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bacteria. See also microbiological
analysis; microbiological risks

dimethyl sulfide conversion in, 38
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flaked, 54

moisture content of, 54

protein measurement in, 23-24

torrefied, 54
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composition analysis of, 63, 64—65

control parameters for, 63
coolants in, 39
oxygen content, 49-50
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International, 40
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migration in, 40-41
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44—45
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Campden BRI, 40
canning, package checks in, 51
carbon dioxide

in fermentation, 62

measurement in beer, 64

removal, 34
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Brewing Analysis, 20

chemical risks, identification of, 39
chloride, water content, 55
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frequency of analysis of, 64

in lautering, 61

prediction of, 64

visual assessment of, 62, 63

of wort, 62
cleaning, standard operating

procedures for, 8

cleaning systems, hygiene status of, 59

codes of practice, 10
CODEX, 42
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of adjuncts, 54
of barley, 54
frequency of analysis of, 64
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measurement methods, 20
of sugars, 54
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7-8,19-20
in boiling of wort, 61
as brewing goal, 37, 50
in fermentation, 30
in systematic quality, 7-8
consortia, of brewers, 12
contractual requirements, 10-11
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as beer contaminants, 45
glycol as, 40, 45
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40-41
in wort, 39
cooling, quality program for, 62
cooling towers, undesirable
organisms in, 39
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copper, water content, 55
corn, as adjunct, 54
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preventive, 45-46
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critical control points (CCPs), 9,
37-38. See also Hazard Analysis
and Critical Control Points
(HACCP)
in beer transfer to bright beer
chillers, 40-41
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deoxynivalenol (DON), 29-30, 51
dextrinizing units, 51
diastatic powder, 51
dimethyl sulfide (DMS), 37
control of, 61
critical control points, 37-38
loss in fermenters, 38
measurement of, 20, 26
documentation
as HACCP program component, 39
role in quality assurance, 9-10, 67
uniform use of, 10
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responsibility for quality, 3-5
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enzymes, use in gluten-reduced
products, 61
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cost of, 46
fitness for purpose, 38—39
errors, sources of, 24
esters, 62, 64
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(EBC), standard methods of,
20-21

failure

in beer gas content control, 34-36

external and internal, 45
feeler gauges, 58, 60
fermentability, 51
fermentation

consistency in, 20, 30

rate, 62

temperature for, 62

yeast count in, 30
fermenters, 62

dimethyl sulfide loss in, 38
filtration, 63
fitness for purpose, 38—39
Flavor, 20, 37-38, 56, 57

flavor, of beer
acceptability tasting, 64
dimethyl sulfide effects, 61
Foam, 30, 57
foam, stability of, 34, 64
Food and Drug Administration
(FDA), 41, 42
good manufacturing practices
requirement, 8
food safety hazards
in malt, 51
types of, 43
food safety hazards controls
Hazard Analysis and Critical
Control Points (HACCP), 9,
10, 38—-41, 42, 43
Hazard Analysis and Risk-
Based Preventive Controls
(HARPC), 41-43
Food Safety Modernization Act
(FSMA), 8-9, 42, 43
foreign bodies, in beer cans and
bottles, 12, 63
friability, of malt, 51, 52
Fusarium, 29-30, 51

gas chromatographic measurement, 13
of alcohol content by volume
(ABV), 27
gases, beer content of. See also
carbon dioxide; oxygen
frequency of analysis, 63, 64
specification targets for, 34—36
glass, safety risk from, 39
gliadin, 65
B-glucan, 51
B-glucanase, 51
gluten-reduced products, 61, 65
glycol, 40, 45
good agreement, in standard
methods, 21-24
good manufacturing practices
(GMP), 8-9, 42
gravity. See also specific gravity
for liquid flow, 34
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grist, 60
milled, 58
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gushing/gushing potential, 29-30,
45, 65

Hazard Analysis and Critical Control
Points (HACCP), 9, 38—41
comparison with HARPC, 41, 42,
43
definition, 38
implementation requirements,
38-41
Hazard Analysis and Risk-Based
Preventive Controls (HARPC),
41-43, 46
comparison with HACCP, 41, 42,
43
haze, measurement of, 20-21
hefeweissen beer, 2
Hegarty, Paul, 31
hemocytometers, 59
Hershey, Milton S., 1
hops and hop extracts
sensory testing of, 56
specifications and analysis sheets
for, 57
hydrophobin, 30
hydrostatic pressure, in fermenters, 62
hygiene
Hazard Analysis and Critical
Control Points (HACCP)
guidelines, 39
quality programs for, 58, 59

in-line analysis, 30

Institute of Brewing, 20

International Organization for

Standardization (ISO)

9000 program, 10
9001 program, 10-12, 38
accreditation by, 36

iodine, 60-61

ions, water content, 55

iron
beer content, 64
water content, 55
iso-a-acid, 57
isoamyl acetate, 25-26
iso-cohumulone, 57
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Kolbach index (soluble nitrogen ratio
or S/T value), 51

laboratories, performance evaluation

of, 25-26, 68
lagers, 37
Large, Geoff, 31
lautering

prolonged, 45

quality program for, 61
leadership

commitment to quality, 3-5, 10,

67

commitment to safety, 38

legal requirements, for quality
programs, 10-11, 63, 64, 67

magnesium, water content, 55
malt
absence of taints in, 51, 52, 53
age, 53
ale-type, 52
black, 53
black barley, 53
caramel, 53
color, 52, 53
dimethyl sulfide content, 37
free amino nitrogen content, 52
friability, 51, 52
homogeneity, 52
lager-type, 52



S-methylmethionine content,
26-27, 37, 52
milled, 60
moisture content, 52, 53
oxalic acid content, 21, 24-25
pale, 52-53
representative sampling of, 50-51
roasted barley, 53
sensory testing of, 56
specialty, 53
specifications and analysis sheets
for, 48—49, 51-53
undesirable components, 39
wheat, 53
manganese, water content, 55
Manners, Robin, 3, 10
mash, starch removal from, 60—-61
mashing, quality program for, 60—61
Master Brewers Association of the
Americas, website, 8
mean (m), 13-14, 17-18, 24-25
mean absolute deviation (MAD), 15
mean square deviation (MSD), 16
measurements, for quality assurance,
29-36. See also standard
methods; statistics
accuracy of, 22-24
of beer components, 64—65
categories of, 29-30
“in specification,” 32
precision of, 2627
real-time, 30, 64
shifts in, 27
timing of, 29-30, 48, 68
types of, 29, 48
meetings, for quality review, 11-12
methods of analysis, 20-21
methyl blue stain, for yeast, 59
microbiological analysis
frequency of performance, 65
of raw materials, 59
microbiological risks, identification
of, 39
mill settings, 58, 60

Mittteleuropdische Brautechnische
Analysenkommission
(MEBAK), 20

moisture content

of barley, 54
of malt, 52, 53

National Advisory Committee on
Microbiological Criteria for
Foods, 42

National Primary Drinking Water
Regulations, 49, 54—55

nitrogen, measurement in beer, 64

normal distribution, 17-18, 24-25

oxalic acid, measurement in malt, 21,
24-25

oxygen
addition during cooling, 62
beer content, 49-50
levels during fermentation, 62
levels in bright beer tanks, 44—45
purging of, 34, 44—45
total in-pack, 64

oxygen analyzers, 62

packaged beer, key control
parameters, 63
packaging, 63
pH
in fermentation, 62
frequency of analysis of, 64
in lautering, 61
as sourness indicator, 64
pipe lines, 34
polyphenols, 64
polyvinylpyrrlidone (PVPP), 10
precision
of measurement, 26-27
of standard methods, 22—-24
pressure differentiation, during beer
transfer, 40—41
preventive costs, 45-46
proactive techniques, 36, 48
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processes, standard operating
procedures for, 8, 9

process flow charts, 39

product-recall systems, 39

prolyl endoproteinase (PEP), 61

protein, barley content, 23-24

purchase, of materials and services,
12. See also suppliers

Quain, David, 30, 31
quality. See also systematic quality
cost of, 44—45
definition, 1-3, 67
organizational factors in, 3-5
production expediency versus,
49-50
top-down approach to, 3-5, 10, 67
quality assurance, 29-36
comparison with quality control,
34-36, 68
cost of, 45-46
mission of, 35-36
as proactive process, 36, 48
quality assurance managers, 47
reporting hierarchy of, 49-50
quality control, comparison with
quality assurance, 34—36
quality manuals, 7-8, 10
quality policy, 10, 11
quality programs, components of,
47-65. See also specifications
and analysis sheets
adjuncts, 53-54
baseline approach, 50-65
beer measurements, 63, 64—65
boiling of wort, 61
cold conditioning, 62
cooling, 62
fermentation, 62
filtration, 63
hops, 57
hygiene, 58, 59
lautering, 61
legal aspects, 1011, 63, 64, 67
malt, 51-53

market-protocol match, 47-48
mashing, 60-61

mill settings, 58, 60
packaging, 63

principles of, 47-50
stabilization, 63

warehousing and storage, 63
water, 54-56

whirlpools, 61

yeast, 58, 59

range (statistical), 14-16
raw materials
analysis of, 29-30, 48—49
microbiological evaluation of, 59
representative sampling of, 50-51
specifications for, 67
transport of, 39
real-time measurements, 30
reject quality limit (RQL), 30, 32, 34
reliability, 25
repeatability (r), 2627
representative sampling
of malt, 50-51
of pitching wort, 62
reproducibility (R), 2627
residual extract, 64
reviews, of quality systems, 11-12
rice, as adjunct, 54
ring analysis, 36
roller mills, 9
settings of, 58, 60

safety products, commitment to, 38
safety. See also food safety hazards
controls

identification of risks to, 38—39
sensory testing

of beer, 64

of hops and hop teas, 56

of malt, 56

of water, 55-56

of wort, 56
Sierra Nevada (beer company), 4—5
silicate, water content, 55



six sigma range, 32
S-methylmethionine (SMM)
conversion to dimethyl sulfide, 20,
37,38, 61
degradation, 37
in malt, 26-27
precision of measurement of, 26
Snake Venom beer, 17
sodium, water content, 55
soluble nitrogen ratio (Kolbach index
or S/T value), 51
sour beer, 64
specifications
beer oxygen content, 49-50
ISO requirements, 10—-12
relationship to standard methods,
24
“right the first time,” 35-36
specifications and analysis sheets
adjuncts, 53-54
hops and hop extracts, 57
malt, 48—49, 51-53
water quality, 54—56
yeast, 58, 59
specific gravity
in boiling of wort, 61
in fermentation, 62
in lautering, 61
stabilization, efficacy evaluation of,
63
staff. See employees
standard deviation (o), 16—17, 24-25
95%, 18, 24-25, 32
99%, 18, 32
of agreed quality limit (AQL), 32
of reject quality limit (RQL), 32
standard methods, 19-27
accuracy and precision of, 22-24
establishment of, 21
good agreement in, 21-24
groups of, 20-21
relationship to specifications, 24
repeatability (r), 2627
reproducibility (R), 2627
Youden plots, 24-26, 32

standard operating procedures (SOP),
8,9
adjustment for problem recurrence
prevention, 12
maintenance of, 36
for mashing, 60
starch, removal from mash, 60-61
statistics, 13-18
bell curves, 18
mean (m), 13-14
mean absolute deviation (MAD),
15
mean square deviation (MSD), 16
normal distribution, 17-18, 24-25
range, 14-16
reliability of, 25
standard deviation (o), 16—17, 18,
24-25, 32
steep tanks, 49
storage, 63
S/T value (Kolbach index or soluble
nitrogen ratio), 51
sugars, 54
sulfate, water content, 55
sulfur-containing molecules, 64
sulfur dioxide, frequency of analysis
of, 64
suppliers, 12
audits of, 36, 49
relationship with, 49, 51, 68
safety requirements for, 39
of water, 54-55
syrups, 54
systematic quality, 7-12
consistency in, 7-8
Food Safety Modernization Act
(ESMA), 8-9, 42, 43
good manufacturing practices
(GMP), 8-9
Hazard Analysis and Critical
Control Points (HACCP), 9
Hazard Analysis and Risk-
Based Preventive Controls
(HARPC), 9
ISO 9000, 10
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ISO 9001, 10-12, 38

reviews of quality systems, 11-12

standard operating procedures
(SOP), 8,9, 12, 36, 60

taste testing. See sensory testing
taxation, based on alcohol content by
volume (ABV), 27
temperature
in cold conditioning, 62
in fermentation, 62
in warehousing and storage, 63
of water, in mashing, 60
terrorism, 43
Todd, Bob, 30
total dissolved solids, water content,
55
total protein, 51
total quality management (TQM), 36
total soluble protein (nitrogen)
(TSN), 48
training, of employees, 12, 36, 39, 67
cost of, 46
turbidity
quantification of, 63
of water, 55

U.S. Department of Agriculture, 41,
42

viability, of yeast, 59, 62

vicinal diketones, 56, 62, 64

viscosity, of wort, 51

volatile compounds, suppression of,
62

warehousing, 63
water
analysis of, 30, 49
quality monitoring, 54—56
sensory testing of, 55-56
suppliers of, 5455
water temperature, in mashing, 60
wheat, as adjunct, 54
whirlpools
effect on dimethyl sulfide content,
37
quality program for, 61
White, Harry, 34
wort
clarity, 62
coolants in, 39
properties of, 60
sensory testing of, 56
spoilage bacteria in, 38
strength, 62
total soluble protein (nitrogen)
(TSN), 48
viscosity, 51

yeast
age, 59
premature flocculation factor, 51
viability, 59, 62
wild, 59

yeast count
with Aber biomass probe, 30
viable, 62

Youden plots, 24-26, 32

Youden, William, 24



