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Abstract
In this study, lignin degradation of lignocellulose waste using biopolymer as derived from
agro waste. Initially, biopolymer was extracted by optimizing recovery time and rhamnolipid
dose. At 50 min of recovery time and 25 % v/v of rhamnolipid dose, a higher of biopolymer
(825 mg/g) was derived. The functional group of biopolymer was predicted and it is exhibited
the hydroxyalkanoates group. Then, hydroxyalkanoates mediated lignin degradation of
lignocellulose waste was proceeded at optimizing conditions.At 27 min of degradation time
and 5 mg of hydroxyalkanoates dose, a higher lignin degradation (52 %) were descried which
is higher than non treated lignocellulose waste. Further, the energy valuation of
hydroxyalkanoates mediated lignin degradation per kg of lignocellulose waste was studied.
During energy valuation, energy expended for centrifugation, drying, stiring, incubation,
control the temperature of lignocellulose waste and hydroxyalkanoates extraction were
considered as the input energy for lignin degradation steps and is measured as 217 kWh.
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Energy content of lignocellulose sample after lignin degradation was considered as output
and is measured as 310 kWh. Net energy was assessed by the difference of output and input
energy and is espied as 93 kWh /kg of waste.
Keywords:Biomaterial, Hydroxyalkanoates, agro waste, ligninocellulose waste, lignin
degradation

1.Introduction
The developing countries GDP is mainly liable on agricultural activities for conquering a
steadyfinancial growth rate in the worldwide market. Nowadays, globally industrial activities
are boomed to explore the necessity of people for proper supply of food items and fuel in
terms of gas or liquid, which leads to surge the agricultural products generation and also, the
degradation of conservational resources. Thus, it results in the generation of tons of waste
from agricultural activities and also exhaustion of natural resources [1].Usually, agro waste
also called as lignocellulose waste includes vegetable waste, fruit waste, animal waste, plant
waste and other crops. In developing countries, the primary lignocellulose waste namely rice
straw, wheat stalk and sugarcane bagasse are reused as propitious sources for fuels generation
through ecofriendly process.But the price of these source is a primeconstraint, which may be
accountable as 40-70% of net fuel generation cost [2]. The price of lignocellulose waste is
usually varied which depends on seasonal harvesting at the rate of 50 to 300 USD per 1000kg
whereas the biomass of municipal activities which may comprisesas agro wastegaged to be
10 USD per 1000 kg [3].Food and agriculture organization reported that 40-50 % of
lignocellulose waste is produced after its harvesting, processing and usage in industrial
product production.The generated lignocellulose waste containing high moisture content (3040%), which maybe made unfathomable condition during the agro waste management
proceedings.The indecorous discard of lignocellulose wastedisturbs the environment
byleachate formationand emanating greenhouse gases [4]. Moreover, the energy efficient fuel
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generation from lignocellulose waste is constrained because occurrence of lignin biopolymer
leads to ineffective hydrolysis process [5]. Thus, lignocellulose waste to be subjected to
lignin degradation which is necessary to overwhelmed the hydrolysis limitation by attaining
the effective bio-components extricate.
Biopolymer is called as plastic which alternate to chemically produced polymer because it is
easily microbially degradable, no peril natureand easy accessibility by recovering from waste
source. Biopolymer is mainly applicable for medical purpose especially surgical utensils
making and food industry in terms of packing and coating of food items. Recently,
commercial biopolymer plays a key role in biomass fragmentation for enhancing hydrolysis
rate [6].The above literature analysis accomplishes that no research work has been reported
the impact of hydroxyalkanoates on lignocellulose waste for lignin degradation Therefore, the
crucial objectives of the current study are to i) collect and characteristics of agro waste and
lignocellulose waste ii) optimize recovery time and rhamnolipid dose for biomaterial
extraction from agro waste iii) determination of functional group of biomaterial derived from
agro waste iv)assess the lignin degradation potential of lignocellulose waste using
hydroxyalkanoates v) appraise the energy input, output and net energy for hydroxyalkanoates
mediated lignocellulose waste.
2. Materials and Methods
2.1 Biomaterial extraction from agro waste
5 kg of agro waste was collected from Gandhi market located at Trichy, Tamilnadu. The
derived agro waste was crushed with mixer and kept at incubator ( -5oC) for averting further
degradation. The characteristics of agro waste [7,8] was listed in Table 1. The prepared agro
waste was subject to biomaterial extraction by taking 200 mL of sample in 250 mL beaker in
which adding dose of rhamnolipid (1 %, 5 %, 10 %, 15 %, 20 %, 25 %, 30 % and 40 % v/v)
and marked as BI1, BI2, BI3, BI4, BI5, BI6, BI7 and BI8. Then, agro waste samples were

3304

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260

Volume 07, Issue 02, 2020

stirred with varying recovery time (0 - 100 min) at 50 oC. The stirred agro waste was
centrifuged (3000 ×g and 5 min) for separating precipitates. The ethanol solution (0.5 % v/v)
was added to recovered precipitates as biomaterial and kept at room temperature. The dried
biomaterial decolorized with sodium hypochlorite as adsorbent and placed in stirrer for 15
min.The decolorized biomaterial subjected to rotary evaporator for recuperating the used
solvent.
Table 1. Characteristics of agro waste
Parameters

Value

pH

7.9 ± 0.1

Volatile solids (VS)

13403 ± 157 mg/L

Chemical oxygen demand (COD)

30489 ± 108 mg/L

Soluble carbohydrate

1099 ± 18 mg/L

Soluble protein

638 ± 40 mg/L

Total solids (TS)

35000 ± 205 mg/L

2.2 Determination of functional group of derived biomaterial using FTIR
During FTIR experiment, 5 mg of biomaterial sample was liquefied in 50 µl of deuterated
chloroform. Further, potassium bromide added to the prepared biomaterial sample and it is
compressed to get salt discus. The determination of functional group of biomaterial by expose
of infrared on salt discus with varying wave number (0 to 4000 cm-1) [9].
2.3 Impact of hydroxyalkanoates on lignocellulose waste for lignin degradation
Bagasse waste of sugar production factory was derived from sugar mill located at Aduthurai,
Tamil Nadu. The derived bagasse was dried at oven (50- 70 oC) and then, grinded well to
obtain a semi-coarse powder form of bagasse waste. Then, the prepared bagasse waste was
diluted with normal water in the ratio of (sample (1): water (3)) and kept in incubator ( -5 oC)
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for further use in lignin degradation study.The characteristics of bagasse waste as follows pH8.2 ± 0.2, cellulose (% TS)- 30, lignin (% TS)- 24 and TS- 35871 ± 102 mg/L. For lignin
degradation, 100 mL of diluted bagasse waste was taken in beaker in which adding different
dose of derived hydroxyalkanoates (0.5, 1, 3, 5, 7, 9, 10 mg) with degradation time (0 to
40min) at 70 oC. The lignin degradation was assessed by acetyl bromide method suggested by
Sethupathy and Sivashanmugam [10]. Energy valuation of hydroxyalkanoates mediated
lignin degradation of lignocellulose waste was proceeded based on the valuation steps
desribed by Sethupathy etal .[11].
3. Results and Discussion
3.1 Extraction of biomaterial from agro waste
Figure 1signifies the impact of recovery time and rhamnolipids dose on biomaterial
extraction from agro waste.From Figure 1, it is espied that biomaterialextraction
surgeprogressively from 0 to 100 min and rhamnolipid dose (1% to 40 % v/v).At 50 min of
recovery time, a higher biomaterial was found to be 825 mg/g with a dosage of 25 % v/v of
rhamnolipid. Then, biomaterial yield was diminished from 60 to 100 minwith respect to
rhamnolipid dose.The reason for diminution in biomaterial yield is extended exposure of
rhamnolipid dose on agro waste resulting in biomaterialdegradation [12].The recovered
biomaterial was decolorized with sodium hypochlorite to acquire decolorized biomaterial
with 10 % loss.Therefore, these deliberations decided that 50 min of recovery time and 25 %
v/v of rhamnolipid dose were optimized experimental factors for biomaterial extraction from
agro waste.
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Figure 1. Impact of recovery time and rhamnolipid dose on agro waste for biomaterial
extraction
3.2 FTIR analysis
The functional group of extracted biomaterial from agro waste was assessed using FTIR and
it is depicted in Figure 2.From Figure 2, it is found that the peak (X1) at 2919 cm-1signifies
methylene group, the peak (X2) at 1722 cm-1shows C=O distending group, the peak (X3) at
1452 cm-1infersunification of C-H bond in CH2 compund, the peak (X4) at 1365 cm-1 denotes
CH3 group, the peak (X5) at 1270 cm-1 exemplifies C-O distending group and the peak at
1041 cm-1 (X6) specifies C-O bond of ester component. From these peaks reflects the
fuctional group of hydroxyalkanoatesas biomaterial which extracted from agro waste.
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Figure 2. Determination of function group of extracted biomaterial from agro waste
3.3 Hydroxyalkanoates mediated lignin degradation and lysification of lignocellulose
waste
Figure 3 depicts the hydroxyalkanoates mediated lignin degradation and lysification of
lignocellulose waste.Lignin degradation of lignocellulose waste was examined, because
lignin molecule acts asprimary barrier in fermentation process resulting in amplified biomass
degradation time, deficiency in dilapidation of bio-components and low energy generation
[13]. From Figure 3, the lignin degradation was hiked with degradation time (0 to 27 min)
and hydroxyalkanoates dose (0.5 to 7 mg). At 27 min of degradation time and 5 mg of
hydroxyalkanoates dose, a higher lignin degradation (52 %) were descried. Further
augmenting degradation time (> 27 min), no specific progress in lignin degradation for all
hydroxyalkanoates dose. Also, lysisfication is investigated and is shown in Figure 3b. From
Figure 3b, 5 mg of hydroxyalkanoates dose exhibited higher lysification (25.5 %) compared
to non treated lignocellulose waste (0.5 %).Therefore, these deliberations decided that 27min

3308

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260

Volume 07, Issue 02, 2020

of degradation time and 5 mg of hydroxyalkanoates dose were optimized experimental
factors for lignin degradation and lysification of agro waste.

a)

b)

Figure 3. Hydroxyalkanoates mediated lignocellulose waste treatment a) lignin degradation
b) lysification
3.4 Energy valuation of hydroxyalkanoates

mediated lignin degradation of

lignocellulose waste
Table 2 shows the energy valuation of hydroxyalkanoates mediated lignin degradation of
lignocellulose waste. During energy valuation, energy expended for centrifugation, drying,
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stiring, incubation, control the temperature of lignocellulose waste and hydroxyalkanoates
extraction were consider as the input energy for lignin degradation steps and is measured as
217 kWh. Energy content of lignocellulose sample after lignin degradation was considered as
output and was measured as 310 kWh. Net energy was assessed by the difference of output
and input energy and is espied as 93 kWh /kg of waste. The above energy valuation steps
indicates that hydroxyalkanoates mediated lignin degradation of lignocellulose waste was
espied as energy effcetive method.
Table 2. Energy valuation of hydroxyalkanoates mediated lignin degradation of
lignocellulose waste

S.no

Factors

Hydroxyalkanoates Unit

Energy valuation per kg of lignocellulose waste
1

Average surge in lignin degradation

31

m3

2

Energy content of lignocellulose sample
after lignin degradation

310

kWh

3

Energy expended for centrifugation

32

kWh

4

Energy expended for stirring

55

kWh

5

Energy expended for incubation

28

kWh

6

Energy expended for drying

70

kWh

7

Energy spent to control the temperature of
sample

10

kWh

8

Energy spent for hydroxyalkanoates
extraction

22

kWh

9

Total energy applied (S.no. +(3 to 8))

217

kWh

10

Net energy (2-9)

93

kWh
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4. Conclusion
Lignin degradation potential of hydroxyalkanoates was investigated through a ecofriendly
process.Initially, hydroxyalkanoates was extracted by optimizing recovery time (50 min) and
rhamnolipid dose (25 % v/v).The functional group of biopolymer was predicted as
hydroxyalkanoates

group.Then,

hydroxyalkanoates

mediated

lignin

degradation

of

lignocellulose waste was proceeded in which 52 % of lignin degradation descried at optimun
conditions.Moreover, energy valuation was done in which hydroxyalkanoates mediated lignin
degradation got net energy of 93 kWh /kg of lignocellulose waste. Therefore, the propsed
study results implies that the hydroxyalkanoates mediated lignin degradation as energy
effective method.
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