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A collaborative study was conducted to evaluate the chromatographic method
for determination of vitamin B6 in food, recently proposed by Reitzer-Bergaentzlé
et al. (Food Chem. 48 (1993) 321-4). Twelve participants analysed eight samples
containing various amounts of vitamin B6 (from 0-6 to 32-8 ug g! of pyridoxol).
Repeatability relative standard deviations (RSD,) ranged from 3 to 18%, de-
pending on the vitamin B6 concentration. Reproducibility relative standard
deviations (RSDg) were around 30% for samples containing lowest- concentra-
tions of vitamin B6 (<3 ug g' of pyridoxol) and 12-13% when concentration
exceeded 5 ug g' of pyridoxol, except for the sample of yeast for which the
RSDyg was 26%. These values were satisfactory.

Four of the laboratories taking part in this collaborative study have also used
the microbiological method recommended by the AOAC. The average results
obtained for the two methods were in agreement. The chromatographic method,
which is simple and rapid to perform, has been chosen as the official French
method for vitamin B6 determination in foodstuff for nutritional purposes.

INTRODUCTION

In recent years, high performance liquid chromatogra-
phy with fluorometric detection has been recommended
often for quantitative determination of vitamin B6 in
foods (Vanderslice et al., 1980, 1981; Gregory & Feld-
stein, 1985; Brubacher et al., 1985; Morrison & Driskell,
1985; Bitsch & Moller, 1989; Olds ez al., 1993).

The procedures put forward always envisage a sepa-
rate determination of the different forms of vitamin B6
(pyridoxol, pyridoxal, pyridoxamine and possibly their
phosphorylated forms). For this reason, they are usu-
ally inapplicable to foodstuffs with a complex matrix
for which an accurate chromatographic isolation of the
different vitamers, often present in small amounts, is
very difficult. As a result, vitamin B6 determination is
still performed by the microbiological method (AOAC,
1990) in the French food control laboratories, even
though this method has several disadvantages such as
being a complicated, time-consuming procedure and
causing variability in growth response of Saccha-
romyces uvarum. This greatly limits the number of
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laboratories capable of dosing this vitamin, at least in
France.

A simple and rapid chromatographic method has re-
cently been proposed (Reitzer-Bergaentzié et al., 1993).
Firstly, this method involves transformation of the diff-
erent vitamers, which all have the same vitamin activity
(Driskell, 1984), into pyridoxol. This compound is then
isolated by ion pair chromatography and dosed by
fluorometry. The proposed method has a good recov-
ery rate (90-95%), a satisfactory repeatability (coeffi-
cient of variation less than 8%) and a very low
detection limit (0-02 ug g™).

The aim of this collaborative study was to validate
this method (repeatability and reproducibility) using ju-
diciously chosen foodstuffs, with a view to recommend-
ing it as the official French method for controlling
vitamin B6 levels in foodstuffs for nutritional purposes.

MATERIALS AND METHODS
Participants

Participants (12) were analysts in food industries, com-
mercial laboratories, universities and government



82 M. Bergaentzlé, F. Arella, J. B. Bourguignon, C. Hasselmann

laboratories. They received eight different test samples:
chocolate powder (obtained from CPC-France, Ludres,
France), powdered milk, baby food (vegetable and veal
liver) and cereal A (obtained from Nestlé, Vevey,
Switzerland), yeast, biscuit, cereal B and solution for
tube-feeding (obtained from Créalis — BSN, Brive,
France). The participants in this collaborative study
firstly familiarized themselves with the method during a
pretrial test, for which foodstuffs of a very similar
nature were proposed. The results obtained, allowed
the final writing of the procedure described below.

For each foodstuff tested, all the laboratories taking
part were asked to perform the determination in tripli-
cate. Likewise, the laboratories which had the capabil-
ity were asked to carry out vitamin B6 determination
by the microbiological method (in duplicate) following
the AOAC procedure (1990). Unfortunately, only four
participants (out of 12) were able to carry out this
determination. Therefore, a statistical analysis of the
results obtained was not possible.

Reagents

Stock standard solutions. Individual stock standards
of pyridoxamine-2HC], pyridoxal-HCl and pyridoxol-
HCI (all from Sigma Chemical Co.) (1 g litre™ as free
base) were prepared in distilled water (the stock stan-
dards were stable for 4 weeks under refrigeration).

Acid phosphatase from potatoes. Boehringer Grad II
lyophilized, 2 U mg! at 37°C.

Sodium acetate solution. To produce a 2-5 M solution,
170-10 g of sodium acetate, trihydrate (Prolabo, norma-
pur, or equivalent) was dissolved in 500 mi distilled water.

Glacial acetic acid. 100% Merck, pro analysi, or
equivalent.

Sodium acetate solution. To produce a 0-05 M solution,
6-80 g of sodium acetate, trihydrate (Prolabo, norma-
pur, or equivalent) was dissolved in ¢. 950 ml distilled
water. This was adjusted to pH 4-5 with glacial acetic
acid and diluted to 1000 ml with distilled water in a
volumetric flask.

Glyoxilic acid solution. For a 1 M solution, 4-70 g glyox-
ilic acid, monohydrate (Merck, pro analysi, or equivalent)
was dissolved in ¢. 30 ml 0-05 M sodium acetate. This was
adjusted to pH 4-5 with 2-5 M sodium acetate and diluted
to 50 ml with distilled water in a volumetric flask.

Ferrous sulphate solution. For a concentration of 2 g
litre™, 36-56 g of ferrous sulphate, heptahydrate (Merck,
pro analysi, or equivalent) was dissolved in 10 ml 0-05 M
sodium acetate.

Sodium hydroxide solution. For a 0-2 M solution, 800
mg of sodium hydroxide (Carlo Erba, RPE ACS, or
equivalent) was dissolved in 100 ml distilled water.

Sodium borohydride solution. For a 0-1 M solution, 378
mg of sodium borohydride (Merck, pro analysi, or equiv-
alent) was dissolved in 100 ml 0-2 M sodium hydroxide.

Ion-pairing reagents. 1-Heptanesulfonic acid sodium
salt and 1-octanesulfonic acid sodium salt (Aldrich).

Acetonitrile. Prolabo, chromanorm for HPLC, or
equivalent.

Potassium dihydrogen phosphate solution. For a 0-05 M
solution, 6-80 g of potassium dihydrogen phosphate
(Prolabo, rectapur, or equivalent) was dissolved in 1000
ml distilled water.

Orthophosphoric acid. (Min. 85%) Merck, pro analysi,
or equivalent.

Sample preparation

Finely ground sample (2-5 g if the vitamin B6 content
exceeded 2-0 ug g'; 5 g if the vitamin content was less
than 2-0 ug g'') was weighed into a conical flask. 0-05 M
sodium acetate (25 ml), 1 m glyoxilic acid (2-5 ml), fer-
rous sulphate solution (400 wul), acid phosphatase (20
mg) were added. The solution was continuously shaken
and incubated in an oven at 37°C overnight, then, after
cooling, made up to 50 ml with distilled water. This so-
lution was shaken and filtered, after centrifugation if
necessary. A 5-ml aliquot was added to 4-5 ml of 0-1 M
sodium borohydride. Then, after shaking, 0-5 ml of
glacial acetic acid was added. The solution was filtered
first through a paper and then through cellulose acetate
filter (0-45 wm). This filtrate was used for chromato-
graphic investigation.

Chromatographic determination

A Lichrospher 60 RP Select B column (5§ mm id. X
250 mm; octylsilyl, 5 um particle size, Merck) and a
guard column RP 18 (4 mm i.d. X 4 mm; octadecylsilyl,
10 wm particle size, Merck) were used for all analyses.

Separation by ion pair chromatography was accom-
plished isocratically with a mobile phase consisting of
acetonitrile/0-05 M potassium dihydrogen phosphate
(4:96, v/v) containing 0-5 X 10° M sodium heptane
sulfonate (or 0-3 X 10 M sodium octane sulfonate).
The mobile phase was then adjusted to pH 2-5 with
orthophosphoric acid and filtered through a cellulose
acetate filter (0-45 um). The separation was performed
at ambient temperature at a flow rate of 1 ml min™.
The fluorometric detector operated at an excitation
wavelength of 290 nm and at an emission wavelength
of 395 nm. The injection volume was 20 zl.

Pyridoxol standard solutions for external calibration

Stock standard solution of pyridoxol was firstly diluted
to 1/100, then again to 1/10,1/20 and 1/100 with dis-
tilled water in order to obtain calibrated solutions con-
taining respectively 1-0 pg ml!, 0-5 ug ml™! and 0-1 ug
ml™! of pyridoxol. These solutions were filtered through
a cellulose acetate filter (0-45 um) and the filtrates were
used for external calibration.

Recovery rates

For each foodstuff, four series of three samples were
weighed exactly. The three samples of the series 0 were
analysed as described above. Concerning the samples
of the three other series, an addition of vitamin B6 was
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carried out before the incubation stage at 37°C (see
Sample preparation):

— 50 ul of pyridoxamine stock standard solution in
the series 1 samples

— 50 ul of pyridoxal stock standard solution in the
series 2 samples,

— 50 ul of pyridoxol stock standard solution in the
series 3 samples.

The recovery rate 7, obtained for each sample of the
same series is given by:

Yi— I—(mi

T =
Z.

in which:

i represents the number of the series: 1 (addi-
tion of pyridoxamine), 2 (addition of pyri-
doxal), 3 (addition of pyridoxol),
the average value, for the three samples of the
series 0, of the relationship between the
amount of pyridoxol (in ug ml™") present in
the solution injected in the chromatograph
and the weight of the sample (in g),

y;  the amount of pyridoxol (in g ml™") in the so-

lution injected of a sample from the series i,

m; the weight (in g) of the same sample,

and z; the amount of pyridoxol (in pg ml™') in the so-
lution injected, resulting from the transforma-
tion of the different forms of the vitamin B6
added, assuming the transformation yield is
equal to 100% (z, = 0-503 ug ml"', z, = 0-506
pg ml™ and z; = 0-500 ug ml™).

=1

Calculations

The amount X of vitamin B6 in a sample analysed (ex-
pressed as ug g of pyridoxol) is given by the formula:

100x

m-T

in which:
x represents the amount of pyridoxol (ug ml™)
in the solution injected for the sample studied,
m the weight (in g) of the sample,
and ¥ the recovery rate for the method (correspond-
ing to the average of different recovery rates
determined in the preceding paragraph).

Statistical methods

Statistical interpretation of the results was carried out
according the ISO 5725 standard. Cochran test was
performed to remove data showing significantly greater
variability among replicate (within laboratory) analyses
than other laboratories for a given sample. Dixon test
was performed to remove laboratories with extreme
averages.

Precision of the method was estimated by calculating

the following parameters: repeatability and repro-
ducibility standard deviations (S, and S;) and relative
standard deviations (RSD = 100 SD/X) for repeatabil-
ity (RSD,) and for reproducibility (RSDg). S, repre-
sents the standard deviation (SD) within laboratory
and Sg the standard deviation among laboratories.

RESULTS AND DISCUSSION

The method proposed in the collaborative study for
vitamin B6 determination was the method described by
Reitzer-Bergaentzlé er al. (1993) with minor modifica-
tions introduced at the end of the pretrial test, thus:
centrifugation before filtration, if necessary, of the
solution obtained after overnight incubation at 37°C;
use of cellulose acetate filters of 0-45 um porosity (in-
stead of 0-2 um) for the filtration and acidification by
glacial acetic acid of the solution thus obtained, in
order to assure the complete destruction of the excess
of sodium borohydride. Concerning the mobile phase
used, its composition (proportion of acetonitrile and
of potassium dihydrogen phosphate, nature and con-
centration of counter ion) can of course be slightly
modified in order to allow a satisfactory isolation of
pyridoxol, whatever the foodstuff analysed.

Four of the chosen foodstuffs had guaranteed levels
of vitamin B6 (tube-feeding solution, chocolate powder,
cereal A and powdered milk). The tube-feeding solu-
tion only contained pyridoxol chlorhydrate. This same
vitamer was added in varying quantities to the three
other foodstuffs which also contained low quantities of
natural vitamin B6. Biscuit, baby food, cereal B and
yeast did not have guaranteed levels of vitamin B6 and
only contained this vitamin in its natural form. All,
with the exception of the tube-feeding solution, were
complex matrix foodstuffs. The amounts of vitamin B6
measured in the different foodstuffs during this collabo-
rative study are indicated in Table 1.

Certain laboratory results were rejected, either be-
cause they showed significantly greater variability
among replicate (within laboratory) analyses than did
other laboratories for a given sample (Cochran test,
three cases) or because they showed extreme averages
(Dixon test, three cases) or for both reasons (one case).
The rejection rate (7 out of 96) is not excessive.

Inter-laboratory mean values obtained showed, not
surprisingly, that the amounts of vitamin B6 were
higher in the foodstuffs which had pyridoxol chlorhy-
drate added, but that these amounts were quite signifi-
cant in the other foodstuffs. A statistical analysis of the
results is presented in Table 2. The relative standard
deviation for repeatability (RSD,) varied from 18% for
the foodstuff with the lowest vitamin B6 content (baby
food) to 3% for the foodstuff with the highest vitamin
B6 content (powdered milk). The decrease in this pa-
rameter was definitely linked to the increase in vitamin
B6 levels in the foodstuffs. However the repeatability of
the measurement seemed less satisfactory with the cereal
A and yeast samples than with the other samples.
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Table 1. Collaborative results (in triplicate) on LC determination of vitamin B6 (ug g™ of pyridoxol) in various foodstuffs

Laboratory Baby Biscuit Cereal Yeast  Tube-feeding  Chocolate Cereal Powdered

food B solution powder A milk

0-6 1.0 2-5 37 57 77 14.7 246

1 06 1-3 24 41 59 82 140 246
06 11 23 4.0 60 80 143 24-6

03 0-2¢ 1-6 81 5-8 59 15-5 359

2 03 0-0* 1-3 86 61 65 157 345
03 0-2¢ 1-3 80 57 5-8 16-0 337
0-5 1.7 31 44 58 6-4 132 21-4
3 0-4 23 24 4.8 57 65 13-6 279
04 1-9 24 51 61 66 139 29-3%

0-7 21 36 4.7 56 77 18-6 374

4 07 1-9 33 4-6 54 71 169 355
0-8 2:0 33 4.6 55 75 182 392

0-8 2:4 1-9 6-1 61 65 14-3 324

5 0-6 19 22 4-8 59 69 153 335
0-5 1-9 22 4.9 62 70 152 329

0-7 0-8 1-5 66 59 10-8° 162 352

6 0-7 0-9 1-4 6-7 55 11-6* 157 350
— — — 70 — 11-8* 16 357

0-7 1-0 31 69 4.7 6-3 197 356

7 0-5 09 31 71 53 65 16:1 37-1
0-7 09 — 67 4.9 6-4 16:1 373

0-8 11 1-8 43 4.9 50 140 230

8 0-7 1-2 1-6 4.2 56 55 16:0 270
0-7 11 1-5 4.4 51 52 15:0 280

1-6° 2:0 23 5-8 67 7-4 152 367

9 2:6° 1-8 2:4 4.9 66 72 15-9 385
1-8° 1-8 29 4.7 66 7-5 163 382

0-5 1-2 1-5 54 4.5 57 139 333

10 0-5 1-2 1-6 4.7 520 5-8 13-8 325
0-5 1.0 1:5 64 3.2 67 15-8 345

0-5 0-9 22 4.4 4.6 71 139 309

11 0-5 09 24 4-4 4-8 73 134 303
05 0-9 23 4.6 4.4 73 13-0 311

0-4 5-1ab 53¢ 39 4.3 69 12-6 287

12 0-8 4.8¢4 4.9 37 4.4 67 12.4 293
04 6-1¢° 514 3 4-4 65 117 29-3

mean (X) 0-6 14 2:2 53 55 67 150 32-8

“Dixon test outlier.
bCochran test outlier.

Table 2. Summary statistics® for collaborative data on LC determination of vitamin B6 (ug g™ of pyridoxol) in various foodstuffs

Material Baby Biscuit Cereal Yeast Tube-feeding  Chocolate Cereal Powdered

food B solution powder A milk

n 12 12 12 12 12 12 12 12

n 11 10 11 12 11 11 12 11

N 32 29 31 36 33 33 35 33

X 0-6 1-4 2:2 53 55 6-7 15-0 328

S, 01 02 02 04 02 03 1.0 09

RSD, 18 13 10 8 4 4 6 3

Y 02 05 0-7 1-4 07 0-8 1-8 4.3

RSDy 30 35 30 26 13 12 12 13

“Symbols used: # = number of participants; n' = number of participants retained; N = number of results; X (ug g' of pyridoxol)
= material mean; for others symbols, see section on statistical methods.
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Table 3. Collaborative results (in duplicate) on microbiological determination of vitamin B6 (ug g of pyridoxol) in various foodstuffs

Laboratory Baby Biscuit Cereal Yeast  Tube-feeding  Chocolate Cereal Powdered
food B solution powder A milk
5 1-4 22 23 7-0 59 65 145 332
0-7 2:0 23 6-8 4.9 62 18-4 —_
6 11 20 3.0 59 52 42 13-8 314
1-1 20 29 60 52 52 16-9 331
8 0-9 1-6 22 43 51 50 149 310
08 1-4 22 53 49 5-6 14-0 30-0
10 12 22 21 4.7 59 7-1 20-6 44.3
1-1 2-2 2-2 44 52 72 157 452
mean (X) 10 19 24 5-4 53 60 161 35.5
As far as the reproducibility of the measurements is ACKNOWLEDGEMENT

concerned, the relative standard deviations for repro-
ducibility (RSDg) were in the order of 12-13% for the
foodstuffs with guaranteed vitamin B6 contents and
from 30 to 35% for foodstuffs with low levels of vita-
min B6, noticeably two to four times greater than the
RSD,. These values were satisfactory considering the
magnitude of the concentration measured. In the case
of the yeast sample, the RSDy; was relatively high
(26%) for a foodstuff rich in vitamin B6 (5-3 ug g")
This was probably due to the complex composition of
the substrate and to the difficulties encountered in
bringing about total liberation of the vitamers by enzy-
matic hydrolysis. Similar problems have already been
observed for the determination of vitamins Bl and B2
in this foodstuff (Hasselmann et al., 1989).

It would have been interesting to present a compara-
tive statistical study of the results obtained by the chro-
matographic method studied above and of those
obtained from the microbiological method (AOAC,
1990), the latter being the only method used at the pre-
sent time in France in the food control laboratories.
Unfortunately, out of the 12 laboratories taking part in
this interlaboratory study, only three laboratories (6,8
and 10) practised the microbiological method and only
one other (laboratory 5) agreed to become acquainted
with this method. Consequently the results obtained
(Table 3) only concern four laboratories and as a result
have not been treated statistically. However, it is im-
portant to note that the average values of the vitamin
B6 levels resulting from the two methods are very simi-
lar and that neither method gives rise systematically to
higher or lower levels.

Following this collaborative study, the Commission
Générale d’Unification des Méthodes d’Analyse (Direc-
tion Générale de la Concurrence, de la Consommation
et de la Répression des Fraudes (France)) has proposed
that the chromatographic method studied becomes the
official French method for vitamin B6 determination in
foodstuffs for nutritional purposes. Indeed in compari-
son with the microbiological method, it appears to be a
rapid method, simple to perform and also provides a
reproducibility and detection limit which are entirely
satisfactory.
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