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In this study, a simple and efficient process to purify fructo-oligosaccharides (FOS) from a fermentative

broth was proposed using a single activated charcoal column. The FOS adsorption onto the activated

charcoal was modeled by a pseudo-second order model. Several volumes and concentrations of water/

ethanol were studied to optimize the selective desorption of sugars from the broth mixture at 25 8C.

Mixtures containing 50.6% (w/w) of FOS (FOS content in the fermentative broth) were purified to 92.9%

(w/w) with a FOS recovery of 74.5% (w/w). Moreover, with the proposed process, fractions with purity up

to 97% (w/w) of FOS were obtained. This purification process was also found to be efficient in the

desalting of the fermentative broth.
Introduction
Fructo-oligosaccharides (FOS) have gained large commercial inter-

est due to their beneficial properties in the human health as

prebiotics. FOS, namely, kestose (GF2), nystose (GF3) and fructo-

furanosylnystose (GF4), are nondigestible food ingredients that are

selectively fermented in the colon, increasing the number of

beneficial bacteria by modulation of the gut microflora [1].

Although FOS occur naturally in many common foods such as

fruit, vegetables, milk and honey, they are present in low concen-

trations and areseason-limited.On a large scale FOS can be produced

by fermentation using microorganisms, such as Aureobasidium sp.

[2,3]. These fungi produce enzymes with transfructosylation activ-

ities that convert sucrose into FOS [4]. At the end of the process, the

fermentative broth contains FOS together with microorganisms,

salts and sugars with low molecular weight, such as fructose (F),

glucose (G) and sucrose (S). These small sugars do not meet the

requirements to be considered as prebiotics because they are meta-

bolized by humans. Therefore, to obtain a mixture with high pre-

biotic activity these small sugars must be eliminated or reduced.

Additionally, salts and microorganisms must also be removed.

Several methods have been developed to purify oligosaccharides

from sugar mixtures [5], such as the use of ion exchange resins,

activated charcoal, size exclusion chromatography, solvent pre-
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cipitation, nanofiltration and yeast treatments [5–11]. Sanz and

co-workers (2005) compared three of these methods – nanofiltra-

tion, yeast treatment and activated charcoal – regarding their

potential to separate monosaccharides from oligosaccharides in

honey. The authors found that activated charcoal was the most

efficient method when a pure mixture in oligosaccharides is

envisaged. Therefore, among other methods that have been stu-

died, the adsorption onto activated charcoal persists as one of the

most suitable methods. Activated charcoal is cheap and has a large

surface area and pore volume, conducting to a good sorption

capacity. In addition, this sorbent is easily regenerated [12] and

has the potential to desalt solutions [13,14]. Other advantages

consist in the simplicity of the system, the low cost of the process,

and its capacity to separate large amounts of oligosaccharides

using only a single small column [14,15].

Since Whistler and Durso [14] reported in 1950 the use of

activated charcoal in combination with Celite to separate sugars

by elution with increasing ethanol concentrations, several

researchers applied this method with different combinations of

adsorbent and ethanol concentrations to purify sugars from honey

[16–18]; oligosaccharides from human milk [19]; galacto-oligosac-

charides from reaction mixtures [20,21]; and FOS from sugar

mixtures [10,22,23].

The isolated FOS (GF2, GF3 and GF4) are only available for

analytical purposes and their prices are prohibitive. Indeed, based
www.elsevier.com/locate/nbt 395
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on the information of the main suppliers of pure FOS (e.g.

Sigma–Aldrich, Megazyme, Wako Chemicals GmbH) conducted

for the current work, it was found that even pure FOS mixtures

are still very expensive. Hence, it is crucial to optimize the FOS

purification processes for large-scale applications. In this study, a

simple and efficient process to purify FOS from a fermentative

broth using a single activated charcoal column is proposed and

optimized. FOS were produced by fermentation of sucrose using

Aureobasidium sp. The adsorption kinetics onto activated char-

coal of the sugars contained in the fermentative broth was

studied in shaken flasks and modeled using pseudo-first and

pseudo-second order models. The purification process was con-

ducted in three steps: (1) adsorption of sugars onto the activated

charcoal column; (2) column washing with water; and (3) des-

orption of sugars with an ethanol gradient. Finally, the effec-

tiveness of the activated charcoal on the mixture desalting was

also evaluated.

Materials and methods
FOS production
A 10 mL preculture of Aureobasidium sp. stored in glycerol was

added to 75 mL of inoculation medium, in a shaken flask (inocu-

lation medium: 100 g L�1 of sucrose, 10 g L�1 of NaNO3, 0.5 g L�1

of KCl, 0.35 g L�1 of K2SO4, 0.5 g L�1 of MgSO4.7H2O, 7.89 g L�1 of

KH2PO4 and 0.01 g L�1 of FeSO4.7H2O). The inoculum was grown

for 3 days at 28 8C and 140 rpm and transferred afterwards to a 5 L

bioreactor – Model microDCU system, equipped with Twin and

MCU-200 controllers (B. Braun Biotech International, Melsungen,

Germany), using a working volume of 4 L of culture medium

(culture medium: 200 g L�1 sucrose, 20 g L�1 NaNO3 and the same

salt concentrations as the ones used in the inoculum medium).

Fermentations were carried out at 28 8C, 300 rpm and pH 5.0.

Several samples were taken at different points in time to evaluate

their sugar profile. After detecting the production of the highest

FOS molecule (GF4) by High-Performance Liquid Chromatography

(HPLC), the fermentation was stopped and cells were removed by

filtration with a paper filter, followed by a microfiltration with a

0.2 mm cut-off cellulose acetate filter. Residual proteins were

removed by filtration with a centrifugal filter Amicon Ultra-15

(50 NMWL) from Millipore, at 4000 � g for 10 min. Afterwards, the

cell free fermentative broth was stored at �18 8C for further

purification. All chemicals used were of analytical grade.

The fermentative broth used in the column experiments had the

following composition in mono- and disaccharides: 23.74 g L�1 of

F, 58.34 g L�1 of G and 9.87 g L�1 of S. Moreover, the FOS compo-

sition of the fermentative broth was: 41.88 g L�1 of GF2,

47.98 g L�1 of GF3 and 4.16 g L�1 of GF4. Hence, the initial per-

centage of FOS in total sugars was 50.6% (w/w).

Adsorbent
The adsorbent used in all the purification experiments was acti-

vated charcoal extra pure, supplied by Merck (Darmstadt, Ger-

many) in a granular form, with 1.5 mm of mean particle diameter.

Adsorption kinetic studies
According to the previous studies (data not shown), a volume of

35 mL of fermentative broth was added to 18 g of activated char-

coal contained in a shaken flask. Adsorption was held for
396 www.elsevier.com/locate/nbt
5.5 hours, at 25 8C, and 140 rpm of agitation. Samples were col-

lected during the adsorption process and sugars from the liquid

phase were analyzed by HPLC (see section ‘Sugars analysis’).

Experiments were carried out in duplicate.

The concentration of sugars adsorbed onto the resin, defined as

the loading (q), was determined according to the following equa-

tion:

q ¼ ðC0 � CÞ � V
m

(1)

where C0 and C are the initial concentration and the concentra-

tions at time t or at the equilibrium, respectively, V is the volume

of solution and m the dried activated charcoal mass.

Activated charcoal column
Before filling the column, activated charcoal was washed and

autoclaved to remove particles and air from the pores. Next,

180 g of adsorbent was loaded into a column glass (33 cm � 4.5 cm

cm internal diameter), previously filled with Milli-Q pure water.

Milli-Q pure water was pumped from the bottom of the column

using a peristaltic pump (Watson Marlow) to equilibrate the

charcoal inside the column. To remove the fines, the pump needs

to work at a higher flow-rate than the one which was used to purify

the sugars (25 mL/min), although this flow-rate should not be too

high to prevent the charcoal elution. A flow-rate of 30 mL/min was

used in this step. To avoid air entrapment in the charcoal bed and

reduce the formation of preferential channels, the system was

operated in an up-flow regime.

FOS purification
Activated charcoal column was loaded with 455 mL of fermenta-

tive broth at a flow rate of 25 mL/min. The first 200 mL of the

outlet stream was discarded. The broth was re-circulated until the

equilibrium between the sorbent and the moving phase was

obtained. Samples were collected from the column outlet for

sugars quantification by HPLC.

To remove the nonadsorbed sugars, 7 L of Milli-Q pure water

was passed through the column. Samples were continuously with-

drawn from the column outlet and analyzed by HPLC to guarantee

that all the nonadsorbed sugars were removed. The retained sugars

were then recovered by elution with a gradient of ethanol (up to

50% (v/v)). All experiments were performed at 25 8C.

Fractions collected in the desorption phase were evaporated at

60 8C, to remove ethanol and concentrate sugars using a rotavapor

(B. Braun Biotech International), and further freeze-dried (Hei-

dolph lyophilizer).

The sodium, magnesium and potassium ions concentration was

determined by flame atomic absorption spectrophotometry (Var-

ian Spectra AA-400) in the final fractions and compared with the

initial fermentative broth.

Sugars analysis
Samples were analyzed by HPLC using a Jasco device equipped

with a refractive index detector and a Prevail Carbohydrate ES

(5 mm, 250 � 4.6 mm) (Alltech). The mobile phase consisted of

acetonitrile (HPLC grade; Carlo Erba) and water (70:30, v/v), with

0.04% of ammonium hydroxide in the water (HPLC grade; Sigma).

Elution was conducted at 1 mL/min flow rate and at room tem-

perature [24,25].
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FIGURE 2

Adsorption profile of ,̂ fructose; &, glucose; ~, sucrose; &, GF2; , GF3; and

*, GF4 from a fermentative broth, adsorbed on activated charcoal, in a
shaken flask at 25 8C and 140 rpm.
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FOS standards to determine the calibration curves were pur-

chased from Wako, Chemicals GmbH (Germany). Sucrose, fruc-

tose and glucose (analytical grade) were obtained from Merck.

Adsorption kinetic models
Different kinetic models such as pseudo-first order [26] and

pseudo-second order [27] have been used to predict the mechan-

ism involved in the adsorption processes. In the present study the

application of the pseudo-first and pseudo-second order models

were tested for the sorption of FOS from a fermentative broth onto

activated charcoal.

The pseudo-first order model is defined according to the follow-

ing equation:

dqt

dt
¼ k1ðq1 � qtÞ (2)

where qt and q1 are the amount of sugar adsorbed at time t and

equilibrium, respectively, and k1 is the pseudo-first order rate

constant.

The pseudo-second order equation is defined by the following

equation:

dqt

dt
¼ k2ðq2 � qtÞ

2 (3)

where q2 is the amount of sugar adsorbed at equilibrium and k2 is

the pseudo-second order rate constant.

Results and discussion
FOS production
The sugars profile obtained in the fermentation of sucrose into FOS

is illustrated in Fig. 1. Operation parameters were previously

optimized to obtain the maximum production yield of FOS

(unpublished data). A mass yield of 56% (w/w) of FOS in total

sugars was achieved at 50 hours of fermentation, having 44%

(w/w) of glucose, fructose and sucrose in the mixture, which is

in accordance with the results from Sangeetha and co-workers [4].

These authors reported a yield up to 57% (w/w) of FOS using a

culture broth homogenate of Aureobasidium sp.

However, it is important to notice that when the maximum

yield is reached, the last sugar being produced, GF4, is usually
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FIGURE 1

FOS production by Aureobasidium sp. Symbols: ^, fructose; &, glucose; ~,
sucrose, �, GF2; , GF3; and *, GF4.
present in residual amounts. Therefore, as a process for the pur-

ification of the whole FOS mixture is envisaged, the fermentative

broth was collected after this point and before GF2 starts to be

degraded with consequent production of high contents of glucose.

On the basis of this, the fermentation was stopped at 98 hours of

operation and the respective fermentative broth was collected for

further purification.

Adsorption
Adsorption assays

To evaluate the activated charcoal potential as an adsorbent for the

purification of FOS from a fermentative broth mixture, equili-

brium and adsorption kinetic studies were conducted in shaken

flasks.

Adsorption curves demonstrated that sugars are selectively

adsorbed according to their molecular weights (Fig. 2). Therefore,

the sugar retention increased in the following order: GF4 > GF3 >

GF2 > S > G > F. It is important to notice that in the case of GF4

the levels of equilibrium concentration were very low to be accu-

rately determined in the last sampling time points.

The adsorption behavior of each adsorbate (in this case each

sugar) to a specific activated charcoal depends on the micropores

diameter distribution of the granular activated charcoal [28]. The

strength of the interaction between the adsorbate and activated

charcoal increases with increasing molecular weight and size of the

adsorbate molecules. According to Hung and co-workers [29] an

adsorption dependence on the molecular weight and size occurs

for highly agitated batch reactors, such as the system used in the

current work. Therefore, it is expected that oligosaccharides adsorb

more than other small saccharides (e.g. glucose or fructose) present

in a given mixture.

In addition, a major portion of the carbon surface of the

activated charcoal is nonpolar or hydrophobic [29]. Accordingly,

the more hydrophobic the analyte is, the more retained will be in

the charcoal [30]. Moreover, the hydrophobic character of the

sugar is related with the extent of the CH groups surface area

present in the saccharide structure [31]. Therefore, as oligosacchar-

ides have an increased chain of CH groups, it is probably that they
www.elsevier.com/locate/nbt 397



RESEARCH PAPER New Biotechnology �Volume 29, Number 3 � February 2012

Time (min)Time (min)

(a)

0

2

4

6

8

0 100 200 300

t/q
t(

m
in

.g
.m

g
1 )

(b)

-0.5

0

0.5

1

1.5

3002001000

lo
g 

(q
e-q

t)

FIGURE 3

Linearized data of (a) the pseudo-first-order kinetic model and (b) the pseudo-second-order kinetic model for �, GF2; , GF3; and *, GF4 adsorption onto activated
charcoal.
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are more adsorbed to the activated charcoal than other small

saccharides.

The type, position and orientation of the functional groups that

contact with the adsorbent are also relevant for the retention

process [32]. Although glucose and fructose have the same mole-

cular weight, glucose was found to adsorb more onto activated

charcoal than fructose, which may be related with the accessibility

of the CH groups of glucose [31]. Accordingly, other authors also

reported a higher adsorption of glucose in comparison to fructose

[14,30]. However, it is important to note that glucose is present in

higher concentrations in the fermentative broth than fructose,

and charcoal is known to retain according to the amount of

adsorbent in water; thus, glucose is expected to be more adsorbed

than fructose.

In the current work, the adsorption process was very fast and the

equilibrium was reached for the monosaccharides during the first

15 minutes. The remaining saccharides present in the mixture

reached the equilibrium after around 2 hours of contact. There-

fore, for the following studies conducted in the activated charcoal

column, a 3 hours contact time was selected. For the shaken flask

experiments, the equilibrium loading (q) calculated for FOS and

mono- with disaccharides adsorbed onto activated charcoal was

223 and 150 mg, respectively, per g of activated charcoal.

Adsorption kinetic models

Plots representing the linearized first-order and second-order

model equations (Eqs. (2) and (3)) are shown in Fig. 3. Values of

the adsorption rates – k1 and k2 – and the respective loading

equilibrium – q1 and q2 – were calculated from the slopes and

intercepts of the linearized models (Table 1).
TABLE 1

Coefficients of determination of the linearized pseudo-first and pse
experimental parameters

Sugar Pseudo-first order Pseu

q1 (mg g�1) k1 (min�1) R2 q2 (m

GF2 12.7 1.50E�02 0.978 75.8

GF3 25.9 1.40E�02 0.975 126.6

GF4 3.8 2.10E�02 0.934 23.4

398 www.elsevier.com/locate/nbt
From Table 1 it can be seen that generally the q values are greater

for GF3 as compared to the other FOS. If all the sugars were present

at the same concentration it would be probably that GF4 would be

the most adsorbed based on its molecular weight, as previously

mentioned. However, the fermentative broth contains distinct

concentrations of each FOS. GF4 had a much lower concentration

as compared to the other FOS. GF2 and GF3 were present at similar

concentrations, thus similar q values would be expected. Never-

theless, GF3 shows a greater q value probably due to a combined

effect of concentration and molecular weight, thus justifying the

differences.

The pseudo-second order model seems to better describe the

FOS adsorption mechanism because the coefficients of determina-

tion (R2) obtained are higher compared to the ones obtained for

the pseudo-first order model. Moreover, the pseudo-second order

model predicted the adsorption behavior for the whole range of

contact time studied, while the pseudo-first order model was only

applicable for the initial contact time. Accordingly, Ho and McKay

[33] reported that in most cases the pseudo-first order model is

generally applicable only for the initial contact time.

Finally, the pseudo-second order model was found to describe

perfectly the adsorption of FOS onto activated charcoal as the R2

values for all sugars are very high and the equilibrium capacities,

q2, determined by the model, are in agreement with the experi-

mental qe values.

FOS purification
Several experiments were previously conducted to determine the

best operating parameters for purifying FOS using a fixed bed

activated charcoal column (data not shown). Parameters to be used
udo-second order models and the respective modeled and

do-second order Experimental

g g�1) k2 (g mg�1 min�1) R2 qe (mg g�1)

 2.68E�03 1.000 74.0

 1.53E�03 0.999 125.6

 1.28E�02 1.000 23.0
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FIGURE 4

Adsorption and desorption kinetics of ,̂ fructose; &, glucose; ~, sucrose; �,
GF2; , GF3; and *, GF4 from a fermentative broth on activated charcoal in a

fixed column during the recirculation and washing phases (steps 1 and 2).
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FIGURE 5

Desorption ratio of sugars (^, fructose; &, glucose; ~, sucrose; &, GF2; ,

GF3, and *, GF4) collected in each fraction.
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in the process, such as flow rate, recirculation time, water volume,

ethanol volume and percentage, were rigorously studied.

Because the adsorption process is exothermic [34], the use of

high temperatures can reduce the degree of adsorption. On the

basis of that, and envisaging a lower impact on the process costs, a

25 8C room temperature was used in the current work.

Column adsorption (step 1)

After conditioning the column, the charcoal was loaded with

sugars by recirculation of the fermentative broth (see section

‘Activated charcoal column’). To avoid dilution of the broth,

the first 200 mL of the outlet stream containing the water from

the dead volume and the first eluted sugars in very low concen-

trations, were discarded. In this step, 3.9% (w/w) of the FOS

present in the initial mixture was lost.

The broth was kept in recirculation until the equilibrium

between the concentration of sugars in the liquid and solid phases

was reached. As shown in Fig. 4 the ratio C/C0 stabilizes after

1.5 hours of contact time. These results are in accordance with the

ones previously obtained in the shaken flask experiments (adsorp-

tion assays). However, to assure that the maximum amount of

sugars was adsorbed during the loading phase, the fermentative

broth was kept in recirculation during 3 hours.

The ratios C/C0 obtained in the adsorption phase, at the equili-

brium, were 0.55 � 0.02 for F; 0.46 � 0.03 for G; 0.19 � 0.01 for S;

0.14 � 0.01 for GF2; 0.10 � 0.01 for GF3; and 0.34 � 0.02 for GF4.

As expected, the C/C0 ratio increased as the molecular weight of

the sugar decreased, except for GF4. The amount of GF4 in the

fermentative broth was very low (C0 = 4.16 g L�1), thus the con-

centration in the equilibrium was also very low and difficult to

measure. Therefore, the C calculated for GF4 may have been

overestimated leading to the high C/C0 ratios observed.

Results show that the least adsorbed sugars from the fermenta-

tive broth were fructose and glucose. Only 53.2% and 62.5% (w/w)

of the fructose and glucose contained in the initial broth were
TABLE 2

Volume and ethanol concentrations used in step 3 to recover the su

% Ethanol (v/v) 1 2 3 4 

Volume of elution (L) 0.5 0.5 0.5 0.5 
adsorbed. Furthermore, from the fermentative broth, 83.9% (S),

86.9% (GF2), 90.4% (GF3) and 95.1% (GF4) (w/w) were adsorbed

onto the activated charcoal column. In summary, only 24% (w/w)

of the total sugars contained in the fermentative broth were not

adsorbed and were initially discarded. Also, 77% (w/w) of them

constitute the small sugars (mono- and disaccharides) that should

be eliminated in a FOS purification process. Losses of 7.0% (w/w) of

FOS from the fermentative broth were estimated in the adsorption

step, namely in the recirculation.

The equilibrium loading (q) determined on the column assay

was 222 mg of FOS per g of activated charcoal which is in accor-

dance with the results obtained previously on the shaken flask

experiments (adsorption assays).

Column washing (step 2)

A washing stage was included in the procedure to guarantee that

all the nonadsorbed sugars were removed and the adsorbed mono-

saccharides were eluted. Therefore, the washing stage was carried

out until no sugar was detected in the mobile phase. During this

step, the outlet concentration was monitored by HPLC (Fig. 4).

After 2 hours of washing, the outlet concentration indicated that

the liquid phase was free of sugars. Furthermore, to assure a total

cleansing, the washing continued for an extra 2 hours.

In this step, the desorption ratio representing the amount of

sugar desorbed per adsorbed sugar was: 96% (F), 93% (G), 25% (S),

13% (GF2), 7% (GF3) and 1% (GF4) (w/w). Almost all the adsorbed

monosacharides (step 1) were removed during the washing step.

Moreover, FOS losses were estimated to be only 8.4% (w/w).

Desorption (step 3)

As previously demonstrated by the kinetic studies (see section

‘Adsorption’) and the adsorption onto the column (see section

‘Column adsorption (step 1)’), sugars were selectively adsorbed
gars adsorbed onto the activated charcoal column

5 10 20 30 40 50

0.5 1 2 2 1 0.5

www.elsevier.com/locate/nbt 399
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FIGURE 6

Recovery sugars per fraction desorbed (—) and respective percentage of sugar (&, fructose; , glucose; , sucrose; , GF2; , GF3; , GF4) in each collected

fraction.
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onto activated charcoal. FOS were adsorbed more strongly than

mono- and disaccharides. Thus, an adequate desorption strength

should be used to selectively recover the sugars.

Several authors used water or very small percentages of ethanol

to recover monosaccharides. As for disaccharides recovery, per-

centages between 5 and 10% of ethanol in water have been used.

Oligosaccharides have been recovered using 15–50% of ethanol in

water [14,17,18,22,23,35]. Therefore, for the volume and percen-

tage of ethanol/water used in each step, the desorption process was

critically evaluated. Taking into account previous (data not shown)

and current data, the optimized volume and percentage of ethanol

were established for the desorption process (Table 2).

Because FOS are only desorbed when ethanol concentrations are

between 10 and 40% (v/v), a greater ethanol volume was used

during the elution at these concentrations to recover all adsorbed

FOS. The ethanol concentration that yielded the highest amount

of sugars recovery was 20% (v/v). Nonoligosaccharides need a

lower strength to desorb; thus, a lower gradual increase of ethanol

concentrations was used, up to 5% (v/v). The gradient allowed the

removal of more small saccharides at low ethanol concentrations,

thus reducing the loss of FOS at the highest ones. In the end of the

desorption step, and to assure that all sugars were desorbed, a 50%

(v/v) ethanol concentration was used.

Figure 5 shows the desorption ratio of each sugar, representing

the percentage of sugar desorbed in step 3 per sugar adsorbed in

step 1, and the corresponding composition of the ethanol solution

used to collect each fraction.

Figure 6 illustrates the amount of sugars recovered in each

fraction (total mass of sugars per fraction), and the corresponding

individual sugar percent composition (%, w/w). From both figures

(Figs 5 and 6), a peak can be observed during the desorption step

showing that ethanol efficiently desorbs the sugars retained in the

column. S and the remaining monosacharides (F and G) were

desorbed at ethanol percentages below 5% (v/v). The fraction that

yielded the highest percentage of FOS (97% (w/w)) was eluted with
400 www.elsevier.com/locate/nbt
30% (v/v) of ethanol. Fractions rich in FOS were obtained with

ethanol percentages between 10 and 40% (v/v). The purity of FOS

in these fractions was found to be 92.9% (w/w) representing 74.5%

(w/w) of FOS from the fed fermentative broth. Furthermore, 32.7 g

of FOS could be recovered from the initial mixture (containing

43.9 g of FOS) fed to the activated charcoal column.

Through the analysis of the desorption ratios it was also possible

to observe that S, GF2, GF3 and GF4 were preferentially desorbed

with 5, 10, 20 and 30% ethanol, respectively.

Desalting
As previously discussed, the culture medium used for the microbial

production of FOS contains high amounts of salt. Consequently,

in the end of the fermentation process many ions are present in the

solution. Desalting the fermentative broth constitutes an impor-

tant step to guarantee certain quality parameters. Therefore as

sodium, potassium and magnesium are the main cations present

in the fermentation culture medium, their amounts were deter-

mined in the recovered pure FOS fractions. Results showed that

these pure FOS fractions were free of ions, confirming the effec-

tiveness of activated charcoal in the desalting of the fermentative

broth, which is in accordance with several studies that have been

reported [13,14].

Conclusion
Adsorption kinetic experiments show that sugars were selectively

adsorbed and that FOS adsorption onto activated charcoal was well

described by a pseudo-second order model.

The fermentation of sucrose by Aureobasidium sp. to produce

FOS resulted in a sugar mixture containing 56% (w/w) of FOS. This

fermentative broth was further purified using an activated char-

coal column. After the optimization of the ethanol volume and

concentration used in the global desorption step, ethanol solu-

tions ranging from 10 to 40% (v/v) were used to recover FOS. These

ethanol solutions enabled a FOS recovery of 74.5% (w/w) with a
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92.9% (w/w) of purity, thus leading to a FOS product with a higher

market value. Moreover, with the proposed process, fractions were

recovered with purities up to 97% (w/w) of FOS. Activated charcoal

was also found to be very efficient in the desalting of the fermen-

tative broth.

In summary, this work described a simple and efficient process

to purify FOS from a fermentative broth using a single column
filled with commercial activated charcoal that can be easily

applied at a larger scale.
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