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Changes in the Chemical Constituents of Citrus Fruits
During Growth and Ripening
1. Miyagawa Wase and Miyauchi Iyokan
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Fig. 1. Seasnal changes of fruit weight in Fig. 2. Seasonal changes of peel weight

"Miyagawa Wase’ and 'Miyauchi Iyokan’
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3. Seasonal changes in proportions
gments weight in "Miyagawa Wase’

and 'Mlyauchi Iyokan’.
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Fig. 4. Seasonal changes in free, combined and total acids in the segments of 'Miyagawa

Wase’ and 'Miyauchi Iyokan’.
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BoaicEREERL L BESER 2R L2, TR
Rz B R A LR IR s e s -7, Wi
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Fig. 5. Gas chromatogram of butyl derivatives of organic acids

1. formate, 2. acetate, 3. dibutyl ether, 4. glycolate, 5. n-dodecane as internal standard. 6.
oxalate 7. malonate, 8. succinate, 9. fumarate, 10. glyoxylate, 11. glutarate, 12. malate, 13.
tartarate, 14. cis-aconitate 15. citrate,
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Fig. 6. Seasonal changes in three organic acids in the segments of "Miyagawa Wase’ and

"Miyauchi Iyokan’.
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Fig. 7. Gas chromatogram of butyl derivatives of organic acids extracted from the flavedo
See Fig. 5. for explanation of the numbers.

of "Miyauchi Iyikan’.
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Fig. 8. Seasonal changes in acid concentrations in the flavedo of 'Miyagawa Wase’ and
'Miyauchi Iyokan’.
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Fig. 9. Seasonal changes in acid concentrations in the albedo of Mivagawa Wase’ and
"Miyauchu Iyokan’.
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Fig. 10. Gas chromatogram of butyl derivatives of organic acids extracted from the flavedo
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See Fig. 5. for explanation of the numbers.
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See Fig. 5 for explanation of the numbers.



# v F Y OEERFELD

61

Organic acids (mg/100gfw.)

Organic acids (mg/100gfw.)

w
o
o

- Miyagawa Wase

N
o
F

Acetic

—t
o
o

Citric

2 1 1 1 1 11 & |
8 9 10 1 1
1142812510236 20 4

o

300F Miyauchi lyokan
200,_ Acetic
Oxalic
100
- ‘ [ 11
0 8 9 10 n 12 1

1142812510236 20418 1

Fig. 12. Seasonal changes in four and three organic acids in the flavedo of 'Miyagawa

Wase’ and 'Miyauchi Iyokan’.
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Fig. 13. Seasonal changes in four organic acids in the albedo of "Miyagawa Wase’ and

"Miyauchi Iyokan’.
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Fig. 14. Seasonal changes in sugar concentrations in the segments of 'Miyagawa Wase’ and
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Fig. 15. Seasonal changes in sugar concentrations in the albedo of 'Miyagawa Wase’ and

"Miyauchi Iyokan’.
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Fig. 16. Seasonal changes in sugar concentrations in the albedo of 'Miyagawa Wase’ and

"Miyauchi Iyokan’.
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Summary

The fruits of two cultivars, ‘Miyagawa Wase' (Citrus unshiu Marc.) and ‘Miyauchi
Iyokan’ (C. #vo hort. ex Tanaka), were analyzed to obtain the basic data for elucidating the
physiological mechanism of fruit maturation in Citrus. The changes occurring in sugars and
organic acids in the fruits of the two cultivars during growth and ripening were demonstrated
in the pulp and peel.

1. The highest value of acid content in the pulp per fruit was detected at late August in
‘Miyagawa Wase’ and at late December in ‘Miyauchi Iyokan’. In ‘Miyagawa Wase’, decrease
of total acid concentration in the pulp was dependent on decrease in absolute amount of total
acids and dilution effect due to fruit growth, whereas in ‘Miyauchi Iyokan’ it was dependent
on the fact that absolute amount of total acids increasing was less than that of total acids
decreasing on account of dilution effect due to fruit growth.

2. Most of acid was free in the pulp, while in the peel most of it was combined. The
inflection points of the peel extracts ranged from pH 6.2 to 6.5 and were lower than those of
the pulp extracts. This indicates the presence of free oxalic acid in the peel.

3. In the peel of the two cultivars, malic, oxalic and acetic acids were the predominant
one in the pulp was low in concentration.

4. In the pulp of the two cultivars, concentration of reducing sugars rapidly increased
from October and was, subsequently, very higher than that of non-reducing sugars. In a late
stage of fruit growth, concentration of non-reducing sugars decreased in the peel of ‘Miyauchi
Iyokan’, but did not decrease in the peel of ‘Miyagawa Wase’.



