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ABSTRACT KEYWORDS
Polyhydroxyalkanoates are Biopolymers produced by many bacterial Polyhydroxyal kanoates;
species present in nature. These are degradabl e compared to conventional Fourier transforminfrared;
plastics and are produced as intracellular reserve granules at the time of Sodium hypochlorite;
starvation like depletion of nitrogen source, salt stress and excess of Molasses;
carbon source. However, commercialization of such bio degradable Bacillus subtilisANM1.

polymers has not been seriously attempted due to several reasons and
one such reason is that PHA is not flexible as expected. Moreover PHA
cannot be produced easily at low cost as the carbon source used for the
mediapreparationisvery expensive. Thisledto the usage of agro industria
wastes as a replacement for sucrose as an energy source in the media. In
this study, different agro industrial residues were used as cheaper source
of carbon like sugarcane molasses, ditillery effluent, milk whey from diary
industry, paper industry effluent, and biodiesel industry generated crude
glycerol waste. PHA was extracted using Sodium hypochlorite extraction
from BacillussubtilisANM 1 and the extracted PHA from different industrial
sourceswas characterized using Fourier Transformation InfraRed (FTIR)
spectroscopic technique and checked for the functional groups. The
polymer produced from all the agro industrial sources showed
characteristic bandsfor different functional groups of PHA like CH, CH,,
C=0, and C-O. Their frequency value was found to be much higher than
that of the normal. The carbonyl group showed strong bandin 1636-1673
cmt, The C-O group showed a strong absorption in 1047-1089cm™. Thus
the study suggested that bio-effluents could be used for the production
of Biopolymers so that it acts as a cost effective method for polymer
extraction. © 2014 Trade ScienceInc. - INDIA

INTRODUCTION and technology asthey are easily moldableand can be
changed into varying formsand shapes. They haveen-
Plasticsarekind spectacular inventionsof science  grossed humanlifeinamost al fieldslikeAgricultura
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industry for delivering the pesticidesor fertilizers, Me-
dicind industry for making artificial bonesand sutures,
Cosmetic and domesticindustriesfor making various
productslikefilms, sheets, moldsand casts. But the
longtermill useof plasticshasledto theaccumulation
of plasticsinthe environment. They makethesoil and
water polluted and prevents seepage of useful materi-
aswhichisnecessary for the balance of the ecosys-
tem.

ThePHA isproduced aspolymerswithin the bac-
terid cellsanditisstored asintracel lular reservegran-
ulesa thetimeof garvation. They havenumerousflex-
iblemechanical propertieswhich makethem find di-
verse goplications. Apart from these properties, thebio-
degradability and biocompatibility of PHA showsthat
they are non toxic and can be used for various bio-
medical applications. Itispossibletotailor the struc-
turesof PHA by changing thecomposition of themedia
used and by genetically atering the pathway of PHA
productiont®.

PHAsareof different typesbased on the number
of carbon atominthemvaries. Thesevariationsresults
in changesin the carbon skeleton, which offersPHA
numerousversatile properties.

Inthe present investigation, thewastewatersfrom
agro based industries were directly used for produc-
tion of PHA asthey arefound to contain enough nutri-
entsneeded for microbid growth. Thismethod haspro-
posed asasignificant cost effectivetechniquein PHA
extraction processasthe cost of thecarbon sourceused
isaddressed asthemgor problem inlarge scaemanu-
factureof PHA.

MATERIALSAND METHODS

Microorganism

TheBacillus subtilis ANM 1 was obtained from
soil samplescollected in and around Coimbatore. The
mother culturewasgrown a 30°C and pH value 7.0 in
Nutrient Broth [Yeast extract 2.0(g/L); Tryptone5.0(g/
L); Sodium chloride5.0(g/L)] and maintained at 4°C
on Nutrient agar plates. The culturewas sub cultured
every 2 weeksto maintain purity.

Par aspor al body analysisby sudan black staining
Thepresenceof intracdlular granuleswas confirmed
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by staining the cellswith Sudan black dye. The48hours
old Bacillus culturewas used to make thin smear ona
glassslide and then fixed on dideusing heat fixation
technique. The heat fixed didewasimmersedin afil-
tered solution of 0.3% (w/v) Sudan black (in ethanol)
for 20 min. Thenthedidewasthen completely dipped
inddeabesker containing Xylenesolutionandblot dried
with absorbent paper. Findly, themicroscopicdidewas
counter-stained for 10 swith (0.5% w/v) aqueous saf-
ranin. Thedidewasthen rinsed with tap water and blot
dried and examined under amicroscope.

Shakeflask cultivation condition usngagroindus-
trial resduesascarbon source

The 24 hour old Bacillus subtilisANM1 culture
from NB was centrifuged at 10,000rpmfor 20 minutes
and transferred into amedium(pH 7.0) containing dif-
ferent agroindustria wastesand by productslike sug-
arcanemolasses, distillery effluent, milk whey, paper
industry waste, crude glycerol and cokeindustry waste.

PHA recovery by chlor oform extraction

Thecellsobtained from all the sourceswerefirst
treated with diluted sodium hypochloritesolution. The
solution wasthen centrifuged a 6000X gfor 10min, to
get thepellets, which wastrested with acetoneand chlo-
roform. From thetwo phases obtai ned, thelower chlo-
roform containing phase was taken and separated us-
Ing preci pitation technique.

Samplepreparation for FTIR analysis

The Polymer so obtained was eval uated for func-
tiona groupsby using FTIR spectrum. Approximately
2 mg of the extracted polymer was mixed thoroughly
with KBr pelletsand the spectrum wasrecorded ina
FTIR spectrometer from 400 to 4000cm* range.

RESULTS

The Sudan Black stained slide was examined un-
der amicroscope. The prominent dark PHA granules
wereclearly visibleasthe cellswereenlarged insize
indicating the presence of inclusion bodieswithinthem.

The PHA extracted was evaporated and dried for
the FTIR study. It was confirmed that the strain was
ableto utilize biowastes as carbon sources suggesting
that agro industria wastes can be used asafeed mate-
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rial for biopolymer production. Theamount of PHA
produced using molasses, distillery spent wash, milk
whey, cokeindustry waste, and glycerol were 2.50g/1,
0.469/1,0.88g/l,0.75¢/1, and 0.85g/ respectively. How-
ever thequantity of polymer produced varied with the
carbon sourcesused.

Of thedifferent substrates used, the paper indus-
trial wastedid not produce biopolymersasthestrain
wasnot ableto utilize cellulose as carbon source™.

The IR spectrum of the compound extracted is
showninthe TABLE with thefrequency expressedin

The spectrum of FTIR revealed the presence of
marked peaks at wave numbers 3440.77cm™ to
3703.07cm?, 1600 cm?* and 1724.10 cm* corre-
sponding to the hydroxyl (-OH) stretching®, C=0 and
aiphatic stretching of carbonyl group of RCOA of that
of the polymert, Other absorption bandsat 1379.93
cm*and 1454.36 cm*werethat of thediphatic-CH,,
-CH, groups. The band at 1228.03 cm™ to 1279.56
cmt werecharacterigtic to that of Carbon oxygen stretch
of the esters(C-O-C bond)!®. Thestrong band at 922
cm was predicted to bethat of alkyl stretch.

TABLE 1: FTIR spectrum (wavenumber in cm®) chart of PHA from different nutrient sources

. Distillery
M edium Effluent

M olasses Whey

Coke
industry
waste

Crude
Glycerol

Bond
names

Functional
groups

1238.357

1228.03(2)

1270563 12799311

92256(1) 138155(2) 1281.646(1) 2925.59(6)

1375.22(3)
1379.93(4) 1419.52(4)

1600(6)  1650.953(3) 1688.52(2)

1740.53(4)

1724.10(7) 1850.536(5)

1724.38(3) 1735.81(5)

1454.36(5)

3440.77(8) 3497.67(7)

1245.78(1)1319.21(2)

1000(1)
1125(2)
1150.20(3)

Carbonyl
stretch
vibration
Carbon
oxygen
carbon
stretching
of esters
Carbon
hydrogen
stretching
Methyl
vibration
Carboxylic
stretch
vibration
Carboxyl
stretch of
ester
Aliphatic
stretching
Hydroxyl
stretching

1281.64(1) -C-0

C-0-C

1276.93(2) -CH

1379.93 -CH3

1460.08 C=00

1727.1(4)  1726.29(3) c=0

2948.02(5) 2931.59(4) -CH,

3422.02  3749.36(5) -OH

cmr?, thebond names and thefunctional group repre-
senting thewavenumber.

Thenumeralsin thebracketsindicatethe peaks
representing the functional groupsin thecorre-
sponding graphsshown below.

ThelR spectrumandyd sgaveind ghtsto thechemi-
cal structure of the polymer without any breakage of
bonds. PHAswith different backbones and different
chemica groupsare previoudly studied.

FTIR spectrum of PHA synthesized from NB me-
dium

PHA from medium amended with molassesascar-
bon source

The bands found at 1228.643 cm* to 1279.93
cnt corresponds to the carbon oxygen carbon stretch,
but the band at 1740.53 cm* showsthe C-O bonds of
esterd?. The stretch at theregion 1850 cm?, werethe
bands dueto the carbonyl vibrationsof the polymer!®.
Theband from 1850 cm™ to 1650.23 cm*wasdueto
carbonyl stretch of theestersand thestretch at 1381.55
cm wasdueto carbon hydrogen stretch(-CH) of the
polymert?

s LBioTechnology

An Tudian Yourual



156 Production of polyhydroxyalkanoates

(PHA) by Bacillus subtilis ANM1 BTAIJ, 9(4) 2014

FuLL PAPER

108 —
B0 —
E 60 —
.E -
=] Lo
= i
g
*
o — 1
T T ?u 54* |*:2 L
Lnoono asono Eﬂlﬂﬂ ZEIUI:I ZI!::IE 15::Iﬂ 1I:I'EI:I EI:Il
W avenum ber, cm -1
Figurel: FTIR spectrum of PHA from NB medium
i@e —
BEO
E EQD
E _
E o
o |
2o |
1 3
_ p 3
o 4 3 *]
L] ] ] | ] | ] | ] L}
Loog asoagm A000Q0 2500 Zoon 15@8Q iog@ano sQ00

W avenum ber, cm

-1

Figure2: FTIR spectrum of PHA from medium amended with M olassesascar bon sour ce

PHA from medium amended with digtillery efflu-
ent ascarbon source

FTIR anaysisof theisolated polymer from distill-
ery effluent, reveal ed absorption bandsat 1724cm to
1728.70 c* corresponding to theester carbonyl group
showing the presence of PHB'® and the peak at 1281.64
cm™ corresponds to the—CH group!*. The absorp-
tion band at 1688.52cm* isfound to bethat of C=0
vaencevibrationof PHA.

PHA from medium amended with whey ascarbon
source

FTIR spectrophotometer showed different spec-
trum in case of whey as carbon source. The peak at
3497.67-3700cm™* was of that of hydroxyl stretching
(-OH) of the polymert®. The band at 2925.59 cm*

BioTechnology —

wasfound to bethat of aliphatic stretching® of PHA.
Theband at 1245.78 cm* till 1319.21 cm* marksthe
Carbon oxygen carbon stretch of the polymer™. The
peak at 1735.81 cm and 1419.52 cm* was due to
carbon oxygen stretching (C=0) of the estersand at
1375.22 cm* was dueto the Carbon hydrogen(-CH)
stretch of thealiphatic groups?.

PHA from medium amended with cokeindustry
wasteas car bon sour ce

The polymer from cokeindustria waste showed
absorption bands at 1727 cmr?, which were corre-
sponding to the ester carbonyl group™. The band at
2948.02 cm* was attributed to that of C-H stretch-
ing®. Specificaly, the peaksat 1000-1125 cm range
and 1150 cm* region denote the presence of ester,
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Figure3: FTIR spectrum of PHA from medium amended with Digtillery effluent ascar bon sour ce
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Figure4: FTIR spectrum of PHA from medium amended with Whey ascar bon sour ce

which arethe characteristics of the polymer.

PHA from medium amended with glycerol ascar-
bon source

FTIR spectra of the polymer showed promi-
nent peaks at 1726.29cm™ and 1276.88 cm-! cor-
responding to the specific rotations around carbon
atoms specific to certain functional groups of the
polymert™, The peak at wavemnumber1726.29 cnr
1 corresponds to C=0 stretch present in the
biopolymer. Thus, these peaks are corresponding
to the peaks obtained for the standard PHA. The
peaks at 2931.59 cm-1 and 3749.36 cm corre-
sponded to that of aliphatic -CH group and hy-

droxyl group stretch® and the 1281.64 cm™* cor-
responding to the—CH group.

It wasfound that the PHA produced from differ-
ent wastes as carbon sources had similar functional
groups. The carbonyl group of the ester was promi-
nent in amost al the spectrawhich ranged from 1700-
1800 cm-1Y, Theregionin and around 3400-3770
cm-1 wascommon in the PHA produced from NB,
and the PHA from whey, coke industrial waste and
glycerol frombiodiesel industry and it can beattrib-
uted to that of hydroxyl stretching!®. Thusthe peaks
of the different functional groups corroborateswith
the peak reported in the PHA obtained from the NB

medid®.
s BioTechnology
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Figure6: FTIR spectrum of PHA from medium amended with Glycer ol ascar bon sour ce

DISCUSSION

Theproduction of PHA under structurdly unrel ated
carbon sourceswere previoudy carried out by differ-
ent researcherdY, ThelR spectrum of the PHA from
variousagricultural by products matched with that of
the PHA produced from Nutrient medium, concluding
that these agro industrial wastes can be used asfeed
for the microbes producing the biopol ymer under ap-
propriateconditions.

Within our country there are numerous agro based
industriesreleasing the bio effluentswhichinturndis-
turbsthe ecosystem. To avoid theenvironmenta prob-

BioTechnologqy —

lems, theseindustriescan bedirected to utilize the ef-
fluents as carbon sourcesfor the production of high
qudity biopolymerswhich has numerous applications
indiversefields. There are enormous applications of
these biopolymerslike packaging industry, medicine,
pharmacy, and agriculture®.

PHA can completely rule out the petroleum based
non degradabl e polymersthat are highly toxic. It can
beeasily degraded to H,O and CO, under aerobic con-
ditionsand to CH, under anaerobic conditionsby the
action of micro organismsand it proves good as an
environmentaly friendly plastic or polymer. Thusby the
present study it ispossibleto reducethefinal produc-
tion cost of the polymer suggesting itseasy bulk pro-
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duction. Not only hasthe production of PHA, thisstudy
also suggested anew form of technology for thetreat-
ment of different industrial wastes.

CONCLUSION

BacillussubtilisANM1isasoil bacterium efficiently
synthesizing PHA using different nutrient sources. The
cheapest of theindustrial raw material is sugarcane
molassesthat had maximum production and thefunc-
tiond groupsof the polymer frommol assesaso matched
withthat of thestandard PHA.. Thuscheap raw materi-
ascan beused for the production of high quality poly-
mersfor future perspective.
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