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Abstract 

Natural pigments such as anthocyanins are currently being explored for food colouring 

applications due to safety issues associated with synthetic colourants. Lipote (Syzygium 

polycephaloides), an underutilized fruit in the Philippines, is found to contain high 

amounts of this natural pigment. Thus, this study aimed to optimize parameters for 

maximum anthocyanin extraction from these fruits by mixture design and response 

surface methodology followed by the evaluation of the extracts’ stability using model 

beverage systems. Results revealed that the optimum solvent for maximum anthocyanin 

recovery was 55% acidified ethanol while optimum extraction temperature and time were 

45.8°C and 92 mins, respectively. Stability tests showed that the lipote fruit extract, in its 

natural form, was most stable in the dark, at low pH (pH 3.0) and low storage conditions 

(4°C) with an extrapolated half-life (t1/2) of 169.06 days. Anthocyanin stability was further 

enhanced by copigmentation with caffeic acid resulting in an even higher t½ of 223.60 

days.  

1. Introduction 

Colour is one of the important characteristics of food 

affecting consumer acceptability (Gras et al., 2017). It 

provides food with its distinct identity and also serves as 

a determinant of food quality (Sui et al., 2016). Thus, the 

addition of regulated colourants or dyes is an acceptable 

practice for food colour improvement or restoration, 

particularly for colour changes or losses brought about 

by different processing conditions (Gras et al., 2017).  

Owing to their stability and intense colour, synthetic 

colourants are commonly used to improve food colour 

properties (Gordillo et al., 2018). However, its use has 

been associated with several health safety concerns from 

attention disorders and hyperactivity in children to 

potential carcinogenicity (Zhang et al., 2006; McCann et 

al., 2007; Soares et al., 2015). This has led to the 

exploration of natural pigments as food colourants with a 

demand even foreseen to increase at an annual rate of 10-

15% in the global market (Tan et al., 2018). 

Among these natural pigments are anthocyanins 

whose fruit and vegetable sources are plentiful in nature 

(Chung et al., 2016). Their red to blue vivid colours 

along with their water-soluble and non-toxic properties 

make this natural pigment suitable for food applications 

(Lao and Giusti, 2018). Aside from this, anthocyanins 

also exhibit antioxidative properties that have been 

linked to the reduction of risk of several diseases 

(Yamashita, et al., 2017).  

Lipote (Syzigium polycephaloides) are red to dark 

purple-coloured fruits considered among the indigenous 

and underutilized fruits in the Philippines (DA-BAR, 

2012; DENR-ERDB, 2017; Ilano et al., 2021). Neglected 

and/or underutilized crops are often indigenous plant 

species that are often used minimally compared to their 

innate potential (Mayes et al., 2012). To improve the 

utilization of lipote, the Department of Agriculture – 

Bureau of Agricultural Research (DA-BAR) (2012) and 

the Department of Environment and Natural Resources - 

Ecosystems Research and Development Bureau (DENR-

ERDB) (2017) promote the use of lipote in different food 

applications which would eventually translate into higher 

demand for its production and preservation. 

As lipote fruits have been reported to contain high 

amounts of anthocyanins (Reynertson et al., 2008), 

among its possible applications is its utilization as a 

source of food colourant. Its red colouration may 

possibly be used as an alternative to synthetic colourants 

with red hues such as Allura Red. However, there are 
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limited studies about the stability of the lipote fruit 

extract which would help establish food colouring 

potential. This information is of particular importance as 

anthocyanins’ stability, in general, is affected by 

different factors such as temperature, light, pH and 

storage conditions (Sari et al., 2012; Weber et al., 2017; 

Fan et al., 2019). Moreover, the addition of copigments 

as possible improvements of stability has not been 

explored from anthocyanins of this source. Several 

studies have reported copigmentation of anthocyanins 

with phenolic acids and flavonoids resulted in a more 

intense and stable colour through the copigment’s 

protective action on the flavilium moiety towards 

hydration (Sari et al., 2012; Weber et al., 2017; Fan et 

al., 2019). Caffeic acid, a hydroxycinnamic acid, was 

reported to be among the best copigments (Sari et al., 

2012; Fan et. al., 2019).  

Ideally, optimum conditions for maximum recovery 

of anthocyanins should also be known. Response surface 

methodology (RSM) is often used for optimization as 

this utilizes designed experiments in obtaining optimal 

response (Chaudhary and Mukhopadhyay, 2013). Instead 

of trying all possible experimental combinations, RSM 

will provide an experimental design or mathematical 

models useful to generate information on process 

interactions thereby resulting in improved product 

quality while reducing solvent consumption and other 

production costs (Chaudhary and Mukhopadhyay, 2013; 

Pedro et al., 2016). However, although numerous studies 

have been reported to optimize anthocyanins using the 

design of experiments, none, to the knowledge of the 

researcher have utilized lipote fruits as raw material.  

Based on the aforementioned, this study explored the 

potential of lipote fruits as a source of anthocyanin-based 

food colourant. Specifically, this was through the 

optimization of solvent and process parameters for 

maximum extraction of anthocyanins from lipote fruits 

and evaluation of the stability of the extracted natural 

anthocyanins as affected by pH, storage conditions, light 

and heat using model beverage systems. Moreover, the 

stability of lipote anthocyanins when copigmented with 

caffeic acid was also assessed. 

 

2. Materials and methods 

2.1 Plant material preparation 

Fully ripe lipote (Syzygium polycephaloides) fruits 

were collected from a residential town in Lopez, Quezon 

province, Philippines. These were then submitted to the 

Museum of Natural History, University of the 

Philippines, Los Baños, Laguna for identification and 

authentication. 

Lipote fruits were washed in running water and 

allowed to dry. The seeds were manually removed using 

a knife and the remaining skin and pulp was subjected to 

freeze-drying (Heto Drywinner, 6551). Dried lipote fruits 

were ground into powder form using a food blender 

(Oster 10-speed blender) and homogenized by mixing 

thoroughly in a clean container. Homogenized samples 

were transferred to clean dark-coloured polyethylene 

sample bottles and stored at -20°C until extraction. 

2.2 Extraction optimization of anthocyanins from lipote 

fruits  

2.2.1 Solvent optimization 

Solvent optimization was carried out according to 

the method of Arici et al. (2016) with minor 

modifications. Anthocyanins from powdered lipote fruits 

were extracted using mixtures of ethanol and deionized 

water acidified with 0.1M HCl (pH = 3.0). Using Design 

Expert Version 7.0 software, a simplex lattice mixture 

design was created treating ethanol and water as 

independent variables, and total anthocyanin content as 

the dependent response. The concentration of both 

ethanol and water for extraction ranged from 0-100%, 

adjusting each component such that the total composition 

remained 100%. Design points generated by the software 

for modelling are presented in Table 1.  

A total of 25 mL of each solvent combination was 

added to 3.0 g of powdered lipote fruit and was 

mechanically shaken for 2 hrs at 25°C. After shaking, 

extracts were subjected to filtration using Whatman filter 

paper no.1 and diluted with the acidified solvent 

combination (pH = 3.0) to a final volume of 50 mL. 

Immediately after extraction, all solutions were analyzed 

for total monomeric anthocyanin content (TMA). 

2.2.2 Process optimization 

Using the solvent identified to provide the highest 

anthocyanin yield from lipote fruits, the optimum 

temperature and time were also assessed through 

Run 
Solvent Concentration Total anthocyanin content 

Ethanol (%) Water (%) (mg C3G/g DW) 

1 75 25 17.35±0.10d 

2 25 75 15.73±0.09c 

3 0 100 5.70±0.11a 

4 100 0 9.16±0.10b 

5 50 50 19.40±0.07e 

6 0 100 5.80±0.07a 

7 50 50 19.30±0.12e 

8 100 0 9.26±0.04b 

Table 1. Anthocyanin content of lipote fruits extracted using 

different solvent combinations determined by simplex lattice 

mixture design 

Values are presented as mean±SD, n = 3. Values with 

different superscripts within the same column are significantly 

different (p<0.05). C3G = Cyanidin-3-glucoside. 
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response surface methodology (RSM) as in Arici et al. 

(2016) with modifications. A central composite design 

with two factors and three levels was used with 

extraction temperature and time as the two independent 

factors. The experimental design also included five (5) 

central points utilized for the estimation of pure error. 

Extraction time was set at 30, 75, and 120 mins and 

temperature at 25, 37.5, and 50°C (Prakash Maran et al., 

2015, Pedro et al., 2016; Arici et al.,2016).  

Similarly, 3.0 g powdered lipote fruits were added 

with 25mL solvent identified in 2.2.1 and extracted using 

time and temperature combinations set by RSM. After 

which, extracts were filtered through Whatman filter 

paper No.1, diluted to 50 mL, and analyzed right away 

for TMA. 

For the succeeding parts of the study, anthocyanins 

were extracted from lipote fruits using conditions 

identified in the aforementioned optimization. Extracts 

were concentrated through rotary evaporation at 40°C 

and stored at -20°C until analysis. 

2.3 Determination of total monomeric anthocyanins 

The total monomeric anthocyanin (TMA) content of 

lipote fruit extracts was quantified using AOAC Official 

Method 2005.02 pH differential method (AOAC, 2019). 

Test extracts were diluted in two sets of buffers: 0.025M 

KCl, pH 1 (±0.05) and 0.4M CH3COONa, pH 4.5 

(±0.05). The absorbances of the diluted test solutions 

were determined at 520nm and 700nm using a UV-VIS 

spectrophotometer (UV-1900, Shimadzu). TMA was 

calculated using equations 1 and 2 and was reported as 

mg cyanidin-3-glucoside/g (mg C3G/g):  

Where A = absorbance in equation 1, MW = 449.2 g/

mol (molecular weight of cyanidin-3-glucoside), DF = 

dilution factor, ε = 26,900 L/cm mol (molar absorptivity 

of cyanidin-3-glucoside) and l = 1 cm (path length) 

2.4 Evaluation of colour and anthocyanin stability  

2.4.1 Effects of pH on natural anthocyanins 

Buffer solutions of different pH conditions were 

prepared according to Sari et al. (2012) with minor 

modifications. Lipote fruit extract solutions were 

prepared at 500mg/L concentration using 0.025 M KCl 

buffer solution for pH 3-4 and 0.4 M CH3COONa buffer 

for pH 5-7. Potassium sorbate (0.02%) was added as a 

preservative. Solutions were left at room temperature 

(25°C) for 1 hr followed by measurement of colour 

(CIELab/LCh) and TMA. These solutions were also 

stored in the dark and at ambient temperature (25°C) for 

2 weeks and monitored for anthocyanin content and 

colour changes on days 1, 2, 7, and 14 (Reyes and 

Cisneros-Zevallos, 2007; Sipahli et al., 2017). 

2.5 Effects of storage conditions, light, and heating 

temperature on natural and copigmented anthocyanins 

2.5.1 Preparation of model beverage system and 

copigmented anthocyanins 

A model beverage system as described by Sari et al. 

(2012) was prepared with slight modifications. To 

prepare this, lipote fruit extract was diluted with 0.1M 

citrate buffer maintained at pH 3 to a final concentration 

of 500 mg/L with 0.02% potassium sorbate preservative. 

This was prepared to simulate the stability of lipote fruit 

extract in actual beverages that fall within pH 3 and thus, 

assess the potential application. 

For the preparation of copigmented anthocyanins, 

the caffeic acid solution was prepared separately using 

0.1M citrate buffer (pH 3) and was added to attain a final 

molar ratio of 1:10 (anthocyanin: copigment).  

Model systems containing natural and copigmented 

anthocyanins (with caffeic acid copigments) were 

transferred to several test tubes and were subjected to 

different conditions of storage, light, and heating 

temperatures. Test solutions were first equilibrated at 

ambient temperature for 1 hr. After which, colour 

(CIELab/LCh) and TMA were measured and were 

denoted as initial reading or time zero.  

2.5.2 Effects of storage conditions  

This parameter was conducted as previously 

described by Sari et al. (2012) and Fan et al. (2019) with 

some modifications. Samples contained in test tubes 

were placed under two temperature storage conditions: 

4°C and 25°C which were refrigerated and ambient 

temperatures, respectively. Evaluation of colour and 

TMA changes was for a period of 60 days with 

measurements conducted every 10th day.  

2.5.3 Effects of light  

Colour and anthocyanin stability in the presence and 

absence of light was based on the method previously 

described by Sari et al. (2012). Samples contained in 

transparent test tubes were placed in two different 

conditions: fluorescent (Philips CDL, 1100 lumens) 

illuminated box or a dark box both maintained at 

ambient temperature (25°C) for 10 days. Measurements 

of colour and TMA were conducted every two days. 

2.5.4 Effects of heating temperature 

Heat treatment stability measurements were 

conducted as previously described by Fan et al. (2019) 

with some modifications. Solutions containing natural 

A = (Abs 520 – Abs 700) pH1.0 – (Abs 520 – Abs 700) pH 4.5  (1) 

TMA (mg/L) = (A × MW × DF × 1000) / (ε × l) (2) 
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and copigmented anthocyanins were heated at 

temperatures of 60°C, 75°C, and 90°C for 5 hrs. Samples 

were collected every 60 mins for the measurement of 

TMA and colour parameters. 

The colour properties of lipote fruit extract solutions 

were assessed through the CIELAB/LCh system using a 

chromameter (CM-5, Konica Minolta) as described by 

Sari et al. (2012). L*, a*, and b* values which are 

lightness, redness-greenness, and yellowness-blueness 

attributes, respectively were recorded. Corresponding 

chroma (C*) and hue angles (h°) were calculated using 

equations 3 and 4, respectively. The parameter of colour 

change used was the total colour difference (△E) 

calculated using equation 5. 

In terms of anthocyanins, numerous studies found 

these pigments to degrade following first order kinetics 

(Sari et al., 2012; Arici et al., 2016; Fan et al., 2019), the 

reaction rate constant (k) and half-life time (t1/2) or the 

time wherein 50% of the anthocyanins remain in the 

solution were calculated accordingly based on the 

following equations:  

Where t denotes time and At and A0 correspond to 

final and initial anthocyanin concentrations at specified t, 

respectively.  

2.6 Spectral characteristics of copigmented lipote 

anthocyanins 

Change in spectra of the model solutions as a result 

of copigment addition was assessed as described by 

Klisurova et al. (2019) with some modifications. 

Absorbances at 400-800 nm of model beverage solutions 

containing lipote fruit extract with and without caffeic 

acid copigments were recorded using a UV-VIS 

spectrophotometer (UV-1900, Shimadzu). 

Copigmentation effect was expressed as hyperchromic 

effect (△A at λvis-max) and bathochromic shift (△λvis-max). 

2.7 Data analysis  

All analyses were conducted in triplicates and were 

presented as mean±standard deviation (SD). Design 

expert software (Version 7) was used for the extraction 

optimization through simplex lattice mixture design and 

response surface methodology (RSM). Data for RSM 

was modeled according to the following equation: 

Where Y is the predicted response while Xi and Xj are the 

independent variables. β0 is the intercept model. βi , βii 

and βij are the linear, quadratic, and interactive term 

constants, respectively (Arici et al., 2016; Maciel et al., 

2018). The adequacy of the model was evaluated based 

on percentage of variability (R2, adjusted R2
 and 

predicted R2), lack of fit test (where Plack of fit > 0.05 

denotes adequacy of model), and significance (p ≤ 0.05). 

For stability testing, data were analyzed using 

analysis of variance (ANOVA) (p ≤ 0.05) with Tukey’s 

post hoc test through SPSS Statistical Software Version 

27. 

 

3. Results and discussion 

3.1 Extraction optimization 

3.1.1 Solvent optimization  

Several studies have extracted anthocyanins from 

plant sources using different extraction mediums. 

However, ethanol solutions are commonly used when the 

extraction is intended for food applications as these 

solvents are deemed safer than other organic solvents 

(Chaudhary and Mukhopadhyay, 2013). Hence, the study 

focused on utilizing ethanol and water – another safe and 

cost-effective solvent, for extraction. The solvents were 

also acidified as low pH levels or acidic conditions (pH 

< 4.0) make anthocyanins appear in their most stable 

form, the flavylium cation (Ngamwonglumlert et al., 

2015).  

Using the combinations randomized using the 

simplex lattice mixture design, anthocyanins extracted 

from lipote fruits ranged from 5.70±0.11 to 19.40±0.07 

mg/g DW (Table 1). Pure ethanol extracted more 

anthocyanins than pure water, but combinations of 

ethanol and water further improved lipote fruit 

anthocyanin yields (Table 1 and Figure 1).  

These findings agree with several studies in which 

mixtures of water and ethanol were found to extract 

more anthocyanins rather than utilizing each solvent 

individually (Chandrasekhar et al., 2012; Arici et al., 

C* = [(a*)2 + (b*)2 ]1/2  (3) 

h° = arctan (b*)/(a*)  (4) 

△E = [(△L*)2 + (△C*)2 + (△H*)2 ]1/2  (5) 

ln (At / A0) = –k × t  (6) 

t1/2 = –ln 0.5 × k–1  (7) 

(8) 

 Figure 1. Solvent concentration effects on lipote fruit extract 

anthocyanin yield 
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2016; Mojica et al., 2017). In a mixture design by Arici 

et al. (2016), maximum anthocyanin content was 

extracted from tulip petals using acidified 35% ethanol. 

Chandrasekhar et al. (2012) also extracted higher 

amounts of anthocyanins using 50% ethanol rather than 

water alone. Higher amounts of anthocyanins were also 

extracted from black beans using 24% ethanol rather 

than pure water in a study by Mojica et al. (2017).  

According to Chaudhary and Mukhopadhyay (2013), 

both ethanol and water are polar solvents, thereby 

facilitating the extraction of water-soluble anthocyanins. 

However, although ethanol can disrupt cell membranes 

resulting in higher anthocyanin yield than water when 

used individually, water is still needed for better 

dissolution of the hydrophilic anthocyanins (Meziant et 

al., 2018). This explains why higher amounts of 

anthocyanins were extracted when the two solvents were 

combined. The important contribution of even small 

amounts of water in anthocyanin extraction was also 

reported by Patil et al. (2009). The exact concentrations 

however depend on the nature of raw material (Meziant 

et al., 2018), justifying the importance of optimization. 

Anthocyanin results were encoded in the design 

expert software to generate empirical model which can 

be used for anthocyanin content prediction and 

optimization. Below was the quadratic equation 

generated: 

Where Y = total anthocyanin content, A = ethanol 

concentration and B = water concentration.  

The adequacy of this model was evaluated using the 

results of the ANOVA, where the model, linear mixture 

components and ethanol and water interaction (AB) were 

all found to be significant terms (p<0.05). The lack of fit 

was found not significant which was desirable as the 

goal was to fit the generated model. R2 (0.9998), adjusted 

R2 (0.9997), and predicted R2 (0.9995) values were close 

to 1 and were in agreement with each other, indicating 

that the generated model was accurate and can be used in 

predicting anthocyanin content. Based on this model, 

55% acidified ethanol was found the best solvent 

combination for maximum anthocyanin extraction. 

3.1.2 Process optimization  

Using the optimized solvent combination, the 

optimum time and temperature conditions for maximum 

anthocyanin extraction from lipote fruits were also 

identified. Based on different time (30-120 mins) and 

temperature (25-50°C) combinations obtained using 

response surface methodology (RSM) with central 

composite design, anthocyanin content from lipote fruits 

ranged from 17.19±0.03 to 21.29±0.01 mg/g DW (Table 

2). As shown in Figure 2, anthocyanin increased with 

increasing temperature and time. However, anthocyanin 

yield increase was no longer rapid at extraction times 

above around 75 mins. 

Similar findings were seen by Prakash Maran et al. 

(2015) in the extraction of anthocyanins from Jamun 

fruit (Syzigium cumini L.), a fruit similar to and of the 

same family as lipote. Increases in both temperature and 

time were found to increase anthocyanin yield and 

increases in yield were also rapid at the initial stages of 

extraction. Such a trend was also observed in the 

anthocyanin extraction yields of tulip petals based on a 

study by Arici et al. (2015). The temperature was also 

found to affect anthocyanin yield from black rice (Oryza 

sativa L.) and roselle flowers (Hibiscus sabdariffa) based 

on studies by Pedro et al. (2016) and Maciel et al. 

(2018), respectively. The increase in temperature results 

in softening of the plant tissue which then allows 

penetration of solvent, thus enhancing the solubility. An 

increase in time also allows sufficient contact between 

Y = 9.21A + 5.77B + 47.73AB (9) 

 Figure 2. Effects of temperature and time on lipote fruit 

anthocyanin yield 

Run 
Temperature 

(°C) 
Time 
(min) 

Total Anthocyanin Content
(mg C3G/g DW) 

1 25 30 17.19±0.03a 
2* 37.5 75 20.52±0.04e 
3* 37.5 75 20.50±0.07e 
4* 37.5 75 20.42±0.09e 
5 25 75 19.61±0.06d 
6* 37.5 75 20.49±0.07e 
7* 37.5 75 20.53±0.09e 
8 50 75 21.27±0.03f 
9 50 30 19.03±0.07c 
10 25 120 19.74±0.07d 
11 37.5 30 18.11±0.11b 
12 37.5 120 20.60±0.05e 
13 50 120 21.29±0.01f 

Table 2. Anthocyanin content of lipote fruits extracted under 

time and temperature conditions as determined by Central 

Composite Design 

Values are presented as mean±SD, n = 3. Values with 

different superscripts within the same column are significantly 

different (p<0.05). C3G = Cyanidin-3-glucoside. 

*Central points for estimation of pure error 
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raw material and solvent needed to facilitate the release 

of anthocyanins. The rapid increase at the initial stage 

can be explained by the higher concentration content of 

the starting material for penetration by the solvent and 

release into the solution (Prakash Maran et al., 2015).  

As in the solvent optimization, analyzed values were 

encoded in the design expert software to generate model 

which can be used for the prediction of anthocyanin 

yield after evaluation of its accuracy. This equation was 

the quadratic model generated: 

Where Y = total anthocyanins content, A = 

temperature and B = time. Based on the ANOVA results, 

this model, A, B (linear), AB (interactive), and B2 

(quadratic) terms were all significant (p<0.05). Other 

parameters also showed the suitability of the model for 

anthocyanin prediction - lack of fit was not significant 

and the R2 (0.9991), adjusted R2 (9986), and predicted R2 

(0.9970) were all close to unity and were in agreement 

with each other. Using the above model (10), the 

maximum anthocyanin content from lipote fruits was 

found to be extracted under conditions of 45.80°C and 

92 mins, temperature and time, respectively.  

3.2 Stability of natural anthocyanins  

 3.2.1 Effects of pH 

 3.2.1.1 Colour characteristics at pH 3-7 

The pH of most food products is within pH 3-7 

(Reyes and Cisneros-Zevallos, 2007), thus observations 

were limited within this pH range. Based on the results, 

the h° values of lipote fruit anthocyanin extract solutions 

maintained at different pH conditions were all close to 0° 

(Table 3) hence, fall within the red hue (Sui et al.,2016). 

However, as shown by a* and C* values, the redness and 

colour intensity of solutions at pH 3-4 were found higher 

than pH 5-7. In fact, at around pH 5-7, low C* values 

were recorded indicating that extracts were almost 

translucent (C* = 4.59±0.03 to 7.78±0.03) (Table 3).  

These results are in agreement with the established 

characteristics of anthocyanins. The manifestation of red 

colour at low pH is due to the predominance of the 

flavylium cation, the most stable form of anthocyanin 

(Ngamwonglumlert et al., 2015; do Carmo Brito et al., 

2017). Upon increase to around pH 5 (or pH 4 in some 

anthocyanins), colourless carbinol pseudobases start to 

form, due to the nucleophilic attack by water molecules, 

justifying the combination of low C* and high L* values 

as shown in Table 3. At pH ≥ 6, quinoidal bases are 

formed manifesting unstable blue or violet colouration 

(Ngamwonglumlert et al., 2015). 

The colour characteristics found in the present study 

are similar to the findings of Sari et al. (2012) for 

jambolan anthocyanins (Syzygium cumini) wherein 

decreases in colour intensity were also observed with 

increasing pH. Moreover, Reyes and Cisneros-Zevallos 

(2007) also obtained red coloured solutions up to pH 3 

for grape anthocyanins and pH 4 for purple carrot 

extracts and translucent to bluish hues at around pH 5-8.  

3.2.1.2 Changes during storage 

The total colour change (△E) increased with 

increasing pH, with pH 3 showing the lowest △E 

(5.03±0.03) after 14 days, thus demonstrating the highest 

stability (Table 4). On the contrary, pH 7 had the highest 

△E (44.76±0.48). Similar findings were also observed in 

Hibicus sadariffa, red and purple flesh potato, and grape 

anthocyanin extracts, which demonstrated the highest 

pigment retention at low pH conditions (Reyes and 

Cisneros-Zevallos, 2007; Sipahli et al., 2016). Likewise, 

purple corn anthocyanins also displayed increasing 

colour changes with increasing pH (Luna-Vital et al., 

2017). 

In terms of anthocyanins, increasing degradation 

rates (k) and decreasing half-life (t1/2) time values were 

calculated with increasing pH (Table 4). This trend 

agrees with the findings of Arici et al. (2016) for tulip 

petal anthocyanins wherein the highest k was recorded 

for pH 6, the highest pH condition set in the study. 

Likewise, increasing pH also promoted the increase of 

anthocyanin degradation for rosella and purple sweet 

potato anthocyanins based on studies by Askar et al. 

(2015) and Jiang et al. (2019), respectively. 

As mentioned, changes in colour and anthocyanin 

content can be explained with anthocyanins being the 

most stable at low pH conditions due to the appearance 

Y = 20.48 + 0.84A + 1.22B – 0.072AB – 1.15B2  (10) 

pH L* a* b* C* h° 
3 80.18±0.04a 32.47±0.02e 5.55±0.04e 32.94±0.02e 9.69±0.06c 
4 83.89±0.04c 23.86±0.04d 2.98±0.03d 24.04±0.04d 7.11±0.06b 
5 90.97±0.02e 5.48±0.04b 0.55±0.03a 5.51± 0.04b 5.70±0.22a 
6 90.20±0.04d 4.47±0.03a 1.05±0.03b 4.59±0.03a 13.19±0.37d 
7 80.37±0.02b 7.47±0.03c 2.18±0.03c 7.78±0.03c 16.25±0.13e 

Table 3. Initial colour characteristics of lipote fruit anthocyanin extract solutions at different pH conditions  

Values are presented as mean±SD, n = 3. Values with different superscripts within the same column are significantly different 

(p<0.05). L*: lightness, a*: redness-greenness, b*: yellowness-blueness, C*: chroma, h°: hue angle. 
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of anthocyanins in their most stable form – as flavylium 

cations. At higher pH, the structure is disrupted and 

becomes more susceptible to nucleophilic attack 

prompting the formation of unstable forms 

(Ngamwonglumlert et al., 2015; Maciel et al., 2018). 

Based on the results, lipote fruit anthocyanins 

demonstrated the highest stability at pH 3. Hence, this 

was used as the pH of model beverage solutions for the 

succeeding parts of the study. Moreover, most beverages 

are within this pH (Mojica et al., 2017). 

 3.2.2 Effects of storage conditions 

The stability of lipote fruit anthocyanins contained in 

model beverage systems was observed at room 

temperature (25°C) and refrigerated storage conditions 

(4°C) for 60 days. Based on the results, solutions 

maintained at 4°C exhibited lower △E (8.45±0.02) than 

the 25°C-maintained model beverage solutions (△E = 

27.45±0.01) after the 60-day observation period (p<0.05) 

(Table 5). In terms of anthocyanins, the degradation rate 

of those stored at 4°C (k = 0.0041±0.0002/day) was 

found significantly lower while t1/2 (169.06 days) about 

three times higher than those stored at 25°C (k = 

0.0147±0.0007, t1/2 = 47.15days) (Table 5), implying 

noticeable improvement of anthocyanin stability (Table 

5). 

Similar findings were observed for jambolan fruit 

anthocyanins wherein refrigeration at 7°C decelerated 

colour change and prolonged half-life of anthocyanins 

(Sari et al., 2012). Improvement of black bean 

anthocyanin stability upon refrigeration at 4°C was also 

observed by Mojica et al. (2017). Likewise, 

anthocyanins from blackberry and raspberry/strawberry 

jams also exhibited higher degradation rates and shorter 

half-lives when stored at 35°C and 23°C, respectively, 

than at 4°C (Weber et al.,2017; Martinsen et al., 2020). 

The half-life of lipote fruit anthocyanins (t1/2
25°C = 47.15 

days; t1/2
4°C = 169.06 days) was comparable with grape 

anthocyanins (t1/2 = 47 days) and slightly higher than 

jambolan fruit anthocyanins (t1/2 = 21.59 weeks (~151 

days) at room temperature and refrigerated conditions, 

respectively (Reyes and Cisneros-Zevallos, 2007; Sari et 

al., 2012). Higher temperatures cause higher tendencies 

of anthocyanin structure disruption resulting in 

degradation (Patras et al., 2010). Thus, the greater 

stability demonstrated at low storage temperature (4°C) 

can be explained by the non-contribution of heat to 

anthocyanin degradation upon storage (Patras et al., 

2010). 

3.2.3 Effects of light 

Solutions exposed to light had significantly higher 

△E (15.15±0.03) than those maintained in the dark (△E 

= 5.20±0.01) after the 10-day-observation period 

(p<0.05) (Table 5). Exposure to light also resulted in 

significantly higher k (0.0382±0.0017/day) and lower t1/2 

(18.15 days), implying a higher extent of anthocyanin 

degradation as compared to those stored in the dark (k = 

0.0147±0.0007, t1/2 = 47.15 days) (Table 5).  

The results of this study agree with the findings of 

Fan et al. (2019) for blackberry wine residue 

anthocyanins which showed higher anthocyanin 

degradation and colour changes for model beverages 

exposed to light than those kept in the dark. In the same 

way, jambolan fruit anthocyanins also exhibited slower 

degradation of anthocyanins and colour change when 

maintained in a dark environment (Sari et al., 2012). The 

degradation of mulberry anthocyanins also quickened 

after exposure to light in a study by Aramwit et al. 

(2010). According to Verduin et al. (2020), light also 

promotes formation of chalcones, thus explaining the 

changes in colour and anthocyanin levels.  

3.2.4 Effects of heating temperature 

The thermal stability of lipote fruit anthocyanins was 

investigated by heating model beverage solutions at three 

temperatures: 60, 75, and 90°C. Results proved that 

heating and temperature affected colour and anthocyanin 

stability (Table 5). It can be seen that as the temperature 

increased from 60°C to 90°C, △E also increased, 

denoting higher colour losses at higher temperature 

conditions (Table 5). Additionally, the k of lipote fruit 

anthocyanins also increased and t1/2 values decreased in 

response to increasing temperature (Table 5). Model 

beverage systems with lipote fruit anthocyanins heated at 

60°C had the lowest △E (3.41±0.01) and k 

(0.0181±0.0006/hr) and highest t1/2 (38.30 hrs) among 

the three temperatures tested (Table 5).  

Similar findings were reported by several studies 

(Reyes and Cisneros-Zevallos, 2007; Arici et al., 2016; 

Mojica et al., 2017; Fan et al., 2019; Maciel et al., 2018). 

Black bean anthocyanins heated at 90°C showed 

pH △E*  k (day -1) t1/2 (days) 
3 5.03±0.03a 0.0146±0.0004a 47.48 
4 7.63±0.07b 0.0205±0.0004b 33.81 
5 8.06±0.34c 0.0442±0.0006c 15.68 
6 24.34±0.83d 0.3201±0.0011d 2.16 
7 44.76±0.48e 0.5398±0.0044e 1.28 

Table 4. Total colour change (△E), degradation constant (k) 

and half-life time (t1/2) of anthocyanins in lipote fruit extract 

solutions maintained at different pH conditions 

Values are presented as mean±SD, n = 3. Values with 

different superscripts within the same column are significantly 

different (p<0.05).  

*After 14 days of storage 
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significantly higher k and lower t1/2 values than those 

heated at 80°C, and the latter at 70°C based on a study 

by Mojica et al. (2017). Fan et al. (2019) also reported 

increasing degradation and colour losses with increasing 

temperature up to 90°C. The differences in anthocyanin 

degradation and colour changes may be attributed to 

having higher temperatures promote disruption of 

anthocyanin ring, leading to ring opening and formation 

of chalcone moieties (Patras et al.,2010). 

3.3 Stability of copigmented anthocyanins  

Model beverage solutions containing lipote fruit 

anthocyanins with caffeic acid copigments were also 

subjected to different heating treatments (60°C, 75°C, 

and 90°C), exposed to fluorescent light (1100 lumens) 

and stored at different conditions (4°C and 25°C). For all 

conditions, total colour change (△E) and anthocyanin 

degradation constant (k) of natural and copigmented 

anthocyanins in model beverage solutions were all found 

significantly different (p<0.05) (Table 5). In general, the 

introduction of caffeic acid copigment resulted in more 

stable solutions as demonstrated by significantly lower 

anthocyanin degradation rates, lesser colour change and 

improved t1/2 with the exception of model solutions 

heated at 90°C (Table 5). Initial results also showed 

solutions containing copigmented anthocyanins as darker 

and redder than solutions with natural lipote 

anthocyanins as shown by lower L* and higher C* 

values of the former (Table 6). 

In detail, solutions copigmented with caffeic acid 

improved stability of lipote fruit anthocyanins stored at 

4°C and 25°C. Copigmented solutions stored at 4°C 

showed the highest stability as demonstrated by the 

lowest k (0.0031±0.0001/day) and △E (2.49±0.01) 

values recorded for all conditions (Table 5). These 

results were similar to the findings of Weber et al. 

(2017) and Sari et al. (2012) who also observed the 

contribution of copigments in improving anthocyanin 

stability during storage. Caffeic acid further decreased 

overall change in colour and anthocyanin degradation for 

both storage conditions (28°C and 7°C) for jambolan 

fruit anthocyanins (Sari et al., 2012), whereas 

preservation of anthocyanins was also more evident for 

blackberry anthocyanins copigmented with ferulic acid 

especially those stored at 4°C (Weber et al., 2017).  

Similarly, lipote fruit anthocyanins exposed to light 

showed improvement of anthocyanin and colour 

retention when copigmented with caffeic acid (Table 5). 

This agrees with the findings of Fan et al. (2019) and 

Sari et al. (2012), for blackberry wine residue and 

jambolan fruit anthocyanins, respectively, wherein 

solutions also exhibited slower degradation of 

anthocyanins and colour change when caffeic acid 

Testing conditions  △E  k  t1/2 

Stored at room 
temperature, 25°C* 

LA 27.45±0.01d 0.0147±0.0007d 47.15 d 

LA+C 19.97±0.01c 0.0117±0.0005c 59.24 d 

Stored at refrigerated 
temperature, 4°C* 

LA 8.45±0.02b 0.0041±0.0002b 169.06 d 

LA+C 2.49±0.01a 0.0031±0.0001a 223.60 d 

Kept in the dark** LA 5.20±0.01b 0.0147±0.0007b 47.15 d 

LA+C 3.39±0.02a 0.0117±0.0005a 59.24 d 

Exposed to light** LA 15.15±0.03d 0.0382±0.0017d 18.15 d 

LA+C 11.11±0.01c 0.0267±0.0018c 25.96 d 

Heated at 60°C*** LA 3.41±0.01b 0.0181±0.0006b 38.30 hrs 

LA+C 2.39±0.01a 0.0149±0.0003a 46.52 hrs 

Heated at 75°C*** LA 6.62±0.01d 0.0346±0.0017d 20.03 hrs 

LA+C 4.81±0.02c 0.0297±0.0010c 23.34 hrs 

Heated at 90°C*** LA 26.61±0.01e 0.1529±0.0026e 4.53 hrs 

LA+C 27.68 ±0.03f 0.1614±0.0016f 4.29 hrs 

Table 5. Total colour change (△E), degradation constant (k) and half-life time (t1/2) of lipote fruit anthocyanins in model 

beverage solutions (citrate buffer, pH = 3) at different testing conditions 

Values are presented as mean±SD, n = 3. Values with different superscripts within the same column are significantly different 

(p<0.05). Comparisons were carried out between 4°C and 25°C storage conditions, between light-exposed and dark-maintained, 

and between solutions heated at different temperatures. LA: Lipote fruit anthocyanins, LA+C: Lipote fruit anthocyanins with 

caffeic acid copigments. 

*Stored for 60 d, **Stored for 10 d, ***Heated for 5 hrs. 

  L* C* h° 
LA 70.08±0.03b  53.19±0.04a 16.18±0.03b 

LA+C 68.32±0.02a 55.33±0.03b 14.67±0.02a 

Table 6. Initial colour properties of natural and copigmented 

lipote fruit anthocyanins in model beverage solutions (citrate 

buffer, pH = 3) 

Values are presented as mean±SD, n = 3. Values with 

different superscripts within the same column are significantly 

different (p<0.05). L*: lightness, C*: chroma, h°: hue angle, 

LA: Lipote fruit anthocyanins, LA+C: Lipote fruit 

anthocyanins with caffeic acid copigments. 
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copigmented even when exposed to light. Pedro et al. 

(2016) also reported the increase in t1/2 of black rice 

anthocyanins when copigmented with gallic acid. 

In terms of heating treatments, caffeic acid also 

lowered degradation rate of anthocyanins and overall 

colour change when heated at 60°C and 75°C (Table 5). 

However, after increasing the temperature to 90°C, 

copigmentation no longer demonstrated anthocyanin 

stability improvement as shown by slightly higher k and 

△E and lower t1/2 values of copigmented solutions than 

solutions with lipote fruit anthocyanins alone (Table 5). 

This was also the case for blackberry wine residue 

anthocyanins that showed significantly lower rates of 

degradation and total colour change and higher t1/2 when 

copigmented with caffeic acid upon heating at 50 and 

70°C in a study by Fan et al. (2019). However, at 90°C, 

Fan et al. (2019) found higher rates of degradation upon 

copigmentation.  

The improvements resulting from copigmentation 

could be attributed to the π-conjugated systems found in 

copigments (Pedro et al., 2016; Maciel et al., 2018). 

These π-conjugated systems are found in 

hydroxycinnamic acids such as caffeic acid, and together 

with their OH and C = O reactive groups, were reported 

as among the best copigments (Klisurova et al., 2019). 

Through these, copigments possess the ability to enhance 

anthocyanin stability by stacking anthocyanins in a 

sandwich configuration through π-π interaction, thereby 

protecting the flavylium cation from hydration and 

conversion into unstable forms (Bimpilas et al., 2017; 

Kanha et al., 2019). However, at temperatures near 100°

C, copigments also undergo degradation which may 

explain the non-contribution to anthocyanin stability at 

the studied temperature of 90°C (Maciel et al., 2018). 

The high temperature may have also caused disruption of 

anthocyanin-copigment complexes leading to the 

formation of colourless degradation products, thus 

resulting in colour and anthocyanin losses (Sari et al., 

2012).  

The occurrence of copigmentation can be confirmed 

through the changes in the anthocyanin’s spectral 

properties. Such spectral property changes - a 

bathochromic shift (maximum wavelength) and 

hyperchromic effect (change in absorbance)- are initiated 

by the π-π complex formed during anthocyanin-

copigment interaction (Pedro et al., 2016). In this study, 

the caffeic acid addition caused the maximum 

wavelength to move from 513 to 514.5nm, and the 

absorbance spike by 5% at this maximum wavelength 

(Table 7). These effects were also seen by Klisurova et 

al. (2019) in black chokeberry (Aronia melanocarpa) 

(6.2% hyperchromic effect; 2nm bathochromic shift) 

anthocyanins when caffeic acid copigments were 

introduced. 

4. Conclusion 

The study presented the feasibility of obtaining and 

optimizing anthocyanin-rich extracts from lipote fruits. 

Moreover, the study highlighted the stability 

characteristics of this extract that would help substantiate 

and maximize its potential for use as a natural food 

colourant. Stability tests showed that lipote anthocyanin 

extract, in its natural form, was most stable at low pH 

conditions, in the dark and at refrigerated storage 

temperature. Additionally, the incorporation of caffeic 

acid copigments did not only resulted in darker and more 

intense colouration but also further improved the 

stability of anthocyanins under most of the conditions 

tested.  

Future studies may therefore explore translating the 

identified extraction parameters and stability conditions 

into actual food systems. For instance, by consideration 

of the high stability demonstrated at pH 3, possible food 

applications include water-based beverages such as fruit-

flavored, energy, and sports drinks which all fall within 

this pH range. Furthermore, other means of enhancing 

anthocyanin stability such as the use of other types of 

copigments or employment of microencapsulation may 

also be explored. 

Overall, data generated from the present work is 

deemed useful for the characterization and possible food 

application of lipote extract as research on lipote fruits is 

currently scarce. Moreover, the study may serve as a 

contribution to expanding the value of lipote by adding 

natural food colourant among its many other potential 

products in the food industry. 
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LA+C 514.5 1.5±0.0 0.5189 0.03±0.00 

Table 7. Wavelength at maximum absorbance (λmax) and 

variations in wavelength (bathochromic shift) and absorbance 

(hyperchromic effect) of natural and copigmented lipote fruit 

anthocyanins in model beverage solutions ((citrate buffer, pH 

= 3) 

Values are presented as mean±SD, n = 3. LA: Lipote fruit 

anthocyanins, LA+C: Lipote fruit anthocyanins with caffeic 

acid copigments. 
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