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Development of structurization technique for food microcapsules by using the
freeze-concentrated phase
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Aggregated protein microparticles can be used as a carrier for delivering
and releasing food nutrients and functional substances into the body. In order to design
microparticles having various functional properties, it is important to be able to control the
properties, especially, control of the nanostructure of the particles. In this research project,
freezing process has been focused as a mean to control the formation and characteristics of the
aggregated particles. Sodium caseinate and egg proteins were selected for the investigation, and the

detailed changes in physical properties of the aggregated matters under freezing process were
examined. The mechanism could be clarified by which changes in aggregate size, changes in aggregate
density, and changes in surface properties of aggregates due to the progress of freezing and the
freezing environment.



A)
B)
C)
/
X
0.1 M
-35 1
25
TRPS gNano IZON Co. Ltd
4y m
CPC4000E 1ZON Co. Ltd

SPring-8, BL19B2

pH

SAXS
TRPS
DNA
SAXS
NaCl 0.01 M
pH  1.67 M 5.5 8.0
2 mL (1,0006 10 )

-5 -20 -35 2 5
(1,000G6 10 )

NP4000 2-10p m 45 mm
35 pL
5 bar
0.04V 100 nA
SAXS USAXS

2mL~A 7 aFa—TICAN, —EDFEMIZT-35°C



(ZO AN LB S 7o Ag,

SR (=35°C, —-20°C, —5°C

1 h, 1 day—5 days 0.4 NaCl 100
NaCl
2 mm
18 keV 40000 mm  USAXS 3000 mm  nSAXS
USAXS nSAXS 300 180
PILATUS3 2M(Dectris Ltd.)
pH NaCl 4 -5 -20 -35
5 4 TRPS
FWHM Fig. 1 NaCl pH
NaCl pH
0.01 M 0.1 M NaCl
Na+
Cl-
DLVO 0.1 M NaCl
0.1 M NaCl 0.01 M NaCl
HCI pH Cl-
HCI
pH 5.5 Cl-
Fig. 1 0.1 M NaCl-pH 8.0 4
4.1~6.1 pH
8.0
0.1 M NaCl-pH 5.5
NaCl  HCI
0.1 M NaCl-pH 5.5 -5
5 -20 -35
0.01 M NaCl-pH 5.5 0.01 M NaCl-pH 8.0
-5 -35
NaCl pH
-35
-35
1 2 5 Fig. 2
0.01 M NaCl-pH 5.5 55
0.1 M NaCl-pH 8.0 1 49
2 5 0.1 M NaCl-pH 5.5
0.01 M NaCl-pH 8.0 2 5
0.1 M NaCl-pH 8.0 0.01 M NaCl-pH 5.5 2 5
5
TRPS FWHM
FWHM 2 5
0.1 M NaCl-pH 5.5 0.01 M NaCl-pH 8.0 FWHM 0.1 M NaCl-

pH 8.0 0.01 M NaCl-pH 5.5



IS

w
o

N
2

Particle diameter (um)
w

N

In | HIL

20

ﬂﬁll -l

w
8

N
8

1000/mL)
N
8

(
g

a
=]

Particle number concentration
0,
-
8

o

-20°C -35°C

o
>

o o
N w

FWHM duration (ms)

o
n

TR

Fig. 1. Particle diameter, particle number concentration, and FWHM duration in four suspensions( : 0.1 M NaCl-

o

pH 5.5, :0.1 M NaCl-pH 8.0, :0.01 M NaCl-pH 5.5, :0.01 M NaCl-pH 8.0) after freezing treatment at
=5, 20, and —35 °C for five days.
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Fig. 2. Particle diameter, particle number concentration and FWHM duration of ( : 0.1 M NaCl-pH 5.5, 0 : 0.1 M
NaCl-pH 8.0, :0.01M NaCl-pH 5.5, :0.01 M NaCl-pH 8.0) before and after freezing treatment at —35 °C for

one hour, two days, and five days. Error bar is the standard deviation of three replicates.
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Fig. 3. SAXS profiles of 0.1 M NaCl-pH 5.5 (S15) and 0.1 M NaCl-pH 8.0 (S18).

Table. 1. Diameter and of submicelles (&) and weight of aggregates (I (0)) in frozen-thawed egg white suspensions.

FRESH 1HOUR 5DAYS
& (nm) 202 199 195
S15
1(0) (x 1000) 247 244 240
& (nm) 201 204 198
S18
1(0) (x 1000) 242 235 240
-5 -20 -35 5
NaCl pH
-35 2 5

pH  NaCl
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