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Abstract

The study was carried out to develop a method for determining the biotin content in
nutritional products and supplements by liquid chromatography-mass spectrometry (LC-
MS/ MS) combined with a fast and simple pretreatment. The analyzed sample was
hydrolyzed in acetate buffer (50 mM, pH 4) with the presence of ascorbate solution (10%)
at 120 + 1°C. After adding the internal standard (?Ha-biotin), the mixture was analyzed on
LC-MS/ MS system using C18 (100 mm x 2.1 mm; 1.7 pm) column and 0.1% formic acid
and MeOH as mobile phases. The analyte was detected on an MS/MS system with an ESI
(+) ionization source. The method was validated following the AOAC criteria. The method
detection limit was 0.15 - 4.20 ug/100g, the method quantitative limit was in the range of
0.5 - 14.0 pg/100g, the recovery range was 81.3 - 107.3%, the repeatability was in the range
of 2.00 - 7.30%, the reproducibility was 2.50 - 7.70%, which were in accordance with AOAC
requirements. The method has been applied to analyze biotin content in 10 nutritional
products and 10 supplements purchased in the market.
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1. INTRODUCTION

Biotin (Vitamin H or B7) is an essential micronutrient, required in a number of
metabolic reactions such as gluconeogenesis, fatty acid synthesis and amino acid metabolism
[1]. In addition, biotin can keep skin and hair healthy. Beside the free biotin form, there are
several derivatives such as biotin sulfoxide, dehydrobiotin, and natural conjugated forms
such as biocytin. These compounds have strong activity with microorganisms, thus they
usually not intended for animals or humans [1]. Biotin is found in fruits and vegetables in
free form, while in meat and grains it is in the protein binding. In cow's milk, biotin is mainly
found in free form and small amounts in the protein binding [1-2]. Almost the biotin content
in natural foods is at low level, usually ranging from a few ug/kg in many vegetables to
several hundred ng/kg in pork liver and egg yolk [1]. Biotin deficiency during pregnancy
causes a significant increase in fetal malformations and mortality. Moreover, recent evidence
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indicated that biotin deficiency is associated with impaired glucose tolerance which can lead
to the risk of diabetes [2]. Therefore, biotin supplementation through other sources such as
nutritional products and health goods is very necessary for the human body.

To evaluate vitamin H content in nutritional products and supplements, it is required
to develop feasible analytical methods. In the world, there have been a number of published
studies on biotin content determination methods including: high performance liquid
chromatography combined with different detectors such as: UV [3, 8], fluorescence with
pre-column derivatization [4], mass spectroscopy [1-2 , 5, 6, 7]. Due to the poor absorption
in the UV region and the inability of autoflourescense, these methods are not appreciated for
the selectivity as well as the time saving of the derivatization processes. The standard method
AOAC 2016.02 was published [8] to determine biotin content in nutritional products. Biotin
in the sample was dispersed in PBS buffer and sterilized at 121°C for 25 min, cleaned
through an immunoaffinity column, blow-dried and dissolved in 1 mL of water, analyzed by
LC-UV at wavelength 200 nm. The method has some limitations such as complicated multi-
step sample processing, high cost of immunoaffinity columns, wavelength 200 nm is not
specific. The LC-MS/MS method has been chosen in many studies. However, the
disadvantages of those studies are the limited number of sample matrices or the complicated,
expensive processing and the enhancement of sample matrices without using internal
standards. The aim of this study is to develop a fast, sensitive, and accurate analytical LC-
MS/MS method with simple sample handling, saving time and solvents, to determine free
biotin content in nutritional products and supplements.

2. MATERIALS AND METHODS

2.1. Research subjects

Research object was Biotin and tesearch samples were nutritional products such as
powdered milk, liquid milk, yogurt, drinking yoghurt, cereals; supplements include: solid
form (tablets, hard capsules), oil capsules, nuggets, and syrup.

2.2. Chemicals and standards

The chemicals used in the study are in analytical purity. Biotin standard (from Sigma
Aldrich, purity of 99.0%); 2Hs - biotin (from lIsoSiences with 95.0% purity). Other
chemicals: Methanol, acetonitrile, formic acid, ammonium hydroxide, ammonium acetate,
acetic acid, ammonia, and sodium ascorbate from Merck.

Stock standard solution: Dissolve 20 mg of biotin standard (200 g/mL) in 3.6 mM
ammoniac solution in a 100 mL flask. Store at -20°C for 6 months. Dissolve 1 mg of internal
standard 2H, - biotin (100 g/mL) in 3.6 mM ammoniac solution into a 10 mL volumetric
flask. Store at - 20°C for 6 months. Prepare a series of working standards with concentrations
from 0.5 to 800 ng/mL from an intermediate standard of 10 pg/mL and 0.5 mL ?H, - biotin
(4 ng/mL), add 20 mL of acetate buffer (50 mM, pH 4), 3 mL of ascorbate (10%), make up
to the 50 mL mark with distilled water.
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2.3. Instruments

The liquid chromatography-mass spectrometry (LC-MS/MS) system (XEVO TQ-XS,
Waters) and chromatographic C18 (100 mm x 2.1 mm, 1.7 um) column were used.

Other common laboratory equipment includes: analytical balance with 0.1 mg
accuracy (MS-205DU, Mettler), vortex shaker (Genius, IKA), pH meter (Mettler), cabinet
drying set at 120 + 1°C.

Laboratory utensils include: Volumetric flasks, micropipettes, 50 mL centrifuge tubes,
0.2 um sample filters, 0.2 um mobile phase filters, 3 mL cylinders, beakers,...

2.4. Methods
2.4.1. Sampling

Nutritional products such as powdered milk, liquid milk, yogurt, drinking yogurt,
cereals; supplements including: solid form (tablets, hard capsules), oil capsules, nuggets,
syrup are randomly purchased in Hanoi market. In which, 10 samples are nutritional products
and 10 samples are health protection goods (supplements).

2.4.2. Analytical methods

Referring to paper [4] for sample processing, samples are thoroughly homogenized
before treatment step. Then, the sample was weighed an appropriate amount into a 50 mL
centrifuge tube, added water to a volume of 25 mL (for solid samples), shaked for some
minutes. After that, 3 mL of 10% ascorbate solution, 0.5 mL of 2Hs - biotin (4 pg/mL) and
20 mL of acetate buffer (50 mM, pH = 4) was added into the sample, vortexed for 30 seconds
then incubated at 120°C. After 30 minutes, samples were taken out and cool to room
temperature, then centrifuged and transfered into 50 mL volumetric flasks and make up to
50 mL with water. The extraction was filtered through a 0.2 um filter into the vial and
injected into the chromatographic system.

LC-MS/MS conditions: chromatographic C18 (100 mm x 2.1 mm; 1.7 pm) column.
Mobile phase A (formic acid 0.1%) and B (Methanol) with gradient program for the first
minute, the ratio of channel A: channel B is 90 : 10 then increase to 60 : 40, hold for 2
minutes, from the 3rd minute switch to the first ratio. The total analysis time is 6 minutes
and injection volume 5 pL.

Method was validated for some parameters such as specificity (based on retention
times of standards, blanks, and increments), linear range, MDL, MQL, repeatability (n = 6),
reproducibility (n = 10), recovery (at 3 spiked levels), measurement uncertainty. The method
was evaluated on 6 samples including powdered milk, liquid milk, supplements in the form
of tablets, oil capsules, nuggets, and syrup.

2.4.3. Data processing methods

Biotin content in the sample was calculated automatically based on the instrument
software LC-MS/MS (MassLynx 4. 1). The method validation results were processed using
Microsoft Excel 2010 software.
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3. RESULTS AND DISCUSSION

3.1. Optimizing analytical processes
3.1.1. Investigation of analytical conditions on LC-MS/MS

By referencing some documents [2, 6] and the structure of biotin, the MS/MS
conditions were investigated by electron spray ionization technique ESI with positive
fragmentation (ESI+). 5 pL of biotin standard solution and 2Hs - biotin 200 pg/L were
injected directly into the mass spectrometer at automatic mode for optimizing mass
spectrometry conditions. The information about parent ions and daughter ions for qualitative
and quantitative purposes are shown in Table 1.

Table 1. The optimized Fragmentation parameters

. . Cone .
lonization Molecular Precursor Production . Fragmentation
Analyte potential

mode Mass ion (m/z)  ion (M/z) W) Energy (Ev)
Biotin ESI+ 245100  245.100 97.100 20 30
227.100" 20 15
2Hy4 - biotin ESI+ 248.990  248.990 96.810" 2 22
169.760 2 26

Note: (*) are quantitative ion

Methanol and acetonitrile are the most commonly less polar organic solvents in
reversed-phase liquid chromatography and formic acid is polar solvents commonly used in
ESI-mode MS. Referring to some documents, a study was conducted in two mobile phases:
mobile phase 1: formic acid 0.1% and methanol; mobile phase 2: formic acid 0.1% and
acetonitrile. The results show that biotin signal using mobile phase 1 is higher than using
mobile phase 2. Therefore, the mobile phase 1 was selected for further investigations.

The ion concentration in the mobile phase directly affects the ionization process and
the signal of the analyte. Based on the ion fragmentation mechanism and references [2, 6],
the signal of biotin, ?Ha - biotin at 200 pg/L was affected by the concentration of formic acid
in the mobile phase. The mobile phase survey results of formic acid concentrations in the
range of 0.05 - 0.2% were shown in Figure 1.

H Biotin ™ IS Biotin

If Iﬂ | IU

Formic acid concentration (%)

Figure 1. Dependence of biotin, 2H 4- biotin signal on formic acid concentration
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The analyte signals increased as the formic acid concentration increased, however, at
the 0.2% formic acid, the analyte signal decreased, possibly due to ion competition. There
was no significant difference between the analyte signals at the 0.1 and 0.15 % formic acid
level. But the lower level of acidity was preffered to restrict the adversely effect to the
separation column and LC-MS/MS system. Therefore, in this study, 0.1% formic acid
mobile phase was selected.

3.1.2. Investigation of sample treatment conditions

Nutritional products were known as complicated matrices with many influencing
components such as proteins, lipids, sugars, etc, which can obstructed the biotin
determination. Therefore, it is necessary to have a sample processing procedure to limit the
effects. According to AOAC 2016.02, [8] immunoaffinity columns were used in processing
with high selectivity, but its weaknesses are many complicated steps, time wasting,
moreover, expensive costs of immunoaffinity columns, thus it is not suitable for some
laboratories in Vietnam. This study aims to build a simple and fast sample processing
procedure to determine the free-form biotin content in nutritional products and health
supplements. Vitamin B7 is stable over a wide pH range and is a relatively heat stable
vitamin. Ascorbate solution was added to the sample to prevent oxidation of biotin during
sample preparation. High-temperature pyrolysis is a common extraction technique used in
biotin analysis to denature protein in milks, inactivate endogenous enzymes, and liberate
biotin from complex bonds. Therefore, pyrolysis time and temperature directly affect the
biotin content in the sample. An investigation was conducted to proof that effect and find
the optimized pyrolysis conditions. Powder milk and soft capsule are complex samples
representing the group of nutritional products and supplements which were selected for this
research.

The pyrolysis times of 10, 15, 20, 25, 30, 35, 40, 45, 50 minutes and the fixed 120 +
1°C temperature were conducted in the same milk powder samples and soft capsule samples.
The results of the analysis are shown in Figure 2.

The results point that there is a change in the content of biotin obtained at different
pyrolysis times. From 10 to 35 minutes, the amount of obtained biotin gradually increased.
After that time, the content is gradually decreasing from 40 to 50 minutes due to the
decomposition. The biotin content at 30 and 35 min was the same. Therefore, in this study,
a time of 30 minutes was selected for time and energy saving.
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Figure 2. Effect of hydrolysis time on biotin content of milk powder and supplements
samples

Other surveys were carried out at a number of different pyrolysis temperatures of 90,

110, 120, 130 + 1°C on the same powder milk and soft capsule samples. The results of the
analysis are shown in Figure 3.
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Figure 3. Effect of pyrolysis temperature on the biotin content

For samples in suspension such as reconstituted milk powder and softgel, the higher
temperature, the better the layering ability and clean extract was obtained. In addition, high
temperature also increases the solubility of the analyte. Therefore, biotin content gradually
increased as the raise of pyrolysis temperature. The biotin contents at 120 and 130 + 1°C
were not significantly different. Therefore, in this study, the time selection is 120 + 1°C to
save energy.

3.2. Method validation

The analytical method was validated for the following parameters: specificity, linear,
limit of detection/limit of quantification MDL/MQL, repeatability, reproducibility, recovery,
and measurement uncertainty.

The specificity of the method was evaluated through analysis of blanks, standards and
spiked standard samples. The same retention time of analyte signal in the standard and the

increment sample and the disappearance in blank indicating that the method has good
specificity.
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The MDL and MQL were determine by analyzing 10 times the test sample (milk
powder, tablet samples) of low concentration, calculating the mean, SD, and R value (from
4 t0 10). The MDL and MQL of the method in nutrient product were 0.15 and 0.50 pg/100g,
respectively. In supplements these values were 4.20 and 14.0 pug/100g, respectively.

Based on the optimal conditions, the biotin standard curve is linear in the range of 0.5
- 800 pg/L. The standard equation, correlation coefficient, repeatability (RSDy),
reproducibility (RSDR), recovery (R), uncertainty (U) are presented in Figure 3, Figure 4 and
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Figure 3. Linear relationship of biotin/internal standard signal ratio and concentration
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Figure 4 . Biotin chromatogram 40 pg/L, 2 H 4- biotin

Table 3. Repeatability, reproducibility, recovery, and uncertainty on difference matrices

Nutritional
Supplements
_— products
Validation parameters . .
Liquid Milk Soft
. Nuggets Tablets Syrup
milk powder capsules
RSDr (%) 2.20 4.60 6.60 3.40 2.00 7.30
RSDr (%) 2.50 7.70 5.30 2.60 2.50 7.10
955 - 96.4 - 81.3 - 94.8 - 92.2 - 85.5 -
R (%)
101 102 97.9 107.3 103.9 99.1
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U (%) 7.50 15.8 16.6 8.50 7.60 17.9

It can be seen that the coefficient of determination R? > 0.99; the repeatability,
reproducibility, and recovery were all in accordance with AOAC. The method is completely
applicable to the analysis of biotin content in the real sample.

3.3. Real sample analysis results

On the basis of the developed method, the content of biotin in 10 samples of nutritional
products including powdered milk, liquid milk, yogurt, drinking yoghurt, cereals and 10
samples of healthy supplements including: tablets, hard capsules, syrup, soft capsules,
nuggets collected in Hanoi were analyzed. The results were presented in Table 4 and
Figure 5.

Table 4. Real sample analysis results

Content Biotin

No Sample biotin No Sample content

(Hg/1009) (H9/g)
1 Milk powder 1 35.1 1 Supplement- tablets 1 125
2 Milk powder 2 15.1 2 Supplement- tablets 2 5.19
3 Milk powder 3 20.3 3 Supplement- hard capsule 1 62.5
4 Cereals 7.15 4 Supplement- hard capsule 2 35.1
5 Liquid milk 1 2.15 5 Supplement- Syrup 1 10.1
6 milk 2 5.26 6 Supplement- Syrup 2 4.13
7 milk 3 4.55 7 Supplement- Nuggets 1 16.7
8 Yogurt 2.23 8 Supplement- Nuggets 2 25.1
9 Yogurt drink 342 9  Supplement- soft capsule 1 45.7

10 Raw milk 0.65 _ 10  Supplement- soft capsule 2 33.1

Eex
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a. Nuggets matrix b. Soft capsule matrix c¢. Liquid milk matrix
Figure 5. Analytical chromatograms of biotin on some real samples
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From the obtained results, the biotin content in nutritional products ranges from 0.65
to 35.1 pug/100g. In which, the content of biotin in milk powder sample 1 was the highest at
35.1 pg/100g. The powder milk samples all had higher biotin concentrations than the liquid
samples. In solid samples (milk powder and cereals) with concentrations ranging from 7.15
- 35.1 ug/100 g. Liquid samples had biotin content from 0.65 - 5.26 pug/100 g. Biotin content
in supplement samples range from 4.13 - 62.5 pg/g. In hard capsule 1, the biotin level was
the highest at 62.5 pg/g, in syrup sample 2 had the lowest biotin content of 4.13 pg/g. Biotin
content in syrup and nuggets samples was lower than that in hard capsule, tablet and softgel
samples. In the 20 actual samples, 13 samples (65% of the total samples) had an analyte
content compared on the product label in the range (80 - 120%) of the declared label, in the
remaining 7 samples, there was 1 sample of raw fresh milk without the declared label and
06 samples (30% of the total samples) with a content of only 70% compared to the product
declared label. The results of the study have preliminarily reflected the current status of
biotin- fortified products on the market. Furthermore, the method is also applied to analyze
the infant formula product sample (DDP -Infant Formula Powder) - an international multi-
laboratory testing organized by Nestlé with good results (Z-core of 0.3; 0.6; 0.2, respectively
in three consecutive rounds from 2021 to 2022) that contributed confirm the accuracy of the
method.

4. CONCLUSION

The study was carried out with the goal of developing a liquid chromatography-mass
spectrometry (LC-MS/MS) method to determine biotin content in nutritional products and
suppplements. The advantage of the method is the fast, simple processing which is applicable
to many sample matrices. The accuracy of the method is evidenced through the validation
parameters which satisfy the AOAC requirements and the results of participation in
international proficiency testing programs.
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Phat trién phuong phap sac Ky 16ng khdi pho xac dinh ham lugng biotin
trong san pham dinh du@ng va thuc pham bao vé siic khoe

Luwu Thi Huyén Trang, Vii Thi Nhat L&, Vii Thi Trang, Lé Thi Hong Hao

Vién Kiém nghiém an toan vé sinh thuc pham quoc gia, Ha Noi, Viét Nam

Tom tit

Nghién ctru dugc thuc hién véi muc tidu phat trién phuong phép xac dinh ham luong
biotin tu do trong san pham dinh dudng va thuc pham bao vé sitc khoe bang phuong phap
sac ky 16ng khdi phd LC-MS/MS véi quy trinh xtr Iy mau nhanh, don gian. Mau phan tich
duogc thiay phan trong dung dich dém acetat (50 mM, pH = 4); dung dich ascorbat (10%) &
120 + 1°C va phan tich trén LC-MS/MS, str dung noi chuan 2H;- biotin. Céc diéu kién LC-
MS/MS bao gém: c¢ot C18 (100 mm x 2,1 mm; 1,7 um) va pha dong acid formic 0,1% va
MeOH. Chét phan tich dugc phét hién trén hé khéi phd hai 1an MS/MS véi ngudn ion hod
ESI (+). Phuong phéap di duoc tham dinh theo céc tiéu chi cia AOAC. Gidi han phat hién
ctua phuong phap 1a 0,15 - 4,20 pug/100 g, gidi han dinh lugng ctia phuong phap 12 0,5 - 14,0
1g/100g, d6 thu hoi trong khoang 81,3 - 107,3%, do lap lai RSD trong khoang 2,00 - 7,30
%, d0 tai lap noi bo trong khoang 2,50 - 7,70% déu dat theo yéu cau cia AOAC. Phuong
phap da dugc ap dung dé phan tich ham luong biotin trong 10 mau san pham dinh dudng va
10 mau thye pham bao vé sirc khoe.

Tir khéa: Biotin, LC-MS/MS, san pham dinh dwong, thwe pham béo vé sirc khoe.
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