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Distributed Geographical Origin Identification System
for Green-groceries by Trace Element Compositions

NOBUYOSHI SATO,t MINORU UEHARA,tt JIN TAMAOKA,t
KOICHIRO SHIMOMURA," HIROBUMI YAMAMOTO"
and KENICHI KAMI1JOt

Food traceability systems are used to ensure food safety. However, switching foods is pos-
sible since they chases only IDs attached onto foods. Therefore, we have been developing a
system to identify geographical origin of vegetables using their trace element compositions.
Since trace, very small quantity element compositions in the soil differ from places, it differ
that trace element compositions absorbed by plants along with their growth. So, they can be
used to identify geographical origin. In this paper, we describe a computer friendly identifi-
cation method rather than used by chemists, and we describe our system that identifies by
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comparison of two trace element compositions, measured in a farm and doubtful one’s.
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Table 1 Analytical result for each trace element.

oo0odo Cd Cr Pb Co T1 \%
EcuadorONO | 5.4691  7.6026  9.3328  12.985  31.227  14.890
U.s.0MO 12.155  7.0151 5.6796  30.817 8.1998  8.6061
Calif.0 KO 15.639  7.5646 14.147  29.030 11.720  7.8218
0o00oKO 12.375  8.8491 12.465 16.014  38.857 12.701
0O00KO 22.278  47.863  72.581  31.888  27.066  99.437
O00AO0 14.059 9.0484 13.420 10.945 8.8744 12.282
ng/100g 0O O
02 0000
Table 2 Correlation coefficient matrix.
Ecuadord NO U.s.oMd Calif.0 KO O0oKO oooMmo OO00AD
Ecuadord NO 1
U.s.0MO —0.5980 1
Calif.0 KO —0.7991 0.8908 1
O00KO 0.7863 —0.6176 —0.5615 1
OoooMO —0.4242 —0.1031 —0.1145 —0.7153 1
000AO —0.4745 —0.4074 —0.1193 —0.3022 0.7075 1
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Table 3 Correlation coefficient matrix among actual Calif. (K) samples and the other districts.

EcuadorONO U.S.O0MO Calif0KO O0O00KO 000MO O0OO0O0AO
Calif.0 KO 1 —0.7977 0.8963 0.9998 —0.5709 —0.1072 —0.1250
Calif.0 KO 2 —0.7956 0.8850 0.9998 —0.5497 —0.1255 —0.1197
Calif.0 KO 3 —0.7979 0.8948 0.9999 —0.5667 —0.1111 —0.1237
Calif.0 KO 4 —0.8119 0.8673 0.9986 —0.5450 —0.1174 —0.0843
Calif.0 KO 5 —0.7900 0.9085 0.9991 —0.5738 —0.1113 —0.1440
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Fig.2 Correlation coefficients between samples simulated
as Calif. (K) and actual Calif. (K).
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Fig.3 Relation among the number of producing districts,
elements, thresholds and the number of hits.
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Fig.4 Frequency distribution for the number of hits.
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Fig.5 Overview of distributed geographical origin
identification system.
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Fig.6 Division of correlation coefficient matrix into DSs.
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Table 4 Computing time of averages in all DSs.

D00 | 0000 [s)] 0000 s
1,000 0.48 0.72
10,000 1.04 0.72
100,000 6.66 0.72

05 10000000C0O000O0OOCOO0OOODDOOOOOO
Table 5 Computing time of correlation coefficients
between a sample and accumulated samples.

000 | 0000 [s] 0000 [m:s|
1,000 0.56 0:01.49
10,000 1.82 0:08.96
100,000 15.13 1:05.67

06 D0000O0O0OODDOODDOOOOO
Table 6 Computing time of correlation coefficients

between all accumulated samples in the same site.

000 | 0000 [m:s] 0000 [m:s] 00000
100 0:00.18 0:00.25  10.54KB
1,000 0:03.07 0:03.07 1.17MB
10,000 5:29.00 5:08.73  528.1 MB

07 000000000000000000000000O000O0

Table 7 Computing time of correlation coefficients be-
tween each accumulated sample with transferring
from another site.

goood ogo oooad gooo ooogoo
[m:s] [m:s]
100 100 0:01.60 0:00.41 110KB
100 1,000 0:02.43 0:00.78 1.04MB
100 10,000 0:12.25 0:06.82 10.15 MB
1,000 100 0:04.49 0:00.91 1.04 MB
1,000 1,000 0:09.49 0:06.86 10.63 MB
1,000 10,000 1:01.13 0:52.77 102.9 MB
10,000 100 0:38.67 0:06.95 10.41 MB
10,000 1,000 1:20.56 0:56.58 107.1 MB
10,000 10,000 9:21.75 8:54.45 1.008 GB
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