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The quantity of formate was determined us-
ing apparatus comprised of a reactor with immobi-
lized formate dehydrogenase (FDH) in the flow line.
NADH formed by an enzymatic reaction was fluo-
rometrically detected. The optimal concentration of
NAD+ in the carrier was determined. The maxi-
mum peak area due to NADH was observed at pH 7.0
when the pH of the carrier consisting of piperazine-
1,4-bis(2-ethanesulfonic acid) (PIPES) buffer ranged
from 6.0 to 8.0. Various buffer types were also ex-
amined as carrier media at pH 7.0 and PIPES buffer
showed the maximum peak area. When the car-
rier composed of PIPES buffer (0.1 M, pH 7.0) was
used, the calibration curve for formate was linear in
the range of 0.5–50µM (r = 1.000). Relative stan-
dard deviations of the peak area at 1µM and 10µM
were 2.6% (n = 7) and 1.6% (n = 7), respectively.
This method was applied to the analysis of formate
in foodstuffs, and formate content determined by this
method agreed with that determined by a commer-
cially available test-kit.
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INTRODUCTION

Various methods for the determination of formic
acid have been proposed, including gas chromatog-
raphy, high-performance liquid chromatography
(HPLC) and enzymatic methods. However, these
methods are time-consuming and require trouble-
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some operations. In the analyses by gas chromatog-
raphy, formic acid must be transformed to its deriva-
tives, methyl formate,1–4) dimethyl formamide,5)

and formanilide.6) The steps for the separation or
extraction are also needed, or the headspace method
is frequently utilized. In the HPLC method,7, 8)

the derivatization of formic acid with a long reac-
tion time must be carried out prior to analysis. In
the enzymatic methods utilizing formate dehydro-
genase (FDH), formic acid itself is analyzed. Thus,
its derivatization is not needed, differing from the
methods mentioned above. However, the enzymatic
reaction using soluble enzymes9–13) requires trou-
blesome operations and a comparatively long reac-
tion time. We have utilized immobilized enzymes
in a flow system14–17) for the determination of the
component of drinks. In these methods, enzymes
can be repeatedly used. Due to enzyme specificity,
only one peak corresponding to the substrate is usu-
ally observed at a short time after injection of a sam-
ple. Thus, many samples can be analyzed in a con-
stant time.

In this work, formate was determined using a re-
actor containing immobilized FDH in the flow sys-
tem. Formic acid is used as a food preservative,11)

thus, the present method was applied to determine
formic acid in foodstuffs, vinegar, wine and honey.

The enzymatic reaction11) is shown below. In
this reaction, FDH (E.C.1.2.1.2) is utilized. NADH
formed by the reaction was detected fluorometri-
cally.

HCOOH + NAD+
FDH−−−−→ CO2 + NADH + H+

MATERIALS AND METHODS

Materials —— FDH and a 25% aqueous solution of
glutaraldehyde were purchased from Sigma Chem-
ical Co., Ltd. (St. Louis, MO, U.S.A.), NAD+ was
from the Oriental Yeast Co., Ltd. (Tokyo, Japan),
formic acid and 2-amino-2-hydroxymethyl-1,3-
propanediol(Tris) were from Wako Pure Chem-
icals Industries Ltd. (Osaka, Japan), piperazine-
1,4-bis(2-ethanesulfonic acid) (PIPES) and 2-[4-
(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid
(HEPES) were from Dojindo Laboratories
(Kumamoto, Japan) and aminopropyl glass (500 Å
pore size, 200–400 mesh) was from CPG, Inc.
(Lincoln Park, NJ, U.S.A.). F-kit is a test kit from
Roche Diagnostics GmbH (Basel, Switzerland).
Enzyme Immobilization —— FDH was immobi-
lized14, 15) as described below. To aminopropyl
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glass beads (0.4 g) in 3.6 ml of 0.1 M phosphate
buffer (pH 10.0) was added 0.4 ml of a 25% aque-
ous solution of glutaraldehyde. The mixture was
bubbled with N2 gas for 1 hr at room temperature.
After the activated aminopropyl glass was filtered
and washed with 100 ml water, 20 units of FDH
was added with 3.2 ml of 0.05 M phosphate buffer
(pH 6.0). The mixture was stirred with a shaker
for 20 hr at 4◦C, and shaken for a further 4 hr af-
ter bovine serum albumin (BSA) was added to 1%
(w/v). Enzyme-immobilized glass beads were fil-
tered and washed with 100 ml of 0.05 M phosphate
buffer (pH 6.0) and then with 100 ml of water. They
were stored in 3.2 ml of 0.05 M phosphate buffer
(pH 6.0). Seven percent of the activity of the ini-
tially applied enzyme was found in the immobilized
enzyme. The enzyme-immobilized glass beads thus
prepared were packed into a stainless steel column
(4 cm, i.d. 2 mm).
Apparatus —— The apparatus used in this study is
the same as that shown in Fig. 1 in the previous pa-
per.17) The enzyme reactor (ER) containing immo-
bilized enzyme was immersed in a water bath (WB)
at 30◦C. The carrier used was 0.1 M PIPES buffer
(pH 7.0) containing 1.0 mM NAD+, and this was de-
livered at a rate of 0.4 ml min−1 by a Shimadzu LC-
10AD pump (P). NADH formed by the enzymatic
reaction was fluorometrically detected (λex, 340 nm;
λem, 460 nm) by a Hitachi F-1050 spectrofluorome-
ter (D) with a 12 µl flow cell. The peak area was

Fig. 1. Dependence of the Peak Area upon the NAD+ Concen-
tration of the Carrier

Ordinate indicates the peak area relative to that at 1.0 mM NAD+.
Values were obtained from the averages of triplicate determinations.
Carrier was 0.1 M PIPES buffer (pH 7.0) containing NAD+. Flow rate
of the carrier was 0.4 ml min−1. Temperature of the water bath in which
ER was immersed was 30◦C. Concentration of formate injected was
10 µM.

obtained by a Hitachi D-2500 data processor (DP).
The sample injection volume was 50 µl.
Preparation of the Samples —— Vinegar (10 ml)
was neutralized to pH 7–8 with potassium hydrox-
ide solution, quantitatively transferred to a 20 ml
volumetric flask, filled with water to the marked
line and mixed. This solution was 50 times diluted
with carrier. The solution, 100 times diluted from
the original vinegar, was used for analysis. Wine
was 2 times diluted with water, and the solution was
50 times diluted with carrier. Wine-1 was degassed
prior to dilution with water. One gram of honey was
weighed and transferred to a 10 ml volumetric flask
with water. Then the flask was filled with water to
the marked line and mixed. This solution was 50
times diluted with carrier for analysis.
Determination of Formate by F-kit —— All of
the absorbances of the solutions described below
were measured at 340 nm. Five minutes after
mixing NAD+ and the sample containing formate
in potassium phosphate buffer (pH 7.5), the ab-
sorbance of the mixture was measured (E1). FDH
was then added to the mixture. Absorbance (E2)
was also measured 20 min after FDH addition. The
values of E2 and E1 were respectively calibrated
with a blank test. The content of formate was calcu-
lated from the difference of E2 minus E1 calibrated.

RESULTS AND DISCUSSION

The dependence of the NAD+ concentration in
the carrier upon the peak area due to NADH was ex-

Fig. 2. Dependence of the Peak Area upon the Carrier pH
Ordinate indicates the peak area relative to that at pH 7.0. Val-

ues were obtained from the averages of triplicate determinations. Car-
rier used contained 1.0 mM NAD+. Other conditions were the same as
those described in the legend of Fig. 1.
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Table 1. Effects of Various Buffer Types (0.1 M, pH 7.0) as
Carrier Media upon the Peak Area due to NADH

Buffer Relative peak area
HEPES 0.70
Phosphate 0.87
PIPES 1.00
Triethanolamine 0.18
Tris 0.50

Values are the peak areas relative to that obtained with PIPES
buffer, and are the averages of triplicate determinations. Carriers
contained 1.0 mM NAD+. Other conditions were as described in the
legend of Fig. 1.

amined. As shown in Fig. 1, NAD+ concentrations
of more than 1.0 mM afforded an almost constant
peak area. Consequently, a concentration of 1.0 mM
was used in the subsequent experiments.

Figure 2 shows the dependence of the peak area
upon the pH of the carrier comprised of PIPES
buffer in the pH range from 6.0 to 8.0. The max-
imum peak area was obtained at pH 7.0. Vari-
ous buffer types were also examined as carrier me-
dia. Table 1 shows the effect of each buffer type
(0.1 M, pH 7.0) as a carrier medium upon the peak
area of NADH. Of the buffers, PIPES afforded
the maximum peak area, whereas triethanolamine
buffer showed a considerably smaller peak area.
PIPES buffer (0.1 M, pH 7.0) was used as the car-
rier medium for the following experiments.

The peak due to formate was observed at about
1.9 min under the experimental conditions. The cal-
ibration curve obtained was linear (r = 1.000) in
the formate concentration range from 0.5 to 50 µM,
but concentrations less than 0.2 µM gave compa-
rable peak areas. Thus the lower limit of detec-
tion was 0.5µM, which is larger than that in the
previous study,17) 0.03 µM. The detection limits in
gas chromatography were 10 µM2) (flame ionization
detector) and 5 µM4) (mass spectrometry), respec-
tively. That in HPLC method detecting benzimi-
dazole, the reaction product of o-phenylenediamine
with formic acid, at 267 nm was 0.1 µM8) (S/N =
2), though the lower limit of linearity was 1.6 µM.
And those in the enzymatic methods using solu-
ble enzymes were 5 µM (fluorometric detection)10)

and 10 µM (spectrophotometric detection),11) re-
spectively. Thus, the lower detection limit in the
present method is comparable with, or lower than
those in other methods. As described above, the
concentrations less than 0.2 µM afforded compara-
ble areas in the present method. The detection limit
would be improved, assuming that the calibration

Table 2. Formate Contents of Foodstuffs (µM)

Sample Present method F-kit method
Vinegar-1 409± 13 407
Vinegar-2 926± 15 920
Wine-1 77± 7 72
Wine-2 99± 3 84
Honey 53± 3 (µg) 54 (µg)

Values are the averages of triplicate determinations. The content
of formate in honey is represented as µg per gram of honey.

curve in this concentration range shows a linearity
by using other buffer type than PIPES as a carrier
medium.

The relative standard deviations of the peak area
in the present method were 2.6% (n = 7) and 1.6%
(n = 7) at 1µM and 10 µM, respectively and these
values are considered to be appropriate for the anal-
ysis of formic acid.

In the present method, only one peak appears
at 1.9 min and the analysis of a sample finishes in
5 min. This is in contrast to other methods as gas
chromatography or HPLC, where the analysis of
the second sample can start only after all peaks of
the first sample appeared completely. Thus, many
samples can be analyzed in a constant time by the
present method.

The present method was applied to analyze the
formate content of vinegar, wine and honey. Table 2
lists the results of this analysis compared with those
obtained by a commercially available test kit (F-kit),
which showed good agreement.

After analysis of the samples, the carrier in
the immobilized enzyme column was replaced by
0.05 M phosphate buffer (pH 6.0) and the column
was stored at 4◦C to prevent the decrease of en-
zyme activity; however, the peak area for 10 µM for-
mate decreased to 85% of that initially detected af-
ter the analysis of 140 samples, including standard
samples for a calibration curve. Thus, the immobi-
lized enzyme used in the present study seemed to
be less stable than the previously used immobilized
enzymes.16, 17)
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