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Article Info ABSTRACT

Article type: Introduction and Objectives: Grapes are a significant source of phenolic
Full Length Research Paper  compounds, Genetic factors primarily determine anthocyanins, and in
grapes, skin color is a critical and influential factor in the large germplasm
of grapes. Since about 250 cultivars of 800-1000 grape cultivars are grown
in Iran, studying anthocyanin compounds in the available germplasm
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in some colored grapevine cultivars (V. vinifera L).

Keywords: Materials and Methods: In this study the cultivars Flame, Crimson, Red

Antioxidant, Globe, Sahebi ghoochan, Ghare Shire, Sahebi Urmia, Syah Ghare Bagh,

I?Alzllle\l/ris('jlit% Rish baba, Flame seedless and Lale Bidane were investigated. The amount

of phenol in the pulp was measured by the Folin-Ciocalteu method, and
total flavonoids were measured by aluminum chloride calorimetry method.
Total anthocyanin was measured with a spectrophotometer at 760 nm.
The evaluation of the individual anthocyanin compounds was done by
HPLC-DAD. Analysis of variance for all morphological traits was
performed with the software IBM SPSS 26 using the one-way method
ANOVA. The correlation among varieties, PCA analysis, and the scatter
plot of the distribution according to PC1/PC2 were made with the statistical
software SPSS. The distance values were calculated using the Euclidean
method, and the dendrogram was generated using the UPGMA method of
the NCSS statistical software (NCSS.12).

PCA,
Total phenol

Results: The percentage of total phenols, flavonoids, and anthocyanins in
the berries of the studied cultivars were 48, 43, and 9, respectively. The
results showed that the highest concentrations of total phenols were found
in the cultivars “Crimson” (16.94 mg GAE/100 g), “Red Globe” (13.74
mg GAE/100 g), and “Flame” (13.58 mg GAE/100 g). The highest content
of total flavonoids was found in “Flame” (36.47 mgl00 g*) and “Red
Globe” (10.05 mg 100g™), also the highest content of anthocyanins was
found in “Ghare Shire”, “Syah Ghare Bagh”, “Lale Bidane” and “Sahebi
Urmia” with 6.09, 6.59, 3.58 and 2.01 mg kg™, respectively. Among the
varieties studied, the lowest content of total anthocyanins, flavonoids,
and phenol respectively was observed in “Flame” with 0.23 mg kg™ and
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“Syah Ghare Bagh” with 5.8 mg/kg, and in “Sahebi ghoochan” with 2.88
mg kg™. The composition of pelargonidin and its derivatives was not
identified. The concentration of malvidin in “Flame” and “Red Globe” was
trace and was not observed in “Sahebi Urmia” and “Lale Bidane”. The
correlation results show that the highest positive and significant
correlations were between delphinidin 6-acetyl glucoside and cyanidin
6-acetyl glucoside (r=0.99). Malvidin showed the highest correlation with
delphinidin and petunidin. According to the dendrogram of cluster analysis
of ten red cultivars for anthocyanins, they were divided into two main
groups. The first group consisted of the two cultivars “Syah Ghare Bagh”
and “Ghare Shire”, further away from the other eight cultivars of the
second group.

Conclusion: The studied cultivars showed significant differences in the
individual anthocyanin compounds and the amount of phenol, flavonoids,
and total anthocyanins. According to the results, peonidin and malvidin had
the highest concentrations in the studied cultivars; In “Syah Ghare Bagh”,
the highest concentration of peonidin was found at 54.08 mg kg DW?,
and in “Ghare Shire” malvidin with 42.78 mg kg DW™. In addition
“Syah Ghare Bagh” and “Ghare Shire™ had the highest total anthocyanin
concentration. Consequently, these genotypes were located in a separate
group by distance from most cultivars based on cluster analyses.
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Table 1. Geographical characteristics of vineyards, age and distance of planting of studied cultivars.
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Fig. 2. Profile of different anthocyanin individual compounds in the studied cultivars.
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Fig. 3. Chromatogram (A=520) of “Ghare Shire” (A) and “Crimson” (B) grape skin using HPLC-DAD.
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Table 4. Correlation coefficients (Pearson) between measured traits in studied cultivars.

df cya pt pn mv dfac cyac ptac pnac mvac dfpcum mvcf cypcu ptpcu

df 1

cya -0.158 1

pt 0.058 -0.206 1

pn 0.659° -0.033 -0.140 1

mv  0.862™ -0.198 -0.055 0.459 1

dfac  0.925™ -0.243 0.084 0469 08727 1

cyac 0.9517 -0.228 0.024 0522 0.879” 0.991” 1

ptac 0.442 -0.068 -0.098 0.754° 0.109 0.409 0.444 1

pnac 0444 0111 -0.171 0491 0416 0.611 0592 0702° 1

mvac 0.822” -0.083 -0.054 0.897™ 0.511 0.632° .696° 0.759° 0.416 1
df pcum 0.694* -0.204 -0.113 0.293 0.959™ 0.780” 0.770™ -0.032 0.435 0.279 1

mvcf 0349 -0.084 -0.047 0.558 0.141 0463 0.462 0.916™ 0.879™ 0533 0.093 1

cypcu 0560 -0.097 -0.148 0.853™ 0.239 0.478 0526 0.978" 0.655° .865~ 0.074 0.848" 1

ptpcu 0.8277 -0.240 -0.019 0.315 0.973" 0.914™ 0.905™ 0.089 0.469 0.415 0.957" 0.190 0.190 1
pnpcum -0.134 0.246 -0.252 0.228 0.120 -0.260 -0.238 -0.212 -0.055 -0.126 0.205 -0.263 -0.170 -0.040

A3 ) 50 Jleal mlaw 3 s ime w57

*and ** Correlation is significant at the 0.05 and 0.01 levels, respectively
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Fig. 4. Dendrogram of different anthocyanin compounds in the studied cultivars.



Oy 5 3LB3Lo Aebld [ e 4ol 03, Vo )3 dlowgis] OS5 Ll

2/5 niu
Flame

Lale Bidane 0/5

Salfebi (;htmcl- A ison ) S hagh
y Red (ilol;)uc Rish Baba 0
8‘ ®
0/9 -0/8|— /7 -0/6 -0/5 -0/4 -0/3 -0/2 -?{/'5 o' 0/1 0/2 0/3 0/4 0/5 0/6 0/7 0/8 0/9 1 1/1 1/2 4 1/5 1/6 1/7 1/8

Flame Seedless
-2

-2/5

PC1

HPLC-DAD ‘5Lhu|> 6\3.:.» 2 PCA J-él’ (PC2 K PCl) JJ‘ £ 93 (5‘}3 e.\'ﬁ'uu)j. ;1,._.5}53 \o @jj}' -0 JS.:«

Fig. 5. Distributions of the 10 grape cultivars in the two-dimensional space of principle component
PC1 and PC2 of PCA based on HPLC-DAD.
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Table 5. PCA analysis on anthocyanin traits of 10 grapevine cultivars.

PC1 PC2 PC3
df 0.889** -0.278 0.042
cya 0.060 0.598** -0.041
pt -0.034 -0.226 -0.760%**
pn 0.663** 0.628%** 0.213
mv 0.752%* -0.642%* 0.126
df ac 0.915%* -0.384 -0.058
cy ac 0.931%** -0.345 -0.034
pt ac 0.598** 0.789** -0.059
pn ac 0.863** 0.194 -0.066
mv ac 0.665** 0.552%%* 0.109
df pcum 0.691** -0.686** 0.123
mv cf 0.717** 0.555%* -0.155
Ccy pcu 0.637** 0.760%** 0.029
pt pcu 0.743** -0.658%** 0.041
pn pcum -0.269 -0.060 0.798%**
Eigenvalues 7.071 4.318 1.344
Total variance (Cumulative %) 47.141 75.924 84.887
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