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Modeling the Oshi-aji intensity of sake using the component profile obtained

L, KRZERE L CHRIC X AL BRI X S

from GC/MS-based non-targeted analysis

Yoshihiro Tamada!'*, Fumie Kabashima2, Masafumi Sakurai?, Misato Tokui!, Nobuo
Yamashita!, Takafumi Kubodera!, Takahiro Akashi' (Hakutsuru Sake Brewing Coporation.,
Ltd., 4-5-5, Sumiyoshiminami-machi, Higasinada-ku, Kobe, Hyogo, 658-0041, Japan', LECO
Japan Corporation, 2-13-4, Shiba, Minato-ku, Tokyo, 105-0014, Japan?) Seibutsu-kogaku 96:
234-239, 2018.

The favorable and strong aftertaste of sake is often called Oshi-aji. Oshi-aji is a characteristic taste of
Nada-shu, which is produced in the Nada area in Hyogo Prefecture. The Oshi-aji intensities are sometimes
different among sake samples that are produced using the same brewing methods and have nearly identical
analytical values. In this study, we analyzed the correlation between the component profiles obtained from
gas chromatography/mass spectrometry (GC/MS)-based non-targeted analysis and the Oshi-aji intensity.
We showed that the Oshi-gji intensity can be modeled with high accuracy using the component profiles of
sake samples through a partial least square (PLS) regression analysis.

[Key words: sake, Oshi-aji, GC/MS, non-targeted analysis, PLS]
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07 7 AN, F—X Lo L EROFRIEED
ETF MR RATIRBIDPEERE SN TnwEY0 2
9 L7z AIHFBEICHISH SN THB Y, Mimura 5137
Azua=x 7774 —/Em5H (gas chromatography/
mass spectrometry: GC/MS) % F v CTECHREHH o 11 GH
HCE F N D AT S5 & FRF P 45 % R IV AT
L. Moo 7a7 74 VedilE E S5 LT
BIRRPIGEER 2 I LD L T2 HEMESE L2 ET L TE S
TEERLTVD.

ZZ T, RWFETIEX, GCMSEHWI/ v =7y
NAHTIC X D13 S NIIEHR S 71 7 7 4 Vv & SIS
E3HZ LT, HRRAMEIC X AHILIR] o237 % E
FMLT 5 Z L 2 ikAa .

RERAE

Yo7, HE BTV, 20134ETA S
10 A A L 7z ) Ui A3 & B AL DR AE O 1 1 I B,
[ — RS GOERAZHA L, [F UHAR G Tl
%475 7z Table 11Z/R L 729 MOIFEE (@) oA
Wz KA - il EOFUELE R IR S 37X T
F—D&MFTiTo7z. &% 7iE, BEReaHl - 50
THHRAE L7z, Table 1LWR$ X 912, HARMBEE, 7
NVa—VER, BRE, 7 BEL Vo BATEIC
Y TV TR AR b Tw .

Ribitol, pyridine, 2-propanol, methanol IZF1Yt3E
T35, methoxyamine hydrochloride (& Sigma-Aldrich
(I 2=y MEy b A A, KE) 25, N-methyl-N-
(trimethylsilyl) trifluoroacetamide (MSTFA) (X GL ¥ A
I ANDEEALTZ.

BREFMMC K BMHLEE] X7 HreaHiiid,
HIEOE RS K @ L7278 0282 VI X 0 FEhi L

Table 1. Description of samples used in this study.

Sample Sake Ethanol. Acidity Arpipo

No. meter concoentratlon (mL) acidity

() (Yov/v) (mL)
1 —0.6 20.5 1.9 1.5
2 0.2 20.6 1.9 1.5
3 -0.4 20.5 1.9 1.3
4 -0.9 20.8 1.9 1.5
5 —0.8 20.8 1.9 1.6
6 +0.0 20.7 1.9 1.4
7 -0.4 20.7 1.9 1.5
8 —0.6 20.5 1.9 1.5
9 0.4 20.6 1.9 1.4
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7. KV TVOIMUK] 23R (0-2: 55 - b@)
TaHii L, 78078 HAVOPHHEE KT > TV OTHIL
WRloZ2a7 & Lz, BRgaHlld 3~ CTHEHFTIEM L 7.

TEERERFOTAT 74T ANFEFE P 18 55
¥, FF T abE b AFL Y MEIC X B FEEK LR
179 S &THM L7z KIS > 7V 30 pL IS NFBEEHE)
B & L Cribitol ¥ (0.2 mg/mL) 50 uL Z Wz, 28
] 3a i L 728, — RO RatR 217 o 72, BiRSHZ IR IR
D ¥ 712 methoxyamine hydrochloride (20 mg/mL
pyridine) % 100 pLjnz 7z#, 30°C, 904, 1200 rpm
TLYy7uikeH Lz Hivy TMSTFA % 50 uL iz,
37°C, 3045, 1200rpmT L ¥ 7 uike 5 2¥, GC/
MSIZHE L7z %dB, &F Y ThoH v FIViRE? S H
BARMEIX 3 CTHENE L 7.

Az b7 7EHESAENCE, GCMS-QP2010
Ultra (R5EBUERT) % w7z, %15 A1E, CP-SIL 8 CB
low-bleed column (0.25 mm x 30 m, 0.25 um, Agilent,
AN TANZTHY Y755, KRE) 2HW 5
4113 Table 2 (2R L 7=,

G T—% % AIATEATHAL, irv 7 b7
MetAlign® IZZh b 2552 TE— 2L 754
AV M &fiolz. MetAlign OFEFIECSVIEXTH L
7z, VT, W L72CSVIERXD 7 7 4 V&Y 7
k7 =7 Aloutput” (2§ % & & TALEWRE 21T - 72
®IZ, E—24758, T bb&H s T VITOVTEILE
WO 8 mAE AW L 72T — ZATHIOFER 2 17 - 72,
B, BLEMDOERE MDA F VIRE & PR S
Td bribitol \TEK T 2 m/z (217) DA F ¥ 5RIE TH
L7zfli%, BALEW oM EsEes L.

BRERSOTOT7 7400 HEEEGE,
A IS X 2 iRiEfRIC, 2IRITA A7 B~ b7 7 7RAT
R = 00T (GC x GC-TOFMS) 12t 5 2 &
THM L7z ¥ FOVEILERE, Takahashi & o 10
EZEICLTHER L. WY ¥ 715 mL %20 mL

Table 2. Conditions for GC-MS.

80°C (2 min)— 15°C/min
—330°C (6 min)

Oven temperature

Carrier gas Helium, 1.12 mL/min
Injection temperature 230°C

Injection volume 1 uL

Split ratio 1:60 (v/v)

Ion source temperature ~ 200°C

Electron ionization

m/z 85~ 500

Ionization method

Scan range
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Table 3. Conditions for GC X GC-TOFMS.

Table 4. Oshi-aji intensity of each sample.

st Oven temperature 50°C (5 min) — 5°C/min

—240°C (10 min)

2nd Oven temperature +10°C offset from 1st Oven

Modulator +15°C offset from 2nd Oven
Modulation period 4.0 s (Hot: 0.8 s, Cold: 1.2 5)
Carrier gas Helium, 1.2 mL/min
Injection temperature 230°C

Injection volume 1pL

Inlet mode splitless

Ion source temperature ~ 230°C

Electron ionization

m/z 19 ~450

Ionization method

Scan range

DRTAHAML, 30 mg DWHEH % =% A 72 1-cc Oasis HLB
A=Y v (Waters, Y% Fa—ty VNI NT+—
R, SKED) L7z 200 pL DK THRWGT L725%IC, W
# L7285 % 400 uL OB #E K (2-propanol:methanol
=4:1) THEMEE, 5 E TICTRIEL 7.

GC X GC-TOFMS 21X Pegasus 4D-C GC x GC-
TOFMS (LECO, I v AVt v b - Va¥r, XKHE)
FHWZ, 1RITTHD A 5 2121% Pure WAX (0.25 mm
x 60m, 025um, GLY¥ A4 =) %, 2KICHDO I T
A2 InertCap-1 (0.18 mm X 1.1 m, 0.18 um, GL+
ALY R) &7z, 53T S&MFIE Table 3ITR L7z, 7B,
FH T NITDONT, 3HETHM & FER L7z,

#Bonzux bS5 407y R a— a3 VI
ChromaTOF v 7 b7 = 7 ver. 450 % il 7z, {L&W
475 OMFEIIE, NIST ver.14 & Wiley ver.10 % i
L7

LEEMRIT LW (principal component
analysis: PCA), B X UEf7i/N "3 (partial least square:
PLS) [UE5#HTIE, Aloutput” # JHWCTHEM L 72, %8B,
% RIBNTZHENL > CTO A7 —1) ¥ 75121 Auto-
scalingZ$RM L, £ ¥ —27 oMxtEifiz > 7IVH
TOFMED0, 51 & %5 L HITEH L.

KRERELUEE

BRESFMICL B MILER] X7k HiEEHET
BoONZZHZEYT Y TVOTILIK] © X 37 % Table 412
AL7z B, BREHE T — & & — Kot aric g L
ToRER, U TUVETIHLIR] ORI T7TICEVEEE
(p<0.001) 7B 5 Z LD RSN

BERAD7TOT7 7400 RESEER S O5H
DORER, HPEAHKEEZ 5N L8O Y — 7 A3
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Sﬁ?e A B C D E F G XT%
1 2 2 2 2 2 2 2 2.0
2 2 1 1 1 1 2 1 13
3 0o 0 1 0 0 0 0 0.1
4 2 2 2 2 2 1 2 1.9
5 11 1 1 2 1 1 1.1
6 0o 0 0 0 1 0 0 0.1
7 2 2 2 2 2 2 2 2.0
8 1 1 2 1 2 2 2 1.6
9 o 0 1 1 1 1 0 0.6

Each alphabet shows a panel. Oshi-gji intensities are evaluated
by sensory test (0-2 (weak-strong)).

B sh, £¥—27 ORI L~ A A7 bVvE 54
TII)OEREBSL LAbEL LT, 209 B511H
DE—=ZIZOWTLEMREZRIT) T LA TE72. Ih
SOHNIE, B MET V-V, T3 W AR
I LD ETHHKRERS FRGBEETN TN 5
NI 7a 7 7 4 VD7 — % % Table S1 (doi:
10.6084/m9.figshare.5975383) Z/r L7z, L&Y % [
ETELPoE—ZIZOWVWTIRE— 274 %NV
unknown & L7272%, Z0O~< A A2 L5 Aloutput”
CEOHETHD L SN —=2 100 TIIE =2 %
% NV _unknown (sugar like) & L7z,

—07, IR O 5HT OFER, 1686 D ¥ — 7 23
Bl sz, B TVHOECOFHAE AR E—27 %
T 572012, SN 72FTRTOE=27122o0nT
fisher ratio (FR) iz %M L7z, FREEA10LLLETH S
RIMoOY =7 2L, DIBEOMHTIZH 7. FRAE
S, BRI HUE 2 RN HUE TR L 72 TH D,
AT ERAENTORBESE L, WK TOHE
EPRKREVE=2THLLEEZOLNS, FREIILTF
OXTHIBENS.

FR = 0iass” / Ourror” 0
7B,
O-c/assz = M (2)
(k-1)
SO 2(02(C ) P i ), ®
(N-k)

ZZTC, O IR R, 00, VRPN 531,
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nZiFHO 7 5 ZAOWEMOR, %ZiFHDOZ 5 AD
WM, X3V Y TVOFYME, kidr 5 A0, wid
JERHOZ 7 20 iFHOWEM, NIy T Vvokiz
R RN RIUEOE =27 12onT, L& T 4
TNV AARZ MVDY I T T4 —RER
W2, LAt ERITo 2. BRSNS T e
7 7 A NVDT— % % Table S2 (doi: 10.6084/m9.figshare.
5975383) IR L7 A4 75V D~y FR (KK
1000) 23700% Fllo72¥ — 2712250\ TlE, ¥—24%
% V_unknown & L 7.

KADWS T T 7 ANTF—% ZPCAICHL. 15
bh/zZ2a77uay F&Fig. 1IRL7:. ZOE, &
RS 7 a7 7 AV, SRS 787 74 VDwn
FTHEHWZEAEICH, OOy v eiczxar
Ty b Eo7ay MIiEIGEWSREO LN 202
Lo, GC/MSzZ=HWz ) v 7 =4y Mobrig, —#%
SHHE TR 2 205580 B Wi ¥ 7V D R4
FEOEWCOINRICAENTH 5 2 LAVR I,

PLSEIBZRICE D L] OETIAEL UL
AR 7 a7 7 AV, FRER S 7a 7 7 4,
BLOWMFoTa 7 7 A VEFHER, LK ©X
a7 HWERE LAPLSHGE G 21772, Bo5h

ZZ[MLIR] o237 oFMETIVEFig. 212K L7z
FRENOBIZET > TV RLTHBY, ML
K] OZR a7 oFEHE, BEMIETIETH L. B, T
WETFNOREIIH /2> T, BHEEBOBITETVOTF
RO CTH 5 OB RMEZE L 5 L) ICHEL,
AHFME G707 7 A Ve A3 o0, fif
BWGTa 7 7 A4V EHOGEGEIZZUDD, WO
Ta7 7 ANEHWELEE I Z 008 EL R H W
T/, OMHIET—5 2y FNORERGE (718 AN
F—vav) KEoTEMHR LA £FHUET VO O,
EHAREDOIREETH 2 R, Fll3%%% /%3 RMSEEf#
% Table 51TR L7z, —MICETVOFHIIZ Q" > 0.5
Tgood, O’>0.9 Texcellent: N2, wWFhoF—2%
A UAERICH W60 RIFRE T VERETE -
ZDZENL, GCMSEHNTZ ) V& =y NN,
SRR MG L Cn b eSS NS [
L] OFTFMEICERITH A Z LAVRS NIz, HERME
o787 7 AN ESAEBICHW G50 > 09,
Y, FCTFAMESEL Rozl b, U7V
DIMLKR] A7 DOFENATHFEFEER TR E L F
H LT 2 b7,

BWT, FETHEFTVICBWT, FHHEKOETV
WiSE~ DO 5. % /73 VIP (variable importance in the

® ® projection) HZREEC, ETVERICHE LY -7 %
’ - . ) P H U72 (Table 6). Coefficient DfHASIED ¥ — 27 As[ i
2 - . LBk O3 T7ICED, ADOY =2 BEOHEGHH - 1
o
2 % | 4 E—rThd. RREERGTE7 74 V&G EF
a a, ° R
E °. 12 e * Table 5. R°, O°, RMSEE of the each predictive model.
K e s
. Explanatory variables R o RMSEE
PO (438%) PoT (8069 non-volatile components 0.972 0.741 0.133
[@1 A2 m:3 @4 -5 x6 O7 A8 O |
volatile components 0.989 0.947 0.082
Fig. 1. PCA score plots of 9 samples. (A) Score plot of the non- Jatil
volatile component profile data. (B) Score plot of the volatile ion';/(;im ° compontents 0.977 0.834 0.115
component profile data. Vvolatiie components
(A) (B) ©
-%‘ 2 '0‘“ ‘;,? 2 ‘E B
S S S *
£ s * £ s E
5 3 * ERE
L £ . 5 .
3 N S |
8 0 8 4 8

n
&

o 05 1 15 2 25 -05 0 05

Predicted Oshi—aji intensity

1

Predicted Oshi-aji intensity

15 2 25 o 05 1 15 2 25

Predicted Oshi-aji intensity

Fig. 2. Relationships between predicted and observed intensities of Oshi-aji based on PLS model. (A) PLS model using the non-
volatile component profile data. (B) PLS model using the volatile component profile data. (C) PLS model using the non-volatile and

volatile component profile data.
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Table 6. List of important peaks that influence variables used to
create prediction model of the Oshi-aji intensity.

(A) PLS model using the non-volatile component profile data.

ral\lllii};g VIP Coefficient Peak Name

1 1.76 0.137 NV _unknown_34 (sugar like)
2 1.58 0.173  Glycyl-Glycine

3 1.56  —0.125  Pyruvic acid + Oxalacetic acid
4 1.51 0.122  NV_unknown_21 (sugar like)
5 1.49 0.028 NV _unknown_28 (sugar like)
6 1.42 0.088 NV _unknown_31 (sugar like)
7 1.40 0.075  NV_unknown_32 (sugar like)
8 1.36 0.094 NV_unknown_18 (sugar like)
9 1.33 0.062  NV_unknown 16 (sugar like)
10 1.32 -0.005 NV_unknown 20 (sugar like)

(B) PLS model using the volatile component profile data.

VIP

ranking VIP Coefficient

Peak Name

1 2.23 0.098 Pentadecanoic acid, ethyl ester

2 1.87 0.049 V_unknown 2

3 1.76 0.054 1-Undecanol

4 1.62 0.041 Ethanol, 2-(dodecyloxy)-

5 1.58 0.036 V_unknown 1

6 1.58 0.038  2-[2-(Dodecyloxy)ethoxy]ethanol
7 1.54  —0.062 V_unknown 16

8 .52 —0.063 V_unknown 17

9 1.50 0.051 Hexanoic acid, ethyl ester

10 1.47 0.028 V_unknown 4

(C) PLS model using the non-volatile and volatile component
profile data.

rar\llllil;g VIP Coefficient Peak Name
1 230  0.053 Pentadecanoic acid, ethyl ester
2 2.12 0.033  V_unknown 2
3 1.99 0.039  1-Undecanol
4 1.94  0.026 NV _unknown_34(sugar like)
5 1.85  0.033  Ethanol, 2-(dodecyloxy)-
6 1.81 0.020  V_unknown_1
7 1.80 0.031  2-[2-(Dodecyloxy)ethoxy]ethanol
8 1.77 0.018  NV_unknown_31(sugar like)
9 1.77 0.025 NV_unknown_32(sugar like)
10 1.75 0.022 NV _unknown_18(sugar like)
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VTIE, ZHOMEHROKREEY — 7 BIEDFGDH %
¥—2z & LT &7z (Table 6 (A)). $#5ME 57
07 74 VEHOWEEFVIZBWTYH, EOF5F0H 5
Y— 7 L HEm S 7z (Table 6(B)). W77 7
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FTRTDcoefficient DIEAIETH o7z, 2D Ehb,
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(Table 6 (C)). ThHDY—2 OBEsETH LK) @
A ATICEEMIZHFG L TWDED, HD0IESHRS L
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W, VIPAH LA ¥ — 27 13T RXCTHEBER O —2 T
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¥— 77— % % Fig. 31" L7z, V7T NicE-T
E— 7 REICEDP R ONT:. SNHOE =2 ORSHH
—T[HLKE] 2R L Tnwb L EEZDOL VA, [l
LK) o=z Ho TW ARSI EZEZL 6N, bok
b VIPEDE 22 72 ¥ — 7 IEERIENR = A TV TH %
pentadecanoic acid, ethyl ester & HEE S 7z, ZORG
HEDERNDH G T 5 IE 2. LA LGd5,
— B ERRR IR T A T OV IZBEERHC BV TIEER D D&
53, MbWwilbEFrsbAai525LEZLNTEY P,
pentadecanoic acid, ethyl ester b iFHOKH VI %
G2 T b etk fig s s, 2F B ICVIPIED &7 >
7e¥ =271k, HREMESHROREEY -7 Th o7z,
3FHICVIPHEOE 72 =2 1%, BTV I—VT
# % 1-undecanol & ¥EE &z, ZOESME, caprylic,
coconut L A SN L E ) % F2 'Y 1-undecanol H 1
DIFWERBEE DOFRNOF G T T B, Le
LS, —ICEMRT Va2 —)VIdBEEICB W TIEE
DORLE BT, FFOENIZKRDWVIZHEST 5 LA
LNTHY Y, T, THEFE - VIZBWTIHFKRD
HE - \EBICHFGTHILPMESATWE Y. Zoz
EH 5, l-undecanol b iFHDOKRDWIZEE L 5 2 Tw
BHUREEAHELZE SN B,
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Fig. 3. Relationships between Oshi-aji intensities and peak intensities of volatile components. (A) Pentadecanoic acid, ethyl ester, (B)

V_unknown_2, and (C) 1-undecanol.
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