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ABSTRACT

Dragon fruit (Hylocereus undatus) peel, an abundant agricultural by-product in Vietnam,
is rich in dietary fiber but often underutilized, leading to resource waste. This study aimed to
optimize the extraction of soluble dietary fiber (SDF) from dragon fruit peel under acidic
conditions and to characterize its structural and functional properties for potential food
applications. The effects of solid-to-liquid ratio, pH, temperature, and extraction time on SDF
yield were systematically investigated. Optimal extraction conditions were identified at a
solid-to-liquid ratio of 1:37.5 (w/v), pH 2.5, 80 °C, and 60 minutes, resulting in an SDF yield
of 14.54+0.50%. Fourier-transform infrared spectroscopy (FTIR) confirmed the
polysaccharide structure of both SDF and insoluble dietary fiber (IDF), while scanning
electron microscopy (SEM) revealed that SDF exhibited a porous and amorphous
microstructure, in contrast to the dense, fibrous morphology of IDF. X-ray diffraction (XRD)
analysis further demonstrated the amorphous nature of SDF and the partial crystallinity of IDF,
indicating distinct structural functionalities. Functional assessments showed that SDF had a
water-holding capacity of 21.25+0.34 g/g, an oil-holding capacity of 3.85+0.54 g/g, and a
swelling capacity of 32.36+1.06 mL/g. These findings suggest that SDF extracted from
dragon fruit peel possesses favorable structural and physicochemical characteristics, making
it a promising candidate for incorporation as a functional ingredient in food systems. The study
also supports the valorization of agro-industrial by-products, contributing to sustainable
development and waste reduction in the food industry.

Keywords: Dragon fruit peel, Hylocereus undatus, dietary fiber, acid extraction, structure,
physicochemical properties.

1. INTRODUCTION

Dragon fruit (Hylocereus spp. and Selenicereus spp.), belonging to the Cactaceae family,
is an exotic tropical fruit increasingly valued for its distinctive appearance, sensory attributes,
and nutritional properties [1]. Its global production is expanding, with Vietnam recognized as
a leading exporter [2]. However, commercial processing generates substantial quantities of
peel waste, comprising 20—40% of the fruit weight, which is typically discarded [3]. This
represents a significant economic loss and contributes to the environmental burden due to the
high organic content of the waste [4, 5]. Consistent with current efforts toward sustainable
resource utilization and circular economy models, dragon fruit peel (DFP) has attracted
attention as a promising by-product rich in bioactive compounds, notably dietary fiber (DF),
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phenolic acids, and betalains [3]. Dehydrated DFP is particularly abundant in DF, positioning
it as a potential raw material for extracting functional ingredients for food and nutraceutical
applications [6].

Dietary fiber is a complex group of carbohydrate polymers that resist enzymatic digestion
in the human small intestine [7]. It is classified into insoluble dietary fiber (IDF) and soluble
dietary fiber (SDF) based on water solubility [8]. IDF, mainly composed of cellulose,
hemicellulose, and lignin, primarily improves bowel regularity. In contrast, SDF, including
pectins, B-glucans, and gums, forms viscous gels that contribute to glycemic control,
cholesterol reduction, and enhanced satiety [9]. SDF is also of considerable interest for food
applications due to its favorable techno-functional properties, such as water-holding capacity
(WHC), oil-holding capacity (OHC), and swelling capacity (SC) [10, 11]. However, SDF's
natural abundance in many plant sources is lower than IDF's, necessitating efficient extraction
strategies to concentrate the SDF fraction [12]. Therefore, valorizing DFP through the selective
recovery of SDF offers a strategic avenue for enhancing its functional and commercial value.

Acid extraction represents a practical and accessible method for recovering SDF,
particularly pectin, from fruit peels [13, 14]. Citric acid, a mild organic acid of natural origin
widely applied in food processing due to its established safety profile, is frequently selected
for this purpose [13]. The mechanism involves acid-catalyzed hydrolysis of glycosidic
linkages within the plant matrix, facilitating the solubilization of SDF components [14]. In this
study, the optimization of extraction parameters - including acid concentration (pH), extraction
temperature, extraction time, and solid-to-liquid ratio - will be systematically investigated
using a One-Factor-At-a-Time (OFAT) experimental design [14], rather than multivariate
approaches such as Response Surface Methodology. This approach aims to identify the most
effective individual conditions to maximize SDF yield while preserving key structural
features. Previous investigations have demonstrated the feasibility of SDF extraction from
dragon fruit peel [6, 11, 13]; however, a focused optimization using conventional citric acid
extraction specifically targeting SDF remains limited. Building upon existing studies, this
research seeks to refine a practical, food-grade extraction method to valorize DFP.

After extraction under optimized conditions, the recovered SDF will be comprehensively
characterized to evaluate its structural and functional attributes. Scanning Electron
Microscopy (SEM) will assess surface morphology and porosity. At the same time, Fourier-
Transform Infrared Spectroscopy (FTIR) will be used to identify functional groups associated
with polysaccharides, such as hydroxyl and carboxyl groups [ 11-14]. X-ray Diffraction (XRD)
will also provide insights into the crystalline or amorphous nature of the extracted fibers [11—
14]. These structural analyses will be complemented by evaluating key physicochemical
properties, including WHC, OHC, and SC, critical determinants of the fiber's functional
performance in food systems [6, 7, 10, 14]. This integrated approach is anticipated to provide
valuable data supporting the utilization of dragon fruit peel-derived SDF as a functional food
ingredient, contributing to sustainable waste management and value addition in dragon fruit
processing industries, particularly in high-production regions such as Vietnam.

2. MATERIAL AND METHODS

Fresh white-fleshed dragon fruits (Hylocereus undatus) were sourced from a local
agricultural market in Ho Chi Minh City, Vietnam, with origins traced to major growing
regions such as Binh Thuan and Long An province. Only commercially mature fruits (600—
800 g), with firm texture and no visible defects, were selected. Peels were separated and
processed within 6 hours of purchase to minimize degradation. The peels were washed, sliced,
and oven-dried at 60 °C for 18 hours or until constant weight. Dried peels were ground and
passed through a 100 mesh sieve (approx. 150 um opening) to produce a uniform dragon fruit
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peel powder (DFPP). The powder was stored in sealed polyethylene bags at room temperature,
protected from moisture and light until use. This preparation procedure, adapted from
Corimayhua-Silva et al. [15], ensured material consistency across experimental batches and
met quality standards suitable for food-grade functional ingredient extraction.

2.1. Dietary fiber extraction preparation

Dietary fiber extraction was conducted using an aqueous solvent under varying
conditions of solid-to-liquid ratio (15-45 g/mL), pH (1.5-5.5) adjusted with 5% citric acid
solution, extraction temperature (50-90 °C), and extraction time (30-90 minutes). A One-
Factor-At-a-Time (OFAT) experimental approach was employed to evaluate the effect of each
parameter individually on the yield of soluble dietary fiber (SDF). In each trial, only one factor
was modified within its specified range while the remaining parameters were held constant at
baseline values. This strategy enabled the systematic assessment of the isolated impact of each
factor on extraction efficiency. Although OFAT does not capture potential interactions among
variables, it provides clear and practical insights into the optimal level of each parameter. This
design aimed to identify extraction conditions that maximize SDF yield, owing to its well-
documented health benefits and favorable techno-functional properties in food applications
[16-19]. Following SDF recovery under the established conditions, the insoluble dietary fiber
(IDF) fraction was also collected and subjected to comparative structural and functional
characterization alongside DFPP and SDF.

Specifically, one gram of DFPP was dispersed in distilled water, and the pH was carefully
adjusted with a 5% citric acid solution. The mixture was then extracted in a temperature-
controlled water bath for the duration. After extraction, the mixture was cooled to room
temperature and vacuum-filtered to separate the filtrate from the residue. The residue was then
washed three times with 96% ethanol to remove impurities and dried at 60 °C until a constant
weight was reached to obtain IDF, following a modified method by Wang et al. [20].
Meanwhile, the filtrate was followed by a technique of Lin et al. [21] by continuing to
precipitate with 96% ethanol at a ratio of 1:2 (v/v) and incubating overnight at 4 °C. The
obtained precipitate was then separated by centrifugation at 6000 rpm for 15 minutes and
washed three times with 96% ethanol to eliminate impurities. Afterward, it was dried at 60 °C
until a constant weight was reached to obtain SDF. Finally, the SDF yield (%) was determined
by dividing the weight of SDF (g) by the weight of the sample (g) and multiplying by 100.

2.2. Characterization analysis of dietary fiber structure
2.2.1. Microstructure analysis by Scanning Electron Microscopy (SEM)

The microstructure of DFPP, IDF, and SDF samples was examined using a scanning
electron microscope (SEM) (JSM-IT200 InTouchScope™, JEOL, Japan). Microstructural
images were captured at magnifications of x1000 and x10000.

2.2.2. Chemical structure analysis by Fourier-Transform Infrared (FT-IR) Spectroscopy

The DFPP, IDF, and SDF samples were analyzed using a Fourier transform infrared (FT-

IR) spectrometer (FT/IR-6X, JASCO, Japan). The near-infrared spectrum was recorded in the

500 - 4000 cm™* wavenumber range with a resolution set at 2 cm™.

2.2.3. Crystal structure analysis by X-ray Diffraction (XRD)
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The DFPP, IDF, and SDF samples were analyzed using an X-ray diffraction (XRD)
spectrometer (D2 Phaser, Bruker, Germany) to evaluate the crystalline structure. The
diffraction scan (26) was performed in the 5 - 80° range with a step size of 0.02°, a tube current
of 10 mA, and a voltage of 30 kV, utilizing a Lynxeye detector in 1D mode.

2.3. Techno-functional properties analysis

The water-holding, oil-holding, and swelling capacity were evaluated according to the
method of He ef al. [22].

2.3.1. Water holding capacity (WHC)

Firstly, a 0.50 g sample was precisely weighed and dispersed in distilled water at a 1:100
(w/w) ratio, then incubated in a centrifuge tube at room temperature for 1 hour. The mixture
was subsequently centrifuged at 5000 rpm for 15 minutes. After decanting to remove the
liquid, the weight of the remaining residue was recorded. The WHC was expressed as the
weight of the residue (g) per weight of the sample (g).

2.3.2. Oil holding capacity (OHC)

A 0.50 g sample was weighed and mixed with 10 g of soybean oil, then incubated in a
centrifuge tube at room temperature for 1 hour. The mixture was subsequently centrifuged at
5000 rpm for 20 minutes. After decanting to remove any free oil, the weight of the residue was
recorded. The OHC was expressed as the weight of residue (g) per weight of the sample (g)

2.3.3. Swelling capacity (SC)

A 0.50 g sample is placed in a 25 mL graduated cylinder for SC analysis. The initial
volume is recorded before adding 20 mL of distilled water. The mixture is then shaken for 5
minutes and allowed to stand at room temperature for 24 hours. After the standing period, the
final volume is measured. The SC was expressed as the volumetric change of dry samples
relative to the sample’s weight.

2.4. Statistical analysis

All experiments were conducted in triplicate. Then, using Excel (Office 365) and Minitab
(version 19.2) software, the data will be statistically analyzed using one-way ANOVA to test
for differences according to Turkey's test at a 5% significance level. Data are reported as mean
+ standard deviation, and statistical significance was defined as p < 0.05.

3. RESULTS/DISCUSSION
3.1. Effect of extraction conditions on SDF yield
3.1.1. Effect of solid-to-liquid ratio
As shown in Figure 1, increasing the solid-to-liquid ratio from 1:15 to 1:37.5 significantly
enhanced SDF yield from 6.04 + 0.07% to 12.18 + 0.28%. However, further increasing the
ratio to 1:45 resulted in a slight decline to 11.77 + 0.15%, indicating that extraction efficiency

had reached saturation. Therefore, a ratio of 1:37.5 was identified as the optimal condition for
SDF yield. This result closely aligns with the optimal solvent-to-solid ratios reported by Lin
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et al. [21] and Tran [23], which were 1:35 g/mL and 1:34.24 g/mL, respectively. The rationale
is that a lower solvent ratio may not provide sufficient diffusion into the material’s micropores,
reducing extraction efficiency. Conversely, an excessively high solvent ratio can increase
processing costs without yielding additional benefits. Based on these findings, a solid-to-liquid
ratio of 1:37.5 was selected as a fixed parameter for subsequent optimization experiments.
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Figure 1. Effect of Solid-to-Liquid Ratio on SDF yield
(Different lowercase letters above the bars indicate statistically significant differences (p < 0.05))

3.1.2. Effect of pH

Figure 2 shows that the lowest SDF yield (4.41 + 0.10%) was observed at pH 1.5.
However, as the pH increased to 3.5, SDF yield significantly improved, reaching 12.18 +
0.28%. According to Tran [23], pH 3.5 is the optimal condition for extracting pectin (soluble
dietary fiber) from red dragon fruit peel, as the acidic environment facilitates the breakdown
of polysaccharide linkages in the cell wall, allowing pectin to diffuse into the solvent.
However, further increasing the pH to 5.5 led to a decline in SDF yield to 9.19 £+ 0.20%.
Therefore, pH 3.5 was the most suitable condition for maximizing SDF extraction and was
selected as a fixed parameter for subsequent experiments.
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Figure 2. Effect of pH on SDF yield
(Different lowercase letters above the bars indicate statistically significant differences (p < 0.05))

3.1.3. Effect of extraction temperature
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As shown in Figure 3, SDF yield increased from 9.18 £ 0.10% at 50 °C to a peak of 14.54
+ 0.50% at 80 °C before decreasing to 11.97 + 0.89% at 90 °C. According to Tran [23], a
temperature of 90 °C is considered excessive, as it can lead to pectin degradation, the primary
component of soluble fiber SDF. Elevated temperatures accelerate the breakdown of
glycosidic and ester linkages in the pectin structure, deteriorating SDF integrity. Consequently,
80 °C was identified as the optimal temperature for SDF extraction and was selected as a fixed
parameter for further experiments.
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Figure 3. Effect of Extraction temperature on SDF yield
(Different lowercase letters above the bars indicate statistically significant differences (p < 0.05))

3.1.4. Effect of extraction time

The relationship between extraction duration and Soluble Dietary Fiber (SDF) yield is
depicted in Figure 4. Initially, SDF yield demonstrated an upward trend, rising from 12.2 +
0.12% at 30 minutes to a peak of 14.54 = 0.50% when the extraction time reached 60 minutes.
Subsequently, prolonging the extraction process led to a progressive decrease in yield,
registering 12.05 £ 0.73% at 90 minutes. This reduction is postulated to result from enhanced
pectin degradation during extended exposure to the acidic environment. Such conditions can
promote the hydrolysis of crucial glycosidic and ester bonds within pectin molecules [24],
lowering the efficiency of SDF isolation. Based on these results, 60 minutes was the optimal
extraction time to achieve the maximal SDF yield.
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Figure 4. Effect of Extraction time on SDF yield
(Different lowercase letters above the bars indicate statistically significant differences (p < 0.05))
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3.2. Structural characterization of dietary fibers
3.2.1. SEM

SEM analysis reveals that dragon fruit peel powder (Figure 5A, 5B) features a
heterogeneous structure with cellulose fibers and a pectin network, supporting its
multifunctional role in food applications. Insoluble fiber (Figure 5C, 5D) displays a thick,
porous structure that aids digestion. In contrast, soluble fiber (Figure 5E, S5F) forms a fine
mesh-like network, making it ideal for gel formation and cholesterol reduction. These
structural differences highlight the distinct functions of each fiber type, with dragon fruit peel
powder standing out for its balanced combination of both. However, further chemical analysis
and processing evaluations are necessary to understand the relationship between
microstructure and functional properties.

| By
Pk

Figure 5. SEM images of DFPP (A and B), IDF (C and D), and SDF (E and F)
((A, C, E): x1000; (B, D, F ): x10000)

3.2.2. FT'IR

The FT-IR spectra of the samples display characteristic vibrations within the 4000-500
cm’! range, indicating the presence of polysaccharide structures (Figure 6). Absorption peaks
around 3300, 2900, 1700, and 1200-800 cm™! highlight distinct differences among the samples.
The broad peak at 3300 cm™ corresponds to hydroxyl (-OH) groups, while the peak at 2900
cm’! relates to various methyl (-CH, -CHa, -CH3) functional groups [25]. DFPP and IDF exhibit
absorption at these wavelengths, whereas SDF does not. This absence in SDF likely results
from stretching vibrations of -OH in cellulose and hemicellulose, which are characteristic of
insoluble fiber fractions [14]. DFPP shows the lowest absorption intensity at 1700 cm
compared to IDF and SDF, likely due to its unprocessed nature and higher impurity content.
This difference suggests a lower fiber concentration in DFPP than the extracted fiber fractions
[11]. In the 1200-800 cm™ region, SDF exhibits the most distinct absorption peaks,
representing the fingerprint region of pectic polymers, a key characteristic of soluble fiber
fractions [26]. These findings confirm the successful separation of dietary fiber components
and highlight structural differences between soluble and insoluble fiber fractions.
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Figure 6. FTIR of DFPP, IDF, and SDF
3.2.3. XRD

The X-ray diffraction (XRD) analysis provided insights into the crystallinity of dietary
fibers [27]. The samples' crystallinity, or the degree of crystalline order, was assessed by
analyzing diffraction peaks’ shape, intensity, and width. DFPP and IDF exhibited broad
diffraction patterns with weak crystalline reflections centered around 26 = 20°, indicative of a
predominantly amorphous structure within the crystalline domains (Figure 7). This broad peak
is characteristic of cellulose type I, which typically displays a paracrystalline structure [28].
Additionally, DFPP displayed sharper reflections at 26 = 14.226° and 32.146°. These peak
positions are consistent with those reported by Taharuddin et al. [29] for cellulose type I
suggesting the presence of regions with higher crystalline order within the

crystals,

predominantly amorphous DFPP.

700
650
600
550
500
450
400
350
300
250
200
150
100
50
0

Intensity

H u“)
1
WMW d

T
WM WMM* i W i MW“M m m( N WM Wm"'WW WW"}WM‘WW

— DFPP IDF — SDF

M\'M.W'www«mwwm

5

In contrast, SDF showed a broad halo extending from 14° to 25°, lacking sharp, well-
defined peaks. This feature is characteristic of a highly disordered, amorphous, or semi-
crystalline structure [30]. The increased amorphous character of SDF can be attributed to
the acid treatment process, which disrupts the inter- and intra-molecular hydrogen bonding
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Figure 7. XRD of DFPP, IDF, and SDF
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network of cellulose, leading to chain fragmentation and a reduction in crystalline order.
This process also hydrolyzes starch and hemicellulose components, further contributing to
the overall amorphous nature of the material, and results in the solubilization of protein
content [31].

3.3. Techno-functional properties

Soluble dietary fiber (SDF) demonstrates exceptional functional properties, including a
water-holding capacity (WHC) of 21.25 + 0.34 g/g, an oil-holding capacity (OHC) of 3.85 +
0.54 g/g, and a swelling capacity (SC) of 32.36 + 1.06 mL/g. These characteristics render SDF
highly effective as a gelling agent, stabilizer, and emulsifier in food applications. These results
are consistent with findings reported by Sang et al. [32] in a study on dietary fiber (DF)
extraction from Newhall Navel Orange by-products, highlighting the potential of these DF
fractions as valuable raw materials for the functional food industry. Specifically, the elevated
WHC of SDF enhances sensory attributes and reduces calorie content in food products [33].
Furthermore, its substantial OHC improves the stability of fat-rich and emulsion-based foods
by facilitating the dispersion of immiscible liquids [34]. Additionally, the pronounced SC of
SDF proves advantageous in the frozen food sector, where it promotes hydrodynamic volume
expansion, sustains moisture retention in cooked meat and fish products, and minimizes drip
loss [26]. In contrast, insoluble dietary fiber (IDF), with a moderate WHC of 17.90 = 0.46 g/g
and SC of 18.19 £ 0.13 mL/g, is better suited for enhancing the texture of solid foods and
promoting digestive health.

Table 1. Techno-functional properties of DFPP, IDF, and SDF

Sample WHC (g/g) OHC (g/g) SC (mL/g)
DFPP 11.92 +0.24¢ 2.41+0.03° 17.15£0.42°
IDF 17.90 + 0.46° 2.92+0.01° 18.19+£0.13°
SDF 21.25+0.34° 3.85+£0.54* 32.36 + 1.06%

*Data labeled with different letters represent statistically significant differences (p < 0.05)

4. CONCLUSION

This study optimized dietary fiber extraction from dragon fruit peel, yielding 14.54 +
0.50% soluble dietary fiber (SDF) under a 1:37.5 g/mL solid-to-liquid ratio, pH 3.5, 80 °C,
and 60 minutes. SDF showcased superior functional properties, including high water-holding
capacity (WHC), oil-holding capacity (OHC), swelling capacity (SC), and solubility, making
it an excellent gelling agent, stabilizer, and emulsifier for applications like jams, dressings,
and beverages. Conversely, insoluble dietary fiber (IDF) exhibited a dense structure ideal for
enhancing texture in solid foods. Scanning electron microscopy (SEM) revealed IDF’s
compact form and SDF’s porous surface, Fourier-transform infrared spectroscopy (FTIR)
confirmed their polysaccharide nature, and X-ray diffraction (XRD) highlighted IDF’s
crystallinity versus SDF’s amorphous structure. These properties position SDF as a versatile
ingredient while promoting sustainable valorization of agricultural by-products, turning waste
into an eco-friendly, innovative food resource.
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TOM TAT

NANG CAO GIA TRI VO THANH LONG (Hylocereus undatus): TRICH LY CHAT XO
THUC PHAM, PHAN TICH CAU TRUC VA PAC TiINH CHUC NANG

Huynh Tuan Tai', Phan Thé Duy?®*
!Céng ty C6 phan BOCC Creations
’Trwong Pai hoc Cong Thirong Thanh phé Ho Chi Minh
*Email: duypt@huit.edu.vn

V6 qué thanh long (Hylocereus undatus) 1a phu pham nong nghiép doi dao tai Viét Nam,
gidu chét xo thyc pham nhung thudng bi bo phi, gay lang phi tai nguyén. Nghién ctru nay
nham t6i vu hoa qua trinh trich ly chit xo hoa tan (SDF) tir vo thanh long trong diéu kién acid,
ddng thoi phan tich cac dic tinh céu trac va chirc nang cua SDF nham danh gia tiém nang ng
dung trong thyc pham. Cac yéu té anh hudng dén hiéu suat thu hoi SDF (bao gém ty ¢ nguyén
liéu/dung moi, pH, nhi€t d¢ va thoi gian trich ly) da dugc khao sat co hé thong. Diéu kién trich
ly t01 uu dugc xac dinh ¢ ty 1€ 1:37,5 (w/v), pH 2,5, nhiét d6 80 °C trong 60 phut, cho hi¢u
suat SDF dat 14,54 + 0,50%. Pho hong ngoai bién d6i Fourier (FT-IR) x4c nhén ciu trac
polysaccharide ciia ca SDF va chat xo khong hoa tan (IDF). Anh kinh hién vi dién tir quét
(SEM) cho thay SDF ¢6 vi cau triac xdp va vo dinh hinh, twong phan véi hinh thai soi day dic
ctia IDF. Phan tich nhiéu xa tia X (XRD) ciing cho thdy SDF c6 cau trac v6 dinh hinh, trong
khi IDF mang tinh ban két tinh, phan anh sy khéac biét vé cdu tric va chirc ning. Panh gia cac
dic tinh chirc ning cho thdy SDF c6 kha ning giit nude dat 21,25 + 0,34 g nudc/g, kha ning
giir dau 3,85 + 0,54 g dau/g, va do truong nd 32,36 + 1,06 mL/g. Nhitng két qua nay chimng to
SDF duoc chiét xuat tir vo thanh long sé hitu cac dic tinh cdu trac va héa 1y thuan loi, khién
n6 trd thanh mot thanh phan chirc nang dély trién vong dé bd sung vao cac san phém thuc
pham. Dong thoi, nghién ctru gop phan khang dinh viéc tan dung hiéu qué cac phu phim nong
nghiép nham hudng ti phat trién bén viing va giam thiéu lang phi trong nganh cong nghiép
thuc pham.

Tir khéa: Vo thanh long, Hylocereus undatus, chat xo, trich ly trong diéu kién acid, dic tinh
cau trac, déc tinh hoa ly.
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