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Discrimination of geographical origin for soybeans using ED-XRF

Ji-Hye Lee', Dong-Jin Kang', Eun-Hee Jang', Suel-Hye Hur', Byeung-Kon Shin', Guk-Tak Han', and Seong-Hun Lee"*
'Experiment Research Institute of National Agricultural Products Quality Management Service

Abstract In this study we developed a method for determining the geographic origin of soybeans by combining energy
dispersive X-ray fluorescence spectrometry with statistical analysis. In 2018, 197 soybean samples (100 Korean domestic
samples and 97 foreign samples) were collected for the construction of a geographic origin model. The mineral
concentrations of 26 elements were measured and determined via the fundamental parameters approach. One-way analysis
of variance, t-test, and canonical discriminant analysis were employed to reveal five elements (P, Ni, Br, Zn, and Mn) that
could be used for the determination of geographic origins. The sensitivity, specificity, and efficiency for the above method
were 91.0, 95.9, and 93.4%, respectively. Validation results from 60 samples collected in 2019 showed a predictive rate of
93.3% for Korean domestic soybeans and 100.0% for foreign soybeans. In conclusion, the combination of energy dispersive
X-ray fluorescence spectrometry and chemometrics could be used to effectively determine the geographic origin of soybeans.
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=3}tk 3 near-infrared spectroscopy (Ahn &, 2012), fou-
rier-transform infrared spectroscopy (Lee 5, 2018)2 &8sl &
4 A EZ Al C-H-ON-S9| 74 EZE9] g1 4l <]
g oS mdES T A4S T4 TS wHE At B
HAdok 2 ol g WHES f7IAE AlolE ol 8T Joew
T8RS 283 Fo AR W Are AY A=EHA &
Atk AES AufE Al gk B4k TR A0
S AHHoZ WIS (Driveloset Georgiou, 2012; Herawati
5, 2000; Kim?} Thornton, 1993) F718%-2 #7173l nis| W
sp7p AaL Qg ol7] wiEol(Bong &, 2012) F71AE E4
QXX FHo| gFel Aoz LA Uttt Zhao _‘05( 13
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Inductively coupled plasma (ICP)-MS, ICP-OES, ICP-AES 5©|
2T Yang 5(2005)2 ICP-AESE o|&3le] 4kz} m=it o
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5, 2017), A3 (Bae 5, 2015), #7(Choi 5, 2016), F=%
(Kang 5, 2016), 13 (Worku 5, 2019), &= (Moon 5, 2012)°]
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T 200 g& T3] & ¥ FE71(UBC-DV, Universal Bio-
logical & Chemical, Goyang, Korea)s AME-3}4] 50¢°] 2 wj7}
A WHEsle] RS S5 H AR 50 g2 —40°Col 8A7F <
HlEA ¥ 2407 Bt B2 Axsislen A4388 2471 (Pulver-
isette 14, FRITSCH, Idar-Oberstein, Germany)Z 33l 0.5
mm ZHE H3 B F48 A EE ARSIITH 248 Al
R Wi FEFFE 5.5%]8AT)

7171 &4

ANE 5g5 A A]FE F(Chemplex, 30.7mm diameterx
229mm height, Palm City, FL, USA)°] ®o°} ED-XRF (ARL
QUANT'X analyzer, Thermo Fisher Scientific, Ecublens, Switzer-
land)E ©o|-&3te] F71dEe] FHs EA AT & 2659 94
of thall Table 13} 2 X702 FAATE F714%9] 5%
£ ARL QUANTX] WA4=o] 9= UniQuant ZZEgoje] it
AU Fundamental Parameter (FP) H< AM-313A ).

FP H& 4 A59 5Ue marix 24& 2e RFEZH0
NS W FZ AR WHolth FrARE XA A&7 A=
5 EIs7] $18 A& 4] el Cu disk (Copper Calibration
Disk, Thermo Fisher Scientific)s <& ¥ XA 3 oUA|F

Table 1. The measurement condition of ED-XRF analysis

< A=3dt] FWHM (eV) %ol Low 166.6+10, medium 180.5+10,
high 215+10 7]=e] AR &)1 & 245 AASIA

A 2|

ED-XRFIlA AlRE 33] WlEale 42 F714E % o
SAEA ] A8SIHTE One-way Analysis of Variance (ANOVA),
Duncan®] A&7 A, ttest= SPSS 16.0 (SPSS Inc., Chicago,
USAYE o] 83t T-este A &3 <=4t & bl p-value
<0.05 FENA T A7t = TIPS A S8l
FASATE Ttest 237 Add F71QE 5 =4k 9=2ke]
Hol| A Aoz IS F= HFE Adsr] f8) =Y, =
2k =4k HIERAY, Bia4t 3o R4 5 volHE 7Rk
S ANOVA £4] % Duncan®] AFF74L 2813t}

A a2 S fste] F4F 1008S “17, =4 974
S R PRI FYE FEE SHRSTE Sk UNISTAT
(version 6.5, London, UK)2] canonical discriminant analysis
(CDA) 45 At e A Y] fadds W
H(Lpez 5, 2015)°] we} 78X (sensitivity), A1E14d (selectivity),
a8 (efficiency)S AFH=E3HATE
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Efﬁc‘ency:(TD FFF+FD+TF *

TD (True Domestic Producty= A =4F Al5o|w #EA57}
ko7 AP E = AlFo|H, FD (False Domestic Product)= 4
A =2 Algoly WEAY 4o g Ay EE= Alselth TF
(True Foreign Producty= AA @<t A5 Wap WEA 9
ko7 A EE ARt} FF (False Foreign Productys 21|
A Algoln AN oSt R A EHE ARt e
£ WH2o] I NS 2HlEA FAko g oAE £ e B
Holu, delde dhH2o] =4t AEE SHIEA =it R

FHE WHAY 4= 5EES Wrisk] A% AlsE &
B tigJated FAF AlRE FA0R Wgstke HES A o
ZE(Domestic Predictive Rate)Z, &|=f2F A|§5 9]=2ko =z 7
Aole vEE Y=t od|SE(Foreign Predictive Rate)Z AHE3})
ATt

& AL 265 FIIAE Fo U3l ttest

Condition Filter Atmosphere Voltage (v) Time (sec) Elements
Mid Zb Pd Medium Air 20 KV 30 Cu, Zn, W, Fe, Co, Ni
Low Za None He 4KV 100 Al Si, P, S, Mg, Na
High Za Cu Thin Air 40 KV 30 Mo, Ag, Cd, Sn
Low Z¢ Aluminum Air 12KV 30 Ti, Cr, Mn, Ba
Mid Zc Pd Thick Air 28 KV 30 Pb, Hg, Br
Low Zb Cellulose He 8KV 60 CL K, Ca
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Table 2. Element concentrations in soybeans from domestic, US, China, Vietnam and Thailand
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Elements Domestic Foreign (n=97)
(mgkg") (n=100) US (n=20) China (n=51) Vietnam (n=10) Tailand (n=16)
Al 877.1+486.7% 673.1£78.1° 847.6+285.7° 750.4+153.3% 696.3+86.5"
Si 306.5+249.2° 340.8+126.3° 353.14201.8° 600.8+240.4° 377.0+156.0°
P 76501.8+6053.2° 62943.8+2972.0° 69564.0+£5390.1¢ 67216.6+3287.5 62195.9+1721.2°
S 71710.549558.7° 62940.9+8788.1° 70174.8+12061.8° 68664.5+5743.4° 68953.8+7855.9°
cl 0.30.1° 0.3£0.2° 0.5+0.6" 0.2+0.02° 0.3+0.1°
K 672761.4+21328.6° 674929.5£15117.4° 703445.9425068.7° 653589.0£16245.5° 661268.5£20274.5
Cr 43.7433.5% 39.5+30.2° 59.0+39.3¢ 55.8+29.5" 43.6428.5%
Mn 3518.8+1024.0° 2725.14341.3° 2948.5+342.3° 3309.1+482.5 2944.54258.9°
Ni 269.5+187.4° 425.0+117.6° 664.7+268.1¢ 417.74216.4° 487.74122.1°
Zn 4737.4£711.2° 4073.2+431.9° 4144.1£534.8® 4363.24428.3° 4138.74332.7%
Br 33.9430.4° 165.5£108.1°¢ 97.5+123.8° 217.5+130.6° 176.6+83.3¢
Mo 303.14256.6° 299.6+183.1° 152.4+175.9° 403.74207.5° 236.6+142.9°
Ba 722.4+313.5° 765.1+253.9% 671.3+220.9° 1901.4+1340.2° 881.54273.6"
Hg 99.6+30.3% 88.3+37.6° 95.0+37.8% 106.4+42.1° 97.2435.1%

"The experimental values in this table are shown by meanzstandard deviation.
IMean=+standard deviation values with different superscripts are significantly different (p-value <0.05) based on ANOVA and Duncan multiple

range test.

Table 3. Classification results for the origin of soybeans by canonical discriminant analysis with element concentrations

14 kinds of element 5 kinds of element

Statistic values
Al Si, P, S, Cl, K, Cr, Mn, Ni, Zn, Br, Ba, Hg, Mo P, Mn, Ni, Zn, Br
Correlation 0.8568 0.8417
Canonical Domestic -1.6340 -1.5327
Discriminant Foreign 1.6846 1.5801
Function Distance between cenrtoids 3.3186 3.1129
Sensitivity 90/100(90.0%) 91/100(91.0%)
Classification Selectivity 93/97(95.9%) 93/97(95.9%)
Efficiency 183/197(92.9%) 184/197(93.4%)

5 AAEle] Akt At 7F AR R FoA ZolE B
Ol E(E<0.05) 14% F71A8E(AL Si, P, S, Cl, K, Cr, Mn, Nj,
Zn, Br, Mo, Ba, Hg)S AWslct 145 714389 &S =
7PE2 ANOVA #4 % Duncan®] A13HRS A 2z
Table 29} 7T},

P, Zn& =AtollA Z}zb 76501.8+£6053.2, 4737.4+711.2 mgkg™
o2 ula2l, Tk HIER Bkl vlE] fredom w2
T UERTh Niol 82 F4F 269.5+187.4 mgkg !, P4t
425.0£117.6 mgkg™, S2F 664.7+268.1 mgkg™!, HIEDAF 417.7+
2164 mgkg™, Bl=AF 487.7£122.1 mgkg™! &2 UER} Hato] ¢
4F Fol Hlal] FElehA w2 FAE Bt Lim(2008):2 Ni,
Zn, Cu $o] e AFE SMIBESS ol&ste] FAANE Al
RS - Zn, Cus o] F5Eo A4 F2 olgHIA ot
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Hrpar Bskgivh. E8k Feng 520052 EY 5 Ni #Ht &
go] A -, Wy Fo] Fate] AEdAZE gtk Birste
2 AFeA Nigl & xfo|7t B Holof 7|1 7Fede A
oty B F E2AE Ni2 Ashd 3o AhvAgs o
AR a4 T5o] /A Lavres 5, 2016)2 E<I3k B} 9lo}
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7} d st
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Table 4. Validation results for discrimination models using concentrations of 5 elements (P, Ni, Br, Zn, Mn) for soybeans with canonical

discriminant analysis

No. of samples

Classification - - Predictive Rate
Total Domestic Foreign
Total 60 30 30 96.7%
Domestic 30 28 2 93.3%
Foreign 30 0 30 100.0%
T8RS Tx8E ghStructure matrix)S P (—0.5121), Ni 60

(0.4026), Br (0.3485), Zn (-0.2904), Mn (—0.2251), K (0.1494),
Mo (-0.1064), Cr (0.0734), S (=0.1009), Si (0.0979), Ba (0.0817),
Al (-0.079), Cl (0.0713), Hg (-0.0388) =22 =ity +x23€
e ZF e} CDA 3 7] AREAE veille sle=s A
ol grol S5 i Jgo] Ak AR AR F
71EE 145X F2PE Fhol =& 49 55(P Ni, Br, Zn,
Mn)o 2 £9& o 78S 27 90.0, 91.0%= YET A
e 77k 959, 95.9%01eH, T892 77t 929, 93.4%= 1}
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Fig. 1914e =4k =4t 38 559 F7I48e= il A
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Fig. 1. Scores plot of canonical discriminant analysis using
concentrations of 5 elements (P, Ni, Br, Zn, Mn) for soybeans by
ED-XRF

Ak} Q)= Hi od|EE0] 96.5%% =4 UERTE

Fo] A2kx] #E Hd AF(Homura 5, 2006; Otaka %,
2014)y= LDAZ WE21S 2dsk Wi £ Aellx= CDAE &
4319tk CDAE dlolEl2] = (dimension) F4(Meerdink 5,
2019)¢} s ZAHe] Al Zskvisualization)dl]l &3 Q1 (Han 5,
2020) SAERHo|t) gk Y4 8 AF-(Kang 5, 2016; Moon
5, 2012; Song 5, 20200014 CDAZ IS ZAJsle] E&
A E HAFATH ED-XRF #40lA A& 14% FIA4E &
o thall CDASF LDA (Ripley, 2019)8] 4 538 nwsl 2
FHellold 1 HE) E8A4L CDA 92.9%, LDA 923%= kst
o} WS 5@ Ni, Br, Zn, Mn)22 =24 AL o 2848
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st 20189 =] g 54
100, W=, S5, HES, B= _i T sl 978 o
o] ED-XRFE ©]&38l9 & 265 F714E 558 A&
T-test, ANOVA, CDA 4% a‘sH MR FHol| JgFe F= =
8 WSEE 5EP Ni, Br, Zn, Mn)?] 7|48 Mukay u} °J
A AEAS AT A ST 91.0%, AEA 95.9%, &

A 934%E YERITE 20199 %00 8 =4F 304, =14t 30
Aoz kA WHAS HES A A €FE 93.3%, o+
b dEE 100.0%E YERITE E34s dAx2] §lo] ED-XRF2:

FAAAS B0 FU B9 93 T2 4 - s 48
9 B AAE FEIGOM FRE 9SS A AHY 2

ARERA Bl 15T Ao BerH,

A =
B A7E FYSHEFAAY AFATAR olsieh 7]
&S o]&% F AR WEYH A AT IAE FYE AR
a2 Aol A =gyt
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