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ABSTRACT

A new alpha amylase enzyme ( Termamyl 120 L ) has been investigated
to evaluate the role of this enzyme in starch liquefaction process. The
effect of substrate concentration using cassava and corn soluble 8tarches
on the enzyme activity indicated that the maximum reaction velocity ( V )

max
was 2,02 mM / 1 and 1.82 mM / 1 , respectively .

The Michaelis constant ( K ) was 0.0222mM / 1 for cassava starch

and 0.0%321 mM / 1 for corn starch ., The effect of pH on reaction activity
of this enzyme indicated that the optimum pH values for ( Termamyl 120 L )
enzyme was 6.2 in corn soluble starch and 6.7 for cassava starch . The
effect of temperature on the enzyme activity declared that the optimum
temperature for both types of starch equals 0 C .

The effect of Termamyl 120 L enzyme concentration on the reaction

activity was determined , the latter was proceeded with increasing 1in

concentration 4, but not in proportional .

INTRODUCTION
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and high fructose syrup in many tropical and subtropical countries. The
utilization of this source is particulary interesting for 1ts high yield,
one hectare ( 2.4 feddan ) yields 39 -- 45 tons of raw cassava starch
corresponding to 10 -~ 15 tons of dry starch ., Therefore , the introd-
uction of cassava in Egypt with no doubt will be helpful 1n solving
shortage of sucrose, also corn starch can be substituted by this cheaper
source to produce glucose and inverted-sugar .

There are many disadvantages during acid hydrolysis of starch , Guel
( 1962 ) . Consequently , the enzymic degradation 1s recently of great
industrial i1mportance .

Novo Industrials Comp. introduced in ( 1979 ) a heat alpa amylase

enzyme ( over 100°C ) which was quite suitable for liquefication process
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under the commercial name “Termamyl 120 L ' , At this point of *em=neorat-

ure ( over 100 ) the risk of retrogradation phenomenon 1is rreatl— ~:duced
( Madsen et al. , 1973 ) and the next saccharification =nr->:. ‘:sama
easler on cooked starch « This enzyme 1is a liquid - endo amy_az= wiich

rapidly hydrolyses 1,4= alpha = glucosidic linkages , at raniom |
amylose and amylopectin producing dextrins and oligosaacharides ,

Rosendal et al.( 1979 ) stated that the stability of the new amy-
lase enzyme " Termamyl 120 L " is greatly depend on ! temperature, pHy
starch dry substance and salt content . Aschengreen ( 1979 ) stated that
the optimum pH values ranged between 6.0 and 6.5,added that at low
pH values ( less than 6.0 ) and too long a holding time at 95OC
might result 1n the formation of various undesired by = vproducts .,
However ,Cantarow and Schepartz (1962 ) reported that amylase in general
is not stable below pH 4.5 ., He proposed the following conditions for
liquefaction of tapioca. starch : dry substance 30 % w/w ,pH 6.5 |, Ca++
content 40 p.p.m., Termamyl dosage O .15 % and time at 105°C for 5 min.,
then at 95°C for 60-- 120 min.

During this work the optimum conditions of alpha amylase enzyme
(Termamyl 120 L ) were detsrmined in a trial o obtain the most suitable
conditions for liquefaction process . The evaluated conditions included

substrate concentration , pH , temperature and enzyme concentration .

Also , the chemical and physical properties of cassava starch were det-

erminede

MATERIALS AND METHODS

Materials ¢

The alpha amylase enzyme (Termamyl 120 L ) was supplied by Novo
Industria A / S Comp. , Denmark with the follcuing specification , act-
ivity equals to 120 K N G / g (One Novo alpha amylase Unit is the amount
of enzyme which hydrolyses 5.26 g starch per iour |, 3700 at pH 5.6 ) .E.C
3,2¢e7s1.alpha 1= fe=gluconohydrolase .

The soluble starch (corn) wss purchased from Starch and Glucose Comp;
Cairo , Egypt .

Cassava tubers were obtained from the Agriculture Co-operative Soc;

for land reclaimation at El Adlia, Sharkia ; Egypt « Starch was prepared

from these tubers according to the method rerorted by Meisel and Jackson

( 1960 )
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Crude and total sugar content were determined according to the
method reported by Hodge and Davies ( 1952 ) .

Reducing and non reducing sugars , crude proten content , crude
fibers , acid number , crude fat , moisture and ash content were det-
ermined according to the method described by A.O0.A.C. ( 1975 ) .,

Hydrocyanic acid content was determined according to the method
reported by Holleman and Atten ( 1956 ) .,

Density was calculated at 20°¢ according to the method of Jacobs
( 1958 ).

The relative viscosity of 0.25 % ( w /w ) cassava starch solution
was measured according to the method stated by Saad ( 1985 ) .

The specific optical rotation was determined by Stanely polari=-

meter , the [a ]I2)O was calculated as reported by Willard et ale (1974),

The reaction velocity of alpha amylase ( Termamyl 120 L ) was tes-
ted using different concentration of starch solutions 4, i.e.0.7 , 0.3,
0.5, 0.7y 0.9, 141, 1.3, 1.5, 1.7, 1.9 and 2,7 % in phosphate buffer
(0.TM /1, pH 6.7 ) « This process was carried out at optimum dil=-
ution of alpha amylase enzyme , 9000 for 30 min. The determination of
the produced glucose was carried out colorimeterically as described by
Nelson ( 1944 ) and which was modified by Somczyi ( 1952 ) .,
2 3 Effect of pH on the activity of alpha amyiase enzyme (Termamyl 120L)

The activity of alpha amylase enzyme was tested on different pH
values isee 5424y 5.7y 6.2, 67, 7.2 and 7.7 in phosphate buffer ( 0.1
mole / 1 ), using 2.5 ml. of starch (0.5 % )as substrate

and O.5ml, diluted enzyme o The incubation

period was 30 min. at 90°C and the reaction was stopped by adding 0.5
ml. of sodium hydroxide soln. ( 2mole / 1 ) to all the batches . The
determination of the resulted glucose was carried out c¢olorimeterically

as mentioned before .

3 ¢ Effect of temEerature on the activitx of alEha amzlase enzyme

The activity of alpha amylase enzyme ( Termamyl 120 L ) was tested
at different temperatures i.e., 50, 60, 80, 90 and 100 , using 2.5 ml,
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of starch soln. ( 0.5 % ) in phosphate buffer ( 0.1 mole / 1), oH

(6.7) as substrate . The incubation period was 30 min, The reacii

3

o
Yone e

v

{

was stopped as previously mentioned and determined colormex

ricaolliye
4 + Effect of alpha amylase enzyme ( termamyl 120 L ) concentraticr

on reaction activity .

The enzymeaactivity was measured according to the method described
by Plummer ( 1978 ) .,

RESULTS AND DISCUSSION

' & Physical and chemical properties of cassava

Physical and chemical properties of cassava tubers and its starch
are shown in table ( 1 ) « The yield of starch from cassava tubers am-
ounted to ( 79.8 % ) of its total solids |, conséquently cassava 1s
considered as an 1mportant source for starch production . This result
is in good agreement with the results obtained by Foda ( 1966 ), Topias

et al. (1978 ) and El= Fieshawy (1936 ) ,

Hydrocyanic content of cassava starch wzs found to be less than
the amount mentioned by Pipeira et al. ( 1950 ), Foda (1966 ) and

EL = Fieshawy ( 1986 ) , Therefore , this tyce of cassava starch

could be classified as sweet variety .

Fiber , fat , ash , reducing and non reducing sugars , aclid nu=
mber o, moisture and protein content were in concident with the
reviewed literature .

The values of density of cassava tubers ~nd extracted starch are
similar to those revorted by Radley (1953) a : 7oda (1965). The intre=
insic viscosity of cassava starch (C.85 ) is l2ss than those reported
by Ciacco and DYAppolonia (1978); (1.23-=1.35) . Such decrease in int-
rinsic viscosity might attributed to the low solubility of cassava
starch , in addition to the irregular dispersion of starch molecules
in the solution , Tomas (1933) .

The specific optical rotation of the under study starch using
water as solvent (181.6°) is less than the values of potato and leg-
ume starcn which ranged from 200° to 204° using aqueous calcium
chloride as mentioned by Whistler and BeMiller (1965) . The lower

value of cassava starch might be due to the the starch granules Wwere



not completely soluble in distilled water
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o Therefore, 1t cculiy =a

Q.

recommended that the starch should be dissoclved in aqueou - c-l- -

A

chloride solution to give reliable measurements ( Wnistlor - -

BeMiller , 1965 ) .

Table(1)Physicaland chemical propertief ot
cassava and its extracted starch.

Component

Starch °/ |
Hydrocyanic acid, mg/kg |

Total su dar, °lo

Reducing sugar, °/ |

Non<educing sudgar, /o

°lo

Moisture |

Viscosity,

Density, g /<:m3

. _ )20:
Optical rotation (a N

Acid number |

Crude protein |

Fiat,°h>

o ber,"/o
ASh, °lo

x These values were calculated on the dry weight basis.

Cassava tuber

rm———

o ———

e —————

2.970

| 3.980
| 6.369

0.287

3.760

4.370

Extracted

starch

439
4,23

3.60

0-625
11.470

0.850
1.6129
181.600

34.100
3.396

0388

1.080
3.490

P




-6 =

2 3 Effect of different parameters on reaction velocitx and activitz

This experiment was carried out under constant temperature
90°C for 30 min, and pH 6.7 « The results obtained are shown in table
( 2 ) and figure ( 1, a ) ¢ An increase of substrate will result at
first in a very rapid rise in reaction velocity rate ( one first order

reaction ) o As the substrate concentration was increased the rate of

the reaction slow decrease until the reaction veloclity was almost cone

stant at concentration of 2.1 % ( 1.29 x 10-4

and soluble starches . The maximum reaction velocity ( Vmax ) was hig=

M ) for both cassava

her in cassava starch i.e., 2,02 mM/1l than with soluble starch i.e.,
1,82 mM / 1
This observation might be attributed to the constitution of
differentiation of soluble starch ( from maize ) and cassava starch,
Howling ( 1980 ) stated that retro-
gradation phenomenon has more chance to occur in the case of soluble
starch owing to its higher content of amylose . The assoclated molec=
ules resulted from retrogradation lead to reduce the maximum reaction

velocity as noticed in the case of soluble starch .

The Michaelis constant ( K ) of alpha amylase ( Termamyl
120 L. ) is shown in Fig. ( 1, b ) which equals ( 0,0321 mM / 1 ) for
soluble starch and ( 0.0222 mM / 1 ) for cassava starche Also ,another
method was applied in determining the Michaelis constant i.e. Linweaver

and Burk ( 1954 ) technique , these results are shown in Fig. (14 c )

2 32 2 ¢ Effect of Bg

The effect of pH on reaction activity of alpha amylase enzyme
( Termamyl 120 L ) was tested at different pH values . Six solutions of
cassava starch and soluble starch were adjusted to pH values of 5.2 ,
5¢7 4 642 4 647 4 742 and 7.7 4, table ( 3 ) and Fig ( 2 ) show that
the maximum activity of alpha amylase enzyme on cassava starch 1is 52.2
umM /1 /min. at pH 6.7 which is higher than that of soluble starch
42,8 umM / 1 / min. at pH 6.2 4, the activity falls down on either side
of the optimum . Such variation might be attributed to the difference

in the lattice form or to the difference 1in constituents of amylose



Table(2 )Effect of substrate concentration on the reaction activity of alpha amylase

( Termamyl 120L)

Starch concentration Soluble starch Cassava starch

T Mx10 1/s, | obtained /v |obtained 1/v
o | (s) |(x107) Dglucose | (v) x 10  [D-glucose | (v) x 10
| mM/ L MM/ L
10 | 62| 1613| 0386 0285 | 0351| 0778 | 0512 | O19%
0.3 18.5 5.41 | 0514 | 0659 | 0152| 1208 | 1.003| 0.00
0.5 309 | 3.24| 0972 | 0896 | 0112 | 1295 | 1244 | 0.080
0.7 432 | 231 ] 1120 | 1058 | 0095| 1.338 | 1385 | 0.072
0.9 55.6 , 178 | 1.250 | 1174 | 0085 | 1398 | 1.480 | 0068
1.1 679 | 147 | 1.424 | 1268 | 0079 | 1.442 | 1546 | 0065
1.3 802 1.25 | 1562 | 1339 | 0.075 | 1528 | 1600 | 0063
15 92,6 | 108 | 1.701 1397 | 0072 | 1597 | 1635 | 0061
1.7 | 1049 0.95 | 1.840 | 1444 | 0069 | 1667 | 1675 | 0059
1.9 117.3 | 0.85 | 1922 | 1485 | 0.067 | 2.021 1700 | 0058
21 1286 | 0.77 | 1.830 | 1518 | 0066 | 1944 | 1.712 | 0058
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and amylopectin of starch molecule 1 cassava starcn anc solub.e

*
S o

L

Ar'Cr.

Such data are in agreement with those stated by Aschengreern et al.(1379)

and Novo

( 1973 ) .

e alfey -

Table(3) Effect of pH on activity of alpha amylase

0.2

0.7

7.7

2 3 5 =

Soluble starch

Obtained

Reaction

D glucose| activity

UMM/ 1

833.3
1041.6
1284.7
1180.5
1080.0
1041.6

UMM/ 1/min

27.8
34.7
4 2.8
38.4
360
34.7

enzyme (Termamyl (120L )

Cassava starch

Obtained

D glucose

umM/ 1

1041.3

1215.2
1354

1566.6 |
139 3.0
14235

Reaction

activity

HMM/ 1/min

34 -7

40.5
451
D22
4 9.8
47.5

The effect of temperature on the zctivity of alpha amylase

enzyme was accomplished at different temperatures 1.e. 50 , 6C , 80

90

and 100 for 30 min., pH 6.7 and 0.5 % of starch solutions in pho-

sphate buffer , the results are shown in tavle ( 4 ) and Fige. ( 3 ) .,

The enzyme activity was acceleratec as the temperature increased until

90°C for both cassava starch and soluble starch and then fall down

for soluble starch was 145.83 u M / 1 /min. which is higher than of

cassava

in line with those obtained before by Rosendal et al. (1979 ) and

Aschengreen ( 1979 ) .

civing an apparent optimum temperature . .1aS maximum reaction activity

star=h i.eo. 104.176 u M / 1 /min. The optimum temperature 1is
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Table(4 ) Effect of tempefature on the activity of alpha
amylase enzyme( Termamyl( 120 L)

Soluble
Temper. Obtained
C D-qglucose
U mM/
50 1055.5
60 1250.0
30 - 13194
| S0 l 14583
100 11111
2t 4 .

starch

Reaction

I mM/1/mi

3518

41.67

43,98
4861

37.04

!

Cassava starch

:Obtained Reac tion

activity D glucose | activity
lumM/ 1

UmM/ 1/min,

- 222.20

750.00

902.70
1041.60

694,40

The effect of alpha amylase enzyme concentration on reaction

( 5 ) and Fig,

activity 1n table

catalyzed reaction 1s propertional to the ccracentration of catalyst .

( &)

 In eneral 4, the velocity of

Tablg(_S ).Effect of enzyme concentration on the
activity of alpha amylase enzyme (Termamyl120L)

concentration
I.U/1 ml |

012
0.24
0.48
1.20

2.40
4,80

umM/1

6172
69.44
75.62
7716

84.88
32.59

Enzyme l Cbtained D-glucose|Reaction |

lactivity
|
umM/ 1/ min

3-09
3.47
3.78

3.86

L.24
4.6 3




Reaction activity

o———=e S0luble starch

o —a (assava starch

-
~

100

-
Q

an
-

o
O

20

20 40 60 80 100 120
Temperature C
Fig( 3 ) Effect of temperature on the activity
of ({- amylase enzyme(Termamyli201)

N

£

Reaction activity
°

M

d 2 3 4 5 6 7
Enzyme concentration x10™!
Fig( &4 )Effect of enzyme concentration on the

reaction activity of (f-amylase enzyme
( Termamyl 120 )




- 13 w

The last figure of alpha amylase 1ndicated that this generaliza-
tion holds true to some extent for thls enzymatic reaction . The mea-
sured reaction activity was proceeded with increasing enzyme
concentration 4 but not in a proportional way 4 1.e. the concentration
was increased from 0,12 to 4.8 as I.u. /1 mlj but the activity was only
increased from 3,09 to 4,63 uM / 1 / min. However, under such condition,
e.g high concentration of enzyme , the reaction rate 1s dependent on

substrate concentration , first order reaction .
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