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Abstract : Petroleum-based plastics are used for various purposes and pose a significant threat to the earth’s environment and
ecosystem. Many efforts have been taken globally in different areas to find alternatives. As part of these efforts, this study
manufactured alginate-based polyvinyl alcohol (PVA) blended films by casting from an aqueous solution prepared by mixing 10
wt% petroleum-based PVA with biodegradable, marine biomass-derived alginate. Glutaraldehyde was used as a cross-linking
agent, and cardanol, an alkyl phenol-based bio-oil extracted from cashew nut shell, was added in the range of 0.1 to 2.0 wt% to
grant antibacterial activity to the films. FTIR and TGA were performed to characterize the manufactured blended films, and the
tensile strength, degree of swelling, and antibacterial activity were measured. Results obtained from the FTIR, TGA, and tensile
strength test showed that alginate, the main component, was well distributed in the PVA by forming a matrix phase. The brittleness
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of alginate, a known weakness as a single component, and the low thermal durability of PVA were improved by cross-linking and
hydrogen bonding of the functional groups between alginate and PVA. Addition of cardanol to the alginate-based PVA blend
significantly improved the antibacterial activity against S. aureus and E. coli. The antibacterial performance was excellent with a
death rate of 98% or higher for S. aureus and about 70% for E. coli at a contact time of 60 minutes. The optimal antibacterial
activity of the alginate-PVA blended films was found with a cardanol content range between 0.1 to 0.5 wt%. These results show
that cardanol-containing alginate-PVA blended films are suitable for use as various antibacterial materials, including as food

packaging.
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AKD-mannuronic acid (M))¥} L-2F-2AKL-guluronic acid (G)).2.
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g_‘Ej]’ _g_:rLEE, E_E] Eﬂ ;(]Z‘,] O]‘ZJX-"E]\-] /\13 _1?_0]: .9..9.0“
ol-&H1 At 53|, FAMO|E 2o 2 ot et
2 Ag7|12A oHZ7](-C-0-C-), 7t25A7]|(-CO0), 3|=%
Al71(-OH)E Qlste] thg &4 A=eke] 2315 &3 24
e EHE AT rA 2 AFRd(packaging)y} AAYolT
Ho]:A 7(4017]‘—/\-] ‘:'7(1 _2_1_,‘_?__ EQ_JJJ_‘:'; = 7] Aa] H]-O]_Q_ /\XH
2 AT FE AR 97 8E Ao=m HQITH4,5]

2 AT ol T EAo|ES] BT oA FHoR
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2 AgollA AMH OPZ]H]O]E(SOdium alginate; Alg, MW:
800,000 ~ 900,000)= WakoAl A&ES AFEdl¥ o, ETH|d
&3 -E(poly(vinyl alcohol); PVA, MW: 89,000 ~ 98,000, 99%)
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Figure 1. Schematic representation of Alginate-PVA blend film
preparation process.
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52 25 ColA 72 h B AZSH oA 21xH 59
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Figure 2. FTIR spectra of (a) PVA, (b) Alginate and (c-f) Alg(90)-
PVA(10) blend films with different CD content (from top
to bottom, 0, 0.1, 0.5 and 2.0 wt%).
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Figure 23} Table 12 Alg(90)-PVA(10) EH=0] 222
Z714717] 98] vlolQ & HHARA ks SFS 0.1~
20wt% HRIZ 7t EHE &9 38} 124 B4 ot
H7] &35t FT-IR AHEY BA ZAylo|t}, Figure 2= SdE
E Az AHEE &5 PVASLF YAH|O|E, T12]3 Alg(90)-
PVA(10) Zd =0 7= 0.0, 0.1, 0.5, 2.0 wt% 353 I
S0l tEt FT-IRAH EYE YEln, o]5 AHER A e
U= F8 EAHTIES Table 19] 29Fs13Th

Figure 23} Table 10]4] E5=0] A ZH Alg(90)-PVA(10) 3
T 452 AWt o ® 7Its(CD)Y A7 f5-et ol 4|
ol oF 90 wi%E Aok S48l SAYo|EQ] 4 mA
7 A S & 4 ok ol EYE 59 7PE AL
2 Uehd A2 BE s FoA gAYo|E| EA5t=
oA AN A YRte & AH9] Ak AR AH ¥R a1
SIS E Ad 12k~ (pyranose) T C-02} C-H A=AF
o] Hold g4I E0] 1080~ 1315 em™ 7oA FEH o=
e O™, ERE -5 PVAS}F LA|Yo|E & EdllE FEof &
Aot AR W 2AR O] AF Yol 9% 5| EEA](0-H)7]
9] Al&750] 3500 ~ 3200 cm™ B F-7Holl A UERETH9,10].
83, F7HE vhohs AR HEAQ FT-IR 1§ &4 13
1 #Hl=7]0l EA5k= O-H AS53 W3S 11g]o] C=C 4l
2% 5358 27 3340 em' T} 1589 em! BZo g LE A
(o]

ACUH11], 2.0 W% oot} W2 7iths gt oA dAY|o]
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Table 1. Vibration modes and band frequencies in PVA, Alginate and Alg(90)-PVA(10) blend films with different CD content (0.0-2.0 wt%)

Alg(90)-PVA(10)
Functional PVA Alginate CD content (wWt%)
group 00 | o1 | o5 | 2.0
Wavelength (cm™)
3343.96
3333.35 3345.89 3332.39 3342.03 3289.96
O-H stretching 3273.57 3318.89 3268.75 3264.89 3276.46 3270.68
3257.18 3255.25 3249.46 3255.25 3262.00
3248.50
C-H stretching from alkyl group 2938.98 2925.48 2925.48 2938.98 2938.98 2929.34
0-C-O asym. stretching (carboxyl anions) - 1593.87 1597.73 1599.66 1599.66 1599.66
0-C-O sym. stretching (carboxy! anions) - 1407.78 1407.78 1411.63 1411.63 1411.63
CH2 bending 1416.45 - - - -
-C-OH 1327.75 - - - -
C-C-H and O-C-H deformation 1313.28 1319.07 1319.07 1319.07 1319.07
C-O stretching - 1123.33 1124.29 1122.36 1122.36 1122.36
C-0O and C-C stretching of pyranose ring 1082.83 1081.87 1085.72 1085.72 1084.76
C-O stretching of secondary alcohol 1086.69 - - - -
C-O stretching 1025.94 1025.94 1027.87 1027.87 1027.87
C-O stretching (uronic acid group) - 948.80 948.80 948.80 947.84 948.80
C-H deformation (3-mannuronic acid group) - 889.02 902.50 904.45 904.45 906.37
CH2 rocking 917.00 - - - -
C-C stretching 835.00 - - - -
Characteristic of mannuronic acid residues - 810.92 811.88 817.67 817.67 816.70
*0.1 wt% GLU.
E9} PVASIA §21% O-H 9} 0-C-0 Ty A=NEET % -
HEold Rog Held, ’ -7
Het —":Liﬂﬁ.ﬂi S|EEA719] AEA5 bt e A [
B, &4 PVAQ ¢ HlnF Oﬂalo} 5 Ast 3273.57 —A
cm o]l 4] UpEfLbm, °‘7~lLﬂ°lE«l Aeolle vt =] ,_// “
LU
727} 3318 ~3333 e HIOIA 3749] WA E Bt AzE ® |
- - _ AN Alginate
PVA(90)-PVA(10) =] Het Ttk 7 9 AR N\,\ -
- - PVA
9, 7heks 71 0005w 7Helle 374) 31271 EAfst
L _[_HC_CHE_ CH_CH?‘]‘ Intramolecular
B 1 g% 92 Ao]o] Hel Aol 8390 cm” WglolgLo. N S ,
o, ¥ vtk gFo] 7Y =2 2.0 wi% Q1 F-olE 5719 NaOL 0 _H-Q o-H
= [ -1 E / L™ 0 OM
S EZ2A7)7F EAEQ I ) Xol= 95 em’'E EHT). o] Acetal group (CH,)s OHO 0 5
23t 22 & o 7itks J7FEY] Sk PVASE YAYolE 0 Imcrmolccular, “oN
2 ool Bal= WEA 4o $AkElo} stehsol A1 ¥ T o
e
w715k ¢U7] 4o o1FEY S| Mt B HESAVIE ¢ 9 o

o 4 §TE oI

5ol diet =

Ag%fﬂ IS e

Ao AR}, E3E Alg(90)-PVA
FEFE U3 =(GLU) 7 Alf 9
gxé E|= ofAE(acetal)7| 2] E4 13 E 1214 cm’!
G A QLOoU12], o]=3t oMAI=H(C-0-C)719] £/
32 0%
Z41 390 11237} 1315em” ¥ Yol &

‘2171] =] w’é‘ulﬂi’iﬂ‘% 2 7tk B Aos HAln.

ATHH 02, Alg(90)-PVA(10)

2y c g

T— =279
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Figure 3. Chemical structure of complexation between Alginate,
PVA and GLU.
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Figure 4. TGA curves of (a) PVA, (b) Alginate, and (c-f) Alg(90)-
PVA(10) blend films with different CD content ((c) 0.0, (d)
0.1, (e) 0.5 and (e) 2.0 wt%).

3.2.8X E4

7Fh=9] ol w2 Alg(90)-PVA(10) A0 I3 EAS
ot 7] 9o FHEAS A on, 11 ZIHE Figure 4
3} Table 20 YetRtt. 84 A3, 71go] o3t A= &4
o7 Al Ee g vEbg o, A A 7kl A2 ~200 C
e B & A8 R 22 3 B 9
3t A0 g Holu, T WA L7h 230 ~400 C HYEA 1E
Aol YEQ AL &7t F43] Lol 53 &40l 24
dojub= AL E YETE 1831 400 T ool A9 X141
TF Tae ZESE A71EEY @statg o g Az o]
AY =7} F71eke) wet ofz] gAY 9 &4do] dojue
A2 Alg(90)-PVA(10) EAEL] FLxoj|A & &= Glo] BF X
4 TEARA S| EEA7IY oHIZ27]E MY }lo] o]&0]

Eofloll Fofshr] gl A2 FAHEN &5 EA|Ho|ELL
PVAQ] GE3| A dutzoz A A A9 A5
T}H13,14].

Table 2258 o|& Ht} AJA|s] AHEH, 10% ST &4
o] B4 w9] IR =& & PVAS}F LA|Yo|ETZ} 72t
262.5 T2} 230.6 C 024 & z}o]E Kol HHH, Alg(90)-
PVA(10) EHE= 7IthE9] -7 3 o] AJaglo] 230.6 ~
2327 COl fAF LEHARA ol AR5 FAHEU &AM
o|ES} H|RtS & 4= Utk 181, 300~500 T 2= ¢
ojAe FE F TFS SHT 25 EH, YAHCIEY
&S FF ATt 7P A& HHH, PVAE 400 T oo A
+43] Eolde & 5 Utk Alg(90)-PVA(10) E1=2] -,
7hthso] H7EEA] g2 AlRolA= FAUC|ELL AL FA}
S FES FAE BRoH of2] LEoA] &S S oF
2~3 wt% BE H FAastith ¥, 7lthso] VM BE &
AE AmoAs & FAYP|ERG= 7 2 FE6] &
Aol oF 10% W2 S7FHES ERlstaltt. ol2itt 2R=2E
o] Zithso] ETEA] 42 T Alg(90)-PVA(10) E-IE) A
+ FTIR 2o M= Hzo] 449 vEsto] A4 o}
SHa] Fxo|A dAo]EZ} A Ql AT} Fet Ao 1)
ofEm, 7hthsE 0.1~2.0 wt% F7Hd EAToA9] &5
FAE GAYCIES} sy AAIZQ1 &8 SF a7t
10 wt% © F71et 22 F7HE 7ithso] EdE/do] E4teH
Al X475 Ad PVASE LAY|o|E Ate]9] A Xf
4 7ithEo] dF 7= AR wekE) 181, 0.1~
2.0 wt% H919] 7tk Jd7Fgol whE 2 EX1E Ato]9] E&
3 FFE "HSHAY A9 gl AL E BZEE ol 7t
= 429 1fe & RS gE0] 71 Al EX3} ol5E
ot o] o3t A dF AR 15t H|wA FA P
o] #2 Zo= QlIsto] AE&H &3 2R oAM= &
FFE FA 2 Aow woH AAHR] FAFS 395t
9, 400 C o]/JollA PVAE FA|Y|o|Eof| H|F] 1A} Y EL
9] Bzt Hep HA dofdZ & 4= 1AL, ¥ GAYolE
o] PVAZ} Z7}e]o] ZhuskE Alg(90)-PVA(10) ERE A=
PVAS} YAH|o|E Ato]9] =AZRT Tl Eo] PVAS] &5
2gds|=o] o5t 7t 32 Qlste] 7hhE9] H7t /-5
& DI Qlo] FARSE QESl AFE HolFelt 191, HEF

Table 2. The thermal decomposition values of the PVA, Alginate and Alg(90)-PVA(10) blend films with different CD content (0.0-2.0 wt%)

Temperature at Residual weight (%)
Sample . P p - P
10% weight loss (C) At 300 C At400 C At 500 C

PVA 262.56 51.99 18.82 7.73

Alginate 230.69 56.52 46.67 4375

0.0 wt% CD 232.77 53.12 46221 4131

Alg(90) 0.1 wt% CD 243.76 4171 37.07 30.35
-PVA(10) 0.5 wt% CD 243.11 4143 36.37 3121
2.0 wt% CD 240.39 41.41 36.86 29.86

*0.1 wt% GLU.
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Figure 5. Swelling behavior of Alg(90)-PVA(10) blend films with
different GLU content (0.0-10 wt%).
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3.3. WRE

YA Y[O| Exz D-FRrEAY L2724 720 A4S Y
= S|E5A(-0H)7|¢t 7FEEA7|(-COOH)E A AY L
Aom, BHH PVAE= & BARt 24232 7FsoHA ot sl&
E4(-OH)7|E o Taotal Qlomg ols M4 7571E
et U TEAE AT A9 E AN AR &
B2 AT EAY B5EF 029|384 u¢- a5t
oF. o2’ BAZ Alg90)-PVA(10) ER=0] 7HuA] Fd2 &
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3HE Aottt 1 A7} 21l &5 A Yo|ES} §H
Figure 50| UetQIth 7FAQl SFELEYT 5|29 Wb
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et vHd, ZFeA]l7E H7HE Alg(90)-PVA(10) E-IE0] A
L 96 ~90%9] 7AE BT S Boon 7tuA7}F 1% 0|4
A= A9 AT F 90%2] FELE HAFT ol 7h
Al g St w2 Powo] Fhh A4S Shivakumara®}
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Figure é. Mechenical properties of Alg(90)-PVA(10) films with
different GLU content (0.1-10 wt%).
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Figure 7. Antibacterial evaluation of Alg(90)-PVA(10) blend films with different CD content against S. aureus and E. coli.
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