


EVALUATION OF THE CHEMICAL PROPERTIES OF CORNCOB, SAWDUST, AND RICE HUSK AS POTENTIAL SUBSTRATES FOR ALGINATE AND CURDLAN BIOPOLYMER PRODUCTION


ABSTRACT
The production of alginate and curdlan is of utmost importance because a variety of industrial and biological applications are increasingly requiring them. Currently, the primary carbon sources utilized in the industrial production of alginate and curdlan are sucrose and glucose which are very expensive. This study therefore examined the suitability of corncob, sawdust and rice husk as potential substrates for the production of alginate and curdlan by evaluating their chemical properties. Rice husks, corn cob and saw dust were collected from mills and subjected to analysis. Their hemicellulose, lignin, and ash contents were determined following standard methods, and isolated Agrobacterium and Azotobacter Species were used to test their suitability for alginate and curdlan production. Results showed that: all the substrates contained ash, cellulose and hemicellulose; saw dust had the highest percentage (52%) of ash; corn cob had the highest value of 31.1 ± 2.0% for cellulose, and 24.1±24.1% for hemicellulose; while saw dust recorded the highest value of 70.9±3.0 for lignin; Agrobacterium spp. cf6 yielded the highest curdlan (0.7 g/L) using rice husk as substrate while none of the Agrobacterium spp. isolates yielded curdlan when cultured on sawdust as carbon source. Corncob and rice husk have the right physiochemical properties and can be used as substrates for by Agrobacterium and Azotobactar species for the production of alginate and curdlan. However, there is a need for pretreatment before use and subsequent optimization to boast yield.   
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INTRODUCTION
Alginate is a naturally occurring polymer that is mainly isolated from the cell walls of brown algae (Mbahi and Doughari, 2026). The British chemist E.C.C. Stanford was the first person to described it in 1881 as being composed of two monomeric units, α-L-guluronic acid (G) and β-D-mannuronic acid (M), joined by 1→4 glycosidic linkages (Bouzenad et al., 2025). Alginate is valuable in the food and pharmaceutical industries because of its gelling, thickening, and stabilizing properties (Bouzenad et al., 2025). In the food industry, it is used as emulsifiers, stabilizers, and texture modifiers, while in pharmaceutical industry, it is used to regulate viscosity and stability, enhancing efficacy and usability (Gheorghita Puscaselu et al., 2020).
 
Curdlan is an exopolysaccharide, or more accurately a homopolysaccharide, consisting solely of glucose monomers connected by β-1, 3 glycosidic bonds (Aquinas et al., 2021; Mbahi and Doughari, 2026). It is the only linear β-1,3 glucan without any branching, which has β-1,3 and β-1,6 bonds, and Pachyman, which has internal 16 glycosidic connections and four branch points (Aquinas et al., 2021). One of the primary features of curdlan is that it is biodegradable and safe for both humans and the environment, which leads to a variety of uses. Hence, both the food and non-food industries, especially the biological and pharmaceutical sectors, rely on curdlan, for thicken and gel food products, and it has been used as a food stabilizer and can mimic fat, meat, and seafood (Aquinas et al., 2021). Pharmaceutical companies have used it to encapsulate drugs including theophylline, prednisolone, and indomethacin (Aquinas et al., 2021), and curdlan derivatives made via phosphorylation and carboxymethylation have shown great promise (West, 2020). 
The production of alginate and curdlan by bacteria is currently the focus of research (Mbahi and Doughari, 2026). This is because a variety of industrial and biological applications are increasingly requiring natural polymers (Aquinas et al., 2021; Watanabe et al., 2021). The submerged mode of fermentation is the most popular method for making curdlan using a production medium, but it presents a problem due to the high cost of glucose and sucrose, the main carbon sources used in curdlan synthesis (Aquinas et al., 2021).
Currently, researchers are looking for inexpensive ways to employ agricultural waste materials (Chukwuneke et al., 2020) as carbon and nitrogen sources by these bacteria during alginate and curdlan synthesis (Aquinas et al., 2021) because Agrobacterium may thrive on a variety of various substrates. Furthermore, one of the primary rural-urban environmental problems in developing countries like Nigeria is finding new uses for agricultural waste (Paul and Asugu, 2025). Numerous tons of agricultural byproducts, including corncob, sugar cane bagasse, rice husk, sawdust, maize stalk, groundnut shell, palm kernel shell, etc., are produced annually in Nigeria, and when burnt off, these byproducts endanger the environment and pollute the air (Imeh et al, 2017; Babajide et al, 2018; Achebe et al, 2019). Interestingly, some of these agricultural wastes (by-products) can be used, particularly in the synthesis of alginate and curdlan by Agrobacterium and Azoctobar species (Arevalo et al, 2018; Chukwuneke et al, 2019).
Furthermore, because agro wastes like corncob, sawdust, and rice husk are easily accessible and economically priced, their significance as sources of carbon and nitrogen cannot be overstated (Arevalo et al, 2018). In Nigeria, sawdust is most frequently discarded or burnt off at sawmill dumpsites, leading to substantial energy waste and uncontrollably high temperatures (Achebe et al., 2018; Babajide et al., 2018). Sawdust has been used for domestic cooking over the years, as well as for gasifying plants to generate heat and electricity (Chukwuneke et al., 2020). This begs the question of how much better using this "economical trash" is (Akande and Olorunnisola, 2018) in alginate and curdlan production by Agrobacterium and Azoctobar species.
Rice husk is a substantial byproduct of rice production when paddy rice is husked during the first stage of rice milling (Karam et al., 2022).  Notably, 20% of the weight of rice is made up of rice husk biochar (RHB), which is composed of 50% cellulose, 25–30% lignin, 15–20% silica, and 10–15% moisture (Singh et al.,  2018, Paul and Asugu, 2025).  About 35% of the feedstock material from rice husk may be converted into biochar, and turning rice husk into RHB is one efficient method of managing rice waste (Karam et al., 2022).  Additionally, Nigeria produces an estimated 1,032,993.6 metric tons of rice husk per year, which has sparked interest in employing pyrolysis to convert waste or biomass into biochar (Nwajiaku et al., 2018) or used beneficially in the production of alginate and curdlan by Agrobacterium and Azoctobar species. This study therefore examined the suitability of corncob, sawdust and rice husk as potential substrates for the production of alginate and curdlan by evaluating their chemical properties.
MATERIALS AND METHODS
Collection of Samples
Using a sterile plastic container, rice husks, corn cob and saw dust were collected from milling points from Jimeta metropolis and Girei respectively and were transported to department of microbiology laboratory of Modibbo Adama University Yola, Nigeria for analysis.

Determination of Hemicellulose Contents
The quantitative alkaline extraction method as described by Gautam et al. (2025) was used for the determination of the hemicellulose contents of corncob, sawdust and rice husk. The substrates were washed and dried to remove dirt, then they were grinded and sieved into a fine powder, and then oven-dried to a constant weight which was recorded as the initial dry mass (W₁). The prepared powder of the substrates were then mixed with 12% NaOH, and the mixture was then heat and stirred at a controlled temperature of 75 °C for 3 hours. Then the mixture was filtered to separate the solid residue (cellulose and lignin) from the liquid extract containing dissolved hemicellulose. After which the remaining solid residue was washed thoroughly with distilled water until a neutral pH was attained. The washed solid residue (containing remaining cellulose and lignin) was then dried in an oven to a constant weight (W₂), and the hemicellulose content percentage was calculated by mass difference using the formula:
			W₁ - W₂ 
Hemicellulose (%) = 		     × 100
			     W₁ 
Where:
W1 = Initial dry mass
W2 = Constant weight



Determination of Cellulose Contents
The cellulose content of the substrates was determined using the method described by Andalia et al. (2020) with slight modifications as follows: the substrates were washed with water to remove dirt, and then dried in an oven at 80°C. They were then milled into a fine powder and sieved to obtain a uniform particle size. Waxes, oils, and soluble impurities were then extracted using ethanol in a Soxhlet extractor. The treated powder was then mixed with 5% sodium hydroxide (NaOH), heated at 85°C for 4 hours while stirring continuous. The residue was then filtered and washed repeatedly with distilled water until the filtrate reaches a neutral pH. The alkaline-treated solid residue was then suspended in 5% sodium hypochlorite (NaClO) bleaching solution, the mixture was then heated gently at 90°C for 1 hour, and the white cellulose pulp was filtered and washed thoroughly with distilled water until it became neutral. The isolated cellulose residue was then dried in an oven at 105°C until it reaches a stable, constant weight, and the final cellulose content percentage was determined by comparing the dry weight of the extracted cellulose against the initial dry weight of the raw substrates.

Determination of Lignin Content
The Klason Lignin method (acid hydrolysis) as described by Dandash et al. (2025) and Ishida et al. (2025) was used. The substrate were washed with distilled water to remove dirt and impurities, then dried in an oven at 105 °C until it reaches a constant weight, after which milling into a fine powder was carried out, and non-lignin components (waxes, resins, and fats) were extracted using a Soxhlet apparatus with an ethanol solvent system. 1g of the extractive-free substrate powder was weighed, 72% cold sulfuric acid (H₂SO₄) was then added to the sample, mixing was done and the mixture was kept at room temperature of 20 °C for 2 hours and occasionally stirred. The hot mixture was then filtered through a pre-weighed sintered glass crucible to separate the solid residue. The collected solid residue was then washed thoroughly with hot distilled water until it was free of acid. The liquid filtrate was then collected and its absorbance was measured at a wavelength of 270nm using a UV-Vis Spectrophotometer to calculate the acid-soluble lignin fraction. Then the solid residue was dried in the crucible at 105 °C until constant weight, then weighed to determine the total acid-insoluble residue. The dried solid residue was ignited in a muffle furnace at 595°C for several hours, the remaining ash was cooled in a desiccator and weighed, the weight of the remaining ash from the acid-insoluble residue was determined to yield the precise Klason (acid-insoluble) lignin percentage, then the acid-soluble lignin value was added for the complete total

Determination of Ash Content 
Ash content was determined using the method described by Aliyu and Salisu (2023). The substrate were washed with distilled water to remove dust and dirt, dried in an oven at 105°C for 24 hours and grounded into a fine powder for uniform testing. A clean, dry, empty crucible was ignited in a muffle furnace at 600°C for 15 minutes, cooled in a desiccator to room temperature, and weighed accurately on an analytical balance (W₁). Then 5g of the prepared substrate sample was added into the crucible, and the crucible and the sample were weighed together (Wtotal) to find the exact initial sample weight (Ws = Wtotal – W1). The crucible was then placed inside a muffle furnace, heated slowly up to 600°C, this high temperature was maintained for 5 hours until all carbon and organic matter burn away completely, leaving a white or grayish-white ash residue. Then the crucible was carefully removed from the muffle furnace using tongs, it was allowed to cool down partially in the air, then placed inside a desiccator to cool completely to room temperature. The crucible containing the cooled ash was then weighed accurately (W₂).
The percentage of ash content using the formula:
			W2 – W1 
Ash Content (%) = 		     × 100
			     Ws
Where:
W₁ = Weight of the empty crucible
W₂ = Weight of the crucible + ash
Ws = Weight of the dry substrate sample

Determination of the Suitability of the Substrates
The isolates which were positive on the aniline blue medium in the study by Mbahi and Doughari (2026) were selected for surbmerge fermentation by inoculating them onto the substrates following the method reported by Aquinas et al. (2021).

RESULT
Chemical Properties of Substrates 
Result of physicochemical evaluation of lignocellulose substrate is shown in Table 1. Result showed that all the substrates used (rice husk, corn cob and sawdust) contained ash, cellulose and hemicellulose, for ash content, saw dust recorded the highest percentage of (52%) while corn cob recorded the lowest value of (10%) followed by rice husk with (18%). For cellulose content, result showed that corn cob recorded the highest value of 31.1 ± 2.0 % and saw dust recorded the lowest value of 11.4±2.1 %. Furthermore, for hemicellulose content, corn cob recorded the highest value of 24.1±24.1 while saw dust recorded the lowest value of 17.1±1.61, and for lignin, saw dust recorded the highest value of 70.9±3.0 with corn cob recording the least value of 48.1±1.0 %.

Table 1: Chemical Composition (%) of the Substrates 
	Sample 
	Ash
	Cellulose 
	Hemicellulose 
	Lignin 

	Rice husk
	18
	31.0±2.0
	20.2±1.1
	50.4±3.06

	Corn cob
	10
	25.0±1.0
	24.1±4.1
	48.1±1.0

	Saw dust
	52
	11.4±2.1
	17.1±1.61
	70.9±3.0


Key Values are ± Standard deviation of triplicate determination


Suitable Carbon and Nitrogen Sources for Curdlan Production
Result of suitable carbon source for curdlan production is shown in Table 2. Result showed that Agrobacterium spp. cf6 yielded the highest curdlan with 0.7 g/L using rice husk as substrate, the lowest concentration of curdlan 0.4 g/L was produced by Agrobacterium spp. cf3 on both rice husk and corncob. Furthermore, Results also showed that none of the Agrobacterium spp. isolates yielded curdlan when cultured on sawdust as carbon source. 

Table 2: Curdlan Production by Agrobacterium Utilizing the Substrates as Carbon Source
	
Isolate 
	
Rice Husk 
	Curdlan Yield (g/L)
	
Saw dust

	
	
	Corn cob
	

	Agrobacterium spp. sf1
	0.00
	0.00
	0.00


	Agrobacterium spp. sf2
	0.00
	0.00
	0.00


	Agrobacterium spp. cf3
	0.20
	0.20
	0.00


	Agrobacterium spp.  gf4
	0.50
	0.40
	0.00


	Agrobacterium spp.  gf5
	0.00
	0.00
	0.00


	Agrobacterium spp.    cf6
	0.70
	0.60
	0.00



Nitrogen Sources for Curdlan Production
Result of suitable nitrogen source is shown in Figure 1, result showed that urea yielded the highest curdlan of 0.4 g/L while yeast extract and peptone water yielded the least curdlan of 0.2 g/L.


 Figure 1: Nitrogen Sources for Curdlan Production by Agrobacterium cf6



DISCUSSION
This study examined the suitability of corncob, sawdust and rice husk as potential substrates for the production of alginate and curdlan by evaluating their chemical properties. To determine their suitability, isolated Azotobacter and Agrobacterium species from the study by Mbahi and Doughari (2026) were monitored for alginate and curdlan production utilizing corncob, sawdust and rice husk as carbon and nitrogen sources. Notably, soil bacteria are principally in charge of the microbial synthesis of alginate and curdlan (Verma et al., 2020), Agrobacterium sp. ATCC 31749 is the main producer of exopolysaccharide curdlan on a large scale (Laxmi et al., 2018), and curdlan is produced by a secondary metabolic process that takes place outside of the bacterial cell (Al-Rumaidh et al., 2023).

In this study, ash, cellulose, and hemicellulose were present in all of the substrates (rice husk, corncob, and sawdust) analyzed and used as carbon and nitrogen sources. Sawdust had the highest percentage of ash (52%), followed by rice husk (18%), and corncob (10%). Corncob had the highest value of cellulose (31.1 ± 2.0%), while sawdust recorded the lowest value (11.4±2.1 %), sawdust had the lowest value of hemicellulose (17.1±1.61), while corncob had the highest value (24.1±24.1). Similarly, sawdust had the highest value of lignin (70.9±3.0%), while corncob had the lowest value (48.1±1.0%) (Table 1). In contrast, in the study by Chukwuneke et al. (2020), rice husk had a greater ash concentration (14%) than oak sawdust (3.4%), gmelina sawdust (2.07%), and mahogany sawdust (1.3%). Also, Singh (2018) reported that 20% of the weight of rice is made up of rice husk biochar (RHB), which is composed of 50% cellulose, 25–30% lignin, 15–20% silica, and 10–15% moisture. 

Research indicates that plant-based lignocellulosic biomass, like prairie cordgrass, can be hydrolyzed into glucose to increase the production of alginate and curdlan (Wu et al., 2018). Also, low-cost wastes, such as sugar cane molasses and cassava starch waste hydrolysate, have shown themselves to be economical carbon substitutes for pure sucrose (West, 2020; Wan et al., 2022). These justify the use of sawdust, maize cob and rice husk in this study. Using rice husk as substrate, isolates earlier reported in the study by Mbahi and Doughari (2026) were used: Agrobacterium spp. cf6 from Cowpea farm produced the highest curdlan yield (0.7 g/L), while Agrobacterium spp. cf3 from Cowpea farm produced the lowest curdlan yield (0.4 g/L) on a combination of rice husk and corncob (Table 2). This may be due to the presence of specific monosaccharides such as glucose, fructose, and inverted sugars in rice husk and corncob, which encouraged the production of curdlan by the bacteria (Al-Roomi and Al-Sahlany, 2022). Additionally, the addition of urea produced the largest curdlan (0.4 g/L), whereas the addition of peptone water and yeast extract produced the lowest curdlan (0.2 g/L) (Figure 1). These yields are similar to the 0.12 gm/100 ml of yield that Laxmi et al. (2018) reported. 


Sawdust is commonly used for biofuel or activated carbon, but because of its high carbon content (around 50% w/w), we first hypothesized that it could also be a potentially low-cost fermentation substrate. Despite the fact that direct use of sawdust for alginate and curdlan production is not commonly discussed in literature, the high lignocellulosic content of raw sawdust suggests that it can be used as a substrate if properly pretreated. Our hypothesis hinges on the fact that there are studies where curdlan has been successfully produced using other agricultural waste and biomass hydrolysates (Aquinas et al., 2021; Al-Roomi and Al-Sahlany, 2022). However, when grown on sawdust as a carbon source, none of the isolates of Agrobacterium spp. produced alginate or curdlan (Table 2). This could be because the sawdust was not pretreated before use in this study, and had the highest percentage of ash (52%) (Table 1). In this regard, Wan et al. (2022) previously proposed that in order to make lignocellulosic materials (such as wood or sawdust) usable by Agrobacterium and Azotobactar species, they must first be pretreated, typically by enzymatic hydrolysis (using cellulase/cellobiase) to release fermentable sugars.

CONCLUSION
This study adds to a number of literature on the use of agro-waste as substrate by Agrobacterium and Azotobactar species for the production of alginate and curdlan. The study clearly showed that corncob and rice husk have the right physiochemical properties and can be used as substrates for by Agrobacterium and Azotobactar species for the production of alginate and curdlan. While the potentials of these agro-waste are clearly seen in this study, there is a need for pretreatment before use and subsequent optimization to boast yield. 
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