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Table 1- Physical characteristics in different cultivars of apple (Mean + SE)

~2) dgr0 (M
Cultivar Firmness (n/mm?)
ek e o 6.25 +0.25°
Morabaee-Mashhad
Fe2 2y B 2.52 +0.09¢
Top Red Delicious
8 1.14 +0.10¢
Golab Kohanz
Bl 3.16 £ 0.05%
Winter Banana
w5 3.03 £ 0.15%
Golab-e Sahneh
ol ) 4.24 +0.18
Early Devan
o 3.13 +0.18
Pepin
S s 3.35+0.15°

Red-fleshed (Bekran)

89x0 039 O 039
Fruit weight (g) Volumetric weight

2.78 £ 0.15¢ 2.1+0.278
61.69 + 4,79 1.07 £ 0.01%
39.12 +1.75¢ 1.14 £0.11°
70.16 £ 4.332 1.01 +0.02°¢
41,90 + 1.69¢ 1.04 £0.01°¢
51.81 +6.24% 1.03 £0.01°¢
53.31+ 2.88°¢ 1.06 + 0.02%
40.25 +3.11¢ 1.08 + 0.04%

Bl gl e gl (FouSG L 7 0 Jlessl pdaw (3 S5 (9] wloly diswd alie Gy Ko JBlis gyl g a8 oolael
Means in each column followed by similar letters are not significantly different at 0.05 probability level, using Duncan test.
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Table 2- Chemical Characteristics in Apple Different cultivars (Mean + SE)

~2)

Jsloxo ol 3lsa

&0 dww! TA

- TSSITA
cultivar TSS (B°) pH (%)
e 2liye 17.35 +0.25¢ 3.6 +0.00d 1.21 +0.15a 15.87 + 3.56d
Morabaee-Mashhad
b3, b 15.06 + 0.62b 4.49 +0.04ab 0.34 + 0.05¢ 53.57 + 7.67hcd
Top Red Delicious
7S 11.96 + 0.51a 4.6 +0.02a 0.168 + 0.02d 100.1 + 13.46ab
Golab Kohanz
_ Ly gy 14.14 + 0.86b 4.26 +0.04c 0.22 +0.02d 66.47 + 6.72bc
Winter Banana
wome S 11.19 +0.33a 4.38 +0.05bc 0.14 +0.01d 87.7 + 7.48abc
Golab-e Sahneh
| |
ol ) 14.51 + 0.39%b 4.29 +0.04c 0.17 +£0.07d 90.73 + 6.76abc
Early Devan
P@‘ 4 15.64 + 0.23ab 4.3+0.02c 0.14 +0.02d 130.7 + 22.22a
epin
Ob% &g 23.33 +1.20d 2.9+0.0le 0.48+ 0.04b 44.13 + 3.69cd

red-fleshed (Bekran)

555 oyl e gles [0S LT Jleas] prdaw 13 (S5l g0l bl A dliie By S JBlus (gl gt yn )3 a5 oolael
Means in each column followed by similar letters are not significantly different at 0.05 probability level, using Duncan test.
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Table 3—- Amounts of Anthocyanins, Flavonoids and Phenolic and Antioxidant Power of Different Varieties of Apples
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Means in each column followed by similar letters are not significantly different at 0.05 probability level, using Duncan test.
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Table 4- Enzymatic Browning Index in Apple Different cultivars
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Table 5- The correlation between the physical and chemical characteristics of applecultivars

12498 .3 e )
sho OO FE e a0 s iy ool
. o Total - Fresh o TSS TA . TSSITA i
Traits . Flavonoids Firmness - Density Acidity Anthocyanin
Browr"ng Phenol Welght
oMb (gloged 1
Browning
S 0.286 1
Total Phenol
g
Flavonoids 0.376 0.432* 1
K 0526*  0.441°  0.616* 1
Firmness
o3 09 0.509*  -0.190  -0.443¢* -0.539** 1
Fresh Weight
IS 0555+ 0398 0.864* 0683 -0.688* 1
Density
TSS -0.153  0.411*¢ 0.385 0.281 -0.196 0.232 1
TA 0.475% 0.106 0.694**  0.578** -0.478* 0.793** (.395 1
e 0083 -0426° -0.587** -0.375 0129 -0.365 -0.806** -0.650** 1
Acidity
TSSITA -0.470* -0.372 -0.587* -0.398 0.126  0.555** -0.351 -0.533** 0.669** 1
osbwsSl 9195 0153 0224  -0241 0153 -0.070 0438 -0.050 -0.558* 0.098 1
Anthocyanin

°5—Q—§ "u.ul_..u‘ K" s ")..{L;o]" ‘"C;wl Ls;‘)fn S e
3 had  (Siwed oSt s b p.s)j cdld b i gl
€9 9 oMo "uliyes™ o s ST e pB) o a5 Sy
Y0 g V) yly (g iy Jbo me )l L slaodle i

15 )Ad g el i (loggd Jade ey 4S5 S
aS me cpdy Cudld 0939 (gD re weSae (Siuwod (pduluS]
sla Siiwed 4 4o b piren 09 dled (068 doluS]
45 Sl (g (b slogod 9 )5 (1) 2y9—0 3 oAb odalidie
u_’{‘ 5 .AJ‘DJH L L5|°9-9r§ é\.«c')b; )l%.) pro ):)‘J.j Lgthw»
P G 08) S )3 JS Al jp oS A asude (g
ogw0 sl by 3 (o GAd b 8 el b (sloged il
OLais o oloS e 0dady (2l 4 gi )3 (0 Jgi2) w300 &)
ui JLl Lﬁ_A..)‘)JT uJ.w dloﬁg 4 .3)5 A)Lﬁl (\NV) ul)‘.g.o.b 9 u»)’tiu
dl_thry)_j Ja_wy J.»_wl Li_d))l{ B JM-S‘ e & cuw 0G0
2585 4 G P Jidey o9 CuligS g Cungy 50 oS Sl il
g e Bl

0948 Hlide (o b (Shesan 2929 (liie (S OIS
o )" el s pB) )5 IS (slgie 9 05 ]
o1 pbl livlejl )3 (Y0 ¢ V) WS o a1y " pids ™ g " s
Ot oo LLS)| & 08 paseie (FF) () Sen 5 (Lo Lawgs
S99 ol ogme €95 V) 5> (eS| 5l cllad 5 ogue S (Slgine
b ) 5 LS 5 ol ee o8 )lie Sy 48 coils
Canlbogro  SlaST !

L sl ol cllad b (o2bj (Stuman S 1359M6 5 28
(00) s o LS VWY 5 JAYY (i 4 (e oo
Ot (o o (V0) (i 5 (SU8 (9IS Bk oinen
C3sS 5 (M) gy o ST (B el 5 IS S8 e
eS| 5T o iy ositns bl S o i (+/2T)
)l 3929 JS 8 jlade

o] P 45 oo, S oLl 1 (F+) olSon 5 iy
o=l Hy b ool (ialST s pad g JB olsy
ialaST A5 @508 g Jid e (i (5 ine (e (g
s bl ddlllae 350 caww pB)) 43



FAV o5l com o)l (5 30 9 01559 & pwgd o i 995 o (glogad (oL g a1 98l (slocad galio cogue (S0 38 (Lo S 19 (23]

lmaaly 15 ol oSl Sl e el 4555 41,5 S & oS s

Fdi Mg G g (9n 9 CuiS bl dwgi g o (2N

555 o) i alin 5 3] cian A5 42b Slplo ca

9090 s WP Cua Nl (oo (8 sl o ke (pyieS L

ploxl an Lo g9d90 cnl 42 ST 005 )5 dagi 3)90 S 0900
S 6y 348 o Ly

g canmw GigTy ] )3 ol Cund 4 bt 4 a2 L

e (i (Jglone dolr Slge e iy 39 LS L oS
092 D g (talaST As 008 oy g 13 59ME 5 (ylowg]
5 oo LS oge S plsi @ late gl 5 Collas ool
B g ol SKdoghy L3l g a5 5)90 Lid 3 (Sl 4 &5 logee

&l

1. Amiot M.J., Tacchini M., Aubert S., and Nicholas S. 1992. Phenolic composition and browning susceptibility of
various apple cultivars at maturity. Journal of Food Science 57: 958-962.

2. Anonymous 2. 2006. Hort research- newsroom- New apple packs health pnch. http://www. Hortresearch .co. nz/
index/ news/467.

3. Biedrzycka E., and Amarowicz E. 2008. Diet and health: apple polyphenols asantioxidants. Food Reviews
International 24: 235-251.

4. Brand-Williams W., Cuvelier M.E., and Berset C. 1995. Use of a free radical method to evaluate antioxidant
activity. Food Science Technology 28: 25-30.

5. Cheynier V. 2005. Polyphenols in food are more complex than often thought. The American Journal of Clinical
Nutrition, 81: 223S-229S.

6. Clarisse D. 2006. Hort research develops antioxidant-rich red-fleshed apple. http://www. Foodna vigator-usa.com

7. Coseteng M.Y ., and Lee C.Y. 1987. Changes in apple polyphenoloxidase and polyphenol concentrations in relation
to degree of browning. Journal of Food Science 52: 985-989.

8. DeEll J., Toivonen P.M.A., Khanizadeh S., and Hampson C. 2009. Browning potential of new apple varieties. Acta
Hort 814: 529-532.

9. Defli J.R., Khanizadeh Sh., Saad F., and Ferree D.C. 2001. Factors affecting fruit firmness-A Review Journal of
American Pomology Society 55(1):8-27.

10. Dzhangaliev A.D., Salova T.N., and Turekhanova P.M. 2003. The wild fruits and nut plants of Kazakhstan.
Horticultural Reviews 29: 305-371.

11. Fallahi E., Simon B.R., Fellman J.K., Longstroth M.A., and Colt W.M. 1994.Tree growth and productivity and post
harvest quality in various starins of Delicious apple. Journal of American Society for Horticultural Science 119 (3):
389-395.

12.Fan X., Kimberly J.B., Sokoral I., Ccheng-Hsing L., Ching-Hsing C., Peter C., and Zhang H.Q. 2005. Antibrowning
and antimicrobial properties of sodium acid sulfate in apple slice. Journal of Food Science 74: 485-492.

13. Faramarzi S., Yadollahi A., and Soltani B.M. 2014. Preliminary evaluation of genetic diversity among Iranian red
fleshed apples using microsatellite marker. Agricultural Science and Technology 16: 373-384.

14. Geisenheim H.P., Braun P., and Keicher R. 2009. Red apple Juice: Breeding, Drink- and Growing technology for
the development of a new, innovative product. Bulletin USAM Horticulture, 66(1).

15. Ghorbani E., Bakhshi D. 2011. Evaluation of Content of Chlorogenic Acid, Flavonoids and Antioxidant Potential of
13 Native and Foreign Apple Cultivars. Plant Production Technology 11(2): 53-62.

16. Goulao L.F., & Oliveira C. M. 2008. Cell wall modifications during fruit ripening: when a fruit is not the fruit.
Trends Food Science & Technology 19: 4-25.

17.Hasani Gh., Rezaee R., Peirasteh Y., and Henareh M. 2014. Evaluation of some spur-type and standard apple
cultivars in the northwestern region of Iran. International Journal of AgriScience 4(6): 301-306.

18. Iglesias I., Salvia J., Torguet L., and Cabls C. 2002. Orchard cooling with overtree microsprinkler irrigation to
improve fruit color and quality of ‘Topred Delicious’ apples. Scientia Horticulturae 93: 39-51.

19.Joseph J.A., Shukitt-Hale B., Denisova N.A., Bielinski D., Martin A., McEwen J.J., and Bickford P.C. 1999.
Reversals of age-related declines in neuronal signal transduction, cognitive, and motor behavioral deficits with
blueberry, spinach, or strawberry dietary supplementation. Journal of Neuroscience 19: 8114-8121.

20. Khanizadeh Sh., Tsao R., Rekika D., Yang R., Charles M.T., and Rupasinghe H.P.V. 2008. Polyphenaol composition
and total antioxidant capacity of selected apple genotypes for processing. Journal of Food Composition and Analysis
21: 396-401.

21. Kliebenstein D.J. 2004. Secondary metabolites and plant/environment interactions: a view through Arabidopsis
thaliana tinged glasses. Plant Cell and Environment 27: 675-684.

22. Kuczyski A.P. 1995. The effect of cultivar on apple slice whiteness and enzymatic browning. Zemedelska Technika
41: 51-54.

23. Lata B., Przeradzka M., and Bi"kowska M. 2005. Great differences in antioxidant properties exist between 56 apple


http://www/

1YaA QLHMA) ¥ b)Loui': JY .\.1? s(é})sw elﬂo 3 F}L;) LglL».Cb Fsl" 4.1).&; f\A

cultivars and vegetation seasons. Journal of Agricultural and Food Chemistry 53: 8970-8978.

24.Lata B., Trampczynska A., and Pazesna J. 2009. Cultivar variation in apple peel and whole fruit phenolic
composition. Scientia Horticulturae 121: 176-181.

25. Le Bourvellec C.L., Le Quéré J.M., Sanoner P., Drilleau J.F., and Guyot S. 2004. Inhibition of apple polyphenol
oxidase activity by procyanidins and polyphenol oxidation products. Journal of Agricultural and Food Chemistry 52:
122-130.

26. Lee C.Y., and Smith N.L. 2000. Apples: an important source of antioxidants in the American diet. New York Fruit
Quarterly 8(2): 8-10.

27.Lee C.Y., and Smith N.L. 1995. Minimal processing of New York apples. New York’s Food and Life Sciences
Bulletin 145: 1-11.

28.Li X.J., Hou J.H., Zhang G.L., Liu R.S., Yang Y.G., Hu Y.X., and Lin J.X. 2004. Comparison of anthocyanin
accumulation and morpho-anatomical feature in apple skin during color formation at tow habitats. Scientia
Horticulturae 99: 41-53.

29.Liu R.H., Eberhardt M.V., and Lee C.Y. 2001. Antioxidant and antiproliferative activities of selected New York
apple cultivars. New York Fruit Quarterly 9(2): 9-11.

30. Lozano J.E., Drudis-Biscarri R., and Ibarz-Ribas A. 1994. Enzymatic browning in apple pulps. Journal of Food
Science 59(3): 564-567.

31. Markowski J., and P"ocharski W. 2006. Determination of phenolic compounds in apples and processed apple
products. Journal of Fruit and Ornamental Plant Research 14: 133-142.

32. Matsumoto H., Nakamura Y., Tachibanaki S., Kawamura S., and Hirayama M. 2003. Stimulatory effect of cyanidin
3-glycosides on the regeneration of rhodopsin. J. Agric. Food Chem 51: 3560-3563.

33.Mazza G., and Velioglu Y.S. 1992. Anthocyanin and other phenolic compounds infruits of red-flesh apples. Food
Chem 43: 113-117

34. Merwin I.A., Valois S., and Padilla-Zakour O.l. 2008. Cider apples and cidermaking techniques in Europe and
North America. Horticultural Reviews. J. Janick, John Wiley & Sons, Inc., 34: 365-414.

35. Milani J., and Hamedi M. 2005. Susceptibility of five apple cultivars to enzymatic browning. Proceedings of the 5th
International Postharvest Symposium 682: 2221-2226.

36. Murata M., Tsurutani M., Tomita M., Homma S., and Kaneko K. 1995. Relationship between apple ripening and
browning: changes in polyphenol content and polyphenol oxidase. Journal of Agricultural and Food Chemistry 43:
1115-1121.

37.Nicolas J.J., Richard-Forget F.C., Goupy P.M., Amiot M.J., and Aubert S.Y. 1994. Enzymatic browning reactions

in apple and apple products. Critical Reviews in Food Science and Nutrition 34(2): 109-157.

38. Peterson F. 2008. "Company Website." Retrieved 4/27/09, 2009, fromhttp://petersonfarmsinc.com/.

39. Petkovsek M.M., Stampar F., and Veberic R. 2007. Parameters of inner quality of the apple scab resistant and
susceptible apple cultivars (Malus domestica Borkh.). Scientia Horticulturae 114: 37-44.

40. Rafiee M., Naseri L., Bakhshi D., and Alizadeh A. 2012. Phenolic compounds and antioxidant activity of some
Iranian and commercial apple varieties in West Azarbaijan province. Journal of Crops Improvement 14(2): 43-55.
41.Renaud S., and M.de Lorgeril. 1992. Wine, alcohol, platelets, and the French paradox for coronary heart disease.

Lancet 339: 1523-1526.

42.Rezaee R. 2009. Locating of suitable organic sites for organic apple production in Urmia. Final report. West
Azerbaijan Agriculture Research Center, Urmia, Iran.145p. (In Persian with English absract)

43. Sapers G.M., and Douglas F.W. 1987. Measurement of enzymatic browning at cut surfaces and in juice of raw apple
and pear fruits. Journal of Food Science 52: 1258-1262.

44. Smith M.A.L., Marley K.A., Seigler D., Singletary K., and Meline W.B. 2000. Bioactiveproperties of wild blueberry
fruits. J. Food Sci, 65: 352-356.

45.Song Y., Yao Y.X., Zhai H., Du Y.P., Chen F., and Wei S.W. 2007. Polyphenolic compound and the degree of
browning in processing apple varieties. Agricultural Sciences in China 6(5): 607-612.

46.Sun J.,, Chu Y.F, Wu X., and Liu R.H. 2002. Antioxidant and antiproliferative activities of common fruits.
Agricultural and Food Chemistry 50: 7449-7454.

47. Tattini M., Remorini D., Pinelli P., Agati G., Sarasini E., Traversi M.L., and Massai R. 2006. Morpho-anatomical,
physiological and biochemical adjustment in response rot ozone salinity stress and high solar radiation in two
Mediteranean evergreen shrubs, Myrtus communis and Pistacia lentiscus. New phytologist 170: 779-794.

48. Valentines M. C., Vilaplana R., Torres R., Usall J., and Larrigaudiére C. 2005. Specific roles of enzymatic browning
and lignification in apple disease resistance. Postharvest Biology and Technology 36: 227-234.

49. Velioglu Y. S., Mazza G., Gao L., and Oomah B.D. 1998. Antioxidant activity and total phenolics in selected fruits,
vegetables and grain products. Journal of Agricultural and Food Chemistry 46: 4113-4117.

50. Vinson J.A., Su X., Zubik L., and Bose P. 2001. Phenol antioxidant quantity and quality in foods: fruits. Journal of
Agricultural and Food Chemistry 49(11): 5315-21.

51.Volz R.K., and McGhie T.K. 2011. Genetic variability in apple fruit polyphenol composition in Malus x domestica



https://www.tandfonline.com/author/Nicolas%2C+Jacques+J
https://www.tandfonline.com/author/Richard-Forget%2C+Florence+C
https://www.tandfonline.com/author/Goupy%2C+Pascale+M
https://www.tandfonline.com/author/Amiot%2C+Marie-Jos%C3%A8phe
https://www.tandfonline.com/author/Aubert%2C+Serge+Y
http://petersonfarmsinc.com/

PN o)l o gyl (B 32 3 (31550 & g5 o i 955 (ood (Sloged (e L 9 49l ol gilio cogue (S 38 S S9!

and Malus sieversii germplasm grown in New Zealand. Journal of Agricultural and Food Chemistry 59: 11509—
11521.

52.Vrhovsek U., Rigo A., Tonon D., and Mattivi F. 2004. Quantitation of polyphenols in different apple varieties.
Journal of Agricultural and Food Chemistry 52: 6532-6538.

53.Wang K.L., Micheletti D., Palmer J., Volz R., Lozano L., Espley R., Hellens R.P., Chagne D., Rowan D.D., Troggio
M., et al. 2011. High temperature reduces apple fruit color via modulation of theanthocyanin regulatory complex.
Plant Cell Environ 34: 1176-1190.

54. Wrolstad R.E. 1976. Color and pigment analyses in fruit products. Station bulletin 624. Corvallis, OR: Agricultural
Experiment Station Oregon State University.

55.Yoo K.M., Lee C.H., Lee H., Moon B., and Lee C.Y. 2008. Relative antioxidant and cytoprotective activities of
common herbs. Food Chemistry 106: 929-936.

56. Zhishen J., Mengcheng T., and Jianming W. 1999. The determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chemistry 64: 555-559.



Journal of Horticultural Science (53,3U5 gbio 5 pote) (SLbl pole & 1 i3

Vol. 33, No.4, Winter 2019, P. 609-622 =, $AAFYY . YA ylins) F olasd YT ol
ISSN: 2008 - 4730 L Yerh- FYY L

Evaluation of Physical Properties of Fruit, Secondary Metabolites, and
Browning Index of Bekran Red Flesh Apple Genotype and Some Spring Apple
Cultivars

B. Abedi'*- T. Parvaneh? E. Ardakani?®
Received: 17-06-2018
Accepted: 07-10-2019

Introduction: Apple is one of the most important horticultural crops in Iran. The aim of this study was to
investigate the effect of genotype on physical and chemical properties of fruit; to evaluate the amount of fruit
secondary metabolites and correlation between them with the enzymatic browning in some lIranian apple
cultivars. Recently red-fleshed apples have been attracted the attention of many researchers and fruit marketers
because the flesh of those cultivars contains a high amount of red pigment anthocyanins, which show strong
antioxidant activity. These cultivars have a better place in the market for the consumers because of the
attractiveness, quality and high levels of anthocyanins and other phenolic compounds in fruits. Development of
such new varieties with unique properties is important for improving the apple breeding and processing industry
in the world. Phenolic compounds and flavonoids are products of the phenylpropanoid pathway. They are
secondary metabolites and are responsible for different functions in the plant life cycle. Secondary metabolites
play an important role in the quality of food (color, flavor, and odor). Also production of secondary metabolites
may be a part of the plant defense system.

Materials and Methods: The fruits of ‘Morabaee-Mashhad’, ‘Top Red Delicious’, ‘Golab Kohanz’, ‘Winter
Banana’, ‘Golab-e Kermanshah’, ‘Early Devan’ and ‘Pepin’ apple cultivars were harvested manually from trees
at commercial maturity stage in Mashhad city, and ‘Red-flash’ apple cultivar was harvested in Shahrood city
(Bekran Village), Iran. Fruits were transported to the laboratory soon after harvest. The measured chemical
properties were consisted of total soluble solids (TSS), titrable acidity (TA), TSS: TA, total phenol content
(TPC) and Antioxidant. Titratable acidity (TA) was determined by Korean models GMK855 and reported g 100
g* of malic acid. Total soluble solids (TSS) was determined at 20 °C with a refractometer and reported as °Brix.
The pH value of fruit was measured with a pH meter at 20°C. The pH differential method was used to determine
the total anthocyanin content. The absorbance of the solution was measured at 510 nm. The total phenolic
content was determined by a modified Folin-Ciocalteu reagent method. This experiment was conducted
according to the completely randomized design; with thirty replicates. Data were analyzed statistically by SPSS
statistical software and differences among means were determined for significance at p< 0.05 using Duncan’s
multiple range test.

Results and Discussion: The highest and lowest of enzymatic browning was found in ‘Pepin’ and Red-flash
apple cultivars, respectively. Red Delicious, Macintosh, and Liberty showed high levels of enzymatic browning.
According to some researchers, there is a strong correlation between the amount of browning and total phenol
content of apple varieties "Empire"”, "Rome", "Golden Delicious" and "Delicious"(Coseteng and Lee 1987;
Milani and Hamedi 2005). San et al. (2002) revealed that there was a direct correlation between fruit phenolic
content and antioxidant activity in 11 fruit species, indicating a significant contribution of phenolic compounds
in the antioxidant activity of fruits. The results showed that the effect of cultivar on physic-chemical properties
of fruit was significant at 5% probability level. The concentration of total soluble solids was significantly
affected by cultivar, the highest concentration of total soluble solids was observed for Red-flesh apple cultivar
while the lowest was recorded in Golab-e Sahneh. Red-flesh and Early Devan cultivars had the highest and the
lowest anthocyanin contents and the lowest and highest of pH values were observed in Red-flesh and Golabe
Kohanz cultivars, respectively. The highest concentration of total phenolics was observed for Morabaee-
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Mashhad while the lowest was seen in Red-flesh apple cultivars. The correlation between the enzymatic
browning and antioxidant capacity of fruits was -0.507*.

Conclusion: The present research confirms that Red-flesh apple cultivar as a native fruit has been of interest
to researchers and consumers because of its high amount of soluble solids, anthocyanins and flavonoids content,
high level of antioxidant capacity and having a specific flavor and taste. Therefore, it can be a worthy cultivar for

apple breeding programs and development in future.

Keywords: Antioxidant capacity, Bekran, Physical and chemical characteristics, Red-flesh apple
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