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Abstract White-flesh (Hylocereus undatus; WF) and red-
flesh (Hylocereus polyrhizus; RF) dragon fruit purees were
subjected to heat treatment for 0 to 60 min at temperatures
between 50 and 90 °C. The influence of the different heat
treatments on the physicochemical properties, colour, beta-
cyanins content, microbial destruction, antioxidative proper-
ties and rheological parameters were investigated. The
physicochemical values and antioxidative properties of the
unheated RF were significantly higher than that of the
unheated WF (p<0.05). The betacyanins content of RF after
90 °C for 60 min decreased to 32.35%, based on the initial
puree. Total colour change (TCC) and betacyanins degrada-
tion followed the second-order kinetic. The L* and b* values
of the purees can be recommended as an online quality
control (R*>0.7733) and TCC of RF can be used to predict
the betacyanins content (R*=0.9442). The antioxidative
properties of the heated WF and RF increased with heating
treatment. The linear correlation among the antioxidative
properties was strong (R*>0.8587). WF and RF showed
shear thinning behaviour. After heating, the apparent
viscosity of WF and RF increased and all cases fitted very
well with the power law model (R*>0.9988). Thus, the
heated dragon fruit purees, particularly the RF, offer
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possibilities to be applied in foodstuffs due to their
interesting physicochemical properties and nutritional attrib-
utes after thermal treatment.

Keywords Dragon fruit puree - Thermal treatment -
Betacyanins - Antioxidant activities - Rheological

Introduction

Thailand has a tropical climate ideal for the breeding of a
large diversity of fruits. Dragon fruit, also known as pitaya
and pitahaya, is a tropical fruit originating from South
America and has been grown in Thailand for ages. In
Thailand, two varieties are grown: a red-skinned fruit with
white flesh (Hylocereus undatus; WF) and also a red-
skinned fruit with deep red flesh (Hylocereus polyrhizus;
RF). The pulp is tasteful, juicy and contains numerous
small black seeds. Dragon fruit can be considered as a
potential source of micronutrients and antioxidants which
are found in the peel, flesh and seeds (Ariffin et al. 2009;
Jaafar et al. 2009; Lim et al. 2007, 2010; Mahattanatawee et
al. 2006; Wu et al. 2006). The dragon fruit flesh may also
be a possible source of oligosaccharide for prebiotic
production (Wichienchot et al. 2010). Nowadays, the fruit
is exported to Europe and international markets where there
is an increasing interest for novel tropical fruits. They are
used as ingredients for innovative food products that
respond to the consumers’ interest in new products (Bellec
et al. 2006; Sabbe et al. 2009). The dragon fruit can be
considered as an excellent fruit due to its taste, attractive
colour and high nutritive values (To et al. 1999).

Thermal processing, which also refers to the sterilisation
(high temperature and short time) and pasteurisation (low
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temperature and long time) processes, is an important
method for fruit preservation and shelf life prolongation
due to the inactivation of microorganisms. This process also
has an influence on the nutrient content and colour. In
general, colour degradation and browning pigment forma-
tion of fruits occur during heating (Awuah et al. 2007). On
the other hand, heat treatment also enhances the bioavail-
ability of antioxidative compounds in some fruits and
vegetables (Choi et al. 2006; Kusznierewicz et al. 2008;
Nicoli et al. 1997a, b; Patras et al. 2009; Rickman et al.
2007a; Yang and Gadi 2008). The study of thermal
processing is necessary to design new processes for the
production of safe food products with a maximum retention
of the nutritional profile.

Polyphenolic compounds appear to have many functions in
fruits such as colour, antimicrobial function, and antioxidant
protection. Recent research has shown that polyphenolic
compounds can act as an antioxidant and they also have
interesting health benefits by reducing the risk for cardiovas-
cular disease, cancer (Stevenson and Hurst 2007), neurode-
generative disease (Joseph et al. 2009), inflammation
(Suzuki 2009) and liver damage (Morisco et al. 2008).

Betalains are water-soluble polyphenolic pigments, which
comprise the yellow betaxanthins and the red-purple betacya-
nins, which are found in some fruits such as a red beet root and
dragon fruit (Hylocereus sp.). The betacyanins consists of
betalamic acid and an acyclic amine group, which are
excellent electron donors which enables them to scavenge
free radicals. The red-purple pigment, known as betacyanins,
from dragon fruit has recently been suggested as a potential
betalain source and probably can also be used as natural
colourants in foodstuff (Moreno et al. 2008; Stintzing and
Carle 2007, 2004; Stintzing et al. 2002; Wybraniec et al.
2001). However, this pigment is degraded by temperature,
oxygen, UV light, pH and different cofactors during
processing or storage (Herbach et al. 2006b).

Dragon fruit puree, especially the RF, has been thermally
processed and is widely used as an intermediate product in
concentrated juices, beverages, ice cream, jam and jellies
processing (Barbeau 1993; Gibson and Nobel 1986; Tepora
2009). The chemical properties and rheological parameters
are important factors to design equipment for these oper-
ations. Some compounds such as polyphenolic and pigment
compounds can probably be used for the authenticity and
quality control of fruit purees (Fugel et al. 2005).

However, no research is available on the changes of the
qualities of dragon fruit puree during thermal processing.
Therefore, two types of dragon fruit puree, WF and RF, were
submitted to heat treatment of a maximum of 60 min. The
temperatures varied between 50 and 90 °C, in steps of 10 °C,
for 60 min. The purpose of this research was to study the
influence of heat treatment on a wide variety of quality
parameters: physicochemical properties, betacyanins content,

colour, microbiological properties, total phenol content,
antioxidant activities and rheological parameters.

Materials and Methods
Preparation of Dragon Fruit Purees

The dragon fruit was obtained from a Thai shop in Ghent,
Belgium and two varieties were investigated: white-flesh (H.
undatus; WF) and red-flesh (H. polyrhizus; RF) dragon fruit
purees. The fruits were washed under running tap water and
hand-peeled. The pulp was cut into pieces before homoge-
nising in a blender. The puree sample was then passed
through a 38-mesh sieve and 32-mesh sieve, respectively, to
obtain a product of around 1.25-mm size of uniform
consistency. These dragon fruit purees, containing the seeds,
were then immediately submitted to a thermal treatment.

Thermal Treatment

The studied dragon fruit purees were submitted to an
isothermal heating at selected temperatures (50, 60, 70,
80 and 90 °C) for a residence time of 60 min.
Therefore, 150 g puree was poured into a 250-ml sterile
glass container and covered with a sterile plastic screw
cap. For each temperature, seven bottles with puree
were prepared. The containers were then placed in a
thermostatic water bath (model MP-Basis, Julabo,
Germany) at selected temperatures and agitated by
magnetic stirrer to ensure a uniform temperature profile
during thermal treatment. The purees were heated for 0,
10, 20, 30, 40, 50 and 60 min, respectively, after
reaching the desired temperature. A heating time of
0 min corresponds with a puree that was heated from
room temperature to the preset temperature. When the
desired temperature was reached, the bottle was instant-
ly taken out and immediately cooled in an ice water
bath to stop the reaction. The unheated puree was used
as reference sample. All samples were stored at —18 °C
prior to further study. The samples for phenol and
antioxidant assays were directly extracted before storing
them at —18 °C.

Chemical Properties

A whole set of chemical properties such as dry matter, ash,
total dietary fibre, crude fat, protein and vitamin C of dragon
fruit purees was determined according to the Association of
Official Analytical Chemists methods (AOAC 1995). The
density of the samples was measured with a pycnometer at
20 °C after resting for 30 min. Distilled water was used as
reference. All analyses were performed in triplicate.
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To determine the yield of the dragon fruit juice, the
dragon fruit puree was centrifuged at 12,000xg for 20 min
and the supernatant was used to calculate the yield of the
juice which is given by Eq. 1:

. . supernatant (g) x 100
Yield of %) = 1
feld of juice (%) original sample weight (g) (

~—

The pellet after centrifugation was placed into a
beaker. Water was added, vigorously agitated and
sieved. The recovered seeds from the pellet were dried
at 60 °C overnight and used to calculate the yield of the
seeds (modified from Ariffin et al. 2009) following
Eq. 2:

recovered seeds (g) x 100

Yield of seeds (%) = (2)

original sample weight (g)

Total Betacyanins Content

The total betacyanins content was determined by using a
spectrophotometer at a wavelength of 538 nm. The samples
were diluted with distilled water to obtain absorption values
between 0.8 and 1.0 and filtrated before analysis using a
Whatman no. 1 filter paper. All determinations were
performed in triplicate and calculated using Eq. 3:

A x DF x MW x 100
exL

Total betacyanins content (mg/100 g puree) =

3)

where A4 is the absorption at 538 nm, DF is the dilution
factor, MW is the molecular weight (550 g/mol), ¢ is the
molar extinction coefficient in H,O (60,000 1/mol c¢cm), and
L is the path length of the cuvette (1 cm) (Rebecca et al.
2008; Stintzing et al. 2003).

Colour Parameters

The colour parameters (L*, a* and b*) were measured by
using a spectrophotometer colorimeter (Minolta, Model
CM-2500D). L* value corresponds to lightness and varies
from 0 for black to 100 for perfect white, a* value
measures redness when positive, grey when zero and
greenness when negative and b* value means yellowness
when positive, grey when zero and blueness when negative.
Each measurement was repeated five times.

The total colour change (TCC; Eq. 4) is a correct
approach to characterise the variation of colour. It
appropriately investigates small to medium colour differ-
ence and fits for human observer responses (Luo et al.
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2001). In this study, the unheated puree sample was used
as the reference:

Total colour change (TCC)

_rar 2+ Act 2+ AH' 2+R AC™\ ([ AH'
B KiSp KceSc KuSu "\KeSc ) \KuSu

(4)

where AL*, AC* and AH* are the differences of the L*, a*
and b* colour parameters between the heated puree sample
and the reference, K;, K- and K;; values are the parametric
factors to be adjusted according to different viewing
parameters of the lightness, chroma and hue components,
respectively (the default values are normally set as 1.0;
however, it depends on the application) and S;, Sc and Sy
are the weighting functions of the lightness, chroma and
hue components, respectively. Ry is an interactive term
between chroma and hue differences.

Microbiological Properties

The total plate count was obtained using the pour plate
technique on plate count agar, standard method agar. Each
dragon fruit puree was diluted with peptone solution and then
I ml of each dilution was used for microbial count
determination. The plates were inverted and incubated at 35+
1 °C for 48 h. Duplicates were done for each dilution. The
number of microorganisms was expressed as colony-forming
units per 1 g of sample.

Antioxidative Properties
Extraction of Polar Compounds

Twenty grammes of puree sample was extracted with 80 ml
of chilled 80% acetone solution, at 4 °C, in a blender for
10 min. The slurry was vacuum-filtered over a Whatman
no. 1 filter paper. The extracts were stored at —18 °C
(modified from Mahattanatawee et al. 2006; Wu et al.
2006). The determination of the total phenol content and
antioxidant activity were performed in triplicate.

Total Phenol Content

The Folin—Ciocalteu’s reagent was used for total phenol
content determination (Lim et al. 2007). The aliquot of
0.3 ml of extract was added to 1.5 ml of Folin—Ciocalteu’s
reagent (diluted 10 times with distilled water) and 1.2 ml of
7.5% sodium carbonate. After vortexing, the samples
stabilised for 30 min. The total phenol content was
determined by using a spectrophotometer at a wavelength
of 765 nm. The standard curve was prepared using
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solutions of gallic acid (GA) and then total phenol content
is expressed as GA equivalents (in milligrammes of GA per
100 g of puree).

Ferric-Reducing Antioxidant Power

The potassium ferricyanide—ferric chloride method was
used for the ferric-reducing antioxidant power (FRAP)
determination of the extracts (Lim et al. 2007). One
millilitre of the polar extract was mixed with 2.5 ml
0.2 M phosphate buffer at pH 6.6 and 2.5 ml 1% potassium
ferricyanide. The mixtures were incubated at 50 °C for
20 min in a water bath, and then 2.5 ml 10% trichloroacetic
acid was added. Of this mixture, 2.5 ml was taken and
2.5 ml water and 0.5 ml 1% FeCl; were added. The
absorbance at 700 nm was measured after standing for
30 min at room temperature. Phosphate buffer served as a
blank solution. Increasing the absorbance value indicated
an increase of the reducing power.

DPPH Radical Scavenging Activity

One millilitre of the extract was mixed with 4 ml of 80%
ethanolic 0.6 mM of 2,2-diphenyl-1-picrylhydrazyl (DPPH)
solution. The absorbance was measured at 515 nm after
standing for 3 h (modified from Wu et al. 2006). An 80%
ethanol solution served as a blank. For this assay, solutions
of GA were prepared for the standard curve, and DPPH
value is expressed in GA equivalents (in microgrammes of
GA per gramme of puree). The DPPH assay can be used to
determine the radical scavenging capacity of the sample.

Browning Formation Pigment

For this determination, the browning formation pigment of
the extract was measured by using a spectrophotometer at
420 nm. The extract was diluted with 80% acetone to
obtain absorption values between 0.1 and 0.8 (modified
from Kusznierewicz et al. 2008).

Rheological Parameters

Prior to the rheological determination, the puree samples
were centrifuged at 12,000xg for 20 min. The supernatant
was collected to perform the rheological measurements.
Before measuring, the supernatants were kept at 25 °C to
ensure a uniform temperature. The rheological measure-
ments were carried out using an AR2000 Rheometer which
was equipped with a 28-mm conical concentric cylinder.
Stepped flow curves were recorded at 25 °C within a shear
rate range from 0.06 to 500 s ' (Vasquez-Caicedo et al.
2007). All the experiments were done in triplicate. The data
of the rheological measurements and the suitability of the

fitted models were analysed with the supporting rheometer
software (TA Rheology Advantage Data Analysis Soft-
ware). The viscosity of the supernatant was fitted with the
power law model (Eq. 5):

T=Ky" (5)

where 7 is the shear stress (in pascals) and + is the shear
rate (per second). In the power law model, K and » are
required to characterise the flow behaviour in which K is
the consistency coefficient (in pascal second raised to the
nth power) and # is the flow behaviour index (dimension-
less) (Shamsudin et al. 2009).

In this research, it was impossible to measure the
apparent viscosity of the dragon fruit purees directly
because the dragon fruit puree contains a lot of seed
particles that might interrupt the viscosity measurement.
Consequently, its viscosity can be calculated based on the
properties of the supernatant using Eq. 6 (Toda and Furuse
2006):

n, = n5(1+2.59¢) (6)

where 7, and 7, are the apparent viscosity of dragon fruit
purees and supernatant phase, respectively, and ¢ is the
volume fraction of the dispersed phase which was estimated
based on the ratio of the volume of the supernatant over the
volume of the supernatant plus the volume of the pellet.

Statistical Analysis

The results were reported as means+standard deviation.
The significance of the differences between two sample
means was subjected to the paired sample ¢ test and among
treatment means was determined by analysis of variance
with 5% level of significance (p<0.05) using SPSS
software programme version 16. Linear correlations from
regression analysis between the parameters were also
analysed with the same software.

Results and Discussion
Properties of the Unheated Dragon Fruit Purees

In this work, the physicochemical and antioxidative
properties of WF and RF dragon fruit pulps, the flesh
without seeds, were investigated and the results are shown
in Table 1. The pulp of two dragon fruit varieties was juicy,
showing white colour for the WF pulp and red-purple
colour for the RF pulp. From Table 1, it can be derived that
the dry matter content and pH of WF and RF pulps are
similar, whereas the total dietary fibre, vitamin C and
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Table 1 Characteristics of dragon fruit pulps

Properties WF pulp RF pulp

Total dietary fibre (%) 0.45+0.03b 0.87+0.06a
Dry matter (%) 10.93+0.24a 10.01+0.17a
pH 4.57£0.01a 4.40+0.01b
Vitamin C (mg/100 g) 4.90+0.32b 9.85+0.53a
Total betacyanins (mg/100 g)  Non-detectable 16.53+0.17
Colour parameters

L* (lightness) 39.09+0.77a 26.25+0.65b
a* (redness) —0.34+0.06b 9.15+0.68a
b* (yellowness) —3.55+0.13b —1.93+0.42a
Total phenol (mg GA/100 g)  10.21+0.13b 16.33+0.49a
FRAP (A700) 0.3467+0.0058b  0.5533+0.0057a
DPPH (ug GA/g) 17.56+0.56b 22.65+0.67a

Values are given as the mean=standard deviation (n=3 excluded
colour parameter, n=5) and the different letters within each row are
significantly different (p<0.05)

antioxidative properties of RF dragon fruit pulp are
significantly higher compared to the WF pulp (p<0.05).

The flesh with the seeds of two dragon fruit varieties, WF
and RF, were mashed into a puree and then the properties of
the unheated WF and RF were determined. An overview of
the results of the different analyses can be found in Table 2.
The total dietary fibre, vitamin C content, yield of pulp, total
phenol content and antioxidant activity of the unheated WF
and RF are significantly different (»p<0.05). For all param-
eters, the values of the unheated RF were about two times
higher compared to the unheated WF. On the other hand, the
percentage of seeds, protein and fat of the two varieties were
similar. The yield of the juice of WF was 17% higher than
that of RF. The protein, fat and vitamin C content of RF were
in correspondence with the values reported by Jaafar et al.
(2009). Other researchers found that the vitamin C content of
Hylocereus spp. varied from 3 to 170 mg/100 g fresh fruit
(Lim et al. 2007; Mahattanatawee et al. 2006; To et al. 1999;
Vaillant et al. 2005; Wu et al. 2006) due to regional and
seasonal differences, harvesting period and storage time. The
ash and protein content of dragon fruit puree of the study
was higher than reported for ripe mango puree (Kansci et al.
2008), but pH values of mango puree (Ahmed et al. 2002)
were similar to the values observed for dragon fruit puree.
The pH of WF and RF was 4.50 and 4.64, respectively.
Similar to the mango puree, pasteurisation can be applied to
the dragon fruit puree as it is an acidic food.

The colour of WF and RF was grey and deep purple,
respectively, with a large amount of black spots coming
from the seeds. As can be seen in Table 2, the L* (lightness)
and b* (yellowness) colour parameters of WF are signifi-
cantly higher than that of RF (p<0.05), although the a*
(redness) value of RF was significantly higher compared to

@ Springer

Table 2 Physicochemical and antioxidant properties of unheated
dragon fruit purees

Properties WF puree RF puree
Total dietary fibre (%) 0.95+0.01b 2.06+0.09a
Protein (%) 0.63+0.04b 0.83+0.05a
Ash (%) 1.25+0.00b 1.55+0.00a
Crude fat (%) 0.62+0.03a 0.57+0.03a
Dry matter (%) 14.56+0.09a 16.06+0.13a
Yield of seeds (%) 1.03+0.01a 0.91+0.03a
Yield of pulp (%) 19.86+0.66b 37.02+0.74a
Yield of juice (%) 79.10+0.64a 62.07+0.71b
Density (g/cm®) 1.02+0.05a 0.98+0.06a
pH 4.50+0.00b 4.64+0.00a
Vitamin C (mg/100 g) 7.32+£0.21b 15.00+0.56a
Total betacyanins (mg/100 g)  Non-detectable 14.82+0.19
Colour parameters

L* (lightness) 39.48+0.67a 26.15+0.29b
a* (redness) 0.38+0.08b 9.13£0.71a
b* (yellowness) 0.14+0.11a —2.45+0.10b
Total plate count (10* CFU/g)  2.11+0.12b 3.70+£0.27a
Total phenol (mg GA/100 g) 18.75+0.31b 35.82+0.67a
FRAP (A700) 0.3900+0.0079b  0.5827+0.0063a
DPPH (ug GA/g) 30.43+0.07b 63.53+0.89a
Browning formation 0.0451+0.0016b  0.2055+0.0002a

pigment (A4z0)

Values are given as the meanzstandard deviation (n=3 excluded
colour parameter, n=5) and the different letters within each row are
significantly different (»<0.05)

WF (p<0.05) due to its red pigmentation. It is known that
betacyanins are the dominant pigments present in red and
purple fruit, including RF dragon fruit. The total betacya-
nins content of RF is 14.82 mg/100 g (Table 2), which is
lower than that of an extracted acidic red beet root (Azeredo
et al. 2007). The total betacyanins content in RF varied
between very small amounts to up to 80 mg/100 g due to
the varieties, fruit maturity and analysis method (Esquivel
et al. 2007; Harivaindaran et al. 2008; Phebe et al. 2009;
Rebecca et al. 2008). In addition, betacyanins can be easily
degraded when they are exposed to oxygen, light, high
temperature and out of pH range between 3 and 7 (Herbach
et al. 2006a, 2007).

The total phenol content and antioxidant value varied
depending on the variety. The total phenol content and
antioxidative properties (FRAP and DPPH) of the unheated
RF were significantly different compared to WF (p<0.05),
which was up to two times higher than that of WF. These
results are similar to what Mahattanatawee et al. (20006)
reported. The antioxidant activity of RF is higher compared
to lychee, mango and longan, while the value for WF was
lower than that of other tropical fruits such as guava,
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mangosteen, papaya, star fruit and water apple (Lim et al.
2007). However, the total phenol content of strawberries
(Aaby et al. 2005) was eightfold that of RF. According to
the results, the dragon fruit puree can be considered as a
healthy fruit puree, particularly the RF variety.

Influence of Thermal Treatment on Physicochemical
Properties

WF and RF were subjected to heat treatment at a constant
temperature (50, 60, 70, 80 and 90 °C) for 0 to 60 min, with
time intervals of 10 min. The physicochemical properties of
the heated purees were evaluated as a function of time and
temperature.

Vitamin C is normally used as a nutrient index for
thermal processing. The vitamin C content was determined
and the percentage of retention was calculated by consid-
ering the unheated dragon fruit puree as 100% vitamin C
retention. The percentage of the vitamin C retention of WF
and RF are represented in Fig. 1 and the value at 0 min
corresponds with the time that the dragon fruit puree
reached the preset temperature. It can be seen that the
depletion of vitamin C of the puree occurred during heating
up to the preset temperature; it was more pronounced at the
high-temperature region. An increased temperature and
time corresponded with the decrease of vitamin C content
due to the heat sensitivity of vitamin C. As shown in
Fig. la, it can be deduced that, after 20 min of heating at
different temperatures for WF, the vitamin C retention
remained stable at a level of about 20%. In the case of RF,
vitamin C decreases continuously during heating (Fig. 1b).
After 60 min heating at 50 °C, 33% of the vitamin C of RF
was retained, but at higher temperatures, the vitamin C
retention was <11%. Comparing the vitamin C retention of
the two varieties after 90 °C for 60 min, it was about two
times higher in WF than that of RF. These observations are
in accordance with the vitamin C degradation reported by
other authors who found that the thermal processing of
various food products is causing a decrease of heat-

Fig. 1 Percentage of vitamin

sensitive nutrients like ascorbic acid, vitamin C, as
illustrated for papaya puree (Parker et al. 2010), apple
puree (Picouet et al. 2009) and tomato puree (Rickman et
al. 2007a; Zanoni et al. 2003).

The influence of heat treatment on total dietary fibre at
different temperatures after 60 min in WF and RF was also
determined. The results are shown in Table 3; the amount of
total dietary fibre of WF at 80 and 90 °C increased
significantly (p<0.05) compared to the other WF, while the
total dietary fibre content of RF after heat treatment at 90 °C
increases significantly (p<0.05) among all heated RF. After
90 °C, the total dietary fibre content of WF and RF showed
remarkable increases from 0.95% to 1.98% and from 2.06%
to 3.00%, respectively (Table 3). These observations are
related to changes in cell walls during heating. Cell wall
material is added to food products to increase their dietary
fibre content, but they can also be degraded by thermal
processing. The changes occurring during processing are
determined by mechanical and thermal stresses and by its
composition (Kunzek et al. 1999). An increase in dietary
fibre content during processing was also previously observed
for wheat, rice, mung bean and soy bean (Azizah and Zainon
1997), mashed potato and French fries (Thed and Phillips
1995) and carrot (Rickman et al. 2007b). So, it may be
concluded that a high temperature and long thermal
treatment time might probably enhance the accessibility of
the total dietary fibre. In contrast, Azizah and Zainon (1997)
reported that the total dietary fibre of groundnut decreased
after heat treatment.

Influence of Thermal Treatment on Colour Parameters
and Total Betacyanins Content

As the colour of foodstuffs is an important factor for consumer
acceptability, colour degradation during heat treatment has
been widely studied. Several authors (Ahmed et al. 2002,
2004; Chutintrasri and Noomhorm 2007) have studied the
colour parameters (L*, a* and »*) while working on thermal
processing of pureed foods. They reasoned that all the three

C retention of a WF and b RF a 100 b100
dragon fruit purees as a func- ——50°C D
tion of heating time at desired = 80| e < 801 -
L —a— 50" &
temperatures = N = 90
5 60| £ 60
[ [
o o
£ 401 £ 401
£ 0 £
] S
s s
20 1 201
unheated O 10 20 30 50 60 unheated O 10 20 30 40 50 60

Heating time (min)

Heating time (min)
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Table 3 Influence of heating temperatures on dietary fibre content of
dragon fruit purees

Thermal treatment WF puree RF puree

Unheated 0.95+0.01a 2.06+0.09a*
50 °C 1.19+0.20a 2.09+0.05a*
60 °C 1.13+0.03a 2.04+0.18a*
70 °C 1.20+0.04a 2.33+0.01a*
80 °C 1.84+0.10b 2.10+0.10a*
90 °C 1.98+0.09b 3.00+0.03b*

Given values are the percentage of dietary fibre content as the mean=+
standard deviation (n=3) and the different letters within each column
are significantly different (p<0.05)

* indicates the significance among treatments of RF puree

colour parameters can be used to describe the colour
degradation of pureed foods during heating.

The L*, a* and b* colour parameters and TCC of the
dragon fruit purees were evaluated and it was found that the
heating time and temperature affect the colour of purees.
During heating, WF and RF became browner and more
pronounced when they were heated for a longer time at
higher temperatures. All colour parameter values and TCC
during heating are showing an upward trend, while the a*
value of WF was on the decrease. In Table 4, the L* and b*
values of WF and RF strongly influence the TCC during
heating that can be described by a correlation equation with
a relatively high coefficient (R*>0.7733), while the a*
value is only slightly changed with no relation to the TCC.
Therefore, the L* and b* values may be used together to
indicate the colour degradation for the heated dragon fruit
puree. It has been previously reported that, for the
pineapple puree, the L* parameter may be used for quality
control (Chutintrasri and Noomhorm 2007), while the »*
value was used for mango puree (Ahmed et al. 2002).
Figure 2 represents the TCC as a function of processing
time for the two varieties of dragon fruit puree. From the
colour changes as a function of reaction time for the
purees, it can be derived that heating at temperatures
higher than 80 °C results in more drastic colour changes
compared to the lower-temperature region. The TCC of
WF and RF during thermal treatment could be divided into
two groups, at low temperature (50 to 70 °C) with gradual

change and at high temperature (80 and 90 °C) with
substantial increase, particularly RF due to the sensitivity
of the pigment.

The total betacyanins content of the dragon fruit purees
was also investigated, but it was found that the amount of
betacyanins of WF was too small to be used as a parameter
during the thermal treatment. The percentage of retention of
total betacyanins content of RF was calculated by using the
unheated RF as 100% betacyanins retention. As shown in
Fig. 3, the betacyanins of all heated RF decreased with
heating time and temperature. The retention of total
betacyanins after heating at 50 to 90 °C for 60 min varied
from 79.80% to 32.35%, respectively, so the higher
temperature and time resulted in more betacyanins degra-
dation. The betacyanins content was strongly influenced at
temperatures higher than 80 °C. Up to 70 °C, 56% of the
betacyanins were retained. At temperatures higher than 80 °C,
a more drastic influence was observed as only 32% of the
original amount of betacyanins was left (Fig. 3). This can be
explained by the fact that betacyanins are heat-sensitive
compounds due to the instability of the pigment structure.
However, it has been shown that adding 1% ascorbic acid
and adjusting to pH 4 of RF can enhance betacyanins
stability (Herbach et al. 2006a, 2007).

In addition, the TCC of WF and RF and betacyanins
degradation of RF during thermal treatment were found to
fit a second-order kinetic. This can be expressed by Eq. 7
(Kaymak-Ertekin and Gedik 2005):

Second — order kinetic : L + kt (7)
A Ay

where £ is the rate constant (per minute), 4 is the parameter

value of the heated puree, A, corresponds to the initial

value and ¢ is the heating time (in minutes).

The relationship between the reaction rate and its
temperature is then determined by the Arrhenius equation
(Eq. 8) in order to calculate the activation energy (Ahmed
et al. 2002) by using the k value from Eq. 7:

k =k exp(f%) (8)

In Eq. 8, ko is the frequency factor or pre-exponential
(per minute), £ is the activation energy (in kilojoules per

Table 4 Correlation equation

and coefficient (R?) of colour WF dragon fruit puree

RF dragon fruit puree

parameters, TCC and betacya-
nins (BC) of dragon fruit purees

Correlation equation R? Correlation equation R
TCC=1.2431L*—48.8343 0.7733 TCC=1.0843L*—28.1452 0.8680
TCC=-1.8079a*+1.0875 0.3867 TCC=0.6780a*-5.6910 0.3028
TCC=1.13286*+0.1134 0.8445 TCC=0.8515h*+2.6701 0.8122
TCC=-3.1524BC+14.8147 0.9442
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mole), R is the universal gas constant (8.314 J/mol K) and T
is the absolute temperature (in kelvin).

In this work, the magnitudes of the activation energy give
an indication of the heat sensitivity of the TCC and betacyanins
content of the dragon fruit puree during thermal processing.
Dependence of the rate constant on temperature obeyed the
Arrhenius relationship (Eq. 8), the computed values of
activation energies for TCC of WF and RF were 44.77 and
83.17 kJ/mol with R*=0.7036 and 0.7321, respectively; this
indicated that TCC of RF had more sensitivity to the change
of temperature between 50 and 90 °C than WF. This could be
explained by the fact that RF contained more heat-sensitive
compounds such as betacyanins compared to WF. Moreover,
the computed values of activation energies for betacyanins
degradation of RF was 38.50 kJ/mol (R*=0.7595), while it
has been reported that the activation energies for the
anthocyanin pigment of plum puree during thermal process-
ing was 37.48 kJ/mol (Ahmed et al. 2004) and a TCC value
of mango puree of 36.79 kJ/mol during heating was observed
(Ahmed et al. 2002).

In the case of RF, it was observed that the TCC increased
through thermal treatment, while betacyanins content
decreased. Dependence of the TCC on the betacyanins
content was described using the linear relationship; the
degradation of betacyanins showed high and negative
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Fig. 3 Retention of total betacyanins content of RF dragon fruit puree
as a function of heating time for 60 min
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correlation with TCC (R*=0.9442; Table 4). Betacyanin
pigments, being most heat-sensitive, may preferably be
used as an index of food product quality during thermal
processing. The excellent linear correlation between TCC
and betacyanins content of RF indicated that the TCC can
probably be used to evaluate the betacyanins content of the
puree during heating process. These results are in agree-
ment with the results found by Ahmed et al. (2004) that
anthocyanin pigment and TCC may preferably be used as
an index of product quality for plum puree.

Influence of Thermal Treatment on Microbiological
Property

The number of microorganisms is an important factor in
thermal processing as it can be used to evaluate product safety.
The total plate counts of the heated purees at different
temperatures during heat treatment were determined. As
expected, an increase of temperature and time resulted in a
decrease of the microbial count (Fig. 4). All the dragon fruit
purees contained <7x 10> CFU/g of microorganisms after
60 min of heating. At temperatures higher than 80 °C for
50 min, the microbial count was <10> CFU/g. So, it can be
assumed that, after the pasteurisation process, the dragon
fruit purees are a microbially safe product which can be
stored for a prolonged time. The dragon fruit purees are
ordinarily used as an intermediate product for beverage and
confectionary production so usually an extra heating step is
applied during the processing of these products. It has been
shown that the microbial count in banana puree after
pasteurisation was sufficiently reduced (Ditchfield et al.
2006). Some non-pathogenic microorganisms in papaya
puree also were eliminated by heating (Parker et al. 2010).

Influence of Thermal Treatment on Antioxidative
Properties

As antioxidative compounds are heat-sensitive, it was

expected that thermal processing would influence the
antioxidative properties of the fruit purees. Several
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approaches have been used to measure antioxidant
activity such as total phenol content, FRAP (Lim et al.
2007), Trolox equivalent antioxidant capacity (Wu et al.
2006), DPPH and oxygen radical absorbance capacity
(Mahattanatawee et al. 2006). In this research, total phenol
content, FRAP and DPPH were used to evaluate the
antioxidant activity of the dragon fruit purees during
heating because these methods are technically simple,
rapid, stable and reproducible. Furthermore, browning
formation pigment was also investigated because it is
believed that the Maillard reaction products, represented
by the browning formation pigment value, are related to
the antioxidant activity (Kusznierewicz et al. 2008).

The changes in antioxidative properties of the dragon
fruit purees during the heat treatment are shown in Fig. 5.
Surprisingly, the thermal treatment resulted in an increase
of all the antioxidative properties of both WF and RF. After
heating at 90 °C for 60 min, the total phenol content and
FRAP of RF were about two times higher compared to the
WE. This can be explained by the fact that the initial value
of the unheated RF was higher than that of WF (Table 2)
and also suggested that the betacyanins in RF could play as
an antioxidant compound (Moreno et al. 2008). The total
phenol content and FRAP changes of the heated RF was
also bigger than that of the heated WF as a function of
heating time and temperature. Whereas the DPPH changes
of WF and RF were similar, they increased up to 34.12 ug
GA/g after heating at 90 °C for 60 min. The antioxidative
properties of heated WF at each temperature showed the
same trend: a steady increase as a function of temperature
and time. For RF, on the other hand, results in the higher-
temperature region (80-90 °C) differed from the lower-
temperature region.

In general, the antioxidant activities of fruits and
vegetables decrease with thermal processing as Murcia et
al. (2009) reported that the antioxidative properties for pea,
garlic and beet root lost around 50% of their unprocessed
counterpart after thermal processing. However, it has also
been reported that thermal processing for fruits and
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vegetables can lead to higher antioxidant activities due to
the changes of the compounds during heat treatment (Choi
et al. 2006; Kusznierewicz et al. 2008; Nicoli et al. 1997a,
b; Patras et al. 2009; Rickman et al. 2007a; Yang and Gadi
2008).

It was suggested that the increase in antioxidative
properties of heated WF and RF exposed to thermal
treatment can be explained by the inevitable presence of
seeds in dragon fruit purees. Therefore, an additional
experiment was performed to verify the influence of seeds
in dragon fruit puree. The seeds in dragon fruit puree were
removed by centrifugation. After that, this puree without
seeds was heated at 70 °C for 60 min, and then the
antioxidative properties were evaluated. Figure 6 compares
the results of the dragon fruit puree with and without seeds
during the thermal treatment. The results of the puree
without seeds showed, in contrast to the previous results,
that the heating of the puree without seeds resulted in a
decrease of the antioxidative properties: total phenol
content, FRAP and DPPH. This study confirmed that the
seeds in the dragon fruit puree provided some components
which can act as antioxidants during thermal treatment and
the heat treatment might break the cell wall and seeds and
then release antioxidative compounds in seeds that were
supposed to be tocopherol, phytosterol and phenolic acid
such as GA (Lim et al. 2010).

In this work, the browning formation pigment values in
WF and RF during heating were also measured. Similarly
with the antioxidative properties, they also increased with
thermal treatment for all cases (data not shown). When WF
and RF were heated, they became browner due to the
occurrence of some browning compounds which can be
referred to as Maillard reaction products. The development
of the Maillard reaction products as a consequence of
heating caused the formation of some antioxidant com-
pounds (Nicoli et al. 1997b). A similar result was found in
sauerkraut. The increase of antioxidative properties during
heat treatment is probably due to the formation of novel
compounds having antioxidant activity (Kusznierewicz et
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Fig. 5 Effect of heating temperature and time on antioxidative property changes of a WF and b RF dragon fruit purees

al. 2008). However, it was found that the browning
formation pigment of the puree without seeds also
increased (data not shown) during heating due to Maillard
reaction and colour degradation. They became browner and
more pronounced at the high-temperature region, although
their antioxidative properties decreased with thermal treat-
ment as previously described. In this case, the Maillard
reaction products may not play a role as antioxidant
compounds like it was found for the heated WF and RF.

Furthermore, an excellent positive relationship among
these antioxidative properties was noticed, showing R’
values >0.8667. In case of the heated WF and RF, a strong
positive linear correlation between browning formation
pigment and antioxidative properties (R* value was between
0.8799 and 0.9698) were also observed. In contrary to the
puree without seeds, a negative linear relationship between
browning formation pigment and antioxidative properties
(R*>0.8133) was found. It may be suggested that the

@ Springer



426 Food Bioprocess Technol (2013) 6:416-430

a b
50 0.8
mmm puree with seeds mmm purce with seeds
) [ puree without seeds 1 puree without seeds
=
S 40+
P 0.6 1
&)
&0
£ 304 3
z <
2 & 0.4+
H <
g 204 o
= =
£
=
2, 0.2 1
= 104
]
=
0- 0.0 -
unheated 0 30 60 unheated 0 30 60
Heating time (min) Heating time (min)
C
100
I purce with seeds
[ puree without seeds
80
@
<
o 604
&0
E
Z 40
2
a
20
0

unheated 0 30 60

Heating time (min)

Fig. 6 a—c Comparison of antioxidative properties in RF dragon fruit purees with and without seeds at 70 °C as a function of heating time

browning formation pigment can probably be used to  Influence of Thermal Treatment on Rheological Properties
evaluate the antioxidative properties due to a perfect

correlation. Time can be saved as the browning formation  The influence of heating time at a constant temperature on
pigment analysis is much more simple and rapid than the  the rheological properties of the dragon fruit purees was

methods to assess the antioxidative properties. investigated. The supernatant of the puree was used for
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rheological determination to prevent the interruption from
the seed particles of the puree during measurement. The
results show that the apparent viscosity of the unheated RF
was five times higher than that of the unheated WF (Fig. 7).
This can be explained by the fact that RF contains more
oligosaccharides (Wichienchot et al. 2010) and had a
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double amount of pectin compared to WF (Mahattanatawee
et al. 2006). The apparent viscosity of WF and RF at the
low shear rate region clearly decreases with increasing
shear rate range, showing shear thinning behaviour, while
at the high shear rate region, the viscosity of the heated
dragon fruit purees exhibited nearly Newtonian behaviour,
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Fig. 9 Influence of a heating time at 70 °C and b heating temperature after 60 min on power law parameters of WF and RF dragon fruits
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particularly the heated WF. During heating, the apparent
viscosity of the heated WF and RF increased with
increasing heating time (Fig. 7). This may suggest that a
dragon fruit has slime-like oligosaccharides which probably
form a weak gel with pseudonetwork-like behaviour when
heating up. There is an implication that a structural change
happens while thermal processing is taking place. Similar
results were seen for the effect of heating on the rheological
properties (Fig. 8). It also was found that the apparent
viscosity of WF and RF increased with increasing temper-
ature, particularly for RF. These results are in agreement
with the results found by Ditchfield et al. (2004) that the
viscosity of banana puree clearly increased during heating
from 50 to 60 °C probably due to starch gelation of the
puree. However, the apparent viscosity can also decrease
with increasing heating temperature and time as found for
raspberry, strawberry, peach and prune purees (Maceiras et
al. 2007) and Thai seedless guava juice (Shamsudin et al.
2005).

The influence of thermal treatment was investigated for
the two parameters from the power law model (Eq. 5),
consistency coefficient (K, in millipascal second raised to
the nth power) and flow behaviour index (n, dimension-
less). The rheological data of the dragon fruit purees fitted
very well with the power law model (R*>0.9988; Fig. 9).
For all dragon fruit purees, the K value increased while the
n value decreased as a function of heating time and
temperature. The K and n values of WF were slightly
changed, whereas RF showed a big change when they were
heated up. The power law model can also be used for flow
behaviour prediction. In theory, non-Newtonian foods
normally are pseudoplastic materials or shear thinning
fluids with n<1, while very few foods are dilatant or shear
thickening fluids with n>1. The apparent viscosity of
Newtonian foods does not change when shear rate is
increased, thus it shows n=1. Krokida et al. (2001) reported
that the n value is close to 0.5 for pulpy products and near
1.0 for clear juices. In the study, the n values of the heated
purees varied between 0.89 and 0.99 for WF and between
0.69 and 0.85 for RF during thermal treatment; thus, it can
be confirmed that the WF and RF showed shear thinning
behaviour, while RF seemed to be more viscous compared
to WF. The current results are in agreement with other
studies for blueberry puree (Nindo et al. 2007) and
pumpkin puree (Dutta et al. 2006).

Based on these results, it can be concluded that the
temperature and heating time affected the rheological
parameters of WF and RF, the apparent viscosity and K
value increased, while the n value decreased with thermal
treatment for all cases, which is a more pronounced effect
in the case of RF.

As it was not possible to measure the apparent viscosity
of the original WF and RF due to the large quantity of
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seeds, the apparent viscosity of the supernatant was analysed
to predict the apparent viscosity of the original dragon fruit
purees by using Eq. 6. As shown in Table 5, the predicted
viscosity of the purees also gave the same trend as their
supernatant. The predicted viscosity of the unheated RF was
four times higher than that of the unheated WF. After heating
at 90 °C for 60 min, they increased up to fourfold, based on
the unheated WF. The predicted viscosity of WF was similar
to apple, raspberry and orange (Krokida et al. 2001), whereas
that of RF was similar to pineapple, guava and apricot
(Krokida et al. 2001). Therefore, it can be suggested that RF
can probably be used for gel system production which
undergo high temperature and long time processing because
this puree provided an increasing viscosity with increasing
temperature and time while, WF may not be used due to a
relatively low viscosity.

Conclusion

The outcome of this research can be used for commercial
process optimisation and the different techniques can be
used for online monitoring to obtain high-quality products.
Based on the results, the dragon fruit puree is a potential
source of nutrients and antioxidative components, particu-
larly the RF which contained around double the amount of
WF and the RF variety was also rich in betacyanins. The
degradation of vitamin C, betacyanins and colour of WF

Table 5 Influence of thermal treatment on predicted viscosity of
dragon fruit purees

Thermal treatment WF puree RF puree

70 °C Unheated 10.69+0.1a 42.30+0.2a
0 min 12.02+0.8ab 44.83+0.5a
10 min 11.42+0.1a 50.53+0.2b
20 min 13.47+0.1ab 64.82+0.3d
30 min 14.45+0.2bc 56.41+0.4¢
40 min 17.53+0.1c 69.74+0.10de
50 min 16.66+0.8¢c 73.91+0.7¢
60 min 16.56+0.9¢ 109.39+3.1F

60 min Unheated 10.69+0.1a* 42.30+0.2a*
50 °C 16.92+0.5b* 75.34+2.2b*
60 °C 16.82+0.1b* 79.72+4.8b*
70 °C 16.56+0.9b* 109.39+3.1¢*
80 °C 19.98+0.4c* 106.12+4.8c*
90 °C 33.00+£0.2d* 163.81+9.2d*

Given values are the apparent viscosity (in millipascal second) as the
mean=standard deviation (n=3) and the different letters within each
column for each treatment are significantly different (p<0.05)

* shows the significance of predicted viscosity at various temperatures
for 60 min within each variety
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and RF occurred during thermal treatment. The L* and b*
values probably can be recommended as an online quality
control for WF and RF and TCC can be used to estimate
the betacyanins content for RF due to the strong correlation.

It is interesting that the antioxidant activities increased
with heating time and temperature. This finding can be
explained by the release of some antioxidant compounds
from the dragon fruit seeds and probably that Maillard
reaction products, represented by the browning formation
pigment, might have occurred and may play a role as
antioxidant during thermal treatment.

The WF and RF showed shear thinning behaviour and
fitted very well with the power law model. The predicted
apparent viscosity of the puree increased with thermal
treatment, especially the RF. Therefore, it is suggested that
the application of RF in foodstuffs such as jelly, jam and
yoghurt would be very interesting.
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