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SCOTCH MALT WHISKY DISTILLERS' MALTED BARLEY SPECIFICATIONS

THE CONCEPT OF FERMENTABLE EXTRACT— TEN YEARS ON

By T. C. S. Dolan

(The Highland Distilleries Company pic, Tamdhu, Knockando, Aberlour, Banffshire IV35 7RP)

Received 14 March 1990

The validity of the Recommended Methods used as a basis for trading malt by some maltsters and

distillers for the decade 1979-1988, during which time there have been some major malting and distilling

process changes, have been reviewed. In the ten years, the barley varieties used gradually changed, the

use of indirect fired malt kilning, often employing gentler kilning regimes, became widely used, and there

was a general move to lauter-type mash tuns. The overall effect of these changes has been a rise in

distillery yields. The validity of the fermentability method has been checked and it was confirmed that the
attenuation factor of 0.814 remains valid. The calculations of % Fermentable Extract and the Predicted

Spirit Yield remain meaningful, and no other such system has been published to challenge the current
Recommended Methods.
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Introduction

The development of the laboratory method for determining the

fermentability of unboiled malt wort, its use in trading, and its

adoption as a Recommended Method of the Institute of

Brewing, have been reported in previous publications3-4-*-6.

Trading ofmalt using Percent Fermentable Extract (FE) as a

quality parameter has been in use in parts of the industry since

1978, before the Recommendation of the unboiled wort fer

mentability method in 1983, and to date. The FE of a malt is

calculated as the mathematical product of the Percent Soluble

Extract (SE) of a malt milled at setting 7 (0.7 mm gap), and

that Extract's Percent Fermentability (F). The Recommended

Method for determining the Percent Soluble Extract (method

2,1 using brewers' 515 mashing flasks) has been established for

many years, while that for the Percent Fermentability (method

2.15) has been Recommended for five years, although in use in

practice for ten. An equation for calculating the Predicted

Spirit Yield (PSY) of a malt, using its Percent Fermentable

Extract and an empirically derived factor, was reported by

Dolan in 1976 and has become widely used in the industry.

It is timely to review the relevance and validity of the

Fermentability Method and the effects of adoption of FE as a

malt quality parameter, particularly in the light of changes in

malting and distilling practices which have occurred in the

decade.

Examples of changes in malting are that:

(a) The number of barley varieties in use in Scotland has

increased from basically one— Golden Promise — to six

or seven, as can be seen in the 1989-90 list of Approved

Varieties7, and the varieties in use gradually change over

the years.

(b) There has been a virtually complete move to indirect malt

kilning, which has eliminated problems of nitrosamine

formation and has allowed altered kilning regimes.

(c) A major change in malt distilleries has been the gradual

installation throughout the industry of lauter-type mash

tuns, which have allowed the mashing of finer grists,

quicker turnround cycle and higher-extract worts.

A laboratory method which is to be meaningful for pro

duction purposes must take into account such changes in

production methods and not remain static, with the prospect of

becoming gradually irrelevant.

It was decided to examine how some of the major changes in

practice relate to the two Recommended Methods. Malting and

mashing changes may affect SE or F or both, and thus FE and

the ability to predict spirit yield.

Changes which affect extract are:

(a) the continuous change of barley varieties which are used,

where laboratory and mash tun extracts have risen with

the swing from Golden Promise types to Triumph types.

(b) the advent of lauter-type tuns which allow finer milling.

Changes which affect fermentability are:

(a) the swing to indirect kilning, eliminating the passage of

fuel or additive derived combustion products through the

malt.

(b) the advent of gentler kilning regimes as a result of energy

saving schemes and to protect thermolabile enzymes.

The studies reported here have centred on how changes in

production methods have affected malts' FE derived by ana

lysing malts by the two Recommended Methods (setting 7

wort, fermented: ("7/7")) as this is the basis on which malt has

been bought for the years 1979 to date.

Extensive analysis of FEs determined using setting 2 wort

fermented: ("2/2"), and relating them has been carried out.

Experimental

Validation ofthe Factor Relating Real and Apparent Unboiled

Wort Fermentabilities

The first step was to examine the validity of the factor which

relates unboiled wort fermentability determined by the RG and

FG methods. The RG method gives the real fermentability,

while the FG method gives the higher, apparent fermentability.

The RG method is more laborious, and the FG method was

Recommended, with the factor 0.814 being used to calculate

the real attenuations from the FG result.

A large number of malts (172) made in a malting plant where

kilning is indirect and the cycle is gentler than hitherto have

TABLE I Relationship between Real and Apparent

Fermentabilities of Unboiled Malt Worts

Real

Barley No. of F(RG)

Variety Samples %

Attenuation

Constant

Apparent F(RG)x8l.9

% F(FG)

Golden

Promise

Natasha

Triumph

All

76

57

39

172

87.41 ±0.46 87.95±0.52 8l.40±0.10

87.63 ±0.53

87.97±0.45

88.14 ±0.55

88.40±0.45

8I.43±O.IO

8l.50±0.l2

87.52±0.S7 88.07±0.53 8l.39±0.1l

Results are mean ± 2SD.
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TABLE II.

Barley

Variety

Golden

Promise

Natasha

Triumph

All

FERMENTABLE EXTRACT

Analyses of Malts Used in RG/FC Fermentability Comparison

SE 2 dwb

%

78.06 ±0.62

80.62 ±0.95

79.64 ±0.50

79.27 ±1.26

SE 7 dwb

%

76.15 ±0.7

79.23 ±0.65

78.43 ±0.55

77.7 ± 1.59

2/7 difference

%

1.91 ±0.62

1.39 ±0.50

1.21 ±0.44

1.57 ±0.62

F(FG)

%

87.42 ±0.63

87.77 ±0.33

87.87 ±0.46

87.64 ±0.55

FEdwb

%

66.57 ±0.91

69.54 ±0.67

68.92 ±0.57

68.10 ±1.58

[J. Inst. Brew

Results are mean±2SD.

been analysed and it was found that the factor has not been

significantly affected for the varieties studied. Table 1 sum

marises the results.

The production malts (1987 crop) were analysed in the

normal way, using the Recommended Methods. In addition,

the Fermentability by RG was determined for each sample. The

Attenuation Constant was then calculated, for each variety

tested, and for the entire number of malts. Golden Promise,

and Natasha and Triumph were representative of the old and

new types of varieties. A laboratory development that was

incorporated into the work was that all SGs were determined

using a densitometer, which gives more consistency than did the

previously employed manual method using an SG bottle.

The analyses of the Golden Promise, Natasha and Triumph

malts are summarised in Table II. The fermentabilities are

typical of what have been obtained in the years following the

installation of indirect kilning and the use of a gentler kilning

regime (3 h at 60"C, 10 h at 65"C, 5 h at 72"C). The Golden

Promise has a typical mean SE(7) dwb of 76.15% while the

higher SE yielding Natasha at 79.23% and Triumph at 78.43%

are typical of the newer varieties. The F values for the two types

of varieties are similar, but variety could have an effect, and a

high-fermentability variety is always being sought by industry.

The differing SEs led to proportionally different FEs and PSYs,

once the empirical factor for that calculation had been applied,

and the moisture contents taken into account. The PSYs and

actual distillery yields obtained when these malts were pro

cessed are extremely close (Table III), and it was concluded

TABLE III. Produces compared to predicted spirit yield for macro
malts used in RG/FG Fermentability Comparison

Barley

Variety

PSY

Litre/t dwb

Distillery Yield

Litre/tonne dwb

Golden Promise

Natasha

Triumph

All

Results are mean±2SD.

403±5

421 ±4

418±4

413±6

402

419

418

414

that predicting the spirit yield using each malt's FE (7) (as is)

and the empirical factor was still valid.

Prediction ofSpirit Yield

In the decade under review, the industry experienced a

downturn in production followed by a revival. Throughout this

time, monitoring of how a group our distilleries' produces

related to the relevant PSY's calculated from the analysis of

composite samples of the malt used in each production period

has been carried out. At times of full working, when production

periods ran continuously, the produces were generally very

close to the predicted, the annual differences being ca. I litre/

tonne. Where there was interrupted production, produces fell

below the PSY, being ca. 4 L/tonne less. The empirical

equation for calculating PSY was derived in an era of full

production, and it has been learned over the years how each

distillery will yield when its production level at the time is

considered.

In the decade, 179,000 tonnes of malt were mashed in the

group of distilleries, and the average produce was 0.94 L/tonne

less than the average PSY — a prediction error of less than

0.25%. These results have led to the view that the equation

suggested in 1976 for the calculation of PSY is satisfactory, at

least for this Company's purposes, providing that the malt used

is in specification, and mashing, fermenting and distilling

proceed normally.

The Relationship between Fine and Coarse Extracts, their

Fermentabilities and their Fermentable Extracts

The gradual increase in the number of lauter-type mash tuns

in the industry has led to the malt mill rollers being set to give

a finer malt grist, as these tuns can be successfully operated with

grists approaching that obtained at mill setting 2 in the labora

tory. Bathgate has reported that in many malt distilleries mash

tun extract equal to the SE(2) is now the normal requirement,

and m.t.e.(7) is either regarded as a minimum or is un

acceptable. The fact that such finely ground grists can be

successfuHy processed has led to distillers drawing up malt

specifications quoting a minimum SE(2) as a malt quality

parameter and to coupling it with a fermentability parameter

which is obtained by fermenting the laboratory fine extract

TABLE IV. Fine and Coarse malt extracts, fermenlabilities and fermentable extracts of some macromalts

Number SE(2) F(2) SE(7) F(7) FE(2/2) FE(7/7)

Malt Samples Variety % dwb % % dwb % % dwb % dwb

Domestic

Bought

39

19

58

116

154

Camargue

Natasha

Triumph

All

—

80.60

80.98

80.25

80.48

±0.23

81.33

±0.73

87.13

86.97

87.44

87.26

±0.19

86.91

±0.55

79.34

79.88

78.89

78.89

±0.36

80.24

±0.99

87.54

87.36

87.78

87.63

±0.16

87.02

±0.53

69.99

70.48

69.83

69.77

±0.42

70.68

±0.76

69.21

69.76

69.27

69.33

±0.19

69.82

±0.90

Results are mean ± 2SD.
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wort (2) or coarse extract wort (7). Recommended Method 2.1

(SE) applies to both fine soluble extract (SE(2)) and coarse

soluble extract (SE(7)). but method 2.IS (F) applies only to

SE(7) wort, and the factor suggested for calculating PSY is

based on the SE and F wort obtained by milling at setting 7

(referred to as FE(7/7)). Experiments, comprising mashing and

fermenting malts ground at settings 7 and 2, have been carried

out, and results comparing the SEs, Fs and FEs obtained.

Results using coarse extract wort (7/7) and fine extract (2/2)

wort have been compared. The results obtained by analysing

samples of 116 domestically produced malts (1988 crop) and

154 bought malts (1988 crop) are summarised in Table IV.

Extracts are calculated on a d.w.b. giving a % FE also on

d.w.b. These results show that SE(2) is generally about I % unit

higher than SE(7). as would be expected for the malts modified

to distillers' internal and external specifications. The F(2)

results are generally about 0.5% unit lower than the F(7)

results, indicating that although extra (laboratory) extract is

obtained by fine grinding, it is not so fermentable in percentage

terms. Calculating the FEs gives results of FE(2/2) of 69.77%

and FE(7/7) of 69.33% for domestic malts (a 0.6% difference)

and FE(2/2) of 70.68% and FE (7/7) of 69.82% for bought

malts (a 1.2% difference).

Development of Extracts, Fermentabilities and Fermentable

Extracts During Germination

The development or SE(2). SE(7). F(2) and F(7) during the

germination of malts at micro (500 g) and macro (40 tonne)

scales has been studied, extending the work reported by

Bathgate2. The work, at both scales, has confirmed the patterns

of development of SE(2). SE(7). (Figures I and 4) and F(7)

(Figures 2 and 5) previously reported, and has yielded new

information on the development of F(2) and FE(2) during

germination (Figures 2. 3, 5 and 6).

In both sets of experiments, which arc typical of several runs

at each scale, the results obtained showed the same trends, but

the different conditions prevailing at the micro and macro

scales gave slightly different curves for the rates of each malts'

development. Steeping was much more precisely controllable at

the micro scale, while green malts from both scales were kilned

on the microkiln. The barley used for micro scale experiments

was more ready to germinate and this fact is reflected in the

results obtained.

At both scales the SE(2) values were effectively at their

maximum at 48 h from casting. At the micro scale the SE(7)

was reached at 72 h (Fig. 1) and remained there until final

kilning at 140 h. while at macro scale, it was not reached until

ca. 96 h (Fig. 4), reflecting the slower rate of modification. The

two rates of modification are also reflected by the relative rates

of development of the two malts' fermentabilities. The Fs of

both coarse and fine worts made from the micromalts were at

their maxima at 48 h (Fig. 2). while those of the slower

modifying macromalts were not maximal until ca. 72 h (Fig. 5).

The rates of development of FE follow these patterns (Figs 4

and 6). In the case of FE(2/2). malts made on both scales

reached their maxima by ca. 48 h due to the achievement of

maximum SE(2) at that time, as a result of mechanical break

down of the green malt cell walls and because of the early

development of maximum fermentability. In the case of

FE(7/7), the micromalt reached its maximum at ca. 96 h, while

the macromalt required ca. 112 h due to slower rate of

modification.

It is surprising that in the case of the micromalt, the F(2) and

F(7) were almost identical, but it could reflect more efficient
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Fig. I. Development of Soluble Extracts during micromulting of 1988 Fig. 2. Development of Fermenlabilities during micromalting of 1988

cropCamarguc. A ▲ SE(2): A A SE(7). crop Camarguc. •—• F<2): O O F(7).






