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Abstract. The metabolic syndrome is a trait of metabolic disorders that results from the
increasing prevalence of obesity. Clinical manifestations include insulin resistance,
hyperlipidemia, hyperuricemia, etc. Populations with high morbidity tend to be middle-aged and
elder adults. With the advent of an ageing society, the incidence of metabolic syndrome will be
higher. Since diacylglycerol (DAG) oil was first introduced in 1999, it has received extensive
attention. DAG oils and related products have been distributed in markets in Japan, Europe, and
the United States since 2001. This paper will review the effects of the new dietary oil, DAG, on
the metabolic syndrome. It is hoped that DAG oil has the ability to replace traditional
triacylglycerol (TAG) oil and control the morbidity of metabolic syndrome. This review article
collected recent studies, and the results proved that dietary DAG is effective for reducing
postprandial blood lipids and blood glucose, managing weight, and ameliorating insulin
sensitivity.
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1. Introduction

With global economic development, the prevalence of obesity has increased due to the spread of
western-style diets and a lack of physical activity [1]. According to data from the U.S. National Health
and Nutrition Examination Survey (NHNES), between 1988 and 2010, the average body mass index
(BMI) of U.S. men and women increased by 0.37% per year, respectively. Metabolic syndrome, also
known as syndrome X, is closely related to abdominal obesity and consists of several common metabolic
abnormalities, including insulin resistance, dyslipidemia, decreased high-density lipoprotein (HDL)-
cholesterol levels, hyperuricemia, and hypertension. Also, metabolic syndrome is known to be highly
atherogenic and impacts patients’ health. Its incidence has increased over the past decade. Specifically,
from 2011 to 2012, the estimated prevalence rate in the United States was 34.7%. Recently,
diacylglycerol (DAG) has been widely researched as it is effective for treating absorptive and post-
absorptive hyperlipidemia, thus preventing excess adiposity [2]. DAG is naturally found in vegetable
oils with a percentage around 1-10 and is therefore recognised as a secure anti-obesity functional
cooking oil. The US FDA also marked it as GRAS (generally recognised as safe). Enriched DAG oil
can be obtained through structural improvements in traditional dietary triacylglycerol (TAG)-rich oils
like sunflower oil, rice brain oil, etc. Synthesised DAG oil ought to contain 80% or greater DAG content.
At present, many studies have shown that DAG oil consumption can improve metabolic diseases other
than hyperlipidemia, such as obesity, diabetes, etc., and can be used for the prevention and control of
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the metabolic syndrome by lowering postprandial blood lipids and body mass, improving insulin
sensitivity, and preventing atherosclerosis. The review will be to focus on the metabolic advantages of
DAG oils over TAG oils by providing a theoretical basis. By exploring this topic, we could broaden the
clinical possibilities for DAG oil and provide another pathway for treating metabolic patients.

2. Metabolic Pathways of Dag

Sn-1,2-DAG, sn-1,3-DAG and sn-2,3-DAG are the three existing isomers of DAG. Relying on the lipase
cleavage of the esterified fatty acid (FA) at the sn-1 or sn-3 position of the TAG molecule, it is possible
to generate a chiral center at the sn-2 position and produce one of the two DAG enantiomers, i.e., a DAG
of sn-2,3 or sn-1,2, distinctly [3]. It is well defined that DAG can be produced by the enzyme 1,3-specific
lipase through reverse reaction and it contains a larger proportion of 1,3-DAG since it is
hemodynamically more stable than the 1,2-species or 2,3-species. The equilibrium ratio of the DAG oil
is 7:3 for 1,3-DAG and 1,2-(2,3-) DAG [3].
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Figure 1. Digestion and absorption of dietary triacylglycerol (TAG) [4].

Figure 1 shows that TAG is typically hydrolyzed to intermediates during metabolism in the form of
1,2 or 2,3-DAG and is then hydrolyzed in the intestinal lumen to 2-monoacylglycerol (MAG), which is
then re-esterified and passes into the intestinal lymph as chylomicrons (CM) by microsomal triglyceride
transfer protein (MTP). Whereas edible DAG oils contain the majority of 1,3-DAG which has a different
pathway for absorption. Dietary DAG is first hydrolyzed by lipase to 1-monoacylglycerol (1-MAG) and
then further hydrolyzed to glycerol and FFA, and absorbed by intestinal epithelial cells. As it is shown
in Figure 2, 1,3-DAG is first hydrolyzed by lipase in the intestine to 1-monoacylglycerol (1-MAG), and
then further hydrolyzed to glycerol and FFA, which is absorbed by intestinal epithelial cells. 1-MAG is
not a substrate of DGAT and MGAT but 1-MAG can be re-synthesized into TAG through glycerol-3-
phosphate pathway (which is lower than the activity of the 2-MAG pathway), or it may be combined
with FFA for energy storage and enter the human body through the blood circulation. The unique
metabolic profile of 1,3-DAG is thought to reduce body fat accumulation, reduce body mass, and inhibit
postprandial lipid elevation [5].
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Figure 2. Digestion and absorption of dietary diacylglycerol (DAG) [6].
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3. Effect of Dag Oil on Reduction of Postprandial Blood Lipids

Hyperlipidemia has been verified to link with a variety of health problems, including diabetes mellitus,
obesity, and hypertension, which are all serious components of the metabolic syndrome [7]. Several
clinical trials and studies have shown that a replacement of TAG oil with DAG oil is effective for
postprandial hyperlipidemia. Taguchi, H., et al. recruited 40 normolipidemic males and studied the effect
of dietary DAG on postprandial lipemia in healthy individuals by providing fat emulsions at various
doses: 10g, 20g, and 44g. Investigators found out that post-absorptive lipemia induced by the DAG (6.54
+5.12 mmol H/L, mean £SD) was significantly (p < 0.05) less by 23% than that induced by the TAG
(8.45 £7.54 mmol h/L, mean £SD) in the late postprandial phase (>4 h) after ingestion [8]. Tomonobu,
K. et al. did a double-blind, randomized, crossover test on dietary DAG oil ingestion compared with
TAG oil among 43 healthy Japanese men and 7 postmenopausal women. Results suggest that replacing
10 grams of dietary TAG with DAG daily can help prevent postprandial hyperlipidemia and related
diseases by lowering postprandial TAG, remnant-like particle cholesterol (RLP-C), and chylomicron
TAG [9].

Additionally, research on animals has demonstrated that dietary 1,3-DAG-enriched oil promotes the
reversal of atherosclerosis. In diabetic ApoE-deficient mice, DAG has been shown to be related with a
decrease in plasma cholesterol, notably in the bigger triglyceride-rich lipoproteins [10]. Long-term
intake of DAG can also reduce postprandial lipemia by stimulating hepatic lipid catabolism and thereby
modulating aortic lipid accumulation in New Zealand white rabbits [11].

4. Effect of Dag Oil on Obesity Prevention

The reason why obesity is one of the key factors in metabolic syndrome is because it can lead to chronic
inflammation. Abdominal or central obesity, the most common manifestation of metabolic syndrome,
is a sign of dysfunction in adipose tissue [12]. Clinical trials and studies indicated that DAG oil has
certain fat-lowering and weight-loss effects, so long-term use can slow down the progression of
metabolic abnormalities. Maki, K. C. et al. performed a 24-week randomised, double-blind, parallel
intervention trial with intention-to-treat analysis that involved 131 overweight or obese subjects. During
the trial, food products containing DAG or TAG oil for subjects were correlated into a reduced-energy
diet. After twenty four weeks, mean body weight and fat mass among the group consuming DAG
(p=0.025) were significantly lower than those in the TAG group(p=0.037). By the end of the trial, the
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average body weight in the DAG and TAG groups had decreased by 3.6% and 2.5%. Fat mass decreased
by 8.3% and 5.6% in the DAG and TAG groups, respectively. As a result, it is concluded that foods
containing diacylglycerols can promote weight loss and reduce body fat and can be used as an adjunct
to dietary therapy in the treatment of obesity [13]. Thereafter, Kawashima, H., et al. conducted a
randomisedcontrolled trial with intention-to-treat analysis across a 12-month period to measure the
effects of ad libitum consumption of DAG at home on body weight and serum triglycerides in 312
overweight Japanese subjects (aged 22 to 73 years). To ensure the effectiveness of the experiment, there
is no significant difference in total energy intake and physical activity between individuals. It was found
that the reductions in body weight and BMI were 0.87 kilogram\ (P=0.002) in the DAG group and 0.32
kilogram (P=0.002) in the TAG group [14].

5. Effect of Dag Oil on Lowering Blood Sugar and Ameliorating Insulin Sensitivity

Insulin resistance is the causative link of various metabolic abnormalities in the metabolic syndrome.
Consuming a high-energy fat diet is strongly associated with being overweight, which in turn decreases
insulin sensitivity, especially if there is excess abdominal fat. Consequently, choice and quantity of
dietary fat are crucial for controlling metabolic syndrome [15]. Studies have demonstrated that DAG oil
may play a role in monitoring blood glucose and improving insulin sensitivity. Li, D., et al. designed a
double-blind, controlled parallel study involving 112 Chinese type 2 diabetes mellitus patients (aged
40-65). It is noticed that body weight, body mass index (BMI), waist circumference, Homeostatic
modelling assessment of insulin resistance (HOMA-IR), serum insulin, and leptin levels were all
significantly lower in the dietary DAG group (with no adverse effects), whereas not in the dietary TAG
group [16]. Based on the analysis, fasting insulin was significantly lower in the DAG group among
normal weight subjects (BMI<=25). Therefore, people with type 2 diabetes can benefit from DAG oil
since it does improve insulin sensitivity, but only if they are not overweight (BMI>=25). Besides that, a
meta-analysis of five randomised controlled studies with 200 participants found that consumption of
DAG can reduce fasting blood glucose and insulin concentrations by Tongcheng, X. et al. This may be
related to a decrease in dihydroxyacetone phosphate, an intermediate product of lipid metabolism and
gluconeogenesis during DAG metabolism. Accordingly, DAG oil may have the ability to manage insulin
resistance, which slows the course of disease in patients with type 2 diabetes.

6. Conclusion

DAG oil has the effect of lowering postprandial lipids, reducing body fat and body mass, lowering blood
glucose, and improving insulin sensitivity. It can better prevent and control metabolic syndrome. This
effect is achieved by regulating relevant risk factors, and it is also a safe and emerging dietary fat.
However, at present, the physiological and pathological effects of DAG oil in preventing and controlling
metabolic syndrome have not yet been fully elucidated, the preparation process is not yet mature, and
the market price is high, which makes it difficult to popularize. More high-quality research is needed to
provide conclusive theoretical and technical support for the popularisation and application of DAG. This
article did not include the side effects of consuming DAG oil. In order to better serve the public as a
replacement for traditional TAG oil, more research could be done on the clinical safety of dietary DAG.
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