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ABSTRACT

The changes in physico-chemical characteristics, organic acid contents and
related metabolic enzyme activities at different stages of growth and during on-tree
and off-tree storage of two tangerine cultivars, ‘Sai Num Phueng’ and ‘See Thong’
were studied. It was found that the physico-chemical changes were quite similar
between the two tangerine cultivars from growth to maturation. The fruit weight and
size increased in parallel. Chlorophyll degradation and carotenoid accumulation in
peel resulted in the change of color from green to yellow-orange throughout fruit
development of both cultivars. Carotenoid accumulation in juice resulted in changing
color from yellow-orange to deep orange. Titratable acidity (TA) and citric acid
contents of both cultivars reached the peak at early growth stage, then rapidly
decreased and slightly decreased during maturation. The change in TA was consistent
with the change of juice pH. Malic acid and vitamin C contents were very high at

early growth stage, and then declined toward fruit maturation. Isocitric acid content



gradually decreased during maturation. Total soluble solids (TSS), TSS/TA ratio,
sucrose, glucose and fructose contents continually increased during growth and then
slowly increased during maturation. During maturation, ‘Sai Num Phueng’ had
higher TA, TSS, citric acid, vitamin C, sucrose, glucose and fructose contents and
lower peel carotenoid, isocitric acid contents, juice pH and TSS/TA ratio than those of
‘See Thong’. Peel and juice colors, peel chlorophyll, juice carotenoid and malic acid
contents did not differ between these two cultivars.

The role of citric acid metabolizing enzymes in the control of citric acid
accumulation and reduction from growth to maturation were studied in ‘Sai Num
Phueng’ and ‘See Thong’ cultivars. The activities of enzymes citrate synthase in
mitochondrial fraction, aconitase in both mitochondrial and cytosolic fractions and
NADP-isocitrate dehydrogenase (IDH) in cytosolic fraction were determined. The
changes in these three enzyme activities followed similar patterns in both cultivars.
At early growth stage (16-24 WAF), mitochondrial citrate synthase activity increased
while mitochondrial aconitase activity deceased and citric acid content increased to
the highest levels. Subsequently, these two enzymes activities in mitochondrial
fraction decreased to the low levels and then remained almost constant toward fruit
maturation. For 28-34 WAF, aconitase and NADP-IDH activities in cytosolic
fraction were induced with the concomitant decrease of citric acid content. During
maturation (35-37 WAF), the same enzymes activities decreased and remained
constant at the low levels which coincided with the slight decrease in citric acid
content. The results in this study can be concluded that citrate synthase and aconitase
enzymes in the mitochondria were essential in citric acid accumulation at early
growth stage of tangerine fruit. Aconitase in the cytosol played a key role in the
reduction of citric acid during growth and maturation. NADP-IDH could be consisted
with aconitase for enhancing the reduction of citric acid in the cytosol.

Citrate synthase activity in mitochondrial fraction was not different between
both cultivars throughout fruit development while aconitase activity in both
mitochondrial and cytosolic fractions were lower in ‘Sai Num Phueng’ than in ‘See
Thong’ with the concomitance of citric acid content which were higher in *Sai Num
Phueng’ than that of ‘See Thong’. Therefore, the difference in the level of aconitase
activity could account for the difference in citric acid content between the two
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tangerine cultivars. However, citrate synthase could not have a relationship for citric
acid content in different tangerine cultivar.

The influences of on-tree, off-tree and cold storage on physico-chemical and
biochemical characteristics were quite similar between the two tangerine cultivars. In
both cultivars, the percentage of weight loss increased and the moisture content of the
peel (%) decreased at higher temperature and longer storage duration. Low
temperature storage at 5°C reduced the losses of fruit weight and moisture content of
the peel and preserved the external quality better than at 25°C storage. Both tangerine
cultivars could be stored for almost 10 days at 25°C and 28 days at 5°C, and could be
left on the tree for 15 days without the loss in visual appearance. The weight loss,
moisture content of the peel and visual appearance score were not different between
these two cultivars.

During on-tree and off-tree storage at 25 and 5°C, peel chlorophyll content
decreased and peel carotenoid content increased, resulting in the changing of color
from yellow-orange to orange. TA, citric acid, isocitric acid and vitamin C contents
decreased and juice pH increased. Malic acid content remained relatively constant.
TSS, TSS/TA ratio and sucrose content continually increased. Glucose and fructose
contents slightly increased. The peel chlorophyll content, TA and citric acid content
decreased faster during on-tree storage than at 25°C. The peel carotenoid, TSS and
sucrose contents increased greater during on-tree storage than at 25°C. The delayed
declining of peel chlorophyll, TA and citric acid contents and the slow increasing of
the peel carotenoid, TSS and sucrose contents were observed at 5°C storage in
comparison to 25°C. Low temperature storage could preserve carotenoid and vitamin C
contents in juice better than 25°C storage. Peel and juice colors, peel chlorophyll and
juice carotenoid contents were not different between both cultivars. ‘Sai Num
Phueng’ had higher TA, TSS, citric acid, vitamin C, sucrose, glucose and fructose
contents and lower peel carotenoid, isocitric acid contents, juice pH and TSS/TA ratio
than ‘See Thong’. Malic acid content did not differ between these two cultivars.

In both cultivars, the activities of mitochondrial citrate synthase, cytosolic
aconitase and cytosolic NADP-IDH continuously decreased throughout on-tree
storage and at 25°C storage. The same activities sharply decreased on day 7 and then
remained relatively stable at the low levels until the end of storage period at 5°C.
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Mitochondrial aconitase activity slightly decreased during on-tree and off-tree storage
at 25 and 5°C. The activities of citrate synthase, cytosolic aconitase and cytosolic
NADP-IDH were lower and decreased faster during storage at 25°C in comparison to
on-tree storage. The activities of these enzymes, which were related to citric acid
metabolism, slowed down which resulted in delaying the decrease of citric acid
content during storage at 5°C in comparison to 25°C. The activities of citrate
synthase, aconitase and NADP-IDH in mitochondrial and cytosolic fractions were not

different between both cultivars.
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