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The effects of fermentation products and media supplements on a colorimetric assay for formate were
evaluated. Formate was detected at concentrations as low as 0.5 mM in fermentation media.

Until the early 1960s, formate in biological fluids was
determined mainly by chemical means (1, 10). These meth-
ods depended on relatively high concentrations of formate
and were not suitable for many samples. The quantitative
separation of silage fermentation acids by acetone-hexane
elution from celite columns (9) was also used for formate
determination (5). This method was time-consuming and
difficult to perform. However, later advances in chromatog-
raphy and enzymology permitted the development of more
sophisticated methods of determination at lower formate
concentrations.

Gas-liquid chromatography is routinely used for the identi-
fication and quantification of volatile fatty acids (including
formate) in culture fluid (2). Extraction of the acids into an
organic solvent (usually ether) is required, and the volatile
fatty acids are detected by thermal conductivity after separa-
tion on an appropriate column. A flame ionization detector
cannot be used for the detection of formate unless formate is
first derivatized (8).

Two enzymatic methods for the determination of formate
have been reported (3, 6). Formyltetrahydrofolate synthe-
tase (EC 6.3.4.3) catalyzes the formylation of tetrahydrofo-
late in the presence of ATP to N'%-formyltetrahydrofolate,
which is converted to 5,10-methenyltetrahydrofolate at low
pH. The increase in absorbance at 350 nm corresponds
stoichiometrically with formate concentration (6). Formyl-
tetrahydrofolate synthetase is not commercially available
and must be isolated and purified from an appropriate
bacterium (7). The second enzymatic method relies on the
reduction of NAD to NADH + H" and is catalyzed by
formate dehydrogenase (EC 1.2.1.2), using formate as sub-
strate and hydrogen donor (3). The reaction is monitored by
an increase in absorption at 340 nm which is due to the
formation of NADH + H™. Formate dehydrogenase exhibits
both formate and NADH + H™ oxidase activity (3); conse-
quently, formation of NADH + H* is proportional to
formate removal (3). Formate dehydrogenase is not commer-
cially available.

A nonenzymatic specific reaction forming a red color with
an absorption maximum at 510 to 520 nm (4) was used for the
identification of formate. This reaction takes place when
formate and citric acid are mixed in the presence of acetic
anhydride, an acetamide-isopropanol solution, and a small
quantity of alkali (4). We examined this method for the
quantification of formate and report here the feasibility of
using this reaction for quantitatively detecting formate in
fermentation media.
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An 0.5-ml standard formate solution or a culture sample
was added to a disposable culture tube (18 by 150 mm; VWR
Scientific Inc., Norwalk, Calif.). The standard formate solu-
tion was prepared by dissolving sodium formate in water
purified by reverse osmosis. The culture sample was first
centrifuged at 11,600 X g for 15 min in a Microfuge 11
(Beckman Instruments, Inc., Palo Alto, Calif.) to remove
bacterial cells. Then 1 ml of a solution containing 0.5 g of
citric acid and 10 g of acetamide dissolved in 100 ml of
reagent grade 2-propanol (Scientific Products, Irvine, Cal-
if.), 0.05 ml of 30% (wt/vol) sodium acetate, and 3.5 ml of
acetic anhydride (Sigma Chemical Co., St. Louis, Mo.) were
added and the tubes were stoppered with no. 1 butyl rubber
stoppers. The tubes (optical length, 18 mm) were briefly
mixed on a Vortex mixer and incubated at room tempera-
ture. The absorbance at 510 nm was then determined by
using a Bausch & Lomb Spectronic 710 spectrophotometer
(Bausch & Lomb, Inc., Rochester, N.Y.). A control tube
without added formate was used to set the spectrophotome-
ter at zero.

Maximum absorbance was attained between 1.5 and 2 h
(Fig. 1A). A plot of maximum absorbance against formate
concentration was linear up to 15 mM (> = 0.997, P < 0.01)
(Fig. 1B). If the absorbances of the empty tubes are account-
ed for and the appropriate corrections are made, an accurate
determination of formate at an 0.5 mM concentration is
possible. The solution containing citric acid, acetamide, and

TABLE 1. Effect of possible fermentation products on the
maximum absorbance produced by a 2 mM formate standard

solution
Propionate 20 100
10 101
Butyrate 20 93
10 99
Isobutyrate 20 93
10 100
Lactate 20 85
10 94
Succinate 20 93
10 95
Ethanol 20 91
10 103

¢ Either 50 or 100 pl of 2 0.1 M stock solution of one of the above
compounds was added to 2 mM formate to give the final concentra-
tions shown.

b Relative to absorbance of standard formate solution supple-
mented with 50 or 100 pl of distilled water.
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FIG. 1. Color formation as a function of formate concentration.
(A) Time course of color development. Symbols: O, 2 mM: @, §
mM: 3. 10 mM: B, 15 mM; A, 20 mM. (B) Plot of maximum
absorbance against formate concentration.
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2-propanol was prepared freshly each time. Storage of this
solution at 4°C led to decreased sensitivity of the assay. Prior
acidification of the standard solution with mineral acids
abolished the color formation.

Methanol, formaldehyde, ethyl formate, ethanol, acetal-
dehyde. acetone, glycerol, oxalate, malonate, succinate,
tartrate. glucose. and fructose reportedly did not interfere
with color formation (4). The effect of possible fermentation
products on the maximum absorbance. using a 2 mM stan-
dard formate solution, was examined (Table 1). This formate
concentration was chosen as the standard because it is an
intermediate concentration when formate occurs as a fer-
mentation product. Propionate, butyrate, isobutyrate, succi-
nate. and ethanol had no effect on color development. High
concentrations of lactate did significantly decrease the maxi-
mum absorbance (Table 1). At higher concentrations of
formate this effect was not significant (data not shown).

Yeast extract (Difco Laboratories, Detroit, Mich.), Tryp-
ticase (BBL Microbiology Systems. Cockeysville, Md.),
rumen fluid, and various digester supernatant fluids, at
concentrations routinely used in our laboratory as medium
supplements (ca. 5%), all had some effect on maximum color
formation (Table 2). However, the percent recovery of 2 mM
formate was high, ranging from 83 to 96%. Thus, to deter-
mine formate accurately in culture media, the formate stan-
dards must be prepared in uninoculated media. Plots of

TABLE 2. Effect of complex organic compounds on maximum
absorbance of a 2 mM formate standard solution

Addition® % Concn T Controlb

(wt/vol or vol/vol) absorbance
Yeast extract 0.1 90
0.05 88
Trypticase 0.1 89
0.05 96
Rumen fluid S 91
Sewage digestor supernatant S 95
Kelp digestor supernatant 5 83
Woody digestor supernatant 5 84

¢ Experimental formate solution was made up in the presence of
yeast extract or Trypticase, as indicated, or supplemented with 50 pl
of 50% stock solutions of rumen or digestor supernatant fluid.

» Relative to absorbance of standard formate solution supple-
mented with 50 pl of distilled water as appropriate.
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maximum absorbance against standard formate concentra-
tions (data not shown) were linear up to 15 mM when the
formate was prepared in the various complex media (as
described in Table 2, footnote «). Correlation coefficients
were greater than 0.99, and a formate concentration of 0.5
mM was detected in each case. More than 90% of added
formate (1 to 10 mM final concentration) was detected in the
fermentation broth of a previously unreported (manuscript in
preparation), non-formate-producing, cellulolytic isolate.

Determination of formate in culture media containing high
concentrations of organic buffers (>20 mM) resulted in
precipitation of the buffer, which interfered with the mea-
surement of low formate concentrations. Centrifugation of
the precipitated sample, followed by transfer of the superna-
tant to a fresh tube before measurement of absorbance,
overcame this problem.

Formyltetrahydrofolate synthetase and formate dehydrog-
enase can be used to detect formate concentrations as low as
10 to 30 uM (3, 6). The minimum concentration of formate
detected by gas chromatography, after butylation, ranged
between 1 and 2 mM (8). The present colorimetric method
was at least as sensitive as the gas chromatographic method.
However, it had the advantage of not requiring extensive
sample pretreatment, involved enzyme preparation, or the
use of expensive gas chromatographs. We have successfully
used the colorimetric method to determine the amount of
formate produced by a previously unreported, formate-
producing. anaerobic cellulolytic isolate during cellulose
fermentation (manuscript in preparation).
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