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Antibiotics using an Eco-friendly
Sophorolipids Biosurfactant

Sing Chuong Chuol, Norfahana Abd-Talibl, Siti Hamidah Mohd-Setaparl/2/3 Hashim Hassanl,
Hasmida Mohd Nasir2 Akil AhmadZ24 David Lokhat4&GhuIam Md. Ashraf

Reverse micelles extraction of erythromycin and amoxicillin were carried out using the novel
Sophorolipids biosurfactant. By replacing commonly used chemical surfactants with biosurfactant,
reverse micelle extraction can be further improved in terms of environmental friendliness and
sustainability. A central composite experimental design was used to investigate the effects of solution
pH, KCI concentration, and sophorolipids concentration on the reverse micelle extraction of antibiotics.
The most significant factor identified during the reverse micelle extraction of both antibiotics is the

pH of aqueous solutions. Best forward extraction performance for erythromycin was found at feed
phase pH of approximately 8.0 with low KCI and sophorolipids concentrations. Optimum recovery of
erythromycin was obtained at stripping phase pH around 10.0 and with low KCI concentration. On the
other hand, best forward extraction performance for amoxicillin was found at feed phase pH around 3.5
with low KCI concentration and high sophorolipids concentration. Optimum recovery of erythromycin
was obtained at stripping phase pH around 6.0 with low KCI concentration. Both erythromycin and
amoxicillin were found to be very sensitive toaqueous phase pH and can be easily degraded outside of
their stable pH ranges.

Interest on antibiotics production had been growing since the introduction of germ theory of disease in the
late 18thcentury. In the year 2005, trade of antibiotics had reached 25 billion USDY indicating that there is high
demand of antibiotics in the world market. A large portion of antibiotics production cost comes from down-
stream processm? due to the large volume buf low antibiotics concentration product streams from the broth2
Filtration, solvent extraction, and crystallization are the classical steps for treating antibiotics product streams
from broth3 However, the conventional liquid-liquid extraction method is often criticized for lack of options
for solvents, Most solvents tested exhibited undesirable toxic pro,oertles or high solubility in water, making them
unsuitable for extraction of antibiotics4. Butyl acetate is commonly used for liquid-liquid extraction of antibiotics
but its high boiling point causes subsequent processing steps td be more expensives. Another difficulty faced
during conventional liquid-liquid extraction of antibiotics is the formation of a stable emulsion that significantly
prolongs the extraction time and leads to possible degradation of antibiotics6.

Recently, an innovative liquid-liquid extraction method utilizing reversed micelles formed by surfactants had
been studied for separation of proteins from aqueous solutions. The advantages of reverse micelle extraction
include high selectivity, mild thermal operating conditions, low energy consumption, potential for Iar?e scale
oPe[atlon, and potential for continuous operation78 This extraction method had been tested for the extraction
of different bio-molecules such as p-glucosidased chitosanases 1] laccase 1L I|Pase]2 nattokinase13 penicillin G4
and pollyphenoltozj(agzi?eﬁ Modifications on the method such as using two surfactants to form the reverse micelles
were also reported 517

Chemlcarf surfactants such as his(2-ethylhexyl) sodium sulfosuccinate (AQT), sodium dodecyl sulfate (SDS),
and cetylmethylammonium bromide (CTAB) were always chosen by researchers to form their teverse micellar
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Term Coefficient P-value
Constant —6.13802 0.000
Feed phase pH 2.00568 0.000
KCl concentration —0.01603 0.088
Sophorolipids concentration —0.56852 0433
Feed phase pH x Feed phase pH —0.13529 0.005
Feed phase pH x KClI concentration 0.00127 0151

KCl concentration x Sophorolipids
concentration P P 0.00695 0.118

Table 1. Estimated regression coefficients for forward extraction oferythromycin.

Term Coefficient P-value
Constant —0.93786 0.000
Feed phase pH 1.31292 0.000
KCl concentration 0.01956 0.702
Sophorolipids concentration —2.98886 0.013
Feed phase pH x Feed phase pH —0.06319 0.253
Sophorolipids o

concentration x Sophorolipids 217911 0123
concentration

Feed phase pH x KCl concentration —0.00400 0.019

Table 2. Estimated regression coefficients for forward extraction of amoxicillin.

systems. On the other hand, biosurfactants were rareIY_ investigated for the reverse micelle extraction of protein.
In 2012, Peng et al. 2 studied the potential of rhamnolipids bidsurfactant to extract laccase produced by C. ver-
sicolor. Replacement of chemical surfactants with biosurfactant makes the operation to be more environmental
friendly18 Besides that, the consumption of surfactan can be significantly reduced when using biosurfactant
for reverse micelle extraction. However, studies regarding the potential use ofbiosurfactants forTeverse micelle
extraction of antibiotics have not yet been reported: , _ _

Besides rhamnolipids, sophorolipids are also one ofthe biosurfactants that is easy to obtain, They are pro-
duced from non-pathogenic yeast Candida hombicolald-2L They can be in lactonic form or acidic form and are
usually produced as amixturé ofboth. Sopharolipids are reportéd to be comparable or even better than chemical
surfactants22 Therefore, they have the potential to be used as a sustainable and environmental friendly alternative
for chemical surfactants. o o , o

In the present study, sophorolipids was used for the first time to form reverse micelles to extract antibiotics.
Two commonl%/_us_ed antibiotics, erythromycin and amoxicillin, were chosen for the reverse micelle extractign.
These two antibiotics are categorized in different antibiotic classes. They each possess their own characteristics
and their behaviors during reverse micelle extraction are ofinterest. The main purpose ofthis study was to inves-
tigate the Potentlal ofsop o_rollinds as an alternative to chemical surfactants in reverse micelle extraction. This
was done hro_uglh mvestl(‘{atmg he effects of aqueous phase pH, ionic strength, and surfactant concentration on
the reverse micélle extraction ofantibiotics. Some insight on'the optimum régions for the reverse micelle extrac-
tion was also provided.

Result and Discussion ) ) o ) )
Forward Extraction. In 0rderto obtain models that can relate residual antibiotics concentration with the
three manjpulated variables, a full quadratic model was used as the starting model. Then, non-significant terms
were eliminated based on ANOVA testing until the highest values ofadgu,sted R2were obtained. The significance
level for the analysis is 0.05. In this way, a final reduced model was obtained for each set ofexperiment design.
The terms included in the final reduced models and their estlmated_regiresswn coefficient for forward extraction
oferythromycin and amoxicillin are Plven in Tables Land 2, respectively. The p-values for each term included in
the models are also shown. Box-Cox fransformation with alambda value of—4 was applied during the analysis of
experimental data for erYthrom){cm. The lack of fit for both models is not significant. = _

The experimental data reveals that aqueous hase pH Is the most important factor during forward extraction
ofboth antibiotics. This indicates that electrostatic interactions between antibiotics molecules and s%phorohp-
ids head groups are the main driving forces during the forward extraction, Although the effects of KCI salt and
sophorolipids were not as significant'as pH ofsolution, they were also essential to endble the forward extraction of
erythromycin and amoxicillin, Without either ofthem, insignificant amount of antibiotics can be transferred into
the isooctane organic phase. Figures 1,2 and 3 show the contour plots for the forward extraction oferxthromycm
and amoxicillin. Each contour plot had a manipulated variable held at its middle value to investigate the effects of
other two manipulated variables on the forward extraction of antibiotics.
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Figure 1. Contour plots of(ag er)(th_romycin and (b) amoxicillin remained in aqueous solution (g/L) after
forward extraction versus feed solution jH, KCI concentration.

Effects of Aqueous Solution pH_and lonic Strength (KCl) on the Forward Extraction of
Erythromycin and Amoxicillin.  The forward extraction of erythromycin was highest when pH of feed
soﬁmon was near 8.0 and deceased when the pH was increased from 8.5t 10.0 as shown in Figs 1and 2.
Errthromﬁcm were reported to be most stable between pH 7.0 and 9.05 Erythromycin will be degraded when
solution pH becomes lessthan 6.0 or higher than 10.0324 In this study, optimum extraction oferythromycin was
found located at feed solution pH between 7.27 and8.5 where erythramycin is most stable..

Besides being stable, erythrom%/cm also has anet positive charge when pH offeed solution iskept below 8.65
This allows strong attractive electrostatic interactions to occur between erythromycin and sophorolipids head
groups thus more erythromygin can be extracted. Erythromycin changed predommantlly to its non-polar form
when the pH ofthe feed soldtion was increased to above 8.6.This caused the attractive electrostatic interactions
to decrease and led to reduction of erythromycin been extracted at feed solution pH 9.0 and 10.0. Likewise, for-
ward extraction otamoxmlllmwasmqhestw en pH of feed solution is less than 4.0 and it deceased when FH' of
feed solution was increased from 4.070 6.7 as shown in Figs, 1.and 2, This is because when pH of feed sofution
is lower than isoelectric point of amoxicillin (pl = 4.7), amoxicillin will have net positive charge and contributes
to stronger attractive electrostatic interactions between amoxicillin and sophorolipids head group. At solution
?H higherthan 4.7, amoxicillin will have net negative charge and the electrostatic interactions become repulsive
orcesthus reducing the forward extraction of amoxicillin. GeneraII%{, solution pH is adg_usted so that the mol-
ecules have oPposne charge as the surfactant used to ensure extraction occurs, _The_oF imum pH for forward
extraction of lipase using AQT reverse micellar system was found to be at 6.5, which is lower than pl oflipase at
8.212 Extraction of p-glucosidase using mixed reversed micelle system showed optimum forward extraction ({JJH
slightly lower that p19 Similar trends weye also reﬁorted during the reverse micelle extraction of penicillin G4
This indicates that electrostatic interactions are the most important forces during forward extraction, Similar
trends were also reported during the reverse micelle extraction ofpenicillin G2 lipase12 and p-glucosidased

Figure Lshows a complex trénd from the combined effects of feed solution pH and KCl concentration on the
forward extraction of amoxicillin. Investigation on the interactions between variables isimportant to understand
the behavior ofthe extraction system in detail, This can avoid the Situations where the benefits ofvar%;mg avaria-
hle are offset due to its inherentnteractions with other variables. The effects ofthese interactions can be identified
easily with design of experiment and statistical analysis. Figure 2 shows that at pH lower than 4.5, extraction of
amoxicillin was reduced when KCl concentration was increased. On the other hand, extraction ofamoxicillin was
enhanced when KCI concentration was increased at pH higher than 5.0. This observation was probably caused
by the shielding effects of KCI salt. When solution pH is higher than 4.7, the resulting electrostatic interactions
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Figure 2. Contourplots of(ag erYth_romycin and (b)llamoxicillin remained in aqueous solution (g/L) after
forward extraction versus feed solution pH, sophorolipids concentration.

between amoxicillin and sophorolipids were reBuIswe. Therefore, higher amount of KCI helped to shield the
repulsive forces and allowed more amoxicillin to be extracted. However, high concentration of KCI causes reverse
effects when solution pH is lower than 4,7 because the attractive forces between amoxicillin and sophorolipids are
shielded. For extraction of erythromycin, the optimum region was observed at solution pH lower than 8.5 and
KCl concentration lower than 60 mM. No complex trend was found suggesting that erythromycin and amoxicillin
have different ways to interact with the sophorolipids reverse micelles.

Effects ofAqueous Solution pH and Sophorolipids Concentration onthe Forward Extraction of
Erythromycin and Amoxicillin. . F|gure25howtﬁatvary|ng S0 h0r0|IPIdS concentration did not have sig-
mﬁlcant effects on the forward extraction ofer thromyc_m as Iong aspH of solution was kept below 85. Increasinig
sophorolipids concentration from 0.15 to 0.84¢/L only increased erythromycin extraction sllqhtly. Sophorolipids
concentration between 0.6 and 0.8 g/L favoréd the forward extraction df amoxicillin in_ all feed solutign PH
investigated. Increasing the concentration of sophorolipids increased the number of functional reverse micelles
and led'to better forward extraction of antibiotics, However, forward extraction of amoxicillin decreased when
,sophor,ohPlds concentration was further increased to above 0.8 g/L. This was due to the micellar clustering/ and
intermicellar collisionsILthat occur at high surfactant concentration. Some researchers reported that increasing
surfactant concentration will no longer enhance forward extraction when certain surfactant concentrations were
reached and the amount of impurities extracted were increased instead2728, This observation sugagests that high
concentration of surfactant should be avoided during reverse micelle extraction. No complex trend was observed
from F|g|._ 2 but the different shape of contour plots indjcate that erythromycin was more easily encapsulated in
sophoralipids reverse micelles as compared to amoxicillin,

Effects of lonic Strength (KCI) and Sophorolipids Concentration on the Forward Extraction of
Erythromycin and Amoxicillin.  11e combined effects of KCI concentration and sophorolipids concentra-
tion on forward extraction ofergthromycm were complex as shown in Fig. 3. More erythromycin was extracted at
KCl concentration lower than 75mM and sophorolipids concentration lower than 0.6g/L or at KCl concentration
hl?h_erthan 100mM and sophorolipids concentration higher than 0.7 g/L. This can bé related to the roles of KCI
salt in forming functional reverse micelles for the extraction process. KCI helps to shield the repulsive forces
between surfactant head groups so that the surfactant molecules can come closer together to form stable and
functjonal reverse micelles. The experiment showed that low concentration of KCI was sufficient to form func-
tional reverse micelles when low sophorolipids concentration was used. Higher concentration of KCl was needed
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Figure 3. Contourplots of@ erythromY_cin and (b) amoxicillin remained in agueous solution (g/L) after
forward extraction versus KCI concentration, sophorolipids concentration.

when high concentration of sophorolipids was used. The presence of functional sophorolipids reverse micelles
determined the forward extraction of erythromycin. On the other hand, sophorolipids concentration between
0.6and 0.8 ?/L favored the forward extraction of amoxicillin for all KCl concentration tested. The observations
showed that structures ofboth antibiotics had their impacts on the formation of sophorolipids reverse micelles.

Backward Extraction. Backward extraction is generally considered as more difficult than forward extrac-
tion because the bonds formed within reverse micelles need to be broken such that solutes can be recovered. The
solutes can also be salted out by reducmg the size ofreverse micelles byt doing this may cause irreversible dama?e
to the solutes. Sometimes a second salf'or co-solvent such as alcohols is added during backward extraction fo
increase the recovery of solutesu. The analysis procedures used in the forward extraction were applied also for the
backward extraction experimental data exceptthat the Box-Cox transformation was not reguned. Afinal reduced
model was obtained for each set ofexperiment design. The terms included in the final reduced model and their
estimated regression coefficients for backward extraction oferythromycin and amoxicillin were given in Tables 3
and 4. The lack offit for both models is not significant, _ o

The pH ofthe stripping solution is the most significant factor for backward extraction of_e{?/thromycm while
sophorolipids concentration is the most significant factor for backward extraction of amoxicillin. The effects of
soP_horoI|p|ds concentration were also found to be statistically significant during forward extraction of amoxi-
cillin, These observations suggested that hoth antibiotics have difterent interactions with sophorolipids reverse
micelles. Figures 4,5 and 6 show the contour plots for the backward extraction of erythromycin and amoxicil-
lin. Each contour Blot had amanipulated variable held at its middle value to investigate the éffects of other two
manipulated variables on the backward extraction of antibiotics.

Effects of Aueous Solution pH _and lonic Strength (KCI) on the Backward Extraction of
Erythromycin and Amoxicillin. ~ Figure 4 shows that maximum recovery oferk/thromy_clr]v_vas obtained
when pH ofaqueous solution was near 100 regardless of KCI concentration. Sirice erythromycin is in non-Po]ar
form when solution pH_is hl({}herthan 8.6, the electrostatic interactions between erxthrom cin and sophorolipids
head ﬁroup are weaker. This feads to the release ofethhromy,cm into the aquequs phase. This observation showed
that the main attractive forces that encapsulate erythromycin inside sophorolipids reverse micelles are the elec-
trostati interactions. In abackward extraction study oftannase and lipase, maximum recovery was also obtained
at solution pH where electrostatic interactions were the minimum?27. However, when backward extraction was
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Term Coefficient P-value
Constant 7.70088 0.000
Stripping phase pH -1.69015 0.000
KCl concentration —0.57829E-05 0.709
Sophorolipids concentration -0.98445 0175
Stripping phase pH x Strippin

pha?eppﬁp p ppIng 0.10671 0.000
Stripping phase pH x Sophorolipids

conggntgai)ion P P P 0.11938 0173

Table 3. Estimated regression coefficients for backward extraction oferythromycin.

Term Coefficient P-value
Constant 0.40510 0.000
Stripping phase pH 0.08486 0.606
KCl concentration 0.00036 0.149
Sophorolipids concentration —1.61076 0.004
Srtlralgepbnlg phase pH x Stripping —0.00761 0525
KCl concentration x KCI _371412E-06 0,440

concentration

Sophorolipids o
concentration x Sophorolipids 1.39672 0.000
concentration

Table 4. Estimated regression coefficients for backward extraction of amoxicillin.

45 50 55 60 65 70 75

Figure4. Contour plots of (a) erythromycin and (b) amoxicillin recovered in agueous solution (g/L) after
backward extraction versus stripping solution pH, KCl concentration.
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Figure 5. Contour plots of (a) erythromycin and (b) amoxicillin recovered in agueous solution (g/L) after
backward extraction versus stripping solution pH, sophorolipids concentration.

conducted at solution pH = 10.7, very low concentration oferythromycin could be detected in the agueous solu-
tion due to most ofthem heen degraded at extreme pH, conditions. . _
Fqure 4 shows that an optimum region for amoxicillin recovery existed at solution pH 4.5-6.5 and KCI ¢on-
centration lower that 100mM. When the pH of aqueous solution was near or above 4.7, the attractive interactions
between amoxicillin and sophorolipids reverse micelles became weaker because they_both had the same surface
charges. This phenomenon contributed to the release of amoxicillin from sophorolipids reverse micelles into
the aqueous solutions. Amoxicillin recovery decreased when pH of solution was increased to above 7.0. White
precipitates were observed at alkaline conditions, which suggested that amoxicillin had denatured. Qur previous
study also reported similar observations2. Amoxicillin was réported to be most stable when pH of solution |ske§lt
near'6.03)and degradation of amoxicillin starts to occur at a faster rate when the solution pH ishigher than 7.0
Both antibiotics Showed their sensitivity towards pH change. Therefore, solution pH must be adjusted carefully
to avoid degradation of antibiotics. _ . o _
Figure 4 also shows that the recovery of erythromycin and amoxicillin was maximized at KCI concentration
as low as 20mM. Reduction of both anfibiotics recovery with mcreasm? KCl concentration was displayed. The
observations were most probahly caused by the shielding effects of KCl salt around SOﬁhOfOJIpIdS reverse micelles.
|t was also possible that antibidtics were deformed whien been salted out from sophorolipids reverse micelles.
Reduction ofprotein recovery athigh salt concentration during backward extraction was also reported in other
studies228 No complex trend was observed in Fig. 4.

Effects of Aqueous Solution pH and Sophorolipids Concentration on the Backward Extraction
of Erythromycin and Amoxicillin. quureSShows that maximum recovery of erythromycin occurred at
solution pH near 10.0 and increasing sophoralipids concentration increased erythfomycin re,coverz_sllghtly. This
was directly related to the higher amount of erythromycin extracted during forward extraction at |gher_soBho-
rolipids concentration. Higher erythromycin concentration in the organic phase led to more erythromycin been
released into the aqueous Solution during backward extraction, _ _

H|?hest amoxicillin re,covelr_Y was obServed at sophorolipids concentration less than 0.2 g/L, which was unu-
suallyTow within all solution pH, tested. However, there were large differences amon%the recorded experimental
values of amoxicillin concentration when replicates were conducted at 0.154 g/L sophorolipids concentration. It
IS aregion where amoxicillin re_cov_err IS very unstable. This observation suggested that reverse micelles formed
when SOP_ththIdS concentration is less than O.Z%IL are relatively unstable compared to those formed at higher
sophorolipids concentration such as between 0.2 and 0.7 g/L. Destabilization of reverse micelles within the
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Figure 6, Contourplots of%erythromyci_n and (b) amoxicillin recovered in aqueous solution (g/L) after
backward extraction versus KCI concentration, sophorolipids concentration.

0rganic ﬁhase led to direct contact of amoxicillin with isooctane, which in turn led to degradation of amoxicil-
lin. On the other hand, destabilization of reverse micelles near interfaces allows more amoxicillin to be released
into the stripping phase. Sophorolipids concentration less than 0.2 g/L should not be used for the reverse micelle
extraction ofamoxicillin due to the hlghI){ inconsistent recovery obServed. No complex trend was observed from
Fig. 5 but the different shape of contour plots indicate that each antibiotic may had interacted with sophorolipids
reverse micelles in a different manner.

Effects of lonic Strength (KCI) and Sophorolipids Concentration on the Backward Extraction
of Erythromycin and Amoxicillin. ~ Optimum erythromycin recovery was observed at KCI concentration
lower'than 60 mM and sophorolipids concentration higher than 0.75 g/L & shown in qu. 6. Nevertheless, the
difference between highest and lowest erythromycin cancentration reovered was only 0.06 g/L. This indicates
that effects of KCI conCentration and sophiorolipids concentration were less significant than effects of solution PH
alone. Amoxicillin recovery was maximized at sophorolipids concentration less than 0.2 gFéL for all KC| concentra-
tion tested but the unstablé reverse micelles make this experiment conditions unreliable, Reduction ofamoxicillin
recovery when sophorolipids concentration was increased to near 0.6 g/L was observed as shown in Figs 5and 6.
Amoxicillin forward extraction was maximized at sophorolipids concentration near 0.6 g/L, indicating that par-
titioning of amoxicillin into sophorolipids reverse micelles was favored at this concentration. Therefore, it was
hard foramoxicillin to be released into the aqueous phase during backward extraction and led to lower recovery.

Discussions. Varylng_PH of aqueous solytion has S|?n|,f|c_ant effects on reverse micelle extraction of both
erythromycin and amoxicillin. This indicates that electrostatic interactions are the most important forces during
the extraction process. Both antibiotics are having net negative surface charge when solution pH is lower than
their pl values, increasing their attractive electrostatic interactions with sophorolipids head qroup and favor for-
ward extraction process, ‘On the other hand, solution pH h|%herthan their pl values causes the attractive forces
to diminish due othechan?emthewnetsurfacecharges and favor the backward extraction process. Therefore a
similar trend was observed for reverse micelle extraction ofboth antibjotics when solution pH is varied.

_ Main purpose of KCl saltisto heIP inthe formation offunctional sophorolipids reverse micelles. Low concentra-
tion of KClwas found to be sufficient for reverse micelle extraction of_erythromch and amoxicillin. The increasing
shielding effect and micellar size reduction effect at higher concentration of KClwill hinder the extraction ofantjbi-
otics. Similartrend was observed for reverse micelle extraction ofboth antibiotics when KCI concentration is varied.
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KCI concentration Sophorolipids

Antibiotics Extraction pH (mM) concentration (g/L)
Amoxicillin Forward 33-35 13.5-50.0 0.6-0.8

Backward 5.5-6.0 50.0 0.2
Erythromycin Forward 7.0-8.0 13.5-50.0 0.2-04

Backward 9.0-10.0 13.5-100.0 0.6-0.8

Table 5. Optimum regions for reverse micelle extraction ofamoxicillin and erythromycin.

Figure 7. Forward extraction ofamoxicillin using different reverse micellar system.

Erythromycin and amoxicillin have negligible solubility in isooctane. The extraction of both antibjotics was
made possible due to the addition of sophoro]ipids reverse micelles. More reverse micelles available at higher con-
centration of sophorolipids allow more antibiotics to be extracted. The effects ofvarying sophorolipids concentra-
tion were more prongunced durm? the reverse micelle extraction of amoxicillin. However, micellar clustering and
deformation ofmicellar shape that occurs at high surfactant concentration may hinder the extraction process.

~ Extraction results showed that sophoroh{nd_s reverse micellar system is better for the extractwn,oferyt_hromY-
cin as compared to amoxicillin, The concentration ofer5rthromycm been extracted and recovered is corisiderably
higher than those of amoxicillin. The differences in molecular structures and nature ofthe antibiotics may have
caused the difference in extraction efficiency. This indicates that erythromycin and amoxicillin may have different
interactions with sophorolipids reverse, milcelles. The optimum regions for reverse micelle extraction of both
antibiotics based on this study are given in Table 5. _

Figure 7 shows the comparison between SOE)hOI’thIdS, AQT, and TWEEN 85 reverse micellar system for
the forward extraction of amoxicillin. The results for AOT and TWEEN 85 surfactants were from our previous
study. Significant forward extraction ofamoxicillin was achieved at much lower syrfactant concentration when
sophorolipids was used as compared to other surfactants. Study bﬁ Pen? et al. 1 also showed that low concen-
tration ofrhamnoI|P|dsblosurfactant (2.15 F/Lr) was optimym for the exiraction of laccase. Other studies using
chemical surfactants needed higher amount of surfactants in order to achieve significant extraction of protein,
such as 11.11 /L AOT for lipase extraction12 1458 g/L AOT for bovine serum albUmin extraction, 18.22 g/L for
nattokinase extraction13 88.91 g/L for p-galactosidase extraction3 or 7.29g/L CTAB for tannase extractionZ’. By
gsmg btllosuréactaéns to replace chemical surfactants in reverse micelle extraction, the amount of surfactants can

e greatly reduced.

g(‘,onv)éntlonally, extraction of antibiotics is carried out through liquid-liquid extraction using butyl acetate.
However, it takes as long as 35h for phase separation after the extraction process due to the formation of stable
emulsion34 In our study, the mixture only took few minutes to separate into two clear distinct phases after sir-
ring. High boiling point ofbut¥l acetate also causes subsequent antibiotic recovery process to. be more c_ostl¥5
On'the Other hand, recovery of antibiotics during reverse micelle extraction is conducted easnty by m_|X|n(]1t e
organic phase with aqueous,strlppln?_phase without the need ofextra equipment. The choices of organic solvent
for conventional liquid-liquid extraction are very limited due to their high so_Iub|I|t%/ in aqueous or high toxicity4
B usm(% reverse micelle extraction, more choicés of organic solvents are available because the transfer of antibi-
ofics between phases is enabled by reverse micelles. Furthermore, the e_ncaPsulanon ofantibiotics inside reverse
micelles helps to protect the antibiotics from degradation throu%h direct contact with organic solvents, thus
increasing the final product yield. In this study, we went one step Turther by replacmq the synthetic surfactants
that are widely studied in reverse micelle extraction with biosurfactant to ensure that the extraction process is
sustainable and environmental friendly., _ _ o _ _

. Besides organic solvents, ionic liquids were alsg studied for extraction of antibiotics®. However, it has dif-
flqult¥ In recovering antibiotics from the ionic liquids. High pressure CO2was proposed for recovery of antibi-
otics from ignic liquids but this will gr_eatl¥ increase the costs and there are still several unsolved uncertaintiesa
Another technique that had been studied tor separation of antibiotics is filtration, including nanofiltration and
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Fi?ur%& Schematic interaction of antibiotics and surfactants (a) forward extraction and (b) backward
extraction.

Forward extraction Backward extraction

Lower Upper Lower Upper
Variables value value value value

pH 8.0 100 8.0 100
Sophorolipids concentration (g/)  0.30 0.70 0.30 0.70
KCl concentration (mM) 50.0 150.0 50.0 150.0

Table 6. Lower and upper values for erythromycin experiment.

ultrafiltration. Formation of stable emulsion that hinders phase separation was still observed2and the _Iar%{e1
volume of process stream from filtration will lead to longer time and higher cost in subsequent pr_ocesslnq
Filtration technique is more suitable for removal of antibiotics from wastéwater3.. Adsorption technique is also
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Forward extraction Backward extraction

Lower Upper Lower Upper
Variables value value value value

pH 40 6.0 5.0 7.0
Sophorolipids concentration (g/l)  0.30 0.70 0.30 0.70
KCl concentration (mM) 50.0 150.0 50.0 150.0

Table 7. Lower and upper values for amoxicillin experiment.

used for separation ofantibiotics. Its applications are focused on high resolution separation such as for hlgh_i)er-
formance liquid chromatography. Ithas difficulty to Frocessmg high volume stream as the processing time will e
very long and there is the fisk ofantibiotics de_g[ad,a lon during the extraction process3 By using reverse micelle
extraction, the extraction and recovery of antibiotics can be carried ut easily without formation of stable emul-
sion. It is suitable for processing hl%h volume process stream 5 Application of biosurfactant also allows greener
extraction process of antibiotics to be conducted.

Conclusions

Sophorolipids reverse micellar system was tested for the reverse micelle extraction of erythromycin and
amoxicillin. Extraction and recovery of antibiotics were affected by solution PH' ionic strength, and sopho-
rolipids concentration, The pH_of aqueous solutions is the most ‘significant factor during Teverse micelle
extraction of both antibiotics. This su?gests that electrostatic interactions between antibiiotic and sopho-
rolipids head groups controlled the exiraction process. Concentration of sophoralipids is also. a significant
factor,durm% feverse micelle extraction of amoxicillin. Although the effects of KCI concentration seem less
significant, itis necessarY for the formation of functional reverse micelles. Optimum conditions for reverse
micelle extraction of erythromycin and amoxicillin were identified through contour plots. Replacing chem-
ical surfactants with sophorolipids can render the reverse micelle extraction process more envirofimental
friendly and sustainable. Sophorolipids also significantly reduce the amount of surfactant needed during the
reverse micelle extraction.

Material.  Pure erythromycin A (C37H_67N0]3R733.94 /molg and amoxicillin trihydrate (C16H 1IN 3055.3H20,
419.45 %/m_ol) were gurchas_ed from bio-WORLD, USA. Sophorolipids, ﬁotassmm chloride salt (KCI),
Hrdroc loricacid (HCI), sodium hydroxide (NaOH), and isooctane were purchased from Sigma-Aldrich, USA,
All materials were of analytical quade and used without further purification. Demineralized water (DMW) and
isooctane were used to prepare the agueous and organic phases throul(‘;hout the study. The PH ofaqueous solu-
tions was prepared using HCl and NaOH for pH range 3-11. KCI salt was used to adjust the ionic strength of
aqueous solutions. Desired amount oferythromxcm or amoxicillin were dissolved in the agueous solutions to
obt%m f?_ed_ dsolutjtons. Isooctane was used to make the reverse micellar phase by dissolving desired amount of
sophorolipids in it,
_ pAqueor_)us solutions with pH ranges 3-11 were prepared using demineralized water and HCI/NaOH solu-
tions. Various studies reported the production of amoxicillin at around 4 g/L within 5h ofoperatlonazlo. Since
reverse micelle extraction is a fast P_rocess and able to process that amourit of antibiotics within 5h, thus 4g/L
was chosen as the starting antibigtic concentration for this study. 4.0 g/L of erythromycin or amoxicillin and
135mM-186.5 mM of KCl were, dissolved in the agueous phase to ohtain the feed phasé for forward extraction.
155mM-200 mM of KClwere dissolved in the aqueous phase to obtain the stripping phase for backward extrac-
tion. 0.15g/L.-0.85 g/L of sophorolipids were dissolved In isooctane to obtain the réverse micellar phase for the
reverse micellar phases were prepared right before experiment to prevent solvent loss through vaporization.
After preparing the standard solutions, reverse micelle extraction of erythromycin and amoxicillin were
conducted. All the extractions were carried out at room temperature (27 °C) and atmospheric pressure (L atm).
During forward extraction, 5mL of feed aqueous Phase were mixed with 5mL of organic phase by stirring
at 200Tpm for 30 min. Then, the mixtures were left for phase separation by gravity action. The mixture sep-
arated into two clear and distinct phases within an hour after stirring. The residual antibiotic concentration
in the aqgjeous J)hase was measured though UV,spectroRhotometer. urmgﬁ backward extraction, the organic
phases obtainea from forward extraction were mixed with equal volume of stripping aqueous phases by stirring
at 200 rpm for 30 min. Then, the mixtures were left for phase separation by gravity action. The reverse micelle
extraction (forward and backward) with interaction of surfactant with antibiotics are described in Fig. 8. After
two clear and distinct phases were achieved, the residual erythromycin and amoxicillin in agueous solutions was
measured using UV spectrophotometer. _ o
. The effects 0faqueous phase pH, sophorolipids concentration, and KCI concentration,in agueous phases were
investigated throughout the experiment. Some preliminary experiments consisting trial and error runs were
conducted to test the potential of sophorolipids to extract antibiotics and to obtain starting points for subse-
quent experiments. This study was maln,lr_conduct,ed by applying central composite design forthe reverse micelle
extraction oferythromycin dnd amoxicillin. B¥UII|IZIng his design of experiment, more thorou?h information
such as significance offactors and interaction effects between factors can be obtained through stafistical analysis.
Wider view on the trend ofthe extraction results can be obtained in the form of surface plots and the optimum
regions can be identified. Furthermore, all this information can be obtained through significantly less number of
experiment runs compared to classical one-factor-at-a-time experimental procedure.
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The main response during the reverse micelle extraction was the amount of erythromycin or amoxicillin
remaining in aqueous phase after extraction was conducted, and the manipulated variables were agueous phase
pH, sophorolipids concentration, and KCI concentration. Tables 6 and 7 show the lower and up,iJervaIues ofthe
manipulated variables used durln%the reverse micelle extraction oferythromycin anji amoxicillin respectively.
All values are in uncoded form. The value of a for the central comFosne design was J 3. Six center points were
included for each set ofexperiment. The experimental data was analyzed using Minitab 16.
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