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and organic components, achieve precise origin tracing of Myrica rubra ‘Dongkui’ from major production areas such
as Zhejiang, Fujian and Yunnan in China. Methods Myrica rubra ‘Dongkui’ samples were collected from 5
representative regions in Zhejiang (Taizhou, Jinhua, Wenzhou), Fujian and Yunnan. Inductively coupled plasma mass
spectrometry (ICP-MS), spectrophotometry, acid—base titration and ion chromatography were employed to determine
mineral elements and organic components, including total anthocyanins, titratable acidity, sugar-to-acid ratio, and
solid-to-acid ratio. Chemometric methods such as principal component analysis (PCA), Fisher discriminant analysis,
and analysis of variance were applied to construct a discriminant model for origin identification. Results There
were significant differences in the content of 12 kinds of elements including Al, Ti, Fe, Ni, Cu, Zn, Ga, Sr, Cd, Sn, Sb
and Pb among different production areas of Myrica rubra. Among them, the content of Al, Ti, Fe, Cu, Zn, Ga, Cd and
Sn in the Yunnan production area were the highest, while the content of Ni, Cd and Pb in the Fujian production area
were the lowest. In terms of organic components, total anthocyanins, titratable acid, sugar-acid ratio and solid-acid
ratio also showed significant differences among production areas (P<0.05). Based on the discriminant model
established using fused data, the sample points from the three origins were clearly distinguished in the PCA plot, with
no overlap between Yunnan and Fujian/Zhejiang, and only occasional overlap between Fujian and Zhejiang. The
initial discriminant accuracy reached 97.3%, and the cross-validation discriminant rate was 94.7%, which was
significantly superior to single-component analysis methods. Conclusion The integration of fingerprint technology
for elemental and organic components combined with chemometric analysis can effectively achieve the accurate
discrimination of the origin of Myrica rubra ‘Dongkui’, providing a reliable multi-technique combined strategy for
the origin traceability and geographical indication protection of agricultural products.
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PR, RS PRGE . KRR, Ha Sat.
Z W 5wV Y L, B B NP 5 R
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BEFE (47 M ) P AT R, TR EEN 85.1%.

R EREAR S AT T R, (BB W A R A
T X W A M 2 2 e BT A A . e —, R R4
PSRN S 2B . M ATHEY 2R R — 2SI PR 8L
B, SEFTER, sEFDBUURM R 2810, %
A 11877 R A LA R AR (U e R %) 5 R AR (e
T8 R o) S [RIVE R R 25 21 . B — RN e 4 /s — O T
FIME R, X FARSRERARLT . HOEA 8 AR i 7= X,
HAN D HER AN . H T, ez X% 0 W R IR AR IR
FEFZYE o A V9T 245 B AE AR TA N [R] 77 (o] £ . 25 25 5,
(R B 2R G0 P b A AR 22785 S HP i o X b 2 S ELAT AR
HBARB XN OIERA S, BRI R IU4 | R,
Bz prig A b R e 22, R, R — R BRI
JRMR, S Z IR 4R 8UE B A S G 5 O FR AR RS U
i3, JEBET T MW IR 5 T SR A OB T o R
FRI T R, dARE RN R S YT R 1 E RS-
28 A B 4> #r (principal component analysis-linear
discriminant analysis, PCA-LDA)FERY B84 80U S A Y
WL S AR M (ERR KT 90%), (EA AR 137 b i
KAMBEFIATBR . PP R 8 BRI A kL, T 43
BE T AN EL BT bR, IR TR AR, Tn R M ILh A
TEESE 200 BT bR, (B2 0T A it 8 H A O 4
PR AR, I BIRCRIA ] T 95%. SKINEPSIIHT . 5t
P B PSR Y1 5 DY b = LT O R R R S, AT
WITTE S5 VUSSRl A ALY, TR A 0 2Rk 95.8%,
A SUIGHE RN RN 92.5% . W4k P F i) o0 2 51
B AR i 4T 4b o6 3% 35 (Fourier transform  infrared
spectroscopy, FTIRWE I 25 5 1k 2= o Mrih ik, X
5 A H [ Y T M T A KB F AR AR EA T bR A Y, A
SRS U A H] B E A SRR 97.3% . X LB sE LRI B, @b
G Z R INE B W U8 T R AE Z R A R B R B
o R S A8 T, W U A R O T R — R B N AT
HAR,

AR = 2R B A TR e R S AN S AR 2
e, NEET 2 4EEAR G R B TR AL T KR . A
B LS WL R SHEIES I ER, IR R E
R EMN . FRS T EITIE, DARZ R i A
FERTE B AR OL N (= v O =Sl S (SRS 2 I RPN
5T B 2 LB SR HEAL IR . TRE B Sk =
it R SRR AT SE A HOR TR, [R] Aty A AR 4™ A 11
LRI B A IR 5 B A PT A E Eat

1 MR5ERE

1.1 RIS
FORAETRE 3 B0 5 KRFES7IX 75 0 AR B i

FEHLA R WTL(E M . & RN, mEM s, 15 it
WHTT G AR B MO H A WL AE & Tl R B, 15 it
YR 4 AR A B AR O HA i VT4 el 22 1R 1), 15 it
YTV ZR S M O s o W VLA TR T B 22 7T), 15 it
YA IR N R A M O Mo AR A N T, 15 R =
2790 7R A A (7 b R 2 R4 0T R RS IR B IR M)
HER AR A 25 A AT R AR AR It M A B 28 40 F 75
AR, TR By — PR i LR AR R I SRS
RIS BACENIRA G EERA ., FEhER . 5
Wa, HETIRRAGAERED, BRIV T-80 CRIKHER K
i, TRIRE M

JC E IR A& bn W B W (GSB04-1767-2004) . Se
(GSB04-1751-2004) ., Sc (GSB04-1750-2004) . Ge (GSB04-1728-2004)
In (GSB04-1731-2004), Rh (GSB04-1745-2004)brfkfh (i
FEF4S 1000 pg/mL, A €4 R K B FAR 3 Bl i b
), A RHHELRE 99.9%) . BEFE(LERE 99.8%)(H 1
SR AR E R BT ); MR (P gk at, 81E Meker 2A+]); &
AAbEN. S ERIR . JOKBERREN . VKESER . JOK B
Y2 COorbral, 1254 E AL 2R AT B HD) o
1.2 UFE5E%

Thermo ICAP RQ Hi /& # & &5 & 1 14 i A .
1CS-6000 B+ 0,354 (3 [F Thermo Fisher Scientific /A H));
UltraCLAVE 8 2% L i1 ¥ ##% {1 (B K F| Milestone A F);
Abbemat 300 P D176 (75 [ Anton Paar 23 F]); J7i8 905
HL LT 7 A Gifi -+ Metrohm 23 F); UV-2600 £85k-1 W43
YEETH(H A Shimadzu /A #]); Milli-Q Advantage A10 #8410
FKHL(EE E Millipore 74 7); MS204S 43447 K (K5 B 0.1 meg,
%t Mettler Toledo A ).

1.3 LWHE
1.3.1 A amaTa

B R, SRR 2 400 HuEAi g, Mt
THF-80 °CHEARIR VKAE 76t 5 FH -

132 #RaFME

Z: 18 GB 5009.268—2025¢ & fh & e EHEAmE &
ZIUEMIME ) ARG 55 B T R % % (inductively
coupled plasma mass spectrometry, ICP-MS), Il €5 )
JCR T, MERFRIST IS A AERE L 0.5 gCRTIf 3]
0.0001 g), MARMF L IGTHAMHE, MA 1.7 mL G5B
1.3 mL —Z%oK, ff AR, HERT: a. TCIR
J£ 80 °C, JEJ7 100 bar, JEHLHF[E] 5 min; b. JEHL IR E
130 °C, J%/7 100 bar, JEHEIHE 8 min; c. JEHZIREE 180 °C,
JE /7 160 bar, JEHEHFA] 5 min; d. JEYEIEEE 220 °C, KN
160 bar, JEHEHS[E] 7 min; e. Y@ 220 °C, 71 160 bar, £
FEHFE] 15 min; . 20 min N 220 |CRHEEER. BHEFER
THAR A —JUKEA S 25 mL, i ICP-MS K,
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FH1TE

ICP-MS JLR AT e, 7ELKMA 1 pg/mL 1Y Sc.
Ge. Rh Al In BB WFREW . ST 1500 W, A E
0.80 L/min, #EFEETHHF 0.3 /s, BEEIE] 0.02 s, X
B 50 R, MIEREL3 K.
133 giéedssae

BAE T & BRI E R T/ZNZ 320—2025 { FHHIE
PEERR SR EEOTSENNE MRER) . &
BUGHARAE 4.0 gOR#E 0.0001 g) T B0, AR
5 40 mL 7843 YRI%GIR A, 3500 r/min 5.0 15 min, i #7
B2 W, AIF B2 IRBURES E 100 mL 268, A ZEZ)
B, RN AR IBOR, R HR 2 mL AR 21, 4
S pH 1.0 f1 pH 4.5 B VERE A 2 10 mL, # & 10 min,
SrAlhe AL ER A FIEL R B, (6T R R
e KT (516 nm)IE H Il A FIEE (IR B YOG 1
Enmax~ Epmaxe ZRJGDIE LA A FILL A B 7£ 700 nm 4k
HISEEEME Eazo0~ En7o0o

BT (URER-3-EHERHTTIDE R o, 1R
(D#HAT,

o= AEX449.2 X F xV %100 1)
exXIxXm

AP o HEFE R IE AT & i, mg/100 g; AE NG
{E%: (EAS16_EA700)_(EB516_EB700); 449.2 %%i%':i'%%%
T RYAERT 4> 7R, g/mol; V oMIRJG E AR, mL; FoOMAE
ARG m O REAL TR, g; & R A -3- AR e
JRIFJEZR B 26900, L/mol/em; [ Ay ML SE B, cm; Exsie
MR A FE 516 nm WKBEOEEE; Epsis M AT B
7E 516 nm P KA ICIE (R Eazoo M LG A 7E 700 nm ¢

KA SR Egoo M HL IR B 7E 700 nm I < AW G FE(E

100 Aty 250
1.3.4 TiHZmeEn e

AT R TR {6 FH R S A, TS g MR
Fedh, 1 0.03 mol/L AR A ENAWIH & 24 5 pH=8.2,
BRI E M E R & .

TA/%=100%Craon* Vxaon* K/ Wx100% )

K Cnaon WEFALANE W E(0.03 mol/L); Vaaon
SR 7 BT FE I SR AL AV R, mL; W R il g A
nnER, g K MR IRITIA R K, 0.064,
135 EHESENE

ATV A R B i A AT o 4 ) B
0.5 mL A#ERIT, FIRBAUKHRE 5000 £, 43514 0.22 pm
TRFLIE B MR B ISV TR, ARSI o BB B e A b |
SBHFIRERE 5 5 2 A,
1.3.6 TEHEBBHEZMNT

AL BT R FABA D47 SCAGHEA T (40 22 o 0] A P
1 mL — R PSR HURE b, T 2 TR A TR B kAT
(25 °C)o BRUCI ) HB FRZE IRk, BAFE S AT

TE 3K
1.4 HIEAE

T HIR 15 HERE S, BT A BRI T 3 1k
TAT AT SRR E, LA (B i 22 RAE, LATRIESS
RAEZME S RN, LG HERT R SR . SRATER
WEIE S 78 #7484 (standard normal variate, SNV)X} 5l &
Bl KA WU SR HE AL AL B . 7E Ak 2t i 2 A
WrBt, RA IBM SPPS 22 478G, B I 2245047,
PCA # Fisher #5143#r, feZ&iliad Origin 2021 58 52 564K
eyl AL B, B ORGETTHAS ROk

2 HR55H

21 WYIRERRESBERSH

MR S TP TR R AR 1. X 5 N7
MEREAR ] A Py 28 T i A A TBR R R 22 0B, W1k 1
fii7Re AL, Ga. Sn JFiit /M4, =pm ikt 54 4 A"
M HFAAAE B35 22 S (P<0.05); Ti Fis/r 4k, wivisste
7 M A% M5 W TR N 2 7 AR M A T 3 2% ek
(P<0.05); Fe JEifit 734k, k. WiililE . Wrilater-Hiky
M55 2B . BTVLIRN 7= AR AR A7 A 10 P 22 e (P<0.05);
Ni JTHE 05, Wi = gt SRt . WiitAlE . WL
S8 M A A B 2 1 2 4 (P<0.05); Cu 44K,
= SRR . WAL A M A A S 2
PE(P<0.05); Zn FIiEAEL, . =75l
J& WL AT Wb M A7 A 18 351 25 R4 (P<0.05); St it it
SEL, WA g SR . =/ . Wi = g
MEAEAE 3 22 S (P<0.05); St 404k, WLt i
iR SEE. =M. WTLRM - e B g e R
(P<0.05); Sb JTiE 434, R = Hitg i 5 H4 4 A Hitkg g
TAAE B E M2 R (P<0.05); Cd [RRAHE, =i
A | WL M A A7 125 22 PR (P<0.05); Sb JfidE:
SEL BRI S H g 4 A g e B 2
SHPE(P<0.05); Pb ST/ 4L, =y i S e i TAlE |
WL 4B 7= AR AT AE B M 22 S PR (P<0.05)  NFAE B 5
2 F(P>0.05)W WICEAT Cr. Mn, Co. As. Se FlBa, Xf
Mg A 2= IR BT R B Am i
B Ni, Cd 1 Pb Jif /- HUmAR, 43500(109.84+59.09) .,
(0.73£0.34)F1(0.43+0.62) ngkg, =t Al, Ti, Fe,
Cu.Zn.Ga.Cd. Sn it /r-4um e, 7028 (1568.79£1072.21),
(141.49+46.65). (2041.39+732.49), (118.73+74.61).
(1114.54+272.88), (1.10+0.57), (2.61£1.49), (2.60+1.80) pg/ke;
WTAESAE ) Cu i Ededil, }(54.31225.68) pg/ke;
WA M i Sr BT it 408U, H1(57.17+42.67) pg/ke,
Al, Ti. Fe. Ga. Sn mERESHEM, 55K
(204.37+167.45) .(65.36£8.60) . (993.89£99.71) . (0.150.15) ,
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F1 TEHFEH 18 M T RNRE N E(n=15, pg/ke)
Table 1 Content of 18 kinds of mineral elements in Myrica rubra from different origins (n=15, pg/kg)

JLHR by =H LAl & W& WL
Al 751.01+398.76° 1568.79+1072.21° 669.00:422.49° 204.37+167.45 603.36+440.01°
Ti 77.00£19.76"™ 141.49+46.65° 96.16+23.12% 65.36=8.60" 140.80+137.32°
Cr 1.99+1.28 4.37+1.81 4.56+3.15 5.11+8.12 6.01+4.77
Mn 5603.61+2156.10 9036.25+11726.56 5020.93+4067.94 4019.59+536.91 3766.28+479.75
Fe 1231.14+230.61° 2041.39+732.49" 1306.8+360.9" 993.89+99.71° 1825.28+792.62°
Co 8.62+5.03 6.85+3.14 8.16+4.25 9.00+8.74 6.73+3.17
Ni 109.84+59.09* 285.37+78.17% 140.31+50.07" 150.46+93.82" 336.67+374.00°
Cu 58.00+£22.03" 118.73+74.61° 54.31£25.68" 71.88+52.51® 86.89+21.15%
Zn 971.47+291.73° 1114.54+272.88" 731.95£199.31° 693.95+37.82° 924 .86+184.24%
Ga 0.46+0.37° 1.10£0.57° 0.44+0.24° 0.15+0.15" 0.43+0.12°
As 0.07+0.13 1.65+0.82 0.63+1.25 13.63+21.91 4.38+9.80
Se 2.85+2.66 0.48+0.40 0.35+0.32 0.33+0.38 0.71+0.31
Sr 17.55+16.79" 24.35+19.49° 32.18+15.33% 57.17+42.67° 16.66+5.56°
cd 0.73+0.34° 2.61+1.49° 1.77£1.57® 1.11£0.55® 0.80:£0.23°
Sn 0.41+0.41° 2.60+1.80° 0.63+0.87° 0.05+0.15 0.18+0.37
Sb 0.91+0.58" 0.00+0.00° 0.00+0.00° 0.35+0.60° 3.05+4.68"
Ba 20.25+19.70 40.38+20.53 122.87+251.81 34.65+12.94 24.55+6.86
Pb 0.43£0.62° 2.76£1.26 1.72£2.76" 1.28+0.93° 1.83+1.46™

e WA TSR] E AR BE R R 25 57 1 25 (P<0.05) . % 2 [,

(0.05+0.15) pg/kg, WiiLiRMAZMEHH Ni, Sb i &5 4 =L

B, 4518 (336.67£374.00) ., (3.05+4.68) pg/kg H. Sr LR :g@m% R

JR AN BAR, H(16.66+5.56) pg/kg. FILATTS, A7 3b ST ARt ¢

BAHE 0BG R AU A5 LA, P9I A oI :

Ni. Cd. Pb &R &REM, MHAHHHNEET Al S 2r R

Ti, Fe. Cu. Zn, Ga. Cd. Sn &H %, % . K

22 BETFHUTENERS S g FOPVRNE ’

PCA i FAGLEFEREAE Iy, HERG 0 S0 A R of wa e s A
T A AR ks — 2 T REAEAEAH G Y IR s AR 1, B di b vy o AN
LT RAE R F R S8 M5y 22 TR N aF 0 Tt *

RUKAHES, s — F U AR T 22 80K, S5 2L Ly
HRUGHEIRE 1% 77 T5 RES FE OR B B T2 AR AR A TR
B REAREARAE RS, ik BT & 2B, ITE T 1 45
AT o AHF5E R PCA XAGAEREAS (1 W) o0 R BdR 24T
R, B m AR F B 2 IR4EE ], DIEW S
LB TF - i ) o3 AR, IR 0 3R e i 1B
HE B EERHEFE AR . X 5 A= g S R Y e &
Ui ZE S B E W) AlL Ti. Fe, Ni, Cu. Zn. Ga. Sr.
Cd.Sb.Pb.Sn #47BUREE Y14 1 0K 1 (kaiser-meyer-olkin
measure of sampling adequacy, KMO), # % {8 0.531
(KMO>0.500), #1440 5 (0] AR SCTE 22, PCA T L.
PR B3R 12 Fha ) oc R AE N AR AT A4 0T (B 1)

PC1 (27.76%)

B 1 RFE=HiIEHE PCA h PC1. PC2 184385 Bl (n=15)
Fig.1 Dispersion point plots of PC1 and PC2 in the PCA of Myrica
rubra from different origins (n=15)

TR 115 27.76%, EM4r2 15 18.83%.PCALERE/R, =
B 558 AR b 1 7R A M AR AN A T TR R 4 AT X B
FKHEETH YT LA NN PCA BT AEASA &5 X 2053 4>
FEHb . BRI, HABER S IR A S E B EE, (U5
TR FREIRETEERX S ZIEH = E RS LT HE
AR W, A ER BT ETTEEN 46.59%,
XEWE YA PCA BAMUHIIR T RREHE A B 11



312 B il 2 A iR AR U A 4

FH1TE

ARSAE L, RHERTREXS 7 ) 5 A R A AE TR AT
MAL I 5 o rh, BB il — GEBEY X
PAGr . LU, B35 M REHAT AMLL G M Joe 7 S 5 - 4
EL, BRI B Yo R i R Ak, 257X
[vi A 4 A M A7 B e (G E D7 58 )t T BE IS5 175 ]
A TR 25
2.3 BAIHSEERSN

AT A e A A Y 2 A AL A R AR E 5 2R
R 2PUR. MR 2 ATHL, R BRI M2 e A
REHEAEET | FTHERR S A WL L X SR L HA

FERZIE(P<0.05), X S5 AT s TR & B s e Rk
L 2EKF-(P>0.05), EAEEATF &R R (10.91 mg/100 g)
SHTLHEM(11.69 mg/100 )/~ Hum, 5w TAm e ™
H(6.98 mg/100 g); A EE ™ A% Mg (4 T IR E R % B R
(1.43%), =T = EHH#0.93%); 1= 5= iR H
(12.33) 5 [ F (12.86) 3 24 BT A5 77 b v g e, 2 BH L 101 Jgk
FTRESE (w1 D . AT ELZ R, Wi A e i AE & G b 1
ZA T K. 25 b, AR R T, DUOBEER Lk A E R
FE A AR R B R S AT 4 bR LA R AR BT X — AN B SR 4
Fr, T XA i i A S E R E L.

R2 TREIFHFHEHEERTE. AEHER. DB TRAEERYEEN=15)
Table 2 Content of total anthocyanins, titratable acidity, total sugar and total soluble solids in Myrica rubra from different
origins (N=15)

Eitan Fiz3e: oM Wi AlE W4 WM
B AT /(mg/100 g) 6.98+1.09* 10.91+2.49° 8.60+3.63™ 8.78+2.13% 11.6942.42°
A E R = % 1.43%0.13¢ 0.93+0.17° 1.1240.17* 1.22+0.20° 1.11£0.15®
SRR % 9.90+1.21 11.21£1.02 10.27+1.16 10.37+0.46 10.69+1.37
AT i % 11.21£1.82 11.68+1.05 12.50+2.49 10.80+0.73 11.38+1.42
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Fig.2 PCA of elemental and organic combined data
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Table 3 Classification results of Fisher discriminant analysis of Myricarubra
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