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The hydrolysis of raw potato and cassava starches by bacterial oe-pmy-
lase depends on the time of action, temperature and on the specific
starch involved. The molecular weight of the trade a-amylase (Ter-
mamyl 60L), determined by SDS-PAGE, was found 1o he
55—65kDa. The properties of a-amylase such as kinclic parameters,
inhitiition, stability, and thermostability were studied. The constants
Km and maximuem reaction rate V., for c-amylase were ftted o
Michaelis-Menten models with these two starches. Dillerences in
response of potato and cassava starches to hydrolysis by Termamyl
GOL can explain differcnces found in K, and V. values and inhibi-
lion propertics.

Kinetische Untersuchungen wahrend der Enzymhydrolyse von
Kartoffel- und Cassavastérken. e Hydrolyse von roben (nativen)
Kartoffel- und Cassavastirken durch baktericlle a-Amylase hingt ab
von der Einwirkungszeit, der Temperatur und von den verwendeten
spesifischen Stirken. Das Molckulargewichl der durch SDS-PAGE

estimmien handelsiiblichen c-Amylase (Termamyl 60L) betrug
F5=00KDa, Dic Eigenschallen der n-Amylase wi¢ kinetische Para-
meter, Inhibicrung, Stabilitdt und Thermostabilitit worden unter-
sucht. Die Konstanten K, und die maxmale Reaktionsgeschwindia-
keit V.., wurden bei den beiden Stirken den Michaelis-Menten-Mo-
dellen angepafl. Unterschiede in der Reaktion von Kartoffel- und
Cassavastiirken in der Hydrolyse durch Termamyl 0L kéinnen die
bei der Ky, und bei der Vi, sowie bei den Inhibierunpseigenschafien
gefundenen Unlerschicde erkidren,

1 Introduction

Potato and cassava (Maniliot escelenta) represent a popular
crop in many countries, including South Africa, Cassava ac-
counts for 57% of the total production of tropical roots and
tubers. Cassava flour can be processed into food products, lecd
and aleoholic drinks such as “Kasiri” and “Kapana™ [1-3].
These plants are the main source of starch [4—6]. Potato, sweet
potato and cassava starches have been widely used in liquefac-
tion with thermostahle endo-amylase [7—12].

Enzyme kinetics of all processes such as mechanism of amy-
lase-inhibitor interaction; enzyme-substrate-inhibition com-
plex; an active site carboxyl group in liquefying a-amvlase,
purification, characterization and application of enzymes is
described in many reports |11, 13-15]. Sume preliminary
kinetic studies on starch enzymatic hydrolysis were conducted
in our previous studies [16, 17]. The raw materials employed
vary in their chemical composition and physical properties,
therefore all parameters have to be tested. This rescarch
included the investigation of the suitability of potato and
cassava starches for the production of glucose, Very little has
been reported of the effect of bacterial thermostable c-amylase
on the kinetic data of potato and cassava starches. This study
aims to determine the kinetic and thermodynamic data of
potalo and cassava starches through their degrees of hydroly-
SIS

2 Materials and Methods

Medium size potato tubers (Solanum tuberosin, cv. Russel Burbank)
grown in Alberts and obtained from [ & 8 Produce Lid. (Edmonton)
and cassava roots (Manihol escilenta, cullivar C2) which were received
from the Experimental Cassava Station (Miunzini, South Africa) were
peeled and sliced. Potalo and cassava starches were isolated according
{o comventional methods [18. 19). ‘Then potsto and cassava starches
were washed with distilled water several times Lo remove the impurities
and dried in an oven al 40°C before being used. These pure starchis
were used for hydrolveis studics.

Termamyl 6L (a thermastable bacierial e-amylase, activity 60 KNU/g,
praduct of Novo-Industri A/S, Denmark) was donated for this invest-
gation, ce-Amylase inhibitor (from Triticum aestiboorn, containing appro-
ximately 50% protein, activity 1 —2000 units/mg protein} was imported
from Sigme Chemical Co.

The moisture, fat and protein contents, swelling power and solubility,
witler binding capecity, gelatinization temperature and total carhohy-

drates were porformed aceording to conventions] methods of analysis
[20].

Amino acid analysis of c-amylase (Termamyl 60L) was performed in a
Beckman 120C analyzer after hydrolysis with 6 8 HCLat 110°C for 72 h
[21]. The carbohydrate content of the cnzyme was determined by
phenol-sulluric acid method [22].

Molecutar weights (MW) of trade enzyme e-amylase (Termamyl 60L)
were determined by the application of sodium dodeeyl sulphate poly-
acrylamide gel electrophoresis (SDS-PAGE) according to Laenunll
[23]. Standard M, values lor protein subunils were obtained from a
graph prepared for the following standard subunit snalvzed by SDS-
PAGE (subunit M, in parentheses in kDa). Mixture of oligomeric
peptides, which have been chemically crosslinked with the following
Mrs: (14.3): (42.9); (57.2); (71.5); and (85.0) was produced by Fluka
Chemica-Biochemica.

The separation gel contained 10% of acrylamide (PAAG). The running
buffer wasal pI 6.8. The running time was 130 min, using 18 mA per el
Mercapthoethanol (ME) and ME with urea were used 1o provide a
reduced condilion ta the sample preparation. Slaining of gels for
proteins was performed in 0.23% Coomassie Brilliant Blue 250R
(CBER) [24] and for glveoproleins by a modification of the periodic
acid-Schiffs base method [23].

Potato and cassava starch aqueous suspensions were gently boiled until
solubilized and then diluted with water to 5%. This ice-cooled solution
was treated by dropwise addition of Sml 1.5% aqueous sodium borohy-
drate solution. The temperature al a reaction mixiure raised to 23°C
and kept at this lemperature overnight (stock solution). T0ml of starch
salution were neutralized with 1 8 acetic acid and diluted to 1% starch
with K-phosphate buffer, pH 6.9 (0.04 M K-phosphate-0.05m NaCl-
L mm CaCly),

Stock solution of the enzyme was obtained by dilution of the thermost-
able bacterial e-amylase (Termamyl 60L) in K-phosphate buffer pH
6.9, containing the enzyme stabilizer (proteolytic enzyme inhibitor),
Warking solutions of experiments were prepared duily by slowly adding
0.0 mi aliquots ol stock solotion: 01 M sodium: hydroxide and by
adjusting the solution closg 1o 1 mg preparation per ml with K-phos-
phate buffer, pH 6.9,

Hydrolysis was done by combining of 1 mlof 1% NaBH-treated starch
salution with 1.0 ml of enzyme solution {1 mg liguid enzyme preparation
per mljar 374, 60°C, 75°C, and 90°C, The reaction Umes lasted from
3 up Lo 90 min. All reagents for this reaction including 3.5-dinitrosalicyl-
ic acid and Roechelle salt were prepared according 1o Bernfeld [26].
When reactiom was stopped by adding of 2 mi 3.5-dinitrosalicylic acid,
the fesl lubes were heated for Smin at 100PC, The reaction mixiure was
diluted by adding 20ml of distilled water, and absorbance read at
45nm against the blank in which the enzyme was omitted, A calibra- -
tion curve was established with glucose (0.2 to 2.0mg in 2ml H.0),
Since the hydrolysis of starch by various amylases resulis in he
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formation of maltose, cligosacchandes and glucose, the assay of thess
cnzymes was performed by measuring the appearance of reducing
sugars by Nelver-Somogyi assay [27-30],

Effect of enzyme concentration on thevelocity of hydrolysisavas dong at
pEl 6.9, 37°C. vsing a constant amount of starch samples and varying
amounts of enzyme, Rate of inhibition of c-amylase (Termamy] A0L)
with an e-amylase inhibitor wis détermined by measuring their activi-
ties. a-Amylase inhibitor solution (0.5 mg/m1) was added to the reaction
during inhibition studies [26]). Alguols of the assay mixiure afler
inculbation for 30 min at 37°C were removed al the indicated limes inlo
1% reduced starch in order to determing the amount of a-amylase
{Termamyl 60L} setivity left. pH dependence of extent of combination
af enzyme with inhibitor was done by incubation ol both lor 30min al
37°C at varying pHs, The buffers used were 4 mm sodium acetate (pH
4,1 —6.3) and 4mM poelassium phosphate (pll 6.23 < 6.85). The residual
o-amylase (Termamyl 60L) activity was measured at pld 6.9 [15].

All parameters affected the velocity of the enzymatic reaction (sub-
strate and engyme concentrations; inhibition: tomperature; and pH)
were determined [14, 15]. The substrate a8 was mentioned above was
prepared as sodium borohydrite reduced soluble starch [28]. The initial
rates of reaction, kinelic Michaelis constants K, and the maximuem
reaction rates V., were determined with different substrates under a
variety of conditions; including varying concentrations. The kinetic
propertics of a-amylase were examined by determining the paramelers
al Michaelis-Menran's kinetic equation of starch hydrolysis at three
different temperatures, The numerical value of the Kinetic constanis
were ahtained after Lineweaver-Burk [31] as well as by other graphical
methods [9, 32], Some data were analyzed for statistical signilicance by
the least significant difference (LSD) test ot the 5% level of probability
[33].

3 Results and Discussion

The proximate composition of raw potato and cassava starches
(fat — 0L06%; nitrogen — 0.02%; carbohydrates — .11 g/100 g
d. b.; gelatinization temperatures — initial; 60°C and 56°C,
mid-point: 63°C and 61°C, and end-point: 66°C and 63°C:
swelling power — 2,13 and 2.73; solubility = 0.21% and 1.07%:
and water binding capacity — 1.14% and 1.77% fell within the
range of values reported in literature [5, 6, 16, 17].

SII5-PAGE and ME-UREA-SDS-PAGE patierns revealed
that the c-amylase (Termamyl 60L) consisled of two major
subunits with the molecular weight about 35—65kDa (Fig. 1,
lane b). Amino acid analysis showed the enzyme to be low in
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Fig. 1. SDE-PAGE of a-zamylase (Termamyl 60L) in 10% PAAG,

a. standard protein calibration mixture, stained with CBBR; b, a-amy-

lase (Termamyl 60L) in ME + urea, stained with CBBR: c. a-amylase
( Termamyl 60L) in ME + urea, stained with basic fuchsin,

sulfur-containing amino acids. The enzyvme had about 82%
carbohydrates. This was supported by the glycoprotein pre-
sence, confirmed with Schiff's reagent (Fig. 1, lane ¢). These
data correspond with others, who reported for -amylase from
Racillus species about 50-55kDa [34, 35].

The main factors which determine the initial velocity of enzyme
reaction such as effects of eneyme concentration, substrate and
its concentration, inhibition and temperature were demon-
strated in Figures 2—10,

The pH for a-amylase (Termamyl 601} was in the range of
5.8—7.0 depending on the type of buoffer, temperature and
starch concentration, The enzyme concentration varied also
between 0.01%—0.1%. The optimal conditions such as constant
pH (6.9) and constant enzyme concentration ((1.1% viw) were
applied in this study based on several authors [36—43], as well as
on our experimental data.

A plot of initial velocity of starch hydrolysis as a function of
enzvme is shown on Fig, 2. The velocitv is proportional to the

s iy T

|Glucasa) & 4073
=}
i
T
(o
\

Fig. 2.  Effect of g-amylase (Termamyl 601.) concentration on reaction
valocity of hydrolysis in potate (—®—) and cassava (—O—) starch
samples at 37°C and pH 6.9,

enzgyme concentration, but the slopes of the straight lines are
different for potato and cassava starches, As it was menboned
above that in the enzyme-substrate kinetic study the released
glucose was determined colorimetrically. The standard curve
used is presented in Fig. 3, position B. Fig. 4 shows two levels of
polato starch substrates which provided the expected data.
Higher the subsirate concentration, ligher was the content of
glucose in the hydrolysate. The lowest hydrolysis extent was
observed at 37°C. At 60°C and 90°C the two concentration
levels provided rather close results, The 60°C being preferred
by the enzyme. The highest extent of hydrolysis at both concen-
trations was achicved at 73°C. The hydrolysis rate reached
practically a plateau region after 40min with the exception of
the rate recorded at 75°C. Here the hydrolysis is not reaching
vet a plateau region even after 80 min (Fig. 4). A plot of initial
velocity as a function of potato starch concentration is shown in
Fig. 5. The maximum velocity is abiained at 75°C. Starch as a
substrate is illustrated at 90°C on Fig. 6 and as well as on Fig, 3,
position A. The three concentrations of cassava starch were
more readily hydrolvzed than the corresponding levels of
potato starch.

Probably, the samples during enzymatic hydrolysis contained
different proportions of low-molecular weight carbohvdrates
and residual starch, and eneymatic attack was done throughout
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Fig. 3. Effect of substrate material on activity of e-amylase (Term-
amyl G,

{A) The reaction was carried out im the presence of potato (—C—) and
cassava (——O——) starch samples at 90°C and pH 6.9, 1,2.3-, respecti-
vely, Tml, 2mi and 3 ml of substrate, (B) Standard calibration curve.
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Fig. 4. Effect of substrate matcrial on activity of a-amyvlase (Term-
amyl 601,

The reaction was carried out in the presence of (——0——) 1ml and
(—@—) 3ml of potato starch samples.
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Fig. 6. Temperature stability of a-amylase { Termamyb 60L).
The enzyme was incubated at various temperatures for 80 min in the
presence of (—@—) Tml; (—8@—) 2ml; and (—&—) 3ml of potato
starch samples, and (—2—) 1mi, (—C—) 2ml, and {—A4—) 3ml of
cassava starch samples,

the amorphous granular areas. The cassava was more similar 1o
the cereal starches than 1o the other root starches, The differen-
ce in the digestion of the starches suggests structural differences
in the pattern of intermolecular bonding. The imlermolecular
bonding in the polato seems o guile elfectively cover the
potential adsorption sites. 1t was shown that percent of diges-
tion by a-amylase of potato was 4% in comparison with cassava
of 34% |43). This is in agreement with other investigations
[36—=39].

A double reciprocal of 1 versus 1[S] vielded a straight line
from which K, and V.., were calculated by Lineweaver-Burk
graphical method. The hvdrolysis data of substrate concentra-
tions were obtained at 20 and 40 min intervals (Fig. 7, positions
Acand B). The K, (mol/dm”) for potato starch at 37°C, 75°C and
BOAC increased from 5,65 % 1077 1o 1.92 % 107 aL constant time
of 200min. The values obtained al 40min were nearly in the same
Tange. C'maam starch had a much lower K, =223 % Iﬂ"
{mol/dm™) than the polato starch, suggesting a higher alfinily of
ci-amylase to cassava starch, K, and V. values for potato and
cassava starches at 37°C, 75°C and 90°C were within other data
[36, 37, 44, 43]. The K, value which is an indication of the
affinity of the enzyme to the substrate is quite |:ln;m_ tothat of the
native w-amylase [37].

The rate of inactivation of c-amylase al pH 6.9 and various
temperatures followed a first order rate process. The rate
constantls were plotted against the reciprocal of absolute T and a
straight line relationship is oblained (Fig. & position B). The
activation energies for denaturation of enzyvme and convertion
of substrate o product were caleulated from the slopes of data
platted according 1o the Arrfienins equation lor different tem-
peratures and different substrates (potato and cassava star-
ches). Activation energies (kl/maol) of the hydrolysis for potato
and cassava starches were determined to be 32.75 and 28.65,
respectively, which correspond to others [46, 47]. Even a small
lowering of the energy of activation resulis in a significant
increase in the rate of this enzymatic reaction compared to the
nen-¢nzyvmatic (non-catalyzed) one.

Rate of inhibition of c-amylase [ Termamyl 601 with an a-amy-
lase inhibitor was performed with vanation of time and pH. The
inhibition of c-amylase (Termamyl 601 ) by c-amylase inhibitor
with polato and cassava substrates approaches 40—45% (Fig.
0}, The extent of combination of c-amylase inhibilor with
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Iy 1 ml 2 ml and 3ml of substrate, (B) Temperature profile of a-amylase
{Termamyl 60L) plotted according o the Arrhenius equation wilh
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o-amylase (Termamyl 60L) is dependent on the different pH of

incubation with an optimum at approximately pH 5.0—-3.2 for
potato and cassava starch samples (Fig. 10).

4 Conclusions

Optimum temperature, optimum pH, range of pH stability,
maximal activity, initial and relative rates of hydrolysis of

G0 ¢
—
"
z i
o a1l -'______._f__.
= o e
E —
T
z e
= 20) f_,_-_;.'_,-f‘
r A
._'__.-
sz :
= it P e
0 i ] 150 210

Time, min

Fig.9. Rate of inhibition of c-amylase {Termamyl 60L) with an
n-gmylase inhibitor in potato (—@—) and cassava (—0—) starch
samples.
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Fig. 10, Rate of inhibition of c-amylase (Termamyl ADL) with an
c-amylase inhibitor at different pH in polato (—@—) and cassavi
{—O—) starch samples,

soluble starch samples, inhibition. activation energy and evalua-
tion of final products of starch hydrolysis were determined. The
starting solids content 1 %a(w/w), temperatures and limes werc
varied between 37—90°C and 5—80min, respectively. Optimum
liquefied starch (overall rate of starch hydrolysis according to
the amount of reducing sugars) yields were obtained at tempe-
ratures of 80-90°C. '

It is shown how the type of inhibition depends not only on the
nature of inhibition, but also on that on the substrates. The
susceptibililies of raw starch granules to amylases depend on the
starch species and the origins of the enzymes. This is in
agreement with our previous data that the highest percentage of
hydrolysis was obtamed using bacterial thermostable a-amyla-
se.

Acknowledgement

The author greatly acknowledges the technical help of Mr. Chris
Meyiwa and Mr. Ralfph Masikidi and the Language and Audiovisual
Centre for the assistance in the preparation of the figures (University of
Zululand, South Africa).

94

starchistarke 45 (1993 Nr, 3, 5. 01=05



Bibliography

[1] Dkezie, B.O., and £ V. Kesikowski: I. Dairy Sci. 64 (1981),
Al6—421.

[2] Keyevaan, J.: Landbouw Nicuws {1954), 4-7,

[3) Francn, CM. L, 84 Do Rie Preto, C.F Cigeco, and . QL.
Tavares: Starch/Stérke 40 (1988), 2932

[4] Isfibare, M., K. Yonaha, and 8 Teyara: Byukyun Daigaku No-
gakubu Gakujtsu Hokoku 20 (1982, 39—45,

[3] Kafiwara, b, and M. Muoeda: Agric. Biol Chem. 47 (1983),
23352340,

[6] Khalid, N. M., and P. Markakis: Production of high-fructose syrup
from cassava starch. In: The quality of food and beverages.
Chermstry and Technology, G. Charalambous and G, E. Inglett
(Eds}. Academic Press Ine., London, VOEL 1 (1981, 319-320,

[7] Dsrerpaard, Jes: Enzymes in the carbohydrate industry. CME.
R.N.AL International Symposium on the Use of Enzvmes in Food
Technology. Versailles, France, May 1982 | 1-21,

[8] Novais, L M., J. M. S8 Cabral, and J. P. Cardoso: Actas Synop.
Iberoam. Catal. Sth, 1 (1984), 397406,

[9] Provbwe, M., and H. Sugier: Starch/Stérke 40 (1988), 108—111.

[10] Srikurita, 5. 5 A Jeleel, N F. Ghildval, B. K. Lansane, and N. G
Karanth: Starch/Stirke 39 (1987), 234237,

[11] Szajani, B., G. Klomar, and L. Ludvig: Enzyme Microb. Technol. 7
(1983, 485-492,

[12] Zhae, Z.; Shipin Yu Fajico Gongye 3 (1984), 36-41.

[13] Kochhar, 8, and R. D Dua: Biosci. Rep, 4 (1984), 612—-619.

|14] Tanizaki, M. M., and F M. Lajelo: 1. Food Biochem. 9 (1985),
T1-589.

[15] Wileex, E R, and J R, Whitaker: Biochem. 23 (1984), 1783 -
17491,

[16] Gorinsiein, 5.: Kinelics of enzymatic hydrolysis of potate and
cassava starch. Paper N® 129, presented at 13th International
Carbohydrate Symposiom, New York, Ithaca, Aug. 10-15,
1956,

17] Gorinstein, 5, and C. ¥i Lii: Starch/Stirke 12 (1992), 461 —466.

| 18] Garinstcin 8, 8. Yamagate, and D, Hadzivev: T. Food Chem. 12
(1988), 37—49.

[19] Adkins, 7. K., and C T, Greenwoed: Starch/Stiicke 7 (1966), 213
219;

[20] AQAC, Official Methods of Analysiz 14th ed. Assooation of
Official Analytical Chemists, Arlingron, VA, 1984,

[21] Spackmean, DCH, WoH. Swein, and 5. Meore: Anal. Chem. 30
(1958), 1190- 1208,

[22] Pubseis, M., K. A, Gilles, . K. Hamilton, and F. Smith: Anal, Chem.
28 (1956), 350—7350, {

[23] Laemmdi, U, K. Nature 227 (1970, 680633,

|24] Crorinstein, 5, K. Moshe, L0 Greene, and P Arrudas 1. Agric
Food Chem. 39 (1991), 831834,

[25] Fairbanks, ., T L. Sreck, and D F . Wallack: Biochem. 10
(1971), 26062617,

[26] Bernfeld, £.; Amylases-o and -B, In: Methods in Enzymology, 8. P.
Colowick and N.O Raplan (Eds). 1 (1935), 140—138.

[27] Leach, H.W., and T.J. Schoch: Cereal Chem, 38 (1961), 3446,

[28] Srruemeyer, D, H.: Anal. Biochem. 19 (1967), 61=T1.

[29] Somogyi, M.: I. Biol. Chem. 195 (1952), 19-23.

[30] Nelson, Mo 1. Biol. Chem. 153 (1944), 375380,

[31] Lineweaver, H., and £2. Burk: 1. Am. Chem. Soc, 56 (1934), 638 -
Ga6. -

[32] Divon, M., and £. C. Webb: Enzymes, 3rd ed. Academic Pross, New
York 1979, 48~55,; 55138, 138=182.

[33] Duncan, D. B.: Biometrics 11 (1955), 1-54,

[34] Chang, H., and F. Friedberg: Biochem. 1. 185 (1980), 387 —402.

[35] Bfelia, R. 5., and [ Affesear: Can. J. Microbiol, 31 (1983), 149-
153,

[36] Siron, ¥., [X Lecommandenr, and C. Lauriére; J, Agric, Food
Chem. 38 (1%90), 171-174,

[37] Tarkhan, L.: Starch/Stirke 44 (1989), 315-318.

[38] Mizukuers, 5., Y. Takeda, T. Shitaozona, J. Abe, A, Onakara, C,
Takedo, and A, Suzuki: StarchiStirke 40 (1988), 165=171.

[39] Line, 8. ¥, M. 5. Shin, and 5. Yo Aln: Han'guk Nonghwa Hakhoe-
chi 28 (1985), 156—161.

[40] Csrergdrd, R, J. Bjarck, and A. Gunnrarsson: Starch/Stirke 40
{1988), 58—36.

[41] Tauge, H., M. Hishida, H. fwasaki, & Watanabe, and G, Gosfiima:
Starch/Stirke 42 (19907, 213214,

[42] Vijayagopal, £., C. Balagopalan, and 8, Meorthy: Starch/Starke 40
{1988), 300—302.

[43] Sandsteds, & M., and & Usda: 1. Japan. Soc. Starch Sci. 17 (1969),
215=228.

[44] fwara, K., M. Ofnishi, and K. Hiremic Starch/Suirke 42 (1590),
147 —151.

[45] Stevenson, E.M., R A Korus, W Admassu, and B. C. Hetmsch:
Enzyme Microb. Technol. 8 (1984), 549554,

[46] Milfer, E., and H. Sugier: Starch/Stirke 42 (1990), 71-74.

[47] Ramesh, M. V., and 8. K. Lonsane: Starch/Starke 42 (1990), 235—
238,

Address of authar: D, Shela Gorinstein, Department of Pharmaceut-
ical Chemistry, School of Pharmacy, The Hebrew University of Jeru-
salem, Faculty of Medicine, P.O. Box 120643, Jerusalem 21120, Israel.

(Received: December 15, 1992),



