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Effects of the geographical and seasonal variation in amounts of inorganic elements
of garlics and gingers: Application to the determination of the geographic origin
by inorganic analysis
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Summary
Garlics and Gingers are common vegetables in Japan, being frequently used in cooking and being sold throughout

the year.

Foreign-made products, especially those made in China, are widely sold. We investigated seasonal or geo-

graphical variations in the concentrations of inorganic elements (Cu, Zn, Mn, Fe, Ca and Mg) in garlics and gingers,

using atomic absorption spectrophotometer (AAS). The higher seasonal variations were observed in inorganic element

concentrations of gingers produced in Japan, not observed in those in China, and the variations were not observed

in those of garlics produced in Japan and China. Cu, Mn, Fe, Ca and Mg concentration of garlics in China was sig-

nificantly higher than those in Japan. Linear discriminant analysis (LDA) was applied to discriminate the geograph-

ic origin of garlics. Using the established LDA model, 96.0 % of samples were correctly determined by analysis of

the concentration of 3 elements (Mn, Fe and Ca). The results suggest that Chinese garlics could be distinguished

from Japanese ones by determination of inorganic elements using AAS and by LDA using Microsoft Excel.
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Table 1 Seasonal variations in inorganic elements of garlics in

Japan
Inorganic element concentration (ppm)
Element

Summer® (n =7) Autumn® (n = 4)
Cu 1.38 + 041 127 £ 037
Zn 7.86 = 2.29 7.05 = 042
Mn 1.96 + 0.60 216 = 0.33
Fe 6.50 = 2.32 405 = 1.14
Ca 451 = 116 472 £ 9.14
Mg 249 + 215 214 + 14.6*

* Samples were purchased during summer (Jul-Aug).
" Samples were purchased during autumn (Sep-Oct).
Values are expressed as means = SD; n = number of samples.
Significant different from summer garlics in Japan (*p < 0.05)

Table 2 Seasonal variations in inorganic elements of garlics in

China
Inorganic element concentration (ppm)
Element

Summer® (n = 2) Autumn® (n = 10)
Cu 163 £ 0.07 1.74 £ 0.16
Zn 7.22 = 040 720 = 1.20
Mn 298 = 0.24 3.09 = 0.29
Fe 7.66 = 0.66 819 = 0.94
Ca 57.0 = 3.89 61.7 = 816
Mg 306 = 354 273 = 409

* Samples were purchased during summer (Jul-Aug).

" Samples were purchased during autumn (Sep-Oct).
Values are expressed as means = SD; n = number of samples.
Not significant different from summer garlics in China.
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Table 5 Inorganic element concentrations of garlics in Japan

Japan and China
Inorganic element concentration (ppm) Inorganic element concentration (ppm)
Element Element

Summer® (n = 3) Autumn® (n = 6) Japan (n =11) China (n =12)
Cu 0.28 = 0.25 057 = 0.31 Cu 1.34 £ 0.38 1.72 = 0.15™
Zn 1.96 = 0.83 409 = 341 Zn 757 = 1.83 7.20 = 1.09
Mn 37.1 = 30.1 785 = 664 Mn 203 = 051 307 = 027
Fe 6.02 = 3.10 574 = 356 Fe 561 = 2.27 8.10 = 0.90*
Ca 103 + 34.2 83.6 = 286 Ca 459 = 103 609 = 7.71**
Mg 81.1 = 11.7 178 + 90.1* Mg 236 = 25.6 279 = 39.1

* Samples were purchased during summer (Jul-Aug).
" Samples were purchased during autumn (Sep-Oct).
Values are expressed as means = SD; n = number of samples.
Significant different from summer gingers in Japan (*p < 0.05)

Table 4 Seasonal variations in inorganic elements of gingers in

Values are expressed as mean = SD; n = number of samples.
Significant different from garlics in Japan (**p < 0.01)

Table 6 Inorganic element concentrations of gingers in Japan

China and China
Inorganic element concentration (ppm) Inorganic element concentration (ppm)
Element Element

Summer® (n = 3) Autumn® (n = 3) Japan n =9) China (n = 6)
Cu 045 = 0.12 049 = 0.02 Cu 047 = 0.32 047 = 0.08
Zn 200 = 0.72 1.65 £ 0.38 Zn 3.38 = 293 1.83 £ 0.55
Mn 60.3 = 36.3 56.9 = 324 Mn 64.7 = 584 586 = 30.9
Fe 466 = 1.05 780 = 442 Fe 583 = 3.22 6.23 = 3.35
Ca 434 = 142 69.3 = 9.26" Ca 89.9 + 299 56.3 = 154"
Mg 148 + 22.6 139 £ 535 Mg 146 + 86.3 144 = 371

* Samples were purchased during summer (Jul-Aug).
" Samples were purchased during autumn (Sep-Oct).
Values are expressed as means = SD; n = number of samples.
Significant different from summer gingers in China (*p < 0.05)

Values are expressed as means = SD; n = number of samples.
Significant different from gingers in Japan (*p < 0.05)
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Fig. 1 Distribution of Mn:Fe, Mn:Ca, Ca:Cu, and Fe:Mg concentration (ppm) in garlics: @, garlic in Japan: M, garlic in China.

Table 7 Discriminant analysis

X, X, X
No* Y Predicted value Results”
Mn Fe Ca
1 1.17 452 34.3 1 2.16 O
2 252 793 66.2 1 —0.574 X
3 249 8.74 31.7 1 0.127 O
4 1.87 473 419 1 1.00 O
5 1.76 9.87 52.2 1 0.219 O
6 2.63 5.73 44.1 1 0.110 O
7 1.27 3.98 456 1 1.66 O
8 2.64 5.66 374 1 0.214 O
9 2.05 3.10 54.1 1 0.526 O
10 2.04 4.00 416 1 0.883 O
11 191 344 55.9 1 0.617 O
12 3.15 812 54.2 -1 —0.647 O
13 281 7.19 59.7 -1 -0411 O
14 3.07 8.09 67.3 -1 —0.905 O
15 317 871 75.1 -1 -1.30 O
16 2.68 8.36 65.7 -1 —0475 O
17 273 854 66.6 -1 —0.564 O
18 3.08 7.25 48.0 -1 -0.336 O
19 3.20 7.80 54.0 -1 —0.664 O
20 2.76 1.00 60.6 -1 —0.498 O
21 341 6.77 61.9 -1 -1.02 O
22 344 9.01 65.7 -1 -131 O
23 3.38 742 52.5 -1 -0.770 O
24 313 6.92 54.6 -1 —0.553 O
25 341 9.46 55.2 -1 -1.02 O

*1—11: garlics in Japan, 12 —23: garlics in China, 24 — 25: unknown sample (garlics in China)
" In case of correct discrimination, marked with O. In case of wrong discrimination, marked with X.
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