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Abstract 
The potential of transferring coliform bacteria present in cow
manure applied to agricultural soil to fruits, vegetables and water
is of great concern to farmers. In this study, we investigated the
effect of supplementing cow manure with bokashi on survival of
coliform bacteria during fermentation or pretreatment. The
pretreatment of cow manure (4.5% total solids) supplemented
with 5 - 20 g dry bokashi in sterile 250-ml Wheaton glass serum
bottles (working volume, 100 ml) was conducted aerobically or
anaerobically at 35 ℃ and 120 rpm in a shaker incubator for 48
h. Using microbiology and molecular techniques, samples (5 ml)
were drawn at 12-h intervals and analyzed for fecal coliforms
and probiotic microorganisms during the pretreatment. Our
findings show that bokashi completely killed coliforms in cow
manure within 24 h in both anaerobic and aerobic pretreatment
conditions. Additionally, 16S rRNA gene analysis of bacteria
present in bokashi showed the presence of Bacillus and
Paenibacillus species, whereas that of cow manure pretreated
with bokashi revealed the presence of manure derived probiotics
such as Lactobacillus, Bacillus and Paenibacillus species.
Further, heat-sterilized bokashi also effectively killed coliforms
during cow manure pretreatment, suggesting that the ability of
bokashi to kill coliforms may be attributed to the prebiotic
(complex carbohydrates) characteristic of bokashi and not its
probiotic content. Collectively, bokashi serves as prebiotic for
rapid proliferation of manure-derived probiotics, eradication of
coliforms in pretreated cow manure, and potentially help to
prevent the spread of pathogens in the environment.

Introduction
More than one billion tons of manure are generated in the

United States annually, most of which are utilized as organic
fertilizer in agricultural land (Zhang and Schroder, 2014).

A major concern associated with animal manure is the
potential for surface and groundwater contamination from
pathogens (Oun et al., 2014).

Manure composting can significantly lower pathogen load in
manure however, the pathogens remaining after composting
may still pose some health risks (Sobsey et al., 2006).

Some of the major water- and food-borne outbreaks in the US
have been linked to runoffs containing manure-borne
pathogens (Oun et al., 2014; Cliver et al., 2004).

Bokashi is a composting inoculant that contains complex
carbohydrates and effective microorganisms (EM; Lind, 2014).

Bokashi supplementation eliminates fecal coliforms during cow manure 
pretreatment

Christopher C. Okonkwo1, Victor C. Ujor2, Brian E. Roe3, and Thaddeus C. Ezeji*1

Introduction cont’d
Toward establishing an effective fecal coliforms elimination

strategy, we evaluated the potential of bokashi to completely
remove fecal coliforms during cow manure pretreatment.

Specific objectives
 To evaluate the ability of bokashi to effectively remove

fecal coliforms during cow manure pretreatment.

 To determine the microbial diversity and dynamics of
bokashi supplementation during cow manure pretreatment
via microbial counts and 16S rRNA gene analysis.

Materials and Methods

Control

Sample collection 
(0, 12, 24 & 48 h)

Analysis of Variance and pairwise comparisons between the
control and treatments using Dunnett’s test was conducted at
p<0.05 using Minitab Version 18 (State College, PA, USA).

Statistical analysis

Results cont’d Results cont’d

Figure 5: Phylogenetic trees based on 16S rRNA gene analysis data of
bacteria present in cow manure pretreated with (A) or without bokashi (B)
supplementation. The 16S rRNA gene analysis shows the presence of
Bacillus and Lactobacillus species (BS_isolates_V44 - _V58) in the bokashi
addition treatment (A), and the presence of Bacillus, Lactobacillus and some
relatively new bacteria species (CS_Isolates_V45 - _V59) in the control
treatment (B).

Discussion and conclusions
Pretreatment of animal manure with bokashi effectively eliminates

fecal coliforms (pathogens) contained in manure.
 The effective organisms contained in bokashi may not be

responsible for fecal coliforms elimination during manure
pretreatment given that sterile bokashi had almost identical outcome
as unsterile bokashi (Tables 1-3).

 Fecal coliforms elimination by bokashi addition (Fig 3; Tables 1-3),
which occurred in concert with enhanced growth of Lactobacillus
species (probiotics; Figs 4-5) suggests that bokashi may serve as
prebiotics (substrate) for the proliferation of Lactobacillus species in
cow manure which successfully outcompetes and eliminated fecal
coliforms.

Collectively, our results represent an effective strategy for improved
animal manure pretreatment and reduction of the risks associated
with manure-borne pathogens in agricultural practices.
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Time (h) Fecal coliforms x 106 cfu/g sample
Manure only 

(Control)
Manure + 5 g 

bokashi
Manure + 10 

g bokashi
Manure + 20 

g bokashi
0 1.02 ± 0.01a 0.90 ± 0.12a 0.96 ± 0.41a 1.58 ± 0.89b

12 31.48 ± 13.94a 0.06 ± 0.02b 0.02 ± 0.01b 0.02 ± 0.00b

24 22.19 ± 9.27a 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b

48 39.09 ± 17.99a 0.00 ± 0.00b 0.00 ± 0.00b 0.00 ± 0.00b

*Table 1. Bokashi (5 – 20 g) addition eliminates fecal coliforms after
12 h of anaerobic pretreatment of cow manure. Data presented as
mean ± SD (n = 5).

*Dunnett’s pairwise comparisons were conducted between bokashi treatments and
the control. Treatments with different superscripts across a row are significant at p<
0.05.

*Table 2. Bokashi (5 and 10 g) addition eliminates fecal coliforms after
24 h of aerobic pretreatment of cow manure. Data presented as mean
± SD (n = 5).
Time 
(h)

Fecal coliforms x 106 cfu/g sample
Manure only 

(Control)
Manure + 5 g 

bokashi
Manure + 10 g 

bokashi
0 0.84 ± 0.17a 0.75 ± 0.27a 0.71 ± 0.34a

12 47.4 ± 18.04a 0.01 ± 0.00b 0.01 ± 0.00b

24 65.25 ± 20.40a 0.01 ± 0.00b 0.01 ± 0.00b

48 50.20 ± 29.30a 0.00 ± 0.00b 0.00 ± 0.00b

*Dunnett’s pairwise comparisons were conducted between bokashi treatments and
the control. Treatments with different superscripts across a row are significant at p <
0.05.

*Table 3. Sterile bokashi (5 and 10 g) addition eliminates fecal
coliforms after 24 h of anaerobic pretreatment of cow manure. Data
presented as mean ± SD (n = 5).

Time (h) Fecal coliforms x 106 cfu/g sample
Manure only 

(Control)
Manure + 5 g sterile 

bokashi
Manure + 10 g 
sterile bokashi

0 0.99 ± 0.08a 0.85 ± 0.17a 0.70 ± 0.14a

12 36.47 ± 11.92a 0.52 ± 0.13b 0.18 ± 0.06b

24 26.02 ± 6.38a 0.20 ± 0.01b 0.00 ± 0.00b

48 40.38 ± 20.05a 0.00 ± 0.00b 0.00 ± 0.00b

*Dunnett’s pairwise comparisons were conducted between bokashi treatments and the
control. Treatments with different superscripts across a row are significant at p < 0.05.
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Figure 4: Lactobacillus species
counts of cow manure
pretreated with and without
bokashi under anaerobic and
aerobic strategies. Bokashi
supplementation increased the
growth of Lactobacillus species
in cow manure by 1.2- and 1.5-
fold under anaerobic and
aerobic pretreatments,
respectively, relative to the
control.
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Figure 3: Supplementation
of cow manure with bokashi
eliminated fecal coliforms
(100%). (A) Manure only
(control) and (B). Cow
manure supplemented with
bokashi.
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Results

Figure 2: Identification of bacteria present in bokashi by 16S rRNA
gene analysis. Bacillus and Paenibacillus species (Bo_Isolates_1 - 6)
were present in bokashi.

Figure 1: The routes of human exposure to manure-borne
pathogens via land application of manure. Adapted from Oun et
al. (2014).
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