
Lawrence Berkeley National Laboratory
Recent Work

Title
DETERMINATION OF PYRUVIC AND GLYOXYLIC ACIDS IN THE PRESENCE OF ACETALDEHYDE

Permalink
https://escholarship.org/uc/item/3q14h8mj

Author
Sokol, Harvey A.

Publication Date
1976-07-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3q14h8mj
https://escholarship.org
http://www.cdlib.org/


" 

o J 

Submitted to Analytica Chimica Acta 

}- -) I .-. 

LBL-5424 
Preprint c..' 

DETERMINATION OF PYRUVIC AND GLYOXYLIC ACIDS IN 
THE PRESENCE OF ACETALDEHYDE 

Harvey A. Sokol 

July 1976 

Prepared for the U. S. Energy Research and 
Development Administration under Contract W -7405-ENG-48 -

For Reference 

Not to be taken from this room 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



~I 2 8 

DETERMINATION OF PYRUVIC AND GLYOXYLIC ACIDS 
. IN THE PRESENCE OF ACETALDEHYDE 

H. A. Sokol 

Materials and Molecular Research Division .' 
Lawrence Berkeley Laboratory. 
UniversHy of Cal ifornia 
Berkeley, California 

July 1976 

LBL-5424 

In the radiolysis of alanine and its derivatives pyruvic 

acid, glyoxylic acid and acetaldehyde are often formed. These 

compounds are often measured by trace colorimetric analytical 

methods. 

In one such proc~dure, carbonyl groups are reacted with 

2, 4dinitrophenyl hydrazine (DNPH) under aqueous acidic 

conditions. If the solution is then made alkaline, a hydrazone 

derivative (quinoid) is formed. This chromophore has a 

characteristic maximum absorption at 450 nm. which follows 

Beer's law. DNPH concentrations of 0.1 to 1% in dilute aqueous 

HCl or methanol are,usually used. These concentrations give 

complete reaction of carbonyl groups with DNPH, however, high 

concentrations of DNPH reagent cause other problems. Some 

compounds are oxidized by DNPH. For example, amino-carbonyl 

compounds are oxidized to dicarbonyls.l We have oxidized amino 

acetaldehyde to glyoxal in this way. Further, the instability 

. of the methanolic DNPH reagent solution,which is used by 

Lappin and Clark,2 is probably an indication of the formation 
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of oxidative products. Another reason for avoiding high 

concentrations of DNPH is that organic acids and derivatives 

form hydrazides with DNPH3 which interfere with carbonyl 

determinations by depleting reagent and 'forming hydrazide 

chromophores. In addition, DNPH in alkaline solutions gives 

undesirable high reagent backgrounds. Finally, if chloroform 

extracts are used in paper chromatography for carbonyl detection 

the DNPH reagent is also extracted. The resulting DNPH-streaks 

on paper obscure the carbonyl spots. Identification of the 

spots is thus made 'much more di ffi cult. 

Efforts have been made in this laboratory to reduce DNPH 

concentrations after reactions with carbonyl compounds. Dialysis 

was used for proteins but this, of course, is useless with low 

molecular weight compounds. Solvent extractions were tried, 

but separation of reagent from derivative was poor. Recently 

we found that much lower DNPH concentrations for the assay of 

pyruvic and glyoxylic acids could be used than earlier believed 

to be possible. If the DNPH reagent solution were kept at 

0.012% rather than 0.1 - 1% Beer's law was followed for DNPH/ 

carbonyl ratios of 3 to 1 and greater. Calibration curves fo~ 

glyoxylic and pyruvic acid in this low reagent procedure were 

essentially identical. The molar extinction coefficient was 

10,500 for each. Under these conditions acetaldehyde reacts 

only slightly. Actually, the DNPH and NaOH concentrations and 

aqueous media favor fading and instability of the acetaldehyde 
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d . t' 4-9 enva lve. It's molar extinction coefficient here is 1,500. 

(Formaldehyde does not interfere because it reacts very little 

with DNPH reagent at these low concentrations and its' alkaline 

chromophore fades very rapidly.) In practice the acetaldehyde 

content of sample can be determined by the method of Johnson 

and Scholes in which pyruvic and gloxylic acids do not inter

fere9 and a correction for acetaldehyde can them be made. 

If identification of the carbonyl - DNPH derivatives is 

desired the extractions with chloroform are done in the usual 

way, but in this case the excess reagent contamination will be 

greatly reduced. 

A typical procedure for the determination of pyruvic and 

glyoxylic acids in a sample containing acetaldehyde and using 

0.012% DNPH reagent follows: 

To a 1 ml. sample containing 0;03 - 0.2 micromoles of 

pyruvic acid and acetaldehyde in 2 ~ HC1, and to a 1 ml. 

carbonyl-free sample blank in 2 N HCl add 1 ml. of 0.012% 
-4 (6xlO ~) DNPH in 2 ~ HC1. Let the reaction mixture set for 

3 hours at room temperature and then add 6 ml of 10% aqueous 

KOH. Measure the sample absorption versus the sample blank 

at 450 nm. five minutes after the alkali additinn. 

On a separate aliquot of the sample measure the acetalde

hyde content of the sample by the Johnson-Scholes method. 9 

Calculate the corresponding absorbance by the present low 

reagent procedure and substract this from the total obtained 



-4-

by this same procedure. The resultant absorbance is used with 

a calibration curve of pyruvic and glyoxylic acids. The presence 

of pyruvic and/or glyoxylic acid can be confirmed by paper 

chromatography of the hydrazones. 

The author is grateful to Dr. Warren M. Garrison for his 

helpful suggestions. 
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