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ABSTRACT

The starch quantification was achieved through d¢batrolled kinetic model of acid hydrolysis of potatarch at
pH 3.0. Potato starch (weight average granule ditmet0.0 um) was hydrolyzed in a batch reactongi€.001M
HCI (pH 3.0) solution. The conversion of starcloiméducing sugar glucose was recorded separatelyliféerent
temperatures (343K, 353K and 363K) as a functiotinoé. Maximum (37.92%) conversion of starch tacghe (in
90 minutes) was obtained at 363K. Reaction folléives-order rate equation with respect to starchncentration.
Based on the rate constant (k) and half-lifg,)(tof acid hydrolysis, unknown samples were quautifor their
starch content as per the derived kinetic modeé ethod was found suitable for quantificationasfjé number
of biological samples of similar type in lesserdim
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INTRODUCTION

Starch is a complex polysaccharide consistinglafge number of glucose units joined by glycosidads [1, 2].
It is the main storage food of the plants, and kbg ingredient of most cereal seeds (maize, whedt a
rice), tubers (potato) and roots§ioca). Farch hydrolysis [3] is expressed as

(CeHiOs)a+NHO — ——» Nell120s -
Starch D-glucose

The hydrolysis of starch in our body is controltacbugh complex catalytic mechanism. However, ttid hydrolysis
is the well known method of converting starch ighacose units in the laboratory [4h 1842,Starch hydrolysis was
first practiced in USAon commercial scale [5].iKetics of hydrolysis of sorghum molasses was ddrlyy Khan
et al.,, 1980from experimentally determined hydrolysis ratenstants as function of the acid concentration and
temperature [6]. Chemically modified starches tigfohydrolysis process have also been reported Tk reaction
conditions were optimized by Yankov et al., 1986tfe starch hydrolysis through thermo stablamylase [8]. Now,
microbial amylases are widely used in starch hydislin industries [9]. Physico-chemical and fuoicél properties
of Canavalia ensiformistarch hydrolyzedvith HCI were studiedby Betancur and Chel in 1997 [1{inetics
of acid hydrolysis of cellulose was first described by >daet al., in 2003 as twpseudo-homogeneous
consecutive First-order reactions [11]. Later aarch was hydrolyzed to produce mono- and oligdsaddes under
hydrothermal conditions withnd without carbon dioxide (Gin a small batcheactor [12].

The acid hydrolysis of starch is a set of differpatallel first order reactions which are dependgmin pH and
temperature [13]. The reaction rate of starch Hydi® is also varied with particle size of stardargiles. Small
particle size of starch granules enhances theofateaction due to increase in surface area. Ttidysis aimed to
investigate the kinetic behaviour of acid hydrodysif potato starch in controlled optimized condipand to
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guantify the starch content in large number of wvkn potato starch samples using rate constant Kiven
temperature.

MATERIALSAND METHODS

All the chemicals used, were of analytical gradealsis of commercially available potato starch (weight
average granule diameter, 40rf) was carried outt pH 3.0.Fehling solution was prepared by making two sofytio
first one was prepared by dissolving 34.64% K3y of crystallized CuS¢bH,O and 2-3 ml concentrated, 80, in
water (1: 1) and other by dissolving 175%Bg of Potassium sodium tartarate (Rochelle sat) 30x10° Kg of
NaOH (97% pure) in water (1: I). An equal volumeeakh solution was mixed to obtain the Fehling tsmiufor the
titrimetric estimation of glucose.

Experimental M ethod

Acid hydrolysis of starch was performed in a cohislaaped glass reactor with thermometer well and Eamp
trapping pocket. A water condenser (standard Boft#)jwas fitted on the mouth of reactor to avaidd of HCI and
water vapour. This reactor was immersed in a thstatio water bath. This whole reactor system wasséd on a
magnetic stirrer operated at a fixed rpm throughiogitreaction for all sets of experiments.

Potato starch (starch content 2.0%1Kg) was charged into clearactor. Distilled water (400 ml), heated to a
fixed reactiontemperature, and was poured into it with simultasgoaddition of dilute HCIA mercury glass
thermometer (scale 10-150°C) wasserted into contents of reactor. The reactiontane was given proper
stirring to maintain the reaction medium in susehstate. Contents of reactor attained desired ¢eatyre within
10 minutes. Reactions were conducted for initialaamtration of starch 5.0Kgfat pH 3.0 and temperature 343-
363K. Afterdesired hydrolysis, insoluble protein, fat and sanmeganic components present initially in starch
were separated by filtration. Reaction mixture (@) was drawn out to analyze the hydrolyzed standerms of
glucose by titrimetric method [13].

RESULTSAND DISCUSSION

The acid hydrolysis of starch is dependent on wariactors, including the type of substrate, exataitity of starch,
the pH of the solution, reaction temperature andigha size of starch granules. This process haspbex reaction
mechanism. If the reaction is carried out throughtiolled reaction parameters, it follows first erdeaction kinetics.
The Integrated form of first order kinetic equatisigiven below

k= 1/t In (a/a-x)

Where, a = initial concentration of starch in Kg/rfa-x) = concentration of starch in Kgfmat time t; and k = rate
constant.

This equation is well adapted for acid hydrolydistarch, if particle sizes, pH of solution andaté@n temperature are
fixed throughout the reaction.

Initial concentration of starch present in reactiointure is 5.0 Kg/m First series of experiments of acid hydrolysis of
starch was conducted at 353K and pH 3.0. The stfitinetic parameters indicates that acid hydraydistarch
follows First-order reaction kinetics (Table 1).

Table 1. Kinetic parameters of acid hydrolysis of starch at 353K

Time (t) Initial concentrati30n of starch | Concentration of st3arch at timet
S.No. | . . Kg/m Kg/m ala-x In (a/a-x)
in minute
(@ (ax)

1 0 5.0 5 1 0
2 10 5.0 4.859 1.029018 0.0284
3 20 5.0 4,726 1.05797}Y 0.0564
4 30 5.0 4,591 1.08908}Y 0.0853
5 40 5.0 4.46 1.12107¢ 0.1143
6 50 5.0 4.339 1.152339 0.1418
7 60 5.0 4.21 1.18764¢ 0.172
8 70 5.0 4,108 1.21713}Y 0.1965
9 80 5.0 3.971 1.259129 0.2304
10 90 5.0 3.889 1.285678 0.2513

Rate constanibtained from this data is 2.8x1fin™ at 353K. Other experiments were done using 5.0rRgtarch
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and dilute HCI maintaining pH 3.0 at 343K and 368ksee the effect of temperature on the reactioetikis of starch
hydrolysis (Table 2).

Table 2. Time dependent acid hydrolysis of starch at different temperaturesand pH 3.0

Experiment 1 Experiment 2 Experiment 3
(T=343K) (T=353K) (T=363K)

S. Time (t) Starch concentration Starch concentration Starch concentration
No (min) (Kgim®) (Kgim®) (Kgim®)

Unreact | Hydrolyz | Conversio | Unreact | Hydrolyz | Conversio | Unreact | Hydrolyz | Conversio

ed ed n% ed ed n% ed ed n%

1 0 5.000 0.000 0.00 5.000 0.000 0.00 5.000 0.000 0 0.0
2 10 4.898 0.102 2.04 4.859 0.141 2.82 4.764 0.236 72 4.
3 20 4.805 0.195 3.90 4.726 0.274 5.48 4.544 0.456 12 9.
4 30 4.712 0.288 5.76 4.591 0.409 8.18 4.326 0.674 4813
5 40 4.624 0.376 7.52 4.46 0.54 10.80 4.098 0.902 0418.
6 50 4.555 0.445 8.90 4.339 0.661 13.22 3.905 1.095 1.902
7 60 4.452 0.548 10.96 4.21 0.79 15.80 3.692 1.308 .1626
8 70 4.362 0.638 12.76 4.108 0.892 17.84 3.496 1.504 30.08
9 80 4.258 0.742 14.84 3.971 1.029 20.58 3.217 1.723 34.46
10 90 4.184 0.816 16.32 3.889 1.111 22.22 3.104 1.896 37.92

Rate constants wembtained as 2.0x18) 2.8x10° and 5.2x1F min?, respectivelat 343K, 353K and 363Fig. 1).

0.8
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< 05 - .
(\IU 0a ] + In(a/a-x) 343K
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Fig. 1. The effect of temperature on the reaction rate of acid hydrolysis of starch (Initial concentration a = 5.0 Kg/m®) at pH 3.0. Values
of rate constant k are given in min*

Table 3. Time dependent acid hydrolysis of starch at different concentrations
(Temperature 353K and pH 3.0)

Experiment 4 Experiment 5
S No. | Time (t) (min) Starch(c};)&cr:ne?)tratlon Starch(c};)&cr:ne?)tratlon

Unreacted | Hydrolyzed | Conversion% | Unreacted | Hydrolyzed | Conversion%
1 0 2 0 0 8 0 0
2 10 1.945 0.055 2.75 7.762 0.238 2.97
3 20 1.894 0.106 5.3 7.548 0.452 5.65
4 30 1.84 0.16 8 7.334 0.666 8.32
5 40 1.787 0.213 10.65 7.12 0.88 11
6 50 1.739 0.261 13.05 6.925 1.075 13.43
7 60 1.689 0.311 15.55 6.712 1.288 16.1
8 70 1.647 0.353 17.65 6.549 1.451 18.14
9 80 1.591 0.409 20.45 6.339 1.661 20.76
10 90 1.569 0.431 21.55 6.198 1.802 22.52

The accuracy of the model was verified by experitaletiata, which are not used for developing kinetixlel. For this
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reason, set of experimental datare generated by taking concentration of sté@e2.0 and 8.&Kg/m°) at 353K
and pH 3.0 (Table 3).

Thus, experimental best-fit value of rate constant, R.Bx10°> min™. This will also confirm that kinetics of
hydrolysis reaction is independent of inittc@hcentration of starch at a particular temperdtaig. 2).

0.5
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Fig. 2. Acid hydrolysisof starch at different concentrations at 353K and pH 3.0. (a) I nitial star ch concentration 2.0 Kg/m® and (b) Initial
star ch concentration 8.0 Kg/m®. Values of rate constant k are given in min™

At pH 3.0, maximum conversion of starch to redgciugar was 22.22% (at 353K) and 37.92% (at 363€) 80
minutes. The quantification of starch was carriagtitty simply calculating the half-life value of cdi@mn by following
expression

Half life (t1) in minutes = 0.693/k
By calculating the half-life (Table 4) of acid hydlysis of starch at given temperature and pH, @meeasily assume

that the 50% starch has been hydrolyzed. The digatiton of resulting glucose at this point givesthe half value
of starch content. The double of this quantity lbariaken as total starch in the unknown potateistsamples.
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Table 4: Half-life values of acid hydrolysisof starch at different temperatures

S. No. Tempg%ature Rate constant k (min™) | Half life (ty) in (min)
1 343 2.0X1C 346.5
2 353 2.8X10° 2475
3 363 5.2X1C 133.2

To validate the model three unknown samples oftpatarch (PS-1, PS-2 and PS-3) were treated widil®1 HCI
(pH 3.0) for 247 min 30 s at 353K, and 133 min 1& 863K. The starch content at this point reprissthre half
concentration of total starch content. The totakcdt content was quantified with less than 9.33tative error
through this experiment. The relative error wasrelesed in the samples having higher quantity atlstérable 5).
The conversion of starch into glucose is not cotepleachievable and therefore the controlled kinatiodel is
suitable for starch quantification.

Table5. Quantification of starch in unknown samples of potato starch using controlled kinetic parameters
(pH 3.0 and particle size 4Quén)

Concentration of potato starch Kg/m®
Temperature Temperature
(353K) (363K)
Sample Reaction time Reaction time
247min 30 s 133min12s
Starch taken | Calculated | Relativeerror | Starch taken | Calculated | Relativeerror
PS-1 2.5 2.65 -6.00 2.5 2.37 5.20
PS-2 15 1.64 -9.33 1.5 1.38 8.00
PS-3 6.0 6.15 -2.50 6.0 5.88 2.00
CONCLUSION

The aim of this study was to investigate the kiogetf acid hydrolysis of starch in controlled réactconditions.
The study was carried out for the potato starctigieaverage granule diameter, 40.0um) at pH Z@. Gehaviour
of the reaction was observed at 343K, 353K and 3681 rate constant k was found 2.0%1@.8X10° and
5.2X10° min™ at these temperatures. The model was verifiedgudifierent initial concentrations of starch, for
which the rate constant was also found ~2.8Xa0n™ at 353K. Hence, the reaction was thought to bedaddent
from initial concentration of starch. Further, thalf-life values for acid hydrolysis were calculdtet different
temperatures, and the substantial decrease inalfiife of reactions was observed with increas¢amperature.
The quantification of the glucose at half-life tirmkthe reaction gives 50% of starch content ingiven unknown
samples, which can simply be doubled for totalcstarontent in the samples. The model is well adeqfa the
particular type of starch with unique propertiesd & operated in controlled kinetic parameterse THige number
of unknown biological samples, having similar typestarch content can be quantified in lesser tthen the
conventional methods.
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