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Possibility of the Membrane Emulsification Method
to Prepare Food Emulsions with Unique Properties

Kanichi SUZUKI and Yoshio HAGURA

Division of Bioresource Science and Technology, Graduate school of Biosphere Science,
Hiroshima University, 1-4~4 Kagamiyama, Higashi-Hiroshima, 739-8528, Japan

The membrane emulsification method combined with preliminary emulsification enables us to
prepare O/W or W/O type emulsions with narrow particle size distribution at high production rate
without high mechanical stress. The method also prepares stable food emulsions with unique properties
such as ultra-high concentration, multi-phase, solid fat particle in water without agglomeration and so
on. This paper introduced an interesting feature of the membrane emulsification method combined with
preliminary emulsification.

Highly concentrated emulsions were prepared from the low concentration pre-emulsified emulsions
by the membrane phase inversion method. The maximum concentration obtained was ca. 90% for O/W
emulsion, and ca. 85% for W/O emulsion. The W/O/W emulsions of very small particle (mean diameter,
D, = 2.5 ym) with narrow particle size distribution (coefficient of variation, @ = 0.1) could be obtained
using a PTFE membrane (mean pore size = 1.0 ym). The permeating flux of pre-emulsified W/O/W
emulsion through the membrane was ca. 4~10 m’/ mz/ h at 0.3 MPa. The encapsulation efficiency was
not affected by the particle size of W/O emulsions. Increasing passage times through membrane
decreased effectively the particle diameter of emulsion. Solid fat (melting point: 7m = 313 K) in water
(0O/W) emulsions prepared by the method were liquid state, and mean particle diameter (D, = 2.0 um)
was almost unchanged during standing for several days at room temperature. This indicated that no
appreciable aggregation of fat particles in O/W emulsions was observed.

Key words: membrane emulsification, pre-emulsification, phase inversion, W/0/W emulsion,
solid fat O/W emulsion
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Table 1 Maximum volume fraction of dispersed phase, Qmax, 0f
phase-inverted emulsions [18].

Type of Emulsifier (2%)

Emulsifier (2%) Qmax
emulsion in oil phase in water phase
: MO-750 0.909
CR-500 ML-750 0.895
ML-310 0.880
o/W .
CR-500 . 0.909
CR-310 MO-750 0.876
CR-ED 0.872
MO-750 0.846
CR-500 ML-750 0.640
ML-310 0.685
W/0
CR-500 - 0.846
CR-310 ~ MO-750 0.676
CR-ED 0.823
CR-310: Tetraglycerol polyricinoleate (HLB <1)
CR-500: Hexaglycerol polyricinoleate (HLB <1)
CR-ED: Polyglycerol polyricinoleate (HLB < 1)

ML-750: Decaglycerol monolaurate (HLB = 15)

MO-750: Decaglycerol monooleate (HLB =13)

All emulsifying agents were the products of Sakamoto
Yakuhin Kogyo Co., Ltd.
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inner water phase + oil phase
| pre-emulsification (3000 rpm, 5 min.)
pre-emulsified W/O emulsion
| membrane-emulsification (0.8 MPa)
membrane-emulsified W/O emulsion + outer water phase
| pre-emulsification (1500 rpm, 3 min)
pre-emulsified W/O/W emulsion
) ﬁlembrane'emulsiﬁcation (0.3 MPa)

membrane-emulsified W/O/W emulsion

Fig.1 Preparing procedure of W/O/W emulsion by the
membrane emulsification method combined with pre-
emulsification
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Fig. 2 Influence of particle diameter of W/O emulsion on
properties of W/0/W emulsion '
~ Emulsifying agents: ML-750 2.0% in inner and outer water
phases, CR-500 2.0% in oil phase '
a=Standard deviation / Mean particle diameter

Table 2 Permeating flux of W/0O/W emulsions through membrane.

Permeating flux

Cow [%] J [m*/m®/h}
2 10.6
9.0
8 : 6.0
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Fig.3 Effect of passage times through membrane on mean
particle diameter and particle diameter distribution of O/W
emulsion
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‘Fig.4 Change in viscosity of solid fat in water (O/W) emulsion

prepared by the membrane emulsification method combined
with pre-emulsification (dispersed phase concentration = 30
wit%)
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Fig.5 Changes in mean particle diameter, Dy, and coefficient of
variance, a, of solid fat in water (O/W) emulsion prepared by
the membrane emulsification method combined with pre-
emulsification
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