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:=��.:-;�=>!A,#$,(��<GH�:&(H��:�� -I��)���$,ก���JกC�ก��&&กKAE��&"7��ก+@��*+�� L�7:�>#&���ก-I F�
ก���9�MJ$B��.��A��:���&�F��L8.N+�$:(,#"��7&D8<$7=J�-�.(�N� �J�$,ก���JกC�ก��BF@D7��A��D�+F��� 
��+=�<*$��L*O�*�����H�:$��:-;��.�����(7�A,#:*@�ก��<�@�,ก����+"�A,#<$7$,*�?+ (�$��Pก�ก:กO� ���(7� L8.$,
N+�$N���+A,#�, ก��+���"�,?�J�$,+��P)-�.(�N�:=>#&�JกC�-��$�Q(7+�-�.ก&�A,# :F$�.($ N)Q8�กCQ. 
N+�$(�$��Pก�ก:กO��+$PJ�N+�$N���+*&��.��:=>#&����)��+"�(��N� B�(��(ก��+7��!�ก$�89ก 
�/01���!�/�ก���/2�-: ��������+=�<*$��L*O�*�����H�:$��P9ก:��,"$L8.�JกC�*���&�)'�N ก��ก�.��"
*���&�)'�N (PDI) N7���ก"�M,�@� �@&"8.ก��ก�ก:กO� �@&"8.ก������)(��(��N�  L8.ก��:-8,#"�L-8�
N)Q($����A��N+�$�@&� L8.�JกC�N+�$N���+*&�������L8.-��$�Q(��(��N�  A,#&)QF'9$� 4, 25 L8. 40ºC 
:-;�:+8� 180 +�� 3
ก���/2�-: (7+�-�.ก&�A,#:F$�.($�7&N)Q8�กCQ.&�)'�N:=>#&����)(��(ก��+7��!�ก
$�89ก-�.ก&��@+" (��8�L���J�D�+ (Poloxamer®188) 2.5 %w/w (��(7+�<*$��:F8+ (Myritol®318) 
30 %w/w B�<*$���+$ L8.$,-��$�Q<*$���+$B��.�� 7.5 %w/w <�@&�)'�N�.��A,#<$7����)L8.����)(��
(ก��*��� 200 d 225 ��H�:$�� PDI &"97B�!7+� 0.215 d 0.270 N7���ก"�M,�@�-�.$�Q -30 mV &�)'�N
(�$��P����)��+"�<�@�,L8.ก�ก:กO�<�@$�กก+7��@&"8. 90 &�)'�N*&��.��$,N+�$:-;�&(� h�� L8.&�)'�N
"��$,N+�$N���+<�@�,:$>#&:กO�B�A,#&)QF'9$��7��ก�� 4��53
ก���/2�-: ��+=�<*$��L*O�*�����H�:$��:-;�
�.��A,#:F$�.($A,#B!@ก�ก:กO�(��(ก��+7��!�ก$�89ก $,*���&�)'�NA,#:F$�.($L8.$,N+�$N���+�, 
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���4��!74����4��8.14�� 2560; 13 (A����/!��): 163-172  
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Nanostructured Lipid Carriers 

Damrongsak Jinarat1, Bancha Yingngam2, Apichart Suksamrarn3, Wandee Rungseevijitprapa4 
 

Abstract 
 Introduction: Curcuma comosa Roxb. has been used for treatment a wide range of women 
reproductive disorders in Thai folk medicine because it contains phytoestrogens. Currently, it has 
been studied several bioactives. However, the extract has been reported the low bioavailability with 
some adverse effects by oral administration. Nanostructured lipid carriers (NLC) is the delivery 
system compatible with the lipophilic extract. The objectives of this study were to optimize the NLC 
compositions and study their stabilities. Methods: NLC was developed and determined the particle 
size, polydispersity index (PDI), zeta potential (ZP), entrapment efficiency, loading capacity and 
thermal analysis. The obtained formulations were kept at 4, 25 and 40 ºC for 180 days, and then 
were investigated the particle characterization and drug quantity. Results: The optimized formulation 
contained 2.5 %w/w surfactant, 30 %w/w of liquid lipid in lipid phase and 7.5 %w/w lipid phase in 
formulation. The particle size, PDI, ZP and %EE of the blank and incorporated-NLC were 200 d 225 
nm, 0.215 - 0.0270, -30 mV and over 90 % EE, respectively. The NLC showed amorphous property 
and good stability. Conclusion: Nanostructured lipid carriers is appropriate to encapsulate C. 

comosa extract with small particle size and good stability. 
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�,��� 
+7��!�ก$�89ก (Curcuma comosa Roxb. +��� 

Zingeberaceae)  :-;�($)�<=�<A"A,#$,ก��B!@A��ก��
L=A"�=>?��@��$�"�+���:=>#&��กC�&�ก��D��-ก��*&�
A��:���(>�=��E)�B�(��,H�":�=�.B�+�"F$�-�.���:�>&� 
:=��.$,(��<GH�:&(H��:�� ก8)7$ diarylheptanoids L8.
:$># &(ก���@ +" hexane �� +A��8.8�"<$7$,*�? +�.$,
(7+�-�.ก&�*&� (4E,6E) 1,7-diphenylhepta-4,6-diene-3-
ol (DA) B�-��$�Q(9� (Suksamrarn, 2008) $,ก���JกC�
KAE��A��!,+'�=&"7��ก+@��*+�� �&ก��ก�,?=�+7�$,
N+�$(�$��P���ก��:&(H��:���,:M-:�&��<�@�, L8.$,
��ก"'�=B!@:-;��&��H$�A�LA�:�>#&���ก8�D8*@��:N,"�
��กก��B!@�&��H$�:&(H��:��8�<�@ (Winutthayanon, 
2009)  L�7�@+"N)Q($����A,# :-;� lipophilic �J�$,N7�!,+
-�.(�AE�D8 (bioavailability) �#��:$>#&BF@H�"ก�����-�.A��
L8.P9ก*�����ก�7��ก�"&"7���+�:�O+ (Su, 2013) �����?�
ก��BF@A��D�+F����J�:-;�+�P,���F��"�A,#N+��JกC�:=>#&
:=�#$-�.(�AE�'�=*&���+"� L$@+7�(�$-�.(�AE��ก��ก�.��"
��+L(���@+"N7� log P *&�(�� DA :A7�ก�� 4.36 MJ#�(9�ก+7�
N7�A,#:F$�.($ก��ก��BF@A��D�+F��� L�7�?��F��กH$:8ก)8
*&� DA :A7�ก�� 264.36 :=,"�=&�7&ก��MJ$D7��D�+F��� $,
��"���ก��:=�#$ก��MJ$D7��D�+B��9-L��LD7�L-.:=>#&D8
:-;��&��H$�A�LA� H�"BF@(��8.8�"&�#$��+*&�(��(ก��
+7��!�ก$�89กB� transcutol L8. terpene (Tantiyasawasdikul, 
2016)  

&"7��<�กO��$ N+�$,ก��=����BF@:-;�������A,#
(�$��PB!@ก��=>?�A,#D�+F������:+Qก+@��:=>#&:=�#$!7&�A��
�9�MJ$"� H�":�=�.:=>#&BF@"�&&กKAE���7&:M88�D�+F���
H�"��� �� +=�<*$� �L*O �*�����H�:$�� F�> & 
nanostructured lipid carriers (NLC) :-;��.��A,#$,
-�.(�AE�'�=ก�ก:กO�L8.���(7���+"�A,#8.8�"B��?��$��<�@�, 
*���&�)'�N�.�����H�:$��!7+":=�#$ก��=���+"�:*@�(97/
D7��D�+F��� <*$��L*O�L8.<*$��:F8+B�(7+�-�.ก&�A��

BF@&�)'�N$,(7+�A,#:-;�&(� h�� (7�D8BF@(�$��Pก�ก:กO�
��+"�<�@$�ก*J?�:$>#&:A,"�ก���.��:��$N>& solid lipid 
nanoparticle (SLN) �+$PJ�8�ก��D8�ก��+"�&&ก��ก
&�)'�N �&ก��ก�,? "� �:-;��.��A,# $, N+�$N��� +�, 
(Pardeike, 2009)  (7+�-�.ก&�A,#:8>&กB!@B��.��
=����Q���กN)Q($����N+�$:*@�ก��<�@ก��������L8.
N+�$-8&�'�" <*$��L*O� Oliwax® F�>& Hydrogenated 
olive oil (and) Olea Europaea (Olive) Fruit oil (and) Olea 
Europaea (Olive) oil unsaponificables :-;�(��A,#"7&"(8�"
<�@ (biodegradable) $,�)�F8&$:F8+-�.$�Q 60 - 70 °C 
(Hallstar, 2014) MJ#�N7&�*@���#���J�$,D8�,�7&N+�$N�
��+�7&&)QF'9$�*&���+"�(��N�  <*$��:F8+ Caprylic / 
Capric triglycerides (Myritol® 318) P9ก:8>&กB!@B�
������"�L8.:N�>#&�(��&��&"7��L=�7F8�" (7+� 
Poloxamer® 188 :-;�(��8�L���J�D�+A,#$,N+�$
-8&�'�"(9�B!@:-;�(7+�-�.ก&�B��������7���  
�+$PJ�������"���L8."��,� 

ก���JกC��,?$,+��P)-�.(�N�:=>#&=����L8.�JกC�
N)Q($����*&�&�)'�N��+=�<*$��L*O�*�����H�:$��A,#
����)(��(ก��+7��!�ก$�89กB��@��N)Q8�กCQ.&�)'�N 
N+�$(�$��Pก�ก:กO���+"�(��N� �+$PJ�N+�$N���+*&�
������ 
 

�/01���!�/�ก���/2�- 
�a�4������	
�4��!��1 

+7��!�ก$�89ก(7 +�:F�@���ก &.ก� �L=�L(�           
�.�N�-h$ (ก���@+":�ก:M�H�"B!@ Soxhlet apparatus 
��ก��?��J��.:F"��+A��8.8�"�@+" rotary evaporator ��<�@
8��(ก��A,#$,8�กCQ.:-;��?��$��*@�(, :F8>&�-�?����8 
(Jantaratanotai, 2006) (��$���h�� (4E,6E)1,7-
diphenylhepta-4,6-diene-3-ol (DA) <�@�����ก �.��.&'�!�� 
()*(����  '�N+�!�:N$, NQ.+�A"���(��� $F�+�A"�8�"
��$N��LF�, Oliwax® (Hallstar, Italy), Myritol® 318 (BASF, 
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Germany), Kolliphor® P188 (Sigma-Aldrich, USA)  
�/01ก��,�
.� 

ก�����������	
�!��1-�������������ก
��
�ก���������4������������	��������� �!��� 
-��$�Q*&�(��8�L���J�D�+: 0.5, 1.25, 2.5, 5 L8. 
7.5 %w/w (��(7+�-��$�Q<*$��:F8+: 0, 10, 20, 30, 40 
L8. 100 %w/w *&�<*$��B��.�� (total lipid) L8.-��$�Q
<*$���+$: 2.5, 5, 7.5 L8. 10 %w/w *&�A�?��.�� :-;�
-I���"A,#(7�D8�7&N)Q8�กCQ.*&��.�� =����BF@<�@�.��
A,# :F$�.($ :��,"$������H�"F8&$+��'�N�?� �$��A,#
&)QF'9$� 70 ºC L8.BF@N+�$�@&�ก��+��'�N�?��A,#&)QF'9$�
(9�ก+7�+��'�N�?��$��:8Oก�@&" -I��D($A�?�(&�+��'�N�@+" 
high speed homogenizer (Ultra-tuarax T-10, IKA, 
Germany) A,#N+�$:�O+-�.$�Q 12500 rpm :-;�:+8� 5 ��A,
L8@+8�*���&�)'�N�@+"N8>#�:F�>&:(,"� (ultrasonication) 
��� 10 ��A, �.��A,#:F$�.($P9ก���$�����)(��(ก��+7��
!�ก$�89ก 1, 1.5 L8. 2 % :=>#&�JกC�N)Q8�กCQ. �@&"8.
ก��ก�ก:กO�L8.N+�$N���+�7&<- 

ก���
ก�����
�ก���.��7�� :�>&��������� 
NLC -�.$�Q 1 �7& 800 �@+" deionized water +��*���
&�)'�N (size), ก��ก�.��"*���&�)'�N (polydispersity 
index, PDI) L8.N7�-�.�)<GG��A,#D�+&�)'�NF�>&��ก"�M,�@� 
(zeta potential, ZP) �@+":N�>#&� Zetasizer® Nano-ZS 
(Mavern instrument, UK)  

ก���/!����b85�/���ก��ก�ก!ก��	
����2�4��
4ก��������ก��
�ก��.��7�� �@+":AN��N centrifugal 
filtration +�E,ก��H�""7&N>& ����) NLC 100 <$HN�8��� B� 30 
kDa centrifugal filtration -I��A,# 7500 rpm 15 ��A, A,# 25 ºC 
L8@+8@��&�)'�N�@+" DI water 100 <$HN�8��� H�"-I��A,#
('�+.:�,"+ก��&,ก 2 �&� :กO�:�=�.(7+�&�)'�NH�"ก�� 
reverse spin collection A�� 3 �&� �@+" DI water 500 
<$HN�8��� �+$&�)'�NA,#:กO�<�@A�?�(�$�&�8.8�"�@+":$A�
�&8��<�@-��$�Q 5 $�88�8��� ���<-���<- ultrasonication 

:-;�:+8� 10 ��A,:=>#&BF@(��(ก��P9ก-8�-87&"��ก&�)'�N 
+�:N��.F�-��$�Q(��:N�>#&�F$�" DA �@+" HPLC -��$�Q
ก��ก�ก:กO�(��(ก��L(���@+"N7��@&"8.ก��ก�ก:กO� (% 
entrapment efficiency, EE) N���+Q��ก($ก��:  

 

 %EE =    WE   x 100  
               WT                                    
 

L8.-��$�Qก������)(��B�&�)'�NL(���@+"N7��@&"8.ก��
����)��+"� (% drug loading capacity) N���+Q��ก:  

% drug loading capacity =     WE     x  100            
                                                WE + WL     
H�" WE , WT L8. WL N>& -��$�Q(��A,#P9กก�ก:กO�, -��$�Q
(��A,# :��$B�������L8.-��$�Q<*$���+$B�&�)'�N 
��$8����� 

ก���/!����b85�/���4��!��ac.�b��-�E�- 
HPLC 8.8�"&�)'�N�.�����(7��@+":$A��&8L8.
N8>#�&�8���HM��N:-;�:+8� 10 ��A, +�:N��.F�F�-��$�Q 
DA A,#ก�ก:กO�B�&�)'�N �@+":N�>#&� HPLC (Dionex, Germay), 
RP C-18 column 25 :M���:$�� -��$�Q��+&"7��A,#�,� 20 
<$HN�8��� '�"B�@ multistep gradients *&� methanol L8. 
0.5% acetic acid &����(7+�:��#$�@�A,# 70 : 30 :=�#$&����(7+�
:$A��&8��PJ� 100 : 0 &"7��!@�� ก7&�8�8�$�A,#
&����(7+�:��#$�@� H�"B!@ flow rate 1 ml/min B!@N+�$"�+
N8>#� 254 nm =� retention time *&� DA A,# 17 ��A, 

ก���
ก��ก��!5
1c-�	5
����4����/,��
�����E.��.�.��7�� �E�- Differential Scanning 
Calorimetry, DSC :-�,"�:A,"�N+�$L�ก�7��*&�&�)'�N 
NLC ก��<*$��L*O�A,#B!@B������� (Oliwax®) L(ก���?�L�7
&)QF'9$� 20 d 90 ºC A,#&����:�O+10 ºC �7&��A, �@+":N�>#&� 
DSC822e (Mettler Toledo, Switzerland) N���+Q��!�,N+�$
:-;�D8Jก*&�&�)'�N (crystallization index, CI) ��ก($ก�� 
(Siekmann, 1994):   

CI = (Ms / Mp fL) x 100   
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:$>#& Ms L8. Mp LA�N7�:&�A�8-�ก��F8&$:F8+ (J.g-1) *&�
&�)'�NL8.*&�<*$��L*O� ��$8����� *Q.A,# fL LA��@&"8.
*&�<*$��L*O�B��.�� 

��5,1c 1 *���&�)'�N (size) L8.N7�ก��ก�.��"*��� 
&�)'�NA,#L-�D����$-��$�Q*&�(��8�L���J�D�+ 
(a), (��(7+�<*$��:F8+B�&�)'�N<*$�� (b) L8.
-��$�Q<*$���+$B������� (c), (n = 3) 
  
ก���
ก����������� :กO������� NLC B�HPก��

N+�$!>?�A,#$,(��8.8�"&�#$��+ sodium chloride :=>#&N+�N)$
N+�$!>?�(�$=�AE� 75% L8.:กO�B��9@F�>&F@&�N+�N)$
&)QF'9$�A,# 4, 25 L8. 40 ºC A�(&�N+�$N���+*&�������
��กก��+��*���&�)'�N N7�ก��ก�.��"*���&�)'�NL8.
N7���ก"�M,�@� Q +��A,# 1, 30, 60, 90 L8. 180 L8.F�-��$�Q

(��(��N� N�:F8>&B��������@+" HPLC  
ก���/!����b8,��4f/�/ L(��D8:-;�N7� mean ± 

sd A�(&�N+�$L�ก�7���@+" independent t-test A,#
��"(��N�  p < 0.01 

 

3
ก���/2�- 
3
�.�4���5��ก.������� 
-��$�Q(��8�L���J�D�+, (��(7+�<*$��:F8+�7&

<*$��L*O�B�&�)'�N<*$��L8.-��$�Q<*$���+$B��.�� 
�7��:-;�-I���"A,#(7�D8�7&N)Q8�กCQ.&�)'�N 

��
����������������: :$>#&BF@<*$��:F8+$,
(��(7+� 30 %w/w B�&�)'�N<*$�� L8.-��$�Q<*$��
�+$:A7�ก�� 2.5 %w/w B��.��:-;�N7�N�A,# D��L-�
-��$�Q(��8�L���J�D�+��?�L�7 0.5 PJ� 7.5 %w/w D8
:-;�<-��$A,#N��N>& :$>#&:=�#$-��$�Q(��8�L���J�D�+
��?�L�7 0.5 d 2.5 % *���&�)'�N8�8���ก 390 d 130 
��H�:$�� (�9-A,# 1.a) :�>#&���ก:$>#& (��8�L���J�D�+$,
-��$�Q:=�#$*J?��J�:=,"�=&B�ก��F7&F)@$&�)'�N:8Oก� 
A,#:ก����กก��8�*���<�@�,L8.BF@N+�$N���+ L�7:$>#&
:=�#$-��$�Q(��8�L���J�D�+*J?��.A��BF@&�)'�N�.$,
*���BF 7*J?� :�>#&���ก(��8�L���J�D�+(7+�A,#:ก���.
F7&F)@$A��BF@ :=�#$*���&�)'�N (Saksiriworapong, 
2014) H�":�=�.HN��(�@��(�"=&8� :$&��*&� 
Poloxamer® A,# :-;�HN��(�@���.:ก.�.ก. (steric 
hindrance) 

��
����������
���� ��: BF@A�?�-��$�Q(��
8�L���J�D�+L8.-��$�Q<*$���+$A,#  2.5 %w/w 
L-�D��(��(7+�<*$��:F8+B�&�)'�N<*$����?�L�7 0, 
10, 20, 30, 40 L8. 100 %w/w =�+7� :$>#&:=�#$
(��(7+�<*$��:F8+��ก 0 PJ� 30 % *���&�)'�N$,
L�+H�@$8�8���ก��?�N�A,#:$>#&:=�#$(��(7+�*J?�<-&,ก 
(�9-A,# 1.b) :�>#&���กB�&�)'�NA,#$,:�=�.<*$��L*O� 
(SLN) $,N7�N+�$:-;�D8Jก(9� $,N+�$F�>�$�กA��BF@
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�@&�B!@L��B�ก��8�*���$�ก *Q.A,#<*$��:F8+
!7+"8�N+�$F�>�*&��.��8� A,#L��:A7�ก���J�

(�$��P8�*���&�)'�N<�@�,ก+7� 

�����,1c 1 (7+�-�.ก&�B�������+7��!�ก$�89ก-NLC 
4���5��ก.� �E.-
� 
C. comosa extract 1, 1.5 L8. 2 

Oliwax®  (<*$��L*O�) 5.25 
Myritol® 318 (MCT, <*$��:F8+) 2.25 
Kolliphor® P188 ((��8�L���J�D�+) 2.5 
DI Water q.s. 

 

 

��
��!����"�
������: -��$�Q<*$���+$B�
�.��:-;�-I���"(��N� �7&ก��ก�ก:กO���+"� A,# 2.5% 
poloxamer 188 L8. 30% Myritol 318 B�<*$���+$ 
-��$�Q<*$���+$P9กL-�D����?�L�7 2.5, 5, 7.5 L8. 
10 %w/w =�+7� *���&�)'�N$�ก*J?���$-��$�Q
<*$���+$ (�9-A,# 1.c) :�>#&���ก-��$�Q<*$��(7�D8BF@
�.��$,N+�$F�>�:=�#$*J?� ก��B!@L��D($L8.:+8�:A7�
:��$A��BF@-�.(�AE�'�=ก��8�*����#��8� &"7��<�กO
��$-��$�Q<*$���+$ 7.5% w/w &�)'�N$,*��� 206 
± 14.2 ��H�:$�� "��:F$�.($B�ก��=����:=>#&����)
(��(ก��+7��!�ก$�89ก�7&<- 

��
��!����"����ก��$��%&&: ��กD8*&�
-I��� "*@ ���@� �.��A,# P9ก�� �$�B!@����)(��(ก��
-�.ก&��@+"(7+�-�.ก&���������A,# 1 ��กก��:��,"$ 
*���&�)'�N*&��.��A,#<$7����)(��(ก��N>& 200.1 ± 
1.7 ��H�:$�� L8.:=�#$:-;� 212 d 225 ��H�:$�� :$>#&
����)(��(ก�� (�����A,# 2) A)ก������$,N7� PDI <$7:ก�� 
0.3 L8. ZP $,N7�8��#��ก+7� -30 $�88�H+8�� ���A,#A���ก��
�,+7� *���&�)'�N:-;�-I���"(��N� �7&ก�����(7���+"�
:*@�(97D�+F���L8."��(7�D8�,�@��ก��:N8>&�D�+ (occlusive 
effect) :=>#&��กC�N+�$!)7$!>?� N7� PDI L(��+7�*���
&�)'�NN7&�*@��($#��:($& �.��A,#<�@�J�:F$�.($ก��ก��
B!@A��D�+F��� (Khurana, 2013) �&ก��ก�,?N7���ก"�M,�@�
"���7�!,?+7��.��$,N+�$N���+A��ก�"'�=A,#�,:=��.
L(��+7�A,#D�+&�)'�N$,N7�-�.�)<GG��A��BF@:ก��L��D8�ก

ก�� 8�-I F�ก��:ก�.ก���.F+7��&�)'�N MJ#�N7���ก"�
M,�@�A,#(7�D8�,�7&N+�$N���+N+�$,N7�(9�ก+7� +30 F�>&
�#��ก+7� -30 $�88�H+8�� 

�&ก��ก�,? &�)'�N�.�����(7�A,#����)(��(ก��$,
*���BF 7ก+7�&�)'�NA,#<$7$,(��(ก�� L8.:$>#&:=�#$
-��$�Q(��(ก��:-;� 1.5 L8. 2% &�)'�N$,*���:=�#$
��ก������(��(ก�� 1% &"7��$,��"(��N�  *���A,#:=�#$*J?�
:�>#&���ก$,-��$�Q<*$����ก(��(ก��:=�#$*J?�B�&�)'�N
L8."��$,D8BF@ก��ก�.��"*���&�)'�N:=�#$*J?�&"7��$,
��"(��N� :!7�ก�� *Q.A,#N7���ก"�<GG��A,#D�+&�)'�N$,N7�
:-;�8�:ก����กก��<*$��*&�<*$��:F8+B�(7+�-�.ก&�
:-;�F8�ก ����.:FO�<�@��กN7���ก���M,�@�*&�&�)'�NA,#<$7
����)L8.����)(��(ก��<$7$,N+�$L�ก�7��ก�� 

 
5�/���ก��ก��!ก��	
����2�4��4ก������

��ก��
�ก��.��7��  
(7+�-�.ก&�<*$��:F8+�.�� NLC (�$��P

8�N+�$:-;�D8Jก*&�&�)'�N8�:$>#&:A,"�ก��&�)'�N 
SLN $,D8BF@8�-I F�ก��D8�ก��+"�&&ก:$>#&&�)'�N
:"O���+8��J�ก�ก:กO���+"�<�@$�ก*J?� ����.:FO���กN7�
�@&"8.ก��ก�ก:กO�$�กก+7��@&"8. 90 (�����A,# 2.) 
�&ก��ก�,? -��$�Qก������)(��B�&�)'�NN���+Q��ก
-��$�Q(��:N�>#&�F$�" (DA) =�+7� :$>#&:=�#$-��$�Q
(��(ก��B��.�� N7��@&"8.ก������)��+"�:=�#$*J?� 
L(��+7��.��"��(�$��P����)(��(ก��<+@<�@ 
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�����,1c 2  N)Q8�กCQ.&�)'�NF8��:��,"$������B�+��A,# 1 L8.N7��@&"8.ก��ก�ก:กO�*&�������+7��!�ก$�89ก  
     1.0, 1.5 L8. 2.0 % (n=3) 
% comosa Size, nm PDI ZP, mV %EE (DA) % loading 

Blank 200.1 ± 1.7 0.215 ± 0.008 -35.7 ± 3.5 -  
1.0 212.3 ± 2.9 a 0.231 ± 0.009 -32.9 ± 0.7 94.7 ± 0.9 1.3 ± 0.0 
1.5 225.2 ± 3.2 a,b 0.269 ± 0.031 a -37.1 ± 2.3 92.9 ± 4.7 1.9 ± 0.1 
2.0 225.0 ± 1.0 a,b 0.256 ± 0.003 a -34.2 ± 2.4 95.5 ± 3.6 2.6 ± 0.1 

     a $,N+�$L�ก�7����ก������ blank A,# p < 0.01 
      b $,N+�$L�ก�7����ก������ 1% comosa A,# p < 0.01

 

ก��!5
1c-�	5
����4����/,�������E.�
�.�.��7�� 

�)�F8&$:F8+*&�<*$��L*O� (Oliwax®) +��<�@ 
68.16 ºC N7�:&�A�8-�ก��F8&$:F8+:A7�ก�� -150.87 
J.g-1 (�9-A,# 2.) B��.�����(7� SLN N7�:&�A�8-�ก��
F8&$:F8+L8. %CI :A7�ก�� -8.35 J.g-1 L8. 73.8% 
��$8����� :$>#&D($<*$��:F8+BF@:-;��.�� NLC 
������ 10% Myritol® L8. 30% Myritol® NLC N7�:&�A�8-
ก��F8&$:F8+8�8�:A7�ก�� -7.22 L8. -3.72 J.g-1 
��$8����� L8.N7� %CI 8�8�:F8>& 70.9 L8. 
47.0 % ��$8����� �&ก��ก�,? :$>#&����)(��(ก��B�
�.�� N7�:&�A�8-�ก��F8&$:F8+L8. %CI 8�8�
:F8>&:=,"� -2.30 J.g-1 L8. 29.0% ��$8����� :-;�
D8$���ก<*$��:F8+L8.(��8�L���J�D�+A��BF@
&�)'�N:-;�&(� h��$�ก*J?� �J�$,!7&�+7������)��+"�
<�@$�ก*J?���$+��P)-�.(�N�ก��=�����.����+=�
<*$��L*O�*�����H�:$�� (Gunullu, 2015) B�*Q.
A,#�.��A,#$,:�=�.<*$��:F8+F�>& nanoemulsion <$7
$,N7�ก��F8&$:F8+L8.N+�$:-;�D8Jก&"97B�&�)'�N 

����������.��������4�� 
:$>#&:กO��.�����(7�A,#����)(��(ก��<+@A,#

&)QF'9$� 4, 25 L8. 40 ºC :-;�:+8� 180 +�� =�+7�
N)Q8�กCQ.&�)'�N$,N+�$:-8,# "�L-8�:=,"�
:8Oก�@&" (�����A,# 2.) $,:�=�.�.��A,#����)(��(ก�� 
2 % A,#:กO�<+@B�A)ก&)QF'9$� Q +��A,# 180 L8.:�=�.
&)QF'9$� 40 ºC B�+��A,# 90 A,#*���&�)'�N:=�#$*J?�  

 
 

 
�&ก��ก�,?$,:=,"�������A,#����)(��(ก�� 1% A,#&)QF'9$� 
25 ºC Q +��A,# 180 :A7���?�A,#*���:-8,#"�L-8�&"7��$,
��"(��N�   

 
��5,1c 2   ก��G DSC *&� Oliwax® (a), blank-SLN 

(b), blank-10% Myritol® NLC (c), blank-
30% Myritol® NLC (d), +7��!�ก$�89กB� 
30% Myritol® NLC (e) L8. blank-
nanoemulsion (f) 

 
L$@+7�&�)'�N��H�8�-��(�$��P��กC�N+�$

N���+*&�(��:N$,A,#ก�ก:กO�H�"8�-��ก���"�ก��:(>#&$
(8�"�7��� �+$PJ�&&กM�:�!�� <�H��<8M�(L8.HGH�<8M�( 
L�7&)QF'9$�ก��:กO�$,D8�7&N+�$N���+(��(��N� A,#
P9ก����)B��.�� ��ก�9-A,# 3 A,#&)QF'9$� 4 ºC :$>#&
D7��<- 180 +�� A)ก������"��(�$��P 
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�����,1c 3 N)Q8�กCQ.&�)'�N:$>#&�.��P9ก:กO�A,# 4, 25 L8. 40 ºC :-;�:+8� 180 +��  

a $,N+�$L�ก�7��:$>#&:-�,"�:A,"�ก��+��A,# 1 
 

+�:N��.F�-��$�Q DA <�@$�กก+7��@&"8. 90 B�*Q.A,#
&)QF'9$� 25 L8. 40 ºC -��$�Q DA 8�8�&"7��:FO�
<�@!��:$>#&:+8�D7��<-$�กก+7� 60 +�� &"7��<�กO��$B�
������A,#����)(��(ก�� 2% (�� DA $,:-&��:MO���ก��
(8�"�@&"ก+7�������&>#�&"7��$,��"(��N�  L(��BF@:FO�
+7�&�)'�Nก�ก:กO�(��(��N� A�?� 1, 1.5 L8. 2 % <+@

'�"B� $,:�=�.(7+�A,#D�+'�"�&กMJ#�$,-��$�Q:A7�ก��
B�A)ก������*J?�ก��*���&�)'�NA,#�.:ก��-��ก���"�:(>#&$
(8�" (Junyaprasert, 2009) :$>#&:A,"�(��(7+� �J�
=�+7� ������(��(ก�� 2% �J�$,N7��@&"8.(��N�:F8>&
$�กก+7�������&>#�   
 

 
 
 
 
 
 
 

4°C 1 % comosa 1.5 % comosa 2 % comosa 
day Size, nm PDI ZP, mV Size, nm PDI ZP, mV Size, nm PDI ZP, mV 
1 212.3 ± 2.9 0.23 ± 0.01 -32.9 ± 0.7 225.2 ± 3.2  0.25 ± 0.01 -37.1 ± 2.3 225.0 ± 1.0 0.26 ± 0.00 -34.2 ± 2.4 
30 207.8 ± 1.1 0.22 ± 0.03 -31.0 ± 2.9 222.3 ± 1.2 0.24 ± 0.01 -32.6 ± 1.3 224.1 ± 3.9 0.24 ± 0.01 -32.8 ± 5.4 
60 214.9 ± 2.2  0.23 ± 0.02 -32.4 ± 7.0 229.0 ± 1.3 0.25 ± 0.01 -40.5 ± 0.4 225.3 ± 0.6 0.24 ± 0.01 -40.7 ± 2.6 
90 214.6 ± 3.7 0.24 ± 0.02 -28.8 ± 3.9 225.3 ± 6.0 0.24 ± 0.01 -34.3 ± 4.2 228.1 ± 3.9 0.27 ± 0.02 -37.8 ± 4.3 
180 217.9 ± 0.2 0.22 ± 0.00 -29.3 ± 1.9 233.5 ± 3.3 0.25 ± 0.01 -34.3 ± 2.5 237.2 ± 1.8 a 0.26 ± 0.01 -33.4 ± 2.1 

25°C 1 % comosa 1.5 % comosa 2 % comosa 
Day Size, nm PDI ZP, mV Size, nm PDI ZP, mV Size, nm PDI ZP, mV 
1 212.3 ± 2.9 0.23 ± 0.01 -32.9 ± 0.7 225.2 ± 3.2  0.25 ± 0.01 -37.1 ± 2.3 225.0 ± 1.0 0.26 ± 0.00 -34.2 ± 2.4 
30 211.4 ± 1.8 0.25 ± 0.01 -33.7 ± 3.3 218.2 ± 2.4 0.25 ± 0.00 -31.0 ± 0.9 219.2 ± 3.5 0.27 ± 0.02 -36.6 ± 2.1 
60 215.1 ± 0.7  0.23 ± 0.01 -24.3 ± 0.2 226.8 ± 0.5 0.26 ± 0.04 -34.6 ± 3.9 221.9 ± 2.6 0.26 ± 0.03 -36.1 ± 1.9 
90 215.7 ± 1.8 0.23 ± 0.01 -33.4 ± 3.4 226.9 ± 3.1 0.25 ± 0.01 -35.3 ± 7.2 227.3 ± 4.5 0.25 ± 0.01 -37.2 ± 4.1 
180 221.7 ± 1.7 a 0.23 ± 0.01 -30.9 ± 4.1 232.2 ± 2.8 0.24 ± 0.00 -36.6 ± 1.3 234.6 ± 3.4 a 0.24 ± 0.01 -34.6 ± 1.0 

40°C 1 % comosa 1.5 % comosa 2 % comosa 
day Size, nm PDI ZP, mV Size, nm PDI ZP, mV Size, nm PDI ZP, mV 
1 212.3 ± 2.9 0.23 ± 0.01 -32.9 ± 0.7 225.2 ± 3.2  0.25 ± 0.01 -37.1 ± 2.3 225.0 ± 1.0 0.26 ± 0.00 -34.2 ± 2.4 
30 209.4 ± 0.4 0.24 ± 0.00 -35.3 ± 2.0 220.8 ± 3.0 0.29 ± 0.04 -35.8 ± 5.8 221.7 ± 0.4 0.25 ± 0.01 -38.5 ± 1.0 
60 217.0 ± 1.4  0.24 ± 0.02 -32.1 ± 3.6 224.1 ± 2.9 0.26 ± 0.00 -36.6 ± 1.3 231.5 ± 3.3 0.25 ± 0.01 -36.1 ± 0.8 
90 217.6 ± 0.2 0.23 ± 0.00 -30.9 ± 2.3 231.3 ± 1.7 0.24 ± 0.02 -34.5 ± 1.6 238.6 ± 1.5 a 0.26 ± 0.01 -32.9 ± 0.4 
180 222.0 ± 1.6 0.22 ± 0.02 -35.6 ± 1.2 229.7 ± 0.6 0.24 ± 0.01 -33.9 ± 1.4 236.8 ± 2.3 a 0.24 ± 0.01 -32.6 ± 3.4 



+.:'(�!��(���&,(��                                         ก��=����L8.�JกC�N)Q8�กCQ.������+7��!�ก$�89ก 
-�A,# 13 ����=�:�C $.N.- $,.N. 2560                                              B��.����+=�<*$��L*O�*�����H�:$��  

                     �������ก��� ��������� L8.NQ. 
 

171 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
��5,1c 3    �@&"8.*&�(��(��N�  DA :กO�A,# &)QF'9$� 4 °C (a), 25 °C (b) L8. 40 °C (c) :-;�:+8� 180 +�� 
 
.7/5��-	
�4��53
ก���/2�- 

(7+�-�.ก&�B��.����+=�<*$��L*O�*���
��H�:$��A,#:F$�.($:=>#&����)(��(ก��+7��!�ก$�89ก
-�.ก&��@ +"(��8�L���J�D�+ (Poloxamer®188) 
2.5 %w/w (��(7+�<*$��:F8+ (Myritol®318) 30 %w/w 
B�<*$���+$H�"B!@ Oliwax® :-;�<*$��L*O� L8.$,
-��$�Q<*$���+$B��.�� 7.5 %w/w :$>#&����)(��
(ก��+7��!�ก$�89ก �.��$,N)Q8�กCQ.&�)'�NA,#
:F$�.($ $,N+�$N���+A��ก�"'�= L8.(�$��Pก�ก

:กO�(��(��N� <�@$�ก:�>#&���ก&�)'�N$,8�กCQ.:-;�
&(� h��A��BF@$,=>?�A,#����)"� �&ก��ก�,? �.��"��$,
N+�$N���+A,#�, A��7&ก��:กO�B�&)QF'9$��7��� <�@ 
 
ก/��/ก���5��ก�� 

*&*&�N)QNQ����"�L8.�)N8�ก�NQ.:'(�!��(���
$F�+�A"�8�"&)�8��!E��,  A,# BF@N��L�.���L8.
&���+"N+�$(.�+กB����+���" 
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