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A comparative study was conducted among the flesh (SOF) and pericarp
(SOP) of Stauntonia obovatifoliola, a wild edible fruit in China. The nutrient
composition of both these tissues was firstly quantified, and liquid-liquid
extraction was then used to separate their methanolic extracts to get
petroleum ether, chloroform, ethyl acetate, n-butanol, and residual aqueous
fractions, which were evaluated for their total phenol content (TPC),
total flavonoid content (TFC), antioxidant capacities, and a-glucosidase
and acetylcholinesterase inhibition abilities. Finally, high-performance
liquid chromatography (HPLC) was used to analyze their phytochemical
composition. The results revealed the excellent nutritional properties of both
SOF and SOP, especially SOP (total dietary fiber, 15.50 g/100g; total amino
acids, 0.80 g/100g; vitamin C, 18.00 mg/100g; Ca, 272.00 mg/kg; K, 402.00
mg/100 g). For both tissues, their ethyl acetate fractions showed the highest
TPC (355.12 and 390.99 mg GAE/g DE) and TFC (306.58 and 298.48 mg RE/g
DE). Surprisingly, the ethyl acetate fraction of SOP exhibited the strongest
DPPH and ABTS radical scavenging capacity with 1046.94 and 1298.64 mg
Trolox/g, respectively, which were higher than that of controls Vc and BHT.
In contrast, their chloroform fractions exhibited the strongest ferric reducing
antioxidant power (1903.05 and 1407.11 mg FeSO4/g DE) and oxygen radical
absorbance capacity (951.12 and 1510.21 mg Trolox/g DE). In addition, the
ethyl acetate fraction of SOF displayed superior a-glucosidase inhibition
ability with the ICgq value of 0.19 mg/mL, which was comparable to control
acarbose. In comparison, the ethyl acetate fraction of SOP had the best
acetylcholinesterase inhibition ability with the IC5 value of 0.47 mg/mL. The
HPLC analysis results demonstrated that the ethyl acetate fraction of SOP
showed significantly higher phenolic content, particularly for phenolic acids
(p-hydroxybenzoic acid, 8.00 & 0.65 mg/g) and flavonoids (epicatechin, 28.63
+ 1.26 mg/g), as compared to other samples. The above results suggest
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that Stauntonia obovatifoliola, especially its pericarp, had excellent nutrient
compositions, bioactive properties and phytochemical characteristics, and had
the potential to be developed as natural functional food.

Stauntonia obovatifoliola, fraction, nutrient composition, antioxidant, «-glucosidase,
acetylcholinesterase, HPLC

Introduction

Reactive oxygen species (ROS) are the highly reactive
products of cellular oxygen metabolisms in humans (1), and
excessive ROS accumulation may stimulate the cells to produce
large amounts of free radicals, which further leads to oxidative
stress (OS) related diseases, such as cardiovascular, cancer,
diabetes, inflammation, obesity, and Alzheimer’s (2). Many
studies have indicated that antioxidants could inhibit or prevent
OS-induced damage through scavenging free radicals (3, 4). As
reported, a range of plants, including fresh fruits, vegetables,
nuts, and grains, have shown favorable anti-oxidative stress
effects, which are mainly attributed to the abundant active
components such as phenols, flavonoids, and alkaloids (5).
Compared with synthetic antioxidants, antioxidant ingredients
obtained from these plants have the advantage of being natural,
safe, and effective, and perform numerous functions for human
health. Thus, they have been widely applied in food, medicine,
cosmetics, agriculture, and other fields (6, 7).

Stauntonia obovatifoliola (SO), which belongs to the genus
Akebia Decne (Family Lardizabalaceae), is a perennial woody
vine mainly distributed in China (8). SO fruit is composed of the
pericarp (SOP) and flesh (SOF), and SOF is the most frequently
edible part with yellow color and sweet taste, which accounts
for about 60% of the whole fruit (9). It has been documented
that SO fruit is a rich source of proteins, pectin, vitamins,
phenolics, flavonoids, triterpenoids, and minerals, which confers
its excellent medicinal, edible, and ornamental value (10, 11).
Especially in the field of folk medicine, SO has shown antipyretic,
diuretic, dredge meridians, analgesic, and lactogenic effects,
and could be used in the treatment of many diseases, such
as rheumatism, beriberi, axillary carbuncle, cystitis, traumatic
injury, trigeminal neuralgia, and sciatica (12, 13). Although there
are various positive effects on health, SO is still underutilized,
only a tiny amount has been consumed as a fruit. Research on
the chemical composition and biological activity of SO is also
sparse, and its pericarp is normally discarded, which restricts its
further application and development.

Generally, the fruit consists of flesh and pericarp. Despite
the main edible part of the fruit being flesh, the pericarp also
has excellent nutrient composition and bioactivity, which is not
inferior to the flesh. As reported by Inoue et al. (14), the pericarp

Frontiersin Nutrition

02

of kiwifruit contains more polyphenols than the flesh. Besides,
Zhang et al. (15) also pointed out that the peel of red-fleshed
apple had more potent antioxidant activity and a higher total
phenolic content than the flesh and whole apple. However, no
literature is available on the comparative study between SOP
and SOF.

Hence, this study first compared the nutritional composition
between SOF and SOP. Then various SO extracts (SOEs) with
different polar fractions were obtained by using ultrasound-
enzyme-assisted extraction and sequential extraction, and
their bioactive properties were investigated, including the
total phenolic content, total flavonoid content, antioxidant
properties, a-glucosidase and acetylcholinesterase inhibition

abilities.  Finally, the phytochemical characteristics of
SOEs were quantified by using high-performance liquid
chromatography (HPLC).

To our knowledge, this is the first study to compare the
nutrient composition, bioactive properties, and phytochemical
characteristics between SOP and SOEF in special for studies
comparing their different polar solvents extracts. This work
may provide a scientific basis for finding naturally occurring
antioxidants and the further utilization of SO resources.

Materials and methods

Standards and reagents
2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS), 1,1-diphenyl-2-picrylhydrazylradical (DPPH),
2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ), 2,2/-Azobis(2-
amidinopropane)  dihydrochloride ~(AAPH), fluorescein
sodium, acetylthiocholine iodide (ATCI), galantamine (GLTM),
5,5'-dithiobis-2-nitrobenzoic acid (DNTB), vitamin C (Vc),
2,6-di-tert-butyl-4-methylphenol (BHT) were obtained from
Aladdin Biotechnology (analytical grade, China). While
petroleum ether, chloroform, ethyl acetate, and n-Butanol,
were purchased from the national medicine group chemical
reagent Co., Ltd. (China). Acarbose, 4-methylumbelliferyl-8-D-
glucuronide (4-MUG), electric eel acetylcholinesterase (AChE,
C3389), and a-glucosidase (G5003) from Saccharomyces
cerevisiae (EC 3.2.1.20) were purchased from Sigma-Aldrich
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(USA). All HPLC standards were purchased from Yuanye
Bio-Technology (Shanghai, China). Chromatographic grade
reagents, such as acetonitrile, methanol, acetonitrile, and formic
acid were purchased from Merck (Darmstadt, Germany).

Preparation of SO extracts

The Stauntonia obovatifoliola (SO) fruits were collected
from Ganzhou City of Jiangxi Province (114°94'02” N,
25°85'07" E), China in November 2020, and were identified by
Dr. Ling Feng from the College of Forestry, Southwest Forestry
University, China. The mature undamaged SO were selected,
and the pericarps (SOP) were carefully separated from the
flesh (SOF). A portion of each sample was stored at —80°C
directly for subsequent nutritional composition analysis and
the rest portion of this sample was freeze-dried and ground
into fine powder. The powders were filtered with a 40-mesh
sieve, and then immediately stored at —80°C. Before extracting,
100 g fine powders of SOP and SOF were weighed, respectively,
and mixed with 70% ethyl alcohol solution (w/v) to obtain
a material-liquid ratio of 1:20. Then the pH values of the
mixtures were adjusted to 5 £ 0.5, followed by the addition
of 0.67% cellulose enzyme (3 U/mg) and 0.05% pectinase (40
U/mg). Ultrasonic extraction was performed for 60min at
50°C (60kHz, 500 W), subsequently, the supernatants were
collected by centrifugation twice at 2,200 x g for 15 min (TGL-
20M, Xiangyi Centrifuge Instrument Co., Ltd., Changsha,
China). Afterward, the supernatants were rotating evaporated
and made up to 5L with 70% ethyl alcohol solution (crude
extract, CE), while the precipitate was vacuum-dried for later
use (residue, RD). The crude extracts were successively extracted
with solvents of different polarities, finally obtained petroleum
ether (PE), chloroform (CF), ethyl acetate (EtOAc), n-Butanol
(n-BuOH) fractions, and aqueous phase residue (AQ), then the
extractions were concentrated in vacuo. All SO extracts (SOEs)
were stored at —20°C before use.

Nutrient and non-nutrient composition
analyses

Moisture, ash, proteins, fat, carbohydrates, total dietary fiber,
amino acids, vitamins, and minerals in the SOF and SOP were
determined using accepted analysis methods of the GB5009-
2016 of China National Food Safety Standard.

The basic nutrients analyses

Moisture was assessed by the oven-drying (16), and
ash content was analyzed by incineration technique (17).
Fat and dietary fiber contents were determined using the
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soxhlet extraction method (18) and enzymatic-gravimetric
(19), respectively. The %carbohydrate content was calculated
by difference method: percentage (%) carbohydrate = 100 -
(%Moisture + %ash+ %protein + %crude fiber).

Total amino acid and protein contents analyses

The amino acids were determined by national food safety
standards (GB 5009.124-2016) (20). Briefly, the SOF and
SOP sample was accurately weighed and hydrolysed with
hydrochloric acid (6 M) at 110°C for 22h, after dried under
reduced pressure, dissolved in sodium citrate buffer (0.2 M, pH
2.2). Finally, filtered through 0.22 um membrane and injected
into an amino acid analyzer (Hitachi L-8900, Hitachi Ltd.,
Tokyo, Japan) fitted with sulfonic cation exchange resin. The
separated amino acids generated color reaction with ninhydrin
solution, absorbance was measured at 440 and 570 nm. The
concentration of amino acids was calculated on the basis of
standard peak area.

The content of total protein estimated by the Kjeldhal
method (GB 5009.5-2016) (21). Briefly, the sample was catalytic
heated until fully digested to release ammonia, then connected
with sulfuric acid resulting in ammonium sulfate. Ammonia
was dissociated by alkalization distillation, boric acid was
absorbed and titrated with hydrochloric acid standard solution.
Total protein content is calculated based on acid consumption
as follows:

_ (Vi — V) x ¢ x0.014
- m x V3/100

X x F x 100

1

X: the total protein amount in sample, g/100 g; V1: hydrochloric
acid consumption volume of samples, mL; V5: hydrochloric
acid consumption volume of blank control, mL; V3: absorption
volume of the digestive liquid, mL; c: concentration of
hydrochloric acid; m: mass of the sample, g; F: conversion
coefficient of nitrogen to protein.

Vitamins and minerals analyses

Vitamin Bj, By, and vitamin C were determined using
the high performance of liquid chromatography (HPLC-2030C
plus 3D, Shimadzu, Kyoto, Japan), the quantification was
performed by external calibration (GB 5009.84/85/86-2016)
(20). The mineral elements of calcium (Ca), magnesium (Mg),
potassium (K), sodium (Na), zinc (Zn), iron (Fe), manganese
(Mn), and copper (Cu) were determined by atomic absorption
spectrometer (Beijing Pu Analysis General Instrument Co., Ltd,
Beijing, China) equipped with flame atomization (GB 5009-
2016) (19).
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Determination of total phenolic content

The total phenolic content (TPC) was determined according
to the Folin-Ciocalteu method (22). Briefly, 50 wL gallic acid
solutions (10 to 100 pg/mL) were loaded onto a 96 well
microtiter plate, followed by the addition of 125 pwL Folin-
phenol reagent and 100 iL Nay CO3 (7.5%, w/v) each well. After
incubation at room temperature protected from light for 30 min,
the absorbance was read at 760 nm using SPECTRAmax Plus384
microplate Reader. The absorbance was assayed as described
above, and the TPC was calculated against a gallic acid standard
and was expressed in mg gallic acid equivalents per g dry extract
(mg GAE/g DE).

Determination of total flavonoid content

The total flavonoid content (TFC) was determined by the
sodium nitrite-aluminum method (23). 40 LL sample solution
and 20 pL NaNO; (3%, w/v) were loaded onto a 96 well
microtiter plate, after 6 min of incubation in darkness, 20 pL
Al (NO3)3 solution (6%, w/v) was added and reacted for 6 min,
followed by the addition of 140 L NaOH (4%, w/v) and 60 uL
methanol, then the absorbance was measured at 510 nm after
15 min incubation. TFC was calculated against a rutin standard
and was expressed in mg rutin equivalents per g dry extract (mg
RE/g DE).

Analysis of antioxidant activity

DPPH radical scavenging activity

The DPPH radical scavenging activity was measured by
DPPH scavenging assay (24). A 100 L properly diluted sample
solution was mixed with 100 pL of DPPH solution (0.15
mmol/L) on a 96-well plate for 30 min at room temperature in
the dark, then the absorbance value was read at 517 nm (As).
Methanol was used to replace the sample as a negative control
(Ac), the scavenging rate was calculated by the following formula
(1), Trolox (0-25 pg/mL) was used as the standard. Vc and BHT
were used as positive controls. The DPPH radical scavenging
activity was expressed as mg Trolox equivalents per gram of dry
extract (mg Trolox /g DE).

DPPH radical scavenging rate (%) = [(Ac — As)/A¢] x 100% (2)

ABTS radical scavenging activity

The ABTS radical scavenging activity was estimated
following the reported method (25). A 50 WL appropriate
concentration of sample solution was mixed with 200 pL of
ABTS solution on a 96-well plate for 6 min at room temperature
in the dark, the scavenging rate was the same as formula (2), and
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the results were expressed as mg Trolox equivalents per gram of
dry extract (mg Trolox /g DE). Vc and BHT as positive controls.

Ferric reducing antioxidant power

The ferric reducing antioxidant power (FRAP) analysis was
performed according to method (26). A 30 wL sample solution
with suitable concentration and 240 wL FRAP working solution
were loaded onto a 96-well plate, then the absorbance was
measured at 593 nm after incubation in darkness for 10 min at
37°C. The FRAP value was calculated by a standard curve using
FeSOy4 as a standard, Vc and BHT as the positive controls, the
FRAP value was expressed as mg FeSO4 per gram of dry extract
(mg FeSO4/g DE).

Oxygen radical absorbance capacity

The oxygen radical absorbance capacity (ORAC) was carried
out as suggested following the reported method (27). A 25 pL
sample solution was mixed with 150 wL of fluorescein (8 x
107> mol/L) on a 96-well plate with a 5min shaking, after
incubated for 10 min at 37 °C, the reaction was initiated with the
addition of 50 uL AAPH, then the fluorescence was immediately
measured at excitation 485 nm and emission 535 nm excitation
every 1 min for 2h. The ORAC value was calculated using the
Area Under the Curve (AUC) with that of the Trolox standard
curve and expressed as mg Trolox equivalents per gram of dry
extract. Vc and BHT were used as positive controls.

Enzyme inhibitory ability

Inhibitory of a-glucosidase
The oa-glucosidase inhibitory activity was
according to the previous method (28). A 50 pL suitably diluted

measured

sample solution was added to 20 wL of a-glucosidase (0.175
U/mL, pH 6.8) mixed well on a black 96-well microplate,
followed by addition of 50 pL 4-MUG (0.84 uM, pH 6.8)
and incubation 20 min at 37°C. Afterward, a 100 pL glycine
(100 mM, pH 10.6) was added to terminate the reaction with
a 30s shaking. The fluorescence was measured at excitation
355nm and emission 460 nm (As), acarbose as the positive
control, methanol in place of the sample was used as a
reagent blank (Ab), and potassium phosphate buffer in place
of acetylcholine was used as a negative control (Ac). The
inhibitory rate of a-glucosidase was calculated by the following
formula (3), and the inhibitory capacity expressed as ICsg
value (mg/mL), which was obtained by plotting scavenging
percentage against extract concentration.

Ab - (As - Ac)
Ac

Inhibition rate (%) = x 100% 3)
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Inhibition of the acetylcholinesterase

The acetylcholinesterase enzyme (AChE) inhibitory activity
was evaluated using Ellman’s method (29). A 50 wL appropriate
diluted sample solution was added to 90 pnL Ellman’s reagent
(containing 15 pL of 15mM ATCI and 75 pL of 3mM DTNB)
on a 96-well plate, after incubated for 10 min at 37°C, 20 pL
of acetylcholine (0.1 U/mL, in pH 8.0 PBS containing 0.1%
bovine serum albumin) was added to initiate the reaction, then
absorbance was read at 405nm after incubation for 5min in
darkness, and galanthamine as positive control. The inhibition
rate was calculated in accordance with Equation (3).

HPLC analysis

The High-performance liquid chromatography with diode
array detection (HPLC-DAD) analysis was performed by an
Agilent LC 1260 system (Agilent Technologies, CA, USA) (30).
All samples redissolved in 1,000 L of methanol, then were
filtered by a 0.22-pm membrane and the injection volume was
20 wL. The gradient elution of the mobile phase contained
(A) acetonitrile and (B) water with 0.1% formic acid, and the
gradient elution was programmed as follows: 0 min, 5% A; 5 min,
5% A; 7 min, 10% A; 52 min, 30% A; 65 min, 100%A, following
by washing with 100% A for 15min and re-equilibration
of the column with 5% A for 10min. The chromatogram
scan range was set to 200-400 nm. The calibration curve was
obtained by plotting the peak areas of the standards against
their concentrations, five-point calibration curves were prepared
using protocatechuic acid (y = 9.4793x - 43.031, R* = 0.996),
p-hydroxybenzoic acid (y = 19.622x + 14.703, R*> = 0.996),
vanillic acid (y = 42.899x - 808.49, R*> = 0.995), syringic acid
(y = 41.199x - 316.19, R* = 0.999), epicatechin (y = 7.0346x +
58.821, R*> = 0.997), dihydromyricetin (y = 16.512x + 6.3045,
R?> = 0.999), syringaldehyde (y = 41.199x - 316.19, R*> = 0.999),
ferulic acid (y = 9.1787x +1.345, R* = 0.992), epigallocatechin
gallate (y = 22.222x + 208.9, R* = 0.999), ellagic acid (y =
6.4055x - 154.78, R* = 0.992), salicylic acid (y = 5.2213x -
61.888, R* = 0.997), cinnamic acid (y = 80.95x - 127.56, R* =
0.995), hesperetin (y = 34.508x - 1.145, R*> = 0.999), scutellarin
(y = 34.83x - 85.123, R> = 0.999), all standards were monitored
at 280nm. Further, the identification and quantification of
compounds were made by comparing the retention time and
peak area of corresponding standard. The results were expressed
as mg equivalents of the standard per g of sample.

Data analysis and statistics

All tests were repeated 3 times in parallel, and the results
were represented as mean + standard deviation (mean + SD).
Statistical analysis was performed using variance tests analysis
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of variance (ANOVA) and correlation analysis (p < 0.05) with
Statistical Package for the Social Sciences (SPSS) 22.0.

Results

Nutrient and non-nutrient composition

From Table 1, the nutrition and non-nutrient components of
SOF (100 g) were as follows: moisture 82.9 g, ash 0.44 g, protein
0.81g, fat 0.505 g, carbohydrate 12.91 g, and total dietary fiber
3.4g. While the SOP (100 g) content was: moisture 79.1g, ash
0.44 g, protein 0.81¢g, fat 0.51¢g, and carbohydrate 12.91g. It
could be found that the fat content was reported as the lowest
(0.49 g) in SOP, in contrast, which consists of a higher amount
of total dietary fiber (15.5g). Amino acids are the basic units
of protein and growth factor and vital nutritional elements in
the human body. In terms of amino acid composition (Table 1),
the content of total and essential amino acid compositions of
SOP was higher than that of the SOF. Moreover, vitamin C
(18 mg/100 g) was particularly abundant in SOP, which was an
important and frequent antioxidant that could promote collagen
regeneration and iron absorption, and prevent scurvy (31).

In the present study, both SOP and SOF had abundant
essential macro-elements (Ca, Mg, K, Na) and trace elements
(Zn, Fe, Mn, Cu). Among them, SOP had a significantly higher
concentration of Ca (272 mg/kg, p < 0.05), while a higher
amount of Mg was observed for SOF (264 mg/kg, p < 0.05). For
K, there were no significant differences between the two. SOF
showed higher levels of Fe and Mn, two vital trace elements for
normal function and development of the human body (32), but
Zn and Cu were not detected in either SOF or SOP.

This study was similar to what had been reported by Wang
et al. (33) but more comprehensive. Overall, both SOF and
SOP demonstrated considerable nutritional values, such as well-
balanced amino acid composition and minerals, when compared
to other common fruits peach apple, pear, quince and apple
(31, 34). Of which, SOF had higher energy, and SOP was a
good source of dietary fibers. Surprisingly, SOP showed excellent
content of Vitamin C, and its content was much higher than
that of Synsepalum dulcificum berry (20). This revealed that
SOP might be a potential source of natural antioxidants and
warranted a deeper examination.

Total phenolic content and total
flavonoid content

As described in the Methods Section Preparation of SO
extracts, there were 7 SO extracts (SOEs) for SOF and SOP,
respectively, which were in turn crude extract (CE), extract
residue (RD), petroleum ether fraction (PE), chloroform fraction
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TABLE 1 The nutrient and non-nutrient composition of SOF and SOP.

Concentration
Parameter SOF SOP
Nutritional composition
Moisture (g/100 g) 82.90 +4.14 79.10 £ 3.95
Ash (/100 g) 0.4 =+ 0.02° 1.30 = 0.06°
Protein (g/100 g) 0.81 £ 0.04* 0.68 & 0.03°
Fat (/100 g) 0.51 = 0.02° 0.49 + 0.02°
Carbohydrate (/100 g) 12,91 =+ 0.64° 3.4240.17°
Total dietary fiber (g/100 g) 3.40 £0.17° 15.50 £ 0.77*
Amino acids
Aspartic acid (/100 g) 0.10 +0.00 0.10 £ 0.00
Threonine (g/100 g) 0.03 £ 0.00° 0.05 % 0.00*
Serine (g/100 g) 0.03 & 0.00° 0.05 & 0.00°
Glutamic acid (g/100 g) 0.06 = 0.00° 0.08 & 0.00*
Glycine (g/100 g) 0.03 4 0.00° 0.04 % 0.00°
Alanine (g/100 g) 0.07 £ 0.00* 0.05 4 0.00°
Valine (g/100 g) 0.04 = 0.00° 0.06 & 0.00°
Methionine (g/100 g) 0.01+0.00 0.01 4 0.00
Isoleucine (g/100 g) 0.03 £ 0.00° 0.04 % 0.00*
Leucine (g/100 g) 0.04 £ 0.00° 0.07 £ 0.00°
Tyrosine (g/100 g) 0.02 £ 0.00° 0.03 £0.00*
Phenylalanine (g/100 g) 0.03 £ 0.00° 0.05 % 0.00*
Lysine (g/100 g) 0.04 =+ 0.00° 0.06 % 0.00°
Histidine (g/100 g) 0.01 4 0.00° 0.02 £ 0.00°
Arginine (g/100 ) 0.03 4 0.00° 0.04 % 0.00°
Proline (g/100 g) 0.04 = 0.00° 0.05 & 0.00°
> EAAs 0.18 # 0.00° 0.28 £0.01°
>~ NEAAs 0.43 +0.02° 0.52 £ 0.02°
S AA 0.61 4 0.03" 0.80 + 0.04°
S EAAs/Total AA (%) 29.00 £1.45 35.00 & 1.75%
> EAAs/Y. NEAAs 0.4140.02° 0.53 % 0.02
Vitamin
Vitamin B, (mg/100 g) ND ND
Vitamin B, (mg/100 g) 0.14 £ 0.00* ND
Vitamin C (mg/100 g) ND 18.00 % 0.90*
Minerals
Ca (mg/kg) 125.00 + 6.25° 272.00 +13.60*
Mg (mg/kg) 264.00 + 13.20° 199.00 + 9.95
K (mg/100g) 394.00 + 19.70° 402.00 £ 20.10*
Na (mg/100g) ND ND
Zn (mg/kg) ND ND
Fe (mg/kg) 3.51+£0.17° 2.25+£0.11°
Mn (mg/kg) 26.30 = 1.31° 17.70 £ 0.88°
Cu (mg/kg) ND ND

>~ EAAs, sum of essential amino acids; NEAAs, Non-essential amino acids; ) AA, Total
Amino acids; ND, not detected. SOE, Stauntonia obovatifoliola flesh; SOP, Stauntonia
obovatifoliola pericarp. The superscript letters indicate the statistical difference in row
is significant (p < 0.05), without letters indicate not significantly different (p > 0.05).
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(CF), ethyl acetate fraction (EtOAc), n-Butanol fraction (n-
BuOH), and aqueous phase residue (AQ). According to Table 2,
all SOEs of SOP showed higher total phenolic content (TPC)
than that of SOF while the EtOAc fractions were significantly
highest in both groups with values of 390.99 & 3.72 and 355.12 &
10.39 mg GAE/g DE (p < 0.05). That was proposed to be related
to the abundant tannin in SOP (12, 35).

Similar to TPC, the highest total flavonoid contents (TFC)
were also observed in the EtOAc fractions, whether SOF or SOP,
and these values were 306.58 £ 8.77 and 298.48 £ 3.59 mg RE/g
DE. Interestingly, with the exception of CE and CF (SOP > SOF,
p < 0.05), no significant variation was observed for other SOEs.
These results were in accordance with the research that the SOP
contained significantly more phenolic and flavonoid compounds
than SOF overall (10).

Antioxidant properties

Due to the different action mechanisms, the antioxidant
capabilities of SOEs were evaluated by four assays (radical
scavenging capacity for DPPH and ABTS, FRAP, and ORAC)
(36). Furthermore, the CF, PE, RD, and CE fractions of SOF and
SOP also showed strong DPPH inhibitory activities compared
with BHT (Figure 1A).

Similar to DPPH radical scavenging activities, the EtOAc
fractions of SOF and SOP also exhibited the highest ABTS
radical scavenging activities (Figure 1B), with the values of
1237.41 £ 330 and 1298.64 £ 3.56mg Trolox/g, which
were lower than Vc (1479.39 £ 52.27mg Trolox/g DE,
p < 0.05) and stronger than BHT (922.84 £ 23.12mg
Trolox/g DE, p < 0.05). Overall, there is little difference
between SOF and SOP, but varied markedly between different
extraction solvents.

The ferric reducing antioxidant power (FRAP) of all
samples were illustrated in Figure 1C. Interestingly, the highest
FRAP values were reported for the CF fractions of SOF
and SOP (1903.05 % 20.07 and 1407.11 £ 9.33mg FeSOy4/g
DE), than that of the EtOAc fraction of SOF or SOP.
The CF fraction of SOF was stronger than V¢ (1741.74
+ 23.19mg FeSO4/g DE, p < 0.05), even reached 2-fold
of BHT (781.91 £ 9.47mg FeSO4/g DE). Among all of
the SOEs, the n-BuOH fraction of SOF or SOP exhibited
the lowest activity (37.38 £ 0.54 and 44.21 + 0.87mg
FeSO4/g DE).

The oxygen radical absorbance capacity (ORAC) assay is a
widely accepted method of measuring the antioxidant capacity
of different biological samples, and is considered to be associated
with health benefits (27). As shown in Figure 1D, the CF extracts
of SOP and SOF possessed the highest ORAC with the values of
1510.21 % 60.39 and 951.12 + 120.58 mg Trolox/g DE, followed
by the PE fraction of SOP (831.65 & 41.27 mg FeSO4/g DE), and
the above three SOEs were significantly higher than Vc (519.69 +
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TABLE 2 Total phenolic content and total flavonoid content of SOEs.

10.3389/fnut.2022.1013971

Extracts TPC (mg GAE/g DE) TFC (mg RE/g DE)
SOF SOP SOF SOP

CE 219.24 +15.13° 247.64 + 7.75" 169.48 + 5.51¢ 189.61 + 5.50°
PE 15.26 + 1.54¢ 31.38 + 3.39° 11.34 +2.15° 24.06 + 1.48°
CF 187.93 = 8.12¢ 199.37 4 4.29¢ 135.60 = 0.93° 148.41 = 6.15¢
EtOAc 355.12 4 10.39* 390.99 + 3.72° 306.58 + 8.77° 298.48 + 3.59*
n-BuOH 118.98 = 4.10° 138.70 & 10.24¢ 94.84 + 2.164 94.67 + 12.8¢
AQ 24.18 + 1.57¢ 28.43 +0.15¢ 20.76 + 1.18¢ 2.75 + 1.49¢
RD 18.94 =+ 0.69° 26.66 + 2.84¢ 15.54 4 1.29¢ 21.65 £3.60¢

SOEs, Stauntonia obovatifoliola extracts; SOF, Stauntonia obovatifoliola flesh; SOP, Stauntonia obovatifoliola pericarp; GAE, gallic acid equivalent; RE, rutin equivalent; TPC, total phenolic
content; TFC, total flavonoid content; CE, crude extract; PE, Petroleum ether fraction; CE, chloroform fraction; EtOAc, ethyl acetate fraction; n-BuOH, n-Butanol fraction; AQ, aqueous

phase residue; RD, residue. The superscript letters indicate the statistical difference in columns is significant, p < 0.05.

21.89 mg Trolox/g DE). Overall, SOP displayed stronger ORAC
than SOF for each fraction, and the CE, EtOAc, AQ, and RD
fractions of SOP all exhibited higher ORAC values than BHT
(41.62 £ 8.31 mg Trolox/g DE).

Further, we performed the correlation analysis among
the various indicators of SOF and SOP separately (Figure 2).
Opverall, all four antioxidant activities were positively correlated
with TPC and TFC. This also supported the view that, in
many cases, the antioxidant activities of plant extracts were
correlated with their total phenolics and flavonoid contents
(37). Compared to SOF these activities of SOP processed
higher association with TPC (0.61 < r < 0.83, p < 0.05)
and TFC (0.63 < r < 0.84, p < 0.05), while the correlation
coefficients between these antioxidant activities of SOF and
TPC were 0.28 to 0.74, and 0.34 to 0.84 with TFC. Among
these four antioxidant activities, FRAP and ORAC displayed
more significantly correlated with other indicators, which
illustrated that these two assays could give a broader antioxidant
characterization to SO. Together with the results shown in
earlier section Total phenolic content and total flavonoid
content, our data indicated that pericarp tissues contained a
larger number of phenolics and flavonoids than flesh, which
might be the main contributors to these antioxidant activities.

Further principal component analysis (PCA) revealed the
relationships between different SOEs, and the distances between
the samples in the principal component coordinates reflected the
difference and correlation between them. From Figures 3A,B,
the EtOAc and CF fractions were far from other fractions,
and all fractions were also easily distinguishable, which verified
the experimental results of antioxidant assays that EtOAc
and CF fractions showed more excellent antioxidant activity
compared to other SOEs. Principal coordinates analysis (PCoA)
showed the clustering results between different indicators
(Figures 3C,D). We observed the close distances between TPC,
TFC, and four antioxidant activities at PC1, but they were clearly
separated across PC2, and SOP was better separated. This was
also consistent with the above results of correlation analysis.

Frontiersin Nutrition

07

Inhibitory of «-glucosidase

It is well known that a-glucosidase inhibitors, such as
acarbose, could restrict the oligosaccharides and disaccharides
in the food to be hydrolyzed into monosaccharides, and, in turn,
improve fasting glucose and postprandial blood glucose (38).
As shown in Figure 4, the SOEs inhibited a-glucosidase in a
dose-dependent manner. Among these, the EtOAc fraction of
SOF and SOP showed excellent inhibitory activities with the
ICs values of 0.19 = 0.01 and 0.22 £ 0.09 mg/mL, which were
close to the antidiabetic drug acarbose (0.12 £ 0.11 mg/mL).
Furthermore, the PE and CF fractions of SOP exhibited strong a-
glucosidase inhibitory activity, and these IC5q values were 0.41 &
0.02 and 0.42 £ 0.02 mg/mL. These results proved that SOF and
SOP had certain effects, especially their EtOAc fractions, which
could be developed into a-glucosidase inhibitor drugs.

From Figure 2, correlation analyses revealed that the
phenolics and flavonoids compounds in SOF and SOP were
the major contributing factors for the a-glucosidase inhibitory
activity, of which the a-glucosidase inhibitory activities of
the SOEs of SOF showed the highest coefficient correlations
with TPC and TFC (r = —0.85 and—0.94, p < 0.01).
Interestingly, although the a-glucosidase inhibitory activities
in SOF and SOP both exhibited significant correlations with
the antioxidant activities (p < 0.01), an obvious difference was
found between SOF and SOP. These results indicated that the
active ingredients which play critical roles in the inhibition of
a-glucosidase and antioxidation were not the same in SOF and
SOP, and this also explained the differences in these indicators
between them.

Acetylcholinesterase inhibitory ability

Alzheimer’s disease (AD) is the most common progressive
neurodegenerative brain disorder featuring memory loss
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obovatifoliola flesh; SOP, Stauntonia obovatifoliola pericarp. CE, crude extract; PE, Petroleum ether fraction; CF, chloroform fraction; EtOAc,

difference in rows in significant, p < 0.05.

ethyl acetate fraction; n-BuOH, n-Butanol fraction; AQ, aqueous phase residue; RD, residue. The superscript letters indicate the statistical

and cognitive impairments in older people with no effective
treatment available currently (39). There is a widespread
notion that inhibition of AChE could prevent the metabolic
processes of acetylcholine (ACh), a neurotransmitter that
supports cognitive function in the cerebral cortex and
hippocampus, which in turn enhances the ACh levels
and delays cognitive decline. Therefore, AChE inhibitors
have been the main strategy followed for the treatment of
AD (40).

The AChE inhibitory activities of SOF and SOP were shown
in Figure 5. Similar to the a-glucosidase inhibitory activity,
the AChE activity was significantly inhibited by all SOEs in a
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dose-dependent manner, and SOP processed stronger inhibitory
ability compared to SOF.

Among these, the EtOAc fractions of SOP and SOF
had the best AChE inhibitory abilities with the ICsg
values of 0.47 £ 0.02 and 1.04 £ 0.05 mg/mL. Although
the than that of the
positive control galantamine (1 % 0.01 pg/mL), they were
stronger than that of Chamaerops humilis L. (40) and
Corchorus depressus (37). Furthermore, the CE and CF
fractions of SOP also showed certain inhibitory ability,
and their ICs5g values were 1.56 = 0.07 and 2.76 + 0.13
mg/mL, respectively.

inhibitory abilities were lower
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ability; FRAP, the ferric reducing antioxidant power; ORAC, oxygen radical absorbance capacity; a-glucosidase, the ICsq value for a-glucosidase
inhibitory; AChE, the ICsq value for acetylcholinesterase inhibitory.

Next, we conducted a correlation analysis. For SOP, its AChE
inhibitory was strongly correlated to TFC and TPC (r = —0.86
and —0.85, p < 0.01), DPPH radical scavenging activity (r
—0.75, p < 0.01), and a-glucosidase inhibitory (r = 0.83,
p < 0.01), while SOF was relatively low correlated to these

indicators, and was clearly distinct from SOP. The correlation
analyses above were consistent with the above conclusion of «-
glucosidase inhibitory, that the active ingredients in SOP and
SOF are not consistent, resulting in differences in their activities
such as a-glucosidase and AChE inhibitory abilities (41).

HPLC analyses

The qualitative and quantitative analyses were carried out
using HPLC-DAD, and the results were presented in Figure 6
and Table 3. Figure 6 showed the similar shapes of the HPLC
chromatogram for SOF and SOP, and revealed the differences in
their peak intensities. It can be found that the peak intensity for
all SOEs was higher for the SOP compared with the SOF group.
In addition, the EtOAc fractions of SOF and SOP both had
the most chromatographic peaks and the most intense peaks,
followed by the n-BuOH and CF fractions.

By comparing retention times and the UV absorbance
spectra with the chemical standards, a total of 14 compounds
were confirmed and annotated in those chromatograms. Among
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these, seven phenolic acids were identified in the EtOAc fraction
of SOF (Table 3), including epicatechin (7.09 £ 0.82 mg/g),
ellagic acid (3.58 £ 0.05 mg/g), salicylic acid (2.15 £ 0.06
mg/g), protocatechuic acid (1.01 £ 0.08 mg/g), cinnamic acid
(0.86 + 0.07 mg/g), syringic acid (0.83 £ 0.04 mg/g), and p-
hydroxybenzoic acid (0.47 £ 0.10 mg/g), respectively. While no
compounds were detected in the PE and RD fraction of SOF
(Figure 6A).

For SOP, nine phenolic acids and five flavonoids were
quantified in the EtOAc fraction, and the most abundant
phenolic was epicatechin (28.63 £ 1.26 mg/g), which was
significantly higher than that in the SOF (p < 0.05). Overall,
the CE, CE, EtOAc, and n-BuOH fractions of SOP contained
more epicatechin, and the PE fraction was most abundant in
terms of P-hydroxybenzoic acid, while the AQ and RD fractions
were richer in syringic acid (Figure 6B). Interestingly, ferulic
acid was only detected in the EtOAc fraction of SOP, but not the
EtOAc fraction of SOF, whereas scutellarin appeared only in the
EtOAc fraction of SOF but not the EtOAc fraction of SOP. Our
result was consistent with the previous literature that pericarp
contained more flavonoids as compared to the flesh (42).

Our results indicated that both SOF and SOP are the
potential sources of phenolics, in particular the EtOAc
fraction of SOP. To understand the relationship between these
compounds and biological activities more clearly, a radial
network diagram was plotted (Figures7A,C). The network
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Principal component analysis (PCA) of different samples and indicators. (A,B) PCA of seven SOEs and fractions; (C,D) principal co-ordinates
analysis (PCoA) of eight indicators of active ingredient content and biological activity; SOEs, Stauntonia obovatifoliola extracts; SOF, Stauntonia
obovatifoliola flesh; SOP, Stauntonia obovatifoliola pericarp. CE, crude extract; PE, Petroleum ether fraction; CF, chloroform fraction; EtOAc,
ethyl acetate fraction; n-BuOH, n-Butanol fraction; AQ, aqueous phase residue; RD, residue; TPC, total phenolic content; TFC, total flavonoid
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diagram indicated that these bioactive activities of SO were
differentially affected by multiple compounds, and this is further
evidenced by the heat maps (Figures 7B,D). For SOF, its TPC,
TFC, and antioxidant capacities were significantly and positively
correlated with hesperetin, epigallocatechin gallate, ellagic acid,
cinnamic acid, and scutellarin. In addition, the ICsq values
of a-glucosidase and AChE inhibitory activities of SOF were
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significantly correlated with all of the active substances (p
< 0.01), which meant that these compounds all contributed
significantly to a-glucosidase and AChE inhibitory activities.
Of these, it was found that nearly all active indicators in SOP
were highly and positively correlated with syringaldehyde, a
lignin-derived aromatic compound that was reported in some
plant species such as Manihot esculenta and Magnolia officinalis,
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The a-glucosidase inhibitory activities of the SOEs. (A,C) The inhibition ratio of a-glucosidase incubated with different concentrations of SOF
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concentration. The superscript letters indicate the statistical difference in rows in significant, p < 0.05.

and showed antioxidant and anti-inflammatory activities (43, the biological activities such as antioxidant activity were
44). strongly dependent on the extraction solvent (45). The SO’s
current research mostly focuses on its germplasm resources
and medicinal value, studies on its nutrient and chemical

Discussion components and bioactivities of different solvent extracts or
prepared from various parts of SO were scarcely evaluated.

It is well known that the nutritional value and biological In this study, we firstly compared the nutritional

activities differed between the various plant parts, and composition of SOF and SOP, then they were extracted using
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The AChE inhibitory activities of the SOEs. (A,C) The inhibition ratio of AChE incubated with different concentrations of SOF and SOP; (B,D) The
ICs0 values of SOF and SOP for AChE inhibition; SOEs, Stauntonia obovatifoliola extracts; SOF, Stauntonia obovatifoliola flesh; SOP, Stauntonia
obovatifoliola pericarp. CE, crude extract; PE, Petroleum ether fraction; CF, chloroform fraction; EtOAc, ethyl acetate fraction; n-BuOH,
n-Butanol fraction; AQ, aqueous phase residue; RD, residue; GLTM, galantamine; ICsg, half maximal inhibitory concentration. The superscript
letters indicate the statistical difference in rows in significant, p < 0.05.

methanol solution and isolated by liquid-liquid partitioning,
respectively. Finally, the bioactive properties and phytochemical
characteristics of these fractions were investigated.

Results showed that both SOF and SOP had excellent
nutritional properties, including a large amount of dietary
fiber, amino acids, vitamins, and minerals, especially
SOP. Considering that SOP was often discarded in the
harvesting process, it was necessary to be further researched
and developed.
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The analysis of the chemical compositions and biological
activities revealed the substantial variation between these
fractions of SOF and SOP. Overall, SOP contained higher TPC
and TFC, and it possessed stronger bioactivities, including
DPPH and ABTS radical scavenging activities, ORAC, and a-
glucosidase inhibitory ability, while SOF performed better in
FRAP and AChE inhibitory ability. The reason may be that SOP
had more kinds and higher abundances of active compounds
than SOF overall, so the majority of the functional activities of
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TABLE 3 The content of individual phenolics from SOF and SOP different fractions.

RT Phenolic Classification Sample Fractions
(time) Compounds

(mg/g) CE PE CF EtOAc n-BuOH AQ RD

1 13.741 Protocatechuic acid Phenolic acids Flesh ND ND ND 1.01 = 0.08"¢ 0.73 4 0.12¢ 1.62 +0.27° ND
Pericarp ND 0.92 +0.02% 1.24 4 0.08% 2.97 £ 0.09° 3.44 4 0.19° 0.77 £ 0.02% 1.08 £ 0.31b¢

2 18.812 P-hydroxybenzoic acid Phenolic acids Flesh 0.16 £ 0.01° ND ND 0.47 £ 0.10% 0.45 £+ 0.01% 0.39 +0.11% ND
Pericarp 0.44 + 0.04% 2.3740.18¢ 1.61+0.16% 8.00 % 0.65° 20.7 4 42.72° 0.80 + 0.05% 527 4+ 1.81°

3 21.531 Vanillic acid Phenolic acids Flesh ND ND ND ND ND ND ND
Pericarp 2.42 +0.01¢ 2.19 = 0.00° 2.71 £ 0.03* ND ND 2.18 £ 0.02¢ 2.19 £ 0.01°

4 22.804 Syringic acid Phenolic acids Flesh ND ND ND 0.83 4 0.04° 0.47 £ 0.03¢ ND ND

Pericarp ND ND 1.02 4 0.03° 0.97 + 0.08> 1.41 4 0.43° 2.68 +0.15° ND

5 24.141 Epicatechin Phenolic acids Flesh 0.68 = 0.02¢ ND 2.09 + 0.064 7.09 + 0.82¢ 5.60 %+ 0.22¢ 1.92 4 0.29¢ ND
Pericarp 5.26 £0.17¢ 2.16 £ 0.07¢ 16.75 £ 0.18" 28.63 + 1.264 23.90 £ 3.63° 0.10 + 0.07¢ 1.08 + 0.46¢

6 25.280 Dihydromyricetin Flavonoids Flesh 0.49 + 0.02% ND ND 0.63 +0.13% 1.02 = 0.44% 0.17 £ 0.07¢ ND
Pericarp 0.22 +0.07¢ ND 0.77 + 0.08b¢ 0.79 + 0.02% 6.00 + 1.23° ND 1.17 4 0.25°

7 29.842 Syringaldehyde Flavonoids Flesh ND ND 0.06 % 0.00° 0.38 + 0.04* ND ND ND

Pericarp 0.04 = 0.00° ND 0.11 = 0.00° 0.04 4 0.00° 0.59 4 0.12° ND ND

8 32.847 Ferulic acid Phenolic acids Flesh ND ND ND ND 0.45 + 0.03° ND ND
Pericarp 0.39 4 0.04° ND 0.84 4 0.22° 1.35 +0.24° 5.13 £ 1.94° ND 0.91 4 0.24°

9 33.834 Epigallocatechin gallate Flavonoids Flesh ND ND ND 0.24 4 0.02° ND ND ND
Pericarp ND 0.14 £ 0.01¢ 0.29 + 0.07¢ 1.41 4 0.23° 2.43 +0.88° ND 0.62 + 0.15>

10 34.825 Ellagic acid Phenolic acids Flesh ND ND ND 3.58 4 0.05° ND ND ND

Pericarp ND ND 3.47 £ 0.06° 3.57 £0.14° 7.99 £0.71° ND ND

11 40.75 Salicylic acid Phenolic acids Flesh ND ND ND 2.15 £ 0.06° 1.02 £ 0.04¢ ND ND

Pericarp ND ND 1.85 4 0.09¢ 3.23 +£0.15° 2.33 £ 0.02° ND ND

12 54.392 Cinnamic acid Phenolic acids Flesh ND ND ND 0.86 £ 0.07* ND ND ND

Pericarp ND ND ND 0.87 +0.17° 0.31 = 0.00° ND ND

13 60.121 Hesperetin Flavonoids Flesh ND ND ND ND ND ND ND
Pericarp ND ND 0.48 +£0.11¢ 6.36 + 1.04* 3.02 £ 0.62° ND 0.97 + 0.09¢

14 60.622 Scutellarin Flavonoids Flesh ND ND ND 1.20 4 0.08° ND ND ND

Pericarp ND ND ND ND 22140.14° ND ND

All values are expressed as “mg/g”, mean =+ standard deviation (n = 3). The different letters represent significant difference in the same compound in the Stauntonia obovatifoliola flesh and pericarp (p < 0.05). RT, retention time; ND, not detected; CE,

crude extract; PE, Petroleum ether fraction; CF, chloroform fraction; EtOAc, ethyl acetate fraction; n-BuOH, n-Butanol fraction; AQ, aqueous phase residue; RD, residue.
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FIGURE 7

ICsp value for acetylcholinesterase inhibitory.

The correlation with compounds from crude extracts and fractions of SO and their biological activities. (A) Correlation heat map of SO flesh; (B)
Correlation network diagram of SO flesh; (C) Correlation heat map of SO pericarp; (D) Correlation network diagram of SO pericarp. Each line
connects the bioactivity or interphase of the compound p < 0.05. P-value (ranging from —1 to 1) and corresponding color (blue to red), p < 0.05
was considered as significant (*), p < 0.01 as highly significant (**), and p < 0.001 as very significant (***). SO, Stauntonia obovatifoliola; TPC,
total phenolic content; TFC, total flavonoid content; DPPH, DPPH- scavenging activity; ABTS, ABTS-* scavenging ability; FRAP, the ferric
reducing antioxidant power; ORAC, oxygen radical absorbance capacity; a-glucosidase, the ICsq value for a-glucosidase inhibitory; AChE, the

SOP were more active (45). But not all functional activities were
determined by these compounds, some other compounds which
were significantly correlated with FRAP and AChE inhibitory
ability, such as hesperidin, epiallocatechin gallate, elliptic acid,
cinmic acid, and scutellarin, were found to be higher in SOF,
thereby resulting in the difference in these abilities between SOF
and SOP.

Of these fractions, the EtOAc fractions of SOF and SOP had
the highest TPC and TFC, and possessed the strongest DPPH
and ABTS radical scavenging activities, and a-glucosidase and
AChE inhibitory abilities. Besides this, the CF fractions of
SOF and SOP exhibited the strongest FRAP and ORAC. We
attributed this to the following reasons. Firstly, ethyl acetate is
proved to be the best extraction solvent to enrich the phenolics
and flavonoids compounds, which are the main contributors to
these activities (46). In addition, the polarities of EtOAc and
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CF are closer, while the solvent with similar polarity is easier
to get compounds with similar structures, which tend to have
similar biological properties. This explains why the CF fraction
also possesses good activity (47).

Due to the high concentration of active compounds present
in SO, the above fractions even exhibited stronger antioxidant
capacity than the positive controls Vc and BHT in some of
the indicators, or the inhibitory ability comparable to the
commercial drug acarbose. Thus, in contrast to some common
plants or fruits such as grape skin (48) and hawthorn fruit
(49), SO, especially the EtOAc fraction of SOP, demonstrated
the potential strengths of antioxidation, and prevention and
treatment of diabetes and AD in vitro.

The contents of the major phenolic acid and flavonoid
compounds in SO were determined via HPLC analysis, and
the results indicated that both SOF and SOP are the potential
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sources of phenolics, in particular the EtOAc fraction of SOP.
Overall, SOP contained many more compound kinds and
higher compound amounts compared to SOF, this might also
explain their bioactivity divergence. Correlation analysis further
confirmed the key active compounds for SO, such as hesperetin,
epigallocatechin gallate, ellagic acid, cinnamic acid, scutellarin,
and syringaldehyde. They were significantly positively correlated
with DPPH and ABTS radical scavenging activities, FRAP, and
ORAC, which were attributed to the antioxidant activities of
phenolic acids and flavonoids. Further, many compounds in
SO showed a significant correlation with the a-glucosidase and
AChE inhibitory activities, suggesting its hypoglycemic potential
and the feasibility of treating AD (21). This could provide further
insights into future research on SO.

In conclusion, although there have been some reports on
the active substances in SO, such as flavonoids, sterols, phenols,
and saponins (9), this is no report to compare the bioactive
compounds of its fractions with different polarities. Due to
the HPLC detection limit, structural characterization by mass
spectrometry is needed for in-depth analysis.

Conclusions

This study is the first comparative study on the nutrient
composition, bioactive properties, and phytochemical
characteristics of SOF and SOP. The results showed that both
of these possessed excellent nutrient compositions, and SOP
had higher nutritional value. Among their different fractions by
solvent-solvent extraction, the EtOAc fraction of SOP exhibited
excellent bioactive properties and phytochemical characteristics,
which demonstrated that Stauntonia obovatifoliola had
the potential to be developed as natural functional food.
However, there are currently insufficient studies on Stauntonia
obovatifoliola, further comprehensive analysis of its chemical
components, in vivo bioactivity, and the mechanism of action
are needed.
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