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Chlorophyll degradation in vacuoles of bunching onion during postharvest period
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Abstract

The yellowing at the tip of bunching onion during storage is a major postharvest problem. This has been
attributed to chlorophyll degradation that is commonly thought to occur in the chloroplast; however, it may also
occur inside the vacuole. Changes in chlorophyll derivatives including Chlorophyllide a, Pheophytin a, C132-
hydroxychlorophyll a, Pheophorbide a and pyropheophorbide a in vacuoles of bunching onion were studied
during storage at 4 and 250C. These chlorophyll derivatives increased dramatically after 2 days storage at 250C
while at 40C, they increased only slightly. No significant differences in Pheophorbide a and Pheophytin a levels
were obtained at both storage temperatures. From the results, chlorophyll degradation may also occur in the
vacuole of bunching onion especially at higher storage temperature.
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Introduction

Bunching onion is a highly perishable crop. Loss of quality during storage is due mainly to chlorophyll
degradation leading to leaf yellowing which renders the produce unacceptable to consumers. Chlorophyll
breakdown mostly occurs in the chloroplast. However, other organelles may also take part on chlorophyll
catabolism. The chloroplast is the organelle in green cells that exhibits senescence through chloroplast
transformation as a result of dissociation of grana, increased size and number of plastogloboli, and disruption of
the chloroplast envelope. When chloroplast degradation has already started, thylakoid degradation takes place
and plastoglobuli content increases. Plastoglobuli possibly containing chlorophyll move from chloroplast thylakoid
to the vacuole. Earlier, chlorophyll degradation in bunching onion has been reported to occur in the chloroplast.

This study illustrates that chlorophyll degradation also occurs in the vacuole.

Materials and Methods
Bunching onion leaves harvested from Yamaguchi Prefecture, Japan, were stored in polyethylene bag at
4 and 25°C for 3 days. The vacuoles were separated from the protoplasts following the method of Alain (1981).
The yield of vacuoles was 10-20% of total protoplasts. Vacuoles (0.8 mL) were added with 2 mL of 80 % acetone,
then filtered through a DISMIC filter (0.45 pym, AVANCETEC, Japan), and subjected to HPLC analysis for
chlorophyll and its derivatives using fluorescence spectrometer. The absorption spectrum of the pigment was

measured at wavelengths of 440 and 660 nm (Angelo, 2004).

Results and Discussions

Chlorophyll a decreased after 3 days at 4°C and after 2 days at 25°C (Figure 1A). The decrease in
chlorophyll a at 25°C was accompanied by increases in Chlorophyllide a, Pheophytin a, Pheophorbide a, and
pyropheophorbide a levels (Figure 1B-E) but not with that of C132-hydroxych|orophyll a (Figure 1F). Because
decreasing of chlorophyll a occur to chlorophyll degradation. Chlorophyll a is degraded by activity of
chlorophyllase, Mg-dechelatase, pheophytinase and pyropheophorbidedase. At 4°C, the decrease in chlorophyll
a corresponded with the increased accumulation of C132-hydroxych|orophyll a (results not shown). Chlorophyll a
can be degraded by Chl-peroxidase (POX) to form C132—hydroxych|orohyll (OHChI) a in the presence of some
phenolic compounds and hydrogen peroxide (Yamauchi et al., 2004). C132-hydroxych|orophyll a was also
implicated in chlorophyll degradation in broccoli stored at low temperature (Yamauchi, 1999).

The results demonstrate that chlorophyll breakdown in the vacuole contributed to yellowing in bunching
onion, particularly during 25°C storage. Chlorophyll degradation followed the same pathway as that reported for
other green vegetables, such as parsley, spinach (Yamauchi and Watada 1991,1993) and green beans (Monreal,
1999) as evidenced by the accumulation of chlorophyll a derivatives. In contrast, at low storage temperature of
4°C, chlorophyll degradation seemed to follow the peroxidase or chlorophyll oxidase mediated pathway which
conforms to earlier observations (Yamauchi, 1999). Because low temperature was induce the accumulation free

radical. This indicate of chlorophyll a is degraded C132—hydroxych|orophyll.
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Figure 1 Chlorophyll a (A), Chlorophyllide a (B), Pheophorbide a (C), Pheophytin a (D), Pyropheophorbide a

(E), and C132-hydroxych|orophyll a (F) in bunching onion stored at 4 and 25°C for 2 days.



'

152 n17AN®IN124A1EI5A 7 42 a17Uf 3 (MiAw) FugeL-§U1AN 2554 2. InEAanfineeg

Conclusion
Yellowing in bunching onions at ambient temperatures (i.e. 25°C) could be due to not only chlorophyll
degradation in the chloroplasts but also that in the vacuole. During cold storage (i.e. 4°C), a different mechanism
for chlorophyll loss may operate and could be look into in future follow up studies. This basic information is vital to

manipulate the genetic and environmental factors to control yellowing and improve shelf life of the produce.
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