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ABSTRACT

The bacterial isolate Acinetobacter junii CN1, of cashew nut industrial site with the ability to convert large
guantities of low - cost substrates of agro-industrial wastes / resources into PHB was exploited. PHB produced in
the present investigation was characterized for its molecular properties with FTIR and GC. The IR spectrum of
Acinetobacter CN1 PHB when read in the range 500 - 4000 cmi” revealed the peaks at wave number 3453, 2924,
2855, 1630, 1379, 1119 and 1028 cm’which were seemed to be identical with the standard PHB. The
chromatogram of characteristic ester of the extracted PHB exhibited distinct spot with a retention time 0.650 min
and the concentration was estimated as 80.20%. As for the present study, the retention time of the peaks for the
standard (0.612 min) also remained almost the same. Further, the molecular weight of PHB was also determined
3.9 x 10 ® Da. The molecular properties of PHB have increasingly become an interest in forming a raw material for
biodegradable plastics and can be employed as the most sustainable alter native to the petrochemical plastics.

Keywords: Acinetobacter junii CN1 PHB, FTIR, GC, Molecular Weight.

INTRODUCTION

The allure of bioplastics can be linked with dirsiming petrochemical reserves (Zag#ral., 2006) and the
mounting apprehensive about their environmentaot$f have also prompted much interest in biololyia#rived
polymers which are synthesized by microorganisnwrig? et al., 1995) from the materials that can be readily
eliminated from the biosphere in an ecofriendlyhfas (Gross & Kalra, 2002). This practice would wed non-
degradable solid wastes (Sudesh & lwata, 2008)idBssthe biodegradable polymers derived from wede
sources do have low environmental footprint (P&tr2005).

In this context , it is worth mentioning the ahgely biodegradable (Hrabak, 1992) polyhydroxybatgr(PHB) ,
the first discovered member of PHAs family,Bnmegaterium ( Lemoigne , 1926). Macrae and Wilkinson (1958)
have reported with the rapid biodegradability ofBPproduced byB.megaterium andB.cereus. It is being produced
intracellularly by various organismsviz., Bacillus megaterium, Ralstonia eutrophus, Cupriavidus necator,
Rhizobium Spp., Azotobacter Spp.,Pseduomonas Spp., etc. Besides, the bacterial strains witichld produce
PHB from waste products have been reviewed biniehel and Valentin (1995 ) and Sosigal. (1999).
Santimancet al. ( 2009) for their turn have assayed the abdityhe microorganisms to utilize different carbon
substrates which are generally found as one ofridjer components in agro-industrial wastes.

However, till date very limited research is beimgdsed on PHB producing bacterial isolates with dbility to
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convert large quantities of low - cost substrateagro - industrial wastes. Hence, with a viewedaplore the best
possibility of utilizing PHB of the bacterial isik of cashew nut industrial site as an effectivbsstute to
petrochemical plastics, the present investigatibempts to characterize the same for its mtdeaharacteristics.

MATERIALS AND METHODS

The PHB extracted frorAcinetobacter junii CN1 ( Poornima, 2016) an isolate of cashew ndustrial wastewas
characterized for its  molecular properties b¥yjscting it to Fourier Transform Infrared (FTIR) carGas
Chromatographic studies. Besides, the moleculaghtaif PHB was also derived from the viscositfPdornima,
2016) measurements .

2.1.FTIR Studies

One mg sample and standard PHB were ground wéfi %0 mg spectral pure anhydrous potassium bromide
crystals and made into pellets for IR analysis. Tdlative intensity of the transmitted light enenggs measured
against the wavelength of absorption on the regio® — 4000 cil using FTIR (Schimadzu - IR Tracer 100,
Japan). IR spectra of the samples were then mehatiembient conditions (Ramsetyal., 1994).

2.2.Gas Chromatography

The samplesiz., the extracted microbial PHB, in chloroform adives the standard PHB (Aldrich,USA) taken in
crimp top vials were evaporated. The polymers wtieea esterified with propanol (4 parts) and hydtogb acid (1
part). Trichloroethylene was used as a solventthaedeaction was allowed to continue in a tigh#gled crimp top
vial at 100 °C for 24 hrs. After cooling down tooro temperature, the esterified samples were sugpitsd with 1
ml water for phase separation. The separated &stganic) phases of the sample as well as the atdndere
injected into GC (GC - 8205-, Systronics, India) forther analyses (Bhabatarigti al., 2008). The description of
the GC is as follows. Column 3 %; OV: 1,352 M; Dxte: FID; Injecting volume: 0.4 ul ; Injecter : @2C, FID
temperature: 220 °C; Oven : 90 - 200 °C, 10 °C {Run time :10 min (Kashma, 2004).

2.3.Molecular Weight Determination

The molecular weight (Mw) of the extracted PHB wiasived from the viscosity measurements by emptpthe
following Mark - Hauwink —Sakuradea’s equation (Qgkano et al., 2001). Where , the viscosity(n ) of
Acinetobacter junii CN1 PHB was determined as 0.00037 cP (Poani2016) .

R =K' (Mw)?
K? =7.7X10°dl/g and a = 0.82

RESULTS AND DISCUSSION

The IR spectrum in its turn seems to be very muwsaful to elucidate chemical and physical structungsirogen
bonding , end group detection, degradation reastiamoss linking behaviour of molecules and cop@ym
composition ( Bhargavet al., 2003). Hence, the extracted PHB of the preserdstigation was read in the range
500 - 4000 crifand recorded with the characteristic bands forgiieeips CH, C=0 and C-O ( Figure 1 & 2 ; Table
1). The IR spectrum of\cinetobacter CN1 PHB revealed the peaks at wave number 3453}, Z855, 1630, 1379

, 1119 and 1028 cfiwhich were seemed to be identical with the stan@at@. Thus the IR spectrum obtained for
the biopolymer extracted frodcinetobacter CN1 was confirmed as PHB.

Further, the functional group of PHB granules wasntified as C=0. Similar trend has been reportét ®.
subtilis G1S1 strain (Shah, 2014) as well. Chaseal.( 2014) for their turn have recorded the peakk’a4.04 cm

1 and 1280.69 cth corresponding to C= O and C-O stretching groupeesvely. The IR spectrum obtained by
Anjali et al. (2014) has revealed the presence of marked paaksve numbers 3440.77 ¢m1600 crit and
1724.10 crit corresponding to the hydroxyl (OH) stretching, GC¢Reiset al., 2010) and aliphatic stretching of
carbonyl group, RCOA of the polymer ( Oliveital., 2007) respectively.
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Figure 1: IR spectrum of the standard PHB
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Figure 2: IR spectrum of A.junii CN1 PHB

sampleRomeliloti 14 (Kashma, 2004) has shown characteristic alisarpt

bonds for esters. Further, the author has alsortep with C=0 and C-O bonds at 1724 tand 1281 cm
respectively. Similar results are also repoftgdVisraet al. (2006) as well. Apart from the peaks obtained by
Kashma (2004) an additional peak has also beematzbat 1377 c which might probably be due to the CH3
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(or) methyl bending. Besides, the peaks due to yhettetching have also been observed at 2975amd 2926 cm

! Further, CH (or) methylene group has been observed at 1456 amd methane or CH peak at 3434'cm
Interestingly, an increased shift to left / higlequency (1739 cif) has been observed in some samples due to the
presence of higher alkanoates (Kashma, 2004). dBgsithe most prominent marker band for PHB i.eOC=
stretching has been obtained at 1720 — 174b (&ashma, 2004). Whereas, in the present invegigaC=0
stretching was reported at 1630 tnSimilar trend has also been reported by Aeual. (2006) and Ramsagt al.
(1994).

Table 1: IR peak region of the standard andAcinetobacter CN1 PHB

Sample Peak regioncrh Comments
3427. 62 H bonds

2922. 25 CH, Stretching
2854.74 CHj, Stretching

1627. 97 C=0

1379. 15 O - H tertiary alcohol
1030. 02 C - O Stretching
3452.70 Intra molecular H bonds
2924.18 CHj; Stretching
2854.74 CHj; Stretching
Acinetobacter CN1 PHB 1629.90 C= O Stretching
1379.15 O - H tertiary alcohol
1118.75 C- O Stretching
1028.09 C- O Stretching

Standard PHB

Kashma (2004) has identified GC as a very efficier@thod not only for quantitative estimation busaalfor
characterization of PHAs. This method employs aateuprocedure which could be completed within 4(Henget
al., 1999) and enable to read the concentrations avéow as 10 um.

Chromatogram
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1 0.432 240566,531 1113530.750 99,9628

Figure 3: Chromatogram of the solvent

In a routine practice of GC , 50 -100 pg PHAs sagblall be used for the analysis (Habgl., 1999). Hence, the
extractedAcinetobacter CN1 PHB was subjected for the analysis with GCnfimre accurate results. In this context,
50 pug chloroform extractedcinetobacter CN1 PHB was pyrolysed at 220 °C for 10 min. Théatite products
were then subjected to GC. The chromatogram ofacheristic ester of the extracted PHB exhibitedirtis spot
with a retention time 0.650 min and the concerdratias estimated as 80.20%.
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Similarly, Riis and Mai (1988) have reported theB’tbntent in the dry preparations of microbial bas®s grown in
synthetic and sugar beet juice media as 80.15 &®D% respectively. Nevertheless, Riis and Mai 8)3&ve
obtained the peak for characteristic ester of ttteaeted PHB at 0.778 min. As for the present stildg retention
time of the peaks for both the standard (0.612 raimj extracted PHB (0.650 min) remained almoststédmme

(Figure 3-5).

Chromatogram (A.mdy)
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1 0.447 192615.375 734622813 443768
2 0612 135405.875 920797.563 55,6232

Figure 4: Chromatogram of standard
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Figure 5 : Chromatogram of A junii CN1 PHB

Bacteria produce PHAs with average molecular magsfo 4.6 x 10 Da with polydispersity (Mw/Mn) of around
2.0 (Aguset al., 2009). The molecular weight of the PHAs shaliywaith the microorganisms and their growth
conditions (Keshavarz & Roy, 2010). Further, thepatt of substrate on the degree of polymerizatiot e
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influence of culture conditions on the molecularssmaf PHAs have also been revealed by Chen and (2884)
and Gerharét al. (1998).

Senior and Dawes (1973) opine that the method aétisn also cause severe damage to the PHB gsaiamie
thereby reduce the molecular mass of the polymabiadheet al. (2007), while extracting PHB with chloroform
from bacterial isolates, have reported with thdemalar weight 5.2 x T0Da. Whereas, very high molecular weight
of 4 x 10 Da has been reported by Chen and Page (1994) Withextracted from the biomass using commercial
bleach (30% N#Os; pH 10). However, PHB of the present study, extitte blending the cells with chloroform
had shown the molecular weight 3.9 x°1ba .

Supportingly, the molecular properties of pure Ph#Be increasingly become an interest in formingua material
for biodegradable plastics and serve as the masaisable alternative to the petrochemical plasttosan be made
better with improved physical and mechanical priesiby blending / copolymerization with 5 % vatergAldor &
Keasling, 2003). In general, copolymerization eaalthe polymers to become more flexible and toutieer PHB.
Further, they do facilitate easier degradation wtlischarged into natural environment (Vasile, 198&sides, the
spectrum of possible applications also expands thithmodified physical properties of the polymeertus. With
the wide applications of PHB, the problems assediatith solid waste disposal can be solved.
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