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ABSTRACT: Enzymes offer potential for many

exciting applications for the improvement of foods. There is still,

however, a long way to go in realizing this potuﬂml Economic factors such as achievement of optimum yields
and cfficient recovery ol desired protein are the main deterrents in the use of enzymes. Changing values in society
with respect to recombinant DNA and protein engineering technologies and the growing need to explore ail
alternative food sources may in time make enzyme applications more attractive to the food industry. Research is

continuing on the commercially viable

enzymes in use today to improve various properties such as thermostabili-

ties, specificities, and catalytic efficiencies. New and unique enzymes continue to be developed for use in

enzymatic reactions to produce food ingredicnts by hydrolysis, synthesis. or biocatalysis. An aggressive appreach

15 needed to open new opportunitics for enzyme applications that can benefit the food industry,

EEY WORDS: enzymes. applications, food indusiry.

Enzymes are biological catelysts that act to
spead up chemical reactions. Taey are specific,
effective in small amounts, and react under mild
conditions of temperature and pH Ex‘nVy;r‘cs‘ are
derived from nawral sources and may be readily
inactivated after a desiied L‘:nsr;mrmat;on has taken
place.!

Unlike inorganic catalysts, enzymes are highly
specific, catalyzing the transtormation of only a

single substrote or the splitting of 4 small group of
doscly related compounds or a specific bond.
This minimizes byproduct formation in mrgc—vol-
ume reactions. The capacity of enzymes 1o react
under mild conditions of tcmpr“ ature and pH (up
to 100°C and pH 3 to 10) achieves a reduction in
eniergy costs. Low usage lcvc]s mu!\‘ enzymes
ccenomical and practical for commercial applica-
tion.! Because they are derived from plants, ani-
mals, or microbial sources. enzymes are perceived
as nawural, nontoxic food components and are
preferred over chcr‘-ic:il atds as food-processing
aids by consumers.- Based on these properties,
enzymes {ind numercus applications in industry.
Reactien times for industrial enzymes vary from
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a few minutes 1o up to several days. During ca-
talysis, the enzyme forms a transient complex
with the substrate that may decay to form free
enzvme and product (or substrate).! Thousands of
enzymes, cach capable of catalyzing a unique
reaction. have been identified. and many are im-
nortant to the food industry today.

il. TRADITIONAL USES
THE FOOD DNDUSTRY

A, EZarly Enzyme Use

Enzymes have been used since ancient times
i an empirical mainner, and special knowledge
has been handed down from gencration to genera-
ton of craftsmen, houscewives, and chels, One
use of the mucous membrane of
'mp“ov‘ e the quol-

example 1s the
Weaning calves Lo preserve and
ity of milk for human consumption.’ Other ex-
amples of early uses of enzymes incivde 'hc ad—
dition of saliva to starchy products in p
of fermented liquors, prepararion of mdh d bar-
ley and moldy bran for starch saccharification,
fermentation of grape juice to wine. conversion of
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milk to curds and whey 1 containers made of

animal stomachs. meat tenderization with papain
in unripe papaya fruit, baking of bread with veast
by ancient Egyptians, and use of molds to make
various oriental fermented foods.* ¢

The discovery of enzvimes of the digestive

tract was vet another milestone in the impact of

enzymes on food products and the food indusiry,
A few historical moments in food-related enzy-
Technical en-
zyme preparat ions have been in use since the

molooy are tHustrated in Tuble |

beginning of this century. Beer had been stabi-
lized with papain preparations since about 1911,

production of high-fructose corin syrup. beverage
claritication, brewing. baking, production of low-
lactose milk. and meat tenderization. However. it
is rare that the consumer would use enzymes
directly.” Many food enzymes are used 1o degrade

various biopolymers. Their specificity and high
reaction rates under mild reaction conditions are
favored over competing chemical treatments. In-
dustriat tood enzymes fail into three main groups:
Livdrolases, oxidoreductases. and isomerases. Bulk
cnzvines such as proteases, ainylase, glucoamy-
Jase. pectinases. and celiudases (all hydrolases)
have been produced using mainly two microbial

Pectinase genera: Bacillus and Aspereillus. Extraceliula
quality of Concord grapes and for the clarifica-
ton of fruit juices in the 193057 Fhe first genera-
ton of enzyme preparations was unspecific, be-

sowere ased o improve the pressing
cnzymes released by these microorganisms can )
stimply be concentrated from the spent culiure
broth after removal of cells at the end of the
production phase.”

Newer uses ol microbial enzyimes are cmerg-

cause no accurate knowledge ot subsirate nor
cnzyme activity was avaluble. Manufacturers,
however h we been constantly trving to improve
the spectficity ol technical enzyines. Table 2 lists

some of tl > early enzyme-related patents in the

ing within the meat, fish, plant protein, and veg-
ctable oil sectors. Their shore of the totl market
for food enzymes is still quite small. Uniamiliae-
ity with enzymes aimong potenoal users and Tack

foad ix‘;dusir}' Takamine (1914) of Japan was the
firstto patent an enzyime irom the micreorganisim ol well-defined applicasion arcas of great cco-
\/701 eillis crviae Prior to 1960, the function poinic signiitcance are the main reasons for the

:md ruciure of enzymes was not too clear, but stow advancement of enzvmes in food produc-

Chications had been found in the food ton?

1. Fnzyines and Bioizchnology

The application of micrabial enrzviies
Jomimon use of 0 ihf* food industry rocis in \sia while in North Armerien
faciudies ingreainni py vand exture modi- orin Furope 1t was more usual o ouse enzymes

fication with indusivial a from plants and animels.” Micro bh i ciyvmes have
Zarly Discovory of Enzymes
Year Enzyme Seieniist

Ptyalin (amylase)
¢

Diaslase (amyiase)

Fepsin activity Jan

Emuisin activity Leibig dnt‘ yWnoler
Invertase activity Dubenfan

Trypsin activity Corvisart
yInes converting Buchiner
> 1o ethano!

[}
s

Adapted from Neidieman, S. L., Food Technol., 45(1), 38. 1
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TABLE 2

Some Early Enzyme Patents in the Food Industry

Year Enzyme U.S. patent no.
1894 Armylases 525,823
1906 Amylases 836,699
1911 991,560
Malt protease 895,329
Proteases 895,823
Pepsin 995,824
Papain 995.825
Bromelin 997,826
Yeast protease 987,873
1915 Amylases 1,129,387
Amylases 1.513,640
1917 Amylases 1.513,641
1422 invertase 1,437,816
1923 Amylases, 460,736
protease,
linasea
1932 Amylasas, 1.854,353-5
papair

Amylasas

1933 Inveria
1987 Froteases 00T 4776
Adapted from Meidleman, S, L., F Techneo!, 45(1),

Lrerican
tood industries as merely subsidtutes for the tradi-
tonal enzyme sources anrd nodas procg CS8ing alds,

Frograss made in sterile technology as well o
development of antibiotic fermentiions and mass

vol single organisms have laid the foun-

largely been considered by the North |

o

cultivatic
dation m;— technical mn"”‘L on of microbin]

zymes.* Intreduction oi pectinases for the olarii-
cation of 11wt juices in the 19305 was probobly
the first example of industey’s acceptance of mi-
cazymes for an application in which en-

i
i

crobral ¢
zyme technology had not been used previousiv s
The commercial use of isolaied microbial en-
on a large

10605 T) owing the i*]cum-m of

1
ZVINES, scic, was enhanced in the

teases |

Inventor

J. Takamine

J. Takamine

J. Takamine
L. Wallerstein

S. Frarknel
I. Pollak

A. Boidin

H. 8. Paine and

J. Hamilton
J. Takamine

R.Douglas
. Wallerstein

Wallerstein

origin. bec

ause, unitke plants and ¢

Title

Process of Making Diastatic
Enzyme

Diastatic Substance and Method of

Making Same

Enzyme

Beer and Method of Preparing

Beer :

Preparation of Use in Brewing

Method of Treating Beer or Ale

Method of Treating Beer or Ale

Method of Treating Beer or Ale

Method of Treating Beer or Ale

Manufacture of Diastase

Diastase Preparation and Method of
Making Same

Malt Extract and Method of Making

Same

Process for Preparing Fondant or

Chocolate Soft Cream Center

cnzymatic Substance and Procass

of Making Same

Method of Making Chocolate
Syrups ,
~rocess of Preparing Pectin

‘m/ertaa Freparation and
Method of Making Same

Frocess of Chillproofing and
Slabilizing Reers and Ales

umals, micro-

oreanisms muitiply rapidly and are not subject to

tiie same

political and agricultural policies thut
] I

thate the production of livestock for slaugh-

snzyme technology involves a gre:
overlap with the
cutiure technology,
also used fore
tectinology ang i; lant tissue culiy
1815 are
sions catal

Zyines d»tlﬂ(’ in sedicnee. L

UL e Id

g nir

"7:"11 by

Traditio

or 1wo CE':‘CI‘F:;’

gonisms, the enzyme is extracted from

dwu of
fields of fermentation and tiss
because these methods ace

e

zyme -oduction. in fern aentation

) whole organ-
. The muitistep <hr mica! conver-
these processes require en-
Complex cofactors may
nel enzyme technology only

‘:}I J“n“tiom Thus,

hc p]am,
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TABLE 3

Pre-1960 Applications of Enzymes in the Food Industry

Enzyme Source? Food product Application
Amylase and 2,3 Baked food Bread and cracker baking
protease 2
Amylase ' 23 Beer Mashing
Protease 12,3 Chillproofingl
Glucose oxidase 2 Carbonated drinks Oxygen removal
Amylase 2,3 Cereals Preccoked baby food
Amylase 2.3 Breakfast food
Amylase 2 Chocolate Syrup
Pectinase 2 Bean fermentation
Pectinase and hemicellulase 2 concentrate
Protease 12,3 « Condiments Flavor ingredients
Invertase 2 Confectionary Soft center, fondants
Rennin 1 Dairy Cheese production
Lipase 1 Cheese favoring
Catalase 1.2 Milk sterilization with hydrogen
peroxide
rotease Oft-flavor prevention in milk
Protease 12,3 Protein hydrolysates in milk
Lactase Whey concentrates, ice cream,
frozen desserts, milk concentrates
Glucose oxidase 2 Oxygen removal from dried milk
Amylase 2.3 Distillad beverages Mashing
Glucose oxidase 2 Egg Glucose removal
Pectinase 2 Fruit juice Clarification, filtration
Protease 23 Meat Meat tenderizing, casing tenderizing
cendensed fish solubles
inveitas 2 Molasses High-test molasses
Amylase and 2 Storch Corn syrup
amylogiucosidase
Pectinase 2 Ving Pross'm, arification, filtratio
1 =animal, £ = microbiolcoical, 3 =  plant,
Adapted from Neidieman, S. L., Food Technol, 45{(1), €2, 1651
animal, or microbial source, purified, and the iso- cconomic, and environmental factors. However.
lated form used to caialyre a reaction.” this Iimitation may be obviated by isolating the

Recombinant DNA methods are having o siﬂ-
nificant impact on enzyme lecnicicey. Sonie o
ihe bencfits include increased enzvme pmuucnon
and improvemeni of enzvime properties such as
ﬂ](}!‘l])()‘;l"bility and ability (o operate ouiside the
normal pH range. Even thovgh plants and animals
iy serve as sources of several useful enzymes,
their use as sources of industrial enzyimes may be
limited by availability. cost, and various political.
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enzvme from a piant or animal sovrce and ampli-
fying it in a microorganism. Methods that have
been employed include sereenine from nature,
mutagenesis, genetic engineering and cloning tech-
niques, polvinerase chain reaction (PCR), protein
and chemical derivatization.

The three main cioning techniques emploved
“hotgun” cloning, ¢DNA cioning, and
DNA cloning. “Shotgun™ cloning is rela-

cneneering,

(SRR

include

synthetic




tively simple to carry out because the gene se-
quence coding for a particular protein does not
have to be known. The disadvantages of this
method, however. are that a very specitic selec-
tion method is required to identity recombinant
strains. genes that contain introns would not be
accurately expressed, and where prokarvotes are
used to produce enzymes, these microorganisms
would have to recognize forcign DNA and ox-
press it There is no problem of introns being
translated in ¢cDNA cloning. %dccmm methods
tend to be simpler than those of “shotgun™ clon-
g and less laborious. However, mRNA required
for production of ¢cDNA may not be available in
sufficient quantities. The cioning of cDNA is tech-
nically mere difficult to carry out and codon choice
may not be optimal for the host cell. Svnthetic
DNA cloning has the advantage that the seqticnce
ol gene promoters and ribosomal binding sites
can be optimized and changed. Thus, highly spe-
um mutations and enzvme production are pos-
sible. The disadvantage here, however, is that (he
gene sequence must be elucidated first and there
v ousually a problem with degeneracy -

PL.\ nas been applicd in all cloning tech-

|
piques. This process has been used (o generate

spectfic sequences of cloned doubie-stranded DN A
for use as probes, (o generate ‘mh s spectfic for

!
uncioned genes by selective amplitication of par-
tieular segnients o

CONA from wmli amounts of mRMAL o generare
sof DNA for scqucncing, and for the
analysis of mutations. The main §im;«’:‘tirm of 1this
ie of misincornor-

o b 1
metinod.

howevar, s the hig

atton necause Tag DNA polym
editing function of other polvineroses like t}m—:
Clenow fragmentin Lscliericlia coli (Pol | ). PCE
s st very useful ool that can e applied in
protein enginecering and the production of berefi-
cial food enzyvimes. '3
DNAtechnotogy and its means of i
!t\fmw mid expression,

mnroving
envyme production us
with protein enpinecrin:

1

enzymes, h we ied to the m!\n & ol new enzymes
based on speciiic or desired funciionyl neews. i

h

the tiree-dimensional sttucinre or prinmr\' a:nino
acidh sequence is known, the process becomes
even mwre feasibie.” The develoient m" SUC-
cessiul commercial pmduct: for iouu—pr(‘;cef;siz,vg
enzvimes and additives by genetic engineering

CDNA, to generate fibraries of

technology requires a concerted approach of ae-
netic manipulation. protein engineering. and pro-
cess development contributed by scientists and
engineers from diversitied disciplines. as scen in
Figure 1.

Genetic cnginec’n" has made it possible to

olate particuiar genes coding for o enzymes. from

rganisms whose genetics are unknown. Using in
Vi rcmmbnmmm mcxc acnes can be introduced
into microorganisms that have been used in food
preparation for centuries, with subsequent svn-
thesis of the novel gene products (enzvimes).
Genetic engineering methods provide the oppor-
tunity to increase gene dose and <o affect product
vield. Plant and animal cozymes may he pro-
duced more efficiently when cloned into a micro-
bial cell and shouid be produced under liighly
regulated conditions. '

Protein engincering involves protein crystal-
lography. interactive computer graphics. databases.
and other forms of commercial modeling to gen-
erate knowledge of the relationship amony se-
arence. thee- fi

o
C
(

dimensional structure, and function.
B2 diecessary sequence changes for novel prop-
cities are suggested and carried out by site-di-

o

rected mutagenesis (o alter one or a few specific
amino acids in « moiccule, The PrOgress made in
the genctic engineering and protein engineering
stages are on]y useful when a large-scale process
has been developed to cultivate the “new” orgail-
isms in @ fermentor and o purify a large encugh
quantity ofactive product for product formulation
and toxicology testing. Ontimization of condi-
tions for the cloned gene products is an important

step in translating lubsenle ¢ XDEriments into com-
16

merctal success.,

Enevimes of biotechnological
been cloned fall into two main cate reories: those
that heve applications in vitro in some commer-
clal processes and enzymes invoived in biosyn-

irerest that have

thetic pathways leading to commers tally useiul
products. Polysaccharases and proteases are the

matin groups of genetically engineered EnZYymes
icd cominercially. The -amviases of several
of bacilli have heen cioned and in some
cases pl’xi‘tiii;ﬂv’ or torally seauenced. Fungal
uconmylase oones from Asporgilins awamor
;md A niger have been cloned. In both cases
cDNA clones were prepared as probes and the
cenes identified using purified mRNAs that en-
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pacterial and fungal soure
There are reports of cioning
isms that code for protease
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4

O

amyiases. Celluiases from bot

Flowchart for commearcial development of recombinant food-processing enzymas and focd additives
Food Techniol., 41(10}, 104, 1987.)

)

h ample is the cloning of a thermosiable neutral
L protease gene from Bacillus stearothermophilus
and its expression in 8. subrilis. The gene coding

for call’ chymotrypsin (rennin). & proteoltytic en-

es have been clonec
of genes from organ-
production. On
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zyme ol great commercial importance, has been
cloned and sequenced in Escherichia coli using a
tryptophan promoter from the host bacterium. The
reader is referred to the review by Peberdy® for
further information on genetic engineering in re-
lation to enzvmes.

2. Buik Enzymes and Immobilization

Traditionally. enzymes were used in bulk
form. for example, specific proteases for hvdroly-
sis of casein in cheese production. Through mass
production of secreting cells. extracellular en-
zymes can be concentrated from the spent culture
broth after removal of the celis at the end of the
production phase. Enzymes thus became avail-
able at Jow costand were used only once and then
discarded or left in the product in a denatured
form. This is a simple approach to enzyme use not
requiring complex cquipment or technical stalf,
Bulk enzvmes are distributed for use either as
concentrated i?quirls or as dry powdars.

Alternatively. the enzyme may be immobi-
hzed. that is. LOF’IS‘T“‘UHCU one way or anotiier
within ihe confines of a solid sup; i
reusad from one ug*emiion 1o asother.”
of enzyme hmmobilization in-
m in the need for hug quail-

i costs, (23 the abil-

N

ciude: (1) aredy
ates of enzymes ih
S0 reuse the ap

wien in the soluid
lett i the product, (4) increased siability of the
enzyme (9) n‘x‘lprmed enzyme behavior (pH on-

@]

e

o

juld
-

[

o]

-

-

[N

ol

jos]

~

o]

tima shified to more advanfageous pH on inmo-
bilization to cortain supports). (6) the possibility
of a continuous process, which permits betrer
quality control of the product, (7) less addivonal
processing, {8) lower labor costs, and (9) advan-

|5
le

tageous use of muliple enzynie systems. The
procedure has been explored since the mid-1900s,
Substrate can now be contnuously added 10 a
support as product 1s mmoved.

Seohd supports usod toi' envyine immobiliza-
tion include polysaccharides, inorganic supports,
tibrous proteins. svnthetic polymers. hydrogels

and hollow fibers. Enzyimes can bz constrained or
held to these supports by adsorpiion. covalen
machmcm.crms“iinknw.:nm prent, mieroencan-

sulation. or by other methods.”” E

Examples of

polysaccharide supports include dicthylaminocthyl

DEAL)-Sephadex. which provides a polyeationic.,
weakly basic anion exchange group. Enzymes
having a relatively high content of acidic amino
acids remain firmly bound to DEAE-cellulose or
DEAE-Sephadex even at high substrite concen-
tration as long as certain physical conditions such
as ionic strength and pH are maintained.

Some of the disadvantages of enzyme immo-
hilization include: (1) the cost ol immobilization.
(2) requirement for highly skilled personnel. (3)
unique santtation and toxicology problems, and
(4) Toss of enzyme activity; for example,
aminoacylase from Aspergillus orvzae adsorbed
on DEAE-Sephadex lost 40% ol its activity over
a 32-d period when used at 50°C for continuous
hvdrolvsis of acetvlated L-methionine. '’

Chitin.is another carbohydrate support mate-
rial used in the tmmobilization of cnzymes. as
described with glucose isomerase and glucoamy-
lase attachied by simple adsorption. The deacetvl-
ated form of chitin is chitosan and this polymer
e percentage ol [ree amino groups.
Chitosan has been uscd along with gluteraldehvide
o prepare immobilized acid- mluanf lactose. 7
Forous glass. alumina, nickle oxide on nic

onated with niek

has a large b

p

¢
[

.‘/* ol

— D

screen, silica alumina impre 2
oxide, porous ceramics, and sand are some of the
inorzanic materials to which enzymes have been
attachied. Inorganic supports have the following
advanizzes: (1) structural stability over varying
conditicns, () exeellent flow properties in reac-
tors. (3) mertness to microbial attack or attaek by
cnzymes, (4) ease of adaptability to various par-
ticle shapes and sizes, and (5) good regeneration
capability.
General methods used to immobilize enzvmes
include adsorption, covalent binding, and entrap-
ment, For a very informative discourse on imme-
bilized cnzymes in the feod industry, the reader is
referred to the review article by Pi dac; HThe
1luence of the use of enzyvme mmebilization on

1
| the corn starch

the food industry is iHlustrated by
indusiry, where glucose isomerase 18 nmmobi-
lized for the

production of high-fructose com

syrup. This syrup has become a very competitive
sweetener in the food industry. !

It 15 also possibie to immobilize whole cells

mstead of isolated enzymes. This approach has

veral advantages: (1) 1t avoids the lengthy and
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expensive operations of enzyvme puritication, (2)
there is preservation of the enzyme environment
and reduction ol its degradation. (3) sophisticated
transformations are performed more easily, espe-
cially those requiring several enzyimes and cofac-
tor regeneration, and (4) a multmurposc catalyst
may be provided.' However, there are limitations
to the approach. namely, (1) rate Hmitation due to
diffusion of substrate und products through the
cell wall, and
substrate or product, causing a loss of specitficity.
Continuous processes are favored by cell imimo-
bilization. .

(2) undesirable reactions of the

C. Dairy Industry

For quite some time. rennet obtained from the
stomach of calves was the oniv technical enzyme
used in cheese making. apart from the specitic use
of esterases from sheep and goat gland oxtracts.
Demand for cheese and dairy products is on the
merease worldwide. The dairy industry has re-
sponded to these demands throush mechanizatinn
1

aud censolidation and by taking a haantage of

improvements and new technelogy. Microbiol gl

cal proteases from Mucer or & Sadothia Ptirasitic

tsed as substitutes for animal rennot,

5 cu;mmg scarce. However, microbio
I rennin has been found w0 be less 1,_,:'0c1hc

n-like ernzymes fiom ham

E:f,mcd f‘;m

P
o
5
I
l@)
=
5

are wuxivciv

TABLE 4
Commerciz! Misrobhin

less specific. The introduction of microbial
chymosin produced by a genetically engincered
organism is considered the most significant future
breakthrough in microbial reanet production.™ Im-
provements are needed in the area of shortened
cheese ripening tiine and use of the waste product
whey.

1. Yicrobial Proteinase
industry

n the Dairy

Microbial rennet substitutes derived from
Mucor miefiei, M. pusillus and Escherichia
parasitica are utilized in countries such as Hol-
fand and the U.S. Commercial products derived
from these rennet substitutes are listed in Table 4
Mucor rennets are marketed as liquids stabilized
with saiis and permitted preservatives. The en-
zyme from [ parasitica is less stable and is
usually marketed in a solid form. Religious and
ethnic regulations against the use of animal-de-
rived cazymes hove encovraged the search for
T to call renuet in the United States
of /‘,11[‘

alternatives
Eurru can countries have a farger supply
pennet and are inthe practice of using various

vealf reanct and bovine or percine pep-

In Che d far cheese manuiacture, the
ied to miik at a temperarure oi 3§ °C.
é.w ensvine is added at a rate of

ennet 1s

’"‘ milk-

130 to 200

b, and elotting cecurs widhin }O
353°C s used i S

w 1S min. A temperature of
cheese manufacture. Chymosin is used as the stan-
Card of evaluation for other milk clotting en-

iiicrobial souice Sunpliar Froduct namea
Mucor pusillus Dairvland Food Laboratorias
Mucor miehei G.6. Lfarm'mwmn Ind tnco

Micor miehei Chir. Hans

f~/‘/ icor miehei
A\spergiilus /7/_7@,

Juco; mich

Mucor mie

Inc.

Adapted irom Ward. O. P, Microbial En

V'S Lrvcora»,m,f.-f~

Milas Lacorat

Miles Laborato

C

, |
Nove Laboraiories -

nzymes é
&d., Applied Science Publishors, New VY

B

o
[

onnilase

nid Biotechnology, Fogarty, W. M.,
. i




zymes. Comparative trials indicate that microbial
enzymes from M. michei compare favorably with
rennet in cheese making with respect to curd yicld
and firmness. Various types of cheeses prepared
by microbial rennet were judged satislactory by
organoleptic tests. However, it has been reported
that microbial rennets produce more bitter prod-
ucts, particularly in young cheeses.?! Most other
proteolytic enzyimes cause extensive digestion of
milk proteins that Jeads o unaceeptable flavor,
poor texture, and reduced yield. !

Studies ol acceleration of the complex bio-
chemical reactions n cheese ripening have fo-
cused on proteimases. with less emphasis on 1i-
pases and peptidases. in hard/semihard internally
bacterially ripened cheeses. Accelerated ripening
did not cceur with increasced rennet levels. Use of
an optimal {evel of Neutrase reduced the ripening
by approximately 30, but the product thus ob-
tained had a softer body and was more brittle tha
cheese of the same age.”* A combination of
Neutrase Lz"(lx";plowud] ell-free extract (CFE)
gave betfer results with increased proteolysis, but
no inercased Havoer miensity. This combined en-
is now being produced com-

logy of London.

zvime preparation
mereielly by imperia! Eiotechi
UKL asa i,,mnlu: t called Ar—\::c;u‘n.c and s o be

cale commerain

beheese-muking

Lactose 1s o disaccharide composed of glu-
cese and valactose residues tinked together by an
-1 -4) glycesidic bond. It is a major compo-

1

nent of milk and anpears in whey during cheese
manufacture. Lactose s fess sweot andless solut
than 1ts component sugars and 1s thus of hitle vse
corimercially. becuuse it needs (o be broken down
iNto s Comnonent sugars
1 1s estimated th f)‘ > the world popula-
r.ion is deticient iy intesting! fuctase (B-enlactosi-
dase). e CnZyme necessary (o hw‘w jactose.
Certain individuals from verious ethnie groups in
the U.S. namely, Africin-Americans (43 10 8197
Mextcas-Armericans (447 to 74% }. ﬁnlan Ameri-
cans (65 1o 100, Native Americans (30 to 75% .
tern European ancesiry {0

.

and people of northnwe

0 23%), have been found to be lactose intolerant.
Thus, one-third of the U.S. population may be
presumed to have some form of lactose intoler-
ance. ™

The enzyme lactase. which coverts lactose
into its subunits (glucose and galactose), can thus
find useful commercial applications in the food
mdustry. The development of processes involv-
ing soluble or immobilized lactase has been very
slow. possibly due to the high cost of the enzyme
in correlation to the value of the substrates.” The
potential for enzymatic moditication of lactose
has been recognized since the 19305, but produc-
tion ol lactose-modified dairy products became
possible only with the commercial development
ol processes for the isofation of the enzyme from
microbial sources. Lactases generally used tor
lactose nydrolysis are extracted from yeast such
as Kliveromyvees lactis (K. marxianus) and K.

Jragilis or from fungi such as Aspergillus niger

and A. orvzae. These lactases differ widely in
their properties. especially in their pH optima.
A darrv-modified lactose-reduced ik is
avaninile on the market. It is well accenred de-
spite the slightly sweeter taste brought ahout by
hydrolvsis. One promising process is the Tetra
Lacta Sysiem, developed by Tetra Pak Interna-
sonal ADL In this process milk is sterilized by an
ltrahigh-temperature (UHT) treatmeni. after
hich it is mixed with sterile enzyme solution in
-ydml\/ﬁis of 1:1ct0<0 then

low concentrations.
tukes pluce during storage of the packed milk
(1to 2 weeks — over 80% conversion of lac-
to3e).8

Lactase capsules were
Kremers Urban Co. Millwankee, Wiand Lactaid,
hzc began commercial marketing of tablets to
wealth professionals i 1985, jactase-containing
(f‘-l;lcis‘ are now available for both consuners and
hivalth professionals. Each tablet continsg B-n-
aaluctosidese from A, orvzae 'md s taken with a
mecl For example, in !99(? ‘inthrop Consumer
Products, Division of .‘Stcr‘mg Drigs, New York,
detknown as Dairy

introduced by the
I

N“{ introcuced a chewable tat
base.”

Lactase has been emploved in the manuiuc-
ture of ice cream. Partial replacement of the skim
milk powder and suear with hvdrolyzed sweet

vhey in ice cream formulue gives a smoother
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texture and an acceptable flavor. The possibility
of producing low-fut (3 to 3%7) ice cream mixes
that are comparable in flavor and texture with
ordinary ice cream (10% fat) is being investi-
gated.® Complete replacement of sucrose inice
cream mix with hyvdrolyzed-lactose syrup de-
pressed the freezing point slightly.

In general, when cheeses are prepared {rom
hy«!rolyzcu—incmxc milk, a faster rate of acid de-
velopment is observed during the titial stages of
cheese making. thereby reducing manufacturing
time. Faster ripening time for flavor and exture
dey lonmnnt has been observed. as well as higher
cheese yickd, Reported disadvantages, however.
mclude off-1lavor develonment. sweet taste, ful-
ure of curd to knit properly during cheddaring,
and crumbly body.>

3. Future of Enzymes in the Dairy
L Feasmt
Incusiry

Genetic engineering offers ihie advaniage of

directed meaenipulation of microorganisms o

achieve signilicant improvements on existing pro-
cosses. Roscarch progress has been sfow in the
aren of dinry products for the following reasons:
Cintrinsic value of pharmaceutical -

!
ifiiculty of culturing in the laboratory

[P .
anisins have co

arleoae
INUKEs,

other substanc

nology hay
organism :
tanee o bacteriophage infecuon and v o climing-
it

tion ¢f culture retadons, hinproved rates of actd

production and substrate use aiso been im-

portant arees of research. wwon of cultures
that give new or in‘m?‘(\,\';;wi; texiures and savors.,
with accelerated Havor deveinnment, have been
targeted. Production < i il compounds

that reduce spoils it harmful

. oy 3 150
ge and inhj
PRCTOOFANSINGS 18 an ared of major concern.

Above all. formeniation-based ¢ 1ol mi-
crobial calf t:h}'mmm \vnl prove o bave eaor-

INOUS CCONOIMIT SaVin

The ability to use the full potential of genctic
engineering in lactic streptococct was initiated
when Kondo and MceKay (1982) reported suc-
cesstul transtormation ot plasmid DNA in Strep-
tococcus lactis protoplasts; however, the frequency
ol transformation was low. Using a polyethylene
clveol-induced uptake system, an increase in ef-
ficicncy of about 300-fold was achieved.

Also important was polyethylene alycol-in-
duced transfection of protoplasis of Streplococ-
cis lactis subsp. diacervlactis. The etficiency of
senetic exchange reported was 50,000 transfec-
tants per microgram ol phage DNAL By shuttling
plasmid vectors between organisims. such as
Lscherichia coli or Bacillus subtilis. and the strep-
tococed, the vector permiis chromosomal frag-
ments to be cloned and manipulated in the well-
developed . coli or B subtilis system and then
transierred to the streptococei for further study. =
Several research groups have deve k*[,uiw\m bi-
nant DNA !U chniques for the introduction of the
prochymosin gene trem call stomach cells into

microorzanisims such as £ coli or Saccharony-

s «_'a'/‘z’\'ismcn 5 gives a partial st of vom-

panies with patent applications filed o microbial
calf “wz aosin. One vroblem expericnced witl

cins produced

ed in & coll s the

marion of soluble cranules that are catalyti-
<o

caily inactive, packed inside the cell. These inciu-
sion bodizy of protein present major probleins in

industrial seaiz-up and 2 FECOVETY.

protein modification esing microbial
cnzvines has played an tmportant role in ”m vd

mianufacture. Strong giuten of low oxiensi
reduce the volume of the buaked p"oduc[

sitwation is remedied by using fungal p
A o |

specific gluten u:gm:,izztr(t»n

©oprotcins has been ;\])~
ll'v Odkﬂ\ oremui-
:\:i!';y;in“ powet. he coniee im industry. pro-
t;\in modification using micrg
een used i the production of foaming agents

\
al enzymes hus

B

Lllld snecialny nrotein

hvdrolysates for dietetic

purnoses. The development of indusirial protem




TABLE 5

Companies and Investigators Who Have Published
Research, Have Patent Applications Riled, or Have
Patents on Microbial Calf Chymosin

Company or investigator

T. Beppu. U. of Tokyo
Celltech, U .K.

Codon, CA
Collaborative Research
Genencor

Genex

Gist Brocades
Unilever

From Barach, J. T., Food Technol., 39(10), 73, 13

permission.

hydrolysis processes was hampered by the forma-
tion of bitter-tasting peptides. Examples of en-
zyme-moditied proteins are discussed below.,

1. Soy Frotfzin Hydrolysates/Healin
Foods

The treatment of soya flour or isolated soy
protein with proteases produces proteins with
modified funciional properties, such as increased
isoelectrical solubility and improved whipping
acity, foam stability, and emulsifying capac-
ity.” Soy protein hydrolysates have great porential
as ingredients it low-pH foods such as beverages
where applicatiors depend on a soluble produci
that does not cause problems of gelation, turbic
iy, and off-flavor io the food produced. The major
probiem encountered with soy protein hydroly-
sates is the problem of bitter peptide formation.

The degree of bitterness is related to the degree of

hydrolysis. A compromise thus has to be estab-
lished. ™

The productien of isoelectric, soluble sova
protein hydrolysate (ISSPH) and the decoloriza-
tion of the blood cell fraction of slaughterhousa
blood arc both processes that use Bacillus
lichenifornis protease (Alcalase™), a product used
in the detergent indusiry. The neutral protease
from B. amvloliqueiaciens (Neutrase) is used in

Microorganism

col

coli and S. cerevisiae
coli

coli and S. cerevisiae
. coli and B. subtilis

. coli

Kluveromyces

E. coli

M ommmmm

85. With

the production of soya milk for increasing its
protein content.” Traditionally, soy milk is pro-
duced by initial soaking of the beans for at least
3 h, depending on water temperature. The beans
are then ground in water (¢ bean ratio of {0 o 1.
The slurry is filtered and the resulting milk heated
o boiling for about 30 min to improve its nutri-
tional value and tlavor. The product has a typical
bean flavor caused by enzymatic lipid oxidation
during the wet grinding process. 7

It was found that enzymes improved the yield
of soy milk compured with traditional procedures.
The neutral proicase Neutrase gave superior re-
sufts at neutral pH. Olsen and Alder-Nissen?’
devised a method whereny hydrolysates of sova
protein could be produced, removing compounds
responsible for bitter off-flavors. Figure 2 gives
the structures of precursors and off-flavor com-
pounds in soybean. “Cooked soybean™ off-flav or
results from the presence of phenolic acids such
as syringic, vaniflic, ferulic, gentistic, salicyclic.
p-coumaric. and chlorogenic acids. Ferulic and p-
cowmnaric acids have been found o be precursors
for the soybean oft-flavor compounds, which were

rentified as 4-vinyl-guaiacol and 4-vinyl-phe-

nol.

Soya white flakes are washed at pH 4.5 with
water 1n a four-step extraction process Lo produce
a concentrate with a low level of beany off-fu-

vors. The concentrate 1s immediately hydrolyzed
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HC=C-COOH

C=CH2

N
Ol

p-coumaric acid

>
7
/\\\
H
OH
-vinyl-pnencl
HC=CH2
\\
ST
]

w2, Frecursors and oif-liavors from covhea
¥

with ihe alkuline protease Alcaluse toa specified
deoree of hydrelysis. Hydrolysis is e minz >d by
Inwering the pH and the supernatant is then ie-
covered by centrifucation.”

&, The Blarch industiy

E

1. High-Fruciose Corn Eyrup Production
The method of acid hydrolvsis of starch forim-
mg 311 20Se Was d“« loped by Russian chemist

i« icchoft cand de Saussure in 1515 estab-

hc hg DUsIS tor the commercial ¢
syrups and crude sugars. Although acid-converted
corn syrup was useful is many applications, the

448

1. (From Olsan, H. 8. a

roduction of

nd Adler-Nissen.?” With permission.)

1

sweetness relative 1o that of sucrose and

the formation of reversion products hmited the
use of glucose syrups. The intreduction of enzy-
matic processes with liquefying bacterial amylase
and succharifying amyloglucosidase today allows
yields of up to approximately 90% glacose. The
use of 1mmuLm/,e(,l glucose isomerase has made
to produce isomerase syrup with high
A large percent of microbial

1t possible
fructose content.’
NRFASTIN pmdw“d are utilized in the starch 1o0-

rge-scale process of high-fructose
Syrup p:wluctxon was developed in the mid-1970s
using Novo's comumercial preparations of ther-
*“m/hm‘ {for the initial degradation of

dustry. The large

mostabie «
starch to dextrins) and immobilized glucose
somerase ‘(mr converting glucose to fructose).




The second process step. the saccharification of

dextrins to glucose, is carried out by soluble glu-
coamylase [rom Aspergillus niger. Immobilized
elucoamylase has proved inefficient because the
maximum relative glucose content obtained is
lower than that obtained with soluble glucoamy-
lase.®

High-fructose corn syrup (HFCS) has become
an established product for the corn wet milling
industry. and almost every major corn processor
in the U.S. has an HECS plant in operation. HFCS

is used as a less expensive direct replacement of

sucrose. A sim plificd flow diagram for the pro-
duction of HFCS starting from starch was de-
scribed by Budwﬂ The need for multiple treat-
ment during HEFCS production arises from the
nature of starch itscli. Starch consists of two trac-
tions. The amylose fraction consists of long, un-
branched chuins of p-glucose units linked by ¢-
(1—4) bonds. In contrast, the alnylopu in fraction
is hitghly branched and has both ¢-{ [ —4) and -
(1—0) bonos S The main chal Ie'w i the carly
saccharitication steps is that c-aimylases act mainly
on I bonds so that addition of a debranching
enzyme Lke pullulaniase or isoamylase. which
specitic i,i attack (}t—(l—‘h) glycosidic bonds. is
now widely practiced ! Commercial preparation
of debmn h nz enzymes exhibiting the right conmi-
bination of pH and temperatu-e, activity, and sia-
bifity has beaun.

The heart of the process is the enzymatic

i3]
k
i
8

imomerization sien using mimobllized ehicose

isomerase. Two ens ’)mcs. C-am vluw and

glucoamyfase. are used in a
drofyze starch. Syrup L-ron&iin 19 t\'pacal 3

895% dexirose is fed 1o the Iscmerization reactor
system. A series of pretreatment sieps such as
separation of residual protein, carbon treatinent.
and ton exchange are needed to condition the feed

syrup for iaoz‘r:u/ wiein. A series of positreatmient
steps, including evaporaiion, are needed to obtain
the end product.”

]

The amylase from B, convioliquejuciens. which

has atemperature opdmum of agproximaily 70°C,

Was nnu‘!\ de o Hevely starch Im'm dcx—

nanuiac-

ture. Masze starch pmuuctmn i‘cqun'cs tem;‘»f:rw

tures in excess of 100°C for complete starch di-
gestion. There was thus the need for bacterial
amylases with high-temperature stability. such as
that from B. licheniformis, which has optimum
working temperature 90°C.

2, Maltese Production

Amyloglucosidase from A, niger and Khizo-
pus is used for saccharification of dextrins to
clucose. which is then isomerized (o tructose in
high-fructose svrup pmducimn The reaction is
sfow: 45 10 60 h at pH < 5.0 and temperature
60°C.7 Exoacting mahogcnu G-amyliase has been
described. it is also ihe first near commercial

example of an industrial enzyme produced by
genetically engineered organisms. In trials, more
glucose was obtained than with plant f-amvlases.

The demand for high-maltose syrups in Japan
ts growing. Most Japanese prefer the much milder
sweet flavor of maltose to the very sweet t;a\'m‘ of
sucrose. Therefore, o lot of high-maltese syrup
insicad of sucrose hax becn reccnily uszd for

N treating starch
puste w;m{ﬁ amylase, m dl (ose miay be obtained in
ayield of about 80%, with dextrins being
produced simultaneou s!v Maltose syrups pro-
duced from corn starch are of two types. One type
15 3010 50% maltose and 6 to 107 glucose (high-

maltose svrup) corresponding o 43 (o —fQ G 2X-

206 of

trose equivalent (D) corn svrups (Table
other is 30 10 40% maltose and 30 10 ﬁ)‘bg!ucomz
(fermentable syrup) represeniing 63 to 70 DE
(Table &)
Madtose production can bz divided into the
sroduction procedure for nu‘&,il inaitose syrup and
m fermeniable syrup. For high-maliose >_vup
production, two common precedures used
the acid— NLYINE CONVErsIch process, and (? th
. Dorhe fust process, a

1

5

ME Process
- 0"uum SaC( hamww: £/

1ie such as

cal en-

.

-M\]J‘\L Is adde doand the res
zyme 1s deactivated by heating, Tn the muldtiple-
enzyme precursor, stwceh is gelaiinize
ization is brought

N

d and the

nreiminary starch depolymei

about by enzymes such as fungal g-amylase or

1 : NP | >~
mnstead of

bacterial

-amylase acid. Barley



TABLE 6
Compositional Data of Syrups

% Saccharide, carbohydrate basis

Dextrose

Sample equivalent DP,
Corn syrup,
AC 27 9
Corn syrup,
AC 36 14
Corn syrup,
AC 42 20
Corn syrup,
AC 55 31
Corn syrup,
HM, DC 43 8
Corn syrup,
HM, CD 49 9
Corn syrup,
DC 65 39
Corn syrup,
DC 70 47
Corn syrup,
DCE 95 92

DP, DP, DP, DP, DP, DP,
9 8 7 7 6 54
12 10 9 8 7 40
14 12 9 8 7 30
18 12 10 7 5 17
40 15 7 . 2 2 26
52 15 1 2 2 19
31 7 5 4 3 11
27 5 5 4 3 9
4 1 1 20

2 Data supplied by ccoperating member companiss of the CRA.

b S =]
Sum of DPsq7

DP = degree of polymerization; AC =
YMe conversion.

Note:

From Maeda, H. and Tsao, G. 7., Procass Liochs

B-amylase is then acded to continte the conver-
sion. M 1(101 ial B-armylase has been Kuown (o be
very siable inosupply und economical to us

A, orvzae g-amviase 15 reported to be tlf;c
most effective of many amyvlases tested. Btaley
Corn Processing, Inc. has applied a debranching
enzyme for the production of high-maltose syrup
of 80% nialtose conteant as a commercial product.
Barley B-amylase and microbial pullulanase have
been used as debranching enzymes. It was found
that B. cereus var. mycoides accumulated large
amounts of J-amylase and pullulanase in the broth
at the same time when cultivated with meat ex-
tract and mild casein as the nitrogen sources.
These enzymes find great industrial applications.”?

Traditionaily, manufacture of beer is divided
into stages: a main fermentation stage and a matu-

450

acid conversion, DC = dual conv

ersion (acid-enzyme)., HM = maltose,

14(7), 2, 1979, With permission.

ration stage. During the main fermentation, the
bittk ot fermentable sugars in the wort (an ague-
ous exiract of malted barley) is merabolized into
ethanol, Whiie during maturation. tlavor, carbon
dioxide content, haze stability, attenuation, zmd
cther propcmus of the beer are adjusted care
Fully. ¥+ Proteinases and exopeptidases present
in the mait cause the increase in soluble nitrogen
compounds required for the brewing process. It
parmsaliod grain is used, the missing proweolytic
activity must be supplemented by cxogencus pro-
tease preparations. In selecting proteases, the fol-
lowing conditions must be observed: (1) high-
temperature stability at 55 to 60°C. (2} optimum
between pH 6 to 7, (3) sensitivity to
natural proteinase inhibitors, and (4) activity at
very low protein concentraions. Traditionally,
this function was carried out using papain.’

I beer manufacture. proteinases act to in-
crease the actual yield of wort and the level of -
amino nitrogen in the wort, and to remove chiil

activity




haze from beer during finishing. 1t is agreed that
a level of 140 to 180 mg of a-amino nitrogen per
liter of wort is required for normal fermentation. ™
Beer contains complexes of proteins with
carbohydrates and tannin. which are soluble in
the newly pasteurized product, but tend to be-
come less soluble with time as the beer is cooled.
The complexes are insoluble, but do not precipi-
tute. They instead form unacceptable turbidity in
the beer. This turbidity is called chill huze. The
nature of c¢hill haze and its formation vary de-
pending on the type and source of barley malt hop
adjuncts and processing variables used in the par-
ticular brewing (5 to 70% proteins, 1 to S5%

because some final product remains trapped in
the filters. Around 1914, the Wallerstein Com-
pany used proteolyvtic enzymes to hydrolyze pro-
teins involved in haze formation. For example,
papain has been immobilized on chitin and beer
passed over columns ot the enzyme for chill proof-
ing, s

The brewing industry is quite conservative in
the use of microbial enzymes: however, the cn-
zyme acctolactate decarboxviase isolated trom
several microorganisms has been applied (o cata-
lyze the degradation of g-acetolactic acid to
acctom. During beer maturation processes. the
oxidative transtorimation of o-acetolactic acid into
diacetyl and the subsequent reduction of diacetyl

tannins, and 3 to 80% carbohydrates).™ In North
America, where beer is chilled before serving, the Lo acetoin by reductases from the veast are usu-
problem is um»midnblc: thus, chill prooiing or ally rate ]n‘nzm‘lg for the overall maturation pro-
prevention of chili haze formation is requirad. cess (Figure 31 Acctoin is a major flavor compo-

Fxamples of haze-removing material are rent i beer and thus its Formation is critical in

adsorbents such as bentonite. wood chips. silica. beer production.
nylon powder. and activated carbon. These sclid Godtfredsen et al™ determined the oceur-
particles would have to be removed at the end of rence of g-acetolacate decarboxylases among

requiring additional costs for factic actd hacieria. Steprococcny diaeetyiactis

strain FD-G4-0 was found to generate a decar-

the process. thus
filtering. There would diso be a reduction in yield
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boxylase exhibiting a satistactory activity and an
excellent stability at the pH prevailing in beer and
wort. Lactobacillus casei DSM 2546 produced a
decarboxylase with improved solubility charac-
teristics and also exhibited satistuctory activity
and stability at fow beer pH. Based on these supe-
rior qualitics. the enzyme from L. casei was evalu-
ared for solubility for pifot-scale production. Thus,
acetolactate decarboxvlase production from lac-
tobacitlt was not considered to be profitable even
though it has GRAS status. because it requires teo
much zinc tor stabtlization. Therelore. mors suit-
s are required for the produc-

1

able bacterial source
tion of acetolactate decarboxylase ™

Microbial enzyvmes are being used m the pro-
duclion of low-calorie beer. The main difference
of the “lite™ heers compared with "normal™ beers
is that “lite™ beers are relatively lower i calories
(i.c.. ~ 15 to 50% lower). Brewing techniques in
“lite” beer formation include a low original grav-
ity and a compiete fermentation. Cne simple pro-
duction method is to dilute a regular beer. How-
ever, this may upset Havor balunce. A muore
complex technigue includes the use ot dextrose as
an adjunct to reduce the residual carbohydiate
centent of the beer oraddition of amylogincosidase

saime rs;mits. Howaver,

to wort troachieve

sohique. 3t s diifeut woore-

—*

with e cnziyme

e i O S S S S IO S
move d” e a( xl \,k."v;l’L Aoyt ‘;\" o tae 51“;]1
V

seer. wiich leads to u distinedy sweeter 'n( due

Lipases ure produced by p!:,;ms. animais. and
microorganisms. Plant lipases have not found
nicrobiul and eni-
mal lipases have ‘m~1 used successfully in pro-
Bacteria of the genera
Psoudomonas, Acihionobacter, and Staplviocec-

commercial application bui

ducing novel ingredients. ™

crre, as wellas }"Cii(\iﬁ (Lo Candida and Toruiopixh,
and molds (e, Rhizopus, Aspergillus, and
Geotricunr) have

Glyeerol ester

J

{
heen shown to produce lipases.

1

v
fvdrolases or lipases

svmes that hydrolyze tri- di-, and monog
present al an oif-water interface. ;i\hhougil the

reaction seldom goes to completion, hydrolysis o

atrighyeeride by lipase can yield monoglycerides
and free fatty acids. Lipu\'cs have been used for
the interesterification of triglycerides, but these
reactions are commonly carried out using inor-
ganic catalysts in the oil and fat industry. Com-
yared with inorganic catalvsts, fipases are more
substrate specific. that is, they will catalyze the
interesterification of oniy certain types of fatty
acids in particular positions i the triglycerides.®

Veoetable and animal fats are commonly used
as substrates for lipolvsis. The ease with which fat
or oil is hydrolyzed depends on the lipase itself.
The substrate. however, has to be emulsified be-
cause a true lipase by definition acts at the oil-
vater interface. Giyeerol esters are the preferred
substrutes.

Nicrobial lipases may be divided into two
croups. dependiag on their positional specificity,
There is a uonspecitic group that releases fatty
acids from all three positions of the glycerol moi-
cty. The nonspecific fipases also cause complete
breakdown of triglveerides to free fatty acids and

olycerol, The second group is speciic in that

bydrotvsis tikes place at the Sal and Sn3 posi-
gons preferentiaily to give [ree fuity acids and the
di- wnd monogtveerides as reaction products.™

N I | [ PG
e cood example of this is the system pioneered

over Research in owhich cne of the malor
lipids of palm cil.
crol (POD), iy transformed into more valuabl

comeounds. One or both of (12 palimitic acid

wed with sicaric weid o form

1. 3-dipal mtovl-}-(wyl alye-

cestdues are subsii
stnmvl giycerol and steroyl-

mhm oyl-2-oleyl-2 -0l
-0l tlmt i5. POYS and SOS5,

A-3-steroyl glyee
respectively.

These ]mu\ (POS and PGP are the main
components of cocoa butter.® In this process the
enzyme is immobitized and hydrated before use.
and the substeate 15 a particutar grade of palm oil,
mixed with tristearin or stearic acid in an orgunic
solvent. These reactions mav be termed transes-
ir*rit‘ic:‘(iuu a process used in the oif industry 1o
modify the composition end hence the physical
propertics (erystallinity and melting chavactoris-
Uu) ol wriglyeeride nuxtures. in
chemical c‘mlyw is used to prorote acyl migra-
i i oiveeride molecules so that products
consist of glveeride lie fatty
aovl groups are randomly distributed among the

this process a

'm}‘L(‘:WCL oiyee

mixtures in which t




glyceride molecules. The process can also be
applied to mixtures of triglycerides and Iree fatty
acid. resulting in the
interesterified triglycerides randomly enriched
with the added fatty acid.’7

Controlled lipolysis has been applied in the
generation of short-chain fatty acids. which in
turn are oxidized into carbonyl compounds such
as methyl ketones. which are responsible for mijk
aroma. Numerous procedures describing the ap-
plications of various lipolytic enzymes have been
patented, and a few examples of these patented
procedures are summarized in Table 7
lipolytic enzymes yield differing amounts of prod-
ucts with the same substrate: for example, the
addition of lamb gastric extracts combined with
lamb pregustric esterase in the manufacture
Italian cheese feads to the development of the
picante flavor of Romano and Provolone.® Inclu-

TABLE 7

Patents Pertaining to use of Lipolyiis

Vianufacturs or Processing
Applicaticn

Modit snof fat in milk

Use in ltalian cheese

Use in American chieese

Enzyme-modifid miilk powder

Lipolyzed milk
Lipclyzed milk fat “buttery”
flavor

Lipolyzed milk fat “cuttured
cream” flavors
Lipclyzed milk Tat “Giue
cheese’ flavors

Lipolyzed mil« fat “cheese-
like” flavars
Use in yogurt

A., Process Biochem., 20(4),

From Kilara,

formation/production of

. Different

of

En

ston of pregastric calf esterase and funzal esterase
resuited in typical Fontina cheese tlavor. In the
U.S.. effective August 13, 1974 enzyme-modi-
fied cheese became an acceptable optional ingre-
dientin processed cheese, processed cheese food,

)

or processed cheese spread.

1. Preduction of B-Monoglycerides

Monoglveerides are used widely in the food
industry as emulsitiers. They can be produced by
the base-catalyzed hydrolysis of triglycerides at a
high temperature. This chemical process, how-
ever., is not specific and a statistical distribution ol
various glycerides (mono-, di-, and triglycerides)
and glycerol arc obtained. Enzyme-derived
monoglycerides are formed using a method of
lipase-catalyzed alcoholysis of triglyeerides. These

2ymes in Food Ingrediznl

Country Patent no. Year of issue
1,965,480 1930
3,469,933 1989
2,531,229 1950
2,754,743 1957
1.326,516 1971
Canada L1248 1971
Canada 911,250 1971
U.s 3.850,758 1972
U.G. 2,531,329 1950
1.3, 2,784,743 1657
U.S. 2,638,415 1953
Japan 3,187/70 1970
UK. 1,251,272 1971
Japan 7245108 1872
Canada G12,905 1971
LS. 3,469,993 1972
U.S. 3,459,993 1969
LS. 2,965,492 1860
U.s 3,100,153 1963
u.s 3,072,488 1963
U.K 1,326,516 1971
U.s. 3,730,182 1973
Japan 31C7/71 1971

- With permission.



monoglveerides possess good emulsification char-
acteristics due to the B position of the fauy acid,
as opposed to the o position in the chemically
derived compound.™®

2. Fatty Acids and Heaith

Polvunsaturated fatty acids have been the
focus of research activities for a number of years
because of their potential health benefits. Vee-
ctable oils such as coconut oil are made up moxu\’
of medium-chain fatty acuds. Corn and sovbean
oif contain mostly leng-chain polvunsaturated fatty
acids, while p
Jong-chain saturated and polyunsaturated fatty
acids. Polyunsaturates in large amounts may in-
crease cancer risk. Hydrogenation converts poly-
unsaturated fats to satuiated fatty acids or iso-
meric trans forms. Both of these are believed to
raise serum cholesterof levels and are thus unde-
with respect to adverse effect of high cho-

39

simble
esterol levels 1o human health.
Onmw -3 “1'1\, acids are esterified mainly
HoSItion o

Cog
1":;\'3.’1 oils. The hc 1 benefits of omesa-23 falty

cleonupentaencic ncid and dovosaha:
{isiy o1l have bee 1D
rehin receat vears. borichine ‘11 for 1Lm’

acids can ‘x curried (ft:i using 2 wetned of lipase-

.
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enzyImnes fora

¢ increased juice
vields, smproved efficiency of

Fran and juice processors use

variety of benefits. which inciuds
\ jatce f’m"m(m.

impioved juice stamlvty for concentration, en-
hanced juice clarity. reduced juice bitterness, and

increased rate of fruit dehvdration.! Enzymes used

most often 10 juice processin
{r

g are pectinase, cej-

iufase, herucotiulase, amyiase. and arabinase.
Naringinase and limonuse have been used 1o hy-

434

alm ot] has about cqual amounts of

in the tiglycerides of

drolyze naringin a-.d fimonin, the bitter compounds
found in grapefruit juice. Biomacerase may be
used i the proc luction of stable purces from a
wide variety of fruits and vegetables, such as
carrots. tomatoes potatoes, celery, and pears.
Biopectinase ML is specttically formulated to
hydrolyze pectin, cellulose. and hemicellulose
more extensively than traditional pectinase prod-

B

ucts. !
Aspergillus, Rhizopus, and Triclhoderma are
the chicl fungi used as sources of enzymes (o
increase juice yield and reduce juice viscosity.
Structural polysaccharides that interfere with juice
extraction, liliration. clarification, and concentra-
tion are broken down by pectinase, cellulase. and
hcmicclhxlusc. Macerating enzymes are also used
to extract juice from citrus fruits and some tropi-
cal fruits (such as pineapple) that have a great
deal of juice trapped in the pulp. One example is
the treatment of papaya with fwo macerafing en-
svimes. This achieves a 12 to 3% increase in

juice yield!! Tt is now customary to treat apple

s prior to pressing. This serves
ding agent calied arabuar, which

Arabun consists of a

mash with enzyme
w gt ndofaclo
comes {from the K‘li wauils.

near d ain of ¢~ 5-arabinofuranosyl residues

with - 1-3 bronches, Debranching aradinosidases
and endoarabinase are ne 'i€‘1 to break down

araban and prevent precipitation.™!

mOYTE

L POTEMNT NEW OR INCREASED

ZYMES IN THE 700D

The imnortance of fructose because ol bis

comparative sweetness ve, sucrosa has sonulated
a search for alternutive sourzes of fructose. Vart-

ous plants of the compositac family, especially
the Jerusalem artichoke or woninambour, contain
up to 10% mnulin. the fruciose pelymer in which
fructofurancse vnits are joined oy a P-1.2 linkape
as opposed to furosans, which have an ¢-2,0 gly-
cosidic bomdl Jerusalem artichokes can be grown
as a high-yield cron. Inulingse, an enzyme pro-
duced indy e Jadlv from Aspergiling species, cun

almost comguctcly hyd,ol\ e inulin (un o 99%)




at pH 4.5 and 60°C.7 The enzyme has not been put
into use because of political decistons that have
prevented the financing for European farmers to
grow these crops.®

B. Marine Food Quality Assessment

The application of enzyme methods to ma-
rine food analysis provides an objective, mexpen-

stve, and rapid approach to scafood quality. If

these methods are adapted to a visual basis, en-
zyme analysis could be carried out anywhere,

dockside or aboard ships. Enzyme analysis of

marine foods can be used for quality assessment
at critical points where this type of determination
has an impact for grading and purchasing.*
The compound hypoxanthine, a metabolic
byproduct of ATP breakdown. is used as a mea-
sure of fish quadity. Using the enzyme xanthine
oxidase, which converts hypoxanthine to uric acid,
followed by differential spectrophotometry in the
UV region, fish freshoess can be determined. The

> URIC AD

K value 1s used i the determination of fish fresh-
ness. where K 1s defined as:

[H R |+ [H, |
[IMP]+[H R|+[H,]

where H R = inosine, H, = hypoxanthine. IMP =
inosine monophosphate, all degradation products
of ATP. If K = 1. then [IMP] = 0. thus denoting
poor-quality fish. A K value of 0.2 or lower de-
notes high-quality fish.

Rapid visual enzyme methods were designed
for convenience aboard ship, dockside, or in a
food-processing plant. A strip of absorbent paper
is soaked n resazurin, xanthine oxidase. and a
buffer. When the enzyme test strip is moistened
with flounder extracts and aliowed to react for 5
min at room temperature, the color changes from
blue to pink, and the intensity is correlated with a
laboratory colorimeter. Diamines developed after
the hypoxantlune peak can also be used to deter-
mine the onset of spotlage (Figure 4@
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The reduction of DIF by xanthine oxidase in the presence of hypoxanthine. (Adapied from Jahns, F. D,

and Rand, A. G., in Ory, R. L. and St. Angeio, A. J., Eds., Enzvmes in ~ood and Beveraga Frocessing. American

Chemical Society, Washingion, D.C., 1978, 266.)
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C. Baking Industry

Some of the functions of enzymes in baked
products include: flour quality improvement, re-
tardation of staling, dough improvement. and more
efficienty machinability. Enzymes are also used
to enhance bread crust color, bleach lour. 1m-
prove the quality of high fiber baked products,
and reduce the phyvtate content in whole-graim
rormulations. Fungal and b
able for use i bakery processing include ¢- and

wterial enzymes avail-
B-amylases, amylogiucosidases,
pentosanase. glucanasce. and phytase. The most
important of these are amylases and proteases.

Bakers have
retard staling. These compounds reduce the ten-

proteases,

added o surfactant o bread to

deney forretrogradation by complexing with both
the amylose and amylopectin fractions of starch.
A novel approach is the additien of ¢-amyviase
divectly to tlour for the conversion of starch (o
maoitose for yeast fermentation and for reterding

staling. Addition of g-awinyluse is belioved to cleave

<

FA

a few bonds in the soluble region ol
leav cd by re
hat can bend. Another theory inthe ?‘c[Ll:‘daii()lmf
to snorten the

to 21 units to

the starch,
SIS

the insoluble regions separu

staling is that the enzvine ts thoughi
hain fength of amyviopectin itom 1
7 to 1S unis, which reduces s tendeney to

o
1
i

retreerade.

: .—g‘z‘otcu}y{}c. Do
the raw matertal to g
moedify the protein struciure. ¢

s conivibuting to

Mavor development. Mifenzyvme ’?"mml vroteasc.
derived from Aspergillus orviae, is used G mak-

ing yeast-rased }‘armula. it hyvdrolvzes the itertor

bonds o/ phuten and nodifics the exiensibility
propetties of dough.®
Doughs contaming high levels of the wheai
protein ginten show tmproved mochinability and
ity wien i'm'm tlated with pro
>nt, had

betier bokod qu

a
teases. Sodivm bisvlie, o reducing @
been used o weaken gluten by i
disuifide ln‘\'u”s in tne protein. However, this

Foaeed 2 e
ov vitarmin B (thia-

onts, bactenial pro-

tease. an endoenzyme that weakens the gluten
without affecting the nutritional quality of the
four, is now used. The enzyme acts on the inner
peptide bonds of gluten and results in reduced
clasticity and improved extensibility of the
dough.* HT-proteolvtic is a protease derived from
Bacillus subtilis that is useful for conditioning
high-protein flours in crackers. cookies. pizza
crust., and other specialty baked products. Tt soft-
ens the dough for improved cxtcn\'ihilily with
reduced elasticity. The enzyme is effective at pH
range of 5.0 1o 9.5 and up to 60°C.

Fungal proteases are added to bread formula-
tions to improve loal symmeltry and wformity,
to improve grain end texture. and to provide a
softer crumb.
and endoenzyme activities. Amine acids liberated
by the exoenzyme activity during hyvdrolysis of
oluten react with sugars in the Maillard reaction.

Funaal proteases contain both exo-
P i

This improves flavor and crust color, contributing
o veast growth and ability to form gas.’
Peptosanase incorporated itto bread formulations
breaks down the pentosans, yiolding casier-to-

handle doughs and vinished products wii o larger

ot concentrations in excess of 0.G25% have

adetrimental eff oot on the whipping properties of
1ite, which 1“(\!‘&*/1]1}1 contains about .04
Fal moe ';g white may be eliminated using
lpase MAP 10, which is derived from Mucor and
recommended for use w the rate of 1 ke

k. Compared with pancreatic lipase, which i3
curm.ll_/ being used by many egg procossors.
LIAP 10 has Wosher status and does not contain
affects the egg tluvor™

protease. whic

) [P - L e i U
Bactariar Detagiicon and Zlimination

Fnzvives can now be used for the detection of
bacterin! contamination in doiry. meats, fish. poul-
try. and other food products. This is accomplished
by an instrument called the Catalazemeter. It
meastres, within minutes, the amount of catalise

enzyvme ina sanple. This relative catadese value




can be correlated with a specific level of bacteria
or abnormality in a culture.®!

1. Antimicrobial Enzymes

Enzyimes have been demonstrated to p]av an

impormril role in extending the shelf life of foods
by preventing the growth of spoilage mmmsm\
This can be achieved by several methods:* (1)

functioning to deprive the problem organism(s)
of a necessary nutrient: (2) production of reaction
products harmless to humans or animals, but bac-
teriostatic or bactericidal 1 nature:; (3) destruc-
tion of an outer membrane. cell wall, or cell mem-
brane component, causing a change in permeability
or a physical disruption of the cell wall. resulting
in death: or (+) inactivation of an essential en-
zyme by a “killer enzyme”

An example of an enzyme that deprives an
creanism of a necessary nutrient is glucose oxi-
dase-catalase, which, in the presence of excess
glucose, depletes oxygen, pre
of obligate acrobes. Oxidases that generate H,0O,
in a system that does not contain catalase or per-
oxidazes are lethal. because ol the residual HLO,
present and the depletion of exygen, Xanthine
oxidase, found in milk, may also generate toxic
H,0, i the absence of catalase. Xylitol is being
vsed inroothpaste as an anticariogenic ingredient.
lite! is converted to xyhtol-S-phospiinte by the

enting the growth

&Y
enzyvme xylitol phosphorylase. this phosphate
cannot be further metabolized by Streptecoccus
stany, a cariogenic organism. thus killing the

13

organism

Enzyies that attack cell walls, causing open-
ing up and wall permeability, can cause cell death.
Examples include proteases. lysozyime, chitinases,
peroxidose, various hydrolases, phenolases, and
phosphatuses. Crude trypsing combined with
lysozyine and ty ‘«oluuh'n 1s reported to lyse L.
coli and Shigella flexner™

Cell wall degradation using bacieriolvtic en-
zymas is a novel miethod of coping with bacterial
contumination in foed. Bucterial cell wall has a
stgar backbone consisting of N-acetyl-muramic
ecid and N-z ‘z"\_vl glucesamine linked together

through B-1—4 bonds. The sugar backbone 13

cross-linked by peptides to form a peptidoglycan

layer. Some bacteriolytic enzymes hydrolyze the
-1—4 bond. while some hydrolyze the peptide
bonds. A few new bacteriolytic enzymes have
been developed as replacements for lysozyme
found in cgg white (N-acetyl-muramidase). The
ctfectivencess of three bacteriolytic enzymes com-
pared to that of lysozyme is presented in Table 8.
Bacteriolytic enzyme SP417 produced by
Nocardiopsis dassonviller lyses Gram-positive as
well as Grame-negative bacteria, including Sta-
phviococens aureus and Pseudomonas aeruginosa.
Enzyme SP417 produced by Bacillus pabuli dif-
fers from SP416 in that it lvses Gram-negative
organisms, including Escherichia coli. Vibrio
parahaemolvticus, and Salmonella arizona.™
Bacteriolytic enzyme SP455 produced by
strain N dassonvillei 1s active on only a “cw
bacteria, in particular, . aeruginosa. Bacteriolytic
enzymes may be used in the food industry to
extend shelf life of unaprocessed or little-processed
foods. They may be used to control the process of
fermented food production, such as
L\m cand act as @ processing aid in relcasing
iz\t cellular products from bacteria. Disinfection
material, and process

cheese or

of equipment, packaging
water can all implement the action of bacteri-
olytic cnzymes.‘”

“Killer enzynies” or Tantienzyme cnzymes”
fall into two main groups: proteases and sulfhy-
1}/ 1da@e< for -5H enzymes. Other important
enzymes include those able to inactivate cytosolic
aspartate aminotransferase. Mutastein, a prote el
produced by Aspergiilus terrens, has been shown
to be an cﬁ’ecu\/u inhibitor of cyclodextrin
OSV]il”d]]\‘fPI"W“ and other ¢-glucosyi-trans-
erases and to preveat dextran by Sireptococcus

13
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. FProteaszes

Acid proteases are available commercially to
perform many, varicd functions, such as degrada-
tion of haze-forming proteins i frut juices, hy-
drolysis of gelatin, preparation of cascin hydroly-
;. and the digestion of sova protein.
nare has been an upsurge of interest 1o pro-

teases from aquatic species decause of their spe-

cial propertics. Proteases used i madustry have



TABLE 8
Comparison of Bacteriolytic Enzymes

Activity?
Microorganism SP416 SP417 SP455 Lysozyme
Gram-pasitive

Bacillus cereus 0 0 0 0
Baciilus subtilis ++ + + .
Ccrynebacier/wn liquefaciens 4 + + F

i.actebacillus plantarum ++ 0 0 0
Listeria inccua 0 0 0 0
Micrococcus kristinae + 0 0 0
Micrococcus luteus + ++ ++ o+
Micrococcus sedentarits e 0 + 0
Staphylococcus aureus et 0 + 0
Sireptococcus lactis ++ 0 nd nd
Streptococcus faecalis 0 0 0 0
Streptococcus faecium ++ 0 0 0

Gram-negative

Campylobacter fetus 4 0 nd nd
Enterobacter aerogenes 0 0 0 0
Escherichia coli ++ +++ + 0
Fseudomonas aeruginosa -t B ok 0
Salmonelia arizona ++ - 0] G
Serratia marcescens 0 + 0 0
Vibric parahaemoivticus 4 ++ ++ G

a 9.’34*6 was cosed at 160 mg/l, SP417
onsware run atpH 7 for20 min a
cterial suspeansicin ai 660 nm

are than 50% lvsis; and nd,

28 ui.
¢ ine b

Pysis; +4+,

From Meilsen, H. K., fFood Technol.,

been and mi-

C z‘(;é\T H
underutifized for the i‘o‘ib\\'nﬁ«t

mainty derived from plant, aninnd,
e ) “‘\\/g l‘ﬂbln
s () rela-
studies { ovi on ma-
cases: there is thus a lack of information
about their potential: (2) uctuations exist in sup-

piy due to seasonal nature of source material: and
(ﬂ personnel are refuctant to work with fish offal
of the odor.

There is a large pool of diversified species
adapted to a voricty of habitiv conditions in the
marine cuvironment. Gene within
species as well as adaptation to different environ-
mental conditions have resulted in differences in
the properties of proteases. These upigue proper-
ties can be applied in the food industry in mony
arcas, For example. trypsin has been isolated from
many species. including Greenland cod, Atlantic
cod. fish. Compared with bovine

arine proicas
rease

sources, v

tively few fave been carriec

rinc prote

because

etic variations

and cunner

at 8 mg/l, SP455 at 1600 g/, and pure lysozyme at 1000 m
t30°C. Enzy
. 0 indicates iess than 10% lysis; +, 11 o 2

not determined.

s measured as decrease in

o 059

e activily (lysis) w

2, 1991, With permission.
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hotryp
one order o magnitude higher for both amidase
tons. Fish chymotrypsins were

-

trypsin, the turnover number of fis
md esterase reac

f=0 found to have a higher rate of reaction and to
peptide bonds in various protein

irypsin [rom beef

J

hyum]y/,c more
substrates than mammahian
pancres.®

Pepsins from cold-water

Arrlienius activation energy,
~1

fish exhibit a low
fow-temperatire
optimum, and low thermal stability compared with
warm-habitat and warm-blooded animals. Fish
pensing are also resistant to autoiysis at low pH.
These pepsins are inac tmucd at refatively mild
heat treatment, a useful property in cheese manu-
the milk clotting reaction is com-

fucture alter

Fish proteases have traditionaily been applied
in the seafood industry to reduce viscosity of
in the industry. They are

stickwater fish meal




used for preparation of fish protein hydrolysates
for food or animal feed and fermentation pro-
cesses, depending on endogenous proteases. Re-
cent applications include the removal of skin and
scales, the hydrolysis of membranes and other
supportive tssue that surrounds roc, roe sacks,
and other tissues. and recovery of pigment and
flavor extracts.™®

G. Artificial Sweetener: Aspartame

Aspartame is a dipeptide of the methyl ester
L-aspartic acid linked to L-phenylalanine. Aspar-
tame is marketed under the brandname Nutraswect
(Nutrasweet, Inc.. Mount Prospect, 1L). Aspar-
tame may be used in the body similarly to any
other protein, but its caloric value 1s insignificant.
Individuals suftering from the condition phenyl-
ketonuria (absence of the enzynie phenylalanine
d4-monooxygenase) should avoid aspartarne and
products that include it as an ingredient.™

The key step i aspartame pf’\duclion is th
formation of the peptide bond between the -
carboxyl 0roup of L-uspartic acid and the amino
group of L-PheOMe. Aspartame can be chemi-
cally pxouuced Ly the reaction of carbobenzogy-
L-aspartyl anhydride with t-PheOMe, with the
reaction taking place at the a-carbonyl (Figure 5).
There is a 7% byproduct from the reaction with
the $-carbony!. Pheaylserine is used as the build-
ing block in the enzymatic phenylalanine-sparing
route to aspartame production. Enzymatic synthe-
sis of aspartame starting with phenvlserine me-
thy! ester is cutlined in Gross.™ The metaliopro-
tease used is thermolysin, which catalyzes the
dipeptide bond formation in organic solvent such
as cthyl acetate with @ 93% dipeptide vield.™
Then o-aspartame 1s obtained in a single step by
catalytic hydrogenolysis wlth vield of 85%.

Enzymatic svnthesis of aspartame has the
~dvantage ol regiospecificity where no protection
of ihe B-carbonyl of w-L-aspartic acid is neces-
sary. Aninexpensive racemic mixture of isomers
of phenviserine methyl ester can be used as start-
ng material because the reaction is highly ste-
reospecific.

phenyiserine mc:thyi esterreacts with aspartic acid
(Figure 5).°% In the chemical synthesis of aspar-
tame the reaction is first complicated by blo cking

Only the c-ervthro isomer of

of the amino group of carbobenzoxy-r-aspartyl
anhydride. Reaction of this anhydride with
1L-PheOMe is not spectfic because the amino group
of L-PheOMe can react with either the «- or
B-carbonyl group of the anhydride to form two
stereoisomers. It 1s thus necessary to have a final
purification step to remove the B-aspartame (~75)
present. thus giving low yields and increasing
production costs.

V. OTHER POTENTIAL ENZYME
APPLICATIONS

A. Food Quality

Fnzymes are useful in determining several of
the quality indices of foods. Some of these are
fisted in Table 9. Substrate kits and simple assay
techniques need to be developed for routine ap-
plication of these mdices in the guality control of
foods. Tn erder to change the solubility and func-
t!(msxl ,ia cnerties of proieins, enzymes can be used
snecifically o medify the side-chain amino acid
umdues in protcins or to hydrolyze peptide bonds.
Proteolytic cnzymes can form bitter peptides
which 15 one probiemn experien.ed in the ChLCbC
industry. Enzymes may be used in the removal of
toxic and antinutritive components. Plants such
as cassava, ltma beans, sorghum, linseed, and
kernels of almonds have high levels of cvano-
senic glycosides. HCN is liberated fromn the cya-
nogenic glyveosides by the action of the thio-
alycosidase, this compound being able to react
with cytochrome oxidase, a key respiratory en-
zyme. Proper cooking would distill the HCON:
however. more research is needed on the use of
thicglycosidases in reducing toxicity.

Oligosaccharides (e.g., raffinose. stachyose.
ankl verbuascose) found in beans cannot be hydro-
fvzed in thic human small intestines because of the
absence of ¢-galactosidase. Thus. the use of beans
in huiman diet is limited by the development of
flatulence caused by the presence of these undi-
gested oligosaccharides. There 18 a need to de-
velep o-galactosidase from microbial sources to
aid in digesiion of bean oligosaccharides, perhaps
by pretreatment of the beans.”

Nucleic acid conient 1n single-c
continues o be a major deterrent in ity use for

cell protein



O and B-Aspartame HCL

CCand B-Z- Aspartame

L-phenylalanine methyl
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human consumption. The nucleic acid is known
to crystallize out as uric acid in the joints causing
the condition gout. Nucleases need to be devel-
oped to find a solution to this problem.

Apart from removal of toxic substances and
improvement of functional properties, nutritional
quality cen be improved by supplementation with
limiting amino acids. Japan has been one of the
world leaders in amino acid production since 1969.

s
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"I 8. Chernical synihesis of aspartame. Z = CO,CH,Ph. (Adapted from Gross, A., Food Technol., 45(1). 96,
3y

Systems have been developed using aminoacyliase
immobilized to DEAE-cellulose on a commercial
scale to resolve p- and L-miixtures of methionine,
valine. tryptophan. and phenylalanine >

The protein in the human body consists of -
amino acids that are continuously taken up with
the food. Pure r-amino acids infusion solutions
are used in artificial feeding to supply the neces-
sary protein structural elements. These are ob-
tained in special bioreactors with the aid of en-
zymes. By a methed of enzyme immobilization,
the catalyst can be refained in a reaction vesscl
with continuous flow through. The adult human




TABLE 9
Indices of Food Quality

Index

Proper heat treatment

Freezing and thawing

Bacterial contamination

Significant enzyme

Peroxidase
Alkaline phosphatase
B-Acetylglucosaminidase

Malic enzyme
Glutamate oxaloacetate

transaminase

Acid phosphatase

Food product

Fruits and vegetables
Milk, dairy products, ham

Eggs

Oysters
Meat

Meat, eggs

Catalase Beans
Maturity Sucrose synthetase Potatoes

Pectinase Pears
Freshness Lysolecithinase Fish

Xanthine oxidase

Hypoxanthine content of fish

Sprouting Amylase Flour
Peroxidase Wheat

Color Polyphenol oxidase Coffse, wheat
Succinic defydrogenase Meat

Adapted from Whitaker, J. R., Enzymes. The Interface between Technology and Economics, Danshy, J. P. and

Woinak, B.. Eds., Marce! Dekker, New York, 1980, 53.

requires about 60 g of protein per day. 1-Amino

acids are used as food supplements and in infu-

ston solutions on a large scale.™ Stereoselectivity

is one of the important characteristics of enzymes.

They catalyze reactions with only one enantio-

meric and diastereomeric pair of chiral compounds,
z

exceptional in that respect. Enzymatic processes
have been devcloped for optically active amine
acids that are important as nutrients and starting
materials in the pharmaceutical industry.

. Oxidoraduciases

Oxidoreductases are being employed as cata-
lysts in food systems to cenvert cholesterol to the
nontoxic coprostanol. If this precess is fully de-
veloped. it will serve to replace the current ap-
proach of cholesterol extraction by sicam distilla-
tion and supercritical fluid extraction.

D. Invertase

Several enzymes have found application in
the food industry, aithough on a small scale. One
such example is invertase. Invertase is used for
making candies with a soft center. The enzyme is
added to sucrose candy that is covered with choco-
late. With tire, the sucrose is partially hydro-
lvzed to glucose and fructose. This makes the
candy soft.®

V. CONCLUSIONS

Change in availability of energy and protec-
fion of the environment may make some envy-
matic processes more attractive. Active research
is being carried out 1o make umprovements in
dairy products. The following are being devel-
oped: Strepitococcus lacti with significantly im-
proved resistance to bacteriophage: lactic acid



bacterta with improved ability to produce lactic
acid, especially under adverse conditions of tem-
perature and salt level: single-strain starters for
vogurt, Ttalian cheese. and buttermilk. unique
yogzurt cultures that produce biopolymers for tex-
wire and as sweeteners: fermentations based on
source of microbial call rennet: and industrially
important recombinant BNA products from the
lactic acid bacteria, ™

Recombinant DNA - techniques have aug-
mented the potential for new developments in the
food enzymology arca. Some specific examples
cited point out these developments:™ (1) thermo-
stable bacterial -amylase suited for maltose syrup
production is being produced by Novo: (2) re-
combinant chymosin is being investigated, among
others, by Genencor, Genex, Dairyland Food
Laboruatories, and companies in Japan: (3) accel-
crated cheese ripening systems are being per-
fected by Miles under the commercial name Natur
Age: () heat lability of microbial rennets is being

improved to approach the heat lability of calf

chymosin: (3) glucoamylase ¢ ‘qwrcxxu by reconi-
binant RNA 1s being studied by CPC Interna-
tional: (6) Cetus Corporation is uymg to clone

1

"iuaomny!o-c"”!,11115;0 and axadase to betier breal-

.
dose and giucose.

down colit

The cinnow is w produce enzyimes that offer
technologivat advantages over currently available
bl\' alter the sensory

S Processes using the

PRV R RN BN n ’
108 Wil ;mi-_/; CONE Sy

engincered t2

aofozicalty dos:

AU this stage

able prope ge tiere is a general
z'ldusmndmu ol how enzyvines work at the ro-
lecular Tevel. Jt is hoped that DNA technology
will lead to the development of enzymes that can
perform what is now considered “impossible™,
for example. manufacture of Cheddar cheese from
soyprotein and production of beer from any car-
bohydrate source within I or 2 days
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