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The aim of the study was to establish the optimal cultivation conditions for increasing accumula-
tion of riboflavin by the producer strain Bacillus subtilis. As an object of the study there were used
strains of B. subtilis from “Collection of strains of microorganisms and plant lines for food and agri-
cultural biotechnology” of the State Enterprise “Institute of Food Biotechnology and Genomics of the
National Academy of Sciences of Ukraine”. The percentage (10%) and the period of cultivation
(16 hours) of the seed material necessary for accumulation of riboflavin were determined. The effect
of the carbon source on the accumulation of riboflavin was studied and it was shown that the greatest
accumulation (5.2 g/dm?) was with the use of glucose. The dynamics parameters of riboflavin accu-
mulation over time were investigated and the optimal cultivation period was determined (68 hours).
The optimal cultivation conditions were selected, which increased the accumulation of riboflavin in
the culture fluid (glucose concentration — 120 g/dm3, temperature — 38 °C, and pH of the medi-
um — 7.0) more than twice. It was concluded that the accumulation of riboflavin could be increased

by changing the cultivation conditions.
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Riboflavin, also known as vitamin B,, is
an essential vitamin for humans, and has been
selected by the World Health Organization
(WHO) as one of the six key indicators for
assessing human growth, development and
nutritional status [1]. Riboflavin is involved
in various reducing-oxidizing reactions,
and is an essential component of the main
metabolism, as well as an important nutrient
and growth factor in humans, animals,
plants and microorganisms. Riboflavin is
a component of two major coenzymes, the
flavin mononucleotide (FMN; also known as
riboflavin-5-phosphate) and the flavinadenine
dinucleotide (FAD).

Riboflavin is not synthesized in humans
and animals, and it must be obtained with
food, so riboflavin is widely used as an additive
in the food and feed industry [2, 3].

Riboflavin deficiency or “faulty transport”
of riboflavin may cause various disorders and
even various diseases [4—6]. Nowadays there
is some deficiency of riboflavin, which raises
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serious health concerns in both developing and
developed countries [7].

On an industrial scale, riboflavin has
long been produced by chemical synthesis.
At present, on an industrial scale, riboflavin
is mainly (97%) produced by microbial
biosynthesis, and common microorganisms
are fungi and bacteria. The main strains for
the industrial production of riboflavin are the
yeast-like fungi Eremothecium ashbyii and
Ashbya gossypii, which accumulate riboflavin
in the mycelium, as well as the bacterium
Bacillus subtilis [8, 9].

Obtaining vitamins, in particular riboflavin
(vitamin B,), using microbiological synthesis
is a commercially successful and promising
method. The issues of economical consumption
of carbon substrate, reduction of costs for
the cultivation process, as well as the most
complete transformation of the substrate into
target metabolites are particularly relevant for
industrial technology. The solution to these
problems requires the use of new high-yielding
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strains of microorganisms — producers that
are able to accumulate the target products
extracellularly. The study of physiological
and biochemical properties of new strains and
principles of biosynthesis regulation makes
it possible to implement biotechnological
processes most effectively [9-11].

Compared with the fermentation of fungi,
the bacterial one has a number of advantages
for the biosynthesis of riboflavin, such as
the relatively short duration of cultivation,
simple cultivation environment and the
process of isolation of the target product and
the possibility of applying genetic engineering
technology to prokaryotic bacteria[12, 13].

Bacteria of the species B. subtilis have
unique properties, and they produce a number
of metabolites: enzymes, vitamins, and
amino acids. Compared to E. ashbyi, bacteria
of the species B. subtilis produce riboflavin
extracellularly, i.e. accumulation occurs in the
culture fluid, which simplifies the technology.
In addition, the strains of B. subtilis have a
high degree of tolerance, i.e. for their vital
activity it is possible to use a wide range of
values of temperature, pH and other important
technological parameters [14, 15].

The aim of the study was to establish
optimal cultivation conditions for the producer
strain of B. subtilis IMB B-7797 to increase the
accumulation of riboflavin.

Materials and Methods

The object of the study was the domestic
strain of B. subtilis IMB B-7797 [16] from
the “Collection of strains of microorganisms
and plant lines for food and agricultural
biotechnology” of the State Enterprise “Institute
of Food Biotechnology and Genomics of the
National Academy of Sciences of Ukraine”. The
culture was stored in tubes with bevelled L-agar.

Cultivation conditions and media. For the
cultivation of the strains producing riboflavin
anutrient medium of the following composition
(L-agar) was used: yeast extract — 5.0 g;
sodium chloride — 5.0 g; peptone — 5.0 g;
agar — 25.0 g; distilled water — up to 1.0 dm?,
pH 7.2 = 0.1. Colonies of microorganisms were
grown at a temperature of 38 = 1 °C during
three days. All colonies grown on solid media
were selected for cultivation and testing for
riboflavin accumulation. To obtain single
colonies the method of boundary dilutions was
used [17].

To grow the inoculum a medium of the
following composition was used: molasses —
30.0 g, ammonium sulphate — 4.0 g,

magnesium sulphate — 0.5 g, corn extract —
15.0 g, tap water — was added to the mark of
1.0 dm?.

For the cultivation of B. subtilis
an enzymatic medium of the following
composition was used: glucose — 120.0 g;
pressed baker’s yeast — 40.0 g; corn extract —
10.0 g; magnesium sulphate — 0.5 g; distilled
water — added to the mark of 1.0 dm?; it was
addwd phosphate buffer 0.5 dm? per 100 dm?
medium as well. The cultivation was performed
during 24 h in a shaker-incubator BIOSAN ES-
20 (Latvia) at a temperature of 38 °C and at a
speed of 240 rpm.

To study the effect of a carbon source on
the accumulation of riboflavin at the initial
stage the glucose, fructose and sucrose at
a concentration of 60 g/dm?® were used. To
increase the accumulation of riboflavin and
to determine the optimal sugar content,
the glucose was subsequently added to the
enzymatic medium at a concentration of 30.0,
50.0, 80.0, 120.0 and 150.0 g/dm?.

The cultivation was performed during 96 h
in a shaker-incubator BIOSAN ES-20 (Latvia)
at a temperature of 38 °C and at a speed of
240 rpm. The samples were taken at intervals
of 12 h. The growth of strains producing
riboflavin on solid nutrient media (Fig. 1) was
evaluated according to the method [18]. On
liquid media, the biomass concentration was
determined after 96 hours of cultivation using
the photocolorimeter “KFK-2” (RF) with a
green light filter, wavelength 533 nm, cuvette
volume 0.01 dm?. The source medium was used
as a standard for comparison. The number
of microorganisms in 0.01 dm?® medium was
determined on a graduated curve, which was
built on the basis of determining the units of
optical density of bacterial suspensions. The
pH of the medium was measured using a digital
pH meter (pH meter 150, RB). The microscopy
was performed using the microscope “Laboval
4” (Carl Zeiss, FRG). The photos were taken
with Canon PowerShot A640 (Japan). The
amount of accumulated riboflavin was
determined by the fluorimetric method using
the fluorimeter “EF-SMA” (RF)[19].

The statistical data were processed
using Microsoft Excel. All experiments
were performed in three replicates. The
difference between the two mean values
was considered significant at P < 0.05
(t-Student test). To determine the reliability
of the data, calibration graphs of solutions
of riboflavin and bacterial biomass on buffer
and enzymatic medium were determined
with the determination of their adsorption in
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Fig. 1. Colonies of B. subtilis IMB B-7797culture on solid medium

10 replicates, and the determination of the
standard deviation. The values obtained for
the studies in triplicate and their standard
deviation were compared with these graphs. If
the difference between the standard deviations
of the graph and the study was less than 0.05,
then this value was considered reliable [18].

Results and Discussion

For the cultivation of microorganisms,
the medium composition and technological
conditions that would provide high
productivity of the accumulation of the
necessary metabolites, in this case —
riboflavin, are important. It is known that the
state of the B. subtilis inoculum significantly
affects the accumulation of the target product
during cultivation [20]. The culture shall be in
the active phase of growth during inoculation,
so the effect of different time of the inoculum
cultivation on the accumulation of riboflavin
and biomass during fermentation was studied
(Table 1).

The data obtained show that the use of
the inoculum in the late exponential growth
phase (20—24 h) has led to an increase in the
accumulation of bacterial biomass, but also to
a decrease in the accumulation of riboflavin
compared with the use of inoculum with a
cultivation period of 16—20 h.

It was determined that the use of the
inoculum with a cultivation period of
16 hours was optimal for the accumulation
of riboflavin. The concentration of riboflavin
after cultivation was 4.4 g/dm3. That can be
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explained by the fact that at that time most
cells were in the exponential growth phase,
which could be seen during the cytological
examination (Fig. 2).

As the Fig. 2 shows, most cells had an
elongated shape, spores were not formed, waste
products were contained in small quantities
(a), compared with riboflavin crystals at
the 48th hour of cultivation (b), so this state
precedes further cell division.

However, not only the term of inoculum
cultivation affects the accumulation of the
target product, but also its concentration. The
effect of the amount of applied seed on the
accumulation of biomass and riboflavin during
72 hours of cultivation was studied (Table 2).

It was shown that the greatest accumu-
lation of riboflavin at the 72nd hour of
cultivation was with the introduction of 10%
of inoculum. In case of the introduction of
5% of inoculum, the amount of riboflavin
accumulated at the 72nd hour of cultivation
was 3.40 g/dm3. The introduction of 1%
inoculum led to the accumulation of 0.6 g/dm?
of riboflavin at the 72nd hour of cultivation,
which can be explained by the accumulation
of mainly biomass under these conditions.
Increasing the inoculum concentration to 20%
inhibited the accumulation of biomass and
riboflavin. Therefore, the optimal inoculum
concentration was 10% of the enzyme medium.
In further studies, the inoculum was used at
the concentration of 10% .

Substances that are used as an energy
source are needed to support the life of
microorganisms and the production of
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a

Fig 2. Cell morphology of IMB B-7797 at 16 h (a) and 48 h (b) cultivation (increase 400)

Table 1. Effect of inoculum cultivation time
on biomass and riboflavin accumulation®

Table 2. Effect of inoculum concentration
on biomass and riboflavin accumulation®

Accumulation after cultivation,
Cultivation g/dm?
time, hour
biomass riboflavin
8 12.3+0.4 2.60 =0.18
12 15.2+0.5 3.20 =0.12
16 16.8 0.3 4.40 = 0.21
20 17.1+0.4 4.30 =0.16
24 18.0 = 0.3 3.80 = 0.09

Accumulation after
Inoculum con- cultivation, g/dm3
centration, %
biomass riboflavin
1 8.2+0.3 0.60 = 0.08
5 12.3+0.4 3.40 = 0.11
10 15.8 0.5 4.90 = 0.09
20 10.8 0.4 4.70 £0.10

Hereinafter: * — cultivation time 72 hours.

important compounds, including riboflavin.
The influence of carbohydrates — glucose,
fructose and sucrose on the accumulation
of riboflavin and biomass was studied
(Table 3).

Table 3 shows that glucose was the best
source of carbon in the enzymatic medium for
the accumulation of riboflavin (5.2 g/dm?).

The accumulation of riboflavin with the use
of sucrose and fructose was lower — 4.9 and
4.8 g/dm?, respectively.

In further studies, glucose was used as a
carbon source. However, not only the carbon
source but also its concentration influenced
the accumulation of biomass and the target
product [21]. The effect of different glucose
concentrations on the accumulation of
riboflavin and biomass of B. subtilis culture
IMB B-7797 was studied (Table 4).

Table 4 shows that the change in glucose
concentration in the culture medium influenced
the accumulation of riboflavin. Increasing
the concentration of glucose in the enzymatic
medium from 30 to 120 g/dm?® led to the
accumulation of biomass and riboflavin, which
increased proportionally. The introduction of
glucose into the enzymatic medium with the
concentration of more than 120 g/dm? almost
did not increase the accumulation of riboflavin
and inhibited the growth of biomass. The
largest accumulation of riboflavin (7.2 g/dm?)
was at the concentration of 120 g/dm3.

One of the important factors influencing
the growth of microorganisms and their
physiological activity is the temperature
of cultivation [15]. The accumulation of
riboflavin by strain IMB B-7797 at different
cultivation temperatures was studied (Fig. 3).
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Table 3. Effect of carbon source on biomass and
riboflavin accumulation®

Accumulation after

Carbone source cultivation, g/dm

biomass riboflavin

Glucose 14.6 0.4 5.20 +0.12
Sugar 15.8+0.5 4.90 =0.10
Fructose 12.8 0.4 4.8+0.10

Table 4. Effect of glucose concentration on bio-
mass and riboflavin accumulation®

Concentration, g/ dm?®

glucose biomass riboflavin
30 12.3+0.4 3.40=0.14
50 13.8 0.4 5.60 =0.18
80 15.8+0.4 6.80 =0.21
120 16.1 = 0.5 7.20 =0.16
150 14.9+0.5 6.80=0.18

Fig. 3. Effect of cultivation temperature on riboflavin accumulation by IMB B-7797
* — P < 0,05 relative to control (enzyme medium was taken as control)

Fig. 4. Effect of enzymatic medium pH on the accumulation of riboflavin by strain IMB B-7797
* — P < 0,05 relative to control (enzyme medium was taken as control)

It is shown that the accumulation of
riboflavin increased to 8 g/dm? with an increase
in the cultivation temperature from 28 °C to 39
°C, a further increase in temperature led to
the decrease in the accumulation of riboflavin
(3.86 g/dm?). The optimal cultivation
temperature to increase the accumulation of
riboflavin strain IMB B-7797 was 38 °C. Further
studies were performed at this temperature.

The pH of the medium has a significant
effect on the accumulation of biomass and
the target product [22]. Fig. 4 shows the

52

effect of pH of the enzymatic medium on the
accumulation of riboflavin strain IMB B-7797.

It was shown that the maximum
concentration of accumulated riboflavin was
8.9 g/dm?3. The change in pH from 6.5 to 7.5
did not affect the accumulation of riboflavin.
Subsequent studies were performed at pH 7.0.

One of the economic factors of the
technological process of fermentation is its
duration. To determine the optimal time
of cultivation, the dynamics of riboflavin
accumulation was studied. The cultivation was
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Fig. 5. Dynamics of riboflavin accumulation by IMB B-7797
* — P < 0,05 relative to control (enzyme medium was taken as control)

performed during 96 hours, the accumulation
of riboflavin (concentration) was measured
every 12 h (Fig. 5).

It was found that the optimal cultivation
period to increase the accumulation of
riboflavin strain IMB B-7797 was 68 hours.
The increase in the cultivation period did not
lead to a further increase in the accumulation
of riboflavin in the culture fluid.

Conclusion

The accumulation of riboflavin in B.
subtilis culture can be increased by selecting
appropriate culture conditions. As a result
of optimization of technological parameters
of cultivation of the strain IMB B-7797
(cultivation period of the inoculum —
16 hours, quantity of the brought inoculum —
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ONITUMI3AINS YMOB KYJbTHBYBAHHSA
IMTAMY-IIPOJIYIIEHTA
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Mera gociaim:keHHS MOJIATajia y BCTAHOB-
JeHHI onTHMAaJbHUX YMOB KYJbTHUBYBaHHSA
I 30iMblIeHHs HAKONWYeHHs pubodiaBiHy
mramoM-iponyientTom Bacillus subtilis IMB
B-7797. O6’ekToM pmociaim:keHHsA OYB IIITaM
B. subtilis IMB B-7797 i3 «Koaekiii miTamiB mi-
KpOOpraHiaMiB Ta JiHill pocauH A4 XapuoBoi i
cinzpcpKoOTOCTIOHAPCHhKOI 6ioTexHoIOTii» Y «IH-
CTUTYT XapuoBoi 6ioTexHoorii i remomixuy HAH
VYrpainu».

Busuaueno BigcoTok (10% ) Ta TepMiH KyJib-
ruByBaHHa (16 roamH) iHOKYJIATY, MOTPib-
HOTO AJsd HaKonuueHHA pubodaBiny. Buue-
HO BILJIUB J’KepeJia BYTIJeEII0 HAa HAKOIMUYEHHA
pubodraBiny Ta moKasaHoO, IO Halbiablie
HakonuuenHs (5,2 r/am®) Gyao 3a BUKOpH-
cTaHHA TJIOKo3u. HaBegeHO AMHaAMiKy HaKO-
nuyeHHA pubOodaBiHy Ta BU3HAUYEHO OITH-
MaJbHUN TepMiH KyJabTuByBaHHA (68 Tom).
BusHaueHo onTuMaJbHI YMOBU KYJbTHUBYBaH-
HA (KOHIleHTpAaIia ramokosu — 120 I‘/I[Mg,
remueparypa — 38 °C, pH cepenosuima 7,0), 3a
AKUX 30iIbIINIOCh HAKONUUEHHSI PUOODIaBiHy
B KYyJABTYpPaJbHil piguui 6inbmI HiK y 2 pasu.
3po06yieHO BUCHOBOK, IO HAKONUUYEHHS PU-
6o(1aBiHy MOKHA IMiABUIUTH 3a LOIIOMOTOIO
3MiHU YMOB KYyJIbTUBYBaHHA.

Kntouwosi cnosa: mraM-npoayieHT, pubodaasiu,
Mikpobiosoriunuii cuaTes, Bacillus subtilis.

OIITUMHU3AITUA YCJIOBUM
KYJbTUBHPOBAHUSA NITAMMA -
IIPOAYIIEHTA PUBODJIABUHA
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C. M. IIlynvea

TV «lHCTUTYT OUIEBOM OMOTEXHOJIOT N
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ITesnn ucciegoBaHUS — YyCTAHOBJIEHUE OITHU-
MaJIbHBIX YCJIOBUI KYJbTUBUPOBAHUS MJIS IIO-
BBINIIEHHOTO HAKOIIJIEHUA PubodIaBUHA IIITaM-
MoM-npoaynenToMm Bacillus subtilis. O6beKTOM
uccjaenoBanusa Obla mraMmM Bacillus subtilis us
«Konnmeknum mraMMOB MUKPOOPTaHM3MOB U
JUHUNA PACTeHUH AJsS IMUIEBOA M CeJIbCKOXO-
3ACTBEeHHOM OnoTexHoJaorum» I'Y «MHCTUTYT
HuineBo OumorexHoJoruu u reHomuxu HAH
YKpauHEbI».

Onpegnenen nporeHT (10% ) 1 cpoK KyabTH-
BUPOBaHUA IoceBHOTO Mmarepuasa (16 uacos),
HeoO0XOoAMMOT0 AJIsI HaKOIJeHusa pudbodiaBuHa.
WsyueHo BausAHNE NCTOUHMKA yrjepoaa Ha Ha-
KoImieHue pubo(daBUHA U MOKa3aHO, YTO HAU-
Goxbiee Hakomrenue (5,2 r/agm’) 6s110 ¢ HC-
IMOJIb30BAHUEM TJIIOKO3bI. [lokazaHa JuHaAMHUKA
HaKOILIEeHUA pubodiaBuHA U OIIpeieJieH OITH-
MaJIbHBIA CPOK KyJbTHUBUPOBaHusA (68 wacos).
ITomo6paHbl onTUMAaJbHBIE YCIOBUS KYJIbTUBU-
poBaHuA (KOHIeHTpaINuA II0K03bl — 120 1/
M, TeMmepaTypHbIi pexxum — 38 °C u pH
cpenbl — 7,0), Ipu KOTOPBIX YBEJIUUUJIOCH Ha-
KoIlJIeHue pubodiaBuHA B KYJbTYPAJIbHOM KU -
KocTu 6ojiee ueMm B 2 pasa. CmeaaH BBIBOJ, UTO
HaKoImJIeHue pubodIaBuHA MOMKHO YBEIUUYUTH
C IIOMOIIBI0 U3MEHEHUH YCJIOBUU KYJIbTUBUPO-
BaHUA.

Knrouesvle crosa: mraMM-mpoayIeHT, pudod.ia-

BUH, MHUKpPOOMOJIOTUUYECKHII cuHTe3, Bacillus
subtilis.
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