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Title Modification of Biodegradable Banana Starch Films using Sodium Alginate

and Poly(vinyl alcohol)
Student Kittika Wirasert
Khanittha Subsombut
Jitlada Chanthananukul
Degree Bachelor of Scicence
Major Program Industrial Chemistry
Academic Year 2012
Advisor Assoc.Prof. Dr, Jutarat Prachayawarakorn
ABSTRACT

This research focuses on the preparation of biodegradable films from banana starch,
plasticized by glycerol. Due to the low mechanical properties and high water absorption of the film,
the film was, then modified by poly(vinyl alcohol) and sodium alginate. Different contents of
poly(vinyl alcohol) and/or sodium alginate were used. From FTIR it was found that the OH stretching
peak shifted to lower wavenumber by the addition of poly(vinyl alcohol) and/or sodium alginate. For
water absorption the banana film modified by 30 % poly(vinyl alcohol) showed the highest water
absorption but the banana film modified by bothpoly(viny! alcohol) and sodium alginate showed the
lowest water absorption. The highest overall mechanical properties were found in the banana film
modified by 5 % poly(vinyl alcohol) and 5 % sodium alginate. From thermal properties from TGA
thermograms, the results revealed that the thermal degradation temperature of the banana film
modified by alginate decreased but it remained unchanged for the banana film modified by poly(vinyl

alcohol). For biodegradability test, the unmodified banana film degraded quickest.

Keywords : Banana starch films, Poly(vinyl alcohol), Sodium Alginate
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1. ASTM D6400-99 — biodegradable plastic is a degradable plastic in which the
degradaiion resulis from the action of naturally occurring MICrooiganising such as
bacteria, fungi and algae.
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BPS Japan (1994) — Biodegradable plastics are polymeric materials which are
changed into iower moiecular weight compounds where at ieast one siep in the
degradation process is through metabolism in the presence of naturally occurring
organism,
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DIN FNK103.2 (1993) ~ A plastic materials is called biodegradable if all its organic
compounds undergo a complete biodegradation process Environmental condition
and raies of biodegradation are o be determined by siandardized iesi meihods.
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CEN (1993) — A degradable material in which the degradation results from the
action ofmicroorganisms and uitimately materials is converied to water.
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3.1 Mmani
3.0.1 ndanbhauiiiszergniiasu -1

3.1.2 wod Liilausanedad (poly (vinyl alcohol), PVA) BE17W 910131/ Lab system

i wa | a a o
A15197 3.1 @A 19 ves wad hillausanssea

auiAmaniinaznignn HadN 5
Molecular weight 77,000 — 82,000 g/mol
pH 5-17
Viscosity 25 -30 cPs
Hydrolysis (mole %) 95.0-97.0
Volatile 5.0 % max
Ash 1.0% max

3.1.3 Sodium alginate 1INUTHN 5IUAT 1986 117@

A19199 3.2 auiiRveesadiun tnireTnIs (H050912406) 1nL3EM S1uiAll 1986 $1A

auiialy Haan s
Particle size Granular
Viscocity 500 cPs 1%
Loss on drying (105 °C, 4Hours) 134 %
pH 6.66
Sulphated ash 33.72%
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Insoluble matter inwater 0.55 %
Total heavy metal <20 ppm
Total plate count <1000 CFU/g
E.COLI Negative
Yeast &Mould <200 CFU/g

3. L4 dnfunynsiegu

3.1.5 Winau

3.1.6 naAFBIa (Glycerol) INTANITAT 1INUTHN Lab system
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3.2 InJeadlouazginyal

= s

3.2.1 Unnas
3.2.2 §ou

1 9
3.2.3 UMaLAIAY

4 9 3
3.2.4 18589 vAnudau

=Y J = 9 [ o a

3.2.5 MU TN (AUNAUTIUNTIE 15 IYUALAT 8713 15 (HUALIag)
3.2.6 ATAAY

o a = o 1
3.2.7 IT09%9aI00A (NANUN 4 AU
3.2.8 AZUNTITOU YUIA 100 1% (0.15 Hadmes) taz 200 Wy (0.75 Jadiuas)

4 L L,
3.2.9 IATesdATUTIUgIANILAd

3.2.10 nTeaNAdoUIUNLsEaNn (Universal Tasting Machine): Lloyd Instrument ‘5 HLR

5k, INTRO ENTERPRISE

32.11 ﬂﬁ”ﬂx‘ii‘laﬂ’i‘sﬁﬁﬁmﬂﬂiauLL'U'lJ?'f’élﬂﬂ?’lﬂ (Scannig Electron Microscopy: SEM): ‘g‘lu

1455 VP, LEO

3.2.12 neadurlsusaaninTns W intmes (R spectrophotometer) 4 SPECTRUM GX,

PERKIN ELMER

& a 3 ! i
3.2.13 1AT991AT 131'{“{1 ’Nﬁ’J‘IﬂJ%‘ U (ThermogravimetricAnalyzer) U PYSIS diamond,

PERKIN ELMER
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P o 1 9 v A - ¥ dg 9 = '3
A15199 3.3 sasauuilandre arsazawsatiua ndresea wazii il lumswTeuguan

uilandae
uilandaw Glycerol 1h Fadiue
(n33) (n3) (n31) (NFw) (%)
3.00 0.67 60 0.00 0
2.70 0.54 54 0.30 10
2.40 0.48 48 0.60 20
2.10 0.42 42 0.90 30

1 ¥ a. g i
ey dsuasniaadu 20 mvesilindae

aeun 3 msdivqeilauninutlendaslaolived lafiaueanased

= a a & ¥
3.1 wWisnasazatwed hilaueanagad (PVA) Tasds PVA 3 ¢ azatsluii 100 mi

]
= =

] 3 1 3 g
G%wi) anuSeuiigungd 70 ssrmuradon vinstunauTasldumaniunan
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3.00 0.67 60 0.00 0
2.70 0.54 54 0.30 10
2.40 0.48 48 0.60 20
2.10 042 42 0.90 30
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4.8 aenfldueenainiiu thlnswunszam A4 fuldgedu TasilathngelWaiin uds

d q1 1 o 4 aa ' 5w &
iy lenaesiuss yuladaniaeynisludmiuganuiu

e ar 1 LY @ a a a ¢ o I
A1379N 3.5 ﬂﬂ?Tﬁ?NUBQLL'ﬂQﬂﬁ?U BRUUR ‘waa"hummanaaaa nm‘ﬁaiammsmﬂiﬁumi

= s g/
wysuAduvnuilendae

uilsndau | ndiwesea W M1TaraIealuAfe a1sazalusaliuade
GEEY) (N5W) (n31) neod liiflaweansses | wed liilausanseed
(NS4 : NF) (% : %)
3.00 0.67 60 0 0 0 0
2.70 0.54 54 0.15 0.15 5 ®
2.40 0.48 48 0.30 0.30 10 10
2.10 0.42 42 0.45 0.45 15 5

a ¥ a g 1
wwneme Usmaniaadiu 20 miveuilindas
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3.4 Tnaaed

Y 1 d a
3.4.1 DITHI Eﬂi\‘lﬂ'i’}ﬁLLﬁB]ﬁNﬂﬂﬂ‘h’u T FTIR

1 o w & o 4
nsfnymmyandudlonies FTIR 118 Taun15191a%09 Fourier Transform Infrared
o 1 o o as
Spectroscopy (FTIR) Tng 1d#dnanuilandrolugasarsg i1 Tasmsiwdu 1 uady kBr uda
o !1 o ﬂ 1 = YN o & -1 5 Voa 1
i ldeadluumy anmzildfe Anweaiu 400-4000 cm” Taswany 16 afewesa613 A2

- )
22N 197D 4 cm™

3
3.4.2 MIAANUUT (Water absorption)

o a [~ & o o &
suflauudlandodugungd 105 sesnisadoa dua 2 9 Tus dilduudlandavund

/et

¥ o & a 3 as 1o & Z o g a
minmslagnnziimsszmeveswatain lswedvzds Bidatu) mimiubhuuiy 1igungi
g W [} P ¥ O & = 1 O TR
37 oeralFee inudsed1slumuzafivssedaothndu Feliaamdudining 100% a1
“‘J g LY ar ot z o o L=l
MIATFIU ASTM E 104 udagaimminmendimagadunimniu lasaunsodmaaifiinunisga

¥ ' ¥
Fui laninaunsasne 1l

W= (W,-W/W.)*100

& J & o o ¥ ¢
e W. ﬁﬂ a.ﬂﬂswuﬂmsgmvuwmﬂamrﬂmﬁ’w

He 3
o ot °

o W o
w, fie dnninvesilduuilandrendimsgadini

I @ '3 ¥ w ¥
Woﬂﬂ H'Iﬂuﬂ‘ll'ﬂﬂﬂﬁm,l.{hﬂﬁ?ﬂﬂﬂuﬂ’l‘iﬂﬂ‘ﬁﬂu'l

3.4.3 TN

da d 1 B
nae49anssAIBIANATBUIIUABINTIA (Scanning electron microscope: SEM) 181innT1e
ar J o o« 9 9 o = o 1 o & o L)) &
Anurdnyariufivesilduudlindrs Minsedoudaeds Tasimadeuneaaziit il idiai e g
o Y o ¥ ar a ey
SEM Tﬂamsﬁﬂmﬁmgmwawmﬁamxﬂanﬁaaﬂauuawmmsﬂmﬂ;mwmﬁ”w'[m“ﬁﬂn

o

a - a o
avtuaLazwed hilausanagad
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3.4.4 n1SNaTaUNUIRIFINA

o wa 1 o =
NINTTNATBUTULAANATUNIRTTIU ﬂﬂllﬂﬂ\ﬂuﬂ'lﬂﬂ‘ﬂ 3.6

a13197 3.6 Wwsg i IFlumsnagevantimFnavesiauudlandaefsion'ls

— = —
auiia wwsgiunlinagen MUWNT WU

ATUIAY Q1 QANTIRIGIA ASTM D 822 MPa

(Stress at maximum load)

ueAad (Young’ modulus) ASTM D 822 MPa

ATTUATHA DI JALSIRIGIA ASTM D 822 %

(Strain at maximum load)

° A wa a & - . o
MmInadeuaoinTeInageuanaFing (Universal Tasting Machine) 1atyiin1s
& 4:‘ Y -] {4
naaaudATgIe ASTM D 822 Jusniiilflunsnaenseianuas fugddmdouiud
~ ' ] < i
YUIA 100%1 5 Fadwas” I 5 Fusuvesisasgas Tanhin1saauauan iz vesrus oz 19

o

i = - AN -
naaeUTguul 23 osruwaidud LazaFUFIIMT 60 % nAdeunManIZAl

Test speed : 50 mm/min
Gauge length 50 mm
Load cell i 100 N

ATINAY T AUTIANGITA, LA LAZAITMATYA 0l JANTIRIgIgA TR aalden

g 3% il
AumIAaan 1l
AUIAY B JANTIAIZITA = F/A
ueRAd (Young’ modulus) = (F/A)/[ (L-L /L]

ATUATEA Ol JALTIAIGIGA = (L-L VL,
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3.4.5 pranageuauianeandou

a o
AnugunginisaalonisnIuien (Onset degradation temperature) Vo s auuilandae
= @ a a a ¢ g A o a a 4
Haru TeReudatuauazwed lllaueanagedaluATaaunes luns 1 iwadnueutlawes
3 X o & w ' o [} a 49
(Thermogravimatric analyzer: TGA) %1118 Iagn1sSasegianls=aunns 16 n3u waztinniasizyaas
2 ad 1 1
17393 TGA muldannzussemalulasiou gungidildeglusae 50 - 600 esrusaFon uas

BATUNURUNYI (Heating rate) 71 10 o3ruvaTya

3.4.6 MInagalMstasaaln laun1s Ay

a '3 o [~ 4 4 = a
daflannnulandreidesmsnageudlugummasuiudivua s¢6 wufwns feludu

a & a 1 I o ar 1 °
anilszaina 10 wwudmas Tasasuquanuauluduiieglugae 30-40 % nsidudletadesrii

w A o 1 oA ° & ¥ a o [y
fearmsyiasziuile sain drediennsz el dudu udnimssahminidunniy was
¥

ar o Py H & ]
wisuimenihminveslaunnudlandaofindoundaailenaisimglal
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ey g/ v a =8 wa 1 d 1 k7
aulANINANUIaULasMIvasaais lasn1sieAY vInnsAngTruAn19g vesidutesaatsld

Y a a o v oa 9 s ef
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4.1 nsmaanzimnzmdumansaiilandesaamaldonilanden ol seania

1 d 5 al a d v a
fnq veaWaumiswed hlaneansseauazdadiun

{ o ¥ w a 5‘ P o
AN 4.1 saauutlindls msazatesaiiug nawesea wazimlFlumset s suanudle

AR
uilanda nilwesea 1h GEAI
(i) (h31) (NIN) (n5w) (%)
3.00 0.67 60 7 0.00 0
2.70 0.54 54 0.30 10
2.40 0.48 48 0.60 20
2.10 0.42 42 0.90 30

= ?a d '
nemg Ysnanhiaadly 20 mvesudlindae
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- ar (] g} a = ¢ A ¥ d =] o
177191 4.2 8ﬂ51ﬁ?ﬂﬂ@ﬁllﬂ\1ﬂﬁ’2ﬂ waa"hummanasaa NalLeIan u.azum“lﬂumimmuﬂau

vinuilanda

utlandqe ndlyesea 1 wod hilaweansaed
(N73) (n3) (n51) (n5) (%)
3.00 0.67 60 0.00 0
2.70 0.54 54 0.30 10
2.40 0.48 48 0.60 20
2.10 0.42 42 0.90 30
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4.2 Fourier — Transform Infrared Spectroscopy (FT-IR)
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4.3 MINATDUNIIAG VY (Water absorption)
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uazdadua lulTuimaisg

LTIA
USumesazatewed Iflanoansgad (%) Max load (N)
0% 3.61+0.18
10% F6:0.11
20% 7.98+1.29
30% 5.49+0.33

AT IR
UTuemsazawvwed iiaueansead (%) Stress at Max load (MPa)
0% 0.0024+0.0001
10% 0.0052+0.0001
20% 0.0053£0.0007
30% 0.0037+0.0002

HRL R
Sinesazaoned ilausanssad (%) Young’s Modulus (MPa)
0% 0.019+0.001
10% 0.073+0.006
20% 0.088+0.034
30% 0.0550.003
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NsAsEA
UTumasazatoned iilaueansged (%) Extension at Max load (mm.)
0% 29.98+2.83
10% 22.96+0.43
20% 19.92+2 98
30% 17.49+2.62
wesiuansiaia
Wnamsazatewed Lilaleansgad (%) Strain at Max load (%)
0% 61.99+3.93
10% 47.55+3.36
20% 44.88+4,54
30% 39.60+3.65
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13197 1 0. nlefisudmiminin/aounlasiionageudiomsdiiuvesidusosaaisdonudle

CJ ol o e =l 1
naeilfudjadiusaiiua TudSumaie

it 0% Alg, 10 % Alg. 20 % Alg, 30 % Alg.
i 212.4 228.6 220.9 2125
2 2176 2563 246.6 224.1
3 183.0 2214 2052 180.7
4 180.6 2127 192.7 168.6
5 170.5 202.7 187.3 149.1
6 169.9 184.7 182.5 1356
7 115.9 160.0 166.4 105.6
8 933 108.0 153.0 90.1
9 84.9 57.6 92.5 68.5
10 58.6 45.0 68.6 67.4
11 15.4 314 49.0 451
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4 Y 4 g 4 o ¢ y ¥
A15197 2 2. wefiFudiminfuldsunlauilenageudrsnsdiduvesflaudesaarsldainuile

i (o a a o' o 1
naavilfulyedoned hilaueanseaed lurlSuiadie

TUN 0 % PVA 10 % PVA 20 % PVA 30 % PVA
1 2124 218.2 212.0 194.4
2 217.6 219.8 214.1 206.3
3 183.0 176.2 167.2 180.2
4 180.6 176.1 163.2 177.2
3 170.5 171.5 159.9 170.3
6 169.9 EE2.5 92.7 160.4
7 115.9 89.4 79.0 136.5
8 933 76.2 77.8 106.0
9 84.9 59.1 64.8 938
10 58.6 53.6 <ji=s 36.7
11 154 38.8 15.8 15.8






