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Effective faecal sludge treatment is essential for pathogen reduction 

and compliance to World Health Organization standards for disposal or 

reuse. In developing countries, these treatments are frequently absent, 

ineffective, or immensely expensive. This study used an experimental re-

search design to investigate the efficacy of lactic acid derived from se-

lected vegetable wastes for the treatment of FS collected from an on-site 

sanitation system. Equal quantities of fresh cabbage, tomato, and carrot 

wastes were collected, pre-treated, and subjected to lacto-fermentation 

at 37 


C for six days. Daily monitoring of pH and lactic acid concentrations was performed using an electrode 

pH meter and a UV-Vis spectrophotometer, respectively.gas chromatography-mass spectrometry (GC-MS) 

was used to identify lactic acid in the fermented vegetable wastes through a derivatization reaction. FS 

treatment was performed in four reactors with varying lactic acid ratios (1:1, 1:0.5, 1:0.35), and a control, 

with Escherichia coli (E. coli) as the pathogen indicator for faecal contamination. E. coli, total solids, volatile 

solids, and odor levels were monitored over a 16-day treatment period in the four reactors. The fermenta-

tion process was deemed successful as indicated by the decrease in pH levels. Successful GC-MS detection 

of butyl lactate, the derivatized form of lactic acid was observed in the fermented vegetable wastes. Lactic 

acid concentrations post fermentation were 1.39 ± 0.09 mg/mL, 1.17 ± 0.13 mg/mL, and 1.61 ± 0.34 mg/

mL for cabbage, tomato, and carrot wastes respectively. Statistical analysis revealed no significant differ-

ences (p > 0.05) in lactic acid concentrations among the vegetable wastes on day six of fermentation. Con-

sequently, cabbage waste-derived lactic acid was selected for subsequent experiments in addition to the 

local abundance of cabbage waste. Total solids and volatile solids decreased across all the reactors over 

time. From day four, E. coli was undetectable in reactor 1:1; which also showed the highest reduction in odor 

levels. Therefore, reactor 1:1 treatment produced the optimal E. coli elimination and odor reduction condi-

tions. This study demonstrates the potential of cabbage waste derived lactic acid for effective FS treatment.
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Introduction

Faecal sludge (FS) is the waste that arises from on-

site sanitation systems and is not conveyed through 

a sewer. It exists as a partly digested or raw slurry or 

in a semi-solid form. It is generated through storing, 

collecting, or treating wastewater, including excreta 

and black water, either with or without grey water 

(Shukla et al., 2023). Globally, safe management of 

FS is crucial due to the significant health risks asso-

ciated with exposure to unsanitised FS (Chen et al., 

2023). The Sustainable Development Goal (SDG) 6 

addressing sanitation requires that everyone should 

have a safely-managed sanitation facility in which 

excreta can be securely disposed of on-site or pro-

cessed off-site and that open defecation be eliminat-

ed by 2030 (Hyun et al., 2019; Thevenon, 2020). 

Global coverage of safely managed sanitation 

services stood at 58%, encompassing approximately 

4.6 billion people in 2024. This marks a significant 

increase from 2015, when coverage was 48%, indi-

cating a 10% rise over the nine years (United Na-

tions Children’s Fund & World Health Organization, 

2024a). Despite this progress, 43% of the global 

population—about 3.5 billion people still lack access 

to safely managed sanitation services (United Na-

tions Children’s Fund & World Health Organization, 

2024b). This includes 419 million individuals who 

practiced open defecation, which involves defecat-

ing in public places such as street troughs, bushes, 

or open water bodies (Ubi et al., 2021). 

Faecal sludge is a significant source of pathogens, 

containing numerous bacteria, protozoa, viruses, 

and helminths (Schlosser-Brandenburg et al., 2023). Wa-

ter-borne diseases are associated with lack of proper 

FS disposal systems (Chan et al., 2021). Safe handling 

and treatment of FS is therefore a key primary barri-

ers in transmission pathways of such pathogens and 

a great public health concern (Tortajada & Biswas, 

2018). 

Current FS treatment methods, such as anaero-

bic digestion, constructed wetlands, composting, 

and pyrolysis, have limitations. Anaerobic digestion 

and constructed wetlands require significant infra-

structure and land, while composting and pyrolysis 

are energy-intensive and relatively expensive (Ab-

del-Rahman et al., 2013; Hube & Wu, 2021; Zuberer & 

Zibilske, 2021). These challenges highlight the need 

for innovative, cost-effective, and scalable solutions.

Lactic acid offers a promising FS treatment alter-

native. Lactic acid is a versatile organic acid that can 

be produced through the fermentation of carbohy-

drate-rich substrates by lactic acid bacteria (LAB) 

(Raman et al., 2022). Recent studies have explored 

the use of organic waste such as food and agri-

cultural waste as substrates for lactic acid produc-

tion, combining waste valorisation with sustainable 

chemical production (Odey et al., 2018a). Vegetable 

waste, abundant and underutilized, is rich in carbo-

hydrates, nutrients,and an ideal substrate for lactic 

acid production (Wan-Mohtar et al., 2023).

This study evaluated the feasibility of producing 

vegetable wate derived lactic acid through fermen-

tation and its application as a treatment method 

for FS. The specific objectives were to identify and 

quantify the vegetable waste derived lactic acid, 

enumerate the levels of E. coli, total solids (TS), and 

volatile solids (VS) of FS treated with varying ratios 

of selected vegetable waste-derived lactic acid, and 

to evaluate the odour levels of FS treated with vary-

ing ratios of selected vegetable waste-derived lactic 

acid to assess its effectiveness in odour mitigation. 

 

Materials and Methods

Study site

Samples were collected at the Mitunguu decen-

tralized treatment facility in Mitunguu town Meru 

County, Kenya. 

Faecal sludge sample collection 

Faecal sludge was sourced from the decentralized 

treatment facility. Sample size and sampling method 

were acquired according to the method described by 

(Velkushanova et al., 2021). Five kilograms of FS were 

obtained via a composite grab sampling technique, 

which involved taking equal sample portions from 

an exhauster track at set intervals during emptying. 

The portions were then mixed to obtain a homoge-

nous mixture and transported in an air-tight, closed 

high density polyethene container to Meru Univer-

sity of Science and Technology (MUST), Sanitation 

Research Institute’s laboratory, where the initial FS 

characteristics, such as pH, total solids, volatile sol-

ids, and E.coli counts were recorded.

Vegetable wastes sample collection

Fresh cabbage, tomato, and carrot vegetable 

wastes serving as substrates for lactic acid produc-
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tion were sourced from Nkubu market, Meru County, 

Kenya,and transported to MUST Biological Sciences 

laboratory using a cooler box, where size reduc-

tion was carried out by use of a kitchen knife and 

a heavy-duty commercial blender (CK-777, China).

Experimental Setup

Anaerobic Fermentation of Vegetable Waste and Lactic 

Acid Recovery 

One thousand grams of each substrate were 

thoroughly washed, blended using a heavy-duty 

commercial blender with 1000 mL of distilled water, 

and then homogenized to obtain a uniform mixture. 

The wastes were then poured into plastic containers 

and sealed to make them airtight and incubated at 

37 


C for six days, as described by (Omar et al., 2009). 

The lactic acid was recovered using the method de-

scribed by (Getaneh et al., 2021). The incubated veg-

etable wastes were frozen overnight, followed by 

thawing in a drying oven at 60 


C for 3 h, followed by 

filtration and centrifugation at 6000 rpm for 10 min 

using a centrifuge (Hermle Labnet Z216 MK, USA).

Qualitative Determination of Vegetable Wastes Derived 

Lactic Acid 

The presence of lactic acid was determined us-

ing a GC-MS (Shimadzu GCMS-QP2010 SE Single 

Quadruple) after derivatization via acid-catalysed 

esterification. Lactic acid was subjected to a derivat-

ization process via acid-catalyzed esterification. The 

analytes were prepared for GC–MS analysis through 

derivatization to enhance volatility and improve de-

tection sensitivity. A volume of 10 µL of the sample 

was accurately measured into a clean glass vial. To 

this, 2 mL of n-butanol and two drops of 1 M hydro-

chloric acid were added. The mixture was gently vor-

texed and subsequently incubated in a water bath at 

45 °C for 15 minutes to allow esterification to pro-

ceed. Following incubation, the mixture was cooled 

to room temperature. Thereafter, 500 µL of HPLC-

grade water was added, followed by 1 mL of hexane. 

The resulting mixture was capped and shaken vig-

orously for 3 minutes, after which it was allowed to 

stand undisturbed until phase separation occurred. 

The upper organic layer was carefully separated, and 

a 100 µL aliquot of this layer was drawn using a mi-

cropipette.The aliquot was filtered through a nylon 

syringe with a 0.45 µm pore size filter. The filtrate 

was transferred into a clean GC–MS auto sampler 

vial for analysis. The GC-MS parameters were as fol-

lows: injection volume:1 µL, injection mode; split, 

with a split ratio of 10:1, injector temperature; 200 

°C, the carrier gas; helium, supplied at a pressure of 

11.3 psi, column flow rate; 1.1 mL/min, total flow; 

15.2 mL/min, linear velocity; 38.2 cm/s, and purge 

flow; 3.0 mL/min. The oven temperature program 

was as follows, initial temperature; 50 °C (hold time 

0.0 min), Ramp 1; 15 °C/min to 200 °C (hold 0.0 

min), Ramp 2 ; 10 °C/min to 285 °C (hold 5.5 min). 

A BPX5, 30 m × 0.25 mm I.D., 0.25 µm film thickness 

column was used. The mass spectrometer was oper-

ated in electron impact ionization (EI) mode at 70 

eV, scanning within the range of 40–550 m/z. Data 

acquisition and chromatogram processing were con-

ducted using the instrument’s dedicated software.

Spectrophotometric Quantification of Vegetable Wastes 

Derived Lactic Acid 

Lactic acid was quantified using a spectropho-

tometric technique (Borshchevskaya et al., 2016). A 

calibration curve was first prepared using a series of 

2-fold dilutions of a lactic acid standard solution (1.2 

g in 10 mL distilled water).The absorbance of the 

lactic acid-iron (III) chloride complex was measured 

at 390 nm using a spectrophotometer (Apel PD-UV-

3000UV, Japan). Cabbage waste was selected as the 

source of lactic acid among the vegetable wastes 

due to its local abundance.

Assessment of Cabbage Waste Derived Lactic Acid in the 

Reduction of E. coli in FS

Four reactors containing 1:1, 1:0.5, 1:0.35, FS to 

lactic acid, and a control were set up as described by 

(Getaneh, 2021). Samples were collected from all re-

actor containers after every four days for the pH, VS, 

TS analysis, and E. coli enumeration for a period of 16 

days. Faecal sludge treatment efficacy was assessed 

using E. coli as the indicator organism. The ability of 

cabbage waste derived lactic acid to eliminate E. coli 

was determined through a total viable plate count 

after plating on Violet Red Bile Agar (HIMEDIA), 

which is a selective media for E. coli (Basavaraju & 

Gunashree, 2022; Digo, 2015).

Determination of TS and VS Content of FS before and 

after Treatment

Total solids and volatile solids  content were an-

alysed using the 2540E standard method for waste-
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water examination. 

Determination of pH 

The pH of the samples was measured using a pH 

meter (Model Bante902, Zhejiang, China) standard-

ized using buffer solutions at pH 7, 10, and 4. 

Odour Evaluation of FS treated with Cabagge Waste De-

rived Lactic Acid

The odour level of the FS was determined accord-

ing to method 2150B of water and wastewater anal-

ysis; Threshold Odour Test (T.O.N). The potency of 

the perceived odor was investigated by diluting the 

sample with odor-free water until the odor was just 

detectable. FS samples were added to labeled 500 

mL conical flasks and topped up to 50 mL with odor-

less water. Odorless water was added to a separate 

flask for use as a standard. The flasks were covered 

with petri dishes and placed in a water bath (SY-21 

6H, China) pre-heated to 60 


C for 10 minutes. The 

samples were then covered with a foil so that the 

contents within the flasks were not visible to the 

panelist. The flasks were randomized using codes 

and randomly placed on the bench top for the odor 

test panelists.

Data Analysis 	

The data obtained from each batch was first ana-

lysed using Excel by computing the averages of the 

three trials conducted per batch. The average values 

of the three batches were then calculated in order to 

generate the means, standard deviations, and stan-

dard errors. 

Results and Discussion

 pH and Lactic Acid Concentration of Fermeted Vegeta-

ble Wastes

The pH for cabbage, carrot, and tomato fer-

mented vegetable wastes decreased after the 6-day 

fermentation period at 37 °C. A decrease in the pH 

levels from 5.90±0.05, 5.37±0.14, and 4.36±0.15 

to 3.23±0.10, 3.20±0.16, 3.30±0.07 was observed 

for cabbage, carrot, and tomato wastes, respective-

ly as shown in Figure 1. This result was an indication 

that fermentation had occurred. The drop in pH in all 

three vegetable wastes indicates the progress of fer-

mentation. During this process, LAB convert sugars 

present in the vegetable wastes into lactic acid while 

causing a decline in pH (Jabłońska-Ryś et al., 2022; 

Kaur et al., 2019). The initial sharp decrease in pH ob-

served after three days for the three fermented veg-

etable wastes suggests rapid fermentation activity, 

where LAB quickly utilizes the abundant fermentable 

sugars to produce energy while producing lactic 

acid as a metabolite, resulting in acidification. After 

which the pH levels stabilize, indicating that the fer-

mentation process has stopped due to depletion of 

fermentable sugars (Deshwal et al., 2021). 

The steady final pH indicates a stable fermenta-

tion endpoint. These results suggest that most of 

the fermentation process occurred earlier in the 

process, followed by a stabilization phase of three 

days, which is the period taken to achieve a stable 

pH. These results agree with findings by (Anderson et 

al., 2015; Getaneh et al., 2021), which reported three 

days as the period during which the pH appears to 

stabilize.

A calibration curve (y=0.382x - 0.0039, R2 = 

0.9984) was constructed from a standard lactic acid 

which was used to calculate the concentration of 

lactic acid in the fermented vegetable wastes. Lac-

tic acid production was monitored over a six-day 

fermentation period, with statistical differences in 

mean concentrations across days evaluated using a 

one-way analysis of variance (ANOVA) followed by 

Tukey’s Honest Significant Difference (HSD) post 

hoc test. As depicted in Figure 1, lactic acid concen-

trations exhibited a pronounced increase from Day 

0 to Day 2, followed by a stabilization from Day 3 

onward. The Tukey HSD test revealed that lactic acid 

production on Day 0 was significantly lower than 

on all subsequent days (p < 0.001), underscoring a 

rapid onset of fermentation and acid accumulation 

within the first 24 hours. This finding highlights the 

critical initiation phase of microbial activity immedi-

ately following the commencement of fermentation.

Similarly, the mean lactic acid concentration on 

Day 1 was significantly lower than those observed 

on Days 2 through 6 (p < 0.001), indicating a sub-

stantial increase in production between Day 1 and 

Table 1: Initial FS Characteristics
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Day 2. The mean difference in lactic acid concentra-

tion between Day 1 and Day 2 was 0.395 mg/mL, 

with a statistically significant difference (p = 0.001). 

However, no significant differences were detected 

among Days 2, 3, 4, 5, and 6 (p > 0.99), suggesting 

that lactic acid production reached a plateau after 

Day 2. Statistical analysis revealed no significant 

differences (p > 0.05) in lactic acid concentrations 

among the vegetable wastes on day six of fermen-

tation.Consequently, cabbage waste-derived lactic 

acid was selected for subsequent experiments, in 

addition to the local abundance of cabbage waste 

in the study area.

Qualitative Determination of Vegetable Waste Derived 

Lactic Acid using GC-MS

GC-MS was used to qualitatively determined the 

prescence of lactic acid in the fermented vegetable 

wastes. The results in Figure 2 above show the detec-

tion of the standard analytical grade lactic acid in its 

esterified form butyl lactate derived from esterifica-

tion of lactic acid and butanol.

GC–MS chromatograms of fermented cabbage, 

carrot and tomato wastes are shown in Figure 3(A),(B), 

& (C). These results confirm the production of lactic 

acid in the fermented vegetable wastes evidenced 

by the detection of butyl lactate in all the fermented 

samples. Additionally, low-abundance butane de-

rivatives were detected, which are likely linked to 

derivatization reactions or from background matrix 

components.

pH of FS treated with varying ratios of cabbage waste 

derived lactic acid 

Comparative analysis of pH in the reactors is 

shown in Figure 4. The control showed a steady in-

crease in pH from slightly acidic 6.13 to moderately 

alkaline 8.20. This increase could be attributed to 

Figure 1: pH changes and lactic acid concentrations of fermented vegetable wastes

Figure 2: Chromatogram of lactic acid standard derivative (butyl lactate) 
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Figure 3 (A): GC-MS chromatogram of cabbage fermented wastes. (1) Butyl lactate, (2) 1-Butoxy(methoxy)methoxy)

butane, (3) Boronic acid, ethyl-,diethylester, (4) Butane, 1,1’-[ethylidenebis(oxy)]bis-, (5) Dibutoxy(dimethyl)silane, 

(6) Butane, 1,1’-[(1-methylethylidene)bis(oxy)bis, (7) Butane, 1,1-dibutoxy, (8) Tetradecane, (9) Hexadecane, (10) 

Heptadecane 

Figure 3 (B): GC-MS chromatogram of carrot fermented wastes. (1) Butanoic acid, butyl ester (2) Butyl lactate 

(3) 1-Butoxy(methoxy)methoxy)butane, (4) Butane, 1,1’-[ethylidenebis(oxy)]bis-, (5) Dibutoxy(dimethyl)silane, 

(6) Butane, 1,1’-[(1-methylethylidene)bis(oxy)bis, (7) Butane, 1,1-dibutoxy, (8) Sulphuric acid dibutyl ester, (9) 

1,1,3,3,5,5-Hexamethyltrisiloxane, (10) Butanedioic, dibutyl ester

Figure 3 (C): GC-MS chromatogram of tomato fermented wastes. (1) Butyl lactate, (2) Boronic acid, (3) Dibutoxy(dimethyl)

silane, (4) Butane, 1,1’-[ethylidenebis(oxy)]bis- (5) Butane, 1,1-dibutoxy-, (6) Tetradecane, and (7) Hexadecane 



African journal of science, technology and social sciences. 4 (2) 2025, pas 93-103Mwebia et al.

99

natural biochemical processes in the FS, such as am-

monia production due to urea breakdown (Chang et 

al., 2015). Reactor 1:1 had the highest pH decline by 

Day 4. The reactor exhibited a significant drop in pH, 

indicating a high concentration of lactic acid. The 

slight increase after Day 4 suggests some buffering 

capacity or metabolic changes in the sludge that 

partially counteract the acidity. These results are in 

agreement with (Getaneh et al., 2021), findings where 

a decrease in pH to 4.05 by day five of treatment 

was observed.

In reactor 1:0.5, the initial pH (Day 0) was 6.13 

while the final pH was 5.85. Reactor 1:0.5 exhibited 

a moderate decrease in pH compared to reactor 1:1. 

This suggests that the lower lactic acid concentra-

tion allowed for some neutralizing processes within 

the sludge. Reactor 1:0.35 showed the least change 

in pH, with a minor depression followed by a rise to 

slightly basic levels. These results suggest that lactic 

acid concentration significantly influenced the pH of 

FS.

Levels of E. coli in FS treated with different ratios of cab-

bage waste derived lactic acid 

Results of E. coli levels (cfu/mL) over a 16 day 

treatment period of FS with varying ratios of cab-

bage waste derived lactic acid. and a control are 

shown in Figure 5. There was a complete elimination 

of E. coli in reactor 1:1 by day 4, whereas, the levels 

of E. coli remained higher in reactors 1:0.5, 1:0.35 

and the control. Reactor 1:1 was highly effective in 

eliminating E. coli. This is attributed to the low pH 

observed in reactor 1:1 (Figure 4) which inhibited the 

growth of E. coli, as acidic pH levels fall outside the 

optimal range for E. coli’s growth, likely leading to 

its elimination. Other research suggests that a pH 

range of 3.51 to 4.2 can effectively eliminate various 

pathogens (Rodrigues et al., 2020). The antimicrobial 

property of lactic acid could have contributed to the 

limited growth of E. coli (Anderson et al., 2015; Getaneh 

et al., 2021). 

The results for reactors 1:0.5 and 1:0.35 agree 

with the findings by (Malambo, 2014), who reported 

an initial increase in E. coli count for the treatment 

reactors within the initial four days of treatment. The 

growth might have been supported by the utilization 

of different carbon sources such as glucose, lactose, 

and galactose that might have been available in the 

lactic acid extract (Cutrim et al., 2016). These find-

ings further suggest that reactors 1:0.5 and 1:0.35 

conditions did not contain the threshold lactic acid 

amount or acidification levels required to eliminate 

or significantly lower the E. coli levels. 

Trend of VS and TS of FS treated with varying ratios of 

cabbage waste derived lactic acid 

Monitoring VS and TS provides insight into the ef-

ficiency of biodegradation processes. Figure 6 shows 

the trend of VS and TS over the 16-day treatment 

period of FS with varying ratios of cabbage waste 

derived lactic acid. There was decrease in VS and 

TS in all the reactors. The gradual reduction of VS 

in the control is expected due to natural microbial 

activity and degradation processes occurring in the 

sludge without any additional treatments. Reactor 

1:1, shows a similar pattern an indication of a slower 

but steady decomposition process compared to oth-

er reactors. On the other hand, reactors 1:0.5 and 

1:0.35showed an initial rapid decrease in VS. This 

suggests a highly efficient microbial degradation 

process due to a suitable environment for microbial 

activity and organic matter breakdown. 

Figure 4: pH of FS treated with varying ratios of cabbage 

waste derived lactic acid

Figure 5: Levels of E. coli in FS treated with varying ratios 

of cabbage waste derived lactic acid 
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The efficiency of VS reduction in FS treatment is 

critical for reducing the sludge’s volume (Zewde et al., 

2021). Effective treatment results in lower organic 

load, making the remaining sludge more stable and 

less odorous (Demirbas et al., 2017). High microbial 

activity and optimal environmental conditions facil-

itate the breakdown of organic matter in FS (Cofie et 

al., 2016). 

Similar pattern as that of VS was observed for TS 

in all four reactors. The reduction is consistent with 

typical sludge stabilization processes observed in 

untreated or minimally treated FS (Strande & Brd-

janovic, 2014). This was also observed in study con-

ducted by Odey et al. (2018) who reported a final TS 

of 33% in the 1:1 (FS: lactic acid) reactor, which was 

higher than the control (13%) and the 1:2 reactor 

(19.2%).

Odour Levels of FS treated with varying ratios of cab-

bage waste derived lactic acid 

High level Threshold Odour Number (T.O.N)indi-

cates a significant presence of odour, while a low 

T.O.N indicates low odour levels.Table 2 presents 

the mean levels T.O.N of FS treated with varying ra-

tios of cabbage waste derived lactic acid. 

The 1:1 ratio reactor showed the lowest T.O.N 

levels indicating the highest decrease in odour levels 

compared to the other reactors. The odour reduction 

was likely due to the low pH and the high concen-

tration of lactic acid in the reactor, which inhibited 

the growth of bacteria that degrade proteins, such 

as sulphur-reducing bacteria. These bacteria typically 

produce odorous compounds, including dimethyl tri-

sulfide, hydrogen sulphide (H
2

S), dimethyl disulphide, 

methyl mercaptan, and dimethyl sulphide (Choudhury 

et al., 2024; Newman, 2023). Low pH in the range 

3-4.5 has been reported to reduce urea hydrolysis to 

ammonia (another odorous compound) by inactivat-

ing urease-producing bacteria (Ray et al., 2018). T.O.N 

values for reactor 1:0.5 could have been due to the 

low lactic acid concentration and the relatively high 

pH that allowed growth of microbes throughout the 

treatment period (Anderson et al., 2015; Andreev et al., 

2017). Continued microbial activity led to the break-

down of organic material, thereby producing large 

amounts of odour-causing compounds (Zewde et al., 

2021). Similar results were reported by Anderson et 

al., (2015); Getaneh et al., (2021); Odey et al., (2018), 

who reported decreased odour levels in higher lactic 

acid concentrations and higher odour levels in lower 

lactic acid concentrations treatments.

Conclusion

This study reveals a trade-off in using cabbage 

waste-derived lactic acid for FS treatment.The 

application of varying concentrations of lactic acid 

revealed distinct outcomes: high concentrations 

effectively eliminated E. coli and reduced odour, but 

were less effective in reducing VS and TS. Conversely, 

lower concentrations reduced VS and TS, but less 

Figure 6: VS and TS of FS treated with varying ratios of cabbage waste derived lactic acid 

Table 2: TON levels of FS treated with varying ratios of 

cabbage waste derived lactic acid. 
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effective in E. coli elimination and odour control. 

Optimizing lactic acid concentrations is crucial to 

balance sanitization and sludge stabilization. Further 

research should focus on refining these treatment 

ratios and exploring synergistic approaches to 

enhance both sanitization and solids reduction for 

sustainable FS management.

Conflict of Interest 

The author declares no conflict of interest. 

Ethics Statements  

Informed consent of the participants was ob-

tained, and the study protocol was approved by 

the National Commission for Science, Technology, 

and Innovation (NACOSTI) under research permit 

NACOSTI/P/25/415907. The approval was granted 

in accordance with national research regulations in 

Kenya.

References

Abdel-Rahman, M. A., Tashiro, Y., & Sonomoto, K. 

(2013). Recent advances in lactic acid production 

by microbial fermentation processes. Biotechnol-

ogy Advances, 31(6), 877–902.

Anderson, C., Malambo, D. H., Gonzalez Perez, M. E., 

Nobela, H. N., De Pooter, L., Spit, J., Hooijmans, 

C. M., Van De Vossenberg, J., Greya, W., & Thole, 

B. (2015). Lactic acid fermentation, urea and lime 

addition: Promising faecal sludge sanitizing meth-

ods for emergency sanitation. International Jour-

nal of Environmental Research and Public Health, 

12(11), 13871–13885.

Andreev, N., Ronteltap, M., Boincean, B., & Lens, P. 

N. (2017). Treatment of source-separated human 

feces via lactic acid fermentation combined with 

thermophilic composting. Compost Science & 

Utilization, 25(4), 220–230.

Basavaraju, M., & Gunashree, B. (2022). Escherichia 

coli: An overview of main characteristics. Esch-

erichia Coli-Old and New Insights. http://dx.doi.

org/10.5772/intechopen.105508

Borshchevskaya, L., Gordeeva, T., Kalinina, A., & Si-

neokii, S. (2016). Spectrophotometric determina-

tion of lactic acid. Journal of Analytical Chemistry, 

71, 755–758.

Chan, E. Y. Y., Tong, K. H. Y., Dubois, C., Mc Donnell, 

K., Kim, J. H., Hung, K. K. C., & Kwok, K. O. (2021). 

Narrative review of primary preventive interven-

tions against water-borne diseases: Scientific 

evidence of health-EDRM in contexts with inad-

equate safe drinking water. International Journal 

of Environmental Research and Public Health, 

18(23), 12268.

Chang, Y., Deng, C., Dore, A. J., & Zhuang, G. (2015). 

Human excreta as a stable and important source 

of atmospheric ammonia in the megacity of 

Shanghai. PLoS One, 10(12), e0144661.

Chen, Y., Feng, Q., & Zhang, Z. (2023). Innovative 

disposal technology and management practice 

for medical waste. Springer.

Choudhury, A. R., Singh, N., Lalwani, J., Rao, M. G., 

Konyala, B. P., Nadella, C., Nayakwadi, A., & Palani, 

S. G. (2024). A comparative assessment of bio-

methane potential of fresh fecal matter and fecal 

sludge and its correlation with malodor. Environ-

mental Science and Pollution Research, 31(21), 

31619–31631.

Cofie, O., Nikiema, J., Impraim, R., Adamtey, N., Paul, 

J., & Koné, D. (2016). Co-composting of solid 

waste and fecal sludge for nutrient and organic 

matter recovery (Vol. 3). IWMI.

Demirbas, A., Coban, V., Taylan, O., & Kabli, M. 

(2017). Aerobic digestion of sewage sludge for 

waste treatment. Energy Sources, Part A: Re-

covery, Utilization, and Environmental Effects, 

39(10), 1056–1062.

Deshwal, G. K., Tiwari, S., Kumar, A., Raman, R. K., 

& Kadyan, S. (2021). Review on factors affecting 

and control of post-acidification in yoghurt and 

related products. Trends in Food Science & Tech-

nology, 109, 499–512.

Digo, C. A. (2015). Isolation and characterization of 

lactic acid bacteria and their inhibitory/safety po-

tential in traditionally fermented milk, mursik in 

Kenya.

Getaneh, Z., Love, N. G., Desta, A., & Nigussie, A. 

(2021). Lactic acid from food waste enhances 

pathogen inactivation and urea stabilization in 

human urine. International Journal of Water Re-

sources and Environmental Engineering, 13(3), 

196–205.

Hube, S., & Wu, B. (2021). Mitigation of emerging 

pollutants and pathogens in decentralized waste-

water treatment processes: A review. Science of 

the Total Environment, 779, 146545.

Hyun, C., Burt, Z., Crider, Y., Nelson, K. L., Prasad, C. 

http://dx.doi.org/10.5772/intechopen.105508
http://dx.doi.org/10.5772/intechopen.105508


African journal of science, technology and social sciences. 4 (2) 2025, pas 93-103Mwebia et al.

102

S., Rayasam, S. D., Tarpeh, W., & Ray, I. (2019). 

Sanitation for low-income regions: A cross-disci-

plinary review. Annual Review of Environment and 

Resources, 44, 287–318.

Jabłońska-Ryś, E., Sławińska, A., Skrzypczak, K., & 

Goral, K. (2022). Dynamics of changes in pH and 

the contents of free sugars, organic acids and 

LAB in button mushrooms during controlled lactic 

fermentation. Foods, 11(11), 1553.

Kaur, P., Ghoshal, G., & Jain, A. (2019). Bio-utilization 

of fruits and vegetables waste to produce β-caro-

tene in solid-state fermentation: Characterization 

and antioxidant activity. Process Biochemistry, 

76, 155–164.

Lee, K.-Y., So, J.-S., & Heo, T.-R. (2001). Thin layer 

chromatographic determination of organic acids 

for rapid identification of bifidobacteria at genus 

level. Journal of Microbiological Methods, 45(1), 

1–6.

Malambo, D. H. (2014). Sanitizing faecal sludge us-

ing lactic acid bacteria in the context of emergen-

cy situations.

Newman, S. (2023). Unmaking waste: New histories 

of old things. University of Chicago Press.

Odey, E. A., Li, Z., Zhou, X., & Yan, Y. (2018a). Locally 

produced lactic acid bacteria for pathogen inacti-

vation and odor control in fecal sludge. Journal of 

Cleaner Production, 184, 798–805.

Odey, E. A., Li, Z., Zhou, X., & Yan, Y. (2018b). Locally 

produced lactic acid bacteria for pathogen inacti-

vation and odor control in fecal sludge. Journal of 

Cleaner Production, 184, 798–805.

Omar, F. N., Rahman, N., Hafid, H. S., Yee, P. L., & 

Hassan, M. A. (2009). Separation and recovery of 

organic acids from fermented kitchen waste by 

an integrated process. African Journal of Biotech-

nology, 8(21).

Raman, J., Kim, J.-S., Choi, K. R., Eun, H., Yang, D., Ko, 

Y.-J., & Kim, S.-J. (2022). Application of lactic acid 

bacteria (LAB) in sustainable agriculture: Advan-

tages and limitations. International Journal of Mo-

lecular Sciences, 23(14), 7784.

Ray, H., Saetta, D., & Boyer, T. H. (2018). Character-

ization of urea hydrolysis in fresh human urine 

and inhibition by chemical addition. Environmen-

tal Science: Water Research & Technology, 4(1), 

87–98.

Schlosser-Brandenburg, J., Midha, A., Mugo, R. M., 

Ndombi, E. M., Gachara, G., Njomo, D., Rausch, S., 

& Hartmann, S. (2023). Infection with soil-trans-

mitted helminths and their impact on coinfec-

tions. Frontiers in Parasitology, 2, 1197956.

Shukla, A., Patwa, A., Parde, D., & Vijay, R. (2023). A 

review on generation, characterization, contain-

ment, transport and treatment of fecal sludge 

and septage with resource recovery-oriented san-

itation. Environmental Research, 216, 114389.

Strande, L., & Brdjanovic, D. (2014). Faecal sludge 

management: Systems approach for implementa-

tion and operation. IWA publishing.

Thevenon, F. (2020). Sustainable Sanitation Sys-

tems: Health, Environment and Governance Chal-

lenges.https://www.sidalc.net/search/Record/

oai:wedocs.unep.org:20.500.11822-33366/De-

scription

Tortajada, C., & Biswas, A. K. (2018). Achieving uni-

versal access to clean water and sanitation in an 

era of water scarcity: Strengthening contribu-

tions from academia. Current Opinion in Environ-

mental Sustainability, 34, 21–25.

Ubi, A., Njoku, L. A., Oyalabu, S., Emurotu, A., Kwaske-

be, J., & Uwaoma, A. N. (2021). Ethico-medical im-

plications of open defecation in a multi-religious 

society: A study of three communities in Ibadan, 

Oyo State, Nigeria. Sapientia Foundation Journal 

of Education, Sciences and Gender Studies, 3(4).

United Nations Children’s Fund & World Health 

Organization. (2024a). Progress on household 

drinking water, sanitation and hygiene 2000-

2022: Special focus on gender. World Health Or-

ganization.

United Nations Children’s Fund & World Health 

Organization. (2024b). Progress on household 

drinking water, sanitation and hygiene 2000-

2022: Special focus on gender. World Health Or-

ganization.

Velkushanova, K., Brdjanovic, D., Koottatep, T., 

Strande, L., Buckley, C., & Ronteltap, M. (2021). 

Methods for faecal sludge analysis. IWA publish-

ing.

Wan-Mohtar, W. A. A. Q. I., Khalid, N. I., Rahim, M. 

H. A., Luthfi, A. A. I., Zaini, N. S. M., Din, N. A. S., 

& Mohd Zaini, N. A. (2023). Underutilized Malay-

sian Agro-Industrial Wastes as Sustainable Car-

bon Sources for Lactic Acid Production. Fermen-

tation, 9(10), 905.

Water, Sanitation and Hygiene (WASH) Practices 

and the Incidence of WASH Related Diseases 

https://www.sidalc.net/search/Record/oai:wedocs.unep.org:20.500.11822-33366/Description 
https://www.sidalc.net/search/Record/oai:wedocs.unep.org:20.500.11822-33366/Description 
https://www.sidalc.net/search/Record/oai:wedocs.unep.org:20.500.11822-33366/Description 


African journal of science, technology and social sciences. 4 (2) 2025, pas 93-103Mwebia et al.

103

Within the Tamale Metropolitan Area (2020).

Zewde, A. A., Li, Z., & Xiaoqin, Z. (2021). Improved 

and promising fecal sludge sanitizing methods: 

Treatment of fecal sludge using resource recov-

ery technologies. Journal of Water, Sanitation 

and Hygiene for Development, 11(3), 335–349.

Zuberer, D. A., & Zibilske, L. M. (2021). Composting: 

The microbiological processing of organic wastes. 

In Principles and applications of soil microbiology 

(pp. 655–679). Elsevier.


