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The effect on the bacterial growth of Aporrectodea molleri cutaneous excreta has given very satisfactory results. The cutaneous
excreta were obtained using the electrical stimulation technique, recently developed by our laboratory. This technique made it
possible to collect the excreta in sufficient quantities while ruling out any possible interference with the chemical constituents of
the soil. The effectiveness of cutaneous excreta, tested as culture media at different concentrations on bacterial growth, was
justified not only by the high growth rates but also by the concentrations used, which were several times lower than those of the
conventional medium (nutrient agar). Indeed, the maximum growth rate recorded by E. coli and P. fluorescens is, respectively, 1.32
times and 2.99 times greater than that observed on the conventional medium. These higher levels are obtained at optimal excretion
concentrations which are, respectively, 8 times and 133.33 times lower than the concentration of the conventional medium. The
efficacy interval that delimited the excretion concentrations tested covers 8 successive concentrations ranging from 0.0075% to 1%
for P. fluorescens, while for E. coli, this interval covers only three concentrations ranging from 0.06% at 0.25%. The growth rates of
P. fluorescens are always higher than those of E. coli. The higher efficiency of excretions on the growth of P. fluorescens shows that
this strain is more suited to use these excretions as a source of nutrients and to react positively to the stimulation of growth. These
results, obtained in vitro, prove that, in the natural environment, the production of lubricating and viscous cutaneous excretions
does not only have the role of facilitating the movement and digging of galleries by earthworms but also of enriching the soil in
nutrients and growth factors with high added values for the activation and development of plant growth-promoting bacteria
essential for soil fertility.

1. Introduction

Earthworms are the main animal biomass in the rhizo-
sphere. According to the literature, these saprophagous
animals constitute an enormous mass between 0.5 and 5
tonnes per hectare (fresh weight) which represents 60 to 80%
of the animal biomass of the soil [1]. In this respect, they
constitute the first terrestrial animal mass [2].
Earthworms dig thousands of km of galleries per hectare
per year. These galleries constitute veritable aeration and
drainage valves for the soil. Digging galleries in the ground
cannot be possible without the presence of viscous

cutaneous excreta (CEX), which protect earthworms against
dehydration and facilitate movement [3, 4]. Cutaneous
excreta represent all fluids produced by the body surface of
earthworms, which include the viscous mucus produced in
the micropores of glandular cells lining the entire surface of
the earthworm body, coelomic fluid released from the back
coelomic pores, and urine excreted through the ventral
urinary pores [4, 5] In addition, the cited fluids are known to
be rich in nutrients such as nitrogen compounds and
proteins [3].

The functioning of the terrestrial ecosystem is highly
dependent on bacterial activity. In fact, soil bacteria are
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effectively involved in the decomposition and matter recy-
cling processes. In agriculture, plant growth-promoting
rhizobacteria (PGPR) promote the availability and uptake of
nutrients by plants and limit the spread of pests [6, 7].
The interaction between bacteria and earthworms is
essential for the natural improvement of soil fertility [8].
Furthermore, these burrowing animals are involved in the
dynamics of the bacterial populations and ensure through
their intestinal transit their dispersion in the soil [9, 10].
Therefore, given the large biomass of these invertebrate
animals and the CEX produced continuously, our laboratory
was interested in studying the impact of the CEX on bacterial
growth, particularly on PGPR bacteria in the soil. In this
work, we study the effect of the earthworm crude extract and
CEX as culture media for the growth of E. coli, used here as a
reference strain in the study of bacterial growth, and
P. fluorescens as a PGPR strain characteristic of the soil.

2. Materials and Methods

2.1. Biological Material. Earthworms: Aporrectodea molleri
is a kind of ubiquitous earthworm which is common to
various ecosystems and agro-biocenoses in the western
Mediterranean. This annelid was harvested in the region of
Akrach about 20 km southeast of Rabat (Morocco).

Bacteria: the strain Escherichia coli ATCC 25922 was
loaned to us by the National Institute of Hygiene (INH) of
Rabat (Morocco). The strain Pseudomonas fluorescens be-
longs to the collection of our laboratory: Earthworm, Im-
proving Soil Productivity and Environment (LAPSE) of
Rabat (Morocco).

2.2. Preparation of Earthworm Cutaneous Excreta (CEX).
The electrical stimulation technique, as developed by our
laboratory [11], included the stages of prestimulation,
stimulation sensu stricto, and poststimulation.

Prestimulation: this is the stage of fasting earthworms.
This step is important because it avoids any interference of
the cutaneous excreta with the contents of the earthworm
digestive tract which is rejected through the anal and oral
orifices during electrical stimulation. A fresh weight lot
(FWgw1 =843.6 g) of Aporrectodea molleri was deprived of
soil and food for 8-10 days. To prevent dehydration, the lot
of earthworms was wrapped in a wet cotton tissue. Every two
days, the moistened tissue was renewed, and then the whole
was transferred to a second pot. The operation was repeated
4 to 5 times until the solid excrement was exhausted. By
using a stereoscope, it was possible to make sure that the
digestive tract of the earthworms has become almost empty.
Finally, the lot of earthworms was rinsed quickly with
distilled water. The fresh weight of the earthworm lot after
the fasting period (FWgw,) was determined.

Sensu stricto stimulation: the lot of earthworms from the
fasting period was divided into 5 to 10 small lots depending
on the volume of the excitation vessel (100 to 200 mL) of the
electrical stimulation device. The contraction of the earth-
worms promotes the massive production of cutaneous ex-
creta. Each small lot of worms was bathed in 20 to 40 mL of
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distilled water depending on the volume of the excitation
vessel. The electrodes connected to a double-pulse stimu-
lator-type current generator were immersed in water in
contact with the earthworms. Finally, each small lot was
subjected to an electrical stimulation of a voltage U =20V
with a frequency F = 100 stimulations/second for a period of
time T=5 minutes.

Poststimulation: at the end of each sensu stricto stim-
ulation, each of the small lots was discharged into another
container where it is rinsed with distilled water in order to
recover the residue from the sticky cutaneous excreta that
persist on the body of the worms. The small lots were then
collected into a single lot and dried with Joseph paper. The
final fresh weight of the lot after stimulation (FWgy3) was
determined. It was the difference between the initial fresh
weight before stimulation (FWgw,) and the final fresh
weight after stimulation (FWgyw;) that determined the
amount in the fresh weight of the cutaneous excreta pro-
duced (FWcgx). All the cutaneous excreta from the exci-
tation containers as well as those from rinsing water were
accumulated and then evaporated in an oven (70°C) until the
weight stabilizes. This was the final dry weight of cutaneous
excreta (DWcgx) that will be used in the preparation of
bacterial culture media.

2.3. Preparation of Bacterial Culture Media (CEX). A stock
solution of 200 mL was prepared from 2 g of the dry residue
of the excreta. From this solution, bacterial culture media
were prepared by successive dilutions. pH was adjusted to
neutral pH. The 200 mL stock solutions were divided into 2
volumes of 100 mL. The first volume (100 mL) constituted
the C'; culture medium at 1%. The second volume (100 mL)
was made up to 200mL with distilled water. After ho-
mogenization, this volume was divided into two; the first
volume constituted the C’, culture medium at 0.5%, i.e., a
dilution factor (Fd) equal to 2x. The second remaining
volume (100 mL) was diluted in the same way as the above to
obtain the C’; medium at 0.25%; Fd=4x. The series of
successive dilutions continued until culture media C’, at
0.12% (Fd=8x), C's at 0.0.06% (Fd=16x), C's at 0.0.03%
(Fd=32x), C', at 0.015% (Fd=64x), and C's at 0.0075%
(Fd = 128x) were obtained.

The effect on the bacterial growth of culture media
(Cy, ..., Cg) based on cutaneous excreta (CEX) was
compared to that of the conventional medium, nutrient
agar (NA), which is composed of 2% of assimilable
nutrients.

2.4. Inoculation and Growth Parameter. A 10x dilution series
was carried out from the E. coli and P. fluorescens sus-
pensions in order to obtain a number of colonies between 30
and 300 colonies/dish. From the dilution giving a compa-
rable number of colonies, between 30 and 300, 0.1 mL of
suspension was deposited and spread at the centre of each
prepared solid medium. The Petri dishes were finally in-
cubated for 24 hours at 37°C for E. coli and at 30°C for
P. fluorescens. Bacterial growth was determined by the av-
erage number of colonies formed per dish (NCF).
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2.5. Efficiency Parameter. The efficiency of the CEX (Ecgx)
was expressed compared to the conventional NA medium by
two parameters.

Relative concentration (RC): it is the concentration of
the CEX (Ccgx) relative to the concentration of the NA
medium (CNA): RC= (CCEX/CNA) x 100.

Relative growth: it is the growth in the CEX media
(Gcpx) compared to the growth in the conventional NA
media (GNA): RG= (GCEX/GNA) x 100.

The CEX are said to be as effective or more effective than
the conventional NA medium when RC is less than or equal
to 100% (concentration of the extract is less than or equal to
that of the NA medium) and RG is higher than or equal to
100% (growth in the extract is greater than or equal to that in
the NA medium).

The CEX are described as ineffective when RC and RG do
not meet the efficiency conditions mentioned above.

The optimal efficiency is designated when, at the con-
centration of the CEX, which is less than or equal to that of
the NA medium, a maximum growth greater than or equal
to that of the NA medium is obtained.

2.6. Analysis of Statistical Data. The data concerning the
average number of colonies formed (NCF) were submitted
to one-way ANOVA (SPSS software, version 22) in accor-
dance with the experimental models. Significant differences
were determined at a probability level of 0.05, and the Tukey
multiple comparison test was used to compare the means.
All the data were expressed as means + standard error.

3. Results

3.1. Yield of Earthworm Cutaneous Excreta. A small amount
of cutaneous excreta (CEX) was barely sufficient to perform
biological tests planned on bacterial growth. The amount of
CEX produced by electrical stimulation depends on the
number of earthworms used. However, this large quantity of
earthworms underwent a considerable reduction during the
fasting period (prestimulation stage). A weight loss esti-
mated at 40% during the fasting period (prestimulation
stage) was observed. The weight loss estimated at 40% during
this period is not only due to the drop in growth, observable
by the decrease in the size of the earthworms and the dis-
appearance of the clitellum in adult earthworms, but also by
some cases of mortality.

The fresh weights recorded before and after the fasting
period, as well as those obtained before and after the
electrical stimulation, are presented in Tables 1 and 2. The
total fresh and dry weights of the CEX released as well as the
yield per 100 g of fresh weight of the earthworms are also
shown.

The lot of earthworms used initially weighs 843.6¢g
(FWgw1). This weight drops from 843.6g (FWgwi) to
506.16 g (FWgyw,) after the fasting period (prestimulation
stage). We find that only 60% of the fresh weight is actually
used in the stage of sensu stricto stimulation. After stimu-
lation, the fresh weight of the earthworms drops to 437.67 g
(FWgw3). The difference in the fresh weight between FWgyy,
and FWrgyy; indirectly gives the amount in fresh weight of

TaBLE 1: Variations in fresh weight (FWgyw; ) and yields before
stimulation.

Fresh weight (g)  Yield (%)
FWew,: 843.6 100
FWew,: 506.16 60

The excreta yield is evaluated from the quantity of worms resulting from the
prestimulation step (FWgw»).

Earthworm state

Before fasting
After fasting, before stimulation

the CEX produced, FWcpx=68.5g, i.e., a yield of 13.5%.
This fresh yield is estimated in relation to 100 g of the fresh
weight of the earthworms after the fasting period (FWgw»).
The CEX actually collected were reduced to dry residue at
70°C. The dry weight of these excretions is 2.32 g (DW cgx).
The dry weight yield is estimated at 0.45% relative to 100 g of
fresh weight of the worms resulting from the fasting period
(FWEw2).

3.2. Effect of the Cutaneous Extract (CEX) on Bacterial Growth.
The effect of cutaneous excretion- (CEX-) based culture
media at different C, concentrations (C;=1%, ...,
Cs=0.0075%) on the growth of E. coli and P. fluorescens is
shown, respectively, in Tables 3 and 4. In both tables, we
observe a variation in the number of colonies/dish (NCF) as
a function of the concentration (C,) of excretions in the
culture media. The extent of this variation depends on the
bacterial strain tested.

Table 3 shows that, for the E. coli strain and at higher
concentrations between C, =1% and C,=0.12%, cutaneous
excreta exert an inhibitory effect on growth. At lower
concentrations between Cs;=0.06% and C,=0.0015%,
growth increases significantly (p <0.05) between Cg and C.
The maximum rate of NCF growth = 131.67 to 132 colonies/
dish is recorded at these concentrations (Cg and C;). At the
concentration Cg=0.00075%, the growth is suddenly
inhibited. The efficiency of the cutaneous excretions on the
growth (Ecgx/na) is evaluated compared to the conventional
medium NA both by the relative growth (RG) which must be
greater than or equal to 100% of that of the NA medium and
the relative concentration (RC) which must be less than or
equal to 100% of that of the NA medium.

The interval of efficiency of CEX meeting the conditions
of effectiveness mentioned above is determined in bold in
the table. In this interval between concentrations Cs and C,
the relative growth (RG) goes from 110.07% to 234.33%.
These values are greater than 100% of the relative growth of
the NA medium. The relative concentration (RC) goes from
3% to 0.75% only compared to that of the NA medium which
is assimilated to 100%.

For the P. fluorescens strain (Table 4), growth starts at the
concentration C1=1% with a rate of 70.67 colonies/dish
which is already higher than that observed in the NA me-
dium (67.7% colonies/dish). Growth then intensifies as the
CEX concentration decreases to reach a maximum level of
NCF=299.67 colonies/dish at C; concentration=0.25%.
The growth then slows down gradually between concen-
trations C,=0.12% and Cg=0.0075%. We note, however,
that, in this range of low concentrations, the respective
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TABLE 2: Variations in fresh weight and yields during and after stimulation.

Stimulation stage Earthworm and cutaneous excreta state Weight (g) Yield (%)

Sensu stricto stimulation stage Earthworm after fasting, after stimulation FWgws: 437.67 86.46

Poststimulation stage Fresh cutaneous excreta FWcex: 68.49 13.53
& Dry cutaneous excreta DWcgx: 2.32 0.45

The quantity of collected cutaneous excreta is evaluated in the fresh (FWcgx) and dry (DWcgx) state.

TaBLE 3: Growth of Escherichia coli in solid media based on cutaneous excreta of earthworm Aporrectodea molleri (CEX) at different

concentrations (C,: g/100 ml).

Solid media based on cutaneous excreta of earthworm (CEX) at different concentrations (C,,)

Ci=1% C,=05% C3=025% C,=0.12% Cs=0.06% Cgs=0.03% C,=0.015%  Cg=0.0075% NA

NCF 0 0 0 0 62+7.21* 131.67+9.27° 132.00+10.96° 0 56.33 +2.02°
E RC (%) — — — — 3 1.5 0.75 — 100
CEX/NA RG (%) — — — — 110.06 233.75 234.33 — 100

The growth is expressed by the average number (+standard error) of colonies formed (NCF) at each concentration. The letters are significantly different at the
confidence level of 0.05 between the culture media (degree of significance by the Tukey test (p <0.05)). The effectiveness of the CEX extract (Ecgx/na) is
evaluated in relation to the conventional NA medium by, simultaneously, the relative concentration (RC) and the relative growth (RG).

growth rates are much higher than the growth rate of the NA
medium. The zone of effectiveness of cutaneous excreta on
the growth of P. fluorescens includes the entire range of
concentrations tested, ranging from C;=1% to
Cs=0.0075%. In this zone, the values of the relative growth
are greater than 100% of the NA medium. These values range
from 104.38% to 340.22%. Also, the values of the relative
concentration of cutaneous excreta are always less than
100% of NA. These values are between 50% and 0.39% only.
Optimal efficiency is obtained at the C; concen-
tration = 0.25% where growth is greatest (NCF =299.67). At
this concentration, the relative growth is 442.64% with re-
spect to NA. On the contrary, the relative concentration is
only 12.5% compared to NA.

Figure 1 illustrates the parallel evolution of the relative
growth (RG) and the relative concentration (RC) as a
function of the increasing concentration of CEX in the zones
of effectiveness on the growth of E. coli and P. fluorescens.
For comparison, the RG and RC values of the conventional
medium NA, which are set at 100%, are also shown. In this
figure, the zone of efficiency on the growth of E. coli
comprises only three concentrations (C,, Cs and Cs),
whereas in P. fluorescens, this zone covers all the excretion
concentrations (Cg to C;). In both zones, the relative growth
for the two strains is always greater than 100% of the NA
medium. Conversely, the relative CEX concentration,
identical for the two strains, is always less than 100% of the
NA medium. We note that the lower the relative CEX
concentration, the greater the relative growth of the two
strains.

In the growth efficiency zone for E. coli, the maximum
relative growth of 234.33% is 2.34 times greater than that of
100% of the NA medium. In the area of efficiency for
P. fluorescens, the maximum relative growth of 442.64% is
4.42 times greater than that of 100% of the NA medium. The
comparison of the values of the maximum relative growth of
the two strains shows that P. fluorescens has a value which is
1.88 times higher.

The actual optimal CEX concentrations between
Cs=0.03% and C; =0.015%, which gave the best growth rate
for E. coli, correspond to optimal relative concentrations of
1.5% to 0.75% only. These values are 66.66 times to 133.33
times less than 100% of the NA medium. Likewise, the actual
optimal concentration of C;=0.25%, which gave the best
growth rate for P. fluorescens, corresponds to an optimal
relative concentration of only 12.5% which is 8 times less
than 100% of the NA medium.

4. Discussion

Since earthworms represent the first terrestrial animal mass and
taking into account the quantity of cutaneous excreta produced
permanently during the activity period of these animals, our
laboratory was interested in the study of the impact of the
earthworm crude extract and earthworm cutaneous excreta in
the rhizosphere, more particularly on the microbial activity
essential for soil fertility. The paucity of studies relating to the in
vitro effect is understandable by the difficulty of collecting these
cutaneous excretions in sufficient quantity for the performance
of repetitive biological tests. The originality of our work is that it
was carried out entirely in vitro outside the soil, eliminating
possible interference with the biological and chemical com-
ponents of the soil. In addition, the earthworm fasting period
eliminated the risk of interference of digestive tract contents.
This study could not have been carried out without the tech-
nique of electrical stimulation of the production of skin ex-
cretions, developed by our laboratory [11]. This technique
allowed the collection of cutaneous excreta in sufficient quantity
and in a very short time. The amount of excreta collected in this
work was 13.53 g wet weight and 0.45 g dry weight. This amount
was adjusted from 100 g fresh weight of fasting earthworms.
In this work, the effectiveness of CEX on bacterial
growth was determined by comparison with a conventional
culture medium (nutrient agar) of known composition and
concentration. We were able to affirm that the crude extracts
of the cutaneous excreta (CEX) have considerable potential
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for bacterial growth at much lower concentrations compared
to the conventional NA medium. Moreover, knowing that
the average fresh weight of an adult specimen of Aporrec-
todea molleri is approximately 1 g, we can therefore express
the effect of the fresh weight of CEX produced by one
earthworm (fresh weight). Indeed, the concentration C;=1g
dry weight of CEX per 100 mL corresponds to, approxi-
mately, 29.52 grams of fresh weight of CEX per 218.16 g fresh
weight of earthworms, which equals 13.5*107% grams of fresh
weight of CEX produced by one earthworm. The media
based on CEX would therefore be more diversified in nu-
trients and growth substances.

Based on the results concerning the effect of cutaneous
excreta (CEX) on bacterial growth, it can be said that CEX of
Aporrectodea molleri are very favourable for bacterial
growth. The efficiency on growth is demonstrated not only
by the high growth rates compared to the conventional NA
medium but also by concentrations of CEX used which are
much lower. Thus, in the natural system, CEX of Aporrec-
todea molleri, released in small amounts but in a continual
manner, could be a source of nutrients and growth stim-
ulants for PGPR bacteria such as P. fluorescens.

The interesting results, obtained in vitro in this work,
are in agreement with those observed directly in the natural
system. Indeed, it has been reported that “mucus,” which
refers to cutaneous excreta, has a priming effect on the
stimulation of microbial activity and the decomposition of

plant residues in the soil [12]. According to Bityutskii et al.
[12], “mucus” promotes humification by increasing humic
substances by 20% to 30%. Oleynik and Byzov [3] dem-
onstrated that earthworm cutaneous excreta affect the
formation of soil microbial communities by stimulation.
According to Huang and Xia [13], “mucus” positively
stimulates the growth of proteobacteria but negatively
affects firmicutes during decomposition. This selective
action is believed to be the cause of the proteins’ abundance
in the vermicomposting system, where earthworms are
used to convert organic waste into fertilizer [14]. More-
over, CEX increase the dehydrogenase activity by up to
20.7% [13]. This result could suggest, according to Huang
and Xia [13], that the “mucus” provides the favourable
conditions for microbial growth. Furthermore, the con-
centrations of nitrogen and dissolved phosphorus showed
higher values in the “mucus” [13, 15] The very positive
results obtained by our laboratory and those cited in the
literature testify to the richness and diversity of CEX in
nutrients and growth factors that can be assimilated by
microorganisms. According to Cortez and Bouché [16],
“mucus” of earthworms is made up of 69% proteins and
peptides and 31% carbohydrates. In addition, the coelo-
mic fluid and urine which constitute the cutaneous excreta
indicate the presence of several molecules such as gly-
cogen, ammonia, urea, uric acid, and allantoin and several
types of proteins [17].
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5. Conclusion

While all species of earthworms are animated by permanent
movements in the rhizosphere, these movements are ac-
companied by the continual production of cutaneous ex-
creta. Thus, due to the richness and diversity of their
composition, cutaneous excreta would continually supply
the soil with nutrients and growth factors, promoting the
development of PGPR bacteria essential for soil fertility.
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