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Abstract−−−−Low selectivity for lincomycin in butanol extraction process leads to relatively higher content of impurities.
A novel process for extraction of lincomycin from fermentation broth was studied in this work. Mixture of n-octanol
and n-decanol is used as extractant to replace n-butanol in extraction of lincomycin. Optimal operation conditions for
the process have been studied. Due to higher extraction selectivity for lincomycin A by long-chain alcohol, content
of impurity (lincomycin B) in the final product is much lower than that in product by butanol process. Furthermore,
the practicability for combination of long-chain alcohol and butanol in purification of lincomycin was investigated.
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INTRODUCTION

Lincomycin is a kind of antibiotics which can be produced by
variety of strains of Streptomyces lincolnensis var. lincolnensis, which
is active against most of the common gram-positive pathogens [Pra-
tap et al., 1977]. In addition to lincomycin A, several kinds of ana-
logs (lincomycin B, C, D, as shown in Table 1) are also produced
in fermentation [Asmus et al., 1983]. Antibiotic activity of linco-

mycin C is similar to that of lincomycin A, while the other analo
exhibit poorer antibiotic activity and no practical medical value.

For the manufacturers in China, lincomycin in fermentation br
consists mainly of lincomycin A, while about 10% of lincomyci
exists in the form of lincomycin B with lower antibiotic activity
Butanol is commonly used as extractant in the extraction of lin
mycin from fermentation broth, which results in relatively high co
tent of lincomycin B in final product [Wu et al., 1997, 1998]. Wit
the increase in quantity of lincomycin used as raw material for p
duction of semi-synthetic antibiotics, requirement for final produ
with lower content of lincomycin B keeps on growing.

Relatively higher selectivity between lincomycin A and B is o
tained in long-chain alcohol extraction process than in butanol
traction process, therefore more pure product can be obtained.

Butanol is partially miscible with water (solubility: 7.4 g of but
anol dissolved in 100 g of water). Energy must be consumed in
cycling of butanol from the raffinate and strip liquor by distillatio
Moreover, relatively low boiling point (390 K) means volatilizatio
loss of butanol. In the traditional butanol-extraction process, los
solvent and subsequent increase in separation cost is remark
Compared with the butanol process, the insolubility and high b
ing point of long-chain alcohol will lead to less solvent loss a
lower cost in separation process.

Aimed to lower the content of lincomycin B in the end produ
a novel process for extraction of lincomycin from fermentation br
was studied in this work. A mixture of long-chain alcohol (n-octan
and n-decanol) is used as extractant. Optimal operation condi
for the process have been studied in details. Furthermore, the 
ticability for combination of long-chain alcohol and butanol in p
rification of lincomycin was investigated.

EXPERIMENT

1. Material
Fermentation broth was provided by a manufacturer of lin

mycin, in the form of acidified filtrate of fermentation broth at th

Fig. 1. Chemical structure of lincomycin.

Table 1. Analogs of lincomycin

Analogs R1 R2 R3

Lincomycin A -SCH3 -CH3 -CH2CH2CH3

Lincomycin B -SCH3 -CH3 -CH2CH3

Lincomycin C -SC2H5 -CH3 -CH2CH2CH3

Lincomycin D -SCH3 -H -CH2CH2CH3
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end of fermentation cycle. About 10% of lincomycin was present
in the form of lincomycin B.

Lincomycin samples from primary crystallization and second-
ary crystallization in the butanol-extraction process were used in
the experiment, which is intermediate product and final product con-
taining 5.2% and 4.2% of lincomycin B respectively.

Standard sample for lincomycin hydrochloride was purchased
from Shanghai Institute of Pharmaceutical Assay and Determina-
tion.
2. Method

Experiments for extraction, scrubbing and stripping were con-
ducted in a funnel with a water jacket connected to a thermostat.
Over ten minutes of robust shaking was performed to ensure inti-
mate contact of the two phases to attain equilibrium. Multistage count-
er-current extraction was simulated in funnels connected in series.
Samples of aqueous and organic phases were taken after stable state
operation in simulation experiment had been achieved.

Lincomycin and palladium chloride react in acidic medium to
produce colorful substance, which exhibits absorption peak at wave-
length of 380 nm [Lu and Cao, 1986]. This property was utilized
in spectrometric determination of lincomycin concentration (includ-
ing lincomycin A and B). In determination of concentration of lin-
comycin in fermentation broth, pH value of the broth was firstly
adjusted to 11.5±0.5, and then extracted with n-butanol, the extract
was diluted to a proper concentration with ethanol and sampled for
spectrometric measurement. Organic phase was mixed with etha-
nol and sampled for spectrometric measurement. Calibration curve
was determined by experiments with standard sample of lincomy-
cin hydrochloride, and analytical results were expressed in the form
of content of lincomycin A hydrochloride.

Content of lincomycin B in the product was determined by a
HPLC method [Asmus et al., 1983]. A C18-bonded silica gel col-
umn was used in analysis. Mobile phase consisted of 0.05 mol·L−1

sodium tetraborate water solution (pH value adjusted to 6.0 with
85% phosphoric acid) mixed with methanol in a ratio of 4 : 6 (v/v);
eluted peaks were detected at a wavelength of 214 nm.

RESULTS AND DISCUSSION

1. Process for Extraction of Lincomycin with Mixed Long-
chain Alcohol

Compared with the butanol-extraction process, significant changes
will occur in operation conditions in long-chain alcohol extraction
process as a result of change in extractant:

(1) severe emulsion problem might occur in extraction;
(2) extraction capacity of lincomycin with long-chain alcohol is

obviously lower than with butanol; to achieve high extraction e
ciency, changes have to be made in extraction stage, phase 
and operation conditions in scrubbing and stripping.

The process for extraction of lincomycin with mixed long-cha
alcohol is shown in Fig. 2.
1-1. Flocculation of Filtered Fermentation Broth

Extraction of lincomycin should be conducted in alkaline me
um. Emulsion is prone to occur with long-chain alcohol as extr
tant. Large amounts of impurities exist in the fermentation broth ei
introduced by the addition of substrates or produced by the m
bolic activity of microorganisms [Kim and Ryu, 1993]. To contr
the emulsion during extraction, acidified filtered fermentation bro
should be flocculated to further remove the residual surfactant (s
as protein).

In flocculation, chitin and potassium aluminum sulfate were add
into the broth, which act as flocculants to precipitate most of 
residual proteins. Yield for recovery of lincomycin in flocculatio
is about 98.9%. The splitting of two phases in following extracti
will be facilitated, which aids to decrease loss of lincomycin cau
by emulsion in extraction.
1-2. Extraction of Lincomycin
1-2-1. Influence of Composition of Mixed Alcohol

Experimental results for extraction of lincomycin with differen
concoction of mixed alcohol are shown in Table 2. Original aq
ous phase is a solution of secondary crystallization of lincomy
from butanol-extraction process with a concentration of 4 g·L−1 and
adjusted to pH 9.7. Organic phase consists of n-octanol(C8) and n-
decanol(C10) in different concentration ratio.

As is shown in Table 2, increase in content of n-octanol lead
increase of the extraction capacity of mixed alcohol. Severe em
sion will occur if only n-octanol is used as extractant. Decano
added into the extractant mixture to facilitate phase splitting a
extraction. The molecule of n-decanol has stronger selectivity
lincomycin A than n-octanol [Wu et al., 1998]. Therefore, high
content of n-decanol in the mixture will lead to slight increase

Fig. 2. Process for extraction of lincomycin with long-chain alcohol.

Table 2. Effect of concoction of mixed alcohol on extraction and
splitting of phases*

Concoction (v/v, %) D Phase splitting speed

70%octanol-30%decanol 2.99 Relatively fast phase splitting
75%octanol-25%decanol 3.12 Medium phase splitting
80%octanol-20%decanol 3.24 Medium phase splitting
85%octanol-15%decanol 3.33 Relatively severe emulsificat
90%octanol-10%decanol 3.51 Severe emulsification

*T=298.2 K, VO/VA=1/3, CA, o=4 g·L−1
Korean J. Chem. Eng.(Vol. 20, No. 2)



356 B. Wu et al.

 in
in
x-
n-

ig. 4.
tion

c
ained
-6
cin
l-
ion
de-
wn

 as
rity
ed
oss
x-
n in
ous

ow-
ffer
unt-

y to
ing
selectivity but lower distribution ratio. To guarantee a high level of
extraction yield, small sacrifice of extraction selectivity has to be
made by lowering the content of n-decanol if too many stages of
extraction are not desired. In consideration of phase splitting speed,
extraction capacity and selectivity between lincomycin A and B, a
mixture of 80% n-octanol and 20% n-decanol was used in the fol-
lowing experiments.
1-2-2. Influence of pH Value

Lincomycin is easy to be extracted in alkalinous medium. Aque-
ous solutions of secondary crystallization of lincomycin from bu-
tanol-extraction process were extracted with mixed alcohol (80%
n-octanol and 20% n-decanol) under different pH values.

As is shown in Fig. 3, there is a very slight increase of CO and
distribution ratio (D) with the increase of pH value, while there is a
slight decrease of CA in the meantime. Just a little higher extraction
yield is available at relatively higher pH value (near to 10.0).

To increase the pH value of acidified filtrate of fermentation broth,
alkali (e.g., solution of sodium hydroxide) should be added. When
the pH value of fermentation broth is adjusted to the range of 8-11,
relatively less alkali is consumed. However, when the pH value of
fermentation broth is adjusted to over 11, the quantity of consumed
alkali will increase sharply. In consideration of more alkali consumed
to achieve higher pH value, pH 10 is deemed to be suitable for ex-
traction of lincomycin from fermentation broth.
1-2-3. Multistage Counter-current Extraction of Lincomycin from
Fermentation Broth

In the butanol-process, only two stages is needed to achieve thor-
ough extraction of lincomycin from fermentation broth. However,
the extraction capacity of lincomycin with long-chain alcohol is ob-
viously much lower than with butanol, more stages will be needed
in the multistage counter-current extraction with long-chain alco-
hol as extractant.

Acidified filtered broth was flocculated and adjusted to pH value of
10.0. Experimental simulation of 12-stage of counter-current extrac-
tion of the broth with mixed alcohol (80% n-octanol and 20% n-
decanol) was conducted at 298.2K and volumetric flow-ratio VO/VA

of 1/3. The equilibrium concentrations in organic and aqueous phase
of each stage after stable state of the simulation had been achieved
are shown in Fig. 4. Calculation on the exit concentration of organ-
ic phase exhibits an extraction yield of 92.8%. Therefore, suffi-
ciently high extraction yield can be obtained in 12 stages of counter-
current extraction. Higher extraction yield can be obtained if more
stages are used, however, more impurities including lincomycin B

will enter the extract phase.
As is shown in Fig. 4, distribution ratio D decreases rapidly

the range of low concentration of lincomycin. Effect of lincomyc
concentration on distribution ratio is shown in Fig. 6. A simple e
traction experiment with diluted fermentation broth (lincomycin co
centration 0.307 g·L−1) at pH 10.0 exhibit distribution ratio D of
2.23 which is much higher than that in 12th stage as shown in F
It was experimentally shown that simple decrease in concentra
is not responsible for the decrease in distribution ratio.

Determination of distribution of lincomycin A and B in organi
phase and aqueous phase shows that better selectivity is obt
in extraction by mixed long-chain alcohol. Selectivity value is 4
in the concentration range in the experiments (Fig. 4). Lincomy
B exhibits relatively stronger polarity than lincomycin A. In the mu
tistage counter-current extraction, lincomycin B in the fermentat
broth was enriched in the dilute section, which resulted in the 
crease of general distribution ratio of lincomycin A and B as sho
in Fig. 4.
1-3. Scrubbing of Extract

Scrubbing aids to remove impurities in organic phase such
pigments, inorganic salts and lincomycin B and upgrade the pu
of final product. Effluent aqueous phase in scrubbing will be mix
with fermentation broth for feed in extraction, and therefore no l
in total yield of lincomycin is generated. Results in simulation e
periment of two stages of counter-current scrubbing are show
Table 3. Buffer solution of pH 10.0 was used as the inlet aque
phase in scrubbing under 298.2 K.

Based on experimental results as shown in Table 3, the foll
ing operation conditions for scrubbing is recommended: a bu
solution of pH 10 used to scrub extract at 298.2K in two-stage co
er-current operation with a volumetric flow-ratio of 2-3.
1-4. Stripping

Solute in the form of acid or alkali in the extract phase is eas
be stripped by alkali or acid [Han et al., 2000]. Complete stripp

Fig. 3. Extraction of lincomycin at various pH value. Fig. 4. Multistage counter-current extraction of lincomycin from
fermentation broth.

Table 3. Two-stage scrubbing of extract under various flow-ratio

Flow-ratio VO/VA

Yield for lincomycin in organic phase
after scrubbing/%

1.0 77.3
2.0 90.8
3.0 91.7
March, 2003
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of lincomycin from the scrubbed extract phase can be obtained by
the addition of hydrochloric acid in stoichiometric ratio. Concen-
trated aqueous solution of lincomycin is obtained and organic phase
is recycled for extractant. As the mutual solubility of long-chain
alcohol and water is much lower than that of butanol and water,
fewer stages are required for stripping compared to that of former
butanol-extraction process.

Dilute hydrochloric acid (0.01mol·L−1) was used to strip the scrub-
bed extract (CO=9.159 g·L−1) in 3-stage stripping with a volumetric
flow-ratio VO/VA of 3 at 298.2 K. The final stage of stripping was
conducted under agitation, pH value of aqueous phase was adjusted
to the range of 2.0-2.5 with hydrochloric acid (1.0mol·L−1). As shown
in Table 4, thorough stripping can be obtained in two or three stages
of counter-current operation when pH value is adjusted to 2.0-2.5
and with a volumetric flow-ratio of 3-5.
1-5. Condensation, Crystallization and Drying

Strip liquor was vacuum concentrated and decolorized, and then
acetone was added into the strip liquor. The mixture was then kept
at 277.2 K to precipitate lincomycin. Spectrometric measurement
showed a specific activity of 849µg/mg in the final product. Ana-
lysis by HPLC showed that content of lincomycin B in the final
product (1.3%) is much lower than that in final product by but-
anol-extraction process (4.2%).

As is shown from structural formula, lincomycin A exhibits re-
latively weaker polarity than lincomycin B. Long-chain alcohol (with
lower polarity) exhibit higher extraction selectivity for lincomycin A,
therefore content of lincomycin B will decrease in a counter-cur-
rent multistage extraction process with long-chain alcohol. Butanol
exhibits rather high extraction capacity for lincomycin and almost
no selectivity between lincomycin A and B [Jariwala, 1978], so re-
latively high content of lincomycin B remains in the final product
of butanol-extraction process.
2. Process for Purification of Lincomycin with Butanol and
Mixed Long-chain Alcohol

Demand for lincomycin with higher purity (e.g., content of lin-
comycin B less than 2%) as raw material in pharmaceutical prepa-
ration keeps on increasing in recent years. Price increases sharply
with decrease in content of lincomycin B. The price for lincomycin

with content of lincomycin B less 1.5% can be twice as much
that of crude lincomycin with 4% lincomycin B.

On the premise of retaining the original butanol-extraction p
cess, the lincomycin product can be further purified with mixed lo
chain alcohol to lower the content of lincomycin B. Therefore, t
process for extraction in combination of lincomycin with butan
and long-chain alcohol was studied, the flow chart of which is sho
in Fig. 5.
2-1. Extraction

Aqueous solution of product of primary crystallization in butan
extraction process was adjusted to pH 10.0 with sodium hyd
ide, and extracted with 80% n-octanol and 20% n-decanol at 2
K. As is shown in Fig. 6, when extraction is operated in the ra
of high concentration of lincomycin (CA>10 g·L−1), distribution ratio
is much higher than that in the normal range of concentration (A=
1-5g·L−1). High load of lincomycin in organic phase (CO≥300 g·L−1)
leads to high viscosity and causes much inconvenience to pro
operation and control. Moreover, high distribution ratio at high c
centration will hinder the separation of lincomycin A and lincom
cin B.

Aqueous solution of lincomycin of proper concentration was e
tracted with mixed alcohol. As is shown in Table 5, two-stage cou
er-current extraction in a volumetric flow-ratio VO/VA of 0.5-1 can
guarantee an extraction yield over 90%. If only a small part of 
mary crystal from butanol-process needs to be further purified, t
just one stage of extraction can be performed with extraction y
of 82%.

Lincomycin left in the raffinate can be further processed by st
ping and crystallization, the final product containing more lincom
cin B can be mixed with secondary crystal from butanol-proc
and used in situations where high grade purity of lincomycin is 
required.
2-2. Scrubbing

Table 4. Multistage counter-current stripping

Stage
number

Aqueous phase Organic phase
D

pH CA/g·L−1 CO/g·L−1

1 2.09 0.0210 0.0433 2.06000
2 2.10 0.6650 0.0531 0.07980
3 2.29 24.60000 0.1140 0.00463

Fig. 5. Process for extraction of lincomycin with butanol and long-chain alcohol.

Fig. 6. Extraction of primary crystal from butanol-process by
mixed long-chain alcohol.
Korean J. Chem. Eng.(Vol. 20, No. 2)
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Small volumetric ratio should be adopted in scrubbing to ensure
the low content of lincomycin B in scrubbed organic phase. A buffer
of pH 10.0 was used as aqueous phase, organic phase with linco-
mycin concentration of 40-80 g·L−1 was scrubbed with a volumet-
ric flow ratio VO/VA of 1. Single stage scrubbing at 298.2 K gives
rise to a yield of 82.7-86.2% of lincomycin remained in organic
phase.
2-3. Stripping and Crystallization

According to the process shown in Fig. 5, lincomycin from pri-
mary crystallization was further purified by 2-stage counter-current
extraction (CA,o=5-10 g·L−1, VO/VA=0.5-1) and single stage scrub-
bing (VO/VA=1). Lincomycin in the scrubbed organic phase was
stripped with 1 mol·L−1 hydrochloric acid. Strip liquor was vac-
uum concentrated and decolorized, then acetone was added to pre-
cipitate lincomycin. After filtration and washing with acetone, lin-
comycin crystals were vacuum dried. Content of lincomycin B ana-
lyzed by HPLC in final purified product is 1.29-1.78%, which is
remarkably lower than that in primary crystallization (5.2%) and
secondary crystallization (4.2%) in the butanol-extraction process.

With the growing requirement for lincomycin with higher purity,
the great gap on prices for lincomycin of different purity promotes
production of lincomycin with lower content of lincomycin B. There-
fore, based on the original extraction process with butanol as solvent,
crude product of lincomycin produced by butanol-extraction pro-
cess can be further purified by extraction with mixed long-chain
alcohol, content of lincomycin B in the final product will be remark-
ably decreased. Small expenditure is needed for installing apparatus
for further purification, such as single stage extractor and crystallizer,
and great improvement on product purity and more economic ben-
efit is obtained.

For deep purification of primary crystal of lincomycin from but-
anol-extraction process with mixed long-chain alcohol, more than
one stage of extraction and scrubbing are needed. Through adjust-
ment on operation conditions such as stage number and volumetric
flow-ratio of extraction, scrubbing and stripping, different require-
ments on purity of final product can be met.

CONCLUSIONS

1. Under optimal operation conditions, extraction of lincomycin
from fermentation broth with mixed long-chain alcohol can lead to
remarkable enhance of product purity compared with butanol-ex-

traction process.
2. Based on the original extraction process with butanol as

tractant, mixed long-chain alcohol can be used in further purifi
tion of crude product to sharply decrease the content of lincom
B, while no great improvement on original production apparatu
is required.

3. Flocculation treatment with potassium aluminum sulfate a
to precipitation of residual proteins in filtered fermentation bro
And henceforth, coalescence of dispersion and clarification a
extraction can be facilitated.
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NOMENCLATURE

CA : concentration of lincomycin in aqueous phase [g·L−1]
CA, o : concentration of lincomycin in aqueous phase before 

traction [g·L−1]
CO : concentration of lincomycin in organic phase [g·L−1]
D : distribution ratio, (=CO/CA)
n : stage number for continuous extraction
T : temperature for extraction [K]
VA : volume of aqueous phase [L]
VO : volume of organic phase [L]
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Table 5. Extraction of solution of crude lincomycin crystal

Extraction
stage number

Concentration
in feed CA, o/g·L−1

Volumetric
ratio VO/VA

Extraction
yield/%

2 106.95 1.0 97.4
2 53.39 0.5 91.1
2 26.66 0.5 89.2
1 53.24 1.0 82.4
March, 2003
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