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ABSTRACT

Background. Even though dragon fruit peel has more health benefits than its pulp, it is considered to be waste
after fruit processing. In this study, dragon fruit peel was explored as an additional ingredient in winemaking.
Materials and methods. The contents of total phenolic compounds, betacyanins and ascorbic acid, the anti-
oxidant capacity by DPPHZ method, and the level of consumer acceptability of the wines prepared from two
species with and without peel were compared.

Results. The wines of the H. polyrhizus species contained much higher total phenolics (1.4—1.6 times),
betacyanins (75-81 times), and vitamin C (2.8-3.8 times), as well as higher 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging activity (1.2 times) than the wines of H. undatus. Although the fermentation pro-
cess led to the degradation of betacyanins, it increased the total phenolics (up to 17%), vitamin C (up to 24%),
and DPPHZ scavenging activity (up to 19%) as compared with the control when fermentation was conducted
at 25°C, which was found as the most suitable fermentation temperature to produce wines with the highest
quality in terms of antioxidant content and activity. At this temperature, peel inclusion also increased these
values in the wine. In addition, the sensory properties in terms of appearance and aroma could be improved
in the final fermented product.

Conclusion. H. polyrhizus wine might have higher antioxidant properties than H. undatus wine. With a suit-
able fermentation temperature, peel inclusion as an ingredient could enhance these characteristics of the wine
without compromising its sensory quality. This study may provide insights into fruit winemaking with higher
health benefits.
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INTRODUCTION

Dragon fruit, also known as pitaya or pitahaya, be-
longs to the Hylocereus genus of the Cactaceae fam-
ily. It originates from Northern South America and
is widely cultivated in Southeast Asia, especially

Vietnam (Kumar et al., 2018). There are various types
of dragon fruit derived from three main species of
white-fleshed fruit (Hylocereus undatus), red-fleshed
fruit (Hylocereus polyrhizus), and yellow-skinned
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fruit (Hylocereus megalanthus), where the two former
species are dominant.

The health benefits of dragon fruit have been proven
in previous studies (Manihuruk et al., 2017; Qian et al.,
2018). Being a good source of nutrients, dragon fruits
are known to improve blood pressure and skin health,
facilitate digestion, and even prevent cancer. In order to
increase the fruit’s marketability and avoid waste due
to its short lifetime after harvesting, many researchers
have utilized the fruit for the production of various de-
rivatives such as juice (Siow and Wong, 2017; Truong
and Dang, 2016), tea (Sari and Hardiyanti, 2013), and
wine (Foong et al., 2012; Nguyen, 2014). Among these
processing protocols, conversion of fresh dragon fruits
into wine is the popular choice because fermented
drinks have been demonstrated to improve overall
body functions with moderate consumption (Huang et
al., 2010). However, studies on dragon fruit wine are
still limited. In addition, one of the potential parts of
dragon fruit that has been neglected in its winemaking
is the peel. Dragon fruit peels account for approximate-
ly 25% of the fruit’s weight and contain a large variety
of bioactive compounds (e.g., phenolics, betacyanin,
vitamins, etc.). They have been proven to produce
higher amounts of phenolic compounds (by 1.4 times
in red-fleshed and 9.6 times in white-fleshed species)
and antioxidant capacities than the pulps (Nurliyana et
al., 2010). Several studies have also reported that drag-
on fruit peels have higher cancer cell antiproliferation
than their pulps (Lourith and Kanlayavattanakul, 2013;
Luo et al., 2014). The antioxidants in dragon fruit peel
may include chlorogenic acid, gallic acid and quercetin
(Lourith and Kanlayavattanakul, 2013). They also pos-
sess a natural appealing red color due to the presence
of betacyanin compounds that have a high stability un-
der appropriate storage conditions (Woo et al., 2011).
Dragon fruit peels, however, have a bitter taste caused
by the presence of certain flavonoids (Lagha-Benam-
rouche et al., 2018), and hence are hard to consume
raw or on their own. Therefore, there is a great poten-
tial to utilize dragon fruit peels as a food ingredient
in food processing, e.g., fruit winemaking. However,
the use of peel during the fermentation of dragon fruit
wines has not been studied.

Another winemaking concern to improve the nu-
tritional values and health benefits of wine is the tem-
perature of the fermentation process. Fermentation
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temperature significantly influences the yeast growth
rate and its central metabolism (Beltran et al., 2006),
which therefore governs fermentation duration and the
final quality of the wine. Schwinn et al. (2019) have
reported that the impact of temperature on the yeast
proliferation stage can result in different maximal etha-
nol concentrations in wines. As temperature affects the
yeasts’ fermentability, it also plays an important role in
controlling the microbial-induced conversion of some
volatile compounds that give particular aromas in
fermented drinks (Olaniran et al., 2011). Particularly
if the peels of fruits are supplemented, fermentation
temperature may affect the extraction and degradation
of their bioactive compounds to the final fruit wine
product. Therefore, this study is designed to explore
the effects of peel inclusion on the antioxidant proper-
ties of wines prepared from two dragon fruit species,
H. undatus and H. polyrhizus, fermented at different
temperatures.

MATERIALS AND METHODS

Materials and chemicals

Ripe dragon fruits (Hylocereus undatus and Hyloce-
reus polyrhizus) were purchased from Binh Thuan
province (Vietnam). All reagents and solvents were of
analytical grades and purchased from Sigma-Aldrich
or Merck. The commercial wine yeast Saccharomy-
ces cerevisiae RV100 was obtained from Angel Yeast
Co., Ltd, China. Its claimed characteristics include
a suitable fermentation temperature range of 10~35°C,
alcohol resistance to be more than 18% (v/v), low pro-
duction of volatile acid, and no production of sulfur
dioxide and sulfur dihydride.

Wine fermentation

The two species of fresh dragon fruits were first
washed under running tap water to get rid of physical
dust and impurities. The outer hard peel of the fruit
was then removed by knife, leaving the soft peel and
pulp to be pressed by a mechanical juice presser to ob-
tain the musts. Each type of dragon fruit must was ad-
justed to the soluble solid content of 22 g/100 g must
by glucose and then 500 ppm of diammonium phos-
phate was added for yeast promotion and 200 ppm
of potassium metabisulfite for preservation. A stater
culture of Saccharomyces cerevisiae RV100 was first
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rehydrated with a 20% (w/v) glucose solution at 37°C
before being inoculated to the musts with the ratio of
8x10° cells/mL. 200 mL of each sample was used for
the experiment and fermentation temperatures of 20°C
(for 21 days), 25 and 30°C (for 10 days) were investi-
gated. The end-time point for wine fermentation was
determined by the necessary duration for the total sol-
uble solid content to reach about 11-12 g/100 g wine.
The resultant dragon fruit wines were then centrifuged
(6500 rpm at room temperature for 20 min) and refrig-
erated at 4°C until further analyses within 24 hours.

Analytical methods

Determination of total phenolic content (TPC). The
total phenolic content of dragon fruit wine was deter-
mined using the Folin-Ciocalteu method (Jagtap and
Bapat, 2015). Dragon fruit wines were first diluted 5
times with the 10% (v/v) Folin-Ciocalteu solution and
mixed with 5 mL of sodium carbonate (7.5%, w/v) be-
fore 90-minute incubation in the dark. The absorbance
was recorded at 765 nm using a UV-VIS spectropho-
tometer. Gallic acid was used to construct a calibration
curve and the results were expressed as g of gallic acid
equivalents (GAE) per 1 L of alcoholic beverages (g
GAE/L).

Determination of ascorbic acid content. Ascorbic
acid content was determined spectrophotometrically
using a 2,4-dinitrophenylhydrazine (DNPH) solution
(Kapur et al., 2012). The dragon fruit wines were first
extracted with a metaphosphoric acid — acetic acid
solution and shaken gently for 30 minutes at room
temperature. 4 mL of the extract was then mixed with
0.23 mL of 3% bromine water to oxidize the ascor-
bic acid to dehydroascorbic acid and 0.13 mL of 10%
thiourea was added to remove the excess of bromine.
Next, 1 mL of DNPH solution was added to form osa-
zone. The samples were incubated at 37°C for 3 hours
in a thermostatic water bath. After that, the samples
were cooled at 4°C for 30 minutes before 5 mL of con-
centrated sulfuric acid was added and vortexed well.
The absorbance was measured at 521nm using a UV-
-Visible spectrophotometer. The content of ascorbic
acid was calculated based on the calibration curve of
0.01% stock solution of standard L-ascorbic acid. The
results obtained were expressed as g of ascorbic acid
per 1 L of sample solution (g AA/L).

www.food.actapol.net/

Determination of betacyanin content. The beta-
cyanin content of the dragon fruit wines was deter-
mined spectrophotometrically (Herbach et al., 2007).
The samples were diluted with Mcllvaine buffer (pH
6.5) until a maximum absorption of 1.00 £0.05 was
reached. Betacyanin content (B ) was calculated using
the following equation:

1000
B,mg/L=A4 %X Fx MW x (D)
c ex|]
where:
A — absorption value at A__ (537 nm) corrected
by the absorption at 600 nm,
F  — dilution factor,
MW - molecular weight of betanin (550 g/mol),
€ —molar extinction coefficient of betanin

(60,000 L/mol cm),
| — pathlength of the cuvette (1 cm).

Determination of antioxidant activity by 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH) assay. Antioxidant
capacity was evaluated by DPPH assay (Nurliyana et
al., 2010). A 0.1 mM solution of DPPH in methanol
was prepared and 3.9 mL of this solution was added
to 0.1 mL of the sample at appropriate dilution. The
mixture was vortexed thoroughly and allowed to stand
in a dark place at room temperature for 30 minutes.
80% (v/v) methanol solution was used as blank. The
absorbance was measured at 517 nm using a UV-VIS
spectrophotometer. The percentage of the free radical
scavenging effect was calculated as follow:

DPPH scavenging effect, % = (1 — fT) x 100 (2)

0

where:
A,— the absorbance of the blank,
A — the absorbance of the sample at 517 nm.

Sensory test. In order to appraise consumers’ percep-
tions of the wine products and how much they liked
them, the hedonic test was chosen for the sensory
evaluation. The 5-point scale test offered equal space
with a neutral point for the attributes to be assessed
with the following range: 1 — strongly dislike, 2 — dis-
like, 3 — neutral, 4 — like, 5 — strongly like (Vie et al.,
1991). In this report, 40 participants aged from 20 to
60 were asked to evaluate four wine samples based
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on 4 selected attributes of appearance, aroma, taste,
and overall acceptability. Comparisons were based on
the Fisher’s Least Significant Difference instead of the
Tukey test to avoid the full control of the experiment-
wise type I error rate.

Statistical analysis

Statistical analysis was carried out using Minitab soft-
ware (version 17.3.1). The Tukey comparison test was
used to analyze the differences between the mean val-
ues of triplicate at a significance level of 95%.

RESULTS AND DISCUSSION

Total phenolic content of dragon fruit wines
Phenolic compounds play a crucial role in enology
because they contribute to the organoleptic properties
of wine (Wang et al., 2020) and antioxidant activities
(Sun et al., 2009). The phenolic content in wine de-
pends on many factors such as fruit variety, maturation
and wine technology (Kalaycioglu and Erim, 2017). In
this study, the total phenolic content of the wines made
from two species of dragon fruit with and without peel
were evaluated at three fermenting temperatures (Ta-
ble 1). The results of the initial juices squeezed from
the musts were also included for detailed comparison
and discussion.

Table 1 reveals that the fermentation process led to
unchanged (p > 0.05) or slightly higher (p < 0.05) TPC
in the wine in comparison to that in the juice when the
fermenting temperature was 25°C, while the opposite
trend was observed for 20°C and virtually no change

Table 1. Total phenolic content of the dragon fruit wines

was noticed for 30°C. During vinification, phenolic
compounds of wine generally change significantly
due to the combinative effects of their adsorption on
solids, proteins or even yeasts; their extraction from
the peel into the wine; their polymerization, degrada-
tion or oxidation; and their release from bound phe-
nolic complexes with other substances induced by
micro-organisms (Adetuyi and Ibrahim, 2014; Sun et
al., 2009). Although high temperatures could induce
high motion of molecules in the peel matrix and high
diffusivity of water-soluble extractable phenolic com-
pounds, they also promote the reactions among phe-
nolic compounds or between them and non-phenolic
compounds, leading to their alternation or precipita-
tion. On the other hand, low temperatures slow down
these reaction rates but lead to longer fermentation
duration, lengthening the period for these reactions to
occur (Adetuyi and Ibrahim, 2014). This explains the
lower TPC contents of wines fermented at 20°C. The
results suggest that 25°C was the suitable fermentation
temperature to obtain the highest total phenolic con-
tent, particularly for the fermentation of white-fleshed
dragon fruit with 12—17% TPC increase. The improve-
ment in the TPC of the wines as compared to their
juices was ascribed to enhanced extraction of these
compounds by yeast activity and production of etha-
nol (as their solvent) during fermentation (Liu et al.,
2020; Makris et al., 2006).

Betacyanin content of dragon fruit wines
Table 2 shows a detailed comparison of betacyanin
contents in the different types of wine. As expected, the

Fermenting temperature

Total phenolic content, mg GAE/L

°C white-fleshed white-fleshed with peel red-fleshed red-fleshed with peel

20 369.3 £14.7% 350.4 £12.0% 575.4 £12.0°% 547.0 £1.3%*

25 486.5 £17.0% 446.8 £14.7% 679.3 £5.0%Y 640.6 £11.1>

30 439.3 £1.5% 362.7 £3.4% 638.7 £3.3% 613.2 £22.7%
Juices 420.2 £28.3%7 396.5 +£2.8%V 637.3 £7.1% 617.9 £2.7%

Data are expressed as mean +standard deviation of triplicate measurements.
*4The same superscript letters in the same row express that those values are not significantly different (p > 0.05).
*¥=%The same superscript letters in the same column express that those values are not significantly different (p > 0.05).
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Table 2. Betacyanin content of the dragon fruit wines

Fermenting temperature

Betacyanin content, mg/L

°C white-fleshed white-fleshed with peel red-fleshed red-fleshed with peel

20 0.61 £0.00* 0.81 £0.05> 46.05 £0.54° 51.00 +£0.16%

25 0.76 £0.01%Y 0.84 £0.11* 61.63 £2.17% 73.53 £1.19%Y

30 0.61 £0.00** 0.57 £0.04* 48.89 £0.11%x 49.47 £1.03%x
Juices 3.38 £0.00*v 5.91 £0.01>" 94.41 £0.00% 114.44 £0.01%v

Data are expressed as mean +standard deviation of triplicate measurements.
*4The same superscript letters in the same row express that those values are not significantly different (p > 0.05).
*¥=%The same superscript letters in the same column express that those values are not significantly different (p > 0.05).

results indicated that the red-fleshed wines contained
a much higher (p < 0.05) amount of betacyanins than
the white-fleshed wines. In particular, the betacyanin
contents in the white-fleshed wines were 0.6-0.8 mg/L
while those of the red-fleshed wines were nearly 80
times higher. For the white-fleshed species, the ad-
dition of the peel noticeably increased the amount of
betacyanins in the juices but in the wine products this
elevation faded out for all samples fermented at three
temperatures (p > 0.05). This indicated the remarkable
reduction in betacyanin content during the wine fer-
mentation. As reported by Siow and Wong (2017), high
temperature or/and long processing duration could
significantly reduce the amount of betacyanins. In par-
ticular, they demonstrated that the betacyanin content
in red-fleshed dragon fruit juice reduced nearly 15%
after storage for 2 weeks while a storage temperature
of 4°C did not cause a significant change. Thermal
betacyanin degradation could occur by isomerisation,
decarboxylation, or cleavage (Azeredo, 2009), which
might also be accelerated by the presence of ethanol
in wine (Wybraniec and Mizrahi, 2005). Their content
decline was also caused by the decrease in pH values
after the fermentation process (Woo et al., 2011). Sim-
ilar to the white-fleshed, the betacyanin content of the
red-fleshed wines reduced by half of that in the initial
juices. Among the three fermentation temperatures,
adding the peel had the advantage of increasing the
betacyanin content (11-33%) in the wine fermented at
20°C for both types of wine and at 25°C for the red-
fleshed wine while 30°C did not produce a remarkable
difference (p > 0.05). This implies a balance between
the extraction of betacyanins from the peel and their
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thermal degradation at this temperature. Similar to the
total phenolic content, the wines fermented at 25°C
yielded the highest amount of betacyanins.

Ascorbic acid content of dragon fruit wines
In winemaking, ascorbic acid is not only one of the
major antioxidants of the product but could provide
a positive coupled effect with sulfur dioxide due to its
reductive ability under wine fermentation conditions
(Barril et al., 2016; Bradshaw et al., 2011). However, its
content could be reduced after fermentation by oxida-
tion reaction with the presence of metal ions and free
radicals (Bradshaw et al., 2011). Table 3 displays the
ascorbic acid content of different dragon fruit wines.
The addition of peel for both white-fleshed and red-
fleshed species did not remarkably affect the ascorbic
acid content of the wines (p > 0.05), except in the case
of the red-fleshed wine fermented at 25°C (p < 0.05).
The insignificant differences in vitamin C content be-
tween the white-fleshed wines with and without peel
supplement might be due to the negligible ascorbic acid
concentration in the peel, as reported by Taganas (2015).
The amount of vitamin C in the red-fleshed wines
was significantly higher (tripled; p < 0.05) than those
of the white-fleshed wines at the same fermenting tem-
peratures. At 25°C, for example, the vitamin C con-
tents in the red-fleshed and white-fleshed wines were
around 4.96-5.60 mg AA/L and 1.84-1.98 mg AA/L,
respectively. This was attributed to the higher vitamin
C content in the pulp and peel of the H. polyrhizus spe-
cies than in those of the H. undatus species (Choo and
Yong, 2011). Meanwhile, fermentation on red-fleshed
musts seemed to improve the vitamin C content (up
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Table 3. Ascorbic acid content of the dragon fruit wines

Fermenting temperature Ascorbic acid content, mg AA/L

°C white-fleshed white-fleshed with peel red-fleshed red-fleshed with peel

20 1.23 +£0.08 1.49 +£0.05% 4.47 £0.10>* 4.54 £0.10>

25 1.84 +0.15%Y 1.98 +0.05*Y 4.96 +0.00>Y 5.60 £0.10%Y

30 1.24 £0.09* 1.59 +0.15% 4.44 £0.15% 4.65 £0.05
Juices 2.08 £0.00%Y 2.87 £0.02°¥ 3.92 £0.01%v 4.55+0.015*

Data are expressed as mean +standard deviation of triplicate measurements.
*dThe same superscript letters in the same row express that those values are not significantly different (p > 0.05).
*¥=%The same superscript letters in the same column express that those values are not significantly different (p > 0.05).

to 28%) in the wine. As reported by Branduardi et al.
(2007), the anaerobic fermentation of Saccharomyces
cerevisiae yeasts could increase vitamin C content due
to their biosynthesis of L-ascorbic acid from D-glucose.
A similar observation was revealed by Adetuyi and
Ibrahim (2014) for the fermentation of okra seeds. All
the red-fleshed wines without peel addition fermented
at three temperatures showed significantly higher (p <
0.05) amounts of vitamin C than their corresponding
musts, whereas among the red-fleshed wines with peel
addition, only the sample made at 25°C exhibited a sig-
nificant increase (p < 0.05). This, once again, supports
the presumption that 25°C was the most suited tem-
perature for the dragon fruit wine fermentation.

Antioxidant capacity of dragon fruit wines
Concerning the antioxidant activities of dragon fruit
wines, phenolic compounds, betacyanins and vitamin

C all possess potent antioxidant activities. However,
the correlation between their contents and activities
might be not consistent. For example, some authors
found no correlation between the total phenolic con-
tent and the antioxidant activities of wines (Zafrilla et
al., 2003) while others reported a positive correlation
between them (Derakhshan et al., 2018; Limmongkon
et al., 2017). This is due to the fact that antioxidant ac-
tivity depends not only on the content but also on the
chemical structure of antioxidant compounds. In this
study, the antioxidant activity of dragon fruit wines
was evaluated by the DPPH assay, which was used
to test the radical scavenging activity based on the
hydrogen-donating ability of the antioxidant compo-
nents present in wine. Table 4 illustrates their detailed
comparison.

In comparison to the dragon fruit musts, all four cor-
responding types of wine fermented at 25°C showed

Table 4. DPPH radical scavenging activity of the dragon fruit wines

Fermenting temperature

DPPH radical scavenging activity, %

°C white-fleshed white-fleshed with peel red-fleshed red-fleshed with peel
20 20.41 +£0.16% 21.69 £0.37°* 25.43 £0.02¢* 26.09 +£0.08*
25 24.61 £0.32% 26.13 £0.05%Y 30.24 +£0.08 32.27 £0.63%
30 20.52 £0.20%* 22.17 £0.28%* 25.64 £0.02¢ 26.35 £0.60°
Juices 21.21 £0.00%* 21.94 £0.00°* 27.48 £0.00°v 28.95 £0.00%

Data are expressed as mean +standard deviation of triplicate measurements.

*4The same superscript letters in the same row express that those values are not significantly different (p > 0.05).
*¥2%The same superscript letters in the same column express that those values are not significantly different (p > 0.05).
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a significant increase (p < 0.05) in antioxidant capac-
ity (10-19% increase). The increase in the antioxidant
capacity after the fermentation process was due to the
releases of phenolic compounds, vitamin C (as pre-
sented in Tables 1 and 3) and other antioxidants by the
microbial hydrolysis reaction (Hur et al., 2014; Najge-
bauer-Lejko and Sady, 2015). This, however, did not
happen in the samples fermented at 20°C and 30°C.
In particular, no significant differences (p > 0.05) or
a decreasing trend (p < 0.05) in DPPH radical scav-
enging activity were observed in the white-fleshed and
red-fleshed wines, respectively.

Along with the above evidence, 25°C could again
be confirmed as the optimum temperature for the wine
fermentation with high antioxidant content and activ-
ity. This might be due to the change in optimum tem-
perature for the growth of Saccharomyces cerevisiae
yeast when ethanol was gradually produced in wine.
As reported by Van Uden and da Cruz Duarte (1981),
although S. cerevisiae had an initial optimum growth
temperature of 37°C, it became most active at 25°C
when the ethanol concentration reached 6% or higher.
Therefore, at this temperature, the conversions of com-
plex compounds into antioxidant substances might be
most efficient, resulting in the highest scavenging ca-
pacity of the samples. In addition, the results showed
that the addition of peel increased the antioxidant ca-
pacity of wine for both white-fleshed and red-fleshed
species (up to 8%) with the more obvious differences
observed for the white-fleshed. This circumstance was
in accordance with a report by Nurliyana et al. (2010),
which revealed that the antioxidant activities of the H.

undatus peel were nearly 30% higher than those of the
H. polyrhizus peel.

Consumer acceptability of dragon fruit wines
Table 5 presents the sensory results using hedonic
tests to evaluate the consumer acceptability of the
wine products. The scores for appearance ranged from
2.825 to 4.325. With a natural appealing red color, the
red-fleshed species predictably received a higher as-
sessment (p < 0.05) than the white-fleshed ones, with
no differentiation in the peel inclusion (p > 0.05).
Meanwhile, the addition of peel in the white-fleshed
dragon fruit wine seemed to significantly (p < 0.05)
enhance the visibility of the product. In judgment of
aroma, it appeared that the panelists had a tendency
to prefer the aroma from the wine of the white-fleshed
with peel and red-fleshed species to the white-fleshed
wine, although the mean values showed that all sam-
ples were in the upper or “like” zone from the neu-
tral point (3.225 to 3.675). Both taste (3.450 to 3.800)
and overall acceptability (3.025 to 3.400) attributes
expressed no distinction (»p > 0.05) amongst all 4
samples, of which the mean values showed a general
liking of the products. This implies that the addition of
peel to the samples or difference in species did not sig-
nificantly (p > 0.05) affect consumer acceptability of
dragon fruit wine. With these results, peel utilization
in dragon fruit wines is promising since it not only no-
ticeably enhanced the nutritive values of the products
but also improved the sensorial properties (in terms
of appearance and aroma), especially for the white-
fleshed species.

Table 5. Mean scores for 5-point hedonic test of the wine samples fermented at 25°C

Types of wine

Attributes
white-fleshed white-fleshed with peel red-fleshed red-fleshed with peel
Appearance 2.825+£0.931° 3.450 +£0.959° 4.325+0.917¢ 4.125+0.791¢
Aroma 3.225 £1.050° 3.400 +£0.955%° 3.625 £0.868" 3.675 £1.095°

Taste 3.700 £1.091*

Overall acceptability 3.375 +£0.838°

3.550 £1.091*
3.025 +0.974*

3.450 £1.312* 3.800 £1.038*

3.400 £1.008* 3.275 £0.960°

Data are expressed as mean +standard deviation (n = 40).

**The same superscript letters in the same row express that those values are not significantly different (p > 0.05).
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CONCLUSION

In this study, the antioxidant properties of dragon fruit
wines made from the H. polyrhizus and H. undatus
species were evaluated. The effects of peel addition
and fermentation temperature were also investigated
in-depth. The results indicate that the fermentation of
dragon fruit musts increases the content of certain anti-
oxidants (e.g., phenolics) and the antioxidant capacity
in wine. The DPPHZ scavenging activity, total phe-
nolic, betacyanin, and vitamin C contents were higher
in the juice and wine prepared from the H. polyrhizus
species than in those of the H. undatus species. The
addition of dragon fruit peel in its winemaking had the
advantages of higher antioxidant content and activity
in the wine if a suitable fermentation temperature was
chosen. In addition, the peel inclusion could also po-
tentially improve the color and aroma of the products
while still receiving similar overall acceptability from
consumers.
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