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Abstract

The suitability of biomass system depends on products recovery from the
waste. Switchgrass was the most renewable biomass sources and selected
as feedstock for the volatile fatty acid production from anaerobic digestion.
The five kinds of pretreatments involving physical and chemical treatment
such as thermal, hot water, acid, alkaline and organosolv pretreatment were
investigated. This study explored the characteristics of Volatile Fatty Acid (VFA)
production from pretreated switchgrass compared with raw biomass. The major
VFA compounds are acetic acid, propionic acid, butyric acid, iso-butyric acid and
iso-valeric acid and hexanoic acid produced during digestion. The result showed
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that acetic acid concentration yields higher with other compounds of VFA.
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Introduction

Lignocellulosic biomass have been considered as main source
of biofuel production due to its availability, no competent with
agricultural resources, high carbohydrates content and high vitality
[1]. Biomass consist of cellulose, hemicellulose and lignin were
present as complex structure. Consequently, convert biomass to fuels
and chemical are the valuable approach with low cost technology.
However, presence of hard structure of lignin leads to obstacle to
accessible cellulose and hemicellulose conversion to carbohydrates.
The conversion of rice straw to ethanol using fermentation have been
studied [2] whereas lignocellulosic biomass hydrolyzed to sugars and
fermented to ethanol. Unfortunately, this process was more costly
including production cost [1].

The most important obstacles were utilizing the biomass for
product conversion in complex form. The resistance present in
biomass and chemical bonding associated with each complex
structure to the access of microorganisms and enzymes for proficient
digestion [3]. The most resistant part of biomasses is presence of
lignin due to hydrophobic nature. Inefficient biodegradation results
in less solubility during hydrolysis stage of digestion. Improved
degradation of cellulose and hemicellulose results in well-organized
hydrolysis of biomass [4]. This imposes the needs to develop overall
efficiency of digestion process [3]. The hydrolysis rates are enhanced
by pretreating the substrates before feeding into digester.

Pretreatment was most significant process of digestion especially
lignocellulosic biomass and it can be classified as physico-chemical
and biological methods [1,5]. The chemical pretreatments have been
considered as modest and operational method. Numerous chemicals
such as acid, alkalis, gases, alcohols, and other reagents were used
for pretreatment. Among these chemical pretreatment, numerous
biomass sources were used, for example switchgrass, corn stover,
hard woods and soft woods etc [6-8].

Discarded biomass or lignocellulosic waste could be converted
into biofuels through the biological process. The biological processes

utilize bacteria to convert biomass into biofuels called as anaerobic
digestion [9]. It converts to byproduct as methane and/or fermented
into sugars. Anaerobic Digestion used as a practice for bioenergy
production through biological matter decomposition, greenhouse gas
emission and deactivation of pathogens [10].

The numerous physico-chemical pretreatment conditions upset
the production of methane potential and inhibition of bacterial
action by each substrate or product by increasing concentration. For
instance, VFAs concentration causes inhibition for methanogens [11].
During these conditions, it was difficult to remove volatile acids and
hydrogen produced during digestion process. The acid accumulation
reduces the buffering capacity and lowering of pH occur leads to
hydrolysis/acidogenesis phase [12]. The accumulation VFA leads to
decrease in hydrolysis rate of solids by microbial population [1,10].

The VFA was most important parameter for control of anaerobic
digestion. The VFA was good process indicator and ability to reflect
on metabolic stage of system [12]. The relative changes in system of
parameter were significant compared with uncertainties [13]. The
accumulation of VFA reflects on coupling between acid producer
and consumer. Higher acetate concentration provides imbalance to
system. Propionate shows better indicator of process stability. The
stability of system depends on propionate to acetate ratio as process
indicator. The compounds iso-butyrate or iso-valerate concentration
below 0.06mM indicates constant processes. It could be concluded
that feasibility of VFA level indicates the state of process. The
different system have normal effects of VFA based on composition
of substrates used for anaerobic digestion or by operating conditions
[13-17]. The VFA production from lignocellulosic materials, sludge
and biodegradable organic matter are the important intermediates
through digestion. It offers feasible platform for value addition in
form of salts of carboxylic acids converted to chemical compounds
[18]. The process was more intensive due to anaerobic processes as
well as biotechnological applications.

The switchgrass were used for the production of VFA for the
present study. Switchgrass was most commonly available perennial
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crop in Western Ghats of Karnataka which grows in faster rate. These
Crops were found at most of the places near to road side. Crops also
extensive and attracts attention as biofuels [1,19]. The current work
investigates (1) by applying physical and chemical pretreatment of
switch grass (2) the effects of VFAs on pretreated switchgrass in batch
digestion systems.

Materials and Methods

Sample collection

The feedstock used for the present study was switchgrass.
Switchgrass collected from National Institute of Technology
Karnataka Mangalore, India. The collected substrate could be reduced
its size by making into pieces approx. of 10-15 cm using chopper and
dried at hot air oven for 6 hours at 110°C to reduce the moisture
content. The dried biomass ground its size with mixer grinder and
sieve through 0.45um to maintain uniformity. The biomass was stored
at ambient temperature until further use. The initial characteristics of
materials were mentioned in Table 1.

Pretreatment of switchgrass

The pretreatment applied for switchgrass to access the component
of cellulose and hemicellulose. The pretreatment adopted for
switchgrass are physical and chemical methods which are Thermal
(TT), Hot Water (HW), dilute acid (AT), dilute NaOH (ALT), and
Organosolv (OG) treatments. Pretreatments carried out with the
5% solid loading ratios [20]. A 5g of dry materials used with 1%
concentration and reaction temperature was fixed (Table 2). The
liquid and solid phases were segregated after pretreatment with
vaccum filtration. The solid phases were washed away with deionized
water and dried up at 110°C for further analysis.

Experimental methods

The anaerobic sludge was taken from Bikampady industrial area
Karnataka, India and stored at refrigeration below 5°C. The digestions
were carried with Duran Schott reactor with operational volume

Table 1: Characteristics of switchgrass and Innocum.

Parameter Units Value

Switchgrass

Total solids % 96.49

Volatile solids % 88.12

Anaerobic Sludge

Total solids % 9.53

Volatile solids % 6.56

COD g/L 3.168

Table 2: Pretreatment conditions for switchgrass.

S. No. Pretreatment Conditions (%) References

1 Raw NA -
2 Acid 1% for 60min [35]
3 Alkaline 1% for 24hrs [36]
4 Hot water 121°C for 60min [37]
5 Thermal 121°C for 15min [38]
6 Organosolv 1% H,SO, (W/W)GBZ;ZO Aqg. Ethanol for [39]

NA: Not Applicable.

of 500ml. The medium contains 5g/L of pretreated switchgrass and
495ml of inoculum was used. The sodium bicarbonate solution were
used as alkaline buffer [16]. The experiments were conducted at 35°C
batch mode aimed at 31 days in one liter digester that were vacuum-
packed with silicone rubber stopper. The digesters were purged with
nitrogen gas for maintaining anaerobic environment when it was
opened for sample.

Experimental procedure

The experiments of anaerobic digestion of raw and pretreated
switchgrass in batch reactor were conducted for VFA production.
The bioreactors were worked under mesophilic conditions and
maintaining of optimum pH. The Duran Schott bottles with silicone
stopper were used as bioreactor and sampling port at the top. The
bioreactors were closed with silicone rubber stopper for the removal
of biogas and for regulating the pH respectively. The temperature
of bioreactor were maintained by heating mantle which had an
accuracy of 34°C+2°C and measured by thermometer ranges from
0-80°C with the accuracy of 0.2°C. The substrates having different
TS concentration calculated as the weight of solids to total volume of
solids and water content expressed in terms of solids approximately
equal to mass of water.

All the bioreactors were operated by fed with activated sludge i.e.,
inoculum. The experiments were carried out for 32 days digestion
period. The liquid samples were collected with syringe from each
reactor periodically for determining process parameters which are
pH and VFA composition. The substrates were mixed once every
day when the gas was measured at a particular time. The mixing of
digester maintains neighboring contact between microorganisms and
the substrate [21].

Process parameters

Volatile fatty acid: The compositional VFA analysis was analyzed
using Gas Chromatography (GC) periodically.

Instruments: The thermo Trace GC-FID system was used with
BP 21 column (length 30m, internal diameter of 0.3mm and film
thickness of 0.25mm) packed with spherocarb. The nitrogen was
used as carrier gas with the flow rate of 2ml/min. the detector and
injector port were maintained at temperature of 210°C and 220°C.
The performance of runs using the temperature programme consist
of isothermal period of 80°C for 5 minutes followed by a 10°C
minimum temperature upgrade to 120°C, a subsequent temperature
gradient of 6°C/min to 180°C and 1 minute isotherm period at 220°C.
The column used with flow rate and the temperature encoding shows
well-separation of peaks [22].

Sample preparation: The samples used for analysis were
acidified with 65% nitric acid to maintain pH around 2. The equal
volume aliquot of acidified samples was mix well with diethyl ether.
The supernant of ether phase was transferred to volumetric phase.
The volume of ether phase extracted upto 1ml by the adding small
quantity of magnesium sulphate to absorb the drops of moisture.
The extract was allowed to cool for 10 minutes in refrigeration and
transferred to vials and closed tightly. The 5ul volume of extract was
injected into GC with syringe. The extracts can be stored at ambient
temperature for a week [22,23].

Calibration of VFA Standards: The sequence of VFA standards
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for the standardization curves were obtained with VFA mixture in
the concentration range from 0-10mM. The VFA standard mix with
C2-C7 purchased from Supelco Company. The subsequent VFA
compounds were analyzed: acetic acid, propionic acid, iso-butyric
acid, butyric acid, iso-valeric acid, butyric acid and hexanoic acid
from the sample with flow rate of 2mL/min and compared with the
standards [24].

Solids concentration: The total and volatile solid concentrations
were determined based on standard method [25]. The solids were
determination by the gravimetric methods with known quantity of
samples. The solids concentration plays a role of microbial activities
and also the production of VFA [26].

Chemical oxygen demand (COD) determination: The total
COD determination of the sample by closed reflux digestion method
from APHA [25]. The known quantity of sample digested with acid
reagent and chromate solution for two hours. The digested samples
were cooled down to optimum temperature and titrated with
ferrous ammonium sulphate to determine for concordant value and
calculated.

Results and Discussion

Characteristics of switchgrass

The characteristics of switchgrass were analyzed to check the
suitability towards anaerobic digestion processes as mentioned in
Table 3. The parameters such as pH, VFA and lignin degradation
were examined for this present study.

The pH in the anaerobic bioreactor was the utility of retention
time. During initial stage of digestion, large amount of organic acid
were produced at initial stages by acid forming bacteria, the pH
maintained in the digester were reduced to below 5. The digestion
continues, increase in ammonia concentration increases the digestion
of nitrogen, leads to increase in pH till 7.5 to 8.0 [27].

The VFA production occurs during the fermentation under low
pH condition. These reasons are due to microbial metabolism or by
hydrogen production [12]. The total VFA observed at the initial stage
for the substrate were 3-4 g/Kg and 4-5 g/kg at the end of digestion.
This study confirms that variation in pH during digestion gradual
increase in VFA concentration [12]. The effects of VFA concentration
were observed with the lignin degradation. The VFA profiles varies
with the different pretreatment and its lignin degradation.

Thelignin degradation using physicochemical pretreatments were
studied for accessibility of substrate depends on solubility, molecular
weight and structural composition [28]. The influences of interaction
of microorganism and lignin were observed with pretreatments. The
degradation with pretreatment ranges from 6% to 9% was observed
from the present study.

Table 3: Compositional Analysis of Raw and pretreated switchgrass.
Pretreated SG

p
rocess Raw SG

S. No.
Parameters AT

ALT | OG HW | TT | UT

1 pH 7.02 738 749597 764|711 6.71

2 Total VFA: Initial )
(g/kg)

3 Total VFA: Final - 503 527 527 553

(g/kg)

4.02 1 423 | 422 442 348 3.83

4.35 | 4.78

Overview of volatile acid concentration from pretreated
switchgrass

The VFA profiles were observed with pretreated switchgrass
during anaerobic digestion. The profile shows variation with the
different pretreatments in the first 10 days, afterwards it was gradually
reduced. The VFA of pretreated sample maintained with stability
after 10 days were observed. The effect indicates on pretreatment of
VFA production decreases over the period of time. Contrastingly the
effect of pretreatment does not shows any effect on VFA production
which indicates pretreatment could not inhibit the acidogenic and
acetogenic stages of digestion. Similarly study on VFA production
with pretreatment for lawn grass were observed by [3].

Various volatile acid profiles

Figure 1 describes about the effect of different pretreatment on
VFA production was observed for 30 days digestion period. The
intermediate VFA compounds such as acetic acid, propionic acid,
butyric acid, isovaleric acid, isobutyric acid and hexanoic acid are
produced and further converted to acetate, propionate, i-butyrate,
butyrate, i-valerate and hexonate due to its solubility nature of oxygen
demand [29]. The VFA concentrations were observed as per the
preceding order: acetic acid> butyric acid> iso-valeric acid> propionic
acid. This data showed that acetic acid was the major component
when compared with other fatty acids during the digestion process.
Majorly acetic acid was produced and further converted to acetate due
to microbial metabolism [30]. These fatty acids conversion confirms
that decomposition of solid organic matter takes place by anaerobic
microorganisms which increases the digestion time. Conversion of
solid organic materials into soluble organic compounds increases
the solubility during various fatty acid compounds. Hydrolysis and
fermentation occur in a faster rate for the pretreated switchgrass
was observed and further it was lowered from day 20 onwards with
least consumption rate of microorganism to produce acids. This
was due to rapid decomposition by facultative bacteria [12,26]. The
commercial applications of compositional VFAs operation produced
from digestion were discussed in following sections.

Effects of physical and chemical pretreatment on volatile
fatty acids production

Acetic acids are the one of the major compounds produced during
anaerobic digestion. The application of acetic acid was extensively
used in chemical industry for vinegar and ester production and

Valatile Fatty acid

| B -

il - M E B H e

44 VFA composition

RAW AT ALT HW TT 0G [RAW AT ALT HW TT OG |RAW AT ALT HW 1T oG

Tmitial Middle Fimal

Figure 1: Volatile fatty acid compositions produced from pretreated
switchgrass by batch anaerobic digestion.
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Figure 2: Variation of total and volatile solids concentration of raw and
pretreated SG (AT: Acid treated SG; ALT: Alkaline treated SG; HW: Hot water
treated SG; TT: Thermal treated SG; OG: Organosolv treated SG).

also used as a solvent in some industries. The acetic acid profile of
pretreated switchgrass was depicted in Figure 2. In anaerobic digestion
process, the group of anaerobic bacteria directly converts into
carbohydrate and further converted into acetic acid. Average acetic
acid concentration produced from RAW, AT, ALT, HW, TT and OG
are 68.84%, 13.72%, 46.35%, 27.07%, 65.81% and 65.70% respectively.
The highest acetic acid production was observed from RAW; TT and
OG pretreated switchgrass, which may be possible and favourable
conditions for converting into methane during methanogenesis that
is inversely proportional to volatile acid production. In later stages,
possibly the volatile acid production can be converted to methane
when digestion continues with favourable anaerobic environment.
The other pretreated SG (AT, ALT, HW) was observed with least
acetic acid was produced in batch digestion. A gradual decrease in
acetic acid was witnessed with pretreated SG after the 15" day and
increases in performance were obtained.

Propionic acid was produced from amino acids by metabolic
break down of fatty acid contains odd number of carbon atoms
respectively. The presence of propionic acids could degrade the
complex organic compound in the anaerobic environment. The
application of propionate could be used as a preservative in bakes
production. The propionic acid observed for raw and pretreated
switchgrass are 1.75%, 0.30%, 2.34%, 0.50%, 1.65%, and 1.64%
respectively. The gradual decrease in propionate composition were
observed with OG pretreated switchgrass and increase with TT
and RAW switchgrass after 15" day herewith respectively, which
represents the production of volatile acids from complex structure of
lignocellulosic biomass [26].

The butyric acid produced and occurs in the form of ester like fats.
Butyric acid holds the second highest production during digestion.
This acid could be used in a fermenter for starch preparation as
well as sugar industrial for neutralization processes. The butyric
acid concentration 18.18%, 69.82%, 24.21%, 42.42%, 17.51%, and
11.19% are observed from raw and pretreated switchgrass. The higher
butyric acid concentration leads to an inhibition of methanogenesis.
Butyric acid production occurs during hydrolysis stage which leads to
unpleasant smell and odour. The presence of butyric acid can inhibit
acidogenesis phase and performance may get affected [31].

The iso-valeric acid concentration observed with RAW, AT, ALT,
HW, TT and OG treated switchgrass are 3.41%, 1.59%, 6.27%, 2.72%,
5.27% and 4.11% respectively. The gradual decrease of Iso-Valerate
occurs with TT, OG and HW were observed. With ALT, I-valerate
decreases until day 10 and further increases gradually till the end
of digestion which was possibly due to the presence of complex
compounds as well as with its pretreatment condition of switchgrass.
The Iso-Valerate present in the digester indicate the imbalance in
the digester caused by the presence of hydrogen [32]. The iso-valeric
acid was used in the industrial application as to solubilize organic
compound and also used as a solvent respectively.

The iso-butyric acid concentration of raw and pretreated
switchgrassare 1.93%,0.59%, 4.62%, 1.41%, 2.85% and 2.10% observed
with batch digestion. A similar trend of decrease was observed with all
the pretreated switchgrass and raw switchgrass except ALT like other
volatile fatty acids. This Iso-Butyrate can be produced artificially with
the help of alkalis ions. This present study confirms that the presence
of alkali ions increases iso-butyric acid concentration when compared
with other pretreatments. The solubility of iso-butyrate was higher
in water which can improve the greater utilization of carbohydrate
increases the metabolism rate during digestion [33].

The hexanoic acid observed with RAW, AT, ALT, HW, TT and
OG treated switchgrass 0.51%, 8.29%, 4.49%, 12.57%, 0.60% and
0.33% was observed. The steady increases in these acids were observed
with HW, AT and ALT switchgrass. The trace levels of hexonate were
observed with other pretreatments which does not make much change
in the digestion process. Hexanoic acids are colourless compound
found as fat in animals. The applications of these compounds are used
in the manufacturing of esters of artificial flavours. The trace levels of
compounds were used for the value-added products.

Effects of solids concentration on the performance of
batch digestion

The effect of solids (total and volatile) represents the production
of fatty acids from anaerobic digester. The initial total and volatile
solids of 50% volume of the digester was about 53% from all the
digesters at initial stage as in which different pretreatment methods
were adopted for switchgrass. Even though, after pretreatment,
removal efficiency which was observed as 50% of conversion to end-
products was observed in this study. The switchgrass was considered
as a slow biodegradable feedstock due to which the pretreatment was
applied are acid, alkaline, hot water, thermal and organosolv methods
for a faster rate of conversion to final products. The results observed
at the end of digestion approximately 25% of reduction for both total
and volatile solids. However, it was 50% of transformation followed
with switchgrass even after pretreatment leads to the production of
VFA and biogas as well. In overall, there was a gradual reduction
in the solids concentration was obtained during 30 days anaerobic
digestion. There was no significant observation in solids degradation
for the pretreated substrate and raw switchgrass until the end of
digestion. The reduction in solids concentration was attained due to
the degradation of organic matter [34].

Effects of pH on batch digestion performance and its
focus on inhibition studies

The inhibition study characterizes the nature of volatile fatty acid
production during digestion. The result of individual VFA compounds
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Figure 3: pH Variations during the process of digestion.

shows different trends with physical and chemical pretreatment
conditions. Therefore, chemical pretreatment conducted with less
than 1% of chemicals resulted in fewer changes in the production
of VFA compared with raw SG. The role of pH plays a major part
in which inhibitors was considered in anaerobic digestion. Hence, it
was mandated to adjust pH for reducing inhibition during anaerobic
digestion, which in turn affects the VFA production. The pH was
monitored for the entire digestion process to evaluate the performance
of digestion. Figure 3 depicted the average pH is monitored during
entire process. This present study concentrates on VFA production
with its application of value- added products. The low pHs resulting
in the production of VFA which had a strong impact on methanogens
respectively. To produce higher methane yield, pH maintenance
could be optimum. The adjustment of pH was the major play role of
inhibitors greatly affects the production of VFA [16].

The pH data obtained show the acidic range before the start-up of
experiments which was assumed to be stable. Further pH was changed
to neutral range during the 15" day that was pH as 6.8 and remained
within the range of 7.0-8.0 throughout the fermentation process.
The initial drop in pH are occurred due to the activity of microbes
initiated to consuming substrates in the fermentation process which
are essential to produce volatile fatty acids. The process parameter
pH increases results in increases in ammonia and volatile acid leads
the working of the digester in the steady state during the digestion.
The fluctuation of pH leads the digester significantly affected the
growth rate of the acidogenesis to methanogenesis stages of digestion.
The average range of pH as 6.0 to 7.3 was recorded at the end of the
digestion period.

Conclusions

The results showed that maximum acetic acid produced from raw
switchgrass compared with pretreated biomass. The result reveals that
maximum 69% acetic acid obtained with raw switchgrass and least
of 14% was observed with acid pretreated SG respectively. Similarly,
butyric acid concentration shows the highest as 70% for AT and least
as 12% for OG switchgrass. Acetic acid and butyric acid concentration
were highest above 50%; other volatile fatty acids showed the least
production which is below 5% respectively. From the application
point of view, the concentration above 50% could be considered and
utilized for the chemical industries. This study concludes that, bio-

based lignocellulosic biomass can be utilized for producing acetate
and butyrate which can be used as a solvent by chemical industrial
applications.
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