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Degradation Kinetics of Potato Starch Paste under Ultrasonic Irradiation
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Abstract: The ultrasonic degradation of potato starch paste was undertaken inareactor. The experimental results showed that
themolecularweightand the intrinsicviscosityof potatostarchpastedecreasewithultrasonic irradiationtime, andareapproaching
two limiting values respectively, belowwhich no further degradation may take place. Ultrasonic degradation kinetics can be
explained with the following equations: M=50.97X10*572.77 X 10% -6t or n=0.81+6.556 X e?-2t_ The scission of
chains in potato starch paste is random in the initial stage, and then non-random.
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As the most abundant reserve polysaccharide in plants,
starch consists of a mixture of two ca-glucans containing
mainly a-D-glucan. Amylose and amylopectin are two
macromolecular components of starch granules. Amylose, a
poly (1-4)-o-D-glucan, isessentially linear while anylopec-
tin is branched and consists of linear (1-4)-o-D-glucan
chains connected through (1-6)- o linkages. They also have
different weight-average molar masses 1. Because of rapid
increase in demand for starch, there is an urgent need for
substitution of starch with other substrates for alcohol as
well asvarious other industrial fermentationst?.

Inmany of these applications specific molecular weight
of polysaccharides is required because of their unique func-
tional properties, such as thickening, film-formation, metal
bindingand antimicrobial activity®l. Ithasbeen reported that
polysaccharides can be degraded by acidic hydrolysis Hlor
enzymatic treatment 1. However, in these methods further
purification is necessary due to the presence of additions
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used to initiate reactions and formation of side products.
Sonodegradation is a free of initiator and side product.
Therefore, it isasimpler and more environmental ly friendly
than conventional ones.

Ultrasound are mechanical waves with frequencies
between 2X10* Hz and 10° Hz!®1. Propagation of high
intensity ultrasound is accompanied by generation of com-
pression and shear waves at large intensities that in turn
create shock waves . The abrupt decrease in pressure at the
edge of the saw tooth in the negative pressure cycle of the
ultrasonic shock wave spontaneously generates small
cavities. These cavities collapse in the positive pressure
cycle, produce highly turbulent flow conditions and ex-
tremely high pressures and temperatures; a process that is
better known as cavitation®. High-intensity ultrasonication
produces cavitation, which generates hot spots of short life-
times with intense local heating of ~5000°C, pressures of ~
1000 atm, and heating and cooling rates above 10'°k/sf®1.
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Application of high-intensity ultrasound to dispersion
of carbohydrates can lead to depolymerization because of
the intense mechanical and chemical effects associated with
cavitationt®_ Cavitational thermolysis may produce hydroxyl
radical and hydrogen atoms that can be followed by forma-
tion of hydrogen peroxide and, in the absence of oxygen,
hydroperoxyl radical™ . These transient reactive species can
subsequently react with carbohydratest™?. Inaddition, hy-
drolysis and cleavage due to strong mechanical forces have
been reported for a vaviety of polysaccharides. Sonica-
tion of starch led to formation of shorter chain molecules
and reducing sugarst*! and sonication of pectins resulted in
weaker gels to reduced molecular weightst™l. Partially de-
polymerized dextrans, of great interest to the pharmaceutical
industry, were produced via sonochemical, degradation of
native dextranst®l. The homolytical-heterolytical mid-chain
splitting of dextran together with a recombination of the frag-
ments led to a narrower mass distribution.

Based on these results, it can be hypothesize that the
ultrasound may offer an alternative, rapid method to degrade
the molecular weight of starch paste. The specific objective
of this study was to determine the influence of irradiation
time on the molecular weight and the intrinsic viscosity of
starch paste. The aim of this research was to set up a func-
tion of ultrasonic processing parameters for predicting the
polymerization of the ultrasonicated product.

1 Materials and Methods

1.1  Materials and samples preparation

Potato starch use in this work was purchased from
National Starch Company, America. Starch of 2.000g was
suspended in 100 ml demineralized water and boiled for 30
min. After cooling to room temperature, the starch paste was
subjected to sonication treatment.

Demineralized water from Milipore Mili-Q system was
used for preparation of all solutions. Other chemicals used
in thiswork were of analytical grade.

1.2 Sonochemical degradation

Sonochemical degradation was performed using UP 400
S Ultrasonic Processor, working at the frequency of 25kHz
with output power 300W/cm?. The starch sample of 100ml was
placed in the middle of the reactor, 1mm above the surface of
the transducer. Ultrasound irradiation time ranged from 0 to
60min, carried out in the air atmosphere. The average bulk
temperature of sonicated paste was maintained at 20+2°C.

1.ultrasonicgenerator; 2.piezoelectric transducer; 3.hom; 4.sound proofbox; 5.
supporter; 6. ironclamp; 7.conical flask of samples; 8.breakerwith ice-water; 9.
pellet.

Fig.1 Schematic of reactor potato starch paste degradation
under ultrasonic irradiation

1.3  Determinationofthe intrinsicviscosityof potatostarch
paste

The intrinsic viscosity of potato starch paste was
determined following the ASTM(American Society for Test-
ingand Materials, 2001) standard practice for dilute solution
viscosity of polymers. Theviscosity of serial ly diluted starch
solution was measured and the reduced viscosity n-was
calculatedby:

n _
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where n is the viscosity of starch paste at the polymer
concentration of ¢ and nvis the solution viscosity at 1.002
MPa at 20.0°C (Lide, 2004). The inherent viscosity 1 was
calculatedby:

n
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The intrinsic viscosity [ n] of starch pastes was deter-
mined by the intercept of both nnand n where c was near zero
(Berth & Dautzenberg, 2002; Pa & Yu, 2001). Error analysis
for intrinsic viscosity was conducted by calculating the par-
tial differentials of Eq(1) and Eq(2) to obtain standard
deviations of the reduced and inherent viscosity. The par-
tial differentials was obtained from standard deviations of
the replications of the viscosity measurements for each se-
rialdilution.

14  GPC (gel permeation chromatography) analytical
procedure

Potato starch paste samples were measured on GPC.
GPC measurements were performed by Waters chromato-
graph equipped with 1525 Binary HPLC pump, C0-8020
column oven and RI1-2414 refractive index detector. Two
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Table 1 Effect of ultrasonic irradiation time on the weight average molecular weight and the intrinsic viscosity of potato starch paste
(ultrasonic intensity: 300W/cm?, concentration of potato starch paste: 2%, distance from probe tip: 1mm)
Irradiationtime (min) 0 1 2 3 4 5 10 20 30 60
MW(X 104)593.12 549.45 448.37 360.48 280.84 220.84 111.2 77.8 52.12 50.68
[ n](ml/g) 7.46 6.28 4.86 4.23 3.52 2.91 1.80 1.00 0.84 0.85

TSK gel PWXL columns in series (G 5000, G 3000) were used.
0.2mol/L KH:POs solution was used as solvent at a flow rate
of 0.6ml/min. The columns were calibrated on the base of
Dextran standards at a concentration of 0.2mg/ml.

2 Results and Discussion

2.1 Ultrasonic degradation of potato starch paste

Inorder tostudy theeffectsofultrasonic irradiationtime
on the degradation of potato starch paste, the molecular
weight and its intrinsic viscosity of degraded starch samples
on the cross section at 1 mm from the probe were first
investigated. The data were listed in Table 1. It can be
clearly seen that the weight average molecular weight and
the intrinsic viscosity of starch paste strongly depend on
irradiationtime. Inthefirst5minofultrasonic irradiation,
potato starch paste undergoes great degradation, causing a
significant decrease of the average molecular weight and the
intrinsicviscosity. After 30minof irradiation, themolecular
weight and the intrinsic viscosity of potato starch paste al-
most keep unchanged and tend to a limiting value. The
molecular weight corresponding to the peak value is 50X
10¢, namely the limiting molecular weight.
2.2 Ultrasonicdegradationkinetics

On the basis of experimental results Yuntao* con-
cluded that the rate of sonochemical degradation for amol-
ecule with degree the polymerisation degree of x, was pro-
portional to the fraction of polymer chain, which exceeded a
limitary degree of polymerisation, x,i.e.:

: %=k(x- X,) ®

where k is a general rate parameter, which depends on
the polymer system under investigation. The cited authort!
simplified thekinetic calculations indescribing the degrada-
tion of potato starch paste average molecular weight, and its
was expressed as:

2 MM

M. MM
dr M

whereMwand M are the limitary and average molecular
weightsat irradiationtimerespectirely.
By integrating and considering that at t=0, M=Mo

(where isthe initial molecularweight), Eq (4) canbe expressed
as:

Me=(Wb—My Yo+ Mx (©)
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Ultrasonic intensity: 300 W/cn?, concentration of potato starch paste: 2%.

Fig.2 Dependence of MW of potato starch paste on ultrasonic

irradiation time

on designating the constant Mo—My =A,

M=M« +Ae™ ®

It can be seen from Fig.2 that the data of showed in Table
1 can be describes well with Eq(6). The equation of theoretic
curve isas fol lows:

M=50.97 X 10%+572.77 X 10¢e 0-216¢ ©)

where M £50.97, which is well consistent with the
experimental data 0f 50.68. The similar kinetics equation can
also describe the dependence of the intrinsic viscosity of
potato starch paste on irradiation time:

M= NeeH{To— Nog) € ®

The theoretic curve showed in Fig. 3 is agreeable well
with the experimental data. The theoretic expression is

n=0.81+6.556 X g 0-2%¢ (©)]

It can be seen from Fig.3 that the theoretic limitary
intrinsic viscosity of potato is 0.81, very close to the
experimental value of 0.84.

3  Conclusions

3.1  Ultrasonic degradation of potato starch paste occurs
based on the mechanism of molecular relaxation of potato
starch paste. Inthe initial stage, ultrasonicdegradation isa
random process, and the molecular weight distribution
broadens. After that, ultrasonic degradation of potato starch
paste is a nonrandom process, and the molecular weight
distribution becomes narrows. Finally, molecular weight
trends toward a limiting value.
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Ultrasonic intensity: 300 W/cn?, concentration of potato starch paste: 2%.

Fig.3  Dependence of [ n] of potato starch paste on ultrasonic
irradiation time
3.2 The degradation kinetics of potato starch paste under

ultrasonic irradiation obeys fol lowing equation: M=50.97 X

10%4572.77 X 10% %26t or n=0.81+6.556 X g 0-22%t

where

the limitingmolecular weight or the intrinsicviscosity is
50.87X10%r 0.81, and the rate constant of degradation
reactionis0.21, 0.229 respectively.
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