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Idesia polycarpa is a good source of high-quality vegetable oil and can potentially
alleviate pressure on the supply of edible oil. Exploring Idesia polycarpa could enrich
the world's food and oil resources and make up for the shortage of vegetable oil
types and production. Here, 15 varieties of wild Idesia polycarpa from major wild
Idesia polycarpa resource belts in the middle and upper reaches of the Yangtze
River in China were investigated to elucidate the quality and antioxidant activity
of wild Idesia polycarpa fruits to tap the potential exploitation capacity of /desia
polycarpa. In this study, wild Idesia polycarpa varieties with high oil quality and
antioxidant activity were screened by the comprehensive evaluation of 42 indexes
including oil content, dry basis white grain weight, fatty acids, tocopherols, total
flavonoids, and minerals, as well as comparisons of free radical scavenging of
2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS)) and 1,1-diphenyl-
2-picrylhydrazyl (DPPH). The result showed the quality characteristics of 15 wild
Idesia polycarpa: oil (MN:29.21/100 g), dry basis white grain weight (MN:17.32 g),
total flavonoids (MN:27.27 RE/kg), total polyphenols (MN:159.63 GAE/kg),
tocopherols [MN:356.10 mg/kg (a-tocopherol (MN:284.96 mg/kg), y-tocopherol
(MN:50. 20mg/kg), p-tocopherol (MN:9.54mg/kg), and 3§-tocopherol
(MN:11.40 mg/kg)], total mineral content (MN:25653.44 mg/kg), and fatty acids
[MN:20.89/100g (70.42% polyunsaturated fatty acids (MN:14.63/100q), 20.29%
saturated fatty acids (MN:4.25/100g), and 9.29% monounsaturated fatty acids
(MN:2.01/100 g)]. Correlation analysis revealed that flavonoids, C16:0, C18:1n9c,
C18:2n6c, polyphenols, a-tocopherol, d-tocopherol, and Ca were significantly
correlated with DPPH and ABTS. Cluster analysis and principal component analysis
classified the 15 wild samples into three clusters, with the first cluster represented
by H8, H6, and H9 being the optimal sample as a woody oilseed crop, the
second cluster represented by H10, H 12, and H11 being the optimal sample for
functional oil development, and the rest could be selected with emphasis when
conducting certain characteristic product development. The excellent lipids and
rich nutritional and antioxidant properties suggest that /desia polycarpa will be a
new direction for the development of edible oil resources in the future.
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Idesia polycarpa, edible oil, fruit characteristics, fatty acids, tocopherols, linoleic acid,
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1. Introduction

Idesia polycarpa is a deciduous tree of the genus Idesia. Idesia
polycarpa fruit called oil grape and is known as a “tree oil bank” with
ornamental and edible functions. Most of the research on Idesia
polycarpa is focused on biodiesel, gardening, seed variation, nursery,
and planting technology (Yang et al., 2009; Zhu et al., 2010; Gong
et al., 2012; Jia et al,, 2014). Idesia polycarpa was included in the
general food management system in 2020, and its research mainly
focuses on the accumulation of basic nutrients during the growth
period (Wen et al., 2022), oil extraction and refinement (Song, 2021),
and oil aroma analysis (Chen et al., 2022). Idesia polycarpa fruits are
rich in unsaturated fatty acids, tocopherols, glycosides, alkaloids,
squalene, phytosterols, flavonoids, polyphenols, and other nutrients
and bioactive substances (Yang, 2008).

Idesia polycarpa is not only an excellent resource for developing
new wood-based edible oils but also has good development value in
many fields. The fresh fruit of Idesia polycarpa can be used as raw
material to make edible sauces (Li, 2018). Cellular experiments have
shown that Idesia polycarpa defatted extract can improve non-alcoholic
fatty liver disease by activating antioxidant signaling pathways and
regulating lipid metabolism (Li et al., 2020), and it was confirmed that
it can delay or prevent skeletal muscle atrophy by inhibiting apoptosis
(Jung et al., 2010).

The methanolic extract and isolated components of Idesia
polycarpa in 3T3-L1 cells can improve non-alcoholic fatty liver disease
by inhibiting adipogenesis and upregulation of oxidase proliferator-
activated receptor type y (PPARy) expression for the treatment of
obesity and diabetes (Lee et al., 2013). Idesia polycarpa fruit extract
isolated a new compound, Idesolide, with a novel spiro structure of
tetrahydrobenzodioxole (Kim et al., 2005) determined by single crystal
X-ray experimental NMR, and MS spectroscopy significantly reduced
lipopolysaccharide-induced free radical nitric oxide production in
BV2 microglia. The production of nitric oxide, which is involved in a
variety of biological functions including pathogenic inflammation and
cell proliferation and differentiation (Jung et al, 2010), was
demonstrated by Xiang et al. (2023), who performed in vitro lipid
digestion of Idesia polycarpa and confirmed that it is highly lipolytic,
second only to olive oil, as a nutritious and easily digestible vegetable
oil. These studies have uncovered the potential applications of Idesia
polycarpa fruits as food, oil, and natural active products.

Many studies (Kim et al., 2005; Yang, 2008; Jung et al., 2010; Lee
etal, 2013; Li, 2018; Li et al., 2020; Song, 2021; Chen et al., 2022; Wen
etal., 2022; Xiang et al., 2023) reported the chemical and functional
analyses of Idesia polycarpa fruit, but there is limited research on wild
samples collected from different geographical regions. Furthermore,
the antioxidant property analysis and correlation between all
components still require attention. This study aimed to systematically
investigate the fruit quality characteristics and correlation between all
components of wild Idesia polycarpa fruit from different germplasm
resources. Here, 15 varieties of wild Idesia polycarpa from major wild
Idesia polycarpa resource belts in the middle and upper reaches of the
Yangtze River in China were investigated to elucidate the quality and
antioxidant activity of wild Idesia polycarpa fruits to tap the potential
exploitation capacity of Idesia polycarpa. A comprehensive study and
variety classification of different germplasm resources of Idesia
polycarpa through correlation analysis, principal component, and
cluster analysis were conducted to provide basic support for the
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selection and breeding of Idesia polycarpa varieties and comprehensive
fruit development.

2. Materials and methods
2.1. Idesia polycarpa sample collection

Fresh fruit samples of 15 wild Idesia polycarpa were collected from
nine cities and counties in Hubei Province, Yunnan Province, and
Sichuan Province Municipality in October 2022. Fresh wild Idesia
polycarpa fruits were kept in polythene bags in the refrigerator at
about 4°C before testing and sent to the laboratory immediately after
harvest. The germplasm resources (Table 1) of wild Idesia polycarpa
samples were preserved at Hubei Minzu University, Enshi Tujia, and
Miao Autonomous Prefecture, China. The 15 varieties of wild Idesia
polycarpa fruit photos are presented in Appendix Figure B1.

2.2. Chemicals and reagents

Ethanol, n-Hexane, nitric acid, petroleum ether (boiling range
40-60°C), sodium carbonate, sodium hydroxide (NaOH), sodium
nitrite (NaNO,), aluminum nitrate [AI(NO;);], folin-phenol, ferrozine,
rutin (purity>95%), pyrogallic acid (purity>98%), gallic acid
(purity>95%), 1,1-diphenyl-2-picrylhydrazyl (DPPH; purity>97%),
acid) (ABTS;
purity>98%), potassium persulfate, ferrous sulfate (FeSO,-7H,0),
methanol (HPLC grade), potassium persulfate (K,O5S,), and 37 fatty
acid methyl ester mixed standards (purity>99%) were purchased from
Shanghai Anpel Scientific Instrument Co., Ltd. (Shanghai, China). A
standard solution containing 13 analytical elements [Na, Mg, K, Ca,
Fe, Zn, Mn, Li, B, Al, P, V, and Co (1,000mg/L)] and four forms of
tocopherols [a-, B-, Y-, and 8-tocopherols (purity>98%)], reference

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic

standards were purchased from Sigma-Aldrich Co. (Shanghai, China).
All chemicals were of analytical grade unless specially mentioned.

2.3. Fruit physical measurements

The harvested Idesia polycarpa fruits were kept in separate
polythene bags in the refrigerator at about 4°C before testing.
Transverse diameter and longitudinal diameter were precisely
measured with a digital caliper. The fruit shape index was calculated
using Equation (1).

Fruit shape index = Longitudinal diameter
/ Transverse diameter 1)

2.4. Moisture content and dry basis 100
grain weight determination

The moisture content of Idesia polycarpa was stipulated by
weighing 5.0g of fresh fruit (National Standards of the Peoples
Republic of China, 2017). The sample was placed in an oven dryer at
105°C for 24 h until all samples were dried thoroughly. The sample
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TABLE 1 Sample names and origins of germplasm of the preserved wild Idesia polycarpa.

Test no. Storage ID Longitude Latitude Origin of resource
H1 HMU001 wild 115°21’E 29°83'N Hubei Province
H2 HMU002 wild 115°21’E 29°83'N Hubei Province
H3 HMU003 wild 115°21’E 29°83'N Hubei Province
H4 HMU004 wild 114°89'E 29°96'N Hubei Province
H5 HMUO005 wild 114°89'E 29°96'N Hubei Province
Heé HMU006 wild 114°04E 29°56'N Hubei Province
H7 HMU007 wild 114°48'E 29°61'N Hubei Province
H38 HMU008 wild 114°88'E 30°43'N Hubei Province
H9 HMU009 wild 114°88'E 30°43'N Hubei Province
H10 HMUO010 Wwild 105°24’E 27°69'N Yunnan Province
H11 HMUO11 wild 105924’ 27°69'N Yunnan Province
Hi12 HMUO012 wild 105°95'E 31°09'N Sichuan Province
H13 HMU013 wild 104°62'E 28°77'N Sichuan Province
Hl14 HMU014 wild 114°10°E 30°66'N Sichuan Province
H15 HMUO015 wild 108°16'E 29°29'N Chongqing

was then cooled in a desiccator. Eq. (2) was used to determine the
initial moisture content. The dry basis 100-grain weight of Idesia
polycarpa was repeated as in the steps mentioned above; the difference
is that 100 fruits have to be dried (Wen et al., 2022).
Moisture content (%) = (sample's ’initial weight j
—sample's final weight
/ sample's initial weight x100  (2)

2.5. Oil content determination

Idesia polycarpa fruits were washed before being dried in the heat
pump oven at 60°C for 48 h. The dried fruits were ground into powder.
Idesia polycarpa oil was extracted from the fruit powder (5.0g) using
the soxhlet method at 55°C for 8 h with petroleum ether (200mL) as
a solvent (Li et al., 2019). The oil content was expressed as Eq. (3).

Oil content B
(g/100g)

weight of the oil extracted
/ weight of the sample before extraction x 100

(©)

2.6. Sample preparation for phenolic
extracts and antioxidant properties analysis

Idesia polycarpa samples were extracted by following the
procedure by Li et al. (2020), with slight modifications. In brief, 1.0g
dry powder of each sample of the 15 Idesia polycarpa was transferred
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into 20 mL centrifugal tubes, and 10 mL of extraction solvent ethanol/
water (60:40) was then added to each tube. All the tubes were mixed
well using a vortex mixer, after which they were placed in an
ultrasound bath for 15min at 30°C and centrifuged at 4,500 r/min for
10 min, and then all the supernatants were transferred into another
new batch of 20 mL tubes. Another 10 mL of extraction solution was
added to the same 1.0g sample tubes again by repeating the steps
mentioned above. These two extracts were combined in 20 mL tubes.
The extracts were stored at 4°C for further analysis.

2.7. Determination of total flavonoids
contents

Xu and Chang (2007) defined a colorimetric method that was used
to determine the TFC in Idesia polycarpa. In brief, 0.2mL of sample
extract was mixed with 0.8mL of distilled water, then 0.4mL of 5%
NaNO, was added into each tube and mixed properly with the vortex
mixture. After 6min, 0.4mL of 10% Al (NO;); solution was added and
stood for 6min before 4mL of 1 mol/L Na OH solution was added into
each tube. The solution was mixed properly, and then distilled water was
added to dilute it to 50mL. It was left at room temperature for 15min and
again was mixed well. The absorbance was measured by a UV-visible
spectrophotometer at 510 nm. The TFC was expressed as rutin equivalents
(mg RE/g sample) of the external standard calibration curve in a linearity
range from 10 to 70 pg/mL (R2=0.9997).

2.8. Determination of total phenolics
contents

Total phenolic content was determined using the colorimetric
method described by Xu and Chang (2007). In brief, 0.1 mL sample
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solution was mixed with 2.5mL Folin-phenol reagent, 7.5mL of 7%
Na,CO, was then added, and distilled water was added to dilute it to
50mL. It was placed in the water bath at 45°C for 15 min, then the
absorbance was measured at 765 nm against a blank by using the UV-
visible spectrophotometer. The TPC was expressed as gallic acid
equivalents (mg GAE/g sample) in accordance with the external
standard calibration curve of the gallic acid in a linearity range of
2-30 pg/mL (R*=0.9979).

2.9. Determination of mineral elements by
inductively coupled plasma-mass
spectrometry

Mineral elements were determined according to the method by
Canizo et al. (2018). Idesia polycarpa fruits were washed with ultrapure
water before being thoroughly dried and finally pulverized with a mill.
Samples were mineralized following the next procedure: 0.2g were
weighed and added with 5mL of concentrated HNO; and 2mL of
concentrated H,O,. This mixture was left at room temperature for 12h.
Afterward, the following heat treatment was applied using a heating plate:
60 min at 50°C, 90min at 100°C, and finally 90 min at 150°C. The digested
samples were left to cool until room temperature was reached and then
transferred into a volumetric flask and taken to a final volume of 25mL
with ultrapure water. These solutions were finally analyzed by ICP-MS.

The instrumental conditions were as follows: auto lens mode on,
peak hopping measure mode, dwell time of 50ms, 10 sweeps per
reading, one reading per replicate, and each analysis consisted of three
replicates. After optimization of the instrument, the following
conditions were chosen for all determinations: 1,500 W RF power,
cooling gas flow of 14 L/min, sample introduction flow of 0.8 mL/min,
nebulizer gas flow rate of 1.0 L/min, helium flow of 4.9 mL/min,
peristaltic pump speed 40 r/min, atomization chamber temperature
2.6°C, and sampling depth of 5mm. The standard calibration curve
and linearity range of mineral elements are presented in
Appendix Table Al.

2.10. Determination of tocopherols
content by high-performance liquid
chromatography

The tocopherol content of Idesia polycarpa was determined using the
HPLC method described by GB 5009.82-2016 (National Standards of the
People’s Republic of China, 2023) with slight modifications. In brief, 2.00g
of Idesia polycarpa powder was transferred into a 250-mL conical flask,
then 10mL of VC solution, 90mL of ethanol, and 25 mL of 50% potassium
hydroxide solution were added to the conical flask containing the sample.
The conical flask was heated at 80°C for 30 min. After cooling down, the
mixture was filtered, and the filtrated solution was transferred to the
separatory funnel. The solution was extracted using 50mL petroleum
ether three times successively. The organic layer was washed with 100mL
of deionized water and the organic layer was transferred into a 250-mL
round-bottom flask using a rotary evaporator to evaporate organic
solvent. The residue was redissolved with 10 mL of absolute methanol. The
solution was filtered through a 0.22-pm nylon syringe filter and
transferred into 2mL of 9mm screw thread vials. The sample (10 L) was
injected into the HPLC system (Agilent System, China) with a diode array
detector (DAD) and fluorescence detector (FLD; Agilent 1260 Series,
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China), and the compounds were separated using C18 column (C138,
4.6mm x 150 mm, 5pum; Agilent Technologies, China) with a flow rate of
1.0mL/min. Methanol and water (98:2) were used as the mobile phase.
Determination and quantification of a-, -, y-, and 8-tocopherol were
performed at 20°C, and excitation and emission wavelengths of the
fluorescence detector were 294 and 328 nm, respectively. Tocopherol
content in Idesia polycarpa fruits was expressed as mg/kg in accordance
with the external standard calibration curve of tocopherol. The standard
calibration curve and linearity range of four tocopherols are presented in
Appendix Table A2 and the separation chromatography of a-, -, y-, and
8-tocopherol are presented in Appendix Figure B2.

2.11. Determination of fatty acids content
by gas chromatography

Idesia polycarpa fruits were dried and crushed into powder, and
seed oil was extracted using an ultrasonic-assisted extraction method.
Fatty acid methyl esters (FAMEs) were prepared according to the
method by Zhao et al. (2020) with some modifications. In brief, a
20 mg sample was mixed with n-hexane and potassium hydroxide-
methanol solution, 100mg of pyrogallic acid as an antioxidant,
followed by shaking for 30 min at 85°C to obtain fatty acid methyl
esters. The fatty acid methyl esters were quantified using gas
chromatography on an HP-88 capillary column (100 m, 0.25 mm, and
0.20 um) by Agilent 7890A with a flame ionization detector (FID). The
temperature of the injector and detector was set at 250°C. The initial
temperature was held at 130°C for 5min, ramped to 240°C at 4°C/
min, and maintained for 30 min. N, and air were used as carrier gas at
the rate of 0.5 mL/min. A volume of 1 pL was injected. The standard
calibration curve and linearity range of fatty acids are presented in
Appendix Table A3 and the separation chromatography of fatty acids
is presented in Appendix Figure B3.

2.12. Determination of DPPH free radical
scavenging ability

1,1-diphenyl-2-picrylhydrazyl was determined using the
colorimetric method described by Pan et al. (2019). In brief, 200 pL of
sample extract was diluted in 2mL of 60% ethanol and then mixed
with 2.0mL of 0.1 mmol/L DPPH solution. All tubes were mixed
evenly with the vortex mixture and stood at room temperature in the
dark for 30min. The UV-visible spectrophotometer was used to
measure the absorbance at 517 nm against a blank. Eq. (4) was used to
determine the DPPH free radical scavenging activities.

DPPH free radical

scavenging activities (%) - [1 - (Al - A2) / AO] <100

(4)

2.13. Determination of ABTS radical
scavenging ability

2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) was
determined using the colorimetric method described by Pan et al.

(2019). ABTS stock solution was prepared accordingly, 3.6g
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(7mmol/L) ABTS and 0.6623 g (2.45 mmol/L) potassium persulfate
were dissolved in distilled water in an amber bottle and incubated in
the dark at room temperature for about 16 h to generate ABTS radical
cation. This stock solution was taken to dilute with ethanol, and the
absorbance of 0.70 £0.02 at 734 nm was obtained to use as a working
solution. Afterward, 20 pL of sample extract was diluted in 200 uL of
60% ethanol and then was mixed with 4mL ABTS working solution
and incubated for 6 min at 30°C in the dark.

ABTS free radical

scavenging activities (%) - [1 B (Al - A2) / AO] x100

5)

2.14. Statistical analysis

The results were reported as mean + standard deviation (SD).
The differences among the Idesia polycarpa fruits were evaluated
using one-way ANOVA with Tukey’s test and statistically significant
differences were at p <0.05. A PCA was performed on the complete
dataset for each Idesia polycarpa using Origin (version 2023). A
correlation matrix across all the variables of Idesia polycarpa was
used to check whether the variables were highly correlated with any
other variables before performing the PCA. Plotting was performed
with Excel 2016, while the data were analyzed and plotted with
Origin (version 2023), SPSS (version 26), and Cytoscape
(version 3.9.1).

3. Results and discussion
3.1. Physical characteristics

3.1.1. Morphological diversity of wild Idesia
polycarpa

Fruit morphological characteristics of 15 wild Idesia polycarpa
samples were presented in Table 2. The results showed that there were
significant differences (p<0.05) in the value indicators between
samples. Among these 15 wild Idesia polycarpa samples, the largest
horizontal and longitudinal diameters were recorded in samples H10,
H2, and HI11, which were greater than 11.00 and 10.00mm,
respectively. The smallest horizontal and longitudinal diameters
recorded in H1 and H8 were 7.10 and 7.20 mm, respectively, smaller
than wild Idesia polycarpa samples. The coeflicients of variation for
horizontal and longitudinal diameters of wild Idesia polycarpa were
16.20 and 16.15%, respectively. Although wild Idesia polycarpa showed
high variability in fruit size, it had an average fruit shape index of 0.92
and a coefficient of variation of 5.13%. This means that the shape of
wild Idesia polycarpa was highly stable, being oval and round
regardless of size.

3.1.2. Moisture content of wild /desia polycarpa
The moisture contents of the 15 fresh wild Idesia polycarpa
varieties are presented in Table 2. All the varieties showed a
considerable amount of moisture content between 57.51 and 64.46%
and a coefficient of variation of 3.45%, which showed a higher amount
of moisture content in all fresh wild Idesia polycarpa. The stable

Frontiers in Sustainable Food Systems

10.3389/fsufs.2023.1292746

moisture content of fresh wild Idesia polycarpa will reduce the burden
of sorting and facilitate uniform drying after harvest.

3.1.3. Fruit dry base 100-grain weight of wild
Idesia polycarpa

Fruit dry base 100-grain weight of 15 wild Idesia polycarpa
varieties are presented in Table 2. The results showed that among these
15 wild Idesia polycarpa samples, the heaviest fruit dry base 100-grain
weight was recorded in samples H10 and H2, which was higher than
30g, while the lightest fruit dry base 100-grain weight recorded in H1
was below 6 g of wild Idesia polycarpa samples. The average value of
the remaining wild Idesia polycarpa samples was recorded as 15.79g,
with a coefficient of variation of 43.24%. Fruit dry base 100-grain
weight represents the dry biomass, and as an oilseed crop, the dry
basis 100-grain weight of wild Idesia polycarpa is important for oil and
fat-soluble nutrients.

3.2. Oil content of wild Idesia polycarpa

Oil was the major component of wild Idesia polycarpa. The total
oil contents of 15 wild Idesia polycarpa varieties are presented in
Table 2. The results showed that the maximum amount of oil content
was recorded at 39.46/100g in H11, while the lowest was recorded at
20.02/100g in the H1 wild Idesia polycarpa sample. The average total
oil content of all wild Idesia polycarpa samples was recorded as
29.12/100g, with a coeflicient of variation of 18.89%, and the high
variability in oil content implies a more favorable selection of oil
extraction varieties.

3.3. TFC and TPC of wild Idesia polycarpa

Flavonoids are natural antioxidants that scavenge free radicals
and inhibit lipid peroxidation (Nimse and Pal, 2015), which are
composed of a 15-carbon skeleton that includes two phenyl rings,
benzo-y-pyrone generally (Cook and Samman, 1996; ChandKumar
et al,, 2023). Flavonoids are signaling molecules that act as
developmental regulators in plants and humans (Tattini et al.,
2013), and are involved in significant roles to alter anti-allergic,
anti-inflammatory, antioxidant, anti-mutagenic, and anti-
carcinogenic activities (Kumar and Pandey, 2013; Ullah et al., 2020).
Polyphenols are the vital responsible compounds in food products
for antioxidant activity (Feng et al., 2022). The TPC was correlated
with antioxidant activity (Abudayeh et al., 2019). Presti et al. (2017)
applied Pearson correlation analysis to demonstrate that the
phenolic content of extra virgin olive oil was positively correlated
with the antioxidant activity that protects cells from oxidative
stress. Polyphenol components help protect other minor
components from oxidation, such as tocopherols, through their
own oxidation or degradation (Presti et al., 2017; Lozano-Castellon
etal., 2022).

TFC and TPC of 15 wild Idesia polycarpa varieties are presented
in Figure 1. The results showed that among these 15 wild Idesia
polycarpa samples, the highest TFC was recorded in samples H12 and
H11, which was higher than 30 mg RE/g, while the highest TPC was
recorded in samples H12 and H6, which was higher than 170 mg

GAE/g. H12 was the sample with the highest TFC (32.14mg RE/kg)
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TABLE 2 Fruit size (transverse diameter and longitudinal diameter), fruit shape index, oil content, moisture content, and dry basis 100-grain weight of
wild Idesia polycarpa.

Transverse Longitudinal Fruit shape Moisture/(%) Dry basis Qil content/(%
diameter/(mm) diameter/(mm) index 100-grain dry basis)
weight/(g)

H1 6.45+0.50" 528+0.26' 0.82 61.73+0.86¢ 57578 20.02+0.94
H2 12.17£0.66° 10.98+0.88% 0.90 62.56+0.36 30.5070 27.5740.13'
H3 8.88+0.44° 8.10+0.47¢" 0.91 62.59+1.08% 12.8270 263740218
H4 9.48+0.50%% 8.43+0.74% 0.89 59.38+0.46% 17.0865 26.04+0.32¢
H5 8.87+0.56° 8.69 +0.34s 0.98 61.37+0.72¢ 11.1398 24.42+0.09"
H6 10.32:£0.500 9.39+0.46 0.91 57.51+0.18° 18.6953 25.63+0.93¢
H7 9.89+0.58 8.68 +0.46%"s 0.88 61.50+1.26¢ 18.4518 32.98+0.08°
HS8 7.09+0.52 7.18+0.50" 1.0 64.46+0.72° 8.1628 31.20+£0.42¢
H9 9.22+0.93% 8.67 +0.524%s 0.94 57.75+0.04° 14.3395 35.77+0.05°
H10 12.20+1.00° 11.15£0.71° 091 58.49 +0.42¢ 341215 34.81+0.45
H11l 11.03+0.51° 10.10+0.86" 0.92 59.74+0.49¢ 22.5570 39.46+£0.15°
HI12 9.97+0.37< 9.43+0.36 0.95 61.89:+0.61¢ 19.3113 35.33+0.28
HI13 9.30+1.14% 9.11+0.98% 0.98 62.39+0.72 15.6355 226140221
Hi4 10.20 +0.84% 9.11:+0.74% 0.89 63.25+1.08% 15.170 26.66+0.18%
H15 9.36+0.67 8.50+0.50¢% 091 58.25+0.85¢ 15.9915 29.24+0.40°

*Presented values are mean + standard deviation (SD), n = 3. Values in the same column followed by different superscript letters are significantly different (p <0.05).
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FIGURE 1
Significant differences in the contents of TFC and TPC in the fruits of wild /desia polycarpa. TFC, Total flavonoid contents; TPC, Total phenolic
contents. Values with different letters a—g are significantly different (p <0.05).

and TPC (174.77 mg GAE/kg), while H13 was the sample with the ~ contents of total flavonoids and total polyphenols were not
lowest. The results in the current study showed that all the wild Idesia ~ synchronized  except for two samples which  had
polycarpa varieties contained flavonoids and polyphenols, and the  relatively synchronized.
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3.4. Mineral element contents of Idesia
polycarpa

Mineral elements play an important role in the synthesis of
secondary plant metabolites and nutrient accumulation (Jia et al.,
2016). B, Cu, Fe, Mn, Zn, and other elements are important
components (Rengel et al., 2022) for activating decarboxylase,
dehydrogenase, and oxidase, affecting plant cell division, cell
development, photosynthesis, carbon cycle, etc.

Mineral element contents in 15 wild Idesia polycarpa are presented
in Table 3. All Idesia polycarpa contain Na, Mg, K, Ca, Fe, Zn, Mn, Li,
B, AL, P, V, and Co, and there was a significant difference (p <0.05) in
the mineral element contents. The results showed that K (15873.83 mg/
kg), Ca (4084.37 mg/kg), P (2419.62 mg/kg), and Mg (2092.14 mg/kg)
were the main mineral elements with the highest contents. The highest
K content was found in H1, H3, and H11. The highest Ca content was
found in H2, H8, and H10. The highest P content was found in H8,
H6, and H4. The highest Mg content was found in H8, H9, and H7.
Among them, K and Ca together account for 77.80% of the total
mineral elements and the highest were recorded in H2, followed by
HI1 and H11. In addition, three mineral elements were also detected
at lower levels, namely, Li, V; and Co, with the total content lower than
0.01% of the total mineral elements. The highest coefficient of
variation was 55.55% in Mn, while the lowest was 10.98% in K. The
average coefficient of variation for the remaining 11 elements was
35.67%. The wild Idesia polycarpa from different sub-regions owned
unique mineral element content; it was also observed in peanuts
(Zhao and Yang, 2022), soybeans (Enengl et al., 2022), and red pepper
(Hur et al., 2023). The large variation in elemental content among
individuals indicates that there are large differences in carbon skeleton
formation, nutrient accumulation, and physiological metabolism
(Martino et al., 2018; Rashid et al., 2021; Wu et al., 2023) of wild Idesia
polycarpa plant cells, and this variation underlies the differences in
protein, cellulose, fatty acids, tocopherols, sterols, flavonoids, and
polyphenols contents among wild Idesia polycarpa species.

3.5. Tocopherols content of wild /desia
polycarpa

Tocopherols can prevent the peroxidation of unsaturated lipids
through chain-breaking reactions and are recognized as effective
lipophilic antioxidant compounds (Ma et al., 2023). Tocopherol
contents in 15 wild Idesia polycarpa are presented in Figure 2. It is
clear that a-tocopherol (MN 284.96 mg/kg, CV 35.25%) was the most
tocopherol found in the Idesia polycarpa, followed by y-tocopherol
(MN 50.20mg/kg, CV 36.55%), p-tocopherol (MN 39.54mg/kg, CV
37.13%), and 8-tocopherol (MN 11.40 mg/kg, CV 54.73%). The results
showed that the wild Idesia polycarpa contains &-tocopherol,
highest
8-tocopherol content was recorded in samples H12 and H8, which was

y-tocopherol, p-tocopherol, and «-tocopherol. The
higher than 20 mg/kg, y-tocopherol was recorded in samples H5 and
H8, which was higher than 80 mg/kg, f-tocopherol was recorded in
samples H10, which was higher than 60 mg/kg, and a-tocopherol was
recorded in samples H5 and H1, which was higher than 470 mg/kg,
while the lowest §-tocopherol content recorded in H13 was below
4mg/kg, y-tocopherol content recorded in H2 was below 30 mg/kg,

B-tocopherol content recorded in H5 was below 15mg/kg, and
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a-tocopherol content recorded in H12 was below 170 mg/kg of wild
Idesia polycarpa sample.

Among them, &-tocopherol had the highest coefficient of
variation, and y-tocopherol had the highest significant difference. The
a-tocopherol was the predominant tocopherol, accounting for 73.80%
of the total tocopherols, while the differences were not significant for
all samples except H5 and H1, which indicated that the content of
a-tocopherol was high and stable. The most characterized samples
were H5 (627.94mg/kg) and H1 (581.56 mg/kg), which had the
highest total tocopherol contents. It has been demonstrated that
tocopherols play a vital role in human health because of their
antioxidant effect (Chu et al., 2023). And optimal cellular function
could be achieved by maintaining a healthy balance between
tocopherols and polyunsaturated fatty acids (PUFA; Dong et al., 2018).

3.6. Fatty acid contents of wild /desia
polycarpa

Fatty acids are essential nutrients, building blocks of the body, and
have many important functions in organisms, such as storing energy,
participating in the composition of biofilms, and regulating various
activities of organisms through cellular signaling pathways (Das, 2019;
Liu et al., 2023).

Fatty acid contents in 15 wild Idesia polycarpa are presented in
Figure 3. The results showed that wild Idesia polycarpa consists of
70.42% polyunsaturated fatty acids (PUFA; MN 14.63/100g, CV
22.48%), 20.29% saturated fatty acids (SFA; MN 4.25/100g, CV
27.95%), and 9.29% monounsaturated fatty acids (MUFA; MN
2.01/100g, CV 42.37%), in the ratio of 1.48:1:4.86 (H12) to 2.91:1:10.24
(H13). The ratio of fatty acids in wild Idesia polycarpa was similar to
that of iron walnut oil (PUFA 71.2, MUFA 20.8, and SFA 7.99%) and
sacha inchi oil (PUFA 85.7, MUFA 7.72, and SFA 6.64%), while differs
greatly from that of prinsepia utilis royle oil (PUFA 37.7, MUFA 38.6,
and SFA 23.7%), olive oil (PUFA 6.63, MUFA 78.1, and SFA 15.2%),
and avocado oil (PUFA 18.7, MUFA 52.3, and SFA 29%; Zhang et al.,
2021). Wild Idesia polycarpa exhibits an excellent fatty acid profile
compared to other woody oilseeds and was comparable to iron walnut
and sacha inchi in terms of fatty acid ratio.

The detailed types of fatty acids are presented in Table 4. The
highest average percentage of C18:2n6c in PUFA was 98.46% with a
coefficient of variation of 0.29% and the difference was not significant
in the 15 wild Idesia polycarpa. The highest content of C18:2n6¢ was
recorded in H12, H8, and H11, which was higher than 18.50/100¢g. The
average content of C18:3n3 was 0.20/100g, and the average proportion
of C18:3n3 in PUFA was 1.42%. The highest C18:3n3 contents were
found in H8, H6, and H5, which was higher than 0.02/100g.C22:6n3
C20:2 was the remaining of PUFA which was less than 0.03/100g. The
contents and proportions of C16:0 (MN 3.64/100 g, 85.01%) and C18:0
(MN 0.45/100 g, 11.02%) were highest in SFA, while C14:0, C15:0,
C17:0, C20:0, C22:0, C23:0, and C24:0 were the seven least abundant
fatty acids among 9 SFA, with less than 0.05/100 g. The contents of
C16:1 (MN 0.75/100g, CV 60.93%) and C18:1n9c (MN 1.23/100g,
37.46%) were the highest in MUFA with the largest coeflicient of
variation among the 17 fatty acids, while C20:1 and C22:1n9 were the
least abundant fatty acids, with less than 0.03/100g.

The average percentage of n3 plus n6 in PUFA was 99.92% with a
coefficient of variation of 0.03%, and the difference was not significant
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TABLE 3 Mineral elements composition of wild Idesia polycarpa samples.

Na/(mg/ Mg/(mg/kg) K/(mg/kg) Ca/(mg/kg) @ Fe/(mg/ Zn/(mg/ Al/(mg/kg) P/(mg/kg) @ V/(mg/

kg) kg) kg) kg)
HI1 661.37+24.83° | 1616.99+39.75¢ 17712.9+33.96* | 1940.79+103.29" | 50.43+0.94 51.4+12°  63.97+0.84" | 0.44+0.02°  129.8+4.77° 10531 +5.5! 1789.97 +21.53" 0.12+0° | 0.31+0.01"
H2 547.01+11.61¢ | 1809.49+70.82" | 16568.49+439.69° & 5344.75+183.92" | 268.94+10.05°  54.45+1.85 & 60.21+3.51° 0.24+0° 110.54+0.88% | 272.59+21.32e | 1687.75+240.16° 0.12+0° 0.36+08
H3 1261.82+6.88 | 2141.53+66.14% | 17521.34+57.77° | 2470.39+50.86¢ | 11526+7.15% = 47.87+1.29° | 62.71£258° = 0.56+0.02° | 139.72+556° = 104.92+7.71' 1725.39 +41.31° 0.12+0° | 0.31+0.02"
H4 496.54+8.32¢" | 2147.76+100.44% = 17464.73+32.71" | 3039.57+17439" = 119.94+9.66% = 33.42+239" | 61.75+1.68° = 0.25+0.017 | 167.32+4.52° = 365.64+36.92¢ | 2983.34+124.79" | 0.18+0.01% | 0.43+0.04"
H5 858.05+25.96" | 2234.34+27.19% 17457.53 £17.1® 3129.1+108.42° 106.38£5.75 | 32.11+0.54" | 3335+1.03° | 0.55+0.02° | 114.13+4.48' = 212.71+10.928" | 1739.08 +174.87" 0.12+0° 0.31+0.02"
Hé 684.18+80.77° | 2254.26+52.98 | 16088.53+96.93% = 4466.52+84.85' = 208.41+876° = 37.58+0.76° @ 50.38+2.67% & 0.36+0.01% | 83.17+5.5¢ 47475+11.69° | 2991.15+111.99* = 0.33+0.01* | 0.79+0.02°
H7 599.69+14.61¢ | 2332.42+114.27"  16339.84+305.83% = 4810.55+207.91° = 111.54+4.62% | 2473+1.49¢ = 52.94+0.64° 047+0.01° = 10551+0.36° | 415.88+9.18 2135.14+5.25¢ 01740 | 0.46+0.02f
H8 494.84+26.62¢" | 2704.29+24.32°  13704.96+211.75" = 5149.07+183.34® = 179.92+6.08 | 37.68+1.05° = 21.74+0.57¢ | 0.33+0.01° = 93.37+3.08" | 384.87+21.69' = 3629.23+82.56' 0.14+0° 1.05+0.06*
HY 47598+10.33" | 2432.27+106.82° | 15620.56+381.28° = 2915.89+71.36" | 122.69+1.04° | 16.19+0.88" = 27.18+0.39" = 0.22+0.01¢ = 79.09+3.795 | 524.64+24.92* = 2208.28+112.48  0.17+0.01¢ | 0.97+0.03"
H10 47225+ 16.57" 1643.42+58.818 12223.84+61.77° | 5138.06+107.83" | 148.46+2.47¢ | 1572+1.52" | 1538+1.51' @ 0.44+0.01°  93.96+3.73 102.66 +3.6' 2304.37 £25.75% 0.12+0° 0.44+0.02°
Hil 580.53+12.28% | 1641.5+31.24¢ 17516.84 +57.23% 4841.13+75.6° 43.44+1.88 | 1553+0.73"  19.35+0.04%  0.56+0.01° = 104.53+5.36° | 215.95+17.36%" = 2640.71+36.3° | 0.19+0.01° | 0.74%0.02¢
HI2 405.44+14.04' | 2180.99+105.17¢ = 13950.44+292.885" = 5104.1+77.98" 122.5742.49° | 33.14+1.07° | 891031 | 0.14+0.01" | 80.57+2.53¢ 192.37+8.92" | 2613.04+59.02° | 0.1+0.01¢ | 0.38+0.02¢
H13 495.16+35.05¢" | 2052.85+25.77° | 14292.17+573.98% | 4406.48 +230.36¢ 68.01+7.46" | 15.09+0.41" = 32.9+0.55¢ 0.2+0.018 66.94+1.48" 24334+12.97"° | 2420.86+113.8° | 0.1+0.01# = 0.3+0.01"
Hi4 543.42+28.36% = 1860.84+50.09' 17175.2+84.95" 4064.65+83.5¢ 87.36+6.98" | 43.59+0.48' | 15.19+0.92' 0.37+0% 104.66+4.94° | 297.84+6.43° | 2760.36+29.43 0.12+0° | 0.56+0.02¢
HI5 527.58+8.16% | 2329.17+95.96" | 14470.05+239.21' | 4444.52+66.22° 68.15+4.18' | 53.58+0.43" 18.84+0.36" & 0.32+0.01° 136.09+6.32% = 231.67+11.1%  2665.66+33.26° 0.140¢ 0.31+0"

*Presented values are mean + standard deviation (SD), n = 3. Values in the same column followed by different superscript letters are significantly different (p <0.05).
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FIGURE 2

The contents of four tocopherols in the fruits of 15 wild /desia polycarpa. Values with different letters a—k are significantly different (p <0.05).

FIGURE 3

HBHG2 HBHGI1

—=— SFA
—&— MUFA
—A— FUPA
—k— Fatty acids

Radar map of SFA, MUFA, FUPA fatty acid content, and proportion in wild /desia polycarpa. PUFA, Polyunsaturated fatty acids; SFA, Saturated fatty acids;
and MUFA, Monounsaturated fatty acids.
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TABLE 4 Contents of 17 kinds of fatty acids and their relative proportions of 15 wild Idesia polycarpa.

Test C14:0/ C15:0/ Ci16:0/ C17:0/ C18:0/ C20:0/ C22:0/ C23:.0/ C24:0/ Ci6:1/ C20:1/ C18:1n9c/ C18:3n3/ Ci18:2n6c/ C22:6n3/ C20:2/ C22:1n9/
no. (mg/ (mg/kg) (mg/ (mg/ (mg/ (mg/ (mg/ (mg/g) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/ (mg/g)
kg) kg) kg) kg) kg) kg) kg)
H1 0.0385+ 00046+ | 24902+ | 0.0141+ | 02845+ | 0.0317+ 00175+ | 0.0076+  0.0260 + 0.3675 + 0.0097 + 0.7276 + 0.1600 + 9.5646 + 0.0057 + 0.0093 + 0.0248 +
0.0009" 0.00018 0.0045* 0.0003’ 0.0047' 0.0003" 0.0002° 0.0001° 0.00048 0.0122% 0.0002" 0.0124" 0.0013¢ 0.2138 0.0002" 0.0001* 0.0011°
H2 0.0387+ 00053+ | 3.0321+ | 0.0206+ | 04267+ | 0.0371+ | 0.0207+ | 0.0089+  0.0270 + 0.6716 + 0.0134 + 0.9616 + 0.1649 + 12.2406 + 0.0095 + 0.0101 + 0.0289+
0.0004° 0.0001¢ 0.0358" 0.0007 0.0016" 0.0012¢ 0.0005¢ 0.0003% 0.0006# 0.0089g 0.0008% 0.0214" 0.0169¢ 0.1131¢ 0.0002* 0.00068" 0.0015*
H3 0.0421+  0.0055+ | 29314+ | 0.0202+ | 04101+ 00398+ | 00210+ | 00115+  0.0314+ 0.4074 + 0.0153 + 1.1773 + 0.1890 + 13.7698 + 0.0067 + 0.0106 + 0.0166 +
0.0039* 0.00034%" 0.0323" 0.0011% 0.0086# 0.0017¢ 0.0004¢ 0.0007" 0.0008 0.0086 0.0005¢ 0.03988 0.0039¢ 0.4477¢ 0.0002¢ 0.0005# 0.0002¢
H4 0.0311+ 00043+ | 3.0037+ | 00170+ | 0.4068+ | 0.0336+ 00178+ | 0.0074+  0.0275+ 0.3424 + 0.0206 + 0.9129 + 0.2063 + 12.3597 + 0.0060 + | 0.02023+ | 0.0145 +
0.0009¢ 0.0003# 0.0151# 0.00065" 0.00768 0.00148 0.0006° 0.0001° 0.0008 0.0135" 0.0015° 0.0100! 0.0065% 0.4718¢ 0.00045" 0.0006* 0.0008¢
H5 0.0389+  0.0053+ | 26587+ | 0.0151+ | 03495+ | 0.0353+ | 0.0223+ | 0.0090+  0.0333 + 0.3476 + 0.0111 + 0.7368 + 0.2218 + 10.2597 + 0.0052 + 0.0079 + 0.0170 +
0.0004° 0.0003¢ 0.0433 0.0008" 0.0041" 0.0004" 0.0008¢ 0.0002¢ 0.0008" 0.01994 0.0009%" 0.0032% 0.0158" 0.2441° 0.0002! 0.0003' 0.0004¢
Hé 0.0421+ 00070+ | 4.4407+ | 0.0260+ | 05944+ | 00488+ | 0.0272+ | 00119+  0.0379 + 0.8975 + 0.0187 + 1.5652 + 0.2468 + 18.3570 + 0.0079 + 0.0140 + 0.0138 +
0.0036* 0.0004° 0.0362¢ 0.0004* 0.0016 0.0013¢ 0.0001* 0.0016® 0.0011* 0.0197¢ 0.0011° 0.0117¢ 0.0117° 0.2988" 0.0002° 0.0007° 0.0008°"
H7 0.0371+ 00045+ | 3.0800+ | 0.0157+ | 04601+ 00374+ | 0.0188+ | 0.0083+  0.0300+ 0.6142 + 0.0110 + 0.9644 + 0.1798 + 12,0717 + 0.0062 + 0.0082 + 0.0125 +
0.0019" 0.00048 0.0143¢ 0.0007" 0.0010¢ 0.0002¢ 0.0008° | 0.0001% | 0.0013% 0.0088" 0.0003%" 0.0285" 0.0017° 0.2622¢ 0.0002% 0.0004 0.0003¢
H8 0.0364+ 00063+ | 49984+ | 00233+ | 05289+ | 00523+ | 00252+ | 0.0128+  0.0386 + 0.9223 + 0.0138 + 1.8488 + 0.2479 + 18.7858 + 0.0077 + 0.0128 + 0.0170 +
0.0010% 0.0001¢ 0.0122¢ 0.0005" 0.0068¢ 0.0014* 0.0003" 0.0009* 0.0008* 0.0150¢ 0.0011<¢ 0.0299¢ 0.0044° 0.1928* 0.0001° 0.0004¢ 0.0003¢
H9 0.0347+ 00077+ | 43783+ | 0.0234+ | 06133+ 00513+ 00245+ | 0.0104+  0.0391 + 0.7735 + 0.0133 + 1.6399 + 0.2081 + 16.1376 + 0.0082 + 0.0097 + 0.0168 +
0.0005° 0.0002* 0.0241¢ 0.0005" 0.0002* 0.0003® 0.0003" 0.0013¢ 0.0005* 0.012f 0.00074 0.0313¢ 0.007°¢ 0.4111¢ 0.0001° 0.0003" 0.0003¢
HI10 | 0.0247+  0.0052+ = 39552+ 00176+ | 03504+ | 0.0365+ | 0.0229+ | 00092+ | 0.0294+ 1.2011 + 0.0110 + 1.2439 + 0.2121 + 16.7218 + 0.0065 + 0.0125 + 0.0136 +
0.0009° 0.0003¢ 0.0095¢ 0.0027% 0.0041" 0.0009< 0.0005¢ 0.0010¢ 0.0012¢ 0.0193° 0.0020%" 0.0228" 0.0063" 0.4605¢ 0.0002¢ 0.0005< 0.0003<
HI11 0.0291+ 00051+ | 57948+ | 0.0214+ | 05912+ | 0.0498+ | 0.0231+ | 00107+  0.0336+ 0.9950 + 0.0103 + 2.0685 + 0.2115 + 18.5396 + 0.0075 + 0.0119 + 0.0162 +
0.0002¢ 0.0001° 0.0779* 0.0013¢ 0.0108" 0.0005" 0.0005¢ 0.0003¢ 0.002° 0.0263¢ 0.00208 0.0400* 0.0103% 0.4138" 0.0003¢ 0.0003% 0.0006¢
HI2 | 00345+  0.0058+ = 53498+ = 00161+ 04251+ | 0.0404+ | 0.0253+ | 0.0092+  0.0319+ 2.0666 + 0.0124 + 1.9176 + 0.1836 + 19.2993 + 0.0063 + 0.0107 + 0.0192 +
0.0005¢ 0.0001¢ 0.1933" 0.0004#" 0.0046" 0.0010¢ 0.0004" 0.0001¢ 0.0022°<¢ 0.0306* 0.0013¢%" 0.0125° 0.0045% 0.2586" 0.0000f 0.0004% 0.0003°
H13 | 0.0273+ = 0.0044+ 22146+ 00192+ 04197+ | 0.0319+ | 0.0201+ | 0.0075+  0.0230 + 0.4820 + 0.0136 + 0.8091 + 0.198 + 12.3696 + 0.0061 + 0.0114 + 0.0168 +
0.0021¢ 0.00018 0.1722' 0.0003¢% 0.0085¢ 0.0012" 0.0014¢ 0.0003 0.0010" 0.0052 0.0004% 0.0041 0.0128¢ 0.5348¢ 0.0001¢ 0.0003¢ 0.0006¢
H14 | 00377+  0.0056+  2.8506+ = 0.0193+ = 04771+ | 00395+ | 0.0185+ | 0.0078+  0.0220 % 0.3224 + 0.0119 + 0.8469 + 0.1842 + 12.0336 + 0.0049 + 0.0124 + 0.0141 +
0.0001° 0.0004% 0.0791 0.0003 0.0023¢ 0.0014¢ 0.0009 | 0.0004¢ 0.001" 0.0322! 0.0009<® 0.0137 0.0017¢ 0.6625¢ 0.00021 0.0003 0.0002¢
H15 | 0.0277+  0.0043+ 33909+ = 00187+ | 04733+ | 0.0377+ | 0.0202+ | 00090+  0.0265+ 0.8513 + 0.0127 + 0.9935 + 0.1946 + 13.6244 + 0.0047 + 0.0102 + 0.0128 +
0.0005¢ 0.0003# 0.0946" 0.0011¢ 0.0053¢ 0.0003¢ 0.0006¢ 0.0004¢ 0.00138 0.0441¢ 0.0007¢" 0.0219" 0.0028% 0.0643¢ 0.0002’ 0.00058" 0.0007%

*Presented values are mean + standard deviation (SD), n = 3. Values in the same column followed by different superscript letters are significantly different (p <0.05).
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in the 15 wild Idesia polycarpa. This indicated a very stable proportion
of beneficial fatty acids in the Idesia polycarpa. The fatty acids of n-6
instead of SFAs may prevent cardiovascular disease by reducing LDL
cholesterol concentrations and may also reduce postprandial
dyslipidemia in insulin-sensitive patients (Jean-Philippe et al., 2018).
Xu et al. (2020) found that C18:2n6¢ promotes testosterone synthesis
via the GPR120, ERK pathway, and consequently repairs toxic
testicular reproductive damage induced by bisphenol A by feeding
linoleic acid to mice. Mulligan et al. (2012) found that dietary high
linoleic safflower oil preserved cardiolipin and maintained
mitochondrial and cardiac contractile functions by feeding SHHF
spontaneously hypertensive heart failure rats with high linoleic
safflower oil, indicating the great potential of dietary intervention with
dietary linoleic acid in the adjuvant treatment of heart failure
associated with hypertensive heart disease. Idesia polycarpa contains
large amounts of n-6 fatty acids in addition to certain amounts of
a-linolenic acid and DHA, and studies have demonstrated that
a-linolenic acid can improve neuroinflammation, memory
impairment, and neuronal loss in rats with Alzheimer’s disease by
altering the expression of a7 nAChR, NR2A, and NR2B genes in the
hippocampal region of Wistar rats (Tofighi et al., 2021). DHA can
inhibit lipopolysaccharide (LPS) signaling and the secretion of IL-6,
an important pro-inflammatory factor, and exert anti-inflammatory
effects on macrophages through regulation of the sphingolipid
pathway (Jin et al., 2018), which not only affects metabolic pathways
intracellularly but also acts as an extracellular signaling molecule at
cell membrane receptors, thereby regulating insulin and neurological
functions and promoting the accumulation of phosphatidylserine in
neuronal membranes to inhibit neuronal apoptosis (Briscoe et al.,
2003). The high linoleic acid content, high unsaturated fatty acids, and
abundant fatty acid species suggest that Idesia polycarpa could be a
potential functional vegetable oil and it was also an ideal raw material
for the preparation of linoleic acid, conjugated linoleic acid, and high-
quality edible vegetable oil. Therefore, Idesia polycarpa has the
potential to benefit consumers as a nutritional source with great
potential in the edible oil market.

3.7. Free radical scavenging ability of Idesia
polycarpa

3.7.1. DPPH free radical scavenging ability of wild
Idesia polycarpa

The ability of wild Idesia polycarpa antioxidants to scavenge the
DPPH free radicals was measured, and the results are presented in
Figure 4. The results showed that samples H12, H11, and H8 have the
highest free radicals scavenging activity of 29.63, 28.42, and 27.68%,
respectively, while H1 and H13 have the lowest free radical scavenging
activity (14.86 and 17.49%). Among the 15 wild Idesia polycarpa, the
average DPPH free radical scavenging rate was recorded as 25% at
0.1875mg/mL level. The DPPH radical scavenging rate of wild Idesia
polycarpa was 6.78-89.66% measured in the range of 0.05-2 mg/mL.

3.7.2. ABTS free radicals scavenging capacity of
wild /desia polycarpa

The antioxidant ABTS radicals scavenging activities of 15 wild
Idesia polycarpa are presented in Figure 4. The results showed that
samples H10, H9, and H12 have the highest free radical scavenging
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activity of 62.32, 60.77, and 60.62%, while H1, H3, and H2 have the
lowest free radicals scavenging activity (39.16, 47.49, and 48.23%). The
average radical scavenging activity of the remaining nine samples was
recorded as 55.00% at 0.075 mg/mL level. The ABTS radical scavenging
rate of wild Idesia polycarpa was 27.21-90.49% measured in the range
0f 0.02-0.4 mg/mL.

3.8. Correlation analysis

Oil content is key for wild Idesia polycarpa as a woody oil crop,
which showed extremely significant correlations with flavonoid,
C16:0, C16:1, C18:1n9¢, C182n6¢, and oil content, while showing
significant correlations with a-tocopherol, 8-tocopherol, Ca, Mn, Zn,
C18:0, and C20:0. C18:2n6¢ is the predominant fatty acid of wild
Idesia polycarpa, which showed extremely significant correlations for
oil content, TPC, C22:0, C23:0, C24:0, C16:1, C18:1n9c, C18:3n3, fatty
acids, and &-tocopherol, while showing significant correlations for
TFC, C16:0, C15:0, C17:0, C18:0, C20:0, a-tocopherol, K, Ca, Mn, P,
and Co (Figure 5).

From the correlation between the detection indexes, it can
be obtained that the transverse diameter and the longitudinal
diameter of wild Idesia polycarpa are extremely significant and
positively correlated, which combined with its fruit shape traits
indicates that the fruit shape of wild Idesia polycarpa is fuller; C16:0,
C18:1n9c, and C18:2n6¢ are SFA, MUFA, and PUFA, respectively,
which are extremely significant and positively correlated with the
fatty acid content, indicating that the fatty acid content of wild Idesia
polycarpa is mainly determined by these three fatty acids. The
correlation coefficients among C16:0, C18:1n9¢, and C18:2n6¢ were
all greater than 0.9, indicating that the contents among C16:0,
C18:1n9¢c, and C18:2n6¢ of wild Idesia polycarpa were more
synchronized. The samples of wild Idesia polycarpa with high C16:0
content also had relatively high contents of C18:1n9¢, C18:2n6¢, and
fatty acids. It has been reported that the IpDGAT2 was positively
correlated with the rate of increase in lipid content at various growth
periods of Idesia polycarpa (Fan et al., 2021), and the content of
IpFAD2 was positively correlated with the concentration of
unsaturated fatty acids at different growth stages of Idesia polycarpa.
IpDGAT2 catalyzes the synthesis of lipids in plants, especially
catalyzing the accumulation of mainly unsaturated fatty acids such as
C18:2, C18:3, and C20:1. IpFAD2 catalyzes the conversion of OA to
LA and plays a significant role in linoleic synthesis and accumulation
and regulation of the PUFAs components at Idesia polycarpa (Fan
et al, 2019), both of which were confirmed by heterologous
expression in Arabidopsis thaliana.

The dry basis 100-grain weight was not related to oil content and
bioactive substances, indicating that fruit quality rather than grain size
and dry weight should be considered when extracting oil and bioactive
substances. Li et al. (2019) evaluated the quality of Idesia polycarpa
based on its fatty acid and fruit morphology, showing that the grain
size of Idesia polycarpa did not affect linoleic acid content, which was
consistent with the results of this study. By correlation analysis,
samples with high linoleic acid content also had high polyphenols,
flavonoids, and 8-tocopherol. For Idesia polycarpa, fruit size can
be ignored with oil as the final product to reduce the burden of sorting
and acquisition. H11 and H12 were the most typical species among
the 15 samples through the correlation analysis among the indicators,
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The oxidation resistance of 15 wild Idesia polycarpa. DPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid). Values with different letters a—h are significantly different (p <0.05).

023:0 14:
Vo /e e
RS RN

2 ,lt-,’/"v S22 NS ™

N

7 %%W%\\‘\{%«;\%&%ﬁ,\ pid
/{.,'{«0}‘2;(’,”’\(/» “‘Z“““?{&‘,‘ﬁ*‘i&% “‘/){4‘;‘3"{! index
7 X XFA<Z X 8 N X (A X Lcq2)
. "t;?z’;!(""‘{‘ ;\s“}\‘\‘&”"ﬁt“\'x‘“@‘(\ ‘ga?"diameter
SN LS
% \\» /"“)}\\4‘1@3\ \“' N P -
b'z‘“ &" erse diameter

PR
Tt
A

QDK
A X '\QA
) \o,?%‘;

‘S N
75 ‘},\ A DB ‘Q »},;“" v .
T X 7 vﬁ,‘&m&.\»%k\»@ 0 grain weight
§ LA Q’ S VA; % »Q—Q“mwﬂi 'A)‘\ - \‘% .
‘\: 3L/ e \L\‘é ‘A’ %@%‘Q\ "‘.!'-‘T?? ccn)ent
D eSS SO NS Sede oV
C2\251 "!{/’/"%'eéf.: 2 K > %E;"?(\ ‘é %’Q‘%‘.@ﬁ er content
\.J. /’d/".‘:“ {'ﬁrfl %;,— WA\E\‘A "““W‘\ “4
//,“‘ </ NV \,A.“,“\ 1
ﬁ~ 1 / /’& 4 S\ v‘% ‘\,\‘k VI&"‘A\\\\
CR < X % A N O
YA NS
< TR AA N ‘\\‘,?-‘,‘1 X IO
Farty acids f\‘ 4@“@‘\&, X
P NIy N NN ipR)
a-to@ ‘{\‘ v) s ;\ T’ a \\ '6:\;\%}\\{\( -
X\ ‘\,,4,:"/’ / Y / )

rosopherl

\J

y

¢

0.05 Significant
0.01 Extremely significant

FIGURE 5
Visualization of the correlation among 46 detection index parameters in wild /desia polycarpa.
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combined with the characteristics of the samples fatty acids,
tocopherols, mineral elements, and other detection indicators.

3.9. Network interaction antioxidant
correlation

Antioxidant performance is an important indicator for evaluating
oilseed crops and can be used to comprehensively assess quality
differences. DPPH and ABTS were the most commonly used analyses
for in vitro antioxidant compound activity of food. The DPPH method
determines the ability of molecules to scavenge free radicals through
hydrogen transfer or single electron transfer capability, in this analysis,
the antioxidant reacts with DPPH by reduction, and the coloration of
the sample changes from purple to yellow, while the ABTS method
evaluates the compound’s antioxidant activity by capturing the ABTS
radical cation and characterizing a green color in the sample (Mota
etal., 2023).

Pearson’s correlation analysis is shown in Figure 6. The DPPH
showed extremely significant correlations with polyphenols, C18:2n6c,
C16:0, and a-tocopherol, while it was significantly correlated with
crude fat content, flavonoids, C20:0, C22:0, C16:1, C18:1n9c, fatty acid
content, 8 tocopherol, Ca, and Fe. The ABTS showed extremely
significant correlations with Crude fat content, flavonoids, C16:0,
C18:1n9¢, C18:2n6¢, fatty acid content, and Zn, while it was
significantly correlated with longitudinal diameter, polyphenols,
C18:0, C20:0, C22:0, Cl16:1, C18:3n3, C22:1n9, a tocopherol, &
tocopherol, K, Ca, Mn, P, and Co. Among them, flavonoids, C16:0,
C18:1n9c¢, C18:2n6¢, polyphenols, C20:0, C22:0, C16:1, a-tocopherol,
§-tocopherol, and Ca were significantly correlated with both DPPH
and ABTS. Fatty acids, tocopherols, polyphenols, and other beneficial
trace substances are the main components of oilseed crops, which are
closely related to vegetable oil quality and directly affect functionality
and oxidative stability. It has been reported that in vivo antioxidant
activity was correlated to polyphenol, squalene, MUFA, and PUFA,
while in vitro radical scavenging capacity was significantly correlated

10.3389/fsufs.2023.1292746

to polyphenol, tocopherol, and squalene in 22 edible oils (Feng
etal., 2022).

3.10. Cluster heat map analysis

Clustering and heat map analysis of wild Idesia polycarpa are
performed by Euclidean distance method and mean distance between
groups. The 45 indicators were divided into three clusters: Cluster
I was the indicator represented by mineral elements such as Mn, Zn,
and K; Cluster IT was the indicator represented by dry basis 100-grain
weight, grain size, etc.; Cluster III was the indicator represented by
fatty acids and antioxidant properties. The 15 wild Idesiapolycarpa
samples were divided into three clusters: cluster I, H12, H11, and H10
with high oil content and high antioxidant activity, cluster II, H9, H8,
and H6 with high fatty acid content and high oil content, and Cluster
III was the rest of the samples (Figure 7).

3.11. Principal component analysis

The PCA was performed on different chemical compounds and
the distributions of wild Idesia polycarpa samples were presented in
Figure 8. A total of 46 different components from 15 wild Idesia
polycarpa samples were analyzed. When performing multivariate large
sample analysis with certain correlations among variables, principal
component analysis converts the measured variables into several
uncorrelated but integrated indicators containing information from
the original data for multivariate statistical analysis by dimensionality
reduction (Naik, 2018).

The 46 indicators were concentrated and dispersed in quadrants
I, II, and IV. Principal component (PC) 1 was summarized as the fatty
acid richness and antioxidant activity of wild Idesia polycarpa, which
was positively correlated with oil content, fatty acids, flavonoids, and
ABTS, which were the most characteristic indicators of Idesia
polycarpa; PC 2 was the shape characteristics and mineral element
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Dry basis
Elavonoid _—108{@kain

ongifudinal
//—— -

& dia er
"—'\ ans
v dia o

P>0.05
0.05>P>0.01
P<0.01

4@ Antioxidation

A Fruit morphology

@ Fauy acids

Ny Mineral elements
Polyphenols and flavonoids

Frontiers in Sustainable Food Systems

13

frontiersin.org


https://doi.org/10.3389/fsufs.2023.1292746
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Guo etal. 10.3389/fsufs.2023.1292746
[ 1
- . II = BN B N
E2NAC 0 LOT— LENTITIOOOD 00D o — B A (Pe)Sr~dr~ e
eI ) oo =hded ) S g S ek o
§2 UxdSOECE5<sa0000 OOE 00 EBER B4 880 1.73
Q —_——g Q A Q == ) Q0 3
Py®) 8 9 5= = =% Toe oV Uoo 1.03
2 QL= 5 == 5] o—'" & <3=] i
= B~ o 20 < R e 0.32
g ~ = B = & 0.38
=] ‘5 >TO -0.
= = 28= -1.09
& Do -1.80
._°1§ -2.50
=
a
FIGURE 7
Cluster heat map of 15 servings of wild Idesia polycarpa.
0.30
4+ AHS
A6
HS
0.15 |- 20:0 5L ®o 13 A H9
g * HI
Moisture content~ ‘e
@ Pu  Fruitshapeindex p  — C22:0 = oH4
—_— | (o}
! 0:2 g -€C22:6n3 In9e| =< 0
< 0.00 — = H14 H19
Z Polyphenols % y « [ J
S €22:1 Do Fab e | O H3® &
o Sl H7 WHII
BTS *m
-t pherol Fla =
-0.15 | B-tocophero Voul content W H12
—4 |
Longitudinal diameter | HIO0
Transverse diameter
-0.30 I Dry basis 100 grain weight 6 L i i 1 i
-0.30 -0.15 0.00 0.15 0.30 -9 -6 =3 0 3 6
PC 1(35.33%) PC 1 (35.33%)
FIGURE 8
Principal component analysis of different material components and 15 germplasm resources of wild Idesia polycarpa. PC1, Principal component 1;
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characteristics of Idesia polycarpa fruits, which were highly correlated
with grain size, dry basis 100-grain weight, tocopherols, and mineral
elements, which are important reference indicators for Idesia polycarpa
of multipurpose development.

H8, Hé6, and H9 were in the first quadrant of the PCA diagram
with a high positive correlation with PC1 and PC2, being the optimal
sample for Idesia polycarpa as a woody oilseed crop; H10, H12, and
H11 were in the fourth quadrant with negative correlation with PC1
and PC2, being the optimal samples for functional oil development;
and the rest of the samples were located in the first and third quadrants
which were less correlated with PC1 and PC2, while the samples with
certain characteristics are the ones that can be selected with emphasis
when conducting a certain characteristic product development.
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4. Conclusion

In this study, the physical characteristics, nutritional values, and
antioxidant properties of 15 wild Idesia polycarpa samples collected
from different geographical regions in China were investigated. The
present study showed that Idesia polycarpa was a good source of high-
quality vegetable oil with superior nutritional value and a
comparatively high content of unsaturated fatty acids and linoleic
acids. In conclusion, the various chemical compositions of nutritional
value were found in these 15 wild Idesia polycarpa varieties, which
were rich sources of fatty acids [MN:20.89/100g; 70.42%
polyunsaturated fatty acids (MN:14.63/100g), 20.29% saturated fatty
acids (MN:4.25/100g), and 9.29% monounsaturated fatty acids
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(MN:2.01/100g)], tocopherols [MN:356.10mg/kg (a-tocopherol
(MN:284.96 mg/kg), y-tocopherol (MN:50.20 mg/kg), B-tocopherol
(MN:9.54 mg/kg), 5-tocopherol (MN:11.40 mg/kg)], mineral elements
(MN:25653.44mg/kg), flavonoids (MN:27.27 RE/kg), phenolic
(MN:159.63 GAE/kg) antioxidant activities, and bioactive compounds.
Among them, flavonoids, C16:0, C18:1n9¢, C18:2n6c¢, polyphenols,
C20:0, C22:0, Cl6:1, a-tocopherol, &-tocopherol, and Ca were
significantly correlated with both DPPH and ABTS. Furthermore, the
PCA model indicated that the varieties of this sample could
be characterized by clustered heat maps and it was possible to
discriminate the different uses of species according to PC1 and PC2.
This study will facilitate the analysis of germplasm resources of wild
Idesia polycarpa and its multiple exploitation.
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