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Abstract

Background and Objectives

Apple is one of the most important common fruit trees in temperate regions of the world with a
lot of phenotypes and genotypes. Fruit surface color is one of the important factors in evaluating
the qualities and appearance of fruits. This is the first component of acceptance by the customer,
which indicates anomalies in agricultural products.

Materials and Methods

For this purpose, a study was conducted in 2016 in a completely randomized design with 12
varieties of native and imported apples in three replications. In this research, qualitative
characteristics including anthocyanins for skin and flesh fruit, total sugar, flavor index, pH and
EC and color indexes including brightness index (L), redness index (a), yellowness index (b),
Hue (H), and Chroma (C) were measured for each apple cultivar.

Results

The results showed the highest indexes of a and C of skin. Moreover, the index of a related to the
flesh of fruit in Mazand 2 had the highest levels of Hue skin, brightness and Hue flesh in Gala
cultivar. The highest amount of brightness and yellowneass of fruit skin and flesh was observed
in Golden delicious cultivar. While the highest amount of anthocyanin in skin was found in Red
delicious cultivar. the highest amount of anthocyanin in flesh was found in Mazand 2.
Furthermore, the highest level of flavor index was found in Shahrod 10 and the maximum
amount of total sugar was detected in Red delicious cultivar. The utmost EC juice and the highest
juice pH were observed in Gol Ghermez and Golab Kohanz cultivars, respectively. The highest
positive correlation was found between anthocyanin of skin and anthocyanin of fruit pulp in the
red flesh apple (0.99). Based on the results of this research, the red index and the fruit flavor
index correlated with skin Hue, brightness of skin correlated with yellow color of skin, and fruit
EC correlated with sugar content of the fruit.

Discussion
Finally, the highest correlation was found between anthocyanin in skin and the red flesh apple. In
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other apple cultivars, a significant correlation was found between index (a) and the yellowness of
the apples (0.92). Further positive correlation was set between index C and anthocyanin content
and flavor index. A positive correlation was observed between H and L indexes and the yellow
color of the apple. Index b indicated a significant negative correlation with anthocyanin of skin
and flesh of apple. The highest red content in red flesh apples indicated positive correlation with
a and c indices, which has already been confirmed by the results of other researchers.

Keywords: Anthocyanin, Colorimeter, Correlation, Flavor index, Non-destructive measurement,
Sugar total
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Table 1. Analysis of variances for skin and flesh color indices for different varieties of apples

H C B A L H C b a L s
(o090 caligs) (o9 cudg)  (ogmo udg) (090 CudsT)  (ogmo aligh)  (ogm cwnd)  (ogm )  (ogm cwwgl)  (ogm cwgr) (09w cwg) ;1 g Ol gt @lio
H C b a L H C b a L &2l Source of variation
(Fruit flesh)  (Fruit flesh) (Fruit flesh) (Fruit flesh) (Fruit flesh)  (Fruit skin) (Fruit Skin) (Fruitskin) (Fruit skin) (Fruit skin) df
. . . . - . . - . . L
1214.58 38 29.89 171.11 607.53 12145 56.03 103.92 200.67 646.24 11 o
Treatments
(1253
29.99 1.53 2.60 2.18 7.96 29.99 7.67 5.95 11.58 29.37 24
Error
( ) Ol ds o
8.15 6.25 9.62 19.38 3.73 14.75 8.15 21.46 9.79 11.23 Ho) D s

C.V. (%)

*and **: significant in 0.05 and 0.01 level, respectively.
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Table 2. Analysis of variances for skin and flesh chemical indices for different varieties of apples
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EC pH Fruit Flavor Index Total suger Anthocyanin flesh Anthocyanin skin df Source of variation
** Kk **k Kk *k **k L“‘;
3.77 0.96 965.82 2609.97 0.0055 0.313 11 o
Treatments
s
0.13 0.046 68.92 961.98 0.008 0.0115 24
Error
( 3) Ol pudS o
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C.V. (%)
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Table 3. Mean comparisons of indices skin color and flesh of different varieties of apple

C H b a L C H b a L
(040 caligh)  (ogmo ulis™)  (ogmo caksF)  (ogmo Culigt)  (ogae uligt)  (ogmo cwsy) (g Cwyy)  (ogmcwyr)  (ogmcw)  (ogme Cwwsy) 5)
C H B a L C H b a L Variety
(Fruit flesh)  (Fruit flesh)  (Fruit flesh)  (Fruit flesh)  (Fruit flesh)  (Fruit skin) (Fruitskin)  (Fruit skin) (Fruit skin) (Fruit skin)
VU ylese
16.45% 60.02" 14.1°% 12.4° 78.03% 21.44% 60.02" 13.86° 16.2° 44.7° 0
Mazand1l
YU jles
18.14 46.3¢ 12.93%f 27.83° 70.43%f 33.4° 46.3¢ 12.43° 318 425 Ho
Mazand2
19.47" 54.01% 15.66 11.36™ 73.86% 23.12% 54.01% 18.43 13.93% 67.83" aho VA
\B Lo
19.58™ 52.62" 17.36™ o« 76.06¢ 23.26% 62.52" 20.8™ 10.73° 66" SHLO e
21.08° 63.89° 18.93" 9.26% 68.4" 25.79% 63.89" 21.06" 14.76°* 60" it
Gol sefid
18.26% 78.08% 17.86™ 3.76° 62.6Y 17.74° 78.08° 15% 7.16™ 44.86° rAE
Gol ghermez
19.95" 82.1° 19.46% 2.7 82.33 24,24 82.1° 13.73° 19.76" 49.53% 6&’ a
Ghermez jangali
- u’})\f
15.46° 81.98% 15.3%% 2.2°f 86.53% 25.22¢% 81.98° 22.6" 11.1%f 68.10° i
Golab Kohanz
N
18.46“ 87.22° 18.43% 0.93f 89.67° 31.18%® 87.22° 14.53% 27.56° 45.9% cal
ala
20.10% 84.37° 20% 1.96 89.66° 21.71% 84.37° 15.03% 15.53¢4 55.03% Fui S5k
uji
29.76° 20.3° 10.33f 8.13¢ 40.63" 21.75% 20.3° 4.06' 21.3" 33.83f st
Red delicious
. . .\l?
20.9° 84.65° 20.8° 1.96°" 89.3 26.91% 84.65° 26.83° 1,969 86.03° Ao

Golden delicious

* Red flesh apple varieties

Means with the same letters are not significantly different.
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Table 4. Mean comparisons of chemical indexes of skin and flesh of different varieties of apple 2
S A o J5 s Sgue b e Sgu0 uligF (ilwgisT Ogu0 gy (il T )
Gyt (ool o2 3 (9) (Foig P 28 £ 57 M) (ae33) (Foigps 2 Js) (F0isps 2Js) 3
pH EC Total sugar Fruit flavor index Anthocyanin flesh Anthocyanin skin Variety
(dS/m) (mgr/gr fw) (%) (mol/gr fw™) (mol/gr fw™)
V6 jles
3.66° 3.44™ 37.54° 57.42% 0.15% 0.100° o
Mazand1
YU lese
4.01%% 3.26° 30.41¢ 36.58¢ 0.16 0.546° )
Mazand?2
Yoo s b Su £
4.27% 2.25¢ 4.47° 45.83% 0.13 0.070° pAEE >
GH2 v
\K Lise <
4.26% 2.23° 5.079 80.31° 0.13° 0.066° el >
SH10 %{
4.17% 3.91° 12.47¢ 19.66' 0.045¢ 0.046° Il B
Gol Sefid 6,_
3.13f 6.1% 14.9° 20.45% 0.03° 0.123° AL =
Gol ghermez o
E._ .3 G
4.73 2.26° 11.03°" 43.25" 0.091° 0.096° o &
Ghermez jangali
5.36° 2.5° 7.7% 67.93% 0.096° 0.060° e C%
Golab Kohanz g—
Ny D
4.76° 2.09° 9.25% 44.09% 0.063° 0.536" o
Gala G
. \
3.92% 2.58% 220.03? 40.03¢ 0.051° 0.523° . S5hd ¢
Fuji £
d a be c a s, e
4.33° 3.15° 225.03 57.74 0.046 1.076 o ;
Red delicious
4.10% 2.57% 214,25 34.43% 0.043° 0.086° A0
Golden delicious
* Red flesh apple genotypes s g glacs g *

Means with the same letters are not significantly different. AL a5l ime N (gl S e O o S (gl e SOl ¢ ke (sl 5 O o
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Table 5. Simple correlations among the indices studied in red flesh apple genotypes

b4u

< (e o STECET) A a0 A vy

i 5

.

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o AL
Fruit index

1 1

1 0717 2

1 0757 092" 3

1 0927 093" 086 @ 4

1 -0.68° -0.38 0.89" -0.38 5

1 054  0.39 023 -050  0.09 6

1 0897 041 -036 -027 0.927 -0.05 7

1 048 038 -033 069" 0747 -059"° 067 8

1 078" -0917 080" -043 054 050 -054 032 9

1 0.01  -0.47 0897 -039 005 041 057 023 -0.37 10

1 072" 026 067 001 001 025 076" 085 -029 0917 11

1 -0.78" 074" 006 054 080" -017 002 050 -061° 058 0717 12

1 018 -024 079 047 042 045 045 053 0707 058 -069  0.37 13

1 035 -086° 094" -068 -015 056 -0.09 003 027 -077° -0.83° 059 -0907 14

1 060" -052 -019 049 072" -063° -063 086 -054 0927 -0817 -06" 093" -0.60° 15

1 0997 -005 044 015 001 082" 011 0.8 0927 -007 090" 0.01 006 093" -0.15 16
(Fruit flavor index) wab x5 (13) (HFleshH 28 (9) (C Skin) C .. 5; (5) (L Skin) L sy (1)
(Total sugar) Jss (14) (C Flesh) C == £ (10) (L Flesh) L == £ (6) @Skin)a ey (2)
(Antocyanin skin) ¢ s sk 5T (15) EC) K SUeylas (11) @Fleshya cx £ (7) (b Skin)b ¢y (3)
(Antocyanin skin) ¢ £ it 5T (16) (PH) « 441 (12) (b Flesh)b == £ (8) (H SKin H .., (4)

..L;).s@j,u)saﬁ_Jk:}lcla.u);)b@uax.uowgﬁ:;q*J**

*and ** significant in 0.05 and 0.01 level, respectivel.
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Table 6. Simple correlations between the indices studied in other apple varieties

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o3 AL
Fruit index

1 1

1 -0.67" 2

1 0607  0.927 3

1 090" -0.85" 0.85" 4

1 001 037 043" 028 5

1 045" 041" 0617 -009 059 6

1 0927 -023 -055  -0.627 025 -0.49" 7

1 0777 0717 032 053" 0627 -022 0537 8

1 0797 -0997 0907 027 0547 0627 -022 050 9

1 0877 062" 037 -0727 -010 -049° -055" 024 067 10

1 002 -015 -0.05 013 -050" -053" 0.8 -008 -0.32 -0.24 11

1 0697 -019 -008 -021 -006 032 048 -017 010 034  0.15 12

1 073" -054" 004 019 -056" 021 004 014 -033 -022 028 -0.08 13

1 014 -024 -0.21 0617 -0.38 -0.15 041" -0.16 -0.16 -006 -0.17 -0.17 0.1 14

1 055" 034 001 -016 -0.18 -0.677 -055" 049 -049° -0.03 -0.717 -073" 053 -0.58" 15

1 007 020 034 001 -016 027 -067 -055 068 -049° -003 -0.717 -0.73" -053 -0.58" 16
(Fruit flavor index) b x5 (13) (HFleshH 28 (9) (C Skin) C = 4 (5) (L Skin) L sy (1)
(Total sugar) Js'us (14) (C Flesh) C == £ (10) (L Flesh)L == 5 (6) @skin)a ey (2)
(Antocyanin skin) cw. st 5T (15) EC) S Syl (11) @Flesh)a == & (7) (b Skin)b .y (3)
(Antocyanin skin) c.s £ it T (16) (PH) a4l (12) (b Flesh)b == £ (8) (H SKkim H ..., (4)

~-L")>c:-;}M)ﬁégiJL“:"'CE-“P)"@”°M30W&T‘:5}“{*}**

* and ** significant in 0.05 and 0.01 level, respectivel.
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