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ABSTRACT: Edible vegetable oils can provide most of the fatty acids, vitamin E, and certain phytochemicals necessary in the daily
human diet to facilitate the required physiological activities. However, there are many types of edible vegetable oils on the market,
and evaluating their nutritional quality is a matter of significant interest to consumers and producers. Most of the existing research
studies that comparatively analyze and qualitatively describe the type, content, and proportion of nutrients in edible vegetable oil
lack a comprehensive method for evaluating the nutritional quality of edible vegetable oil. Based on the physical and chemical
analysis of fatty acids, vitamins, and phytochemicals in edible vegetable oil, this study aims to establish a model for a comprehensive
evaluation of the nutritional quality of edible vegetable oils. The characteristic nutrients in edible vegetable oil were screened as the
evaluation index, while the 2013 China Dietary Reference Intake and French Population Reference Intakes For Fatty Acids was
considered the evaluation threshold. When each evaluation index in the edible vegetable oil reached the range stipulated by the
reference intake of dietary nutrients, the index will get 1 point. The total score of each index was accumulated to evaluate the
nutritional quality of the edible vegetable oils comprehensively. In this study, 13 edible vegetable oils, including low erucic acid
rapeseed oil (in America, people usually call it canola oil), soybean oil, peanut oil, sunflower seed oil, flaxseed oil, edible blend oil,
olive oil, palm oil, corn oil, camellia oil, peony seed oil, sacha inchi oil, and sesame oil, were selected as the evaluation objects
because they are very common in China. Seven evaluation indexes were found for total saturated fatty acids (SFAs), atherogenic fatty
acids (SFAs with 12, 14, and 16 carbon chains), monounsaturated fatty acids, polyunsaturated fatty acids like linoleic acid and a-
linolenic acid, vitamin E, and phytosterol. When the evaluation index met the evaluation threshold, it was scored 1 point. Scores
ranged from 2 to 6. The highest scores were obtained from peony seed oil, flaxseed oil, low erucic acid rapeseed oil, and edible blend
oil all of which were 6 points. The lowest score belonged to palm oil at 2 points. The higher the score, the higher the degree of
satisfaction between the various nutrients in the edible vegetable oil and the dietary reference intake of this model is. This paper
establishes a new method for the nutritional evaluation of edible vegetable oils, which is convenient for comparing the overall
nutritional quality of different kinds of edible vegetable oils while providing a new technique for the extensive evaluation of edible
vegetable oil.

B INTRODUCTION

Edible vegetable oil forms a vital part of the human diet and can
provide the energy and fatty acids needed by the body and Received:  November 12, 2020
promote the digestion and absorption of fat-soluble vitamins. Accepted:  February 26, 2021
With the improvement of people’s living standards, China’s per Published: March 5, 2021
capita consumption of vegetable oil remains at a high level.

According to data provided by the first volume of 2013 Report

on the Nutrition and Health Status of Chinese Residents,' the
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average daily fat intake of Chinese urban and rural residents is
79.7 g, while the 2013 China Dietary Reference Intake-
Acceptable Macronutrient Distribution Ranges” suggests that
the total fat intake from the diet should be 20—30% of the total
energy intake. If the daily energy intake per person is calculated
to be 2000 kcal, the total daily fat intake per capita should be
44.4—66.7 g. However, the current total daily fat intake per
capita in China is substantially higher than the recommended
value. The top five food sources for fat are edible oils (50.1%),
animal meat (22.5%), flour (6.4%), others (5.7%), and eggs
(3.3%). Edible vegetable oil provides about 50% of the total
dietary fat, which is equivalent to about 39 g of edible vegetable
oil per day,of which the top three edible vegetable oils are
rapeseed oil (12.8%), peanut oil (7.4%), and soybean oil
(6.5%)." The 2016 Chinese Dietary Guide’ recommends a daily
consumption of edible oil per person of 25—30 g. However, the
real daily intake is far higher than this guide." Many research
studies suggest that the primary fatty acids in edible vegetable oil
are palmitic acid (C16:0), stearic acid (C18:0), oleic acid
(C18:1), and linoleic acid (C18:2) of which oleic acid and
linoleic acid display the highest levels.* However, rapeseed oil,
peanut oil, and soybean oil are high in oleic acid and linoleic acid,
and maintaining a prolonged diet pattern high in linoleic acid
leads to excessive intake of omega-6, damaging the balance
between n-6 and n-3PUFAs. Although the intake of aquatic
products and seafood in the coastal areas may be adequate to
increase the n-3 levels, it remains too low in some inland regions.
The average intake of fish per person per day in China is about
23 g, which is lower than the 40—70 g/d recommended by the
2016 Chinese Dietary Guide.” The content and proportion of
fatty acid intake are closely related to human health. Consuming
an appropriate amount of fatty acids is conducive to the normal
metabolism of fat, while excessive ingestion leads to the
deposition of fat in the body, resulting in hypertension,
hyperlipidemia, and other diseases.

The current research on edible vegetable oils mainly focuses
on composition analysis and nutritional composition compar-
ison, such as fatty acid composition analysis, content
determination, and identification of phytochemicals, which are
not linked to human demand.

Analysis of the Nutritional Components of Edible
Vegetable Oil. Edible vegetable oil forms an integral part of the
human diet and consists of triacylglycerol (95—98%) and other
trace compounds (2—5%),° which can provide most of the fatty
acids required by the human body for physiological activities.
Furthermore, edible vegetable oil also contains certain amounts
of vitamin E and phytochemicals, such as phytosterols and
squalene.” ™’

The content of five major fatty acids in corn oil, sunflower oil,
soybean oil, tea oil, rapeseed oil, and peanut oil were compared
and indicated that the average unsaturated fatty acid content in
all types of edible vegetable oils exceeded 80%, while that of SFA
was about 10%."° Further experiments compared the vitamin E
content in nine edible vegetable oils (138 different brands),
showing that it ranged from 5.9 to 1246.6 mg/kg, with an
average of 652.4 mg/kg. The vitamin E level was the highest in
first-grade soybean oil, ranging from 804.5 to 1246.6 mg/kg."'
Furthermore, edible vegetable oil is rich in phytosterols,
providing an excellent way for humans to ingest these
compounds.'” Measuring the phytosterol content, such as
campesterol, stigmasterol, rapeseed sterol, and f-sitosterol in 56
edible vegetable oils and 7 edible blend oils, indicated that all of

them contained only two of the four sterols, f-sitosterol and
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campesterol. Of the tested oils, corn oil and rapeseed oil
exhibited the highest total sterol content, with averages of
8916.6 and 8811.1 ug/g, respectively.” In addition, edible
vegetable oil also contained a small number of plant
polyphenols, squalene, and carotenes."*

Evaluation of the Nutritional Quality of Edible
Vegetable Oil. The various ingredients in edible vegetable
oil all have their respective functions during the process of
human physiological metabolism. For example, n-3 polyunsatu-
rated fatty acids (PUFAs) play a critical role in promoting the
health of the brain and retina. a-Linolenic acid, which belongs to
n-3 fatty acids, has physiological functions such as antiathero-
sclerostic, prevention of cardiovascular and cerebrovascular
diseases, weight loss, and lowering blood lipids. It can be
converted into long-chain n-3 polyunsaturated fatty acids DHA
and EPA in the human body, increasing the levels of DHA and
EPA in most tissues and exerting similar physiological functions
as that of DHA and EPA." Vitamin E is a fat-soluble vitamin,
which is a natural antioxidant and immunomodulator. In the
daily diet, vitamins are mainly derived from edible vegetable oils
of which germ oil and soybean oil are the most abundant.'
Phytosterols have critical physiological functions that can
decrease the risk of cholesterol while playing anti-inflammatory,
antiatherosclerotic, antioxidant, and antitumor roles provided
that they are present in adequate amounts.'”*®

An examination of perilla oil, almond oil, and hemp seed oil
found that the linoleic acid content was the highest in the hemp
seed oil, a-linolenic content was the highest in perilla oil, and
MUEFA content was the highest in almond oil. The characteristic
fatty acids in the three types of edible vegetable oils were all
different, displaying a variety of contents.'” Several studies
compared the fatty acid composition of olive oil, camellia oil,
peanut oil, rapeseed oil, and soybean oil in which the content
was analyzed. Results indicated that both olive oil and camellia
oil were rich in n-9 fatty acids; peanut oil, olive oil, and camellia
oil were low in n-3 fatty acids; and peanut oil and soybean oil
contained high levels of n-6 fatty acids. From a nutritional
perspective, edible vegetable oil rich in n-9 fatty acids, i.e., oleic
acid is not suitable for single long-term, uninterrupted
consumption because it is not an essential fatty acid according
to Dietary Reference Intakes (DRIs), and prolonged in%estion
will result in an insufficient intake of essential fatty acids.”” Sacha
inchi oil represented a new type of vegetable oil whose fatty acid,
phytosterol, and vitamin E content were compared with that of
common edible vegetable oils. The results indicated that the a-
linolenic acid and phytosterol levels were 43.62% and 265.61
mg/100 g, respectively, which exceeded the corresponding
levels in common edible vegetable oils.** The calories, SFA
content, n-6/n-3 ratio, and vitamin E content of rapeseed oil,
soybean oil, peanut oil, rapeseed oil, cottonseed oil, corn oil, and
palm oil were also determined. Except for soybean oil, sunflower
oil, and cottonseed oil, the ratio of polyunsaturated and vitamin
E content was ideal in the rest of the plant oils. Therefore, edible
vegetable oil exhibiting sufficient levels of fatty acid saturation,
n-6/n-3 ratio, and appropriate vitamin E content should be
selected to adequately fulfill human dietary requirements.””

The methods currently used for evaluating edible vegetable
oils focus primarily on describing and comparing the nutrients.
Therefore, the nutritional content is simply used as a
representation of the nutritional quality of edible vegetable oil,
rarely linking with the demand of humans and ignoring the
overall nutritional balance. Consequently, it is necessary to build
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a comprehensive, scientific, quantitative evaluation model
denoting the nutritional quality of edible vegetable oil.

This study referred to the 2013 China Dietary Reference
Intake” to establish this model. The scoring model was
established by screening the typical nutritional indicators of
the edible vegetable oil and following the recommended
threshold value suggested by the 2013 China Dietary Reference
Intake.” The model focused on the nutritional characteristics of
different edible vegetable oils available in the Chinese market
and aimed to propose a comprehensive method for evaluating
the nutritional quality of edible vegetable oils. Combined with
the actual situation in China, the goal is to adjust and correct the
current undesirable fatty acid diet structure and meet the
growing nutritional needs of consumers while promoting the
development of a healthy dietary structure.

B SELECTION OF EDIBLE VEGETABLE OIL
EVALUATION INDEXES

Because the nutritional components of edible vegetable oils are
complex, research cannot only focus on a single characteristic.
However, because it is not possible to simultaneously include all
components in the evaluation scope, it is necessary to reasonably
select the evaluation indexes. The fatty acids in edible vegetable
oils can be divided into SFA, MUFA, and PUFA. Fatty acids can
form triacylglycerols with glycerin, commonly known as fats,
which can provide and store energy for the body, promote the
absorption of fat-soluble vitamins, and maintain constant body
temperature. The human body can synthesize many kinds of
fatty acids on its own. However, the linoleic acid and a-linolenic
acid in PUFA, which are essential to the human body, cannot be
naturally synthesized and are derived via food consumption.
Vitamins can be divided into those that are water-soluble and
those that are fat-soluble. Neither of these constitutes the body’s
structural components and do not provide energy, but their
metabolites can participate in the body’s many metabolic or
apoptotic processes. These vitamins can generally not be
synthesized by the body and must be derived from food. Fat-
soluble vitamin E, which is required for daily human
physiological activities, is mainly derived from edible vegetable
oil, where germ oil is especially abundant. Edible vegetable oil is
also rich in phytosterols, providing an excellent way for humans
to ingest these compounds. Phytosterols in the diet can decrease
total serum cholesterol, as well as low-density lipoprotein
cholesterol (LDL-C) and is beneficially related to decrease the
incidence of certain cancers.

Fatty Acids. The SFA, MUFA, and PUFA contained in
edible oils vary in type, content, and ratio. Although SFA is
commonly found in the fats of animals, such as beef, mutton, and
pork, they are also present in plant oils such as coconut oil, cocoa
oil, and palm oil. SFAs commonly found in edible vegetable oils
are palmitic acid and stearic acid. It is generally believed that
SFA in the diet may increase the level of serum LDL-C by
inhibiting its receptor activity, resulting in the deposition of
cholesterol on the inner walls of arterial blood vessels and
increasing the body’s susceptibility to various types of
cardiovascular diseases (CVDs).>*™*°

MUFA refers to fatty acids with only one double bond, which
can lower blood sugar and cholesterol and regulate blood
lipids.”>*° In the daily diet, this usually refers to oleic acid.
Studies have shown that oleic acid can reduce the risk of a
coronary heart disease by lowering LDL-C.”” Of the common
edible vegetable oils, olive oil and camellia oil are representative
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of oleic oils, and their oleic acid content can exceed 70% of the
total fatty acid content.

PUFA refers to straight-chain fatty acids containing two or
more double bonds with a carbon chain length of 18 to 22
carbon atoms and mainly includes n-3 and n-6 PUFAs. Linoleic
acid is an n-6 PUFA with two double bonds that can reduce the
risk of a coronary heart disease by lowering LDL-C*® and the
incidence of diabetes.”” Conjugated linoleic acid (CLA) is an
isomer of linoleic acid with anticancer and antiatherosclerotic
properties, and it can enhance body immunity, regulate fat
metabolism, and promote bone tissue metabolism.’’ a-
Linolenic is an n-3 FA that mainly exists in plant resources,
while trace amounts exist in animal resources.”" It is an essential
unsaturated fatty acid that cannot be synthesized by the human
body. a-Linolenic is the precursor of a series of metabolites
under the action of desaturase and elongase, the most important
of which are eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA).?”> EPA and DHA are unsaturated fatty acids that
cannot be synthesized by the body and can only be obtained
from food sources such as fish, shellfish, crustaceans, and
microalgae. Studies have shown that EPA and DHA can reduce
the mortality rate associated with the coronary heart disease and
at different doses have been shown to decrease the risk of
coronary artery death from 10 to 30%’’ and prevent the
occurrence of CVD and allergic diseases, while promoting the
development of the nervous system and cognitive function of
newborns and fetuses.”

Vitamin E. In a daily diet, edible vegetable oil denotes the
primary source of natural vitamin E, which is generally extracted
during the distillation process of vegetable oil refining and
deodorization.*® Vitamin E is a characteristic nutritional index of
vegetable oil, as well as a micronutrient affecting its oxidative
stability and nutritional quality. Moreover, vitamin E is a fat-
soluble vitamin with eight isomers, including o, S, y, and 6, as
well as four tocopherols and four tocotrienols. Studies have
shown that vitamin E performs certain physiological functions
regarding antioxidation, inhibition of cholesterol synthesis and
tumor cell growth, improvement of atherosclerosis, and
prevention of CVDs.

Phytochemicals. Edible vegetable oil also contains a variety
of phytosterols, such as plant polyphenols, squalene, and
carotenoids. The most common phytosterols are fB-sitosterol,
stigmasterol, campesterol, and rapeseed sterol. Plant sterols
perform vital physiological functions, such as lowering
cholesterol and displaying anti-inflammatory, antiatheroscler-
otic, antioxidant, and antitumor properties. Plant sterols are
essential functional components of edible vegetable oils, while
the composition and form of these phytosterols vary significantly
and can be used as a characteristic index to distinguish
nutritional values between edible vegetable oils.

B THE EVALUATION MODEL

Evaluation Index. The establishment of the evaluation
model was based on the 2013 China Dietary Reference Intake”
and French Population Reference Intakes (ANCs) For Fatty
Acids*® screening indicators, including SFA, total MUFA,
atherosclerotic fatty acids (C12:0 + C14:0 + C16:0), linoleic
acid, a-linolenic acid, vitamin E, and phytosterols.

Threshold Calculation. The 2013 China Dietary Reference
Intake” stipulates the recommended daily intake of some fatty
acids of which linoleic acid and a-linolenic acid are essential,
while the acceptable range for the daily intake of EPA and DHA
is 0.25—2.0 g. Currently, there are two essential fatty acids in
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China, including linoleic acid and a-linolenic acid. In the 2013
China Dietary Reference Intake, the Dietary Reference Intakes
(DRIs) are set for linoleic acid and a-linolenic acid, as well as the
Acceptable Macronutrients Distribution Ranges (AMDRs) are
set for the total fat content, saturated fatty acids, total intake of n-
6 PUFAs, and total intake of n-3 PUFAs, as shown in Table 1.

Table 1. Calculation Based on the Daily Energy
Requirements of 2000 kcal, According to the 2013 China
Dietary Reference Intake - Fatty Acids and the Daily Fatty
Acid Intake of Chinese Adults Should Account for the Total
Energy Range

fatty acids %energyb
DRIs C18:2 4.0

C18:3 0.6
AMDR total fat 20—-30

SFA <10

n-6 PUFAs 2.5-9.0

n-3 PUFAs 0.5-2.0

EPA + DHA” 0.25-2.0

“The unit of EPA + DHA is g/d "Energy: 2000 kcal

MUFA is widely found in food, such as nuts, vegetable oils,
meat, and dairy products and primarily includes palmitoleic acid
and oleic acid, which are abundant in common edible vegetable
oils. Evidence shows that instead of carbohydrates, it can
increase high-density lipoprotein (HDL) levels, and by replacing
SFA, especially atherosclerotic fatty acids, it can reduce the ratio
of (LDL + total cholesterol)/HDL. Based on the recommended
intake of MUFA = total fatty acid intake (%E) — SFA (%E) —
PUFA (%E) — trans fatty acids (%E), the maximum amount is
between 7—17 %E.”” A meta-analysis found that in two groups
with six months of high and low MUFA (<12 %E) ingestion,
respectively, the higher group (MUFA >12 %E) significantly
decreases the blood pressure and diastolic blood pressure of the
high consumption group.*®

France has formulated appropriate reference amounts of oleic
acid intake, recommending that the daily intake of oleic acid
content be within 15—20 %E,** while the 2013 China Dietary
Reference Intake does not provide a recommended value for
MUFA. To ensure the appropriate ingestion of MUFA, the daily
intake should be no less than 15 %E.

The 2013 China Dietary Reference Intake specifically
recommended that the daily intake of phytosterol is 900 mg,
and the maximum tolerable intake is 2400 mg.” According to the
nutrition and health surveys of Chinese residents in 2002 and
2013, the total per capita daily sterol intakes in China were
322.41 and 372.52 mg, respectively, which were far below the
specifically recommended value. In 2013, the nutrition and
health data of residents showed that the vegetable oil intake was
41.8 g, providing 42.86% of the total sterol content, which is
equivalent to 140.38 mg." Therefore, the suggested daily intake
of edible vegetable oil was 20 g, while it was recommended that
all types of edible vegetable oils be evaluated with 70 mg of
phytosterols as the minimum threshold.

Table 2 shows that 2000 kcal is taken as the daily total energy
intake, and the proportion of fatty acid energy is converted into
daily intake, and the unit is expressed in g. EPA + DHA, vitamin
E, and phytosterol were directly expressed as daily intake. In
Table 2, the evaluation index of total atherogenic fatty acids
(C12:0 + C14:0 + C16:0) is added, which is according to French
Population Reference Intakes (ANCs) For Fatty Acids. At

6694

Table 2. Recommended Intake of Different Fatty Acids,
Vitamin E, and Phytosterol and the Total Daily Energy Intake
per Person is 2000 kcal

calories recommended
fatty acids %E (kcal) intake (g)
linoleic acid 4.0 80 9
a-linolenic acid 0.6 12 1.5
total fat 20-30 400—600 44.4—66.7
SFA <10 <200 <222
MUFA >15 >300 >33.3
atherogenic fatty acids <18g
total value of n-6 2.5-9.0 50—180 5.6—20.0
PUFAs
total value of n-3 0.5-2.0 10—40 1.1-4.4
PUFAs
EPA + DHA” 0.25-2.0
vitamin E 14 mg
phytosterol” 0.9-2.4

“The unit of EPA + DHA is g/d YRepresents the specific
recommended value of phytosterols and the maximum tolerable
intake

present, there is no reference intake threshold of atherogenic
fatty acids in China. However, atherosclerosis is a common
disease seriously endangering human health. In recent years, the
incidence rate of this disease has increased significantly in China.
According to the results of autopsy, the detection rates of
coronary and aortic atherosclerotic lesions were 58.36 and
88.31%, respectively, in 40—49 year old people and gradually
increased with age.””

The 2013 Report on the Nutrition and Health Status of
Chinese Residents' shows that the current daily intake of edible
oil per person in China is 41.8 g of which vegetable oil accounts
for 37.1 g, which varies slightly from 39 g. The recommended
amount of edible vegetable oil accounted for 50% of the total
dietary fatty acids because the daily fat intake of edible vegetable
oil per person should be 22.2—33.3 g. When the actual model
was established, the daily intake of vegetable oil per person was
20 g, accounting for approximately 45% of the total daily fat
intake per capita.

Because there are no EPA and DHA in edible vegetable oil, we
decided to select saturated fatty acid, monounsaturated fatty
acid, linoleic acid, a-linolenic acid, total atherogenic fatty acid
(C12:0 + C14:0 + C16:0), vitamin E, and phytosterol as
evaluation indexes finally. Table 3 shows the daily performance
of the seven indicators.

Table 3. Evaluation Threshold

fatty acids intake (20 g)
linoleic acid 1.69
a-linolenic acid 0.68
SFA <9.99
MUFA >14.99
atherosclerotic fatty acids <8.10
vitamin E“ 6.30
phytosterol 70 mg

“Daily recommended is multiplied by ratio, 14 X 0.45 = 6.30, and the
unit is mg.

https://dx.doi.org/10.1021/acsomega.0c05544
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Table 4. Evaluation Results for the 13 Edible Vegetable Oils

saturated fatty atherosclerotic fatty =~ monounsaturated fatty linoleic a-linolenic total
edible vegetable oil acids acids acids acid acid vitamin E  phytosterol ~ score
Iowlerucic acid rapeseed 1.32 0.76 12.28 3.75 1.51 12.18 114.03 6
oil
soybean oil S.00 2.01 5.54 9.88 1.25 18.6 63.42 N
peanut oil 3.68 2.12 8.50 6.56 0.02 8.4 51.94 4
sunflower seed oil 2.18 1.08 6.04 10.40 0.04 10.9 74.45 S
flaxseed oil 1.62 0.94 3.74 2.83 10.71 7.50 116.98 6
edible blend oil 2.26 1.45 8.92 6.35 1.03 16.61 102.80 6
olive oil 2.70 2.01 15.02 1.20 0.11 4.40 54.02 3
palm oil 8.78 8.01 8.24 2.05 0.04 3.0 3.0 2
corn oil 2.80 2.35 5.84 9.89 0.11 10.20 206.41 N
camellia oil 1.90 15§ 15.76 1.30 0.00 6.50 23.58 3
peony seed oil 2.44 1.54 3.22 4.25 8.07 11.20 92.00 6
sacha inchi oil 2.15 1.92 1.23 7.32 8.29 22.32 53.12 S
sesame oil 2.78 1.63 7.56 8.34 0.06 13.71 62.34 4
B RESULTS has led to a significant reduction in the erucic acid content of

Thirteen kinds of edible vegetable oils, including low erucic acid
rapeseed oil, soybean oil, peanut oil, sunflower seed oil, flaxseed
oil, edible blend oil (edible blend oil is a mixture oil with two or
more kinds of oil, which is also a type of vegetable oil), olive oil,
palm oil, corn oil, camellia oil, peony seed oil, sacha inchi oil, and
sesame oil, were selected for evaluation, according to the data
provided by the 2016 China Food Composition Tables*’ and
several other studies. Erucic acid is a long-chain MUFA. The
long-term consumption of rapeseed oil rich in erucic acid will
cause the excessive accumulation of this compound, leading to
the thickening of blood vessel walls and the deposition of cardiac
fat.*" Therefore, to better meet human health requirements,
China began to research on the effect of low erucic acid and low
glucosinolate rape around 1980. After 2000, China began to
promote and apply it on a large scale. The Chinese national
standard for rapeseed oil and the industry standard for low
erucic acid rapeseed oil respectively stipulate that the erucic acid
in rapeseed oil should be lower than total fat contents of 3 and
5%. At present, Chinese rapeseed oil is low in erucic acid.
Therefore, it was decided to use the low erucic acid rapeseed oil
data for model verification.

According to the data consulted, the content of evaluation
indexes in each vegetable oil was calculated and evaluated, and
the evaluation results are shown in Table 4.

The scores of the thirteen vegetable oils ranged from 2 to 6.
The highest scores were obtained from low erucic acid rapeseed
oil, flaxseed oil, and peony seed oil, while the lowest score was
evident in palm oil. The results indicated that peony seed oil,
flaxseed oil, and low erucic acid rapeseed oil have the highest
scores, which were similar to those of Li.** The score of edible
blend oil is also 6 points, but edible blend oil is a kind of artificial
edible vegetable oil. It is an edible oil made from two or more
refined oils (except aromatic oil) in proportion according to the
needs of use, hence the score is also high.

The model reflects the relationship between types as well as
contents of fatty acid in different edible vegetable oils and the
human demand. Therefore, the higher the score of edible
vegetable oil, the higher the fit of the edible vegetable oil with the
human fatty acid demand is. Consumers should try to choose
edible vegetable oils with a higher score.

Rapeseed oil is a traditional Chinese edible vegetable oil with a
balanced fatty acid content and ratio and contains high vitamin E
and phytosterol levels. The advent of low erucic acid rapeseed oil

traditional rapeseed oil, thereby reducing the risk of thickening
blood vessel walls and cardiac fat deposition.

However, combined with the analysis of the current Chinese
dietary structure, the per capita intake of linoleic acid in China
has exceeded the recommended value, and the ratio of n-6/n-3
PUFAs has become unbalanced. Therefore, the current dietary
fatty acid intake and the ingestion ratio of the Chinese people
need to be adjusted to reduce the consumption of linoleic acid to
the recommended level, while increasing the intake of a-
linolenic acid and ensuring that the n-6/n-3 PUFAs are within a
reasonable range.

Rapeseed oil has a low linolenic acid content and cannot be
adjusted sufficiently within a certain intake range. Peony seed oil
and sacha inchi oil are new food resources approved by the
National Health Commission of the People’s Republic of China,
and both have higher a-linolenic acid levels. Therefore,
appropriately increasing the intake of peony seed oil and sacha
inchi oil is beneficial for modifying the current dietary pattern
exhibiting an n-6/n-3 PUFA imbalance.

The evaluation model of fatty acids in this study mainly
focuses on the evaluation of nutritional quality of fatty acids, but
in daily consumption, consumers may also consider other
factors, such as flavor and taste. For example, sesame oil, in
China, is a type of seasoning oil, which is often used in all kinds
of salad mix. Therefore, in this study, even the consumption of
sesame oil is small, we also take this in consideration in our
research.

B DISCUSSION

This article is based on the 2013 China Dietary Reference
Intake, and after thoroughly studying the fatty acid intake of
Chinese residents, a reasonable range of daily per capita
consumption of edible vegetable oils was determined (a
recommended daily intake of 20 g). Furthermore, to establish
the model, the nutritional characteristics of edible vegetable oils
as well as China’s recommended intake values regarding fatty
acids, vitamin E, and phytosterols were examined. The scoring
results mainly indicate whether each evaluation index in the
edible vegetable oil meets the reference intake requirements.
More importantly, the scoring result level only represents the
degree of satisfaction and does not directly reflect the level of its
nutritional value. However, the reference intake of dietary
nutrients is revised by the Chinese Nutrition Society (CNS),
according to the nutritional survey data and dietary character-
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istics of Chinese residents. Based on the Chinese Recommended
Daily Allowance (RDA) and referring to foreign DRI docu-
ments, CNS revised the current DRIs, including the estimated
average requirement (EAR), recommended nutrient intake
(RNI), adequate intake (AI), and tolerable upper intake level
(UL), reflecting the reasonable dietary pattern that Chinese
residents should be following. Therefore, to a certain extent, the
model reflects whether the indexes of the fatty acids, vitamin E,
and phytosterols in the edible vegetable oil can meet the daily
intake levels required by the human body.

Worldwide, there are currently various types of research
involvinég edible vegetable oils, including toxicological re-
search,™ " the determination of micronutrient components,46
fatty acid composition,** identification of edible vegetable oil
components,”’ and discussions concerning body markers after
edible vegetable oil intake.””>' In terms of nutritional
evaluation, as mentioned above, the current focus is on the
type, content, and proper proportion of fatty acids in edible
vegetable oil. Additionally, during the nutritional analysis
process, the comparison and description sentences are often
used to characterize the nutritional properties of edible
vegetable oil, thus dividing the two concepts of body demand
and food supply. However, it is challenging to perform a
complete evaluation of edible vegetable oil only by comparing
several nutrient contents. The impact of various components in
edible vegetable oil on human health can only be highlighted in
combination with the needs of the body or authoritative
recommendation.

The result showed that peony seed oil, flaxseed oil, and low
erucic rapeseed oil exhibited the highest scores. The analysis of
the nutritional composition of rapeseed oil, a traditional Chinese
edible vegetable oil, indicates that it contains higher MUFA
levels, which is consistent with the findings of Deng.51

Furthermore, the SFA content in rapeseed oil is low, while the
linoleic acid and a-linolenic acid levels also meet the range
requirements of the DRI intake prescribed in China. Moreover,
vitamin E and phytosterol levels are prominent as well. The
content of each nutritional component reached the range
prescribed by the reference intake of dietary nutrients, causing
the rapeseed oil to score higher.

However, although the rapeseed oil received a high score
according to the evaluation indicators discussed in this paper, its
characteristic nutritional composition was not more prominent
compared with peony seed oil and flaxseed oil both of which
containing higher a-linolenic acid levels.

The 2013 Report on the Nutrition and Health Status of
Chinese Residents' shows that the per capita daily intake of
Chinese freshwater fish is about 15 g, the ingestion of marine fish
is about 5.9 g, while the consumption of shrimp and crab is about
2.8 g. In some inland areas, the consumption of seafood will
obviously be less. Such a diet can easily lead to insufficient intake
of EPA and DHA. Also, a-linolenic acid can be converted into
EPA under the catalysis of /\ —6 dehydrogenase, elongase, /\—
S dehydrogenase, and other enzymes, and then it can be
transformed to DHA by f-oxidation.”” Colussi also pointed out
in his research that omega-3 PUFA is an important component
of mammalian cell membranes, and its content can affect cell
function.”

Furthermore, the results showed that the olive oil scores were
low, only exceeding that of galm oil, which was inconsistent with
the results obtained by Li.** Olive oil is the main source of fat in
the Mediterranean diet. Studies show that the MUFA in olive oil
accounts for about 72 to 77%" of the total fat content.
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Additionally, because olive oil exhibits a low SFA content (2 to
21%) and high antioxidant phenolic substances,” it is favored by
consumers.

The olive oil score in this model was 3, which was the same as
camellia oil and slightly higher than palm oil. Therefore, except
for MUFA, the remaining fatty acid content in olive oil did not
meet the recommended fatty acid intake requirements in China.
Furthermore, the model employed in this study used the total
amount of vitamin E as an evaluation index. Therefore, it did not
separately distinguish the respective activities of a-, f-, y-, 6-
tocopherol and tocotrienol of which a-tocopherol is the most
active form of vitamin E in the body,® while olive oil is rich in a-
tocopherol.”

The evaluation in this article only involves the total amount of
vitamin E and does not assess the physiological activity of
different forms of vitamin E. Therefore, because the total
content level of the vitamin E in the olive oil is low, the score is

not high.

B CONCLUSIONS

This study uses the recommended intake as the threshold for the
comprehensive evaluation of edible vegetable oil and the
quantification of various related nutrients and its quality. The
scoring method is used as an effective tool to provide clear values
for objectively evaluating the nutritional quality of these
nutrients, as well as common and unknown edible vegetable oils.

The final score of the model indicates whether the edible
vegetable oil meets the recommended range of the reference
amount, while the level of the score represents the degree of
satisfaction with the dietary reference amount. Within a certain
range, the score can assist consumers in choosing between
different edible vegetable oils, but the score is limited to a
comparison with dietary reference values.

However, many deficiencies regarding this research remain.
For example, only the total amount of vitamin E is considered in
this model, while different forms of vitamin E are involved in
different physiological activities. Moreover, in addition to
phytosterols, edible vegetable oils also contain other phyto-
chemicals, such as the abundance of polyphenols in olive oil, but
this model does not include polyphenols as evaluation
indicators, resulting in a lower olive oil score.

Therefore, follow-up research is necessary that includes a
wider range of indicators to improve the model and make it
more suitable for the evaluation of edible vegetable oils.
However, the recommended dietary amount is not completely
equal to the individual demand. Consequently, the evaluation
results of this article are only for the reference of Chinese
residents and cannot be accurately applied to all individuals.

In addition to edible vegetable oils, meat also provides some
fatty acids, while seafood, such as some deep sea fish, is also rich
in DHA and EPA. Therefore, the next step is to establish a
suitable model for assessing the fatty acids in meat to improve
the current Chinese dietary structure.

In conclusion, this study established a preliminary model to
evaluate the nutritional quality of fatty acids for 13 kinds of
edible vegetable oils in the Chinese market. Among them, peony
seed oil, flaxseed oil, low erucic acid rapeseed oil, and edible
blend oil had the highest score of 7. Palm oil had the lowest score
of 2. However, the model established in this paper only
considers fatty acids as a nutritional component. From the
perspective of fatty acid evaluation, people can get more
balanced fatty acids from edible vegetable oils with a higher
score. However, as mentioned above, although olive oil has alow
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score, it has a high content of vitamin E, low saturated fatty acids
(2—21%), and high antioxidant phenols. Therefore, in daily
dietary consumption, consumers can try to choose edible
vegetable oils with a higher score easily because edible vegetable
oils with a higher score can provide more balanced fatty acids.
But at the same time, vegetable oil is only a food material, and
the final dietary structure has more influence on human health.
Therefore, consumers also need to pay attention that different
kinds of vegetable oils have different effects. Although some
edible vegetable oils may have a lower score, such as olive oil,
they may provide other nutrients. Therefore, in addition to
edible vegetable oils with a high score, we also could eat various
kinds of edible vegetable oils at the same time, which will be
more conducive to improving the current fatty acid diet
structure in China.

B AUTHOR INFORMATION

Corresponding Author
Dazhou Zhu — Institute of Food and Nutrition Development,
Ministry of Agriculture and Rural Affairs, Chinese Academy of
Agricultural Sciences, Haidian District 100081, China;
Email: zhudazhou@caas.cn

Authors

Xuemei Zhao — Institute of Food and Nutrition Development,
Ministry of Agriculture and Rural Affairs, Chinese Academy of
Agricultural Sciences, Haidian District 100081, China;

orcid.org/0000-0001-6616-1294

Xia Xiang — Oil Crops Research Institute, Chinese Academy of
Agricultural Sciences, Wuhan 430062, China

Jiazhang Huang — Institute of Food and Nutrition Development,
Ministry of Agriculture and Rural Affairs, Chinese Academy of
Agricultural Sciences, Haidian District 100081, China

Yungian Ma — Institute of Food and Nutrition Development,
Ministry of Agriculture and Rural Affairs, Chinese Academy of
Agricultural Sciences, Haidian District 100081, China

Junmao Sun — Institute of Food and Nutrition Development,
Ministry of Agriculture and Rural Affairs, Chinese Academy of
Agricultural Sciences, Haidian District 100081, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.0c05544

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

This research is supported by the Agricultural Science and
Technology Innovation Program of CAAS “Evaluation and
Regulation of Nutritional Quality of Major Agricultural
Products” (CAAS-XTCX20190025).

B REFERENCES

(1) Ma, G. S.; Zhao, L. Y. In 2010—2013 report on the Nutrition and
Health Status of Chinese, Proceedings of the Symposium on Develop-
ment reports of Chinese Nutrition Research, 2014.

(2) Chinese Nutrition Society. In 2013 Chinese Dietary reference
intakes, 12th ed.; Science Press: Beijing, 2019; pp. 654—65S5.

(3) Chinese Nutrition Society. In 2016 Chinese Dietary Guide, 4th ed.;
People’s Medical Publishing House: Beijing, 2019; pp. 108.

(4) Yang, C.-Y,; Liu, X.-M.; Che, Z.-Y. Determination of Fatty Acid
Profiles in Fifteen Kinds of Edible Vegetable Oil by Gas
Chromatography-Mass Spectrometry. Food Sci. 2013, 34, 211-214.

6697

(5) Meng, L. P.; Zhang, J.; Wang, C. R; Zhang, T. Y,; Jiang, Y. R;
Yang, X. G. Analysis of dietary fatty acid intake status of Chinese
middle-aged and elderly residents. Food. Nutri. Chin. 2009, 10, 58—61.

(6) Aluyor, E. O.; Ozigagu, C. E.; Oboh, O. IL; Aluyor, P.
Chromatographic analysis of vegetable oils: A review. Sci. Res. Essays
2009, 4, 191-197.

(7) Wy, K;; Sun, X. H;; Zhuy, J.; Cai, M. Q. Vitamin E is omer content
in common edible Vegetable oils. Chin. Oils. Fats 2019, 44, 95—99.

(8) Mao, D. B,; Jia, C. X.; Sun, X. L.; Yang, G. M. Analysis of Squalene
and Vitamin E in Several Functional Vegetable Oils. J. Chin. Cereals Oils
Assoc. 2007, 22, 79—82.

(9) Trela, A,; Szymanska, R. Less widespread plant oils as a good
source of vitamin E. Food Chem. 2019, 296, 160—166.

(10) LIN, C,; XIE, X; FAN, N,; TU, Y.; CHEN, Y.; LIAO, W. Fast
analysis of common fatty acids in edible vegetable oils by ultra-
performance convergence chromatography-mass spectrometry. Chin. J.
Chromatogr. 2015, 33, 397—402.

(11) Wen, Y. Q; Liu, Y. L.; Liu, Y.; Xu, Y. H.; Wang, L. Y. In Study on
the oxidation stability and the content of vitamin E in edible vegetable
oil (Oil branch of Chinese Cereals and Oils Association), Paper
collection of the 2Sth annual academic meeting and product exhibition
meeting of oil branch of China Grain and oil society, 2016.

(12) Gao, B,; Zhang, Q.; Yang, Y. Y.; Tan, Y. Y. Research progress on
the identification of edible vegetable oil adulteration. J. Food Saf. Qual.
2018, 7, 2789—2794.

(13) Tu,R. Y.; Wu, G. H,; Luo, R. C.; Zhao, R.; Li, B.; Fan, S.; Liu, W.;
Zhao, H. Y. Analysis of phytosterols in edible vegetable oils on the
market in Beijing. Capital J. Public Health 2018, 12, 84—88.

(14) Xue, L. In Research on the Composition and Distribution of
Characteristic Nutritional Components in Edible Vegetable oils. Chinese
Academy of Agricultural Sci.; Chinese Academy Chinese Academy of
Agricultural Sciences: Beijing, 2018; pp. 1-3.

(15) Wu, Q. G.; Dy, B;; Cai, Y. L; Liang, Z. H,; Lin, Z. G.; Qiu, G. L,;
Dong, L. J. Physiological function and development of alpha-linolenic
acid. Sci. Tech. Food Ind. 2016, 37, 386—390.

(16) Yang, B. T.; Chen, F. X;; Mo, W. L,; Chen, W. Q. Study on
vitamin E content of edible vegetable oil in China. Cereals. Oils Proc.
2009, 9, 52—55.

(17) Beveridge, T. H. J; Li, T. S. C.; Drover, J. C. G. Phytosterol
content in American ginseng seed oil. J. Agric. Food Chem. 2002, S0,
744-750.

(18) Piironen, V.; Lindsay, D. G.; Miettinen, T. A.; Toivo, J.; Lampi, A.
M. Plant sterols: biosynthesis, biological function and their importance
to human nutrition. J. Sci. Food Agric. 2000, 80, 939—966.

(19) Bian, W. W; Si, X. D.; Zhai, Z. G;; Li, H. L. In Comparison of
Several Kinds of Vegetable Oil Fatty Acid Composition (Shaanxi food
science and Technology Society). Paper collection of 2013 annual
meeting of Shaanxi food science and Technology Society; 2013.

(20) Chen, J. Comparison of Composition and Nutritional Value of
Several Common Edible Vegetable Oils. Healthy reading 2013, 2, 375.

(21) Xue, L; Yang, R. L.; Wang, X.; Zhang, L. X; Zhang, L.; Li, P. W.
Analysis and quality evaluation of nutritional components in sacha inchi
oil. J. Food Saf. Qual. 2018, 9, 36—41.

(22) Yang, X. J. Discussion on the nutritional value of edible vegetable
oil. Occup. Health 2004, 20, 64—65.

(23) Chen, Y.J.; Ju,X. R;; Zhou, G. H. Classification and physiological
function of saturated fatty acids. China Oils Fats 2008, 33, 35—39.

(24) Wang, X.-X; Yang, X,; Li, Y.; Qi, D. L,; Yin, J. Z. The Research
Progress in the Relationship between Dietary Fat Intake and Fatty Acid
Composition and Cardiovascular and Cerebrovascular Diseases. J.
Kunming Med. Univ. 2012, 33, 154—158.

(25) Piernas, C; Tsiountsioura, M.; Astbury, N. M.; Jebb, B. B.
Primary Care SHOPping intervention for cardiovascular disease
prevention (PC-SHOP): protocol for a randomised controlled trial
to reduce saturated fat intake. Bmj Open 2019, 4, No. e027035.

(26) Zhang, W.-M.; Qian, J.; Wang, W. Study Survey of Nutrition and
Biological Function of MUFA. J. Cereals Oils 2005, 3, 13—15.

https://dx.doi.org/10.1021/acsomega.0c05544
ACS Omega 2021, 6, 6691—-6698


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dazhou+Zhu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
mailto:zhudazhou@caas.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xuemei+Zhao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0001-6616-1294
http://orcid.org/0000-0001-6616-1294
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xia+Xiang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jiazhang+Huang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yunqian+Ma"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Junmao+Sun"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.0c05544?ref=pdf
https://dx.doi.org/10.1016/j.foodchem.2019.05.185
https://dx.doi.org/10.1016/j.foodchem.2019.05.185
https://dx.doi.org/10.3724/sp.j.1123.2014.12004
https://dx.doi.org/10.3724/sp.j.1123.2014.12004
https://dx.doi.org/10.3724/sp.j.1123.2014.12004
https://dx.doi.org/10.1021/jf010701v
https://dx.doi.org/10.1021/jf010701v
https://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7<939::AID-JSFA644>3.0.CO;2-C
https://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7<939::AID-JSFA644>3.0.CO;2-C
https://dx.doi.org/10.1136/bmjopen-2018-027035
https://dx.doi.org/10.1136/bmjopen-2018-027035
https://dx.doi.org/10.1136/bmjopen-2018-027035
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c05544?ref=pdf

ACS Omega

http://pubs.acs.org/journal/acsodf

(27) Lopez-Huertas, E. Health effects of oleic acid and long chain
omega-3 fatty acids (EPA and DHA) enriched milks. A review of
intervention studies. Pharmacol. Res. 2010, 61, 200—207.

(28) Yang, G. C; Luo, X. M.; Chen, Y. The significance of the balance
of omega-6 and omega-3 in diet to human health. Med. Materia Med.
Res. 2006, 17, 1343.

(29) Harris, W. S. Linoleic acid and coronary heart disease.
Prostaglandins, Leukotrienes Essent. Fatty Acids 2008, 79, 169—171.

(30) Salmerén, J.; Hu, F. B.; Manson, J. E.; Stampfer, M. J.; Colditz, G.
A.; Rimm, E. B.; Willett, W. C. Dietary fat intake and risk of type 2
diabetes in women. Am. J. Clin. Nutr. 2001, 73, 1019—1026.

(31) Pan, Q. W.; Mei, Z. Preparation and component analysis of
conjugated linoleic acid from seed oil of caravan. J. Chin Cereals Oils
Assoc. 2012, 27, 43—46.

(32) Yan, X.-S;; Gu, K-R;; Ma, L.; Zhang, B; Zhao, H. Research
progress on a-linolenic acid purification technology. Food Oil 2014, 9,
9—-13.

(33) Gao, Y.-X; Li, X.-W,; Shang, X.-H.; Wu, Y.-L. Research review of
benefit, risk and risk-benefit assessment of aquatic food. Chin. J. Food
Hygiene 2013, 25, 288—291.

(34) Stark, A. H; Crawford, M. A; Reifen, R. Update on alpha-
linolenic acid. Nutr. Rev. 2008, 66, 326—332.

(35) Trikalinos, T. A.; Lee, J.; Moorthy, D. Effects of eicosapentanoic
acid and docosahexanoic acid on mortality across diverse settings:
systematic review and meta-analysis of randomized trials and prospective
cohorts; U. S. Department of Health and Human Services: 2012, 4, 27.

(36) French Food Safety Agency. OPINION of the French Food Safety
Agency on the update of French population reference intakes (ANCs) for
fatty acids; ANSES: Maisons-Alfort, March 1, 2010.

(37) Liy, L; Liu, Y. H; Yang, Y. X. Who / FAO new viewpoint:
recommended dietary intake of total fat & fatty acids. Chin. J. Health
Manage. 2010, 1, 67—-71.

(38) Schwingshackl, L.; Strasser, B.; Hoffmann, G. Effects of
monounsaturated fatty acids on cardiovascular risk factors: a systematic
review and meta-analysis. Ann. Nutr. Metab. 2011, 59, 176—186.

(39) Wang, G.P.; Tao, Y. S. Cardiovascular diseases. In Pathology, 9th
ed; Li, Y. L.; Eds.; People’s Medical Publishing House: Beijing, 2017;
pp. 153—181.

(40) Yang, Y. X. China Food Composition Tables Standard Edition. 6th
ed.; Peking University Medical Press: Beijing, 2019; pp. 170—205

(41) Lei, H; Cai, L.-L.; Cao, L.-L,; Jiang, S.-T. Effect of Erucic Acid
Content in Rapeseed Oil on Food Intake Safety in Mice. Food Sci. 2010,
31, 321-324.

(42) Li, R-R; Wang, X,; Xu, Z.-B. Nutrition evaluation model and
application of edible vegetable oils. Cereals Oils 2016, 29, 72—75.

(43) Qiu, H.-D.; Zhao, B.; Zhang, H.; Zhang, X.-M. Analysis of heavy
metal in ediable vegetable oils and its health risk assessment. China Oils
Fats 2007, 42, 91—94.

(44) Guan, C.-B; Wang, C.-X,; Dong, F.-G.; Guo, Y.-L; Qj, C. L
Contamination degree and health risk assessment of polycyclic
aromatic hydrocarbons in edible vegetable oil. China Oils Fats 2013,
38, 75=79.

(45) Wu, R-N,; Jin, F.; Su, H.; Gao, Y.; Zhang, P.; Jin, J.-M.; Shao, H,;
Wang, S.-S.; Qi, L.-F,; Yu, Y.-X.; Wang, J. Contamination Character-
istics and health risk assessment of polycyclic aromatic hydrocarbon in
edible vegetable oil in Beijing. Chin. J. Oil Crop Sci. 2016, 38, 843—849.

(46) Wang, S. J. In Research on Simultaneous Determination of
Micronutrients and Functional Evaluation in Edible Vegetable Oil. Beijing,
Chinese Academy of Agricultural Sciences. Chinese Academy of Agricultural
Sciences, Chinese Academy Chinese Academy of Agricultural Sciences,
Beijing, 2016.

(47) Chen, W.-Q.; Yan, J.-J. Determination of Saturated Fatty Feid in
Five Kinds of Edible Vegetable Oil by Gas Chromatograph. Guangdong
Chem. Ind. 2016, 43, 165—166.

(48) Jiang, Y.; Li, G.-Q.; Zhang, S.-M. GC-MS Analysis on Fatty Acid
Composition of11Edible Vegetable Oils. Guangxi Forestry Sci. 2018, 47,
487-789.

(49) Alves, F. C. G. B. S;; Coqueiro, A.; Mar¢o, P. H; Valderrama, P.
Evaluation of olive oils from the Mediterranean region by UV-Vis

6698

spectroscopy and Independent Component Analysis. Food Chem. 2019,
273, 124—129.

(50) Garcia-Aloy, M.; Hulshof, P. J. M.; Estruel-Amades, S.; Oste, M.
C. J; Lankinen, M,; Geleijnse, J. M.; de Goede, J.; Ulaszewska, M.;
Mattivi, F.; Bakker, S. J. L.; Schwab, U.; Andres-Lacueva, C. Biomarkers
of food intake for nuts and vegetable oils: an extensive literature search.
Genes Nutr. 2019, 7, 2—21.

(51) Deng, L. In The analysis of volatile compounds and nutrition
composition of rapeseed oil. Nanchang University: Jiangxi, 2017.

(52) Kim, K.-B.; Nam, Y. A,; Kim, H. S,; Hayes, A. W,; Lee, B.-M. a-
Linolenic acid: nutraceutical, pharmacological and toxicological
evaluation. Food Cosmet. Toxicol. 2014, 70, 163—178.

(53) Colussi, G.; Catena, C.; Novello, M.; Bertin, N.; Sechi, L. A.
Impact of omega-3 polyunsaturated fatty acids on vascular function and
blood pressure: Relevance for cardiovascular outcomes. Nutr., Metab.
Cardiovasc. Dis. 2017, 27, 191—200.

(54) Guo, Z.; Jia, X.; Zheng, Z.; Lu, X.; Zheng, Y.; Zheng, B.; Xiao, J.
Chemical composition and nutritional function of olive (Olea europacea
L.): a review. Phytochem. Rev. 2018, 17, 1091—1110.

(55) Tena, N.; Garcia-Gonzalez, D. L.; Aparicio, R. Evaluation of
virgin olive oil thermal deterioration by fluorescence spectroscopy. J.
Agric. Food Chem. 2009, 57, 10505—10511.

(56) Wu, K;; Sun, H.; Zhu, J.; Cai, M. Vitamin E isomers content in
common edible Vegetable oils. China Oils Fats 2019, 44, 95—99.

https://dx.doi.org/10.1021/acsomega.0c05544
ACS Omega 2021, 6, 6691—-6698


https://dx.doi.org/10.1016/j.phrs.2009.10.007
https://dx.doi.org/10.1016/j.phrs.2009.10.007
https://dx.doi.org/10.1016/j.phrs.2009.10.007
https://dx.doi.org/10.1016/j.plefa.2008.09.005
https://dx.doi.org/10.1093/ajcn/73.6.1019
https://dx.doi.org/10.1093/ajcn/73.6.1019
https://dx.doi.org/10.1111/j.1753-4887.2008.00040.x
https://dx.doi.org/10.1111/j.1753-4887.2008.00040.x
https://dx.doi.org/10.1159/000334071
https://dx.doi.org/10.1159/000334071
https://dx.doi.org/10.1159/000334071
https://dx.doi.org/10.1016/j.foodchem.2018.01.126
https://dx.doi.org/10.1016/j.foodchem.2018.01.126
https://dx.doi.org/10.1016/j.fct.2014.05.009
https://dx.doi.org/10.1016/j.fct.2014.05.009
https://dx.doi.org/10.1016/j.fct.2014.05.009
https://dx.doi.org/10.1016/j.numecd.2016.07.011
https://dx.doi.org/10.1016/j.numecd.2016.07.011
https://dx.doi.org/10.1007/s11101-017-9526-0
https://dx.doi.org/10.1007/s11101-017-9526-0
https://dx.doi.org/10.1021/jf902009b
https://dx.doi.org/10.1021/jf902009b
http://pubs.acs.org/journal/acsodf?ref=pdf
https://dx.doi.org/10.1021/acsomega.0c05544?ref=pdf

