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Abstract
Wheat germ oil (WGO) in water emulsion is increasingly being used in a variety of �elds due to its
outstanding nutritional and health bene�ts. To enhance WGO composability, emulsi�cation should be
performed to allow them to dissolve more easily in the food matrix or active packaging. Membrane
emulsi�cation is a promising advanced homogenization technology that has recently been developed.
This research focused on application of membrane emulsi�cation for homogenization of WGO-in-water
emulsion polyether sulfone (PESU) membrane with 0.45 µm of pore size, operating pressure from 5 to 9
bar, with WGO fraction in range 10 – 20% w/w and lecithin ratio in range 0 – 0.2% w/v were evaluated on
the mean of particle diameter, distribution of particles diameter, stability of emulsion, and permeate �ux.
Higher operating pressure led to smaller mean particle diameters, higher homogenization e�ciency and
permeate �ux. However, increasing the WGO fraction showed the opposite trend. Notably, increasing
lecithin ratio from 0 to 0.2%, the mean particle diameter increased from 3.36 to 7.72 µm, homogenization
e�ciency decreased from 98.54 to 97.68%, and permeate �ux decreased from 105.95 to 77.45 L.h-1.m-2.
The results showed the advantage of using PESU membrane in WGO-in-water homogenization, that
produce emulsions with small particle size (50% of particle volume was less than 5µm), high emulsion
stability (greater than 95%) and lower emulsi�er usage. Results imply premix membrane emulsi�cation is
potential to apply homogenization WGO-in-water emulsion.

1. Introduction
Wheat germ, which is part of the wheat grain, a by-product derived from the wheat milling industry,
containing about 10–15% of oil. Wheat germ oil (WGO) is widely recognized as a good vegetable oil with
high nutritional value (Brandolini and Hidalgo 2012). WGO contains numerous bene�cial bioactive
compounds that are good for health. WGO has a higher tocopherol content than other vegetable oils, up
to about 2,500 mg/kg, with α-tocopherol is predominant accounting for 60% of the total content (Ghafoor
et al. 2017). In particular, it is worth noting that vitamin E has up to 500 ppm (Türkoğlu et al. 2021). WGO
contains a high concentration of unsaturated fatty acids, speci�cally linoleic and linolenic acids, which
are important compounds in human metabolism but cannot be produced by organisms’ method. WGO is
rich in high-nutritional-value compounds, including sterols, unsaponi�able matter, pigments, phytosterols,
policosanol, octacosanol, ceramide, etc. WGO is also a valuable source of micronutrients, which are
necessary for many different bodily functions, such as A, B complex vitamins, and many minerals and
�bers (Brandolini and Hidalgo 2012; Šramková et al. 2009). Due to its high concentration of bioactive
compounds, WGO has the potential to provide numerous health bene�ts to humans when used on a
regular basis. It functions as an antioxidant, preventing lipid oxidation and thus assisting in the cell
protection from free radicals, as well as lowering plasma and blood cholesterol levels (Ghafoor et al.
2017; Jha et al. 2013; Zhu et al. 2011). It increases the e�ciency of microcirculation in venous and
arterial, blood �ow in vessels. Therefore, it has the potential to prevent cardiovascular disease (Ghafoor et
al. 2017). WGO contains linoleic and linolenic acids, which are precursors to prostaglandins, a group of
hormones involved in muscle contraction and anti-in�ammatory activity (Harrabi et al. 2021; Köse 2021).



Page 3/21

WGO also helps to lower cholesterol levels in the liver, provide precursor of cell membrane phospholipids,
improve physical endurance, decongest the body, and slow the effects of aging (Koba and Yanagita
2014). It is considered a good food for athletes because it helps to improve exercise performance.
Besides, it has the ability to improve platelet aggregation, and plasma cholesterol levels, as well as reduce
the risk of obesity (Brandolini and Hidalgo 2012; Ghafoor et al. 2017). WGO can reduce free radicals and
the immunosuppressive effects of lipid peroxidation in UV-exposed skin, as well as slow skin aging by
moisturizing and smoothing skin (Dunford 2009). WGO also has strong antimicrobial properties against
a variety of pathogenic bacteria (Al-Rimawi et al. 2020; B.-S. Choi and Kang 2009). Because WGO has a
wide range of potential health bene�ts, it is becoming increasingly popular to develope in food
production, formulation products, pharmaceuticals, cosmetics and even agriculture (Boukid et al. 2018;
B.-S. Choi and Kang 2009; Türkoğlu et al. 2021; Wang et al. 2021).

WGO-in-water emulsion is a temporarily stable mixture of two immiscible liquids, the dispersed phase has
WGO droplets and the dispersion medium is an aqueous phase. WGO-in-water emulsion are formed when
two non-soluble (i.e. WGO and water) liquids with surfactant additions, are agitated together to disperse
one liquid into the other, in the form of drops. WGO-in-water emulsion assists in overcoming di�culties in
WGO incorporation in some products, particularly liquid products, caused by differences in rheological
properties and solubility. The use of simple delivery systems such as oil-in-water, or water-in-oil emulsions
is one of the most effective and widely used methods for combining oil into foods (S. J. Choi and
McClements 2020; Galanakis 2019). It enables the mixing of components with different rheological
properties, particularly solubility, and forms a physical barrier (i.e. interfacial layer) that helps prevent fat
oxidation due to contact between oil and oxygen or prooxidants. Furthermore, because water soluble
digestive/lipolytic enzymes are more readily active at the interface between oil/water and the surface
area of the emulsion is increased, WGO-in-water emulsion improves fat absorption e�ciency in the
human body (Bodewes et al. 2015). WGO-in-water emulsions also combine with wall materials more
effectively during spray drying, leading to greater encapsulation e�ciency and easier WGO use and
maintenance (Karadeniz et al. 2018). Therefore, WGO-in-water emulsion facilitates the addition of WGO
into products such as food, cosmetic, and pharmaceutical. WGO-in-water emulsions are now used to
product spray drying products, micro and nano WGO capsules; as well as to preserve the oil stability of
cooked �sh �llets; and use in cosmetics; or substitute animal fat in beef burgers (Barros et al. 2021;
Ceylan et al. 2020; Dunford 2009).

Membrane emulsi�cation, also known as membrane homogenization, a relatively new emulsi�cation
technology (Spyropoulos et al. 2014a). Membrane emulsi�cation employs low energy inputs to press
coarse emulsion through membrane pores, resulting in the formation of droplets at the membrane.
Droplets form at pore openings and detach when reaching a certain size (Alliod et al. 2018). This is the
result of a balance between four major forces that govern the membrane emulsi�cation process: shear,
pressure/inertia, interfacial tension, and buoyancy forces (Joscelyne and Trägårdh 2000). Membrane
emulsi�cation enables the development of emulsions with a uniform droplet size distribution over a wide
range of mean droplet sizes ranging from less than 1 to more than 100µm (Vladisavljević 2019a). The
advantage of this method over other emulsi�cation methods is that it is low-pressure and does not
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signi�cantly raise temperature or shear stresses during the process, which can prevent damage to
emulsion components such as proteins, starches, etc. (C Charcosset et al. 2004; Vladisavljević 2019a). At
low energy inputs, it still can be e�cient in preparing droplets with very narrow particle size distributions.
Even so, it easily can produce emulsions with higher droplet concentration (Vladisavljević 2019b). Beside
that, the technique is highly appealing due to its simplicity, low surfactant requirement, suitability for
large-scale production, and continuous or semicontinuous operation (Emma Piacentini and Giorno 2016).
It has been used to produce monodispersed multiple emulsions (oil-in-water (o/w) and water-in-oil (w/o)
emulsions), as well as o/w/o and w/o/w emulsions, especially those with shear sensitive components
(Catherine Charcosset 2021; Consoli et al. 2020; E Piacentini et al. 2020). Applications contribute to the
creation of high value in pharmaceuticals, chromatography beads, luxury cosmetics, and food industry
(Jiang et al. 2020; Spyropoulos et al. 2014b; Vladisavljević 2019b).

In conventional direct ME, �ne droplets are formed on the interface between membrane and continuous
phase by pressing pure the dispersed phase through the membrane (Aserin 2007). However, there are
several drawbacks to direct ME, including a relatively low dispersed phase �ux, low productivity, a long
production time, suitability for emulsions with a dispersed phase of up to 30%, and di�culty in
preparation and operation. Premix ME was developed to overcome the drawbacks of direct ME by forcing
a preliminarily emulsi�ed coarse emulsion (rather than a single pure dispersed phase) through the
membrane (Vladisavljević and Williams 2005). This is accomplished by �rst mixing the two immiscible
liquids together with a conventional stirrer mixer, then passing the preliminarily emulsi�ed emulsion
through the membrane (SUZUKI et al. 1996). Premix ME was used to homogenize an oil-in-water
emulsion in food. There are several studies that have evaluated the in�uence of membrane and emulsi�er
type and demonstrated the effectiveness of premix ME compared to other homogenization methods
(Berendsen et al. 2014; Ramakrishnan et al. 2013). However, the most important factors in�uencing
membrane emulsi�cation include not only membrane and emulsi�er parameters, but also dispersed
phase and process parameters. It in�uences �ltration process e�ciency as well as properties of the
emulsion system, such as particle size distribution and emulsion stability (Catherine Charcosset 2009;
Jiang et al. 2020). So far, there are no studies on using premix ME to emulsify WGO-in-water emulsion.
Therefore, the present study aims to investigate the feasibility of production of WGO-in-water emulsion by
premix membrane emulsi�cation, using ultra�ltration membrane, speci�cally, polyether sulfone (PESU)
membrane with cellulose acetate active layer. The in�uences of operating pressure, content of WGO
phase, and lecithin ratio on the droplet mean diameter, particle size distribution, emulsion stability, and
permeate �ux were investigated. The study's �ndings will reveal the feasibility of using premix ME in
WGO-in-water emulsi�cation in particular, and other emulsions in general.

2. Experimental

2.1. Material and chemical
Wheat germ oil was extracted from wheat germ with a moisture of 13–15% w/w, and oil concentration of
about 8–12% w/w.
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WGO preparation was carried out in accordance with Megahed, 2011, with slight modi�cations. Wheat
germ that had been milled in day was lipid-deactivated by autoclaving at 121oC for 15 minutes. Following
that, wheat germ was dried at 60 oC to a moisture content of 8%. Wheat germ oil was extracted by hexane
as a solvent. The wheat germ: solvent ratio was 1:3. The extraction was conducted at ambient
temperature for 12 hours. The crude oil was recovered after distilling the micelle mixture of oil and
solvent, which was lique�ed via condenser in rotary evaporator based on the different evaporating
temperature. Using a �lter paper No. 4 to remove residues from crude oil that could cause membrane
blockage. This step occurred under vacuum condition. The resulting wheat germ oil contained 1,170 ppm
of vitamin E, and iodine value of 105 g/100g.

All chemicals were analytical grade and supplied by Sigma Aldrich (USA).

2.2. Membrane apparatus
Hydrophobic polyether sulfone (PESU) membrane with cellulose acetate active layer was provided by Alfa
Laval (Denmark). This membrane is plate with a pore diameter of 0.45 µm. Surface active area of
membrane is 14.6 cm2.

Membrane homogenization was performed in batch concentration mode using a stainless steel HP4750
Stirred Cell. This is a dead-end model with a magnetic stirrer, which supplied by Stertilech Corporation
(Kent, WA, USA). A stirring speed of 300 rpm was set in each run to reduce the concentration polarization
and fouling on the membrane surface.

2.3. Experimental design
Firstly, the premix emulsions were prepared, contained WGO dispersed in water, and emulsi�er lecithin.
The mixture was stirred at 200 rpm for 10 min and then the premix was immediately placed in the feed
tank and pumped in the syringe pump. The homogenization process was conducted in Sterlitech HP4750
Stirred Cell. In order to investigate the effect of operating pressure, the operating pressures were held at a
�xed value ranging from 5 to 9 bar, with an emulsion containing 10%v/v of WGO and 0.1%w/v lecithin.
Besides that, the control sample was prepared without homogenization by membrane. Then, the
investigation on WGO fraction was conducted with the emulsion which had oil content of 10 to 25% v/v
and lecithin ratio of 0.1% w/v at 9 bar. The effect of lecithin ratio on emulsion system was studied in the
range from 0 to 0.2% w/v at 9 bar operating pressure and 10%v/v WGO fraction.

2.4. Analytical methods

2.4.1. Distribution size of particles
Distribution size of particles was measured immediately after preparation at room treatment by laser
diffraction particle size analyzer based on measuring the angular variation in intensity of light scattered
as laser beam passed through a dispersed particulate sample. The Phase Doppler Particle Analyzer was
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used to conduct the measurements (PDPA). Mean particle diameter was calculated according to the
Sauter diameter (D32) (Major-Godlewska 2019).

In where, Zi is the number of dispersed particles of size Di

2.4.2. Homogenization e�ciency (Stability of emulsion)
The homogenization e�ciency was used to evaluate the stability of emulsion, that determined by the
NIZO centrifugation method. Homogenization e�ciency was determined by the fat content of the bottom
25 ml is divided by the fat content of the whole sample prior to centrifuging at 1000 rpm 30 minutes
(Ransmark et al. 2019). The fat content was determined by Adam – Rose – Gottlieb. Diethyl ether and
petroleum ether were used to extract the fat in an ammonia and ethyl alcohol solution. The ether mixture
was evaporated, and the resulting residue was weighed (Thiex et al. 2003).

2.5. Statistical treatment
Experiments were triplicated. The results were presented as means ± standards deviation. The data were
analyzed using by 1-way analysis of variance and means of each pair were compared at 5% signi�cance
level by using the least signi�cant difference (LSD) test in R software (version 3.5.3).

3. Results And Discussion

3.1. In�uence of pressure of membrane homogenization of
WGO-in-water emulsion

3.1.1. Distribution of size particle
Table 1 and Fig. 1, respectively, presented the mean particle diameter and particle size in diameter of
WGO-in-water system after membrane homogenization at different operating pressure, 10%v/v of oil
fraction and 0.1%w/v of lecithin. The results showed that increasing the operating pressure range from 5
to 9 bar resulted in a sharp decrease in mean particle diameter from 8.14 to 3.37 µm. There was a
signi�cant difference between the pressures, except at 7 and 8 bar, where there was none. Coalescence
was most likely a contributing factor to the relatively large droplet sizes under these processing
conditions, as these mean particle diameters greater than the pore diameter by 7.5 to 18.1 times
(Catherine Charcosset 2009). The particle size in emulsion was the result of the balance between droplet
disruption and re-coalescence at adjacent pores. As the pressure raised, the particle size shifted to the
left, where the particle size was smaller. Unlike high pressure homogenization, the mechanism of
membrane homogenization did not involve turbulence, compression, or impact to produce small
dispersed particles (Joscelyne and Trägårdh 2000). In membrane homogenization, there are main forces
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impact on droplet detachment: shear, pressure/inertia, interfacial tension. Each of the forces plays a role
in droplet detachment from the surface of the membrane (Spyropoulos et al. 2014b). Therefore, the force
acting on the detaching droplet varies depending on the pressure condition, resulting in a difference in
particle size. In there, when the increasing operating pressure increased the pressure difference on both
sides of membrane, allowing the continuous phase to pass through the membrane and form foam, which
attracted the dispersed phase (Nazir et al. 2015). The higher the pressure, the greater the inertia force and
the easier it was to overcome the binding force between the membrane and the droplets, breaking the
surface tension and resulting in the formation of small sized particles (Spyropoulos et al. 2014b).
Besides, similar to high pressure homogenization, high pressure also increases the shear stress on the
droplet (Schultz et al. 2004). In dead-end membrane homogenization, the impact of shear stresses
occurred inside the pores (Vladisavljević et al. 2004). Hence, the droplet breakdown was more intense,
and particle size was smaller at higher pressures. These behaviors were consistent with previous
observations of Suzuki et al., 1998, and Vladisavljević et al., 2004s.

Table 1
Effect of homogenization pressure on mean particle diameter of emulsions containing 10%v/v WGO,

0.1% w/v lecithin
Homogenization pressure
(bar)

5 6 7 8 9

D32 (µm) 8.14 ± 
0.21

6.21 ± 
0.05

5.09 ± 
0.14

5.07 ± 
0.37

3.37 ± 
0.18

An increase in operating pressure resulted in insigni�cant change in mean particle size at 8 bar. This
could be in�uenced by the type of emulsi�er or rather the adsorption kinetics and droplet formation times
(Schröder et al. 1998). If the time it took to form particles was longer than the time to reduce the surface
tension enough for them to be detached by drag forces, interfacial tension dynamics had little or no
effect on droplet size. As a result, the size did not change as the �ux or pressure increased (Joscelyne and
Trägårdh 2000). The rate of particle formation and detachment from the membrane both increased as
increasing pressure, but the processes of stable particle formation were also affected by emulsi�er,
porosity, membrane hydrophobicity and concentration polarization (Joscelyne and Trägårdh 2000). In the
case of the high surface expansion rate of droplet did not allow for adequate coverage by particles or
emulsi�ers, it could lead to recoalescence at the membrane surface and make the emulsion unstable
(Van der Graaf et al. 2004). High transmembrane pressure could also produce oil droplets in a 'jetting'
regime, at which droplets at adjacent pores could coalesce, particularly when the emulsi�er concentration
was low and steric hindrance between the droplets had not been formed (Manga and York 2017). Hence,
when the pressure was increased from 7 to 8 bar, the mean particle diameter did not change. But in the
range of size less than 1.5µm, the volume distribution of particle at 8 bar was still higher than at 7 bar.

3.1.2. Homogenization e�ciency
The change of homogenization e�ciency by operating pressure in ultra�ltration homogenization of WGO-
in-water emulsion containing 10%v/v of oil fraction and 0.1%w/v of lecithin was shown in Fig. 2.
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Increasing the operating pressure from 5 to 9 bar, the e�ciency increased from 93.48 to 98.31%. There
was a signi�cant difference between the operating pressures. Compared with the control, which was not
homogenized, the membrane homogenized samples had nearly twice greater homogenization e�ciency.
This demonstrated that membrane homogenization could improve the dispersion of WGO particles in
continuous phase water. Furthermore, increasing the operating pressure also improved homogenization
e�ciency, resulting in smaller dispersed particles. Therefore, the WGO-in-water emulsion was more stable.
Although the mean particle size was the same at 7 and 8 bar, the volume distribution of particle in the
small size region was larger at 8 bar than at 7 bar. Consequently, the emulsion homogenized at 8 bar was
more stable than at 7 bar. The obtained results agreed with the �ndings of Zanatta et al., 2017, that
emulsion stability increased at higher feed pressure when emulsifying sun�ower oil in water emulsions
using a ceramic membrane.

3.1.3. Permeate �ux
Figure 3 presents the effect of operating pressure on permeate �ux in homogenization of WGO-in-water
emulsion at 10%v/v of oil fraction and 0.1%w/v of lecithin. The permeate �ux was not different at 5 and
6 bar. When the pressure is raised from 6 to 9 bar, the �ux through the membrane increases dramatically
from 67.12 to 100.68 L.h− 1.m− 2. As the pressure increased, the driving force pushing the components
across the membrane increased, and so did permeate �ux. This allowed the droplets to detach from the
membrane at a faster rate, limiting the recoalescence of particles formed in the adjacent pores at the
membrane surface. This result implied that droplets breakup did not signi�cantly contribute to the friction
loss in the membrane, and there was no appreciable membrane fouling throughout the experiments. It
agreed with observations of Nazir et al., 2011, in premix membrane emulsi�cation of oil-in-water with
nickel sieves.

3.2. In�uence of oil fraction on membrane homogenization
of WGO-in-water emulsion

3.2.1. Distribution of size particle
Table 2 and Fig. 4 respectively show the mean particle diameter and particle size distribution at different
WGO fraction in homogenization membrane of WGO-in-water emulsion at 9 bar and 0.1%w/v of lecithin.
The oil-to-volume fraction was increased from 10–20%, the mean particle diameter increased from 3.37
to 7.72µm. With a smaller oil ratio, the particles in the system were more dispersed in the small particle
size region. This result was consistent with experiments of Surh et al., 2008, and Zanatta et al., 2017.
This behavior can be explained by the fact that in the absence of recoalescence the mean particle
diameter of homogenized oil droplets was primarily dictated by the mean pore size and the applied shear
stress inside the pore (Spasic and Hsu 2005). At lower disperse phase content, the permeate �ux was
higher and the emulsion viscosity was lower, so that under certain operating condition, the shear stress
inside the pores was higher. The droplets passed through the membrane more quickly and thus were
disrupted more easily into smaller droplets. Besides that, the particle at the adjacent pores had less
opportunity to interact with other (C Charcosset et al. 2004; Vladisavljević et al. 2004). Moreover, the
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amount of emulsi�er was su�cient to stabilize the interface of the particles coming out of the membrane
pores, the droplet could be small in size due to recoalescence restriction (Nazir et al. 2011). Hence, the
mean particle diameter was higher at higher of WGO fraction.

Table 2
Effect of oil fraction on mean particle diameter in homogenization of emulsions containing

0.1% w/v lecithin at 9 bar
Oil fraction (%v/v) 10 12 15 18 20

D32 (µm) 3.37 ± 0.26 3.48 ± 0.17 4.35 ± 0.22 5.89 ± 0.09 7.72 ± 0.31

3.2.2. Homogenization e�ciency
The effect of oil fraction (%v/v) on homogenization e�ciency in membrane homogenization of WGO-in-
water at 9 bar and 0.1%w/v of lecithin is shown in Fig. 5. The e�ciency of emulsion system increased in
range from 98.54 to 93.66% as the oil fraction rose from 10 to 20%. The homogenization e�ciency
differed signi�cantly between the different oil fractions. This �nding demonstrated that the stability of an
emulsion decreased as the oil fraction in the mixture increased. It is explained by the fact that the more
dispersed the oil particles were in the system, it was easily to accumulate and separate during
centrifugation, resulting in a lower stability of emulsion. Moreover, the agglomeration of oil particle in
premix emulsion made it di�cult for dispersed particles to pass through the membrane because the
dynamics remained constant while the binding force in the dispersed phase increased. Furthermore, the
high fraction of WGO in the emulsion could cause accumulation on the membrane surface and inside
pores, preventing lecithin from passing through the membrane that signi�cantly reduced the e�ciency of
homogenization process (Spasic and Hsu 2005). Therefore, as increasing oil fraction, the oil availability
increased, thereby emulsion stability decreased. Less stable emulsion rapid declined in stability of
emulsion over short periods of time, causing the separation of oil and aqueous phase.

3.2.3. Permeate �ux
Figure 6 presents the effect of oil fraction on permeate �ux in homogenization membrane of WGO-in-
water emulsion containing 0.1%w/v of lecithin at 9 bar. Under the same pressure and emulsi�er content
conditions, increasing the oil fraction in system to 20% reduced the permeate �ux from 95.89 to 63.34
L.h− 1.m− 2. The permeate �ux peaked at 10% and 12% of the oil fraction, respectively. The explanation for
this observation was that an emulsion with a high dispersed phase fraction could not easily pass through
the membrane because the disruption of a large number of droplets required a large amount of
mechanical energy, resulting in a low permeate �ux (Surh et al. 2008). In the low oil fraction, the pressure
difference was predominantly used to overcome �ow resistance forces, whereas at the higher oil fraction,
the higher amount of energy used to overcome interfacial tension forces and droplet break-up, the less
energy was available for emulsion �ow (Spasic and Hsu 2005). Surh et al., 2008, reported that increasing
corn oil content from 10 to 20 wt.% in lecithin-stabilized oil-in-water emulsion decreased the
transmembrane �ux in premix membrane emulsi�cation by a Shirasu porous glass membrane.
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3.3. In�uence of lecithin membrane homogenization of
WGO-in-water emulsion

3.3.1. Distribution of size particle
The in�uence of lecithin ratio on the mean particle size and particle size distribution was demonstrated in
Table 3 and Fig. 7 in homogenization of WGO-in-water emulsion at 9 bar, and 10%v/v of oil fraction. At
the condition of homogenizing pressure of 9 bar and oil fraction of 10%, lecithin ratio increased from 0 to
0.2%, the average particle size in the dispersed phase increased from 3.36 to 7.72 µm. At 0 and 0.05%, the
particles were distributed in a narrower region (0–1µm), while at 0.1, 0.15, and 0.2% of lecithin ratio,
particles were gradually distributed in a larger region (1.5–13µm). When the particle size in the dispersed
phase was large, the particles easily coalesced and separated, resulting in a less stable emulsion and
reduced homogenization e�ciency. The �ndings contradicted previous research on the effect of lecithin
ratio on emulsion properties using a different homogenization method (Floury et al. 2000; Yan et al.
2017). This study found that lecithin had no role in supporting WGO-in-water homogenization by
membrane.

Table 3
Effect of lecithin ratio (%w/v) on mean particles diameter in homogenization of emulsions

containing 10% v/v WGO at 9 bar
Lecithin ratio (%w/v) 0 0.05 0.10 0.15 0.20

D32 (µm) 3.36 ± 0.13 3.48 ± 0.24 4.35 ± 0.08 5.89 ± 0.17 7.72 ± 0.32

This could be explained by reasons as follows, lecithin could increase the viscosity of the continuous
phase, causing detached particle to agglomerate near the membrane surface, increasing probability of
coalescence and thus larger droplet sizes (Lloyd et al. 2014). In addition, the high viscosity reduced the
shear force inside pore and permeate �ux. Lecithin could be adsorbed on membrane surface due to
electrostatic attraction. It also could not pass through membrane because fouling or accumulation on the
membrane surface reduced pore size. As a result, the high lecithin content increased the particle pulling
force above the membrane surface, leading to a prolonged particle formation time, larger particle size,
and thus increased particle coalescence in adjacent pores. Consequently, the higher the lecithin ratio, the
larger the particle size.

3.3.2. Homogenization e�ciency
Figure 8 shows the homogenization e�ciency of WGO-in-water emulsion containing 10% v/v WGO at 9
bar and difference lecithin ratio. At 0 and 0.1% of lecithin ratio, the e�ciency was not signi�cant
difference. However, lecithin rose from 0.1–0.2%, the e�ciency value reduced from 98.31 to 97.68%. The
results revealed that increasing the lecithin ratio reduced homogenization e�ciency and thereby emulsion
stability, in contrast to high pressure homogenization, increasing the emulsi�er ratio increased emulsion
stability (Salminen et al. 2020). The �nding was completely consistent with the particle size distribution
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results. Lecithin is a surfactant that aids in emulsi�cation; however, the lecithin molecule has a positively
charged end -N(CH3)3

+ or - NH3
+, the cellulose acetate membrane are negatively charged (-OH, CH3COO−).

Hence, lecithin was di�cult to pass through the membrane, because the electrostatic attraction on the
membrane. In addition, it also interfered with water and oil particles in dispersed phase, leading to a
reduction in homogenization e�ciency.

3.3.3. Permeate �ux
The effect of lecithin ration on permeate �ux in WGO-in-water homogenization by membrane at 9 bar, and
10%v/v of oil fraction was shown in Fig. 9. The permeate �ux dropped dramatically from 105.98 to 77.45
L.h− 1.m− 2 when lecithin ratio increased from 0 to 0.2%. This is explained by an increase in viscosity, in
conjunction with the electrostatic attraction caused by lecithin, which reduced the transmembrane
dynamics of the components and increased clogging on the membrane surface and inside the capillary.
As a result, the �ltration e�ciency decreased signi�cantly, especially when the lecithin ratio was
increased from 0.15 to 0.2%. The obtained results completely agree with the results on particle size
distribution and stability of the emulsion (Ezzati et al. 2005)

To summarize, while lecithin is a surfactant that supports conventional homogenization processes, it did
not support membrane homogenization of WGO-in-water, even at high ratios, causing membrane
clogging and lowering process e�ciency. Ezzati et al., 2005, found that increasing emulsi�er from 0.2 to
0.8 vol%, the permeate �ux also decreased when micro�ltration oil-in-water emulsion.

4. Conclusion
The utilization of PESU membrane with pore size 0.45 µm for premix membrane homogenization of
WGO-in-water emulsion was investigated in this research. The effect of operating pressure, WGO fraction
and lecithin ration on the droplet size, stability of emulsion and permeate �ux was researched. Under the
same mixture emulsion, the higher operating pressure, the narrower the mean particle diameter and
higher homogenization e�ciency were obtained. While particle diameter increased and homogenization
e�ciency reduced as WGO fraction and lecithin ratio increased. The increase lecithin ratio reduced both,
the homogenization and permeate �ux. Besides that, it increased the diameter of particles in the premix
membrane emulsi�cation of WGO-in-water emulsions. The permeate �ux dramatically increased with
increase in operating pressure or decrease in oil fraction and lecithin ratios. The �nding of this research
revealed the potential of using a PESU membrane to homogenize WGO-in-water emulsions in particular,
as well as the successful application of membrane emulsi�cation in the food processing industry in
general.
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Figures

Figure 1
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Effect of homogenization pressure on particle size distribution of emulsions containing 10%v/v WGO,
0.1% w/v lecithin

Figure 2

Effect of homogenization pressure on homogenization e�ciency of emulsions containing 10%v/v WGO,
0.1% w/v lecithin
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Figure 3

Effect of operating pressure on permeate �ux in homogenization of emulsions containing 10%v/v WGO,
0.1% 

Figure 4

Effect of oil fraction (% v/v) on particle size distribution in homogenization of emulsions containing 0.1%
w/v lecithin at 9 bar w/v lecithin



Page 19/21

Figure 5

Effect of oil fraction (%v/v) on e�ciency in homogenization of emulsions containing 0.1% w/v lecithin at
9 bar

Figure 6
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Effect of oil fraction (%v/v) on permeate �ux in homogenization of emulsions containing 0.1% w/v
lecithin at 9 bar

Figure 7

Effect of lecithin ratio (%w/v) on particle size distribution in homogenization of emulsions containing
10% v/v WGO at 9 bar
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Figure 8

Effect of lecithin ratio (%w/v) on e�ciency in homogenization of emulsions containing 10% v/v WGO at 9
bar

Figure 9

Effect of lecithin ratio (%w/v) on permeate �ux in homogenization of emulsions containing 10% v/v WGO
at 9 bar


