7, IE
T BB E DI, KEHD T /) — VDB E
#uixh, xy —VHEIZRL BB 70,0C-2(10ds) Y]
£0C21d Y] T, BFRAERNPIEE CTbhzbD
EEZONS,

M 5—@OEEBEEORREI LD, 0C-2(10ds)Y]
TiF, 20 HigiC, 4.2%, OC-2(1d Y] Ti& 32 HERIS,
4. 2% DEEBESER S N BE LY bETE TR ERLE
Hotel, TOHEMAELTIE, FBRREBEPHEHELRLD,
BIE XY 5 REFPLERF L EM S 0O H BT DS
»%, 1 HE D OC-2 & & 255%& X Y 10 B O8®E TR
LizleeFzond, —H, 2 HBBZBVTH, Y K&
OC-2(Glu2ds)Y] Tid, BFBRER BT T4 Tid%
S, BEFREBESENTWS L2 517, 0C-2(Glu-1d)
Y] TiRiFE AL, BigBERK S NT, BERFERITON
Bipolz b FEZO5N5,

(2) L > gL REHEITHROE

B BWORBRB CRIZTTIRE D BEBREOZE L
ERFDE, brix, EEE pH, =5/ -V EBRUER
SROBIFE» SBETL 7.

Me—(icEERVELRLUL, SHAHRICE 5E
FIFEAERL, W0%~16%Tho7z, eI KL VE
BbLE L b0, BESEERLILNG &, BEEEOE
ERE»oT,

B 6—(2)0 brix OFFEFEITIE, 0C-2(1d) Y], OC-
2(Glur1d)YJ, YJ BRUFOC-2(10ds) Y] DREE T, xf
FRERL & T, BT, BT brix 2UEIIL 72, 28U
BEERESTON TV L Z L LEFESH D EFEZS
iz,

B 6— BN BT OREEW pH ORI 2R L
7o, #5325 AH T, HMEHE E b, pH BIZIE—EI
otz pH i, YJ T 3.312,0C-2(0d) Y] T 3.5,
0C-2(Glu*1d)YJ T3.4i, R U'0C-2(10ds) Y] T
3.5 WET LT, BHBEBRE LIS LiRE SEEED
FHos, WIRORED pH »ME» o7z,
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B5 A pasteurianus IFO 14814 BEBEE & FHRE DD brix, BWERPH, T7 /- LV EBERUVERTENERE

—O— 5 0C2(1d) Y] (PE+AE), ---A---; OC-2(Glu*1 &) Y]+ (PE+ AE),
; OC-2(10ds) YT+ (PE),

PE; 7Va—VEEARLY /—nN, AE w7 —1

6—Uhcry ) —VEEBDOEEE{LERLT, OC-
20d)YJ, OC-2(Glur1d)YJ, YJ RV OC-2(10ds)Y]
ORB T, FHESHET, ¥/ —ABEIREL Lo
7z,

M 6—BKMERORFE(LE TR LI, BE2HE
T, OC-2(10ds) Y] OEBERENS {, BHERELA
BROBRERY, RBEVSROBRR EEZ SN, —7,
0C-2(0 A Y], YJ RV OC-2(Glu-1d) Y] DWW FRDEHR
Ko, 85 AHKC, BFELRIEEEERSH, EEC
FERRFBELK T L2 b D EFE 2 57z, 0C-2(Glueld)
YJ O kT, BESEE T, £{EBRB T Lo
TeRETH B2, REIHEETE, BRSTHEE
NI-kER, EESEBAERESED shiztFEZ o5,
1. REHESE
(1) #EREE
1) #¥%pH, ¥FIFKTy / —VEBERVCEERNZDOE

z

B sReh D SFERSY, Vb, 777 40T
BEBEOMEREET AR, 757 M4 THSE
Y—arEay—-o%L, BOTEETHHDT, &

BEZE L SEESRORNE OB EME L .
7—(Nz. #F pH, IR / —IVBE R UEEE
IEE 17 A F—AERORFEMOMEFEER LI, ¥
FpH 3.0 & 7.5, ¥IFxXY /I BED 10% DR
T, WIFhbLERERESTTbh > B TH 5.
Brggth, W% pH 3.0 Tk, 1-7 A M —ASEREAIL
7o, ¥IFEPHT.5 TR, 1-7 A b—ASEIETHEML
fo. WIFEL S 2 —VBE 0% TR, -7 A b—AGEIC
HEOEAEB Lo, HIFEPHL.0-¥IFLY / — ViR
B 5.5% - EEGINE 10%0REHE, 553 32 HR W,
-7 A M—AERIETHEML . BMERMENS %L
15%, WIFEL 5 / —NVBEH 3.4% DT Ok b, 5
#H, 17 A F—AZEOEZNS Tz,
M7-2W =R b—2Eg8, KUK T7—@B)z5~10 %
SEORIFZEN L DBEFER L. ¥ pH 23 3.0 T3,
MEDOEEEDW, FELIEA L, ¥IFELy /- Vi
EBNI0%DOFEETIE, A P —AKRUP5~10 FEEEI,
FIE—ET, BN o, —H, HIFEpH5.0-4]
Fry /- VEE55% - BMERNE 10% 038, 1%
pH 7.5, HERITES 5 % & 15%, 9% S / — VB




28 RE - fth: ¥Y—arEAH -0

30

C
-
g 20 =
¥ OF x
2 r 5
& 10 |
i "
0
0 2 4 6
& BH (Day) B2 H# (Day)
(3) 558 pH Qxs /7 —n
8
I
4
=
J
<
Q\
H
EEHH (Day) E#E A (Day)

BEER &8 (%)

T T T T T T I TT71

##& H# (Day)

6 A pasteurianus IFO 14814 iR & 5 8 EUBRABRPOER B =E, brix, XK pH, T5 /- LESBRUE

BEROERTIL
— " YJ-Pas* (AE), ——,0C-2(1d) YJ+Pas* (PE+AE),
—C---10C-2(10ds) YJ+Pas* (PE), ---A---; OC-2(Glu-1d) Y]-Pas* (PE+AE),
—---: DW-Pas* (AE), —4— ; DW-(AE),

YJ: ¥—a MK, DW ; &%k,

Pas . A. pasteurianus IFQO 14814 PE; 7Va—nNREREARKRLY /—0,

AE  &hp=% /—»n
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(-7 A F—2X

=(%)

&

0 8 16 24 32
##E B (Day)

&%)

0 8 16 24 32
#r# H i (Day)

(%)

24 32

B A #(Day)

1 0C-2(1d)YJ &HB\ 1= A. pasteurianus IFO 14814 B$EIEH/EE -4 X P—X, XA —ZARV 5 ~10 2RI
RIETHEPH, ¥IRT Y/ —IVRERUBEENEOZE
—{—;pH3.0+55%-10%, —O— pH5.0+5.5% * 10%, —-—-A---;pH7.5+5.5% + 10%,
—(---.pH5.0:5.5%+ 5%, —M--;pH5.0-5.5% - 15%, —€—; pH5.0-3.4% - 10%,

—A— pH5.0-10% - 10%

B3 A%OFEETIE, B2 HERICE, = A F—ARY
S~I0MEEE L b ICHTHA L. #1% pH 7.5 DB A,
BEREHEREL C LT, EREERIC & % pH R T a3/
W, RIMIOREE T, HBKO pH ML Ty, 3
F77 7 AV THEOHBIETTILIIDOEEZ SN
7z.

2) BEUFITROLE

M- Y] # AW EEESREORBE(LEZRL
7o, BERREEIIA T Th - 208, 5535 32 HigZ, ¥
pH 237 IET L7 Th 5, 5558 32 Bz, 1-
TAM—R, ZAPF=ARU5~10ESELHEIL, —
HT753 7 —Rbva—70—ASENEML)E, L
LN I —REROEE DTz,

BI8—(2)ix OC2(1 QY] # AV ZHE S EDORE
ZibER U, 5832 BRI, 4.2% 0B ER S
L, M pH 3.6 BT LM, €757 bt ) IS
BOBDEHTHIZ2.9% 05 2.4%12 & £ % - 723k
Tho, BER2 BRI, = A M—ARV5~10 EaE
B Lz, —AT, 727 =X, Ya—2u—2 K

C1-7 A P—REEBEMLT:, 2hbid, ATED 48
PED7 27 340 THESGEINIFBREC, &
NFEBINZDDLEFEZONS, Lnl, BEf,
Tna—RFER SRR p o T,

B8—(3)iz OC2(Glu*1d) Y] OFEK £ AW I- BT
FRORRE(LE R U, FERFAEES2{ITbIT, 5
%32 A1, i pH 25 4.6 2R UICEETH 2, K535,
BREESREOTI NS o,

Blizidm L Tz ndd, BEBRENA TS TH-7
OC-2(Glu-2ds) YJ 1%, 558 32 H%, H¥# pH 284.1 %
ALTEARITH 208, FRIC1T-7A P —R, =A F—2R
BUS~108ERE b1, HERE N 2 r o7, 272,
ROMBRAEBLEATH-70C-2010ds) YT 1T, HE®
pH %3 3.6 /R L7k TH 225, 5~10 BESE DM
BONE W, BEFOR(I/NAE 1T 0.2%T
Hoiz,

U EofER (K8—(1)~K8—(3)) &b, HEREET
i, OC-2(1 ) Y] OFEED, 4.2% 0B 2E A, /-
2A%RDT7 7 VAV IEREET LI LS, 757 b



30 KE M ¥y —ar 3 —-DFF
(2)OC-2(1d)Y]J
i ;7
& 41
8 16 24 32 0 8 16 24 32
¥#E H# (Day) K% H# (Day)
82
bz
41
0 8 16 24 32
52 H# (Day)
8 A. pasteurianus IFO 14814 BilRIEE & SUHTRFOREESENERTIL
—{ 73— Fru, —<0—:Glu, ---&---5 Suc, —CO--; 38 (1-Kes),
—W--- . 4%% (Nys), —@— ;5 F~10 5%
(2)0C-2(1d)Y]J
Lt I8
41 41

EEHE (Day) HEEHH (Day)

153 0 (Day)

8 A pasteurianus IFO 14814 ¥R & S BB & RHARKTRPOREHE S EOERE(L
— " Fru, —<>—: Glu, ---A---:Suc, —O---1 3% (1-Kes),
—H--; 458 (Nys), —@— 5 H~10 %8
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K2 THREFE:Y—aEFXH—DFERSLESE: (g/lOOmI)

HERARR& v —a > B34 — pH brix £EF BE =¥/~ Fru Glu Suc #£FO0S

At - KEE 2.7 10.7 0.0 4.3 0.0 0.0 6.2 0.0 0.0
B#t - V> TEE 2.8 56 0.0 4.7 0.1 2.0 1.1 0.0 0.0
Bft+ V4 v ExH— 2.8 4.4 0.0 4.8 0.2 0.8 0.7 0.0 0.0
C#t - ¥KEE 3.3 4.9 0.1 4.0 0.2 0.0 0.3 0.0 0.0
YJ/(AE) /#E & 5 /5ds 3.3 15.4 NT 4.8 0.0 3.3 0.0 1.2 5.3
0OC-2(Glu*1d) Y]/ (PE+AE) /#&E & 9 /5ds 3.4 13.7 NT 4.2 0.0 1.7 0.0 0.4 5.1
0C-2(1d) Y]/ (PE+ AE) /#3i& /32ds 3.6 8.2 0.0 4.2 0.1 0.8 0.0 0.2 2.4
0C-2(1dA)YJ/(PE+AE) /#& & 5 /5ds 3.5 8.6 NT 4.8 0.0 0.8 0.0 0.2 3.0

NT: not tested

F)ITHEEEY—a > Ea S —0OFFCRELE LR
BHeEzoni:,
(2) L > HE L KEHEAHTBOR

B9-—Dw Y] AV BFESEOREE(LERL
7o, BEFES, 1-7 A b—RA, ZA P —ARU5~10 S
ENETHA L, —H, 777 —Rkva—2a—
AEEFEMUY., ra—xpEgEsHEIc R k-
7.

MI9—20C2(1d)Y] ZAV I HEESE DR
EERLEZ, 1-7 A N —AEBRIEELRTN L -
7o, ZAF—ARU5~10 EEEEEED, HTEAME
FAERL, —HT, 797 b —ARUVPYa—2ra—2x
SR,

9—BNz OC-2(Glu 1 DY] 2RV EHESED
R E R L., 5~10BaEIE, K585 HRIHET
WAL 17 AP—RAREL=ZAM—RAEEEY2—7
O—AZEREELEMEh o, —H, 757 +—
AGEIETEMLEY, Va3 —XS880NEILT,
SHHEHTR S o7z,

Bz iR LTz vadd, 0C-2(10ds) YT 2 Fva 72388}
i, 5~10FESEOEIIZ/NE L, EF—ET, 0.2%T
Holz.

PEOFER (9 —(D~K9—@3) L9, KEIEE
BT, 558 5 0k, 1 pH 25 3.3~3.5 1K T3 % 25,
BEARDE IO, BT 77 b4 ) TR
SEEZIT, SO Lkrol, £75 27 b4 TS
213, YJ T, 5.3%, 0C-2(1d)YJ T, 2.9%, OC-
2(Glus1d) Y] T, 5.1%TH o7, - T, IR E 2 K3
BT, WTFhosE»o Ty 7527 4 ) TEEE
Y—a RN RO AREMELE  RE S LTz,

4, HTAREERFE VY -2V EXH—DEALEBERURIERS

DERBERR

F2UCTHRAFE Y — 20 X —DFERS K

KL, Y—arEx#—0pH ZEEHEROTHHEEREED
pH L ltR3 &, WFhdbEFEro7, P—arER
H—HOMRRE R, BEREMSERCITOA TN Z
Lo, MRERLERES N, —H, v—ary
AF—T, FIrva-RFELIN TR Ko7, TR
REFICIE, Ya—Zuo—R@FE&Ehtro7288, ¥—2
YERA—TW, 777 b4 ) THEODEI LT,
Va7 u—ABERINDZID, Ya—Tu—ANEG
Fhiz, MRKERCIIEREEA ) IO 777 v 40 7
Biazhiwds, Y—a 38 —7TlF, 7527 b4
Y TREDS 2.4%~5.3% G E T,
K2WRENLT7I 7 A ITHEESEY—a R
H—hRANT, BREFEASTo7. WEED RFHML 2
2, WTFNORER L b, BERERIEU sk r o7,
Fley—aVREOFRA LKL, SERIC BRI
REBESH, REFE L TY—avHEAETE 5
BEMEDIRB S Tz,

L2 #

1) 727 AV IHE2EET S Y- VRIRHKE
D, Y—arEaxF—%2RFRT DI, KRB
BOE T 9% pH, Y13y / —VIBE, A. pasteurianus
IFO 14814 ORTREEWR (EH) s, SEHEEATERRE
UESE G EOBE 2 RS LTz, BHEESEL THI% pH,
WFTY /- NVRE CEERIIE RN LER, £
nEh, 5.0, 5.5%& 10% OEERFMHET, BRBEEEF
BERRHFTH-1:0OT, T IORGFTEERZNTE
OREERR LT,

ZDFER, 0C-2(10ds) Y] Tix, 20 HR, OC-2(1 d)
Y] TiZ, 32 HET, 20F N 4 BLA L OBEERE DS AR &
iz, —H, Y] &£ OC-2(Glu*2ds) YJ TiZ, BEBRAERK
g8 khrotz, OC-2(Glu-1d) Y] Tit, BFEIZAR
Ehkdrot, 7927 M4V IEEEY—a v EA

(2)



32 A M v— o ER A — DR

H—OFEEZ N, BENEETE, 7774
VTN GEINTETRYT 28, 2.4% 503
OC20 Y] BERbBELI-BERTH-7-. —7, #RE
ST, BES A%, 288 T4 % LD
B SER SN, FhETI7 v 4 TEESEOET
b/INE L, Y] T, 5.3%, OC-2(1d) Y] Ti3, 2.9%,
OC2(Glu*1d) Y] T, 5.1% & 7z, wIFh o
POETHT7 77 b4 ) ITHEFEY—a U2 T —HFK
DTIREME D358 RS LTz,

(3) KEERREBEPREFCTH-->MEHAHEEZHY, BHEEE
LR, Wihd, Y—a v R COFRENE L
AEHEZ, HEN, BERIFeY—arvExi—E5
nkeFEzohi,

1)

2)

3)

4)

5)

6)

7)

X 13

HEFE - KEFE - B373E - FHELA  HEM
5%, 61, 915 (1987)

KEIEH - FHEF - BAEL | I EE RN
&, 1, 9 (1994)

AREIEH - EREREK - FHET - BRNEL IE
BERNERE, 1, 15 (1994)

AHIEEE « B - FHET - BREL - (UK
# dtmEaeinteRy, 2, 27 (1996)
AEIFH - FHET - BAEL - (UK - g
AR E, 2, 35 (1996)

BERT=EaA - F2ERA - BNV - RILE © HEMLEE,
61, 1079 (1987)

A - BAE - BEAEE - AREEIE - A=
5 - VG ¢ HEALEE, 66, 727 (1992)



