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β-D-Glucopyranose D-Glucose,
aldose form

α-D-Glucopyranose

(4.1)
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Fructose; β-D-
fructofuranose
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H
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(4.2)

Sucrose; α-D-glucopyranosyl-(1→2)-
β-D-fructofuranoside

(4.3)
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Maltose; α-D-glucopyranosyl-(1→4)-
D-glucopyranose
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Maltotriose (n = 1); maltotetraose (n = 2); maltopentaose (n = 3)
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(4.9)

Galactose; α-D-
galactopyranose
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Mannose; α-D-
manmopyramose

(4.8)
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Arabinose; α-L-
arabinofuranose
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Laminaribiose; β-D-glucopyranosyl-(1→3)-
D-glucopyranose

(4.19)
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Cellobiose; β-D-glucopyranosyl-(1→4)-
D-glucopyranose

(4.18)
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Kestose (6-kestose); α-D-glucopyranosyl-(1→2)-β-D-
fructofuranosyl-(6→2)-β-D-fructofuranoside

(4.20)
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iso-Kestose (1-kestose); α-D-glucopyranosyl-(1→2)-β-D-
fructofuranosyl-(1→2)-β-D-fructofuranoside

(4.21)
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Lysophosphatidylcholine

R1·CO- is a fatty acid residue

H2·C·O·CO·R1

O–

HO·C·H O

H2C·O·P·O·CH2·CH2·N(CH3)3

+

Bifurcose, the basic unit of the two series of fructosans.
Extended in direction A, with β (2→1)-linked fructofuranose
units; kritesin (inulin-type) fructosans. Extended in direction
B with β (2→6)-linked fructofuranose units: hordeacin (phlein type)

(4.22)
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Phosphorylase

β-Amylase

α-Glucosidase

α-Amylase

Debranching enzyme (limit dextrinase; R-enzyme)

Transglucosylase reactions
(These may be catalysed by various enzymes, as ‘side reactions’)

G–G–G–G–G–… + Pi G–1–P + G–G–G–G–…

Non-reducing
chain end

Inorganic
phosphate

Glucose-1-
phosphate

Shortened
chain

Non-reducing
chain end

Maltose Shortened
chain end

G–G–G–G–(G)N–G… + H2O G–G* + G–G–(G)N–G…

Maltose Maltotriose Glucose Glucose Maltose

G*        or         G–G*

Isomaltose
Dextrins, etc.

G* + G*     or     G*      +      G–G*

Glucose Glucose MaltoseG

G–G*     or   G–G–G* + H2O or G* + GG*

G

+ H2O

Branched and unbranched chains Mixture of sugars,
oligosaccharides and dextrins

G–G–G–G–(G)N –G–G–G–G–(G)M –G* + H2O

G–G–G–G–G–G

G*, G–G*, G–G–G*
G–G–G–G–G–G–G–G*

G–G–G–G

G–G–G–G–G–G–G–G–G–G* + H2O G–G–G–G–G–G–G–G–G–G*

G–G–G–G

Amylopectin; branched dextrins

G–G–G–G–G*

Amylose; products without
α(1→6)branch-points

G–G–G–G–G–G–G–G–(G)N –G–G–G* G–G–G–G–G–G–G–G–G–G*

G–G–G–G–G–G–G

AmylopectinAmylose

G*

G
IsomaltoseG–G*

Maltose

Glucose + various products
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Generalized amino acid

Generalized dipeptide

Generalized tripeptide

Generalized protein

R1–CH–COOH

NH2

R1–CH–CO–NH–CH–COOH

NH2 R2

R3–CH–CO –NH–CH–CO ·NH·CH–COOH

NH2 R4 R5

R6 R7 R8Rvarious( )NH2–CH–CO –  NH–CH–CO  –NH–CH–CO–NH–CH–COOH
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NH2·CO·CH2·CH(NH2)·COOH

CH3·CH(NH2)·COOH

α-Alanine*

NH2·CH2·CH2·COOH

HOOC·(CH2)2·CH(NH2)·COOH

β-Alanine

NH2·(CH2)3·COOH

HOOC·CH2·CH(NH2)·COOH

HS·CH2·CH(NH2)·COOH

HOOC·(CH2)2·CH(NH2)·COOH

NH2·CO(CH2)2·CH(NH2)·COOH

NH2·CH2·COOH

NH2·(CH2)4·CH(NH2)·COOH

CH3·S·(CH2)2·CH(NH2)·COOH

HO·CH2·CH(NH2)·COOH

CH3·CH(OH)·CH(NH2)·COOH

α-Aminoadipic acid

γ-Aminobutyric acid

Arginine*

Aspartic acid*

Asparagine*

Cysteine*

Cystine*

Glutamic acid*

Glutamine*

Glycine*

Isoleucine*

Leucine*

Lysine*

Methionine*

Phenylalanine*

Serine*

Threonine*

Tryptophan*

Tyrosine*

Valine** Occurs in proteins.

NH2

HN
C·NH·(CH2)2·CH(NH2)·COOH

S·CH2·CH(NH2)·COOH

S·CH2·CH(NH2)·COOH

Hydroxyproline*

HO

COOH
N
H

Histidine*

CH2·CH(NH2)·COOH

NHN

CH3

CH3

CH·CH2·CH(NH2)·COOH

CH2·CH(NH2)·COOH

COOH

Proline*

N
H

Pipecolinic acid
   (= piperidine-
    2-carboxylic acid)

COOH
N
H

CH3·CH2

CH3

CH·CH(NH2)·COOH

CH3

CH3

CH·CH(NH2)·COOH

HO CH2·CH(NH2)·COOH

CH2·CH(NH2)·COOH

N
H

(4.24)

(4.25)

(4.26)

(4.27)

(4.28)

(4.29)

(4.30)

(4.31)

(4.32)

(4.33)

(4.34)

(4.35)

(4.36)

(4.37)

(4.38)

(4.39)

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)

(4.45)

(4.46)

(4.47)

(4.48)

(4.49)
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OH

H

HO·CH2

H
H

OH H

O

H *

Deoxyribose; β-D-
deoxyribofuranose

(4.52)

Deoxyribonucleic acid, DNA
(x = H, Major bases, B: Adenine, guanine, cytosine, thymine)
Ribonucleic acid, RNA
(x = OH, Major bases, B; Adenine, guanine, cytosine, uracil)

OH

B

H

H2C–O·· ·

H
H

x O

O

H2C–O– P     OB

H
H

H

x O

O

H2C–O– P     OB

H
H

H

x O

O

H2C–O– P     O

OH

OH

H

H

(4.50)

(4.51)

(4.53)
Adenosine triphosphate ATP

CH2·O·P·O·P·O·P·O–
O

H H
H

OHOH

H

CH

NH2

C
N N

HC
N

O O O

O–O–O–

C

C N

(4.54)

NH2

O CH2·O·P·O·P·OCH2 O

H H
H

OHOH

H

+
N

CO·NH3

H H
H

OHO·R

H

O O

O– O–

N

N
CH

C

C

N
C

N
HC

Nicotinamide adenine.
dinucleotide, NAD+

R = H
NADP+, R = phosphate

CH2OH

H

O

H

HO

OH

H OH

H

O·P·O·P·O·CH2

N

O

H H
H

OHOH

H

H·N

O

O

(4.55) Uridine diphosphate
glucose, UDPG
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(4.64)

Methylamine

CH3·NH2

Ethylamine

(4.65)

CH3·CH2·NH2

Tyramine

(4.68)

HO CH2·CH2·NH2

Hordenine; di-N-methyl tyramine

(4.83)

CH2·CH2·N(CH3)2HO

Candicine; tri-N-methyl tyramine

(4.84)

HO

OH–

CH2·CH2·N(CH3)3

+

NDMA; N-Nitroso-dimethylamine

(4.85)

Urethane (ethyl carbamate)

(4.87)

NH2·COO·C2H5

Histamine

(4.69)

CH2·CH2·NH2

NHN

Pyrrolidine

(4.71)

N
H

Tryptamine

(4.70)

CH2·CH2·NH3

N
H

Ornithine

(4.73)

NH2·(CH2)3·CH(NH2)·COOH

Putrescine

(4.74)

NH2·(CH2)4·NH2

Cadaverine

(4.75)

NH2·(CH2)5·NH2

Spermine

(4.76)

NH2·(CH2)3·NH·(CH2)4·NH·(CH2)3·NH2

Dimethylamine

(4.78)

(CH3)2·NH

Spermidine

(4.77)

NH2·(CH2)3·NH·(CH2)4·NH2

Phenylethylamine

(4.67)

CH2·CH2·NH2

p-Hydroxybenzylamine

(4.80)

HO CH2·NH2

Gramine

(4.81)

CH2·N(CH3)2

N
H

Isobutylamine

(4.66)

(CH3)2CH·CH2·NH2

Agmatine

(4.72)

NH2·(CH2)4NH·C
NH

NH2

Dhurrin

(4.88)

CN

O C OH

HCH2OH

H

H OH

HOH
H

O

OHHO

(4.86)

epi-Heterodendrin

H

O C CN

CH(CH3)2
CH2OH

H

H OH

HOH
H

O

HHO

(4.82)

N-Methyltyramine

HO CH2·CH2·NH·CH3

Trimethylamine

(4.79)

(CH3)3N

N·NO
CH3

CH3
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(4.95) (4.96)

Ascorbic acid

O

CH2·OH

CH·OH

OH OH

O

(4.92)

Riboflavine, vitamin B2

CH2OH

H3C

CH2

(CHOH)3

H3C

O

O

N N

N
NH

myo-inositol

(4.91)

OHOH

H

HO

H OH

H

OH

HOH
H H

Nicotinic acid (R = OH)
Nicotinamide (R = NH2)

(4.90)

CO·R

N

Folic acid

(4.89)

H2N

OH

N

N
CH2·NH CO·NH·CH·CH2·CH2·COOH

COOH

Pteridine p-Aminobenzoic
acid residue

Glutamic acid residue

Pteroic acid

N

N

(4.93)

Flavin mononucleotide;
FMN or riboflavin phosphate

CH3

O

O CH3

CH2

H·C·OH

H·C·OH

H·C·OH

CH2OPO3
2–

N

N

N

H·N

(4.94)

Flavin adenine dinucleotide, FAD

H
H H

OH OH

NH2

O
N

N N

NCH2

O

O

O–O P

CH2

O

–O P O

CH2

H·C·OH

H·C·OH

H·C·OH

CH3

O

O CH3N

N

N

H·N

(4.97)

Dehydroascorbic acid

O O

CH2·OH

CH·OHO O

(4.98)

Biotin

S

O

(CH2)4·COOH

N·HH·N

(4.99)

β-alanine residue

Pantothenic acid

HO·CH2·C·CHOH·CO·NH·CH2·CH2·COOH

CH3

CH3

(4.100)

Pyridoxin (R = CH3OH)
Pyridoxal (R = CHO)
Pyridoxamine (R = CH2·NH2)

R

HO

H3C

CH2OH

N

(4.101)

Choline

OH

(CH3)3·N·CH2·CH2·OH

–

Vitamin B1 (Thiamin, Aneurine)

H3C
CH2·CH2·OH

NH3 Cl

CH2

Cl

N

N

CH3

S

N
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Triglyceride (triacylglycerol)
(R·CO·OH = fatty acid)

H2·C ·O·CO·R1

H2·C·O·CO·R3

R2·CO·O·C·H

1-Monoglyceride
(monoacylglycerol)

H2·C·O·CO·R

HO·OH

H2·C ·OH

1,2-Diglyceride
(diacylglycerol)

1,3-Diglyceride
(diacylglycerol)

H2·CO ·CO·R1

H2CO·CO·R2

HO·CH

CH3

HO

CH3

CH3

CH3

CH3

β-sitosterol

CH3

H2·C ·O·CO·R1

H2·C·OH

R2·CO·O·C·H

(4.102) (4.103) (4.104) (4.105)

(4.106)

Common fatty acids
CH3·(CH2)12·COOH Myristic acid (14:0)
CH3·(CH2)14·COOH Palmitic acid (16:0)
CH3·(CH2)5·CH==CH·(CH2)7·COOH Palmitoleic acid (16:1)
CH3·(CH2)16·COOH Stearic acid (18:0)
CH3·(CH2)7·CH==CH·(CH2)7·COOH Oleic acid (18:1)
CH3·(CH2)4·CH==CH·CH2·CH==CH·(CH2)7·COOH Linoleic acid (18:2)
CH3·CH2·CH==CH·CH2·CH==CH·CH2·CH==CH·(CH2)7·COOH Linolenic acid (18:3)

(4.107)
(4.108)
(4.109)
(4.110)
(4.111)
(4.112)
(4.113)
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Phosphatidyl inositol

Mono-β-D-galactosyl
diglyceride

Digalactosyl diglyceride

CH2

CH·O·CO·R1

CH2·O·CO·R2

H

CH2OH

HO
H
OH

H OH

H

O
H

O

CH2

H

CH2OH

OH
H
OH

H OH

H
OH

O

CH2

CH·O·CO·R1

CH2·O·CO·R2

H

HO

OH

H OH

H

O
H

O

Phosphatidic acid Phosphatidylglycerol

H2C·O·CO·R1

R2·CO·O·CH

H2C·O·  P

H2C·O·CO·R1

R2·CO·O·CH O

H2C·O·P·O·CH2

O– H·C·OH

CH2OH

Phosphatidylcholine (lecithin) Diphosphatidylglycerol (cardiolipin)

H2C·O·CO·R1

R2·CO·O·CH

H2C·O·P·O·CH2

O

O– H·C·OH

R4·CO·O·CH2

CH2·O·P·O·CH2

O

O–

H·C·O·CO·R3

H2C·O·CO·R1

R2·CO·O·CH O

O–

H2C·O·P·O·CH2·CH2·N(CH3)3

+

Phosphatidylethanolamine (cephalin) Phosphatidylserine (cephalin)

H2C·O·CO·R1

R2·CO·O·CH O

O–

H2CO·P·O·CH2·CH2·NH2

O–

H2C·O·CO·R1

R2·CO·O·CH O

H2·C·O·P·O·CH2·CH·COOH

NH2

O

O–
CH·O·CO·R1

CH2·O·CO·R2

H

OH

H
H
OH

H OH

HO
H

OH

O P     O     CH2

(4.114)

(4.115)

(4.116) (4.117)

(4.118)

(4.119)

(4.120)
(4.121)

(4.122)
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Glycerides, glycolipids, phospholipids

H2O Lipases, hydrolases

Many products, including

Linoleic acid (18:2)

O

OH
Linolenic acid (18:3)

Oxidations
Lipoxidases, LOX

O2

OOH

OOH

O

OH

OOH

OOH

Hydroperoxydi- and triene acids (various isomers)

Cyclic
acids

Aldehydes
Aldehyde acids

Epoxy-hydroxyene
fatty acids

HydraseH2O

Trihydroxy unsaturated
fatty acids

α- and γ-Ketol
fatty acids

Chain cleavage
Hydroperoxide

lyase

O

OH

O

OH

Isomerase Cyclase Isomerase

O

OH

OH

O

(4.123)

(4.112) (4.113)
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Benzoic acid series

R1

COOHHO

R2

Cinnamic acid series

CH == CH·COOH

R1

HO

R2

p -Hydroxybenzoic acid
(R1 = R2 = H)

p -Coumaric acid
(R1 = R2 = H)

Gallic acid
(R1 = R2 = OH)

Protocatechuic acid
(R1 = OH, R2 = H)

Caffeic acid
(R1 = OH, R2 = H)

Vanillic acid
(R1 = OCH3, R2 = H)

Ferulic acid
(R1 = OCH3, R2 = H)

Syringic acid
(R1 = R2 = OCH3)

Sinapic acid
(R1 = R2 = OCH3)

HO COOH

HO OHO·CO·CH == CH

OH

OH

OH

OCH3

CH == CH2

(4.133)  Chlorogenic acid
(3-Caffeoylquinic acid)

(4.124)

(4.125)

(4.126)

(4.127)

(4.128)

(4.129)

(4.130)

(4.131)

(4.132)

(4.134)  Vinyl guaiacol
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Barley procyanidin B3

(Catechin – catechin)

Prodelphinidin B3

(gallocatechin – catechin) OH

OH

OH

OH

OH

O
HO

OH

HO

OH

O OH

OH

OH

OH

OH

OH

OH

O

OH

OH

OH

HO

O

OH

OH

OH

OH

HO

R1

R2O

Cl

OH
OH

OH

OH

O

OH

HO

(+) Gallocatechin

OH

HO O

OH

OH

OH

OH (+) Catechin

HO O

OH

OH

OH

OH
(–) Epicatechin

OH

OHO
HO

OH
HO

OH
O

OH

OH

OH

OH
OH

OH

OH

O
HO

OH
Epigallocatechin

(R1 = R2 = OH) Delphinidin chloride (4.135)

(R1 = H,  R2 = OH) Cyanidin chloride (4.136)

(R1 = R2 = H) Pelargonidin chloride (4.137)

Sorghum
Procyanidin B1

(epicatechin – catechin)

Anthocyanin pigments

(4.138)
(4.139)

(4.140)

(4.142)

(4.143)

(4.144)

(4.141)
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A-prodelphinidin pentamer

(4.145)
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(4.146)

(4.147)

(4.148)

(4.149)

(4.150)

(4.151)

(4.152)

(4.153)

Citric acid

(4.154)

(4.155)

CH3·CO·COOH

Pyruvic acid

HOOC·(CH2)2·CO·COOH

α-Ketoglutaric acid

Succinic acid

CH2·COOH

CH2·COOH

Oxalic acid

Malic acid

HO·CH·COOH

CH2·COOH

Fumaric acid

HOOC H
C

C
H COOH

O

Kojic acid

HO

CH2OHO

CH3·CH(OH)·COOH

Lactic acid

D-Gluconic acid

COOH

H·C·OH

HO·C·H

H·C·OH

H·C·OH

CH2OH
COOH

COOH

CH2·COOH

CH2·COOH

HO·C·COOH
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Phytic acid, myo-inositol hexaphosphate
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Oxidation Reduction

Dimethyl sulphoxide (DMSO)
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Vapour vent

Vorlauf* line

Vorlauf*
pump

Grant

Sewer line Wort to kettle

Strainmaster
Mash-transfer

pump

Mash
Sparge water pump

Sparge water
Spent-grain gates

Spent grain to spent-grain receiving tank

Five wort pumps

Five wort draw-off lines

* Vorlauf = first wort (re-circulation)
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	 �� �	�	� ��
	�� �� ������0	 ����	� �
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Filter cloth
covering grid

Hollow
frame

(a)

Air
channel

Wort
channel

Grid

Top sparge
channel

Bottom
sparge channel

(b)

Channel for
mash entry

Hollow frame
(c)

Mash entrySparge

Hollow
frame

Cloth-covered
grid

Bottom sparge in
Spargings out

(d) (e)

Wort
Spargings
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(8.104)  nerolidol (8.105)  farnesyl pyrophosphate

(8.106)  β-Farnesene (8.107) (8.108)  α-Selinene

(8.109) (8.110)  β-Selinene (8.111)  humulene

(8.112)  germacrene B (8.113)  germacrene D (8.114)  bicyclogermacrene

(8.115)  selina-3,7(11)-diene (8.116)  selina-4(15),7(11)-diene
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(8.113) germacrene D

(8.117)  α-Muurolene (8.118)  δ-Cadinene (8.119)  copaene

(8.120)  γ-Muurolene (8.121)  γ-Cadinene (8.122)  α-Cadinene

(8.123)  δ-Cadinol (8.124)  α-Cadinol (8.125)  T -Cadinol
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(8.114)  bicyclogermacrene

(8.126)
 viridiflorene

(8.127)
 alloaromadendrene

(8.128)
 aromadendrene

(8.129)
 α-Gurjunene

(8.130)  alloaromadendrene epoxide (8.131)  aromadendrene epoxide

(8.132)  ledol (8.133)  viridiflorol (8.134)  globulol (8.135)  epiglobulol

+

+

#�"� ���� %��7�	������
	�� ��
� ?	
�
�
�����
�����

� 1�� 
���	���� 
� �
� 

���	������ /#�



	� 	� ����� D� ������
�� ����
���	� �
 �	&� �� ����� �	9 ��
��
�� !)�	�(�� ��� N���" �##A$�

%	�	�����" 
���
���0�0
� !�����$" 
���	��� �� �
	� ��������� 
� 
���
��������" ��� ����

�
��� 	� ���� �� �
�� -
����� ��� �
� 
������

*������� !�����$ !�	�� ��//$ 
�� �
�� ����� �
�
0��
9	��� !�����$" !�����$ ���

!�����$� ;� ����� �������� ��
9	�� D !�����$ 	� �
�� ���	����� �
 ����
���	� ��� �
��

�	���� �
 �� �
��� 	� ����� *������� ��
9	�� DD !�����$ ��� �������� ��
9	�� DDD !�����$


�� �� 	����

�&����� ��� ����
���	� 
� �	���� �	&�� � �	9���� 
� �� ����� 3� ��
��
��4

�����
� !�����$ ��� �������
� DD !���� $ ����
�	���� 	� ����� '���
��� 
��� ���
�� 
�

�������� �	��
9	��� ��� �
��� 	� ����� �
�� ��� ��
��� 	�
������ ���	�� ��
�����

1��
���	
���� ����� ��� �	9 ��	�� 
� �����	
���� 
� �������� �	��
9	�� ��� 
��� �	&� -���

�
���� �� ��������� 
� �������� -	�� �0
��
�
������(
	
 �
	�B �������� �	��
9	���

'0> !�����$�����$� *������� �	��
9	�� ' 	� ��� �
�� �������� 	�
��� ��� �	&�� �� �����

��� ��
��
�� 
� ����
���	�� 1���� 	� 

��	������� �&	���
� ���� ���7�	������� 
9	���	
�

��
��
��" ���L
� ����
���	� ��
��
�� �������
�" 

���	���� �
 ��� �
��� ��
�� 
� ����

����
��� ��� �
���� 

��
���!�$ ����
��	��� ��&� �
� ���� 	����	�	��� �������" ����

����� ���-��� ������ ��� ��
�� ��
��
�� �� ��� ����	�	
��� >��
���� &��	��	�� ��
� ��

*���������� �	�������P�" *������
��� ��� 1������� � ��� �
0
����� +�
���, ��
�� � �����	
�

�
 ���� ��
��
�� �� 
���� &��	��	��� 1���� �
�� ��
��
� �	�� ��&��� 
� ���7�	�������


9	���	
� ��
��
�� ��� �
�� ���-��� ��
�� ���	� +��
��, �
�� �
� � ���	
� �
 ��
	�	����

��	� 
9	���	
�� *������	���
�� !�����$ ��� ���� �
��� 	� ���� ��� ���

	���� -	�� �

�
��� ��
�� !%�	��(� 
� ���" �#�A$� D� 	� �
� � 

��
� 
9	���	
� ��
��
� 
� ��������

��� 	� ��� �� �
���� ��
� �������
� DD�

1�� �	�
� ���7�	�������� -	�� ���
� -	�� 
9���� 	� � �	�	��� ������� �0%��	����

!�����" �	�� ��/3$ 
�� �
�� �-
 �
�
��
9	��� ��� 
��� 
�� !�����$ ��� ���� �
��� 	�

�
� 
	� �
������ -	�� ��� ������� ����	��� ��

�
�" ���	�0��0��0A0
� !�����$� F���
�	
� 
�

��� 
���� ��
9	�� !�����$ -
��� �	&� �0������
� !�����$ -�	
� -	�� �0 !�����$ ��� 
0
������
� !�����$ 	� �
��� 	� �
� 
	�� D� � �	�	��� ������ ���	��03" �!��$0�	��� !�����$

��� ���	��0A!��$"�!��$0�	��� !�����$ -
��� �	&� 5��	��� 
����
� !�����$ �
��� 	� �
�


	�� '���
�
�� ���
�	
�� 	� ��� 
��	���� ���	�� !�	�� ���#$ ���� �
 �0 !�����$" 
0 !�����$

��� �0
��	�
� !�����$ ���
 �
��� 	� �
� 
	� ��� ����� 1�� ��	
�
�	
 ���7�	�������� �
���

	� *������
��� ���P� �
�� !�	�� ��/�$ 
�� ���
 �
�� ��
9	���� F���
�	
� 
�

���
��
���������� ��
9	�� !�����$ �	&�� ���
� !�����$ ��� &	�	�	��
�
� !�����$ -�	��

��
���������� ��
9	�� !�����$ �	&�� ��
�
� !�����$ ��� ��	��
�
� !�����$� 1��
�� 
�

����� 

��
���� ��
����� 


�� 	� ����� ���-�� -	�� ����� �
���

<��	
�� 
9���� �����

�
�	
 

��
���� �
��� 	� �
� 
	� ��� ���� ��� ��
-� 	� �	��

��/A� �
��
���� !�����$�����$ -��� �	��� 
����
���	(�� 	� Q������� �
�� ��� ����� �
���

	� .����� %������ �
�� -���� ��� 

�
������	
� -�� �
��� �
 	�
����� 
� ��
����� 1���

��� ���
���� �
 

���	���� � ��
-��� �
�� �
 �
� ��
��� <��	
�� ������ ��
� �� �" �0

H H
H

H H H
HO

(8.136)  caryophyllene (8.137)  caryophyllene epoxide (8.138)  caryolan-1-ol
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(8.111)
 humulene

(8.139)
 humuleme epoxide I

(8.140)
 humulene epoxide II

(8.141)
humulene epoxide III

(8.142)
humulene diepoxide A

(8.143)
humulene diepoxide B

(8.144)
humulene diepoxide C

(8.145)
 humulene diepoxide D & E

(8.146)
humulol

(8.147)
humulenol II

(8.148)
humuladienone
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CH3·(CH2)4 ·CH

O

CH·CH CH·CHO

(8.171)  trans-4,5-epoxy-(E )-2-decenal

CH3·(CH2)4 ·CH

O

C CH·CH2·CH·(CH2)7 ·CO2R

OOH

(8.170) 12,13-epoxy-9-hydroperoxy-11-octadecenoate
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(9.36)  Pyrrolidine (9.37)  1-Pyrroline (9.38)  2-Acetyl-1-pyrroline

(9.39)  1-Acetonyl-2-pyrroline

(9.40)  2-Acetyl-1,4,5,6-
tetrahydropyridine

(9.41)  2-Acetyl-3,4,5,6-
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(9.42) 2-Acetylpyridine
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(b)
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Clarified
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out

Solid
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��� ��� ����� ���� �/����,��� ���������, ��� �������� �� ���
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�� �� ��� ���
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��������
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���
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(b)

Water out (68°C) Water in (16°C) Glycol out Glycol in
(–1°C)

Cool wort
out (10°C)

Hot wort
in (93°C)

Frame supporting plates
and holding them together
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Alanine (4.24)
Threonine (4.46)

Glycine (4.35)
Serine (4.45)

Cysteine (4.31)

Pyruvate

Glutamate (4.33)

2-Oxoglutarate

Succinyl-CoA

Fumarate

Oxaloacetate

Citrate

Acetyl-CoAAcetoacetyl-CoA

Arginine (4.28)
Histidine (4.36)

Glutamine (4.34)
Proline (4.44)

Isoleucine
(4.38)

Methionine
(4.41)
Valine
(4.49)

Phenylalanine
(4.43)

Tyrosine
(4.48)

Aspartate (4.29)
Asparagine (4.30)

Leucine (4.39)
Trytophan (4.47)
Isoleucine (4.38)

Phenylalanine
(4.43)

Tyrosine (4.48)
Lysine (4.40)
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Slope culture

10 ml YEPG

100 ml YEPG

2l YEPG

20l sterile wort

Brewery seed vessel

Wash all growth off slope
with sterile YEPG medium

Static incubation
for 24h at 20°C

Incubate on flask shaker
for three days at 25°C

Incubate for three days
at 25°C with continuous
agitation and aeration

Incubate for three days
at 25°C with continuous
agitation and aeration
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Sterile
gas filters

Sterile wrapped
connection for
addition of inoculum

Exhaust gas outlet/
transporter gas inlet

Aeration inlet attached
to stainless steel candle

Ports in head plate fitted
with sterile seals

Magnetic follower

Magnetic stirrer

Sterile wrapped
connection to

brewery seed vessel

Top plate clamped to
flask body via sterilizable

silicone rubber O-ring

Stainless
steel flask
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1. Acetaldehyde
2. Dimethyl sulphide
3. Acetone
4. Ethyl acetate
5. Methanol
6. Isobutyl acetate
7. Ethyl butyrate
8. n-Propanol
9. Isobutanol

10. Isoamyl acetate
11. Internal standard
12. Isopentanols
13. Ethyl hexanoate
14. Ethyl octanoate
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Comparison of haze scales
It must be stressed again that no exact equivalence must be expected between different
haze scales or between visual observations made in different laboratories. However, a rough
comparison between haze scales can be made with the help of this nomogram and with the
relationship:

1 EBC Formazin Haze Unit = 40 Helm units = 69 ASBC Formazin units
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[Polyphenol] = [Protein]

[Polyphenol] << [Protein]

[Polyphenol] >> [Protein]

Polyphenol molecule

Protein molecule with fixed
number of polyphenol binding
sites (i.e. haze-active)
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Chemical stimulus

activates GTP-binding protein
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Directional Difference Test

Name  ______________________ Date  __________________
day/month/year

Object of Test  _______________________________________
Test Criterion  _______________________________________

Test Pairs Which sample is more  __________________?

Sample No. Sample No.
_________ _________ __________________
_________ _________ __________________
_________ _________ __________________

Comments

Paired Preference Test

Name  ______________________ Date  __________________
day/month/year

Object of Test  _______________________________________
Test Criterion  _______________________________________

Test Pairs Which sample is more  __________________?

Sample No. Sample No.
_________ _________ __________________
_________ _________ __________________
_________ _________ __________________

Comments

�
�� ����� -������� �����	 ��	�� ��	 ��� ��	�������� �����	���� ���� ��� ��� ���	�� �	���	����
���� !������	
���
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One-sided test

Question: which sample has
the stronger intensity of the
charcteristics studied?

Count the number of replies
choosing the sample of interest.

Conclude that this stronger
intensity is significantly
apparent if the number of
positive replies is greater than
or equal to the number shown
in Table 20.6.

Question: Which sample do
you prefer?

Count the number of replies
choosing the sample of interest.

Conclude that there is a prefer-
ence for the sample of interest
if the number of positive replies
is greater than or equal to the
number shown in Table 20.6.

Two-sided test

Question: which sample has
the stronger intensity of the
charcteristics studied?

Count the number of replies
citing one of the two samples
the more frequently.

Conclude that the intensity for
this sample is significantly
stronger than for the other if
the number obtained is greater
than or equal to that shown in
Table 20.7.

Question: Which sample do
you prefer?

Count the number of replies
citing one of the two samples
the more frequently.

Conclude that this sample is
significantly preferred to the
other if the number obtained
is greater than or equal to that
shown in Table 20.7.

D
ir

ec
tio

na
l d

if
fe

re
nc

e 
te

st
Pa

ir
ed

 p
re

fe
re

nc
e 

te
st

�
�� ����� ��������� ��� ����	�	�������� �� ��� ��	�������� �����	���� ���� ��� ��� ���	��
�	���	���� ���� !������	
���
�&�

+% (��	 ������	 ��� �����	� ���������� 3;3



�������	� �	� ��	�� �	������� ���� ��� ���������� 	���	���� ������� ���� �� �������� 
� ���

����� �������� ��� �� ����� �� ��������� �� ��� 	���	���� ������� ��� �������	 �� ����� ��

�������� ��� ��� ������ ��� �������� ��� ��	� A��� +%�#7 ��� ��� 	������ �	� ����	�	����


� 	���	���� �� ��
�� +%�$�

��� �����	����� �� ��� ��	������ �� ����� ��
������� �� ��� ��		��� ��� 	�������� 
��

�� 	�
��	�� ���� � ��� ��
������ �� ����� ����� ��� �	 ��� ��� ��������� ��� ������	 ��


��	� ��� ����	������� ������ ���� �� ����� �� ������������� �� ��� ��	��� ������

�� �� ���" 6��<����� ���� !1 N %�7% ���� � 	������&

*��
�	 ��
	������

 ������ ���
�	 �� �������� 	������ ��	 ������������ ����� �� � 

%�%7 %�%# %�%%#

3
E
$
#%
##
#+
#;
#B
#7
#,
#3
#E
#$
+%
+#
++
+;
+B
+7
;%
;7
B%
B7
7%
,%
3%
E%
$%
#%%

3 3 @
3 E @
E $ @
$ #% #%
$ #% ##
#% ## #+
#% #+ #;
## #+ #;
#+ #; #B
#+ #B #7
#; #B #,
#; #7 #,
#B #7 #3
#7 #, #E
#7 #3 #E
#, #3 #$
#, #E +%
#3 #$ +%
#E #$ +#
+% ++ +B
+; +7 +3
+, +E ;#
+$ ;# ;B
;+ ;B ;3
;3 B% B;
B; B, B$
BE 7# 77
7B 73 ,#
7$ ,; ,,

��� ������ ����� �� ��� ��
��� ��	� ���������� �	�� ��� ����� ��	���� 
������� ��� ��	 ��	�����	 1 N %�7% ����
� 	���������� !	������&�
���� ��� ���
�	 �� 	������ �� �����	 ���� #%% ��� ��� ��������� ��	���� 
���� �� ��� ���	��������� �� ���

������� ��� 
� ��� ��	��� ��� ����� ����� ��� ������ ������� ���
�	 �� ����������� �� 
� �
������ ���� �
������� �		�	 �
��� �� �� ���� ��� �����  ������ ���
�	 �� 	������5 ���	��� ����� ����� �� !� F #&?+ F �

��
�

�� ����� � �� ������ �	�� ��� ��
�� 
�����

>���� �� ������������ =

� 
 6��<����� ���<�����

%�%7 %�E+ %�$E
%�%# #�#, #�+$
%�%%# #�77 #�,7

��
��� ��	 ����������� ����	 ������������ ������ ��� 
� ����� �� G������	 �� ��� !#$3E& ��� A�	������ �� ���

3;E (	�����5 ������� ��� �	������



������������ �� ��� ��������� ������ �� ������ ����� -������ �	 ��	� �������	� 	������ ���

���� �� ��	�� 
��	� ���� ���������� �� ��� ����	��� ��� ��� ���� ������� ���� �������

���	���� �� �������	����� 
� � �������� �����	� ������� +�%� 0� ���	������� ��	������ !��&

��� 
� ����	����� ��	�� ����� ���� �� ��� �������	� ��� ���	������ ��� �������	����� 
� �

�� �� ���� ���<����� ����K !1 N %�7% ���� � 	������&

*��
�	 �� 	������  ������ ���
�	 �� �������� 	������ ��	 ������������ ����� �� � 

%�%7 %�%# %�%%#

3 3 @ @
E E E @
$ E $ @
#% $ #% @
## #% ## ##
#+ #% ## #+
#; ## #+ #;
#B #+ #; #B
#7 #+ #; #B
#, #; #B #7
#3 #; #7 #,
#E #B #7 #3
#$ #7 #, #3
+% #7 #3 #E
+# #, #E #$
++ #3 #E #$
+; #3 #$ +%
+B #E #$ +#
+7 #E +% +#
;% +# +; +7
;7 +B +, +E
B% +3 +$ ;#
B7 ;% ;+ ;B
7% ;; ;7 ;3
,% ;$ B# BB
3% BB B3 7%
E% 7% 7+ 7,
$% 77 7E ,#
#%% ,# ,B ,3

KG���	 �� ��������� �� ��
�� +%�, !�	�� ������	
���
� !#$$E&&�

Name ____________________ Date ___________________
day/month/year

Product submitted to test ______________________________

Problem: 3 samples are presented to you; circle the number of
that which is different from the other 2.

Set of 3 samples

Comments
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Name ____________________ Date ___________________
day/month/year

Product submitted to test ______________________________

Problem: The sample on the left is a control. Of the other 2
samples, one is the same as the control and the other is different.
Indicate the different sample.

Set of 3 samples

Comments
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Ascending method of limits

Date ____________________  Assessor __________________

You have received 6 sets of beer samples. Each set is a triangle
consisting of 2 identical controls and 1 test sample containing an
added substance. Concentrations of the added substances increase
from left to right. Please locate as many as you can on the test
samples, indicating their position with a check mark in the
corresponding box in each column. Avoid sensory fatigue: locate
strong samples by smell or by taking very small sips, conserving
your discriminatory power for those sets of 3 beers near your
threshold. Review your results with a test supervisor.
Triangle no.: 1 2 3 4 5 6

Describe the flavour of the added substance _________________
____________________________________________________
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Scale C

A 15 cm line with decriptive terms 1.5 cm from each end

Scale A

or
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not
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recognizable

2
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3
moderate

4
strong

5
very
strong

0 1 2 3 4 5 6 78 9

Scale B

weak 0 0 0 0 0 0 0 strong

weak strong
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Aroma Flavour After
palate

(i) Lager beer

(ii) Pale ale

(iii) Draught bitter
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A�	 ���� ���	�
��� ��� ���	��� 	����� �� ���������� ��� ��� 	������ �	������� �����	 �� �

��
�� �	 �� � ������	��� ��	 ������� �� �� A��� +%�#E� 0� ����	������ �� � �����	 ��
 ����

!A��� +%�#$& ���	� ���� ���	�� �	� ����� �� ��� �������� �	�� ��� ����	�� ��� 	������

���� �� ���� �� ����� � ��	��� �� ���� ������� !������� �	�� ; �� ,& �� 	��� �	��	 ����	����

�� � ����� ���	����	����� !�	���	���&� ��� �	���	��� ��� 
� ��� ��������� �� � ������ �����	�

���	�
���� �	 � �	��� �� 	������ ���	�
����� �	 � ����� ���	������� ��� ���� �� ����������

�����
�� �� ����� ���������� ���	� ����� ��������� �	� ��� ���������� ��� �� �� ����������

�� 	��� � ��	��� �� ������� ����	���� �� �	���	���� �	 ���� ����	 �	���	��� 0������	� !�&

	������ ��� ���� ������� !�& �������������� �� 	����� �	��	 ��� 	��� ���� ����	���� ��

��� ��������� �	���	���� ��� 	��� ���� !G& �	� ���������� ��� ��������� ������������� ����

��� ��� �� A	�������� ����� -������� �����	 ��	�� �	� ����� �� A��� +%�+% ��� +%�+#� .�

�	���	���� ������ �������	� �	� ����	����� �� ������ 	��� # �� ��� �	���		�� ������� 	��� +

�� ��� ���� �	���		��� ���� A�	 ��������� ������ �������	� �	� ����	����� �� ������ 	��� # ��

Brand 1

Brand 2

Aroma
strength

Aftertaste Fruity, estery

Hop
character

Malty/grainy

Sulphidic/
Tic

Diacetyl

Bitterness

Body
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 ���� !������	
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-��	�� �� --  -' A<	����
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��� ������ ���������� 	��� + �� ��� ���� ������ ���� A	�������� A ��� 
� ���������� 
� ���

��	����5

A � ��G# � �G�+ � � � � �G� � �G�+

��G�,� 0

���	� �G �� ��� ���� 	��� ��� ���������� ��

�G � �G# � � �� G���� � ��� � #�

Name ___________________________  Date _____________
(day/month/year)

Products submitted to test _____________________________

Problem: You have received 5 samples placed as follows:

left mid left mid mid right right

Taste the samples from left to right and write ‘1’ in the box of the
sample you like best, ‘2’ in the box of the sample you like next best,
and so on.
Comments:

�
�� ����� -������� �����	 ��	 � 	������ ���� !�	���	����& !������	
���
�&�

Ranking Test

Name ______________________________  Date ______________
(day/month/year)

Products submitted to test __________________________________

Problem: You have received 4 samples labelled with the three-digit
numbers shown in the column marked ‘Samples presented’. Taste the
samples and place them in rank order according to bitterness, list-
ing the most bitter in the column marked 4, the next most bitter in the
column marked 3, etc. If two samples appear the same, preferably make
a ‘best guess’ as to their rank order, or if you cannot guess, indicate
under “Comments” the sample numbers that could not be differentiated.

Samples presented Order of rank Comments
1. 2. 3. 4.

set *1
149, 251, 347, 428, 347, 428, 251, 149 428 = 251

set *2
014, 017, 146, 155, 017, 146, 155, 014

set *3
098, 123, 233, 473, 233, 123, 473, 098 123 = 473 = 098

Comments:
4 products were compared in set *1, then presented again in sets 2 and
3 with different codes. Text items which are underlined were filled in
by the panel leader before the test. Text in italics is the assessor’s response.
The codes used for this assessor were: Sample A = 347, 146, 233;
Sample B = 251, 017, 473; Sample C = 428, 014, 098; Sample D = 149,
155, 123.

~

~ ~

�
�� ����� -������� �����	 ��	 � 	������ ���� !
����	����& !������	
���
�&�

+% (��	 ������	 ��� �����	� ���������� 3B7



���� � �� ��� ���
�	 �� ������������ .� A ������� ��� ����	 �	������ ����� �� �+ ����
�� # ���	��� �� �	����� !��
�� +%�#%& �� ��� 
� ��������� ���� ���	� �� � �����������
�����	���� 
������ ��� �������� .� �	������� �� �� 
��� �� �	���
�� ���� �� ��� ����������


����� ���
�	����� .� ��� �
������ �
��� 0 �� �� ��4������� ��	 ����8 �� �� ���� �	�

�	����� 0 � %� .� ���� �	� �	����� ������� ������	
���
�?0-() ��	 ��� �����������

�	�������� ��� �������� �����	���� �	�����	� ����	���� �� A	������ �� ���� ������ ���

>���� -���������� :����	���� !>-:& ������ ��� ��� �� 	��� ���� �� ����� 
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Pure ethanol has a density,
in air at 20°C, of 788.16 kg/m3.
Under these conditions water has
a density of 997.15 kg/m3
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���!� ��! ���������� ����#

����������� �" ���� 
��������� ���� ��$��
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�������
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������� ��! ��$
��! 
��! ����9 "��������  ���  ��
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��� ���� ���������� ����#
�������,����� �� � ������

��������� � �
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