
Original Research Paper

Effect of high-pressure homogenization on
stability of emulsions containing zein and pectin

Maneerat Juttulapa a,b, Suchada Piriyaprasarth a,b, Hirofumi Takeuchi c,
Pornsak Sriamornsak a,b,*
a Department of Pharmaceutical Technology, Faculty of Pharmacy, Silpakorn University, Nakhon Pathom 73000, Thailand
b Pharmaceutical Biopolymer Group (PBiG), Faculty of Pharmacy, Silpakorn University, Nakhon Pathom 73000, Thailand
c Laboratory of Pharmaceutical Engineering, Gifu Pharmaceutical University, 1-25-4 Daigaku-Nishi, Gifu 501-1196, Japan

A R T I C L E I N F O

Article history:

Received 2 March 2016

Received in revised form 24 August

2016

Accepted 5 September 2016

Available online 23 September 2016

A B S T R A C T

The aim of this study was to investigate the effect of high-pressure homogenization on the

droplet size and physical stability of different formulations of pectin–zein stabilized rice bran

oil emulsions. The obtained emulsions, both before and after passing through high-

pressure homogenizer, were subjected to stability test under environmental stress conditions,

that is, temperature cycling at 4 °C/40 °C for 6 cycles and centrifugal test at 3000 rpm for

10 min. Applying high-pressure homogenization after mechanical homogenization caused

only a small additional decrease in emulsion droplet size.The droplet size of emulsions was

influenced by the type of pectin used; emulsions using high methoxy pectin (HMP) were

smaller than that using low methoxy pectin (LMP).This is due to a greater emulsifying prop-

erty of HMP than LMP.The emulsions stabilized by HMP–zein showed good physical stability

with lower percent creaming index than those using LMP, both before and after passing through

high-pressure homogenizer.The stability of emulsions after passing through high-pressure

homogenizer was slightly higher when using higher zein concentration, resulting from stron-

ger pectin–zein complexes that could rearrange and adsorb onto the emulsion droplets.

© 2017 Shenyang Pharmaceutical University. Production and hosting by Elsevier B.V. This

is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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1. Introduction

Emulsions are a heterogeneous system of two immiscible liquids
(generally oil and water), where one of the phases (dispersed
phase) is distributed in the other one as a continuous phase

[1]. Most emulsions are not thermodynamically stable and tend
to break down during storage through a number of mecha-
nisms, that is, creaming, flocculation, Ostwald ripening,
coalescence and phase inversion. Still, emulsion stability is one
of the most important parameters in managing the shelf-life
of food and pharmaceutical products [2].
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Combination of protein and polysaccharide has been com-
monly used as emulsifier in a wide range of applications such
as food, cosmetic and pharmaceutical industries, due to its ad-
vantages such as fast adsorption, steric repulsion and viscosity
enhancement [3]. The complexes can be formed, when protein
and polysaccharide are combined, commonly through elec-
trostatic interaction. Thus, there is an increasing interest in
combining proteins and polysaccharides to form electro-
static complexes to stabilize emulsions. Many studies have
revealed the advantages of combining protein and polysac-
charide, by formation of protein–polysaccharide complexes, to
emulsify and stabilize emulsions under appropriate condi-
tions, leading to increased emulsion stability, for example,
β-lactoglobulin and carrageenan [4], β-lactoglobulin and gum
arabic [5], whey protein isolate and pectin [6], bovine serum
albumin and pectin [7], etc.

Pectin is progressively gaining acceptance as an emulsi-
fier in food and pharmaceutical industries. Previous studies have
shown that pectin alone at low concentration is not a good
emulsifying agent for stabilizing emulsion. This may be due
to its low adsorption ability, which is not sufficient to provide
effective steric stabilization over a long-term period and against
harsh conditions [8,9]. Pectin is also applied in the formation
of interfacial polymeric complexes, particularly for the pro-
duction of emulsified oils, e.g., soy bean oil and corn oils [10].
Pectin could form interfacial complexes with many proteins,
for example, β-lactoglobulin [10], whey protein isolate [6], bovine
serum albumin [7], and zein [11,12]. In our previous report, the
use of complexes between pectin and zein to stabilize o/w emul-
sions at different pHs was preliminary investigated [13].
However, the effects of other extrinsic factors as well as for-
mulation factors have not yet been investigated.

Different methods can be used to produce emulsions: me-
chanical (or rotor-stator), high-pressure, ultrasound, and
membrane systems. The mechanical system includes colloid
mill, with a common characteristic of complex geometry;
droplet size of emulsions produced by this system are of several
microns. High-pressure homogenization can reduce the droplet
size to less than 1 μm and can improve shelf-life of the emul-
sions by reducing creaming rate. In the high-pressure
homogenizer, harsh processing conditions such as high pres-
sure, shear stress and temperature can lead to a deterioration
of protein and/or polysaccharide that used as emulsifiers. To
the best of our knowledge, there is a lack of information to show
the influence of high-pressure homogenization on stability of
pectin–zein stabilized emulsions.Therefore, the objective of this

study was to assess the effect of high-pressure homogeniza-
tion on the stability, under environmental stress conditions,
of rice bran oil emulsions in the presence of pectin and zein.

2. Materials and methods

2.1. Materials

Refined rice bran oil was purchased from Thai Edible Oil Co.,
Ltd. (Thailand). Commercial zein (Zein F4000, lot number
F4000262-L) having a maximum molecular weight of 35 kDa,
mostly 19 kDa and 22 kDa, was purchased from Freeman In-
dustries (USA). High methoxy pectin with molecular weight of
200 kDa and degree of esterification (DE) of 70% (lot number
00501087) and low methoxy pectin with molecular weight of
70 kDa and DE of 38% (lot number 00412072) were a gift from
Herbstreith & Fox KG (Germany) and referred to as HMP and
LMP, respectively. All other chemicals were of analytical or phar-
maceutical grade and used as supplied without further
purification. Deionized water was used throughout the study.

2.2. Preparation of oil-in-water (o/w) emulsions

Stock solution of zein (10% w/w) was prepared by dispersing
zein powder (10 g) in aqueous alcohol solution (consisting of
80% v/v ethanol), adjusting to 100 g. Stock solution of pectin
(4% w/w LMP or HMP) was prepared by dissolving pectin powder
in distilled water. Both zein and pectin solutions were stirred
at ambient temperature (25 °C) for at least 2 h to ensure com-
plete hydration and then centrifuged (model Universal 320R,
Hettich, Germany) at 8500 rpm for 30 min to remove any in-
soluble particles.

The premix emulsions were prepared by mixing 20% w/w
rice bran oil with 0.5–1.5% w/w pectin (HMP or LMP) at pH 4.0
using mechanical homogenizer (model Polytron, Kinematika,
Switzerland) at a speed of 12,000 rpm for 3 min [13]. Zein so-
lution (0–0.1% w/w) was slowly added to primary emulsions
to obtain secondary emulsions. The obtained emulsions were
homogenized at a speed of 12,000 rpm for 3 min and then
passed through a high-pressure homogenizer (model NV-200-
D, Nanomizer, Japan) at 100 MPa for 3 times. Schematic diagram
of emulsion preparation using mechanical and high-pressure
homogenizers is shown in Fig. 1. To preserve the emulsions,
0.1% w/w methyl-propyl paraben, an antimicrobial agent, was

Fig. 1 – Schematic diagram of emulsion preparation using mechanical and high-pressure homogenizers.
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added. The emulsions were then stored at ambient tempera-
ture (25 °C) for 24 h before further analysis.

In a preliminary study, the effects of homogenization pres-
sure (50–150 MPa) and number of pass (3–100 cycles) through
the high-pressure homogenizer on the droplet size of emul-
sion were studied.The pectin concentration used was 1.5% w/w
or lower due to the viscosity limit of high-pressure homogenizer.

2.3. Measurement of droplet size

Emulsion droplet size was measured by a laser diffraction size
analyzer (model LDSA-SPR3500A, Nikkiso Co., Ltd.,Tokyo, Japan).
The emulsion was dispersed or diluted in 5 mM acetate buffer
(pH 4) with gentle stirring. The median droplet size was mea-
sured under continuous stirring condition. The measurements
were done on at least three batches of emulsions.

2.4. Zeta potential measurement

The zeta potential of the obtained emulsions was measured
by using Zetasizer (model 3000HS, Malvern, UK). The emul-
sion was dispersed or diluted in 5 mM acetate buffer (pH 4) with
gentle stirring at a volume ratio of 1:100 before measure-
ment.The average and standard deviation of the measurement
of three batches of emulsions were reported.

2.5. Optical microscopy

A drop of emulsions was placed on a glass slide and then
covered with a cover slip. The morphology of droplet of the
emulsions was investigated by light microscope (model BX51,
Olympus, USA).

2.6. Stability of o/w emulsions

All emulsions were transferred into glass vials and then stored
under environmental stress conditions, i.e., temperature cycling
at 4 °C/40 °C (6 cycles), and centrifugation test at 3000 rpm for
10 min. After test, a number of emulsions separated into op-
tically opaque “cream layer” at the top and a transparent (or
turbid) “serum layer” at the bottom.The total height of the emul-
sions (HE) and the height of the serum layer (HS) were measured.
The extent of creaming was characterized by creaming index
using the following equation:

% Creaming index
H
H

S

E

= ⎛
⎝⎜

⎞
⎠⎟ × 100 (1)

Measurements were carried out on three samples and re-
ported as the mean and standard deviation.

2.7. Statistical analysis

Data were analyzed using SPSS version 11.5 for Windows (SPSS
Inc., USA). The results were represented as mean ± standard
deviation (SD). Analysis of variance (ANOVA) was used to de-
termine difference among the groups, and pairs were compared
using either the Scheffé or Games-Howell test [14]. The sta-
tistical significance was set at P < 0.05.

3. Results and discussion

3.1. Preparation of pectin–zein stabilized emulsions

The o/w emulsions could be prepared by homogenizing pectin
with rice bran oil and then adding zein solution at pH 4. In the
previous studies those using only mechanical homogenizer, it
is found that the pectin–zein complexes demonstrated better
oil/water interfacial tension lowering properties than pectin
alone [12] and thus improved the stability of emulsions by de-
creasing droplet size and increasing viscosity of the emulsion
system [13]. In order to form emulsion with smaller droplet
size, more mechanical energy was applied. In the homogeni-
zation process, an increase in mechanical energy is recognized
through the increase of homogenization pressures or homog-
enization cycles. The increase of the pressure level permits to
reduce the droplet size and thus to improve the stability of the
obtained emulsions. In a high-pressure homogenizer, the oil
and water mixture is subjected to intense turbulent and shear
flow fields. Turbulence leads to the break-up of the dispersed
phase into small droplets [15]. In this study, the effect of high-
pressure homogenization conditions on droplet size of
emulsions was preliminarily investigated. Different homog-
enization pressures (50–150 MPa) and homogenization cycles
(3–100 cycles) in high-pressure homogenization process were
investigated in order to adjust the suitable condition for the
preparation of emulsions. HMP was used as emulsifier in a pre-
liminary experiment.

Fig. 2A shows droplet size of o/w emulsions stabilized by
HMP, using various homogenization pressures.The average size
of droplets generated by mechanical homogenizer (without
high-pressure homogenization process) were about 5–6 μm.
High-pressure homogenization with the pressure ranged from
50 to 150 MPa produced the emulsions with smaller droplet size.
Generally, high-pressure homogenizer is capable of produc-
ing stable submicron emulsions by breaking down the oil
droplets to the submicron scale with a narrow size distribu-
tion. However, in this study, the droplet size of 3–4 μm was
achieved. The increased homogenization pressure did not sig-
nificantly affect the emulsion droplet size (P > 0.05). The results
are in agreement with the previous report [15], i.e., the pres-
sure level does not markedly influence droplet size. Moreover,
in this study, the droplet size of emulsions after passing through
high-pressure homogenizer was in micrometer range. This is
likely due to high concentration (20% w/w) of rice bran oil used
in the formulations. The high concentration of oil content may
cause greater viscosity, resulting in larger size of oil droplets.
Floury and colleagues also found that the emulsions contain-
ing higher concentration of oil (50% w/w) demonstrate larger
droplet size (about 10–20 μm) when using homogenization pres-
sure of 20–150 MPa, compared to those containing 10% w/w oil
(average droplet size of about 0.5–1 μm) [15]. Therefore, the ho-
mogenization pressure of 100 MPa was chosen for further
investigation.

Fig. 2B shows the droplet size of o/w emulsions stabilized
by HMP, using various homogenization cycles. It appears that
when the emulsions were homogenized for three cycles, the
droplet size decreased significantly from 5.5 to 4 μm (P < 0.05).
This would be expected because the increased number of pass
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allowed the increase in the energy input for emulsification.
However, the droplet size insignificantly decrease (P > 0.05) when
the homogenization was more than three cycles (Fig. 2B).
Besides, at 100 cycles, emulsions were separated to two phases
(data not shown). It is possible that a long-term high-pressure
homogenization broke pectin chain up into shorter chain,
leading to a higher coalescence rate after the homogenizing
valve. Thus, the homogenization cycle for passing through the
high-pressure homogenizer was set at three cycles for all
formulations.

Various concentrations of pectin (both LMP and HMP) were
used as an emulsifier, i.e., 0.5, 1.0 and 1.5% w/w. Low concen-
tration of pectin (0.5% w/w) was not sufficient to prepare stable
emulsions. The pectin concentration of greater than 2% w/w
tended to obstruct the machine because of its high viscosity.
Therefore, the concentration of pectin used in this study was
fixed at 1.5% w/w for both LMP and HMP.

Fig. 3 shows microscopic images of o/w emulsions contain-
ing 1.5% w/w LMP and various concentrations of zein, before
and after passing through high-pressure homogenizer. Freshly
prepared emulsions were milky white in color and all of emul-
sions showed spherical droplets. The droplet size of emulsions
containing 1.5% w/w LMP slightly decreased (P < 0.05) after
passing through the high-pressure homogenizer but insigni-
ficantly decreased (P > 0.05) when the concentration of zein was
increased (Fig. 4A). The size distribution of emulsion droplets
also decreased slightly (Fig. 3). It is likely that the high-
pressure homogenizer could reduce droplet size of the internal

phase with forcing macro-emulsion through narrow gaps by
imposing high-pressure [15]. Similar results have been re-
ported by Pouliot et al. [16] that, although high-pressure
homogenizer is capable of fabricating fine emulsions, it only
accomplishes a small decrease in the average size of oil drop-
lets after passing through the high-pressure homogenizer
(microfluidizer). However, they observed a greater effect on size
distribution, compared with classical homogenization.

The droplet size of emulsions containing 1.5% w/w HMP ob-
viously decreased (P < 0.05) after passing through the high-
pressure homogenizer (Fig. 4B). This could be confirmed by the
microscopic images of emulsions containing 1.5% w/w HMP
and various concentrations of zein (Fig. 5). McClements [17] re-
ported that emulsions subjected to secondary homogenization
usually have a smaller droplet size than those subjected only
to primary homogenization. Other authors [18,19] studied the
effect of rotor-stator homogenization and rotor-stator homog-
enization combined with high-pressure homogenization
(microfluidization); they found that high-pressure homogeni-
zation significantly reduced emulsion droplet size. It is also
observed that the size distribution of emulsions containing 1.5%
w/w HMP decreased after passing through the high-pressure
homogenizer, which is probably due to the fact that the emul-
sion droplets pass through a very narrow gap with extremely
high velocity, as discussed above.

It is also evident that the droplet size of emulsion using HMP
was smaller than that using LMP, after passing through

Fig. 2 – Droplet sizes of o/w emulsions containing 20% w/w
rice bran oil, stabilized by HMP; effect of (A)
homogenization pressure and (B) homogenization cycle.

Fig. 3 – Microscopic images of o/w emulsions containing
20% w/w rice bran oil and 1.5% w/w LMP and various
concentrations of zein, before and after passing through
high-pressure homogenizer.
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high-pressure homogenizer.This may be due to a greater emul-
sifying property of HMP, resulting from more hydrophobic group
in the structure compared to LMP [20]. In addition, the droplet
size decreased when the zein concentration was increased. It
is likely that zein in formulation may be able to improve emul-
sifying properties of o/w emulsions stabilized by HMP.

Table 1 shows zeta potential of o/w emulsions using LMP
or HMP and various concentrations of zein, before and after
passing through high-pressure homogenizer. The zeta poten-
tial of the emulsions before and after passing through high-
pressure homogenization was not significantly different. It is
likely that the surface charge of emulsions was still the same
after passing through the high-pressure homogenizer. However,
the zeta potential of emulsions using HMP was less negative
than those using LMP, resulting from the higher amount of free
carboxyl group in HMP [21].

3.2. Stability of pectin–zein stabilized emulsions prepared
by high-pressure homogenizer

The physical stability of o/w emulsions was also investigated
in this study and could be reflected by creaming index. After
stability testing under stress conditions (i.e., centrifugation test,
temperature cycling test), the emulsions underwent visible
phase separation, with a white cream layer on top of a clear
serum layer. Fig. 6 shows percent creaming index of o/w emul-
sions using LMP or HMP and various concentrations of zein,

before and after passing through high-pressure homog-
enizer, determined by centrifugation test at 3000 rpm for 10 min.
The percent creaming index of emulsions after temperature
cycling test (4 °C/40 °C) for 6 cycles is given in Fig. 7.

The emulsions prepared with pectin and various concen-
trations of zein were milky white in color. The results of this
study revealed that emulsions stabilized by HMP–zein showed
good physical stability, with no sign of phase separation, before
passing through high-pressure homogenizer; their stability was
better (lower percent creaming index) than those using LMP
(Fig. 6 and 7). The percent creaming index of the emulsions
using LMP was about 5% after centrifugal test (Fig. 6A), indi-
cating instability of emulsions. As expected, the emulsions using

Fig. 4 – Droplet size of o/w emulsions containing 20% w/w
rice bran oil, using (A) LMP or (B) HMP and various
concentrations of zein, before and after passing through
high-pressure homogenizer.

Fig. 5 – Microscopic images of o/w emulsions containing
20% w/w rice bran oil and 1.5% w/w HMP and various
concentrations of zein, before and after passing through
high-pressure homogenizer.

Table 1 – Zeta potential of o/w emulsions using (A) LMP
or (B) HMP and various concentrations of zein, before
and after passing through high-pressure homogenizer
(n = 3).

Zein
(% w/w)

Zeta potential (mV) ± S.D.

LMP HMP

Before After Before After

0 −37.90 ± 0.61 −36.90 ± 0.96 −22.90 ± 2.26 −23.67 ± 0.71
0.001 −38.57 ± 0.55 −38.47 ± 0.68 −24.00 ± 0.36 −24.20 ± 0.53
0.01 −37.47 ± 1.21 −37.13 ± 0.40 −23.00 ± 1.35 −23.73 ± 1.10
0.1 −38.00 ± 0.20 −37.37 ± 0.91 −23.27 ± 0.75 −23.97 ±0.74
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LMP were unstable after temperature cycling test (Fig. 7A)
and they separated to two phases, resulting in a low stability
(with 50% creaming index). This is probably due to the low
emulsifying property and sensitivity to temperature of
LMP [21].

To study the effect of high-pressure homogenization, the
physical stability under stress conditions was also per-
formed. It is found that a significant lower emulsion stability
(with a higher % creaming index) of both pectin types after
passing through the high-pressure homogenizer (Fig. 6 and
7). This may be due to the fact that high-pressure homog-
enizer might destroy the long chain molecules and then reduce
the emulsifying property of pectin [22]. Floury et al. [15] re-
ported the effect of high-pressure homogenization on the
change in emulsion droplet size and also the properties of
the stabilizer molecules. They hypothesized an unfolding
or partial denaturation of the globular proteins caused by
treatments at high pressure. A similar mechanism may be
suggested to explain the high-pressure effect on the o/w emul-
sions stabilized by pectin–zein complexes; that is, the high-
pressure homogenization could cause the unfolding or partial
denaturation of zein, leading to a network formation or rear-
rangement [23].

Similar to the emulsions prepared by only mechanical ho-
mogenizer (before passing through high-pressure homogenizer),
the emulsions with HMP were more stable than those with LMP.
It is likely due to more hydrophobic group in the HMP structure,

resulting in a greater emulsifying property [20]. Moreover, when
the HMP forms polyelectrolyte complex with zein, it can cause
a more reduction in the surface tension at the oil–water in-
terface than LMP [12]. In addition, the percent creaming index
of the emulsions before passing through high-pressure ho-
mogenizer was not influenced by zein concentration.The results
also demonstrated that the stability of emulsions after passing
through high-pressure homogenizer was slightly higher when
using high zein concentration, compared to that using low zein
concentration. The higher zein concentration may result in the
strong pectin–zein complexes, which could rearrange and
adsorb onto the emulsion droplets [13,14]. This resulted in a
better protection of emulsion droplets by pectin–zein com-
plexes [3].

4. Conclusion

The droplet size of emulsions prepared by using mechanical
homogenizer and high-pressure homogenizer together de-
creased only slightly, which is probably due to the high oil
content in the formulations. The emulsions stabilized by HMP–
zein were smaller in size and showed good physical stability
with lower percent creaming index than those using LMP, both
before and after passing through high-pressure homog-
enizer. Zein concentration did not influence the percent

Fig. 6 – Percent creaming index of o/w emulsions using (A)
LMP or (B) HMP and various concentrations of zein, before
and after passing through high-pressure homogenizer,
determined by centrifugation test at 3000 rpm for 10 min. *
creaming index = 0, indicating stable emulsions after
stability testing.

Fig. 7 – Percent creaming index of o/w emulsions using (A)
LMP or (B) HMP and various concentrations of zein, before
and after passing through high-pressure homogenizer,
after temperature cycling test (4 °C/40 °C) for 6 cycles. *
creaming index = 0, indicating stable emulsions after
stability testing.
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creaming index of the emulsions before passing through high-
pressure homogenizer but that of emulsions after passing
through high-pressure homogenizer. Therefore, when aiming
for a greater stability, the conditions would be (1) the use of
high-pressure homogenizer for the emulsions containing only
HMP, or (2) without high-pressure homogenizer for the emul-
sions containing HMP and zein (0.1% w/w).
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