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External green light as a new tool to change colors and nutritional
components of inner leaves of head cabbages

Yumiko Amagal’© - Na Lu? - Erl Hayashi'* - Michiko TakagakP - Masao KikuchP® - Yasuomi Ibarakr - Toyokl Kozal'
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Abstract

The color and nutritional quality of vegetables dircetly affect the choices of consumers and thus affect the commereial value
of the vegetable products. Green light can penetrate the outer leaves and reach the inner leaves (n promote photochemical
reaction of Lhe overlapping leaves of head vegetables. However, whether this promotion can increase Lhe nutritional compo-
nents and change the color of the inner leaves of head cabbages, which is one of the major head vegetables largely produced
worldwide, remains unclear. Therefore, we investigated the changes in the colors and the concentrations of chlorophyll
(Chi} and carvtenoid of the inner leaves of two types of cabbages by externally irradiating the cabbage with green light. The
results showed that a short-term (48 h) irradiation with low light intensity (50 pmol m2 s~') of green light cahanced the
Chl cancentration and colors of the inner leaves of cabbages, and the positive changes of these indicators increased as the
Ical layers approached the head cenler of the cubbage. Simultancously, we also cstablish a method Lo el y estimale the
Chl concentration using luminesity (£.¥) and greenness (— a*) when the Chl concentration is so low that it is difficult or nou
pussible to be measured by SPAD meter, Our findings demonsirated that green light, as 3 new tool, can be used 1o conirol
the colors and nutritional components of the inner leaves of cabbuges. The discoveries will help produce head vegetables

with the preferred phenatype desired by consumers using a plant factory with artifici:

lighting.

Keywords Head vegetables - Green LED - Cabbage - Low SPAD - CIL L*a*b* color space

Introduction
Characteristics of head vegetables

The omermost leaves of head vegetables (such as cabbage,
Chinese cabbage. and head lettuce) are usually green and the
leaves closer lo the head center are more yellowish or whil-
ish. In principle, the tones and intensities of green, yellow,

Vumiko Amagsi and Na Lu: share nrst suthorship.
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and white color of the vegetables have many impacts on the
various usages of vegetables

The color of vegetables and fruits represents
nutritional value

Regarding vegetables and [ruits, consumers first evaluate the
wisual appearance, then the flavor (taste and aroma), texiore,
and nutritional value |1]. When consumers buy vegetables
in Japan, the color and size are more imporlant than the
shape and presence or ahsence of scratches [2]. In particular,
the color i a criterion for judging not only deliciousness
and [reshness but also nutritional components |3-5]. For
cxample, chlorophyll (Chl) conceatration, which reflects leaf’
greenness, has been reported o have anficancer and anticho-
lesterulemic effects us well as a preventive eflect on lilestyle-
related diseases owing 1o its antioxidant propertics [6, 7).
Carotenoid (Crt) concentration, which maturally exhibit red,
orange und yellow colors in plants |¥], has been reported 10
reduce the incidence of cortain cancers in humans [9]. About
605 of vitamin A is considered (o come from canotenoids
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