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ABSTRACT

The study was conducted to evaluate the possibility of early harvest by analyzing the change in
‘Tarocco’ orange fruit quality and anthocyanin content. Harvest times were set at 40 days, and 20 days
earlier than the conventional harvest, 320 days after anthesis. The fruits were classified into those with
an intense reddish color and a yellow-orange color in the rind. It was stored for 45 days at a storage
temperature of 8°C at low temperature or 18°C at room temperature in winter, and changes in fruit
quality were measured at 15-day intervals. The reddish rind fruit had a slightly higher sugar content
than the yellow-orange rind fruits but had very similar acidity. A sugar-acid ratio of 13.0 or more was
reached for the 40 days early harvest after 45 days of low-temperature storage but did not reach in
room temperature storage even after 45 days. And it was achieved after 30 days in both low and room
temperature storage for the 20 days early harvest, and after 45days for the conventional harvest.
Anthocyanin content improved with the later harvest time and the longer storage period in both low
and room temperature storage. There was a slight change of juice color intensity in conventional
harvest, whereas it increased and remained constant regardless of storage temperature in the early
harvest. The result indicated that the fruit quality and anthocyanin content can be improved beyond the

conventional harvest by harvesting 20 days earlier and stored 30 days at 8°C.
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Table 1. Changes in external and internal quality characteristics according to the harvest time by days after anthesis (DAA)

Harvest time Fruit weight . Peel color intensity ~ Soluble solid Titrable acidity Maturation index? Jylce cqlor Anthocyanin
(DAA) @ L/D ratio (a*) (‘Brix) (%) %) intensity content
(mg.L™Y) (mg.L™)
280 185.3+5.1Yb* 0.96+0.01 22.9+1.3b 11.6+0.3 1.5+0.06a 7.9+0.3b 1.1+0.06b 35.7+4.6b
300 197.4+4.7ab 0.96+0.01 24.7+1.3ab 11.9+0.3 1.3+0.07b 9.3+0.5a 1.6+0.10a 65.3+7.2ab
320 206.3+4.4a 0.95+0.01 26.2+1.4a 11.9+0.8 1.3+0.06b 9.7+0.8a 1.7+0.07a 73.5+6.9a
Significance * ns * ns * * * *

“Brix/acidity =~ YMean +SE (n=10).
*Mean separation within columns by Duncan’s multiple range test at 5% level.



Table 2. Change of external fruit quality by storage in ‘Tarocco’ orange fruits harvested at 40 days early (280 DAA)

Storage  Storage

. Peel Fruit weight Fruit length (L) Fruit diameter (D) . . . Peel color intensity
;()g;;;)sc)j t((apép)). coloration @ (mm) (mm) L/D ratio Fruit peel ratio (@)
0 - Red 182.8+5.4Yab* 68.1+1.3a 70.5£1.0ab 0.97+0.02a 0.26+0.01 25.5£1.0def
- Orange 187.4+5.6a 68.5+0.8a 71.6+0.6a 0.96+0.01a 0.26+0.01 20.3+0.99
15 8 Red 181.7+7.7ab 66.1+1.1ab 68.4+1.3bc 0.97+0.03a 0.27+0.01 28.5+1.5abc
Orange 183.5+5.0ab 66.9+1.5ab 70.1+1.6ab 0.96+0.03a 0.26+0.01 24.1+1.1ef
18 Red 180.2+8.0ab 62.8+0.7ab 65.9+0.9d 0.95+0.01a 0.28+0.01 27.6+1.1bcd
Orange 181.9+8.6ab 65.5+1.0ab 68.5+1.8bc 0.96+0.02a 0.26+0.01 23.0+1.0fg
30 8 Red 179.3+5.5abc 66.0+£0.7ab 68.5+0.6bc 0.97+0.02a 0.25+0.02 30.8+0.8ab
Orange 179.8+2.4abc 65.8+0.7ab 68.3+0.6bc 0.96+0.01a 0.25+0.01 26.9+0.5cde
18 Red 168.6+4.1cd 64.8+1.1ab 67.2+0.4cd 0.96+0.02a 0.24+0.01 28.4+1.4abc
Orange 177.5+7.8bc 65.4+1.1ab 67.6+0.8cd 0.97+0.01a 0.23+0.01 24.9+0.8def
45 8 Red 178.1+7.8bc 65.4+1.7ab 67.3+1.0cd 0.97+0.03a 0.25+0.01 31.4+1.2a
Orange 178.6+5.0bc 65.2+0.8ab 68.5+0.7bc 0.95+0.01a 0.26+0.01 28.5+0.8abc
18 Red 162.5+5.2d 61.9+2.4b 68.7+1.4bc 0.89+0.02b 0.23+0.01 28.5+1.3abc
Orange 174.9+1.5bc 64.1+1.0ab 67.4+0.5cd 0.95+0.01a 0.24+0.01 25.1+0.4def
Significance
Storage period (A) * * * * ns *
Storage temp (B) * * * * ns *
Peel color (C) * * * * ns *
AxB * * * * ns *
BxC * ns
AxBxC * ns

Z(Fruit weight — Juice weight)/ fruit weight

YMean =SE (n=10)

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 3. Change of internal fruit quality by storage in ‘Tarocco’ orange harvested at 40 days early (280 DAA)

Storage Storage

period temp.  Peel coloration Soluoble_ solid Titrable acidity Maturation index? Juice color i_r;tensity Anthocyanin_lcontent
(days) (C) (Brix) (%) (%) (mg.L™) (mg.L™)
0 - Red 11.9+0.3%cd* 1.5+0.07a 8.1+0.3de 1.1+0.05g 40.9+5.5¢f
- Orange 11.3+0.1e 1.5+0.05a 7.620.3e 1.0+£0.07g 30.6x3.0f
15 8 Red 12.1+0.2bc 1.4+0.05ab 8.6+0.3cde 1.7+0.08de 52.2+4.7de
Orange 11.4+0.2de 1.4+0.03ab 8.0+0.3de 1.7+0.06de 41.9+2 .5¢ef
18 Red 12.1+0.2bc 1.5+0.04a 8.4+0.3cde 1.7+0.08de 46.1+3.3ef
Orange 11.6x0.2de 1.4+0.02ab 8.6+0.3cde 1.5+0.04f 32.4+3.2f
30 8 Red 12.9+0.2ab 1.2+0.04cd 11.3+0.5ab 1.9+0.10bc 83.5+4.5ab
Orange 11.7+0.2cde 1.2+0.09cd 10.5+0.7bc 1.9+0.07bc 64.3+5.5cd
18 Red 12.5+0.3ab 1.3+0.11bc 9.9+0.8bcd 1.8+0.01cde 74.3+5.2bc
Orange 12.2+0.2bc 1.2+0.07cd 10.1+0.5bc 1.8+0.05cde 55.4+4.8de
45 8 Red 13.2+0.3a 1.1+0.08d 13.1+1.6a 2.2+0.07a 93.1+5.5a
Orange 12.2+0.2bc 1.1+0.06d 11.3+0.7ab 2.0£0.08b 83.6+7.4ab
18 Red 12.7+0.1ab 1.1+0.06d 11.8+0.5ab 1.940.04bc 83.2+4.1ab
Orange 12.3+0.3bc 1.1+0.06d 11.5+0.9ab 1.9+0.05bc 82.5+8.2ab
Significance
Storage period (A) * * * * *
Storage temp (B) * * * * *
Peel color (C) * * * * *
AxB * * * * *
BxC * * * *
AxBxC

ZBrix/acidity = YMean +SE (n=10)  *Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 4. Change of external fruit quality by storage in ‘Tarocco’ orange fruits harvested at 20 days early (300 DAA)

Storage  Storage

. Peel Fruit weight Fruit length (L Fruit diameter (D . . . Peel color intensit
;()g;;;)sc)j t((apép)). coloration @ g (mn%) L (mm) ®) L/D ratio Fruit peel ratio (@) y
0 - Red 195.3+4.8¥a* 69.6+0.8a 71.9+0.8a 0.97+0.02 0.20+0.01 28.0+0.8bc
- Orange 199.3+4.1a 69.1+1.2a 71.9+1.3a 0.96+0.01 0.20£0.01 21.4+0.8g
15 8 Red 192.5+5.2ab 67.8+1.0ab 70.1+0.9ab 0.97+0.01 0.21+0.01 30.0+0.7ab
Orange 193.7+3.6ab 68.5+0.8ab 71.4£0.9a 0.96+0.01 0.23£0.01 25.2+0.5def
18 Red 188.5+3.8abc 67.9+1.0ab 71.6%0.8a 0.95+0.01 0.21+0.02 28.5+1.0bc
Orange 190.5+9.1ab 68.4+0.8ab 71.440.6a 0.96+0.01 0.20£0.02 23.2+1.0fg
30 8 Red 189.1+5.6abc 68.4+0.9ab 72.1+1.1a 0.95+0.01 0.231£0.01 30.4+1.4ab
Orange 191.6+5.5ab 68.7+0.9ab 71.1+0.9a 0.96+0.01 0.21+0.01 25.8+0.5def
18 Red 179.5+7.5bcd 67.6+0.9ab 69.7+1.5bc 0.97£0.01 0.22+0.01 29.0+1.0bc
Orange 180.1+5.2bcd 67.1+1.2ab 68.7+1.1c 0.9810.01 0.20£0.01 24.7+1.1ef
45 8 Red 179.7+4.8bcd 66.5+1.3abc 69.3+1.2bc 0.96+0.01 0.20+0.01 31.1+0.8a
Orange 184.6+4.6abcd 67.7+1.0ab 70.5+0.9ab 0.96+0.01 0.21+0.01 26.4+0.5cde
18 Red 169.8+3.2d 63.8+1.1c 68.4+1.2c 0.94+0.02 0.22+0.01 30.2+0.9ab
Orange 175.9+2.8cd 65.9+1.1bc 69.7+1.0bc 0.95+0.01 0.22+0.01 25.4+0.5def
Significance
Storage period (A) * * * ns ns *
Storage temp (B) * * * ns ns *
Peel color (C) * * * ns ns *
AxB * * * ns ns *
BxC * * ns ns *
AxBxC * * ns ns *

Z(Fruit weight — Juice weight)/ fruit weight

YMean =SE (n=10)
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Table 5. Change of internal fruit quality by storage in ‘Tarocco’ orange harvested at 20 days early (300 DAA)

Storage Storage

period temp.  Peel coloration Soluoble_ solid Titrable acidity Maturation index? Juice color i_r11tensity Anthocyanin_lcontent
(days) (C) (Brix) (%) (%) (mg.L™) (mg.L™)
0 - Red 12.2+0.3Ydef* 1.3+0.10a 9.4+0.6f 1.6+0.02d 76.7+7.7bcd
- Orange 11.6+0.2¢g 1.3+0.05a 9.1+0.4f 1.3+0.01e 53.9+4.6e
15 8 Red 13.1+0.2a 1.1+0.10b 12.7+0.6cde 1.9+0.07bc 87.515.6b
Orange 11.8+0.1fg 1.0+0.07bc 12.2+0.6cde 1.7+0.06cd 66.216.9cde
18 Red 12.6+0.3bcde 1.2+0.05ab 10.3+0.6def 1.9+0.06bc 80.6+4.2hc
Orange 12.0+0.2¢fg 1.2+0.05ab 10.6+0.5def 1.6+0.04d 57.2+4.5de
30 8 Red 13.2+0.2a 1.0+0.10bc 13.4+0.8bc 2.2+0.10a 106.4+5.9a
Orange 12.3+0.2def 1.0+£0.04bc 12.3+0.8cde 1.8+0.03bcd 67.8+4.6cde
18 Red 12.7+0.2bcd 1.0+0.09bc 13.1+1.0bc 1.9+0.10bc 85.4+8.7bc
Orange 12.4+0.3bcde 1.0£0.06bc 13.0+0.8bcd 1.7+0.05cd 69.3+6.8cde
45 8 Red 13.5+0.2a 0.8+0.05d 17.2+0.9a 2.2+0.07a 108.1+8.9a
Orange 12.5+0.2bcd 0.8+0.05d 16.5+1.1a 1.9+0.05bc 83.5+5.4bc
18 Red 12.8+0.1bc 0.8+0.06d 15.9+1.2ab 2.1+0.06a 87.0£8.2b
Orange 12.6+0.3bcde 0.8+0.05d 15.2+1.1ab 1.8+0.05bcd 81.+5.0bc
Significance
Storage period (A) * * * * *
Storage temp (B) * * * * *
Peel color (C) * * * * *
AxB * * * * *
BxC * * * * *
AxBxC * * * * *

“Brix/acidity ~ YMean £SE (n=10)

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 6. Change of external fruit quality by storage in ‘“Tarocco’ orange fruits harvested at conventional period (320 DAA)

S;é)rri%%e Sttéir:qapg.e COIgfae:ion Fruit(\é\;eight Fruit(ls}r:g;[h (L) Fruit d(i;nrjne)ter (D) L/D ratio Fruit peel ratio? Peel col&ii)ntensity
(days) (©
0 - Red 204.8+5.2Ya* 69.0£0.8a 73.0£0.7a 0.95+0.01 0.28+0.02 28.3+1.5bcd
- Orange 206.7+2.4a 69.6+1.0a 73.8+0.8a 0.94+0.02 0.28+0.02 24.1+1.0f
15 8 Red 192.5+5.4abc 67.0£0.9abc 72.0£0.7ab 0.94+0.01 0.24+0.01 28.9+1.2bcd
Orange 198.3+4.9ab 66.9+1.0abc 71.1+0.5abc 0.94+0.02 0.26+0.01 25.2+1.1ef
18 Red 190.3+4.9abc 66.4+1.2abc 69.5+1.0bcd 0.96+0.02 0.26+0.02 29.1+0.2abc
Orange 191.6+7.4abc 67.4+0.9abc 68.9+1.0cd 0.98+0.02 0.27+0.01 26.0+0.7def
30 8 Red 187.1+3.7bc 65.7+1.1bc 68.2+0.6¢d 0.96+0.01 0.27+0.01 30.5+0.7ab
Orange 191.0+£10.1abc 66.6+1.3abc 69.4+1.5bcd 0.96+0.01 0.27+0.01 26.4+0.5def
18 Red 187.1+4.9bc 65.3+1.2c 68.6+0.9cd 0.95+0.01 0.26+0.02 29.8+1.0abc
Orange 189.7+6.9abc 67.5+0.9abc 68.9+1.0cd 0.98+0.01 0.27+0.01 27.2+0.7cdef
45 8 Red 174.8+7.1cd 64.4+1.1c 69.1+0.9cd 0.93+0.01 0.25+0.01 31.7+0.8a
Orange 186.5+4.3bc 65.7+1.2bc 68.9+1.1cd 0.95+0.01 0.27+0.02 28.1+0.9bcd
18 Red 163.0+4.3d 64.5£0.7¢c 66.7+0.8d 0.97+0.01 0.26+0.01 30.1+1.0ab
Orange 176.6+6.4cd 65.4+1.0c 68.2+1.2cd 0.95+0.01 0.25+0.01 26.9+0.8cdef
Significance
Storage period (A) * * * ns ns *
Storage temp (B) * * * ns ns *
Peel color (C) * * * ns ns *
AxB * * * ns ns *
BxC * ns ns *
AxBxC * ns ns *

Z(Fruit weight — Juice weight)/ fruit weight

YMean =SE (n=10)

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 7. Change of internal fruit quality by storage in ‘Tarocco’ orange harvested at conventional period (320 DAA)

Storage Storage

period temp.  Peel coloration Soluoble_ solid Titrable acidity Maturation index? Juice color i_rlltensity Anthocyanin-lcontent
(days) (C) (Brix) (%) (%) (mg.L™) (mg.L™)
0 - Red 11.9+1.2Yde* 1.3+0.08a 9.9+0.5e 1.6+0.10efg 84.6+7.1bcd
- Orange 11.8+0.2e 1.3+0.04a 9.5£0.3e 1.5+0.05g 62.3£4.7d
15 8 Red 12.7+0.2abcd 1.2+0.06ab 11.0+0.6cde 1.8+0.06cdef 87.9+12.9abc
Orange 12.3+0.2cde 1.2+0.05ab 10.3+£0.5de 1.5+0.069 63.1+5.2d
18 Red 12.6+0.3abcd 1.2+0.04ab 10.8+0.5de 1.8+0.04cdef 84.2+5.3bcd
Orange 12.1+0.2de 1.1+0.03bc 10.6£0.4de 1.7+0.07defg 76.0£6.2cd
30 8 Red 13.1+0.1ab 1.0+0.06¢ 12.8+0.7abc 2.0+0.08abc 95.1+11.0abc
Orange 12.44+0.1bcde 1.1+0.04bc 12.0+0.6bcd 1.8+0.06cdef 81.0+7.6bcd
18 Red 12.9+0.1abc 1.1+0.03bc 12.0+0.4bcd 1.9+0.06bcde 85.3+5.1bcd
Orange 12.6+0.1abcd 1.1+0.05bc 11.8+0.7bcd 1.8+0.07cdef 78.4+9.2cd
45 8 Red 13.2+0.2a 1.0£0.04c 14.0+0.6a 2.2+0.08a 109.8+5.3a
Orange 13.1+0.2ab 1.0+0.04c 12.7+0.5abc 2.0+0.06abc 89.9+3.9abc
18 Red 13.3+0.2a 1.0+0.05¢ 13.4+0.6ab 2.1+0.07ab 100.4+3.6ab
Orange 12.6+0.2abcd 1.0+0.04c¢ 13.1+0.5ab 2.0+0.08abc 87.9+7.9abc
Significance
Storage period (A) * * * * *
Storage temp (B) * * * * *
Peel color (C) * * * * *
AxB * * * * *
BxC * * * * *
AxBxC * * * * *

“Brix/acidity =~ YMean +SE (n=10)  *Mean separation within columns by Duncan’s multiple range test at 5% level.
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Figure 1. Changes of internal appearance during storage at 8°C in ‘Tarocco’ orange fruit
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Figure 2. Changes of internal appearance during storage at 18°C in ‘Tarocco’ orange fruit
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