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Abstract-- A study was made of the extraction of 

clavulanic acid (CA) from a fermented medium and 
its concentration and purification. The fermented 
broth was obtained by cultivation of Streptomyces 
clavuligerus in complex medium containing glycerol 
as the Carbon and energy source, and soybean pro-
tein isolate as the Nitrogen source. The extraction 
steps proposed here were evaluated from the stand-
point of Yield, purification factor and concentration 
factor. The extractions were carried out with ethyl 
acetate, butyl acetate, 2-butanol, n-butanol and me-
thyl isobutyl ketone. The distribution coefficient was 
related to the solvent properties and it was found 
that distribution coefficient is directly proportional 
to the product of the dielectric constant, with solubil-
ity. It was observed that extraction with butanol 
leads to a higher distribution coefficient than ethyl 
acetate; however, the higher solubility of water in 
butanol impairs the final precipitation of clavulanic 
acid. The optimal condition with ethyl acetate occurs 
at pH 1.63, yielding an extraction factor of 35.6% 
with a distribution coefficient of 0.73. 
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I. INTRODUCTION 
The isolation of clavulanic acid –a highly unstable bio-
active substance– from fermentative broth requires a se-
ries of steps due to the high contents of various conta-
minants that are typical in bioprocesses involving com-
plex media. At the end of fermentation, the broth is cla-
rified by filtration or centrifugation to eliminate myce-
lia, cell debris and insoluble particles, after which it is 
subjected to the most important step, the primary extrac-
tion, an operation that is based on several two-phase se-
paration methods. One of these methods is the direct ex-
traction from clarified broth with organic solvent, pro-
ducing an organic phase containing CA, which is subse-
quently isolated (Butterworth, 1984, Nabais and Cardo-
so, 1995). 

Thanks to its low cost and effectiveness, solvent ex-
traction is by far the most widely used separation tech-
nique for antibiotics (Soto et al., 2005). Several patents 
describe the extraction of clavulanic acid onto organic 
solvents (Cole et al., 1978; Cardoso, 1998; Capuder, 
1995; Capuder, 1998; Capuder, 2000; Cook and Nicola, 
2001; Ruddick, 1996; Simon 2001). These patents ex-
plain that CA can be extracted from fermentation broth 

by different procedures, and that CA is isolated when its 
corresponding potassium salt is formed. This salt is pro-
duced by reacting CA with potassium 2-ethylhexanoate 
in the solvent-rich phase, i.e., after cell removal, the re-
sulting clarified broth is acidified to reach pH values be-
tween 2 and 3. The CA is then extracted using organic 
solvents such as ethyl acetate, n-butanol, methyl iso-
butyl ketone (MIK), n-butyl acetate, and others, and the 
salt is formed. Care should be taken, since clavulanic 
acid is highly unstable depending on the pH of the me-
dium (pH lower than 6.2 and higher than 7.0), the pres-
ence of ammonium compounds, and the temperature 
(Bersanetti et al., 2005). On the other hand, clavulanic 
acid forms unstable hygroscopic oil which cannot be 
used as a pharmaceutical compound (Cardoso, 1998); 
therefore, this purification step requires special attention 
to ensure an efficient process. Another process used for 
purification is ionic exchange; however, CA is also un-
stable under this condition, as reported by Mayer et al. 
(1996) and Barboza et al. (2002). Moreover, due to the 
very low concentration of CA in the fermentation broth 
in which it is produced, the separation stage of the over-
all antibiotic production process accounts for a large 
share of the total manufacturing cost. In solvent extrac-
tion methods, the organic molecules of interest such as 
antibiotics are usually distributed between an aqueous 
phase (heavy) and an antibiotic-rich organic phase 
(light), reaching the equilibrium state. The extraction of 
CA onto organic solvents is strongly affected by physi-
cochemical properties such as solubility, polarity and 
dielectric constant. 

This paper discusses the conditions, procedure and 
results obtained in the extraction of clavulanic acid from 
fermented broth using different organic solvents. The 
effect of physicochemical properties on the CA distribu-
tion coefficient, D, in the aqueous media-solvent system 
was determined with different organic solvents, namely, 
butyl acetate, ethyl acetate, methyl-isobutyl-ketone, 2-
butanol and n-butanol. In addition, the effect of each 
solvent’s physicochemical properties on the values of D 
was examined. 

 
II. MATERIALS AND METHODS 

A. Materials 
Clavulanic acid was obtained from fermentation broth 
produced by Streptomyces clavuligerus ATCC 27064. 
The broths were obtained from fermentation runs car-
ried out batch-wise in a 5L Bioflo III Fermentor (New 
Brunswick Scientific Co. Inc., Edison, NJ, USA) at  
 


