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Review: “Are the days of Congress mashing 
over?”

The operating parameters chosen for the small-scale mash to determine malt quality are critical in defining 
malt quality. These key malt quality parameters include extract, attenuation, Kolbach Index (KI), wort FAN, vis-
cosity, β-glucan, colour etc. The Congress mash (45°C – 30 min, 0.2 mm grist grind, 1:4 grist : water, ramp to 70 °C 
(1 °C/min), rest 25 – 60 min, lautering at 1:9 G:W ratio, RT) is currently the industry agreed small-scale mashing 
protocol for malt quality analysis. The Congress protocol appears to have its origins from a German Brewers 
Convention in Vienna in 1815, later formalized in 1907. As such, the Congress mash was developed to assess 
the malts of the time that were less modified and homogenous than before the innovations of malting engi-
neers Nicholas Galland and Charles Saladin (c1870 – 1890) that ushered in modern pneumatic malting produc-
tion. Prof Martina Gastl (TUM, Germany) concluded that the Congress mash favours cytolytic (and proteolytic) 
modification compared to modern mashing practice that mash in at 60 – 65 °C which favours amylolytic modifi-
cation. Prof Barry Axcell (South African Breweries Ltd., RSA), among others, critiqued malt quality analysis for 
providing brewers with inferior practical information with respect to high gravity brewing, lautering, attenua-
tion, foam, flavor and colloidal stability. Central to improving malt quality analysis was a complete revaluation 
of the small scale mashing protocol. This review sequentially considers what the likely optimum parameters 
are. The review concludes that potential starch hydrolysis into fermentable sugars is best determined by 
mashing in at 65 °C for 60 min (compromise between starch gelatinization and DP enzyme thermostability), 
a grist grind of 0.7 mm (possibly 0.4 mm), addition of 1.4 mM Ca2+ (56 ppm Ca2+), a 1:3 grist:water ratio (higher 
gravity) and mash out temperature of 78 °C which is broadly in line with modern commercial brewing practice. 
For small-scale practical convenience and efficiency, ‘lautering’ at 1:9 G:W ratio and at RT, as with the Congress 
mash was preserved. Comparison of this style of mash shows broad agreement (correlation) with the Congress 
mash for extract, attenuation, wort FAN, KI, β-glucan and protein, however the ranking of samples is sub-
stantially different. This perspective is important for brewers, but critical for malting barley breeders whose 
selection indices between candidate breeding lines are largely based on agronomic and quality rank to provide 
improved resolution between high malting quality progeny. 
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1	 Introduction

“Are the days of Congress mashing over?” was the prescient and 
provocative statement originally coined nearly 30 years ago by 
Stenholm et al. [102]. Stenholm and colleagues had recognized the 
inherent limitations of the small-scale Congress mashing protocol 
that did not match modern methods of mashing nor brewhouse 
equipment. This perspective was expanded upon by Axcell [8] 
who questioned commercially; “Why is it that malt analysis is still 
universally used if it gives such limited information?” At a similar 
time in Germany, Back and Narziss [11] were attempting to re-
interpret and extend the conventional results yielded by Congress 

mashing to explain malt behavior within the context of modern 
brewing practice. Axcell et al. [9] had earlier considered the value 
of the conventional malt Certificate of Analysis (CoA) and concluded 
that; “Malts however, are often purchased with similar analyses 
that behave completely differently on brewing.” In particular, “It is 
well known that, within a particular brewing company, problems 
suddenly appear without warning and often disappear as quickly. 
This may be traced back to a particular delivery of malt. Examina-
tion of the malt analysis will probably reveal nothing.” Given the 
expense in producing a conventional CoA for each malt batch and 
subsequent, this was a damning assessment of the value of the 
conventional CoA and a strong recommendation for its moderniza-
tion. In fact, many large brewing companies these days mandate 
specific variations or additions to the CoA to harmonize with their 
brewing practices and objectives. It would therefore appear that 
CoA’s are primarily valuable as a basis for commercial transaction 
between maltsters and brewers more than providing the brewer 
with a prediction of the performance of that malt in brewing.

Resolving the deficiencies in the CoA highlighted above by Sten-
holm, Axcell, Back and Narziss primarily, centers on the Congress 
mashing protocol. Since ~ 1990/2000, the EBC [111] and ASBC [1, 
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Table 1	 Comparison putative commercial, Congress and small-scale mash protocol parameters

Putative Commercial 
mashes Small-scale

Mashing  
parameters

100%  
malt

Adjunct 
mash1 Congress2 IoB 65 °C 

HWE3
Isothermal 

65 °C4 Tepral HG5 VTT6 MIM 
65 °C7,8

Mash in temp. 62 – 65 °C 50±5 °C1 45 °C  
(30 min)

65 °C  
(60 min)

65 °C  
(60 min)

50 °C9 
(15 min)

48 °C  
(30 min)

65 °C  
(60 min)

Adjunct temp/ramp 
(conversion temp) NA 62 – 65 °C  (1 °C/min) NA NA 63°C9 

(15 min)
63°C 

(30 min) NA

Saccharification rest ~70 °C ~70 °C 70 °C 
(25 – 60 min) NA NA 75 °C 

(15 min)
72°C 

(30 min) NA

Final mash temp. ~76 – 78 °C ~76 – 78°C 70 °C 65 °C 65 °C 75 °C 80 °C 74/78 °C6,7

Calcium addition
0.3 – 0.5 mM 

(~40 – 70 
ppm)

0.3 – 0.5 mM 
(~40 – 70 

ppm)
No No No No 2.56 mM 

pH 5.5

1.4 mM 
(56 ppm 

Ca2+)

Malt milling “roller mill” “roller mill” Disc mill 
0.2 mm

Disc mill 
0.7 mm

Disc mill  
0.2 mm

Disc mill 
0.2 mm

Disc mill 
0.7 mm

Disc mill  
0.7 mm

G:W ratio 1:3 ± 0.5 1:3 ± 0.5 1:4  Þ 1:6 1:7.2 1:7.0 1:3.5 Þ 1:5.3 1:4 1:3 Þ 1:6

Final G:W ratio 1:3 ± 0.5 1:3 ± 0.5 1:9 1:9 1:9 1:9 1:5 1:9

Lautering Hot lauter 
(sparging)

Hot lauter 
(sparging)

RT  
‘lauter’

RT  
‘lauter’

RT  
‘lauter’

Hot  
‘lauter’

Hot  
‘lauter’

RT  
‘lauter’

Wort boiling Trub re-
moved

Trub re-
moved NA NA NA NA NA NA

Wort gravity >10 °P >10 °P ~ 8 – 9 °P ~8 – 9 °P ~8 – 9 °P ~8 – 9 °P ‘high °P’ ~8 – 9 °P

Total mash time variable variable ~85 min ~70 min ~70 min ~80 min 100 min 70 min

Residual gravity  
after fermentation

Av 2.11 °P 
(1.19 – 4.22 

°P) 

Av 2.11 °P 
(1.19 – 4.22 

°P)

0.7 – 1.3 °P 
(24 h rapid)10 – – – –

0.5 – 1.2 °P 
(24 h 

rapid)10

NA = not applicable, RT = Room temperature          1 Evans [32]          2 Congress mash [2, 31] 
3 EBC Analytica 4.6.1 (formally IoB recommended Method 4.2) IoB 65 °C = Institute of Brewing, hot water extract (65 °C) [60]
4 Isothermal 65°C mash,[30, 79] MEBAK R-217.00.002 [2016-03] derived from IoB HWE (difference, 0.2mm grist grind MEBAK vs 0.7 grist    
grind IoB) 
5 Tepral high gravity [80-82]          6 VTT high gravity mash [102, 103]          7 MIM 65 °C = Modified Infusion Mash 65 °C, mash out 74 °C [37]
8 MIM 65 °C, mash out 78 °C [40]          9 ramp 50-63 °C 13 min (1°C/min) and ramp 63-75 °C 12 min (1 °C/min) 
10 Rapid small-scale attenuation test, according to Evans and Hamet [35]

2] small-scale Congress mash protocols have been harmonized. 
The essential details of the Congress mash are summarized and 
compared with the putative commercial modern styles and as 
summarized by the mash parameters in table 1. As Axcell [9] ob-
served: “few breweries operate a mashing sequence based on the 
Congress temperature profiles, little information is derived regard-
ing brewhouse behavior of the malts.” A more detailed drawing of 
the Congress temperature program, in comparison with several 
representations of basic commercial mash temperature programs is 
presented in figure 1. These temperature programs outline modern 
infusion style mashes and traditional decoction (single, double) 
style mashes. It is a general requirement in adjunct brewing that 
unmalted, non-Triticeae grains (e.g., corn, rice) be cooked (boiled) 
in a cereal cooker [12], resulting in essentially a single decoction 
mash program (Fig. 1C). 

While having some similarities with the parameters of the Congress 
temperature program, there are also many substantive differences 
with modern commercial mashing practices (Table 1, Fig. 1). Modern 
mashes tend to be of higher gravity (G:W, grist to water ratio) these 
days to optimize the utilization of the brewhouse and fermenters 
(capital). Stewart and colleagues provides a useful overview of 

high gravity (wort 14 – 17 °P, 6 – 8 % beer ABV) or even very high 
gravity brewing (18 – 25 °P, beer >8 % ABV) in modern brewing 
practice [105, 106]. Returning to table 1, comparing the Congress 
mash parameters to those for commercial mashes identified that 
the mash in temperatures are substantially higher, the final mash 
out temperature is higher, the grist is coarser, the G:W is thicker, 
calcium is added to the liquor and the final wort gravity after mash 
separation (lautering) is more concentrated. Apart from adjunct 
brewing which by definition requires cooking to properly gelatinize 
the adjuncts starch, decoction style mashes are little used these 
days due to the added expense in terms of time, labor and energy 
[32]. In contrast to the mash tuns of 100 years ago, todays steam 
jacketed mash tuns readily and efficiently enable brewers to ad-
just the mash temperature as required [32]. In addition, a recent 
reassessment of the perceived benefits of decoction mashing (e.g., 
greater Maillard products) over infusion mashing have been found 
to be questionable [64, 65].

The Congress mash protocol is routinely used in the measure of 
malt quality parameters and is based on mashing methods and 
brewing practices from Europe in the late 19th century to emulate 
brewing practices of that period. The temperature program of 
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Fig. 1	 Typical basic mashing temperature programs: A. Congress, 65 °C infusion and MIM 65 °C 
mash programs used for small scale malt analysis (for comparison), B. Modern infusion 
style mashing program, C. Mash program for inclusion of cereal adjuncts, D. A double 
decoction mash program. Figure adapted, with permission by the ASBC and MBAA© from 
Evans [32]

Fig. 2	 A. Traditional overhead stirring Congress mash bath (Bender and Holbein, Munich, 
Germany), and B. Close up view of mash in progress. Figure reproduced with permission 
from the ASBC and MBAA© from Evans [32]

the Congress small-scale mash (Fig. 1A) 
emulates a temperature controlled, 
single stepped decoction mashing pro-
gram. Historical small-scale mashing 
equipment and the received knowledge 
from the Weihenstephan Brewing School 
(Technical University Munich) indicates 
that the Congress mashing protocol had 
its origins at the German Brewers Con-
vention of 1815 in Vienna (pers. comm. 
Ass Prof Jens Voigt, University of Applied 
Sciences, Trier, Germany). As such, the 
Congress mash protocol sought to mimic 
the decoction procedures commonly 
used in Central Europe at that time.[97] 
The modern incarnation of what we 
describe as the Congress mash evolved 
somewhere between an International 
Congress held in 1898 [115] and 1907 
[4, 77]. The standardized protocol was 
approved by the EBC in 1975 [87].

The Congress mash protocol has a direct 
bearing on a number of important malt 
quality parameters listed in on the CoA as 
they are assessed on the wort produced 
by this mash protocol. The parameters 
assessed include extract, attenuation 
(AAL), soluble nitrogen (N), Kolbach Index 
(KI), wort viscosity, free amino nitrogen 
(FAN), wort β-glucan, wort colour, wort 
haze/turbidity and wort pH. Axcell [8] 
identifies that the Congress mash and 
derived parameters provides the com-
mercial brewer with little to no informa-
tion on high gravity brewing, lautering, 
potential haze formation, foam, flavour 
and colloidal stability.

Practically the Congress mash is typically 
undertaken in mash baths as shown 
in figure 2. The mash bath consists of 
mash stirrers (overhead in this example) 
stirring the mash in stainless steel pots 
while sitting in a temperature-controlled 
water bath. More modern versions of 
mash baths that can be more easily 
temperature programmed and stir bar 
driven (bottom) are commercially avail-
able from Crisps (CampdenBRI bath, 
UK) or the IEC mash bath (Thornbury 
Australia). Care is required with bottom 
stirrer-bar mixing as the stirrer-bar acts 
as an additional grist grind creating fines 
which may interfere with assessments 
of lautering efficiency and possibly extract [49]. The grist for the 
Congress mash is prepared by using a disc mill (DLFU) with a gap 
setting of 0.2 mm (fine grind, Table 1). In terms of grist milling, it 
has been concluded that a coarse grind grist (0.7 mm, DLFU mill) 

was probably more akin to actual modern commercial practice [37, 
102, 103]. The Congress G:W (1:4) has also been considered to be 
too ‘thin,’ compared to what many commercial brewers are cur-
rently using. Table 1 indicates that a G:W ratio of 1:3 ± 0.5 is most 
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likely most aligned to commercial practice which is in agreement 
with conclusions of Piendl [90] and Evans et al. [37].

Concerted efforts have been made to modernize the Congress 
mash to better conform to parameters used modern by modern 
brewers. For a range of small-scale mashes table 1 outlines the 
differences in milling fineness, temperature program, G:W (thick-
ness), liquor calcium addition, final mash out temperature, lautering 
temperature, mashing time and final wort gravity. Although a 0.2 
mm disc mill grind (Congress) maximizes the malt extract number, 
it is generally considered not to be a good reflection of a coarse (0.7 
mm) commercial grist (VTT, MIM 65 °C). Next to the thickness of the 
mash is limited to being greater than > 1:2, with G:W ratios > 3:1 
being fully independent of the quantity of water present [22, 81, 
83]. This indicates that the apparent 1:7.0 G:W of the 65 °C Infusion 
mash [47, 79] to be substantially thinner than the Congress mash 
and modern commercial practice (Table 1). The other operational 
component of a small-scale mash protocol is that it should be ef-
ficient (labor and time) to run in the malt quality laboratory.

A summary of the thermostability and pH of the key malt enzymes 
is provided in table 2. It is judged that starch hydrolysis primarily 
occurs during mashing while the hydrolysis of cell wall non-starch 
polysaccharides and proteins mainly but not exclusively during 
malting [32]. With respect to the Congress mash, the rest at 45 °C 
preserves protease and β-glucanase activity which is now generally 
considered no longer necessary with today’s properly homogenously 
modified malts [32]. It was malting engineers Nicholas Galland and 
Charles Saladin who ushered in this era of pneumatic malting to 
more evenly modify malts (c1870 – 1890) [68, 115].

It is now understood that the optimal temperature for conversion – 

starch gelatinization and diastatic power (DP) enzyme survival in 
mashing is in the range 60 – 65 °C [34, 36, 38, 90, 102, 103]. Bamforth 
[12] contends that, “mash conversion temperatures of around 65 °C 
will comfortably ensure the gelatinization of malt starch.” The need 
of a saccharification rest at 70 – 72 °C is questionable if the time for 
conversion is sufficiently long (~ 60 min) according to Evans et al. 
[37]. The final mash out temperature is typically 74 – 78 °C (Table 1) 
with a number of modernized small scale mashes adopting this 
consensus temperature (Tepral, VTT and MIM 65 °C). Mini mashes, 
1 ml Eppendorf mashes, have been proposed by Kerr et al. [61] 
and Schmitt et al. [95] for assessment of breeding lines and for 
laboratory experiments. In practice, the quanties of malt involved 
(~ 200 mg) and the required finess of grind (e.g., Udy mini hammer 
mill) would suggest such micro mashes were unlikely to provide a 
sufficiently representative sample for malt quality analysis.

The key question to be asked is, do each of the key stakeholders in 
the malting barley chain, brewers (company purchasers), maltsters 
and barley breeders have differing requirements with regards the 
quality parameters derived from the small-scale mash? Axcell [8, 
9] proposes that commercial brewers require consistent quality 
in line with agreed specifications and will want any potential malt 
problems effectively ‘red flagged.’ In addition, information on 
malt performance with respect to high gravity brewing, lauter-
ing, foam, flavor and colloidal stability would also be valuable. 
Maltsters, on the other hand, are interested in barley varieties 
that are fast modifying to efficiently produce malt that conforms 
to the brewers malt quality specifications [115]. Historically, the 
dissatisfaction with malt analysis has led to increasing numbers 
of parameters being added to the malt specs. Interestingly, very 
few malt analysis parameters ever get removed. Around 1910, a 
typical malt analysis would consist of about 10 parameters (extract, 

Table 2	 Summary of the thermostability and pH optima of key malt enzymes. Table reproduced with permission by the ASBC© from 
	 Evans [32]

Brewing actions Primary action Malt enzymes Mash 
thermostability 

pH 
optimum Mash outcomes

Starch hydrolyzing 
enzymes

Mashing α-Amylase > 70 °C 5.2 – 5.5 Combined action produces 
yeast fermentable sugars 
(e.g. maltose, glucose, etc.)beta-Amylase ~ 65 °C 6.0 – 6.5

Limit dextrinase ~ 65 °C 5.0 – 6.5

α-Glucosidase ~ 50 °C 4.3 – 4.5

Cell wall hydrolyzing Malting Endo-β-glucanase <50 °C 3.7 – 5.0 Low Mwt. β-glucan

Endo-xylanase 55 – 60 °C 4.5 – 7.0 Low Mwt. pentosans

Cellulase > 60 °C 4.0 – 6.0 Mash/wort filterability

Protein hydrolyzing 
& releasing

Malting Endo proteinases: Protein release - foam

Cysteine 50 – 60 °C 3.8 – 4.5 Reduced haze protein

Metallo 50 – 60 °C 5.3 – 8.5

Aspartic 50 – 60 °C 3.5 – 4.5

Serine 50 – 60 °C 5.5 – 6.5

Exo peptidases: Release FAN (amino acids)

Carboxypeptidases 55 °C 5.0 – 6.5 Release 75% amino acids

Aminopeptidases 55 °C 7.0 – 8.5

Lipid releasing/ 
oxidizing

Malting and 
Mashing?

Lipase 50 – 60 °C 6.8 Decreases wort turbidity

Lipoxygenase: LOX 1 ~ 45 °C 6.0 – 6.5 Staling – foam instability

                          LOX 2 < 45 °C 6.0 – 6.5
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F/C difference, CWE, diastatic power, moisture, colour, arsenic and 
screenings). Basically, maltsters want to efficiently run (cost and 
labour) as few universally accepted tests (e.g., small-scale mash 
styles) as possible. 

Malting barley breeders, like maltsters, also have efficiency con-
straints in their programs which require large numbers of samples 
to be efficiently analysed. Two perspectives on breeders objectives 
with regards quality can be gained from Pitz [91] and Nagamine and 
Kato [86]. Barley breeder’s primary objective is yield (e.g., agronomy, 
N utilization efficiency, disease resistance etc), for without competi-
tive yield even high malting quality varieties are not viable because 
the malting premium is not high enough and only a proportion of 
the crop is graded malting (e.g., 30 – 50 % depending on region). 
Modern barley breeders have embraced marker assisted selection 
(MAS) and genomic selection (basket of malt quality related alleles 
at multiple genomic locations) to expedite genetic progress in their 
programs, it follows that traits being selected can ideally be traced 
back to a small number of major gene loci (multiple alleles) or QTL’s 
(quantitative trait loci) [70, 89]. Of course, the small-scale mash is 
an important conduit to identifying desirable genes or gene blocks. 
Although each of these stakeholders in the malting brewing chain 
are important, at the end of the day, the amount and quality beer 
brewed, and the efficiency of the process is the end game and the 
quality that the small-scale mash should identify.

It is thus not surprising that the European brewing industry is cur-
rently re-assessing the small-scale mash protocol, the most recent 
meeting being 26th October 2023 Joint Euromalt-EBC Workship in 
Brussels [29]. Therefore, the aim of this review is to examine each 
of the parameters selected for small scale mashing (grist grind, 
mash temperature program, G:W ratio, mash out temperature) for 
the determination of the CoA of malt quality. It is anticipated that 
judicious selection of the small scale mash parameters will assist 
in striving for the malt analysis goals set by Axcell [8, 9]. 

2	 Systematic Assessment of Small-Scale Mash 
	 Parameters for a Modernized Protocol

The following discussion will map out a systematic and step wise 
discussion of the key parameters for a small-scale mash using the 
Congress mash as a starting point (Table 1).

A.	 Selection of the mash temperature program

The primary enzymatic task during mashing is the hydrolysis of 
starch which is a compromise between the temperature of required 
for starch gelatinization and that for sufficient preservation of the 
DP enzymes, particularly beta-amylase and limit dextrinase (LD) 
[12, 36]. Table 3 shows the typical Tp for barley, malt and a range of 
potential adjuncts. Tp is a measure of peak gelatinization tempera-
ture, with some degree of gelatinization occurring at temperatures 
lower and higher than the Tp. In general, most barley malt starch 
gelatinizes between 61 and 65 °C which is consistent with the general 
perception of most brewers that, “mash conversion temperatures 
of around 65 °C will comfortably ensure the gelatinization of starch” 
[12]. There are a number of factors which can practically increase 
the Tp of malt starch. These include: 

	� different proportions of A (large) and the generally higher Tp 
small (B granules) [5, 69];
	� Differing starch granule proportions of amylopectin to amyl-

ose where a higher proportion of amylose typically increases 
starch Tp [12, 14];
	� Increased levels of storage protein [57, 100].

The growing environment of the barley crop, [42] in particular 
higher temperatures during grain fill, and the resulting dryness 
of soil, have been observed to lead to higher starch gelatinization 
temperatures [85, 110]. It is then perhaps not surprising that when 
starch gelatinization temperatures exceed 64 – 65 °C, sub-optimal 
levels of wort fermentability begin to be noticed by brewers [15, 
102, 103].

The principle mash starch degrading DP enzymes are α-amylase, 
beta-amylase and LD [12, 36, 74, 101]. To date the evidence from 
mashing indicates that α-glucosidase has a relatively minor role 
in starch hydrolysis during mashing [12, 36, 74, 101]. Of the two 
α-amylase isoform families α-amylase 1, the dominant α-amylase 2 
comprises 80 – 90 % of the total α-amylase activity in malt [75, 73]. 
Bertolft [16] also observed that α-amylase 2 was the most sensi-
tive isoform to Ca2+ thermostabilization. It is widely understood 
that α-amylase is thermostable at mashing temperatures above 
65 – 70 °C in the presence of Ca2+[12, 34, 41], thus is the most 
thermostable of the DP enzymes. For many years, based on pure 
enzyme thermostability studies it was thought that the thermosta-
bility of both beta-amylase and LD was below 60 °C. It has since 
been demonstrated that under practical mashing conditions the 
practical thermostability of both beta-amylase and LD was greater 
than 60 °C, and effectively 65 °C [34, 98, 101]. Of the DP enzymes 
only beta-amylase has been found to have a practically significant 
thermostable variant, Sd2H [28] which conferred an wort attenu-
ation of ~ 2 % point advantage in some circumstances [38, 26].

Table 3	 Reported starch gelatinization temperatures primar- 
	 ily determined by differential scanning calorimetry 
	 (DSC) [12, 18, 50, 71, 118]. Table reproduced with permis- 
	 sion by the ASBC© from Evans [32]

Gelatinization temperature 

Starch Tp (°C)

Barley normal Lowest 52

Highest 60 – 68

Majority 59 – 63

Barley malt Majority 61 – 65

Maize (Corn)1 range 62 – 77

Maize (waxy)1 range 62 – 80

Oats range 52 – 64

Rice1 range 61 – 82

Rice, short grain1 range 65 – 68

Rice, long grain1 range 71 – 74

Rye range 49 – 61

Sorghum1 range 69 – 75

Wheat range 52 – 64
1  Adjuncts of these materials should always be cooked (heated to 
100 °C) before brewing
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the EBC mash, the AAL was 5.7 % higher and alcohol was 0.25 % 
higher at 65°C. Interestingly, the mash in temperature has a sub-
stantial impact on fermentable sugar composition, particularly 
maltose:glucose. Such changes in the sugar spectrum, particularly 
the proportion of glucose and fructose to maltose, have been shown 
to influence yeast metabolism and the subsequent ester content 
and flavor of the beer [112, 116]. Intriguingly, after a mashing in 
temperature of 55 °C, the level of glucose dramatically decreases 
(Fig. 3). This is coincident with the thermostability of α-glucosidase 
being inactivated at temperature > 50 °C[84], suggesting that 
α-glucosidase may play a more important role in mashing than 
previously understood [12, 36]. Combined, the compromise tem-
perature between starch gelatinization and starch hydrolysis into 
fermentable sugars was 65 °C, which was in accordance with the 
60 – 65 °C range previously identified [90, 101]. 

Conventionally brewers, when mashing in, use mash liquor with a 
somewhat higher temperature to warm up the grist which is nor-
mally at room temperature to attain the desired mash temperature 
[32]. This “strike temperature” could conceivably inactivate some 
of the more thermolabile malt enzymes in mashing. Evans et al. 
[37] tested the impact of a 71 °C strike temperature (mash: 65 °C 
for 50 min, 0.2 mm grist grind, 2.2 mM CaSO4 (88 ppm Ca2+), 1:4 
G:W, mash out 70 °C, lautering at 1:9 G:W ratio, RT) and observed 
that extract was not significantly different, while AAL and alcohol 
content were slightly but not consistently different. For conveni-
ence, Evans et al. [37] concluded that attemperating the dry grist 
is the mash pot (cylinders) for 10 min attemperated to 65 °C, thus 
avoiding the need for use of a strike temperature was most efficient.

Brewers normally increase the mash temperature of the mash 
to between 76 – 78 °C for mash out [32]. The higher temperature 
aids lautering efficiency and may aid the final solubilization of 
some final malt components. The mash out temperature for the 
Congress mash is 70 °C while for the small scale mashes outlined 
in Table 1 it is 65 – 80 °C. Evans et al. [37] assessed the difference 

Fig. 3	 Fermentable sugar profiles derived from small-scale mash-
es, grist grind 0.2 mm, G:W (1:4) mashed in at 10 different 
temperatures, based on the Congress mash protocol and 
compared with the Congress mash, alcohol and apparent 
attenuation limit (AAL) summary from eight different varie-
ties of commercial malts. Figure adapted, with permission 
from the ASBC© from Evans [36] after Palmer [88]

Fig. 4	 Extract and FAN small-scale mash profiles, grist grind 0.2 
mm, G:W (1:4) mashed in at 10 different temperatures, 
based on the Congress mash protocol and compared with 
the Congress mash, summary from eight different varieties 
of commercial malts. Figure adapted, with permission from 
the ASBC© from Evans [36]

The optimum mash temperature for the hydrolysis of starch into 
yeast fermentable sugars was identified from a series of mashes 
with increasing mash in temperatures based on the Congress mash 
(Fig. 3). Notably, as the mash in temperature rises from 45 °C to 
76 °C, the level of AAL and alcohol reach a maximum at ~ 65 °C and 
maltose slightly later at 67.5 °C, after which all three measures rap-
idly deteriorate. In terms of extract (Fig. 4) when compared to the 
Congress mash (80.8 %), mashing in temperature reduces extract 
slightly between mash in temperatures of 45 – 55 °C and 70 – 76 °C. 
However, the extract recovered when mashed in at 65 °C (80.6 
%) was almost the same as for the Congress mash. Interestingly, 
compared to the Congress, FAN (Fig. 4) increased by 6.6 % points 
for the 55°C mash (45°C mash), after which it continually decreased 
to the 76 °C mash in. Mashing in at 65 °C resulted in a 15.4 % point 
FAN decrease compared to the 55 °C mash. This demonstrated that 
FAN producing enzymes are still somewhat active at 65°C. 

Figure 3 also shows that AAL and alcohol were useful proxies for 
the level of maltose and other fermentable sugars. Compared to 
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between mashing out at 70 °C and 74 °C (mash: 65 °C for 50 min, 
0.2 mm grist grind, 2.2 mM CaSO4 (88 ppm Ca2+), 1:4 G:W, lautering 
at 1:9 G:W ratio, RT). Again, this difference in mash out temperature 
did not significantly affect extract, while resulting in small but not 
necessarily significant reductions in AAL and alcohol content. It 
was concluded that mashing out temperature had a minor effect 
on the metrics measured. Later, Evans et al. [40] adopted a mash 
out temperature of 78 °C for small scale mashes which was more 
consistent with commercial brewing practice.

B.	 Inclusion of Ca and adjustment of mash pH

A combination of salts typically including calcium (e.g., CaSO4.2H2O) 
are used to condition mashing liquor [32]. Typically, the concen-
tration of Ca2+ is in the order of 1.0 – 1.75 mM (40 – 70 ppm Ca2+). 
Calcium promotes the thermostability of α-amylase 2, reduces 
pH, precipitates oxalate (as beer stone) and assists in the floccula-
tion of yeast at the completion of fermentation. Evans et al. [37] 
compared the effect of mashing with or without 2.2 mM CaSO4 
(88 ppm Ca2+, mash: 65 °C for 50 min, 0.2 mm grist grind, 1:4 G:W, 
mash out 70 °C, lautering at 1:9 G:W ratio, RT). Overall, there was 
no significant difference for the addition of Ca for extract and minor 
and variable differences for AAL and alcohol content. It was noted 
that the pH of mashes to which 2.2 mM CaSO4.2H2O (88 ppm Ca2+) 
had been added were on average 0.11 pH units lower. However, 
Evans and Fox [34] did observe that with one of three varieties used 
for Congress mashes in that study that α-amylase thermostability, 
was observed to undergo a substantial loss of activity at 70 °C when 
additional Ca was not present. Possibly this was a result of the 
terroir that this barley was grown on, as substantive variation for 
Ca and other micronutrients contents in malt has been observed 
[39]. Consequently the decision to include 2.9 mM Ca2+ (116 ppm 
Ca2+) was most likely prudent.

Stenholm et al. [102] has followed typical brewery practice and 
adjusted their mashes to pH 5.5 with 0.5 M H2SO4. However, in 
practice there is substantial buffering capacity inherent in malt in 
terms of its contingent of proteins and other components [13, 76, 
109], such that the final wort pH was on average 5.83 with a range 
of 5.69 – 5.96 (0.3 mM Ca2+, 12 ppm Ca2+), quite a narrow range [40]. 
Given the time-consuming nature of adjusting pH, such a procedure 
was not considered for laboratory scale mashing testing. Perhaps it 
would be beneficial to consider including the capacity of the mash 
to buffer pH as well as the wort pH. The buffering would perhaps 
be an indicator of modification. 

C.	 Grist Coarseness

Brewers conventionally use a range of malt mills from hammer mills, 
to wet mills and two, four or six dry roller mills [32]. Hammer mills 
are typically matched with mash filters, while some steep condition-
ing (wet) mills by their nature are limited to maximal operational 
temperatures of 63 – 65 °C due to increasing issues with starch 
gelatinization (pers. comm. Daniel Carey, New Glarus Brewing). 
Briggs et al. [18] states that “The objective of milling is to break 
up the malt and adjuncts to such an extent that the greatest yield 
of extract is produced in the shortest time in the mashing equip-
ment in use.” While extract efficiency and yield are promoted by 
finer grist, it follows with traditional lauter tun systems, that there 

Fig. 5	 Pictures of grist milled by different means. A. Commercial 
6 roller mill; B. 1.0 mm disc mill; C. 0.7 mm disc mill; D. 0.2 
mm disc mill. Figure reproduced with permission by the 
ASBC© from Evans [37]

Table 4	 Sieve proportions of disc milled malt (essentially an EBC 
	 sieve set) compared with a commercially milled malt  
	 (6-roller mill). Table reproduced with permission by 
	 the ASBC© from Evans [37]

6-roller mill Disc mill with setting:

Commercial 
grist

0.2 mm 
grind

0.7 mm 
grind

1.0 mm 
grind

Sieve Fraction proportions (%)

1.25 mm 46.4 2.1 9.8 27.2

1.0 mm 8.5 1.8 14.6 20.2

0.50 mm 16.4 9.1 41.5 24.1

0.25 mm 9.5 37.9 13.0 9.7

0.125 mm 6.0 17.1 6.5 5.2

Pan 13.3 32.1 14.6 13.7

is also an imperative to keep the husk as intact as possible to en-
able efficient wort flow and separation. In practice, the majority of 
small to large breweries use a six (or four) dry roller mill. The roller 
dimensions (diameter 250 – 350 mm) are required to achieve the 
correct angles for grabbing, crushing and shearing of the grain [32]. 
It is immediately obvious that the conventional mill of choice for 
malt quality testing, a disc mill (e.g., DFLU Bühler Miag, Germany) 
has a somewhat different mode of action. However, operationally 
the disc mill is a reasonable compromise with respect to laboratory 
efficiency. This raises the question, what is the optimal mill setting 
for malt analysis and what are the consequences of that choice.

Evans et al. [37] directly compared samples of malt from the same 
malt batch milled by a disc mill at setting 0.2 mm Congress fine 
grind grist, setting 0.7 mm Congress coarse grind grist and setting 
1.0 mm, with that of malt milled by a commercial six roller mill 
(Fig. 5). In comparison with the 6-roller milled grist the appearance 
of the grist is too fine at 0.2 mm, to coarse at 1.0 mm, and perhaps 
somewhat too fine at 0.7 mm, with the husk integrity notably de-
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graded. The sieve classification proportions in table 4 essentially 
quantitate these observations. The performance of the various disc 
mill grinds in small-scale mashing are shown in figure 6. Extract 
increases as disc gap decreases from 1.0 mm to 0.4 mm (mash: 
65 °C for 50 min, 1:4 G:W, 2.9 mM CaSO4 – 116 ppm Ca2+, mash out 
74 °C, lautering at 1:9 G:W ratio, RT), where after extract level was 
essentially constant. AAL on the other hand increased consistently 
from 1.0 mm to 0.2 mm (~ 2 % points). The rationale for the AAL 
increase will be discussed, along with grist to water ratio, in the 
next section. Both Evans et al. [37] and Stenholm et al. [102, 103] 

both settled on the 0.7 mm grist grind as optimal because discus-
sions with commercial brewers indicated that they regarded this 
grind as being the closest match to their experience. For potential 
of lautering efficiency, a G:W ratio of < 1:4 would be in keeping 
with commercial practice [102], however most small-scale mashes 
separate at 1:9 G:W which ensures laboratory efficiency and avoids 
the requirement of sparging (Table 1).

D.	 Grist to Water ratio – gravity

The G:W for the fine grind (0.2 mm) Congress mash is 1:4 [2, 111]. 
Axcell [8] identified the gravity (high gravity brewing) of the small-
scale mash as one of the primary deficiencies of the Congress mash 
protocol. Figure 7 outlines the effect of G:W (1:4 to 1:2.75) on the 
extract and AAL parameters (mash: 65 °C for 50 min, 0.7 mm grist 
grind, 1:4 G:W, 2.2 – 2.9 mM CaSO4 – 88 – 116 ppm Ca2+, mash out 
74 °C, lautering at 1:9 G:W ratio, RT). For the two malt samples used, 
extract appears to be only slightly affected by G:W ratio within the 
range observed. In contrast, AAL increases as the mash becomes 
thicker, especially for the Flagship (Sd2H) sample. The positive 
influence of mash thickness on AAL is perhaps not surprising as 
relatively thermolabile enzymes such as beta-amylase and LD can 
be thermally stabilized in the presence of other proteins or solutes. 
Such a conclusion is in line with the basic biochemical principles 
[6, 10]. An extreme example is the commonly used Betamyl assay 
(Megazyme) that relies on BSA (bovine serum albumin) to stabilize 
dilute malt beta-amylase solutions for measurement [78]. Not 
surprisingly, it has been observed that increasing modification/KI 
(soluble N) [36, 90] and Henson and Duke [51, 53] found increased 
malt solutes/osmolytes were indicators of malt quality and AAL in 
particular. Thus, it is also reasonable to propose that finer milled 
grists would potentially have greater and earlier (during mash) 
solute solubilization, which explains the rising AAL in figure 6. 

There are however, limits to how a low G:W or high a gravity of mash 
can be practically performed. Muller [83], observed that mashing 
performance (grist 0.2 mm, disc milled) was very poor at a GW of 
1:2, acceptable at 1:3 and somewhat variable for 1:3 – 1:2.5. Moll 
and Flayeux [81] concluded from trials with a 0.2 mm grist (disc 
milled) that 1:3.5 G:W were acceptable. These authors noted the 
extract performance of thicker mashes were variable, with dif-
ferent malt varieties/samples displaying differing performance. 
One of the primary factors in determining mashing performance 
with respect of G:W ratio is the influence of water availability for 
starch gelatinization [23]. de Schepper and Courtin [23] observed 
that thicker – higher gravity mashes (0.2 mM grist, disc milled), 
that mash sugar yield decreased, particularly at G:W ratios less 
than 1:4. Although a 0.7 mm grist grind was used for figure 7, de 
Schepper and Courtin [23] observations do not appear to be in 
accord with those of figure 7 and figure 3. These authors used a 
45-62°C ramped mash compared to mashing in at 65°C. It would 
appear that at lower mash temperatures (e.g., 62°C) that higher 
proportions of water are required to achieve 'rapid' starch gelati-
nization and hydrolysis.  Such an understanding may be valuable 
option for brewers seeking to produce beers with increased body 
or low alcohol beers? From a practical perspective, there is as yet 
no published reports from brewers practicing high gravity (wort 
14 – 17 °P, 6 – 8 % beer ABV) [32] or even very high gravity brewing 
(18 – 25 °P, beer > 8 % ABV) would have noticed and complained 

Fig. 6	 Effect of grist grind fineness. Mashing includes 2.2 mM 
CaSO4.2H2O – 88 ppm Ca2+, addition on a 65 °C for 50 min 
duration, 1:4 G:W ratio, finish temperature at 74 °C for mash 
out (lautering at 1:9 G:W ratio, RT). Figure reproduced with 
permission by the ASBC© from Evans [37]

Fig. 7	 Effect of G:W. Mashing includes 2.2 – 3.0 mM CaSO4.2H2O – 
88 – 116 ppm Ca2+, addition on a 65 °C for 50 min, 0.7 mm grist 
grind, finish temperature at 74 °C for mash out (lautering 
at 1:9 G:W ratio, RT). Figure reproduced with permission 
by the ASBC© from Evans [37]
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about such an issue with their brewing model [105, 106]?

Maltose is another factor with respect to potential enzyme ther-
mostability and inhibition, particularly in the mid to later stages 
of mashing when maltose level is elevated. It has been concluded 
that maltose can both stabilize beta-amylase activity [52, 90], 
while it has been reported that maltose is a potential inhibitor 
of beta-amylase [24]. Investigators need to be wary as maltose 
can competitively inhibit low dp substrates for beta-amylase with 
a Ki of 20 – 30 mM [72], that can impact the use of conventional 
beta-amylase substrates in mash time or thermostability studies.

In conclusion, considering estimations of practical brewing param-
eters G:W (Table 1), the mash performance observed in figure 7, 
with the discussion about, it was concluded that the 1:3 G:W with 
0.7 mm grist was a satisfactory compromise, as chosen by Evans 
et al. [37]. However, further study is warranted of a ~ 0.4 mm grist 
grind to maximize mash extract as modern commercial lauter tuns 
recover ~ 98 % and mash filters ~ 101 % of laboratory extract [3, 
113]. Despite the 1:7 G:W of the Isothermal 65 °C small scale mash 
protocol (Table 1) saves one step in the malt quality laboratory, it 
may be inappropriate, despite its fine 0.2 mm grist grind because 
the enzyme protecting solutes would at a much lower concentration 
that 1:3 G:W small scale mash and conventional modern commercial 
brewing practice (Table 1).

E.	 Mash time

The final major mash parameter that requires consideration is the 
duration of the mash. A useful starting point would be to propose 
that the mash time should be sufficient to ensure that extract 
solubilization and starch hydrolysis should be near the end point 
but not so long to slow operations within a malt quality testing 
facility. Figure 8 assessed the influence of mash duration on ex-
tract recovery and AAL performance (mash: 65 °C for 15 – 70 min, 

0.7 mm grist grind, 1:3 G:W, 2.9 mM CaSO4.2H2O – 116 ppm Ca2+, 
mash out 74 °C, lautering at 1:9 G:W ratio, RT). Extract recovery 
increased gradually between 15 min to ~ 60 min where the Flagship 
sample extract increased 1.1 % and the Gairdner sample 0.5 %. In 
contrast, the AAL observed for both varieties assessed increased 
10.5 % for both Flagship (Sd2H beta-amylase variety) and Gairdner 
(Sd1 beta-amylase variety). Interestingly, the AAL for both variety 
samples was 81.3/81.4 % respectively, after just 15 min of mash-
ing suggesting that the majority of starch hydrolysis occurred 
relatively rapidly during this time. A mash time of 60 min with the 
above mash parameters would be expected to provide brewers 
with an indication of the maximal level of fermentable sugars that 
a malt can produce/performance. Depending on the beer style to 
be brewed the brewer could select brewing parameters and times 
to modulate the production of fermentable sugars to the style of 
beer desired, be that light/lite, full bodied or low alcohol beer.

Evans and Fox [34], observed with the MIM 65 °C mash that after 
60 min of mashing, that there had been little loss of α-amylase activ-
ity while approximately 50 % of beta-amylase and LD activity could 
be recovered at this time in the mash. With a thinner 1:6 G:W mash, 
de Schepper et al. [24, 25] observed that after 60 min of mashing 
α-amylase was partially inactivated and approximately 10 – 20 % 
of beta-amylase activity remained. It remains to be determined if 
the increases in AAL after 15 or 30 min of mashing are more the 
result of combined DP enzyme action or increasingly α-amylase 
action with regards to freshly gelatinized starch [71]. If so, this 
period could be considered as that of extended saccharification.

F.	 Wort boiling and trub removal

A final minor query to resolve with reference to commercial brew-
ing practice, is to ascertain if wort boiling and trub removal impact 
small-scale mashing determination of extract and AAL. Evans et al. 
[37] conducted an experiment using four commercial malt varieties 
that were small-scale mashed (65 °C for 60 min, 0.7 mm grist grind, 
1:3 G:W, 2.9 mM CaSO4 – 116 ppm Ca2+, mash out 74 °C, lautering at 
1:9 G:W ratio, RT), with the separated wort boiled for 60 min with a 
carrageenan fining agent that promotes trub formation (Whirlfloc T 
P424, Deltagen) being added 15 min into the boil. After boiling the 
wort was cool to RT and centrifuged to remove the trub formed. No 
significant changes were observed in either the resultant extract 
or AAL small-scale measures. Wort boiling and trub removal could, 
however, have impacts in commercial brewing such as reducing FAN 
and FAN assimilation across fermentation. The work of Kuhbeck et 
al. [66, 67] showed trub can promote conventional fermentation. 
However, the rapid attenuation test uses a very high yeast pitching 
rate, aeration and constant shaking over 24 hrs at 21 °C [35] which 
would nullify any putative benefits that would be contributed by 
trub. No change to the small-scale mashing protocol from the sec-
tion E. Mash time above was made.

3	 Comparison of Small-Scale Mash Outcomes

It was Axcell’s contention that modernization of the CoA for malt 
analysis would better predict malt performance during brewing, 
now has a firm basis for discussion. Axcell [7-9] Central to that 
discussion are the parameters selected for the small-scale mash 

Fig. 8	 Effect of mashing time at 65 °C. Mashing includes 2.9 mM 
CaSO4.2H2O – 116 ppm Ca2+, addition on a 65 °C for 0.7 mm 
grist grind, 1:3 G:W, finish temperature at 74 °C for mash 
out (lautering at 1:9 G:W ratio, RT). Figure reproduced with 
permission by the ASBC© from Evans [37]
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that are pivotal in defining most of the key malt parameters such 
as extract, KI, wort β-glucan, viscosity etc. Gastl et al. [43] concludes 
that the small scale Congress, by way of the 45 °C mash rest step, 
provides too great a concession towards the modification action 
of cell wall (and protein) hydolyzing enzymes whose mash ther-
mostability is < 60 °C (Table 2). Such mashing conditions are well 
suited to the less homogenous and well modified (higher β-glucan) 
malts of century ago. Given that modern malts are superior and 
more homogenous, today’s brewers can largely overlook the low 
temperature mash stand (45 °C) which also minimizes the foam and 
flavor stability damaging action of lipoxygenases (Table 3) [32, 33]. 
As a consequence, modern brewers undertaking full malt mashes 
(Table 1) tend to mash in for the first rest at 62 – 65 °C, although 
unmalted adjunct brews are typically mashed in at ~ 50 °C to ac-
commodate the inclusion of the ‘cooked’ (~ 90 – 100 °C) as a form 
of ‘decoction’ mashing regime. 

It follows that a mash in temperature of 65 °C is an appropriate 
compromise between malt starch gelatinization temperature and 
the persistence of beta-amylase and LD if maximizing ferment-

able sugar yield is the brewer’s objective 
(Table 3, 4, Fig. 3, 4). Both the small-
scale Isothermal 65 °C and MIM 65 °C 
protocols (Table 1) mash in at 65 °C to 
provide brewers, maltsters and barley 
breeders a measure of the maximum 
for amylolytic modification [43]. Gastl 
and her colleague’s motivation was to 
provide a superior assessment of malt 
quality for modern malting barley breed-
ers lines and putative varieties to more 
accurately selected improved modern 
brewing performance for the selection 
of new malting barley varieties from the 
German “Berliner Programm” (formerly 
the “Frankfurter Programm”).

A comparison of selected malt quality 
parameters derived by the Congress, Iso-
thermal 65 °C and MIM 65 °C small-scale 
mash methods is provided in table  5. 
These key malt quality parameters are 
assessed in turn as follows.

Extract: Comparing a fine grind Con-
gress/Isothermal 65 °C (0.2 mm), with 
the coarse grind (0.7 mm) MIM 65 °C 
mash which was on average 1.1 % 
lower. This is broadly in line with what 
would be expected for a Fine-Coarse 
difference. Comparing the Congress 
and Isothermal 65 °C mashes, that use 
a 0.2 mm grind, it was observed that 
the Isothermal 65 °C is ~ 0.2 % lower on 
average which may be attributable to 
the thin 1:7 G:W which is probably not 
as protective of thermolabile enzymes. 
In practice, modern breweries mashing 
followed by mash separation by lauter 

tun yields ~ 98% of laboratory extract, while mash filters achieve 
~ 101 % of laboratory extract [3, 113]. Although the 0.7 mm grind 
grist appears closer to brewer reality (Table 4, Fig. 5), the 0.2 mm 
grind is perhaps more accurate for estimating the critical extract 
parameter. Figure 5 suggests an 0.4 mm (or slightly coarser) op-
tion, between the 0.2 and 0.7 mm grinds which yields the same 
level of extract and almost the same level of AAL.

Attenuation (AAL): The MIM 65 °C mash protocol was optimized to 
maximize fermentable sugar release. Accordingly, it provides a 6.5 
% increase over the Congress mash (Table 5) due to optimization 
of parameters for a 1:3 G:W ratio (DP enzyme osmolyte protec-
tion), mashing in at 65 °C (Fig. 3) and a 60 min at 65 °C (Fig. 8). A 
shift to a 0.2 mm grind may result in a slight increase in AAL (Fig. 
6,7). Not surprisingly, the 1:7 G:W for the Isothermal 65 °C mashed 
malts only increased AAL by 3.3 % compared to the comparative 
Congress mashes (1:4 G:W). Such an outcome is almost certainly 
the result of the reduced solute/osmolyte mash environment for 
the DP enzymes in the Isothermal 65 °C mash thus contravenes 
the stipulation of that the small scale mash should be conducted 

Table 5	 Comparison of small scale mash malt quality outcomes. Congress, Isothermal  
	 65 °C and MIM 65 °C protocols (Table 1). The same set of 29 commercial Australian 
	 malts (set A) was assessed by both the MIM 65 °C and Congress mashes [37], while  
	 64 European malts (set B) were assessed with both the Congress and Isothermal 
	 65 °C and  protocols [47]

Malt parameter Mash  
program

Average Minimum Maximum

Extract 

(% dwt)

MIM 65 °C 79.0 75.8 81.7

Congress set A 80.1 77.3 82.6

Congress set B 83.2 81.4 85.6

Isothermal 65 °C 83.0 80.4 ?

AAL

(%)

MIM 65 °C 88.9 83.9 93.9

Congress set A 82.4 77.8 87.9

Congress set B 84.6 77.5 88.9

Isothermal 65 °C 87.9 81.3 92.9

Wort FAN 

(mg/L)

MIM 65 °C 150 118 198

Congress set A 165 134 203

Congress set B 165 115 226

Isothermal 65 °C 144 108 196

Soluble N 

(mg/L)

Congress set A 669 558 870

Isothermal 65 °C 611 510 775

Bradford N

(mg/L)

MIM 65 °C 327 235 448

Congress set A 367 266 588

KI

(%)

Congress set B 45.6 36.3 53.7

Isothermal 65 °C 41.8 33.9 49.6

Wort β-glucan

(mg/L)

MIM 65 °C 114 47 362

Congress set A 113 43 272

Congress set B 101 15 313

Isothermal 65 °C 195 14 612

Wort viscosity

(mPa.s)

MIM 65 °C1 1.472 1.416 1.654

Congress set B 1.443 1.400 1.492

Isothermal 65 °C 1.478 1.425 1.579
1 Data extracted from Evans et al.,[40] n = 92 commercially malted Australian and Canadian 
barley
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at ‘high gravity’ [8]. To commercial brewers average AAL levels ap-
proaching 90 % would on first appearance appear unrealistically 
high. However, the rapid attenuation test uses a very high yeast 
pitching rate, aeration and constant shaking over 24 h at 21 °C 
[35] ensuring minimal yeast growth and near complete ferment-
able sure utilisation. Brewers have traditionally calculated a “real 
degree of fermentation,” [20, 21, 58] which uses a factor (~ 0.81) 
to correct AAL to that which is more realistic in practical brewing. 
The factor contains allowances for extract used for yeast growth 
and metabolism and other factors.

Wort FAN, Soluble N, Bradford protein and KI: In terms of wort 
FAN, the Congress mash, as a function of the mild initial 45 °C rest 
(protease) mash conditions (Table 2). Table 5 shows that higher 
FAN levels were generated by the Congress mash, than the MIM 
65 °C mash which was commensurately higher than the Isothermal 
65 °C mash. The differential between the MIM 65 °C (1:3 G:W) and 
Isothermal 65 °C (1:7 G:W) mashes can potentially be explained 
by the more dilute nature of the Isothermal 65 °C mash. Figure 4 
shows that FAN production during mashing peaks at ~ 55 °C and 
reduces consistently as mashing temperature is increased. Still at 
65 °C there is significant FAN generation in a 65°C mash and this 
would be expected be assisted by the 1:3 G:W mash conditions 
of the MIM 65 °C mash (thermal protection of enzymes). These 
results demonstrated that despite the recorded thermolability 
of the FAN generating protease enzymes (Table 2), they still have 
significant activity to generate FAN 
at mash temperatures of 65 °C and 
above. The related results comparing 
the Congress and Isothermal 65 °C 
mashes, essentially conform to the 
discussion for FAN. Finally wort protein 
measured by the Bradford (Coomassie 
blue binding assay) is considered to be 
an indication of foam positive protein 
in beer and presumably wort [33, 37]. It 
is also noted that the MIM 65 °C mash 
extracts slightly less Bradford protein 
than the Congress mash.

Wort β-glucan and viscosity: The cell 
wall hydrolyzing enzymes have similar 
levels of mash thermostability as the 
proteolytic enzymes (Table 2). Similar 
to FAN, the levels of wort β-glucan 
and viscosity are slightly lower when 
comparing the Congress and MIM 65 °C 
mashes with the Isothermal 65 °C mash 
being slightly higher (Table 5). These 
observations further underline the 
greater putative persistence of the cell 
wall hydrolyzing enzymes. The averages 
for wort viscosity suggest that all three 
mash protocols produce wort quite 
similar viscosities. Given that the levels 
of wort β-glucan appear adequately 
controlled by good malting and brew-
ing practice, it appears to reduce wort 
viscosity and subsequent inefficiencies 

in mash separation and beer filtration that other culprits such as 
arabinoxylan/xylanase further assessment [19, 27, 40, 94, 96].

Over the years there have been a number of concerted attempts 

Fig. 9	 A small-scale, inexpensive, efficient and functional lautering 
efficiency test that can be added on to the mash protocol 
[37]. Figure reproduced with permission by the ASBC and 
MBAA© from Evans [32]

 
Fig. 10	 Scatterplots showing the relationships between A. Congress extracts, B. MIM 65 °C coarse 

and Congress fine extract, C. MIM 65 °C coarse and Congress coarse extract and D. Con-
gress and MIM 65 °C AAL. Reproduced from Cornaggia et al. [19], with permission from 
the Journal of the Institute of Brewing
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to develop a small-scale lautering test. Moll and Flayeux [80, 
81] developed an elegant system of lautering analysis that was 
conducted at practical brewing temperatures (80 °C) relying on a 
manual time course of lautering performance that was very time 
consuming to run in the laboratory. Of course, commercial mash 
separation is conducted with further hot water additions or sparges. 
Stenholm et al. [102] also measured the time course of lautering in 
an attemperated system at 80 °C with a thick mash (1:5 G:W), but 
this too was very time consuming to operate. Hot lautering also 
introduces problems with respect to evaporation for malt quality 
parameters based on wort concentration (e.g., extract, KI, etc.). 
Evans et al. [37] applied the “KISS principle” (‘Keep it simple stupid’ 
thought to have been first coined by Lockheed aircraft engineer, 
Kelly Johnson c1960 SR-71 Blackbird). In itself, it is a derivation 
of Occam’s Razor attributed to 14th Century philosopher, William 
of Occam) famously adapted for Bill Clintons 1997 presidential 
election campaign. Figure 9 demonstrates the ‘end-point’ (25 min) 
measurement of mash separation at RT (1:9 G:W) collected into 
500 ml measuring cylinders through Machery-Nagel MN-722 filters. 
In addition, the traditional practice of returning the first ~ 50ml of 
the ‘lautered wort’ to be refiltered was deemed unnecessary, as 
the MN-722 filters are sufficiently fine. Also, the mash filter papers 
were not ‘fluted’ as this action was observed to make little differ-
ence and potentially added experimental variation.

This small-scale lautering protocol adds little extra laboratory work 
but surprisingly, the results were reasonably reproduceable and 
could coarsely discriminate between different malt. Importantly, 
inclusion of exogenous glucanase and/or cellulase enzymes substan-
tially increased the amount of wort measured [37]. This lautering test 
appears to provide discrimination between malts despite the thinner 
G:W ratio despite the absence of sparging, both of which would 
increase the time taken and require substantial extra laboratory 
labour. Interestingly, Evans et al. [40] observed that over a period 
of approximately a decade that the lautering efficiency measure 
by this test of commercial malt samples improved substantially. 
Whether this is a case of superior malting, malting varieties or 
just an unexplained seasonal seasonal quirk Axcell et al.[9] is yet 
to be determined. The wort collected can also be easily used for 
assessing wort/beer filtration by the SWIFT test,[104] which has 
been found to be correlated with wort viscosity, xylanse, KI and 
wort β-glucan [19, 40].

A major consideration with the Berliner Programm’s objective to 
modernise the Congress mash protocol was in relation to selec-
tion rankings for malt quality parameters. In breeding programs, 
the setting of selection indices (e.g., percentage of breeder’s lines 
discarded ~ 33 %) is intrinsically linked to the ranking a particular 
line achieves over a series of quality and agronomic parameters. 
Gastl et al. [44, 46, 48] noted that the correlations between Con-
gress and Iso 65 °C mashes was r < 1.0 for parameters including 
extract, attenuation, soluble N, FAN, β-glucan and viscosity. Figure 
10 provides a snapshot of those correlations between parameters 
derived from the Congress compared with the MIM 65 °C mash. 
As would be expected Congress fine (0.2 mm) and coarse extract 
(0.7 mm, Fig. 10A) were highly correlated (r = 0.977). In contrast the 
correlation between MIM 65 °C extract (0.7 mm) and Congress fine 
(Fig 10B) and coarse (Fig. 10C) were reduced, r = 0.866 and r = 0.918 
respectively. For the comparison between MIM 65 °C and Congress 

Fig. 11	 Scatterplots showing the relationships between A. Congress 
and MIM 65 °C wort FAN; B. Congress and MIM 65 °C wort 
protein (Bradford); and C. Congress and MIM 65 °C wort 
β-glucan (From unpublished data from Evans et al [37])
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AAL (Fig. 10D) was substantially reduced (r = 0.756). Presumably, 
the modernisation of the Congress procedure for the MIM 65 °C 
mash in terms of the 1:3 G:W, temperature program (65 °C), mash 
time at 65 °C for 60 min result in these difference that would also 
substantially change the malt sample ranking. Further, Figure 11 
compares the Congress mash for the amount of wort FAN (Fig. 11A), 
Bradford protein (Fig. 11B) and β-glucan (Fig. 11C) with equivalent 
analyses. Broadly these correlations are broadly consistent with 
Gastl et al. [44-46, 48] in that the comparative measures were well 
correlated but provided substantially different rankings between 
the Congress and 65 °C mashing method.

4	 Conclusions

This review commenced with the provocative question, “Are the days 
of Congress mashing over?” [102] We contend that Stenholm was 
correct and that the 100 – 200 year old Congress small-scale mash 
should have been superseded long ago. With respect to Axcell’s [8, 
9] plea to malt analysis to more effectively reflect modern brewing 
practice with respect to high gravity brewing, lautering, potential 
haze formation, foam, and flavor stability, this review provides a 
number of positive options for approaching these goals. 

The review systematically assesses, based on a Congress mash 
protocol starting point, ways in which a new protocol could be 
instituted to more closely emulate modern commercial brewing 
practice. To begin with, it was demonstrated that a 65 °C mash 
in temperature was the optimal compromise between starch ge-
latinization and preservation of the thermolabile starch degrading 
enzymes, primarily beta-amylase and LD. A grist grind of 0.7 mm 
using a disc mill was identified as perhaps the closest to that pro-
duced by a commercial six roller dry mill. However, a 0.2 mm grist 
grind produced ~ 1 % higher extract which needs to be considered 
because modern lauter tun and mash filters approach or exceed 
100 % of Congress extract in practice. Possibly the compromise of 
a ~ 0.4 mm grind could be explored. The higher 1:3 G:W (higher 
gravity) was deemed optimal compared to the Congress mash (1:4 
G:W). The higher G:W results in improved enzyme stability due to 
increased mash solute/osmolyte concentrations. Although the wort 
AAL was approximately 82 % 15 min into a mash, the optimum time 
for maximal starch hydrolysis into fermentable sugars was observed 
to be 60 min for a 65 °C mash. Such a mash as outlined above (65 °C 
for 60 min, 0.7 mm grist grind, 1:3 G:W, mash out 78 °C, lautering 
at 1:9 G:W ratio, RT) was found amenable to assess the lautering 
performance of the malt sample simply with minimal new equip-
ment of time requirements for staff. Given that brewers typically 
add Ca2+ at 40 – 70 ppm (1.0 – 1.75 mM) to the mash liquor (Daniel 
Carey, Per. Com.) it was deemed prudent to add 1.4 mM Ca2+- 56 
ppm Ca2+, (e.g., CaSO4.2H2O or CaCl2) to the mash liquor. Overall, it 
was found that different protocols could result in different analyti-
cal rankings (e.g., AAL, FAN, KI etc.) which is particularly important 
to malting barley programs seeking to expedite progress towards 
developing new and superior malting varieties.

Testing for potential foam, haze formation and flavor stability is 
problematic as our understanding of the important beer traits 
are either poorly understood as yet or are heavily dependent on 
brewer’s choices during the brewing process. Possibly the simple 

measure of Bradford protein in wort may be of assistance as this 
measure generally biased in favour of foam positive proteins. A 
more modern determination of KI (protease action) could also be 
of assistance for foam stability A further option would be select 
lipoxygenase null varieties [55, 56, 99, 108, 117] which reduce the 
production of the very foam damaging lipid hydroperoxides [62, 63, 
114]. A valuable benefit is lipoxygenase null malt will also produce 
less beer staling compounds. With respect to beer flavour, recent 
studies have suggested shown differences between malt samples, 
particularly with reference to the level of malt protein and KI [17, 
54, 107]. Finally, with respect to beer colloidal stability, a number 
of proteins have been identified to promote the development of 
beer haze including a barley trypsin inhibitor CMe (BTI-CMe) and 
other barley trypsin and amylase inhibitors [59, 92, 93].
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