Food Science and Technology

DOI: https://doi.org/10.1590/fst.30520

ISSN 0101-2061 (Print)
ISSN 1678-457X (Online)

(oo) R

Acer triflorum: A maple species that serves as a resource for nervonic acid and that has
an ultralow erucic acid content

Yajing SU!

Abstract

, Wenxin XUE!, Bingyu JIA', Jiangtao CHU', Libin WANG?, Zhen FENG", Xiaoyan YU

In this experiment, pulse NMR and gas chromatography were used to determine the seed oil content and fatty acid composition
of Acer triflorum. In addition, the morphological characteristics of samaras and seeds were measured by conventional methods.
The results showed that the average oil content of the tested seeds was 33.44 £ 0.098% and revealed the presence of 16 fatty
acids, of which six constituted 93.57% of the total oil cocent: linoleic acid, oleic acid, docosadienoic acid, peanutenedioic acid,
palmitic acid and nervonic acid. In particular, the erucic acid content was less than 1%. Fifteen morphological indexes were
measured and used as a reference for breeding Acer triflorum. This is the first study to investigate the seed oil content and fatty

acid composition of Acer triflorum.

Keywords: Acer triflorums; oil content; erucic acid; nervonic acid; woody oil.

Practical Application: The ultralow erucic acid content of Acer triflorum seed oil is be conducive to the development of this

species as a source of healthy and high-quality edible oil.

1 Introduction

Members of the Acer genus are major landscape tree species,
timber tree species and shelterbelt tree species in China. These species
are important to ecology, society, and the economy; are used in
medical treatment, health care and the landscape; and have broad
application prospects. There are more than 150 species of Acer,
the most popular being Acer palmatum, Acer truncatum, etc. Acer
truncatum is a popular woody oil-producing tree species. The seed
oil of this species is considered a high-quality, high-grade, healthy
edible oil, and its unique nervonic acid plays an important role in
brain health. Nervonic acid (C24:1 A15, cis-15-tetracosenoic acid,
NA) is a very long-chain fatty acid whose name originated from
the original discovery in mammalian nerve tissues. Nervonic acid,
which is known as a “double-effect miracle substance,” can repair
nerve fibers, remove dead fibers and promote the regeneration of
nerve cells (Hu etal., 2017) and also enhance neurodevelopment in
premature infants. Since it is difficult for human body to produce
nervonic acid, it is very important to take it in vitro. To date, only
Lunaria annua has been considered as a niche crop for future
development (Chen et al., 2017) due to the limited availability
of the other plants, which cannot satisfy the market demand for
nervonic acid-contained oil. Therefore, it is necessary to explore other
resources containing nervonic acid to meet the market demand.

In addition to Acer truncatum, Acer monomaxim, Acer
buergerianum Miq., Acer palmatum and Acer negundo have also
been studied for their seed oil content and fatty acid composition.
The results showed that the seed oil content of Acer truncatum
was the highest (43.86%); the five main fatty acids in Acer seed
oil are oleic acid, linoleic acid, palmitic acid, arachidonic acid,
nervonic acid and erucic acid; the mass fraction of nervonic
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acid was between 4.30% and 9.41%, and the mass fraction of
erucic acid was between 12.75% and 17.79% (Li et al, 2018).
The content of erucic acid, a kind of 22-carbon long-chain
fatty acid, in these five Acer species is high. Consumption of
food rich in erucic acid has been found to have negative effects
on health and erucic acid has been classified a natural toxicant
(Abbott et al., 2003). According to previous studies, long-term
exposure to high concentrations of erucic acid can damage heart
tissue (Kramer et al., 1992; Bremer & Norum, 1982). Although this
has never been reported in humans, it has been reported in
experimental and production animals such as rats, pigs and
chickens (Sissener et al., 2018). Several reports have suggested
that the consumption of mustard/rapeseed oil with more than
7% erucic acid can cause myocardial lipidosis and fibrosis in
animals, thus making it undesirable for human consumption
(Schiefer et al., 1978; Mersel et al., 1979; Chien et al., 1983).
Furthermore, regulations in Canada state that in cooking oil,
margarine, salad oil, simulated dairy products, shortening or
other foods that resemble margarine or shortening, the erucic
acid and cetoleic acid content must not exceed 5% of the total
fatty acid content (Government of Canada, 1978). Therefore, it is
highly important to identify maples that are sources of nervonic
acid but also have a low erucic acid content. Acer triflorum, a
member of the Aceraceae family, is a deciduous tree species
that is distributed mainly in southeastern Heilongjiang, Jilin,
Liaoning and other provinces of China as well as in Korea
(Flora of China Editorial Committee, 2008). This species has an
attractive red autumn leaf color and is the best tree species for
growing autumn-color forests in Northeast China. In addition,
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this species produces ample amounts of nectar. Research on the
ornamental value and cultivation techniques of Acer triflorum is
currently very popular, but other aspects are lacking. Owing to
its large seed size, we hypothesized that this species may contain
a high oil content and high nervonic acid content, so we studied
the oil content and fatty acid composition of its seeds.

2 Materials and methods

2.1 Plant materials

Samaras of Acer triflorum were collected from Xinbin Manchu
Autonomous County, Liaoning Province (N125.03979 E41.73371),
in October 2018. The selected plants that produced the samaras
were mature and free of disease, and they were strongly growing.
The samaras were naturally dried in the shade, and their seeds were
dried at 103 + 2 °C to determine the oil and fatty acid contents.

2.2 Morphological index determination

The following 15 morphological indexes of the samaras
and seeds of Acer triflorum were measured with straightedge,
protractor, Vernier caliper and analytical balance: fruit length,
fruit thickness, wing length, wing width, fruit/wing ratio, open
angle, connection angle, inserted tail length, seed length, seed
width, seed thickness, 100-seed weight, 100-fruit weight, kernel
percentage and moisture content (Li et al., 2011).

2.3 Oil content

Oil extraction was determined using Soxhlet extraction
according to the China National Standards (GB 5009.6-2016).
Approximately 5g of kernels were crushed into a powder and
then subjected to Soxhlet extracter using petroleum ether (boiling
point 30-60°C) as the solvent at 60 °C for 8-10h. After solvent

evaporation, the flask containing fat was dried at 105 °C, cooled
in a desiccator, and reweighed (Liang et al., 2019).

2.4 Fatty acid determination

Fatty acid composition was determined by gas chromatograph
(GC). the specific method referenced Liang et al. (2019). The fatty
acid methyl esters (FAMEs) profiles obtained for each accession
were determined using an Agilent 7890A (Agilent, Palo Alto, CA,
USA) gas chromatography (GC) equipped with a flame ionization
detector (FID) using 17:0 FAME as an internal standard. The DB-23
capillary column (length 30 m, inner diameter 0.32 mm, film
thickness 0.25 pm) was used in this detection. The injector and
detector temperatures were 230 °C and 280 °C, respectively.
Oven temperature was held at 180 °C for 5 min, with a rise of
3 °Cemin™' to 230 °C. The carrier gas (helium) was delivered
using a flow rate of 1.0 mLemin™" and 1 uL samples were injected
manually using a split injection mode. Fatty acid methyl ester peaks
were identified by comparing their retention time with those of
known standards run under the same conditions. The data were
reported as the mean + standard deviation.

3 Results and discussion

3.1 Morphological characteristics

The morphological characteristics of samaras and seeds are very
important to the breeding of Acer triflorum. The statistical data of
15 quantitative characteristics are shown in Table 1. Among these
characteristics, the open angle presented the largest coefficient
of variation—0.470. The 100-seed weight, kernel percentage
and moisture content were 4.17 + 0.111g, 17.1 + 0.208% and
7.29 £0.209%, respectively, which are important in terms of the
production of Acer triflorum seed oil in the future.

Table 1. Morphological characteristics of the ssamaras and seeds of Acer triflorum.

Morphological characteristics Mean Min Max Standard deviation C(i;ffi:i;:; of
Fruit length (mm) 10.27 7.00 14.00 1.365 0.133
Fruit thickness (mm) 7.18 5.86 8.23 0.456 0.064
Wing length (mm) 36.19 22.00 45.00 6.868 0.189
Wing width (mm) 13.68 9.00 19.00 1.775 0.129
Fruit/wing ratio 1/2.8 1/2.2 1/5.0 0.075 0.267
Open angle (°) 30.47 5.00 70.00 14.330 0.470
Connection angle (°) 3291 15.00 50.00 7.539 0.229
Seed length (mm) 6.34 522 7.07 0.392 0.062
Seed width (mm) 4.31 3.34 5.28 0.478 0.111
Seed thickness (mm) 3.73 2.65 4.96 0.423 0.113
Inserted tail length (mm) 6.77 5.39 8.16 0.576 0.085
100-seed weight (g) 4.17 4.02 4.29 0.111 0.027
100-fruit weight (g) 24.37 23.87 24.72 0.364 0.015
Kernel percentage (%) 17.10 16.84 17.35 0.208 0.012
Moisture content (%) 7.29 6.89 7.64 0.309 0.042
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3.2 Oil content

The oil content is a crucial index of whether a crop can be
used for production, and the higher the oil yield is, the lower the
cost of production (Kumar & Sharma, 2011). The results showed
that the seed oil content of Acer triflorum was 33.44 + 0.098%.
This content was slightly higher than that of Acer truncatum
(28.57%) reported by Liang et al. (2019) and lower than that of
Acer truncatum (47.60%) reported by Liang et al. (2019), which
meant that the oil production capability of Acer triflorum was
similar to that of Acer truncatum.

3.3 Fatty acid composition

In this study, Acer triflorum seed oil was found comprise
mainly 16 fatty acids (Table 2). Among them, linoleic acid
(C18:2, 44.01 + 0.289%), oleic acid (C18:1, 20.64 + 0.621%),
docosadienoic acid (C22:2, 12.68 + 0.381%), peanutenedioic
acid (C20:2,6.78 £ 0.162%), palmitic acid (C16:0,4.96 + 0.210%)
and nervonic acid (C24:1, 4.50 + 0.144%) were constituted the
greatest proportion, accounting for 93.57%. Notably, the erucic
acid content was 0.74 £ 0.049%, which was much lower than
that of Acer truncatum (16.49%) (Liang et al., 2019).

Linoleic acid, a major compound found among the fatty acids
of Acer triflorum, has been thoroughly demonstrated to lower
blood cholesterol and low-density lipoprotein (LDL) cholesterol
concentrations, particularly when it replaces common saturated
fatty acids (Calder, 2015; Rabionet et al., 2014). Oleic acid is a
monounsaturated fatty acid, and high oleic acid contents in
edible oil can reduce harmful LDLs in human blood, prevent
arteriosclerosis (Chang & Huang, 1998), avoid the production
of harmful trans-fatty acids (Nelson, 1998) and prolong the
shelf-life of vegetable oil products; in addition, oleic acid has
a high oxidation stability and yields few oxidation products

Table 2. Fatty acid composition of Acer triflorum.

Fatty acid Composition (%)
C16:0 Palmitic acid 4.96 £0.210
Cl6:1 Palmitoleic acid 0.06 £ 0.005
C17:0 Heptadecanoic acid 0.14 + 0.005
C17:1 Heptadecenoic acid 0.07 + 0.005
C18:0 Stearic acid 2.12+£0.090
C18:1 Oleic acid 20.64 £ 0.621
C18:2 Linoleic acid 44.01 £ 0.289
C18:3 Linolenic acid 1.99 + 0.066
C20:0 Arachidic acid 0.33 £ 0.005
C20:1 Peanutoic acid 0.28 + 0.047
C20:2 Peanutenedioic acid 6.78 £ 0.162
C22:0 Behenic acid 0.33+0.014
C22:1 Erucic acid 0.74 £ 0.049
C22:2 Docosadienoic acid 12.68 + 0.381
C24:0 Tetracosanoic acid 0.32+0.012
C24:1 Nervonic acid 4.50 £ 0.144
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(Ge et al., 2015). Docosadienoic acid can promote health and
is beneficial to the human body (Meesapyodsuk et al., 2018).
The content of nervonic acid in Acer triflorum was 4.50 £ 0.144%,
which was a little lower than that of Acer truncatum (6.10 + 0.63%)
(Liang et al., 2019), but it is enough to be a maple species that
serves as a resource for nervonic acid. Especially, the content
of erucic acid was less than 1%, which was in agreement with
the foreign edible oil standard.

4 Conclusion

The seed oil content of Acer triflorum was 33.44 + 0.098%
and revealed the presence of 16 fatty acids, of which nervonic
acid was 4.50 £ 0.144% and erucic acid was 0.74 £ 0.049%.
The ultralow erucic acid content solves the problem of too high
erucic acid content in the seed oil of Acer truncatum. Acer triflorum
is currently more commonly used as an ornamental species and
for greening, but as an economic oil tree species, there is a lack
of investment and research. Notably, Acer triflorum has great
development potential. However, several aspects require further
in-depth research, such as the production of Acer triflorum seed
oil, the industrialization of high-quality species, the development
and utilization of medicine and the resultant medicinal value,
and the exploration of high-yield cultivation technology.
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