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Summary 

A method is proposed for the determination of Hydrocyanic acid (HCN) in animal feed and feed 

materials of plant origin at concentration levels fulfilling the requirements of EC-Directive 
2002/32, describing the maximum allowed concentration of hydrocyanic acid in feed and feed 

materials. 

The principle of the method is extraction of cyanoglycosides from feed, followed by acid incubation 
and enzymatic breakdown to cyanide. Isolation of the hydrocyanic acid from the sample by steam 

distillation, and then derivatisation with taurine and NDA (2,3 napthylene dicarboxy aldehyde) to 
form a fluorescence complex, and determination by HPLC with fluorescence detection.  

The performance characteristics of this analytical method were determined via a collaborative 
study. The relative standard deviation found for repeatability (RSDr) ranged from 1.4 - 10.4% and 

the corresponding relative standard deviation of reproducibility (RSDR) ranged from 7.2 - 38.8%. 
In general, the HORRATR values were equal to or below the critical value of 2. One out of eight 

positive samples the HORRATR value exceeded 2, viz. 3.3 for a chicken feed with a mean content 
of 7.7 mg/kg. For spiked feed samples at the level of 10 and 50 mg HCN/kg the average value for 

recovery was 63% and 70%, respectively. 

When correction for recovery rate is applied, the relative standard deviation for repeatability 

(RSDr) ranged from 2.6 - 11.4% and the corresponding relative standard deviation of 
reproducibility (RSDR) ranged from 7.8 - 22.8%. Only for one out of six positive samples the 

HORRATR value slightly exceeded the value of 2, viz. 2.1 for a chicken feed with a mean content 
of 12.5 mg/kg. 

Recovery correction leads to improved performance characteristics of the method with regards 
to HORRATR values and number of outliers. While recovery correction has to be applied because 

of EC-legislation, the recovery corrected figures for the performance characteristics should be 
included in the draft CEN-method. 

The method proved to be applicable to analyse cyanide in various feeds and feed materials, viz. 
chicken feed, pig feed, horse feed, tapioca, linseed and almonds. The method is applicable in 

the concentration range of 2 - 400 mg/kg. The limit of quantification of the method is 2 mg 
HCN/kg feed.  

Consequently, it was concluded that the method is suitable for quantitative analysis. The proposed 
method is able to detect hydrocyanic acid at the limits according to European legislation viz. 

10 mg HCN/kg for chicken feed and higher contents for other feeds and feed materials. 
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1 Introduction 

Cyanide is a highly toxic compound; in feed it is mainly bound as cyanoglycosides. Cyanide is 

released from cyanoglycosides by enzymatic breakdown, which process is known as cyanogenesis. 
So far, the method as formerly described in First Commission Directive 71/250/EEC was used in 

the EC as a reference method to determine the content of cyanide (expressed as hydrocyanic 
acid) in animal feed and feed materials. However, the reference method proved to be not 

sufficiently sensitive and robust. According to EC-directive 2002/32, detection at a low level of 
10 mg HCN/kg should be possible. However, the method does not fulfil this requirement. In 

addition, thiocyanates are detected as well and false positive results could be obtained. For these 
reasons this method was deleted from EC legislation (Commission of the European Communities, 

2009, Reg. (EC) No. 152/2009).  

To overcome these disadvantages an improved method has been developed at RIKILT which is 

more reliable, sensitive and robust. The former EC protocol consists of 4 steps: 1) extraction of 
cyanoglycosides, 2) formation of hydrogen cyanide by enzymatic degradation, 3) extraction of 

hydrogen cyanide by steam distillation, and 4) titrimetric detection of cyanide. The first two steps 
were improved by using a weak acid for extraction of cyanoglycosides (step 1) and applying 

commercially available enzyme instead of an almond suspension (step 2). Instead of the 
titrimetric method (step 4), cyanide detection was performed by derivatization with taurine and 

NDA (2,3 napthylene dicarboxy aldehyde), to form a fluorescence complex, and determination by 
HPLC with fluorescence detection. The detection of the cyanide-complex is selective and not 

interfered by other compounds. 

The method has been selected for standardization by CEN (European Committee for 

Standardization) in the committee CEN/TC 327 Animal feedingstuffs - Methods of sampling and 
analysis. The method was initially investigated in a pre-trial by four European laboratories during 

autumn 2008. The transferability of the method proved to be possible, but further improvement of 
the robustness was needed. The results of the pre-trial were discussed with the participants and 

suggestions for improvement of the robustness were made. Further experimental work was done 
at RIKILT, leading to an improved protocol that was deemed ready for collaborative study of the 

method. In June 2009, the international collaborative study started. This paper reports the results 
of the collaborative study to validate the HPLC method for the detection of hydrocyanic acid in 

feed and feed materials.  
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2 Methods and materials 

2.1 Test Materials for the Collaborative Study 
For this inter-laboratory study products were provided by a local animal feed warehouse, by 

dr. Gerhart Thielert, CVUA Sigmaringen, Germany, dr. Age Jongbloed and mr. Wim Traag, 
Wageningen UR, Wageningen, the Netherlands.  

The test materials were compound feedstuffs and feed materials containing typical ingredients 
using a realistic recipe. To obtain naturally HCN-contaminated test materials, the feeds and feed 

materials were mixed with highly contaminated linseed to achieve the desired levels. The 
materials were subsequently filled into containers (about 40 grams each container) and stored at 
4-8 ˚C. The containers were kept at this temperature until analysis for homogeneity and dispatch 

for collaborative testing. 

The following samples have been prepared: blank chicken feed, chicken feed, pig feed, horse feed, 
tapioca, linseed and almonds.  

2.2 Homogeneity of test materials 
The test samples were analysed for homogeneity using the HPLC-Fl method. 

Ten (or nine) containers of the materials were analysed in duplicate. The homogeneity study 

was carried out according to 'The International Harmonized Protocol for Proficiency Testing of 
Analytical Laboratories' (1) and ISO/DIS 13528 (2), taking into account the insights discussed 

by Fearn et al. (3) and Thompson (4).  

Simultaneous with the analysis of each of the materials, at least two samples of the blank feed 

were analysed. Those analyses demonstrated that the material was free of Hydrocyanic acid 
(<0.5 mg/kg) and is therefore suited to use as a blank material in the inter-laboratory study. 

An overview of the results from the analyses is shown in Table 1. The figures are not corrected for 
recovery. All materials were sufficiently homogeneous for use in the inter-laboratory studies. 

2.3 Organisation of the collaborative study 
Prior to the trial, laboratories across the EU received an invitation to participate in the 
collaborative study. A total of 19 laboratories responded and confirmed to participate. All were 

invited to participate, without any selection.  

For the collaborative study each participant received information about how to carry out the study 

and to report the results. 
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Table 1. Results of the analyses on concentration and homogeneity. 

Sample type Id. Nr. Average concentration 
(mg HCN/kg) 

CV (%) 
(n=10; 2 replicates) Homogeneity 

Blank feed RI_AOAI_20 - - - 

Chicken feed RI_AOAI_22 8.1 4.2 accepted 

Pig feed RI_AOAI_23 40.4 1.9 accepted 

Horse feed RI_AOAI_24 64.3 1.9 accepted 

Tapioca RI_AOAI_25 94.1 1.2 accepted 

Linseed RI_AOAI_27 240.3 1.3 accepted 

Almonds RI_AOAI_28 44.3 2.9 accepted 
 

2.4 Study design 
The set-up and execution of the collaborative study has been done according to the IUPAC 

protocol (Horwitz, 1995) for the design, conduct and interpretation of method-performance 
studies.  

According to these guidelines ≥5 different samples should be analysed in ≥8 laboratories.  

A detailed method protocol, samples for analysis, results forms, specific details on method 
execution and a questionnaire were sent on June 22, 2009 to each participant.  

Table 2 lists the materials used in this study and supplied to collaborative study participants.  

Table 2. Samples supplied to collaborative study participants. 

Sample type Id. Nr. Indicative concentration range 
(mg HCN/kg) 

Blank chicken feed RI_AOAI_20 - 

Chicken feed RI_AOAI_22 5 - 100 

Pig feed RI_AOAI_23 5 - 100 

Horse feed RI_AOAI_24 5 - 100 

Tapioca RI_AOAI_25 25 - 400 

Linseed RI_AOAI_27 25 - 400 

Almonds RI_AOAI_28 25 - 400 

Blank chicken feed RI_AOAI_20 to be spiked at a concentration of 10 mg and 50 mg HCN/kg 
 

The test samples for the collaborative study were homogenised, grinded and ready to use, 

preparation of materials (chapter 6 of method procedure) is not necessary. The amount of feed in 
each sample bottle is about 40 grams. For a single analysis 5 grams of sample material is needed.  

It was asked to analyse all the feed and feed material samples in duplicate, plus spike samples 

(in duplicate). 
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The labs were asked to note the found content in an accompanying table, to fill out a 

questionnaire and to return it before September 15, 2009. 

The labs that actually took part have received a fee, as a contribution to material costs for 

carrying out the experiments.  

2.5 Method of analysis 
Principle of the method: Extraction of cyanoglycosides from feed, followed by acid incubation and 

enzymatic breakdown to cyanide. Isolation of the cyanide from the sample by steam distillation, 
and then derivatisation with taurine and NDA to a fluorescence complex. Analysing the complex 

by HPLC with fluorescence detection. The limit of determination of the method, as determined at 
RIKILT during in-house validation, is 2 mg HCN/kg feed. 
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3 Results and discussion 

3.1 Pre-collaborative study 
A pre-trial has been organized aiming to study the performance of the method in other 

laboratories (transferability of the method). A total of 4 of 5 invited laboratories reported results.  

All the laboratories analysed the samples - blank feed, feed 5-10 mg HCN/kg, feed 10-50 mg 

HCN/kg and linseed 50-500 mg HCN/kg - in duplicate, the results were submitted without 
corrections for recovery. 

For linseed a satisfactory reproducibility was obtained. For the feed samples the reproducibility 
was unsatisfactory, due to the fact that two of the four labs obtained lower concentrations.  

For this reason the robustness of the method has been further improved by RIKILT, taking into 
account the recommendations/remarks of the pre-trial study participants.  

In particular, the sample preparation procedure has been further studied. While hydrocyanic acid 
is volatile at acidic conditions at temperatures of 26 ˚C and higher it is important to use screw-

capped bottles and cooled solutions in the relevant parts of the protocol. Other modifications 
included increasing the concentration of the enzyme to be added and addition of EDTA to complex 

Fe++ ions in order to prevent formation of hexacyanoferrate. 

The method description has been adapted accordingly. 

3.2 Collaborative study 
19 laboratories across Europe indicated to participate in the collaborative study. All laboratories 
were accepted, without any selection, to participate in the study. In total, 17 laboratories 

delivered results. However, one laboratory (lab nr. 2) deviated significantly from the method 
description and consequently the results were not considered valid. The sample (at 8.3.1) was 

weighted directly into the steam-distillation bottles, instead of weighing in a screw cap bottle. 
However, the sample had to be weighed into screw-cap bottles because normally, the distillation 

bottom-flasks cannot be closed in an appropriate way, which may lead to loss of hydrocyanic acid. 
The approach followed by lab 2 may lead to satisfactory results, but this has to be investigated 

further. 

The data sets of the remaining 16 laboratories (see Table 3) were considered as valid, and further 

evaluated and included for statistical analysis.  

3.3 Statistical analysis of results  
Introduction: The study design and target performance characteristics for the evaluation of the 

LC-Fl method were selected according to internationally accepted guidelines for method validation 
(ISO 7525, Horwitz 1995). Quantitative results submitted by the laboratories were used to 

estimate average concentrations and standard deviations under repeatability and reproducibility 
conditions.  
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Results are subjected to a graphical consistency technique, viz. the Mandel h and k statistics 

(ISO 7525) to give insight in the overall performance for each of the participating laboratories. 
The Mandel h plot shows the between-laboratory consistency statistic and the Mandel k plot shows 

the within- laboratory consistency statistics. As a second step, the valid data must be purged of 
all outliers flagged by the harmonized outlier removal procedure. This procedure consists of the 

sequential application of the Cochran and single and double Grubbs test (at 2.5% probability level, 
one-tail for Cochran and two tails for Grubbs) until no further outliers are flagged or until drop of 

22.2% (=2/9) in the original number of laboratories providing valid data occurred.  

The precision data obtained from the collaborative study were then compared with predicted 

acceptable levels of precision. These levels, as estimated by the Horwitz equation (Horwitz et al., 
1980), provide an indication as to whether the method is sufficiently precise for the concentration 

level of the analyte being measured, which is expressed by the HORRAT value (Horwitz and 
Albert, 2006). For between-laboratories reproducibility, the HORRAT value compares the 

measured reproducibility with the precision calculated by the Horwitz equation at that particular 
analyte concentration level: HORRATR = RSDR/RSDR,Horwitz. 

RSDR is the relative standard deviation of reproducibility obtained in the validation exercise and 
RSDR,Horwitz is the calculated stand deviation of reproducibility using the Horwitz equation: 

RSDR,Horwitz = 2 (1-0.5log C), where C is the mass concentration expressed to the power of 10  
(i.e. 1 mg g-1 = 10-3).  

The target value for the HORRAT value is set at 1; the rejection level is 2. 

3.4 Evaluation of the results (without recovery correction) 
The Mandel h and k plots are shown in Figure 1. The Mandel h plot shows that the majority of 

the values of lab 1 are extreme: lab 1 is an outlier for 4 (1% significance level) or even 5 (5% 
significance level) out of the 8 positive samples, including the 2 recovery samples. For this reason 

all the results of lab 1 have been removed. Lab 1 was contacted to enquire about possible reasons 
for the extreme values. They replied that no reason could be found.  

The results of the Grubbs and Cochran outlier tests performed on the results of the 15 labs are 
presented in Table 3. For linseed, next to lab 1, two other outliers were excluded, viz. lab 5 

(Grubbs upper outlier) and lab 18 (Grubbs double lower outlier). In fact lab 12 was also a Grubbs 
double lower outlier but this result has not been excluded because a maximum of 22.2% of the 

original number of labs can be excluded.  

The results of the statistical analysis, including the average analyte concentration, the standard 

deviations for repeatability (RSDr) and reproducibility (RSDR), the number of statistical outlier 
laboratories and the HORRATR ratio are presented in Table 4.  
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The RDSr range is from 1.4 - 10.4% and the corresponding RDSR range from 7.2 - 38.8%. 

The HORRATR values range from 1.1 - 3.3 with one value exceeding 2, viz. 3.3 for the chicken 
feed with a mean content of 7.7 mg/kg. 

 

Figure 1. Mandel h and k plots; the dashed lines are the indicator lines for 1 (upper dashed line) and 
5% (lower dashed line) significance levels. 

3.5 Evaluation of the results after recovery correction 
For spiked feed samples at the level of 10 and 50 mg HCN/kg the average value for recovery was 
63% and 70%, respectively (expressed as HCN concentration, see Table 4). For recoveries below 

a recovery rate of 90% the HCN-concentration found in naturally contaminated materials should 
be corrected (Commission of the European Communities, 2009, Reg. (EC) No. 152/2009). This 

correction has been applied on the reported figures of the collaborative study. For each lab, the 
figures at a level below 25 mg HCN/kg feed (chicken feed) have been corrected using the 

respective value for recovery found by this lab at the spike level of 10 mg/kg. The figures at a 
level above 25 mg/kg (pig feed, horse feed, tapioca, linseed and almonds) have been corrected 

using the respective value for recovery found by this lab at the spike level of 50 mg/kg. An 
overview of the individual results, corrected for recovery, is given in Table 5. 
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These results after recovery correction are also subjected to graphical consistency technique, 

viz. the Mandel h and k statistics to give insight in the overall performance for each of the 
participating laboratories. An overview is shown in Figure 2.  

 

Figure 2. Mandel h and k plots of the results after recovery correction; the dashed lines are the indicator 
lines for 1 and 5% significance levels. 

 

The Mandel h plot shows that the values of none of the labs are extreme, consequently no labs 

have been removed. However, the results of lab 13 were excluded for further evaluation because 
recovery spikes were single values reported instead of duplicate values. For lab 5 the chicken feed 

results have been corrected using the respective values for recovery found by this lab at the spike 

level of 10 mg/kg. The figures at a level above 25 mg/kg (pig feed, horse feed, tapioca, linseed 
and almonds) could not be corrected because no values for recovery were reported at the spike 

level of 50 mg/kg.  

The results of the Grubbs and Cochran outlier tests performed on the results of the labs are 
presented in Table 5. 

The results of the statistical analysis of the recovery corrected figures, including the average 
analyte concentration, the standard deviations for repeatability (RSDr) and reproducibility (RSDR), 

the number of statistical outlier laboratories and the HORRATR ratio are presented in Table 6.  
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The RDSr range from 2.6 - 11.4% and the corresponding RDSR range from 7.8 - 22.8%. The 

HORRATR values for between-laboratories reproducibility range, from 0.9 - 2.1 with 1 value 
exceeding 2, viz. 2.1 for the chicken feed with a mean content of 12.5 mg/kg. 

3.6 Discussion of the statistical results 
Most HORRATR values were equal to or below the critical value of 2. At concentrations in the lower 

range of 7.7 (12.5 corrected for recovery) (near LOQ) the HORRATR did not meet the target value 
of 2, the value found was 3.3 without recovery correction and 2.1 after recovery correction. 

For spiked feed samples at the level of 10 and 50 mg HCN/kg the average value for recovery was 

63% and 70%, respectively. For recoveries below a recovery rate of 90% the HCN-concentration 
found in naturally contaminated materials should be corrected (Commission of the European 

Communities, 2009, Reg. (EC) No. 152/2009) This correction has been applied on the reported 
figures of the collaborative study.  

The results clearly show that recovery correction leads to better performance characteristics of the 
method. In general, lower HORRATR values are obtained and less outliers have to be removed. 

Moreover, the results of lab 1, that had to be removed when recovery correction was not applied 
due to many extreme values (Mandel h graphical consistency technique), could be taken into 

account after recovery correction.  

The improvement of results after recovery correction shows that the difference in recovery is one 

of the main reasons for the variability between laboratories. This difference in recovery is caused 
by the loss of HCN during enzymatic breakdown at acidic conditions and the transfer of the 

solution into the steam distillation flask, which can be regarded as the most critical step in the 
method. Nevertheless, the results of the statistical evaluation after recovery correction show that 

the method is fit for the purpose. 

The results of lab 2, which were not included in the statistical evaluation because they did not use 

the prescribed method of analysis, show compliance with the results of the evaluated labs after 
recovery correction (see Table 7). 

Only at concentrations in the lower range of 12.5 mg HCN/kg the HORRATR did not meet the 
target value of 2, the value found was slightly above 2, viz. 2.1.
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3.7 Comments of the participants to the study 
Participants have been asked to complete a questionnaire in order to comment on the method 
description, the execution of the method and organisation of the study. 

In general to the questions the following remarks/comments have been made: 

- Did you follow the procedure as described? 

16 participating laboratories indicated that the provided description of the procedure has been 
followed or very minor modifications were made. One laboratory (lab 2) did not follow the 

procedure as described. The sample (at 8.3.1) was weighted directly into the steam-distillation 
bottles, instead of weighing in a screw cap bottle. This lab reported that they did not have access 

to screw cap bottles. The advantage, according to the lab, was a reduction of one preparation 
step: the transfer with cold water, after incubation and enzymatic breakdown, into a steam 

distillation bottom flask. Because the lab did not follow the method description, the results were 
excluded from statistical analysis.  

- Was the method description adequate? 

The description of the sample preparation procedure and analysis were adequately described. All 
of the laboratories could execute the procedure. 

- Was there a need to adjust the procedure from that stated in the method description? 

It was advised to use a 1 mol/l NaOH solution to adjust the pH of the EDTA solution (at 3.18). 

The concentration range of the standards (3.20) should be extended to a concentration level up 
to 1 µg/ml. 

- Did you encounter any problems during execution of the method? 

One lab reported that in some cases the stability of the derivative in the final sample extracts 

proved to be unsatisfactory over a longer period (24 hours) at room temperature. A note has been 

made in the final method for optional use of a cooled HPLC sampling tray.  

- What type of steam distillation is used?  

Different types of steam distillation equipment was used: conventional home made equipment, 
different types of Büchi distillation equipment, Kjeltec distillation equipment or Gerhard distillation 

equipment. All of these proved to be suitable for its purpose. 

- What type of HPLC - (i) column and - (ii) equipment was used for the trial? 

All the participants utilized normal HPLC equipment and HPLC columns packed with reversed 

phase C18 material.  

- What criticisms and/or suggestions could you make concerning the method and/or its 
performance? 

Suggestions for clarification of the calculation formula to calculate the concentration HCN in the 

sample were made. 

- Did you have any comments to the organization (and/or execution) of the collaborative study? 

No critical comments. 
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4 Conclusions 

An HPLC method coupled to fluorescence detection for the determination of bound and free 

cyanide in various feeds and feed materials, has been validated via a collaborative study.  

The relative standard deviation found for repeatability (RSDr) ranged from 1.4 - 10.4% and the 
corresponding relative standard deviation of reproducibility (RSDR) ranged from 7.2 - 38.8%. In 

general, the HORRATR values were equal to or below the critical value of 2. One out of eight 
positive samples the HORRATR value exceeded 2, the highest value being 3.3 for a chicken feed 

with a mean content of 7.7 mg/kg. 

When correction for recovery rate was applied the relative standard deviation for repeatability 

(RSDr) ranged from 2.6 - 11.4% and the corresponding relative standard deviation of 
reproducibility (RSDR) ranged from 7.8 - 22.8%. Only for one out of six positive samples the 

HORRATR value slightly exceeded the value of 2, viz. 2.1 for a chicken feed with a mean content 
of 12.5 mg/kg. 

Recovery correction leads to improved performance characteristics of the method with regards 
to HORRATR values and number of outliers. While recovery correction has to be applied because 

of EC-legislation, the recovery corrected figures for the performance characteristics should be 
included in the draft CEN-method. 

The method proved to be applicable to analyse cyanide in various feeds and feed materials, viz. 
chicken feed, pig feed, horse feed, tapioca, linseed and almonds. The method is applicable in 

the concentration range of 2 - 400 mg/kg. The limit of determination of the method is 2 mg 
HCN/kg feed.  

The proposed method is able to detect hydrocyanic acid at the limits according to European 
legislation viz. 10 mg HCN/kg for chicken feed and higher contents for other feeds and feed 

materials. The method description, revised following the comments of the participants, is included 
in Annex I. 
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Annex I  
Animal feeding stuffs - Determination of 
Hydrocyanic acid by HPLC 

Draft of the method, including revisions following the comments of the participants of 
the collaborative study. Date: June 2010 

NOTE: This protocol is not an official CEN-standard. The final CEN-standard, including the 

comments from the Enquiry stage, will be available in 2012. 

1 Scope 

This European Standard is applicable to the quantitative analysis of bound and free cyanide in 

animal feed and feed materials of plant origin. 

The method is validated from 10 - 350 mg HCN/kg. When the method is used outside this range 

it should be validated. A limit of quantification of 2 mg HCN/kg should normally be achievable. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 

of the referenced document (including any amendments) applies. 

ISO 3696, Water for analytical laboratory use — Specification and test methods 

ISO 6498, Animal feeding stuffs — Preparation of test samples 

3 Principle 

Cyanide occurs in feed as cyanoglycosides. Cyanoglycosides are degraded by enzymes and 

cyanide is formed. 

Cyanoglycosides are extracted from feed with an acid solution. After incubation with acid, the pH 
is adjusted to neutral and ß-glucosidase is added for enzymatic breakdown of cyanoglycosides at 

38°C. Cyanide is extracted from the sample by steam distillation and collected in a potassium 
hydroxide solution. Subsequently, cyanide is derivatized with taurine and NDA (2,3 napthylene 

dicarboxy aldehyde) to form a fluorescent complex. The cyanide complex is analysed by HPLC with 
fluorescence detection. 

4 Reagents 

Use only reagents of recognized analytical grade, unless otherwise specified. 

WARNING — Use all solvents and solutions in a fume hood. Wear safety glasses, 
protective clothing, and avoid skin contact.  

4.1 β-glucosidase from almonds, EC 3.2.1.21, minimum 2 units/mg (e.g. Sigma G-0395) 

4.2 Potassium cyanide, KCN 
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4.3 Amygdalin, e.g. Sigma A-6005 

4.4 Potassium dihydrogen phosphate, KH2PO4 

4.5 di-Potassium hydrogen phosphate, K2HPO4 

4.6 Sodium hydroxide, NaOH  

4.7 Methanol, CH3OH, HPLC grade 

4.8 Sodium acetate trihydrate, CH3COONa*3H2O 

4.9 Acetic acid, CH3COOH 

4.10 Orthophosphoric acid, H3PO4, 85% (~14,65 M) 

4.11 Sodium meta borate tetrahydrate, BNaO2 *4 H2O 

4.12 NDA, 2,3 Naphthalene dicarboxy aldehyde, C12H8O2 

4.13 Taurine, C2H7NO3S 

4.14 EDTA, Titriplex III - C10H14N2Na2O8*2H2O, (e.g. Merck art. No. 1.08418.0250) 

4.15 Orthophosphoric acid solutions, concentrations c(H3PO4) = 0,1 mol/l and  
 0,02 mol/l: 

- 0,1 mol/l: Add 6,9 ml H3PO4 85% (4.10) to a volumetric flask of 1000 ml containing 

 500 ml water, fill to mark with water and mix; 

- 0,02 mol/l: Transfer 200 ml 0,1 mol/l H3PO4 solution to a volumetric flask of 1000 ml,  

 fill to mark with water and mix. 

Prepare these solutions for every series. 

4.16 Sodium hydroxide solutions, concentrations c(NaOH) = 1,0 mol/l, 0,1 mol/l  
 and 0,01 mol/l: 

- 1,0 mol/l: Add 4,0 g Sodium hydroxide (4.6) to a volumetric flask of 100 ml containing 

 50 ml water, dissolve and fill to mark with water and mix. 

- 0,1 mol/l: Transfer 100 ml 1,0 mol/l Sodium hydroxide solution to a volumetric flask  

 of 1000 ml, fill to mark with water and mix. 

- 0,01 mol/l: Transfer 100 ml 0,1 mol/l Sodium hydroxide solution to a volumetric flask  

 of 1000 ml, fill to mark with water and mix. 

These solutions are stable for three months. 

4.17 EDTA solution, concentration = 0,20 mol/l 

Weigh 37,2 g EDTA (4.14) in a 500 ml beaker, add 300 ml water and adjust the pH to 7,0-8,0 
with a 1,0 mol/l and 0,1 mol/l Sodium hydroxide solution (4.16) (use a pH meter (5.12)) until 

dissolved. Transfer to a volumetric flask of 500 ml; fill to mark with water and mix. This solution 
is stable for one month. 
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4.18 Stock solution for standards 

Weigh, to the nearest 0,1 mg, 100 mg KCN (4.2) in a 100 ml volumetric flask. Add 50 ml 
0,01 mol/l Sodium hydroxide solution (4.16) and dissolve the KCN, fill to mark with 0,01 mol/l 

Sodium hydroxide (4.16) and mix. This is the stock solution of 400 µg CN-/ml. 

The solution is stable for 3 months when stored at 6°C ± 2°C. 

4.19 Standards 

Add, using a mechanic pipette (5.4), 1,00 ml stock solution for standards (4.18) in a 100 ml 
volumetric flask and fill to the mark with 0,01 mol/l Sodium hydroxide solution (4.16) and mix; 

this is the work solution of 4 µg CN-/ml. Prepare standard solutions by following schedule in 
100 ml volumetric flasks and using a mechanic pipette (5.4):  

Table I.1. Calibration standard solutions. 

 Amount work solution Concentration (µg CN-/ml) 

Standard 1 25,00 ml 1,00 

Standard 2 10,00 ml 0,40 

Standard 3 5,00 ml 0,20 

Standard 4 2,50 ml 0,10 

Standard 5 1,25 ml 0,05 

Standard 6 0,00 ml 0,00 
 

Use 0,01 mol/l Sodium hydroxide solution (4.16) to fill the volumetric flasks to the mark. 

For every series of analysis, fresh standards are prepared. 

 

4.20 β-glucosidase solution 

200 IU β-glucosidase (4.1) per ml water. 

NOTE: The amount of ß-glucosidase weighed depends on the activity of the enzyme, given by 

the manufacturer of the enzyme. E.g. when the activity is 2 IU/mg enzyme, 100 mg enzyme/ml 
water is weighed. A new batch of β-glucosidase can be tested by analysing a sample with a known 

amount of cyanide e.g. a reference sample. If the enzyme is active enough, the expected amount 
of cyanide should be detected. 

For every series of analysis, a fresh solution is prepared 

4.21 Amygdalin spike solution, concentration c(amygdalin) 0,019 mol/l 

Dissolve 85,0 mg amygdalin (4.3) in 10 ml water. 

For every series of analysis, a fresh solution is prepared. 
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4.22 Sodium acetate solution, concentration c(CH3COONa*3H2O) 0,75 mol/l  

Dissolve 100 g sodium acetate trihydrate (4.8) in 800 ml water. Adjust pH to 7,9 with diluted 
(20x) acetic acid (4.9). Use a pH meter to control (5.12). Transfer to a volumetric flask of 

1000 ml. Fill to the mark with water and mix. 

The solution remains stable for 3 months when stored at room temperature. 

4.23 Phosphate buffer for HPLC mobile phase, concentration c(PO4) 0,05 mol/l 

Dissolve 3,40 g Potassium dihydrogen phosphate (4.4) and 4,35 g di-Potassium hydrogen 
phosphate (4.5) in 100 ml water in a beaker. Transfer to a volumetric flask of 1000 ml, fill to 

mark with water and mix.  

The solution remains stable for 3 months when stored at room temperature. 

4.24 Phosphate buffer for NDA/taurine solution, concentration c(PO4) 0,1 mol/l, 
concentration c(BNaO2) 0,025 mol/l 

Dissolve 3,40 g Potassium dihydrogen phosphate (4.4), 4,35 g di-Potassium hydrogen phosphate 

(4.5) and 3,45 g Sodium meta borate tetrahydrate (4.11) in 100 ml water. Transfer to a 
volumetric flask of 500 ml. Fill to the mark with water and mix.  

This solution remains stable for 3 months when stored at 6°C ± 2°C. 

4.25 NDA solution; concentration c(NDA) 0,002 mol/l 

Weigh 36,8 mg NDA (4.12) in a 100 ml volumetric flask. Add 40 ml methanol (4.7) and dissolve 
the NDA.  

Fill to the mark with phosphate buffer for NDA/taurine solution (4.24) and mix. 

This solution remains stable 3 months when stored at 6°C ± 2°C. 

4.26 Taurine solution, concentration c(taurine) 0,05 mol/l  

Weigh 0,626 g taurine (4.13) in a 100 ml volumetric flask. Add 40 ml Phosphate buffer for 

NDA/taurine solution (4.24) and dissolve taurine. Fill to the mark with phosphate buffer for 
NDA/taurine solution (4.24) and mix. This solution remains stable for 3 months when stored 

at 6°C ± 2°C. 

4.27 HPLC mobile phase 

Weigh 675 g methanol (4.7) in a flask of 2000 ml and add 1000 ml Phosphate buffer for HPLC 
mobile phase (4.23), mix and cool to room temperature. Filter the mobile phase using a filtrate 

system (5.6). 

The solution remains stable for 3 months when stored at room temperature. 

4.28 Liquid nitrogen 
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5 Apparatus  

5.1 Common laboratory glassware, such as graduated cylinders, volumetric flasks, 
volumetric pipettes and screw cap glass bottles. 

5.2 Volume pipettes, 5 ml and 10 ml 

5.3 Two neck round bottom flask of 1000 ml or a sample tube of 500 ml  

5.4 Mechanic pipette, 100-1000 µL 

5.5 Repeat pipette  

5.6 Filtration system for HPLC mobile phase with a membrane filter 0,45 µm 

5.7 Steam distillation unit, conventional e.g. Landgraaf no AS136721111 or integrated 

e.g. Buchi K-350, or equivalent unit 

5.8 HPLC system:  

- Analytical pump; 

- Column oven; 

- Autosampler with a 10 µl sample loop; Optional: with cooled tray; 

- HPLC Fluorescence detector; 

- Analytical reversed phase HPLC column: C18 RP-column with column dimensions 
preferably 125 mm L x 4 mm I.D., stationary phase with particle size 5 µm; 

- Precolumn: C18 RP-column with column dimensions preferably 7,5 mm L x 4 mm I.D., 
stationary phase with particle size 5 µm. 

5.9 Analytical balance  

5.10 Balance  

5.11 Mill, capacity to grind to 1 mm 

5.12 pH meter  

 

6 Sampling 

It is important that the laboratory receives a sample that is truly representative and has not been 
damaged or changed during transport and storage. 

Sampling is not part of the method specified in this International Standard. A recommended 
sampling method is given in ISO 6497 (1). It is recommended that samples be stored frozen to 

prevent changes in cyanide levels due to endogenous enzyme activity. 
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7 Preparation of test sample 

Prepare the test sample in accordance with ISO 6498. 

Grind the entire laboratory sample so it passes completely through a sieve with 1 mm apertures 

using liquid nitrogen (4.28). Mix thoroughly. 

Optional: When samples with high oil content are milled at room temperature, an emulsion 
will be formed when adding phosphoric acid. The emulsion can have a negative effect on the 

reproducibility. To prevent this, liquid nitrogen (4.28) is used with grinding. 

 

8 Quality control sample 

It is recommended to analyse a reference sample with a known cyanide content in every analysis 

series, e.g. linseed. Preparation of this sample is the same as for the test samples. 

 

9 Procedure 

9.1 Precautions 

Cyanide is very toxic. Protecting gloves should be used during the preparation of the samples and 
standards. Waste should be disposed separately from normal waste.  

In case of methanol, one should use a fume cupboard. The distillation apparatus could be placed 
in a fume cupboard. 

NOTE: Hydrocyanic acid is volatile above 26°C. Avoid loss of hydrocyanic acid during sample 
handling; in particular during manual operations at 9.3.3 (opening and closing of bottle) and 

9.3.4 (transfer of sample solution). 

9.2 General 

Analyse in each series the following samples: 

- Blank sample 

- Blank animal feed spiked with 100 µl amygdalin spike solution (4.21) to 5 grams feed: 

corresponds to 10 mg HCN/kg feed. 

- Blank animal feed spiked with 500 µl amygdalin spike solution (4.21) to 5 grams feed: 

corresponds to 50 mg HCN/kg feed. 

9.3 Sample handling 

NOTE: Hydrocyanic acid is volatile, it is important to carry out the laboratory experiments at a 

temperature below 26°C.  

Follow for each test portion the following instructions: 
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9.3.1 Weighing  

Weigh, to the nearest 0,01 g, 5,00 ± 0,3 g feed and blank feed in a 100 or 150 ml (250 ml) screw 
cap glass bottle. Add 80 ml of a cold solution (<10°C) of 0,02 mol/l Orthophosphoric acid (4.15) 

to the sample, close the bottle, and mix very well on a stirring device. 

NOTE: For spikes of 10 mg and 50 mg CN/kg feed, pipet 100 µl and 500 µl amygdalin spike 

solution (4.21) to blank feed.  

9.3.2 Acid incubation 

Incubate for 1 hour at low temperature (<26°C), under continuous stirring. Add slowly, under 

continuous stirring a cold solution (<10°C) of 15 ml 0,20 mol/l EDTA solution (4.17), close the 
screw cap glass bottle - mix for 10 minutes. Then adjust the pH between 5,9 and 6,0 using 

0,1 mol/l Sodium hydroxide (4.16) and a pH meter (5.12) to control. (It may take some time to 
adjust the pH because of the buffering capacity of the feed.) 

9.3.3 Enzymatic breakdown  

Add 0,5 ml ß-glucosidase solution (4.20) and immediately close the screw cap glass bottle. Place 

the screw cap glass bottle in an oven of 38°C and incubate overnight under continuous shaking. 
After incubation, the screw cap glass bottle is cooled on ice to a temperature lower than 10°C. 

9.3.4 Steam distillation 

Transfer the sample to a neck round bottom flask (5.3). Use no more than 50 ml cold water 
(<10°C) for the transfer of the sample. Add 10 ml of a cold sodium acetate solution (4.22) 

(<10°C) to the sample and connect the neck round bottom flask (5.3) to the steam distillation 
unit (5.7). Collect distillate1) in a 250 ml or 500 ml volumetric flask that contains 25 ml or 50 ml 

of a cold solution (<10°C) of 0,1 mol/l Sodium hydroxide (4.16) and 25 ml or 80 ml cold water 
(<10°C). Fill the flask up to the mark with cold water (<10°C). The final concentration Sodium 

hydroxide in the volumetric flask should not exceed 0,01 mol/l. If necessary dilute the sample 
with 0,01 mol/l Sodium hydroxide (4.16). 

NOTE: Rinse/clean the capillary of the steam distillation equipment after each distillation run to 
avoid cross contamination.  

9.4 HPLC analysis 

9.4.1 Derivatization  

Pipette 0,5 ml sample (9.3) into a HPLC vial. Subsequently, add 100 µl taurine solution (4.26) and 

100 µl NDA solution (4.25) to the sample. Close the vial, mix and leave for 30 minutes at room 
temperature. Place the vial in the tray of the autosampler. Protect the vials for UV/visible light. 

                                                 

 

1) Approximately 200 ml - 300 ml when using conventional steam distillation equipment or less if 
using modern equipment. 
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The derivatization procedure is also applied to the standards (4.19). 

Optional: When a cooled HPLC autosampler tray has been used, the derivates are stable for at 
least 24 hours. 

9.4.2 HPLC conditions 

Prior to each series of analysis, the column is first flushed with water and methanol (4.7) and 
then with mobile phase until pressure and base line are stabilized. 

- Pump: 

- flow : 1,0 ml/min; 

- column temp : 30°C; 

- time of analysis: 15 minutes, cyanide peak should occur between 4 min. and 10 min. 

- Auto sampler: 

- injection volume: 10 µl. 

- Fluorescence detector: 

- excitation : 418 nm; 

- emission : 460 nm; 

- gain : 10; 

- response  : slow.  

9.4.3 Analysis 

Prior to analysis: inject 10 µl of Standard 1 (1,00 µg CN-/ml) and Standard 5 (0,05 µg CN-/ml) 

(4.19). A single peak should be observed and the peak area ratio of the two standards should 
be correct. 

HPLC analysis: Standards followed by spiked samples, samples and standards. 

 

10 Calculation of results 

Determine the area of the CN-peak (if available use data acquisition software). Use the cyanide 

standards for calculation of a 6-points calibration line (peak area vs. concentration) using linear 

regression. 

Use the resulting function (y=ax+b) to calculate the concentration of CN- in the measured test 
solution (where a is the value of the slope of the linear function and b is the value where the 

calibration function intercepts the y-axis of the co-ordinate system). 

NOTE: Calculate the correlation coefficient R2. Criterium for correlation coefficient: >0,995. 

Convert the concentration of CN- into a concentration expressed as HCN. Finally, if the recovery 
falls outside the range of 90% - 110%, the results must be corrected for recovery. 
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Correction of recovery can be performed in several ways: 

- By means of spiking of a blank sample. Preferably a blank sample similar in type to 
that of the analysed sample should be selected. The spiked level should be similar 

to the concentration of the analysed sample; 

- By means of the standard addition procedure. The concentration added to the 

analysed sample should be similar to the concentration found in the analysed sample.  

10.1 Formula 

Calculation of the hydrocyanic acid mass fraction of the sample using the following equations: 

Calculation of the calibration curve (function) obtained by linear regression: 

( ) ( ) bunitsSignalamlmgA +×=/  
 (1) 

Calculate the content of HCN in the test material according to:  

( ) ( ) DCBAkgHCNmgE /04,1/ ×××=   
 (2) 

where: 

A is the concentration of CN- in the injected solution calculated from linear regression; 

B is the ml final volume of the volumetric flask at 9.3.4 (250 or 500); 

C is the dilution factor (if applicable); 

D is the test portion mass (g); 

E  is the HCN mass fraction of the sample (mg/kg). 

 

11 Precision 

11.1 Collaborative study  

A collaborative study was carried out in 2009. Details of the tests on precision of the method 

are summarised in Annex A. The values derived from these tests may not be applicable to 
concentration ranges and matrices others than those given. 

11.2 Repeatability 

The absolute difference between two independent single test results, obtained using the same 
method on identical test material in the same laboratory by the same operator using the same 

equipment within a short interval time, will in no more than 5% of the cases be greater than 
the repeatability limit r given in Table I.2 - precision data. 
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11.3 Reproducibility 

The absolute difference between two single test results obtained using the same method on 
identical test material in the same laboratory with different operators using different equipment, 

will in no more than 5% of the cases be greater than the reproducibility limit R given in Table I.2 - 
precision data. 

Table I.2. Precision data (results statistical analysis corrected for recovery). 

 Chicken feed Pig feed Horse feed Tapioca Linseed Almonds 

Mean (mg/kg) 12,5 55,1 88,6 119,4 313,2 59,5 

r (mg/kg) 4,0 7,8 10,4 8,6 45,6 13,1 

R (mg/kg) 8,0 12,1 21,8 28,0 105,3 14,6 
 

12 Test report 

The test report shall specify: 

1. information necessary for complete identification of the sample; 

2. the method with which sampling was carried out, if known; 

3. the method used; 

4. the test result obtained; 

5. if the repeatability has been checked, the final quoted result obtained; 

6. operating details not specified in this International Standard, or regarded as optional, 

together with details of any incidents which may have influenced the test result(s). 
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Annex A  
Results of the collaborative study (informative) 

A collaborative study was carried out in 2009 with 17 participating laboratories and 6 different 

animal feedingstuffs, including complete feeds for chicken, pigs and horses, tapioca, linseed and 
almonds. The samples were homogenised centrally and distributed to the participants. Statistical 

evaluation was performed according to ISO 5725-2 (5). 

The following data were obtained: 

Table A.1. Statistical results of collaborative study (corrected for recovery). 

 Chicken feed Pig feed Horse feed Tapioca Linseed Almonds 

Number of laboratories 17 16 16 16 16 16 

Number of non-compliant laboratories 2 2 2 3 2 2 

Number of outliers 0 1 2 0 2 1 

Number of accepted results 15 13 12 13 12 13 

Mean (mg/kg) 12,5 55,1 88,6 119,4 313,2 59,5 

Sr (mg/kg) 1,4 2,8 3,7 3,1 16,3 4,7 

SR (mg/kg) 2,9 4,3 7,8 10,0 37,6 5,2 

RSDr (%) 11,4 5,1 4,2 2,6 5,2 7,9 

RSDR (%) 22,8 7,8 8,8 8,4 12,0 8,8 

r (mg/kg) 4,0 7,8 10,4 8,6 45,6 13,1 

R (mg/kg) 8,0 12,1 21,8 28,0 105,3 14,6 

HORRATR 2,1 0,9 1,1 1,1 1,8 1,0 

Sr = repeatability standard deviation; SR = reproducibility standard deviation; 
RSDr = repeatability relative standard deviation; RSDR = reproducibility relative standard deviation; 
r = repeatability limit; R = reproducibility limit; HORRATR = HORRAT value for reproducibility. 
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Annex B Results of the collaborative study 
without recovery correction (informative) 

The following table is shown purely for informative purposes. It lists the statistical results of the 

same collaborative study as reported in Annex A but without recovery correction. The results show 
that, in order to reach optimal results, recovery correction is necessary. 

Table B.1. Statistical results of collaborative study (not corrected for recovery). 

 Chicken 
feed 

Pig 
feed 

Horse 
feed Tapioca Linseed Almonds Feed 

10 ppm 
Feed  

50 ppm 

Number of laboratories 17 17 17 17 17 17 17 16 

Number of non-compliant 
laboratories 1 1 1 2 1 1 2 2 

Number of outliers 1 2 1 2 3 1 1 1 

Number of accepted results 15 14 15 13 13 15 14 13 

Mean (mg/kg) 7,7 38,5 58,4 84,7 227,4 39,9 6,3 35,0 

Sr (mg/kg) 0,8 1,8 2,3 1,2 14,6 2,9 0,5 1,6 

SR (mg/kg) 3,0 4,2 9,9 6,1 26,5 5,4 1,5 3,7 

RSDr (%) 10,4 4,7 3,9 1,4 6,6 7,2 7,6 4,6 

RSDR (%) 38,8 10,9 17,0 7,2 11,9 13,4 24,2 10,5 

r (mg/kg) 2,3 5,1 6,4 3,4 40,9 8,0 1,3 4,5 

R (mg/kg) 8,4 11,8 27,7 17,2 74,1 15,0 4,3 10,2 

HORRATR 3,3 1,2 2,0 0,9 1,7 1,5 2,0 1,1 

Sr = repeatability standard deviation; SR = reproducibility standard deviation; 
RSDr = repeatability relative standard deviation; RSDR = reproducibility relative standard deviation; 
r = repeatability limit; R = reproducibility limit; HORRATR = HORRAT value for reproducibility. 
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Annex C  
Alternative procedure for enzymatic breakdown 
(par. 9.3.3) and steam distillation (par. 9.3.4) 
(informative) 

The following alternative procedure may yield satisfactory results but has not been fully validated 
through the collaborative study: 

The sample is weighted (at 9.3.1 of the procedure) directly into steam-distillation bottles which 

might be of an automated system too instead of weighing in a screw cap glass bottle. 

During the enzymatic breakdown (9.3.3) step the steam-distillation bottle is tightly closed with 

stoppers and additionally sealed with Parafilm. After enzymatic breakdown, the steam-distillation 
(9.3.4) can be done directly in this steam-distillation bottle. 

NOTE: In the collaborative study one laboratory applied this alternative procedure. The results 
obtained were as follows: 

Table C.1. Laboratory results (mg HCN/kg). 

Chicken 
Feed  Pig Feed Horse 

Feed Tapioca Linseed Almonds 
Blank feed 

spike 
10 mg/kg 

Blank feed 
spike 

50 mg/kg 

11.5 11.3 55.7 53.1 87.3 86.0 108.2 105.1 298.1 271.8 54.5 50.5 8.8 8.2 46.9 43.1 

13.5 13.3 61.9 59.0 97.0 95.6 120.2 116.8 331.2 302.0 60.6 56.1         

All samples are analysed in duplicate. The Italics results are corrected for recovery. 

The recovery corrected results fitted well into the range of results obtained by other laboratories 

in the collaborative study (see Annex A). 
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