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Abstract 4 

 Rose (Rosa × hybrida) is a highly appealing floral species characterized by a diverse spectrum of 5 

colors primarily due to anthocyanin pigments. Anthocyanins are the nutraceutical pigments that 6 

are present in roses, having various health-promoting and pharmaceutical properties due to their 7 

high antioxidant activities. Contemporary plant tissue culture methods can serve as an alternative 8 

for in vitro production of these natural pigments to mitigate seasonal fluctuations. In the present 9 

study, efforts were directed toward enhancing anthocyanin pigment production in callus cultures 10 

of Rosa × hybrida cv. Ashwini through the application of different concentrations of sucrose, 11 

abscisic acid (ABA), and their combinations. When rose petals were cultured on solid MS medium 12 

supplemented with 6.0 mg/l 2,4-dichlorophenoxyacetic acid in complete darkness, early and 13 

prolific callus induction was observed. In rose petal calli, the initial pigment induction, 14 

enhancement, and increased anthocyanin accumulation were noted when the Euphorbia millii 15 

(EM) medium contained 80g/l sucrose. Anthocyanin accumulation was augmented in petal-16 

derived rose calli in response to ABA at specific concentrations (30 µM). Increased ABA 17 

concentration in the EM medium diminished pigment accumulation. A statistically significant 18 

positive correlation was observed between the response coefficient and anthocyanin content (r = 19 

0.960). 20 

Keywords: ABA, Anthocyanins, Nutraceuticals, Rose, Sucrose. 21 

 22 

INTRODUCTION 23 

An increasing number of people around the world are looking to phytochemicals as potential new 24 

nutraceutical sources. Fruits and vegetables are the only food groups that humans get nutraceutical 25 

compounds from (Cavaiuolo et al., 2013). Nevertheless, a number of bioactive compounds found 26 
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in flowers are quickly gaining recognition as potential dietary supplements. They are of interest to 27 

human nutritionists because of the strong antioxidant activity suggested by their rich pigmentation. 28 

The aglycone anthocyanidin and sugar moieties make up the pigments known as anthocyanins, 29 

which dissolve in water (Ockermann et al., 2021). The vibrant hues seen in a wide variety of fruits, 30 

flowers, and vegetables are largely attributable to this important class of flavonoids. According to 31 

Liu et al. (2018), anthocyanins serve multiple purposes, including reproduction (by luring 32 

pollinators and seed dispersers) and defense against abiotic and biotic stresses. Earlier studies have 33 

shown that anthocyanin compounds have a high free radical scavenging capacity (Lee et al., 2011; 34 

Ge and Ma, 2013; Kumari et al., 2017) and play a vital role in the prevention of cardiovascular 35 

disease, obesity, cancer, diabetes, and other diseases (Mattioli et al., 2020; Kumari et al., 2021). 36 

Today, interest in anthocyanin pigments has exaggerated because they can be used not only as 37 

food and beverage additives to obtain attractive natural red coloration (Roy and Rhim, 2021) but 38 

also as nutraceuticals (Hegde et al., 2022; Kumari and Adarsh, 2016; Khoo et al., 2017). Pigment 39 

recovery from fresh materials involves constrictions such as variability and seasonal availability 40 

of raw materials, fresh material losses, and pigment degradation caused by the extraction process 41 

and storage. In our previous study, Kumari et al. (2017) quantified the total anthocyanin content 42 

in fifty rose varieties during two different seasons December 2014 and March 2015 and observed 43 

the highest anthocyanin accumulation in December 2014 in rose variety Ashwini (578.10 mg/100g 44 

on fresh weight basis), which coincided with lower temperature conditions. These findings indicate 45 

that anthocyanin content in rose petals is strongly influenced by environmental factors, particularly 46 

temperature and light, as well as by the activity of osmotic adjusters during periods of drought and 47 

low temperature. Hence, the potential of exploiting anthocyanin pigments for different purposes 48 

encouraged the use of plant cells or callus cultures to produce several of these essential secondary 49 

metabolites, irrespective of all these hurdles. In vitro culture systems provide a controlled and 50 

sustainable alternative for enhanced and consistent production of anthocyanins, independent of 51 

climatic or developmental constraints. Moreover, such systems enable optimization of culture 52 

conditions and elicitor applications to maximize yield and purity for industrial use. Production of 53 

anthocyanin pigments in vitro is well documented in several crops such as Oxalis reclinata 54 

(Makunga et al., 1997), Daucus carota (Sudha and Ravishankar, 2003), Ipomoea batatas 55 

(Nishiyama and Yamakawa 2004), Rosa × hybrida (Hennayake et al., 2006; Ram et al., 2011 and 56 

2013), Torenia fourunieri (Nagira et al., 2006), Cleome rosea (Simoes et al., 2009), Hibiscus 57 
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sabdariffa (Dios-López et al., 2011) and Bridelia retusa (Aswathy et al., 2018). However, most of 58 

these studies have primarily focused on leaf-derived callus cultures, while investigations on petal-59 

derived callus, particularly in ornamental crops such as rose, remain limited. 60 

Sucrose and abscisic acid (ABA) are key regulators of anthocyanin biosynthesis and play crucial 61 

roles in modulating pigment accumulation in plant tissues. Sucrose serves not only as a carbon 62 

source but also as an important signalling molecule that regulates the expression of genes involved 63 

in the flavonoid biosynthetic pathway. Elevated sucrose levels have been shown to induce the 64 

expression of structural genes such as chalcone synthase (CHS), dihydroflavonol reductase (DFR), 65 

and anthocyanidin synthase (ANS), thereby enhancing anthocyanin accumulation (Hiratsuka et 66 

al.2001; Ferrara et al., 2015). The accumulation of anthocyanins in grape has been shown to be 67 

stimulated by the exogenous application of sugars in cell suspension and tissue culture systems 68 

(Hiratsuka et al., 2001), possibly as a consequence of osmotic stress (Do and Cormier, 1990). 69 

Abscisic acid (ABA), a stress-responsive phytohormone, is also known to promote anthocyanin 70 

biosynthesis by activating transcription factors, particularly those belonging to the MYB family, 71 

which regulate key biosynthetic genes (Sun et al., 2017). Furthermore, sucrose and ABA often 72 

interact synergistically, suggesting a coordinated regulatory mechanism that integrates metabolic 73 

and stress signals to enhance pigment production under in vitro conditions (Bennett et al., 2023). 74 

However, to the best of our knowledge, comprehensive studies focusing on the induction and 75 

accumulation of anthocyanin pigments in petal-derived callus cultures of rose using these 76 

regulatory factors are scarce. Therefore, the present study was undertaken to investigate the 77 

induction and accumulation of anthocyanin pigments in petal-derived callus cultures of Rosa × 78 

hybrida cv. Ashwini in response to varying concentrations of sucrose and abscisic acid (ABA), 79 

with the objective of developing an efficient in vitro system for enhanced and consistent pigment 80 

production. 81 

 82 

MATERIALS AND METHODS 83 

Explant and callus induction 84 

Petal explants of Rosa × hybrida cv. Ashwini were cultured on Murashige and Skoog (MS) basal 85 

medium supplemented with 2,4-dichlorophenoxyacetic acid (2,4-D) at concentrations of 4.0, 5.0, 86 

and 6.0 mg L⁻¹ for callus induction. Cultures were maintained at 24 ± 1 °C under a 16/8 h light/dark 87 

photoperiod with a light intensity of 105.7 µmol m⁻² s⁻¹ provided by cool-white fluorescent tubes. 88 
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Cultures were monitored daily to record days to callus initiation, and callusing frequency was 89 

expressed as the induction coefficient [% = (the number of explants that form callus / total explants 90 

cultured) × 100]. Visual assessment included the site of callus initiation, callus texture (compact, 91 

semi-friable, or friable), and callus colour. Callus growth was evaluated after 42 days by measuring 92 

fresh weight of callus (FCW) and dry weight of callus (DCW); dry weight was determined after 93 

oven drying at 45 °C for 24 h followed by 55 °C for 24 h. Biomass accumulation was estimated 94 

using the FCW:DCW ratio. Callus growth performance was categorized into four classes (I–IV) 95 

following Matkowski (2004), ranging from weak induction with poor growth to vigorous callus 96 

induction and growth. 97 

 98 

Multiplication and maintenance of callus from petal explants of Rosa × hybrida var. Ashwini 99 

The treatment combination showing the highest callus induction (MS medium supplemented with 100 

6.0 mg L⁻¹ 2,4-D) was subsequently selected for callus multiplication and long-term maintenance. 101 

To support sustained callus growth, the medium was modified by increasing the concentration of 102 

MS vitamins to twofold of the standard MS formulation. After 27 days of incubation, the induced 103 

calli were transferred from the induction medium to the modified maintenance medium and 104 

incubated under complete darkness. Within 7-9 days, the calli were subdivided and exhibited rapid 105 

proliferation. The disintegrated mother petal explant was carefully removed to prevent browning 106 

due to phenolic exudation. Although removal of the explant initially reduced callus growth, the 107 

increased vitamin concentration in the medium effectively restored and supported optimal 108 

proliferation. 109 

 110 
Sucrose and ABA treatment for accumulation of anthocyanins 111 

Euphorbia millii (EM) medium (Yamamoto et al., 1989) supplemented with sucrose and abscisic 112 

acid (ABA) was used for anthocyanin induction. The basal EM medium contains 50 g L⁻¹ sucrose 113 

(Yamamoto et al., 1998), which served as the reference concentration. Additional treatments were 114 

prepared by adjusting sucrose levels to 50, 60, 70, and 80 g L⁻¹. Abscisic acid was dissolved in a 115 

small volume of methanol, sterilized by membrane filtration, and added to the autoclaved medium 116 

to obtain final concentrations of 20, 30, 40, and 50 µM. Abscissic acid was dissolved in small 117 

amount of methanol, sterilized by micro-filtration added into the autoclaved EM medium at 20, 118 

30, 40 and 50 µM concentrations. Combination of sucrose and abscissic acid  i.e. 50 g/l + 50 µM, 119 
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60 g/l + 40 µM, 70 g/l + 30 µM and  80 g/l + 20 µM were also added to EM medium for initiation 120 

of anthocyanin pigments. Before adding agar-agar (5.5 g/l), pH of the medium was adjusted to 5.8 121 

± 0.1. Prepared media were poured in conical flasks and then autoclaved at 121°C for 16 min at 122 

15 psi. Cultures were incubated in a culture room at 24 ± 1oC under 16/8 h (105.7 µmol. photons 123 

m-2 s-1 light/dark) photoperiod regime using cool-white fluorescent tubes.  124 

 125 
Response coefficient and callus growth index  126 

The anthocyanin biosynthesis in callus culture were estimated for various parameters such as 127 

response coefficient (total number of cultures showing pigmentation/ total number of cultured 128 

cultures) x 100, number of days taken for pigment initiation and intensification which was visually 129 

observed. Days required for pigment initiation denotes the number of days taken for callus tissues 130 

to exhibit visible red coloration due to anthocyanin accumulation under the respective culture 131 

treatments. Pigment intensification was assessed visually based on progressive color changes from 132 

light pink to deep red, increased color saturation, and the spread of pigmentation across the callus 133 

tissue. Growth index of pigmented callus was determined based on fresh weight accumulation after 134 

15 days of culture and was used as an indicator of biomass proliferation under different treatments. 135 

 136 

Determination of total monomeric anthocyanin content 137 

The total monomeric anthocyanin content was measured by the pH differential method (Wrolstad 138 

et al., 2005). A known weight of fresh pigmented callus (500 mg) was extracted with acidified 139 

methanol (methanol + 1% HCl) in ultra sonicator water bath for 30 minutes. The extracts were 140 

centrifuged at 10,000 rpm for 10 min by using refrigerated centrifuge. Final volume was prepared 141 

by adding the acidified methanol (methanol + 1% HCl) to the supernatant. Then final samples 142 

were prepared by taking the 5 ml volume of sample and dilutes separately in potassium chloride 143 

buffer 0.025 M (pH 1.0) and sodium acetate buffer 0.4 M (pH 4.5) (5ml each). Absorption was 144 

measured at 520 and 700 nm after incubation of 15 min at room temperature. A Jasco V 530 UV-145 

Vis spectrophotometer was used for measurements. Absorbance was calculated as A = [(A510 − 146 

A700) at pH 1.0] − [(A510 − A700) at pH 4.5] with a molar extinction coefficient of 26,900 for 147 

anthocyanin. The total anthocyanin content was calculated as cyanidin-3-glucoside equivalents as: 148 

Anthocyanin content (mg/ 100 g FW) = (A x MW x DF xV x 102) / (ε x L x m) 149 
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Where, A is absorbance, MW is the molecular weight of cyanidin-3-glucoside (449.2 Da), DF is 150 

the dilution factor, V is the final volume (mL), 102 is the factor for conversion from g to mg, ε is 151 

the cyanindin-3-glucoside molar absorbance (26,900), L is the cell path length (1 cm), and m is 152 

petal weight in g. 153 

 154 
   Microscopic study of pigmented callus 155 

Microscopic images of the pigmented callus were visualized with a Carl Zeiss Discovery.v8 Stereo 156 

microscope (Carl Zeiss MicroImaging GmbH, Berlin, Germany) and images were captured with a 157 

Carl Zeiss Axiovision digital camera (software version: Axiovision 4.8.2). 158 

 159 
 Statistical analysis 160 

The experiment was laid out in completely randomized design (CRD) and data presented in the 161 

results are the means ± standard error obtained from at least three independent determinates. All 162 

the data were subjected to Turkey’s honestly significant difference (HSD) test for the comparison 163 

of means and significance for the test was assumed if P ≤ 0.05. The analyses were carried out 164 

through the statistical software SPSS 20.0 (SPSS Inc., Chicago, USA). 165 

 166 

   RESULTS AND DISCUSSION 167 

Effect of 2,4-D Levels on Callus Induction, Multiplication and Biomass Accumulation in 168 

Rosa × hybrida var. Ashwini 169 

The results presented in Table 1 clearly indicate that increasing concentrations of 2,4-D 170 

significantly enhanced callus induction and reduced time (days) to callus induction in rose petal 171 

explants. The highest induction coefficient (94.67 ± 1.11%) was recorded on MS medium 172 

supplemented with 6.0 mg/l 2,4-D, which also promoted the earliest callus initiation and superior 173 

callus quality. Thus, 6.0 mg/l 2,4-D was identified as the optimal concentration for efficient callus 174 

induction in explants of Rosa × hybrida cv. Ashwini petal. These findings are in close agreement 175 

with Anand et al. (2017), who reported that callus induction on MS medium using leaf explants of 176 

bougainvillea cv. Bhabha supplemented with 6.0 mg L⁻¹ 2,4-D resulted in the maximum induction 177 

coefficient (98.75%) and minimum time required for callus initiation (8.50 days). Similar 178 

promotive effects of 2,4-D on callus induction and proliferation have been documented across a 179 

range of species and explant types. For instance, El-Nabarawy et al. (2015) identified 2,4-D as the 180 
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most effective auxin for induction and maintenance of callus cultures in ginger derived from shoot 181 

tip explants. 182 

Visual assessment revealed the formation of compact, creamish-white, and vigorously 183 

proliferating callus, predominantly originating from the cut and punctured regions of the petal 184 

explants (Fig. 1a). Progressive callus induction was observed on MS medium supplemented with 185 

increasing concentrations of 2,4-D, as evidenced by callus development on 4.0 mg/l (Fig. 1b), 5.0 186 

mg/l (Fig. 1c), and 6.0 mg/l 2,4-D (Fig. 1d), with maximum proliferation recorded at 6.0 mg/l 2,4-187 

D. Higher callusing was observed at both outer and inner wounded sites of the petal explants. 188 

Enhanced morphogenic responses in wounded explants have also been reported in other plant 189 

species (D’Onofrio and Morini, 2003; Pacheco et al., 2008), likely reflecting variations in 190 

endogenous hormonal balance and cellular differentiation among tissue regions (Koroch et al., 191 

2002). The localized initiation of cell proliferation at injury sites may be attributed to the 192 

accumulation of auxins at the wound surface, which, in combination with exogenously supplied 193 

plant growth regulators, stimulates rapid cell division. This interpretation is consistent with earlier 194 

hypotheses suggesting that auxin accumulation at injury sites plays a key role in triggering callus 195 

formation (Ahmad et al., 2010). Petal-derived callus cultured on MS medium supplemented with 196 

6.0 mg/l 2,4-D showed progressive multiplication with a continuous increase in biomass during 197 

successive culture periods, as observed in 27-day-old (Fig. 2a), 50-day-old (Fig. 2b), and 65-day-198 

old callus cultures (Fig. 2c). The callus remained healthy and proliferative when maintained under 199 

complete darkness at 24 ± 1°C (Fig. 2d), indicating that these culture conditions were suitable for 200 

sustained growth and maintenance.  201 

As indicated by the results (Fig. 3), petal-derived calli exhibited steady growth across the 2,4-D 202 

supplemented treatments, with the maximum fresh (490.86 ± 0.66 mg) and dry (98.89 ± 0.99 mg) 203 

callus weights recorded on MS medium supplemented with 6.0 mg/l 2,4-D. In contrast, explants 204 

cultured on the control treatment consisting of MS basal medium without 2,4-D failed to produce 205 

callus, indicating that endogenous hormone levels in the petal explants were insufficient to induce 206 

callogenesis under in vitro conditions. The control treatment thus served as a baseline for 207 

evaluating the specific effect of exogenous 2,4-D on callus induction and biomass accumulation. 208 

These findings confirm the essential role of 2,4-D in initiating and sustaining callus growth in Rosa 209 

× hybrida cv. Ashwini. The strong stimulatory effect of 2,4-D on biomass accumulation may be 210 

attributed to its ability to maintain cells in an actively dividing, dedifferentiated state. Similar 211 
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findings have been reported by Duangporn and Siripong (2009), who observed a greater influence 212 

of 2,4-D on callus growth compared with NAA. The present results are also consistent with earlier 213 

reports in rose and bougainvillea, where higher concentrations of 2,4-D promoted increased callus 214 

biomass (Ram, 2015; Anand et al., 2017). Furthermore, synergistic interactions between 2,4-D and 215 

cytokinins such as BA have been shown to enhance callus fresh and dry weights, emphasizing the 216 

importance of auxin–cytokinin balance for optimal callus proliferation (Verma et al., 2012; El-217 

Nabarawy et al., 2015). 218 

To evaluate actual biomass accumulation, the fresh-to-dry callus weight (FCW:DCW) ratio, an 219 

indicator of tissue water content, was calculated (Fig. 4). Although callus tissues generally contain 220 

a high proportion of water, the lowest FCW:DCW ratio (4.83 ± 0.14) was observed in calli cultured 221 

on MS medium with 6.0 mg/l 2,4-D, indicating the formation of compact, non-watery callus with 222 

superior dry matter accumulation. Similar trends have been reported earlier (Ram, 2015; Anand et 223 

al., 2017). In contrast, explants cultured on growth-regulator-free MS medium failed to produce 224 

callus, underscoring the essential role of exogenous auxin in initiating and sustaining callus 225 

growth. 226 

 227 
Table 1. Effect of 2,4-D levels on callus induction in petals explants of Rosa × hybrida cv. 228 

Ashwini.  229 

Treatment  Induction coefficient per 

cent (%) 

Days to callus 

induction 

Callus growth 

status 

T0 (MS + No hormone )  0.00 0.00 - 

T1 (MS+2,4-D 4mg/l)  63.33±0.53c (52.71) 13.33±0.33a II 

T2 (MS+2,4-D 5mg/l)  85.67±0.71b (67.74) 11.33±1.20a III 

T3 (MS+2,4-D 6mg/l)  94.67±1.11a (76.70) 8.67±0.67b IV 

SEm±  0.71 0.76 
 

CD ( P≤0.05)  2.36 2.31 
 

*Values in parenthesis are arc sin transformed values  230 
I = Weak callus initiation and poor growth. 231 
II = Good induction of callus but poor growth. 232 
III = Good initiation and moderate growth. 233 
IV = Best induction and vigorous growth of callus.  234 



Journal of Agricultural Science and Technology (JAST), 29(1) 

In Press, Pre-Proof Version 
 

9 
 

 235 

Fig. 1. Callus induction from petal explant of Rosa × hybrida var. Ashwini: (a) Callus initiation 236 
from petal explant (b) Callus induction on MS medium supplemented with 4 mg/l 2,4-D (c) Callus 237 
induction on MS medium supplemented with 5 mg/l 2,4-D (d) Callus induction on MS medium 238 
supplemented with 6 mg/l 2,4-D. 239 

 240 

 241 

Fig.2. Multiplication of petal derived callus of Rosa × hybrida in MS medium supplemented 242 
with 6 mg/l 2,4-D. a.  27 days old callus; b. 50 days old callus, c. 65 days old callus d. callus 243 
maintenance in complete darkness at 24±1o

 

C. 244 
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 245 

 246 
Fig. 3. Effect of 2,4-D levels on callus fresh weight and dry weight of Rosa × hybrida var. Ashwini.  247 

 248 

Fig. 4 Effect of 2,4-D levels on fresh weight: dry weight ratio of callus. 249 

 250 
    Effect of Sucrose and ABA treatment on anthocyanin production 251 

The stimulation of anthocyanin biosynthesis in plant cell cultures has been shown to depend 252 

on numerous factors, such as growth regulators, light, temperature, phosphate, nitrate, sugar 253 

and initial inoculum density (Sato et al., 1996; Zhang et al., 1997; Takeda et al., 2003). In our 254 
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investigation we have observed that increasing the sucrose level in solid medium invariably led 255 

to higher anthocyanin accumulation in rose callus derived from petal explants (Table 2). 256 

Maximum response coefficient percentage was registered with EM medium supplemented with 257 

sucrose 80 g/l (T4) (67.03%) followed non-significantly by EM + sucrose 70 g/l (T3) (64.43%) 258 

and EM + sucrose 60 g/l (T2) (57.22%). Minimum response coefficient percentage was 259 

established in control (T0) (32.78%). The onset of anthocyanin induction in petal-derived callus 260 

was initially inferred from gradual color changes from creamish-white to light pink or reddish 261 

tones following transfer to induction media.  Earliest pigment induction (5.33±0.6 days) was 262 

observed when 80 g/l sucrose (T4) was supplemented followed non-significantly by EM + 263 

sucrose (70 g/l) + ABA (30 µM) (T11) (7.00±1.15 days) and EM + sucrose (80 g/l) + ABA (20 264 

µM) (T12) 7.33 days). Anthocyanin induction was slow when EM medium supplemented with 265 

sucrose 50 g/l (T1) (17.33±1.20 days). Anthocyanin intensification was earliest (8.67±1.20 266 

days) when EM medium supplemented with sucrose 80 g/l (T4) followed non- significantly by 267 

EM + sucrose (80 g/l) + ABA (20 µM) (T12) (9.33±0.88 days) and EM + sucrose (70 g/l) + 268 

ABA (30 µM) (T11) (9.67±0.67 days). Pigmentation was delayed maximum (19.67±0.67 days) 269 

when sucrose was used at 50 g/l (T1). Increasing sucrose concentration and the combined 270 

application of sucrose and ABA resulted in higher response coefficient values and enhanced 271 

pigment intensification. The augmentative effects of sugars and ABA on anthocyanin 272 

accumulation have been reported mainly in the cultured callus of various species (Simões et al., 273 

2009; Chan et al., 2010; Ram et al., 2011). Further, these results showed that anthocyanin 274 

biosynthesis in rose callus was associated with the supplementation of sucrose concentration in 275 

the EM medium. Results of the present investigation suggest that the addition of sucrose up to 276 

an optimum level in the culture medium enhanced anthocyanin biosynthesis in callus cultures 277 

of Rosa × hybrida var. Ashwini. Although sucrose is an indispensable nutrient, it also acts as 278 

an osmotic agent when used at high concentrations (Nagira and Ozeki, 2004). Therefore, 279 

increased sucrose levels in the medium may have imposed moderate osmotic stress on the 280 

cultured tissues, thereby activating physiological responses that stimulated the synthesis of 281 

secondary metabolites, particularly anthocyanins. 282 

Similarly, supplementation with abscisic acid (ABA) may have further enhanced pigment 283 

accumulation through its role in stress adaptation and regulation of physiological responses in 284 

plant tissues. Under such conditions, osmotic stress may also promote the formation of reactive 285 
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oxygen species such as hydrogen peroxide, which can induce anthocyanin accumulation due to 286 

their antioxidant function in reducing oxidative damage. Thus, the combined effects of sucrose 287 

and ABA likely created favourable stress-related physiological conditions for enhanced 288 

anthocyanin production in rose callus cultures (Olivares et al., 2017; Bennett et al., 2023). 289 

 290 
Quantification of anthocyanin pigments 291 

Total anthocyanin content in calli ranged from 0.52 ± 0.06 mg/100 g FW in T0 (EM medium 292 

without sucrose supplementation) to 5.34 ± 0.23 mg/100 g FW in T4 (EM medium 293 

supplemented with 80 g/l sucrose) (Fig. 5). Quantification of pigment content in calli was 294 

highest in treatment T4 (5.34 ± 0.23 mg/100 g FW), corresponding to EM medium 295 

supplemented with 80 g/l sucrose, followed non-significantly by treatment T3 containing 70 g/l 296 

sucrose (5.15 ± 0.13 mg/100 g fresh weight). Among the treatments, T3, T4, T6, and T12 297 

recorded higher anthocyanin content. Treatment T4 was statistically at par with T3, T3 was at 298 

par with T12, and T12 was at par with T6, indicating no significant difference among these 299 

treatments and suggesting that both individual treatments (sucrose or ABA alone) and their 300 

combined application were effective for anthocyanin induction. These findings suggest that 301 

multiple treatment strategies may be utilized for enhanced pigment production in rose callus 302 

cultures. Stereomicroscopic observations (40×) revealed comparative visual differences in red 303 

pigmentation intensity among petal-derived callus cultures of Rosa × hybrida var. Ashwini 304 

under different treatments, indicating variation in anthocyanin accumulation (Fig. 6a–f). 305 

Among all treatments, callus tissues proliferated on 80 g/L sucrose (Fig. 6c) exhibited the most 306 

intense red pigmentation, suggesting enhanced anthocyanin biosynthesis compared with the 307 

other treatments. The present experiment showed earliest and higher accumulation of 308 

anthocyanins in response to optimum sucrose level (80 g/l), which may be attributed to the high 309 

osmotic potential of culture and in response to that the cultures biosynthesized the secondary 310 

metabolite, i.e. anthocyanins. The present findings are supported by number of researchers. 311 

Higher (6-7%) level of sucrose in culture medium resulted more accumulation of anthocyanin 312 

in Vitis vinifera (Cormier et al., 1990) and Rosa × hybrida cv. ‘Charleston’ (Hennayake et al., 313 

2006). Sucrose increases the osmotic potential of culture medium which imposes the osmotic 314 

stress in the cultures, thereby inducing the anthocyanin biosynthesis (Hennayake et al., 2006; 315 

Mathur et al. 2010; Ram et al. 2011). Anthocyanin accumulation was promoted in cell 316 
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suspension culture of Melastoma malabathricum using sucrose as osmoticum (See et al. 2011). 317 

Our results are in accordance with the findings of Ram et al. (2011), they found that the medium 318 

containing 7% sucrose led to the higher anthocyanin induction in callus cultures of Rosa × 319 

hybrida. They suggested that osmotic-stress imposed by high sucrose levels favoured 320 

production of anthocyanins. In anthocyanin biosynthesis, sugars could act as precursors of 321 

metabolic processes and as a signalling molecule for promoting gene expression (Solfanelli et 322 

al., 2006; Weiss, 2000).  Genes coding for dihydroflavonol reductase (DFR) and anthocyanidin 323 

synthase (ANS) were up-regulated and the accumulation of anthocyanins was strongly 324 

increased by sucrose in grape cells (Gollop et al., 2002). Dai et al. (2013) suggested that the 325 

sugar-induced enhancement of anthocyanin accumulation results from altered expression of 326 

regulatory and structural genes (especially UDP-glucose: anthocyanidin 3-O-327 

glucosyltransferase), together with massive reprogramming in signalling transduction 328 

pathways. Lowest anthocyanin content (0.52±0.06 mg/100 g fresh weight) was recorded in 329 

control (EM+0). Pigment content increased to 4.67±0.15 mg/100 g FW when EM medium 330 

supplemented with EM + ABA (30 µM). However, if ABA concentration increases in the EM 331 

medium beyond (30 µM); pigment content decreases (Fig. 5). Abscisic acid was reported to 332 

show enhancing effects on the synthesis of anthocyanin in many plant species like tomato 333 

hypocotyl (Carvalho et al., 2010), grapevine leaves (Pirie and Mullins, 1976) and torenia shoots 334 

(Nagira et al., 2006) and our results are in accordance with that. ABA may enhance anthocyanin 335 

accumulation through stress-related signaling as well as through induction of key biosynthetic 336 

enzymes and regulatory genes involved in the anthocyanin pathway. This is supported by an 337 

increase in the expression of the UFGT (UDP- glucose: flavonoid-3-O-glycosyl tranferase 338 

coding for a specific to the anthocyanin pathway) and VvMYBAl genes (coding for a 339 

transcriptional regulator controlling anthocyanin biosynthesis), as well as other genes coding 340 

upstream located enzymes i.e. PAL-phenylalanine ammonia-lyase, CHI-chalcone isomerase, 341 

CHS- chalcone synthase (Gagné et al., 2011; Ma et al., 2024). Furthermore, ABA has been 342 

reported to induce PAL activity, a key rate-limiting enzyme of the phenylpropanoid pathway 343 

that plays a crucial role in the biosynthesis of anthocyanins and other phenolic compounds, 344 

thereby significantly enhancing pigment accumulation (Koyama et al., 2010).  345 

From Fig. 7, it is evident that the maximum fresh weight (FCW) of callus was observed in the 346 

control (T0) (396.71 ± 1.25 mg), followed by EM + 50 µM ABA (T8) (324.03 ± 5.42 mg). The 347 
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minimum fresh weight (273.64 ± 0.68 mg) was recorded in EM + 80 g/L sucrose (T4). These 348 

results indicate that increasing sucrose concentration in the culture medium significantly 349 

reduced callus growth and biomass accumulation. The maximum biomass accumulation was 350 

recorded in the control (EM medium only), whereas the minimum was observed under high 351 

sucrose treatment. This reduction in growth at elevated sucrose levels may be attributed to 352 

increased osmotic stress in the culture medium, which could limit nutrient uptake and thereby 353 

suppress callus proliferation. Similar findings were reported by Sato et al. (1996), who observed 354 

decreased cell growth in strawberry suspension cultures under high sucrose concentrations due 355 

to increased osmotic potential or medium viscosity.  356 

However, when sucrose (80 g/L) and ABA (20 µM) (T12) were applied in combination, a 357 

pronounced synergistic effect on anthocyanin production was observed, indicating that the 358 

combined application of optimum sucrose and ABA levels positively influenced pigment 359 

accumulation compared with 20 µM ABA alone. These findings are in agreement with 360 

Hiratsuka et al. (2001). 361 

 362 

Correlation among parameters of anthocyanin induction by sucrose and ABA in petal-363 

derived calli of Rosa × hybrida var. Ashwini 364 

A statistically significant positive correlation was observed between the response coefficient 365 

and anthocyanin content (r = 0.960) (Table 3), indicating that higher responsiveness of callus 366 

tissue was associated with greater pigment accumulation. In contrast, a negative correlation was 367 

found between the response coefficient percentage and the days required for pigment initiation 368 

and intensification, suggesting that calli exhibiting early pigment induction tended to have 369 

higher anthocyanin productivity. Similarly, days required for pigment initiation and 370 

intensification were negatively correlated with pigment content, reflecting that prolonged 371 

induction periods resulted in reduced pigment accumulation. Interestingly, a significant positive 372 

correlation was detected among days required for pigment initiation, pigment intensification, 373 

and fresh weight of callus, implying that slower pigment development might coincide with 374 

enhanced biomass accumulation. This inverse relationship between pigment biosynthesis and 375 

growth has been previously reported in various plant tissue cultures, where secondary 376 

metabolite production often occurs at the expense of cell proliferation (Namdeo 2007; Ram et 377 

al. 2011, 2013). A non-significant negative correlation between anthocyanin content and fresh 378 
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cell weight (r = –0.891) further supports this trend. Overall, these correlations highlight the 379 

metabolic trade-off between growth and anthocyanin biosynthesis in Rosa × hybrida callus 380 

cultures under sucrose and ABA treatments. Similar interactions between carbon source 381 

concentration, hormonal regulation, and anthocyanin accumulation have been reported in 382 

Fragaria × ananassa (Xu et al., 2014), and Petunia hybrida (Albert et al., 2014), reinforcing 383 

the role of sucrose and ABA as key regulators of anthocyanin biosynthesis. 384 

Table 2 Effect of sucrose and ABA on anthocyanin pigment production, days to pigment initiation, 385 
and days to pigment intensification in callus cultures of Rosa × hybrida var. Ashwini. 386 

Treatment Response coefficient 

(%) 

Pigment initiation 

(Days) 

Pigment 

intensification 

(Days) 

T0=EM +  0 (control)  29.33±0.55h (32.78) 15.67±0.88a 17.67±0.33a 

T1=EM + sucrose (50 g/l)  51.00±2.84fg (45.56) 17.33±1.20a 19.67±0.67a 

T2=EM + sucrose (60 g/l)  70.33±3.87cd (57.22) 10.67±0.67bcd 13.67±2.40b 

T3=EM + sucrose (70 g/l)  81.33±1.39ab (64.43) 7.33±0.88de 10.67±1.45bcd 

T4=EM + sucrose (80 g/l)  83.67±5.07a (67.03) 5.33±0.66e 8.67±1.20d 

T5=EM + ABA  (20 µM)  53.67±0.83fg (47.08) 8.49±1.81cde 12.33±0.88bcd 

T6=EM + ABA  (30 µM)  71.66±1.13cd (57.84) 8.17±2.18cde 11.67±1.764bcd 

T7=EM + ABA  (40 µM)  44.33±1.26fg (41.72) 10.82±0.62bcd 12.33±0.66bcd 

T8=EM + ABA  (50 µM)  43.33±0.97g (41.15) 10.67±1.20bcd 13.67±0.67b 

T9=EM + sucrose (50 g/ l) + ABA  (50 µM)  50.33±1.01fg (45.17) 11.33±1.20bc 13.66±1.86b 

T10=EM + sucrose (60 g/l) + ABA  (40µM)  54.67±1.12ef (47.66) 12.00±1.00b 13.33±1.20bc 

T11=EM + sucrose (70 g/l) + ABA  (30 µM)  64.33±0.72de (53.31) 7.00±1.15e 9.67±0.67cd 

T12=EM + sucrose (80 g/l) + ABA  (20 µM)  75.000±0.76bc (59.99) 7.33±1.20de 9.33±0.88d 

SEm±  2.12 1.21 1.26 

CD ( P≤0.05)  6.21 3.53 3.69 

*Values in parenthesis are arc sin transformed values. 387 

 388 

 389 
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 390 

Fig. 5. Effect of sucrose and ABA on anthocyanin content in callus cultures of Rosa × hybrida 391 

var. Ashwini, recorded two weeks after culture initiation on pigment induction (EM) medium. 392 
T0=EM + 0 (control), T1=EM + sucrose (50 g/l), T2=EM + sucrose (60 g/l)  393 
T3=EM + sucrose (70 g/l), T4=EM + sucrose (80 g/l) , T5=EM + ABA  (20 µM)  394 
T6=EM + ABA  (30 µM) , T7=EM + ABA  (40 µM) , T8=EM + ABA  (50 µM) 395 
T9=EM + sucrose (50 g/l) + ABA  (50 µM) , T10=EM + sucrose (60 g/l) + ABA  (40 µM) 396 
T11=EM + sucrose (70 g/l) + ABA  (30 µM), T12=EM + sucrose (80 g/l) + ABA  (20 µM) 397 
The same letter on the bar graph did not differ significantly at 5% level of significance when compared by Tukey’s 398 
HSD test. 399 

 400 
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 401 

Fig. 6. Stereomicroscopic (40×) view showing comparative visual differences in red pigmentation 402 

intensity in petal-derived callus cultures of Rosa × hybrida var. Ashwini, recorded two weeks after 403 

culture initiation on pigment induction (EM) medium supplemented with respective treatments. 404 
a. T0=EM + 0 (control) 405 
b. T3=EM + sucrose (70 g/l) 406 
c. T4=EM + sucrose (80 g/l) 407 
d. T6=EM + ABA (30 µM),  408 
e. T11=EM + sucrose (70 g/l) + ABA (30 µM) 409 
f. T12=EM + sucrose (80 g/l) + ABA (20 µM) 410 

 411 

 412 

 413 
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 414 

Fig. 7. Effect of sucrose and ABA on fresh weight of callus in Rosa × hybrida var. Ashwini, 415 

recorded two weeks after culture initiation on pigment induction (EM) medium supplemented with 416 
respective treatments. 417 
T0=EM + 0 (control), T1=EM + sucrose (50 g/l), T2=EM + sucrose (60 g/l)  418 
T3=EM + sucrose (70 g/l), T4=EM + sucrose (80 g/l) , T5=EM + ABA  (20 µM)  419 
T6=EM + ABA  (30 µM) , T7=EM + ABA  (40 µM) , T8=EM + ABA  (50 µM) 420 
T9=EM + sucrose (50 g/l) + ABA  (50 µM) , T10=EM + sucrose (60 g/l) + ABA  (40 µM) 421 
T11=EM + sucrose (70 g/l) + ABA  (30 µM), T12=EM + sucrose (80 g/l) + ABA  (20 µM) 422 
The same letter on the bar graph did not differ significantly at 5% level of significance when compared by Tukey’s 423 
HSD test. 424 

 425 

Table 3 Correlation between different parameters recorded for anthocyanin induction by sucrose 426 

and ABA in petal derived calli of Rosa × hybrida var. Ashwini. 427 

Parameters RCP NDTP Initi. NDTP Inten. AC FCW 

RCP 1 -0.754** -0.713** 0.960** -0.849** 

      

NDTP Initi. 
 

1 0.976** -0.813** 0.612* 

NDTP Inten. 
  

1 -0.790** 0.608* 

AC 
   

1 -0.891** 

FCW 
    

1 

RCI= Response coefficient percentage, NDTP Initi.=Number of days taken for pigment initiation, NDTP Inten.= 428 
Number of days taken for pigment intensification, FCW=Fresh cell weight, AC=Anthocyanin content 429 
*, **Correlation is significantly different at P≤ 0.05 and 0.01 respectively 430 

Conclusion 431 

The present study demonstrated that anthocyanin induction in petal-derived callus cultures of 432 

Rosa × hybrida cv. Ashwini can be effectively enhanced through manipulation of sucrose and 433 

ABA levels in EM medium. Among the treatments tested, EM medium supplemented with 80 434 

g L⁻¹ sucrose produced the highest anthocyanin accumulation, although it was statistically at 435 
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par with 70 g L⁻¹ sucrose. ABA alone also promoted anthocyanin biosynthesis, with 30 µM 436 

ABA being the most effective among the ABA treatments. The combined application of 437 

sucrose and ABA accelerated pigment induction and intensification, indicating a synergistic 438 

influence on anthocyanin biosynthesis. Overall, EM medium supplemented with high sucrose 439 

concentrations (70-80 g L⁻¹), either alone or in combination with ABA, represents an effective 440 

in vitro system for enhanced anthocyanin production in rose callus cultures. While this 441 

optimized protocol demonstrates potential for research-scale pigment induction and 442 

mechanistic studies, further work using natural or GRAS (Generally Recognized as Safe) 443 

elicitors would be necessary to develop a process suitable for food, nutraceutical, or 444 

pharmaceutical applications. 445 

Acknowledgments 446 

 The authors are thankful to ICAR-Indian Agricultural Research Institute, New Delhi for 447 

providing research facilities to conduct this experiment. The first author is grateful to UGC, 448 

New Delhi for awarding a fellowship during the Ph.D. program. 449 

References 450 

1. Ahmad, N., Faisal, M., Anis, M. and Arefl, M. (2010). In vitro callus induction and plant 451 
regeneration from leaf explants of Ruta graveolens L. S. Afr. J. Bot., 76(3): 597–600. 452 

2. Albert, N.W., Davies, K.M., Lewis, D.H., Zhang, H., Montefiori, M., Brendolise, C., 453 
Boase, M.R., Ngo, H., Jameson, P.E. and Schwinn, K.E., 2014. A conserved network of 454 
transcriptional activators and repressors regulates anthocyanin pigmentation in eudicots. 455 
Plant Cell., 26(3): 962-980. https://doi.org/10.1105/tpc.113.122069. 456 

3. Anand, P., Singh, K.P., Prasad, K.V., Kaur, C. and Verma, A.K. (2017). Betalain 457 
estimation and callus induction in different explants of Bougainvillea spp. Indian J. Agric. 458 
Sci., 87(2): 191-196 459 

4. Aswathy, J. M., Sumayya, S. S., Lawarence, B., Kavitha, C. H., & Murugan, K. (2018). 460 
Purification, fractionation and characterization of anthocyanin from in vitro culture of 461 
Bridelia retusa (L) spreng. Indian J. Pharm Sci., 80(1): 52-64.  462 

5. Bennett, J., Meiyalaghan, S., Nguyen, H. M., Boldingh, H., Cooney, J., Elborough, C., ... 463 
& Espley, R. V. (2023). Exogenous abscisic acid and sugar induce a cascade of ripening 464 
events associated with anthocyanin accumulation in cultured Pinot Noir grape 465 
berries. Front. Plant Sci., 14: 1324675. 466 

6. Carvalho, R. F., Quecini, V., & Peres, L. E. P. (2010). Hormonal modulation of 467 
photomorphogenesis-controlled anthocyanin accumulation in tomato (Solanum 468 
lycopersicum L. cv Micro-Tom) hypocotyls: physiological and genetic studies. Plant 469 
Sci., 178(3): 258-264. https://doi.org/10.1016/j.plantsci.2010.01.013. 470 

7. Cavaiuolo, M., Cocetta, G., & Ferrante, A. (2013). The antioxidants changes in ornamental 471 
flowers during development and senescence. Antioxidants, 2(3): 132-472 
155.https://doi.org/10.3390/antiox2030132. 473 

https://doi.org/10.1105/tpc.113.122069


Journal of Agricultural Science and Technology (JAST), 29(1) 

In Press, Pre-Proof Version 
 

20 
 

8. Chan, L. K., Koay, S. S., Boey, P. L., & Bhatt, A. (2010). Effects of abiotic stress on 474 
biomass and anthocyanin production in cell cultures of Melastoma malabathricum. Biol. 475 
Res., 43(1): 127-135. http://dx.doi.org/10.4067/S0716-97602010000100014.  476 

9. Cormier, F., Crevier, H. A., & Do, C. B. (1990). Effects of sucrose concentration on the 477 
accumulation of anthocyanins in grape (Vitis vinifera) cell suspension. Can. J. Bot., 68(8): 478 
1822-1825. https://doi.org/10.1139/b90-236. 479 

10. D’Onofrio, C. and Morini, S. (2003). Simultaneous regeneration of different morphogenic 480 
structures from quince leaves as affected by growth regulator combination and treatment 481 
length. Biol. Plant., 47(3): 321-325. 482 

11. Dai, Z. W., Meddar, M., Renaud, C., Merlin, I., Hilbert, G., Delrot, S., & Gomès, E. (2013). 483 
Long-term in vitro culture of grape berries and its application to assess the effects of sugar 484 
supply on anthocyanin accumulation. J. Exp. Bot., 65(16): 4665-485 
4677.https://doi.org/10.1093/jxb/ert489. 486 

12. Dios-López, A. D., Montalvo-González, E., Andrade-González, I., & Gómez-Leyva, J. F. 487 
(2011). Inducción de antocianinas y compuestos fenólicos en cultivos celulares de jamaica 488 
(Hibiscus sabdariffa L.) in vitro. Rev. Chapingo ser. hortic., 17(2): 77-87. 489 

13. Do, C.B. and Cormier, F. (1990). Accumulation of anthocyanins enhanced by a high 490 
osmotic potential in grape (Vitis vinifera L.) cell suspensions. Plant Cell Rep.,9(3):143-491 
146.  492 

14. Duangporn, P. and Siripong, P. (2009). Effect of auxin and cytokinin on phyllanthusol a 493 
production by callus cultures of Phyllanthus acidus Skeels. Am Eurasian J Agric Environ 494 
Sci., 5: 258–263. 495 

15. El-Nabarawy, M.A., El-Kafafi, S.H., Hamza, M.A. and Omar, M.A. (2015). The effect of 496 
some factors on stimulating the growth and production of active substances in Zingiber 497 
officinale callus cultures. Ann. Agric. Sci., 60(1): 1-9. 498 

16. Ferrara, G., Mazzeo, A., Matarrese, A. M. S., Pacucci, C., Punzi, R., Faccia, M., ... & 499 
Gambacorta, G. (2015). Application of abscisic acid (S‐ABA) and sucrose to improve 500 
colour, anthocyanin content and antioxidant activity of cv. Crimson Seedless grape 501 
berries. Aust. J. Grape Wine Res., 21(1): 18-29.  502 

17. Gagné, S., Cluzet, S., Mérillon, J.M. and Gény, L. (2011). ABA initiates anthocyanin 503 
production in grape cell cultures. J. Plant Growth Regul., 30(1):1-10. DOI: 504 
10.1007/s00344-010-9165-9 505 

18. Ge, Q. and Ma, X. (2013). Composition and antioxidant activity of anthocyanins isolated 506 
from Yunnan edible rose (An ning). FSHW., 2(2): 68-74. 507 
http://dx.doi.org/10.1016/j.fshw.2013.04.001 508 

19. Ge, Q., & Ma, X. (2013). Composition and antioxidant activity of anthocyanins isolated 509 
from Yunnan edible rose (An ning). FSHW., 2(2): 68-74. 510 
https://doi.org/10.1016/j.fshw.2013.04.001. 511 

20. Gollop, R., Even, S., Colova‐Tsolova, V., & Perl, A. (2002). Expression of the grape 512 
dihydroflavonol reductase gene and analysis of its promoter region. J. Exp. Bot., 53(373): 513 
1397-1409. https://doi.org/10.1093/jexbot/53.373.1397. 514 

21. Hegde, A. S., Gupta, S., Sharma, S., Srivatsan, V., & Kumari, P. (2022). Edible rose 515 
flowers: A doorway to gastronomic and nutraceutical research. Food Res. Int., 162: 516 
111977. https://doi.org/10.1016/j.foodres.2022.111977. 517 

22. Hennayake, C. K., Takagi, S., Nishimura, K., Kanechi, M., Uno, Y., & Inagaki, N. (2006). 518 
Differential expression of anthocyanin biosynthesis genes in suspension culture cells of 519 
Rosa hybrida cv. Charleston. Plant Biotechnol J., 23(4): 379-385. 520 
https://doi.org/10.5511/plantbiotechnology.23.379. 521 

https://doi.org/10.1016/j.foodres.2022.111977


Journal of Agricultural Science and Technology (JAST), 29(1) 

In Press, Pre-Proof Version 
 

21 
 

23. Hiratsuka, S., Onodera, H., Kawai, Y., Kubo, T., Itoh, H., & Wada, R. (2001). ABA and 522 
sugar effects on anthocyanin formation in grape berry cultured in vitro.  Sci. Hortic., 90(1-523 
2):121-130.https://doi.org/10.1016/S0304-4238(00)00264-8 524 

24. Khoo, H. E., Azlan, A., Tang, S. T., & Lim, S. M. (2017). Anthocyanidins and 525 
anthocyanins: Colored pigments as food, pharmaceutical ingredients, and the potential 526 
health benefits. Food & nutrition research., 61:1 10.1080/16546628.2017.1361779. 527 

25. Koroch, A., Juliani, H.R., Kapteyn, J. and Simon, J.E. (2002). In vitro regeneration of 528 
Echinacea purpurea from leaf explants. PCTOC., 69(1): 79–83. 529 

26. Koyama, K., Sadamatsu, K. and Goto-Yamamoto, N. (2010). Abscisic acid stimulated 530 
ripening and gene expression in berry skins of the Cabernet Sauvignon grape. Funct Integr 531 
Genomics., 10(3): 367-381. DOI 10.1007/s10142-009-0145-8. 532 

27. Kumari, P., & Adarsh., M.N. (2016). Flowers: a new source of nutraceuticals and various 533 
approaches to increase nutraceutical compounds in flowers. Ecol. Environ. Conserv., 22: 534 
971–975. 535 

28. Kumari, P., & Bhargava, B. (2021). Phytochemicals from edible flowers: Opening a new 536 
arena for healthy lifestyle. J. Funct. Foods., 78: 537 
104375.https://doi.org/10.1016/j.jff.2021.104375. 538 

29. Kumari, P., Raju, D. V. S., Prasad, K. V., Singh, K. P., Saha, S., Arora, A., & Hossain, F. 539 
(2017). Quantification and correlation of anthocyanin pigments and their antioxidant 540 
activities in rose (Rosa hybrida) varieties. Indian J. Agric. Sci., 87(10): 1340-1346. 541 

30. Lee, J. H., Lee, H. J., & Choung, M. G. (2011). Anthocyanin compositions and biological 542 
activities from the red petals of Korean edible rose (Rosa hybrida cv. Noblered). Food 543 
Chem., 129(2): 272-278. https://doi.org/10.1016/j.foodchem.2011.04.040. 544 

31. Liu, Y., Tikunov, Y., Schouten, R. E., Marcelis, L. F., Visser, R. G., & Bovy, A. (2018). 545 
Anthocyanin biosynthesis and degradation mechanisms in Solanaceous vegetables: A 546 
review. Front. chem., 6: 52. https://doi.org/10.3389/fchem.2018.00052. 547 

32. Ma, B., Song, Y., Feng, X., Guo, Q., Zhou, L., Zhang, X. and Zhang, C. (2024). Exogenous 548 
abscisic acid regulates anthocyanin biosynthesis and gene expression in blueberry leaves. 549 
Horticulturae, 10(2):192. https://doi.org/10.3390/horticulturae10020192 550 

33. Makunga, N. P., Van Staden, J., & Cress, W. A. (1997). The effect of light and 2, 4-D on 551 
anthocyanin production in Oxalis reclinata callus. Plant Growth Regul., 23:153-552 
158.https://doi.org/10.1023/A:1005966927813. 553 

34. Mathur, A., Mathur, A. K., Gangwar, A., Yadav, S., Verma, P., & Sangwan, R. S. (2010). 554 
Anthocyanin production in a callus line of Panax sikkimensis Ban. In Vitro Cell Dev Biol 555 
Plant., 46: 13-21. https://doi.org/10.1007/s11627-009-9253-3. 556 

35. Matkowski, M. (2004). In vitro isoflavonoid production in callus from different organs of 557 
Pueratia  lobata (Wild.) Ohwi. J. Plant Physiol., 161: 343–346. 558 

36. Mattioli, R., Francioso, A., Mosca, L., & Silva, P. (2020). Anthocyanins: A comprehensive 559 
review of their chemical properties and health effects on cardiovascular and 560 

neurodegenerative diseases. Molecules, 25(17): 3809. 561 
https://doi.org/10.3390/molecules25173809  562 

37. Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bio assays with 563 
tobacco tissue cultures. Physiol. Plant., 15(3).   https://doi.org/10.1007/BF00392116. 564 

38. Nagira, Y., & Ozeki, Y. (2004). A system in which anthocyanin synthesis is induced in 565 
regenerated torenia shoots. J. Plant Res., 117: 377-383.https://doi.org/10.1007/s10265-566 
004-0170-6. 567 

https://doi.org/10.1080/16546628.2017.1361779
https://doi.org/10.3389/fchem.2018.00052
https://doi.org/10.3390/horticulturae10020192
https://doi.org/10.1007/s11627-009-9253-3
https://doi.org/10.3390/molecules25173809


Journal of Agricultural Science and Technology (JAST), 29(1) 

In Press, Pre-Proof Version 
 

22 
 

39. Nagira, Y., Ikegami, K., Koshiba, T., & Ozeki, Y. (2006). Effect of ABA upon anthocyanin 568 
synthesis in regenerated torenia shoots. J. Plant Res.,  119:137-144. 569 
https://doi.org/10.1007/s10265-005-0256-9. 570 

40. Namdeo, A.G., 2007. Plant cell elicitation for production of secondary metabolites: a 571 
review. Pharmacogn Rev., 1(1): 69-79. 572 

41. Nishiyama, Y., & Yamakawa, T. (2004). Effect of medium composition on the production 573 
of anthocyanins by hairy root cultures of Ipomoea batatas. Plant Biotech., 21(5): 411-414. 574 
https://doi.org/10.5511/plantbiotechnology.21.411. 575 

42. Ockermann, P., Headley, L., Lizio, R., & Hansmann, J. (2021). A review of the properties 576 
of anthocyanins and their influence on factors affecting cardiometabolic and cognitive 577 
health. Nutrients, 13(8): 2831. https://doi.org/10.3390/nu13082831. 578 

43. Olivares, D., Contreras, C., Muñoz, V., Rivera, S., González-Agüero, M., Retamales, J., & 579 
Defilippi, B. G. (2017). Relationship among color development, anthocyanin and pigment-580 
related gene expression in ‘Crimson Seedless’ grapes treated with abscisic acid and 581 
sucrose. Plant Physiol. Biochem., 115: 286-297. 582 

44. Pacheco, G., Gagliardi, R.F., Carneiro, L.A., Valls, J.F.M. and Mansur, E. (2008). Plant 583 
regeneration in Arachis stenosperma Krapov. and W.C. Gregory from roots and calluses 584 
derived from leaflets of in vitro plants. In vitro Cell Dev Biol Plant, 44(1): 14–17. 585 

45. Pirie, A., & Mullins, M. G. (1976). Changes in anthocyanin and phenolics content of 586 
grapevine leaf and fruit tissues treated with sucrose, nitrate, and abscisic acid. Plant 587 
Physiol., 58(4): 468-472. https://doi.org/10.1104/pp.58.4.468. 588 

46. Ram, M., Prasad, K. V., Kaur, C., Singh, S. K., Arora, A., & Kumar, S. (2011). Induction 589 
of anthocyanin pigments in callus cultures of Rosa hybrida L. in response to sucrose and 590 
ammonical nitrogen levels.  PCTOC., 104: 171-179.https://doi.org/10.1007/s11240-010-591 
9814-5. 592 

47. Ram, M., Prasad, K. V., Singh, S. K., Hada, B. S., & Kumar, S. (2013). Influence of 593 
salicylic acid and methyl jasmonate elicitation on anthocyanin production in callus cultures 594 
of Rosa hybrida L. PCTOC., 113: 459-467.https://doi.org/10.1007/s11240-013-0287-1. 595 

48. Ram, M., Prasad, K.V., Janakiram, T., Singh, S.K. and Arora, A. (2015). Callus induction 596 
and proliferation from Rosa hybrida leaf explants. Indian J. Hort., 72(3): 444-446. 597 

49. Roy, S., & Rhim, J. W. (2021). Anthocyanin food colorant and its application in pH-598 
responsive color change indicator films. Crit. Rev. Food Sci. Nutr., 61(14): 2297-2325. 599 
https://doi.org/10.1080/10408398.2020.1776211. 600 

50. Sato, K., Nakayama, M., & Shigeta, J. I. (1996). Culturing conditions affecting the 601 
production of anthocyanin in suspended cell cultures of strawberry. Plant Sci., 113(1): 91-602 
98. https://doi.org/10.1016/0168-9452(95)05694-7. 603 

51. See, K.S, Bhatt, A., and Keng, L.C. (2011). Effect of sucrose and methyl jasmonate on 604 
biomass and anthocyanin production in cell suspension culture of Melastoma 605 
malabathricum (Melastomaceae). Revista de biologia tropical., 59(2): 597-606.  606 

52. Simões, C., Bizarri, C. H. B., da Silva Cordeiro, L., de Castro, T. C., Coutada, L. C. M., da 607 
Silva, A. J. R., ... & Mansur, E. (2009). Anthocyanin production in callus cultures of 608 
Cleome rosea: modulation by culture conditions and characterization of pigments by means 609 
of HPLC-DAD/ESIMS. Plant Physiol. Biochem., 47(10): 895-610 
903.https://doi.org/10.1016/j.plaphy.2009.06.005. 611 

53. Solfanelli, C., Poggi, A., Loreti, E., Alpi, A., & Perata, P. (2006). Sucrose-specific 612 
induction of the anthocyanin biosynthetic pathway in Arabidopsis. Plant Physiol., 140(2): 613 
637-646. https://doi.org/10.1104/pp.105.072579. 614 

https://doi.org/10.1007/s10265-005-0256-9
https://doi.org/10.3390/nu13082831
https://doi.org/10.1104/pp.58.4.468
https://doi.org/10.1080/10408398.2020.1776211


Journal of Agricultural Science and Technology (JAST), 29(1) 

In Press, Pre-Proof Version 
 

23 
 

54. Sudha, G., & Ravishankar, G. A. (2003). Elicitation of anthocyanin production in callus 615 
cultures of Daucus carota and the involvement of methyl jasmonate and salicylic 616 
acid. Acta Physiol. Plant., 25: 249-256. https://doi.org/10.1007/s11738-003-0005-4. 617 

55. Sun, J., Wang, Y., Chen, X., Gong, X., Wang, N., Ma, L., Qiu, Y., Wang, Y. and Feng, S. 618 
(2017). Effects of methyl jasmonate and abscisic acid on anthocyanin biosynthesis in callus 619 
cultures of red-fleshed apple (Malus sieversii f. niedzwetzkyana). PCTOC ,130(2):227-620 
237. 621 

56. Takeda, T., Inomata, M., Matsuoka, H., Hikuma, M., & Furusaki, S. (2003). Release of 622 
anthocyanin from strawberry cultured cells with heating treatment. Biochem. Eng. 623 
J., 15(3): 205-210. https://doi.org/10.1016/S1369-703X(02)00213-9. 624 

57. Verma, A., Singh, R. and Singh, S. (2012). Alkaloid content in callus culture of 625 
Catharanthus roseus. Botanica Serbica, 36 (2), 123–130. 626 

58. Weiss, D. (2000). Regulation of flower pigmentation and growth: multiple signaling 627 
pathways control anthocyanin synthesis in expanding petals. Physiol. Plant., 110(2): 152-628 
157. https://doi.org/10.1034/j.1399-3054.2000.110202.x. 629 

59. Wrolstad, R. E., Durst, R. W., & Lee, J. (2005). Tracking color and pigment changes in 630 
anthocyanin products. Trends Food Sci. Technol., 16(9): 423-631 
428.https://doi.org/10.1016/j.tifs.2005.03.019. 632 

60. Xu, W., Peng, H., Yang, T., Whitaker, B., Huang, L., Sun, J. and Chen, P., 2014. Effect of 633 
calcium on strawberry fruit flavonoid pathway gene expression and anthocyanin 634 
accumulation. Plant Physiol. Biochem., 82: 289-298. DOI: 10.1016/j.plaphy.2014.06.015 635 

61. Yamamoto, Y., Kinoshita, Y., Watanabe, S., & Yamada, Y. (1989). Anthocyanin 636 
production in suspension cultures of high-producing cells of Euphorbia millii. Agric. Biol. 637 
Chem., 53(2): 417-423.https://doi.org/10.1080/00021369.1989.10869303. 638 

62. Zhang, W., Seki, M., & Furusaki, S. (1997). Effect of temperature and its shift on growth 639 
and anthocyanin production in suspension cultures of strawberry cells. Plant Sci., 127(2): 640 
207-214. https://doi.org/10.1016/S0168-9452(97)00124-6.  641 

https://doi.org/10.1016/S1369-703X(02)00213-9
https://doi.org/10.1016/S0168-9452(97)00124-6

