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Résumé  

En 2000, une étude collaborative a été conduite selon l’ISO 5725-2 afin de valider une 
méthode de dosage par CLHP1 de la biotine dans les aliments. Les données de fidélité furent 
établies à l’aide de divers aliments : céréales petit-déjeuner – lait pour nourrisson – jus 
d’orange – petits pois au jambon (aliment pour enfant) – soupe de poulet lyophilisée.  
Les teneurs en biotine étaient comprises entre 15µg/100g et 200µg/100g.  
Cette méthode fut ultérieurement proposée comme méthode candidate pour devenir une 
norme européenne. Après quelques modifications, elle fut acceptée et publiée par le CEN2 
sous la référence EN 15607 (2009). Elle est actuellement largement utilisée pour le contrôle 
de l’étiquetage des aliments et des allégations de santé. 
Cependant, beaucoup de produits disponibles maintenant sur le marché avec un étiquetage 
nutritionnel peuvent présenter une teneur plus faible en biotine. C’est plus particulièrement le 
cas des produits d’alimentation infantile et d’alimentation entérale pour adulte. Notre principal 
objectif a donc été d’étudier la possibilité d’étendre le domaine d’application de la précédente 
méthode validée à des teneurs plus faibles. Une autre cible fut d’essayer d’atteindre la LOQ 
(Limite de Quantification) fixée par le SPIFAN3 pour la biotine dans ses exigences de 
performance.  

Mots-clés : Dosage – Biotine – CLHP – Fluorimétrie - Aliments 

Abstract 

In 2000, a collaborative study was conducted to validate an HPLC method for the 
determination of biotin in food, according to ISO 5725-2. The precision data were established 
thanks to different samples: breakfast cereals – infant milk formula – nutritive orange juice – 
green peas with ham (baby food) – lyophilized chicken soup.  
The biotin contents varied from 15 µg/100g to 200 µg/100g.  
This method was later proposed as a candidate method to become a European Standard. 
After some minor modifications it was accepted and published by the CEN as EN 15607 
(2009). It is now widely used in Europe for the control of food labeling and health claim. 
However, a lot of products available by now on the market with a nutritional labeling may 
show a lower content of biotin. It is more precisely the case of many infant formula and adult 
nutritional products. Our main objective was to study the possibility to extend the scope of 
the former validated method to lower contents. An other target was to try to reach the LOQ 
                                                 
1 Chromatographie en Phase Liqude à Haute Performance 
2 Comité Européen de Normalisation 
3 Stakeholder Panel on Infant Formula and Adult Nutritionals of AOAC International 
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(Limit of Quantification) fixed within the SPIFAN (Stakeholder Panel of Infant Formula and 
Adult Nutritional) Biotin SMPR (Standard Method Performance Requirements). 

Key-words:  Determination - Biotin – HPLC – Fluorimetry - Food 

1. Introduction 

Naturally active forms of biotin in foodstuffs are d-biotin and d-biocytin (Fig.1).  
 

 

d-biotin d-biocytin 

Figure 1 

These two forms should therefore be determined in order to estimate the biotin nutritional 
value. D-biotin and d-biocytin can be found as free forms but also bound to proteins of the 
food matrix. Other analogs of biotin which have no vitamin activity can be found in food. 
So, despite the fact that many methods to determine biotin have been published, the analyst 
has to be very careful to use a method which does not overestimate the nutritional activity of 
the vitamin.  
In order to improve the specificity of the determination, the prior isolation of d-biotin and d-
biocytin from their food matrix seems essential. A simple and rapid liquid chromatographic 
method, including extraction of the vitamers by enzymatic hydrolysis (papain), post-column 
derivatization by avidin-FITC (fluorescein 5-isothiocyanate) and fluorimetric detection of the 
complex obtained was published in 1999 [1]. 
A collaborative study was conducted to validate this method on food matrix. This work was 
published in 2000 [2]. After some minor modifications, it was published as a European 
standard to quantify biotin (vitamin B8) in food [3]. 
The aim of this new study was to conduct a single laboratory validation to extend the scope 
of the former method to lower concentrations and to compare between three laboratories the 
applicability of this modified procedure.               

2. Materials and Methods 

2.1. Reagents 

• d-biotin stock solution  : For a 100 µg/ml standard stock solution, 5 mg of d-biotin (99%, 
Sigma chemicals, or equivalent) were dissolved in 50 ml distilled water (solution stable for 2 
months at -18°C). 

• d-biocytin stock solution : For a 100 µg/ml standard stock solution, 5 mg of d-biocytin 
(99%, Sigma chemicals, or equivalent) were dissolved in 50 ml distilled water (solution stable 
for 2 months at -18°C). 

• 3 N sulfuric acid solution : 1ml of sulfuric acid (96% RPE Carlo Erba, or equivalent) was 
added to 5 ml distilled water. 

• Citrate buffer solution : 0.554 g of citric acid, monohydrate (VWR  or equivalent) and 
1.27 g of sodium mono-hydrogen phosphate, di-hydrate (for analysis, Roth or equivalent) 
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were dissolved in 480 ml distilled water. If the pH is over 5.7 adjust with some drops of the 3 
N sulfuric acid solution. Adjust to 500 ml with distilled water. 

• 1% Glutathione solution : 100 mg of reduced glutathione (98-100%, Sigma Chemicals, or 
equivalent) were dissolved in 10 ml distilled water. 

• 1% EDTA solution : 0.1g EDTA sodium salt, di-hydrate (Sigma Chemicals, or equivalent) 
were dissolved in 10 ml of distilled water. 

• 2% Papain solution :  1g of papain (Titer 80 VWR or equivalent) was dissolved in 50 ml of 
citrate buffer solution. 

• 0.1 M Potassium monohydrogen phosphate solutio n: 17.4 g of potassium mono-
hydrogen phosphate (Roth or equivalent) were dissolved in 1000 ml distilled water. 

• 0.1 M Potassium dihydrogen phosphate solution : 13.6 g of potassium di-hydrogen 
phosphate (VWR or equivalent) were dissolved in 1000 ml distilled water. 

• 0.1 M Phosphate buffer solution - pH 6 : approximately 100 ml of 0.1 M potassium 
mono-hydrogen phosphate solution were mixed with approximatively 700 ml of 0.1 M 
potassium di-hydrogen phosphate solution. It was verified that the pH was 6 and adjusted 
slightly if it was necessary. 

• 0.1 M Phosphate buffer solution - pH 7 : approximately 500 ml of 0.1 M potassium 
mono-hydrogen phosphate solution with mixed approximatively 300 ml of 0.1 M potassium 
di-hydrogen phosphate solution. It was verified that the pH was 7 and adjusted slightly if it 
necessary. 

• Reagent for post-column derivatization : 1.6 mg of avidine-FITC (Sigma Chemicals or 
equivalent) were dissolved in 800 ml phosphate buffer solution (pH 7) (solution stable for 8H, 
screened from light). This solution was filtered through a 0.45 µm acetate cellulose filter 
(Sartorius, or equivalent). 

• Diastase  100 U/mg  (Merck or equivalent) from Aspergillus Oryzae  

• Methanol for HPLC  (Carlo Erba or equivalent)  
 
2.2 Sample preparation  

A finely ground sample (0.5 to 10 g) was weighed into a conical flask. Reduced gluthatione 
(300µl), EDTA (300µl), citrate buffer (30ml) and papain (3ml) were added. If the sample 
contained high amounts of starch, 120 mg of diastase were added. The solution was 
continuously shaken and incubated in an oven at 37°C for 18H and, after being cooled, 
transferred to a volumetric flask of 100 ml. It was made up to 100 ml with distilled water. This 
solution was shaken and filtered through a filter paper and then through a 0.45 µm cellulose 
acetate filter (Sartorius or equivalent) before chromatographic injection. 
For all the samples containing gelling agents or thickeners, these molecules were 
precipitated by adding 20ml of methanol to the volumetric flask before to make up to 100ml 
with distilled water and filter. 
 
2.3. Chromatographic determination  

Separation was realized by HPLC with an octadecylsilyl stationary phase (4.6mm X 100 mm; 
2.6 µm particle size) (Phenomenex Kinetex C18 100A, or equivalent). The mobile phase was 
a mix of 0.1 M phosphate buffer solution (pH 6) and methanol (80:20 v/v). The solution was 
filtered through a cellulose nitrate filter (0.45µm, Sartorius or equivalent) before 
chromatographic injection. 
The separation was performed at 25°C at a flow rate of 0.2ml/min. 
The reagent for post-column derivatization, pumped with a flow rate of 1ml/min, was added 
to the column effluent through a T connector followed by a 10.0 m knitted open-tubular 
(KOT2) reactor made of PTFE tubing (0.5 mm i.d., 14 mm helix diameter) prepared 
according to Selavska [4]. 
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The wavelengths of the fluorimetric detector were 490nm for excitation and 520nm for 
emission. The injection volume was 60µl. Data were quantified using a six point external 
calibration. 
Biotin was eluted before biocytin with these analytical conditions. The times of elution were 
around 11 minutes for biotin and 12 minutes for biocytin (Fig. 2) 
 

 
Figure 2: Fluorimetric chromatogram of a 0.15 µg/ml  standard mixture of biotin and biocytin. 

 
2.4. Standard solution of biotin and biocytin for e xternal calibration 

For a 1µg/ml intermediate standard solution 1 ml of the d-biotin stock solution and 1 ml of the 
d-biocytin stock solution were diluted in a 100ml volumetric bottle with distilled water. 
A  6 points standard solution was made by diluting respectively : 

- 0.15 ml in 100 ml volumetric bottle (0.0015 µg/ml)  with distilled water; 
- 0.5 ml in 100 ml volumetric bottle (0.005 µg/ml)  with distilled water; 
- 1.5 ml in 100 ml volumetric bottle (0.015 µg/ml) with distilled water; 
- 0.5 ml in 10 ml volumetric bottle (0.05 µg/ml) with distilled water; 
- 1.0 ml in 10 ml volumetric bottle (0.10 µg/ml) with distilled water; 
- 1.5 ml in 10 ml volumetric bottle (0.15 µg/ml) with distilled water. 

 
2.5. Calculations 

The calculations were made separately for biotin and then for biocytin by using a quadratric 
curve crossing by zero (Fig.3) with the results obtained with the six standards. It is clear that 
biocytin is rarely found in samples. But as biocytin has a vitamin activity equivalent to biotin it 
is important to verify there is no biocytin in the sample or to quantify it, if present.  
The results were expressed in µg/100g. 
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Figure 3: The calibration curve follows a quadratic  model 

3. Single laboratory validation study  

3.1. Introduction to the validation study   

The validation study was conducted by the laboratory SCL of Strasbourg by following the 
French norm NF T90-210 [5] adapted to food samples and described in a SCL internal 
procedure. 
The samples used for this study were: 

- a cream adult nutritional (declared value : 1.2 µg/100g) 
- a liquid adult nutritional (declared value : 5 µg/100g) 
- a powder infant formula (declared value : 13 µg/100g) 
- a meal substitute with a high protein content (declared value : 133 µg/100g) 
- a food supplement (declared value : 14735 µg/100g)   

 
3.2. Study of the calibration  

As the principle of the method includes a post-column derivatization by avidin-FITC 
(fluorescein 5-isothiocyanate) it is logical that a first degree equation is not suitable for 
calibration. A quadratic model has to be used.   
A 6 points calibration curve was prepared freshly at 5 different days and the standards 
injected. The lower point was the estimated limit of quantification. The data were studied 
according to the NF T90-210. The principle was to compare for each point of the calibration 
curve the measured concentration to the theoretical concentration. For each level of 
concentration the analyst had to fix an accepted bias. A continuous bias going from 60% for 
the 0.0015 µg/ml level to 10% for the 0,15 µg/ml was fixed.  
 

6 levels standard profile for Biotin
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The calculated bias were much lower for all the levels. So the calibration model was 
accepted. 
 
3.3. Study of the limit of quantification   

The limit of quantification was estimated to 0.0015 µg/ml but it was necessary to verify if the  
two following conditions were fullfilled according to NF T90-210. 

 

   is the mean value, sFI is the standard deviation of the intermediate precision, LQ is the 
limit of quantification to verify  and  EMA is the maximal accepted difference (60%). 
 

Study of the limit of quantification according to NF T90-210 
Proposed LQ  0.0015 µg/ml 

EMA 0.0009 µg/ml 

       0.0017 µg/ml   
sFI 0.00025 µg/ml 
LQ + EMA  0.0024 µg/ml 
Z + 2 x sFI 0.0021 µg/ml 
Z – 2 x sFI 0.0012 µg/ml 
LQ – EMA  0.0006 µg/ml 
Conclusion : the limit of quantification proposed is verified 

Table 1 
 

According to the results presented in Table 1, the 2 conditions were fulfilled and the limit of 
quantification of 0.0015 µg/ml accepted for biotin (Fig.4). This limit of quantification is under 
the content of the foods found nowadays on the French market. It is also of the same order 
of the limit of quantification fixed by the Standard Method Performance Requirements 
(SMPR) of the SPIFAN (6). 
The situation was different  for biocytin. In that case it was necessary to test it at a higher 
content. The limit of quantification for biocytin was validated at 0;003µg/ml.  

 
Figure 4: Fluorimetric chromatogram of a cream adul t nutritional product using a Kinetex C18 

column 100 X 4.0mm (2.6 µm).  A very low biotin content can be reached with this method. In the 
extract, the peak of the biotin is 0.008 µg/ml). 
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3.4. Study of the recovery rates  

The cream adult nutritional sample was used for this study. The sample was spiked at three 
different levels (0.0015 µg/ml – 0.05 µg/ml – 0.15 µg/ml). This was made in duplicate five 
times at five different days. The results below (Cf: Table 2) are the means of the five 
duplicates. 
The recovery rates are quite correct. So it is not necessary to take them into account for the 
calculations. 

Spiked concentration (µg/ml)  Biotin recovery rate (%)  Biocytin recovery rate (%)  
0.0015 113.1 - 

0.05 101.3 93.3 
0.15 99.1 97.2 

Table 2 

The recovery rate was also verified on four different kinds of samples frequently analyzed by 
the laboratory: 
- A liquid adult nutritional (declared value: 5 µg/100g), a powder infant formula (declared 
value:13µg/100g) and a meal substitute with a high protein content (declared value : 
133µg/100g) were spiked respectively with 0.05 µg/ml and 0.15 µg/ml of biotin and biocytin. 
- A food supplement (declared value: 14735 µg/100g) was spiked with 2 and 5 µg/ml of biotin 
and biocytin. The amount added in the food supplement was higher to take into account the 
content of the sample.  
All the samples were analyzed in duplicate and the extracts were diluted to be within the 
calibration curve.   

Samples  Biotin recovery rate (%)  Biocytin recovery rate (%)  
Lower level Higher level Lower level Higher level 

liquid adult nutritional 106.7 102.6 80.6 77.7 
powder infant formula  109.1 104.4 94.4 96.5 
meal substitute 97.1 99.6 92.9 90.5 
food supplement 109.9 99.6 92.7 92.0 

Table 3 

The results (Cf: Table 3) led to the conclusion that he recovery rates were acceptable except 
for biocytin in the liquid adult nutritional.  
It was decided that if biocytin is detected in this kind of sample it would be necessary to take 
in account the recovery rate determined by spiking the sample. 
 
3.5. Study of the intermediate precision and of the  measurement trueness  

The target was to prove that the measured values were close with the true values. 
The cream adult nutritional sample was used for this study.  
The sample was spiked at three different levels (0.0015 µg/ml – 0.05 µg/ml – 0.15 µg/ml). 
It was analyzed in duplicate six times at six different days. 

3.5.1. The  intermediate precision 
The precision is considered to be acceptable if the mean of the results reaches the following 
conditions for each level. 
 
Ref - EMA <     - kFI x sFI 

 

     + kFI x sFI < Ref + EMA 

      is the mean of the results, sFI is the intermediate precision standard deviation, kFI is the 
coverage factor. A value of 2 was taken according to NF T90-210.  
Ref is the reference value to which are compared the measured values.  
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EMA is the maximal acceptable difference. For biotin, a value of 60% at the limit of 
quantification level and a value of 30% at the two other levels were chosen.  
For biocytin a value of 50% at 0.05 µg/ml and a value of 40% at 0.15 µg/ml were chosen. 

The following Tables 4 and 5 show that the two conditions are reached : 

Levels for biotin  Low level  Medium level  High level  
Reference value (µg/ml) 0.0015 0.05 0.15 

EMA (%) 60 30 30 
Mean value (µg/ml) 0.0017 0.0511 0.1530 
sFI 0.00025 0.0035 0.0112 
Ref + EMA (µg/ml) 0.0024 0.0650 0.1950 

 0.0022 0.0580 0.1757 

 0.0012 0.0442 0.1309 

Ref - EMA (µg/ml) 0.0006 0.0350 0.1050 

Table 4 

Levels for biocytin  Medium level  High level  
Reference value (µg/ml) 0.05 0.15 

EMA (%) 50 40 
Mean value (µg/ml) 0.0426 0.1460 
sFI 0.0064 0.0019 
Ref + EMA (µg/ml) 0.0750 0.2100 

 0.0553 0.1842 

 0.0298 0.1074 

Ref - EMA (µg/ml) 0.0250 0.0900 

Table 5 

3.5.2. The  measurement trueness  
The trueness of the method is acceptable if the following condition is fulfilled: 

|Mean value – reference value| < bias 
A bias of 20% was fixed for all the levels by the laboratory. 
The results given in Tables 6 and 7 show that the condition is fulfilled: 
 

Levels for biotin  Low level  Medium level  High level  
Reference value (µg/ml) 0.0015 0.05 0.15 
Mean value (µg/ml) 0.0017 0.0511 0.153 
Relative difference (%) 13.06 2.21 2.19 

Table 6 

Levels for biocytin  Medium level  High level  
Reference value (µg/ml) 0.05 0.15 
Mean value (µg/ml) 0.0426 0.1460 
Relative difference (%) 14.90 2.81 

Table 7 

3-4. Study of the intermediate repeatability  

The laboratory had a lot of results in duplicate dealing with the determination of biotin in 
foods. All these data were used to determine the intermediate repeatability.  
For biotin it was necessary to create two levels. 
- below 20µg/100g : the repeatability was estimated to 9.3 % 
- over 20µg/100g : the repeatability was estimated to 4.9% 
For biocytin there were only few results: the repeatability was estimated to 10.9 % 
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4. Collaborative study 

A collaborative study was performed with three French laboratories (Aérial, Aquanal and 
SCL) to evaluate the performance of this method.  
Nine samples were used for this study: 

- 1: a cream adult nutritional (declared value : 1.2 µg/100g) 
- 2: a second cream adult nutritional (declared value : 1.4 µg/100g) 
- 3: a liquid infant formula (declared value : 3 µg/100g) 
- 4: a liquid adult nutritional (declared value : 5 µg/100g) 
- 5: a powder infant formula (declared value : 13µg/100g) 
- 6: a meal substitute with a high protein content (declared value : 133µg/100g) 
- 7: a powder food supplement (declared value : 500 µg/100g) 
- 8: a capsule food supplement (declared value : 14735 µg/100g)  
- and RM: a reference material of the National Institute of Standards and Technology 

(NIST): SRM 1849a4  (certified value: 199 +/- 13 µg/100g) 
It must be underlined that a certified material was included in this study and that five samples 
had low biotin contents: from 1.2 to 13 µg/100g. This declared values were chosen below the 
lower level of the scope of the EN 15607 (2009). Moreover, this five samples were of the 
same kind of the SPIFAN matrices. 
Each sample was analyzed 9 times (in triplicate within three different days) by the three 
laboratories. So, the mean values were calculated from 27 results. 

Sample 
n° 

Declared value 
(µg/100g) 

Mean value  
(µg/100g) 

Reproducibility s tandard 
deviation (µg/100g) 

Reproducibility  relative  
standard deviation (%) 

1 1.2 1.79 0.68 37.9 
2 1.4 2.69 1.11 41.3 
3 3 3.62 0.64 17.6 
4 5 11.7 1.70 14.5 
5 13 12.8 1.73 13.6 
6 133 173 18.9 10.9 
7 500 652 55.9 8.57 
8 14735 17884 1356 7.58 

RM 199 +/- 13  190 8.66 4.56 

Table 8 

As it is shown in Table 8, the reproducibility was acceptable. It very logically increased when 
the mean value was next to the limit of quantification. Comparable results were obtained by 
the three laboratories (Fig. 5) 

 
Figure 5: Results obtained by the three laboratorie s on low biotin content samples  

                                                 
4 Cf: https://www-s.nist.gov/srmors/view_detail.cfm?srm=1849a 



Société des Experts Chimistes de France                                                             Revue N° 984 – 1er  semestre 2016 
 

10 
 

5. Conclusion  

The method proposed and accepted several years ago as a European Standard was 
successfully adapted to quantify smaller amounts of biotin in some samples like infant 
formula and adult nutritional products.  
This new protocol was single laboratory validated and a collaborative study was conducted 
by three French laboratories. 
This method is also convenient to quantify biocytin which is useful because d-biocytin has a 
vitamin activity and consequently can be found in some foods. 
Our main objective which was to check the possibility to extend the scope of the former 
validated method to lower contents, has been  reached. 
An other target was to try to reach the limit of quantification fixed within the SPIFAN biotin 
SMPR. We found that the limit of quantification of  0.0015 µg/ml in the extract of the sample 
is sufficient to quantify biotin in the products found on the European market. But it is slightly 
over the limit of quantification fixed by the biotin SMPR (0.1 µg/100g reconstituted final 
product). In that case it is probably possible to increase the volume of injection (only 60 µl in 
this method) to meet the limit of quantification of the SMPR.  
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