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ABSTRACT

Fructooligosaccharides (FOS) are fructose oligomers containing a glucose residue at the end of
the chain and its production takes place by the action of fructosyltransferase in plants and
micro-organisms. FOS have functional properties that make them important food ingredients, with
functions of regulating lipid metabolism, increased intestinal calcium absorption and being prebiotic
selectively stimulating the growth and/or activity of beneficial bacteria to the body. Bacillus subtilis
natto produces levan by fermentation in medium rich in sucrose. Levan is synthesized by the
enzyme levansucrase which is also responsible for the synthesis of FOS. The aim of this study was
to evaluate by statistical methodelogy, using a central composite factorial design, the influence of
varying sucrose concentration (X)), pH (X,) and agitation (X3} in the formation of FOS by B. subtilis
natto CCT 7712, Fermentations were conducted in 125 mL Erlenmeyer flasks containing 25 mL of
culture medium, the media were inoculated with 0.2 g L ™! cells and incubated on orbital shaker at
37°C for 24 h, the other parameters were adjusted according to the experimental design. The
production of FOS was accompanied by High Performance Liquid Chromatography (HPFLC) using
kestose and nystose as standards. The analysis showed that the pH was significant. The optimum
conditions were determined sucrose concentration of 300 g L', pH 7.7 and agitation 234 rpm,
where preduction was 98.86 g L™ and did not differ statistically from the expected value of
106.98 g L,
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INTRODUCTION

The concern with a healthy lifestyle has increased the search for functional foods. The global
market moved back to this area, at least 33 billion dollars in 2001 and only in the U.S. market
demand for functional foods was approximately $15 billion (Menrad, 2003). Among the products
that confer health benefits are some specific types of dietary carbohydrates, especially
Fructooligosaccharides (FOS) which has become popular due to the physiological effects provided
to consumers (Patel and Goyal, 2011).

FOS are carbohydrates of low molecular mass containing sugar residues with a degree of
polymerization between 3 and 9, in which the fructosyl units are linked by B-position (2>1) sucrose,
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among the most frequent oligofructoses are 1-kestose (GF2), nystose (GF3) and fructofuranosyl
nystose (GF4) (Yun, 1996). The connection type this makes them not susceptible to hydrolytic
activity of the human digestive enzymes, possessing important physiological function as prebiotics
(Biedrzycka and Bielecka, 2004). Prebiotics are defined as non-digestible food ingredients that
beneficially affect the host by selectively stimulating the growth and/or activity of a limited number
of bacteria present in the celon, improving host health (Gibson and Roberfroid, 1995).

Besides stimulating the growth of bifidobacteria and lactobacilli, there 1s the production of short,
chain fatty acids as end products of fermentation. These acids stimulate the growth of colorectal
mucosal cells, retarding atrophy of the mucosa and reducing the risk of harmful changes to the
colon (Ningegowda and Gurudutt, 2012). Other features of the FOS have had special attention as
the low calorific value, the effects in reducing levels of phospholipids, triglycerides and cholesterol,
aid in the absorption of calcium and magnesium from the gut (Mussatto and Teixeira, 2010},

Although the FOS can be found in various natural sources such as asparagus, beets, onions,
garlic and chicory, its concentration in these sources is low and its preduction is limited by climatic
conditions (Yun, 1996). Industrially, the FOS is mainly produced from sucrose by microbial
enzymes with activity transfructesilation (f-frutofuranosidases, also called fructosyltransferases)
{(Park et al., 2003). Conventionally, the industrial proeduction of FOS by microorganisms includes
a two-stage process and another process in a single step. At first, is initially taken enzyme
production by microbial fermentation, followed by reaction with the enzyme substrate for the
production of FOS. The second process is carried cut with the enzyme production and enzymatic
reaction in a single fermentation process. The latter process dees not depend on the purification of
the enzyme, enabling the production of FOS with only one step, coupled with the lower cost of
production (Ning ef al., 2010).

There are several micro-organisms that possess transfructosilation enzymes among fungi
Aspergillus japonicus (Mussatto et al., 2009; Mussatto and Teixeira, 2010), Aspergillus oryzae
(Sangeetha ef al., 20056a), Aureobasidium pullulans (Shin et al., 2004) and bacteria such as
Mycobacterium laevaniformans (Park et al., 2003), Zymomonas mobilis (Bekers ef al., 2002),
Bacillus circulans (El-Refai et al., 2009) and B. subtilis (Abdel-Fattah et al., 2005; Euzenat ef al.,
1997).

B. subtilis natto has the enzyme levansucrase (EC 2.4.1.10), one fructosyltransferase that
performs the formation of levan, a homopolymer linked B-(2>6) branched B-(1>2). Besides the
formation of this polymer, levansucrase catalyzes the formation fructo-cligesaccharides
(Abdel-Fattah et al., 2005).

The FOS production is affected by several variables such as the sucrose concentration in the
fermentation medium, pH, time of cultivation, among others (Sangeetha ef al., 2005b) which makes
the response surface methodology a tool to optimize the conditions of culture medium and other
critical variables for production using a smaller number of experimental tests (Lau et al., 2010).

This study aimed to select the best conditions for the production of fructooligosaccharides by
fermentation by B. subiilis natto CCT 7712 using response surface methodology.

MATERIALS AND METHODS

Microorganism and media: Bacillus subtilis natto CCT 7712 was maintained at 4°C on slant
medium containing (g L™): peptone 50, yeast extract 30 and agar 20. This strain was isolated from
soybeans fermented, a Japanese food called “natto” at the Department of Biochemistry and
Biotechnology of Londrina State University (Brazil) and identified by Fundacao Andre Tosello
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{Campinas-Brazil). The product “natte” was purchased at a health food store. The soybeans were
macerated and were diluted with distilled water. Serial dilutions were made, inoculated on Petri
dishes containing standard medium and incubated at 37.5°C in a for 48 h.

The inoculum was prepared from stock culture which was transferred to Erlenmeyer flask
{125 mL) containing 25 mlL of medium, maintained at 37°C, agitation 150 rpm for 48 h. After
incubation, the medium was centrifuged at 9056 g and the cells were resuspended in saline solution
0.9% (w/v) was then used to inoculate 0.2 g L cells in different fermentation media. Fermentations
were conducted in Erlenmeyer flasks (125 mL) containing 25 mL of fermentation medium, being
carried out at 37°C for 24 h, sucrose, pH and stirring speed were adjusted according to the
statistical design (Table 1). The cultures were stopped by centrifugation at 9056 g for 15 min at
4°C, then was determined FOS production in the supernatant of the fermentation.

Determination of fructooligosaccharides: FOS production was analyzed with HPLC using
Shimadzu equipment with a Shimadzu RID-10A refractive index detector. The column used was
AMINEX Carbohydrate HPX-87C (200x7.8 mm Biorad). The column temperature was maintained
at 80°C. The samples (20 uL)) were eluted with 0.6 mL Milli-Q water/min and the FOS standards
1-kestose (GF,-504.44 Da) and 1- nystose (GF.-666.58 Da) were from Sigma-Aldrich. The total FOS

production was caleulated as the sum of 1-kestose and 1-nystose expressed in g L1,

Central composite design: To check the best conditions for producing FOS by B. subtilis natto,
we performed a factorial central composite design with the variables: suerose concentration (X)), pH
(X,) and agitation (X;) for the production of fructooligosaccharides. The variables were coded by
Eq. 1:

x, = (XX AX, (1)

where, x, is the coded level of variable X is the actual value of the variable, X is the actual value
of the variable at the center point and AX. is the change in value at the actual levels. The
parameters for the production of FOS sucrose coneentrations were 216-384 ¢ LY, pH 4.3 to 7.7 and
agitation from 66 to 234 rpm (Table 1). The optimal response for the preduction of FOS was
predicted following the quadratic model Eq. 2:

¥ =b+Zbx+Ibx"+Ib,xx, (2)

where, ¥ is the dependent variable, b, is the intercept, b;is the coefficient for the linear effect, b

is the coefficient for the quadratic effect, by, is the coefficient for the interaction effect, x is the coded
level of the variable.

Statistical analysis: Statistical analyses were performed using the software Statistica 7.0 (2004)
and values were considered significant when p<0.05,

RESULTS

Produection of fructeoligosaccharides by fermentation by Bacillus subtilis natto was assessed
in different ways. The optimization of the production of FOS was performed using a factorial
central composite design. The results of the design are shown in Table 1 and 2.

146



Am. J. Food Technol., 9 (3): 144-150, 2014

Table 1: Coded and actual levels of factorial central composite design for fructooligosaccharides (FOS) production by Bacillus subtilis
natto. The temperature set at 37°C and cultivation time 24 h

Assays X X, X5 FOS production (g L™
1 -1 (250 168 -1 (100 1261
2 -1 (250 ¢ 1 (200) 0.00
3 -1 (250 1(D -1 (100 58.28
4 -1 (250 1(7 1 (200) 91.98
5 1(350) 168 -1 (100 10.77
6 1(350) ¢ 1 (200) 0.00
7 1(350) 1(D -1 (100 53.61
8 1(350) 1(7 1 (200) 77.23
9 -1.68 (216) 0(6) 0 (150) 44.89
10 1.68 (384) 0(8) 0(150) 0.00
11 0 (300) 1.68 (4,3 0(150) 0.00
12 0 (300) 1.68 (7,7 0 (150) 69.97
13 0 (300) 0(6) -1.68 (66) 11.39
14 0 (300) 0(8) 1.68 (234) 62.78
15 0 (300) 0(6) 0(150) 64.86
16 0 (300) 0(8) 0 (150) 82.01
17 0 (300) 0(6) 0(150) 48.56

¥, Bucrose concentration, Xy pH, eXx;: Agitation

Table 2: Analysis of variance (ANOVA) for the quadratic model of fructooligosaccharides (FOS) production by B. subtilis natto in sucrose

medium

Parameters Sum of squares Degree of freedom Mean square p-value
Sucrose (L) 684.96 1 684.96 0.1693
pH (L) 10296.05 1 10296.05 0.0005%
Agitation (L) 1060.19 1 1060.19 0.0983
Sucrose (@) 1969.51 1 1969.51 0.0355*
pH @ 872.09 1 872.09 0.1274
Agitation (@) 729,75 1 729,75 0.1578
X)Xy 38.63 1 38.63 0.7267
¥, 8.49 1 8.49 0.8694
XgX3 814.06 1 814.06 0.1388
Pure error 559.57 2

Lack of fit 1467.02 5 279.79 0.5541

R?=0.88

Results were statistically analyzed by the coefficient of determination (R%) was 0.882, this
indicates that 88.20% of the variability of the responses can be explained by the model, this value
was considered acceptable as the authors deseribe (Joglekar and May, 1990) that the coefficient, of
determination must be at least 80%. The lack of fit of the model was evaluated, presenting not
significant (p = 0.5541), indicating that the model equation was adequate for predicting the
production of FOS, under any combination of variable values.

B. subitlis natte has shown promise in producing FOS oligofructose reaching values of
91.98 g L' in trial 4 (250 g L ™! sucrose, pH 7 and 200 rpm) Table 1. From the regression variables,
it was found that the negative effect of sucrose while agitation and pH showed a positive effect on
the production of FOS.
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Fig. 1: Optimization of the production of FOS by B. subftilis natto using statistea software 7.0

The analysis of the regression Kq. 3 shows that only the intercept of the linear term and
quadratic term pH of sucrose were significant at the 5% level, these variables had no interactions
(Table 2). Comparing the tests 2 and 4, the same concentration of sucrose (250 g L™Y) and the same
agitation (200 rpm), there is not a production of FOS when the pH was changed from 7 to 5,
demonstrating the strong effect this parameter in the production of oligofructose.

The variable acts on sucrose F'OS production but in very high values of 384 g L " (test 10) the
null and has been cutput in the tests 15, 16 and 17 with 300 g ! (core) The average vield was
65.14 g L4

Figure 1 optimizes the best conditions for the preduction of FOS obtained by the predictive
model, indicating that the concentration of 300 g ™! of sucrose, pH 7.7 and agitation of 234 rpm
allows the maximum theoretical production of 106.98 g L ! of FOS. With the aim of validating the
model equation, three additional tests under optimum conditions described were performed. The
average value of FOS was 98.88 g ! which is very close to the predicted, when compared by
Tukey test at 5%, were not statistically different.

From the regression coefficients was obtained the following second order polynomial equation
for predicting the production of FOS:

Y = 64,59-7,08x,+27,49x,+8,81x,-18,18x,%-8,75x,-8,01x,%-2,19x, x,-1,08x,x,+10,08x,%x,  (3)

where, Y is the predicted response to FOS (g L™), x,, x, and x, are the coded values for sucrose, pH
and agitation, respectively.
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DISCUSSION

The production of FOS was performed by extracellular enzyme levansucrase (FC2.4.1.10) that
presents the free fermentation medium. Thus, the production of levan and FOS is subject to
environmental conditions of fermentation, it was verified by sucrose concentration and pH variables
that affect the activities of the two levansucrase, hydrolysis and transfructosilation.

The concentration of sucrese to FOS production was better with 342 g L™! close to the result
found by Abdel-Fattah ei al. (2005). These authors cbserved that concentrations that high
concentrations of sucrose stimulated the production of fructo-cligesaccharides by levansucrase from
Bacillus subtilis NRC 33. Da Silva (2008) studied the FOS production by fermentation by
Kluyveromyces marxianus and Saccharomyces cerevisiae which reached a maximum of 2.38 and
0.73 g L™, respectively. Coimbra ef al. (2005) achieved a preduction of FOS 32.5 g L™ tin the
fermentation with Zymomonas mobilis conducted for 24 h at 40°C, 100 rpm and 150 g L™" sucrose
by the microorganism.

In the present study, the Bactllus subiilis natto has been shown to produce large amounts of
fructooligesaccharides and the results obtained indicate that the maximum yield of 98.86 g L ! of
FOS can be achieved in 300 g L™ of sucrose, pH 7.7 and agitation 2534 rpm. These results make this
promising microorganism for the production of industrially oligofructose.
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