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ABSTRACT

Soybean oil has a characteristic that is mainly determined by
the content of polyunsaturated fatty acids in the form of high
linoleic (£54,87%), so it is liquid at low temperatures and has
a good effect on health. These make soybean oil much
preferred to be applied to various food products. This review
aims to provide information on soybean oil which includes
physical and chemical characteristics, extraction and
purification, as well as various current applications of soybean
oil in different fat/oil-based food products. Soybean oil can be
used for the production of oleogels/organogels, trans-free
margarine and creamer, recombined butter, and
mono-diacylglycerols. Soybean oil can rectify the
physicochemical and nutritional properties of the products.

Key words: Soybean oil, fat-based food product, oleogels,
trans-free margarine, recombined butter.

1. INTRODUCTION

Soybeans are the most dominant source of oil-producing
grains produced in the world (around 60%) due to the
economic characteristics and quality of the oil favored by
various industries [1]. Soybean has the main content of
protein, reaching 40%, but soybean also contains a high
amount of oil, about 18-22% [2], [3]. Soybean oil is generally
extracted mechanically or using hexane solvent. Soybean oil
contains unsaturated fatty acids around 85%, where the
polyunsaturated fatty acids (PUFAs), especially linolenic and
linoleic acids are very suitable to meet the nutritional needs of
essential fatty acids. However, soybean oil is relatively easy
to undergo oxidation reactions. Therefore, soybean oil needs
to be removed by impurities through the purification process
and avoided from light and oxygen contact to prevent
oxidation [4].

Soybean oil consists of triacylglycerol (90-95%), but it also
contains phosphatides, sterols, tocopherols, and other
fat-soluble compounds. The amount of phosphatides in
soybean is around 2% which consists of lecithin and cephalin.
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The primary fatty acids in soybean oil are linoleate (54.87%)
and oleate (23.17%) [5]. In general, soybean oil has several
advantages compared to oils from other plants, including
having a high PUFA content reaching 65%, maintaining its
liquid form at a lower temperature, can be selectively
hydrogenated with semi-solid oil or other fats/oils, having a
phosphatides content which can be isolated and have high
nutritional value, and contain natural antioxidants in the form
of tocopherol [6].

Soybean oil has been used in various foods, cosmetics, and
pharmaceutical products. This review discusses the
characteristics of soybean oil both the physical and chemical
characteristics, extraction and purification processes, as well
as the current applications of soybean oil, especially in the
food industry. Soybean oil is often used as edible oil.
However, soybean oil has now been used for a variety of
processed fat/oil products, including being made into a
mixture of margarine, recombined butter, oleogels, trans-free
products, and can be modified into mono- and diacylglycerol
or other structured lipids.

2. PHYSICAL AND CHEMICAL CHARACTERISTICS
OF SOYBEAN OIL

2.1 Physical Characteristics
- Polymorph structure
The fat crystal structure is generally in the form of a, B,

and B'. The type of B' has a small, needle-shaped crystal that
creates the smoothest texture that is most preferred for
shortening and margarine products. The composition of oil
plays an important role in the formation of crystals. In general,
soybean oil is dominated by B-shaped crystals, but modified
soybean oil, such as hydrogenation, where crystals formed are
dominated by pB-shaped crystals [1].
- Density

Soybean oil has a density/mass that varies depending on the
temperature; the lower its density at the higher the
temperature. Sahasrabudhe et al. [7] reported that soybean oil
has a density varying between 807.4-915.7 kg/m3 in the
temperature of 200-220 °C. The density of soybean oil at
room temperature is 915.7 + 0.7 kg/m3. Meanwhile,
according to Thomas [8], the density of soybean oil is 0.9220 -
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0.9340 g/mL at a temperature of 150C.
- Viscosity

Viscosity is defined as resistance to flow from liquids or
gases. The viscosity characteristics are produced from
collisions between particles in the fluid that move at different
speeds. The viscosity of soybean oil depends on the
temperature; the viscosity is lower at the higher temperature.
The viscosity of soybean oil varies from 57.1-2.8 mPa.s in the
temperature range of 22-200 °C. Soybean oil has a viscosity
of 57.1 mPa.s and is liquid at room temperature [7].
According to Shahidi [9], soybean oil has a viscosity of 59-62
mPa.s at 20 °C. According to Wang [1], the viscosity of
soybean oil is 50.09 mPa.s at 25 °C.

- Specific Heat of Soybean Qil

The specific heat of fats and oils determines the
characteristics of the oil when heated, thus affecting the
process conditions and their applications. The specific heat of
oil depends on temperature. Specific heat is higher when at
higher temperatures. Soybean oil has a specific heat ranging
from 2,269-2,812 J/g.K at temperatures of 40-180 °C [10].
Meanwhile, according to Wang [1], the specific heat of
soybean oil is around 0.458 cal/g at a temperature of 19.7 °C.

- Melting Point

Soybean oil has a relatively low melting point at about 0.6
°C. The melting point of deodorized soybean oil is at a lower
temperature, which is -5.80 °C, while the melting point of
hydrogenated soybean oil is 36.8 °C [11]. Fat with a melting
point lower than 37 °C can be used as shortening since it can
melt as a whole in the mouth and does not give a waxy
sensation when consumed [12]. Trans- fatty acids have a
higher melting point than cis-, so the presence of trans- fats
are preferred to create solid products, but trans- fat content
can present a risk of coronary heart disease and
atherosclerosis. According to Ribeiro et al. [5], soybean oil
that modified through interesterification with fully
hydrogenated soybean oil at a ratio of 70:30, has a melting
point of 39 °C, so that it is included in semi-solid or
all-purpose shortening fat products, which is usually used for
confectionery and bakery products.

- Smoke Point, Flash Point, Fire Point

The smoke point exhibited the temperature at which fat or
oil begins to produce visible bluish smoke. Smoke point
depends on free fatty acids (FFA) contained in fats/oils. The
more FFA content, the oil/fat will smoke faster. Flash point
exhibited the temperature at which oil water vapor can ignite
when exposed to a source of fire (spark) in a short time, and
then the fire will go out again. The fire point is the lowest
temperature point where the oil/fat vapor will ignite when
exposed to a fire source and will last for at least 5 seconds.
Soybean oil has a fire point, flash point, and smoke point of
285, 270, and 250 °C, respectively [13]. Meanwhile,
according to Wang [1], the fire point, flash point, and smoke
point of soybean oil are 363, 328, and 234 °C, respectively.
- Solid Fat Content (SFC)
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SFC provides characteristics that are useful in developing
and formulating a fat/oil product. SFC is responsible for
spreadability, oiling-out, ease of packaging, appearance, and
organoleptic characteristics of fat products. SFC gets lower
when it is at higher temperatures. According to Hayati et al.
[14], soybean oil has an SFC of about 0.16% at 5 °C, and SFC
has not been detected at temperatures above 10 °C. Soybean
oil is almost all in liquid form at 5-20 °C. Therefore, soybean
oil is generally modified if used as raw material for making
margarine or shortening.

2.2 Chemical Characteristics

- Fatty acid composition

The main fatty acids in soybean oil are linoleate (54.87%),
oleate (23.17%), and palmitate (11.50%), while the total
unsaturated fatty acids in soybean oil are 84.2% [5]. The
content of linoleic acid in soybean oil is highest among other
sources of unsaturated fatty acids such as corn oil, cottonseed
oil, and peanut oil. These fatty acids are very effective in
preventing atherosclerosis and hypercholesterolemia [15].
Hayati et al. [14] also reported that the main fatty acids of
soybean oil from the largest to the smallest were linoleate,
oleate, palmitate, and linolenate. In general, soybean oil
containing PUFA reaches 65%. The high content is obtained
from triacylglycerolsand is not fully saturated (the three fatty
acids are not saturated). The high unsaturated fatty acid
content in natural soybean oil makes triacylglycerol
molecules (TAG) contain at least two or three unsaturated
fatty acids, whereas di- and tri-saturated are generally very
rare.

PUFAs contained in soybean oil can be degraded if
exposed to heat. PUFA content will decrease due to oxidation
reactions during frying and the formation of more polar
compounds [16]. Soybean oil used for frying milanesas has
decreased PUFA and increased MUFA. PUFA decreased
from 60% to 56.4%. These were mainly dominated by a
decrease in linolenic acid, which dropped from 53.4% to
50.3% [17].

Soybean oil is used by some industries in the form of
hydrogenated soybean oil. Hydrogenation removes most of
the double bonds, and most of the remaining bonds are
isomerized into cis- or trans- fatty acids. The hydrogenation
can increase the melting point, increase consistency when
used for margarine, and reduce the oxidation potential.
Karabulut et al. [18], analyzed changes in the composition of
fatty acids and trans-fatty acids in soybean oil after
hydrogenation and determined their effect on solid fat content.
The decrease occurred because of saturation of the double
bonds. The concentrations of trans- 18:1, and trans- 18:2
increased, while cis- 18:2 and cis- 18:3 fatty acids decreased.
Cis- 18:2 fatty acids and cis- 18:3 decreased degree of
unsaturation and turned into dienes and monoen from their
isomers. Trans fatty acids (TFA) increased from only 2.06%
to 56.76%; total saturated fatty acid (TSFA) increased from
17.7% to 22.3%; while the total unsaturated fatty acid
(TUFA) decreased from 82.3% to 77.7%.
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- Triacylglycerol (TAG) composition

The characteristics of fatty foods are very dependent on the
composition of the triacylglycerol fats/oils used [19]. S3
triacylglycerol (melting point 54-65 °C) and S2U
triacylglycerol (melting point 27-42 °C) play a role in the
structure of food products that contain these fats/oils. U2S
triacylglycerol plays an important role in the mouthfeel
characteristics of the product. At the same time, U3
triacylglycerol (melting point -14-1 °C) affects the softness of
the product. Therefore, the increase in certain triacylglycerol
in soybean oil obtained from chemical interesterification is
often used to improve its functionality and sensory properties
of the product [5].

The sn-2 position of the triacylglycerol backbone of
soybean oil is dominated by linoleic acid, which reaches
66.3%, followed by oleic acid around 22.7% and linolenic
acid of 7.1% [1]. This shows that soybean oil has good
nutritional properties because PUFAs such as linoleic and
linolenic are superior when they are in sn-2 of the glycerol
backbone. PUFA on sn-2 will be metabolized by the body to
re-synthesis the vital tissues such as the heart, kidney, and
brain [20].

- lodine number

The iodine number in fat/oil shows the level of
unsaturation of oil/fat. A higher iodine number exhibits a
higher degree of unsaturation. According to Thomas [8],
soybean oil has an iodine number of 120-136 g/100 g.
Meanwhile, according to Oladiji et al. [13], soybean oil has an
iodine number of 131 mg/g. The difference can be due to
differences in the type of soybean used and the different
extraction methods.

- Peroxide value (PV)

PV is one way to measure how much oil/fat has oxidized
or as an indicator of fat/oil stability against oxidation [21].
The higher the PV exhibits that fat/oil has oxidized or is more
easily oxidized. According to Oladiji et al. [13], Soybean oil
has a peroxide rate of around 7.60 mEg/kg.

3. EXTRACTION AND PURIFICATION OF SOYBEAN
OIL

In general, soybean oil extraction can be conducted by
solvent extraction and mechanical pressing. Solvent
extraction using hexane has become a standard often
conducted in modern oil processing [1]. Solvent extraction
uses the principle of oil solubility in non-polar organic
solvents to extract oil from soybean flakes. The process of
extracting soybean oil by a solvent is a diffusion process
which is achieved by inserting a solid portion into the solvent
[1]. When compared to mechanical methods, solvent
extraction can eliminate about 0.5% oil residue by using less
energy. Three steps that are often conducted in the solvent
extraction of soybean oil, namely preparation of soybean
seeds, oil extraction, and oil separation.
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The solvent which is often used to extract soybean oil is
hexane. However, today the use of hexane for oil extraction is
debated because of its effect on the environment. Hexane in
soybean oil extraction is wasted in large quantities, so it is
feared that it can pollute the environment. Generally, every 1
ton of soybeans extracted will produce 1 kg of hexane waste
[22].

According to the study of Phan et al. [22] concerning the
extraction and separation of soybean oil using switchable
solvents, replacing hexane for soybean oil extraction can be
conducted using normal solvents (non-switchable) with
moderate polarity, then taking the solvent back from oil by
washing with water. The solvent in the water is then separated
by dissolving CO2 into the mixture to induce phase
separation. Once separated, the solvent can be reused so that
no waste solvent can harm the environment. The requirement
for this method to succeed is that the solvent must dissolve
with soybean oil, can be extracted from oil using water, and
can be separated from water using CO2 pressure. According
to the results of experiments on three potential solvents (THF,
dioxane, and acetone), the most suitable solvent for this
method is dioxane.

Extracted soybean oil contains minor components such as
phospholipids, oxidation products, chlorophyll pigments, and
non-soapy components such as sterols, tocopherols, and
hydrocarbons. These components can have a negative effect,
while some others have a positive effect on nutrition and oil
function. The purpose of purifying soybean oil is to eliminate
unwanted components but can maintain components that
provide benefits [1]. The purification process generally
consists of degumming, deodorization, bleaching, and
neutralization.

Degumming aims to remove gums and phospholipids in
crude soybean oil to increase its stability. Soybean oil
extracted by solvents contains phospholipids that can be
hydrated around 90%, while others cannot be hydrated. The
total phospholipid in crude soybean oil is about 1.1-3.2%. The
amount of phospholipids depends on the extraction method
used, especially in the preparation stage before the extraction
process. Good soybean oil must contain phosphorus of less
than 50 ppm [1].

Crude soybean oil contains free fatty acids (FFAS) that can
be removed through the process of neutralization.
Neutralization is basedon purification or de-acidification.
Soybean oil is given an alkaline solution to neutralize FFAS in
continuous or batch systems. Soap formed can also adsorb
pigments, residual gums that are not hydrated, and several
other polar compounds. The resulting soap can then be
separated by centrifugation [1].

Pigments that are still present in crude soybean oil can be
removed through the bleaching process. Bleaching clay that
activated by acid is the most effective material for absorbing
chlorophyll pigments and decomposing peroxide. Bleaching
can also destroy peroxides to carbonyl compounds which
have smaller molecular weights so that they can be removed
during the deodorization process. Deodorization is an
evaporation process where hot steam is injected into soybean
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oil at 252-266 °C and vacuum pressure (<6 mmHg). These
conditions make the peroxide decompose, and free fatty acids
and volatile compounds (odor) evaporated. Generally,
purified/refined soybean oil through the stages of
degumming, neutralization, bleaching, and deodorizing
produce soybean oil with a phosphorus content of 1 ppm, iron
(0.3 ppm), and free fatty acids about 0.02% [1].

4. THE APPLICATIONS OF SOYBEAN OIL IN FOOD
PRODUCTS

Refined soybean oil can be used to a variety of food
products, such as for salad oil, cooking oil, as well as for
various lipid modification processes. Modified soybean oil
can be used for the production of oleogels, margarine, and
other fatty food products. Various modifications and the use

of soybean oil in food products can be seen in Table 1.

Table 1: Various Applications of Soybean Oil in Food

products

Products

Characteristics of product

Referen
ces

Oleogel

G value>G value at 75 °C
Oleogel reduces oil absorption
by 16%

Oleogel peroxide number<pure
soybean oil

[23]

PUFA in oleogel> commercial
confectionery filling fat (CFF).
SAFA in oleogel< CFF.

Low SFC (2.5-8%) at 0-30 °C.
Oleogel melts completely at
40 °C.

The oil migration of oleogel is
slower than CFF.

[24]

Oleogels do not affect the
sensorial characteristics of
bologna sausage

The lipid globule in oleogels is
smaller than pork fat

[25]

Organogels have the ability to
form stability crystalline
networks

[26]

Trans-free
Creamer

Interesterified oils do not have
trans fatty acids.

There is no significant
difference in physical
properties with commercial
products.

Non-dairy cream from
Interesterified oils can replace
commercial creamer.

[27]

Margarine

USFA margarine is 3.2%
greater than beef tallow (BT).
The rate of crystallization of
margarine is 18% slower than
BT.

Perfect melting margarine
(SFC =0) at lower

[28]
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temperatures than BT.
Margarine spreadability is
4.5% higher than BT.

Structured margarin fat has
suitable B’ polymorph, physical
properties, and desirable fatty
acid profile for margarine

[29]

Recombin
ed butter

Recombined butter is obtained
by interesterification of
MF:SBO at a ratio of 2:1.

The spreadability of
recombined butter is higher
than pure butterfat and milkfat.
The consistency of recombined
butter is 66% lower than butter
& 79% lower than milk fat.

[30]

- The hardness of recombined
butter is 32% lower than butter
and lower 86% than milk fat.

- FHSBO (fully hydrogenated
soybean) has compatibility to
milk fat

- FHSBO raised the thermal
resistance of the blends

- FHSBO improve the
polymorphic habit of blends

[31]

Mono- and | -
diacylglyc
erols

Unsaturated fatty acids of
DAG-enriched soybean oils >
MAG.

- lodin number of
DAG-enriched soybean oils >
MAG.

[32]

- DAG-enriched soybean oil can
reduce serum triglycerides and
act as an anti-obesity

[33]

4.1 Oleogels

Oleogels are a two-phase colloidal system where liquid oil
is immobilized by gelators that three-dimensional network of
[34]. Oleogels are the bi-continuous micro-heterogeneous
colloid system of solid and liquid phases. Oil is trapped in
three-dimensional gel networks that provide solid-like
characteristics without changing its chemical components
[23]. Oleogels play a role as the substitute for solid fat which
is expected to reduce the use of saturated fats in the fat-based
food industry.

Lim et al. [23] conducted research on oleogel using
ingredients consisting of soybean oil, palm oil, and Carnauba
wax for frying of instant noodles. Oleogel properties are
compared with soybean oil and palm oil, which includes
viscosity, rheology, oil absorption, and peroxide rate. Oleogel
viscosity is higher compared to soybean oil and palm oil at
temperatures less than 80 °C. Oleogel viscosity is more
dependent on temperature than soybean oil. The value of G' in
oleogel is greater than the value of G' at 75 °C. This indicates
that the oleogel is solid at that temperature. The use of oleogel
can reduce oil absorption by 16% without giving a negative
effect on the texture of the noodles. Noodle samples given
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with soybean oil treatment have the highest peroxide number,
which means soybean oil is most easily oxidized, while those
treated with oleogel have lower peroxide numbers so that it is
more stable to oxidation. Peroxide number is one indicator to
measure the stability of oil against oxidation [21].

Si et al. [24] succeeded in making oleogel from soybean oil
and evaluating oil migration with the praline system model.
This study compared oleogel soybean oil-glycerol
monostearate (MAG), soybean oil-lecithin-sorbitan stearate
(Lec-STS), and commercial filling fat (CFF). The
composition of fatty acids in oleogel and commercial filling
fat (CFF) shows that oleogel has higher unsaturated fatty
acids than CFF. Oleogel at low temperatures has a solid form
and has a low solid fat content (SFC) that varies between
2.5-8% at 0-30 °C, and oleogel melts completely at 40 °C.
SFC value is related to the melting point. OleogelLec-STS has
a melting point below 40 °C which indicates that the oleogel
melts completely at body temperature. The rheological
analysis shows that oleogel has the same rheological
characteristics as CFF. This shows that oleogel can prevent
the migration of filling fats to the fat coating on the praline
system and flows well when pumped through pipes in the
processing process. Oil migration during storage shows that
oleogel has slower oil migration than CFF [24]. In another
study, Tarté et al. [25] reported that oleogel from soybean oil
and rice bran wax could be applied to bologna sausage to
replace pork fat. Bologna sausage which used oleogel has the
sensorial properties that were not significantly different and
produce smaller globular lipids than pork fat.

4.2 Trans-Free Product

Most natural oils and fats cannot be applied widely because
of the specific structure of fatty acids and triacylglycerols
[35]. Some technologies can modify the fat/oil either
chemically (hydrogenation), enzymatic (interesterification),
or physically (fractionation) [36]. Modification through
hydrogenation has the potential to produce trans-fatty acids,
which cause the risk of coronary artery disease.
Biotechnological modification can be an effective method to
improve characteristics and produce healthy products [20],
[37], [38]. Therefore the method of interesterification,
especially enzymatically, can be used as an alternative to
getting the appropriate physical characteristics (plastic fats)
without producing isomer of trans- fatty acids.

In interesterification, the composition of fatty acids is not
changed but is redistributed into the triacylglycerol molecule
backbone. According to Ribeiro et al. (Ribeiro et al., 2009),
the intersection of soybean oil (SO) with FHSBO (SO:
FHSBO) suitable for liquid shortening (90:10), margarine
(80:20), confectionery/bakery (70:30), and for all-purpose
shortening (60:40). Wang & Liu [27] conducted a study on
trans free non-dairy creamer made from soybean oil and
FSHBO at a ratio of 40:60 resulting in SFC of less than 15% at
38 °C to produce preferred mouthfeel properties.
Interesterified oil does not have trans-fatty acids, while
commercial creamer contains high trans fatty acids around
31.42-43.53%.  Non-dairy cream from  enzymatic
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interesterification can be used to replace commercial creamer
so that consumption of trans- fatty acids can be reduced. The
interesterification product was then microencapsulated to
form a powder. The resulting oil powder had a dry form with a
moisture content of less than 6% and was white. Particle
diameter varies from 5-25 um, and the distribution of particles
was uniform so that encapsulated oil produce good dispersion
and high oxidation stability. The powder produced by
interesterification does not differ significantly from
commercial products.

Soybean oil can also be used to make trans-free margarine
which has good health effects. Applications for margarine are
usually mixed with other oil sources such as palm kernel oil
and palm stearin either through the blending or
interesterification [39], [40]. Li et al. [28] succeeded in
producing low trans margarine from soybean oil and fully
hydrogenated palm oil (FHPO) blends, then compared with
beef tallow (BT). BT is often used as a raw material for the
production of margarine due to its preferred plasticity and
taste characteristics. Nevertheless, BT margarine produces a
rough crystalline texture that gives a gritty feel [41]. In
addition, high cholesterol and saturated fatty acids in BT can
be a health risk [42], [43]. The optimum ratio of SO and
FHPO to produce margarine was 4:3. Unsaturated fatty acids
at interesterified oil (10) were greater than BT. Trans fatty
acids from 10 (0.67%) were much smaller than BT (4.15%).
10 had a TAG arrangement that resembles BT, where TAGs
were more diverse such as palmitate-palmitate-stearate and
palmitate-stearate-stearate, so as to increase the B crystals
which are preferred for margarine. 10 had a melting point
which was preferred for the food industry, which was
29.1-48.8 °C when compared to BT (34.5-56.1 °C).

IO had a slow crystallization rate so that its stability
characteristics are suitable for margarine. Solid fat content in
margarine greatly affects the appearance, mouthfeel,
spreadability, packaging, and organoleptic properties. The
SFC value of 10 was quite high at temperatures less than 10
°C and reached 0 at 45 °C. Therefore, 10 is suitable as a
substitute for BT as a raw material for the production of
margarine and shortening because it has a lower melting point
[44].

Crystal structure affects the texture and organoleptic
margarine. Large crystals can give the impression of sand
[45]. 10 has crystals such as small aggregate plates that are
evenly distributed, whereas BT has crystalline globules that
are dense and concentrated. Interesterification improves the
texture and quality of organoleptic margarine because it has a
smaller B’-form. 10 also has a higher spreadability than BT
and SO-FHPO blend. In another study, Pande and Akoh [29]
succeeded in producing trans-free margarine through
interesterification of high stearate soybean oil with palm
stearin. The margarine fat obtained has ° polymorph and
physicochemical properties suitable for margarine.

4.3 Recombined Butter
Butterfat has a specific taste that consumers like and
contains several fat-soluble vitamins. However, butter has the
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disadvantage of poor spreadability and high saturated fatty
acids. Therefore, it is necessary to develop a new butter
product in the form of recombined butter which has a good
melting profile and contains lower saturated fatty acids [46].

Nunes et al. [30] investigated the characteristics of milk
fat-soybean oil blend (MF-SBO), which were interesterified
using immobilized 1,3- specific lipase from Aspergillusniger.
TAG of milk fat contains medium-chain and short-chain fatty
acids crystallized into B’-form. TAG of soybean oil contains
long-chain fatty acids and medium-chain crystallized in the
p-form [47]. The triacylglycerol (TAG) arrangement in the
MF:SBO blend at a ratio of 25:75 results in a decrease in TAG
C54 and an increase in TAG C40-C52. Whereas the mixture
of MF: SBO at a ratio of 67:33 results in an increase in
C46-C52 and a decrease in TAG Cb4 and C40-C44. The
blend at a ratio of 67:33 results in the highest
interesterification yield compared to other blends.

The interesterification product (EIE) from the MF-SBO
blend of 67:33 has a higher level of spreadability than pure
butterfat and milk fat. The blend of 67:33 has a lower
consistency and hardness value than pure butter and milk fat.
The enzymatic interesterification product MF: SBO at a ratio
of 67:33 is the best EIE that has better spreadability than pure
butter and milk fat. In another study, [31] mixed FHSBO oil
with anhydrous milk fat. The results showed that FHSBO has
compatibility with milk fat. In addition, FHSBO increased the
thermal resistance and improved the polymorphic properties
of blends

4.4 MonoacylglycerolandDiacylglycerol

Monoacylglycerol (MAG) and diacylglycerol (DAG) are
minor components in various oils with a proportion of 1-16%.
MAG contains one fatty acid that is esterified to the glycerol
backbone, whereas DAG contains two fatty acids that are
esterified to the glycerol backbone with possibly two types of
DAGs (1,3-DAG and 1,2-DAG) [48]. Generally, MAG and
DAG are used as additives in food production systems, or can
also be an emulsifier for food, cosmetics, and medicine
[49]-[51]. DAG-rich oils have been widely studied as an
alternative to TAG-based oils to inhibit fat accumulation and
reduce the level of postprandial TAG in the blood [52].
DAG-rich oils have higher melting points than TAG-based
oils, even though their fatty acid composition is almost the
same [53]. Therefore, DAG rich oils have been used in many
fatty food formulations in Japan and America for the past ten
years [54].

Zhang et al. (Zhang et al., 2018) produced DAG-rich
soybean oil through enzymatic hydrolysis, then applied to
mice. The results showed that DAG-rich soybean oil could
prevent obesity and reduce serum triglycerides in mice. In
another study, Chen et al. [32] succeeded in producing
soybean oil rich in diacylglycerol through enzymatic
interesterification. The product is then purified using
molecular distillation (MD). Purification produces MD
residuals (diacylglycerol-enriched oils) and MD Distillate
(by-product). lodine number analysis indicated that MD
residuals (diacylglycerol-enriched oils) have high unsaturated
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fatty acids. The DAG content in MD residuals has increased
by 22.6%. Monoacylglycerol (MAG) is found in many MD
distillates with a MAG purity of 82.9%. Based on these
results, the method used by Chen et al. [32] produced
DAG-enriched oil as well as MAG, which have low iodine
numbers. Solid fat content in the MD residual has the
potential to be used as liquid margarine since it has a 6% SFC
at 10 °C and almost none at 35 °C.

5. CONCLUSION

Soybean oil is rich in unsaturated fatty acids such as linoleic
and oleic acids. It has been used in various food industries
both naturally and through lipid modification. Recent soybean
oil applications include the production of free of trans-free
margarine and creamer, recombined butter,
oleogels/organogels, and mono- and diacylglycerols. The use
of soybean oil has been proven to fix up the physical,
chemical, and nutritional properties of margarine, recombined
butter, and various fat/oil-based food products.
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