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ABSTRACT

Poly#-hydroxybutyrate (PHB) is a biodegradable intraaédk microbial product produced by many bacteriadan

is comparable to some of the petrochemical dertliedmoplastics such as polypropylene. One of thia inarriers

for the commercial exploitation is the high costled substrate for the production of biopolymere Thilization of
mixed microbial cultures facilitates the use of ptew substrates thereby reducing the cost of PHRIpction. In
the present study, mixed culture systems were a&ealdfor PHB productiorBacillus firmusNII 0830 was used for
the production of PHB since it accumulates a lammount of PHB and a second organidractobacillus
delbrueckiiNIl 0925 was used to provide lactic acid. FTIR dRdNMR analyses revealed that the PHB extracted
from pure culture and mixed culture showed exadich#o that of standard PHB. Biodegradation studighe
PHB blends showed 87% degradation. It was alsodahat a consortium of organisms degraded the fliasser
than a single organism.

Key words: Poly-3-hydroxybutyrate, Biopolymer, Mixed cultur8acillus firmus Lactobacillus delbrueckii
Biodegradation

INTRODUCTION mixed cultures could significantly decrease the
price of PHB.
Poly$-hydroxybutyric acid or PHB is a bacterial Alternative strategies for PHA production based
polymer whose biocompatibility, biodegradability on mixed cultures have been proposed as a means
and versatile properties make it an eco-friendlypf lowering production costs (Dias et al. 2006).
substitute for synthetic polymers. MicroorganismMixed culture PHA production relies on a
can accumulate large amount of PHB inside theelection pressure that favors organisms with PHA
cell in response to the limitation of an essentiatorage capacity. In this case no reactor
nutrient. sterilization is necessary and the culture cantadap
The substrate is one of the main cost factors @b various complex waste feed stocks
PHB production (Lee 1996). Most processes fofAlbuquerque et al. 2007; Bengtsson et al. 2008;
PHB production are based on pure cultures grow8erafim et al. 2008), leading to potential
in well-defined nutrient-deficient synthetic mediaenvironmental and economical advantages
and single substrates. The use of renewabl®mpared to both pure culture PHA production.
sources obtained from waste organic carbon arfdermentations employing two or more
microorganisms offer benefits over single culture

“Author for correspondenceandey@niist.res.in

Braz. Arch. Biol. Technol. v.57 n.5: pp. 644-652p80ct 2014



Production of PHB from Mixed culture 645

fermentations either by commensalism or byMSM) was used for PHB production. The
neutralism or by conversion of substrate to alifferent carbon sources like glucose, xylose,
metabolite by first microorganism which is glycerol, lactose, fructose and sucrose were used a
utilized by the second microorganism to produc0 g/L concentration. The pH of the medium was
the product (Kondo et al. 1996; Shimizu et aladjusted to 7.0 before bacterial inoculation. The
1999). media were autoclaved at 121°C for 20 min.
Mixed or co-culture systems have been recognized
to be effective for certain fermentations. MixedThe effect of different carbon sources on
bacterial culture production has recently started tgrowth and PHB production by mixed cultures
attract a lot of attention. It has the potential tolhe effect of different carbon sources on growth
produce large amounts of PHAs with seeminglyand PHB production of mixed culture Bf firmus
lower costs due to lower sterility, equipment andNIl 0830 and B. sphaericusNIl 0838, B. firmus
control requirements and the ability to utilize aNIl 0830 andL. delbrueckii NIl 0925 andB.
wide range of cheap substrates including industrigphaericusNIl 0838 andL. delbrueckiiNIl 0925
and agricultural wastes (Reis et al. 2003; Rhu.et avere carried out using MSM media supplemented
2003). Exploiting mixed culture system for PHBwith different carbon sources at 20 g/L. 1: 1 ratio
production where sugars were converted to lactatf inoculums concentration were added into 100
by lactate-producing bacteria and the lactate waslL of production medium and incubated at 200
converted to poly3- hydroxybutyrate (PHB) by rpm, 30°C for 48 h.
the second organism.
The objective of the present study was to evaluateffect of incubation time on PHB production by
PHB produced by mixed culture, its mixed cultures
characterization by FTIR andH NMR and The effect of different incubation time on growth
biodegradation of blends using pure culture an@nd PHB production of mixed culture Bf firmus
microbial consortium. NIl 0830 andL. delbrueckiiNIll 0925 was carried
out using MSM media supplemented with 2%
glucose. 1: 1 ratio of inoculums concentration

MATERIALSAND METHODS were added into 100 mL of production medium
and incubated at 200 rpm, 30°C for different time
Chemicals and reagents points (18 — 66 h).

Crotonic acid was procured from Sigma-Aldrich,
India. All other chemicals were procured fromEffect of inoculumsratio on PHB production by

local vendors. mixed cultures
To study the effect of inoculums ratio on growth
Microor ganisms and PHB production of mixed culture Bf firmus

Bacillus firmusNIl 0830, B. sphaericusNll 0838 NIl 0830 andL. delbrueckiiNIl 0925 was carried

and Lactobacillus delbrueckiiNll 0925 were out using MSM media supplemented with 2%

obtained from the NIl culture collection at NIIST, glucose.

Trivandrum. The stock cultures were maintainedifferent ratios of inoculums were added into 100

on nutrient agar slants. mL of production medium and incubated at 200
rpm, 30°C for 42 h.

Culture media and inoculums prepar ation

LB media was used for preparing seed culture foPHB assay

B. firmus NIl 0830 and B. sphaericusNIl 0838 PHB assay was carried out by the method of Law

and MRS media was used for preparing seednd Slepecky (1961).

culture for Lactobacillus delbrueckiiNll 0925.

Seed culture media in LB was prepared Brr Characterization of PHB

firmus NIl 0830 andB. sphaericusNIl 0838so as The extracted PHB from pure culture Bf firmus

to make 18 h culture ready before inoculation iNIl 0830 and mixed culture d. firmusNIl 0830

each experiment. and L. delbrueckii NIl 0925 were subjected to

For L. delbrueckii NIl 0925 seed culture was FTIR and'H NMR studies and were compared to

prepared in MRS media to make 18 h culturestandard PHB from Sigma.

ready before inoculation. Mineral salt media
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Fourier Transform Infrared Spectroscopy washing in distilled water. It was incubated for 7
(FTIR) days at 30°C. Samples were collected and film
The presence of different functional groups irretention was calculated.

PHB was checked by FTIR. Extracted PHB (2 mg)

and pure PHB obtained from Sigma (2 mg) werdiodegradation of PHB at different time points
dissolved in 500 pL chloroform and layered ortsing mixed and pure cultures

NaCl crystal. After evaporation of chloroform, Previously weighed amounts of sterilized PHB-

PHB polymer film was subjected to FTIR. PEG-TS blends were put into 10 flasks with
minimal media. Five flasks were inoculated with 2
'H NMR studies mL dairy industry sludge (Ambalathara,

The 'H NMR spectra was recorded at roomTrivandrum, Kerala, India) and other five were
temperature with a Bruker Advance Il 500 MHzinoculated with pure culture dacillus firmusNII
spectrometer to study the structural elucidationr0830 andParacoccus denitrificanslll 0925. They
The standard PHB sample from Sigma (5 mg) andere incubated at 30°C. Samples were collected at
the extracted polymer sample (5 mg) werean interval of 5 days (5-35 days) and retention was
weighed and transferred to NMR tubes. Thesalculated.
samples were dissolved in CQ®kefore testing. _ _ _

SEM analysis of native and biodegraded PHB-
PHB blend preparation PEG-TSblends
PHB film: PHB (Sigma) film was prepared by SEM images were taken at magnification —3000X-
dissolving 50 mg PHB in chloroform by sonicationfor both native and biodegraded PHB —PEG-TS
and was left overnight for film formation. blends at different time points using pure culture
PHB-PLA: PHB-PLA blend was prepared by and consortium (sludge) using a JEOL JSM-5600
dissolving 50 mg each of PHB and polylactic acigscanning electron microscope (SEM). The samples
(PLA) in chloroform by sonication and was left were mounted on a double sided conductive tape
overnight for film formation. on precut brass sample stubs and the sputter coated
PHB-TS: Thermoplastic starch (TS) was preparedvith gold palladium using a JEOL JFC -1200 fine
by mixing starch powder, water and g|ycero| in thecoater. The images of native and biodegraded PHB
ratio 50:15:35 respectively. The contents werePEG-TS blends were acquired with a 10 to 15 kV
mixed for 15-30 min to obtain a paste. The pastaccelerating voltage.
was transformed into TS by heating at 100°C in
water bath with continuous stirring for 15 min. TS
were mixed with PHB in the ratio 50:50 and RESULTSAND DISCUSSION
solvent cast films were obtained from chloroform.

PHB-PLA-TS: PHB and PLA were dissolved in The Sfect of different carbon sources on
chloroform in the ratio 50:50 by sonication. TSI oW an prodauction by mixed cuitures

was mixed with this in the ratio 50:50 and solvenEr he restlrj]lts tr? rese dn;fed mt F|gukr)(_a 1t' |nd|ca}tes_ thgt
cast films were obtained. among the three different combinations of mixe

PHB-PEG-TS: PHB and poly ethylene glycol cultures checked for PHB production, maximum

- : - . PHB production was observed wih firmusNII
(PEG) were dissolved in chloroform in the ratio .
50:50 by sonication. TS was mixed with this in the0830 andL. delbrueckiiNIl 0925 followed byB.

ratio 50:50 and solvent cast films were obtained. sphaericusNII10838 andL. delbrueckiiNIl 0925.
Among the different carbon sources screened for

PHB production - glucose, glycerol and fructose
gave almost similar type of productivity followed

Minimal media was prepared and inoculated witPY Sucrose, xylose and lactose. In this study
2% dairy industry sludge obtained from Milma 9lucose was selected as carbon source for further

(Ambalathara, Trivandrum, Kerala, India) angStudies. There were several reports on PHB
pure cultures ofL. delbrueckii NIl 0925 and production using mixed cultures (Tohyama et al.
consortium from dairy industry sludge. Previously2000; Johnson et al. 2010). In the present study
weighed films of PHB and its blends were put intgdlUcose may Dbe converted into lactate by

the media after sterilizing by washing in sodiumdelbrueckiiNIl 0925 and the lactate was in turn

hypochlorite for 10 seconds and repeatedly

Biodegradation of PHB and blends using pure
and consortium
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converted to PHB bf3. sphaericudNIl 0838 as an Effect of inoculumsratio on PHB production by

alternative. mixed cultures
. The results presented in Figure 3 indicates that
W B, firunis + B. sphaericuis maximum PHB production (56%) was observed
07 Bosphaericus + L delbmeckii——\when the inoculums concentrationBffirmusNII

a5 | uB. firmus + L. delbrieckii

0830: L. delbrueckiiNIl 0925 was keptin a 1: 1
ratio, the PHB production was low when the
inoculums concentration was kept at 1: 3 and 3: 1
ratios of B. firmus L. delbrueckii (30 and 39%

respectively).
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Figure 1 - Effect of different carbon source and
different mixed cultures on PHB
production. 10

Effect of incubation time on PHB production by 0207 03:03 070

mixed cultures
The result presented in Figure 2 indicates tharg

Inoculuin concentration (B. firmus: L. delbrueckii)

igure 3 - Effect of inoculums concentration on PHB

maximum PHB prpduction was observed at 42 h, production by mixed culture oBacillus
comparable. In this study 42 h of incubation time delbrueckiiNIl 0925.

was selected for further studies. Jiang et al. 2011
reported two mixed culture systems for PHB
system where the first mixed culture enriched o .
lactate was dominated by a gamma ourier Transform Infrared Spectroscopy

X TIR)
proteobacterium can accumulate 90% of PHB aftéF .
6 h of incubation while the second mixed cultur x_tracteld PHB after bsubmergedﬁf)e}r(mentaﬂog by
consisting of Plasticicumulans acidivoransaand using glucose as carbon sourcemylirmusan

Th | i lat 4% PHB mixed cu_l_ture of B. firmus NII (_)830 z_;lnd L.
auera selenatiscan accumulate 84% delbrueckiiNll 0925 was characterized with FTIR.

haracterization of PHB

within 8 . Figure 4 illustrates the FTIR spectrum of PHB
50 (Sigma-Aldrich Chemicals, USA), extracted PHB
from B. firmusNIl 0830 and extracted PHB from

507 mixed culture of B. firmus NIl 0830 and L.

delbrueckiiNIl 0925.

40 -

The FTIR spectra of standard PHB (Sigma-
30 4 Aldrich Chemicals, USA) showed peaks at 1728
- cm' and 1282 cm corresponding to specific
- rotations around carbon atoms specific to certain
10 - functional groups. Peaks at 1728 toorresponds
to ester carbonyl group and at 1282 'tm
I8 30 42 54

Total PHB (%)

corresponds to —CH group (Sindhu et al. 2011).

o FTIR spectra of the extracted polymer frdm
fncubation Time (Hows) firmus NIl 0830 shows peaks at 1722.43¢rand

. . S . 1276.88crit. The extracted polymer from mixed

Figure 2 - Effect of incubation time on PHB production culture of B. firmus NIl 0830 andL. delbrueckii

by mixed culture oBacillus firmusNIl 0830 ;
andLactobacillus delbrueckiNll 0925. NIl 0925 showed peaks at 1722.43 trand

a6
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1278.81 crit respectively. These peaks arestandard PHB (Sigma) at 1728 tmnd 1282 cr
corresponding to the peaks obtained for theonfirming that the extracted polymer is PHB.
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Figure 4 - FTIR spectra of A) PHB (Sigma) B) extracted PHBnfrBacillus firmusNIl 0830 and C)
extracted PHB from mixed culture dBacillus firmus NIl 0830 and Lactobacillus
delbrueckiiNIl 0925.
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'H NMR studies USA). Both spectra were found to match with each

Figure 5 illustrates th&H NMR spectra obtained other. The spectrum shows a doublet at 1.29 ppm
from PHB samples extracted froB1 firmusNIl  which is attributed to the methyl group coupled to

0830and mixed culturef B. firmusNIl 0830 and one proton. The doublet of quadruplet at 2.57 ppm
L. delbrueckii NIl 0925, is compared with the is attributed to the methylene group adjacent to an
commercial PHB (Sigma-Aldrich Chemicals, asymmetric carbon atom bearing a single atom.

200
200
208
59)

h

s SRR R R DO T L L R

= -

Figure5 - *H NMR spectra of PHB (Sigma) B) extracted PHB frBacillus firmusNIl 0830 and C)
extracted PHB from mixed culture Bfcillus firmusNIl 0830 and_actobacillus
delbrueckiiNIl 0925.

The multiplet at 5.27 ppm is characteristic ofet al. 1992; Jan et al. 1996 and Sindhu et al. 2011
methylene group. Two other signals are observedirom these results it can be concluded that pure
a broad one at 1.56 ppm which is due to water arnzulture ofB. firmusNIl 0830 and mixed culture of
another one at 7.25 ppm attributed to the solver8. firmus NIl 0830 and L. delbrueckiiNIl 0925
used i.e. chloroform. Identical observations werevhen grown on glucose as carbon source produce
earlier reported by several researchers (BonthrorieHB.

Braz. Arch. Biol. Technol. v.57 n.5: pp. 644-652p80ct 2014
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PHB blend preparation properties from blends comprising mostly
One of the approaches being pursued to improva@opolymers. The PHB was found to be brittle and
the performance of bio-based materials irbreaks easily. Therefore blends with different
engineering applications is the blending ofpolymers were prepared to improve their physical
biopolymers  with  biodegradable syntheticcharacteristics. The Figure 6 shows blends
polyesters. The goal of this approach is to developrepared with different polymers.

biodegradable materials with acceptable material

Figure 6 - Different PHB blends made from A) PHB sigma B) PRBA C) PHB-TS D) PHB-PLA-
TS E) PHB-PEG-TS.

Biodegradation of PHB blends using pure Biodegradation of PHB-PEG-TS blend at
culture and consortium different time points usng mixed and pure
After 7 days of incubation with sludge and purecultures

cultures PHB-PEG-TS showed maximumA comparison of the PHB degradation capabilities
degradation followed by PHB-PLA-TS. Pure PHBof the consortium and pure cultureBffirmusNII

film showed no degradation at all. The result830 andParacoccus denitrificangvas made. The
presented in Table 1 showed that PHB blends weresults presented in Table 2 showed that after 35
degraded better than pure PHB film, PHB blendlays of incubation, the PHB film incubated with
showed more degradation and further studies wemnsortium showed 20% retention whereas the one
carried out using PHB-PEG-TS. An identicalincubated with the pure culture showed 71%
observation was earlier reported by Rychter et atetention. Solubility  of  the polymer
2006 for environmental degradation of polyestemn water plays an important role in biodegradation.

blends containing PHB. ) S ) )
Table 2 - Effect of incubation time on biodegradation

Table 1 - Biodegradation profile of different PHB of PHB — PEG-TS blend by pure culture and

blends by pure culture and consortium. consortium.
Film retention (%) Incubation Film retention (%)
Blend Pure culture (mg) Consortium (mg) Time (days) Pureculture Consortium

PHB Sigma 100 94 > 94 56
PHB-PLA 97.6 83 ig o -
PHB-PLA-TS 94.8 78 20 85 43
PHB-PEG-TS 94 56 o5 80 39

PHB-TS 96 85
30 76 33
35 71 20
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SEM analysis of native and biodegraded PHB-  that biodegradation removed external polymers
PEG-TSblends and became rough and porous with a number of
Scanning electron micrographs of native andisible fibrous pores like structures were formed.
biodegraded PHB-PEG-TS blends using pure an@ur results indicate that biodegradation using
consortiums were taken at magnification 3000Xconsortium was found to be more effective when
Figure 7 showed that native blend showed aompared to pure culture. Identical observations
smooth and uniform surface. were earlier reported by Bonartseva et al. 2002
The biodegraded PHB-PEG-TS blend has a rouglssing a soil model community.

surface and showed several pores. This indicates

X3,888  Sem 3538 NIISTSEM

15kU X3, 888 27 NIISTSEM

Figure 7 - Scanning electron micrographs of PHB-PEG-TS bldtet different periods of incubation
A) Control B) after 5 days C) after 10 days D) afid days and E) after 20 days of
incubation with mixed culture dBacillus firmusNIl 0830 andLactobacillus delbrueckii
NIl 0925.
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