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Analysis of the Flavor Quality Between Commercial Daiginjo and Junmai Sake
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Abstract: In order to investigate the differences in flavor quality between Daiginjo and Junmai sake, basic physical
and chemical indicators, sensory evaluation and gas chromatography-mass spectrometry (GC-MS) were used to
analyze the sensory qualities and aroma compounds. The key flavor compounds and aroma differences were
determined by odor activity value (OAV) and variable importance in projection (VIP). The results indicated
significant differences in the physical and chemical indicators, sensory quality and key flavor substances between
Daiginjo and Junmai sake. Daiginjo sake had a rather high level of alcohol and nitrogen amino acid but relatively
low content of total sugar and total acid. It also performed a mellow taste, full-bodied ginjo-ka, and sweet aroma,
while Junmai sake displayed a monotonous taste, cereal and herbaceous aroma. The two varieties of sake contained

62 volatile flavor components. Daiginjo showed the highest percentage of esters, while Junmai had the highest
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proportion of alcohol, both of which exceeded 50%. The orthogonal partial least squares-discriminant analysis

(OPLS-DA) revealed a significant cluster separation between the two varieties of sake. According to OAV and VIP

analysis, various aroma compounds were detected, including caproic acid, ethyl hexanoate, isoamyl acetate,

phenethyl acetate, ethyl butyrate, isoamyl alcohol, ethyl caprylate, ethyl heptanoate, and 1-heptanol. The particular

key aroma compounds of Daiginjo sake were ethyl caprylate, ethyl heptanoate and phenylethyl acetate. The

identification of different aroma compounds in this study can theoretically support further investigation for the

characteristics variations between Daiginjo and Junmai sake as well as domestic sake production and processing.

Keywords: sake; Daiginjo sake; Junmai sake; flavor quality; ginjo-ka
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Table 2 Evaluation of sensory test
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Table 3 Physical and chemical characteristics of commercial sake samples

Pl EuRs SOBE T B R E /(g/LD SR T R/ (g/LD S IR A UK B/ (g/L) LEEARFR G /%
Al 22.35+1.03% 1.81+0.04° 0.31+0.01° 16.52+0.90°
A2 23.82+1.05° 1.21+0.02¢ 0.31+0.01° 15.51+0.69™

A4l A3 24.23+0.90° 1.73+0.05¢ 0.31+0.02° 16.01+0.64™
A4 21.10+0.97¢ 1.22+0.09¢ 0.31£0.02" 15.01£0.72%¢
A5 22.42+1.00% 1.40+£0.04° 0.31+0.01° 15.53+0.61%
Bl 23.13+1.03% 1.52+0.02° 0.22+0.01° 14.5240.33%%
B2 23.71+1.75° 1.51£0.05° 0.23+0.01° 14.02+0.34%

Bl B3 40.43+1.72° 1.10+0.06° 0.21+0.01° 13.51+0.96°
B4 39.70+1.59° 2.61+0.06" 0.22+0.01° 14.02+0.65%
B5 36.75+0.10° 2.42+0.09° 0.21+0.02° 12.02+0.91"

W R PR ) 7 BEER R 72 57 35 (P<0.05) .

T4 WEFERETMN

Table 4 Sensory evaluation of commercial sake
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Table 5 Mass concentration of volatile compounds in Daiginjo sake

U Al Al RIS/ A2 iR/ A3 JRE K/ A4 JRER S/ AS AR/
(pg/L) (pg/L) (pg/L) (pg/L) (pg/L)

3-BRIET R O 1508.33 — — 2.99+0.12° — —
4-FR TR A T 1 634.67 — — — 7.73+0.40" —
TR T 1783.81 — — — 13.91+0.85" 5.75+0.15°
WK < B 944.76 4.50+0.13° 17.14+0.86" — — 9.12+0.25°
VAR S 1 T 1181.61 — 8.23+0.33" — — —
I R LHE 2379.73 7.88+0.29° 3.09+0.14¢ 2.08+0.09° 1.64+0.09" 5.05+0.29°
TRl 1672.49 13.26+0.54° 9.45+0.53° 5.33+0.27" 22.94+2.12¢ 32.39+2.20°
T 1027.33 86.02+4.50° 69.31+3.20° 81.96+3.74™ 76.15+6.01° 51.48+1.83¢
B T 1326.74 5.12+0.16° 11.32+0.55° 3.92+0.12¢ 2.26+0.18° 8.84+0.58"
2418 LT 1634.10 5.40+0.23¢ 6.07+0.30° 6.96+0.29° 5.23+0.27¢ 7.49+0.19°
CRR W BE 1311.86 3.22+0.16" — — 1.89+0.12° 5.56+0.14
R 415 122837 11 186.56+26.00° 7410.15£145.23° 3 354.54+272.72¢ 4111.00+£337.64° 8 659.68+683.25"
R R T B 1345.35 1.36£0.07* — — — 0.85+0.05°
LR e I i 1452.61 1.27+0.06" — — 0.66+0.04° —
FLR 21 1334.88 11.10+0.46% 5.45+0.27" — 17.96+0.97° 15.01+0.85°
FLIR 7 T WA 1451.18 — — — — —
SRR 3-FE T 1452.13 — 1.47+0.07° — — 2.40+0.08"
¥R LB 1 428.20 729.23+36.46° 1 240.14452.34° 561.78+14.38¢ 239.58+17.28° 818.33+73.00°
LR R LT 1814.00 558.16+26.78" 384.59+18.34¢ 475.88+14.90° 494.40+50.58° 265.12+17.90¢
LR T B 1 062.06 — — — — —
2l 1266.43 3.38+0.17° — — — —
T T 870.49 500.95+25.12° 352.33+16.34° 779.31+47.77 550.09+46.59° 215.49+9.89°
L5 T B 1 005.79 16.13+0.81% 10.25+0.51° 16.37+0.68" 16.62+0.57° 6.37+0.16"
L S I 1114.25 983.36+34.24° 668.19+66.23¢ 923.52+19.67% 876.47+79.62° 778.75+28.31¢
TR 952.38 — 0.70+0.04 — — —
SR T B 1258.16 — 0.70+0.04 — — —
5t %R LT 1056.27 — — — — —
i JIg 2 i 2413.89 — — — — 2.27+0.10°
il fig B2 B 2035.40 — — — — 1.75+0.12°
KEAA TR £ B 2 240.94 5.0120.15° 4.28+0.21° 4.55£0.19° 6.45+0.40° 12.37+0.31°
it et P 2151.30 5.65+0.18° 1.40+0.07° — 5.80+0.36° —
1E ¥ 1545.34 10.51+0.63° 6.98+0.35" 4.63£0.19% 9.22+0.58" 4.25+0.17¢
2-FRIE 1308.14 0.72+0.04° 0.51+0.03° — 0.94+0.01* 0.40+0.14¢
3 1477.73 1.98+0.10° 1.36+0.07° 1.16+0.05° 2.03+0.04° 1.27+0.05°
3- Tt 4 A 1707.14 — 3.47+0.17° 3.59+0.15° 2.59+0.05° 3.98+0.16°
3-ZEH N 1365.58 — — 1.84+0.08" 2.23+0.09° 1.53+0.07"
K 1905.83 1 994.61£92.88™ 1 829.51+91.48% 2 135.51£152.26" 2256.22+172.60° 1 788.58+139.96%
]2 1023.47 26.07+1.23° 32.16+1.61° 31.28+1.43° 33.1242.06° 40.83+0.83"
75 R 1.550.00 — — — — —
BEE 1443.36 11.59+0.57° 24.31+1.22° 4.06+0.09¢ 5.46+0.39° 4.56+0.09
FH 878.69 — — — — 17.18+0.69*
W 1755.71 — 4.37+0.22° — 4.91+0.25° —
7T 1 082.32 107.07+5.23° 94.12+4.71° 175.68+6.01% 138.39+14.16° 96.22+5.80°
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P . ALJREKE/ A2 RIS/ A3 IR/ A4 RIS/ AS R/
VN

" (pg/L) (png/L) (pg/L) (png/L) (pg/L)

S R 1196.63 1306.61£60.33" 1 069.60+53.48° 1392.54+171.28" 1385.90+£72.25" 1098.71+112.66°

1ET B 1134.46 — 4.05+0.20° — — 8.22+0.70°

1E L2 1341.16 2.50+0.12° — 1.35+0.06° 3.49+0.18" 0.70+0.02°

7% H 1527.21 54.1242.54% 42.10+2.11¢" 64.43+3.95¢ 256.77+16.23" 136.99+7.71°

oK 2,1 1 649.00 — 1.03+0.05° 0.44+0.01° 2.70+0.17° 1.8240.14°
5 e 149526 2.72+0.13° 1.34+0.07° 0.67+0.03¢ — 1.25+0.04°
e 1464.93 37.96+1.90° 4.82+0.242 — 45.57+2.56" 56.89+5.13°
T 1390.23 12.83+0.63° 7.53+0.38° 4.96+0.34¢ 9.38+0.43° 6.92+0.69°
+ g 1706.19 7.55+0.33° — — 1.69+0.04° —

L% 684.38 15.77+0.79* 8.13+0.41¢ 5.31+0.078 7.48+0.79% 6.61+0.07°"
SR 910.00 1.87+0.09¢ 2.02+0.10¢ 2.00+0.08¢ 10.10+0.63° 2.00+0.02¢
B8 225433 45.30+2.43° 48.25+2.41° 11.13+0.46¢ 25.00+1.68° 8.23+0.41°

(WA 1837.33 1 034.08+20.56" 494.91+24.75° 266.63+21.68¢ 774.10+59.31° 773.34+79.30°

FIR 2044.25 260.80+45.17¢ 523.68+26.18° 249.07+50.14¢ 495.41+44.89° 317.86+30.91¢

718 1 456.87 — — — 2.83+0.20° —

2- T fiil 1385.12 8.95+0.55° 8.17+0.41° 2.01+0.08° 4.25+0.18° 3.2440.03¢

O HE 112098 — — — — —

ERER 1154.15 — — — — —

il = J 1281.32 1.3240.07¢ 1.31£0.07¢ 1.05+0.03¢ 1.52+0.08° 2.08+0.04"
s AT S [ 2 BE R OR 22 573 3 (P<0.05) .
Fzo AXRBELMUEVRERE
Table 6 Mass concentration of volatile compounds in Junmai sake
- . B R B/ B2 i i S5/ B3 Ji R B/ B4 J57 it )/ BS i iR S5/
7]\

" (pg/L) (pg/L) (pg/L) (pg/L) (pg/L)
3-FREET R OB 1508.33 — — 1.50+0.01° — —
4-F2H TR N R 1 634.67 — 3.01+0.03¢ 2.99+0.02° — 5.17+0.26"
KR TR 1783.81 — — — 5.93+0.04° 3.91+0.20°
WIR . B 944.76 2.91+0.01¢ 2.88+0.06¢ — — 1.88+0.04°
IR 57 Il 1181.61 — — — — —

T W% 41 2379.73 2.8240.01¢ — 2.35+0.01° — 3.49+0.11°
IRzl 1672.49 9.27+0.06° 2.86+0.01° 14.44+0.08° 298.55+2.12% 91.92+8.28"
TR 2K 1027.33 21.48+0.22f 45.67+0.50¢ 39.58+0.22° 12.74+0.09¢ 4.464+2.24"
BT 2T 1326.74 1.28+0.13" — — — 0.53+0.118
W 2.1k 1634.10 4.23+0.14° — — 1.58+0.14 —
O A g 1311.86 — — — — —
O 2.1 1228.37 813.43+43.96" 160.29+15.508 68.43+1.38¢ 46.09+4.11¢ 20.86+1.68¢
[N E 1345.35 0.76+0.02° — — — —
O 5 B 1452.61 0.72+0.07° — — — —
FLBR L1 1334.88 11.3440.20° — 9.31+0.04° 13.82+0.63° 133.54+2.69*
LR T B 1451.18 — — — — 2.08+0.10"
FTR 3-F T M 145213 — — — — —
¥ LR 1428.20 73.33+7.35° 6.60+0.13¢ 5.53+0.03¢ 35.05+0.82" 1.65+0.08¢
LIRR L 1 814.00 165.12+1.03¢ 6.45+0.24" 5.44+0.02" 68.72+7.35¢ 9.69+1.06"
TR T W 1 062.06 — 1.97+0.01° — — —
218 L 1266.43 0.76+0.02° — — — —
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BEE293H1 2024 £ 8 A | RREEYBARFER

- Al B R B/ B2 Jft W i/ B3 Jit e i/ B4 Ji e i/ BS Ji e < i/
N

" (pg/L) (pg/L) (pg/L) (pg/L) (pg/L)
LR T 870.49 317.46+6.47% 329.86+16.82%¢ 294.34+29.63¢ 161.40+3.34f 128.30+13.13"
L5 T 1 005.79 20.77+0.19* 14.92+0.36¢ 15.59+0.05% 3.81+0.088 3.26+0.302
T 5 % TR 1114.25 777.72+23.36° 392.05+£19.25¢ 299.11+1.77" 154.94416.74¢ 68.24+5.74*
5T OB 952.38 — — — — —
SR T B 1258.16 — — — — —

StI% % B 1056.27 0.73+0.00° — — — 3.05+0.33°
it JIg 12 i 2413.89 — — — — —

il JIg B2 2. 1 2035.40 1.26+0.01° 0.71+0.00° 0.65+0.07° — —
FRAITR 2 B 2 240.94 9.14+0.27° 3.54+0.01° 3.29+0.02" 18.31+1.80° 1.90+0.19¢
M P 2151.30 — — 2.04+0.00" — —

IE 3 g 154534 — — — 3.15+0.01¢ 6.57+3.34"
2-FEE 1308.14 — — — — —
LA 1477.73 1.34+0.02° 1.11+0.01¢ 1.11£0.01¢ 17.86+1.62° 8.96+0.54°
3- H i 2 7 I 1707.14 4.17+0.04® 3.01+0.18¢ — 2.24+0.02" 4.48+0.41°
3-C R 1365.58 1.2240.06° 5.31+0.16 — — 2.13+1.08°
L 1 905.83 1751.03+29.84¢ 605.06+30.43¢ 559.25+28.59° 1 630.13+179.43¢ 541.11457.15¢
A i 1023.47 18.99+0.07¢ 28.08+0.13¢ 22.95+0.11¢ 7.60+0.78¢ 15.12+1.86"
ek 1550.00 — — — 12.23+1.27° —

3 1 443.36 0.6120.00°" 0.23+0.00°" 0.54+0.00° — 1.12+0.12°
P i 878.69 — — — — 8.14+0.55"
HHE 1755.71 — — — 3.97+0.28° —

T T 1082.32 177.80+1.05% 98.29+0.11° 105.19+0.62° 182.41+16.54% 226.63+136.26
5% B 1196.63 1316.73+7.48% 1015.52+111.37° 814.12+7.25¢ 1187.66+107.57" 1 189.90+60.96"
IET R 1134.46 — 20.93+0.22° 3.13+0.01¢ — 4.30+0.39¢
I O 1341.16 1.08+0.00¢ 0.65+0.00° 2.32+0.01° — 3.33+0.33%
% 1527.21 45.20+£0.92°" 19.66+0.06% 15.56+1.11¢ 229.75+15.78° 29.5241.48™
KL 1 649.00 1.39+0.01¢ — 1.09+0.01° 5.74+0.34° —

2 i 1 495.26 1.2240.01° 0.58+0.00° 0.92+0.01¢ 7.31+0.25° 0.94+0.10°
e 1 464.93 18.37+1.36° 3.68+0.15%" 26.95+0.16° 14.67+0.03° 14.15+1.46
T 1390.23 4.58+0.01¢ 4.92+0.12¢ 4.21+0.02¢ 7.20+0.06° 4.90+0.45¢
g 1706.19 — — 1.55+0.02° 2.10+0.19° —

7% 684.38 5.92+0.02' 10.96+0.84° 5.27+0.042 — 12.22+0.62°
X 910.00 1.06+0.00° 1.55+0.02¢ 4.73+0.02° 21.36+1.69° 1.56+0.11¢
&R 225433 2.38+0.03% 1.26+0.00% — 3.03+0.15" 0.70+0.04'®
o 1837.33 108.93+1.38° 22.37+0.13" 15.62+0.08" 2.70+0.05" 4.99+0.38"
¥R 2 044.25 37.31+0.15° — 5.08+0.57" 7.24+0.30" 3.99+0.49"
L 1456.87 — — — 1.19+0.01° 5.20+0.54
2-F i 1385.12 0.64+0.00" — — — 0.42+0.05™
Ve 3 112098 — — — — 0.74+0.09"
R 1154.15 — — — 1.76+0.02° —

A = il 1281.32 1.77+0.01° 2.11£0.01° — 0.79+0.00" —

H3X 4 T J5 £E P9 S0 I TP B R RO P B

T FAT AN R 7 B 3O0R 22 5% B 3 (P<0.05) .

JEIL AR B3 FEAS AP OR A H X LE ) )
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Types of flaor compounds and relative proportion of their mass concentration in commercial sake samples

2FMESS . T B LA O M OB UK K 2y B A 4 A

B A 13 Fh, AL HE S PRI IS (2 Fh I 2 L 1 PR R 2 A
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Table 7 OAV of volatile compounds in commercial sake samples

et 27 2RI (iﬁg oA
Al A2 A3 A4 A5 B1 B2 B3 B4  B5
T 4T AR ERE 0.90 95.58 77.01  91.07 84.61 5720 23.86 50.74 4398 14.16 4.96
BEIR LB W 1.90 2.69 596  2.06 1.19 465 <1 <1 <1 <1 <1
B W B A 5.00 1.08 121 1.39 1.05 150 <1 <1 <1 <1 <1
S YA N N 5.00 2237.31 1482.03 670.91 82220 1731.94 162.69 32.06 13.69 9.22 4.17
R LB RBE O ZHIEE 19.30 37.78 64.26  29.11 12.41 4240  3.80 <l <1 1.82  0.09
LR EBEURE 249.59 2.24 1.54 191 1.98 1.06 <l <1 <1 <1 <1
LR O A 5.00 100.19 70.47 155.86  110.02 43.10 63.49 6597 58.87 3228 25.66
LI HEES 2.00 491.68  334.10 461.76 43824  389.38 388.86 196.03 149.56 77.47 34.12
ATROE RE 0.20 <1 <1 <1 <1 410 651 200 <I <1 2480
AR O ERERLRTER 0.10 <1 <1 <1 <1 <1 729 <1 <1 <l 30.50
KW LA A 564.23 3.54 324 3.78 4.00 3.17 3.0  1.07 099 289 0.96
5 W THH AEAR T NG & 0.22 <1 <1 <1 <1 <1 <1 <1 <l 5559 <l
R RAF AT 5.40 2.15 450 075 1.01 <1 <1 <1 <1 <1 <1
5 PSRN 300.00 4.36 357  4.64 4.62 3.66 439 339 271 396 3.97
T PO MG 1.10 11.66 6.85 451 8.53 629 417 447 383 655 445
+ R 0.29 26.03 <1 <1 5.83 <1 <1 <1 534 724 <1
S I WRE 1.10 1.70 1.84  1.82 9.18 1.82 096 141 430 1942 142
iR A A RE 0.60 1723.47  824.85 44438 1290.17 1288.90 181.55 37.28 26.03 4.50 8.32
AR ik 1.20 <1 <1 <1 <1 <1 <1 <1 <1 147 <1
BRI, CROEE R R HABERESMIERA R ETR. BWIREMW S — &

AT MR £ B

MO RCRILE R Wil N N E

. CROBAREDIR FHEESMEEES

PAR WA BN A, R W BRI EE R 22—

=)

12 2. e 1E A 4H 11 OAV (670.91~2 237.31) B i i T
B %0 (4.17~162.69) , H H & S R H 5 1%, B L % A

ERaR BRI, BAKRMBHORE M
Mimura 2519\ R 28 7 G 7E BT B k5 1) £ 5

BN W TR A PR AR B s R N .
W RE T 21 7 DG I OAV(334.10~491.68) ¥

AT, A

bz

& T B 4L FE(34.12~388.86) , H. A ZH ¥ £F ) 14 iR
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g. 2 OPLS-DA score and VIP value of volatile flavor compounds in commercial sake samples
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