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Determination the Geographic Origin of One Grain of Black Soybean "Tanbaguro”
by Using Inorganic Elements Composition

Yuji Homura®, Tadanao Suzuki*, Hideki Kosaka**, Hiroshi Horita* and Akemi Yasui*

Center for Food Quality, Labeling and Consumer Services, 2-1, Shintoshin,
Chuo-ku, Saitama-City, Saitama 330-9731
*National Food Research Institute, 2-1-12, Kannon-dai, Tukuba, Ibaraki 305-8642
# Fujicco Co., Ltd,, 6-13-4 Minatojimanakamachi, Chuo-ku, Kobe 650-8558

Models for determining country of origin of one grain of black Tanbaguro soybean using inorganic
element composition and linear discriminant analysis (LDA) were proposed and assessed for applicability.

Test samples consisting of 66 Tanbaguro varieties were collected from Japan and China. Approximate-
ly 100 grains of each type was ground to powder. Test samples of approximately 0.5 g were digested with
nitric acid using microwave digestor and 24 elements in the sample were determined by ICP-AES and
ICP-MS. An LDA model for six of 24 elements (Ba, Ca, Mn, Nd, W, Ni) selected by backward stepwise
regression could be used to correctly identify the country of production (Japan or China) of all 66 samples.

Ratios of inorganic element concentrations to potassium concentrations in samples were introduced to
simplify pre-treatment. An LDA model using concentration ratios of the six elements (Ba, Ca, Mn, Nd, W,
Ni) to potassium could be used to identify two countries.

The ratios of the six elements : K in one grain from each of the 97 samples (the 65 samples used to
construct the LDA model and the 32 samples collected to validate the model) were analyzed in the same way
and 97 samples were correctly classified to levels of approximately 84%. In addition, 97 samples were
classified approximately 94% correctly using the LDA model with the ratios of the concentrations of three
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elements (Cd, Cs, V) selected from 15 elements (determined by ICP-MS) to that of potassium.
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1o, ICP-AES fRi FARMErsi i, ~ bV w2 2wy F v Mic X hIREWIRL 2.
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34 FHBIT 10 18 [==]EH] 15
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& 2 ICP-AES, ICP-MS JI5E &

ICP-MS Thermo Element2 ICP-AES Varian Vista Pro
75 =it 75 X =it

RF »¥7 — 1.2kW RF /¥ — 1.2kW

TS X = H 2R 16 L/min 7S X2 H ARE 15 L/min

il 27" = A 0.8 L/min fhilh A = ek 1.5L/min

2T F—H R 1.1L/min RTTAF—H 2

A IS R 3.4mm

MTE T3 WEEEREY () HRHERE (pe/ke)
e 500
Cu 63 300
Cd 111 3
Cs 133 2
La 139 3
Ce 140 i
Nd 146 3
Sm 152 2
Gd 158 0.9
W 184 2
e 3000
Al 27 2000
v 51 7
Co 59 3
Ni 60 200
Rb 85 8
Mo 98 20

0.75L/min

ME T3 MEFHEE (hm)  FHESE (me/ke)

Ba 493.408 0.02

Ca 317.933 30

Fe 238.204 3

K 766.491 6

Mg 285.213 10

Mn 257.610 0.05

P 213.618 2

Sr 407.771 0.2

Zn 213.857 0.2

y ol

Sk, MEME, H5le 7 VRSEREN (1) icow T,
VRS ) OB rHEE (ng/kg) RUEEAROETH
TR & KRR & o LA, —hPpBREEEEE (-1, (2-2)
CoWTE, WEARO S THRIRE - KBELOLER
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DB BHICHENE W, BHTRORELG T, HE P
EESTEEI MRS T, BETIRTIC X 5B E 7L g
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o, 2REO K &8O RERENK33% TH
0, 24 EEOPTHRG/NID -7, XSz, EEERIEIY
SR IC BT, ICP-AES T & 3 K Ol i iR o AH g
(REEhsty 2% LB LCFERTcE LT LM, BELEK
B ABOREEDITTIELE L.
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(g/ke) (g/kg) (g/kg) (%)
Ba 0.0035720.00015 0.02 0.0238£0.0015 103
Ca 1.45%+0.04 2 3.40%0.10 100
Fe 0.089:=0.001 0.02 0.107%0.002 91
K 19.82£0.4 2.5 22.1%£0.4 93
Mg 2.2620.03 2 4.18+0.16 98
Mn 0.02662£0.0009 0.02 0.04600.0010 99
P 6.68E0.11 2 8.63+0.12 99
Sr 0.00382=0.0001 0.02 0.0245-£0.0016 106
n 0.05102=0,0010 0.02 0.0709=£0.0010 102

(mg/kg) (meg/kg) (mg/kg) (%)
Cu 18:2:E0.2 20 36.3+£3.9 92
Cd 0.151%0.007 20 18.3%=1.5 92
Cs 0.0440.002 20 19.9%1.7 101
La 0.007+0.002 0.2 0.207%0.017 102
Ce 0.0092%0.002 0.2 0.207+0.016 101
Nd 0.0047-0.002 0.2 0.209=+0.019 105
Sm 0.005£0.002 0.2 0.226%0.019 113
Gd 0.001820.0018 0.2 0.205%0.019 104
W 0.0150.015 4 4.23%+0.39 108
Al 61 20 262 102
v 0.005220.003 20 29,119 108
Co 0.107%0.003 20 20.3%+1.6 103
Ni 5.5kl 2 20 25.8+2.1 104
Rb 12.620.4 20 34.0%2.0 109
Mo 3:360:16 4 7.85+0.31 1156

HEEE (S UEAR TR & 7o b o0 S i - IR

s (D) CEyRRERED oo W T, ICP-AES o & b HIED
BEETLELD, ICP-MSICLDHIET 2METROS
B, FESHEEE(REE A X <, AR OREE L 0T A X
ato, FEo, i @-1D kD T, SEEROZES)
WA, Bick 3ZWb b 5w, 2Tl (D &b
bEUE (-1 oflnERZE, HERERENK S » -1

¥ 7o, MReECE & REENC L AT oKX S e KT 5
—oofEfEe LT, 5 (-1 LB (1) olRERED
o & o iR ek 5 wRd. ICP-AES flE TR 1.5 2L
F, ICP-MS #IETER 1.5 LIT &1 b, ICP-MS AlETHK
DFhs, ICP-AES MITETHE & g LT, ikl oZd) &
fraE O & O LA NS hr o fo. ICP-MS JIFETTHR I,
ICP-AES JIFETLHE & his LT, #Tatiel i o ZE ) hs K =
Wich, —REHElc B W, Bl L AR OREERT S
ROV EEZ OGNS, DT EMD, HTOEE
BT, ICP-MS I2 & 5 RITETTIRIRE & K iR~ & Do
Ao B TR 7 e D WT bR & 1T - T

3. TR ST IS & BEIBIE F L OREE

RIS FENEL (1) 66 MO ERRSESR (1) REE
b1 0 OETIEIEE, (2) STHRMREE KR L O, 3)
ICP-MS o k. AHIETTRIBEE & K BEL O K2WVT,

(n=5) TmL.

TN TNELEHE LBREBIaRETo>C &icky, 3
SOH BT FNOBEETo 1. £, HEIETVICHL
AILHEE, LOEOTRODLLERT 5 LIk 2T
SR EROB EERL CLBTE S0, EERUPE
BERIC 1% OIKEETHEEN L VIR LS LITROF
Mo, BEZF Y 774 XA, HBICHWETESE
R LTz,

(1) wEfd b OETHRIEE 2 E LioREE 7
ZEEOETERH -0 O 24 TRIEE, SERER T v 7
74 Rk & bEER & L) 6 563% Ba, Ca, Mn, Nd, W, Ni
kb, B, PEEO 2 BRI 5 RIBE
L7 (BEFVA). HIBURE, HEEERE, RTITRT.
5V A, PIBEFOUREEMEN (1) 66 ML TIEL
CHFAU, Fio, MRS HBFHEE B FICEENS S
THEOF — & OHEEE L fopI B E VT S R ER A
96% R LTHD, 4 THEITHEINLLET -2 » otk
#2777 4 R L O HHICHES T 5 UREEIRT 5
C & THNEPENELE LI EEAONS.

(2) BITELEME S K BE Lo EZEHE UciEle v

SEEO K 2R 23 TRBEE KBEL b o’
W27y 77 A Xk k0 BIRE ik 6 7638 Ba, Ca, Mn,
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R4 EFUBERAREERGE (24 BRE ED
&R (n=66) HZAEE (n=45) HEE (n=21)
ey BHEmE  AHENERE SO RS fEHmteEe ik ERERERE R

(g/ke) (%) (g/kg) (%) (g/kg) (%)
Ba 0.00264 0.00142 54 0.00260 0.00159 61 0.00274 0.00098 36
Ca 1.55 0.31 20 1.40 0.25 18 1.87 0.13 T
Fe 0.085 0.005 0.084 0.005 6 0.087 0.003 4
K 20.4 0.7 3 20.6 0.7 3 20.0 0.4 2
Mg 2.8 0.10 2. 37 0.11 4 2.37 0.07
Mn 0.0250 0.0034 13 0.0245 0.0034 14 0.0261 0.0031 12
P 6.95 0.64 9 7.27 0.40 5 5. 27 0.50
Sr 0.0026 0.0012 46 0.0021 0.0008 38 0.0038 0.0011 28
n 0.0480 0.0045 9 0.0480 0.0053 11 0.0478 0.0016 3

(mg/kg) (%) (mg/kg) (%) (mg/kg) (%)
Cu 14.0 2.9 21 13.3 Fo o | 23 15.6 1.8 12
Cd 0.106 0.085 80 0.130 0.092 71 0.055 0.031 a7
Cs 0.052 0.048 92 0.026 0.021 80 0.108 0.041 38
La 0.006 0.005 81 0.003 0.003 88 0.010 (.004 35
Ce 0.008 0.008 100 0.004 0.005 145 0.017 0.004 23
Nd 0.003 0.003 102 0.002 0.003 156 0.007 0.002 22
Sm 0.002 0.002 102 0.002 0.002 121 0.002 0.002 70
Gd 0.0009 0.0011 126 0.0006 0.0008 141 0.0015 0.0014 91
W 0.002 0.004 182 0.003 0.005 153 0.001 0.001 217
Al 8 5 56 6 3 52 13 3 25
v 0.012 0.009 73 0.008 0.006 81 0.021 0.006 27
Co 0.111 0.059 53 0.092 (.068 63 0.152 0.036 24
Ni 5.0 3.1 62 3.8 248 60 7.6 351 41
Rb 17.8 8.9 50 13.8 6.1 44 26.5 7.6 29
Mo 4.91 3.60 73 5. 11 3.55 62 3.21 3.15 98

MFE M PR ER S 0 TEB L7 .

Nd, W, Ni 8 & K s okick o, EiE hEE 2
BT AR IBIRE G A L 2 (2571 B), =570
A [Elkk, (1) 66 %2 TELCHEL .

Fple TR B W, BHE, HERD 0 OTRIE
E(eFNA) RUK EOBEEL (7 VB kkLizExo
b\“cfﬂ’l b, EFAMRBECAVEZRE () %, £TIEL S5

CHBlE TV ARETE LN TEL, $, K EOEE
LL}?‘LH B EFNDERE L THAREREAET S, B,
BB OHIEASEIERRETH 5 T EATRIE S N7z,

(3) ICP-MS HIFED 16 TLIEDO AR & K B & o a7
Be UrpRlE F oL

ICP-MS #IFE® 15 763& Cu, Cd, Cs, La, Ce, Nd, Sm,Gd,
W, Al, V, Co, Ni, Rb, Mo & K B th SHlER 7 » 77
A R kL R hic 303 Cd, Cs, V & KRB OLhic

Kb, [EEE chEED 2 AR 4 SRR B A g
L7z, 20l (1) 66 &k 64 fa-IEigEic L 7 (2500 C).

4. —hrfRIEEERE R

BiET e L Rl e v B, CA&RGWT, —ReEpkE
HEEE (2-1), (2-2) OFERER (SrHkilRE s KIRE
D) m 5, —REHBIOFRERE T 2 W TERREETT - <.

7B, —hepRIREER N (2-1, (2-2) o 65
%% Ba, Ca, Mn, Nd, W, Ni jB8E & K R & oA RA L,
FEEE, rFEIEE DB AEIT - fofE R AR 7 omd. HBleF
JHEEEF F O 2o il & o —heblFREE R (2-1) 65
Ml o WTH, 60 EAEL CPIBIL, SRk 165-17 fERE O
SERRENE (2-2) 32 BiC2W\WTiE, 21 AEIEL < HBIL #2.

BTN CIZ, —hRHBIMGEEREE (2-1), (2-2) © 35#k
Cd,Cs, V BEE & K B & oA A L, EEE, hEEOH
BIAAT » IefE B 252 7 omd. JElE 7 VSRV
e & o —RREHBIHREE I EDE (2-1) 65 i oW\ T, 62
AL CRIBIL, SERY 15-17 £4EE o #EE AR (2-2) 32
Bit2WTE, 29 mEIEL < HBIL .

EFN BB AEE (2-2) OBPEIH 656% TH -
fohs, 70 B, C xS OFEE T, #80-90% i
R Th D, BIFEHBEERAE S, —hrHBomEE:
DITRE = L7,

F Fz, ICP-MS fIE D 15 T O REE i &3 LIsEE
L7cEFAC I, 423 THROIEBELL, HaBR LHESL L
7B &ML T, HEE T OURSEHERE (D oa¥Hic
BOT, HBNCH B TRES D IS s 12t (BT
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O ETUVBERRE (05 MO0 RU—MHBRERBEOTOREL, RS RS
=y FEE (1) (n=65) —hiEdE (2-1) (n=65) (2-1) #EiElRzE
HEREL(K)  BEREE MRS SR (K) e HERERE (D) memEs
(=) =) (%) (=9 ) (%) f=3)
Ba 1.29E-4 6.89E-5 54 1.14E-4 1.24E-4 109 1.80
Ca 7.59E-2 1.59E-2 21 7.50E-2 3.17E-2 42 2.00
Fe 4.16E-3 2.97TE-4 7 4.18E-3 7.24E-4 17 2.44
Mg 1.16E-1 4.79E-3 4 1.13E-1 1.28E-2 11 2.67
Mn 1.22E-3 1.56E-4 13 1.19E-3 2.70E-4 23 1.73
B2 3.40E-1 2.68E-2 8 3.33E-1 5.31E-2 16 1.99
Sr 1.29E-4 6.08E-5 47 1.38E-4 1.18E-4 86 1.95
Zn 2.34E-3 2.22E-4 9 2.34E-3 3.61E-4 15 1.63
Cu 6.89E-4 1.50E-4 22 6.53E-4 2.00E-4 31 1.38
Cd 5.13E-6 4.17E-6 81 5.88E-6 5.24E-6 89 1.26
Cs 2.60E-6 2.41E-6 92 2.46E-6 2.77E-6 113 1.15
La 2.75E-7 2.25E-7 82 2.56E-7 3.07TE-7 120 1.37
Ce 3.81E-7 3.87E-7 102 4.05E-7 4. 7TTE-7 118 1.23
Nd 1.67E-7 1.73E-7 104 1.58E-7 2. 10E-7 133 1.22
Sm 8.52E-8 8.79E-8 103 5.57E-8 9.94E-8 179 1.13
Gd 4.31E-8 5.50E-8 127 3.13E-8 6.49F-8 208 1.18
W 1.14E-7 2.02E-7 177 1.47E-7 2.58E-7 175 1.28
Al 4.01E-7 2.29K-7 57 3.66E-7 2.5TE-7 70 1.12
\ 5.76E-7 4.30E-7 75 6.83E-7 5.55E-7 81 1.29
Co 5.45E-6 2.84E-6 52 5.22E-6 3.58E-6 69 1.26
Ni 2. 46E-4 1.54%-4 63 2.69E-4 2.07E-4 77 1.35
Rhb 8.82E-4 4.4TE-4 51 9.02E-4 5.04F-4 56 1.13
Mo 2.38E-4 1.73E-4 73 2.44E-4 2.19E-4 90 1.27
6 EEHBE T L O & ER ICP-MS GETCROMELLE AW e 70 C i, RO
Y P ESEm —HCHBNC B W THRTH 2 T LRI S 117z,
Ba (/K) 5.39 147000 — = #
Ca (/K) —0.0431 —679 - B B )
Mn (/K) 1.54 — — H—ﬁ%@mﬁ%m%%ﬁmz & BEHREIRE 7L, M
cd (/K) — — 593000 i i & 2 EEHIRHIRI o aTHEkE iz o W THEE AT - 1o,
G V19 - 00002020000 FElEE, dﬂlZlEﬁi‘ 66 A FHEERIT O\ T, #0100 K% < 4
Nd (/K)  —2080 — 50800000 - 7 o RS RS E T L D BRI L, ICP-AES HER O
W (/K 1090 200000000 = ik DR U BRI L SR T o T A
1 (/K _ 66300000 — H?MS&&&Dﬁ??ﬁﬁ 2. 1 i
vV (/K) — — —10300000 A K 0#IR L 7z 6 563 (Ba, Ca, Mn, Nd, W, Ni) & K
Ni (/K) —2.21 —51500 — DA X b, 23 66 S o WTERE, hEFEAEL
TERY 36.9 61.8 10.9
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TR E 7 L RS L, —HRIC & B EEHRIBIC S W TG
Lfc&T5, #194% (97 firf ol ) ik L, HIBIEEE
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nation of the geographic origin of welsh onions, J.
Agric. Food Chem., 52, 5803-5809 (2004),

Ariyama, K., Horita, H. and Yasui, A., Chemometric
techniques on inorganic elements composition for the

(SER% 1842 6 F 14 HAEA]

EFIDB EFIC
&L (D) [ EE 100% (45/45) 100% (66/66) (45/45)  100% (66/66) 98% (44/45) 97% (64/66)
REEE 100% (21/21) % (21/21) 95% (20/21)
Ak (2-1)  EeE = 6 (39/44) 92% (60/65) 98% (43/44) 95% (62/65)
ef — % (21/21) 90% (19/21)
aliE (2-2) e = s (14/17)  84% (27/32)  94% (16/17) 91% (29/32)
HrElEE — (13/18) 87% (13/15)
SRS D7 2 B L & 4 determination of the geographic origin of welsh onions,
Anal. Sci., 20, 871-877 (2004).
e ik BB, R LETE SR OE R %
ICP-MS Juik4ric & 24T L%@Eiﬂ.’f‘u | REMROKEETH
Kunihisa, M., Matsumoto, S. and Fukino, N., Develop- BRI =~ 7 — FEEE I S, 10-16 (20{)4),
ment of cleavage amplified polymorphic sequence 8) Hﬂ*%— 15 g, e ”]=, ,::[g{ﬁﬂﬂfjﬁ, HERE MR MR
(CAPS) markers for identification of strawberry s, EIZREERE L\ /o i & cpEIREES, L\ /- oIBR8 5T,
cultivars., Fuphytica, 134 (2), 209-215 (2003). EVOKEE TSR € ¥ — PRI, 27, 45-54 (2003).
HEET—, A i WEE=, DNASEIC L 5080 v 7 9)  Anderson, K.A., Magnuson, B.A. Tschirgi, M.L.. and
v A andl [BFET R, FRESEI, 6, 29-32 (2004). Smith B, Determining the geographic origin of potatoes
FEIFIHSE,  HERADET,  Zokrh oM IR i & A FEbE with trace metal analysis using statistical and neural
FIB, Ak, 49, 405-410 (2000). network classifiers, J. Agric. Food Chem., 47, 15681575
Al H R, A%, R F ORI b O (1999),
WoTSRIME R OREL & FimiHRES, Sir/kss, 52, 969-978 10) H:EMER], S4ORERE, 6 TREE ZOPRHE, B L ohEEE
(2003). DREKRE [FHER] B 5 TR0 £E, DE
Ariyama, K., Horita, H. and Yasui, A, Application of 74, 36-40 (2005).
inorganic element ratios to chemometrics for determi- 11) /RS, ST, AR, RS, =0, &%
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