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Abstract: In response to the significant waste of bioresources from passion fruit peels in the current market,
aiming to enhance the economic benefits of soluble dietary fiber (SDF) derived from passion fruit peels in the
food industry, this study extracted the SDF from passion fruit peels using six different methods and assessed
how these methods affected its physicochemical properties. The results indicated that the acid-assisted
extraction method (AAE-1) was the most effective at protein removal among the six methods, and the SDF
derived from this method had the highest extraction yield (17.05%), cation exchange capacity (1.17 mL/g), total
monosaccharide content (92.6620 pg/mg), xylose (3.2187 ug/mg), and mannose (3.7334 pg/mg). The SDF
extracted by enzyme-assisted extraction method (EAE) showed the highest DPPH free radical scavenging
capacity (66.67%), reducing sugar content (5.71%), oil holding capacity (5.86 g/g), and glucose content (55.9662
ug/mg). The SDF extracted by alkali-assisted extraction method (AAE-2) provided the highest water holding
capacity (7.82 g/g), solubility (4.24 mL/g), and rhamnose content (3.0854 pg/mg). The SDF extracted by
microwave-assisted extraction method (MAE) possessed the highest total sugar content (20.15%), ABTS radical
scavenging capacity (65.46%), ferric ion reducing capacity (58.83%), and galactose content (7.8912 pg/mg). The
SDF extracted by hot water-assisted extraction method (HWE) of soluble fiber from passion fruit peels had the
highest arabinose content (5.3775 pg/mg) and galacturonic acid content (35.6795 pig/mg), as well as the highest
weight-average molecular weight (Mw) and number-average molecular weight (Mn). These findings provide
a theoretical foundation for the development and utilization of passion fruit peels.

Keywords: passion fruit peel; soluble dietary fiber; extraction methods; physicochemical properties

1. Introduction

Passion fruit, a member of the Passiflora family, is widely cultivated in tropical and subtropical
regions, also known as "Brazilian fruit", "passion fruit," and "egg fruit"[1]. Passion fruit is favored by
many consumers due to its delicious flavor and rich nutritional content, as well as its anti-
inflammatory, antibacterial, blood pressure-lowering, and antioxidant physiological functions[2,3].
Studies have shown that passion fruits are classified by their skin color into purple, red, and yellow
varieties, and that the extracts from purple-skinned passion fruits exhibit superior activity and
physicochemical properties compared to those from red- and yellow-skinned varieties[4]. Currently,
purple passion fruit dominates the market and is more economical than the other two types.
Therefore, this study focuses on purple passion fruit.

However, as passion fruit's edible portion is primarily the pulp, the peel is often discarded,
resulting in substantial waste of biological resources and significant environmental pollution[5].
Passion fruit peels are rich in dietary fiber, polyphenols, flavonoids, and other bioactive
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compounds[6,7]. Notably, dietary fiber is resistant to human intestinal enzyme digestion of
carbohydrates, which is significant for adjusting the body's dietary structure, preventing obesity, and
improving quality of life[8]. Based on water solubility, total dietary fiber (TDF) is categorized into
soluble dietary fiber (SDF) and insoluble dietary fiber (IDF)[9], SDF possesses good viscosity and gel-
forming properties, enabling it to absorb water, expand, and delay gastric emptying, thereby aiding
metabolism; IDF consists of fibers that are undissolved or poorly hydrated, increasing fecal volume
and weight, hastening the transit of food through the digestive tract, and promoting bowel
movements. The functions of SDF include lowering cholesterol, regulating blood sugar, modulating
intestinal bacteria, and reducing the risk of hypertension[10]. IDF primarily promotes intestinal
peristalsis and the excretion of bile acids, thereby helping to prevent cardiovascular diseases like
atherosclerosis and coronary heart disease[11].

Research on passion fruit peels has primarily focused on their biological activities and functions.
Reports indicate that used passion fruit peels can serve as a heterogeneous catalyst in biodiesel
production from palm o0il[12]. Studies indicate that adding passion fruit pericarp in suitable amounts
can enhance antioxidant, anti-inflammatory, and short-chain fatty acid levels in broiler chickens,
thereby benefiting poultry health[13]. A study discovered that a passion fruit peel extract, rich in anti-
inflammatory and antioxidant properties, effectively alleviated pulmonary fibrosis in mice,
suggesting its potential as a promising antifibrotic agent[14]. Regrettably, research on SDF in passion
fruit peels is scarce, with virtually no studies conducted on purple passion fruit peels.

In this study, we employed six methods to extract SDF from the pericarp of purple passion fruit,
and we analyzed and compared the extracted SDF for composition, physicochemical properties,
antioxidant capacity, monosaccharide content, and structural characterization of the soluble fibers.

2. Materials and Methods

2.1. Materials and Reagents

Purple-skinned passion fruit was obtained from Beiliu City, Guangxi, China. Folinol reagent,
ethanol, sulfuric acid, hydrochloric acid, sodium carbonate, sodium nitrite, ABTS, glacial acetic acid,
anhydrous sodium acetate, ferric chloride, and trichloroacetic acid were purchased from Sinopharm
Chemical Reagent, China. Bovine serum protein V was purchased from Solepol Technology
Company, Beijing, China. Gallic acid, anhydrous sodium carbonate and potassium persulfate were
purchased from Komeo Chemical Reagent Company, Tianjin, China. Cellulase was purchased from
Shandong Loncote Enzyme Preparation Company, Shandong, China. Sodium hydroxide, ferrous
sulfate, phenol was purchased from Jinshan Chemical Reagent Company, Chengdu, China. Rutin
was provided by Yuanye Biotechnology Company, Shanghai, China. Kaumas Brilliant Blue was
obtained from Blue Season Technology Development Company, Shanghai, China. All the above
chemical reagents were of analytical grade.

2.2. Material Preparation

Before extraction, the fresh passion fruit pericarp was washed, had its pith removed, was
drained, and then dried at 60°C in a constant-temperature oven until a constant weight was achieved.
The dried pericarp was pulverized, and the resulting powder was sifted through a 60-mesh sieve
before being set aside.

2.3. Extraction of SDF from Passion Fruit Pericarp

Weigh out 30 g of pre-treated passion fruit pericarp powder and mix well. Following the specific
conditions for each extraction method, perform hot extraction and filtration, then collect the filtrate.
Concentrate the filtrate using a rotary evaporator, then add 3-4 times the mass of the concentrate of
a 95% ethanol solution. Place it in a 5°C environment for 12 hours, then let it stand overnight. Load
the mixture into centrifuge tubes and centrifuge at 4500 r/min for 10 minutes. Collect the precipitate,
add an appropriate amount of deionized water, and wash the precipitate three times with a 95%
ethanol solution at a 60°C water bath. After centrifugation at 4500 r/min for 10 minutes, collect the
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precipitate, wash it three times with a 95% ethanol solution, add an appropriate amount of deionized
water, and heat to dissolve in a 60°C water bath. Load into a flat dish or small beaker, then cool and
pre-freeze at -5°C. Wait until the solution is frozen into a solid ice cube, and finally lyophilize for 48-
72 hours to obtain the SDF.

2.3.1. Enzyme-Assisted Extraction Method (EAE)

The method of Dong et al[15] was referred to with slight modification. Add deionized water
with a liquid to material ratio of 1:26 g/mL, and then add 1.16 % cellulase, stir well, and place it in a
constant temperature water bath at 54 C for 4 h. The solution was then extracted from the cellulase
and then mixed with the cellulase.

2.3.2. Ultrasonic-Assisted Extraction Method (UAE)

Refer to the method of Moczkowska et al[16] with slight modification. Add the deionized water
with a liquid to material ratio of 1:49 g/mL, oscillate and shake well, then cover and put into an
ultrasonic cleaner with an ultrasonic temperature of 69 C, an ultrasonic time of 15 min, and an
ultrasonic power of 105 W.

2.3.3. Acid-Assisted Extraction Method (AAE-1)

Refer to the method of Jia et al[17] with slight modification. Add the hydrochloric acid solution
with a liquid-to-feed ratio of 1:25 g/mL concentration of 0.5 mol/L, shake well with shaking, and then
heat the extract for 75 minin a 75 ‘C water bath.

2.3.4. Alkali-Assisted Extraction Method (AAE-2)

Refer to the method of Jiang et al[18] with slight modification. Add the sodium hydroxide
solution with a liquid/feed ratio of 1:30 g/mL and a concentration of 35 mg/mL, and then heat the
extract for 5h at 70 “C in a water bath after shaking.

2.3.5. Microwave-Assisted Extraction Method (MAE)

Refer to the method of Homa et al[19] with slight modification. Add the deionized water with
the liquid to material ratio of 1:50 g/mL, shake well, and then heat the extract in a 70 'C water bath
for 90 min. the microwave extraction power was 500 W, and the extraction time was 60 s. The
extraction time was 60 s. The extraction power was 500 W, and the extraction time was 60 s. The
extraction time was 60 min.

2.3.6. Hot Water-Assisted Extraction Method (HWE)

Refer to the method of Wang et al[20] with slight modification. Add the deionized water with
the liquid to material ratio of 1:25 g/mL, shake well, and then heat the extract for4 hina 70 ‘C water
bath.

2.4. Determination of SDF Components

2.4.1. Extraction Rate

Weigh 1 g of passion fruit pericarp powder in a 50 mL centrifuge tube, and set up three parallel
experimental groups for each extraction method. Operate according to the six extraction methods
mentioned above, after re-solubilization, the centrifugal tube was used as a container and lyophilized
until completely dry, the SDF of passion fruit peel was obtained, and the formula was calculated as
follows:

Extractn rate(%) = (m2 —m1)/m0 &))

d0i:10.20944/preprints202412.0967.v1
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where m1 represents the mass of the centrifuge tube after constant weight , m2 represents the mass
of the centrifuge tube recorded after freeze-drying, and m0 represents the mass of the weighed
passion fruit peel powder.

2.4.2. Determination of Total Sugars

The method of Yue et al[21] was referred to with slight modifications. The SDF extracted from
each of the six methods was weighed 0.1 g. The determination of the water content of SDF was carried
out first. SDF was hydrolyzed by adding 50 mL of distilled water and 15 mL of H2SOs, and after fully
dissolved, it was refluxed, cooled, and pumped by a condensation reflux device, and the filtrate was
collected and fixed with water to 100 mL for the calculation of total sugar content, using glucose as
the standard:

w(%) = [m1 x V1 x 107%]/[m2 X V2 x (1 — )] x 100 )

where V1 represents the volume of the solution fixed after hydrolysis and reflux (mL), V2 represents
the volume of the solution absorbed during the determination (mL), m1 represents the total sugar
content in SDF (ug), m2 represents the mass of SDF (g), and o represents the water content of SDF
(%).

2.4.3. Determination of Reducing Sugars

Refer to the method of Lv et al[22] with slight modification. Weigh the SDF extracted by the six
methods each 0.5 g, respectively, add 50 mL of water placed ina 30 ‘C water bath heated to dissolve,
dissolved and cooled to 50 mL, as a solution to be measured to calculate the content of reducing
sugar, using glucose as the standard:

Reducing sugar content (%) = (C X VT)/(m X VS) x 100 (3)

where C represents the amount of sugar found from the standard curve (mg), VT is the volume of
the extract (mL), m represents the mass of SDF (mg), VS is the volume of the sample at the time of
determination (mL).

2.4.4. Polyphenol Determination

Referring to the method of K.et al[23] with slight modifications. Accurately weigh 0.01 g of
passion fruit peel SDF extracted by each method, heat and dissolve, cool and volume to 10 mL, as the
solution to be measured. Each take 1 mL of the solution to be measured in a 10 mL test tube, add 1.0
mL of forintol reagent, shake well; after 2 min, then add 1.5 mL of 10 % sodium carbonate solution,
respectively, add distilled water to stabilize the volume, oscillation and shaking, and leave itat25 C
for 1.5 h. Determine the absorbance value of the soluble fibers at 765 nm by using a spectrophotometer
and calculate the polyphenol content as follows, using gallic acid as the standard:

TPC=CXxVXxXN/m 4)

where TPC represents the content of polyphenols in SDF(mg GAE/g dw), C represents the mass
concentration of polyphenols in hydrolysate (mg/mL), V represents the volume of reaction liquid
(mL), N represents the dilution ratio of reaction liquid, m represents the mass of SDF (g).

2.4.5. Flavonoid Determination

Refer to the method of Da et al[24] with slight modification. Take passion fruit peel powder
about 1 g, add 50 mL of ethanol solution cold immersion 30 min, boiling water bath 98-100 ‘C reflux
extraction and filtration, collect the filtrate for use. Take 1.0 mL of the solution to be tested, add water
to 2.0 mL, add sodium nitrite, aluminum nitrate, sodium hydroxide solution, respectively, 4 mL each,
at 510 nm wavelength to determine the absorbance, the formula is as follows, using rutin as the
standard:

w = (p — p0) X V1 x V3/m X V2 x 1000 (5)

d0i:10.20944/preprints202412.0967.v1
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where w represents the value of total flavonoid content in the specimen (mg/g), p represents the mass
concentration of total flavonoids obtained in the standard curve (mg/L), pO represents the mass
concentration of total flavonoids in the blank to be measured solution on the standard curve (mg/L),
V1 represents the value of the volume of the extracted solution added to and calibrated in the
specimen (mL), V3 represents the value of the final volume of the finalized specimen (mL), m
represents mass of the specimen (g), V2 represents the value of the volume of the extract solution
dispensed (mL).

2.4.6. Protein Determination

Referring to the method of K. et al[25] with slight modification. Weigh 100 mg of SDF of passion
fruit pericarp extracted by each method, add distilled water and dissolve to 100 mL, determine the
absorbance value of the blank reagent as a control, and calculate the content of protein in the sample
» using bovine serum protein as the standard:

Soluble protein content (%) = m’ X V/Vs X m x 1000 x 100 (6)

where m' represents mass of protein (ug) from which the standard curve was prepared, V represents
total volume of sample extract (mL), Vs represents volume of sample extract taken during the
determination (mL), m represents mass of sample (g).

2.4.7. Molecular Weight (Mw) Determination

Referring to the method of Fu et al[26] with slight modification. The molecular weight
distribution of the samples was analyzed by molecular exclusion chromatography-multiangle laser
light scattering-refractive index detector ( SEC-MALLS-RI ). The weight and number-average
molecular weight (Mw and Mn) and polydispersity index (Mw/Mn) of various fractions in 0.1 M
NaNO:s aqueous solution containing 0.02% NaNs were measured on a DAWN HELEOS-II laser
photometer (Wyatt Technology, CA, USA) equipped with Three tandem columns (300 %8 mm,
Shodex Ohpak SB-805, 804 and 803; Showa Denko K.K., Tokyo, Japan) which was held at 45°C using
a model column heater by Sanshu Biotech. Co., LTD (Shanghai, China). The flow rate is 0.4 mL/min.
A differential refractive index detector (Optilab T-rEX, Wyatt Technology Co., USA) was
simultaneously connected to give the concentration of fractions and the dn/dc value.

2.5. Determination of Physicochemical Properties

2.5.1. Water/Oil-Holding Capacity (WHC/OHC)

Referring to the method of He et al[27] with slight modifications. A 0.100 g sample of passion
fruit peel SDF was placed in a 20 mL centrifuge tube with 10 mL of distilled water or food-grade
rapeseed oil, mixed well, and then left at room temperature for 24 h. The sample was centrifuged at

4500 r/min for 15 min, and the supernatant was removed and weighed:
WHC and OHC @ = (M1 -M)/M (7

where M1 represents weight of the sample after water or oil absorption (g), M represents weight of
the sample itself (g).

2.5.2. Swelling Capacity (5C)

Referring to the method of Xu et al.[28], with slight modifications. Weigh 0.100 g of SDF sample
and place it in a test tube. Add 10 mL of distilled water and let it stand at room temperature for 24
hours. Read the free expansion volume of the sample in the test tube and calculate the expansion
volume per gram of fiber (mL/g):

sC (m?L) = (V1-V)/M (8)
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where V1 represents the volume of the sample after swelling (mL), V represents the initial volume of
the sample (mL), M representshe dry weight of the sample (g).

2.5.3. Cation Exchange Capacity (CEC)

Referring to the method of Wei et al.[29] with slight modification. Accurately weigh 1.00 g of the
sample in a conical flask, add 30 mL of deionized water, mix thoroughly, add phenolphthalein
indicator and titrate with 0.1 mol/L NaOH solution as titrant. The volume of NaOH consumed was
recorded:

CEC (m?L) = cXv/m 9

where c represents sample concentration, v represents volume of NaOH consumed, m represents
sample mass.

2.6. Antioxidant Activity

2.6.1. DPPH Free Radical Scavenging Capacity

The referenced method[30] was used with slight modifications. Briefly, 100 uL of sample (50 %
ethanol solution) and 100 puL of 0.2 mM DPPH solution (absorbance value in the range of 0.7-0.9)
were mixed in a 96-well plate and allowed to stand for 30 min at room temperature in the dark, then
the absorbance value was measured using an enzyme meter at 510 nm. The DPPH radical scavenging
rate was calculated according to the formula:

removal rate(%) = [1 — (A1 — A2)]/A0 x 100% (10)

where AQ represents absorbance value of 40 uL H2O + 160 uL DPPH, A1 represents absorbance value
of 40 uL sample solution + 160 uL DPPH, A2 represents absorbance value of 40 uL sample solution +
160 pL anhydrous ethanol.

2.6.2. ABTS Free Radical Scavenging Capacity

The referenced method[31] with slight modifications. Prepare 7.4 mM ABTS diammonium salt
and 2.6 mM potassium persulfate solution separately, mix 1:1 (v/v) as required and react in the dark
for 12 h. Dilute with distilled water until the absorption value of this working solution at 734 nm is
about 0.7 to spare. 100 pL of the sample solution and 100 uL of ABTS working solution were mixed
in a 96-well plate, and the absorbance value was measured at 734 nm after 30 min of standing reaction:

removal rate(%) = (A0 — A1) /A0 x 100% (11)

where Al represents absorbance value of 40 pL sample + 160 uL ABTS working solution, A0
represents absorbance value of 40 pL distilled water + 160 uL. ABTS working solution.

2.6.3. Ferrous Ion Reduction Capacity

Methods referenced[32] with slight modifications. Prepare 0.3 M acetate buffer, 10 mM TPTZ
solution, 20 mM FeCls solution, mixed in the ratio of 10:1:1 and set aside. 40 puL of sample solution
and 200 uL of FRAP working solution were mixed in a 96-well plate and reacted at 37 °C for 10 min,
then the absorbance values were measured at 593 nm using a spectrophotometer. Iron sulfate was
used as the standard.

2.7. Determination of Monosaccharides

Measure the monosaccharide composition of SDF using ion chromatography. First, place SDF in
a solution of 1 mL 2M trichloroacetic acid at 121 ‘C for 2 hours, blow dry the solution with nitrogen
gas, then add methanol for cleaning and drying, repeat 2-3 times, dissolve in sterile water solution
for later use. The ion chromatography column is Dionex ™ CarboPacTM PA20 (150 x 3.0 mm, 10 p

d0i:10.20944/preprints202412.0967.v1
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m), mobile phases A (sterile water), B (0.1M sodium hydroxide), and C (0.1M sodium hydroxide,
0.2M sodium acetate), with a flow rate of 0.5mL/min. The column temperature is 30 ‘C. Using fucose,
rhamnose, arabinose, galactose, glucose, xylose, mannose, fructose, ribose, galacturonic acid,
glucuronic acid, mannuronic acid, and glucuronic acid as monosaccharide standards.

2.8. Determination of Scanning Electron Microscope (SEM)

A scanning electron microscope (HITACHI Regulus 8100, Hitachi, Tokyo, Japan) was used to
observe the particle and microstructure of SDF at an accelerated voltage of 10 kV. The sample was
coated on a conductive carbon strip, sputtered with a layer of gold, and the scanning electron
microscope images were collected at different magnifications.

2.9. Determination of Fourier Transform Infrared Spectroscopy (FT-IR)

FT-IR spectra of SDF were determined using a spectrometer (Nicolet iZ-10, Thermo Nicolet,
USA). The SDF samples were mixed with KBr powder and then pressed into 1 mm pellets for FT-IR
measurement in the range of 4000 to 400 cm-1 by Sanshu Biotech. Co., LTD (Shanghai, China).

2.10. Statistical Analysis

The results were expressed as mean + standard deviation (n > 3). One-way analysis of variance
(ANOVA) and Duncan’s multiple range tests in SPSS 27 software (IBM, Chicago,IL, USA) were used
to analyze the significant differences (p < 0.05). GraphPad Prism 9.5.1 (GraphPad Software, San
Diego, CA, USA) and Excel 2019 software were used for data analysis and graph processing.

3. Results

3.1. Analysis of the Composition of SDF

Table 1 shows the molecular weight and main chemical components of passion fruit peel.
Regarding the TDF extraction rate, EAE showed the highest rate at 83.6%, significantly different from
other methods, while HWE exhibited the lowest at 67.79%, also significantly different from the others.
The SDF extraction rate was highest for AAE-1 at 17.05%, significantly different from other methods,
and lowest for HWE at 6.36%, also significantly different from the others. This indicates that the use
of HWE in combination with other extraction methods significantly enhances the extraction rates of
SDF and TDF compared to HWE alone, aligning with previous research[33]. In terms of appearance,
SDF fibers exhibited varying colors: AAE-1 fibers were brick-red, AAE-2 fibers were tan with a rough,
water-soluble texture, EAE fibers were dark purple with a fine feel, HWE fibers were light brown,
MAE fibers were plum-red, and UAE fibers were whitish brown.

Among the six methods, AAE-1 and AAE-2 yielded SDF with higher water content than the
others, possibly due to the loose, rough, and porous structure of the SDF, which readily absorbs water
at room temperature[34]. In terms of protein content, AAE-1's SDF had a significantly lower protein
content than other methods, suggesting that acid extraction was most effective at purifying SDF,
likely because the acid concentration altered protein structure and solubility, resulting in deformation
or hydrolysis[35]. MAE had a significantly higher total sugar content than other methods, with no
significant difference between acid extraction and hot water immersion, possibly due to MAE's high
extraction efficiency and speed, which facilitates better sugar retention and extraction, and MAE can
also break down polysaccharide chains, leading to a relative increase in total sugar content[36]. EAE
achieved the highest extraction of reducing sugars, likely because the enzymes can target specific
glycosidic bonds and efficiently convert polysaccharides or complex carbohydrates into reducing
sugars[33]. In contrast, AAE-1 and AAE-2 had lower yields of reducing sugars, attributed to
excessively high acid-base concentrations. Zhang et al.[37] showed that both acid and alkaline
methods can disrupt glycosidic bonds or degrade cellulose. Similarly, MAE yielded the highest
content of polyphenols and flavonoids, and could reach higher temperatures faster than other
methods; it is hypothesized that microwave energy increases solvent and plant material

d0i:10.20944/preprints202412.0967.v1
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temperatures, promoting polyphenol and flavonoid release[38]. This finding is consistent with
previous research[39].

The biological activity of SDF generally depends on the molecular weight, thus the
determination of molecular weight is an essential index for the characterization of the functional
properties of SDF[40]. The weight-average molecular weight reflects the degree of polymerization of
the fiber and the interaction between the molecules[41]. From Table 1, it can be seen that the Mw of
UAE is the lowest, indicating that the cross-linked structure of UAE SDF is less and the interaction
with oil molecules is weak, which is consistent with the results of the determination of oil holding
capacity. On the contrary, HWE has higher Mw and Mn, which indicates that the SDF extracted by
this method not only has more large molecular weight components, but also has an advantage in
quantity, which is consistent with the research results of Zou et al[42]. A larger Mw/Mn index
indicates a wider molecular weight distribution[43]. The results show that MAE extraction yields the
highest Mw/Mn, which may be due to its relatively low corresponding Mn value.

In summary, of the six extraction methods, AAE-1 achieved the highest SDF extraction rate and
water content and was most effective at purifying the sample; EAE preserved the most reducing
sugars and yielded the highest total dietary fiber (TDF) content; AAE-2 effectively lowered flavonoid
and polyphenol content; MAE had the highest total sugar content in the SDF of passion fruit peels
and a high number of molecules with different molecular weights; HWE obtained the SDF with a
higher number of components and number of large molecular weights; and UAE was used to obtain
the smallest molecular weights in the SDF. Furthermore, the SDF products' color from passion fruit
pericarp differed significantly across extraction methods.

Table 1. The dietary fiber composition of passion fruit peel and the main chemical components and

molecular weight of SDF.
Ingredients of EAE UAE AAE-1 AAE-2 MAE HWE
passion fruit peel
TDF (%) 83.6£3.24>  68.53+2.33¢  82.72+3.12>  79.87+2.52¢  75.55+2.464  67.79+3.95f
SDF (%) 14.35+1.85¢  8.35+2.25¢  17.05+2.05°  16.32+1.45» 11.21+1.35¢  6.36+1.74f
IDF (%) 69.25+2.86°  60.18+2.08f  65.72+4.02>  63.55+2.63¢  64.34+3.04c  61.43+1.98¢
Components of
SDF
Moisture content (  7.99+0.24f 9.15+0.15¢ 32.2+0.21»  24.78+2.22>  10.62+0.43¢  11.02+0.63¢
%)
Protein content (%  3.76+0.004>  3.65+0.001>  2.46+0.015¢  3.72+0.002>  4.48+0.0022  3.18+0.003¢
)
Total sugar content  15.19+0.043  10.56+0.019  14.95+0.007¢ 4.47+0.008¢  20.15+0.043>  14.9+0.018¢
(%) b d
Reducing sugar 5.71+0.0032  3.09+0.002¢  2.52+0.002¢  0.61+0.001f  4.81+0.001°>  3.73+0.004¢
content (%)
Polyphenolic 0.138+0.001  0.102+0.002¢ 0.043+0.001c 0.041+0.001¢ 0.193+0.0022  0.082+0.001
content (mg/g) b d
Flavonoids content  0.147+0.009  0.092+0.004c  0.081+0.009  0.091+0.012¢ 0.152+0.008  0.133+0.0012
(mg/g) b d b
Molecular weight
of SDF
Mw (kDa) 153.554 115.045 262.544 290.056 164.860 299.430
Mn (kDa) 19.813 14.179 53.942 39.473 10.513 116.904
Mw/Mn 7.750 8.114 4.867 7.348 15.682 2.561

Note : Peers with different lowercase letters showed significant differences at the P < 0.05 level.

3.2. Analysis of Physicochemical Properties of SDF
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3.2.1. Analysis of WHC/OHC

Hydrophilic groups in SDF exhibit excellent water retention, increasing fecal volume, enhancing
defecation speed, reducing rectal pressure, thereby preventing constipation. Additionally, SDF's
water retention capacity helps organize food, preventing dehydration and shrinkage[44]. Table 2
shows that all methods except HWE improve SDF's water holding capacity, among which AAE-2
provided the highest water holding capacity at 7.82 g/g. In a single process, AAE-2 fibers had a
significantly higher water holding capacity (WHC) than other extractions, thus, AAE-1 and AAE-2
are suitable for extracting SDF from passion fruit peels with enhanced water holding capacity. This
may be due to the suitable pH environment breaking chemical bonds in the fibers, releasing more
water-holding groups. This could be because a suitable pH environment facilitates the breaking of
chemical bonds, releasing additional water-holding groups and enhancing WHC[45]. Conversely,
SEM results indicate that AAE-1 and AAE-2 possess a fluffy, porous microstructure, allowing for
greater water retention and significantly enhancing WHC.

OHC refers to the ability of fibers to retain oil after being mixed with it. SDF can absorb intestinal
fat, thereby reducing fat absorption, aiding in weight control, and preventing obesity; additionally,
SDF's fat-wrapping ability can decrease fat-bile contact, lessen cholesterol absorption from food, and
preserve intestinal health[46]. Table 2 indicates that SDF from passion fruit peel extracted by EAE,
AAE-1, and AAE-2 exhibited high OHC, with the enzyme method showing the highest oil holding
capacity at 5.86 g/g, followed by the acid and alkali methods, which did not significantly differ. UAE
had the lowest oil holding capacity among the fibers. This outcome contrasts with previous
findings[47], and it is hypothesized that the higher OHC of EAE might result from different enzyme
selections, possibly targeting specific enzymes to disrupt plant cell walls and enhance fiber
properties.

Table 2. Comparison of physicochemical properties of SDF extracted by different methods.

Extracti thod Index

XHACHON MEOT ""WHC (g/g) OHC (g/g) SC (mL/g)  CEC (mL/g)
EAE 6.86+0.03¢ 5.86+0.072 3.45+0.066¢ 1.02+0.014
UAE 5.96+0.04¢ 3.84+0.044- 2.65+0.0534 0.92+0.01¢
AAE-1 7.45+0.115P 5.49+0.161° 1.95+0.03f 1.166+0.0082
AAE-2 7.82+0.0952 5.52+0.05b 4.24+0.022 1.14+0.026P
MAE 6.42+0.064 4.68+0.145¢ 3.82+0.01® 1.05+0.011¢
HWE 5.93+0.066¢ 4.22+0.064 2.12+0.036¢ 0.85+0.01¢

Different lowercase letters in the same column indicate significant differences at the P < 0.05 level.

3.2.2. Analysis of SC

SC refers to the phenomenon of fibers increasing in volume upon absorbing solvent molecules.
In food processing, SDF's SC can enhance food texture and taste and boost water retention; in
pharmaceuticals, SC influences drug bioavailability[48]. Table 2 shows that AAE-2's SDF had the
highest SC at 4.24 mL/g among the six methods, significantly outperforming other methods. It is
hypothesized that the alkaline environment dissociates cellulose's hydroxyl groups, weakening inter-
chain bonds and increasing fiber swelling, consistent with prior research[49]. However, AAE-1 had
the lowest SDF swelling force, possibly due to acidic conditions. Despite being extractable, acid
treatment can damage functional groups and lower polysaccharide molecular weight, affecting
SC[50].

3.2.3. Analysis of CEC

Dietary fibers have side-chain functional groups like carboxyl and hydroxyl, which are weakly
acidic and can reversibly bind with cations, notably organic cations. This can facilitate or inhibit
certain chemical reactions, potentially benefiting human health[51]. For instance, a higher intake of
dietary fiber can bind heavy metals, mitigate their toxicity, and reduce blood pressure[52]. Table 2
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shows that AAE-1 (1.17 mL/g) and AAE-2 (1.14 mL/g) yielded SDF with the highest cation exchange
capacity (CEC), significantly different from other methods. This could be attributed to the high
temperature and prolonged treatment time in the extraction process, which likely opened the plant
cell wall structure, exposed functional groups, and thus increased CEC[17].

3.3. Analysis of Antioxidant Activity

Evaluating the antioxidant activity of SDF is highly significant. Antioxidants help eliminate free
radicals in the body and reduce oxidative stress damage to cells, potentially preventing chronic
diseases such as diabetes, cancer, and cardiovascular diseases[53]. This study assessed the DPPH and
ABTS free radical scavenging abilities, as well as iron ion reducing capacity, to evaluate the
antioxidant efficiency of SDF obtained through different extraction methods.

3.3.1. DPPH Radical Scavenging Activity

The DPPH is a highly stable nitrogen-centered free radical, and is widely used to assess
antioxidant capacities in extracts, compounds, and isolates. It reflects antioxidant content and activity
in samples indirectly by measuring residual DPPH after interaction[54]. Figure 1(A) shows that SDF
extracted by six methods all exhibit DPPH free radical scavenging ability, among which EAE-
extracted SDF demonstrates the highest DPPH scavenging ability, reaching 66.67%, significantly
different from other methods. This is likely due to EAE’s reputation as a gentle, efficient, and eco-
friendly method that enhances extraction efficiency, thus boosting antioxidant content and
activity[55,56]. Concurrently, DPPH scavenging ability is positively correlated with polysaccharide
concentration[54,57,58], which aligns with the high total and reducing sugar content observed in
EAE-extracted SDF in this study.

0.6 . 0-6'-
0.4- | 0_4.-
0.2-. . 0‘2.-
o.o-. °-°'-

>
=~

DPPH radical scavenging capacity(%)
ABTS radical scavenging capacity(%)

EAE UAE AAE-1 AAE2 MAE HWE AAE-1 AAE-2 MAE HWE
C 0.8
0.6+

Fe®* radical scavenging capacity(%)

0.44
0.2+
0.0~

UAE AAE-1 AAE2 MAE HWE

Figure 1. Comparison of antioxidant activity of different extraction methods. (A) DPPH free radical
scavenging ability; (B) ABTS cationic free radical scavenging ability; (C) Ferric reducing power.

3.3.2. ABTS Radical Scavenging Activity
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The ABTS (2,2'-azino-di-(3-ethylbenzthiazoline sulfonic acid)) is a widely used chemical in
antioxidant assays. This assay is extensively applied to measure antioxidant capacities in various
samples, including food, pharmaceuticals, nutraceuticals, and cosmetics[59]. Figure 1(B) shows that
SDF extracted by the six methods all possess ABTS free radical scavenging ability, with the SDF
extracted by MAE exhibiting the highest ABTS scavenging ability, reaching 65.46%, significantly
different from other methods. Studies have shown that the content of polyphenols and flavonoids in
SDF is related to the ABTS free radical scavenging ability[60]. This aligns with the findings of this
study. The high ABTS scavenging ability of MAE may stem from its high polyphenol and flavonoid
content.

3.3.3. Fe?* Reducing Power

The ferric reducing antioxidant power ( FRAP ) method judges the antioxidant activity by the
dynamic reaction of metal iron ions between the oxidized state and the reduced state, that is, by
measuring the reduction degree of the blue-purple complex formed by the reaction of Fe** with 2,4,6-
tripyridyltriazine (TPTZ) under the action of antioxidants, it can play a quantitative evaluation
role[61]. From Figure 1(C), it can be seen that SDF extracted by six methods all have iron ion reduction
ability. Among them, SDF obtained by MAE has the highest iron ion reduction ability, reaching 58.83
%, which is significantly different from other extraction methods. AAE-2 has the lowest iron ion
reduction ability, only 19.63 %, which is also significantly different from other extraction methods.
This may be related to the content of polyphenol compounds. The phenolic hydroxyl groups in
polyphenols can complex with iron ions, thereby enhancing the reduction ability[62]. Therefore, in
order to obtain SDF from passion fruit peel with better iron ion reduction ability, MAE extraction can
be used, or the content of polyphenols can be increased.

3.4. Analysis of Monosaccharide Composition

According to the ion chromatogram of Figure 2, there are seven kinds of monosaccharides in the
SDF of passion fruit peel, which are arabinose ( Ara ), rhamnose ( Rha ), galactose ( Gal ), glucose
( Glu ), xylose ( Xyl ), mannose ( Man ) and galacturonic acid ( Gal-UA ). These components are
basically the same as the monosaccharide composition of pomegranate peel SDF extracted by Xiong
et al[63]. The peak values of Glu and Gal-UA were more significant, indicating that the SDF of passion
fruit peel was mainly composed of Glu and Gal-UA, which was consistent with the results of high
Glu content in oat glucan ( OG ) and high Gal-UA content in apple pectin ( AP ) studied by Zou et
al[64].

It can be clearly seen in Table 2 that different extraction methods have little effect on the sugar
composition of SDF, but affect the content of monosaccharide units. Each SDF has its own prominent
monosaccharide substances, which is consistent with the previous research results[65,66]. For
example, studies have shown that pectin must be characterized by high levels of Gal-UA. Pectin helps
gastrointestinal motility, moisturizing, regulating blood lipids, and can also be used as a thickener
and gelling agent in the food industry[19]. It can be seen from Table 3 that among the SDF obtained
by different extraction methods, the Gal-UA of AAE-2 and HWE accounted for the highest proportion
in their monosaccharide composition (17.2899 ug/mg. 35.6795 pug/mg) , so it can be said that the
SDF obtained by the two methods contained pectin. AAE-1 obtained the highest Xyl content (3.2187
ug/mg) , which may be due to the strong acid environment that breaks the glycosidic bond of
pentosan, the main component of hemicellulose, and releases xylose monomers[19]. Among the SDF
obtained by EAE, the content of Ara ( 1.6722ug / mg ) and Rha ( 0.8411pg / mg ) was the lowest, but
both Ara and Rha had the function of reducing blood glucose and enhancing immunity, which was
of great significance to the health of the body[67].

d0i:10.20944/preprints202412.0967.v1
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Figure 2. Sample ion chromatogram.
Table 3. Monosaccharide composition of SDF samples extracted by different methods.
Monosaccharide(pg/mg)
Extraction
method Ara Rha Gal Glu Xyl Man Gal-UA Total
EAE 1.67+0.22 0.84+0.11¢ 4.68+0.70® 55.96+1.622 1.12+0.25¢ 1.23+0.06¢ 16.14+1.13¢ 81.65+4.10"
UAE 2.48+0.75% 1.99+0.19* 4.40+0.75b> 4791+1.61> 1.22+0.49¢ 1.39+0.05> 20.23+0.55¢ 79.63+4.40°
AAE-1 1.93+0.07 0.78+0.04c 4.46+0.49> 54.05+0.222 3.22+0.072 3.73+0.342 24.47+0.37> 92.66+1.602
AAE-2 2.37+0.72% 3.08+0.542 7.36+0.532 10.21+0.75¢ 0.76+0.044 0.76+0.02¢ 17.29+0.19¢ 41.83+2.804
MAE 2.24+0.83> 1.91+0.65> 7.89+0.122 51.70£1.652 1.19+0.02¢ 1.46+0.02°> 14.75+0.52¢ 81.15+3.80"
HWE 5.38+0.752 2.29+0.60> 4.86+0.24> 11.58+0.97¢ 1.89+0.04> 1.17+0.06¢ 35.68+0.952 62.85+3.61¢

Different lowercase letters in the same column indicate significant differences at the P <0.05 level.

3.5. Analysis of SEM

Figure 3 reveals the microstructure of SDF, with EAE exhibiting a wrinkled, strip-like structure,
possibly resulting from enzymatic alterations and glycosidic bond cleavage[68]. The AAE-2 structure
is rough and cotton-like, consistent with prior studies[69], and this may result from alkaline treatment
disrupting the cellulose molecular structure, creating a loose, cotton-like formation. However,
prolonged alkali extraction intensifies cellulose degradation, increasing roughness. The AAE-1
structure is rough and resembles a mountain landscape. This could be due to dissolved molecules re-
aggregating after fiber structure disruption, though uneven recombination may also contribute to the
mountain-like surface. In summary, the SDF structures of EAE, AAE-2, and AAE-1 are rough, loose,
and porous, and their large surface area significantly enhances water, oil retention, and swelling
abilities, which coincides with the results of the above physicochemical properties.

SDF from HWE exhibits a smooth microstructure but has a low yield, aligning with Li et al.'s
research[33]. The smooth surface likely results from HWE's lack of chemical reagents, with fibers
mildly softened thermally without damage or change. The SDF surface from UAE is smoother than
EAE's porous structure[65], possibly due to the shorter ultrasound duration and lower power. He et
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al.[66] reported that a low aggregation degree and loose structure might relate to a high neutral
polysaccharide content. In this study, glucose, a neutral polysaccharide, comprised over half of the
total monosaccharide composition in MAE, AAE-1, and EAE. Thus, the irregular lumps on MAE's
surface, AAE-1's mountain-like roughness, and EAE's wrinkled strip structure may result from these
factors.

In summary, different extraction methods will cause different changes in the structure of SDF,
which is the same as the current research results[63].

UAE(x1000)

f

W AAE1(x5000) HWE(x5000) UAE(x5000)
7%
.}

Figure 3. The morphological characterization of SDF in passion fruit peels obtained by different
extraction methods at 500x, 1000x and 5000x magnifications.

3.6. Analysis of FT-IR Spectra

The SDF spectrograms of passion fruit peels extracted by different methods were similar as
shown in Figure 4, but the absorption intensities of the characteristic peaks were diverse. A strong
and broad absorption peak was observed at 3200-3600 cm for the six SDF samples, which was
induced by the O-H stretching vibration, and this could be sourced from hemicellulose and
pectin[33]. The absorption peak in the range of 2500-2950 cm! may be due to the C-H bond stretching
vibration of the methyl and methylene groups[70]. There were absorption peaks caused by C=O
stretching vibration in the range of 1600-1800 cm-1 , in which no absorption peak was observed at
1736.44 cm-1 for AAE-2, and the absorption peaks of AAE-1 were also weaker here, which may be
due to the hydrolysis of stretching of ester carbonyls of hemicellulose and pectin by acid and alkali
solutions[43], and at the mean while, this corresponds to the same reasons for the low reducing sugar
yields of the two methods we determined above. There are absorption peaks in the region of 1050-
1150 ecm-1. As SDF is a kind of polysaccharide and the C-O bond is an important part of the
polysaccharide skeleton, thus the absorption peaks in this region are most likely to be attributed to
the stretching vibration of C-O[71]. Also the stretching vibrations of the C-O-C and C-O-H bonds
may produce absorption peaks in this range, which are characteristic peaks of pyranose[72].
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Figure 4. Fourier transform infrared spectroscopy (FT-IR) spectra.

4. Conclusions

This study compared the impact of six extraction methods on the dietary fiber quality in purple
passion fruit peel. The results revealed that SDF from various methods shared the same
monosaccharide composition. However, the methods significantly varied in their impact on chemical
composition and molecular weight, physicochemical properties, antioxidant activity, and structural
features. For instance, AAE-1 and AAE-2 possess high water content and holding capacity attributed
to their fluffy, rough surface structure, but low reducing sugar production and insignificant C=O
bond stretching vibrations caused by the stimulation of acidic and alkaline environments; both the
EAE and MAE methods exhibit strong antioxidant capacity. The HWE and UAE structural surfaces
are smooth. Overall, different methods differentially affect the composition and activity of soluble
fiber in passion fruit peel, with each method being suitable for specific scenarios. The findings
provide a theoretical foundation for the development and utilization of passion fruit peel.
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