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Abstract: In order to evaluate and differentiate different rounds of Moutai-flavor Baijiu, the flavor substances from seven rounds of
Moutai-flavor Baijiu in the same cellar as the object were detected by gas chromatography and analyzed by principal component analysis. The
results showed that the total acid content in crude spirits decreased with the increase of the number of rounds. The total acid content in the first
round was the highest, reaching 2.94 g/L, and then decreased all the time, finally reaching the minimum value of 1.51 g/L in the sixth and
seventh rounds. The total ester content first increased and then decreased, starting from 3.57 g/L, and the total ester content in the third round
reached the highest value of 5.14 g/L, then declined to 3.10 g/L. The content of acetic acid, n-propanol, ethyl acetate, ethyl lactate, acetaldehyde,
acetal and other compounds was relatively high in the crude spirits. The contents of acetic acid, ethyl acetate and n-propanol in the first and
second crude spirits were extremely high, they accounted for 14.77%~15.55%, 14.16%~22.90% and 37.78%~37.98% respectively. The results
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of principal component analysis showed that the cumulative contribution rate of the first three principal components could reach 89.3%, and
each round of Baijiu could be effectively distinguished on the scatter chart of comprehensive score. The first round of Baijiu alone occupied the
first quadrant, the second round of Baijiu was located near the negative axis of X axis, the third to fifth rounds of Baijiu were concentrated,
located below X axis and near Y axis, and the sixth and seventh rounds were concentrated near the positive axis of X axis. The comprehensive
score of each round of Baijiu was: 4>5>3>7>6>1>2. To sum up, the difference of flavor substances combined with principal component analysis

could accurately and quickly distinguish and evaluate the crude spirits of different rounds of Moutai-flavor Baijiu, which could provide

theoretical support for the crude spirits' hooking and rating.
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Table 1 The total acid and total ester content of different rounds
of crude spirits
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Table 2 Flavor substances content in different rounds of Baijiu
R4 Jf42/(mg/100 mL)

F 14K %24k F 34K F 4K %Sk F 64k EREY
1 S 22.70£2.01°  12.90+0.10°  33.00£2.81°  20.50+1.58°  19.60£1.50°  48.10£3.11°  46.00+3.20°
2 TEEEE 17.90£136°  8.60£0.077  36.80£2.73°  24.20+1.66°  21.10£1.68°  47.30+3.08°  49.20+3.87°
3 A 23.50£1.87° 21.00£0.14°  12.50+1.04°  13.60£0.94°  15.60£0.89"  18.60+1.10°  26.50+1.87°
4 2-RE 46.00£3.65°  3.30+027° 4.10+3.41° 4.20+0.32° 3.90+0.21° 8.50+0.68" 7.50+0.45°
5 APTEE 249.50421.11°  11.60+1.13° 1.60:£0.08° 0.60+0.01¢ 1.60:£0.09° 2.50:£0.06° 2.90+0.17°
6  EABEE 626.60+5823° 677.30£59.77°  38.10+£3.03°  37.90+3.54°  39.40£3.90°  98.50+6.80°  186.00£10.30°
7 FTHEE 19.80+1.12¢  1450+£1.33° 11.80+0.89°  22.70£1.76°  19.60+£1.08°  2520+£1.98°  27.60+1.99°
8§  ETE  2140+1.87°  9.70+0.87° 4.30+£0.23° 9.80+0.88Y  20.70+1.70°  28.70+2.70°  39.90+2.78"
9 BB 37.70£322° 27.80+220°  1880x1.71"  36.60+3.06°  33.70£2.60°  59.10+4.81°  62.20+539°
10 EXE 1.20+0.10° 0.80+0.21° 0.700.02° 0.800.02° 1.70+£0.07* 2.40+0.55° 2.30+0.17°
HTR
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14 S 2.30+0.182 4.60+0.31° 35.7043.00°  23.90+1.65°  32.8042.45%  68.30+£5.99"  35.70+2.88°
15 sl 42.00+3.38° 2.60+0.02° 2.00+0.03° 1.20+0.04¢ 0.90+0.08¢ 3.30+0.18° 3.50+0.11°
16 FTE8 0.90+£0.06° 0.90+0.01° 1.60+0.04° 1.20+0.02° 1.20£0.21° 1.80+0.08* 1.40+0.08°
17 ETE 9.20+0.93° 3.40£0.21° 3.10+0.12° 6.00+0.414 5.90+0.90¢ 17.90+0.98°  14.40+0.70°
18 FREA 1.90+0.11° 1.00+0.35° 1.40+0.05° 1.200.04° 1.20+0.31° 2.00+0.07 1.30+0.38°
19  EARER 1.500.08° 0.50+0.23° 0.40+0.01¢ 0.40+0.01¢ 0.80+0.01° 1.90+0.01? 1.30+0.70°
20 ETE 2.40+0.14¢ 1.40£0.16° 1.000.058 1.90+0.45° 3.60+0.18° 5.50+0.88" 4.70+0.12°
21 pFTEE 1.80+0.10° - 1.60+0.09° 1.80+0.08¢ 3.90+0.11° 4.80+0.23 2.30+0.35°
22 ERTES 234.80+£19.89° 408.50+34.80° 179.30+12.10° 179.40+10.66° 165.40+14.98° 144.00+10.82° 162.40+13.66"
23 THERTE  8.80+0.68" 2.20+0.18° 1.90+0.05" 2.704+0.16° 4.20+0.29° 7.60+0.61° 6.00+0.28°
24 RBRTES - 0.80+0.06" 0.70+0.02¢ 1.00+0.06° 1.500.08° 2.70+0.18* 1.50+0.03°
25  TERTEE  3.60+0.26% 2.90+0.03° 2.10£0.10° 4.10+0.31° 11.10£1.77* 11.20£0.69" 9.20+0.04°
26  FLEA B 234040177 301.20424.15% 403.60+37.45% 353.30+28.64° 337.40+28.31° 339.20+28.81° 258.80+26.25°
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Fig.1 Chromatogram of flavor substances in seven rounds of
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Fig.3 Changes of acid content in Baijiu of each round
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Fig.4 Changes of esters in Baijiu of each round
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Fig.5 Changes of alcohols in Baijiu of each round
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Table 3 Principal component analysis eigenvalues and
cumulative contribution rate of original Baijiu flavor
substances in each round

B BHAEE FEBR%  BRTHEY%
PCI1 13.09 50.35 50.35
PC2 732 28.16 78.51
PC3 2.81 10.79 89.30
PC4 1.29 4.98 94.28
PC5 1.05 4.03 98.30
PC6 0.44 1.70 100.00

* 4 SRRETBRRYIRER S ETT
Table 4 Principal component loading of original Baijiu flavor
substances in each round

HAE
IR ERS2 O ERS3
LB (X)) 0.855 -0.004 -0.118
TEEBE(X,) 0.836 0.175  -0.169
% (X5) 0.217 0.750 0.525

2-/RER(Xy) -0.113 0.920 -0.371
1+ T BE(Xs) -0.249 0.899 -0.348
IEABE(X,) -0.536 0.705 0.378
FTE(X,) 0.788 0.258 0.203
AETEE(Xy) 0.796 0.428 0330
FREE(Xo) 0.852 0.311 0.295
IEREE(X,0) 0.934 0.197 0.267
ETEE(X,) 0.799 0.011 0.405

TE(X ) -0.763 0.571 0214

AP IR EE (X 3) -0.587 -0.020 0.702
HRER(X 1) 0.849 -0.424 -0.148
RER(X1s) -0.200 0.912 0352
FTE(X16) 0.723 -0.468 -0.302
ETERX) 0.895 0.351 0.093
F B (X 5) 0.504 0.547 -0.517
I FR(X o) 0.732 0.627 -0.013
1E S R(Xa0) 0.947 0.178 0.235
P-ETEEX,)  0.861 -0.076 0219
LB LB (X))  -0.744 0.190 0.551
TELE(Xy)  0.561 0.807 -0.135
KRB GBS (Xyy) 0831 -0.363 0.251
TELEE(Xps)  0.863 -0.050 0.262
B TBE(X)  0.124 -0.980 0.062
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x5 BRREANKNREEERIHIRF
Table 5 The relationship between flavor substances and
principal components in each round of original Baijiu

2 AR PC1 PC2 PC3

TEE (X)) 7.305 -9.500  2.551

LYEBA(Xy) 0.656 1375  -1.078

FE2(X;) 5188 9250 -2.172

2-/%BR(X4) 7.125  -10.000 2.250

AT EE(Xs) -5.750 7.500 -2.875

IEAEE(X) 7.688 -9.750  4.063

FTE(X,)  -1188 3500 -0.297

ETE(X,) -8.422 9.625  -3438

FRBE(Xy) 0313 3375 1258

IEREE(X ) 10.688 -15.500 7.125

ETEX) 7.375 -4.625 1.750

TE(X),) -10.250 12.500 -4.313

A REE(X3) 3.750 -6.500  2.078

HREE(X 1) 5281 9125 -2.484

AR (X s) 8.063  -10.000 3.719

AT (X)) -9.508 11.063  -2.023

ET (X)) 4.102 -4.813  0.633

FHRBR (X g) 5.094 -6.250  0.898

TERER(X ) -3.820 4.188  -0.859

IE TR (Xy0) 0.929 -0.242  0.163

BERLEEX,)  9.000 8750  -2.156

LB UBE(Xy)  -3.969 5250 2211

TR TBE(Xy;)  -5.469 8.500  -2.875

RER CEE(X,y)  -1.453 4.625 -1453

TR TEE(Xys) 0313 -0.500 -0.219

FUBR LEE(Xy)  6.602  -10.500 1.375
H2 3 AT, B AU R TR 3 A>3
4 B TTRRRIAS] T 89.30%, i 85%, R TR
FIEHGZE R ERBEARANZEEEER, Sl =
N EWTBAT T BAA AT . SRR 26
MR E (L. 240, FRE..... .CIRCEE. 3
TR Olg: Al Xy Xov Xseeee. Xoss Xog) H&FE
B BAEMR R, R 5 AFZREE T ZHHIR

REHL 3ANTEH HERBNLMR RN
PC1=7.305X,+0.656X,-5.188X35+7.125X4-5.75X s+
7.688X6-1.188X7-8.422X5-0.313Xy+10.688X¢+7.375X]
1-10.25X,13.75X5-5.281X41+8.063X5-9.508 X 1514.102
X17+5.094X15-3.82X1910.929X50-9X51-3.969X ,-5.469X
23-1.453X04+0.313X05+6.608 X, 25— E 4T M TT R
HikF| 5035%, HACRIECH (0.947) . IEJKE
(0.934) . IETR (0.895) 4&:

PC2=-9.5X,+1.375X,+9.25X3-10X4+7.5X5-9.75X¢
+3.5X7+9.625X4-3.375X0-15.5X 1-4.625X 1 +12.5X,-6.5
X1319.125X14-10X 15+11.063X 1 6-4.813X7-6.24X +4.18
8X19-0.242X50+8.75X51+5.25X,+8.5X3+4.625X54-0.5X
25-10.5X06, 2B E ST M TTRRZRIA R 28.162%, H
RERNCK LT (0.92) « F TR (0912) | K&
BE (0.899) %

PC3=2.551X,-1.078X»-2.172X5+2.25X,4-2.875X s+
4.063X4-0.297X7-3.438X5+1.258Xo+7.125X19+1.75X -
4.313X,,12.078X3-2.484X44+3.719X5-2.023X ;+0.633
X,7+0.898X15-0.859X 10+0.163X50-2.156X5,-2.211 X 5,-2.
875X3-1.453X24-0.219X55+1.375X 06, 25 = Hl5 Hgh
TUERARIAH 10.788%, HARK R TEE (0.702) | i
T (0.551) « IETHR (0.525) %5,

PASHEUOBALE 3 A E R ERITTEREAE LR A
IIAE BB, HHEZEAEVES, WAL F=50.35
PC1+28.16PC2+10.79PC3, 115 &4 IRIBLEE VD
SHMENFE 6. HFR6 AL, THKEF, 3. 4. SIKIE
BorEimE, 4 W, 1. 2« 6+ 7 BV
Ko LSRG ERE VML SRR, Ftisis BA ]
1Ttk

F+< 6 BFRXBEZEATESME

Table 6 Comprehensive score of Baijiu in each round

BK PCl1 PC2 PC3 42457745 F W
e Hs
1 -0.20281 2.23255 -0.09755  -0.52599 6
2 -0.38954 -0.57134 -2.10668  -23.0881 7
3 -1.58673 -0.40232 0.52983 4.804654 3
4 -0.56324 -0.45042 0.84603 8.718234 1
5 0.46902 -0.49373 0.73957 8.077078 2
6 0.84656 -0.03236 -0.00556  0.357138 5
7 1.42672 -0.28239 0.09437 1.657085 4
6 .
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Fig.8 Scatter chart of comprehensive score of crude spirits in
each round
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y Bl B A o B AR 8. I8 AT LAB H 7
ANERURFETG X 0 5 R, SR XU o ST 5
BN R E . 51 IEALT 28 2 3R, 5 HARE T
FEEROE, #EMAWERGERTI, FMERE S, R
FONILHA R, GRS e, BT ROk
TRk, 8 2 VIBAE y RO 1) AR B RS 1 Ui
T B3, 4y S IRIERGE, H x Bl R EALE R A

552 YOB R S AT URR & AR 5 1 ORI,

PRIEWREL 1 PR, JEPR[EIE. 25 3. 4. 5 IBNKR
JAHFAE, = ANERIERE IR BN T, 97E x
RO, y BT, AHECZ R SAFAER R EIRE, Ol
EERE, TR, KIREA, 5 6. 7 JINH
B AT E ST 1. 4 RIRS AL, HiF kA%
TR, WHEEME R BT, FT 3Rk
SINTEREE BN IR A R OB #AT 705, fe

LU AR LA U A AU R S AN, RUERARFAE
FHAL B RS AR XS B A, A R UK R A o A
BIHL, BRSSO RE AN [V T P SRS MR R
P,

3 ZHig

3.1 I FRERFNEAI L 7 AN R R e
B, SRS ERA G kS, HKE 2.94
gL, H/ME 1.51 g/L. SEREEE% FTHE TRME
#, WM 3.57 gL s BT, 5B 3 R e BE B IR B
FfE 5.14 g/L, BEJSFHKE 3.10 g/Ls

3.2 FIH B EE G S &Rt 26 Ff
FERMEYI, AR 7 M, e S Fp, WESE 3 Fh,
BEZE 10 P, BAZE 1 Fh, BRSEATRRZEY 5 530 G
16.31%~59.36% 15.32%~20.41%. ZF& &5 EEZY)H
82%~96%, IR LEEFNFLIE L85 ) b R BT I
28.53%~86.80%- 8.63%~68.70%. LIRZEESFLIR L
Fi & B A S PR E L MR S GC-MS IR L
LR CEEE 8 (1.1~2.4 g/L). R LS & 0.8~2.7
gL, S5 1. 2 50Ul Ry B T H A g
RS AT S 45 FAR R . AT I 28R e &
KTARLE, BEARLEESEH S, LL 68.70%
(1) EE RO & B i s IR . BRI T IR R &
b 27.93%~88.50% , Hi W ORI R OIE OB
(63.73%~88.50% )& iy, Bh LRSI LY 1E P
FERTE 1000 mg/L PA L, HAuj2 Mk ERE, £
TRE, SRR 8. REXMLEDT,
CWERN O A6 5 & e 0N 26.67%~52.95% -
28.71%~41.70%, HEREREL F IS,

3.3 it SPSS 22.0 Xt 26 FUKBRY AT 4
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BT, EHAT3 ARG, R ZE TTHRRIE 89.30%,
RS BIEGEE . RAERS 1. 2 45
SHUT L, SRR IR BRI X 3R BAF, #5IK
SR AT AR5, 1y 2 U RS 2 RIR
A x HACESRL, 3. 4 5 EANKREUGERUSERE v
Mg, 5 6. 7 IRINAMGTESR 1. 4 FRIRZEHAX
W, BRRWEEGEME G E NN
4>5>3>7>6>1>2, HIKEIMN R, Ar=seigks
ORI, 3~5 FRERRE AR, AR, 6. 7%
Wl FEEHE, FEMK, 1. 2 BIKIEE % &k,
AVDURE, HIRIEMW. 28 LATA, FR I
REAS STINAN [FI%E U (R B R T 1 22 S VA
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