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1. SCI& =& : International Journal of Biological Macromolecules (Nature derived

scaffolds for tissue engineering applications: Design and fabrication of a composite

scaffold incorporating chitosan-g-d,l-lactic acid and cellulose nanocrystals from Lactuca

sativa L. cv green leaf) - Accepted (Published in 2018.04.15)

2. SCI& =% : International Journal of Biological Macromolecules (Development of Bioactive

Cellulose Nanocrystals Derived from Dominant Cellulose Polymorphs I and II from Capsosiphon

SCI& =& A|&: 271 |Fulvescens for Biomedical Applications) - Accepted (Published in 2018.04.15)

shatis] 2E ¢ 37 (3. sh=rig] wHE 1 ¢ “Development of Fruit Packing Technology for Prolong the Shelf Life
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Cstas] wE 2 SRS 2 Un MO mAK| AIRZ 95 E 500mm A 7|HHA} AHX]
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5.t 3 & x® 3 : “Prolong the shelf life of peach by prevent the

anthracnose using antibacterial nanofiber packaging technique”,
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1. SICE =& : CHEMICAL ENGINEERING JOURNAL (Lactic acid assisted fabrication of
bioactive three-dimensional PLLA/B-TCPfibrous scaffold for biomedical application) -
Published in 2018.09.01

2. SCI& =& : ACS APPLIED MATERIALS & INTERFACES (pH/NIR-Responsive
Polypyrrole-Functionalized Fibrous Localized Drug-Delivery Platform for Synergistic
Cancer Therapy) - Published in 2018.06.20

3. et&dig] &R 1 : “Non-vascular stent coating with core/shell structural nanofibers to
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A E gl SCIoj 2
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o = ] o K]—Eg % o 7]% (SCI/H]SCI) ] HE o
Preliminary Study for https://
JOURNAL OF |Joshua Lee, AMER .
Measurement of Shear doi.org/
NANOSCIENCE | Chan Hee SCIEN
Stress and 2018.|10.1166
1 o . AND Park, 2 | USA | TIFIC SCI(E) .
Hemocompatibility Using 02.01| /inn.20
o NANOTECHNOL | Cheol Sang PUBLIS
Commercialized Lab on a . 18.1486
. OGY Kim HERS
Chip 2
Nature derived scaffolds
for tissue engineering Sung Won
. . https://
applications: Design and . Ko, Juan .
o . International ELSEVI doi.org/
fabrication of a composite Paolo E.
. . Journal of . Netherl| ER 2018.(10.1016
2 scaffold incorporating ) ] Soriano, - SCI(E) o
) ) . Biological ands | SCIEN 04.15| /j.ijbio
chitosan-g-d,l-lactic acid Chan Hee
Macromolecules CE BV mac.201
and cellulose nanocrystals Park, Cheol 710.109
from Lactuca sativa L. cv Sang Kim
green leaf
Development of Bioactive
P https://
Cellulose Nanocrystals . Sung Won )
. . International ELSEVI doi.org/
Derived from Dominant Ko, Chan
Journal of Netherl| ER 2018.(10.1016
3 Cellulose Polymorphs I , ] Hee Park, | - SCI(E) o
. Biological ands | SCIEN 04.15| /j.ijbio
and II from Capsosiphon Cheol Sang
. . Macromolecules . CE BV mac.201
Fulvescens for Biomedical Kim
o 7.11.047
Applications
. . . Sunny Lee,
Lactic acid assisted https://
. . . Mahesh .
fabrication of bioactive ELSEVI doi.org/
. . CHEMICAL Kumar SWITZ
three-dimensional . ER 2018.110.1016
4 . ENGINEERING | Joshi, Chan | - |ERLAN SCI(E) .
PLLA/B-TCPfibrous SCIEN 09.01 | /j.cej.20
. . JOURNAL Hee Park, D
scaffold for biomedical CE SA 18.04.15
o Cheol Sang
application ) 8
Kim
pH/NIR-Responsive Arjun https://
Polypyrrole-Functionalized Prasad AMER doi.org/
. . ACS APPLIED . )
Fibrous Localized Tiwari Chan CHEMI 2018.]10.1021
5 . MATERIALS & - | USA SCI(E) .
Drug-Delivery Platform for Hee Park, CAL 06.20 | /acsami
o INTERFACES
Synergistic Cancer Cheol Sang SOC .7b1766
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AT g PCOlolA S HES

-8 /o]
oA QEHolAE gt Mg “HAl RUE" M AY

Motion boardE ©]&3st Step Motor ¥ Encoder 415 F74

Step Motor= syringe pump A|o}-& ¥ 38230 RollZ +-&3517] ¢sto] A&
Encoder= 335t 4Wo] o4 22 5457 gsto] A8

DAQ boards o] &sto] PCeo} FE AA 9] QEHo]A A&
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r-Io
o8

Motor Driver

B SEH HEEFY
Encoder §I_‘,‘-_.‘?‘_
I H swo Motor -
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P ) Power supply
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A3t £=0 E Fa5 st Alo] A" A
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SRl AL 59 BY], BEOLE, FAF Wiy 5 Atddst

@ vhedlf £4A9 AR B 24
s A AlE 97F (71 g WA Al8)
- AALE T 300mn/minC 2 1m WAL AAGH] Yste] A Q&= AJ7FS 200sec A Q %,
- o|ff, AH|E = VREAMSEZA 2 BF T4 % 40md/h 7|EC R 2.2m) AH[HE.
& LRAE T AMBE= A2 A= 15wt%o]l 2=, 0.33g AFEH.
wt/wt AAbstcta 7S st F 2.2m00] Thst 15wt%e] HFS Solvent 1.87g,
polymer 0.33g s
MALE T 300mm/min® 2 0.5 m WANGSE AEHF2 Solvent 0.935g, polymer
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# Sigma aldricholl A Bvisl= 714 7|E o= 4Hgskel o,
[e)

0.165g

Z2] 0.165g o tfst L EAX 7FA : 1.65¢¥

(AFA7]5 — PU &4 @9 ¢ 714 @ 109/g (Sigma aldrich 715))

(7171 — PCL &A1 &9 ¢4 714 : 602¢/g , 20099/0.33g (Sigma aldrich 7]5))
SHE 0.935g o tist &¥IE 714 @ 19.87¢

=2 ——

(XA 715 - DMF Solvent ©¢] ml% 714 @ 9.49/mll — ¥]ZF 0.950| 2% &9 ¢gF 714 :

9.89¢/g; THF Solvent &9 ml9 7}2 : 109/mll — H]F 0.88¢| 22 W9 ¢F 714

11.369/g (Sigma aldrich”]<))

(71715 — MC Solvent ©¢] ml% 712 : 92.5¥/mll — ¥]F 2.00] 22 &9 g 714 :
32%/g , 609/1.87g (Sigma aldrich7]%))

% 9om £2M0] F}AL : oF 21529

1A =
[e) T =
M FE AL wE g e g 9 egdele] 52 Ae ol

_

lsto] A FHho
e A 24
AAFE T 300mm/minolal 7P o, 1A]7Hg 18m AJAt 7Hs

I ABARRZEFES 1041712 7F- S o, 180m AJAF 71

A

Ol
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» High Impact factor (I.LF) ¥59] A7|HAL &A= /3 24 314 =& 2 H

- Zheng, Y., Xie, S. & Zeng, Y. ] Mater Sci (2013) 48: 6647.

Comparison of the electric field intensity distributions for the two
configurations with a working distance of 25cm and an applied voltage of
25kV.

The electric field distributions simulated by the Ansoft Maxwell 3D software
for the single needle and the hole configurations.

Compared with the single needle geometry, the hole geometry creates a
much larger area of uniform electric field in the same horizontal plane.
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- Xin Wang et al. Nanosci Nanotechnol 2013. 13(7):4680-5

* Analysis model of electrospinning electrostatic field.

e The distribution of electrostatic field between capillary and metal receiver
platform was mainly considered that the simplified model includes only metal
capillary spinneret, metal receiver platform and atmosphere medium.

* Vector distribution of electrostatic field.

Recowver Platform

- Liang Dong,Yong Liu,Rui Wang, et al. Journal of Fiber Bioengineering and
Informatics, 2010, 3(2): 117-120.
* The contour map of Y-axis electrical field.
e The contour map of X-axis electrical field.
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Table 2
}J\.!II\]JM’S of the essential oils and CoAlngs meamnents researched to control postharvest decay in fruit.

Coating-essential oil

Fruit vegetable Postharvest pathogen References

Chitosan-lernan ol
Chitosan-cinnamon oil

Muodified chitosan and limonene or peppermint ofl

Chitosan- bergamot
Shellac wax- Clnnaronum seylanicum EQ
Camuba wax-Lippia scaberrima oil

Hydroxyl propylmethyl cellulose and chitosan

Carnuba wax-Lippia scabernima ol
Mesquite gum-Thyme or Mexican lime oil
Gum arabic- cinnamon ol

Strawberry Botrytis cinenen

Sweel pepper

Strawberry

Cirrus Pericillium italicum

Citrus P digitatum and P ltalicumn

Citrus P. digitarum

Table grapes Botrytis cimenea

Avocado L. glososporioldes

papaya €. glovosporioides or Rhizopus stolonifer (]
papaya . glocosporioides

€. musae)
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Silver hanuuartinle

a2 150. & Yx mte]Zo)| i3t inhibition test ¥ counting test

- gte]|l2jo} inhibition test ZAx} A

Name - =
control Sample 1 Sample2 | Sample3 Ave control Sample 1 Sample2 | Sample 3 Ave
Rosemary 0.771 1.165 0.934 0.942 0.243 0.796 1.540 0.983 1.369 0.501
Peppermint 0.813 1.235 1.575 1.281 0.551 0772 1.737 1.324 1.071 0.605
Lime 0.754 0.885 1.098 1.063 0.265 0.802 1.546 0.855 1.457 0.484
Lemaongrass 0.859 1.013 0.978 1.083 0.166 0.733 2.031 1.143 1.167 0.714
Lemon 0.720 1.106 1173 0.966 0.362 0.759 1.187 0.862 1.582 0.657
Eucalyptus 0.734 1.242 1.003 0.979 0.341 0.698 1.475 1.317 1.194 0.631
Clove 0.647 1.872 2.130 1.607 1.223 0.624 1.502 1.427 1.771 0.942
Cotronella 0.740 1.160 1.126 1.404 0.49 0.975 1.252 1.577 1.363 0.422
Cinnamon 0.663 1.890 2.374 2.301 1.525 0.890 2.580 2.707 1.780 1.466
c"‘;‘:::““ 0.709 2.110 1.914 2223 1373 | 0638 2.075 1.546 1.599 1.102
Bergamot 0.631 1.071 1.085 1.045 0.436 0648 1.146 1.968 1.389 0.853
Teatree 0.822 2.398 2.298 2.494 1.575 0.846 2.362 2.626 2.520 1.657

a4 151, &+#=4 inhibition test 4 #

o dlg|g]o} inhibition testE £35}o] Teatree > Cinnamon > Cinnamon bark >
Clove > etc 08 84 %7} =29 o 2 9lojon 2]o] Y 7}x] AL st
=4z 474

¢ ethe meE2 49 Pt B Uehdou 1o uiste] Wbt 2580 vl
=A Yot FaEAA Al

_93_



= L=y 5+ =]
n ShbE EAl Aje Ak 47
- L0 al = = o S =] al o] & =
e R IE A4S BEUE oF AFAF A 0|9 gt RA}
a = = :
e =3 W 7|& HALXLES HRAMAN Gelatin, PU(Polyurethane), PCL(Polycapro
- 7} 72FOo Ak = Q35 Al&l o X|sHs St
lactone) ot 22 A &S AREsto] S Agstrlz &
Tabl b At of jrm Aehiromyt et Sl ¢ sl st o he o if | of fraits ol vegedile Lwwon jabwodded) | OPF (8 i Byl 450 Pirur s ol al,
Food Tre Packsgin s | Sl B Referemce i
= Tray, PP, B Fannmat
" : : U nd 90 % HR Pugertm and
[ LIV PETVA0 g, O e Bucw §
W il P o, vt FE-LDPETEN) ). 4 duyn sl 4 *1 Ceabion Wik Pewieem oy wl 4T il . 200
T 14 smacroperiorat ol package., all aal, 209 oy SN
wTpred i PE E T0 Gays e Ourh ol | Dhaing 8 L,
- i Manes ot al., Kt e s 007
Struwherry reich PVC Ndaywd | °C
1S [LF ST T &
P e rdivaed
Nl sy NPEMTET 3 s i 20°C
procesend ity Del Mubile et PE-2 bkt (750 e iaia | DamadC,
o = 2h Loen pulyolefinc bugh Ly 300 e Wrazual =SS e 20T Tt . 2009
permmeable fle 08 drys e 4T,
prickhy peari nragpnl e i
28 dayy 0 20 4
TR0+ MNLO0; WdnaatlC
| i = Fresheut FATE (10 )
i PR IR0, 22000, [0 dmsarl 1 AdsLigt al L = o [
g TR, s 0% 0, Wdnsal | °C w2 Temal T T it
Adr 30 cayn at | O wut letmaie walmbe Sk
prales | SYORE MY 13 ey st d T . — Al el MAR 0% Ny /30 % Oy Cha 4
Cactun r . o of al, 2O
o Plastic box ’ s
CATIRCD, T TTRiTL) [ odys e’ L
Carrots, PP OrP o . pea——
. = Ayhan st al, ! CAZIN D, Ty,
i S 80/ 1P COy/ B8 % Ky Tdayssd"C o trestment
- : e T ™ 008 1% M mgd same ero 16wy w22 T 4L 200%
procesad W0%0; 10% COy 10%N; |7 deysatd ' ‘:f'm LD 10yt MAT i
Cabbage, Prowes o i, L medl] -~y —
PP M0 ) D10 days a3 °C
abrodded 7 MAF mair i
il " T4 030 jun, PP (30 T misope il
R o 1 Slelsm, i iy = [roa— Apuyortal,
o) ok vl e b1
Aur Wr
T [ TR T
Cabbage. - | Meismpkeral, TOT 1. viandard
MAP T 100 % Ny, T dayw a0 0 and 107 I iboer vy e chur |
shroaded — — 200N N Al Filled PET 2 Opealanher W) D e Tt ot all,
MAPI 5% 0y /85 %y, u'.q:“.’ 3 TET 3 Sl AT J0HF
MAP I 0 % Oy 90 % [ 0 |
[MAPE TS0,/ 70 % N: and FE-LD %0 mem) Charkss ot al.
Tomata LE ST
100 % O MAF + (sburber Sun
Table & Properties of some biodegradable plassies (Bevkesch, 20035) w o b gy
St Film Moisture | Oxygen | Mecanical | ...
Materia
\
preparation | barrier barrier | properties T"':"_“ Frok suil Vegeinhle Paciaging - & Review
| Starch' Polyviny! aleohol ) iy Yo .
. Extrusion
(PVAL)
Polyhydroxybutyrate/ valerate | Extrusion
(PHB/Y)
Polylactic acid (PLA) Extrusion

o 152, A
- Al B2 ARE 2EAl] Uraolyzo] A

- Aa" ZF 3EBxE yrao|y Q] fibroblast cell(NIH-3T3;

o
a4

otM|iL)E o]&<t Cyto

-toxicity Z3+= Cell Counting Kit-8(CCK-8)S o] &5ty =&

_94_



Day 01

Control 0.6370 0.6820 0.6950 06130 1.0530 0.6050 0.7100 0.7260 0.7390 0.7189
PCL 04310 0.4570 0.4560 0.3990 04180 04230 0.3930 0.3930 0.3820 0.4236
PU 0.4220 0.4250 0.3990 0.3900 0.3940 0.3720 0.3970 0.3990 0.3980 0.3996

Gelatin 0.7410 0.7940 0.7980 0.6250 0.6240 0.6270 0.7180 0.7130 0.7200 0.7067

<>

Control [ErRREF{Y 2.1190 2.0020 2.4090 2.3700 24010 2.2410 2.2320 2.3420 2.2481

PCL 0.7920 0.7380 0.7410 0.8420 0.7810 0.7100 1.1850 1.0060 1.1940 0.8877
PU 0.8240 0.7970 0.8180 0.7240 0.7580 0.7720 0.8450 0.5350 0.8470 0.7689
Gelatin 1.6880 1.7130 18180 | 1.8060 1.8570 1.8520 2.5940 2.5260 2.6290 20537 |

Control 3.2070 3.1400 3.3140 3.0320 3.1060 3.1670 3.4180 3.3100 3.2160 32122
PCL 1.4850 1.5090 1.4600 1.8540 1.8130 1.8400 1.7180 1.7530 1.8560 1.8057
PU 1.9350 1.9400 1.5680 1.8880 1.9670 1.9180 2.3880 2.2680 2.3020 21218

Gelatin 3.0300 2.9680 3.2310 3.5190 3.3280 3.1990 3.2250 3.1010 3.0640 32121
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e 15wt% PCL, 15wt% PCL + Cinnamon oil(1,3,5%), 15wt% PCL + Cinnamon bark
oil(1,3, 5%), 15wt% PCL + Clove 0il(1,3,5%), 15wt% PCL + Teatree 0il(1,3,5%)
- A7IYAL g AHE SEME Y-S &3t Morphology ¢l
o ZF A=W x500, 100, 15009] vj&2 MorphologyatQl
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i
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i fred TEE e v = f e

15wt% PU +Teatree 3%

15wt% PU +Cinnamon bark 3
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15wt% PCL

15wt% PCL +Cinnamon 1%

15wt% PCL +Cinnamon 3%

15wt% PCL +Cinnamon 5%

y

16wt% PCL +Cinnamon bark 5%
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Preliminary Study for Measurement of Shear Stress and
Hemocompatibility Using Commercialized Lab on a Chip

Joshua Lee!, In Gi Kim', Young Min Oh? %+, Chan-Hee Park"** and Cheol Sang Kim'**

' Department of Bionanosystem Engineering, Graduate School, Chonbuk National University. Jeonju. Korea
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Chonbuk National University Medical School and Hospital, Jeonju, Karea
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We have investigated the effect of flow rate on shear stress and in turn thrombus formation on a
lab-on-a-chip with a microchannel that is suitable for cell culture and growth. Using a combination of
Arduino UNO, Arduino Motor Shield, and a SERVO stepper motor, we created a pump system that
closely mimics the in vive conditions of the human body. With this system, we achieved continuous
flow of blood and observed altached platelets at the bottom of the collagen coated microslide,
confirming that with shear stress, thrombus formation increases,

Keywords: Platelet Aggregation, Thrombosis, Arduino, Shear Stress, Collagen, Lab-on-a-Chip.

1. INTRODUCTION

The past decades of blood vessel research have revealed a
variety of shear stress-mediated processes that are power-
ful regulators of thrombosis, Fluid shear forces have direct
effects on the endothelium. In addition, shear forces can
also have a direct mechanical effect on the vessel wall and
can mediate the interactions of blood proteins and circu-
lating cells with the luminal surface. As shear forces have
been found to be imegral in regulating many aspects of
vascular biology, a number of studies have been carried

microchannel wall. Endothelium lining is highly sensitive
to the hemodynamic shear stresses that act in the direction
of the flow of blood.** There have been studies that have
studied the effects of low and hizh shear stresses on the
formation of thrombus that have gone deeper into what
exactly causes this phenomenon.™ " We have designed and
optimized a system allowing blood o flow in a channel,
simulating bloed Aow in a blood vessel.

By using a pump, flow can be driven continuously into
the system. We optimized the design parameters for con-

out in order o examine the effects of shear forces on the
endotheliom.'

In this work, we sought o create a flow system that
was capable of creating steady flow in a channel. This is
a critical parameter for studies that aim to examine the
interaction between collagen and blood flow rate. In addi-
tion, shear stresses also mediate the interactions between
the endothelium and blood.”

Shear stresses are powerlul regulators of cellular func-
tion and potent mediators of the development of vascular
disease. Shear stress is measured as the force per unit of
area created when a tangential force acts on a surface.
In the case of our study, the tangential force occurs from
the flow of blood and the surface is the blood vessel wall or

*Authors o whom comespondence should be sddressed.

J. Nanosel Nanotechnol. 2018, Vol 18. No. 2

1555 RE020 R/ B 1 23004

rolling blood velocity and flow rate. Arduino UNCO as a
microcontroller board is widely vsed in the literature for
various applications, including pump systems such as the
one described here and thus was chosen for our study.”*

We have a whole pipeline of different organs-on-chips
that we are currently working on in our labs. These chips
can mimic the functionality of some organs depending on
how they are designed. The true power of this technology,
however. really comes from the fact that we can Auidically
link them. With fluid flowing over the cells. we can inter-
connect multiple different chips together to form what we
can essentially call a virtual human-on-a-chip. We are not
eoing to ever recreate a whole human in these chips. but
our goal is to be able w recreate sufficient functionality
50 that we ¢an make better predictions of what is going to
happen in humans. The system used in this study is shown
in Figure 1.

1123

Aoz 100, Tt jon 2008, 14862
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Nature derived scaffolds for tissue engineering applications: Design
and fabrication of a composite scaffold incorporating
chitosan-g-p,L-lactic acid and cellulose nanocrystals from Lactuca
sativa L. cv green leaf

@ CrossMark

Sung Won Ko*', Juan Paolo E. Soriano® ', Ji Yeon Lee", Afeesh Rajan Unnithan -,
Chan Hee Park®-"%*, Cheol Sang Kim* "¢
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ARTICLE INFO ABSTRACT

Article history;

Received 19 September 2017

Received in revised form 12 Ocrober 2017
Accepted 16 October 2017

Available online 18 Octaber 2017

Through exhaustive extraction via successive alkali and bleaching treatments cellulose was isolated from
lettuce, The isolated cellulose was hydrolyzed using 64 wt® Ha50, at 55 C under constant stirring for 1 h
toobtain cellulose nanocrystals [CNCs ). Characterizations such as SEM, TEM, FTIR, TGA and XRD were done
in order to determine differences in the physico-chemical characteristics of cellulose after each treatment
step. The isclated CNCs have mean dimensions of 237 £ 26,33 + 12 and 32 £ 7 nm in length, thickness and
height, respectively. These nanocrystals were incorporated to the formulations that were used to fabricate

g:ﬂ:gf:;mnmwm!s different chitosan-g-b,1-lactic acid (CgLA) scaffolds. Amide linkage formation between chitosan and lactic
Chitosan acid and further removal of water was facilitated by oven-drying under vacuum at 80°C. Results show

that an increase in the concentration of CNCs added, increase in porosity, degradability, drug release
property and cell viability were observed from the fabricated composite scaffolds. These results can
provide information on how nanofillers such as CNCs can alter the properties of tissue scaffolds through
the chemical properties and interactions they provide, Moreover, these characteristics can give new
properties that are necessary for certain tissue engineering applications.

© 2017 Elsevier B.V, All rights reserved.

Tissue engineering

1. Introduction

Tissue engineering (TE) is an interdisciplinary field of science
that employs principles of bioengineering, materials science, and
life sciences in order to fabricate materials that will serve as
biological substitutes that would cater the necessary restoration,
maintenance and improvement of impaired tissue functions | 1-3].
Advancements in TE have been rapidly expanding these recent
years due to high demands for more efficient and effective biocom-
patible and biodegradable materials. Other than such properties,
enhancement of cell differentiation, growth, and other attributes
needed specifically for certain applications are being integrated
by further exploiting the intrinsic properties of fabricating mate-

* Corresponding authors at: Department of Bionanosystem Engineering, Graduate
School, Chonbuk National University, Jeonju 561-756, Republic of Korea.
E-mail addresses: biochan@jbnu.ac_kr (CH. Park), chskima@jbnu.ackr {CS. Kim},
! The two authors contributed equally.

10,1016/ Lijhiomac.2017,10,109
2017 Elsevier BV, All rights reserved.

hrtps: /(o
0141-8130/

rials. In line with the progressive researches, discoveries have also
led to viable researchers’ interests on discovering new composite
materials that have creditable applications in the field.

The principles behind TE involve the use of natural andfor
synthetic supports wherein living cells can adhere, grow, and/or
regenerate [4-6]. However, an underlying requirement is that the
support must degrade at a certain rate in order to give way to the
proliferation of living tissues. Furthermore, the construct must have
the necessary structural and mechanical properties that are equal
to or better than the one being replaced | 7-9|. Fabrication of com-
posite materials for TE has allowed tissue constructs to have the
necessary properties, derived from each component or as bulk sys-
tem, needed for certain applications. The use of nanofillers, which
introduces particulate materials in nanoscale, has given new possi-
bilities for materials fabrication and integrated new properties for
tissue scaffolds | 10-13].

CMNCs are one of the most promising materials that can be used
in this field. They are derived from cellulose which is the most
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Development of bioactive cellulose nanocrystals derived from
dominant cellulose polymorphs I and Il from Capsosiphon Fulvescens
for biomedical applications
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ARTICLE INFO ABSTRACT

Article histary;

Recewed 13 September 2017

Received in revised form 20 October 2017
Accepted 8 November 2017

Available online 10 November 2017

Cellulose | and Il polymorphs were isolated from Capsosiphon fulvescens (CF) using the conventional
method of extraction and direct mercerization of raw sample, respectively. The morphological and
structural differences between the isolated polymorphs were studied by FTIR, FESEM and XRD. Direct
mercerization of raw CF yielded the transformarion of highly crystalline cellulose | (81.3%) to 1l (63.7%)
as observed in the shifting of XRD patterns, The derived cellulose | and 11 were hydrolyzed (60% wiw
H,504, 55°C, Th, 10mL/g) to obtain the spindle-shaped cellulose nanocrystals. Cellulose nanocrystal |
was observed to have a mean thickness and length of 12.67 £ 2,69 and 92.31 £ 21.31 nm, respectively;
while cellulose nanocrystal Il has a mean thickness and length of 15.58 £2.85 and 78.09 4 18.22 nm,
respectively. Furthermore, a fiber-like mat assembly, which could be used as supplement support struc-
ture for tissue engineering, was obtained after subjecting the aqueous cellulose nanocrystal suspensions
to freeze-drying. A possible application of this material can be as a biocompatible and biodegradable

Keywords:

Capsosiphon fulvescens
Cellulose nanocrystals
Cellulose polymaorphs

composite for tissue engineering and other biomedical applications.

© 2017 Published by Elsevier B.V.

1. Introduction

The growing demand for natural materials from renewable
resources has encouraged various studies in this field due to their
vast sources, unique properties, inherent biodegradability, and low
lealth and safety risks. Cellulose is one of such natural material
that has undergone extensive research in recent years. It has long
been used as engineering materials with flexibility and mechani-
cal performance by taking advantage of its hierarchical structure.
Other application demands have pushed researchers not only to
further exploit its unique properties and structure but also find new
sources from which it can be derived. Generally, most sources of cel-
lulose come from constituent parts of higher plants. Cellulose from

Abbreviations: CF, Capsosiphon fulvescens; CFN, Capsosiphon fulvescens treated
with 0.5 M KOH; CEM, Capsosiphon fulvescens treated with 2.0 M KOH (mercerized );
CFCI, cellulose | derived from Capsosiphon fulvescens treated with 0.5 M KOH: CFCIL
cellolose 1 derived from Copsosiphon fulvescens treated with 2.0 M KOH: CFCNCI,
cellulose nanocrystals hydrolyzed from cellulose 1; CFCNCI, cellulose nanocrystals
hydrolyzed from cellulose 11,

* Corresponding authors at: Department of Bionanosystem Engineering, Graduate
Schoaol, Chonbuk National University, Jeonju 561-756, Republic of Korea.
E-muail addresses: ochandjbnu.acke (CH. Park), chskomdtjbno.ac kr (€S, Kim),

hreps:|/dotorg/ 10, 1016/]djbiomac.2017.11,047
0141-8130/@ 2017 Published by Elsevier BV,

these sources is found to associate with lignin and hemicelluloses to
form a rigid structure that serves as support | 1 ]. Other sources like
fungi, algae and bacteria have also been studied and were deter-
mined to have different structural components, which may involve
other naturally occurring polysaccharides or lack lignin as observed
in most algae [2-5]. In the case of bacteria, several strains from
the genera Acetobacter, Agrobacterium, Pseudomonas, Rhizobium and
Sarcina were have been reported to produce cellulose [6-11]. On
the other hand, a handful of studies have reported the isolation
of highly crystaliine cellulose from algae such as the single-celled
Valonia sp. | 12]. Recent studies as well have shown that cellulose
can also be extracted from tunicates, which are the only discovered
animal capable of biosynthesizing the compound [13,14],

The chemical structure of cellulose consists of D-glucopyranose
units (10,000-15,000) linked by B-14-glycosidic bonds forming
the linear and high molecular weight homopolymer |15]. Due to
the predominance of hydroxyl groups in the backbone of cellulose,
it is capable of both intra- and intermolecular hydrogen bonding.
Hence, resulting to the formation of the metastable semicrystalline
structure where an arrangement of highly ordered (crystalline) and
less ordered {amorphous ) domains are found. The molecular orien-
tation of this semicrystalline structure can undergo modifications
giving rise to different polymorphs depending on the source of
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HIGHLIGHTS GRAPHICAL ABSTRACT

® 3.Dimensional novel  biofunctional
fluffy-type fiber was reported.

® Lactic acid was found to have a key
role for formation.

# Ratio of PLLA/LA determines packing
and morphology of fiber.

® Fluffy type fibrous mesh greatly im-
proved the swelling properties, bio-
mimetic mineralization, cell infiltra-
tion and growth.

PLLARLASI-TCP J
Flbers

-2

ARTICLE INFO ABSTRACT

Keywords: Low-tensity, high porous bicactive fibrous scaffolds have attracted significant attention for tissue engineering.
Electrospinning However., fabrication of biomimetic fibrous scaffolds having three-dimensional architecture along with bioactive
Post electrospinning process materials still remains a challenging task for biomaterial scientists, Herein, for the first time, we developed a

30 fufly seaffold
Cellular infiltration
Bane regeneration

novel strategy to fabricate highly porous B-tricalcium phosphate (5-TCP) incorporated Poly (i-lactide) (PLLA)
fibrous scaffold for bone tissue engineering. Blending of PLLA with its monomer, lactic acid (LA) produced the
fluffy type highly porous nanofibrous mesh. The mass composition of the constituents of the blend solution was
varied to control the morphology and packing of the nanofibers in the scaffold. The results showed that LA
played the vital role in the generation of the 3D fluffy type fibrous mesh. B-TCP particles were incorporated in
the blend selution prior to the electrospinning selution, to fabricate £-TCP incorporated PLLA fibrous scaffold.
Later, LA was leached out by washing with distilled water, to avoid its adverse effect on biocompatibility. Digital
and SEM images revealed the formation of spongy, low-tensity fibrous mesh, TEM images, IR, and TGA analysis
confirmed the presence of B-TCP nanoparticles in the nanofibers after leaching of LA. [ncorporation of the B-TCP
enhanced the water uptake ability, in vitro bio-mineralization, and bisactivity of the fibrous scaffold. Confocal
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pH/NIR-Responsive Polypyrrole-Functionalized Fibrous Localized
Drug-DeIivery Platform for Synergistic Cancer Therapy
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ABSTRACT: Localized drug-delivery systems (LDDSs) are a
promising approach for cancer treatment because they
decrease systematic toxicity and enhance the therapeutic effect
of the drugs via site-specific delivery of active compounds and
possible gradual release. However, the development of LDDS
with rationally controlled drug release and intelligent
functionality holds great challenge. To this end, we have
developed a tailorable fibrous site-specific drug-delivery

NIR Laner

Electrospinning

platform functionalized with pH- and near-infrared (NIR)-responsive polypyrrole (PPy), with the aim of cancer treatment via
a combination of photothermal ablation and chemotherapy. First, a paclitaxel (PTX)-loaded polycaprolactone (PCL) (PCL-
PTX) mat was prepared by electrospinning and subsequently in situ membrane surface-functionalized with different
concentrations of PPy, The obtained PPy-functionalized mats exhibited excellent photostability and heating property in response
to NIR exposure, PPy-coated mats exhibited enhanced PTX release in a pH 3.5 environment compared to pH 7.4, Release was
further accelerated in response to NIR under both conditions; however, superior release was observed at pH 5.5 compared to pH
7.4, indicating a dual stimuli-responsive (pH and NIR) drug-delivery platform. More importantly, the 808 nm NIR irradiation
enabled markedly accelerated PTX release from PPy-coated PCL-PTX mats and slowed and sustained release following
termination of laser irradiation, confirming representative stepwise drug-release properties. PPy-coated PCL-PTX mats presented
significantly enhanced in vitro and in vivo anticancer efficacy under NIR irradiation compared to PPy-coated PCL-PTX mats not
exposed to NIR or uncoated mats (PCL-PTX]. This study has thus developed a promising fibrous site-specific drug-delivery
platform with NIR- and pH-triggering that notably utilizes PPy as a dopant for synergistic photothermal chemotherapy.

KEYWORDS: polypyrrole, electrospinning, fibrous nembrane, pH/NIR-responsive, photochemotherapy

1. INTRODUCTION

Recently, hybridization of effective treatments has offered
combinational therapy with higher success rates, increased
survivability, and improved quality of life. Several therapeutic
particulate drug-delivery systems that integrate dmnwlhempius
with photnthermal agents, such as gold nunomatenals, carbon
nanom.ltem.ls, gold/copper nanohybrids,” and conjugated
polymers,” show great potential in cancer treatment. Near-
infrared (NIR)-induced photothermal therapy (PTT) is
currently being widely investigated and developed as an
alternative to conventional cancer treatment modalities due
to its less invasive nature and high selectivity."”"" NIR falls in
the 650—1450 nm region of the spectrum with the lowest
absorption in tissue, therefore enabling maximum tissue
penetration (5—30 mm) and use in PTT applications.” PTT
agents absorb NIR light and dissipate the absorbed energy
through heating, which induces a temperature rise in the local
milieu that results in irreversible cell damage.”'" Nevertheless,
PTT alone is unlikely to eradicate tumor cells because of the

< ACS Publications

2018 American Chemical Society 20256

heterogeneous distribution of heat in the tumor. Moreover,
there is a possibility of survival of residual cells after therapy
spreading to distant organs, resulting in cancer metastasis or
tumor remission.' "' On the other hand, chemotherapy, a
common treatment for many cancer types, cannot by itself
sufficiently eliminate tumors; rather, it induces many severe
health issues, such as drug resistance and toxic side effects, due
to nonspecific distribution.”™'*"* Photothermal agents alone or
in combination with other drugs are generally encapsulated in
polymers or protein materials as nanoparticles,"""" liposomes,’
and micelles'™"" and subsequently delivered via systematic
circulation. Chen et al.” used an imageuhle and photothermal
human serum albumin (HSA) indocyanine green (1CG)
paclitaxel (PTX) (HSA-ICG-PTX) nanoparticle to treat
subcutaneous and metastatic breast cancers, and the combina-
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A study on Electric Field Analysis of up-ward electrospinning
System for Fabricate aligned Nanofibers Mat
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Fig 1 Design for aligned nanofiber structures
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Development of Fruit Packing Technology for Prolonging
the Shelf Life of Fruits using Biocompatible Nanofibers

Ji Yeon Leel, Seo Yeon Lee?

“E-mail : sv

Jung Ho Lee!, Jue Won Kim®,

The commercial use of nanofibers for fruit packaging is limited due ta their poor mechanical and blocking properties. The most important factors of fruit coatings include water-
resistance, absorption of oxygen (0,), extraction of carbon dioxide {CO,) and biginertness. |n this study, we discuss how to make an effective packaging for fruits to extend fruit shelf
life and improve its mechanical and barrier properties. We utilize electrospinning for easy electrohydrodynamic fabrication of nanofibers by electric force to fabricate nano-sized fibers
with high porosity for the exchange of oxygen and carbon dicxide. Moreover, when we make the solution prior to electrospinning, we blend silver nanoparticles with the
biocompatible solution ta minimize interaction between the fruit and nanofibers, We also compared the spoilage rate of the packaged fruit with the bare fruit to see the influence of
the nanofibers. SEM images of the nanofibers for fruit coating were taken to visualize the fibers and the pores. These fibers have superior mechanical properties and may serve as

effective fruit coatings and expect them to overcome the limits of previous studies,

perimental

Synthesis of silver nanoparticles. A 10mL volume of 1OmM silver nitrate (=99%
AgNO,) solution was added at a rate of 1 drop per second to 3mL of 2.0mM sodium
borohydride (99% NaBH,) solution m a cool water bath with vigorous stumng on a
magnene st plate, The solution color wms light vellow after 2mL of silver mrate
solution 15 added and bright vellow after 3 mimites, when the all of the silver mitrate
solution has been added The stirrer 15 stopped and the particles washed using a
centrifuge and pure water. Silver nanoparticles smaller than 100nm are produced by
this method.

Figure L. Photogaphs of the
wanoparticles ot differenr tunes. (A}
Taght vellow solution when ZimL of
silver nitrate is added 1o 30wl of
sadium borelivdnde solunon, (B)
Bright vellow solution when 1l
of silver sitrate solution is added 10
Al of sodivn bovohydide

solution.

Re

I H‘_j

»
L)

pocking. {g-1) after Iday. (m-r) after 3davs: and (e-x) after Sdavs

It

Direct covering

s
i
3

Electrospinning PCL{Polycaprolactone) with or without silver nanoparticles.
Eleetrospinning 10mL of the PCL solution with the silver nanoparticles at room
temperature. The collecting roller was placed at a distance of 15em from the capillary up
and a 18KV of voltage was applied.

Syringe filled with (a)
polymer solution Grounded
collector
T

(b)

Power supply

Scheme 1. Electrospmnme Method
(aiMake Mat ns wrapping paper
(hiDweet electrospining 1o the fious

Grounded
collector
>

A Figure 3. (A B) TEM mges
of Ag NPs, (a) SEM unages of
mmoefibers with Ag NPs nud (b,
) the EDS mapping wid the
maph of the Az NPs

Figure 4. (A B} The
bactena test wath Ag
NP for [80nuin

Table 1. The nmnber
of bactenia stenhized
| with AgNPs,

Figure 2. Changes i pgnenlnoal products ever tume with different tvpes of packing. (A-F) Conmol Group. (a-f) after
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Prolong the Shelf life of Peach
by Prevent the Anthracnose
using Antibacterial Nanofiber Packaging Technique

Biomaterials
SCIENCE & BIOSYSTEM

“E-mail ;

Abstract

In case of peach. thewr shelf hife was ndiculously short compared with other frints. and it had the hmitation that 1t could not be preserved for a long time because 1t was damaged by a
small impact, In this study, we find owt not enly how (o prolong the shell life of peach but alse prevent the anthracnose. One of the most important factors m preserving fruit for a long
time 15 the concentration of oxygen (02) and carbon dioxide (CO2) produced by the breathing of the fiuits itself m the packaging, Therefore, to create the proper enviromment, it is
recommended to ereate an environment where 02 and CO2 can be exclhimged. So. the use of nanolibers which have nano-sized porous structure that can exchange mr

In this study, We fabricate different types of nanofibers such as PU nanofiber. and PU nanofiber contain cinnamon oil. After that we modified the packaging by cover

types of nanofibers and compared the sample to find ol the most effective i

peach and also prevent a variety of diseases of fruns,

aterials and Methods

1. Electrospinning Process.
A clectrospinning setup was used i this study (Scheme). The electrospinning solution > chaging  Nanofiber{upper) +
(about 10mL) was used and conneet the plastic symnge with metal nozzle through a e {Comtral) PE filmibottom)

plastic be. A syringe pump was used to control the feed rate. Electrospinning was

—
performed at high voltage. Fibers were collected on the non-woven matrix attached 1o 4 B p AN
the grounded collector. Each mar is fabricated by different kinds of method, Pawer supply ! \ A ;
2. Characterization. - _/6 [~

Freld emission scanming electron microscopy (FE-SEM ) was used 1o observe the Uy Bimafitrer
surface morphology of each samples. The mechanical propertics of the electrospun ’

nancfiber mats were obtained using a testing machine (5565, Instron). The antibacterial Synnge filled with Groundad
properties of nanofibers were investigated against Escherichia coli(E. coli, ATCC polymer solition collector
10336} and Saphylococcus aureus (5. a / 3923) hacteria. For eytotoxieny

test, NIH3T3 mouse fibroblasts were used in this study. And also Cell viability was

< PE film{upper) + Nanofiber with
quantitatively evaluated by a count kit-8 (€ Bevotime). Also, we compare the Nanafiber| bottom) ib jal oil

peach in each condition with differemt kinds of packa

Results and discussio

Figure 2. Mechanic
coLpare only PE film and PE film
with nagofibe;

ALISH3AI

result about connamon 1007 ail with
ol gronp nsing two different kinds of
WS s affer the packing the peacl a which 15 Eschencliea coliand
{1 only pac 1 PE film ue PEf 4
roan). iv: Nanofiber{up)
vit Nanofiber with annibaet

Control | Samplel | Sample2 | Sample3 Ave
E.Coli 0.663 1.890 2.374 2.301 1.525
S.aureus 0.530 2580 | 2.707 1.780 1.466

Reference
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“Non- vascular stent coating with core/shell structural nanofibers to

control the drug release

, Chan Hee Park, Cheol Sang Kim
B MSBiomaterials
SCIENCE & BIOSYSTEM

J

Studies on non-vascular stents that release drugs have been extensively progressing as their potential efficacies. Most drug eluting non-vascular stents{DES) have been studied by
simply loading the drug onto the surface by dipping method or by covering the stents with nanofibers containing drug, but this has the obvious drawback that the drug is release
rapidly in the early stages, In this study, we aimed to control the rate of drug release by structurally converting the nanofibers coated with stent using co-axial nozzles, Also, in
order to prevent inf after stent impll we try |a these li by using a material obtained from nature called Caffeic Actd((.A} which has anti-
inflammation and anti-bacterial effect. The physioch perties of samples were in d by using field py(FE-SEM), ission
electron mic TEM). fourier-transform infi meums)copy[FTlR} and contact angle. Al:ubacienn] studies show that CA which we known as o material that has
advantages of the excellent antibacterial could show their ies. And bi bility was confirmed through the fibroblast(NIH-3T3) cell lines. Therefore, these
studies are expected not only to overcome the disadvantages of the existing non-vascular stent but also to be applicable to other vascular stents.

Silk fibroin was 1 from of Bomt
mor as previous described. In Short, cut cocoons \MH
boiled with sodium carbonate solution for 30minutes
and 3imes rinse with distilled water afier that air dry.
With dry fibroin fibers, fibroin solubilization in LiBr
on 60°C and Silk-LiBr solution transfer to dialysis bag

and dialysis during 48he. After that, lyophilize the silk
aguecus solution.

Prepare the silk solution and PCL solution. And
clectrospinning the solution with different ratio silk
solution and PCL solution as Table | using co-axial
nozzle (outer layer is silk aqueous solution and inner
layer is PCL solution). Figure 1 shows process of
clectrospinning. After that, we also prepare the optimized
sample contain the CA powder.

ial

b4

[

IYNOILYN YNENOHD [TisHls

and (j-1) SP41 nanofiber,
«Flgure 3. TEM images of i) () B w B o B

SP11 manefiber, (b) SP21 nanofiber,
L D _
w B e B m B

() 831 nanofiber, and (d) SP41
munofiber.

Figure 4. Each contact

e

an WAz Mm 3ME N M0 % me . = Y - = P
Smainin;

PCLsolution Silk satution anghe imiages on Tand
5P 1 L Ssecomd of (a, J) Only PCL
5P21 i £ nanofiber, (he) Only silk
531 1 3 o fiber and {c,f) SP41
5PAY E 4 et > ——
| Blended sotution 1 4 " W

— O
Table 1. Ratio of silk solution and PCL solution. — e L R T e i Vo
= I\ — ol
s VYT et
calfpcsar E ul-' .E

)
‘ uiianz|
" Saluten

Wansnumtsarien ')

Figure 5. FTIR data of each kinds of nanofibers | Figure 6. Mechanical test of each kinds of

Fllgm L. Owerall process uf:lcmmﬁpim:ng of silk and PCL P41 nanofiber¢Co-axial), blonded fiber, On g oy fiber(Co-asial), blended
with co-axial nozzle to produce the nunofiber mat. PCL nanofiber, and Only silk nanofiber ¥ fiber, and Only PCL Fh
Characterization =
 — :
FE-SEM, TEM, Contact angle, FTIR, Mechanical test, e
Antibacterial test, Drug release test, In vitro{NIH3T3) N “ ‘.. o = _ ey
] ta—f 2 g
= | B 3 o
Antibacterial test H £ o
restlt of three kinds w i é
In this study, we were presented the comparison of the of samples {(Conteal, ] o4
samples for each of the experiment based on the CA powder, and N s 14 |—"[—[——J
derived test items and test methods. The result of this SP41 nanofiber H A, B » o 0 i pi v

study provided test is necessary and can be applied in Srith Gy uming

Sy y £ AENER S Staphylococeus Figure 8, Drug release test with different ratio of Figure 9. CCK-8 assay shown probiferation of
developing Ulh.t:l‘ bmmc‘ilu’ft applications, T]Tis 15 Aureus (S.a) silk and PCL nanofiber as only PCL, 1:1, 211, 3:1, NIH-3T3 oo different sumples such as Control,
stipposed to will be sble 1o improve the public health, hactads. ind 41, Only PCL nanofiber, and P41 nanofiber(Co-
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AIMAAE 3 6>

ZoN

sEdHssAAM

& & 2 I 2017.0830

g I M & AMNEAR)SHABR)ZEHE(1TLPD)

g B 3 T 1020170110400 (B == 1-1-20170842842-22

SRL FE FASAN B0 SSE AR 2(1-2016-051403-3) 21 28
Helel &2 013#(9-2006-000701-0)

BT A a%g%’é‘% LA 0B 0= B2 2H3E LAY
g8 BEH SMABITNE=HCULEK AESBI R EET

s & =& =
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i
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H C-2017-018301 =

o M s83

1, Hxgel ME(HE) Uetf TREBHUSE M8 2 500mm H7|WARA 9
& Alasl] 2 T E 8
C o xatEel BR B E T e A A S Al A T 2 7 >H 0] X 2 19 (08)>
3 Windows 2|
C 3 xR AuEey) Aeel ISR a8 s

2 Hals s HEA HET Ro2

S a4 MUEY(HeISEws)  210121-0005604

5 HISHEY 201707288
* B dEHEY 2 THorE2ed
7. S50 20174088041
8. SEAE Habz)  alctgel HE S =H,

2% - 2017.07.28, 8 . 2017.07.28

Txztgl, =|53z=of oz} 2ie go| SREUSE SHEHCL

2017 0B@ 07"

B N A2 B S
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HoF E 19l diEAM A4 48 24L& FIFYUS

2017d 109 16Y

. RS0
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R
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O #7718 #R

- AN F4 - ARgEn Py Ed

- F& 0 AAEE AFA AT YA E 567

- B/ U 2017d 10€ 16

- W7t A4 ARYEE 957 8158 oG TS APA
- AlEY Y4 F Mat

- AE%E . £ 5 (Optical Density)

- B7F AF7] : MTT(vlo]| 22 & o] E&]H 7))

- F A% 3F 4 =49 203

O A% A8 9y

1 AE 54 : F3dE d75ERI FEE A ¥

2. AEY : U4 F Mat

3. g &

19 1. sl EHolERH 7] &
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- AR

A EE 96well plate Yo A9 7H5F 7|2 AE F Y AEL 344 <
Aol gAY

nfo] A2 EHo|EEH |0 96well plateE ¥ F, AHFL YW gYL mw
A& T3 43 L dsks Y dig ABE /Y

ol F molA2EFH BN 2P 7HE B A A F ddSo] Ygd
w2t AAE 96well plated]l Al L A4EH dlolg 3t &9l

29 2. 380nmoll A1) O.DF 23 3. 570nmollA¢] O.DF
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6. 4¥ A3}

Sample
name
Sample 1
Sample 2
Sample 3

PBS

0.284
0.277

Without

With PBS
0.293

0.271
0.243

Withou

With PBS

Sample
name PBS
Sample 1 0.624 0.906
Sample 2 0516 1.014
Sample 3 0.489 0.966
1380nn THC
mgle PV)\JBistl'u;lut With PBS
Sample 1 0.343 0417
Sample 2 0.288 0.262
Sample 3 0.285 0.346
ﬁgle 1\;\’Bisthm:lt With PBS
Sample 1 0.638 0.955
Sample 2 0523 1.048
Sample 3 0499 0.997

£ 1. 7 gAg ¢l e O.DF

- FEx 203 4¥e £9F 24
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12
® 570nm, 20times Without PBS 1.014
1 4 lS?l:hm Zotimgswith PBS
g
0.8 4
[ =
@
2 6
[
-
a 04 o
&)
0.2 1
0
Sample 1 Sample 2 Sample 3
1% 4. 570nmel A1 9] O.D#
1.2
® 380nm, 20times Without PBS | pag
4 | =380nng omimes with pes aast
E 0.8 o
@ D&
2 os ; 052 0.48
-]
o
'§_ 04 -
0.2
(1] T T

Sample 1 Sample 2 Sample 3

713 5. 380nmell A1 ¢ O.D#t

- Ukxdf AE F 208 54 A3 oF Hf 1.014(570nm), 1.048(320nm) 2
Rerv, FA EE 15 052 B ZAHE.

sample # 1 2 3 B
% & (Optical Density)
0.906 1.014 0.966 0.96
A S 570nm
%13 & (Optical Density)
0.955 1.048 0.997 1.00
57 tH% 380nm #

i

- 142 -



Lol EFE dHM-2>
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2018 084 03¥
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0O =7 718 382

- AE FA . ARdsta 4R g

- Fa o AR AFA GRS 9402 567

- 7F 44 2018 08¢¥ 03Y

- W}l A4 AEista 959 8155 o BA A Fer Ay
- AlEY  UkxdH Mat

- Alggs - By 5 (Optical Density)

- B7F AF7] : MTT(vhel 22 E 0 EgH 7))

- F AE 8%

O A% Ag e

1 24 =149 39

1. AlE 53 : 331dE d75% E9&E AlE
2. AlEY ;U] Mat
3. M@ A

SYNERGYMx

19 1, vkelzZ2

Edo|EdH 7] <
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MES 9%well plate U5l Fd 7 2712 A2 F 5Y 4E5S 4 ©

Aol utA] 4l (A1 Az2E B As 7 A2 Y8k e
5]

vfol 2 EFd o] Er]H 7]o 96well plates
AE T8l 24 9 WUste sHde digt RE 74
ol nlo]ZRZEHC|ERHY] 22 715 B AL B F ¢EEo] g

o o
de F 4

wel AFIE Y6well platedl A % AEE dlolE g Hal
b [ A1 Al A2 Az Az

gth

380 [+X= %] D651 0699 1653 1.761 1614
=0 0.686 0,855 0.703 1.688 1.753 1.61
400 DBT3 0883 0.712 1.688 1.752 1.813
410 0882 B3 o2 1.689 1.752 1.815
420 0.691 0882 073 1.65 1.752 1.817
430 0.7 0.853 0.742 1.652 1.754 1.621
440 0.712 9703 0.752 1.654 1.754 1.623
450 0.721 0.712 0.783 1.8598 1.755 1.827
480 0732 2723 0.773 1.658 1.756 1,629
470 0.743 0733 0.783 1.659 1.758 1.633
483 0,754 0.743 0.753 1.702 1.759 1.638
430 0.764 0.753 0.802 1.703 1.76 1.638
500 2.772 0.783 0.812 1.705 1.782 1.842
510 0.783 0.772 0.8 1.708 1.763 1.845
520 0.793 0.781 0.83 1.709 1.784 1E4E
530 0.8 0.789 0.838 1. 1.785 1.651
240 0.8 0.738 0847 1.712 1.787 1.852
550 0.818 0.805 0.554 1.714 1.767 1.855
E&D 1§ v d 0813 0882 1.718 1788 1.657
BT 0834 0815 0BES 1.718 1.763 1655
50 | o841 | o0& | oem | 1me | 177 | tee
E90 0.843 0.833 0.831 1.72 .77 1.682
(- 7] 0.855 0.839 9.888 1.72% 1LI7 1.354
810 0.882 0.848 0.831 1.7 1.77% 1.688
820 0.888 0351 0.835 1.723 1771 1.887
830 0872 0.857 0.3 1.724 1.772 1.688
240 0.879 D283 0.904 1.725 1.972 1.885
650 0.8284 0BT 0.908 1.724 1.773 1.67
880 0.588 0.872 0.51 1.720 1.773 1.871
7] 0853 0.877 0.914 1.727 1.973 .87
88l 0.857 0.882 0.918 1.7 1.773 1.872
850 0.501 0.886 0.913 1.727 1.773 1.873
700 0.905 0ES 0.921 1.728 1.773 1673
710 0.909 0.B895 0522 1.728 1.774 1874
70 | oo | 08 | os: | 1im | 17m | 1em
T3 0518 0.502 0.325 1.729 1.774 1.875
T40 0.918 0504 0528 1.729 1778 1.878
750 Da2 0.907 0.527 1.73 1.774 1.676
T 0.523 0909 0.925 1.729 1.774 1877
770 0524 0.5 2825 173 1.775 1678
TED 053 0.812 0.93 1.728 1.774 1.678

=1 3, PBS/F @l A5 380nmell A 780nm7tA] 2

O.D#k
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"’;"" A1 A1 A1 Az A2 A2
380 | 0813 | 0879 | 0B45 | 1233 | 1254 | 102
350 0.818 0.885 0.845 1.234 1.258 1.02
400 0.828 0.8385 0.858 1.241 .20 1.025
410 0.838 0.908 0.888 1.25 1.269 1.032
420 0.848 0.918 0.878 1.28 1278 104
430 08558 0.928 0.83 1.2M 1.285 1.045
447 0.809 0.933 0.899 1.282 1.285 1.058
450 0873 0545 0.9 1.292 1.305 1.47
480 0.888 0.953 0.915 1.304 1.317 1.08
470 0.898 087 0.925 1.315 1.328 1.08
480 0.9307 0.98 0.938 1.328 1.338 1.1
450 0.915 0.985 0.548 1.337 1.247 1.112
500 0.523 0.957 0.957 1.347 1.357 1.123
510 | 0831 | 1004 | 098 | 1288 | 1388 | 11
50 | 08 | 109 0ed | 188 | 13 | 1
50 | 0545 | 1018 | 0s8& | 1278 | 138 | 1488
540 | 0954 | 1021 | 0888 | 1384 | 13w | 1168
S0 | 0881 | 10z | 08%® | 1232 | 1404 | 1478
580 0568 1.032 1,001 1.399 1.413 1.185
570 | o@7a | 1037 | 1007 | 1406 | 1421 | 1134
580 0.58 1.042 1.012 1.413 1.427 1.202
580 0.588 1.047 1.017 1.42 14324 21
&00 0.952 1.052 1.021 1.428 1.44 1.218
810 0537 1.058 1.025 1.432 1.448 1.225
820 1.002 1.063 1.028 1.438 1.452 1.232
830 1.007 1.088 1.033 1443 1.458 1.223
240 .on 1.073 1.037 T 44E 1.482 1.248
a50 1.014 1.07T8 1.04 14583 1.488 1.251
&3 1.018 1.083 1044 1457 1.47 1.257
870 1.021 1.087 1.047 1.481 1.475 1.263
BBD 1.023 1.091 1.05 1 434 1.479 1.288
8% 1.028 1.054 1.054 1.457 1.482 1.273
Ti 1.028 1.088 1.057 1.47 1.488 1.27T8
%0 .03 1.1 1.081 1472 1.491 1.282
720 1.034 1.103 1,085 1.474 1458 1.288
F 1.035 1103 1.087 1.475 1.458 1.28
740 705 | 1ok | 1o | 1ame TE 7294
750 1.038 1.103 1.071 1.478 1.502 1.297
TH 1.038 1.103 1.073 1.478 1.505 1.3
710 1.035 1.102 1.074 1.477 1.507 1.304
TBO 1.035 1.101 1.075 1.478 1.508 1.307

19 4. PBS7F 9l 4% 380nmell A 780nm7}#| 2]
O.Dak
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Sample Without :
name PBS With PBS

Sample 1  0.84067 1.006
Sample 2 1.71533 1.34033

Sample Without :
name PBS With PBS
Sample 1 0.671 0.84567

Sample 2 1.68933 1.169

3 1. 7F gl Aol g3 O.D#

6. 4% Az
- Y% 33 4¥e FUF A

W 800, without FRS
I i, with Pl

21y 5. 380nmellA el O.D%E

W 5 70nm, without FEE
1 57, with FES

A a2

1% 6. 570nmell A 2] O.D#E
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S

- YmAe A %38 34 49 PES7 9le 49 FRUxdAel 49, A 34
(380nmol A 750nm7AH)el A 108t A groE ZHEor, Al Hi

[a]
o

Al without PES

% 7. Al sample®] O.D ZL# =

e
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AlE 88 AM
(TEST REPORT)

= E=WE - 2017-09-0008
KETI S0, | o
echnology Institute o x| 1 | & 2)
= HRIAEM IR qul ;-i[Pa-w:} AP

1. 2152 (Client)
7| E (Name} :

(AMEESE S

F £ (Address) - TS MFA| gF g2 67
9|2| ¥X} (Data of Receipt) : 2017. 03, 13
2. E1M9| 8% (Use of Report) : THA| HS&

3 OYEZ/SHU/AIRY (Test Sample) : F 7| 2hApEHE
4. 7|2t (Date of Test) : 2017. 08, 25
5 TE/UY (Test Standard/Method) : 2J2|%} HA| 2

6 AlEd #H(Testing Environment)

2% (Temperature) © (260 £ 3.0) 'C &5 (Humidity) : (51 + 9) % RH.

7. ¥ E3} (Test Results) ; ALY &=

B DiNote) ;1 2 AEAT M 237 MG LSO TS AREI00
LA Hal 4 Re| Ho) BRG] e X2 Uel AW s BeUT),
oM MO ME PE AR ey U 7IE 2N BHOE NS 3 Hoo, RS ojHo) AR UL
2 9 & A Person in charge) ' = 2L Manager}
Affirmation | # HiMName): & # H 8 = FiName) . E F Y }%;
; /|
¥ i
2017-10-23 ( —
r‘,' ﬁbrg- sl
T 1
x
SAIEEYFR MEX|gES Ew,gp
P f i

HpRE AL SR BHEE 111 111, baniyang s mensg)it_gu, jeonju_si jeonlabog_do | Tel 56‘5.21

%5 PRk ]
|:|-D
h
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HAREE Y HENHEY HEo & o 2007-00-0008 (a8 Mo|x&E (2 HEold
e e ——— = - — ————————— =———__E ]

M & AdEWY

1. AEHE
1-1 Al B B HI| AR
1-2 AlE2 1 ea
1-3 A|BAHE

2 Mg g8 3 =3
AEgSs Algzd

- HIRAPER L] Ltenioj SiEE Y LheDi0jy 3Y
o5 =2l

1 LHeIpol MASE SOl

2 3 o7t MY YT | CIXEUE|0|ES BB MILARK S BY o7 Mot
g0l
H RO MR HEEeeH Y oM HESEHTIeR BET NAE Uxasios S
EOEAIME TIREEDN THENYED0 A|HA0] WESEIEEN $EN0 LY 20 ¥ IR da® IS pdnEs
# OB AN EHE QTR HAlE Agigdo] ol =31y
E1AEEE U AYEH

Joe
ro
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MASEHFH ARxges Hed & ¢ R07-08-0008 | B ol s |3 )mo]a

3. AHEH|
(1) CIZ| ®HE|O|E(Digital Multimeter)
T 2YY ¢ 34410A(MY4T021772)
@ HEEH : Agilent
@ MHI|Z ;. of ol XN E]
@ REATIDEY 2016, 12. 02 /1 2017. 12, 02

() CREHEoE

4. Alg21Zt : 2017. 09. 25
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ERFguId HEFYE R Heww - 12007-09-0008 | BIHOlx & | 4|80
[mas=mm bl e e e e

5. @&
(1) LT[ ddkse =l
- HIIEANEA WL HIEE ILPHe ZEZ0] - 30 cm) A7 126 5B ZolE

HE Zo| - 30 cm

O8 2 HE HO| 30 em SH A

E(Z0] ;30 cm) C|F A2 126 5

E(Z0] 30 cm) 0]E M AJFE 0 an <EE(H0] . 30 cm) O]E F AT

02 3 WE(HO| : 30 em) OlE A2 SF AT

8 4 LpOpojs TE ol AL
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ARYEHIH HENHEY MW 120i7-09-0008 {8 Hel % & (58l

(2) E8 17 Y FEc 2o
- DIXEEDE E 28510 H2IGAFRI2 2t DC 100 V, DC 200 v 3 U7 HE 53|
58 ¥ EEUAE UEY

| g% 23 Q17 MY : DC 100 V N
2y 18] 23] 3% | 43 58| =
ﬁmﬁﬁ 100967 | 100773 | 100.805 ‘ 100948 | 100,899 | 100.878 ‘ 0.086 ‘

2 DC 100V EY o7 He 58 =3 gjo|g

28 6 TIIYAEAC 23 27t 4E HYDC 100 V) AME

- 153 -



ERFEHIY HExuEEs HeEd @ o 2017-06-0008 B e L
L e e e e i e e s ettt SO R

.<‘.-_1"ﬁ 97t [QF 18 &% © 100,967 V> <&F% U7 AW 28] FFH - 100.773 V>

100,948 V=

—

<& 917t BAY 5% &7 - 100.8%9 V>
A 7. HZ|SAERZ| DC 100 vV ¥ 207 M =3 oy AR

= 99f 89 : bC 200 V
T i R 7 | @
12| 2% 33| 4%| 53
QEMEET 20436 | 20428 | 20448 | 20455 | 20438 | 20441 | 0106

# 3. DC 200 v 9 017t T 58 &% go|g

= e ————— e e —— ST
_E._
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HHEEwTd HEgyyguy HewWa : |2017-00-0008 {8 JHO X & [ 7 iHOF
[—————m—— s =L e S

O 8 HZ|AREK|l &3 Cl7F 4% HYDC 200 V) AHE

<@ QO HY 38 4% : 204.48 V> <33 7} A 43 &4 ¢ 204.55 V>
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HpsEW+H HEx92R EauE - B017-09-0008 P BIE xR E (8 IHA
I e e e T . e e T T

<& |7} #q} 58] S : 20438 Vs
OB 9 HIIUAHEAIS DC 200 vV =9 20F HEY ZH dlo|g A
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<Lpmoll TR S 23 ARA-1>

A& % AAM
(TEST REPORT)

HeHE  N2017-10-0085

L
KET' Korea Electronics P
echnology Institute a3

- MRS HOIA( 1)/ (&6)

Page. of Miges

1. 2|22l (Client)
71 2 9 (Name) - (AJHESE7 g8
= A (Address) : HE MFA HEP SMZ 67
S|E| Xt (Data of Receipt) ; 2017, 10, 17,

2. 23M2| 85 (Use of Report) : 4|8 HER

3. M ES/BEU/MEY (Test Sample) : Lt T}0| B
HEY (Description) : -
7| E} (Remark) : -

4. 7|7t (Date of Test) : 20174 10@ 172
5. 73/ (Test Standard/Method) : E0 H& 5 CHE S =3

6. AEA 2H(Testing Environment)
2 (Temperature) © (220 £ 05C SE (Humidity) - @0 + 10} % RH.

7. AEH Z1} (Test Results) : A|HLUY HH=xE

HiZMoe] T L B ARHEAE 2RI A ASa) o A RS
LR el A ES) QO B SYMD By SE RS =4 W gaud
Im NE4Y M HE 4F A% 0 75 HY GNoE ARY 4 Qo BE 090 ARE FPUL

& 9 [ ZSEHPerson in charge) =01 Z{Manager) 7
Affirmation | 4 @iName) . Z M H ik |8 FName): O ® F ¢ ./E
| Affirm ke ]

2017-10-25 I

MAPENTY MEX A=Y o) =

— .qJI

.
HamE HFEL @ gHEE 11 111 banlpongoro deogiin gu. Eonju sl jeonkibug da ) Tel -ﬁea-ﬁméme
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HAPEHNTH HEMoiEy

Ml

1L AEHE
1-1 Al 8 @ : Lheojols
1-2 A2 == : Bea

2. M8 &858 2 =3
29 ¥y ¥
BH £4 53

7hH - 15KV, Wi g

Hewd o N2017-10-0065
=
2 A Y

D %300 ~ 10K

{ 6 Aol xS (2 )3lol X
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M2017- L0-0065 [ GiHol X & (3 |8olx

S

ANyEdTE Hyyqey Hee s

3. AEEH|
(1) FE-SEM(FAPHXIHO|F)
@ 2YY : S-4800
@ HEYH/Z7} : HITACH/Y &2

= molapal - Sample Size © ~150mm
- Measurement Mode © SE, SE+, BSE. STEM, EDS. CL
- Resolation © LOnm@&E]5kV(SE)

Magnification @ x30 - x800,000

EDS ¢ Horiba EX-25)

CL[Cathode Luminescence) © Gatan Mono CL3

4. ME7|2
(1) 2017. 10. 17.
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HRSEH E Heyygey Eeug o N201T-10-0065 | 6 )® ol & & [ 4507
P e T e T e e e e e e e e

5 AEZEn

Mo,
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SRS Eeyd pExgeEs Hew g @ N2017-10-0065 (6 )MolAE | §)Holx

5 AlgZal

Mo,
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HARESTH DEANEY HewE o N2017-10-0065 [ GIEOIE & [ 618X
e e S B o T N o e P e ML L L LS L LS RS

5. AlEdd
- o £
|
1 2 3 4 5
17.1 16.7 15.9 16.1 16.1
FAl{um)
16.5 16.9 16.5 16.3 16.5
_i-_
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- f HEAN 37 BENER 164 (RES1IH) 11:{}:\*1
iy T AHS 71()1__[1.)\ HEAFSAAER 35 LI I,
,i,"*i‘ KA R IJ I:IEI_'*O — IlIE-l T i 0B3-211-2984 F | 0B3-214-2283 ;ﬂ'g'*k'lﬁlé

AT DOCUMENT SERICE

www katri.re. kr

ANEgdHAM

AT O HENSDASHEEC KATRI NO @ JJHA17-00000464
s 4 HEERD AFA HEP MHUE 567 (SHE 2FE Ha2X : 2017.08.21
2#3F) st=al 3 2017.08.29
HE2H = T HEE
AN EZ JEHE 43 PAGE(S) 1/ 1
o Al E 2 o
Al 8 =B
E= MNE2 AME3 MNE4
SR E (%) @ KS K 0693:2016 =2
HRAUAE 40.5 >99.9 >99.9 >99.9
* F) 1. NBDZE  Staphylococcus aureus ATCC 6538 (EME T ATIR)
2, EZMO =% : 1.3 x 10° CFU/mL
3. h=HE : EF0HE
4. HIOI2HTEEH  Tween 80, BEZ U 0.05 % I}
AMZ1 MNE2 AZ3 AN E24
= = o
SO FASEHARE
NEX:ues 4 JEBAT 1 0l F @ 9}%“/

HIT 1. 0 EME LERTLHAZ AR 2 AZHOZ A MM T HEB| (4E BAE HE6KE= YSUT
2. 0] 45ME B MEATHL AR MUS 0] 8%, M, 11 R 243808 MBE + RIOH, & 01949 MEE UL
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HEAN ETF ZLEE 164 (ZES10H)

4
-
% KATRI S22 Ao [2rzmeezsa e
Q\.'W (Wi — A == S I;l T @ 0B3-211-2284 F © 0B3-214-2283

www katri.re. kr

ANEgdHAM

HAZ A
HSAH|A

KA DOCUMENT SERVICE

M H T MESMEtuArsEEb [KATRI NO : JJAATB-00005789
= 2 L HESE HFA AP YHHUZ 567 (SYS,. =259 Ha2X : 2018.12.05
=#3E) @S2 x o 2018.12.20
HE X : = T HEE
ANEBY :JEHE1HE PAGE(S) :1/ 3
S/# : Cinnamon Ba,K
> )
A B AN Z2 I
AZEA
SR E (%) @ KS K 0693:2016 =2
HRBLE >89
* ) 1. ANEBZS
- ME8Z  Staphylococcus aureus ATCC 6538 (ST ATH)
2, HETYY S i
- AEZ ¢ 0.9 x 10° CFU/mL
3. Oi=x=s. r HEHE
4, HI0|2HHEAH : Tween B0, EBETZNUS 0.05 % EI}

5. AMEH: ZE

[ AZAEEE |

ALE X 2o

R2 g

o

S ENE RS

JlEMAR 0 F 9 9}%”’

HIZY, O $3ME LHRT AR AE U ASBO2 AR ZH2M B HEH WY 2YE 25T Yau,
20| 4FME B AHATHY A MHES 20f 82, 48, 31 ¥ 42802 AEF + YO0, B% 0122 MEE SR,
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HEA HEF ZUEE 164 (ZES10L)

% KATRI #1308 AI307gl |2egnsezan s

www . katri.re kr

RN

1-2284 F © 083-214-2283

HI 2 N
B AHIA

W DCCUMENT SERIGE

A H A HEHstmastEAc KATRI NO @ JJAA18-00005787
F A HASE BIA GHEIT HHOE 567 (BUS.22E HAUL :2018.12.05
R3E) 2IAL ¢ 2018.12.20
HMEH = C I HEE
A B2 % JERE1HE PAGE(S) 1/ 2
S/# : Cinnamon
AE Z D
A8 g o=
AB1
SRS (%) 1 KS K 0693:2016 =2
HadLrs > 99,9
¥ E) 1. NEDE
- M8 2 : Staphylococcus aureus ATCC 6538 (EHMTE T AIDH)
2. BERHO =& :
- AEZ : 0.9 x 10° CFU/mL
3. X® : OFHT
4. HIOI2HSHEAH : Tween 80, BEZ MO 0,05 % =7}
5, Algim: u=
[ NSAEIEE |
= (=]
SO FASEHRIAE
)
AlgR:2e X dz JlEMelRt ;0 F O /%M“

HID 1.0 93 ME HEAT HAR AS W ASYDE A A0S HH M0 M2t 2EE SR e
2, 0] HEMe g AT HO A MPIED| 20| B8 MW, W1 U A4E08 AEE £ 00, BE 0/9)2) MEE FHLCL

- 165 -




% KATRI

HEAN ETF ZLEE 164 (ZES10H)

EO]EA'%{ __I_l__?_ mAYSHNAW 33
T (= B - . 063-211-2284 F : 063-214-2283

www_katri.re_kr

NERER

HAZ A
HEAH|A

KA DOCUMERT SERVICE

M H T MESMEtuArsEEb [KATRI NO  : JJAATB-00005780
= A NS A AP HHE 567 (SYE . 258E 42X : 2018.12.05
2#3F) @S2 x o 2018.12.20
HE X : = T I HEE
ANEBY :JEHE1HE PAGE(S) : 1/ 2
S/# : CLOVE
== F— |
A s oa o= ANB 2 o
AZEA
SR E (%) @ KS K 0693:2016 =2
HMAUAS >99.9
* F) 1. NEBZE
- ME8Z  Staphylococcus aureus ATCC 6538 (ST ATH)
2, HETYY S i
- AEZ ¢ 0.9 x 10° CFU/mL
3. Oi=x=s. r HEHE
4, HIO|I2HHEEAEH : Tween 80, BETZ WS 0.05 % &I}
5, AMEH: HE

[ NEANEESE

A8 I

2 a

X g

o

ToFAEH2RAE

JlEMAR 0 F 9 9}%”’

HIZY, O $3ME LHRT AR AE U ASBO2 AR ZH2M B HEH WY 2YE 25T Yau,

2.0| 488

B A HETHEY A MEES 30] 85, 4T, 31 Y LSE0R MBH

- 166 -

USD], B 0/2)9| MBS FEUC




% KATRI

HEAN ETF ZLEE 164 (ZES10H)

EO]EA'%{ __I_l__?_ mAYSHNAW 33
T (= B - . 063-211-2284 F : 063-214-2283

www_katri.re_kr

NERER

HAZ A
HEAH|A

KA DOCUMERT SERVICE

AT O HENSDASHEEC [KATRI NO  : JJAATB-00005788
= 2 L HESE HFA AP YHHUZ 567 (SYS,. =259 Ha2X : 2018.12.05
2#3F) @S2 x o 2018.12.20
HE X : = T I HEE
ANEBY :JEHE1HE PAGE(S) :1/ 2
S/ : Tea tree
== F— |
A s oa o= AN Z2 I
AZEA
SR E (%) @ KS K 0693:2016 =2
HMAUAS >99.9
* F) 1. NEBZE
- ME8Z  Staphylococcus aureus ATCC 6538 (ST ATH)
2, HETYY S i
- AEZ ¢ 0.9 x 10° CFU/mL
3. I=®  EFCHE
4, HIO|I2HHEEAEH : Tween 80, BETZ WS 0.05 % &I}
5, AMEH: HE

[ NEANEESE

A8 I

2 a

X g

o

ToFAEH2RAE

JlEMAR 0 F 9 9}%”’

HIZY, O $3ME LHRT AR AE U ASBO2 AR ZH2M B HEH WY 2YE 25T Yau,

2.0| 488

B A HETHEY A MEES 30] 85, 4T, 31 Y LSE0R MBH

- 167 -

USD], B 0/2)9| MBS FEUC




K-

2. 0] HuXA Y

gyt

5{oF

A7 AuUe ¥

e

hgyc.

- 0
|

5713t A

®H =

71z Z71Z27A

st
=1

3. 271}

- 168 -



	농산물의 유통기간 증가를 위한 항균 기능을 갖는 투명 나노섬유 포장필름개발 및 고속전기방사 시스템 개발 최종보고서
	보고서 요약서
	목차
	1. 연구개발과제의 개요
	가. 연구개발 개요
	나. 연구개발 필요성

	2. 연구수행 내용 및 결과
	가. 연구개발 추진전략 및 방법
	나. 연구개발 추진체계
	다. 연구개발 추진 일정
	라. 연구개발성과
	마. 연구결과
	(1) 기술적 성과

	(가) 주관기관 ((주)팜조아)
	① 1차년도 : 농산물 포장용 나노섬유 제작을 위한 전기방사장치 레이아웃 설계 및 사업 총괄
	② 2차년도 : 나노섬유제조장치 개발 및 나노섬유를 이용한 포장기술 개발 총괄
	③ 3차년도 : 개발한 나노섬유를 이용한 농산물 전용 포장지 제작 및 사업화 추진기반 마련

	(나) 참여기관 1 ((사)캠틱종합기술원)
	① 1차년도 : 농산물 포장용 나노섬유 포장지 제조 공정 및 조건실험을 위한 전용 Lab Type 전기방사 장치 개발
	② 2차년도 : 농산물 포장용 투명 나노섬유 제조장치 시스템 설계 및 제작
	③ 3차년도 : 농산물 포장용 투명 나노섬유 제조장치 시스템 최적화 개발

	(다) 참여기관 2 (전북대학교)
	① 1차년도 : 투명 나노섬유 제조를 위한 전기방사 시스템 전기장 해석 연구
	② 2차년도 : 농산물 포장에 최적화된 투명 나노섬유 제조를 위한 고분자 폴리머 선정 및 조성비 연구
	③ 3차년도 : 농산물 포장을 위한 최적 투명 나노섬유 조건 및 기계적 강도 향상을 위한 연구수행




	3. 목표달성도 및 관련 분야 기여도
	가. 목표
	나. 목표 달성여부
	다. 목표 미달성 원인 및 차후대책

	4. 연구결과의 활용계획 등
	가. 연구개발 결과 활용방안

	참고문헌
	첨부자료
	국내외 논문 게재 증빙
	국내 및 국제 학술회 발표 증빙
	지식재산권 증빙
	저작권 증빙
	나노파이버 투명도 성적서
	나노파이버 생산속도 및 출력 인가 전압 정밀도 시험성적서
	나노파이버 코팅 두께 오차 성적서
	항균도 성적서



