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Extraction of Sorrel (Hibiscus sabdariffa var. rubra) Leaf Pigment and Its Utilization as a Natural Colorant for Hard Candy

ABSTRACT
Growing consumer preference for natural additives over synthetic components has influenced formulation strategies for food products across industries. Confectionery is among the industries that have faced considerable pressure to reformulate products. This study investigated the extraction of pigments from dehydrated leaf powder of Hibiscus sabdariffa var. rubra and its use in hard candy as a natural colouring agent. Traditional solvent extraction was carried out using 50% ethanol (v/v) acidified with 0.2%, 0.5%, and 2.0% (w/v) citric acid at a solid-to-liquid ratio of 1:15 (w/v), 32°C, for 60 minutes, followed by refrigerated centrifugation at 6000 rpm for 15 minutes. The supernatant obtained with 2.0% citric acid was analysed for total phenolic content (TPC) using the Folin-Ciocalteu method, total anthocyanin content (TAC) using the pH-differential method (AOAC Official Method 2005.02), and free-radical-scavenging activity using the DPPH assay. The values obtained were 58.0 mg GAE/100 mL for TPC, 55.66 mg CGE/100 mL for TAC, and DPPH inhibition of 76.67%. The selected supernatant was then added to the hard candy syrup after boiling to minimise exposure to high processing temperatures. Colour analysis of the final candy was carried out using CIE L*a*b* colorimetry, yielding values of L* = 48.19, a* = 0.19, b* = 8.98, and ΔE (Hunter) = 0.35, indicating a homogeneous product with amber-orange colouration. The total anthocyanin content of the hard candy was 19.46 mg CGE/100 g, indicating that anthocyanin pigments remained detectable in the finished product. Sensory evaluation using a 9-point hedonic scale indicated favourable scores for all evaluated attributes.  
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1. INTRODUCTION
Colour is an initial sensory cue through which food products communicate information to consumers. In confectionery products, the use of this sensory cue is more than cosmetic; it sets the stage for consumers' expectations about the taste, freshness, and overall nature of the product. Traditionally, this was done using artificial azo dyes, whose tinting capacity, batch-to-batch reproducibility, and stability at the high temperatures used in confectionery manufacturing were highly valued. This situation has undergone significant change over the last ten years. The ban on several dyes in the EU, mandatory labelling of some dyes in various jurisdictions, and the general consumer trend towards recognisable and plant-based ingredients have strengthened the clean-label imperative for the industry (Downham & Collins, 2000; Sigurdson et al., 2017). Recent literature likewise treats plant-derived pigments as clean-label food-colour alternatives while emphasising that technological performance must be considered under processing and storage conditions (Sankaliya et al., 2026; Wijesekara & Xu, 2024).
Among the pigments studied as potential substitutes for synthetic colourants, anthocyanins are of particular interest. Anthocyanins are water-soluble glycosides belonging to the flavonoid class; they produce colours varying from pink to red and violet to blue, depending on the pH, and the red flavylium cation becomes dominant at pH values below 3.5. Below pH 3.5, the chromophore is very colourful and relatively stable against nucleophilic hydration – a major mechanism of anthocyanin pigment degradation (Giusti & Wrolstad, 2003). This makes low-moisture acidic conditions, such as those in boiled sweets, a potentially favourable environment for colouring products with anthocyanins, provided that the thermal treatment used in the manufacture of hard candies is properly controlled (Dangles, 2024; Sigurdson et al., 2017). The feasibility of using roselle anthocyanins in confectionery matrices, including jelly candies, has been demonstrated experimentally (de Moura et al., 2019; Halim et al., 2022). Comparative evaluation of anthocyanin-rich extracts, including hibiscus calyx extracts, further indicates that pigment structure and processing conditions can influence colour stability and application performance in food matrices (Pereira et al., 2024).
Hibiscus sabdariffa L. (Malvaceae) is one of the most studied sources of anthocyanins suitable for food applications. Its juicy red calyces, used in the preparation of commercial beverages known as roselle tea, syrup, and concentrate, are particularly rich in cyanidin-3-sambubioside and delphinidin-3-sambubioside (Grajeda-Iglesias et al., 2016). Studies on the potential of hibiscus as a source of natural colourants have mainly focused on the calyces. However, the leaves of the same plant are consumed in many regions as an acidic leafy vegetable, including southern India and some territories of south-eastern Africa and the Caribbean. There, they are known by names such as gongura, ambadi, kenaf leaf, or sorrel and are used in the preparation of curries, chutneys, and relishes (Morton, 1987; Cissé et al., 2009). Despite their edibility, organic acid content, and high phenolic content (Mohd-Esa et al., 2010), sorrel leaves have received relatively little attention in terms of pigment suitability for food applications. For H. sabdariffa specifically, solvent-based solid-liquid extraction remains a conventional route for anthocyanin recovery, alongside assisted extraction approaches described in the literature (Shastri et al., 2021).
Obtaining useful pigments from leaves presents technical challenges that are less prominent when calyces are processed. This is partly due to the presence of chloroplasts within leaf cells and, consequently, chlorophyll and other products derived from its degradation, such as pheophytins and phaeophorbides. These compounds exhibit broad absorption of light in the yellow-brown spectrum, which makes obtaining an unaltered red anthocyanin extract difficult. Another consideration is the difference in cellular structure between the mesophyll of leaves and thin walls of calyx tissues, which might affect the penetration of solvents. A further issue is the lower anthocyanin concentration of leaves compared to calyces, because of which extracts obtained using less than optimal techniques will not have enough pigment to be used effectively as food colourants (Li et al., 2024; Ndoye et al., 2025).
The literature on confectionery products containing hibiscus-derived pigments has increased steadily; however, it remains limited because the majority of studies use calyx powders and/or non-standardised calyx extracts, while few studies have combined quantitative extract analysis, instrumental colour measurement of the candy, and determination of candy anthocyanin content within a single experimental design (Adeoye et al., 2019; Halim et al., 2022). Furthermore, no study using pigment obtained from hibiscus leaves in the preparation of hard candy (the confectionery product made under the highest temperature conditions) has been carried out, to the best of the authors' knowledge. Therefore, the current work aimed to achieve the following objectives: (i) development of hydroalcoholic extraction using citric acid with dehydration of sorrel leaf powder at three citric acid concentrations; (ii) phytochemical analysis of the resulting extract in terms of total phenolic content, total anthocyanin content, and antioxidant capacity; (iii) incorporation of the resulting extract into hard candy at the boiling stage; (iv) instrumental colour and anthocyanin content determination in the resulting candy; and (v) assessment of sensory acceptability using a hedonic scale.
2. MATERIALS AND METHODS
2.1 Study location and period
Experimental work was conducted in the Food Science and Technology laboratories of the Department of Food and Nutrition, School of Home Science, Babasaheb Bhimrao Ambedkar University (BBAU), Lucknow, Uttar Pradesh, India, between January and May 2026. TPC, TAC, DPPH, CIE L*a*b* colour measurement, and candy TAC were determined externally at the Regional Food Research and Analysis Centre (RFRAC), Lucknow, using validated in-house standard operating procedures.
2.2 Procurement and preparation of raw material
Fresh leaves of sorrel (Hibiscus sabdariffa var. rubra) were collected from a local market in Nellore, Andhra Pradesh, transported to the BBAU laboratory, and prepared fresh. The leaves were sorted manually, and yellowed, wilted, insect-damaged, or lesioned leaves were excluded. Fresh leaves were washed under running tap water and rinsed to remove surface particles. Drained leaves were dried on stainless steel sieves using a rubbing-dry method with cotton muslin. Rub-dried leaves were placed on dehydrator trays in a single layer and dehydrated at 60°C until a constant weight was reached, with measurements taken at 30-minute intervals. The drying of leaves at 60°C was intentionally carried out because drying below 60°C could lead to incomplete denaturation of polyphenol oxidase enzymes that may cause browning, whereas drying above 70°C may cause non-enzymatic browning and chlorophyll pheophytinisation, introducing other colour compounds in the extract. Dehydrated leaves were kept in a desiccator, ground, sieved, and stored in an opaque airtight container at ambient temperature.
2.3 Pigment extraction and supernatant preparation
Solid-liquid extraction was selected because it does not require any specialised capital equipment, uses edible solvents, and is easily scalable—an essential aspect of any potential commercial application. Three types of extraction media were prepared by mixing citric acid at concentrations of 0.2%, 0.5%, and 2.0% (w/v) in 50% ethanol solution (ethanol: water = 1:1, v/v). All solutions were freshly prepared and kept in amber glass bottles to avoid photodegradation. In each case, the plant material was mixed with the acid-ethanol solution at a ratio of 1:15 (w/v) in a closed conical flask. Each flask was stirred on a magnetic hotplate at 32°C (confirmed using a calibrated probe thermometer) for 60 minutes.
After extraction, each suspension was cooled to ambient temperature, placed in microcentrifuge tubes, and centrifuged for 15 minutes at 6000 rpm using a refrigerated centrifuge. The resulting supernatants were carefully transferred to amber vials and kept at 4°C until further use. While the 0.2% acid preparation yielded an opaque, light brown supernatant with little depth of colouration, the 0.5% extract produced a somewhat more saturated reddish-brown liquid; the 2.0% acid preparation produced the darkest brownish-red supernatant. Such colour variation is consistent with the dependence of anthocyanin equilibria on pH: lower pH values shift the equilibrium towards the red flavylium cation (Giusti & Wrolstad, 2003); a higher organic acid concentration may additionally improve solubility through better penetration of the dried leaves (Sankaralingam et al., 2023). Based on colour saturation and usability considerations, the 2.0% citric acid supernatant was chosen as a starting point for all further characterisation and candy production. The brownish-red colouration of the extract is caused by low anthocyanin content and co-extraction of chlorophyll metabolites that absorb in the yellow–brown region.
2.4 Phytochemical characterisation of the supernatant
2.4.1 Total monomeric anthocyanin content (TAC)
The total anthocyanin content (TAC) was determined via the pH differential method (AOAC Official Method 2005.02; RFRAC/INST/SOP20) as described by Lee et al. (2005). The technique is based on the reversibly induced structural transformation of anthocyanins into a coloured oxonium structure at pH 1.0 (0.025 M KCl buffer) and an uncoloured hemiketal structure at pH 4.5 (0.40 M sodium acetate buffer). The absorbance readings were performed at wavelengths of 520 and 700 nm in both buffers using 1 cm quartz cuvettes in a UV-Vis spectrophotometer, after an equilibration period of 15–20 minutes. The corrected absorbance was calculated as A = (A520 − A700)pH 1.0 − (A520 − A700)pH 4.5, and the monomeric anthocyanin content C (mg/L) was calculated as C = (A × MW × DF × 1000) / (ε × l), where MW = 449.2 g/mol, ε = 26,900 L·mol⁻¹.
2.4.2 Total phenolic content (TPC)
The total phenolic content (TPC) was determined by the Folin–Ciocalteu (F-C) colourimetric assay according to the laboratory protocol RFRAC/INST/SOP19 using the procedure of Singleton and Rossi (1965). The technique relies on the reduction of the complexes of phosphomolybdates and phosphotungstates by phenolics, resulting in the formation of a blue-coloured complex, which can be quantified by measuring absorbance at 760–765 nm. A standard curve for gallic acid in the range of 0–100 µg/mL was prepared in triplicate. To analyse each sample, 0.5 mL of diluted supernatant was mixed with 2.5 mL of diluted F-C reagent 1:10 for 5 minutes; afterwards, 2.0 mL of 7.5% sodium carbonate solution was added, and the mixture was incubated in the dark for 30 minutes. The results were presented as mg GAE/100 mL of supernatant.
2.4.3 DPPH radical-scavenging activity
Antioxidant activity was determined from the scavenging of DPPH (2,2-diphenyl-1-picrylhydrazyl) radicals using the method described by Brand-Williams et al. (1995). A fresh 0.1 mM DPPH solution was prepared in methanol and kept at 4°C in dark glass vials. For each run, 1.0 mL of diluted extract was mixed with 3.0 mL of DPPH solution and shaken. The mixture was then incubated in the dark at room temperature for 30 minutes. Absorbance was measured at 517 nm against a methanol blank; for the control, the solvent replaced the sample. Scavenging activity was calculated as follows: %Inhibition = [1 − (Asample / Acontrol)] × 100.
2.5 Hard candy preparation
The hard candy base was made by mixing purified cane sugar, liquid glucose, and water in a stainless-steel pan. It was heated with gentle stirring until all the sugar had dissolved; thereafter, stirring was stopped. It was boiled until it reached the hard-crack stage at 150–155°C as indicated by the candy thermometer and the high total soluble solids measured using a refractometer. Food-grade citric acid was added during the later stages of boiling to ensure that the solution had a slightly acidic pH, which is typical for hard candies and helps preserve the anthocyanins in the finished candy.
For the sorrel-coloured formulation, the boiled candy syrup was removed from the heat and allowed to stand briefly until bubbling subsided. At this low-foaming stage, 1–2 mL of sorrel leaf supernatant per 100 g candy batch was added together with a quantity of citric acid. The solution was then stirred rapidly to distribute the pigment evenly in the syrup, after which the mixture was poured into greased moulds. This procedure was used to reduce thermal degradation of the pigment because post-cooking addition limits exposure of the anthocyanin-containing phase to peak cooking temperatures, consistent with the documented temperature sensitivity of anthocyanins (Sigurdson et al., 2017; Wu et al., 2018).
2.6 Instrumental colour measurement
The colour of the surface of the prepared sorrel-coloured candy was determined using CIE L*a*b* colourimetric analysis (RFRAC/CHEM/SOP56) under A65 illumination with a 10° standard observer, using procedures already in place for the colour of foods (Clydesdale, 1978; Pathare et al., 2013). L* represents lightness, ranging from black (0) to white (100); a* represents the red-green axis, with positive values indicating redness; and b* represents the yellow-blue axis, with positive values indicating yellowness. Colourimeter calibration was carried out using a certified white tile. The colour analysis was performed at three different points on the candy.
2.7 Total anthocyanin content of finished candy
The TAC of the final candy was determined using the same pH differential method used for the supernatant (AOAC 2005.02; RFRAC/INST/SOP20). Known quantities of the candy were placed in a measured amount of distilled water, gently agitated to fully dissolve the sugar matrix, and filtered using Whatman No. 1 filter paper. The filtrate was then subjected to the same procedure used for the supernatant. The data obtained are presented in mg CGE/100 g candy.
2.8 Sensory evaluation
The acceptability of the sorrel-coloured hard candies was assessed using the 9-point hedonic scale described by Peryam and Pilgrim (1957). The 9-point hedonic scale remains a widely used affective method in food research (Wichchukit & O’Mahony, 2015). The semi-trained assessors were adult volunteers from the Department of Food and Nutrition who had previously been oriented to the rating-scale method. Participation was voluntary, and each assessor received a brief description of the purpose of the experiment and ingredient formulation (sorrel leaf extracts, sucrose and glucose syrups, and citric acid) before giving informed consent. No clinical tests were involved in this study; only healthy adults participated voluntarily in the departmental sensory laboratory, which, according to BBAU guidelines, does not require ethics board approval for this type of activity.
The test was performed in a brightly lit, well-ventilated space free from odours other than those of the samples being tested. Each assessor was positioned individually to avoid mutual influence. An individual candy sample was provided to each assessor in a coded cup, along with lukewarm plain water for rinsing the palate. The assessors assessed five candy attributes in the following order: appearance, aroma, taste, mouthfeel, and acceptability. The assessment scale ranged from 1 (dislike very much) to 9 (like very much).
2.9 Statistical treatment
Phytochemical and colour analyses were performed using the in-house validated SOPs of RFRAC. The sensory data were presented as mean ± SD (N = 10 panellists). The percentage of anthocyanin retained in candy from the supernatant was calculated based on the amount of supernatant used per unit weight of candy.
3. RESULTS AND DISCUSSION
3.1 Sorrel leaf powder preparation
Extraction of leaf powder at 60°C yielded a brittle green powder with a distinct acidic smell, consistent with the presence of organic acids in sorrel which is used as a souring agent in local Indian recipes. The selected temperature reflected the competing requirements of sufficient inactivation of polyphenol oxidase enzyme (which causes browning above 55°C), and minimising heat-induced degradation of pigments and chlorophyll synthesis beyond 70°C. Standardisation of particle size through sieving facilitated contact between leaf and extraction solvent during further experimentation. From a supply perspective, the dehydration process reduces dependence on cold storage and provides access to a standardised source throughout the year despite seasonal leaf collection.
3.2 Effect of citric acid concentration on extraction
The visual comparison between the three centrifuged supernatants revealed a clear progressive intensification of the colour with increasing citric acid concentration: 0.2% gave rise to a light brown solution, 0.5% gave a medium brown-red solution, whereas 2.0% resulted in a intense brown-red supernatant. This trend is related to the sensitivity of the anthocyanin equilibrium to changes in pH. Indeed, anthocyanins undergo pH-dependent transformations, and the red flavylium cation prevails at pH < 2–3, whereas hemiketal and chalcone forms prevail with further pH increase. Hence, acidification of the solution shifts a greater proportion of the pigment population towards the coloured forms (Giusti & Wrolstad, 2003). Moreover, an increased acid concentration might facilitate the penetration of the extractant into the dehydrated tissue matrix by electrostatic dissociation of pigment-cell wall bonds (Sankaralingam et al., 2023). A similar concentration-dependent trend was observed by Sankaralingam et al. (2023) for hibiscus pigments under conditions of acidified aqueous extractants, with degradation observed beyond a certain threshold.
All three supernatants failed to yield the desired pure ruby-red colour. Two factors may explain this result. Leaves of the sorrel plant contain anthocyanins in smaller concentrations than the calyx tissue of the same plant because of anatomical differences in the latter tissue (Mohd-Esa et al., 2010), which leads to lower purity of the obtained solution even after the most efficient extraction process. Degradation products of chlorophyll also tend to absorb light across the spectrum from yellow to brown colours, thereby contributing to a diluted brownish-red colour. Centrifugation at 6000 rpm removed most of the suspended fibrous and plastid material but did not remove all the dissolved pheophytins. These limitations should be considered in further research; either selective precipitation of chlorophyll pigments before extraction or an increase in citric acid concentration above 2.0% should be investigated in a full response surface methodology study. However, among the studied supernatants, the 2.0% supernatant was preferred and selected for all subsequent research and candy preparation.
3.3 Phytochemical characterisation of the sorrel leaf supernatant
Table 1 provides the analytical results for the selected supernatant. Together, the three parameters indicate that the extraction protocol resulted in a bioactive-rich and anthocyanin-containing preparation from the sorrel leaves using only food-grade reagents.
Table 1. Phytochemical profile of the optimized sorrel leaf supernatant 
(2.0% citric acid in 50% ethanol, 1:15 w/v, 32°C, 60 min, 6000 rpm centrifugation). Analyses performed at RFRAC, Lucknow. GAE = gallic acid equivalents; CGE = cyanidin-3-glucoside equivalents.
	Parameter
	Value
	Method

	Total Phenolic Content (TPC), mg GAE/100 mL
	58.0
	Folin–Ciocalteu / SOP19

	Total Anthocyanin Content (TAC), mg CGE/100 mL
	55.66
	pH-Differential AOAC 2005.02 / SOP20

	DPPH Radical-Scavenging Activity, % Inhibition
	76.67
	DPPH Assay / SOP88


3.3.1 Total phenolic content
A TPC of 58.0 mg GAE/100 mL suggests that the phenolic components are effectively extracted from the plant material into the hydroalcoholic phase. The list of phenolics reported in Hibiscus sabdariffa plant material includes anthocyanins, quercetin and kaempferol glycosides, chlorogenic and other hydroxycinnamic acids, and condensed tannins—all of which contribute to the F-C reaction (Jafarian et al., 2014; Mohd-Esa et al., 2010). TPC values for roselle calyx extracts obtained using acidified ethanol/water systems have been reported within quite a wide range, from 150 to over 350 mg GAE/100 g dry weight (Haron et al., 2019; Jafarian et al., 2014). Volumetric expression is not suitable for direct comparison since liquid extracts inherently involve dilution; however, the reported value appears plausible for a non-concentrated food product based on the leaf material. Apart from their role in colour development, the presence of phenolics provides additional practical advantages in confectionery production: specifically, the flavonoids, such as rutin and quercetin, can form co-pigmentation complexes with anthocyanins via π-π interactions, improving the colour intensity and thermal stability of the chromophore (Tang et al., 2023)—which may be advantageous during stirring of the hot candy syrup.
3.3.2 Antioxidant activity
DPPH inhibition of 76.67% indicates substantial radical-scavenging activity in the sorrel leaf supernatant, as more than 70% inhibition has been taken as a criterion of scavenging ability of plant extracts (Brand-Williams et al., 1995). Farombi and Fakoya (2005) reported high radical-scavenging and antigenotoxic activities for phenolic fractions of dried H. sabdariffa flower extracts; in turn, Ndoye et al. (2025) demonstrated similar high DPPH inhibition of African roselle extracts obtained using a hydroalcoholic technique. In all these cases, as well as in the current study, TPC and antioxidant activity were reported to be correlated, which is in line with evidence that roselle phenolics possess synergistic antioxidant properties, rather than being attributable to a single substance (Haron et al., 2019). For a candy containing a natural colourant, antioxidant activity may represent an additional product attribute.
3.3.3 Total anthocyanin content
A TAC of 55.66 mg CGE/100 mL represents a substantial level of pigment extraction from a leaf source using conditions compatible with food applications. By way of comparison, Grajeda-Iglesias et al. (2016) found that cyanidin-3-sambubioside and delphinidin-3-sambubioside were the dominant anthocyanins in extracts from H. sabdariffa calyces; these are structurally similar to potential constituents of the leaf TAC, although further HPLC-MS analysis is required for confirmation. Sanou et al. (2022) observed large variations in the anthocyanin content of various H. sabdariffa varieties across multiple harvest seasons, emphasising the need for the appropriate standardisation of raw materials in any attempt during scale-up. In this study, a TAC above 50 mg CGE/100 mL provided a measurable starting pigment concentration for subsequent evaluation during hard candy preparation.
3.4 Instrumental colour and anthocyanin retention of finished candy
3.4.1 CIE L*a*b* colour analysis
CIELAB colour parameters of the finished sorrel-pigmented hard candy are summarized in Table 2.
Table 2. CIE L*a*b* colour parameters of sorrel-pigmented hard candy
 (Method RFRAC/CHEM/SOP56; illuminant A65, 10° observer; n = 3 surface measurement positions per candy piece). ΔL positive = dark bias; ΔE < 1.0 is below the threshold of human visual discrimination.
	Sample
	L*
	ΔL
	a*
	b*
	ΔE (Hunter)

	Sorrel-Pigmented Hard Candy
	48.19
	0.34
	0.19
	8.98
	0.35 (Pass)


An L* value of 48.19 means that the candy is in the medium range of lightness and does not appear visually very dark or very light; this is consistent with an amber or golden appearance. The associated ΔL of 0.34 (dark-bias) indicates only a small lightness difference, and the ΔE value of 0.35 is considerably less than both the just-noticeable-difference limit of 1.0 and the perceptible limit of around 2.0 for the trained observer (Pathare et al., 2013). Thus, the numerical result was consistent with the visual observation that the examined candy surfaces had a uniform colour.
This value of a* indicates only a small positive red contribution, whereas the b* value (8.98) indicates an obvious yellow contribution, placing the candy in the amber-orange range. The comparatively low a* value despite measurable TAC can be explained by anthocyanin equilibria and degradation in a hot, acidic sugar matrix. Hydration reactions reduce the proportion of intensely coloured flavylium species, while thermal degradation and polymerization can increase yellow-brown chromophores (Dangles, 2024; Tang et al., 2023). A shift toward yellow-orange hues under processing is consistent with anthocyanin degradation behaviour reported for roselle extracts and syrup formulations (Cissé et al., 2011; Vargas et al., 2026).
The commercial desirability of an amber-orange-coloured candy depends on the accompanying flavour profile. Amber colours are appropriate for sorrel/hibiscus, citrus or honey flavours, but a deeper red colour would be more congruent for strawberry or cherry flavours. Colour-flavour matching should be tested explicitly in future research. From the perspective of the current study, the achieved amber-orange colour was evaluated positively during sensory tests (Section 3.5), and thus it can be concluded to be appropriate for the sorrel-flavoured candy formulation examined in this study.
3.4.2 Anthocyanin retention in the candy matrix
Table 3 summarizes the TAC values obtained at the extraction stage and after candy processing. The TAC content of the finished candy was 19.46 mg CGE/100 g. Since about 1–2 mL of supernatant (55.66 mg CGE/100 mL) was added per 100 g candy sample, the amount of anthocyanin added varied between 0.56 and 1.11 mg CGE, whereas the reported content of 19.46 mg/100 g in the finished product reflects anthocyanin addition together with concentration associated with water evaporation from the syrup during boiling.
Thermal degradation of roselle anthocyanins follows first-order kinetics and increases with temperature and time (Wu et al., 2018); therefore, limiting contact of the anthocyanin-containing extract with the syrup to the post-boiling stage reduces its thermal exposure. The measurable TAC in the finished candy is consistent with the demonstrated feasibility of retaining hibiscus anthocyanins in confectionery matrices (de Moura et al., 2019; Halim et al., 2022). Adeoye et al. (2019) likewise reported anthocyanin-containing sorrel candy with acceptable sensory properties. In addition, phenolic co-pigments may improve anthocyanin colour stability through co-pigmentation interactions (Tang et al., 2023).
Table 3. Total anthocyanin content
 (TAC) at extraction and after candy processing, both determined by the pH-differential method (AOAC 2005.02 / RFRAC/INST/SOP20). CGE = cyanidin-3-glucoside equivalents.
	Sample
	TAC
	Unit

	Sorrel leaf supernatant (optimized extract)
	55.66
	mg CGE/100 mL

	Sorrel-pigmented hard candy (finished product)
	19.46
	mg CGE/100 g candy


The key finding is that the CIELAB orange-amber colour and TAC value of 19.46 mg/100 g indicate the presence of sorrel leaf extract anthocyanins in the candy rather than colour arising solely from sucrose caramelisation or Maillard reaction products. This finding is relevant to food labelling because any food product labelled as "coloured with sorrel leaf extract" should contain real pigments from the extract.
3.5 Sensory evaluation
Mean hedonic scores for all five assessed attributes are presented in Table 4. Every attribute returned a mean score above 6.0, indicating net liking on the 9-point hedonic scale; four of five attributes were rated at or above 7.0, corresponding to the descriptor "like moderately" (Wichchukit & O’Mahony, 2015).
Table 4. Mean sensory acceptability scores 
(± SD) of sorrel-pigmented hard candies evaluated by semi-trained panelists (n = 10) on a 9-point hedonic scale (1 = dislike extremely; 5 = neither like nor dislike; 9 = like extremely). All scores > 6 indicate net liking.
	Sensory Attribute
	Mean ± SD (n = 10, 9-pt scale)
	Hedonic Descriptor

	Colour / Appearance
	7.2 ± 0.79
	Like moderately

	Aroma
	6.9 ± 0.74
	Like slightly–moderately

	Taste / Flavour
	7.0 ± 0.82
	Like moderately

	Texture / Mouthfeel
	7.3 ± 0.67
	Like moderately

	Overall Acceptability
	7.1 ± 0.74
	Like moderately


Colour/appearance was rated second highest among the five attributes (7.2 ± 0.79). The panellists commented favourably on the product's appearance, including its transparency and even amber colour. This is consistent with the instrumental observation of a positive b* value (8.98) and good chromatic uniformity (ΔE = 0.35). The aroma attribute received the lowest score (6.9 ± 0.74), which is in the net liking category. The mild herbaceous sourness of sorrel could be sensed in this highly sweet matrix. The participants familiar with South Indian cuisine gave positive responses for the aroma attribute.
Flavour (7.0 ± 0.82) met the expected characteristics of an acidulated boiled sweet. It had a mild taste of citric acid complemented by the sweetness of the sucrose-glucose blend. Furthermore, the characteristic taste of sorrel was also apparent, but it did not dominate the taste of the product. Previous roselle/sorrel candy studies likewise show that formulation and roselle concentration can materially affect sensory acceptance (Adeoye et al., 2019; Halim et al., 2022). Texture/mouthfeel received the highest score of 7.3 ± 0.67, indicating that the addition of a small quantity of aqueous supernatant after boiling had no adverse effect on the glassy texture of hard-crack candy. The acceptability score of 7.1 ± 0.74 integrates all sensory attributes, supporting further product development of sorrel-pigmented hard candy.
4. DISCUSSION
The data collected in this study link together three tiers of analysis – extraction chemistry, product analysis, and sensory response – into a framework explaining sorrel leaf pigment performance in a hard candy matrix. In terms of extraction chemistry, the simple and scalable hydroalcoholic acid method produced a supernatant with a total phenolic content (TPC) of 58.0 mg GAE/100 mL, DPPH inhibition of 76.67%, and a total anthocyanin content (TAC) of 55.66 mg CGE/100 mL; anthocyanins remained measurable in the finished candy, with a reported TAC of 19.46 mg CGE/100 g. The CIELAB colour profile of the candy, although amber-orange rather than deep red, can be explained by the known sensitivity of roselle anthocyanins to processing conditions and sugar-matrix formulation (Cissé et al., 2011; Vargas et al., 2026).
The finding that sorrel leaves, rather than the more commonly studied calyces, could serve as a source of natural pigment for candies extends the scope of the present study. While the calyces are limited to collection after flowering, leaves can be harvested throughout the year. In small farm settings, where sorrel is produced mainly for consumption of its leaves as vegetables, the fact that the otherwise wasted leaves can be used as a natural food colourant is consistent with the concept of a circular economy. The sour flavour provided by sorrel leaves, which is valued in southern India, could make it possible to use the extract to contribute flavour to the candy without additional flavouring substances.
The study highlights three areas requiring further investigation. Firstly, full shelf-life determination of the product using controlled temperatures, humidity, and light levels is important since anthocyanins' stability over a long period was not examined. Secondly, optimisation of the extraction process through response surface methodology, considering acid and ethanol levels, temperature, and solid-to-liquid ratios, would facilitate model development. Finally, the identification of anthocyanins present in the sorrel leaf extract using HPLC-MS would help address the absence of compositional identification in the present study.
5. CONCLUSION
The leaves of sorrel (Hibiscus sabdariffa var. rubra) were found to serve as a good matrix for the development of a food-grade colourant containing anthocyanins through hydroalcoholic extraction with acidification. The selected process involving 2.0% citric acid resulted in a supernatant with a TPC of 58.0 mg GAE/100 mL, a TAC of 55.66 mg CGE/100 mL, and DPPH inhibition of 76.67%, indicating measurable phenolic content, anthocyanin content, and radical-scavenging activity. Hard candies prepared through incorporation of the supernatant after boiling possessed a uniform amber-orange colour (L* = 48.19, a* = 0.19, b* = 8.98; ΔE = 0.35) with TAC of 19.46 mg CGE/100 g, showing that anthocyanins were present in the candy rather than its colour being attributable solely to sugar caramelisation or browning. The sensory analysis revealed mean hedonic values of 6.9–7.3 for five attributes, indicating moderate liking of the sample.
Taken together, this body of data places the use of sorrel leaf extract as a reliable and readily available natural substitute for artificial red dyes in boiled candy production on a sound scientific footing, with the additional benefit of being capable of contributing antioxidants to the final product. Its familiarity from local culinary culture in southern India, combined with the perennial nature of the leaves and the simplicity of the extraction process, helps to reduce the barriers to adoption by local confectionery manufacturers. Storage life, HPLC-MS identification of anthocyanins, and sensory testing with appropriate statistical power rank high among these priorities.
6. STUDY LIMITATIONS
This research provides proof-of-concept evidence that sorrel leaves have colourant potential in candies; however, several methodological and scope limitations affect interpretation of the findings. These limitations are outlined below to support appropriate interpretation of the findings and to guide future research.
1. Colours and pigments were measured from a single batch of samples delivered to RFRAC, and neither biological nor processing replicates were run on the extract or candies. Therefore, no statistical analysis of variability (standard deviation or significant differences) of the phytochemical (total phenolic content, total anthocyanin content, DPPH) and colourimetric (L*, a*, b*, ΔE) data could be made, and the data provided in Tables 1 and 2 must be interpreted as single observations and not as mean values from replicated observations. These results require confirmation by repeating the process of extraction and candy production on at least three independent batches of leaves and running the experiment in triplicate.
1. The optimisation of extraction was performed on the basis of visual assessment of the colour of the supernatant at three citric acid concentrations (0.2%, 0.5%, 2.0%), which is not a quantifiable method. The conclusion that 2.0% citric acid is the “optimum” condition is preliminary for extraction because there are no statistically significant comparisons of yields between the different citric acid concentrations. The effects of ethanol concentration, temperature, time, and the ratio of solid to liquid were not studied because these factors were not varied.
1. The individual anthocyanins in the sorrel leaf extract have not been identified or verified using structural analysis. The total amount of anthocyanins measured spectrophotometrically was quantified by the pH-differential method and expressed as cyanidin-3-glucoside equivalents, which involves the simplifying assumption of using a single reference chromophore to calculate the total anthocyanins, and no distinction can be made between different anthocyanin compounds or co-eluting degradation products. Without HPLC-MS (at least HPLC-DAD) identification of individual anthocyanins in the extract, the composition and stability of the anthocyanins responsible for the colouration remain unknown.
1. No shelf-life or stability study was conducted. The candy was analysed immediately after its preparation and the stability of the colour, anthocyanins, and sensory properties of the product during prolonged storage under practical combinations of temperature, relative humidity, and light, including the effect of retail light, was not tested. Considering the temperature-, time- and light-sensitive nature of anthocyanins, there are no data to support shelf-life prediction; however, this key issue was not addressed by the study. The shelf-life study, including kinetic modelling of pigment degradation, is required before corresponding shelf-life claims can be made.
1. As a result of the brown-reddish colour of the supernatant as well as the amber-orange colour of the candy product (as opposed to the ruby-red colour), the colour suggests that chlorophyll co-extracts and chlorophyll degradation products may have contributed to the mixture alongside anthocyanins. No analysis was conducted to determine the extent to which pheophytins and other degradation products of the chlorophyll contributed to the measured b* value of the supernatant or of the candy produced. Thus, it is difficult to interpret the data obtained from the colorimetry as well as the antioxidant tests, because the contribution from the chlorophyll degradation products and other phenolic compounds to the TPC and DPPH tests cannot be ignored.
1. Sensory data were generated using a panel of trained departmental volunteers (n = 10), which represents a significantly smaller sample size than that suggested for consumer-oriented hedonic testing panels. Moreover, this non-randomly selected, semi-trained panel can be expected to generate responses reflecting a limited range of perspectives and can, indeed, generate biases due to familiarity with certain foods (such as South Indian cuisine; familiarity with gongura/sorrel taste could lead to higher aroma and taste scores than might be observed in a broader consumer panel). The absence of statistical comparisons, replicate testing, panel-performance evaluation, and significance testing for descriptive hedonic categories makes it necessary to use randomly selected and naive consumer panels of 30–50 individuals to produce generalisable results.
1. All phytochemical, colourimetric, and anthocyanin-retention measurements were carried out in an external laboratory (RFRAC, Lucknow) using in-house standard operating procedures, without any inter-laboratory verification or validation of the methods (such as recovery, LOD, linearity) or without reference to a certified reference material for this particular matrix (leaf supernatant and candy final product). The validity of the reported absolute values depends on the implicit assumption that the in-house SOPs give the same results for a food matrix as complex as a sugar-candy matrix.
1. No head-to-head comparison was conducted with a manufactured or commercially available red food colouring agent, such as an azo-based synthetic colourant or a concentrated commercial anthocyanin or betalain colourant processed and analysed in the same way as the sorrel leaf extract. Without such a control, the use of sorrel leaf extract as an alternative food colouring agent cannot be empirically verified.
1. The practicality and economic viability for commercialisation were not explored. Extraction yield relative to the amount of dried leaves used, solvent recycling and reusability, raw-material and process costs, and the scalability of the laboratory process (32°C stirred extraction followed by refrigerated centrifugation) were not explored in this study. These factors will ultimately determine the commercial feasibility of the colourant developed using this method.
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