EIR T v 5 —

Fill - A O BB G S 27 A D%
— = T R 2 A A TR & R —

LED i % Ji\s72 VHF-LISN, 7 5 ¥ 712X %44 MBI _EOMEE

IR INVYEIEHOY 2 ) ZH L7 REHL S BT DU T

A4 — FE—OER 2 B E L7 LED HiCEA ORFZE s

BT 51 5 KBOBRE Y 2 7 A OPEREFFIIT-2: 0 Wit
— R C O KB ¥ 2 — VAR —

VA =y =Ty ML R AL ZE

— PESEBEFE LI & B L 2 WIF RS O T RETERRGES —

Jr PE W) ARG AR PR D Bl JE 5 & OV FEREFEER

LB D S/O F 7 RLAAE~DFAA

CIS Z M B R S A U 5D L 7 A 7 VR OB (4 2 3))
—T7H Y RENZ X B CIS oA —

CIS MRS BM SR V5D L 7 X ZIVIENEA OBI%E (45 3 #H)
—HRFEICL AL Y (Se) O4EERIT -

Ak AR5l -

N

Ak B -

Bk BRiT-

A HER

e —5%-
S

B se -
Bk BAT -

I B

JIBE
Pl il

Priln BEA

A K-

i K

FrHd A -
ANRBEHEN -

N T A

wE SR
AARWHEN -

NP T At

F ]
K

'

Kk
LU

RAT
HER

N ER7AIS'S

fri
Pl

o
o=

17

21

25

29

33

37



HIRER R mBE R v 5 —

t 2 A R B T B W RO T B DR

BUREZIRIC X B R4 < T—85E oW

EHERFA & RIL > — & DM

FLanBEEEY OB X % ST R RERAN O BT B 5 B F7E

FH & I 7B B FLEOR O B 56

Fid
BEF D A A B 55 BE L 72 Fr BLBE BT i B MEF062 & 50855 i e

FHh I ERFERE L2EE WYL I aERoRE

wll BT - A R e 41

B LT - Al T
HAME TR T - BA BT - 45

el v - BARSET
*m*mﬁ.%ﬁ%% .............................................. 49

W fas - mi ET
AR Jekst - Pl F
KA B 53

Pl Tt - AR Al
I FIS - KRB B 57

A e - R BE
I AR - B A
I T HEPRE T
THE #i=-KH KA
7!(EH Em . ;I}'%*;J- & ............... 61

WM AR EE
W AR - BB A
WA B A e 67



Contents

Miyazaki Prefecture Industrial Technology Center

Development of Educational Evaluation System of Nursing-Care Technology

— Care Load Measurement and Low Back Pain Measures using the Glove Sensor -

Yasufumi FUSE and Yuka WATANABE

Verification of Site Correlation Improvement by VHF-LISN and CMAD using LED Lighting

Makoto ODA, Masakatu FUJIMOTO, Kenji ISHIMATSU and Hiroshi ONOMAE -

For theImprovement of Surface Roughness Using the Rasp of the End Mmill Cting Srface
Yoshiyuki NAGATOMO, Yuuichi TOJIMA and Yuta KUROKI

Study of Supplemental LED Lighting on Quality in Sweetpea ( Lathyrus odoratus L.)
Kazuo YAMASHIT A, Naoshi NAKAOKA, Kaoru NAKAMURA
and Ryo TORIHARA

Inspection of the Performance Evaluation Technique of the PV System during the Long-term
Use — Characteristic Evaluation Method for Solar Cell Modules installed Outdoors —
Ryo TORIHARA, Eizo HIRA, Yoshiyuki NAGATOMO,Kazuo YAMASHITA

and Shingo KAWAGOE

Study on Water-jet Machining Technology Advancement
- Possibility Examination of the Abradant which doesn't need Industrial Waste Treatment -
Shingo KAWAGOE, Yoshiyuki NAGATOMO, Yuuichi TOJIMA, Yuuta KUROKI

and Takahito TAKEYAMA

Development of Humidity Control Cold Store and Actual Proof Experiment of Freshness
Preservation for Fresh Foods
Eizo HIRA and Masafumi MITARAI

An Attempt at Preparation of S/O Nanoparticles of Cosmetic Raw Material
Kenji YAMAMOTO, Katsuji AOYAMA and Kazuhide ASHIZAWA

Development of Rare-metal Recovery from CIS-based Thin Film Solar Cells
-Recovery of CIS Films by Alkali Treatment-
Tomokazu TAKEDA, Katsunori OCHIAIL Masato KUKIZAKI, Kimio HIRAYAMA

and Hideyo KUBOTA

Development of Rare-metal Recovery from CIS-based Thin Film Solar Cells
- Selective Separation of Selenium by Drying Method -
Katsunori OCHIAI Tomokazu TAKEDA, Masato KUKIZAKI, Kimio HIRAYAMA

and Hideyo KUBOTA

13

17

21

25

29

33

37



Miyazaki Prefecture Food Reserch and Development Center

Development of Methods to Reduce the Bitterness of Citrus Tamurana Hort Peel
Akiko FUKUYAMA, Shiho NAGAYAMA 41

The Study about a Method for Producing Dried Mango by Convecting Drying
Mamiko NOGAMI, Akiko FUKUYAMA, Chizuko YUKIZAKI and Shoko OMQOTQ - - 45

Correlation with Organoleptic Evaluation and Taste Sensor
Katsuyoshi TAKAHASHI, Minako SUGIMOTO and Chizuko YUKIZAKI 49

Study on Enriching Nutrition of Food Waste Treated with Microorganisms
Kazufumi YAMADA, Kiyoko TAKAYAMA, Hideki YAMAMOTO, Hideki IWIZONO
and Masami MIZUTANI - 53

Development of the New Milk - based Beverages Fermented with Aspergillus oryzae
Hideki IWAIZONO, Kenzo TONARI, Kazufumi YAMADA
and Masami MIZUTANI - 57

Reprints
Characteristics of Aromatic Compound Production using New Shochu Yeast MF062 Isolated
from Shochu Mash
Hideki. YAMAMOTO, Masami MIZUTANI, Kazufumi YAMADA, Hideki Iwaizono,
Kiyoko. TAKAYAMA, Minako HINO, Tetsuzo KUDO, Hiroto OHTA, K. KIDA
and S. MORIMURA 61

Manufacture of Dolphin Fish Sauce Using Koji that Made of Okara
Hiroshi OCHI, Masami MIZUTANI, Kazufumi YAMADA, Hideki YAMAMOTO
and Sachio HAYASHI 67




PR 254F FE[2013]N0.58
IR TS vy — - EIR R R vy — Wi

Ak -

&P OFE HREHE ¥ A 7 & DB

— 7 — 7% Y& e 7ol iy it & R -

A fta

- AT

Development of Educational Evaluation System of Nursing-Care Technology

— Care Load Measurement and Low Back Pain Measures using the Glove Sensor -

Yasufumi FUSE and Yuka WATANABE

AR TIX, B -

IrEER THERIATDIN TV B BEBEIEH L, Ny FEIZBT S EMERISOW T

T5H (LLF, /ri#H) OFChh»eMELERLT 5L BT, NOP»LHHLT e E—EOBEZ Gl
YT Y TEMICOWTRE Lz, ERTIE, PR A7 28T % 72082 EIFTEEO I RE T&EHR % 3 5%
Warff & 7o —7 2y 2dlMEL, BENENC OV TS & AEH CHBMGE L 72, #52R, AEFORR RITTEE

TIE, WMAEIET S & IR AL OB OB IR HAL (R Eg) A —N—222 2 dbhot.

T/, fabk

i B D BRI S BE AN OREAH N TH 5 Z LW SR o7z

FoU—F BB, RTA X A=A, WH74—F Ny, Zu—T7L Y, fifl

1 [FUSIC

Filk - NEEETIE. HENICRY FRSHWT ALY
NOBALEH R BB 2 AT ) 2 &I X ) iR
DR AHZED . FRICHTE A PSS TR S
ZIAZ BIF BT, - B - H R EICRE Al
b T, GHiE - NEROVEEHETIE, K74
A D=7 Al EOBGIHED W TAB O WEER B
FHEZBET 50, BN REMER Lo TR
TENRTETVARW, MAT, FMILBRTELHINLT
A EFEECBW TR, fEEZOFITMDb 513 R7240
BENTOULRVOPBIRTH 5.

JEA M [k B0F 2 Rk FdRst (2013 o) | v
W2k 2E, ADICEAADTZ BUFESEE, 05 18 L
LB THEHEOYE, ANORIZI VI WOE
HTRAREOBBLR40%LT, 18 Ll Lo 19
g TiE, BUSWYF) L DTELERD 0% F
TLEHRKEINTVAS.

COX)BERPOSBER P ONKIL, T IHEE
hEFRELOTWS.

*1 BT
%2 ENGBLERER AR 5 —

Z 2 TARMZE T, @Y REENDIAEETE TS
MED)DITHEOHEENHER & LT, Iri#FH IR o#
BHYAT LAWY 5. BAMIZIE, BFeRz L5
BEOTFTb 2 )1 & B Atfb L, WExtskdast o Az &
40 2 LTI BRAT AR, W IE 2 i A & AESE S
TA—=FNy 7 EEL VAT LEWETLZERZHE
L, dMEL Gl 24T - 72O THET 5.

2 EBAEE

2-1 EEREE

AL 7 &3 2 BUOPESERE O FAThnb % 0 % GHll
L, faz EEEOBIBMEZ & — = L7200 &) %A
EHEIZ) TN A LBHIT VAT AERE L. AN
fabZ & U RSB & 57201208, EERMS AR T
HHrLEbLNTWE., INEWE T —FNy 72 L}
UNEY 7= g yOBTIIETHH I TY
LFETH A, RIFFETIE, FIhb 2 5% FH L KR
MEMEPERICT7 4 — PNy 7 SELBEEZMNIMLZ Y
AT AHEHLSELTC.

FEERFEE X, FICMbLMEEZRNTL70—-712
PEB, M L7 7 — & R ALY % T R, R

VW,



T ol - S RET O B N EHN > A T A D BSE
=70 =7 Y& 7z A i T & O -

AR DRSS & Bih & U I 2 Beinl i CHE AL
INs.

ya—7krHERETAICHLY, AT LEXZ
Wi, e L~\OEETERT AHEE R L7z 7
O—7#MIE, 74 v MEREOL -0, WEEOH S
FN—=M RV BT 5 HIiE, il
T LowgBE2EZE LEREOHZ LT 2EOKR) = A
TNT 4V A TEHEME () 2HALZZEEZ 4 VA
MERHALZ 2oy, BEXVY (= 78
FlexiForce) &IFIEN, IREREAYE < BN ZAf T A
FLH. ORI, WEZNZ 2 & NEEOEYUEDS
BT D42 F o 2 EEER T O—HTH 5.
FEBTIx, ALY (¢ 9 mm) ZBEELS/NMEE
TOHRFHE LTH, ARELYY 45 mm) 2F00
LRFEMELTHWZ. RlizrZa—7t ok
MzERT. Loy LEd 7z ) ofle &R 0~ 200 N
(#5 20kg) T, K rHoRMTY 7TE2HMPITIRT. A
By HoBiigz®, AELEZQ, Tiit0, HEikx
@, MEEGOLL, ZhehfghoizkiliTs. &5
2, ARl Y FOFOOLE6, FHEOEL, £tV
o HRE S NAF 51, TRIOEHRESHIE R (PIC
v A4 ay) TSN, HIRMGEMEBLEE T
FELTHRET .

1 SREREREDEN

2-2 EHAlIAE

RMELEK20 70 —T vy Y A7 AR, B
HEMERAZRE Yy -0 2B T, MEBEMEL
THME L IMEHES 1 4, BANEENICHEE 1 LA R
B L, ABEEAAL A S N F TOBIEABIIC SR 2
Ry FETHILZ: (K 3).

PHEIE, KT AH= 7 2 (F]1) OFEKRFEH %2 H
fif LT\ 2 i R B, PR I ERREE TH
5. BIEABIC BT IR R, £212L72h 5T
HHE 13kg, PMTEH 14kg & L7-.

LA DTAIE MR E2 21T 5 L BE LA T @k
H 6.5kg, WLH Thg | 7 — % 3%E Lk 4 o)k
SR D 7cOBEMBEELL L THIRE 7.

2 EfELERSBNEIO-TEVY

3 BMENBIDRERINR

K1 KT AAZTZAOEKFR]

IR Z IR L, HOZKST 5.
BRERESED.
PBEREIZCTEHMYIFLET 5.
GRERLLT, BEHZFATICHRD.
KECHHEEZ KRB 25 .
TIOREHMEZIEHT 5.
BHR2NS T LED5.

SHONORCECRCONGC




K2 HIREEEBEDRE

AT B HhEa (kg)  HIBEMAE (kg)
LSS

40 1% - etk 55 13 (ax04x06)
Ll

40 1% - 59 14 (ax04x06)

3 BRBLUER
3-1 AEREEVEESOENBILLE

B 4 1B & MR DR Z IR OBIENB) & 731 T
e

BEOTIE, ZAr#EE OGN AR O 2 ) THER
IR TE TV L NE ) DDOBECDPHERTE S, OILHE
(S & A IR ICd R BT, SR O RO MR
BTETVLRWVWI ENbholz.

BEQAIHQTIE, EN#EB~OEE (FAEME) & &
RENSCF LD (BOX M) &, SHICHEEEZE
FATICRE KR TFRBE P EETE TV 2089 O HA
T& 5. #WEL, BNEEFIIHREEESEI Y
M R BB TR ERZ T > Tz, —F, ITEEIEE 4
DRETHRI RPN LETHLE L bR SNz UL
LX) REENBDIOREEZ R T 4 A =7 ZAFEAKREH]
RIICEHL, K3DXHITHHEL.

e IEH
< BfF® > < BfE@ >
< ®F@ > < EE@ >
<BFG > <BEG® >

4 (MUZBROEETEY

xR3 BENMBIOBRELEER

ARE NiEE

P2 LR R HY D
O | FEHRA LTS,
(ZaEMofR) O

oI et
5 BT B EE.
(RO X

VHERS 2 7 U5 & 4By
WZHZ B Tw s o
Tz P 2A 45
(R ZE B D FEA) X

PERDSLR A5 ik

Y- JH RO 3EFKEH)
® P EEAS Y.
(AL DIEAR) O

Y N AT/ N -y

@ | AILTHPILR T, | BEDIEPL Hi L3
(BOXHEESr8)) O (BOX#UEIESrBl) X
%:lz
O X
fif

3-2 A EFFREORKESE

BN EL L HENBIT D8, MEZ O T Inb % 5%
KA FEAE % AL & & AZEHI L 72 R 2 R4 RT. Ik
RATEAE L, #E, OEHE L S ICEFMORE B A%
RIGHEE Y, BHHE TR 6kg, HIEH THiK 14kg
ol BT —0RMIOVWTE, IMEFER DA
e L akRnleE e & 2 BHBATEIC ORS00z F o, #K
MG ZE ST TEHMBORAMEMOIZS D X034
BWIZERNS, RTF4 AH =7 AOFERFEAN L2050
WY BEABI 2 FER L T D LIl SN 5.

£4 BT EOBAHELE (kg

iy A B B W
O H 5 6 5 3
#oAE # 6 14 5 7

3-3 7Vi—rRE
BENIEBRBZICT v r— Mk Z T2 25, KR

DEIBRERDPD 72

1) IR EMZ T CHRETXLOT, HbTomEz
e LS.

2) fala HEiR T ORI, YT OEELRERH)
VEABI O RIE LIZD A5 D TRV,

3) Ik R Wb FEORELTHE [P H] o
1B — WD D TR\



T ol - S RET O B N EHN > A T A D BSE
=70 =7 Y& 7z A i T & O -

4 F&®H

RETIE, AL SF 2 FIPEEROFISb 27
EHAL, X LIFTEEOHIBRME L A EHIZY TV 4 L
WHIT AV AT AeidEL7z. Iilifkb (GAE) &k
KRERE (WEH) CEMENBI A FEBRL 7R, BE 0FF
LR ARAMEMIE, ENELEOEIOBTITOX
BUETBEZE—E LT —7, WMEEE, Bx e
WZHIZ FIFA LA BLTWA I E LR AMEMED B
B O BRAT A KR 2 T — SR o7z,

NS Y OFFIZBWTHIHE LIMEZDOFOVHD
FE % TV A — VR AR X O ARG 2 & IR
L, FEROENTTREE O EREROEEE LR
LT,

KD EZ DEER Y AT 22 HWE L TWBE I E
A5, il R H Al O R & LR BN X BE R A ORI
MTHDHIEVRINLDEBRKERPSHSI%Y, it
16 FOREEROTEDF I o720 TRV LE R 5.

T, 7Y — MHERESID B FEMOEND D 72
LT, BBURQRHGHERPEONIEFR 5.
GREMEL BBt Era—T e v AT A%
W52 LT, Fuz RIFREOFIThND S ) R E A %
BHIZHMORDLIENTEDLILND, OB RS
REHHFICEHMTELDOTR VWA EEZ bR,

5 &EZW

1) JEASEEILS 0618 45 15 (2013) : MBI A IE
LR UPSN ks

2) Bl WEN R 74— F Ny 2 Z2FH L0
vy sr—va VHMEI Y Pu—-VEBEORE, w
W5 K2 B R BE ) N E Y T — ¥ 3 v R,
3 (2013)

3) NIgE—, SARE T LI FEHEOIE TV X,
FOL B MR, 134 (2003)



PR 254F FE[2013]N0.58
IR TS vy — - EIR R R vy — Wi

LEDIEHI % Hv»72-VHF-LISN,
7295 X B9 A4 MAHBIYEN EoRRGEE

ENHIEE

CHEAR IR

TR RS

R !

Verification of Site Correlation Improvement by VHF-LISN and CMAD using LED Lighting
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Development of Methods to Reduce the Bitterness of Citrus Tamurana Hort Peel
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INEAEWEA T B LD EEF ST B, HER R % W
bE, STS bty H—IZEMRWE DML & bITIBEEAS
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PEHMHBR SNz L, -0l ez
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Study on Enriching Nutrition of Food Waste Treated with Microorganisms

Kazufumi YAMADA, Kiyoko TAKAYAMA, Hideki YAMAMOTO,
Hideki IWIZONO and Masami MIZUTANI

AWML HRBEZFHL, B25, KA, S§TIRREMZEOTMERY»SLHT IR (VY Y, AL
F =) Ry -7 IR (GABA) 7% EORIER S WM S fE 2 LT L7200 g A2 L2 H
BEL, RERTELTT I /RO 5B Z21T o 724K, GABA RA NV =F Y Z2HME €50 H %

WA DAAED R T S 72.

F—T— 8 AanBEEY, KEHS, LHT I B WY

1 FUsIC

INFE TR B2 O EOBK LT VE B
Ya LA X 0 R 2 mo, kLS 2 Hidico
WTHE LT &AM —0, AR, fRHCEM RN T
HEINBWLET I BROBMAATbhTE ) ¥, filg
A7 37 BOTFEIHML T2,

T/, FRMERAEE L TWA I RS, HEEY
AL CRET I/ BEOGAEZHINSE, fife
LCTHHTAZLICHTI2RROERZIIEE > TV 5.
D0, WAL ZRHEFHEL, B25, Kb,
ST ERBEMMZ EORMBETWH» S LT I ) B
GABA 7% & DRFEW & BN S S 72k & LT 57280
DOEAMEHET AL HE L, KERSELTT 3
JBROBIMZBET 2R AT 72D THET 5.

2 RERAGE
2-1 BYVI—REHZRHVHEER
Bt ¥y — THRERRED D 508 L - RAF RO
NOT IV BROEBICHELEZ bz
Staphylococcus warneri 60H, Staphylococcus pasteuri A3,

Pseudomonas saccharophila HD3b, Kocuria Kristinae A4 @
AMRERNL, 73 BoEREEERN. MRS ¥t

% AREEEMO YA 2 VT A% (B4 )
* 1 AL

(RZ7F2100g, 77 -LATEKR0 g MFTFZ40g,
T RUHE200g E/AVLAVEYLESY Y 10ml, Y
VEEKFEZ AU T L 20 g, BEEES MY A ZKEI 5.0
g VIVBETUVEZUL20g MBI AYTAL
KW 02 g, WREE~ ¥ UKHI 005 g, ZARK1L,
pH6.2 = 02) 5 ml 2 28°C T 2 HMBiH;2E L 2854810 0.1
ml 2K LC, 30CT4 HMK#EL, FaEh o7
IBRBREANE L. 7 IV BoMWER, HiEE 0.02
N HCl C20 5 ML, 02um DX YT T2 74 V¥ —
ToHi#t%, AT I BOHE( (R BN T 1
U= A8 L-8900) E W T = N yEmdkick vl
L7z
2 -2 BEHFREREDEKRZERAVCEER
FEIXTIVBOEEIHKRT 2L EZONDRBODH
LU Y e L, MOZATBOE N B Sl B 26 A
¥ # Biological Research Center (NBRC) 7 5 i &
W72 R AEFR Cryptcoccus launtii NBRC0609, Pseudomonas
aeruginosa NBRC3080, Lactobacillus brevis NBRC12005,
Providencia rettgeri NBRC13502, Corynebacterium
glutamicum NBRC12168, Cellulosimicrobium cellulans
NBRC103059 @ 6 ¥k & >, & BEEFIZ S L ThI
JEWE (121C, 1543) L 7=8:Hh (BERPAIRGHL) 5 ml i
MRS ¥ #1C 2 H I Fi ¥ (28C) L7-8#i# 01 ml %
RiW L, 28CC7 HBR MR, W% 105 12mmML
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B A40C FTHC T LRk L, MR & ) Ji el (7
KN Ty ZHE () # TVS062CA) % H v TR
TOWGEREE % W E L7z,
2 -3 FLEEREE LI HEHED S OWMEMI M

BN 2 :ES T B L O H CHETICIHRRIEE L 7-
PERAAT OWAWIZ L 57 I 7 BO LR 2 X7, BE
BRI 01 ml % YPD ¥t (BERET % 2 1%, X7 b > 2%,
T RoRE2%) 5mliZhz, 28C THIK:ZE L 7285389 0.1
ml & BEEPAAEEH 5 ml 2@ L, 28C T3 HRR:# L7
%, HWIKGEEME DB X OBER R b e 7 X Bk % AT
L7z

F7, TNENOWEES O L 224w onwT
b FRR DB Z 1T - 72

3 BRBIUER
3-1 tEYI—FEHRZERLEER

Feh ot 7 I IREZK IR L, e L
A EHOT I JBOH L, HOROh b2 T L L
TRLTWD, 48D H B S warneri 60H, S. pasteuri A3
D2HTEY Y ETUF WAL, FIV=F v hig
MLTwi, 7rvF=id, 7r¥FF—¥ofxTri
SFVIEBREINTVWEEEZLNSL, kY Vi A
WEF=JFE L TEILSN TV S LRI N
3 -2 BEHFREHEESERZERVCEHER

BE IR P oMM T I VBRIREAZR21RL7:. 6
DI %, L brevis TGABA & F )V =F > ORI N
BRONTZ, TNVI I VBRETVFZ VPRI LTS
CEDLENTNRRIRIERE L TV FF— Dz d
DrLEZ NS, C cellulans TH HF 512 GABA OB

1 MRS Bt D7 = /BRE (mg/100ml)

M2 GEEREIStOT S /ERE (mg/100ml)
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WY H TIXAV=F 2L TBH, GABARA L=
F VBB T DWMAEMDSAIEL TV D Z EAER S .

WIZ, C ORI A PERHBT RN L, R oR;

INLHRMBHEOME LD

4 YPD iBithhD 7 =

BT OWEHET I BRIRE L WE LR RER S5 IR L
7. BEEPHIESHITIX, SN TV LEET I 2 YPD
g &% wvizd GABA L AV =F v o EKIZD
Ll roTWAI ERbhoT.

T 72, FNENOWEEL A 5 HHE L 72004 % BRI
Feh TR L -85S0 h ol sl T X RIS AR E L7z
MRAK6 IR L7z, HEL TS0 Lz 2%TH IV
=F Y OWEREESRD SN, WEY H 2SI,
GABA Z b FHhICHiNs &5k (&S H®) DAk
TI/BEWEERT LR TE Lol B
i % I H: YPD BE iR LR 28 L 7o/ R L a2 -
THEY, YPD B AR TR O T 3/ BRIREDS
ERIRN 720, BEMOREIHEEL, 73RO
RS B o /b 2 5N Mo lsES O BRI 5
B L 22 E o R g EE RS A LENH L. —
BICERBERED T, 7T I B EEREORETIZT

JEEE (mg/100ml)
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BHELZCOT, RITVESRERER L O b EET
LULENRH L ERDND.

4 F&H

vy —IRARK 4 PR & RARPRAEEREE 20 © D 537k 6 #k
Z T, MRS 5 R BEEFIRS o CTHR S B HE T 3
J R R e LA, GABA LA Vv =F VERAEET
2500H5H T EDVMHERTE.

F7:, BN 2WEEY CRARMHE LTIHBRERL L
PER I 2 B3 YPD B b CHI B L 72 2 A, Bitih o
GABA A NV =F AL Tz, & HICBERHID S
HiHE L 7oA 2 SRR TR L2 2s, BiEh o
GABA ANV =F Y OFZERWINIEO Sk o 7.
YPD ¥ #i <2 MRS 55 # I I _C, BERTMIB & F 1
LUEEET I BBIREIMENC EAEE L TWLEEZD

56

N, ERBEEW~ONHEEZ 5056, EHEDHEER
% EOFH MG 2 LENH L LS.
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Development of the New Milk - based Beverages Fermented with Aspergillus oryzae

Hideki IWAIZONO, Kenzo TONARI, Kazufumi YAMADA and Masami MIZUTANI

TR & WLERFL 2 O 72 B ALECR OB ZE 2 HIY & LT, HAPKREEIC X 2 58 alBR 2 ATV, B  EE 7

IV MRIREOWES L OERERHIE 2470 72, FERERIZ L D, 2 K], 55C TR S HINIZIZ 20% L Lo 7 v a —

AWEENTND I EWohoT.

COWMIZFIAZRAL, SOIC4RHIERZRIT-E S, HlISKZMATE

B S AIZHAN, R 2R odHET I 7 B E (] 700 mg/100 mL) & 7% 0, BMEOMRIZL Y FHLDY 37

BAEBEDT I VB E CTHRPHEATHDE Z ERbh o,

DRWEDFHliZ 55 2 LTS 7.

FoU—F MR, W REL MR

1 FUBHIC
SEOMKAEAAERE, PR 6 FE E— 27 1M 6
MiZH by, REOEERD FRICREITHL V. —
JiT, =N N ReF— X EOFEEILEMNE, B
MTHbHD, ZOHTIT) -GN, EHEENSED
BE»D L, SHOWBEROMMANECTE S, T
IS ORBABME, ZPAMBEICI Y REINT
By, Bl FA T EAMBRAZREL-DOED
B, P EBMNICL ) BEES LML, W25
Nz,

KGR TIE, BLEAEFL % O 7o Fr 8L I S R SLARORE
A HME LT, ®adlExiTv, W, 73 BE
AROFHGB X OERERHI 217> 72O THET 5.

2 RERIGE
2-1 B8

L, WIROHETKRE (Aspergillus oryzae : ] NJH—
RIS S3) 2 v, ok e 4213, REO b o2 L 7-.
2-2 FHEER

HWERBURB L OKEEREAEL, 2~ 5 KIS
THWE 2 RS LAz, 85 U7 Hlc 55C L L 72251
ZHEO 2HERAL, SHI02~4RMEESEH

* 1 SRR
* 2 AR k&AL

FRERHITIX, ORI A D - 7228, B

W EFLOMER S X O T 3 MR ORI 2 2 L%
Nz WEE LTHEAORD D ICEROKE MR 22 HE
KOZEAL S Tz

2-3 WS

AE A BEROEAKTHERL, EHFLOL, Wl
WA IT o 72, Ei5% 045um 7 4V F —THMK, B
Wtk a~< s 277758 (HAZGE, LC-2000 Plus)
Wt L7z, 49 2403, NH2P-50 4E (Shodex # ¢ 46 mm
x 250 mm) %My, BB, 75% 7 b= ) VE
WaEH L7z, WH% 1 mL/min, 79 2ES 30C &
L7z, M Rm 2 mdrat (HAZ6W, RI-2031 Plus)
A L7
2—-4 S09-—UEHEER

EFRE, B 10 g2 05% 3 b b U v 4 01M FREER
M (pH5.0) F 7212 05% AL+~ 7 A4 01IM U ¥
MR (pH6.5) 50 mL 2Nz, 3HEHA Y —F5—THh
CIEFALZYLEBZE.

AERA2 0L, 4% 527 h—Z (JE) 1 mL % 10 mL
RBRAFICL Y, REEERE 01 mLiNz 48T o + —
Z —NZATH MR L 2. B % 02 mL Nz, 30
~ 120 I BOG S &7z ROsEIRR (0.1 M jEEF b
27 AR 0.7 mL Nz, HiRkE THEIL 720 BT
41072 2% 927 b—=AD A% 120 i S €72 b
DTy L.
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T 2 1 728 BLIE BEFLECR O B 58

2-5 GRE7=/BOHR
HAF5mLIC01IM MY 70O S5 mL 2EALY
YT BB LR ARTHML. AEEHEOR
BAKTHMRL, 02um 74 VT —THBLE, 73/
W orArEr (HAZ3ERT, 1-8900 F1) 2 HwvCillE L7-.

3 BROEIUEE

3-1 FESH

BLEL-HHO 70V o — AR, SEEE 2 R T 20% &
HWATBY, TORBIEATHDEZ E2MERL (361).

R1 REREIIILI-RRE
FE e 2h 3h 4h 5h

T3 — AP (%) | 207 22.3 232 24.3

2 WS S 7o HIl IR FLOLER 2 R A
BB SO 7 O — AREB XS 2 b —
JEAR IR Lz, Zva—AREIx, mEes biRAR

RERT ORI L & DITHIIM L7278, KERA L 72RBRIX
OFNEL RBEMPBEDO LN o, FHERS
tﬁ%E@77h—x%F I, Klof#L &b

AP LTnwAZ ERRD LN,

H1 HBECHATFKEEROIERREDHEE

3-2 SO9—EEM4ER
X125 FFREHRDT 7 b— AR, REoREE &
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Characteristics of aromatic compound
production using new shochu yeast MF062
isolated from shochu mash

H. Yamamoto,"? M. Mizutani,’ K. Yamada,' H. Iwaizono," K. Takayama,’
M. Hino," T. Kudo," H. Ohta,? K. Kida? and S. Morimura?*

The effect of temperature on the production of aromatic compounds using Heisei Miyazaki yeast MF062 was compared between 10
industrial yeasts. All yeasts tested produced characteristic patterns of alcohols and esters in fermentation tests with rice-koji at 20,
28 and 38°C. The concentration and composition in mature moromi with rice-koji at 20, 28 and 38°C were almost the same as those
with barley-koji. Therefore, it was suggested that fermentation temperature is an important factor in the production of aromatic
compounds. MF062 produced almost the same concentration of 3-phenethyl alcohol at both 38 and 28°C. The concentration was
higher than that generated by the other 10 yeasts. MF062 produced higher concentrations of i-butyl alcohol than the other yeasts
at higher fermentation temperatures. Moreover, compared with the other yeasts, MF062 produced a lower concentration of
acetate, which can give an off-flavour in excess concentrations in shochu. The production of acetoin was divided into two groups
- a high producing group and a low producing group - at all temperatures. MF062 belonged to the latter group and showed
preferred characteristics in the production of shochu, resulting in a high concentration of preferred aromatic compounds and a
low concentration of compounds that impart an off-flavour. Copyright © 2013 The Institute of Brewing & Distilling

Keywords: shochu yeast MF062; fermentation temperature; higher alcohol; ethyl ester; off-flavour
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Introduction main yeast used. Miyazaki yeast (MK021), C-14, and i-33
(Miyazaki Prefectural Food Research and Development Centre)
were used as controls. Industrial Brewing yeasts A-G (Japan
Society of Brewing) were also used as controls.

Shochu is a Japanese alcoholic drink distilled from various
materials. Sufficient fermentation of shochu mashes and higher
alcohol yields are required for the production of shochu. There-
fore, strong alcohol fermentation power, appropriate resistance
against citric acid and thermotolerance are essential characteris-
tics for shochu yeasts. Shochu yeasts also need to generate a Fermentation tests
desirable flavour to produce higher quality shochu. An excellent
shochu yeast, Heisei Miyazaki yeast (MF062) was successfully
isolated. MF062 was selected from 272 isolates from shochu
breweries in Miyazaki Prefecture for its high fermentation
ability and thermotolerance, as well as desirable flavour-
producing characteristics on the basis of growth, fermentation,
and small-scale shochu production tests (7). MF062 is used for
commercial shochu production in seven shochu breweries.
Sweet potato and barley shochu have been awarded high scores
in sensory tests (2).

Fermentation tests using Saccharomyces cerevisiae yeast
strains show similar profiles in the production of esters. On the
other hand, the production of acetoin differs from that of the
tested strains. In this study, the effect of fermentation tempera-
ture on the production of aromatic compounds at 20, 28 and
38°C was investigated using MF062 and 10 industrial yeasts.

Yeasts were pre-cultivated statically for 24 h at 28°C in MYGP
medium (0.3% malt extract, 0.3% yeast extract, 0.5% peptone,
1% glucose, pH 4.0). A 70 mL aliquot of water was poured into
40 g of dry rice koji (MKS; Tokushima Seikiku Corporation, Osaka,
Japan) for shochu brewing with 100 pL of pre-cultured yeast to
make the mashes. Mash was fermented for 9 days at 20, 28
and 38°C. Mash weight was measured regularly as an index of
fermentation progress. The concentration of ethanol and the ar-
omatic compounds of the matured mashes were measured on
day 10. Fermentation tests with barley koji were carried out for
9 days, where 60 mL of water and 50 g of barley koji were mixed
with 100 pL of pre-cultured yeast and incubated for 9 days at
each temperature in the manner previously described (7).
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Analytical methods

Matured mashes were centrifuged at 8000g at 4°C for 10 min.
The alcohol content of the supernatant was measured using a
Hewlett Packard5890 Series Il gas chromatograph (DB-wax; i.d.
0.53 mm x 30 m, 55°C for 5 min — increasing 4°C/min to 170°C
170 °C for 5 min, flame ionization detector (FID)). Acetate
content was determined by GC-MS (GCMS-QP2010 Plus, Kyoto)
using a J&W DB-wax column (i.d. 0.25 mm x 30 m, film 0.25
um) under linear temperature increases from 50 to 230°C (4°C/
min). The sample for the measurement of acetate content was
prepared by solid-phase microextraction (SPME). Five millilitres
of moromi with 0.1 mL of 250 mg/L 1-pentanol as the internal
standard was poured into a glass vial and sealed. The sample
was mixed in an autoinjector (AOC-5000, Shimadzu, Kyoto,
Japan) at 500 rpm at 40°C for 5 min and extracted using an
SPME fibre [Supelco 60 um CW (PEG)] with agitation for 30
min. The sample was released into the GC-MS injector for 5
min. Aromatic compounds such as higher alcohol, -phenethyl
alcohol and ethyl esters in matured moromi using rice koji were
measured using a head-space gas chromatograph [TurboMatrix
HS, Perkin-ElImer and GC2010 Plus with J&W DB-wax; i.d. 0.53
mm x 30 m, film 1 um, 50— 225°C (4°C/min), FID detector,
Shimadzu] after mixing 5 mL of moromi with 0.1 mL of 250
mg/L 1-pentanol as the internal standard in a glass vial and seal-
ing. Higher alcohol and p-phenethyl alcohol levels in matured
moromi using barley koji were measured using a Hewlett Pack-
ard 6890 Series Il gas chromatograph [DB-wax; i.d. 0.53 mm x 30
m, 1 um of film, 55 — 225°C (4°C/min), FID detector] after mixing
10 mL hexane and 1 g sodium chloride with 10 mL of each mash
and extracting the aromatic ingredients in hexane fractions.

Results and discussion

Effect of temperature on ethanol production in fermentation
tests with rice koji

The ethanol content of matured moromi in fermentation tests
with rice-koji is shown in Table 1. The ethanol content was

Table 1. Ethanol content of matured moromi in fermenta-
tion tests with rice-koji
Strains Ethanol (%(v/v))

20°C 28°C 38°C
MF062 20.2 17.5 10.6
MKO021 20.5 17.8 9.7
C-14 12.7 179 11.6
i-33 19.1 174 1.4
A 19.6 16.4 9.9
B 17.9 17.3 9.6
@ 20.1 17.9 10.6
D 17.8 16.4 10.2
E 17.8 18.0 10.7
F 20.0 183 1.4
G 18.6 17.0 9.4
Ethanol content was determined by fermentation tests
where 70 mL of water and 40 g of dry rice koji were mixed
with 100 pL of pre-cultured yeast and incubated for 9 days
at each temperature.
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highest in the 20°C fermentation and decreased with increases
in fermentation temperature. The ethanol content of matured
moromi using MF062 was almost the same as that of the 28°C
fermentation and was higher at 20°C than that of the other
yeasts. The ethanol content decreased at 38°C with all yeasts.
However, MF062 showed almost the same content of ethanol
compared with the other yeasts. The ethanol content obtained
with MF062 in the fermentation tests with barley koji was higher
than that obtained with the other yeasts (7). This result may be
dependent on some components contained in barley koji.
MF062 showed excellent fermentation ability at both low and
high temperatures in the tests with rice koji.

Production of aromatic compounds

The aromatic compounds produced by MF062 were compared
with those from other yeasts in fermentation tests with rice koji.
The levels of acetate esters such as ethyl acetate and isoamyl
acetate decreased drastically with an increase in fermentation
temperature, especially at 38°C (Fig. 1). Since the acetate con-
tent was lowest at 28°C and increased at 38°C (Fig. 2), a low level
of acetate esters was not dependent on low acetate concentra-
tion but on low alcohol acetyltransferase (AATase) activity at
38°C (3). The quality of shochu might be low with high acetate
content in moromi, since acetate will move to shochu from
moromi mash during distillation. The acetate content of moromi
mash using MF062 was lower than that of the other yeasts and
did not increase at higher fermentation temperatures. This is
one reason for the high quality of shochu made using MF062.
The alcohol content of matured moromi obtained in fermenta-
tion tests with rice koji at each temperature is summarized in
Table 2 and the calculated ratios are shown in Table 3. The alco-
hol content obtained using barley koji is summarized in Table 4
and the ratios are shown in Table 5. The level of S-phenethyl
alcohol in rice koji, which gives a rose-like flavour, was lowest
at 20°C and increased at 28 and 38°C. The level of -phenethyl
alcohol was low at all temperatures using C-14, while it was
higher than that of other yeasts using MF062 and did not
decrease at 38°C compared with the level at 28°C.

The compound f-phenethyl alcohol imparts a sweet flavour
to shochu. The level of -phenethyl alcohol in matured moromi
found in fermentation tests with barley koji was different from
that produced with rice koji. The level was highest at 28°C and
decreased at 20 and 38°C. The difference between barley koji
and rice koji may affect a change in the metabolic process that
generates ff-phenethyl alcohol. The level of i-amyl alcohol was
highest at 28°C and that of n-propyl alcohol decreased at
increasing fermentation temperatures, before decreasing drasti-
cally at 38°C. The level of i-butyl alcohol was the same as that of
i-amyl alcohol and highest at 28°C. The i-butyl alcohol content
produced by MF062 at 28°C was almost the same as that
produced by other yeasts; however, this amount was higher at
38°C than that produced using other yeasts. A high content of
i-butyl alcohol with MF062 was obtained in the commercial-
scale production of shochu as described previously (2) and this
was supported by the current results. The data obtained in the
production of higher alcohol with barley koji (2) were the same
as that with rice koji, indicating that fermentation temperature
was a key factor.

Two pathways are reported in the production of higher alco-
hol: the amino acid synthesis pathway and the Ehrlich pathway
(4-6). In the amino acid synthesis pathway, a-isovaleric acid is

J. Inst. Brew. 2012; 118: 406-411
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Figure 1. Levels of ethyl acetate (a) and isoamyl acetate (b) after 9 days of fermentation with rice koji at 20, 28 and 38°C. Content was calculated against the value of

MFO062 at 28°C (100). Black bar, 20°C; white bar, 28°C; grey bar, 38°C.
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Figure 2. Content of acetic acid after 9 days of fermentation with rice koji at 20,
28 and 38°C. Content was calculated against the value of MF062 at 28°C (100).
Black bar, 20°C; white bar, 28°C; grey bar, 38°C.

changed to i-propyl aldehyde and then changed to i-butyl alco-
hol by alcohol dehydrogenase. In this pathway, a-isovaleric acid
is also changed to i-valeraldehyde via o-ketoisocaproic acid and
changed to i-amyl alcohol by alcohol dehydrogenase. In the Ehr-
lich pathway, i-butyl alcohol is generated from o-ketovaleric
acid, which is an intermediate in the valine pathway, and i-amyl
alcohol is generated from a-ketoisocaproic acid, which is an

intermediate in the synthesis of leucine. Yeasts can take up
amino acids into the cells and utilize them for protein synthesis.
When valine or leucine is deficient in the medium, they are gen-
erated by the amino acid synthetic pathway in the yeast cells. In
the amino acid synthetic pathway, the production of higher
alcohols is regulated by the concentrations of nitrogen sources
such as precursors of amino acids or ammonium. However,
when the level of amino acids contained in the medium is ade-
quate, amino acid synthesis is regulated by feedback inhibition
and higher alcohols are synthesized by the Ehrlich pathway.
The amount of higher alcohols produced is dependent on the
amino acid content in the medium and the uptake of amino
acids by the yeast. As described above, i-butyl alcohol and i-amyl
alcohol are produced by the same pathway, but the optimum
temperatures of the related enzymes are different (7,8). Nakata
et al. (9) reported that the ratio of i-amyl alcohol to i-butyl
alcohol (A/B ratio) decreased with increased i-butyl alcohol at
25-30°C and the A/B ratio increased with a decrease in i-butyl
alcohol at 20°C in awamori brewing. This was based on the char-
acteristics of the awamori yeast and the data was the same as
that obtained in this study. Yoshizawa (70) explained how higher
alcohols can be the index of regulation during the brewing
process, since higher alcohols are mainly composed of aromatic

Table 2. Alcohol content of matured moromi in fermentation tests with rice koji
mg/l

Strains n-Propyl alcohol i-Butyl alcohol i~-Amyl alcohol B-Phenyl ethyl alcohol

20°C 28°C 38°C 20°C  28°C  38°C 20°C 28°C 38°C 20°C 28°C 38°C
MF062 129 95 26 66 125 92 128 161 125 58 100 111
MK021 128 91 12 90 129 48 135 162 84 61 108 77
C14 132 113 31 71 123 49 108 133 63 43 65 40
i-33 116 79 31 98 168 65 98 135 78 47 929 64
A 168 118 70 84 177 75 131 172 120 48 78 80
B 112 111 25 56 94 57 151 186 11 56 104 95
C 143 131 24 59 115 57 112 153 101 57 96 103
D 135 119 37 65 121 78 152 190 114 57 929 100
E 138 124 25 64 124 89 110 152 123 36 82 115
F 165 116 24 58 1m 63 106 151 108 39 79 101
G 116 92 26 104 184 91 154 187 134 71 95 147
Alcohol content was determined by fermentation tests where 70 mL of water and 40 g of dry rice koji were mixed with 100 pL of
pre-cultured yeast and incubated for 9 days at each temperature.

wileyonlinelibrary.com/journal/jib
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Table 3. Alcohol ratio of matured moromi in fermentation tests with rice koji

Strains A/P Ratio A/B Ratio B/P Ratio
20°C 28°C 38°C 20°C 28°C 38°C 20°C 28°C 38°C

MF062 1.0 1.7 49 1.9 13 14 0.5 13 3.6
MKO021 1.1 1.8 7.0 1.5 13 1.8 0.7 1.4 4.0
C-14 0.8 1.2 2.0 1.5 1.1 13 0.5 1.1 1.6
i-33 0.8 1.7 2.5 1.0 0.8 1.2 0.8 2.1 2.1
A 0.8 15 1.7 1.6 1.0 1.6 0.5 1.5 1.1
B 1.3 1.7 45 2.7 2.0 1.9 0.5 0.8 23
C 0.8 1.2 4.2 1.9 13 1.8 04 0.9 24
D 1.1 1.6 3.1 2.3 1.6 1.5 0.5 1.0 2.1
E 0.8 1.2 4.8 1.7 1.2 1.4 0.5 1.0 35
F 0.6 1.3 4.6 1.8 1.4 1.7 0.3 1.0 2.7
G 13 2.0 52 1.5 1.0 1.5 0.9 2.0 35

P, n-Propyl alcohol; B, i-butyl alcohol; A, i-amyl alcohol.
Alcohol ratio was obtained by fermentation was determined by fermentation tests where 70 mL of water and 40 g of dry rice koji
were mixed with 100 pL of pre-cultured yeast and incubated for 9 days at each temperature.

Table 4. Alcohol content of matured moromi in fermentation tests with barley koji

mg/!
Strains ] ]
n-Propyl alcohol i-Butyl alcohol i-Amyl alcohol B-Phenyl ethyl alcohol

20°C 28°C 38°C 20°C  28°C  38°C 20°C 28°C 38°C 20°C 38°C 38°C
MF062 115 113 37 138 163 109 349 357 281 220 228 180
MKO021 81 76 26 175 187 72 363 392 226 201 239 133
A 158 136 67 98 147 81 256 324 190 210 237 94
B 127 17 37 104 134 69 402 405 214 202 210 130
C 157 111 33 110 164 65 256 407 212 134 261 145
D 113 136 45 195 150 93 325 386 251 187 237 145
E 105 112 35 133 169 96 332 347 248 206 221 163
F 121 124 34 113 145 73 305 353 221 201 229 148
G 100 96 43 170 214 98 424 440 318 257 281 240

Alcohol content was determined by fermentation tests where 60 mL of water and 50 g of barley koji were mixed with 100 pL of
pre-cultured yeast and incubated for 9 days at each temperature.

Table 5. Alcohol ratio of matured moromi in fermentation tests with barley koji

) A/P Ratio A/B Ratio B/P Ratio
Strains
20°C 28°C 38°C 20°C 28°C 38°C 20°C 28°C 38°C

MF062 3.0 32 77 25 2.2 2.6 1.2 1.4 3.0
MKO021 45 5.1 8.7 2.1 2.1 3.2 2.2 25 2.8
A 1.6 24 2.8 2.6 2.2 23 0.6 1.1 1.2
B 3.2 35 5.8 3.9 3.0 3.1 0.8 1.1 1.9
C 1.6 37 6.4 23 25 33 0.7 1.5 2.0
D 29 29 5.6 1.7 2.6 2.7 1.7 1.1 2.1
E 3.2 3.1 7.2 2.5 2.0 2.6 13 1.5 2.8
F 25 29 6.5 2.7 24 3.0 0.9 1.2 2.1
G 42 46 7.4 25 2.1 32 1.7 2.2 23

P, n-Propyl alcohol; B, i-butyl alcohol; A, i-amyl alcohol.
Alcohol ratio was determined by fermentation tests where 60 mL of water and 50 g of barley koji were mixed with 100 pL of pre-
cultured yeast and incubated for 9 days at each temperature.

_______________________________________________________________________________________________________________________________|
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compounds and the composition will be altered by the brewing
conditions. In addition, it is important to control the fermenta-
tion temperature in shochu brewing. In this study, the levels of
the major aromatic compounds such as ethyl esters were altered
between 20, 28 and 38°C. The higher alcohol levels were
changed at different fermentation temperatures, suggesting
that the characteristics of the shochu produced could be
estimated by the concentration and components of the higher
alcohol levels. The levels of ethyl caproate, ethyl capriate and
ethyl caprylate decreased with increasing fermentation tem-
peratures and drastically decreased at 38°C (Fig. 3). Yeast
synthesizes ethyl caproate, and alcohol acyltransferase and es-
terase are the key enzymes in the synthetic pathway (71). The
concentration of ethyl caproate is dependent on the activity of
the synthetic enzyme, the concentration of caproic acid by fatty
acid synthesis and the activity of the degrading enzyme. Palmitic
acid and stearic acid are the main products and small amounts
of other fatty acids are generally produced during the synthesis
of fatty acids. In this pathway, the ratio of short chain fatty acids
increases with decreasing fermentation temperatures. Since
caproic acid is an intermediate in the fatty acid synthetic
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Figure 3. Levels of ethyl caproate (a), ethyl caprylate (b) and ethyl caprate (c) after 9
days of fermentation with rice koji at 20, 28 and 38°C. Content was calculated against
the value of MF062 at 28°C (100). Black bar, 20°C; white bar, 28°C; grey bar, 38°C.
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pathway, its content cannot increase without alterations in the
content and composition of the fatty acids. This could provide
a reason why the level of ethyl caproate was highest at 20°C.
The levels of ethyl capriate and ethyl caprylate were also highest
at 20°C. This was also based on the content of capric acid and
caprylic acid, which are intermediates in the fatty acid synthetic
pathway. Ethyl caproate imparts a pleasant apple-like flavour to
shochu and ethyl caprylate gives a fruity flavour, while ethyl
capriate imparts a grape-like flavour. MF062 produced these
flavours in fermentation tests, as did the other yeasts. The
content of ethyl laurate, which gives a flower-like flavour,
decreased with increases in fermentation temperature (Fig. 4).
MF062 produced a high content of ethyl laurate at 20°C com-
pared with other yeasts.

Production of acetoin

The acetoin levels produced by all yeasts at 20, 28 and 38°C are
summarized in Fig. 5 and two groups were formed from the
results. One group included the yeasts that produced a high
content of acetoin and the other included those that produced
a low content at each temperature. Strains B and D produced
more than 20 times the amount of acetoin compared with
MF062. The acetoin content in matured moromi produced by
MF062 slightly increased with increases in temperature but
was low compared with other yeasts. Tsuwarishu (literally the
smell of morning sickness) is generated by the production of
diacetyl. Acetoin is changed to diacetyl by microorganisms and
chemical reactions and produces an off-flavour. MF062
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produced a low content of acetoin at all fermentation tempera-
tures. Thus, a low content of acetoin contributed to the produc-
tion of high-quality shochu. It has been reported that acetoin is
not generated from o-acetolactate but from pyruvate or acetal-
dehyde in S. cerevisiae (12,13). Furthermore, some studies report
that overexpression of the GPD1 gene (74), combined with the
deletion of ALD6 gene (15), increases the production of acetoin
in S. cerevisiae. Overexpression of the ADH2 gene has also been
found to increase acetoin production with altered redox balance
in cells (76). In addition, the redox balance based on NADPH
influences the level of acetoin (77). Furthermore, it was reported
that the composition of the medium is related to acetoin pro-
duction in S. cerevisiae (18). In this study, a clear relationship
was not observed between acetoin content and fermentation
temperature and the yeasts tested were separated into two
groups: one group produced high amounts of acetoin and the
other produced low amounts of acetoin.

Sweet potato shochu, produced using MF062, received excel-
lent evaluations in sensory tests with comments such as ‘bal-
anced taste, ‘wonderful taste, ‘residual characteristics of the
raw material; ‘sweet’ and ‘mild’ (2). From the results described
above, MF062 produced components that imparted a good fla-
vour, such as the ethyl esters, as did the other industrial yeasts,
and produced a low content of off-flavour components such as
acetate, which can cause an acidic flavour, and acetoin, which
can change to diacetyl causing tsuwarishu. This seemed to be
the main reason for the excellent results that the sweet potato
shochu produced using MF062 received in the sensory tests.
Moreover, it was suggested that temperature control of moromi
during fermentation could regulate the quality of shochu, since
the levels of the aromatic compounds changed with changes
in the fermentation temperature. In the future, it will be impor-
tant to determine the levels of the aromatic compounds in
shochu produced at a commercial scale using MF062 to produce
high quality shochu.
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