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ABSTRACT

Polyhydroxyalkanoates(PHAs) are biodegradable pekamproduced by microbes to overcome environmental
stress condition. Commercial production of PHAs tlués high cost is limited compared to that ofieentional
polymers. Another hindrance is the brittle natureldow strength of Poly-3-Hydroxybutyric Acid (PHIB)e most
widely studied PHA. The needs are to produce PH#sgch have better elastomeric properties suitalde f
biomedical applications, preferably from inexpeesirenewable sources to reduce cost. Certain unfiyoperties
of Bacillus subtilissuch as lack of the toxic lipolysaccharides, expression of self-lysing genesampletion of
PHA biosynthetic process — for easy and timely veog usage of bio wastes as feed enable it to etenas
potential candidate for commercial production of BHBacillus subtiliswas found to produce PHB and #mount
of PHB produced was estimated under various camitiike pH, temperature, and also using differartistrates.
The amount of PHB produced was estimated by reatimgbsorbance at 235nm as well as data is stuayeasing
statistical analysis. When relationship betweencoitsumption and cell growth were studied 5 gibsan oil was
considered as suitable due to highest producuafo@dDW and PHB content (13.1 g/L) and (87 wt%peasively.

Keywords: Polyhydroxyalkanoates, Poly-3-Hydroxybutyric AcidSoybean oil, Cell Dry Weight, UV
Spectrophotometer, Tukey's HSD test

INTRODUCTION

Humans in developed countries have grown accustaimdide in a “plastic society”. Most plastics eng in

landfills on our shores or in the ocean. It is @agingly being realized that the use of long-lastiolymers for
short-lived applications is not entirely justifiegspecially when increased concern exists aboupriservation of
finite resources]].

Biodegradable plastic is rather new and promisiagabise of its actual production and utilizationhbagteria to
form biopolymer. Bioplastics are biodegradable, postable and bio erodible plastics. These polymesaally
lipid in nature, are accumulated as storage mat@inathe form of mobile, amorphous, liquid gransjein
microorganisms and allow microbial survival unddress conditions. This storage material is known as
polyhydoxyalkanoates(PHAS), which store carbon anérgy, when nutrient supplies are imbalanced. hes
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polyesters, known as Bio plastics contain long mhaf monomer which join with each other by estend[2].
Bacteria from the generAlcaligenes, Bacillus, Azospirillum, Pseudomonas ptoduces polymers in the PHA
family which are used for energy and as a storaga bf cellular carbon [3]. These microorganisms aacumulate
from 30-80% of their dry weight in PHA. The varioimexpensive substrates that are used for the ptimuof
PHB include whey, starch containing substances Bkeowroot, rice water and sago water [3]. PHA is
biodegradable, water insoluble, non-toxic, bio-catilge, piezoelectric, thermoplastic, and/or elastdc. These
features make them suitable for applications in ghekaging industry and as substitute for hydromadbased
plastics [4]. It has wide applications in differemteas such as packaging material, long term doshgkugs,
medicines, insecticides, herbicides, fertilizerssroetics, disposable items such as razors, werdihpers,
feminine hygiene products, cosmetics containeramgoo bottles, cups etc. Several studies are igrgse for its
relevance in medical field for bone replacementd plates, surgical pins, sutures, wound dressiagd, blood
vessel replacements [5].

So this study aimed to focus on production of PHBtleey are the promising technology that can chahge
scenario of plastic waste management.

MATERIALS AND METHODS

BACTERIAL STRAIN AND MEDIA

Bacillus subtilliswas used in this study isolated from edible omtaminated soil samples which were collected
from various oil industries through north Gujaragion and cultivated in nutrient rich [NR] mediurantaining 2
g/L yeast extract, 10 g/L meat extract and 10 gptpne . Small amounts of Soybean oil [final coteion 1 g/L]
were added to the NR medium, to study the effeicéglding the oil to the preculture. Preculture withoil addition
was used as control. The bacterial cells were rai@etl on agar mineral salts medium [MSM][6] suppteted
with 2% [wi/V] of fructose.

CARBON SOURCE
Soybean oil purchased from local market of Patajgfati was used as the sole carbon source for PHB
biosynthesis. The oil was filtered and autoclavembsately before it was added to MM for PHB biokwsis [7].

FERMENTATION AND PRODUCTION OF PHB
The production of PHB or copolymer was carried buttwo-stage cultivation [8]. The isolated organismere
cultivated in the nutrient broth medium without anytrient limitation, at 37 °C and 200 rpm for 24.h

After incubation, 2 ml of culture was taken to intate the flask containing 200 ml of sterile protilie medium,
and all the isolates were first grown for 72 hits3a°C with shaking at 200 rpm in a carbon — rich MSNht&ining
sesame oil [1% w/v] as a sole carbon source.

To study dry cell weight [DCW] of bacterial cell drdetermine effect of various optimizing parameteedls
accumulating PHB were cultivated in 250 ml of maaif mineral salts basal medium [MMSB][7] which cains
[NH4HPO, [1.19], KeHPO, [3.7g], 10 ml of 0.1M MgS® and 1.0 ml of a microelement solution [this
microelement solution contained FeSH,0 [2.78 g], MnC}.4H,0 [1.98 g], CoSQ7H,0O [2.81 g], CaGI2H,O
[1.67 g], CuC}2H,0 [0.17 g], and ZnSE7H,0 [0.29 g] in 1 | of 1N HCI]. The pH was adjusted#.00 and then
four edible oils 1% [w/v] each were taken sepayaiteldifferent 500 ml Erlenmeyer flasks and incudabfor 72 hrs.
on rotary shaker at 250rpm, at 3Z . At the end of the fermentation, the cells weagvested by centrifugation
[6000 g, 10 min, &C]. Cell pellets were washed with hexane to remmsgidual oils and then with distilled water.
The washed cell pellets were frozen at°@0for 24 h prior to storage in liquid glycerol [Madi and Dharaiya,
2012]. The organisms were confirmed for presenc®ldB granules and lipase productions were confirmgd
described by [9].

Lipase activity assay

Lipases (triacylglycerol acylhydrolases, EC 3.1) t&alyze the hydrolysis and the synthesis ofre$temed from
glycerol and long- chain fatty acids [10Lipase activity was measured spectrophotometriddlywith some
modifications by using p-nitrophenyllaurate[pNPL$ #he substrate. The emulsion solution was prepéased
dissolving 5 mM of pNPL in 10 mL of dimethyl sulptide[DMSO], which was then emulsified in 90 mL of
phosphate buffer [100 mM, pH 7] containing 0.1%\{\wgolyvinyl alcohol [PVA] and 0.4% [w/v] Triton XtOO.
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Approximately 100 mL of cell-free supernatant saesplere mixed with 1.9 mL of the emulsion and iratetd for
10 min at 30° C. The absorbance was measured at OD 410 by spkotmometer. One enzyme unit was defined as
the amount of enzyme that liberates 1 mmol of papttenol per min under the incubation condition.

RESIDUAL OIL ANALYSIS

Residual oil analysis was carried out by mixing L of cell-free supernatant in 5 mL of hexane [Lobha®s
described in Figure-1 fermented broth was treatitd exane and water to remove oil. The mixture wagexed
for 1 min to ensure that all the residual oil ie upernatant had completely dissolved. After tiiat,mixture was
allowed to settle until two distinct immiscible &g were observed [12].

Approximately 1 mL of the hexane layer [top] cotisig of oil was transferred to a pre weighed ptaglate and
left to dry in a fume hood until a constant weiglds obtained. The oil remaining on the plate waigjmesl.

CELL DRY WEIGHT [CDW] MEASUREMENT
Cell dry weight was determined at the end of thiivation [72 hrs.]. Cells were harvested by cdogation at
10,000 rpm for 10 minutes.

The cell pellet was then re suspended in 100 rhkegfne by vortexing and then centrifuged agaird@d rpm for
5 minutes to remove remaining oil.

Here, 10 ml of culture sample was centrifuged a0aa rpm for 15 minutes af@. The pellet was resuspended in
distilled water [10ml] and centrifuged again forsking. . The washed cells were dried at 4D%or 24 hrs. in a hot
air oven and then allowed to cool down. The dryias repeated until constant weight was obtained

[13]. Cell concentration was expressed as dryweight [DCW][g/1].

EXTRACTION OF AND ESTIMATION OF PHB

5 ml of culture was centrifuged at 10, 000 g for hhutes and supernatant was discarded. The peilete
suspended in 2.5 ml of 4 % sodium hypochloritedigiestion and 2.5 ml of hot chloroform and wereuivated at
37°C for 1 hour. The extractions of native PHB gias were performed as described by [9]. The amoURHB in
the extracted samples was determined spectrophdticatly at 235 nm [14, 15].

OPTIMIZATION OF PHB PRODUCTION USING DIFFERENT CONCENTRATION OF SOYBEA N EDIBLE OIL AS CARBON
SOURCE: Exactly how different concentration of soybeanaffiected PHB production was evaluated by providing
0.5 to 10.5 g/L ml of Soybean oil in different flasontaining same MMSB medium and were testedterlietter
productivity of PHB. All the selected bacterial wuks were inoculated and incubated at 30 °C folnrg2 After 72
hrs.of fermentation, PHB produced were extractatragasured with spectrophotometer at 235 nm [14,15]

RESULTS AND DISCUSSION

Lipid inclusion granules were stained black wher#as bacterial cytoplasm was stained pink in caldvich
confirmed the presence of Lipid inclusion granufesde the bacterial cell [9].

As crotonic acid possess 8, unsaturated bond and has an absorption maxim@®5atm and hence the amount of
PHB in the extracted samples was determined withsip®ttrophotometer at 235 nm with reference testhedard
graph of 3- hydroxy butyric acid.

Mean data accompanied by different letters arefgigntly different [Tukey's HSD test, p <0.05].

Effects of Soybean oil concentration on PHB biosyhesis

Preliminary studies exhibited that soybean oil pased from local market of Patan, Gujarat, Indiewstd PHB
accumulation and CDW increased while no residubMa@is observed. These results indicated that thevas
consumed completely by the bacterial cells for rthgiowth and simultaneouslyproduced PHB. The PHB
accumulation and CDW increased while no residuaivas observed as soybean oil concentration inetce&®m
0.5 to 10 g/L [Fig. 2]. These results indicate doasumption of oil for cell growth and PHB prodocti The CDW
[13.1 g/L] and PHB content [87 wt%] were found reghwhen 5 g/L soybean oil was used. However, h&/Gnd
total PHB accumulation decreased while the residilahcreased after the 5 g/L concentration.
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Effects of adding oil in preculture medium
To study the effects of soybean oil addition to pneculture medium, 1 g/L of soybean oil was adidethe MSM
preculture medium during inoculum preparation.

The lipase activity increased up to 88% in thdahitage [0-18 h] of cultivation when 1 g/L of eitas added to the
preculture medium [Fig. 3]. After 18 h, the lipasstivity [13 U/mL] in samples with oil in preculteiplateaued and
then dropped steadily after 72 hrs. When no oil added to the preculture medium, the lipase agtisatuld be

graphed as a bell-shaped curve but shifting taitie of the fermentation timeline with the lipaaetivity plateau at
24 hrs. [11 U/mL] and starts to drop after 72 tefecting that adding oil into the pre culture medimay induce
the production of lipase in the initial stage affientation.

Figure- 4 clearly depicts that pre culture with avithout oil resulted in similar cell growth and Brhccumulation
and that both treatments peaked at the 72 hrs. amtkhen remained steady with no significant déffiees beyond
120 h. The final cell growth and PHB content weog significantly affected by the addition of 1 gdf soybean oil
to the preculture.

Most of the plastics and synthetic polymers arelpeed from petrochemicals. Because of their persigt in the
environment, several communities are more sensitivéhe impact of discarded plastics on the envirent.
Consequently, for the past two decades, there bega growing public and scientific interests in tleeelopment
and use of biodegradable polymers as an ecologicséful alternative to plastics [16].Natural pobms are
synthesized and accumulated by a diverse grougarborganisms [17].

Hydroalkanoic acids have been detected in someomrganisms and if they are exploited for optimiZidB
production this may reduce production cost and lelfarge scale uses. The viability of microbiatge scale
production of PHB is dependent on the developméatlow cost process that produces biodegradabkgipt with
properties similar or superior to petrochemicabptzs [1§.

According to National Council of Applied Economiegearch [19] in India, different varieties of edildil are
consumed, generally depending on the regional gmefes and availability. India is one of the latgesducers and
consumers of edible oil in the world. Indian Vedp¢aOil Industry comprises around 1,50,000 oilsergshing
units with a total capacity of 425 million ton@§0 solvent extraction units with capacity of 34#lion tons of the
oil-bearing material, about 300 refineries with @eaipy of 50 million tones and 205 vanaspati uniithvannual
capacity of 32 million tones.

The soybean is economically the most important ieathe world, providing vegetable protein for nahls of
people and ingredients for hundreds of chemicallypets [20]. Soybean [Glycine max] also known asd@nlBean
is the largest oilseed crop in world accountingrfare than 50% of the world oilseeds productionov80% of
the global soybean output is crushed worldwidelt@io oil and meal[21].

Hydrophobic residual oil

Cell biomass

Figure 1 Fermented broth treated withhexane and wadr to remove oil
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Figure 2 Effects of Soybean oil concentration on ghbiosynthesis of PHB byBacillus Subtillis. The cultivation was conducted in 250 mL
shake flasks, and incubated at 3 at 200 rpm for 72 h. Data shown are the means tiplicate tests.

The processed soybean is the largest source adipfgtied and second largest source of vegetabla thle world.
Soybean oil is widely used as edible oil whereasngal is mainly used in animal feed industry. Bimnsumption
of soybeans is very limited. Around 35% of the k®eproduction is traded in the world market [22].&&sh on
Soybean has increased because this plant can thmiveaost types of soil, but it thrives in warm,tiler well-

drained, sandy loam. However, the utility of soybed as the sole carbon feed for bacteria produdimplastics
has been proven by [23, 24].

145
Pelagia Research Library



Darshan Marjadi and Nishith Dharaiya Euro. J. Exp. Bio., 2013, 3(5): 141-147

14 -
12

10 A

1!
L B
Lk il a1k

Time (hrs.)

M Lipase activity of pre culture with oil

=]
1

Lipase activity (U/mL)
B [+4]

N
1

Lipase activity of pre culture without oil

Fig.3. Effect of adding 1 g/L Soybean oil in prectlire medium on lipase activity. The cultivation wasconducted in 250 mL shake flasks,
and incubated at 30°C at 200 rpm for 72 hrs. Data shown are the meand triplicate tests. Mean data accompanied by diffegnt letters
are significantly different [Tukey's HSD test, p <005].
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Figure 4 Effect of adding 1 g/L soybean oil in pregiture medium on cell dry weight and PHA accumulaton. The cultivation was
conducted in 250 mL shake flasks, and incubated &0 °C at200 rpm for 72 h. Data shown are the means afiplicate tests. Mean data
accompanied by different letters are significantlydifferent [Tukey's HSD test, p <0.05].

In current research, we investigated the potewnfialoybean oil in PHB production usimacilllussubtillis. Apart

from the advantages mentioned previously, we belibat Soybean oil has great potential as the canleon feed
for bacteria producing PHA in India for severalgess. Firstly, India has potential for Soybean f@tions because
this plant grows more quickly and produces morel see¢he tropics, especially on land with suffidieitrogen and
rainfall [25FAO, 2007]. Secondly, it was reportestently that soybean seed lipid content of 20 wf%iband

Soybeans owe their dominance of the oil seed méokiéie value of their protein, which is much gezdahan that of
the other oilseeds [26]. Soybean oil has 61% pdalgturated fat and 24% mono unsaturated fat whichrigparable
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to the total unsaturated fat content of other \aglet oils [~ 85%] [8]. Here, we report for the fitsme the
successful utilization of Soybean oil for produciPigB byBacillus subtillis.

CONCLUSION

Soybean oil has been identified as a feasible andllent carbon source for the production of PHBHacillus
subtillis. This study also proved that the soybean oil doaffect cell growth and PHB production. Soybedna
potential carbon source to substitute for food-grais for large-scale production of PHA.
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