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Introduction

It is important to attend the physical and biochemical characteristics of the fruit, especially in
newly introduced cultivars that may be unknown to the consumer. Nutritive compounds in fruit
are usually influenced by variety, rootstock and post-harvest conditions. In this article, the results
related to the evaluation of the fruit quality of three varieties of oranges on two rootstocks have
been examined at harvest time and during storage.

Materials and methods

Fruit of Thomson Novel, Fukumoto, and Navelate oranges on two rootstocks including Swingle
Citrumelo and Citrange C-35 were harvested when TSS/TA reached about 6.5-7. Fruits were
evaluated at the harvest time and then stored in cool storage (5°C, RH=85%) for 60 days. The
fruit quality were checked on the 30th and 60th days of storage for two years. Evaluated
Characteristics included fruit lenght, width, thickness; arithmetic, geometric, equivalent diameter
and harmonic means ; fruit aspect ratio, sphericity, surface area, true volume, apparent volume,
volume error, density, weight, weight loss, peel thickness, juice percentage, peel color indices
(L*, a*, b*, hue angle, chroma and CCI), total soluble solid (TSS), titratable acidity (TA),
technological index (TI), total phenol, ascorbic acid, antioxidant capacity and organoleptic
evaluation.

Results

The fruit of Navelate orange on Citrumelo rootstock and Fukumoto orange on C-35 rootstock
had smaller physical characteristics than Thomson Novel. In all treatments, the shape of the fruit
was balanced and without elongation or indentation. The fruit of Navelate on Citrumelo (aspect
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ratio: 96.96) was slightly elongated. Navelate variety on C-35 produced larger and heavier fruit
similarly Thomson fruit. The volume error in Fukumoto and Navelate varieties and on both
rootstocks was less than the control. At the time of harvest, the fruit of the Fukumoto had a
thicker peel (more than 4 mm) on both rootstocks than the other cultivars. The amount of juice
percentage was not significantly different than control at harvest time, but at the end of storage,
the fruit of Navelate on the C-35 had the lowest (35.73%) of juice percentage. Fukumoto and
Navelate fruits on both rootstocks had higher TI index than Thomson at harvest time. The TSS at
harvest time was the lowest (9.22 and 9.78 respectively) only in the fruits of Thomson and
Navelate on Citrumelo rootstock. Navelate and Thomson fruits had higher TA on C-35 rootstock.
In all treatments, the amount of TA decreased during storage. Fukumoto fruit on C-35 had the
highest TSS/TA ratio, which was preserved during storage. The fruit of Navelate had a lower
TSS/TA level at the harvest time on both rootstocks (7.12 and 7.5). At the time of harvest, the
average ascorbic acid in all three cultivars on C-35 rootstock was higher than the same cultivars
on Citrumelo rootstock. The value of a*, hue angle, and CClI of the skin of Navelate orange with
a negative value were different from the other cultivars on Citrumelo and C-35 rootstocks (-1.12
and -0.61 respectively). The antioxidant capacity of Fukumoto fruit was 43.99% on Citrumelo
and 62.12% on C-35 rootstock at the harvest time. The amount of antioxidant capacity and total
phenol increased during storage. The organoleptic evaluation showed that the Fukumoto as
Thomson, scored better in relations to peel and pulp appearance, sourness, aroma and taste than
the fruit of the same cultivars on the C-35 rootstock. Navelate fruit produced higher score in
terms of taste and sweetness (7) on Citrumelo rootstock than C-35 (6) rootstock.

Conclusion

Based on the TSS/TA ratio, it was determined that Fukumoto and Navelate oranges are early and
late ripening respectively. Citrumelo rootstock increased late ripening in Navelate fruit and
contrary C-35 rootstock increased early ripening in Fukumoto fruit. According to the a* and CClI
indices, the Navelate fruits did not have suitable coloring at the time of harvest, and Citrumelo
rootstock delayed the color change of the fruit skin. In general, the organoleptic characteristics of
the fruit on C-35 were better than Citrumelo. Finally, it seems that the combination of
Navelate/C-35 is more suitable than Navelate/Citrumelo. Fukumoto/C-35 combination is suitable
for having early ripening fruit.
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Table 1. Fruit physical characteristics of three orange cultivars on two rootstocks
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Rootstock

Arithmetic mean

Geometric mean

Harmonic mean

Equivalent mean

Sphericity

Aspect ratio

Surface area

Variety diameter (cm) diameter (cm) diameter (cm) diameter (cm) (%) (cm?)

Thomson Citrumelo 7.85+0.26 7.84 £0.26 7.84+£0.26 7.84+£0.26 1.05+0.01 107.81+194 193.45+1258
Fukumoto 7.51+0.24 7.51+0.24 7.50 £ 0.24 7.51+0.24 1.04+£001 10651+1.44 177.33+11.31
Navelate 7.19+0.18 7.19+0.18 7.19+0.19 7.19+0.18 0.97 £0.01 96.96 + 2.00 162.53 +8.40
Thomson  C-35 7.94 +0.05 7.94 +0.06 7.93+0.05 7.94 +0.06 1.05+£0.01 108.77 +0.68 197.89 £2.72
Fukumoto 7.30+0.13 7.30+0.13 7.30£0.13 7.30£0.13 1.01£0.01 102.17+1.55 167.38 £5.78
Navelate 7.48 +0.17 7.48+0.17 7.48 £0.17 7.48 £0.17 1.01£0.02 102.28 +2.66 176.01 + 8.02

Table 1. continued-Fruit physical characteristics of three orange cultivars on two rootstocks

Variety Rootstock  Fruit weight (g) Length (cm) Width (cm)  Thickness (cm) True volume (cm®)  Density (g.cm™)  Apparent volume (cm®)  Volume error (%)
Thomson  Citrumelo 269.90 +28.61 750+0.25 8.08+0.27 7.96+0.29 288.50 + 35.57 0.94 £ 0.02 253.89 +24.28 13.33+£6.45
Fukumoto 224,60 £15.02 7.22+023 7.70+025 7.62+0.27 238.90 + 18.90 0.94 £0.02 222.79 +20.99 7.57 £2.05
Navelate 190.60 £12.21 7.38+0.13 7.16+0.24 7.03+0.21 201.07 £ 15.49 0.95+0.01 195.28 + 15.17 2.98+1.91
Thomson  C-35 270.83+7.71 7.56+0.02 8.22+0.06 8.05+0.09 290.07 £ 6.83 0.93+0.01 261.87 £5.42 10.76 £ 0.98
Fukumoto 205.30 £ 8.61 722+014 7.38+0.12 7.30+0.14 221.07 £10.80 0.93+0.01 203.85 £ 10.50 849+ 154
Navelate 215.10+16.39 7.41+0.05 758+021 7.47+0.27 228.40 +18.45 0.94+£0.01 219.96 + 15.06 3.69+1.72
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Table 2. Fruit Physico-chemical characteristics of three orange cultivars on two rootstocks

Juice

Peel vitamin C
Weight thickness percentage TSS TA TI (mg.100g
Year loss (%) (mm) (%) (%) (%) TSSITA (%) “TEW)
1397 3.47 3.16 3221 b* 1054 b 1.27 8.75 b 33 b 36.70
1398 3.79 3.20 4244 a 1133 a 1.18 9.83 a 480 a 35.25
Storage time Rootstock  variety
Harvesting time (0) Citrumelo  Thomson 0.00 h 331 b 3967 ab 922 f 1.07 de 859 d-h 368 cd 3531 c-f
Fukumoto 0.00 h 404 ab 3781 ac 1045 de 122 ce 873 d-h 395 bd 3385 d-f
Navelate 0.00 h 2.70  d-f 3592 b-d 978 ef 134 bd 750 gh 352 d 31.79 ef
C-35  Thomson 0.00 h 379 a-c 3779 ac 1027 de 137 ac 7.85 e-h 391 b-d 3880 b-d
Fukumoto 0.00 h 437 a 3600 ad 1130 b-d 117 c-e 975 b-e 411 ad 53.08 a
Navelate 0.00 h 290 c-e 39.06 ac 1068 «ce 155 ab 7.12 h 4.24 a-c  44.30 b
30 Citrumelo  Thomson 580 cd 3.34 b-d 3718 ad 1035 de 122 ce 875 dh 38 cd 3053 ef
Fukumoto 479 d-f 297 ce 4007 ab 1082 <ce 114 ce 952 b-f 430 ac 3031 f
Navelate 841 a 234 ef 4069 a 10.45 de 1.10 de 9.58 b-e 4.26 a-c 3212 ef
C-35  Thomson 5.69 c-e 365 a-d 3448 cd 1105 b-d 110 c-e 1019 ad 383 cd 29.07 f
Fukumoto 3.80 fg 408 ab 3283 d 1208 ab  1.09 de 1143 ab 402 bd 3680 c-e
Navelate 720 b 2.36  ef 3736 ad 1122 bd 152 ab 756 f-h 427 ac 3036 f
60 Citrumelo  Thomson 466 ef 3.00 ce 3811 ac 1033 de 105 e 10.00 ad 397 b-d 3449 d-f
Fukumoto 417 fg 3.09 c-e 3751 ac 1210 ab 112 ce 1122 ac 454 ab 40.68 bc
Navelate 6.74 bc 1.93 f 3783 ac 1105 b-d 106 de 1078 ac 419 ac 3676 c-e
C-35  Thomson 479 d-f 350 ad 36.60 ad 1153 ac 126 c-e 9.40 c-g 423 ac 3244 ef
Fukumoto 335 g 363 ad 3720 ad 1253 a 1.07 de  11.80 a 470 a 44,57 b
Navelate 5.86 cd 229 ef 3573 b-d 1160 ac 160 a 7.45 gh 418 ac 3225 ef

*Me

* Means values within a column followed by the different letter are significantly different using Tukey's test (p<0.05)
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Table 3. Peel color indices of three orange cultivars on two rootstocks

Storage
time Rootstock Variety L* a* b* Chroma hue CClI
1397 65.43 1464 a* 75.64 77.72 79.50 294 a
1398 64.41 1213 b 75.48 77.27 80.92 250 b
Harvesting Citrumelo  Thomson
time (0) 6423 b-e 177 fg 7340 ¢ 73.59 de 8878 bc 030 gh
Fukumoto 62.79 c-e 23.17 a 7369 g 77.38 ce 7256 505 ab
Navelate 6539 a-e -436 h 66.66 h 67.03 f 9401 a -1.12
C-35 Thomson 66,51 ac 440 ef 7189 ¢ 7248 e 86.92 c¢d 078 fg
Fukumoto 63.33 c-e 2185 a 7433 eg 77.60 b-d 7363 h 470 b
Navelate  61.74 e -135 gh 6713 h 67.48 f 91.67 ab -0.61 hi
30 Citrumelo Thomson 68.11 ab 1151 b-d 81.98 ab 82.88 ab 8203 eg 206 c-f
Fukumoto 6158 e 2481 a 7396 fg 7894 bc 7074 h 546 ab
Navelate  65.68 a-e 8.01 «c-e 76.73 c-g 77.32 ce 8358 df 149 d-g
C-35 Thomson 68.05 ab 1352 bc 80.02 a-d 81.26 a-c 8038 eg 251 c-e
Fukumoto 63.07 c-e 2485 a 75.08 d-g 79.19 bc 7164 h 532 ab
Navelate 65.27 a-e 742 de 7711 b-g 77.65 b-d 84.67 c-e 141 e-g
60 Citrumelo Thomson 67.04 ac 1562 b 8353 a 8500 a 7938 fg 280 «cd
Fukumoto 61.60 e 2731 a 7313 g 78.11 b-d 69.52 h 6.09 a
Navelate  68.83 a 920 ce 80.74 ac 8134 a-c 8353 df 167 d-f
C-35 Thomson 67.06 ac 16.12 b 79.28 a-e 80.97 a-c 7845 g 307 ¢
Fukumoto 62.10 de 25.56 a 7239 g 76.86 ce 7050 h 576 ab
Navelate  66.17 a-d 1148 b-d 7895 a-f 79.82 bc 8176 eg 219 c-e

* Means values within a column followed by the different letter are significantly different using Tukey's test (p<0.05)



e GBI 3 0 00 CukST L5101 Sen pis 5

Yy

Table 4. Chemical characteristics of three orange cultivars on two rootstocks

Antioxidant

L Total phenol

Srorage time Rootstock  Variety activity (%) (mg.g'FW)
I(-(l)z;wvestmg time Citrumelo Thomson 5422 de* 031 d
Fukumoto 4399 e 021 d
Navelate 59.15 «cd 031 d
C-35 Thomson 56.11 d 030 d
Fukumoto 62.12 ad 030 d
Navelate 58.87 «cd 033 d
30 Citrumelo Thomson 55.99 d 105 ¢
Fukumoto 59.96 «cd 1.27 bc
Navelate 7043 a-c 111 bc
C-35 Thomson 6151 b-d 1.23 bc
Fukumoto 59.63 «cd 125 bc
Navelate 66.34 a-d 174 a
60 Citrumelo Thomson 63.44 a-d 1.17 bc
Fukumoto 64.04 a-d 094 c
Navelate 72.84 ab 1.18 bc
C-35 Thomson 63.82 ad 1.28 bc
Fukumoto 7381 a 125 bc
Navelate 7048 a-c 148 ab

* Means values within a column followed by the different letter are significantly different using Tukey's test (p<0.05)
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Figure 3. The results of organoleptic
evaluation of Navelate fruit on two
rootstocks at the end of cool storage (60
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Figure 2. The results of organoleptic
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