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Abstract

The complex indigenous configuration of non-bio-labile wheat straw necessitates its pretreatment to optimize the
breakdown of its structural components for its ultimate conversion into biogas by means of anaerobic digestion. In this
research work, wheat straw was pretreated with potassium hydroxide (KOH) to facilitate its improved biodegradability.
The pretreatment of wheat straw was also obvious in terms of its crystallinity resulting in the improved amorphous
regions compared to the control wheat straw. The results showed that pretreated wheat straw digestion transpired into
comparatively higher removal of TS (86%), VS (89%) and total lignin, cellulose and hemicellulose (22%) than that
obtained with control wheat straw. Maximum biogas production accrued was 1550 mLN per day with optimized dosing
of KOH compared to 967 mLN per day obtained with control wheat straw, implying that the cumulative biogas
production was improved by 45% using pretreated wheat straw than that using control wheat straw. These results
suggested that pretreated wheat straw digestion led to a significant improvement in the biogas yield.
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1. Introduction

Harnessing biogas energy could be one of the most important options to undertake to realize one of the goals of
clean energy as outlined under the banner of united nation’s sustainable development goals [1]. Wheat straw is a by-
product of wheat cropping process that is left behind after the wheat is mechanically separated from inside the straw.
Wheat straw is one of the potential low-cost lignocellulosic biomass used as a key substrate in bio-refineries and for
biogas production [2]. However, there is a technical hitch in the effective utilization of wheat straw as a feedstock for
the purpose of making it a potential source of clean energy. The internal structural configuration of wheat straw is
such that the innate constituents of wheat straw such as Lignin, Hemicellulose and Cellulose (LHC) are intertwined in
a way that makes their overlapping presence in wheat straw as intricate.

The level of recalcitrance of the LHC needs to be compromised so as to overcome the limitations that are expected
per se during the course of enzymatic and microbial degradation of wheat straw [3]. To address this complexity, wheat
straw pretreatment is required beforehand to make the LHC compliant to an extent so that it results in its optimum
biodegradability during the course of its digestion. Different techniques have already been adopted for the
pretreatment of lignocellulosic biomass to improve upon the production of biogas [4]. Compared to physical and
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biological techniques, chemical method is reportedly low-cost yielding faster reaction rate as well as higher process
efficiency during the course of biodegradation of otherwise recalcitrant wheat straw organics [5, 6]. Alkaline
pretreatment of wheat straw is favoured due to its dual advantage of not only increasing the process pH, but also
resulting in secure enough disintegration of the LHC to optimize their subsequent conversion into the biogas [7]. In
addition, alkaline pretreatment leads to an increase in the accessible surface area and porosity of the straw, as well as
decreases the cellulose crystallinity and induces disruption in the lignin structure [8].

In this research work, wheat straw pretreatment was carried out using lower proportional ratios of wheat straw,
KOH and water in contrast to comparatively higher ratios used by other researchers [9]. For biogas production from
optimised characteristics of wheat straw, anaerobic digestion of treated wheat straw was carried out in conformity to
the standard parameters such as organic loading rate, temperature and pH [10, 11]. Temperature at which the
anaerobic digestion occurs can significantly affect the conversion of substrate into final product and stability of the
process [12]. Current research uses mesophilic temperature range (35-37 °C) for the effective conversion of the
substrate, thus providing the inherent biota an enabling environmental condition to aid in the biodegradation process
[13]. The structure of the current research work entails collection of wheat straw, preparation of wheat straw samples
with proper size and ratios, pretreatment of wheat straw using different ratios of KOH followed by anaerobic digestion
of both treated and control samples of wheat straw and their subsequent investigation. The structure of this article
follows the basic criteria of IMRAD that is Introduction covering the background of the previous research and
contribution of the current research followed by materials used and their methodology and finally mention of the
experimental results obtained and their discussion in agreement with the work done by others before summarizing the
value of this research in the form of conclusions.

2. Research Methodology
2.1. Experimental Set-up

Figure 1 shows the flow chart comprising of the components involved in the research plan. Wheat straw (Figure
2a), generated after wheat harvesting, was air-dried in-situ for two weeks. The dried straw was then transported to the
lab and chopped by a paper chopper (PC 500, Stadia Co, Tianjin, China) to reduce the particle size up to around 3cm.
After that it was grounded to a particle size of 5-10 mm in a hammer mill. After the physical treatment of straw
(Figure 2b), the straw was stored in plastic bags at room temperature before being pretreated in glass serum bottles of
1000 mL with 1%, 3%, 6% and 9% of potassium hydroxide (KOH) denoted as K1, K3, K6 and K9 respectively with a
constant organic loading rate of 65 g.L™*. The prepared bottles were immediately wrapped with plastic film, tightly tied
with plastic ring and were kept at ambient temperature for four days along with the sample bottle as control for further
analysis. After four days of pretreatment, the samples were then analysed for pH value.

Literature Collection of KOH Result and .
Review >> Wheat Straw>> Pretreatment >> Discusssion >> Conclusions

Figure 1. Flowchart of research plan

Figure 2. Wheat straw images before (a) and after (b) physical treatment
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2.2. Anaerobic Digestion

The anaerobic digestion of treated and untreated or control wheat straw samples was carried out in batch mode at
35 + 1°C with a working volume of 0.8 L. All the reaction bottles were also inoculated with 15 g/L of the activated
sludge as reported in the literature [14]. The sludge characteristics were determined to be comprised of (in g/L) TS
(49.2%), VS (29.5%) and the mixed liquor suspended solids (34.8%). The prepared sample bottles were then placed in
incubator tank for anaerobic digestion of the bottle contents at mesophilic temperature range (Figure 3).
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Figure 3. Anaerobic digestion of pretreated and control wheat straw samples in incubator tank

2.3. Analytical Procedure

The amount of biogas produced is a key factor in anaerobic digestion and the more the gas is produced, the more
waste is degraded. The volume of biogas produced was analyzed daily via water displacement method. The
biomethane yield was calculated using ideal gas equation at STP. The methane content of biogas and that of CO,
produced during the course of anaerobic digestion were analysed daily via Gas Chromatograph (SP-2100, BeifenRuiL.i
Co, Beijing China) by withdrawing 0.25 mL of the gas samples from each glass bottle. The methane production was
calculated by multiplying methane content with the amount of biogas production.

2.4. Chemical analysis

TS, VS and MLSS of wheat straw, sludge and their mixture were determined as per the standard methods [15]. The
total carbon (TC) and Total Nitrogen (TN) were analysed by TC analyzer (Vario EL/micro cube elemental analyzer,
Germany). The pH value was measured by pH meter (CHN868, Thermo Orion, USA). The lignin, cellulose and
hemicellulose content were determined using a fiber analyzer (ANKOM, A20001, USA). The crystallinity was
determined by using a D8 Advanced /Max 2500 X-ray diffractometer equipped with a sealed tube Cu Ko source.
Scanning were obtained from 20 = 5 to 60 degree with a wavelength of 1.5406 nm. The X-ray unit was operated at 40
KV and 40 mA. Crystallinity of cellulose was calculated corresponding to a peak deconvolution method to analyze the
XRD data including the data needed to calculate the crystallinity index, as Cri(%) = [(Iyo2 — Iam)/ loo2] X 100,
Where Crl is Crystallinity index, Ioo, is the maximum diffraction from the (002) plane at 20 = 22.3° and I, is
intensity of background scatter measured at 20 = 18.3° [16].

2.5. Data analyses

All the measurements were analysed on a mean result of three samples with standard deviation. The significant
difference was determined by means of ANOVA using Metlab 7.10.0.

3. Results and Discussion
3.1. Effect of KOH Treatment on Wheat Straw Characteristics

Wheat straw pretreatment was carried out to cause internal disorientation in its structural properties so as to make it
readily responsive during the course of its digestion. The pretreatment results suggested that alkali treatment of wheat
straw induced breakdown of lignocelluloses comprising of three main polymeric constituents Lignin, cellulose and
hemicellulose (LHC) in terms of their reduced concentration levels as reflected via the altered physical characteristics
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of treated wheat straw [17]. The induced changes in wheat straw characteristics are directly proportional to its efficient
biodegradability under the influence of its anaerobic digestion leading to enhanced biogas production [18]. The
changes caused in the chemical composition of wheat straw under the impact of the alkali exposure are shown in Table
1. The data in the Table transpires that, on the whole, KOH-treatment of wheat straw with different proportions
yielded in reduced values for TS, VS and LHC compared to the values observed in the control test. These results are in
agreement with those reported by Xiaoying Liu et al. [19] and Sharma [20]. The breakdown pathway of wheat straw
lignocelluloses under the influence of KOH treatment entails cracking up of the lignin seal as a first step, followed by
disintegration of hemicellulose cover over cellulose before the cellulose crystalline structure is disrupted. The KOH-
treated wheat straw resulted in hydrolysis of its main constituent, i.e. cellulose, the original concentration of which
was compromised by a decrease of 2.2%, 5.3%, 9.9% and 11.5% with KOH dosing of 1%, 3%, 6% and 9%
respectively. The combined LHC contents also showed a decrease by 10%, 14%, 22%, and 26% with K1, K3, K6 and
K9 respectively, implying that higher dosage of KOH induced higher decrease in the overall concentration of LHC
compared to the original concentration of untreated wheat straw.

Table 1. Effect of KOH-pretreatment on Wheat straw constituents

Wheat straw TS VS Cellulose  Hemicellulose Lignin LHC
KO (untreated) 92.7+21 842+18 416+13 28312 125+07 824+73
K1 (treated) 124+0.7 105+08 40.7+1.6 279+1.7 10.7+£05 79.3+£58

K3 126+06 98+04 394+13 222+11 106+0.6 722+42
K6 122+07 88+10 375+13 17.6+0.9 9.1+0.5 64.3+3.9
K9 131+08 11.2+02 368+16 15.7+£05 86+04 61.1+45

*Values are means = SD (n = 3)

3.2. Effect of KOH-Treatment on Wheat Straw pH

Figure 4 depicts the pH profile of wheat straw during the course of its treatment with different proportion of KOH.
The graph shows that the pretreatment of wheat straw has increased the pH value depending upon the alkali
concentration applied. With the addition of hydroxyl ions into wheat straw via the mixing of KOH, the pH of treated
wheat straw increased immediately by 18%, 35%, 57% and 100% with K1, K3, K6 and K9 respectively. However, the
pretreatment duration was observed to be complete in four days when the desired level of decrease occurred in the
LHC concentration. The induced degradation of wheat straw LHC was also directly proportional to the pH, as from
the start of wheat straw pretreatment process until the end of day four, a gradual decrease was observed in the pH
value in direct proportion to the KOH dosage applied. This meant that higher the KOH dosage was applied, the higher
the decrease was observed during four days of wheat straw pretreatment [21, 22].

12
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pH

Days
Figure 4. pH profile during 4-day wheat straw pretreatment with KOH
3.3. X-ray Diffraction

X-ray diffraction (XRD) of the samples was carried out to assess the innermost microstructure of cellulosic wheat
straw in terms of their crystal features. Figure 5 shows the XRD pattern for both treated and control wheat straw
samples, whereas crystallinity index values are given in Table 2. It is clearly shown in Figure 5 that almost similar
XRD shapes were observed for both control and treated wheat straw samples producing the peaks on two theta degree
at 22.3° and 18.3° respectively. The higher peak represents the existence of crystalline cellulose structure that is
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normally protected under the stable coverings of both hemicellulose and lignin. Secondary peak being the minor one,
represents the presence of highly controlled amorphous structure of cellulose [23]. KOH permeation down in the
cellulose compartment generates swelling that is indicative of the fact that the alkali compound has actually penetrated
the cellulose surface. Crystallinity is the ratio of crystalline cellulose amount to sum of the sample quantity and that of
amorphous and crystalline cellulose [24]. This ratio was observed to be enhanced for crystalline cellulose from 48% to
52% compared to control wheat straw cellulose, with the highest ratio being obtained with higher alkali concentration
used. The impact of alkali exposure up on wheat straw can be associated with the hydrolyzation activity being spurred
on the amorphous region of wheat straw resulting in the pore surface ratio being increased, which in turn is beneficial
for optimum biogas production from treated wheat straw during the course of its anaerobic digestion.

Table 2. Crystallinity (Crl) of untreated and treated wheat straw

KOH Loading Crl (%)

Untreated straw 48
1% 48.5
3% 49
6% 50
9% 52

Values are means = SD (n = 3)
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Figure 5. XRD pattern of untreated and treated-KOH wheat straw

3.4. Biogas Production

Figure 6 presents the daily account of biogas production. Anaerobic digestion of all the samples was carried out at
mesophilic temperature of 35+1°C. The Figure shows a typical trend for all the treatment protocols applied on wheat
straw as reflected in terms of biogas production, which continued until day six of the digestion, when the production
rate was observed to be on the lower side. The decline in the production rate could be due to the decrease in pH value
caused by the possible accumulation of unionized NHs-N, excreted in the medium via wheat straw degradation during
the course of digestion, resulting in the acidification of the medium [25]. Furthermore, the pH decline was also caused
by the formation of HCO;™ when the OH" ions come into contact with the evolving CO, in the presence of volatile fatty
acids that are germinated during the process and stabilized due to the buffering capacity established in the system [26-
28]. The higher biogas production, as observed from day seven until day fifteen of the digestion, was restored after the
pH was regulated via the addition of calcium hydroxide in the medium. Overall, the biogas production rate was
observed to be 1103, 1207, 1515, 1330 and 967 mLy per day for K1, K3, K6, K9 and KO respectively. The decrease in
the biogas production rate with K9 might be afflicted with the consumption of certain proportion of the organics
present in wheat straw samples by the fermentative microbes, the unforced generation of which was caused by the
excessive addition of the alkali compound during the course of wheat straw pretreatment.
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Figure 6. Biogas production rate from control and treated wheat straw

Figure 7 shows the total biogas production (TBP) accrued from wheat straw with and without pretreatment.
Compared to TBP from control wheat straw run of 14001 mLy, TBP was higher from wheat straw treated with K1,
K3, K6 and K9 with TBP rate of 15003, 15002, 20006 and 19005 mLy, respectively. These results are in harmony
with those reported elsewhere in the literature [7, 29, 30]. The TBP values indicate that wheat straw pretreatment
protocol of K6 was the most optimum option, which yielded into TBP of 45% higher (P< 0.05) than all the other runs.
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Figure 7. Total biogas production obtained from wheat straw with and without treatment (mean value, n=3)

4. Conclusion

For effective and optimized utilization of wheat straw, by product of wheat harvesting process, it needed to be
pretreated with the given alkali compound (KOH) so as to bring changes in its complex internal structure to make it
readily responsive for further processing. This research work suggested that wheat straw pretreatment with 6% dosage
of KOH yielded, in overall terms, into viable results compared to other pretreatment protocols including proper
disintegration of the tight-knit wheat straw constituents, enhanced cellulose crystallinity and optimum total biogas
production. The optimized pretreatment option of K6 likely induced a probable makeshift in the characteristics and
chemical composition of wheat straw so as to influence marked degradation of wheat straw constituents like TS, VS
and LHC. To sum up, these research findings may prove to be a helpful baseline study in realizing the potential of this
type of research at the large scale.
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