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The present study was conducted to investigate the effects of culture conditions on
folate production by Streptococcus thermophilus BAA-250. Lactose (3g/L) and yeast extract
(20g/L) were found to be the more suitable carbon and nitrogen sources for folate production
by S. thermophilus BAA-250. para-aminobenzoic acid (pABA) higher than 1 uM had no
significant effect on folate biosynthesis. The optimum pH for folate production was shown
to be 7.0 with a folate yield and productivity of 54.53 (ug/L) and 2.27 (ug/L.h), respectively.
Optimum folate production obtained in the presence of lactose and yeast extract in a
controlled pH of 7 during batch fermentation in bioreactor. Kinetic studies indicated that
folate production by S. thermophilus is growth-associated process.
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Folate is a water soluble group of B-
vitamins with related biological activity
which is synthesized from guanosine-5'-
triphosphate (GTP), p-aminobenzoate
(PABA), and glutamate (Basset et al., 2005;
Wegkamp et al., 2007). Various green plants
and some microorganisms produce folate.
Numerous studies have shown that lactic
acid bacteria (LAB) such as Lactococcus lactis,
Lactobacillus ~ bulgaricus and  Streptococcus
thermophilus have the ability to produce folate
in fermented foods (Crittenden et al., 2003;
LeBlanc et al., 2007; Lin & Young, 2000;
Papastoyiannidis et al., 2006). There is limited

information about the parameters that
influence folate biosynthesis by LAB used for
the production of dairy products (Crittenden
et al., 2003; Lin & Young, 2000; Sybesma et
al., 2003b). Therefore, the present study was
conducted to investigate the effect of culture
conditions, such as carbon and nitrogen
sources, p-aminobenzoic (PABA)
concentration, and pH on influence folate
production by S. thermophilus BAA-250. In
this work, kinetics models for folate
production and the growth of the strain were
also described.
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Materials and Methods

Microorganism, Media and Cultivation
Condition

Streptococcus  thermophilus ~ ATCC  BAA

250/LMG 18311 and Lactobacillus casei subsp.
rhamnosus (ATCC 7469) were respectively
used as folate-producing and reference
strains (Arcot & Shrestha, 2005). The bacterial
strains were cultivated in a modified M17
medium containing yeast extract (2.5 g/L),
peptone from meat (5 g/l), peptone from
casein (5 g/1), MgSO, (0.25 g/1), KxHPO, (0.6
g/1), pPABA (0.1 mg/l), lactose (5 g/l) and
ascorbic acid (0.5 g/L) (Galia et al., 2009;
Sybesma et al., 2003b; Zisu & Shah, 2003). The
medium were sterilized at 121°C for 15 min.
Ascorbic acid and pABA were filter sterilized
using 0.22-pm sterile syringe filter.

Shake-flask Fermentation

To investigate the effect of different carbon
sources on folate production by S.
thermophilus BAA 250, the strain was cultured
in the modified M17 medium containing 5
g/1 of glucose, maltose or sucrose, or 1-10 g/1
of lactose. Folate production was also
evaluated in the in presence of lactose (3 g/1)
as carbon source and different nitrogen
sources. The nitrogen compounds tested
were organic [meat extract (3 %), yeast extract
(0.5-3%), pentone/casein (3%) or
pepton/meat (3%)] and inorganic
[ammonium nitrate (3%) or ammonium
sulfate (3%)]. To rule of exogenous folate
addition, the folate content of the organic
nitrogen sources was determined before the
experiments (data not shown). In the medium
with the optimized amount lactose and yeast
extract, the effect of pABA (1-150 pM) was
also tested.

All the experiments were carried out
in triplicates in 500 ml Erlenmeyer flasks
containing 250 ml of the medium inoculated
with 5% (v/v) of the inoculums, followed by
24 h incubation at 37°C and 150 rpm in a
shaker incubator (Stuart, USA). Cell
concentration, folate  production and
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substrate consumption were determined at
each 24 h intervals. Substrate utilization was
determined wusing Di-nitro salicylic acid
(DNS) method as previously described by
Rosfarizan and Ariff (Rosfarizan & Ariff,
2006). Cell concentration was assessed at
ODg¢10  using spectrophotometer (Thermo,
USA). Biomass concentration was determined
by dry weight measurement (Rosfarizan &
Arrif, 2007).

Batch culture fermentation

For batch fermentation, a 2-liter stirred tank
bioreactor (Biostat, B. Braun, Melsungen,
Germany), filled with one liter of the growth
medium inoculated with 5% (v/v) of the
inoculums. Temperature was maintained at
37°C, and pH and dissolved oxygen were
controlled using controller hardware and
software systems. Agitation speed was set at
the constant rate of 150 rpm using 2 six-
bladed turbine impellers. Fermentation was
carried out at 37°C at the constant pH of 6.0,
7.0 or 8.0. After 0, 3, 6,9, 12, 18 and 24 h of
incubation, folate content, cell concentration
and sugar consumption were assessed.
Microbiological assay for intra- and
extracellular folate concentrations

Intra- and extracellular folate was quantified
using Lactobacillus casei microbiological assay
according to the method described by Horne
and Patterson (Horne & Patterson, 1988).
Briefly, 5 ml of the bacterial culture was
precipitated at 8,000 xg for 5 min. To
determine extracellular folate, the
supernatant was diluted (1:1) with 0.1 M
sodium acetate buffer (pH 4.8) containing 1%
(v/v) of ascorbic acid. Ascorbic acid is used
to prevent oxidation reactions of folate (Jones
& Nixon, 2002; Scott et al., 2000). To measure
intracellular folate, the cell pellets were
washed and resuspended in sodium acetate
buffer (0.1 M, pH 4.8) containing 1% (v/Vv)
ascorbic acid. Folate was released from folate
binding protein by heating at 100°C for 5 min
(Sybesma et al., 2003a). Total folate, including
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polyglytamyl folate, was determined after
enzymatic deconjugation of the folate
samples at 37°C and pH 4.8 for about 5 h
using clarified human plasma (Sigma-
Aldrich, Germany) as the source of y-
glutamyl hydrolase (Sybesma et al., 2003a).

Kinetic methods

The following kinetic models were used for
cell growth, substrate consumption and folate
formation in culture fermentation based on
Logistic, Gompertz, Monod and Luedeking-
Piret equations(Lobry et al., 1992; Mu et al,,
2006; Omar et al., 2006; Rosfarizan & Ariff,
2006).

Cell growth:
dX/dt = [“,max (1'X/Xmax)]x
Substrate consumption:

dS/dt = a (dX/dt) + px
Product formation:
-Growth associated
P/dt=a(dX/dt)

-Mixed growth

dP/dt = a (dX/dt) + BX
-Non-growth associated
dP/dX= pX

[1]

2]

[3]
[4]
[5]

Where a and P are equation coefficients
corresponded to growth-associated and non-
growth-associated ~ product  formation,
respectively. Accordingly, products
accumulated in a fermentation process were
classified into three categories according to
the values of a and P as follows: A>0 and (3
Y40, growth-associated product accumulated
as the result of cell growth only; a %0 and
>0, non-growth-associated product
accumulated as a result of cell maintenance
only; and a >0 and B >0, mixed-growth-
associated product accumulated as the results
of the both cell growth and cell maintenance.
The kinetic models (equations 1 to 5) were
fitted to the experimental data by non-linear
regression with a Marquadt algorithm using
SIGMAPLOT computer software. The model
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parameter values were firstly evaluated by
solving equations 1 to 5 and then the
computer program was used as a search
method to minimize the sum of squares of
the differences between the predicted and
measured values. The predicted values were
then used to simulate the profiles of cell,
substrate and product concentrations during
the cultivation.

RESULTS

Effect of carbon Source

As shown in Table 1, higher level of folate
(41.23 pg/L) and cell concentration (2.82 g/1)
was obtained in the presence of 3 g/I lactose,
whereas a dramatic decrease was observed in
the presence of sucrose (12.19 pg/l). The
highest level of folate per biomass or cell
efficiency to produce folate (48.27 pg/g) was
found in the lactose concentration of 1 g/1.
The shortest lag phase was shown to be at the
low lactose concentration of 3 g/l. Cell
growth rate was almost the same at the
different concentrations of lactose except for
1 g/l where a decrease was observed (0.81

g/1).

Effect of nitrogen Source

The highest folate production (46.31 ng/l)
and productivity (1.93 ng/1/h) were detected
in the growth medium supplemented with
yeast extract as nitrogen source (Table 1).
Compared to the organic nitrogen
compounds, inorganic nitrogen supplements
were found to be less effective for folate
production. No significant increase in
biomass and folate production was detected
in the low concentration of yeast extract (5
g/1), however, a significant increase in folate
production (46.32 pg/l) was measured in the
presence of 20 g/1 yeast extract (Table 1).

Effect of p-Aminobenzoic acid

The highest folate production was obtained
at 1 pM pABA. However, as shown in Table
1, p-Aminobenzoic acid had no significant
effect on folate yield and cell growth.
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Table 1: Effect of culture condition on the production parameters.

- = g
Kinetic Parameter Values 'ﬁ; &0 = ) Y Y v =
= = T & =2 2 S d
: = s % < i %
> A v =Y > > > s 2
Glucose 5 g/L 2.34%0.03 17.52°+0.38 0.98+0.05 007 024 1.79 0750  0.73
Lactose (g/L)
1 0.81+0.03 39.15¢+0.75 0.55+0.03 012 0.68 71.62 4827  1.63
Carbon 3 1.65+0.05 41.232+0.35 1.27+0.04 018 059 3240 2495 172
Sources (g/L) 5 1.79+0.02 40.79+0.97 146+0.07 014 122 2793 2286  1.70
10 2.03+0.05 40.56+1.27 1.31x0.05 016 155 30.96 1997  1.68
Maltose 5 g/L 1.16+0.04 14.24<+0.49 1.37x0.06 009 016 1.93 1222 453
Sucrose 5 g/L 2.69+0.09 12194£0.15 0.71x0.03 010 037 1.68 0453 051
Meat extract 3.0% 1.57£0.02 44.112£0.99 1.34+0.07 008 117 3297 2807 158
Yeast extract
0.5 % 0.78+0.03 37.72<%0.72 0.35£0.04 012 223 10817 4848 157
Nitrogen 1.0 % 1.08+0.05 43.15%+1.15 0.88+0.05 010 122 4924 4023  1.80
sources 2.0 % 1.50+0.08 46.312%0.79 1.14+0.06 015 131 40.62 3095 193
3.0 % 1.76+0.07 44.86°+0.86 1.30+0.04 010 135 3449 2561  1.87
Peptone/casein 3.0%  0.57+0.04 32.84¢+0.32 027+0.03 010 211 121.63 5761  1.37
Peptone/meat 3.0% 1.67+0.07 41.72b+0.34 0.99+£0.05 010 1.69 4214 2498  1.74
(NH4)2SO4- 3% 0.57£0.03 36.094+£0.54 0.62+0.03  0.05 092 58.02 6331 150
NH4NOs-3% 0.42+0.04 35.934+0.12 0.60£0.04 0.06 070 5957 85.60  1.50
0 1.45+0.06 42.617+0.38 1.05+0.05 011 139 4073 2933 178
1 1.63+0.08 46.332£0.25 1.26x0.07 012 129 36.67 2839 193
3 1.650.07 43.98+0.76 1.06x0.06 012 155 4129 2661  1.83
pPABA (uM) 5 1.53+0.05 44.320+0.37 1.00£0.05 011 153 4436 2897 185
10 1.53+0.06 44.19+0.17 1.25%0.07 011 122 3526 2889  1.84
50 1.47+0.04 44.47°+0.31 1.12+#0.06 011 131 39.65 3029 185
100 1.53+0.06 44.507+0.13 1.34x0.07 011 114 3326 29.09 185
150 1.40+0.04 44.47v+0.27 0.91+0.06 011 153  48.65 3182 185
pH 6 1.68+0.04 42.00+0.4 0.73x0.07 011 231 57.88 2505 175
In shake-flask 7/ 1.63+0.06 46.912+0.2 1.29+0.06 012 126 3633 2888  1.95
8 1.77+0.05 45.68+0.4 1.26x0.09 010 140 36.17 2582  1.90
6 1.77+0.09 50.04++0.2 1.61x0.08 009 110 31.05 2835  2.08
In Bioreactor 7 1.750.07 54.53%+1.0 244+011 012 072 2234 3113 227
8 1.27+0.06 51.144+0.7 157009 011 080 3249 4047 213

*(Ximax): Maximum cell concentration; (Pyx): Maximum folic acid concentration; (Sconsume): Substrate Consumed; (u):
Specific growth rate; (Yys): Growth yield coefficient; (Ys): Product yield coefficient; (Y,): Cell efficiency coefficient.
abed One way ANOVA of Folate (ug /L) means at different hours between culture inoculation variables. Means in
the same column and title with different superscript are significantly different (p< 0.05)

Effect of initial pH

The effect of the initial pH on folate
production in shake-flask was also studied
over a pH range of 6.0 to 8.0. As shown in
Table 1, the total amount of folate and
productivity were found to be significantly
higher at pH 7 (46.91 pg/L) than those of the
initial pH of 6 and 8. Maximum specific
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growth rate and yield per biomass were also
observed at pH 7.

Batch fermentation in Bioreactor

Compared to the shake-flask culture (19.29
ug/L), batch fermentation in bioreactor at pH
7 led to about two-fold increase in folate yield
(54.53 ng/L) (Table 1). The highest specific
growth rate (0.12 h 1) and productivity (2.27



Seyed Sadegh Mousavi et al. / Research in Biotechnology, 4(6): 21-29, 2013

ng /1/h) were also detected at this pH.
However, it was found that pH had no
significant effect on the intra- and
extracellular distribution of folate and the
ratio of intracellular and extracellular
folate  excretion. Cell growth  was
significantly inhibited at pH lower than 6 and
higher than 8.

Kinetic model and parameter estimation

The kinetic parameter values of the culture in
shake-flask and bioreactor are summarized in
Table 2. Monod model was fitted to the
empirical approach and the data of the
biomass, while Logistic model was not
(Figure 1). Gompertz model was also not
completely fitted with the experimental data
in the both shake-flask and bioreactor.
According to the data, the behavior of cell
growth was in line with the model equations
in shake-flask and bioreactor. As shown in
Figure 2, the performance of substrate
consumption in bioreactor was

approximately fitted with the Luedeking-
Piret substrate model (Figure 2). The
simulation curves were fitted well, with more
than 93% confidence, to the experimental
data in shake-flask and bioreactor. Statistical
analysis of the t-test revealed no significant
deviations between the calculated and the
experimental data (p< 0.05), suggesting that
the proposed models based on the Monod
and Luedeking-Piret equations are sufficient
to describe the «cell growth, lactose
consumption and  folate  production.
Although, cell concentration was similar for
the processes, maximum specific growth rate
and growth associated rate constant for folate
formation in the bioreactor were about two
times lower than the values calculated for the
shake-flask. For the both cultivations, the
values of B were zero, suggesting that the
production of folate is growth associated
(Figure 2).

Table 2: Comparison of the performance and the kinetic parameter values of folate production
in batch culture of S. thermophilus BAA-250 using shake-flask and the bioreactor.

Kinetic Parameter Shake-flask

Bioreactor

Values

Models Logistic Gompertz Monod Logistic Gompertz Monod

t(h) 24 24 24 24 24 24

Honax () 0.6467 +0.2640  1.0000 +0.10200 0.6830 + 0.2810 0.6105+0.1310  1.0000 +£0.1261  0.7451 + 0.1310
Xo (g/L) 0.1070 +0.0800  0.0715 + 0.0318 0.1070 + 0.0293 0.0110 +0.0060  0.0794 +£0.0195  0.0110 + 0.0465
X (3/L) 1.7100 + 0.0480  1.8555 + 0.1764 1.8350 + 0.1461  1.5300+0.0230  1.8633 £0.1116  1.5635 + 0.0273
Py (ug/L) 33.3770 + 0.7620 33.3770+0.7620  33.3770 £ 0.7620 41.9220 +1.6850 41.9220 +1.6850 41.9220 +1.6850
P, (/L) 479120 + 0.0826 47.9120+ 0.0826  47.9120 £ 0.0826 56.5320 £0.9620 56.5320 £ 0.9620  56.5320 + 0.9620
a (g folate/g cell) 47380 £0.5190  4.7380 + 0.5190 4.7380 £ 0.5190 71090 +1.3240  7.1090 £1.3240  7.1090 + 1.3240
B (g folate/g cell.h) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Sy (/L) 3.5590 £0.0263  3.5590 + 0.0263 3.5590 + 0.0263 34510+ 0.0540 3.4510+0.0540  3.4510+ 0.0540
m (g lactose/g cell) 0.7400 £ 0.0228  0.7400 £ 0.0228 0.7400 + 0.0228 1.1460 £ 0.0560  1.1460 +£0.0560  1.1460 + 0.0560
n (g lactose/g cell.h) ~ 0.0030 +0.0010  0.0030 + 0.0010 0.0030 + 0.0010 0.0230 £ 0.0030  0.0230 £0.0030  0.0230 + 0.0030

DISCUSSION

The results of this study revealed that lactose
(3 g/L) and yeast extract (20 g/L) were the
most suitable carbon and nitrogen sources for
folate production by S. thermophilus BAA-250.
The adaptation of S. thermophilus to lactose is
due to the fact that it only utilizes the glucose
derived from lactose (van den Bogaard et al.,
2004). The highest level of folate per biomass
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or cell efficiency to produce folate (48.27
ug/g) was obtained in the lactose
concentration of 1 g/L due to the very low
amount of biomass (Fu & Mathews, 1999).
Matched up well with the previous reports
by Foucaud and Poolman (1992) and
Yuksekdag and Aslim (2008), our findings
showed that sucrose was a poor carbon
source for cell growth and folate production.
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Figure 1: Modeling of cell growth of S.
thermophilus BAA-250 in shake-flask (A) and
bioreactor (B). Cell concentration (), Logistic
(=), Gompertz (-—) and Monod (---).

Among the organic and inorganic
nitrogen sources, yeast extract was shown to
be an effective growth factor and nitrogen
source for folate production. It is encouraging
to compare this result with the finding of
Hujanen and Linko (1996) and Liew et al.
(2005) that there is strong relationship
between yeast extract and the growth of
probiotic bacteria. Cell development and
acids production are thought to be higher in
present of organic nitrogen sources compared
to inorganic nitrogen sources (Rosfarizan &
Ariff, 2006; Sybesma et al, 2003b). Our
finding were also consistent with those of
Zisu and shah et al. (2003) who showed that
compared to inorganic nitrogen sources,
organic nitrogen sources improved EPS
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production by S. thermophilus. Free amino
acids are thought to be required for the
enhancement of the enzymes which are
involved in folate biosynthesis (Wu et al.,
2008).
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Figure 2: Experimental and simulated data
for folate fermentation in the shake-flask (A)
and bioreactor (B). Cell concentration (e),
Substrate =~ consumption (A),  Folate
production (g), Luedeking-Piret growth
associated (==), Luedeking-Piret non-growth
associated (— —), Luedeking-Piret product
(), Logistic (——), Gompertz (— —), Monod-
cell growth (—-).

Folate production is controlled by the
biosynthesis of the folate precursor, pABA,
via the shikimate pathway (Wegkamp et al,,
2007). The present work showed that pABA
higher than 1 uM had no significant effect on
folate biosynthesis. This result was in
contrast to the finding of Sybesma and
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colleagues (2003b), who reported that high
level of pABA ranging from 1 pM to 100 pM
increases folate production in Lactococcus
lactis strains. It seems that the presence of
pABA is not necessary for folate production
by S. thermophilus, because the strain is able
to synthesis pABA as previously reported
from some other LAB (LeBlanc et al., 2012).
Under  pH-controlled  conditions  in
bioreactor, pH range of 6-8 was shown to be
optimal for folate production by S.
thermophilus. However, Sybesma et al. (2003b)
reported pH between 7.3 and 9.3 as the
optimum pH for folate production by S.
thermophilus  B119. In controlled batch
fermentation, higher level of folate
production was obtained at pH 7. In contrast,
Sybesma and colleagues (Sybesma et al,
2003b) showed an increase in the excretion of
extracellular folate, under controlled growth
condition at lower pH. They also reported
higher intracellular folate at pH higher than
7. However, in S. thermophilus BAA-250, the
intra and extracellular distribution of folate
and the ratio of intracellular and extracellular
folate excretion was not a function of pH, as
also reported by Pompei et al. (Pompei et al.,
2007) for B. adolescentis MB 239 in chemostat
experiment.

Kinetic models revealed that the
growth was fitted with the Monod equations,
while substrate consumption was fitted with
the Luedeking-Piret equation. Luedeking-
Piret model showed that folate production
was growth associated process. On the other
hand, Gompertz model can only be used to
describe the experimental data up to 3 h of
the growth phase. This models were also
used by Song et al. (2008) to study succinic
acid production by Mannheimia
succiniciproducens. Monod model has been
also used to described lactic acid production
by L. lactis ATCC 19435 (Akerberg et al,
1998). Overall, kinetic studies revealed the
effect of specific growth rate on the
biosynthesis of folate by S. thermophilus,
where an increase in folate production was
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observed by decreasing specific growth rate.
High specific growth rate may affect the
metabolism of cell to produce more by-
products rather than folate (Lin & Young,
2000; Sybesma et al., 2003a). However, in a
recent study by Pompei et al. (2007), folate
content in yeast cells showed highly
correlation with the growth rate.

Taken together, lactose (3 g/L) and
yeast extract (20 g/L) were shown to be the
more suitable carbon and nitrogen sources
for folate production by S. thermophilus. It
was also shown that pABA is necessary for
folate biosynthesis in S.  thermophilus.
Furthermore, folate production was found to
be significantly increase by maintaining the
pH of the culture medium at 7 during batch
fermentation in bioreactor. Kinetic models
showed that folate production by S.
thermophilus BAA-250 is growth associated
process.
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