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Lycium barbarum from 4 major producing regions (Qinghai, Ningxia, Gansu and Xinjiang) in China, analyze and
compare the content variations across different geographical origins and processing techniques. Methods Microwave
digestion coupled with inductively coupled plasma mass spectrometry was employed to determine the concentrations of
31 kinds of inorganic elements in Lycium barbarum. WPS 12.1.0.26375 was used to organize data, and one-way analysis
of variance was performed using R software to analyze the differences in inorganic elements among Lycium barbarum
from different regions and processing methods. Results The elements with the highest content in Lycium barbarum,
ranked in descending order, were K, Na, Mg, Ca, Fe, Al, Zn, B, Cu, Mn, Sr and Rb. For the 12 kinds of aforementioned
elements in fresh Lycium barbarum from the 4 regions, all except Rb showed statistically significant differences
(P<0.05), while Rb exhibited no significant variation (P>0.05). In Ningxia samples, the content of Na, Fe, and Al in
traditionally dried Lycium barbarum were 5.2-6.4 times those in fresh ones, whereas in vacuum-sealed dried Lycium
barbarum these elements were 1.8-2.8 times higher than in fresh ones. Conclusion The microwave digestion-inductively
coupled plasma mass spectrometry method is accurate and reliable, enabling simultaneous analysis of macroelements,
microelements and trace elements in Lycium barbarum, and is suitable for high-throughput analysis of inorganic elements in
Lycium barbarum across multiple scenarios. The traditional drying process leads to abnormal enrichment of Na and Al in
Lycium barbarum, which can be mitigated by the vacuum-sealed drying process. Special attention should be paid to health
education on Lycium barbarum consumption for vulnerable populations such as the elderly.
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Hife A B AC IR 2 AR ER, RIEEE R
FUETEE, F7 T rE . Hl . 5. Wi, N5 S,
2023 AEFPAP BB E 300 AZC! P, MIAT S HIAT 20
KA MR FHSEEEISE MRSy, HABURAL . Sy
P2 ARAP S E T ED T B R AR R & R, MAR
MIRCIEIE . DOREPEE S S5 T T SR Fr e 1 o ARl R
R EE G MR Z 2R H 25N W 2024 45 Il <3.157
Mo 2 BT 407 DX ol i Sl A A, 5 B S b
FRBR SRS Y, 5l & At a1z D MAS I TR AR
AR . AR i S5 R G KUK, iR N A
HhB)E 5L AR MR R . THLTE EAAL S
BT E B AR 4, MIFEREAL S K. Na, Mg, Ca HEFF
WHRICE, X Pb, Cd, As EREAELE, HEEZ
THERREE | RS T T 2% ZERE RS, H
R T IC R AT T R F 9% WO 3% (atomic
absorption spectrum, AAS). HiJEHEG S5 & 1K & 51H6iE%
(inductively coupled plasma optical emission spectroscopy,
ICP-OES) %] H, J& 4l & 55 2§ F 14 J5T 1 (inductively coupled
plasma mass spectrometry, ICP-MS)JF; AR #iE. AAS R
FEARR, MELARIFHNE £ 6%, ICP-OES A kil # 2 R
HOCE, (AR (me/kg )0 IR EOCE TR,
ICP-MS HARHERL, ZhAVEHTE . 2I0% [F il %
s, BN E S CE T TR AR, Pk R A
TR IF A% -ICP-MS [R]IIE MAT R 19 FhOCER, (HARS 7
B RGRAE; B &N TREAE R R E TR . W

5 P00 L BB T Af-ICP-MS Zr T MAT R i 31 FpHLIG
R, WEORF L, AT 2R JCHLIC R AT REAFTERY
eS¢, MR R4 A PR BEHOR SO RIBO S s

1 MR5ERE

1.1 #5557

HrEFIRL T 2024 4F 7—8 ABA . TE . Hilt.
B 4 X, 238y THIRC IR E ik IX, 3k 163
By Hb g THlMAD 133 fy, P THifd 30 6y, BiffET
itk B THE .

EaiK, B 18.2 MQecm(ZE [E Millipore 23 7l); fil
FR(HNOs, 41FE 65%, ViV, f&[E Merck 23 Fl); Li. Sc. Ge.
Rh.In, Tb. Lu. Bi WHMEGER(PTIEIKE 100 mg/L). Ca,
Fe. K. Mg. Na IRGHRERM SRR 1000 pg/mL).
Ag. Al. As, Ba, Be. Cd. Co. Cr. Cu. Mn, Mo. Ni,
Pb. Sb. Se. Th, TI, U, V. Zn {R&HRMERE & B (4t
W 10 pg/mL)(3 [H Agilent A 7]); Li. B, Sr, Sn, Rb
JTUERPRERBORERE 100 ug/mL, FE &R 205
Bi); Heg MRITHEIRMEA B (TREWEE 100 pg/L, RIS
s HLy), KRB PR HEY)FI(NIST SRM 1568b, 3% [ [
FARESG H AT BE)
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Agilent 7700x HL B HE A S5 B F M5 GE R (

Agilent 7\ ]); GRD-1 P47 B B AW (db 5t U8 AT 2w );
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Millipius 1Q7015 #AZli/KAbPE R G (3EE Millipore 23 A]);
Preekem TOPEx+ fif % 1§ f# 1L ( L i 0z 58 28 #]);
AL204DU-IC HLFRF-(F &0 0.1 mg/1 mg, it Mettler
Toledo A Fl)s
1.3 HATLEFFTNE
13.1 HAMAE

1 I K T R A AT R S, AR S 8T R 2K e e
oh 3 W, CEBA B A BT 2 SR S R TG AR B K Ay HAR
S 0 R R A AR RS, A TR B SCH R S
WX, BEHE 20 CCARIRER
132 #RaTaE

FRECEEFIFCRE M 1.5 g(@ THIACHE S 0.6 g, THIfCAE
A WU 2 T KA AR AR R ) T IR DU R 244 T AR
M, JEIA 6 mL AHER, {57 AR 4% 100 °C 3 min,
130 °C 5 min, 170 °C 5 min, 190 °C 20 min FFE I T
ff. HIBGRHHMSHEER, EFE 25 mL £H. A
T [FRE AR R AR
1.4 ICP-MS E 31 #EH TR

1.4.1 ICP-MS T4k &4+

SRS AR 1550 W, 2R A& ) W E N
1.1 L/min, M E R 1.80 V, RAFERE H 8.0 mm, Fik
H0.11/s,
1.42 ARAEWMZRETCE

HRPEHIAT o 45 0 2 MR BE K S 2 H A o il 2R Y 1L
BT K. Na, Ca. Mg, Fe 5 Mon & REIKE N
0.0, 100, 500, 1000, 5000, 10000, 30000 ug/L; Li, B,
Sr. Sn, Rb, Cu. Mn. Al, Zn9 FUCEFEIKEH 0.0,
1.0, 5.0, 10.0. 50.0, 100. 300 pg/L; Ag. As. Ba. Be.
Cd. Co. Cr. Mo. Ni, Pb, Sb, Se. Th, TI. U. V 16
FhOCZE R EWRE X 0.0, 0.5, 1.0, 5.0, 10.0. 50.0. 100 pg/L;
Hg BN 0.0, 0.1, 0.5, 1.0, 3.0 pg/L,

1.43 HiEtr MR
H T % Jo M AT 28 B TR A IR FR v B, ik R I g b
WIREL TR K A UEARTEY) BT (NIST SRM 1568b)75 %5 )7 1k

H R B
1.5 ‘R TE

% /&% 7 (hazard quotient, HQ)E:PEAl F 8 7L &E M
18 1 5 5% KUK . £ HQ=EED/R{D, XA EED Afliit4s H
FefZ i (estimated daily exposure), mg/d; RfD AZH K|
(reference dose), mg/d; EED=CxIR, C {§F - H ouE &
i, mg/kg; IR % H A (ingestion rate), kg/d, HQ<0.1
Al 2 KUK, 0.1 < HQ<1 IR XU, HQ=1 Ay i XUR: .

1.6 HIEALIE

WPS 12.1.0.26375 #H4E, R 4.3.1 #1750 Hr -
K JH One-way ANOVA ¥, Welch’s ANOVA( ZARFFHH) H
B4 A 22 57, Tukey HSD 5§ Games-Howell B3/ 725 5606

2 H#R55%

2.1 WURGEAR-ICP-MS 4L Fn3&iiE
SRS AR R, IRl HNO; Mg AR, #
A B T R AR, 45 B MAC PR Y e 4
G, TR B . JEE 31 Fhon R AR eI 2R Ak
FHERBOEIKT 0.999, Lt RIE— IR E R AT MAdim
Fr B0 R 84.5%~121.3%, 1 X 45 1 fi 22 (relative
standard deviation, RSD)<6.0%. 31 FioCZEIAHE RS,
LRVE TR . fNkRENRZEF] RSDs L3R 1. BB R4 vk
FEVRSFRUEYATR, 76 ICP-MS S AR 45140 F HEA T4,
PARFIN IC R W15 5 i NAE AR bR, DA EE R B A btk
RPERIH, By y=atbx Fon, FEARMEMZGERN & ITHR
FILRAIEARSE R EL(NIIR T 0,999, SRR A (1w &
G PR, I 10 YRR A8 (I TR DU e 45 SR % 3 RFA T
— E R A U R AR A A, B E 7 WA R (limit
of detection, LOD)HIE &R (limit of quantitation, LOQ). 4
SEFIFLRRRFE R R 1.5 g, EZRBN 25 mL B, A6 Ry
FEIM 0.001~0.167 mg/kg, ERBRIEER 0.002~0.501 mg/kg;
MFMFLIFREE R R 0.6 g, EAAFR 25 mL i), KRS
FiI 0.002~0.417 mg/kg, & BRI 0.005~1.250 mg/kg.

R1 31 MTREEITNIERER

Table 1 Results of performance evaluation indicators for 31 kinds of elements

JLE AHOCFR B PR TR TR /% RSDs/%
K 1.0000 Y=0.0077X+0.4634 107.6 1.2
Na 1.0000 Y=0.0060X+0.4997 100.5 35
Mg 1.0000 Y=0.0028%+0.0103 116.2 26
Ca 1.0000 Y=1.3568E-004X+0.0154 102.2 0.8
Fe 1.0000 Y=0.0207X+0.0521 100.2 3.6
Al 1.0000 Y=0.0012X+0.0045 100.5 34
Zn 0.9999 Y=6.3675E-004X+4.7161E-004 105.3 42
B 0.9999 Y=7.1074E-004X+0.0017 96.8 2.3
Cu 0.9999 Y=0.0189X+0.0024 113.8 2.5
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JLE ARG R B(r) iy TR EICR /% RSDs/%

Mn 1.0000 Y=0.0170X+6.3762E-004 100.0 33

Sr 1.0000 Y=0.0053X+6.1008E-004 108.2 1.5
Rb 1.0000 Y=0.0050X+5.2391E-005 105.7 1.4
Ba 1.0000 Y=0.0014X+9.5843E-005 111.0 1.8
Ni 1.0000 Y=0.0076X+5.3573E-004 104.4 1.5

Li 1.0000 Y=0.0040X+0.0204 119.5 3.7
Mo 1.0000 Y=0.0151X+2.2137E-004 106.5 2.2
Cr 0.9999 Y=0.0516X+0.0050 113.5 52
Pb 1.0000 Y=0.0033X+1.2348E-004 116.2 6.0
Se 0.9999 Y=3.8650E-004X+4.1126E-004 84.5 2.6
Co 1.0000 Y=0.0318X+1.8753E-004 95.8 3.1
Cd 0.9999 Y=0.0068X+3.8627E-005 121.3 2.8
\% 1.0000 Y=0.0450X+1.6316E-004 113.8 2.7
Sn 1.0000 Y=0.0031X+1.4082E-004 108.6 2.1
As 0.9999 Y=0.0026X+5.8971E-005 100.4 3.2

U 1.0000 Y=0.0137X+3.9725E-005 116.7 3.0
Hg 1.0000 Y=0.0021X+0.0000275 106.2 1.6
Sb 1.0000 Y=0.0037X+0.0059 101.4 32
Ag 0.9999 Y=0.0392X+5.9852E-004 95.9 1.2
Th 1.0000 Y=0.0136X+1.7631E-004 113.1 3.0
T1 1.0000 Y=0.0097X+3.9020E-005 111.2 2.6
Be 0.9999 Y=0.0010X+7.2965E-006 933 1.6

22 HMiIChRTESEEREFET

iR A AR AR R

38 Oy EEMIACRE b R R G R h BRI

K. Na, Mg, Ca, Fe, Al, Zn, B, Cu, Mn. Sr. Rb, Table 2

FR 12 ROCHR G S EHLCR BT 99.5%LA b, 4 ikfc
MEEAT B FRE. 163 3 THIRCHE S h & R S T R
= EIMEHES S K. Na. Mg, Ca, Fe. Al. Zn. B, Mn,
Cu. Sr. Rb, ff | FHIFCAE S P 31 Fhoc R Ml A8 3% 2.
23 AE~MERIETRES S

K JH One-Way ANOVA 43#73, Welch’s ANOVA 43t
VLK 5 22 A S 47 DRI RCAE it b 9 b3 12 Fho
R & T 2 50T . S5 R OR 4 7 X B AT
FEAR ) Rb G5 PE 22 F(P>0.05), Ay 11 Flocx 77
1E 2 M 25 5(P<0.05). L% 3.

24 MIEHBEELRRZEMETEMN

JIEFEA Pb, Cd. As. Hg. Cu fl Cr TRWFA
AR AR UE, Be. TI. Th, U EHECKMNTEHNS
ARBREFRHE, W3 4. SR, THIFEH Na, Al FELAF
g K-, Na ¥H 5397 mg/kg, T AMH 10790 mg/kg; Al
WIE 62.6 mg/kg, FKMH 228.9 mg/kg, B _EHIE
GB 2762—2022. (e NRILFEZ M) K (hBEH—
R ZiE SRR ) S0 T EENA F R, (KM

*2

IS H 31 MEH T RNV EE

Measurement values of 31 kinds of inorganic elements in
Lycium barbarum
weffe TR weffe TR
LE WM HyfE LE M HyfE
A(mg/kg)  /(mg/ke) A(mgkg) Amgkg)
K 4417 20543 Cr 0.015 0.540
Na 735 5397 Pb 0.013 0.083
Mg 240 1071 Se 0.012 0.031
Ca 110 630 Co 0.012 0.063
Fe 7.95 66.10 Cd 0.010 0.048
Al 4.24 62.60 \Y 0.007 0.090
Zn 2.81 12.00 Sn 0.004 0.017
B 2.55 9.71 As 0.002 0.042
Cu 2.37 8.18 U 0.001 0.004
Mn 2.07 9.03 Hg 0.001 0.003
Sr 1.58 6.07 Sb <0.002 <0.002
Rb 0.509 3.400 Ag <0.001 0.003
Ba 0.237 0.889 Th <0.001 0.011
Ni 0.187 0.881 Tl <0.001 0.003
Li 0.183 1.260 Be <0.001 0.002
Mo 0.061 0.190
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Table 3 Analysis of element content and differences in 4 producing regions of fresh Lycium barbarum
TH Il HE A

W OERE g BERRE o BIDRRE L Bl R

Tomeke B e BE g E gy B

/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)

K 3334~4996 42234428 4188~5423 4788+474 4325~6197 51024679 4161~4798 4570+230 <0.05
Na 505~1281 839+200 437~890 662+149 502~1032 797+208 500~667 604+54 <0.05
Mg 139~347 271452 174~267 227429 154~226 196+27 180~284 229+37 <0.05
Ca 18~160 113+32 32~147 128429 68~176 131+35 100~213 157+42 <0.05
Fe 4.29~18.40 10.90+4.22 3.39~12.30 7.56+3.59 4.66~9.40 7.01+1.86 3.89~11.20 7.94+2.69 <0.05
Al 0.59~14.40 9.00+4.04 1.55~8.22 4.94+2.61 1.50~3.18 2.41+0.58 0.56~1.26 0.97+0.30 <0.05
Zn 1.76~3.79 2.57+0.71 2.25~3.33 2.95+0.34 1.89~2.97 2.36+0.40 3.25~6.81 5.16+1.25 <0.05
B 1.98~3.15 2.67+0.33 1.90~2.52 2.21+0.22 2.13~3.24 2.74+0.36 2.13~3.24 2.62+0.24 <0.05
Cu 1.40~3.42 2.27+0.56 1.92~2.81 2.54+0.29 1.86~3.01 2.29+0.47 2.43~4.75 3.34+0.87 <0.05
Mn 1.44~2.96 2.20+0.44 1.48~3.26 2.57+0.54 1.39~1.98 1.72+0.26 1.39~1.98 1.80+0.44 <0.05
Sr 0.794~4.920 2.550+1.140 0.645~1.210 1.060+0.210  0.439~1.920 1.260+0.590  0.439~1.920  1.000+0.280 <0.05
Rb  0.265~0.590  0.440+0.090 0.263~1.500  0.890+0.580  0.329~0.909  0.660+0.240  0.329~0.909  0.810+0.270 >0.05

*4 FETRRERMTCNEE
Table 4 Limit of harmful elements and determination values of
Lycium barbarum

Al & B 28R 5.2~6.4 15, E8iEET IR 3.5 7.
2214%., 2545, WS,

JL fief k) i Tyt FREHEY PR BRI . —
s fffﬁ"/: ) /(m*m/: ) /(mtf) /(jf) /(mﬂ) £5 TEBREXWREEHTESE
= 0 0%)15 0 0%)825 g gE ge Table 5 Elemental content in various Lycium barbarum samples from
P oo o096 i - R ReTRAR  EETRR
0.002~ 0.012~ — R AT m ERERT
Cd 0.041 0.049 0.05 ! 2 TR ¥h/(mg/kg)  HfH/(mgkg)  HfH/(mg/kg)
As 0000~ 0.006~ 0.5 2 4 K 4223 20543 19500
0.004 0.046 :
He 060(?(?2; odoooloo~ 0.01 02 02 Na 839 5397 1549
309 2210 Mg 271 1071 830
Cu 4.749 14.300 — 20 — Ca 113 630 412
0.002~ 0.006~
Cr 0.100 0.183 0.5 — — Fe 10.9 66.1 30.5
T BREHETIE A GB 2762—2022 (i A bRE £ s Al 9.0 46.6 184
PR Y, AU A (P AREMEZG M) | BRE Zn 2.57 12.00 12.40
B (hE—h R E A mR ) RS RS 2T E B 2.67 9.70 6.98
e B A Y BR K Cu 227 8.20 7.53
Mn 2.20 9.00 7.06
2.5 &, FHREHITEHITEES T Sr 2.55 6.10 2.42
251 SEAAe G A ST R A AT ] 8 3R A Rb 0.4 3.40 2.09

Wt . TN SRR 12 Fihloc®. TH
Fo s & T AT, B AERTECN 3.5~14.8 5. THIfd K.,
Mg. Ca. Zn. B. Cu, Mn. Sr 8 Mo i &= eiiiid
B 3.5~5.7 fi%; THIfcH Rb T 1 & B2 ALK 6.7 %
Na. Fe. Al (& 2EMALH 7.3~14.8 {5,
2,52 REFH T EM AR o st AT

TEAAG TR 12 Fha WoTRIE D EE it o R
YA 2.4~7.7 £, BEETHIFS A 12 Fleg 00 2348y fef
AT R IEM 0.9~4.8 fiF . Hrp, R T HI#4L Na, Fe.

2.6 BRAMNKITEHZER

R H 3B 10, 20, 30 g B THIML,
DI P A ZHAUHERERY Na H AR 2000 mg/d 3 RfD |, Kk
W 24 JR) EFSA A Al H i 324 60 kg /R 8.4 mg/d
HH RID, LG T HIFIAT Na F Al 5 HQ FIXUS: 51 W3 6.
2 6 A1, 3 M FKE T Na #il Al /) HQ /N F
1, HEARRUBS A F AT 432 K5 FHorfr AL HQ Bl I 2 5 14 fin
T, 7620 F130 g/d PR ARRUES, KRS E T
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Table 6 Food risks assessment form of Na, Al in traditional dried
Lycium barbarum

WO G HmARime  HQ KRS
Ng/d)
Na 54 0.027 A 22 %
10 Al 0.63 0.075 A 2
Na 108 0.054 ] 22 %
20 Al 1.25 0.149 AR XU
Na 162 0.081 A 2
30 Al 1.88 0.224 IR

3 FHi5iie

AR FE R AR AL FE R FH 08 0 T A s o P T e
HRRE SR . EN . HREED, UILE R T
PRAAC OB S S I 58 4 o0, THARIRIB IS B, CIT
MO A 4 42 R A A . BIFFEZER A ICP-MS I BER, 24
Bl S Ot AR AL HE TS T, R A AR IR S T4,
H R o R ik BN bR e R I T E R .y ik
TUE RS2 o ot 0 5 I 226 v T T S, S 4 A AT
. AR R LT R M E =T .

AW BRI AR K 0% K. Na, Mg,
Ca, FEMNVLFHMEILE Fe. Zn, Cu. Mn, —EEMNIE
WFFICE AL, B, Sr. Rb, T E @it T-Hlkrd i 12 Frag I
JCRBE N SRR AN 0.9~4.8 fi5. PAEEMIARL &K
R 80%1T, BEE T HIMIAC 12 R0 WoC 2 & AT T e
JBE KRR E . Bl T2 m IR B A FHAR B K, AT R R
PREA PR S E R, AR E S RS T B T 2 e B R s
Ty ABFGEL G 0T R BUE S TR Na.| Fe
ALTCRFFETHE: BT T ZEMAR i) Na K (5397 mg/kg)
A TFSCHR AR IE Y Bl (3800~6200 mg/kg)iy [ KD
STl LML Al K (62.6 mg/kg) 5 ir A iz iE
(35~70 mg/kg)—H 1 (EEBEEE X SE AT TR B R AL G 1T
T, VA ST AT X T . A A e
il T2 AT AP Y Na 7KFE(1549 mg/kg). Al KF(18.4 mg/kg)
BB TAAGETH 1L, s UEse 78 12 R KmM
FEMRFE T MRS R0, R, Bz R IRE RSG5
T T2 AR, (HRAFAE TR S] S5 Y B it
T B RERMR, A s ML Na &
Bifet T2 248.4%, HRTERAMEEHE T AT HAf LR
7 R P e L 5 S RS N A 1] R, 2024 45 S 0 S 1
B AR AT S EIE T 3 — T

B 2RI S R AN AR 1 5 0 A I e v B AR o1
MFC AR B A S, AR IR A AR B g A DT
e B HAEA 30 ¢ THIE, MZERERA 162 mg Na, 18

250.41 g BEh NaCl, X752 4% BRI 1 5 0 28 2, X
— BTN AT Z A (HQ=0.108)!"), I FLMAC & 5 Bl bk £ b (A
X . PiREECM, BN T Ak et BR T
Na PUSh, Al B3t A SR s 2400, R ALK HQ
SRR, Bk aGEIFAE, FER Al FEERIK,
KA A S U S XU 202, i HA AT 2 T
fRiE Al R R, Y EMRAL S THIMfE . Al FTRE
SEREGE ., BEAM EMACH W E, N
1 I W BRI A I 05 S 08 s 1 R R AR, g
e R e e B Bl AT, SRR BT S Y,
AT B XS AN ] 7= R EEMALRE S 12 A RE M TEHT R
AT T 2275007, BR Rb LIS 11 P LG E S AAES
P25, FORFIRICER R AT RAL T MR A
A AR,

SE
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