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REFRFERE L, AY—F —-THL LB R /-
KI7 v, 1o Embb 4> N Ay 7 OEHE
AEFEBERT (Saono ©, 1982 ; Winarno, 1979) T
bb, BEEZEE X LT 288, oMo
LIV —=7AER A -5 —E LT, ThERER
QL (fThh b, ¥k 7v~RE, 7 (1
YAV THE) B, Tro—- LR ER, 2B
IGC 7 ¥08H b0, 7 EAOF ¥ (Hadisepoetro, et
al., 1979 ; Liem, et al., 1977; Tanuwidjaja and
Roestamsjah, 1985) b, 4 > Fax>¥ 7&HMF, &§T15
TEANZTNHBOLOBEREIN TS, FROED
12BE3 2992 (Suprianto, ef al.,1989) Tix, & ~<H
7 ¥R EETNDER (Endomycopsis) Y RDED 4
RICEE R R EREINTHE, TVy_AZ
FOMEYHIC DO T LFT & D 58 (Hasseltine ef
al., 1963 ; Sorenson and Hasseltine, 1966) 3N THB
N, FEEE Rhizopus oligosporus & ST 58,
DY - T AN RRE, BR, #HE, X et
FahTud tEsNhTw3, RKEF VOBV A
Bizd, ZhsRELBRLTVWIEEZSNS, K
TFr_o&EV WL TE, R oligosporus % X ¥ —
F—rLRKRETVROBEVESORE K,
1988), Rhizopus B8 L UVEEI XAy —F—L L
TRET v ROBFDCRIZT RS — 5 —DFHE (X7
D7 b5, 191 BREINTHE, KET XD
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EVERIE, A5 -y —0EE, RERH, BEzY
WE-oTHELETI D EE LN, EFRLIT o~
DEVIE, T ORBERET L2 —DOEELXRTF
EEZONDY, IOHRCETIWRIINETAHAS
nge,

EFRETIZ2ED Rhizopus E 3D A v K2y
TEIXRAY—F— L LTKET vREMEL, #
ODFEVEHTAzaX N5 7 (GC) AL TERLE
EDDGCruv 2 r5h7u744A0V0%ELER
BEESRE & DBIR & ER SR & - T, ML
23230 THS.

MoE & O
FRXE 7 AV AANAAEORE RN,
AI—F— R¥—¥—ix, BE L LT Rhizopus sp.
QUM 186F (Sukara and Doelle, 1989), R. javanicus
IFO 5442 D 2%, ¥ LTA VY NAVTE, 7%
No.l (RT—nDF7 > _XTHEEK), 7F No.2(%b
oy HEK), 7F No. J(EILREMEHEK), O

SERHEELE. $EOFFRuThsiik (KA
@) W LTHEALR.
FUAREEEE  KT200g 2 FIRTAEAKIC 3 KRS
BLIE, THEOKEMZ C205MEHELL. A
ESHL, REEZBREL K, 1200C T02EMERE
L, Tk gILtg, 79 AF v 7 BIZAR,
N7 F20.2% (w/w)BEREL /2. Rhizopus BEROD
&, HBESEICHLRT L7 Rhizopus BIC
10mi DWHEAE A, THBRL CHT-EREER
EUED, ZO2ml #ERELT. 7 o OFBEE 30

[



10 ALY T b F

Nl

Vi B OH R

C kL, RESRFREIL18, 22, 480FRA & L 7o, EBEED
R 2158807 v FR AL, FA—FBE
BT TEEO T v ~BE2FRL 2. EAROI,

F—&ETHBELU B, VY —=7AT 0, Al
(6), A2(8), A3(6)(R.sp, 186F B X5 — 5 — &
L, SRR AL, 1885R0 © A2, 22B%RT ; A3, 48KFRT
6 REHKY, DUTHER), VY —727F v, BL(6),
B2(7), B3(5) (R.javanicus IFO 5442), 7 ¥ 7 >~
C1{(5), C2(6), C3(5), (R¥—%—, ¥ No.1), 7

¥ 5~ D1(6), D2(5), D3(4) (¥ No.2), Z¥7
>~ E1(6), E2(10), E3(6), (¥ No.3) &L, &
HTREOHEB ERHHL 2, ~y FRR—XHF R0
T N7 HE e B/ RSO BERNT 55
4F I 9T Ay FAR—ZAHF A7~ 75 704713,
THSO#ME (Shimoda, ef al., 1984) #&E L L,

n-octanol ZWNIE¥E Y L A 7Y 7> F 5 OE (R
TN T s, 1991) EE—FHTITo N, BHER
eR/ e — 7 DERIZPER Y — 7 BRICE DL HEE
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Fig. 1. Typical Chromatograms of Rhizopus Tempes
Rhizopus sp. QUM 186F ; Al (18 h), A2 (22 h), A3 (48 h)
Rhizopus javanicus 1FO 5442 ; Bl (18 h), B2 (22 h), B3 (48 h)
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Fig. 2. Typical Chromatograms of Ragi Tempes
Ragi No.1; C1 (18 h), C2 (22 h), C3 (48 h)
Ragi No.2; D1 (18 h), D2 (22 h), D3 (48 h)
Ragi No.3; E1 (18 h), E2 (22 h), E3 (48 h)
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Table 1-A The Averé.ge Peak Area Ratio to
Internal Standard of Major Aroma
Components in Tempeh Fermented

at 30°C 18 h
Peak Tempeh
No. 186F 5442 ragil ragi2 ragi3
4 0.06 0.06 0.03 0.02 0.03
6 0.19 0.38 0.08 0.13 0.27
7 1.17 2.27 1.74 1.01 5.08
10 0.06 0.05 0.03 0.08 0.03
11 0.55 5.66 0.23 0.08 0.13
12 0.22 0.37 0.71 0.28 1.82
13 0.40 1.29 1.09 0.69 8.14
14 1.13 0.36 0.44 0.39 1.59
15 tr 0.09 tr tr tr
17 0.31 0.24 0.08 0.19 0.14
20 0.11 0.37 0.16 0.05 0.12
25 0.03 0.05 0.05 0.06 tr
27 0.28 0.37 0.62 0.02 0.27
29 0.41 1.10 0.55 0.48 1.45
33 0.09 0.08 0.04 0.04 0.04
34 0.18 0.15 0.03 0.08 0.05
35 0.13 0.12 0.10 0.07 0.11
36 0.64 0.47 1.29 0.69 3.48
40 0.04 0.05 0.06 0.05 0.03
42 0.06 0.04 0.06 0.07 0.05
44 0.09 0.14 0.07 0.10 0.11
Table 1-B  (Con’t) Major Aroma Components in
Tempeh Fermented at 30 °C for 48
h
Peak Tempeh
No. 186F ragil ragi2 ragi3
4 0.02 0.02 0.04 0.03 0.10
6 0.10 0.12 0.08 0.11 0.22
7 1.49 1.22 3.90 1.83 11.82
10 0.03 0.02 0.96 0.08 0.62
11 0.98 3.99 2.20 1.03 2.85
12 0.61 0.62 2.78 1.14 8.55
13 0.77 1.86 2.68 2.03  14.40
14 0.11 0.04 0.22 0.10 1.94
15 0.03 tr 0.09 0.02 0.13
17 0.06 0.13 0.08 0.09 0.19
20 0.12 0.60 tr 0.08 0.14
25 0.02 0.04 0.16 0.08 0.58
27 0.07 0.13 0.06 0.06 0.26
29 0.52 1.54 3.34 1.74 6.69
33 0.04 0.01 0.03 0.03 0.04
34 0.04 0.05 0.06 0.05 0.05
35 0.27 0.62 0.16 0.16 0.10
36 0.96 1.02 9.59 4.28 27.09
40 0.07 0.14 0.43 0.10 0.52
42 0.08 0.05 0.10 0.05 0.09
44 0.07 0.14 0.08 0.08 0.13

Table 1-C  (Con’t) Major Aroma Components in
Tempeh Fermented at °C for 22 h

Peak Tempeh
No. 186F 5442 ragil ragi2 ragi3

4 0.16 0.06 0.05 tr 0.01

6 0.21 0.44 0.20 0.17 0.73

7 4.35 6.08 13.61 8.18 4.63
10 0.06 0.73 1.14 1.46 0.81
11 1.27 5.84 9.81 0.88 0.96
12 4.29 9.29 17.87 9.83 5.00
13 10.14 12.33 7.34 7.70 10.84
14 0.24 0.94 2.90 1.62 3.01
15 0.13 0.23 0.48 tr tr
17 0.08 0.22 0.01 0.06 0.06
20 0.38 1.26 0.57 0.41 0.30
25 0.03 0.44 0.46 0.33 0.89
27 0.02 0.01 0.31 0.24 0.12
29 1.83 4.98 6.09 5.71 5.04
33 0.04 0.07 0.23 15.01 10.37
34 0.06 0.12 0.06 0.09 0.06
35 0.06 0.24 0.08 0.07 0.12
36 2.97 6.93 33.03 15.57 15.47
40 0.09 0.18 1.51 0.32 0.18
42 0.04 0.27 0.06 0.06 0.08
44 0.08 0.19 0.17 0.11 0.08
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Table 2. Factor Loading of 46 Peaks on The
First and Second Principal Compo-

nent
Peak No. PCl1 PC2 Peaks No. PC1 PC2
1 0.569 -0.382 24 0.625 -0.087
2 0.700 -0.311 25 0.743 -0.172
3 -0.097 -0.270 26 0.367 0.835
4 0.131 -0.450 27 -0.154 0.100
5 0.575 -0.313 28 0.504 0.670
6 0.440 0.043 29 0.915 0.155
7 0.894 0.032 30 0.099 0.239
8 -0.447 -0.035 31 0.600 0.596
9 0.338 0.818 32 0.110 0.303
10 0.821 0.428 33 0.350 0.885
11 0.690 -0.467 34 0.118 -0.104
12 0.959 0.040 35 -0.158 -0.302
13 0.778 -0.021 36 0.825 0.107
14 0.767 0.258 37 0.304 0.856
15 0.738 -0.480 38 0.864 -0.330
16 0.542 -0.644 39 0.491 0.646
17 -0.220 -0.395 40 0.746 -0.084
18 0.129 0.213 41 0.797 -0.457
19 0.335 -0.343 42 0.483 -0.408
20 0.663 -0.235 43 -0.255 -0.149
21 0.469 0.620 44 0.696 -0.432
22 0.602 -0.061 45 -0.406 0.028
23 0.767 -0.280 46 0.576 -0.448

PC1; first principal component,
PC2 ; second principal component
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Djien 1963 Investigation of tempeh, an In-
donesian food, Develop, Ind, Microbiol., 4 : 275~
287
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Fig. 3. Scattergrams of 15 Samples of Rhizopus and Ragi Tempes
at Various Fermentation Temperatures (3-A), and Scattergrams of

Factor loading (3-B)

3-A; A, Rhizopus sp. QUM 186F : B, Rhizopus javanicus IFQ 5442 :
C, Ragi No.1: Ragi No. 2, Ragi No.3 (Subscript: 1,18 h : 2,22 h:

3,48 h).

3-B; Each figures corresponded to peak number.

Table 3. Mean value, Standard Deviation and
Coefficient of Variation of Twelve
Selected Peaks

Peak No. Mean S.D. C
7 4.34 4.00 0.92
10 0.41 0.50 1.21
11 2.44 2.78 1.14
12 4.15 5.15 1.24
13 5.00 5.00 1.00
14 0.92 1.00 1.00
15 0.09 0.13 1.44
25 0.22 0.26 1.19
29 2.71 2.35 0.87
33 1.74 4.53 2.63
36 8.27 10.23 1.24
40 0.25 0.39 1.50

S.D.; standard daviation, C; coefficient of varia-
tion.
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SYNOPSIS

The aromas of tempehs, fermented by single Rhizopus strain or ragi as starter, were
obviously dependent on the fermentation time since the profiles of volatile components shown
by gas chromatographic analysis were markedly altered on the later stage of tempeh fermen-
tation. The extent of the variations in the gas chromatograms peak profiles were also
considerably influenced by the kind of starter used. Some of the peaks exhibited by the
different starters, specified for principal component analysis (PCA), were definitely variable
on the gas chromatogram. As a result of the PCA, 5 kinds of starters used seemed to be
yielding almost the same aroma up to 18 h of fermentation time, but after that, with the
continuance of fermentation, the tempeh aromas produced by different starters, contrasted
each other. It was then deducted that PCA could be a useful tool for the characterization of
tempeh starter using the aroma determined with a gas chromatograph. However, it was not
feasible to correlate the connection of the aroma characterization of tempeh by PCA and by

sensory test.



