Environmental Science: An Indian Journal

= ISSN: mm"“ Research | Vol 11 Iss 7

Novel Method of Bioconversion of Waste Glycerol Acquired during Biodiesel

Production

!Karve M, 'Patel JJ,2Sinha VK and Patel NK*
1Department of Industrial Chemistry, Institute of Science & Technology for Advanced Studies and Research (ISTAR), Vallabh

Vidyanagar-388120, Gujarat, India
2Department of Industrial Chemistry, V. P. & R. P. T. P. Science College, Vallabh Vidyanagar-388120, Gujarat, India

*Corresponding author: Patel NK, 1Department of Industrial Chemistry, Institute of Science & Technology for Advanced
Studies and Research (ISTAR), Vallabh Vidyanagar-388120, Gujarat, India, E-mail: drnirmalpatel@yahoo.com

Received: December 02, 2015; Accepted: December 15, 2015; Published: December 25, 2015

Introduction
The Bioconversion is also known as biotransformation. In this live microorganisms used to carry out reaction. If this reaction

carried out non-biologically, process would be unfeasible or costlier. Bioprocessing combines the disciplines of microbiology,
chemical engineering and biochemistry [1,2]. The microorganisms convert a substance into a chemically modified form. For
example, the bioconversion of Progesterone to 11-alpha-Hydroxyprogesterone by Rhizopus nigricans, bioconversion of organic

materials such as plant or animal waste into usable products or energy sources using various microorganisms [3].

The bioconversion is generally carried out by three different methods such as enzymatic hydrolysis: which consist single source
of feed stock mixed with enzymes, synthesis gas fermentation: which consist blend of feedstock is gasified and third method
is C.0.R.S. (Continuous oxidation/ reduction system) and Grub Composting: where microorganisms are feed on feed stocks

which reduce and convert in to high quality product [4].

The bioconversion of various feedstocks are carried out such as materials derived from plant or animal waste, paper, tires,
fabric, construction materials, municipal solid waste, sludge, sewage, agricultural residues such as sugarcane bagasse, corn,
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cellulose and crude glycerol from biodiesel industry into useful chemicals viz. carboxylic acids: acetic acid, propionic acid,
butyric acid, ketones: acetone, methyl ethyl ketone, diethyl ketone and alcohols: 1,3-PDO, ethanol, propanol, n-butanol,

secondary alcohols: isopropanol, 2-butanol, 3-pentanol using various microorganisms [5,6].

Bioconversion of waste glycerol, sugarcane biomass, xylose, hexose etc. is carried out at room temperature and at atmospheric
pressure using various microorganisms such as Pseudomonas, Enterobacter aerogen, Escherichia coli, Lactobacillus,
Citrobacter freundli, Klebsiella pneumoniae, Clostridium pasteurianum, Enterobacter agglomerans, Bacteroides ruminicola,
Thermoanaerobacterium, Thermosaccharolyticum, Gluconobacter oxydans, Anaerobiospirillum succiniciproducens,

Propionibacterium acidipropionici, Propionibacterium and Clostridium propionicum [7-12].

Falling into the above trends, in the present work bioconversion of crude glycerol is carried out using Lactobacillus strain.
Glycerol was obtained as by-product from the biodiesel industry. For every 2240 lit of biodiesel produced, 224liter of glycerol
was released. Glycerol also can be converted to 1,3-PDO by chemical method but process is not cost effective [13]. The crude
glycerol was directly used for the bioconversion method which resulted into 1,3-PDO using Lactobacillus strain. Lactobacillus
is a heterofermentative bacterium, known to inhabit the gastrointestinal tracts of humans, pigs, birds and other animals. The
main advantages of using this microorganism are its ability to produce 1,3-PDO, and the fact that it is not pathogenic or
genetically modified [14].

1,3-PDO was the oldest known fermentation product and was identified in 1881 by August Freund, as a product of glycerol
fermentation by Clostridium pasterianum. It is also known as a trimethylene glycol, 1.3-dihydroxypropane, propane-1,3-diol.
Molecular formula of the 1,3-PDO is C3H802, molecular mass 76.09gm/mole, the boiling point is 210 - 212°C and melting
pointis -280°C. 1,3-PDO is a typical product of glycerol fermentation. It is a valuable chemical intermediate potentially used
in the manufacture of polymers i.e. polyesters, polyethers, polyurethanes etc., cosmetics, lubricants, medicines, and as an
intermediate in the synthesis of heterocyclic compounds [15,16].

1,3-PDO can be used for the production of polyester polyol and polyester resin which straight advantage to the environment.
In the polyester polyol, 1,3-PDO is used as monomer. Polyester polyol is used in coating industry as well for adhesion properties
[17].

There so, in the present work the glycerol was converted into 1,3-PDO using Lactobacillus strain in MRS broth medium at
20°C, 25°C, 30°C, 35°C and 40°C temperature for 1, 2, 3, 4 days. 1, 3-PDO was characterized by GC, FTIR and 1H NMR

spectroscopy.

Materials and Methods

Materials

Sodium hydroxide, nutrient broth medium and MRS broth medium were purchased from Sigma Aldrich. Chloroform was
purchased from Merck India Private Ltd., Mumbai. Other solvent and chemicals were of A.R grade and used after routine
purification.
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Methods
Bioconversion of glycerol
Nutrient broth medium (composition shown in TABLE 1) was autoclave and then Lactobacillus strain was inoculated in it for

24hrs. The prepared pre-culture medium was then utilized for bioconversion of glycerol.

The MRS broth medium (composition shown in TABLE 2) was dissolved in 1liter distilled water where 60 gm glycerol was
also added. The prepared medium was sterilized in an autoclave at 121°C at 15 Ib/in 2 for 30 min. 250 ml Erlenmeyer flasks
containing 150 ml of MRS broth medium and glycerol was added with pre-culture nutrient medium. The flask was incubated
at 500rpm at 20°C, 25°C, 30°C, 35°C and 40°C and at atmospheric pressure for 1, 2, 3, 4 days.

TABLE 1. Nutrient broth medium composition.

Sr. No. Composition Gms/liter
1. Peptone 10
2. Beef extract 10
3. Sodium chloride 05

TABLE 2. Lactobacillus MRS broth composition.

Sr. No. Composition Gmsl/liter
1. Proteose peptone 10.00
2. Beef extract 10.00
3. Yeast extract 5.00
4. Dextrose 20.00
5. Polysorbate 80 1.00
6. Ammonium citrate 2.00

Separation
The biomass was separated using centrifugation at 3000rpm. Then 1,3-PDO was separated using solvent extraction method

using chloroform as solvent.

Purification
Mixture from extraction process contains high amount of 1,3-PDO, chloroform and less volume of glycerol and water was

distilled in vacuum distillation where chloroform and water was removed. The 1,3-PDO was further purified by distillation.

Gas chromatography
1,3-PDO was characterized by Gas chromatograph (GC) using Perkin Elmer auto system XL instrument using PE-FFAP

column. The sample was run into GC for 45min where nitrogen was used as carrier gas.
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FTIR spectroscopy
The 1,3-PDO was characterized by FTIR spectroscopy using Perkin EImer spectrum GX instrument by Nujol mull method.

1HNMR spectroscopy
1,3-PDO was characterized by 1H NMR spectroscopy using Bruker Advance 111 400MHZ instrument. Chemical shifts (o) were

reported in ppm, using standard solvent as internal standard.

Result and Discussion

The crude glycerol obtained from biodiesel production was used for the bioconversion process. The crude glycerol contains
impurities such as sodium hydroxide, unreacted methanol and fatty acids in bit amount which do not affect the bioconversion
process. It helps the process as crude contains high basic pH level. So the cost of bioconversion process was decreased as crude

glycerol was used straight without purifying.

Optimization of Reaction Parameter

> Effect of temperature

The effect of temperature on the synthesis of 1,3-PDO was optimized and the results were tabulated in TABLE 3. Bioconversion
was carried out with 60gm/L glycerol concentration at 20°C, 25°C, 30°C, 35°C and 40°C using Lactobacillus strain. Among
various temperatures, at 350C, highest 1,3-PDO yield was obtained as shown in TABLE. 3. Optimum yield was obtained during
3days of bioconversion process, while almost same yield was noted in fourth day. Initially at 20°C temperature, lowest yield
was observed and further the 1,3-PDO yield was increased till 35°C temperature while beyond 350C temperature yield was
decreased. As Lactobacillus strain was not more survive and grow at 40°C temperature, lower yield was result and beyond
40°C, bioconversion of glycerol to 1,3-PDO was not take place. So optimum yield was observed at 35°C temperature for

bioconversion of glycerol.

> Effect of reaction time

The effect of reaction time on the synthesis of 1,3-PDO was optimized and the results were tabulated in TABLE 3.
Bioconversion was carried out with 60 gm/L glycerol concentration for 1, 2, 3, 4 days using Lactobacillus strain. Increasing in
reaction time, remarkable increase in yield of 1,3-PDO was observed. During the bioconversion process, yield of 1,3-PDO was
increased at certain time period as shown in TABLE. After 3 days of bioconversion process, constant yield was observed. So

optimum yield was observed during 3 days of bioconversion of glycerol.

TABLE 3. 1,3-PDO yield at different temperature.

Sr. No. Days Yield(mol/mol)

20°C 25°C 30°C 35C 40°C
0.127 0.165 0.253 0.297 0.059
0.142 0.193 0.285 0.345 0.083
0.165 0.258 0.318 0.590 0.107
0.165 0.258 0.319 0.590 0.125
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FIG. 1. GC of 1,3-PDO.

The chromatograph is shown in FIG. 1. The bioconversion product and their quality were determined using Gas Chromatograph
using a PE-FFAP column. The sample was run into the GC instrument. At 9.705 min, 1,3-PDO was observed which was

98.88% pure. While at 10.265 min impurity was observed present in sample then no peak was observed till 45 mins.

FTIR spectroscopy

The FTIR spectrum of 1,3-PDO obtained from bioconversion of glycerol using Lactobacillus strain, is shown in FIG. 2. The
structure of the 1, 3-PDO contains primary alcohol and alkane substitution. The two band observed at 2938.52 cm-1 and
2885.54cm-1 due to C—H streching frequency. The medium vibration observed at 1653.94 cm™ which confirms the present
of C—C—C streching. The —CH2— bending observed at 1474.84cm-1. Due to primary alcohol strong O—H bending
vibration and C—O streching vibration observed at 1062.29cm-1 and 1233.71cm™ respectively. So the presence of above

describe functional group from FTIR spectra confirms the 1,3-PDO.
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FIG. 2. FTIR of 1,3-PDO.

1H NMR spectroscopy

The 1H NMR spectrum of 1,3-PDO is shown in FIG. 3. 1,3-propanediol structure contains primary alcohol and methylene
group. Multiplate was observed at 1.818 ppm which indicates the presence of —CH2— group. Singlet was observed at 2.555
ppm which proof the presence of —OH alcohol group in the sample. While triplet was observed at 3.868 due to —CH2 which

attached to the alcohol in the sample. So according to the above 1H NMR spectra confirms the 1,3-PDO structure.



www.tsijournals.com | December-2015

Diol obhtained from bhicconversion of Glycercl
B.No-51
ARA_1H CDC13 {D:\2013-14} SICART 1

a = -
el Z e

060514 2%-03-14-242

FIG. 3. IHNMR of 1,3-PDO.

Conclusion

By-product of biodiesel production i.e. glycerol was utilized in the biotechnology as carbon source for the production of
specialty chemical 1,3-PDO using Lactobacillus strain. This helpful for economic production of biodiesel as its on high demand
as well glut of crude glycerol was generated along with. The best 1,3-PDO yield were obtained in 3days process with at 35°C
temperature. 1,3-PDO can be utilized in the manufacturing of polyester polyol which can be utilized along with various

isocyanates for the coating applications.

Acknowledgement
The author is thankful to Director, ISTAR and Dr. Merlin Thomas, Head, Department of Industrial Chemistry, ISTAR for

providing laboratory facilities to carryout research work.

REFRENCES
Diener, S., Zurbriigg, C., Tockner K. Waste Manag. & Res., 27, 603—-610 (2009).
Sheppard, D. C., Newton, G. L., Thompson, S. A., & Savage S. Bioresour. Technol., 50, 275-279 (1994).
Qing Li, Longyu Zheng, Hao Cai, E. Garza, Ziniu Yu, Shengde Zhou. Fuel, 90, 1545-1548 (2011).
Gurpreet Singh Dhillon, Satinder Kaur Brar, Surinder Kau., Food Bioprod. Technol., 6(5), 1240-50 (2013).

> 0w



www.tsijournals.com | December-2015

© o N o o

10.
11.
12.
13.
14,
15.
16.

17.

Yudong Jiang, Wei Liu, Huibin Zou, Tao Cheng, Ning Tian and Mo Xian. Microbi. Cell Factor. 13(165), 1-17 (2014).
Sheng Zhou, Lili li. Scie. Bull. 60(5), 511-521 (2015).

Colin T, Bories A, Lavigne C, Moulin G. Curr. Microbiol., 43(4), 238-243 (2001).

Rittmann D, S N Lindner, V F Wendisch. Appl. Environ. Microbiol., 74 (20), 6216-6222 (2008).

Sabrina E. Martiniano, Rafael R. Philippini, Anuj K. Chandel, Carlos A. Rosa, Fernando C. Pagnocca, and Silvio S.
da Silva. Sugar Technol., 16(1), 1-8 (2014)

Kenji Okamoto, Atsushi Uchii, Ryuichi Kanawaku and Hideshi Yanase. Springer Plus, 121(3), 1-9 (2014).

Hao Zhang, Haizhen Mo and Haijuan Nan. Advanc. in Biomedi. Eng., 1-2, 254-257 (2011).

Gervasio Paulo da Silva, Matthias Mack and Jonas Contiero. Biotechnol. Advanc. 27, 30-39 (2009).

Berriosa M, Skelton RL. Chem. Eng. J., 144, 459-65 (2008).

Cameron DC, Altaras NE, Hoffman ML, Shaw AJ. Biotechnol. Prog. 14(1), 116-25 (1998).

MF Milazzo, F Spina, A Vinci, C Espro. Renew Sustain Ener. Rev., 18(C), 350-389 (2013).

Zahira Yaakob, Masita Mohammada, Mohammad Alherbawi, Zahangir Alam, Kamaruzaman Sopian. Renew. Sustain
Ener. Rev., 18(C), 184-193 (2013).

Oleg Kadkin, Karol Osajda, Piotr Kaszynski, Thomas a. Barber. J. of Poly. Sci., 41, 1114-1123 (2003).



