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Measurement of Mineral Elements in Velvet Antlers from Different Regions of Origin Using ICP-MS Method
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[ Abstract | Objective: To investigate the geoherbalism and safety of sika deer velvet antlers, mineral element
contents in the antlers from different areas of origin were measured and analyzed. Method : 42 velvet antler samples were col-
lected from 7 sika deer farms in both Jilin and Shandong Provinces. The contents of 18 mineral elements in the samples were
measured by using ICP-MS after freeze-drying for preservation. At the same time, principal component analysis was used to
cluster all samples and Pearson correlation coefficient analysis was carried out to clarify the correlation between the 18 mineral
elements. Results: Contents of most mineral elements in the velvet antlers from different areas of origin varied considerably,
and the Zn content in Jilin was lower than that in Shandong; Contents of Pb, Cd, Cu and As in the velvet antler were much
lower than limits of Pharmacopoeia of the People’s Republic of China, all in the range of food heavy metals. Conclusion: There
was a correlation between mineral element contents in the antler samples from the same area. ICP-MS could accurately be used
to measure the contents of mineral elements in freeze-dried velvet antlers, and there were differences in mineral contents among
the different producing areas. To study geoherbalism of velvet antlers, Zn content could be used as a single candidate
factor. Based on the fact that velvet antlers contain very low heavy metals, velvet antlers are a safe raw material for food and
medicine.
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S M AE BE Cervus nipport Temminck mY 5 JiE
Cervus elaphus Linnaeus #f fE R B LB ETF LWL
L RN BT, o AR A R R A A
kE, BARAEE E R SRmSERT, K
RIS AR DI RERS 2] 1) V2 AT o (AR ARSI
EZ5) BEFEMDIRE S FIERAR R HE M, %
ke, sRAE, Wt e, RETT LR
HZGM A 80% r= FHEAERED . Mg A8 JEE JE 5 (Y 38 Hb
PAX A R TR P ), A A8 i e A
AL X, L A — AN, K=
B e AL B RE B e X

TE M 2P TR R E T R U 255 PR E
ol L 2 A4 L O R A 2 RS M IR B R
PRERANIR] 7 245 04 B 5 100 1) 22 5 1 Ry S ST 24 4
DA T A A AT Bz —, AR NA
PS5 T T BB T 2R

EFR A FE ALY, 5 ) BRI T
Z L WSRO R v ey | K
FZIK | BAr R S WU I — 25 5
ORI, EHTT AR W TN P Rl & 0 M) BT R 19
XFEEBIFSE . AIIFERSE THEAEREREE 7 DX AR A
FPRIARE L T DI EEFCAIFTEN S, SR
FERALPRAE iy, 32 FH AR T - r SR & 55 2 oS
(ICP-MS) 73 HrE RBEHLINE T EHEH 18 R Yot R
e, LU ) X E R 2%

1 EE5iEH

AT AR AL (AL 5 . MARSS, ¢ CEM 2
Hl) s WU A SF B TR B g (ICP-MS, B
7700X, SEEZHERAT ) ; RGN (BT
DHG-9013A, Rifg—fE{AS A RA ) s R THL (2
“F: FDU-1100, ZRui¥fb/sw] EYELA £51)) .

TCR PR EIR WAL % Na, Mg, P, K, Ca, Mn,
Fe, Co, Cu, Zn, Se, Cr, As, Cd, Ag, Pb, Ba,
Aa (P T B F 5 B B S0 W SO0 5T PG,
DUk IES 100 pg-mL™") 5 WRASAR (fL44t, 2y
MR FRA ) 5 30% i A A 2 (g st Ak
A AR AW o

2016 4F 7—8 1L Al Al A8 R AUMG AL REF*
PEARIUER 42, TR 1, REET: B TAHE
B AR ERARBUSE EE  1 em WRER Ao & RKAT
T EAOP R EBEA RIS I B AR B TR ROR
WFFE RO S AL EE Cervus nippon Temminck FETH
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*1 FHEFUFEREHRKEES

5 SRAE £ FE AR N ZEE

CC HMEARENMAK 6 43°3121.62" 125°39'30. 67"
JL EMEEHTAZME 6 44°01'14.73" 126°08'34.87"
SP M DT 6 43°0950. 05" 124°20'39. 05"
N ILWREBFET 6 36°39'5.09"  117°06'50. 30"
QD ILREHHH 6  36°03'57.48" 120°22'40.33"
YT IWREEET 6  37°27'45.23" 121°26'34.28"
LY WWZEE T 6  35°06'18.22" 118°21'2.59"

2 7k

2.1 X HR A VA TP T 1

PR . TR (Na, Mg, P, K, Ca, Mn,
Fe, Co, Cu, Zn, Se, Cr, As, Cd, Ag, Pb., Ba,
Au) BRAET T A T R 100 pg-mL™", fii
T 0 22 Pl s R B

P Ze il /F: Kol Na, Mg, P, K, Ca g4
PR A 0, 2, 4, 6, 8, 10 mg-L7',
Mn, Fe, Co, Cu, Zn, Se, Cr, As, Cd, Ag, Pb,
Ba, Au, Cd, Ag {BGARIEMLBRWE N O, 5,
10, 20, 50, 100 pg-L™", PISRITBGEI—E AN
TCEERR, F 2% Mok AR 2 10 ng-L™' . FEIkE
O BE T bR 2, - 29O0F0.999 0, & 2,
T FIRTCRTE0.3 ~ 100 pg- LM R RAF.

x2 TEREMAE

JLR 5 7 r B RSD/%
Na  Y=232.3450X +213.003 2 0.999 3 0.00030 1.90

Mg Y =213.653 2X +731.056 6 0.999 8 0.00030 2.23
Y =200.023 4X +10.234 2 0.9999 0.10000 2.56

K Y =152.056 6X +2 843.023 1 1.000 0 0.00020 3.51

Ca Y =85.3321X+462.342 1 0.999 6 0.00020 1.82
Mn Y =2621X +800.324 2

Fe Y =987.453 2X +458.239 6

0.9999 0.00007 2.96
0.9999 0.00030 2.45
Co Y=7430.342 5X +234.856 0 0.999 8 0.00090 3.04
Cu Y=12002.231 3X+5321.9422 0.9999 0.00020 2.94
Zn Y =1234.2344X +2 034.002 1

Se Y=4302.224 4X +1243.043 2

1.000 0 0.00030 1.87
0.9996 0.00070 1.59
Cr Y =401.021 3X +34.943 2 0.999 8 0.00020 2.88
As Y =984.3455X +234.022 3 0.999 8 0.000 60 3.56
Pb  Y=194229.3424X +34211.2345 0.9999 0.000 04 3.79
Ba Y=7212.643 4X +437.453 4 0.9997 0.00002 2.76
Au Y =8734.2345X +3435.0343 0.9996 0.00090 3.87
Cd Y =4534.2455X +541.330 4 0.999 8 0.00009 4.56

Ag  Y=6545.059 9X +7 681.034 44 0.999 7 0.002 00 4.50
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2.2 RGP

HERRAR B 25 4 A REEERE ML 0.5 ¢ TN AR HE
JIA 4.0 mL ¥#RAHAEZ . 1.0 mL 30% s 8L, 1R,
TAFNANG, BTG RGN R, AR
W3, WA MR A, WO e, R
e B # 2 50 mL AR R E A, A E Rl
ICP-MS s TAEAMF: ZERIE 2 C, F5 T
14 Lomin~", MEHEEHAEE 25 romin ™", 2555515 Th
#1550 W, HB AR 0.79 Lomin ™', ZF k3%
PR L1, 0 Lomin ™', KED M@, ARAE (S R
HE S AT AF TR R R TR Z 5, iiE %
R g7k rp & TR BT A, WAk 4.

*3 WMEHBRENY

BrEe  iR/W o JHERTE/min JREE/C REEERE/min
1 1280 5 120 1
2 1280 5 160 5
3 1280 5 180 10

2.3 Tk

2.3 1 KRR LRI E A FR 11 R, RAE ST
B A5 A AL 4 i 22 1) 3 4% T X IO ) 9 32 S A
MR, ZRIFE2, KITRMERME LT 10775
B, Jrik R

2.3.2 Ky IR B8 MOCER bR E A B &
ZEpERE 6 Yl E S i, 18 FICERAY RSD Jy 1. 90% ~
2.70% , WF2, RIS ENER L

2.3.3 HAMIAR  FEHLBUE S A6 CC1 56 1,
5 2.2 U5 3R A I e, AT S v K B 18

FHICZEM RSD H 1.80% ~4.52% , MMM ESR
PER AT

2.3. 4 RuEtkilE  BUEHEM M CClL 5, 2.2 1
TPk AR, AT 0, 4. 8, 12, 16, 20,
24 h FRE, 18 FHICZEAIRSD J 1.21% ~4.02% , 3
WIFEATE 24 h NERRE Y

2.3.5 AT ARE D 0 A AE Sy CC
0.5 g(51), MEwMaE, WMEMA—T &M% IT
RN RS, F BRI S, R A TR
[ 5] i 2K Sk 96.90% ~ 102.80% , RSD 4 7E 5%
[

3 £R

3.1 A= EFE R 18 P iioc R & i R
[ 2 S Pk o A

SR 201 1 2. 2 SR 0 5 R S [R] 7= b 42 7y
FERCR &, R IE S, WX 50 #r, Cr
AN BRSPS REFERIT¥E X, H
T EEFAGITFE X (P <0.01), fn: Co &
DU b X A S AR TR RIS AR IX, Cd &5 Py
T KREMER3 MUK ZRAEIEE . WA
AT, IWARE 4 A= XEE P Al Ca & T
FHHAE 3 A, BERASIHEL(P<0.01);
JGE Mg Fl Zn 55 55 MOt X BE AR 5K T 1L 4R
XREE; BRIGUTRE S AN, BEHOTE K &S
XA R T I AR A 3 A= X, Au FEA A= H i
RIERAFES P EIRE H . 0P FICEK Ca il P AEREL
P RFEE, Cafl P &R LA 2:1,

x4 BN BEEERMELCKEREER(n=6)

. HEME Fa sk EEES L A ek ENEs

R RSD/% RSD/% SER RSD/% R RSD/% RSD/% SERf RSD/%
Na 1. 80 2.54 102. 56 2. 88 Zn 3.25 1.60 102. 36 3.25
Mg 2.65 1.88 99. 64 3.66 Se 4.12 1.89 101.77 2.89
P 1.96 3.84 98.72 2.46 Cr 3.68 1.56 99. 65 3.98
K 2.34 1.52 103. 89 1.96 As 3.69 1.79 98. 69 2.00
Ca 1.87 1.21 98.96 2.54 Pb 4.08 2.85 101.55 3.50
Mn 3.10 2.10 101.88 2.63 Ba 3.54 2.64 99. 33 1.88
Fe 3.52 4.52 104. 20 4.15 Au — 2.96 — 1.59
Co 2.84 1.75 101.58 2.58 Cd 2.79 3.86 103.58 2.75
Cu 3.78 4.02 98.74 4.35 Ag 3.87 3.48 103. 66 3.71

JE: Na, Mg, Al, P, K, Ca &2 mg-kg';
PN ne-kg ™!, TR —FRTEUR.

Mn, Fe, Co.

Ni, Cu, Zn, Se, Cr, As, Cd, Ag, Pb, Ba, Au, Cd, Ag &
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RS AEAFHEED I8 HTWRTEEE (v s, n=6)
Na Mg P K Ca Au
CC  5470.22+383.20" 1748.92+113.75' 39 565.43 +4975.21°  3155.63 £198.80" 78 018.83 =11 221. 75" <0.000
JL 6026.25 £402.67* 2230.84 £238.93° 47 908.70 =3 454.92%  2758.94 +86.39"" 98 029.59 +6 614. 66" <0.000
SP 5655.70 £526.33" 1916.80 +424.71' 48 427.75 +8 315.87°" 2366.71 £637.52" 101 663.03 =18 357. 64 <0. 000
IN 552019 +£168. 58" 3 411.37 £230.49" 77 131.71 £5 941.36"  1225.23 +256.81° 158 209.42 +7 392. 93" <0.000
QD 4285.25+886.72° 2999.98 +1 116.04™ 60 700.57 +19 307.91"™ 1 213.91 £936.72° 124 360.25 41 468. 07" <0.000
YT 5004.97£129.08" 3158.73 £171.72""  65282.52 3 631.73* 1607.75 £34.95° 137 821.59 =6 842. 25" <0.000
LY 5892.99+198.60° 2639.23 £114.91" 55 408.74 +2 897. 59" 2 667.40 £143.43" 115 015.62 +5 223. 99" <0.000
Mn Fe Co Cu A Se
CC  1280.42£469.88"  394.49 +308. 43 30.23 £14.04™  1669.22 £536.52" 54 888.46 £6 616.13°  152.97 +65.47"
L 766.13 £134.5°  231.12£69.61" 37.12 £30. 16" 1384.01 £307. 56" 51443.12+5051.23°  205.54 +47.99*
SP 622.83+77.91'  162.31 £82.39" 14.23 £2.17° 989.54 +311.5"  55781.20 £5968.40°  138.83 =41.95°
IN  855.07£333.51™"  121.04 £59. 82" 26.46 +10.21°" 506.51 £85.76° 62 927.62 +4297.45"  108.12 £26. 15°
QD 2280.42£626.59"  74.66 £39.09" 18.75 +6. 5™ 937.78 £515.76™  72209.76 +3 064.83"  150.61 +56.31"
YT 2539.17£106.21*  252.8 £19.2 45.11 £3.73° 861.5£80.92°  65662.452194.96"  121.62 £16.87°
LY 1175.45+235.45" 134.81 £16.81" 20.6 £4.27" 1868.61 £158.61"  65027.74 £3938.36"  228.82 +25.76"
Cr As Cd Ag Pb Ba
CC 2825.08+911.24 16.41 4. 68 3.38 £0.94° 3.17 +1.16" 376.14 £113.07™ 16 517.46 =1 875.77™
JL 2764.64+1838.6  20.27 +7.56™ 1.31£0.9° 14.62 +13.57* 187.17 +89.48" 21 317.04 +4 074. 85"
SP 1371.52 +348.69 13.6 £3.97"™ 2.22 +0.54" 29.22 £24.37° 270.74 £71.03*) 13 102.25 +1 602.75"
JN 1898.57+1691.02 1211 £6.9° 1.26 £0.35° 2.8+2.35" 274.9571.65" 18 934.6 +1718.32"
QD 1033.32£685.19 9.96 +3.11° 2.04 £0.55" 2.05=1.38" 889.57 +225.15" 39 113.62 +11 524.07"
YT 1678.78+1635.12  21.53 £2.55° 2.32£0.28" 4.261.13" 513.64 £26.32" 41 255.22 +6 904. 84"
LY 2048.97 £937.96 21.63 +2.5° 2.58 £0.25% 4.62 +3.98" 315.22£27. 191 41 179. 12 +2 602. 86*
BRI PR AR B R RG T L(P >0.05) , AF/NG FRRRZEF A G #RE (P <0.01)
3.2 HISEESM T 45 Co, Cu, Cry As, Cd FREM B HMK; Co 5
gy O AsEEBEENIG CultySe, As, Cd & hLH

iP5 T O P VA K K TR ¥ v
ﬁﬁﬁ’?‘?ﬁiﬁv\ﬁj\*ﬁqj Ha xR %*ﬁ?@iﬂ"ﬁa%

T, N AN R 43 Z R B R . A5
XTF”I"EZ#HD'? 18 FhoCRIEATASCE AT . S5 AR L3R
6. N6 FTLIF I, FLETTR M Ir 2 F A7 1E 2 3 B
EWREAM M, Na 55 Mg, P, K, Ca, Mn, Cu,
n, Se, Pb, Ba FEZERAGIFEX(P<0.01);
Mg 5 P, K, Ca, Cu, Zn, Se, Ba { i i & 4
¥, PE K, Ca, Fe, Cu, Zn, Se, Cd. Ba ZHE#
WEME; KFl Ca, Cu, Zn, Se, Pb, Ba & 51k
WEMK; CalyFe, . Se, Cd, Ba &tk
WEMIE; Mo 5 Zn, TR MG Fe
+ 1270 -

Pb Ba

WEMK; Zn 5H 5 Pb, Ba &R B EHL,
3.3 Far T
i SPSS B AT AT A i 2R AT FE a0 a0

1) 18 FhITER 7E 75 MRAE T LR 44 A [6] 7 b g ) ot
TCHRER A BT, SERIEK T, NKT AL
FEili, Hi2 AFMor R DTk ARAR 91. 88% , RES
WIS B Y R 2808 (5 2o Ho, 55 1A E sy
(PC1) Fitot mﬁﬁmn% IE&%%E%ENm
P, K, Ca, M . Co, Cu, Zn, Se, As, Cd. Ag,
Pb, Ba E‘JT%E\O 52 Tl (PC2) R TTHR
21.56% , FEZRBERHA Mg, Cr. Ag, Ba BIfEE.



2019 4£9 J 4521 % 459 W] HEBE 2 Mod Chin Med Sep. 2019 Vol.21 No.9

x6 REET I8 M Y HRITE K /REHEX S

Na Mg P K Ca Mn Fe Co Cu Zn Se Cr As Cd Ag Pb Ba

Na 1 -0.509" -0.422™ 0.732™ -0.445"-0.468™ 0.314 0.02 0.540"-0.730" 0.571™ 0.274 0.291 0.058 0.077 -0.751"-0.459™"
Mg -0.509" 1 0.961-0.861" 0.958™ 0.269 -0.366" 0.003 -0.613™ 0.676™ -0.413"-0.269 -0.057 -0.357" -0.351* 0.378" 0.587"
P -0.42™ 091" 1 -0.858™ 0.993™ 0.127 -0.438" -0.052 -0.699™ 0.574™ -0.507"-0.244 -0.129 -0.436"-0.252 0.240 0.418™
K 0.732"-0.801" -0.858™ 1 -0.8737-0.29 0.487" 0.067 0.812"-0.686™ 0.607" 0.358* 0.320° 0.393* 0.124 -0.522"-0.403*
Ca -0.445™ 0.958" 0.993"-0.873" 1 0.124 -0.459™ -0.053 -0.720 0.563* -0.513"-0.273 -0.117 -0.454"-0.227 0.239  0.440™
Mn -0.468* 0.269 0.127 -0.29 0.14 1 0.188  0.351* 0.010 0.582™ -0.070 -0.046 0.167 0.302 -0.347* 0.641™ 0.583™
Fe  0.314" -0.366" -0.438™ 0.487™ -0.459™ 0.188 1 0.5470.5007-0.092  0.186  0.464™ 0.472™ 0.497™-0.043 -0.133 -0.197

Co 0042 0003 -0052 0067 -0.053 0.351* 0.547" 1 0.063 -0.031 -0.008 0.562™ 0.519™ 0.065 0.050 -0.095 0.065

Cu  0.540™-0.613" -0.699™ 0.812" -0.720™ 0.010 0.500™ 0.063 1 -0.361"  0.735™ 0.356" 0.482" 0.575"-0.056 -0.187 0.017
Zn -0.730" 0.676™ 0.574™-0.686™ 0.563™ 0.582"=0.092 -0.031 -0.361" 1 -0.333* -0.280 -0.151 0.051 -0.285 0.711™ 0.578"
Se  0.571™-0.413" -0.507" 0.607*" -0.513-0.070 0.186 -0.008 0.735-0.333" 1 0.046 0.376" 0.298 -0.144 -0.146 0.104
Cr 0274 -0.269 -0.244 0.358" -0.273 -0.046 0.464™ 0.562* 0.356* —0.280 0.046 1 0.454* 0.100 0.157 -0.320* -0.136
As  0.291 -0.057 -0.129 0.320" -0.117 0.167 0.472™ 0.519" 0.482"-0. 151 0.376" 0.44™ 1 0.275 -0.028 -0.268 0.283
Cd  0.058 -0.357" -0.436™ 0.393" -0.454™ 0.302 0.497™ 0.065 0.575 0.051 0.298 0100 0275 1 -0.067 0.194 0.080
Ag 0077 -0.351" -0.252 0.124 -0.227 -0.347"-0.043  0.050 -0.056 -0.285 -0.144 0.157 -0.028 -0.067 1 -0.295 -0.388"
Pb -0.751" 0.378* 0.240 -0.522* 0.239 0.641*-0.133 -0.095-0.187 0.711* -0.146 -0.320* -0.268 0.1% -0.295 1 0.571™

Ba -0.459" 0.587" 0.418"-0.403" 0.440™ 0.583"-0.197 0.065 0.017 0.578" 0.104 -0.136 0.283 0.080 -0.388* 0.571* 1

H:"P<0.05; " P<0.01,

xT ERHSBER

Y 4 it

ret e REBMSEAIE G TAEREN T, WER
Na 0.856 0.457 R RO X, A AT RO AL R 1 3 7
Me ~0.237 0.916 X, FARAETR E MG R iR A i Ll
P -0.844 0.456 A BT MR 1 L7 X, (HHE R AR =
K 0924 ~0.068 BN 2 — . ABFF YO 1L 32
Ca ~0.906 0.389 7 KA 37 K 0 T 22 1 A AT L4 AT
Mn 0942 0141 SRS R T S T AR S
Fe 0.925 0.330 SO ST 25 5 AT 4 1AL G B Ry
o 0971 0.157 SR EH AR R GG, R EMIR R A
Cu 0-939 0.246 S AR T B £ SR A o o 25 R S 2% T AR
Zn 0-861 L BRUE) B T e 10 g e 1 24 450 A 1 R ik
Se 0829 ~0.439 Hrbri, HILE IR AR T o E RS R R p ™,
Cr 0.345 0.911 I AE LA A LR, Bk a3t
As 0-978 -o.o7 EME RS SR R, BT E A B R RES A,
Cd 0985 ~0.089 AT N EREE PRI, DR I AR ) 7 b 7 A 4% 1 T
As 0-766 ~0.303 PIERAE ) EAh, 7 i B e SR S T O 98 4%
% 0.739 0.451 ST YT E A B EN L R, AR T
B 0757 0. 587 B, BT T 2 A T ST 2 6 0 3 s
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SRS ] 77 R P s AT g R
R EGIBE R RS, HE L
W I 3 R B 5 BEFE MR S — AR R

AN R PR REFEAT W) IR T AR 25 S e M R R
B, A JLFP TR & 5 D7 A W) I A7 7E 22 5, A
Co &5 DU P XA 2 AR T KB A MR X Cd
BRI REME KA XS T A 7
AR 4 A7 IXBEE P A Ca & Tk 3 4
W, HERALIFE (P <0.01); JLER Mg
Zn F5 R MR DX RE PR AR T L AR B BR
I dTAEah AL, BEHICR K & S M XA R & &
TIAHADL 3 A7 XA, B, DABERh LT R
RS, AT RAE — e R B FORE A [ 57 ) R R A T
Xro T RLe R ) BoC R AE RE AN [R) X B &
OARIE . PRI, TR A ) 50 3R IS T
I, SRR B A ] DX B ) o & i RS2 R, P
I 220 S st AR B A A R T 28 S A
XBL20 M By Bioe R & A 0 &3, Na, Mg,
Al P, KAl Ca 7EA W] X Bt Z 0] &5 & 22 A1 e i
BX(P<0.05), Al, P, Ca, Na, Mg fil K &7
AMEEAR T H MW AN T 2 ) 22 A it &
(P <0.05) . AWFFERNRAEMIFE SR A T REH —
FLER =AU FERR, FESLEB AL Zn (9 55 A A AE A [F)
X B AN T s 22 520 EWAM T R, A2
A F s PC1 AT PC2 1) R TTHRA N 91. 88% , fiE
B fR BRIy A2 S, Zn L T o — R AP
B, Zn EEA DUy B — A0 R R R I 3R, WFSE
REEREAE . KT B s: Zn 585 Pb, Ba
R E RS, ULHA Pb A Ba 5] DIAE i B
E=R A

B BIURIE AR P & B —E ol K P
SR, PN E G R T R B R, g
LU E SRR, HETTRZ AT B, MR
GLAFIIRE. AR ITR — B R 2B B G
BRET, (h NRALAIEZ L) 2015 4F R
T 4 R TR SO Ph<5. 0 mgrkg ' Cds
0.3 mg-kg™', Cu<20 mg-kg™', As<2.0 mg-kg ',
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