
Salting-out extraction of 1,3-propanediol
from fermentation broth∗

Beata RUKOWICZ, Krzysztof ALEJSKI, Ireneusz MIESIĄC†

Keywords: 1,3-propanediol; fermentation broth; solvent
extraction

Abstract: 1,3-propanediol is a promising chemical which has a
wide range of applications and can be produced by bioconversion
of renewable resources using microorganisms. The separation of
this diol from fermentation broth is a difficult task. In this pa-
per, the application of salting-out solvent extraction for the sep-
aration of 1,3-propanediol from fermentation broth was exam-
ined. Studies were performed on the fermentation broth using
an aqueous two-phase system (ATPS) composed of a hydrophilic
solvent and inorganic salt. Extraction was carried out using ace-
tone, ethanol, and2-propanol as a solvent. The separation was
tested with different salts: sodium chloride, dipotassium hydro-
gen phosphate, and ammonium sulphate. The best results were
obtained for acetone/(NH4)2SO4 and acetone/K2HPO4 systems.
The salting-out extraction method enables efficient separation of
1,3-propanediol from the fermentation broth.

1. Introduction

According to the strategy of the European Union, the policy of the members of EU
should lead to an increase in the share of energy produced from renewable sources.
One of the renewable energy sources is biodiesel, which is a mixture of fatty acids
methyl esters. Production of biodiesel from renewable sources makes it possible to
improve the country’s balance of fuel and influences the development of agriculture
and transport. In addition, biodiesel is an environmentally friendly fuel and its use
reduces the emissions of greenhouse gases into the atmosphere. Biodiesel is produced
by transesterification of vegetable oils or animal fats with methanol. In the produc-
tion of 100 kg of biodiesel, 10 kg of waste glycerol with a purity of 55 − 90 % is
obtained. The growth of biofuel production generates a glycerol surplus on the global
market. Therefore, waste glycerol processing is necessary to increase the profitability
of biodiesel production (Posada and Cardona, 2012).
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One of the potential solutions is to use glycerol as a carbon source and convert it
to 1,3-propanediol. Fermentation of glycerol can be carried out using various microor-
ganisms such as Clostridium butyricum, Klebsiella pneumoniae, Citrobacter freundii.
As a result, the fermentation broth which contains 1,3-propanediol, biomass, salts,
residual glycerol, carboxylic acids and by-products such as 2,3-butanediol is obtained.
The composition of the broth and the concentration of the main product vary depend-
ing on the nature of the microorganism, the purity of the glycerol, and the conditions
of the fermentation processes. For this reason, developing effective methods of sepa-
ration and purification plays a significant role in bioconversion (Xiu and Zeng, 2008).

1,3-propanediol is used as a monomer in the polymer synthesis of biodegradable
polyesters and polyurethanes. These polymers are widely used in the textile in-
dustry, and the quality of 1,3-propanediol has an impact on the properties of the
products.1,3-propanediol is currently synthesized mainly from acrolein and also from
ethylene oxide. Chemical synthesis is expensive and difficult due to high pressure,
high temperature, and toxic intermediate products. Therefore, both for economic
and ecological reasons microbial production of 1,3-propanediol should become the
main method of preparing the monomer (Kaur and Chand, 2012).

The separation of 1,3-propanediol from fermentation broth is a challenge both
because of economic and technical limits. Methods of separating 1,3-propanediol
which are described in literature mainly include: distillation, membrane filtration,
pervaporation, ion exchange chromatography, liquid-liquid extraction, and reactive
extraction (Anand and Marwah, 2011). Of these methods, liquid-liquid extraction has
been regarded as a low energy consumption and an easy scale-up method (Dai and
Xiu, 2014). Unfortunately, low partition coefficients (low yield) are a major limitation
for the use of this method for separating 1,3-propanediol from fermentation broth
(Malinowski, 1999). An ATPS (aqueous two-phase system) has been proposed to
improve the efficiency of separation by increasing the hydrophilicity of the extraction
system (Aydogan and Zeng, 2010; Li and Xiu, 2009). A suitable method for the
separation and purification should ensure high product quality, high productivity,
and profitability.

In this paper, the application of the salting-out solvent extraction for the recov-
ery of 1,3-propanediol from dilute fermentation broth was examined. Studies were
performed with a model aqueous mixture and with the actual fermentation broth.

2. Materials and methods

Salting-out solvent extraction was carried out on a model aqueous solution and on the
actual fermentation broth. Studies were performed using various inorganic salts and
various hydrophilic solvents. The concentration of components in the organic phase
was determined and the extraction parameters were calculated.

2.1. Experimental procedure

Extraction was performed in 1.5 ml and 10 ml Eppendorf tubes at room temperature.
Weighed amounts of solid inorganic salt were added to the aqueous model solution or
to the actual fermentation broth together with the chosen hydrophilic solvent. The
separation was tested with different salts such as: sodium chloride, dipotassium hy-
drogen phosphate, and ammonium sulfate. Extraction was carried out using equal
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volumes of hydrophilic solvent (acetone, ethanol or 2-propanol) and aqueous solu-
tion. All samples were agitated, then centrifuged and left to phase separation. After
extraction, the volumes of aqueous and organic phases were determined. The effect
of the salt amount and of the solvent volume on the separation efficiency was also
examined.

2.2. Analytical methods

Water in the organic phase was measured by coulometric Karl Fischer method using a
Metrohm 737 KF Coulometer (Brinkmann-Metrohm). Hydranal-Coulomat E (Sigma
Aldrich) was used as a reagent. The concentration of 1,3-propanediol, glycerol, salts,
and carboxylic acids in the organic phase was determined by HPLC with refractive
index detector and 2.5 m M H2SO4 as a mobile phase. Analyses were performed
isocratically at a flow rate of 0.4 mL/min on a Rezex ROA-Organic Acid H+ 250 x
4.6 mm column (Phenomenex) at a column temperature of 50 ◦C.

2.3. Fermentation broths

In this study, the application of the solvent extraction for the separation of 1,3-
propanediol from the fermentation broth was examined. Preliminary studies were
performed using model aqueous mixtures with a composition modeled on the fer-
mentation broth (1,3-propanediol, glycerol, lactic acid, and acetic acid). Then, the
experiment was carried out using fermentation broth derived from glycerol fermen-
tation by Clostridium butyricum DSP1 (from the Department of Biotechnology and
Food Microbiology, Poznań University of Life Sciences, Poland). Composition of the
fermentation broths are shown in Tab. 1.

Tab. 1. Composition of the fermentation broths according to HPLC analysis.

Concentration [g/l]

Id. Salts Glycerol and
lactic acid

Acetic acid 1,3-Propanediol Butyric acid

Broth 1. 15.5 9.0 5.6 95.0 18.0

Broth 2. 4.0 2.6 2.3 38.0 9.0

2.4. Extraction parameters

The partition coefficient (D) was defined as the ratio of the mass of substance in the
organic phase to that in the aqueous phase. The partition coefficient was calculated
according to formula (1). The selectivity (S) was defined as the ratio of the partition
coefficient of 1,3-propanediol to partition coefficient of glycerol, acid or salt. The
selectivity was calculated according to formula (2).

Efficiency of extraction was defined by the mass ratio of the substance extracted
in the upper phase to the total amount of this substance in the system.

D =
ms,t

ms,b
(1)

S =
D1,3PD

DGly/Acid/Salt
(2)
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where: ms,t is mass of substance in the top phase; ms,b is mass of substance in the
button phase; D1,3PD is the partition coefficient of 1,3-propanediol; DGly,Acid,Salt is
the partition coefficient of glycerol, acid or salt; S is selectivity.

3. Results and discussion

An aqueous two-phase system (ATPS) was used to extract 1,3-propanediol from the
aqueous solution. Because of its hydrophilic structure, the ATP system is suitable
for hydrophilic compounds. Short-chain alcohols or hydrophilic organic solvent and
inorganic salts form stable and adjustable two-phase systems. This method enables
researchers to obtain better results by increasing the hydrophilicity of the extraction
system. It also reduces the costs by easy recovery of the hydrophilic solvent (the low
boiling point of solvent and the ability to recycle). The aqueous two-phase system
was used for the following solvents: acetone, ethanol, and 2-propanol.

3.1. Effect of pH

In the first step, model aqueous mixtures with a composition corresponding to the
content of fermentation broth were used for investigations. Fermentation broth may
have a different pH due to varying content of salts and carboxylic acids. Preliminary
studies were conducted to determine the influence of the composition of the broth on
the results of the extraction. The salt was added to the model solutions and the pH
was measured.

Certain amounts of K2HPO4 (0.5 or 1.0 g) were added to the 10 ml aqueous model
solutions of 34 g/l 1,3-propanediol and 1.5 g/l glycerol, and aqueous model solutions
of 37 g/l 1,3-propanediol, 1.5 g/l glycerol, 3.2 g/l lactic acid, and 4.8 g/l acetic acid.
Carboxylic acids in the solution slightly decrease the pH of the aqueous two-phase
system but this has no effect on the result of the extraction.

3.2. Solvent and salt selection

Extraction was performed in 1.5 ml Eppendorf tubes at room temperature. Separation
was tested with different salts: sodium chloride, dipotassium hydrogen phosphate,
ammonium sulfate and different solvents: acetone, ethanol, and 2-propanol.A volume
of 0.5 ml aqueous model solution was shaken with 0.5 ml extractant. Water in the
organic phase was measured by coulometric Karl Fischer method. The concentration
of the components in the organic phase fractions was measured using HPLC. Partition
coefficients, selectivity, and efficiency of extraction were calculated. Studies were
carried out on model aqueous solutions of 30 g/l 1,3-propanediol, and 1.5 g/l glycerol
and aqueous model solutions of 31 g/l 1,3-propanediol, 1.2 g/l glycerol, 2.7 g/l lactic
acid, and 4.0 g/l acetic acid.

In the first step of the study sodium chloride was used as a salting-out agent. When
ethanol and 2-propanol were used as a solvent, only a single phase was formed. A
two-phase system was achieved for acetone, but with very low efficiency of extraction
of 1,3-propanediol (10 − 15 %). In the next step K2HPO4 and (NH4)2SO4 have been
applied. The results are shown in Tab. 2 and 3.

Extraction was also performed for concentrated solutions (containing 280 g/l 1,3-
propanediol). In this case a single phase system for each solvent and each salt was
achieved.
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Tab. 2. Extraction parameters for the system containing 15.7 % K2HPO4 (aqueous
solution contains also 30 g/l 1,3-propanediol and 1.5 g/l glycerol).

Solvent
Water in

the organic
phase [%]

Volume [ml] Selectivity [/] Efficiency [%]

Upper
phase

Bottom
phase

1,3PD/
Salt

1,3PD/
Gly

Salt Gly 1,3PD

2-propanol 40.5 0.8 0.2 77.9 0.9 1.5 56.5 54.8

Acetone 45.0 0.85 0.15 - 1.4 <1 42.0 50.4

Ethanol 49.8 0.9 0.1 96.7 1.3 1.7 55.9 62.9

Tab. 3. Extraction parameters for 18 % (NH4)2SO4/solvent system.

Solvent
Water in

the organic
phase [%]

Volume [ml] Efficiency of extraction [%]

Upper
phase

Bottom
phase

Salt
Gly+
Lactic
acid

Acetic
acid

1,3PD

Solution: 28 g/l 1,3-propanediol, 1.3 g/l glycerol

2-propanol 31.0 0.6 0.4 1.8 39.3 - 95.7

Acetone 33.7 0.7 0.3 1.8 43.1 - 80.6

Ethanol 45.3 0.75 0.25 24.5 57.7 - 97.1

Solution: 31 g/l 1.3-propanediol, 1.2 g/l glycerol, 2.7 g/l lactic acid, 4.0 g/l acetic acid

2-propanol 32.7 0.65 0.35 2.6 52.0 48.8 76.0

Acetone 35.8 0.7 0.3 3.0 39.5 56.0 88.8

Ethanol 45.8 0.75 0.25 29.8 60.0 67.5 89.6

Based on the above mentioned results it can be concluded that NaCl is less effective
for separation of 1.3-propanediol from the fermentation broth. Similarly ethanol is
not a suitable extractant, due to the large amount of salt in the top phase. Further
studies were carried out using fermentation broths.

3.3. Extraction of 1,3-propanediol from fermentation broth

Extraction of 1,3-propanediol was carried out using two different fermentation broths.
The study was performed on the raw fermentation broths which contain residue
biomass.

In the first step the salting-out agent was sodium chloride. Single phase system
for each solvent was obtained and, therefore, K2HPO4 and (NH4)2SO4 were chosen
for further research. Certain amounts of salt were added into the fermentation broth
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(broth 1).5 ml of this broth was shaken with 5 ml of the solvent and then centrifuged
to separate the phases. The concentration of the components in the obtained organic
fractions was measured using HPLC. Partition coefficients, selectivity, and efficiency
of extraction were calculated. The results are shown in Table 4.

Tab. 4. Extraction parameters for K2HPO4 and (NH4)2SO4 as salting-out agent (re-
search on broth 1).

Solvent Volume [ml] Selectivity [/] Efficiency [%]

Upper
phase

Bottom
phase

1,3PD/
Salt

1,3PD/
Gly+
L.A.

1,3PD/
A.A.

Salt Gly +
A.A.

AA 1,3PD

10% (NH4)2SO4

Acetone 9.0 1.0 <164.0 10.1 0.3 <5.0 50.0 96.4 91.0

Ethanol 9.5 0.5 12.9 9.1 0.8 55.2 63.3 95.0 94.0

2-propanol 9.0 1.0 322.0 126.0 7.0 37.1 60.0 96.4 99.5

17% (NH4)2SO4

Acetone 7.5 2.5 70.6 8.7 0.9 5.8 33.3 83.0 81.3

Ethanol 8.5 1.5 - 8.3 0.3 175.0 52.9 97.1 90.4

2-propanol 7.5 2.5 37.1 12.6 0.1 16.5 36.6 99.1 88.0

10% K2HPO4

Acetone 8.0 2.0 27.0 5.5 1.8 8.2 30.2 57.1 70.7

Ethanol 1 phase

2-propanol 8.5 1.5 10.5 15.2 0.2 45.0 35.9 97.1 89.5

17% K2HPO4

Acetone 8.5 1.5 259.0 13.4 0.4 <5.0 52.9 97.1 93.8

Ethanol 9.0 1.0 2523 126.0 0.7 7.0 60.0 99.6 99.5

2-propanol 8.0 2.0 227.0 20.6 - 7.2 46.2 100.0 94.7

A.A.- acetic acid L.A.- lactic acid

On the basis of the results obtained for the aqueous model solutions it can be
concluded that ethanol should not be used as a solvent due to high salt concentration
in the organic phase. The best results were obtained using acetone as a solvent
with K2HPO4 or (NH4)2SO4 as a salting-out agent (high efficiency of 1,3-propanediol
extraction and low concentration of the salts in the organic phase).

In the next experiment the influence of the concentration of the salt on the ex-
traction of1,3-propanediol was examined. Broth 2 ( its composition is shown in Table
1) was shaken with dipotassium hydrogen phosphate in amounts of 4.5, 9.0 or 16.5
%. A volume of 5 ml salty broth was extracted with 5 ml of 2-propanol. The volume
of the bottom phase increased with the increase in salinity of the solution, while in
each case the efficiency of 1,3-propanediol extraction was similar.

The effect of the volume of solvent on the separation of 1,3-propanediol was also
examined. The obtained results suggest that reducing the solvent volume twice signif-
icantly decreases efficiency of 1,3-propanediol extraction (to 60 % for (NH4)2SO4/2-
propanol and 75 % for K2HPO4/2-propanol system). Increasing the volume of the
solvent does not affect the effectiveness of the extraction.
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4. Conclusions

The aim of the present study on the separation of 1,3-propanediol using extraction
was to select the most appropriate salt/solvent system. The best results were obtained
for acetone/(NH4)2SO4 and acetone/K2HPO4 systems.

The fermentation broth contains salts such as dipotassium hydrogen phosphate
which improve extraction. The presence of cells and biomass in the broth has not
affected the extraction. Therefore, extraction is a method that can be applied directly
without the preliminary purification of the fermentation broth. In addition, the bio-
production of 1,3-propanediol can be carried out with the simultaneous separation of
the target product.

The use of extraction allows direct removal of the entire biomass and particulate
pollutants from the fermentation broth. The process also allows partial concentration
of the broth and reduces the costs by easy recovery of the hydrophilic solvent.

The ATP system allows partial purification, discoloration, and concentration of
1,3-propanediol. The only shortcoming of the method is the formation of a large
volume of highly concentrated waste water. But it can be used in appropriate cases
as a fertilizer in the agriculture.
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