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Special Project Modification of biodegradable banana starch films using

poly(vinyl alcohol) and pectin
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Abstract

This special project aimed to prepare biodegradable film from banana starch using
glycerol as plasticizer and modified the banana film with poly(vinyl alcohol) and pectin. The
banana film were prepared using casting technique. Then, properties of different banana films
were examined. It was found that IR shift of the OH stretching region of the banana film was
detected by the addition of poly(vinyl alcohol) and/or pectin. From water uptake, the highest and
lowest water uptake values were found in the non-modified and 1:1 poly(vinyl alcohol) : pectin —
modified banana films, respectively. Moreover, the addition of poly(vinyl alcohol) and pectin
leaded to the increase in cystallinity of the banana films. From SEM micrographs, it was observed
that the 2:1 poly(vinyl alcohol) : pectin — modified banana film showed the smoothest surface. In
addition, the incorporation of poly(vinyl alcohol) into the banana film caused the highest load,
stress at max load and Young’ s modulus, simiar to the incorporation of 10% pectin. Only 1
thermal degradation step was found for all of the banana films. Finally, the non-modified banana

film showed the quickest degradability under soil burial test.
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2.5 INNAU(Pectin) [20]
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3.1 MIAN

3.1.1 ndawAvunilszezgaian 0-1
3.1.2 wod lilaueanesod (Poly vinyl alcohol, PVA) 11NLTHN Lab system

4 wa 1 = =Y a
ﬂ'lﬁ'ld‘?l 3.1 AUURANN 9 ﬁJ@QWE]ﬂtl']uﬂLLi’Jﬁﬂf‘J@ﬂﬂ

auAMaAaE MEMN NGNS
Molecular weight 77,000 — 82,000 g/mol
pH St
Viscosity 25 —-30cPs

3.1.3 (INAAY (Pectin) 21NUSHN 53R T

A15199 3.2 AUTAATE 9 VBIWNAY

anTAMaAdLazManN HadWE
Degree of Esterification 71%
pH 3.5

YUIABYNIA 60 (1Y

Yo & A
3.1.4 MU sas1 1oau

A
3.1.5W1nau

3.1.6 NAI¥D50 (Glycerol) ATANITAT VINVTEN Lab system
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3.2.4 195091 A1d0U
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3.2.5 MU IHN (WHNANHITUNIN 15 I USUNAT 817 15 IHURNUAT)

4 ¥V = e
3.2.6 1nT09tusWow111 Tasiin (Panasonic)

3.2.7 1IAT99HIa1DUA (MATION 4 AUNUQ)
3.2.8 AZLNTITOU YUIA100 1% (0.15 FAAIUAT) 4a 200 4% (0.75 Haauas)

] P 1
3.2.9 1AT9INATDUBUNYTLAIA (Universal Testing machine) : Lloyd Instrument 3

LR 5k

3.2.10 ﬂ%ﬂxﬂi}ﬁ“ﬂi’iﬁ‘tﬁmﬂmi’ﬂmmuﬁﬂdﬂﬂﬂ (Scanning Electron Microscopy:SEM) :

LEO 1450 VP
[l td
3.3.11 1n5093AMaAuInIuYe5adiond (X-ray Diffraction) : XRD 31 D8 Advance

3.3.12 in509aunsusaailnIns Tn Tnilines (IR Spectrophotometer) 314 SPECTRUM GX

3.3.13 1A5093ATIZHNIA NN T U (Thermogravimetric Analyzer) ﬁju PYRIS Diamond
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3.4 MInaaay

3.4.1 msmilnssa oz vyilansu Tas FTIR
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3.4.4 AugIUINEN

NADIYANTIAMIDIANATOUNUUABINTIA (Scaning electron microscope : SEM) 14
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- Test speed : 50 mm./min
- Gauge length : 50 mm.
- Load cell : 100N
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ANMUUUULTIAY ( Tensile Strength ) = F/A
NoRAd ( Young’s modulus ) = ( (F/A) / [(L-L)/L, ]
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Bll2:1 - Fibe: XD55_0042_04_21 RAW + Type: ZIIVTh locked - Start: 3000 * - End: 60.000 - Siep: 0020 * - Stop ma: 1 5 - Temp 25 °C (ioom) - Time: Started 09 - 2:Thola 3000 * - Thota' 1500 * - P 0.00 * - Auxt
Operations hnpont

a d 1 A w a a o
suluaasdvluvlsn Taunsuvasiidudesaats lavnuilandleiinlsunljadrened lhilaneanesed

aonAY luanasiaiu 2:1
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MANHIN N

wa a ay d 1 Y o al a d 1
M INWUUAAITNUALY ﬂﬁﬂ!ﬂ\iﬂﬂﬂﬂﬂﬂﬁﬂ'lﬂu[ﬂﬂ'l ﬂ!lﬂdﬂﬁ 'JEIN’GT?J‘Wﬂﬁ‘iﬁuﬁllﬂﬂﬂﬂﬂﬂﬁﬂ%ﬂlﬂmﬁﬂ

TERGE

woaliilaueanased (%) Max load (N)
0% 8.61 £0.63

5% 13.58 = 1.60

10% 15.11 £ 1.39

15% 73 TN
20% 9.03 £ 1.01

ANUUTANUTIAS
woa hitlaueanesod (%) Stress at max load (MPa)
0% 4421022
5% 35890 7
10% 6.95 £ 0.55
15% 543 0.72
20% 4.78 £0.68
NoAaw
woa lflauoanadad (%) Young ’s Modulus (MPa)

0% 77.33 £ 6.50

5% 181.63 £ 26.11

10% 276.29 t 44.44

15% 184.69 & 32.83

20% 122.34 £ 27.63
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M3naEa
woa latiaueanaged (%) Extension at max load (mm)
0% 18.07 £ 1.72
5% 16.35 £ 1.48
10% 16.44 £2.29
15% 18.87 £ 2.05
20% 20.52 £ 1.94
nlesifuamsfstia

d
wea lilateanadea (%)

Strain at max load (%)

0% 36.92 £ 4.95
5% 35.71 £ 4.41
10% 35.40 £ 1.30
15% 38.08 £4.10
20% 41,69 *4.63

e a a d v v v a = J
ﬂ'lﬂGllﬂﬂ\iﬁﬂﬂﬂ!ﬁi\iﬂﬁﬂlﬂdﬂﬁﬂﬂﬁ)ﬂE'Tmf_lllﬂ‘ﬂ1ﬂl!{|\3ﬂﬁ‘lﬁlwm~lﬁ1iﬁ$ﬁ1ﬂlwﬂﬂuﬂi‘u]mﬂ]ﬁ“]

ALK
NAY (%) Max load (N)
0% 8.61 1 0.63
5% 10.95 £ 1.69
10% = 1.2
15% 13.13 £ 1.05
20% 11.08 £ 1.16
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AN IIIA
NAY (%) Stress at max load (MPa)
0% 4421022
5% 6.20 £ 0.50
10% 6.80 + 0.47
15% 6.95 1 0.42
20% 5.01 £0.63
Hoqaa

IAAY (%)

Young ’s Modulus (MPa)

0% 77.33 £ 6.51

5% 192.71 £ 27.67
10% 315.03 1 28.86
15% 306.37 & 26.95
20% 109.87 £ 11.82

=2 A
1301380

NAY (%)

Extension at max load (mm)

0% 47 £2.72
5% 3582 T 171
10% 26.61 T 2.54
15% 25.56 11.40
20% 26.09 1 2.33
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wlosiiuimsastia
NAY (%) Strain at max load (%)
0% 36.92 14.95
5% 51.63 £ 3.42
10% 53.22 +5.08
15% 51.12 £ 2.80
20% 52.18 +4.66

va A a d 1 Y v al =] d
ﬂ'Ii‘ldl.mﬂﬂﬁu‘l.lﬂ!'ﬁ\‘lﬂ’sl‘llﬂﬂ‘V‘Iﬂuﬂﬂﬂﬁﬂ'lﬂ\lﬂi]"Iﬂ!l‘ﬂﬂﬂﬁ’:lﬂﬁﬂil‘wﬂﬁ‘h‘ummﬁﬂﬂa aauay

minAuluIn N aIUAI
3909
wod lfiateanaseuazimnAy Max load (N)
1:1 | 10.59 1 1.59
1% 754+ 1.22
2:1 7.97 £ 0.59
AN INTIAG
wealiflaueansseatazunin Stress at max load (MPa)
1:1 495%0.71
7 4.62 £ 0.68
2:1 5.02 £0.70
woqad
weahilateansseduazmniu Young ’s Modulus (MPa)
1:1 90.60 £ 11.09
12 112.35 £ 24.28
2:1 112.26 £29.22
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MIAsta
woa lilaueanagaauaznnay Extension at max load (mm)
1:1 24,01 £ 6.81
1:2 19.36 1 3.18
2:1 19.31 £5.58
wesiduamanadia
noa hilaueanegeatazmnay Strain at max load (%)
1:1 53.31 T 4.64
1:2 38.72 1 6.37
ol 43.46 £ 6.71
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TG DTG {%/min)
‘ 100 4 %un Change: -8 59 %
| "
t
0
e T e
e oy v
Peak' 88 2 °C, -0.99 %/min Ve
80 { X J 2
\ .
/
| \\ | oOnset 2627°C
h 1 ’ Mass Change: -69.55 % ]
60
401
| 20
| i [1) 0-0.ngb-d16
Y. ———— 16 .42
| 0 Peak. 208.3%C, 12.28 %/min DTG
100 200 200 400 500 600 ‘
Temperature /°C |
Main 20120130 1630 User TG
Inatrument ; NETZSEH TG 20063 Fle 1 C WETZSCHProtmnna 1G85 00230-0.0gb-t8 f 28 STenolin, ¥q W Y
Project : { H 00 | Sample car STC TG 206F) miandaraP Abmosphers :  ~ /N2 /N2 |
ideality :  TGSS_0023 | Matwrial | Bampie mass : 8190 mg Corrim, range : D20000 g
Deteftime ;1252012 1.20.23 PM :Cmmllh.‘ blank ngb-bif |mum:mmmmm
I.Milﬂ.;: KMITL 1"“?#"’”' Cal 18-08-2011 ngb-8 :w: mn
Oparvtor: imenge: ., 3OD00MINTI L0 (Cruciole; Quicy D A .- .
o end] 9/ kY
niueaaumes luunsudaudesaain laainuilendae
i
I TG % DTG /(%/min)
} 100 4 597" 58 Change: -8 30 %
| E”io‘: I
< o P A N e i
- o S it &% "~ o S50 e
B0 Poak 80.0°C. -0.96 %/min \ ; /'\' 2
3 /
| o I
\ / Onset 2650 °C 4
| 60 \l | Mass Change -71.51%
| |
\
4 |
40 ik
[
il
| i
20 |
! Peak 289 4 C, 12 13 %/min
| 1) PVA 10%.ngb-ad
| ——— 16 |-14
| O o e T DTG
100 200 300 400 500 600

Man 20120131 1206 U TG

[instrament : NETZSCH TG 200F3 File : G\NETZECHWProleus\dataBiTGS5_0025 VA 10% ngb-di§
| Sample ¢ i

Temperature /°C

Project ; PVA 10% Sampie cacJTC : TG 200F) standnaP
Icentity : TGSS_0025 Material : ‘Sample mass © 40208 mg
Datetime : 17202012 10:10:58 AM Correction file :  blank.ngb-ti8 Modetype of 1 TG/uampla
Laboratory ; KMITL Temp. calib, fie : Cal 18-08-2011.ngb-n8 Segmants © "

Abnosphers ©
Corrim, rangs : (202000 mg

Crmated wilh NET2SCH Proious sobwse
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ad A (v a = 4
aruaaames luunsuvesilaudesaais ldnauilindefiUfuilsedaewed lallauvanseed 10 %



! G % DTG /(%/min) |
1 100 Onset 57.3°C__ Mass Change: -8.74 % 2 |
: z 1 1
?‘ o o ‘Nv_“_n____,.,_.__v-\..,.».n_-\‘nv vt 0
., ad A

god! e Sy el

| Peak: 822 °C, -1 02 %/min \ Pl
-2
| !
\\. i Onset 2633 °C

| \ -
I 80 \ Il Mass Change. -88.97 % j
|
1

40
i 20

‘1{ |1|m|mw_?gb<.- 12
0 Peak 287 ﬂ‘"‘c 1RB¥N S S S S gy S DTG
100 200 300 400 500 600

Temperature °C

Main 20120031 10:67  Usar TG
[Wstrumant | NETZBCH TO 20963 File | C WETZSCHProleus\dsladiTG35_ 0025 Wectin 10%.ngb-o16
Sampla Pictin

Project : 10% | Sample cariTC 1
Mentity:  TGSS_0025 Matarial : Sample mass :
Datatime : 173072012 12 33.00 PM Correction file 1 biank rgb-bi8

Laborstory : KMITL Tomp. calib, fle : Cal 18-08-2011.npb-8 3
Oparator : L _Renges = 00000mial700 /Lo I Orieibiz

o ard o 9/ 9 ! 9 L1 =
nmlueraumes Twunsuvesilaudosaate Idvinutlandsenilsuilysdomnan 10 %

TG 206F7 standard P

Atmosphers : /N2 /N2
62012000 mg

Corrim. range |

Crmatet with NETZECH Proteus sofwars

TG /% DTG /(%/min)
100 4 P Mass Change 870 % Ul
L e ____,,_“__,h_,,ﬁu_‘..ﬁ.._...r.«.-.a.a
N o e = —
Paak: 88.0 °C, -0.91 %/min 1/,
80 !
/ L-5
{
| Ongat 262 4 °C
Mass Change -70 28 %
60 4
-10
|
| +
1 Peak. 288.0 *() -12.3% %/min
40
| -15
20 L 20
(1] 1-1.ngb-di8
im0
| T T T vt DTG
100 200 300 400 500 600
Temperature /°C
Man 201241301032 User TG
ilﬂltmmnl_:_ NETZSCH TG 200F3 Flle : C WETZSCHProleus\atasiTG56 002011 ngb-dhd I — §
Projct : |Sample : 1 Sample carSTC: TG 200F) standarciP T -INZINg
|identity 1 TGS5_0023 | Material ; masy 40811 mg Corrim. range : 020:2000 mg
Detatime : 17252012 11.01 19 AM |Gaeraction flle :  blank.ngb-bis Modeltype of mess. ; TG/sampie with conection
Laberstory : KMITL | Tomp, caib, file : Cal 18-08-2011.n0b-86 1
Operalor : . Range: JAOAKMINT00 [Crucible : AR

104

o ard { (o a ) g
nsmluaaames luunsuvesildudevanais lannutlindrefilfuilgsdened ailaueaneaeade

Al ludasiaiu 1:1
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TG /% DTG /(%/min)
100 { Onset 626 °C ass Change: -9.48 % "
St SN |
~ — e AR S B NI T 0
b e T
Peak. 87 1°C, -1.08 %/min ' _J’ 2
80 !/
!
| Onset 263.5°C 4
\" Mass Change: -69.08 %
60 i -8
\
!
+-8
404 |
|
f -10 |
“ ; ] |
20 L" L2
Peak 2842 °C, -12,51 %/min
[1] 1-2.ngb-c18 -14
— 16 |
04 e = DTG |
| 100 200 300 400 500 600 |
| Temperature °C |
| Malt 20120130 1034 User TG
Instrument | NETZSCH TG 20663 File i C\NETZSCHPIoua\daasiTGES_D02\1-2 ngbotd -y Y ot A W I
| Project | Sampla : 12 [Bampis carsTC: TG 2003 standerd® Atmosphers : -/ N2/ N2
|idontity :  TGSS_0023 | Material ; | Bampie mass 77337 mg Corrim, range ; 0202000 mg |
|Detstime ;1262012 5241 AM Correction file ;  blank ngb-bi | Madatype of meas. | TGisample with comaction I |
Laboratory : KMITL | Temp. calib. fiie : Cal 18-08-2011.ngb018 |Begments : n | |
Oparator : Rangs : WN0OKmMIYTOD Cruckle: AO3 | . W0, |

asuaaunes lwunsuvesilaudosaais lannutlindleiidfuilssdroned hilaeanesedao

WnAY TuonsiaIu 1:1

L DTG /(%/min)
100 Onset B54°C  Mass Change. 7.48 %
\i 4
T, el l i s o B 0
V—gr T . Y Iy
80 1 Peak 1049°C 091 %min | Y4 s
\ 7l
\_IN /  Onset2826°C
‘\ Mass Change 70 B4 % -4

60 \

I
]
I
1
|

40 l
. |
|
i! -10
]
i
20 i 12
I's
Penk 287.7 "C, -12 59 %/min
[1] 2-1.ngb-di6 o
Skt G 14
0 DTG
100 200 300 400 500 600
Temperature °C
Main 20126139 WM Lsar TG
|Instrument : NETZSCH TG 209F3 Fila + G INETZSCH Proteus istaSiTGSS_00272.1 ngb-ait -
Project : Sample : 21 Sumple car/TC: O 2003 sandard® Atmosphers | - I NZ/ N2
Weotity: TGS 0023 Matarial : Sample mass : 7.1086 mg Corrim. range | 02072000 mg
Ostetime :  1726/2012 3 48.00 PM Correction Mle©  blank ngb b Modatype of mess. : TO:sampla with cormeetion |
Laboratary : KMITL Temp. calib. file : Cal 18-06-201 {.ngb-ti6. Sagmants : n
Operator ¢ Ranga : Kiminy700 Grucibie : AZO3 I
Ll ¥ Crwated witn NE TISCH Prodeus sobwars

o ard i (o a = a1
namiaauned luunsuvesildudesaais ldanuilindrefilsuilysdrened hilauoanesodde

mnay luonsiaiu 1:1
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{ : O d
maanaasmslasunlasimin (%) veallandesaargldarnutlandrad e wedlatia

¢
HPANDIDAMAZINNAU

o 4 | Banana +1:1 +1:2 +2:1
IUN +10%PVA | +10%Pectin
film PVA:Pectin | PVA:Pectin | PVA:Pectin
| 0 0 0 0 0 0
2 8.38 4.99 6.14 5.26 5.96 5.96
3 5.09 4.39 5.64 4.84 5.65 441
4 4,18 3.58 4.90 3.14 4.57 4,11
5 1.26 2.94 ¥yl . 4/ 3.48 3.12
6 0.92 235 ].98 1.81 1.63 1.94
7 -0.83 1.76 1.11 0.83 0.45 1.01
8 -1.80 1.76 0.45 0.27 -1.58 0.55
9 .57 1.03 -0.40 0.05 -1.65 -1.00
10 w237 0.64 -0.40 -0.29 -2.05 -1.00
11 -2%87 -0.16 -1.50 -0.62 22,12 -1.47
12 =3.19 -0.16 -1.50 -0.96 228 -1.47
13 -3.50 -0.57 -1.50 -1.30 -2.65 -1.47
14 -3.81 -0.57 -1.50 -1.64 -3.07 -2.06
15 -4.13 -0.57 2.1/ -1.98 -3.49 -2.38
16 -4.44 -0.57 -2.17 -2.32 -3.91 -2.89
17 -4.76 -0.97 -2.85 -2.80 -4.34 3,29
18 -5.42 -2.06 -3.52 -4.41 -4.76 -4.28
19 -5.95 -2.81 -4.21 -4.84 #5:19 -4.69
20 -6.49 -3.24 -4.21 -5.47 -5.62 -4.69
21 -7.40 -3.99 -5.81 -6.36 -6.43 -4.73
22 -8.35 -4.34 -5.81 -6.81 -6.87 -5.54
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o o | Banana 1321 +1:2 +2:1
IUN +10%PVA | +10%Pectin
film PVA:Pectin | PVA:Pectin | PVA:Pectin
23 -8.35 -4.69 -5.81 -7.05 -7.31 -6.01
24 -8.63 -4.69 -5.81 -7.29 -7.75 -6.46
25 -8.90 -5.04 -5.81 -7.53 -8.16 -6.80
26 -9.18 =9.39 -6.46 -8.03 -8.46 -1.99
27 -9.45 #6.13 ~6.93 -8.54 -9.02 -8.34
28 =0.73 -6.13 -7.40 -8.78 <9.32 -8.69
29 -10.01 -6.13 -7.88 -9.03 -9.62 -9.04
30 -10.85 -6.99 -8.35 -9.79 -10.25 -9.39
31 -Yy3 -6.99 -8.83 -10.03 -10.55 -9.42
32 -11.41 233 -9.64 -10.28 -10.55 -9.42
33 -11.69 el -10.13 -10.53 -10.55 -9.42
34 -1 -8.07 -10.21 -10.78 -10.86 -9.86
35 U226 -8.07 -10.21 -11.02 911.16, -9.86






