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Distribution and sensory characteristic of ethyl 2-hydroxy-3-methylbutyrate enantiomers in
different flavor types Baijiu
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Abstract: In this study, the ethyl 2-hydroxy-3-methylbutyrate (E2H3MB) in Baijiu was analyzed by liquid-liquid extraction (LLE) combined with gas
chromatography (GC) and Chiral gas chromatography-mass spectrometry (Chiral-GC-MS), the gas chromatography analysis conditions were optimized,
and the enantiomeric distribution of E2ZH3MB in 12 flavor types Baijiu was investigated. The olfactory threshold and sensory characteristics of the
E2H3MB enantiomer in water and volume fraction 46% ethanol solution were evaluated by three-alternative forced-choice (3-AFC) threshold determi-
nation method. The results showed that the CYCLOSIL-B chromatography column (30 mx0.25 mmx0.25 wm) had a good separation effect on E2ZH3MB.
When the heating rate was 1.5 “C/min and the carrier gas flow rate was 1.0 ml/min, the separation of E2ZH3MB enantiomer was the optimal, and the
separation degree (R)=5.0>1.5. Except for rice-flavor, light-flavor (Qingxiangxing) and Chi-flavor Baijiu, only (R)-configuration E2ZH3MB ((R)-
E2H3MB) was detected in other types of Baijjiu, and there were significant differences in the (R)-E2H3MB contents in the same type of Baijiu (P<<0.05).
The results of sensory characteristics results indicated that in water and volume fraction 46% ethanol solution, the olfactory threshold of (R)-E2H3MB was
approximately 2.1 times that of (S)-configuration E2ZH3MB ((S)-E2H3MB) ((R)-configuration 38 pg/L); (S)-configuration 18 pg/L, and about 1.9 times
((R)-configuration 322 mg/L; (S)-configuration 173 mg/L), both configurations exhibited pleasant sweet and fruity aromas. The research results were
conducive to the refinement of Baijiu flavor wheel, providing a reference basis for studying the distribution of enantiomers of chiral flavor substances
in Baijiu and enriching people's understanding of chiral flavor substances in Baijiu.
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Table 1 Stationary phases and specifications of different chiral stationary phase chromatography columns

B R A 4 Bk I# 5 A B e
CYCLOSIL-B £-(2, 3-Z-0- W -6~ R T HE — 1 L i ) - B- 1M A 30 mx0.25 mmx0.25 pm CY-B
Beta DEX™ 120 % W I AL B- TR W K 30 mx0.25 mmx0.25 pm DEX120
Astec CHIRADEX ® B-TA 2,6--0-1% 3 -3- = i £ Bk I i1 A - B- IR WA 30 mx0.25 mmx0.25 pm B-TA
Astec CHIRADEX ® G-TA 2,6--O-J k-3 =G L Wk SEATT A 0 -y- IR M 30 mx0.25 mmx0.25 pm G-TA
CHIRALDEXTM B-DM 2,3-7-0- 1 3-6- 5T 3 HY Rk o L 737 22 400 - B- R A M 50 mx0.25 mmx0.12 pm B-DM
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Table 2 Concentration settings for olfactory threshold determination
of samples in different matrices

Loy AT A B FPE2H3MB S B A 57 e vk
TR B (g L)
(R)-E2H3MB 1.59/4.78/14.34/43.04/129.14/387.43/1162.30
(S)-E2H3MB 0.54/1.63/4.91/14.73/44.21/132.64/397.94
PR BLUST H046% £ W27 0 D BT B v %/ (mg - L)
(R)-E2H3MB 2.12/6.37/19.13/57.40/172.22/516.66/1550
(S)-E2H3MB 1.64/4.93/14.81/44.44/133.33/400/1200
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Fig. 1 Gas chromatograms of racemic separation by chiral
chromatography columns with different stationary phase
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A {3 B sF [) 20 3 B | 6 5 0 T 0 K FE SR LR R T,
SPEEE (R >1.5, Bl FHIEHE R B FRAR, 43 525 5 % Wi 14
Jn, 24 TR 2 R 1.5 °C/minf 4 B (R) 5 K, H5.60,
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Table 3 Racemic separation of ethyl 2—-hydroxy—3-methylbutyrate
under different heating rates
{4 8 B 111 /min I 5% /min

i/ Sy
("C-min’) (R)-E2H3MB (S)-E2H3MB (R)-E2H3MB (S)-E2H3MB  (R)

PREAIIT] (To) PREAMIII(Ts) WS (W) WESE(Ws)
5.0 12.72 1291 0.05 0.05 3.74
4.0 14.18 14.42 0.06 0.06 3.96
3.0 16.38 16.71 0.07 0.07 432
2.0 20.00 20.51 0.10 0.10 4.79
1.5 27.00 27.99 0.17 0.17 5.60

213 HEARE ML E

VOB AR BT B R (R) S R R4, &
ART L B R GE T 3R G N E2H3MB X B4 {1 £7
I [] 5 22 52 SRR S 3, LD B ) ) i ¥ 4k 1< . E2H3MB
Xof LA 1) 43 5 B (R) B Ak R 34 Ik b 52 S 1 K5 /N 1)
TR R R N =R AN DR e B AR e )
1.0 mL/minff | 73 B B 5 K 5,73, B, S R 2 i

1.0 mL/min,

F4 FEHSRET-RE--FETRZEHERESSHR
Table 4 Racemic separation of ethyl 2—hydroxy—3-methylbutyrate
under different carrier gas flow rates

{4 B4 5] 1] /min I 5% /min -
A/ Sy
(mL-min") (R)-E2H3MB (S)-E2H3MB  (R)-E2H3MB (S)-E2H3MB  (R)

PREIEIE] (To) PREERSIRI(T)  BESE(We)  IESE (W)
2.0 14.18 1442 0.06 0.06 3.96
15 25.16 25.80 0.11 0.11 5.59
1.0 28.11 28.58 0.08 0.08 573
0.8 29.64 30.05 0.07 0.07 5.62

B TH I 1.5 °C/min, % 3 507% 4 1.0 mL/min
TR B (R) ok, b5.0>1.5, HIL, #E GCorHr
FHRFRFF A .50 CCHEFE2 min, 25 1.5 °C/min T i £ 80 CA#
$#2 min, F£ L1 4 C/minFHi220 CHEEF1 min,

2.2 Chiral-GC-MS#E % & /& F E2H3MB 3 i 4k 4 A7

K21 PEA R AR 35 558 X AL & TP E2H3MB
Xif A4 43 A3 54T Chiral-GC-MS43# . E2H3MBH i€ {4 %5 i
LR T RE B K -3 1 E2H3MB X B A& Chiral-GC-MS 43 #r
BB T s R LR 2l B 2a T A 7E BE T BE R
W, (R)-E2H3MB H & B [8] 425,713 min, (S)-E2H3MB
W B[] 24 26.345 min, B 2b AT ST, T RE S KR -3 R
(R)-E2H3MB i W& i} 6] 425.710 min, (S)-E2H3MB 3 1§
BFE]2926.341 min, P9 R B B[R] HEAS — 330, 45 60 1L
XoF FBR i 15 -8 F X, 58 BT FE i rP E2H3MB X e {4
EE
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Fig. 2 Total ion chromatogram of ethyl 2—-hydroxy—3-methylbutyrate (E2H3MB) racemic solution (a) and E2H3MB enantiomer (b)

in rice—3 Baijiu sample analyzed by Chiral-GC-MS

2.3 E2H3MB A} B AR A7 fE W 2% 0 2% 1
AH R BIAM B
FBRE i E2H3MBX B (A o 1 25 (01 09 5 i, AH G
B LR I % B (limit of quantitation, LOQ ) S A% Hy
[ (limit of detection, LOD) W35, FH#5T] A1, (R)-E2H3MB
Rl 287 T8 K y=75.637x-0333 6, 7£0.193~484302 mg/L

CE,w Az AR R

x5 BEFMI-FRE--FETRZBEMNMEREREDEFE BXRELHEE.E

N B A BRI PE R M OCRER70.999, LOQFI
LODZ341°40.073 mg/LA10.065 mg/L, (S)-E2H3MB#x i il
2R 7 T A y=63.714x+0.067 9, 7£0.198 ~497.425 mg/L3i Fl
WHEA RIAFIZLPE R AR ER0.999, LOQFILOD
4351°50.095 mg/LA10.028 mg/L .,

EMRREE H IR

Table 5 Standard curve regression equation, correlation coefficient, linear range, limit of quantitation and limit of detection of ethyl

2-hydroxy—-3-methylbutyrate enantiomer in Baijiu samples

liasy’] [EYEpE R M/ (mg- L) E B/ (mg- L) K PR/ (mg- L)
(R)-E2H3MB y=75.637x-0.333 6 0.999 0.193~484.302 0.073 0.065
(S)-E2H3MB y=63.714x+0.067 9 0.999 0.198~497.425 0.095 0.028

2.4 & iE A R PE2H3MB T B4k 57

FHBFE 5 E2H3MB XS B4 2 5 % e {4 i+d 5 (enan-
tiomeric excess,EE) (587~ 5 — Xt MR 76 18 & 9 o A X T
Ty — XA Y I 4 H ) (R L SRy Y BL 451 DL K
35 B {H (odor activity values, OAV )45 5 1L %6,

FH ORI, AR A3 B AR i v HUAGI ) (R)-E2H3MB,

Horp B oK -5 7 (R)-E2H3MB 7 it 5 5, 4 (6 026.56+
28.65) pg/L, FE -2 7 B 5 AL,y (433.92£12.22) pg/L;
P (S)-E2H3MB 1 1IN 1, #F i K -3 1 (S)-E2H3MB &%
%, 9 (836.59+63.89) we/L, BEdh K255 & fe i, o
(4387.95£126.21) ng/L,

®6 BBEEmMP-RE-3-RETRZENBMESE WBRELTE R-MESS-HELGUESIKEEE
Table 6 Contents, enantiomer excess, ratio of R—configuration and S-configuration and odor activity values of ethyl
2-hydroxy—-3-methylbutyrate enantiomer in Baijiu samples

(R)-E2H3MB i/ (S)-E2H3MB ¥ #t/

B

(g L") (pg-LM)
RN

-1 545.99+26i
#-2 644.48+32.34i
-3 802.56+61.94h
-4 856.05+34.74gh
] 913.13+154.96fg
-6 1 062.48+104.37ef
-7 1 064.33+107.34ef
- 1122.87+32.35¢
#-9 1 143.86+38.57¢
#-10 1 183.68+88.25de
F-11 1210.86+87.91de
-12 1203.19+83.70d
#-13 1333.97+96.32cd

#-14 1336.06+31.67cd

OAV
EE/% R-H6 74/ S-Hoy 7

(R)-E2H3MB (S)-E2H3MB
100 - 14
100 - 17
100 - 21
100 - 23
100 - 24
100 - 28
100 - 28
100 - 30
100 - 30
100 - 31
100 - 32
100 - 32
100 - 35
100 - 35




" 2025 1F: 45 44 3% 55 7 W)

BT s OE RS 5 401 1 .63
gx
E e i P OAV
B (R)-E2F3MB f/ (S)-E2H3MB fit/ EE/% Ry 750/ Sy 80
(pg-L") (pg-LY) (R)-E2H3MB (S)-E2H3MB
¥#-15 1 385.29+61.96bc - 100 - 36 -
#-16 1 388.69+107.89bc - 100 - 37 -
17 1435.91+91.72bc - 100 - 38 -
#-18 1 469.47+66.29bc - 100 - 39 -
¥-19 1 526.60+102.70b - 100 - 40 -
#-20 2 121.05+170.99a - 100 - 56 -
e A I I
#e-2 433.92+12.22d - 100 - 11 -
#e-3 490.73+20.66¢ - 100 - 13 -
He-4 496.82+12.49¢ - 100 - 13 -
-5 506.66+14.71¢c - 100 - 13 -
-6 654.66+25.16b - 100 - 17 -
-7 703.91+39.71b - 100 - 19 -
-8 764.79+63.71a - 100 20 -
A
-1 532.38+1.61¢c - 100 - 14 -
-2 576.29+27.58¢ - 100 - 15 -
-3 633.01£36.37b - 100 - 17 -
He-4 978.03+22.24a - 100 - 26 -
EHTHEMAW
EHT-1 543.54+24.17d - 100 - 14 -
ZHT-2 649.53+17.86¢ - 100 - 17 -
T3 661.75+19.03¢ - 100 - 17 -
EHT-4 700.93+7.36b - 100 - 18 -
EHT-5 901.62+8.11a - 100 - 24 -
FEHB A L
k-1 856.31+51.09¢ - 100 - 23 -
AR-2 1251.12+93.82b - 100 33 -
HB-3 1 346.10+29.48ab - 100 - 35 -
k-4 1 540.20+188.45a - 100 - 41 -
A
#i-1 * - 100 - - -
#-2 * - 100 - - -
KA
-1 576.82+26.99b - 100 - 15 -
K2 941.47+25.08a - 100 - 25 -
A-3 - - - - - .
2R
Z k-1 1298.03+148.34a - 100 34 -
ZE-2 1423.06+111.38a - 100 - 37 -
A R I
-1 888.93+16.23a - 100 - 23 -
K2 523.95+33.73¢ - 100 - 14 -
FE-3 713.53+20.23b - 100 - 19 -

Fe-4 - - - - - -
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&gk
- (R)-E2H3MB it/ (S)-E2H3MB & fit/ EE% [a— OAV
(pg-Lh) (pg-Lh) (R)-E2H3MB (S)-E2H3MB
KA
*-1 1 474.97+34.25b 100(S) 82
*-2 1162.03+52.88d 4387.95:126221a 58.12(S) 21:79 31 244
*-3 2 164.37+41.46¢ 836.59::63.89¢ 4425 72:28 57 46
K4 4665.73177.06b 100 123
*-5 6 026.56:28.65a 100 ; 159
TE AR A
-1 1 457.46£121.78 100(S) 81
-2 662.89+10.28d 100 ; 17
-3 750.29+31.99¢ 100 - 20
-4 920.40+30.42b 100 ; 24
-5 956.78+39.69b 100 - 25
-6 1191.52+34.92a 100 - 31
0 A B
-1 877.58+37.46b 4184.39+194.64a 65.33(S) 17:83 23 232
-2 889.7732.43b 2 177.99:63.45b 41.99(S) 29:71 23 121
5-3 903.07+8.28b 2 122.15+34.47b 40.30(S) 30:70 24 118
-4 1576.12£47.27a 100 ; 41

L ROR KA AN R R OR 22 5 B2 (P<0.05) 5" R K B (R)-E2H3MB,, {H JE 50K i 5 it s EE%=(R-S)/ (R+S) ; 71 5L OAV i FH 21 /K v B

D5 MR E B AP

FHZR6TT A, ZEBR T U R % A R DL ROK A T P
FE il B AR RN A Y I FE S EE(R)M100% 5507 7Y |
T A U DL SOKR 5 B B RE i AEAE (S) -4 BT A4 2o 3 11
PP R S, K A TR I R A oK -1) R (FE oK -2)BE(S) 43
I 100%F158.12% ; 3 75 2 F1I (FF i -1)EE(S) F100%
9 T I (FE S B-1) | (FE R BE-2) DL S (FF §h B6-3)EE
(S)7351°465.33% 41.99% L }240.30%.

FH ORI, AR Al K -3 B-3H (R)-H4 Y/ (S) -4 1Y
AL, 43 500 R 72:28 30270 5 B A F I RE A B2 -3 R
(R)-FE) B4/ (S)-F BUAHALL , 43 51 R29:71 . 30:70

59 FE {H (odor activity value , OAV ) H ¢ FH T Hili i
BB BT, ST KR AL A ik 5 R 3
M EAE . MOAV > 10T, A HA sTik™, t3R6 ] Al
TE A U 21 E2H3MB X B {4 () (138 o, OAV ) > 1, % B
E2H3MB X B A4 X 1109 KUK B A — 2 BTk, K -5
(R)-E2H3MBHIOAVHE K, A159, K-2FE i 1 (S)-E2H3MB
IOAVIR K, h244, OAVITHR LR R, (R)-E2H3MB Y
(S)-E2H3MBX X} Il Kt B A — 22 f2 i, {0 HOZ 7 5 31
b XU K A5 0 AR AR G T XU 1 B 55 A1 19 [] 422 5% i)
W AR — 25 ST,

2.5 & AR G E A s P E2H3MBAT ik 4k 5 A

A3 X 11RP A 8 90 T E2H3MB X AR 25 & 48 3143

B, S5 3 DLIEI3 B I3 RT 0, B A ) e A R SRR B E T

Tl BEARAT A XA R A T DL SRR A R i g 2
K (R)-E2H3MB, GAMMACURTA M %0305 45 25 T8
FRE2H3MB X WA /3 A5 BF 57 25 e s AEBF 98 R i op 23
FETE (R)-F Y 3 5 ACHIF 98 25 5 — 35, 110 & o R ol 22
REWMAEM S5 T LRI R, FLRR B (R)-Xt
W R 3 728 2 10 S I 28 0 B A6 A BB RS R E2H3MIB X Bt
AT A R

I 3am] A1, 6 A A OB AR rp L %-20 (R)-E2H3MB
B >2000 pg/L, 3 m T AR A R AR (P<0.05) .
H I 3b AT T, v A R U AR o vk -1 R R 2 (R)-
E2H3MB, H A&l ] (R)-E2H3MBI B AL &, i<
1000 pg/L, #k-3 ¥k-4F1ik-5 (R)-E2H3MB & it 22 % A
B3 (P>0.05), H E3c] L FER & T HRAEME
R b (R)-E2H3MB 5 17 <2 000 wg/L, H v 3fe-4 1
E -5 (R)-E2H3MBY & 5 HoAth [v] 5 80 1 985 A o
H1(R)-E2H3MB 7 & 22 53 W # (P<<0.05) , Hi & 3d AT %,
U R I R i (JRG-3) FIRE 7 8 P T R i (R -4) e R A
i (R)-E2H3MB , Z W& R (AL, (R)-E2H3MBIF 7%
H2EFAEE (P>0.05), o1& 3enl A, K A A EE
(K-5)" (R)-E2H3MB % # fic 5 , 2 31 (6 000 wg/L) , 5 H
il >k 75 B 13 KL b (R)-E2H3MBIK & S AE7E I 5 2% 5
(P<<0.05) . %5 A B RN G A 20 I A b (R)-E2H3MBY 7%
<2 000 pg/L, KA (OK-2) FEE A AL (BE-1) O RE



" 2025 4F 4 44 % 55 7 1)

B TOE RS wHaoty 65
i (S)-E2H3MB % 5 #>4 000 pg/L; 3% 7 B P RE L, - 8000.00 € e
H-11(S)-E2H3MB & # <2 000 pg/L. B , = (5) -E2H3MB
= d ; .
KA T 7 A T R T A TR P oo e (S)-E2H3MB., m;ﬂﬂ 6000.00 |
B8 7R R T RE LA R — 5 P (R)-E2H3MB & £ 400000 | H a
B LE B 25 5 (P<0.05) , 3 Bl i Bl 22 5 14 JEE (A s X o
A TE OB A P R TR K TR R L B i R B § 2.000.00 | b g,
> " ~ N o C
i DR 22 B B X 1 T i P A S RV -1 R34 K-l z JI]“]" ﬂ ‘\ w H

VL RG- 19 B R A/ (R)-E2H3MB,,
2500.00 - a

2 000.00

1500.00

T
Q
a

o
=3
8

1000.00 nen

500.00

(R) -E2H3MB® it/ (ug =L

0
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o0
=
Z 1000.00
15 a
4?[[ b b
2 C
Z so000F d &<
a
o
H
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E a
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i :
2 1000.00 F a: Lae
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Fig. 3 Distribution of ethyl 2—-hydroxy—3—-methylbutyrate enantiomers
in 11 flavor types Baijiu samples

2.6 E2H3MBmMMéﬁi€#%'iw% B A 57
B /INAL 8 A AR B4t K H E2H3MB X B A BEL i

1iE, EX.LHiJﬁﬁ}i i e 1 DU AN A ] 1’Ej7E2H3MBXTHJMZISEw
WLE AR, Zead GEit, 1244 BB /AL 50K (R)-E2H3MB
FERLEE K R ARl /I RIS CRREE DL M
BRBERRA T ; (S)-E2H3MBTE R4 /K Hp B i ik b “Hl &
CHIRET CRE LA Y DR EH
R A N B A SRRAE

FIFI3-AFCE: 4] (R)-E2H3MBLL & (S)-E2H3MBU 3 5]
EHHEATIGE o GEit A N BE (Toen) 5 TR 2 BB (Teer) , 45
R T, R BCE /N R4S (R)-E2H3MB 5 (S)-
E2H3MBYE 4fi 7K H 1) W57 19 8 5371 38 g/LF118 pg/L,
(R)-F14 1 B AE R (S)-# T B9 2. 165 &£ 47 5 (R)-E2H3MB 5
(S)-E2H3MBE 1A B 43 % 46% £ T 5 0+ 1Y) 189 {5 43 51
41322 mg/LA1173 mg/L, (R)-H4 I F 3y (S)-F9 119 1.94i%
fiti o 4 5 GAMMACURTA M% IS8 45 B A7 10 2%
S, AT RE AR A ST N B3 MR S R SO0 T 4 R TR [ 4
T A7 7F 26 548 WA

R7 2-FE-J-RETEZ R MR BE
Table 7 Olfactory threshold of 2—-hydroxy—3-methylbutyrate

enantiomers
WL 5 SCHf A
WEY kepy RBUEA6%Z B KR W IR SR
(pg-L) #W/(mg-L')  (pg'L')  "/(mg-L")
(R)-E2H3MB 38 322 4 51
(S)-E2H3MB 18 173 1.5 21

3 it

AT 5% ) B0 B (LLE ) 45 & S A 64 (GC) fil F
AR (8,3 - 53 (Chiral-GC-MS) W1 97 14170 1 2- 32 KL -3- 11
TR TR (B2H3MB ) % e fA | LA H A AR % o0 b 2514,
X} 127 A 76 P31 A E2H3MB X e 4 43 A3 15 0 645 45 58 18
1 3-AFC S5 XFE2H3MB— Xif Ao 44 MR 5 5] {EL 1R B R AE
HEATPEAL , 455K, CY-BF A 7E FHE R #1.5 °C/min,
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2 A 40 1.0 mL/min I E2H3MB 3 & 8UR s fd: |, 40 25
(R)=5.0>1.5 1 &M WeAmR HFtl LH T &R A
Tl GEAA R 2R R S AR R A )
il 2] (R)-E2H3MB, H.[7]—#& 54 18 ' (R)-E2H3MB & i
FEAE S 22 5 (P<<0.05) AXAETE B 8 DR A RS 2 11
ORI #) (S)-E2H3MB ; 78 -1 RU-3 HF-4 K -1 0L K i -1
F1I PR A 1) (R )-E2H3MB,, 766 1 £ E2H3MBXT e 4
1) B, OAVY) >1, & B (R)-E2H3MB Y (S)-E2H3MB
XF I KR B — E S, 3-AFCSLBR 45 3 WoR , N ig &
TE 40 7K 8 2 AR B4 B8 R 46% £ T T HP 1 BT 1 (.
(R)-#4 BIFR LY (S) -9 Y = 2485 22 A, L — X Xof e Ak 1 ¢ 3
A B B B A R L X T P E2H3MB X A S A
BRA BT AR an ik, 3 & AR P E2H3MB
Xof B AR A3 A P TA L, Sk T XU i 5 4 T 4R i — S 1 2 %
W
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