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SOME ASPECTS OP THE JOINT ACTION OP cX- AND (3- MALT
AMYLASES ON STARCH, WITH PARTICULAR REFERENCE TO THE

BREWERY MASH.

PART I.

GENERAL INTRODUCTION.

Amylases were probably the first enzymes to

be discovered. Kirchoff showed in 1814 that the

albumin of raw grain is endowed with some saccharify¬

ing power for starch. In 1833 Payen and Persoz named

the active principle of barley malt 'diastase' and

used the iodine staining property of starch to follow

its action. They even effected the concentration

and purification of amylase by alcohol precipitation.

0'Sullivan in 1876 showed that maltose and dextrins

are formed by the action of diastase on starch.

Kjeldahl in 1879 elaborated a method for quantitative

determination of diastatic activity. The term

diastase was therefore used to refer to the enzymes

which hydrolysed starch to maltose and dextrin. It

is now used only to refer to the crude preparations

of amylases, though the term 'diastatic power' is

still in use. Enzymes which decompose starch or

"amylum" by hydrolysis are now known as amylases.

Glycqgen and some dextrins are also attacked by

amylases.

Amylases are very widely distributed in

nature. They occur in all higher plants, animals

; and/
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and in many micro-organisms. Amongst plants

amylases are particularly abundant in vegetative

organs, many cereal grains also are rich in amylases,

particularly after malting. Pancreas is a rich

source of amylase from animals. In a few species of

animals there is a high concentration of amylase in

saliva. Amylases are also found in blood plasma and

liver. Certain moulds and fungi produce so much

amylase that they contribute an excellent source for

its preparation for industrial uses, e.g. Aspergillus

Qryzae.

Structure of starch;- Since starch is the usual

substrate, for a proper understanding of amylase

action it is necessary to consider the structure of

starch. The principal developments in the

elucidation of starch structure have taken place

since 1828. Acid hydrolysis of starch gives ^-d-

glucose. 0'Sullivan has shown that maltose is

obtained by the action of diastase on starch. So

there must be maltose linkages in starch. Haworth

and Peat (1926) have shown that maltose is linked by

1,4-ck- glucosidic linkages. By repeated methylation

and hydrolysis of starch Haworth, Hirst and Webb

(1928) obtained nearly quantitative yields of 2,3,6-

trimethyl glucose. The isolation of tetramethyl

gluco-lactone by Haworth and Percival (1931) gave

further proof that the successive glucose units in

starch are united by 1,4-<&.- linkages. By the

method of end-group assay, i.e. by studying the

proportion/
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proportion of 2,3,4,6-tetramethyl glucopyranose

obtained from the non-reducing end-group, to 2,3,6-

trimethyl glucopyranose obtained by the hydrolysis of

methylated starch Haworth and co-workers concluded

that there are 24-30 glucose units in the starch

molecule. Therefore they proposed for starch a

straight chain structure of 24-30 glucopyranose units

with a molecular weight of about 5000.

The technique of exhaustive methylation and

end-group assay was applied by the Haworth school of

workers to starches from various sources and in all

cases the results indicated a chain length of 24-30

glucose units. Further the anylose and amylopectin

fraction of the potato starch prepared according to

the method of Ling and Nanji (1923) also gave similar

results for chain length, in spite of their difference

in physical properties (Hirst, Plant and Wilkinson,

1932). These results would seem to confirm the

straight chain structure of starch of 24 glucopyranose

units with 1,4-dv- glucosidic linkages. However,

there are a number of other properties of starch such

as its low reducing power, high molecular weight as

determined by the osmatic pressure measurements and

by the use of ultra-centrifuge, and the action of

diastases which cannot be accounted for by this simple

structure. Haworth accounted for these by assuming

that the complex starch was an aggregate of chains of

24 glucose residues.

Richardson, Higginbotham and Farrow (1936)

by/
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by a careful examination of the reducing groups of

starch concluded that the chain length of starch

averaged about 1000 glucopyranose units. Caldwell

and Hixon (1938) and Wolfrom and Myers (1941) by

different methods of anylasis of starch, also came

to the conclusion that starch was more complex than

was pictured by Haworth. These^Lnvestigations led
to the conclusion that in starch unit chains of 24-30

glucose residues repeat themselves with some

combination between the chains involving the end

reducing group. This would then account for the

low reducing power and the high molecular weight of

starch. Hirst and Young (1939) also came to the

conclusion that starch is a macro-molecu le by a study

of the chain length of degraded starch. They

degraded starch till its molecular weight decreased

from 500,000 to 23,000 and by end-group assay they

noticed that the degraded starch still contained

about 30 glucose units for unit length, the same as

the original substance.

Staudinger (1937) from purely physical

measurements came to the conclusion that starch is a

macromolecule and not an aggregate of chains and he

proposed a symmetrical branch structure for the

configuration of starch molecule, with the side

chains attached to the principal chain by 1,6-and

1,3-glucosidic linkages. Haworth, Hirst and

Isherwood (1937) have proposed a "laminated" structure

in which the reducing group of each individual chain

is/
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is attached to central d-glucose member of the next

chain by a cross linkage. Freudenberg and Boppel

(1940); Barker, Hirst and Young (1941) by the
estimation of 2,3-dimethyl glucose that is obtained

by the hydrolysis of methylated starch have come to
the conclusion that the cross linkage between

adjacent chains of 25 glucose units is a 1,6-

glucosidic linkage rather than the symmetrically

branched configuration proposed by Staudinger. The

view that the branching is 1,6-linkage is also shared

by Myrbhck and Ahlborg (1940), who obtained from the

end product of starch hydrolysis by amylases, a

trisaccharide in which one 6-carbon hydroxyl was not

free.

Much of this confusion about the structure

of starch has been due to the belated confirmation

of the heterogeneity of starch. The old hypothesis

of Maauenne that native starch consists of two

chemically different substances has now been

definitely established, Meyer, Brentano and

Bernfteld (1940) separated maize starch into two

fractions amylose and amylopectin. The former

which was about 10-20 per cent, of starch was a

mixture of straight chain polymers with molecular

weights varying from 10,000 to 60,000, whilst

amylopectin consisted of branched-chain polymers of

molecular weight 50,000 to 1,000,000. Various other

workers also have separated the two fractions: Schoch

(1942,1945); Haworth, Peat and Sagrott (1946) and

Hopkins/
. _. sk
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Hopkins and Jelinek (1948). Meyer, Wertheim and

Bernfeld (1940) by methylation and end-group assay

of amylose and amylopectin fractions came to the

conclusion that the former was a straight chain

compound with 300 glucose units and the latter was a

branched structure with 27 glucose units in the unit

chain, there being some 50 such chains in a molecule.

Meyer and Bernftfld (1940) by enzymic and other studies

of starch and anylopectin have proposed a multiple

branched structure for starch with irregular 1,6-

glucosidic linkages. Recent work of Myrbhek is in

support of such a structure (Sillfen and Myrb&ck, 1943).

Work on the synthesis of glycogen (Corif
and Cori, 1943) and of amylose and amylopectin seems

to favour the branched structure for starch. The

phosphorylase isolated by Hanes (1940) gives with

glucose 1-phosphate a polysaccharide which resembles

amylose. The 'cross-linking' enzyme of potato

isolated by Haworth, Peat and Bourne (1944) known

as WQ.enzyme", together with Hane's phosphorylase

"P enzyme", gives with glucose 1-phosphate a

poly-glucose which in respect of its colour with

iodine, its mode of hydrolysis with (3 -amylase and
|
solubility in water cannot be distinguished from

amylopectin (Peat, 1946).

Briefly therefore, starch chiefly consists

of two fractions: amylose and amylopectin. Amylose

is essentially an unbranched chain wiuh about 300

glucopyranose units being joined by 1,4- -glucosidic

linkage/
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linkage. It may contain a mixture of chains of

varying lengths. Amylopectin is a highly branched

macromolecule containing chains having about 20

glucose units per non-reducing end-group. Normal

linkages occur in chains with 1,6- cross linkages

between chains.

AMYLASES.

Coming back to amylases M&rcker (1877)

stated that malt diastase is composed of two enzymes:

one which produced much maltose and little dextrin

but destroyed when temperature is relatively low;

while the other destroyed only at higher temperature

produces less maltose and more dextrin. Wijsman

(1890) published evidence for the existence of two

enzymes 'maltase' and' dextrinase1 . Maltase was more

soluble in alcohol, more sensitive to heat and alkali,

and less sensitive to acid than dextrinase. The

former converted starch into a mixture of maltose

and dextrin, coloured violet by iodine, and the

latter converted to a dextrin not coloured by iodine.

Brown and Morris (1890) published at the same time

that the enzyme of ungerminated barley was a

•translocation diastase'. This enzyme attacks

starch granules layer by layer and thus gradually

dissolves it. Its function appears to be the

translocation of carbohydrate from one part of the

plant to the other. This is supplemented by

another enzyme the 'secretion enzyme'. This

attacks the starch granules by a process of erosion

the/
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the result being that the granules become pitted and

gradually broken down. By this action the secretion
diastase renders the starch granules in the endosperm

available for the nutrition of the developing embryo

during germination. Translocation enzyme rapidly

produces maltose from starch but never destroys the
iodine colour of the solution acted on. Secretion

diastase, on the other hand, rapidly destroys the

iodine colour and produces dextrin rapidly and

maltose very slowly.

Ohlsson (1926, 1930) actually separated

the two enzyme activities of the malt by the
'

differential inactivation method. By acidifying the

malt extract at 0°C to pE 3.3 he obtained an enzyme

solution which produced only maltose. He called it

the 'saccharogen' amylase. On the other hand, malt

extract heated at pH 697 for 15 minutes at 70°C lost

its saecharogen activity completely. He called the

enzyme responsible for the residual activity the
• dextrinogen1 amylase.

Kuhn (1925) found that malt amylase acting

on starch gave a product showing mutarotation

upwards but with pancreatic amylase and the amylase

from Aspergillus Qryzea a mutarotation downwards was

observed. He termed the amylase which gave a

compound of falling mutarotation ' -amylase' and

the one 'which gave rising mutarotation ' -amylase'.

Since malt amylase is a mixture of d- and fZ

amylases, the observed upward mutarotation being due

to a predominance of (Z}the nomenclature of Kuhn is
not/
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<r*<K~ .

^correct; but the prefixes cf and p are still
retained to designate the two amylases. ^-Amylase

is one which splits up starch into dextrins and

c^-mdltose while (3-amylase is the one which produces
(3-maltose and a limit dextrin. Accordingly, the

dextrinogen and saccharogen amylases of Ohlsson are

respectively d- and p- amylases.

-Amylase:- The amylase occurring in higher

plants is the only known (3-amylase. The amylase

from natural sources possibly always contains traces

of d- amylase. {3. - Amylase has an optimum activity

pH of 4.6 (Hopkins, Cope and Green, 1933; Hanes,

1937) and is sensitive to heat. It is more active

at high temperatures up to about 50°C. and then

inactivation sets in. The precipitated enzyme in

aqueous solution looses its activity in a matter of

few minutes at 65°C. Calcium ion decreases the

stability of the enzyme (Kneen, Sandstedt and

Hollenbeck, 1943). f?>-Amylase saccharifies starch
producing (3-maltose ana a limit dextrin which
still gives the blue reaction of starch with iodine.

Why maltose is obtained from the splitting up of

ol-linkages is not known. The limit dextrin has

been given different names by different workers:

Erythrogranulose (Wijsman, 1890), araylodextrin

(Baker, 1902), ^-dextrin (Myrb&ck 1948) and
/^53-dextrin (Blom, Bak and Braae, 1936), though
the last-named is preferred by conversion at low pH.

Different values are quoted in the

literature/
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literature for the extent of hydrolysis of starch

by [J-amylase. They vary from 59 to 67 per cent.
By a pretreatment of barley extract with acid to

pH 3.6 at 0°C. Blom, et. al. (1936) claimed to have

freed the preparation from amylase and by using

such barley extract they report an hydrolysis of

53 per cent.at pH 3.5. The whole question has been

thoroughly examined by Hopkins, Murray and Lockwood

(1946). Applying the method of Blom et. al. (1936)
to the precipitated enzyme, they obtained a

preparation entirely free from ck-amylase. Using

such a pure preparation of the enzyme they obtained

a hydrolysis of 54 per cent.theoretical maltose at

pH 3.4 and 56-57 per cent, at pH 4.6. Since at pH

3.4 there is considerable inactivation of the enzyme

they consider that the latter value is the true

result. They are of the opinion that the divergent

values recorded in the literature are because of the

impure nature of the enzymes used. Traces of

JL- amylase affect the limit value.

Ohlsson (loc. cit.) advanced the view that

maltose is formed by (I amylase by the splitting of
alternate cH- glucosidic linkage of starch. This

view has been confirmed by Freeman and Hopkins

(1936a) by a study of the product of hydrolysis of

starch by the enzyme, particularly in the early

stages. They noticed that the maltose produced

was virtually equivalent to the amount of the

reducing power of the hydrolysate. Further, since

the/
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the residual dextrin resembles the original starch

in its complexity and capacity to form colour with

iodine it is assumed that the fission takes place

from the non-reducing end of the chain. That the

reducing group does not play any significant part in

the splitting of starch has been shown by Myrbhck

(1936) by treating starch with hypoiodite, thus

converting the carbonyl group into carboxyl and

studying the enzyme action. Such preparations

saccharified with the same velocity and to the same

extent as normal starch.

The amylose fraction of starch is

completely hydrolysed by [J-amylase (Freeman and

Hopkins, 1936b; Meyer, Bernfela ana Press, 1940).

However, some workers have reported that this

reaction is not complete. This may be because

that some of the amylose preparations used were

not pure. Again, amylose in solution retrogrades

and the retrograded material is not completely

saccharified. Finally, anylase preparations used

were also not pure. The results might have been

affected by the glucose present in the hydrolysate

formed from the maltase present in the anylase

preparations used. Using the purest available form

of amylose and very pure preparations of enzyme

Hopkins, Jelinek and Harrison (1948) have shown that

there is 100 per cent, conversion of amylose to

maltose. Here again the mode of enzyme action is

the same as in the case of starch. The long chain

is/
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is broken up from the non-reducing end. As the

chain length decreases the speed of action decreases.

The presence of reducing groups is not necessary

even for the hydrolysis of short chains; dextrinic

acids are hydrolysed by amylase at the same rate

as the deXtrins (Myrbhck and Nycyander, 1942).

Dextrins with an uneven number of carbon atoms in

the molecule are also hydrolysed by (3- amylase giving
100 per cent, fermentable sugar. The main product

in this case is maltose; no glucose is formed, and

probably a maltotriose is formed. The blue colour

of amylose with iodine is strong till about 70 per

cent, hydrolysis and then its intensity gradually

decreases till 95 per cent, hydrolysis, and then

disappears.

With amylopectin, as with amylose,

(3- anylase produces maltose by attacking 1,4-^-

glucosidic linkages. The action commences at the

non-reducing ends but stops as the branching is

approached. About 47 per cent.of the theoretically

obtainable maltose is obtained (Hopkins, 1947).

The enzyme cannot split up the 1,6-linkages between

chains or the chains between branchings. If
I

however /^-dextrin is acted upon by ck-amylase,
which has the power of attacking the 1,4-linkages

between branching points, thus producing fresh points

for attack, (J-amylase can then act until a further
branching is encountered (Freeman and Hopkins ,1936b;

Bourne, Haworth, Macey and Peat, 1948). The dextrin

is/
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is as complex as starch and has a chain length of

11-12 glucose units (Haworth, Hirst, Kitchen and

Peat, 1937).

<^- Amylase; - The A-amylases from different

sources such as malts, saliva, pancreas, fungi and

bacteria appear to be the same in their general

behaviour such as liquefaction, dextrinization and

saccharification towards starch. However, they

differ in a number of ways with respect to the

details of action. The heat stability, pH optima

and extent of hydrolysis of d-anylases from different

sources are different. Malt amylase has an optimal

activity pH of 5.4, pancreatic and salivary anylases

have a pH 6.8 (Hanes and Cattle, 1938), amylase of

Aspergillus Oryzae pH 5 (Caldwell and Doebbeling,

1937) and bacterial amy3a se pH 7. Animal amylases

are inactive in the absence of chloride ions, whereas

malt and Aspergillus anylases do not require the

presence of chloride ions for their activity.
'

d-Amylases withstand heat better than (3-amylase.

Bacterial amylases are more stable than malt A-amylase.

The heat stability of d-anylases depends on a number
I

of factors. In the case of malt extracts Sherman

and Schlesinger (1915) and Giri and Subramanyam

(1932) have noted that the amylase activity is

lost more rapidly in dilute solutions than in

concentrated extracts. The latter authors also

found that the starch-liquifying activity of malt

extracts deteriorated more rapidly than saccharifying

activity/
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activity. The stability of amylase from malt is

also influenced by the previous history of the malt

and the presence of other concomitants (Preece, 1948a).
Calcium ions have a profound effect in protecting

<A-amylase from inactivation by heat (Kneen et. al.,

1943).

The ck- amylases also differ in the mode of

their chemical action. The stage of starch

hydrolysis at which the inflection in the per cent,

hydrolysis/time curve varies with the source of

jl-amylase, and is characteristic of it. Thus, with

o(-malt amylase it occurs at 30-40 per cent,

hydrolysis, with pancreatic amylase at a much more

advanced stage, over 50 per cent., and with the

amylases of Aspergillus and saliva at intermediate

stages (Hanes and Cattle, 1938; Hopkins and Kulka,

1942). Bacterial amylases yield more maltose than

malt ot-amylase. Lundin (1948) noticed that there

were considerable differences between malt do-amylase

and crystalline pancreatic d-amylase in their

dextrinising power. Myrb&ck and co-workers have

a).so come to the same conclusion that Ok-amylases

from different sources act in different ways on

starch and dextrins. Myrbhck (1940a) is of the

opinion that malt ol- amylase is different from other

amylases in liberating glucose from starch as a

primary product.

Amylase brings about the liquefaction,

dextrinisation and saccharification of starch.

Liquefaction/
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Liquefaction is brought about by the breaking- up of

starch molecule into simpler dextrins. Waldschmidt-

Leitz and Mayer (1935) reported the presence of an

amylophosphatase in extracts of barley and malt

which dephosphorylated starch accompanied by a

proportional fall in viscosity. Recent investigations

are not in favoir of this idea. Thus, Hollenbeck

and Blish (1941) studied the dextrinising and

liquefying activities of -amylases from different

sources and noticed that there was always a

parallelism between the activities with changes of

temperature and salt concentration. Myrbhck and

Gjttrling (1945) noticed that liquefaction is

accompanied by the liberation of reducing groups,

though the reducing power is small. Liquefaction

takes place without the liberation of phosphorus and

there is alteration of colour with iodine. Therefore

the liquefying and dextrinising enzymes appear to be

one and the same.

During dextrinisation there is rapid

liberation of reducing groups accompanied by a

complete loss of viscosity. As this reaction

proceeds starch loses its power of forming blue

colour with iodine. With increase in hydrolysis

the colour changes from blue to purple, red and

finally no colour is given. This takes place at

about 30 per cent.hydrolysis; at what is known as

the achromic point. The achromic point differs

with different amylase preparations. The rapid stage

of/



16.

of hydrolysis, 'dextrinisation1 goes up to about 35

per cent, hydrolysis of starch. Only small amounts

of fermentable sugars are produced during this stage.

This is followed by a slow hydrolysis with the

production of mostly maltose and some glucose and a

limit dextrin, malto-dextrin or Jl~ dextrin is left.

This second phase of amylase action is known as

'saccharification1.

During dextrinisation, l,4-o(- glucosidic

linkages are broken, giving products which have

oL-ccnfiguration (Freeman and Hopkins, 1936c).

The dextrins formed havejhigh reducing power and

low molecular weight. The average molecular weight

of the product of dextrinisation with malfe ^-amylase

on starch was 1100 with a degree of polymerisation

equal to 7 (MyrbM.ck and Stenlid, 1942). From this

it is clear that malt ^-amylase, in contrast to the

tf>- amylase, has the capacity of breaking interior

chains i.e. chains within branchings, in addition

to the end chains (Myrb&ck 1940b). On the other

hand, the enzyme does not attack the 1,6-d-glucosidic

linkages forming the branching points, for these are

left unaffected in the limit dextrins (Myrb&ck and

Ahlborg, 1940). We must assume therefore that malt

c)l-amylase attacks normal maltose linkages.

During saccharification the fission of

1,4- ^-linkages of dextrins takes place. Maltose

is the main product of this change but glucose is

also formed. The presence qf glucose in the

hydrolytic/
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hydrolytic product of 'heat restricted' diastase was

indicated by Davis ana Ling (1904). Sherman and

Punnett (1916) found that amylases from malt,

pancreas and Aspergillus Qryzae all gave d-glucose

in approximately same yield. Somogyi (1938, 1940)

noticed by the action of airylases from urine, blood,

saliva, pancreas, human milk and barley malt, that

glucose is formed in early stages but the appearance

of maltose preceded that of glucose. Blom and

Rostad (1947b, 1947c) did not find glucose in the

hydrolytic products of potato starch by pancreatic

amylase, which had been hydrolysed to 64 per cent.

This evidence is in favour of the view that glucose

is present in the hydrolytic products of starch but

is formed by the breakdown of dextrins. Recent work

of Keilin and Hartree (1948) on the use of notatin

for the estimation of glucose also shows that glucose

arises from the splitting of l,4u^- linkages in the

polysaccharides and not from hydrolysis of maltose,

Myrb9.ck (1940a) however, working with malt c^-anjylase

on starch claims that glucose is formed as a primary

product of hydrolysis. In this respect malt ^-amylase

is different from other ^-anylases, which do not

liberate glucose direct from starch, Hopkins (1946)

is of the opinion that glucose is split from certain

dextrins.

As there is a distinct difference in the

rate of hydrolysis between dextrinisation and

saccharification in the action of A-amylase on

starch/
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starch it might appear as though the action is due

to two different enzymes. However, attempts to

fractionate ek- amylase have failed. All the

available evidence favours the view that the two

reactions are brought about by the same enzyme.

The difference in the rate of hydrolysis may be due

to the different affinity of the enzyme for molecules

of various sizes (Hopkins, 1946). Etyrb&ck has

also come to this conclusion by a study of the

fractionated products of starch by cU amylase

(Ortenblad and Myrb&ck, 1943), When the

dextrinisation phase of the reaction was not complete

the enzyme was inactivated and the hydrolysate was

separated into various fractions by using different

concentrations of alcohol. He studied the carbo¬

hydrate nature of the fractions by the adsorption

analysis of Tiselius and Hahn (1943) and found

that the first few fractions were complex dextrins

with 5-12 carbon atom chains, while the latter

fractions consisted of lower dextrins. The lower

fractions were completely hydrolysed by (I-amylase

showing that they were 'normal' dextrins containing

1,4-^glucosidic linkages. The higher fractions

were partially hydrolysed. These were "anomalous"

dextrins with 1,6-linkages. Myrb&ck further noticed

that d-amylase had very low affinity for dextrins

with less than 7 carbon atoms and also that maltose

linkages in the vicinity of anomalous linkages were

attacked with a velocity which decreased as the

distance from anomaly decreased. This seems to

explain/
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explain the behaviour of the two phases of amylase

action.

ck- and (l- Amylases:- Malt amylase is a mixture

of ck~ and ^>-anylases. The proportion of the two

amylases varies with the source and method of

preparation of the malt, though in normal British

brewery malts they are in the ratio of 4 ; 1 as

(3: * (Preece, 1948a). The joint action of the
amylase depends, of course, on a number of factors

such as the relative proportions of the enzyme,

their concentration, pH of the medium, temperature,

concentration and perhaps the nature of the starch.

The effect of these will be dealt with in greater

detail in subsequent parts.

The type of hydrolysis brought about by

the joint action of the amylases is of the same

type as brought about by the individual enzymes.

Amylase breaks up the amylose and amylopectin

molecules into normal and anomalous dextrins. Both

the enzymes then break up the dextrins into maltose;

small quantities of glucose being formed by a-amylase.

Considerable quantities of maltotriose also may be

present formed by - amylase (Myrbhck and Lunden,

1946; Myrb&ck, 1947; Blom and Hosted, 1947c), and
also by (£-amylase (from dextrins with an odd number
of carbon atoms in the molecule). Finally

anomalous dextrins are partly hydrolysed to

fermentable sugars leaving dextrins which still

contain anomalies, 'limit dextrins'. These

dextrins/



20.

contain the 1,6-glucosidic linkages and probably are
A

not attacked by the amylases. With malt amylases

the reaction practically stops when about 80 per cent,

of soluble starch is hydrolysed. On standing there

is always, however, an extremely slow further action.

It is possible that this very slow saccharification

is due to some other carbohydrases present in

amylases, which have no action on starch (Myrb&ck,

Ortenblad and Ahlborg, 1943).

The limit dextrins from different starches

obtained by the action of malt amylases are mixtures

with chains of 3-7 units, but longer chains with

8-12 units are generally present. All limit

dextrins have an anomalous constitution, and contain

chiefly the anomalous isomaltose linkage. They

also contain some phosphate ester groupings. The

trisaccharides account for about 50 per' cent, of

limit dextrins. These do not contain normal maltose

linkages only, because they are fermented very

slowly by yeast. Their rate of hydrolysis with

mineral acids is also considerably lower tfcan is

calculated for maltotriose (Myrb&ck, Ortenblad

and Ahlborg, 1940), and specific rotation is less

than would be expected if they contain maltose

linkages exclusively, Methylation and hydrolysis

of the trisaccharide showed the isolmatose linkage

(Myrb&ck and Ah^borg, 1940). This explains the

behaviour of amylases towards starch and the

formation of limit dextrins.

and/
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(X- and ^-Amylases and the mash tun:- Amylases
are of great industrial importance, and in particular

in brewing. Being the oldest enzymic process

used by man the actions of these enzymes have been

greatly studied. In spite of that amylase actions

have not been completely understood, though in

recent years some good progresses been made which
has at the same time helped to clear some of the

doubts about the structure of starch. However

interesting these investigations have been

academically, a lot more has to be done to give a

knowledge of the behaviour of amylases under mashipg

conditions. The quality of the final beer depends

so much on the changes taking place in the mash tun

that it is very important and interesting to know

the behaviour of the amylases in the mash tun. This

depends on a number of factors, such as temperature

of mashing, starch concentrations, concentration

and ratio of the amylases, the nature of concomitants

etc. (Hopkins and Krause, 1947).

Apart from some other analytical figures

of malt analysis the one thing which gives the brewer

some idea of the amylases in the malt he uses is

the determination of the diastatic power (Standard

Methods of Analysis, 1948). This consists in

allowing a known volume of a standard 5 per cent,

extract of malt to act on 100 ml. of a 2 per cent,

solution of soluble starch at pH 4.6 and 21°C.
Reducing groups produced at the end of a standard
interval/
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interval of time are determined by Fehling's

titration. From the titre value and the volume

of extract used for conversion diastatic power is

calculated on the arbitrary Lintner Scale.

This determination, in conjunction with

other analytical figures gives a good indication

of how a malt has fared during kilning treatment

and therefore may be of value as a control measure

for such treatment, but it does not necessarily

give a clear indication of the potential behaviour

of the diastase in the mash. It is because

diastase is a mixture ofd- and ^-amylases which
are of different heat stabilities and hydrolytic

potentialities. Therefore quite different

proportions of the two enzymes might be able to

give the same reducing group production in a

diastatic power determination and so be returned

as having the same D.P. despite the difference in

(I: Jl ratios. Hence the determination might
conceivably fail to distinguish malts of very

different character (Preece, 1948b). It is by

no means certain that the whole of the diastase can

be extracted by cold water in an active form. It

is known that proteolytic enzymes increase the

activity of amylases in barley and malt (Snider,

1940). Further the temperature of conversion of
70°F. in D.P. determination is far remote from the
infusion temperature of 150°F. at which temperature

p. amylase is rapidly inactivated. The infusion
temperature/
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temperature is, in fact, chosen to give a relatively

high proportion of dextrins in the finished mash.

At the D.P. conversion temperature the conversion

obtained will he of a different type. The starch

used is soluble starch as against malt starch and

the concentration is 2 per cent, when compared with

20 per cent, in the mash. The different starches,

however, may not make much difference (Baker and

Hulton, 1939; Myrb&ck, 1948). More important
influences may be expected to be provided by the

different concentrations of concomitants found in

the conversion and the mash tun (Kneen et. al.,

1943). The limitations of D.P. determinations as

a guide for anylolytic charges taking place in the

mash tun are discussed by Preece (1942).

To obtain a clear idea of what happens

to starch in the mash tun therefore, the action of

the amylases are to be assessed under conditions

approximating to those of mashing# Preece (1947)

has studied the /-amylase content of brewery malts

and has shown the relationship that exists between

D.P. and /.-amylase content. Clans (1947) has

studied the action of (i-amylase on 20 per cent,
starch paste at 65°C. He noticed that inactivation

commenced at 45°C. and became greater as the

temperature increased. The maximum activity was

at 63°C. - 65°C. In the present investigation

the joint action of the amylases, in particular, the

effect of varying the proportion of the two enzymes

on/
i
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on starch hydrolysis, with respect to reducing group

production and fermentability, under the mashing

conditions are studied.
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PART II.

PRELIMINARY EXPERIMENTS ON THE PROGRESS OF AMYLOLYSIS.

Before the actual work on the joint action

of amylases was talien up, it was thought desirable to

carry out preliminary experiments on the progress

of amylase action. Accordingly, a number of malts

were taken and standard extracts were prepared and

the progress of hydrolysis of starch by these

extracts was studied by the estimation of reducing

groups produced. Incidentally, the validity of

Kjeldahl's Law of proportionality, according to

which there is linear relationship between the per

cent, hydrolysis and time of conversion up to about

40 per cent, hydrolysis was examined.

EXPERIMENTAL.

Determination of reducing groups. In a study of

the hydrolysis ox starch by enzymes, the first

essential is to choose a convenient and reliable

method for the determination of reducing groups.

Because of its simplicity and wide applicability

it v/as decided to use the ferricyanide procedure

of Hagedorn and Jensen (1923). The method consists

in oxidising reducing groups by a ferricyanide-

carbonate reagent, precipitating the ferr-ocyanide

produced as zinc ferrocyanide, and acidifying the

mixture in presence|of potassium iodine, when the

residual ferricyanide liberates iodine quantitatively;

this is titrated against standard thiosulphate.

Under/
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Under suitable conditions a linear relationship holds

good between the reducing group concentration and the

thiosulphate titre values. The original method has

been modified by a number of workers; Hanes (1929);
Hulme and Narain (1931); Lampitt, Fuller, Goldenberg

and Green (1947) and others. In the present

• investigation experiments were conducted under

conditions similar to these of Lampitt and co-workers,

but the concentrations of the solutions were altered

so that a maximum of 18 mg. of reduc ing groups,

calculated as maltose, could be determined in a

single experiment. Thus,the reagents prepared were

as follows:-

1. Potassium ferricyanide solution: 33.Og. of

potassium ferricyanide were dissolved in water,

filtered, made up to 500 ml., and kept in a dark •

brown bottle in a dark cupboard when not in use.

Fresh solutions were prepared at frequent intervals.

2. The carbonate solution: 42.2 anhydrous sodium

carbonate per 500 ml.

3. Ferricyaniae-carbonate reagent; Equal volumes

of 1 and 2 were mixed as required.

4. Zinc sulphate-potassium iodide reagent: 250.Og.

sodium chloride, 50.Og. zinc sulphate (ZnS04«7H20)
and 5.0 g. sodium acetate (CH3C0QNa.3H20) were

dissolved in 1000 ml. of water. The solution

deposited a brown precipitate on standing. This
was filtered off before use, 5.0 g. potassium

iodide were added to every 200 ml, of filtered

solution/
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solution.

5. Acetic acid solution: 200 ml. glacial acetic

acid were diluted to 1000 ml.

6. Standard thiosulphate solution: 0.025 N.

Sodium thiosulpiiate solution was prepared. Its

strength, was checked up at intervals by titrating

it against iodine liberated by a known volume of

standard potassium dichrornate.

7. Starch indicator: A freshly prepared 1 per

cent.solution of soluble starch.

Procedure:- An approximately 5 per cent, solution

of maltose was prepared and its exact concentration

was determined frcm its specific gravity, the results

of such purity determinations having been shown to
| I-

be concordant with determinations made polarimetrieally

and with Fehling's solution.' Different volumes of

this sugar solution were pipetted into 100 ml. dry

conical flasks and the volume of the solution in the

flask was made up to 10 ml. by the addition of the

requisite volume of water, where necessary. 5 ml.

of mixed alkaline ferricyanide reagent* were added,

the flasks were covered with glass stoppers, immersed

(immediately after the addition of the ferricyanide

reagent) in a boiling water-bath for 15 minutes, it

being so arranged that the level of the boiling

water was slightly above the level of the mixture

in the flask. The flasks were then cooled under

running cold water and 20 ml, of zinc sulphate-

potassium iodide reagent were adaed. The contents
of the flask were mixed well and 3 ml. acetic acid

solution/
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solution adaed; the liberated iodine was then

titrated against 0.025 N. sodium thiosulphate.

Towards the end of the reaction 0.5 ml. starch

solution was added and the titration was continued

adding thiosulphate solution quite slowly till the

solution was colourless. Blanks were conducted

using only 10 ml. distilled water in place of sugar

solutions.

Statistical analysis of the results of

Table 1 gives a correlation coefficient of +1.00

showing that a linear relationship exists between

the maltose present and ferricyanide reduced.

According to the readings 1 ml, 0.01 N. thiosulphate

corresponds to 0.350 mg. maltose. This figure

agrees exactly with that arrived at by Popov (1939)

for the maltose equivalent of thiosulphate by the

ferricyanide oxidation method. The ferricyanide

reagent he used is only half as strong as the

present reagent but he used twice the present volume

and kept the total volume of the reaction mixture

the same as in the present work, viz. 15 ml..

Hence the oxidising power of the mixture in both the

cases is the same.

Table 1/
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Table 1. Calibration

*

of ferricyanide-carbonate

reagent against maltose *

ng. of Vol. of ng. of Vol. of
maltose. 0.025 N Maltose 0.025 If

thio. thio.

1.89 1.90 9.43 10.35

2.01 2.05 10.02 11.15

2.04 2.10 10.17 11.20

3.68 4.05 11.03 12.20

3.91 4.15 12.02 13.30

3.97 4.30 12.21 13.50

5.58 5.90 13.11 14.10

5.91 6.35 13.92 15.40 !

6.01 6.45 14.15 15.75

7.35 8.10 14.71 16.30

7.81 8.50 15.93 17.60

7.93 8.65 16.18 17.95

* mg. maltose are values calculated for the true

volume of pipettes after calibration and thiosulphate

values are the average of two sets of readings.
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As Lampitt et. al. (1947) have shown that

small quantities of electrolytes present in the

sugar solution alter the oxidative power of the

ferricyanide it was necessary to find out whether

the linear relationship between the ferricyanide

reduced and the maltose present held good under

the conditions it wasjjproposea to use for the

hydrolysis of starch by anylases. 2 ml. of acetate

buffer were diluted to 100 ml. To 90 ml. portions

of this solution different volumes of a 5 per cent,

maltose solution were added and in each case the

solution was made up to 100 ml. 5 ml. of this

buffered sugar solution were added to 5 ml. N/80

Sodium hydroxide and the reducing power of this

mixture was determined in the usual way.

Table 2/



31.

Table 2. Calibration of the ferricyanide-carbonate

reagent against maltose in presence of electrolytes *

mg. of vol. of 0.025 N.
maltose. thio.

2.48 2.63

4.84 5.30

7.32 7.93

9.67 10.53

12.41 13.70

14.89 16.38

17.24 18.83

jfe mg. of maltose are the values calculated for

the true volume of pipettes after calibration and

the thiosulphate values are the average of two

set^of readings.
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The readings in Taole 2 (correlation

coeficcient + 0.999) show again that even in the

presence of electrolytes there is a linear

relationship between the ferricyanide reduced and

maltose present. Under these conditions 1 ml.
0.01 N thi'osulphate corresponds to 0.368 mg. maltose.

This figure when recalculated to accord with the

conditions of working followed by the American

Society of Brewing Chemists (1944) gives 92, which

is the figure used by the A.S.B.C. in calculating

the maltose equivalents of malts and in diastatic

power conversions by using ferricyanide reagent.

The total ion and ferricyanide concentrations in the

reaction flask under the present conditions of

experiments are the same as in the A.S.B.C. method,

though the concentrations of the original solutions

are different. According to the A.S.B.C. method

the reducing groups are determined by oxidising with

ferricyanide a 6 ml. aliquot of the D.P. conversion

mixture, after the latter has been made up to 250 ml.

The iodine liberated by excess of ferricyanide is

titrated against 0.05 K thiosulphate. The volume

of thiosulphate (a) when multiplied by 92 gives

the maltose equivalent of the malt. According to

the present value of 0.368 mg. maltose per ml. of

0.01 N thiosulphate the maltose equivalent of such

a mixture would be

a x 0.368 x 5 x 50 = a x 92

"Thus, the agreement is exact.

Starch/
| - ' . . ,
-
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Starch conversions:- 1.11 g. dry starch were

dissolved in water in the usual way, 2 ml. of 4.6

acetate buffer were added and the solution was made

up to 100 ml. 90 ml. of this solution and 8 ml.

water were incubated at 21°C., 2 ml. of a 5 per

cent, extract of inalt extract at 21°C. prepared

according to the Standard Methods of Analysis (1948)

of the Institute of Brewing, were added. 5 ml.

aliquots of the hydrolysate were withdrawn at lb

minute intervals and added to 5 ml. of N/80 Sodium

hydroxide solution to stop enzyme action. The

reducing power of the solution was determined as

described above by the ferricyanide reagent. In all

cases blanks were conducted using buffer solution

in place of conversion liquid. The readings

corrected for the reducing power of starch and the

extract are shown in Table 3 and Figure 1.

Table 3/
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Table 3. Hydrolysis of 1 per cent.soluble starch

solution with malt extracts at pH 4.6 and 21°C.

mg. of apparent maltose •

Malt. 15 min. 30 min. 45 min. 60 min. 75 min.

M3a 131.4 238.9 289.6 - -

M3b 75.6 154.4 214.6 276.6 -

M3c 46.3 88.7 135.6 180.7 216.8

M3d 31.0 62.5 96.8 128.4 159.9

SA1 109.4 206.9 300.9 336.6 —

SA2 101.9 199.5 276.5 332.8 -

SA3 97.2 185.4 262.4 315.6 -

SA4 77.1 157.3 - 284.9 -

SA5 65.3 129.1 193.0 236.1 271.8

SA6 48.4 93.5 147.0 183.5 221.0

The reducing group estimation was stopped

when the hydrolysis had gone beyond the linearity

range. With all the malts used linearity did not

go beyond about 25 per cent, hydrolysis of starch,

this point being reached with malts of high D.P.

within 30 minutes.

The modified ferricyanide method is

applicable to the estimation of reducing groups in
the type of starch conversions contemplated in the

present investigation.
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Fig. 1. Hydrolysis of 1 per cert, soluble starch solution

with malt extracts at pH 4,6 and 21°c.
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PART III.

REDUCING GROUP PRODUCTION FROM STARCH BY THE ACTION

OF<*- AND ft- AMYLASES OF BARLEY MALT.

A number of attempts have been made to

determine the <A-and fl-anylase contents of malts.
Since both enzymes bring about the saccharification

of starch 5 the estimation of the individual enzymes

by a simple determination of reducing groups is an

impossible one, if the action of one of the components

is not completely eliminated or special substrates

are used. Thus, Fletcher and Westwood (1931) used

amylodextrin as a substrate for following

dextrinisation by amylase whilst, Sandstedt, Kneen

and Blish (1939) used the Wohlgemuth procedure of

studying the change in iodine colouration during .

dextrinisation. Blom and Bak (1938) assessed the

amylase activity by a Viscometric method. Since

these methods are not applicable for routine analysis

Graesser and Dax (1946) and Preece (1947) have

worked out methods for (K- anylase determination by

making use of heat treatment in presence of calcium

ions for inactivation of/?-amylase (cf. Kneen, et, al.

1943). When the^C- anylase content of a malt is known

by subtracting this value from the total saccharogenic
value (determined as a measure of diastatic power)

the /J-amylase content can be obtained, granted certain
assumptions.

Thus, it beecmes necessary to know whether

reducing/
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reducing group production by amylase is a linear-

function of time of reaction and of enzyme

concentration under the conditions of diastatic

power determination ana whether under the same

conditions the actions of the two amylases are

additive. The published date on these points

have been developed under a wide variety of experimental

conditions. Stenstam, Bjbrling and Ohlsson (1934)

separated the two amylase activities from malt

extract by the differential inactivation method of

Ohlsson (1930) and found that the hydrolysis of the

simultaneous action of the two enzymes on soluble

starch was approximately adaitive for certain f5:ck

ratios but, in detail the joint action was somewhat

greater than the sum of the separate actions during

!early stages of hydrolysis and rather less in later

stages. Freeman and Hopkins (1936b) working with

2 per cent, starch solution at pH 4.6 and 26°C. and

using the iodimetric method for estimating reducing

groups came to the conclusion that when employed

together in low concentrations the and ^-amylases
functioned additively. However, with higher

concentrations particularly of the (I-enzyme, the rate

of hydrolysis was greater than the sum of the

component rates. Hills and Bailey (1938) working

with purified enzymes reported that maltose produced

by and p.- amylases acting together was approximately
the sum of the amounts produced by their separate

action.

Kneen/
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Kneen and Sandstedt (1941) working with.

2 per cent.soluble starch solution at 30°C. and

ferricyanide method of estimating reducing groups

determined the limit percentage of starch conversion

below which there exists a linear relationship

between enzyme concentration and starch

saccharification. The relationship was linear up

to 40 per cent, starch conversion in the case of

combined action, and for ft- amylase alone up to 30

per cent, conversion. For <i- alone they could not

establish any definite region of linearity. Further

they showed that the combined action of p(- and fl-
amylases was the sum of the actions of the two

enzymes acting separately. Combinations in which

the ^J-aaylase concentration was low relative to the

^.amylase showed slightly more deviation from this

relationship than did other combinations, but where

the saccharogenic activity of (1 - amylase was more

than twice that of ^-amylase present, the total

saccharogenic activity was the sum of the individual

activities of the two reacting separately. Claus

(1S47) studying the hydrolysis of 20 per cent,

starch paste with ft-amylase at pH 5.5 noted that
the production of maltose took place according to a

Zero Order reaction up to about IS per cent,

conversion.

Thus, although there is a fair measure of

agreement as to the additive nature of the reactions
when the and ^-amylases are acting together,
particularly when the total hydrolysis achieved is
not/
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not great, the data quoted do not form a precise

guide to conditions operating in the widely used

standard methods for diastatic power determination

of the Institute of Brewing (1948) and of the

American Society of Brewing' Chemists (1944) and in

the proposed modifications for determination of the

individual enzymes. Accordingly the problem has

been reinvestigated using 1 and 2 per cent.soluble

starch solutions at pH 4.6 and 21°C.

EXPERIMENTAL.

fi- Amylase preparation:- This was obtained from

barley by a modification of the method of Hopkins

et. al. (1946). 200g. of ground barley were

extracted with 500 ml. 20 per cent, alcohol for

half an hour with stirring. The mixture was then

filtered and to the filtrate alcohol was added to

50 per cent. After allowing the precipitate to

stand overnight, it was filtered off and the alcohol

concentration of the filtrate was raised to 80 per

cent. It was then centrifuged, the precipitate

washed twice with 95 per cent, alcohol and dried in

vacuum over calcium chloride.

cK-Amylase preparation: - This was obtained from

malt dried at a low temperature (below 45°C.). 300

of ground malt were extracted for 3 hours with

500 ml. 20 per cent, alcohol with occasional

stirring. It was filtered and alcohol was added
to the filtrate to 60 per cent. It was next

centrifuged/
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centrifuged and the precipitate was washed with

alcohol and dried as in the case of the p-preparation.

The dry precipitate was next dissolved in 100 ml.
water , 0.2 g. calcium accetate was added and the

temperature of the solution was raised to 70°C. and

maintained at that temperature for 15 minutes. It

was then cooled and centrifuged, and alcohol was

added to the centrifuge to 60 per cent. The

precipitate was washed and dried as before.

The enzyme preparations were tested for

purity by the method of Preece (1947). Enzyme

solutions of suitable concentrations were prepared

and 10 ml. aliquots were taken in four flasks, 20 mg.

of calcium acetate were adaea to each flask and

three flasks were maintained at 70°C. for 15, 30

and 45 minutes. After they had remained at 70°C.
for the required period of time the flasks were

cooled and all the four flasks were maintained for

2 minutes in a bath at 21°G. and 90 ml. buffered

(pH 4.6) 1.11 per cent, starch solution at the same

temperature were added. After 30 minutes

hydrolysis the enzyme was inactivated by adciing soda

to pH 10.5 and the reducing groups were determined

from a suitable aliquot.

The readings in Table 4 show that in che

case of the preparation there is a gradual but

slow decrease in the amount of reducing groups

liberated with the increase in the time of

inactivation. In some cases this decrease was very

small/
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small. In the case of p- amylase the activity was

lost entirely after 15 minutes inactivation. There

was however, a slight activity even after this

period, which must be due to a trace of amylase.
Its amount was. not more than that which would

produce 1/750 "the saccharification due to p- amylase
This trace of Ji - amylase cannot invalidate the use

of f> in experiments described below. All the

enzyme preparations were similarly tested for purity.

Table 4/
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Table 4. Influence of maintaining solutions of dU and

p. amylases at 70°C. in presence of Ca"^

Time of
maintenance at

70°C.

Reducing' group production from
1 per- cent, soluble starch by
aliquots of enzyme solution
(30 min., 21°C., pH 4.6)
calculated as maltose.

(min.)

0

15

30

45

Amylase.

295.8

280.7

258.1

237.6

Amylase.

296.7

0.4

0.4

0.4
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The enzyme preparations were also tested

for maltase activity. Enzyme solutions of the

concentration used in subsequent experiments were

prepared and they were allowed to act on 1 per cent,

maltose at pH 4.6 and 21°C. for 2 hours. There was

no increase in the reducing power of the solution

showing the absence of maltase.

Soluble starch substratet- B.D.H. "analar" soluble

starch was used. Xt contained 0.5 per cent reducing

groups (as maltose). Solutions were prepared

containing 1.111 g. or 2.222 g. of dry starch and

2 ml. acetate buffer of pH value of 4.6 per 100 ml.

The solutions were adjusted to 21°C. before use.

Starch conversions;- Amylase solutions of equal

initial saccharogenic activity were prepared. The

unit of enzyme concentration was the weight of the

enzyme which would produce reducing groups

equivalent approximately to 12.5 mg. of maltose from

1 per cent, soluble starch solution in 15 minutes at

pH 4.6 and 21°C. For the initial preparations, the

weight of ok and (I amylases so required were 0.8 mg.
and 0.2 mg. respectively. Some of the later

preparations were much more active and correspondingly
smaller amounts were used. The unit concentrations

are symbolised as 1 A and ±fi> respectively, and the
approximate relative concentrations are shown in
Tables 5 and 6. The required amount of the enzyme

solution o(, f, or as the case may be were
pipetted into 150 ml. dry flasks and the volume
of/
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of the solution was made up to 10 ml. in each case,

by the addition of requisite amount of water. The

flasks were immersed in a water-bath maintained at

21°C. After 2 minutes 90 ml. of the appropriate

starch solution (1 or 2 per cent, solution) at the

same temperature were quickly adaed. Suitable

aliquots of the hyarolysate were withdrawn into 5 ml. .

N/80 sodium hydroxide at the required intervals of

time and the reducing groups were then determined.

Results;- Results in Tables 5 and 6 are cox*rected

for reducing groups due to starch and to the enzyme

solution. The readings are expressed in terms of

the theoretical maltose, i.e. reducing groups

calculated as maltose are recalculated as percentage

of maltose theox'etically obtainable on the assumption

that on complete hydrolysis 1 g, starch yields

1.055 g. of maltose. In the study of the joint

action of the amylases, experiments with individual

enzymes of the same concentrations are used in the

joint action were conducted with the same preparations

of enzyme solutions. Therefore direct comparison is

possible with pairs of results bracketed at the foot
of each table. Experiments with different

proportions of enzyme solutions were necessaiily
conducted on different days with different solutions

so that their comparison is less exact.

Table 5/
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Table 5. Liberation of' reducing groups in 1 per cent

soluble starch solution by varying proportions of

and/or f>-amylase.
(percentage of theoretical maltose at 21°C. and

pH 4.6)

Approximate heaction time (min.)
relative conc.
of enzvme (S j lb 30 45 60 120 180

lo( 1.2 2.4 3.3 4.3 8.1 11.4
2„L 2.2 4.2 6.1 7.8 13.8 19.5
3c* 3.7 6.8 10.2 13.6 21.1 29.0
4pk 4.9 9.5 13.8 18.0 30.1 34.2
5oC 6.0 11.7 16.5 19.1 31.2 36.2

Ifi 1.3 2.5 3.6 4.7 8.8 12.4
2 (I 2.6 5.2 7.8 10.4 18.8 25.3
3/3 4.2 8.1 11.9 15.5 26.4 31.4
4/3 5.6 10.8 15.6 20.3 32.7 30.6
5/9 7.0 13.8 19.3 24.2 36.2 41.6

11+4/3 (Observed) 6.8 12.1 19.1 24.7 43.7 55.1
(Calc.) 6.8 13.2 18.9 24.6 40.8 51.0

21+3/? (Observed) 6.3 12.4 18.0 22.4 39.6 51.2
(Calc.) 6.4 12.3 18.0 23.3 40.2 50.9

31+2/? (Observed) 6.3 12.8 18.4 24.0 40.0 50.0
(Calc.) 6.3 12.0 18.0 24.0 39.9 54.3
(Observed) 6.2 13.1 18.0 22.8 37.6 45.5
(Calc.) 6.2 12.0 17.4 22.7 38.9 46.6

41+1/?
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Table 6. Liberation of reducing groups in 2 per cent,

soluble starch solution by varying proportions of

ol - and/or fi - amylase.

(percentage of theoretical maltose at 21°C. and

pH 4.6)

Approximate Reaction time (min.)
relative conc.
rvf finzvme (Si 15 30 45 60 120 180

10*- 0.7 1.3 1.9 2.4 4.5 6.2
, 2oC 1.3 2.7 4.0 5.4 9.8 14.3
3 {L 2.1 4.0 5.8 7.3 12.8 19.0
40*. 2.6 4.7 6.9 9.5 18.1 24.7
5^ 3.2 6.5 9.1 11.7 22.4 29.2

1 fi 0.8 1.5 2.2 2.9 5.8 8.5
26- 1.6 3.2 4.6 6.2 11.6 16.5
3 & 2.4 4.9 7.4 9.5 17.3 24.2
4/5 3.0 5.9 8.7 11.4 20.1 26.8
bP 4.2 8.1 11.7 15.2 27.6 36.2

lit 4 ft (Observed) 3.5 7.2 10.4 13.0 24.4 31.-8
(Calc.) 3.7 7.2 10.6 13.8 24.6 33.0
(Observed) 3.7 7.7 10.8 13.5 26.6 34.4
(Calc.) 3.7 7.6 11.4 14.9 27.1 38.5

3d+ 2/1 (Observed) 3.8 7.4 10,4 12.7 25.1 31.5
(Calc.) 3.7 7.2 10.4 13.5 24.4 35.5
(Observed) 3.2 6.5 9.7 12.6 22.7 30.0

4/it 1 (Hal r. „) 3.4 6.2 9.1 12.4 23,9 33.2
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Tims. (win.)-—>-
Fig. 2. Joint Action of amylases (4/3 + 1*-) on 1 per cent,

soluble starch solution at pH 4.6 and 21°C.

J®<+4 /3

ISO

Fig. 3,

Time. ( mm) — >-

Joint Action of amylases (4 fi * 1* ) on 2 per cent.
soluble starch solution at pH 4.6 and 21 C.
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DISCUSSION.

Examination of Figures 2 and 3 and the

results of Tables 6 and 6 indicate that under the

present conditions of working the [3-amylase activity

shows a linear relationship between reducing group

and time of hydrolysis up to about 16 per cent,

production of theoretical maltose. This agrees

closely with the observation of Claus (1947) but is

substantially lower than the limit of 30 per cent,

given by Kneen and Sandstedt (1941) for linear

relationship between reducing group production and

enzyme concentration; for the latter relationship,

however, the present results give linearity up to

25 per cent.suggesting, during the hydrolysis, a

falling off in enzyme activity proportional to

enzyme concentration. Hence, comparison of two'

ft- amylase solutions giving conversions in the

range 15-25 per cent, will tend to give absolute
results which are somewhat lower than the true

values, though relative results will be correct.
With $U amylase, however, true linearity

with time does not occur, out so long as the reaction
.

time does not exceed 30-45 minutes the departure fx*om

linearity up to 10 per cent, conversion is so small
that very useful comparative measurements can be made
in this range; in practice, little error is
incurred if linearity is assumed up to 15 per cent.
With {jl- amylase, as with ^-amylase, proportionality
between enzyme concentration and reducing group

production/
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production holds with considerable accuracy up to

•25 £er cent, hydrolysis. Thus, for comparison of the

activities of two (k~ amylase solutions conversions up

to 25 per cent, may be employed, though for individual

measurements for routine purposes a limit of 10-15

per cent, should not be exceeded.

In the case of the joint action of the

amylases proportionality between reducing group

production and time ceases in the range of about

20-25 per cent. hydrolysis for the whole series of

fi'-Ck ratios employed and for 1 and 2 per cent, starch

solutions. Up to this limit, the amount of reducing

groups liberated at any time interval is substantially
-

I
the same whatever may be the relative proportions of

the two enzymes. The additive nature of k- and

(!>- amylases in saccharification can be stated thus:
The joint action is truly additive during the linear

phase of the joint action. When the linearity is

departed from, the additive relation may still persist

depending upon the substrate concentration and

ratio. Thus with 1 per cent, soluble starch

solution, at a ratio of ft'-cL as 4:1 the actions are
additive up to 25 per cent. theoretical maltose

production, whei-eas with 3:2 ratio the auditivity
goes up to 40-50 per cent. Beyond the additive rangb
of hydrolysis the observed value for reducing group

production isjless than the sum of the individual
values if the proportion of ft in the mixture is low.

Thus, if the described ferricyaniae
technique/



48.

technique is to he used for amylase determination,

hydrolysis in periods preferably not greater than

30 minutes and not exceeding lo per cent., 10-15 per

cent and 20-25 per cent, production of theoretical

maltose should be employed for ft , oi and the joint

action respectively. Applied to brewery rnalt

extracts in -which, the ft'-d. ratio usually approximates

4:1 (Preece 1947) determination of the ol - amylase

activity and the joint action (diastatic power)

within the limits described allows ^-amylase activity
to be obtained by difference. It would appear that,

under the conditions described, and ^-amylases
function quite independently of one another, whence it

follows that additivity can be assumed whatever

reducing group determination method is used.

SUMMARY.

1. Using 1 per cent, or 2 per cent, soluble

starch as substrate at pH 4.6 ana 21°C. , reducing

group production (assessed by ferricyanide titration)

by ft- arqylase shows a linear relationship with time
up to lo per cent, hydrolysis, and by the joint

action of and ft- amylases up to 20-25 per cent,
hydrolysis. With anylase alone true linearity is

lacking, but departure from linearity up to 10-15 per

cent, hydrolysis is slight..

2. With I ratios varying from 4:1 to

1:4 the action of the two enzymes is truly additive

up to 20-25 per cent, hydrolysis; beyond this point
it may continue adaitive, exceed the sum of individual

actions, or tend to be inferior to this sunf, depending
on substrate conditions.
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'■•PART IV.

DETERMINATION OF REDUCING GROUPS AND OF AMYLOLYTIC

ACTIVITY.

The determination of sugars in pure

solutions presents many difficulties. The accuracy

of their determination by the estimation of reducing

groups depends on a number of factors such as the

oxidising agent used, the pH of the oxidising medium,

time of reaction, volume of the reactants, concentra¬

tion and nature of sugar solution. In the case ox

determination in which sugar is present admixed with

other oxidisable substances the difficulties are all

the greater. In starch conversions with amylases

(though the reducing groups are expressed as maltose

on account of its being the main product of hydrolysis)

one meets with such a mixture - glucose, maltose and

various dextrins - containing 3-12 carbon atoms in

the chain. For a correct interpretation of

amylolytic activity it is necessary therefore to

employ methods for the determination of reducing

groups, which give as true an estimate as possible.
Three methods that are employed for the

determination of reducing groups in the hydrolysis

of starch by amylases are (i) copper method, (ii)
iodine method, and (iii) ferricyanide method.

The copper method has been in use since early times.

Kjeldahl used this method for evaluating the

saccharifying power of malt which later Lintner
expressed in an arbitrary scale known as "degrees

Lintner"./
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Lintner". The method, is based, on the fact that

when heated cupric salts in alkaline solutions

oxidise reducing sugar forming cuprous oxide.

Various gravimetric and volumetric methods are

developed by making use of this principle to

estimate reducing groups. The most widely used

method in sugar analysis is the Pehling's titration

method with the modification of Lane and Eynon (1923).

Iodine in alkaline solution oxidises sugars into

carboxylic acids. Therefore by treating a sugar

solution with a know? excess of iodine under suitable

conditions and determining the unconsumed iodine the

reducing groups can be determined (Baker and Hulton,

1921). Similarly in the ferricyanide method
.

reducing groups can be estimated by using a known

excess of ferricyanide and by estimating the unreduced

ferricyanide by the iodine it liberates when treated

with excess of potassium iodine (Hagedorn and Jensen,

1923) or by a determination of the ferrocyanide formed

by titrating it with eerie sulphate solution

(Hildebrand and McClellan, 1938).

In any one of the above methods experiments
are to be conducted under a definite set of conditions

to obtain reliable results. Under suitable

conditions generally reproducible results are

obtained In such cases; using any one method, the

activities of two o(- amylases or of two amylases can

be compared. Similarly the joint actions of sets

of amylases (*t/n can be compared. Again,
knowing/
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knowing the diastatic power and the q/, amylase

content of a mixture the amylase content can he

calculated. But the difficulty arises in the

interpretation of the amylase action, particularly

with o(_ amylase, when different methods are used for

the estimation of reducing groups.

various methods for the determination of reducing

groups in enzymic hydrolysates of starch. While

iodine has the advantage of acting at ordinary

temperature and gives good results with ordinary

sugar solutions, it gives higher results with enzyme

hydrolysates. This was also noticed earlier by

Josephson (1923) . He obtained concordant results

from both the copper and iodometric methods when the

solution contained only sugar but the values diverged

when dextrins were present. He therefore concluded

that Bertrand's and Fehling's methods were inferior

to iodometric method. Blom, however, is of the

opinion that the higher values with iodine are due

to the oxidative disruption of the glucosidic

linkages of the dextrins by the highly active iodine

and hence he recommends the copper method rather than

iodine method. Ferricyanide has approximately the

bame oxidising strength as iodine (as measured by the
oxidation-reduction potential) but has the disadvantage
of being active only at high temperature. At the

Blom and Hosted (1947a) have compared the

temperature of action the oxidative rupture of

glucosidic linkages and their subsequent oxidation
are/
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are even greater than with the iodoinetric method..

Copper methods , on the other hand, though they

require high temperature for action on account of

their low oxidative power do not attack the glucosidic

bonds appreciably. Thus, by estimating the reducing

groups in a mixture of mono-, obligo- and polysaccharides,
as formed by the partial hydrolysis of starch by

means of <*-malt amylase, Blom and Hosted (1947a)

obtained values corresponding to 34.3 - 34.9 -per cent,

of the theoretical maltose with copper reagents,

36.8 per cent, with iodine, and 42 per cent,with

ferricyanide. Therefore the authors suggest the use

of copper methous for the study of amylase activity.

The copper methods may not be free for oxidative

disruptive tendency, but they may be assumed to give

values nearer the true absolute values.

There are however, certain disadvantages

associated with the use of copper methods. Thus,

using Fehling's method the enu point is not always

clear, even with the usejof methylene blue. This
difficulty may be got rid of by adopting some

modified procedure. Blom and Hosted (1947d) carry

out the usual Fehling' s titration in presence of

potassium ferracyanide ,when copper is precipatea as

white curpous ferrdcyanide thus facilitating
observation of the decolourisation of methylene blue.

The authors claim that this method works well in

practice. Gore and Steele (1935) consider that

Fehling's method with the use of methylene blue is
not/
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not precise enough to be used with highly active

malts. Also with, new reagents the results from

Fehling's titration are not reliable. More

important than other difficulties is the fact that

Fehling's method cannot be applied to solutions

with low reducing groups as are enc cantered with

controls when carrying out other than routine

experimental work with amylases.

Ferricyanide has a great advantage over

Fehling's method in that it can be used for dilute

control solutions -without any difficulty. The

method is simple to carry out and under standard

conditions gives reproducable results and the end

point is fairly sharp. This method has been in

great use in recent years, particularly by the

American workers. In fact, ferricyanide method

is one of the recommended methods of the American

Society of Brewing Chemists (194a) for diastatic

power determination. It is therefore of interest

to study the relative values obtained by the

Fehling's and ferricyanide titrations from starch

hydrolytic products and to find out any relationship

that exists between them. The work described below

deals with the stuay of this relationship for

various stages of starch hydrolysis.

EXPERIMENTAL.

Determination of reducing groups:- The ferricyanide

technique enployed has been the same as described in
Part II. Fehling's method employed is that of

Standard/
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Standard Methods of Analysis (1948). On occasions

Bertrand's copper method has Been made use of under

the conditions described by Browne and Zerban (1941).

All the methods have been standardised against the

same sample of maltose and all gave concordant

results for the sugar over the range employed.

Such standardisation is quite essential, in view of

discrepancies which may arise in a given method for

slight variation of technique.

Enzyme Sources:- Precipitated amylase preparations

free fromjnaltase, obtained as described in Part, III
were used, singly or together in various proportions.

Some of the results quoted in the following tables

are from Dr. Preece. In those cases a 6 per cent,

extract of malt, as prepared in diastatic power

determinations, has been used either directly as a

source of both amylases or as a source of A-amylase

after inactivating ^-amylase by maintaining at
70°C. for 16 minutes in presence of 0.2 g. calcium

acetate per 100 ml. of extract.

Starch conversions:- Solutions containing 1.11 g.

dry starch and 2 ml. of 4.6 buffer per 100 ml. were

prepared. To 90 ml. of the solution the yequired

volume of enzyme solution was added and the

solution was made up to 100 ml. thus giving a 1 per

cent, solution. When malt extracts were used 2 per

cent. (air dry) soluble starch solution buffered at

pH 4.6 were used. The hydrolysis were carried out

at 21°C. and at the end of the required time the

enzyme/
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enzyme was inactivated by adding soda to pH 10.5

and sugar was determined from suitable aliquots of

the hydrolysate by the copper and ferricyanide

methods. Some conversions with d<- amylase were

carried out at pH 5,4.

Relationship of ferricyanide to copper results

In the case of ft - amylase conversions of starch the
estimation of reducing groups (apparent maltose)

by the ferricyanide and copper methods did not

differ significantly. Thus, 10 determinations of

the ratio of the ferricyanide to copper reducing-

groups (Fehling's and Bertrand's) in conversions

ranging from 16.1 per cent, to the end point of

hydrolysis gave results na the range 0.9- - 1.03,

with a mean of 1.011: 0.01 this does not differ

significantly from 1. In the case of Jl_ amylase

conversions, however, the two values differed and

a factor (f) has been calculated directly from the

Ifatio of reducing group production assessed by

ferricyanide to the reducing group production

assessed by copper methods; Alternatively, for

purposes of report, it is more convenient to express

f as the ratio of per cent, reducing group

production (apparent maltose on dry starch) by the

two methods. In the case of the joint action of

Vc^/V - amylases, f is calculated indirectly from the
relation

f -*-f &_= f ( M p )
where and ^ are the concentrations of the two

enzymes/
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enzymes (degrees Lintner as determined by Fettling1 s

titration) ana f1 is the observed ratio for the

joint action.

Results:- The results of starch conversions with

two different e(- amylase preparations are given in

Table 7a. For purposes of comparison a set of

readings from Dr. Preece, with /?- inactivated malt
extract has also been included in the Table.

Values of f for amylase, calculated inairectly

by the joint action of the amylases are shown in

Table 7b. The higher values obtained in each case

by the ferricyanide method over the copper methods

can be seen. From Figure 4 it is clear that in

copper assessment, as in the ferricyanide assessment

little error is incurred if linearity with the time

of hydrolysis is assumed up to 15 per cent.•

hydrolysis. This being so, a value for f in each

series can be obtaire d for the 0-15 per cent,

phase of hydrolysis from the ratio of the initial

slopes of the appropriate curvesj for each series,
the value so obtained approximates closely to

1.25. Beyond the 15 per cent, stage, the ratio

diminishes progressively.

liable 7a/



Table 7a. Hydrolysis of soluble starch by ju amylase

at 21°C.
u

(as followed by copper ana ferricyanide methods.)

I Apparent maltose per cent.of dry
starch.

Value cf f

£ Series A
ijSeries B

.

!Series C A
Series

A
Series

B
Series

C

"O (Fe) (Gu)
i
(Fe) (Cu) (Fe) (Cu) .

.

0.25 6.68 5.32 I 6.86 5.25 -

[ ..

1.26 1.30 "

0.5 12.10
-v ' '■

9.90 H CO • -o 10.29 6.90 5.43 1.22 1.24 1.27

0.75 17.54 •COH 18.28 3-5.06 - - 1.29 1.22 -

1 - - 22.13 00A 12.41 9.94 - 1.21 1.25

1.5 - 17.63 14.61:
1

- 1.21

2 34.09 28.22 35.01 29.49 23.01 18.65
£

1.21 1.18 1.23- j
2.5 - - "

: 1
- 27.48

|
23.83 (

- 1.15

3 39.25 34.02 39.62; 35.01 30.79 26.92 1.15 i.ib 1.14

2.4 53.06 50.26 53.79 50.11 51.68 48.90 1.06
I

1.07 1.06

/

* values from Dr. Preece.

(Fe) Ferricyanide values.

(Cu) Bertrand's values in the case of Series A and B and

Fehling's values in the case of series C.
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Table 7b. Value of f (ferricyaxiide/copper reducing

groups) for ^ amylase, calculated, indirectly by

the joint action of the amylases on 1 per cent,

soluble starch solution at pH 4.6 and 21°C.

(apparent maltose per cent, of dry starch)

( p )
g

- Amylases f. -Amylase

!

cb-Amylase
1

f
f

(by difference)!

(Fe)
(Fe) I

I

(Cu) or (Fe) (Cu)
(Gu) |

25.4 24.0 17.6 7.8 6.4

•

| 1.22
25.2 22.9 12.2 13.0 10.7 1.21

24.8 20.8 5.6 19.2 15.2 1.26

20.3 19.3 14.5 5.8 4.8 1.21

20.5 18.4 9.7 10.8 8.7 1.24

20.4 17.1 4.5 15.9 12.6 1.26

Fe: Ferricyanide values.

Gu: Fehling1s value s.
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Table 8. Value of f (ferricyanide/copper reduding

groups) at different levels of hydrolysis A

(Figures quoted for per cent, hydrolysis (Rc^) qre

these determined by copper method.)

Series "(i)
oL. in

presence of
F>

Series'(ii)
alone.

1

Series (iii)
alone.

j

Range of R^ included
Cu

Range of f observed

3.7 -12.1

1.20- 1.31

5.3 -11.7
|

j 1.20- 1.30!

14.6 -50.3

1.21- 1.04

No. of results 8 16 26

Trend of +

Mean value of f

none

observed.

1.241

none

observed.
■

1.253

w:

ii

downward
Lth increas-
18 Rcu

Std. deviation of
individual results: -t 0.040 + 0.024 —

Std. deviation of mean: i 0.014 t 0.006 -

Correlation coefficient: - - -0.880

Regression of f on R f
0.
al.292 -

00436 R^O.027

* No. of readings from Dr. Preece:

Series (i) 2; Series (ii) 12$ and Series (iii) 18.
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Pig. 4. Liberation of reducing groups from

starch by ^-amylase at pH 4.6 and 21°C.

(Ferricyanide - - - Copper )

S£/?/£S B,

StTR/ES c_

i-ol . , . . .
IO ZO 3o AO $

PiTft CEHT [*>CU >-
y. Sf/?/£5(i>3 + SER/£S (]l) . .SER/EsLill)

Fig. 5. Variation in the value of f at different levels

of hydrolysis by d^-airjylase.
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In Table 8 are summarised the results of

determinations of the value of f under a variety of

conditions. Since it was found better to make use

of as many results as possible in calculating the

value of f a number of results of Dr. Preece have been

made use of. The number of readings so used are

indicated rt the foot of Table 8. These results are

expressed in 3 series. In series (i) are included

values obtained indirectly from the results of joint

action of the two amylases, the values given for per

cent, conversion being the increments due to alone,

(cf. Table 7b). In series (ii) a similar range of

conversions is included (up to about 12. per cent,

conversion) for ^-amylase acting alone. Ho distinct
trend in the value of f is seen in either series, and

it may be assumed in this early stage of hydrolysis

that it is substantially constant, approximating

closely the figure 1.25. It would of necessity

follow that the value must be constant if the

reactions were truly linear during this phase. In \
series (iii) the position is different, with the

results for f showing a definite downward trend with

increasing hydrolysis. The inverse correlation

between f and RCu can be expressed in the form of the
equation shown in Table 8, whilst it should not be

inferred that a strict linear relationship does in

fact exist, this equation allows calculation of

figures which agree closely with those actually

observed. The fifty results of Table 8 are shown

| graphically/
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graphically In Figure 5, the scatter in which

indicates the degree of precision obtainable in such

measurements.

DISCUSSION.

Owing to the fact that amylase... preparations

and the extracts are obtained from different malts

the precision obtainable in the evalution of f is

not high. Again the oU anylase action on starch

takes place in two phases, the rapia dextrinisation

accompanied by some saccharification followed by a

slow saccharification (Myrbhck 1948; Hopkins 1946).
The degree of overlapping of saccharification and

dextrinisation depends to a considerable extent on

enzyme concentration (preece, 1948b). There is a

disproportionate saccharification with an.increase

in enzyme concentration. Again, the presence of

concomitants has an influence on the o(-amylase

action (Kneen, et. al. 1943; Preece 1948a).

Naturally et- amylases from different malts would

have different conversion potentialities. Thus,

with different enzyme samples the reaction rates

are different according to the conditions of

experiments and therefore the value of f varies with

the enzyme and the extent of hydrolysis.

Recognising these limitations of precision

in the determination of f it is still possible to work

out the values of the factor for different extents of

hydrolysis of starch. Thus, for convei-sions up to

12 "pei' cent, hydrolysis (copper value) the mean

value/
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value of the factor is 1.25. For the range 15-50 per

cent. hydrolysis the values calculated from the

regression equation of Table 8 are shown in Table 9.

The extrapolated, values for 0, 5 and 10 per cent,

hydrolysis do not differ from the experimentally

determined values. Table 9 also shows the mean

per cent, of "special reducing groups" i.e. the extra

reducing groups obtained by ferricyanide over the

copper method at each level. It can be seen that

the relative proportion of the "special reducing

groups" is high in the initial stages and falls

thereafter. The absolute amount of such grouping-

runs to a maximum up to 30-35 per cent, hydrolysis
■

and then fails. In the earlier stage one special

reducing group is liberated for every three groups

liberated by copper reagents.

Tasle 9/
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Table 9. Calculated value of the ratio f

(ferricyanide/copper reducing groups) at different

levels of conversion by o(-amylase.

Reducing groups per cent, of dry starch. Value of
f

Copper Ferricyanide 'Special
Method. Method. Groups'

0 * 0 0 1.292

5 A 6.35 1.35 1.270

10 12.48 2.48 1.248

15 18.40 3.40 1.227

20 24.10 4.10 1.205

25 29.57 4.57 1.183

30 34.83 4.83 1.161

35 39.86 4.86 1.139

40 44.72 4.72 1.118

45 49.32 4.32 1.096

50 53.70 3.70 1.074

& Extrapolated values.
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A consideration of the theoretical aspects

of the value of f and its variation with the increase

in hydrolysis would be very interesting, but there

are obvious difficulties in the interpretation of

results. The hydrolysate is a complex mixture of

glucose, maltose ana dextrins ana the value of f

depends upon the effect of the oxidising agent used

on all thesp components. The value of f for maltose

is 1 but for glucose it is less than 1 and depends on

the concentration of glucose, it being of the order

of 0.84 - 0.81 as the concentration of glucose

increases from 0.1 to 0.2 g. per 100 ml. However,

certain broad conclusions can be drawn. As the

extent of hydrolysis increases, the amount and the

complexity of the dextrin in the mixture decreases,

and the value of f also decreases. The increase

in the amount of reducing groups by the ferricyanide

method over the copper method is in all probability

due to the structural character of the dextrin rather

than to their actual complexity. At about 50 per

cent, conversion of starch the value of f is roughly

1.06, but this low value must be due at least in

major part to the production of glucose and maltose

in relatively high proportions. Again, it is

noticed that in the case of the joint action of

amylases on starch at about 80 per cent, hydrolysis

the value of f is substantially 1. As at this

stage there are still dextrins there must be a fairly

high percentage of glucose to balance the high value

of f due to dextrin. This is. in agreement with the
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finding of Blom and Schwarz (1947) that about 12 per

cent, of reducing groups in wort is due to glucose.

However, the considerable portion of maltose produced

at this state will ensure an f value not far from one,

whatever other saccharides are present.

Amylase activity determination:- As has been

already stated the ferricyanide method has been used

by the American Society of Brewing Chemists for the

determination of aiastatic power. This is obtained

by dividing the maltose equivalent of a standard

starch conversion by the factor 4. Maltose

equivalent is the total reducing groups, as determined

by the ferricyanide or Fehling's method, in the
Jz£rS tlw^- •

hydrolysate of a 2 ml. buffered starch solution by

2 ml. of a 5 per cent, extract of malt in 30 minutes

at 20°C. In the standardisation of the sugar

determination methods used in the present work, it

has been established that for a 25 ml. titration,

5 ml. Fehling's solution are equivalent to 38.5 mg.

anhydrous maltose. On this basis, taking into

account A.S.E.C. conditions the divisors po convert

ferricyanide maltose equivalents to D.P. in degrees

Lintner can be worked out. Thus,

D.P. = 20Q0
xy

x being the volume of extract and y the

Fehling's titre value.

M.S. = 200. K

K being the anhydrous maltose equivalent of

Fehling's/
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Fettling1 s solution.

M.E. x 1§ = D.P.
According to A.S.B.C. x = 2 ml. for 30 minutes

i.e. 1 ml. for .60 minutes

and K - 38.5 (from experiment)

M.E. x 10 - D.P.
38.5 "

i.e. M.E - D.P.
3.85

Jl— Amylase conversions with ferricyanide give 1.25

times the copper value. Therefore in that case

M.E. 1 _ _ p
3.85 1725 ~ D-p*

i.e. M.E • — -pi p

478

Thus the divisors for /3-and amylase conversions
will be 3.85 and 4.8 respectively. In the case of

the joint action of the amylases this factor depends

on the ratio of the two amylases; thus, for a 4:1

ratio of /5:<^ it would be 4.04, while for 5.3 to 1

ratio it would be 4. Since it is impracticable to

use different advisors it is proposed to use the

factors 3.85, 4.05 and 4.8 for (jC?+(*)-and
deconversions respectively. When copper method is

used in all the three cases the app? opriate figure

is 3.85.

It has already been shown that -with the

use of ferricyanide reagent the limit of linearity

with ( (?>+ (L) amylase extends up to 20-25 per cent.

hydrolysis and with dv-amylase from 10-15 per cent,

hydrolysis. These limits should be observed when

using the A.S.B.C. methods for determination of

diastatic/
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diastatie power. For the Institute of Brewing method

for Diastatic Power ( ol-^ p>) a linearity of 30-40 per
cent, may be assumed (Kjeldahl's Law). For d .amylase

determination the volume of the extract used should
.

be adjusted such that there is a hydrolysis of not more

than 12 per cent, in the standard time; in otherwards

the titre value for 5 ml. Fehling's solution should
"

not be less than 25 ml. Observing these precautions

and using appropriate conversion factors it is

possible to determine the D.P. and D.P.^ with

ferricyanide with accuracy comparable with that

obtained by the traditional D.P. method.

Protracted Conversions and those at high temperatures:

From the regression equation in Table S for the

value of f for conversions with d-amylase at 21°G.

carried to 15-50 per cent. hydrolysis, the appropriate

relationship that exists between the ferricyanide

reducing value (Rpe) and the copper reducing value

(RCu) can given as Rqu= 148.1 - 0121933.6 - 229.4

this being derived by the familiar method of completing

squares. Therefore the copper reduction can be

worked out if the ferricyanide reduction is known.

Alternatively the figures in the first and second

columns of Table 9 can be plotted against each other

and from known value of one -the other can be read out

from the curve. It is however, not possible to say

at this stage whether this relationship holds good

even for high temperatures. The dextrin isat ion and

saccharification/
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sacclarification potentialities of d- anylase may be

different at higher temperatures from those at 21°C.
and therefore may affect the value of f. This

aspect of the question is dealt with in a later

section.

SUMMARY.

1. In the presence of d- anylase, reducing

group determination by the modification of the

Hagedorn-Jensen method gives higher values for starch
. *

conversion than those obtained by the use of copper

methods.

2. For oU conversions in the range of

0-12 -per cent, hydrolysis, the ratio of ferricyanide

to copper reducing groups (as maltose) approximates

to 1.25; from 15-50 per cent, hydrolysis, this

ratio falls according to the equation

f - 1.292 - 0.0o436 R ± 0.027.
vU

3. The divisor factors to convert

maltose equivalents obtained under A.S.B.C.

condition of [$, d and ( |3» ) anylases to degrees
Lintner are 3.85, 4.80 and 4.05 respectively.

My best thanks are due to Dr. Preece for

permission to make use of some of his results with

malt extracts.
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PART V.

INFLUENCE OF ft '-d RATIO AND OF TEMPERATURE ON

REDUCING GROUP PRODUCTION FROM STARCH.

Much of the work on the activity of malt

amylases at elevated temperatures has been connected

with the characterisation and separation of its

components. Thus? 0'Sullivan (1876) noticed that

the maltose content of starch hydrolysate with malt

extract fell from 67.9 per cent, at 63°C. to 17.4 per

cent, at 70°C.5 while dextrin content increased from |

32.3 per cent, to 82,6 per cent, as a result of the

same temperature change. Mhrker (1877) also working

on the activity of amylases at high temperatures

suggested that malt amylase consists of two enzymes.

Brown and Heron (1879) made a detailed study of malt

diastase at high temperatures and noticed that there

was a change in the activity of the diastase when

the temperature was changed from 60° to 66°C., and at

75°C. the activity was completely destroyed in a

| matter of a few minutes. The works of Bourquelot

(1887), Wijsman (1890) and Lintner and Eckhardt

(1879) on the stability of malt diastase towards heat

led to the conclusion that the 'malt ferment' was a

mixture of two or more enzymes, successively destroyed

by the action of heat. Ohlsson (1930) actually

separated the two activities of the malt diastase,

while Kneen, Sandstedt and Hollenbeck (1943) studied

the stability of the two amylases between 50° and

70°C/
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70°C. undler various conditions %

There appeal's to be little, if any,

published data on the activity of amylases, particular¬

ly their sensitivity in their action at the brewery

mashing temperature of 65°c. Claus (1947) has

studied the kinetics of amylase action on starch

conversion approximating those in a brewery mash at

temperatures 50°-80°C., while Munsey Beck, Stark and

Vernon (1948) have studied the action of varying

proportions of malt amylases on starch under distillery

conditions. It has been established by Preece

(1947} that in normal British Brewery malts the

amylase content (as measured by reducing group

production) is about four times the Jl- amylase content.

It is therefore necessary to have information about

the starch hydrolysing potentialities of varying

proportions of the two amylases under the mashing

pH and temperature conditions. This aspect of

the joint action of the amylases, with special

reference to the liberation of reducing groups

from starch, is discussed in this section.

EXPERIliEBTAL.

Stanch Conversions:- 1.11 per cent, (dry weight)

soluble starch solution was prepared as described in

previous sections, using 2 ml. 5.4 acetate buffer

instead of 4.6 buffer. The pH of 5.4 was selected

as it is said to be generally optimal for mashing

from the point of view of beer production (Hopkins

1925). 90 ml. of the buffered starch solution, at

a/
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a temperature higher than the temperature of

conversion, were acicled cpickly to enzyme contained

in 10 ml. water at the room temperature with shaking

so that the temperature of the final mixture was

that required for starch conversion, and the mixture

was immediately transferred to a thermostatically

controlled water-hath. The standard temperature

of conversion was 65°C., hut conversions were also

carried out at 63°C. and 67°C, In all cases

conversions were carried out to a maximum of 2 hours.

At regular intervals aliquots of solution were

withdrawn and adued to sodium hydroxide solution to

give a total volume of 10 ml. at pH 10.5 - 11, thus

inactivating the enzymes, and reducing groups were

determined hy the ferricyanide method.

Amylase ratios and concentrations: - - and ft,-

Amylases, each free from the other and free from

maltase, were prepared as described in Part III.

The unit of amylase concentration was as stated

therein, viz., the weight of the enzyme which

would produce reducing groups equivalent to 12.5 mg.

.of maltose hy the ferricyanide method from 1 per cent,

starch solution in 15 minutes at pH 4.5 and 21°C.
As described in Part IV the ferricyanide values

with <*- amylase are roughly 1.25 times the copper

reduction values. Thus, the copper valine for

amylase will he 10 mg. of apparent maltose while for

^-amylase it will he, as in the case of ferricyanide
method, 12.5 mg. of maltose.

As/
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As an answer to the problem presented may

prove of practical brewing importance, it was thought

desirable to express the concentrations of the

enzymes used in degrees Lintner. Thus & - airylase

liberates 10 mg. maltose in 15 minutes or 20 Eg. in

30 minutes. This is equivalent to the reducing

groups produced from 2 ml. of a standard 5 per cent,

extract (as in D.P. determination) of a malt a£

D.P. equivalent to 20/3.85, (cf. Part IV). The

average starch content of malt is 57 per cent.

(Preece, 1941). Then this amount of amylase would

accompany 0.057 g. of starch. In the present

conversion it accompanies 1.0 g. of starch. Its

equivalent D.P. would therefore be 20x0.057/3.85 =

0.30 °L. This, then will be the Lintner equivalent

of Ilk unit when acting on 1 per cent, starch.

Similarly the equivalent of 1 p> unit would be
1.25x0.30 = 0.375 °L. The ^3:ck ratios used were

0, 2, 3, 4 and 5 on the ferricyanide scale and the

concentrations used were 1, 5, 10 and 20 times the

unit concentration. The copper values for the

various ratios of ft to ck and the Lintner value of
the mixtures used are summarised in Table 10.

Table 10/
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Table 10. f>' ck Ratio investigated and the Lintner

equivalent of the mixtures at the total concentrations

used.

f, Ratio j
Ferricyanide. j 0:1 2:1
Copper. 0:1 2&-:l

3:1

3f:l

4:1

5:1

5:1

6^:1

Lintner equivalents C0^)

T«
1

? S*
J> r*>

%V
1 2°
£

X 1 0.3 1.1 1.4 1.8 2.2

X 5 1.5 5.3 7.1 9.0 10.9

X 10 3.0 10.5 14.3 18.0 21.8

X 20 6.0 21.0 28.5 36.0 43.5
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Rp.sult.fi: The results of the experiments at 65°C.
with varying fi-ck ratios and in different concentrations
are shown in Table 11. The 3§sl ratio at 20 times

the standard concentration closely compares with

enzyme-starch relationship found in an 'average'

brewery malt (Preece 1947). The rate of hydrolysis

of at- anylase by itself in various concentrations and

by the joint action of the amylases in various ratios ,

at 20 times the standard concentration are shown in

Figures 6 and 7 respectively.

The influence of temperature on the

production of reducing' groups was studied by

repeating the experiments with 10 ana 20 times the

standard concentration of enzymes at 63°C. and

67°C. and the results are shown in Table 12.

Using the results of Tables 11 and 12 the |
influence of temperature with varying ratios with

10 times the standard concentration of enzymes for

1 hour conversions are shown in Figure 8 and the

effect of different concentration when the ratio of
i

3j|;l is kept constant is shown in Figure 9.

Table 11/
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Table 11. Influence of amylase ratio on

reducing group production from 1 -per cent.soluble

starch solution at pH 5.4 and 65°G,

Results expressed as apparent maltose (ferricyanide)

per cent, starch.

Relative Conversion fi: <*. Ratio ( copper values).
concentra- time -

tion <f (min.)
enzymes. 0:1 2^:1 3-|:l 5:1 6^:1

15 7.3 8.0 9.6 10.5 11.2
30 10.0 10.9 13.3 14.2 14.9
45 11.0 12.6 15.1 16.2 16.7
60 12.0 13.5 16.4 17.3 18.2
120 13.1 15.0 18.4 19.2 19.9

15 26.3 36.3 39.1 47.5 51.8
30 32.3 42.3 45.3 53.0 56.6
45 33.7 44.6 46.9 54.2 57.5
60 34.8 46.9 48.2 55.1 58.3

120 35.4 47.7 49.3 56.6 58.6

15 38.1 62.1 64.6 67.4 70.0
30 41.7 64.8 67.4 69.1 71.4
45 42.8 65.7 68.3 69.6 71.8
60 43.5 66.7 69.1 70.0 71.8
120 44.6 67.6 70.0 70.9 72.7

15 42.4 64.8 71.4 74.1 75.0
30 45.1 67.6 72.3 74.5 75.5
45 46.6 69.0 73.2 75.0 75.9
60 47.3 69.8 73.7 75.5 75.9
120 50.0 70.3 74.1 75.5 76.4
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Table 12. Influerc e of temperature on hydrolysis

1 Per cent, soluble starch solution at pH 5.4

with varying fSrjL ratios and different total enzyme

concentrations.

Results expressed as apparent maltose (ferricyanide)

•per cent, of starch.

Temp. Re-_ Con-
0°C. lative version /v:<JLRatio (copper value)

total time
concen¬

tration
of en¬

zymes.

(min.)
0:1 2^:1 3|:1 5:1 6fcl

63° x 10 15 39.3 65.7 67.4 71.8 74. q
30 42.8 69.2 70.5 73.5 75.4
45 43.7 71.3 71.8 74.5 76.3
60 45.0 72.2 72.7 75.4 76.7
120 46.5 72.2 73.5 76.3 77.2

x 20 15 42.8 66.7 70.. 9 74.5 76.3
30 45.1 70.3 72.8 77.2 78.1
45 47.3 73.1 73.2 78.1 78.6
60 48.2 74.0 74.1 78.6 79.0
120 50.9 74.9 75.0 79.5 79.5

67° x 10

x 20

15 37.0 41.8 48.2 52.6 57.5
30 40.4 45.5 51.8 55.8 59.7
45 41.0 46.4 52.2 56.2 59.7
60 - 42.2 46.9 53.1 57.0 60.1
120 42.6 47.8 54.0 57.5 60.6

15 41.7 60.2 61.6 65.6 70.9
30 44.5 62.9 63.4 67.4 72.8
45 44.9 63.2 64.3 67.8 73.7
60 45.3 63.9 64.7 68.3 73.7
120 46.6 63.9 65.6 69 .b 75.0
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Fig, 6, Influence of varying A-amylase concentration on

reducing group production, .

CpH 5.4, 6b°C, and 1 per cent, soluble starch

solution)
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DISCUSSION.

The striking feature of the results is the

extreme initial speed of the action when the amylases

are actirg together , particularly with higher

ratios. The reducing group production increases as

the enzyme concentration increases5 but after a

certain enzyme-starch ratio the increase in enzyre

concentration has very little effect. There is no

evidence to support the suggestion that amylase

is active after 15 minutes at 65°C. After this

interval the slow saccharification is brought about

entirely by d- amylase. The extent of this

hydrolysis depends upon the linkages available for
- amylase action. If the initial rapid action is

high as with enzymes of high concentration,

liberation of reducing groups after the first 15

minutes is very littlej in fact, the hydrolysis-
time curves are, for higher ratios of f>'d\ almost
horizontal lines (cf. Figure 7). Though airylase

activity is destroyed within a short time, during

the period of its survival it is extremely active.

Most of the saccharification is brought about by

this enzyme. This can be seen by comparing the

curves for the joint action of the enzymes with the

curve for d- anylase alone in Figure 7.

The results of Table 11 are shown in

Figure 10 by plotting the hydrolysis at 1 hour

interval against the equivalent D.P. in the

conversion mixture for different ratios of d

investigated/
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investigated. In view of the extremely rapid

initial action ana the small, number of readings

available for low D.P. value (below a D.P, equivalent

of 10) it is not possible to assess accurately the

influence of ratios on the extent of hydrolysis

in this range. However, by an examination of the

figure it can be concluded that for regions with a

D.P. value below 10-15 the reducing' group production

increases as the proportion of ft falls. For lower
D.P. values (below D.P. of 5) ^-amylase alone produces

more reducing groups than even 2^:1 ratio. In the

case of 4-amylase acting alone the case is

complicated as ferricyanide with -amylase conversions

givesj^iigher reducing values, especially with high
concentrations of the enzyme (cf. Part IV) . Even

taking this into account the above statement seems

correct.

With enzyme mixtures of D.P. values higher

than 15 the position is different. Thus, with

3-^:1 ratio and above, the ratio of the enzyme seems

immaterial bhd the reducing groups proauced increase

steadily with t»he increase in total D.P. whatever the

ratio. Above a D.P. value of 15 there is

approximately 3 per cent, increase in hydrolysis for

a rise of every 10° in Lintner value. For 2^:1
ratio, however, the reducing groups, produced above

D.P. value of 15 seems to be inferior to those

obtained with other ratios. From a consideration

of the results it appears as though the actual ratio

of/
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of the enzymes is not of much importance in the

production of reducing groups in the mash tun. It

should not be forgotten, however, that the total

reducing group is a measure of the fermentable and

unfermentable carbohydrates present in the mash

tun and consistancy of the reducing groups with

various ratios of the enzymes does not necessarily

mean the resulting wort is of the same fermentable

potentialities. This aspect is discussed in the
next part.

Conversion results with (/-amylase alone

are of considerable theoretical interest. With

all the four concentrations of the enzymes used

at pH 5.4 and 65°C. there is a rapid initial

reaction followed by a prolonged liberation of

reducing groups (Figure 6). There is an increase

in the amount of initial rapid hydrolysis as the

enzyme concentration increases but the rate of the

subsequent slow action is the same in all the four

casesj these parts of the hydrolysis-time curves

ore almost parallel. It has already been shown in

Part IV that dextrinisation is always accompanied by

saccharification. The.present observations would

appear to lead to the conclusion that the two actions

are virtually independent of each other under the

conditions of the experiments. The point of

inflection in the hydrolysis-time curve varies with

the amount of the enzyme used. Thus, with low

enzyme concentration the inflection is at about

10 per cent./
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10 'per- cent .hydrolysis instead, of at the 30-30 per

cent.as is generally accepted for conversions at

ordinary temperatures. Similarly for higher

concentrations it is beyond the 35 ~pe r cent.stage

(cf. Preece 1948b). Alfin and Caldwell (1948) have

also noted, working with pancreatic amylase at 40°C.

that the extent of hydrolysis ana the point of

inflection depend upon the enzyme concentrations.

It appeans therefore that the dextrinising activity

(A - amylase is more sensitive towards heat than the

saccharifying activity. Preece (1948a) has shown

that temperature, by itself, even at 70°C. does not

bring about considerable inactivation of the enzyme.

Alfin and Caldwell (loc. cit.) have shown that the

dialysable products of p(- anylase action do not

inactivate the enzyme. It is not therefore possibly

to explain the behaviour of the o(-amylase under the

conditions used in the present work merely by the

difference in the activity of the enzyme for starch

and dextrins as suggested by Hopkins (1946) and

Alfin and Caldwell. The behaviour can be best

explained by assuming that ' <*•-amylase' is in fact a

mixture of two enzymes or a single amylase having,

active groups of different function.

The inhibition of amylase activity as

envisaged by Preece (1948a) may be due to dextrins

of intermediate complexity. The dextrinising

groups of the enzyme form a reversible combination

with the dextrins which might become irreversible as

time/
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time is prolonged ox* temperature increased. Thus,

with low concentrations of cJ - amylase , the dextrins

produced during' the dextrinising period would be

only slowly saccharified. With higher concentrations

of oU amylase there -will be substantial hydrolysis in

a given time and this might suffice to complete this

stage of the reaction. The subsequent slow action

with enzymes of all concentrations at substantially

equal speed is because of the high initial hydrolysis

in the case^high concentrations, which reduces the

molecular .complexity of the dextrins thus impeding

the rate of saccnarif'ication, and inactivation of the'
t

enzymes with dextrins with low concentration of

enzymes. If this hypothesis is correct, -it might be

supposed that fb- amylase would increase the stability

of pi- amylase by reducing the complexity of the

inhibiting dextrins. Study of the behaviour of

jVamylase in presence of amylase would seem to

confirm this, as is shown below.

The extra reducing groups liberated due to

the action of ft- amylase alone in the joint action

of the amylases on starch at 6o°C. is calculated

from Table 11 and is shown in Table IS. This is

plotted against the D.P. ^ in Figure 11. The
following conclusions may be drawn from the table

and the figure;

1. There is no evidence that ^-amylase is active
after the first 15 minutes.

2. The results fall into three series.

Series/
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Series (i). There is an increase in reducing

group production with time. This occurs only with

low enzyme concentration and especially when both

o( and are low. This may be ascribed to increased

stability of oC. in presence of fi the latter probably
destroying the dextrins of intermediate complexity,

which by combining with amylase would in part reduce

its concentration available for hydrolysis of more

complex dextrins and in part pass into an irreversibl

inactive form. In a given time the reducing groups

are roughly, but not accurately, proportional to

D.P. ; in fact for a given period increase in
r

D.P.p produces more reducing groujjs than is required
by strict proportionality. At 120 minutes more

reducing groups are produced than at 15 minutes.

Since it cannot be accepted that (I - amylase is active
for this period the extra reduc ing g roups must be

due to protective action on (A . The auditive type

of reaction persists up to D.P. of 8-10 °L. Similar

conclusions as to the adaitive function in this

region can also be reached by drawing two lines with

the reaction curves in figure 10 corresponding to>er«—

1.5°L. respectively with respect todU amylase. From

a consideration of the points of intersection of

these lines with the curves it will be seen that

1 -amylase activity produces approximately 2,5 per

cent, reducing groups under the conditions

represented. This relationship fails at the lowest

D.P. values for the reasons given above and also

fails/
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fails as the saturation effect is approached at

inflection.

Series (ii):-The extra reducing groups produced

remain substantially constant. This is an

intermediate condition between competition and

protection. Both operate producing a balance.

Results constituting these series occupy the

approximate intermediate positions in Table 13.

However, with higher concentrations of ^-amylase
the effect of competition is seen. This is marked

in the case of lower concentration, the production

of reducing groups by the ratio 2£:1 being markedly

inferior to those obtained by a 5:1 ratio. The

high initial activity associated with higher

ratios is reflected in the greater fall off in the

reducing groups produced in 120 minutes when

compared with the production with 2-^:1 ratio after
this time.

Series (iii);:- This corresponds to D.P. of 20°L.
P

During this phase there is a decrease in the apparent

maltose produced with time. This is the delayed

result of competition between the two enzymes.

Since a portion of linkages attackable by p amylase
are also attacked by qU amylase there is a keen

competition between the two enzymes for substrate.

The intense action in the first 15 minutes of its

survival by fb amylase leaves very few groups for
(X~ amylase to attack, when compared with what

should be achieved if (K- alone acted throughout. In

this range saturation conditions are approached with
respect to /#-amylase.
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Table 13. Reducing groups produced at 65°C. by

mixtures o£d- and fi- amylases 5 aduitional to those

produced by the same concentration of amylase

alone (cf. Table 11).

(Results expressed as apparent maltose (ferricyanide)

per cent, of starch).

Relative Conversion
total time
concentra- (min.) P:oL Ratio (copper values)
tion of
enzymes. 2^:1 3f:l 5:1 6&:1
x 1 15 0.7 2.3 3.2 3.9 ;

30 0.9 3.3 4.2 4.9
45 1.6 4.1 5.2 5.7
60 1.5 4.4 5.3 6.2 ;

120 1.9 5.3 6.1 6.8
Series (i) (i) (i) (i)

x 5 15 10.0 12.8 21.2

i

25.5
30 10.0 13.0 20.7 24.3
45 10.9 13.2 20.. 5 23.8
60 12.1 13.4 20.3 23.5.

120 12,2 13.8 21.1 23.1
Series > (i) (i) (ii) (iii)

x 10 15 24.0 26.5 29,3 31.9
30 23.1 25.7 27.4 29.7 1
45 22.9 25.5 26.8 29.0
60 23.2 25.6 26.5 28.3
120 23.0 25.4 26.3 28.1

Series —> (ii) (ii) (iii) (iii)

x 20 15 22.4 29.0 31.7 32.6
30 22.5 27.2 29.4 30.4
45 22.4 26.6 28.4 29.3
60 22.5 26.4 28.2 28.6
120 20.3 24.1 25.5 26.4

Series——> (ii) Ciiii • (iii) (iii)
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Fig. 11. Influence of /3-.«k ratio and D.P. due to f>
on additional reducing group production.

1 per cent, soluble starch solution at

pH 5,4 and 65°C, 2 hr. conversions.
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The influence of Temperature on reducing

group production is considerable (Tables 11 and 12;
Figures.8 and 9). The increase of temperature

from 63°C. to 67°C. at pH 5.4 has not much effect

on conversions with c*-amylase alone. During this

temperature change the activity of amylase

decreases only by about 3 per cent. Its effect on

the joint action, however, is quite considerable,

the effect being marked in the case of mixtures

where ^-amylase content is low. Thus, the

reducing groups produced by the ratio 2-|-:l
decreased by 25 per cent, during the temperature

change from 63° to 67°G. while with the ratio of

6^:1 the decrease' was only 16 per cent. The

temperature effect appears to be greater between 65°
and 67°C. than between 63° and 65°G. It is of

interest to note that for a constant amount of

amylase, the decrease in (Z- aiqylase content has the

same effect as the increase in temperature, for

reducing group production. Thus, 60 per cent,

hydrolysis is achieved at b6°C. with a ratio of

2-|-:l or at 67°G. with a ratio of 6^:1 (cf. Figure 8)
The extreme sensitivity of ^-amylase to temperature
in the neighbourhood of 65°C. is in agreement with

the findings of Claus (1947).
The influence of temperature on reducing

group production with a constant fl'-tk ratio (3q:l)
and different enzyme concentrations viz. 10 and 20
times the standard concentrations is shown in Figure
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9. The mixtures of low D.P. just like the mixtures

of low fi'& ratio are more susceptible to temperature

change than high D.P. mixtures. This change is more

marked at 67°C. than at 63°C. For example, 70 per

cent, hydrolysis is achieved at about 66°C. with an

equivalent D.P. of 28.3°L.; whereas the same

hydrolysis is achieved at about 64.6°G. , when the

equivalent D.P. is 14°L. Thus the mashing

temperature is a cricital one for starch conversions

with amylases. This has been recognised by

practical men for a long time and the results

represented above would explain at least in part the

differing sensitivities of different malts to

temperature changes.

SUMMARY.

1. At the infusion mashing temperature of

65°C. p-amylase is not active for more than 15
minutes in laboratory starch conversions at pH 5.4.

During its period of survival it is extremely active,

2. cK- Amylase is active for considerable

periods under these conditions, but the hydrolysis
is extremely slow beyond the point of inflection,

which depends on enzyme concentration.

3. The actions of the two enzymes are

mostly independent but, with high /?- amylase
concentration there is competition whilst; with low

oi- amylase concentration there is evidence that

p- amylase exerts a certain measure of protection
of oL- amylase.

4/
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4. The heat sensitivity of the mixture

of amylases decreases with the increase in enzyme

concentration or with the decrease in (l- amylase
content of the mixture.
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PART VI.

INFLUENCE OF (l'ik RATIO AND OF TEMPERATURE OR THE

PRODUCTION OF FERMENTABLE AND UNFERMENTABLE REDUCING

GROUPS FROM STARCH.

As has been pointed out in Part V the

reducing group production from starch with amylases

under conditions in which the proportions of enzymes

to starch are substantially the sane as in brewery

mashes, depends upon a number of factors. Thus, it

is possible to get a conversion of a desired reducing

potentiality either by changing the concentration or

the ratio of the two enzymes or by altering the

temperature of conversion. Constancy of reaucing

groups nevertheless does not necessarily mean that

products have constant composition in all the cases.

They would naturally have different fermentative

capacities. However interesting the results with

the reducing group production may be academically;

practical interest must reside finally in the
relative production of fermentable and unf'ermentable
materials as a result of mash tun starch conversions.

A quantative estimation of the different fermentable
and unf'errnentable reducing groups woula be most

interesting. Precise information of this t;ype
cannot be obtained owing to the lack of convenient

methods of such estimations. However, the nature of

at least part of the fermentable sugars is known:

glucose and maltose are present in varying proportions
depending/
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depending upon whether it is an A - amylase conversion

or a joint, action conversion. Considerable

quantities of fermentable trisaccharides are also

said to be present in starch conversions by malt
"

I
amylases, (Myrb&ck, 1948; Blom and Schwartz, 1947).

The present discussion deals with thejCermentable and
unfermentable reducing groups liberated under the

conditions of starch conversions studied in Part V.

EXPERIMENTAL.

Starch Conversions:- Conversions were carried out

in exactly the same way as described in Part V

using 1 per cent, soluble starch solution at pH 5.4

with various ratios of the amylases and in different

concentrations. Conversions were carried out at
o

65 C. with 5, 10 and 20 times the standard con¬

centration of enzymes.(cf. part III) and at 63°
and 67°C. with 10 and 20 times the standard con¬

centrations only. In all cases ratios of 0, 2,

3, 4, and 5 (ferricyanide) were used. At the end

of the required period of hydrolysis the enzyme was

inactivated by boiling the hydrolySate for a

minute. After cooling it was made up to a known

volume by adding 2 ml. of 5 per cent, sterile yeast

water for every 100 ml. of the hycirolysate. From

suitable aliquots of this solution reducing groups

were determined by the ferricyanide ana Fehling's

methods.

Estimation of fermentable reducing groups:- Enzyme

inactivated hydrolysate (100 ml.) was taken in a

sterile/
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sterile 250 ml, conical flask, 2.0 g. oi brewery

yeast freshly washed by centrifugation with 100 ml.

water were adaed. After shaking, the flask was

incubated for 48 hrs. at 21°C. The contents of the

flask were then transferred to a 150 ml. standard

flask and was made up to the mark. It was then

centrifuged in a rinsed centrifuge bottle and from

suitable portions of clear supernatent liquid

reducing groups were determined by the f'erricyaniae

method ana wherever possible, also by Fehling's

method (with higher concentrations of mixtures of

( GK+p) concentration of unf'ermentable reducing

groups is too low for Fehling's determination). The

difference between this value and the corresponding

value before fermentation gave the fermentable

reducing groups.

Readings:- To confirm that the above technique of

fermentation gives reliable results some preliminary

experiments were carried out with ck~ amylase

conversions. Soluble starch solution hydrolysed

to about 30 per cent, with amylase at 65°C. and

pH 5.4, after inactivation of the enzyme by boiling
the solution was divided into two parts, some yeast

water being aaded to both the fractions. To one

of them some maltose was added and both the parts

were separately fermented as described above.
There was a 100 per cent, recovery of adaed sugar-

showing the suitability of this method for the type
of work contemplated in the present investigation.
The/
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The results of these experiments are shown in Table

14. It will be seen from the Table that the

ferricyanide and copper methods give very different

individual readings; but the amount of sugar

recovered by both the methods agree very well.

Hence either of the two methods is suitable foi'

the estimation of fermentable reducing groups.

Table 14/



92.

Table 14. Recovery of adaed maltose in o(-amylase

conversions by fermentation with brewery yeast.

• - —r
Before fer- After-
mentation. Omental

Fer-
tion.

L lllcU. OUbC,

Ferment¬
ables

Maltose
added.

Maltose
recovered.

Fe. ;

-

Cu. Fe. Cu. Fe. Cu. ; Fe. Cu. Fe .

•

Cu.

A
r

310.0 257.0 250.6 182.5 59.4 74.5:
• • u ■

B 672.3
|
625.0 248.9 185.5 423.2 439.5 362.3 368.0 362 .8 365.0

A 283.0 237.0 229.6 173.1 53.4 63.9

B 607.0 555.0 231.0 172.3 376.0
.

382.7 324.0 oCOCO 322;.6 318.8

i

A 305.2 257.0 248.3 184.8 | 56.9 72.2
-

.

:

B 616.0 568.0 246.1 187.0 .369.9 381.0 310.8 311.0 312V° 308.8

cA Ccr^-v v5 <5_^r"V-v.' CTVv/^

li : CA.- Cjjvv CXo^oL-O Ai

Cvx ' ^OsAA>JL^ .



93.

The results of the experiments at 65°C.

with varied ratios of amylases at different

concentrations on the production of fermentable and

unfermentable reducing groups at 1 and 2 hr.

intervals are shown in Tables 15 and 16 respectively.
The influence of increasing proportions of f, - amylase
for constant ^.-amylase concentration with 20 times

the standard concentration of enzyme in 1 hr., at

65°C. is shown in Figure 12 and the influence of

D.P. and ratios is shown in Figure 13, The

results of conversions at 63° and 67°C. are shown

in Tables 17 and 18 , and the figures 14 and 15

represent the influence of temperature on various

ratios at 10 times the standard concentration of

enzymes on the production of fermentable and

unfermentable reducing groups respectively, in 1 hr.

It will be seen that the total reducing groups for

different conversions shown in the above tables are

not exactly the same as shown in part V; though the

general type of the results is of the same order as

in the previous section. Small differences in the

absolute values are to be expected in view of the

fact that different enzyme preparations have been

used in the two cases.

Table 15/
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Table 15. Influence of (1-.& amylase ratio on the

production of fermentable and unfermentable reducing

groups from 1 per cent, soluble starch solution at

pH 5.4 and 65°C. in 60 minutes.

Reducing groups as apparent maltose -per cent, of

starch.
■?

Relative | Enzyme
7 "

j Before After
T~

concen¬ j fermenta- fermenta- ; Fermentables
tration 1 tion. i tion.
of en¬ (copper 1

I

zymes. lvalues) Fe. Cu. Fe. Cu. Fe. Cu.

x 5 0:1 j 37.4 32.6 26.2 20.5 11.2 12.1
2-0-: 1 1 46.4 42.0 22.4 17.6 : 24.0 24.4
3f:l 48.3 43.0 22.0 16.5 26.3 26.5
5:1 53.8 49.5 20.6 16.1 33.2 33.4
6f-:l 57.5 52.7 19.1 14.7 38.4 38.0

-

x 10 0:1 43.3 39.0 28.6 22.9 14.7 16.1
24:1 66.7 62.4 18.3 48.4

3^: 1 69.0 66.1 14.7 54.3
5:1 69,9 66.5 13.5 56.4
6^:1 71.7 67.9

- 1
13.3 58.4

x 20 0:1 47.3 42.9 30.0 24.0 17.4 18.9
2"2 ! 1 71.3 6to.7 17.7 53.6
3-1:1 74.1 69.8 15.5 58.6
5:1 75.4 71.7 13.6 61.8
6-4:1 75.9 71.4 12.1 63.8

Fe: Ferricyanide values

Cu: Copper values.
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Table 16 . Influence of amylase ratio on the

production of fermentable and unfermentable reducing

groups from 1 per cent, soluble starch solution at.

0
pH 5.4 and 65 C.j in 120 minutes.

Reducing groups as apparent maltose per cent, of

starch.

Relative
concen¬

tration

Enzyme
ratio

; Before
fermenta¬
tion.

jAfter
i fermenta¬
tion.

Ferment-
ables.

of
enzymes.

(copper
values) Fe. Cu. Fe. Cu. Fe. Cu.

x 5 0:1

2-|:l
3^:1
5:1
6-i:l

38.7 34.4
48.7 43.8
,51.0 ,45.8
55,6 50.6
61.1 57.7

i " -

26.8 21.1
23.7 18.4

j. 23.1 ,18.0
20.2 16.0
17.1 13.3

11.9 13.3
25.0 25.4
27.9 27.8
35.4 34.6
44.0. 44.4

x 10

•' i

0:1
2&1
3§:1
5:1
6-4:1

44.9 39.9
68.5 64.2
70.4 66.5
71.7 67.7
72.2 68.0

29.1 23.4
17.2
15.3
13.2
12.9

15.8 16.5
dS.3
51.1
-58.5
59.3

x 20 j1 0:1
22:1
3|:1
5:1

6-^:1

48.5 44.3
71.7 67.6
74.5 69.9
76.4 73.5
76.8 74.3

29.8 23.7
16.9
14.4
12.1
10.7

18.7 20.6
54.8
60.1
64.3
66.1

Fe: Ferricyanide values.

— |

Cu: copper values.
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Table 17. Influence of' temperature on the

production of fermentable and unfermentable reducing
groups fx om 1 pex' cent, soluble starch solution at

pH 5.4 with varying arqylase ratios and different

total enzyme concentration} in 60 minutes.

(Results expressed as apparent maltose per cent, of

starch.

Temp, relative Ratio
°C. ccn. of (coppex

enzymes, values]

Before After
ferment- ferment-
ation. ation.

Fe. Cu. Pe. Cu.

Ferment-
ables.

Fe. Cu,

63° xlO

x20

0:1
2b 1

3£:1
5:1
6^:1
0:1
2a: 1
34:1
5:1
6^:1

45.0
72.4
73.8
76.1
77.4

48.9
77.9
78.3
79.7
80.6

40.0
69.1
71.0
73.5
75.9

44.8
74.5
7o.O
76.0
77. o

30.0;23.5
14.3
12.2
11.0
9.6 :

30.2
10.0
9.1
8.8
8.8

15.0
58.1
61.6
65.1
67.8

16.5

24.2 . 18.7
{ 67.9
1 69,2
i 70.9
S 71.8

20.6

67° xlO

x20

0:1
2a:1
3§:1
5:1

6-4-:1

0:1
2b 1
3§:1
5:1
6:7:1

41,1|36.5
46.7 I 40.8
52.6 47.2

I 28.6
I 27.2

5o.9
60.4

45.4
60.9
64.1
68.2
72.8

51.5
56.9

40.9
57.2
60.0
64.5
69.8

24.2 18.5
21.9 17.3
20.2 15.2

29.0 23.8
21.8
20.4;
17.4
13.8)

.22.1 : 12.5: 14.4
21.2 19.519.6

28.4 28.7
| 34.0 34.2
! 40.2| 41.7
[ !
16.4: 17.1
39.1
43.7

! 50.8!
59.0'

Fe:

Cu:

Fei'ricyanide values,

copper values.
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Tattle 18. Influence of temperature on the production

of fermentable and un fermentable reducing groups from
1 pot cent, soluble starch solution at pH 6.4 with

varying amylase ratios ana different total

enzyme concentrations, in 120 minutes.

Results expressed as apparent maltose per cent, of

starch.

Teipp. rela¬ Ratio
:
Before

•

After Ferment
°c. tive ( coppef ferrnent- ferment¬ ables.

con. valuesl ation. ation. t

of en¬ ! :

zymes.
• | -

Fe.
\

Cu. Fe. Cu. Fe. Cu.

63° x 10 0:1
j -

46.6 41.0 29.9 23.8 16.7 17.2
2jbl 172.9 i 69.4 13.0 59.9
3§:± 174.2 ! 71.3 JUL. 5 62.7
5:1 76.5 73.9 10.7 65.8
6i-:l 77.9

"

76.1 9.3 68.6 '

. .

•

x 20 0:1 !50.8 46.7 29.8 24.1' 21.0 22.6
24:1 78.8 74.7 9.6 69.2
3| :1 79.7 76.1 9.2 ■ 70.5

.

5:1 80.6 76.8 8.5
.

72.1

j
i—i••<0 80.6 77.3 8.6 72.0

. 1

67° x 10 0:1 41.4 37.0 28.1 22.3
j

13.3 14.7
2|-: 1 47.1 41.5 26.4 20.9 20.7 20.6
3f:l 53.6 48.5 22.3 .17.6 31.3 30.9
5:1 56.8 52.2 20.8 16.6 36.0 35.6

■ 6j:l 61.3 57.4 19.4 14.5 41.9 42.9
1

x 20 0:1 46.3 42.3 28.9 23.8 17.4 18.5
24:1 62.2 58.5 20.9 41.3
3§:1 64.5 60.6 19.8 44.7 ;
5:1 70.0 66.5 16.3 53.7 ;

6^:1 73.7 70.5 13.0 60.7 !
|

1

Fe: Ferricyanide values.

Cu: Copper values.
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Fig. 12, With constant influence of increasing-

proportion of f2> on reducing group production.
1 per cent, soluble starch solution at pH 5.4

and 65°C. x20 total concentration and 1 hr.

conversions.
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Fig. 13. Influence of D.P. and /?:<Lratio on reducing

group production.

1 Per cent, soluble starch solution at pH 5.4

and 65°C. 1 hr. conversions.
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DISCUSSION.

The production of fermentable reducing
groups in all cases follows closely the production
ox total reducing groups. Thus, with an increase

in enzyme concentration there is an increase in

total reducing group production and so also of

fermentable reducing groups with a corresponding

decrease of the unfermentables. For a constant

d- amylase concentration the production of

fermentables increases with the increase in proportion

of /?- amylase (Figure 12). Thus, at 20 times the

standard concentration of enzymes for one hour

conversions at 65°C. the fermentables increase from

53.6 per cent, for 2-£:l ratio to 63.8 per cent, for

6-4-: 1 ratio. The extreme activity of p>- amylase in

producing fermentable sugars in its short period of

survival is shown by a comparison of the fermentable

reducing groups by the joint action of the amylases

with that due to the corresponding d- airylase action

alone. Thus, ck- amylase in 20 times the standard

concentration produces 17.4 per cent, fermentables

at 65°G. in one hour, while for a 2gsl ratio the

production is 53.6 per cent. Under the conditions

of experiment, increase in ck~ amylase concentration

alone does not bring about substantial increase in

fermentable reducing groups. For an increase from

5 to 20 the standard concentration at 65°C. the

increase in fermentables is about 6 per cent, in one

hour, though there is an increase of about 10 per cen

in/

t.
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in total reducing groups. There is not much

difference in the total fermentable reducing groups

of the joint action of the amylases between 1 and 2

hours' hydrolysis; the increase at 2 hours'

hydrolysis over the one hour one being approximately

equal to the extra total reducing groups liberated

during this interval. As is to be expected, the

unfermentables move in a direction opposite to the

fermentables, falling throughout the range studied

though the fall beyond 3^:1 ratio is not considerable.

The ratio of 2£:1 is the best for fermentable

reducing group production at 65°C. when the Lintner

value of the mixture is below 15 (Figure 13). Above

this D.P. , increase in the fi-A ratio .produces more

fermentables, but there is very little difference

between different ratios. Thus, the results for 5:1

and 6i-:l ratios are almost the same and 3-|:l .ratio is:
inferior to them only by about 2 per cent. There are

rather greater differences in the case of the unferment

ables. These decrease as the total concentration of

amylases increases but ultimately reach a constant

value for each p: A ratio independent ox the total
D.P. The progressive increase of the fermentabies

with constancy of unfermentables is not surprising.

During this charge the complex dextrins are being-
split up giving fermentable sugars and simpler limit

dextrins. Thus, the numbers of reducing groups of

the unfermentables remain constant. The apparently

small influence of ratio over a wide range of

D.P./
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-

D.P. values is of considerable interest.

The variation of temperature on either

side of 65°G. on the production of fermentables has

once again the same influence as on the total reducing

group production. This influence is very much greater

above 65 G, than below it5 the proportion of

fermentables decreasing considerably, particularly in

low concentrations of enzymes. Thus, with 10 times

the standard concentration of enzymes for one hour

conversion with a ratio of 3§:1 the fermentables are

greater by about 7 per cent, at 63°C. than at 65°C. ,

whereas it is about 26 per cent, less at 67°C.

(Figure 14.) For higher concentrations of the

enzymes this difference is not so high, on account

of the high initial activity of fi- amylase. For a

given concentration of the enzyme the increase in

the proportion of ft- amylase increases the amount of
fermentable reducing groups over the temperature range

studied. However, with lower ratios the decrease of

fermentables with the increase in temperature is very

considerable. Again, taking one hour conversion with
.

10 times the standard concentration of enzymes as an

example., the proportion of fermentables decreases by

about 39 per cent, for a temperature change from 63°C.
to 67°C. for a 2-|-:l ratio while, for a 6^:1 ratio the

corresponding decrease is only about 28 per cent.

The production of unfermentables will be quite the

opposite of the fermentables (Figure 15).

The/
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The ratio (f) of fer-ricyanide to copper reducing

groups of conversions before and after fermentation;-

It has been shown in Part IV that starch conversions

by o(- amylase give higher reducing group values by

the ferricyanide method than by the copper methods.

The ratio f of the ferricyanide to copper values

changes with the extent of hydrolysis and can be

expressed by the regression equation f - 1,292-0.00430 R
Cu

■^ 0.027 3 RCu being the reduction value with copper
reagents. This relationship holds good for conversions

at 21°C. To study the change, if any, in the

value of f with conversions at high temperatures,

the reducing groups of starch conversions in the

present investigation were determined, v/herever

possible, by both the ferricyanide and Fehling's
method and the values of f calculated from Tables

'15 to 18 are shown in Tables 19 and20.

Table 19/
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Table 19. Values of the ratio (£) of ferricyanide/

Fehling's reducing groups of conversions of 1 per cent

soluble starch solution by ck~ amylase at pH 5.4 and

different temperatures.

Temp.of
conver¬

sion.
°C.

Per cent.
apparent
hydrolys¬
is
(Fehlings)

Value of f

Total
reducing
groups.

Unferment-
ables.

Ferment¬
ables.

63 40.0
41.0
44.8
46.7

1.125
1.114
1.091
1.085

1.276
1.256
1.248
1.237

0.909
0.971
0.908
0.929

65 32.6
34.4
39.0
39.9
42.9
44.3

1.148
1.125
1.110
1.126
1.103
1.095

1.278
1.270
1.249
1.246
1.250
1.257

0.926
0.895
0.919
0.958
0.920
0.908

67(

(Mean)

36.5
37.0
40.9
42.3

1.126
1.119
1.110
1.095

1.294
1.260
1.218
1.214
(1.254)

0.868
0.905
0.959
0.946
(0.915)
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Table 19 shows the value of f for the total

fermentable ana unfermentable reducing groups for

dL-amylase conversions at pH 5.4 and 63°, 65° and

67°C. The values for the total reducing groups

agree fairly closely with those values that could be

predicted from the equation quoted above. Also the

values for unfermentable reducing groups are approx¬

imately the same as was found in the early stages of

d-amylase conversions (Part IV) the mean value being

1.254 with a standard deviation of the mean i: 0.006.

What is really interesting is the increase to this

constant value in the value of f of the residual

reducing groups after the fermentables have been

removed by the yeast. Apparently constancy of f

of the unfermentables at all the three temperatures

studied can be understood as in this temperature

change there is very little change in the activity

of cA-amylase; the nature of the dextrins obtained

at all the three temperatures would be substantially

of the same type. This shows that the values of f

fundamentally depend upon the nature of the dextrins

and not either on the temperature of conversion or

the extent of hydrolysis. Then it is probable that

only certain linkages in the dextrin molecule are

susceptible to oxidative disruption. Since the f

value for glucose is less than that of maltose it

would appear that maltose itself undergoes oxidative

disruption. Thus, it may be that the normal linkage

adjacent to the terminal aldehydic group is sensitive

to/
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to oxidation. This sensitivity might gradually
decrease as the position of the linkage is farther

away from the reducing group. If this assumption is

correct it would then explain the apparent constancy
of f-unfermentables over a fairly wide range of

hydrolysis at different temperatures.

The value of f for fermentables is less

than 1, the mean value being 0.915. The f value for

maltose is 1 and for glucose is 0,81-0.84. The mean

value of 0.915 for A-conversions shows that the

fermentables consist of approximately equal proportions

of maltose ana glucose (expressed as maltose.) It is
'

to be expected that the value of f for a trisaccharide

would be more than 1. Therefore if at this stage of

starch conversion there are fermentable trisacchariaes

the proportion of glucose woula be even greater. The

presence of trisaccharides in cl- amylase conversions

has been reported (Blom and Rosted, 1947c). However,

it is unlikely that glucose is the main product of

hydrolysis. On the other hand, it is very likely

that trisaccharides are not fermented under the

conditions used in the present work; Myrbhck (1940a)
has observed that some trisaccharides are fermented

only very slowly if at all. Therefore they might not
■

have affected the f-fermentable values. The value of

f of the total reducing groups is the resultant effect

of the fermentable ana unfermentable reducing groups

and will depend on the proportion of fermentables and
unfermentables present at any given time ana on the
nature/
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natui e of "the fermentables; "though, as will appear

below, if ft amylase is present further factors may

intervene.

Values of the ratio (f) for conversions by
the joint action of the amylases at 65° and 67°C. are

shown in Table 20. The mean values for the

unfermentables and fermentables are 1.289 (standard

deviation of the mean ± 0.007) and 0.998 respectively,

(these values are higher than the corresponding values

of 1.252 and 0.915 for conversions with<*- amylase

alone. The increase in the value of the fermentables

is due to the high proportion of maltose produced in 1
the joint action by the ft- amylase. The increase iijt
the value of f of unfeimentables is statistically

highly significant; thus the difference between the

means is 3.9 times the standard deviation of this

difference. This seems strange in view of the fact

that in the joint action there are simpler dextrins

than in the case of (k- conversions. The proportion

of extra reducing groups given by the ferricyanide

over the copper methods does not therefore appear to

depend merely on the complexity of the dextrin

molecule, but as indicated above it appears that it

may chiefly depend upon certain linkages. In

presence of fS-amylase some charge seems to take
place which increases the proportion of groups

susceptible to oxidative disruption, but the data

available are not sufficient to allow details of

this change to be accounted for. Myrb&ck (1948) is

of/
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of the opinion that there are 'abnormal' linkages

in limit dextrins and these linkages may have something

to do with this behaviour; probably branch-points

in the amylopextin molecule are more nearly appro ache

■when ^-amylase is present.

Table 20/
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Table 20. Values of "the ratio (f) of ferricyanide/

Fehling's reducing groups of conversions of 1 -per

cent, soluble starch solution by the joint action
of the amylase at pH 5.4 and different temperatures.

Temp.of per cent.
conver¬ hydrol¬ Value of f.
sion °C. ysis

(Fehlings) Total Unferment- Ferment-
reducing ables. ables.
groups.

65° 42.2 1.079 1.273 0.Q84
43.0 1.112 1.333 0.989
43.8 1.112 1.288 0.989
45.8 1.114 1.283 1.003
49.5 1.086 1.288 0.994
50.6 1.098 1.261 1.023
52.7 1.091 1.299 1.008
57.7 1.059 1.293 0.991

67° 40.8 1.146 1.283

;

0.990
41.5 1.135 1.263 1.005
47.2 1.114 1.308 0.990
48.5 1.101 1.267 1.040
51.5 1.085 1.266 0.991
52.2 1.087 1.253 1.011
56.9 1.061 1.329 0.973
57.4 1.068 1.338 0.979

(Mean) (1.289) (0.998)
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SUMMARY.

1. For mixtures of amylases with a D.P.

value of less than 15°L., /3-'^ ratio of 2-^:1 is the
best of those investigated for fennentable reducing

group production. Higher ratios (3f:l to 6^:1) give
results 'Which are scarcely distinguishable from one

another at a given D.P. With D.P. values above

15°L. the ratio 2^:1 is inferior to others.

2. Unfermentable reducing groups reach a

substantially constant value at a D.P. dependent

on the /?"-&. ratio; the higher the ratio the lower

the proportions of unfermentable reducing groups

produced.

3. Temperature has considerable influence on

the production of fermentable reducing groups;

conditions which decrease the activity of (h- amylase
reduce appreciably the proportion of fermentables

produced.
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PART VII.

PERSISTENCE OP AMYLASE ACTIVITY IN' LABORATORY MALT

EXTRACTS AT MASHING TEMPERATURE.

The simple laboratory starch conversions

with precipitateu amylases under the conditions

described in the previous sections cto not fully

conform to the conditions of the mash tun conversions.

Thus, only with respect to the temperature, pH, ratio

of amylases and the enzyme-substrate ratio are the

present conditions similar to those of brewery mashes.

The activities of amylases in actual mashes, however,

are governed by a number of other influences (preece

1948b); included among these are the nature and

concentration of the starch. In the investigation

so fax* described 1 per cent, soluble starch solution

has been used as against about 20 per cent, malt

starch in mashes. Again, the presence of con¬

comitants in the mash tun has profound influences on

the stability and activity of anylases; the inorganic

ions and the products of other concurrent enzyme

actions, particularly proteolytic action, probably go

a long way to modify the activity of amylases as

compared with those noticed in the ordinary laboratory

experiments. Van Lanen, Le Mense, Anellis and Corinan

(1948) have shown that malts of high proteolytic

activity produce more alcohol in graiin alcohol

fermentation. For a clear understanding of the

behaviour of the amylases in the brewery mash tun

therefore, the methods followed and the results

obtained/
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obtained from the preliminary experiments of the

present investigation must be extended to include

such other factors as operate in the brewery mashing®
As a first step in this direction the activity of

aclases in laboratory malt extracts has been studied

EXPERIMENTAL.

Malt Extracts:- The diastatic power of the malts

used was determined by the general conditions

described in the Standard Methods of Analysis (1948)

of the Institute of Brewing, but using feiricyanide

for reducing group estimation instead of the

Pehling's method. The results are expressed in

Lintner degrees by dividing the maltose equivalent

by 4.05 (cf. Part IV). The d- arrylase content of

malts was determined by the method of Preece (1947)

by studying the rate of inactivation of fi-inactivate<
malt extracts at 70°C. in presence of calcium acetat*

Here again the ferricyanide method of estimating

reducing groups v;as used the results being expressed
in degrees ©£ Lintner by dividing the maltose

equivalent by 4.8 (Part IV). The malt extracts
were prepared by taking' a known weight ox ground
malt in a flask and adaing to it the requisite

amount of distillea water (depending upon the

concentration of the mash required) at the latter

being 2° higher than the required temperature of

mashing; after shaking the flask was immediately
transferred to a thermostatically controlled water-

bath maintained at the required temperature of

mashing/
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mashing. The flask was maintained, in the bath for

2 hrs. and at required time intervals a known volume

of extract was withdrawn and adaed to starch solution.

Starch conversions:- 90 ml. of 1.11 per cent, (dry

weight) solution of soluble starch at pH 4.6 (acetate

buffer) and 8 ml. of diluted buffer (2 ml. 4.6 buffer

diluted to 100 ml.) were taken in a dry flask and

incubated at 21°C. After shaking the malt extraction

flask 2 ml, of the malt extract were quickly with¬

drawn with a rinsed pipette and transferred to starch

solution. After 30 minutes hydrolysis the enzymes

were inactivated by adding solium hydroxide solution

to pH 10.5 - 11. Starch conversions were carried out

with extracts withdrawn at 5 minutes intervals after

mashing up to 20 minutes and afterwards at eveiy 20

minutes up to 2 hours. Blanks were conducted by

repeating the experiments only with dilute buffer

solution in place of starch. Reducing groups from

suitable aliquots of both starch conversions and

blanks were determined by the ferricyanide method.

Readings:- The results of the experiments with

mashes of 10 and 20 per cent, concentrations of a

malt of D.P. 45,3°L. and D.P.^ 9.8°L. are shown
in Tables 21 and 22. The difference between the

apparent reducing values of the starch conversions
and the corresponding blanks gives the real extent
of starch hydrolysis. This isjtaken as a measure

of anylase content of wort at the time of sampling.
Mashings were carried out at 61°, 63°, 65° and 67°C.
The/
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The influence of temperature of mashing ana ui

concentration of mash on enzyme activity with 20 per

cent, extract is shown in Figure 16.

The influence of D.P. on the survival of

amylase activity with mashes at fixed temperature

(65°C.) was studied. Two series of malts were

used and the D.P. of the individual malts and their

D.P.^ values are shown in Table 23. Results
with these malts with 20 per cent, mash concentra¬

tion are shown in Tables 24 and 25 ? and in Figure

17. Reducing groups in 2 ml. extracts of various

malts after 2 hours mashing are shown in Figure

18.

Table 21/
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Table 21. Influence of temperature on the activity

of amylases in malt extracts in 10 per- cent, mashes,

acting on 1 per cent, soluble starch solution at pH

4.6 and 21°C. D.P. of malt was 45.3°L.

Reducing groups as nig. apparent maltose (ferricyanide)

Temp,
of

Con¬
ver¬ Mashing time (rain.)

1

Mash¬
ing
°c.

sions
A 5

!

10 15 20 40 60 80 100 120

61° A 64,6 | 79.6 87.6 90.3 94.9 98.7 101.4 102.3 102.3

B 229,6 275.6 303.3 312.6 291.8 273.1 264.2
-•

261.8 252,6

C 165.0 196.0 215.7
1

222.3 196.9 174.4 162.8
"

159.5
:

150.3

63° A 52.5 75.6 | 85.8 89.5 95.4
"

98.7 99.6
j
,100.5 101.4

B 164.8 238.7 257.2 251.9 215.4 197.0 187.8 GOD-H 171.7

C 112.3 163.1 171.4
■

162.4 119.5 98.3 88.2 78.1 70.3

65° A 49.8

•

73.8 84.9 88.5 93.1 95.<$

-

96.8 97.7 97.7

B | 128.9 178.6, 192.7: 187.8 160.4 146.8 137.3 128.1 125.8

C 79.1 104.8 107.8 99.3 67.3 50.9 40.5 30.4 28.1

67° A
I

52.6 73.6 80.9 82.6 89.9 90.8 91.7 92.6 93.5

B 131.6 164.7 160ft2 155.6 128.4 117.1 105.7 101.2 96.6

C 77.0 91.1 79.3 73.0 38.5 26.3 14.0 8.6 3.1

± A: 2 ml. aliquot of malt extract.

B: 2 ml. aliquot of malt extract+100 malt starch
solution.

C: 100 ml. starch solution (by difference).



114.

Table 22, Influence of' "temperature on the activity
of amylases in malt extracts in 20 per cent, mashes

acting on 1 per cent, soluble starch solution at pH

4,6 and 21 °C. D.P. of' malt was 45.3°L.

Reducing' groups as nig. apparent maltose (ferricyanide).

Temp, con-
of ver- Mashing time (min.)
Mash- sions.
ing
°C. * 5 10 15 20 40 60 80 100 120

61° A 124.1 142.1 161.9 170.9 181.7 188.9 194.3 199.6 205.0

B 440.4 517.1 544.0 557.4 552.9 528.3 508.0 485.5 467.5

C 316.3 375.0 382.1 386.5 371.2 339.4 313.7 285.9 262.5

63° A 118.7 143.9 160.1 170.9 179.9 185.2 193.5 196.1 197.9

B 409.0 485.5 498.9 490.0 440.4 404.5 373.1 355.0 332.6

C 290.3 341.6 338.8 319.1 260.5 219.3 179.6 158.9 134.7
}

, • - . ' I - } ; - • • - * ,

65° A 113.2 147.5 160.1 167.3 178.1 185.3 188.9 192.5 194.3
. | . . ^ .

B 328.0 440.4 436.0 413.5 341.5 301.0 283.0 260.6 240,3

C 214.8 292.9 27S.9 246.2 163.4 115.7 94.1 68.1 46.0

67° A 73.8 134.9 156.5 163.7 174.5 181.7 183.5 185.2 187.1

B 220.1 310.1 319.1 305.5 256.0 233.6 215.6 202.1 188.6

C 146.3 175.2 162.6 141.8 81.5 51.9 32.1 16.9 1.5

£ A: 2 ml. aliquot of malt extract.

B: 2 ml. aliquot of malt extract +100 ml. starch solution.
C: 100 ml. starch solution (by difference).
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Table 23. D.P. and amylase activity of malts

after heating the extract for various periods at

70°C. in jrcesence of' 0.2 per cent .calcium acetate.

(All activities are expressed in degrees Lintnr )

Malt. °^15 ^30 ^45 C^O D.P.

m.p.2 12.0 11.6 11.3 12.3 101.0

m.p.3 11.4 11.1 10.7 11.8 70.8

m.p.4 10.9 10.3 9.8 11.4 55.1

m.p.5 9.3 8.8 8.3 9.8 42.0

C.l 7.5 7.2 6.8 7.9 74.1

C.3 7.5 7.4 7.4 7.7 42.1

C.4 7.2 6.8 6.4 7.5 29.6
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Table 24. Influence of D.P, on "the activity of

malt amylases in 20 per cent, mashes at 65°c.,
acting on 1 per cent. soluble starch solution at

pH 4.6 and 21°G.

Reducing.groups as mg. apparent maltose (ferricyanide)

Malt. Conver¬
sions . Mashine: time (min.
* I 5 10 15 20

| ■

40
■

60 SO 100 120

C.l A 122.4 159.0 167.9 175.1 193.® 196.5
•

200.:L 203.6 207.2

B OUDO 468.5 445.1 428.3 383.9 343.4 321. 3 307.7 294.3

G 283.6 309.5 277.2 253.2 190.2 156.9 120/3 104.1 87.1

C.3 A 113.4

'

150.1 162.5 169.1
•

185.7 191.2 194/7 198.3 201.8
.

B 295.4 343.4 343.4 338.9 316.5 298.8 285..3
•

267.5 249.7

C 172.0 193.3 180.9 169.2 130.8 107.6
, 90/

>

69.2 47.9

G.4 A 103.6 146.5 158.9 166.1 183.9 188.4 191/2 194.8 198.3

B 233.7 303.2 307.7 305.4 285.3 272.0 258/ 245.2 236.3

C 130.1 156.7 148.8 139.3 101.4 83.6 67.' 50.4 38.©

& A: 2 ml. aliquot malt extract.

B: 2 ml. aliquot malt extract -f 100 ml. starch solution.
C:100 ml. starch solution (by difference)
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Table 25. Influence of D.P. on the activity of malt
o

amylases in 20 per cent, mashes at 65 C., acting on

1 "ijer cent. soluble starch solution at pH 4.6 anu

21°C.

Reducing groups as mg. apparent maltose (ferricyanide).

Malt. Conver¬

2 ' """

MashinA time (min. )
sions.
* S" 10

i
is- Xo 40 (>0 ■go XO-O \3.o

M.P.o A 128.6 155.4 171.5 180.5 193.8 200.1 203.;H 207.3 210.9

B 695.3 633.7 566.8
-

;504.3
'

419.3 383.6 365. i
I

3 347.9 330.1

C 566.7 478.3 395.3 323.8 225.5 183.5 162.:L 140.6 119.2

m.p.3 A 126.1 155.5 171.5 HCOo cn 191.1 196.5 199.; 201.9 204.6

B .535.5 478.4 457.3 426.0 383.6 352.4 334.;i 316.5 297.8

C 409.4 322.9 285.8 245.5 192.5 155.9 135. 2 114.6 93.2

00•d.•Vr.-rjisi A 120.7 155.5 169.7 176.9 185.8 192.9 196..5

'

199.2 201.9

B 406.3. 412.7 401.4 379.1 347.9 321.0 307.'7 292.0 276.4

C 285.6 257.2 231.7 202.2 162.1 128.1 111. 2 92.8 74.5

m.p.q A 114.4 148.3 167.9 173.3 184.0 194.7 199.;
- "
2 200.1 201.0

•

B 343.3 361.3 359.1 356.8 327.9 309.9 292. 3 278.6 265.3

j C 228.9 213.0 191.2 183.5 143.9 115.2 92.*3 78.5 64.3

afe A: 2 ml. .aliquot of malt extract.

B: 2 ml. aliquot of malt extract -+ 100 ml. starch

C: 100 ml. starch solution (by difference ).

solution.
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Fig. 16. Influence of mash concentration on

survival of amylases at different

temperatures.
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Fig. 1'7. Influence of D.P. on the residual amylase of

laboratory mashes (20 per cent.) at 65°C.

after varying intervals of time.

(Malts of M.P. series ; malts of C.

series )
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DISCUSSION.

With mashes at both concentrations ana at

all the temperatures studied it was usually found

that the amylolytic activity rose sharply to a

maximum in the early stages, and then fell off

sharply, showing eventually a lineal1 decline (Figure

16). It was supposed that the extrapolation of the

linear portion of the curve back to the zero time

would give a figure proportional to the a- amylase

content of the malt, while the 'humped' portion above

this line in the early stages would indicate the

/3-amylase activity. For a single malt, these ideas

appeared to be justified; at a given temperature

the 'initial' and 'final' dt-amylase activities were

approximately twice in a 20 per cent, mash what they

were in a 10 per cent, mash. The ' p - hump' expected

was observed and disappeared beyond 40-60 minutes

after mashing, suggesting that p-amylase under these

conditions was active up to this period. When

compared with the survival period viz., 15 minutes

of precipitated fi-amylase at these temperatures in

the earlier starch conversion the activity of

p-amylases in mashes seems surprising. This
prolonged activity of [3-anylase may be partly due
to its slow extraction from the malt, but the

possibility of the existence of substances that
exert protective action cannot be overlooked. On
the other hand, in the mash at 67°C. the whole of

amylase activity - A and as well as p - had been
destroyed/
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destroyed in 120 minutes. Precipitated o<- amylase

activity decreases only by about 4 per cent, for a

temperature change from 63° to 67°C. , during this

time interval (cf. Part V). Therefore the

reactivation of ck- amylase in the mash is much

greater than with precipitated enzymes. If indeed

the slope of the linear portion of the curves in

Figure 16 indicate the rate of inactivation of

ot - amylase, the above inference seems correct.

The stability of the amylases in laboratory mashes

seems to be quite the opposite of what is obsei'ved

in the case of the precipitated enzymes.

In the case of malts of different D.P.

values mashes at a fixed temperature of 65°C. give
similar results. With malts of the M.P. series5

which have a high D.P, and oC~ amylase content

compared with the malts of the other series, tie re

is not the initial rise in the amylolytic activity

to a maximum followed by a fall (Figure 17). On

the other hand the maximum activity had been reached

by the time the first reading was taken ana sharply

declined in the early stages, followed by the usual

slow decline. Unfortunately it was not possible to

study the activity of amylases in the extracts of

these malts in much shorter intervals. With malts

of the C-series, however, which had a lower D.P.

and values when compared "with the M.P. series,

there was the usual ' ft-hump'. The extrapolation

to zero time of the linear portion of the curves of

the/
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the C-series , which have similar <*-amylase content,

does not reach the same level of anxiolytic activity.

Indeed5 the 'apparent initial amylase values' are

different for different malts and come out at levels

in the same order as the D.P. values. The p- amylase
activity as before persists up to 40-60 minutes. The

higher apparent <U- amylase activity with the increase

in D.P. of the malts therefore suggests that high

(i favours increasing ol stability. One of the ways

in which this is achieved, as already indicated in

Part V, is by the decrease brought about by /3-amylase

in the concentration of dextrins of intermediate size

which are likely to reduce 4- amylase stability.

Again malts of high D.P. may be expected to have a high

content of proteolytic enzymes, which by proteolysis

reduce the concentration of coagulable matter and so

protect against loss,of a-amylase by adsorption;

proteolysis might also produce amino acids, which are

known to increase dt-amylase stability (Preece 1948a)

though appreciable proteolysis at this temperature

level is hardly to be expected in an infusion mash.

!Whatever may be the cause for this enhanced stability
of cL the distillers partiality for malts of high D.P.

may depend at least as much on this enhanced 4 stability

as on any extra liberation of reducing groups during

mashing.

Examination of the reducing potentialities

of the malt extracts alone is interesting. Firstly

it may be noted that amylase activity persists up

to/
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to 40 minutes. Again, assuming that the average

starch content of malt is 57 per cent, (cf. Part V)

the hydrolysis reached in 2 hours at 65°C. with a 20/•

mash of a malt of D.P. value of 45.3°L. is about

85 'per cent. This is greater than the extent of

hydrolysis reached with precipitated enzyme mixture

of similar D.P. value; which may in small part be

due to the higher concentration of starch in the

mash, which is about 11.5 per cent, as compared with

1 per cent. starch with precipitated enzymes, but is

due in much larger measure to the presence of

preformed reducing substances in the malt (see next

section). Again, with malts of varying Lintner

values (30°-101°L.) and different ratio (3-8)

the hydrolysis achieved in 2 hrs, at 65°C. is

substantially independent of puK ratio, increasing

slowly with D.P. (Figure 18). This is in agreement

with the results obtained with precipitated enzyme

mixtures where, it was also noticed that for mixtures

of D.P. values of above 15°L. the reducing- groups

produced were independent of p:<k ratio (cf. Part V).

SUMMARY.

1. In laboratory malt extracts at the

mashing temperature p. amylase activity survives
for 40-60 minutes, while the rate of inactivation

of cA- amylase is greater than with precipitated

enzymes, it being in some cases completely destroyed
in 2 hrs. at 67°C,

2./
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2. The <J. - amylase content of a mash at a

given temperature of mashing and after a given time

depends upon the concentration of the mash; a 20

"per cent, mash is approximately twice as active as

a 10 Per cent, mash.

3. The apparent initial and final (2 hrs)

©(-amylase activity of a malt at 65°G. depends upon

the D.P. of the malt; the higher the D.P. the

higher the apparent ^^amylase activity, indicating

the protective action of malts with high ^-amylase.
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PART VIII.

GENERAL DISCUSSION.

It is necessary to take stock of the

results discussed in the preceding sections to get a

general picture of the joint action of the amylases

under the "brewery mashing conditions. It is to be

emphasised, however, that only in certain respects,

viz., temperature, pH, ratio of amylases and enzyme-

starch ratio are the conditions used in the present

investigation with precipitated enzymes similar to

those in the brewery mash. It has been shown by

preece (1948a) that in an 'average' brewery malt

the two amylases p and are in the ratio 4:1. As

has been stated in Part I^the present investigation

was undertaken preliminarily with a view to studying
the influence of ratio in various total

concentrations on the production cf total and

fermentable reducing groups amd the charges brought

about in their production by temperature changes on

either sides of the mashing temperature. The

results obtained with precipitated enzymes are of

considerable importance and appear to give a reliable

guide to certain aspects of the behaviour of the

amylases in the mash tun. Mash tun conversions

will in general be of the same type as those obtained

in the laboratory conversions, though the absolute

values may be different on account of a number of

extra factors that come into play in actual, mashings.

The/
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The influence of j?.<l ratio on "the production

of reducing' groups depends upon the D.P. of the enzyme

mixture. For Lintner values below 15 reducing group

production increases as the proportion of' (i in the
mixture decreases, whereas for higher D.P. values it

is independent of the p-.<k ratio depending almost
entirely on the total enzyme concentration; however,
in this high D.P. range a ratio of 2^-sl is perhaps

slightly inferior to the other ratios studied. With

respect to fermentable reducing groups production also

the influence of ratio depends on the D.P. of the

mixture. Thus, when the D.P. of the mixture is below

15°L. the ratio of 2g-:l (of the ratios studied) is

optimal for the production of fermentables and above

this D.P. increase in ratio produces more

fermentables but there is very little difference

between the different iatios studied. The

unfermentables however, decrease with the increase in

[3, proportion and ultimately reach a constant value
for each ratio independent of D.P. This observation

confirms Myrbhck1s (1948) view that the limit dextrins

are produced by the gradual removal of fermentable

sugars from complex dextrins in which case there is

an increase in fermentable reducing groups though

unfermentable reducing groups remain constant.

Temperature has much influence on the

production of total and fermentable reducing groups.

The mashing temperature of 65°C. is very critical for

amylase activity, and the nature of products

formed/
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formed depends upon the extent of survival of its

|activity. With precipitated enzyme there is no

evidence of its activity after 15 minutes at 65°C. ,

'but it is extremely active during this short period

of activity. At temperatures above 65°C. its activity

is lost much more quickly. This is not, however,

the case with <k- airylase ; it is fairly stable at

65°C. and its inactivation rate even somewhat above

65°C. is low. Therefore temperature conditions

which permit fh- amylase activity are favourable for

production of reducing groups and in particular

fermentable reducing groups5 at a temperature of

67°G. the production of fermentables falls consider¬

ably when compared with the production at 65°C. In

temperature conditions unfavourable for the production

of reducing and fermentable groups increase in enzyme

concentration or in the proportion of /3 helps to

improve the position.

An extension of this work to the study of

amylases in laboratory malt extracts shows that
'

amylases in malt extracts have very different heat

susceptibilities from those <£ precipitated enzymes.

Thus, the ^3-amylase in mashes at 65°C. is active up
to 40-60 minutes; in fact even at o7°G. it is active

for considerably more than 16 minutes. This

prolonged activity of (3 would increase the proportion
|
of fermentable sugars in the mashes. As opposed to

this the rate of inactivation of -amylase in malfe

extract is high; its activity being completely lost
| "

in about 2 hrs. at 67oc# jt,s survival, however,

increases/
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^with the increase in the D.P. of the malt. The

enzyme activity depends also upon the mash concentrati

the total reducing groups in the mash at any given

temperature after 2 hrs. mashing is twice that of a

10 per cent, mash in a 20 per cent, mash. Again, the

reducing groups present in mashes at a constant

temperature of malts of various D.P. values used are

independent of the (i-<k ratio, which is in agreement

with "the observation made with precipitate a enzymes.

The apparent per cent, hydrolysis of starch in the

mashes is higher than Bkat achieved in laboratory-

starch conversion with precipitated amylase of

similar amylolytic power. Thus, in a mash at 20

per cent, concentration the observed hydrolysis of

starch is about 85 per cent, as against 76 per cent,

with precipitated enzymes. Malts, however, contain

preformed reducing sugars to the extent of about 3

per cent, (as invert, equivalent approximately to 5

per cent.
; as maltose) and sucrose to about 5 per cent

(Preece 1941). Sucrose undergoes certain amount of

enzyme inversion during mashing, the extent of which

varies with the malting process used (Schreder,

Brunner and Hampe, 1938); under the most favourable
conditions this may account for more than 40 per cent,

of sucrose. If these points are taken into consider¬

ation, the extent of hydrolysis achieved in the mash

tun is of the same order as with the precipitated

enzymes, thus showing the validity of the observations
of laboratory conversions to an understanding of the

mash/
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mash tun conversions.

A number of conclusions may be drawn from

the evidence presented above:

1. At the mashing temperature amylase is active

for no more than 15 minutes in the laboratory

conversions of the type investigated; but it may

persist for 40-60 minutes in malt extracts.

2. ^.Amylase at mashing temperature is active

for prolonged periods in laboratory starch

conversions, but its activity is lost more rapidly

in malt extracts.

3. Persistence of fa amylase activity is favoured
by the use of malts of initially high D.P.

4. For low D,P. values (less than 15°L.) reducing

group production increases with the decrease in

fl concentration though the 0-,^ ratio is of little '

importance for higher D.P, values,

o. For the production of fermentables a low

ratio (eg. 2-^:1) is optional with mixtures of low

D.P.; while with higher ratios at any given D.P.
the fermentabfl.es produced are the same being

independent of the ratio and exceed those of the

2-g-si ratio when the D.P. is above 15°L.
6. Unfermentable reducing groups reach a

substantially constant value at a D.P. dependent

of /B^ratio.; further increase in D.P. for each ratio
producing no further change. The higher ratios

give the lower proportion of unfermentable reducing

groups.

7/
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/. Susceptibility to temperature change in mashing
is greatest with malts of low ratio and in malts

of low D.P.

In the study of the joint action of the

amylases parallel experiments conducted with d-

amylase alone have given results of academic interest;
the kinetics of d-amylase action at 65°C. in different

concentrations are in particular of some importance.

The point of inflection of the hydrolysis/time curve

at 65°C. (pH 5.4) does not depend upon the extent of

hydrolysis; instead of being at about 35 per cent,

hydrolysis as is generally reported the inflection

varies with the concentration of the enzyme used.

Thus, it has been at as low as 10 per cent, hydrolysis

in the case of enzymes of low concentration and at as

high as 4o per cent, with high enzyme concentrations.

After the inflection point the hydrolysis is

substantially the same whatever be the enzyme

concentration. This may be due to the high

instability of dextrinising aspect of 1 dUamylase' at

65°C. The slowing up of hydrolysis after the 10

per cent. stage with enzymes of low concentration

cannot be explained by the difference in the affinity

of d-amylase for molecules of different sizes; for

at this stage of hydrolysis there are still complex

dextrin molecules. It therefore leads to the

conclusion that 'd-amylase' is a mixture of two

enzymes or a single enzyme with two active groups.

Reports have been made of the separate existence of
'dextrinases1 (Myrb&ck 1943; Kneen ana Spoerl,
1948/
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1948). In view of the above observations it may be
that the 'dextrinases' are components of the ' o(-

amylase' .

There is evidence of the protection that

fi- amylase affords to amylase. When the two

amylases are acting together in low concentrations

more reducing' groups are produced by d-amylase than

when it acts by itself. Again, the 'apparent cU

amylase' content of malts which have similar d-amylase

content but different D.P. values varies with the

D.P. of the malt when mashing is carried out at 65°C.,
the malts with the highest D.P. show the greatest

'apparent ^-amylase activities.' This could be

explained by the protective action of /^-amylase on

<k- action, presumably brought about by the reduction

of the dextrins of intermediate size by /?- ariylase

which otherwise would have inactivated by irrevers-
I

ible combination. However, other factors may also

operate (Part VII).

The difference in the reducing potentialities

of anylase conversions towards ferrieyanide and

copper reagents makes the interpretation of the

amylolysis results difficult. The ratio (f) of the

ferrycyanide/copper reducing groups expressed as

maltose is substantially constant up to 15 ^r cent,

conversion and then decreases as the extent of

hydrolysis increses. This ratio is the resultant
effect of all the factors present in the hydrolysate,

viz., dextrins, sugars and their respective

proportions/
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proportions and conclusions about the significance

of the value of f (which is due to oxidative

disruption of linkages by ferricyanide) are difficult

to draw. However, when the fermentables of the total

reducing groups are fermented away by yeast the

apparent value of f in residue is a constant for a

wide range of hydrolysis of starch, indicating that

only certain linkages undergo oxidative disruption.

As indicated in Part VI the linkage acyacent to the

terminal aldehydic group may be most susceptible,

susceptibility gradually diminishing in the linkages

farther away from the end-group. The position

becomes complicated when the anylases act together;

the f value for unfermentables in the case being

somewhat higher than with alone. In view of the

small size of the dextrins in the former case it is -

difficult to explain the increase in the value of f

in presence of p and it must be associated with the
'abnormal' linkagesjof the limit dextrins.

Thus the work on the joint action of the

amylases under the brewery mashing conditions has

given sane information about the general behaviour
of the amylases in addition to being of help for an

understanding of the amylolA/tic action in the mash

tun. It is however, fully realised that simple

laboratory experiments of the type described cannot

fully simulate the conditions of brewery mash and
more work must be carried out before a complete

picture of the anyla'se action in the mash tun car be
obtained/
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obtained. The substrate used has been soluble starch

for the bulk of the experiments and in *1 per cent,

concentration 5 as against this in the mash there is

malt starch in about 20 per cent. concentration; both
concentration and type are likely to affect the various

starch conversions and their influences are worth

investigating. In the present work, study of the

influence of concomitants on the reactivity of

amylases has not been undertaken; though, certain

effects of these are clearly indicated at various

stages of the work. There are a number of these

present in the malt and therefore starch conversion

in the mash tun is amylolysis in presence of

innumerable other reactions, which exert some

influence. Study of the effects of these c®-

comitants is complicated but worth proceeding with.

Again, the expression 'fermentable sugar' is by no

means precise; we do not know what are the
fermentable sugars present and in what proportions

they are present. Apart frcm glucose and maltose

it is claimed that various fermentable trisaccharides

are present. Owing to the lack of suitable methods
the estimation of these sugar's with reasonable

accuracy has not so far been possible, but it is to

be hoped that chromatographic analysis, particularly

partition chromatography which is rapidly gaining

importance in the estimation of sugars, even in
minute quantities (Flood, Hirst and Jones, 1948;
Partridge, 1948) will be of great help in the
estimation/
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estimation of the individual fermentable sugars.

This would not only help in an understanding of

amylase action but also in clearing up some of the

doubts about starch structure. However, taking

these ana other similar criticisms into account, it

is still hoped that the claim can be made that

suitable lines of working have been oeveloped and

useful results obtained as a preliminary to the more

detailed study of the mash tun amylolysis, which must

ultimately be undertaken.
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