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Extended Abstract

Background and Objectives: Pomegranate (Punica granatum L.) is valued for its high nutritional and
bioactive compounds, including phenolics, flavonoids, and anthocyanins. While most studies have
focused on the fruit, peel, and arils, little is known about the biochemical composition of pomegranate
petals. In traditional medicine, pomegranate flowers are used to treat conditions such as diabetes,
inflammation, and aphthous stomatitis. Anthocyanins, as key natural pigments, not only attract
pollinators but also represent a healthy alternative to synthetic colorants in the food and pharmaceutical
industries. Given the high genetic diversity of pomegranates in the Baghmalek region of Khuzestan and
the lack of data on petal composition, this study aimed to evaluate color indices and anthocyanin content
in the petals of 24 pomegranate genotypes. The findings may support the use of petals as a natural color
source and inform breeding programs for improved visual and nutritional quality.

Material and Methods: This study was conducted on 24 pomegranate genotypes in the Baghmalek
region, Khuzestan Province. Flower samples were collected at full bloom stage from the second week
of April to the first week of May 2023. Healthy hermaphrodite flowers were harvested from four
directions of marked trees and immediately transferred to the laboratory. After drying at ambient
temperature, total anthocyanins were extracted using acidified ethanol (HCl:ethanol, 15:85), and
absorbance was measured at 535 nm. Color indices—including color intensity (CI), pure red color index
(dA), hue, total color density (TCD), and the proportions of yellow, red, and blue colors—were
calculated based on absorbance at 420, 520, and 620 nm. Data were analyzed using Excel, Minitab 16,
and SAS 9.4. Mean comparisons were performed using Duncan’s test at a 0.05 probability level. To
classify genotypes based on color traits, hierarchical cluster analysis using Ward’s method was applied
via Past software (v4.03).

Results: Significant differences were observed among genotypes in color indices and anthocyanin
content. The highest yellow index (18.94 AU40) was recorded in genotype 24, while the highest red
index (16.8 AUs20) was found in genotypes 14 (‘Sabz Shirin Alafi’) and 18 (‘Qermez Daneh Robi’).
Total anthocyanin content (based on cyanidin-3-glucoside) was also highest in genotypes 24 (‘Dane Siah
Robi -Alafi’) and 14 (‘Sabz Shirin Alafi’) (17.92 and 16.77 mg/L, respectively). Cluster analysis divided
the genotypes into three distinct groups: Group I with moderate color and balanced yellow/red pigments,
Group II with light color and dominant yellow/orange pigments, and Group III with dark color and high
red/purple pigment and anthocyanin content. Genotypes 14 (‘Sabz Shirin Alafi’), 18 (‘Qermez Daneh
Robi”), and 24 (‘Dane Siah Robi -Alafi’) fell into Group I1I and were identified as superior in terms of
natural color potential and nutritional value. An inverse relationship was observed between absorbance
at 520 nm and absorbances at 420 and 620 nm, suggesting the conversion of monomeric to polymeric
anthocyanins and enhanced color stability.

Conclusion: This study revealed considerable diversity in color indices and anthocyanin content among
pomegranate petals from the Baghmalek region. Genotypes with dark-colored petals and high
anthocyanin levels—particularly 14, 18, and 24 (*Sabz Shirin Alafi’, ‘Qermez Daneh Robi’ and ‘Dane
Siah Robi -Alafi’)—show strong potential as natural colorant sources for food and pharmaceutical
applications. These genotypes may also be valuable in breeding programs aimed at enhancing visual and
nutritional quality. Further studies are recommended to identify specific anthocyanin types in petals and
to correlate color indices with other biochemical parameters.
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Khuzestan Province
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Table 2- Descriptive statistics of color indices and petal anthocyanin of pomegranate genotypes from Baghmalek
(Khuzestan Province)

Sl A5l Ok obls Dlexe Byl albe sz ) Oy ae
Min Max Mean Variance Stand. dev Median Skewness Coeff. var S.0.V
6.11 21.47 10.69 7.8 2.79 10.16 1.45 26.13 AU
5.41 19.38 10.02 8.69 2.95 9.66 1.04 29.42 AUsy
0.57 1.4 0.84 0.03 0.17 0.81 0.87 19.99 AUso
3.86 13.71 7.04 4.88 2.21 6.65 1.14 3141 AUsio
0.73 1.29 1 0.02 0.15 1 0.16 15.13 AU700
3.06 12.54 6.04 4.56 2.13 5.51 1.23 35.36 Haze
12.42 38.34 21.55 29.72 5.45 21.16 0.98 25.3 CI
11.82 37.11 20.71 28.55 5.34 20.3 1 25.8 CI*
8.08 31.27 14.89 19.49 441 14.3 1.36 29.64 TCD
37.58 65.68 49.78 39.25 6.26 49.58 0.3 12.58 %AU40
32.58 60.71 46.25 37.66 6.14 45.87 0.14 13.27 %AUs20
2.4 6.4 3.97 0.57 0.76 3.98 0.36 19.08 %AUs20
1.54 2.53 2 0.04 0.21 2.01 0.34 10.6 K-K
0.78 1.55 1.1 0.04 0.2 1.09 0.53 18.47 Tontality
16.46 58.42 40.88 114.21 10.69 40.99 0.44 26.14 dA
5.73 20.31 10.38 11.62 3.41 9.62 1.03 32.84 AUsio
2.26 15.46 7.12 6.32 2.51 6.54 1.35 35.32 AUuse
0.57 1.46 1.02 0.04 0.2 1.01 0.29 20.07 AUu46/ AUs19
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Table 3— Comparison of color indices and color intensity in the petals of pomegranate genotypes from the Baghmalek

region of Khuzestan

w5 (AUx) s,; K, Z::J;)) (i‘Uj(:) &()C?)M 1 A420 /.As20 /A620 j;i:
1 76 d 7.1d 0.75¢ 1545¢ 49.19 abc 45.95 abc 4.85b 41.2b
2 10.09 ¢ 6.5d 0.77 ¢ 17.36 ¢ 58.12 a 37.44c 4.44 be 16.46d
3 93 cd 8.46 cd 0.72 ¢ 18.48 de 50.32 abc 45.78 abc 39c¢c 40.78 b
4 9.56 ¢ 8.15¢cd 0.86 bc 18.57 de 51.48 abc 43.89 bc 4.63b 36.07 be
5 10.28 ¢ 9.56 c¢d 0.89 bc 20.73 cd 49.59 abc 46.12 abc 4.29 bc 41.58b
6 11.81¢ 12.29b 0.9 be 25 be 47.24 abc 49.16 ab 3.6¢c 48.29b
7 104 ¢ 7.96 cd 0.76 ¢ 19.12 de 54.39 ab 41.63 bc 397¢ 299 ¢
8 9.47 cd 8.53 cd 0.75¢ 18.75 de 50.51 abce 45.49 abc 4 be 40.09 b
9 9.83 ¢ 11.6 bc 0.81c¢ 22.24 cd 442 ¢ 52.16 a 3.64c¢c 54.14 ab
10 9.69 ¢ 7.12d 0.83 bc 17.64 ¢ 54.93 abc 40.36 ¢ 471b 26.12 cd
11 8.73 c¢d 9.48 ¢ 0.78 ¢ 18.99 de 45.97 be 49.92 ab 4.11 be 49.84 ab
12 9.68 ¢ 8.34 cd 0.79 ¢ 18.81 de 51.46 abc 44.34 abc 4.2 be 37.23 be
13 10.88 ¢ 9.83 ¢ 1.24 a 21.95cd 49.57 abc 44,78 abc 5.65a 38.35be
14 13.92 be 16.46 a 0.8¢c 31.18 ab 44.64 ¢ 52.79 a 2.57d 55.29 ab
15 10.32 ¢ 10.61 be 0.77 ¢ 21.7 cd 47.56 abc 48.89 ab 3.55¢ 47.74 b
16 9.57c¢c 9.91 be 081c 20.29 cd 47.17 abc 48.84 ab 3.99 be 47.63b
17 9.85¢ 11.26 cd 0.78 ¢ 21.89 cd 45 be 51.44 ab 3.56¢ 52.8 ab
18 13.02 be 16.8a 0.95 bc 30.77 ab 4231 ¢ 54.6 a 3.09d 58.42 a
19 15b 10.3 bc 0.8¢ 26.1 be 57.47 a 39.46 ¢ 3.07d 233 cd
20 9.61c 7.71d 0.69 ¢ 18.01 de 53.37 abc 42.8 be 383c¢c 33.17 ¢
21 8.94 cd 9.52 cd 0.85 bc 18.86 de 45.02 be 50.48 ab 451b 50.95 ab
22 10.22 ¢ 10.02 ¢ 0.93 be 21.17 cd 48.28 abc 47.33 abc 4.39 bc 4436 b
23 10.32 9.21cd 0.72 ¢ 20.25 cd 50.96 abc 45.48 abc 3.56¢ 40.07b
24 18.94 a 13.8b 1.09 ab 3383 a 55.99 ab 40.79 ¢ 3.22d 27.43 cd

3,105 (gl e gl SSls yaajl /00 sllas Jleiml o 40 S e (Cg,>) By gl glaSilie et yo 0"
*In each column, means sharing the same letter(s) are not significantly different at the 0.05 probability level
according to Duncan's test.
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Table 4—- Comparison of color indices and color intensity in the petals of pomegranate genotypes from the Baghmalek
region of Khuzestan

S oad Sy ety S DS loggd dlga el S uibewgil S il
gy CIF) & cas (TCDy KK (Haze) (AUu46) (AUs10) (AUs35)
1 14.7 ¢ 9.93 ¢ 1.72¢ 3.98d 2.81d 4.93d 7.06 de
2 16.59 ¢ 12.29 de 1.81¢ 3.68d 6.28 be 4.64d 6.88 ¢
3 17.76 de 12.43 de 1.88 ¢ 4.85cd 5.96 be 5.77 cd 8.3 cd
4 17.71 de 12.34 de 1.88 ¢ 457 cd 6.29 be 5.63 cd 8.18d
5 19.84 cd 13.65 de 1.98 be 5.29 cd 6.3 be 6.32 be 9.07 cd
6 24.1cd 16.81 cd 2.15 ab 7.19 be 7.51be 8.25b 11.89 be
7 18.36 de 13.18 de 1.91 be 458 cd 6.13 be 5.57 cd 7.95d
8 18 de 12.98 de 1.9 be 5.26 cd 6.39 be 6.2 be 9 cd
9 2143 cd 14.78 de 2.05b 7.02 be 6.56 be 8.01 be 11.57 be
10 1681 ¢ 12.27 de 1.83 ¢ 4.24 cd 6.07 ¢ 5.27 cd 7.75 de
11 18.21de 1193 ¢ 1.91 be 5cd 544c¢ 5.96 ¢ 8.55 cd
12 18.02 de 12.65 de 1.9 be 4.73 cd 597¢ 5.73 cd 8.3 cd
13 20.71 cd 16.6 cd 2.02b 7.83b 12.84 a 8.96 b 13.33b
14 30.38 ab 22.04b 236a 10.72 a 9.1b 11.68 a 16.77 a
15 20.93 cd 14.45 de 2.04b 6.06 bed 6.99 be 6.99 be 10¢
16 19.48 cd 13.59 de 1.97 be 6.54 bed 6.31 be 7.61 be 10.05 ¢
17 21.11cd 17.1 cd 2.04b 5.52 bed 6.32 be 6.39 be 15.31ab
18 29.82 ab 20.05 be 233a 927a 7.94 be 10.43 ab 15.48 ab
19 25.3 be 19.3 be 2.18 ab 6.65 cd 10.82 ab 7.59 be 10.55 be
20 17.32 de 12.34 de 1.85¢ 6 cd 6.75 be 7.05 be 8.15d
21 18.01 de 1147 ¢ 1.9 be 4.73 cd 571c¢ 572 cd 8.42 cd
22 20.24 cd 14.26 de 2 be 5.75 bed 6.72 be 6.81bc 10.29 be
23 19.53 cd 13.45 de 1.97 be 4.92 cd 6c 5.84 ¢ 8.3 cd
24 3274 a 27.59 a 241a 11.06 a 13.64 a 12.1a 1792 A

Sl gl gme glas STls an)"l Job sl Jloisl oy S ie (Bg,>) B> slls slo Sk gt jo jo
*In each column, means sharing the same letter(s) are not significantly different at the 0.05 probability level according to
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Figure 1- Heatmap of pomegranate genotypes from Baghmalek (Khuzestan) based on color indices and anthocyanin
content. The dissimilarity matrix represents the distance between genotypes. The color gradient indicates the distance between
genotypes; red colors indicate the highest dissimilarity, and blue colors indicate the highest similarity.
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Figure 2 — Clustering of pomegranate genotypes from Baghmalek (Khuzestan) based on color indices and anthocyanin
content
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