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Abstract

The purpose of this study was to evaluate the capacity of using coupled ultrafiltration—nanofiltration technologies for separa-
tion and purification of benzylpenicillin (BP). More specifically, we verified the efficiency of three ultrafiltration (UF) membranes
(cut-off of 5000, 30,000 and 100,000 Da) to remove impurities that cause stable emulsion during the chemical extraction of the
antibiotic. We also tested the effectiveness of a nanofiltration (NF) membrane (cut-off of 300 Da) to concentrate the benzylpeni-
cillin recovered from permeates and to decrease the osmotic pressure by reducing the ionic charge of the broth. Results have
shown that high recovery (89.0-91.0%) can be obtained in permeate generated by the 30,000 and 100,000 UF membranes, but
slight emulsion will be formed during phase separation. With the 5000 UF membrane, lower recovery is obtained (81.0%) but no
emulsion is produced, leading to a high solvent extraction yield (94.6%). The nanofiltration of 30,000 and 100,000 UF permeates
leads to very high recovery (98.0%), but stable emulsions are formed, reducing the chemical extraction yield (80.0-82.6%). For
the nanofiltration of 5000 UF permeate, excellent recovery of the antibiotic is noted (97.4%) leading to high extraction yield
(92.4%) with no emulsion formed. Diafiltration step should be applied during UF procedure in order to increase the antibiotic
recovery in the generated permeates.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction
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tion and purification technologies of these molecules. operating time. Considering that several antibiotics like
According to Gossele et al. (1989}he purification penicillin are very sensitive to hydrolysis and that filtra-
costs can vary from 20 to 50% of the total produc- tiontime is one of the most critical parameter to control
tion cost. The conventional isolation processes of ben- during separation phase, the NF technology can repre-
zylpenicillin (BP) from fermented broth have been ex- sent a potential alternative. Finally, the NF process can
tensively described in the literaturelérsbach et al.,  increase the purity level of organic molecules retained
1984; Gossele et al., 1989; Nabais and Cardoso, 1995,in the concentrate, by removing a significant charge of
1999, 2000. The important steps are the separation inorganic ionsPeeters etal., 1998; Van der Bruggen et
of mycelial cells, the chemical extraction of the ac- al., 1999. In fact, most of NF membranes are partially
tive molecule, and the purification and crystallization permeable to cationic and anionic elements, reducing
of the antibiotic. The most important concern is at the the concentrate conductivity. This might contribute to
chemical extraction level, where stable emulsions can areduction of osmatic pressure and promote the use of
be frequently formed. These emulsions are generally low operating pressures comparatively to RO technol-
a mixture of protein materials and cannot be elimi- ogy.

nated with conventional techniques of gravitation or
centrifugation Nabais and Cardoso, 1999 his phe-
nomenon leads to contamination of the final product,
low extraction yield, high solvent losses in the ex-
tracted broth and clogging of the pumping or separa-
tion equipmentilabais and Cardoso, 1999, 2000ne

of the most promising solutions regarding the emul-
sion problem is to use the ultrafiltration (UF) technol-
ogy in order to remove emulsying ageniapais and
Cardoso, 1995, 1999, 2000t eliminates the use of

anti-emulsion products or flocculants, and a substan-

tial volume of fermented broth can be filtered. Some

authors have used microfiltration membranes for the

clarification of fermentation broth and cell harvesting
(Hooper etal., 1998; Adikane et al., 1999; Davies etal.,
2000, but their ability to remove protein solids are re-
stricted since their molecular weight cut-offs (MWCO)
are too high to retain most of protein materials. This

The purpose of this study is to demonstrate that UF
and NF technologies can be combined to improve sepa-
ration and purification of BP produced by fermentation.
More specifically, we compared UF membranes with
different molecular weight cut-offs in order to evalu-
ate their removing potential of protein materials and
their impact on the chemical extraction performance.
We also tested a NF membrane to verify its capacity
to recover and concentrate the penicillin from UF per-
meates, to reduce substantially the ionic charge of the
broth and to increase the chemical extraction perfor-
mance by reducing the solvent volume used.

2. Material and methods
2.1. Sample preparation

The fermentation broth used was produced in a pre-

could be problematic since stable emulsion can be vious study, and consisted of fermented cheese whey
formed atthe chemical extraction level. The UF process liquor containing mycelial cells dPenicillium chryso-

can be combined with reverse osmosis (RO) to concen-

trate antibiotic ultrafiltered broths, leading to low losses
of BP in the permeate and a high antibiotic recovery
for high volumetric concentration factorB4tta et al.,
1977; Nabais and Cardoso, 2000

Few studies have proposed the use of nanofiltra-

tion (NF) in order to concentrate antibiotic ultrafiltered

genunmand the BP. The collected broths were filtered on
a filter bag (1Qum porosity) under gravitational con-
ditions, in order to remove a large part of the aggre-
gated mycelium. Filtration was carried out a@since
penicillin is very sensitive to hydrolysis at temperature
higher than 15C (Hersbach et al., 1984; Nabais and
Cardoso, 1999 An acceptable loss of only 0.9% of

broths. This membrane technology can provide many penicillin was measured during this step.

advantages compared to the concentration of organic

molecules by RO. First, the operating pressures used2.2. Filtration unit configuration

are significantly lower in the case of NF, which repre-

sent an economical benefit. Second, the NF membrane A process flow diagram for operating the cross-

porosity is slightly higher than RO membrane, induc-

flow filtration unit is shown inFig. 1L The system in-

ing enhanced permeate flux and hence, reducing thecludes pressure gauges (immediately adjacent to the
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Fig. 1. Process flow diagram for membrane filtration.
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membrane module) on the feed and concentrate lines.USA, 100,000 Da), HFM-100 (LCI-KOCH, USA,
Flat sheet membranes (155%mwere used. All exper- 30,000 Da), HFK-328 (LCI-KOCH, USA, 5000 Da).
iments were run in a batch concentration mode, with The operating pressures applied for each membrane
the concentrate recycled to the feed tank (6 L capac- was 15, 25 and 80 psig, respectively. They were in the
ity) and the permeate collected in another container range used atindustrial scale, whichis from 7 to 70 psig
chilled withice (reducing penicillin degradation), onan (Aptel and Buckley, 1996 The tests were realized at
electronic balance (and Electronic Balance, model EP- constant pressure, consequently the membrane’s foul-
40 kg,£0.5 g). Water at 4C was circulated around the  ing will induce a decrease of permeate flux. The tan-
reservoir and membrane module. The permeate tem-gential cross-flow velocity (CFV) was fixed to 0.50 m/s
perature was maintained between 4 and@2At the for UE-50 and HFM-100 membranes, and to 0.65 m/s
beginning of each run, the system was disinfected with for HFK-328. A higher CFV would have generated a
sodium hypochlorite (300 ppm). The filtration unitwas more elevated pressure on the membrane inducing a
chemically sterilized (without membrane) by recycling rapid fouling and a decrease of the permeation flux.
the chlorinated water during 1 h at room temperature, The inlet and outlet pressures and the permeate flux
after which, the system was rinsed with distilled wa- were recorded at a specific interval. Temperature, pH
ter. The distilled water permeability of each membrane and conductivity were measured in the feed tank, the
used in this study was measured before and after eachconcentrate and the permeate lines. The operating fil-
experiment in the same experimental conditions (tem- tration time for each tested membrane varied from 5.0
perature, operating pressure, cross-flow velocity) that to 6.5 h. The original feeding volumes were 2 or 3 L.
were used for the UF and NF tests. All filtration runs The evolution of antibiotic separation was esti-
were conducted at constant pressure. Hence, the permemated by collecting samples of the concentrate and
ate flux decline was related to fouling problems instead permeate every 500 mL of generated permeate (called

of pressure variation. «instantaneous samples»). These samples were col-
lected immediately after the membrane unitin the con-
2.3. Ultrafiltration tests centrate return pipe and in the permeate exit pipe. Since

these samples are not collected in the feeding or perme-
Three flat sheet organic membranes of different ate tanks, they are used only to follow the BP instanta-
MWCO were selected for this study: UE-50 (TRISEP, neous separation in both fractions at a timBamples
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were also taken in the final volume of permeate and 2.4. Nanofiltration tests

concentrate (called «composite samples») in order to

evaluate the recovery rates of penicillin. Before each ~ The flat sheet organic membrane selected for the
test, a sample of the fermented broth was collected. All NF tests was a NF-270 (Filmtec, 300 Da MWCO). The
Samp|es were stored-a0°C until chemical ana|ysis_ assays were realized in the same conditions used for
Several parameters were calculated in order to evaluateUF tests, except that the operating pressure was fixed
the performance of BP recovery (in the permeate) for at 200 psig. The tangential cross-flow velocity was ad-

each tested membrane. The variables used are definedusted to 0.65m/s. A volume of 1L of each UF per-

as follow:

meate generated previously was used for these tests.

The BP percentage of recovery by mass balance to Each filtration run was conducted until the feed vol-

permeate

Cpermeate>< Vpermeat
Cteed X Vieed

% of recovery= < e) x 100 (1)

The BP percentage of degradation or loss during UF

process
% of degradation
CconcentrateX Vconcentrate
(1= + CpermeateX Vpermeate « 100
Cteed X Vieed
)

The instantaneous BP percentage of permeation% of loss=

through the UF membrane:

, C
% of permeation= <M> x 100 3
concentrate]
The volumetric concentration factdty) at timet
Vieed
City = ——2— @
2 Vconcentrateﬂ

wheret is the time of filtration (min)CpermeateiS the
benzylpenicillin concentration in the generated perme-
ate (g/L);Cieeqis the benzylpenicillin concentration in
the initial feed volume (9/L)CconcentratelS the ben-
zylpenicillin concentration in the generated concen-
trate (g/L);Cconcentratey iS the benzylpenicillin concen-

ume was concentrated up to 200 mL, which represent
the dead volume of the filtration unit. The sampling se-
guence and the permeate/concentrate characterization
were the same as described for UF tests. Parameters
were calculated in order to evaluate the performance
of BP recovery (in concentrate) for each tested mem-
brane. The variables used are defined as follow:

The BP percentage of recovery by mass balance to
concentrate

C Vi
% of recovery= < concentrateX concentrate) « 100

Cteed X Vieed

®)
The BP percentage of loss to permeate
C x V
( permeate permeate) % 100 (6)
Cieed X Vieed

The signification of each variable is the same as de-
scribed previously (Eq¢1) and(2)). The degradation
percentage of BP (according to the mass balance) and
the volumetric concentration factor were established as
described for UF calculations (Eq®) and(4)).

2.5. Chemical extraction procedures

To estimate the UF and NF performances on the sub-
sequent steps of penicillin purification, we proceeded
to conventional chemical extraction with butyl acetate
(Hersbach et al., 1984; Brunner, 1985; Yang et al.,
1994; Nabais and Cardoso, 1995, 1p%rst, the UF
permeates and the NF concentrates were acidified at

tration in the instantaneous concentrate collected in the pH 2.0 with bSOy (6N) to transform the benzylpeni-

return pipe attime(g/L); Cpermeatey iS the benzylpeni-

cillin concentration in the instantaneous permeate col-

lected in the exit pipe at time(g/L); VpermeatelS the
permeate volume obtained (Mjeeqis the initial feed-
ing volume (L); VconcentratelS the concentrate volume
obtained (L)Vconcentratej iS the concentrate volume at
timet.

cillin into penicilloic acid, a form that is more solu-
ble into the solvent (theky value for BP is 2.5). A
volume of 100 mL of acidified broth was mixed with
25 mL of butyl acetate (volumetric ratio of 4:1 as pro-
posed byHersbach et al., 1984and the two phases
system vigorously agitated for 5 minin ice bath. After-
wards separation of phases was achieved by gravity at
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4°C. The two volumes were separated and measured.

The BP concentration was immediately measured in

both phases. To facilitate the interpretation of extrac-

tion yield, four parameters were calculated as follow:
The BP extraction yield in butyl acetate

Csolvent X Vsolvent) % 100 @)

%ofextraction:( a v
ML X VML

The BP percentage of loss into the aqueous phase

s)xlOO

The BP percentage of degradation during extraction

CaqueousX Vaqueou
CmL X VML

% of loss= ( 9)

% of degradation

Csolvent X Vsolvent

+ CagueousX Vaqueous

_ 1 x 100
CmL < VmL
(10)
The solvent loss
% of solvent loss
_ (Vsolventadded— Vsolventobtainet> % 100 (112)
Vsolvent added

whereCggentis the benzylpenicillin concentration in
the solvent (g/L)Cwm is the benzylpenicillin concen-
tration in the mother liquor (extracted liquor) (g/L);
Caqueousis the benzylpenicillin concentration in the
aqueous phase (9/Ysolventis the volume of the sol-
vent (organic phase) obtained (M is the volume
of the original mother liquor (L)Vaqueousis the vol-
ume of aqueous phase obtained WWsivent addeds the
volume of solvent used at the beginning of extraction
(L); Vobtainedis the volume of solvent measured after
separation phase (L).

2.6. Assay of penicillin

Samples were analyzed for BP by HPLC (Waters
Co.) using a Supelco 1g Nucleosil column (Sigma-
Aldrich, 250 mmx 4.6 mm; 5S5um particle size) at
40°C. The injection volume was 30L. The mobile
phase consisted of 80% (v/v) 0.05 M KPIOy, pH 5.5,
and 20% (v/v) acetonitrile (Fisher, HPLC grade). The
flow rate of the mobile phase was 1 mL/min. The eluted
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Fig. 2. Variation of permeate flux for the three UF runs. UE-50 mem-
brane, operating pressure: 15 psig, initial volume: 3L, fiyall5.0
(@), HMF-100 membrane, operating pressure: 25 psig, initial vol-
ume: 2L, finalG;: 10.0 (), HFK-328 membrane, operating pres-
sure: 80 psig, initial volume: 2.1 L, fin&;: 10.5 (J). The first data

at time =0 represents the permeate flux of distilled water.

peaks were detected at 205nm in a UV spectropho-
tometer (Varian, model 9050) and the peak’s area was
determined by the Turbochrom software (V. 6.1.2) from
Waters Co.

3. Results
3.1. Ultrafiltration tests

The results of UF tests are presentedFig. 2
(Tables 1 and 2 The initial BP concentration in the
feed varied from 0.8 to 1.0g/L. The pH and conduc-
tivity values are similar in both concentrate and per-
meate and temperature was slightly higher in permeate
(Table ). Permeate flux with distilled water at the be-
ginning of UF testst(= 0) are fairly high Fig. 2) with
values of 120, 93 and 65 LAth for UE-50, HFM-
100 and HFK-328 membranes, respectively. Signifi-
cant fouling of the membranes are noticed early since
these values decrease rapidly after 30 min of filtration
(31 L/mé/h for UE-50 and HFM-100, 34 L/Ath for
HKF-328), which represent a reduction of 74% (UE-
50), 67% (HFM-100) and 48% (HKF-328) compared
to original permeate flux. However, the flow stabilizes
after 30 min and declines very slowly until the end of
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Table 1

Physico-chemical characterization (average value) of the concentrate and permeate generated for each ultrafiltration run
Ultrafiltration Temperature in  Temperature  pH in the pHinthe Conductivity in Conductivity in  Total filtration
membrane the concentrate inthe concentrate permeate the concentrate the permeate  time (min)
tested (°C) permeateqC) (mS/cm) (mS/cm)

UE-50 membrane 6.0 12.0 6.0 6.0 225 225 390%3.0
HFM-100 membrane 7.0 10.0 6.0 6.0 195 195 300%2.0
HFK-328 membrane 7.6 11.3 5.9 5.9 22.6 22.6 330%42.1

2 |nitial feed volume in litres.

filtration time, indicating possibly a surface blocking crease of BP concentration is observed with volumet-
of the membrane instead of an internal occlusion of the ric concentration of the feed volume. The average BP
pores. Volumetric concentration factors of 10-15 were instantaneous permeation across the membranes was
obtained in the final composite with the three tested 96.0, 95.0 and 85.0% for the UE-50, HFM-100 and
UF membranesTable 9. The instantaneous BP con- HFK-328 membranes, respectively. The BP recover-
centration in the concentrate was almost stable during ies in the UF permeates (final composite) were 91.0,
the filtration runs with the 100,000 UF and 30,000 UF 89.0 and 81.0% for the UE-50, HFM-100 and HFK-
membranes, indicating no significant concentration of 328 membranes, respectivelfaple 9. These results

the molecule. With the 5000 UF membrane, a slightin- would have been probably more enhanced with a neg-

Table 2
Results of the UF tests realized with three membranes of different MWCO
Ce Veoncentrate(L) Cconcentrate(9/L) Vpermeate(L) Cpermeate(9/L) % of permeation % of recovery % of degradation
(a) UE-50 membrane; MWCO of 100,000 Da; initial feed volume: 3L

1.0 3.0 1.00* 0.0 - -

1.2 25 1.00 0.5 0.94 94.0

15 2.0 1.00 1.0 0.97 97.0

2.0 15 1.00 15 0.99 99.0

3.0 1.0 0.99 2.0 0.94 95.0
Final composite

150 0.2 0.99* 2.8 0.97* - 91.0 3.0
(b) HFM-100 membrane; MWCO of 30,000 Da; initial feed volume: 2 L

1.0 2.0 0.80* 0.0 - -

1.3 1.5 0.80 0.5 0.77 96.0

2.0 1.0 0.80 1.0 0.73 91.0

4.0 0.5 0.82 15 0.80 98.0
Final composite

100 0.2 0.82* 1.8 0.79* - 89.0 1.0
(c) Membrane HFK-328; MWCO of 5000 Da,; initial feed volume: 2.1 L

1.0 2.1 1.00* 0.0 - -

1.3 1.6 1.00 0.5 0.87 87.0

1.9 1.1 1.05 1.0 0.90 86.0

3.5 0.6 1.11 15 0.90 81.0

Final composite
105 0.2 1.05* 1.9 0.90* - 81.0 9.0

Benzylpenicillin concentration at the beginning and at the end of filtration was measured on composite samples (*), whereas during the
filtration period, it was measured on instantaneous samp{egolumetric concentration factoVconcentrate CONcentrate volumeSoncentrate BP
concentration in the concentratermeate Volume of the permeat€permeate BP concentration in the permeate; % of permeation: instantaneous
percentage of BP moving through the membrane; % of recovery: percentage of BP concentration recovered in the permeate; % of degradation
percentage of BP degradation during UF test.
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Table 3

Physico-chemical characterization (average value) of the concentrate and permeate generated for each nanofiltration run

Nanofiltration test Temperature in Temperature in pH in the pHinthe Conductivityin Conductivity in  Total filtration
the concentrate the permeate  concentrate permeate the concentrafe the permeafe  time (min)
(°C) (°C) (mS/cm) (mS/cm)

Permeate of UE-50 .8 6.0 6.0 6.0 22.9/28.5 16.4/22.0 210

Permeate of HFM-100 1Q 100 6.0 6.0 20.6/25.2 15.8/20.0 115

Permeate of HFK-328 1Q 100 6.0 6.0 22.4/26.1 19.6/24.8 80

@ Conductivity at the beginning/at the end of filtration.

ligible dead volume or a higher feed volume. The per- ing these experiments were very lovaple 4. We ob-
centages of penicillin degradation are low except the served thatconductivity increased in both fractions dur-

one observed with HFK-328 membrane (9.0%). ing the nandfiltrationTable 3, indicating that partial
separation of ions occurred. Therefore, the NF mem-
3.2. Nanofiltration tests brane used can provide an additional purification in

terms of ionic element separation, and reduces the os-
The pH values were stable in both permeate and motic pressure of the feed volume. The initial penicillin
concentrate {able 3. The temperature was higher in ~ concentration varied from 0.79 to 0.93 g/Taple 3.
the concentrate but it did not affect the stability of the ~ The average permeate flux with distilled water (at
molecule since the degradation percentages of BP dur-the beginning of filtration) was 64.9 LAth for the

Table 4
Results of the NF tests realized with the NF-270 membrane (FILMTEC)
Cs Veoncentrate(L) Ceoncentrate(9/L) Vpermeate(L) Cpermeate(d/L) % of loss % of recovery % of degradation
(a) UF permeate generated by UE-50 membrane

1.0 1.00 0.93* 0.00 -

13 0.75 1.10 0.25 .004

2.0 0.50 1.84 0.50 015

2.9 0.35 2.25 0.65 032
Final composite

5.0 0.20 4.55* 0.80 @09 0.8 98.0 1.2
(b) UF permeate generated by HFM-100 membrane

1.0 1.00 0.79* 0.00 -

1.3 0.75 0.98 0.25 <001

2.0 0.50 1.56 0.50 <001

2.9 0.35 2.20 0.65 .020
Final composite

5.0 0.20 3.87* 0.80 @03* 0.3 98.0 1.7
(c) UF permeate generated by HFK-328 membrane

1.0 1.00 0.84* 0.00 -

13 0.75 1.07 0.25 .004

2.0 0.50 1.63 0.50 010

2.9 0.35 2.03 0.65 037

Final composite
5.0 0.20 4.09* 0.80 o11* 1.0 97.4 1.6

Benzylpenicillin concentration at the beginning and at the end of filtration was measured on composite samples (*), whereas during the
filtration period, it was measured on instantaneous samplegolumetric concentration facto¥¢oncentrate cONcentrate volumeSconcentrate BP
concentration in the concentralfsermeate volume of the permeat€permeate BP concentration in the permeate; % of loss: percentage of BP loss

in the permeate; % of recovery: percentage of BP concentration recovered in the concentrate; % of degradation: percentage of BP degradation
during NF test.
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70 charged permeate according to weak molecule’s sepa-
ration, hence inducing lower NF permeate flow. Also
. 60 these declines are related to the osmotic pressure of the
5 UF permeates used.
g 50 -] Volumetric concentration factor of 5 was obtained
e for the three UF permeates tested (which represents
E 404 the highesC; that could be reached according to the
g dead volume of the system and the initial feed volume
E 30 used). The instantaneous BP concentration in the con-
& centrate increases with the volumetric concentration of
20 the feed volume. The penicillin recovery in the NF con-
centrates (final composite) was 98.0% for the UE-50
10 —_— and HFM-100 permeates, and 97.4% for the HFK-328
0 30 60 90 120 150 180 210 permeate Table 4. The antibiotic permeation across

the NF membrane is very restricted since the percent-
ages of loss were1.0% for all UF membrane tested
Fig. 3. Variation of permeate flux for the three NF runs. Perme- (Table 4.

ate generated by the UE-50 membra®9, (by the HMF-100 mem-

brane (), and by the HFK-328 membran@l). Operating pressure: 3.3, Chemical extraction of benzylpenicillin
200 psig, initial volume: 1L, finaCs: 5.0. The first data at time =0

represents the permeate flux of distilled water. The results of chemical extraction are presented
in Table 5 A small emulsion was formed during the
three NF tests conducted. After 30 min of operation, two-phase separation with the UE-50 and HFM-100
the flows rapidly decreased down to 22.5, 37.9 and permeates, leading to a noticeable degradation of BP
45.4 L/nt/h for UE-50, HFM-100 and HFK-328 per-  (>6.0%). The extraction yields measured for both per-
meates respectively, indicating a significant fouling of meate were 91.0 and 88.5%, respectively, which are
the NF membraneHig. 3). After that, the decrease is acceptable. Excellent separation was achieved with the
slower and more gradual. The flux reduction can be HFK-328 permeate with no emulsion produced and a
caused by the concentration polarization, by the for- very low BP degradation. Therefore, the highest ex-
mation of a cake layer on the membrane surface or by traction yield was obtained with this broth (94.6%).
the internal occlusion of the pores. The drop of NF The loss of BP in aqueous phase and the loss of added
permeate flux is clearly related to the MWCO of the solvent were lower than 5.0% for the three extrac-
UF membranes used, higher cut-off producing a more tion experiments. Regarding the extraction yield ob-

Time (min)

Table 5

Results of the benzylpenicillin chemical extraction from the UF permeates and NF concentrates

Filtration % of extraction % ofloss % of degradation % of solventloss  Emulsion

Ultrafiltration: UE-50, 100,000 Da 91.0 2.7 6.3 2.0 Light: 1.0% (v/v) (excellent
separation)

Ultrafiltration: HFM-10,030,000 Da 88.5 4.8 6.7 4.0 Light: 0.4% (v/v) (excellent
separation)

Ultrafiltration: HFK-328, 5000 Da 94.6 3.6 1.8 4.0 None (excellent separation)

Nanofiltration of UE-50 permeate 80.0 45 155 24.0 High: 12.0% (v/v) (weak
separation)

Nanofiltration of HFM-100 permeate  82.6 3.9 135 12.0 High: 5.0% (v/v) (weak
separation)

Nanofiltration of HFK-328 permeate  92.4 3.3 4.3 4.0 None (excellent separation)

% of extraction: percentage of BP extraction in butyl acetate; % of loss: percentage of BP loss in the aqueous phase; % of degradation: percentag

of BP degradation during the chemical extraction.
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Table 6

Comparison of the process global yield between solvent extraction
of benzylpenicillin from UF permeates and from NF concentrates

which can be minimized by working with low oper-
ating pressure (or low permeate flux). The UF results
show a rapid decrease of permeate flow at the begin-

UF membranes Yur (%) YnF (%) ning, but the flux stabilizes and declines very slowly
UE-50, 100,000 Da 82.8 71.3 until the end of the filtration run. As suspected, dis-
HFM-100, 30,000 Da 78.8 72.0 solved and particulate matters were rapidly deposited
HFK-328, 5000 Da 76.6 73.0

on the membrane surface, but the permeate flow was
related to the MWCO of the UF membrane. We com-
pared our results with those obtained Rgbais and
Cardoso (1999in their study of BP purification with
tubular UF membranes characterized by MWCO of
tained with the NF concentrates, bad separation was 8000 and 20,000 Da. They measured a permeate flux
noted with nanofiltered UE-50 and HFM-100 perme- of 24.8 and 28.8 L/r/h for both membranes respec-
ates. A sizeable emulsion is formed in both cases, lead-tively, with a final C; of 2.5. Using the 5000 and
ing to important degradation of the antibiotic (>13.0%) 30,000 UF membranes, we obtained a flux of 19 and
and a significant loss of added solvent (>12.0%). This 22 L/m?/h respectively, resulting in & four to six
phenomenon is due to the concentration of emulsying time higher. Also, they used an operating pressure of
agents in the concentrate. Consequently, the extraction145 psig (10 bars) compared to 25 and 80 psig in our ex-
yields are weak (80.0-82.6%). For the concentrate of periment, which lead to areduction of energy costs. The
nanofiltered HFK-328 permeate, excellent separation filtration unit is adequate to maintain stable physico-
was achieved with no emulsion formed and a high ex- chemical conditions promoting low penicillin degrada-

Yur: global yield of BP recovery from UF permeate and chemical
extraction;Yne: global yield of BP recovery from UF permeate, NF
concentrate and chemical extraction.

traction yield of 92.4%. Globally, the loss of BP into

tion. However, significant loss or degradation was ob-

aqueous phase is nota serious concernsince losses wergerved with the HKF-328 membrane (MWCO of 5000

less than 5.0%. According to the results, the volumet-
ric proportion of butyl acetate—filtered broth (1:4) was
adequate.

Taking into consideration the global yields obtained
using UF permeates followed by direct solvent extrac-
tion (Yyg), we found that these values (76.6—-82.8%;
Table § were always better than the global yields ob-

Da). Considering that temperature was always kept un-
der 12°C and that pH remained stable during filtration

run, we can assume that a part of BP was retained
in the concentrate instead of being degraded. Only
85.0% of BP moves instantaneously across the mem-
brane, which might confirm that a significant amount

of penicillin is entrapped in the concentrate compared

tained when NF was used as an intermediate step be-to the other UF membrane tested. The low porosity

tween UF and solvent extractioryyg) (71.3—73%;
Table §. However, the variation between thégr
and Ynr values is increasing with an elevation of the
MWCO of the UF membranes used.

4. Discussion

The results of this study show that coupled UF/NF

of HFK-328 probably increases the entrapment phe-
nomenon. The BP recovery in UF permeates (based
on the mass balance) is acceptable considering that
feed volumes were concentrated 10-15 times. Nev-
ertheless, in terms of separation, results are less ade-
guate. Generally, yield recovery superior to 90.0% must
be obtained for efficient and profitable purification
process.

In order to increase the recovery efficiency, the use

technologies can be efficiently used for the separation of diafiltration combined with UF runs can represent a

and the purification of BP produced by fermentation.
High extraction yields can be obtained with a good
selection of membranes. Also, membrane filtration al-

potential alternativeNabais and Cardoso (1928)own
that diafiltration of concentrates with several volumes
of distilled water can improve the removal of residual

lows the treatment of great volumes that can be applied penicillin. In our case, since we concentrated the feed

at pilot scale and probably at industrial level. The most
important problem encountered during membrane fil-
tration is the fouling phenomenoikg et al., 1993,

volumes up to 10-15, adding one or two diafiltration
volumes to the concentrate would conduct most likely
to a significant increase of yield recovery in the perme-
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ate (for the three tested membranes). The added water5000 UF permeate (95.0%). Since no emulsion was
could be eventually removed with the nanofiltration developed, very low degradation is observed. Similar
process (next step). result was presented byabais and Cardoso (1999)
The nanofiltration technology is very efficientto ac- where 98.0% of BP was extracted with butyl acetate
cumulate penicillin in the generated concentrate. As from the permeate generated by an 8000 UF tubular
seen by the high recovery yields (97.0-98.0%) for the membrane.
three UF permeate tested. The low percentages of loss To evaluate the capacity to increase yield extrac-
and degradation demonstrate that NF filtration unit is tion and reduce the purification costs, we verified the
suitable for the concentration of ultrafiltered penicillin.  efficiency of NF to concentrate the penicillin recov-
We were only able to concentrate the feeding volume ered in the UF permeate. According to our results, it
up to aCs value of five, because of the low initial feed is clear that both 30,000 and 100,000 UF membranes
volume used and the dead volume of the system. Bet- cannot reduce sufficiently the emulsying matters in
ter results can be anticipated with a high initial feed the filtered broths, since high level of emulsion and
volume since the permeate flux was still significant at penicillin degradation were observed after a five time
the end of the filtration time with the three permeates concentration of the feeding volume. It might also ex-
tested Fig. 3). Good results can also be obtained with plain the moderate global yield¥yr) obtained with
the reverse osmosis technolodyapais and Cardoso, both membranes. The high solvent losses have con-
2000, but it implies the use of high operating pres- tributed to reduce the global yields. Nevertheless, NF
sures compared to nanofiltration. Hence, NF representscan be conducted with the 5000 UF permeate without
a more profitable alternative for the concentration and concerns about emulsion development and giving high
purification of antibiotics. Also, this technology canre- penicillin extraction (92.4%). The 5000 MWCO is able
move an important ionic charge (reducing the osmotic to eliminate any residual emulsying agents, making it
pressure), which is not negligible. The permeate gen- the most appropriate choice for the separation and pu-
erated at this level can be used for diafiltration step rification of BP produced by fermentation. The use of
(UF), improving the process economy by reducing the this membrane also reduces the fouling problem and
volumes of distilled water and also by increasing the the loss of permeate flux during the NF step. However,
global yield. diafiltration step must be combined to the UF run in
The NF membrane fouling is related to the MWCO order to increase the global yield\g). The selected
of UF membranes utilized at the previous step. Un- NF membrane represents a relevant option to RO tech-
der our experimental conditions (constant pressure), it nology with a significant potential to concentrate ac-
takes 2.5 less time to nanofiltrate the 5000 UF perme- tive biomolecules. Globally the coupling of HFK-328
ate, which is characterized by low molecular weight and NF-270 membranes is the best alternative to im-
material, compared to the 100,000 UF permeate. The prove the separation, purification and concentration of
low molecular charge reduces significantly the con- BP. Considering thatlow operating pressure is required
centration polarization and the cake layer formed on and that decrease of osmotic pressure (due to partial
the membrane, and hence promotes a better permeateseparation of ions) induces a stable permeation, cost
flux. In fact, the MWCO of UF membranes do not af- energy can be saved compared to RO technology. In
fect the BP concentration, but it plays an important order to scaling up this technology to industrial level,
role in the reduction of the fouling problems at NF more experiments have to be conducted on diafiltration
stage. procedure at the UF level. The global yield obtained
The results of chemical extraction showed that UF with both membranes combination and the chemical
is adequate for the removal of substances that causeextraction is not enough high to compete with actual
the formation of stable emulsions. However, emulsion technologies. However, this can be balanced by a cost
was not completely eliminated with the 30,000 and diminution associated with the reduction of solvent
100,000 UF membranes, which might explain the sig- used for extraction. Since the NF procedure is able to
nificant degradation of penicillin (>6.0%) during ex- concentrate at least five times the initial volume, the
traction. The antibiotic is probably trapped inthe newly volumetric ratio of NF concentrate to solvent can be
formed emulsion. A better yield was achieved with the maximized.
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