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Analysis of Trace Elements in Ganoderma lucidum Spore Oil by ICP-MS
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Abstract: The analysis of trace elements in food is necessary for food safety control and nutrition evaluation. This can provide a reference
for the proper evaluation of the edible and medicinal value of

"4

using a microwave digestion system. Pretreatment with a n

anoderma lucidum spore oil. Commercial G. lucidum spore oil was digested

' hydrogen peroxide acid system was carried out for the digestion process.
This reduced the use of acid and allowed the digestion to-be miore complete. The concentrations of 24 trace elements in G. lucidum spore oil
were determined by inductively coupled plasma mass spect: metry“fICP-MS) in collision mode. The results indicated that G. lucidum spore oil
was rich in calcium, phosphorus, magnesium, iron, potassium, and zinc, followed by sodium, tin, strontium, chromium, copper, boron, and
manganese. Furthermore, the concentrations of the toxic trace elements lead, arsenic, and mercury were lower than the limits required for health

food pollutants. For all measu lements, the linear.range of mercury was 0~1 pg/L, and the linear ranges of other elements were 0~100 pg/L.
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ent ranged from 0.03~7.0 pg/L. The limit of quantitation for the method was in the range of 0.1-23.33
6% to 107.00%, and the relative standard deviations were between 0.83% and 4.25% (n=6). In
m&d demonstrates high precision and sensitivity, and yields reliable results.

Ganoderma lucidum spore oil; trace elements; inductively coupled plasma mass spectrometry
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Table 2 Microwave digestion conditions

B FHEBE R
ie2d # !

/3% B 18] /min /C /min
& (0~180 C) 30 180 0
&% (180 °C) 0 180 30
8 (180 ‘C-Eid 15 FiR 0

7 3 NERGARERIERIER
Table 3 Sample digestion of different acid systems

8 mL AHEL M Ak, dAEFiE
4 mL FiBR+4 mL SCAIK Bk, #HFiTE
5 mL FEBER+3 mL MAIK 2Bk
6 mL FEBA+2 mL ALK BB
7 mL AER+1 mL SEAIK Ak

ANFIFRAA ZFE AT DL, A5 R WAR 3. FRIEAS
BEEFARBUELON T BN FERESR ELR s, B
WIRIREARE A =, HEEEW. R 3 LA H, 6
mL FHfR+2 mL XEUK, FEmEMII LT, FAh U
PR R, FRRCERAEAE— e RERE B, FEEd, 1
HIRE S TH AN 4, B A T BN R A JE b e,
M Sr=Aadik, s 2 il e 5 5% Fik, @
ot HUAHER 5 IR+ XEE KA FRIRC b, 13 s rERR 1A
%4 6 mL fiHR+2 mL XK. | 4
2.1.2 FHEALE

ICP-MS JZATHEE L, 2 T S I g
B E 25 SRR o |
Fok. BT ENTHE

22 LT B TR TH N . A Al R T,
AN SR RIS LR ST 1 TR 5% 10 1

eGP AR (99.999% ) E AR <A,

i S LA A s WROEEY 3 mL/min, BERTEAORAER

b U RIS TEAZECRNIFE N, IEREHRE K2
DT E TR

213 &MXZR. NBREEHRAFETER
=Sy MR ARE. SRR (pg/L) A1

FitEER (ugkg) W% 4.

x4 LMBEXRY. (ECHRFITEEER

OD of the instrument, and LOQ of the method

Table 4 Linear correlation coe;fic' L
7 E KR gL)|  AEE
9.

AL ZAE PR/ (ug/L) 7 ik R/ (ng/ke)
Ag 0~100 W 0.03 0.1
Al 0~100 09990 0.6 2
As 0100 0.9986 0.09 0.3
B 02100 0.9993 0.9 3
Ba < 0~100 0.9995 03 1
Ca 0~100 0.9954 6.0 20
ad 00 0.9998 0.06 0.2
\Cr 0~100 0.9999 0.09 0.3
( N Cu 0~100 0.9999 0.09 0.3
Fe 0~100 0.9978 0.9 3
K 0~100 0.9952 3.0 10
Li 0~100 0.9991 03 1
Mg 0~100 0.9987 0.4 133
Mn 0~100 0.9992 0.06 0.20
Na 0~100 0.9961 7.0 23.33
Ni 0~100 0.9993 0.07 0.23
Pb 0~100 0.9997 0.07 0.23
Sb 0~100 0.9996 0.07 0.23
Se 0~100 0.9995 0.09 0.30
TR
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ELER
Sr 0~100 0.9996 0.09 0.30
Sn 0~100 0.9998 0.09 0.30
P 0~100 0.9999 0.6 2.00
Zn 0~100 0.9990 0.8 2.67
Hg 0~1 0.9997 0.07 0.23

R 5 MAREINEREZE S (n=6)
Table 5 Recoveries and relative standard deviations (n=6)

AE A JRAA/ (mg/kg) A /(mgkg)  MFAA/(mglke) EICE /% RSD(n=6)

Ag 0 2.500 2.394 95.76 322
Al 4.559 2.500 2.303 92.12 243
As 0.038 2.500 2.609 104.36 171
B 1.448 2.500 2471 )
Ba 0 2.500 2.665 2.11 /
Ca 113.041 5.000 5.114 ?)2.28 2.52
Cd 0.085 2.500 2.597 '10‘3@ 1.31
Cr 1.535 2.500 2.298 91.92 1.60
Cu 1.435 2.500 2.104 84.16 0.86
Fe 23.184 5.000 4.876 97.52 2.29
Hg 0 2.500 < 2.605 \ 104.20 3.23
K 16.747 5.000 5.098 101.96 335
Li 0.008 2.500 2.335 93.40 1.77
Mg 60.109 5.000 5.212 104.24 1.59
Mn 0.417 2.556 102.24 1.67
Na 104.042 4979 99.58 1.38
Ni 0.180 ;i 2.597 103.88 0.83
P 106:895 5.000 5.306 106.12 3.97
Pb 0:056 2.500 2.675 107.00 1.72
Sb 0.003 2.500 2467 98.68 1.74
Se 0.084 2.500 2.388 95.52 425
Sn 04 5.000 4.786 95.72 2.05
Sr 2.0 2.500 2.444 97.76 1.19
tn 8.390 2.500 2.611 104.44 3.46
[ F 6 REMFHEMT 24 MHETLEESE (mg/ke)
Table 6 Concentrations of 24 trace elements in crude Ganoderma lucidum spore oil
L H Ca P K Mg Na Fe Zn Cu
REZI0ThRh 113.03 106.92 16.71 60.14 4.03 23.21 8.43 1.44
I H Mn Se Sr Sn Ni Li B Cr
RZI0-F R 0.46 0.08 2.13 2.73 0.21 0.01 143 1.52
A Ba Al Ag Sb Cd Pb As Hg
RZF0F bR 0.00 4.64 0.00 0.00 0.11 0.08 0.03 0.00
E AFRAK BMELE, AR FHRELE.
2.1.4  HAFED R SAE B AT (BRAER AL b, BT 6 U, TR ISR

RZA IS RG] ICP-MS Xil5E RN AR R 22 o RZ AL 24 FPoCa AR A INbS
24 FOCERANRAE; ERZAM Ik P I —E R MR R WK 5. 24 Fhoo 00 ks IR Ny
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84.16%~107.00%, AHXIFRAEZEA 0.83%~4.25%.
2.1.5 SFRARSLRE

Nof R HLFIHEIH M 10 FRASTR] R 2 1
(100%) FRRFEH 1) 24 FhikE O R & =T T IE,
AufE LR B Ca. P. K. Mg. Na. Fe. Zn.
Cu. Mn. Se. Sr. Sn. B. Cr. Li #1 Ni, BEME
JCEFE Ag. Al. Ba. Sb. Cd. Pb. As fl Hg. ®

Ba. Sb fll Hg AFMEImR. REZM T Pb. As
Al Hg 5854 (GB 2762 {RAEE Y 15 4WIIREhr
1.

XA 10 MAFE SR Z /7 (100%) 3K
P 24 PR TR S EWIHHT TIE, MR 7. 4
BN, 10 ARG R ZHRFH, AERMETRS
BAZR, HP K. Na. Zn. Sn fl B 5 EZEZREKL,

ZH R 24 FotR S ENEL 6, RZMTMIR JeHSE Zn, S ETE 1.83~386.54 mgkg 2 [A], “FIE
Mrh S BA 1 A R o R, b Cas Py Mg, N 86.33 mgkg, HHEWMEILRG B ZER, H

Fe. K f1Zn & iixm, H% N Na. Sn. Sr. Cr. Cu. DL Al S8R ZRRR, FEE 3.04~9.02 mgkg 2 [7],
B 1 Mn, SEHE/DHIA Niv Se Ml Li. HEMETE TR BN 1.76 mg/kg.

d ai*ﬁxﬂtf&%—a ﬁ;(j\j‘j Pb. As, Z:E(ﬁAg\

R7 10 NMRERZEFHE 24 MHETRESERTINE (ne/ke)
Table 7 Concentrations of 24 trace elements in ten brands of Ganoderma lucidum spore oil and their ave values
I H Ca P K Z Cu

62.53~188.01 53.86~116.22 6.22~60.81 35.61~87.73 0.12~9.4y1m45.86 1.83~386.54 0.81~2.53

TR suhf R Z 50Tk
91.84 61.71 22.08 45.62 4,70 2426 86.33 1.16
T E Mn Se Ni Li B Cr
- 0.06~1.02 0.00~0.64 1.31~2.83 S51~7.23  0.03~0.24°  0.00~0.15 0.23~491 141~2.24
RE s R 2305
0.25 0.09 1.73 0.01 & 0.07 0.02 1.55
IR H Ba Al Sb cd As Hg
. R 0.00~0.18 3.04~9.02 0.00~0.06 0.00~0.01. 0.08~0.16 0.00~0.11 0.00~0.03 -
TR suhf R 2 30-Fih

0.08 1.76 0:03 0.00 0.12 0.07 0.00 -
E: AT RAR BMEAR, THAHH TMEAT
<,

22 A [E &R R 2 TR Z 1 A
% 80N TR R T I B T otk 24 B TR A B BT

Table 8 Concentrations of 24 trace elements in ten different brands of Ganoderma lucidum spore powder and fruiting body, and their

average values

A Ca/(g/kg) Kigkg)  Mgl(ghkg) Na(mgkg) Felmgkg)  Zn/(mgkg)  Cu/(mgkg)

RZ 0:18~0.57 0.56~1.15 0.20~0.61 0.11~9.02  43.42~632.10 12.43~3422 9.12~16.84
T8 0.25 0.88 0.33 4.74 159.52 21.31 13.89
2 - 10.33 3.12~3.44 1.77~3.25 0.54~0.92 - 98.20~331.91 13.32~25.14  5.65~19.78

?—? 0.32 329 2.34 0.73 - 187.13 17.08 10.72

I E Mn/(mg/kg) — Se/(mg/kg) Sr/(mg/kg)  Sn/(mg/kg)  Ni/(mg/kg) Li/(mg/kg) B/(mg/kg) Cr/(mg/kg)

E 2.37~70.51 0.01~0.20 1.11~7.04 0.00~5.42  0.01~6.20 0.02~0.09 0.00~2.12 0.72~7.73
T4 11.29 0.07 4.47 191 1.65 0.06 0.98 2.73
223 12.01~24.13 0.02~0.20 4.63~6.89 0.00~6.23  3.34~22.41 0.00~0.04 0.00~0.81 5.00~9.78

SRR 17.86 0.10 591 2.35 9.83 0.02 0.27 7.39

I E Ba/(mg/kg) Al/(mg/kg) Ag/(mg/kg) Sb/(mgkg) Cd/(mgkg) Pb/(mgkg) As/(mg/kg)  Hg/(mg/kg)

RZ 0.65~1.61 15.23~46.14 0.03~0.07 0.00~0.01 0.00~0.22 0.00~0.20 0.01~0.23 -
T8 1.11 25.79 0.05 0.00 0.16 0.10 0.11 -
RET 0.82~1.83 41.92~67.23 0.01~0.06 0.00~0.02  0.06~0.13 0.00~0.14 0.04~0.10 -

AR 1.13 54.85 0.03 0.01 0.09 0.08 0.08 -

A AT RAR BMEAE, AR ERIALE.
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fifte ASHFFURESL 1 18 F IO AN 5 R BR A+ XK I
TR R AT TR AT 78, SEIGEE SRR, %A
AR REREFEE i 58 2V o

I FH USRI A 55 B AR TS (ICP-MS) e R
ZHFm e 24 s, SSREKP R Z b EE
b & A mdiE o R, JUHBACa. Py Mg. Fe.
KMZnl&&fE%, HIKCANa, Sn. Sr. Cr. Cu,. B
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j i HEEE R 2R RETIURTA
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4 #Eip
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