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{FE 1> Undesirable Activities of Endogenous Enzyme in Foods

polyphenol oxidase
proteases, lipases
trimethyamine demethylase
trimethyl-N-oxide reductase
xanthine oxidase

Enzyme Source Effect

alliinase onion bitter flavor

-carbon —sulfurlyase yeast excess hydrogen sulfide in beer and wine
lipase milk rancidity

lipoxygenase legumes, cereals off-color, off-flavor

fruits, vegetables
fish tissue

fish tissue

fish tissue

milk

off-color, off-flavor
autolysis

toughens tissue
overly fishy

oxidative rancidity
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{E 2) Desirable Activities of Enzymes in Foods
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Enzyme Source Effect
alliinase garlic, onion characteristic odor
collagenase beef tenderizer
myrosinase mustard, cabbage, cress. pungent taste
lipoxygenase* fruits, vegetables volatile flavor

aldehyde lyase* compounds:

alcohol dehydrogenase* acids, alcohols,

aldehyde oxidase* aldehydes,

esterases ketones, esters
polyphenol oxidase cocoa, coffee, tea desirable color and aroma




{XE 3) Dual Role of Enzymes in Food and Use of Exogenous Enzymes to Eliminate Undesirable Enzymatic
Products in Food

generation of bitter
peptides

UNDESIRABLE ENZYME TRADITIONAL / CONVENTIONAL
EFFECTS TYPE FOOD ENZYMES
Baking defects, Carbohydrase Starch conversion to glucose, fructose, maltose etc, Con-
unstable starches version of cereals to fermentation substrate. modification |
of flours, ‘
Considered to. Lipase Modification of fat systems. Induction of flavor.
causerancidity
Defects in flavor and | Pectinase Increased yields in wine and juice processing. Increased
texture of processed color in red wine,
fruit and vegetables
Loss of functionality, | Proteinase Hydrolysis of proteins for modifcation of functional

Aldehyde oxidase
Caffeinase
Diacetyl reductase
Limoninase
Ribonuclease
Sulfhydryl oxidase
Urease

properties and solubility. Possible production of hydroly-
zates with specific flavors from fish, meat, yeast etc,
Accelerated ripening and production of cheese. Bitter-
ness removal from high protein,

Removal of soybean off —flavors

Decaffeination of coffee

Off —flavor reduction of beer

Bitterness elimination from citrus juice

Reduction of fish odor

Off —{flavor reduction from UHT milk

Removal of bitterness from shark meat.

(¥ 4) Market Share of

Industrial Enzymes

=
=

AR Tkl 55%F o] &dkx glow,

Commodity

Specialty

FEAEY FgioztAl FAH 60%2 &

Food Applications
in cluding starch,

fruit vegetables, baking
and confectionary

Industrial applications
including laundry

Animal feed / agriculture

sweetners, cheese, brewing

detergents, paper, leather

40% 15%

35% 5%

3% 2%
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Source ; Chem. Eng. News, 64(37), 11(1986).
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(¥ 5) Manufacturers of Commercial Enzymes

Market share( %)
Novo Industri(Denmark) 35~40%
Gist—Brocades(Netherlands) 15~20 %
Miles Laboratories(U.S.) 5~10%
Hansen(Denmark) 5%
Sanofi(France) 5%
Finnish Sugar(Finland) 5%
All others 15%
Total 100 %

Source ; Chem. Eng. News, 64(37), 11(1986).
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{¥ 9) Food Processing Enzymes and Food Additives Used in The U.S. Food Industry That Benefit From
Genetic Engineering Technology

Category Example Reference
FOOD PROCESSING ENZYMES
Starch processing a— Amylase Palva(1982)
A— Amylase Friedberg and Rhodes(1986)
Glucoamylase Innis et al.(1985)
Glucose isomerase | Worcha et al.(1983)

44—




Dairy products
Brewing

Wine / fruit / vegetable
processing Fuel alcohol

| FOOD ADDITIVES
Low—calorie products

Flavor enhancers

Human and animal diet

supplements

Stabilizing agents
Preservatives

Pullulanase

Rennin, Lipase
Lactase
Amylases
Proteases

Pectinases
Amylases
Glucoamylase

Aspartame
Thaumatin
Glutamic acid

Amino acids
Vitamins

Xanthan gum
Cecropin

5 —Ribonucleotides

‘Takizawa and Murooka(1985), Michaelis et al.(19-
85), Chapon and Raibaud(1985) '

Nishimori et al.(1981)

Sreekrishna and Dickson(1985), Hirata et al.(1985)
Palva(1982), Erratt and Nasim(1986)

Vasantha et al.(1984), Jacobs et al.(1985),

Nagami and Tanaka(1986)

Lei et al.(1985)

Palva(1982), Friedberg and Rhodes(1986)

Lnnis et al.(1985) Erratt and Nasim(1986)

Doel et al.,(1980) |

Edens et al (1982 ; 1984)

Yoshihama et al.(1985)

Miyagawa et al.(1986)

Hamilton et al.(1985), Smith et al.(1986)

Pramik(1986)
Harding et al.(1986)
Hofsten et al,(1985)

1) Reference of the article by Yun—Long Lin in Food Technology, 40(10), 104—112(1986)

{HE10> Suggestions for Improved Enzymatic Activity through Genetic Technology.

Enzyme Application Useful Improvement Ref?
a—amylase starch liquefaction, acid —tolerant and 37
‘ saccharification thermostable

amyloglucosidase high fructose corn syrup immobilized with 338
higher productivity

esterases, lipases, flavor development more specificity 39

proteases, etc. .

glucose isomerase high fructose corn syrup increased thermostability, 40

» lower pH optimum

limoninase fruit juice debittering more complete limonin 41
degradation

protease beer chill proofing more specific 42

pullulanase high fructose corn syrup thermostable - 38

1) Reference no. of the article by S. Neidleman in “Biotechnology in Food processing”(ed. by S. K. Har-
lander and T. P. Labuza), Noyes Pub., p.43(1986) ’



{(HE11) Effects of Chemical Modification on Enzyme Activity

| Enzyme Chemical Modification Effect Ref?
a—amylase acetylation with P-nitro- increased thermostability 46
( Bacillus phenyl acetate above 70°C, reduced
subtilis) thermostability below 67°C
carboxypeptidase acetylation or iodination increased esterase and 47
A(mammals) of active site tyrosine eliminated peptidase activity
rennet ( Mucor acylation with up to 2—fold increase 48
pusillus) anhydrides in milk coagulation activity
rennet ( Mucor methionine oxidation as decreased thermostability for 49
species) with H,0, easier inactivation during past-
eurization in cheese making
thermolysin acylation with amino acid increase in activity up 50
(Bacillus thermopro- N —hydroxysuccinimide to 70 fold
teolyticus) esters

1) Reference no, of the article by S. Neidleman in “Biotechnology in Food processing”(ed. by S. K.
Harlander and T. P. Labuza), Noyes Pub., p.45(1986) '

{E12) Positive Effects of Genetic Engineering on Enzyme Activities

Enzyme Method Modification New Property Ref?
subtilisin SSM | methonine222 alanine greater bleach stability 65
SSM glycinelGQaspartic, altered substrate specificity 66
glutamic acids ’
T4 lysozyme SSM isoleucinei —cysteine, increased thermostability 67
then chemical crosslinking _
trypsin SSM | glycine 228 Jlanine altered substrate specificity 638
tyrosyl—t RNA| SSM | cysteine®>—serine Km for ATP lowered, incr- | 69
synthetase eased enzyme acitivity
amidase RM serine—>phenylalanine schange in substrate range 70
and other
xanthine RM alteration in relative positions | change in substrate range 71
dehydrogenase of catalytic and orienting sites
or purine
hydrozylase

1) T Reference no, of the article by S. Neidleman in “Biotechnology in Food prooessing”(éd. by s. K.
Harlander and T. P. Labuza), Noyes Pub., p.47(1986).
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{F14> Commonly Advertised Enzymes

Alpha Amylase
Bata glucanase
Hemicellulase

Glucose
Isomerase

Microbial
Rennets

Lipase

Beta Amylase | Amyloglucosidase

Pentosanase
Pectinases
Alkaline
Proteinases
Invertase

Cellulase
Lactase

Neutral and Acid
Proteinases

Glucose Oxidase
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{315) Typical Applications of Enzymes in Food

Starch Processing
Flour Treatment
Sugar Syrups

Beer, Spirits, Vinegar
Cheese Making

Confectionary

Baking

Fruit and Juice Processing

Whey Utilization

Egg Concentrates
Flavors and Colors
Protein Modification
Hydroyzed Vegeté—
bleProtein

Dietary and Convales-
cence Foods

Soft Drinks




(HE16) Applications of Selected Exogenous Enzymes in Food Processing

Enzyme Class® |Source® |  Substrate Function
aminoacylase H B D,L. —amino acids L —amino acid production
a—amylase H |BF,P |starch liquefaction to dextrins, brewing, proper
volume in baked goods, confectionery
B—amylase H P starch maltose production, brewing, proper
. volume of baked goods
anthocyanase H ¥ anthocyanine glycoside{decolorization of juice / wine
catalase OR | FM | hydrogen milk sterilization, cheese making
cellobiase H F cellobiose ethanol production, juice clarification
cellulase H F cellulose ethanol production, juice clarification,
extraction processes
cystein , H B B—chloro~L—a L —cysteine synthesis
desulfhydrase lanine+sodium
sulfide
glucoamylase H F dextrins degradation to glucose
D—glucose I B D—glucose high fructose corn syrup
isomerase
D—glucose OR F D—glucose, oxygen |flavor and color preservation
oxidase( +catalase) in eggs and juices
hemicellulase H BF | hemicellulose clarification of plant extracts
hesperidinase H F hesperidin glycoside |juice clarification
hydantoinase H B hydantoins of D—amino acid production
D—amino acids in
D, L mixtures
invertase H Y sucrose production of invert sugar,
chocolate manufacture
lactase H F,Y |lactose glucose production from cheese whey,
improve milk digestibility
lipase H |BFM |lipid cheese ripening, chocolate manufacture,
modify milk fat for sausage curing
lipoxidase OR P carotene bleaching agent in baking
melibiase H F raffinose imporve sucrose production from
sugar beets
naringinase H F naringin glycoside juice debittering
pectinase H F pectin wine / fruit juice clarification,
viscosity reduction in fruit processing,
coffee and tea processing
protease H |FMP |protein meat tenderizer
protein condensed fish solids
BFM |casein cheese making dough conditioner
B protein saugage curing
P protein beer haze removat
M protein peptone manufacture
B protein soy sauce manufaceture
pullulanase H B amylopectin beer production, improve glucose
and maltose production
L —tryptophanase B indole+serine, pyr- |L—tryptophan or indole 4 production
uvic acid+NH," .
B—tyrosinase B phenol+pyruvic L —tyrosine production
acid+NH,*

1) H=hydrolase ; OR=oxidoreductase ; I=isomerase
2) B=bacteria ; F=fungi ; M=mammals ; P=plants ; Y=yeast
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Hops

Kettle

Hot wort

Malt Adjunct
(rice, corn,
T wheat)
Mill I
l Cereal
cooker
Mash ]
mixer
__L__v Syrup
Lauter
tun
Spent
grain
Packaging Bright beer
(Bottle, can, keg) tank

tank

l

Plate cooler

I

Yeast +0,
Fermenter

1

Centrifuge

Carbonation

l

Aging

l

Filtration

{22! 1> Schematic diagram of the brewing process

{F17) Enzymes in the Brewing Industry

Activit

MYLASF
Type fungal bacterial bacterial beacterial fungel fungel

PROTEINASE - GLUCANASE OTHER Point of Addition

Application

ADJUNCT liquefaction

ADJUNCT increase

BARLEY brewing
BARLEY brewing

I
il

EXTRACT improvement
FERMENTABILITY increase
FILTRATION problems, wort
FILTRATION problems, beer
FILTRATION problems, wheat
FILTRATION probiems, sorghum
HAZE problems, glucan

LOW CARBOHYDRATE beer T x(1)
LOW CARBOHYDRATE beer I x(1)

Dectotion vessel / cooker

Mash—in
Mash—in

Mash—in
Mash—in

Fermentation
Mash—in

Dectoction vessel / cooker
FV or maturation tank

Mash—in

Fermentation



LOW CARBOHYDRATE beerlll x x(2)
MALT improvement
MALT EXTRACT 1

MALT EXTRACT I x
NITROGEN control

SET MASH X x
STARCH POSITIVE mase x

STARCH POSITIVE wore X

Fermentation

Mash—in

Mash—in

Mash—in

Mash—in

Add to mash to reduce
viscosity Cool to 65 C
then add enzyme

Add'to Lauter/ mash -
filter

Fermentation

(1)=AMYLOGUCOSIDASE

2& 324 frelgAol st A4 ol
£33} AEA] ul-g 779} cellulose acetate fiber-
membraneo)] &t d44] wk-3-7]ol 3} A+
7} et

ch H.0.M 7 22X (catalase)

S8 AFA HO, & A7bshed Aol ¥
3 F o] & A Y5l A nigerolA
+ catalased ol &3t} o] E4+ pH6SH~T.
59 5~45ColA HO, 8 £ A4z 238
a9k, A=A A& oln| = Ale] Abshe} vl A 9f
A} & 3 (biological value)-& 24417 -8 7} 3l
7] wjEol F¢5 23t

(4) SHYE Tt

33

25d ol 45T Ut oA TR vl4E
Selel A FelEie] SHE ElgolH X

23 =2 (hydrolyzate) 712

(2)=DEBRANCHING ENZYME

lr

ulo} el sl A A E2F FAH A
Pl g4 AL, ¥ 2+ pH
ot ozl = &49] J1A BolAdE X
of gtch. X F ‘4“—‘!"«1 HYE 93]
o] &3 ol 2 WA N5AL
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-
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{F18) Properties of Various Microbial Proteinases Availlable Today

Enzyme Source pH Temp(C) No of bonds
Optimum Optimum cleaved
Fungal acid Aspergillus saitoi 24~40 45 9
Fungal neutral Aspergillus oryzae 45~70 45 9
Fungal alkaline Aspergillus oryzae 8~9 45 5
Fungal milk coagulant | Mucor miehei - 55 2
Bacterial neutral Bacillus subtilis 5~75 50 6
Bacterial alkaline Bacillus licheniformis 8~9 55 7




[ Thermization jJ Analysis

ﬂ

Fat -
Protein

Clarification Standar -
dization Posteurization
Heat treatment

Homogeinzation % Pre-cheese
Mesophilic

[ Culture W————— Thermophilic

Moulds

Ultrafiltration

CaCl, Nitrates

! Adclitives J———— Colour Enzymes

Oxidizing agents

- Chymosin
l Coagulation l——‘—‘ Microbial

Titratable
acidity

or pH
Antibiotics

Soft enzymes
cheese
|——{ Cutting ]
r Cutting Curd J
l Stirring %
Cooking
! Washing 'r Whey
Texturizing l[ Drainage
Vi
Dry Salting }
Hooping }
Pressing
Brine Salting %
Waxing
— Vacuurn
Package Packaging
Oiling
Curing l[
Consurner
package

{12} 2> Flow diagram of the cheese making process




o Soft drink %312 Hoz HA% &4
HAerae Wel sha YaasE 2@
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Bitterness

DH

(%l 3) Expected lelationship between
bitterness and DH.
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Meat / Meat by:--product(1,000 & )
Heat to 50C and maintain

Adjust pH to 85 with NaOH

Add Enzyme eg Alcalase® 2.4L
(005%—0.1%)

Incubate (3—4 hours)*

Inactivate enzyme
(85, 10 min or pH 4.5, 507, 30 min)

Screen separation

(Rotap / Swecko)
]
Liquid Solids
(8008 /8908) (518 /678)
{meat gravy)

¥ This will give maximum hydrolysis,
not necessarily optimal palatability.

{32! 4) Production of meat digest.

(5) AME(syrup) M= 3
AR AE-L Ao} A4 EF o] &3l 7h
Basled Azsted, AAe A Fr 24
o] o osted Azt Yr}. T ol FEE &
2% o] &8 ¥ Eo)X(specificity),
2 QA A4, ¥ 58 HEFRAY 23
K
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Soy meal+H,0

Extraction of protein, pH 8.0

Centrifuge —— Sludge

Ultrafiltration Permeate
Concentrate
pH stat Hydrolysis Alcalase
pH 8.0 50~55T NaOH

DH 3~4

Enzyme inactivation pH 4.0

Adjust pH to
7.0

Spray dry to yield
product with improved
functional properties

but insoluble

DH 9~10

Enzyme inactivation

Separate, wash sludge
and combined filtrates,

carbon treat and filter

Spray dry to yield
" hydrolysate soluble

at isoelectric point

{72! 5) Production of soy hydrolysate.
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AAZLE A HAL] =4S A
dedl, 2EFU F2of ARFH Fol 22
A wfol ozl FA7 U, L &=
o] FAE @IS viAc olF FA
7A43k7] l3he] pectinased o83t
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Blood

!

Centrifugation Plasma fraction
60v /v
Cell fraction
40%v /v
S=8 % protein
water Haemolvei E/S=4% Alcalase® o0.6L
300% emeyss T=55C, pH=85

Hydrolysis in
stirred tank

acid —————— Enzyme
inactivation

DH=18%, pH=4.0
HCl or organic acid

supernatant

Separation [

sludge

H,0O _— Separation [

sludge

dark coloured insoluoles

Filtration

Carbon treatment

l

Filtration

l

Hyperfiltration

or evaporation

Spray-drying

decolourized product

{212l 6) Possible Process for enzymatic treatment of blood
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Soy Beazl

Boiling water

Cold water

NaOH

Neutrase® 0.5L
(1% of soy beans)

Water
Fat
Flavour

Sugar

Emulsifier

ENZYME REACTION

GRINDING

|

HEAT TREATMENT 90°C, 15 minutes

l 50¢C
pH 7.0~7.2, 1 hour

!

REGRINDING

|

SEPARATION = Residue

|

FORMULATION

UHTTREATMENT ——_ _ SOY MILK

(! 7> Flow Sheet for soya milk

{¥19) Utilization of Enzyme Prepared Syrups
By means of enzymes, a syrup can be tailored to suit any particular requirement of the food industry

Confectionary

Soft drinks

Canning

Baking

Jam and jkllies

Brewing, cider
wine making

High conversion syrup

High maltose syrup
High fructose syrup

Maltodextrins and low
conversion syrup
High conversion syrup
Hign fructose syrup
High maltose and high
conversion syrups

Total sugar and crystalline Dough properties and crust caramelization

glucose(dextrose)
High frutose syrup

Hihg conversion and high fructose | Viscosity and osmotic profiles

Syrups
High conversion syrup

High glucose(dextrose) syrup High percentage of fermentable sugars(97+)

High sucrose replacement levels possible

Better viscosity profiles

Less hygroscopic Products

Moisture and texture control in soft confectionary
Sweetness value similar to sucrose

Stabilization of the flavor profile during shelf —life
Viscosity profile of canned sauces or similar pro-
ducts(bodying)

Bodying and sweetness in fruit canning
Sweetness balance

Moisture retention and color control in final pro-

duct
Frosting, filling, snacks
Sweetness and color balance -

Control of fermentation via balanced fermentable

sugar spectrum




Ice cream High maltose and high
conversion syrups

High fructose syrup

Baby food— Malto dextrin

dietetic food

Crystalline glucose(dextrose)

Control of softness and freezing characteristics

Sweetness control
Low fermentability, but high in digestible car-
‘bo hydrates

Instant energy soure

Note : Besides in the food industry, syrups and crystalline glucose(dextrose) have applications also in

the pharmaceutical and chemical industries.

(E20) HEgsi ol2EE §2

3 A A4 E i £
of 3 malto dextrin a— ol 2pA]
(B. amyloliquifaciens$} B. lichenformis)
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bond&] 7t 3H)
glucose A. niger®] T332 o} a}A|
(v 2kl o] a—~14 glycosidic
bond o] 7}4--3l )
a—1,6 glycosidic bonde] 71413l B. acidopullulyticus ¢} puliulanase
!] A3} glucose— fructose B. coagulans 2] glucose isomerase
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93} lactase, protease,
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polysaccharidase & o] €-3tc}, Polysaccharidase
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pectinase A, M4
amylase 5,2
cellulase 5 #d, AL
mannanase A
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chitinase
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2 ®l 2 2 A (chemical modification o] v} protein
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