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Abstract

β-carotene was microencapsulated in maltodextrin (MD), modified starch (MS) and gum arabic (GA) by
spray drying process. The GA-β-carotene powder provided the best microencapsulation with only 17.12
% of surface β-carotene as compared to the MD-β-carotene powder at 27.71% and MS-β-carotene pow-
der at 23.88%. The average particle size of MD, MS and GA was 11.55, 9.73 and 20.19 µm, respec-
tively. MS out of microencapsulated powders had the smallest bulk density and the largest compressibility. The
outer topology of microencapsulated powders had a more or less spherical shape but had many identa-
tions. Microencapsulated powder of GA-β-carotene was superior to MD and MS-β-carotene in improv-
ing retention of the β-carotene during 10 weeks storage. 
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� �

������(carotenoid) ��� ��� ��� A

��� ��� �� �� �� ���(β-carotene)�
��, ��� � ��� �� ��� � ����

� �� ��� ���� ��� ��� ��� �
� �� � ������ ���(retinol)� � ��
��� ���� ������� � ���� ��

���� ��(Pierre, 1997; ��� �, 1998). ��,
��� ��� ��� �	 	��� �� ���


 ���� ������ �� ��
 �	 � �
�� ��� ��(Takashi et al., 2001). �� ��
�� � ���� ���� ��� ��, ����

�, �, �� � ���� �� ��� �� ��
�� ���� ��� ���� 	�. 

����� ��� ����
 ����� ��

�� ���� ���, ����, ����, 	� �
����� 
��� ��. ������� �� �

�� �� �� ����
 ��� 
��� ��
��� ���� � ��� 	�, ���� �
 �

���� ���, ���� ��� ��, ����
� ���, ����� ���� �� �
 �� �
� ���� ��(��� �, 1992; Shahi� Han,

1993). ����� ������� ����, ��
��(spray chilling), air suspension coating, centrifugal

suspension coating, ����(molecular inclusion)
� 	�(extrusion) � �
� ��� ���� ��
�, �� � ����� ���� ��� ����

� ��� �	
 ���� �� �� ���� �
�Mckernan, 1972; Kondo� Wan, 1979; Graves�

Weiss, 1993). ����� ���� 
��� ��
��� 130~300oC ��� ��� ���� ���

� ��� �� ���� ��� 5~20� ��� �
� ��� �� �� ����� ��� �� 	�
�� �� ��� ��
 ��. ���� ��� �
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���� ��� ��� �� ���� �����

��(inlet air temperature), ����� ��(outlet
air temperature), ���� � ��, ��� �� �
�, ��� ��� ����� ���� �� � �

��(Bang� Reineccius, 1990; Huber et al., 1995). 
���� ��� ���� � ����� ��

����� ��, �� ����� ��, ����
�� � ����(wall material)� �� �	 ��.
����� ����� ����	 ���� ��

� ��� �� ��� ��� ��� �����
����	 ��� ��� ���� 
� ����

� ����. �� ��� ����	 ���� �
�� ����� �� 	��� �� �����

������, ����, �����(gum arabic) �
	 ��. 	 � ����� ������ ����
�����	 ����� 
�� ��� ���

(Reineccius, 1991), ������ ���	 �� �
��� �� ��� ��� �� ��	 ��� �

���� ����� �� �����	 ����
��	 �� ��	 ��(Anonymous, 1993). ��

����� ���� �� � ��	 ���� �
��	 �� ��� ��� �
� ���� ��
�� ����� �� ���	� �� ��� �

����	 ���� ��	 ��(Shahi� Han,
1993; Reineccius, 1991).

� 	���� ����� ����� �� ���
� �
���� ����� 
� ������, �
��� � ������ ����� ���� ���

��� �
�� ��� 	�	� ��� ���
�. 

�� � ��

��� � ����

�� ���� ����� ����� ���
�� �� ���(Aldrich Chemical Co., Milwaukee,

WI, USA)� ���
�� ������ 
� ��
��� ���� ���� �	 	��� ��

alkenylsuccinated modified starch(National Starch
and Chemical Co., Berkeley, CA, USA)� ����

��(D.E.=15, Daesang Co., Korea), �����(TIC
Gums Co., Belcamp, MD, USA)� ���
�.

����� 
� 	�� ����� Homomixer(PT-3100, Kinematica

AG Co., Littau-Lucerne, Switzerland)� 	���

���� 20%� �
� ��� 1000g� 
���
�� ��� 0.5 g� �� ���� ���� �	
���(APV-2000, APV Company, Wilmington, MA,

USA)� 	��� ��	� 200MPa� �����
���� ���
�. ��� ���� ����

170oC, ���� 600 l/hr, ������ 8 ml/min�
���� ��� ���� 
�� �����(Mini
Spray Dryer B-191, Buchi Inc., Flawil, Switzerland)

� ���� ��� �
�. 

��

� 	�� ���� ���� ��� 10, 20 �

30%(w/v)� �
�� ���� �� 25, 40 � 60
oC�� ������(Model DV-II+, Brookfield Co.,
Middleboro, MA, USA)� ���� ���
�. 

����

����� ���� ��� �� ����� �
���� � ��� ������ ���� ���

��(LS-230, Backman Coulter Co., Fullerton, CA,
USA)� 	��� ���
�.

��� ��� ����
����� ���� ��� 	��	�� ��

	�� �������(MT-1001, SEISHIN Co.,
Tokyo, Japan)� 	��� ���
�. �, �� 100
ml� �� ��� 10 cm �	�� ��� ����

�� � �
� �� ���� 	��	�(bulk
density)� ��
�, ��	�(compaction density)�

	��	�� ��� ����� ��� �� �	
� � �� � 2 cm � � 300�� ��� �� �

�� 
��� ��� �
� �� ���
�. �
�, 	��	�� ��	��� ��� ���� �
����(volume reduction rate)� �� � (1)� 	

��� ���
�.

Volume reduction rate (%) =  (1)
CD : ��	� (compaction density)

BD : 	��	� (bulk density)

������

����� ���� ��� ������� �
��� �� � ��� gold ion coating� � ��

CD BD–
CD

----------------------- 100×
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�����(scanning electron microscope:S-4300,

Hitachi, Tokyo, Japan)� ���� �����.

β-carotene� ��
� �� ���: ���� �� 50 mg� ���

2.5 ml� �� 25 ml� �� ���� �� � ��

�� ���� ���� �� ���� ����
HPLC� �����. HPLC���� Sykam510 model
(Sykam Co., Eresing, Germany)� C18 column

(waters, 4.6 mm × 250 mm), UV-VIS detector� ��
�� ��. ���	� 450nm�
� ���� ��

���:�����(96:4)�� ��� 1.0 ml/min���. 
�� �� ���: ���� ��� ��� ��

�� �� ���� Wagner� Warthesen(1995)�
��� �� ���� �� 50 mg� �� 25 ml�
�� ���� �� � ���� 30�� ����

���� �� �� ��� �� �� ���� �
��� HPLC� �����.

������ β-carotene� ����� 
������ �� ���� �	���� ��
�� ��� ���� ��� �� 
��� ��
��� �� ��� �� 
�� 
�� ����

��� �����, ���� �� ���� ��
� ���� �	� ��� 10�� �	��� 1�

��
� �� ��� ��� HPLC� �����. 

�� � ��

����� ��
��� ����� �� � ��� �� �� �
� ��� Table 1� �����. ��	 �		�

� ���� ���� ��� ��� �	��
�
��	 �	�� �� ��� 
��� �����.
����� ��� ����� ��� ���� �

�����(MD) ��� ��� 30%� �� 25oC
�� 60oC� ��	 �	�� �� 24.3~38.2mPa·s
� 		 �	
�, 
��
�(GA) ��� ���
�� ���� 91.6~125.6mPa·s� 		 �	�. 


��
� ������ ��� ����� 	��
����� ��� ���� ����� ��� �
� ���� ��� ��� ��� ���� ��

(Rosenberg et al., 1990). Ping et al.(1999)� 30%
��� ��� ��� ��� ��� ��� nozzle

� ��� �� ��� ��� ���� nozzle�
���� ������ �����. ��� GA�

�� 25oC� 30%� �� ����� ��� 120
mPa·s���� ���� ��� �� ��� ��

�� ��� ����� ��� ��� 20% � 25
oC� ���� ������ ���. 

���� ����� ��
������� ���� ����� ��� �

� ������ ��� ��� Table 2� ���
��. ���� ��� ��� ���� � ���

� ���� �� ��� ��� ��� ����
������, MD� 13.5%� �� ���� GA
� 8.3%� �� �� ���� �	� �
� �

� ���. �� GA� ��� ���� ����
�� ���� MD� ��� ��� ��� ��

�� �� ��� ��� �� ��� ���� �
��� ���. ���
��� MS� 9.73 µm� �

� ��� GA� 20.19 µm� �� ��� �
��
��(Fig. 1)� MD� �� 3~50 µm��� �
�
���� ���� ���� MS� 2~100 µm��

GA� ��� 3~200 µm� �� ����� �� �

����� �� � � ���. Masters(1999)�

�� ����� ��� ���� �
��� ��
�� ����, � ��	�� �����. ���

� �� ���� �� ����� ���� ��
�� �� �� ��� ��� MD� 27.71%� �
� ���� GA� 17.12%� �� �� �� ��

��� �� ���� ���� �����. ��
�� �� ���/����� �	��� �
��

Table 1. Viscosity of wall material depend on the concentra-
tion and temperature

Concentration
(%)

Solution temp.
(oC)

Viscosity (mPa·s)

MD1) MS GA

10
25 16.1 16.4 26.7
40 13.9 14.3 16.4
60 12.0 13.7 15.4

20
25 21.1 27.8 54.2
40 15.6 20.3 42.3
60 13.5 17.4 35.8

30
25 38.2 50.5 125.6
40 29.7 36.2 102.5
60 24.3 31.9 91.6

1)MD : maltodextrin, MS : modified starch, GA : gum arabic
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� ��� �� �� ������ ����� �
��� ��� 
�� ���� �� �
���

��� ��� �� �� ��� ��� ��� �
���� ����. Stephane et al.(1997)� ���

�� �� �� ���� ���� �� ����
��� �
��� �� �
��� ��� ���

���� ���� � �	�� ��� �� ��
���� ��� ����� �� ����� ��
���. ������ ��� ������ MS�

0.2092� �� ����, ���� �� �����
�� �� �
 ���� ��		� ���� �

�� �� �
�� ��� ���� �� ���
�� 0.4274� �� �� �����. ������

����� ��� ���� ����	� MS�
51.05%� �� ���� ��� �� ��� 	�
�� ��� ��� ��� �� �� ��� ��

� ����. 

������

� ��� ����� ���� ������ �
�� �
����� Fig. 2� �����. �� �
����� ��� �
��� ��� �� ���

������ GA� �� �� ����� �� �

��� �� � � ���. ���� ���� �


��� ����� ����� ��� ��, �
��� ��, ���� �� � �� ��� ��

��� �� ����� ����(Rosenberg et al.,
1988). ���� �� ��� ����� ����
� �� ��� �
��� �����, ��� �

�� ����� �� ����� ����� ��
� �� ��� �� �
� ���� ��� ��.

Sheu� Rosenberg(1995)� ���� �
� ���
�� �
��� � ����� �
��� ��
���� ����� ����� �����. 

������ β-carotene� �����
�� 

� �� ����� �� ���� 	
����� Fig. 3� �����. �� �����

���� �	�� ���� �� ��� �� �
� ���� ��	� �� ���� 	�� � �
� �
� � � ���� ��� ��� ���

� 	��. Kearsley� Rodriguez(1981)� �	��
�� �� ���� ��� ������ 
��

��� ������ ��� �� ���� ���
��, Pesek� Warthesen(1987)� �� � �� �

��� ��� 4oC�� �� ����� � ���
��� �����. ����� ����� �� �
� ���� ���� MD, MS� �� �����

���� �� �� 78%� 64%� ��� ���
���, ���� 6� ����� ��� �� �

Fig. 1. Particle size distribution of microencapsulated
powders by spray drying process (MD: maltodextrin, MS:
modified starch, GA: gum arabic).

Table 2. Characteristics of microencapsulated powders by spray drying process

Powder properties
Wall material

MD1) MS GA

drying loss 13.5 9.4 8.3
surface β-carotene(%) 27.71�2.02) 23.88�2.2 17.12�2.0
Average particle size(µm) 11.55�0.5 9.73�0.5 20.19�1.5
Bulk density(g/cm3) 0.2386�0.004 0.2092�0.006 0.2986�0.008
Compact density(g/cm3) 0.4118�0.005 0.4274�0.004 0.4902�0.005
Volume reduction rate(%) 42.06 51.05 39.09
1)MD : maltodextrin, MS : modified starch, GA : gum arabic
2)Means of triplicate�standard deviation.
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��� ��� ���� �����. GA� ���
�� �� �� ���� ���� �� ����

� ��� 6�� �� ����� ������ �
��� ���� ��� ��� 4� ���� ��

���� ��� �����. GA� ������
��� �� ����� �� �� ���� ��
�� ������, ����� ��-1,3 ����

���� 	�� ��� ��� �� �� �
�
��� �	� ������ ��, ����� �

�
��� �� �� �� ������ ����

� ���� ��� ��� ����. GA� MD

� MS� �� 10 �� ��� �� 1.5~2� ��
�� ���� ������ ���� � ���

���� � �� ���� ����� ��� �
� �����. 

 � �

��
���� ���� 
���� �����
�� ���� ������ ����� �� ��

���� ���� ��� ����� ��� ��
� �����. ����� ��� �����(GA)
��� �� 30%, 25oC�� 125.6mPa·s� �� �

	�� ��
� ��� ��� ������(MD)
� 13.5%� �� �	� GA� 8.3%� �� ��

��
�� ���� ��	� � � 	��. 
�
�� �� ���� �� ����� ���� �

��� �� �� ��� 	�� MD� 27.71%�
�� �	�� GA� 17.12%� �� �� �� �
���� �� ���� ��	� �����. �

��
��� ����(MS)� 9.73 µm� �� �	
� GA� 20.19 µm� �� ��� �
�� ���

GA� �� 3~200 µm� �� ����� �� �

����� �� � � 	���, ������

MS� 51.05%� �� �� ��� �� ����
� � 	��. �� ������ ��� �
��
� ��� �� ��� ������, �� ���

�� �� ���� ���� �
��� � GA�
MD, MS� �� ���� 10���� 1.5~2� �

� β-carotene� ������ �	�� � ���

Fig. 2. Scanning electron micrographs of microencapsulated
powders by spray drying process (MD: maltodextrin, MS:
modified starch, GA: gum arabic).

Fig. 3. Storage stability of β-carotene microencapsulated
in three wall materials by spray drying process (MD:
maltodextrin, MS: modified starch, GA: gum arabic).
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���� � β-carotene� ����� ��� ��

��	� �����. 

� �

Anonymous. 1993. Gum arabic protect spray-dried flavors
against oxidation. Food Technol. 47(2): 130-131

Bang, W.E. and G.A. Reineccius. 1990. Characterization of
selected materials for lemon oil encapsulation by spray
drying. J. Food Sci. 55: 1356-1358

Graves, B. and H. Weiss. 1992. Encapsulation Techniques.
In Encyclopedia of food science and technology, Hui,
Y.H.(ED.), Wiley-Interscience, New York, USA. pp. 697-
703

Huber, K.C., O.A. Pike and C.S. Huber. 1995. Antioxidant
inhibition of cholesterol oxidation in a spray-dried food
system during accelerated storage. J. Food. Sci. 60: 909-
912

Kearsley, M.W. and N. Rodriguez. 1981. The stability and
use of natural colours in foods: anthocyanin, β-carotene
and riboflavin. J. Food Technol. 16: 421-428

Kondo, A. and V.J.W. Wan. 1979. History and classification
of microencapsulation. In Microcapsule Processing and
Technology. Marcel Dekker, New York, USA. pp. 27-51 

Masters. 1999. Spray drying handbook. Longman, Sci. &
Tech. New York, USA. pp. 112-125

Mckernan, W.M. 1972. Microencapsulation in the flavor
industry. Flavor Ind. 3(12): 596-623

Pesek, C.A. and J.J. Warthesen. 1987. Photodegradation of
carotenoids in a vegetable juice system. J. Food Sci. 52:
744-749

Pierre, A. 1997. Food carotenoids and cancer prevention:
An overview of current research. Trends in Food Sci.

Tech. 8: 406-411
Ping, H., S.D. Stanley and I. Lisbeth. 1999. Chitosan micro-

spheres prepared by spray drying. International J. Pharma-
ceutics 187: 53-65

Reineccius, G.A. 1991. Carbohydrates for flavor encapsula-
tion. Food Technol. 45(3): 144-146

Rosenberg, M., Y. Talman and I.J. Kopelman. 1988. The
microstructure of spray-dried microcapsules. Food Micro-
struct. 7: 15-23

Rosenberg, M., I.J. Kopelman and Y. Talman. 1990. Factors
affectng retention in spray-drying microencapsulation of
volatile materials. J. Agri. Food Chem. 38: 1288-1294

Shahi, F.S. and X. Han. 1993. Encapsulation of food ingre-
dients. CRC Cri. Rev. in Food Sci. Nutr. 33(6): 501-547

Sheu, T.Y. and M. Rosenberg. 1995. Microencapsulation by
spray drying ethyl caprylate in whey protein and carbohy-
drate wall systems. J. Food Sci. 60(1): 98-103

Stephane, A.D., M.N. Flavia and P.L. Theodore. 1997.
Comparison of spray-drying, drum-drying and freeze-dry-
ing for β-carotene encapsulation and preservation. J. Food
Sci. 62(6): 1158-1162 

Takashi, M., M. Kooich, K. Mutsuo, I. Yoshihiro, F.
Yasuiro, H. Keiji, E. Fumio, O. Masakazu, N. Yoshitoshi,
T. Harukuni and N. Hoyoku. 2001. Cancer chemopreven-
tive activity of carotenoids in fruits of red paprika Capsi-
cum annuum L. Cancer Letters 172: 103-109

Wagner, I.A. and J.J. Warthesen. 1995. Stability of spray-
dried encapsulated carrot carotene. J. Food Sci. 60: 1048-
1053
���, ���, ���. 1997. ������� ���
�� ��. ����� �� 30(4): 98-111
���, ���, ���. 1998. Carotenoids� �� ��
�� ����. ���������� 27(6): 1297-
1306


