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Abstract: 11 

 12 
Ixora coccinea flowers are a potential source of natural pigments, but the use of carbonated water for their 13 

extraction and subsequent stability of the resulting extract require further evaluation. This study investigated 14 

carbonated water as an extraction medium and assessed the resulting crude flower extract using 15 

spectrophotometric measurements. Monomeric Anthocyanin Content (MAC) was determined by the pH 16 

differential method, while the absorbance at 520 nm and browning index (BI) were used to monitor changes in 17 

color-related responses. Carbonated water, distilled water, and acidified ethanol were compared under the 18 

extraction conditions specified in the study. The effects of flower-to-solvent ratio and post-harvest withering were 19 

also examined. Storage conditions were evaluated with respect to light and temperature, and response surface 20 

methodology was applied to investigate the effects of flower mass and storage temperature on MAC and BI. Under 21 

the tested conditions, dark and refrigerated storage were associated with better retention of the measured 22 

responses. The model-derived operating conditions and their experimental validation are reported after 23 

verification of the model structure and calculations. These findings provide preliminary evidence for the use of 24 

carbonated water in extracting Ixora coccinea flower pigments and identify processing and storage variables for 25 

further investigation in food-colorant development.  26 

 27 
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1. Introduction 65 

 66 
Anthocyanins are water-soluble polyphenolic pigments widely distributed in fruits, vegetables, and flowers and are 67 

increasingly investigated as natural alternatives to synthetic food colorants. The recovery of anthocyanins from plant 68 

materials has attracted considerable interest, particularly through extraction approaches that can improve pigment 69 

recovery while reducing reliance on conventional organic solvents. Green and food-compatible extraction strategies 70 

are therefore being explored for the development of naturally derived food colorants [1]. However, anthocyanins are 71 

inherently susceptible to structural and color changes during processing and storage, with pH, temperature, oxygen 72 

and light influencing their stability. Therefore, quantitative assessment of pigment content and color-related changes 73 

is important when evaluating extraction systems intended for food-colorant applications [2].  74 

Ixora coccinea L, commonly known as the Rangan flower, belongs to the family of Rubiaceae and is characterized by 75 

intensely colored flowers ranging from red to orange and other bright shades. It is widely cultivated in tropical and 76 

subtropical regions and represents a potentially useful botanical source of natural pigments [3, 4]. Previous studies 77 

have reported anthocyanins and other flavonoid pigments in Ixora flowers, including cyanidin-3- rutinoside and 78 

delphinidin derivatives, which contribute to their characteristic red to purple-red coloration [4]. Interactions among 79 

co-occurring flavonoids may also influence the color and stability of the pigments [5].    80 

The intense coloration of Ixora flowers has led to their investigation as a source of natural dyes for several applications 81 

[6, 7]. However, applications outside the food sector do not establish the suitability of the pigment as a food colorant, 82 

for which the extraction medium, pigment recovery, color stability, and processing compatibility are particularly 83 

important.  84 

For pigment recovery, Ixora flowers have been used either directly in dried and powdered form or subjected to 85 

solvent-based extraction.  Previous extraction approaches have commonly employed acidified ethanol and other 86 

organic solvent systems to facilitate pigment recovery [4, 8, 9]. Although such systems can facilitate pigment 87 

recovery, their use may introduce additional considerations related to solvent handling, recovery, residual solvent, 88 

and suitability for direct food applications [10]. Consequently, food compatible aqueous extraction systems ae of 89 

particular interest for the development of naturally derived food colorants. Green extraction approaches using 90 

water and other alternative solvent systems have therefore received increasing attention [1, 11]; however, the 91 

application of food-compatible green extraction systems to Ixora coccinea pigments remains insufficiently 92 

investigated.  93 

The use of food-compatible solvents is an important consideration in the development of extraction processes for 94 

natural food colorants [10]. Carbonated water represents a potentially useful aqueous extraction medium because 95 

dissolved carbon dioxide generates a mildly acidic environment that may favor anthocyanin extraction and color 96 

expression [12]. Its food-compatible nature may also reduce the need for subsequent removal of organic solvents, 97 

thereby simplifying the extraction process. Despite the growing interest in green extraction technologies, the use 98 

of carbonated water for recovering pigments from Ixora coccinea flowers has not been systematically investigated. 99 

To the best of our knowledge, the systematic evaluation of carbonated water as a food-compatible extraction 100 

medium for anthocyanin-rich pigments from Ixora coccinea flowers has not been reported. Accordingly, this study 101 

investigated carbonated water as an extraction medium and compared its performance with distilled water and 102 

acidified ethanol. The effects of flower-to-solvent ratio and post-harvest withering were evaluated, followed by 103 

assessment of pigment stability under different light and temperature conditions. Monomeric anthocyanin content, 104 
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absorbance at 520 nm, and browning index were used to characterize pigment behavior, while response surface 105 

methodology was applied to optimize selected processing and storage variables. The study aimed to assess the 106 

potential of carbonated water as a simple, food-compatible extraction approach for anthocyanin-rich Ixora 107 

coccinea pigments while maintaining pigment quality during storage.   108 

2. Materials and methods 109 

 110 
2.1 Chemicals and flower preparation 111 

 112 

The chemicals used in this study were of reagent grade and were procured from Merck Chemicals, Germany. 113 

Commercial carbonated water (soda water) manufactured by PepsiCO, India was used as the aqueous extraction 114 

medium. According to the manufacturer’s product label, the product contains purified water, carbon dioxide, and 115 

sodium, with a reported pH of approximately 3-4. Deep-red flowers of Ixora coccinea were collected from local 116 

gardens in Haldia, East Midnapur district, West Bengal, India. The flowers were manually separated from the 117 

stalks, and damaged or visibly spoiled flowers were discarded. The selected flowers were rinsed with water, and 118 

surface dried in shade for around 4 hours under ambient conditions. The dried flowers were subsequently cut into 119 

smaller pieces using sterile scissors before extraction to facilitate contact between the plant material snd extraction 120 

solvent and promote pigment release [4]. 121 

2.2 Solvent selection and extraction procedure 122 

 123 

Four extraction conditions involving three solvent systems were evaluated to identify a suitable medium for 124 

extracting anthocyanin-rich pigments from Ixora coccinea flowers. A solvent-to-flower ratio of 60 mL/g (1:60 125 

w/v) was maintained for all extraction treatments based on the procedure reported by Patil and Datar [4]. The cut 126 

flower material and extraction medium were transferred to 100-mL conical flasks, which were cotton-plugged 127 

during extraction.  128 

The extraction conditions were as follows: 129 

i. 70% ethanol acidified with 0.1 (M) hydrochloric acid, maintained at 28 ˚C with shaking at 150 rpm for 50 130 

minutes (ET) [8]. 131 

ii. Distilled water maintained at 80˚C for 50 minutes (DW) [9]. 132 

iii. Carbonated water maintained at 80 ˚C for 50 minutes (SW). 133 

iv. Carbonated water maintained at 28 ˚C with shaking at 150 rpm for 50 minutes (SWS). 134 

 135 

For the 80˚C treatments, temperature-controlled hot plates were used, whereas an incubator shaker was employed 136 

for the 28 ˚C treatment. Carbonated water was evaluated under both heated and non-heated conditions, with the 137 

latter combined with agitation, to assess the effects of temperature and shaking on pigment extraction. 138 

The extracted solutions were initially evaluated visually for color retention at approximately 7-day intervals for 139 

30 days. Based on the visual screening, selected extracts were subsequently analyzed spectrophotometrically at 140 

520 nm using a UV-Visible dual-beam spectrophotometer (Simadzu UV-1800) to monitor changes in optical 141 

absorbance during storage [13]. 142 

2.3 Optimization of solvent-to-flower ratio and post-harvest flower age 143 

To determine an appropriate flower-to-solvent ratio for pigment extraction, the mass of flower material was varied 144 
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from 1 to 10 g while maintaining the solvent volume of 60 mL. The resulting extracts were evaluated by measuring 145 

absorbance at 520 nm using a UV-Visible spectrophotometer. The flower-to-solvent ratio was selected based on 146 

the observed extraction response together with the visual appearance of the extracts.   147 

Total anthocyanin content of flowers may change during the post-harvest period because pigment synthesis, 148 

degradation, oxidation, and other biochemical processes can continue after harvest [14, 15]. Therefore freshly 149 

harvested Ixora coccinea flowers were evaluated at different post-harvest ages, corresponding to 0-4 days after 150 

harvest, to determine the effect of post-harvest ageing on monomeric anthocyanin content. Monomeric 151 

anthocyanin content (MAC) was determined using pH differential spectrophotometric method in triplicate [13], with 152 

the procedure adapted for Ixora coccinea based on the method reported by Patil and Datar [4]. The extract were diluted 153 

separately with potassium chloride buffer (pH 1.0) and a sodium acetate buffer (pH 4.5) at a dilution ratio of 1:4. 154 

Absorbance was measured at 520 and 700 nm after a few minute incubation at room temperature, with distilled 155 

water used as the blank. The absorbance difference (∆A) was calculated as:  156 

∆A= [A520- A700] pH1-[A520- A700] pH4.5 157 

 158 

Mac was expressed as cyanidine-3-o-rutinoside equivalents (mg/L), using a molecular weight (MW) of 595.2 g/mole, 159 

a molar extinction coefficient (€) of 7000 L mol-1 cm-1 , the dilution factor (DF) of 1 part to 4 part, and a path length 160 

(l) of 1 cm, according to the following equation: 161 

 162 𝑀𝐴 =  ∆𝐴 ܺ 𝑀ܹ ܺ 1 ܺ ∋1000 ܺ ܨܦ  …………………………………………… (1) 163 

2.4 Determination of post-extraction assessment time 164 

 165 
Following extraction, the pigment extract may undergo changes in color and optical properties during holding. 166 

Therefore the post-extraction assessment period was determined by monitoring the browning index (BI) of freshly 167 

prepared carbonated-water extracts at regular time intervals. The browning index (BI) was determined 168 

spectrophotometrically using absorbance measurements at 520 and 420 nm, calculated as the ration of absorbance 169 

at  520 nm to that at 420 nm, as described below- 170 ܫܤ = ஺420஺520 …………………………….. (2) 171 

Freshly extracted carbonated-water pigment was analyzed immediately after extraction and subsequently at 3-h 172 

intervals for up to 24 h. During this assessment period, samples were maintained under ambient atmospheric conditions 173 

[16]. 174 

2.5 Optimization of storage conditions using OFAT and RSM 175 

 176 

Following the preliminary optimization of extraction ratio, post-harvest flower age, and post-extraction 177 

assessment period, the selected conditions were kept constant during the storage-stability experiments. The effects 178 

of light exposure were initially evaluated using a one-factor-at-a-time (OFAT) approach under three conditions: 179 

ambient room light exposure, direct sunlight exposure, and complete darkness. Temperature effects were 180 

evaluated under four conditions: room temperature (30 °C), refrigerator temperature (4-6 °C), air conditioned (15-181 

20 °C), and elevated temperature storage conditions, respectively (40 °C) [4, 17].  182 
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Based on the OFAT results, temperature and flower amount were selected as the principal variables for subsequent 183 

multivariate optimization. A central composite design (CCD) under response surface methodology (RSM) was 184 

then employed to evaluate their combined effects on monomeric anthocyanin content and browning index. The 185 

experimental data were analyzed using response surface methodology with a central composite design 186 

implemented in Design-Expert software version 7.0.0, (2021), Stat-Ease Inc. (Minneapolis, USA). Temperature 187 

and flower amount were used as the independent variables, while monomeric anthocyanin content and browning 188 

index were used as the response variables. 189 

2.6 Statistical analysis 190 

All experiments were performed in three independent replicates, and the results are presented as (mean ± standard 191 

deviation). Statistical differences among treatments were evaluated using one-way or two-way analysis of 192 

variance (ANOVA), as appropriate. A significance level of p < 0.05 was considered statistically significant. Where 193 

applicable, significant differences among treatments were further evaluated using Fisher’s post hoc test. Response 194 

surface analysis and optimization were performed using Design-Expert software version 7.0.0, (2021), Stat-Ease 195 

Inc. (Minneapolis, USA). 196 

3 Results and discussion  197 

3.1 Performance of extraction solvent 198 

 199 
The extraction behavior differed markedly among the solvent systems. SWS did not produce a visibly colored 200 

extract, whereas acidified ethanol (ET) produced an orange extract that gradually shifted toward yellow during 201 

storage. In contrast, both distilled water (DW) and Carbonated water (SW) produced red to deep-pink extracts, 202 

with comparatively better visual color retention over the 30-day observation period (Fig 1). Because anthocyanins 203 

are water-soluble flavonoid pigments whose color expression is strongly influenced by the extraction environment 204 

and subsequent storage conditions, the observed differences in extract color provide an initial indication of 205 

differences in pigment recovery and stability [2, 4]. 206 

 207 

 208 
Figure 1: Visual color retention of Ixora coccinea pigment extracts prepared utilizing different extraction 209 

conditions during 30 days of storage. From left to right: acidified ethanol (ET), carbonated water at 80 °C (SW), 210 

distilled water (DW), and carbonated water at 28 °C with shaking (SWS). 211 
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However, visual color alone cannot distinguish intact monomeric anthocyanins from degradation or 212 

polymerization products and was therefore followed by spectrophotometric assessment. As DW and SW 213 

demonstrated better visual color retention than the other two extraction conditions, these two extracts were selected 214 

for quantitative spectrophotometric monitoring over a 30-day period.  Absorbance was monitored at 520 nm as an 215 

indicator of the color intensity associated with anthocyanin pigments, following the established 216 

spectrophotometric approach for anthocyanin-rich extracts [13]. Anthocyanins have been reported as major 217 

pigments in Ixora flowers, together with other phenolic constituents such as flavonoids [4, 18]. The absorbance 218 

profiles of the DW and SW extracts are presented in Fig 2, and the corresponding two-way ANOVA results are 219 

presented in Table 1. 220 

 221 

 222 

Figure 2: Changes in absorbance at 520 nm of Ixora coccinea pigment extracts prepared using distilled water 223 

(DW) and carbonated water (SW) during 30 days of storage.  224 

Table 1: Two-way ANOVA data for selection of extraction solution with respect to time 225 

 226 
Source of Variation 

SS df MS F P-value F crit 

Solvent type 0.139537 1 0.139537 338.7922 5.24E-14 4.351244 

Storage time 1.789633 4 0.447408 1086.294 4.47E-23 2.866081 

Solvent x Storage time  0.503069 4 0.125767 305.3594 1.28E-17 2.866081 

Error 0.008237 20 0.000412    

Total 2.440477 29     

 227 

Immediately after extraction, the Day 0 absorbance value of the DW extract was lower than that of the SW extract, 228 

indicating a greater initial color response in the carbonated-water extract. This observation was consistent with the 229 
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visual assessment of color intensity. Both extracts maintained relatively stable absorbance values up to Day 14, after 230 

which a noticeable increase was observed. The subsequent increase in absorbance was lower in the SW extract than in 231 

the DW extract, suggesting comparatively lower development of dark-colored products in the carbonated-water extract 232 

during storage. Two-way ANOVA showed that solvent type, storage time, and their interaction had significant effects on the 233 

measured absorbance (p < 0.001 for all three effects; Table 1). This indicates that the change in absorbance during storage 234 

depended on both the extraction medium and storage time. 235 

The increase in absorbance observed during storage may be associated with the development of brown-colored 236 

products resulting from anthocyanin degradation and subsequent condensation or polymerization reactions. 237 

Anthocyanin stability is influenced by several factors, including pH, temperature, oxygen and light, and structural 238 

transformations during storage can alter the observed color response [2, 19]. The comparatively lower increase in 239 

absorbance observed for SW than for DW suggests lower development of dark-colored products in the carbonated-240 

water extract under the tested storage conditions. Heating of carbonated water can cause partial loss of dissolved 241 

carbon dioxide [20]; nevertheless, the extraction medium remains mildly acidic, which may favor the colored 242 

flavylium form of anthocyanins [2, 21].Therefore, the comparatively favorable color retention observed for SW may 243 

be associated, at least in part, with the acidic aqueous extraction environment. However, individual anthocyanin 244 

transformations were not characterized in the present study, and this proposed mechanism should therefore be 245 

considered interpretative rather than directly demonstrated. Based on the combined visual and spectrophotometric 246 

observations, carbonated water was selected for subsequent optimization. 247 

3.2 Solvent-to-flower ratio 248 

 249 
Flower weight was varied relative to the solvent volume to determine an appropriate flower-to-solvent ratio for 250 

pigment extraction. The extracts exhibited increasing absorbance values at 520 nm with increasing flower weight, as 251 

shown in Table 2. 252 

Table 2: Effect of flower loading on absorbance at 520 nm and flower-to-solvent ratio of carbonated-water Ixora 253 

coccinea extracts. 254 

 255 
Flower weight (g) Amount of solvent (ml) Flower-to-solvent ratio 

(g: ml) 

Absorbance at 520 nm 

1 60 1:60 0.093a 

2 60 1:30 0.188a 

3 60 1:20 0.226b 

4 60 1:15 0.472c 

5 60 1:12 0.596d 

6 60 1:10 0.672e 

7 60 1:8.5 0.953f 

8 60 1:7.5 1.034f 

9 60 1:6.6 1.482g 

10 60 1:6 1.758h 

 256 
 257 

 258 
The increase in absorbance with increase in flower weight indicates a greater color response as more flower material 259 

was extracted using the same solvent volume.  However, at higher flower loadings, the constant volume provided 260 

relatively less solvent per unit mass of flower material, and visible darkening of the extract was observed under 261 

the heating conditions. The characteristic color of the fresh ixora pigment was maintained up to 6 g of flower 262 
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material, whereas a marked increase in absorbance and darkening was observed at higher loadings. Therefore, 6 263 

g of flower material in 60 mL of carbonated water, corresponding to a1:10 flower-to-solvent ratio, was selected 264 

as the working condition for subsequent experiments. 265 

The selected 1:10 flower-to-solvent ratio can be compared with ratios reported in earlier Ixora coccinea studies, 266 

which have varied according to the solvent system and intended application. Reported ratios include 1:60 for 267 

anthocyanin extraction [4], 1:8 for natural color extraction [6], 1:5 for lipstick formulation [22] 1:15 for eco-268 

dyeing [23], and other ratios for cosmetic and dye sensitized solar cell applications [11, 24, 25, 26].  These 269 

differences highlight the influence of extraction conditions and intended application on the choice of flower-to-270 

solvent ratio. In the present study, the 1:10 ratio was selected based on the observed balance between color 271 

response and visual color quality under the tested extraction conditions. 272 

3.3 Effect of post-harvest ageing on monomeric anthocyanin content 273 

 274 
Post-harvest withering markedly affected the measured monomeric anthocyanin content (MAC) of the Ixora 275 

coccinea flower extract (Fig 3). The fresh flowers showed a MAC of 657.26 mg/L, while the value after one day 276 

of withering was 676.82 mg/L; these two values were statistically comparable, as indicated by the same superscript 277 

letter. From the second day onward, the measured MAC increased significantly, reaching 824.77,1017.36 and 278 

1282.22 mg/L after 2, 3 and 4 days of withering, respectively. Thus, under the present experimental conditions, 279 

post-harvest withering was associated with an apparent increase in the spectrophotometrically determined MAC 280 

rather than a decrease [15].   281 

 282 

 283 

Figure 3: Effect of post-harvest withering (0-4 days) on the measured monomeric anthocyanin content (MAC) of 284 

Ixora coccinea extracts prepared with carbonated water. 285 

The increase observed in the spectrophotometrically determined MAC after two or more days of withering should 286 

therefore be interpreted cautiously. Anthocyanin accumulation would not necessarily be expected to increase 287 

progressively during post-harvest senescence, because anthocyanins are susceptible to degradation and structural 288 

transformation during developmental and senescence-related processes [2, 15]. However, the pH-differential 289 
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method used in the present study estimates the monomeric, pH-responsive anthocyanin fraction and does not 290 

provide information on the individual anthocyanin profile or directly demonstrate the formation of degradation 291 

products [27]. Therefore, the increase in measured MAC cannot by itself be interpreted as evidence of de novo 292 

anthocyanin formation. Changes in pigment composition, extract matrix, tissue characteristics during withering, 293 

or the spectrophotometric response of the extract may contribute to the observed increase.  294 

Browning index can provide complementary information on changes in anthocyanin-associated pigmentation 295 

during ageing, as changes in browning have been associated with alterations in anthocyanin content and pigment 296 

composition [16]. However, the present study did not directly quantify individual anthocyanins or polymeric 297 

pigments; therefore, the specific chemical basis of the observed increase in measured MAC cannot be established 298 

from the present data alone. 299 

From a process-development perspective, fresh and one-day-old flowers were therefore selected for subsequent 300 

extraction experiments because they provided comparable measured MAC values without the progressive increase 301 

observed during longer withering periods. This selection minimizes the influence of post-harvest changes on the 302 

starting anthocyanin profile and provides a more consistent raw material for subsequent optimization of the 303 

pigment extraction and storage conditions. The present results also indicate that post-harvest flower age should 304 

be considered as an important pre-extraction variable when developing anthocyanin-rich extracts from Ixora 305 

coccinea.  306 

3.4 Determination of the post-extraction assessment period 307 
 308 
Determination of an appropriate post-extraction assessment period is important for establishing a consistent baseline 309 

for subsequent storage-stability experiments. In the present study, the browning index (BI) of the freshly prepared soda 310 

water extract was monitored over 24 h to capture early changes in pigment-associated optical properties [16]. The BI 311 

values showed only a relatively small change during the observation period, remaining approximately within the range 312 

of 0.5-0.67, with the values becoming more stable toward the end of the 24-h period (Fig. 4). ANOVA indicated 313 

significant variation in BI among the assessment times, while LSD post-hoc analysis showed that BI differed 314 

significantly from the initial value at 3 h and continued to show significant differences among several subsequent time 315 

points up to 15 h. From 18 to 24 h, the BI values did not differ significantly, indicating relative stabilization during the 316 

latter part of the observation period. Based on the observed stabilization within the 24-h observation window, 24 h 317 

was selected as the post-extraction assessment period for the subsequent storage experiments.   318 

The selected 24-h period provides a standardized post-extraction reference point for subsequent storage 319 

experiments. This is particularly relevant for anthocyanin-rich extracts because pigment color and stability are 320 

influenced by factors such as pH, temperature and light exposure, and changes in browning-related optical 321 

properties can accompany anthocyanin degradation [2, 16]. Previous work on Ixora coccinea has also 322 

demonstrated sensitivity of its anthocyanin-rich color extract to light and temperature, supporting the need for a 323 

defined and consistent assessment point before storage studies [4]. The 24-h was therefore used as the common 324 

assessment point for evaluating changes in monomeric anthocyanin content and the browning index under the 325 

subsequent storage conditions.  326 
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Effect of light exposure on MAC after 24 h 
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 327 

Figure 4: Changes in browning index (BI) of the carbonated-water-extracted Ixora coccinea pigment during the 24-328 

h post-extraction holding period 329 

3.5 OFAT assessment of light and temperature dependent pigment stability 330 

 331 
Following the preliminary selection of the extraction ratio and post-extraction assessment period, fresh-cut Ixora 332 

coccinea flowers were extracted with carbonated water at the selected flower-to-solvent ratio. The resulting 333 

extracts were cooled and subsequently evaluated under different light and temperature conditions. The effects of 334 

light exposure on monomeric anthocyanin content (MAC) and browning index (BI) are presented in Fig. 5. 335 

 336 
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Figure 5: Changes in monomeric anthocyanin content (MAC) (a) and browning index (BI) (b) of the Ixora 353 

coccinea pigment extract after 24 h under different light-exposure conditions.  354 
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dark storage maintained the measured monomeric anthocyanin fraction. The greater loss of MAC under light 360 

exposure is consistent with the established photosensitivity of anthocyanins, for which light can promote pigment 361 

degradation and associated color changes [2, 17, 28, 29].   362 

In contrast to MAC, BI increased from 0.50 in the initial extract to 0.850 under room light, 0.917 under direct 363 

sunlight, and 0.866 under dark storage (Fig. 5b). Although direct sunlight produced highest numerical BI, the 364 

overlapping statistical groupings indicate that the BI values among the three light treatments were not completely 365 

separated statistically. Therefore, BI provided weaker discrimination among the light treatments than under the 366 

present experimental conditions. The increase in BI is consistent with the development of brown-colored products 367 

during pigment degradation and associated secondary reactions; however, the present measurements do not permit 368 

identification of the specific chemical compounds responsible for the observed browning [16].  369 

To further assess temperature-dependent stability, the extracts were subsequently stored under dark, temperature-370 

controlled conditions at different temperatures. The effects of storage temperature on MAC and BI are presented in 371 

Fig. 6. 372 

a   373 

b   374 
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Figure 6: Change in monomeric anthocyanin content (MAC) (a) and browning index (BI) (b) of the Ixora coccinea 375 

pigment extract under different storage temperature during 24 h of storage.   376 

Storage temperature had a pronounced effect on both MAC and BI (Fig.6). The initial MAC was 746.97 mg/L, 377 

while the values after 24 h were 677.46 mg/L at room temperature,726.35 mg/L under refrigeration, 679.79 mg/L 378 

under air conditioned conditions, and 620.91 mg/L at the elevated temperature condition. Refrigerated storage 379 

therefore resulted in the highest MAC among the tested storage temperatures and showed less loss of the measured 380 

monomeric anthocyanin fraction than room, air-conditioned, or elevated-temperature storage. Nevertheless, the 381 

refrigerated sample remained below the initial MAC, indicating that refrigeration reduced, but did not completely 382 

prevent, pigment loss during the 24-h storage period. The BI increased from 0.66 initially to 0.812, 0.756, 0.809, 383 

and 1.027 under room, refrigerated, air-conditioned, and elevated-temperature storage, respectively. The highest 384 

BI at the elevated temperature indicates greater development of browning under thermal stress. These temperature-385 

dependent changes are consistent with the established sensitivity of anthocyanins to thermal degradation and with 386 

reports showing improved anthocyanin retention under lower-temperature storage [2, 16, 17, 30]. 387 

A separate pH-dependency experiment was not conducted in the present study because the use of commercial 388 

carbonated water as the extraction solvent was an integral part of the proposed extraction system; therefore, its 389 

inherent acidic pH was intentionally retained rather than independently adjusted [31]. This approach allowed the 390 

stability of the Ixora coccinea pigment to be evaluated under the actual physicochemical conditions of the selected 391 

commercial solvent. Anthocyanin stability is strongly influenced by pH, with acidic conditions generally favoring 392 

the colored flavylium form, whereas increasing pH can promote structural transformations and color loss [2].In 393 

addition, Patil and Datar [4] have previously investigated the stability and pH-dependent behavior of anthocyanins 394 

from Ixora coccinea; therefore, repeating a comparable pH.-dependency experiment was considered redundant 395 

within the scope of the present study. Accordingly, the present work focused on evaluating pigment stability under 396 

the selected carbonated-water extraction system, particularly in relation to light and temperature conditions, rather 397 

than re-evaluating the previously reported influence on pH [4]. 398 

Overall, the OFAT results indicate that light exposure primarily affected the retention of the measured monomeric 399 

anthocyanin fraction, whereas storage temperature influenced both MAC and browning responses more distinctly. 400 

Dark storage maintained MAC at a level statistically comparable to the initial extract, while refrigerated storage 401 

provided the most favorable balance between MAC retention and lower BI among the tested temperatures. These 402 

findings are relevant to anthocyanin-rich polyphenolic food-color systems; however, because total phenolic 403 

content and individual non-anthocyanin polyphenols were mot quantified in the present study, the results should 404 

not be interpreted as evidence of overall polyphenol retention [32].  405 

3.6 Response surface optimization of anthocyanin stability under selected storage conditions 406 

 407 
To further characterize the combined effects of storage temperature and flower loading on pigment stability, a 408 

central composite design (CCD) under response surface methodology (RSM) was applied using Design-Expert 409 

software. Fresh Ixora coccinea flowers were extracted with commercial carbonated water under the selected 410 

extraction conditions, and the resulting extracts were stored under dark conditions for 24 h. Storage temperature 411 

and flower amount were selected as the independent variables, while monomeric anthocyanin content (MAC) and 412 

browning index (BI) were used as the response variables. The experimental ranges and corresponding coded levels 413 

of the independent variables are presented in Table 3. 414 

 415 



 

14  

Table 3: Actual and coded levels of storage temperature and flower amount used as independent variables in the 416 

central composite design for RSM  417 

Factor Name with Unit Low 
Actual 

High 
Actual 

Low 
coded 

High 
coded 

Mean Std. dev 

A Temperature 
(° C) 

4 35 -1.414 1.414 19.500 8.598 

B Amount of Flower 
(g) 

4 7 -1.414 1.414 5.500 0.832 

 418 
The observed and model-predicted values of MAC and BI obtained from the 13 experimental runs are presented 419 

in Table 4  420 

Table 4: Experimental design runs and observed and model-predicted values of monomeric anthocyanin content 421 

(MAC) and browning index (BI) under different combinations of storage temperature and flower amount   422 

 423 

Run Flower Temperature MAC  (mg/L)  BI   

 amount (° C) Observed Predicted Observed   Predicted 

 (g)  Response Response Response   Response 

1 6.56 30.46 537.26 522.44 0.73   0.82 
2 4.00 19.50 324.1 347.29 1.19   1.10 
3 5.50 19.50 485.5 474.78 0.81   0.9 
4 6.56 8.54 614.62 607.41 0.68   0.68 
5 4.44 30.46 369 342.15 1.08   1.11 
6 5.50 19.50 476.03 474.78 0.89   0.9 
7 7.00 19.50 600.25 602.27 0.78   0.69 
8 5.50 19.50 458.72 474.78 0.9   0.9 
9 5.50 19.50 442.2 474.78 0.99   0.9 

10 4.44 8.54 452.24 427.12 0.92   0.97 
11 5.50 35.00 401.24 414.69 1.05   1.0 
12 5.50 19.50 482.95 474.78 0.83   0.9 
13 5.50 4.00 528.02 534.86 0.8   0.8 

 424 
The RSM analysis indicated that the fitted model for MAC was statistically significant (p < 0.0001), with both storage 425 

temperature and flower amount contributing significantly to the observed variation in MAC (Table 5). Storage 426 

temperature showed a significant effect (F= 37.06, p= 0.0001), while flower amount exerted a stronger effect within 427 

the investigated design space (F=166.86, p < 0.0001). The coefficient of determination (R2= 0.9533) indicated that 428 

approximately 95.3 % of the variation in MAC was explained by the fitted model. The adjusted R2 (0.9439) and 429 

predicted R2 (0.9155) were also relatively close, supporting the predictive consistency of the model within the 430 

experimental domain. In addition, the lack-of-fit test was not significant (p=0.4263), indicating that the deviation 431 

between the fitted model and the experimental data was not significantly greater than the pure experimental error. The 432 

adequate precision value of 27.98 was substantially above the commonly used minimum criterion of 4, indicating an 433 

adequate signal for exploring the design space.  434 

The ANOVA results further showed that both storage temperature and flower amount significantly influenced MAC 435 

and BI within the investigated deign space (Table 5). 436 

 437 

 438 

 439 
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Table 5: Analysis of variance (ANOVA) of the fitted RSM models for monomeric anthocyanin content (MAC) and 440 

browning index (BI) 441 

 442 
  Source Sum of 

Squares 

DF F value Prob > F  

 Model 79452.68 2 101.96 <0.0001  Significant  

 A-Temperature 14440.99 1 37.06 0.0001    

 B-Amount of flower 65011.69 1 166.86 <0.0001    

MAC  Residual 3896.18 10      

  Lack of Fit 2556.02 6 1.27 0.4263  Not  

  Pure Error 1340.16 4    Significant  

  Cor Total 83348.86 12      

  Std. Dev. 19.74 R-Squared  0.9533     

 443 
 444 
 445 
 446 
 447 
 448 
 449 
 450 
 451 

 452 
BI 453 

 454 
 455 
 456 

 457 
 Std. Dev. 0.0717 R-Squared 0.8041  

Mean 0.8962 Adj R-Squared 0.7649    

C.V. % 8.00 Pred R-Squared 0.6491    

 PRESS 0.092 Adeq Precision 12.5889    

 458 
Within the investigated design space, increasing flower amount was associated with an increase in the predicted MAC 459 

response, whereas increasing storage temperature was associated with a decrease in MAC. The stronger F-value for 460 

flower amount (166.86) compared with temperature (37.06) indicates that flower amount contributed more strongly to 461 

the variation in MAC within the fitted model. This effect should be interpreted within the experimental range of 4-7 g 462 

of flower material and 4-35 °C, rather than extrapolated beyond the design space. 463 

The temperature-dependent decrease in MAC is consistent with the known thermal sensitivity of anthocyanins. 464 

Anthocyanin degradation during storage can involve structural transformations and loss of the colored monomeric 465 

forms, with higher temperatures generally accelerating these processes. Similar temperature-dependent decreases in 466 

anthocyanin retention have been reported in anthocyanin-rich fruit systems and other plant-derived extracts [2, 17, 19, 467 

30]. The present RSM results therefore reinforce the OFAT observations, in which refrigerated storage showed greater 468 

retention of the measured MAC than the higher-temperature conditions.  469 

For BI, both storage temperature and flower amount were also significant model terms, with flower amount showing 470 

the stronger statistical effect (F= 33.32, p= 0.0002) compared with temperature (F= 7.73, p= 0.0194). The BI model 471 

showed and R2 of 0.8041, with adjusted and predicted R2 values of 0.7649 and 0.6491, respectively. Thus, the model 472 

described the browning response reasonably well, although its predictive performance was lower than that obtained 473 

Mean 474.78 Adj R-Squared 0.9439 
C.V. % 4.16 Pred R-Squared 0.9155 

PRESS 7046.97 Adeq Precision 27.9753 

 Source Sum of 

Squares 

DF F value Prob > F  

Model 0.2108 2 20.52 0.0003 Significant 

A-Temperature 0.0397 1 7.73 0.0194  

B-Amount of flower 0.1711 1 33.32 0.0002  

Residual 0.0513 10    

Lack of Fit 0.0314 6 1.05 0.5039 Not 
Pure Error 0.0199 4   Significant 
Cor Total 0.2621 12    
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for MAC. Within the studied design space, lower storage temperatures were associated with lower BI values, indicating 474 

reduced development of the optical browning response under cooler storage conditions. This trend is consistent with 475 

previous reports showing that storage temperature influences anthocyanin degradation and associated color changes 476 

in anthocyanin-containing food systems [16, 17, 30]. 477 

The response surface further indicated that flower amount positively influenced /mac within the investigated range, 478 

whereas its effect on BI was comparatively smaller in magnitude than its effect on MAC. This difference is also 479 

reflected in the model statistics, with flower amount showing a stronger contribution to MAC than to BI. The response-480 

surface analysis therefore indicates that flower loading is an important process variable for controlling the measured 481 

anthocyanin concentration, while storage temperature is particularly relevant to maintaining anthocyanin retention and 482 

limiting browning during storage.   483 

Based on the fitted response models and the specified optimization criteria, the predicted operating condition was a 484 

storage temperature of 7.3 °C and a flower amount of 6.903 g. At this combination, the model predicted a MAC of 485 

641.276 mg/L and a BI of 0.624. The overall desirability value was 1.0, indicating that the selected combination 486 

simultaneously satisfied the response targets defined for the optimization. These values represent model-derived 487 

conditions within the investigated design space and were subsequently subjected to experimental validation. 488 

Taken together, the response surface analysis slows that the measured monomeric anthocyanin fraction was more 489 

strongly associated with the selected process variables than the browning response. The higher MAC predicted at 490 

lower storage temperatures is consistent with the established susceptibility of anthocyanins to temperature-dependent 491 

degradation, whereas the concurrent decrease in BI indicates reduced development of browning-related optical changes 492 

Under cooler storage conditions. 493 

a  494 
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b  495 

 496 

Figure 7: Three dimensional response-surface plots showing the effects of storage temperature and flower amount 497 

on (a) monomeric anthocyanin content (MAC) and (b) browning index (BI). The plotted points represent 498 

experimental design runs, while the response surfaces represent model-predicted responses within the investigated 499 

design space. 500 

These findings are relevant to the preservation of anthocyanin-rich food-color systems during storage, particularly 501 

where maintaining pigment concentration and limiting color deterioration are simultaneous processing objectives 502 

[2, 17, 30]. 503 

The predicted optimum was subsequently validated experimentally using the selected flower amount and storage 504 

temperature. The experimentally measured MAC was 686.2 mg/L compared with the model-predicted value of 505 

641.276 mg/L, corresponding to an absolute residual error of 5.65 %. For BI, the experimental value was 0.671 506 

compared with the predicted value of 0.624, giving an absolute residual error of 7.0% (Table 6).  507 

Table 6: Experimental validation of the RSM-predicted optimum for monomeric anthocyanin content (MAC) and 508 

browning index (BI) 509 

 510 
Flower Weight 

(g) 

Temperature 

(° C) Predicted 

value 

Experimental 

Value 
Absolute residual 

error (%) 6.903 7.3 

MAC (mg/L) 641.276 686.2 5.65 

BI 0.624 0.671 7 

 511 

The relatively low residual errors indicate reasonable agreement between the model predictions and the experimental 512 

observations under the selected validation conditions. The validation therefore supports the applicability of the fitted 513 

models within the investigated design space.  514 

Overall, the RSM results demonstrate that storage temperature and flower amount were important determinants of the 515 

measured anthocyanin and color responses of the carbonated-water extract. Within the investigated design space, lower 516 
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storage temperature favored retention of MAC and was associated with lower BI, while increasing flower amount 517 

increased the measured MAC response. The mode-derived condition of 7.3 °C and 6.903 g of flower material provided 518 

predicted MAC and Bi values of 641.276 mg/L and 0.624, respectively, and showed reasonable agreement with the 519 

subsequent experimental validation. Because the present study quantified monomeric anthocyanins and browning 520 

responses rather than total phenolic content or individual non-anthocyanin polyphenols, these findings specifically 521 

support the stability of the measured anthocyanin fraction and associated color characteristics rather than overall 522 

polyphenol retention.  523 

3.7 Input-output assessment and process efficiency of Ixora coccinea pigment extraction 524 

 525 

The Input-output characteristics of the selected carbonated-water extraction process were assessed under the 526 

experimentally selected extraction conditions. Fresh Ixora coccinea flowers (6 g) were extracted with 60 mL of 527 

food-grade carbonated water at 80 °C for 50 min, corresponding to a flower-to-solvent ratio of 1:10. This condition 528 

was selected from the preliminary flower-to-solvent ratio experiments based on the measured color response and 529 

visual quality of the extract. 530 

3.7.1 Input-output assessment based on measured MAC 531 

The extract prepared from fresh flowers showed a monomeric anthocyanin content (MAC) of 657.26 mg/L under 532 

the selected analytical conditions. Following extraction and the subsequent experimentally validated storage 533 

condition, the pigment-rich extract showed a measured MAC of 686.2 mg/L, compared with the RSM-predicted 534 

value of 641.28mg/L. The difference between the predicted and experimentally measured values was associated 535 

with an absolute residual error of 5.65%, as reported in the model validation. These values indicate the 536 

concentration of the measured monomeric anthocyanin fraction in the extract and should not be interpreted as a 537 

direct measurement of total anthocyanin recovery from the original flower material. A summary of the principal 538 

input materials, extract output and quantitatively identified process residues is presented in Table 7: 539 

Table 7: Input-output summary of the selected carbonated-water extraction process for Ixora coccinea pigment 540 

Process step Input materials Output products Residual/observed changes 

Preparation 6 g fresh flower Flower-carbonated water mixture 60 ml Non-extractable solids 

Extraction Prepared mixture Pigment rich extract (686.2 mg/L MAC) Floral residue, browning-

related color changes 

Filtration Pigment solution Clear pigment extract Filter cake (floral residue) 

 541 

Estimated monomeric anthocyanin equivalents in 60 mL of extract at the measured MAC: 657.26 mg/L x 0.06 L= 542 

39.44 mg, equivalent to 6.57 mg MAC equivalents per g of fresh flower. 543 

Estimated monomeric anthocyanin equivalents in 60 mL of extract at the experimentally measured MAC: 686.2 544 

mg/L x 0.06 L= 41.17 mg, equivalent to 6.86 mg MAC equivalents per g of fresh flower. 545 

The RSM-derived flower amount of 6.903 g represents the model-predicted optimum within the investigated 546 

design space for the selected MAC and BI response criteria; it should not be interpreted as a directly measured 547 

optimum for total pigment recovery.   548 

The observed browning response (browning index 0.671 under the experimentally validated condition) indicates 549 

color-related changes in the extract; however, the present study did not quantitatively partition anthocyanin losses 550 

among browning, polymerization, oxidation, or retention in the floral residue [16].  551 

Overall, the input-output assessment indicates that the selected carbonated-water process generated an 552 

anthocyanin-containing aqueous extract with a measured MAC of 686.2 mg/L under the experimentally validated 553 
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condition. The corresponding extract-based estimate was 41.17 mg MAC equivalents in 60 mL of extract, or 6.86 554 

mg MAC equivalents per g of fresh flower. These values provide a practical estimate of the measured monomeric 555 

anthocyanin fraction associated with the selected extraction system; however, a complete pigment mass balance 556 

would require quantitative determination of anthocyanins remaining in the floral residue and characterization of 557 

degradation or transformation products.   558 

More broadly, the recovery of naturally derived bioactive compounds from underutilized biological materials is 559 

increasingly aligned with sustainable food and nutrition strategies, in which valorization of biomass can support 560 

both resource efficiency and the development of value-added bioactive ingredients [33].  561 

3.7.2   Energy consumption and sustainability considerations 562 
 563 

The laboratory-scale extraction required a 1000-W plate heater operated for 50 min, corresponding to an electrical 564 

energy input of approximately 0.833 kWh per batch. This value represents the direct heating energy used during 565 

the experimental extraction and does not include energy associated with flower production and transport, 566 

carbonated-water manufacture and packaging, filtration, equipment manufacture, or downstream processing. 567 

Therefore, it should be interpreted as a laboratory process-energy measurement rather than a complete 568 

environmental impact assessment.  569 

The use of a food-compatible aqueous extraction medium nevertheless offers a practical sustainability advantage 570 

by avoiding the need for organic-solvent recovery and reducing the potential burden associated with solvent 571 

residues in a food-color application. The broader principles of solvent selection and sustainable extraction 572 

emphasize reducing hazardous solvent use and considering process requirements across the extraction chain [10, 573 

34]. At larger scale, further reductions in resource use and environmental burden could potentially be achieved 574 

through water reuse, carbon-dioxide recovery, heat recovery, and process integration. These measures, however, 575 

require assessment at pilot or industrial scale before quantitative environmental benefits can be established. Thus, 576 

the present process demonstrates the practical feasibility if using a food-compatible carbonated-water medium at 577 

laboratory scale, while its industrial sustainability will depend on scale-up, heat recovery, solvent and water 578 

management and a complete process-level environmental assessment.  579 

3.7.3 Preliminary environmental impact Assessment  580 

A preliminary laboratory-scale environmental impact estimate was performed to examine the contribution of 581 

extraction heating energy to the process. Based on the experimentally measured extract-based MAC estimate of 582 

6.86 mg MAC equivalents per g of fresh flower and a heating-energy input of 0.833 kWh per batch, the 583 

corresponding laboratory-scale energy intensity was estimated at approximately 20,233 kWh per kg of measured 584 

MAC equivalents. Using the stated Indian grid emission factor of 0.76 kg-equivalent per kWh [35], this 585 

corresponds to approximately 16 kg CO2-equivalent per kg of measured MAC equivalents under the specific 586 

laboratory heating conditions. These values represent a process-energy estimate rather than a complete life-cycle 587 

inventory or life-cycle assessment and should therefore not be extrapolated directly to industrial-scale production. 588 

Carbonated water may offer practical advantages over organic solvent systems in food-color processing because 589 

it is directly food-compatible and does not require removal of residual organic solvent after extraction. However, 590 

a quantitative environmental comparison with ethanol or other organic solvents requires equivalent system 591 

boundaries and functional units covering solvent production, transport, extraction, recovery, and waste 592 

management [10]. Such a comparison was beyond the scope of the present laboratory-scale study.  593 

A complete industrial-scale life-cycle assessment incorporating flower sourcing, transportation, carbonated-water 594 

production and packaging, extraction, heating, filtration, water and CO2 management, and downstream processing 595 

would be required to determine the overall environmental performance of the process [36]. 596 
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The selected process produced a clarified, crude aqueous carbonated water followed by simple physical filtration, 597 

without chromatographic or resin-based purification. The resulting extract contained a measurable monomeric 598 

anthocyanin fraction and therefore represents a preliminary food-color system rather than a purified anthocyanin 599 

preparation. The absence of a solvent-removal step is a practical advantage for food-oriented applications; 600 

however, the crude extract may contain co-extracted sugars, organic acids, phenolic compounds, and other matrix 601 

components that can influence color stability and storage behavior. Further concentration or purification would 602 

therefore be required where a standardized or high-purity anthocyanin colorant is intended [4].  603 

Under the selected experimental conditions, the extract-based estimate corresponded to 6.86 mg MAC equivalents 604 

per g of fresh flower. Patil and Datar reported anthocyanin values for Ixora coccinea in a comparable range of 605 

approximately 6.6-7.0 mg/ g of fresh flower [4].The similarity provides contextual support for the magnitude of 606 

the measured anthocyanin response obtained in the present study; however, differences in extraction conditions, 607 

solvent system, analytical procedures, and reporting basis should be considered when making direct quantitative 608 

comparisons.  609 

Although organic and acidified solvent systems may provide high pigment recovery under specific extraction 610 

conditions, their suitability for direct food applications must also consider solvent safety, residual-solvent 611 

requirements, downstream removal, and process complexity. The use of food-compatible carbonated water 612 

therefore represents a different process-design strategy in which extraction performance is considered together 613 

with food compatibility and downstream processing requirements [10]. 614 

Among the tested storage conditions, dark storage provided the highest retention of the measured MAC in the 615 

light experiment, while refrigerated storage provided the highest MAC among the tested temperature conditions. 616 

These observations are consistent with the established sensitivity of anthocyanins to light and temperature during 617 

storage [2, 17, 28, 29, 30].Taken together, the findings indicate that food-grade carbonated water can provide an 618 

extract with a measured MAC response comparable in magnitude to previously reported Ixora coccinea 619 

anthocyanin values, while offering a food-compatible aqueous extraction route. This type of resource-efficient 620 

recovery of naturally occurring bioactive compounds is consistent with broader food-system strategies aimed at 621 

converting biological materials into value-added ingredients while reducing resource wastage [33]. 622 

Overall, the selected carbonated-water process provided a food-compatible aqueous extract containing a 623 

measurable monomeric anthocyanin fraction, with an extract-based estimate of 6.86 mg MAC equivalents per g 624 

of fresh flower under the experimentally validated condition. The process requires only heating and filtration at 625 

the laboratory scale and avoids a dedicated organic-solvent removal step. These characteristics support the 626 

potential of carbonated water as a practical extraction medium for anthocyanin-containing food-color systems. 627 

However, the present results should be regarded as a laboratory-scale process assessment rather than a complete 628 

pigment recovery or life-cycle analysis. Quantitative determination of anthocyanins remaining in the floral 629 

residue, identification of degradation products, pilot-scale energy assessment, and a full life-cycle assessment 630 

would be required to establish recovery efficiency and environmental performance at industrial scale. 631 

 632 

4 Conclusion 633 

 634 
The present study demonstrated the feasibility of using food-grade carbonated water as an aqueous extraction 635 

medium for obtaining an anthocyanin-containing pigment extract from Ixora coccinea flowers. Among the 636 

extraction systems evaluated, carbonated water provided a favorable color response and was therefore selected 637 

for subsequent optimization. A flower-to-solvent ratio of 1:10 (6 g flower/ 60 mL carbonated water) was selected 638 

based on the balance between pigment-related color response and visual quality of the extract. Post-harvest 639 
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assessment further showed that fresh and one-day-old flowers produced statistically comparable measured 640 

monomeric anthocyanin content (MAC), supporting the use of freshly harvested or short-term post-harvest 641 

material for subsequent processing.   642 

The storage experiments demonstrated that anthocyanin-associated responses were influenced by both light and 643 

temperature. Dark storage maintained the measured MAC at a level statistically comparable to the initial extract, 644 

whereas exposure to room light and direct sunlight resulted in measurable decreases in MAC. Temperature also 645 

produced a clear response, with refrigerated storage showing the highest MAC retention among the tested 646 

temperature conditions, while elevated temperature resulted in greater MAC loss and the highest browning index. 647 

These findings reinforce the sensitivity of anthocyanin-containing extracts to environmental conditions during 648 

storage. Response surface methodology farther established that storage temperature and flower amount 649 

significantly affected both MAC and BI within the investigated experimental domain. Flower amount exerted the 650 

stronger effect on MAC, whereas lower storage temperature favored anthocyanin retention and was associated 651 

with lower browning. The model-derived condition of 7.3 °C and 6.903 g flower material predicted a MAC of 652 

641.276 mg/ L and a browning index of 0.624. Experimental validation yielded 686.2 mg/ L MAC and a browning 653 

index of 0.671, corresponding to absolute residual errors of 5.65% and 7.0%, respectively, supporting the 654 

applicability of the fitted models within the investigated design space.  655 

From a food-processing perspective, the carbonated-water system provides a simple aqueous extraction route 656 

involving heating and filtration without a dedicated organic-solvent removal step. The experimentally validated 657 

extract corresponded to an extract-based estimate of 6.86 mg MAC equivalents per g of fresh flower. This value 658 

should be interpreted as a measure derived from the concentration of the monomeric anthocyanin fraction in the 659 

extract rather than as a complete anthocyanin recovery yield, because anthocyanins remaining in the floral residue 660 

and individual degradation products were not quantitatively determined. 661 

Overall, the findings provide preliminary evidence that Ixora coccinea can serve as a source of anthocyanin-rich, 662 

naturally colored extracts and that carbonated water can function as a food-compatible extraction medium. The 663 

study contributes specifically to the understanding of anthocyanin extraction and stability in a flavonoid-rich plant 664 

matrix, with practical relevance to the development of naturally derived food-color systems. However, because 665 

total phenolic content and individual non-anthocyanin flavonoids were not quantified, the present findings should 666 

not be interpreted as evidence of overall polyphenol or flavonoid retention. Future work should therefore focus 667 

on comprehensive anthocyanin and flavonoid profiling using chromatographic techniques, identification of 668 

degradation products, assessment of antioxidant and other relevant bioactivities, and evaluation of the extract in 669 

representative food matrices. Pilot-scale process assessment and a complete life-cycle evaluation would also be 670 

required to establish the industrial feasibility and environmental performance of the extraction system.  671 
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