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Abstract

Woody edible oils are a type of vegetable oil. Woody edible oils like olive oil have
greater quantities of unsaturated fatty acids (UFAs), particularly essential FAs, as
well as vitamin E, phytosterols, and other nutrients that are becoming more vital in
human health. As a result, finding high-quality woody oil resource plants is critical
to ensuring enough edible oil supply. As six novel woody crops, Paeonia suffruticosa,
Plukenetia volubilis, Acer truncatum, Olea europaea, Camellia sinensis, and Camellia oleifera
are characterized by high oil production, widespread cultivation, adaptability, and vari-
ous active ingredients. The six woody crop oils contain UFAs (e.g., a-linolenic acid, oleic
acid, and linoleic acid), vitamin E, polyphenols, phytosterols, and so forth. The presence
of these active ingredients confers anti-inflammatory, antioxidant, cholesterol and lipid
metabolism regulating, blood lipid lowering, immune boosting, memory improving,
intestinal flora regulating, and other properties to the oils, which are beneficial to body
health. This article examined in depth the seed resources, FA composition, active com-
ponent kinds, active ingredient efficacy mechanism, and physiological impacts of these
six novel woody crop oils. These developments lay a solid platform for further study

and development of these woody oil crops.
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1 | INTRODUCTION

Woody edible oils are extracted from the seeds or fruits of woody oil
plants (such as Paeonia suffruticosa, Plukenetia volubilis, Acer truncatum,
Olea europaea, Camellia sinensis, and Camellia oleifera). Its primary con-
stituents are esters produced from straight-chain higher fatty acids
(FAs) and glycerol. Woody oil plants with stiff stems are commonly
grown in the central subtropics and the southern part of Asia due to
their inexpensive investment, broad dispersion, high yield, and flexibil-
ity. By 2020, there are 154 woody oil crops with fat generated from
seeds or fruits that have more than 40% fat (Wang et al., 2022). Woody
oils have more unsaturated FA (UFA) content and nutritional value.
Peonies (P. suffruticosa) have long been known as traditional orna-
mental plants, cultivated in China, Europe, America, and other places.
Besides ornamental value, peony seed oil (PSO) is rich in UFAs, amino
acids, and other nutrients. The average annual yield of peony seeds can
reach 3750 kg/ha (Yang et al., 2017). P. volubilis (Euphorbiaceae) is an
underutilized oilseed crop native to the Amazon Basin. Its seeds con-
tain about 22%-30% protein and 45%-50% lipids (rich in a-linolenic
[ALA] and linoleic acids [LA]). Due to its excellent nutritional profile
and good agronomic properties, it has attracted increasing attention
in recent years and is being grown more widely, with many poten-
tial applications in food, cosmetics, and medicine (Kodahl & Sgrensen,
2021). A. truncatum Bunge is a versatile oil-producing woody species.
It is widely distributed in northern China, Japan, and Korea. A. trunca-
tum seed oil (ATSO) is composed mainly of oleic acid, LA, and nervonic
acid, and other UFAs. In 2011, A. truncatum seed oil was approved as a
new food resource by the Ministry of Health of the People’s Republic
of China, with significant implications for the food and pharmaceuti-
cal sectors (Ma et al., 2020). The olive (O. europaea L.) originated in
the Mediterranean region for more than 5000 years and is now exten-
sively distributed in other places. Olive oil (OO) is rich in the UFA oleic
acid and LA. Homer described OO as “liquid gold,” due to its nutri-
tional content and unique flavors (Guo et al., 2018). Tea (C. sinensis) had
long been known as a traditional plant that uses leaves and is grown
in China, India, and other places. Besides the value of leaves, tea seed
oil was approved as a new resource food by the Ministry of Health of
China in 2009. Tea seed oil has received prominent attention due to
its abundant functional ingredients, such as UFAs, phenols, and vita-
min E, which could play a role in scavenging free radicals and reducing
the risk of cardiovascular disease (Scicchitano et al., 2014; Zhenggang
et al,, 2021). In China alone, the average tea seed yield has reached
525 kg/ha. In 2019, the tea seed production from commercial plan-
tations reached 1600,000 tons (Qian et al., 2021). Other than that,

active ingredient, woody oils, physiological effects, unsaturated fatty acid

tea seeds have a large amount of saponins (Kim et al., 2015). Taken
together, tea seed oil is not only healthy edible oil with health functions
but also has significant value and potential as an industrial raw material.
C. oleifera seed oil (CSO) contains up to 90% UFAs, mainly oleic acid and
LA. In recent years, as the functional properties of C. oleifera oil have
gradually become known to the public, it has spread widely around the
world. It is favored by consumers not only as an edible oil but also for
cosmetic and medicinal purposes (Zhu et al., 2020).

P. suffruticosa, P. volubilis, A. truncatum, O. europaea, C. sinensis, and C.
oleifera are six developing woody oil crops with high growth potential.
This review looked at the germplasm resources of these six woody oils,
as well as the FA composition, active ingredient efficacy mechanisms,
and physiological effects of extracted oils from seeds or fruits, in order
to provide some context for the utilization and development of these

six woody oil crops.

2 | OVERVIEW OF GERMPLASM RESOURCES IN
SIX WOODY OILSEED CROPS

The tree peony (Paeoniaceae) originated in western China and was
later brought to Japan and other Asian countries, as well as North
America and Europe (Gao et al., 2018; He et al., 2019). The tree
peony has a star-shaped pod that contains some suborbicular seeds.
The seeds are high in UFAs. Peonies come in various types, including
Ziban (Paeonia rockii), Fengdan (Paeonia ostii), Caidiefeiwu, Chunris-
han, Huadachen, Daonaiteng, Yupantuojin, Daodachen, Sanduihuang,
Beiyangfen (P. suffruticosa), and others (Liu et al., 2020). In China, there
are nine different types of wild peonies. The two subsects of the
endemic species, Delavayanae and Vaginatae, are found alone in the wild
in China (Li, Zhang, et al., 2022). The branches, Paeonia delavayi, Pas-
siflora lutea, Paeonia potaninii, and Paeonia ludlowii, are the four wild
species that make up the subsect. Delavayanae. Paeonia spontanea, Paeo-
nia qiui, P. ostii, P. rockii, and Paeonia decomposita are among the five
wild species of the subsect. Vaginatae. The subsect was chosen to rep-
resent the traditional cultivars of tree peonies in China. However, the
majority of Vaginatae types in Europe and America were created by
distant hybridization between P. lutea (or P. delavayi) and P. suffruti-
cosa (Xue et al., 2021). The tree peony is classified into three types
based onits use: oil peonies, decorative peonies, and medicinal peonies.
Fengdan and Ziban are the most frequent and significant types of oil
peonies (Liu et al., 2020). For example, the seed yield and oil yield of 62
species of peony (Fengdan, P. ostii) from 11 different producing regions
in China were evaluated. The average 1000-seed weight (TSW) of the
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seeds in all growing regions ranged from 250.66 to 293.23 g, and oil
yields ranged from 20.27% to 22.77%. The samples from Chonggqing
(Sichuan) had the highest TSW values and oil content of the seeds.
However, the lowest TSW value was found in the samples from the
Weinan region (Shaanxi), and the lowest oil content of seeds was found
in Huadong (China) (Liu et al., 2019). The differences between regions
may be caused by different water and fertilizer application, different
crop managements, or other factors. Tree peony seeds have an oil con-
tent ranging from 20.27% to 37.80% (Liu et al., 2019; Yin et al., 2018).
The ultimate oil yield can be affected by several extraction strate-
gies for tree PSO (TPSO), such as heat or cold pressing, supercritical
CO, extraction, and solvent methods. The oil output rate of cold-
pressed peony seed was just 23.11%. Radio frequency pretreatment of
peony seeds at 140°C might damage cell structure, raise phytosterol
and tocopherol contents to 341.35 and 51.45 mg/kg, respectively, and
enhance oil output by 15.23% (Wang, Zheng, et al., 2021).

P. volubilis L., popularly known as sacha inchi, is a plant native to
South America’s Amazon area, particularly the Peruvian jungles. It is
an oilseed plant that is a perennial woody liana of the Euphorbiaceae
family (Villanueva-Corrales et al., 2021). The mature stellate capsule is
dark brown and contains four to six fruit petals, each with an oval seed
(1.5-2 cm). Sacha inchi seed oil is both edible and used in cosmetics,
and it is good for cardiovascular health and skin care. Under the right
conditions of temperature and pressure, seed oil extraction rates can
approach 30% (Zanqui et al., 2016). The seeds contain high poly-UFAs
(PUFAs), especially omega-3 (44%-50.8%), 6, and 9 PUFA (Silva et al.,
2019). In addition, phenols, sterols, and essential amino acids benefit
human fitness (Chen, Li, et al., 2022; Wang et al., 2018).

A. truncatum Bunge, is a tiny deciduous tree, often known as Yuan
bao maple in China; it is an Aceraceae species. A. truncatum Bunge is
endemic to northern China, where it grows mostly in alpine forests
and arid environments. It is suited to humid and warm tempera-
tures, which are prevalent in the Inner Mongolia Plateau, Northeast
Plain, Loess Plateau, Sichuan Basin, North China Plain, Japan, and
Korean Peninsula. A. truncatum Bunge is cultivated over an area of
115.39 x 10% km? (Wu, Yang, et al., 2021). In China, more than
766.7 km? of A. truncatum have been cultivated (Yang et al., 2018). A.
truncatum Bunge, in addition to its decorative, sand-preventing, and
forest-fixing functions, has significant edible economic potential as a
novel source of high-quality edible oil and protein. Its fruit is shoe-
shaped, like a gold ingot, and it contains oilseed kernels in the middle
(Maetal., 2020).

A. truncatum Bunge kernel oil, a novel type of edible oil, has a high
oil output. Oil yield and FA content of A. truncatum Bunge seeds vary
substantially depending on location, perhaps due to subvarieties, geo-
graphical position, seasonal climate, and other variables. According to
research on A. truncatum seed resources in 14 locations of China, the
oil content of the seeds ranged from 17.81% to 36.56%, with a ten-
dency to increase from south to north. Daigintala, Inner Mongolia and
Yongshou, Shaanxi are the best planting areas with high oil content in
the A. truncatum seeds (Qiao et al., 2019). The oil yield of A. truncatum
seeds from 12 areas in China were determined, and the contents were
7.27%-35.05% (Gu et al., 2019).

A. truncatum Bunge seed oil is high in UFAs, particularly nervonic
acid (Hu et al., 2017). Changchun, Jilin and Pingquan, Hebei have high
nervonic acid levels in their seed oil, making them become the best
growing areas for a high yield of nervonic acid (Qiao et al., 2019). The
neuronic acid levels of A. truncatum seeds from 12 areas in China were
determined, and the contents were 0.66-14.86 mg/uL of oil (Gu et al,,
2019). The lipid supplement nervonic acid (cis-15-tetracosenoic acid)
was identified in shark brain and nervous system tissues as an ultra-
long-chain mono-UFA (MUFA). It promotes myelinated nerve fiber
production and inhibits the activity of immunodeficiency virus type
1 reverse transcriptase. Nervonic acid dysfunction can result in men-
tal illnesses, inattention, and other neurological problems (Ma et al.,
2020). Nervonic acid may heal brain cells and nerve tissue damage
and is essential for brain function. It also includes phytosterol (3-
sitosterol), tocopherol (y-tocopherol), and other active ingredients (Hu
etal., 2017).

O. europaea is a woody oil crop that is evergreen, produces a lot
of oil, and has longevity. This oil crop originated in nations around
the Mediterranean coast of the Middle East, including Spain (2.40 mil-
lion ha), Italy (1.40 million ha), Greece (1 million ha), Tunisia, Turkey,
Portugal (0.5 million ha), France (0.04 million ha), and others (Dini
et al,, 2020). As the largest producer of OO, Spain’s main olive vari-
eties are: Picual, Hojiblanca, Picudo, Arbequina. Among them, Picual is
the most important olive variety in Spain, accounting for more than
half of the olive cultivation area in Spain (Arenas-Castro et al., 2020;
Torres-Sanchez et al., 2022). With continuous cultivation, olives are
grown in approximately 60 countries with more than 2600 varieties
and over 11 million hectares (Petruccelli et al., 2022). O. europaea is
widely dispersed throughout the world’s subtropical areas, which con-
sists of six natural distinct subspecies. O. europaea subsp. europaea,
with its two botanical varieties (O. europaea var. sylvestris, or oleast-
ers or wild olive, and O. europaea var. europaea, or cultivated olive)
distributed throughout the Mediterranean Basin; O. europaea subsp.
laperrinei grows in the Saharan mountains; O. europaea subsp. cuspi-
data is found in southern Africa to southern Egypt, and from Arabia to
China. O. europaea subsp. guanchica, O. europaea subsp. maroccana, O.
europaea subsp. cerasiformis is native from the Canary Islands, southern
Morocco, Madeira Island, respectively (Palomares-Rius et al., 2019).
There are classic wild olive trees along the Mediterranean coast. The
wild olive tree (O. europaea var. sylvestris, Acebuche) is found in remote
mountainous areas and difficult-to-reach places, and its fruit is small
and oval in shape. Research on the differences between Acebuchina
oil extracted from wild Spanish olive trees (Acebuche) and commer-
cially available olive (Picual) oils. The quality parameters of Acebuchina
oil comply with current European Union (EU) and international reg-
ulations (IOC). Although the oil yield of Acebuchina oil is lower than
Picual oils, however, it is rich in volatile and phenolic compounds and
has high antioxidant activity. Based on the high antioxidant activity of
Acebuchina oil, it has broad application prospects in nutrition, cosmet-
ics, and other industries (Espinola et al., 2021). With rising worldwide
demand for OO, more intensive agronomic approaches (such as alter-
native irrigation treatments) must be investigated and developed in

order to enhance production (Sanchez-Rodriguez et al., 2019). The
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olive fruit is ovoid in shape, weighs about 9-10 g per fruit, and is
about 3 cm long. It has a green skin when young and a yellow-green
color when ripe. OO is a type of natural oil derived from the olive
fruit and has become an essential ingredient of the Mediterranean
diet due to its particular health advantages. Oil is abundant in the
seed fruits of Olea capensis subsp. macrocarpa and Olea perrieri (Dong
et al., 2022). The oil yield of the olive reaches 18.22%-23.5%. OO is
classified as saponifiable (free FA and triglyceride) or nonsaponifiable
(tocopherols, triterpene, carotenoids, polyphenols, sterols, squalene,
and other compounds) (Moral & Escrich, 2022).

Oliveresidue, a byproduct of OO manufacturing, can be purified and
combined with virgin OO (VOO) (5%) for sale and consumption using
physical and chemical methods. The majority of the oil in olive pomace
is triacylglycerol (>95%). The oil also includes triterpene acids, squa-
lene, FAs, tocopherols, and other trace ingredients (Ketenoglu et al.,
2018).

Tea [C. sinensis (L.) O. Ktze] is a species of Theaceae; tea trees are
cultivated in 48 countries of Asia, Africa, South America, Oceania, and
Europe (Wang, Contreras, et al., 2021). It is one of the world’s top three
nonalcoholic beverages, together with cocoa and coffee. For a long
time, people have paid more attention to the cultivation of tea trees,
the processing of tea leaves, and other tea products, but relatively lit-
tle attention has been paid to the use of tea seeds. Seeds are another
product in addition to leaves (raw materials for green tea, black tea,
oolong tea, etc.) of tea (C. sinensis L.) plant. With an annual production
of over 3 million tons (Khan & Mukhtar, 2007), tea tree seeds can be
used to extract tea seed oil. Tea seeds are rich in oil (approximately
33.5%) (Qian et al., 2021; Wang et al., 2011). The physiological active
components mainly include polyphenols, tocopherols, 5-carotene, and
phytosterols (Shao et al., 2015).

C. oleifera belongs to the genus Camellia in the family Theaceae,
which is a tiny evergreen tree with great culinary and medicinal prop-
erties. C. oleifera grows mostly in China, Southeast Asia, Japan, and
other nations. It arrived in Europe about the 16th century (Barreiro
et al, 2021). China accounts for over 90% of the world’s camellia
acreage (Wu et al,, 2018). It is mostly concentrated in Hunan, Zhejiang,
Guangxi, Jiangxi, Henan, and other regions in China. C. oleifera planted
area and seed yield in China reached 4.46 million ha and 3140,000
tons, respectively, in 2020 (Li, Ma, et al., 2022). The primary culti-
vars are C. oleifera Abel, Camellia gigantocarpa, Camellia vietnamensis
Huang, and Camellia chekiangoleosa (Yu, Yan, et al., 2022). Among them,
C. oleifera Abel has the most extensive planting area, which accounts
for 70% of the total cultivated area and 85% of the production in
China (Wu et al., 2022). Wild C. oleifera is widely spread in the sub-
tropical mountainous and hilly regions of the Yangtze River Basin and
Southern China, with elevations ranging from around 200 to 2000 m,
and is one of the representative plant species in subtropical ever-
green broadleaf forests. The wild C. oleifera in the high-altitude area
of Mount Lushan (Shanxi Province, China) can survive under the low
temperature below —30°C, and it is more frost-resistant than the
cultivated C. oleifera. Low-temperature tolerance may be due to the
key genes of the lignin biosynthesis process, the Ca2* and gibberellin

signal transduction pathways, and the flg22 signal transduction path-

ways have a role in the freezing-stress responses (Xie et al., 2023).
The seed of C. oleifera is oval and triangular in shape, with fine hairs
on the surface, mostly yellow-brown. CSO is a valuable source of
developing woody edible oil derived from mature seed pressing. The
mature seed oil yield is approximately 456.98 mg/dry kernel (g) (Lin
et al., 2018). CSO output in China reached 720,000 tons in 2020 (Li,
Ma, et al., 2022). The oil content of most camellia seeds is between
40% and 55%. The C. oleifera Abel seeds have an oil content of 40%-
45%, whereas C. vietnamensis Huang had the most oil (58.96%) (Yu,
Yan, et al., 2022). Camellia seed oil is mostly constituted of 95%-98%
triglycerides and non-saponified compounds (tocopherols, phytos-
terols, squalene, phenols, etc.) (Li, Ma, et al., 2022). Taking advantage of
the differences among Camellia spp., the breeding of varieties and the
development and application of functional components can be further

improved.

3 | FATTY ACID COMPOSITION IN SIX WOODY
OIL CROPS

Wood-based oils consist mainly of long-chain triglycerides, formed by
the esterification of long-chain FAs and glycerol. After ingestion, long-
chain triglycerides is first hydrolyzed in the gastrointestinal tract by
lipase into glycerol monoesters and free long-chain FAs, which mix
with bile salts to form microclusters for absorption into the small
intestinal mucosa. The hydrolyzed monoesters and FAs then combine
again to form triglycerides. Triglycerides are bound to lipoproteins
and enter the bloodstream, and the tissues through the lymphatic
circulation system. The long-chain FAs entering the tissues need to
rely on carnitine transporters to reach the mitochondria, where they
are oxidatively metabolized (Mu & Hgy, 2004). The degree of unsat-
uration of FAs in oils has a huge impact on human health. Excessive
consumption of Saturated fatty acids (SFAs) like palmitic acid (PA)
raises the risk of cardiovascular disease (Shramko et al., 2020). SFA
might cause a 50% rise in liver fat content (Rosqvist et al., 2019). A
diet heavy in animal fat and cholesterol, on the other hand, raised
the risk of the bladder cancer illness, particularly in men (Dianati-
nasab et al., 2022). According to the World Health Organization, SFA
dietary consumption, as much as feasible, should be less than or equal
to 10% of total energy intake (Gutiérrez-Luna et al., 2022). On the
contrary, UFAs provide various health advantages (Muhammad et al.,
2022; Shahidi & Ambigaipalan, 2018). UFAs are divided into MUFAs
and PUFAs. MUFAs, for example, include necessary FAs that the body
cannot produce. Oleic acid, as an omega-9 MUFA, has antithrombotic
and cancer-prevention properties and is frequently used in cosmet-
ics and functional foods, as well as pharmaceutical industries (Zanqui
et al,, 2020). A pooled study of data from 11 prospective cohorts in
11 countries found that the consumption of woody edible oils, partic-
ularly those rich in MUFAs, lowered the incidence of bladder cancer.
The Mediterranean dietary pattern, which emphasizes the consump-
tion of vegetable fats (such as OO rich in oleic acid-based MUFAs),
lowers the risk of bladder cancer prevalence (Dianatinasab et al., 2022).

PUFA, on the other hand, lowered the likelihood of hyperlipidemia and
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serum ceramide levels during weight increase and excessive energy
intake in overweight persons, as well as fat accumulation (Rosqvist
et al., 2019). In mice, omega-3 PUFA supplementation can operate
as an additional anti-cancer strategy, inhibiting tumor cell prolifer-
ation. Dietary PUFAs have a stronger inhibitory impact than MUFA
supplementation (Dierge et al., 2021). Omega-3 PUFAs (ALA) have
anti-inflammatory and immunomodulatory properties (Isanejad et al.,
2022). By restoring mitochondrial redox balance and autophagy flux
and recovering vascular Sirtuin 3 damage, ALA can decrease experi-
mental hypertension and ameliorate endothelial dysfunction (Li, Wang,
et al., 2020). Omega-3 FAs (eicosapentaenoic acid or docosahexaenoic
acid + eicosapentaenoic acid) at 4 g/day are a safe and practical
option for lowering triglycerides (Skulas-Ray et al., 2019). Increased
dietary intake of omega-6 PUFAs (LA, etc.) can prevent diabetes
mellitus (Henderson et al., 2018). Higher second trimester omega-6
PUFA levels were linked to atopic dermatitis in offspring of atopic
dermatitis pregnant mothers. Atopic dermatitis in childhood was not
associated with either the maternal prenatal omega-3:0mega-6 ratio
or omega-3 PUFAs (Gardner et al., 2020).

Omega-3 and omega-6 PUFAs preferentially collect in lipid droplets
in acidic cancer cells, inducing ferroptosis by peroxidation. Docose hex-
aenoic acid and eicosapentaenoic acid are ALA (omega-3) derivatives,
whereas arachidonic acid (ARA) is an LA (omega-6) derivative (Saini &
Keum, 2018). These essential FAs have been shown in studies to mois-
turize the skin and stimulate keratinocyte differentiation (Soimee et al.,
2020).

The omega-3/omega-6 PUFA ratio may be a predictor of acute coro-
nary syndrome (Nishizaki et al., 2020). A 1:20 omega-3:0omega-6 ratio
is thought to be an inflammatory marker of carcinogenesis and is linked
to the development of numerous chronic diseases (Deniz et al., 2019).
In contrast, a review of 83 randomized controlled studies that lasted
at least 24 weeks revealed no evidence that the omega-3/omega-6
ratio is relevant for glucose metabolism or diabetes (Brown et al.,
2019).

In comparison to palm oil, peanut oil, and other herbal oils, which
are high in saturated FAs, new woody oil crops (such as P. suffruti-
cosa, P. volubilis, A. truncatum, O. europaea, C. sinensis, and C. oleifera)
are particularly high in UFAs, such as oleic acid, LA, and ALA, in dif-
ferent quantities. As a result, it is critical to explore the FA content,

particularly the UFAs, of these six developing woody oils.

3.1 | Fatty acid composition in tree peony seed oil

The PUFAs and ALA concentrations of PSO were greater than 90% and
40%, respectively (Yin et al., 2018). The UFA concentrations (mg/g DW)
of ALA (123.2, 75.79, 69.06) > oleic acid (62.55, 68.67, 47.11) > LA
(59.44, 45.60, 18.23) (Zhang et al., 2018). Omega-3 PUFAs (ALA) have
been shown to lower the risk of cardiovascular and inflammatory dis-
eases (Cao et al.,, 2022). The omega-6-to-omega-3 PUFA ratio in PSO
was 0.69 (Yanget al., 2017).

3.2 | Fatty acid composition in Plukenetia volubilis
seed oil

P. volubilis oilseeds are used to make sacha inchi oil (SIO). The SIO is
abundant in PUFAs, particularly ALA (44%-50.8%) and LA (33.4%-
36%) (Silva et al., 2019). However, PA (C 16:0) and stearic acid (C
18:0) levels are relatively low. The UFA ratio among them might reach
93.13%. The PUFA ratio of omega-6-to-omega-3 series is less than 1, at
0.72 (Rave et al., 2020).

3.3 | Fatty acid composition in Acer truncatum
Bunge seed oil

The primary components of A. truncatum Bunge seed oil are omega-
9 MUFAs (oleic acid) and omega-6 PUFAs (LA). Oleic acid, nervonic
acid (6.89%), cis, cis-11-eicosenoic acid, and erucic acid are all omega-
9 MUFAs. LA was found in greater concentrations in omega-6 PUFAs,
followed by y-linolenic acid, cis-11,14-eicosadienoic acid, and other FAs
(Song et al., 2022). Neuronic acid can combine with sphingosine to
form sphingomyelin and promote brain development (Lewkowicz et al.,
2019). Plasma neuronic acid has the potential to be a biomarker for

serious depression (Kageyama et al., 2017).

3.4 | Fatty acid composition in olive (Olea europaeaq)
oil

Over the mature or enzyme degradation stage, Olea olives will cre-
ate free FAs (with a preponderance of oleic acid), and subsequently
increase acidity, which will negatively influence the quality of the final
goods. OO is classified into six types based on its quality: VOO (extra
VOO [EVOQ], free acidity <0.8% and medium-grade VOO, free acid-
ity <2.0%), refined OO (free acidity <0.3%), blended OO (mixed oil of
refined OO and VOO), and olive pomace oil (crude olive pomace ail,
refined olive pomace oil, and mixed olive pomace oil) (Jurado-Campos
et al., 2023). Many factors influence the FA content of OO, includ-
ing varietal traits, planting site, climate, fruit storage, and extraction
processes, among others. PA is the primary saturated FA in OO. The
amount of the UFA oleic acid is the largest, reaching around 55.00%-
83.00%, followed by LA (3.50%-21.00%), palmitoleic acid, and ALA
(Pastor et al., 2021; Sanchez-Rodriguez et al., 2019).

O. europaea pomace contains around 3%-4% oil, which may be
extracted and processed for consumption (Heinzl et al., 2022). Olive
pomace oil is high in UFAs, including linolenic acid (0.1%-1.5%), LA
(3%-21%), and oleic acid (56%-85%) (Mateos et al., 2020). On an as-
fed basis, 6% palm oil and olive pomace oil were added to the chicken
feed. Olive pomace oil has more oleic acid, an MUFA, than palm oil. Feed
digestibility rose as FA unsaturation increased. The olive pomace oil
diet considerably increased SFA digestibility levels when compared to
palm oil. Furthermore, it reduced SFA content while increasing MUFA
content in breast meat and belly fat (Verge-Mérida et al., 2022).
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TABLE 1 The comparison of fatty acid compositions between six woody edible oils.
EVOO
Fatty acid TPSO (%) SIO (%) ATSO (%) (g/100g) OPO (%) ROPO (%) TSO (%) CSO (%)
Palmitic acid 7.50 3.89 4.05 13.88 12.66 15.54 15.3-17.7 7.45-9.05
Stearic acid 1.80 2.80 2.18 2.57 2.69 2.92 3.3-38 1.89-3.56
Oleic acid 24.10 9.34 25.01 72.08 70.06 56.94 52.9-57.5 75.97-79.49
Linoleic acid 27.20 35.01 33.80 7.78 10.09 20.79 22.3-24.2 7.46-10.28
ALA 39.50 48.39 2.40 0.67 0.68 1.04 0.3 0.18-0.38
SFA 10.66 6.87 7.59 16.96 16.20 19.13 0.7-0.9 9.89-12.40
~MUFA ND 9.73 56.31 73.46 73.03 59.04 53.6-58.4 77.25-81.19
~PUFA ND 83.40 35.40 9.12 10.77 21.83 22.3-24.2 7.86-10.75
UFA 89.34 93.13 9171 82.52 83.80 80.87 80.51 ND
w—6:w—3 0.69:1 0.72:1 ND 12.45:1 14.73:1 19.99:1 ND ND
Reference Yangetal. Rave et al. Liang et al. Gutiérrez- Verge-Merida Ben Wang et al. Wang, Zeng,
(2017) (2020) (2019) Lunaetal. etal. (2022) Hammouda (2011) Verardo
(2022) etal.(2018) etal.
(2017)

Abbreviations: ALA, a-linolenic acid; ATSO, Acer truncatum seed oil; CSO, Camellia oleifera seed oil; EVOO, extra virgin olive oil; MUFA, monounsaturated fatty
acid; ND, no data or not determined; OPO, olive pomace oil; PUFA, polyunsaturated fatty acid; ROPO, refined olive pomace oil; SIO, sacha inchi oil; TPSO, tree
peony seed oil; TSO, tea (Camellia sinensis) seed oil; UFA, unsaturated fatty acid.

Olive seed oil, like olive fruit oil, offers value-added potential as
edible oil. Olive seeds include around approximately 30% rich lipids,
47% total dietary fiber, and 17% protein (Maestri et al., 2019). C18:1
(56%), C16:0 (18%), C18:2 (17%), and C18:3 (0.11%) FAs are the most
abundant in olive seeds (Alves et al., 2018).

3.5 | Fatty acid composition in tea (Camellia
sinensis) seed oil

Tea seed oil is considered a kind of edible oil with high quality, because
the predominant FAs are the oleic acid (62.5% wt) and LA (18.1% wt)
(Demirbas & Kinsara, 2017; Sahari et al., 2004).

3.6 |
seed oil

Fatty acid composition in Camellia oleifera

CSO contains a high concentration of MUFAs, particularly oleic acid
(Luo et al., 2017; Zeng & Endo, 2019). In CSO, UFAs amounted for
84.23%-89.27% of total FAs. The oleic acid concentration is the great-
est among them. It accounted for 95.79%-99.23% of total MUFAs, with
alittle contribution from PUFA LA and SFA PA (Lin et al., 2018).

Based on the above literature review and the data in Table 1, all
six woody edible oils are relatively low in SFAs and high in UFAs. The
type and content of UFAs in each woody oil can also vary somewhat. A.
truncatum Bunge seed oil (ATSO), OO, tea (C. sinensis) seed oil (TSO),
and CSO are rich in MUFAs. TPSO and SIO are rich in PUFAs. TSO,
CSO, and OO are mainly rich in oleic acid, with higher levels than TPSO
and ATSO. There is little difference in the content of the latter two
oils, whereas SIO has the lowest oleic acid content. The content of LA

is higher in TPSO, SIO, and ATSO, with a small difference among the
three, all higher than OO, TSO, and CSO. TPSO and SIO are rich in ALA
and contain much higher levels than ATSO, OO, TSO, and CSO.

There is a growing demand for UFAs in the market, especially in the
field of dietary supplements and functional foods, and more research
is being done on the health benefits of quality fish oils, especially the
omega-3 family of PUFAs. In the future, in addition to high-quality fish
oils, new wood-based oils are also good choices to provide more UFAs.
Taking the advantage of the differences in the FA composition of wood-
based oils, nutritious blended oils can be prepared in different ratios or
new structural oils can be prepared through biochemical techniques.
Inthe future, the enzymatic enrichment of UFAs by transesterification,
hydrolysis, and catalyzing esterification is a promising option. How-
ever, the biological enzymes currently used to enrich omega-3 PUFA,
such as Rhizomucor miehei lipase, lipase AY “Amano” 400SD, are expen-
sive and not conducive to industrial production (Yang et al., 2021). In
the future, further optimization of the reaction conditions is needed
to find the optimal lipase and reaction conditions for the enrichment
of UFAs. If necessary, immobilization techniques and modification of
lipases will be used to improve the catalytic capacity, selectivity, and

reproducibility of lipases to increase yields (Xie et al., 2022).

4 | ACTIVE INGREDIENTS AND ITS ACTION
MECHANISMS IN SIX WOODY OIL CROPS
4.1 | Tocopherols and tocotrienols

Tocopherols and tocotrienols, which are fat-soluble, can inhibit free

radical propagation in plasma lipoproteins and membranes (Azzi, 2019;
Gonzalez-Ramila et al., 2020). The distinction between the two is
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FIGURE 1 Chemical structures of tocopherols and tocotrienols.

that tocopherol’s side chains are saturated FAs, whereas tocotrienol’s
chains are UFAs (having three double bonds) (Mao et al., 2017). They
are classified into a-, 5, y-, and &-forms based on the different loca-
tions and amounts of methyl groups in the chroman ring (Lu et al.,
2018). Figure 1 shows the chemical structure of tocopherols and
tocotrienols. Among them, a-tocopherol can scavenge free radicals,
strengthen the body’s immunity, and plays an important role in the
prevention and/or treatment of central nervous system disorders and
cardiovascular diseases (Ranard & Erdman, 2017). As for free rad-
ical scavenging, a-tocopherol’s reaction rate with peroxy radicals is
1000 times greater than that of PUFAs (Dugo et al., 2020). In the
protection of nervous system structure and function, a-tocopherol pre-
vents ataxia with selective vitamin E deficiency (AVED) (Finno et al.,
2019). AVED is neuronal damage, loss of proprioception and loss of
reflexes, among other things, produced by mutations in the gene encod-
ing the tocopherol transfer protein (a-TTP). The main active form
of a-tocopherol is RRR-a-tocopherol. RRR-a-tocopherol formulations
are used as a lifelong treatment for AVED patients. This treatment
could halt the disease’s course and occasionally lessen neurologi-
cal symptoms (Azzi et al., 2023; Kohlschitter et al., 2020). At the
molecular level, RRR-a-tocopherol affects the expression of genes
related to transcriptional regulation, cell signaling, and cell death
pathways, such as protein kinase C, monocyte NADPH oxidase, and
xanthine oxidase, due to molecular structure specificity rather than
antioxidant properties (Azzi, 2018, 2019). a-Tocopherol may promote
the transport of physiologically active target molecules (quercetin)
by neuronal cells to cross the blood-brain barrier and the increase
of a-tocopherol and quercetin concentration in the rat brain (Ferri
et al., 2015). In the treatment of cardiovascular disease, supplemen-
tation with 400-800 IU of a-tocopherol daily reduces myocardial
infarction and exerts an anti-atherosclerotic effect by inhibiting the
accumulation of low-density lipoprotein (LDL) in blood vessel walls
(Loffredo et al., 2015). This therapeutic effect is probably mediated
through the oxidative stress-mediated mechanism of a-tocopherol
and its anti-inflammatory activity (monocyte-endothelial cell adhe-

sion and muscle cell proliferation, inflammatory cytokine release)

y-tocotrienol

F F F

O-tocotrienol

(Azzi, 2007; luliano et al., 2000; Villacorta et al., 2003). In addi-
tion to the highly active a-tocopherol, other forms of tocopherol are
increasingly being investigated. Although -tocopherol did not reduce
protein kinase C activity, cell proliferation, or gene expression, it
does have antioxidant effects similar to a-tocopherol (Azzi, 2018). In
vitro, B-tocopherol and y-tocopherol may inhibit melanin formation
in mouse melanoma cells by inhibiting the expression of tyrosinase
and tyrosinase-associated protein-2 mRNA (Kamei et al., 2009). Based
on this, these two tocopherols can be explored in further in-depth
research in improving skin pigmentation and whitening. y-Tocopherol
may exert anti-inflammatory effects through the generation of gamma-
carboxyethyl hydroxychroman metabolites (Li et al., 2016). In addition,
y-tocopherol has anti-cancer activity. For example, y-tocopherol causes
apoptosis in human breast cancer cells by affecting death receptor
5 (DR5) (Azzi, 2018). 5-Tocopherol possesses anti-inflammatory prop-
erties and inhibits pro-inflammatory responses promoted by reactive
oxygen species and stress-activated NF-xB and Nrf2 (Elisia & Kitts,
2013). Tocotrienols have been shown in vitro experiments to have
benefits against cancer (mostly by inhibiting angiogenesis), neuro-
logical illnesses (by inhibiting glutamate-induced activation of c-Src
kinase), and cardiovascular disease, as well as other ailments (Aggarwal
et al,, 2010). y-Tocotrienol can reduce vascular oxidative stress, ame-
liorate gastrointestinal tract damage, protect hematopoietic tissue, be
anti-inflammatory, and protect against radiation injury (Kumar et al.,
2020). Furthermore, 8-tocotrienol and y-tocotrienol showed strong
anti-cancer activity (Mao et al., 2017). In conclusion, current research
shows that a-tocopherol has the highest activity in the human body.
The health mechanism of a-tocopherol in the organism has been stud-
ied more deeply. Although 8-, y-, and 6-tocopherol and tocotrienols have
become the hotspots of domestic and international research in recent
years, the main focus is on the in vitro activity of these substances,
and the in vivo and clinical studies are rare. In the future, more in-
depth studies on the effects of these substances on the human body
are needed. Figure 2

Tocopherol concentrations in PSO reached 435.23-576.40 mg/kg
(Wang et al, 2023). PSO exhibits a significant abundance of
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y-tocotrienol, constituting approximately 66.7% of the total tocol
content (comprising both tocopherols and tocotrienols) (Mao et al,,
2017; Yang et al., 2017). Tocopherol concentrations in SIO reached
2540.1 mg/kg. It is mostly constituted of y-tocopherol (1108-
1367 mg/kg) and §-tocopherol (641-856 mg/kg), with corresponding
percentages of 64.7% and 35.3% (Ramos-Escudero et al., 2019). Toco-
pherols help to keep PUFAs in SIOs stable (Rodriguez et al., 2021). The
total tocopherol content in A. truncatum seed oil was 2.35-2.65 umol/g.
The main tocopherol was y-tocopherol (1.29-1.44 umol/g) (Hu et al.,
2017). VOO, EVOO, and olive pomace oil are all high in a-tocopherol.
The concentration of a-tocopherol in commercial OO ranges from
59 to 426 mg/kg (Zhang et al., 2019). The tocopherol fraction in tea
seed oil is mainly a-tocopherol (Shao et al., 2015). Total Tocopherol
content in camellia seed oil reached 1441.1-1686.9 mg/kg. It is mostly
constituted of y-tocopherol (1145.7-1364.1 mg/kg) (Gling Ergondl &
Aksoylu Ozbek, 2018).

Based on the above literature review and the data in Table 2, TPSO,
SIO, ATSO, and CSO are rich in y-tocopherol, whereas OO and TSO
are rich in a-tocopherol. Compared with other oils, woody oil con-
tains more tocopherols, which have antioxidant and anti-inflammatory
effects. Make use of its advantages, according to local conditions, grow
more woody oil crops, and apply in the food industry, develop more

nutritious and healthy food resources.

4.2 | Polyphenols

Polyphenols have antioxidant, anti-inflammatory, and anti-
degenerative disease properties. Polyphenols can regulate
postprandial blood glucose levels by inhibiting key digestive enzymes
such as a-glucosidase and a-amylase, which inhibit starch digestion
and glucose transport (Sun & Miao, 2020). Polyphenols are classified
into three broad classes based on their chemical structures: flavonoids,
phenolic acids, and non-flavonoids. Flavonoids have a fundamental
molecular skeleton of C6-C3-Cé (Fan et al., 2022). Certain flavonoids
have been shown to induce vasodilation, prevent atherosclerosis, alle-
viate endothelial dysfunction and insulin resistance, and reduce blood
pressure. Furthermore, flavonoids directly interact with a wide range
of protein targets known as kinases to modulate signaling pathways,
therefore protecting the cardiovascular system (Sanchez et al., 2019).
Phenolic acids are a class of organic acids that contain phenolic rings.
At least one carboxyl functional group and one phenolic functional
group are present in phenolic acids. Phenolic acid has a variety of
biological activities, including antioxidant, anti-tumor, anticoagulant,
anti-HIV, anti-thrombotic, and other biological activities (Shi, Huang,
et al., 2019). Lignans, which have a molecular structure comparable to
steroids, have anti-cancer, anti-oxidation, and cardiovascular disease-
preventative properties (Rodriguez-Garcia et al., 2019). Oleuropein, a
secondary metabolite of OO, imparts bitterness and acidity to the oil.
Oleuropein is a glycosylated ester of elenolic acid with hydroxytyrosol
found in secoiridoids. Oleuropein not only promotes cell death but
also inhibits cell proliferation, migration, and viability in breast cancer

cell lines (Moral & Escrich, 2022). Oleuropein aglycone is the form in

TABLE 2 Contents of different tocopherols in woody edible oils.

€SO (mg/kg)
18.3-87.9

TSO (mg/kg)
353-707

OPO (mg/kg)

357
<2
32

EVOO (mg/kg)

159.7

2.7
7.8

VOO (mg/kg)

485.1-756.3

ATSO (uzmol/kg)
313.7-362.9

SIO (mg/kg)
60-70

TPSO (mg/kg)
15.38-23.03

Compound

a-Tocopherol

192.8-289.3

ND
ND
ND

6.3-50

18-29 75.1-78.5

ND

B-Tocopherol

1145.7-1364.1
22.9-58.2

3.7-153
ND

1296.9-1442.3
658.1-770.6

403.31-535.15 1108-1367
641-856

14.76-22.02

y-Tocopherol

<2

ND

S-Tocopherol

Gling Ergonal and

Gonzalez-Ramila Shao et al.

Dugo et al. (2020)

Chtourou et al.

Ramos-Escudero Huetal.(2017)

Wang et al. (2023)

Reference

Aksoylu Ozbek

(2018)

(2015)

etal.(2022)

(2021)

etal. (2019)

Abbreviations: ATSO, Acer truncatum seed oil; CSO, Camellia oleifera seed oil; EVOO, extra virgin olive oil; OPO, olive pomace oil; SIO, sacha inchi oil; TPSO, tree peony seed oil; TSO, tea (Camellia sinensis) seed oil;

VOO, virgin olive oil.
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which it is absorbed. Oleuropein aglycone might increase uncoupling
protein 1 expression (which is important in maintaining the balance of
energy metabolism) and regulate hormone production in interscapular
brown adipose tissue of obese rats fed a high fat diet via activating
B-adrenergic signaling. It can also lower plasma leptin and visceral fat
levels (Oi-Kano et al., 2017). Table 3 shows the chemical structures of
the phenolic substances in the six woody crops.

The phenolic content of P. delavayi and other peony seeds was
greater (11.26-41.05 mg GAE/g), flavonoids (3.82-17.07 mg CGE/g
DW), flavanols (4.01-13.95 mg RE/g DW), and procyanidin B2 (0.15-
1.75 mg/g DW) (Yan et al., 2020). PSO contains phenolic acids and
flavonoids, which are mainly rich in benzoic acid (0.010 mg/g) and
catechins (0.028 mg/g) (Wang et al., 2023).

In commercial SIOs, 16 phenolic constituents were found. Along
with simple phenol, SIOs include five phenolic substances: secoiridoids,
lignan, flavonoids, phenyl alcohols, and isocoumarin, which contribute
40.96%, 19.69%, 14.40%, 14.39%, and 10.56% of the total pheno-
lic substance content, respectively (Ramos-Escudero et al., 2021).
The total phenolic content of SIO varied from 21.68 to 43.86 mg
GAE/kg under various processing and extraction conditions (Cornelio-
Santiago, et al., 2022). The overall flavonoid concentration of SIO as
well as the two primary flavonoids, myricetin and luteolin, were 6.17,
4.60, and 1.57 mg/mL, respectively (Xuan et al., 2018).

The primary phenolic components in the seed bark of Yuan-
bao maple were six procyanidin oligomers of procyanidins and six
flavonoids (catechin, rutin, epicatechin, quercetin, and naringenin),
accounting for 31.02% and 63.27% of the 13 phenolic compounds,
respectively (Farha et al., 2022).

OO also includes trace elements, including phenolic compounds
(flavonoids, lignans, and phenolic alcohols). The European Food Safety
Authority (EFSA) accepted a health claim on the phenolic efficacy of
OO0 in 2011, stating that 0.25 mg/g of EVOO per day is sufficient
(Rocchetti et al., 2022). EVOO is high in lignans and secoiridoids (oleu-
ropein), followed by flavonoids (such as rutin, luteolin-7-glucosides,
and quercetin, among others) high in rutin, phenolic alcohols rich in
hydroxytyrosol and tyrosol, and phenolic acids (Alu'datt et al., 2017).
Lignans in EVOO are mostly made up of two components: lariciresinol
(1.28 mg/kg) and pinoresinol (9.11 mg/kg). The lignan content is much
greater than that of palm oil (1.00 mg/kg), coconut oil (0.89 mg/kg), and
Brazil nut oil (0.94 mg/kg), among others (Tardugno et al., 2022). The
raw EVOO samples contained 334.1 mg equivalents/kg of tyrosol on
average (Rocchetti et al., 2020). A third of the phenolic compounds in
EVOO are phenolic acids. Syringic acid, p-coumaric acid, vanillic acid,
caffeic acid, and 4-hydroxybenzoic acid are the most common pheno-
lic acids. The syringic acid concentration was the greatest among them
(Tang et al., 2018).

The total phenolic content of tea seed oil ranged from 85.5 to
119.1 mg/kg. It involves 61.7%-77.8% free phenolic compounds and
22.2%-38.3% bound phenolic compounds. Tea seed oil mainly com-
prises benzoic acids, cinnamic acids, catechins, flavones, flavonols, and
dihydroflavonoids (Wang, Contreras, et al., 2021). The total pheno-
lic content of virgin CSO was 84.8-154.5 mg/kg. It mostly comprises

phenolic acids, flavanones, flavones, flavonols, flavan-3-ols, and other

flavonoids. Phenolic acids (49.3-107.6 mg/kg) represented for 46.6%-
79.4% of all phenolic substances (Wei et al., 2022).

4.3 | Phytosterols

In nature, phytosterols and their derivatives, such as phytosterol
esters, are abundant. Phytosterols are structurally and functionally
comparable to cholesterol. Phytosterols are beneficial in stimulating
important cellular and physiological activities to control lipid and glu-
cose metabolism, as well as insulin resistance (Prasad et al., 2022).
Sterols limit the formation of cholesterol in the blood. The C-3 and C-5
locations (hydroxyl or ester functional groups) of phytosterols (or phy-
tosterol esters) may be responsible for their lowering cholesterol effect
(Yuan et al.,, 2020). g-Sitosterol can be used to enhance the activation
of the glucose transporter 4 protein (GLUT4) and the insulin receptor
in adipose tissue to further control glucose metabolism. In diabetic rats
fed a high-fat diet, g-sitosterol reduced the serine phosphorylation of
insulin receptor substrate-1 (IRS-1). It increased insulin receptor and
post-receptor insulin signaling mRNA expression (8-arrestin-2, GLUT4,
IRS-1, etc.) (Babu et al., 2020).

The three primary phytosterol concentrations in decreasing order
were S-sitosterol, A5-avenasterol, and cycloartenol, according to the
GC-MS analysis of phytosterols in six peony species. The maximum
amount of S-sitosterol, in particular, might reach 2.62 + 0.08 mg/g
(Chang et al., 2020). The primary phytosterols found in PSO from 10
Chinese locations were f-sitosterol and fucosterol, with concentra-
tions of both reaching 1.80-2.79 and 0.68-1.22 mg/g, respectively
(Wang et al., 2020). -Sitosterol, stigmasterol, and campesterol are
the dominant phytosterols in sacha inchi seed oil (Norhazlindah
et al,, 2023). Under varied processing and extraction methods, the j-
sitosterol content of sacha inchi seed oil ranged from 0.31t0 0.57 mg/g
of oil (Cornelio-Santiago et al., 2022). The principal phytosterols in
A. truncatum seed oil are f-sitosterol and A7-sitosterol. The aver-
age total phytosterol concentration might reach 3.27 + 0.42 mg/g
(Liang et al, 2019). The total sterol content of 61 O. europaea
species’ pulp ranged from 0.119 to 0.969 mg/g (Mousavi et al., 2022).
The 4-desmethylsterols group (B-sitosterol, A5-avenasterol, stigmas-
terol, and campesterol), 4,4’-dimethylsterols (cycloartenol and 24-
methylenecycloartanol), and 4-monomethylsterols (citrostadienol) are
the most abundant phytosterols in OO (Olmo-Garcia & Carrasco-
Pancorbo, 2021). B-Sitosterol phytosterol concentration is 93% per
1000-2300 ppm of VOO (Secmeler & Giiclii Ustiindag, 2019). The
219 substances were found in raw EVOO samples of sterols. The
average quantity of total sterols per kilogram was 3007.4 mg equiva-
lents (Rocchetti et al., 2020). The three phytosterols with the greatest
level in refined olive pomace oil were -sitosterol (1734.14 mg/kg),
A5-avenasterol (121.6 mg/kg), and campesterol (70.45 mg/kg) (Ben
Hammouda et al., 2018). The total sterol content in tea seed oil is
3388-3820 mg/kg and contains stigmasterol, a-amyrin, S-amyrin, S-
sitosterol, and lanosterol. Among them, the content of -amyrin and
lanosterol is higher (Shao et al., 2015). CSO contains A7-stigmasterol,

B-amyrin, lupeol, S-sitosterol, canophyllol, cycolartenol, stigmast-7-en-
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TABLE 3 Chemical structures of phenolic substances in six woody oils or seeds.

Polyphenols

Flavonoids

Chemical structures

Ry

OH

OH

OH

NA

OH

OH

OH

XUET AL.

R,

OH

OH

OH

NA

OH

OH

OH

Rs

OH

NA

Ry
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Name

Apigenin

Luteolin

Kaempferol

Quercetin

Myricetin

Rutin

Naringenin

Taxifolin

Catechin

Epicatechin

Existence

PSO
SIO

TSO
Cso

SIO
TSO
CSo

PSO
TSO
Cso

ATSC
EVOO
TSO
Cso

SIO
TSO
Cso

PSO
ATSC

ATSC
TSO
Cso

TSO
CsoO

PSO
ATSC
TSO
Cso

ATSC
TSO
CsoO

Reference

Ramos-Escudero et al.
(2021), Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal. (2017), Wang
etal. (2023)

Ramos-Escudero et al.
(2021), Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)

Wang, Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal. (2017), Wang
etal.(2023)

Fanetal. (2018), Tang
etal. (2018), Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)

Ramos-Escudero et al.
(2021), Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)

Fan et al. (2018), Wang
etal.(2023)

Fan et al. (2018); Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal.(2017)

Wang, Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)

Fanetal. (2018), Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal.(2017), Wang
etal.(2023)

Fan et al. (2018), Wang,
Contreras et al.
(2021), Wang, Zeng,
Del Mar Contreras
etal.(2017)

(Continues)
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TABLE 3 (Continued)
Polyphenols Chemical structures R, R, R3 R4 Name Existence Reference
OH OH OH NA Epigallocatechin TSO Wang, Contreras et al.
CSO (2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)

o NA NA NA NA Epigallocatechin TSO Wang, Contreras et al.
wou~_o ,,@[DH gallate cso (2021), Wang, Zeng,
m% Del Mar Contreras

M o7 o etal. (2017)
'OH
OH
Phenolic acid o H H H H Benzoic acid PSO Wang, Contreras et al.
R4 oH TSO (2021), Wang, Zeng,
CSO Del Mar Contreras
Rs Rl etal.(2017), Wang
" etal.(2023)
H H OH H p-Hydroxybenzoic TSO Wang, Contreras et al.
acid CSO (2021), Wang, Zeng,
Del Mar Contreras
etal.(2017)
H OH OH H Protocatechuic acid TSO Wang, Contreras et al.
CSO (2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)
OH H OH H 2,4- EVOO Tangetal. (2018)
Dihydroxybenzoic
acid
H OH OH OH Gallic acid PSO Wang, Contreras et al.
TSO (2021), Wang, Zeng,
CSO Del Mar Contreras
etal.(2017), Wang
etal. (2023)
H H OH OoC Vanillic acid EVOO Tang et al. (2018), Wang,
H3 TSO Contreras et al.
CSO (2021), Wang, Zeng,
Del Mar Contreras
etal.(2017)
H oC OH ocC Syringic acid EVOO Tangetal. (2018)
H3 H3
H H H Phthalic acid TSO Wang, Contreras et al.
COOF CSO (2021), Wang, Zeng,
Del Mar Contreras
etal.(2017)
OH NA NA NA NA p-Hydroxy- TSO Wang, Contreras et al.
m phenylacetic CSO (2021), Wang, Zeng,
Ho acid Del Mar Contreras
etal.(2017)
R1 o H H H H Cinnamic acid TSO Wang, Contreras et al.
B2 N-"on CSO (2021), Wang, Zeng,
R3 Del Mar Contreras
R4 etal.(2017)
OH H o-Coumaric acid EVOO Tangetal. (2018)
H OH m-Coumaric acid EVOO Tanget al. (2018)

(Continues)
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TABLE 3 (Continued)

Polyphenols Chemical structures R, R, R3 R4 Name Existence Reference
H H OH H p-Coumaric acid PSO Tang et al. (2018), Wang,
EVOO Contreras et al.
TSO (2021), Wang, Zeng,
CSO Del Mar Contreras
etal.(2017), Wang
etal. (2023)
H OH OH H Caffeic acid PSO Tang et al. (2018), Wang,
EVOO Contreras et al.
TSO (2021), Wang, Zeng,
CSO Del Mar Contreras,
etal.(2017), Wang
et al.(2023)
H oC OH H Ferulic acid EVOO Tang et al. (2018), Wang,
H3 TSO Contreras et al.
CSsO (2021), Wang, Zeng,
Del Mar Contreras
etal. (2017)
H ocC OH ocC Sinapic acid EVOO Tang et al. (2018), Wang,
H3 H3 TSO Contreras et al.
CSO (2021), Wang, Zeng,
Del Mar Contreras
etal.(2017)
Ho, NA NA NA NA Chlorogenic acid PSO Tang et al. (2018), Wang,
"°j©\{ w3 on EVOO Contreras et al.
:O ) TSO (2021), Wang, Zeng,
CSO Del Mar Contreras
etal. (2017), Wang
etal.(2023)
Olive R1 OH H NA NA NA Tyrosol SIO Ramos-Escudero et al.
polyphenols D/\/ EVOO (2021), Tang et al.
"o (2018)
OH NA NA NA Hydroxytyrosol SIO
EVOO
o [ o NA NA NA NA Leuropein aglycone SIO Ramos-Escudero et al.
N
(3¢ EVOO (2021), Tang et al.
o (2018)
Q NA NA NA NA Oleocanthal EVOO Tangetal. (2018)

| o, O O NA NA NA NA Pinoresinol SIO Ramos-Escudero et al.
0 O I o EVOO (2021), Tang et al.
o ’ (2018)
”°m°" NA NA NA NA Lariciresinol EVOO Tangetal. (2018)
— H 0/
/°‘Q ’
HO
Bergenin o~ NA NA NA NA NA SIO Ramos-Escudero et al.

(2021)

Abbreviations: ATSC, Acer truncatum seed coat; CSO, Camellia oleifera seed oil; EVOO, extra virgin olive oil; NA, not applicable; PSO, peony seed oil; SIO, sacha
inchi oil; TSO, tea (Camellia sinensis) seed oil.
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FIGURE 2 The biological effects of squalene.

3-ol, betulin, lanosterol (Wang, Zeng, Verardo, et al., 2017; Wu, Fan,
etal,2021).

Based on the above literature review and the data in Table 4, the
highest content of total sterols was found in ATSO. -sitosterol was
abundant in TPSO, ATSO, and OO and was higher than that in SIO, TSO,
and CSO.

4.4 | Squalene

As shown in Figure 2, squalene (C3gHsg) is a symmetrical triterpene
(isoprenoid), with six double bonds that exhibit antioxidant, antiaging,
anti-cancer, anti-lipidemic, and immune-enhancing properties (Lek-
shmi et al., 2019). It is abundant in plants and animals and has been
widely used as a powerful antioxidant in the food sector, particularly
in the nutraceutical industry (Li, Liu, et al., 2020). In the presence of
Thioredoxin Domain 5 (TXNDC5), squalene encapsulated in PLGA NPs
protects AML12 hepatocyte cell lines from oxidative and endoplasmic
reticulum stress (Bidooki et al., 2022). Squalene lowers triglycerides
and hepatic cholesterol via complicated molecular processes such as
transcription and post-transcription gene expression changes (Lou-
Bonafonte et al., 2018). Due to the limitation of squalene resources,
an increasing number of individuals are paying attention to and devel-
oping plant squalene. Squalene is found in a variety of vegetable oils,
including rice bran oil (3189 mg/kg), red peanut oil (1343 mg/kg),
peanut oil (1329 mg/kg), black sesame oil (572 mg/kg), soybean oil
(184 mg/kg), and sunflower oil (144 mg/kg) (Pokkanta et al., 2019). The
concentration of plant squalene in the deodorizing distillate of OO is
significantly higher than that of other woody edible oils. Squalene-rich
woody edible oils include EVOO, in which squalene accounted for 70%

of the unsaponifiable portion. EVOO with an average squalene level of

4400 mg/kg is available in large retail markets (Pacetti et al., 2019).
The concentration of squalene in 10 PSO kinds ranged from 26.58 to
55.72 mg/kg (Wang et al., 2020), which was lower than the level of
EVOO (4540 mg/kg) (Shi, Zhu, et al., 2019). There is essentially little
information available on the squalene content of SIO and A. truncatum
seed oil. Squalene concentration in tea seed oil and CSO was around
194-340 and 80-160 mg/kg, respectively (Shao et al., 2015; Wu, Fan,
etal., 2021).

4.5 | Plant pigments

Plant pigments with antioxidant properties include carotenoids,
chlorophyllide, and anthocyanins. These chemicals have the potential
to prevent chronicillnesses, including cardiovascular disease, diabetes,
and cancer (Ahmadi et al., 2022).

Carotenoids serve an important role in the body as precursors
for retinoic acid, retinoid, and retinol synthesis (Liang et al., 2021).
Carotenoids, particularly -carotene and lutein, can scavenge reactive
oxygen species, reduce inflammatory responses, and control stress-
dependent signaling and UV light-induced gene expression (Bali¢ &
Mokos, 2019). Lutein, a kind of polyphenolic molecule, possesses anti-
inflammatory, antioxidant, anti-tumor, and other biological properties
(Chen et al., 2021). Lutein, as a safe antioxidant and anti-apoptotic
drug, can repair damaged cystinosis and autophagy-lysosomal degra-
dation pathways. As a possible therapeutic agent, it can be used to treat
nephropathic cystinosis (De Leo et al., 2020). The total carotenoid con-
tent of the 17 sacha inchi seed cultivars varied from 0.7 to 0.9 ug/g of
seed p-carotene equivalent (Wang et al., 2018). A. truncatum seed oil
had 1.83 ug/g of B-carotene (Li et al., 2021). OO contains S-carotene,
lutein, violaxanthin, zeaxanthin, and other carotenoids (Martakos et al.,
2020). The most prevalent carotenoids in OO are 3-carotene and lutein
(Anselmi et al., 2022). Furthermore, lycopene levels in OO varied from
0.47 to 15 ug/g (Zhang et al., 2019). The enzyme protochlorophyllide
oxidoreductase reduces protochlorophyllide to produce chlorophyl-
lide (Heyes et al., 2021). Dark green OO contains more chlorophyllide
and tastes better. When olive fruits ripen, chlorophyllide breakdown
(chlorophyll a and a’, pheophytins a and a’) is accompanied by antho-
cyanin synthesis. As a result, the oil’s chlorophyllide concentration is
higher in green olive fruit than in mature olive fruit (Martakos et al.,
2020; Quiles et al., 2022).

4.6 | Triterpenoids

Plant pentacyclic triterpenoids, which are made up of three terpene
units, exhibit antiviral, anti-tumor, and anti-inflammatory properties
(Xiao et al., 2018). The polyvalent pentacyclic triterpene-cyclodextrin
conjugates had a high affinity for influenza HA protein (KD at the uM
level) and disrupted the connections between HA and the monosac-
charide SA receptor, blocking viral attachment to host cells. These
conjugates show potent anti-influenza virus activity while exhibit-
ing modest cytotoxicity (Xiao et al., 2016). Table 5 shows the main
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TABLE 5 The main triterpenoids and their efficacy.

Compounds Chemical structures Functions Reference
Ursolic acid (Olea Lipid and body weight| Nakano et al. (2022), Silva
europaea) Endogenous glucose| etal.(2016)

Glucose absorption|

Insulin sensitivity T

Intercellular adhesion
molecule-1 expression]

Oleanolic acid (Olea Glucose tolerancet Djeziri et al. (2018)
europaea, Paeonia Regulate fat and carbohydrate
suffruticosa) metabolism
IL-1p, IL-6, lipid-promoting
genes (PPARa, SREBP1, FAS,
ChREBP, G6Pase) expression
in liver and adipose tissue|
HO \oH Cognitive impairment|
Maslinic acid (Olea Cognitive dysfunction| Bae et al. (2020)
europaea)
OH
HO. i
HO

Betulinic acid Inhibition of AGS and HepG2 Tian et al. (2020)

(Paeonia cells

suffruticosa)
Erythrodiol (Olea Antioxidant, Montenegro et al. (2021)

europaea) Anti-inflammatory,

neuroprotective,
Cardiovascular protective

Uvaol (Olea

europaea)
Tea saponin (Camilla HsCHH Destroy (C. Albicans, Yu, Wu et al. (2022)

Oleifera) HC s 1S \cH, Penicillium) fungi cell

H H 0COCH, membrane structure,
CH,OH Downregulate biofilm-related

CH,0H COOH cHy OH genes and hyphae-related
oo OO N genes (ALS3, EFG1, ECE1,
oH CHSM HiC CHO UMES, and HWP1)
H ol .
H OH HH expressions,
o 0,

Inhibit mycelium growth,
OH H/L Cell adhesion and aggregation|
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triterpenoids and their efficacy. Ursolic and oleanolic acids canincrease
insulin sensitivity by promoting lipid and body weight balance, decreas-
ing endogenous glucose synthesis and absorption, and improving
insulin sensitivity (Silva et al., 2016). Ursolic acid significantly reduces
intercellular adhesion molecule-1 cell surface expression, which is
linked to pro-inflammatory cytokines. This function of ursolic acid is
related to the presence of carboxyl functional groups and the quantity
of hydroxyl functional groups (Nakano et al., 2022).

By modulating fat and carbohydrate metabolism, oleanolic acids
may increase glucose tolerance in obese rats. In the liver and adipose
tissue of obese mice, oleanolic acids also reduced the expression of
IL-1 and IL-6 pro-inflammatory factor mRNA as well as several lipid-
promoting genes (Djeziri et al., 2018). Furthermore, oleanolic acid may
help with cognitive impairment. Maslinic acid promotes brain-derived
neurotrophic factors and its downstream pathway signaling in the hip-
pocampus of the mouse brain to alleviate cognitive impairment caused
by cholinergic blockade (Bae et al., 2020). The principal triterpenes
found in OO and olive pomace oil are oleanolic acids and maslinic
acids, which are generated from the oleanane molecule. The quantity
of oleanolic acids and maslinic acids in OO varies according to olive
tree type, fruit age, and processing conditions. Maslinic acids vary from
oleanolic acids in that they have an OH group at carbon position 2.
Maslinic acids and oleanolic acids can both be excreted as glucuronide,
whereas oleanolic acid can also be excreted as sulfate (Pozo et al.,
2017). Maslinic acids had a bioavailability that was seven times that
of oleanolic acids. The decreased oral bioavailability of oleanolic acids
may be due to gastrointestinal malabsorption and impaired hepatic
microsomal metabolism (de la Torre et al., 2020). The pomace left
behind after extracting VOO can be used to make olive pomace oil.
Olive pomace oil contains higher triterpene components than VOO
(the triterpenoid acid level was less than 100 mg/kg oil). By cen-
trifugation and hexane extraction, the concentrations of pentacyclic
triterpene acids (mostly oleanolic acids and maslinic acids) in crude
OO residue were 850-980 and 510-900 g/kg, respectively (Velasco
et al., 2018). In obese mice, olive pomace oil high in triterpenic acids
(POCTA) might decrease the expression of pro-inflammatory genes in
the liver and adipose tissue. Furthermore, a POCTA-diet for 10 weeks
enhanced vascular function, lowered insulin resistance, and decreased
body weight in obese rats (Claro-Cala et al., 2020).

Olive pomace oils include triterpenoid alcohols (erythrodiol and
uvaol) in addition to triterpenoid acids (Ruiz-Méndez et al., 2021).
Both erythrodiol and uvaol exhibit antioxidant and anti-inflammatory
properties, as well as neuroprotective and cardiovascular protective
properties (Suarez Montenegro et al., 2021).

Triterpenoids found in peony seeds (P. ostii) include oleanolic acid
and betulinic acid, with betulinic acid having a substantial depressive
impact on AGS (IC50 5.4 uM) and HepG2 (IC50 6.6 uM) cells (Tian et al.,
2020).

Tea saponin, a complex pentacyclic triterpenoid consisting of
saponins, organic acids, and sugar bodies, is abundant in C. sinensis and
CSO (Liu, Geng, et al., 2022). The seeds of tea tree (C. sinensis) contain

about 11%-15% of saponin. The saponin content of extracted Assam
tea seed oil samples was in the range of 23,075.6-28,434.8 mg/kg
(Uoonlue & Muangrat, 2019). C. oleifera seed contains 7.28%-16.24%
tea saponin (Wu et al., 2018). Tea saponin has the ability to degrade
the cell membrane structure of Saccharomyces cerevisiae, Candida albi-
cans, Penicillium, and other fungi. It has been shown to impede mycelium
development, diminish cell adhesion and aggregation, and downregu-
late the expression of many biofilm and hyphae-related genes (ALS3,
EFG1,ECE1, UME6, and HWP1) (Yu, Wu, et al., 2022).

5 | PHYSIOLOGICAL EFFECTS OF SIX WOODY
OILSEED CROPS

The oils of P. suffruticosa, P. volubilis, A. truncatum, O. europaea, C. sinen-
sis, and C. oleifera are abundant in beneficial components with a high
nutritional value. For example, the oil from tree peonies is high in ALA,
y-tocopherol, and squalene. SIO contains a high concentration of ALA,
LA, y-tocopherol, 6-tocopherol, and carotenoids. LA, oleic acid, ner-
vonic acid, and y-tocopherol are all found in A. truncatum seed oil. OO
contains a high concentration of oleic acid, a-tocopherol, squalene, 8-
carotene, and lutein. CSO and tea seed oil have a high concentration of
oleic acid, tea saponin, 3-amyrin, cycloartenol, lanosterol, a-tocopherol,
and phenolic acid. The presence of these active components con-
fers antioxidant, anti-inflammatory, hypoglycemic, and cardiovascular
disease-preventive characteristics on TPSO, SIO, A. truncatum seed oil,
OO, tea seed oil,and CSO.

5.1 | Peony seed oil

PSO possesses antioxidant properties. A daily dose of 4 g/kg of PSO
stabilizes antioxidant enzyme activity in the liver and protects it from
oxidative damage (Yanget al., 2017). PSO can regulate lipid and choles-
terol metabolism. PSO (high in ALA) can increase FA -oxidation and
inhibit adipogenesis (downregulation of FA synthase, sterol regulatory
element-binding proteins 1C, and acetyl-CoA carboxylase expression)
to lower liver lipid concentrations and regulate cholesterol metabolism
(Su et al., 2016). Furthermore, it might reduce male hamster tria-
cylglycerols, total plasma cholesterol, and non-HDL cholesterol by
14%-34%, 9%-14%, and 7%-18%, respectively. In comparison to a
high cholesterol diet, dietary PSO substantially inhibited the forma-
tion of hepatic lipids and plaque lesions (p <.01) (Kwek et al., 2022). In
addition, PSO has neuroprotective characteristics. Large levels of pro-
inflammatory mediators generated by excessive microglia activation
in the nervous system are related with altered synapse and neu-
ronal function and consequent memory impairment. PSO suppresses
microglia activation and neuroinflammation-induced cognitive impair-
ments in Alzheimer’s disease-like phenotypic mice by de-regulating
pro-inflammatory mediators in the hippocampus and prefrontal cortex
(Gaoetal., 2021).
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5.2 | Sacha inchi oil

SIO, which is high in ALA, can ameliorate the metabolic abnormality
of intestinal flora and minimize the metabolic abnormalities of lipids
such as glycerophospholipid and glycerolipid in mice (Li, Huang, et al.,
2020). At a particular dosage (0.5 g w — 3/day), SIO emulsion can boost
hepatic catalase activity, antioxidant capacity, and serum adiponectin
level in the liver of obese rats while also lowering oxidative stress
and inflammation (Ambulay et al., 2020). AlA-rich oils, such as sacha
inchi (P. volubilis), improve omega-3 LCPUFA accumulation while also
increasing antioxidant enzyme and desaturase activity and decreas-
ing FA biosynthetic activity (Rincon-Cervera et al., 2016). SIO plays
an active role in glycemic control. When SIO is taken with high-fat
meals, it improves insulin sensitivity (r = 0.636; p = 0.035) and sirtuin-
1 expression in those who have a greater glycemic response after
fat loading and a higher basal triglyceridaemia (Alayon et al., 2018).
Many amino acids are found in sacha inchi seeds, including tyrosine,
tryptophan, cysteine, and threonine. These amino acids are usually
made up of albumin, glutelin, globulin, and other proteins (Sathe et al.,
2012). Immunomodulatory effect of albumin fractions derived from
Inca peanut seeds. It mostly manifests itself by increasing tumor necro-
sis factor-secretion and encouraging splenic lymphocyte proliferation,
as well as promoting H,O, and NO production in mouse monocyte

macrophage leukemia cells (Li et al., 2018).

5.3 | Acertruncatum seed oil

A. truncatum seed oil has been shown to improve mouse memory and
cognitive function by regulating sphingolipid and glycerophospholipid
metabolism. This might be due to the synergistic action of omega-9
MUFAs such nervonic acid (Song et al., 2022). A. truncatum seed oil has
been shown to increase memory and learning ability in elderly rats. In
aged mice, this edible oil may stimulate the expression of postsynaptic
density protein-95, N-methyl-D-aspartate-receptor 1, and other pro-
teins while decreasing mRNA transcripts of inflammatory markers like
as interleukin-18 and interleukin-6 (Li et al., 2021).

5.4 | Olive oil

EVOO contains significant quantities of oleuropein aglicone, oleacin,
and hydroxytyrosol, allowing it to exhibit antioxidant effects in
patients’ bodies. EVOO use by patients with chronic kidney disease
is connected with high oleocanthal content, allowing EVOO to have
anti-inflammatory actions in the body (Noce et al., 2021). By mod-
ulating gene expression, the phenolic compounds in EVOO protect
proteins involved in processes, such as inflammation, lipid metabolism,
and oxidative stress (Jimenez-Lopez et al., 2020). EVOO can reduce
lipid oxidation. It not only raises HDL cholesterol, but it also lowers
triglycerides and LDL cholesterol (Bartolomei et al., 2022). At 45 g/day,
three oils (olive pomace oil, sunflower oil, and high oleic sunflower oil)

were consumed. In comparison to the other two oils, olive pomace oil

can lower total cholesterol and LDL cholesterol levels in the body, as
well as blood lipid oxidation in healthy persons (Gonzalez-Ramila et al.,
2022). OO0 can also modulate blood sugar levels. For 24 weeks, mice
with type 2 diabetes on a high-fat diet were fed EVOO, phenolic-rich
EVOO, and lard. EVOO has been demonstrated to improve insulin sen-
sitivity and normalize glucose-induced insulin production (raising the
number and enhancing the function of pancreatic -cells) (Jurado-Ruiz
et al,, 2019). OO can also reduce the risk of some diseases. Increased
use of OO can lower the risk of mortality from neurological disorders,
cardiovascular disease, respiratory illness, and cancer by 29%, 19%,
18%, and 17%, respectively. Substituting 10 g/day of OO for 10 g/day
of mayonnaise, butter, margarine, and dairy fat resulted in an 8%-
34% decrease in overall and cause-specific mortality (Guasch-Ferré
et al., 2022). Two prospective cohorts of men and women in the United
States discovered that increasing OO intake (>1/2 tablespoon/day or
>7 g/day) reduced the incidence of coronary heart disease and over-
all cardiovascular disease (Guasch et al., 2020). VOO, especially EVOO,
can help reduce the formation of atherosclerotic plaques and coronary
artery calcification. When ingested in levels of 20-30 g/day, OO is most
helpful in lowering the risk of cardiovascular disease (Donat-Vargas
et al., 2022). A prospective cohort research found that VOO is the best
form of cooking OO for preventing frailty in (community older adults)
(Donat-Vargas et al., 2021). EVOO containing oleuropein aglycone may
prevent cytotoxicity caused by human islet amyloid polypeptide aggre-
gates by shielding more of the cell membrane against permeabilization
and death (Chaari, 2020).

5.5 | Camellia sinensis seed oil

Tungetal. (2019) showed that TSO rich in MUFA could prevent obesity,
reduce physical fatigue, and improve exercise performance compared
with either soybean oil or lard oil-rich diets in this HFD-induced obese
ovariectomized mice model. Studies have shown that tea seed oil is rich
in UFAs and that prolonged dietary intake of tea seed oil can lower
cholesterol levels in the body (Suealek et al., 2021). Pinthong and Sua-
narunsawat (2020) showed that tea seed oil decreased the AUC of
glucose and serum lipid profile, whereas it suppressed serum insulin
level and HOMA-IR. The tea kernel oil has lower pour point and lower
viscosity compared with common vegetable oils (Demirbas & Kinsara,
2017). Tea seed oil is rich in squalene, and studies have shown that
the inhibition effect of extracted squalene on angiogenesis was inves-
tigated in chick chorioallantoic membrane (Hataminia et al., 2018). A
number of studies have shown that tea seed oils are a good source of
emollients for skin care, and possess antioxidant activity (Fattahi-far
et al.,, 2006; Kim et al., 2008).

5.6 | Camelliaoleifera seed oil

CSO possesses anti-inflammatory, microbiota-modulating, antioxi-
dant, immune-regulating, and blood lipid-lowering properties (Duan
et al., 2021; Gao et al., 2022; Lin et al., 2022). Camellia oil has been
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FIGURE 3 The biological effects of six woody oils.

shown to inhibit the production of inflammatory cytokines while
increasing the amount of Ruminococcaceae UCG014 antioxidant capac-
ity (Chen, Weng, et al., 2022). The phenolic extract of camellia seed
oil has been shown to boost the activities of glutathione peroxidase
and superoxide dismutase in vivo, as well as the antioxidant capacity
(101.05 + 6.70 umol QE/100 g of oil) and free radical scavenging. It
can help lower malondialdehyde levels and increase organ index (Liu,
Zhu, et al., 2022). A high-fat diet rich in camellia oil was more success-
ful in lowering LDL cholesterol and serum total cholesterol levels than
a high-fat diet rich in soybean oil (Chou et al., 2018). A high-fat diet rich
in tea seed oil can minimize lipid droplet formation in the liver of mice.
Adipocyte size was also reduced in brown adipose tissue and the uter-
ine fat periphery (Tunget al., 2019). A high-fat diet rich in CSO has been
shown to inhibit the expression of the PPARy gene, which is associated
with serum lipid biomarkers and branched-chain amino acids, as well
as to regulate steroid biosynthesis and ARA metabolism, thereby regu-
lating high-fat diet-induced dyslipidemia in mice (Gao et al., 2022). Tea
seed oil can increase endurance and anti-fatigue activities by lowering
blood urea nitrogen, creatine kinase, and ammonia levels (Tung et al.,
2019). Camellia oil consumption may preserve neurons in rats with
moderate cognitive impairment through gut microbiota-brain contact.
Camellia oil consumption is superior to OO consumption, and it can sig-
nificantly increase rats’ learning and memory abilities. CSO has been
shown to efficiently boost the CD19+ humoral immune response. Pri-
mary peritoneal macrophages and RAW 264.7 macrophages may be
stimulated to phagocytose by the oil. It can also trigger and enhance
the production of interleukin-10 by BALB/c splenic macrophages (Lin
etal., 2022).

Figure 3 and Table 6 show the mechanism of action and biological

effects in six woody edible oils.
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6 | FUTURE AND PERSPECTIVE

At present, OO and CSO are already relatively popular in the domestic
market, while the industry and market prospects of other oil types need
further in-depth research and development. All of these oils are rich
in a variety of UFAs and other nutrients and have certain health bene-
fits and market prospects. In the future, these woody edible oils may
be more widely used in health care products, food additives, beauty
products, and other fields. However, to be successful in both domestic
and international markets, these woody edible oils still need to meet
consumer demand in terms of quality, nutritional content, price, and so
on. In addition, there is a need to strengthen marketing and promotion
to increase consumer awareness and acceptance of these woody edi-
ble oils. At present, there are still some shortcomings in the research
work on these woody edible oils. For future research, the following
outlooks are proposed: (1) In-depth research on the active ingredi-
ents in these woody edible oils, such as a variety of UFAs, tocopherols,
polyphenols and other antioxidant substances, phytosterols and other
nutritional components, as well as their health benefits and mecha-
nisms of action. Further strengthen applied research in the field of
medicine. (2) Improve cultivation techniques for oilseeds to improve
the yield and quality of woody edible oils, develop more efficient and
environmentally friendly production techniques, and reduce nutrient
losses. (3) To explore the effects and mechanisms of the application
of these woody edible oils in different fields such as health products,
food additives, and cosmetic products. (4) To further study the demand
and trends of these woody edible oils in the domestic and international
markets, and how to meet the needs of consumers and improve market

competitiveness.

851807 SUOWIWIOD 3AEaID) 3|qedl|dde aus Aq peusenob afe ssjoie YO ‘88N JO Sa|nJ 10} Areiq18UIUO AB|I/M UO (SUORIPUOD-PUE-SLLLBY 0D A8 | IM"Ae1q 1[BU|UO//SHRY) SUORIPUOD PUe SWwie | 8188 *[£202/0T/ZT] Uo Ariqiauluo 3|1 ‘Uowiie|N 8110 el| Ad 4TE Z14/200T OT/I0p/L0d’ /8| 1M Aleiq 1 puljuo//Sdny Wiy papeojumoq ‘0 ‘62v8Er9Z



XUETAL.

FRONTIERS

TABLE 6 Mechanism of action and biological effects in six woody edible oils.

Qil types
PSO

SIo

ATSO

EVOO

OPO

Cso

Action mechanism

Fatty acid g-oxidationT,

Fatty acid synthase, sterol regulatory element-binding
proteins 1C,

Acetyl-CoA carboxylase expression|

Triacylglycerols, plasma total cholesterol, and
non-HDL-C|

Stabilizes the antioxidant enzyme activity
Protects hepatic cells from oxidative damage

Pro-inflammatory mediators (TNF-¢, iNOS, IL-143, and
COX-2) in the hippocampus and prefrontal cortex|

Intestinal flora metabolic disorder|
Glycerophospholipid and glycerolipid metabolic
abnormalities|

Insulin sensitivity and sirtuin-1 expressionT

Hepatic catalase activity?, antioxidant capacity
Serum adiponectin content?, oxidative stress and
inflammation|

Antioxidant enzyme and desaturase activitiest

Tumor necrosis factor-a secretiont

Splenic lymphocyte proliferation?

H,0, and NO generations in mouse monocyte
macrophage leukemia cells?

Regulate sphingolipid and glycerophospholipid
metabolism

Postsynaptic density protein-95,
N-methyl-D-aspartate-receptor 1, and other proteins
expressionT

mRNA horizontal of inflammatory factors
interleukin-13 and interleukin-6|

Oxidative stress and lipid oxidation|, HDL-C?1
Triglycerides and LDL-C|, atherosclerotic plaque
formation and coronary artery calcification]

Insulin sensitivity T
Normalizing glucose-induced insulin secretion
The number and function of pancreatic S-cellst

Anti-inflammatory?
antioxidant?

TCl

LDL-C}

Serum lipid oxidation|
eNOS expression?

Serum HDL-CT

Serum TC, LDL-C/HDL-C}

Liver triacylglycerol]

Liver fatty acid synthase, glucose 6-phosphate
dehydrogenase, and malic enzymes|

Biological effect

Liver lipid concentration|,
Regulate cholesterol metabolism

Hepatic lipids and plaque lesions
production],
Regulate intestinal microbiota

Regulate liver lipid metabolism

Microglia activation and
neuroinflammation-induced
cognitive deficits|

Improve lipid dysmetabolism

Regulate blood sugar level

Regulate liver lipid metabolism

Fatty acid biosynthetic activity|,
n — 3 LCPUFA accumulationt

Immunomodulatory activityt

Memory and cognitive function?

Memory and learning ability of aging
micet

Coronary heart disease,
cardiovascular disease|

Neurodegenerative diseases|,
cardiovascular diseases|, respiratory
diseases|

Cancer|

Glycemic control and homeostasis?

Chronic kidney disease|

Coronary heart disease/,
cardiovascular disease|

Mesenteric arteries, aorta endothelial
function?

Obesity prevention
Cardiovascular protection
Antioxidant activityt

Reference

Suetal.(2016)

Kwek et al. (2022)

Yangetal. (2017)

Gaoetal. (2021)

Li, Huang et al. (2020)

Alayén et al. (2018)
Ambulay et al. (2020)

Rincon-Cervera et al.
(2016))

Lietal. (2018)

Song et al. (2022)

Lietal.(2021)

Bartolomei et al. (2022),
Donat-Vargas et al.
(2022), Guasch-Ferré
etal.(2022)

Jurado-Ruiz et al. (2019)

Noce et al. (2021)

Gonzélez-Ramila et al.

(2022)

Chou et al. (2018)

(Continues)

= |7
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TABLE 6 (Continued)

Oil types Action mechanism

Liver lipid droplet accumulation|

Adipocyte size]

Blood urea nitrogen, creatine kinase, and ammonia]
Regulate gut microbiota-brain communication

Inflammatory cytokines expression|
Ruminococcaceae_UCG014 abundance?

CD19* humoral immune responset
Interleukin-107
RAW 264.7 macrophage phagocytosist

PPARy gene expression|
Regulate steroid biosynthesis and arachidonic acid
metabolism

TSO AUC of glucose|
Serum lipid profile|
Antioxidant enzymes (liver)?

Free radical scavenging

Ammonia, blood urea nitrogen, and creatine kinase
levels|

Low-density lipoprotein cholesterol |

Reference

Tungetal. (2019)

Biological effect

Obesity prevention
Endurance and anti-fatigue?

Neuroprotection Chen, Weng et al. (2022)

Memory and cognitive functiont

Immunomodulatoryt Linetal. (2022)

Gaoetal.(2022)

Regulating dyslipidemia

Pinthong and
Suanarunsawat (2020)

Anti-hyperglycemic and
anti-hyperlipidemic

Pinthong and
Suanarunsawat (2020)

Tungetal. (2019)

Organ protection?

Endurancet, antifatigue

Plasma lipids| Suealek et al. (2021)

Abbreviations: ATSO, Acer truncatum seed oil; CSO, Camellia oleifera seed oil; EVOO, extra virgin olive oil; OPO, olive pomace oil; PSO, peony seed oil; SIO,

sacha inchi oil; TSO, tea (Camellia sinensis) seed oil.

7 | CONCLUSION

This review provides a systematic overview of the seed resources,
active ingredients, and health benefits of six woody oil crops, namely,
P. suffruticosa, P. volubilis, A. truncatum, O. europaea, C. sinensis, and C.
oleifera. This study focuses on the FAs and lipid concomitants of the six
woody oils and their efficacy mechanisms and provides an outlook on
the application prospects of the six woody oils, with a view to provid-
ing ideas and references for exploring the active ingredients in woody
oils and their efficacy mechanisms, further expanding the market of
high-quality edible oils and developing high value-added functional

products.
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