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Abstract: Several environmental researchers have widely documented microorganisms' role in restoring the environment's natural 

state. This study investigated the isolation and screening for the degradative potentials of beneficial microbes on different solid 

waste substrates generated at Ihiala, Anambra State, Nigeria. Soil and root soybean samples were collected at a garden located at 

Chukwuemeka Odumegwu Ojukwu University, Uli Campus. Ripe queen pineapple (Ananas comosus) specimens were bought 

from Nkwo Ogbe Market, Ihiala, Anambra State. The samples were screened for beneficial microorganisms using a composed 

medium for bacteria and yeast extract agar for yeasts. The ability of the microbial isolates to degrade complex environmental 

wastes was investigated using starch, fat, protein, lignin, and cellulose-containing media, which also enabled clear zones and 

enzymatic indexes to be measured using Congo red stain. The results revealed that 13 microorganisms were isolated from the 

cultured substrates, and 3 out of the 13 isolates exhibited high degradative potential, as seen in the value of the enzymatic index. 

The ability of the microbial isolates to degrade starch, lipid, protein, lignin, and cellulose in the composed media showed that the 

isolates synthesized amylase, lipase, proteinase, ligninase, and cellulase, respectively. This study has revealed that degradative 

microorganisms are found in the environment, and the ability of the isolated microorganisms to break down complex organic 

compounds into simpler ones shows that they could break down the components of solid wastes, mainly carbohydrates, protein, 

cellulose, lignin, and lipids. 
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1.0   Introduction 

Solid wastes are debris generated within the environment due to 

human activities (AbMuttalib et al., 2016). These wastes could 

emanate from household items such as remains of food, pieces of 

paper, remains of plants and animals, etc. The generation of solid 

wastes in the environment cannot be prevented, though research 

has shown that it can be minimized (Abu-Zahra et al., 2014). The 

presence of solid wastes in the environment is a source of 

environmental deterioration, especially when indiscriminate 

dumping is practiced. Air pollution emerges when the solid wastes 

dumped openly decay, posing a threat to the health of mankind (Ali 

et al., 2013; Ajmal et al., 2020a). 

In the quest to curtail the havoc created by indiscriminate solid 

waste disposal, humans have devised means of treating wastes such 

as burning, which is not eco-friendly, and continuous burning of 

solid wastes is capable of causing devastating effects on the 

ecosystem, as documented by Anukam et al. (2020a). Globally, 

solid waste management has been prioritized by both individuals 

and governmental organizations due to the adverse effect of its 

negligence. One of the targets of environmental researchers is to 

develop a method of solid waste management that is eco-friendly 

and affordable (Abu-Zahra et al., 2014; AbMuttalib et al., 2016).  

Industrial growth, urbanization, and man-made problems stemming 

from population growth are major drivers of environmental 

pollution, a critical hazard in both developing and developed 

nations (Ikele et al., 2022; Umeoduagu et al., 2022). Research has 

revealed that microorganisms degrade solid wastes naturally in the 

environment (Awasthi et al., 2015; Ajmal et al., 2020a). These 

microorganisms are mostly found in the habitats where solid 

wastes are dumped. Research has also shown that microbes can 

synthesize degradative enzymes such as amylase, cellulases, etc., 

which enable them to break down organic matter in the waste to 

generate carbon and energy necessary for metabolism. Some of 

these microorganisms have been identified as Gram-negative 

bacteria such as Pseudomonas species, Klebsiella species, 

Escherichia coli, and Gram-positive bacteria such as Bacillus 

species, Micrococcus species, etc. (Ajmal et al., 2020a). The recent 

surge of interest in organismal peroxidases stems from their 

compelling catalytic advantages, such as their high 

biocompatibility, biodegradability, biodigestibility, simple 

preparation, and stability under a wide array of physicochemical 
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conditions (Oparaji et al., 2024). Inappropriate dumping of solid 

waste has significantly contributed to water scarcity worldwide 

(Oriyomi et al., 2022; Oriyomi et al., 2023). 

Environmental cleanup through bioremediation relies on the action 

of naturally occurring microorganisms for decontamination. 

Biodegradation, as defined by (Orji et al., 2014; Ifediegwu et al., 

2015; Agu et al., 2017; Ojiagu et al., 2018), is the biological 

process by which living microorganisms convert organic waste into 

nutrients. Several researchers have worked on microorganisms that 

are capable of degrading solid wastes, such as Ali et al. (2013), 

Abu-Zahra et al. (2014), AbMuttalib et al. (2016), and Ajmal et al. 

(2020a), but few studies are available on the isolation and 

screening for microbes that have degradative potential on different 

solid wastes generated at Ihiala, Anambra State, Nigeria. Hence, 

this study aims to isolate and screen for microbes that have 

degradative potential on different solid wastes generated at Ihiala, 

Anambra State, Nigeria. The outcome of this study would 

contribute immensely to the appropriate waste management 

strategy globally. 

2.0 Materials and Methods 

Sample Collection 

Rhizosphere soil samples and roots of soybeans were aseptically 

collected with a sterile hand trowel and knife from the school 

garden (coordinates describe using hand-held GPS) within 

premises of Chukwuemeka Odumegwu Ojukwu, Uli Campus, 

Ihiala Local Government Area, Anambra State. Ripe queen 

pineapple (Ananas comosus) specimens were bought from Nkwo 

Ogbe Market, Ihiala, Anambra State. All the samples were placed 

into sterile polyethylene bags and transported on ice to the 

Microbiology Laboratory of Chukwuemeka Odumegwu Ojukwu 

University Uli Campus, Nigeria, for further analysis. 

 Isolation of Rhizosphere Bacterial (RB) Species 

According to the method of Ogbo and Okonkwo (2012), the 

washed roots of soybean plants were cut into 3 cm sections and 

cleaned by soaking in 70% ethanol for 5 min and in 6.25 % sodium 

hypochlorite for 10 min, taken after a few flushes in sterile refined 

water. Intact root pieces (0.5 to 1.0 cm) were at that point put into 

tubes of semisolid (0.05%) nitrogen-free biotin medium (NFb) and 

incubated without shaking for 5 days at 30 ̊C. This medium was 

composed (g/L) of: 

DL-malic corrosive 5; KOH 4; K2HPO4 0.5; MgSO4·7H2O 0.2; 

CaCl2 0.02; NaCl 0.1; FeSO4·7H2O 0.5; Agar 5 g and (mg/L) of: 

NaMoO4·2H2O 2; MnSO4·H2O 10. The medium, moreover, 

contained 2 mL of a 0.5% arrangement of bromothymol blue in 

95% ethanol and had a pH of 6.8. After incubation, the white 

pellicles from tubes that showed this characteristic feature were 

sub-cultured onto a strong semi-Congo red-NFb medium. The 

appearance of a red to scarlet colony suggestive of the rhizosphere 

bacterium was selected and filtered by repeated streaking on the 

same medium. 

 Isolation of Phosphate Solubilizing Bacteria (PSB) 

Phosphate-solubilizing microbes were isolated by suspending 10 g 

of the rhizosphere soil in 100 mL of refined water in a conical 

flask. High-impact spore formers were pasteurized in a diluted soil 

test at 80 °C for 10–15 min, and serial dilutions were made from 

soil suspension. At that point, 100 μL of soil suspension at diverse 

dilutions was spread onto the surface of synthetic Pikovaskaya 

(PVK) agar medium (10.0 g glucose, 5.0 g Ca3(PO4)2, 0.5 g NH4) 

2SO4, 0.1 g MgSO4.7H2O, 0.02 g NaCl, 0.02 g KCl, 0.003 g 

FeSO4.7H2O, 0.003 g MnSO4·H2O, 0.5 g yeast extract, 15.0 g 

agar, and 1000 mL refined water), which was sterilized at 121 °C 

and 105 kPa for 15 min and incubated at 28 °C. After initial 

incubation at 48 h, single colonies that delivered halo zones were 

more than once streaked on PVK agar plates until purified cultures 

were obtained. Purified cultures were preserved in nutrient agar 

slant in a Bijou bottle and stored at 4 °C refrigeration temperature 

(Jahangir et al., 2019). 

Isolation of Yeast 

The fruits were washed with sterile water containing disinfectant, 

drained, peeled, and cut into little pieces. The juices were 

aseptically extracted using a hand juice extractor, sifted with a 

muslin cloth, and the filtrates were collected in a sterile plastic 

holder as depicted by Umeh et al. (2019). For the confinement of 

the yeasts, 100 mL of Yeast Extract Dextrose Peptone Broth (40 g 

of peptone water, 10 g of yeast extract, and 20 g of dextrose sugar 

(sucrose) in 1 L of refined water) was included in 250 mL conical 

flask containing 100 g of the 48-h aging pulverized pineapple 

separately and were hatched for 2–5 days at 30 °C to enhance 

microbial growth. An aliquot of 0.1 mL of the YEDP broth 

containing the pineapple juice was inoculated onto Potato Dextrose 

Agar (PDA) medium (fifty (50) mg/L of tetracycline and 0.05 

mg/L of gentamycin were included in the PDA medium to hinder 

bacterial growth) in duplicates using a glass spreader. The plates 

were incubated at 30 °C for 72 h. The colonies on the plates were 

further subcultured and incubated for another 48 h at 30 °C to get 

pure cultures. The selected yeast isolates were obtained, and the 

pure cultures of the isolates were put away in 10% glycerol at 4 °C 

in Bijou bottles (Alabere et al. 2020). 

 Purification and Maintenance of Bacteria and Yeast 

Each isolated bacteria (48 h old surface film) single colony was 

streaked on their selective media; the growth was observed 

depending on the bacteria type after 24–48 h and yeast isolates 

after 3–7 days at 28 °C of incubation. The well-separated and 

uncontaminated colonies on the plates were streaked on agar 

medium, and plating and picking were repeated at least 4-5 times 

(Talabani et al. 2019). The cultures were maintained for a short 

time at a slant medium and for a long time without losing their 

activity in 20% glycerol and stored at -70 °C.  

Screening for Strains with High Degradative Activity 

According to the methods of Zhao et al. (2017) and Limaye et al. 

(2017), the prevailing strains were inoculated (100 µL) into starch, 

fat, protein, lignin, and cellulose-containing media. The starch 

medium (1000 mL) comprised dissolvable starch 2 %, NaCl 0.5 %, 

peptone 0.5 %, and agar 2 %; the fat medium (1000 mL) comprised 

peptone 1 %, NaCl 1 %, CaCl2·7H2O 0.01 %, Tween-80 1 %, and 

agar 2 %, pH 7.4–7.8; the protein medium (1000 mL) comprised 

non-fat dried milk 5 % and agar 1.8 %; lignin medium (1000 mL) 

comprised (NH4)2SO4 0.2 %, K2HPO4 0.1 %, KH2PO4 0.05 %, 

MgSO4 0.02 %, yeast extract 0.1 %, maltose 0.02 %, asparagine 

0.02 %, agar 2.3 % and 0.01 % guaiacol dissolved in ethanol. 

Sterile trace solution (CuSO4∙7H2O − 0.01 %, ZnSO4∙7H2O 0.03 

%, MnCl2∙5H2O 0.02 %, MgSO4∙7H2O 0.25 %, CaCl2∙2H2O 
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0.15 %, FeSO4∙7H2O 0.03 %, and COCl2∙6H2O 0.01%) 0.1 % v/v 

was added to the lignin medium after autoclaving, and the cellulose 

medium (1000 mL) comprised K2HPO4 0.1 %, carboxyl methyl 

cellulose 0.5 %, MgSO4 0.05 %, glucose 0.1 %, yeast extract 0.05 

%, NaNO3 0.1 %, KCl 0.1 %, and agar-agar 2.2 %. All the plates 

were incubated for 5 days at room temperature. The presence of 

“clear zones” encompassing the colonies was taken to demonstrate 

degradative activity. Additionally, iodine was added to the starch 

medium and an unbiased red color to the fat medium to increase 

the color differentiation. The lignin medium was secured with a 

0.5% methyl orange color arrangement, whereas the cellulose agar 

surface was secured with a 0.1% Congo red solution for 15 

minutes. Excess Congo red was poured off, and the plate was 

overlaid with 1 M NaCl for 1 h. The destructive movement was 

measured in triplicate, and the mean along these lines was 

calculated. Strains with the most prominent degradative action 

were chosen to comprise the consortium (successful organisms).  

Biostatistical Analysis 

Data were analyzed utilizing GraphPad Prism Version 8.0.2. 

Descriptive statistics were performed to summarize the data in 

mean and standard deviation. The two followed a combined T-test 

and two-factor analysis of change (ANOVA) taken after Dunnett's 

different comparison test was embraced in comparing the decay 

and expulsion efficiencies of the consortium, successful 

microorganisms, and magnesium oxide nanocomposite concerning 

their controls at a 95% confidence interval, and P values below 

0.05 were considered noteworthy. A direct relapse investigation 

was embraced to decide the relationship coefficient R2 of natural 

matter decay models and whether the test information fitted the 

response to begin with, demonstrated, or not.  

3.0 Results 

The results of colony diameter, clearance zone, and enzymatic 

action records of the screened separates are presented in Tables 1–

5. Among the thirteen (13) isolates that Were screened to be 

specific RB1, RB2, RB3, PSB1a, PSB1b, PSB1c, PSB1d, PSB2a, 

PSB2b, PSB2c, Y1, Y2, Y3; Y3 had the most elevated enzymatic 

activity index of 3.79 units taken after by strains RB1 and PSB1b 

with the enzymatic activity indices of 2.75 and 2.74 units, 

individually and in this way chosen for characterization and 

composting inoculum. The findings revealed that three strains, 

specifically RB1, PSB2c, and Y3, out of the thirteen useful 

microbial strains, demonstrated dormant amylase, protease, 

cellulase, ligninase, and lipase enzymatic catalytic activities on 

different substrates. 

 

Table 1: Amylase activity of the microbial isolates 

Isolated code Colony diameter 

(mm)                                          

Clearance diameter 

(mm) 

Amylase activity 

index 

RB1 13.00 ±0.47 0 1.00 

RB2 0 0 0 

RB3 10. 00 ±0.82 0 1.00 

PSB1a 0 0 0 

PSB1b 0 0 0 

PSB1c 11.00 ±1.41 0 1 

PSB1d 0 0 0 

PSB2a 21.30 ±2.90 28.30 ±2.50 2.33 

PSB2b 0 0 0 

PSB2c 0 0 0 

Y1 0 0 0 

Y2 15.70 ±0.47 0 1 

Y3 11.00 ±2.16 13.00 ±2.16 2.18 

Key: ± = Standard deviation 
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Table 2: Protease activity of the microbial isolates 

Isolated code Colony diameter 

(mm)                                          

Clearance diameter 

(mm) 

Protease activity 

index 

RB1 

 

0 0 0 

RB2 0 0 0 

RB3 0 0 0 

PSB1a 44.33 ± 3.65 49.00 ± 3.00  2.11 

PSB1b 0 0 0 

PSB1c 0 0 0 

PSB1d 0 0 0 

PSB2a 25.67 ± 1.53 32.67 ± 2.52 2.27 

PSB2b 26.67 ± 6.66 30.00 ± 6.00 2.12 

PSB2c 16.67 ± 5.86 26.33 ± 5.69  2.58 

Y1 0 0 0 

Y2 0 0 0 

Y3 0 0 0 

Key: ± = Standard deviation 

Table 3: Cellulase activity of the microbial isolates 

Isolated code Colony diameter 

(mm)                                          

Clearance diameter 

(mm) 

Cellulase activity 

index 

RB1 5.33 ± 1.15 9.33 ± 0.58 2.75 

RB2 0 0 0 

RB3 10.00 ± 5.29  15.67 ± 3.06  2.57 

PSB1a 0 0 0 

PSB1b 9.00 ± 1.00 15.70 ± 3.05  2.74 

PSB1c 23.60 ± 0.56  26.60 ± 1.15 2.13 

PSB1d 7.30 ± 0.58  9.33 ± 0.58  2.28 

PSB2a 7.33 ± 0.58 11.33 ± 0.58 2.55 

PSB2b 0 0 0 

PSB2c 0 0 0 

Y1 0 0 0 

Y2 0 0 0 

Y3 0 0 0 

Key: ± = Standard deviation 
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Table 4: Ligninase activity of the microbial isolates 

Isolated code Colony diameter 

(mm)                                          

Clearance diameter 

(mm) 

Ligninase activity 

index 

RB1 0 0 0 

RB2 0 0 0 

RB3 0 0 0 

PSB1a 0 0 0 

PSB1b 9.67 ± 0.58  16.33 ± 0.58  2.69 

PSB1c 0 0 0 

PSB1d 13.67 ± 3.21  21.33 ± 1.15  2.56 

PSB2a 18.67 ± 0.58  21.33 ± 0.58  2.14 

PSB2b 0 0 0 

PSB2c 0 0 0 

Y1 0 0 0 

Y2 0 0 0 

Y3 9.67 ± 2.08  27.00 ± 3.79 3.79 

Key: ± = Standard deviation 

Table 5: Lipase activity of the microbial isolates 

Isolated code Colony diameter 

(mm)                                          

Clearance diameter 

(mm) 

Lipase activity 

index 

RB1 20.67 ± 2.89   0  1 

RB2 24.67 ± 7.57  0  1 

RB3 16.67 ± 2.89  0  1 

PSB1a 23.00 ± 2.64  0  1 

PSB1b 17.33 ± 6.65  20.33 ± 5.77  2.17 

PSB1c 9.00 ± 1.00  0  1 

PSB1d 15.67 ± 1.15  0  1 

PSB2a 21.67±6.02  0  1 

PSB2b 0 0 0 

PSB2c 19.67±0.58  0 0 

Y1 0 0 0 

Y2 14.33 ± 4.93  15.00 ± 1.00   2.05 

Y3 18.67 ± 3.67  30.67 ± 5.13  2.64 

Key: ± = Standard deviation 
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4.0 Discussion 

The role of microorganisms in reestablishing the common state of 

the environment has been broadly reported by a few environmental 

microbiologists (Ali et al., 2013; Abu-Zahra et al., 2014; Awasthi 

et al., 2015; AbMuttalib et al., 2016). The results obtained in this 

consideration uncovered those three strains, specifically RB1, 

PSB2c, and Y3, out of the thirteen advantageous microbial strains 

illustrated torpid amylase, protease, cellulose, ligninase, and lipase 

enzymatic catalytic activities on distinctive substrates and were at 

long last chosen as viable microorganisms or microbial 

consortiums for this consideration. Viable organisms (EM) are a 

blend of groups of life forms that have a resuscitating activity on 

human beings, creatures, and the characteristic environment and 

have been depicted as a multi-culture of coexisting anaerobic and 

oxygen-consuming advantageous microorganisms (Pushpa et al., 

2016).  

The diverse metabolic capacities of these three microbial strains on 

carbohydrate, protein, cellulose, lignin, and lipid substrates 

uncovered that these strains seem to act as great decomposers, 

viable organisms, and microbially added substances in any 

composting innovation. By and large, carbohydrates and celluloses 

are required for cell development, digestion systems, and carbon 

cycle advancement, and a few things have appeared that proficient 

protein corruption contributed to nitrogen circulation in compost 

frameworks and advanced compost aging (Zhao et al., 2017). 

In a related study, Limaye et al. (2017) detailed that they chose 8 

strains of actinomycetes out of 45 strains since the thermotolerant 

and alkali-tolerant strains produced chemicals (xylanase, cellulase, 

and laccase). 

Conclusion 

This study showed that degradative microorganisms are found 

within the environment, degrading carbohydrates, proteins, 

cellulose, lignin, and lipids. The capacity of the confined 

microorganisms to break down complex natural compounds to less 

complex ones was credited to the protein blend, and it appeared 

that they seemed to break down the components of strong wastes, 

which are carbohydrates, protein, cellulose, lignin, and lipids. In 

addition, advance consideration is required to characterize the 

useful organisms.  
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