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The recent upsurge of interest in human nutrition has intensified the search
for fast, accurate, reproducible, automated methods of analysis for nutrient in foods!.
For vitamin Bs in particular, many of the earlier methods were lengthy, tedious and
costly and often lacked precision®~°. Until recently, much of the published data on
vitamin B4 composition in foods” was based on microbiological assays. Such assays
are still considered by some? to be the most reliable methods of analysis even though
it is acknowledged that results from different laboratories can vary by a factor of
five or more®. Microbiological assays are subject to the criticism that they fail to
distinguish between the various forms of B¢ which can be a hindrance in metabolic
workS. However, a combination of chemical separation and microbiological assay
partially offset this criticism®. Enzymatic assays, besides being difficult, detect only
one form of the vitamin. Chemical methods of analysis, by themselves, normally lack
specificity and require careful extraction procedures to eliminate interfering com-
peunds while still recovering all of the vitamin content®. Chemical methods, on the
other hand, are relatively inexpensive, can be made accurate and fast, can be auto-
mated, and have the potential of measuring each form of the vitamin as well as their
metabolite, pyridoxic acid*!®.

In recent years, thin-layer chromatography!!.!2, thin-layer electrophoresis®’,
gas-liquid chromatography (GLC)™~ "7, and high-performance liquid chromato-
graphy (HPLC)!%-23 have all been suggested as analytical methods, but only the last
two appear to offer good potential for quantification and automation. To our knowl-
edge, none of the suggested GLC or HPLC methods are capable of identifying and
quantifying all six vitamers plus pyridoxic acid simultaneously. Tae HPLC separation
scheme described in the present paper does this and is inherently much simpler than
recently proposed HPLC methods®?:** in that it requires no pre- or post-column
chemistry to achieve the necessary sensitivity. Specificity is achieved by a careful
choice of fluorescence filters maximized at the excitation and emission wavelengths
of the Bg vitamers. If one is interested in only the vitamers and not pyridoxic acid, the
system is capable of handling 15 samples a day; otherwise, 10 samples a day is the
limit.
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EXPERIMENTAL"

Vitamin By chromatographic analyses

The apparatus is an HPLC system consisting of a depulsed positive displace-
ment pump?*, an Altec 201-56 PTFE pneumatically actuated sample injection valve
with a 0.5-ml sample loop, a 25 cm X 6 mm Glenco column packed with Bio-Rad
(Richmond, Calif., U.S.A.) A-25 resin and thermostated at 55°, and two Aminco
Fluoromonitor detectors in series (Fig. 1). Both monitor systems use 70-ul flow cells,
and the original RCA 931B phototubes were replaced with EMI 9781B tubes. Monitor
1, thermostated at 5° with a Haake water bath, uses a clear General Electric germici-
dal lamp supplied by Aminco, with a Dell Optics A-4-3100 as a primary filter and a
Corning 0-52 secondary filter. Monitor 2, which is used primarily for pyridoxal phos-
phate measurements, uses a General Electric phosphor coated mercury lamp supplied
by Aminco, a Comning 7-51 primary filter, a Wratten 2A secondary filter, and is
thermostated at 25° with a Haake water bath. Both monitors are kept in a refriger-
ator regulated at 5° tc avoid water condensation. Areas under chromatographic
peaks, which are proportional to concentration, were measured with an Autolab
Minigrator connected directly to each monitor. The entire system is connected by
26 AWG plastic tubing and Cheminert®™ fittings. The complete apparatus is kept
in a dark room and all runs are performed in total darkness.

SUFFER lousreR

pH=25 =1 pH=10 | PRESSURE GAUGES

THERMOSTATED ANION
EXCHANGE COLUMN

DUAL PEN
RECO‘RDER

REFRIGERATOR
I'.:. 1. Flow diagram of HPLC system.

* Mention of a trademark or proprietary product does not constitute a guarantee or warranty
“he product by the U.S. Department of Agriculture, and does not imply its approval to the exclu-
1 of other products that may also be suitable.
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Chemicals

With the exception of pyridoxine phosphate (PNP), all vitamers —pyridox-
amine phosphate (PMP), pyridoxal phosphate (PLP), pyridoxal (PL), pyridoxine
(PN), pyridoxamine (PM)— and pyridoxic acid were purchased from Sigma (St
Louis, Mo., U.S.A)), and in the case of PM, also from Calbiochem (Los Angeles,
Calif., U.S.A.). PNP was prepared by the method of Peterson and Sober?’. A con-
venient internal standard, 3-hydroxypyridine (HOP), was obtained from Aldrich
(Milwaukee, Wisc., U.S.A.). All solutions of these standards were stored at pH < 6

in the dark and used for only 1-3 days.

Procedure
Two buffers are used in this method. The first is a 0.4 M NaCl-0.01 M glycine

solution adjusted to a pH of 10.¢ with sodium hydroxide and the second is a 0.4 M
NaCl-0.01 M glycine solution with pH adjusted to 2.5 by the addition of hydrochloric
acid. After the column is equilibrated with the pH 10 solution, the sample, which in the
present case is a water solution containing all six vitamers plus pyridoxic acid, is injected
and the flow is continued for 80 min. The eluent is then pumped from the pH 2.5
buffer reservoir for 40 min. The flow-rate is constant at 1.2 ml/min and the working
pressure is 300 p.s.i.

RESULTS AND DISCUSSION

Typical chromatographs are shown in Fig. 2a and b. Fig. 2a is the trace from
Monitor | and Fig. 2b is the corresponding trace from Monitor 2. The filters and lamp
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Fig. 2. Typical chromatographs. (a) Detection system uses Dell optics A-4-3100 primary fiiters and
Corning 0-52 secondary filter. (b) Detection system uses Comning 7-51 primary and Wratten 2A
secondary filter.

in Monitor 2 were chosen so as to enhance the sensitivity for the measurement, of
PLP which is a relatively weakly fluorescing compound. The total elapsed time for
one run is 120 min. All six vitamers plus 3-hydroxypyridine are eluted within 80 min
at pH 10.0 while pyridoxic acid elutes from the column 40 min after the pH has been
changed to 2.5. :

Standard solutions of various concentrations of all compounds were prepared
and injected. The area under the peaks as measured by the Minigrator is linear in
concentration for the different compounds in the range from micrograms down tc
the lower limits of detection. Those limits of detection were determined by the
requirement that reproducibility must be 5%. Reproducibility is better than 19/ for
:he higher concentration ranges. The lower limits are 10 ng for PMP, PM, PNP, PN,
“IOP and PL, 0.1 ng for pyridoxic acid, and 100 ng for PLP. This sensitivity, more
-han adequate for most food composition work, is achieved through the use of the

atural fluorescence of the vitamers without recourse to any pre- or post-column
1emistry.

This is the first successful separation of all By vitamers and pyridoxic acid by
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HPLC and is attributed to the use of anion exchange. If the various ionic forms of
the different vitamers are considered as a function of pH as suggested by Bridges
et al *%, all would be expected to behave as anions at pH 10. In contrast, cation and
anion behavior is not as clearly defined for all the compounds at low pH values.
The system is free from interference by compounds normally found in vitamin
pills as is shown in Fig. 3 where a water extract of a commercial multi-vitamin pill
was introduced into the system. The lack of interference is attributed to the choice
of filters dictated by the maximum excitation and emission wavelengths for the By
* vitamers?® and the weakness of the fluorescence of possible interfering compounds at

these wavelengths.
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Fig. 3. Chromatograph of a multi-vitamin pill water extract.

-

The system can be easily automated by the method used in Beecher’s*” amino
acid analysis work. For analyses of food, in which only vitamer content is of interest,
injected samples could be continuously injected at pH 10 so that fifteen or more
samples can be analysed in a 24-h period. However, a daily clean-up at pH 2.5 is recom-
mended. Column clean-up plus regeneration require about 30 min.

Some mention should be made of the choice of 3-hydroxypyridine as the
internal standard. For analysis of food, this internal standard should be added in
known amounts to the sample prior to any extractions or analyses. This then serves
as a check on both the extraction procedures and the behavior of the instruments.
The choice of HOP was dictated by the fact that it is stable, does not coelute with the
vitamers in the separation procedures and is expected to behave like the Bg vitamers
because of the similarities in their structures. "

The system, as described, is simple and can be reproduced in any laboratory
at minimal expense. It can be easily automated and the sensitivity is more than
adequate for foods of interest. While these sensitivities are not yet adequate for blood
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plasma work, it may be possible to achieve the necessary response with other detection
methods, such as amperometric methods®® or with post-column chemical reactions.
Such work is in progress.

Experience to date has indicated that different matrices may require different
vitamin extraction procedures and that no extraction procedure will be universally
applicable to all matrices. Analysts will have to investigate B, recoveries for each
matrix and for -each extraction procedure. We are in the process of developing
extraction procedures for various food types and these investigations will be the
source of future publications.
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