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Abstract

This research work was prepared hydrogel films of mucilage from Ocimum Canum sims
and Poly(vinyl alcohol). Optimum composition and time for heat treatment were studied.
Comparition of water uptake value and mechanical properties of pure PVA film which was
modified by heat treatment at 100°C »0,2.5,5 and 10 minutes, respectively with films prepared
from Mucilage and PVA at ratio of 1 : 1 (v/v) and 2 : 1 (v/v). Thermal properties of blend films
were studied by differential scanning calorimetry (DSC) and thermo gravimetric analysis
(TGA). The results showed that the thermal properties of blend films correspond to quantity of
mucilage and time for heat treatment. Blend film at ratio of 2 : 1 (v/v) which was modified by
heat treatment at 100°C, 2.5 minute gave excellent properties. It was found that water uptake

was 605.34%, tensile strength is 564 MPa and % elongation at break was 16%.
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- Borneol - Isoborneol
- Camphene - (+)-Camphor
- Caryophyllene - 1,8-Cineol
- p-Cymene v B-Elemene
- Humulene - Limonene
- Myrcene - Myrtenol
- Nevadensin - Oct-1-en-3-o0l
- Oleanolic acid - O(-Phellandrene
- Ol-Pinene - B-Pinene
- Sabinene - cis-Sabinene hydrate
- trans- Sabinene hydrate - Salvigenin
- Ol-Selinene - B-Selinene
-Terpinolene -'Y-Terpinene
- Ursolic acid - Eugenol
- Methy! chavicol - Linalool

- Triterpenoid - Essestial Oil
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- Nevadensin

- Salvigenin

A
- D-Arabinose
- D-Glucose
- D-Mannose
- D-Xylose
- D- Galacturonic acid
- Pentosans
- Polysaccharide
- Camphor
- Oil

vihtuvenszive
- Borneol
- Ol-Cadinene
- B-Cadinol
- Caryophyllene oxide
- Methyl ether chavicol
- Cinnamic acid methyl ester
= B-Elemene
- Estragole
- Eugenol methyl ether
- Geraniol acetate
- Linelool
- Myrcene

- Ol-Pinene

- Oleanolic acid

- Ursolic acid

- L-Arabinose

- D-Galactose

- L-Rhamnose

- Galacturonic acid

- D-Mannuronic acid
- Mucilages

- Camphene

- Myrcene

- Borneol acetate
= B-Cadinene

- Camphor

3 B-Caryophyllene
- 1,8-Cineol

- p-Cymene

- Elemol

- Eugenol

- Geraniol

- Limonene

- Linelool acetate
- Ocimene

- Tricyclene
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2.2.6. M5tlon(Mucilage)
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WU(%) = WET WEIGHT — DRY WEIGHT x 100

DRY WEIGHT
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ASNARBULTIA (Tensile Tests)
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4.4.1. Thermogravimetric Analysis (TGA)
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4.4.2  Differential Scanning Calorimetry (DSC)

~ 1 a 4 k4 1 s W 1
AT NN 4.2 LlﬁﬂﬂﬂWQNWQZJﬁﬂiuzﬂﬁWEJLLﬂ’J(Tg) ‘IJ?]\TL!NHW’G‘IMGI’JE]UN

qn3 Tg (Onset) (°C) Tg (Midpoint)( °C)
A, 66.01 74.65

B, 64.56 74.19

C, 59.75 - 73.09
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4.5 dugine

= v Y 4 l . o
#nw1 lagl¥ndaoeganssml (Optical microscope , OM)
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Infrared absorption spectroscopy (IR)
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M50 1 uanamnsgaduinveaildudaeshs PvA

MANHIN N,
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ﬁy1ﬁﬁ/ﬂ(ﬂ§3J) A, A, A, A, N

neogiifion 0.7512 0.7556 0.8296 0.7379
Aduuits 0.0732 0.0599 0.0774 0.06/5
Wi 0 0.8244 0.8155 0.9070 0.8024
Wi 10 10898 1.0274 1.1615 0.9912
Wi 20 11158 10119 1.1644 0.9919
Wi 30 11021 1.0097 11622 0.9946
Wi 40 11024 1.0121 11718 1.0029
Wi 50 10947 10032 1.1564 0.9838
Wi 60 1.0972 1.0171 11539 0.9852
Wi 90 11026 1.0042 1.1565 0.9872
Wi 120 10939 1.0069 11386 0.9805
Wi 150 1.0961 1.0021 1.1539 0.9927
Wi 180 1.0760 1.0042 1.1492 0.9775
FTuadt 22 1.0530 0.9904 1.1487 0.9813




H % : ard o v
M3190 2 nanammsgaduhvesildndechananmsiionanmdaumadn §u PVA

luensiau 1:1 TaedSuns
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v

-

DRIGVRIGEET) B, B, B, B,
RRGINGEY 0.8657 0.8480 0.8730 0.8991
Wawuia 0.0676 0.0637 0.0678 0.0626
w1iifi 0 0.9333 0.9117 0.9408 0.9617
WA 10 1.1336 1.1026 1.1364 1.1166
u1iifi 20 11558 1.1131 1.1129 1.0798
w1fifi 30 1.1477 1.0957 1.1088 1.0812
Wil 40 11385 1.0799 1.1138 1.0780
w1iifi 50 1.1379 1.0981 1.1066 1.0826
u1iifl 60 1.1329 1.0736 1.1231 1.0676
w1fifi 90 1.1340 1.0925 1.1317 1.0749
wiifl 120 1.1155 1.0681 1.1004 1.0698
Wi 150 1.1147 1.0627 1.1046 1.0699
i 180 1.1162 1.0738 1.1013 1.0587
F2Tuedt 22 1.1082 1.0584 1.0831 1.0556




Y v o a Y] IS v o
M3 3 naaamnsgad e sildumethamaumsiiononmSamiesn NU PVA

ludasau 2:1 TaelSinns

J

Hmin(niu) C, C, C, C,
99egiliion 0.7207 1.3643 1.0114 0.7375
Wauua 0.0636 0.0730 0.0556 0.0601
wiifi 0 0.7843 1.4373 1.0670 0.7976
Wi 10 1.1073 1.7939 1.3745 1.0757
wiidi 20 1.0754 1.8004 1.3725 1.0603
Wiifi 30 1.0808 1.8135 1.3357 1.0612
W1ifi 40 1.0658 1.8541 1.3501 1.0639
Wi 50 1.0726 1.8637 1.3493 1.0689
Wi 60 1.06101 1.8250 1.3659 1.0616
Wiidi 90 1.0758 1.8476 1.3866 1.0744
Wil 120 1.0616 1.8794 1.4086 1.0673
Wit 150 1.0566 1.8750 1.4475 1.0754
Wiifi 180 1.0488 1.8700 1.4596 1.0610
2 Tuaf 22 1.0336 1.8652 1.3800 1.0650
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ﬁymﬁn(n%’u) D, D, D, D, |

fn90giiiow 0.8589 0.8737 0.7196 1.0610
Weuuta 0.0350 0.0298 0.0336 0.0307
Wi 0 0.8939 0.9035 0.7532 1.0917
i 10 1.6431 1.7641(ngdn) 1.6270 1.8830
i 20 2.1206 2.4661 2.0508 2.4935
Wil 30 25206 2.6057 2.2606 2.8337
W1iifi 40 2.8188 2.7404 2.5159 3.1166
Wil 50 2.8983 2.4971 2.6480 3.1730
il 60 2.8569 2.5602 2.7932 3.2978
w1iifi 90 2.8841 2.2956 2.8801 2.8216
il 120 2.8833 2.0592 3.1055 3.0459
il 150 2.6661 23519 3.0827 2.9936
il 180 2.6201 22791 3.0627 3.0513




y ard o
5199 5 AN Tensile test VOITFHTIOES PYA qns A,

Area ‘I

Sample Max Load Tensile % Elongation
No. N) (MPa) (%) (mm.mm)
1 10.49 290.6 118.3 0.0360
2 2145 493.8 331.5 0.0434
3 20.16 381.9 188.0 0.0528
4 18.35 422.4 360.2 0.0214
5 21.13 519.6 328.7 0.0406
Mean 18.32 421.66 265.3 0.0388
M7 6 uaaama Tensile test YoaWansI0813 PYA qAT A,
Sample Max Load Tensile % Elongation Area
No. (N) (MPa) (%) (mm.mm)
1 17.96 437.9 336.1 0.0460
2 19.22 428.9 255.0 0.0410
3 17.91 392.6 280.1 0.0448
4 23.83 451.3 260.7 0.0456
5 19.38 476.7 291.2 0.0406
Mean 19.66 437.48 284.62 0.0436




M3 7 4aAIMa Tensile test Vosilaudinghs PVA qns A,

69

Sample Max Load Tensile % Elongation Area
No. ) (MPa) (%) (mm.mm)

1 4936 423.1 0.0000 0.1167

2 47.75 360.5 360.1 0.1325

3 35.64 499.3 462.1 0.0713

4 43.33 509.0 0.000 0.0851

5 47.51 433.5 0.000 0.1096

Mean 44.72 445.08 411.1 0.1030

M54 8 1TAIHA Tensile test VoailansiIeeha PVA gars A,

Sample Max Load Tensile % Elongation Area
No. ™) (MPa) (%) (mm.mm)

1 16.28 313.1 203.0 0.0520

2 11.86 5115.2 383.1 0.0376

3 11.02 310.6 0.000 0.0354

4 11.92 250.6 192.8 0.0475

5 16.15 414.7 139.3 0.0389

Mean 13.44 320.84 229.64 0.0423
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A15197 9 uAAINATensile test VosHlandeearanmaiiononmEauedn U PVA

lushsiaau 1:1 Tae3uns qas B,

Sample Max Load Tensile % Elongation Area
No. (N) (MPa) (%) (mm.mm)
1 13.07 4243 15.40 0.0308
2 11.49 470.0 22.81 0.0244
3 10.73 412.6 12.81 0.0260
< 9.56 273.4 13.73 0.0349
5 11417 459.5 10.70 0.0243
Mean 11.20 407.96 15.09 0.0281

4 Jd LY
ﬂ'li%iﬁ 10 uaaaWaTensile test ‘UBQWQNVI'J@EJ,NW'@[N?{TJH?E]ﬂiﬂﬂ!?\l'&ﬂlmﬂﬁﬂ AU PVA

ludnsaau 1:1 Taed3inas gas B,

Sample Max Load Tensile % Elongation Area
No. ™) (MPa) (%) (mm.mm)

1 12.52 493.9 8.16 0.0253

2 11.84 433.7 10.18 0.0273

3 12.52 446.0 13,25 0.0280

4 12.31 473.4 29.20 0.0260

5 12.07 512.1 9.74 0.0235
Mean 12.25 471.82 14.11 0.0260




4 ard o LYY
msnﬁ 11 oW aTensile test Sum*nlaumazhawaumsaﬁﬂnmnmﬁmnman AU PVA

ludasidam 1:1 TaenlSanms gas B,
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-

Sample Max Load Tensile % Elongation Area
No. N) (MPa) (%) (mm.mm)

1 19.96 514.9 12.04 0.0387

2 21.75 515.6 13.42 0.0421

3 18.48 481.4 18.59 0.0383

4 21.91 543.3 19.59 0.0403

5 22.23 479.0 19.34 0.0464

Mean 20.87 506.8 16.59 0.0412

4 ard o VY
ﬂ]iNﬁ 12 nandHaTensile test maaﬂaumathawaumssﬁanmmuﬁﬂumaﬂ AU PVA

ludasiaau 1:1 Taef3anas qos B,

Sample Max Load Tensile % Elongation Area
No. ™ (MPa) (%) (mm.mm)
1 13.21 499.7 7.478 0.0264
2 13.31 473.8 9.299 0.0280
3 12.99 529.7 6.619 0.0245
4 1351 560.0 7.783 0.0241
5 12.76 512.4 8.157 0.0248
Mean 13.15 515.12 7.867 0.0256




M990 13 UaA9WaTensile test mmﬂﬁuﬁ’mdnwamamﬁaﬂmnmﬁﬂumé’n AU PVA

lughsraan 2:1 TagUSnns gns C,

72

Sample Max Load Tensile % Elongation
No. ™) (MPa) (%)
1 10.74 453.7 10.84
2 8.250 278.7 11.10
3 5.237 230.9 0.000
<t 7.657 392.7 11.11
5 5.738 2229 0.000
Mean 7.524 315.78 11.02 0.0242

1 ard o YY)
ﬂ"liN‘ﬁ 14 uaasnaTensile test ‘UﬂQwﬂuﬂﬁﬂd1ﬁﬂﬁuﬁ1§!ﬁﬂﬂ‘ﬂ'lﬂ!Nﬁﬂ!!&l\mﬂ AU PVA

ludnsidau 2:1 TaenSanns gas C,

Sample Max Load Tensile % Elongation Area T
No. ™) (MPa) (%) (mm.mm)
1 16.97 595.3 9.098 0.0285
2 20.67 607.2 14.85 0.0292
3 20.46 611.8 11.10 0.0252
4 17.25 581.9 10.60 0.0296
5 19.36 5224 12.37 0.0370
L Mean 18.94 583.72 11.60 0.0299 ]




M15197 15 wananaTensile test voslaudseananmIsIionINBIEAUNITH PVA

udhsaan 2:1 TnefSanms qas c,

Sample Max Load Tensile % Elongation Area
No. N) (MPa) (%) (mm.mm)
1 9.18 422.8 10.67 0.0217
2 5.96 2273 0.000 0.0262
3 9.51 324.9 13.26 0.0292
4 6.31 279.4 0.000 0.0225
5 10.01 458.8 11.76 0.0218
Mean 8.19 342.6 11.90 0.0243

4 ard o v @
m‘mﬁ 16 UaaspaTensile test ‘uae%laumazinwauamﬁanmnmﬁﬂuman AU PVA

ludhsiaau 2:1 TaonfSuns gas c,

Sample Max Load Tensile % Elongation Area
No. N) (MPa) (%) (mm.mm)
1 8.39 368.7 9.264 0.0227
2 9.71 345.8 11.270 0.0280
3 8.31 340.2 8.920 0.0244
4 5.63 285.3 0.000 0.0197
5 9.23 457.9 10.090 0.0201
Mean 8.25 359.6 9.886 0.0229
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Filename: D.\PE\Pyna\Dara\TGAdala\un,..\1_1 .tgd —— 111:1_11gd
Data Collectsd:  5/2/45 14:45:10 Unsubtracted Waight % (%) : Step: 1
Operator ID: busarin
Sample ID: 11
Sample Weight  4.083 mg
C. under oxygen atmospherse
160
11
1 OnsetX =268.644 _C
90 4 <\ OnsetY=90.603 %
Y¥1=91.303% 3
X1=206787 _C

80
! 70 4
| e Y2=61712%
| X2 =302.750_C
£
E 3
%= 50
g
=

40 -

30 -

20

10 4

(v . W § o — . s
50 100 200 300 400 500 600 700 800
Temperature (_C)

D) Heat from 50.00_C to 800.00_C at 20.00_C/min 8/2/45 11:02:04 |

3 a g a d v v
Uil 1 namana TGA veildndethe wedmesnanveamsiilonanidauusdn fu pva

lusnsiaau 1:1 TaedSanas

Fiename: D\PEPyrs\Datar] GAataU. \1_10.1gd 7:10; 1.10.t9d
Data Collected: 5/2/4&_" 15:49:37 Unsubtracted Weight % (%) : Step: 1

OnsetX=271.239_C
OneetY=91.545 %

Y1=91.867%
X1=207.838_C

8

Weight % (%) ~-—--
&

40

20

50 100 200 300 400 500 600 700 800
Temperature (_C) -

[ Heat from 50.00_C to 800.00_C at 20.00_C/min 8/2/45 11:00:43 |

1 a o 1 a J v v
A2 naaana TGA vestldnihetha wedmesuanvesmniiionanuidaunadh fu pVaA

Tusnsiaau 1:1 TaefRanes fenumsUSvammmannaden 10 1ist
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D:\PEWPyns\Data\T GAdatavun...\2_1 tgd 2:1:2_1tgd

5/2/45 16:54:50 Unsubtracted Weight % (%) : Step: 1
Operator ID: busarin
Sample ID: 21
Sample Weight: 3.975mg
Comment: under o

en atmosphers

Onset X = 284.620_C
<——- OnsetY =89 8859%

Y1=00.653%

X1=208679_C
80
70
60

Y2 =56.425 %
X2=319.993_C

Weight % (%) ——
o
3

40 -
30 -
20 4
10 4
|19 RN, S ; S . N ,
50 100 200 300 400 500 800 700 800
Temperatura (_C) .
[n Heat from 50.00_C to 800.09_C at 20.00_C/min 812145 10:57:12 |

y a @ a dJ v v
g‘].]ﬁ 3 uaeNNa TGA ﬂ]ﬂ\ﬂ\léﬂﬂ?ﬂﬁhﬂ Wﬁ)ﬁ!NﬂiNﬁN‘Uaﬂﬂ1§!ﬁ0ﬂﬂ1ﬂlﬂﬁﬂ!!uﬂﬁﬂ AU PVA

Tusnsau 2:1 TnaSuas

Filename: D-PEVWyrs\Data\l GAdat.. _1_2.5.tgd
Data Collected:  5/2/45 17:58:20

212521 _25¢%gd
Unsubtracted Weight % (%) : Step: 1

OnsetX=285719 _C 2:1 (2.5 mins)

% 4 -\Onsel\':QOﬁlﬂ‘/.

Y1=91.707 %
X1=207.117_C

80
70 4

¥2=83.200 %
X2=317.052_C

3

Weight % (%) e -
3
:

40 4

30

20

0 S S S

400
Temperature (_C)

l 1) Heat from 50.00_C to 800.00_C at 20.00_C/min 8/2/45 10:59:35 I

y ard o a é YY)
gljﬁ 4 taadra TGA ‘UE)QVIQNWJI’)H'N waamamﬁmmamﬁanmnmﬁﬂuman AU PVA

Tuganaan 2:1 TaeSinas fhumsdSuanmmaennadornfuna 2.5 W



Flename] D:PEPyrisiDatart GAGataWUn.\PVA g3 ————— PVA PVATSd
Data Collected: 5/2/45 11:40:19 Unsubtracted Weight % (%) Step: 1
Operator ID: busatin
Sample ID: PVA
Sample Weight 3743 mg
L Comment: under axygen atmosphere
100 -

PVA

| Onsetx=260004_c
\ OnsetY = 91.338 %

Y1=91.727 %

i X1=203.081_C
80 <
i 70 ,
i ao{
g
®
£ 50 ‘
g ! Y2=44.120 %
2 X2=300.377 _C
40
|
|
30 |
20
1
10 4
H
!
o B e LN
50 100 200 300 409 500 800 700 800
Temperature (_C) .
[ Heat from 50.00_C to 80,00_C at 20.00_Clmin 8/2/45 10:48:07 |-
a a ¢ v ¢
U ~
Ui 5 namwma TGA veaTldnsiosha wodnied Pya
Fllename: DAPEPymR\Datall GAdata \PVAZ5.15d PVAZ 5. PVAZ 5153
Data Collected:  5/2/45 12:38:38 Unaubtracted Weight % (%) : Step: 1

PVA (2.5 mins)

OnsetX=284,841_C
Onset Y =92.026 %

Y1=92329 %
X1=203.153_C

¥2:60.396 %
X2=294.181_C

Weight % (%) < e
.
g
S

20

“l

— , ; — v S— =
50 100 200 300 500 600 700 800

0
400
Temperature (_C)

[ Heat from 50.00_C to 800.00_C at 20.00_C/min

1 a o ' a d { u
Ui 6 naasma TGA voldusaedha wednios Pva fehunsSuamvmanamderusthunm 2.5 1



44

data\ \PVA10.tgd —————— PVATO: PVAT0.1gd
Unsubtracted Weight % (%) : Step: 1

D WPEWPyns\Data
5/2/45 13:44:26
busarin

Sampie 10: PVA10

Sample Weight 9.300 mg

< t under oxygen

OnsetX =266.103_C PVA (10 mins)
OnsetY = 62.357 %

<
c

a
<]

Y2=51.280 %
X2=305.083 _C

Weight % (%) —— ——

90 -
Y1=92563 %
X1=203798_C
i
i
i

i

50 100 200 300 500 800 700 600

400
Temperature (_C)

[ Heat from 50.00_C to 800.00_C at 20.00_C/min 8/2/45 10:55:50 ]

- P e — a ? A @ Y g =
3UN 7 nansma TGA vosdldudosha vodimas PVA nenumsdsvammmaennadewiunar 10 11

—————— PVAZ5 PVAZ5.553

Filename: D:PEPyris\Data\T GAdata...\PVA2.5.19d

Data Collected:  5/2/45 12:39:38 Unsubtracted Weight % (%) : Step’ 1

Operator ID: busarin et 1L10:1 1g08gd

Sample 10: PVA25 Unsubtracted Weight % (%) : Step: 1

Sample Weight:  5.661 mg s B2 2550

Comment: under oxygen atrnosphere Unsubtracted Weight % (%) : Step: 1
————— 21125:2_1_251d

Unsubtracted Weight % (%) : Step: 1
— o PVA: PVA Y

Unsubtracted Weight % (%) : Step: 1

PVA10: PVA10.tgd

Unsubtracted Weight % (%) : Step: 1

1:1:1_1.1gd
Unsubiracted Weight % (%) : Step:

2t

2:1 (25 mins)’

30
PVA (2.5 mins)
20 PVA (10mins)
1:1 (10 mins)
10 -
-2.99 : e - e - -— v v
49.8 1c0 200 300 400 800 700 823
Temperature (_C)
[ 1) Heat from 50.00_C to 800.00_C st 20.00_C/min 8/2/45 10:41:01 ]

~ ard o a
3UN 8 uansma TGA vesTlaudeehs voameskmulugasme g
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Aendo

- STARCH

Wg~-1

v

Integral 692.64 mJ
normalized 175.35 Jg~-1
!zF5092/45..Starch e . Gassh 57.12 °c
FS092/45..Starch, 3.9500 mg Peak 99.59 °c
T T T T T o LA T T T T T T
0 20 40 60 80 100 120 140 160 2¢
DEMO Version METTLER TOLEDO STAR® System

d‘ ard o 1 4 -3 v
31]7] 9 ugaWa DSC ‘Ui’)\iwﬁuﬂlafﬂﬁ‘i]'lﬂﬁ"lﬁ!?l@ﬂ‘l]@ﬁﬂlﬁﬂ!!ﬂ\?ﬁﬂ

Aendo L

PVA : STARCH (1:1)

Wgr-1

| N (e S

Glass Transition

Onset 64.56 °C

Midpoint 72.06 °c

Midpoint ASTM, IEC Q4719 €

Delta cp ASTM, IEC 0.172 Jg~-1K~-1

13[!$FS092/45. .PVA:Starch (1:1)...2
FS092/45..PVA:Starch (1:1)...2, 12.2700 mg

T T T T T T T 1 T ¥ T T T T T
0 20 40 60 80 100 120 140 160 e

DEMO Version METTLER TOLEDO STAR® System

1 a v 1 a d 3 v
Eﬂﬁ 10 ugaara DSC TBQW&NVD@HNW@Q!NESN@TNMBQQ’"I?!??@ﬂ‘iﬂﬂ!fﬂﬁﬂlm@aﬂ NU PVA

Tudasau 1:1 TnedSanas



Aendo

PVA : STARCH (1:2)

Wg~-1

J , l.m—//_"/

Glass Transition

Onset 59,75 2¢

Midpoint 69.59 °C

Midpoint ASTM, IEC 73..09 °C

Delta cp ASTM, IEC 0.160 Jg~-1K~-1

13[!$Fs092/45. .PVA: Starch (1:2)...2
FS092/45..PVA:Starch (1:2)...2, 10.5300 mg

|
|
i

(; I 2‘0 I 4'0 ' 6‘0 ; BIO ‘ 1(‘)0 - 1;0 ' 1‘;0 I 1'60 I |
DEMO Version METTLER TOLEDO STAR® System

y ard o d 3 v v
21 11 nanawa DSC vesHlauseanod mesnavasmsilona 1 EaueSh N PVA

lusnsaau 2:1 TaelSans

Aendo

PVA (PURE) 441

Mg -1

Glass Transition

Onset 66.01 °c

Midpoint 73.37 °C

Midpoint ASTM, IEC 74.65 °C

Delta cp ASTM, IEC 0.238 Jg~-1K~-1

13[!$Fs092/45. .PVA pure...2
FS092/45..PVA pure...2, 10.R400 mg

T T T T T T T ' 1 1 T

0 20 40 60 80 150 1;0 130 1%0 6
DEMO Version . METTLER TOLEDO STAR® System

T T T

d’ ard o 1 a d
UM 12 uaasna DSC voaTldudrechawedmas pva
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