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Background and Objectives: As the most widely produced edible vegetable oil, palm oil is known as to contain
a high level of saturated fatty acid, which was thought to adversely affect serum lipid profiles. However, recent
studies have shown no influence or benefits of palm oil on serum lipids. The potential nutritional value of palm
oil is attributed to the high mono-unsaturation at the crucial sn2-position of the oil's triacylglycerols, as with the
so-called ‘healthy’ olive oil (OO). The aim of this study was to further test this hypothesis and evaluate the effects of consuming palm olein versus olive oil on serum lipid profiles in a Chinese population. Methods and
Study Design: In total, 120 participants were recruited from a spinnery in Yixing city and randomly divided into
two groups (palm olein or olive oil) to conduct a 2×2 crossover trial for 2 months’ intervention with 2-week
washout periods. Each participant was provided 48 g of test oil per day. At the end of each period, anthropometry,
and blood lipid indices were measured to determine the effects of palm olein and olive oil. Results: Palm olein
and olive oil consumption had no significantly different effect on BMI, on serum total cholesterol, low-density
lipoprotein cholesterol, high-density lipoprotein cholesterol, triacylglycerol (TG), Apo B, fasting glucose, or insulin concentrations (all p>0.05). Conclusions: In a dietary crossover trial, palm olein and olive oil had no recognisably different effects on body fatness or blood lipids in a healthy Chinese population.
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INTRODUCTION
According to a report from the United States Department
of Agriculture on world markets and the trade of oilseeds,
China was the third-largest importer of palm oil from
2012 to 2016, importing 12% to 15% of the world’s palm
oil. Of the 5500 to 6589 thousand metric tons of imported
oil, approximately 60% was used in food products.1 Palm
oil, a vegetable oil obtained from the fruit of the palm
trees (Elaeis guineensis), contains an equal proportion of
unsaturated and saturated fatty acids, including 50% palmitic acid, 40% oleic acid, and 10% linoleic acid. Palmitic acid naturally occurs in animal and vegetable fats and
is the main saturated fatty acid (SFA) in human milk
fats.2 Unlike most other edible oils that come as a single
entity, palm oil is readily fractionated to provide a variety
of oils with distinct solid fat content and melting points.
Moreover, it can be applied to various food products, including liquid palm olein (PO) and the more solid palm
stearin, by separating the upper and lower fractions dur-

ing the dry (melt) fractionation of palm oil itself.3 Palm
oil is highly structured and contains predominantly oleic
acid at the sn-2 position in major triacylglycerols (TGs),
which accounts for the beneficial effects described in
numerous nutritional studies. Notably, different dietary
fatty acid compositions may affect serum lipid profiles.
Numerous studies have confirmed the nutritional value of
palm oil with the attribution of high monounsaturation at
the crucial sn-2 position of the oil’s TGs, indicating that
the oil is as healthy as olive oil (OO).4 The TG conforCorresponding Author: Prof Yuexin Yang, National Institute
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mation in palm oil includes SFA at the sn-1 and sn-3 positions of the glycerol backbone, and unsaturated fatty
acids at the sn-2 position in 75%–87% of these molecules.
This TG conformation leads to the absorption of mation
in palm oil includes SFA at the sn-1 and sn-3 positions of
the glycerol backbone, and more unsaturated fats than
saturated fats, as the fatty acid at the sn-2 position is absorbed preferentially to those at the sn-1 and sn-3 positions.5 Additionally, it is well known that OO is the main
source of fat in the Mediterranean diet, as well as a functional oil which not only contains several minor components with biological properties, but also has a high level
of monounsaturated fatty acid (MUFA).6
Dyslipidemia, especially the elevated ratio of low density lipoprotein cholesterol (LDL-C) and the total cholesterol/ high density lipoprotein cholesterol (TC/HDL-C), is
considered to be the most critical risk factor of cardiovascular disease (CVD).7 Some recommendations aimed at
lowering CVD morbidity and mortality suggest reducing
the consumption of animal fats, which are rich in SFAs
that can lead to an increase in blood TC and LDL-C,8 and
substituting them with polyunsaturated fatty acid (PUFA).
Over the past two decades, some human studies have
compared the effects of palm oil and OO on serum lipids
profiles or the development of CVD. Notably, it has been
reported that a dietary PO intervention did not change the
serum TC, LDL-C, HDL-C, or TG concentrations when
compared to a dietary OO intervention.9,10 Moreover,
Voon et al reported that no significant variations were
observed in the plasma total homocysteine or the inflammatory markers when healthy Malaysian adults were given high-protein diets prepared with PO, coconut oil, or
virgin OO; in addition, they noted that diets prepared with
PO and OO had comparable non-hypercholesterolemic
effects and lower levels of postprandial total cholesterol
(p<0.05) than the OO diet.11
However, other research contradicts these findings.
Montoya et al, reported that a SFA diet with high palm oil
content (17% of total energy) increased the serum TC and
LDL-C levels when compared with an MUFA diet with a
predominance of oleic acid (18:1; 20.9% of total energy),
an n-6 PUFA diet with a high percentage of sunflower oil
(12.8% of total energy), or a PUFA diet (n-3) enriched
with fish oil (4-4.5 g/day; 1.6% of total energy).12 In another study, a MUFA-rich diet was found to reduce the
concentration of LDL-C and significantly increase the
resistance of LDL to oxidative modification, compared
with a SFA diet with palm oil.13 Tholstrup et al, indicated
that lard increased the concentration of TC and LDL-C
(p<0.01) when compared with dietary OO and PO; moreover, PO resulted in a lower plasma TG concentration
than OO (p<0.01). The authors therefore concluded that
the fatty acid in the sn position was not important when
considering the effects of fatty acid on plasma cholesterol;
nevertheless, finding a lower plasma TG concentration
after the PO diet than after the OO diet was unexpected.14
As noted earlier, PO has a similar distribution of
MUFA in the sn-2 position compared with OO. MUFA is
known to improve blood lipid profiles for in people with
metabolic syndrome, CVDs, and abdominal obesity, and
in health non-obese individuals.15-17 PO with MUFA almost exclusively in the sn-2 position may have similar
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effects on blood lipid profiles as does OO. Hence, this
study investigated the effects of PO and OO on blood
lipid profiles in a healthy Chinese population, which is
understudied regarding the effects of PO and OO.
Overall, the effects of OO and PO on human serum lipid profile remain controversial. Further research is required to understand the impact of palm oil and OO on
lipid metabolism in the human body, across a variety of
populations. The present study contrasted the effects of
PO and OO consumption on the human serum lipid profiles in a healthy Chinese population.
METHODS
The ideal sample size for this study was determined by
serum TC levels, according to the epidemic formula N =
[2(Zα + Zβ)2 x σ2] / d2 with a 95% CI and 5% margin of
error, where Zα = 1.96, Zβ = 1.64, σ = 0.65 mmol/L (i.e.,
the estimated standard deviation of serum TC from our
previous study), and d = 0.50 mmol/L (i.e., the estimated
difference between the two groups from Montoya’s
study).12 The calculation indicated that a minimum sample of 44 participants per group was required, and 60 participants were selected for each group.
Participant selection
At a textile mill in Yixing, Jiangsu province, China, 212
volunteers, whose ages ranged from 25 to 55 years old,
were recruited. Their body weight, blood pressure, fasting
serum lipid profile, blood cell count, and liver and kidney
function indices were examined, and 120 of them met the
following inclusion criteria:
(1) No personal or family history of CVD, diabetes, hypertension, hypothyroidism, hyperthyroidism, chronic renal disease, hepatitis, or cancer;
(2) The body mass index (BMI) between 18.5 and 24.9
kg/m2;
(3) Not being pregnant or lactating;
(4) Serum TC level <6.20 mmol/L, LDL-C level <4.12
mmol/L, HDL-C level >1.04 mmol/L, and TG level
<2.26 mmol/L (in accordance with the guidelines for
dyslipidemia prevention and treatment for Chinese
adults, 2007 edition18); and
(5) A fasting blood glucose (FBG) level <6.1 mmol/L
(according to the guideline for type 2 diabetes prevention and treatment in China, 2013 edition 19).
All participants who met the requirements were divided
into two groups using the random number table method,
with 60 participants randomly assigned to each group.
This study was conducted according to the guidelines
detailed in the Declaration of Helsinki, and all of the procedures involving human participants were approved by
the Ethics Committee for Clinical Research of Zhongda
Hospital (affiliated with Southeast University, approval
number is 2014ZDSYLL0540). Written informed consent
was obtained from all participants, and we also registered
with
the
Chinese
Clinical
Trial
Registry
(http://www.chictr.org.cn/, registration number ChiCTRICR-14005587).
Study design and diet
A 2×2 crossover design was used, and the technical protocol chart is depicted in Figure 1. The trial was carried
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Screening

Control period Week-0-2

5 weeks
A washout period
of 2 weeks

5 weeks

Physical examination,
blood sample
collection

Wash period

Dietary and physical activity
record
Randomly divided into 2 groups

Palm olein

Olive oil
Physical examination,
blood sample
collection

OO-diet
group

Palm olein

PO-diet group

Olive oil

Data collection and statistical analysis
Figure 1. Flowchart of subject recruitment and experiment process

out in a sequence of four stages: a 2-week run-in period,
followed by 5-week interventional period, a 2-week
washout period, and then another 5-week interventional
period. During the run-in period, the total dietary energy
was controlled and a baseline diet was provided according to the recommendation of the Chinese Dietary Reference Intakes (DRIs); the same was done for the washout
period. The two groups respectively followed the crossover of the PO diet and the OO diet to preserve the sample size and control for individual variance. Before starting the experiment, everyone involved (including researchers, participants and chefs) received training. All
participants were requested to eat their meals in the factory canteen, as well as submit to a simple physical examination and blood collection for a defined period; eatingout was prohibited. Throughout the experimental, the
researchers encouraged the participants to finish the provided food. The researchers also noted participants’ presence at every meal, and the participants were required to
deliver any leftover food to researchers after each meal
for every 5 days’ food weighing. The chefs in the factory
canteen were trained to prepare meals in accordance with
our requirements, and the experimental test fats were OO
and PO, which are used as the cooking oil in a typical
Chinese diet.
Both the PO and OO were purchased from the market,
and the fatty acid compositions of the two oils were determined using gas chromatograph (Agilent 6890N, USA).
The distribution of fatty acids in the sn-2 position was
detected by 13C NMR spectroscopy; specifically, 13C
NMR spectra were recorded using a JEOL LA-400 MHz
spectrometer, fitted with a 5-mm-id dual probe 13C/1H
and carefully tuned to a recording frequency of 100.40
MHz. The temperature of the probe was set to 298.15 K.
The proton decoupled spectra were acquired using an
inverse gated heterodecoupling sequence, for which a
spectral width of 1500 Hz (where the acyl chain carbonyl
carbons resonate), 8192 data points, a 90-degree pulse
width, and 5.5 s of acquisition time were employed. The

total repetition delay was set at 27.4 s to achieve a 99.9%
recovery of z-magnetization, and free induction decay
was processed in an exponential window. No zero-filling
or artificial cosmetic-valued apodization was done during
data processing to ensure unbiased quantitative information. However, curve fitting was performed, using a
coefficient mixture ratio of 1:1 between Lorentzian and
Gaussian functions and a nonlinear least-square procedure for optimization, to achieve the optimal values of the
line shape parameters. All spectra were acquired with 128
scans. Standard Alice JEOL processing software was
used.
A questionnaire was used to inquire about the participants’ physical activity levels according to the DRIs. During the experimental stages, participants were asked to
maintain their regular physical activity level, which was
easy to achieve because of their fixed working arrangements. The participants were provided with the test food
that was cooked with either PO or OO for three meals per
day, although they did not know which test oil they had
consumed. The daily dietary plan was designed by the
researchers, and the menu were the same for both groups.
The participants ate their three meals at the factory canteen. According to the daily recipe and the number of
participants, the required amounts of the oils were calculated and individually provided to the chefs for each meal.
The researchers supervised the chefs daily to use the oils
according to instructions.
The energy from fat comprised approximately 30% of
the total dietary energy. In addition, the intake of dietary
cholesterol was controlled to be no more than 300 mg/day,
and the total fat intake was not to exceed 80 g including
48 g of test oil. The researchers recorded the participants’
dining status daily.
Dietary surveys were carried out at the end of each of
the four stages, and the weighted food record method was
used to obtain the participants’ nutrients intakes.
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Physical examination, blood sample collection, and detection indices
Physical examinations were conducted and fasting blood
samples were measured five times: at the beginning and
the end of run-in period, and at the end of each subsequent stage. Blood samples were collected after the participants had fasted for at least 12 h, and sent to Zhongda
Hospital for blood index analysis. Specifically, the blood
samples were collected from the antecubital vein and
placed into both EDTA tubes (used for the routine blood
tests) and separation gel tubes (used for blood biochemical tests). Serum was isolated from the blood at 4000 rpm
for 4 min before detection. Routine blood tests (e.g., red
blood cell, hemoglobin (Hb), white blood cell count,
platelet count, hematocrit, mean corpuscular volume,
mean corpuscular Hb, mean corpuscular Hb concentration,
and red blood cell volume distribution width) were tested
by an automatic hematology analyzer (XE-2100, Sysmex,
Japan). The blood biochemical indices, including serum
lipid profiles (TC, TG, LDL-C, HDL-C, Apolipoprotein
(Apo) A1, and Apo B levels in serum) and serum glucose,
were detected using an automated biochemical analyzer
(LX20, Beckman, Germany), and serum insulin was identified using a radioimmunoassay (HTA Company, Peking,
China). The HOMA-IR was calculated using the formula:
homeostasis model
assessment-insulin resistance
(HOMA-IR) = [fasting glucose (mU/L) × fasting insulin
(mmol/L)] / 22.5.11 Finally, physical examination indices,
including height, weight, waist circumference, hip circumference, and blood pressure, were collected by professionals at the physical examination center.
Statistics
Data were analyzed using SPSS 19.0 to determine significant differences between the two groups. Levene’s normality test was used to review the normal distribution of
data, and logarithmic transformations were used when
appropriate. Gaussian distribution data were expressed as
means ± SDs and skewed distribution data were expressed as the median and quartile. Following the methods for crossover design, the first step was to test the interaction between the PO diet group and the OO diet
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group for different indices, and the results showed that
there were no interaction between them. Subsequently, a
standard t-test was used, because there were only two
experimental oils; specifically, the PO and OO diet effects was examined by adopting a two-tailed paired t-test,
modified for the crossover design. Statistical significance
was set at p<0.05.
RESULTS
Participant characteristics
Of the 120 participants who initially joined the study, 100
of them (47 men and 53 women) completed the study;
notably, 11 participants were unwilling to provide the
required number of blood sample, five withdrew without
offering a reason, and four left the factory. The baseline
characteristics of the final 100 participants are listed in
Table 1.
On average, the participants were 40 years old with
18.5< BMI <24.9, TC <6.2 mmol/L, TG <2.26 mmol/L
and FBG <6.1 mmol/L, respectively. None had any metabolic syndromes or a medical history of CVD according
to the medical and lifestyle questionnaires. Additionally,
no significant differences were found between the two
groups regarding BMI, routine blood test indices (data not
listed), blood glucose, insulin, or blood lipids. Thus, it
was concluded that the participants were suitable for this
study.
Dietary status
Each participant consumed approximately 48 g test oil
daily. The calculated dietary intakes of energy, protein,
fat, carbohydrates, cholesterol, as well as the contribution
rates of protein, fat, and carbohydrate toward total energy,
are provided in Table 2. No significant differences in the
dietary intakes of energy, macronutrient composition (i.e.,
percentage of energy from protein, fat, and carbohydrates)
were observed between the PO and OO diet groups during the four stages. Table 3 presented a comparison the
blood biochemical indices and demographics between the
PO and OO groups during the run-in and the washout
periods. The blood lipid profiles (triglyceride, total cholesterol, HDL, and LDL) indicated that there were no

Table 1. The baseline information of recruited subjects (x̄/M, 25th, 75th)
PO-Diet (n=48)
(Palm Olein-Diet)
Age† (years)
Sex‡ (male/female)
BMI† (kg/m2)
TG† (mmol/L)
TC† (mmol/L)
HDL† (mmol/L)
LDL† (mmol/L)
Apo A1† (g/L)
Apo B† (gL)
Glucose† (mmol/L)
Insulin§ (uIU/mL)
HOMA-IR§

39.2±10.0
25/23
22.4±2.23
0.91±0.29
4.30±0.64
1.19±0.17
2.47±0.44
1.15±0.23
0.75±0.11
4.38±0.73
6.01 (4.34, 8.29)
1.18 (0.77, 1.75)

OO-Diet (n=52)
(Olive Oil-Diet)

p

41.3±8.36
23/30
22.0±1.90
0.91±0.28
4.41±0.64
1.23±0.22
2.55±0.38
1.18±0.24
0.79±0.09
4.50±0.70
6.76 (5.19, 2.05)
1.32 (0.97, 1.78)

0.251
0.250
0.432
0.946
0.422
0.288
0.363
0.523
0.109
0.431
0.129
0.136

BMI: body mass index; TG: triacylglycerol; TC: total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; Apo:
apolipoprotein; HOMA-IR: homeostasis model assessment-insulin resistance.
†
Comparison between two groups, t-test.
‡
χ2-test.
§
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Table 2. Dietary nutrient intake measured for four sessions† per capita

Energy (kcal)
Protein (g/d)
Fat (g/d)
Carbohydrate (g/d)
Cholesterol (mg/d)
Protein (% total energy)
Fat (% total energy)
Carbohydrate (% total energy)
experimental oil (%total energy)

PO
run-in
2.57×103
56.0
80.8
404
67.8
8.7
28.3
62.9
16.8

OO
run-in
2.58×103
68.2
80.9
395
131
10.6
28.2
61.2
16.7

PO
first
2.28×103
62.2
78.2
333
158
10.9
30.8
58.3
18.9

OO
first
228×103
60.4
71.2
349
240
10.6
28.2
61.3
19.0

PO
washout
2.48×103
71.5
79.8
368
214
11.5
28.9
59.3
17.4

OO
washout
2.43×103
74.5
80.5
352
142
12.3
29.8
58.0
17.8

PO second

OO second

p‡

2.454×103
69.4
80.2
361
109
11.3
29.4
58.9
17.6

2.45×103
73.5
79.1
362
138
12.0
29.1
59.1
17.6

0.882
0.396
0.531
0.909
0.548
0.367
0.459
0.971
0.882

PO: palm olein; OO: olive oil.
†
Four sessions studied, namely run-in period, first experimental period, washout period and a second cross-over experimental period, separately.
‡
Comparison between two groups of four times of dietary macro-nutrient intake with significance when p<0.05.

Table 3. Demographics and blood biochemical indices of comparison between PO and OO diet group after the run-in and washout period (x̄±s)
Run-in
2

BMI (kg/m )
WHR
Glucose (mmol/L)
TG (mmol/L)
TC (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Apo a1 (g/L)
Apo b(gL)
Insulin (uIU/mL)
HOMA-IR

PO-Diet
22.4±2.38
0.82±0.06
4.11±0.50
1.04±0.43
4.38±0.71
1.20±0.16
2.52±0.52
1.13±0.14
0.77±0.11
4.23 (2.39, 6.60)
0.82 (0.40, 1.27)

OO-Diet
22.1±1.97
0.83±0.06
4.18±0.57
0.90±0.30
4.45±0.68
1.28±0.25
2.49±0.42
1.20±0.19
0.78±0.10
6.01 (3.89, 8.22)
1.07 (0.68, 1.59)

Washout
p†
0.513
0.455
0.542
0.056
0.593
0.068
0.782
0.040
0.790
0.005
0.009

PO-Diet
22.0±1.95
0.83±0.06
4.11±0.44
0.90±0.41
4.47±0.61
1.23±0.12
2.55±0.45
1.17±0.12
0.76±0.10
5.57 (4.12, 8.42)
1.06 (0.78, 1.59)

OO-Diet
22.2±2.59
0.84±0.06
4.19±0.66
0.96±0.41
4.24±0.62
1.19±0.17
2.48±0.54
1.17±0.16
0.74±0.13
6.10 (4.04, 8.79)
1.15 (0.70, 1.65)

p†
0.591
0.747
0.491
0.499
0.069
0.149
0.481
0.824
0.336
0.754
0.777

PO: palm olein; OO: olive oil; BMI: body mass index; WHR: waist-to-hip ratio; TG: triacylglycerol; TC: total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; Apo: apolipoprotein;
HOMA-IR: homeostasis model assessment-insulin resistance.
†
Nonparametric test: Mann-Whitney test.
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significant differences between the PO group and OO
group during the run-in and washout periods (p>0.05).
Fatty acid composition of PO and OO
The composition of fatty acid in PO and OO is detailed in
Table 4. Although the proportion of oleic acid in OO is
higher than that in PO, the main distribution of fatty acids
at the sn-2 position is PUFA and MUFA for PO and OO,
respectively.
BMI and serum variables
Table 5 shows the mean values for BMI and serum variables. Before the statistical analysis, the interactions between the different blood biochemical indices were explored using SPSS; no significant interaction was found.
Subsequently, the two-tailed paired t-test, modified for
the crossover design, was adopted to compare the serum
content (i.e., amount of TG, TC, LDL, HDL, Apo A1,
Apo B, insulin, and glucose) and BMI between the PO
and OO diet, no significant difference was noted.
DISCUSSION
The main findings of this experiment was that PO has a
neutral effect on serum lipids in a healthy Chinese population, which is similar to the effects of OO. Neither POnor OO-inclusive diets raised blood cholesterol concentrations, which is consistent with some previous reports.9,10 However, these results also contrast with Tholstrup’s study, which determined that lard increased the
total cholesterol and LDL-C in a sample of 19-64 yearold healthy Danish men compared with OO or PO intake
(p<0.0001), although PO resulted in a lower plasma TG
concentration than OO (p<0.01).14 Although it is impossible to provide a definitive reason for this contrast, we
propose that the variation may because that Tholstrup’s
study had no washout period before the cross-process.
Many animal studies also suggest that palm oil as OO
have similar effects on serum lipids profiles. One study
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indicated that a high fat diet (45% energy) mainly containing palm oil and OO for 8 weeks had the same effects
on body weight and the accumulation of both myocellular
TG and diacylglycerol in C57BL/6 mice.20
Other potential explanations for the neutral effects between the PO and OO intervention exist. The proportions
of oleic and palmitic acid in the PO we used were
48.91/100 g and 27.46/100 g respectively, while those in
the OO were 77.33/100 g and 9.67/100 g. Although the
palmitic acid concentration in PO was higher than that in
OO, 67.1% of the fatty acid in the sn-2 position was oleic
acid. The positional distribution of fatty acids in the TG
structure is believed to affect lipid metabolism.21 Lien et
al reported that when the palmitic acid at the sn-2 site in
TG increases, the absorption of palmitic acid in fed experimental rats also increases, demonstrating that the
palmitic acid at the triglyceride sn-2 position had excellent absorption characteristics compared with fat; notably,
most palmitic acid was located at the sn-1 and sn-3 positions.22 The same conclusion was drawn following in a
feeding study on pigs.23
Because most of the fatty acids at the sn-2 position in
the TG of palm oil are oleic, more oleic acids are absorbed and less palmitic acids are absorbed at sn-1 or sn-3
positions. Numerous studies have confirmed the nutritional value of palm oil as a result of the high monounsaturation at the crucial sn-2 position in the TGs, which
makes it as healthy as OO.4 In 1997, Zhang discussed an
intervention experiment in which 120 healthy men aged
18-25 years old were randomly divided into four groups
for dietary interventions with palm oil, soybean oil, lard
or peanut oil. Each intervention lasted for 6 consecutive
weeks after a run-in period of 3 weeks.24 The serum TC
and LDL-C levels of the palm oil group were reduced by
6.7% and 13.1% (p<0.05), respectively, after dietary intervention, whereas the levels in the lard group were elevated by 22.8% and 30.7% (p<0.05), respectively.
In some reports about the effects of PO and OO on

Table 4. The distribution of fatty acid between PO and OO in different glycerol binding position and structure
Fatty acid (g/100g)
Lauric acid
Myristic acid
Palmitic acid
Palmitoleic acid
Stearic acid
Oleic acid
Linoleic acid
α-linolenic acid
Arachidic acid
Cis-11-Eicosenoic acid
1,3-position† (% total fatty acid)
Saturated fatty acid
Monounsaturated fatty acid (cis-9 monoene)
Monounsaturated (cis-11 monoene)
Polyunsaturated fatty acid
2-position† (% total fatty acid)
Saturated fatty acid
Monounsaturated fatty acid (cis-9 monoene)
Monounsaturated (cis-11 monoene)
Polyunsaturated fatty acid
overall† (% total fatty acid)
†

Composition is quoted in mol %; ---: not detected.

PO-Diet
0.27
0.88
27.46
0.24
2.79
48.9
13.87
0.21
0.23
0.14

OO-Diet
0
0
9.67
0.59
2.81
77.3
3.74
0.55
0.34
0.14

51.3
41.9
--6.8

22.1
65.4
6.1
6.4

4.3
67.1
--28.6

--88.0
--12.0
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Table 5. The comparison of PO and OO treatment on blood biochemical indexes (x̄±s)

TG (mmol/L)
TC (mmol/L)
HDL (mmol/L)
LDL(mmol/L)
Apo A1 (g/L)
Apo B (gL)
Glucose (mmol/L)
Insulin (uIU/mL)‡
HOMA-IR‡

PO-Diet
n=48
1.04±0.43
4.38±0.71
1.20±0.16
2.52±0.52
1.13±0.14
0.77±0.11
4.11±0.50
4.23 (2.39, 6.60)
0.8 2(0.40, 1.27)

OO-Diet
n=52
0.90±0.30
4.45±0.68
1.28±0.25
2.49±0.42
1.20±0.19
0.78±0.10
4.18±0.57
6.01 (3.89, 8.22)
1.07 (0.68, 1.59)

p†
0.056
0.593
0.068
0.782
0.040
0.790
0.542
0.005
0.009

PO-Diet
n=100
0.93±0.40
4.34±0.69
1.21±0.17
2.48±0.50
1.21±0.21
0.76±0.13
4.18±0.64
5.50 (3.71, 7.45)
0.97 (0.65, 1.52)

OO-Diet
n=100
0.94±0.39
4.36±0.68
1.22±0.20
2.51±0.50
1.17±0.18
0.79±0.11
4.12±0.62
5.36 (3.75, 7.49)
0.95 (0.63, 1.40)

p†
0.836
0.861
0.963
0.703
0.176
0.162
0.455
0.199
0.178

PO: palm olein; OO: olive oil; TG: triacylglycerol; TC: total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; Apo: apolipoprotein; HOMA-IR: homeostasis model assessment-insulin resistance.
†
Comparison between two groups, t-test.
‡
All values are median (25th percentile, 75th percentile), nonparametric test: Mann-Whitney test.

Effects of palm olein on serum lipid profile

blood lipids profiles, the sample sizes varied from 21 to
33 participants,9,10,14 which are smaller than ours. In the
present study, 100 participants completed the entire trial,
which was more than required according to our power
analysis. Although other cross-sectional studies have notably shortcomings, such as a carry-over effect that can
influence the accuracy of results. We implemented a
washout period to eliminate this effect. After comparing
the demographics and blood biochemical indices at the
end of the run-in and washout periods, we found no remarkable distinctions in blood lipid profiles between the
PO and OO groups. However, the serum insulin and
HOMA-IR indices were with significantly different at the
end of the run-in period. One possible reason is that the
diet was meticulously controlled according to energy consumption calculations during the run-in period; thus, the
participants’ diet habits were altered from their previous
eating habits. However, the crossover design of this study
may eliminate the individual differences between the two
groups because of the cross intervention of both PO and
OO.
Recently, a review that focused on the relationships between published human nutrition studies and the predicted values of serum cholesterol concentrations based on
total fatty acid composition and those at sn-2 position on
TGs was published. The researchers concluded that sn-2
position appeared to determine the effects of PO, OO,
cocoa butter, sunflower seed oil, corn oil, soybean oil,
grape seed oil, groundnut oil and rice bran oil diets on
serum cholesterol level, rather than the total fatty acids.25
However, considering the high SFA contents, according
to the present study results, PO does not seem to influence blood lipid profiles, which may be explained by sn-2
position theory as mentioned.
Overall, our dietary crossover trial indicated that PO
and OO had no significant impact on body fatness or
blood lipids in a healthy Chinese population. We have
confirmed several previous reports, especially regarding
the ‘sn-2 position theory’.9-11 However, we only examined BMI and blood lipids profiles, and did not consider
related inflammatory factors or other possible health outcomes; thus, further research is needed to develop our
findings.
Conclusion
The present study supports previous findings that the effect of PO on total serum cholesterol and LDL-C in
healthy individuals with normal plasma cholesterol, along
with total body fatness, is neutral, compared with that of
OO.
ACKNOWLEDGEMENTS
We thank the Malaysian Palm Oil Board (MPOB), the Fundamental Research Funds for the Central Universities
(2242016K40024) for their support. We also thank the leaders
and chefs of the spinnery for their assistance during the management and organization of the project. The authors thank Associate Professor Ling Zhao (Department of Nutrition, The University of Tennessee, Knoxville, Tennessee, USA) for grammatical revisions. The funders had no role in study design, data
collection, analysis, decision to publish, or preparation of the
manuscript. This article is original.

579

AUTHOR DISCLOSURES
The authors declare no conflict of interest.
REFERENCES
1. Oilseeds: World Markers and Trade 2016/12 [cited 2016/12];
Available from: http://apps.fas.usda.gov/psdonline/circulars/
oilseeds.pdf.
2. Fattore E, Bosetti C, Brighenti F, Agostoni C, Fattore G.
Palm oil and blood lipid-related markers of cardiovascular
disease: a systematic review and meta-analysis of dietary
intervention trials. Am J Clin Nutr. 2014;99:1331-50. doi:
10.3945/ajcn.113.081190.
3. Hayes KC, Khosla P. The complex interplay of palm oil
fatty acids on blood lipids. Eur J Lipid Sci Technol. 2007;
109:453-64. doi: 10.1002/ejlt.20070005.
4. Ong AS, Goh SH. Palm oil: a healthful and cost-effective
dietary component. Food Nutr Bull. 2002;23:11-22.
5. Bester D, Esterhuyse AJ, Truter EJ, van Rooyen J.
Cardiovascular effects of edible oils: a comparison between
four popular edible oils. Nutr Res Rev. 2010;23:334-48. doi:
10.1017/S0954422410000223.
6. Fito M, de la Torre R, Farre-Albaladejo M, Khymenetz O,
Marrugat J, Covas MI. Bioavailability and antioxidant
effects of olive oil phenolic compounds in humans: a review.
Ann Ist Super Sanita. 2007;43:375-81.
7. Platt DE, Ghassibe-Sabbagh M, Youhanna S, Hager J,
Cazier JB, Kamatani Y et al. Circulating lipid levels and risk
of coronary artery disease in a large group of patients
undergoing coronary angiography. J Thromb Thrombolysis.
2015;39:15-22. doi: 10.1007/s11239-014-1069-2.
8. Aranceta J, Perez-Rodrigo C. Recommended dietary
reference intakes, nutritional goals and dietary guidelines for
fat and fatty acids: a systematic review. Br J Nutr. 2012;
107(Suppl 2):S8-22. doi: 10.1017/S0007114512001444.
9. Choudhury N, Tan L, Truswell AS. Comparison of
palmolein and olive oil: effects on plasma lipids and vitamin
E in young adults. Am J Clin Nutr. 1995;61:1043-51.
10. Ng TK, Hayes KC, DeWitt GF, Jegathesan M,
Satgunasingam N, Ong AS, Tan D. Dietary palmitic and
oleic acids exert similar effects on serum cholesterol and
lipoprotein profiles in normocholesterolemic men and
women. J Am Coll Nutr. 1992;11:383-90.
11. Voon PT, Ng TK, Lee VK, Nesaretnam K. Diets high in
palmitic acid (16:0), lauric and myristic acids (12:0 + 14:0),
or oleic acid (18:1) do not alter postprandial or fasting
plasma homocysteine and inflammatory markers in healthy
Malaysian adults. Am J Clin Nutr. 2011;94:1451-7. doi: 10.
3945/ajcn.111.020107.
12. Montoya MT, Porres A, Serrano S, Fruchart JC, Mata P,
Gerique JA, Castro GR. Fatty acid saturation of the diet and
plasma
lipid
concentrations,
lipoprotein
particle
concentrations, and cholesterol efflux capacity. Am J Clin
Nutr. 2002;75:484-91.
13. Mata P, Varela O, Alonso R, Lahoz C, de Oya M, Badimon
L. Monounsaturated and polyunsaturated n-6 fatty acidenriched diets modify LDL oxidation and decrease human
coronary smooth muscle cell DNA synthesis. Arterioscler
Thromb Vasc Biol. 1997;17:2088-95.
14. Tholstrup T, Hjerpsted J, Raff M. Palm olein increases
plasma cholesterol moderately compared with olive oil in
healthy individuals. Am J Clin Nutr. 2011;94:1426-32. doi:
10.3945/ajcn.111.018846.
15. Bos MB, de Vries JHM, Feskens EJM, van Dijk SJ, Hoelen
DWM, Siebelink E, Heijligenberg R, de Groot L. Effect of a
high monounsaturated fatty acids diet and a Mediterranean
diet on serum lipids and insulin sensitivity in adults with

580

G Sun, H Xia, Y Yang, S Ma, H Zhou, G Shu et al

mild abdominal obesity. Nutr Metab Cardiovasc Dis. 2010;
20:591-8. doi: 10.1016/j. numecd.2009.05.008.
16. Egert S, Kratz M, Kannenberg F, Fobker M, Wahrburg U.
Effects of high-fat and low-fat diets rich in monounsaturated
fatty acids on serum lipids, LDL size and indices of lipid
peroxidation in healthy non-obese men and women when
consumed under controlled conditions. Eur J Nutr. 2011;
50:71-79. doi: 10.1007/s00394-010-0116-9.
17. Gillingham LG, Harris-Janz S, Jones PJH. Dietary
monounsaturated fatty acids are protective against metabolic
syndrome and cardiovascular disease risk factors. Lipids.
2011;46:209-28. doi: 10.1007/s11745-010-3524-y.
18. Guidlines for dyslipidemia prevention and treatment for
Chinese adults. The joint committee of guidelines
development for dyslipidemiantrol prevention and treatment
for Chinese adults. Chinese Journal of Cardiovascular
Diseases. 2007; 35:390-419. (In Chinese)
19. Chinese Diabetes Society. Guideline for type 2 diabetes
prevention and treatment in China, 2013 edition. Chinese
Journal of Diabetes. 2014:447-98. doi: 10.3760/cma.j.issn.
1674-5809. 2014.07.004. (In Chinese)
20. Timmers S, de Vogel-van den Bosch J, de Wit N, Schaart G,
van Beurden D, Hesselink M, van der Meer R, Schrauwen P.

Differential effects of saturated versus unsaturated dietary
fatty acids on weight gain and myocellular lipid profiles in
mice. Nutr Diabetes. 2011;1:e11. doi: 10.1038/nutd.2011.7.
21. Cantwell MM, Flynn MAT, Gibney MJ. Acute postprandial
effect of hydrogenated fish oil, palm oil and lard on plasma
cholesterol, triacylglycerol and non-esterified fatty acid
metabolism in normocholesterolaemic males. Br J Nutr.
2006;95:787-94. doi: 10.1079/bjn20051723.
22. Lien EL, Boyle FG, Yuhas R, Tomarelli RM, Quinlan P.
The effect of triglyceride positional distribution on fatty acid
absorption in rats. J Pediatr Gastroenterol Nutr. 1997;25:
167-74.
23. Innis SM, Akrabawi SS, Diersen-Schade DA, Dobson MV,
Guy DG. Visual acuity and blood lipids in term infants fed
human milk or formulae. Lipids. 1997;32:63-72.
24. Zhang J, Ping W, Chunrong W, Shou CX, Keyou G.
Nonhypercholesterolemic effects of a palm oil diet in
Chinese adults. J Nutr. 1997;127:509S-13S.
25. Teh SS, Voon PT, Ng YT, Ong SH, Ong ASH, Choo YM.
Effects of fatty acids at different positions in the
triglycerides on cholesterol levels. Journal of Oil Palm
Research. 2016;28:211-21.

