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Source separated human feces can be used as a valuable source of nutrients if it is properly sanitized
and its nutrient is conserved. In this study, the efficiency of fresh cabbage waste produced lactic acid
treatment of human feces as a pretreatment to evaluate the sanitizing effect, urea stabilizing, and odor
removal was investigated for 33 days. Four reactors were used for the treatment process containing
different lactic acid to feces ratio (that is, 1:1, 1:2, 1:3 and control). Escherichia coli was used as the
indicator of pathogen inactivation, whereas pH and ammonium were used as the main indicators of urea
hydrolysis. The result showed that inactivation of the indicator, stabilization of urea and odor reduction
improved in 1:1 reactor compared with other treatment reactors. Therefore, human feces is
recommended to be treated by food waste produced lactic acid for 9 days for hygienic and stabilization
purpose. Under this treatment condition, pH is maintained below 4.1 and ammonium content is
maintained at approximately 5.0 mg/g. Moreover, the combination of lactic acid and activated biochar
also played important role in odor control for effective treatment of feces.
Key words: Activated biochar, feces, lactic acid, Escherichia coli, urea stabilization.

INTRODUCTION
Nowadays, the conventional urban water and sanitation
systems are questionable in terms of its adequacy and
long-term sustainability both in developed and developing
countries. Issues of high energy and water demand,
sludge disposal problems, and limited nutrient recycling
in developed countries (Brands, 2014) and the high
infrastructure costs in developing countries (Larsen et al.,
2016) are prohibitive for implementation of the systems.
As a result, source separation and control is getting
attention since it provides the opportunity for resource

recovery and minimizes dilution and contamination of
human excreta (Wilsenach et al., 2003; Larsen et al.,
2009). Source separation is believed to answer the
concern about future fertilizer availability for better
nutrient management, including comprehensive recycling
of nutrients contained in human excreta to agriculture
(Harder et al., 2019). Due to its nutrient contents, human
feces are a natural fertilizer that could replace chemical
fertilizers (Andreev et al., 2018) to increase the soil
fertility for agricultural productivity (Kimetu et al., 2004).
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However, the risk of infecting people with disease via
contaminated crops and loss of nutrients are the main
challenges (Yemaneh, 2015; Gold et al., 2018).
Different treatment techniques have been used to
reduce the amount of pathogens in feces. Storage and
composting
(thermophilic
composting
and
vermicomposting), which needs at least 1 to 2 years
storage for pathogen removal (WHO, 2006). Desiccation
along with high pH was proven to be efficient in pathogen
destruction during the storage of feces by maintaining
moisture content below 25% and a pH > 9, but rarely
achieved (Niwagaba et al., 2009). Thermophilic
composting that needs to be maintained at least for
several days in stored feces is not economical since it
requires additional energy source (Kone et al., 2010).
Vermicomposting requires an extended time of 3 to 5
months to sanitize the feces during which a significant
amount of nitrogen would be lost (Sinha et al., 2009).
Lime treatment reduces pathogen present in feces. The
concern in this process includes, lime scaling, ammonia
odors and pathogen regrowth after a few days (Strande
et al., 2014). Ammonia disinfection is effective in urine
(Adamtey et al., 2009); however, its effectiveness to
feces and disadvantages over the other technologies are
not exhaustively studied (Magri et al., 2015).
Fermentation and acidification process is one of the
most reliable methods for pathogen inactivation, nutrient
loss reduction and odor control. Several studies (Factura
et al., 2010; Otterpohl and Buzie, 2013; Bettendorf et al.,
2014) showed the use of lactic acid fermentation for
treatment of human feces within the terra preta sanitation
approach. Lactic acid fermentation is a cheap and simple
method that can be achieved through acidification at pH
≤ 4 (Anderson et al., 2015; Andreev et al., 2017).
However, several lactic acid species do not produce
effective lactic acids for pathogen inactivation in feces
(Colehour et al., 2014; Sanni et al., 2013). As a result,
effective, cheap and locally available lactic acid from
wastes must be produced to sanitize feces, preserve its
nutrient value as fertilizer and reduces its odor.
Lactic acid fermentation (LAF) is a cheap and simple
method that can be achieved through acidification at pH ≤
4 (Anderson et al., 2015; Andreev et al., 2017). However,
not all lactic acid bacteria (LAB) species are able to
produce lactic acid in feces and urine, making them
ineffective for pathogen inactivation (Odey et al., 2018).
In this study, we set out to have effective, cheap and
locally available waste sources likely to contain LAB that
could be fermented to produce lactic acid as a sanitizing
agent for human feces prior to being used as a fertilizer.
Specifically, cabbage waste was evaluated as organic
source, for its ability to create LAB inocula that produced
enough lactic acid to eliminate fecal indicator bacteria.
The lactic acid produced from cabbage waste was
evaluated for its ability to inactivate pathogen, inhibit urea
hydrolysis and eliminate odor in feces. Escherichia coli
was used as the indicator of pathogen inactivation,
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whereas pH and ammonium were used as the main
indicators of urea hydrolysis.

MATERIALS AND METHODS
Preparing organic waste sources for fermentation
Fresh cabbage waste served as organic waste sources (heretofore
called “substrates”); this substrate was collected in Addis Ababa,
Ethiopia and was selected based on availability. It was collected
from the big vegetable market in the city. The fresh cabbage waste
was pulverized with a heavy-duty blender in the laboratory at Addis
Ababa Institute of Technology, Addis Ababa University (AAU). Fifty
grams of the substrate were mixed with 50 ml of distilled water and
50 ml of 10% sugar cane molasses to enhance lactic acid
fermentation in the fermentation reactor, and sealed to make it airtight and incubated at 37°C for seven days based on the method of
Omar et al. (2009). Change in pH and the concentration of LAB and
E. coli during the batch fermentation test were enumerated using
the method described subsequently. The experiments were
conducted in duplicate.
Preparation of lactic acid stock
Lactic acid was recovered for use in feces sanitization and urea
hydrolysis inhibition using the methods of Mumtaz et al. (2008),
Omar et al. (2009) and Phang et al. (2002). Specifically, the
cabbage + sugar fermentation vessels were incubated at 37°C for
seven days, then frozen at -30°C overnight followed by thawing in a
drying oven at 60°C for 2 to 3 h. The solution was centrifuged and
filtered with 0.8 µm cellulose acetate filter paper and a vacuum
pump (KNF Neuberger, Germany). Finally, the water was
evaporated at 50°C under vacuum for 8 h using a rotary evaporator
(ROV 400, Czech Republic). After most of the liquid was
evaporated, a clear brownish solution containing lactic acid was
recovered (27.64 ± 3.03 ml). The solution pH was measured and
found to be 3.90 ± 0.01. This acidic environment was anticipated to
be used as an effective conditioner for pathogen inactivation and
urea stabilization in feces.
Feces collection and experimental setup
Feces samples were collected from a volunteered family (a man –
aged 36, three females – aged 41, 32, and 24) for a day and
thoroughly mixed. At the end of the collection, it was stored in a
tightly closed plastic container. Chemical analysis was performed
and equally separated into four reactors. 130 g of feces sample was
added to each of four 500 ml plastic containers (reactors). Three of
the four reactors were mixed with different amount of lactic acid
(lactic acid: feces) as 1:1, 1:2, and 1:3 (v/w). The fourth reactor was
stored in parallel in tightly closed reactor without addition of lactic
acid and named as control. All the bottles used for the experiments
were disinfected and dried prior to filling. The treatment process
was undertaken for 33 days for all reactors. The initial
characteristics of the feces, pH and E. coli, were measured and
found to be 6.89 ± 0.09 and 3.2 ± 0.00 × 106 CFU/g, respectively.
The feces treatment experiment was monitored by measuring the
E.coli, ammonium concentration, and pH. The ability of lactic acid to
inactivate the pathogens was determined by evaluating the survival
rates of the E. coli using Compact Dry ECO plates (HyServe,
Germany) and on the basis of the pH changes (measured by using
Jenway 3505-UK pH meter) during the treatment process, whereas
the ability to reduce nutrient loss was monitored by measuring the
ammonium concentration throughout the experiments.
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Figure 1. Change in pH (●), lactic acid bacteria counts (■), and E. coli counts (▲) during batch fermentation test
conducted with cabbage + molasses. Zero data points on the x-axis reflect samples where E. coli was not
detected. Symbols reflect the average of duplicate samples that are given by the extremes of the error bars.

The pH value during the treatment process was determined by
collecting 1 g of sample from each reactor, which was then
dissolved in 10 ml distilled water. The dissolved portions were
stirred for 15 min. After settling, the pH was measured with pH
meter (Jenway3505, UK).
Inhibition of E. coli in each reactor was determined using dry
chromogenic medium for the detection and enumeration of E. coli.
Samples taken from each reactor was added to the plates
containing the chromogenic medium and incubated for 24(±2) h at
35°C. E. coli colonies, present as blue colonies, were counted
(HyServe, Germany).
The ammonium content was analyzed using the Spectroquant
reagent
kit
1.14752.0002
(Merck,
2019).
Using
a
spectrophotometer (Spectro UV-VIS Double Beam PC (UVD-3200),
Labomed INC) and 10 mm cells, the absorbance of wavelength 690
nm was measured. For the conversion from absorbance to
concentrations a standard curve was prepared with concentrations
0.1, 0.5, 1, and 3 mg NH4/L prepared from standard solution (1000
mg NH4/L).

bacteria were cultured at 37°C for 24 h on MRS agar (Standard
Method 9215), a Lactobacillus selective culture medium. E. coli was
enumerated at 37°C for 24 h with Compact Dry ECO plates
(HyServe, Germany) that use a dry chromogenic medium that is
reconstituted when the liquid sample is applied; E. coli colonies
present as blue. The method has an accuracy of ±0.5 log10 and a
detection limit of 1 CFU/ml.

Statistical analysis
The experimental data were statistically processed via a Tukey test
of multiple comparisons within one-way analysis of variance
(ANOVA) and using Minitab 17 statistical software. The means of
pH and ammonium concentration in all treatment reactors were
compared for significance differences (at 95% significance, based
on p values and confidence interval CI).

RESULTS AND DISCUSION
Odor evaluation
The odor strength of the feces during treatment with lactic acid and
combination of lactic acid and activated biochar was evaluated by
eight people. The activated biochar was prepared from Prosopis
wood based on the method laid out by Nahata et al. (2017). The
potency of the perceived odour was evaluated by using a scale
rank that has been used previously (Andreev et al., 2017). The
scale rank categories are: 0 (no odor), 1 (very faint odor), 2 (faint
odor), 3 (distinct odor), 4 (strong odor), 5 (very strong odor), and 6
(extremely strong odor).

Culture enumeration
Bacterial culturing was conducted in duplicate by applying 0.1 mL of
serially diluted (1/10) sample in sterile distilled water. Lactic acid

Fermented cabbage
inactivated E. coli

waste

produced

LAB

and

The waste source produced low pH response to
fermentation (Figure 1). Since it reflects the acidification
in the experiment, pH variation is one of the most
important parameters that must be observed during
fermentation. The initial pH of the substrate was 5.5. The
pH stabilized at average value of 3.98 ± 0.02 by day five
and remained there until day seven. This favored to the
rapid growth of LAB during the fermentation process. As
a result, LAB metabolized molasses to obtain energy and
produced lactic acid as the end product. The increase in
LAB concentration resulted in a pH drop. This result
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shows that cabbage waste produced the lowest sustained
pH during the experiment.
Throughout the experiment, the waste resulted in a
8
multifold increase in LAB counts (0.8 × 10 ± 0.12 to 5.0 ×
8
10 ± 0.22 CFU/100 ml). Furthermore, the fermented
cabbage waste eliminated detectable E. coli counts by
day three suggesting that acidic pH values lead to E. coli
inactivation. The average result of duplicate samples is
converted into log10 CFU/100 ml (Figure 1).
The fermentation test result indicates that fresh
cabbage waste can produce conditions favorable for
inactivating pathogens and stabilizing urea in feces. The
waste creates acidic conditions so more quickly and
rapidly inactivated E. coli, an enteric pathogen indicator.
While the complete mechanism of inactivation was not
determined, acidic pHs are outside of the ideal range for
optimum growth (Desmarchelier and Fegan, 2003) and
likely contributed to its inactivation.
Finally, the waste showed the potential to generate
lactic acid given the proliferation of LAB and decrease in
pH under all conditions. Consequently, fresh cabbage
can be used to generate lactic acid for feces processing
and pathogen inactivation. Cabbage is naturally rich in
LAB and support rapid fermentation (Yang et al., 2010),
which was seen in this study.

Fermented waste-generated lactic acid inactivated E.
coli and improved urea stabilization
Addition of fermented waste-generated lactic acid
solution (pH 3.98) stabilized the pH in human feces
present at a higher volume. The pH value of the control
reactor was initially 6.89, which then increased to 7.28 on
the fifth day of the treatment. At the end of the treatment
process, the reactor had a final pH of 7.94, which is
consistent with what happens when urea in the feces is
hydrolyzed to ammonia (Chang et al., 2015). The pH
rapidly decreased for 1:1 reactor (4.01) followed by 1:2
(4.05) and 1:3 (5.16) reactors in the first five days of the
treatment process and remained nearly constant for three
of the reactors from day 9 to the final day of the treatment
as shown in Figure 2A. The final pH value for 1:1, 1:2 and
1:3 was 4.08, 4.27, and 5.28, respectively. The observed
pH value in 1:1 reactor is considered to have nearly the
desired characteristics for feces acidification as described
by Thimann (1963) and mentioned by Odey et al. (2018)
that lactic acid treatment must have a final pH of 4 for
feces hygienization. This result implied that food waste
produced lactic acid is an effective conditioner for
pathogen inactivation in feces, because pathogens rarely
survive in acidic environment (Glaser and Guggenberger,
2001).
A one way ANOVA analysis for pH between the four
test reactors shows that there was no statistically
significant difference between the means of the pH value
of the 1:1 , 1:2, and 1:3 reactors (p value < 0.05).
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However, there was statistically significant difference
between the mean of the pH value of the control reactor
from the rest of the reactors.
In this study, lactic acid treatment of feces has been
hypothesized to prevent urea from hydrolyzing into
ammonia/ammonium. Urea hydrolysis is catalyzed by
urease from urea producing bacteria. The effect of lactic
acid, however, inactivates urea producing bacteria, thus
inhibiting urease production during lactic acid treatment.
In this study, the initial ammonium content of the feces
was 2.11 mg/g. Ammonium concentration of 1:1 and 1:2
reactors on the first day was 2.14 and 2.4 mg/g,
respectively, and showed sharp increment on the fifth day
(4.13±0.11 in 1:1 reactor and 5.08±0.12 in 1:2 reactor).
On day 5 onwards, the ammonium concentration in 1:1
and 1:2 reactors remained nearly constant until it reached
5.16 mg/g in 1:1 reactor and 5.74 mg/g in 1:2 reactor at
the end of the treatment process. Although 1:1 and 1:2
reactors showed slight difference in inhibition of urea
hydrolysis, both influenced urea hydrolysis nearly equally,
as shown in Figure 2B. This was supported by one way
ANOVA, which showed that there is no significant
difference in ammonium concentration between 1:1 and
1:2 reactors (p value < 0.05). On the other hand, the
ammonium concentration in 1:3 and control reactors keep
increasing until the end of the treatment process. The
final ammonium concentration in the 1:3 and control
reactors was 8.32 and 15.2 mg/g, respectively as shown
in Figure 2B. The control reactor showed the highest
ammonium concentration over the others, indicating that
there is continues urea hydrolysis. This was supported by
one way ANOVA, which showed ammonium
concentration in control reactor is significantly different
from the other reactors (p value < 0.05). Therefore,
considering urea hydrolysis in feces, both 1:1 and 1:2
reactors after 5 days lactic acid treatment produces the
optimal urea stabilization.
E. coli was used in this treatment process as an
indicator organism to assess the pathogen inactivation
efficiency of fresh cabbage waste and sugar cane
molasses produced lactic acid in feces. Accordingly, the
result showed that reduction in the concentration of E.
coli was observed in the 1:1 and 1:2 reactors, whereas
the concentration of E. coli remained high in the 1:3 and
control reactors. On day 5 onwards, E. coli was not
detected in the 1:1 reactor and on the ninth day of the
treatment process in the 1:2 reactor as shown in Figure
2C. On the other hand, slight E. coli concentration
reduction was observed in 1:3 and control reactors. While
the complete mechanism of inactivation was not
determined, acidic pHs are outside of the ideal range for
optimum growth (Desmarchelier and Fegan, 2003) and
likely contributed to its inactivation. According to various
studies, pH range of 3.51 to 4.2 could efficiently eliminate
various pathogens. Odey et al. (2018) reported that the
addition of lactic acid produced from fermented rice flour
and brown sugar led to an effective acidification of the
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CFigure 2. Change in pH, ammonium concentration, and E. coli counts during batch treatment tests.

Control = ● ; 1:3 = ▲ ; 1:2 = ■; 1:1 = . (A) Changes in pH during batch tests. (B) Changes in
ammonium concentration during batch test. (C) E. coli distribution during batch test. Zero data points
on the x-axis reflect samples where E. coli was not detected. Symbols reflect the average of duplicate
samples, that are given by the extremes of the error bars.

treatment process to pH of 3.51 to 3.52 and fecal coliform
inactivation. Anderson et al. (2015) found that lactic acid

fermentation could reduce the E. coli count in fecal
sludge to below the detection limit at pH 4.2. As it was
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also found in this study, the addition of lactic acid
produced from the fermentation of fresh cabbage waste
and sugar cane molasses showed removal of E. coli at
pH range of 4.04 to 4. 18. This is also consistent with the
result reported by Soewondo et al. (2014) who recorded
approximately pH 4.5 after 7 days of lacto-fermentation
treatment of fecal matter by EM4 and 5% glucose.
In this study, lactic acid treatment of feces in 1:1 and
1:2 reactors reduced the pathogenic microorganism load
(E. coli) in a more efficient and faster way. Thus,
acidification through lactic acid can eliminate pathogen in
feces while conserving nutrients that could be lost during
collection, transportation and treatment. Therefore,
considering disinfection effect and urea hydrolysis, 1:1
treatment produces the optimal pathogenic bacteria
inactivation and urea stabilization. However, further
investigations are required to see the efficiency of food
waste produced lactic acid to remove dangerous
pathogens such as Salmonella, Ascaris and Schistosoma
before the practical application of lactic acid treatment of
feces.
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acid and 10 %( w/w) of activated biochar into all reactors,
complete suppression of odor in 1:1 and 1:2 reactors
were reported by all panelists. Accordingly, in 1:1 and 1:2
reactors, the odor was ranked as no odor by all panelists.
In the 1:3 reactor, the odor was ranked as a faint odor by
five panelists and a distinct odor by three panelists. In the
control reactor, the odor was ranked as extremely strong
odor by all panelists as shown in Figure 3B.
As the observation of the researcher, combination of
lactic acid and 10% (w/w) activated biochar showed
complete feces odor removal. This finding is similar with
the study result obtained by Yemaneh et al. (2012) who
conducted feces treatment involving LAB microbial
inoculant, 10% (w/w) molasses and 10% (w/w) charcoal.
According to the study, the combined LAB microbial
inoculant, 10% (w/w) molasses and 10% (w/w) charcoal
suppressed completely the odor of the feces than the
treatment with only LAB microbial inoculant and 10%
(w/w) molasses.

Replication tests
Food waste produced lactic acid and biochar
combined treatment of feces reduced the odor to the
acceptable level
The presence of feces odor and its acceptability as a
pretreatment of feces to be used in collection system was
compiled from the qualitative responses of eight
panelists. According to the panelists, lactic acid treatment
of 1:1 and 1:2 reactors suppressed the odor and changed
it with a lactic acid smell compared to the 1:3 and control
reactors. In the 1:1 reactor, the odor was ranked as very
faint odor by four panelists, faint odor by three panelists,
and a distinct odor by one panelist. In the 1:2 reactor, the
odor was ranked as a faint odor by five panelists and a
distinct odor by three panelists. In the 1:3 reactor, the
odor was ranked as strong odor by all panelists.
However, the odor in the control reactor was reported by
all panelists to be extremely strong odor as shown in
Figure 3A.
Other studies also reported the removal of offensive
feces odor through application of lactic acid produced
from other organic wastes. Wang et al. (2001) reported
suppression of odor through lactic acid fermentation of
kitchen biowaste and fish waste. Huang et al. (2006)
found odor suppression through lactic acid fermentation
of swine manure added with lactic acid bacteria. Odey et
al. (2018) reported odor suppression through fecal sludge
treatment using fermented rice flour with brown sugar. In
this study, the odor reduction observed in 1:1 reactor
could make the sanitized feces acceptable during
collection of the feces for direct application in agriculture
as a soil amendment or further treatment to recover
nutrients.
In an experiment conducted with the addition of lactic

Based on the aforementioned experimental results, food
waste produced lactic acid was applied to human feces
for 9 days in two duplicate tests to test the reproducibility
+
of the selected operational conditions (pH, NH4 and E.
coli). The experimental results, for the lactic acid
treatment of the two feces samples are presented in
Figure 4.
No variation in the rate of E. coli inactivation was
observed between the two test samples. E. coli in the
two feces samples was completely inactivated on the 9th
day of the treatment process. This result is consistent
with the previous experimental results. Similar results
were obtained for urea hydrolysis that no large variation
was found in the pH and ammonium concentration of the
two feces samples during the 9 days of the treatment
process. Both pH and ammonium content stabilized
starting from the 9th day of the treatment process, which
is consistent with the previous experimental result. The
pH value of the two feces samples on the 9th day of the
treatment were 4.03 and 4.07, whereas the ammonium
concentrations were 4.96 and 4.99 mg/g. These results
further supported the efficiency and reproducibility of the
previous experimental results.
Thus, considering the potential of food waste produced
lactic acid for hygienization as well as reduction of
nutrient loss and odor emissions, this treatment
technique can be applied in separately collecting
sanitation systems. Moreover, it laid foundation to utilize
food waste for feces sanitization. One-third of the food
produced globally for human consumption (approximately
1.3 billion tons) is lost. Industrialized and developing
countries dissipate roughly the same quantities of food
670 and 630 million tonnes, respectively (News, 2011).
Using part of these wastes for the lactic acid treatment
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B
Figure 3. Perception of panelists on feces odor strength (N=8). (A) Perception of panelists on feces treated
with only lactic acid. (B) Perception of panelists on feces treated with lactic acid and biochar.

of feces will be an economic advantage.

Conclusion
Lactic acid treatment of source separated feces can be a
cost effective method during collection and further
treatment. In this study, 1:1 reactor showed better

performance in terms of pathogen inactivation, nutrient
lose reduction via inhibition of urea hydrolysis, and odor
removal over the other reactors. The addition of lactic
acid produced from fresh cabbage waste and 10%
sugarcane molasses led to an effective acidification of
the process to a pH of 4.01 to 4.08 in the 1:1 reactor and
E. coli inactivation during the treatment process.
Ammonium concentration remained constant after fifth

Getaneh et al.
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Figure 4. pH value and ammonium concentrations in the two feces samples. pH of sample test-1 (■), pH of
sample test-2 (), ammonium concentration of sample test-1 (●) , and ammonium concentration of sample
test-2 (▲).

day of treatment in 1:1 reactor, thereby showing the
efficiency of lactic acid for inactivation of urea hydrolysis.
Moreover, in 1:1 reactor lactic acid treatment also played
important role in odor control for effective treatment of
feces. The combined lactic acid and 10% (w/w) activated
biochar showed complete odor removal. Therefore, this
study showed that fresh cabbage waste and 10%
sugarcane molasses produced lactic acid and 10%
activated biochar can be used for feces treatment in
terms of pathogen inactivation, urea stabilization, and
odor control. The capacity of lactic acid to remove
dangerous pathogens such as Salmonella, Ascaris and
Schistosoma need further investigation.
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