
 

 

 
Abstract—Fructo-oligosaccharides (FOS) are produced from 

sucrose by Aureobasidium pullulans in yields between 40-60% 
(w/w). To increase the amount of FOS it is necessary to remove the 
small, non-prebiotic sugars, present. Two methods for producing 
high-purity FOS have been developed: the use of microorganisms 
able to consume small saccharides; and the use of continuous 
chromatography to separate sugars: simulated moving bed (SMB). It 
is herein proposed the combination of both methods. The aim of this 
study is to optimize the composition of the fermentative broth (in 
terms of salts and sugars) that will be further purified by SMB. A 
yield of 0.63 gFOS.gSucrose

-1 was obtained with A. pullulans using low 
amounts of salts in the initial fermentative broth. By removing the 
small sugars, Saccharomyces cerevisiae and Zymomonas mobilis 
increased the percentage of FOS from around 56.0% to 83% (w/w) in 
average, losing only 10% (w/w) of FOS during the recovery process. 
 

Keywords—Fructo-oligosaccharides, microbial treatment, 
Saccharomyces cerevisiae, Zymomonas mobilis. 

I. INTRODUCTION 

N the recent years the adoption of healthier lifestyles is 
being encouraged, and the demand of food with functional 

properties is increasing. Fructo-oligosaccharides (FOS) are 
non-digestible sugars, known to prevent and treat 
gastrointestinal disorders due to their prebiotic activity [1]. 
They have been used as low-calorie substitutes for sugar in 
dietetic and diabetic food and have also great technological 
properties as improving the organoleptic quality and shelf-life 
of the products [2], [3]. 

Industrially, FOS have been produced through sucrose 
fermentation by microorganisms’ fructosyltransferases 
enzymes (FTase), extracted from, for example, Aureobasidium 
sp. or Aspergillus sp. Industrially the process involves two 
stages, one for the production of enzymes followed by the 
other for the FOS synthesis by the extracted enzymes [4]. A 
more economical and fast process is being recently applied for 
FOS synthesis, involving a single step where the whole 
microorganisms’ cells, suspended or immobilized, are used 
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[5]. Maximum theoretical FOS yield achieved by fermentation 
process is however still limited due to glucose inhibition. By 
using Aureobasidium pullulans cells, a maximum of 64% was 
achieved [6], while for the two-stages fermentation, this yield 
varies between 40 to 60% based on the initial sucrose 
concentration [7]. 

During FOS synthesis by microbial enzymes, non-
oligosaccharides as fructose, glucose and sucrose are released 
in the mixture, decreasing the prebiotic activity of the final 
mixture. To include FOS produced into different dietetic and 
diabetic related foods, a downstream purification step is 
needed.  

Ultra or nanofiltration, activated charcoal systems, 
microbial treatment and ion-exchange chromatography are 
some of the techniques more used for sugars separation [8], 
[9]. At industrial scale, chromatographic processes such as 
Simulated Moving Bed (SMB) have been employed, with 
success, in difficult separations of sugars [10]. Compared to 
other separation techniques, SMB has the advantage of 
operating in continuous mode using water as eluent [11], [12]. 
FOS have been successfully separated from smaller sugars, 
when using cationic resins such as Diaion UBK535Ca in 
calcium form [10], [13]. Since these resins have cations as 
functional groups, it is important to demineralize the liquid 
mixture before feeding it to the SMB plant to avoid the ionic 
exchange between the mixture and the adsorbent. 

Obtaining high-purified FOS through SMB is stated in only 
few reports and it is still a challenge, mainly due to the 
physicochemical similarities between the different 
oligosaccharides and small saccharides [8]. In this context, 
different authors studied the impact of the continuous removal 
of the small saccharides from the medium during FOS 
synthesis [14], either using an extracted -fructofuranosidase 
for FOS synthesis and Pichia pastoris cells for removing the 
small sugars [15], or using a mixture of enzymes, one FOS 
producer and other able to consume small sugars without FOS 
hydrolyze activity [14], [16], [17]. In this work it is proposed 
the use of the whole cells of A. pullulans to produce FOS and 
Saccharomyces cerevisiae and Zymomonas mobilis able to 
ferment glucose, fructose and sucrose into alcohols and 
organic acids, with ethanol as the primary product [18], [19]. 

The present study is divided in two main tasks: 1) The 
optimization of salt composition in the fermentative broth for 
FOS production by A. pullulans cells; 2) The use of two 
different microorganisms, namely S. cerevisiae or Z. mobilis, 
for non-oligosaccharides reduction in the fermentative 
mixture. The process consists in two series fermentation where 
first FOS are produced by A. pullulans and secondly small 
sugars are reduced by S. cerevisiae or Z. mobilis. 
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The nutritional needs of S. cerevisiae and Z. mobilis were 
taken in consideration and the fermentative broth composition 
was also optimized for these cultures. 

II. MATERIALS AND METHODS 

A. Microorganisms and Culture Conditions 

Aureobasidium pullulans strain was kept on Petri plates 
containing Czapeck Dox Agar (Oxoid, UK) medium at 4ºC 
and was monthly subcultured. The spores suspension was 
prepared by growing the fungus in Petri plates at 28ºC and 
after 5 days spores were scraped down from the plates using a 
0.1% (w/v) solution of Tween 80 (Panreac, AppliChem, 
Spain). The suspension was diluted to a concentration of 1 x 
107 spores.mL-1, based on Newbauer chamber counts.  

Saccharomyces cerevisiae 11982 and Zymomonas mobilis 
ATCC 29191 strains were grown in YEG (yeast extract-
glucose) culture medium,  containing 5 g.L-1 yeast extract and 
20 g.L-1 glucose (both from Fluka, Germany), during 24 hours, 
at 30ºC and 150 rpm agitation. The strains were maintained by 
transferring every month to fresh YEG agar plates and stored 
at 4ºC after incubation at 30ºC for 5 days.  

B. Experimental Design for Fermentation Broth 
Optimization 

The salt composition of the A. pullulans fermentation broth 
was optimized. The impact of the reduction of two relevant 
salts, NaNO3 and KH2PO4, frequently used in increased 
concentrations, was studied using the Response Surface 
Method (RSM). Eleven independent assays were performed, 
regarding the impact on the maximization of FOS production. 

Superior, central and inferior concentrations were 
considered: 5.00, 12.50 and 20.00 g.L-1 for NaNO3 and 4.00, 
6.00 and 8.00 g.L-1 for KH2PO4. Significant positive effects 
were considered for the reported p-values lower than 0.05. The 
statistical experimental design was generated and evaluated 
using the JMPTM – The Statistical Discovery Software.  

C. Shaken-Flasks Fermentations for FOS Production 

Erlenmeyer flasks of 100 mL with test tube aluminum caps 
were used. An aliquot of 1 mL of A. pullulans spores 
suspension with 1 x 107 spores.mL-1, was transferred to 50 mL 
of fermentation medium, containing: 200 g.L-1 sucrose, 0.5 
g.L-1 KCl, 0.35 g.L-1  K2SO4, 0.5 g.L-1 MgSO4.7H2O, 0.01 g.L-

1 FeSO4.7H2O, and optimized concentrations of NaNO3 and 
KH2PO4. All salts were obtained from VWR (Belgium). 
Chemicals used were of analytical grade, except sucrose used 
for FOS synthesis, which was a commercial sugar obtained by 
Raffinerie Tirlemontoise, S.A., Belgium. 

The pH of the culture medium was adjusted for 5.5 before 
inoculation and fermentations were performed at 28°C with 
150 rpm agitation. Several samples were taken at different 
points in time to evaluate sugars profile. 

D.  Bioreactor Fermentations for FOS Production 

An aliquot of A. pullulans spores suspension with 1 x 107 
spores.mL-1 was transferred to 100 mL of inoculum medium 
containing 100 g.L-1 sucrose and the same salt concentrations 

as the ones used in shaken-flask fermentations for FOS 
production. The inoculum was grown at 28°C and 150 rpm 
and transferred after 3 days to a 5 L bioreactor – BIOSTAT® B 
module (Sartorius, Germany), using a working volume of 3 L 
of culture medium (200 g.L-1 sucrose and the same salt 
concentrations as the ones used in the inoculum). 
Fermentations were carried out at 32°C and 385 rpm with a 
fixed pH of 5.5.  

E. Non-Oligosaccharides Removal 

The ability of two microorganisms, S. cerevisiae and Z. 
mobilis, for mono- and disaccharides removal, was evaluated, 
using a two-stage process. FOS were synthesized in a first 
fermentation by A. pullulans, in a 5 L bio-reactor. The 
synthesis reaction was stopped in the maximum FOS 
concentration point and the biomass removed by filtration 
with cellulose acetate filters (VWR, Belgium) with a cut-off of 
0.2 m.  

The filtered broth was used for the subsequent fermentation 
and inoculated with 1 mL of S. cerevisiae or Z. mobilis cells 
(with an optical density of 1). Yeast extract was added to the 
second fermentation to obtain a final concentration of 5 g.L-1. 
Shaken-flask fermentations were carried out at 30°C and 150 
rpm agitation with an initial pH of 5.5.  

F. Sugars Analysis 

Samples were analysed by HPLC (Jasco) equipped with a 
refractive index detector working at 30ºC and a Prevail 
Carbohydrate ES 5u column (5 μm, 25 x 0.46 cm length x 
diameter) (Alltech). A mixture of acetonitrile (HPLC Grade, 
Carlo Erba, France) in pure-water (70:30 v/v), and 0.04% of 
ammonium hydroxide (HPLC Grade, from Sigma, Germany) 
was used as mobile phase. Elution was conducted at 1 
mL.min-1 flow rate and room temperature [20], [21]. The 
chromatographic signal was recorded and further integrated 
using the Star Chromatography Workstation software (Varian, 
USA). 

FOS standards, namely 1-kestose (GF2), nystose (GF3) and 
1-fructofuranosylnystose (GF4) were acquired from Wako 
(Chemicals GmbH, Japan). Sucrose (GF) and fructose (F) 
standards were obtained from Merck (USA) and glucose (G) 
from VWR (Belgium). All chemicals were of analytical grade. 

G. Statistical Analysis 

Fermentation experiments were carried out in triplicate. 
Statistical data analysis was performed using analysis of 
variance and Tukey’s HSD test at a 5% level of significance. 
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TABLE I 
RESPONSE SURFACE METHOD FOR STUDYING THE IMPACT OF THE INITIAL FERMENTATION BROTH COMPOSITION: THE EXPERIMENTAL CONDITIONS AND 

RESPONSES OBTAINED DURING SALT OPTIMIZATION 

A B Fermentation time (h) FOS (g.L-1) %FOS (w/w) Yield (gFOS.gSucrose
-1) Qp (gFOS.L

-1.h-1) 

A1 5.00 8.00 47.83 101.32 48.90 0.54 2.12 

A2 20.00 4.00 53.50 91.51 43.50 0.46 1.71 

A3* 12.50 6.00 53.50 103.67 48.10 0.53 1.94 

A4 5.00 4.00 47.83 95.42 50.80 0.50 1.99 

A5 5.00 6.00 53.50 95.05 49.60 0.48 1.78 

A6 12.50 8.00 53.50 101.85 49.80 0.51 1.90 

A7* 12.50 6.00 47.83 104.31 50.60 0.53 2.18 

A8 20.00 6.00 47.83 105.68 49.30 0.53 2.21 

A9 12.50 4.00 53.50 105.61 49.70 0.53 1.97 

A10 20.00 8.00 53.50 103.00 47.00 0.52 1.93 

A11* 12.50 6.00 53.50 99.89 49.00 0.50 1.87 

A – NaNO3 (g.L-1); B – KH2PO4 (g.L-1); *Central points 

 
III. RESULTS AND DISCUSSION 

A. Fermentation Broth Composition Optimization for FOS 
Production 

A microbial treatment to increase the amount of FOS in 
relation to other sugars in FOS mixtures obtained by 
fermentation is proposed in the present study. Mixtures are 
intended to be further fed in SMB chromatographic plant for 
refined purification. A two-stage fermentation strategy is 
herein proposed using a strain able to consume the remaining 
small sugars from the FOS mixtures, synthesized by 
fermentation with A. pullulans. 

To avoid the cation exchange between the liquid mixture 
and the adsorbent, the effect of decreasing salt amount in the 
fermentative broth composition for FOS production was 
evaluated. Different concentrations of two salts normally 
present in higher concentrations in the fermentative broth 
composition, adapted from [6], NaNO3 and KH2PO4, were 
tested. Results obtained for the study of the impact of different 
initial salt concentrations identified by an experimental design 
are shown in Table I.  

Based on the statistical analysis, the tested concentrations of 
NaNO3 (5.00, 12.50 or 20.00 g.L-1) and KH2PO4 (4.00, 6.00 or 
8.00 g.L-1) did not affect significantly FOS production (p< 
0.05).  

In average, the maximum concentration of FOS (102  3 
g.L-1) was obtained at 54  2 h of fermentation in shaken-
flasks. Average fermentation yield was 0.52 0.01 gFOS/gGF 
with an amount of 49  1% of FOS in total sugars. No 
statistical difference was found in FOS production when 
diminishing salts contained in the fermentative broth, the 
concentrations of 5.00 g.L-1 NaNO3 and 4.00 g.L-1 KH2PO4, 
were used in the two-stage fermentations for FOS production. 
The decrease of the NaNO3 and KH2PO4 amounts from 20 to 5 
g.L-1 and 7.89 to 4 g.L-1, respectively, will have a positive 
impact in costs and time associated to demineralization 
procedures needed before feeding in the SMB plant. Also, the 
use of lower salt amounts reduces costs associated to the 
fermentation itself, resulting in an improved FOS producing 
process. 

B. FOS Production in Bioreactor 

Fermentations were scaled up to a 5 L bioreactor using a 
concentration of 5.00 g.L-1 of NaNO3 and 4.00 g.L-1 of 
KH2PO4 since no statistical differences were found in FOS 
production when diminishing salts contained in the 
fermentative broth. Bioreactor fermentations results obtained 
are presented in Figs. 1 (a) and (b), and summarized in Table 
II.   

 
TABLE II 

BIOREACTOR FERMENTATION PARAMETERS USING THE OPTIMIZED 

FERMENTATION BROTH 

Average ± STD [5] 

Time (h) 20 43 

FOS (%) 54.0 ± 1.6 NF 

Yield (% wFOS/wSucrose) 63.0 ± 3.2 64.1 

Productivity (g/L.h) 4.8 ± 1.4 2.9 

FOS (g/L) 118.6 ± 1.6 123.0 

Yield (g1-kestose/gSucrose) 0.378 ± 0.078 0.436 

Yield (gnystose/gSucrose) 0.231 ± 0.053 0.206 

NF – Not found 
 

The maximum concentration of FOS was verified after 20h 
of fermentation, where GF2, GF3 and GF4 concentrations are 
71.6±12.6, 43.8±11.2 and 3.4±22.4 g.L-1, respectively (Fig. 1 
(b)). In Fig. 1 (b) it is possible to observe that the maximal 
concentration of GF2 is before 20h, and after this point, this 
sugars starts being transformed in GF3, through 
transfructosylation reaction, according to (1) [22].  

Under the optimized conditions used, the time needed to 
achieve the maximum FOS production was twice lower than 
in previous works, resulting in a process with much higher 
productivity (4.8  1.4 compared to 2.9 gFOS.L-1.h-1) (Table II). 

 

1)+(n1)-(nnn GF+GF GF+GF  , n=1, 2 or 3         (1) 

 
The yield and FOS concentration in bioreactor (Table II) 

are similar to those obtained in previous works using the 
whole cell of A. pullulans at analogous operational conditions 
of temperature, pH and agitation, though with higher 
concentrations of salts [6], [9]. Also, in the present work, a 

World Academy of Science, Engineering and Technology
International Journal of Biological, Food, Veterinary and Agricultural Engineering Vol:9 No:2, 2015 

107International Scholarly and Scientific Research & Innovation 9(2) 2015

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
 V

ol
:9

, N
o:

2,
 2

01
5 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

00
04

70

http://waset.org/publication/Production-of-High-Content-Fructo-Oligosaccharides/10000470


 

yi
st
 

p

Fe

re
fo
lin
fru
st
pe
su
in
in
by

st
co
Ta
of
en
ce
no
co
se
co
ad

ield of 63.0 
ep fermentatio

Fig. 1 Biore
fermentation 

rofile: ● Sucros
Full and dashe

C. Non-Oligo
ermentation 

S. cerevisiae
emove mono- 
ound in enzym
nked sacchari
ucto-furanoly
age fermenta
ercentage of 
ugars in a mix
n bioreactor (u
n a second fer
y S. cerevisiae

The FOS sy
opped at 2
oncentration o
able II. After 
f yeast extrac
nrich the nutri
erevisiae or Z
ot grow in th
ontaining FOS
econd ferment
ontaining 50 
dded. 

0

30

60

90

120

150

180

210

0

[S
uc

ro
se

] 
(g

.L
-1

)

(a)

0

30

60

90

120

150

180

210

0

[S
m

al
l s

ac
ha

ri
de

s]
 (

g.
L

-1
)

(b)

  3.3% (w/w)
on, working w

eactor fermenta
broth: (a) - ● S
se; ■ Glucose; ♦
ed lines corresp

res

osaccharides 

e and Z. mob
and disaccha

matic preparati
des, such as 1

ysnystose (GF
ation strategy

fructo-oligos
xture. FOS wer
using the opti
rmentation thr
e and Z. mobil
ynthesis ferm
20 h ferme
of FOS was ac

A. pullulans 
cted was add
itional compo

Z. mobilis grow
he final mixt
S and a high 
tations were p
mL of filtrat

10 20 3
Fermentati

10 20 3
Fermenta

) of FOS was 
with the whole

ation profiles un
Sucrose, ○ Tota
♦ Fructose; □ G
ond to primary 
pectively 

Removal 

bilis can be c
arides that co
ions of FOS. O
1-kestose (GF2

F4), are not h
y was evalua
saccharides in
re firstly prod
mized medium
rough small s
lis.  

mentation with
entation, wh

chieved, as sho
removal, a c

ded to the fe
osition of the m
wth (since bo
ture produced
concentration

performed in 1
ted medium 

0 40 50
ion time (h)

30 40 50
ation time (h)

achieved, for
e cells.  

nder the optimiz
l FOS; (b) – Su

GF2; ◊ GF3; and
and secondary 

by Two

conveniently u
onstitute by-p
On the other h
2), nystose (G
hydrolyzed. A

ated to increa
n relation to

duced by A. pu
m) and then p
accharides re

h A. pullulan
here the m
own in Fig. 1

concentrated s
ermentative b
medium, allow

oth strains sho
d from A. pu
n of glucose)
00 mL shaken
where 5 g.L

0

2

4

6

8

60 70

0 60 70

 

r a one-

 

zed 
ugars 
d ○ GF4. 

axes, 

o-Stage 

used to 
products 
hand, -

GF3) and 
A two-
ase the 
o other 
ullulans 
purified 
duction 

ns was 
maximal 

(a) and 
solution 
broth to 
wing S. 
owed to 
ullulans 
. These 
n flasks 
-1 were 

fer
mo
bo
co
glu
tot
a s
oc
FO
pe
the
cer
 

F
car

a
g

 

thr
an
tha
bro
Af
(G
fro
de
37
On
inc
cer
rem
1). 
to 
pro

in 
48
Z. 
tim
co

0

20

40

60

80

100

120

140

[T
ot

al
 F

O
S

] 
(g

.L
-1

)

0
10
20
30
40
50
60
70
80
90

[F
O

S
] 

(g
.L

-1
)

[S
ug

ar
s]

(g
.L

-1
)

Fig. 2 pres
rmentation w
obilis (dashed
oth strains, no 
uld remove 
ucose and fru
tal amount of 
slight decreas
curs, around 

OS begin to
rcentage of F
e small sacc
revisiae and Z

Fig. 2 FOS prod
rried out in shak

and Z. mobilis (
grey bars); SGF

lines). FOS an

In Fig. 3 it is 
roughout the 

nd GF3 verify 
at, after filtrat
oth proceeded
fter 38h of fer

GF2) slightly d
om 44.0±0.8 t
creased from

7.8±6.2 g.L-1, w
n the other ha
crease on the 
revisiae ferm
mained consta
So, the small
the proportion
oduce GF4 by
In relation to
the medium

8.0±0.6 to 4.3±
mobilis, resp

me. This high
mpared to fru

0

20

40

60

80

100

120

140

160

0

[S
ug

ar
s]

 (
g.

L
)

sents the res
with S. cerevi
d bar and line)

statistical dif
small saccha

uctose (light g
FOS until 25h

se of the FOS
10% until 43

o be hydroly
FOS increases
charides are 
Z. mobilis. 

duction profiles
ken-flasks usin
empty bars and

F concentration 
nd SGF corresp

sec

possible to ob
fermentation 
an increase un
tion, the A. p
d the synthesi
rmentation in 
decreased from
to 37.1±7.2 g

m 45.1±1.5 to 
with S. cerevi
and, for the s
concentration

mentation from
ant for Z. mob
l decrease on 
nal reduction 

y (1). 
 glucose, a co

m from 46.6±
±0.5 g.L-1, in 
pectively, and
hlights the pr
uctose by both

15 20
Ferme

sults obtaine
isiae (full ba
). Comparing 

fferences were
arides (SGF) 
grey bars), wit
h of fermentat
S concentratio

3h of the seco
ysed. On the
s around 13%

being cons

s through secon
ng S. cerevisiae 
d symbol):  FOS

(light grey bar)
pond to primary 
condary 

bserve the evo
time. Both ol
ntil 25h of fer

pullulans enzy
s activity and
FOS-containi

m 45.4±1.3 to
.L-1 as well a
39.4±5.2 g.L

isiae and Z. m
same interval
n of fructofur
m 4.1±0.2 to 
bilis fermentat

the total FOS
of GF2 and G

onsiderable de
±1.0 to 1.9±0

the presence 
d fructose ke
reference for 
h strains. At t

25 3
entation time (h)

ed for the 
ar and line) a
 the performa

e found. Both 
including su

thout decreasi
tion. After thi
on (dark grey

ond fermentat
e other han

% during time,
sumed by bo

nd fermentation
(full bars and s

S concentration 
); and % FOS (

y axe and % FO

olution of the 
ligosaccharide
rmentation, m
ymes released
d sucrose hydr
ing medium, k
o 43.9±1.9 g.L
s nystose (GF
L-1 and 44.7±
mobilis, respec
l, there was a
ranosylnystos

8.3±3.2 g.L
tion (around 3
S produced co

GF3 in the med

ecrease was v
0.5 g.L-1 and
of S. cerevisi
ept constant 
consuming g

the same time

38 43

second 
and Z. 
ance of 
strains 

ucrose, 
ing the 
is point 
y bars) 
tion, as 
nd, the 
, while 
oth S. 

 

n serie 
symbol) 

(dark 
(black 
S to 

sugars 
es, GF2 

meaning 
d in the 
rolysis. 
kestose 
L-1 and 
F3) that 
±0.5 to 
ctively. 
a small 
e in S. 
-1, and 

3.0 g.L-

oncerns 
dium to 

verified 
d from 
iae and 
during 

glucose 
e, there 

0

10

20

30

40

50

60

70

80

90

100

F
O

S
 (

%
)

World Academy of Science, Engineering and Technology
International Journal of Biological, Food, Veterinary and Agricultural Engineering Vol:9 No:2, 2015 

108International Scholarly and Scientific Research & Innovation 9(2) 2015

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
 V

ol
:9

, N
o:

2,
 2

01
5 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

00
04

70

http://waset.org/publication/Production-of-High-Content-Fructo-Oligosaccharides/10000470


 

w
re
 

F
bi

 

in
48
Z.
tim
co
w
re

in
of
fe

fo
co
12
to
%
an
re
al
en
FO
F 

tre
pr
fe
sh
m
str
an
re
co
su

[S
m

al
ls

ug
ar

s]
(g

L
-1

)

was a reductio
esidual after 38

Fig. 3 Sugars pr
ioreactor with S

■ Fructose; 

In relation to
n the medium
8.0±0.6 to 4.3
 mobilis, res
me. This high
ompared to fru

was a reductio
esidual after 38

The reductio
n the mixture b
f the percen
ermentation str

The introduc
or FOS prod
omposition of 
2.4), % glucos
o 1.9 and 7.4 t

% GF3 (27.2 to
nd 1.8 to 2.4) 
espectively.  A
lso expected 
nhancing the r
OS and small
> G > GF > G

The producti
eatment for fu
resent work. 
ermentative b
howed to be a

more efficient 
rategy increas
nd 81%, in t
espectively. 
oncentrations 
ucrose in the 

0

10

20

30

40

50

0

[S
m

al
l s

ug
ar

s]
 (

g.
L

1 )

on of the suc
8h of ferment

rofile for the sec
S. cerevisiae (fu
● Glucose; ♦ S

o glucose, a c
m from 46.6±
3±0.5 g.L-1, in
spectively, an
hlights the pr
uctose by bot

on of the suc
8h of ferment
n of the small
by the two str
tage of FOS
rategy.  
ction of the s

duction and p
f the mixture: 
se (28.1 to 1.7
to 2.2), % GF
o 36.4 and 27
in the presen

According to t
an improvem

resolution of t
l saccharides, 
GF2> GF3> GF

IV. C

ion and purific
urther purifica
The minimiz
roth did not 
a successful a

process. Th
sed the percen
the presence 

The final 
of small sa

presence of b

10
Ferme

crose in the m
ation (around 

cond fermentati
ull lines) and Z. 
Sucrose; □ GF2;

considerable d
±1.0 to 1.9±

n the presence
nd fructose k
reference for 
th strains. At 
crose in the m
ation (around 
l saccharides, 
rains used, ex
S obtained u

second fermen
purification m
% fructose (7
7 and 29.1 to 
F2 (27.4 to 40
.1 to 39.6) an
ce of S. cerev
the final mixt
ment of the 
the chromatog
based on the

F4 [10]. 

CONCLUSION 

cation of FOS
ation by SMB
zation of the 

affect the F
approach for a
he use a two
ntage of FOS 
of S. cerevis

mixture 
accharides, n
both strains, s

20
entation time (h)

medium, whi
2 g.L-1).  

ion serie carried
mobilis (dashe
 ○ GF3; and ◊ G

decrease was v
±0.5 g.L-1 and
e of S. cerevis
kept constant 

consuming g
the same tim
medium, whi
2 g.L-1).  
sucrose and g

xplains the inc
using the tw

ntation as a s
modified the 
7.4 to 11.7 and

4.5), % sucro
.5 and 26.7 to

nd % GF4 (2.5
visiae and Z. m
ture compositi
SMB separat
graphic separa
eir molecular 

S through a mi
 was proposed
salt amount 

FOS producti
a less expensi
o-stage ferme
in the mixtur

siae and Z. m
contained r

namely gluco
showing their 

30 4

 

ch was 

 

d out in 
d lines): 

GF4 

verified 
d from 
iae and 
during 

glucose 
e, there 
ch was 

glucose, 
creasing 

wo-stage 

strategy 
sugars 

d 7.9 to 
ose (7.4 
o 38.9), 
5 to 7.5 
mobilis, 
ion it is 
tion by 
ation of 
weight: 

icrobial 
d in the 

in the 
on and 
ive and 
entation 
re to 85 
mobilis, 
residual 

ose and 
similar 

pe
fla

an 
it i
of 
the
SM

sup
the
gra
Te
rec

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

[14

[15

0

10

20

30

40

50

60

40

[F
O

S
] 

(g
.L

-1
)

rformance un
ask. 
The use of th

n interesting ap
increased the 

f small sugars 
e improved ef
MB. 

In this work
pport from the
e Scientific R
atefully ackn
ecnologia (Por
ceived (referen

A. Franck, “Te
J. Nutr., vol. 8
P. A. A. Cou
oligofructose i
Nutr., pp. 1412
S. I. Mussatto
“Colonization 
application to
Res., vol. 344,
L. Caicedo, E
fructooligosac
mechanically 
vol. 84, no. 5, 
A. Dominguez
Rocha, N. Li
fructooligosac
Carbohydr. Po
P. T. Sangeeth
the microb
fructooligosac
442–457, Oct.
C. Nobre, P. 
resins for fruct
1, pp. 55–63, J
C. Nobre, J. A
purification fr
column,” N. B
C. Nobre, J. 
technological 
fructo-oligosac
2013. 

0] M. Mazzoti, 
simulated mov
J. Chromatogr

1] P. Sá Gomes, 
technology: ol
Sep. 2006. 

2] K. Vaňková 
chromatograph
Biochem., vol

3] D. C. Sheu, P.
of fructooligos
β -fructofuran
pp. 1499–1503

4] Y. Yang, J. W
fructo-oligosac
and successive
8, pp. 2805–28

5] K. H. Jung, J
fructo-oligosac

der the same f

e two-stage fe
pproach for FO
percentage of
in the final m

fficiency of th

ACKNOW

k it is gratefu
e F.R.S.-FNR
Research, (PD

nowledges to 
rtugal) and PO
nce SFRH/BP

REFE

echnological func
87, no. 2, pp. 287–
ussement, “Nutri
inulin and oligofr
2–1417, 1999. 
o, C. N. Aguila

of Aspergillus
o the production
, no. 6, pp. 795–8
E. Silva, and O

ccharides produc
agitated airlift r
pp. 650–656, Ma
z, C. Nobre, L. R
ima, and J. A. 

ccharides produ
olym., vol. 89, no
ha, M. N. Rames
ial production

ccharides,” Trend
 2005. 
Suvarov, and G. 
to-oligosaccharid
Jan. 2014. 

A. Teixeira, and L
from a fermenta
Biotechnol., vol. 2

A. Teixeira, an
challenges in the
ccharides,” Crit. 

G. Storti, and 
ving bed units for
r. A, vol. 769, pp.
M. Minceva, and
ld and new,” Ad

and M. Polak
hic separation 
. 45, no. 8, pp. 13
. J. Lio, S. T. Che
saccharides in hig

nosidase and gluc
3, 2001. 

Wang, D. Teng, a
ccharides by A
e cultivation with
809, 2008. 
. H. Kim, Y. J. J
ccharides syrup

fermentation c

ermentation st
OS production
f FOS and red
mixture, whic
he purification

WLEDGMENT 

ully acknowl
RS, the Belgium
DR: T.0196.1

Fundação p
OPH/FSE for
PD/87498/201

ERENCES 
ctionality of inuli
–291, Mar. 2007.
tional and health
ructose�: safe in

ar, L. R. Rodrigu
sjaponicus on s
n of fructooligos
800, Apr. 2009. 
O. Sánchez, “Sem
ction by Asper
reactor,” J. Chem
ay 2009. 
R. Rodrigues, A

Teixeira, “New
uction by Aur
o. 4, pp. 1174–9, A
sh, and S. G. Pra
n, analysis 
ds Food Sci. Tech

 De Weireld, “E
de separation.” N

L. R. Rodrigues, 
ative broth using
29, no. 3, pp. 395–
nd L. R. Rodri
e industrial produ
 Rev. Food Sci

M. Morbidelli, 
r nonlinear chrom
. 3–24, 1997. 
d A. E. Rodrigues
dsorption, vol. 12

kovič, “Optimiz
of fructoolig

325–1329, Aug. 2
en, C. T. Lin, and
gh yield using a 
cose oxidase,” B

and F. Zhang, “P
Aspergillusjaponic
h yeast,” J. Agric.

Jeon, and J. H. L
p with two 

conditions in 

trategy showe
n and purifica

duced the perc
h can contrib

n process of F

edged the fin
m National Fu
13). Clarisse 
para a Ciênci
r the Post-Doc
12).  

in and oligofructo
. 
h benefits of inu

ntakes and legal st

ues, and J. A. T
synthetic materi
saccharides,” Ca

mibatch and co
rgillus sp. N74
m. Technol. Bio

. M. Peres, D. T
w improved met
reobasidium pu
Aug. 2012. 
apulla, “Recent t
and applicati

hnol., vol. 16, no

Evaluation of com
. Biotechnol., vol

“Fructo-oligosac
g an activated 
–401, Feb. 2012.
igues, “New tre
uction and purific
. Nutr., vol. doi

“Optimal oper
matographic sepa

s, “Simulated mov
2, no. 5–6, pp. 3

ation of single
gosaccharides,” 
2010. 
d K. J. Duan, “Pro
mixed enzyme sy

Biotechnol. Lett., 

Preparation of hig
cus β-fructofura
. Food Chem, vol

Lee, “Production
enzyme syst

shaken 

d to be 
ation as 
centage 
ute for 

FOS by 

nancial 
und for 
Nobre 

ia e a 
c grant 

ose,” Br. 

ulin and 
tatus,” J. 

Teixeira, 
ials and 

arbohydr. 

ntinuous 
4 in a 
technol., 

Torres, I. 
thod for 

ullulans,” 

trends in 
on of 

o. 10, pp. 

mmercial 
l. 31, no. 

ccharides 
charcoal 
 
nds and 
cation of 
i:10.108, 

ation of 
arations,” 

ving bed 
375–392, 

e-column 
Process 

oduction 
ystem of 
vol. 23, 

gh-purity 
anosidase 
l. 56, no. 

n of high 
tem of 

World Academy of Science, Engineering and Technology
International Journal of Biological, Food, Veterinary and Agricultural Engineering Vol:9 No:2, 2015 

109International Scholarly and Scientific Research & Innovation 9(2) 2015

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
 V

ol
:9

, N
o:

2,
 2

01
5 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

00
04

70

http://waset.org/publication/Production-of-High-Content-Fructo-Oligosaccharides/10000470


 

 

fructosyltransferase and glucose oxidase,” Biotechnol. Lett., vol. 15, no. 
1, pp. 65–70, 1993. 

[16] J. W. Yun, M. G. Lee, and S. K. Song, “Batch production of high-
content fructo-oligosaccharides from sucrose by the mixed-enzyme 
system of β-fructofuranosidase and glucose oxidase,” J. Ferment. 
Bioeng., vol. 77, no. 2, pp. 159–163, Jan. 1994. 

[17] S. Yoon, R. Mukerjea, and J. F. Robyt, “Specificity of yeast 
(Saccharomyces cerevisiae) in removing carbohydrates by 
fermentation,” vol. 338, pp. 1127–1132, 2003. 

[18] R. Crittenden and M. Playne, “Production, properties and applications of 
food-grade oligosaccharides,” Trends Food Sc, vol. 7, no. 11, pp. 353–
361, 1996. 

[19] G. Kelly, “Inulin-type prebiotics: a review ( Part 2 ),” Altern. Med. Rev., 
vol. 14, no. 1, 2009. 

[20] L. G. Dias, A. C. A. Veloso, D. M. Correia, O. Rocha, D. Torres, I. 
Rocha, L. R. Rodrigues, and A. M. Peres, “UV spectrophotometry 
method for the monitoring of galacto-oligosaccharides production,” 
Food Chem., vol. 113, no. 1, pp. 246–252, Mar. 2009. 

[21] C. Nobre, M. J. Santos, A. Dominguez, D. Torres, O. Rocha, A. M. 
Peres, I. Rocha, E. C. Ferreira, J. A. Teixeira, and L. R. Rodrigues, 
“Comparison of adsorption equilibrium of fructose, glucose and sucrose 
on potassium gel-type and macroporous sodium ion-exchange resins.,” 
Anal. Chim. Acta, vol. 654, no. 1, pp. 71–6, Nov. 2009. 

[22] K. H. Jung, J. W. Yun, K. R. Kang, J. Y. Lim, and J. H. Lee, 
“Mathematical model for enzymatic production of fructo-
oligosaccharides from sucrose,” Enzyme Microb. Technol., vol. 11, no. 
8, pp. 491–494, Aug. 1989. 

World Academy of Science, Engineering and Technology
International Journal of Biological, Food, Veterinary and Agricultural Engineering Vol:9 No:2, 2015 

110International Scholarly and Scientific Research & Innovation 9(2) 2015

In
te

rn
at

io
na

l S
ci

en
ce

 I
nd

ex
 V

ol
:9

, N
o:

2,
 2

01
5 

w
as

et
.o

rg
/P

ub
lic

at
io

n/
10

00
04

70

http://waset.org/publication/Production-of-High-Content-Fructo-Oligosaccharides/10000470

