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Safe disposal of faecal sludge remains a critical challenge in developing 

countries due to presence of harmful pathogens and odours. Current treat-

ment methods are often inaccessible, ineffective, or costly, causing health 

and environmental risks. This study aimed to evaluate cabbage waste-de-

rived lactic acid from fermentation of selected vegetable wastes for faecal 

sludge treatment as a low-cost and sustainable solution for faecal sludge 

management. Tomato, cabbage, and carrot wastes were fermented for six 

days at 37 °C with daily monitoring of pH and lactic acid concentrations. 

Four reactors with faecal sludge-to-lactic acid ratios of 1:1, 1:0.5, 1:0.35, v/v, and a control were set up and 

monitored for Escherichia coli, odour, total solids, and volatile solids reduction over 16 days. Cabbage-derived 

lactic acid was selected because the retention factor (Rf) was similar to the standard with no interfering or-

ganic acids. Reactor 1:1 eliminated E. coli within four days, achieving zero cfu/mL. TS decreased from 18.5 g/L 

to 14.5 g/L, while VS declined from 17.7 g/L to 7.6 g/L and 6.3 g/L in the 1:0.5 and 1:0.35 reactors, respective-

ly. Odour reduction was also highest in this reactor, with a Threshold Odour Number (TON) of 7.3 compared 

to 25 in the control. These findings show that cabbage vegetable wastes can produce lactic acid that can lead 

to total E. coli elimination and significant odour elimination in faecal sludge. Studies should be carried out to 

explore feasibility of scaling up this method.
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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 typically exists as a partly digested or raw 

slurry or 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 associated with exposure 

to unsanitised FS (Chen et al., 2023). The Sustainable 

Development Goal (SDG) 6.2 addressing sanitation 

requires that everyone should have a safely-man-

aged sanitation facility in which excreta can be se-

curely disposed of on-site or processed off-site and 

that open defecation be eliminated by 2030 (Hyun et 

al., 2019; Thevenon, 2020). 
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As of 2024, global coverage of safely managed 

sanitation services stood at 58%, encompassing ap-

proximately 4.6 billion people. This marks a signifi-

cant increase from 2015, when coverage was 48%, 

indicating 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). 

 FS is a significant source of pathogens, containing 

numerous bacteria, protozoa, viruses, and helminths 

(Schlosser-Brandenburg et al., 2023). Water-borne, wa-

ter-related, water-washed, and water-based diseas-

es, e.g., intestinal parasitic infections, diarrheal dis-

eases, skin and eye infections, are associated with 

a lack of proper faecal sludge disposal (Chan et al., 

2021). Safe handling and treatment of FS are there-

fore key primary barriers in transmission pathways of 

such pathogens and protecting public health (Torta-

jada & 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 fermentation offers a promising FS 

treatment alternative. Lactic acid is a versatile or-

ganic acid and can be produced through the fermen-

tation of carbohydrate-rich substrates by lactic acid 

bacteria (Raman et al., 2022). Recent studies have ex-

plored the use of organic waste such as food and ag-

ricultural 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 abundant lactic acid bacte-

ria (LAB), making it an ideal substrate for lactic acid 

fermentation (Wan-Mohtar et al., 2023).

This study evaluated the feasibility of producing 

lactic acid through the fermentation of selected 

vegetable wastes and its application as a treatment 

method for FS. The specific objectives were to quan-

tify the lactic acid produced through the fermen-

tation of cabbage waste as a treatment agent for 

faecal sludge, enumerate the levels of Escherichia 

coli, total solids, and volatile solids in faecal sludge 

treated with varying ratios of cabbage waste-derived 

lactic acid and to evaluate the odour levels in fae-

cal sludge treated with different ratios of cabbage 

waste-derived lactic acid to assess its effectiveness 

in odour mitigation. 

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 Decentralised 

Treatment Facility (DTF). Sample size and sampling 

method were acquired according to the method de-

scribed by (Velkushanova et al., 2021). Five kilograms 

of FS were obtained via a composite grab sampling 

technique, which involved taking equal sample por-

tions from an exhauster track at set intervals during 

emptying. The portions were then mixed to obtain a 

homogenous mixture and transported in an air-tight, 

closed High Density Polyethene (HDPE) container to 

Meru University of Science and Technology, Sanita-

tion Research Institute’s laboratory, where the initial 

faecal sludge characteristics, such as pH, tempera-

ture, total solids, and Coliform Forming Units(CFUs), 

were studied and results noted prior to treatment.   

Vegetable waste sample collection

Fresh cabbage, tomato, and carrot vegetable 

wastes serving as substrates for fermentation were 

sourced from Nkubu market, Meru County, Kenya, 

and transported to Meru University of Science and 

Technology laboratories, where size reduction was 

carried out by use of a kitchen knife and a heavy-du-

ty commercial blender. One thousand grams of each 

substrate was mixed with 1000 mL of distilled water, 

and the mixture was homogenized. The wastes were 

then added to plastic containers and sealed to make 

them airtight and incubated at 37 oC for seven days, 

as described by (Omar et al., 2009). 
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Experimental setup

Thin Layer Chromatography qualitative test for lactic 

acid 

TLC was carried out as described by (Lee et al., 

2001). Silica gel TLC plates (60 F254, Germany) 

were used in the experiment with a solvent system 

of acetone: water: chloroform: ethanol: ammonium 

hydroxide (60:2:6:10:22, v/v) (Loba Chemie, Gujarat, 

India). A series of 10% w/v, or v/v standard solutions 

containing equal concentrations of lactic acid, acetic 

acid, formic acid, oxalic acid, ascorbic acid, and citric 

acid (Rankem laboratory reagents, Gujarat, India), 

respectively, was prepared were used as standards. 

Lactic acid recovery 

The lactic acid was recovered using the method 

described by (Getaneh et al., 2021). The incubated 

vegetable wastes were frozen overnight, followed by 

thawing in a drying oven at 60 ℃ for 2 to 3 h, followed 

by filtration and centrifugation at 6000 rpm for 10 

min using a centrifuge (Hermule Labnet Z216 MK, 

USA)

Spectrophotometric quantification of lactic acid  	

Lactic acid was quantified using a spectrophoto-

metric technique (Borshchevskaya et al., 2016). A cal-

ibration 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).

Assessment of lactic acid in the inactivation of E. coli in 

faecal sludge

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

lactic acid, and a control were set up. Samples were 

collected from the reactors every 3–5 days for 16 

days for pH analysis, volatile solids (VS), total solids 

(TS), and faecal coliform enumeration.

The ability of lactic acid to inactivate the faecal 

coliform was determined by evaluating the number 

of Colony Forming Units (CFU) of the E. coli as the 

indicator through a total viable plate count after 

plating on Violet Red Bile Agar (HIMEDIA), which 

is a selective medium for E. coli (Basavaraju & Gu-

nashree, 2022; Digo, 2015). 

The total solid content of the FS before and after treat-

ment

Total solids (TS) and volatile solids (VS) content 

were analysed using the 2540E standard method for 

wastewater examination.

 

pH determination

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 

The odour strength of the faecal sludge was de-

termined according to method 2150B of water and 

wastewater analysis (Threshold odour test). 

Data analysis

Statistical analysis 	

The data obtained from each batch was first 

analysed 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 standard errors. 

Results and Discussion

The pH increased during fermentation.

The pH variation for carrot, tomato, and cabbage 

vegetable wastes fermented for 6 days at 37°C is il-

lustrated in Figure 1. 

The pH of the fermented waste decreased in all 

the vegetable wastes after the 6-day fermentation 

period. A decrease in the pH levels from 5.37±0.14, 

4.36±0.15, and 5.90±0.05 to 3.20±0.16, 3.30±0.07, 

and 3.23±0.10 for carrot, tomato, and cabbage 

waste, respectively, showed that fermentation had 

occurred.

The drop in pH for all three vegetable wastes, as 

illustrated in the figure above, indicates the progress 

of lactic acid fermentation. During this process, lac-

tic acid bacteria (LAB) convert sugars present in the 

Table 1: Initial Faecal Sludge Characteristics



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

96

vegetables into lactic acid while causing a decline 

in pH (Jabłońnska-Ryś et al., 2022; Kaur et al., 2019). 

The initial rapid decrease in pH observed in the ini-

tial three days for all three vegetables suggests rap-

id 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, in-

dicating that the fermentation process has stopped 

due to depletion of fermentable sugars (Deshwal et 

al., 2021). 

The steady final pH of around 3.20 indicates a 

stable fermentation endpoint. Tomato waste had a 

lower starting pH, indicating more natural acidity. 

The pH stabilized around 3.30, showing effective 

fermentation but slightly less acidic than carrot and 

cabbage waste in the end, while cabbage waste 

starts with the highest pH, suggesting less initial 

acidity, the final pH stabilizes around 3.23, similar to 

carrots, indicating that despite starting with a higher 

pH, cabbage waste fermentation achieves a similar 

acidic environment. 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 earlier reported 

by (Anderson et al., 2015; Getaneh et al., 2021), which 

reported three days as the period during which the 

pH appears to stabilize.

Lactic acid concentration increased during fermentation. 

A calibration curve was constructed from which 

the lactic acid concentration was calculated. Figure 

2 below shows the calibration curve for the quan-

tification of lactic acid. The curve plots absorbance 

(y-axis) against concentration (x-axis) in milligrams 

per millilitre (mg/mL).

Figure 3 below shows the concentration of lactic 

acid in the three vegetable waste substrates (carrot, 

tomato, and cabbage) over six days during fermen-

tation at 37°C. 

During the initial 3 days of fermentation, the 

three vegetable wastes showed an increase in lactic 

acid concentration, indicating the onset of fermen-

tation. This is characterized by the activity of lactic 

acid bacteria that start converting sugars into lac-

tic acid. Although carrot waste showed a higher ab-

sorbance indicating a higher concentration of lactic 

acid, TLC results indicated formation of other organ-

ic acids that might have had a similar absorbance as 

lactic acid.

Lactic acid production was monitored over a pe-

riod of six days, and statistical differences in mean 

concentrations across the days were evaluated us-

ing Tukey’s Honest Significant Difference (HSD) post 

hoc test following a one-way ANOVA. The results re-

vealed significant variations in lactic acid production 

Figure 1: pH changes over the fermentation period of the 

vegetable waste.

Figure 2: Lactic acid calibration curve

Figure 3: Lactic acid concentration over a 6-day fermen-

tation period
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during the fermentation period.

As shown in Figure 3 above, lactic acid concentra-

tions increased markedly between Day 0 and Day 2, 

followed by a plateau from Day 3 onwards. The Tukey 

HSD test confirmed that the lactic acid production 

on Day 0 was significantly lower (p < 0.001) than all 

subsequent days, indicating fermentation and acid 

accumulation within the first 24 hours. This finding 

highlights the critical initiation phase of microbial ac-

tivity immediately after fermentation onset.

Similarly, the mean concentration on Day 1 was 

significantly lower than those observed on Days 2 

through 6 (p < 0.001), suggesting that a substantial 

increase in lactic acid production occurred between 

Day 1 and Day 2. The difference between Day 1 and 

Day 2 was statistically significant with a mean dif-

ference of 0.395 mg/ml (p = 0.001). However, no 

statistically significant differences (p > 0.99) were 

observed between Days 2, 3, 4, 5, and 6.  Cabbage 

waste derived lactic acid was therefore selected 

since there was no significant difference in produc-

tion between the fermented cabbage and tomato 

waste.

Thin-layer chromatography indicated the presence of 

lactic acid.

TLC was used as a qualitative method to deter-

mine the formation of lactic acid in the fermented 

vegetable wastes. Figure 4 above shows the separa-

tion of organic acids on a 20×20 cm TLC plate in an 

acetone, water, chloroform, ethanol, and ammonium 

hydroxide mobile phase in the ratio of 60:2:6:10:22.

 

Lactic acid standard appeared as a yellow spot 

on the chromatogram with an RF of 0.55 and 0.12, 

while carrot waste marked as S1 appeared as a sin-

gle spot with an unclear spot that aligned with those 

of ascorbic acid, lactic acid standard, and oxalic acid. 

Tomato and cabbage waste samples marked as Sam-

ple 2 and 3, respectively, appeared as a single spot 

with an RF of 0.54. These results indicate that there 

was the formation of lactic acid in all the fermented 

samples. Carrot waste produced a spot with unclear 

Rf displaying production of a mixture of other or-

ganic acids while cabbage waste was selected for 

FS treatment because it produced a single, clear TLC 

spot with an Rf value closely matching that of the 

lactic acid standard. 

pH Decreased during treatment of FS with lactic acid 

Figure 5 below shows a comparative analysis of 

pH in the reactors. 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 

natural biochemical processes in the faecal sludge, 

such as ammonia production due to urea breakdown 

(Chang et al., 2015). 

Reactor 1:1 had the highest pH decline by Day 4, 

with a slight increase thereafter from 6.13 to 4.35. 

The reactor exhibited a significant drop in pH, indi-

cating a high concentration of lactic acid. The slight 

increase after Day 4 suggests some buffering capac-

ity or metabolic changes in the sludge that partially 

counteract the acidity. These results are in agree-

ment with (Getaneh et al., 2021), which reported a de-

crease in pH to 4.05 by day five of treatment.

Figure 4: TLC analysis of the presence of lactic acid. 
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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 

faecal sludge. 

There was E. coli inactivation in some lactic acid treat-

ment reactors

E. coli concentration (cfu/mL) results over a treat-

ment period of 16 days for a faecal sludge sample 

treated with  1:1, 1:0.5, and 1:0.35 FS to lactic acid 

(v/v) and a control are illustrated in Figure 6 below.

The following observations were noted. E. coli 

concentration decreased steadily over the 16 days 

in the control. Starting at 8.9×103 cfu/mL on Day 

0, the CFU decreased to 2.0×103 cfu/mL by Day 16. 

This indicated that in the control setup, conditions 

were not conducive for E. coli survival or growth over 

time due to factors such as high pH or depletion of 

nutrients, thus resulting in a natural die-off of E. coli 

(Malambo, 2014; Van den Bergh et al., 2016). 

In reactor 1:1, the E. coli concentration dropped 

and remained at zero by Day 4 and throughout the 

treatment period. This indicated that the conditions 

in Reactor 1:1 were highly effective in eliminating E. 

coli. This is in agreement with similar results by Ander-

son et al. (2015), which concluded that at pH levels of 

around 4.0, E.coli growth is hindered by the ability of 

lactic acid to reduce the intracellular pH of bacteria 

by penetrating bacterial cells and decreasing their 

internal pH, ultimately disrupting cellular functions.

In reactor 1:0.5, the E. coli concentration 

increased significantly by Day 4, to 3.8×107 cfu/ml. 

It remained relatively high, fluctuating slightly but 

still in the range of 1.6×107 to 1.9×107 cfu/mL from 

Day 8 to Day 16. This suggests that in reactor 1:0.5, 

the growth conditions of E. coli were promoted. In 

reactor 1:0.35, similar to reactor 1:0.5, there was 

a significant increase in E. coli levels by Day 4 to 

4.2×106 cfu/ml. The concentration remained high 

with values of 1.1×107 to 1.6×107 cfu/ml, from Day 

8 to Day 16 of treatment. The conditions in Reactor 

1:0.35 also appeared to support E. coli growth. These 

findings are in agreement with (Malambo, 2014), 

who reported an initial increase in E. coli count for 

the treatment reactors within the initial four days of 

treatment. 

E. coli thrives at pH levels between 4.5 and 9 (Ro-

drigues et al., 2020). Over this pH range, E. coli pre-

serves enzyme activity, as well as protein and nucleic 

acid stability, by maintaining the cytoplasmic pH in 

the range of 7.2 to 7.8 (Slonczewski et al., 1981). Low 

lactic acid concentrations can also break down com-

plex organic compounds in the FS into simpler, more 

accessible nutrients, resulting in the growth of bac-

teria like E. coli (Wang et al., 2021).  

These findings suggest that reactors 1:0.5 and 

1:0.35 conditions did not contain the threshold lac-

tic acid amount or acidification levels required to 

eliminate or significantly lower the E. coli levels to 

acceptable levels. Reactor 1:1 had the best condi-

tions for E. coli elimination.

The volatile solids decreased during treatment.

Volatile solids are the organic matter content in 

the sludge, which can be decomposed through mi-

crobial activity (Chynoweth & Pullammanappallil, 

2020). Monitoring the reduction in VS provides in-

Figure 5: pH variation in reactors containing different 

lactic acid to FS ratios

Figure 6: E. coli variations in reactors containing different 

ratios of lactic acid to FS.
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sight into the efficiency of biodegradation process-

es. Figure 7 above shows the trend of volatile solids 

during the 16-day treatment period of faecal sludge 

and different ratios of lactic acid. 

The results revealed a decrease in VS in all the 

reactors. The control showed a gradual reduction 

in VS concentration over the 16 days, from 17.70 

g/l to 10.95 g/l. This reduction is expected due to 

natural microbial activity and degradation process-

es occurring in the sludge without any additional 

treatments. At the same time, in reactor 1:1, the VS 

concentration initially increases slightly from 17.70 

g/l to 18.08 g/l by Day 4. This was attributed to low 

initial microbial activity, leading to low breakdown 

of complex organic materials. After Day 4, there is 

a gradual reduction in VS, reaching 13.35 g/l by Day 

16. This pattern indicated a slower but steady de-

composition process compared to other reactors.

Reactor 1:0.5 showed a significant and rapid re-

duction in VS concentration from 17.70 g/l to 9.73 

g/l within the first four days, followed by a more 

gradual decline to 7.59 g/l by Day 16. This rapid ini-

tial decrease suggested a highly efficient microbial 

degradation process due to an optimal environment 

for microbial activity and organic matter breakdown. 

Reactor 1:0.35, similar to reactor 1:0.5, demon-

strated a sharp decline in VS from 17.70 g/l to 7.81 

g/l by Day 4, indicating a highly effective reduction in 

organic matter. The concentration stabilized around 

7.80 g/l from Day 4 to Day 8 and decreased slightly 

to 6.32 g/l by Day 16. The sharp initial drop followed 

by slower degradation suggested that the conditions 

in reactor 1:0.35 maximized the microbial efficiency. 

The high microbial load in reactor 1:0.5 and 1:035, as 

shown in Figure 4 above, led to the rapid decrease in 

VS due to the increased microbial activity.

The efficiency of VS reduction in faecal sludge 

treatment is critical for reducing the sludge’s volume 

and potential environmental impact (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 ac-

tivity and optimal environmental conditions, such as 

appropriate moisture content, temperature, and pH, 

facilitate the breakdown of organic matter in faecal 

sludge (Cofie et al., 2016). The results highlight the 

effectiveness of different reactor setups in reducing 

volatile solids in faecal sludge.  Reactors with a low-

er concentration of lactic acid, i.e., 1:0.5 and 1:0.35, 

displayed more rapid initial VS reduction. This can be 

attributed partially to the low pH in the reactors, in-

dicating more efficient microbial degradation. 

The control TS concentration gradually decreased 

from 18.47 g/l to 14.67 g/l over the 16-day treat-

ment period. The steady decline indicated natural 

microbial degradation of solids without additional 

treatment. The reduction is consistent with typical 

sludge stabilization processes observed in untreated 

or minimally treated faecal sludge (Strande & Brd-

janovic, 2014).

In reactor 1:1, TS concentration initially increased 

from 18.47 g/l to 20.48 g/l by Day 4. Following this 

peak, the TS gradually decreased to 14.53 g/l by Day 

16, indicating on going microbial degradation. The 

spike at Day 4 suggests temporary microbial activity 

or aggregation of solids due to lactic acid’s inhibito-

ry effects on initial microbial metabolism (Paul & Liu, 

2012).

The data indicate that the treatment reactors 

(1:0.5 and 1:0.35) were significantly more effective 

in reducing total solids compared to the control and 

reactor 1:1. The reactor 1:0.35 consistently showed 

Figure 7: Volatile solids in faecal sludge treated with dif-

ferent lactic acid ratios.

Figure 8: Total Solids analysis in faecal sludge treatment
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the greatest reduction in TS, demonstrating its po-

tential for optimizing faecal sludge treatment. 

The steady decline in TS suggests efficient bio-

degradation, likely due to optimal pH and lactic acid 

concentration favourable for microbial growth. This 

is supported by previous findings indicating that low 

lactic acid concentrations minimize microbial inhibi-

tion, thereby promoting increased microbial activity 

(Cofie et al., 2016). These results agree with those of 

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%). 

In this study, it was noted that while reactors 

1:0.5 and 1:0.35 achieved the greatest reduction 

in TS and VS, they also showed the least efficiency 

in pathogen and odour control. This highlights the 

potential inhibitory effect of lactic acid at high con-

centrations on microbial activity responsible for sol-

ids degradation. Future studies should investigate 

an optimized lactic acid quantity that balances both 

pathogen elimination and stabilization.

Odour levels reduced in faecal sludge treated with differ-

ent lactic acid ratios.

High TON levels indicate a significant presence 

of odour, suggesting the need for effective odour 

management strategies, while a low TON indicates 

effective odour treatment.

Table 2 below presents the mean Threshold 

Odour Number (T.O.N) levels measured during a fae-

cal sludge treatment process. The data includes the 

initial T.O.N level and the levels observed in a con-

trol and three different reactor ratios (1:1, 1:0.5, and 

1:0.35).

The initial faecal sludge odour level was relatively 

high (37.33 TON). This acted as the reference point 

measurement against which the other treatments 

were compared. 

The control condition demonstrates a decrease in 

odour levels to 25.00 TON. This reduction from the 

initial condition indicates some level of odour reduc-

tion.

The 1:1 ratio reactor showed a significant de-

crease in odour levels, reaching 7.33 TON, the low-

est among all reactors. This suggests that the 1:1 

ratio was highly effective in controlling and reduc-

ing odours. The odour reduction was likely due to 

the low pH and the high concentration of lactic acid 

in the reactor, which inhibited the growth of bacte-

ria that degrade proteins, such as sulphur-reducing 

bacteria. These bacteria typically produce odorous 

compounds, including dimethyl trisulfide, hydrogen 

sulphide (H
2

S), dimethyl disulphide, methyl mercap-

tan, 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 inactivating ure-

ase-producing bacteria (Ray et al., 2018). 

The ratio 1:0.5 reactor exhibited an increased 

odour level to 42.67 TON, which was even higher 

than the initial condition. This indicated that this 

ratio was ineffective for odour control and might 

even contribute to the growth of odour-causing bac-

teria. Possible reasons could have been due to the 

low lactic acid concentration and the relatively high 

pH that allowed E. coli and other microorganisms to 

persist at high levels throughout the treatment pe-

riod (Anderson et al., 2015; Andreev et al., 2017). Con-

tinued microbial activity led to the breakdown of or-

ganic material, thereby producing large amounts of 

odour-causing compounds (Zewde et al., 2021). 

The ratio 1:0.35 reactor indicated an odour level 

of 26.67 TON, which was lower than the initial con-

dition but higher than the control. This indicated a 

moderate level of effectiveness in odour reduction. 

While it was better than the initial condition, it did 

not perform as well as the control or the ratio 1:1 

reactor. 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.

These findings are in agreement with those of 

Anderson et al., (2015), who demonstrated that lac-

tic acid lowers FS pH and suppresses pathogenic 

growth. Similarly, Getaneh et al., (2021) observed 

higher urea stabilization and pathogen inactivation 

at low pH values. However, unlike Odey et al., (2018b), 

who focused primarily on odour control and patho-

Table 2: TON levels
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gen elimination, this study also evaluated solid con-

tent reductions, revealing a key disadvantage: while 

high lactic acid concentrations eliminated E. coli and 

odour, they suppressed microbial activity required 

for VS and TS reduction. 

Conclusion

This study showed that considerable lactic acid 

amounts can be produced via spontaneous fermen-

tation of cabbage, tomato, and carrot waste. Al-

though carrot waste exhibited a higher absorbance, 

cabbage waste was selected since it produced a 

clear spot with an Rf similar to that of pure lactic 

acid, as confirmed by thin-layer chromatography. 

There was also no significant difference in lactic acid 

produced in cabbage and tomato waste on the final 

day of fermentation. This highlights the potential of 

vegetable waste as a low-cost, renewable resource 

for lactic acid production.

The 1:1 ratio of FS to lactic acid achieved com-

plete elimination of E. coli (0 cfu/mL) within four 

days, demonstrating greater pathogen inactivation 

compared to lower ratios (1:0.5, 1:0.35) and the 

control. It was noted that in higher lactic acid con-

centrations (1:1), volatile solids were not reduced 

due to microbial inhibition, while lower ratios (1:0.5, 

1:0.35) showed rapid VS and TS degradation, indi-

cating enhanced microbial activity at lower acidity.

The 1:1 lactic acid ratio significantly reduced 

odour, achieving a Threshold Odour Number (TON) 

of 7.3, compared to the control (TON = 25). These 

results indicated that lower ratios (1:0.5 and 1:0.35) 

exacerbated odour, likely due to the growth of 

odour-producing bacteria. This highlights the impor-

tance of optimal lactic acid concentration for effec-

tive odour control.

These findings confirm lactic acid from vegetable 

waste as a viable, eco-friendly solution for FS treat-

ment, aligning with circular economy principles by 

valorising vegetable waste into sanitation resources. 

The 1:1 lactic acid ratio proved optimal for patho-

gen elimination and odour reduction; however, it 

showed a reduced efficiency in both TS and VS re-

duction. This necessitates further studies to find an 

optimal lactic acid concentration that can result in 

pathogen elimination, odour elimination, and TS and 

VS elimination. 
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