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Analytica-EBC - Precision Values of Wort Analyses

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

Brewery Convention

In Analytica-EBC (1) method 8.3: Specific Gravity of Wort by Density Meter, method 8.4:

Viscosity of Wort: Glass Capillary Viscometer (IM), method 8.5: Colour of Wort:

Spectrophotometric Method (1M), method 8.7: Fermentable Carbohydrates in Wort by HPLC (IM),

method 8.8: Bitterness of Wort (IM), method 8.9.1: Total Nitrogen in Wort: Kjeldahl Method and

method 8.11: Zinc in Wort by Atomic Absorption Spectrophotometry (IM) are described, but

repeatability (rg5) and reproducibility (i?95) values are missing.

Tliese methods have been collaboratively tested by members of the Analysis Committee of the

European Brewery Convention in 1999 to obtain the corresponding precision data.

In method 8.12: Total Polyphenols in Wort by Spectrophotometry the precision values are

missing as well, but because of testing a new ammonium ferric citrate reagent the data have been

postponed.

Tlte worts analyzed had extract contents of ca 18°P (% mlm), 14°P, 12°P, 10°P and 8°P

respectively.

Tlte precision values are listed below (n = number ofparticipating laboratories, m - mean value).

Specific Gravity (n = 14)

In terms of "PC", m/m)

Viscosity, ml'as (n = 11 to 12)

(Sre Note under Results and Drcu*.i(in>

Colour. EBC Units (n = 13 to 14)

Bitterness, BU(n = 14 to 15)

Total Nitrogen, mg/l (n = 11)

Fermentable Carbohydrates.

g/100ml(n = 6)

Zinc, mg/l (n = 6 to 7)

Range

1.03200 to 1.07450

1.07450

8 to 14

18

1.46 to 251

7 to 16

18 to 42

700 to 1650

557 to 13.13

022 to 0.46

0.00008

0.00012

0.02

0.03

0.02

0.1

-0.36 + 0.05 m

24

056

0.024

R«

0.00035

0.00057

0.08

0.13

•0.03+ 0.123 m

152^-0.12 m

0.72 +0.14 m

34 + 0.06 m

0.76 + 0.24 m

- 0.073 + 0.806 m

For the analytes Fermentable Carbohydrates and Zinc a

little number of results was collected, so the values r95 and

R<j5 respectively should be considered as a guide only.

INTRODUCTION

The Analysis Committee of the European Brewery

Convention decided to complete some wort analyses

described in Analytica-EBC by precision values

concerning repeatability (r95) and reproducibility (R95).

An interlaboratory trial was organised in which a varying

number of laboratories (n) participated dependent on the

method in question.

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

57252. Two trials were undertaken using a uniform

design.

An industrial high gravity brewed and pasteurised

wort with ca 18°P (% m/m) was circulated among the

participating laboratories. Participants were asked to

determine the original wort and diluted worts (dilutions

with water made by weight per weight to concentrations

of ca 14°P, 12°P, 10°P and 8°P respectively).

RESULTS AND DISCUSSION

The basic data received for the methods in question are

presented below.

Whenever the observations of data suggested

inhomogeneity of variance the Cochran's test was used,

for dealing with stragglers and outliers among the mean

values the Dixon's test and the Grubbs' test were used.

Following the results set out in tables below the overall

precision values are given.

Extract, % m/m

(derived from Analytica-EBC, method 8.3 Specific

Gravity by Density Meter)

Wort, ca 18°P

Lab

1

2

3

4

5

6

7

8

9

l.det.

18.02

18.12

17.85

18.08

18.03

18.10

18.10

18.15

18.12

2.det.

18.01

18.12

17.79

18.08

18.04

18.10

18.10

18.13

18.14

w

0.01

0.00

0.06*

0.00

0.01

0.00

0.00

0.02

0.02

m

18.02

18.12

17.82**

18.08

18.04

18.10

18.10

18.14

18.13

table continued on next page
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table continued from previous page

10 18.07 18.07

11 1ft nft 1 o na
11 1 o.Uo 1 o.Uo

12 17.99 17.99

13 18.10 18.11

14 18.08 18.10

15 18.12 18.15.

* Cochran-Test: Outlier. C = 0.600 :

** Dixon-Test: Straggler. Q = 0.565

(1 %).

-» n = 14. Mean = 18.09. r95 = 0.03.

Wort, ca 14°P

Lab l.det. 2.det.

1 14.01 13.99

2 14.09 14.08

3 13.78 13.83

4 14.05 14.05

5 14.03 14.03

6 14.06 14.07

7 14.06 14.06

8 14.11 14.10

9 14.06 14.07

10 14.04 14.05

11 14.04 14.04

12 14.06 14.05

13 14.07 14.07

14 14.09 14.09

15 14.12 14.11

* Cochran-Test: Outlier. C = 0.694 :

** Dixon-Test: Outlier. Q = 0.789 >

-> n = 14. Mean = 14.07. r95 = 0.02.

Wort, ca 12°P

Lab l.det. 2.det.

1 12.02 12.00

2 12.09 12.08

3 11.87 11.96

4 12.04 12.04

5 12.07 12.07

6 12.08 12.07

7 12.07 12.07

8 12.13 12.10

9 12.09 12.09

10 12.08 12.08

11 12.04 12.05

12 12.09 12.07

13 12.08 12.08

14 12.08 12.09

15 12.14 12.14

* Cochran-Test: Outlier. C = 0.794 :

** Dixon-Test: Outlier. Q = 0.714 >

-> n = 14. Mean = 12.08. r95 = 0.03.

0.00

n nn
u.uu

0.00

0.01

0.02

0.03

> 0.575 (1 %).

18.07

ia na
lo.Uo

17.99

18.11

18.09

18.14

(5 %) < 0.629 < 0.647

Rg5 = 0.13.

w

0.02

0.01

0.05*

0.00

0.00

0.01

0.00

0.01

0.01

0.01

0.00

0.01

0.00

0.00

0.01

> 0.575 (1 %).

0.647 (1 %).

Rys = 0.09.

w

0.02

0.01

0.09*

0.00

0.00

0.01

0.00

0.03

0.00

0.00

0.01

0.02

0.00

0.01

0.00

> 0.575 (1 %).

0.647 (1 %).

R95 = 0.09.

m

14.00

14.09

13.81**

14.05

14.03

14.07

14.06**

14.11

14.07

14.05

14.04

14.06

14.07

14.09

14.12

m

12.01

12.09

11.92**

12.04

12.07

12.07

12.07

12.12

12.09

12.08

12.05

12.08

12.08

12.09

12.14

Wort, ca 10°P

Lab l.det.

1 10.02

2 10.06

3 9.88

4 10.05

5 10.03

6 10.06

7 10.06

8 10.09

9 10.09

10 10.06

11 10.12

12 10.08

13 10.07

14 10.05

15 10.10

** Dixon-Test: Outlier. Q =

2.det.

10.01

10.06

9.90

10.05

10.03

10.07

10.06

10.10

10.09

10.06

10.13

10.07

10.07

10.07

10.10

0.683 >

-> n = 14. Mean = 10.06. r95 = 0.02.

Wort, ca 8°P

Lab l.det.

1 8.04

2 8.05

3 8.01

4 8.04

5 8.03

6 8.04

7 8.04

8 8.08

9 8.06

10 8.05

11 8.02

12 8.06

13 8.05

14 8.05

15 8.11

* Cochran-Test: Outlier. C =

** Dixon-Test: Straggler. Q

(1 %).

-> n = 14. Mean = 8.05. r95

Precision

2.det.

8.04

8.05

7.95

8.04

8.03

8.04

8.04

8.10

8.07

8.05

8.03

8.07

8.05

8.05

8.11

= 0.842:

= 0.565

= 0.01. F

w

0.01

0.00

0.02

0.00

0.00

0.01

0.00

0.01

0.00

0.00

0.01

0.01

0.00

0.02

0.00

0.647 (1 %).

R<,5 = 0.08.

w

0.00

0.00

0.06*

0.00

0.00

0.00

0.00

0.02

0.01

0.00

0.01

0.01

0.00

0.00

0.00

> 0.575 (1 %)

m

10.02

10.06

9.89**

10.05

10.03

10.07

10.06

10.10

10.09

10.06

10.13

10.08

10.07

10.06

10.00

m

8.04

8.05

7.98**

8.04

8.03

8.04

8.04

8.09

8.07

8.05

8.03

8.07

8.05

8.05

8.11

(5 %) < 0.588 < 0.647

{95 = 0.07.

The precision values (% m/m, derived 1

specific gravity of the wort determined by

from the

p density

meter) deduced from the results of fourteen laboratories

analysing wort samples at

Range r95

8 to 14 0.02

18 0.03

5 levels

R95

0.08

0.13

are:
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Viscosity, mPas

(Analytica-EBC,

Wort, ca 18°P

Lab

1

2

4

6

7

8

9

10

11

12

13

15

method

l.det.

2.670

1.989

2.440

2.497

2.513

2.556

2.663

2.490

2.527

2.531

2.299

2.465

** Dixon-Test: Straggler.

(1 %).

-* n = 11. Mean

Wort, ca 14°P

Lab

1

2

4

6

7

8

9

10

11

12

13

15

= 2.512.

1. det.

2.137

2.034

2.000

1.973

1.997

2.029

2.069

1.980

2.007

1.981

1.837

1.953

8.4)

2.det.

2.676

1.964

2.440

2.493

2.489

2.553

2.639

2.500

2.525

2.539

2.302

2.455

Q = 0.479 (5

r95 = 0.023. R

2. det.

2.137

2.034

2.110

1.970

2.060

2.022

2.058

1.980

2.016

1.980

1.837

1.955

w

0.000

0.025

0.000

0.004

0.024

0.003

0.024

0.010

0.002

0.008

0.006

0.010

m

2.670

1.977**

2.440

2.495

2.501

2.555

2.651

2.495

2.526

2.535

2.301

2.460

%) < 0.480 < 0.579

95 = 0.286.

w

0.000

0.000

0.020

0.003

0.063*

0.007

0.011

0.000

0.009

0.001

0.000

0.002

m

2.137

2.034

2.100

1.972

2.029

2.026

2.064

1.980

2.012

1.981

1.837

1.954

Wort, ca 10°P

Lab l.det.

1 1.743

2 1.613

A

6

7

8 1

9

10

11

12

13

15

67(1

1.587

1.609

1.638

1.678

1.590

1.663

1.582

1.495

1.573

n = 12. Mean = 1.620. r95

Wort, ca 8°P

Lab l.det.

1 1.592

2 1.456

4 1.490

6 1.425

7 1.434

8 1.459

9 1.497

10 1.440

11 1.471

12 1.471

13 1.358

15 1.390

n = 12. Mean = 1.458. r95

i recision

2.det. w

1.743 0.000

1.615 0.002

i 67n n nnn

1.580 0.007

1.596 0.013

1.636 0.002

1.668 0.010

1.600 0.010

1.658 0.005

1.590 0.008

1.500 0.005

1.580 0.007

= 0.014. R.,5 = 0.177.

2.det. w

1.592 0.000

1.456 0.000

1.460 0.030

1.411 0.014

1 450 0 016

1.460 0.001

1.510 0.013

1.440 0.000

1.475 0.004

1.494 0.023

1.365 0.007

1.399 0.009

= 0.027. R,5 = 0.165.

The precision values (mPas) deduced from

m

1.743

1.614

i 67n

1.584

1.603

1.637

1.673

1.595

1.661

1.586

1.498

1.577

m

1.592

1.456

1.475

1.418

1.442

1.456

1.504

1.440

1.473

1.483

1.362

1.395

the results

* Cochran-Test: Outlier. C = 0.857 > 0.653 (1 %).

-»n = 11. Mean = 2.009. r95 = 0.016. R,5 = 0.227.

of twelve and eleven laboratories respectively analysing

wort samples at 5 levels are:

Wort, ca 12°P

Lab

Range r95 R95

l.det. 2.det. w m

1

2

4

6

7

8

9

10

11

12

13

15

1.932

1.797

1.900

1.762

1.789

1.813

1.858

1.770

1.806

1.784

1.657

1.761

1.932

1.795

1.840

1.758

1.786

1.814

1.849

1.780

1.805

1.785

1.657

1.770

0.000

0.002

0.06

0.004

0.003

0.001

0.009

0.010

0.001

0.001

0.000

0.009

1.932

1.796

1.870

1.760

1.788

1.814

1.854

1.775

1.806

1.785

1.657**

1.766

1.46 to 2.51 0.02 - 0.03 + 0.123 m

where m is the mean value.

Note

It has to be taken into consideration that also other

types of viscometers than capillary viscometers have been

used.

Colour, EBC Units

(Analytica-EBC, method 8.5)

Wort, ca 18°P

Lab l.det. 2.det. w m

** Dixon-Test: Straggler. Q = 0.479 (5 %) < 0.484 < 0.579

(1 %)-

-» n = 11. Mean = 1.813. r95 = 0.038. R<,5 = 0.150.

1

2

3

19.12 19.16 0.04 19.14

14.80 14.80 0.00 14.80

15.80 15.80 0.00 15.80

table continued on next page
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