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1. Pump : Hitachi pump L-7100 -
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Tablel. The titratable acidity and organic acid content in fruits of different cultivars cultivated in

Taiwan.

Vareity Titratable acidity (%) Oxalic acid (%) Malic acid (%) Ascrobic acid (%)
RS 0.93a* 0.54a 0.03h 0.031bc
P ek 0.88a 0.49a 0.02h 0.038bc
Golden star 0.46¢ 0.37b 0.04h 0.021bc
Have 8 0.25hijkl 0.34bc 0.03h 0.003¢
E = 0.36¢cdefgh 0.31bcd 0.14defg 0.004c
= v 0.36cdefghi 0.29 bede 0.12efg 0.018bc
=k 0.32efghijk 0.29bcde 0.15cdefg 0.015bc
I FE(F) 0.39cde 0.27cdefg 0.18bcd 0.018bc
3B 0.24jk1 0.27cdef 0.12efg 0.008bc
41-14 0.23kl 0.27cdef 0.11fg 0.040bc
Bk 0.44cd 0.26¢defgh 0.24a 0.020bc
747 0.35defghij 0.25cdefgh 0.20abc 0.007bc
4912 0.30efghijkl 0.25defgh 0.14defg 0.039bc
Frdt 0.31efghijk 0.24defghi 0.12efg 0.017bc
V6 0.21kl1 0.24defghi 0.15cdefg 0.004c
K 0.62b 0.22efghij 0.16cdef 0.027bc
FarA 0.25ijkl1 0.22efghij 0.11fg 0.013bc
881 0.23kl 0.22defghij 0.13efg 0.035bc
Gy 0.37cdef 0.21efghij 0.16cdef 0.014bc
[k 0.37cdefg 0.20efghij 0.18bcd 0.004c
EEAES 0.23kl 0.20fghij 0.12fg 0.022bc
Have 9 0.59b 0.19fghij 0.11fg 0.036bc
<7 0.191 0.19fghij 0.12efg 0.023bc
A 0.44cd 0.18ghij 0.22ab 0.017bc
B %8 0.24jkl 0.18hij 0.14defg 0.018bc
E4 13 0.26ghijkl 0.17hij 0.11fg 0.018bc
) 0.23kl 0.17hij 0.18bcde 0.020bc
CTNDO3 0.30efghijkl 0.157 0.18bcd 0.079a
wE 0.27fghijkl 0.14j 0.10g 0.025bc
i 45 0.25hijkl 0.13j 0.18bed 0.025bc

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 2. The organic acid content of different cultivars carambola fruits at different maturity

stage.
Cultivar Maturity Oxalic acid (%) Malic acid (%) Ascorbic acid (%)
Tart Young 1.99a* 0.23a 0.0278a
Green-ripen 1.63a 0.39a 0.0132a
Yellow-ripen 1.34a 0.41a 0.0220a
76-D Young 0.29b 0.14a 0.0001b
Green-ripen 0.24b 0.13b 0.0009b
Yellow-ripen 0.20b 0.17b 0.0024b
TN1” Young 0.51b 0.19a 0.0007b
Green-ripen 0.36b 0.15b 0.0063ab
Yellow-ripen 0.31b 0.12b 0.0051b
TN2* Young 0.49b 0.25a 0.0011b
Green-ripen 0.33b 0.28ab 0.0058ab
Yellow-ripen 0.18b 0.27ab 0.0037b
M8* Young 0.34b 0.18a 0.0008b
Green-ripen 0.30b 0.17b 0.0022ab
Yellow-ripen 0.26b 0.21b 0.0020b

“ TN1= Tainoung No.1; TN2= Tainoung No.2; M8 = Malaysia 8.

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 1. The total soluble sugar content of different cultivars caramola fruits at different maturity.
(TN1= Tainoung No.1l; TN2= Tainoung No.2; M8 = Malaysia 8.)
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Table 3. The sugar content of different cultivars carambola fruits at different maturity stage.

Cultivar ~ Maturity Sucrose (%) Glucose(%) Fructose (%)
Tart Young 0.34egf 1.09¢ 1.16h
Green-ripen 0.36efg 1.13¢ 1.18gh
Yellow-ripen 0.50def 1.36de 1.45gh
76-D Young 0.063¢g 1.44de 1.54fg
Green-ripen 1.12bc 2.53¢ 2.73cd
Yellow-ripen 1.67a 2.73bc 2.97bcd
TN1* Young 0.13fg 1.78d 1.91ef
Green-ripen 0.78cd 2.84bc 2.84cd
Yellow-ripen 0.84cd 2.86bc 3.05bc
TN2* Young 0.29fg 1.70d 1.83ef
Green-ripen 1.22b 2.50c 2.64d
Yellow-ripen 1.84a 2.76bc 3.06bc
Mg* Young 0.16fg 1.79d 2.02e
Green-ripen 0.68de 3.11ab 3.25b
Yellow-ripen 1.26b 3.42a 3.81a

“ TN1= Tainoung No.1; TN2= Tainoung No.2; M8 = Malaysia 8.

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 2. The starch content of different cultivars carambola fruits at different maturity.
(TN1= Tainoung No.1; TN2= Tainoung No.2; M8 = Malaysia 8.)
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Table 4. The macro element content of different cultivars carambola fruits at different maturity

Il

stage.

Cultivar  Stage N (%) P (%) K (%) Ca (%) Mg (%)

Tart Young 1.66a* 0.19a 1.69b 0.05ab 0.19a
Green-ripen 1.40b 0.17abc 1.60bcd 0.05ab 0.17b
Yellow-ripen 1.34b 0.15bed  1.60bcd 0.03d 0.15cd

76-D Young 1.18¢ 0.15cd 1.68bc 0.06a 0.15¢cd
Green-ripen 0.62¢ 0.10g 1.33cd 0.02¢ 0.08ghi
Yellow-ripen 0.58¢e 0.10g 1.28d 0.01e 0.08i1

TN1” Young 1.43b 0.18ab 2.01a 0.05ab 0.16b
Green-ripen 0.85d 0.12efg 1.66bc 0.01e 0.12¢
Yellow-ripen 0.78d 0.11fg 1.50bed 0.01e 0.10ef

TN2* Young 1.12¢ 0.14de 1.66bc 0.04cd 0.16bc
Green-ripen 0.83d 0.11fg 1.47bcd 0.01e 0.11e
Yellow-ripen 0.74d 0.11fg 1.39bcd 0.01e 0.09fgh

M8* Young 1.17¢ 0.15¢cd 1.48bcd 0.04bc 0.14d
Green-ripen 0.84d 0.13def  1.30d 0.01e 0.10efg
Yellow-ripen 0.76d 0.11fg 1.37bed 0.01e 0.08hi

“ TN1= Tainoung No.1; TN2= Tainoung No.2; M8 = Malaysia 8.

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 5. The organic acid content of leaf samples of different cultivars.

Cultivar Oxalic acid (%) Malic acid (%)  Ascorbic acid (%)
Tart 1.25a* 0.27a 0.1521a
76-D 0.72¢ 0.04b 0.1126a
Tainoung No.1 0.99b 0.09b 0.1123a
Tainoung No.2 1.32a 0.15b 0.0290b
Malaysia 8 0.78bc 0.10b 0.0017b

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 6. The relationship between the oxalic acid content of leaf and fruit.

Leaf Young fruit Green-ripen fruit  Yellow-ripen fruit

Leaf 1.000* 0.584 0.534 0.465
Young fruit 1.000 0.998%*** 0.990**
Green-ripen fruit 1.000 0.996%**
Yellow-ripen fruit 1.000
* Correlation coefficient (r).
** p<0.01
**% p<0.005
0.6
-~ = v =0.3519x+ 0.1207 *
\:: 05 - ) ) 1 ok +
< R*= 0.48]16***
= 04+
[+
4
2 03 -
B
5 02|
0.1

0.2 0.4 0.6 0.8 1.0
Titratable Acidty (%)

W3 =S EF 7R aparps 22t

Fig. 3. Relationship between titratable acidty and oxalic acid content in carambola fruits picked
from 30 cultivars.
*** n=30, r=0.694, p<0.005
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Investigate the Oxalic Acid at Different Cultivar and
Development Stage of Carambola (Averrhoa carambola L.) Fruits
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Summary

Carambola is one of popular fruits with sweet, juicy and special flavor in Taiwan. It is
wildly used in fresh-cut and processing and welcomed by consumers. As media reported that
many cases of kidney patients were leaded to renal failure or even died after ingested carambola,
consumers lost will to buy carambola and made big damege of carambola industry. This study
focused on the oxalic acid in carambola, which may cause kidney diseases, and selected fruits
with different maturity and cultivars to invest the change of various nutrition content during the
fruit development. We measured the organic acid content of 30 varieties kept in Fengshan
Tropical Horticultural Experiment Branch and the results indicated that ‘Shih Cian’, ‘Malaysia
8’, ‘Tainoung No.2’, ‘Jin Long’, ‘CTNDO03’, ‘Zhu Ye’ and ‘Cing Cian Hou’ carambola fruits had
the lowest content of oxalic acid. As the maturity of fruit raised, the content of total soluble
sugar also raised, while the content of oxalic acid decreased. At different maturity stages, the
content of oxalic acid had significant passive correlation with titratable acidity. The content of
oxalic acid in leaf and fruit had no significant correlation, so it would be not appropriate to

select low-oxalic-acid varieties according to the content of oxalic acid in leaf.
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