foods
Article

Phytosterol Contents of Edible Oils and Their
Contributions to Estimated Phytosterol Intake
in the Chinese Diet
Ruinan Yang 1,2 , Li Xue 1,2 , Liangxiao Zhang 1,3,4, * , Xuefang Wang 1,4 , Xin Qi 1,4 , Jun Jiang 1,4 ,
Li Yu 1,4 , Xiupin Wang 1,4 , Wen Zhang 1,4,5 , Qi Zhang 1,4,5 and Peiwu Li 1,3,4,5
1
2
3
4
5

*

Oil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan 430062, China
Key Laboratory of Biology and Genetic Improvement of Oil Crops, Ministry of Agriculture and Rural Affairs,
Wuhan 430062, China
Laboratory of Quality and Safety Risk Assessment for Oilseed Products (Wuhan), Ministry of Agriculture
and Rural Affairs, Wuhan 430062, China
Quality Inspection and Test Center for Oilseed Products, Ministry of Agriculture and Rural Affairs,
Wuhan 430062, China
Key Laboratory of Detection for Mycotoxins, Ministry of Agriculture and Rural Affairs, Wuhan 430062, China
Correspondence: zhanglx@caas.cn

Received: 8 July 2019; Accepted: 7 August 2019; Published: 9 August 2019




Abstract: Phytosterols are important micronutrients in human diets. Evidence has shown that
phytosterols play an essential role in the reduction of cholesterol in blood and therefore decrease
cardiovascular morbidity. In this study, the content and composition of phytosterols in different kinds
of vegetable oils were analyzed, and the total phytosterol intake and contribution of foods to intake
were estimated based on consumption data. The results showed that the phytosterol contents of rice
bran oil, corn oil, and rapeseed oil were higher than those of other vegetable oils and the intake of
phytosterol in the Chinese diet was about 392.3 mg/day. The main sources of phytosterols were edible
vegetable oils (46.3%), followed by cereals (38.9%), vegetables (9.2%), nuts (2.0%), fruits (1.5%), beans
and bean products (1.4%), and tubers (0.8%). Among all vegetable oils, rapeseed oil was the main
individual contributor to phytosterol intake (22.9%), especially for the southern residents of China.
Keywords: phytosterols; vegetable oils; foods; China; dietary intake

1. Introduction
Phytosterols are plant-derived sterols that have similar physiological functions with cholesterol in
vertebrate animals [1,2]. More than 100 types of phytosterols and 4000 other types of triterpenes have
been found according to the literature [3]. β-Sitosterol, campesterol, stigmasterol, brassicasterol, and
∆5-avenasterol are the main phytosterols in plants [4]. Phytosterols exist in different forms in plants,
including free or esterified with fatty acids, steryl glycosides, and acylated glycosides [5]. In recent
years, phytosterols have attracted increasing interest due to their hypocholesterolemic capacity and
potential contribution to a decreased risk of cardiovascular diseases [6,7]. Previous studies have
indicated that phytosterols could decrease cardiovascular morbidity by reducing cholesterol absorption
through different mechanisms, which play a crucial role in the pathogenesis of dementia via the
pathway [8,9]. Katan et al. reported that the intake of 2 to 3 g of phytosterols per day was essential to
significantly reduce both the total cholesterol and low-density lipoprotein (LDL)-cholesterol levels in
the blood by 10% [10]. Furthermore, phytosterols also have some other health-promoting effects, such as
anti-inflammatory [11], immunomodulatory [12], and anticancer effects [13]. Food and Agriculture
Organization of the United Nations (FAO), National Institutes of Health (NIH), and other authorities
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have advised normal or hypercholesterolemic persons to uptake an adequate amount of phytosterols to
lower cholesterol levels [14]. FAO has suggested that the acceptable daily intake (ADI) is 0–40 mg/kg of
body weight (bw) for phytosterols, phytostanols, and their esters. Commission Regulation (European
Union (EU)) No. 686/2014 states that a beneficial effect can be obtained with a daily intake of 1.5–3 g of
plant sterols/stanols. For the Chinese population, the recommended amounts for phytosterols and
phytosterol esters put forward in Chinese Dietary Reference Intakes (2013 Edition) are 0.9 g/day and
1.5 g/day, respectively [15].
In the past decades, the Chinese diet has changed from being rich in plant-derived foods to
being rich in animal source foods [16]. This dietary change led to a decrease in phytosterol intake
and an increase in cholesterol intake. A higher intake of cholesterol is correlated with an increased
cardiovascular disease risk and the diet poses a threat to human health [17]. It was found that a higher
intake of phytosterol from the diet was significantly associated with lower concentrations of the total
and serum LDL-cholesterol [18]. Therefore, it is necessary to investigate and review the dietary sources
of phytosterols for Chinese and to find potential foods to help improve their phytosterol intake.
The intakes of phytosterol from dietary sources in Western countries and Mediterranean countries
have been reviewed previously [19–22]. It was found that the range of phytosterol intake was
150–450 mg/day and vegetable oils such as corn oil, rapeseed oil, and sunflower oil were regarded
as the richest dietary sources of phytosterols [23]. Cereals, vegetables, fruits, and nuts also made
important contributions to phytosterol intake [24,25].
At present, there are various types of vegetable oils in the Chinese market, including soybean oil,
rapeseed oil, peanut oil, and sunflower oil, which occupy a major portion. Meanwhile, there are some
minor vegetable oils emerging in the Chinese market, such as corn oil, camellia oil, and peony oil, to meet
the various consumer demands. In the import market, olive oil and rice bran oil are mainly imported
from Spain and Italy. These vegetable oils all have many well-known brands and are obtained by
different oil processing technologies. It is well known that the oil extraction method, refining degree, and
material source affect the content and composition of phytosterols [26–29]. The purpose of this study was
to investigate the phytosterol contents of different kinds of vegetable oils. Then, the phytosterol intake of
the Chinese diet was estimated based on the consumption data of plant-derived foods obtained from the
report of the Nutrition and Health Status of Chinese Residents [30]. In addition, the contributions of
plant-derived foods and vegetable oils were also investigated. The study of the main contributors to
phytosterol intake in the Chinese diet may be very helpful in dietary intake guidance.
2. Materials and Methods
2.1. Data Source
The data on the percentage of every oil intake to total vegetable oil intake and the consumption of
plant-derived foods were obtained from the United States Department of Agriculture (USDA) [31]
and the report of the Nutrition and Health Status of Chinese Residents [30]. This study used the
database containing the contents of phytosterols (β-sitosterol, campesterol, stigmasterol, β-sitostanol,
and campestanol) in the plant source foods commonly consumed in China. The database included
more than 160 food items, and the data on the contents of phytosterols in vegetables and fruits had
previously been published [32].
2.2. Oil Samples
Vegetable oils (10 peanut oils, 14 soybean oils, 14 rapeseed oils, 15 sesame oils, 14 olive oils,
10 camellia oils, 15 sunflower oils, 15 corn oils, 7 rice bran oils, 10 flaxseed oils, 3 walnut oils, 3 grapeseed
oils, and 3 peony seed oils) were all commercial oils collected from the markets of different provinces.
The oil samples were of different brand and grade. For example, sunflower oils were of different types,
such as first grade pressed oil, refined oil, and fragrant oil. Detailed information for the oil samples
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is listed in Table S1, Supplementary Materials. The oil samples were stored in darkness at 4 ◦ C for
further analysis.
2.3. Phytosterol Analysis
The standard samples of brassicasterol, ergosterol, campesterol, campestanol, stigmasterol,
β-sitosterol, ∆5-avenasterol, cycloartanol, cycloartenol, 24-methylene-cycloartanol, and cholestanol
were purchased from Sigma-Aldrich Chemical Co. (St Louis, MO, USA). The standard solutions were
prepared by dissolving a known amount of each standard in acetone to reach the concentration of
1 mg/mL. The cholestanol standard solution was used as an internal standard solution in this study.
A 50 mg of oil was placed in a sealable tube with 200 µL internal standard solution. Alkaline
hydrolysis was performed by adding 5 mL of 2 M KOH in ethanol, and the mixture was shaken and
heated at 75 ◦ C for 30 min. After saponification, the tube was cooled to room temperature. Then,
2 mL of distilled water and 5 mL of hexane were added and the mixture was shaken thoroughly
to extract unsaponifiable matter. The unsaponifiable matter was extracted three times with hexane.
Then, the hexane fractions were combined and evaporated under a stream of nitrogen. 100 µL
N-methyl-N-trimethylsilylheptafluorobutyramide-1-methylimidazole (95:5, v/v) mixture was added to
the residual sterol. Afterward, the vial was sealed and heated at 75 ◦ C for 20 min, then cooled to room
temperature. Hexane was added to complete the volume to 1 mL before GC-MS analysis.
Sterols were analyzed by a Shimadzu GC-MS TQ-8040 (Shimadzu Corp., Kyoto, Japan) equipped
with a DB-5 MS capillary column (30 m × 0.25 mm × 0.25 µm, Agilent Technologies, Palo Alto, CA,
USA). The injection volume was 1 µL in spilt mode at a ratio of 20:1. The carrier gas was helium
with a flow rate of 1.2 mL/min. Analyses were performed under the following temperature program:
oven temperature increased from 100 to 290 ◦ C at a rate of 40 ◦ C/min and held for 15 min at 290 ◦ C.
The temperatures of ion source and transfer line were 250 ◦ C and 290 ◦ C, respectively. Scan was
performed by selected ion monitoring mode (SIM), and the quantitative and qualitative ions for each
compound were selected based on previous literature [33]. Sterols were identified by comparing their
mass spectra and retention times with the corresponding standards. The phytosterol contents of oil
samples were calculated based on the standard curves obtained by internal standard method with
cholestanol as the internal standard.
2.4. Statistical Analysis
Every oil sample was tested three times and all results were recorded as mean value ± standard
deviation. The comparison of the values was evaluated by one-way analysis of variance and Duncan’s
test using IBM SPSS Statistics version 20.0 (SPSS Inc., Chicago, IL, USA), and all results were considered
significant at the level of p < 0.05.
3. Results
3.1. Phytosterol Compositions of Different Vegetable Oils
The phytosterol compositions of the vegetable oils were analyzed by GC-MS. Satisfactory
separation for cholestanol, brassicasterol, ergosterol, campesterol, stigmasterol, β-sitosterol,
∆5-avenasterol, campestanol, cycloartanol, cycloartenol, and 24-methylene-cycloartanol were obtained
by GC-MS, as shown in Figure 1.
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Table 1. Phytosterol Compositions of Different Vegetable Oils.
Phytosterol Content (mg/100 g)
Vegetable
Oil

Brassicasterol

Egrosterol

Campesterol

Campestanol

Stigmasterol

β-Sitosterol

∆5-Avenasterol

Cycloartanol

Cycloartenol

24-MethyleneCycloartanol

Peanut oil

N.D.1

1.56 ± 1.28 a,b,2

41.19 ± 9.82 d

4.95 ± 2.15 c

48.16 ± 13.33 c

189.12 ± 42.40

19.70 ± 9.74 d

0.73 ± 0.82 b

9.42 ± 4.35 c

4.92 ± 1.32 c

319.75 ± 76.15

d

Total
d

Soybean oil

12.80 ± 2.94 b

1.98 ± 1.74 a,b

62.68 ± 23.97 d

5.91 ± 0.60 c

87.28 ± 24.42 b

166.03 ± 43.62
d,e

7.21 ± 2.84 d

2.72 ± 2.31 b

4.71 ± 1.52 c

4.34 ± 0.99 c

355.67 ± 91.85

Rapeseed oil

136.64 ± 66.34 a

2.54 ± 1.92 a

267.50 ± 61.24 a

2.83 ± 1.71 c

25.67 ± 8.99 c,d

394.11 ± 146.74

40.92 ± 29.58
c,d

1.10 ± 0.96 b

17.26 ± 14.43 c

5.28 ± 1.60 c

893.84 ± 237.77

c

Sesame oil

N.D.

2.05 ± 2.49 a,b

90.30 ± 32.78

7.48 ± 8.94 c

86.89 ± 32.77 b

322.73 ± 85.81

98.79 ± 42.35 b

0.83 ± 1.12 b

23.79 ± 19.14 c

4.75 ± 1.21 c

637.60 ± 180.59

c,d

29.73 ± 14.55

288.02 ± 92.60

b,c

d

c,d

d

b

c

Olive oil

N.D.

0.83 ± 1.14 a,b

25.85 ± 14.20 d

1.61 ± 0.84 c

21.13 ± 9.03 d

152.05 ± 58.58
d,e

c,d

2.79 ± 2.02 b

19.44 ± 19.33 c

34.58 ± 22.00

Camellia oil

N.D.

2.62 ± 2.77 a

16.52 ± 4.62 d

0.22 ± 0.30 c

22.11 ± 7.78 c,d

50.09 ± 13.71 e

1.81 ± 1.52 d

29.11 ± 24.93 a

17.84 ± 15.40 c

2.33 ± 2.06 c

142.64 ± 50.86

Corn oil

4.13 ± 7.49 b

0.87 ± 0.99 a,b

197.32 ± 49.83

74.53 ± 27.55 b

45.53 ± 18.70

539.93 ± 160.08
b

97.92 ± 34.89 b

1.89 ± 1.81 b

15.85 ± 8.75 c

12.97 ± 4.84 c

990.94 ± 240.76

c,d

b

Sunflower oil

0.58 ± 1.25 b

0.25 ± 0.41 b

28.36 ± 11.43 d

1.71 ± 1.39 c

18.69 ± 7.79 d

170.91 ± 26.18

Flaxseed oil

1.66 ± 2.91 b

N.D.

115.52 ± 27.20 c

4.17 ± 3.07 c

12.62 ± 7.59 d

157.79 ± 24.37

Rice Bran oil

6.33 ± 3.04 b

2.17 ± 1.01 a,b

226.43 ± 85.91

221.20 ± 79.47 a

132.90 ± 55.47 a

735.17 ± 185.99

a,b

Walnut oil

2.14 ± 0.54 b

0.67 ± 0.19 a,b

31.53 ± 18.66 d

6.94 ± 5.26 c

32.80 ± 19.08

165.23 ± 69.07

c,d

d,e

Peony oil

1.77 ± 0.30 b

2.65 ± 1.47 a

21.32 ± 14.30 d

4.25 ± 6.01 c

2.57 ± 2.23 d

258.71 ± 18.45

Grapeseed
oil

2.15 ± 0.93 b

1.09 ± 0.26 a,b

29.25 ± 5.21 d

4.15 ± 2.31 c

35.77 ± 3.97 c,d

146.63 ± 14.67

Data were recorded as mean values ± standard deviations.
oil at the p < 0.05 level.

1

N.D. represents not detected.

d

d,e

a

d

d,e

2

d

b

12.45 ± 5.34 d

0.18 ± 0.47 b

8.85 ± 4.18 c

11.27 ± 3.66 c

253.25 ± 46.60

56.01 ± 34.56 c

0.99 ± 1.23 b

78.67 ± 36.48 b

39.29 ± 14.51

466.73 ± 60.65

b,c

c,d

157.41 ± 72.12 a

31.08 ± 16.86 a

156.25 ± 93.73 a

222.88 ± 115.87

1891.82 ±
500.76 a

5.99 ± 7.40 d

0.44 ± 0.62 b

15.33 ± 7.38 c

10.97 ± 4.55 c

272.04 ± 107.41

3.64 ± 4.16 d

N.D.

6.37 ± 1.32 c

65.90 ± 6.04 b

367.19 ± 42.13

16.18 ± 7.89 d

2.71 ± 2.52 b

12.51 ± 6.46 c

23.36 ± 11.18 c

273.80 ± 38.85

a

d

d

d

d

Different superscript letters within each column indicate a significant difference between each
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3.2. Total Phytosterol Contents of Different Vegetable Oils
The total phytosterol contents, the sum of the contents of the above phytosterols, of different
vegetable oils are shown in Table 1. The total phytosterol contents of the vegetable oils ranged
between 142.64 and 1891.82 mg/100 g. Higher phytosterol contents were detected in rice bran oils
(1891.82 mg/100 g), corn oil (990.94 mg/100 g), and rapeseed oil (893.84 mg/100 g). The results were
in line with Verleyen’s report [4]. The phytosterol contents of sesame oil and flaxseed oil were
637.60 mg/100 g and 466.73 mg/100 g, respectively. Soybean oil, peanut oil, and olive oil were similar
in phytosterol content (approximately 300 mg/100 g). The phytosterol content of sunflower oil was
253.25 mg/100 g, which was higher than the limit (100 mg/100 g) suggested by the European Union (EU).
In comparison with these vegetable oils, the content of phytosterols in camellia oil (142.64 mg/100 g)
and palm oil (150.00 mg/100 g) [36] was relatively low. It might suggest that phytosterol contents of
herbal oils were higher compared with the phytosterol contents of wood oils. It can be seen that the
phytosterol contents of different vegetable oils varied greatly. Furthermore, the phytosterol contents
varied obviously even for the same kind of oil. The phytosterol contents of rice bran oils varied from
1351.43 mg/100 g to 2842.48 mg/100 g. The phytosterol contents of corn oils were in the range of
510.17 mg/100 g to 1433.65 mg/100 g. The phytosterol contents of rapeseed oils were in the range of
558.34 mg/100 g to 1406.87 mg/100 g. For other oils, the maximum phytosterol contents were also more
than twice the minimum. This may be a result of variations in genetic species, growing and storage
conditions, refining processes, and analytical methods [26–29].
The mean concentration of phytosterols in vegetable oils can be calculated based on the percentage
of edible oils consumed in China. Phytosterol contents of these oils are listed in Table 2, and the mean
concentration is 486.66 mg/100 g.
Table 2. Mean Concentration of Phytosterols of the Vegetable Oils.
Vegetable Oil

Percent of Total
Vegetable Oil Intake (%)

Phytosterol
Contents (mg/100 g)

Soybean oil

48 1

355.67

Rapeseed oil

27

893.84

Palm oil

8

150.00

Peanut oil

9

319.75

Sunflower oil

4

253.25

Rice bran oil

1891.82

Corn oil

990.94

Sesame oil

637.60

Camellia oil
Olive oil

1

Mean Concentration
(mg/100 g)

486.66 2

142.64
4

288.02

Flaxseed oil

466.73

Walnut oil

272.04

Grapeseed oil

273.80

Peony seed oil

367.19

The data on the percent of total intake of vegetable oils were obtained from the United States Department of
Agriculture (USDA) [31]. 2 The mean concentration of phytosterols of the vegetable oil was the sum of the product
of percent and phytosterol content for each vegetable oil. The data show that 4% was the total percent of nine kinds
of vegetable oils.
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4. Discussion
4.1. Intake of Plant Source Foods and Phytosterols in the Chinese Diet
Phytosterols existed in all plant source food items and the contents of phytosterols varied with the
plant food group. From Table 3, it can be seen that vegetable oils contained higher phytosterols than
cereals, beans and bean products, vegetables, and other plant-derived foods, as reported in Ostlund’s
paper [37]. The overall intake of phytosterol from the Chinese diet was about 392.3 mg/day, which fell
into the range mentioned by Ostlund (167–437 mg/day) [37]. The intake of phytosterol in the Spanish
and Dutch diets were, respectively, 375 mg/day and 285 ± 97 mg/day [19,20]. In Finland, the intake of
phytosterols was 305 mg/day for men and 237 mg/day for women [21]. Compared with these countries,
China has a higher intake of phytosterol. Because phytosterols exist in many foods and the contents of
phytosterols vary with food groups, the variations in food patterns may influence the total intake of
phytosterol [20]. However, it was still inadequate and less than the recommended amounts (0.9 g/day
for phytosterols and 1.5 g/day for phytosterol esters) put forward in Chinese Dietary Reference Intakes
(2013 Edition) published by the Chinese Nutrition Society [15].
Table 3. Intake of Plant Food and Phytosterol in the Chinese Diet.
Plant Food Group

Consumption
(g/day)

Content of Total
Phytosterols (mg/100 g)

Phytosterol
Intake (mg/day)

Percent of Total Intake
of Phytosterol (%)

Cereals

337.3 1

45.23 2

152.6

38.9

Tubers

35.8

8.43

3.0

0.8

Bean and bean
products

10.9

50.67

5.5

1.4

Vegetables

269.4

13.42

36.2

9.2

Fruits

40.7

14.34

5.8

1.5

Nuts

3.8

202.35

7.7

2.0

Vegetable oils

37.3

486.66

181.5

46.3

392.3

100.0

Total
1

The consumption data of each plant food group were taken from the report of the Nutrition and Health Status of
Chinese Residents [30]. 2 The total phytosterol contents for each group were obtained from the database containing
the contents of phytosterols (β-sitosterol, campesterol, stigmasterol, β-sitostanol, and campestanol) in the plant
source foods commonly consumed in China [32].

According to Table 3, it can be seen that the main contributors to the total phytosterol intake
among all plant food groups were vegetable oils (46.3%), cereals (38.9%), vegetables (9.2%), followed by
nuts (2.0%), fruits (1.5%), beans and bean products (1.4%), and tubers (0.8%). Vegetable oil contribution
was significant because of its higher phytosterol concentration and larger amount of consumption.
A higher intake of phytosterol may be associated with a higher consumption of vegetable oils. Cereals
and vegetables were not rich in phytosterols, but were also important dietary sources of phytosterols
due to the higher amounts consumed. Nuts, rich in phytosterols (202.35 mg/100 g), were often eaten in
trace amounts, but could still contribute to the total phytosterol intake [38].
In the Chinese diet, vegetable oils made the greatest contribution to the intake of phytosterol with
a contribution percentage of 46.3%. Due to the dietary habits and cooking methods of Chinese people,
this result may be slightly different from the Sweden and the Netherlands, which pointed out that
cereals contributed more to the intake of phytosterol than vegetable oils as the consumption of the
former was higher [39,40]. Based on the phytosterol concentrations of all kinds of vegetable oils and
total oil intake listed in Table 2, the contribution of every kind of oil to the total phytosterol intake was
calculated and is shown in Figure 2. For all kinds of vegetable oils, soybean oil and rapeseed oil were
the two major ones, accounting for more than 75% of the total consumption. Rapeseed oil was the first
domestic vegetable oil of China with the consumption ratio of 27%. It was also the main individual

Foods 2019, 8, 334

8 of 12

contributor to phytosterol intake and contributed 22.9% (90.0 mg/day) of the intake of phytosterol.
The contributions of soybean oil, palm oil, peanut oil, and sunflower oil were 16.2% (63.7 mg/day),
1.1% (4.5 mg/day), 2.7% (10.7 mg/day), and 1.0% (3.8 mg/day), respectively. The total contribution
of other oils was 2.3% (8.8 mg/day). It is worth mentioning that the intake of phytosterol was low
for rice bran oil and corn oil in spite of their higher phytosterol concentrations. Compared with the
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oils (35.9%). Vegetable oils and cereals were the best natural sources of dietary phytosterols for both
followed by vegetable oils (35.9%). Vegetable oils and cereals were the best natural sources of dietary
phytosterols for both the southern and northern residents just as in other countries [47]. On the other
hand, the major cultivars of rapeseed in China are mainly located in the Yangtze River Valley, such
as Hubei, Sichuan, and Jiangsu Provinces. Therefore, the main consumption of vegetable oils in the
south was rapeseed oil. Because of the higher phytosterol content of rapeseed oil (893.84 mg/100 g),
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the southern and northern residents just as in other countries [47]. On the other hand, the major
cultivars of rapeseed in China are mainly located in the Yangtze River Valley, such as Hubei, Sichuan,
and Jiangsu Provinces. Therefore, the main consumption of vegetable oils in the south was rapeseed
oil. Because of the higher phytosterol content of rapeseed oil (893.84 mg/100 g), as shown in Table 1,
it may be inferred that the intake of phytosterol for the southern residents would be 494.2 mg/day if
the concentration of rapeseed oil was substituted for the mean concentration of vegetable oils.
Table 4. Intakes of Plant Foods and Phytosterol between the Southern and Northern Parts of China.
Consumption
(g/day)
North

South

Content of Total
Phytosterols
(mg/100 g)

Rice and rice
products

72.60 1

324.01

Flour and flour
products

349.96

coarse cereals
Tubers

Plant Food
Group

Phytosterol Intake
(mg/day)

Percent of Total Intake
of Phytosterol (%)

North

South

North

South

13.62 2

9.9

44.1

1.9

12.7

44.64

59.60

208.6

26.6

40.2

7.7

49.14

6.96

62.46

30.7

4.4

5.9

1.3

14.61

13.7

8.43

1.2

1.2

0.2

0.3

Bean and bean
products

17.38

46.12

50.67

8.8

23.4

1.7

6.8

Vegetables

282.48

339.43

13.42

37.9

45.6

7.3

13.2

Fruits

145.49

84.515

14.34

20.9

12.3

4.0

3.6

Nuts

7.24

5.52

202.35

14.7

11.2

2.8

3.2

Vegetable oils

38.27

36.4

486.66

186.2

177.1

35.9

51.2

518.9

345.9

100

100

Total
1

2

The consumption data of each plant food group was from the study undertaken by He [48]. The total phytosterol
contents for each group were obtained from the database containing the contents of phytosterols (β-sitosterol,
campesterol, stigmasterol, β-sitostanol, and campestanol) in the plant source foods commonly consumed in China [32].

5. Conclusions
Phytosterols exist in vegetable oils with different concentrations and compositions, and rice bran
oil, corn oil, and rapeseed oil have higher contents of phytosterols than other vegetable oils. Based on
the data on food consumption and phytosterol contents in China, phytosterol intake was calculated
as being 392.3 mg/day. Among the food groups, vegetable oils, especially rapeseed oil, were by
far the greatest contributor to total phytosterol intake. However, Chinese Dietary Guidelines (2016)
recommend that individuals should control the intake of oils to as low as 25–30 g/day for a balanced
diet. On the basis of those guidelines, the intake of phytosterol may have declined. There is a need
for Chinese people, especially the southern residents, to increase the consumption of oils with higher
phytosterol concentrations to maintain and improve the intake of phytosterol. It is also necessary to
increase the phytosterol contents in vegetable oils. To achieve this, research studies on vegetable oils
should focus on processing methods aimed at reserving phytosterols in edible oils and the production
of vegetable oils with high content of phytosterols.
Supplementary Materials: The following are available online at http://www.mdpi.com/2304-8158/8/8/334/s1,
Table S1: Information of oil samples.
Author Contributions: Conceptualization, L.Z., W.Z., Q.Z., and P.L.; methodology, R.Y. and L.X.; software, L.Z.;
formal analysis, R.Y., L.X., L.Z., X.W. (Xuefang Wang), X.Q., J.J., L.Y., and X.W. (Xiupin Wang); writing—original
draft preparation, R.Y., L.X., and L.Z.; writing—review and editing, R.Y. and L.Z.; funding acquisition, L.Z. and P.L.
Funding: This work was supported by the National Science and Technology Major Project of China (2017YFC1601700),
the National Nature Foundation Committee of P.R. China (31871886), the National Major Project for Agro-Product
Quality & Safety Risk Assessment (GJFP2019003), the earmarked fund for China Agriculture research system
(CARS-12), the Fundamental Research Funds for Central Non-Profit Scientific Institution (1610172018002), and the
Competitive Planning Project of Hubei Academy of Agricultural Sciences (2015jzxjh06).

Foods 2019, 8, 334

10 of 12

Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

17.
18.

19.
20.

21.

22.
23.

Zaloga, G.P. Phytosterols, Lipid Administration, and Liver Disease During Parenteral Nutrition. J. Parenter.
Nutr. Enter. 2015, 39, 39S–60S. [CrossRef] [PubMed]
Miras-Moreno, B.; Sabater-Jara, A.B.; Pedreno, M.A.; Almagro, L. Bioactivity of Phytosterols and Their
Production in Plant in Vitro Cultures. J. Agric. Food Chem. 2016, 64, 7049–7058. [CrossRef] [PubMed]
Moreau, R.A.; Whitaker, B.D.; Hicks, K.B. Phytosterols, phytostanols, and their conjugates in foods: Structural
diversity, quantitative analysis, and health-promoting uses. Prog. Lipid Res. 2002, 41, 457–500. [CrossRef]
Verleyen, T.; Forcades, M.; Verhe, R.; Dewettinck, K.; Huyghebaert, A.; De Greyt, W. Analysis of free and
esterified sterols in vegetable oils. J. Am. Oil Chem. Soc. 2002, 79, 117–122. [CrossRef]
Valitova, J.N.; Sulkarnayeva, A.G.; Minibayeva, F.V. Plant Sterols: Diversity, Biosynthesis, and Physiological
Functions. Biochemistry 2016, 81, 819. [CrossRef] [PubMed]
Garcia-Llatas, G.; Rodriguez-Estrada, M.T. Current and new insights on phytosterol oxides in plant
sterol-enriched food. Chem. Phys. Lipids 2011, 164, 607–624. [CrossRef]
Kamal-Eldin, A.; Moazzami, A. Plant sterols and stanols as cholesterol-lowering ingredients in functional
foods. Recent Pat. Food Nutr. Agric. 2009, 1, 1–14. [CrossRef]
Alernany, L.; Barbera, R.; Alegria, A.; Laparra, J.M. Plant sterols from foods in inflammation and risk of
cardiovascular disease: A real threat? Food Chem. Toxicol. 2014, 69, 140–149. [CrossRef]
Rong, S.; Xu, R.; Li, W.F. Phytosterols and Dementia. Plant Food Hum. Nutr. 2016, 71, 1–8. [CrossRef]
Katan, M.B.; Grundy, S.M.; Jones, P.; Law, M.; Miettinen, T.; Paoletti, R. Efficacy and safety of plant stanols
and sterols in the management of blood cholesterol levels. Mayo Clin. Proc. 2003, 78, 965–978. [CrossRef]
Othman, R.A.; Moghadasian, M.H. Beyond cholesterol-lowering effects of plant sterols: Clinical and
experimental evidence of anti-inflammatory properties. Nutr. Rev. 2011, 69, 371–382. [CrossRef]
Bouic, P.J. The role of phytosterols and phytosterolins in immune modulation: A review of the past 10 years.
Curr. Opin. Clin. Nutr. Metab. Care 2001, 4, 471–475. [CrossRef]
Woyengo, T.A.; Ramprasath, V.R.; Jones, P.J.H. Anticancer effects of phytosterols. Eur. J. Clin. Nutr. 2009, 63,
813–820. [CrossRef] [PubMed]
Choudhary, S.P.; Tran, L.S. Phytosterols: Perspectives in human nutrition and clinical therapy.
Curr. Med. Chem. 2011, 18, 4557–4567. [CrossRef] [PubMed]
Chinese Nutrition Society. Chinese Dietary Reference Intakes, 2013 ed.; Beijing Science Press: Beijing, China, 2014.
Zhai, F.Y.; He, Y.N.; Ma, G.S.; Li, Y.P.; Wang, Z.H.; Hu, Y.S.; Zhao, L.Y.; Cui, Z.H.; Li, Y.; Yang, X.G.; et al.
Study on the current status and trend of food consumption among Chinese population. Chin. J. Epidemiol.
2005, 26, 485–488. [CrossRef]
Tanasescu, M.; Cho, C.; Manson, J.E.; Hu, F.B. Dietary fat and cholesterol and the risk of cardiovascular
disease among women with type 2 diabetes. Am. J. Clin. Nutr. 2004, 79, 299–303. [CrossRef]
Andersson, S.W.; Skinner, J.; Ellegård, L.; Welch, A.A.; Bingham, S.; Mulligan, A.; Andersson, H.; Khaw, K.T.
Intake of dietary plant sterols is inversely related to serum cholesterol concentration in men and women in
the EPIC Norfolk population: A cross-sectional study. Eur. J. Clin. Nutr. 2004, 58, 1378–1385. [CrossRef]
Jimenez-Escrig, A.; Santos-Hidalgo, A.B.; Saura-Calixto, F. Common sources and estimated intake of plant
sterols in the Spanish diet. J. Agric. Food Chem. 2006, 54, 3462–3471. [CrossRef]
Normén, A.L.; Brants, H.A.; Voorrips, L.E.; Andersson, H.A.; Van Den Brandt, P.A.; Goldbohm, R.A. Plant
sterol intakes and colorectal cancer risk in the Netherlands Cohort Study on Diet and Cancer. Am. J. Clin. Nutr.
2001, 74, 141–148. [CrossRef]
Valsta, L.M.; Lemström, A.; Ovaskainen, M.L.; Lampi, A.M.; Toivo, J.; Korhonen, T.; Piironen, V. Estimation
of plant sterol and cholesterol intake in Finland: Quality of new values and their effect on intake. Br. J. Nutr.
2004, 92, 671–678. [CrossRef]
Morton, G.M.; Lee, S.M.; Buss, D.H.; Lawrance, P. Intakes and major dietary sources of cholesterol and
phytosterols in the British diet. J. Hum. Nutr. Diet. 1995, 8, 429–440. [CrossRef]
Phillips, K.M.; Ruggio, D.M.; Toivo, J.I.; Swank, M.A.; Simpkins, A.H. Free and esterified sterol composition
of edible oils and fats. J. Food Compos. Anal. 2002, 15, 123–142. [CrossRef]

Foods 2019, 8, 334

24.
25.
26.
27.

28.

29.
30.
31.
32.
33.

34.

35.

36.
37.
38.

39.
40.

41.
42.
43.

44.
45.
46.

11 of 12

Normén, L.; Johnsson, M.; Andersson, H.; Van Gameren, Y.; Dutta, P. Plant sterols in vegetables and fruits
commonly consumed in Sweden. Eur. J. Nutr. 1999, 38, 84–89. [CrossRef] [PubMed]
Piironen, V.; Toivo, J.; Pimiapuupponen, R.; Lampi, A.M. Plant sterols in vegetables, fruits and berries. J. Sci.
Food Agric. 2003, 83, 330–337. [CrossRef]
Cuesta, F.; Velasco, L.; Fernández-Martínez, J.M. Phytosterols in the seeds of wild sunflower specieds. Helia
2011, 34, 31–38. [CrossRef]
Can-Cauich, C.A.; Sauri-Duch, E.; Moo-Huchin, V.M.; Betancur-Ancona, D.; Cuevas-Glory, L.F. Effect of
extraction method and specie on the content of bioactive compounds and antioxidant activity of pumpkin
oil from Yucatan, Mexico. Food Chem. 2019, 285, 186–193. [CrossRef] [PubMed]
Ortega-García, J.; Gámez-Meza, N.; Noriega-Rodriguez, J.A.; Dennis-Quinonez, O.; Garcia-Galindo, H.S.;
Angulo-Guerrero, J.O.; Medina-Juarez, L.A. Refining of high oleic safflower oil: Effect on the sterols and
tocopherols content. Eur. Food Res. Technol. 2006, 223, 775–779. [CrossRef]
El-Mallah, M.H.; El-Shami, S.M.; Hassanien, M.M.; Abdel-Razek, A.G. Effect of chemical refining steps on
the minor and major components of cottonseed oil. Agric. Biol. J. N. Am. 2011, 2, 341–349. [CrossRef]
Zhao, L.Y.; He, Y.N. One of the Monitoring Reports on Nutrition and Health Status of Chinese Residents: 2010–2013
Dietary and Nutrient Intake Status; People’s Medical Publishing House: Beijing, China, 2018.
China Oilseeds and Products Supply and Distribution. Available online: https://apps.fas.usda.gov/psdonline/
app/index.html#/app/downloads (accessed on 8 August 2019).
Han, J.H.; Yang, Y.X.; Feng, M.Y.; Wang, G.D. Analysis of phytosterol contents in Chinese plant food
and.primary estimation of its intake of people. J. Hyg. Res. 2007, 36, 301–305.
Hu, Y.Z.; Xu, J.L.; Huang, W.S.; Zhao, Y.J.; Li, M.Q.; Wang, M.M.; Zheng, L.F.; Lu, B.Y. Structure–activity
relationships between sterols and their thermal stability in oil matrix. Food Chem. 2018, 258, 387–392.
[CrossRef]
.Moreau, R.A.; Nystrom, L.; Whitaker, B.D.; Winkler-Moser, J.K.; Baer, D.K.; Gebauer, S.K.; Hicks, K.B.
Phytosterols, phytostanols, and their conjugates in foods: Structural diversity, quantitative analysis, and
health-promoting uses. Prog Lipid Res. 2018, 70, 35–61. [CrossRef] [PubMed]
Shahzad, N.; Khan, W.; Shadab, M.D.; Ali, A.; Saluja, S.S.; Sharma, S.; Al-Allaf, F.A.; Abdujaleel, Z.;
Ibrahim, A.A.; Abdel-Wahab, A.F.; et al. Phytosterols as a natural anticancer agent: Current status and future
perspective. Biomed. Pharmacother. 2017, 88, 786–794. [CrossRef] [PubMed]
Wang, D.J.; Zhou, W.; Yan, C.R.; Xu, C.X. Compositions and contents of cholesterol and phytosterol in oils
and fats. China Oils Fats 2016, 41, 106–109.
Ostlund, R.E. Phytosterols in human nutrition. Annu. Rev. Nutr. 2002, 22, 533–549. [CrossRef] [PubMed]
Martins, C.M.; Fonseca, F.A.; Ballus, C.A.; Figueiredo-Neto, A.M.; Meinhart, A.D.; de Godoy, H.T.; Izar, M.C.
Common sources and composition of phytosterols and their estimated intake by the population in the city of
São Paulo, Brazil. Nutrition 2013, 29, 865–871. [CrossRef] [PubMed]
Normen, L.; Ellegard, L.; Brants, H.; Dutta, P.; Andersson, H. A phytosterol database: Fatty foods consumed
in Sweden and the Netherlands. J. Food Compos. Anal. 2007, 20, 193–201. [CrossRef]
Normen, L.; Bryngelsson, S.; Johnsson, M.; Evheden, P.; Ellegard, L.; Brants, H.; Andersson, H.; Dutta, P. The
phytosterol content of some cereal foods commonly consumed in Sweden and in the Netherlands. J. Food
Compos. Anal. 2002, 15, 693–704. [CrossRef]
Yang, M.; Zheng, C.; Zhou, Q.; Huang, F.H.; Liu, C.S.; Wang, H. Minor components and oxidative stability of
cold-pressed oil from rapeseed cultivars in China. J. Food Compos. Anal. 2013, 29, 1–9. [CrossRef]
Kochhar, S.P. Influence of processing on sterols of edible vegetable oils. Prog. Lipid Res. 1983, 22, 161–188.
[CrossRef]
Ghazani, S.M.; García-Llatas, G.; Marangoni, A.G. Micronutrient content of cold-pressed, hot-pressed, solvent
extracted and RBD canola oil: Implications for nutrition and quality. Eur. J. Lipid Sci. Technol. 2014, 116,
380–387. [CrossRef]
Singh, A. Sitosterol as an antioxidant in frying oils. Food Chem. 2013, 137, 62–67. [CrossRef] [PubMed]
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