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ABSTRACT: Objective To explore the distribution differences of 15 kinds of inorganic elements in different
processing groups of Cinnamomum cassia Presl (with bark, scraped bark and rough bark) and assess the effect of the
bark-scraping process on the control of heavy metal risks. Methods The content of inorganic elements in the 3
groups of samples was determined by inductively coupled plasma-mass spectrometry (ICP-MS). Difference analysis
was performed using one-way ANOVA, principal component analysis (PCA), and orthogonal partial least
squares-discriminant analysis (OPLS-DA), and risk assessment of heavy metals and harmful elements was conducted.
Results The content of 10 kinds ofinorganic elements (Cr, Co, Ni, Cu, As, Pb, etc.) in the rough bark group was
significantly higher than that in the with-bark group and the rough bark group (P<0.05). Among them, the Pb content
far exceeded the standards of the 2020 edition of Chinese pharmacopoeia (with a failure rate of 90.9%). OPLS-DA
identified Sr, Pb, Cu and Rb as characteristic elements distinguishing the rough bark group from the other two groups.
Health risk assessment showed that the daily intake of elements in the 3 groups was within the safe range, but the risk
in the rough bark group was relatively higher. Conclusion The ICP-MS method adopt in this study for determining
the content of inorganic elements in Cinnamomum cassia Presl simple and reliable. The rough bark has a significant

enrichment effect on these 10 kinds ofelements, and removing the rough bark during processing can reduce the risk of

heavy metal exposure. This study can provide references for its quality control.

KEY WORDS: Cinnamomum cassia Presl; bark; inorganic elements; statistical analysis
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WA B RHEY) WL (Cinnamomum . cassia Presl)i+
PR, EEASMEREN R T, 2. WS,
AR . 1, 1B, M. O g, BRI, 8
FE 11, MBI AR R W, REESAEE
A . BEREREE L MEJE . ARAR APy, B
AHRET . PrEt L Bl e R A 2
o MeAbh, WA IZHAI TR . . H A2
Gk, B RIFR R ERT S, X REE IR AW 5T AT £ =
L TN EFAZ IR 2 i

(RN ) IR L, 23, SE Ak,
2 PHLE, BLOHPsReEE T, (AREEF ) Voo gL
BeF, seBfFA i A2, 2020 Ji € 2500 ) (LAR R FR S
JYRLRE PURETESL T I A0SR 22 2 ot SRz, w0, Al Ak
Iy PR B PR B i AN, I AR 25 o KL J2 AR A
KRBT BUZ LIS 198 K 28853, — oA LB Z R (i 24
g, PO BREAE . FET, OCT PRI ) A R
2 WA RO &N ISR S R
G, RUETCHLICER & 50 T 245 (T rh 24 b o i HAy B
B, THITRAED LM PR AT NHMETE,
I Co. Ni &, XETRS 5 NRCINGZ), B2y kT
RO EE Y AL, WA EFESEICE, 11 Pb.Cd %,
HESE @ Res kAN RN . 8 E THLICR & &,
AL LA H 25 Y i TE A R i R R 2 AR, 3 i R
I BRI 2 SR R ST, AR 28
AL GE M 2090 9 = T HESR, 38 R e B & 55 58 F 1R

it % 7% (inductively coupled plasma-mass spectrometry,

ICP-MS), Ml WEEARF A BHGE A . T A . M
H)15 FTEHLIC R &, 5 B 5B Jr 22 40 7 (one-way
analysis of variance, one-way ANOVA) . = i 43 4>
(principal component analysis, PCA)., JZ¥K %2 (hierarchical
clustering, HC) . 1E 38 1 # /)N — 3¢ 3 %1l 43 #T (orthogonal
partial least squares discriminant analysis, OPLS-DA)%{k24
T B, RGN AR LA [ TE Lot R /22 55
iE, JEOf L ARIE TR TR o S5 A 2 BUAR TE S 245 A RERE R
TF T 43 @ A FH U R I XU PEAL, Sy PR o S 4 o 4
PERL AR, o8 e 2 FIZ9hRUE, HESl PR i (e B
K&,

1 MR5ERZE

1.1 MRS

22 {EAT R PRERE S, Yok ERE, & TR AR X
25 R I B S e BT SR A 2 A S R R A T
PR R, FERRE B ILER LWL 1 R (LT TR B,
FH I8 FML R 0 AR (LA R RITRR SR ), &1 AAL (LA i
FRHLE /3 31445 h DP1~22, GP1~22, CP1~22,

ZILRIREWERER(Ag. As, Cd, Co, Cr, Cs, Cu,
Ni,Pb.Rb, Se. Sr. Tl. U, Fiit# /& 10 pg/mL, 24DC1957,
[ AT 04 @ SRR BTl vty ); SR BT R AR i
VR (BT EEYREE 1000 pg/mL, B21070358, 17 2 JF s e
YRt IBAMNFREB (B, Ge. In. Sc. Tb. Y, J&i
HWRIE 10 ug/mL, 5183-4681, 35 [ CHERA RAHD;
G 38043 A B AR HE ) 5 (GSB-11, HuBR YY) B H BR 1L 24 A
HFEIT).
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Table 1 Sample information

b 7L e g

1 TR 12 fite)

2 iy 13 T Pa B
3 JUAREER 14 PN e
4 JTAREER 15 SV A
5 JTARERR 16 AR
6 JUARERR 17 JTPEAE
7 i 18 JTPEA R
8 SV A 19 SV A
9 T4 20 “E%H
10 T Pa B 21 IR
11 I 22 i

12 UFE5EE

8800 I H A A 55 1 IR T (3 Agilent 24 ),
MARS6 HI i T4 A (35 [ CEM 24wl ); BHW-09W B 2%
P TR RR AR (- A 22 R A BRAA |, CP224S BT 43
Z— T RV (G AR - FE R 24 R .
1.3 XWFE
1.3.1 AUE TAEA%

ICP-MS i £5 14 I35 2.

#F2 ICP-MS T1E&ft
Table 2 Operating conditions of ICP-MS

A 24 v 30s 245
IF/BK FL75 [#/Pa 234 SR IW 1547
VU A EL2S B /Pa 1.48x10° | L #E/(L/min)  1.08

AR /°C 2 FR/EZRER 100
Il 5 B/ (r/s) 0.1 PEREAT R B /fmm 80

132 &k

PREE W ELH: HEBREZ TR IR G IERR
(10 pg/mL)if 5, F S%MMRIERmBEEZE, S8R
WelEyH A 0, 0.1, 0.5, 1.0, 2.0, 5.0, 10.0, 50.0.
100.0. 200.0, 500.0 ng/mL i RINRSARMEE R, K%

W2 BB i P4 SR B v VA TR (1000 pg/mL) N 5 %Rl T2 Vs i 7 e,

HR R4 5 0 0.1, 02, 0.5, 1.0, 2.0, 5.0 ng/mL
FRIBREVE W

PIBRIE IR A ] A 25 R BUR A MRS (10 pg/mL)
1 mL % 50 mL &, il SO Rfs B =210, #5), Big
(200 ng/mL),

HE VA S A IR T AR R 0.5 g, K
WA, B R R, INASRRE(65%) 6 mL, A
TR T R ASCHEAT I AR, R oE SRR, e, B TR
EERR 10 min, KiRESR RS 2 50 mL a0, FK Uk

WIRRE, — IR E 50 mL AP, IFHAARBEEZ
B, $EAT, RS, IR a) sl i s
1.3.3  RirfE
(DA H KA 32 H A
H % K BT} 5% #5% A & (estimated daily intake, EDI)it
SR,
CxIRD

EDI= (D

Kb C HREEAM P ESERE/SE, megke; IRD
i H A 254t (daily ingestion rate); BW i A\ HSF- 414
# (body weight)(Z: = brill FIARUER AN 55.9 kg). 25t
FUEWAEIZ R 1~5 g, IAME AR AL 5 g 1. LA
H %7 % 7] 1 32 $% A & (provisional tolerable daily intake,
PTDI) Ky 2 BAEA T b P24, a] LAPEAL ARk m] B 5 35000 £t
RS K- 24 EDI<PTDI i, FRHA#ALFIL] A FEh & 4
J& B A TR X g TG i 3 5

(2) B0 RS PFA

FUJE XK (carcinogenic risk, CR)AYEALIFAL &I EE{
JRE XU PEA ST 1) S B AT o X R R [R) R 2 h 5 5
JL#H(As. Cd. Pb)i CR #EATIFA . THEILAZ(2).

CR=C><IRD><EF><ED 2)
BW x AT xCSF

s C AR A T IT R B SEBR I E (E, mg/kg;
IRD J%3 HERA b, g 25000 AR Z5 80 1~5 g,
AR AR AR 5 g i BF WEFERBETHECRN
K H(exposure frequency), AMFEN 30 d; ED K#eE TH
EITLEAYAEE(exposure duration), €4 20 4E; BW g A1
PR JBTE (body weight), LA B i F b5 v 2 2% (BOE A
559 kg, JLE 32.7 kg); AT Jp VX iint il (average
time), &N AIIFr 704Ex365 d; CSF NEURE FHE K F(cancer
slope factor) [As: 1.5000 mg/(kg = d). Pb: 0.0085 mg/(kg * d). Cd:
6.1000 mg/(kg * )] >, FEEFMRHEH, 24 CR<Ix10 °Ht, %
JRUBS: T 2 AT, MBI EAL T 131070~ 1x107* i, X A
AR ) BRE XU B A A Ak T T 2 52 3 L
1.4 HUREALIE

K H Excel 2016, Origin 2024, SIMCA 14.1 Z£3F%F
Bl A7 Zoofegeit o t, Hh BN R Ty 20 a5 R L
YEARER 22 RN . PP A SEE R 3 IR,

2 HFR55H

2.1 FHEFER
211 ZBXAEER

53 )R B B TR B 00 3 A T T T B P B V5 YA
$i¢ 131 50 RS TINE, DAV TR B R AR AR (X, /L), Wi
DA AYARFR(NEHIbRHERZE, 25 50GR 3)E W He o &RTE
0.1~2.0 ug/L, HA 14 FOTELE 0.1~500.0 png/L M X R R
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I, FAHSE REFIKTF 0.9990.

R3 KMEXRR
Table 3 Table of linear relationship

Cr Y=1.1842E-1X+4.9172E-2 1.0000 0.1~500.0
Co Y=2.3516E-1X+3.6322E-3 1.0000 0.1~500.0
Ni Y=6.5471E-2X+6.1769E-3 1.0000 0.1~500.0
Cu Y=1.8817E-1X+3.6475E-2 1.0000 0.1~500.0
As Y=1.4388E-2X+1.5582E-4 1.0000 0.1~500.0
Se Y=5.0726E-4X+1.3117E-4 1.0000 0.1~500.0
Rb Y=5.1038E-3X+9.3445E-4 1.0000 0.1~500.0
Sr Y=7.1741E-3X+4.3147E-4 1.0000 0.1~500.0
Ag Y=3.8265E-2X+1.3463E-4 0.9999 0.1~500.0
Cd Y=2.7259E+3.X+0.0000E+0 1.0000 0.1~500.0
Cs Y=1.5806E-2X+1.6185E-4 0.9999 0.1~500.0
Hg Y=0.0026X+0.95576E-6 0.9990 0.1~2.0

Tl Y=2.2832E+4X+2.6697E+1 1.0000 0.1~500.0
Pb Y=2.8333E-2X+6.8142E-4 1.0000 0.1~500.0
U Y=3.1141E-2X+6.4122E-6 1.0000 0.1~500.0

212 MEE, 4K, mEFEKERE

W] — bR R, SR ERE 6 Ik, TR R 15 FPC
HIL G 2 M oy {F R A X bR Al 22 (relative standard deviation,
RSD)YAIFE 2.6%~4.5%, RUMUEAGE B RAF; #1328
T Rl 6 O bis i s, HERE I A5 - 5T 2 i by 1Y)
RSD 7 1.2%~4.9%, FRHIZITILEE M RIF; REHRIE
HIE AR 6y, INA SRS & TR & A 2 1R
G bR, TR B 45 0 FR 007 B AR Wk =y
93.1%~106.5%, [BIZ= RSDs N 1.0%~3.8%, FHiZ ik
HER L R 47
213 fEHHEE

HUE bR i) O -2 1.3.2 T ) £ b v i
T, HERESHT, 25 SR o 2 00 I A2 (i 35 FEAn v (BT L P,
FEHAASER AT I T 1 R AT o
22 HGERENEHER

B3 AN B ¥ PO REAE i, 4% BB SE0 5 kA T
M, AT 15 FOTEMS R, SRILE 40 R
2 ISR 1 S F 250 B AR (R 28 B 4 & AT LR W
bRk, R S5E R AEEREM T Pb, Cu. As, Cd BI& &Y
FESERE, (B H P B2 R ELE 1) 5.0 mg/kg, H
b 245 M B 5 5 2 A AR R TP B DB RR T L
23 AECENAELITRSENEERSEY
EERES

BAPR R 5 2243 Wil ik HU AR 2R 18] 7 22 R 2 N 7 225k )
Wi LI R ARSE, ST 3 B 2 AR A 1

(& EAAFE S 25 50 . SRy 2243 M T [l b i 2 45 PR AR
A E AT, FARMIE 50, A REA 4 P g2
BRTr 2204, B 2501, SRR IR M IE ZS 43 A it
PEHAES B S Kruskal-Wallis J7 224047, HI5 £ E L
PPt Dunn K B I IE A (HARTH L 5 22 550k
B, 3% Welch 3% BL e K56, TR 195 L 81 4% Games Howell
e MPEAR R R A 5 25 5 MR, PR R
Ty 2500, YIME AR SR Fisher #30, P<0.05 K255 HA
Gt i S K IR BRSSO Origin 2024 B 4E S804,
TE SRR 36 A7 22 S AR TR 45 SR WL IHE, 7 223 M SR L
Fd, BREM T, Cs, CdiXx 3 MILERTE 3 4L > 8
TR FHZEF, Rb, SrixX 2 s M LA & BB HY Y
FANFIH 2 S R, i 10 ANTTEHLE A SRR
K5 5N B 2 5, H, As. AgiX 2 e FE Sy
BITE 3 AL 2 [0 P P AL B 25 5, B X F X
10 AN TEHLICE A 5 1 & SE1E -

N T E ML ESX 15 FoTE S RAEAR R b B
ZIEIMZES, BILESG R A Origin 2024 B 2 H 158
RIE, WA 1o B 1 AR B R X 15 AOCE P, R, SrocE
o A o SEERE, R B TCHLOCER & B i 2 Tl A
B4, AL G0 P AR A ) 2R e

T4 15HENTEEERE S EHHLER(mg/ke)

Table 4 Results of One-Way ANOVA for 15 kinds of inorganic
elements (mg/kg)

LR i fil)s HLRZ

Cr 0.327+0.239" 0.271+0.166° 1.457+0.755°
Co 0.099+0.102° 0.112+0.165° 0.243+0.144*
Ni 0.245+0.230° 0.227+0.225° 1.29740.955°
Cu 3.306£0.946" 2.815+0.611° 18.177+4.515
As 0.038+0.037° 0.017+0.011¢ 0.741£0.520°
Se 0.047+0.036" 0.039+0.029° 0.696+0.398*
Rb 31.748+13.059*  32.820+14.529" 17.21649.390°
Sr 41.963+27.339"  45.156+27.872" 13.004+6.128"
Ag 0.0030.004° 0.0010.001° 0.025£0.020°
cd 0.447+0.177* 0.4510.154° 0.55040.255°
Cs 0.188+0.155° 0.196+0.164 0.3540.290°
Hg 0.006+0.004° 0.004+0.003¢ 0.131£0.064°
Tl 0.038+0.036 0.045+0.062° 0.045+0.027°
Pb 0.826+0.806" 0.365+0.580° 18.253+17.806"
U 0.0040.003° 0.0010.001° 0.079+0.074*

T AT A /NG T B4R 22 53 .35 (P<0.05).

24 ERDOALER

HeEE 15 FhICHLIC R S8 bR INE 25 2R 00 S A GE K
PErp, #EAT PCAL sl FEAERY T 2K, K 15 FhOCHLGER 19
ZRBAR AL T D BOUN LR G AR (T ALIY), LA A [ b
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Fig.1 Content distribution of 15 kinds of inorganic elements with different processing treatments

TR AR A it TR TE AL 3R A A A R AL A 2 SRR PURERTEHLOCRAFE . b, TRy 1Ay 22 Uik iR R,
P URFIESE 2>1 K50, MK 15 RhIEHLICE P EICT 3 4 REN T 54.389%, EMFREHRZER N ELWMIER 5). HT
Fsr, Br 25T 74.370%, R 34 T AT BT NEBOR, RETZICE AR 32 3 A5 Ok, —
e IR R 74.370%09 15 5, BERYF M S WA [ 2k HELZH A ERER T 0.8 FHARZ ERIT XN R R 5

x5 VIARFHEERRTTRBE

Table 5 Initial eigenvalues and cumulative contribution rates of inorganic elements

o VIR FRAE(E RICEJr Fzg A
p) T Z 5T /% SR =5tk E /% 2 Tr Z TR /% SR ZE TR /%
1 8.158 54.389 54.389 8.158 54.389 54.389
2 1.766 11.775 66.164 1.766 11.775 66.164
3 1.231 8.206 74.370 1.231 8.206 74.370
WA HAMFKFER, HFE 6 1A, Se. Cr. As, Cu. Ag, ®6 EBETFHEN
U. Ni. Pb Zoo 2B fihes, B T2 R 1 EM4 Table 6 Factor loading matrix
BB TR, FLI AR R 4o i 3 A T B R g 2 TLH ERG 1 ERS 2 ER 3
(MR, BURS 1 SRR 3 WOHL R 24 5 HA P 2R A5 Se 0.953 ~0.072 0.044
$eTH L2 Rb, TIEFRSY 2 EA B AT, Cd cr 0941 0.160 ~0.063
Efﬁkﬁ'} 3 F{ﬂﬁiﬁﬁ%%} X As 0.938 0.045 0.078
I Origin 2024 227 PCA £540 [, 25 57 2) AT B Cu 0.901 —0.153 —0.065
L NREE B R F 2 B 5 A WAL IX A0 FF, T e 4 5 0 Ag 0.858 —0.140 0310
éﬂﬁ?ﬂ?%ﬁ:}ifﬁi . U 0.839 0.070 —0.280
2.5 E)ﬂ%%%% Ni 0.810 0.296 -0.072
Pb 0.805 —0.063 0.318
S TWIEAE PCA il 41 5574 B 4L A I, 45 e T e s
P55 A Origin 2024 JE1T)Z YRS, RBIMLHEBET-, B o 0599 s 0003
BRRIESE Buclidean, L Z /B0 Bt AR ik, R
ool AR VE PRI B9 AR, 25 RN 3. 46 R co 0387 0.282 003
KIS 4 B, REARKE HFI, 55 H N 5 0512 0153 0327
%, PRI AR 2K, 15 PCA M4 R4 — 5L, Rb 0410 0798 0183
54k, DP21, GP21. CP1. CP16. CP20. CP7. CP19. CP9 T 0.120 0.732 —0.088
0.805

K REIAEDC AR, HE R 22 R Cd 0.410 0.142
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Fig.2 Results plots of PCA
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FRRERE ST AT o KPBRIHEAT 200 YA E R, 455 ULIK 4B,
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Fig.3 Results of hierarchical clustering
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Fig.4 Results plots of OPLS-DA
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Table 7 Qualified statistics of heavy metals and harmful elements

e ZOBREERE/ Ve i B ala
(mg/kg) REHFERR  REME% REWEARRE  RAME%  KREWERE  REHWE%
As 2 1 4.55 0 0 0 0
Cu 20 6 27.30 0 0 0 0
Cd 1 1 4.55 0 0 0 0
Hg 0.2 0 0 0 0 0 0
Pb 5 20 90.90 0 0 0 0
272 HARKTHZEAZTLER *8 ELBRBEETEMEDI
EDI 45 B3 8. ToibHe e 2l . Tl iz 4L M Table 8 EDI values of heavy metals and harmful elements
4, WHRERE LA FEENG A EARBBT LAk g OO mee ) ke @)
., UL LA KUK AH S, 1 T — R R KL
ﬁ%ﬁﬁ}fﬁiﬂ"ﬁﬁf\ﬂ[@o As 0.340 0.152 6.628 214
273 HERLIFAELR Cu 29571 2815  162.585 50000
X RAEAN AL BRAL BT Cd. As. 1 Pb JCE(W CR i Cd 3998 4034 4919 83
fifAh, Al%0 Cd. As. Pb AY CR {HERHI/NT HIE Hg 0054 0036 1172 /
1310753 9), RIARKELL 5 g BEA L 20 4ENAE4E 30 d SEART, Pb 7.388  3.265  163.265 357

Pb.Cd F1 As XF B K LEERE B CR SRAIR, 7T L2 FE: /% PDTI ARLE He.
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Table 9 CR values of heavy metals and harmful elements in
Cinnamomum cassia Presl (x10%)

4 il Bz 41 MLz 41
A JLE A JLE A JLE
As 0.05  0.09 002 004 1.04 1.77
Pb 116 198 051 087 2556  43.69
cd 063 107 063 108 077 1.32

TR

3 g

31 i i

Abt5iic i ICP-MS XJ RAEA R FRALRY 15 FhICHL
JUR S R TINE HHEAT IR R Ty 255007, A5 R R IPHLEZ
Zf%f Cr, Co, Ni, Cu, As., Se. Rb, Sr, Ag. Hg. Pb,
U %5 12 FOCRAA7E B S 4R, b Pb Stz @i
FRUECR A% 2RIE - 90.9%), T Bz 41 580 je 40 e % &
HRBAR HAF A 25 020K . X AT RE S ML B 1 8 T AN A
HEE, HILALS MR s A T oo R M, DiRE P, &
B AT R, 3 A Y R 2 TR L 74.370%, H
W PCL(F Z TR 54.389%) F 2 ML 2 24H i 55 261 Se.
Cr. As SoCETimk, MR A S50 R dl . &k AERIy
FI B 8 4325, OPLS-DA 5 R*X=0.981, R*Y=0.894 .
0°=0.874, FasE Pk RAF, ik Sr. Pb, Cu. Rb N X4MHL
e SHABPA M FRIE G E . MTESR R R 22001, X 4
ATCE KL A5 BANE 2 7 B, E—PRi0E T4k
TETER MG o BB XU PEA 2B, JrA A BEZH 1)
EDI#MIEF 52 PTDI, CRAAHIZE/NT 1x10°° i, {HHLE
KRS AR A, FJLEE CR (ES% 58 e TR . ASBgE b
R 205 R AE LA IX 43, HED AR AR B AR
BB /b, KL Pb.Cu 2558 % M & 80U 15
b2 B AR B G PRI e A S5 A P 25 5, i
KBS HF TR S E TR —ER, wRsERPRE
MAE TR, SET LA 25 5 R AR i o 1) 2 e K
F I A AR HAT — i B2 AR, 13Xt 5 M D BIF A 1 25 5
MMk, BRIHLE K 2% 5 v s A AR A RR 40 10 A i 1R
w28 B2 R S JEHL G 3 BB LA Y, X A
M2 3] () PR R KL R JOHL G R & R4 — 3K
32 & i

PSR TR A e 1 25 B P R S 25 02, B
LAk B R BT S8 A R . B PYRE S B2 B WL
REPANTT, FixS T ARSI B A 108 A7 ARBRE
AL R, 150 B n] 52 M FH 25 R v I S e etk . 6T
) B [ B LA S i B = R G, REWEAUE T Tk
ST . AR P — SRR A A
ICP-MS M5E T AR 2b BR A PUEERE iy 15 FREHLIC R 975
i, XY 22 T R E R A TR R PEA,

TS AR ) o 8 v 2 R Bz T 8 e I T < R i AU,
e T WAL M D AR TR AR, BT S
e 75k R i R DG 3R R Ry AR Y e 4 ) 5 22 e P
M=%
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