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Nutritional and Chemical Studies

on Tempe

Yukiko NEGISHI

(Institute of Nutrition Sciences)

Studies on nutritional components of tempe

Tempe is a traditional fermented food in Java Island, Indonesia. The most popular tempe
is made from soybean, however, the other beans may also be used for economic reason.
Using 6 kinds of beans, namely, velvet bean, pigeon pea, winged bean, lima bean, cowpea
and soybean, tempes were made up on inoculation of two starters, a pure culture of
Rhizopus oligosporus (R. oligosporus) and a traditional inoculum, Usar. In nutritional
aspect, proximate compositions, dietary fiber contents and mineral compositions were
determined. The results are summarized as follows.

(1) The contents of protein were 32~52%. So, tempe is thought to be a protein rich food.
Tempes were classified into two groups, that is, one group which contains high protein
and fat, such as winged bean and soybean tempes, and the other which contains high
protein and carbohydrates but low fat, such as velvet bean, pigeon pea, lima bean and
cowpea tempes.

(2) Total dietary fiber contents were as much as 18~34%.

(3) The contents of phosphorus and potassium were high and zinc contents were 4.7~12.2
mg/100g of dry matter, so tempe seemed to be a good source of minerals. In particular,
velvet bean tempe contained much of iron.

Studies on flavor components of tempe
Free amino acids, free sugars and organic acids were determined, and then low-molecular
weight peptides compositions were examined.
(1) The contents of alanine and glutamic acid were high.
(2) The contents of fructose, glucose and stachyose were high.
(3) Several organic acids were detected. They were probably produced in the process of
fermentation and it is noted that malic acid and succinic acid were abundant.
Present results suggest that these taste componerts may play an important role in
mildness of taste.
(4) Since peptides also participate as taste components, the low-molecular weight peptides
were extracted from soybean tempe and their constituents were studied. Peptide
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rich fractions were prepared by fractionation of the extract using ion-exchange and

gel-filtration column chromatography. Glutamic acid,

asparticacid, glycine and

phenylalanine were largely liberated by acid hydrolysis.

Some of these fractions were further fractionated and purified by HPLC to obtain low-
molecular weight peptides. Some unknown compounds were obtained and their amino acid
compositions and N-terminal amino acids were determind. Two of these peptides were
identified to be glutamyltyrosine and glutamylphenylalanine.

Finally, it is concluded that tempe is an excellent food in a nutritional aspect and has a
good prospect as economic sources of protein and mineral in Indonesia.

Though tempe itself is not agreeable to eat for Japanese, extracted materials will be

available for food processing.
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Table 1. The Optimum Conditions for Producing Tempes from Several Beans
Ph Velvet B Pigeon Pea Winged Bean Lima Bean  Cowpea  ooybean  Soybean
ases elvel ean 1geon rea mnge ean a bea pea (Indonesia) (Japan)
1st soaking 24 hr. No 24 hr. 24 hr. No 24 hr. No
b:w (1:4) b:w (1:4) b:w (1:4) b:w (1:4)
(w/v) (w/v) (w/v) (w/v)
Boiling 30 min. 25 min. 60 min. 30 min. 25 min. 25 min. No
b:w (1:4) b:w (1:3) b:w (1:4) b:w (1:4) b:w (1:3) b:w (1:3)
(w/v) (w/v) (w/v) (w/v) (w/v) (w/v)
Dehulling Yes Yes Yes Yes Yes Yes Yes
2nd soaking 24 hr. 18 hr. No 24 hr. 18 hr. 18 hr. 12 hr.
b:w (1:4) b:w (1:4) b:w (1:4)  b:w (1:4)  b:w (1:4)
(w/v) (w/v) (w/v) (w/v) (w/v)
3rd soaking 24 hr. No No 24 hr. No No No
b:w (1:4) b:w (1:4)
(w/v) (w/v)
Steaming 25 min 25 min 25 min 25 min 25 min 25 min 30 min
Fermentation Yes Yes Yes Yes Yes Yes Yes
b:w ; bean : water

w/v ; weight/volume
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Table 2. Comparison of Compositions in Various Tempes and Raw Materials

Moisture Protein Fat Carbohydrates Ash
Sample Non-fibrous®*** Fiber
(g/100g fresh) (g/100g dry weight)

Velvet Bean 11.4 29.8 4,27 60.9 1.3 3.8
Velvet Bean Tempe (R. oligosporus) 58.1 32.9 6.0°" 58.0 1.6 1.5
Velvet Bean Tempe (Usar) 57.0 32.2 5.8°" 59.0 1.3 1.7
Pigeon Pea 11.1 217.9 1.8 64.1 1.7 4.5
Pigeon Pea Tempe (R.oligosporus) 33.0 31.5 2.5 56.0 2.0 2.0
Pigeon Pea Tempe (lisar) 52.8 37.8 2.4 55.9 1.8 2.1
Winged Bean 11.9 39.8 13.1*" 38.2 2.9 4.0
Winged Bean Tempe (R oligosporus) 62.8 44.6 18.2** 30.2 3.3 3.7
Winged Bean Tempe (Usar) 61.9 44.8 20.1°" 28.6 2.8 3.7
Lima Bean 12.2 29.8 1.3 60.0 1.8 4.1
Lima Bean Tenpe (R.oligosporus) 62.8 35.8 3.2°" 57.9 2.5 0.6
Lima Bean Tempe (Usar) 60.2 33.5 2.4 61.0 2.2 0.9
Cowpea 10.7 33.3 1.5 59.6 2.1 3.5
Cowpea Tempe (R.oligosporus) 52.2 43.6 3.8 48.7 2.2 1.7
Cowpea Tempe (Usar) 53.0 44.0 3.8 48.2 1.9 2.1
Soybean 10.8 34.0 25.4° 32.4 3.9 4,3
Soybean Tempe (R.oligosporus) 65.5 51.5 25.7° 15.9 4.1 2.8
Soybean Tempe (Usar) 64.9 50.3 26.2° 16.9 4.2 2.4
Soybean Tempe (Japan) 61.9 46.7 26.2° 21.3 2.4 3.4

R. oligosporus: Rhizopus oligosporus

Usar: Dried Hibiscus leaf

* Chloroform-ethanol Nethod
** Acid Hydrosis Method
*** The amount of carbohydrate was estimate by subtracting
the amount of protein, fat, fiber and ash from 100%.

ICAIERE M HCL: H20(1:3) 5ml &2 IGAL & AW TRAEKREEICI i L
K 10ml 2R RE LT 3 ~ 5 SRR 7o

% No. 6 ERAEKTEAL, 25mlIZEFHF

B2E & 3

L7z CORBBEO—HE* AEXEFHICP

stz HVWCTERL, &8, BEELTHW :-S6HEL, Choil2HD
CaBXU Mg DERIZIE, POTE%EIT BETHVCTHBELASHEF U RI12HEREBLT
L27:DICRBBHEN 1% DA Oy F T4 AXTHESATWAF o R1HERAFE L TR
(SrCle) ZimLTIhzpikL 7, E LB SR % Table 2 12k 100g U772 h oD

@ NaBIXUK:1%ERBMEBED 2HNT gBTRL,

REBEREZARLL, T2bH5RM 0.5 BEEOKFERZ, 10.7~12.2g T, BOHE
FRYE @l A, 1% 18 200m! * DI KEZRBD SN o7z, 7 ¥ RTI, 522
A2 1553 Mg SRy 1EE L TREER L ~65.5g TH 7 ¥ —%F# & L TR. oligosporus
L7:o SOREHED—B % HHEHEE ANA- FRAWCTHBLAFr~3dhl, KE*ERL



92

L TR. oligosporus ¥ FIVWTHBL -7 v ~H %
o 7':.0

o HEriy, BHE Tl327.9~39.8g T,
11.9g DENLLN, ¥V ayE—»Dil, ¥4
YT RE=-UAEhot, TRTIE32.2~51.5
g LEHOMT19.3gDEMALN, XNy b
E—rFoRPd iz, KEFyRAEEho7,
Ty o HERIIFEBETL 2L, £0E%
HAWTHE L7 »_RTEVWHERY AL,

RS, 747 FE=BIUKED
%4151, 254g L%, ThoDEBE2FEHET
LEADTNTH18.2~26.2g THY, FEE
BLEKRICE Dol —F, NNy PE—Z,
E¥arb— YE—CBILUHITE—TIER
HET13~42g &4 %<, FADIEFEHBEL
THABLITF>R$24~6.0g LVl olz, &
LEAEERIIFERETO L, TOEEHAWTH
LT I RTHEVHADA LN,

HWHIIEHERET, JH100g 265 287
H-RH - BB L UKGOGEREELTIV
JETRL, BRTOMESRIE, 32.4~64.1¢g
T, KEFRLI%L, EVarE—pRKbEho

120 7Y RTIZ15.9~61.0g TAENALR, K
GFoRBFLLHELAVRy PE—-Y, EV 3
YE—, JRE—VBIUHIVE—DET I RT
Bhpol, VIE—-CTREHZLEFDOT VRO
HBERNIZIZF U Th o720, EBICHW b
TTIR, BHEOBESR Z <, ZOEEAV
THRE LT yRTOBRVEBMHR LN,
S, FHETI1.3~3.9g TALX
v =2 RL, KEWENo 1, TURT
LI EFBIZ1.3~4.2g TNy P E— Y F
YREBRL LR, KETF v R_A{LED o7,
oW T, £5$lo NDF & TDF O E
iR % Table 312K 100g H2h D g T
R~L7
FHENT OB O YR % 7R+ NDF
fiti2 14.5~19.5g T, AV E—»4 %<, €V 3
CE—DEhot, TVRONDFIZHENDKE
FrRHB.6g THROLD L, ThERE 4.4~
9.0g T, Usar s VW TP Ly 1 YV FE—
5 _TA %<, R. oligosporus % B\ T H
L avE—F RIS hot,
37, BEETIINDF %<, #0052 H

Table 3. Comparison of Dietary Fiber Contents in Various
Tempes and Raw Materials
g/100g dry weight

Sample NDF TDF
Velvet Bean 14.8 32.5
Velvet Bean Tempe (R. oligosporus) 8.7 3.7
Velvet Bean Tempe (Usar 8.1 31.3
Pigeon Pea 19.5 35.8
Pigeon Pea Tempe (R oligosporus) 9.0 26.2
Pigeon Pea Tempe (Usar) 6.6 23.8
Hinged Bean 18.3 43.2
Hinged Bean Tempe (R.oligosporus) 6.2 33.7
Hinged Bean Tempe (Usar) 4.4 33.6
Lima Bean 15.3 37.0
Lima Bean Tempe (R oligosporus) 8.8 28.4
Lima Bean Tempe (Usar) 1.8 28.8
Cowpea 14.5 36.0
Cowpea Tempe (R oligosporus) 5.5 22.9
Cowpea Tempe (Usar) 6.3 17.17
Soybean 15.5 21.7
Soybean Tempe (R oligosporus) 1.2 24.8
Soybean Tempe &Usar) 7.1 31.7
Soybean Tempe (Japan) 3.8 23.9

R. oligosporus: Rhizopus oligosporus NDF: Neutral Detergent Fiber

Usar: Dried Hibiscus leaf

TDF: Total Dietary Fiber



Table 4. Comparison of Mineral Compositions in Various Tempes and Raw Materials
mg/100g dry weight

Sample Na K Ca Mg P Fe Cu Hn In
Velvet Bean 40 1138 7% 114 319 14.4 2.0 2.0 3.3
Velvet Bean Tempe (R.oligosporus) 31 116 79 75 249 12.5 3.1 1.7 8.3
Velvet Bean Tempe (Usar) 30 142 54 59 212 12.1 1.8 1.3 8.0
Pigeon Pea 62 1403 95 126 503 5.7 2.1 1.3 4,2
Pigeon Pea Tempe (R.oligosporus) 34 323 60 69 374 5.1 1.8 0.9 6.3
Pigeon Pea Tempe (Usar) 38 255 103 72 402 4.5 1.8 1.0 7.6
Winged Bean 435 1089 377 199 500 7.9 2.5 4,2 1.3
Winged Bean Tempe (R.oligosporus) 49 608 36 186 569 6.3 2.2 4.2 6.3
Winged Bean Tempe (Usar) 50 640 44 187 541 6.4 2.3 4.1 6.4
Lima Bean 44 1506 45 128 3N 8.6 1.0 1.8 3.2
Lina Bean Tempe (R.ocligosporus) 23 88 41 52 241 6.8 0.7 1.1 5.6
Lina Bean Tempe (Usar) 34 78 49 43 236 6.6 0.7 1.0 6.2
Cowpea 46 1191 68 211 604 8.1 1.4 1.6 5.4
Cowpea Tempe (R.oligosporus) 66 151 61 86 487 7.0 0.9 1.2 12.2
Cowpea Tempe (Usar) 43 155 63 86 459 6.9 0.4 1.3 9.9
Soybean 49 1743 165 209 595 6.9 1.3 2.8 4.5
Soybean Tempe (R.oligosporus) 64 422 38 188 643 5.4 1.3 3.3 5.7
Soybean Tempe (Usar) 61 422 32 169 570 5.3 1.8 3.0 4.7
Soybean Tempe (Japan) 51 1204 141 155 509 4.9 1.1 2.5 3.5

R.oligosporus: Rhizopus oligosporus
Usar: Dried Hibiscus leaf

€6
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NWIBEOBWEERIE L 25 2 LML RS,
L7:2oT, SHREOY >R AOH¥RMM%E, 7
I/BMOBELEIL Y ESICHALHICT H Y
ENHBLEZOND,

KEFIRBIUY 4 7 FE—VF o RIGHE
BAERHNEL, TOMDNNNRy PE-VF IR,
¥ogry¥—FoR, Y= FrRELUH
YE—F URIIHEEN SN EERLT,

REBTHIT L -SHEHO T R Kt
/AL, BADBHEORVEGEIETH 5 I & AR
Ehi, FAHRICT T2V 90, $#BIUVHKOE
RAPKBHEVOT, ThHERTORWEGIE
THHEIELXHLDIZIL7,
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w4R B ¥

KERTHERLZ, #ARs-FrRv$h
QY ORI BERD SN 0T, T, AT F
Y—UBIUVKREE, FhEHCTHABLAF Y
N, SN BBIVBROERNE o 1255,
FOMDEFBL VTN OTHTHBUL AT~
RiE, SN AEREBHERMNE D o 7298,
FEEERI Do,

EADREERGHTHETLE, ¥ HB
FUEHRERI, FREL Y SEh o, —HKS
BIUBHERIIFHEITEL, FoRTLLED
-7,

KYHFHHEIZ >V T, FRED NDF % <,
FRODTHEEMCTRBLAZLADT ¥ RTIE
Liahot,

KEUSHOEOHEIE, FEE O TDF #4£ <,
FNODT Uy RTIILhdh oz,

ERBICOVWTIE, FETETIEH U L5,
RIZY DS Moleht, FoRTIEY Y FidH
) LNt

VT L, RTFVILABIVHBRFERET TS
{F v R_RThhehol,

MR, FREL Y EADETHRBL-F
DFHHEmMolz,

B2E FHETONOERKSEROLES

BHF o NRUIIHOVWT, FrROTLERKSTD
SRETMABEMT, BT I /B BEEEL LU
HRETMTL, FOMBEELMICLE,

Fl1EH ZEBRFE
1.8 #

1%, EIFHN1 T, ARBIUCHABEE L
THELZLbDTH S,
2. HMAE

(1) BT 3 /R

8 05g1280% =¥/ — N 50mlEINZ, 1K
MRGEE L, WA mnREE & 510 2 BIE
DOFETHH L7, Mt BEREER, Y
FNI—FVCHRIEL, BGEETR, pH2.2 7
B F O AREHRICERLERE L, IR
HiZ 835 Bigmak 7 3 /B ATEtic L DT o7z,



Table 5. Comparison of Free Amino Acid Compositions in Various Tempes and Raw Materials

mg/100g dry weight

Sample Asp Thr Ser Asn Glu Gln Pro  Gly Ala Val Cys Het Ile Leu Tyr Phe
Velvet Bean 39 6 9 15 67 - 181 9 18 6 21 2,529° 1 2 14 14
Velvet Bean Tempe (R oligosporus) 23 31 39 96 43 76 27 29 173 31 - 375" 17 26 52 49
Velvet Bean Tempe (Usar) 9 7 8 13 16 18 9 5 20 5 - a7 3 6 8 7
Pigeon Pea 42 168 9 97 168 - 13 9 38 15 121 - 4 5 12 85
Pigeon Pea Tempe (R.oligosporus) 34 19 26 68 111 24 13 19 152 15 20 1 7 13 21 30
Pigeon Pea Tempe (Usar) 45 65 42 90 94 46 38 56 255 45 26 4 24 39 69 7
Winged Bean 19 5 10 13 30 - 19 9 32 4 21 + 2 2 28 5
Winged Bean Tempe (R.oligosporus) 17 14 11 35 25 23 25 8 61 8 18 1 5 10 20 11
Winged Bean Tempe (Usar) 22 30 21 43 85 32 34 24 123 19 19 1 7 14 40 13
Lima Bean 68 5 10 120 88 - 29 8 20 10 101 1 4 4 4 8
Lima Bean Tempe (R.oligosporus) 4 13 11 17 16 7 5 8 34 1 9 1 8 12 21 14
Lima Bean Tempe (Usar) 40 35 34 33 63 19 33 22 117 44 8 4 35 62 57 62
Cowpea 51 7 6 133 193 - 6 21 25 6 20 1 2 3 7 11
Cowpea Tempe (R.oligosporus) 94 103 82 123 233 52 71 75 470 118 62 11 70 101 219 109
Cowpea Tempe (Usar) 61 112 69 . 83 180 39 64 76 292 96 87 10 59 80 159 136
Soybean 48 1 4 13 90 - 3 6 38 - 48 3 3 4 4 7
Soybean Tempe (R.oligosporus) 202 176 153 212 583 95 164 114 497 253 22 69 225 363 213 268
Soybean Tempe (Usar) 169 145 126 153 396 58 142 92 437 180 2 41 163 261 158 192
Soybean Tempe (Japan) 13 76 61 78 168 137 30 57 321 26 37 3 1 17 i 32
+ ¢ Trace, - @ Not detected * : May be overlapped with other ninhydrin positive unknown compounds.,

R.oligosporus : Rhizopus oligosporus
Usar : Dried Hibiscus leaf
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Continued

Trp Lys His Arg Sar!  g-Asa® Cit¥ 1-AbaY Cysthi® j-Ala® :-Ajba™ 1-Aba® Orn® 1-Mehi'® 3-Mehi' Total
4 11 12 251 33 - - - - 9 - 2 1 - - 3,283
9 67 45 48 - 11 - - 4 3 - 62 12 - + 1,366
- 13 6 12 - - - - 1 - - 4 5 - - 592
[ 10 39 83 52 16 - 279 - 17 45 3 1 - - 1,334
- 31 59 26 - 19 - 33 2 9 13 26 3 - - 802
16 108 114 63 - 25 i 50 4 15 16 50 22 - - 1,517
4 11 14 141 - 3 - - - 5 9 18 2 - 2 407
- 23 33 18 - 5 4 - + 2 - 9 2 - 2 423
46 62 43 - [ - B 1 9 - 21 9 - - 702
10 9 17 242 - ] - - 2 3 - 10 2 1 - 786
- 18 12 8 - - - - + 3 - 22 4 - = 258
17 79 59 43 - 9 - - 4 24 4 33 12 - - 983
8 6 14 122 kii] 12 - - - - 36 3 2 1 - 726
30 173 127 87 - 46 - 8 ] 44 33 161 86 - 2 2,798
135 164 123 100 - 24 - 2 7 38 36 130 38 - 4 2,472
45 § 3 88 - - - - - 9 3 5 1 - - 435
90 214 131 152 - 38 72 12 24 14 50 62 27 - 17 4,963
54 168 108 142 - 23 52 9 21 ] 19 85 23 - 12 3,710
33 114 104 64 - 15 - 1 12 12 - 21 13 - 2 1,589

1) :Sarcosine, ¥ :2-Amincadipic acid, * :Citrulline,*
" :3-Aminoisobityric acid, * :r-Aminobutyric acid, '

:a-Amino-n-butyric Acid, * :Cystathionime, ® :j§-Alanine,
1) . 3-Methylhistidine

:Ornithine, !© 1-Methylhistidine,

L6
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(2) EEEEDE

FF20g1280% =¥/ —n100ml 2hNZ, 1
BRI L, IE8%MmEEREE & 512 2 @
BOFETHIE Lz, £l % 0.1N KEIL T
MY o AW THRRI%L, BIERSL, Dowex S0W-
X8 (100~200 A v 2) (2X5cm) & Dowex
WGR (20~50 A v > 2) (2X5cm) Diign 5
AL, S5 TLHEKRTHREL. VT
LAFEBNBEO—ERYBERBHEEL, =5/ —
WEMZ TS HIZEBSHEE LTl L, PpEil
WEEL DLy 7 —ViEH (1mg/ml) 1ml%
MAEEER L. KiCHIEO TMS 1L#l % 0.5
m A TTMSIEL 7, CORBO—H%E Bk
GAS CHROMATOGRAPH GC-9A £l % v, 2
% Silicone OV-17 # 5 A THOERETo 7,

(3) AHEk

BB, HEEH T D5 HD Dowex WGR 7
FADRI, TYEZTRERL, BHBILHESS
%, 1 Dowex 50W-X8 715 A 2@ LEsER %
B, BERES L

COBERO—WEEY, ) UEBEEEMA 0.1
% IMEL 25 EIFRLA, oI, Ev-—
UV8010 maiififk s au< b 75 7 % FH\v>, Shodex
KC-811 (8X300mm) DA 5 41412, 0.1% ) V&
BERL, ARET S L2, 7 ARE 60
T, it 0.5ml/ mm T, H#EEOKRHIZ 210 nm
DEHEEZE=5—LTiTol. RBEFHTIIL,
LEOBHRHMMEOERBLELYVRAETE L
Moz,

F 2 THEBEO—IZ 0. 1IN KBLF M) v 48
W%, RERMZEL, NBEEREE L
TvoO Bl0mg #MA, KiCn-7% /=110
ml, EAGHES MY DA 2g, BLUBER 1ml
ZMRTIOFHEMERLTTF VAT AL
L7zo ®HBERAKSml & n-~"*H > 5ml %
WTHERBEBE 7 F VAT VoMt E 3EEDEL,
SRRz EbETERL L, ST, 20
—#8 % Bt GAS CHROMATOGRAPH GC-9A
% fi\ 5 %-Reoplex 400 1 5 A CHEE 7 F L
IAT NV ESEEER L,

B2IE K& R
(1) BRET X / BRALAK

SR OWRET 2/ BeE it Table 5 128K
100g %72 ) ? mg HTR L7,

FEEnEEEET I / BEitid 407~3,283
mgT, YAV FE=Uh%l, ARy b
E—rhEhotz,

BHEFEOT  ROBHELET 3 / BEREIT, 258
~4,963 mg THh% ) DEMK LN,

Hit\Z R. oligosporus X iV THB L7~
ROPTRBEHET I/ Bt BETHLE, VvE-
YTFURPESDL, RET I/ REROSEh o7,

IS Usar 2V THRAB LT RO P TR,
RWRy PE=YF I ROEFEH L% v 592mg T
HN, KE7Fr_HPHEHEV3,710mg Tho 7z,

EFRHFOBL DT I/ BEREARD L, BT,
YN BRBBT I MDY 3 HIEMBL T 3
JBEYERAS o7,

NRURy NE—=VTiE, AFA=5%2,529mg
ERLEL, ChEREPETE2BENHEICE
27 v RTH, RSP LVDAFF = h K4
375mg, 41Tmg L BZDBEHRNTH o7, R
T, ZVWT I /B, ETIE7 VXA 251 mg
EEholeH, FUORTHR2HEEEDIIT VT =
YHBL, TFT=rH 173 mg, 20mg & Eh o
7o

¥VaryE—Cit, ¥ o0 BIEHRT I VB
THba—T3I/BEN2T9mg LELEDN o7
hS, FURTIETF=H152mg, 255mg L |k D
ZLERE ST,

VA4 YT FE—YTE, TVX=2H 141mg
EBRLEL, ROT, 7924 32mg THo12,
FTUyRTIE2EBELBIITAVXF = 34 %L, 7
T rNK 46, 123mg L&D ol VK~V
Tid, V4 Y7 FE—VERBRTVEF= 755242
mg LB Eho72H, 2HEDF RV EDIZT
VWXL RL, TIZ U HE 4 34mg, 11Tmg
LEholz,

HYE—Ti, V% I VA 193mg & Eho
TehS, FURTEH2HEBEE DI, TT= 51470
mg, 22mg LFELEL, IV I VEEMIHI
RATWi,

KETRAYE-—LRAHEI VY I V8D 90mg
LB L%, R. oligosporus ¥ & L7=4 ~V F
AYTHMEOKRETF ROV T I EHT 583
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Table 6. Comparison of Free Sugar Compositions in Various Tempes and Raw Materials
mg/100g dry weight

Sample Fre Glc Suc Raf Stc  Total
Velvet Bean 108 601 2,556 875 1,765 5,905
Velvet Bean Tempe (R oligosporus) 20 175 24 41 51 311
Velvet Bean Tempe (Usar) 53 280 17 40 56 446
Pigeon Pea 1,672 226 1,568 625 873 4,964
Pigeon Pea Tempe (R.oligosporus) 205 159 23 95 225 707
Pigeon Pea Tempe (Usar) 337 958 32 52 154 1,533
Winged Bean 21 168 645 178 142 1,154
Winged Bean Tempe (R.oligosporus) 1,139 589 82 97 235 2,142
Winged Bean Tempe (Usar) 42 122 118 224 459 965
Lima Bean 912 113 159 26 99 1,309
Lima Bean Tempe (R oligosporus) 248 1,173 3 - - 1,424
Lima Bean Tempe (Usar) 171 1,286 - - - 1,457
Cowpea - 44 1,899 570 4,922 7,235
Cowpea Tempe (R oligosporus) 235 1,442 + 34 43 1,754
Cowpea Tempe (Usar) 221 3,403 3 32 59 3,718
Soybean 2,014 497 6,561 1,003 2,556 12,631
Soybean Tempe (R.oligosporus) 138 199 17 - - 354
Soybean Tempe (Usar) 76 123 7 - - 208
Soybean Tempe (Japan) 1,058 418 2,791 368 2,058 6,693

+:Trace, -:Not detected,

R. oligosporus: Rhizopus oligosporus, Usar: Dried Hibiscus leaf,
Frc:Fructose, Glc:Glucose, Suc:Sucrose, Raf:Raffinose, Stc:Stachyose

mg LHEDBE L, Usar 3l E L7-F o RBLU
BEDF > RTIR7 7= 5% 4 437mg, 321 mg
EBRLEL, TV IVBRIINICRWTE Do
PAS

(2) HEHETEHLRY

BB O EHEHAR % Table 612, EK¥ 100g
Lo mg HTRLA, RS- EELRENT,
FRELEADETHRLA-KLMT o ~REDIC
T2 b=R, FVIA—R, AZ7U0—R, 774
J—ABIURY X —RAD5HETH -7,

BHoOTEOREEESRIE 1,309~12,631 mg
T, V= RH V%L, KEPRELE Do

72 13E DT ROBEHEFEE R 206~6,693
mg THo7,

W R. oligosporus # VW THB L5 >
ROPTIE, NURy PE=V AV DR
L4 %v3llmg THY, V17 FE—-C%H
Wb oHRL S 2,142mg T, HEATHES I
TWAKETFYRTIE6,693mg L EHIZEHo
JARS

HERIC Usar t AAVWTHB LT o ROF T,
KEZFHAWALOHHKI A% 206mg TH D,
HIE—FBACLDOIHELF\3,7118mg TH-
P



Table 7. Comparison of Organic Acid Compositions in Various Tempes and Raw Materials
mg/100g dry weight
Oxalic a-Keto- Citric Malic Fumalic Acetic  Pyro- Total
Sample glutaric Tartaric Succinic Formic glutamic

Velvet Bean 21 - 1,083 - 533 250 5 203 156 239 4,119
Velvet Bean Tempe (R.oligosporus) 93 - 50 70 162 88 24 258 - 21 773
Velvet Bean Tempe (DUsar) 25 13 96 118 212 186 25 233 49 23 977
Pigeon Pea - - 508 - 835 414 26 - 509 114 2,406
Pigeon Pea Tenpe (R.oligosporus) 172 - 191 54 546 315 39 - 223 94 1,644
Pigeon Pea Tempe (Usar) - 23 279 109 692 515 59 - - 66 1,803
Winged Bean - - 792 - 809 738 5 227 167 374 3,113
Winged Bean Tempe (R.o!ligosporus) 18 11 147 - 429 252 11 327 468 29 1,692
Winged Bean Tempe (Usar) 19 - 169 28 453 324 16 - 165 39 1,212
Lima Bean - - 316 - 671 1,169 4 606 - 65 2,831
Lina Bean Tempe (R.oligosporus) 54 58 98 - 833 708 155 - - 53 1,961
Lima Bean Tempe (Usar) 46 20 95 - 875 100 58 - - 37 1,032
Cowpea - - 764 - 467 367 16 - 204 49 1,867
Cowpea Tempe (R.oligosporus) 36 18 180 - 1,230 1,276 59 - 732 107 3,648
Cowpea Tempe (Usar) - 39 145 1,067 1,338 100 - 51 2,739
Soybean ' 18 18 1,229 311 935 648 2 245 237 18 3,661
Soybean Tempe (R.oligosporus) - 13 136 - 830 559 14 - 372 178 2,102
Soybean Tempe (Usar) 28 29 145 39 412 973 27 - 538 170 2,363
Soybean Tenmpe (Japan) 20 - 915 - 1,231 283 16 257 211 100 3,034

+: Trace, -: Not detected
R.oligosporus: Rhizopus oligosporus

Usar:

Dried Hibiscus leaf

oot



EREFOBEL OBBEREREAD L, NVXy
FE—YTiER 70— 2552,556mg T& b Sho
2o COTEMAVCHRBLA2HEED T v XTI
Ay O0—R34%L, FVI—ADOFEIBEDE
{roled, R ELTIZH4 175mg, 280mg
EEBE LD L hdh ol

¥ZaE—Tlt, 7927 F—AH*1,612mg T
BbEhol, TOEFME, R. oligosporus %
BHLL:T O RTIE, A9 F 4 — 255 225mg
THRHE L, Usar #Hili& L7 o RTHE, 7
I—AH958mg THRH Lo 72,

YA RE=CTiE, A7 0—2H645mg Tt
bEhot, TOEEHWTHBEL R. oligosporus
FHEHRBL LT ORTIE 792 F—ZAH%1,139mg
THLE, Usar MiliE L7 RTiE, 2%
¥4 —2H°459mg THRHED o7,

JE—UTit, ¥¥avyE— LR, BT
Tk 7527 F—A5912mg TRH% L, 2HH O
NVRE—V T URTE, BBEERIZIIIEALE
bohwh, ZOHMBEHERIZINI—-ANE 4
1,173mg, 1,286mg L/ Eh o7, LA L, fi
DAPTO—R, 74/ —ABLVAY FF—2
EBEALEREEN TR oT,

HIE-TIE, ¥ F4+—2H, 4,922mg Tk
BLUGES LIRS oA, COEEXHAY
THABLA2EEOTF RTE, &bt Va—
ANHED S ol

KETHRZ70—25%6,56lmg ERHEHo
2o KEFMWTHABLA VY FRITHARED
QBT RTIE T NVI—AHE 4 199mg, 123
mg Lt HEDLE L, BRTHBEEN TV S F Y RT
A/ O0—2532,791 mg TRLZLEHENT
wis,

(3) HHEHLK

BRAFOEBEEM A % Table 7 128Kk 100g
YO mg B TR, RIBSNAEELAR
B, a8, a— T VSNV Y—LVEE, s
B, EAEE, ) I8, o o8, T VE, ¥
B, EBElE, BXUKOQI LY I VBETH- T2,

FHOGHOEEREB AL 1,867~4,119mg
T, WTE-TRLDRL, WXy pPE—-2T
BLEhol, 13HEDOT » ROBERBERIZ
773~3,648mg TH - 72,
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fiMiZ R. oligosporus # AIWTHBL 7 >
ROPTE, XWXy PE=YFRVWE L OHER
L%V TBmg THY, Iy E—%HW/I-b DAt
BLZ\3,648mg THo7,

R Usar # VW CTHARIL -7 o ROF T
B, NUXy PE—C ROV ORE LD
%L 9MTmg THH, "9 E—FHVIbONE
$%< 2,739mg THo70

EEBPOBL OFREEREADE, XWXy
FME—2Tl, I VEEIRLEL, Ry
Bh %ol TOEFHCTHBLA2ERD
FrRTREDII I VBOERIEVed ol
RMICIIEREEEDL RV, FBEOHEN
BHEL D, KT Y THEOHENREL o
726

¥la E—Tit, Vo IEEXEBEDIE -7
COEFHCTHE L 2HEEOHBEO T » RT
b EDHIS, MDD ETNIIH VA, Y TE
FRLE L, ROT, aNIENEN-7,

TAYTFE—-UTR, VO TBFRL S,
o COREBRMIZL THIMIC R. oligosporus
TAVTHAB LT Y RTIE, BEEEIRLS L,
Usar %l LT o RCIEEHIZ EFEE) >
TEENIRDE Do 72,

JRE=TIRaINIENREL, R >
TN S Do, FD2HEOHE DT > _TIt
EHIHIZY Y TEBFRLE L, RWT, any
S hotz,

HIE—RUKETIZ I T VEBENRLE RIS
) AN E ol FENHEDTRTIE) v T
i DViZansBEFSVEmMIGEED Sz,

Z BILEEIZDOWTIE, R. oligosporus 12 & 5K
G7FoRIZ0BEDHLENE, FlNWAXRv PE-—
YURAOEERERE LT RIS 2, 3DKE
EODE—I PR ENns,

BIE 8

(1) Tz /8

FUROT I JBERIIEOHEICIWVERS
A%, AP ILHEIREE T 100g L/ h 258~4,963
mg &R NEL, BADT Y ROERKIZFEDo
TWwhEitESI NS, #HHT I/ BOHEETIRY
ST EMRT I BT I JBEL D £ L,
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ELORGBDOBILRR S BT,

BenT I /) BOEETIE, "Xy PE—-V
TAFF = HROSVERT I /BETH - /ol
i, 79=UhRBEL, RWT, Sy IV
HEWEISED N, The 2T I )8
i, 7o vidHk, vy I CBIRERERD
ZENRLMLENTEBY, ChoDT I/ EENT
IROBEO—HMEBR L TWDE LD LEESNS,

NRy PE—VICHBET I /JBELT, AF
FZUNREICEL, TREFOTF URIBVTH
AFFZUBEVDIBERIT, 4%, FHICB
W, BB AFFA VLR L ER DB AFF
=S = e ) B E O O Rk
ERHTILEDHAS I,

KEEFRE LT ROEHRT I /BIZDOV
Ti&, Smith 524, Stilling & 25), Murata & 12),
H#oD, BELPVDOEL OWENHLH, Rl
WX HHERET I/ BOMIMIIFEETH 5205, H4
DT I BOBEEOBELEREDM VT I/
BoOMEIc2>W T, 2L —KLTwiwv,
KEE*ERETBFORIITI=y, TNVF IV
BXEEZ{EETRTwE LWL, FEROK
EBIUNLVARy PE=VPSOERREEE L
T oRTHRAMTH o7, HETONEERL TR
FMREH, 7 I/ BOBEEECRIMLICEAT
LLTHHEN, AL, R. oligosporus & &
¥7- Rhizopus IR CTREME T 0 57 7 — ¥iGEDS
Witd, ¥ AERBEILRBENE WD, L
LARTF & — LA dERE7 3/ B
RIZFNEIEELZLRVWTHAI EFRBLTY
5,

FERTO, ThoEET I /BICOVWTOMK
ROV, 7 REERO KR, Btk
B, FOHOREBECOEET I/ Bom
DORENTHICL VR D LRI,

(2) e

FHISEBIVUEAOEHETHP ST R
&b, EEMBEERE T R, 797 b=
A, FNVIA—RA, ArU—R, 574/ —-ABk
URAS X —ADS5HETH- 7,

BT ¥ R OBEEER KRR T
100g 7= 9 206~6,693mg NHFETHY, ZH
EPLFUROBRIZINSDOEOMG-HHESE &

n7z,

B I OW T, 67, A 61, Sorenson
58 DPEHH S, Sorenson 5262 LK B L, R.
oligosporus NRRL 2710%ki%, Y Va—R, 75
Sh—R, HIIZ =R, =V —A%xFIHT A
MAZA—R, A¥FF—R, T7 14— AILH
BLZzv, ZEBRORET v RTiL, BLAED
FHRoRIa-RAERILEL, TLYTE-Y,
HAYE—-BIUPKETIE, 974 /—X, A% ¥
F—ADERVPLLVDT, 7 RAEREOEDH
WKEBPRELSLIERBROIALDEOED b
HEESNE, MELY FHWOEHET S LIS,
BEELRMHFICLVRATIHEF NSO FEL,
#D1%, Rhizopus BT OMBREEFELAAT
Db EZ OGNS, 4B, ERICEALAK
ZIZOWTOSMTERIE, FoDDHi%k L I2iz—
BLTw/,

INH6DZ LY, BHIOMBOEIZ L HH#K
O, RoE, 7 ¥ ~F R ORI
WEEBIZ, BADOTF OB OMEE LI
HELTVWI I ERI N,

(3) AR

FUROEBEBICOVTORE DL, Lhwv,
FLAAEBROERD, BB LR OFBES
A, BERD DR ORSERPICERET S
RS D L2 BT HELTLORRE
BALV, SHIIF Y RAERORETOH BB
OEMickrERIDBLEZOND, ThF Y
NREHEYIC L2 RBEELLOTEHOAERED
MMbEZ oD, £, KERTIET i
) IBLaNn s BEHNFICESVEHIIR S AN,
FNELEDEALRDBRENT U ROERICHFZL T
WBHEEZOLND, KEBRTIET Y RDOEWRB T
HRILERET AR I 2 VB ENS
LI Nz, —F, HBEOMBMIC L2 K& L
ZIBOO Mot RERORET ¥ RIZE
BTERNEEL-OTHhOBEOBE LE X SN,
RERMGOENERETICOHEELTVWELED
NBEDT, REOHZTOEBDO BN KBTS
oIs, SHICKRTILEN DA,

FTAEH E #
(1) %7 I VBEETIE, 75=08LU0 70



Y IVEBDECT RS Dot VRE—
NGO T » ~Tix, R. oligosporus &
Usar D 2 i OHHICL 57 I /BOHED
ERIIDPOONLE o, BEMT I /JEESR
i, WY E—=F UREREF U RTEDo T,
(2) BEEEHRTIX, 792 F—R, YL a-—2
BLURIXFA—ADENT Y RYE D o7,
REEBEAMIIEERTHRINTVWEKEF
YRE, ATE—DF I RTEL, AV FRD
THABEDOKE T » RENWRy PE—VF >
RThhdhol, VIE—=V, AV E-BL
RKEDT Y RTIFEHRNDAZO—R, 574
J=ABIURTFF—APPLIBLLTY
72e

Tempe 1 kg

Total Extract

— washed with EtOEt
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(3) HAREHEE T, 2, 3OXRFREN DD EH
REEICIBEEINDLVL O OEBEBEOTE
EhBHEN, CheEDFEREOS ) v I
BEINIBEDOENT Y REED o1, BEH
BEROZVDE, AT E—BLUFAKENT
RC, BLHVDENLVRYy NE— DT RTC
Hotl,

FIE FoNOESFNTFRICETIHE

BHEESE LT, BET I /B, EEREBIU
ARBOMIC, BFTFRTFFLEIOLRS, K
BFRTF EPRTF UV ROBRIZOVIHIZFE LT
EDEHRARBDIZ, LTO LI, FrROiE
FFRTF P58 - L, AE R~

— homogenized and extracted with 99.5% EtOH (2.52)
— reextracted with 80% EtOH (32 X2)

Defatted Extract

Fatty Fraction

— Amberlite CG-120 (H*) and Dowex WGR (OH™) column system

(Amberlite CG-120 (H*))

(Dowex WGR (OH™))

— eluted with eluted with washed with
2N NH.OH 2N AcOH water
Cationic Fraction Anionic Fraction ilon-Ionic Fraction
(CF) (AF) (NIF)
— Sephadex G-15
CF-1 CF-V

—— Dowex 50WX2 column

OI—-1~0-13

Dowex 50WX2 column

VI—1~Vi—10

Fig. 1. Fractionation Procedure
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KEF v REVEFFRTF FEF>EHMT S
7Ol RKEFo~%80% L%/ —NMTHHL,
FoOMBEE ZEE, 14 KR EBLIUTSV
WEICLYSELE:, TRIZEVEShI-ZES
DEBE, Ve V) YBUWE, EiEB X URT
I /BOIE WEFFRTF FEFOMBET
I/BEAOHIIL, COEREFRIILTES
ISR A0, B4 A rxcru< b 757
{—BrUBHEEME O~ 757 14— (HLPC)
17T, 2, SDESFRTF FoOliEOHEH %
AM7

BIE ToNOEFFATFFEFOBRNS
L UR AR

B1E RBAHE

1. Bfs S UBNZE

KET R, PEERZZHRAL T, 23HH
BREOLOE, STy TAHEDAFL, #H
R CHMBRTEL,
2. Peptide-rich E4 DAR

(1) fhitids & U 4EFE

it X O EH EoEE % Fig. 1ISRL7,

FrR1kg %99.5% LY/ —N251LEHIC
FEV 2 FAXL, —RGSEEPICHEBZREAL
W EH, SHICKREIZ0% Y/ —L3l%
Mz CTHEBICLEL, BRzdbEmMime L
7z

R, COMBBEEFO—F 1) —TNFKL -5 —
TH 500m! ¥ CTRIERSE L 7=, 250ml O 5 )V

I—7 VT3 A L7, KRBITEERME L T
50ml DM E L, T FNI—F IV
i, IEEmSE L7z,

(2) 4 4 ¥ ZRKIZ K B 571

BMER Rz 2\ T, Ozawa 528 ASEMTF
LHHSINFLIA 5y TROLEAERSEIC
LT, UFOLHICHBEZT>7

M4 A MR 7 > 8— 5 4 b CG-120 (H*)
D55 (4X30cm) EBEA F ¥ 3K IE Dowex
WGR (OH-) ®A 5 4 (4X30cm) &4 28 %%
AL, Bl i i L TRF STk,
10l DEFKEH LI, O 2HEDA A 3R
I Lo 2BIS %, FEA A HES (NIF)
&L, ZOES%50ml ¥ TRIERS L.

RiZ, 2HKDT )X—F 4 F CG-120 D H1 T A
*EEL, INTYETKIITHEH LA, Bl
Wi, RETRGEEZRIEL, TVE=T%
B Lztk, BEAEZMATS0IE LA, 2O
SEMA 4 o %ES (CF) & L7,

¥ 7-, Dowex WGR @ 5 4 b RIHEICE# L 2N
FERR O I T L7z, MBHITIERE T RMEEE L,

Table 8. Ninhydrin Positive Components
on Each Fractions
mg/lkg

Ninhydrin positive

Fraction components calculated
as glutamic acid
CF 3368.9 98.78%
AF 26.6 0.79
NIF 14.7 0.43

Table 9. Nitrogen and Ninhydrin Positive Components on Each Fractions

mg/l kg

Ninhydrin positive

Fraction Dry matter Nitrogen components calculated
as glutamic acid

CF-1 202 2.6 % 27.9 33 % 6.6 0.2 %

I 1484 18.9 214.0 25.3 32.8 1.0

il 3919 50.0 440.8 52.1 2242.3 68.2

I\ 1210 15.4 117.9 13.9 593.1 18.0

\ 386 4.9 31.9 4.5 190.7 5.8

Vi 333 4.3 4.7 0.5 109.8 3.3

VI 298 3.9 2.8 0.3 113.0 3.5




HHAKIHERLTS50ml OB A 4 »HE45 (AF)
L TAN

(3) " ikE

CF (22w T, & 562 Sephadex G-15 2 W 7:
FNVBEICE D UTOL S CFEEITo 72,

H 6 Lo 0.3N Befilt CEE L L 72 Sephadex
G-15D% 7 4 (2.5X110cm) (2, CF10ml 2 »+t
0.3N BERECiFth L/, Wi, 7922 ava
L7 s —%Mw, £45ml¥o0B8LA. 75
233 ilonT260nm (2B AREE LN
ETHEEDIS, =V FY YRGB LU tert-
butylhypochlorite  Hv>7- H.N. Rydon & P.W.
G. SmithEHEICL 2HEbITo 7,

COFEREL SEEDIEL .

3. RAE

(1) &BH

FEGOEBEOWEX, ¥V 7 —
AR

(2) =k FV ¥ RIE8B & U tert-butylhypoch-

lorite It

VEEE R

105

=re FY Y KItid Yemm & Cocking30) ®J%5
EoTT o7, EEHFDO= 2 N B
Ao, SEmEE LTHWE VY 3 U8
ISR L TRR L,

H.N. Rydon & P.W.G. Smith ()% 81.32) 4=
& b, tert-butylhypochlorite IE %217 - 7:, K
BFUr—y TR LRI, BB U
ooz (1:9v/v) FUSEBLZ1 % tert-
butylhypochlorite #% 0.1mI il 2 T, $#HIEL, ¥
BEREAKEERE S ¢/, ZHUCEERE0.5ml & 0.05M-KI
BHE3.0mlOREWEMA, BB T30 5HKE®E,
355nm TORNEEHIE L,

(3) 7 I/ BEAHT

ZEFOERT I /B —FERmY pH2.2 7 =
YR F O LARERICERL, ERE LASIE
Hi7 835 Bigsi 7 3 /B trat s HviTo 72,

27 3/ B O—ER L K EHRERE
IR D, 6N HERE A X SRR MILEE > 72
WTHAL, BA%Y 7 AMITH N~ F—%Hwv
THELLE, Fo4 70y 2 XZAHT110T, 24

2.0L

1.0}

Absorbance

——
o ey

)
%

P

Tube

No. (5 mi/tube)

Fig. 2. Gel-filtration of CF on a Sephadex G-15 Column (2.5X110cm)

Elution was performed with 0.3 N acetic acid at a flow rate of 1 ml//min. @@, ninhydrin
test, 0.005m! of each fractions was tested and absorbance at 570nm was measured; OO,
tert-butylhypochlorite test, 0.01mi of each fractions was tested and absorbance at 355nm
was measured; O—0, absorbance at 260nm was measured.
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Table 10. Free and Total Amino Acids Contents in Each Fraction

#mol/tempe 1kg

CF CF-—1 CF—I CF-N CF-V
Amino Acid Free Total Free Total Free ota Free Total Free Total
ASP 690.2 | 5060.9 5.1 | 823.8 | 220 2075 3.8 | 314 0.7 | 13.0
THR 2404.1 | 3662.7 14.5 | 316.8 | 1088.3 | m2a.0 | 43.0 | s5.6 7.1 10.9
SER 1870.5 | 3074.0 6.6 | 291.3 | 9153 | 9036 | 348 | 435 0.3 4.4
GLU 5318.6 | 12438.1 4.1 | 1000.8 | 25615 | 3121.4 | 130.8 | 155.4 36| 129
GLY 2105.4 | 4721.2 1.9 | 460.1 | 703.9 | 902.3 | 70.4 | 1104 2.4 | 145
ALA | 11890.0 |12867.3 || 30.4 | 339.6 [10521.1 |10865.7 | 328.8 | 388.7 4.9 9.8
VAL 887.4 | 1829.9 10.5 | 232.8 | 546.9 | 6144 | 242 | 34.8 5.1 1.9
cYs 266.8 | 287.1 8.2 [ 3.0 - 34.4 1.3 4.6 1.5 1.5
HET 1247 | 2087 || 10| 79.2 | 255 | 6a7| 311 3.9 1.4 1.9
ILE 345.1 | 1352.4 16.2 | 202.5 | 221.8 | 2948 | 240 | 38.1 2.9 5.7
LEO 716.3 | 1856.0 27| 248.0 | 3885 [ 413.9 | 6.9 | 720 3.3 6.9
TYR 1928.5 | 2291.0 1| 517 - 33.1 0.9 12.9 2.8 7.2
PHE 759.8 | 1655.9 8.7 | 1017 - 4.5 2.3 1.6 | 220 | 249
LYS 2586.8 | 3671.4 || 779.1 | 1003.2 | 1501 | 214.9 5.7 15.3 0.8 3.2
HIS 2166.3 | 2810.1 | 241.2 | 3740 | sez.2 | 615.7 8.0 12.3 - 1.8
ARG 739.5 | 1682.0 1.2 | 245 - 4.1 1.8 8.6 - 3.3
PRO 1310.8 | 3584.4 1.7 | 5186 [ 9911 | 10910 69 | 3L9 - 8.4
Continued
BEMIAS R L. RTHESICHEEL, &Y
Amino Acid I-'rSaF_Yl['otal l‘rgF_wota BLBMRELT, BT AR L, RERER
ASP 0.3 | 418 0.1 | 256 73/ BERBRICTAT L7,
THR 43| 203 2.0 1.4 S22 BRLLUER
SER 35 | a7 9.0 10.5
GLU 18.8 | 2027 | 19.0 | 325 TYROZEFRIE, BIKOY 287 HDE
GLY 3.0 123.0 L3 9.9 RMOFROLBN, 7R 1kg K40 31.12g T
ALA 30.0 5.4 %.7 5.7 Hotz, 80% % /— Vi TIE, 1.043g, # 4
VAL a7 9.7 - s % il Sz, 44 USRI X 2 5ETE,
o - 23 . 3 Table 8IZRLAEBH, = FI) YBHDE
— 3 e T 23 DEBI~ORAIL, FOIREAENAF BT
IiE 3 27 o i1 Hh, FIC C_F 0:&:{%’-3 98.78 % fﬁﬁ’?ﬁi LTwr,
e o 0.2 - s Table 10 Z7R 3 LI, COESTODEEHEHKT 3
B, TI o BIU NI U EETHo T,
TYR 5.9 | 369 | 75| 641 $r NGB EILY, BLOT I
e o LS S AMEHE L7720, ZOBEDT 3 BOE RS
O S L L L 2 LY BALAWOFAATRI NI, I T R8T
us 284 &4 25| 48 FYBIXTH, 78 IVl 7y, )Y,
ARG 19) 988] - 5.3 AvB4yy, B4V BEFT 22 NT T 20
PRO 83| ®9| - 13.8 R2EICHINLTEY, Tho A MBRSET 5




Absorbance

n_7 8 8 19,10, 1 12
U ¥ LU L]

Tube No. (5ml/tube)
Fig. 3. Chromatography of CF-1I on a Dowex 50WX2 Column.

CF-1 was chromatographed on a 3.5X4lcm column of Dowex 50W X2 (100-200 mesh) equilibrated
with pyridine-acetic acid buffer, pH 3.1. Elution was performed with a linear gradient of pyridine-
acetic acid buffer from pH 3.1 to 5.0 at a flow rate of 1 m//min.

0—@, ninhydrin test, 0.02ml of each fractions was tested.

OO, tert-butylhypochlorite test, 0.02ml of each fractions was tested.

EEPNHFELTVEEEZLNS,

& 612, Sephadex G-15 % WV /-4 VilBIZ &
ZRHEOKRY Fig. 21TRTEEDIZ, TEH
THEOHS (CF-1 ~CF-WI) &R, EERB L
2 e M) UM ER OGS R % Table 9
ICRL7, Fig. 2 CTK&%ZE—27%/RL7/A:CF-II
ik, ERTCFO#H50% %%, CFOELEFERD
52.1% M3 A LTz, EBIZINOGDOESTDT
3 /M % Table 10 2R L7, KERS DS
73 /B CF-I~CF-VIZHFEREL Tz, i
CF-Mix7 I /EBAFEVEFTHY, 7528
XU TNY I EBNENo T,

T I VBB UMASBROZT I ) BE
h#+5L, CF-ITix, BEAkSBIZE Y 70
73BT 250 1%, TAR/STXFBEIL 160 15 &%
HLTBY, 20OMEL DT I/ BLSRICHE
LT3 peptide-rich ZEF L EX 65,

R, CF-VIOHE S T, BEIMASTRICL D,
TANRT X BT 1401%, vy I VERIZI0fEL
BELTEY, 2R3 7I/BEEEBEETETS
ILEMDFEMNRE SN,

CF-VIiZiZ, D72 = VT 5= A CF-V
i, ForyaamLTsh, FoEARNE
ARTESTHY, GEBELEWES O LEEES
ha, BIWKTBICEYD 7Y P FEBELTWS
s, T UBHEOFEE® R IR,

Fr, TN T I AIDWTIE, —f&KICHE

RADEKRZRL, 862722075208
SPFOL 2 G8LRTF FWEERRTF FT
HHILbMESND,

CF- 113tk 535 LSO 7 3 Bihst sk
L, KEWESTRTFFTHrLEEZLND,
AL, idda, LEOUMLEHETH -7,

ChoDFERLD, CF-IBXUCF-VIDOHE S
% peptide-rich 2 W4+ & LT, LAED S5 - MR
DT,

BIH E ¥

KEF v RPSBEFFRTF FEG* FHET 2
12DIZ, KEFR%80% % /= )ILVTHHL
FOMWE AWM, 14 o RBREICE B 5H
B L U Sephadex G-1512& B4 VilBIZL 5
B - WL, SThoFEGOERHED L DK
FREBEDORLT I /BEOFHICL D, BFFRTF
FESOWET 3 /BEBEOMLT,

BHOT I /BTS2 oBLUTVY I VB
HEL, FLBIMKGRERIEINVS I U8, TA
NSFVBEBIV 72V T52 0N BE#L
THh, ThoD7 I/ BEEBEETET 51LE
WOFEITRE SN,

28 TN Peptide-rich EH D1 * >3
BoOw b IS5 7 14—k DHEN

Sephadex G-1512& B4 Vili@ic sk b, Boh
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7- peptide-rich ®4 CF-0 8 L U'CF-VIH & £

NBESFRTFFE, SHOICHBET L0,

FrRWraT S5 T4 —%fTol, FHlEH

REFIZDOWTIE, MR T 3/ Br B,
F1EH ERBRFE

1. % #H

H45 CF-Tix, u—%)—xNRL—%—%H
WUiSRECE S, BEHKICHERLERE% 50ml &
L, CF-VIid, FBCERE %, REKTL2E% 25
ml & L7,

2. Dowex 50WX2(&B3Hh5L7A7 T 57
4 —

E) YU URUZHBEL, E6IZpH 810K P
—BEBERE W () 2 VEE 0.2M) THEM{EL
125 A F > g Dowex 50W X2 (100—200
Avva) ©3.5X40cm DF T LISEENEE R
x4, pH 3.1 U v —BfHgHE (¥ P>
BEE0.2M) & pH 5.0 ¥ Y ¥ v —FEEEG T
(EVTVRE20M) 284 1IEFHAVWTY) = v —

5TV MIE D EHLABHBEE SmI Y
SREL, £7Ira hiaINET I /B
BIXURTFFFE=Z L FY) CRIEB X U tert-
butylhypochlorite RIS iZ & H Bt L 7=,

3. x=nN—vOvwbJ5T71—-

R—)3—r 0= b ¥5 74—, Whatman No. 1
filter paper # H\V, n-7 % / — )V — Kl — K
(4:1:1 v/v) ORKBEBHET, LABICLIYVER
L7zo AFy FORHII, = FYYREIEB S
UV S 7 (254nm) FTIiTo 7%,

B2E BRBEIUEER

CF-1 % Dowex 50WX2 xflww/:hF A0
2 ST 742X FET AL, Fig. 3ICRT
IO RERVEONL, EFI-1~0-1309 b,
BIZVe FY U RIBOHMWE -2 12T1-3B&
UI-9D_=2THot,

FLESOEES L URT I /#% Table 11
IR L7,

-2 0-31i%, BBIAKSGTBET AT X B

Table 11. Free and Total Amino Acids Contents in Each Fraction

#mol/tempe 1kg

-1 n-2 -3 -9
Amino Acid | Free Total Free Total Free Total Free Total
ASP - 8.0 - 15.8 11.4 91.8 - 4.2
THR - 5.0 0.2 6.3 8.5 23.6 - 2.4
SER - 5.2 - 7.0 - 23.0 - 5.2
GLU - 21.9 - 17.6 - 83.4 - 5.7
GLY - 12.6 - 10.4 - 37.9 - 4.9
ALA - 4.7 - 5.4 - 21.2 - 1.9
VAL - - - 1.4 - 17.2 - -
CYs 0.8 1.9 - 1.0 - - - -
MET - 0.6 0.1 0.8 - 15.8 - -
ILE - - - 2.2 - 7.4 - 1.2
LEU - 1.9 - 2.6 - 8.1 - 1.4
TYR - 1.9 - - - 1.8 1.4 -
PHE - - - - - - - -
LYS - 0.7 - 1.6 0.2 5.3 113.3 99.3
HIS - - - - - 5.3 18.5 17.1
ARG 0.1 - - - - - - 0.8
PRO - 5.1 - 5.9 - 19.0 - 4.2
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9 i1 10
2.0¢ 5.0
8 [S—
_§ -4.0:!:
§ ) o,
< 1.0 4
< 3.0
i 9
ool
300

Tube No. (5 ml/tube)
Fig. 4. Chromatography of CF-Vl on a Dowex 50W X2 Column.

@@, ninhydrin test, 0.02m!l of each fractions was tested.
OO, tert-butylhypochlorite test, 0.02m! of each fractions was tested. Other informations: see Fig. 3.

Table 12. Free and Total Amino Acids Contents in Each Fraction
# mol/tempe 1kg

Amino Acid FreeVI —~ 3Tot.al l"reevI — 4['olal l-reevi — 5Total Freew_ ?ota Fﬁ:ew_ E?fotal
ASP - 0.93 - 0.12 - 0.02 - 0.11 - 0.04
THR - - 0.01 0.02 - 0.02 - 0.07 - 0.05
SER 0.01 - 0.01 0.04 - 0.04 - 0.15 - 0.07
GLU 0.02 4.29 - 1.1 - 0.05 - 0.15 - 0.08
GLY 0.09 1.12 0.02 0.12 - 0.38 0.03 1.81 - 0.14
ALA 0.20 0.19 0.08 0.03 - 0.05 - 0.03 - 0.04
VAL 0.01 - - - - - - - - -
CYS 0.01 - - 0.04 - - 0.03 - 0.04 0.03
MET - - - - ~ - - - - -
ILE - 0.02 - 0.01 - - - 0.04 - 0.03
LEU - 0.01 - 0.01 - - - 0.03 - 0.04
TYR - 0.15 0. 06 0.91 0.04 0.05 - 0.21 - 0.19
PHE 0.57 4.22 | 0.06 0.73 4.85 4.42 - 0.54 - 0.14
LYS - 0.01 - 0.01 - - 0.01 - 0.07 0.08
HIS - - - 0.02 - - - 0.02 - -
ARG - - - - - - - - - -
PRO 0.04 0.0s - 0.07 - - - 0.36 0.01 0.12

BLUINVY IVERIILD, FLOT I /BN  WI/O M5 74—CE50BEERHATTHS,
HEELTH D, peptiderich ZHELEF & E 2 =2 0-91, ZOIEEAENY I Y ThHo
bNB, SO BT E/-0I0, A4+ 0% 72
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CF-VI® Dowex 50wX2 D H T L2 X A5 T
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3. HPLC IC & 3 4B A®

LRREBHOBBB LU T 2 EH, Ly
WL BONERICESVTHRETo 7,

VI-3120.6mli2, VI-4120.3ml OBE#IZER



LT, 8% 102X 30~50uliEAL, UV
HBTE=F—LLds, FHSNIEE—-2 %
%ﬁfﬁml/f:o

ROEE— 7 izo0nTid, B0 R* T2
THESPREITo7,
4. BT I /BOSHR

SRV RTF FiI2onT, WiEABE0 FiE
THRT I JBOSEITo72.

111

5. NRK¥WE7 I /BORE

Sanger® IZ Lo THE IRV =}boanF
o~y ¥ g (DNP &) #Hvy, NEKF7 I/
&%&EL’:O

LRORTFF (#0.12mol) 2/hREEIC
EV, 1% FPUAFLTIKREROIMIIZE
AL,5%1-7rFu-2,4-V_pbuxRrsEr
(FDNB)-L% /— ViE# 0.2ml 20z T 2 KM

at A260
‘h

J

at A220

3

E V- 3

St

o

[72]

o]

<

3

[=]

-]

e

5| vi-4 j
w

L

< /‘\/

at A260
at Az20

o

4

12 16

Retention time (min)

Fig. 5. Analysis of VI-3 and VI-4 by HPLC.

Column, Inertsil prep-ODS (6.0X250mm); Solvent, 0.05%
TFA (pH 2.3): CH3CN (85:15); Flow rate, 1 ml/min; Pressure,
29~32kg/cm?; Temperature, 22C ; Detection, 220nm and 260nm.
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FiRICHEL, DNPILL 20 BIGHICEEE K 1 ml
E30% M) AFILT I VKB IOuIEMAS T
FLT—F Vit E 5B EL TAH O FDNB
BV ok, KIS T BT RMEZE L T DNP-~
TF FEB,

R EER T I /B DNPAEL 7=,

DNP-R7F FIZ6N BB 1 ml # I CTHRET
TS L2, 105°C, 1280907k 5% L T DNP-
TI/BE L,

MKRGFRBIZE>THEONZDNP-7I VBB X
Ulltn 7 3 /B (C-KMBHRDT I /BE) &R
—R=a2 b5 74 —2LoT, ELEEL
7o W% No.51-C #H\v>, DNP-7 I /BT
&, pH5.6 V) Y EEEMH I (1M Na:HPO4+0.5M

NaH:PO1) ORREHT, - 73I /EBTiin T
5 ) —-FifE-K (4:1:2, v/v) OERGBET
ER#EICEIDWER LA, DNP-7 3 / Biid, #f
DARy P LTHRBER, T/, BEDOT I/
BiowTid, Ve F) YRIBICE o TRIBL
yA

B2 BRBLIUER

VI-3BXUVI-4%0DSOA T LAV
HPLC |2 & o THHT L 748 % Fig. 5 R L7,
0.05% TFA: 7 b=k (85:15) DiEE
FERAVBILEIZEST, I-3BXUVI-4 &)
2, E"O0E -2 158, B4 DHAD
E— 27 3B &L, /42, I-3 V-4

<
C
b_
. B g
A
t—/[,

Retention time (min)

Fig. 6. Analysis of A, B and C by HLPC.

Analytical conditions are as same as indicated in Fig. 5.
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TFA: 7Eb,=bPY W) %, ATIZ95:512, B
Tix90: 10 (2 2 THE HPLC 12 L 2 5B k1T
oo TOKER, E—27 ABLUBIIREE—-S L
ERIITEETHILNTES,

SWLI-E—2 A BBIUCRu—%Y—T
IRV — & — Tiltitk, dERERL, ZITH
L7 A BBLUCIE, 4 1.2mg, 2.0mg B
LU9.4mg TH o7,

INODHBEEFRARLI-OIZ, R T LRBE
THMEITo -8RI, Fig. 6IZRLAEBIT
Hb, A, BBIUCIREFhFRKST T2 &
Fhwrov bMICE—DY -2 %527,

WOMITHEL L HICHESZVI-3 L VI-4 TiE,
(Glu, Phe), (Asp, Gly), (Glu, Tyr) =20
IRTSFEBEZ LRI,

(Glu, Phe) & (Glu, Tyr) 3—FO#ET 2
JEENELL, F2, b —HRELLLFEFR
TI/BTHDH, cNLDRTF FCRFEEFET
I/BOMEIEBELhAEELILND, £C
T, Photodiode Array {2 X 232 7o/ L 2 5,
CDZDODRTF FDARY MU, 472 =
VTS EFOLrDARY PLLIFIZ—HL
72 (Fig. 5 Ti&, Photodiode Array {2 & i}
£ 220nm & 260nm TH 5%, B, C& bz, T
M 260nm BT ABNAALND ), F /-,
HPLC (22 BT 2B HAFEIE, FOL Y, 7=
V7S DIRATHY, SRTF FOgE L EE
Thol,

IhonZ &Exs, Bid (Glu, Tyr), Cid (Glu,
Phe) DHAEHLEDTIRTF FTHD LIEE L
ha,

A, FOARY P LD 280nm {125 <
WA BbNEZLDS, T3/ BEHMBES L
THEYTIIEWEEZOND, ANFENT
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WSS VI- 3 T, BEAKG %R, 7Y > 9%

{ALN/IZ EAE (Table 12), A XS VI-T7
DT F =D L) BB O D B,

F/:, VI-3% D (Asp, Gly) &G ED I~
TF FIZoWTid, HPLC 2B 2 S B 134
ETELhor,

A BBIUCER=—)N—uv 4574 —
THMLIER, ADARY M=k F) V&
HTHIVBBIUCIE=V e F) v BEOE—
ARy B, 512, DNP {LEEmA S #
LTDNP-73IVEBIUTI/VEBEZRELLSE
2 BiIDNP-Glu b #u< >, Cit DNP-Glu &
Tz VT I s nz,

BB XLUCE2BINAGH®K, MKT I/ B%
FF2 L, B2 Glutamyltyrosine, C i Glutamyl-
phenylalanine D ¥ XR7F FTH 5B EREL,

EHI, IRTFFOfHE (Zro7 3 /BD
HEW) WL, ERRELITVT RO
ER~DFELY FHLMI LAV,

$IR E ¥

HSVI-3BLUVI-4122WT, ODS 7 5 A %
/- HPLCIZ L 257 fTo - R B — D HE &
#=2 (A, 1.2mg;B, 2.0mg;C, 94mg) 853
ZENTET,

ZhooH b, Bid Glutamyltyrosine, C i
Glutamylphenylalanine D ¥ X7+ FTH 5% L [H
ESNTz, T/, ARKBMRESLEES L
AR

8 &

A FXA7HNE- Sy 7EBORBRHO—
DTHHT NI, FRRELHEHE L TRES
haH, 417 FEAITHRABETIRIREIO BEEH
Bnzehs, RKEUADEEOFHEANEZ 6N
Twa,

AFRETCAFELL, AV PRV THAETES
W2 5HENE, $hbbNuxy PE—-»
( Mucuna pruriens), ¥ ¥ a ¥ ¥ — (Cajanus
cajan), 7 41 ¥ ¥ ¥ ¥ — > ( Psophocarpus
tetragonolobus ) , ') < ¥ — » ( Phaseolus

lunatus), 717 ¥ — (Vigna unguigulata) B &
UKE (Glycine max) #FEHEL L THABLE
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BEIHEOTF U RIIDVWTABFEENLBAH, S
BEtE1To 72,

BRESTIORE, ¥ o7 BERIEKY
100g %7:0 32~52% THhh, BEL Y V0K
BTHLMAEHEI, T2, KEF I RBIUY 1
YU RE=UFyRDEN, FUNRIEBLY
BRDERMEVEL, NUNRy PE=VF R,
¥larvbl—FoR, YRE=VFURBIUH
YE—F U ROEIY OV EBIUBESR
BELIREERVD L VEO 2 BICah N,

BRYHEERYRT TDF b 18~34% L %H o
720

EREHE T, VY, Y I ANE L, EH
ERVSVEERE, —HOE, VY PE—
CTESEREVER B,

K, EHALOELERBS TH D HHET 3
B, BB X UEREBOABE TN LZ. £
DFER, BHFo~RED, EHETI/ETR, 7
FoUBIUINVSY I UEEN, BEETIE, 77
Jh—R, FWIA-ABLIPFAYZFFT—ADE N
T URBPEL, HREETIE, )y TRBREINI B
BN EEMYINEDEARIRERNT R
DERIZEELTVELDEHESNT,

¥ 7, E##H TH A Rhizopus oligosporus &
ZHEOAY =9 —THEINA AN AGEHRE
(Usar) 2B L-MRO 2 HOBHICL ST~
NREFOERG, FHEH BV T—EDHMIZ
BOLNLE o Tz,

T, BBRESELTR, R7FFLMEE5TS
LEZONDY, FUROPEEDE D) LRTF
FABEBETL2OPTHTHL, 2T, ThiEH
OMPICT BB, BHFRTF FEFOWRE
1To72

¥, HEEAREF Y RPOEFFRTF NH
5E80% ¥/ — VT, M4 Kigks
U VEBICE Y FEIL, BON-KEFTD
EF, Ve M) UBHYH, EEBLIURT
I/BOGEToLIAEHEOT I VBIZT
FZUBIUTNVY I EENEL, EEBENAS
BB ELICED IV I VB, TANTXUBE,
TNV BIUToNT I UHE L ERLT:
EPLINS EHEEG E TAILEMDOTFESD
RBENT,

s, W 2DDEHFFRTF FEFDI L
URFSFREZEZ 6N, HPLC T4rBE - BRL,
B—thoBFICOWTT I/ EBEFHRBLU
DNP # TN KL HE L& %, Glutamyl-
phenylalanine 3 & U Glutamyltyrosine ® X7
FrFTCHBEREL.

Doz Ehs, KEEPEHEEZREEE L
THEBENTF U RIZWTR D ERERFMNICE
NEERTHY, 1 FATVT7HRABEIICBV TR
YN EBLUERBOMGIEL L TH#ERTE,
EHIC, KETURIL, Z0EAHR»LERSIS
BAEICBVWTHHEERMOFEN E L TOF A
AR |- (A

B &

BODIZOFAR, FHEICHLHEEEV/-R
FHEERAEERICERBOTERLEI T,
FRAEILDLICHI), HBEEB - E
FHEFNFFER, BFEREHBIE—HE, B
T EREREIR, 2o CICHEFE S LEANE
FEIZIOD BB LET,

T/, RENUR L FITICaBIE 2B - /2, BF
KREARE  REMTHEWRCBBIR, EEWY
LINFHEEB B, KFRERFE E4KRLTFH
F, — BRSO EHEBE L WB IR,
WEERLFEMKE RESLHEHERRE,
TFFBEMAY FHERFHF, LHBRFEK,
REKRFE BEEL/MNBT R, BEELR
B EBFE, siciBhaT S o R FRERE
RM{LEMREZEOBME, WHBET, HEEHR,
Ty, RERE, PHEFOBELR LUK
FTURIIDEHAHBIRLTHE, BF0T R
AFICHHBIHWE F UAEGAERSE Bl
TG ERESIR, ToRERBETEVWELAL
H 7 ABRSHICE BRPFoTLELET,

B, KBRLIT1992 E L FHRERENL (FE
%) SRR E LTRIBL, #uB5 L TR
Wb DT,
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