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Prebiotic fructooligosaccharide production from yeast strain ML1

Abstract

Fructooligosaccharides (FOS) are non-digestible oligosaccharides, mainly composed of 
1-kestose (GF2), nystose (GF3) and 1F-β-fructofuranosyl nystose (GF4), which are recognized 
as prebiotics because they can stimulate the bifidobacteria growth in the human colon. The 
aim of this work was to evaluate the factors affecting the production of fructooligosaccharides 
using sucrose as the substrate by a yeast strain ML1 isolated from sugarcane juice. The effects 
of sucrose concentrations (50-150 g/L), yeast extract concentrations (10-30 g/L) and agitation 
speeds (75-300 rpm) were studied in a 3L fermenter. It was found that sucrose concentration 
was the most effective parameter. This factor showed a positive influence on FOS yields. The 
optimized conditions for FOS production were 150 g/L sucrose, 20 g/L yeast extract with the 
agitation speed of 150 rpm. Under these controlled conditions, the maximum specific growth 
rate and the FOS concentration were obtained approximately 0.27 h-1 and 65 g/L, respectively.

Introduction

Fructooligosaccharides (FOS)  are  mixture of one 
to three fructosyl units bound to the β-2, 1 position of 
sucrose (GF) such as 1-kestose (GF2), nystose (GF3) 
and 1F-β-fructofuranosyl nystose (GF4). They are 
recognized as prebiotics defined as a non-digestible 
food component that beneficially affects the host by 
selectively stimulating the growth and/or activity of 
one or a limited number of colonic bacteria (Gibsan 
and Roberfroid, 1995; Rao, 2001). Besides this, FOS 
are non-cariogenic and non-caloric but their sweet 
taste are much similar to that of sucrose (Yun, 1996). 
They are widely used in food and pharmaceutical 
industries as a functional sweetener (Sangeetha et al., 
2005a; Spiegel et al., 1994; Crittenden and Playne, 
1996; Yun, 1996). FOS are principally formed from 
sucrose by the action of transfructosylation activity 
from plants and vegetables like garlic, banana, plum, 
onion, shallot, chicory, Jerusalem artichoke, etc. 
and bacteria and fungi such as Aspergillus oryzae 
(Sangeetha et al., 2005b), Aspergillus japonicas 
(Mussatto et al., 2009a), Aspergillus niger (Hidaka 
et al., 1988; Hirayama et al., 1989), Aureobasidium 
pullulans (Vandáková et al., 2004; Silva et al., 2011), 
Arthrobacter sp. (Fujita et al., 1994) and Furarium 
sp. (Gupta and Bhatia, 1980). The enzymes used 
industrially for FOS synthesis are mainly based on 
microbial enzymes. During the reaction of sucrose 
hydrolysis, a frutosyltransferase possesses the 

ability to bind the acceptor, fructosyl moiety, and 
to exclude H2O and the various oligosaccharides 
were formed through transfructosylation. Typically, 
the production of FOS is a two-stage process; the 
fructosyltransferase production by microorganisms 
and the reaction of the extracted enzyme with 
sucrose to produce FOS (Mussatto et al., 2009b). In 
the present work, the factors affecting the production 
of fructooligosaccharides from sucrose by a yeast 
strain ML1, which isolated from sugarcane juice was 
investigated in a 3L jar fermenter.

Materials and Methods

Microorganism and inoculum preparation
A yeast strain ML1 isolated from sugarcane juice 

was maintained at 4oC on the standard medium agar 
(SMA) containing (per L): sucrose 20 g, yeast extract 
20 g, NaNO3 10 g, MgSO4•7H2O 0.1 g, K2HPO4 1 
g and agar 15 g. The initial pH was adjusted to 5.5. 
Cells from the stock cultures were transferred into a 
test tube containing 5 mL of standard medium broth 
(SMB) and grown at 37oC for 24 h. This culture was 
transferred into 250 mL Erlenmeyer flasks containing 
50 mL of the standard medium broth (SMB) and 
incubated at 37oC on a rotary shaker (150 rpm) for 
24 h. This broth was used for further inoculation in a 
fermenter culture.

 

Keywords

Fructooligosaccharide
Optimization
Prebiotics
Sucrose

Article history

Received: 1 June 2015
Received in revised form: 
22 September 2015
Accepted: 14 October 2015

Short Communication



426  Kaenpanao et al./IFRJ 23(1): 425-428

Culture conditions
In order to study the effects of sucrose 

concentrations (50-150 g/L), yeast extract 
concentrations (10-30 g/L) and agitation speeds (75-
300 rpm) on the yeast growth and the FOS production 
by a yeast strain ML1, batch fermentation were 
carried out in a 3L (EYELA, Japan) fermenter with a 
working volume of 1.5 L. Samples were withdrawn 
at time interval and were used for analyses.

Analytical methods
The cell growth was assessed 

spectrophotometrically by measuring the optical 
density (OD) of the culture broth at 600 nm. The 
cell concentration was calculated from the standard 
curve between the optical density against the cell 
concentration; Y = 1.689X, where Y and X are 
OD600 and cell concentration (g/L), respectively. 
The maximum specific growth rate was obtained by;  
, where µ is the specific growth rate (h-1) and t is the 
culture time (h).

Sugar mixtures (sucrose, glucose, fructose, 
1-kestose and nystose) were determined and 
quantified by high pressure liquid chromatography 
with refractive index as a detector (HPLC-RID). A 
Rezex (Phenomenex) Oligosaccharide column (7.8 
x 300 mm) was maintained at 45oC with Milli Q 
water as the mobile phase at a flow rate of 0.4 mL/
min. The samples were diluted appropriately and 
filtered through a 0.22 µm filter before injection. The 
reaction time of each individual FOS was compared 
with that of each standard.

Results and Discussion

The production of FOS depends on several 
parameters including the composition of culture 
medium and operating conditions. In this study, the 
initial concentrations of sucrose and yeast extract, 
and the agitation speeds were varied in the range of 
50-150 g/L, 10-30 g/L and 75-300 rpm, respectively.

Effect of sucrose concentration
To study the effect of sucrose concentrations 

on cell concentration, experiments were conducted 
varying the initial sucrose concentrations from 50 to 
150 g/L. The results showed that the maximum specific 
growth rates obtained from 50, 100 and 150 g/L 
sucrose were 0.429, 0.443 and 0.27 h-1, respectively 
(Figure 1). The FOS production was highest at 65 g/L 
obtained from 150 g/L sucrose. Likely, this indicated 
that the production of FOS depended on the sucrose 
concentration. Similarly, the higher FOS produced 
by Aureobasidium pullulans from higher sucrose 

concentration was reported previously (Dominguez 
et al., 2012). It described an availability of fructosyl 
acceptors increased at higher sucrose concentration, 
while decreased the water availability (Vega-Paulino 
and Zúniga-Hansen, 2012). 

Effect of yeast extract concentration
The cell growth was also influenced by the 

nitrogen source. Yeast extract is known as a source 
of vitamins and growth factors, and provides 
nitrogenous compounds, which are essential for 
the growth of diverse microorganisms (Vandáková 
et al., 2004). Figure 2 presented the effect of yeast 
extract concentrations on the cell growth, however, 
no significant difference in cell growth was observed.  
The maximum FOS production of 65 g/L was attained 

Figure 1. The effect of sucrose concentrations on cell 
growth

Figure 2. The effect of yeast extract on cell growth

Figure 3. The effect of agitation speeds on cell growth
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at 20 g/L of yeast extract, as previously reported that 
yeast extract gave positive effect on neo-FOS rather 
than sucrose (Lim et al., 2005).

Effect of agitation speed
The agitation speed affecting on the cell growth 

was investigated varying from 75 to 300 rpm. 
However, these agitation speeds did not affect the 
cell growth among various sucrose concentrations 
(Figure 3). The FOS production maximized at 65 
g/L was obtained with 150-rpm agitation speed. 
As compared to the FOS production yield, this was 
maximized at a 385-rpm agitation speed (Dominguez 
et al., 2012).

As a result, the FOS production was optimized 
at 50 g/L sucrose, 20 g/L yeast extract and 150-rpm 

agitation speed, which the FOS concentration of 65 
g/L was obtained from 4 h of culture time. From 
the HPLC analysis, 1-kestose and sucrose were 
found separately in the sample taken at this highest 
production of FOS (Figure 4). The profiles of sugars 
and FOS (i.e. 1-kestose) were summarized in Figure 
5, from the FOS production by the yeast strain ML1 
in a 3L fermenter under optimal conditions mentioned 
above.

Conclusion

The present work showed the yeast strain ML1 
was potential for use in the batch production of FOS, 
which is applicable in industry. An optimization of 
different cultivation to enhance the FOS production 
is ongoing investigation. 
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