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Geographical origin traceability discrimination of Chongming rice wine
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Abstract: Shanghai Chongming rice wine was used as the main re-
search subject in this study. The natural abundance of hydrogen
and oxygen stable isotopes (§2H and §'* O values), mineral ele-
ments and free amino acids content were analyzed. The discrimi-
nant models of Chongming rice wines were established and the
characteristic variables were screened by principal component a-
nalysis (PCA) and partial least squares discriminant analysis
(PLS-DA). The results showed that the 8° H and 6 O values.
mineral elements and free amino acids content in rice wines from
different geographic origins were different, but only 62 H and
880 values and the content of Ca and Mn were statistically sig-
nificant (P < 0.05). The principal component analysis could
realize the geographical origin discrimination of Chongming rice

wines. The accuracy of the optimal model of PLS-DA for Chong-
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ming rice wines was 100%. Based on variable importance for the
projection, eight variables including 6% H. Sr, Arg, Mn, Cu,
Zn, Ca and §'*O were identified as the characteristic variables of
Chongming rice wine for geographic origins discrimination. The
results can be applied to the geographical traceability of rice wine.
Keywords: Chongming rice wine; stable isotopes; characteristics
of geographical origin; principal component analysis; partial least

squares discrimination analysis

SUIEHBECAH 700 24 K ERE L. JF T 2007 4£4%
FE N E R M FLAR A 7 L2009 4 4% 51 A F B B SCAR
WA . SR IR Yt SR L (DY T R KO R H BR R
R TR SR A8 A BE AR R R AR 8000 I R IR A
EHEMAERMS TEENRS. BT T EARERNE
{1 PR o N Tl 7 st KR TR JRURE OR K L KO 46 R
Wl B 7= T AR 200 e A e 22 5 (R A W — i 22
TR TH B8 AR U 7= B B B R B b B
DXL T 490 B LA BT SO R 6 A R G
TE A W T 5 0 IR i T B L T 9 R Ak A R
o0 SR R B B 2 B TOR R

P00 ) DB AL A £ B WU R R R LR
ZICR AR O A 43 B AR G I
5B WNIRE A (CHem5 4T85 55) 1 FI 4 33 . {H 2018
AR HLBE SRR B R WA SR R R RS &
a P ARE AR AR FEEERER R B i A B R S
A TEERT HARAE B O IR ) 1 IR B 2 7E ROK
ANZE I R T B P S AR A 8 0RO
JRZ L 0 0 AR AR e 52 A 7 M M LK
RS R R R (6 7 B P T T R Rl
PAEZE S0, U H R HLA 7= MR AE 19 SeEP 5 o LR
BT  IR R L H BT L R S R R L O [
B £ PR R B IR R LI T R 4
LIRS SURAS IR E £, DI &5 3 NS 8 S R )
JI A 4 2HL B k5 R R D R P SR REAE T L PR K L

77



78

L& 5#% 7 SAFETY & INSPECTION

YRR H AR I 0] LUK 4 AS [ 0 AR & 5 S8 30 ™ Hb 39 O )
W BB AR A T R T AR
FEHL PRI R . Wu DR TR E R R 0P CL0'H
MO OOMEZILE G P EITE M 11 Bl T 5 Xk
BEEE P B RA GRORR T L 36 L wg AE R R
FE] (3 5 280 VI 3R A7 7 9 90030 o B BB 5 90265 Song
S LR SR A AT I T R BB B AR X 4 A
7 Ml AL I U N OO T ST D
HEAT A HE 1) R ) A 2 2 40 2 5 2R AT DAAR 47 oK 4 A
A U LA X Ay B E T ORAE XUBR AL A W R R 2K
P2 (RIS RS LA A R S S s Aledzar %05 i
W h Z 0 R VA B R AR . £
1y F1 pH B, X 18 [ L 2 2 0P BE A = M A R SE AT
TEH B fEA # 3K 99.3% 5 Shen 2507 F FH I 21 40 o6 3% £
AR T 28 24 T AR T AR 2 % T L L R R
97 % o AL b A8 90 U A 7 K VIS 7 b 0 9 v ) R A R
DL

TN LL FE 5% W 3 I Oy 32 0 52, 8 A
Hi A A 2R 8 DR 1 6 BE AR R S TRT ™ b K T R 3 o R
BT K R K v & b 2 20 43 F0 4 o 1 22 S, o T e SRR E
LR ARFE U W E RS m® & &, 5kt
S VR GG T I SR WY A T O R R i S R 5
W12 30 9 R A AR 5 L O 5 WD 2 I Y e O B A B R
RN AR S HE
1 #e 505k
1.1 uE5RXA
L1 EEAAH SRS

[ AL & M BT oi% 4. MAT253 Plus &, 3% [
Thermofisher 2% # ;

RS 5 55 B 1R R I 635 A . iCAP 6300 B, & [
ThermoFisher 24 @] 5

4 B3 E& R 4 I : 1-8900 Y, H A Hitachi 24w 5

GrHT RV AL204 B MR ) —FE R 208 (L) A
RS 5

HLHAR (JHA04 B, Fig LR =AU A PR A 5

Ak AL Ultra B, b 52 A BRA A

WA HEAX : MX-S T, 56 [E] $E 9% 5 708 A 5

17 2 B0 AL : Microfuge 20R Y, S [ DL 5 & /v A .
112 E2GH

R sE [l i 2 A% i 9 R VSMOW?2 /K b5 i i (82 H =
0%0,8" O =0%0) . SLAP2 K 5 #fE i (6 H= —427.5%,,
8" O=—55.5%) Al Low Natural Water(WA100) 5 # it
(8*H=—157.12%0,0" O= —19.64%,) : B8 3t F| = Fr: J5i F
REHLA 5

Bi K A AL - 3¢ [/ ThermoFisher 24 H] ;

BE 22988 | 2020 £ 11 A | RS

W) 7T K TR A B YA 45 VA VB B P AR VR TR 35 1B SPEX
CertiPrep /N A 3

Ui 19 S B R b R VA . H R Hitachi 23 #] 5

Bl AR R R R LR S R WU K
o B el [ 2 5 A LR A FRA .
1.2 KA ZE
1.2.1 BEECRIE 20172018 45 MR G 48 R M 19 K
FEdh 444, Ho, RS AW 32 4~ ke F -
TEETIT S I X 2 3 A = ) R il 7 R R 12 A
AW 482415 (2 A5 Vi dE A 2200 6 4 b
2 AN Je i B HE ORI (3 ). TR AT ™
AR 5347 55 U R ) S A AL vy
1.2.2 KREFARRERMEMNE KM G0 mL)
KR A2 G B 500 wL F 12 mL A8 & P A 41 i
B G B a6, B T 28 “C i 1 TR AE b 2, o 3 A IR
60 C,7LA 2% 1 H,+He i &S % # 100 mL/min, K
5 min, A 40 min, I [ 07 3 5048 P45 )5 1) H, W47
FEUAE B s o K AR A I O R A S A SR R
B 500 pL K3 F 12 mL A G 47 B, B+ 25 Cl
TELRE AL A B AR R 25 CLFEA 0.3% CO., +He iR &
AL 100 mL/min, WKFT 5 min, SF#F 24 h, 5 7] 7 %
Iy IR CO. (Al 2 H (A B At o KRR A 1E
2 R R 1 R IR 7 2R 4

T R 28 L3R TS24 8 0 R 07 2 BL 356 19 s 10 5

1Eh S B, 3R AR AR 9 858 TR 8 L R A9 AR X .
RN
Ry, — Ry
=, 1
R ()
A

X— 258 R LA 0 AR {H L Yo

Rieg JTIURE i rh TR A R 5 R R AR FE
o, BIPH/PH F 0/ 05

Ry —— E BRARYERE S E R R SRR R+
B

k% 4R % O ISODAT 3.0 # /4 (3% E Thermo-
Fisher 20 A AL # i 5 #1528 38 K2 43 I 3k oo
JT 58 1R
1.2.3 KT Y ou R M J AR E  #% I GB
5009.268—2016¢ & i Z 2 EHF IR & &2 TRl
FE DT E K P H 2 T 6 R (K Na,Ca, Mg, Fe,
Cu.Mn 1 Zn) F B A 7= HAFAE 1 S, i F Fe & AR
IS IR AR H 5 30 8 S LR R & MR (Asp) VIR & B (Thr) |
25 (Ser) B E R (Glw)  H &R (Gly) . W& R (Ala) |
i IR (Vab | 2E Bt 2 1R (Cys) iR & R (Mev) | 53 5% 2 R
(Tle) . T & 3£ T #2 (e ABA)Y . 12 8 % (Orn) | i 4 2
(Lys) JZH & R (His) K5 2 2 (Arg) | fili & /R (Pro) . {6 % iR




&M | Vol.36, No.11

(Trp) MR (Lew) 2 R (Tyr) R N 2 1R (Phe) 19 U
L BGE R S SN M =R Vi * Vagzw =11
27, B0 (12 000 r/min, 10 min) , B b 75, FE4% B GB/
T 30987 2020€ L ) H e 126 28 S R 1y I 5 ) v O ik 1 2
BETR A3 AT ASCIN A2 5 Fhy L 9 A3 K 2 43 A 0 i e O 58 R
L2.4 BRI ABIRI G ST SCOPEIR R E D 2 RPAT
W 1 B E, JF H Matab # 4 (R2009a 2% [
Mathworks 23 &) #E47 A R 7= K 6° H 0" O 5" )
TC 3R I 28 A AR R 1Y B R U 22 43 BT . P<C0.05 Rl g it
FESBE, K OHSUO WU YT R M IR & &
5570 W A 3 il 4 0 (principal component analysis,
PCA) T A W B 58 v I d5c /Iy — 3¢ ) 5] 43 A1 (partial least
squares discrimination analysis, PLS-DA) J5 ¥ 45 4, @t 57
SEWE 0 7t F) AR ALl SIMCA R4 (141 5y
Umetrics 22 7)) 52 i,
2 RS0
2] RERMNR.FYULENFEEERSENHE
SR B2 I A A MR R 6% H R 0 O B,
TYIERRIFEERER S &R 1.2, HXOKRBA
i 0% H H{H (—9.5%0) 52 W1 I (— 17.4%0) (ORI
(—30.6%0) i ERI (—37.6 %) W Z . JL 5K 1) 6° H
B (—40.8%0) Fe B0 AL 33 W RE I PR T~ 52 W] 3 T 7 e HCAth
7 b AT R 3 T KR R W) 1 O R SR IR gk rh 8° H Al
8 O 8 & BB 255 e 4% i B ¥ B 0 1 YL R AR 45
BTG s 2O A B 1Y 8O B (—6.6%0) . {H [
Z2R R E ML FRE A SO A KA BS54 M
PR ZR S RARMUT O 2% >0 5t > 22 % > il >,
ATREH A TR 6" O B AL 2 B K o S Fe o [F] o 3

X EBE.ZAEABES PR

1 5 1 38 7T RE 32 B R s RGOk R 0™ O RS T
JLAE LR DL 1 02 H K 5 258wk [ AL 50k il
B o' HHFE G 114 [ 25 5 W3 (P<T0.05) , 74 26 M 22 ok
W 8" OMH S 11 A E ORI R 0 O fH b 50 K 8 1
SO E S E KM o O HAEL I LR B H (P
0.05) {HJ& i AN XOK T Z (M (9 o H {8 . 18 5 1 [
FALECKE R AY 0" O HAESK % EERHF AL FH (P>
0.05), [AlAS, B3 1 AT, L 28 24 A R Y Ca &
WML TR Ca S REKITF L EF B E
(P<C0.05) , i Ak ZUKI Y Mn & it 522 8K 19 Mn
TG 2R R (P<0.05)  HE S BN
W) Ca f& it 5 28 X M EDRE Y Ca & &, R KT Mn
B 5 824wk ED AL BRI A Mn & DL AR 6 A
VIREAFRE PN S RESEI ¥ LEFHAEE
(P=>0.05) . Af RE S 5% W <& 19 109 1 s AT RS DK 17K 174 7= i
5 At 7= e K T PR B4 AR [ 5 BB B Sy 555 BR A 7 R KR
P T % B b XU 7 3 /K 0 R R T A AR L T R
KK T I0 & & i R TR H R — 7= oK T AT K OK
AT BESR B Ah . AT A A5 [F) — 7= oK p g ) o0 R
R SR, BT S BOE — 7 T R0 A o R 22
MK, GHMP= RN ZERAERITE AR E. B,
G 0" HAE 0 O [HAH - ) ot £ & R B ARk -
T 5% WK 55 Al ™= 3t 1) K79 58 42 X 43
ME2AM.EHEAWEH RS Trp &2
(4.70 pg/kg) . ZE ORI g-ABA & & (24.03 pg/ke) i
15 3 K 8 b Asp (31.86 pg/kg) . Thr(14.00 pg/kg) .
Ser(19.24 pg/kg) .Glu(86.58 ng/kg) (Gly(39.83 pg/ke) .
Ala(133.03 pg/ke) .Cys(9.79 png/kg) .Orn(30.70 pg/ke) .

F1 FAFMABNESERERLEMTYTESE'
Table 1  The 6°H, 6'®O and minerals contents of rice wines from different regions (n=>2)
Ca/ Cu/ Mg/
ML REAKK 8*H/ % 8180/ %0
(mg « kg™ 1) (mg « kg™ 1) (mg « kg™ 1)
i 32 —17.4+9.0* —8.040.5b 34.09+26.50% 0.36+0.59° 53.72424.26%
4% 2 —9.54+2.6° —6.64+0.1* 273.15+42.07% 0.10+0.05% 47.4146.43*
En 5 —30.6£6.9" —7.540.8% 16.104£9.37" 0.06+0.02% 44,03423.57%
i 1] 3 —37.6+4.3> —9.240.7° 31.49+23.28% 0.10+0.05% 57.32431.87*
b5t 2 —40.8+2.6"> —7.140.7 11.1240.18% 0.04+0.02% 87.69452.96%
K/ Mn/ Na/ Zn/ Sr/
ML REAR
(mg + kg™ 1) (mg « kg™ 1) (mg « kg™ 1) (mg « kg™ 1) (mg « kg™ 1)
i 32 136.98+64.64* 1.5740.41* 44,37418.72% 2.24+0.75% 0.21+0.13%
0% 2 158.20+12.30* 1.6240.08 59.89+36.10* 2.11+0.03% 0.70+0.14*
Er4 5 60.23455.99% 0.8940.44b 47.97430.27% 2.07+1.01% 0.29+0.16%
i [H 3 152.47+£22.92» 1.2940.20% 34.59412.07% 1.384:0.60 1.0141.35
Jb &t 2 166.56 £67.20* 2.01+0.80% 24.,4943.31* 1.7240.26 0.13+0.00%

T =3 B AN [ 27 #l IX 0] 22 7 2 3% (P<C0.05)
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Table 2 The free amino acids contents of rice wines from different regions (n=3) ng/kg
7l FEA B Asp Thr Ser Glu Gly
lokis: 32 18.27+45.31% 6.72+17.142 12.72+34.54% 42.20499.20% 16.40+38.23%
7% 2 0.50+0.107 0.25+0.04% 0.45+0.02° 1.0040.472 1.0140.19®
EYr 5 18.75+13.12% 5.48+3.95% 7.424+4.717 27.92421.21* 14.844+12.14¢
i [ 3 31.86+28.50* 14.00+14.20 19.24+17.42 86.58478.39% 39.83+36.25%
Jb 5t 2 27.711422.64% 5.83+4,73% 9.68+6.417 39.44418.85% 12.87+6.26%
75 FEA %L Ala Val Cys Met Ile
i 32 54,26 +111.69% 21.32447.467 7.80+17.85% 7.80+17.85% 14.84 +35.85
2% 2 2.1440.16° 0.66+0.11¢ 0.0440.00° 0.2440.04¢ 0.3640.08¢
Er 5 99.54+75.252 26.72+£15.07 1.2741.89* 4.6344.24% 11.904+7.43
i [ 3 133.03+115.18° 25.43+£23.15° 9.79+10.06° 9.23+11.86° 13.99+12.51¢
Jb it 2 57.68+29.562 36.98+£25.11 4,1343.87* 9.81+9.14¢ 23.09+£19.25%
ML FEARSL g-ABA Orn Lys His Arg
i 32 14.00+26.32° 17.21+63.94° 12.99+37.82% 5.24414.38% 10.47426.64°
77 ¢ 2 0.42+0.13% 0.30+0.14% 0.62+0.14° 0.10+0.032 0.88+0.22%
£ 5 24.03417.92% 11.48+8.33% 8.15+10.54 2.46+2.042 26.94419.61*
eS| 3 6.34+6.30* 30.70+36.13* 62.10+54.18* 24.19423.88¢% 131.40+138.02%
Jb 5t 2 11.33+£5.84¢ 24.22+0.95° 5.36+3.13% 3.34+1.30° 10.27+11.54
i) FEA KL Pro Trp Leu Tyr Phe
i 32 29.99454.86% 4,70+ 11.44 40.81493.99* 18.89+50.79* 25.15+54.,827
pzpYA 2 0.82+0.03% 0.04+0.00% 1.1140.22* 0.37+0.08% 0.47+0.12%
Ed 5 32.24434.97¢ 2.87+3.95% 34.37419.90% 39.13422.37% 37.96+£22.36%
5 [ 3 54.34+45.90* 2.61+4.,47% 49,19452.18* 39.61437.80° 34.94+36.15%
Jb it 2 18.00+15.70° 0.134+0.19* 65.63+50.272 45.03433.33% 63.57449.63%

T A — 5 RE S R 7 X i) 22 5tk 2 (P<C0.05)

Lys (62. 10 pg/kg). His (24. 19 pg/kg). Arg
(131.40 pg/ke) il Pro(54.34 pg/ke) 7 & f i - AL 50K
1 Val(36.98 pg/kg) \Met(9.81 pg/kg) . 1e(23.09 pg/kg) .
Leu(65.63 pg/kg) \Tyr (45.03 pg/kg) fl Phe(63.57 pg/kg)
IR R ORI T A 20 Al B A A R 1 1 (R IR
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AN TR 77 3 KA H 0 H50ME A7 7R B K 22 05 AEL el T A M i 22
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WG IR B [ e R, 32 20 0H B ORI R I R
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& RS B PCA FIl PLS-DA 3 #y it 22 0] 3% B
F IR
2.2 SEAFABER PCA BREH A
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SR GRSk T 48D 15 152 B2 A B %, AR oK
SeAR BT LB AR LA 1) L BB PCA AT L) 45 52 31
“IE U TS At M R A B 1 Ch) T,

X 1 s D3 IR AR R R R ) (R2XD 2 0.598 152 1 K
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IXEEAF R AR S I T P B g AR, Hh
B1 A m g, B2y ™ 3 5 W 09 2 B . B TR K
R R R R WSHRT P A AR EAREE. 0
YT R R B A AR & = AR 2= B LI 1 () W E R
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S5 A T8 A5 5 5 WY T A DL X AT
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2.3 PLS-DA iR A R4FAETE0FIE

KB PLS-DA 32 43 85, 3 A 43 B0kt JRL A% i1 fint
P fig 7 (R2XO AR 2 5 305540 30 1 A 28 DL 3% 3, 532 i A5 78 1)
B RN EREA R (VIPD) ILE 2(a), 458FW.E 1 E)
A3 %t SR R 0 i BERE 1 9 0.090 3, VIP>1 By 78 5T K



&M | Vol.36, No.11
4t oLt W Ll
Kig |
gEL 7 b
HE L0
11 g et
" e
J&¢ oy
= -3f
4|
L L L L L

_5 s \
-15-10 -5 0 5 10 15 20
S— By
The first principal component

(a) PCA3S
A1
Figure 1

8 H>Sr>Arg>Mn>Cu>Zn>Ca>5s" O, F| % 1 &
RS R Hs 30 A b it 55 BH 2 (0 5 H th b RS BT IR CIE
W3y 88.64%6) , HoAth 7= M K A 3 A8 &5 4 o b ifg 5%
B I

Mg 1 A 3 R A, VIP > 1 A8 B B A7 B,
HTPE A 3 B 43 X T AR & 1 i B Re ) R aE R 0644 5K
2 A~ bV S5 T2 S R B A E A 7 b A At
A 3 AN S A ) O O S B T GE i 2R 47
88.64 %), il PLS-DA B M54 ELE 2(b)]
WAl LA A 2 A 1S 02 0 5 H )™ oK 7 R A
TE— @RI . M B M2 6w, B8 X} 5
A5 (1 fiF FERE 0 B3t 0.809, VIP A8 5 Jo B # m , 5% W
2 LI 0 50 TE 0 38 R 100 06 oAl 7= s K A 1A ok 4 A
o S 2 O AL B ) B E R 97,7300, &
A3 Ak S 3G I I T A (R TR (0 1 B SR AR TR L, B Ak
FEHT 6 A F o3 R @A

Hi TR 6 A~ 328 43 A T i AR s AR R A 2 ()
AH1, VIP >1 1948 # HE 724 0° H>Sr> Arg>>Mn>Cu>
Zn>Ca>¢" 0,6° H H 1E 5% B 3 1 7™ b ) U5 b e
FLAAE A TE BT T A R M B R BE R A4 K R P SRR e TH

L VIP>1

principal component

SRS A R
Variable importance of the first

(a) VIPH

X EBE.ZAEABES PR

0.4+ ®52H o o ol
— - oAla
T sp 0‘3, o5 180 ®/n s
iE =5 4Ca
®ETF 02F
jg}}é 014 o
M EE oo
I s ;Q—O.lf oCu o5
®E S 02f
-0.3L
Arg
—04 . . . . .
-0.05 0.00 005 0.10 0.15 0.20

S— T AT
The first principal component loading

(b) FmAsit

PCARSABHTEZH
The score plot and loading variable plot of PCA

AE 35X R TP 7 990 D i OO0 Lk g R A R
PR T Ly AR TR O [R] ) 3 R T PR AR RO R
ML LI 3. bk 8 AR AR R b R B R O 4
X E ARG Y A8 B, LA X 8 AR 1 X T 52 B 28 I i
W A EEAE . ATk 8 AR E R A & PLS-DA
R, 2 F2 4y o 3 I RS 4G S AR ) ) A R (AL IE B R
95.4520) ML 4 AUAT 2 A 5513 I H0OA A CGE i R
93.75%6) » A1 oK e 42 IE A 90 9 L 150 T a8 AR A kAR
LGSO I A A2 7 8 AT RUE S B & W Bl
7 3 1) 4 S

%3 PLSDARBZR
Table 3 The results of PLS-DA models

Wi R2X FIAEH R/ %
1 0.090 88.64(39/44)
2 0.644 88.64(39/44)
3 0.708 95.45(42/44)
4 0.741 93.18(41/44)
5 0.782 95.45(42/44)
6 0.809 97.73(43/44)
I o i
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Figure 2

VIP of the first principal components and the score plot of the first two principal components of PLS-DA
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