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Abstract Betalains are nitrogen-containing colorants with
antioxidant properties that can be found in plant materials
such as pitaya peels. However, thermo-stability of these
natural colors may vary with different source, yet few study
has reported the rate orders of degradation for pitaya-
sourced betalains. In this study, accelerated storage test of
betalains, namely betacyanin and betaxanthin, extracted
from pitaya peel are investigated by heat treatment of the
extract at elevated temperatures. The results show that
degradation kinetics of betacyanins and betaxanthins can
both fit first-order kinetics and Arrhenius equation with
activation energies at — 49.2 kJ/mol and — 40.0 kJ/mol,
respectively. The result of Student’s t-test indicated that the
predicted k values are statistically the same as compared to
their corresponding experimental values. LSD estimation
also showed that k value variation tendency of the two
betalains appears to be the same at 60 °C or below, while
betacyanins tend to degrade faster above 80 °C than
betaxanthins due to higher coefficient value of k value
variation. This result also suggests that the pitaya-sourced
betalains tend to degrade gradually even though they are
stored under refrigerated condition. However, the betalains
showed appreciably lower rate of degradation if they are
processed at 60 °C or below.
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Introduction

The two categories of betalains, which include betacyanins
and betaxanthins, have traditionally been used as food
colorants for red-violet (betacyanins) and yellow-orange
(betaxanthins) colors (Pavokovic and Krsnik-Rasol 2011).
In recent decades, betalains have gained interest from
scientific communities due to its health medicinal values
(Zhang et al. 2013; Tesoriere et al. 2014; Khan 2016).
Despite the health benefits, the thermal instability and
molecular degradability drawbacks of natural colorants
demonstrated in other studies (Chandran et al. 2014; Priatni
and Pradita 2015; Giineser 2016; Rodriguez-Sanchez et al.
2017) also led to the importance of the investigations on
the rate orders for betalain degradation.

Betalains, a group of nitrogen-containing colorants, can
be extracted from various plant materials, including
Caryophyllales, the flowers of Aizoaceae and Portula-
caceae, red beetroots, and Cactaceae fruits such as pitayas
(Delgado-Vargas et al. 2000; Slavov et al. 2013). In the
past decades, betalains from different sources have been
identified. The properties of betalains can vary with dif-
ferent plants in terms of betacyanin/betaxanthin ratio,
water solubility, range of spectrum covered, and ther-
mostability (Azeredo 2009). Hence, realizing the stability
of betalains derived from each plant material is important
while proposing a proper storage condition. In addition, the
study reported by Rodriguez-Sanchez et al. (2015) also
shows that, among the factors that cause molecular break
down of betalains, storage temperature is one of the most
critical ones.

In recent years, the properties of betalains extracted
from the fruit of Hylocereus cacti, or pitayas, are found to
be more promising than those from other sources (Azeredo
2009). Pitayas, or locally called dragon fruit, are cultivated
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in most tropical regions in the world, especially in
Malaysia, Thailand, Vietnam, and Taiwan. Among the
different genus of pitayas, white (Hylocereus undatus) and
red pitayas (Hylocereus polyrhizus) are the most commonly
grown (Merten 2003; Wiset et al. 2012). The peel of
pitayas, representing approximately 18-24% of the whole
fruit (Chuck-Hernandez et al. 2016), can contain up to
150 mg of betacyanin per 100 g fresh sample (Jamilah
et al. 2011). In practice, pitaya peels are discarded while
the fruit pulps are processed or consumed. Therefore,
recycling of pitaya peel for betalain extraction not only can
reduce production cost of the health benefit colorants, but
also create a higher economic value for the fruit. However,
few studies have reported the rate orders for degradation of
pitaya peel derived betalains.

Accelerated storage test (AST) has been used widely to
estimate and predict shelf-lives of labile products in food,
biology, and pharmaceutical industry (Franks 1994; Presa-
Owen et al. 1995). Among the methods of AST, Arrhenius
equation is most generally used in the valid assumption for
deterioration (or degradation) rate of temperature-depen-
dent compounds, components, or overall food products
(King et al. 1998; Reyes and Cisneros-Zevallos 2007,
Danisman et al. 2015; Yal¢inoz and Ergelebi 2015; Ruiz-
Gutiérrez et al. 2015; Priatni and Pradita 2015). Hence, by
means of Arrhenius relationship, degradation kinetics of
betalains extracted from pitaya peels can be predicted
(Ruiz-Gutiérrez et al. 2015; Priatni and Pradita 2015).

In this study, AST of betalains extracted from pitaya
peels were carried out to investigate the degradation
kinetics of betacyanins and betaxanthins under different
storage and processing temperatures. While predicting the
rate constant (k) of betacyanins and betaxanthins at dif-
ferent storage temperatures, the predicted k values under
refrigerated and ambient storage conditions were also
compared with their corresponding experimental values.

Materials and methods

The procedures to investigate thermostability of betalains
extracted from pitaya peels included handling of raw
materials, extract preparation, heat treatment, sample
analysis, calculation of betacyanin/betaxanthin content,
and degradation kinetic studies of betacyanins and
betaxanthins.

Handling of raw materials
Fresh pitaya peels from different sources were cleaned and
cut into small pieces with an area of approximately

2 cm x 2 cm. The pitaya peel pieces were well-mixed and
stored under — 18 °C for not more than 14 days.
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Extract preparation

To prepare 10% pitaya peel extract, 100 g pitaya peel was
added into a Waring Blender filled with 900 g deionized
water and blended for 30 s. Pitaya peel extract was
obtained after passing through a 200 um filter.

Heat treatment

Twenty grams of the pitaya peel extract was added into a
100 mL blue cap bottle and placed within an oil bath at 70,
80, 90, 100, 110, and 120 °C for 1, 3, 5, 10, and 30 min,
respectively. For extracts stored under refrigerated (4 °C)
and ambient (25 °C) conditions, samples were taken every
2h for 8 h in total. The contents of betacyanins and
betaxanthins were then analyzed.

Sample analysis

Analysis of betacyanin and betaxanthin content was
according to the method reported by Castellar et al. (2003),
Stintzing et al. (2005), and Sumaya-Martinez et al. (2011)
with some modification. After heat treatment, pitaya peel
extract samples were centrifuged at 11,200x g for 2 min to
remove the sediments. The samples were analysed by
photospectrometer (Hitachi UV-Vis U-2800, Japan) at
535 nm and 480 nm respectively for analysis of betacyanin
and betaxanthin content. Absorbance readings for all
samples were made against distilled water as a blank.

Calculation of betacyanin/betaxanthin content

According to Beer Lambert’s Law, betacyanin and betax-
anthin content can be calculated by using the equation
below (Ruiz-Gutiérrez et al. 2015; Priatni and Pradita
2015):

Betacyanin or Betaxantin Content
=A x MW x 1000 x DF/¢ x [ (1)

where A is the absorbance at 535 or 480 nm; MW is the
molecular weight of betanin (550 g/mol) or indicaxanthin
(308 g/mol); DF is the dilution factor of sample; ¢ is the
extinction coefficient of betanin (60,000 L/mol cm) or
indicaxanthin (48,000 L/mol cm); 1 is the pathway of light
transmittance (1 cm). The contents of betacyanin and
betaxanthin are expressed as mg betanin and indicaxanthin
equivalent/L extract, respectively.

Degradation kinetic analysis
The degradation kinetics of betacyanin and betaxanthin

content were described by fitting first-order kinetic model
to the experiment data based on the equation below:
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W) = Wo X exp k) (2)
1H(W(t)/W0) = —kt (3)

where wq is the content of betacyanin and betaxanthin
before heat treatment; w(, is the content of betacyanin and
betaxanthin at time t (min); k (min~") is the rate constant at
the temperature determined; and t is the time of heat
treatment.

Temperature dependence of betacyanin and betaxanthin
degradations can be determined by calculating the activa-
tion energy (Ea) values based on Arrhenius equation
(Chandran et al. 2014):

ki) = A x expl~Ea/RT] 4)

nkiry = in 4 — (Eajg) (Vr) (5)

where k() is the k value (min~ ") at temperature T (K); A is
the pre-exponential factor; R is the universal gas constant
[8.314 x 107> kJ/(K mol)]; Ea is the activation energy
(kJ/mol); and T (K) is the temperature of heat treatment.

Statistical analyses

Duplicate results were obtained for all experiments per-
formed. Arithmetic means, standard deviations, correlation
coefficients, Student t-test, and Fisher Least Significant
Difference (LSD) were calculated using Microsoft Excel
2010 and Sigma Plot 10.0. Student t-test and Fisher LSD
were respectively used to estimate statistical significance of
the predicted k values and the correlation coefficients of
betalain k values at different temperatures.

Results and discussion
Thermostability of betalains

The overall result in this study shows that betalains
extracted from pitaya peels are found to be thermos-un-
stable. The content of betalains decreased with increasing
time of heat treatment, while the degradation rate also
enhanced at elevated temperatures. The degradation
kinetics of betacyanins and betaxanthins extracted from
pitaya peels are shown in Fig. 1.

Data shown in Fig. la, b indicated that degradation of
pitaya-peel-based betacyanins and betaxanthins fits first-
order kinetics during heat treatment from 70 to 120 °C. It
was also found in the comparison between the degradation
kinetics of betacyanins and betaxanthins that the k values
for both components were approximately 0.008 at 70 °C.
However, the value for betacyanin degradation increases
10 times (0.08) as the temperature increased to 120 °C. At
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Fig. 1 Degradation kinetics of a betacyanins and b betaxanthins
extracted from pitaya peels

the same temperature, k value for betaxanthins was 0.04,
only 5 times increase. The result in Fig. 1 can therefore
imply that thermal instability of betacyanins appeared to be
higher than that of betaxanthins at elevated temperatures,
namely 70-120 °C. The result can also be observed from
the residual yellow color of pitaya peel extract after 30 min
heat treatment (Table 1).

k values and activation energies

To predict the degradation kinetics of pitaya-peel-based
betalains stored under different temperatures, regression
lines of k values for betacyanins and betaxanthins found at
different temperatures were created based on Arrhenius
model, namely Arrhenius regression lines (Fig. 2).

In Fig. 2, the activation energies (Ea) for betacyanin and
betaxanthin degradation are found to be — 49.21 kJ/mol
(or — 11.76 kcal/mol) and — 38.99 kJ/mol (or
— 9.32 kcal/mol), respectively. Ea for betacyanin found in
this study appears to be lower as compared to that reported
by Priatni and Pradita (2015), — 14.37 kcal/mol, in the
investigation for degradation kinetics of betacyanins
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Table 1 Appearance of pitaya peel extract samples taken at different times (120 °C heat treatment)

10% pitaya peel extract
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Heat treatment time (min) Fresh sample
BC content (mg betanin equivalent/L ext.) 23.39 20.54 18.83 16.54 12.80 2.07
BX content (mg indicaxanthin equivalent/L ext.) 8.02 7.98 7.73 6.72 4.57 2.56
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Fig. 2 Arrhenius regression lines for betacyanins (square) and
betaxanthins (triangle)

extracted from red dragon fruit. In addition, the study
reported by Chandran et al. (2014) related to heat treatment
of beetroot to determine the degradation of visual color
also indicated that betaxanthins can show higher stability at
elevated temperatures than betacyanin and degradation of
both pigments follow first order kinetics and Arrhenius
model. In other words, the content of betacyanin and
betaxanthin at different storage temperatures can be pre-
dicted based on the Arrhenius regression lines.

Predicted and experimental k value comparison

The predicted k values under refrigerated (4 °C) and
ambient temperature (25 °C) storage condition of beta-
cyanins and betaxanthins, have been compared with their
corresponding experimental values. Statistical significance
of these predicted and experimental values is estimated by
Student’s t-test (P = 0.95) as shown in Table 2.

Data presented in Table 2 showed that the predicted k
values for storage of betacyanins and betaxanthins under
refrigerated (4 °C) and ambient temperature (25 °C)

@ Springer

condition were within the confidence interval, which
indicates that no statistically significant difference as
compared with its corresponding experimental k value (t
value < tpos). This can also designate that there was no
significant difference between predicted and actual results
at the storage temperatures and time intervals tested.

Variation of k values at different temperature

In Fig. 3a, b, regression coefficients of k value variation at
different temperatures have been determined for beta-
cyanin and betaxanthin degradation. It can be seen that the
changes of first-order coefficient values for both betacyanin
and betaxanthin degradation are both found at 60-80 °C.
According to the estimation based on Fisher Least Signif-
icant Difference (LSD) at P = 0.05, the tendency of the k
value variations for both betacyanins and betaxanthins are
found to be identical at temperatures below 60 °C. The
tendency can also be observed from the identical first-order
coefficient (1.00E—04) shown in Fig. 3a, b. This also
explains why color change can hardly be observed from the
pitaya peel extract samples of which heat treatment were
carried out at 70 °C (data not shown). Above 80 °C,
however, the rates of k value increase appear to be
approximately 7 (for betaxanthin) or 15 (for betacyanins)
times higher, while betacyanins show appreciably higher
growth than betaxanthins. This finding implies a higher
color stability of the two colorants at 60 °C or below,
suggesting a temperature limit of their application or pro-
cess (e.g. drying, extraction, sterilization...etc.).

The tendency of k value variation below 60 °C can be
attributed to reversibility of Schiff base reactions, which
suggested by both Elbe et al. (1981) and Molina et al.
(2014) in the stability study of red-beet derived betalains.
Results for both studies indicated that the color mainte-
nance of betalains due to degradation reversibility can
mostly occur at temperatures below 66 °C (or below 60 °C
found in this study). As for the tendency of k value
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Table 2 Statistical significance
of predicted and experimental k

k value (min_l)

Confidence interval of the predicted k value®

values estimated by student’s t- Predicted Experimental

test (P = 0.95)
Betacyanins (4 °C) 1.98E—04 2.04E—04 1.53E—04 to 2.55E—04
Betaxanthins (4 °C) 3.06E—04 2.95E—-04 9.07E—05 to 4.99E—04
Betacyanins (25 °C) 8.90E—-04 8.54E—04 6.03E—04 to 1.11E—03
Betaxanthins (25 °C) 1.01E—03 6.24E—04 1.33E—03 to 8.37E—05

“Predicted k value falls within the confidence interval indicates no statistically significant difference as
compared with its corresponding experimental k value (t value < tgs)
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Fig. 3 Regression of k value variation (with temperature) for
betacyanin (a) and betaxanthin (b) degradation. Statistical signifi-
cance of k values for both betacyanins and betaxamtjoms at 4-120 °C
were estimated based on Fisher Least Significant Difference (LSD) at
P =0.05

variation above 80 °C, the study of yellow pitaya peel
color stability reported by Cejudo-Bastante et al. (2016)
also agreed that betalains can suffer a pronounced degree
of degradation at 80 °C or higher. The same tendency can
also be observed from the data in Fig. 1, which shows that
the k values (or slopes) for betacyanins and betaxanthins
appear to be similar at 70 °C, while a more significant

difference of k values for the two categories of betalains is
found at 80-120 °C.

The main cause of this situation can be due to
reversibility and degradability of the broken down mole-
cules of betalains, such as betalmic acid from betacyanins
and betaxanthins, cyclo-Dopa from betacyanins, and ami-
nes from betaxanthins. These molecules can undergo Schiff
base condensation which leads to betanin regeneration
under a lower processing temperature. However, subse-
quent degradation or reaction, such as aldol condensation
or Millard reaction, of these broken down molecules can
mostly occur at higher processing temperatures (e.g. 80 °C
or above found in this study), and hence, leading to loss of
color (Woo et al. 2011). The overall finding of the above
data also indicates that aqueous solution for both beta-
cyanin and betaxanthin are highly unstable. However,
thermos-degradation can be retarded significantly if they
are stored under lower temperature.

Conclusion

Betacyanins and betaxanthins are two categories of valu-
able colorants that can be extracted easily from pitaya
peels. Despite the thermos-unstable properties, their
degradation fits first order kinetics and Arrhenius model
with activation energies of — 49.2 kJ/mol (betacyanin) and
— 40.0 kJ/mol (betaxanthin). In the comparison of pre-
dicted and experimental k values based on Student’s t-test,
no significant difference was found between betacyanins
and betaxanthins, indicating that the predicted value can be
designated as reliable. The regression coefficients of k
value variation for betacyanins and betaxanthins showed
that a transition was found at 60—80 °C. According to the
result of LSD estimation, the tendency of the k value
variations for the two colorants is found to be identical at
temperatures below 60 °C. Above 80 °C, the regression
coefficients appeared to increase significantly, while beta-
cyanins is expected to be higher than that of betaxanthin,
which implies that the colorants can be more stable and
increased rate of degradation can be avoided if they are
processed below 60 °C. Data presented in this study shows

@ Springer
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that both pitaya-sourced aqueous betacyanins and betax-
anthins can degrade gradually even though they are stored
under refrigerated conditions, yet the appreciably reduced
rate constant (k value) of degradation below 60 °C also
suggests a tolerance limit of their processing temperature.
To improve the stability of betalains, some countermea-
sures are to be investigated in future studies.
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