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Fundamental studies on shochu brewing characteristics of the novel black
filamentous fungi isolated from Chi-chu

Naoki Nozaki'*, Noriaki Nakahara', Hideki Yamamoto?, Yoichi Sakakibara?, Sachio Hayashi®,
Kihachiro Ogawa®, and Masahito Suiko® (Unkai Shuzo Co. Ltd., 1800-5 Minamimata, Aya,
Miyazaki 880-1303'; Miyazaki Prefecture Foods Development Center, 16500-2 Higashikaminaka,
Sadohara, Miyazaki 880-0303% Faculty of Agriculture® and Faculty of Engineering®*, University
of Miyazaki, Miyazaki 889-2192) Seibutsu-kogaku 89: 2026, 2011.

The potential of 16 strains of black filamentous fungi isolated from Chi-chu was investigated for use as
koji in shochu making. Of the 16 black filamentous fungi strains cultivated on rice solid culture koji, 5
strains—KNO4 and KNO9 (belonging to the Aspergillus niger Tiegh. sp.) and KNO16, KNO17, and
KNO18 (belonging to the Aspergillus sp.) —exhibited high capabilities of citric acid production and high
enzyme activity compared to Aspergillus awamori RIB 2602. On further screening, KNO16 and KNO18
were selected based on their external characteristics, production of stable conidia, and high acid carboxy-
peptidase activity compared to A. awamori RIB 2602. Further, unlike 4. awamori, these strains did not
produce 2-methylisoborneol and geosmin, which is responsible for a high fragrant flavor. Addition of
artificial ash to rice and barley media promoted >80% germination, and the strains produced 10° g of
conidia in the koji. Importantly, the 2 selected strains did not produce aflatoxin or ochratoxin in the koji
solid culture. The acid carboxypeptidase activity of KNO16 and KNO18 was >2.6 fold that of 4. awamori
RIB 2602. The 2 selected strains were used for alcoholic fermentation tests of laboratory scale under
optimal temperature conditions for citric acid and enzyme productions in the koji. KNO16 and KNO18 had
alcoholic fermentation rates that corresponded to that of commercial strain 4. awamori. Further, the
selected strains showed highly productivity of isoamyl alcohol with commercial strain 4. awamori. From
these results, it was concluded that the novel strains, KNO16 and KNOI18, are very useful for shochu
making.

[Key words : black filamentous fungi, enzymatic activity, flavor component]
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BADISHN 2 FAT 572D, AFr—VT v T Lz
PFC, IS X 2B Z T, MBEAERS L
BEFIEYE, BMORRRBFWRICH 2 BB LR L. &)
HMRBROMER, SAETEARICT N, REOLZWVER
LHEHRKNOLI6B L FKNOISD2HWARIZDOWT, FIH
Bake LA E T, BB ORRNT VI —
WIRER AR IFEOEFEZIL DB LT I BOH 217
W, BEOEFREA MR L2, ToRE, Lo 2Bk
DORBEVRRIT, §<NAHFERLEL, W7 Va—)
e L7z, Db ORESERED» S EZ L, 1R
HICHA SN TV BB & 0L % B R4
RO REEARIE I N /2D THET 5.

RERAE

EREHKE SRV CTHRE LAERERARE 6K
(KNO2 ~KNO7, KNO9~KNO18) % EERIZftL 7.
FRIZ A O W] e AR I & M 72KNO4, KNO9 it
Aspergillus niger Tiegh. DREHEIZR D FHLL, KNOI6,
KNO017 3 £ IW'KNO18 1& Aspergillus sp. Dt #kiZ ik b3
BPLTw5D. F7z, HEos @KL, REKD 4. awamori
RIB 2602 (ATCC 14331, NBRC 4388) (L% fuifEik &
53) BILOWHERE (4 awamori) = H\7z.
BRI & 2 lEE (LA SH4 & 059) 2 HWwT
177z,

BAEEREE  CRIREAHSHICERT P TR AL
O — A FAREE D (DLF PDA SFARE: e & 0537) % v,
BEREFIRE I3 YM RS > 2 L 72,

BERELITREEXEZEDalt HkB X OK&ZIiL
75% K5 FER 2 IV o bk D OFRBNEICHEE LT o 72,

KBEASZAS +—LEFAVEREE  EHE20cmOX
BAT AT v =112, KBIOEZDa bR 400 g% FE
WL, oW A (No.SA, Advantec ) THEW,
95°C T 1 BB W 2T VWEiRE THHIL 72, &I,
R % A 0.1% Tween 80VAT 2 >, #IZED 5T
A5 X 10°MH /g B L KRG EDHKIZ6% E %5 L) ITHE
TR 2 Y — TR SR T HE R T- 72, 38°C
THFE L, @iiAdt42°CIE LR CRAHREEL, &
% 36°CICHiiR T 5 TAEZ 2D E L. S 5ICH
B AS 42°C \25E L 7z g U CIR A BT L i & 30°C 12
B L7, FE2ALBEY, KGOoEREITV RS
30°C T I3 HeMHE, RAMFELEZEMICL T3H
BRI E L7

HEEBERATE HABEONEY I, EBTHIES
PR TERRICHE T T o 72,

BREHATE  HREEROFREB X ORREENE
&, EBUT R AT RIS #E CTYT o 7

BMOAERAE  FEMH~A 7ot (SPME) #&

20114F 1%

yua= b7 g 7w O RL o &tk Tl i
BEIZ X D HEZIT o 72

A=+ 75— SPMEHA— M YT 75—
AOC5000 (SEtBUERTHE), 5HrEiE © GCMS-2010 plus
(BEBUER), 7 7 43— : 2 cm-50/30 um StableFlex
DVB/Carboxen/PDMS (Supelco #), INEAIRE : 65°C,
R 0 3045, A ATV v LR 14, KAEE
ImEE  230°C, 4 F 4 1] & W Scientific DB-5MS (Agilent
Technologies #) 60 m x 0.25 mm i.d., WEE0.25 um,
FXxYTH A A1) T L 250kPa), T AIE:
50°C TS5 R F %, 230°C % T4°C/minT & i & &
230°C TS5 R¥FE, A4 VfLE—FEl, A4 VLEBE:
70eV, A A YIEEEE : 200°C, #WEE— F : SIM, #
WY - KEMAH 2-methylisoborneol standard solu-
tion (FIDGAZE M), KEMAH 2-methylisoborneol-
geosmin mixture standard solution (FIJGHSE T-3E8)
TSN BES Az N T T EESHA
GCMSsolution Ver.2.53 % flifl L 7-.

AT RN, K8 5 g% 20 ml SPME fiN A4 7 viC
P LA L 72

SEFEERER BEEImOBEEFEAT T
Fo I —LIZRBLUPZEDafb)FE % 15 gFFIXL,
95°C CT1IFMEHAKR ZITVWRR I THH L. AL
KKk E LT03% KH,PO,, 0.1% MgSO, % & o1 {75 A
0.1% Tween 80&I & >y, #IFEDETFHATS x 10°ME /g
BLOKRGEIHA0% & %5 X915 ETRE R H—
WK ST 2 41T - 72, B 6.5% NaOH A
A3200 ml Ao 72 KEIH 5 A v v — LHIZERE L, 35°C
T241F], 37°C T48 KM, 30°C T 72 IFR Rz L /2.
AL 24 RERNE K 2 B £ LR F 2wl S €7 &
ELahET 25 SE572081 g% 0.1% Tween 80
100 mUZAINM L, BEHIE L =A% 5 1R [ e 1,
b=~ RIMEREN 2 WA F R E R L7209,

DEFRFE  BIEALLESAETEISOXAY Va
Ofifi % VI L 7z, 38H L 720.1% Tween 80 10 ml
AT ERML, BERMISHS X 1028 /ml & % % &
I A% 100 pl 2 PDA FARE Ml &4 L, 30°C TH
J0MFHIEHE R BRI SN a0 = — 2 B2 R
REM L7269,

A MFERHERE O WHLOKRH, KB X
O EF 2T rEE SR, ZMER, X by
JAIAL T MFT AT M (Neogen#) BIU~
42707l —hY—%— Synergy HT (BioTek #) % fii
AL, 777 bF 30 BITA 7T T Y OABOH
2 RERE L 7z

REEAR  NBEBR L BKSNZZKNOI6B L O
KNO1813, 8 I/ 7 A BLEREA o % vy, KEE 800 g (J5
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FHEE), YMFEMRR T 30°C, 24 E3K% (100 rpm)
ReagL7zSH4A % 1 x 109 /ml & 7% % & 9 (A K TR

L, HAKEH120%, 30°CT6 H HZEHEZE 1TV —kB
L7 ZRBIET5% M HAKE1600g, B HKEE
160% DELATO0°C 14 H B2 1T - 7.

BatiE BT EBUTHTE AT R ICH#E T
THATo7z. 72, 7IVa— ViEERMS 7V a— Vol
fr AL-2 (BAFRHGERD 2w TER L.

% B2 B3/#a—%1)—T/)NKL—%—RE-
10E- 100 (SIBATA#) % vy, 65°C, —680 mmHg, 7%
BAEE90% TEE 21T 7.

TI/EAHR  mElkso< T4 =73
AT Y A7 o (RHERETR) 2w TREO&M T
R EMREIC X D E X T 572, 58S F 2 ¢ Shim-
pack Amino-Na (EE#EA/EFTE) 100 mm X 6.0 mmé, Fi
T Sum7 Y E=7 +F v 7% F 2 : Shim-pack ISC-
30/S0504 Na 50 mm X 4.0 mm¢, & : 0.6 ml/min
YTVIERNE 10 pl, B T I BRB AW (R
MR T RE ) HAE) 2MEH L 7S B
SRRk VT IHLCY - AT — Y a v
LabSolutions/LCsolution ver.1.1 % ffi fl L 7z.

AT R, B % .0 oBE (3000 rpm, 1547) 1212
2k (No.5A, Advantec ) Az 4T\, BEWHEHE L,
AL SEBOH 99.5% T % 7 — )b (FEHSE T3
ez, X B, 2°COMERTCT—&/EHE L. @l
SrEE (3000 tpm, 1543) %, E#EAZBL, 73 /85
FAHS Y 7 7 — [0.2N Nas(C;H:O(COO),), pH2.2]
T SEARRI%IC0.45u Millex HP 7 4 )V % — (Millipore
) R, A#EHICEEE L7

EBREIEIDN v FAR=ZAFAZ7B< |
7774 =% MOTOFEMTHMEEDRICE ) e
24707z, Ny FAXR—Z% 75— : Turbo Matrix 40
(Perkin Elmer#), S 60°C, 304, AT
GC-2010 plus (SHHAERTE), 75 4 1 ] & W Scientific
DB-WAX (Agilent Technologies #) 30 m x 0.53 mm
id, BE1um, Fx¥VT7HA:A)TA (40kPa), 7
F AR © 35°C T 103 RFH%, 90°C % T 5°C/min TH-
{i & 90°C T 107 Pr¥F, B85 - FID (230°C), KR :
acetaldehyde (FIDGHESE T3H, 5§#%), ethyl acetate (Fll
et T3 M), n-propyl alcohol (FIYGAESE T35,
¥##k), isobuthyl alcohol (FIYGHFE 3%, HE#k), iso-
amyl acetate (FIDGHESE T3, K5ik) , isoamyl alcohol (]
e T, %), ethyl caproate (FIDGAEZE T35
F#h) % ethanol (FIDGHIZE TS, J¥#k) B L OAR
KEHCIRBEZAT - 72, WHEEYH : 4-methyl-2-
pentanol (FIDGHEHE TIER, H5#k) 202% & 7%5 K912
ethanol (FIDGHESE T, Hefh) I X UMK E Vi
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Wrfrode. TV BEAA I~ T T TH
GC7—2 A5 —¥ 3 ¥ GCsolution ver.2.3 Z i L 7-.

SNTHERRHE, B AL (3000 rpm, 1543) 412
ik (No.5SA, Advantec#) A&7\, BE WA
L7z ZEREEIL, % 0.3 7 4 V¥ — (Advantec )
2k, TV — VG5 25%E D AKEAT, FE03
7 4 V% — (Advantec ) A#BICAEAL 72,

KERER

HEEEE MR OMEGE L0z o, BRIESN
TORBPLETHY), BOpHZ FiIFb-0HMB 04
KT AHHMBRBIEETH .

HE 0 R A B BB AYER VS BRI FE AL o W REPE 2SI 72
B, A7 —=NVT v T LEFRMEIBNTS 5% HMERERA
BREA AT B ENEHETH L. — B TbN L HE
BOFEREEIZ1~2emTHY), RBMFTFIZXAT¥—1L %
V78RR BN TREE L ~2ecm 2 L, EEO
HEEZ TE L7217 —L LIRERBE L DR L 479 72
%, 400 gD o ALERE WA — V7 v 7 L7 B R ER
EiTo 7.

BERERE L TH SN2 1650 R RSB IRE O g
BEMIE %2 4T - 728558, KNO23B X U'KNOI13 # B < 148
&, KB CIIEERRD 1.0~ 1.7/ %R L, ZHTIZ09~
1.2f5 0 M % 7k L7z (Table 1).

BREE  MEEBEECEETH L EE LR
o-T3IT—F¥BIUO IV Va7Ig—¥, RFSFRFBX
O7 I VEBOERICEETCHLIBETur 7 —E¥B &
OBEANRF I RTFF—BiFEr g Lz, BURL
72 16 %R Bt RRIRE % v 72Kk 8 b o 458 R
REERE KL -7 IF—EBLO Va7 3
7 —BIHEICHER R & OKET D o725, KNOISD
BRE7 077 — B REREER O 1.6 5 O iG 2 R
L7 BEAVRF O RTF &=L TIE, KNO9
A32.31%, KNO10 3B X I'KNO14 7524 4%, KNO157%%2.2
%, KNO16%%2.6%%, KNO178 X I'KNOI18A2.81%
DFEVIERAR L. RS Y7 RO 7 3 7 BH
mu, o7 3 BAREIC X0 B OF RS~
MINCHBENDH D Z LW OEN TV EHRT VI — Vi
DU FEHEATRIE S Nz, ZHTIE, BESIVRFIRT
F ¥ — € i M ZKNO10AY1.34%, KNOI11A%1.64%,
KNO14 B £ O'KNO15751.44%, KNO16, KNO17H8 L O
KNO18 23 1.7 5 D@ it % 78 L7z (Table 1)

BOAOER A niger IZRFEIN L BOFRIRE DS
KT 5 RBHORREL LTHIS % 2-MIB (2-methy-
lisoborneol) X geosmin®'0%, HOEK N IHELH 2
B2 T% L, AWMBEOREANS RAFORRELZMNG L
TLE) DB TOREEDVELETHS. 22T, FEM
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Table 1. Protease activities and acidity in rice and barley solid culture koji of the 16 isolated strains.

Rice solid culture koji

Barlay solid culture koji

Surains Acidity of koji Acid protease Acid carboxypeptidase Acidity of koji Acid protease Acid carboxypeptidase
KNO2 120 94 66 62 100 66
KNO3 148 117 94 102 63 72
KNO4 144 125 95 96 97 55
KNO5 126 135 68 111 66 81
KNO6 132 135 70 115 50 58
KNO7 104 142 194 113 74 46
KNO9 159 110 233 108 75 107
KNO10 171 95 243 102 104 134
KNO11 157 110 192 99 85 155
KNO12 160 101 167 100 94 111
KNO13 30 95 67 17 100 33
KNO14 139 134 238 88 68 142
KNO15 145 127 221 93 68 136
KNO16 152 115 259 111 106 165
KNO17 157 136 281 111 116 174
KNO18 153 163 281 113 121 172

Protease activities and acidity in 4. awamori RIB 2602 standard strain in rice solid culture koji are as follows: acidity, 7 ml/g dry-koji;
acid protease, 10,524 U/g dry-koji; acid carboxypeptidase, 4958 U/g dry-koji.
In barley solid culture koji: acidity, 9.1 ml/g dry-koji; acid protease, 10,581 U/g dry-koji; acid carboxypeptidase, 6017 U/g dry-koji.

Table 2. The amount of 2-MIB and geosmin in rice solid
culture koji of 16 isolated strains of black filamentous fungi.

Strains 2-MIB (ng/]) Geosmin (ng//)
Commercial A — —
KNO2 — 9.2
KNO3 — 5.4
KNO4 — 9.9
KNO5 — 2.2
KNO6 — 7.1
KNO7 — 2.2
KNO9 — 7.3
KNO10 — 6.4
KNO11 — 9.2
KNO12 16.0 9.7
KNO13 10.3 —
KNO14 77.8 24.7
KNO15 22.5 17.5
KNO16 — —
KNO17 — 1.7
KNO18 — —
—, undetected.

~4 7 uaflih (SPME) #2277 u~ k75 7 HE5HE
zH, B LRk IRR 1oz W TR L 72
K#HD2-MIB B X OFgeosmin z il 5 L 7245 5, AFEER
M2 B T, KNOI68B £ O'KNO18 D24k T i3,
2-MIB 3 X UF geosmin (¥ & 72 %2> 72 (Table 2).
FEFEEREIURIFE 7 URARE R
EREBIO I CRAUEDOHK R, FFIZKNOI6E X O
KNOI18 3 FE LD W etk dRe & v 5 BaRRIRE T
o EHHER STz ERLOR, ZE L7 oR

20114F 1%

WEERAT) T2OIII M ETE RS L ORFEIFH N &
VEETHL., €2 T, HHERHKE L TORE L
5729 IZKNO16, KNOI18B L N HREE W o 75 4+
EHREB L ORFRRABEZIT-> /2. KNOI6B L O
KNO181Z, ATIKERNKRETIE 5.7~6.0 x 108 /gD
SHEFEAEEL, NTIKBRIKHETIZ1.2~1.4 x 10 /g
DOHETHEEER L. NLIKEMOEE L% L 80%
DEomWIHERE R L7z, NDIRERNERTIE 1.5~
1.8 x 10 /g DT 2 EAEL, ANLIKIRMEMTIE2.3~
2.9 x 108 /g D5 HEFREEZR LIz, NTIKEIMO 2
137 < 90% DL LD E 53 %2 58 L7z (Table 3).
TR R, AN LIRERIRE TIL5.8 x 103 /gD
PETEFEL, ANTREMAETIE12~13 x 108/g
SHETEEER L. NLIKEMOEEE 7% < 85% 1L
LFOBCIERL R L. ANTIRERNZETIX1.7 x 10°
/gD AaTa2EEL, NTDKEBMEHMTIE24~2.5 X
108 /g oA T R &R L7z, ALK #E 2T %<,
85% L E. I3 E % 7R L 72 (Table 3).
RAAMFVER  Aspergillus )& O —F O W B
Q777 MR URF T T MNF T URART BT LR
HINTWR D Z s, REWEEDZD, 777
IV BITF 7T MYV OERBEREIT - 72
KNO16 8 £ 'KNO18 1%, AEBRSEMHITB W TARBKHM
v FPOBRHBMRATHL 1 ppbl FERL, 775 M+
VUBIUOF TS MRV OERIIHER I N o 7.
BB  KNOI6 BX U KNOI8 & W /= k#H D
RN OEERD 72, — R IBEE S Tl s
TR HTIRERBEZ V7oK E ot e L, F8EER
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Table 3. Number of conidia and germination rate in rice and barley solid culture koji of isolated strains, KNO16, KNO18 and

commercial strain, A. awamori.

Rice solid culture koji

Barley solid culture koji

Strains . . Number of conidia ~ Germination rate 0 . Number of conidia ~ Germination rate
0-3% KHPO, 0.1% MgSO, (individual/g-koji) (%) 0.3%KHaPO,  0.1% MgSO, (individual/g-koji) (%)
5.8 x 108 88 1.7 x 10° 90
Commercial A + 1.3 x10° 87 + 2.4 x10° 38
+ + 1.2 x 10° 85 + 2.5x10° 89
6.0 x 108 88 1.8 x 10° 90
KNOl16 + 1.3 x 10° 92 + 2.3 x10° 95
+ + 1.2 x10° 87 + + 2.3 %x10° 90
5.7 %108 87 1.5 x10° 94
KNO18 + 1.3 x10° 86 + 2.5 x10° 96
+ + 1.4 x 10° 84 + + 2.8 x10° 95
ig'g_ T08~1.0f% H7ur Bz FLCll~12f0f%
160} L7z, (Table 5). —KBEB X UOZEREIHETIE, WL
g ool RO 75T KNO165 & INKNO18 i3, Tl B i
2 100} EHRO08~ 1. IfEDfEEZ R L7
£ 807
Y60t
40 % g
201 . . .
0 W7 YTEIE, ToeBELREICEEFN-ZLER
12 3 456 2 345 6 7 8 91011121314 N R 5 . - -
Seed mash Main mash l:)v ﬁh@%at‘:&@ﬁ‘zﬁc‘ﬁbflﬂ% _@J:«)&%
Fermentation time (d) TEERIC, W7 V7 B CE o OB AT
Fig. 1. Ethanol production in shochu mash brewed with novel EL, AEBEMEEEIC S ZT#INTHD. DA EOBE

strains, KNO16 and KNO18, and the commercial strain, 4. awamori.
Symbols: @, commercial A; [], KNO16; &, KNOIS.

Biaiiolz, ZRKEBI4AHOB 7 Vva— Vi, W
IR T 16.8%, KNO16T16.5%, KNOI8T17.4%
ZRL, BELZKNOLI6B X OTKNO18 (& i i B 5 14
ERSEICER G REEE 2 B 2 EAVRBE S L7z (Fig. 1).

KNO1638 X I'KNOI18 1%, BORENRI T, i
RENHRORRV L R REFEY)ZE L7

TI/B BWOEERTAEMEERICLY)TI R
DR SN, BERHIREBYO7 I JBER) AR, F
AHAHERICHEES DT L2 s, BREBRO7 I/
B 3T % 47 > 72. KNO16B X O'KNO18 D — kBB X
CRBO7 I/ EEEEIX, KNO16®isoleucine THi
EBEHE O L6EOMHEB RSN, o7 I /BTl
0.9~ 1.3f5Dfi% /" L7z (Table 4).

ERIEIRSY BEHoO—HESELTTENTIV
FU FB L OEESRT VI — L O S 00T
7ol —REBTIX, KNO16B XU'KNOI8 H A1 v
T INT IV I — )VIREAT IR & X 185 Lo
EWiEzRL, TR M7V TE FT0.8~1.04%, WEEE
IFVTI2MNG, n-7a0¥ L7 a— I T1.0~1.1%,
AITFNTINI—=NTO09~124% BEMEA VY7 I N
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B O JF RN IBRENERT CTH 5%, 2 OVBEBER AY M Tk

LNIED DR 15MRZIC s ThbEFSbRTEBY,
BAEW (A4 awamori) PMERINTE7z. HEANORH
WORIFIC O W TIREEERD D 505, WET VT 5o
BRAEEE - R E —ICPERL2EE LSRR TWD
DOHB—HMTH Y, PHEKERTTROKOZE N % B
LTWABHIICHEKE L TWwab EE 2 5Nn5. hERE
(M) &, BAEYOEBREZ AREBROPITRD T
BY, HMzIosusu—-S %2R L TWE D%
B ORIE N TH 5. & 513ZF OBERESE SR
B H L7z, ARBIZE HIZEWIEK, BEREEOR
SRAEIC X DR A B AT A R RSRIRE 0%
WIiZH Y, BUS L2 WROBEREEE~ OIS % FEiET %
TR —NT v 7 URERE R 2 MR L 7oA, A
THE LA RO RS RIE S - SHb o
KNO4, KNO9B L U'KNO17 # K <, KNOl6B L Uf
KNOISIZE MO MEENIRB I NLBERETH L Z
ENHL PR o 7.

TS L 72 KNO16B X T8 KNO18 3% L 72 Bal g &
WCEELZBER (7 Uik R8RS KL, KRBT
1.565, ZBCTLIMGAERL, BEToT77—EEET
(& KNO18 THEMERRD 1.6 15, BEEA VR F v RT F ¥ —
EIEMHTld, KNO16432.65%, KNOI18232.8f5D Hw»
WA R LI, DAT—VORBTOBEN NV AF X
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Table 4. The amount of relative amino acid components in seed and main mash of isolated strains, KNO16 and KNO18.

Seed mash Main mash
Amino acid (ppm)
Commercial A KNO16 KNO18 Commercial A KNO16 KNO18

Aspartic acid 405.0 480.7 391.2 159.6 177.9 154.3
Threonine 341.9 419.0 337.7 186.7 226.4 198.8
Serine 241.0 284.7 236.3 144.7 163.9 143.0
Glutamic acid 987.2 1322.2 1098.4 407.2 493.8 414.2
Proline 262.7 267.7 241.6 112.4 110.7 113.5
Glycine 216.9 230.5 193.1 209.8 227.8 191.3
Alanine 901.4 1084.7 856.4 573.6 659.2 524.4
Cystine 50.1 64.9 58.9 23.6 27.2 28.2
Valine 328.7 376.8 310.2 218.4 251.2 216.0
Methionine 185.4 221.0 194.3 104.0 121.1 108.0
Isoleucine 138.4 221.0 124.1 91.4 100.7 87.4
Leucine 824.1 986.4 836.2 427.1 483.2 432.9
Tyrosine 640.7 691.0 615.1 176.7 198.2 176.1
Phenylalanine 542.0 627.5 561.7 292.1 329.2 297.7
Histidine 553.5 625.1 559.7 237.7 261.7 249.1
Lysine 576.5 581.3 510.2 3244 368.0 323.0
Ammonia 122.2 129.5 110.2 65.6 68.7 68.3
Arginine 1632.3 1901.9 1663.4 514.8 571.5 509.7

Table 5. The amount of relative volatile components in a rice solid culture koji seed mash of

isolated strains, KNO16 and KNO18.

Strains
Flavor component (ppm)
Commercial A KNO16 KNO19
Acetaldehyde 12.81 13.12 10.76
Ethyl acetate 22.38 27.64 26.22
n-Propyl alcohol 64.98 72.13 63.77
Isobutyl alcohol 34.70 40.82 30.87
[soamyl acetate 0.33 0.33 0.26
Isoamyl alcohol 92.44 169.28 192.80
Ethyl caproate 0.04 0.04 0.04
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