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1 Introduction
1.1 Current situation

In addition to alcohol content, original gravity and extract, bitter
substances represent one of the basic criteria for evaluating beer
quality. The most important bitter substances in beer are the iso-
a-acids [3].

Two methods for determining bitter substances in beer have become
widely adopted as the methods of choice:

1. European Brewery Convention, EBC 9.8 — Bitterness of Beer
(IM) [1], (cf. Mitteleuropéischen Brautechnischen Analysen-
kommission e. V. MEBAK 2.18.1 [2]),

2. HPLC analysis according to EBC 7.8 — Iso-a-, - and B-acids
in Hop and Isomerized Hop Extracts by HPLC [1].

EBC 9.8 is the “wet chemistry” method for determining EBC
bitter units (BU). This method measures the sum of the bittering
substances by means of extraction with acidic iso-octane followed
by photometric measurement at 275 nm. This analysis method
measures o-acids, primarily iso-a-acids.

The second method as to HPLC analysis is currently not consi-
dered a commonly used standardized method for analysing bitter
substances (iso-o-, a- and B-acids) in beer, since it is based on
EBC 7.8, which uses high performance liquid chromatography
(HPLC). For the method as applied herein, only the section of
EBC 7.8 pertaining to the procedures for the HPLC analysis was
consulted. After separation of the iso-a-acids by HPLC, the indi-
vidual components were measured at 270 nm. In contrast to EBC
9.8, the HPLC analysis determines individual bitter substances
rather than the sum of all bitter components.

1.2 Description of the problem

Over the past few years, collaborative trials have been conducted
for the purpose of assessing the reliability of the two methods
described above. As part of this assessment, different beers were
tested in each of the participating laboratories.

Sample preparation procedures for the HPLC analysis have not
yet been standardized. Therefore, laboratories have employed a
variety of preparation methods prior to conducting this analysis;
however, the procedures for the HPLC analysis are described in
EBC 7.8. Up to now, the collaborative test results have yielded
unusually high values for the comparability R according to DIN/
ISO 5725.

Authors: Dipl.-Ing. Jean Titze, Dr. Vladimir Ilberg, Dr. Fritz Jacob and
Prof. Dr. Dr. Harun Parlar, Research Centre Weihenstephan for Brew-
ing and Food Quality, Alte Akademie 3, D-85354 Freising, Germany;
e-mail: j.titze@wzw.tum.de

The concept of comparability R is understood as the value below
which the absolute difference between two results of the same
analysis on the same materials under different conditions (e. g. in
two different laboratories) can vary and still be within a defined
probability, generally 95 %.

The results clearly underscore the inaccuracy between these two
methods for determining bitter substances.

Data from the research conducted by Rigby and Bars show that at
the wavelengths given in each of the analysis methods, not only
is absorption by iso-a-acids present, but by a-acids as well [4].
The spectra for both pure iso-a-acids and pure a-acids are shown
in figure 1.1 below.
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Fig. 1.1 The spectra for a-acids (humulone) und iso-o-acids
(isohumulone) in alkaline methanol [4]

Atwavelengths between 270 nm and 275 nm, a distinct minimum
inthe absorption curve ofthe a-acids is recognizable. Nevertheless,
additional absorption by a-acids contributing to that of the iso-
a-acids presumably occurs, given that the absorption by a-acids
cannot be completely eliminated in either analysis.

1.3 Purpose of the investigation

The difficulties encountered in reconciling these two methods
served as impetus for an investigation into this problem. Not only
was each method to be more closely examined, but a comparison
of the two was to be carried out.

The primary focus of this investigation was to analyse standardized
beer samples with defined concentrations of iso-a-acids.
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2 Investigation

2.1 Procedures
The investigation was conducted in two parts:

1. In the first part of the analysis, ten beers were tested by five
different laboratories as part of collaborative trials. The beer
samples were filtered and tested for iso-o-acid content and
bitter units. At this point, the comparability was determined
not only among the participating laboratories but also within
each one.

2. In the next step of the analysis, an additional 100 beers were
tested. The primary objective in selecting samples was to in-
corporate an extremely diverse set of beers with respect to the
concentration of their bitter substances; for example, a standard
iso-a-acid solution was added in increasing amounts to an
unhopped beer to create a concentration series. The analyses
were conducted by two independent laboratories. Furthermore,
a strongly hopped beer was diluted with increasing amounts
of distilled water to create a dilution series. All of the test
samples possessed a beer matrix. Moreover, a broad range of
beer styles was tested as well, including lager, non-alcoholic
beer, ale and Bavarian-style wheat beer. The primary purpose
of'this part of the investigation was to compare the two analysis
methods with one another.

2.2 Collaborative trials

In order to verify results previously obtained from collaborative
testing, ten different beers were analysed by five independent
laboratories.

A list of the beers which were analysed in the collaborative trials
appears in table 2.1.

Table 2.1  Beers analysed in the collaborative trials on 5
June 2005

No. Type of Beer

1 Lager

2 Dark strong beer

3 Dark lager

4 Filtered wheat beer
5 Pilsener

6 Premium Pilsener
7 Low alcohol beer
8 Dark export

9 Specialty beer

10 Lager

2.2.1 Sample preparation in the collaborative trials

Since EBC 7.8 was not developed to determine the amount of iso-
a-acids in a beer matrix, the procedures contain no information
regarding sample preparation for beer prior to the analysis. Various
methods of sample preparation (e. g. ultrasound or manual agitation
in order to degas the beer) and processing (solid-liquid and liquid-
liquid extraction) are performed. Often, the sample to be analysed
is directly injected into the HPLC without any preparation.

In order to guarantee the best possible comparability R determined
among different laboratories, the following procedures for pre-
paration of the samples were developed by the Research Centre
Weihenstephan.

After the beer to be tested has reached room temperature, the
bottle should be opened, and:

m an aliquot of the beer should be placed in an ultrasound bath
for approximately 7 minutes or until no further effervescence
is visible, then

m wait until any foam which might be present has collapsed; the
glass may need to be tilted in order to return any residual foam
adhering to the glass back into the beer, and

m the sample should then be directly injected into the HPLC
without any further preparation (without a solid phase extrac-
tion).

The standard DCHA-ISO ICS-12 (Labor Veritas, Switzerland)
should be used to calibrate the HPLC as outlined in EBC 7.8. If
possible, a C18-column should be utilized as well.

In order to prevent any loss of bitter substances, special care was
taken to ensure that the beer foam had completely collapsed. If foam
remained on the glass, it was rinsed back into the beer by tilting
the glass. Neither the sample nor the standard should be filtered,
because bitter substances can remain behind in the filter.

2.2.2 Results of the collaborative trials

The results of the collaborative trials for EBC 9.8 and HPLC
analysis are listed in tables 2.2 and 2.3.

Table 2.2  The collaborative trial results from EBC 9.8; bitter
units are given in BU

No. Lab. 1 Lab. 2 Lab. 3 Lab. 4 Lab. 5
1 21.6 21.7 21 21 21.2
2 23 22.9 22 22 21.9
3 21.8 20.5 21 20 20.9
4 12.8 12.4 14 12 12.7
5 32.1 325 31 31 31.8
6 29.2 29.5 31 30 313
7 27.2 24.4 27 25 27.1
8 19.7 18.9 19 18 18.5
9 19.1 18.7 19 18 18.9
10 18.5 17.3 19 18 17.9
Table 2.3  The collaborative trial results from HPLC analysis;
iso-a-acids are given in mg/1

No. Lab. 1 Lab. 2 Lab. 3 Lab. 4 Lab. 5
1 22.49 23.71 29.43 26.2 23.10
2 17.51 21.08 21.39 21 16.90
3 18.93 19.74 23.17 22 19.20
4 9.48 10.39 10.33 11.6 9.90
5 35.53 37.39 37.94 41.6 37.40
6 33.75 36.16 39.97 38.4 36.00
7 26.75 28.06 30.90 323 27.60
8 14.52 17.19 17.00 17.1 14.60
9 17.36 17.61 20.97 20.2 17.80
10 16.67 18.80 22.71 19.7 17.50

Figures 2.1 and 2.2 show a graphic representation of the values
from tables 2.2 and 2.3. As can be seen in figure 2.1, EBC 9.8
yielded consistent results in all five laboratories; however, the
results depicted in figure 2.2 obtained form HPLC analysis are
markedly less consistent. The Grubbs’ test for identifying outliers
was conducted for the results from both analyses. As can be seen,
no outliers were present.
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Fig. 2.1 Results from five different laboratories for EBC
9.8, bitterness in beer
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Fig. 2.2 Results from five different laboratories for HPLC
analysis, iso-a-acids in beer

The mean values and the standard deviation were calculated for
the results from each laboratory for bitterness and iso-a-acids.
Tables 2.4 and 2.5 show the linear equations and the coefficient
of determination R? for the results from each laboratory plotted
against the mean values of their analysis results.

Table 2.4 Linear equations and R* after plotting the bitter
units from each laboratory against the mean values

linear equation R?
Lab. 1 fix)=1.0157x 0.9880
Lab. 2 f(x) =0.9910 x 0.9832
Lab. 3 f(x) =1.0103 x 0.9861
Lab. 4 f(x) =0.9747 x 0.9959
Lab. 5 f(x) = 1.0082 x 0.9934

The values intables 2.4 and 2.5 confirm that both methods produce
comparable results given that the preparation of the samples is
consistent.

Table 2.5 Linear equations and R* after plotting the iso-o acids
from each laboratory against the mean values
linear equation R

Lab. 1 f(x) =0.9155 x 0.9974

Lab. 2 f(x) = 0.9825 x 0.9888

Lab. 3 f(x) = 1.0795 x 0.9706

Lab. 4 fi(x) =1.1284 x 0.9948

Lab. 5 f(x) =0.9508 x 0.9905

In order to establish which of the two methods yields better com-
parability, a precise statistical analysis needed to be carried out.

First, the mean and the standard deviation for each of the individual
samples measured using both analysis methods were calculated.
Tables 2.6 and 2.7 show the sample mean ¥, the standard deviation
s and the mean deviation a calculated for the population mean p.
Additionally, table 2.7 includes the maximum values for the mean
deviation amax, as stipulated in EBC 9.8. With the exception of
sample no. 4, all of the results lie within the stipulated limits.

Conducting an error analysis on the data in table 2.6 through com-
paring a_according to EBC 7.8 would be irrelevant due to the
legal provision, which was developed for the regulation of hop and
isomerized hop products. Were the stipulated limits nevertheless to
be used as criteria for the sake of comparison, none of the results
from the collaborative trials would fall within these limits.

Ifthe comparability for all the samples from both analysis methods
are calculated according to DIN/ISO 5725 and used, in turn, to
calculate the mean of the computed values for the comparabili-
ty, this results inR = 1.94 for EBC 9.8 and R = 5.62 for HPLC
analysis.

Table 2.6  Sample mean, mean deviation, standard deviation
and confidence intervals of the beer samples from the collabo-
rative trials for HPLC analysis

No. Mean a S Confidence Interval

1 24.99 +3.54 2.85 pl =24.99 +3.54

2 19.57 +2.71 2.18 n2=19.57+2.71

3 20.60 +2.34 1.88 n3=20.60 £ 2.34

4 10.34 +0.98 0.79 pd =10.34+0.98

5 37.97 +2.77 2.23 us=37.97+2.77

6 36.85 +2.99 241 n6 =36.85+£2.99

7 29.13 +2.92 2.35 n7=29.13+2.92

8 16.08 +1.73 1.40 u8=16.08 £1.73

9 18.80 +2.06 1.66 19 =18.80 £ 2.06

10 19.08 +2.90 2.33 pl0=19.08 +2.90

In calculating the sample mean ¥, it should be noted that the
values given in tables 2.6 and 2.7 represent only an estimation
of the true value for u. According to the test results, there is a
95 % probability that the true value u lies within the calculated
confidence intervals. Using the confidence intervals, the accuracy
of each analysis method can be evaluated.

In order to allow for a reasonable amount of mathematical cer-
tainty, the absolute difference between each analysis result and
the mean was calculated (i.e. five values per sample and analysis
method). For each analysis method, the new population sample
was checked for a normal distribution. Through the application
of the y>—distribution (P = 95 %), the confidence limits for the
standard deviations ¢ from EBC 9.8 and ¢ from HPLC analysis
were calculated:




21 November / December, 2005 Monatsschrift fiir Brauwissenschaft
Table 2.7 Sample mean, mean deviation, standard deviation, Table 2.8  Analysis results for the wort and the unhopped
confidence intervals and maximum mean deviation of the beer beer
samples from the collaborative trials for EBC 9.8

Wort Beer
No. Mean a s Confidence amax Apparent Extract (Yow/w) 10.40 1.50
Interval Apparent Extract (%w/v) 10.83 1.51
1 2130 +041 033 pl=21.30+£041 +£1.57 Specific gravity 1.04168 1.00585
2 2236 £ 0.67 0.54 u2=2236+0.67 =+1.66 Alcohol (Yow/w) 3.28
3 2084 £ 0.83 0.67 n3=20.83+0.83 +£1.53 Alcohol (%v/v) 4.17
4 1278 £ 0.93 0.75 pd=12.78+0.93 +0.80 Original gravity (%w/w) 10.05
5 31.68 +£0.83 0.67 u5=31.68+0.83 +£2.50 Original gravity (%w/v) 10.43
6 3020 £ 1.14 0.92 n6 =3020+1.14 +£2.37 pH 5.07 4.02
7 2614 +1.66 133 pn7=2614+1.66 +2.00
8 1882 +£0.78 0.63 u8=18.82+0.78 +1.34 . . .
9 1874 + 055 044 n9=18.74+0.55 +134 The beer was centrifuged at 3300 rpm for 15 minutes in order to
10 18.14 + 0.80 0.64 nl0=18.14+0.80 =+128 clarify it. Subsequently, it was filtered twice through a paper filter
and then manually shaken in order to degas it.

Gppe 9-8: 0.2886 t0 0.4206,
Oy 0.8226 t0 1.227.

HPLC"®

Additionally, the variance ratio F (according to Roland Fischer)
was calculated from both values for the variance [5]:

2

F = SEBCY S =461
— =4
SHPLC

@.1).

If the upper and lower limits are computed with a statistical pro-
bability of 95 % as depicted below:

F, .. =025andF,__ =4.03,

lower

then value for F lies outside of these limits.

Through statistical analysis, it is possible to prove that the two
analysis methods (EBC 9.8 and HPLC analysis) as performed in
the collaborative trials, differ significantly with respect to their
accuracy.

2.3 Comparative test

The second part of this investigation involved not only conventional
beer samples but also several concentration and dilution series.
Increasing the number of samples to more than 100 enabled the
subsequent evaluation to be carried out through the application
of the central limit theorem.

2.3.1 Materials and preparation of the samples

In order to conduct a comparison of both methods, one for measu-
ring the iso-a-acids in beer, the other for bitterness, a concentration
series was created on the basis of unhopped beer with an iso-a-acid
standard. For this purpose, first wort was fermented using bakers’
yeast to produce an unhopped beer.

The results from the analysis of the wort and the beer are sum-
marized in table 2.8.

Reagents:
m unhopped beer (see table 2.8)

B 250 mg dicyclohexamylamine-iso-a-acid complex (DCHA).
Iso-a-acid 64.3 %. laboratory Veritas, Switzerland.

B non-denatured ethyl alcohol (96 % v/v)

246.5 mg of the DCHA powder was weighed out using a precision
balance and dissolved in 100 ml of ethanol with the aid ofamagnetic
stirrer. This is the method by which the standard solution containing
158.5 mg of iso-a-acids in 100 ml of ethanol was created. This
standard solution was pipetted into the unhopped beer in 250 ml
volumetric flasks, increasing the concentration at intervals of 3.17
mg of iso-a-acid solution per litre, which is equal to a volume of
500 pl. The iso-a-acid solution was added to the unhopped beer
with an adjustable 5000 ul Eppendorf pipette.

To ensure consistency among all the samples containing different
concentrations of the standard solution, the alcohol content of each
sample was corrected to the maximum, which was 8.5 ml, using
the 96 % (v/v) ethanol solution.

Table 2.9 shows the number of each sample, the volume of standard
solution added to each one, as well as their respective iso-a-acid
content and concentrations.

Table 2.9 Concentration series
No. Standard Ethanol Iso-a-acid Conc. of
added [ml] added [ml] content  iso-a-acids
[mg] [mg/|
0 0.0 8.5 0.00 0.00
1 0.5 8.0 0.79 3.17
2 1.0 7.5 1.58 6.34
3 1.5 7.0 2.38 9.51
4 2.0 6.5 3.17 12.68
5 2.5 6.0 3.96 15.85
6 3.0 5.5 4.75 19.02
7 3.5 5.0 5.55 22.19
8 4.0 4.5 6.34 25.36
9 4.5 4.0 7.13 28.53
10 5.0 3.5 7.92 31.70
11 5.5 3.0 8.72 34.87
12 6.0 2.5 9.51 38.04
13 6.5 2.0 10.30 41.21
14 7.0 1.5 11.09 44.38
15 7.5 1.0 11.89 47.55
16 8.0 0.5 12.68 50.72
17 8.5 0.0 13.47 53.89

2.3.2  Analysis methods

After mixing the samples, an aliquot was placed in HPLC vials
and analysed. A triple determination was carried out in laboratories
1 and 5 according to the HPLC method according to EBC 7.8.
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The standard solution for calibrating the HPLC was alsoa DCHA
complex from laboratory Veritas, Switzerland.

The rest of each sample was analysed in laboratories 1 and 5
according to EBC 9.8.

2.3.3  Results of the comparative test
Table 2.10 shows the results for EBC 9.8 from laboratories 1

and 5.

Table 2.11 Results for iso-a-acids [mg/l], measured and calcu-
lated

No. Lab. 5 Calculated concentration

Iso-a-acids [mg/l] Iso-a-acids [mg/l]

0 0.00 0.00

1 3.00 3.17

2 5.80 6.34

3 8.90 9.51

4 12.10 12.68

5 15.10 15.85

6 18.60 19.02

7 21.60 22.19

8 25.80 25.36

9 28.50 28.53

10 32.50 31.70

11 35.70 34.87

12 38.00 38.04

13 41.40 41.21

14 45.10 44.38

15 47.30 47.55

16 50.40 50.72

17 54.60 53.89

35

Table 2.10 Results from the analysis of bitterness in beer
No. Lab. 1 [BU] Lab. 5 [BU]
0 33 2.59
1 5.3 4.83
2 7.1 6.97
3 9.7 9.36
4 11.8 11.77
5 14 14.16
6 16.3 16.28
7 18.5 18.86
8 18.6 19.07
9 20.6 22.04
10 22.9 24.85
11 252 27.03
12 26.6 29.28
13 29.5 31.04
14 31.5 32.54
15 36.2 35.90
16 38.6 37.82
17 39.3 40.02
z 45
z=4,9731y
40 3
R 74,9937z
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A comparison of the values from both laboratories is depicted in
figure 2.3. As can be seen here as well, these methods exhibit an
acceptable level of comparability between the two laboratories,
which is similar to the results obtained from the collaborative
trials.

Table 2.11 summarizes the results from the HPLC analysis perfor-
med in laboratory 5 and the iso-a-acid concentrations calculated
from table 2.9.

Acomparison ofthe measured versus the calculated data yields a co-
efficient of determination of R?>= 0.9991 and a slope of 0.9962.

Figure 2.4 shows the differences between the results from EBC
9.8 and HPLC analysis plotted against the calculated iso-a-acid
concentrations from table 2.11. From the graph, it can be seen
that as the concentration increases, the disparity between the
measurements also increases, because in an ideal case (i.e. no
difference between the two methods) a horizontal line at zero
would be the result.
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-16
Calculatedzoncentrationofzso-alpha-acidsZmg/1]
Fig. 2.4 Differencesin the datafromboth EBC9.8and HPLC
analysis relative to the calculated iso-a-acid concentration

2.4 Discussion of the Results

The results from section 2.2.2 raise the question of whether the
accuracy as well as the absolute values of both methods in the
collaborative trials are significantly different.

After completion of the second test series, data were obtained for
all the samples from each analysis method. 110 data sets (x, y) can
be generated from the results of 110 test samples. These data sets
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can then be arranged to form so-called blocks (see table 2.12),
paired observations and bound or paired test samples.

Does this, therefore, guarantee that the null hypothesis H, which
in both methods is not significantly different, is within the 5 %
level? If the null hypothesis were valid, then the mean of » pair
differences (Y.d)/n = d would be equal to zero (u .= 0). The alter-
native hypothesis would then be u, # 0.

Table 2.12 Paired test samples
No. X y d (x-y) d?
1 21.200 23.100 1.900 3.610
2 21.900 16.900 -5.000 25.000
3 20.900 19.200 -1.700 2.890
4 12.700 9.900 -2.800 7.840
5 31.800 37.400 5.600 31.360
6 31.300 36.000 4.700 22.090
7 27.100 27.600 0.500 0.250
8 18.500 14.600 -3.900 15.210
9 18.900 17.800 -1.100 1.210
110 21.95 2195 -0.050 0.003
n=110 - - >d= >d2=
-08.216 2414.433

First, the distribution of the paired samples was tested for normal
u, distribution, then adjusted to fit a Gaussian curve. Figure 2.5
shows that the mathematical approximation using a Gaussian curve
and a coefficient of determination R? = (.98 is valid.

Messdifferen en,zangenédhertalurchzineNormalverteilung
"2=0.98078459z

Fig. 2.5 Distribution of the differences in the analysis results
adjusted to fit a Gaussian curve

With this test, independent and approximated Gaussian differences
with variances s , szy, szx_y, which are independent of the number
of the data set, are assumed. When ¢ =¢, with the degree of
freedom of v=n — 1, the null hypothesis is not supported at the
1000-% level, whereupon the two-tailed test applies [5]:

The confidence interval of 95 % for the true mean of the difference
u,is determined by:

Q|

£t 1005 Sz

(s is the denominator in formula 2.2).

The results from the test samples yield:

—98.216
‘= 110 = g'iz =2.02
2414433 C98:216) O
110
110(110-1)

withv=110-1=99,

£=2.02>1.96=~¢

©0;0.05

Therefore, H must be rejected at the 5 % level. It should be noted
that 21 = 0.89 is positive, and the 95 % confidence interval:

0.03 <pd <1.76,

i. e. p never reaches zero (P <0.05). In figure 2.5 it is clear that
the mean is not at zero.

This proves that the absolute values from each of these methods
differ significantly from one another.

3 Summary

Duetothe considerable disparity between the results obtained from
the two analytical methods for determining bitter substances in
beer, coupled with the requisite comparability R of their respective
techniques, the goal of this investigation was to compare EBC 9.8,
the analysis method for determining bitterness in beer, with the
HPLC analysis according to EBC 7.8, the method for measuring
the amount of iso-o-acids in beer. To this end, collaborative trials
as well as a number of comparative tests were conducted, and
the results from both methods were contrasted and statistically
evaluated.

A collaborative test with five participating laboratories revealed
that EBC 9.8, with a mean R of 1.94, produces much more con-
sistent results than HPLC analysis with R of 5.62. Additionally,
all the results from EBC 9.8, with one exception, fell within the
limits stipulated by the EBC. It was possible to demonstrate that
the level of accuracy for both methods was significantly different.
However, uniform sample preparation proved to be beneficial for
conducting a more accurate comparison of the results from the
various laboratories.

The results of the comparative tests, by means of a concentration
series with an iso-a-acid standard added to unhopped beer, have
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shown that the detection of iso-a-acids in a beer matrix using
HPLC is quite accurate. However, it should be noted that these
values were obtained through calibration with the same iso-a-acid
standard which was used to create the concentration series. If the
values obtained from the concentration series via HPLC analysis
according to EBC 7.8 are compared with those from EBC 9.8, a
difference in the results of the two methods becomes apparent. As
the concentration ofiso-a-acids in the beer increases, EBC 9.8 yields
lower values than the HPLC analysis for identical samples.

The findings of the collaborative trials, as well as of the compara-
tive tests, conclusively show a significant difference between the
two methods in terms of the absolute values obtained from each
one. For this reason, the results obtained from both methods were
compared on the basis of 110 analysed test samples.

There were sufficient data to prove that the results from EBC 9.8,
used for the determination of the bitterness in beer, and HPLC
analysis, as used to determine the iso-a-acids in beer, differ sig-
nificantly. These results show the necessity for the optimization
of the HPLC analysis as a method for measuring iso-a-acids in
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Abbreviations

BU Bitter Units

DCHA Dicyclohexamyl-trans-iso-a-acid-complex

EBC European Brewery Convention

HPLC High Performance Liquid Chromatography

ICS International Calibration Standard

MEBAK Mitteleuropéische brautechnische Analysen-
kommission

List of Symbols

Greek Alphabet

u (true) population mean

c (true) population standard deviation

o? (true) population variance

% degree of freedom

beer. A contribution to the latter may be the standardized sample
preparation procedure as has been developed by the Research
Centre Weihenstephan for Brewing and Food Quality.
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Latin Alphabet

a mean deviation

d difference between two comparable measurements
d mean of the differences

F variance ratio according to Roland Fischer

function
HO null hypothesis

number of samples

P probability

r repeatability

R comparability

r mean comparability

R? coefficient of determination (= mean squared
deviation)

s sample standard deviation

s? sample variance

zZ, Student’s t with a given degree of freedom and
probability

i test criterion of the t-distribution

X variable

y sample mean

data set






