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Determination of place of origin of Matsutake (Tricholoma matsutake)
by composition of inorganic elements
Masashi SUGIYAMA* and Yasuyuki ENOMOTO*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan
We conducted a preliminary examination to evaluate the possibility of chemically determining the place of origin of
Matsutake (Tricholoma matsutake) samples from North Korea, South Korea, China (Heilongjiang province, Jilin province,
Sichuan province and Yunnan province) and the USA. The Matsutake samples were digested with nitric acid by the microwave
digestion system. The concentrations of inorganic elements (Na, Al, V, Mn, Fe, Ni, Cu, As, Rb, Sr, Ag, Cd, Cs, Ba and Pb) were
determined by inductively-coupled plasma mass spectrometer (ICP-MS). Principal component analysis based on the
composition of inorganic elements in the analyzed Matsutake samples showed some differences among their places of origin.
Furthermore, the hitting ratio of linear discriminant analysis for North Korea, South Korea, northeastern China and
southwestern China was 63 to 80%.
1. # = 2. % B
AL 18 4R 10 AICHEEN L. BUE bk L TV S ALsIfED 5 D4 21 & M
EOmMAZEIL, ALFED D5 3 EA~OMI B S G ORI ARFBRITE L7 A3kl & Table 1 12737, £/o, 6D
U BB ROTETIC BV TR, AR E DT AR S PEMOATIEBIR & Fig. 1 1T,
DOEFEHAGE Th -7 b OITx LT, JFEHEBIA ATREA T A
OBE AT T Table | Matsutake (Tricholoma matsutake) samples used in this study
FEKEE S OJFEEM 2 BRI RS 2 ik L LT, OFBEGY Place of origin N Date of purchase ~ Abbreviation
ST, @RS /BT, @DNA ST, % E R (RSB 573 T—— 1 ol 2000 —
0. RO =5y b THDEDTIHIDNTIE, @D DNA North Korea 2 Fall 2006 NKN
M~ — 5 — AR L LI T, LIk % & e North Korea . Fall 2006 NKO
D% BEH L 3B ST SR LT, EMEHL T — 4 % North Korea s 1 Dec. 2006 NKS
FEML L5 £ o7 ORI TTRETd S = & RO B0 % South Korea S 29 Dec 2011 KA
FEHLE 72 EOTTIE DN THRIEIC LD BIAASTED HI D 2 & 48 South Korea 5 22 Dec. 2011 KB
WESNTNGY, @OHEL LT, AT T X~ South Korea 5 12002006 KR
4 (ICP-AES) RUWRHERSE Y7 A~ B EOHTEEE (ICP-MS) China / Heilongjiang province 5 27 Sep. 2007 HE
2 0 ST RO E RSB ATV, 13N STE RO R China / Jilin province s 27Sep. 2007 I
EF B FEORBNILFRANATONTI Y, Tl Z gL L China / Sichuan province 5 27 Sep. 2007 SI
RIS bR SR TS China/ Yunnan province 5 27 Sep. 2007 YU
72T, AT, TRIORA L LT, BohKoH T USA s 27Dec 2011 AW

NERANT, O OMERHETROEH R%E ICP-MS THIE
L. TS DTFT —=ZNEDO7T OJFEEREIBNF A ATEEN E 5 7
DIRFEAT > T2,

N indicates the number of samples analyzed in this study.
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Fig. 1  Geographic locations of the production areas of the Matsutake
(Tricholoma matsutake) samples analyzed in this study
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PNEBEEYE A 10 ppm FEHEYRIR (Sc, Y, Ho) @ ¥— /LA = A

fie (B SHT ) : FEAIZEER
HERILKFEAK (T H) : FEATHER

23 HHMEE
B RITESE R © Milli-Q Advantage A10 (MILLIPORE)
TR RE I : FD-1000 B (AU E L ARRIER)
SR VES e vy i : ETHOS 1 (MILESTONE)
ICP-MS : 7500CE (Agilent Technologies)
F Y AR—=F TN F 2—T)
:Digi TUBE (65 ml H]) (V" —= /b = > Z ()
LIRS 7k
: STATISTICA Pro 06 (A& b7 Mo (1)
¥) 77 v U BUMiRE ) Of Digi TUBE 13, 15~20% DTSRRI
IC—BRLL BRI L7125, BMUK T3 02170, MR
EHCHEA L7z,

24 EEBRAZE

241 HyaRs

BEROEZRREET I v 7 OB T #HAWT, REtORE R
DAt 2 BIBR, 255y LRI ET 5, ZREnOEs% 5
mm FARREICEIY | MK T Lotk BRI L., 2o
SR 2 TE W 2 BRI D LRI A, TR URHIETL LS C | R I2He
DO DAL TRO LGB ZE L ThH— kL, H—kLR
BHG 0.1 g 20 fREICIERICE D BLD | bl 7 ml, S@ERL/AKSFEK 1
ml 2L, <1 7 o RLEREE E ¢ 190°C & T (30 /3 0)
SR 190C% 15 R DRI LV BRI LT, 55
AT 53 VIR % Digi TUBE IR L, MK T 50 ml IZER LTz,
Z OFRE 10 ml % Bl Digi TUBE (2437 L, Sc. Y, Ho #4% 1 ppm
(2722 & O 1T U7 AR 2 1 ml A, BEICHEEZ 1.2 ml
%N T-1%  BIIK T 25 ml IZER LT ICP-MS HORIK & Lz,

242 WEEBTROTEENH

ICP-MS OF —# OfpRiE, WEILEILICEDOE— 758
BEO(RE) ZEE L, 001 ~04 BO#IH TRl L,

Fio, SERIE LT iR B MBI T TLETH D Z & RUYR
5 5 212 & 0 BRI T ORSEEIREME T 5 &L bl EOE Bk O
JLRITOWTIE, FITBIRRE (ppt A—%—) IZBWT, i
DO — 7 WENRRLE &7 HBIRBRD b2, e
R OREHEVRIR A 8 2T ORIERIRR OSBRI 5%278
DEHITHHEE LT,

3. MRKOHBE

31 FOREIFTHOEMTRITOVDTOEMESHT
ERONIEL D, O E TN A MEER TEOESY
Mr&E1T-o 70, #E, FEEROT A U BEOES7IFIZONT, k
i 2.4 OEEITIE L FRROBAE TR R 21TV, AR T 50 ml
\ER U T fiResiE 2 Bk & LT ICP-MS TEM DT 24T - 72,
M E T A A OEEEL (miz) &3 2 BE o e3E ORIN AL
LT 52 12k 15FE (Na, Al, V. Mn, Fe, Ni, Cu,
As, Rb, Sr, Ag, Cd, Cs. Ba, Pb) OIHEZ[FE LT,

3.2 #Y5RLIBE & RINEIREER

SINTEAFE D Z LB MR D T & U C, @EEDO E 7= ik &
FAWT LR 15 FEEORETCHEIZ DN TOFHRMEOHERR KR O
MY FEBRZ1T > 7= (Table2),

Table 2 Multielement determination results of minor-to-ultratrace elements in a
Korean Matsutake sample

Element m/z Concentration® RSD, % D;:it;ci;?n % Recovery
Na 23 345 +0.63 1.8 0.2 85
Al 27 337 +24 7.0 0.4 84
Sc? 45 - - - -
A% 51 0.051 +0.002 3.9 0.0002 102
Mn 55 8.1 +0.040 0.5 0.007 90
Fe 56 50.0 +1.7 35 8.4 99
Ni 60 0.25  +0.002 0.7 0.002 100
Cu 63 24.0 =*l1.1 45 0.01 93
As 75 45 +0.059 1.3 0.002 95
Rb 85 46.7 +0.27 0.6 0.002 96
Sr 88 0.20 +0.006 32 0.0003 102
Y® 89 - - -
Ag 107 0.71 +0.018 2.6 0.002 99
Cd 111 1.2 +0.012 1.0 0.001 83
Cs 133 0.24  +0.002 1.0 0.0005 92
Ba 137 0.39 +0.015 3.8 0.003 99
Ho? 165 - - - -
Pb 208 0.18  +0.002 13 0.0005 101

a) The elements “**Sc”, “*Y” and “'*Ho” are internal standards by ICP-MS. ;
b) Mean =+ Standard Deviation (ng/g) (n=7) ; c) Analytical detection limit (ug/g)

MR CR TN TIL, —RICHMST L7240 & L Hr o
FHXRIE#E(R 7 (Relative Standard Deviation, RSD) 73 10% LA T, ¥
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F T ORERN GBI 2 BET H7DIT, A5y KOSy
IZOWT, ZNENICE EN LW EW TR DOERITEAT 72
(Table 3) . Wi DEV ZARER KT 22873 DIREEHL TR & |
Cd @ 2.7 {5775 Ba @ 0.8 fFOFFAIC A TOILRENSINED Z &
BARER Y B ORRER 55 0 2 BRALRNCIRIE & A BN DNV E D
D, Sr KLU Ba #Fx< 13 JERIZDOWT, 55 Dy & 0 ok
BEREVEMICH o7,
FW@%V@%%%%%&%%ﬁ#étb:i [A] CJ5UPE Ht oD
FOIET, TRIREICETN DN ERNEEND, EEY
LS \%ttiﬁcﬁ‘ék 875$ (Al, V. Mn, Fe, Ni, Rb. Sr,
Ag) (ZDWTIIEEER S O T By L 0 BB D72 <, 705k
(Na, Cu, As, Cd, Cs, Ba, Pb) T2\ TIIHERSY D J5 2SAEE
DIV LEBRDRL, BRE L TEN TS DM, L0 d;
DR £ 0 BB DI noTe, 6o T, £271 OFEHRE]
BOBFEHTIE, STRRERE < . BEDDIRWARES) 2 3 HT et 5
LIpz bzl
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Table 3  Analytical results for pileus and stipe parts of Matsutake samples

Element Pileus Stipe
Concentration® RSD, % Concentration® RSD, %
Na 41.6 £8.5 20.5 219 £3.7 17.0
Al 61.3 £33.9 553 40.9 £23.9 58.4
A% 0.057 £0.021 36.6 0.046 +0.024 51.6
Mn 159 2.1 12.9 122 £2.3 19.2
Fe 107.8 £19.2 17.8 86.8 £20.9 24.1
Ni 0.38 +0.064 16.9 0.34 +0.072 21.4
Cu 37.2 £11.5 30.9 20.5 £5.8 28.6
As 185.0 £156.8 84.7 112.2 £78.5 69.9
Rb 112.5 +56.1 49.9 96.9 +53.4 55.1
Sr 0.51 +£0.15 30.3 0.53 +0.19 36.7
Ag 7.3 £3.1 43.1 33 £1.7 523
Cd 1.7 +14 78.8 0.63 +0.40 63.3
Cs 0.78 +0.44 56.1 0.64 £0.35 54.5
Ba 0.55 £0.25 453 0.69 +0.29 41.7
Pb 0.27 +£0.11 42.7 0.19 +0.017 9.3

a) Mean + Standard Deviation (pg/g) (n=5)

3.4 [REHFIRISH
341 ZRERBEES

EMRETHRIC OV T ICP-MS TEE L., #EIOFFEM T LIz
BICLHEGA ROVIIE L BHERAL £ L Db D% Table 4 K
Fig. 2 \ZR ¥, P EHEOIES > DH%%E LTRSD &
by TRL,

Table 4 Analytical results for minor-to-ultratrace elements in Matsutake samples from various production areas

Concentration” (ug/g)

Mean” RSDY
Element
North Korea South Korea USA

Heilongjiang Jilin Sichuan Yunnan (ng/g) (%)

Na 125 +208 332 £13.2 20.8 £2.3 18.1 +4.0 420 +342 75.7 £59.0 36.9 £28.3 104 138
Al 14.3 £7.7 89.8 +84.1 14.6 £2.8 13.6 £5.2 15.6 +4.8 224 +7.6 78.7 £16.4 35.6 94.4
\Y% 0.011 +0.005 0.12 +0.14 0.006 +0.004 0.006 +0.008 0.007 +0.006 0.025 +0.014 0.063 +0.019 0.034 127
Mn 11.5 +1.1 15.3 +3.1 12.8 £1.1 11.6 +2.8 163 £2.2 14.9 +2.1 274 +6.4 15.7 35.0
Fe 84.5 +£13.6 113 +44.9 95.0 £10.5 73.6 £7.0 63.5 £14.4 83.4 £11.6 60.7 £10.3 82.0 22.4
Ni 0.48 +0.047 0.36 +0.081 0.58 +0.061 0.52 +0.17 0.33 £0.094 0.40 +0.083 0.30 £0.016 0.42 249
Cu 374 +16.6 42.1 £10.5 28.5 £12.0 33.8 +6.6 424 £7.5 49.9 £11.1 29.4 +6.9 37.6 20.5
As 111 £212 83.2 130 64.8 +44.8 274 £12.8 354 £129 38.4 +27.8 2.0 £0.73 51.7 712
Rb 279 +170 111 £55.5 170 £126 53.2 232 88.3 +64.9 87.3 £63.9 155.1 +8.1 135 55.8
Sr 0.77 +0.85 0.39 +0.14 0.43 +£0.25 14 £1.2 0.95 £0.52 0.64 +0.44 1.1 £0.065 0.81 453
Ag 7.5 £5.7 4.8 £3.1 6.6 £2.5 6.4 +4.8 42 £2.7 48 £1.6 1.2 £0.21 5.1 413
Cd 2.8 £1.6 1.8 £1.1 1.7 £1.3 1.5 £1.0 0.66 £0.68 1.2 £0.94 0.25 £0.10 1.4 58.1
Cs 29 +4.5 1.5 £2.0 1.2 £1.0 0.37 +0.44 1.8 £2.3 0.63 +0.32 6.2 £3.0 2.1 95.0
Ba 0.36 +0.10 0.59 +0.35 0.19 £0.080 0.48 +0.32 0.57 £0.13 0.50 +0.28 2.1 £0.43 0.69 94.7
Pb 0.050 +0.020 0.23 +0.14 0.019 +0.011 0.026 +0.011 0.039 +0.016 0.060 +0.035 0.079 +0.008 0.072 102

a) Mean + Standard Deviation (North Korea n=8, South Korea n=12, Others n=5); b) The Mean value was calculated from 7 geographically different matsutake samples.
¢) The RSD value was estimated for the Mean value of 7 geographically different matsutake samples.
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Fig.2 Concentrations of 15 minor-to-ultratrace elements in the analyzed Matsutake (Tricholoma matsutake) samples whose data were grouped according to their place of
origin. The upper and lower values of the narrow bar attached to each colored bar represent the maximum and minimum values of each element concentration.
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Fig.3 Scatter diagram of Matsutake (Tricholoma matsutake) samples based
on the first and second principal component scores
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Table 5 Proportion of PC analysis using 15 elements for 45 samples

107

PC1 PC2 PC3
Na 0.009740 0.000409 0.118164
Al 0.200011 0.012637 0.000077
A\ 0.198307 0.002224 0.000046
Mn 0.015389 0.181280 0.020689
Fe 0.168718 0.041402 0.002431
Ni 0.001454 0.082243 0.018690
Cu 0.003382 0.018524 0.109796
As 0.002769 0.071168 0.000173
Rb 0.003940 0.003853 0.328198
Sr 0.012853 0.012990 0.167312
Ag 0.006248 0.143746 0.010752
Cd 0.000001 0.091516 0.030211
Cs 0.002438 0.119915 0.180237
Ba 0.023403 0.187641 0.010985
Pb 0.168454 0.001883 0.000160

4 Three-dimensional plots of Matsutake (Tricholoma matsutake) samples
based on the first, second and third principal component scores

%1 B RO 2 ERORRICESL T ry FTIE 7 A
VAPEITSHBEOE LY & LTER I, @EE Lo
W HBEL TV DA, JLElgRE, hE - BELEE. PE - &
MWEPE, HE - WA, RE - BEAEOESTZFITT 2y b
OFPANER D720 JF R Z L 12T 2 Z LI TE R o Tz,
BT, FROT—ZIZHE 3 EFRGOB/EEMZ T oy b5 &
T AU A, WEFENA, RE - W)IEE, PE - EREED
boOFBEOFLEEY L LTERINE,

FERMEPE ST HC DWW TIE, HEERAICEEN TV BT 2 U T RE,
HE - WUIEEROHE - ZREED SO LITHBIT X 5 ATREME
DRSS, HIBRAQICUT O PIE - BEETAE, hE - SRS
P OMEE PE D —EIZ W T, HRNEHEEE CH -7,

343 VSREA—5H

AEMIE LT 15 TROT—XEZHNWT, BREREICE 52 T
AB =W &I To T2 (Fig. 5). T OFER. 7 A U B PEIIMOFRE
HOHDIZK LTI FAZ =% LTz, OIHERD & DI
WTH, HBIREOE L EVITEEO LN, ML L2y T A
—IFERL Lo Tz,
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Fig.5 Tree diagram of Matsutake (Tricholoma matsutake) samples based on cluster analysis by UPGMA (unweighted pair-group method using arithmetic averages),

1 - Pearson correlation
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AEIPE L 15 TROT—X 2 VT, BBHBISH 21T 5
TR, CHRIET VOMEELTT o7, B, HBIET Lo
HUT M=o TiE, AEEEE ST OHMAE B E L, SR T
HIBIREE LR T T REESTITIZE—F > &Y . S HI2H
BIET VAL T M DI PIE - BEEITA & PIE - S
AR CREALEE., E - WIE L PE - EEEEAbET
PERFETE L, 4 pER Clesift, wE, HEICEE, Em7E
) BT D 4 BOMIRIBN ST 24T o 1o, BRIERT v T U A
RIET X 0 BN WD TTHEE Ni,Pb D 2 JTHRITEIR L, Tl
BB A RS LT,

HBIRA 1 L)

= 65.2252 [Ni] - 22.5781 [Pb] - 16.6399
HIBIAE A 2 (FEE)

= 35.3660 [Ni] + 20.8282 [Pb] — 9.9442
MBI 3 (FREACHE)

=77.5603 [Ni] - 32.7783 [Pb] - 22.3963
MBI R 4 (PERETEE)

=49.0126 [Ni] - 15.0988 [Pb] — 9.9545

RE O BRI T O Ni,Pb TTEOBEEEZRA L, MG
RPERREBRDFIIRT 2 LHET D & FEMOSIERTRIT
63%~80% & 72572 (Table 6), Z DRYHERITE < IX22 08, K&
MR STSBHARIC £ 0 E 272 1F DIHEERZH]RI] T & 5 rIREMEARIZ
ENTz. ABEDICHPEREEL T AL, FREMED R 72
2V TNT =B EPETRT DUERH D, S HIZ, 27T HIC
FEN DRI TR T A BT RRE OB L Z T D FTREMED
HDHID, FHIEICDIZ 0 T =2 2T 52 Lk, IEfER
JFEE T & OB 2R T2 2N TEDLEEZLND,

Table 6 Analytical results for linear discriminant function of Matsutake samples

. Result
Place of origin N Hitting - -
ratio North South China / China /
Korea Korea  Northeast Southwest
North Korea 8 63 5 0 2 1
South Korea 12 75 0 9 0 3
China / Northeast 10 70 1 0 7 2
China / Southwest 10 80 1 0 1 8

N indicates the number of samples analyzed in this study.



BABLh ST T 55 52 & 109

4. = K

PR TR RIC £ D F o721 DR EHHIBI ORET & 1T -
720 ICP-MS % HWT, o720 OAEZTEEND 15 FESE (Na,
Al, V, Mn, Fe, Ni, Cu, As, Rb, Sr, Ag, Cd, Cs, Ba, Pb) D&M TH
EHEEWE LI E ZA, —E ORI EEMER OB A RS
Ny, BEENIEFICRE . FEEDITROEH m)> bR EH
EHEETHOIINEChH oI, Fio, WELLETLROT —4 %

X

1) ProcEG, R, AR . BB ST AT, 47, 5(2007).

AW S EBRNTIC LY, HEREOFEMT L 0F & F 0 AR
DO, IHIT, 4 M Cheife, weE, PEACE, PEE
FEES) OHBET L EVER L, 1357z ERIT 63%~80%
ThoT,
SEIOHETIE, RERREOT 7V LMER LT
B, —fRADREE 2R 51E, IR ORI
—H L, FICHRET B 0ERH B,

ik

2) LB, Zlak, SUAML DR, SRR BABLR UL OTETR, 48, 5(2008).
3) PESEBME, IR, UL SO o BIRLR ST, 48, 13 (2008).

4) |UEEEE, MEmARt, BEEFFEK - BRI R ONTHTR, 48, 61 (2008).
5) =i, R, ZAGARE  BABLTRAHTETER, 49, 29 (2009).

6) FREFFEAK, ILURSEE « BRI, 49, 65 (2009).

7) RS, TTAKHI, BBEFMEK BB SHTETR, 49, 77 (2009).

8) AP, FEAHENL : BIBLH ST, 50, 109 (2010).
9) JRUEFHTH, PEAKEW - BRI TR, 51, 85 (2011).

10) ) MK EEE BT v ¥ — « XX OFREEHB]~ == 7 /L (2005.2.3).

1) R)EMOKPETHE T o 2 —  BRE (FHEER) ORFEEHRI~ == 7 /L (2007.2.23).
12) ) EMKEEEE M v % — v a v A OFEEHB~ == 7 /L (2007.7.31).

13) ) MO PEM B BIRE o % — « =0 =7 XX OFPEHHIR]~ = = 7 /L (2007.9.3).

14) AR FE B2 v 2 — © o v 7 O FEHRER]~ = = 7L (2008.11.4).

15) EASIEA © “ICP FHHHT - ICP E R/ T D JEfl & KR —IEE A\ 272972127 (2008).



