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Preface

Throughout its history, the development of enzymology has been very closely
associated with food science, or, perhaps, vice versa. In many respects, food
science might be regarded as applied enzymology. With a few minor
exceptions, our food is derived from animal or plant tissues or excretions and,
consequently, its constituents are synthesized via enzyme-catalyzed reactions.
These reactions do not cease after the animal has been slaughtered, or the
plant harvested, but continue more or less actively to cause changes in foods
which may be desirable or detrimental to quality, depending on the cir-
cumstances. Food constituents are susceptible to alteration by enzymes
produced by contaminating microorganisms, which may lead to food spoilage.
On the other hand, enzymes produced by certain microorganisms may cause
desirable changes in foods and such organisms are widely exploited in the
production of a very wide range of fermented foods. Many food processing
operations are concerned with controlling or preventing the activity of
indigenous or microbial enzymes, e.g. heat treatment, dehydration and
chilling/freezing. Food constituents are amenable to modification by ex-
ogenous (added) enzymes which may be used to induce specific changes,
perhaps resulting in entirely new food products; the food industry is probably
the principal industrial user of enzymes.

Not surprisingly, various aspects of the importance of enzymes in foods and
food processing have been the subjects of an extensive scientific and technical
literature, including several textbooks, for example, Whitaker (1972, 1974),
Reed (1975), Schwimmer (1981), Birch et al. (1981), Kruger et al. (1987) and
Stauffer (1989) and chapters in many others. However, most of these books
focus on the enzymes rather than on the foods containing them. This book is
an attempt to review food enzymology more from the viewpoint of the food
scientist or technologist rather than that of the enzymologist. The book,
consisting of thirty chapters, in two volumes, attempts to assess the importance
of indigenous, microbial and exogenous enzymes in a wide range of foods
based on milk, meat, cereals, fruits and vegetables including beverages and
food ingredients.

A chapter is devoted to the importance of enzymes in food analysis, both as
indicators of quality and as analytical reagents. Two major new aspects of
enzymology, immobilized enzymes and genetic engineering, are also
considered.

Certain gaps in the coverage will be apparent due to the failure of some
chapters to materialise—most noticeably those on enzymes in baking, enzymes
in the starch and sugar industries and the enzymatic modification of lipids. It is
hoped to include these in a later volume.

P. F. Fox
University College, Cork
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Endogenous Cereal Enzymes

J. E. KRUGER, A. W. MACGREGOR & B. A. MARCHYLO

Canadian Grain Commission, Grain Research Laboratory, 1404-303 Main
Street, Winnipeg, Manitoba, Canada R3C 3G8

INTRODUCTION

It is impossible in one chapter to describe in detail all aspects of the numerous
enzymes that exist in cereals, both from the standpoint of their role in the
physiology of the plant and their effects on secondary processing. For excellent
in-depth treatises, the reader is referred to reviews by Fox and Mulvihill
(1982), Kruger e al. (1987), Hill and MacGregor (1988), Kruger and Reed
(1988) and Muthukrishnan and Chandra (1988). This chapter focuses on those
enzymes which are of most interest to food scientists, i.e. those which influence
the quality of various food products. Enzymes from different cereals quite
often have similar modes of action, and so similar assays can be used to
determine them. Also, the occurrence and location of these enzymes in the
cereal seed must be understood, in order to fully appreciate their potential
effects on various food end-products. This is examined with particular
emphasis on the hydrolases, which are perhaps the most important quality-
determining enzymes in cereals. Finally, the most technologically important
enzymes in a wide range of cereals, including wheat, barley, rice, rye, triticale,
oats, maize, sorghum and millet, are discussed, with reference to their specific
influence on the quality of their characteristic end-products.

MODE OF ACTION OF ENDOGENOUS CEREAL
ENZYMES

In order to fully appreciate the means by which endogenous cereal enzymes
can influence food quality, it is necessary to have some concept of how these
enzymes carry out their catalytic action. In this section, the basic mode of
action of some of the most important endogenous cereal enzymes is presented.

1



2 J. E. Kruger, A. W. MacGregor and B. A. Marchylo

Further discussion of the role played by these enzymes in food processing is
presented later.

Hydrolytic enzymes

Various endogenous hydrolytic enzymes are present in cereals, for the purpose
of degrading storage constituents such as starch, proteins and lipids. The
storage components of the grain, such as starch and protein, as well as cell-wall
B-glucan, are degraded by the combined action of exo- and endo-enzymes.
Exo-enzymes attack polymers from one end of the molecule, sequentially
removing one or two of the monomeric units. Endo-enzymes, on the other
hand, attack interior portions of the polymers, releasing smaller, but still
relatively large, molecular fragments. Broadly speaking, endo-enzymes serve
to solubilize macromolecules by reducing their size, while exo-enzymes
produce lower molecular weight species from products of endo-enzyme
hydrolysis (Bamforth, 1986).

Hydrolysis of starch

Starch is degraded by a combination of enzymes including «- and B-amylases
and limit dextrinase (Fig. 1), ultimately resulting in the production of sugars.

A Amylose {a straight chain polymer) B Amylopectin (a branched polymer)

p-amylase (exo)} a-amylase (endo)

—> Linkage hydrolyzed
:/o\o « -O’O\‘( by limit dextrinase
7 \ o 0 T
o \L oL ° .0—-0,
© o 0 oL
0-0 0-0 ;SN O °
Maltose Owg-0

-~ 0-0-0-0—-0-"
0-0-0-0-0-0-""
Oligosaccharides

'8
tx%\)siancheci small dextrin

Fic. 1.  Hydrolysis of starch amylose (A) and amylopectin (B) by the combined action
of a- and B-amylase and limit dextrinase (O, glucose residue; @, reducing-glucose
residue; — a-(1-4) bond and -- «-(1-6) bond).

Hydrolysis of barley f-glucan (mixed-linkage (1,3)-(1,4)-B-p-glucan)

Endo-(1,3)-(1,4)-B-glucanase from barley malt, which is also known as
endo-barley-glucanase or lichenase, hydrolyzes $-(1,4) bonds, regardless of
the number of adjacent (1,3) or (1,4) linkages, only when the glucosyl residue
is substituted at the C-3 position (Fig. 2).
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ENDQ-B-1,3-1,4-glucanase

¥
CH,OH p-1.4 oM
o ©
OH
OH
CH,OH 1.4 OH CHZOH HO
) o Lo
0. 0, P» oH CH,OH
OH ¥
0 OH OH
o o]
OH CH,OH p1a OH

Fig. 2. Mixed-linkage, barley -glucan bond cleaved by endo-$-(1-3)-(1-4)-glucanase.

Protease

There is much confusion in the scientific literature on the nomenclature of
cereal enzymes that hydrolyze proteins. In general, ‘proteases’ or ‘proteolytic
enzymes’ are commonly used as a general name for enzymes that hydrolyze
peptide bonds (Storey & Wagner, 1986). Endopeptidases hydrolyze internal
bonds in proteins, while aminopeptidases and carboxypeptidases are exopep-
tidases that liberate single amino acids from the amino end and carboxyl end
of peptide chains, respectively (Fig. 3).

Endopeptidase

+ HaN - AA, - AA, - AAj - [AA, N] - AAy,, - AAy,, - COO”

| T 7

(aminopeptidases) Exopeptidases (carboxypeptidases)

FiG. 3. Proteolysis of peptide linkages in a cereal protein.
Lipases

True lipases are enzymes that attack triacylglycerols, as shown in the following
example, and only act at an oil-water interface (Galliard, 1980):

CH,00CR R'COOH CH,O0CR
HCOOCR' = HCOOCR’
CH,00CR” CH,OH

R, R’ and R" represent fatty-acid chains

Oxidases

Lipoxygenase

Lipoxygenase (linoleate:oxygen oxido-reductase) refers to a group of enzymes
that catalyze the oxygenation, by molecular oxygen, of fatty acids containing
a cis,cis-(1-4)-pentadiene system to produce conjugated hydroperoxydiene
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derivatives (Galliard & Chan, 1980), as follows:

cis cis
R—CH==CH—CH,—CH=CH—R

Lipoxygenaseloz

OOH
R—CH=CH—CH=CH—CH—R’
Ccls trans

Phenol oxidase

There is a range of enzymes in cereals that catalyze the oxidation of mono- and
diphenols to quinones. These are often referred to as polyphenol oxidase,
phenolase, tyrosinase, catecholase and cresolase. Two distinct reactions are
catalyzed (Mayer & Harel, 1979; Stauffer, 1987), as shown below:

A OH

O
Crcsolase + H2
OH
OH
120,
Catecholase + HZO

These enzymes are involved in the formation of coloured polymeric
materials. This reaction may be called ‘enzymatic browning’ or
‘melaninization’.

Peroxidase

Peroxidase is a member of a large family of enzymes called the oxido-
reductases (Burnette, 1977) and is a haemoprotein that catalyzes the oxidation
of a number of aromatic amines and phenols by hydrogen peroxide (Kruger &
Reed, 1988). The enzyme catalyzes the general reaction (Scott, 1975):

ROOH + AH,— H,0 + ROH + A

ROOH can be HOOH or another organic peroxide, such as ether peroxide,
ethyl hydrogen peroxide or butyl peroxide (Sumner & Somers, 1947). The
enzyme reaction proceeds via a number of intermediate complexes, as shown
in the following equation, where AH, stands for the hydrogen donor and A for
the oxidized donor (Burnette, 1977):

Peroxidase + H,O,— Complex 1
Complex I + AH,— Complex II + AH
Complex 11 + AH,— Peroxidase + A



