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Abstract

Nanotechnology represents a new frontier in science and technology with long term goals and benefits.
Nowadays, nanotechnology is producing many revolutions and applications such as quantum computing, sur-
face and materials modification, novel separation and sensing technologies, and human biomedical replace-
ments. These new techniques are being introduced in food and bio filed. In this review, the status and trends
related to nanocomposites, nanoparticles, nanotubes, delivery vehicles and biosafety were reviewed. The sit-
uation of funding of nanotechnology research in USA, Japan and Korea is also summarized. 
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� �

����(nanotechnology)� �� �� ���, �
� � ��� ��, ����, ����, ����
�� �� ���� ����� ����� ���

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


 ��� ���� ��. “Nano”� 10-9	 ���
� ���� 1 nm� 10��� 1��� ���� �

�� ��� ���, International Technology
Research Institute�� ��� “Nanostructure Science
and Technology”� �� ���(Siegel et al., 1998)

�� ����	 ��� �� ���� ��. 

.....direct control of materials and devices on a

molecular and atomic scale, including fabrication of

functional nanostructures with engineered properties,

synthesis and processing of nanoparticles, supramolecular

chemistry, self assembly and replication techniques,

sintering of nanostructured metallic alloys, use of

quantum effects, creation of chemical and biological

templates and sensors, surface modification and films.

 

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

��� ���� ��� ����� ���� ��
�, ����� �� ��� ���	 ���� �
�� ��� ��� ��, nanolithography, ��

�� �	 ���� ����� ��� ��� �
���(self-assembling)� ��� �� �� ���

���� �����(nanostructures)	 ���� �
�� ���� �� � ��. �� ��� ���
��� ���� ��� ��, ��� ��� ��

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


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

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

� � ��� ���� � ��� ���, ���
��� ���� ��� ��� ��� Fig. 1� �

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

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

����� ����

����(surface modification)
����� �� ��	�� ��� ��� ��

� 1~100 nm� 
�� ����, ���, ���,
�����, ����, ����, ��, ��� �

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

� ���, ����, ��� �� ��� ���
� �� fouling� ���, ���� �
� ���
��
� ��� ���� biomass� ��, �� �

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

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

����(separation technologies)
����(nanoscale) ��� ��� ����� �

�� ����� ��� �� ��� �� ���

� biofouling� ���, ��� ��� ��, ��
� ��� ��� ��, ���� ��, �����
��� ����, �	� ����� �	�� �

��	� � ���� �� 	
��.

����(sensing technologies)
����� ��� ��� ��� ��� ���
��� �	, ���
, ���, ��� �
, ��

��� ��, “in vitro” �� “in vivo” 
�� �
���� ��� ���� ���� �� � ��

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

�, ��� ���	 � ��� ��, 	� ��	

� ��, �
 
��� ��� �	� � 	

, ��� ��� ��� �� �� ���� �

� �� 	� ��� ��� �
� � ��.

������ ��(human biomedical replacements)
����(shunts and stents), ����, ��� �

�, TIDDS(transdermal and implant drug delivery
system), ��� � ��(intra-ocular) ��, ���
(pacemaker), defibrillator, cochlea implants �� �

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

� ��� ���� ��� ��� ����.

����� ����

���� ������� ���� �����

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

�� ����� ��� ����� ��� ���
����� ��� 	��� 
��� ����(self-
replicating nano-robots)� ���� ��� ����

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

��� ����� �� 	���� ��� DNA
� �� �� ��, ��� ��� ��, ����

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


 ����� 
�� ��� ��
�� ���
��� �� � �� ����� ������ �Fig. 1. Nanostructure synthesis and assembly approaches.
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�� ���� �� ����.

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

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

�� ��� ��� ����� ��� ����.
��� ������ ����� ����� ��
�� � �� ����, �� ����(nanosensor)

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

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

����, “�� ���(smart system)”
� ���
��� ��� ����(integrated sensing), ���
(localization), ����(reporting), ���� �� �

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

�������� ��� ��� 4	 �� �, �
��� � ���� ��(nanoscale processing), �

�	�, ����� � ��� ��� ����
� �����(biosecurity)
� ��� � �
�,
��� ��� ����� ��� �� ��� �

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

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

�� ����� ����� 

� ��� ���

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

�� ��� ��� 	��� ���� �� �

�� ��� 	�� � ��.

������(nanocomposites)

����� ��� ��� ��� ���� ��

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

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

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

���� 	���(�	�, ����, ��)� ��
��(����)� ��
�� ��� ���

(toughness)� ����� ��� biomineralization�
��� �����. ������ ��� ����

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

���(fast food)� ���� �� ���� ��
(Stucky, 1997).

����� �� ��� ����� ��� ��
� �� ���, ���� ��� montmorillonite�

Fig. 2. Application matrix of nanotechnology in food science and technology.
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���� ��� ����� nanoclay� ��� �

� ���� �
�(Quarmley and Rossi, 2001), �
�� Nanocor(�)� 	���� montmorillonite�
3~5% ���� ��� ��� ���� �� ��

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

��� ���� ��� ���� ��. Nakashima
et al.(1991)� Al2O3-SiO2� ���� ���� �
���� �� SPG(Shirasu porous glass) �� 	

��� O/W, (W/O)/W, � (W/O)/W 	��� ��
�� ���� ������(microspheres)� ���

� �� ��� ���
�, Yamazaki et al.

(2002)� SPG �� PTFE(polytetrafluoroethylene)

�� �� 	���� ���� ���� SPG �
��� ��� ���� 	� ���� ��� 	
� ����� �� O/W ��
� ��� � ��

� ����.

����(nanoparticles)

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

�(Drug Delivery System, DDS)� �		�� ��
���� �
 ����� ���� ����� �

��� �
� ��� ��. ��, ���� ���
��, �����, �������� ���, ��
� ��� �� �� ��� DDS� ��� ��

�� �� �� �� ��� ����� �
�, �

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

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

� ��� ��� ��� �����, �	� ��
�� ��� ����� �	� �	� �����
� �	� �	� hydrogel nanoparticles� �� �

�� ��� ��� ���� ��(Mitra et al.,
2002). ����� ��� �� ���� ��� �

�
�, ��� ��� 
� �
 �� �� �
���, �� 100 nm ��� ��� ��� ��

����� 
���� �� � ����� ��
�� ����(Allemann et al., 1993). 
��, � �� ���� ���(chitosan)� �	

�(gelatin, SPI, casein, gluten)� ���� ���-
�	� ���� ���� 	�� ��� ����

� ����� ������ ���� ��� ��
��(Kim et al., 2003). �	�-�		 ����

� Fig. 3� ��� �� �� SPG � ���� �
��� � ��(membrane module)� �� ���

, 	�� ��� �� ��� �
 �����

����. SPG � ��� �� ��
(emulsion)
��� ��� ��� �� ��� 0.3 µm ���

�� 	��� ���� 5, 7, 9%� ���� ��
� ���
� ��� ��� ��
� �� 


68.6, 56 � 54.2%, 0.5 µm ��� ��� 35.7, 26.4

Fig. 3. Apparatus for the preparation of nanosphere emulsion.
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� 13.3% �� ������, ���� ��� �

��� ����� �� ����� ���(R2=0.93~
0.99). ��� 4��� ���-��� ����(Fig.
4)� ��� ��� ����� ���� �� 220

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

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

���� ����� ���� ��� �����
�� SPG � ��� ��� ��� ��� ���
�� ���� ��� SPG �� ��� ��� �

���� �� ����� �	�� �� ���
���� ���� ��� ���-��� ��� �

���� 
��� �	 � � ���. 
���-���-���� ����� SDS-PAGE �
��� ��� ��(Fig. 5), SPG �� ��� ��

� ����� ��� 50,000� 65,000 ��� �
� �� �����, ��� 55,000~57,000 ��

� ��� ����	 �� royalisin ���� ��

��� �	 � � ���-���-���� ��

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

����(nanotubes)

����� 1991� ��������(NEC)� ���
��� Sumio Iijima� graphite sheets� “winding”� �

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

� ���� 10�100� �� ����, �
� 

����, ��, 	��, ��� ��, ��� ��,

��� ��, ����� �� ��� ���� �

� ��
, ���� � ��	 ���� �� �
�� �� 	��� ��� ����-�� ���

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

��� ��� �� 	�� ������(Huang et

al., 2002), ��� �� ��	��� �	 �

���� ���	 ���� �� ���
 � �
�� ���� ��. Dagani(2002)� Stobinski et

al.(2003)� ��� 
��-�� �	��� ���

�	 ����(single-wall carbon nanotubes, SWNT)
� ������, Bandyopadhyaya et al.(2002)�

gum arabic	 ���� ��� ��� ���. ��,
SWNT� ���� glucosamine � bovine serum

albumin�� ����� ���� � 	���� �
� �(Pompeo and Resasco, 2002; Huang et al.,
2002), ����� glucosamine� grafting� ���

�� ��� �	���� acyl chloride� ����
���� �����. �	 ����� ����

grafting�� �� 
�� ��� �
� 
�� �
� ����, DNA ��� ����� 	��� �

� ���� ���� ���� ���� � �
� ���, ��� ����� �� ��� ���
	 grafting�� �� ���� ��� �� ��

�� � ��� “�����”	 �	�� ���

�� � ��.

Fig. 4. Photograph of chitosan-protein nanospheres.

Fig. 5. SDS-PAGE patterns of water soluble protein of
royal jelly complexed in chitosan-protein nano- and
microspheres. 
Lane 1, marker standard; lane 2, CHT/GEL/RJ; lane 3,
CHT/SPI/RJ; lane 4, CHT/CAS/RJ; lane 5, CHT/GLU/RJ;,
lane 6, CHT/GEL/RJ HOMO; lane 7, CHT/GLU/RJ HOMO;
lane 8, RJ control; lane 9, marker standard.
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����(delivery vehicles)

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

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

Banerjee et al.(2002)� AOT(sodium bis(ethylhexyl)
sulfosuccinate)/n-hexane ���� ���� ���
� 100 nm ��� ���� ��� ����

(chitosan nanoparticles, CCN)� ����, ���
����� in vivo biodistribution ��� ����

CCN� �� ��� ��� ��� ���	��,
������ ��� �� targeting ��	� ��

� � �
� �����. Bodmeier et al.(1989)�
��� ���, ���, tripolyphosphate �	� �
��� ��� ���� �� ����� ����

���� ������ ��� �����. ��,
Roy et al.(1999)� ��� �� ����� ���

��	� ���� ��� coacervation� ��� �
��-DNA ����� ���� ����� ���

� ���� �� �����. ����� ���
phospholipid	 divalent cation� ���� “cochleates”
� �
 ���� ��� �����	�� ���

BioDelivery Sciences International�� ���� �
���� ����. Cochleates� �� ��� ��

� �� ���� ���, ���	� ���� �
�� encochleated ��� �	 � ��� ���
����� �
� ���� ����� �� �	

� ��� � �� 	� �	��(Gould-Fogerite et

al., 2003). ��, Dziechciarek et al.(1998)� ��	

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

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

������(biosafety)

����� ��� ��� �� � � �� ��

� �� ���
� ��� ���� ���� �
� ����	��, ����� ��� �����
��� ���� ��. ����� ����(adhesion-

specific nanoparticles)� �� ���� �����
��� ���� 	� �	�	�� ����� �

� ���, ����(self-assembly) ��� � �

� ���(�, polystyrene)	 ��� ����� �
��� ��� ����� ������ �� ��
�� ��� ��� �����(Latour et al., 2003).

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

� 	�� �	� ����� ��� � ��
(Fellman, 2001). ���
� �� ���� ���
�� ����� ���� ���� ��� ���

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

��� ��� ��� ��� ��� 	�� � �
� 	� ���� Bowen et al.(2000)� AFM

(atomic force microscopy)� ���� Aspergillus

niger� ����� ���� ���� ���
biofouling �� ���� ���� ���� ��

��� 
��. ��, ����	(nanoemulsion)�
��� ��� 400~800 µm ��� ��, ���

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

	� ��
 ��.

����� ��� ���� ��

�� ��� ����� 	��� ��� ���

	� ����� ��	 �� ���, ��� 1996
��� 1998�� �� �	�� �� Loyola ��
� World Technology(WETC) ��� 8�� ��

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

� ��� �� ��� �� ��� �� � �
� Air Force Office of Scientific Research, Office of

Naval Research, Department of Commerce, Department
of Energy, National Institute of Health, National
Aeronautics and Space Administration �� 
� ��

��� ���� ����	� ���� ��� �
�� ����� ���� ��. ��, 2000� 1�

�� �
� ���� National Nanotechnology
Initiatives� ��� �� � ���� ���� �

�
���� ��� �� � ���� �	�, �
���� ��� IT � BT	 �� ���� ��
� ���� ��� 2001� 423�� ��, 2002�

�� 604�� ��� �����. ��, ��� �
��� � 6�� �� � ������� nano-
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biotechnology center� ���� “Nano-Bio-Tech-

nology” �� ��� ��, APEC �������
��� “Nano-Bio-System” ��� ��� ����
� �����.

��� 1995� �� ���� ��� 130�� �
�� � ����� ����� ��� ��� �

��� ����� ���� 1996��� 2000��
� ��, ���, ����� �� � 1,480� ��
��� ��� ���� �� ��	� �����.

� �� 1996� ���� ��� ��� ����
� �� �� ��� ���	�� � 233� ��

� ���	 ���� ��� 46.5%� ���	�,
������ 25.9%, �������� 11.9%� �

�� �����. 1997��� ��� ����� �
���� �� “grants-in-aid”�� 935�� ��, �
� ���� 239�� ��� ����� �
�. �

�, ��� n-Plan21� ���� 2001� 396�� �
�� ����� ���. ��, 
���� � 6�

Framework Program� �� 2003~2006��� 4��
� 13� 
�(� 1�4�� �� ��)� ��� �

���.
	���� 2002� 2
 ������ “����
����� �����”� �� ����� ��

��� ��� �� “Nanotechnology Cluster” ��
����� �����. 2003� 4
�� ����

�, �����, ����� � 9� ��� ���
� 2003�� �������	��� ���� “�
���������(2001~2010)� �� ��� �

��� ����� ��� �� �� �����
��� �	���, 2003���� ��
����

����, ����� �� � ���� ����
�� � 2,496� �� �����.

� �

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

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

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

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

��� �� ��� �	� ����. �����

��� ��	� �� ��� ��� � �� ��
�� ��� �� �� �� �� ��� ���
��(bulk material) ��� �� ��� �� ��

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

�� ���� ����, ����� �� ���
� 	���� ��� ��� ��� ��� ��
� ����� � � ��. ��� 0.1~100 nm� �

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

�� �� ����.
����� ���� ��� 
� �� ����

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

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

�	� ���� �� 
���� ��(biomaterial
interface) ��� ���� ��� �� � ���

�� �
� ���� ����� �� �����
��� ��� � � �� �	� ����.
	���� ����� “�������	��”
� �	�� ���� ��� �� ���� ��
� ���	� ���� ��
� ���� ��,

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

��� ���� �� �� �	 ����� � �

�� �� ��� ��.

� �

Allemann, E., R. Gurny and E. Deolker. 1993. Drug loaded
nanoparticles: preparation methods and drug targeting
issues. Eur. J. Pharm. Biopharm. 39: 173-191

Bandyopadhyaya, R., E. Nativ-Roth, O. Regev and R.
Yerushalmi-Rozen. 2002. Stabilization of individual car-
bon nanotubes in aqueous solutions. Nano Letters 2(1):
25-28

Banerjee, T., S. Mitra, A.K. Singh, R.K. Sharma and A.
Maitra. 2002. Preparation, characterization and biodistri-
bution of ultrafine chitosan nanoparticles. Int. J. Pharm.
243: 93-105

Bodmeier, R., F. Chen and O. Paeratakul. 1989. A novel
approach to the oral delivery of micro- or nanoparticles.
Pharm. Res. 6(5): 413-417

Bowen, R., R. Lovitt and C. Wright. 2000. Direct quantifi-



16 ������ � 8� � 1� (2004� 2�)

cation of Aspergillus niger spore adhesion in liquid using
an atomic force microscope. J. Colloid Interface Sci. 228:
428-433

Dagani, R. 2002. Sugary way to make nanotubes dissolve.
Chem. Eng. News 80(28): 38-39

Dziechciarek, Y., R.J.G. van Schijndel, K.F. Gotlieb, H. Feil
and J.J.G. van Soest. 1998. Development of starch-based
nanoparticles: Structure, colloidal and rheological proper-
ties. www.mate.tue.nl/nrv/ede/dziechciarek.html

Fellman, M. 2001. Nanoparticle prism could serve as bioter-
ror detector. http://unisci.com/stories/20014/124011.htm

Gould-Fogerite, S., R.J. Mannino and D. Margolis. 2003.
Cochleate delivery vehicles: Application to gene theraphy.
Drug Delivery Technol. 3(2): 40-47

Huang, W., S. Taylor, K. Fu, Y. Lin, D. Zhang, T.W. Hanks,
A.M. Rao and Y.P. Sun. 2002. Attaching proteins to car-
bon nanotubes via diimide-activated amidation. Nano Let-
ters 2: 311-314

Kim, C.T., C.J. Kim, Y.J. Cho, Y.K. Park, B.Y. Chun and
A.J. Choi. 2003. Development of processing technology
of protein-polysaccharide nanosphere and its utilization.
Research report E033003-0286, Korea Food Research
Institute, Kyonggido, Korea

Latour, R.A., F.J. Stutzenberger, Y.P. Sun, J. Rodgers and
T.R. Tzeng. 2003. Adhesion-specific nanoparticles for
remonal of Campylobacter jejuni from poultry. CSREES
Grant(2002-2003), Clemson Univ., SC. USA

Mitra, S., T.K. De and A.N. Maitra. 2002. Hydrogel nano-
particles: their applications in drug delivery. Encyclopedia
of Surface and Colloid Science 2397-2413

Moraru, C.I., C.P. Panchapakesan, Q. Huang, P. Takhistov,
S. Liu and J.L. Kokini. 2003. Nanotechnology: A new

frontier in food science. Food Tech. 57(12): 24-29
Nakashima, T., M. Shimizu and M. Kukizaki. 1991. Mem-

brane emulsification operation manual. Industrial Research
Institute of Miyazaki Prefecture, Miyazaki, Japan

Pompeo, F. and D. Resasco. 2002. Water solubilization of
single-walled carbon nanotubes by functionalization with
glucosamine. Nano Letters 2(4): 369-373

Quarmley, J. and A. Rossi. 2001. Nanoclays. Opportunities
in polymer compounds. Ind. Minerals 400: 47-49, 52-53

Roy, K., H.Q. Mao, S.K. Huang and K. Leong. 1999. Oral
gene delivery with chitosan-DNA nanoparticles generates
immunologic protection in a murine model of peanut
allergy. Nature Med. 5(4): 387-391

Seigel, R.W., E. Hu and M.C. Roco. 1998. Nanostructure
science and technology-A worldwide study. International
Technology Research Institute(WTEC Division), Balti-
more, MD, USA

Stobinski, L., P. Tomasik, C.Y. Lii, H.H. Chan, H.M. Lin,
H.L. Liu, C.T. Kao and K.S. Lu. 2003. Single-walled
carbon nanotube-amylopectin complexes. Carbohyd. Polym.
51: 311-316

Stucky, G.D. 1997. High surface area materials. Proceedings
of the WTEC Workshop on R&D Status and Trends in
Nanoparticles, Nanostructured Materials, and Nanodeci-
ces in the United States.

Yamazaki, N., H. Yuyama, M. Nagai, G.H. Ma and S. Omi.
2002. A comparison of membrane emulsification obtained
using SPG(Shirasu Porous Glass) and PTFE[Poly(tetraflu-
oroethylene)] membranes. J. Disp. Sci. and Tech. 23(1-3):
279-292

www.wtec.org/loyola/nano/00_es.htm
www.most.go.kr/most/t_board_admin_operation.jsp


