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Study on the microstructure control for aggregated protein nanoparticles by
using freezing
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Sodium caseinate is known to form aggregated clusters (nanoparticle) under
low pH conditions. Freezing potentially has effects on the nano-scale structural change of the
clusters because of the formation of the freeze-concentrated phase. Sodium caseinate particles
associated with [ -carotene were prepared in this study via freeze-aging. Resultant properties were
analyzed in terms of B -carotene encapsulation efficiency, surface hydrophobicity, small angle X-ray

scattering, and digestively in a simulated gastric solution. The B -carotenes were found to
distribute between the surface and interior of the freeze-dried specimens depending on the aging
conditions. The surface hydrophobicity of the clusters also indicated a change in the particle
microstructures due to the aging. Detail of this structural change in the freeze-concentrate was
investigated by SAXS analyses. Interestingly, the freeze-aging also affect the microstructures of

the casein clusters during digestion reaction.



A) ) B

» D)

pH

pH



1%
pH 7.0
6.0 5.5 1.5 mL
1
-15 -25 -40
30
B
ANS
2 mm X
X
0.1nm
3m
40 m
1 %(w/v) pH 5.5
2.0mL
-20°C 12
pH
2.0 37°C
pH 6.0

pH6.0

pH4.0
100-300 nm

Fig.1
pH5.5
pH5.0

pH 5.5
(Fig-1 )

Freeze-thaw ed

Fig.1
16 T T T
14 -
% 12 -
%‘ 10 - b
g sl -
ot -
ok 4
0 FDA70I FDAGOI FDA55I A70
Fig.2
s 0h :
12 h pH
B
B
B
pH 5.5
6.0 7.0 -40°C



Encapsulation efficiency [%]

-20°C

Fig. 2

Aging time =0 h

Aging time =12 h

Encapsulation efficiency [%]

FDA70 FDAG60 FDASS5 FDA70 FDA60 FDASS

() ) (m)

Encapsulation efficiency [%]

-
-
«

e
=l

[=a)
=l

s
=l

[
=l

Control pH-adjusted Control pH-adjusted

~
-

()
() pH=6.0

Fig. 3

free -carotene

Free p-carotene| %]

pH

nm

Hm

nm



wb T T IA_ 2é :
77777777777777 30 I\ ot 4
T /}/ * 1 28 |- &7 & 3
S o0 H,-C oo D Dot p
o i [ ol e 9
f 24 @ Ty
¢ 7 2 © ° ]

105 T T T T TTTTH R - - L R S

E Digestion time [min] Digestion time [min]
| B — | I —

104 ? 801 [e) C N p 7103
E 3 . Em— ///"Cf”: - ; o - 02
5 10 E POF o ::2—/—0777;77—7 02 ‘\\\37779"&"0”4
g 3 oL b o
© 7 9 \ o
102 3 \ e’ e o &
= ASS S 3 O m % & ® im 0 2 o 6 & 100
=~ - A55 aged for 1 h 3 Digestion time [min] Digestion time [min]

''''' A55 aged for 4 h
1 - R
10 . AS5agedfor7h \ Fig.7 X
—— A55 aged for 16 h . ()
100 1 Lol 1 | )
0.02 0.2 2.0
g [nm']
Fig.5
X X
nm
Fig. 6
um
pm
40
20 3 Fig. 7

— F o

SIS B

< ¢

gzo §
B
10
gg
[a)
O L L L L L
0 20 40 60 80 100 120
Digegtion time[min]
Fig.6
©) (=)
pH=6.0




T. Jarunglumlert, K. Nakagawa, S.
Adachi, Digestibility and structural
parameters of spray-dried casein clusters
under simulated gastric conditions, Food
Research International, 75, 2015, 166-173.

doi:10.1016/j -foodres.2015.05.049

T. Jarunglumlert, K. Nakagawa, S.
Adachi, Influence of aggregate structure
of casein on the encapsulation efficiency
of 3 -carotene entrapped via hydrophobic
interaction, Food Structure, 5, 2015,
42-50.
doi:10.1016/j - foodstr.2015.05.001

K. Nakagawa, T. Jarunglumlert, S.
Adachi,, Structural Changes in Casein
Aggregates under Frozen Conditions Affect
the Entrapment of Hydrophobic Materials
and the Digestibility of Aggregates,
Chemcial Engineering Science, 143, 2016,
287-296.
doi:10.1016/j -ces.2016.01.001

@
NAKAGAWA, Kyuya



