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Trends in the Utilization of Enzyme in Food Industry
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Table 1. Undesirable activities of endogenous enzymes in foods

Enzyme Sources Effects

Alliinase Onion Bitter flavor

Carbon-sulfur lyase Yeast Excess hydrogen sulfide in beer and wine
Lipase Milk Rancidity

Lipoxygenase Legumes, cereals Off-color, off-flavor

Polyphenol oxidase
Proteases, lipases
Trimethylamin demethylase
Trimethyl-N-oxide reductase
Xanthine oxidase

Fish tissue
Fish tissue
Fish tissue
Milk

Fruits, vegetables

Off-color, off-flavor
Autolysis

Toughens tissue
Overly fishy
Oxidative rancidity

Table 2. Desirable activities of enzymes in foods

Enzyme Sources Effects

Alliinase Garlic, onion Characteristic odor
Collagenase Beef Tenderizer
Myrosinase Mustard, cabbage, cress Pungent taste

Lipoxygenase + aldehyde lyase +alcohol
dehydrogenase + aldehyde oxidase + esterases
Polyphenol oxidase

Fruits, vegetables

Cocoa, coffee, tea

Volatile flavor compounds: Acids, alcohols,
aldehydes, ketones, esters
Desirable color and aroma
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Table 3. Dual role of enzymes in food and use of exogenous enzymes to eliminate undesirable enzymatic products in

food

Undesirable effects Enzyme type

Traditional/conventional food enzymes

Starch conversion to glucose, fructise, maltose etc.,

Baking defects, unstable starches Carbohydrase Conversion of cereals to fermentation substrate
Modification of flours
Considered to cause rancidity Lipase Modification of fat systems, induction of flavor
Defects in flavor and texture of Pectinase Increased yields in wine and juice processing, Increased
processed fruit and vegetables color in red wind
Loss of functionality, generation of Proteinase Hydrolysis of oroteins for modification of functional

bitter peptides

Aldehyde oxidase
Caffeinase
Diacetyl reductase
Limoninase
Ribonuclease
Sulfhydryl oxidase
Urease

properties and solubility, Possible production of hy-
drolyzates with specific flavors from fish, meat, Ac-
celerated ripening and production of cheese, Bitterness
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
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Table 4. Problems facing the use of enzymes by the food
industy

Control of endogenous enzyme activity.

Identification of new enzymes for processing or diagnostics.
Production of sufficient quantities of enzyme at reasonable
cost.

Requirements for enhanced thermostability or thermolability.

Requirements for modified substrate or effector specificity.

Table 5. Commonly advertised enzymes

@ —amylase p-amylase Amyloglucosidase

B-glucanase Pentosanase  Cellulase

Hemicellulase Pectinases Lactase

Glucose isomerase Alkaline Neutral and acid
proteinases proteinases

Microbial rennets  Invertase Glucose oxidase

Lipase
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Table 6. Major enzymes used by the food industry

Enzyme

Application

Proteases
Papain, bromelain, ficin
Rennin (chymosin)

Glycosidases
Amylase (alpha-, beta-, gluco~, and debranching)
Cellulases/xylanases
Glucanases

Glucose isomerase
Glcusose oxidase/catalase
Glycolytic enzymes
Invertase
Lactase (B-galactosidase)
Pectinases
Lipases
Acyl glyceride hydrolases and phospholipases

Meat tenderization, haze removal, and chill proofing
Cheese making

Baking, brewing, sweetener production

Biomass conversion, juice clarification

Brewing

High-fructose corn syrup (HFCS) production
Desugaring of egg whites, oxygen removal
Fermentation-carbon dioxide and ethanol production
Candy making

Low-lactose dairy products, whey disposal
Beverage clarification, texture modification

Texture modification, flavor generation
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Table 7. Market share of industrial enzymes (%)
Commodity Specialty
Food applications 40 15

including starch, sweetners,
cheese, brewing, fruit, vegetables,
baking and confectionary

[e2)

Industrial applications 35
including laundry detergents,
paper, leather
Animal feed/agriculture 3 2
Total 78 22

Table 8. Manufacturers of commercial enzymes
Market share (%)

Novo (Denmark) 35~40
Genencor 30~35
Gist-Brocades (Netherlands) 5~10
Hansen (Denmark) 5
Sanofi (France) 5
Finnish sugar (Finland) 5
Total 100
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Table 9. Typical applications of enzymes in food

Whey utilization

Egg concentrate

Flavors and colors

Protein modification

Hydrolyzed vegetable protein
Dietary and convalescence foods
Soft drinks

Starch processing
Flour treatment
Sugar syrups

Beer, spints, vinegar
Cheese making
Confectionary
Baking

Fruit and juice
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Table 10. Properties of various microbial proteinases available today

Enzyme Source pH optimum Temp. (°C) optimum No. of bonds cleaved
Fungal acid Aspergillus saitol 2.4~4.0 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
Bacteria neutral Bacillus subtilis 5~75 50 6
Bacterial alkaline Bacillus licheniformis 8~9 55 7 .
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Table 12. Suggestions for improved enzymatic activity through genetic technology

Enzyme Application Useful improvement
@ —amylase starch liquefaction, saccharification  acid-tolerant and thermostable
amyloglucosidase high fructose corn syrup immobilized with higher productivity

esterses, lipases, proteases, etc. flavor development
glucose isomerase
limoninase
protease
pullulanase

fruit juice debittering
beer chill proofing

high fructose corn syrup

high fructose corn syrup

more specificity

Increased thermo-stability, lower pH optimum
more complete limonin degradation

more specific

thermostable

Table 13. Positive effects of genetic engineering on enzyme activities

Enzyme Method Modification New property
subtilisin SSM  methionine™—alanine greater bleach stability
SSM glycinel%ﬁasparﬁc, glutamin acids altered substrate specifility
T4 lysozyme SSM isoleucine’—cysteine,then chemical increased thermo-stability
cross-linking
trypsin SSM  glycine®—alanine altered substrate specificity
tyrosyl-tRNA synthetase SSM cysteineasﬁserine Km for ATP lowered increased
enzyme activity
amidase RM serine — phenylalanine and others change in substrate range
xanthine dehydrogenase or RM alteration in relative position of catalytic change in substrate range

purine hydroxylase 1

and orienting sites




Table 14. Some recently reported thermostable enzymes

Temperaturt
Enzyme Source pH range e.:mp ; Oe Stability” (°C)
optimum” (°C)
Protease Desulfurococcus mucosus 5~10 &5 95
Bacillus thermoruber 5~11 45 70
Bacillus stearothermophilus 5~9 70 <70
Thermomonospora fusca YX 8~11 80 75 (pH 4.5)
70 (pH>8)
@ -Amylase Thermoanaerobacter finnii 3~7 90 30
75 30
Clostridium thermosulphurogenes 3~7 75 70 (-Ca®)
3~8 75 80 (+Ca”")
Glucoamylase Clostridium thermohydrosulphuricum 4~65 30 &5 (+starch)
Pullulanase Thermus aquaticus YT-1 5~7 >0 9%
Clostridium thermohydrosulphuricum 4~65 85 80 (-starch)
85 (+starch)
Thermoanaerobacter finnii 5~7 90 80
Exo~(1-6) Bacillus sp. KP 1228 43~78 g5 75
glucosidase
Xylanase Bacillus stearothermophilus sp. 5~9 78 74
Thermoascus aurantiacus 46~6.5 75 70

1)pH range over which approximately 50% of maximal activity is observed.

2 . .. ..
)’I‘emperature of maximal activity under normal conditions.

3)Approximate highest temperature at which enzyme can be heated for 30 min with 90% activity retention.

Table 15. Established and evolving tools of enzyme tech-
nology

Established areas

Purification and characterization

Mutagenesis and selection

Immobilized and chemical modification

Rapidly evolving areas

Protein engineering and three-dimensional structure
determination

Enzymology in non-aqueous systems

Enzyme mimic and antibody-mediated catalysis
Use in organic synthesis

W W B4R AR VAH Hh 0§ ZWelA

20 AAR7NN AR E B AFL AKEA 59
AEE 5 dE FFold ALgR A E BT s
A AET 5 A otk thebd] T £ 44 2
A4 712 BLAET ARG ¢ e FA, Aol &
B BEAES Ao} 3 Fe G ololm A2

£ H2 AF AT FHsok T Folth ol d B
oA 719, A BF 44 FA(Source)d] A, A
W 2iqjo] AAA 02 g slofok shol, 2 AT
AF AT YLl oloiAck & Zoluh
olgA FomK A S S5 ARHL AW 7

87 @ 0, A0 £k Aol 49

4 42 S50l IS 87 g8l A9, oA =

¥obd $% Yool 448 8751 Ytk
g8

1. Shepherd G. 1986. The production and uses of microbial
enzymes in food processing. In Progress in industrial
microbiology. Adams MR, ed. Elsevier. Vol 23, p 237-283.

2. Neidleman S. 1986. Enzymology and food processing
biotechnology in food processing. Harlander S, Labuza
TP, eds. Noyes Pub. p 37-56.

3. Williams DC, Lin MH, Chen AO, Pangborm RM. 1986.
Whitaker, Blanching JR of vegetable for freezing—-which
indicator enzyme to choose. Food Technol 40: 130-140.

4. Stefansson G. 1986. Enzymes in the fishing industry. Food
Technol 42: 64-65.

5. West S. 1988. The enzymes maze. Food Technol 42: 98-
102.

6. Brody AL. 1990. Active packaging. Food Engineering 62:
87-92.

7. Lin YL. 1986. Genetic engineering and process development
for production of food processing enzymes and additives.
Food Technol 40: 104-112.

8. Hultin HO. 1983. Current and potential uses of im-
mobilized enzymes. Food Technol 37 66-82, 176.



AF MYUIMY B4 018 88 9

9. Sproessler B, Plainer H. 1983. Immobilized lactase for 11. Przybyla AE. 1989. Enzymes used for protein hydroly-
processing whey. Food Technol 37: 93-95. sate: debittering. Food Engineering 61: 51-52.

10. Anon. 1989. Shelf life of breads increased with enzyme 12. Gatfield IL. 1988. Production of flavor and aroma com-
systems. Food Engineering 61. 57-58. pounds by biotechnology. Food Technol 42: 111-122, 169.



