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Abstract: The content of amino acids and biogenic amines in rice wines from different producing areas was determined
with high performance liquid chromatography. Multivariate statistical analysis was used to discriminate rice wine of different
producing areas. One-way analysis of variance (ANOVA) analysis showed that there were significant differences in biogenic
amines and amino acids in rice wines from different areas, except glycine, f-phenylethylamine and cadaverine. A positive
correlation between putrescine, histamine, tyramine and amino acids and a negative correlation between spermidine and
amino acids were found by correlation analysis (CA) . Finally, a producing-area discriminative model of rice wine based on
biogenic amines and amino acids was established through discriminating analysis (DA) and artificial neural network analy-
sis (ANN) . The model can be used to distinguish rice wine from different producing areas, and also provide a reference
method for identifying and protecting the authentic rice wine.
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Tab.1 The origin and amount of rice wine samples
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LC-20A RUERORAREIEIL, HA B ERH A R
/3 H]; ODS-C18 faji:, REHMNEARBHE AR
O3] AR B AL, 2 Thermo 74 FRA H] 5 IRTE
PRHIL, TE1E Wiggens 23] ; HALKHL, 25 BE [
AR T KR, KRG AR AT B A W
CNW MCX [BAZEEE, B2 se i pl6 A
RS
1.3 ZWHZE
1.3.1  ZMphedgm 2 ik

FTHE AL B . R 1 mL A=W RiR S AT VA T
1 mL A4 PHEE SV 1 mL (R ER S EHA
WTF 10mL B0, BRRRGIRS, BT 60 ClH
TR N 30 min; 74 58 B0 BURRAT, 1
DA 100 pL 20K, FRRE T 60 CKIGHH
B 15 min, FERAGHH. B CNW MCX AU 5
Visiprep HY [ AHZE HUR AR , FH HH BSORIRE 4liK GeAt:
o, BRERS 5% T RIR A IS AR, A 1~2
T/RD s A KR TEREBU S, & 5% 20K il H s
PRI, AR VRIS 28 0.22 pm A AU UE, Fribre.

g5k . 03545 Phenomenon ODS-C18 #F
(250 mm»4.6 mm, 5 pm) Fit L C18 FR¥4E (4.0 mmx
3.0mm, 5 pm) , R ZIOEREE AT, T A i
4K, FshA B S 100% N, FEiE 30 C, R
20 pL, FifE 1 mL/min, K03 254 nm.
1.3.2 &AL E ik

FrAfRAL L B 100 pL fi5AE 2% nhgs i (BRI 2N
W) T 10 mL EP &, LA 10 pL AR Sy s irieE
i Al 50 L ATAER, S JE A 740 pL 28 M TR (R
A L REE 65 C/KIA T h. £ 0.22 pm AHLE
WESE , FRERE.

g5k . 43545 Phenomenon ODS-C18 #F
(250 mm x 4.6 mm, 5 um) Bc PAC18 P4 (4.0 mm x
3.0mm, 5 um) , R ZIOEREE AT, A A R



« 28

FRENVRI, T shAl B A OHE/ABAliK (RFLEE R 1 -
1), ¥R 33 °C, #HRER: 20 uL, JifE 1 mL/min, #6300
AR 360 nm.
1.4 SFitHWAE

SIS HCHE A LR R 7 22438 (ANOVA) | AHeHE
ST (CA) |« E R8T (PCA) | H151 4341 (DA) 5%
1 SPSS 17.0 =Z¥K (SPSS Inc., Chicago , Illinois ,
USA) ; H MATLAB 7.14 (Release 2012a, Mathworks,
USA) HE47 N THZ M4 (ANN) 4347, *3F7R P<0.05
S, RN P<0.01 AW BEMES, B
N -0
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Fig.1 HPLC of the biogenic amine standards and the
samples
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Tab.2 ANOVA results of biogenic amines

A i Wil g 17 jiEld E
i 3 458+1.83 3.80+1.77 3.71+1.88 2.96 +2.54
JE R 44.48 + 17.41 28.66 +10.25 15.80 + 10.44 15.18 + 24.65 ok
J 8.00 = 8.76 5.61+2.63 5.59+5.24 2.56 £2.68
A 6.65+4.74 5.05+2.44 0.20 + 0.42 1.65 £2.27 ok
it i 59.25+28.72 23.49+11.28 16.55 + 13.26 5.15+6.81 ok
RS 1.99+1.14 217035 2.85+0.50 245 +0.86 *
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Fig.2 HPLC of the amino acids standards and the samples
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#x3 HESEBRNFESTER
Tab.3 ANOVA results of free amino acids

Ar i Wil [R5 IIZR Bl B
RERIR 3.01 £0.41 2.93+0.36 0.68 + 0.62 0.81+0.77 ok
BB 3.04+0.78 2.41£0.51 2.75+2.37 137+ 1.16 *
22 5R 3.12%0.35 2.52+0.19 0.64 +0.35 0.83 £0.95 o
e 1.64 £ 0.30 1.52£0.15 0.27 £0.31 0.30 = 0.36 ok
KA 3.61+0.39 3.04+0.52 0.33£0.36 0.65+0.91 o
H 4 520125 3.36+0.19 248528 8.39 + 12.96
IR 1.40 +0.16 1.17 +0.08 0.23+0.22 0.41 +£0.36 ok
% 2 R 431+048 3.75+0.48 0.92 +0.74 0.85 = 0.59 ok
AR 10.09 + 1.42 3.88+4.36 1.02+1.76 0.34 +0.67 ok
WNAR 1.46£0.18 0.91+0.10 0.32+0.23 0.44 = 0.32 ok
EERY A 2.83 +0.32 223+ 1.74 0.28 +0.35 0.82+0.78 o
% 2 R 0.12+0.12 0.03 +0.02 0.04 + 0.02 0.09+0.13 *
2R 0.18 +0.08 0.15 +0.04 0.01 +0.04 0.04 = 0.04 ok
Soe R 1.90 + 0.22 1.47£0.13 0.13£0.24 0.44 = 0.48 ok
LA 537 +0.64 4.69 +0.68 0.58 +0.76 1.76 £1.19 ok
HAEIR 1.55+0.13 1.05£0.12 0.14 £0.21 0.40 +0.39 o
558 271 +0.99 1.71 £0.28 0.25+0.29 0.37 +0.27 ok
HEAR 0.02 +0.01 0.01+0.01 0.00 + 0.00 0.00 +0.01 ok
232 AAEMESH A F R AR, W AR R R, W™

fii ] Pearson’s FR2EAH X 77 H 4 51 ) Jirt XA T 2R B o, B D A & Al
IRBARIATAIDC T, 26 4 B T REASCHT 60 X b, RiBRZ s MR I S, S 5L IR & b
A, Horp 47 XS SR EAROC. ILRAT LA 1, 1R, PG B AR, 45 2R W s T V™ X B A
JE B L AHL I | T e 5 R 2 BV TR 2 [A) 3% V) IEAH G JH & A A 3 A A BRI
T ER e 5 28 B IR Z A R AASG. i3k 2—3k 4 7]

* 4 TEEH Pearson’s BEEX

Tab. 4 Significant Pearson’s correlations between variables

AP R PE AR R P1iH AP R P
RO -0.395 <0.01 2 e AR 0.581 <0.01 i e -9 2R 0.745 <0.01
KRR 0.423 <0.01 éﬁﬂa 2R 0.586 <0.01 i iR N 24 R 0.632 <0.01
JE - R AR 0.414 <0.01 2R e 2 IR 0.587 <0.01 ik 4 S R 0.565 <0.01
[ W22 54 1R 0.465 <0.01 2H e 2R 0.523 <0.01 ik eIk 2 R 0.479 <0.01
i3 e 2 R 0.558 <0.01 ZH TN 2R 0.632 <0.01 i 5 24 IR 0.582 <0.01
i3 K 2R 0.527 <0.01 LU RN R 0.535 <0.01 Ik e~ 5 R 0.546 <0.01
eI R 0.522 <0.01 A4 R 0.578 <0.01 1% Fie—2H 24 1R 0.617 <0.01
i3 il 2R 0.530 <0.01 2H e 2R 0.347 <0.05 ik -5 54 R 0.518 <0.01
JE TN 2 R 0.690 <0.01 2H ez R 0.622 <0.01 ik TR A R 0.514 <0.01
i SISE Vi 0.540 <0.01 W55 R 0.599 <0.01 WA R AR —0.349 <0.05
i W2 0.523 <0.01 AW R 0.580 <0.01 NG -2 2R —0.334 <0.05
i eIk a4 0.533 <0.01 20 -2 SR 0.580 <0.01 AR e 2 R -0.301 <0.05
JE WS 2R 0.538 <0.01 20 - 5 R 0.514 <0.01 K NG 2R —0.366 <0.05
T W 2R 0.493 <0.01 20 TR AR 0.549 <0.01 K i 2R —0.345 <0.05
i3 - 2R 0.534 <0.01 i e~ R A& 24 R 0.466 <0.01 MR e —TN 2R —0.334 <0.05
T, 0.500 <0.01 ik 22 5 0570 <0.01 WA - AW/&‘&WE -0.387 <0.01
i W —RE AR 0.352 <0.05 ik 51 5 R 0.542 <0.01 VA 45 24 -0.359 <0.05
J7 TN 2 R 0.347 <0.05 ik G A R 0.567 <0.01 WG -5 2R -0.339 <0.05
- R AR 0.523 <0.01 1k i~ A R 0.567 <0.01 PG e 2 1R -0.318 <0.05
YU 22 5 IR 0.535 <0.01 i B 2 R 0.589 <0.01 VA G40 218 —0.343 <0.05
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I, NBA B2 21 AR T 9 A~H
A B A I RE T A AR i 2R | R 2R
R G TR | 2R | W2 | R A e , ik
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Tab.5 Canonical discrimination function coefficients of
origin identification

At PR 1 PR 2 PREL 3
25 R 0.938 -5.124 3.772
AR -1.041 -6.341 -0.299
iz 1.691 -1.310 1.409
NEIR 0.054 0.359 0.140
EERNA -2.541 6.780 3.201
Ji% TR 2.233 0.995 -6.117
i -8.203 8.522 7.993
2HE1R -0.335 3.375 -0.893

2z 0.258 -0.194 0.006
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Fig. 3 3D scores of rice wine samples
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A 100%. S LIUERAT 2 N 0 HL BRI 5
AR ERAA 96%, TRFREAR. WiL” X A
1 AR BRI EIREI™ b, (EHI2RE b R0 L PR
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W TLAR M AR 75 41 T AN 47 HoA BT e
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Tab. 6 Bayes discrimination results of origin identifica-

tion
I3k FEHL Wit i 1A W
Wit 16 0 0
e | LVE 0 11 0
A 7R 0 0 12 0
(G el 0 0 0 9
oL WL 100.0 0.0 0.0 0.0
" | LI 0.0 100.0 0.0 0.0
s | IR 0.0 0.0 100.0 0.0
ikl 0.0 0.0 0.0 100.0
Wi 15 1 0 0
et ity 0 11 0
7R 0 1 11 0
B AL 0 0 0 9
S WHT 938 6.3 0.0 0.0
IR b 0.0 100.0 0.0 0.0
F | i 0.0 8.3 91.7 0.0
fisik]a 0.0 0.0 0.0 100.0

H PR AR A DL AL 3 A4 — R
A Ml T S 35D ZR A 2 24 S UK R R 1 R
W5 TR UR AL BORE K L /NZE | S KA S R
JEORE, iRy T 20 R M5 T K, 7 i o AR
E ZARE GB/T 17946—2008 M, = A\ /5 B A
—REMIASCIT S, A AT L, X0 ) B AR R 4 2%
T TN % 7 A 0 R 7 T4 9 A S R AR
R IS S BRARR ).

B R SRR AN A W e 2 B R L S
KT AR TS 2R R R A5 , 22 5 1422 I ik
TXEEH BT, B AR B0 XA s
ARIGAE SRR, WAAE = X BAR 22800 R F /N il b A &
B, LA™ XA AR 22 300 R F 2R KR . S5 40, PRrs
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WA MR A 5 A KET R BN TITR, A Al &
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VIl RSB F R 2 )
234 ATIAVZM%

N A28 I 2 e — P05 Sl ) 4 22 IR 28 1 7 R
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ik, A7 A LI 75 B AL FR ) BB A . XA
MEEAREE RGN 2R, il A N K S 2
[ AR R , NIMTE R EE B H B, =
A AE RN BP M4 (back propaga-
tion) & H AW IR Z 2 M 451581 2 —. BP ¥
2 Bes ) FE K A - R A L G R,
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(1) B 2P 2 e8I i
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H LR, ¢ 183 1~10 MIERE, v RS
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P TCEONZRMES (HEET2E 2] 258 0.01) , G55 W% 7.
H12% 7 AT RIRIZICECN 7 Ik E 25 R I/,
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Tab.7 Selection of neuron number in BP artificial neural

network
BB RERBR | BREEMEITN RERBR

5 6.247 3 11 6.246 0

6 6.0450 12 6.3142

7 5.988 2 13 6.379 6

8 5.993 1 14 6.383 5

9 5.999 7 15 6.398 4
10 6.2321

(2) %2 H B

22 ) RN B R 2R LA T 2R 2R, AR
S AR HIEL 0.01,0.03 ., 0.05, XiF W 28 k4 11 25 A
. NIRRT E o EUR 7 1), S PERERS B
Kubiest. & 8 mIA, 2= FK, MR EL
b SEBR R 2 AN, ARSI TRl A ) R
0.05.
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K48 PN LA R AE St A .
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Tab. 8 Selection of learning rate in BP artificial neural

network
2 B SERUN SRR B SRR 2E
0.01 205 0.009 995 02
0.03 187 0.009 996 19
0.05 161 0.009 996 04

B Training with TRAINLM =[8] = ]J
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Fig.4 Contrast of predicted and real values
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