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The analysis of vitamin Bs in foods requires the liberation of pantothenic acid
present as bound forms such as CoA. Different methods are available to achieve
this extraction. We have compared the influence of the extraction method on the
quantification of pantothenic acid by both microbiological and immunological
assays. Whatever the extraction method used, the two assays gave similar results
and allow the quantification of pantothenic acid in foods. The equation of the
regression curve between the immunological and microbiological assays was
y=0.309+0.936x and the correlation coefficient r=0.969. Only alkaline phos-
phatase associated with pantetheinase contained in a pigeon liver extract realized
the total liberation of pantothenic acid from pure CoA. This level of liberation
was, respectively, 39.5 and 22.3% with mylase and papain associated with taka-
diastase. No hydrolysis was observed with buffer extraction without enzyme.
Such a difference was not obtained from the extraction of foods. The quantity of
pantothenic acid was only slightly modified by the extraction method used, either
with supplemented or naturally vitamin rich foods. These results suggest the
presence of endogenous enzymes that realize the whole or partly of the liberation
of pantothenic acid if they are not destroyed by a heating treatment before the

extraction procedure. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Vitamin Bs or pantothenic acid, a water-soluble vitamin
of the B-group, occurs in all types of animal and plant
tissues. Most of the vitamin is in bound form essentially
as coenzyme A (CoA) or acyl carrier protein (ACP) that
are the biologically active complexes. With the fashion
of dietetic products, a lot of foodstuffs are supple-
mented in different vitamins which is achieved by addi-
tion of free pantothenate in the case of vitamin Bs. The
control of the quantity of vitamins in general and of
pantothenic acid, particularly, needs available, sensitive,
specific and easy to perform methods.

The liberation of pantothenic acid from bound forms is
always required for the total quantification of vitamin B;
in foods by various techniques (microbiological, immu-
nological or chemical). As pantothenic acid is sensitive to
high and low pH, acidic and alkaline hydrolysis are not
useful for this purpose. This liberation is performed by
enzyme treatment. A number of enzymes have been pro-
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posed (taka-diastase, papain, mylase, clarase, alkaline
phosphatase, pantetheinase,...) and are used alone or in
association, for the determination of pantothenic acid in
foods. In our laboratory, for routine analysis, mylase is
used to liberate pantothenic acid. Others recommend a
mixture of papain and taka-diastase (Tagliaferri, perso-
nal communication). These 2 methods were compared
with the enzyme solution technique published by Novelli
et al. (1949) modified by, among others Zook et al. (1956),
Bell (1974), Walsh et al. (1979) and Tanner et al. (1993),
using alkaline phosphatase and pantetheinase extracted
from chicken and pigeon liver.

The purpose of our study was to determine the influ-
ence of the extraction technique on the measurement of
pantothenic acid with the microbiological assay and the
ELISA technique we have recently described (Gonthier
et al., 1998).

MATERIALS AND METHODS
Reagents

The chemical reagents, the calcium pantothenate stan-
dard (purity 99% min) and coenzyme A as sodium salt
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(purity 97%) were obtained from Sigma Chemical
Company, France. For the enzymes, alkaline phospha-
tase (EC 3.1.3.1) (Type I from bovine intestine 4-3 uni-
tsmg~!, ref P 3877) and pigeon liver acetone powder
(1Umg™!) containing a pantetheinase (EC 3.5.1.-) were
from Sigma too. Taka-diastase (from Aspergillus ory-
zae) was from Serva, Germany (ref 35740 with a¢-amy-
lase activity 36Umg~! and pB-amylase activity
59 Umg™!) and mylase ME (from Aspergillus oryzae)
from United States Biochemical, USA (ref 19300).
Papain (EC 3.4.22.2) (from Carica papaya) (ref 107144,
30000 USP-Umg~!) and the growth medium, Lactoba-
cillus plantarum and vitamin pantothenic acid broth for
microbiology were purchased from Merck, Germany

Choice of foods

We have studied the influence of the extraction techni-
ques on products naturally rich in vitamin Bs and on
supplemented products. Vitamin Bs is generally added
in the form of calcium pantothenate, less hygroscopic
than the acidic form. A priori, no extraction is required
for these foods, as vitamin Bs is always free. At the
present time, most of the vitamin Bs measurements are
being carried out on these products within the quality
control in the food industry. Twenty-one foods were
tested: 11 were naturally rich in vitamin Bs (2 dried
baker’s yeasts [Saccharomyces cerevisiae)], whole grain
rice, calf liver, pig kidney, salmon, egg, Roquefort (blue)
cheese, raw milk, lentils, avocado), 10 were calcium-
pantothenate-supplemented. Each extraction was car-
ried out twice, each result was obtained from the aver-
age of 2 determinations for the microbiological
technique, and of 4 wells for the ELISA technique.
Assay by both methods was performed from the same
extraction solution.

Sampling

For the naturally-rich vitamin Bs products, a 1 g sample
was weighed and extracted. For the supplemented pro-
ducts, 15 g were first blended with 15ml distilled water.
A 2 g sample of mixture was then taken for assay. When
the mixture obtained was not homogenous, 1 or 2 x
15ml of water were added and the weight of the samples
increased accordingly (3 or 4 g).

Extraction procedures

For the control extraction {buffer), 10 ml of 0-5M acet-
ate buffer (pH 4-5) were added to each sample. Tubes
were incubated for 2h at 50°C. For mylase extraction
(mylase), 100 mg of mylase ME were added to 10ml of
acetate buffer. The mixture was kept for 2h at 50°C.
For papain-takadiastase extraction (PT), 100mg of
papain and 50 mg of taka-diastase were added to 10 ml
acetate buffer. The mixture was incubated overnight at
42°C. For alkaline phosphatase-pantetheinase extraction

(APP), 25mg of alkaline phosphatase were dissolved in
10ml 0.2M Tris buffer (pH 8) containing 0-2ml of a
10% pigeon liver extract solution with prior anion-
exchange resin treatment (Tanner et al., 1993). The
enzyme solution was added to the sample, the mixture
was then homogenized and incubated overnight at
37°C.

For all four methods, enzyme reaction was stopped
by autoclaving for 15min at 120°C, which led to coa-
gulation of heat-labile proteins. The cooled extraction
solution was adjusted to pH 7-4 with NaOH. The pH of
APP was first lowered to 4-5, then after 30 min, adjusted
to pH 7-4. Acidification allowed coagulation of acidic
pH sensitive proteins, in particular caseins.

The extraction solution was adjusted to 100 ml with
distilled water then filtrated. It was used for both tech-
niques.

Immunological assay (Gonthier et al., 1998)

The immunoplates (Nunc Polysorp) were coated over-
night at 4°C using a 0-05M PBS (pH 7-4) solution of a
pantothenic  acid-pig  thyroglobulin  conjugate
(1 ugml~!). After washing 5 times in PBS containing
0.05% of tween 20 (PBS-Tw), 50 ul of extraction solu-
tion and 50ul of anti-pantothenic acid antibody
(1/1000) in PBS-Tw were added directly into the well.
When the level of vitamin Bs in the extraction solution
was higher than 1000 ngml~!, the sample was diluted
1/10 in PBS-Tw before adding to the wells. After 1h at
room temperature, the plates were washed 5 times in
PBS-Tw; 100 ul of a 1/2000 PBS-Tw solution of perox-
idase-conjugated AffiniPure Goat anti rabbit IgG
(H+L) antibody (Jackson ImmunoResearch Labora-
tories, USA) was added to each well.

After 1h at room temperature, the plates were
washed 4 times; 100 ul of an 0.02% 3-3'-5-5 tetramethyl
benzidine dihydrochloride (TMB) solution in citrate-
phosphate buffer (pH 4) containing urea peroxide was
added to each well. Colour reaction was stopped after
10 min by adding 100 ul of 0.5M H,SQ,. Results were
read at 450 nm, with a 620 nm reference.

Microbiological assay (Skeggs and Wright, 1944)

2ml of an extraction solution dilution containing 10—
50 ng of pantothenic acid were added to 3 ml of growth
medium. After shaking, the tubes were sterilized by
autoclaving for 15min at 115°C, aseptically inoculated
by one drop of a Lactobacillus plantarum suspension
and incubated for 20h at 37°C. Organism growth was
established by measuring the optical density of growth
medium at 620 nm.

Standard range

For both techniques, a standard range of unextracted
calcium pantothenate was used. For ELISA, calcium



Determination of pantothenic acid in foods: influence of the extraction method 289

pantothenate was diluted from 0 to 10000ngml~! in
PBS-Tw. For microbiological measurement, dilution
was carried out in distilled water from 0 to 25ngml—!.

Control of extraction and measurement reproducibility

To evaluate the overall extraction-measurement repro-
ducibility, the same sample of dried baker’s yeast was
analysed 5 times on 5 different days, using each of the 4
extraction techniques and the 2 assay methods.

Control of the different extraction procedures

To measure the levels of pantothenic acid in the various
enzymes, blank values were tested by each extraction
method. The sample was replaced by 1ml distilled
water. Extractions were carried out as previously
described, except that the final volume was adjusted to
50 ml instead of 100 ml.

To determine the percentage of recovery, 1ml of a
10 ugml~! calcium pantothenate solution in H,O was
extracted using all 4 methods.

To determine the percentage of CoA hydrolysis, 1 ml
of a 35ugml~! free acid CoA solution in H,O was
treated using the various extraction methods.

RESULTS
Comparison of the two assay methods

Analysis of the reproducibility of the 2 assay methods
(Table 1) showed intra- and inter-assay coefficients of
variation that were lower for the microbiological
method than for the ELISA technique. This can be
related to a lower slope of the standard curve of the
second method (Fig. 1).

The foods tested contained significantly different
quantities of pantothenate (0.35 to 25.31 mg for 100 g).
To facilitate the interpretation of results, the foods were
artificially divided into 2 groups according to their vita-
min contents (compare Fig. 3(a) and (b)).

The results of the 2 methods were highly correlated.
The equation for the regression curve between the
immunological and microbiological assays was:
y=0.309+0.936x. The correlation coeflicient was
r=0.969 (Fig. 2).

Control and influence of extraction procedure

The microbiological assay was used to study the influ-
ence of extraction procedure because of the lower coef-
ficients of variation observed.

The pantothenate content of the buffer and APP was
nil or very low. The slightly positive values obtained for
the 2 extraction solutions can be explained by the
dubious measurements close to 0. Higher levels of exo-
genous vitamins were recovered in mylase and PT
(Table 2).

Whatever the method used, no free vitamin was
destroyed during the extraction phase. For all four
methods, the calcium pantothenate recovery levels ran-
ged from 99.67 to 103.90% (Table 2).

The CoA sample (35 ug of free acid) was equivalent
to 10 ug calcium pantothenate. The percentage of CoA
hydrolysis was calculated from the actnal amount of
pantothenate liberation. It varied strongly according to
the extraction procedure: ca 0% with buffer, ca 20%
with PT, ca 40% with mylase and close to 100% with
APP (Table 2).

The influence of the extraction procedure on the
quantification of pantothenate in different foods was
shown in Fig. 3(a) and (b). Apart from the 2 baker’s
yeasts, calf liver and 2 supplemented products (mixed

Table 1. Repeatability and reproducibility of the assay of pantothenate for a baker’s yeast according to the extraction and
quantification method

Buffer Mylase Papain-Takadiastase Alk. Phosphatase-Pantetheinase
microbio  immuno  microbio  immuno microbio immuno microbio immuno
m 4.67 4.58 5.34 4.6 4.47 4.63 11.07 11.91
CV, 2.92 9.29 10.23 20.82 3.15 10.58 0.2 14.21
m 4.66 4.08 5.37 4.27 4.87 4.73 11.6 11.11
CV, 0.22 11.89 0.95 20.90 4.71 18.34 1.57 9.36
m 3.85 3.68 5.18 3.89 3.98 4.98 10.9 12.41
CV, 422 21.53 6.15 4.72 4.96 13.21 0.88 10.13
m 3.58 2.96 4.28 3.31 3.75 3.29 9.45 8.33
CV, 0.79 19.51 7.78 13.80 3.52 9.84 8.19 19.53
m 3.98 5.24 4.8 5.68 3.98 6.05 9.11 13.1
CV, 0.87 14.52 3.12 20.02 8.96 13.15 8.69 19.51
M 4.15 4.11 4.99 4.35 4.21 4.74 10.43 11.37
CVg 10.64 21.10 822 20.34 9.62 20.82 9.30 16.26

m: mean of pantothenate level (mg100g~!) obtained with 2 determinations for the microbiological assay (microbio) and with 4

wells for the ELISA (immuno).

M: mean of 5 determinations on 5 different days.

CV,: Intra-assay coefficient of variation (%).
CVr: Inter-assay coefficient of variation (%).
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Fig. 1. Standard curves for microbiological (-ll-) and immu-
nological (-@-) assays.

and soup), the difference in the levels of vitamin Bs per
food according to the extraction method used was
smaller than 10%. For the yeasts, APP extraction gave
results 2 fold higher than the others. For the liver, buffer
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extraction gave significantly lower values. APP extrac-
tion had the same effect on 2 supplemented foods
(mixed and soup).

DISCUSSION

In this study, we have compared our recently developed
ELISA with the microbiological method routinely used
in our laboratory. Until now, the microbiological assay
was the most commonly used method for quantification
of pantothenic acid in biological samples. Few attempts
were made to develop immunological methods, RIA
(Wyse et al.,, 1979) or direct (Smith et al., 1981) or
indirect (Finglas et al., 1988; Song et al., 1990) ELISA.

Although the two dosage methods used different
principles, they produced results that were comparable
whatever the vitamin amount (Fig. 2). The same con-
clusion had been drawn from a previous comparative
study of the radio-immunoassay and microbiological
methods for the determination of pantothenic acid in 75
foods (Walsh er al., 1979).

The inter- and intra-assay coefficients of variation for
the microbiological method were lower than those
obtained with the ELISA technique. The slope of the
standard curve of the immunological method was low,
which has to be related to the relatively low affinity of
the antibody to free pantothenic acid (Gonthier et al.,
1998). This gentle slope explained the higher coefficients
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Fig. 2. Comparison of pantothenate values for 21 foods extracted by 4 procedures, each assayed by immunological and micro-
biological methods. The lines correspond to y=x and y =x+10%.
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Table 2. Control of the extraction parameters by the microbiological method. (mean + standard deviation)

Pantothenate in the Percentage of the Percentage of
enzyme solution recovery of hydrolysis of CoA
(ngml~! in 50 ml) pantothenate
buffer 0.49+0.13 99.67 £2.05 1.47+1.47
mylase 9.45+0.32 102.64 +4.17 39.50+2.24
papain-takadiastase 12.43+0.13 103.90+5.25 22.28+2.48
alk. phosphatase-pantetheinase 1.07+£0.07 99.67+0.76 95.18+£2.50
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Fig. 3. (a) and (b) Comparison of the quantity of pantothenate of foods obtained with microbiological assay according to extrac-
tion procedure: (-A-) buffer extraction, (-¢-) mylase extraction, (-ll-) papain-takadiastase extraction and (-@-) phosphatase-
alkaline-pantetheinase extraction. (R): naturally rich in vitamin Bs products. (S): supplemented products.
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of variation: a little variation of the optical density cor-
responded to a bigger variation of the quantity of vita-
min. The inter-assay variation coefficients of the
microbiological method (approx. 10%) were compar-
able to those reported from a collaborative study on the
dosage of pantothenic acid (Tanner et al., 1993). The
variation coefficients of the immunological method
(approx. 20%) were close to those observed by Finglas
et al. (1988). A reproducibility of 6% was obtained
by Song er al. (1990) using an ELISA method with
standard solution of pantothenic acid, but they did not
take into account the extraction step and matrix
influences.

As the immunological method is faster and easier, it
can be used instead of the microbiclogical method for
the routine control of supplemented food preparation
processes that do not necessarily require an elevated
sensitivity.

In foods, the liberation of pantothenic acid from
bound forms is required. The specificity of the enzymes
used to liberate vitamin Bs varies. Mylase and clarase
have a non-specific amylase activity. Besides this activ-
ity, taka-diastase also has proteolytic and lipidolytic
activities. Papain has endoproteolytic and amidase
activities; it also catalyses hydrolysis of the amino acid
esters, preferably basic ones. Alkaline phosphatase (calf
intestinal) demonstrates an ortho- and pyrophosphate
activity that is essential for CoA hydrolysis (Wittwer et
al., 1989). The specificity of the pantetheinase substrate
depends on its origin: from mammalian kidney, it
hydrolyzes pantetheine but not CoA (Dupré and
Cavallini, 1979; Wittwer et al.,, 1986); that present in
avian liver extracts is less specific and allows hydrolysis
of the 2 substrates. However, the results may be altered
by the presence of phosphatases in the extracts which
may lead to the hydrolysis of CoA to pantetheine that
would later be converted specifically into pantothenic
acid (Wittwer et al., 1989).

APP contained no vitamin Bs. The levels of pan-
tothenic acid content were higher for mylase and PT but
were not significant when dilutions were greater than
1/100. Such dilutions are used for foods that contain
more than 0-2-0-3 mg of calcium pantothenate for 100 g,
which was the case for all the foods in our study. This
exogenous addition was observed on the percentage
recovery of calcium pantothenate that was slightly
higher for these 2 extractions (mylase, PT) than for the
other two (buffer, APP). Only the APP extraction
achieved the total liberation of the pantothenic acid
from CoA. In contrast, there was no hydrolysis by con-
trol extraction with buffer.

Apart from 2 products (mixed and soup), there was
no significant difference in pantothenate content of the
supplemented foods whatever the liberation technique
used. Most of the vitamin was free and did not require
enzyme hydrolysis before measurement. Hydrolysis
concerned only possible bound forms of the vitamin
present within the food matrix. Our results demonstrate

that the quantity of endogenous vitamin was negligible
when compared to the amount of vitamin added. The
endogenous vitamin may be destroyed by the treatment
applied to the foods (heating, dehydration, lyophiliza-
tion). The main practical problem encountered in
quantifying these foods lies in obtaining representative
samples of the foods. For these types of foodstuffs,
dried vitamins are normally added then stirred into the
rest of the pre-dehydrated food. This gives a non-
homogenous distribution of the vitamins within the
foods, which means that a 1 g sample was not sufficient.
By increasing sample size and pre-diluting in water (15 g
of sample + 15ml water), the coefficient of variation
within the same assay batch was divided by 2 (data not
shown).

For 2 products (mixed and soup) which contained
mainly dehydrated vegetable flakes, there was a marked
decrease in pantothenate with APP release. This was
also found with both microbiological and immunologi-
cal methods. No satisfactory explanation can be given
for this loss of vitamin Bs.

Apart from the yeasts (2 types of dried baker’s yeast-
Saccharomyces cerevisiae) and the liver, the differences
in pantothenate content of the naturally-rich products
according to the extraction technique used were not as
significantly important as expected. The variations were
minimal when compared to those obtained by Neilands
and Strong (1948) and those observed with CoA
hydrolysis. Walsh et al. (1979) suggest a possible libera-
tion of pantothenate during bacterial growth linked
either to bacterial enzyme liberation or to a non-enzy-
matic mechanism. If liberation occurs in this way, it also
concerns other bound forms of the vitamin, but not
CoA, as hydrolysis by the buffer would not have yielded
negative results. It is generally accepted that CoA is
quantitatively the most important bound form of the
biological products. Annous and Song (1995) have
shown that blood did not contain CoA but 4'-phospho-
pantothenic acid and pantetheine that could be used
directly by the bacteria (Bird, 1963). However, it seems
unlikely that there was no CoA in the foods analysed. In
rats fed a regular diet, there were, in different organs,
(heart, kidney or muscle), as many moles of free pan-
tothenic acid as Moles of CoA. In the liver, the quantity
of CoA (in nMol) was 20 fold higher than of pantothenic
acid (Reibel et al., 1982). The levels of free pantothenic
acid in natural products is generally low, from 10% to
30% maximum. In contrast, 90% of the pantothenic
acid in human milk is in free form (Song et a/., 1984;
Guilarte, 1989).

Liberation of the vitamin during quantification can-
not be envisaged with the ELISA technique (much
shorter incubation time, absence of bacterial enzymes).
However, cross-reactions between anti-pantothenic-acid
antibodies and very similar forms (such as 4’-phospho-
pantothenic acid and pantetheine) may occur, which
would increase the levels of pantothenate actually liber-
ated. Such compounds have not been tested with our
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antibody but we have demonstrated that it did not
respond to CoA and panthenol (Gonthier et al., 1998).
Other antibodies obtained using similar immunogenic
conjugates by two different teams (Wyse et al., 1979;
Morris et al., 1988) also failed to recognize pantetheine.
The cross-reactivity was ca 100 fold less with 4'-phos-
phopantothenic acid than with pantothenic acid (Srini-
vasan et al., 1981). The cross-reactions with 4'-
phosphopantothenic acid and pantetheine would be
facilitated because of the substitution that occurs on the
terminal hydroxyl group of the pantothenic acid for
both the immunogenic conjugate and 4’-phospho-
pantothenic acid.

The various techniques for the liberation of pan-
tothenic may be unreliable. Although the assay results
we obtained for the various foods are comparable to
those published in the composition tables, the micro-
biological method with a prior extraction phase would
need to be compared with a biological measurement
using growth of chicks as a measurement parameter.
For the same sample of brewer’s yeast, Latymer and
Coates (1982) observed a level of 5-94 mg 100g~! using a
biological assay, and 4-22mg100g~' using a micro-
biological assay after pre-treatment by alkaline phos-
phatase and pantetheinase. Although liberation is not
complete, it can however lead to quantification of about
70% of free vitamin.

Another suggestion to explain this low difference of
pantothenic acid contents in function of the extraction
method was the presence of endogenous enzymes that
allow total or partial liberation of vitamin Bs. CoA is
unable to penetrate biological membranes (Domschke
et al., 1971). In every cell there is also a permanent cycle
of synthesis and degradation between pantothenic acid
and CoA using different routes. CoA is converted to
pantetheine by non-specific enzymes including an acid
phosphatase present in the lysosomes (Bremer et al.,
1972) and a pyrophosphatase also active on nucleotides
(Skrede, 1973). Pantetheine is hydrolyzed in pantothenic
acid by a more or less specific amidase, pantetheinase.
These pantetheinases were described in blood (Wittwer
et al., 1986). Others were found in pigeon and chicken
liver (Neilands and Strong, 1948), pig kidney (Wittwer
et al., 1983) and horse kidney (Dupré and Cavallini,
1979). A hydrolytic activity of pantetheine was observed
in various rat tissues, with varying results according to
the tissues evaluated: it was high in the kidney, heart
and small intestine, lower in the liver and muscle
(Wittwer et al., 1986). The optimum pH of those
enzymes vary according to their origin and hydrolyzed
substrate. Pig pantetheinase activity was greater at pH
9-9-5 (Wittwer et al., 1986), whereas horse pantethei-
nase hydrolyzed pantetheine at pH 4-4-5 (Dupré and
Cavallini, 1979) and pantetheine-3-pyruvate at pH 7-5-
85 (Dupré et al., 1984). The conventional extraction
procedures with alkaline phosphatase and pantetheinase
recommend heating (for 10-15min at 121-123°C) the
samples before extraction. Pre-treatment by heating is

not systematically described with mylase, papain and
taka-diastase. To obviate further variation factors
between the various extraction methods and to limit
heating which may partly destroy vitamin Bs, we deci-
ded not to perform preliminary autoclaving. Thus the
enzymes naturally present in the foods were not sys-
tematically destroyed.

This endogenous enzyme activity was tested with 2
samples. CoA was added in excess to yeast and pig kid-
ney samples and extracted with buffer. No hydrolysis
was observed with yeast sample. With the kidney sam-
ple, ca 70% of the added CoA was hydrolysed. There-
fore, in 2h at 50°C in a buffer at pH 4.5, the
endogenous enzymes led to liberation of a quantity of
pantothenate equivalent to APP extraction. Pig kidney
produced only a slight difference in pantothenate con-
tent according to the extraction technique used. We
theorize that this may be related to the high pantethei-
nase activity measured in the kidney. In contrast, the
bigger difference between buffer and APP values for the
liver may be related to the low activity of the pan-
tetheinase observed by Wittwer et al. (1986) in this
tissue.

To explain why yeast differs from other foods, we can
note that yeast is able to synthesize pantothenic acid,
whereas animal cells cannot, which suggests that it does
not contain all the enzymes required to liberate pan-
tothenic acid from the combined forms of the vitamin.
The yeasts we tested were dried yeasts. The enzymes
may have been destroyed during dehydration, yet we
obtained the same results when wet yeast was used.
Higher plants are also able to synthesize pantothenic
acid (Julliard, 1994), However, variability in such large
numbers was not demonstrated with the plants we ana-
lysed (whole grain rice, lentils, avocado).

We have noted that 90% of the pantothenic acid in
human milk is in free form. This rate was determined by
the quantity of pantothenic acid measured after buffer
and APP extraction by an RIA method (Song er al.,
1984) and a Radiometric Microbiological Assay (Gui-
larte, 1989). This rate may be falsified by the action of
endogenous enzymes. Between 30 and 35% of the vita-
min in cows’ milk is lost by ultra-high temperature
sterilization and storage (Gorner et al., 1980). A part or
the totality of the loss may be a result of the inactivation
of the endogenous enzymes during sterilization treat-
ment and thus to an artefact of analysis and not to a
real destruction of the pantothenic acid.

In conclusion, the two methods for quantification of
pantothenic acid we used gave comparable results.
ELISA was faster and easier; it can be used instead of
the microbiological assay when high sensitivity is not
required. For the calcium pantothenate-supplemented
foods, enzymatic extraction seems unnecessary. In some
cases, it may lead to unexplained vitamin loss. For the
naturally-rich vitamin Bs foods, higher levels were
obtained with APP extraction. In some foods, it seems
evident that the total or partial liberation of pantothenic



294 A. Gonthier et al.

acid is caused by the presence of endogenous enzymes.
Their activity differs according to the foods making it
more difficult to use than in blood. In our opinion, it is
advisable not to destroy these enzymes by an initial heat
treatment prior to achieving the extraction.
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