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absorber additives, 174
acetate, 71-2
acetylation of proteins, 30
acid dyes, 43-4, 77
acid-base catalysis, 90
acid-base properties of proteins, 20-3
acoustic cavitation, 145-6
acrylic fibers, 81-2, 97
activated sludge process, 208-12
microorganisms, 210-12
active enzyme amounts, 105, 190-1
additives
compatibility of, 187-8
and operational stability, 181
and storage stability, 173-4, 175-6
aerobic treatment of effluent, 207
ageing/fading effects, 111, 122, 126-8
aggregation, 167
air monitoring, 196-7
ALCERU fibers, 71
alginates, 53
allergies, 192, 194
alpha-carbon, 9
alpha-Helices, 12-13
alpha-Keratin, 6
amino acids, 6, 7-10, 21, 73, 89, 160
ammonium sulphate, 175
amoeba, 211
amphoteric surfactants, 60
amylases, 90-1, 110, 113, 122, 124
amylopectin, 52
amylose, 52
anaerobic treatment of effluent, 208
animal hair fibers, 73-5
anionic surfactants, 59-60
anti-felting finishes, 75
apoenzymes, 35
arginine, 9
aspartic acid, 8-9
assays for determining enzyme activity, 105,
190
auxiliaries for textile processing
natural, 51-6
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synthetic, 56-7
azoic dyes, 50, 213-14, 218
azoreductase, 213

B-Keratin, 6
B-pleated sheets, 13-14
B-sheets, 13
B-turn, 14
backstaining, 112, 127
bacteria, 210
basic dyes, 44-5
bast fibers, 68-9, 114
batch equipment, 181-3, 184
benzoic acids, 175
biocatalysis, 120
immobilised enzyme systems, 148-54
see also catalysis
bioinformatics, 38
biological effluent treatments, 207-8,
210-12,212-19
biopolishing see depilling
biopolyesters, 79
biosorption decolourisation, 217-18
biosynthesis, 24-9
Biuret reactions, 20
bleaching, 58, 59, 69, 75-6, 108, 113-14
effluent treatment, 202, 204
and inactivation of enzymes, 175
Biichner, Eduard, 1
buffer systems, 57, 173

carbonisation, 108

catalase-peroxidases, 98-9

catalases, 31, 98-9, 110

catalysis, 1-2, 3, 30-6, 86-116
acid-base catalysis, 90
enhancement of reactions, 105-6, 142-8
enzyme kinetics, 87-9, 99-105, 120, 152
function of textile processing enzymes,

89-96

heterogeneous systems, 102-5
homogeneous systems, 99-102
immobilised enzyme systems, 148-54



inactivating enzymes, 161-9
inhibition of reactions, 105-6, 169
pH influences on, 22-3, 89, 160-1, 163,
166
proteases, 18, 76, 96-9, 113
contamination, 165-6
and temperature, 89, 161, 162-3
thermodynamics, 87-9
see also stability of enzymes
cationic dyes, 44-5
cationic surfactants, 60, 188
cavitation, 145-6
cellulases, 91-3, 104, 110-13, 122, 125-6
inactivating, 127-8
cellulolytic enzymes, 92
cellulose, 65, 92
chains, 66
derivatives, 54-5
esters, 71-2
cellulosic fibers, 65-72, 112
bast, 68-9, 114
chemical composition, 65-6
cotton, 67
dyes, 109
enzyme applications, 72
finishing, 69-70
flax, 68
hemp, 68-9
jute, 68-9
leaf fibers, 69
moisture uptake, 667
natural cellulosics, 67
nut husk fibers, 69
ramie, 68
regenerated, 70-1
solvent-spun, 70-1
viscose rayon, 70
chelators, 125, 164, 188
chemical effluent treatments, 206-7
chemical finishes, 75-6
chemical modification
and inactivation of enzymes, 168
and storage, 177-8
chemical reactions, 3, 30, 88, 159
chitosan, 55-6
chromium, 44
chymotrypsin, 33
ciliophora, 211
clarification of effluent, 203
classification of enzymes, 3-6
closure of application, 187
coagulation of effluent, 206-7
coating materials, 51-6
code numbers of enzymes, 4
codons, 25-6
cofactors, 35-6, 38
collagen, 7
coloration
colour removal research, 209
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preparation, 107, 108-9

process, 109

see also dyes; pigments
Colour Index (CI), 42
compatibility of additives, 187-8
computational fluid dynamics, 142-3
conjugated proteins, 7
containers for storage, 172
contamination of proteases, 165-6
continuous equipment, 181-2, 183-5
copolymers, 62
cotton, 67

denim, 64, 72, 111, 112, 126

desizing, 110, 124-5

finishing, 114, 125-9

see also scouring
covalent bonds, 19, 334
covalent coupling, 160
covalent enzyme modification, 168
crosslinking resins, 634, 114
cutinases, 96
cyclodextrins, 53—4
cysteine, 9

decolourisation, 217-18
deformation of textile materials, 142—4
degumming, 115-16
denim, 64,72, 111, 112, 126
see also cotton
depilling, 111, 128-9
desizing, 51, 69, 90, 108, 110, 124-5
detergents, 112-13, 121-2
dextrins, 534
diazo compounds, 50
diffusion of enzymes, 134-41
limitations, 148-54
external, 151-2
internal, 1524
direct dyes, 45
disperse dyes, 45-6
disulfide bonds, 19
DNA (deoxyribose nucleic acid), 24-6, 37
dosage, 182, 183, 188-9
dust prevention, 178
dyes, 42, 70, 109
acid, 43-4,77
for acrylic fibers, 81-2, 97
azoic, 50, 213-14, 218
basic, 44-5
cationic, 44-5
for cellulosic fibers, 109
colour removal research, 209
direct, 45
disperse, 45-6
effluent treatment, 201, 202, 204-5,
208-10, 213-19
metal complex, 43-4
mordant, 44
polymeric, 48
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for protein fibers, 109
reactive, 46-7

solvent, 47

sulfur, 48

synthetic auxiliaries, 56-7
for synthetic fibers, 109
vat, 48

see also pigments

effluent treatment, 199-219
activated sludge process, 208-12
biological, 207-8, 210-12, 212-19
biosorption decolourisation, 217-18
chemical, 206-7
clarification, 203
enrichment cultures, 218-19
enzymatic modification, 213-16
fungal decolourisation, 217
hazardous waste, 200-2
heavy metals, 200-1
membrane technologies, 206
sludge disposal, 207
types of effluent, 201-2
wastewater, 191, 203-5
elastin, 7
electrolytic compounds, 56-7
electron microscopy, 15
electrostatic interactions, 19, 90, 160, 180
ELISA test, 196
emulsions, 205
endoglucanases, 92
enhancement of reactions, 105-6, 142-8
enrichment cultures, 218-19
Enzoguard technology, 178
enzymes, 1-6
apoenzymes, 35
assays for determining activity, 105, 190
cellulolytic, 92
classification and nomenclature, 3-6
code numbers, 4
cofactors, 35-6, 38
in detergents, 11213, 121-2
diffusion, 13441
limitations, 148-54
effluent modification with, 213-16
half-life times, 1067
holoenzymes, 35
induced fit model, 33
isoenzymes, 4, 17
kinetics, 87-9, 99-105, 120, 152
lock and key model, 33
manufacturers of industrial enzymes, 121
market size, 121
metalloenzymes, 90
monomeric, 17-18
nitrile hydrolysing, 97-8
pectinolytic, 93-6
production process, 169
solubility, 23

specificity, 31-5
see also catalysis; handling enzymes;
stability of enzymes
esterases, 96
esters, 71-2
eye contact with enzymes, 193

fading/ageing effects, 111, 122, 126-8
fatty acids, 56, 74
fermentation, 169
fiber modifications, 64
fibroin, 115
fibrous proteins, 67
finishing, 123
ageing/fading effects, 111, 122, 126-8
anti-felting finishes, 75
backstaining, 112, 127
cellulase finishing, 110-12
cellulosic fibers, 69-70
chemical finishes, 75-6
cotton, 114, 125-9
depilling, 111, 128-9
desizing, 51, 69, 90, 108, 110, 124-5
flame-retardant finishes, 63—4
peach-skin effects, 71, 112
scouring, 72, 76, 108, 113, 122, 129-31
spin finishes, 56
wrinkle-resistant finishes, 63
first aid, 193
flagellated protozoa, 211
flame-retardant finishes, 63-4
flax, 68
flocculation, 206, 212
fluorescent brighteners, 58, 59
fluorochemicals, 61-2
foam control, 61
Folin-Ciocateau reactions, 20
Fourier Transform Infrared Spectrometry
(FTIR), 37
free energy, 87-8, 161
fungal cellulases, 92
fungal decolourisation, 217

Genencor International, 178
genetic engineering, 176-7
Gibbs free energy, 87-8
globular proteins, 7, 15
glucoamylase, 52
glutamic acid, 8-9
glycine, 14
glycosyl hydrolase, 16
glycosylation of proteins, 29
gums, 53

degumming, 115-16

half-life times, 106-7

handling enzymes, 181-91
active enzyme amounts, 105, 190-1
batch equipment, 181-3, 184



closure of application, 187
compatibility of additives, 187-8
continuous equipment, 181-2, 183-5
dosage, 182, 183, 188-9
incubation times, 183, 184, 188
measurement of enzyme level, 183—4
monitoring activity, 183—4
pH maintenance, 186-7
preparation for application, 185-6
product quality, 184-5
repeated use, 189-90
wastewater treatment, 191, 203-5
see also health and safety
hard water, 56-7
hazardous waste, 200-2
health and safety, 192-7
air monitoring, 196-7
allergies, 192, 194
during preparation for use, 185-6
eye contact, 193
first aid, 193
hazardous waste, 200-2
inhalation, 192, 193, 194
Material Data Sheets (MSDS), 194, 195
medical monitoring, 197
precaution and protection, 195-6
respirators, 195-6
skin irritation, 193
spillages, 186
symptoms of exposure, 192-3
toxicity tests, 194
heavy metals, 2001
hemicellulose, 66
hemp, 68-9
heterogeneous catalysis systems, 102-5
hexokinase, 32
holoenzymes, 35
homogeneous catalysis systems, 99-102
Hopkins-Cole reactions, 20
hydrogen bonds, 19, 160
hydrogen peroxide, 58
removal, 110
hydrolases, 5, 64
hydrophobic interactions, 18-19, 160
hypochloric acid, 58

imino acids, 8
immobilisation treatment, 176
immobilised enzyme systems, 148-54
inactivation of cellulases, 127-8
inactivation of enzymes, 161-9, 170
aggregation, 167
bleaching agents, 175
chelators, 164
chemical modification, 168
at closure of application, 187
inhibitor binding, 105-6, 169
operational stability, 178-81
oxidising agents, 165, 175
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pH, 163, 187
precipitation, 166-7
protease contamination, 165-6
reducing agents, 164-5
shear force, 167-8
surfactants, 1634
temperature, 162-3
incubation times, 183, 184, 188
indigo backstaining, 112, 127
induced fit model, 33
inhalation of enzymes, 192, 193, 194
inhibition of reactions, 105-6, 169
interactive additives, 174
interfacial properties, 59-61
ion additives, 181
ionic bonds, 89
ionic interactions, 19, 160
isoamylase, 52
isoelectric point, 22
isoenzymes, 4, 17
isomerases, 5

jute, 68-9

katals, 105
keratin, 73
kinetics, 87-9, 99-105, 120, 152

laccases, 99, 114,214
Langmuir model, 104
leaf fibers, 69

ligases, 5
lignocellulosic fibers, 114
lipases, 96, 113, 122
lock and key model, 33
Lowry reactions, 20
lubricants, 56, 125
lyases, 5

Lyocell, 71, 112, 128

magnesium sulphate, 143
manufacturers of industrial enzymes, 121
production process, 169
market for enzymes, 121
mass transfer, 131-41
deformation of textile materials, 1424
enhancement, 142-8
immobilised enzyme systems, 148-54
structure of textiles, 131-4
ultrasound enhanced, 144-8
see also diffusion of enzymes
mastigophora, 211
Material Data Sheets (MSDS), 194, 195
measurement of enzyme level, 183-4
medical monitoring, 197
membrane technologies, 206
mercerization, 69, 108
effluent treatment, 202, 204
metal complex dyes, 434
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metalloenzymes, 90

metals, heavy metals, 200-1

methionine, 9

Michealis-Menten model, 102, 103, 105, 152

microbial growth, 171, 173

microbicide addition, 175-6

microfiltration, 206

microorganisms in the activated sludge
process, 210-12

Million reactions, 20

modified starches, 52-3

molecule stabilisation of proteins, 18-19

monitoring enzyme activity, 1834

monomeric enzymes, 17-18

mordant dyes, 44

mutagenesis, 37-8, 176-7

naming enzymes, 3-6

nanofiltration, 206

natural auxiliaries for textile processing,
51-6

nematodes, 212

NewCell fibers, 71

nitrile hydrolysing enzymes, 97-8

non-ionic surfactants, 60, 125, 127, 188

Northrop, John, 1

Novozymes, 178, 195

nuclear magnetic resonance (NMR), 15,17

nut husk fibers, 69

nylons, 80

oils, 56
operational stability, 178-81
and additives, 181
and pH, 180
substrate concentration, 180-1
and temperature, 179-80
optical isomers, 9
oxidases, 216
oxidising agents
and effluent treatment, 207
and inactivation of enzymes, 165, 175
oxidoreductases, 5

parabens, 175
peach-skin effects, 71, 112
pectin, 93-6, 130
pectinolytic enzymes, 93-6
peptides, 10-11
peroxidases, 98-9, 216
pH
and catalysis, 22-3, 89, 160-1, 163, 166
checking, 182
control substances, 567
and inactivation of enzymes, 163, 187
maintenance, 1867
and operational stability, 180
and storage stability, 173
phenylalanine, 7

phosphorylation of proteins, 29
photoyellowing, 59
pigments, 42, 50-1
see also dyes
polyacrylates, 62
polyacrylonitriles, 81-2
polyamides, 79-81, 116
polyester, 78-9, 116
polymeric dyes, 48
polypeptides, 6, 10, 11, 73
domain types, 14
post-translational protein modification,
29-30
precautions, when using enzymes, 195-6
precipitation, 166-7, 173
preparation for application, 185-6
primary structure of proteins, 10-12
printing wastes, 202
process intensification, 105-6, 142-8
process parameters, 120, 123
product quality, 184-5
production process for enzymes, 169
proline, 7, 8, 14
proteases, 18, 76, 96-9, 113
contamination, 165-6
protection, when using enzymes, 195-6
protein engineering, 37-8
protein fibers, 72-7
animal hair, 73-5
chemical finishes, 75-6
dyes, 109
silk, 76-7, 115-16
wool, 73-5, 114-15
proteins, 1
biosynthesis, 24-9
conjugated proteins, 7
fibrous proteins, 6-7
globular proteins, 7, 15
molecule stabilisation, 18-19
post-translational modification, 29-30
properties of, 19-24
simple proteins, 7
solubility, 23-4, 166-7
structure, 2, 6-18, 159-61
primary, 10-12
quaternary, 17-18
secondary, 12-14
tertiary, 14-17, 18
ultra-violet absorbance, 20
proteolytic modification, 29-30
proteomics, 38
protozoa, 211
pumice stones, 122, 126

quality, 184-5
quaternary structure of proteins, 17-18

ramie, 68
rayon, 70



reactive dyes, 46-7

reducing agents, 164-5
regenerated cellulosic fibers, 70-1
repeated use of enzymes, 189-90
resins, 63—4

respirators, 195-6

reverse osmosis, 206

ribosomes, 27

RNA (ribose nucleic acid), 24-9
rotifers, 211-12

Sakaguchi reactions, 20

salt concentrations, 23-4, 166-7, 173, 175

sarcodina, 211

scavenger additives, 174

scouring, 72, 76, 108, 113, 122, 129-31
effluent treatment, 201-2, 2034

secondary structure of proteins, 12-14

sequestering agents, 57

sericin, 76, 115

shear force, 167-8, 182

shrinkage, 75, 115

silicones, 61-2

silk, 64, 76-7,115-16

siloxanes, 61

site-directed mutagenesis, 37-8

sizing, 108, 124
desizing, 51, 69, 90, 108, 110, 124-5
natural compounds, 51-6
synthetic compounds, 62

skin irritation, 193

sludge
activated sludge process, 208-12
disposal, 207

sodium chlorite, 58

soft water, 56-7

softening agents, 61

solubility of proteins, 23-4, 166-7

solvent dyes, 47

solvent-spun fibers, 70-1

sonomechanics, 146

specificity of enzymes, 31-5

spillages, 186

spin finishes, 56

stability of enzymes, 106-7, 159-81
half-life tines, 106-7
inactivation, 161-9, 170
operational stability, 178-81
protein structure, 159-61
storage, 170-8, 185

Stanley, Wendell, 1

starch, 51-3, 90, 124

stereoisomers, 32

stonewashing, 111, 122, 126-8

storage, 170-8, 185
absorber additives, 174
chemical modification, 177-8
containers for storage, 172
dust prevention, 178
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genetic engineering, 176-7
immobilisation treatment, 176
interactive additives, 174
liquid products, 170-2
microbial growth, 171, 173
microbicide addition, 175-6
and pH, 173
and precipitation, 173
salting, 173, 175
scavenger additives, 174
solid products, 170-1
sugar/sugar alcohol addition, 173-4
temperature, 171, 172
and water activity, 171, 173-4
structure of proteins, 2, 6-18, 159-61
primary, 10-12
quaternary, 17-18
secondary, 12-14
tertiary, 14-17, 18
structure of textiles, 131-4
substrates
concentration, 180-1
non-fibrous and non-substrates, 42—-64
textile fibers, 64-82
succinate oxidase system, 6
sugar/sugar alcohol addition, 173—4
suint, 75
sulfur dyes, 48
Sumner, James, 1
surfactants, 59-60, 125, 127, 163-4, 188
symptoms of exposure, 192-3
synthetic auxiliary dyes, 56-7
synthetic fibers, 77-82, 112, 116
biopolyesters, 79
dyes, 109
polyacrylonitriles, 81-2
polyamides, 79-81, 116
polyester, 78-9, 116

temperature
and catalysis, 89, 161, 162-3
and inactivation of enzymes, 162-3
and operational stability, 179-80
and storage stability, 171, 172
Tencel, 71
tertiary structure of proteins, 14-17, 18
textile materials, 131-41
deformation, 1424
structure, 1314
yarns, 51, 132-7
thermodynamics, 87-9
thermosetting, 109
thickeners
natural, 51-6
synthetic, 62
toxicity tests, 194
transferases, 5
translation process, 25
triacetate, 71-2
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tryptophan, 7
tyrosine, 7

ultra-violet absorbance, 20

ultrafiltration, 206

ultrasound enhanced mass transfer,
144-8

Van der Waals interaction, 19, 160
vat dyes, 48
viscose rayon, 70

washing-off, 108
wastewater treatment, 191, 203-5
see also effluent treatment

water activity and storage stability, 171,

173-4
water softeners, 567

water treatment see effluent treatment

waxes, 56

wet processing, 107-13, 120-1, 123-31

cellulase finishing, 110-12
coloration preparation, 107, 108-9
coloration process, 109
hydrogen peroxide removal, 110
process parameters, 120, 123
synthetic fibers, 112
see also finishing
whitening effects, 58-9
wicking effect, 141
wool, 73-5, 114-15
effluent treatment, 202, 205
woven textiles, 131-4
wrinkle-resistant finishes, 63

X-ray diffraction, 15
xanthan gum, 53

yarns, 51, 132-7

zwitterionic surfactants, 60
zymogens, 18



