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What should you consider while dealing with the processes
involved in product recovery and purification
The main aim for industrial biotechnologists is to device and
select processes to obtain a high quality product at an efficient
recovery rate using minimum plant investment operated at
minimal costs. Unfortunately, recovery costs of microbial
products may vary as low as 15% to as high as 70% of the total
manufacturing costs. The chosen process and therefore its
relative costs will depend on the specific product. The present
practice gives a total cost of 15% for industrial ethanol, 20-30%
for bulk penicillin G and up to 70% for enzymes.
If  a fermentation broth is analyzed at the time of  harvesting it
will be discovered that
• The specific product may be present at low concentration in

an aqueous solution that contains microbial cells, cell
fragments and metabolic products.

• The product may also be heat labile intracellular and easily
broken down by contaminating microorganisms.

 All these factors tend to increase the difficulties of product
recovery. To ensure good recovery or purification, speed of
operation may be the overriding factor because of the labile
nature of a product. The processing equipment must therefore
be of the correct type and also the correct size to ensure that the
harvested broth can be processed within a satisfactory time
limit.

The Choice of Recovery Product is Based on the
Following Criteria
1. The intracellular or extra cellular location of the product
2. The concentration of the product in the fermentation broth
3. The physical and chemical properties of the desired product

(as an aid to selecting separation procedures)
4. The intended use of the product
5. The minimal acceptable standard of purity
6. The magnitude of biohazard of the product or broth
7. The impurities in the fermenter broth
8. The marketable prize for the product

Stages for the Recovery of an Extra Cellular Product
• The first stage for the recovery of an extra cellular product is

the removal of large solid particles and microbial cells
usually by centrifugation or filtration (Fig. 9.1).

• In the next stage, the broth is fractionated or extracted into
major fractions using
a. ultra filtration
b. reverse osmosis
c. adsorption/ion-exchange/gel filtration
d. affinity chromatography

e. liquid-liquid extraction
f. two-phase aqueous extraction or precipitation. ]

• The product-containing fraction is purified by fractional
precipitation,

• Precise chromatographic techniques and crystallization to
obtain a product, which is highly concentrated, and
essentially free from impurities.

Cell disruption 

Primary isolation of product 

Fermentation broth 

Removal of solids 

Purification and concentration 

Final product isolation 

Fig. 9.1. Stages in the recovery of  product from a harvested
The technique of ‘whole broth’ processing involves initial
removal of large particles, which is then followed by passage of
the broth (including cells) through, for example, well mixed
ion-exchange columns or counter-current liquid-liquid extrac-
tion units to extract the product directly.

Handling of the Broth
It may be possible to modify the handling characteristics of the
broth so that it can be handled faster with simpler equipment
making use of a number of techniques. The  characteristics of
broth can be modified so as to make it amenable for product
recovery.It can be done by
1. Selecting a microorganism, which does not produce

pigments or undesirable metabolites.
2. Modification of the fermentation conditions to reduce the

production of undesirable metabolites.
3. Precise timing of  harvesting.
4. pH control after harvesting.
5. Temperature treatment after harvesting.
6. Addition of flocculating agents.
7. Use of enzymes to attack cell walls.
It must be remembered that the fermentation and product
recovery are integral parts of an overall process. The fermenta-
tion parameters to consider include

LESSON 9:
RECOVERY AND PURIFICATION OF FERMENTATION PRODUCTS
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• Time of  harvest,
• pigment production
• ionic strength and culture medium constituents.

Recovery Problems
• Large volumes of supernatants containing extra cellular

enzymes need immediate processing while harvesting times
and enzyme yields might not be predictable. This can make
recovery programs difficult to plan.

• Pigment production might make some recovery procedures
difficult, when the pigment binds to the same resin as the
enzyme. Changes in fermentation conditions may reduce
pigment formation.

• Certain antifoams remain in the supernatant and affect ultra
filtration or ion exchange resins used in recovery stages.
Trials may be needed to find the most suitable antifoam.

• The ionic strength of the production medium may be too
high, resulting in the harvested supernatant needing
dilution with demineralized water before it can be
processed.

• Media formulation is dominated by production
requirements, but the protein content of complex media
should be critically examined in view of subsequent enzyme
recovery.

In the selection of processes for the recovery of biological
products it should always be understood that recovery and
production are interlinked, and that good recovery starts in the
fermentation by the selection of, amongst other factors, the
correct media and time harvesting.

Criteria for the Selection of Recovery Methods
The recovery and purification of many compounds may be
achieved by a number of alternative routes. The decision to
follow a particular route involves comparing the following
factors to determine the most appropriate under a given set of
circumstances:
• Capital costs.
• Processing costs.
• Throughput requirements.
• Yield potential.
• Product quality.
• Technical expertise available.
• Conformance to regulatory requirements.
• Waste treatment needs.
• Continuous or batch processing.
• Automation.
• Personnel health and safety (Wildfeuer, 1985).
The major problem currently faced in product recovery is the
large-scale purification of biologically active molecules. For a
process to be economically viable large-scale production is
required, and therefore large-scale separation, recovery, and
purification. This then requires the transfer of small-scale
preparative/analytical technologies (e.g. chromatographic
techniques) to the production scale whilst maintaining efficiency
of the process, bioactivity of the product and purity of the

product so that it confirms with safety legislation and regulatory
requirements.

Precipitation

What is the need of precipitation
Precipitation may be conducted at various stages of the product
recovery process. It is a particularly useful process in that it
allows enrichment and concentration in one step, thereby
reducing the volume of material for further processing.
It is possible to obtain some products (or to remove certain
impurities) directly from the broth by precipitation, or to use
the technique after a crude cell lysate has been obtained

Typical Agents used in Precipitation
The agents render the compound of interest insoluble, and
include:
a. Acids and bases to change the pH of a solution until the

isoelectric point of the compound is reached and pH equals
pI, when there is then no overall charge on the molecule
and its solubility is decreased.

b. Salts such as ammonium and sodium sulphate are used for
the recovery and fractionation of proteins.

     The salt removes water from the surface of the protein
revealing hydrophobic patches, which come together causing
the protein to participate. The most hydrophobic proteins
will precipitate first, thus allowing fractionation to take
place.

c. Organic solvents.
Dextrans can be precipitated out of a broth by the addition
of methanol. Chilled ethanol and acetone can be used in the
precipitation of proteins mainly due to changes in the
dielectric properties of the solution.

d. Non-ionic polymers such as polyethylene glycol (PEG) can
be used in the precipitation of proteins and are similar in
behavior to organic solvents.

e. Polyelectrolytes can be used in the precipitation of a range
of  compounds, in addition to their use in cell aggregation.

f. Protein binding dyes (triazine dyes) bind to and precipitate
certain classes of protein (Lowe and Stead, 1985).

g. Affinity precipitants are an area of much current interest in
that they are able to bind to, and precipitate, compounds
selectively.

Liquid-Liquid Extraction
• The separation of a component from a liquid mix-ture by

treatment with a solvent in which the desired component is
preferentially soluble is known as liquid-liquid extraction.

• The specific requirement is that a high percentage extraction
of product must be obtained but concentrated, in a smaller
volume of sol-vent.

For liquid-liquid extraction it is important to find out on a
small scale the solubility charac-teristics of the product using a
wide range of solvents. A simple rule to remember is that ‘like
dissolves like’. The ‘likeness’ as far as solubility relations are
concerned is in the polarities of molecules. Polar liquids mix
with each other and dissolve salts and other polar solids. The
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solvents for non-polar compounds are liquids of low or nil
polarity.
The dielectric constant is a measure of the degree of molar
polarization of a compound. If this value is known it is then
possible to predict whether a com-pound will be polar or non-
polar. A high value indicates a highly polar compound.
TABLE 9.1. Dielectric constants of solvents at 250C (arranged in
order of increasing polarity)

Solvent Dielectric constant
Hexane 1.90 (least polar)
Cyclohexane 2.02
Carbon telrachloride 2.24
Benzene 2.28
Di-ethyl ether 4.34
Chloroform 4.87
Ethyl acetate 6.02
Butan-2-ol 15.8
Butan-1-ol 17.8
Propan-1-ol 20.1
Acetone 20.7
Ethanol 24.3
Methanol 32.6
Water 78.5

Other than the dielectric constant partition coefficient also plays
a deciding role in the choice of solvents. The final choice of
solvent will be influenced by the distribution or partition
coefficient K where
K = Concentration of solute in extract
      Concentration of solute in raffinate
The value of K defines the ease of extraction.

Significance of K Value in the Selection of Process
• When there is a relatively high K value, good stability of

product and good separation of the aqueous and sol-vent
phases, then it may be possible to use a single-stage
extraction system (Figure 9.2).

      Solvent 

 Fermentation broth 

      Drain 

      

Figure 9.2: Diagram of a single-stage extraction unit
• A value of 50 indicates that the extraction should be

straightforward whereas a value of 0.1 shows that the
extraction will be difficult and that multistage process will
be necessary.

• In a number of systems the value of K is low and co-
current- or counter-current multistage systems have to be
utilised

The co-current system is illustrated in Figure. 9.3 There are n
mixer/separator vessels in line and the raffinate goes from
vessel 1 to vessel n. - Fresh solvent is added to each stage, the
feed and extracting solvent pass through the cascade in the same
direction. Extract is recovered from each stage. Al-though a
relatively large amount of solvent is used, a high degree of
extraction is achieved.

Figure. 9.3: Diagram of a cocurrent flow extraction system
A counter-current system is illustrated in Figure 9.4 There are a
number of mixer/separators connected in series. The extracted
raffinate passes from vessell to vessel n while the product-
enriched solvent is flowing from vessel n to vessel 1.  The feed
and extracting solvent pass through the cascade in opposite
directions. The most efficient system for solvent utilization is
counter-current operation, showing a considerable ad-vantage
over batch and co-current systems. In practice, the series of
counter-current ex-tractions are conducted in a single continu-
ous extractor using centrifugal forces to separate “the two liquid
phases. The two liquid streams are forced to flow counter-
current to each other through a long spiral of  channels within
the rotor.

Feed Mixer separator   Raffinate       Mixer separator       Raffinate         Mixer Separator     Depleted Raffinate 

     1               2         n          Solvent 

     
Solvent enriched with product 

Figure 9.4: Diagram of a counter current extraction system
The Podbielniak centrifugal extractor (Fig. 9.5) consists of  a
horizontal cylindrical drum revolving at upto 5000 rpm about a
shaft passing through its axis. The liquids to be run counter-
current are introduced into the shaft, with the heavy liquid
entering the drum at the shaft while the light liquid is led by an
internal route to the periphery of the drum. As the drum
rotates, the heavy liquid is forced to the periphery of the drum
by centrifugal action where it contacts the light liquid. The solute
is transferred between the liq-uids and the light liquid is
displaced back towards the axis of the drum. The heavy liquid is
returned to the drum’s axis via internal channels. The two
liquidstreams are then discharged via the shaft.
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Figure 9.5: Diagram of Podbielniak extractor. HLI, LLI, HLO &
LLO indicate heavy and light liquid in and out.
Penicillin G is an antibiotic which is recovered from fermenta-
tion  broths by centrifugal counter-current solvent extraction.
The peni-cillin extraction process may involve the four follow-
ing stages:
1. Extraction of the penicillin G from the filtered broth into an

organic solvent (amyl or butyl acetate or methyl isobutyl
ketone)

2. Extraction from the organic solvent into an aqueous buffer
3. Extraction from aqueous buffer into organic sol-vent
4. Extraction of the solvent to obtain the penicillin salt
At each extraction stage progressively smaller volumes of
extractant are used to achieve -concentration of the penicillin.
Unfortunately, penicillin G has a half-life of 15 minutes at pH
2.0 at- 20°. The harvested broth is therefore initially cooled to 0°
to 3°. The cooled broth is then acidified to pH 2 to 3 with
sulphuric or phosphoric acid immediately before ex-traction.
This acidified broth is quickly passed through a podbielniak
centrifugal counter-current extractor us-ing about 20% by
volume of the Solvent in the counter flow. Ideally, the hold-up
time should be about 60 to 90 seconds. The penicillin-rich
solvent then passes through a second Podbielniak extractor
counter-current to an aqueous NaOH or KOH solution (again
about 20% by volume) so that the penicillin is removed to the
aque-ous phase (pH 7.0 to 8.0) as the salt.
RCOOH(org) + NaOH(aq)   RCOO-Na++ H2O..
These two stages may be sufficient to concentrate the penicillin
adequately from a broth with a high titre.
At each stage the spent liquids should be checked for residual
penicillin and solvent usage care-fully monitored. Since the
solvents are expensive and their disposal is environmentally
sensitive they are re-covered for recirculation through the
extraction process.
The success of a process may depend on efficient solvent
recovery and reuse.

Solvent Recovery
A major component in an extraction process is the solvent
recovery plant which is usually a distilla-tion unit.
Distillation may be achieved in three stages:
1. Evaporation, the removal of solvent as a vapour from a

solution.

2. Vapour-liquid separation in a column, to sepa-rate the lower
boiling more volatile component from other less volatile
components.

3. Condensation of the vapour, to recover the more volatile
solvent fraction.

Evaporation
A wide range of evaporators is available. Some are operated on
a batch basis and others continuously. Most indus-trial
evaporators employ tubular heating surfaces- Cir-culation of the
liquid past the heating surfaces may be induced by boiling or by
mechanical agitation. In batch distillation (Figure. 9.6) the
vapour from the boiler passes up the column and is condensed.
Part of the conden-sate will be returned as the reflux for
counter-current contact with the rising vapour in the column.
The distillation is continued until a satisfactory recorery of the
lower-boiling (more volatile) component(s) bas been accom-
plished The ratio of condensate returned to the column as
reflux to that withdrawn as product is, along with the number
of plates or stages in the column, the major method of
controlling the product purity.

Figure 9.6: Diagram of a batch distillation plant
A continuous distillation (Figure. 9.7) is initially begun in a
similar way as with a batch distillation, but no conden-sate is
withdrawn initially. There is total reflux of the condensate until
ideal operating conditions are been established throughout the
column. At this stage the liquid feed is fed into the column at
an intermediate level. The more volatile components move
upards as vapour and are condensed, followed by partial reflux
of the condensate. Meanwhile, the less volatile fractions move
down the column to the evaporator (reboiler). At this stage part
of the bottoms fraction is continuously withdrawn and part is
reboiled and returned to the column.



56 2.551
© Copy Right: Rai University

IN
D

U
S

T
R

IA
L B

IO
T

E
C

H
N

O
LO

G
Y

Figure 9.7: Continuous Distillation Plant
Counter-current contacting of the vapour and liquid streams is
achieved by causing:
a. vapour to be dispersed in the liquid phase (plate or tray

column),
b. liquid to be dispersed in continuous vapour phase (packed

column).
The plate or tray column consists of a number of distinct
chambers separated by perforated plates or trays. The rising
vapour bubbles through the liquid, which is flowing across each
plate, and is dispersed into the liquid from perforations (sieve
plates) or bubble caps. The liquid flows across the plates and
reaches the reboiler by a series of overflow wiers and down
pipes.
A packed tower is filled with a randomly packed material such as
rings, saddles, helices, spheres or beads. Their dimensions are
approximately one-tenth to one-fiftieth of the diameter of the
column and are designed to provide a large surface area for
liquid-vapour contacting and high voidage to allow high
throughput of liquid and vapour.
The heat input to a distillation column can be con-siderable.
The simplest ways of  conserving heat are to preheat the initial
feed by a heat exchanger using heat from:
a. hot vapours at the top of the column,

b. heat from the bottoms fraction when it is being removed in
a continuous process

c. combination of both.

Two-phase Aqueous Extraction
Liquid-liquid extraction is a well-established tech-nology in
chemical processing and in certain sectors of biochemical
processing. However, the use of  organic solvents has limited
application in the processing of sensitive biologicals. Aqueous
two-phase systems. on the other hand, have a high water
content and low interfacial surface tension and are regarded as
being biocompatible.
Two-phase aqueous systems have been known since the late
nineteenth century, and a large variety of  natural and synthetic
hydrophilic polymers are used today to create two (or more)
aqueous phases. Phase separation occurs when hydrophilic
polymers are added to an aqueous solution, and when the
concentrations exceed a certain value ‘two immiscible aqueous
phases are formed. Settling time for the two phases can be
prolonged, depending on the components used and vessel
geometry. Phase separation can be improved using centrifugal
separators, or novel techniques such as magnetic separators.
Many systems are available:
1. Non-ionic polymer/non-ionic polymer/water.

e.g. po!yethylene glycol/dextran.
2. Polyelectrolyte/non-ionic polymer/water,

e.g. sodium carboxymethyl cellulose/polyethylene glycol.
3. Polyelectrolyte/polyelectrolyte /water,

e.g. sodium dextran sulphate/sodium carboxymethyl
cellulose

The distribution of a solute species between the phases is
characterized by the partition coefficient, and is influenced by a
number of factors such as tempera-rure,  polymer (type and
molecular weight), salt concentration,  ionic strength, pH and
properties (e.g. molecu-lar weight) of  the solute. As the goal of
any extraction process is to selectively recover and concentrate a
solute,  affinity techniques such as those applied in chromato-
graphic processes can be used to improve selectivity. Examples
include the use of PEG-NADH derivatives in the extraction of
dehydrogenases, p-aminobenzamidine in the extraction of
trypsin and cibacron blue in the extraction of phosphofructoki-
nase. It is possible to use different ligands in the two phases
leading to an increase in selectivity or the simultaneous recovery
and separation of several species.

Applications
Two phase aqueous systems have found application in the
purification of many solutes; proteins, enzymes, cells and
subcellular particles, and in extractive bioconversions. Several
aqueous two-phase systems for handling large-scale protein
separation have emerged, the majority of which use PEG as the
upper phase forming polymer with either dextran, concentrated
salt solution or hy-droxypropyl starch as the lower phase
forming material.

Chromatography
In many fermentation processes chromatographic techniques are
used to isolate and purify relatively low concentrations of
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metabolic products .In this context ,chromatography will be
concerned with the passage and separation of different solutes
as liquid is passed through a column i.e. liquid chromatography
.Depending on the mechanism by which the solutes may be
differentially held in a column ,the techniques can be grouped as
follows:
1. Adsorption chromatography
2. Ion –exchange chromatography
3. Gel-permeation chromatography
4. Affinity chromatography
5. Reverse phase chromatography
6. High performance liquid chromatography
Chromatographic techniques are also used in the final stages of
purification of a number of products.

1.  Adsorption Chromatography
Adsorption chromatography involves binding of the solute to
the solid phase primarily by weak VanderWaals forces. The
materials used for this purpose to pack columns include
inorganic adsorbants (active car-bon. aluminium oxide,
aluminium hydroxide, magnesium oxide, silica gel) and organic
macro-porous resin
Dihydro-streptomycin can be extracted from filtrates using
activated charcoal columns. It is then eluted with methanolic
hydrochloric acid and purified in fur-ther stages. Active carbon
may be used to remove pigments to clarify  broths. Peni-cillin-
containing solvents may be treated with 0.25 to 0.5% active
carbon to remove pigments and other impurities. Macro
porous adsorbants have also been tested. The first synthetic
organic macro-porous adsorb ants, the Amberlite XAD resins).
These resins have surface polarities which vary from ‘non-polar
to highly polar and do not possess any ionic functional groups.
Voser(1982) con-siders their most interesting application to be
in the isolation of hydrophilic fermentation products. He stated
that these resins would be used at Ciba-Geigy in recovery of
cephalosporin C (acidic amino acid);cefo-tiam (basic amino acid),
desferrioxamine B (basic hydroxamic acid) and paramethasone
(neutral steroid).

2. Ion Exchange Chromatography
Ion exchange can be defined as the reversible ex-change of ions
between a liquid phase and a solid phase (ion-exchange resin)
which is not accompanied by any radical change in the solid
structure. Cationic ion-exchange resins normally contain a
sulphonic acid, carboxylic acid or phosphonjc acid- active group.
Car-boxy-methyl cellulose is a common cation exchange resin.
Positively charged solutes (e.g. certain proteins) will bind to the
resin, the strength of attachment depending on the net charge
of the solute at the pH of the column feed. After deposition
solutes are sequentially washed off by the passage of buffers of
increasing ionic strength or pH. Anionic ion-exchange resins
nor-mally contain a secondary amine, quaternary amine or
quaternary ammonium active group. A common anion
exchange resin, DEAE (diethylaminoethy) cellulose is used for
the separation of negatively charged solutes. The appropriate
resin , for a particular purpose will depend on various factors
such as bead size, pore size, diffusion rate, resin capac-ity, range

of reactive groups and the life of. the resin before replacement is
necessary. Weak-acid cation ion-exchange resins can be used in
the isolation and purification, of streptomycin, neomycin and
similar antibiotics.
In the recovery of streptomycin, the harvested filtrate is fed on
to a column of a weak-acid cationic resin such as Amberlite IRC
50 which is in the sodium form. The streptomycin is adsorbed
on to the column and the sodium ions are displaced. .
RCOO-Na+

(resin) + streptomycin —> RCOO- streptomycin(resin) 
+

NaOH
The  resin bed is now rinsed with water and eluted with
hydrochloric acid to release the bound streptomycin.
RCOO- streptomycin(resin) + HCI --RCOOH(resin) + streptomycin
+ CI--

A slow flow is used to ensure the highest recovery of strepto-
mycin using the smallest volume of eluant. In one step the
antibiotic has been both purified and concentrated, maybe more
than 100fold. The. resin column is regenerated to the sodium
form by passing an adequate volume of NaOH slowly through
the column and rinsing with distilled water to remove excess
sodium ions.
RCOOH(resin) + NaOH —> RCOO-Na(resin) + H2O
Commercially, it is not economic to regener-ate the resin
completely, therefore the capacity will be reduced. In practice, the
filtered broth is taken through two columns in series while a
third is being eluted and regenerated.  When the first column is
saturated, it is isolated for elution and regeneration while the
third column  is brought into operation.
Ion-exchange chromatography may be combined with HPLC in,
for example, the purification of somatotropin using DEAE
cellulose columns and β-urogastrone in multi-gram quantities
using a cation exchange column.

3. Gel Permeation Chromatography
This technique is also known as gel exclusion and gel filtration.
Gel permeation separates molecules on the basis of their size.
The smaller molecules diffuse into the gel more rapidly than the
larger ones, and pene-trate the pores of the gel to a greater
degree. This means that once elution is started, the larger
molecules which are still in the voids in the gel will be eluted
first. A wide range of gels are available, including cross-lin-ked
dextrans (Sephadex and Sephacryl) and cross-lin-ked agarose
(Sepharose) with various pore sizes de-pending on the fraction-
ation range required.

Application
One early industrial application, although on a relatively small
scale, was the. purification of vaccines. This technique yields a
fairly pure fraction which is then concentrated ten-fold by
pressure dialysis to remove the eluant buffer (Na2HPO4).

4. Affinity Chromatography
Affinity chromatography is a ‘separation technique with many
applications since it is possible to use it for separation and
purification of most biological molecules on the basis of their
function or chemical structure. This technique depends on the
highly specific interac-tions between pairs of biological materials
such as enzyme-substrate, enzyme-inhibitor, antigen-anti-body,
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etc. The molecule to be purified is specifically adsorbed from,
for example, a cell lysate applied to the affinity column by a
binding substance (ligand) which is immobilized on an
insoluble support (matrix). Eluent is then passed through the
column to release the highly purified and concentrated molecule.
The ligand is at-tached to the matrix by physical absorption or
chemi-cally by a covalent bond. The pore size and ligand
location must be carefully matched to the size of the product
for effective separation.
Coupling procedures have been developed using cyanogen
bromide, bisoxiranes, disaziridines and perio-dates, for
matrixes of gels and beads. Four polymer;s which are often
used for matrix materials are agarose, cellulose, dextrose and
polyacrylamide. Agarose acti-vated with cyanogen bromide is
one of the most com-monly used supports for the coupling of
amino ligands. Silica based solid phases have been shown to be
an effective alternative to gel supports  affinnity chro-
matography.
Purification may be several thousand-fold with good
recovery_of active material. The method can however be quite
costly and time consuming, and alternative affinity methods
,such as affinity cross-flow filtration, affinity precipitation and
affinity partitioning may offer some advantages. Affinity
chromatography was used initially in protein isolation and
purification, particularly enzymes. Since then many other large-
scale applications have been developed for enzyme inhibitors,
antibodies, interferon and recombinant proteins, and on a
smaller scale for nucleic acids, cell organelles and whole cells. In
the scale-up of affinity chromatogtaphic processes bed height
limits the superfi-cial velocity of the liquid, thus scale-up
requires an increase in bed diameter or adsorption capacity

5. Reverse Phase Chromatography (RPC)
This chromatographic method utilizes a solid phase(eg silica)
which is modified so as to replace hydrophilic groups with
hydrophobic alkyl chains. This allows the separation of proteins
according to their hydrophobicity. More-hydrophobic proteins
bind most strongly to the stationary phase and are therefore
eluted later than less-hydrophobic proteins. The alkyl group-
ings are normally eight or eighteen carbons in length (C8 and
C18). RPC can also be combined with affinity techniques in the
separation of, for eg, proteins and peptides.

6. High Performance Liquid Chromatography (HPLC)
HPLC is a high resolution column chromatographic technique.
Improvements in the nature of column packing materials for a
range of  chromatographic tech-niques (e.g. gel permeation and
ion-exchange) yield smaller, more rigid and more uniform
beads. This allows packing in columns with minimum spaces
between the beads thus minimizing peak broadening of eluted
species
HPLC is distinguished from liquid chromatography because of
improved media (in terms of their selectivity and physical
properties) for the solid (stationary) phase through which the
mobile (fluid) phase passes.
The stationary phase must have high surface area/unit volume,
even size and shape and be resistant to mechanical and chemical
damage. However, it is factors such as these which lead to high

pressure re-quirements and cost. This may be_acceptable for
ana-lytical work, but not for preparative separations. Thus, in
preparative HPLC some resolution is often sacri-ficed (by the
use of larger stationary-phase particles) to reduce operating and
capital costs. For very high value products large-scale HPLC
columns containing analyti-cal media have been used.
Affinity techniques can be merged with HPLC to combine the
selectivity of the former with the speed and resolving power of
the latter.

Membrane Processes
Membrane processes include two major processes:
A. Ultrafiltration
B. Reverse Osmosis
Both processes utilize semi-permeable membranes to separate
molecules of different sizes and therefore act in a similar
manner to conventional filters.

Ultrafiltration
Ultrafiltration can be described as a process in which solutes of
high molecular weight are retained when the solvent and low
molecular weight solutes are forced under hydraulic pressure
(around 7 a tmosphere) through a membrane of a very fine
pore size. It is therefore used for product concentration and
purification.
A range of membranes made from a variety of polymeric
materials, with different molecular weight cut-offs (500 to
500,000), are available which makes possible the separation of
macro-molecules such as proteins, enzymes, hormones and
viruses. It is practical only to separate molecules whose molecu-
lar weights are a factor of ten different due to variability in pore
size (Heath and Belfort, 1992). Because the flux through such a
membrane is inversely proportional to its thickness, asymmetric
membranes are used where the membrane (- 0.3 ìm thick) is
supported by a mesh around 0 3 mm thick.
What considerations you need to make when deciding on the
use of Ultrafiltration.
When considering the feasibility of ultrafiltration it is important
to remember that factors other than the molecular weight of
the solute affect the passage of molecules through the mem-
branes. There may be concentration polarization caused by
accumulation of solute at the membrane surface which can be
reduced by increasing the shear forces at the membrane surface
either by conventional agitation or by the use of a cross-flow
system (see previous section). Secondly slurry of protein may
accumulate on the membrane surface forming a gel layer, which
is not easily removed by agitation. Forma tion of the gel layer
may be partially controlIed by careful choice of conditions such
as pH. Finally, equipment and energy costs may be considerable
because of the high pressures neces-sary; this also limits the life
of ultrafiltration mem-branes.

Application
There are numerous examples of the use of ultrafil-tration for
the recovery of bio-molecules: viruses, enzymes, antibiotics.
Affinity ultrafiltration is a novel separa-tion process developed
to circumvent difficulties in affinity chromatography. It offers
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high selectivity, yield and concentration, but it is an expensive
batch process and  scale up is difficult.

Reverse Osmosis
Reverse osmosis is a separation process where the solvent
molecules are forced by an applied pressure to flow through a
semi-permeable membrane in the oppo-site direction to that
dictated by osmotic forces, and hence is termed reverse osmosis.
It is used for the concentration of smalIer molecules than is
possible by ultrafiltration. Concentration polarization is again a
problem and must be controlled by increased turbu-lence at the
membrane surface.

Liquid Membranes
Liquid membranes are insoluble liquids (e.g. an or-ganic
solvent) which are selective for a given solute and separate two
other liquid phases. Extraction takes place by the transport of
solute from one liquid to the other.  They are of great interest
in the extraction and purifi-cation of biologicals for the
following reasons:
• Large area for extraction.
• Separation and concentration are achieved in one step.
• Scale-up is relatively easy.

Application
Their use has been reported in the extraction of lactic acid and
citric acid using a supported liquid membrane. Liquid mem-
branes may also be used in cell and enzyme immobilization,
and thus provide the opportunity for combined production
and isolation/extraction in a single unit. The potential use of
liquid membranes has also been described for the production
of alcohol re-duced beer as having little effect on flavour or the
physico-chemical properties of the product.

Drying
The drying of any product (including biological p ducts) is
often the last stage of a manufacturing pr (McCabe et aL, 1984;
Coulson and Ricbardson, 1991). It involves the final removal
of water from. a heat-sensitive material ensuring that there is
minimum loss in viability, activity or nutritional value. Drying is
undertaken because:
a. The cost of transport can be reduced.
b. The material is easier to handle and package.
c. The material can be stored more conveniently in the dry

state.
It is important that as much water as possible is removed
initially by centrifugation or in a filter press to minimize heating
costs in the drying process.
Driers can be classified by the method of heat transfer to the
product and the degree of agitation of the product.
• Contact driers: here the product is contacted with a heated

surface. An example of this type is the drum drier (Figure.
9.8), which may be used for more temperature stable bio-
products. Slurry is run onto a slowly rotating steam heated
drum, evap-oration takes place and the dry product is
removed by a scraper blade in a similar manner as for rotary
vacuum filtration. The solid is in contact with the heating
surface for 6-15 seconds and heat transfer coefficients are

generally between 1 and 2 kW m-2K-1. Vacuum drum driers
can be used to lower the temperature of drying

Figure 9.8: Cross Section of a drum drier
• Spray drier: is most widely used for drying of biological

materials when the starting mate-rial is in the form of a
liquid or paste. The material to be dried does not come into
contact with the heating surfaces, instead, it is atomized into
small droplets through for example a nozzle or by contact
with a rotating disc (Figure 9.9). Droplets then fall into a
spiral stream of hot gas at 1500 to 2500C. The high surface
area:volume ratio of the droplets results in a rapid rate of
evaporation and complete drying in a few seconds, with
drying rate and product size being directly related to droplet
size pro-duced by the atomizer. The evaporative cooling
effect prevents the material from becoming overheated and
damaged. The gas-flow rate must be carefully regulated so
that the gas has the capacity to contain the required moisture
content at the cool-air exhaust temperature (75° to 1000). In
most processes the recovery of very small particles from the
exit gas must be conducted using cyclones or filters. This is
especially important for containment of biologically active
compounds. The jet spray drier is particularly suited to
handling heat sensi-tive materials. Operating at a
temperature of around3500, residence times are
approximately 0.01 seconds because of the very fine
droplets produced in the atomizing nozzle.
Spray driers are the most economical available for handling
large volumes, and it is only at feed rates below 6 kg min -1)
that drum driers become more economic.
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Figure 9.9: Counter-current spray drier
• Freeze drying: It is an important operation in the pro-

duction of many biologicals and pharmaceuticals. The
material is first frozen and then dried by sublimation in a
high vacuum. The great benefit of this technique is that it
does not harm heat sensitive materials. The process is often
termed lyophillization when the solvent being evaporated is
water.

• Fluidized  bed driers: These are used increasingly in the
pharmaceutical industry. Heated air is fed into a cham-ber of
fluidized solids, to which wet material is continu-ously
added and dry material continuously removed. Very high
mass-transfer rates are achieved, giving rapid evaporation
and allowing whole bed to be main-tained in a dry
condition.

Crystallization
Crystallization is an established method used in the initial
recovery of organic acids and amino acids, and more widely
used for final purification of a diverse range of compounds.
In citric acid production, the filtered broth is treated with
Ca(OH)2 so that the relatively insoluble calcium citrate crystals
will be precipitated from solution. Checks are made to ensure
that the Ca(OH)2 has a low magnesium content, since magne-
sium citrate is more soluble and would remain in solution. The
calcium citrate is filtered off and treated with sulphuric acid to
precipitate the calcium as the insoluble sulphate and release the
citric acid. After clarification with active carbon, the aqueous citric
acid is evaporated to the point of crystallization. Crystallization
is also used in the recovery of amino acids; Samejima (1972) has
reviewed methods for glu-tamic acid, lysine and other amino
acids. The recovery  of cephalosporin C as its sodium or
potassium salt by  crystallization has been described by
Wildfeuer (1985).

Whole Broth Processing
The concept of recovering a metabolite directly from an
unfiltered fermentation broth is of considerable interest because
of  its simplicity, the reduction in process stages and the
potential cost savings. It may also be possible to remove the
desired fermentation product continuously from a broth during
fermentation so that inhibitory effects due to product forma-
tion and product degradation can be minimized throughout
the production phase.
A process for adsorp-tion of streptomycin on to a series of
cationic ion-ex-change resin columns was developed directly
from the fermentation broth, which had only been screened to
remove large particles so that the columns would not become
blocked This procedure could only be used as a batch process.
• The harvested broth was first filtered through a vibrating

screen to remove large particles.
• The broth was fed into a continuous series of well mixed

resin columns fitted with screens to retain the resin particles,
plus the adsorbed novobiocin, but allow the streptomycete
filaments plus other small particulate matter to pass
through.

• The first resin column was removed from the extraction line
after a predetermined time and eluted with methanolic
ammonium chloride to recover the novobiocin.

An alternative approach is to remove the metabolite continu-
ously from the broth during the fermentation. Cycloheximide
production by Streptomyces griseus has been shown to be
affected by its own feed back regulation. For such cases to
improve the yield, continuous extraction by dialysis method
was proposed (Figure 9.10). In a dialysis method, methylene
chloride was circulated in a dialysis tubing loop, which passed
through a fermentor. Cycloheximide in the fermentation broth
was extracted into the methylene chloride. The product yield
could be almost doubled by this dialysis solvent extraction
method.

Figure 9.10: Dialysis-extraction Fermentation System
In a resin method, sterile beads of XAD-7, an acrylic resin, as
dispersed beads or beads wrapped in an ultrafiltration mem-
brane, were put in ferementers 48 hours after inocultation.
Some of the cycloheximide formed in the broth is adsorbed by
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the resin. Recovery of antibiotic from the resin is achieved by
solvents or by changing the temperature or pH.
Roffler et aL (1984) reviewed the use of a number of techniques
for the in-situ recovery of fermentation products:
• Vacuum and flash fermentations for the direct recovery of

ethanol from fermentation broths.
• Extractive fermentation (liquid-liquid and_two-phase

aqueous) for the recovery of ethanol, organic acids and
toxin produced by Clostridium tetani.

• Adsorption for the recovery of ethanol and cy-cloheximide.
• Ion-exchange in the extraction of salicylic acid and

antibiotics.
• Dialysis fermentation in the selective recovery of lactic acid,

salicylic acid and cycloheximide.
Hansson et al (1994) have used an expanded adsorption bed for
the recovery of a recombinant protein produced by E. coli
directly  from fermentation broth. The protein was produced in
high yields and > 90% recovery together with concentration
(volume reduction) and removal of cells was achieved on the
expanded bed. Affinity chromatography was used for further
purification, and again an overall yield of > 90% obtained.

Review Questions
1. Identify the major steps in product recovery for a given

product ?
2. Recognize the different purification methods ?
3. Explain the differences between different levels of

purification ?

Notes


