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This study focuses on the preparation of acetaminophen (AP) imprinted functional biomaterials for a transdermal drug delivery
using mung bean starch (MBS), polyvinyl alcohol (PVA), sodium benzoate (S) as a crosslinking agent, glycerol (GL) as a
plasticizer, and melanin (MEL) as a photothermal agent. The prepared AP imprinted biomaterials were characterized using
FE-SEM and their physical properties were evaluated. The photothermal effect and AP release property for functional bio-
materials were examined with the irradiation of near infrared (NIR) laser (1.5 W/ecm?®). When the NIR laser was irradiated
on functional biomaterials with/without the addition of MEL, the temperature of MEL added biomaterial increased from 25
C to 41 C, whereas the biomaterial without MEL increased from 25 C to 28 C. Results indicate that there is the photo-
thermal effect of prepared biomaterial with the addition of MEL. Based on the results, AP release properties were evaluated
using standard buffer solutions and artificial skin. It was found that AP release rates of MEL added AP loaded biomaterials
were 1.2 times faster than those of MEL non-added AP loaded biomaterials when irradiating with NIR laser. We envision

that the developed functional biomaterials can be utilized for an acute pain-killing treatment.
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Table 1. The Composition for Preparation of Functional AP Imprinted Starch based Biomaterials

Sample name MBS (g) PVA (g) MEL (mg) GL (wt %) S (wt %) AP (g) DW (g)
MPS 5.0 5.0 - - 3.0 - 100
MPS-AP 5.0 5.0 - - 3.0 0.5 100
MPSMELI1 5.0 5.0 1.0 - 3.0 - 100
MPSMEL2 5.0 5.0 2.0 - 3.0 - 100
MPSMEL3 5.0 5.0 3.0 - 3.0 - 100
MPSMEL4 5.0 5.0 4.0 - 3.0 - 100
MPSMELS5 5.0 5.0 5.0 - 3.0 - 100
MPSMELS5-AP 5.0 5.0 5.0 - 3.0 0.5 100
MPSMEL5GL 5.0 5.0 5.0 40 3.0 - 100
MPSMELS5GL-AP 5.0 5.0 5.0 40 3.0 0.5 100

A A T 22 o)38t obelA] B #AlE whal QleHs-7].
71 FollA] A2 A oPE=E @ A(poly- @ -1,4-D-glucopyranoside) 2}
EA3 opUdZ A€ (poly- @ -1,4-D-glucopyranoside and « -1,6-D-glu-
copyranoside) 0.2 TA¥ HF A TFE 2z thdolvh w3k A
W9 A AR A AR, S840l -stkal glo] A et
EAE 2 glo] AAAIR 9 238 FolelA] vkl AT
Stk wheba 2 Aol M= thks RS T AR o] 8-ste] A
gekadd AR g-8staat FTHs-10].

73] FEHdG A Al(transdermal drug delivery system, TDDS)-=-
of ARA R oS Ao TN AT Folo Fa8<l
2 54 BAG, S T ] miEE HAEE 5
o] lek &FA%E, TDDSS] 44 37 4452 B3 480
| oF=e] I A5 Gt AskEa, gy ok=o] AlgtE= o
AZF EASTH11-14].

E AT M= LA EAZ L7 acetaminophen (paracetamol,
N-acetyl-p-aminophenol, AP)& TDDS®| &-8-3}1.4} st} AP+ sl
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2.1 A8 A R 2
A5 7 ¥F(mungbean starch, MBS):= Chungwon Food (Incheon,
South Korea)ollX] 713F31 3L, polyvinyl alcohol (PVA) [Mw: 89,000~
98,000 and degree of hydrolysis (DH): 99%], sodium benzoate (S),
7Fa2AQ glycerol (GL), FEAEZAZE AFHEH melanin (MEL)=>
Sigma-Aldrich Co. (Louis, USA)°llA 13151t} oF22 ARE-H acet-

38t H 32 A A 3 = 2021

22. 7|58 AP 221 ME J|dl HIO|2 &K H|IE

AP 291 71557 MBS 714F vlo] @ AA= casting I UV A3}
WS o] gste] AlZsITh 90 C 2] DWell £3lA1Z1 PVA §-& A
%3k % MBS 5.0 g7 S 0.3 g& DWoll £¢3F AE L3} Kitche-
naid mixerE ©]-83}%] 15 min 5<F &3 ¥ mechanical stirrer (500
pm)E ©]831%] 60 min Tt BUE FGS FASACL AP (0.5 g
MEL (5 mg)< IM KOH (10 mL)°ll €311 &, Bdlg F2 MBS/
PVA &3t £Nf 10 min &<} dropwiseAl7A A3} §-MS A|Z3F3Th
7haAZ AHEE GLS AEI PVA T 715 40%S A7FsI3aL Al
Z¥ AE 7 nlo] 2. 2A)19] AE-E Table 10| YERISIT). Aspirator
£ o] &3t} A} §He] VE2E AAT ¥, 50 TE w|g] 7194 teflon
mold (200 x 200 x 1 mm)oll 537, 40 CellA 12 h B+ HEA7] 1L,
UV A 53l 7haskgich

23. 7|58 AP 221 ME J[dl HI0|2 AFfe| S BY

ASTM D-421 #2202 Az nlo] @ 2A|e] AR g Az, &
214 EAJQl Q7S (tensile strength, TS)$} AlZ-E(elongation at
break, %E)< Instron 6012 testing machine (Norwood, MA, USA)E
o]-g-3te] FA3elek ulo] 2 A1) 7= mechanical scanner (digital
thickness gauge “Mitutoyo” Tokyo, Japan)E ©]-&35to] SH3I 1, F
H 1045 FAS S5t Baaks ARRSITE S H
FAE 2F 0.110 mme] ek ATl 22 1.50 mmO]™ gauge length 2}t
grip distancet™= FF 50.0 mmO]$1tt. Crosshead= 20 mm/min, load
cell 250 kgl it B E83 542 25 C, AUEE 50%°14
=4algle,

24. 7|54 HO|2 Aol 2o st ME 54

Azd vpo] e 2Ale] Eofl sk A3 5732 swelling behavior
solubilitys=-2]S- ©]-&35Fo] Z2AFSFSITE Swelling behaviors HO] 2 4~
g Bl W71 A, 2 AF 2ol o83 5 ¥k AEE

e 2o T A ()& B8 AR

W
Swelling behavior = ET 1)
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7oA W o] S5 vlo] 2 &A1) T84 h A F)o)a, Table 2. Tensile Strength (MPa) and Elongation at Break (%E) of
Woi B2 &54517] 7 nlo] e AA9] Faolt)h Prepared Functional Starch based Biomaterials
Fulo] @ 2AE thA] 50 CollA 24 h AFEA7] 4L, sol-

Sample name Tensile strength (MPa) Elongation at break (%)

xis
ubility % ()42 E3) AL

MPS 56.51 = 2.07 40.62 + 1.24
W oW MPS-AP 55.57 £ 2.16 41.51 + 1.19
o 0 d
Solubility = W, @ MPSMEL5 57.92 + 2.02 3844 + 130
MPSMELS-AP 56.77 +£ 2.21 39.82 + 1.08
A7]olA] W Hole. 2o A% T Feko|t), MPSMELSGL 25.76 + 1.08 10171 + 328
MPSMELS5GL-AP 2418 + 1.15 99.57 + 2.87
2.5. 7l M2 7|8t Ho|2 Axfe| S EIt
APS] 7t 7l meb Az AR N ele A de A B i
welling behavior ensile strengt! a)
47 45 ¢80 FT-IR 3 S (fourier transform infrared spec- i TS L il Sl
trophotometry, vertex-70, Bruker, Germany)&- ©]-8-5}0] £33t} & 2 H z;sé
3 Az ol e A U 5 kvel 74 Agtel ] HA WAL F i ; e T
F e e g% s
A}& )7 (field emission scanning electron microsope, S-4700, Hitachi, 3 . i . i Bid s §
12} wes. c —_
Tokyo, Japan, FE-SEM)= ©o]g3lo] ¥ 542 #4313t 105 o8 712 -
MPSMELS5 MPSMELS
UV curing (30min) UV curing (30min)
_ 1.00 5 : 5 3 A S 0.066 7.0 pm 7 5 § A 5 255
2.6. MELOI o"'l'l'EI 7|_A3 HI'OIE JHol % 3o = I"l:‘)ﬂjl' Melanin contents (mg) Melanin contents (mg)
Az vol e Aol 7s/dE Folahr] flal Fd A% B4 Figure 1. Physical properties of functional AP imprinted starch based
MEL-S 7181313, NIR laser (808 nm) ZAME &3l 7167 vlo] e biomaterials. (a) swelling behavior and solubility. (b) Tensile strength

Al FE gt veR=A] gRlesiginh Alxegt vlo] @ A)0.1 and elongation at break.
2)S MEL A7} -5l w2} 808 nm NIR laser (1.5 W/em?)E 21 min
<t ARk, A9 3 7HlERFLIR system, Estonia)S ©]-%-
3o 3 minnlt} 7154 vlol e AAle] LeHdlE Sk

2.7. Acetaminophen W& SM M7} >

71573 A PZQL AR 7Rk vlel e 24l E €58 TDDS ﬁHi]i/ﬂ S Tl
$-2317] 98l 808 nm NIR laser (1.5 W/em?) ZA} Al7bef| uj2
WE A3E FERT A3 vle] Q. 4l 0.1 g& 25 T, 30 mL-J
follof] @ 3 808 nm NIR laser (1.5 W/em?)E FAFs}a, 443k
AZr FHA SR 23N F3}o] UV-vis spectrophotometer (Optizen
2120UV, Neogen, Co., Ltd, Korea)E ©]&35}o] WEH APY §%&

(a) MPS (b) MPSMELS5 (c) MPSMEL5GL

SRk B3 Q139 F(Neoderm-ED, Tego Science, Inc, Korea) Figure 2. FE-SEM image of the surface of prepared starch based bio-
= ©]85to] pH 6.5, 36 T, RH 60%°14] NIR laser ARl ubE & materials. (2) Non-imprinted biomaterials. (b) Functional non-imprinted
23S 3slo] TDDS A ZE & 7FsAlS gelsksink biomaterials. (¢) Functional non-imprinted GL-added biomaterials. (d)
AP imprinted biomaterials. (¢) Functional AP imprinted biomaterials.

3. ja:' J_'—l' al 7 ’-é" (f) Functional AP imprinted GL-added biomaterials.
3.1. 7ISA AP 2101 ME J|HI HI0|Q AXfo| E2|H Sk vkl 4 4= otk FESL MEL, GL, APS] 7t fi-ef whe

AR R 7]k vlo] @ aAlE B4 mEAbRCE Ao Hlele 29 Ee]4 54 B4147E Table 20 WERItE MEL
2a)A B4o] oksl thdo]| ZAsit) wEba] TDDS X 2H <83} 7+ APS] 7ol whE ol el et EelA 54 2 st

7] S8l Az 7154 AP 2k AR 7)uk ulol o A4 B4 & o, GLol H7he A% TS7)F #Hasha, %Ee] S718ke & &
A B4 F 231t Figure 1 371g MELS] gl & Eof o AT} o]= 7H4A9] hydroxyl groupoll &3 Hlo] @ A A A%
s AT B84 579 24 AFolt) Figure 1a2] A7 elA] MEL o AT T7IE s Ul AE 2Hgo] Tkl fidel &
9] go] F718E solubility, swelling behavior 7 7HA31= 7 AEvkar 3 4 gl

& B3irh o= MELe] & 58735 el wiize] Bl ot

AgAdo] tha SUFeE oz AWE 4= itk Figure 169 A= 3.2. 715M AP 21 ME J[H} HIO|R Axfe| EAME}
MELY] g&o] F7184= tensile strength (TS)= A% Hashks 4 AlzE vlol e AAje] MEL¥} AP F7tel mE W 54 ¥4 4
o] 21310, elongation at break (%E):= S715h= 3¢S Btk & Figure 2 YeRIGITE AHE F3ll Al vlo]l 2 AA)e] ¥4

©]= MEL®] hydroxyl groupell &Jal wte] @ Aaf whi-o] Fad ge]l < 7Y, &4 Fol flo] T FAEUSS AT F UGtk
o8t Ao Agol Zyksta, 17 Qe ue)e Ao felido] B3k MELo] 37HE nlole AAE #, $4 To] WAEA gk
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Figure 3. FT-IR spectra of functional AP imprinted starch based bio-
materials with/without the addition AP.
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Figure 3 A|Z% vlo] 2 2A)9] MELY} AP %7} f-5-f W& FT-IR
A AAE veRdth AR 79 alo] @ Adlle e i 2T
g9 5= 9l 1120.59F 1030.5 em™' &) =7} B ] o W21,
MEL°] 7k 71573 Hol€] &A= MELE] 8 & 3711 3401.45
9} 3157.21 em™ (carboxylic/ phenolic -OH and -NH stret- ching)2] 3]
=9} 1705.7 em™ (-COOH stretching) 9] ¥ =17} 2= 1t} 22,23]. =
g AP 2l vle] @ A= APS] T8 F 3R] 1660.562) 1606.04
em™ (C=0, benzene ring stretching)®] =7} A2E = 718 FRls}9]
tH24,25]. 0] E3)] A|%H vlo] 2 AAle] MELT AP7} 714 7%
A Aol e AT AzxE e As Gt

33. 71 Ap 2ol ME J|Hl HO|R AX2| &H F3}

71574 AP ZH) AR 7k vlol e Ao Fd &3E Ekis] 9
3l 808 nm NIR laser (1.5 Wem?)E A &, Aol sl st
(FLIR system, Estonia)E ©]-§-5}] 574t A= Figure 4acll LER]
%131, Figure 4b% NIR laser A w2 7|57 ulo] @ AAle] djst
25 HgE JeRSIh MELO] H71EA] o2 ulo] 2. AAle] A4
Z7] X250 TellA 280 CTE k3.0 T % oS Yehigly,
MEL®] 7} vho] @ AAe] 4§ £7] &% 250 T4 37.0 T=
°F 12.0 T 2% 5& YeRiith o] A& F3l 767 vole
2AlE MEL] 2Jst 3 95 Yehlls 21 ERIsion, 7ka
Al GLo] A7t 7154 nlo] 2 A9 A4 25.0 TollM 41.0 TR
°F 160 T =% 5& YUehiSth o1& 37F GL9 hydroxyl
group®ll €]l 7154 Hle] 2 A Uitell HOE &5 F ST free
volume®| F7Fe| 31, 17 Q13| EARES] S A-gef o) o] %2 3
4 7295 e =2 2% S dehdtkn 2y 4 ik

34. 7154 AP 2RI ME 7[dh HIo|2 AAHQ| okE WE £Y

7164 AP AR 7k vlo] @ AA9] B mIlo] o) k& 1)
=5 2
S YAk Figure 55 NIR laser A} -5 & oFE WEg
(%), W £N HoAq vlo]Q 4A2 ¥E ay AFE ekl
Figure 5a A¥ZE &3l NIR laserE ZAFSHA] @2 vlo]Q AAlE 21
min®l| 2F 60% AP WEES YEPA I, NIR laserS A vfo] @ A&
Al 21 min®ll °F 80%2] AP WE&-S UFERILE S Figure 5b 4

3sst H 32 A A 3 = 2021
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Figure 4. (a) Photothermal effect image of prepared functional bio-
materials with/without the addition of MEL and GL. (b) Temperature
change of prepared functional AP imprinted biomaterials with NIR
laser imradiation.
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Figure 5. (a) AP release ratio (%) of prepared functional AP imprinted
biomaterials with/without near-infrared iradiation. (b) Temperature
change of prepared functional biomaterials in buffer solution with NIR
laser iradiation.

Y= E&l| NIR laserS 21 min < ZARBIS S o, 3 gol Zoflx
vlo] 2 2Ale] FE a¥E Qe ok 4.0 T2 2E450] Yeh= 3
< RIS ©15 F38 MELS #4E a¥E s AP WE &=
7} BAFE 1S E918190T) Figure 6 7154 AP 241 A& 7|l v}
°]e AAIE ©J5-8 TDDS IAZ AL3l7] $3l] I 3120 pH 6.5,
36.5 CollA AF AH-5 o]g3to] oFe W& 548 YEhTh Figure
6 A7E 3l A3 23oA AP WE £ MPSMELSGL-AP
> MPSMELS5-AP > MPS-AP <=0 2 UElytth MELo] E71e Hlo] e
oAl B o WE 288 UERIGT, o= MELY) ¥4 &%=
Qlst oz Myt T3l GLo| /M vl AAle= 7P =2
oFE WE F8S VeI, o) 7HAA9l GLO] HbE bl &
Aol 3A &3t 7P 7] wiEQd Zlog AyE o)d AvE
53, MELS] Fd a3E o]gste] TDDSS IF- F1} 3AE I35
31991, ©& F3% TDDS AR $4 7T 4= vk sekEc),
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Figure 6. AP release (%) of prepared functional AP imprinted bioma-
terials in artificial skin at 36.5 C.

4.4 E
B Aol = MBS, PVA, S, GL, MELS o]&-3t0] sdx5A)¢l
acetaminophen (AP) Z}1%1 71573 A 7|9k viol . A4S 24
2 A Z3ATE MEL &3] upe 583 54 2 Eoll oist A&
A8kl em, FE-SEM w42 el Alsl 7154 vlole aAe) &

-

ws 43 Ay S0 7l Qo] A Axd RS Fels)
Stk T3 FT-IR 48 F8 A% 754 vlole AAol APS}

MELS] &A] o] -5 FRlaigleh. F4 A3k 5431 MELS] 37t 9
3l upo] @ AA 9] FE 3= F157] 213l 808 nm NIR laser Ak
of W 7154 vl e 4A9] 2% W3S #R1sk A3l MELS] 37}
H=] ok nlo] @ &A= ¢k 3.0 C, MELS] H7F8 ulo] @ A= oF
12.0 C9] 2EAF0] Yekstal, o5 &3l vio] 2 A= MEL®] 9
gk 3d A% 29E vehdleE 21E gRIskit) 958 TDDS 34|
2 38 7FsAE grlsh] Sl
laser A} f-5° W& AP W= A
AFeE Hlo] @ AAjle] AP WESo© =1

o]& ol FAEAR ek oFE WEo] E AS RIStk
& Q1F IHE o] 88 NIR laser A} 7o ke AP W2 A3 4
It B 29E UERdle bl AV 2 oFE WE 58
o -

o

[o
4
o%
o
i
_Y‘_I‘
Z
=
g
&

o

BN

d

=z AL
=R0 20199 T AR Ao sl rAlgte] X9
} 89 7] %ATAR(Grant No. NRE- 2019R111A3A01061508)

References

1. F. F. Azhar, A. Olad, and A. Mirmohseni, Development of novel
hybrid nanocomposites based on natural biodegradable poly-
mer-montmorillonite/polyaniline: Preparation and characterization,
Polym. Bull., 71(7), 1591-1610 (2014).

2. H. Y. Tak, Y. H. Yun, C. M. Lee, and S. D. Yoon, Sulindac im-
printed mungbean starch/PVA biomaterial films as a transdermal

g A SN vlel9. 2] Az

10.

14.

15.

16.

17.

18.

19.

20.

wE 54 303

drug delivery patch, Carbohydr. Polym., 208, 261-268 (2019).

. S. H. Hsu, K. C. Hung, and C. E. Chen, Biodegradable polymer

scaffolds, J. Mater. Chem. B, 4(47), 7493-7505 (2016).

. S. Banerjee, P. Chattopadhyay, A. Ghosh, P. Datta, and V. Veer,

Aspect of adhesives in transdermal drug delivery systems, Int. J.
Adhes. Adhes., 50, 70-84 (2014).

. B. V. Bochove and D. W. Grijpma, Photo-crosslinked synthetic bi-

odegradable polymer networks for biomedical applications, .J.
Biomater. Sci-Polym. Ed., 30(2), 77-106 (2019).

. K. Hamad, M. Kaseem, Y. G. Ko, and F. Deri, Biodegradable pol-

ymer blends and composites: An overview, Polym. Sci. Ser. A,
56(6), 812-829 (2014).

. L. S. Nair and C. T. Laurencin, Biodegradable polymers as bio-

materials, Prog. Polym. Sci., 32(8-9), 762-798 (2007).

. H. Almasi, B. Ghanbarzadeh, and A. A. Entezami, Physicochemical

properties of starch-CMC-nanoclay biodegradable films, /nt. J. Biol.
Macromol., 46(1), 1-5 (2010).

. D. R. Lu, C. M. Xiao, and S. J. Xu, Starch-based completely bio-

degradable polymer materials, Express Polym. Lett., 3(6), 366-375
(2009).

N. Reddy and Y. Yang, Citric acid cross-linking of starch films,
Food Chem., 118(3), 702-711 (2010).

. C. Wu, P. Jiang, W. Li, H. Guo, J. Wang, J. Chen, M. R. Prausnitz,

and Z. L. Wang, Self-powered iontophoretic transdermal drug de-
livery system driven and regulated by biomechanical motions, Adv.
Funct. Mater., 30(3), 1907378 (2020).

. M. Azmana, S. Mahmood, A. R. Hilles, U. K. Mandal, K. A. S.

Al-Japairai, and S. Raman, Transdermal drug delivery system
through polymeric microneedle: A recent update, J. Drug Deliv. Sci.
Technol., 101877 (2020).

. X. Zhou, Y. Hao, L. Yuan, S. Pradhan, K. Shrestha, O. Pradhan,

H. Liu, and W. Li, Nano-formulations for transdermal drug deliv-
ery: A review, Chin. Chem. Lett., 29(12), 1713-1724 (2018).

H. S. Kim, K. J. Kim, M. W. Lee, S. Y. Lee, Y. H. Yun, W. G.
Shim, and S. D. Yoon, Preparation and release properties of arbu-
tin imprinted inulin/polyvinyl alcohol biomaterials, Int. J. Biol.
Macromol., 161, 763-770 (2020).

Y. Li and S. M. Chen, The electrochemical properties of acetami-
nophen on bare glassy carbon electrode, Int. J. Electrochem. Sci.,
7(3), 2175-2187 (2012).

E. B. Lim, T. A. Vy, and S. W. Lee, Comparative release kinetics
of small drugs (ibuprofen and acetaminophen) from multifunctional
mesoporous silica nanoparticles, J. Mater. Chem. B, 8(10), 2096-
2106 (2020).

S. Abid, T. Hussain, A. Nazir, A. Zahir, and N. Khenoussi, Ace-
taminophen loaded nanofibers as a potential contact layer for pain
management in Burn wounds, Mater. Res. Express, 5(8), 085017
(2018).

M. Kim, H. S. Kim, M. A. Kim, H. Ryu, H. J. Jeong, and C. M.
Lee, Thermohydrogel containing melanin for photothermal cancer
therapy, Macromol. Biosci., 17(5), (2017).

Y. Liu, K. Ai, J. Liu, M. Deng, Y. He, and L. Lu, Dopamine-mel-
anin colloidal nanospheres: An efficient nearinfrared photothermal
therapeutic agent for in vivo cancer therapy, Adv. Mater., 25(9),
1353-1359 (2013).

S. Roy and J. W. Rhim, Preparation of carrageenan-based functional
nanocomposite films incorporated with melanin nanoparticles,
Colloid Surf. B-Biointerfaces, 176, 317-324 (2019).

Appl. Chem. Eng., Vol. 32, No. 3, 2021



N

304 A8 - A% - o)A

oL

of

21. H. S. Kim, Y. H. Yun, W. G. Shim, and S. D. Yoon, Preparation
and evaluation of functional allopurinol imprinted starch based bio-
materials for transdermal drug delivery, Int. J. Biol. Macromol.,
175, 217-228 (2021).

22. S. Sajjan, G. Kulkarni, V. Yaligara, K. Lee, and T. B. Karegoudar,
Purification and physiochemical characterization of melanin pig-
ment from Klebsiella sp. GSK, J. Microbiol. Biotechnol., 20(11),
1513-1520 (2010).

23. J. Stainsack, A. S. Mangrich, C. M. Maia, V. G. Machado, J. C.
dos Santos, and S. Nakagaki, Spectroscopic investigation of hard
and soft metal binding sites in synthetic melanin, /norg. Chim.
Acta, 356, 243-248 (2003).

24. A. S. El-Shahawy, S. M. Ahmed, and N. K. Sayed, INDO/SCF-CI
calculations and structural spectroscopic studies of some complexes
of 4-hydroxyacetanilide, Spectrochim. Acta A-Mol. Biomol. Spect-
rosc., 66(1), 143-152 (2007).

25. 1. G. Binev, P. Vassileva-Boyadjieva, and Y. 1. Binev, Experimental
and ab initio MO studies on the IR spectra and structure of 4-hy-
droxyacetanilide (paracetamol), its oxyanion and dianion, J. Mol.
Struct., 447(3), 235-246 (1998).

38t H 32 A A 3 = 2021

o & 2 O >~
- ZX2H] - S - SR

Authors

Han-Seong Kim; M.Sc., Researcher, Department of Biomolecular and
Chemical Engineering, Chonnam National University, Jeonnam
59626, South Korea; power4518@naver.com

Kyeong-Jung Kim; B.Sc., Researcher, Department of Biomolecular
and Chemical Engineering, Chonnam National University, Jeonnam
59626, South Korea; tjrtpl@naver.com

Si-Yeon Lee; B.Sc., Researcher, Department of Biomolecular and
Chemical Engineering, Chonnam National University, Jeonnam
59626, South Korea; totolo2009@nate.com

Eun-Bi Cho; Department of Biomolecular and Chemical Engineering,
Chonnam National University, Jeonnam 59626, South Korea; eu-
nbijo9889@naver.com

Hyun-Wook Kang; Ph.D., Professor, Department of Mechanical
Engineering, Chonnam National University, Gwangju 61186, South
Korea; kanghw(@chonnam.ac.kr

Soon-Do Yoon; Ph.D. Professor, Department of Biomolecular and
Chemical Engineering, Chonnam National University, Jeonnam
59626, South Korea; yunsd03@chonnam.ac.kr



