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Determination of 17 aldehydes in Baijiu (Chinese liquor) by
direct injection gas chromatography
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Abstract: Objective: To explore the content of aldehydes in
Baijiu. Methods: A method for the determination of 17 aldehydes
in Baijiu was established, and the methodological performance
indexes were studied using statistics. Results: Through statistical
analysis, the detection limit of 17 aldehydes in Baijiu was
determined to be 0.7~5.9 mg/L. the limit of quantification was
1.9~14.6 mg/L, which passes the quality inspection of the
calibration curve within the range of 0.6~320.0 mg/L, and the

linear relationship meets the requirements. The recovery rate of
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intermediate standard addition in Baijiu was 73% ~114%, the
coefficient of variation in the laboratory was <<11% ., and the
accuracy deviation range was — 18.7% ~8.0%. Conclusion: The
method can be used for the determination of various aldehydes in
Baijiu.
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T DU (19 SO € R BB 0 5 v R GE 3 2 xR
AT PR RE TS BR 20T I 80 Fb 1 RS 25 B B
HEAT RS PPA , Ay 107 v AT 3 T 2 ) 0 s e T 3k R
P T B (LA A oA £ e 4 WA SR LA O I B S
1 #RtS 05k
1.1 #HE5EE
111 e

FOl AL G40 B 8k VAT Rl B R E R
BRI K B 4 80 Al L T8

W A Al AR TR RE AL 2 A R D

ZWE:1 000.0 pg/mL, db 50 2 0y % A ) BB A BR

/L\\#

Zl

3

TR SO LT ML IE OO LB LT
B b b DU Sl =95 %, LB
T A AR B A A BRAS F

ST . =97 %tttz 8B A B BR A A 5

LT 98.8%0 , KRBT /RIEFHE A BR A A 5

AP 99.8 %, U235 SE I B R 403 A BR 23 )

AL :99.4 %, ) M AE IR BB A A PR A 5

Agilent DB-WAX E 4045 @& 1% 4+ (60 m X 0.25 mm,
0.25 pm) . Agilent DB-624 £ 41 4 (& 3% #: (30 m X
0.32 mm,1.80 pm) . ZHEARREHBRA A .

1.1.2 EEAUMEE

SAEREAL . GC2010plus B, F A< 5 HE N 7 5

#4li/K & 55 : GenPure UV-TOC/UF X CAD plus #4,
TR AR B A A

MR XSE105 B, AR — 46 A 2 BB (D
ABRA T

TR IR AT £ : 541-10000-00-3 %, BF I ¥ 18 K B 2 X
AR H]

1.2 Hik
L.2.1 h v TR T 1

(1) TS bR VR G V8 VR TC o« A R L 15 A
KW BARAET 2 6 mg, LA EARAESR 40 mg T 10 mL 4
i, H 60% & B E &, 15 B B R 4N 600 ~
4 000 mg/L B9S2 Y 0T b HE Ak 4 1 W5 o B IO BT S A
MERB AW 1 mL KB ik B2 1 000 mg/L 1 £ 1 5
fifi &M 3 mL T 10 mL ¥, H 6020 LB %5 159 B i
YR B R 60 ~ 400 me/L 1 B 28 ¥ T b ofE TR A 4
W

(2) BT N 5 T 1 - K 25 Bk IO B A 1 9
1.6 g 7100 mL &8, FH 60 % £ B 5E 25 459 5 Jf 3 vk 7
9 16 g/ L ARSI bR MEAK A5 W . HUTTRE MR EE R 16 g/LL

% PE ERAFSHEEEENERES 17 HEBEYR

PR AL A 7 % 45 8 0.5 mL F 10 mL F 8. FH 60% Z
T 25 A5 B B VR N 0.8 g/ L (R0 AT o ol 9
(3) Az e - 43 3 BBORE & Wk B R 60~ 400 mg/L ¥
P 25 W) 5 A v TR A R 10,.20,50, 100, 200,400,600,
800 pL, Fl 60% ZBEREAE 1 mL, A 100 pL Ji B v B
0.8 g/L BBUNKEE N AR R AT IR DAL RE .
1.2.2 MEMATAEEL MESRRBUR SIS M B AE M 1 mL
F IR/ A A 100 pL FREHEJ 0.8 g/L BRI
B Y A, TR AR AL A
1.2.3 i sfF @i Agilent DB-WAX (60 m X
0.25 mm,0.25 pm) ; BEAE IR B 220 °C L, gERERE 1.0 pL,
AW 30 ¢ 153 1.0 mL/min; FID A I 2% 5 B
250 C; B IHE 33 CHAFF 8.88 min, L 10 °C/min F+&E
60 °C . 4#4% 2 min, L 15 °C/min F+ & 130 °C ,{#4F 1 min,
PL 10 °C/min F+ & 250 C £ HF 5 min; WFRIEE & .
12,4 Ky BR AT SE BE R g BB Mk Bl 60 ~
400 mg/L RYRES Y FAR R & I 10,20, 30,50, 60,
150 pL. H 60U ZBEERZE 1 mL, 4B A 100 pL i &
W 0.8 g/ L MBULEE P Ak TR 515 B LI A2 . 1l 57 &
EWE 6 WL AT ¢ K, JI W E S B E RS
HBEEESR,
1.2.5  [Elee o3 ) RS 26 9 o A o TR A 8 TR 0.30,
1.00,1.50 mL T 10 mL & &), & B Y B/ iy
P I R S 2, ST A SR 6 UK, A5 B 45 I S IR 1

b 1 AR
1.2.6  FHEALFE R 5 Labsolution T/ 3l &b P g

B/}l N T AN L AN | N
Excel #PFIEAT 53T 2 8 b 21
2 RS0
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Figure 1 Determination of peak sequence chromatograms
of 17 aldehydes by chromatographic column

DB-624
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Figure 2 Determination of 17 aldehydes in Baijiu by

chromatographic column DB-624
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Figure 3 Determination of peak sequence chromatograms

of 17 aldehydes by chromatographic column
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Figure 4  Determination of 17 aldehydes in Baijiu by

chromatographic column DB-WAX

SRR BT b 5 A A 43 3 B DRI MG 3 5 35 AL Agilent
DB-WAX (60 mX0.25 mm,0.25 pm) i & (1 17 Fh
RES 5

2.2 FHEFHEERRIE

2.2.1 FruEh R AR &I GB 17378.2—2007 *f
17 Tl 28 ) I o o ol 2 2R 0 ok B A U L AR AT [T A
LA R R AR T A MO M<C1.5 KRR bR
23 5 T A 6 A U AR v B S B T
BIEE 1 AT A0, 17 FhRE S W R PR VR BE VA IRl 0.6 ~
320.0 mg/L, P AH 36 RECR U AHE R B AE0.999 LA

B 2648 | 2023F 10 A | AR5V

F1 1THERYREECERELZERFAESR
Table 1

Table of linear range and linear regression

equation of 17 aldehydes

& SMEVEREY/
[l )= 75 72 HH G R AL

2 (mg-L™1
i3 3~240  Y=0.006 1X —0.010 9 0.999 87
5 T 1~80 Y=0.007 2X —0.003 8 0.999 91
TR 0.6~53.0 Y=0.007 7X 40.001 0 0.999 92
Z 4 4~320  Y=0.005 6X —0.009 9 0.999 91
SIEE 0.6~53.0  Y=0.007 8X —0.000 94 0.999 95
i3 0.9~74.0  Y=0.008 9X —0.003 7 0.999 96
THEE  0.8~70.0 Y=0.008 8X—0.000 35 0.999 98
IE R 1~80 Y=0.008 4X —0.002 7 0.999 98
PR 1~84 Y=0.01X—0.000 92 0.999 99
T 1~108  Y=0.009 8X—0.015 0.999 64
T-m 1~108  Y=0.008 2X —0.005 6 0.999 94
Sk 0.8~68.0 Y=0.009 7X —0.006 8 0.999 90
FHEE  1.6~130.0 Y=0.014X—0.011 0.999 85
+—®  0.8~69.0 Y=0.009 2X —0.003 4 0.999 95
KW 1.7~136.0 Y=0.011X—0.011 0.999 98
TB 0.8~69.0 Y=0.009 4X —0.005 4 0.999 90
+ 2~60 Y=0.005 7X —0.000 1 0.999 97

.M EBNF 1.5,

2.2.2 FEER  AHXF S20,S30,S50,S60,S150 He
AT ¢ K38, 155 3 F5 K I BR S30 45 LEE 2,7 15 FEE
EYmMEE SIS EY LR EER . H - M T
PR A 2R, W S50 BEAT ¢ MBI SR TE
HVE2E R, B E 17 PR Y) B i RV 1.9~
14.6 mg/L(F 3),

2.2.3 KPR R FAE M BB R BT AR
3 FhAS T B 7 SR A VA TR 17 Fh R S B
Jr R BB AR LR 3. M 3 TT AL 17 R S
R KL BR R 0.7~5.9 mg/L,

2.2.4 W BORS B BE A3 i L 17 2 W O A o
FHW(60~400 mg/L) 0.30,1.00,1.50 mL, il FI 75 k¢ & E
AE10 mLESJFEER 1 mL. A 100 pl JR 8 W E N
0.8 g/L BB BE VI b, 1 ML 52, 753 2100 b 81l 2R R
73% ~114% (R 4) AFHEEW L GB/T 27404—2008 A1
S E N R RB<11 %M ER,

2.2.5 ISR BRI 17 e 25 ) T A o A
FHW (60~400 mg/L) 0.30,1.00,1.50 mL, FHi% [ 7 kE &
ERZE 10 mLIRAIEI 1 mL A 100 pL J5 & B4
0.8 g/L HIHUEE P 4st» 1 HLIE L 45 200 2 {8 5 ELAA 1
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fZEJEE N —18.7% ~8.0% (W 3£ 5). i & GB/T
274042008 1 (19 i 22 95 BBl S — 20 %6 ~ 10 %6 A B3R
2.2.6 ETPEERY I E Bk 6 ATAL dHE B
SR 0 B o BT 5 80 Al 9 FP K H ek 75 Y0 LA
b SRR R 42.5 %0, IR R 62%, % T
Kt Z 0 26.3% .

80 Filt (13 i Z W Y [ Dy 4.8~602.0 mg/L, Py
fH9 163.0 mg/L, ZHilE & wEEH S 6~518 mg/L,F3
fH 7 151 mg/L. ¥k 519 B L mE i SE i ) & 9520 T BR
fH5 56 mg/ (kg + &), BBHE A & 100 mL/d. &
i & i 163 mg/L, NRE N 60 ke B, Z BEFE I /Y

% PE ERAFSHEEEENERES 17 HEBEYR

N BB E (MOE {8) 8 207, T3 Wik 5. 4
MOE fEAK T 10 000 B, A7 8 K B K, H MOE
NGB AU R T T T 2T L 2 A A R
F WP NA B0 XK. H ik, R %27 &
YAEEFARUETEN AW OB T M e e
SRS W) 38 ok A e AR AR R T T b LT L L A T RR
HH.

2.2.7 SHAIrEIATRIE LR O T R Oy Tk
B WE T3 R 22 MR SR ) SR L HREE L TR 5 A
% MR o 7 0 HIE 25 5 HEAT Lh A, T RN O k00 I & 2R
AHXT bR IR 2278 10X AN (LR 7).,

R2 1THEEMRIERHR RBEER
Table 2 Three fold detection limit ¢ test results of 17 aldehydes

Ny’ S10 bRAL 3% S10 #BMA/ 3 fEAG PR S30 MEM/ 6 kil ) . -

2 e iz (mg+L 1) (mg+ L71) s o A 22

L 3.008 9.024 9.273 0.37 1.646 2.776 ey
ST 0.997 2.991 2.977 0.25 0.137 2.776 ey
T 0.668 2.004 1.920 0.15 1.372 2.776 ey
4G s 4.010 12.030 12.014 0.73 0.054 2.776 ey
SR 0.666 1.998 2.033 0.25 0.343 2.776 54
T 0.930 2.790 2.793 0.28 0.026 2.776 54
TR 0.874 2.622 2.463 0.23 1.693 2.776 W
1EC 0.998 2.994 2.937 0.14 0.997 2.776 54
o g 1.048 3.144 3.038 0.22 1.180 2.776 54
T 1.338 4.014 3.988 0.34 0.187 2.776 wE
T 1.352 4.056 3.982 0.13 1.394 2.776 wE
Ay 3 0.845 2.535 2.594 0.26 0.556 2.776 wE
P 1.624 4.872 4.718 0.18 2.096 2.776 wE
T 0.861 2.583 2.587 0.10 0.098 2.776 T
W 1.701 5.103 5.224 0.21 1.411 2.776 FEEss
+ R 0.864 2.592 2.297 0.07 10.036 2.776 ZN e
+- P g 0.992 2.976 2.646 0.21 3.849 2.776 PN

F3 17T HERYRKHR . ESR
Table 3 LOD and L.OQ of 17 aldehydes

&Y A th R/ JEHERR/ &L’ K th R/ JEREFR/ &Y o Hi B/ FE LR/
R (mgeL") (mgeL 1 A (mg+L " (mge+L™ D R (mge+L™ 1 (mgeL 1
LT 4.6 9.3 T 0.9 2.5 o 2.3 4.7
TR 1.5 3.0 1E O 1.2 2.9 R 1.3 2.6
T 0.7 1.9 PR 1.2 3.0 WL 1.7 5.2
G 5.9 12.0 R 2.5 4.0 + 4.1 12.7

S 0.8 2.0 T 1.7 4.0 + P 5.1 14.6
T 1.2 2.8 2 1.0 2.6
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x4 BEYFMREIREMESE
Table 4 Recovery and precision of aldehydes (n=6)

BE 2648 | 2023 5F 10 B | BAEHMH

&Y MEwRE/ A/ bR/ ko % || kS MEkEE/ A/ JbRve R/ WL %
H (mg+* L™ (mg+L™H (mg-LH R/% FE/% 2R (mg+ L™ (mg+LY (mg-LH X/% FE/%
M 21.44740.006 12.683 9.024 105 8.8 | FEE 4.57740.005 0.000 4.014 114 1.2
39.88740.022  12.683 30.081 88 6.6 12.777-40.037 0.000 13.380 94 6.3
53.806+0.017  12.683 45.122 92 5.5 18.4360.023 0.000 20.070 92 5.7
STHRE  2.93340.011 0.000 2.991 95 9.6 T 3.706+0.013 0.000 4,056 91 3.1
8.368+0.017 0.000 9.970 77 3.6 11.5400.031 0.000 13.520 85 7.6
12.227+0.012 0.000 14.955 74 4.0 18.165-0.030 0.000 20.280 90 7.2
TEE 1.77040.032 0.000 2.004 76 8.3 W 2.454+0.027 0.000 2.535 97 6.5
5.48040.028 0.000 6.680 73 8.6 7.293740.023 0.000 8.450 86 5.6
8.43240.010 0.000 10.020 76 5.8 11.612£0.016 0.000 12.675 92 3.8
UM 23.37440.004  10.530 12.030 107 6.2 ZFHEE  5.160+0.014 0.000 4.872 106 3.5
43.85940.017  10.530 40.100 83 4.7 16.95240.028 0.000 16.240 104 7.0
60.79040.010  10.530 60.150 84 3.7 25.19940.016 0.000 24.360 103 3.9
SEICEE 2.14540.020 0.000 1.998 107 2.2 +—# 2.72940.012 0.000 2.583 106 2.9
5.847240.021 0.000 6.660 88 5.6 8.57740.022 0.000 8.610 100 5.5
8.12240.018 0.000 9.990 81 4.3 13.6640.022 0.000 12.915 106 5.3
T 2.657+0.024 0.000 2.790 95 5.8 || AL 4.93740.010 0.000 5.103 97 2.5
8.12240.010 0.000 9.300 87 1.2 15.240+0.021 0.000 17.010 90 5.3
11.8754:0.007 0.000 13.950 85 2.6 25.09740.035 0.000 25.515 98 8.6
THEE 2.70840.013 0.000 2.622 101 44 | FTEBE 2.59740.018 0.000 2.592 100 4.4
8.806+0.018 0.000 8.740 95 1.5 7.7360.038 0.000 8.640 90 9.3
13.45540.011 0.000 13.110 100 2.6 11.626+0.030 0.000 12.960 90 7.3
IEC T 3.096+0.018 0.000 2.994 96 4.7 U 2.71440.033 0.000 2.976 91 8.1
8.588+0.026 0.000 9.980 80 4.4 9.246+0.015 0.000 9.920 93 3.7
12.45140.014 0.000 14.970 80 1.6 14.94640.031 0.000 14.880 100 6.7
B 3.07940.037 0.000 3.144 96 9.1
9.01540.010 0.000 10.480 84 1.9
13.39540.012 0.000 15.720 85 2.0
&5 EEEY) BN AR B0 2R 0 IE 7 B
Table 5 Recovery rate and accuracy of added standard of aldehydes (n=6)
&y MR/ A/ HAiH/ &Y e/ A/ HAH/
2/ % 2/ %
£ (mg+L" ) (mg+L 1 (mg+L 1 2 (mg+L 1 (mg+L 1 (mg+L D
. 21.447 12.683 9.024 —2.9 3 4.334 0.000 4.014 8.0
39.887 12.683 30.081 —9.6 12.777 0.000 13.380 —4.5
53.806 12.683 45.122 —8.9 18.436 0.000 20.070 —8.1
s T 2.933 0.000 2.991 —1.9 T 3.706 0.000 4.056 —38.6
8.368 0.000 9.970 —16.1 11.540 0.000 13.520 —14.6
12.227 0.000 14.955 —18.2 18.165 0.000 20.280 —10.4
THE 1.770 0.000 2.004 —11.7 LS 2.454 0.000 2.535 —3.2
5.480 0.000 6.680 —18.0 7.293 0.000 8.450 —13.7
8.432 0.000 10.020 —15.8 11.612 0.000 12.675 —8.4
Vo i 23.374 11.058 12.030 2.4 7% 5.160 0.000 4.872 5.9
43.859 11.058 40.100 —18.2 16.952 0.000 16.240 4.4
60.790 11.058 60.150 —17.3 25.199 0.000 24.360 3.4
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&y MR/ A/ HAH/ & MR/ AR/ HAH/
K (mg+L™" (mg+L"" (mg+L 1 fig2z/ % R (mg+L™") (mg+L"") (mg+L1 fig2z/ %
S 2.145 0.000 1.998 7.4 T — 2.729 0.000 2.583 5.7
5.847 0.000 6.660 —12.2 8.577 0.000 8.610 —0.4
8.122 0.000 9.990 —18.7 13.664 0.000 12.915 5.8
3 2.657 0.000 2.790 —4.8 RLE 4.937 0.000 5.103 —3.3
8.122 0.000 9.300 —12.7 15.240 0.000 17.010 —10.4
11.875 0.000 13.950 —14.9 25.097 0.000 25.515 —1.6
T 2.708 0.000 2.622 3.3 + R 2.597 0.000 2.592 0.2
8.806 0.000 8.740 0.8 7.736 0.000 8.640 —10.5
13.455 0.000 13.110 2.6 11.626 0.000 12.960 —10.3
ECEE 3.096 0.000 2.994 3.4 + b 2.714 0.000 2.976 —8.8
8.588 0.000 9.980 —13.9 9.246 0.000 9.920 —6.8
12.451 0.000 14.970 —16.8 14.946 0.000 14.880 0.4
BT 3.079 0.000 3.144 —2.1
9.015 0.000 10.480 —14.0
13.395 0.000 15.720 —14.8
K6 OMBABEIREREMREE
Table 6 Aldehydes content in 80 kinds of Baijiu mg/L
B L 5T L4 5 A EC
e A AU Y 164~347 10~80 150~348 16~47 6~49 1~4
BN T 20~164  1.3~3.0 31~218 1~16 0 0
80 ™ 1l 4.8~602.0 1.1~80.0 6~518  0.5~47.0 1~65 1.4~3.6
80 A -2y & 163 24.7 151 21 16.9 2.2
RT SHAZHMERPZEMZEBUNEERILR
Table 7 Comparison of determination results of acetaldehyde andacetal in 3 brandy samples
7. Va% i
B i W EE R/ AL bR RIE M AR IR S IR A AR E T IR I E X AR o
(mg+L7H) 45/ (mg « L) i 2 / %% (mg+L™H iR/ (mg+ L7H) 22/ %6
M 15 38.35 35.95 6.50 22.92 21.38 7.0
M2 25 93.09 88.95 4.50 56.87 53.60 5.9
M2 35 75.00 70.90 5.60 41.88 38.75 7.8
3 én ® 196(10): 58-60.

HU M Z. Adding alcohol aldehyde detection indicators to improve

WEFEHESL T 1 h 17 il 26 49 500 58 O i OF 3¢
R BT 7 I R RE AR b M . B R SR WL %007 kA R

Baijiu standards[J]. Brewing Technology, 2010, 196(10): 58-60.
[2] FBAHIAE, JLIL, WG 2= . AR €335 06 00 5 S [m) 5 20 1 7 o 5 e

VL MR LA A P P P27 08 0 80 At FALE WS R I] P E B A R I AR, 2022, 32(20): 2 433-2 436.
WG rf 17 FhEESE Y I Ak, Hob OB O ol & iﬁf% ) 5t HAO L H, GONG F, PAN P Y. Determination of five aldehydes in
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