African Journal of Biotechnology Vol. 9(9), pp. 1382-1391, 1 March, 2010

Available online at http://www.academicjournals.org/AJB
ISSN 1684-5315 © 2010 Academic Journals

Full Length Research Paper

Effect of non-nutritional factors on nisin production

Say-yed Hesameddin Tafreshi', Saeed Mirdamadi®*, Dariush Norouzian®, Shohreh Khatami’
and Soroush Sardari®

'Injection Solutions Department, Research and Production Complex, Pasteur Institute of Iran, 25" km Tehran-Karaj

Highway, Tehran, Iran.

“Biotechnology Department, Iranian Research Organization for Science and Technology, No.71, Shahid Mousavi St.,

Enghelab Ave, Tehran, Iran.

®Bacterial Vaccines and Antigens Department, Research and Production Complex, Pasteur Institute of Iran, 25" km

Tehran-Karaj Highway, Tehran, Iran.

*Biochemistry Department, Pasteur Institute of Iran, No. 69, Karegar Avenue, Pasteur street, Tehran, Iran.

*Biotechnology Department, Pasteur Institute of Iran, Tehran, Iran.

Accepted 8 January, 2010

When attempting to improve production of nisin, understanding the effect of non-nutritional factors is
essential owing to a lack of adequate information about these factors among various investigations. In
order to assess some of non-nutritional factors and how they influence the nisin production in batch
cultivation, a laboratory scale study was performed. Lactococcus lactis subsp. lactis ATCC 11454
produced nisin and Micrococcus luteus ATCC 10240 was used in bioassay measurement as the nisin-
sensitive strain. The age and size of inoculum, initial pH value of the medium and flask volume/medium
volume (F/M) ratio, temperature as well as agitation were studied by changing one factor at a time while
keeping others constant in de Man, Rogosa and Sharpe (MRS) medium. Our results implied that pH
value was positively related to increase nisin production. Two other important factors for a maximum
nisin production were found to be agitation and flask volume/medium volume (F/M) ratio. Inoculum size
more than 2.5% (v/v) had no effect on nisin production. The most suitable condition for inoculum age
was 32-hour-old culture (at the end of log phase) and 27°C temperature provided maximum nisin

production.
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INTRODUCTION

Nisin, a bacteriocin, is ribosomally synthesized and used
alone or in combination with other preservation techno-
logies as a safe preservative (Devlieghere et al., 2004;
Cleveland et al., 2001). Nisin is produced by some strains
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Abbreviations: F/M, Flask volume/medium volume; MRS, de
Man, Rogosa and Sharpe medium; FDA, food and drug
administration; BHI, brain heart infusion broth; CFU, colony-
forming units; RP-HPLC, reversed-phase high performance
liquid chromatography.

of Lactococcus lactis and is active against some Gram-
positive bacteria, including pathogenic and food spoilage
microorganisms such as clostridia, bacilli, Staphylococcus
aureus, micrococci, lactobacilli and Listeria monocyto-
genes. Nisin is used in over 48 countries, has the Food
and Drug Administration (FDA) approval (Liu et al,
2005a; Deegan et al., 2006) and is authorized for food
preservation in the European Union by Directive 95/2/EC
on food additives (Anton et al., 2006). In spite of achieve-
ments in the understanding of microbial physiology and
molecular biology, cultivation optimization remains largely
a crucial process. A program for cultivation improvement
may begin by measuring product yield as a response to
nutritional (carbon, nitrogen, phosphorus sources) and
non-nutritional (temperature, agitation, inoculum age,



Table 1. Fermentation conditions of non-nutritional factors.
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Fermentation conditions
Factors Temperature | Agitation | Inoculum Inoculum pH Flask
(°C) (rpm) age (h) size (%v/v) volume/medium
volume ratio *
Temperature Variable ° 100 32 1.0 6.50 2.50
Agitation 30 Variable 32 1.0 6.50 2.50
Inoculum age 30 100 Variable 1.0 6.50 2.50
Inoculum size 30 100 32 Variable 6.50 2.50
pH 30 100 32 1.0 Variable | 2.50
Flask volume/medium volume ratio | 30 100 32 1.0 6.50 Variable

“Different volumes of culture medium were used in various vessels (Erlenmeyer flasks and bench-scale bioreactors) for evaluation of nisin
production. Accordingly, by varying the flask volume/medium volume (F/M) ratio (Vazquez et al., 2004) different culture medium volumes in 250
ml Erlenmeyer flasks were studied. For example, F/M ratio of 10 represents a 250 ml Erlenmeyer flask contained 25 ml of culture medium

(MRS).
®The levels of each factor is seen in Table 2.

inoculum size, pH) factors (Strobel and Sulivan, 1999).
Non-nutritional factors strongly affect on yield and evalua-
ting their effects and optimization, can improve fermen-
tation process. This leads to maximum production without
any changes in components concentration or the need for
adding supplements to the culture medium.

Despite several investigations on the effect of nutri-
tional factors on nisin production in laboratory scale (Kim
et al.,, 1997; Guerra and Pastrana, 2001; Penna and
Moraes, 2002; Penna et al., 2005; Liu et al., 2005b; Lv et
al., 2005; Jozala et al., 2007), any standard non-nutritional
conditions have not been reported. Except for temperature,
the non-nutritional conditions (such as Inoculum age,
inoculum size, initial pH value, flask volume/medium
volume (F/M) ratio and agitation) which have used by
investigators are not the same and in some cases are
very different. Whereas non-nutritional factors variations
cause different results, it fails to realize that these changes
are related to media components or non-nutritional factors
variations. In this study, the influence of the most impor-
tant non-nutritional factors on the production of nisin was
studied in order to obtain the optimum fermentation
conditions in standard medium.

MATERIALS AND METHODS
Bacterial strains and media

Lactococcus lactis subsp. lactis ATCC 11454 as the nisin producer
and Micrococcus Iluteus ATCC 10240 as the nisin-sensitive strain
were kindly provided by the Persian Type Culture Collection
(PTCC). All stock cultures were maintained at —-80°C and in 20%
glycerol. L. lactis subsp. lactis and M. luteus were grown in de Man,
Rogosa and Sharpe (MRS) broth (HiMedia Laboratory, India) and
brain heart infusion (BHI) broth (HiMedia Laboratory, India),
respectively. The working cultures were maintained on agar slants
of the same media at 4°C.

Nisin bioassay

Nisin bicassay was determined by agar diffusion method (Pongtha-
rangkul and Demirci, 2004). In BHI medium, 0.75% agar (Bacto
agar, Difco) and 1% (v/v) Tween 20 (Sigma Chemical Co., St.
Louis, Mo.) were added and the medium was boiled and then
sterilized. After temperature adjustment to 40°C, the medium was
inoculated with 1% v/v of a 24-h culture of M. luteus which was
incubated at 37°C with an optical cell density of 1.7 at 600 nm
which gave approximately 10® colony-forming units (CFU) of the
microorganism per ml of the agar medium. Sterile Petri dishes (100
x 15 mm) were filled with 25 ml of the inoculated bioassay medium
and after solidification of the agar medium, by using a sterilized
stainless steel borer (7-mm outer and 5-mm inner diameter), four
holes were bored on each plate. Then, 50 ul of each nisin sample
was placed into each well in triplicate and the fourth well was filled
with blank (50 pl of 0.02 M HCI). The plates were incubated at 4°C
for 24 h (pre-diffusion of nisin) and then incubated at 37°C for
another 24 h. The plates were examined for diameter of inhibition
zones using a digital caliper (AACO, China) to the nearest 0.01 mm
and the results of three measurements were averaged.

A stock solution of nisin (1000 IU/ml) was prepared by dissolving
0.025 g of commercial nisin 10° IU/g (Sigma Chemical Co., St.
Louis, Mo.) in 25 ml of sterile diluent solution of 0.02 M HCI, in order
to construct standard curve. Standard nisin solutions at the range of
500, 400, 300, 200, 100, 50, 25, 10, 5 and 0 IU/m| were prepared
by using 0.02 M HCI. The standard curve was computed using the
diameters of inhibition zones against the logarithmso of nisin
concentrations.

Fermentation conditions and levels of non-nutritional factors

Erlenmeyer flasks (250 ml) containing MRS broth were inoculated,
using L. lactis culture. Samples were withdrawn from the flasks
during incubation period every 8 h. In this study, according to our
experimental design, one factor changed while all others were held
constant in each experiment. All experiments were performed in
triplicate. The full fermentation conditions of non-nutritional factors
are shown in Table 1.

As mentioned earlier, various levels of non-nutritional factors
were used by researchers and for this reason a wide range of non-
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Table 2. Factors and levels description.

Factors Level 1 Level2 | Level3 | Level4 | Level 5
Temperature (°C) 24 27 30 33 36
Agitation (rpm) 0 50 100 150 200
Inoculum age (h) 8 16 24 32 40
Inoculum size (%v/v) 1.0 25 5.0 7.5 10.0
pH?® 4.50 5.50 6.50 7.50 -

F/M ratio 10.00 5.00 3.33 2.50 -
# The pH of culture medium was adjusted to appropriate pH with NaOH (4 M) or

concentrated hydrochloric acid (Merck, Germany). The pH of MRS broth is 6.50.

nutritional levels were selected for evaluation of their effects on the
nisin production. In Table 2, the level of each factor is seen.

Sample preparation

A sample of fermentation broth was immediately adjusted to pH 3.0
using concentrated HCI (Merck, Germany) and 0.1% v/v of Tween
20 (Sigma Chemical Co., St. Louis, Mo.), in order to avoid any non-
specific adsorption of nisin onto the container’s surfaces. After
heating the sample at 90°C for 5 min and centrifugation at 12,000 x
g for 10 min at 4°C, the supernatant was collected and filtered
through a 0.22 ym membrane filter (Millipore® Corp., Bedford, MA)
and stored frozen at -20°C for later use (Jozala et al., 2005;
Pongtharangkul, 2006). The quantification of nisin was performed
by agar well diffusion bioassay method.

Inoculum age standardization

To ensure that equal number of the nisin producer strain cells were
inoculated into the culture media each time and also for evaluation
of inoculum age effect, a specific ODgoonm USINg a spectrophoto-
meter (Spectronic 1201, Milton Roy Co., Rochester, NY) was used.
At the same time, for determination of bacterial cells numbers,
viable cell counts using MRS agar (HiMedia Laboratory, India) were
performed by the serial dilution method in potassium phosphate
buffer solution (Merck, Germany) with pH adjusted to 7.00. After
incubation for 72 h at 30°C, the colonies were counted (Bunthof et
al., 1999). Colony count was carried out in triplicate for each
inoculum age. Each inoculum age was prepared in a 250 ml
Erlenmeyer flask containing 75 ml MRS broth with pH 6.50 and
shaked at 100 rpm and 30°C.

Nisin purification and HPLC analysis

After a 400 ml culture of L. lactis was grown for 32 h at 100 rpm and
30°C, cells were removed by centrifugation (10,000 x g, 30 min,
4°C). Culture supernatant were made up to 30% saturation by slow
addition of solid ammonium sulfate (Merck, Germany) and kept
overnight at 4°C with gentle stirring. Precipitated protein was
removed by centrifugation (12,000 x g, 30 min, 4°C) and
resuspended in 2 ml sterile solution of 0.02 M HCI (Merck,
Germany) and dialyzed against 4 | of the same solution for 24 h in
Spectra/Por® no. 7 dialysis tubing (Spectrum laboratories Inc., USA,
molecular weight cut off, 2000 Daltons) with two changes of the
solution (Daoudi et al., 2001). This fraction was concentrated by
freeze-drying, resuspended in 1.5 ml of 0.02 M HCI sterile solution

and filtered through a 0.22 um membrane filter (Millipore® Corp.,
Bedford, MA). The preparation and a 2% standard nisin (Sigma
Chemical Co., St. Louis, Mo.) solution (which was prepared by
suspending nisin powder in sterile solution of 0.02 M HCI) were
further purified by gel filtration chromatography on Sephadex G-25
as described by Pirad et al. (1992). After gel filtration chromato-
graphy, fractions containing nisin (determined by bioassay method)
were polled and dialyzed against 4 | of 0.02 M HCI with two
changes of the solution and concentrated by freeze-drying. The
lyophilized samples were injected into a Knauer HPLC unit (Model
K-1001, Knauer, Germany) equipped with an analytical reversed-
phase (RP) C18 column (Eurosil Bioselect, Knauer, Germany) for
retention time measurement (Chollet et al., 2008). Peak with
retention time from 46.0 to 47.0 min was considered as nisin and
identified by comparing retention time with that of standard. Both
standard nisin and sample nisin (purified from the culture medium)
collected eluents with retention time from 46.0 to 47.0 min were
assayed for activity against M. luteus ATCC 10240 for biological
activity confirmation.

RESULTS
The growth of Lactococcus lactis

The results of colony count and cell density measurement
at appropriate time are summarized in Figure 1. It is
shown that the cell density at 600 nm was increased after
16 h (from 0.2 to 1.5) and was reached to its maximum
level in 32 h (1.9). After this time, cell density remained
constant. Cell count was also increased after 16 h and
the maximum level was observed in 32 h (1.8 + 0.4 x 10°
CFU/mlI). Cell count was decreased 40 h after starting of
incubation time.

The effect of non-nutritional factors on nisin

production
Initial pH value of the medium

The pH effect on the production of nisin is shown in
Figure 2. When MRS broth in different initial pH values
were assayed, nisin production was strongly influenced
by the initial pH values of MRS medium. Maximum nisin
production (with a titer of 465 IU/ml after 32 h) was
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Figure 2. The effect of initial pH value of the medium on nisin production.
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Figure 3. Effect of agitation on nisin production.

observed at pH 7.50.

Agitation

Figure 3 indicates the effect of agitation on the production
of nisin in MRS broth. Maximum nisin production was
observed after 16 h at 200 rpm (598 IU/ml). Agitations
between 0 and 100 rpm had a similar pattern on nisin
production but the maximum production time was shorter
at 150 rpm as well as 200 rpm (after 16 h).

F/M ratio

The influence of F/M ratio (flask volume/medium volume
ratio) on the nisin production in MRS medium is shown in
Figure 4. The 10 F/M ratio was associated with maximum
nisin production (649 IU/ml) after 24 h. Nisin production
was decreased with F/M ratio reduction to 2.50 and
maximum nisin production time was shifted from 24 h to
32 h.

Inoculum size

Nisin production was increased by increasing the inoculum
size and maximum nisin titer was achieved after 24 h at

48 56 64 72

7.5% v/v with 588 IU/ml (Figure 5). There was no
important influence between 2.5 and 10% v/v inoculum
sizes on the maximum production of nisin (560, 580, 588
and 565 IU/ml for 2.5, 5.0, 7.5 and 10.0% inoculum sizes,
respectively) but higher inoculum sizes (7.5 and 10.0%)
reduced maximum nisin production time from 32 to 24 h.

Inoculum age

The influence of inoculum age on the production of nisin
is shown in Figure 6. Maximum nisin production with 1%
v/v of 32-h-old inoculum age was observed after 32 h
(470 IU/ml). Nisin production was influenced comparably
by 16, 24 and 40-h-old inoculum ages and 8-h-old ino-
culum age had clearly the lowest effect and 32-h-old was
the best inoculum age for nisin production.

Temperature

The effect of incubation temperature on nisin production
in MRS broth is shown in Figure 7. Maximum nisin
production was observed at 27°C after 32 h (482 1U/ml).
Nisin production was nearly equal between 27 and 33°C
(482, 450, 440 IU/ml in the 27, 30°C conformably) and it
can be disregarded at 36°C. A decrease in the maximum
nisin production time was seen when temperature was
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Figure 4. Effect of F/M ratio on nisin production.

reduced to 24°C.

RP-HPLC analysis

As can be seen in Figure 8, the RP-HPLC chromato-
graphic profile were quite similar and showed the peaks
with retention times from 46.0 to 47.0. According to
results obtained with bioassay method (data not shown),
the column eluents with retention time from 46.0 to 47.0
min had the same nisin bioactivity.

DISCUSSION

Nisin is the only purified bacteriocin that has received
acceptance in countries worldwide as a biopreservative.
Preliminary experiments are usually done in shaken
flasks or similar culture vessels to minimize time and cost
involved in the study of nutritional and non-nutritional
factors involved in cultivation improvement. Optimal nisin
production usually needs a suitable complex medium
(nutritional effect) and well-controlled parameters of non-
nutritional factors such as pH, temperature, agitation and
aeration (Arauz et al., 2009). The influence of nutritional
factors on the production of nisin have been reported
(Kim et al., 1997; Guerra and Pastrana, 2001; Penna and
Moraes, 2002; Penna et al., 2005; Liu et al., 2005b; Lv et
al., 2005; Jozala et al.,, 2005; Jozala et al., 2007). In
these studies, various fermentation conditions were used
by researchers for evaluation of nisin production using L.

48 56 64 72

lactis subsp. lactis ATCC 11454 as nisin producer strain
and except for temperature, the other non-nutritional
factors used for evaluation of nisin production were highly
variable and a very low similarity was seen among them
in this regard. Our study evaluated the effect of the most
important non-nutritional factors on nisin production. We
tried to find out the range of optimal fermentation condi-
tions for nisin production in a standard culture medium
(MRS) without any changes in components concentration
of this medium or adding supplements into it.

Our study showed that production of nisin in acidic pH
values (4.50 and 5.50) is negligible. It means that the
initial pH value is a critical factor in nisin production
(Figure 2). However, maximum stability and solubility of
nisin is reported in acidic pH values (Laridi et al., 2003),
but production of nisin in these conditions is very low.
The optimum initial pH values for maximum nisin produc-
tion were found at 6.50 and 7.50 which is confirmed by
Jozala et al. (2005) study. They found that optimum initial
pH value for nisin production is between 6.12 and 6.94
but according to our study, 7.50 initial pH value was also
suitable for production of nisin.

Agitation is important for adequate mixing, mass transfer
and heat transfer. It not only assists mass transfer, but
also maintains homogeneous chemical and physical
conditions in the culture by continuous mixing. On the
other hand, agitation and aeration may affect the fermen-
tation process because of changes in dissolved O, and
CO, (Roukas, 2006). In this regard and according to our
experience, F/M ratio (Vazquez et al., 2004) and agitation
are the two factors which affect on nisin production in
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Figure 6. Effect of inoculum age on nisin production.

laboratory scale studies. Although 100 rpm (Penna and ductivity were achieved at 200 rpm agitation (598 and
Moraes, 2002; Penna et al., 2005; Jozala et al., 2005) 37.37 1U/ml/h) in contrast with the production at 100 rpm
and 200 rpm (Guerra and Pastrana, 2001; Jozala et al., (450 and 18.75 IU/ml/h). It means a 32% increase in nisin
2007) agitations were used in nisin production studies, production and a two-fold in productivity.

Figure 3 shows that maximum nisin production and pro- Different F/M ratios of 5.00 (Guerra and Pastrana,
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Figure 7. Effect of temperature on nisin production.
2001; Penna and Moraes, 2002; Penna et al., 2005), 2.50 h-old culture (Guerra and Pastrana, 2001; Lv et al,

(Liu et al., 2005b), 2.00 (Lv et al., 2005) and 1.33 (Jozala
et al.,, 2007) were used in nisin production studies.
Increasing F/M ratio had a meaningful effect on the nisin
production (Figure 4). Nisin production was similarly
affected by 10.00 and 5.00 F/M ratios (649 and 625
[U/ml) but maximum productivity was observed with 5.00
F/M ratio (31.25 IU/ml/h as compared to 27.68 IU/ml/h
with 10.00 F/M ratio). Although L. lactis is a micro-
aerophilic bacterium (Remaut et al., 2006), but our study
showed that selection a proper agitation and F/M ratio is
very important for maximum production and productivity.

Various inoculum sizes, 1% v/v (Lv et al., 2005), 2% v/v
(Guerra and Pastrana, 2001), 4% v/v (Kim et al., 1997),
5% v/v (Liu et al., 2005b), 10% v/v (Penna and Moraes,
2002; Penna et al., 2005; Jozala et al.,, 2007) were
utilized in nisin production studies. Our study showed that
the highest nisin production and productivity was occurred
at 7.5% v/v but inoculum size more than 2.5% v/v had a
similar effect on the nisin production which is very impor-
tant point for industrial scale up of nisin production. The
lowest nisin production was seen with a 1% v/v inoculum
size.

Figure 1 obviously demonstrated that after 32 h, cell
density as well as cell count reached its maximum level;
bacterial growth was at the end of logarithm phase of
growth curve and maximum nisin production and produc-
tivity was obtained at this point. A 56% increase in nisin
production was seen with 32-h-old inoculum age
compare to 16, 24 and 40-h cultures. Different inoculum
ages, for example, 8-h-old culture (Liu et al., 2005b), 12-

2005), ODgoonm = 0.7 (Penna and Moraes, 2002) and 36-
h-old culture (Penna et al., 2005; Jozala et al., 2007)
were used by investigators.

L. lactis is a mesophilic bacterium (optimal growth tem-
perature around 30°C) (Miyoshi et al., 2003) which can
even grow at of 10°C, but not at 45°C (Samarzija et al.,
2001). According to our study (Figure 7), 27°C was the
optimum temperature for nisin production, in contrast to
all investigations which were reported 30°C as incubation
temperature for nisin production (Kim et al., 1997; Guerra
and Pastrana, 2001; Penna and Moraes, 2002; Penna et
al., 2005; Liu et al., 2005b; Lv et al., 2005; Jozala et al.,
2005, 2007). Even the optimum temperature for nisin pro-
ductivity was at 24°C (25.93 IU/ml/h at 24°C compared to
18.41 1U/ml/h at 27 °C).

Because the main object of present investigation was
evaluation of the non-nutritional factors effect on nisin
production and their standardization, nisin purification, in
order to measure retention time, was made. RP-HPLC
analysis indicated that the purified peptide produced by L.
lactis subsp. lactis ATCC 11454 and the standard nisin
had identical retention times and chromatographic profile
(Figure 8).

Conclusion
MRS and M17 media have been reported as suitable media

for nisin production by L. lactis (Jozala et al., 2005).
Evaluation of non-nutritional factors effect is necessary
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for optimization of nisin production. This study showed that
even in standard medium (MRS), nisin production is
strongly influenced by non-nutritional factors. Optimi-
zation of these factors can increase nisin production and
productivity without any changes in components concen-
tration or adding any supplements into the medium. In
order to optimize MRS medium for maximum nisin pro-
duction and productivity and after evaluation of the effect
of non-nutritional factors on nisin production, utilization of
a statistically experimental design technique is suggested.
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