
Introduction

Currently, solid household waste worldwide is 
increasing as a result of population growth, changing 
production and consumption patterns [1-3]. This waste 
can cause a global problem due to its adverse effects 
on human health and the environment [1, 4, 5]. At 

the international level and especially in developing 
countries, biodegradable solid wastes are being used in 
agriculture as a bioresource through their environmental 
and economic benefits [6, 7].

Several research studies have focused on 
microbiological studies of household waste in the case 
of compost and vermicompost [8-10]. However, until 
now systematic and functional analyses of microbial 
groups of decaying green household waste in water 
and soil have been unsatisfactory [11]. Household 
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Abstract

Several research studies have focused on microbiological studies of waste in the case of composts 
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75 days, and ammonifiers were most noticeable (3.9 108 cells/g dw) after 90 days of decay. 
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biodegradable waste after its release into an aquatic or 
terrestrial ecosystem is decomposed by the intervention 
of several biological and physicochemical factors [3]. 

The research that has been carried out on the 
study of green household waste has been focused on 
the study of heterogeneous mixtures of those wastes, 
and the microbiological study of those wastes remains 
unsatisfactory. We studied the systematic and functional 
microbial groups of two green household wastes (banana 
and pomegranate wastes) separately decomposed in 
water and soil, the purpose of which is to provide new 
information on the microbiology of decomposed green 
household wastes in the natural environment and to 
propose a new method for recovering these wastes and 
the products resulting from their degradation.

Materials and Methods

Biological Material

Two types of green household waste were used 
(banana and pomegranate waste) that were collected 
from fruit juice producers. This fresh waste was placed 
in 20-l buckets. 50 g of each waste was cut into pieces 
and placed in net bags [3], and then in buckets – half  
of which were filled with 15 l of spring water and the  
other half with 15 kg of soil from the garden of  
the Faculty of Sciences Dhar Mahraz, Fez, Morocco. 
For each waste, the decay was carried out in triplicate. 
The decomposed waste in the soil was irrigated every 
5 days with 1 l of sterile spring water during the study 
period to avoid desiccation of the samples and maintain 
a moisture level close to saturation [3]. 

Preparing the Homogenates

Samples were taken every 15 days of the study 
period (between March and June 2018) [3]. A sample 
of 10 g was cut with a sterile scissors, and then ground 
in an amount of sterile spring water. The grinding was 
carried out with a rotary knife mill five times for a 
period of one minute with 10-second intervals under 
aseptic conditions [3]. The suspension was then shaken 
for 2 h in order to release as much microbial load as 
possible [12].

Study of Systematic Groups

The culture media used for the counting of the 
systematic groups was elective media modified by 
enrichment with 7% (v/v) waste extract and using spring 
water. The abundance of total bacteria, molds, yeasts 
and actinomycetes was estimated on their respective 
media: bacterial media [12], agar malt media, YPG 
(yeast, peptone and glucose) media, and media that was 
used by Kumar and Jadeja [13]. The microorganism 
count was carried out by the suspension-dilution method 
[12]. Thus, in three repetitions, 0.1 ml of each dilution 

(10-1 to 10-8) was separately deposited in the middle in 
each of three petri dishes 90 mm in diameter. After 
surface spreading and incubation at 28ºC for 7 days, the 
colonies that appeared were counted for each dilution, 
then the average number of CFUs (colony forming 
units) per g dw (gram dry weight) was calculated for 
each waste [10, 14].

Study of Functional Groups 

For the quantification of functional groups,  
1 ml in three repetitions of each dilution (10-1 to 
10-8) corresponding to each type of digested waste 
in water and soil were separately added to the tubes 
containing the culture media used for the enumeration 
of amylolytics, aerobic nitrogen fixers, ammonifiers, 
denitrifiers, and nitrifiers according to [15-18]. After 
seeding, the tubes were incubated at 28ºC in darkness 
for 7 days. The determination of microbial load was 
done by determining the most probable number of 
germs (MPN) using the Mac Crady table [19].

Statistical Analysis

The results reported in this study were means of 
the three replicates. Our results were designed and 
processed using GraphPad prism 5 software. The 
statistical processing of the results obtained were 
carried out using the SPSS 20 software according to 
a mean analysis (Student t-test) and an analysis of 
variance (ANOVA I) [3]. 

Results and Discussion

Systematic Groups

Total Bacteria

The variation of total bacteria during the decay 
process of pomegranate and banana wastes in water and 
soil (Fig. 1) has shown that the density of this microbial 
group was low at the beginning of the decay of these 
wastes. Then it was gradually increased to a maximum 
of 4.74 1010 and 3.15 1010 CFU/g dw for decaying banana 
waste in water and soil respectively and a maximum 
of 6.72 1010 and 9.16 1010 CFU/g dw for decaying 
pomegranate waste in water and soil respectively.  
The great heterogeneity of the results of the 
quantification of total bacteria obtained during our 
study varies according to the medium and the nature 
of the substrate. The variation in bacterial communities 
during our study may be mainly attributable to 
environmental parameters, as was previously indicated 
by the work of Zhang et al. [20] and Huang et al. 
[21]. Our result is consistent with the study by Diaz-
Ravifia et al. [22], who showed that composted waste 
had a high microbial population with densities close to 
the higher values given for many soils. In their study, 
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Chroni et al. [23] reported an increase in the total 
number of mesophilic bacteria from 3.2 106 CFU/g 
dw in the composting of raw bio-wastes to 1.7 109 
CFU/g dw at 57 days. Moreover, Ventorino et al. [24] 
and Van der Heijden et al. [25] have been shown that 
during the natural biodegradation process of vegetable 
substrates, the indigenous bacterial community would 
first develop using more cellulose that is accessible 
and hemicellulose, and only later would use the more 
resistant lignin component.

Molds 

The results of the molds count obtained during our 
study (Fig. 2) showed that this microbial group was 
present throughout the decay period of banana and 
pomegranate wastes in water and soil, but with different 
densities depending on the medium and the waste. The 
maximum density was in the order of 2.62 1010 and 
2.32 1010 CFU/g dw for digested pomegranate waste 
in water and soil respectively. While it was highest in 
the order of 6.61 109 and 7.28 109 CFU/g dw for banana 
waste digested in water and soil respectively. In our 
previous study, the density of molds was reduced after 
75 days of decay, which may be due to temperature; 
several researchers have reported that fungi are 
inactivated at high temperatures [23]. This variability 
has been commonly encountered in microbiological 
studies of natural environments [12]. In general, fungi 
are known to be the most effective decomposers of 
vegetable substrates due to their mycelial structure [26]. 
Our result for the quantification of molds is higher than 
that obtained by Diaz-Ravifia et al. [22], who showed 
that the fungi in the studied compost were present in 
numbers ranging from 105 to 108 CFU/g dw. In addition, 
Anastasi et al. [27] have also shown fungal load levels 
ranging from 5 104 to 8.2 105 CFU/g dw in a compost 

and from 5.3 104 to 4 105 CFU/g dw in a vermicompost. 
In general, the quantitative differences between our 
results and those in the literature suggest that a given 
ecological group of microflora corresponds to a given 
vegetable substrate. This approach has been confirmed 
by several authors, including Mehta et al. [28], which 
have been reported to be dominated by mesophilic 
fungi, such as Aspergillus, Fusarium and Mucor during 
the later stages of composting. For fungal successions, 
a decay agent can replace other species when changes 
in the substrate have interacted with changes in 
saprophytic competitiveness and inoculum potential, 
giving it a decisive advantage [29, 30].

Yeasts

The results of the yeast counts (Fig. 3) have  
shown that this microbial group was formed initially 
from the degradation of the waste studied by the 
phyllospheric microflora of the decomposed waste. 
For banana waste, yeast density reached its maximum  
(1.37 1010 and 4.68 109 CFU/g dw) after 45 days of 
decay in soil and 75 days of decay in water 
respectively. For pomegranate waste, the density of 
yeast was gradually increased to a maximum of about  
2.43 1010 CFU/g dw after 45 days of decay in the soil, 
and 9.4 109 CFU/g dw after 75 days of decay in the 
water. This variability is probably due to the biotic and 
abiotic factors associated with decaying wastes [3]. 
This result was consistent with the one described in  
the study by Choi and Park [31], who showed that  
yeast was developed most rapidly, reaching a maximum 
density of 1.6 108 CFU/g dw of compost from 
food waste, then rapidly declined and disappeared.  
In their studies, Chroni et al. [23] have shown  
that yeasts were present throughout the composting 
process. Their number dropped from an initial value 

Fig. 1. Variation of total bacteria during the decay of banana and 
pomegranate wastes in water and soil.

Fig. 2. Mold variations during the decay of banana and 
pomegranate wastes in water and soil.
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of 3.7 107 CFU/g dw to 7.8 104 CFU/g dw at 33 days 
and stabilized at a slightly lower level thereafter. Our 
results are in agreement with the few studies that have 
analyzed in detail the succession of these microbial 
groups [12].

Actinomycetes

According to our results (Fig. 4), the actinomycetes 
appeared after 60 days of decay in water and soil for 
both types of digested wastes in water and soil. After  
75 days of decay this microbial group disappeared in the 
decomposing banana and pomegranate wastes in water, 
but was maintained at low density (5.51 107 CFU/g dw) 
in the digested pomegranate waste in the soil. Our 
study showed that actinomycetes were not predominant 
in the decay process of banana and pomegranate wastes 
in water and soil. This may be due to the composition 
of the substrates studied and to the physicochemical 
conditions associated with decomposition [3, 23]. Our 
result is in disagreement with that found by Rana et al. 
[32] and Aliero et al. [33], who have shown that most 
actinomycetes are widely distributed in natural habitats 
such as aquatic and terrestrial habitats. Moreover, 
Kumar [13] and Rinoy et al. [34] reported that the 
development of actinomycetes varies according to 
their mesophilic or thermophilic character, and their 
ability to degrade available substrates. The absence 
of actinomycetes at certain states of waste decay was 
due to physicochemical parameters, Adegboye et al. 
[35], which reported that environmental factors such as 
temperature and humidity could affect the distribution 
of actinomycetes in an environment, support this in the 
study. Our result conforms with that obtained by Diaz-
Ravifia et al. [22], who showed that actinomycetes in 
compost were present in numbers ranging from 107 to 
108 CFU/g dw.   

Functional Groups 

Aerobic Nitrogen Fixers

Nitrogen fixation is the conversion of atmospheric 
nitrogen into nitrogen that can be used by plants and 
animals [36]. It is carried out by certain bacteria that 
live in the soil or water and succeed in assimilating 
diatomic nitrogen [16]. 

Aerobic nitrogen fixatives (Fig. 5) were low during 
the first three samples of decaying banana waste 
in water and soil, and decaying pomegranate waste 
in water. However, this group appeared at the third 
sampling (9.05 105 cells/g dw) for decaying pomegranate 
waste in the soil. After 75 days of decay, aerobic 
nitrogen fixatives were significant (1.35 109, 3.78 109 and 
2.55 109 cells/g dw) for banana waste decaying in 
water and soil and pomegranate waste decaying in 
soil respectively. Aerobic nitrogen fixatives were low 
throughout the study period for decaying pomegranate 
waste in water. Stein and Klotz [37] have shown 
that biological nitrogen fixation remains an activity 
exclusively carried out by bacteria; nitrogen fixation 
is extremely sensitive to oxygen, which requires 
microorganisms to develop protective mechanisms 
such as spatial decoupling, temporal decoupling, rapid 
oxygen respiration, or maximizing nitrogen synthesis 
and renewal. Several authors in previous studies have 
shown that N2 binding occurs in three different ways: 
through geochemical processes [38], biologically 
through the action of the enzyme azotase found only 
in a particulate group of microorganisms [39], and 
industrially through the Haber-Bosch process [40]. In 
addition, studies by Mirza et al. [41] and Prescott et 
al. [42] have shown that variations in abiotic and biotic 
factors influence free-living nitrogen-fixing bacterial 
communities.

Fig. 3. Variation of yeasts during the decay of banana and 
pomegranate wastes in water and soil.

Fig. 4. Variation of actinomycetes during the decay of banana 
and pomegranate wastes in water and soil.
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Ammonifiers 

Ammonification is the transformation of organic 
nitrogen into ammonium (NH4

+) under the action 
of heterotrophic microorganisms that use carbon 
substrates as an energy source [36], a process that 
is unspecified and performed by a large number of 
reducing microorganisms, aerobic or anaerobic bacteria, 
but specialized in the form of the utilization of organic 
nitrogen [43].

The results of quantifying ammonifiers (Fig. 6)  
have shown that the density of this microbial group  
has been low for banana waste decaying in water 
compared to decay in soil, or also compared to 
pomegranate waste decomposing in water and in soil. 
The density of the ammonifiers has been increased to 
a maximum level of 1.72 108 and 3.63 108 cells/g dw 
after 75 days of decay of banana waste in water and soil 
respectively. While the density of this group has been 
increased to a maximum level of 3.53 108 cells/g dw 
and 3.9 108 cells/g dw after 90 days of decay of 
pomegranate waste in the soil and water respectively. 
Stein and Klotz [37] have found that the ammonification 
is carried out by both bacteria and fungi. The study 
by Bano et al. [44] has shown that the intensity of 
ammonification decreases with increasing pH, that it  
is accepted in vitro that the ammonification is  
relatively independent of pH, and that it is slightly  
more active in neutral or alkaline media than in acidic 
media. In their studies, Yoon et al. [45] have shown  
that high temperatures and alkaline pH conditions  
have led to the predominance of the ammonification 
process.

Nitrifiers  

Nitrification is frequently considered to be the 
main fate of NH4 in agricultural soil [36], and also the 
process responsible for the transformation of NH4

+ into 
NO2

- and NO3
- [18]. 

The quantitative study of nitrifiers (Fig. 7) has 
shown that this microbial group has been important 
especially for digested pomegranate waste in water  
and soil. The maximum nitrifier density was in the 
order of 8.07 106 and 8.56 106 cells/g dw, which was 
obtained after 30 days of decay of the pomegranate 
waste in the soil and water respectively. Nevertheless, 
the density of this group was maximum in the order of 
4.08 106 cells/g dw, which was obtained after 45 days of 
decay of banana waste in water, while the availability 
of this group was low (0.128 106 cells/g dw) for banana 
waste decaying in water. 

The variability of nitrifier results obtained during 
our study may be due to the nature of the substrate 
being decomposed and the decay media, on the one 
hand, and to the physicochemical parameters associated 
with decomposition on the other hand. This has been 
confirmed by the study of Durvasula and Rao [46], 
who have attributed to the decrease in nitrifiers during 
the decay of organic matter to the inhibition of the 
growth of nitrifying microorganisms by increasing the 
temperature, and by the presence of a high concentration 
of ammonia in the decay medium. In addition, Leys et 
al. [47] have shown in their study that net nitrification 
was low despite high concentrations of internal NH4 
and ambient O2, but the actual nitrification of the water 
was very low.

Fig. 5. Variations of aerobic nitrogen fixative during the decay of 
banana and pomegranate wastes in water and soil.

Fig. 6. Variations of ammonifiers during the decay of banana and 
pomegranate wastes in water and soil.
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Denitrifiers 

Denitrification is one of the metabolic processes 
in the nitrogen cycle [36] through which nitrate is 
transformed into nitrite, nitrogen monoxide, nitric 
oxide, or gaseous nitrogen [45]. The quantification 
of denitrifiers (Fig. 8) has shown that this group has 
not been predominant in the decay process of banana  
and pomegranate wastes in water and soil. The 
denitrifier density was high, with a maximum level of 

3.63 105 cells/g dw for decaying pomegranate waste 
in the soil, while the density of this microbial group 
was low for decaying pomegranate waste in water  
(1.82 105 cells/g dw) and decaying banana waste in water 
and soil (1.53 105 and 1.86 105 cells/g dw) respectively.

The low denitrifiers density found during the decay 
of banana and pomegranate wastes in water and soil may 
be due to the presence of sufficient aeration conditions 
in accordance with He et al. [48], which have shown 
that the presence of sufficient aeration conditions results 
in a decrease in denitrification, because denitrification 
is carried out under anaerobic conditions [49, 50], which 
has shown that the denitrification rate decreases when 
the pH is low. 

Amylolytics

The amylolytics are microorganisms that produce 
amylases [51], which are important hydrolase enzymes 
that can hydrolyze glycosidic bonds in starch, and break 
them down into polymers composed of glucose [52]. 

The study of the variation of amylolytics during 
the decay process of pomegranate and banana wastes 
in water and soil (Fig. 9) has shown that this microbial 
group was important during the first stage of digestion 
banana and pomegranate wastes in water and soil. 
Then the density of this group was drastically reduced 
for both types of decaying waste in water and soil. 
The decrease in amylolytics during the decay process 
of banana and pomegranate wastes may be due to 
physicochemical factors such as increased pH and 
decreased starch concentration in the substrate. In 
accordance with our study, Belbis [53] has shown that 
amylolytics have less adaptability to substrate changes, 
both qualitatively and quantitatively. In addition, low 

Fig. 9. Variation of amylolytics during the decay of banana and 
pomegranate wastes in water and soil.

Fig. 7. Variation of nitrifiers during the decay of banana and 
pomegranate wastes in water and soil.

Fig. 8. Variations of denitrifiers during the decay of banana and 
pomegranate wastes in water and soil.
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pH (<6) promotes the development of amylolytics. Our 
result has been deferred from that obtained by Chroni et 
al. [23], who have shown that amylolytics have shared 
similar levels throughout the composting process.  

Conclusions

The novelty of this study is to characterize the 
different systematic and functional groups that influence 
the decay process of banana and pomegranate wastes 
in water and soil. It also provides new information 
about the microbiology of organic waste decay in the 
natural environment. In our previous studies, we were 
able to show that the microbial density associated with 
banana and pomegranate wastes has been significant. 
Those microorganisms that have been isolated may be 
exploited more thoroughly for agricultural, medical, 
and environmental interests. The monitoring of 
the functional groups of the decay of banana and 
pomegranate wastes over time has shown that banana 
and pomegranate wastes can be used after certain  
decay times, directly as an organic fertilizer, which 
improves the physicochemical characteristics of soils, 
leading to improved crop yields, and for bioremediation 
of soils and wastewater contaminated with ammonia or 
nitrate.
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