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Abstract 
A single laboratory validation study (SLV) was conducted for an conductometric method for the 
determination of total hop acids in pellets from different variety. Extraction variants were developed in 
accordance with Analytica EBC 7.4  which is identical with Romanian Standard SR 13842:2003,  where 
the extraction solvent is toluene (Extraction System A) and with accordance with Analytica EBC 7.5 and 
7.6 where the extraction solvent is formed by diethyl ether, methanol and hydrochloric acids (Extraction 
System B). The procedure consisted of  parallel determination of hop acids in variety with low and high 
content of alpha acids. For one variety the determination where conducted also in HPLC, using a reverse 
phase C18 column. The determination where performed in repeatability and reproducibility conditions. 
The recovery determined was about 102 %. 

Keywords: hop, bitter acids, HPLC, conductometric value 
Abreviations: SLV – single laboratory validation; EBC – European Brewery Convention; SD-Standard 
Deviation; CV – Coefficient of variation; HPLC – High Performance Liquid Chromatography 
_____________________________________________________________________________________ 
 
1. Introduction 

The study for a single laboratory validation 
(SLV) was carried out at the Food Quality 
and Safety Laboratory – FQSL - from 
University of Agricultural Science and 
Veterinary Medicine, Cluj-Napoca. The 
four objectives of the study were to 
analyzing the hop pellets bitter acids in 
repeatability and reproducibility conditions. 
In order to realize the validation of alpha 
acids conductometric method, few objectives 
were established: 

O1. Comparative analysis, in repeatability 
conditions, of hop pellets bitter acids 
determination by conductometric method, 
using two extraction systems: 

System A: Toluene extraction according to 
Analytica EBC 7.4. 

System B: Extraction with diethyl ether-
methanol-hydrochloric acid mixture, 
according to Analytica EBC 7.5 and 7.6.  

  
We will refer to this extraction system as 
“HPLC extraction system” because it is 
similar with the one used to determine the 
bitter acids by HPLC.  
O2. Comparative analysis, in repeatability 
conditions, of hop pellets bitter acids 
determination by conductometric method 
(using both extraction systems mentioned 
at O1) and HPLC. 
O3. Alpha bitter acids conductometric 
determination in reproducibility conditions. 
O4. Determination of the recovery 
coefficient for the conductometric 
determination of alpha bitter acids. 

The conductometric determination of 
bitter acids is a routine analysis, but there 
are some limitations that should be taken 
in consideration (Tofana, 2000):  

- the determination gives only the 
global content of alpha bitter acids 
and not their composition; 
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- the method is applied especially in 

order to establish the chemical quality 
of hop in view of commercialization; 

- the method cannot be applied to old 
hop. In this case the conductance value 
of bitter acids is bigger than the real 
one (the free acids resulting from the 
bitter acids oxidative process will be 
also titrated); 

Due to these reasons and to the need of 
conductometric method validation through 
a more performed method, the determina-
tion of bitter acids by HPLC was carried out. 
The indisputable advantages offered by this 
method are (1, 6): 

- the possibility of simultaneous determi-
nations of alpha and beta acid and their 
composition from hop, hop products and 
beer; 

- the possibility to emphasize the oldness 
degree of stored hop (the appearance of 
oxidation compounds on the chromatogram). 

The FQSL has the necessary infrastructure 
and material base to carry out the present 
research, respective: automatic conducto-
metric titrator for determination of alpha 
acids from hop pellets and high 
performance liquid chromatograph (HPLC) 
with UV-Vis detection and all necessary 
accessories. For the quantitative determi-
nations reference materials were purchased: 

1. Standard hop extract (alpha and beta 
bitter acids, known concentration) 

2. Complex of iso-alpha acids and 
dicyclohexylamine. 

 
2. Materials and methods 
 
The different hop samples from the 
Moragroind SRL Tg. Mureş were labelled 
and stored until the analyses. In view of the 
subsequent analyses, parallels samples 
from the same lot and variety were formed. 
Reagents: toluene (sulfur free); methanol; 
lead acetate solution, 20g/l; diethyl ether 
(peroxides free); phosphoric acid, 85%, 
d=1.71; hydrochloric acid solution, 0.1M; 
elution (mobile) phase (methanol / water/ 

 phosphoric acids; 85:17:0.25, v/v/v); 
standard hop extract, used as external 
standard, with known content of α- and β- 
acids; International Calibration Extract, 
ICE2, Veritas Labor – distribution for 
European Brewery Convention, 
composition: total α-acids 49,39%; 
Cohumlone 14,45%; N +adhumulone 
34,95%; total β-acids 24,94%; 
Colupulone 12,92%;  N + adlupulone 
12,02%. 
 
In the FQSL, the determination of iso-
alpha, alpha and beta acids was carried 
out according to Analytica EBC 
(European Brewing Convention), the 
European authority on the field of hop, 
malt and beer analyses. 

The analytical methodologies presented in 
Analytica EBC (3,4,5,6) are tested and 
validated by inter-laboratories compari-
sons and they are applied in all EU 
countries. Any change of the method is 
announced in the Analytica EBC issues 
and applied in all EU. The used 
conductometric and HPLC methods are 
those described in: 
-  SR 13842:2003 hop  for beer(2); 
- EBC-Method 7.4./Analytica-EBC, Section 

7 Hops: Lead Conductance Value of 
Hops, Powders and Pellets(3); 

- EBC-Method 7.5./Analytica-EBC, Section 
7 Hops: Bitter Substances in Hops and 
Hop Products: Lead conductance Value 
and Total Resin, Soft Resin and Hard 
Resin (4). 

- EBC-Method 7.6./Analytica-EBC, Section 
7 Hops: Bitter Substances in Hop 
Extracts: Lead conductance Value and 
Total Resin, Soft Resin and Hard Resin (5). 

Equipments: automatic titrator and 
conductometer system (Schott, tip TA 20 
PLUS); High Performance Liquid 
Chromatograph system, Schimadzu,  CTO 
10-ASUP; chromatographic coloumn for 
HPLC analysis, 250*4mm, cu ODS RP18. 

3. Results and discussions 

The obtained results are presented in the 
table 1 - 5. 
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The sample code is the sample identifi-
cation number during the analyses and the 
analysis date represents the date of bitter 
acids determination from hop pellets. 
The analyses of pellets were carried out by 
conductometry for the Objectives O1, O3 
and O4 and for the Objective O2 also by HPLC. 

 Objective 1. 

Table 1 shows the results obtained in 
repeatability conditions, for bitter acids 
determination from Huller Bitterer variety 
hop pellets. For this variety the defined 
content in alpha acids is between 5 – 6.5%. 

 
Table1. Alpha bitter acids content for Huller Bitterer variety hop pellets, using two extraction systems 

(system A and B).  
System A System B Crt. 

No. Analyze 
Date 

PbAc2 
Titre 

Sample 
code 

Alpha acids 
% as is 

Analyze 
Date 

PbAc2 
Titre 

Sample 
code 

Alpha acids 
% as is 

1 30.03.07 1,8512 8/1 3,932 4.04.07 1,8512 8/11 
HPLC 4,876 

2 30.03.07 1,8512 8/2 3,932 4.04.07 1,8512 8/12 
HPLC 4,876 

3 30.03.07 1,8512 8/3 3,775 4.04.07 1,8512 8/13 
HPLC 4,718 

4 30.03.07 1,8512 8/4 3,775 4.04.07 1,8512 8/14 
HPLC 4,876 

5 30.03.07 1,8512 8/5 3,932 4.04.07 1,8512 8/15 
HPLC 4,876 

Mean  3,869  4,844 
Standard Deviation - SD 0.081  0.067 
Coefficient of variation - CV 2.094  1.383 

 
The difference between the two mean 
values (B-A) is 0.975% alpha acids, 
representing 20.13% from the value 
determined using the system B for the 
extraction step, proving the fact that the 
extraction is better in system B than system 
A. Also the value of SD is better in the  

 second variant of extraction. 

Table 2 shows the results obtained in 
repeatability conditions, for alpha bitter 
acids determination from Superalpha 
variety, standardized hop pellets. The 
content in alpha acids for this variety is 8-12%. 

 
 

Table 2. Alpha bitter acids content for Superalpha variety hop pellets, using two extraction systems 
(system A and B). 

System A System B 
Crt. 
No. Analyze 

Date 
PbAc2 
Titre 

Sample 
code 

Alpha 
acids % as 

is 

Analyze 
Date 

PbAc2 
Titre 

Sample 
code 

Alpha 
acids % as 

is 

1 19.04.07 1,8512 10.1 9,122 19.04.07 1,8512 10.1 
HPLC 10,538 

2 19.04.07 1,8512 10.2 8,965 19.04.07 1,8512 10.1 
HPLC r.2 11,009 

3 19.04.07 1,8512 10.3 8,965 19.04.07 1,8512 10.1 
HPLC r.3 11,009 

4 19.04.07 1,8512 10.4 9,122 19.04.07 1,8512 10.1 
HPLC r.4 11,009 

5 19.04.07 1,8512 10.5 8,965 19.04.07 1,8512 10.1 
HPLC r.5 11,324 

Mean 9,0278  10,9778 
Standard Deviation-SD 0.081  0.265 
Coefficient of variation -  CV 0.897  2.414 
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The difference between the two mean 
values (B-A) is 1.95% alpha acids, 
representing 17.76% from the value 
determined using the system B for the 
extraction step, proving the fact that the 
extraction is better in system B than system A. 

 Table 3 shows the results obtained in 
repeatability conditions, for alpha bitter 
acids determination from Magnum variety, 
standardized hop pellets. The content in 
alpha acids for this variety is standardized  
to 13%. 

 
Table 3. Alpha bitter acids content for Magnum variety hop pellets, using two extraction systems  

(system A and B). 
System A System B Crt 

No. Analyze 
Date 

PbAc2 
Titre 

Sample 
code 

Alpha acids 
% as is 

Analyze 
Date 

PbAc2 
Titre Sample code Alpha acids 

% as is 
1 7.05.07 1,8512 14.1 11,167 7.05.07 1,8512 114.11HPLC 12,582 
2 7.05.07 1,8512 14.2 11,324 7.05.07 1,8512 14.12 HPLC 12,582 
3 7.05.07 1,8512 14.3 10,835 7.05.07 1,8512 14.13 HPLC 12,407 
4 7.05.07 1,8512 14.4 10,922 7.05.07 1,8512 14.14 HPLC 12,582 
5 7.05.07 1,8512 14.5 10,922 7.05.07 1,8512 14.15 HPLC 12,582 
6 7.05.07 1,8512 14.6 11,184 7.05.07 1,8512 14.16 HPLC 12,407 
7 7.05.07 1,8512 14.7 11,184 7.05.07 1,8512 14.17 HPLC 12,495 
8 7.05.07 1,8512 14.8 11,184 7.05.07 1,8512 14.18 HPLC 12,233 
9 7.05.07 1,8512 14.9 11,097 7.05.07 1,8512 14.19 HPLC 12,407 
10 7.05.07 1,8512 14.10 11,009 7.05.07 1,8512 14.20 HPLC 12,407 

Mean 11,0828  12,4684 
Standard Deviation-SD 0.154  0.117 
Coefficient of variation -  CV 1.39  0.938 

 
 

The difference between the two mean 
values (B-A) is 1.3856% alpha acids, 
representing 11.11% from the value 
determined using the system B for the 
extraction step. In this case the difference 
between the two extraction systems is 
lower that in the precedent cases but with 
the system B, the obtained values for the 
alpha acids were closer to the specified one.  

 Objective 2 
Table 4 shows the results obtained in 
repeatability conditions, for bitter acids 
determination from Aroma variety, standar-
dized hop pellets. The content in alpha acids 
for this variety is standardized to 7.58 %. 
For the determination of alpha acids both 
conductometric method (with two extraction 
systems) and HPLC analysis were used. 

 
Table 4. Alpha bitter acids content for Aroma variety hop pellets, using both  

conductometric and HPLC analysis. 
Conductometric Analysis HPLC Analysis 
Extraction system A Extraction system B Crt. 

No. Analyze 
Date 

PbAc2 
titre Sample 

code 

Alpha 
acids % as 

is 

Sample 
code 

Alpha 
acids % as 

is 

Analyze 
Date 

Sample 
code 

Alpha 
acids % 

as is 

1 8.05.07 1,8975 15/1 7,093 15/11 8,240 8.05.07 15/11 7,208 
2 8.05.07 1,8975 15/2 6,807 15/12 8,329 8.05.07 15/12 7,7195 
3 8.05.07 1,8975 15/3 7,075 15/13 8,329 8.05.07 15/13 7,4315 
4 8.05.07 1,8975 15/4 6,986 15/14 8,150 8.05.07 15/14 7,6165 
5 8.05.07 1,8975 15/5 6,807 15/15 8,150 9.05.07 15/15 7,415 
6 8.05.07 1,8975 15/6 6,807 15/16 8,240 9.05.07 15/16 7,417 
7 8.05.07 1,8975 15/8 6,807 15/18 8,329 9.05.07 15/18 7,4035 
8 8.05.07 1,8975 15/9 6,807 15/19 8,240 9.05.07 15/19 7,420 
9 8.05.07 1,8975 15/10 6,807 15/20 8,240 9.05.07 15/20 7,4615 

Mean 6,8884  8,2497   7,4547 
Standard Deviation - SD 0.118     0.135 
Coefficient of variation -  CV 1.713     1.811 
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The difference between the two mean 
values (B-A) is 1.3613% alpha acids, 
representing 16.50% from the value 
determined using the system B for the 
extraction step, that demonstrate once 
again the better selectivity of the second 
extraction system, the obtained value (7,45 
%) being almost equal with the specified 
one (7,58 %). 

The difference between the two mean 
values obtained by conductometry (B) and 
HPLC is 0.795% alpha acids, representing 
9.64% from the mean value determined 
using the system B for the extraction step. 

 This results are in concordance with those 
from literature (Tofana, 2000), that 
specified a difference around 10 % between 
the conductometric and HPLC values. 

Objective 3 
Table 5 shows the results obtained in 
reproducibility conditions, for bitter acids 
conductometric determination from Magnum 
variety, standardized hop pellets. The 
content in alpha acids for this variety is 
standardized to 13 %. The analyses were 
carried out in different days, by different 
analysts, using the system B for the 
extraction step.  

 
Table 5. Alpha bitter acids content for Magnum variety hop pellets, in reproducibility conditions, using 

system B for the extraction step. 

PbAc2 titre Sample code 

Alpha 
acids 
% as 

as 

PbAc2 
titre Sample code 

Alpha 
acids % 

as is 
Crt. No. 

 

Date : 21.06.2007 Date : 26.06.2007 
1 1,9974 30/1 HPLC 12,388 2,1686 30/1 HPLC 12,713 
2 1,9974 30/2 HPLC 12,388 2,1686 30/2 HPLC 12,713 
3 1,9974 30/3 HPLC 12,388 2,1686 30/3 HPLC 12,713 
4 1,9974 30/4 HPLC 12,388 2,1686 30/4 HPLC 12,897 
5 1,9974 30/5 HPLC 12,388 2,1686 30/5 HPLC 12,897 
6 1,9974 30/6 HPLC 12,388 2,1686 30/6 HPLC 12,713 

Mean, reproducibility conditions 12.587 
Standard Deviation – SD, reproducibility conditions 0.221 
Coefficient of variation - CV 1.756 

 
 

The results obtained in the two days by the 
two different  analysts were around the 
same value leading to a small SD (0,22). 
Objective 4 
Table 6 shows the values of alpha bitter acids 

 used for the calculation of recovery 
coefficient, respective the content in 
alpha acids in sample, sample with 
standard and standard.  
 

 
Table 6 Conductometric values of alpha bitter acids used for the calculation of recovery coefficient. 

Crt. 
No. 

Analyze 
date 

PbAc2 
titre 

Alpha acids 
in sample % 

as as 

Alpha acids (sample 
+ standard) % as is 

Alpha acids in 
standard % as is 

1 22.06.07 2,1686 6,633 16,724 9,826 
2 22.06.07 2,1686 6,633 16,724 9,826 

Mean 6,633 16,724 9,826 
 

R % = {[(Sample + Std.) – Sample] / Std.} 
x 100 = 102.7 % 
The value for the recovery coefficient is 103% . 
This value lead us to the conclusion that 
extraction with the solvent system B is the best. 

 4. Conclusions 

1. The values for alpha bitter acids 
obtained using the system A for 
extraction step are, for every hop variety 
taken in study, smaller than those obtained
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using the system B;  
2. The values for alpha bitter acids 

obtained using the system B for 
extraction step are similar with those 
obtained by HPLC analysis; 

3. In the future, the FQSL will use only 
the B extraction system for the 
conductometric determination of alpha 
bitter acids; 

4. Standard deviations were obtained in 
conditions of repeatability and 
reproductibility; 

5.  Recovery coefficient is 103% indica-
ting a very good analysis; 

6. The validation study for this method 
will be finalized with the calculation of 
type B uncertainty, the value of type A 
uncertainty being the value of standard 
deviation. 

 References 
Tofană Maria, Carmen Socaciu, C., Măruţoiu, 

2000, Determinarea compoziţiei acizilor 
amari din hamei prin cromatografia de 
lichide de înaltă performanţă, Revista de 
chimie, 10,  719-723. 

SR 13842:2003 privind hameiul pentru bere. 
EBC-Method 7.4./Analytica-EBC, Section 7 Hops: 

Lead conductance Value of Hops and 
Pellets.  

EBC-Method 7.5./Analytica-EBC, Section 7 
Hops: Bitter  Substances in Hops and Hop 
Products: Lead conductance Value and 
Total Resin, Soft Resin and Hard Resin. 

EBC- Method 7.6./Analytica-EBC, Section 7 
Hops: Bitter  Substances in Hop Extracts: 
Lead conductance Value and Total Resin, 
Soft Resin and Hard Resin. 

EBC- Method 7.7./Analytica-EBC, Section 7 
Hops: Alfa- and beta-Acids in Hops and 
Hop Products by HPLC  

 

 


