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All agricultural products had to be labeled to show their provenance according to JAS. But a substitution
false label for original one secretly to pretend a source of agricultural products occurred frequently and it
has been social problem to be solved without delay. Thus, we put forward to mark vegetables with
inorganic elements directly as one of the effective ways to prevent this fraudulency. In this research natural
abundances of various mineral elements in several varieties of lettuce (Lacfuca sativa L.) purchased in
market were determined and those contained small amount were selected as a candidate of marker
element. And then these candidate elements were incorporated individually into two varieties of lettuce
(cv: Red-fire and Rakuten) in hydroponics and suitable ones as a marker were selected. In addition plural
elements were incorporated simultaneously into these lettuces with combinations of various concentrations
in hydroponics for developing digital marking system. The introduction of iodine (nonmetallic element)
was also carried out for concluding whether it could be suitable as a marker.

1) Seven mineral elements (Ba, Sr, Mo, Co, Cu, Ni and V) selected as candidate markers were
incorporated into lettuce at various concentrations. Lettuce grown under all treatments with Ba, St and Mo
and under treatment with Cu at 0.25 and 0.50 mg L™ and with Ni at concentration range of 0.05-0.50
mgL" showed favorable growth similar to the control. Vanadium was hardly absorbed by lettuce.
Concentrations of Ba, Sr, Co, Mo, Cu and Ni in tops of lettuce were increased in proportion to increase in
the actual concentration of each element in nutrient solution. In addition, amounts of elements contained in
470 g of treated lettuce (amount recommended by the Ministry of Health and Welfare of Japan for daily
consumption by adult) in several treatments were lower than the Acceptable Daily Intake (ADI) or
Tolerated Daily Intake (TDI) and were obviously higher than their natural abundances. These results
suggest that Ba, Sr, Mo, Co, Cu, and Ni could be used as marker elements to certify the provenance when
lettuce is cultivated using a nutrient solution within a suitable concentration range. 2) When lettuce was
cultivated in nutrient solutions with combinations of three elements (Ba, Sr and Mo) at various
concentrations, the concentrations of these elements in the top of letiuce were increased with increase in
the concentration of each element in solutions without absorption interference with each other. These
.element concentrations in tops were statistically evaluated by canonical discriminant analysis, then eight
treatments prepared using combinations of these elements at various concentrations were obviously
distinguished from each other. Therefore, eight different labels can be incorporated into lettuce using
combinations of these elements. Amounts of three elements contained in 470 g of fresh lettuce were lower
than those of ADI or TDI of the respective elements. 3) Lettuce plants were cultivated in nutrient solution
containing potassium iodate (KIO3) or iodide (KI) at 4 levels of iodine concentrations (0.05, 0.10, 0.20 and
0.50 mgL™"). Lettuce grown under all treatments with KIO; and KI showed favorable growth similar to the
control. In both treatments of KIO; and KI, concentrations of iodine in tops of lettuce were linearly
increased in proportion to the increases of concentration in nutrient solution. In addition, amounts of iodine
contained in 470 g of lettnce in the treatments with the concentration range of 0.05 — 0.20 mgL” were
obviously lower than ADI (3.00 mg) and were remarkably higher than the natural abundances (about 0.22
mgkg' DW). These results suggest that iodine could be used as marker element when lettuce is cultivated
using a nutrient solution within a suitable concentration range.

These findings suggested that a digital marking system by introducing mineral elements into lettuce
grown in hydroponics could be developed for certifying its source.
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