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ABSTRACT 

The extraction of anthocyanins present in the skin of the dragon fruit was performed using trifluoroacetic acid (TFA) 
plus a mixture of methanol, acetic acid and water; the anthocyanins were then purified with a LC-18 cartridge, using 
methanol acidified with TFA as eluent, reaching concentrations of 44.3865 ± 1.3125 mg/100g of sample. The extracts 
were put through stability tests under different storage conditions, modifying the pH of the extracts (pH of 1, 4 and 6), 
the temperature (4˚C, 25˚C and 68˚C) and the absence and presence of light for a time period of 4 days; the tests indi- 
cated that anthocyanins remain more stable at a temperature of 4˚C with a pH of 4 in the absence of light, retaining up 
to 80% of the pigment. Three anthocyanins were partially identified in the extracts by high performance liquid chroma- 
tography (HPLC); they were: cyanidin 3-O-glucoside, cyanidin 3,5 O-glucoside and pelargonidin 3,5 O-glucoside.  
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1. Introduction 

Anthocyanins are water-soluble phenolic compounds that 
are present in a large number of vegetable products, and 
are responsible for a wide range of colors from colorless 
to purple [1]. They are located mainly in the skin of fruits 
such as apples, pears, grapes, blackberries and plums; in 
vegetables such as cabbage and purple onions; and in 
flowers such as Jamaica and roses. Although they contain 
few chromophore groups, more than 540 naturally occur- 
ring anthocyanidic pigments have been identified [2]. 
The role they play in plants is to attract living beings, 
especially insects and birds, for pollination and seed dis- 
persal purposes [3]. The color differences between fruits, 
flowers and vegetables depend on the nature and concen- 
tration of the anthocyanins they contain. Anthocyanins 
are derivatives of the 2-fenil benzopyrylium cation; due 
to their poor solubility in water, they are not found freely 
in nature, but only in their glycosylated form, cya- 

nidin-3-glucoside being one of the most abundant [4]. In 
fruits, anthocyanins are preferentially located in the skin 
and occasionally in the pulp; they may contain a single 
type of pigment, as in the apple (Pyrus malus) and red- 
currant (Ribes rubrum), which contain only cyanidin. In 
contrast, fruits such as grapes (V. vinifera) and blueber- 
ries (Vaccinium myrtillus) contain a combination of five 
of the six common anthocyanidins. The variation of an- 
thocyanins in fruits is more limited than in flowers, 
where 50 different ones have been identified, of which 
the most common is cyanidin, followed, in order of im- 
portance, by peonidin, delphinidin, pelargonidin, mal- 
vidin and petunidin [5,6]. The different types of antho- 
cyanins depend on the number of hydroxyl groups, sug- 
ars, aliphatic groups and aromatic acids attached to the 
basic structure of anthocyanins. The particular color of 
each anthocyanin depends on the number and orientation 
of the hydroxyl and methoxyl groups in the molecule [7]. 
Increases in hydroxylation produce a displacement to- 
wards blue hues, while increases in methoxylation pro-  *Corresponding author. 
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duce red colors [8,9]. Numerous studies have been car- 
ried out, the main objective of which has been the 
chemical characterization of anthocyanins in various 
natural products, with the aim of using these phenolic 
compounds as alternatives to synthetic dyes used in the 
food industry [10,11]. This type of pigment is relatively 
little used, only in some dairy products, ice cream, candy, 
baked goods and canned vegetables. Likewise, interest in 
anthocyanins has increased not only due to the color they 
give to the products that contain them, but because of 
their possible role in decreasing heart disease, cancer and 
diabetes, their antiinflammatory effects and their capacity 
to improve visual sharpness and cognitive behavior [12- 
14]. Therefore, in addition to their role as colorants, an- 
thocyanins are potential agents for obtaining value-added 
products for human consumption due to their capacity to 
act as natural antioxidants [15]. Knowledge of the chem- 
istry of anthocyanins can be used to minimize their deg- 
radation through a suitable choice of the processes and a 
selection of the anthocyanin pigments that present greater 
stability for the intended application. Despite the advan- 
tages of anthocyanins as potential substitutes of synthetic 
dyes, they are labile compounds, which, together with 
factors such as their low stability and the lack of avail- 
able plant material, limit their commercial application 
[16,17]. The dragon fruit (Hylocereus undatus) is an ex- 
otic fruit worldwide, as it is unknown in many countries, 
which creates a potential for diversifying by making dif- 
ferent types of food products with high nutritional value. 
The fruit is an ovoid berry, rounded and elongated, ten to 
twelve inches in diameter; the skin is purple-red to yel-
low-red in color, covered with bracts (leafy scales) of 
yellowish green color; its weight varies from 350 to 750 
g and has a delicious flavor [18]. Its flesh is white with 
abundant dark brown or black seeds distributed through- 
out the fruit. In recent years, several studies have been 
made on the dragon fruit, evaluating its key features, the 
changes that occur during ripening, post-harvest man- 
agement and conservation [19]. However, there is not 
enough information about the types of pigments found in 
the skin of the fruit and the relation between the color 
changes in the skin and the postharvest ripening of the 
fruit. After harvest, while chlorophyll decomposes, there 
is a synthesis of other pigments that are responsible for 
the characteristic red color of the mature dragon fruit; 
small amounts of carotenoids appear, reaching a peak in 
the yellow-pink zones and decreasing when the fruit 
reaches its deeper color; this color coincides with the 
highest concentrations of betalains and anthocyanins, the 
latter (anthocyanins) reaches higher concentrations than 
the carotenoids and betalains [20]. One of the important 
aspects of the fruit is the intensity of the red to violet 
color that presents when mature, which means it has a 
high content of antioxidants, especially of the antho-
cyanins group. 

The skin of the dragon fruit can be an important source 
of natural colorants, as restrictions on the use of synthetic 
food colorants have led to a rising interest in the use of 
anthocyanins and flavonoids as food colorants, as well as 
for pharmaceuticals products, cosmetics and the like [3]. 
The aim of this work was to quantify the anthocyanin 
content present in the skin of the dragon fruit (Hylocer- 
eus undatus) and to assess the stability of this pigment 
under different storage conditions for its possible use as 
food colorant.   

2. Materials and Methods 

2.1. Raw Material 

The dragon fruits (Hylocereus undatus) were purchased 
directly from a local producer, selecting those that 
showed a red coloration in full and were free of damage. 
The fruits were taken at different harvest times, making a 
total of 5 samples, each with 6 experimental units. The 
skin was separated manually with a stainless steel knife, 
removing any hint of flesh; it was subsequently cut and 
placed in trays for drying at 45˚C in an oven; the dried 
skin was pulverized before being stored frozen until use.  

2.2. Measurement of Color 

The color of the skin of the dragon fruits was determined 
using a tristimulus colorimeter, obtaining the values of 
L*, a* and b*. L* measures the brightness of color, 
ranging from 0 = black to 100 = white; a* can be positive 
(red) or negative (green); and b* can be positive (yellow) 
or negative (blue). The a* and b* values were converted 
to tones according to the equation proposed by McGuire: 
Tone = tan−1(b*/a*) [21].  

2.3. Extraction of Anthocyanins 

We followed the method proposed by Peña et al. [22], 
which consisted of adding 20 ml of 1% trifluoroacetic 
acid in methanol to 0.5 g of pulverized skin, refrigerating 
for 24 hours, then decanting the supernatant; a mixture of 
methanol was added to the residue: acetic acid: water 
(10:1:9), and kept under constant stirring for 24 hours at 
room temperature, after which time the supernatant was 
decanted and the residue was washed with 20 ml of the 
same mixture and under the same conditions of time and 
temperature. At the end of each extraction, the volume of 
the decanted supernatant was measured and filtered with 
Whatman paper no. 42 of 70 mm. The extracts obtained 
from each wash were kept at 4˚C until reading. 

2.4. Quantification of Anthocyanins 

The quantification was performed spectrophotometrically, 
reading each of the extracts obtained previously at a 
wavelength of 520 nm; the total anthocyanin concentra-
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tion, as mg of anthocyanins per 100 g−1 of skin, was cal-
culated using the volume, absorbance and weight of the 
sample data, using an extinction coefficient of 29,600 
l/mol−1·cm−1 and a molecular weight of 445.2 g/mol [23]. 

2.5. Purification and Partial Identification of 
Anthocyanins by HPLC 

For purification of the anthocyanins, the extract obtained 
from the first extraction with 1% trifluoroacetic acid 
(TFA) in methanol was passed through a Supelclean 
LC-18 cartridge, the purpose of which is to separate rela- 
tively hydrophobic compounds such as anthocyanins 
from sugars and acids. The cartridge was conditioned by 
adding 4 ml of acidified water, followed by 4 ml of 
acidified methanol and 2 ml of acidified water again to 
remove the remaining methanol. One ml of the extract is 
placed in the cartridge and the anthocyanin is eluted 
through the cartridge using acidified methanol with TFA 
at a pH of 1. A high performance liquid chromatograph 
(HPLC), Perkin Elmer, C200, with UV-visible detector 
was used for the analysis of the samples, using a Brown- 
lee Analytical C18 reverse phase column of 150 × 4.6 
mm. The separation was performed with gradient elution 
at a flow rate of 1 ml/min, using acidified water with 
0.1% TFA (v/v) as mobile phase A, and HPLC grade 
acetonitrile with 0.035% formic acid (v/v) as phase B. 
The injection volume was 20 μl. The following gradients 
were used: 10% - 11% of B in 12 min, 11% - 12% in 8 
min, 12% - 13% in 5 min, 13% - 18% in 10 min, and 
18% of B maintained for 25 min. The anthocyanins were 
analyzed with a visible detector at 520 nm. Before in- 
jecting it, the sample was filtered through a 0.45 μm ac- 
rodisc (Millipore, Bedford, MA). The identification of 
the anthocyanins was performed using commercial stan- 
dards of known retention times. The standards used were: 
Malvidin, Cyanidin and Pelargonidin (SIGMA). 

2.6. Stability of the Pigment  

The stability of the pigments was tested in extracts of 
anthocyanin at different temperatures, pH and light, ac- 
cording to the factorial design described in Table 1; the 
values were randomly assigned. The pH of the extracts 
was adjusted with HCl and NaOH 1 N; glass flasks were 
used for storage, each containing 10 ml of the extract;  
 
Table 1. Storage conditions for evaluating the stability of 
anthocyanin extracts. 

Temperature (˚C) pH Light 

4 1, 4, 6 Absence and presence 

25 1, 4, 6 Absence and presence 

68 1, 4, 6 Absence and presence 

absorbance was determined to these extracts every 7 days 
for a period of 4 weeks. The experiment was performed 
in duplicate.  

2.7. Experimental Design 

A factorial experimental design with 3 factors was em- 
ployed, with 3 levels for pH and temperature, and 2 lev- 
els of light (absence and presence of light). The statistical 
analysis of the data generated was done using the pack- 
age “STATGRAPHICS XV.I Centurion”, performing an 
analysis of variance and Duncan's multiple range tests, 
considering a completely randomized experiment.  

3. Results and Discussion  

3.1. Measuring Color 

Many of the studies on anthocyanins in fruits that evalu- 
ate color changes and correlate them with changes in 
anthocyanin content, use the L* and Tone system [24,25]. 
According to McGuire [21], hue angle and chroma are 
better understood aspects in the producer-consumer chain; 
this is associated to the fact that the human eye does not 
separate colors into their components but sees them as a 
whole. Different statistical analyzes were performed with 
the values of L* per experimental unit and per sample to 
determine the correlation between brightness and date of 
harvest, and whether this has any relationship with the 
content of compounds in the skin of the dragon fruit. 
Color measurements in the skin of the dragon fruit (Fig- 
ure 1) indicated that there was no significant difference 
in the parameter L* between the samples and between 
each dragon fruit, with a 95% confidence level (p > 0.05), 
and an average value of 19.12 ± 2.78. With respect to 
tone (hue angle), all dragon fruits were in quadrant 1 of 
the tristimulus scale L*a*b, which in turn means that 
they were between the red and the yellow axes, reaching 
purplish red tones. According to ANOVA, there was no 
significant difference between the dragon fruits of each 
sample and the hue angle. With respect to the analysis 
between the samples, there is a statistically significant 
variation between samples 1-5, 2-4, 2-5 and 3-5, as they 
exceed the maximum and minimum limits in the mean 
 

 

Figure 1. Comparison of brightness values per sample and 
dragon fruit. 
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comparison, which can be seen in Figure 2. The differ- 
ence presented by these samples is due to the variation in 
climate, because at the time of the samplings 4 and 5, the 
rain that fell during the time of harvest was higher, which 
could have an effect on the color of the skin. 

3.2. Extraction and Quantification of  
Anthocyanins 

Table 2 shows the average composition with respect to 
the fractions found in the fruit, both for the edible part 
(pulp and seeds) and for the skin. Nerd et al. [26] report 
values of 32.5% for the skin, which resemble the values 
found for the dragon fruits of this study. However, the 
average weight of the whole fruit is similar to that re- 
ported by Centurión et al. [19], who obtained dragon 
fruits with a weight of 463.7 g, with variations regarding 
the pulp and the skin, as they mentioned a pulp weight of 
368.91 g and a skin weight of 94.8 g, the latter repre- 
senting a value of 20.4%. This suggests that the fruits of 
this work had a thicker skin. The average content of an- 
thocyanins from the skin of dragon fruits harvested in 
different seasons was 45.15 ± 0.5117 g/100g of dry dra- 
gon fruit skin. The quantification results of this study are 
similar to those found in raspberry by Antonne and Kar- 
jalinen [27], who found values of 19 and 51 mg/100g of 
fresh fruit; they are also similar to the values obtained by 
Peña et al. [22] which range from 28.7 to 55.6 mg/100g 
of fresh fruit. These variations may be due to the sol- 
vents used or to the methodology used to extract the 
compound. The analysis of variance showed no signifi- 
 

 

Figure 2. Comparison of means of the hue angle between 
samples and dragon fruits. 
 
Table 2. Average composition of the parts of the dragon 
fruit (Hylocereus undatus). 

Average weight of the parts of the dragon fruit
 

Average weight (g) Percentage 

Whole fruit 463.21 ± 59.74 100 

Skin 148.10 ± 31.46 31.97 

Pulp and seeds 315.11 ± 54.14 68.027 

cant difference in anthocyanin content between the 
dragon fruits analyzed at different sampling times (Fig- 
ure 3). The average yield of dragon fruit skin was 319.72 
g per kilogram of dragon fruit; anthocyanin content was 
45.69 mg/100g of dry skin; therefore, a total of 0.1460 g 
of anthocyanins was extracted per kilogram of skin. The 
dragon fruit is thus a suitable source of anthocyanins, 
since they are obtained solely from the skin, unlike 
Aguilera et al. [23], who report, for the purple fig of the 
Mission variety, values 0.295 g per kilogram of whole 
fruit. The extraction method must be one that allows re- 
covering the greatest possible amount of anthocyanins 
with minimum losses due to enzymatic and non-enzy- 
matic changes. Anthocyanins are generally isolated in 
acidic media. Among the methods that have been tested 
for extracting anthocyanins from various natural sources, 
it was found that using methanol acidified with 1% TFA 
as an extraction solvent, the amount of pigment extracted 
increases greatly, while maintaining the stability of the 
anthocyanins [28]. The efficiency of extraction with TFA 
is attributed to the low pH that is reached in the system 
(about 1.3), to the higher solubility of anthocyanins in 
methanol and to the use of completely pulverized sam- 
ples, which increases the contact surface of the particles 
in the solvent. The powdered skin of dragon fruit is sub- 
jected to extraction in the darkness for 12 hours with 
overnight stirring in the extraction solvent to allow the 
diffusion of anthocyanins through the cell membranes 
and to obtain, during the first extraction, a high concen- 
tration of anthocyanins; the additional extraction solvent 
is required to wash the residue of anthocyanins [29].  

3.3. Stability of Anthocyanin Pigments 

The behavior (Figure 4) of the anthocyanin extracts un- 
der different storage conditions is to decrease in the first 
week and then remain more stable from the second week 
of storage, finding no significant difference (p = 0.05) 
between the samples stored at 4˚C both in the presence 
and absence of light, while at 25˚C, in the absence of 
light, the samples displayed similar values to those stored  
 

 

Figure 3. Average values of total anthocyanins (g of antho- 
cyanins/100g of skin) present in the skin of dragon fruit, 
during different harvest times.  
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in a neutral or alkaline one. In an acidic medium, the 
predominant form is that of the flavylium ion, which 
gives a red color when it is subjected to basic or alkaline 
pH. The flavylium ion is susceptible to nucleophilic at-
tack by water, producing, at pH 4.5, the carbinol pseu-
dobase, followed by chalcone; the two forms are color-
less [30]. In our case, the extracts kept at pH 4 and 4˚C, 
achieved a better retention of the pigment regardless of 
the presence or absence of light. At pH 4 there will be a 
greater proportion of flavylium cation and, therefore, the 
solution is expected to be more stable at this pH, with the 
colorant having a greater dyeing power due to an hyper-
chromic effect [31]. In the presence of oxygen, the 
maximum thermal stability of glycosylated anthocya-
nidin-3 occurs at pH 1.8 to 2.0, while for diglycosilated 
anthocyanidins-3,5 it occurs at pH 4.0 - 5.0 [32]. At a pH 
between 2 and 4, the main path of degradation is hy-
drolysis of the sugar molecule. Knowing this, the antho-
cyanins extracted from dragon fruit skin attain their best 
color with an acid pH (pH 4), so they must be of the type 
3,5 diglycosilated; their colorless form occurs at a neutral 
or alkaline pH, and because of this characteristic, antho-
cyanins are typically used in the food industry at an acid 
or slightly neutral pH. The effect of temperature on an-
thocyanins is very important because the presence of heat 
during processing and storage degrades anthocyanins. 
There is a logarithmic relationship between the retention 
and intensity of color presented by solutions prepared 
using anthocyanins, and the temperature of the stabiliza-
tion or storage processes [33]. Therefore, one option to 
improve the retention of the pigments is to apply high- 
temperature heat treatments of short duration, as well as 
storage at a low temperature. Timberlake [34] noted that 
the equilibrium between the structures is endothermic; 
from left to right: 

 

Figure 4. Effect of temperature and storage time in the ab- 
sence and presence of light with pH 1. 
 
at 4˚C from the second week; these three extracts were 
the ones which retained more pigment compared to the 
others. In the extracts kept at varying temperatures in the 
presence and absence of light and a pH of 4, it was ob-
served that under conditions of light and darkness at 
25˚C and 68˚C, a considerable decrease of absorbance 
occurred in the first week, showing no significant differ-
ences over the time of storage; this did not happen with 
the samples stored at 4˚C, both in light and in darkness, 
the extract that was kept in darkness being the most sta-
ble and the best preserved throughout the process (Fig-
ure 5). Figure 6 shows the same trend as in Figures 4 
and 5, taking into account that the absorbances reported 
for this process were lower (in a range of 0.34 to 0.09) 
than those found at pH 1 and 4. The results obtained with 
pH 6 indicate that the color is preserved longer at a tem-
perature of 4˚C than with higher temperatures, both in 
light and in darkness. One major environmental factor 
that affects the stability of the anthocyanin color is pH. 
Anthocyanins are more stable in an acidic medium than  
 

Quinoidal base Favylium cation Carbinol pseudobase Chalcone    

 
At high temperatures, the equilibrium shifts to chal- 

cones, which means loss of color. The return of chal- 
cones to flavylium is slow [9]. Anthocyanin extracts 
showed greater stability at lower temperatures; this was 
evidenced because there was less discoloration of the 
extracts. Moreover, thermodynamic measurements show 
that the formation of the chalcone species from antho- 
cyanin hemiacetal is endothermic (∆H = 3.7 Kcal/mol); 
therefore, any rise in temperature favors the increase of 
the chalcone form (colorless) present at equilibrium [35, 
36], which was confirmed by each of the samples, since 
at 4˚C they were more stable than at 25˚C and 68 ˚C, 
with the same pH value. Thus, we can say that the an- 
thocyanin aqueous extracts present in the skin of the 
dragon fruit will present greater stability and, in conse- 
quence, will behave best for natural consumption at low 

temperatures; the lower the temperature, the more stable 
will be the pigment.  

Figure 7 shows the percentage of pigment retained in 
the extracts at the end of the four-week storage period. 
From this figure, it can be seen that with pH 4, in the 
dark, at a temperature of 4˚C, it is possible to achieve a 
80% pigment retention throughout the 4 weeks of storage; 
the extracts kept at the same temperature and pH in the 
presence of light retained 53% of the anthocyanins, 
whereas, at higher temperatures, in the presence or ab- 
sence of light, regardless of pH, pigment loss is signifi- 
cantly higher, retaining generally about 20% of the 
original residual anthocyanin. Retentions of 92% of an- 
thocyanin pigments have been reported after 14 days of 
storage under conditions of darkness with a pH of 3 at a 
temperature of 4˚C, whereas with a pH of 6 and a tem- 
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Figure 5. Temperature and storage time in the absence and 
presence of light with pH 4. 
 

 

Figure 6. Temperature and storage time in the absence and 
presence of light with pH 6. 
 

 

Figure 7. Percentage of pigments retained in extracts ana- 
lyzed under different conditions of pH, temperature and 
light. 
 
perature of 4˚C, the retention reported is 42% - 61% in 
the same storage time [23]. An analysis of variance and a 
Duncan’s multiple range test were performed on the ob- 
tained values to determine the stability of the pigment; 
the results indicated that pH and temperature have a sta- 
tistically significant effect on the extracts maintained in 
the absence and presence of light with a confidence level 
of 95% and p ≤ 0.05 (Figure 8). The figure above shows 
the variability of the compound in different storage con-  

 

Figure 8. Comparison of the averages of absorbances be- 
tween extracts stored in dark and light at different tem- 
peratures and pH.  
 
ditions (pH and temperature). Duncan’s multiple range 
method for comparing means shows that there is no sig- 
nificant difference between the absence and presence of 
light; however, temperature, pH and storage time are 
important factors in the variation of the absorbance of the 
compound, as the graphs show slight variations between 
retention of pigment in extracts stored under light and 
those stored in the darkness, the latter being the ones that 
present a smaller decrease in absorbance. The results 
show that anthocyanins remain stable at different pH 
because they do not show a statistically significant dif- 
ference (p = 0.05). With respect to temperature, antho- 
cyanins are unstable, since with higher temperatures 
(68˚C) the color degrades further, while at a lower tem- 
perature (4˚C) anthocyanins lose less color. This coin- 
cides with that reported by Gross (1987), who notes that 
anthocyanins are generally more stable in acidic media, 
in the absence of oxygen under refrigeration and in the 
dark; this is related to the decrease of anthocyanin con- 
tent at pH 4, 4˚C and in the dark. Palamadis and 
Markakis [37] report that in the dark, at 38˚C, after 135 
days, only 23% of the original amount of pigment ex- 
tracted with hot water remained in a drink, while at 3.5˚C, 
under the same conditions of storage, 92% of the pig- 
ment was retained, so the results obtained from the study 
of the stability of anthocyanins found in dragon fruit skin 
indicate that during the period of time established, a 
greater amount of pigment is retained in the dark at low 
temperatures (4˚C), and although there is no significant 
difference with respect to pH, retention is statistically 
greater at pH 4. 

3.4. Partial Identification of Anthocyanins  
Present in the Skin of the Dragon Fruit 

Once the extraction process has been completed, it is 
necessary to submit the sample to a purification process 
to remove substances such as lipids, carotenoids and 
chlorophyll that could interfere with subsequent qualita- 
tive and quantitative analyzes [38,39]. A technique com- 
monly used to purify is solid phase extraction (SPE) with 
C18 or Sephadex. Free hydroxyl groups of anthocyanins 
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are strongly retained by the cartridge matrix, requiring 
polar gradients to elute phenolic compounds. Thus, Tal- 
cott [25] proposes that SPE is an appropriate technique 
for removing hydrophilic compounds (among these, sug- 
ars and certain organic acids) that may interfere with 
subsequent analyzes; the advantage of the C18 cartridges 
is their lower porosity and greater load capacity. The 
purified extracts containing anthocyanins were analyzed 
by HPLC; the chromatogram of the standard mixture is 
shown in Figure 9, where the first peak corresponds to 
pelargonidin with a retention time of 11.098 minutes; the 
second corresponds to cyanidin 3 O-glucoside and the 
third to malvidin, with retention times of 16.22 and 46.25 
minutes respectively.  

A large number of peaks were observed in the chro- 
matograms from the extracts of dragon fruit skin that 
could not be identified. Three anthocyanins could be iden- 
tified according to commercial standards: 3,5 O digluco- 
side, pelargonidin 3,5 O-di glucoside and cyanidin 3 O- 
glucoside; they presented retention times of 6.12, 11.09 
and 16.22 minutes, respectively, coinciding with the 
standards used for identification.  

4. Conclusions 

It is possible to extract anthocyanins from the skin of the 
dragon fruit satisfactorily with acidified methanol, 1% 
trifluoroacetic acid (TFA) and a mixture of methanol: 
acetic acid-water. From the study conducted to determine 
the stability of the pigments under controlled conditions 
of temperature, pH, presence and absence of light, during 
a storage time of 4 weeks, it can be concluded that the 
best combination of these factors for anthocyanins is a 
temperature of 4˚C in the absence of light and a pH equal 
to 4. 

This research could be very important from an eco- 
nomic and industrial point of view, because the inside of 
the dragon fruit (pulp) can be used for industrial applica- 
tions such as the manufacture of minimally processed 
natural juices, jams etc., while the skin, which is now  
 

 

Figure 9. Chromatogram of anthocyanin standards. 

treated as a waste product, would be useful as a source of 
anthocyanin colorants, helping to lower costs in the pro- 
duction of colorants and to obtain a safe product with 
antioxidant potential. 
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