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Determination of Fermentability (Final Attenuation) of Wort

Submitted by W. Hagen and H. Schwarz on behalf of the Analysis Committee of the European Brewery

Convention

Two methods for the determination of the apparent fermentability (attenuation limit) of wort,

the regular fermentation as a reference method as well as a more rapid method have been

collaboratively tested by members of the Analysis Committee of the European Brewery

Convention to obtain repeatability (rss)and reproducibility (R95) values and toform an idea ofthe

equivalence of these two procedures based on the comparison of results obtained from identical

samples. In the collaborative trials the 14th EBC Standard Malt and two industrial worts were

analysed. Repeatability (rss) and reproducibility (R95) values of 0.5% and 2.9% respectively at a

mean level of83.9% were obtainedfor laboratory wortfrom malt using the referencefermentation

method. Using the rapid fermentation method the values were 0.9% and 2.4% respectively at the

mean level of 82.8%. The precision values for industrial wort using the reference fermentation

method were r95 = 0.4% and R95 = 2.4%for mean levels of81.3 and 82.4%, using the rapid method

0.3% and 3.5% were obtained respectively for mean levels of 80.5 and 81.7%.

The reference fermentation is more precise in terms ofreproducibility and yields higher results.

The rapid method is recommendedfor guideline purposes only.

INTRODUCTION

The Analysis Committee of the European Brewery

Convention decided to evaluate the reference method

for the determination of fermentability (final

attenuation, attenuation limit) of laboratory wort from

malt and worts from commercial plants as well as a

rapid method. Interlaboratory trials were organised in

which 11 and 14 laboratories respectively participated.

Each laboratory used its own in-house yeast.

EXPERIMENTAL

The organisation of the collaborative trial and the

statistical treatment of the data were performed

according to the procedures given in the International

Standard ISO 57251. Two trials were undertaken using a

uniform design. To evaluate the equivalence of the two

procedures tested statistical treatment was made

according to the Paired t-Test for Differences in Means

and Wilcoxon Signed Rank Test respectively2.

The 14th Standard Malt and two industrial worts were

circulated to the participating laboratories. Participants

were asked to determine the fermentability of the

Congress Wort made from the Standard Malt according

to EBC Method 4.11 (reference method) in the version of

Analytica 4th ed.3, using in-house yeast (15 g/100 ml)

and according to ASBC Wort-5 (rapid method)4

respectively, with the addition of 32 g /100 ml yeast and

5 - 7 h fermentation time. The same was done with the

industrial worts (EBC Method 8.4).

RESULTS AND DISCUSSION

Congress Wort (14th Standard Malt)

Results were received from 11 laboratories. The raw

data, as received, are presented in Table I. Laboratory 3

sent only one result for the rapid method, therefore it

was eliminated.

TABLE I.

Laboratory

1

2

3

4

5

6

7

8

9

10

11

Laboratory 'Wort, Units

Reference

Fermentation

82.4

84.3

87.0+

84.5

82.4

85.0

82.7

85.2

83.9

83.7

84.9

82.7

84.4

86.1+

84.2

82.2

84.6

82.7

84.9

84.0

83.7

85.0

%

Rapid

Fermentation

76.1»

82.2

83.2

83.0

81.5

82.7

82.3

83.9

83.1

83.6

83.3

76.7*

82.4

-

82.7

81.0

81.8

82.2

83.9

83.7

83.4

83.1

+ Straggler according to Cochran, elim.

* Outlier according to Dixon, elim.

In the case of the reference fermentation one set of data

was identified as a straggler according to the Cochran

test and another as an outlier according to the Dixon test

regarding the rapid fermentation.

The precision data are given in Table III. The

repeatability and reproducibility values are fairly

similar to those obtained in the previous collaborative
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trial introducing the 14th Standard Malt.

The repeatability (r95) of the reference fermentation is

better than that of the rapid method, the reproducibility

(1*95) is equivalent. The reference method gives a higher

attenuation limit from a statistical point of view.

Therefore it was decided to perform a second test

analysing worts from a commercial plant using a longer

fermentation time from five to seven hours in the rapid test.

Industrial Wort

Results were received from 14 laboratories and are

presented in Table II. Laboratory 1 sent one result for

each sample only, so it was eliminated. Laboratory 7

reported only one result for wort A using the reference

method and was therefore eliminated. Evaluating the

data of the reference fermentation of wort A, one set was

identified as an outlier according to the Cochran test and

another as a straggler, these results were not included in

the statistical evaluation.

The sets of the rapid fermentation of wort B showed

one outlier according to the Cochran test and was

omitted.

The precision data are given in Table III.

TABLE II. Industrial Wort, Units %

TABLE III. Summary of Precision Data, Unite %

Wort A

Laboratory

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Wort B

Laboratory

1

2

3

4

5

6

7

8

9

10

11

12

13

14

Reference
Fermentation

81.7

80.3

82.5

81.3

81.6

81.9

80.5

81.3

81.9

81.0

81.6

79.8

80.1*

81.4

-

80.3

82.7

81.1

81.5

81.8

-

81.2

81.9

80.9

81.7

79.7

80.6*

81.4

Reference
Fermentation

83.1

80.3

83.4

82.7

83.1

83.1

82.3

82.5

83.3

82.2

82.6

81.0

81.4

82.7

.

80.6

83.9

83.3

83.0

82.8

82.3

82.5

83.3

82.0

82.8

81.0

81.7

82.9

Rapid
Fermentation

81.7

78.0+

82.8

79.5

81.1

81.8

80.4

79.6

81.2

79.4

81.5

79.0

79.2

80.2

78.4+

82.9

79.5

81.0

81.7

80.4

79.5

81.2

79.6

81.4

79.0

79.0

80.4

Rapid

Fermentation

82.7

79.7

84.2

80.8

82.4

81.8

81.8

80.8

82.8

81.6

82.6

80.0

79.8*

81.6

.

80.1

84.1

81.2

82.3

82.1

81.8

80.7

82.7

81.5

82.6

79.9

80.7

81.9

Reference Fermentation

Sample

Laboratory Wort

Industrial Wort A

Industrial Wort B

Number of
Laboratories

10

11

13

Rapid Fermentation

Sample

Laboratory Wort

Industrial Wort A

Industrial Wort B

Number of
Laboratories

9

12

12

Mean

83.9

81.3

82.4

Mean

82.8

80.5

81.7

0.5

0.2

0.5

«95

0.9

0.2

0.4

R95

2.9

2.2

2.7

R95

2.4

3.4

3.5

* Straggler according lo Cochran, elim.

* Outlier according to Cochran, elim.

The repeatability of both methods, the reference

fermentation as well as the rapid fermentation, is

similar, the reproducibility of the reference fermentation

is better. Despite the two hours longer fermentation time

(7 hours instead of 5 hours) the attenuation limit using

the rapid method was still lower compared to that of the

reference method within about 24 hours,

CONCLUSION

The results of these collaborative trials showed that

the repeatability and reproducibility values for the

determination of the attenuation limit of laboratory wort

from malt and industrial worts respectively using the

reference fermentation method within about 24 hours

are at an acceptable level, especially in view of the fact

that each laboratory used its own in-house yeast.

The rapid method (fermentation time 5 hours and 7

hours respectively) had the tendency to give worse

precision values and resulted in lower attenuation

limits. This is probably due to the different yeast strains

used and their different fermentation power, which are

obviously relevant for shorter fermentation times.

From the results of these trials the Analysis Committee

of the European Brewery Convention decided to

recommend the rapid method for guideline purposes.
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