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1- Total soluble solids
2- Titratable acidity
3- Technology index
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1- Refractometer
2- Inhibitory concentration
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Table 1- ANOVA for the effect of cultivars and block on some morphological properties of orange fruit grafted on Sour
orange rootstock

Sy Cwoles o yd
O s oo @) ) . o2l ] dy lams
= & K 09 [l Job hé . Cowgy x09] ”
Source of &3 ; . Jss 4 G Seed
. Weight Volume Length Diameter Peel Fruit b
variation DF Shape Index | 1 number
thickness juice
“’Ef 9 7803.81**  9739.06**  329.49** 164.25** 0.01** 2.38** 55.025** 152.01**
Cultivar
Ssh 2 411.64™ 605.68" 29.85™ 14.66" 0.003" 0.62™ 8.77" 1.60™
Block
iibesl b 18 607.07 535.19 22.71 16.39 0.002 0.56 431 1.765
Error
Sl - 14.29 13.34 6.54 5.84 453 11.88 17.54 18.326
C.V (%)

Sy sime pas NS 5 doyd S Jloin] oo 3 (65> iz s
** and ™ : significant at 1% of probability level and non-significant,respectively.
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Table 2- Average comparison of some pomological properties of different 10 orange cultivars grafted on Sour orange

rootstock
g L Cwolus KW slass
R O-jgh Vm:?“ J9“’h . P JSG Cowgs Ly e
Cultivars Weight ° ugne Lengt Diameter Shape Peel Fruit seed
©) (em?®) (mm) (mm) Index  thickness juice oy
(L/D) (mm) (%)
Jsb gl 223.43a 230.00a 86.10a 74.38a 1.15a 6.86abc 28.01a 1.00f
Thomson Navel
$6 213.76a 222.67a 80.35ab 77.02a 1.04abc 7.84a 16.18b 3.00def
Tarocco
D oesle 124.24b 115.00b 63.93cde 63.42cd 1.00bc 6.21abc 21.70ab  17.33ab
Mars Early
Jsb cusl? 188.85a 198.33a 75.83abc 71.52abc 1.06abc 5.82bcd 29.08a 2.33¢f
Frost Novel
UL | 108.43b 106.67b 59.05de 60.40d 0.97c 5.87bcd 28.82a 22.33a
oca
“;L:u 225.58a 223.33a 83.06a 76.44a 1.08abc 5.84bcd 22.91ab 3.00bc
alian
slp ) 203.72a 216.00a 73.98abc 75.88a 0.97¢ 6.38abc  22.99ab  3.67def
Khoram Abadian
ol
Oebe . 93.62b 90.00b 56.36e 56.96d 0.99bc 5.59cd 21.79ab 4.67de
Hamlin
Lyge 207.83a 210.00a 81.51a 73.04ab 1.11ab 7.62ab 25.53ab 9.33c
Morbeld
i1 bl 134.73b 121.67b 68.69bcd 63.84bcd 107abc  500cd 2898  533d
Moro Valencia
5l 5SSl (e geil 5l oalitul b doyd & Jloinl gdaw )3 ()b e glis aliie g (sl (slapSile
Means with same letters show non-significant difference at p<0.05 based on Duncan’s multiple range test.
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Csla dg g JLip pL8)) plaw opo PH Hlade Jas 5l g)ls bixe
dad gaaimo ) (plpls (YY) Ldges (o)l FAY B YN o)
0a3Ls g andly J18 (S59de 58 ol alo o )3 sy 350 £
YU 55195 (asls Jds & g aien j0y68 5 Jod LB pab
Il a6yl e 0 ) S ls olwl S cpmolig Jlao
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O yeS 31 4S) Job ygmuali 08y 4 o 6yt & (pasling Aoy
LB (392 513,93 31 ()1 2390 Pl ()3 Cpeling ke
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Table 3- ANOVA for the effect of cultivars and block on some biochemical properties of orange juice.

il 2bio ay dge JS JB ! 8 S T S s . .t
i 5 PRIV © ol
Source of &3 Jebwosels Ogaw] s b Technology H o Vitamin C
variation DF TsS TA TSSITA index P Antioxidant
capacity
Cultivar -5, 9 5.21%* 0.107** 121.02%* 1.19%* 0.22%* 419.14* 949.25%*
Block <5, 2 0.04" 0.00%s 2.75" 0.176™ 0.06" 25.19™ 129.16™
Error kel s 18 1.08 0.09 10.00 0.57 0.05 128.58 64.37
CV el o - 8.77 14.94 14.68 19.063 6.03 14 9.22

(*6)

W oo i |y )b gme pas NS 5 o )d S Jlois] e )0 (6> gimo s
** and ™ show significant and nonsignificant in P< 0.01% respectively.

U 4l Gy JW o8 03 oguesl (o bound

9 SV S 59 5 By (el o -F Joua

Table 4- Mean comparison of some biochemical properties in 10 orange cultivars on Sour orange rootstock

sols 3lgo JS B !
el R gl s b 2 L SiPP paslo
Cultivars TSS TA TSSITA Technology index pH
(Brix) (%)
Thomson Navel Job  jausls 13.26a 0.69bc 19.04bcd 3.72ab 4.32a
Tarocco 1,5 12.39ab 0.48cd 25.67b 2.02c 4.29
Mars Early J,| b 13.16a 0.59bcd 21.99bcd 2.84abc 4.03abc
Frost Novel Jsb el 14.16a 0.59chd 23.89bc 4.09a 4.17ab
Local > 11.56ab 0.80b 15.28de 3.36abc 3.66hc
Italian _,Uk! 10.06b 0.43d 23.03bcd 2.30bc 4.02abc
Khoram Abadian  ¢sUie 5 11.93ab 0.62bcd 19.20bcd 2.67abc 4.26a
Hamlin ;ylols 13.3a 0.39d 34.10a 2.87abc 4.03abc
Morbeld )50 13.23a 0.58bcd 23.08bcd 3.38abc 4.15ab
Moro Valencia i1, Ludly 10.5b 1.04a 10.05e 3.05abc 3.46¢

B0 o3 B Jlain] pdaw )3 (g0 dixe gl e By > gl sl 1 SSbo
Means with same letters show nonsignificant difference at p<0.05.
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Figure 1- The content of vitamin C in different orange cultivar juice grafted on Sour orange rootstock (DMRT, p<0.05).
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Figure 2- The juice antioxidant activity in different orange cultivars grafted on Sour orange rootstock (DMRT, p<0.05)
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Table 5- Variance analysis, the effect of cultivars and block on chlorophyll and carotenoid pigments in orange juice

‘ . Mgy, Judg s
Oldd e 2 ; ; ‘ 8T [ dedg 5 . P
s r adsdg,ls b Judg 5 Judg,l5 Mgy, . [Cawgy gaoul/ Cuwgy
Sourceof g3l oy Chib alb J5 Caro WS i Chlpel/
variation DF Chla/b chlt Chl/Caro oo p ~ee
Peel /juice uice
“’5_) 2 0.44** 1.06** 0.001** 2.88** 0.024** 17.89** 3.95%* 885.99**
Cultivar
Sk 9 0.047" 0.060" 0.019™ 0.207" 0.006"™ 1.705" 0.007"™ 4.86™
Block
iolofl slbs
£ 18 0.01 0.182 0.008 0.036 0.182 0.722 0.038 3.93
rror
Slyos g uCV - 18.85 11.97 14.61 13.80 11.97 12.24 11.42 24.98
W o L |y (650 gime pas NS 5 o pd S Jlois ] pdaw 3 (gl gire s
** and " show significant and nonsignificant in P< 0.01% respectively.
JU 5y o8 00 0900l (Sigiin I 9 by 15 (5100 525 ) (3eSilie dwmilile —F Jgut>
Table 6- Mean comparison of chlorophyll and carotenoid pigments in 10 orange juice cultivars
. . . £ ee 4 . M oee ls
o)1 Chl ajedglS  bsbs)ls  CHIUS Jabg)ls wiguip)l5 [ddoslS [yt a8
Cultivars a Chlb t Caro Apgiig,ls Caro Peel 2904
(mg.g'FW)  (mg.g'FW)  (mg.g’!Fw) (mg.g* FW) Chl/Caro Jjuice
Job ogeels 0.660c 1.053¢ 1.713¢ 0.180bcd 9.516a 5.263c
Thomson Navel
S 0.393de 0.573e 0.966de 0.150de 6.430b 9.140bc
Tarocco
Dl oke 0.526cde 0.826¢d 1.356¢d 0.230bcd 5.943b 5.970c
Mars Early
Jb el 0.646¢cd 0.990c 1.636¢ 0.260b 6.270b 5.850c
Frost Novel
“ 0.453cde 0.963de 1.146de 0.163cd 7.086b 8.943bc
Local
JUL" 0.313ef 0.473e 0.783e 0.146de 5.250b 15.360b
Italian
@l _ 1.223a 2.036a 3.360a 0.346a 9.803a 6.807c
Khoram Abadian
U'lnhb 0.976b 1.513b 2.490b 0.246bc 10.286a 5.743c
Hamlin
g 0.110fg 0.163f 0.273f 0.046f 6.673b 32.987a
Morbeld
5o bl 0.056g 0.096f 0.153f 0.073ef 2.143c 27.810a

Moro Valencia

B0 o3 B Jlein] e )3 ()l ixe glas e By > gl sl 1 Sbo
Means with same letters show no significant difference at p<0.05.
Chl: Chlorophyll, Caro: Carotenoid
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Table 7- Variance analysis of the effect of cultivars and block on chlorophyll and carotenoid pigments in orange fruit peel

. : addy S Dby, alb Judg I8 JSddes  adgug s ,
s il @ty oy Chib Chl alb Chit Caro g5 /a5
Source DF Chl/Caro
C 1 a Kk 1'32** Kk Kk *k *k
ultivar 3, 2 12.74 2.09 21.33 0.47 3.95
Block s, 9 0.207ns 0.002ns 0.044ns 0.172ns 0.014ns 0.007ns
Erroru.:;;"l.aj sl 18 0.11 0.017 0.063 0.149 0.020 0.038
Ol ks oy
cV - 18.63 11.51 18.39 12.925 9.11 11.42
(%)

W o LS |y (65 gine pas NS 5 o)y S Jlois ] pdaw 3 (gl pne s
**and " show significant and nonsignificant in P< 0.01% respectively.
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Table 8- Mean comparison of chlorophyll and carotenoid pigments of fruit peel in 10 orange cultivars on Sour orange

rootstock
. . s , Jeds S
iy P DI sudes anddys SRS IS ey

Cultivars (mg.g* (mg.g* Ch! t Chl (mg.g* Mgy, 8940]

FW) FW) (mg.g* FW) FW) Chl/Caro Chl peel/
juice
Thomson Navel Job jguels 0.350c 0.450f 0.800e 0.770c 0.936d 0.850e 0.477c
Taroccogs,l 0.990c 0.470f 1.460de 2.160b 1.313c 1.113de 1.550¢
Mars Early J,! )l 0.596¢ 0.913cd 1.510de 0.633¢c 1.336¢ 1.120de 1.113c
Frost Novel Job ¢l )6 0.720c 0.616ef 1.336de 1.210c 1.516¢c 0.880e 0.827¢c
Local > 0.570c 0.766def 1.336de 0.750c 1.413c 0.956de 1.196¢
Italian W) 5.356a 1.810b 7.166b 2.966a 2.286a 3.143d 9.220b
Khoram Abadian ¢s\i 5 2.213b 1.756b 3.970c 1.260c 1.963a 2.026¢c 1.190c
Hamlin -y lols 0.950c 1.206¢ 2.156d 0.803c 1.546¢ 1.416d 0.890c
Morbeld.l g0 0.773c 1.066cd 1.840d 0.733c 1.290c 1.423d 6.837b

Moro Valencia _.iSye Luudly 5.893a 2.463a 8.356a 2.403ab 1.930b 4.326a 56.113a

)0 20y3 B Jleinl g 55 (6ol e ol e gy gyl (olaySile
Means with same letters show nonsignificant difference at p<0.05.
Chl: Chlorophyll, Chl T: Chlorophyll total and Caro: Carotenoid

JW y Alideo @] oga0 Cowgs a9y 5 9 Jdg 5 g pab (ad Lo oyt (Niwsod oo -4 Jgoa
Table 9- Correlation coefficient of chlorophyll and carotenoid pigments of peel in different orange cultivars

5 sy 5 S0 5SS, ‘ ‘ ‘ . - o S | L
s adedy S by lS  alb Jdg S S a5 uniglio)l5 anigiio,l5 /byl
S0 Chla Chlb Chl a/b chit Caro Chl/Caro
Chlorophyll and carotenoid pigments
AJ‘:’Zf)‘K 1
Chla
b Jids 5 0.866** 1
Chlb
alb Jdgls 0.829** 0.506%* 1
Chl a/b
J5 Jedo)ls 0.992** 0.922** 0.769%* 1
Chlt
Sa559)8 0.807**  0.789** 0.678** 0.823%* 1
Caro
359595 [ o 8 0.965** 0.931** 0.712** 0.982** 0.723** 1
Chl/Caro

S gxe pas NS g o )d S Jloin] o )5 (g)ld gimo s
**and " : Significant at 1%of probability level, and non-significant, respectively.
Chl: Chlorophyll, Chl t: Chlorophyll total, and Caro: Carotenoid
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Figure 3- In the top row the image from left to right, belong to Local, Frost Novel, Mars Early, Tarocco and Thomson Navel

cultivars and in the bottom row the image from left to right belong to Moro Valencia, Morbeld, Hamlin, Khorramabadi and
Italian cultivars.
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Introduction: Oranges are the second most widely consumed fruit in the world after apples. The quality of
citrus fruits depends not only on the appearance of the fruit size, shape, color and absence of disease and any
surface damage, but also on the flavor, richness of food, vitamins, seedlessness and fruit aroma. The present
study investigated the fruit qualitative differences between the ten orange varieties (Thomson Navel, Tarocco,
Mars Early, Frost Novel, Local, Italian, Khorram Abadian, Hamlin, Morbeld and Moro Valencia) that grafted on
sour orange rootstock, in the Jiroft region. The aim of this study was introducing the fruit qualitative
characteristics and nutritional value of ten orange cultivars on the sour orange rootstock in climate conditions of
Jiroft region, for fresh uses and processing. Also, determine the capabilities of each cultivar in antioxidant
content and antioxidant capacity to introduce the properties of these cultivars to researchers in the food and
pharmaceutical industries.

Materials and Methods: Fruit weight was determined by digital scales. The volume of the fruit was
obtained by moving the water. The 0.1 mm caliber device was used to measure skin thickness, length and fruit
diameter. To measure the thickness of the fruit skin, a cut was first separated from the middle part of the fruit
and its thickness was recorded in mm. The total number of hollow and healthy seeds was counted and was
recorded as seed number. The juice percentage was calculated by calculating the percentage of juice mass to fruit
mass. A manual refractometer was used to measure the total soluble solids, and thesodium hydroxide titration
method was used to measure the titration acidity. The flavor index or maturity index was obtained from the
TSS/TA ratio and technology index was calculated by multiplying the percentage of TSS in the percentage of
juice. Vitamin C measured by the iodometric method. The antioxidant activity of juice was determined based on
the DPPH method. Carotenoid and chlorophyll pigments in juices and skins, were calculated using the
Liechtensteiner pigmentation method. The experiment was done as a randomized complete block design in three
replications. Statistical analysis of the data was performed using SAS software and means were compared using
Duncan's multiple range test at 5% of probability level.

Result and Discussion: The results showed that Thomson Novell, Frost Novell and Italian cultivars had the
highest freshness quality in terms of appearance characteristics (fruit weight, volume, and length, number of
seeds, and fruit shape index) among the ten cultivars evaluated. All cultivars were in the physiological maturity
stage and were suitable for the juice industry due to their high technology index. The range of vitamin C varied
57 - 109 mg per 100 ml juice and the range of antioxidant capacity varied 65 - 94%. Morbeld, Valencia
Morocco, Frost Novell and Mars Early cultivars had higher nutritional value due to higher vitamin C, and
Hamlin, local, Tarocco and Frost Navel had higher antioxidant capacity. Khorramabadian cultivar had higher
carotenoid pigments in juice and skin.

Conclusion: Therefore, most of the studied cultivars had high freshness and nutritional value, but among
them, Frost Novell cultivar, considering the amount of vitamin C, antioxidant capacity, technology index and
appearance characteristics in the higher statistically groups and was in the lower statistical group in terms of
number of seeds, therefore was selected as the best cultivar.
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