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ABSTRACT: The mineral contents of domestic and Chinese Sarcodon aspratus were analyzed for comparing the differences in
the mineral contents according to the production sites. The mineral contents of 10 domestic and 10 Chinese S. aspratus were
analyzed by using an atomic absorption spectrophotometer and an inductively coupled plasma mass spectrometer. The sodium,
magnesium, potassium, and calcium contents of domestic S. aspratus were 170.3+44.0 mgkg, 81.3+20.8 mgkg, 1,123.8+274.3 mglkg,
and 12.1x4.1 mgkg, respectively, while those of Chinese S. aspratus were 112.2+40.8 mgkg, 297.8+20.9 mgkg, 10,938.4=
2,914.1 mg/kg, and 52.5%27.7 mg/kg, respectively. There were no significant differences in the micro mineral contents and
hazardous heavy metal contents between domestic and Chinese S. aspratus, while there was a significant difference in the macro
mineral contents between domestic and Chinese S. aspratus. Thus, the comparative analyses of the sodium, magnesium,
potassium, and calcium contents of many domestic and Chinese S. aspratus are required to determine their production sites in

the future .
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Y, 58 = dHlolgt FE7% gth(Lee ef dal.,

2014; Joo, 2008). 5°l= 10~20 cm&] Zth7] 2o¥e] 7t
< 7KL Qe Blo] EAo =, nfEAY =2shH 7t
Fe F7IH Ao WHITHMin et al, 2002; Lee,
1993). Tolol FeAEe wwid  ogE gy,
eritadenine, lentinan 52} -F-843F0] f=o] Qo] 18
o, T3t 2 oF 5o] A3l o g3 e AR
BHIE T th(Lee ef al., 2014). 5olE 24 BAloR
g9 I g aduR Bl FAE, F8 A4
e geRl=z S5 5 5ol AGeg RaE
2Ath(Joo, 2008; Lee ef al., 2015). 5019 S Arreke
201795} 20189 ZHz} 10E0.2 AAkapo] WA ¢k A
o8 BuE lom, QFAM7t BrFsdte] vt A
= Ath(Korea Forest Service, 2018; Kim et al.,
2018). = 8= AHHLE FUlslaL oy THEY
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of SgkE o] QAL solo] Wik vl gk
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Ao ARgs Fakskrd 9 A2k (Dong Woo
Fine Chem. Co., Ltd., Iksan, Korea)< Extra Pure grade
£ AREEIl o AR (Mili-Q, Millipore Co.,
Boston, MA, USA)Z o]-&3&le] HAF 33} /5= A
Shgih. AL 9 F3 Sole] AXE HEEAL v}
o] Z gJo] B (MFDS, 2020b)oll whe} A& slict. 723}
AR °F 05 g2 B0 A F, A48 TmL, 35}

S I mLE 7}k Eshste] Alg U0 Shic.

] [ETE= s

ICIR= Pﬁ@. & AEFFHY AAFFF =W (MFDS,
2000b)0] Wl FAEETH A DL ARE
F4 =7 (AAnalyst 400, Perkin Elmer, Norwalk, CT,
USA)oll Fste] $3=5 43 &, dFds 2438t
o] A9 3 Na, Mg, K, Ca®l 525 24319t} 7]
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Table 1. Operating conditions for mineral analysis by atomic
absorption spectrophotometer

Classification Condition

Instrument Atomic Absorption Spectrophotometer (AAna-
lyst 400, Perkin Elmer, Norwalk, CT, USA)

Fuel flow C,H,, 2.0 L/min

Oxidant flow Air, 10.0 L/min
Wavelength (nm) Na: 589.00, Mg: 285.51, K: 766.49, Ca: 422.67,

Z7E Table 19] YR}

2 Faxe] FEAgEEEer AR
(MFDS, 2020b)°ll w2} 2431 ch. A28 AdedS

FeAstEet=nt A=EA 7] (NexION 300D, Perkin
Elmer, Norwalk, CT, USA)ol| =3t A= 78 A3}
I AHEA F Cr, Cu, Cd, Pbe] 55 SA3IATE. 7]
719 B2 274 Table 20 VFERATE.

My 3 YUY
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LEGAL Al £ 3 W sk, A4 e

W91 ICH 715 80~120%=2 31 om, v 3582
TK] b HolAIF 20% oUE SFITHICH Steering
Committee, 2014).
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Recovery (%) = (a/B) x 100

o : Spiked concentration
B : Measuring concentration
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Table 2. Operating conditions for mineral analysis by
inductively coupled plasma mass spectrometer

Classification Condition
Inductively coupled plasma mass spectrometer
Instrument (NexION 300 D, Perkin Elmer,
Norwalk, CT, USA)
RF Power 1600 Watt

Auxiliary gas flow Argon, 1.2 L/min

Nebulizer gas flow Argon 1.02 L/min

Pulse stage voltage 900 V
Mass (m/z) Cr: 51.941, Cu: 62.930, Cd: 110.904,
Pb: 207.977




t}. A=39} A3+ ICH(International conference
on harmonization of technical requirements for registration
of pharmaceutical for human use)|lA] A|A]SF WhHo =
Aste] wigel BEUAS 712718 AESAALHKim,
2020; ICH Steering Committee, 2014).

LOD = 3.3 x (3/S)
LOQ = 10 x (3/S)

d: Standard deviation of the response
S: Slope of the calibration curve

SAEN

B4 A3= SPSS FA) = 13 (Statistical Package for
the Social Science, Version 26.0, SPSS Inc., Chicago, IL,
USA)E ©]83t Had ZTHAE AHEsisler, 248
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A Au) x| EAHEA] (One-way analysis of variance)2 ©]&
3to] p<0.012] 4=l Duncan’s multiple range test®
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SRk St ol vl o vl 53

BF vl 23S YJERATHICH Steering Committee,
2014; CODEX, 2003; CODEX, 2017).

FEAdgEeznr dHEA7)E o|8st g Cr,
Cu, Cd ¥ Pbe] AEeHIe}t F7FeHAl= Table 49 Yt
o, 21X AGAFE 0.999 ooz EAE QL)
5] 8- 98~101%=2 YERFO™ 20% o] 53 4
DS e, olgist Ax= ICH 318 ¥
80~120%, CODEX 7]5=¢1 0.1 mg/kg ©]a}e] #2901 7%
70~120%, 1 pg/kg ©18+e] 491 739 50~120%01 257 =t
3= 445 YERIATHICH Steering Committee, 2014;
CODEX, 2003; CODEX, 2017).
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AAFZZEAE ol&ste] ST Uit T4t 5
ole] gEm|Z 3RS Table 5o VRNt =ik
ol gEmulZ gFFS Na 170.34+44.02 mg/kg, Mg
81.32+20.80 mg/kg, K 1,123.75+27430 mgkg % Ca
12.08+ 4.10 mg/kgS 2 FA =Tt T4k Fole] th]
Yz SRS Na  112.23+40.80 mg/kg, Mg 297.77+
20.90 mg/kg, K 10,938.35+2,914.12 mg/kg 2 Ca 52.45+
27.72 mgkgl 2 EAEt}, Folo] tEnyE-e Ca
ol 7P 9 vEbst o™ Ko ko] 7HE = yE
k. 71 sole] mul gk digk A (Joo, 2008)
w2d Sjit Fole] thEmulE 2 Na 2,389.0+
1.0 mg/kg, Mg 255.5+0.1 mg/kg, K 10,242.5+2.0 mg/kg
2 Ca 612.5£0.3 mg/kgS 2 EAF o] K& dhgko] 714
= 24" & A} FrAkgE A3 VERSln

LA solo] tmu| S v Wk A3}, Nad
735 FHAF Sl Tl o oR A EAENS
™, Mg, K & Ca®] 79 T4t 50]¢] o] fe]4o
2 =) BAHAT(p<0.01). 5olE AR AFT 7Fs

Table 3. Accuracy, precision, correlation coefficient, limit of detection(LOD), and limit of quantification(LOQ) of mineral

analysis by atomic absorption spectrophotometer

Mineral Accuracy (%) Precision (%) Correlation coefficient (R?) LOD (mg/kg) LOQ (mg/kg)
Na 97.40 0.03 0.9954 0.1945 0.5894
Mg 95.40 0.01 0.9984 0.1586 0.4807

K 109.40 0.02 1.0000 0.2394 0.7255
Ca 94.60 0.03 0.9990 0.7920 2.4000

Table 4. Accuracy, precision, correlation coefficient, limit of detection(LOD), and limit of quantification(LOQ) of mineral

analysis by inductively coupled plasma mass spectrometer

Mineral Accuracy (%) Precision (%) Correlation coefficient (R?) LOD (ug/kg) LOQ (ug/kg)
Cr 98.46 2.30 0.9999 0.0098 0.0296
Cu 98.34 1.40 1.0000 0.0090 0.0274
Cd 101.20 2.00 1.0000 0.0004 0.0014
Pb 99.90 0.60 0.9993 0.5000 1.6000
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Table 5. Comparison of macro mineral contents in Sarcodon aspratus according to the production sites

Macro mineral (mg/kg)

Collected

coflecte Na Mg K Ca

site

Mean + SD Range Mean + SD Range Mean * SD Range Mean + SD Range

K

(no_rig) 170.34+44.02 113.32~258.27 81.32+20.80 48.74~106.59 1,123.75+274.30  679.00~1,668.86  12.08+4.10 4.05~16.21
hi

(Cn_11118) 112.23+40.80 63.57~209.11 297.77+20.90247.96~321.57 10,938.35+2,914.12 4,687.21~14,897.30 52.45+27.72 52.45~27.72
p value 0.007"" 0.000 " 0.000" 0.001"

D "p<0.05, “p<0.01, " p<0.001.

g #/d WA R B Sy ol S STH(Kim
et al., 2018; Joo, 2008). WetA Fol7} AR s EY 2
vHEe] w2t Fhegol] whet AR mul sheke] 2|
ol7f St o= woEth B Ardd suiit F
=4F 50]9] Na, Mg, K ¥ Ca $Hgo] 922 zol&

Uepd o2 ddEe], & o] Fo] ARE i
© 2 3k Na, Mg, K ¥ Ca gF v|ui4do] a3l Ao

= AdEn

02 U ¥ FlS35 &

FrEAddEetznt deHiA7]
2k S=ak sl wlEgmd| Y gHS Table 69 UERY
Atk FHAE ol mgwdlE TS Cr 4.55+0.64
mg/kg, Cu 116.37+58.73 mg/kgC & EAEQon F3
2k Fole] mFEdlE S Cr 5.05+1.00 mg/kg, Cu
124.60+42.75 mg/kgS 2 A= Q). Fol] mg|v
2 Cre o] BHA YEhstom Cu®l o] =4 UEt
Stk 715 Folo nul ol thEk A (Lee et al.,
2003) wWEW HjAb Fole] wFEmZ g2 Cu
5.7 mg/kgo 2 YER} 2 ApAstel vwste] vk gk
< BT 28y Fole] mEmulE gkl it
AdYAT7E wlg- mofste] 2 AFAHe} FH A0 vl
£ E7Fssith. YA ol v|gmd| e 1]
w5 A3}, Crt Cud] ggol f-2o13 ztol& Yehl=] &
o} mlguu|&e] A Fole] Ui W A u= &8st
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7] oj& & Ao AFEATHp<0.01).

fellEa4 I B4 23 (Table 6) A S0l &
=2 TS Cd 0.89+0.51 ug/kg, Pb 0.56+0.33 ug/
kgl 2 AN oM, T4 5ol falFgas TS
Cd 0.50+0.96 ug/kg, Pb 0.93+0.47 ug/kgS & HA = AT}
71E solo fallgas gl dek A= uig- v
ofste] £ AFAFet FHPARI Hlaes B/,
AEerlel AEAnte] Z1E B 5H4 (MFDS, 2020a)°]
w=m HAIFe ¢ Cd 0.3 mgkg ©13F, Pb 0.3 mg/kg
olat® JFA o] Slo] AFLFERPAA TlEol At
Ao Z YeiTh YA Folo fallgas TS v
g A, Cd Pbe] el 194 ztol& R A &
ko AFo|FEbA 7F Ae Ao A E
THp<0.01).

ULt T4t Fole] I, miEm| e, f3l
TEES BAT 23 dgrlE o] o3l Ao
£ Yelfo], &5 Folo] diAE WES 8, v
o] AlEE e R & Na, Mg, K B Ca 3% ¥lai
o] o3l o7 AGHA,

A (e}
- AL
At S5t solel iE gEvlE, mEdE

=
U falEEs S vl 4K W FsHe
HetaA Sk Solel Ml gL AFHAEA

=

Table 6. Comparison of micro mineral and hazardous heavy metal contents in Sarcodon aspratus according to the production

sites
Micro mineral (mg/kg) Hazardous heavy metal (ug/kg)
Collected site Cr Cu Cd Pb
Mean = SD Range Mean = SD Range Mean + SD Range Mean + SD Range
Korea (n=10)  4.55+0.64 3.74~6.08  116.37+58.73 39.07~213.98  0.89+0.51  0.25~1.56 0.56+0.33 0.19~1.16
China (n=10) 5.05+1.00 3.74~6.62 124.60+42.75 63.66~202.60 0.50+0.96 0.01~3.13 0.93+0.47 0.25~1.86
p value 0.202" 0.725 0.281 0.058

ok

: p<0.001.

) "p<0.05, “p<0.01,



(Atomic absorption spectrophotometer, AAS) ¥ =4
Zeh=nl A4 7] (Inductively coupled plasma mass
spectrometer, ICP-MS)E AR&-ate] A s, sS4k
5°]9] Na, Mg, K ¥ Ca 3r#2 7H2} 170.3+44.0 mg/kg,
81.3£20.8 mgke, 1,123.8£2743 mgke 2 12.1+ 4.1 mgke
oz BAHNoH, T4 Fole ZH7F 112.2440.8 mg/
ke, 297.8+20.9 mg/kg, 10,938.4+2,914.1 mg/kg 2 52.5+
27.7 mg/kgl 2 EA RO folF zo|7t = AR L
ittt v@ed g 9 fellsEE S 194 Zelrt
UeRA] ettt mEbA sole] 4] wE AR g
< S8t & o] SliAr 9 S SolE ARSEH
Na, Mg, K % Ca 33 H]aiAo] a3 2102 dAds
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