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INTRODUCTION

Hibiscus sabdariffa L., also known as hibiscus or roselle, 
is an herbaceous plant of  the genus Hibiscus, family 
Malvaceae, grown in tropical and subtropical environments. 
The calyces of  hibiscus present high content of  bioactive 
compounds, such as anthocyanins and other phenolic 
compounds responsible for their antioxidant properties 
(Cid-Ortega and Guerrero-Beltrán, 2015; Da-costa-rocha 
et al., 2014)

The major anthocyanins found in the calyx of  hibiscus 
are delphinidin 3-O-sambubioside and cyanidin 
3-O-sambubioside, with contents up to 0.75 mg/mL extract 
(Sinela et al., 2017). Research shows that anthocyanins have 
beneficial properties to human health, such as, antioxidant 
activity that can prevent oxidation of  low-density lipoprotein 
cholesterol and reduce cholesterol, antihypertensive effect, 
prevention of  cardiovascular and liver diseases, reduction 
of  obesity and diabetes, and improve diuretic function 
(Nwachukwu et al., 2016; Guardiola and Mach, 2014).

Due to the importance of  the different bioactive compounds 
present in hibiscus calyces, its extract appears as a potential 
source of  these compounds for several applications, such 
as in food (Cid-Ortega and Guerrero-Beltrán, 2015). 
Anthocyanin-containing plant extracts can also be used as 
a substitute for synthetic dyes because of  their bright color 
and water solubility and can be incorporated into food, thus 
increasing possible beneficial health effects (Pedro et al., 
2016). However, the stability of  anthocyanins depends 
on several chemical and environmental factors, such as 
temperature, pH, light, oxygen, metal ions and enzymatic 
activity. Therefore, due to different environmental 
conditions during food processing and storage, the addition 
of  these compounds in food products is still challenging 
(Mahdavi et al., 2016; Francis, 1989).

Analysing the literature a few studies report the use of  
hibiscus extract as a functional ingredient. A recent research 
evaluated the application of  hibiscus extract in gelatin (in 
the same condictions used in this paper), and observed that 
in vitro digestion and colonic fermentation presented losses 
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of  phenolic compounds, anthocyanins and antioxidant 
activity of  gelatin, being the hibiscus extract feasible for 
application in food products (Paraíso et al., 2019).

In this context, the present study aimed to evaluate the 
stability of  hibiscus calyx extract against variations in 
temperature, light exposure and pH. After that, the gelatin 
was chose as food matrix for application and evaluation.

MATERIAL AND METHODS

Hibiscus calyx
The hibiscus calyces were purchased in natura, from the 
same batch (harvest of  2016/2017) from a producer in 
Maringá, Paraná, Br (latitude:-23.4855, longitude: -51.7927). 
The calyces were sanitized (sodium hypochlorite solution 
200 ppm for 15 min) and dried at 60 °C for 22 hours in 
a forced air chamber. Then, the calyces were ground in 
an electric mill and classified according to granulometry 
using the Tyler sieves series. After preliminary tests, the 
material was chosen with an average diameter of  0.45 mm 
for conducting the experiments.

Chemicals and reagents
Folin–Ciocalteu reagent was obtained from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA) and the other reagents 
used were of  analytical grade. Distilled water was used in 
all trials.

Hibiscus calyx extract
Extraction of  anthocyanins and phenolic compounds 
from hibiscus calyces was performed by ultrasonic 
assisted method. The samples were placed in an ultrasonic 
bath (Ultracleaner 1650 Unique, 40 KHz frequency) at 
60 °C for 45 minutes, ratio calyx: solvent of  1:10, using 
ethanol (25% v/v) as solvent (Paraíso et al., 2019). The 
resulting extract was filtered on Whatman No. 4 filter 
paper, stored in the dark at 25 °C and further analyzed. 
For food application, the extract was stirred at 65 °C 
until total evaporation of  the solvent and lyophilized 
(Shirahigue et al., 2011). The experiment was conducted 
in duplicate.

Extract characterization (FTIR-ATR)
A Fourier transform infrared spectrometer (Vertex 
70v, Bruker, Germany) coupled to an attenuated total 
reflectance accessory (Platinum, Bruker, Germany) 
was used to determine the phenolic compounds and 
anthocyanins present in the dried hibiscus calyx and the 
calyx extract. The sample was placed onto the diamond 
crystal, maintaining contact with the diamond throughout 
the measurement. Each spectrum was an average of  128 
scans, with spectral resolution of  4 cm-1. The spectral 
measurement range was 4000 to 400 cm-1.

Extract stability under temperature and light conditions
The extracts were evaluated for 22 days for temperature 
conditions of  4 and 25 °C, Light and No Light by using two 
fluorescent lamps of  20W and a dark chamber, evaluating 
as a response total phenolic compounds, total anthocyanins 
and color, always in triplicate.

The determination of  total phenolics (TP) was performed 
using the Folin-Ciocalteu assay, and results were expressed 
as mg of  gallic acid equivalent (GAE). g-1 extract (Pierpoint, 
2004; Singleton & Rossi, 1965).

For the determination of  total anthocyanin content (TA), 
a methodology described by (Lees and Francis, 1972) was 
used. The total anthocyanin content was expressed in 
mg equivalent of  cyanidin-3-glucoside.100 g-1 extract and 
calculated according to equation (1).	
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The color (L *, a * and b *) was evaluated by means of  
a Konica Minolta® CR400 portable colorimeter, with 
integration sphere and angle of  view of  3o. The system 
used was CIEL * a * b *. The angle H° was calculated 
according to equation (2).
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pH stability
The extract was diluted with distilled water until an 
absorbance of  1.0 to 519  nm was reached. Aliquots 
of  KOH (1 mol L-1) were added to the extract and the 
spectrophotometer (UV-1800/Shimadzu®) reading was 
performed between pHs 3 to 8, at wavelengths of  800 to 
400 nm (Pedro et al., 2016).

Extract application in gelatin
Gelatins were developed according to Akhavan et al. (2016), 
with modifications. After preliminary concentration tests, 
two samples were prepared (Table  1), with lyophilized 
extract concentrations of  2% (F2) and 4% (F4). To 
prepare the gelatin 625 mL of  hot water were added to 
the ingredients. Gelatins were stored at 4 °C until sensory 
analysis.

Table 1: Gelatin formulations (w/w %)
Ingredients (%) F2 F4
Gelatin 15 15
Extratc (powder) 2 4
Sugar 75 75
Flavor 2,5 2,5
Maltodextrin 5,5 3,5
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For sensory analysis, an acceptance test was applied using the 
nine points hedonic scale, being 1-I disliked extremely the 9-I 
like extremely (Morais et al., 2014). The formulations were 
evaluated for color, flavor and overall acceptance by a team of  
approximately 120 untrained tasters, but potential consumers. 
Samples of  20 g were presented in white disposable plastic 
containers encoded with random three-digit numbers.

An intent-to-buy test was also applied, with a three-point scale 
(would certainly buy, perhaps would buy, would not buy).

This project was approved by the Ethical Comity 
of  State University of  Maringá by CAAE number: 
79765717.0.0000.0104.

Statistic analysis
The analysis were performed in triplicate and statistically 
evaluated by means of  Analysis of  Variance (ANOVA), 
compared by Tukey’s test with a significance level of  5% 
(p ≤ 0.05) using the statistical program Sisvar 5.6.

RESULTS AND DISCUSSION

Extract charaterization (FTIR-ATR)
The dried hibiscus calyces and the calyx extract were 
characterized by FTIR-ATR spectroscopy (Figs. 1A and 1B, 
respectively) to determine possible bioactive compounds 
and potential for technological application in food. The 
main peaks observed in the two samples were: ~ 1265 cm-1, 

attributed to the stretching of  O-C acid groups (Johson 
et al., 2017). Peaks between 1100 and 1071 cm-1, indicate 
the presence of  anthocyanins (cyanidin-3-O-sambubioside 
and delphinidin-3-O-sambubioside) showing the presence 
of  these compounds in the samples (Choong et al., 2016). 
The region between 3100 and 3500 cm-1 is attributed to 
O-H stretch vibration (Lee et al., 2013). Peaks at ~ 2919 
and ~ 2848 cm-1 refer to asymmetric and symmetrical 
stretching of  CH2, respectively (Eltahir et al., 2014). In 
Fig. 1A, the peaks at ~ 1783 cm-1 and Fig. 1B at ~ 1786 cm-1 
are attributed to the stretching of  C = O (Lee et al., 2013; 
Pappas et al., 1998), while the pull of  C = N is assigned 
to the peak ~ 1615 cm-1. The vibrational mode of  angular 
deformation of  CH3 was evidenced at peak ~ 1364 cm-1. At 
~ 1185 cm-1 is the stretching of  C-O-C and at ~ 1031 cm-1 
the stretching of  C-O (Haddad et al., 2011; Singha et al., 
2009). The ~771 cm-1 peak refers to angular deformation 
of  N-H (Johson et al., 2017).

Extract stability in different temperature and light 
conditions
Concentrations of  TA in the hibiscus extract (Fig. 2) were not 
degraded at 4 °C, but at 25 °C there was a 25% loss after the 
storage period (22 days). Phenolic compounds - TP (Fig. 2) 
showed a loss of  23% at 25 °C and 15% at 4 °C after storage. 
It was expected because according the literature the most 
important factors affecting the stability of  anthocyanins were 
temperature and storage time, and the higher the temperature 
and time, the higher the degradation of  these compounds 

Fig 1. Spectrum FTIR-ATR: A- Dried hibiscus calyces and B- Hibiscus calyx extract.

B
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(Castañeda-Ovando et al., 2009). Previous studies have shown 
that with increasing temperature cyanidin and delphinidin 
cleavage occurs, thus forming degradation products such 
as protocatechic acid and gallic acid, respectively. In other 
studies, phloroglucinaldehyde has also been identified as a 
product of  anthocyanin degradation (Kern et al., 2007; Sinela 
et al., 2017). Anthocyanin loss was already observed during 
storage of  hibiscus extract, where concentrations decreased 
more rapidly at higher temperatures. After 60 days, 17% of  
the cyanidin 3-O-sambubioside was lost at 4 °C and 98% at 
37 °C. For delphinidin 3-O-sambubioside this value was 11% 
and 99% at 4 °C and 37 °C, respectively (Sinela et al., 2017).

Light also affected stability of  TA and TP in the hibiscus 
extract, as shown in Fig. 2. After exposure to fluorescent light 
at 25 °C, the levels TA and TP decreased significantly. The 
concentrations of  TA and TP, for extracts with light exposure, 
presented a loss of  41.95% and 38.02%, respectively. As 
previously studied blackberry extracts stored in the dark 

presented greater stability in relation to the content of  
anthocyanins and antioxidant activity (Aramwit et al., 2010).

By evaluating extract coloration (Fig. 3), it was observed 
that for all parameters (L, a *, b * and H °) the loss was 
lower at 4 °C. For the parameter luminosity (L *), the loss 
was 0.2% at 4 °C and 8% at 25 °C, and for parameter H ° it 
was 1% and 4%, at 4 °C and 25 °C, respectively. As reported 
in literature, the change in the color is correlated with TA 
degradation (Sinela et al., 2017), such fact can be observed 
in the present research (Fig. 2). Changes in the molecular 
structure of  anthocyanins can occur at higher temperatures, 
favoring the formation of  the chalcone structure. After 
the chemical ring is broken, there is further degradation, 
leading to loss of  red coloration and formation of  brown 
pigments (Cisse et al., 2012).

Light also affected the color of  hibiscus extract, and for all 
parameters (L, a *, b * and H °) the loss was higher for the 

Fig 2. Extract Stability: TP and TA, 22 days of storage. TA= Total anthocyanin; TP=Total phenolic; L= Light; N.L= No Light.

Fig 3. Extract Stability: Color (L*, a*, b* e H°) under light and temperature. L= Light; N.L= No Light.
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extract stored under light exposure. For the parameters a 
* and b *, a loss of  14% and 22%, occurred respectively. 
Corroborating to this, a study carried out under the same 
storage conditions, showed a loss of  a * and b * parameters 
for mulberry extract microcapsules stored in the presence 
of  light (Santos et al., 2017).

pH stability
It is known that pH is one of  the factors that most affects 
anthocyanin coloration and this is due to the ionic nature 
that allows reversible or irreversible changes in the structure 
of  the molecule according to the prevailing pH (Cavalcanti 
et al., 2011; Pedro et al., 2016). Fig. 4 shows the behavior 
of  anthocyanins in solution with increasing pH. It was 
observed that hibiscus extract (pH 2.6) had an absorbance 
(λmax) of  519 nm and intense red color, probably due to 
the high concentration of  structural flavilium cations of  
anthocyanins (Fernandes et al., 2014). pH values between 
3 and 5, the λmax was also observed close to 519, but a 
decrease in absorbance occurs, suggesting hydration of  
the flavilium cation, forming carbinol or pseudobase 
that reaches the equilibrium slowly with the colorless 
chalcone, thus decreasing the intensity of  the red color 
until the solution turns colorless (Cavalcanti et al., 2011). 
As the pH increased to 8, λmax shifted to 600 nm and the 
color of  the extract changed to blue, due to the presence 
of  the anhydrobase structural form. Studies on color 
stability of  anthocyanins in relation to pH show that color 
variation is more significant in alkaline medium due to its 
instability (Castañeda-Ovando et al., 2009). The stability of  
anthocyanins is influenced mainly by the ring B substituents 
and the presence of  methoxy or hydroxyl groups, which 
decrease with the number of  hydroxyl groups and increase 
with the number of  hydroxyls (Hou et al., 2013). A similar 
study with purple sweet potato extract showed the same 
behavior of  anthocyanins with increasing pH, the λmax 
observed at acid pH was 530 and 610 at basic pH (He 
et al., 2015).

Extract application in gelatin
After obtaining the stability of  hibiscus calyx extract, it was 
added into gelatin, that has a pH close to 4.1 and needs to 
be refrigerated, therefore these conditions result in better 
stability of  the extract.

On sensory analysis, all attributes analyzed (color, flavor, 
overall acceptance) presented a significant difference 
(p <0.05) between the formulations (Table  2). The F4 
formulation (4% extract) received the highest score. In 
relation to the attributes global acceptance and color, 
the average score was 7 indicating “like moderately”. 
This formulation had greater acceptability by the testers, 
possibly due to its more intense color (Fig.  5), and the 
higher concentration of  hibiscus extract which has a red 

coloration, and the high content of  anthocyanins (Cid-
Ortega and Guerrero-Beltrán, 2015). Color and appearance 
are key attributes for food quality, the first ones to be 
evaluated by consumers after purchase. The color also 
influences taste perception, and consumers relate specific 
colors to food quality (Damodaram et al., 2008; Sui et al., 
2016). Therefore, it is evident that the color of  the gelatin 
influenced its score, being this a decisive characteristic 
in the acceptance of  the product. A previous study for 
the elaboration of  a hibiscus drink by different industrial 
processes, observed that the drink containing more 
anthocyanins was better accepted by tasters in function 
of  the stronger coloration, in addition to more acidity and 
flavor (Monteiro et al., 2017).

Fig 4. pH effect on anthocyanin absorbance in hibiscus calyx extract.

Fig 5. Gelatin with hibiscus calyx extract.

Table 2: Gelatin sensory analysis results
Sensory attributes Formulations

F2 F4
Color 5.66b±1.56 7.76a±1.24
Flavor 5.98b±1.56 6.54a±1.48
Taste 5.49b±1.70 6.40a±1.71
Global acceptance 5.87b±1.46 7.23a±1.36
Intent of purchase 1.63b±0.59 2.26a±0.69
Averages with equal letters, in the same line, do not differ significantly at 
the 5% level of significance
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When questioned about the intent of  purchase, the tasters, 
on average, opted for “maybe would buy” for the F4 
formulation and “would not buy” for the F2 formulation. 
F4 presents a higher concentration of  extract, that is, a 
possible greater amount of  bioactive compounds in its 
formulation, making this product interesting for consumers 
who are looking for healthy food that prevents oxidative 
stress (Ogundele et al., 2016).

CONCLUSION

Light and temperature factors affected the stability of  
phenolic compounds and anthocyanins throughout the 
storage under the different conditions studied, and greater 
stability was observed in samples stored at 4 ºC and without 
light. The pH change affects the absorbance and color of  
anthocyanins in function of  the ionic nature that allows 
changes in the structure of  the molecule.

After the study of  hibiscus extract stability, it was added 
into a food product. Gelatin sample with the highest extract 
concentration (4%) was better accepted on sensory analysis.

Finally, the obtained extract is feasible to use by food industry, 
as a new ingredient or also as colorant, presenting good 
acceptance in the products and also the chain of  antioxidant.
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