CHAPTER III

EXPERIMENTAL

3.1 Chemicals, Equipment, Glassware and Analytical Instruments

3.1.1 Chemicals
Acrylamide (A
itaconic acid (Merck erma were used as monomers. N,N'-
methylenebisacrylami F @, Buchs vitzerland) was used as a

crosslinker. Ammoni

0.20% ash, pH range?g 4. , y 0 5 .U. The foam formation

reagents sodium bicarbonate (NaHCOs, ﬁxgma—Aldnch St. Louis, U.S.A) and

ooss" Lutrﬂ%ﬂﬂsﬂﬂnimm el coplymer of
S U 1 AN (13

9800-14600 g mol’ which was used as a constant ingredient for the whole
experiment.

«-Amylase (EC 3.2.1.1) from Bacillus species with a catalytic activity of
1600 IU/mg protein, was supplied by Sigma-Aldrich (St. Louis, U.S.A). One unit is
defined as the amount of enzyme liberating 1.0 mg of maltose from starch in 3 min at

pH 6.9 at 20°C.
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Other chemicals of analytical grade, as shown in Table 3.1, were used

without further purification.

Table 3.1 Chemicals

Chemicals Source

Hydrochloric acid, HCI1 / «T.Baker Inc, Phillipsburg, USA
%
Sodium hydroxide, NaOH/"-"" | "‘% Darmstadt, Germany

Sodium chloride, NaCl \ , Darmstadt, Germany
< 44\ \Catlo Btba, Milan, Italy
— N\

Buchs, Switzerland

Magnesium chloride,

Calcium chloride, CaCl, \
Boric acid, H3BO; luka, Buchs, Switzerland

Citric acid monohydrate, H; 507 _E_;i ' Vlerck, Hohenbrunn, Germany

Tri-sodium phosphate, Na3;PQy. g?t e % Fluka, Buchs, Switzerland

A & o e+ o — s

Tri-sodium citrate, 1 CstisO7.2HG ———— "‘:‘ hs, Switzerland

Cupric sulfate, CuSO4.ﬂz erck, Darmstadt, Germany

0
Potassium hydr (ﬂn I?W%Jw Ejrﬁi,ﬁzﬁstadt, Germany
Di- potassium hﬁogen phosphate, K;HPO4 erck, stadt, Germany

o B4 51 7) 501 31917 Sy

3,5-dinitr§salicylic acid, C7HsN,04 Sigma-Aldrich, St. Louis, U.S.A
Sodium potassium tartrate, Carlo Erba, Milan, Italy

COOK(CHOH),COONa.4H,0
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3.1.2 Equipment and Glassware
a. Mechanical stirrer : Ika-Ruhrwerke RW20, Staufen, Germany
b. Water bath circulator : WBU 45 memmert, Schwabach, W-Germany

c. Magnetic stirrer : Snijders, Tilburg, Holland

(o

. Analytical balance : Mettler AE260, Switzerland

f. pH meter : Hac ) odel E 0, US.A.
—

S=3020, Japan

h. Fua® : d ‘}“} CR 5B2, Japan
i. Incubatd \
j Otherg er and egquipment.
\\‘*
i .-,71_";}: h aluminium screen

-mn!m S

-Condelﬁr
ATEInenineng

313 Analytlcal Instruments ¢
Q w\u’lﬁ ﬁm Im;’]m’t;lgpﬂ IEJd:] ﬁ:ﬂ Impact 410,
U.S.A.
Scanning Electron Microscope, Model JSM-6400, JEOL, Japan
Thermal Gravimetric Analysis, Model Netzsch STA 409 C, Netzsch
Gerdtebau GmbH, Germany
Spectrophotometer, Spectronic-20, Model Genesys, Thermo Electron

Corp., USA
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3.2 Procedures

3.2.1 Gelatinization of Cassava Starch
Cassava starch 4.0 g was mixed with 30 cm’ of distilled water in a
500 cm® 4-necked round bottomed flask. The system was stirred mechanically at 250

rpm under heating within the temper

nitrogen atmosphere to form
3.2.2 Graft Acrvianiide¥nd Itaconic Acid onto the
water containing; 0.90 I Rt 0. mol of itaconic acid, 1.0% wt

monomer of N-MBA, 1.0% ionemer T»_‘ ] persulfate, was added into the

reaction flask. The in edients:"#cfel;é '; ed a'small-bladed propeller for 5 minutes

while heating at the, desired temperatt " temperature of 45°C was

reached, 2.0 g of sodiug bicarbonate powder was added’ﬂ,utrol F® 127 of 0.05 g, and

0.20 cm’ of ngﬁ ﬁﬁﬁ% mﬂoﬁbetween itaconic acid

and sodium bicatbonate took place hmmedlately to produce carbon dioxide bubbles,

wich ot e ol SRR B ANE) o o

polymerlzatlon continued for 30 minutes, after which the bubble production ceased
and the reaction mixture became milky white. A fine powder then precipitated. The
resulting polymer was filtered, washed several times with distilled water, dewatered
with methanol, dried, and cut into small pieces, which were dried again at 65°C for

24 hours in a vacuum oven until reaching a constant weight and then it was milled.
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A product with the highest water absorption capacity could be obtained

by investigation of the influential effects on graft copolymerization. Various reaction
parameters of grafting characteristics and water absorption were investigated as

shown in Table 3.2.

Table 3.2 Parameters for Graft rization of Cassava Starch and

Acrylamide/Itaconic Acid

. ///
/8% )

Condition
Mole ratio of the monomer, AMEIA ' 100:0-85:15
Weight ratio of starch-to-mogonger Z6) | . 1:2-3.5:2
Ammonium persulfate, APS (Yowt,of # e mo 0.5-2.0
Crosslinking agent, NMBA (% of i 0.5-2.5
Reaction temperature, 35-65
Agitation rate, rpm m 150-300

‘a (Y

AUHINERTNGINT |
. ide-to-Itacésic Acid Ratio
o AN T TATEN RS

The amount of starch was remained constant for each

experiment while the of AM-to-IA ratios (mole percent) were varied as 100:0, 98:2,

96:4, 94:6, 92:8, 90:10, and 85:15.
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3.2.2.2 Effect of Starch-to-Monomer Ratio on Graft Copolymerization

The same reaction procedure as described above was carried

out. The amount of starch remained constant for each experiment while one of the

monomer mixture was varied. The different starch-to-monomer ratios to be

investigated were 1:2, 1.5:2, 2:2, 2.5:2, 3.0:2, and 3.5:2. Each batch of the reaction

ly’de-to-itaconic acid ratio.

mixture was conducted at m@”
, 2
3.2.23 ? nig

AM-to-IA (Section 3:2.2. : ,' to onon tion 3.2.2.2) were fixed.

Graft Copolymerization

the optimum ratios of the

Concentrations of i Ifate of 08 I ( and 2.0% weight based on the

ad@d in each batch of the

gelatinized starch-monorfiefsmixture with®he optimum ratios of the AM-to-IA

oo AL ARG POV AT Ry i

0.5, 1.0, 1‘.'5, 2.0, and 2.5 % weight based on the monomer mixture.

3.2.2.5 Effect of Reaction Temperature on Graft Copolymerization
The same reaction procedure as described above was carried
out, except for the optimum ratios of the AM-to-IA (Section 3.2.2.1) and starch-to-

monomer (Section 3.2.2.2), ammonium persulfate (Section 3.2.2.3), and crosslinking
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agent (Section 3.2.2.4) were fixed. The reaction temperature was varied at 35, 45, 55,

and 65°C.
3.2.2.6 Effect of Agitation Rate on Graft Copolymerization
The same reaction procedure as described above was carried
out, except for the optimum ratiQ -to-IA (Section 3.2.2.1) and starch-to-
monomer (Section 3.2.2.2), Section 3.2.2.3), and crosslinking
agent (Section 3.2.2.4) were fixed:” varied from 150-300 rpm
3.2.3 Remo
iVeg sections that was ground
previously into a powder f Et'fg distilled v ater (about 1 g in 300 cm® of
distilled water) at room te or 24 Tours. | he mixture was centrifuged to

separate the graft copolymer. The copolymer was washed with distilled water

and centrifuged to ‘;'r“f*“ a r-"-—-“--w-‘-f-{ ’ opolymer. Then it was
. A

dehydrated with methﬂ;l to give f

B Wﬁﬁﬁ?ﬁi’ﬁmﬁmi‘“ﬁ YIS
ARIAINTUURIAINYIAY

33 Chal!acterization of the Copolymer

pitate, drieﬂin the oven at 65°C for 24

The synthesized copolymers were characterized as follows:

3.3.1 Functional Groups by FTIR Spectroscopy
The functional groups of the copolymers were examined by a Fourier

Transform Infrared Spectroscopy (FTIR), Nicolet Impact 410 using a KBr pellet.
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Nicolet Omnic Interface Software was connected to the Nicolet FTIR in a data

acquisition system.

3.3.2 Determination of Percentage Free Polymers
The weights of polymer after a removal of a free polymer from Section

3.2.3. were calculated for the amoun ee polyacrylamide, poly(itaconic acid), and

a condenser, 0.5 g of the
grafted copolymer w. for 2 hours. The polymer was
filtered and washed witH disfillée yater il 7, was réached and then it was dried.

The residual starch (substratg) aftef-acid h dolysis was checked with iodine solution

The Wlight _nercentases of natvasmbda e, poly[acrylamide-co-
[ )
(itaconic acid)] in theEra allﬁ “percentage add-on” were

computed from the weight difference betweensthe graft copolymer and soluble starch,

wonsn L AT
3 W']ﬂﬂﬂ‘im URIINYAY

3.3.4 Determination of Percentage Grafting Ratio
The experimental procedure of Section 3.3.3 also gave the weights of
the polymer in grafts and the substrate (starch), which was considered as the

percentage grafting ratio as computed in Section 2.4.
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3.3.5 Determination of Percentage Grafting Efficiency
The experimental procedures of Sections 3.2.3 and 3.3.3 were carried
out with the grafted product. The percentage of the total synthetic polymer formed

that had been grafted to starch or the so called “percentage grafting efficiency” was

computed.
3.3.6 Determinatiox nlogy of the Copolymer
l%wers was investigated using a
scanning electron microseope 1odel JSM=6400, Japan.
3.3.7 Deter i ting Gh i of Graft Copolymer by

heating rate of 10°C/m@ 7

AUEINENINYINT
RN IO YN Y

3.4.1 In Distilled Water
The dried graft copolymer of 0.10 g was soaked in 200 cm’ of distilled
water for 1 hour. The swollen copolymer was filtered through a preweighed 100-mesh

aluminium screen and allowed to drain for 30 minutes. Then it was weighed to

determine the weight of the water-swollen gel.
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The water absorption capacity was calculated in g g! of the dried

polymer as Equation 3.1 as follows:

Water Absorption (g g™”) = W, — Wy 3.1
Wy
Where W; is the weight of th
Wdlsthewel fner (g
3422 InSaltS/ S —

The same D! n\s\m desc ribed in Section 3.4.1 was
carried out by replaci led Wwater with series of sodium chloride,
magnesium chloride, and 1 i fic & ion of 0.9 % w v in order to measure
the extent |

3.4.3 In Buffer Solution
The safie_experimental procedure as described in Section 3.4.1 was

V_

| r}.l
carried out with a serﬁ o

pH 3 to 11 in place of

distilled water. The buffet'selution of pH 3 tos11 were prepared by mixing the proper

s o028y WS L0 DAL IV ELT 03k e
“ ARIAININANINYIAY
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3.5 Biodegradation Study of the Graft Copolymer

3.5.1 Enzymatic Hydrolysis of the Graft copolymers
In a 125-cm® erlenmeyer flask, the dried graft copolymer 0.05 g was
soaked in 50 cm® phosphate buffer pH 7.0 for 30 minutes, 2.0 cm® of enzyme solution

was added. The graft copolymer and ph e buffer pH 7.0 without a-amylase were

used as a control. The mixty ook at a 70 rpm for 24 hours at

__J
37°C. Then, the samples we ‘ in\% d using the dinitrosalicylic acid
\-\.\ By
(DNS) method, iodin buffer and enzyme solution was

replenished every 24 /ity remained at a desired

level throughout the experi time was varied at 1, 2, 3,

(.

cooled at room temp e-.ﬂmrz:m -‘K‘ o separate the degraded

'm
copolymer. The degrade copoly

d with d@illed water and centrifuged
to allow another se atlﬁnﬂb-f the grafted &iﬁ'mer Then it was dehydrated with
methanol to g1vﬂﬂ 1p1’ e 0 ﬂ flt(]r‘; hours.

9 Wﬂﬁ&ﬂﬁﬁ«lﬂiﬂ 2ANYNY

The same experiment procedure as described above was carried

out, only the a-amylase concentration was varied at 2040, 4080, 6120, 8160, 10200,

20400, and 30600 U cm™. Each amount of enzyme was conducted at the optimum

unit of enzyme.
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3.5.1.2 Effects of Mole Percent of AM-to-IA Ratio and Starch-to-

Monomer Ratio
The same experiment procedure as described above was carried
out, except for a-amylase concentration fixed at 10200 U cm™. The mole percents of
AM-to-IA ratio and starch-to-monomer ratio were varied at 100:0, 95:5, 90:10 and

1:2,2:2, 3:2, respectively.

3.5.2 Determinatio - ing Sugar

- standard curve was plotted.
This was done by prepari S se solution, and distilled water
7 3.3. The blank solution

comprises 1.0 cm® of disti 10 : solution. The mixture was

heated at 100°C for 5 minuges. coplingtc perature, 10 cm’ of distilled

e~ solution of different

ophetometer (Spectronic-20,
gtg of 540 nm. Subsequently,

the amount of gﬁoﬂléxﬁdﬁ ﬁﬁ%ﬁ%G}ﬂﬁj this curve. The plot

should be linear. Ijée a spreadsheet and linear regression to obtain aiymdard curve.
RASNIUSGEIANLD By o

DNS method [12], 1.0 cm® of DNS was added to 1.0 cm® of sample in a test tube. The

model Genesys). Measurement was done at a wavelen

mixture was heated at 100°C for 5 minutes to develop the color and let cool. After
cooling to room temperature, 10 cm® of distilled water was added and measured the
absorbance at 540 nm. In each case three replicas were made. The amount of reducing

sugar was considered as the average of all the results by comparison with a standard

curve.
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Table 3.3 Volume of the standard glucose solution, distilled water used in

constructing the standard curve
Standard glucose solution Distilled water Glucose concentration
(em’) (cm’) €l

0 0

0.2 0.1

0.4 0.2

0.6 0.3

0.8 0.4

1.0 0.5
Concentration of standasd g > solth

f [t~ -
The amount of reducmg ;’rfi lated in g 1" as follows:
Reducig sugar (g 1) ¢€ 4t 540 nm (3.2)

AU AINININYINT

3.5.3 Détermination of Sun;[ace Morphology of the Co%,ymer

Qq Vg Sobtabe mompiploblof qéadaﬂcﬂo';}@s ds studied by a

scanning electron microscope (SEM), JEOL, model JSM-6400, Japan.
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