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Abstract: The present study was designed to explore the anthocyanin profile and antioxidant activ-

ities in Indian rose varieties (Rosa × hybrida). Among fifty varieties, Ashwini recorded the highest 

total phenolic content (427.59 ± 3.47 mg GAE/100 g) along with the highest FRAP (397.15 ± 0.82 µmol 

trolox/g) and DPPH free radical scavenging activity (93.47 ± 0.19%) on a fresh weight basis. A sig-

nificant positive correlation was observed between total anthocyanin content, total phenolic con-

tent, and antioxidant activities. Four distinct clusters were formed according to total anthocyanins, 

total phenols, and antioxidant activities; white- and yellow-colored varieties were most distant from 

red ones. Principal component analysis revealed that variable total anthocyanin content contributed 

to the maximum variation among the fifty rose varieties studied. Highly anthocyanin-rich rose va-

rieties were characterized by high-performance liquid chromatography coupled with a photodiode 

array detector (HPLC-PAD), which identified two major components of anthocyanins, i.e., cyanidin 

3,5-di-O-glucoside and pelargonidin 3,5-di-O-glucoside. Cyanidin 3,5-di-O-glucoside was the pre-

dominant anthocyanin in red- and pink-colored varieties, whereas pelargonidin 3,5-di-O-glucoside 

was the major one in the orange variety. The maximum cyanidin 3,5-di-O-glucoside content was 

recorded in variety Ashwini (497.79 mg/100 g), whereas the maximum pelargonidin 3,5-di-O-glu-

coside content was recorded in Suryakiran (185.43 mg/100 g). It is suggested that the rose varieties 

with high anthocyanin content and antioxidant activity can be exploited as a potential source of 

nutraceuticals in the food industry. 
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1. Introduction 

Rose (Rosa × hybrida) is one of the most stunning flowers of the Rosaceae family, com-

prising more than 200 species, which are widely distributed throughout the Northern 

Hemisphere [1,2]. It has a wide variety of color spectra, ranging from delicate whites, yel-

lows, and pinks to strong purple, orange, and red tones, primarily due to the presence of 

anthocyanin pigments [3,4]. The flower is also well known for its palatable nature and has 

been devoured for a long time in teas, cakes, and flavor extracts, as well as being a tradi-

tional remedy to treat blood circulation conditions and control cancer growth [5–7]. An-

thocyanins, a significant constituent of the characteristic food colorants belonging to the 

flavonoid family, are a group of water-soluble pigments that are structurally composed 

of an aglycone anthocyanidin and sugar moieties. They are responsible for the attractive 

colors of different fruits, blossoms, and vegetables; moreover, their explicit tone depends 

upon co-pigments, metal ions, and pH [8,9]. To date, more than 635 anthocyanins have 

been distinguished, including six common aglycones (cyanidin, peonidin, pelargonidin, 

malvidin, delphinidin, and petunidin). Anthocyanins do not only provide nature with 

striking colors; they also have various health-beneficial effects. Previous reports have 

shown that anthocyanins have high radical scavenging potential and play a vital role in 

the prevention of cardiovascular diseases, obesity, cancer, diabetes, and other health prob-

lems [10]. The phenolic hydroxyl groups in the molecule are responsible for the high an-

tioxidant activity of anthocyanins. The phenolic hydroxyl group can effectively preclude 

peroxidation by providing a hydrogen atom that can remove free radicals and therefore 

break down the oxidation chain reaction. Anthocyanins are safe and nontoxic pigments 

[11]. Various studies have indicated that anthocyanins from rose petals exhibit potent anti-

inflammatory, antioxidant, anticancer, antimicrobial, and antiallergic properties that can 

be utilized in functional foods and cosmetics [6,12–16]. Research on anthocyanins has at-

tracted the utmost attention in recent years, particularly their isolation and purification in 

some fruits and vegetable crops. In contrast, there have been few studies on flower crops 

that are well known for the presence of a diverse range of pigments with myriad colors 

[17]. The potential of anthocyanin pigments from Indian rose varieties, however, is not 

completely understood. In particular, to the best of our knowledge, former studies have 

not extensively investigated the anthocyanin profiles and antioxidant activities in Indian 

rose varieties. Hence, this study was undertaken to profile the anthocyanins and antioxi-

dant activities in rose varieties. The main aim of this study was to search for effective 

Indian rose varieties having not only high anthocyanin content but also various biological 

properties. In this paper, we report for the first time the anthocyanin compositions from 

the petals of Indian edible roses using high-performance liquid chromatography coupled 

with a photodiode array detector (HPLC-PAD). We also determined individual content 

in the anthocyanin extracts, as well as antioxidant activity. 

2. Materials and Methods 

2.1. Plant Material 

Fresh rose petals of fifty rose varieties were collected in the morning from 8:00 to 9:00 

a.m. from the Research Farm of the Division of Floriculture and Landscaping, ICAR In-

dian Agricultural Research Institute, New Delhi, during December 2015-16. It is located 

at latitude 28°38′23″ N, longitude 77°09′27″ E, and altitude 228.61m. Soils are sandy loams 

with a pH of 7.5-7.9. Forty-nine Indian varieties, namely Pusa Arun, Raktima, Nehru Cen-

tenary, Pusa Bahadur, Lalima, Bhim, Ashwini, Dr. S.S. Bhatnagar, Jantar Mantar, Jawani, 

Raktagandha, Pusa Mohit, Pusa Ajay, Pusa Muskan, Pusa Barahmasi, Pusa Virangana, 

Pusa Priya, Dr. Bharat Ram, Dr. M. S. Randhawa, Priyadarshini, Dulhan, Dr. B.P. Pal, 

Anurag, Arjun, Haseena, Raja Surendra Singh of Nalagarh, Sadabahar, Nurjehan, Pink 

Montezuma, Surekha, Dr. Benjamin Pal, Pusa Ranjana, Arunima, Manasi, Rose Sherbet, 

Pusa Garima, Pusa Gaurav, Suryakiran, Kiran, Shola, Pusa Pitamber, Lahar, Ganga, Raja 

Ram Mohan Roy, Pusa Abhishek, Mridula, Chingari, Shabnam, Surkhab, and one exotic 
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variety, viz., Iceberg, were included in the present study (Figure 1 and Table 1). All these 

varieties were well distinguished from each other on the basis of the Distinctness, Uni-

formity, and Stability (DUS) testing provided by the Protection of Plant Varieties and 

Farmers’ Rights Authority (PPV&FRA) India. 

 

Figure 1. Variability in the flower color of rose varieties used in the present study. 

Table 1. List of rose varieties along with their parentage, group, and color. 

Sr. No. Cultivar name Parentage Group Color 

1 Pusa Arun Queen Elizabeth x Jantar Mantar Hybrid Tea Dark red 

2 Raktima Hybrid seedling of Pink Parfait x Sugandha Hybrid Tea Red 

3 Nehru Centenary Christian Dior x Avon Hybrid Tea Dark red 

4 Pusa Bahadur Cara Mia x Century Two Hybrid Tea Red 

5 Lalima Picture x Jour d’ete Hybrid Tea Red 

6 Bhim Charles Mallerin x Delhi Princess Hybrid Tea Red 

7 Ashwini Not Known Hybrid Tea Dark red 

8 Dr. S.S. Bhatnagar Not Known Floribunda Dark red 

9 Jantar Mantar Not Known Hybrid Tea Red 

10 Jawani Samourai x Louisiana Hybrid Tea Red 

11 Raktaghandha Christian Dior x seedling of Carrousel Hybrid Tea Red 

12 Pusa Mohit Suchitra x Christian Dior Hybrid Tea Pink 

13 Pusa Ajay Pink Parfait x Queen Elizabeth Hybrid Tea Pink 

14 Pusa Muskan Pink Parfait x Alinka Floribunda 
Color blend (Cream with pink 

edges) 



Antioxidants 2022, 11, 2032 4 of 18 
 

15 Pusa Barahmasi Not Known Floribunda Pink 

16 Pusa Virangana 
Selection from an open-pollinated seedling of 

Jantar Mantar 
Floribunda Red 

17 Pusa Priya Jantar Mantar x Queen Elizabeth Hybrid Tea Pink 

18 Dr. Bharat Ram Sweet Afton x Ganga Hybrid Tea Pink 

19 Dr. M.S. Randhawa Sabine x Kiss of Fire Hybrid Tea Color blend (White and pink) 

20 Priyadarshini Pink Parfait x First Prize Hybrid Tea Color blend (White and pink) 

21 Dulhan Bonne Nuit x Ena-Harkness Hybrid Tea Red 

22 Dr. B.P. Pal Not Known Hybrid Tea Pink 

23 Anurag Sweet Afton x Gulzar Hybrid Tea Pink 

24 Arjun Blithe Spirit x Montezuma Hybrid Tea Pink 

25 Haseena Youki San x Balinese Hybrid Tea Pink 

26 Raja Surendra Singh of Nalagarh Samourai x Montezuma Hybrid Tea Pink 

27 Pusa Sadabahar Seedling of Frolic Floribunda Pink 

28 Nurjehan Sweet Afton x Crimson Glory Hybrid Tea Pink 

29 Pink Montezuma Not known Hybrid Tea Pink 

30 Surekha Seedling of Queen Elizabeth Hybrid Tea Pink 

31 Dr. Benzamin Pal Sweet Afton x First Prize Hybrid Tea Pink 

32 Pusa Ranjana Seedling of Sabine Hybrid Tea Deep pink 

33 Arunima Seedling of Frolic Floribunda Pink 

34 Manasi Not known Floribunda Pinkish white 

35 Rose Sherbet Seedling of Gruss an Teplitz Floribunda Deep pink 

36 Pusa Garima Not known Hybrid Tea Pink 

37 Pusa Gaurav Not known Hybrid Tea Deep pink 

38 Suryakiran Not known Floribunda Orange 

39 Krishna Not known Floribunda Orange 

40 Shola Not known Floribunda Orange 

41 Pusa Pitamber Not known Floribunda Yellow 

42 Lahar Hybrid seedling of Pink Parfait x Ganga Floribunda Yellow 

43 Ganga Seedling of Sabine Hybrid Tea Pale yellow 

44 Raja Ram Mohan Roy Not known Hybrid Tea Yellow 

45 Iceberg Not known Floribunda White 

46 Mridula 
Queen Elizabeth x Seedling of Sir Henry 

Segrave 
Hybrid Tea White 

47 Shabnam Seedling of Baby Sylvia Floribunda White 

48 Chingari Charleston x Not known Floribunda 
Bicolored 

(Yellow+ red) 

49 Surkhab Not known Hybrid Tea Bicolored (Red + white) 

50 Pusa Abhishek Bud sport of Jantar Mantar Floribunda 
Striped (Pink with white 

stripes) 

2.2. Chemicals 

Anthocyanin standards (cyanidin 3,5-di-O-glucoside and pelargonidin 3,5-di-O-glu-

coside), DPPH (2,2-Diphenyl-1-picrylhydrazyl), and TPTZ (2,4,6-Tris(2-pyridyl)-s-tria-

zine) were obtained from Sigma-Aldrich, St. Louis, Missouri, USA. Methanol and acetoni-

trile for high-performance liquid chromatography coupled with photodiode array detec-

tor (HPLC- PAD) were of chromatographic grade, and all the other reagents were of ana-

lytical grade. 

2.3. Histological Studies of Anthocyanin Pigments in Rose 

Fifty varieties of rose were screened for total anthocyanin content in two different 

seasons [4]. Thirteen varieties with high anthocyanin content from red, pink, and orange 

color groups (Ashwini, Dr. S.S. Bhatnagar, Rose Sherbet, Bhim, Pusa Ajay, Nehru Cen-

tenary, Suryakiran, Pusa Arun, Raktima, Raktagandha, Pusa Virangana, Pusa Bahadur, 

and Surkhab) were analyzed histologically for the distribution of anthocyanin pigments. 

Cross-sections of rose petals of different varieties were examined using a Carl Zeiss Dis-

covery v8 Stereo microscope (Carl Zeiss Microimaging GmbH, Berlin, Germany) and im-

ages were captured with a Carl Zeiss Axiovision digital camera (software version: Axio-

vision 4.8.2). 
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2.4. Determination of Total Phenolic Content (TPC) 

Total phenolic content was assessed according to the procedure given by Singleton 

and Rossi [18], with slight modifications. A 0.5 g fresh flower sample was extracted with 

20 mL 80% methanol. An aliquot (1 mL) of the extract was taken in a test tube and 2.9 mL 

of Folin and Ciocalteau’s Phenol Reagent (1N) was added, followed by the addition of 0.5 

mL of distilled water, and all the tubes were shaken well. Then, 2 mL of sodium carbonate 

(20%) solution was added to all the tubes and incubated at room temperature for 30 min 

in the dark. The color developed was read in a spectrophotometer at 750 nm wavelength. 

The total phenolic content was expressed as mg of gallic acid equivalent (GAE) per gram. 

2.5. Determination of Antioxidant Activities 

2.5.1. Sample Extraction 

Each 0.5 g fresh flower sample was extracted with 20 mL of 80% ethanol. The extract 

was centrifuged at 10,000 rpm at 4 °C for 20 min. The supernatant was taken for determi-

nation of total antioxidant activity by FRAP (Ferric Reducing Antioxidant Potential) and 

DPPH (2, 2-Diphenyl-1-picrylhydrazyl). 

2.5.2. Ferric Reducing Antioxidant Potential (FRAP) 

The antioxidant activity of rose petals was estimated using the FRAP (Ferric Reduc-

ing Antioxidant Potential) method as described by Benzie and Strain [19]. FRAP reagent 

was prepared by mixing 300 mM acetate buffer pH 3.6, 10 mL TPTZ in 40 mM HCl, TPTZ 

(2, 4, 6-tripyridyl-s- triazine), and 20 mM ferric chloride (FeCl3.6H2O) in the ratio of 10:1:1, 

which was freshly prepared on the same day. The ethanolic extract (0.1 mL) of the flower 

sample was taken in a test tube and 3 mL of working FRAP reagent was added. Then, the 

tubes were kept for incubation at room temperature for 4-5 min. The blue color thus de-

veloped was read in a spectrophotometer at 593 nm, using the FRAP reagent as a blank, 

and expressed as µmol of Trolox equivalents per gram of sample. The standard curve was 

prepared using FeSO4 as standard. Different concentrations of FeSO4 were prepared and 

optical density was read at 593 nm. Based on the standard curve, concentrations of sam-

ples were calculated. 

2.5.3. DPPH Free Radical Scavenging Activity 

This method is based on the reduction of DPPH, a stable free radical. The antioxidant 

activity of rose petal extracts was estimated using the DPPH assay described by Braca et 

al. [20]. Ethanolic extract (0.1 mL) of the sample was added to 3.9 mL of 0.0025 M DPPH 

(2, 2-Diphenyl-1-picrylhydrazyl) in methanol (70%). The mixture was shaken and kept for 

30 min in the dark at room temperature. Absorbance was recorded at 517 nm in a spectro-

photometer. The percentage inhibition of activity was calculated by the following for-

mula: 

Percent inhibition (%) = [(Ao − Ae)/Ao] × 100 

(Ao = absorbance without extract; Ae = absorbance with extract). 

2.6. HPLC Analysis of Anthocyanin Composition of Rose 

Fifty varieties of rose were screened for total anthocyanin content in two different 

seasons by Kumari et al. [4]. Varieties with high anthocyanin content from red, pink, and 

orange color groups (Ashwini, Pusa Arun, Nehru Centenary, Dr. S.S. Bhatnagar, Raktima, 

Raktagandha, Pusa Bahadur, Bhim, Suryakiran, Pusa Virangana, Rose Sherbet, Surkhab, 

and Pusa Ajay) were systematically characterized by high-performance liquid chromatog-

raphy (HPLC) coupled with a photodiode array detector for their anthocyanin composi-

tion. In the morning, flowers of the above-mentioned varieties were plucked and the pet-

als were carefully removed (2 g) and taken into an amber flask, and extracted with 500 mL 

of acidified methanol (0.1% HCl). The content was sonicated in the dark for 30 min on an 
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ultrasonicator (Misonix, NY, USA) and the extract was concentrated under a vacuum (35 

± 1 °C) in a rotary evaporator (Heidolph, Germany) for the complete removal of methanol. 

HPLC-grade methanol was added to the dried sample. Prior to HPLC analysis, superna-

tant was filtered through a 0.45 µm syringe filter (Whatman Inc; Maidstone, UK). The 

anthocyanin content was quantified based on the modified procedure described by Zheng 

et al. [21]. The peak area of the anthocyanin was integrated from the HPLC chromatogram 

at 520 nm using the Agilent ChemStation software and plotted against concentration. The 

stock solutions were made with 1% TFA (v/v) in methanol to give a 1 µg/mL concentration. 

The calibration curve was obtained for cyanidin-3,5 di-O-glucoside and pelargonidin 3,5 

di-O-glucoside at 5 different concentrations (50, 100, 150, 200, and 250 ppm), and each 

sample’s absorbance was measured at 520 nm so as to obtain the following linear equa-

tions, Y = 1E-05X-1.667 (r2 = 0.9967) and Y = 2E-05X-2.061 (r2 = 0.997), respectively (Figures 

2 and 3). The anthocyanin content was finally calculated according to the standard curve 

and expressed as mg/100 g on a fresh weight basis. The purity of anthocyanin powder 

concentrate was checked with the HPLC instrument using a mobile phase comprising a 

gradient mixer of solvent A: water (0.1% TFA) and solvent B: water: ACN: TFA (53:46:1 

v/v) at a flow rate of 0.6 mL min-1. The gradient mobile phase was A: 80% for 0 min, 40% 

in the next 26 min, 80% for 14 min, and the total run time was 40 min. The chromatogram 

was acquired at 520 nm after injection of 20 µL. Standard cyanidin-3,5 di-O-glucoside and 

pelargonidin-3,5 di-O-glucoside were also run according to the above-mentioned flow 

rate. Visible spectra were also recorded for each peak found in the HPLC analysis. Peak 

identification was done according to retention time, elution order, and spectra obtained 

as compared with standards under the same conditions. The concentration of identified 

anthocyanins was calculated based on cyanidin-3,5 di-O-glucoside and pelargonidin-3,5 

di-O-glucoside equivalent, whereas unknown anthocyanins were quantified as cyanidin 

3-O-glucoside. 

 

Figure 2. Calibration curve for standard cyanidin 3,5-di-O-glucoside. 

 

Figure 3. Calibration curve for standard pelargonidin 3,5-di-O-glucoside. 
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2.7. Statistical Analysis 

All assays were performed in triplicate. All the data were subjected to Turkey’s hon-

estly significant difference (HSD) test for the comparison of means, and significance for 

the test was assumed if p ≤ 0.05. The analyses were carried out through the statistical soft-

ware SPSS 20.0 (SPSS Inc.; Chicago, IL, USA). Correlation analyses were performed to 

estimate the relationship between anthocyanin content, antioxidant activities, and phe-

nolic content. Cluster analysis was performed using SAS v9.4 [22]. A principal component 

analysis (PCA) biplot was constructed using R software. 

3. Results and Discussion 

3.1. Histological Studies of Anthocyanin Pigments in Rose 

Histological studies were conducted in varieties Ashwini, Dr. S.S. Bhatnagar, Rose 

Sherbet, Bhim, Pusa Ajay, Nehru Centenary, Suryakiran, Pusa Arun, Raktima, Raktagan-

dha, Pusa Virangana, Pusa Bahadur, and Surkhab to document the location and distribu-

tion of anthocyanin pigments in different cell layers of rose petals (Figure 4). There was 

variability in the distribution of anthocyanin in the epidermal cell layers of all the studied 

varieties. It was observed that anthocyanin pigments were distributed in both adaxial and 

abaxial epidermal cells in all varieties except Pusa Ajay. In addition to adaxial and abaxial 

epidermal cells, varieties such as Ashwini, Dr. S.S. Bhatnagar, and Pusa Arun also pro-

duced pigments in subepidermal cells and mesophyll cells. This may be the reason that 

these varieties were found superior in terms of their total anthocyanin content. Pusa Ajay 

is a light pink-colored rose variety wherein only the abaxial epidermal layer reported the 

presence of anthocyanin pigments. In the variety Pusa Virangana, the maximum distribu-

tion of anthocyanin pigments was found in the adaxial epidermis as compared to the ab-

axial epidermis. The relative location of anthocyanin pigments may be as important as the 

relative concentration in determining the flower color. The result of our study is sup-

ported by [23] Mudalige et al. [23]. They investigated the pigment distribution in Den-

drobium orchids and reported that the color intensity of orchids is determined by the spa-

tial distribution of pigments in different layers of epidermal cells. 

 

Figure 4. Histological examination of rose petals for anthocyanin distribution. 
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3.2. Total Phenolic Content 

Among 50 rose varieties included in the study, the total phenolic content varied from 

5.21 ± 0.39 mg GAE/100 g fresh weight to 427.59 ± 3.47 mg GAE/100 g fresh weight of 

petals (Table 2). The findings showed that the varieties of light colors exhibited less phe-

nolic content, while the varieties with bright red colors exhibited greater phenolic content 

in the petals. Previous studies by Zheng et al. [24] also reported that the total phenolic 

content was found to be the maximum in red- and pink-colored rose species, except for 

white rose. Qin and Xiaojun [11] reported a total phenolic content of 2087.43 ± 17.37 mg 

gallic acid equivalents (GAE) per 100 g fresh weight (FW) in rose petals, and another study 

by Roman et al. [25] also reported that the total phenolic content in Rosa canina varied from 

326 mg/100 g frozen pulp to 575 mg/100 g frozen pulp. 

3.3. Antioxidant Activity 

The study revealed a significant difference in the antioxidant activities of the diverse 

genotypes (Table 2). FRAP values among rose varieties ranged from 8.92 ± 0.36 µmol 

Trolox/g fresh weight (Iceberg) to 397.15 ± 0.82 µmol 8rolox/g (Ashwini) on a fresh weight 

basis. The DPPH value among rose varieties ranged from 4.45 ± 0.30% (Iceberg) to 93.47 ± 

0.19% (Ashwini). It is evident from the study that high antioxidant activity was observed 

in dark red varieties, followed by deep pink, orange, pink, yellow, and white. Our results 

are in close conformity with the findings of Sadighara et al. [26] in Althaea officinalis. They 

reported that reddish-pink flowers of Althaea officinalis have higher antioxidant activity 

than pink and white flowers. The variety Ashwini was found best for anthocyanin content 

as well as antioxidant activities, which showed that the flower color plays a role not only 

in the content of anthocyanins but also in antioxidant power. Specifically, a red color is 

generally associated with high values of antioxidant activity and a white color with the 

lowest ones. The possible reason for this variation in the antioxidant content of rose vari-

eties may be due to the genotypic effect. Suzan and Sezai [27] concluded that antioxidant 

activity was influenced by genotype in Rosa taxa. Sayed et al. [28] investigated the anti-

radical activity of flowers of fresh Taif rose by the DPPH method and reported high anti-

radical activity with SC50 = 49.44 µg/mL. Qin and Xiaojun [11] also investigated the anti-

oxidant activities of the rose by DPPH assay and found that the DPPH radical scavenging 

activity value was 2089 mg GAE/100 g fresh weight. Our results are also in line with the 

findings of Zeng et al. [29]. They evaluated extracts from 19 Chinese edible flowers for 

antioxidant effects. The results showed that the extracts of Paeonia suffruticosa, Paeonia lac-

tiflora, and Rosa rugosa possessed stronger DPPH radical scavenging activity (94.221 ± 

0.102; 93.739 ± 0.424, and 94.244 ± 0.163%, respectively). 

Table 2. Variation in total phenolic content and antioxidant activities of rose varieties. 

Varieties 
Total Phenolic Content 

(mgGAE/100 g) 

FRAP 

(μmol Trolox/g) 
DPPH (%) 

Pusa Arun 306.78 ± 2.46 237.145 ± 0.84 87.43 ± 0.0.10 (69.20) 

Raktima 251.71 ± 1.56 192.1467 ± 1.38 83.88 ± 0.05 (66.30) 

Nehru Centenary 342.67 ± 3.05 268.31 ± 1.82 89.67 ± 0.16 (71.22) 

Pusa Bahadur 219.11 ± 1.67 178.08 ± 0.91 75.62 ± 0.18 (60.39) 

Lalima 195.45 ± 3.79 169.83 ± 0.79 71.58 ± 0.16 (57.76) 

Bhim 333.20 ± 1.43 216.89 ± 0.78 85.77 ± 0.14 (67.81) 

Ashwini 427.59 ± 3.47 397.15 ± 0.82 93.47 ± 0.19 (75.17) 

Dr. S.S. Bhatnagar 379.24 ± 2.26 286.97 ± 1.37 91.36 ± 0.05 (72.88) 

Jantar Mantar 209.12 ± 0.86 174.22 ± 1.09 72.62 ± 0.17 (58.43) 

Jawani 132.38 ± 3.75 102.27 ± 1.08 62.73 ± 0.08 (52.34) 

Raktagandha 217.99 ± 3.84 193.32 ± 4.31 81.80 ± 0.10 (64.72) 

Pusa Mohit 124.21 ± 2.05 106.22 ± 0.81 64.35 ± 0.16 (53.32) 
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Pusa Ajay 101.03 ± 2.32 86.76 ± 1.70 35.71 ± 0.18 (36.68) 

Pusa Muskan 67.18 ± 1.95 64.68 ± 1.69 33.61 ± 0.17 (35.40) 

Pusa Barahmasi 116.45 ± 1.76 110.81 ± 0.96 66.44 ± 0.12(54.58) 

Pusa Virangana 201.22 ± 1.37 183.93 ± 1.28 80.67 ± 0.08(63.90) 

Pusa Priya 44.77 ± 2.68 51.11 ± 1.09 20.74 ± 0.05 (27.08) 

Dr. Bharat Ram 21.77 ± 0.59 29.59 ± 0.62 15.74 ± 0.16 (23.36) 

Dr. M.S. Randhawa 55.78 ± 2.65 65.37 ± 0.86 23.88 ± 0.00 (29.24) 

Priyadarshini 55.17 ± 2.43 61.23 ± 1.12 22.63 ± 0.10 (28.40) 

Dulhan 124.10 ± 2.85 114.32 ± 2.66 58.49 ± 0.09 (49.87) 

Dr. B.P. Pal 128.45 ± 1.39 116.07 ± 1.32 59.45 ± 0.10 (50.43) 

Anurag 64.44 ± 0.90 72.35 ± 0.71 28.52 ± 0.08 (32.27) 

Arjun 131.06 ± 0.90 121.78 ± 00.73 57.42 ± 0.06 (49.25) 

Haseena 163.04 ± 1.96 142.60 ± 1.18 60.41 ± 0.08 (50.99) 

R.S.S. of Nalagarh 129.69 ± 2.15 113.97 ± 1.99 46.41 ± 0.12 (42.93) 

Sadabahar 94.56 ± 1.22 96.05 ± 0.71 31.47 ± 0.13 (34.11) 

Nurjehan 90.71 ± 0.61 92.25 ± 0.54 30.69 ± 0.09 (33.63) 

Pink Montezuma 54.74 ± 2.12 65.49 ± 0.82 21.52 ± 0.15 (27.63) 

Surekha 70.68 ± 0.54 77.31 ± 0.59 25.86 ± 0.05 (30.56) 

Dr. Benjamin Pal 61.76 ± 1.78 63.94 ± 0.50 22.76 ± 0.11(28.49) 

Pusa Ranjana 199.61 ± 0.65 179.70 ± 1.92 70.47 ± 0.12 (57.06) 

Arunima 69.94 ± 3.32 83.10 ± 1.03 28.48 ± 0.13 (32.24) 

Manasi 12.21 ± 0.97 21.92 ± 0.89 10.74 ± 0.10 (19.12) 

Rose Sherbet 205.05 ± 3.15 186.23 ± 1.37 72.40 ± 0.11 (58.28) 

Pusa Garima 136.02 ± 1.16 114.75 ± 0.77 48.55 ± 0.09 (44.15) 

Pusa Gaurav 174.74 ± 0.64 171.02 ± 0.81 63.47 ± 0.13 (52.79) 

Suryakiran 153.48 ± 2.08 167.93 ± 0.89 62.31 ± 0.11 (52.10) 

Krishna 78.30 ± 0.85 87.96 ± 0.99 32.74 ± 0.09 (34.89) 

Shola 143.08 ± 1.76 132.86 ± 1.15 49.55 ± 0.14 (44.73) 

Pusa Pitamber 17.63 ± 1.54 23.51 ± 0.47 11.59 ± 0.18 (19.89) 

Lahar 21.92 ± 0.86 27.47 ± 0.62 12.77 ± 0.05 (20.93) 

Ganga 11.32 ± 0.59 20.61 ± 0.49 8.51 ± 0.27 (16.95) 

Raja Ram Mohan Roy 18.91 ± 0.38 25.43 ± 1.33 11.62 ± 0.16 (19.92) 

Iceberg 5.21 ± 0.39 8.92 ± 0.36 4.45 ± 0.30 (12.17) 

Mridula 7.53 ± 0.79 11.77 ± 0.47 5.36 ± 0.32 (13.38) 

Shabnam 11.11 ± 0.93 17.81 ± 1.04 8.23 ± 0.09 (16.66) 

Chingari 92.40 ± 0.64 99.77 ± 0.46 44.66 ± 0.14 (41.92) 

Surkhab 164.41 ± 0.74 161.40 ± 1.15 61.68 ± 0.09 (51.73) 

Pusa Abhishek 130.60 ± 0.98 129.10 ± 1.05 58.40 ± 0.07 (49.82) 

SEm± 1.96 1.26 0.14 

CD ( p ≤ 0.05) 5.50 3.54 0.38 

Values in parentheses are arc sin transformed values. 

3.4. Correlation between Total Anthocyanin Content, Total Phenolic Content, and Antioxidant 

Activities 

A strong, statistically significant, positive correlation was observed between the total 

anthocyanin content, total phenolic content, and antioxidant activity of rose petals (Table 

3). The strong correlation between these parameters indicates that varieties with high an-

thocyanin and phenolic content constitute a good index for antioxidant activities. Our re-

sult is in agreement with Nowak and Gawlik-Dziki [30]. They reported a strong, positive 

correlation coefficient (r = 0.8485) between the DPPH radical scavenging activity and phe-

nolic content of rose. Özgen et al. [31] reported that the total anthocyanin content of Sam-

bucus canadensis is correlated to antioxidant capacity values (r = 0.70-0.85). Similarly, Căta 
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et al. [32] also observed in berries that antioxidant activity is directly proportional to an-

thocyanin content. 

Table 3. Linear correlation coefficients (r) between total anthocyanin content, antioxidant assays 

(FRAP, DPPH), and total phenolic content in petals of 50 rose varieties obtained by Pearson’s anal-

ysis. 

Parameters TAC FRAP DPPH TPC 

TAC 1 0.934 ** 0.796 ** 0.932 ** 

FRAP  1 0.921 ** 0.988 ** 

DPPH   1 0.920 ** 

TPC    1 

** Correlation is significant at the 0.01 level (2-tailed). 

3.5. Cluster Analysis 

Based on Ward’s minimum variance cluster analysis, the fifty rose genotypes were 

grouped into four clusters based on total anthocyanin content, antioxidant activities, and 

total phenolic content (Figure 5). Cluster I comprised five dark-red-colored rose varieties, 

i.e., Pusa Arun, Raktima, Nehru Centenary, Bhim, and Dr. S. S. Bhatnagar. Cluster II com-

prised 21 rose varieties, i.e., Pusa Bahadur, Lalima, Jantar Mantar, Jawani, Raktagandha, 

Pusa Mohit, Pusa Barahmasi, Pusa Virangana, Dulhan, Dr. B.P. Pal, Arjun, Haseena, R. S. 

S. of Nalagarh, Pusa Ranjana, Rose Sherbet, Pusa Garima, Pusa Gaurav, Suryakiran, Shola, 

Surkhab, Pusa Abhishek. In cluster III, only a single dark-red-colored variety, Ashwini, 

was placed more divergently. This variety was found superior in terms of total anthocya-

nin content, with high antioxidant activities. Cluster IV formed the largest cluster, which 

comprised twenty-three light pink, white, and yellow-colored rose varieties, namely Pusa 

Ajay, Pusa Muskan, Pusa Priya, Dr. Bharat Ram, Dr. M.S. Randhawa, Priyadarshini, Anu-

rag, Sadabahar, Nurjehan, Pink Montezuma, Surekha, Dr. Benjamin Pal, Arunima, Ma-

nasi, Krishna, Pusa Pitamber, Lahar, Ganga, Raja Ram Mohan Roy, Iceberg, Mridula, 

Shabnam, and Chingari. Rose varieties with high anthocyanin content, antioxidant activ-

ities, and total phenolic content were placed in a separate cluster. From the dendrogram, 

it was also evident that dark-colored varieties were clustered together. Schmitzer et al. 

[33] also performed cluster analysis of forty-eight cultivars of rose based on total antho-

cyanins and quercetins and reported that white cultivars, identical to pink and light red 

cultivars, were the most distant from red cultivars. Singh et al. [34] indicated that crossing 

between genotypes that are profoundly genetically distinct provides better results as such 

crosses increase the possibility of obtaining desirable transgressive segregants. The most 

divergent genotype in the present study is Ashwini, based on cluster distance, and can 

therefore be selected as a parent for crossing to further enhance the anthocyanin content. 
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Figure 5. Cluster analysis of different rose varieties. 1: Pusa Arun, 2: Raktima, 3: Nehru Centenary, 

4: Pusa Bahadur, 5: Lalima, 6: Bhim, 7: Ashwini, 8: Dr. S.S. Bhatnagar, 9: Jantar Mantar, 10: Jawani, 

11: Raktagandha, 12: Pusa Mohit, 13: Pusa Ajay, 14: Pusa Muskan, 15: Pusa Barahmasi, 16: Pusa 

Virangana, 17: Pusa Priya, 18: Dr. Bharat Ram, 19: Dr. M.S. Randhawa, 20: Priyadarshini, 21: Dulhan, 

22: Dr. B.P. Pal, 23: Anurag, 24: Arjun, 25: Haseena, 26: R.S.S. of Nalagarh, 27: Sadabahar, 28: Nur-

jehan, 29: Pink Montezuma, 30: Surekha, 31: Dr. Benjamin Pal, 32: Pusa Ranjana, 33: Arunima, 34: 

Manasi, 35: Rose Sherbet, 36: Pusa Garima, 37: Pusa Gaurav, 38: Suryakiran, 39: Krishna, 40: Shola, 

41: Pusa Pitamber, 42: Lahar, 43: Ganga, 44: Raja Ram Mohan Roy, 45: Iceberg, 46: Mridula, 47: 

Shabnam, 48: Chingari, 49: Surkhab, 50: Pusa Abhishek. 

3.6. Principal Component Analysis 

In this study, a PCA biplot was constructed to determine the contribution and corre-

lation of variables. Total anthocyanin content contributed to the maximum variation 

among the fifty genotypes studied (Figure 6). Further, it is evident from the biplot that 

total phenolic content had a strong correlation with antioxidant activity (FRAP). Mean-

while, variety Ashwini was situated in the upper-right quadrant, with the longest distance 

from the origin, showing that Ashwini had higher total anthocyanin content, total phe-

nolic content, and antioxidant activity (FRAP and DPPH). 
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Figure 6. Principal component analysis biplot for total anthocyanin content (ANC), total phenolic 

content (TPC), and antioxidant activities using FRAP and DPPH methods. 1: Pusa Arun, 2: Raktima, 

3: Nehru Centenary, 4: Pusa Bahadur, 5: Lalima, 6: Bhim, 7: Ashwini, 8: Dr. S.S. Bhatnagar, 9: Jantar 

Mantar, 10: Jawani, 11: Raktagandha, 12: Pusa Mohit, 13: Pusa Ajay, 14: Pusa Muskan, 15: Pusa 

Barahmasi, 16: Pusa Virangana, 17: Pusa Priya, 18: Dr. Bharat Ram, 19: Dr. M.S. Randhawa, 20: Pri-

yadarshini, 21: Dulhan, 22: Dr. B.P. Pal, 23: Anurag, 24: Arjun, 25: Haseena, 26: R.S.S. of Nalagarh, 

27: Sadabahar, 28: Nurjehan, 29: Pink Montezuma, 30: Surekha, 31: Dr. Benjamin Pal, 32: Pusa Ran-

jana, 33: Arunima, 34: Manasi, 35: Rose Sherbet, 36: Pusa Garima, 37: Pusa Gaurav, 38: Suryakiran, 

39: Krishna, 40: Shola, 41: Pusa Pitamber, 42: Lahar, 43: Ganga, 44: Raja Ram Mohan Roy, 45: Iceberg, 

46: Mridula, 47: Shabnam, 48: Chingari, 49: Surkhab, 50: Pusa Abhishek. 

3.7. Anthocyanin Identification and Characterization 

Several peaks were detected in all varieties, corresponding to different types of an-

thocyanin fractions. Among all the rose varieties, cyanidin 3,5-di-O-glucoside and pelar-

gonidin 3,5-di-O-glucoside were the major anthocyanins identified according to retention 

time, elution order, and spectra obtained by comparison with external standards and pub-

lished data (Figure 7). In the HPLC analysis, the individual content of different anthocya-

nin fractions corresponding to different peaks was estimated. Five types of anthocyanins 

were detected in the variety of Ashwini. Peak 1 and peak 2 had retention times (RT) of 

17.621 and 19.715 min, respectively, which was in line with the standards of cyanidin 3,5-

di-O-glucoside and pelargonidin 3,5-di-O-glucoside. In the chromatogram of Ashwini, 

peak 1 corresponded to cyanidin 3,5-di-O-glucoside (497.79 mg/100 g), and peak 2 corre-

sponded to pelargonidin 3,5-di-O-glucoside (7.60 mg/100 g); peak 3, 4, and 5 corre-

sponded to unknown anthocyanins, which were expressed as C3G equivalents (17.24, 

32.42, and 3.76 mg/100 g, respectively). Cyanidin 3,5-di-O-glucoside was the predominant 

constituent, which accounted for 89.38% of the total anthocyanins according to the analy-

sis results of high-performance liquid chromatography with photodiode array detection 

(Table 3 and Figure 7a). In the chromatogram of Pusa Arun, peak 1 represented cyanidin 

3,5-di-O-glucoside (448.54 mg/100 g, RT 18.068 min), peak 2 represented pelargonidin 3,5-

di-O-glucoside (61.75 mg/100 g, RT 19.994 min), and peak 3, 4, and 5 corresponded to 
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unknown anthocyanins, which were expressed as C3G equivalents (5.88, 10.71, and 1.02 

mg/100 g, respectively). Cyanidin 3,5-di-O-glucoside was the principal anthocyanin in the 

variety Pusa Arun, representing 90.24% of the total peak area (Table 3 and Figure 7b). 

Four types of anthocyanins were observed in the variety Nehru Centenary (Figure 7c). In 

the chromatogram of Nehru Centenary, peak 1 corresponded to cyanidin 3,5-di-O-gluco-

side (452.12 mg/100 g), which accounted for 91.42 % of the total peak area; peak 2 corre-

sponded to pelargonidin 3,5-di-O-glucoside (5.43 mg/100 g), and peak 3 and 4 corre-

sponded to unknown anthocyanins, which were expressed as C3G equivalents (23.10 and 

15.74 mg/100 g, respectively). From the chromatogram of the variety Raktagandha (Table 

3 and Figure 7d), five anthocyanins were revealed, with peak 1 representing 94.65% of the 

total peak area. Peak 1 represented cyanidin 3,5-di-O-glucoside (457.66 mg/100 g), which 

was the predominant anthocyanin in the variety Raktagandha. Peak 2 corresponded to 

pelargonidin 3,5-di-O-glucoside (1.31 mg/100 g), and peaks 3, 4, and 5 corresponded to 

unknown anthocyanins, which were expressed as C3G equivalents (1.31, 7.48, and 16.42 

mg/100 g, respectively). Four types of anthocyanins were observed in the variety Raktima 

(Figure 7e). The maximum peak area was found under peak 2 (89.20 %), which repre-

sented cyanidin 3,5-di-O-glucoside (338.91 mg/100 g, RT 17.639 min); peak 3 corresponded 

to pelargonidin 3,5-di-O-glucoside (10.66 mg/100 g, RT 19.628 min); peak 3 and 4 corre-

sponded to unknown anthocyanins, which were expressed as C3G equivalents (17.33 and 

13.77 mg/100 g, respectively). From the chromatogram of variety Suryakiran, six anthocy-

anins were revealed, with peak 2 representing 60.83% of the total peak area. Peak 1 repre-

sented cyanidin 3,5-di-O-glucoside (29.28 mg/100 g, RT17.649). Peak 2 corresponded to 

pelargonidin 3,5-di-O-glucoside (185.43 mg/100 g, RT 19.585 min), which was the prime 

anthocyanin in variety Suryakiran (Figure 7f). The chromatogram of Pusa Bahadur re-

vealed four types of anthocyanin (Figure 7g). Peak 1 corresponded to cyanidin 3,5-di-O-

glucoside (137.59 mg/100 g), which represented 95.62% of the total peak area. Peak 2 rep-

resented pelargonidin 3,5-di-O-glucoside (0.39 mg/100 g). Four types of anthocyanins 

were observed in the variety of Bhim (Figure 7h). In the chromatogram of Bhim, peak 1 

corresponded to cyanidin 3,5-di-O-glucoside (175.80 mg/100 g, RT 17.623 min), which oc-

cupied 96.72% of the total peak area. Peak 2 corresponded to pelargonidin 3, 5-di-O-glu-

coside (2.31 mg/100 g, RT 19.625 min), and peaks 3 and 4 corresponded to unknown an-

thocyanins, which were expressed as C3G equivalents (1.50 and 3.32 mg/100 g, respec-

tively). From the chromatogram of variety Dr. S.S. Bhatnagar (Figure 7i), four anthocya-

nins were revealed, with peak 1 representing 90.78% of the total peak area, which corre-

sponded to cyanidin 3,5-di-O-glucoside (362.40 mg/100 g), and peak 2 corresponded to 

pelargonidin 3,5-di-O-glucoside (1.98 mg/100 g). The chromatogram of the variety of Rose 

Sherbet revealed five types of anthocyanins (Figure 7j). Peak 1 corresponded to cyanidin 

3,5-di-O-glucoside (206.57 mg/100 g), which was the chief anthocyanin in Rose Sherbet, 

with 86.35% of the total peak area. As shown in Figure 7k, four anthocyanins were re-

vealed in the variety of Pusa Virangana, with peak 1 representing cyanidin 3,5-di-O-glu-

coside (301.66 mg/100 g). Four types of anthocyanins were observed in the variety 

Surkhab, among which cyanidin 3,5-di-O-glucoside (173.60 mg/100 g), which occupied 

93.63% of the total peak area, was the predominant one (Figure 7l). In variety Pusa Ajay, 

peak 1 corresponded to cyanidin 3,5-di-O-glucoside (190.05 mg/100 g), which represented 

94.08% of the total peak area (Figure 7m). Statistically significant differences were ob-

served for cyanidin 3,5-di-O-glucoside and pelargonidin 3,5-di-O-glucoside content 

among all varieties (Table 3). The maximum cyanidin 3,5-di-O-glucoside content was rec-

orded in Ashwini (497.79 mg/100 g), followed by the variety Raktagandha (457.66 mg/100 

g). The cyanidin 3,5-di-O-glucoside content of Nehru Centenary (452.12 mg/100 g) and 

Pusa Arun (448.54 mg/100 g) was statistically similar. The lowest cyanidin 3,5-di-O-glu-

coside content was recorded in the variety Suryakiran (29.28 mg/100 g). Pelargonidin 3,5-

di-O-glucoside content also showed significant variation among all varieties. The maxi-

mum pelargonidin 3,5-di-O-glucoside content was recorded in variety Suryakiran (185.43 

mg/100 g), followed by Pusa Arun (61.75 mg/100 g). According to Eugster et al. [35] the 
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anthocyanin types of rose petals depend upon the plant variety, being mostly cyanidin 

3,5-di-O-glucoside, pelargonidin 3,5-di-O-glucoside, and peonidin 3,5-di-O-glucoside. In 

our study, cyanidin 3,5-di-O-glucoside content was the maximum in red- and pink-col-

ored varieties, whereas Suryakiran is an orange color variety and recorded the highest 

pelargonidin 3,5-di-O-glucoside content. Our results are well supported by the findings 

of Ludmila et al. [36]. They evaluated red-, pink-, and orange-colored varieties of rose and 

reported the cyanidin 3,5-di-O-glucoside and pelargonidin 3,5-di-O-glucoside content. 

They concluded that pink- and red-colored varieties had more cyanidin 3,5-di-O-gluco-

side content, whereas the orange-colored varieties were rich in pelargonidin 3,5-di-O-glu-

coside. 

Factors including genetics, environmental stresses, variety, and agronomic condi-

tions can influence the types and content of anthocyanin pigment [37,38]. Our findings 

suggest that cyanidin 3,5-di-O-glucoside and pelargonidin 3,5-di-O-glucoside were the 

most predominant anthocyanins found in Indian roses using reversed-phase C18 column 

chromatography. These results are similar to the findings of Lee et al. [12] and Wan et al. 

[39], who characterized anthocyanins from the rose as cyanidin 3,5-di-O-glucoside and 

pelargonidin 3,5-di-O-glucoside. The most predominant anthocyanin was cyanidin 3,5-

di-O-glucoside in all the varieties (Figure 7). These results are in accordance with a previ-

ous study reporting that cyanidin 3,5-di-O-glucoside was identified as the main compo-

nent in rose varieties [40]. The findings of Qin and Xiaojun [11] are also in line with our 

results as they detected three types of anthocyanins in rose petals, and, based on the re-

sults of high-performance liquid chromatography with photodiode array detection, cya-

nidin 3,5-di-O-glucoside was the prime constituent and represented 94.9 percent of the 

total anthocyanins. Biolley et al. [41] found cyanidin 3,5-diglucoside and pelargonidin 3,5-

diglucoside in 100 cyanic cultivars of Rosa x hybrida using the HPLC technique. 
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Figure 7. HPLC chromatograms of promising rose varieties. (a) Ashwini; (b) Pusa Arun; (c) Nehru 

Centenary; (d) Raktagandha; (e) Raktima; (f) Suryakiran; (g) Pusa Bahadur; (h) Bhim; (i) Dr. S.S. 

Bhatnagar; (j) Rose Sherbet; (k) Pusa Virangana; (l) Surkhab; (m) Pusa Ajay. 

4. Conclusions 

A significant positive correlation was observed between total anthocyanin content, 

total phenolic content, and antioxidant activities. Principal component analysis revealed 

that variable total anthocyanin content contributed to the maximum variation among the 

fifty rose varieties. A significant difference was observed in the anthocyanin profile 

among the rose varieties. This research presented a systematic report on the anthocyanin 

composition in the petals of 13 distinct color varieties. Two anthocyanins were identified 

in the Indian varieties of rose with the help of standards. Cyanidin 3,5-di-O-glucoside was 

the predominant anthocyanin in red- and pink-colored varieties, whereas pelargonidin 

3,5-di-O-glucoside was predominant in orange-colored varieties. Anthocyanin content 

can be increased through a breeding program based on crosses between the most diver-

gent genotypes. This study provides a basis for rose breeding to achieve a specific flower 

color. Further, the rose varieties with high anthocyanin content may be utilized as sources 

of anthocyanins, which have immense applications in the nutraceutical and food indus-

tries as food colorants, antioxidants, and anticancer, antimicrobial, and antiallergic agents, 

promoting health and wellbeing. 
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