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Bacterial cellulose production from rice husk by acetic acid bacteria isolated from palm wine in Nkaliki, Abakaliki, Nigeria.
ABSTRACT

Bacterial cellulose production from rice husk by acetic acid bacteria isolated from palm wine was carried out in Abakaliki, Ebonyi State. One hundred and twenty palm wine samples were collected at Nkwagu market from different palm wine tappers while the rice husk was collected from Abakaliki rice mill and a farm at Nkaliki village respectively. The palm wine samples were analyzed in the laboratory using standard microbiological procedures. The result showed that the genera Gluconacetobacter and Komagataeibacter were isolated. The result of bacteria cellulose production from the standard Hestrin-Schramm (HS) broth and the modified HS broth with either rice husk as the carbon source using the acetic acid bacteria species revealed that Gluconacetobacter and Komagataeibacter species produced varying quantities of bacteria cellulose from the standard and modified HS medium. Gluconacetobacter species GS1 produced 0.51±0.01 grams of bacterial cellulose per 250 ml of standard HS medium with a percentage yield of 10.2 and 0.20±0.01 grams of bacteria cellulose with a percentage yield of 4.0 from the rice husk modified HS broth, while Gluconacetobacter species GS4 produced 0.42 ± 0.01, 0.36±0.01 and 0.18 grams of bacterial cellulose from the standard HS and rice husk with a percentage yield of 8.4, 7.2 and 3.6 respectively. Komagataeibacter species KS1 produced 0.24±0.01 and 0.19±0.01 grams of bacteria cellulose per 250 ml standard HS and rice husk modified HS medium with a percentage yield of 4.8 and 3.8 respectively. This study has demonstrated that rice husk can be used as an alternative, cost-effective carbon source for producing bacterial cellulose. 
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INTRODUCTION

Microbial cellulose is an exopolysaccharide produced by various species of bacteria, such as those of the genera Gluconacetobacter (formerly Acetobacter), Agrobacterium, Aerobacter, Achromobacter, Azotobacter, Rhizobium, Sarcina, and Salmonella (Shoda and Sugano, 2005). Acetic acid bacteria are defined within the family Acetobacteraceae and they are characterized by their ability to oxidize ethanol to acetic acid (Brenner et al., 2005). Cellulose production depends heavily on several factors such as the growth medium, environmental conditions, and the formation of by-products. The fermentation medium contains carbon, nitrogen, and other macro and micronutrients required for bacterial growth. Bacteria are most efficient when supplied with an abundant carbon source and minimal nitrogen source (Rodrigo et al., 2018).Glucose  and sucrose are the most commonly used carbon sources for cellulose production, while fructose, maltose, xylose, starch, and glycerol have been tried (Cheng, 2017). In general, glucose has been used as a carbon source for cellulase production by A. xylinum. It has been reported, however, that cellulose was also synthesized from other carbon sources (Cheng et al., 2017). The rice plant is one of the most common food crops cultivated in many countries. As a result, over 150 million tons of rice hulls are produced around the world as unavoidable agricultural waste material when the rice is separated from the paddy (Ebe et al., 2019). The term paddy is used to refer to rice still containing hull and is derived from the Malay word padi, meaning “rice plant”. Effective utilization of rice hulls is important for both solving the problem of agricultural waste and creating sustainable agriculture (Ebe et al., 2019). Rice husk and cassava peel are abundant and practically of no economic value in many developing countries like Nigeria (Ogbo and Odo, 2011). However, problems with the high costs of culture media and relatively low-yield strain have, to date, prevented wide-scale take-up of Bacterial cellulose for industrial production and extended applications (Faranak et al., 2015). Therefore it is important to develop methods to produce BC at the lowest cost possible (Cheng et al., 2017). In order to resolve these problems, especially the costs of feedstock, other kinds of low-cost carbon sources need to be developed (Hong et al., 2011). The use of agricultural residues such as rice husk is another interesting alternative. This research aims at developing a low-cost feedstock for bacterial cellulose production from rice husk. In this way, rice husk hydrolysates could be developed. 

MATERIALS AND METHODS
Study area 

The study was carried out in Abakaliki local government area in Ebonyi State, Nigeria. Ebonyi State is located in the south-eastern part of Nigeria which lies approximately within longitude 70301 and 70E and, latitude 50401 and 60451 N. It has a population of 149,683 and a landmass of about 5,935 square kilometers (NPC, 2017). 

Sample collection
A total of 120 Palm wine samples (25ml each) were sourced from palm wine tappers at Nkwagu market which is within the study location. The palm wine was taken in a sterile sample bottle and immediately transported to the microbiology laboratory of Ebonyi State University, Abakaliki, Nigeria for analysis.  

 Isolation of test organism

The isolation of acetic acid bacteria species that were used for the fermentation was done according to the method described by Amoa-Awua (2007). The bacteria were isolated from overnight palm wine (Elais guineensis). 

Sample processing

The palm wine sample in the bijou bottle was shaken by hand and 1.0 ml pipetted into a 9 ml sterile salt peptone solution containing 0.1% peptone (Oxoid LTD. UK), 0.85% NaCl with pH adjusted to 7.2 as the 1:10 dilution. After serial dilution, 0.1ml of the 10-4and 10-5 were cultured by spread plate method on GYC and YPM agar at 300C for two weeks. To both GYC and YPM 10 mg/l of cycloheximide made up in 70 ml/l of ethanol and 20 ml/l of procaine penicillin was added to inhibit the growth of yeast and lactic acid bacteria respectively (Andelib and Nuran, 2009, Komagata et al., 2014).
Characterization of the isolates

The observed colonies on GYC and YPM with clear zones around them were subcultured repeatedly by streaking on fresh same agar until pure cultures were obtained. The suspected acetic acid bacteria isolates were subjected to morphological, biochemical, and physiological tests following the method of Andelib and Nuran, (2009). 
Morphological characterization
The colonial appearance of the isolates on culture media, colour and shape, Gram staining, and other biochemical tests were carried out according to (Cheesebrough, 2006). Brown pigment production
The isolates growing on GYC agar were examined between days 4 and 6 of incubation for brown pigment production and they were grouped as brown pigment produced (+) and not produced (-).
Growth on CaCO3-Agar plates
The purified cultures were streaked onto CaCO3-agar plates to confirm acid production and investigate overproduction of acetic acid by formation and disappearance of clear zones around the colonies (Brener et al., 2005). Microbial growth on CaCO3 agar plates was examined during incubation at 300C for a period of 7 days. Acid forming colonies were subjected to a biochemical test as written below (Brener et al., 2005).  
Preliminary assessment of the isolates for cellulose formation and detection 
It was done according to the method described by Andelib and Nuran, (2009). Seed broth was prepared by inoculation of 25 ml test tubes containing 10 ml Hestrin-Schramm broth. The tubes were incubated statically at 300C for ten days. Inoculations were carried out by the addition of 1% (v/v) seed broth to the culture medium. Cellulose formation was monitored by the appearance of a white pellicle on the surface of the culture broth. The broth was centrifuged for 10 minutes at 4000 rpm. The pellicles were taken into the beaker and washed three times with distilled water (it was filtered with a muslin filter after each washing). Thereafter the pellicles were covered with 0.5N NaOH solution and boiled for 15 minutes with the Bunsen burner before filtration. Cellulose was resistant to this treatment and thus remaining material was accepted as cellulose free from microbial cells and medium components. The cellulose was washed three times with distilled water, dried at 105 0C in an oven heater. The acetic acid bacteria isolates that were able to produce cellulose from the standard Hestrin-Schramm broth and either of the modified Hestrin Schramm (rice husk) broth during the preliminary assessment were used for the scale-up (Hong et al., 2011).
Production of bacteria cellulose from the standard Hestrin-Schramm Broth using the acetic acid bacteria isolates
The prepared 250 ml Standard Hestrin Schramm medium was taken in a 500 ml (cross-sectional area 56.75 cm2) beaker and sealed with aluminum foil to control the volume of air. The Culture was carried out by the addition of 1.25ml HS seed broth equal to McFarland no 1 turbidity or about 3.0 x 108 CFU/ml.  The medium was incubated at 30 0C in a static incubator for 10 days ( Cheng et al., 2017; Andelib and Nuran, 2009). 
Bacteriacellulose synthesis from rice husk and cassava peel  
Sample collection
The rice husk (Oryza sativa types) was collected from lines 15 A and B in Abakaliki Rice Mill Industry Limited. It was collected into the cellophane bag using the spatula. The cassava (Manihot esculenta Crantz) peel was collected from a farm in Nkaliki village, Abakaliki Local Government Area, Ebonyi State. It was collected into the cellophane bag using the fork. The above-mentioned types of rice and cassava are popularly cultivated in Abakaliki (Oko et al., 2012; Martin and Ejike, 2018).
Sample processing
Acid pretreatment of rice husk

The acid pretreatment was done using the method described by Ang et al. (2013). Acid pre-treatment was conducted with 0.5% w/v sulphuric acid for 30 minutes. A total of 5g of the rice husk and 50ml of the acid solution (10% load) was used. The reaction was conducted in a borosilicate glass vessel resistant to pressure and temperature using an autoclave at 121oC with a pressure of 1 atmosphere. 
Detoxification of rice husk hydrolysate
The pH value of the hydrolysate was adjusted to 2.0 by the addition of 6.0M H2SO4 and the mixture was incubated at 300C for 6 hours. The pH was then adjusted to 7.0 by the addition of calcium oxide. Next, 1g of activated carbon was added into the hydrolysate and the pH value was adjusted to 7.0 with 0.1M H2SO4 or calcium oxide (Hong et al., 2011).  
Culture media and growth conditions

The modified Hestrin-Schramm medium containing the pre-treated rice husk as a carbon source was then tested for its ability to produce bacteria cellulose using the acetic acid bacteria isolates. The modified HS medium contains the following materials (g/250ml): 5g of pretreated rice husk or cassava peel, 1.25g of peptone, 1.25g of yeast extract, 0.68g of disodium phosphate (anhydrous) (Na2HPO4), and 0.29g of citric acid (monohydrate) with pH adjusted to 6 using 1M HCl or 1M NaOH. Inoculation was carried out by the addition of 1.25ml HS seed broth equal to McFarland no 1 turbidity or about 3.0 x 108 CFU/ml.  The medium was cultivated at 300C in a static incubator for 10 days (Cheng et al., 2017). 
Harvest and weighing of bacteria cellulose
Cellulose formation was monitored by the appearance of a white pellicle on the surface of the culture broth. Bacterial cellulose membranes were collected and impregnated with 0.5M NaOH at 80oC for two hours, followed by repeated soaking and washing in deionized water until the washing liquid attains neutral pH (Cheng et al., 2017). The bacteria cellulose was filtered and dried to constant weight at 105oC. The percentage yield of bacteria cellulose dry film was calculated by following the equation:
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Statistical analysis
The results were presented as mean ± standard deviation in tables and bar charts while one-way analysis of variance (ANOVA) while IBM Statistical Package for Social Sciences (SPSS) version 22 and Microsoft Excel 2013 software were used.

RESULTS

Morphological, Microscopic and Biochemical Characteristics of Acetic Acid Bacteria Isolated from Palm Wine Samples Collected from Abakaliki, Ebonyi State

The results of the morphological, microscopic, and biochemical characteristics of the acetic acid bacteria isolated from palm wine samples collected from Abakaliki, Ebonyi State are presented in Tables 1and 2. The result showed that the colonies of 9 isolates were cream to beige in colour on Hestrin Schramm (HS) agar while three isolates appeared milky white. A total of 9 isolates produced brown pigments on glucose yeast carbonate (GYC) agar while isolates KS1, KS2, and KS3 were negative for brown pigment production. According to the different tests carried out, nine (9) of the isolates belong to the Gluconacetobacter genera while three isolates belong to the genera of Komagataeibacter.         

Table 1: Morphological, Microscopic and Biochemical Characteristics of the Gluconacetobacter species Isolated from Palm Wine Samples Collected from Abakaliki, Ebonyi State.
	
	Morphological

Characteristics
	Micro CTX 
	Biochemical Characteristics
	Carbohydrate utilization
	

	Species
	Colour
	Shape
	GGM
	GMA
	BPP
	M
	gs
	OT
	CT
	IT
	UT
	CUT
	OA
	OL
	GHT
	Gl
	S
	Rh
	Ma
	F
	X
	MA
	M
	I
	Probable Organisms

	GS1
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	-
	+
	-
	Gluconacetobacter

	GS2
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	-
	+
	+
	-
	+
	+
	+
	+
	+
	+
	+
	+
	-
	Gluconacetobacter

	GS3
	C-B
	Rods
	-
	+
	+
	+
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	+
	-
	Gluconacetobacter

	GS4
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	-
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	+
	-
	Gluconacetobacter

	GS5
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	+
	-
	Gluconacetobacter

	GS6
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	-
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	+
	-
	Gluconacetobacter

	GS7
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	+
	-
	Gluconacetobacter

	GS8
	C-B
	Rods
	-
	+
	+
	+
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	-
	+
	-
	Gluconacetobacter

	GS9
	C-B
	Rods
	-
	+
	+
	-
	-
	-
	+
	-
	-
	-
	+
	+
	-
	+
	+
	+
	-
	+
	+
	+
	+
	-
	Gluconacetobacter


KEY:CTX = Characteristics,  Micro = Microscopic, C-B = Cream to beige, M-W = Milky White, GGM = Growth on glutamate agar, GMA = Growth on Mannitol agar, BPP = Brown Pigment Production, M = motility, GS = Gram stain, OT = Oxidase test,  CT = Catalase test, IT = Indole test, UT = Urease test, CUT = Citrate utilization test, OA = Oxidation of acetate, OL = Oxidation of lactate, GHT = Gelatine hydrolysis test, Gl = Glucose,  S = Sucrose, Rh = Rhamnose, Ma = Maltose, F = Fructose, X = Xylose, MA = mannose, M = Mannitol I = Inositol, GS = Gluconacetobacter specie, Positive (+), Negative (-).

Table 2: Morphological, Microscopic and Biochemical Characteristics of the Komagataeibacter species Isolated from Palm Wine Samples Collected from Abakaliki, Ebonyi State.
	
	Morphological

Characteristics
	Micro CTX 
	Biochemical Characteristics
	Carbohydrate utilization
	

	Species
	Colour
	Shape
	GGM
	GMA
	BPP
	M
	gs
	OT
	CT
	IT
	UT
	CUT
	OA
	OL
	GHT
	Gl
	S
	Rh
	Ma
	F
	X
	MA
	M
	I
	Probable Organisms

	KS1
	M-W
	Rods
	-
	+
	-
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	-
	+
	-
	Komagataeibacter

	KS2
	M-W
	Rods
	-
	+
	-
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	-
	-
	+
	+
	+
	-
	Komagataeibacter

	KS3
	M-W
	Rods
	-
	+
	-
	-
	-
	-
	+
	-
	-
	+
	+
	+
	-
	+
	+
	+
	+
	-
	-
	+
	+
	-
	Komagataeibacter


KEY:CTX = Characteristics,  Micro = Microscopic, C-B = Cream to beige, M-W = Milky White, GGM = Growth on glutamate agar, GMA = Growth on Mannitol agar, BPP = Brown Pigment Production, M = motility, GS = Gram stain, OT = Oxidase test,  CT = Catalase test, IT = Indole test, UT = Urease test, CUT = Citrate utilization test, OA = Oxidation of acetate, OL = Oxidation of lactate, GHT = Gelatine hydrolysis test, Gl = Glucose,  S = Sucrose, Rh = Rhamnose, Ma = Maltose, F = Fructose, X = Xylose, MA = mannose, M = Mannitol I = Inositol, KS = Komagataeibacter specie, Positive (+), Negative (-).

Bacteria cellulose was produced from the standard Hestrin-Schramm broth using the isolated Gluconacetobacter and Komagataeibacter species.

The result of bacteria cellulose production from the standard Hestrin-Schramm broth using Gluconacetobacter and Komagataeibacter species are presented in Tables 3 and 4. The results showed that Gluconacetobacter species GS1 produced an average of 0.51±001 grams of bacteria cellulose per 250ml HS medium with a percentage yield of 10.2, while Gluconacetobacter species GS2 produced an average of 0.42 ± 0.01grams of bacteria cellulose with a percentage yield of 8.4. It was observed that Komagataeibacter species KS1 produced 0.24±0.01 grams of bacteria cellulose per 250 ml HS medium with a percentage yield of 4.8. Komagataeibacter species KS2 produced 0.29±0.01 grams of bacteria cellulose with a percentage yield of 5.8. It was revealed that Gluconacetobacter species GS3 produced an average of 0.25±0.01 grams of bacteria cellulose per 250 ml HS medium with a percentage yield of 5.0.  Komagataeibacter species KS3 produced an average of 0.33± 0.01 grams of bacteria Cellulose after three trials with a percentage yield of 6.6. 
Table 3: Mass of Bacterial Cellulose Pellicles produced from the standard HS medium by Gluconacetobacter species(Weight in grams)

	Species
	Preliminary assessment for BCP
	Quantity of  BC obtained from 250 ml HS broth 
	Mean ± SD of BC obtained
	(%)Yield of BC 

	
	
	1st trial
	2nd  trial
	3rd  trial
	
	

	GS1
	+
	0.51
	0.52
	0.50
	0.51±0.01
	10.2

	GS2
	+
	0.43
	0.41
	0.41
	0.42±0.01
	8.4

	GS3
	+
	0.25
	0.26
	0.24
	0.25±0.01
	5.0

	GS4
	+
	0.37
	0.35
	0.37
	0.36±0.01
	7.2

	GS5
	+
	0.31
	0.30
	0.32
	0.31±0.01
	6.2

	GS6
	+
	0.45
	0.42
	0.44
	0.44±0.02
	8.8

	GS7
	+
	0.34
	0.35
	0.36
	0.35±0.01
	7.0

	GS8
	+
	0.38
	0.39
	0.37
	0.38±0.01
	7.6

	GS9
	+
	0.20
	0.21
	0.22
	0.21±0.01
	4.2


Key: GS = Gluconacetobacter specie, BC = Bacterial cellulose, + = Positive.

Table 4: Mass of Bacterial Cellulose Pellicles Produced from the standard HS medium by Species of Komagataeibacter species(Weight in grams)

	Species
	Preliminary assessment for BCP
	Quantity of  BC obtained from 250 ml HS broth 
	Mean ± SD of BC obtained
	(%)Yield of BC 

	
	
	1st trial
	2nd  trial
	3rd  trial
	
	

	KS1
	+
	0.24
	0.23
	0.24
	0.24±0.01
	4.8

	KS2
	+
	0.29
	0.29
	0.28
	0.29±0.01
	5.8

	KS3
	+
	0.32
	0.34
	0.33
	0.33±0.01
	6.6


Key: Komagataeibacter specie, ± = Positive. Key: GS = Gluconacetobacter specie, BC = Bacterial cellulose, + = Positive.

Bacterial Cellulose Produced from the Modified Hestrin-Schramm Medium with Rice Husk as the Carbon Source using the Isolated Gluconacetobacter and Komagataeibacter Species

The result of the production of bacteria cellulose from modified Hestrin-Schramm broth with rice husk as the carbon source by acetic acid bacteria species is presented in Tables 5 and 6. The result showed that Gluconacetobacter species
 GS1 produced 0.20±0.01 grams of bacteria cellulose per 250ml MHS medium with a percentage yield of 4.0. Gluconacetobacter species GS2 produced 0.16±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 3.2. The results in Table 6 shows that Komagataeibacter species KS1 produced 0.19±0.01 grams of bacteria cellulose with a percentage yield of 3.8. Komagataeibacter species KS2 produced 0.16±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 3.2. Gluconacetobacter species GS3 produced 0.11±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 2.2. Komagataeibacter species KS3 produced 0.13±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 2.6. Gluconacetobacter species GS4 produced 0.24±0.01 grams of bacteria cellulose with a percentage yield of 4.8.  Gluconacetobacter species GS5 produced 0.27±0.01 grams of bacteria cellulose per 250 ml of MHS medium with a percentage yield of 5.4. Gluconacetobacter species GS6 produced 0.19±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 5.8.
Table 5: Mass of bacterial cellulose pellicles produced by Gluconacetobacter species from the modified HS medium with rice husk as alternative carbon source (weight in grams)

	Species
	BC produced on MHS broth
	Quantity of BC obtained from 250 ml MHS broth
	Mean ± SD of BC obtained
	(%)Yield of BC 

	
	
	1st trial
	2nd  trial
	3rd  trial
	
	

	GS1
	+
	0.20
	0.20
	0.21
	0.20±0.01
	4.0

	GS2
	+
	0.16
	0.17
	0.15
	0.16±0.01
	3.2

	GS3
	+
	0.10
	0.11
	0.12
	0.11±0.01
	2.2

	GS4
	+
	0.24
	0.25
	0.24
	0.24±0.01
	4.8

	GS5
	+
	0.27
	0.27
	0.26
	0.27±0.01
	5.4

	GS6
	+
	0.19
	0.18
	0.20
	0.19±0.01
	3.8


Key: GS = Gluconacetobacter specie, BC = Bacteria cellulose, + = Positive.

Table 6: Mass of bacterial cellulose pellicles produced by Komagataeibacter species from the modified HS medium with rice husk as alternative carbon source (weight in grams)

	Species
	BC produced on MHS broth
	Quantity of BC obtained from 250 ml MHS broth
	Mean ± SD of BC obtained
	(%)Yield of BC 

	
	
	1st trial
	2nd  trial
	3rd  trial
	
	

	KS1
	+
	0.19
	0.18
	0.19
	0.19±0.01
	3.8

	KS2
	+
	0.16
	0.16
	0.15
	0.16±0.01
	3.2

	KS3
	+
	0.13
	0.13
	0.14
	0.13±0.01
	2.6


Key: KS = Komagataeibacter specie, BC = Bacteria cellulose, + = Positive.

Discussion 
The cellulose-producing acetic acid bacteria obtained from the palm wine were Gluconacetobacter and the Komagataeibacter genera (Tables 1and 2). This is in line with the findings of Amoa-Awa (2007) which reported that the overnight palm wine (from Elais guineensis) was the repository of some acetic acid bacteria with cellulose producing capabilities. All the colonies of isolated pure cultures were cream to beige in colour for the Gluconacetobacter species (Table 1) while that of Komagataeibacter species were milk to white in colour as shown in Table 2. The isolated bacteria were found to be gram-negative rods. A number of previous results showed the similar morphology of cellulose-producing bacteria, Andelib and Nuran (2009) reported that the colonies of Gluconacetobacter were cream to beige in colour while that of Komagataeibacter species appeared milky to white in colour. Also, Jia et al. (2018) observed that the colonies of Komagataeibacter species were milk to white in colour with the mucous structure on agar plates. The screening of the isolated Gluconacetobacter and Komagataeibacter species for bacterial cellulose production using the standard Hestrin Schramm medium as contained in Table 3 and 4 showed that maximum yield of bacteria cellulose ( 0.51 g/250 ml) was obtained from Gluconacetobacter specie GS1 while Komagataeibacter specie KS3 produced an average of 0.33 g/250 ml of BC. 
Komagataeibacter species KS2 produced 0.29±0.01 grams of bacteria cellulose with a percentage yield of 5.8. It was revealed that Gluconacetobacter species GS3 produced an average of 0.25±0.01 grams of bacteria cellulose per 250 ml HS medium with a percentage yield of 5.0.  Komagataeibacter species KS3 produced an average of 0.33± 0.01 grams of bacteria Cellulose after three trials with a percentage yield of 6.6. Gluconacetobacter species GS4 produced 0.36±0.01 with a percentage yield of 7.2. Gluconacetobacter GS5 produced an average of 0.31± 0.01 with a percentage yield of 6.2. Gluconacetobacter species GS6 produced 0.44 ± 0.02 grams of bacteria cellulose with a percentage yield of 8.8. Gluconacetobacter species GS7 produced 0.35± 0.01 with a percentage yield of 7.0 per 250 ml HS broth. Gluconacetobacter species GS8 produced 0.38± 0.01 grams of bacterial cellulose per 250 ml HS medium with a percentage yield of 7.6. The result revealed that Gluconacetobacter species GS9 produced 0.21±0.01 per 250 ml HS medium with a percentage yield of 4.2.
There was no significant difference (P > 0.05) in the quantity of cellulose produced by the isolated Gluconacetobacter and Komagataeibacter species. Keshak and Shamshina (2005) reported maximum cellulose production of 0.2g/250 ml from standard HS medium by Gluconacetobacter xylinus ATCC 10245 when cultivated on HS medium under static condition for 7 days.
In the present study, bacterial cellulose was produced from the modified HS medium with rice husk as a carbon source. The results in Table 6 shows that Komagataeibacter species KS1 produced 0.19±0.01 grams of bacteria cellulose with a percentage yield of 3.8. Komagataeibacter species KS2 produced 0.16±0.01 grams of bacteria cellulose per 250ml MHS medium with a percentage yield of 3.2. Gluconacetobacter species GS3 produced 0.11±0.01 grams of bacterial cellulose per 250ml MHS medium with a percentage yield of 2.2. Komagataeibacter species KS3 produced 0.13±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 2.6. Gluconacetobacter species GS4 produced 0.24±0.01 grams of bacterial cellulose with a percentage yield of 4.8.  Gluconacetobacter species GS5 produced 0.27±0.01 grams of bacterial cellulose per 250 ml of MHS medium with a percentage yield of 5.4. Gluconacetobacter species GS6 produced 0.19±0.01 grams of bacteria cellulose per 250 ml MHS medium with a percentage yield of 5.8. The highest quantity of bacterial cellulose (0.27g /250 ml) recorded from the rice husk modified HS medium (Tables 5 and 6) was produced by Gluconacetobacter species GS8. There was no significant difference (P > 0.05) in the quantity of bacteria cellulose produced by the Gluconacetobacter and Komagataeibacter species from rice husk modified HS medium. These results are lower compared to reports by other researchers on cellulose production from other agricultural wastes as stated here. A yield of 3.15g/ 250ml of BC was obtained using 11.45g/25ml of diluted (1:4 v/v) molasses after heat pre-treatment with H2SO4 (Tyagi and Suresh, 2016). It was also reported that bagasse yielded 0.53g /250 ml of cellulose when used as low-cost carbon source in the modified HS medium (Cheng et al., 2017).
It could be seen that the quantity of bacterial cellulose produced from the standard HS medium is not much higher than that produced from the modified HS medium. Studies have also shown that great accumulation of bacteria cellulose (1.5g/250 ml) occurred when thin wheat stillage was used as a carbon source under dynamic conditions which is almost three times higher than on standard HS medium (0.54g / 250 ml) ( Victor et al., 2018).              

CONCLUSION
This research was carried out to produce bacterial cellulose from rice husk (as low-cost carbon source) using isolates of acetic acid bacteria from palm wine, because of the high cost of carbon source in the production of BC which limits its production and use.
The isolated Gluconacetobacter and Komagataeibacter species were able to produce bacteria cellulose when cultivated in the standard HS medium. The rice husk was seen to serve as suitable substrates for the production of bacterial cellulose. This will be useful in the development of sustainable and economic industrial strategies and serve as model for waste utilization.
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�I think specie is not applicable for living thing so it is better to write species 






