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Identification of Walnut from Different Regions of China by Statistical
Methods Based on the Determination of Multi-element Contents

REN Chuan-yi', CHENG Jun-yong® , CHEN Zhen-chao', NI Zhang-lin', TANG Fu-bin'
(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Quality Testing Center for Non-Wood Forest Products of State Forestry
Administration ( Hangzhou) , Hangzhou 311400, Zhejiang, China; 2. Hubei Academy of Forestry, Wuhan 430079, Hubei, China)

Abstract ; [ Objective | To identify the walnut from major producing provinces in China and provide some basic data
and theoretical basis for the protection of geographical indication. [ Method ] The contents of 35 elements in 128
walnut samples from eight major producing provinces of China were determined by inductively coupled plasma mass
spectrometry (ICP-MS) , the discriminant model was established by one-way analysis of variance, principal compo-
nent analysis (PCA) and linear discriminant analysis (LDA) to identify walnut from different areas. [ Result] It
was found that the contents of Fe, Zn, Cu and Ni were the most abundant nutrient elements in walnut, and the con-
tents of heavy metal (Pb, Cd and As) and rare earth elements were in relatively low level. One-way analysis of va-
riance indicated that there were significant differences in the elemental composition of walnut samples from different
regions (P <0.05). The PCA showed that Fe, Ti, Rb, B, Ba, Cu, Zn, Ba, Mo, Al, Pb and rare earth elements

were inferred to be the characteristic elements of walnut samples from different regions, and these elements could ex-
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plain 64.33% of the total variance. LDA was applied to construct the classification model of walnuts according to

their geographical origins, and the accuracy was as high as 99.2% . LDA was also applied to construct the model of

identifying the walnut with geographical indication from that without geographical indication, the accuracy was

95.7% . [ Conclusion | Through the determination of multi-element contents in walnut combined with principal com-

ponent analysis (PCA) and linear discriminant analysis (LDA) , the walnut from different regions can be identified

successfully.

Keywords: walnut; multi-element; principal component analysis; linear discriminant analysis; geographical

origin discriminant
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il (02si 24 7], M) 510 mg - L™ F £ oC K hnife
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- L7" (Li,Be Mg, Fe In, Ce, Pb, U) Jif 1% ¥ i
(PerkinElmer 23], 3 [ ) 5 5 73 73 b 1 4) it
(GBW10021 , H [ 3y 5 4“7 B b Bk 47 3 3th 35k Ak 27 1)
AT, A0 o
1.3 WEFHE
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Table 1 Detail region information of walnut samples
FE R I8 Hi X RS AR 7 i GIE FEACRE
Sample sources Region Planting type GI/NGI Sample size
Tt Hebei £ Shijiazhuang 4 P 5LFE Farmer orchard 7 NGI 6
HBE#E T Handan A B Planting base 7 NGI 5
JELLTT Tangshan 4% ;1 5B Farmer orchard 7 NGI 5
1114 Shandong P Jinan A& PR e Farmer orchard 7 NGI 4
254227} Taian A& B Farmer orchard 75 NGI 6
G YT Linyi 4 P BLBi] Farmer orchard 7 NGI 8
V[ He’ nan F5 [GH Lushi FiE LMy Planting base PR GL 9
BEURTH Jiyuan 4 P 3Fi] Farmer orchard 75 NGI 9
Hilr Gansu B F§ T Longnan P B A Planting base JNEAZBE GI 12
KK Tl Tianshui 4 P BLpi] Farmer orchard 7 NGI 6
B PG Shanxi P44 Xi” an Fif L Planting base 7 NGI 4
T % Shangluo P BEH Planting base 75 NGI 8
il J1] Tongchuan FAE B H Planting base 7 NGI 5
Wi Xinjiang [ 5575 Akesu A B Planting base [ 52 Az ARk Gl 15
PgJil Sichuan H ¥k Ganzi Tt B H Planting base 7 NGI 6
J~4¢T]7 Guangan 4 P JLFE] Farmer orchard 7 NGI 4
74 7571 Nanchong 4 P 5LBi] Farmer orchard 7 NGI 5
2B Yunnan #5 I Chuxiong A 3L Planting base KWkAZRE GI 6
{41111 Baoshan FiAt B H Planting base E T HHE Gl 5

T« G AR RE = iy, NG AR AR B3 27

Note: Glis an abbreviation forGeographical indication, NGlis an abbreviation forNon-geographical indication.

WIFZE 130°C  FFFE A PF T A4 4F 10 min;S min 4
M 130°C T % 200°C H-ARFF 40 min, B EFHEUE, &%
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SR 2, WE Eu i, JTCERZ BaO T ™
YRR IE 7 AT v

"Eu=[151] - [(Ba(135)0)/Ba(135)] x

[135]

[ (Ba(135)0)/Ba(135) ] AEALYILL;
CIST] L1351 350 0 B i 5 151 1 135 4k f% 5 1% 9
TR . R I AMERA R AT W A, 2%
TR T R TR 5 AR VAR, Frh AL As B\ Ba | Cd |
Co.Cr.Cu.Fe Mo Ni.Pb Rb.Se . Sr . Ti.Tl.V.Zn JG
FUERLEE M 0.20.,0.50,1.00.,5.00,20.0,100. 0
e * Lfl,Ce\Dy\Er\Eu\Gd‘Ho\La‘Lu\Nd\Pr\Sc\
Sm.Th.Tm.Y.Yb JUZE W EHE M 0. 020,0. 050,
0.100.0.500.2.00.10.00 pg - L™, %f % 2

TWHIR Cu Fe S50, I 1% fiR (v/v) ke 20 £%,
#EAT EALI,
IR FHARMED) 5T M (GBW10021 ) X 5 32 s
0 B8 AT IRAIE , TR0 7 2% 0 (BT E A A (3 B Y L e
T /2 S K o
%2 ICP-MS ({HRIEITSH
Table 2 Operation parameters of ICP-MS

28 Kl
Parameters Setting parameters
B4R REF power 1400 W
=N
TR 0.95 L - min~!
Nebulizer ( carrier gas) flow rate
B HIX it Coolant gas flow 15L ¢ min~'

FARGIREL Sweeps 20
H 2 KB Number of replicates 3

A 772, Scanning mode Peak hopping

A1 5 As OB 5Ba M Cd P Co.,
3Cr 3 Cu Y Fe %Mo ©Ni 2% Ph |
BRb $28e BSy 4T 205T] Sy
6670 194 90Ce 42Nd 4Py,
1528m 1S gy 1B Gd 19T 1Dy
165 Ho 166y 169y Y] 1Sy

$S¢ and ¥Y

[l oz 2 4%

Isotopes of selected

S'Eu=[151] - [ (Ba(135)0)/Ba

#% 1EJ7#2 Calibration equation (135)] x [135]
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IR Rk A SPSS18. 0 B A7 8 R U5 2
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Table 3 35 elements concentration in walnuts of different areas

bJve S A bEE AR AR Hol (S| B Py PN FHIE
Element  Unit Hebei Shandong He’ nan Gansu Shanxi Xinjiang Sichuan Yunnan Average
Al 2.2+0.9 3.8+1.6" 2.6+1.8 23.9+36.7°  14.1+3.4°  14.8+4.8" 2.7+2.4° 3.1+1.0° 8.7+15.8
Fe 123.3+23.20 171.0£10.6° 195.4+25.1° 214.3+39.7*°  21.09.3"  30.8+10.0' 49.6+23.8° 61.8+9.5° 114.7+77.4
Ti 2322431 28.1+3.6° 29.6+4.8°  350x2.9° 27.9%5.1°  29.6+3.8™ 32.3£32%  31.8x1.4" 2.7+50
Ni L6£1.30°  1.30.45°  2.1+0.83*  2.2£0.48™  2.6+1.50" 2.1x1.30" 1.9x1.10* 54220 23£1.5
Cu 19.2+4.41  24.2+4.0 28.5+3.6" 27.8 5.6  21.2+7.2¢0  20.1+6.2  27.2+4.3"  252+3.8" 24.216.0
7Zn 51.0+7.4° 43.4+7.3™  46.1+7.9%  50.6+13.5°  37.329.5°  38.0+9.6°  42.6+12.4™ 40.7+4.2* 44.0=x10.5
Rb  mg-: 9.8+54° 10.8+3.0° 12.0%3.8° 13.9£9.5° 10.9 +5.6° 4.0£2.7"  12.0£6.7°  10.7+4.5"  10.6£6.1
St keT' 51+1.8 3.3+1.2¢ 5.7+3.8"  6.914.4" 3.8x1.1  17.6+7.6" 5.2+2.9%  6.7£2.9*  6.7+57
Ba 2.8+1.300  1.6+0.81  3.3x0.2%  48+58" 23+0.62° 1.7+0.65 6.8+530" 7.7+550" 3.7+3.80
B 14.9£3.3°  19.2+3.9%  21.12.5" 26.6 £3.4° 17.7 £3.5°0 166 +2.8%  20.2+4.0>  28.4+2.5"°  20.4£5.3
Co 0.16 +0.14™ 0.18 +0.07°  0.14 £0.05"¢ 0.12£0.07"!  0.09 20.04!  0.10+0.05°)  0.10+0.06*) 0.15£0.06"* 0.13 £0.08
Se 0.2+0.37*  0.06+0.02> 0.07+0.04"  0.02+0.01>  0.03+0.02" 0.07+0.04> 0.04+0.03" 0.03+0.01" 0.070.14
Mo 0.24+0.11°  0.26+0.00% 0.42+0.07™ 0.60£0.26"  0.33+0.23 0.46+0.14"  0.36 +0.20™! 0.18 £+0.05°  0.37 +0.20
Cr 0.19£0.05* 0.12+0.06> 0.21£0.07°  0.18 £0.05*  0.18 0.10" 0.11 +0.02"> 0.19+0.06° 0.10£0.01" 0.16 +0.07
As 16.3+8.8™  11.4£6.6" 21.2+12.0"° 12.727.0  14.0+10.8* 63.2+37.0° 19.9+12.3"% 7.6+1.4° 21.0+22.5
v 1.5+0.8" 3.4+3.5 4.3£1.0° 4.9 £1.6" 2.9+4.1° 8.1+14.8  49+1.3* 2605 4.1+5.8
cd 1.6+2. 1% L1+11*  2.1x1.4° 1.0 £0.3% 1.6+0.9%  0.8+0.2" 1.2£0.6™  0.7+0.1° 1.3+1.1
Tl 5.7 +5.9 3.8+3.0%  4.4£2.1% 1.8 1.8 3.7+4.2%  0.1£0.7¢ 1.9+2.8"  0.6+2.2¢ 2.9+3.6
Pb 3.1+2.7%  2.8%1.5° 4.6+1.9"  14.3+12.0° 2.11.1° 8.3+11.7" 15.327.7° 5.1+2.8™  7.0£8.3
Y 1.0 +0.5¢ 0.9 0.5 1.3 £0.5% 1.6 £0.6% 1.2+£0.2%0  2.9£3.4" 2.4£29%  49x1.4 1.9+2.0
Ce 0.6+0.3" 0.5+0.2" 0.6 +0.2 1.9 +0.9® 0.3+0.1° 3.7+8.0" 1.5+0.8% 1.9 20.9® 1.3+3.0
Sc 7.0 £2.5" 8.8+3.67  10.5%3.4%  11.322.9°  153%3.5" 19.4%2.5  16.8+1.8" 13.1=x1.1° 12,648
Sm 1.4 +0.7¢ 0.7 0.4 2.2 £0.7% 3.6 +4.0™ 1.7 £0.5 1.7 £1.24 5.2+4.0"  6.0£3.9" 2.6+2.9
Eu 0.9 0.4 0.5 0.3 1.4 £0.5¢ 2.4 +2.9™ 1.2 £0.3¢ 1.0 £0.5¢ 3.5£2.7%  4.0x2.8 1.7+1.9
La l’:’::l 0.28+0.21° 0.19+0.13° 0.25+0.06° 0.87£0.66™  0.17+0.08° 1.40+3.00" 0.77£0.61™ 1.70+0.71° 0.66+1.20
Pr 0.29+0.45*  0.25+0.24° 0.29£0.18°  0.54%0.76"  0.20+0.09" 0.56+0.82" 0.37+0.14° 0.52£0.14* 0.37£0.47
Nd 0.2+0.11"  0.17+0.00> 0.27£0.07°  0.63£0.40"  0.1320.04" 1.30£2.90"° 0.62+0.43" 0.93+0.37®" 0.51 +1.08
Gd 0.055 +0.036° 0.038 +0.026° 0.054 +0.013°  0.124 +0.064* 0.039 +0.015° 0.280 +0.590% 0. 170 +0. 191> 0.400 +0. 140° 0. 131 +0.247
Th 0.006 £0.005° 0.004 £0.005° 0.005 +0.003° 0.016 +0.008™ 0.004 £0.003° 0.041 £0.093 0.023 +0.034™ 0.062 +0.025* 0.018 +0.039
Dy 0.035 £0.028° 0.026 +0.022° 0.035 +0.016° 0.087 +0.044™ 0.022 £0.014¢ 0.231 £0.511%" 0.140 +0.223" 0.341 +0.152"* 0.102 £0.220
Ho 0.006 £0.005¢ 0.004 £0.005° 0.006 £0.004° 0.017 +0.008™ 0.005 £0.004¢ 0.046 0. 103 0.026 +0.045™ 0.061 +0.028" 0.019 £0.044
Er 0.019 £0.011° 0.014 +0.013° 0.022 +0.012° 0.049 +0.024* 0.014 £0.007° 0.130 £0.290™ 0.076 +0. 123> 0.156 +0.074* 0.055 0. 121
Tm 0.001 £0.001" 0.001 £0.002" 0.002 +0.002" 0.006 +0.003" 0.001 £0.002" 0.017 £0.039° 0.008 0.01°> 0.016 +0.009" 0.006 +0.015
Yb 0.015 +£0.007" 0.011 £0.012" 0.018 £0.009" 0.042 £0.022" 0.011 £0.005" 0.11 £0.24*  0.059 +0.083* 0.088 £0.045* 0.041 +0.096
Lu 0.001 +0.001* 0.001 £0.002¢ 0.002 +0.002™ 0.005 +0.003™ 0.001 +0.002" 0.016 +0.037* 0.008 +0.013*°0.012 +0.006™ 0.005 +0.015

R 1 ATEARARE A [ 7R 2R T R & MAEA R X 2 AAFTE B 25 (P < 0.05)
Note: The same line of data in the table is marked with different letters, indicating that the content of the elements varies significantly among different
regions (P <0.05).
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Fig.1 Loading plot of the first 4 principal components of 35 elements in walnuts
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2.4 Rt IEARE S IR M B AR ST m & A A
AT

O E— A WFTELNE SN A XA B 3t BEAR A5
Ay AR iy MR, AR T e R T R R
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FI 53] R AT 53 AT AR - T e e QA% Bk 5 9 e I
PEFRAE 7 ST 0 AL PRI B B, 5 Kk bk 5 =
BB TS S A5 2 AR AR R B R, HOM B A% Bk
SN AR AR & 2 BIMELAIX 4y, RS i T
LDA | XA [7] 1 X A b AR 5 'ﬁﬂlfi&ﬂﬁ
BT AT RS IR LS R . IR 73 S5 45
DA T g e FOA kS A AR 257 b Eﬁ}%i
FIRFEEF] 100% 5 H ol SE M 1 ARl
MR s = F B T A% 1 AR SR A
5 RIEAZAE, W1 46 73 H 201 Y 95. 7% A dnAs:
BT IEM A, MRS S8 U UESS R LLE i
A ERAZ A T e A M AR R 7 s R kAR A
i SE SIS UEF B ER 2RI R 100% , =/ B TAAEAS
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Fig.2 Scatter plots of walnuts sample scores of

discriminant function 1 and discriminant function 2

SURIE S 2 S A 80. 0% 138 T IE#H 7326, (5
H S EARAES HR AR AR 7 i 2 A PEAR
FHIER A A 16. 7% ~ 66.7% , B RS SR IE K
BIIERRN 78.7% o

x4 FREMBREREEFIRN S XKER

Table 4 LDA classification results of walnuts from different areas

Sy 4E R Classification results

T FER BRllZL B Groups aif
Sample sources Wt W& wm b B B poil z@ ol
Hebei Shandong ~ He’ nan Gansu Shanxi Xinjiang Sichuan Yunnan
74t Hebei 16 0 0 0 0 0 0 0 16
114 Shandong 0 18 0 0 0 0 0 0 18
- B4 He’ nan 0 1 17 0 0 0 0 0 18
H il Gansu 0 0 0 18 0 0 0 0 18
Original y vt Shani 0 0 0 17 0 0 0 17
classific —

ation i Xinjiang 0 0 0 0 15 0 0 15
Py )i| Sichuan 0 0 0 0 0 0 15 0 15
7 Yunnan 0 0 0 0 0 0 0 11 11

5 Classification rate/% 100.0 100.0 94.4 100.0 100.0 100.0 100.0 100.0 99.2
Tt Hebei 16 0 0 0 0 0 0 16
IR Shandong 1 14 3 0 0 0 0 18
B He’ nan 0 1 16 1 0 0 0 18
AR EGE H Gansu 0 0 0 16 0 2 0 18
Cross %74 Shanxi 0 0 0 0 17 0 0 0 17
validation g Xinjiang 0 0 0 0 1 14 0 0 15
PUJI| Sichuan 0 0 0 0 1 0 13 1 15
2 Yunnan 0 0 0 0 0 0 1 10 11

FI 5 Classification rate/% 100.0 77.8 88.9 88.9 100.0 93.3 86.7 90.9 90.6
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Fig.3  Scatter plots of geographical/non-geographical indication

walnuts scores ofdiscriminant function 1 and discriminant function 2

RS FREBBRZHEMBIBIRE IEMIBIRE T RE SRS LER

Table 5 LDA classification results of geographical/non-geographical indication walnuts from different areas

A2 4E R Classification results

iH liem il B Groups it
Sample sources Total
HN-LS HN-NGI GS-CX GS-NGI YN-DY YN-CN
HN-LS 9 0 0 0 0 0
HN-NGI 0 9 0 0 0 0
WA GS-CX 0 0 5 1 0 0
Original GS-NGI 0 0 0 12 0 0 12
classification ~ YN-DY 0 0 0 0 6 0 6
YN-CN 0 0 0 0 1 4 5
H ] Classification rate/ % 100.0 100. 83.3 100.0 100.0 80.0 95.7
HN-LS 9 0 0 0 0 0
HN-NGI 0 9 0 0 0 0
ZXEE  GS-CX 0 0 1 5 0 0
Cross GS-NGI 0 0 4 8 0 0 12
validation YN-DY 0 0 0 0 6 0 6
YN-CN 0 0 0 0 1 4 5
Fi| ]2 Classification rate/% 100.0 100.0 16.7 66.7 100.0 80.0 78.7
T TG 75 CAZ M (CHN-LS) T g = AR 257 it (HN-NGL) i B A8k (GS-CX) H Al B AR 22 7™ i ( GS-NGI) | 5 i Rk AZ Bk ( YN-

DY) .z B T Mk (YN-CN)

Note: Henan Lushi walnut (HN-LS) , Henan non-geographical indication walnut ( HN-NGI) , Gansu Chengxian walnut ( GS-CX), Gansu non-geo-
graphical indication walnut ( GS-NGI), Yunnan Dayao walnut ( YN-DY ), Yunnan Changning walnut ( YN-CN).

FVHEEACT 1.00 mg - kg™, % La Y Ce 5F
TRERTPHE LT 0.01 mg - kg™ o ASLIME 1
16 Fff oo R & s &= R Se.Sm Y (Eu Ce F
La & HSPEHE&ESM812.6.2.6 1.9.1.7 1.3 F
0.66 pg + kg ™', Hirf La Fl Ce 29 M5 585l T B AW
&% T GRS SR 2.36% ~5.57% P %
oA IR e AR IR G 2R I S DA BORE i A

BTk AR AR B TS R 2R

FUR, AR Z TS XA R 7 s A% e R e 1k
R P 265 JSL A3 LRI 43 W AR, T v 2 452
S5 PH ORISR VAN [R] A B E A7 0 & B, AN
[Fil 7= ML A A% BRI A 8 R T SR A 22 5 2, BV
Je [l — M DX AN ) JE A A R 45 S R I
SRR I SRR T L M H A R AR ]
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