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a b s t r a c t

Here we studied how the transit through the gut of the earthworm Eisenia fetida affects the microbial and
nutrient stabilization of pig and cow manure, by analyzing fresh casts. Earthworms reduced the pools of
dissolved organic C and N in casts from both types of manure, as wells as mineral N. Microbial biomass
was enhanced only in casts from pig manure and did not change in casts from cow manure, and fungal
populations only raised in casts from cow manure. Earthworms reduced microbial activity in casts from
cow manure and did not modify in casts from pig slurry. Enzyme activities in casts also depended on the
manure ingested; there were no changes in dehydrogenase and �-glucosidase activities, whereas acid and
arthworm casts
asal respiration
nzymatic activity
and N pools

alkaline phosphatases increased. The results indicate that the first stage in vermicomposting of pig and
cow manure by E. fetida, i.e. casting, produced a microbial stabilization decreasing the activity of microor-
ganisms; this stabilization occurred despite of the increase in microbial biomass. The strong reduction in
nutrient pools of manures may be the responsible of this contradiction. These changes will influence the
dynamics of the organic matter degradation by reducing forms of C and N available to microorganisms
and hence restricting their growth and multiplication. Nevertheless, casts were also characterized by an
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increased enzyme potenti

. Introduction

During recent years, release of unprocessed animal manures
nto agricultural fields has contaminated ground waters causing

strong public health risk, by means of nutrient and microbial
ontamination. In Spain the most common animal cultures are
ig and cow breeding farms, which produce more than 40 mil-

ion of tons of manure, which are processed in waste factories to
roduce methane and electricity. However, these facilities are an
xpensive option compared to the cheapest technology of vermi-
omposting.

Although microorganisms are largely responsible of organic
atter decomposition, earthworms may also affect to rates of

ecomposition directly by feeding on and digesting organic matter
nd microorganisms, or indirectly affect them through their inter-
ctions with the microorganisms, basically involving stimulation or
epression of the microbial populations [1,2]. Thus, relationships

etween earthworms and microorganisms are key to understand
ow these processes occur. Casting, the faecal products of earth-
orms, due to its significance in soil ecosystem processes, has been
idely studied revealing changes in their nutrient status and micro-
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t might lead to a further thorough degradation of pig and cow manure.
© 2008 Elsevier B.V. All rights reserved.

ial composition and activity with respect to the parent soil. Thus,
asts are nutrient enriched structures [3–5]; microbial populations
f ingested substrates are usually enhanced after transit through
he earthworm’s gut [4,6,7]. However, microorganisms may also
onstitute an important part of the diet of earthworms, which can
eed on them selectively [8,9]. Earthworms can modify the diver-
ity and abundance of the microflora directly, by selective feeding,
r by stimulation of particular taxa of microorganisms [7,10–12];
urther, earthworms exert other indirect effects on microbial com-

unities, such as microbial dispersion and the release of additional
ood resources in their casts.

Vermicomposting involves biooxidation and stabilization of
rganic material through the interactions between earthworms and
icroorganisms. Although microorganisms are mainly responsible

or the biochemical degradation of organic matter, earthworms play
n important role in the process by fragmenting and conditioning
he substrate, increasing surface area for growth of microorganisms
nd altering its biological activity [13,14]. The high population den-
ities of earthworms in the vermicomposting systems result in a
apid turnover of fresh organic matter into earthworm casts. These

asts can be deposited both inside and outside of the fresh organic
atrix, thereby affecting the decomposition rates in their proxim-

ty because of their different nutrient and microbial composition.
or all these reasons, a better knowledge of the first changes in the
hemical and microbiological properties of the organic wastes once

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:aira@uvigo.es
dx.doi.org/10.1016/j.jhazmat.2008.04.073
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Table 1
Changes in biochemical and microbial parameters of pig and cow manure after transit through the gut of the earthworm Eisenia fetida

Pig manure Cow manure

Manure Cast Manure Cast

N-NH4
+ (�g g−1 dw) 13380 ± 320a 1170 ± 50b 1860 ± 50c 400 ± 10d

N-NO3
− (�g g−1 dw) 630 ± 603a 2130 ± 140b 2220 ± 190b 469 ± 20a

Dissolved organic carbon (�g g−1 dw) 2710 ± 150a 1650 ± 80b 5540 ± 700c 3220 ± 450d
Microbial biomass-N (�g g−1) 7280 ± 680a 9930 ± 280b 4200 ± 1780a 3500 ± 1700a
Ergosterol content (�g g−1) 0.50 ± 0.07a 0.60 ± 0.02a 1.90 ± 0.70a 5.70 ± 1.20b
Basal respiration (�g CO2 g−1 OM h−1) 810 ± 15a 750 ± 15a 920 ± 30b 510 ± 20c
Dehydrogenase activity (�g TPF g−1 dw 24 h−1) 13110 ± 520a 12170 ± 530a 5500 ± 970b 4840 ± 1170b
�-glucosidase activity (�g PNP g−1 dw h−1) 1350 ± 60 930 ± 20 1230 ± 100 2750 ± 990
Acid phosphatase (�g PNP g−1 dw h−1) 1120 ± 130a 990 ± 150a 3460 ± 230b 5660 ± 160c
A
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lkaline phosphatase (�g PNP g−1 dw h−1) 2140 ± 210a

ifferent letters (a, b, c, d) mean significant differences (Tukey HSD, p < 0.05) (mea
itrophenol).

here are released as casts during the vermicomposting process are
ery important to better understand the effect of the earthworms
n the processes of biodegradation.

We tested if the effects of earthworms on the chemical and
icrobiological characteristics depended on the type of substrate

ngested (i.e. casts from different substrates produced by the same
arthworm species have the same nutrient contents or microbio-
ogical properties). To do this, we choose two substrates differing
n their chemical and microbiological characteristics like cow and
ig manure [15]. The main objective of our study was to mon-

tor the short-time changes (fresh manure to casts) of pig and
ow manure, after passing through the gut of the epigeic earth-
orm Eisenia fetida under controlled environmental conditions.
e monitored the changes in available pools of C and N of the
anures; we analyzed microbial biomass and activity, very impor-

ant parameters in regulating soil properties [16,17] and enzyme
ctivities since they are reliable indicators of the response of micro-
ial communities to variations in their environmental conditions
18].

. Methods

.1. Animal manures and experimental design

Fresh animal manures were obtained from a pig and a cow
reeding farm facilities located near the University of Vigo, NW
pain. The manures were homogenized in the pit and then stored
n sealed plastic containers and kept at 5 ◦C until use. Batches of
0 mature earthworms were each placed in plastic boxes (n = 15),
hich were filled with a layer of vermiculite (half of the box, to

nsure that earthworms only feed the manure supplied) and 1 kg
f fresh pig slurry and 1 kg of fresh cow manure, separated by a
esh (5 mm). We also have 15 boxes for the two manures with-

ut earthworms. The boxes, which were maintained at 20 ◦C, were
eviewed daily to take fresh casts from the surface and the con-
umed manure replaced when required, removing the mesh with
he consumed manure and substituting it by a new amount of fresh

anure.

.2. Analytical methods

The moisture content of the pig slurry and earthworm casts
as determined after drying at 105 ◦C for 24 h, and the organic

atter content after heating at 550 ◦C for 4 h. Inorganic N (N-
H4

+ and N-NO3
−) was determined in 0.5 M K2SO4 extracts (1:5

eight:volume) using a modified indophenol blue technique [19]
ith a Bio-Rad Microplate Reader 550. Dissolved organic C (DOC)

f pig slurry and earthworm casts was determined colorimetri-

o
a
F
f
d

7220 ± 280b 5650 ± 490c 95350 ± 460d

E., n = 15, dw = dry weight, OM = organic matter, TPF = triphenylformazan, PNP = p-

ally after moist digestion (K2Cr2O7 and H2SO4) of aliquots of 0.5 M
2SO4 extracts of the samples [20–22].

Microbial biomass-N (Nmic) was analyzed by the chloroform
umigation–extraction method [23,24]. The ergosterol content of
ig slurry was extracted by microwave-assisted extraction (MAE)
nd determined by HPLC analysis [25]. Microbial activity was
ssessed by measuring the rates of CO2 evolution from sam-
les after 6 h of incubation. The evolved CO2 was trapped in
.02 M NaOH and then measured by titration with HCl to a
henolphthalein endpoint, after adding excess BaCl2 [26]. Dehy-
rogenase enzyme activity was measured by estimation of the rate
f reduction of triphenyltetrazolium chloride (TTC) (1.5%) to triph-
nylformazan (TPF), after incubation at 30 ◦C for 24 h, in a Bio-Rad
icroplate Reader 550 at 545 nm [27]. Acid and Alkaline phos-

hatase activity were estimated by determination of p-nitrophenol
PNP) released, after incubation of samples with p-nitrophenyl
hosphate (0.025 M) for 1 h at 37 ◦C, in a Bio-Rad Microplate Reader
50 at 400 nm [28]. �-glucosidase activity was assessed by deter-
ination of the released p-nitrophenol, after the incubation of

amples with p-nitrophenyl glucoside (0.025 M) for 1 h at 37 ◦C, in
Bio-Rad Microplate Reader at 400 nm [29].

.3. Statistical analysis

Data were analyzed using a factorial design in which manure
pig slurry and cow manure) and earthworm (presence and
bsence) were fixed as factors. All variables fulfilled ANOVA
ssumptions. Post hoc comparisons (Tukey HSD) where carried out
hen ANOVA was significant at 0.05 level. All statistical analyses
ere performed using SPSS 11.5 software.

. Results

The passage of pig and cow manure through the gut of E. fetida
ignificantly reduced the moisture of the resulting casts. Moisture
f casts from pig manure dropped from 81.5 ± 0.1 to 77.9 ± 0.1%,
nd casts from cow manure decreased from 82.7 ± 0.1 to 78.4 ± 0.2%
ANOVA, F1,56 = 35.28, p < 0.01). The same pattern occurred with the
rganic matter (88.1% initial organic matter in both manures) which
trongly diminished after earthworm digestion; this reduction was
igher in the digested cow manure (75.3 ± 0.2) than in the digested
ig manure (80.7 ± 0.1) (ANOVA, F1,56 = 47.96, p < 0.01).

The transit through the earthworm gut strongly affected pools

f assimilable C and N. The ammonium concentration of casts was
lways lower than in the corresponding manure (Table 1; ANOVA,
1,56 = 1947.96, p < 0.0001), with the strongest reduction in casts
rom pig manure. Nitrate concentration showed opposed trends
epending on the type of manure (Table 1); thus, casts from pig
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anure had 3.5 times more nitrate than the manure, whereas casts
rom cow manure had 4.3 times less nitrate concentration than the

anure; this resulted in a significant interaction between manure
nd earthworm (ANOVA, F1,56 = 27.97, p < 0.0001). DOC contents
howed also a marked decrease after the transit through the gut
Table 1; ANOVA, F1,56 = 14.14, p < 0.001) that did not depend on the
ype of manure.

The pass through the earthworm gut also modified the micro-
ial biomass and activity and the enzymatic activities of pig and cow
anure. The Nmic was only affected by the type of manure being

igher in pig than in cow manure (Table 1; ANOVA, F1,56 = 12.42,
< 0.001); however, casts of pig manure showed a higher micro-
ial biomass than the uningested pig manure (Table 1). Ergosterol
ontent depended on the type of manure, since there were no
hanges in ergosterol content in casts from pig manure, whereas
t increased 2.8 times in casts from cow manure, resulting in a
ignificant interaction between manure and earthworm (Table 1;
NOVA, F1,56 = 5.39, p < 0.05). The same pattern occurred with the
asal respiration. There were no changes in basal respiration in
ig manure after transit through the earthworm gut, whereas it
ropped markedly (1.8 times) in casts from cow manure, producing
significant interaction between manure and earthworm (Table 1;
NOVA, F1,56 = 71.09, p < 0.001). Dehydrogenase activity was only
ffected by the type of manure (Table 1; ANOVA, F1,56 = 78.19,
< 0.0001), with higher activities (almost double) in pig than in
ow manure; the transit through the gut did not modify the activ-
ty of this enzyme. Activity of �-glucosidase did not depended on
ny of the factors studied (Table 1) and acid phosphatase activity
epended on the type of manure (Table 1); there were no dif-
erences in this enzyme activity between casts and pig manure,
hereas casts from cow manure showed higher values than the
anure resulting in a significant interaction between manure and

arthworm (ANOVA, F1,56 = 45.13, p < 0.0001). The activity of alka-
ine phosphatase increased strikingly after transit through the
arthworm gut (Table 1; ANOVA, F1,56 = 140.95, p < 0.0001), and
t was higher in cow than in pig manure (ANOVA, F1,56 = 59.76,
< 0.0001).

. Discussion

The transit of pig and cow manure through the gut of the earth-
orm E. fetida produced a reduction in both available C and N

orms (DOC and N-NH4
+) in the casts. The lower contents of N-

H4
+ found in the casts may be attributed to losses by volatilization

efore intake of the manure by the earthworms, more marked in the
ow manure. Other alternative hypothesis for ammonium losses
re nitrification, which is enhanced in casts [30] maybe responsi-
le in casts from pig manure, and denitrification processes, typical
rom the anaerobic earthworm gut which use ammonium and also
itrate as sources to produce NO2 [31], which may be acted in casts

rom cow manure. The large reduction in the DOC levels of casts may
ave been resulted from direct assimilation of DOC by E. fetida dur-

ng digestion of the manures; this agrees with the strong reduction
bserved in the organic matter content in casts from both types of
anure. This is consistent with the general assumption that labile
compounds are an important part of the diet of earthworms, at

east in soils and for endogeic earthworms, and that C availability
s a limiting factor for growth of soil earthworms [32,33]. Similar
mmonium and DOC losses and nitrate content were reported in

asts of Eudrilus eugeniae fed with pig manure [34].

Microbial biomass and activity of the two types of manure were
ffected differently by the earthworm digestion. Thus, it appears
hat E. fetida did not feed on the microorganisms present in the

anure because there was no effect on cow manure, although tran-

c
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T
t
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it through the gut increased the microbial biomass of pig manure.
his result disagrees with the general findings that microorgan-
sms, especially fungi, are an important part of the earthworm diet
8]. Furthermore, Moody et al. [9] showed that different earthworm
pecies (Lumbricus terrestris, Allolobophora longa and A. chlorotica)
referentially fed on straw-decomposing fungi and rejected lignin-
ecomposing fungi. Contrary to expectations, fungal growth was
hen stimulated in casts from cow manure, and ageing cannot be
esponsible of this raise of fungal populations [5] because casts
ere sampled daily. In fact, fungal growth was also reported in

arly stages of vermicomposting of pig slurry with E. fetida [35]. The
ower microbial activity observed in casts may have been caused
y observed decreases in DOC due to C limitations for microorgan-
sms similar to those in soil systems [36], rather than due to direct
eeding by E. fetida. However, despite of comparable reductions of
OC observed in both manures (1.6 and 1.7 for cow and pig manure,

espectively), microbial activity was only reduced in casts from cow
anure; further, the increased microbial community of casts from

ig manure was as active as the undigested microbial community
f the manures. Conversely to our findings, microbial biomass and
ctivity of pig manure were reduced after the transit through the
ut of E. eugeniae [34]. However, Parthasarathi and Ranganathan
37] reported a fourfold increase in microbial populations (CFU) in
asts of individuals of E. eugeniae fed with pressmud, indicating that
ffects of earthworms on microorganisms are clearly dependent on
ind of food source and availability and the species of earthworm
nvolved [38,39]. Similar reductions in microbial biomass were
eported by Devliegher and Verstraete [11], Bohlen and Edwards
40] and Zhang et al. [41] in soils inhabited by different earthworm
pecies; Scheu [3] and Aira et al. [4] reported increases in microbial
iomass in casts of Allolobophora caliginosa, whereas there were not
ny changes in casts of Lumbricus rubellus [42].

There was also a significant increase in some of the enzyme
ctivities analyzed. No effects of transit through the earthworm gut
ere found on dehydrogenase activity, which suggest that E. fetida
id not affect aerobic microorganisms. Regarding to dehydrogenase
ssay it is necessary to point out that this technique only account
or a limited percentage of respiration since oxygen is a better elec-
ron acceptor than the TTC used in our assay [16]. This lack of effect
isagrees with the decreases in dehydrogenase activity reported

n casts of E. eugeniae fed with pig manure [34], and during the
ermicomposting of sewage sludge [43] and pig manure [44], with
isenia andrei and Eisenia fetida, respectively. However, our results
ere not consistent with increased respiration rates and dehydro-

enase activity in casts of E. eugeniae reported by Parthasarathi and
anganathan [37] which were clearly related to higher CFU counts,
r to the intense dehydrogenase activities observed during vermi-
omposting of cattle dung and cow dung with E. fetida [44,45]. This
ontradiction may be explained partly because pressmud is a richer
in nutrients and microflora) substrate than pig and cow manure,
nd digestion of E. eugeniae appears to increase the availability of
hese nutrients, thereby increasing the microbial populations. In
he case of vermicomposting systems, the increase in dehydroge-
ase activity suggest the existence of more interactions between
arthworms and microorganisms other than the simple dynamic
f ingestion-casting, as also revealed by the increase in basal res-
iration in early stages of vermicomposting of pig manure with
. fetida [22]. We analyzed the enzyme activities (�-glucosidase,
nd acid and alkaline phosphatase) to monitor directly the func-
ional responses of the microbial community of the manures to

hanges induced transit through the earthworm gut. This earth-
orm species is classified as epigeic (litter feeding) and therefore

s characterized by the possession of diverse enzyme activities [2].
he increase in enzyme activities could depend on the increase of
he relative substrates concentration during transit of the manures
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hrough the gut. According to this hypothesis the greatest increase
as in alkaline phosphatase activity, showing that during gut tran-

it organic P pools, as it succeed with DOC, were also mobilized by
. fetida, enlarging substrate availability to the enzyme. Our results
isagree with previous findings with the earthworm species E.
ugeniae which reduced all the enzyme activities assayed [34]. The
ack of effects in �-glucosidase may indicate that passage through
he earthworm intestine did not affect cellulolytic compounds to
he same extent. Nevertheless this hypothesis needs to be verified
y analyzing how the concentration of enzyme substrates varies
uring the transit through the earthworm gut.

. Conclusions

A high degree of microbial and nutrient stabilization was
btained with only the digestion of the two animal manures.
urther, the present results are important because the microbial
ommunity in casts will initiate the vermicomposting process and
he metabolic potential will determine the degree of organic mat-
er degradation and stabilization. In this way, despite of the two
ubstrates we used (cow and pig manure) differ in their microbial
ommunities as revealed by FAMEs profiles [15], transit through
he gut of E. fetida produced relevant differences in microbiological
arameters, which resulted in shared effects in analyzed nutrient
ontents. Moreover, once vermicomposting ends microbial com-
unities of both pig and cow manure processed by E. fetida are the

ame, as revealed by FAMEs profiles [15], suggesting that during
rganic matter decomposition in vermicomposting systems there
hould be more factors driving changes in microbial communities
nd hence in nutrient contents other than direct transformations
roduced in casts.
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