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Abstract This study investigates changes in the micro-

biological community of two co-composting mixtures of

activated sludge and date palm waste over a 6-month pe-

riod. The use of the co-composting time extract medium to

evaluate the abundance of cultivable indigenous microflora

showed that the total microbial biomass was higher during

the thermophilic phase. The mesophilic microflora was

more abundant than the thermophilic bacteria, throughout

the co-composting process. The proportion of mesophilic

and thermophilic actinobacteria was high during the

maturation phase especially for mixture A. However,

thermotolerant fungal microflora increased during the

thermophilic stage. Furthermore, correlating physico-che-

mical analysis of samples with bacterial diversity indicated

that the bacterial communities underwent temperature

changes. Enterococci and thermotolerant coliforms de-

creased significantly toward the end of the co-composting

process which indicates the safety and sanitization of the

end product.

Keywords Active sludge compost � Composting time

extract agar � Indigenous microflora abundance and

succession � Thermotolerant fungi � Coliforms

Introduction

It has been demonstrated that composts can be applied to

agricultural fields as long-term fertiliser to improve soil

structure (Jakobsen 1995; Barje et al. 2012). The evolution

and the performance of the composting process are de-

pendent on the microorganisms that populate composted

substrates and are able to degrade the organic waste

(Chroni et al. 2009). During the composting process, the

microbial metabolic pathway influences the physico-che-

mical parameters, which in turn lead to changes of mi-

crobial community succession. In order to evaluate the

process and the end product biotransformation, better

knowledge of the functional microbial community dy-

namics is needed. Steger et al. (2007) showed that

knowledge of the microorganism composition in composts,

their community structure and the microbial succession

should help to ensure high quality of the final compost

product. It has been underlined that microbial activity

during composting is mainly due to the mesophilic mi-

crobial community, such as (bacteria, fungi and acti-

nobacteria) which play an important role in breaking down

the organic compounds to humus-like material (Finstein

and Morris 1975; Herrmann and Shann 1997; Ryckeboer

et al. 2003).

The final composts should not contain pathogens or vi-

able seeds and it should be stable and suitable for use as

soil amendment (Epstein 1997; Tønner-Klank et al. 2007).

Faecal matter is known to contain high numbers of

naturally occurring enteric bacteria, and occasionally, dis-

ease-causing pathogens like bacteria, enteric viruses and

parasites, which requires that the hygienic quality of

treated organic faecal waste be ensured.

Sludge and date palm co-composting is an unexplored

environment. In this context, the succession of indigenous
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microflora from this habitat has not been investigated.

Current knowledge of the compost microbial community is

based on different approaches such as direct analysis of

phospholipid fatty acid patterns (PLFA) (Klammer and

Baath 1998) or molecular techniques (Riddech et al. 2002).

Various standard growth media are used for monitoring the

cultivable microflora during composting such as malt ex-

tract agar (Wei et al. 2007). However, co-composting time

extract agar was used as a selective media of only func-

tional microflora able to degrade composted substrates (El

Fels et al. 2014a). This plays a significant role to ensure

that the microbial community composition is able to grow

and transform the substrate available at given composting

times, pH and temperatures.

The main objective of this study was to investigate the

use of the co-composting time extract medium to evaluate

the abundance and to assess the microbial community

function in sewage sludge/date palm co-composting.

Materials and methods

Co-composting trials

Co-composting trials were conducted on a composting

platform over a period of 6 months. Two trials with dif-

ferent proportions of mixed sewage sludge/palm waste

were run:

– Mixture A: 1/3 sludge ? date palm tree waste 2/3, total

volume: 4 m3

– Mixture B: 1/2 sludge ? date palm tree waste 1/2, total

volume: 4 m3.

Each mixture was carefully homogenized, moisture was

adjusted to 60 % (optimal value for composting) and then

the mixtures were windrowed. Windrows were turned over

by hand weekly to aerate the mixture. Homogeneous

samples were taken at T0 (first day of co-composting) and

after each airing (aerating the mixture). Homogeneous

samples (1 kg) were obtained by careful mixing of several

sub samples taken at different points (height and length) of

the windrow and quartering. The samples were kept at

-20 �C before analysis.

Physico-chemical analysis

The temperature was measured every day at different levels

(height and length) of the windrow using sensors with data

memory (PH0700115 model 1.20, Ector Traceability soft-

ware, ECTOR France). The samples were dried out at

105 �C. The pH was measured in an aqueous extract of the

compost at room temperature (1 g/10 ml of distilled water)

according to NF ISO 10390. Total organic carbon and Ash

content were calculated after calcinations in a muffle furnace

at 600 �C for 6 h. Total Kjeldahl nitrogen (TKN) was as-

sayed in 0.5 g samples using classical Kjeldahl procedure

and by steam distillation according to AFNOR T90-1110

standard. The physico-chemical parameters were analysed

as mentioned in our previous study (El Fels et al. 2014a, b).

Biological analysis

Enumeration of cultivable indigenous microflora

Samples of each co-composting time (0, 15, 22, 30, 60, 90 and

180 days) were first mixed, suspended in sterile distilled water

(10 g in 100 ml) homogenized by vortexing and finally treated

10 to 15 min by sonication according to Ouhdouch et al.

(2001); El Fels et al. (2014a) All treated samples were serially

diluted up to 10-6 and functional microflora enumerated by

plating and spreading 0.1 ml of 10-4, 10-5 and 10-6 dilutions

over the surface of the co-composting time extracts agar

(CTEA) prepared according to El Fels et al. (2014a) as fol-

lows: One litre of distilled water and 35 g of co-composting

time sample were mixed overnight. Agar (15 g) was added to

the filtrate collected after it had been filtered and sterilized at

120 �C for 15 min. The pH was adjusted to that of the co-

composting time before sterilization. For each co-composting

time, the plates were incubated at 28 �C for mesophilic and

45 �C for thermophilic microflora enumeration.

For actinobacteria enumeration, the media were sup-

plemented with 40 lg/ml of actidione to inhibit the de-

velopment of fungi (Olson 1968) and 10 lg/ml of nalidixic

acid to inhibit the Gram-negative bacteria capable of

swarming without affecting the growth of actinobacteria

(Bulina et al. 1997; Barakate et al. 2002). For fungus

evaluation, the media were supplemented with 5 lg/ml of

chloramphenicol to inhibit the development of bacteria.

For other microorganisms, the media were supplemented

with 40 lg/ml of actidione to inhibit the development of

fungi. After 7 days of incubation, the actinobacteria were

recognized on the basis of morphological and microscopic

features following directions given by International Strep-

tomyces Project (ISP) (Shirling and Gottlieb 1966).

For the initial and final co-composting time, total coli-

form and thermotolerant coliform counts were determined

on desoxycholate (0.1 %) lactose agar (Biokar diagnostics)

after incubation for 24 h at 37 and 44 �C, respectively.
Microbial analyses were performed in triplicate.

Statistical analysis

The results are presented in the form of averages ± SEM

(standard error of the mean). Comparison of the averages

was made by ANOVA. The differences are considered

significant at p\ 5 %.
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Principal components analysis (PCA) was applied to the

correlation matrix between microflora succession and

physical–chemical variables. The statistical treatments

were carried out using the software SPSS win version 10.

Results and discussion

Physical–chemical characterisation

The species composition changed markedly as composting

progressed, and particular correlations could be drawn

between the biological and physico-chemical states of the

material (El Fels et al. 2014a, b). In the present example

(Fig. 1), the temperature indicates a typical co-composting

pattern characterised by two major phases: A thermophilic

(stabilization) phase is characterised by a rise in tem-

perature, which peaked at 65 �C. This is the result of in-

tense microbial activity resulting from the degradation of

the simple molecules present in the substrate (Barje et al.

2012; El Fels et al. 2014a, b). The maturation phase is

characterised by a decrease of temperature due to the ex-

haustion of easily metabolisable organic compounds from

the medium, with compounds that are only resistant to

degradation (e.g. lignin, cellulose) (Amir et al. 2005).

The principal characteristics of sludge using of com-

posting are C/N around 20.8, moisture content

46.46 ± 0.26 and TKN 1.5 ± 0.2.

The mean features of co-composting products are pre-

sented in Table 1; the final products presented a C/N ratio

of around 10, NH4
?/NO3

- B1, which provides information

on the importance of organic matter oxidation and a sig-

nificant degree of stability of substrate. As indicated in the

literature these values confirm the maturity of the compost

(Barje et al. 2012; El Fels et al. 2014b).

Coliforms versus time of co-composting process

Most published work has used enterococci and thermotol-

erant coliforms as faecal contamination indicator organ-

isms (Redlinger et al. 2001). Their presence indicates poor

hygiene. During co-composting, we noted a significant

decrease of the order of 90 % toward the end of co-com-

posting (Table 1). For compost hygiene, the recommended

Faecal Coliform (FC) and Faecal Streptococcus (FS) den-

sities are of 5 9 102 bacteria/g and 5 9 103 bacteria/g

(Vuorinen and Saharinen 1997; Bhatia et al. 2013),

respectively.

The removal of coliforms is presumably linked to the

physical co-composting parameters, especially the high

temperature and unfavourable growth conditions estab-

lished during the thermophilic phase. Several authors

(Gaspard and Schwartzbrod 2003; Cofie et al. 2006; Koné

et al. 2007; El Fels et al. 2014b) showed that the rise of

temperature during the thermopilic stage leads to

hygeinization. Furthermore, Redlinger et al. (2001); Pi-

etronave et al. (2004) and Bhatia et al. (2013) noted that a

significant decrease of faecal coliforms and faecal Strep-

tococci during composting. Paniel et al. (2010) demon-

strated that faecal Enterococcus was not observed during

the stabilization phase. Palmisano and Barlaz (1996); Lung

et al. (2001); Tønner-Klank et al. (2007) showed that

proper composting can kill many human pathogens in

different types of compost, and the temperatures achieved

during the treatment (50–70 �C) are able to kill the enteric

pathogens. This stage of the process is defined as disin-

fection or sanitization.

In spite of the abundance of faecal coliforms in sewage

sludge, the results indicate the good hygienic quality of the

end products of co-composted sewage sludge and date

palm waste.

0

10

20

30

40

50

60

70

0 30 60 90 120 150 180

T 
°C

T 
°C

Windrow A

Room T°

Time of co-compos�ng (Days)   Time of co-compos�ng (Days)   

a bStabiliza�on Matura�on

0

10

20

30

40

50

60

70

0 30 60 90 120 150 180

Windrow B

Room T°

Stabiliza�on Matura�onFig. 1 Temperature versus time

during the co-composting

process for two mixtures A

(a) and B (b), according to El

Fels et al. (2014b)

Int J Recycl Org Waste Agricult (2015) 4:95–103 97

123



Indigenous microflora abundances during co-

composting

In this study, both mesophilic and thermophilic microflora

evolution showed a peak during the thermophilic stage for

mixtures A and B. The total mesophilic microflora in-

creased from 43 9 108 to 137 9 108 CFU/g on day 22

(thermophilic phase), and from 63 9 108 to 294 9 108

CFU/g (Fig. 2); the evolution of thermophilic microflora in

CTEA medium varied in the range from 5.4 9 108 to

40 9 108 CFU/g, and from 7.7 9 108 to 114 9 108 CFU/g

for mixtures A and B, respectively (Fig. 2) (El Fels et al.

2014a).

These high values during the thermophilic phase could

result from the high levels of mesophilic microflora and

especially that of thermotolerant microflora in the co-

composted substrates (El Fels et al. 2014a). However, the

mesophilic microflora were more abundant than ther-

mophilic microflora. It was also noted that mixture B mi-

croflora abundance was greater than that of mixture A.

These results could be related to the higher proportion of

sewage sludge in mixture B and resulting abundance of

mesophilic microflora rate (El Fels et al. 2014a). Thereafter

all mesophilic and thermophilic microflora abundances

declined at maturation stage. Sneath (1986), demonstrating

that temperatures from 26–48 �C lead to favourable con-

ditions for the growth of actinomycetes and of other heat-

tolerant bacteria. Hassen et al. (2001); Marshall et al.

(2004); Bhatia et al. (2013), showed that the initial phase of

the composting process is characterised by the intense ac-

tivity and growth of mesophilic microflora which reach

abundances two to four orders of magnitude higher than the

thermophilic group. Chroni et al. (2009) demonstrated that

relatively low temperatures (around 50 �C) seem to fa-

cilitate the survival of total mesophilic bacteria.

At the beginning of co-composting, the mesophilic mi-

croflora start vigorous oxidation of easily biodegradable

compounds. This intense microbial activity leads to a rapid

increase in temperature which improves the development

and proliferation of total thermotolerant followed by ther-

mophilic microflora. This group becomes responsible for

the degradation process during the stabilization phase.

Total microflora abundances declined after only the first

month of co-composting. This could be related to the re-

stricted conditions, particularly the loss of easily

metabolisable substrates. The decrease of temperature af-

fects thermophilic microflora development and promotes

the relocation of the new mesophilic microflora. This result

Table 1 Physico-chemical and biological parameters during co-composting for mixtures A and B

Mixture Time of co-composting

(day)

%TKNa Moisture

(%)

NH4
?/NO3

- C/N DEC (%)a pH FC UFC/g TC UFC/g

A T0 1.31 ± 1.2 58.83 13.75 26.2 – 6.34 ± 0.03 12 9 104 345 9 104

T180 2.18 ± 1.1 66 0.12 10.09 40.07 ± 1.1 6.79 ± 0.06 B85 B125

B T0 1.28 ± 1.09 60.97 15.6 27.4 – 6.04 ± 0.28 2 9 104 456 9 104

T180 2.28 ± 1.21 66 0.14 10.08 40 ± 1.49 7.03 ± 0.08 B90 B175

TKN total Kjeldahl nitrogen, DEC decomposition rate, FC faecal coliforms, TC total coliforms
a Results expressed per unit weight dry matter
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is in line with data reported by Tønner-Klank et al. (2007).

Chroni et al. (2009) showed that most of the microbial

groups examined exhibited their highest counts towards the

end of the thermophilic phase.

Many factors such as oxygen content, moisture, com-

position of the raw composted substrate, pH and tem-

perature affect the succession of microbial communities

during composting. Paul and Clark (1996), showed that the

rapid changes of physicochemical conditions in compost-

ing processes are likely to select for a succession of dif-

ferent microbial communities. It could be expected that

temperature and the availability of substrates are the main

factors. Sidhu et al. (2000) showed that the overall

population of bacteria declined with compost maturity.

A difference was noted between mixtures A and B. The

thermophilic phase determined by the indigenous mi-

croflora was limited to 22 days for mixture A but reached

30 days for mixture B (El Fels et al. 2014a). In this study,

the actinobacteria, which proliferate during the maturation

phase, show a significant development at 60 and 90 days,

for mixtures A and B, respectively (Fig. 3a, b). This ob-

servation is confirmed by a significant correlation between

actinobacteria and maturation phase according to PCA

(Fig. 4a, b). This difference could be attributed to the

higher concentration of lignocellulosic substrate in mixture

A. Filippi et al. (2002) identified that some products cause

a temporary lag-phase in the decomposition of the organic

fraction during composting. Adani et al. (2001) showed

that the oxygen level, organic matter stabilization and

moisture limitation generate a biological activity lag-phase.

Indigenous microflora dynamics allowed a distinction

between two composting main phases, thermophilic and

maturation, which characterise of the progression of the

composting process. This suggests that the indigenous

microflora play a significant role in the degradation of

matter and in the maturity of the co-composting process of

sewage sludge and date palm.

Enumeration of mesophilic and thermophilic

indigenous microflora groups

Three main aerobic microorganisms were monitored in the

microbiological analysis of co-composting stages: fungi,

actinobacteria and other bacteria. These microorganisms

belong to the dominating taxa and functional groups pre-

sent during co-composting. Finstein and Morris (1975); De

Bertoldi et al. (1983) and Marshall et al. (2004) showed

that microbiological activity as composting advances can

be attributed to different groups of microorganisms such as

the total aerobic mesophilic microflora (TAM).

Functional mesophilic and thermophilic actinobacteria

show a peak of about 80 and 70 % for the mesophilc, and
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90 and 80 % for thermophilic microflora, respectively, for

mixtures A and B during the maturation phase of co-

composting (Fig. 3a, b). Partanen et al. (2010); Kurola

et al. (2011) demonstrated that high proportions of acti-

nobacteria indicate good composting conditions.

The results of the (PCA) run between the all identified

mesophilic and thermophic microflora profile and physico-

chemical parameters, during co-composting, show that the

actinobacteria (domain I) are inversely correlated with

temperature and highly correlated with pH (case of mixture

B) (Fig. 4a, b), which can explain their high evolution,

especially during the maturation phase when pH increases

and temperature decreases significantly. However, some

actinobacteria isolates in this study were thermotolerant

(results not shown). Partanen et al. (2010) and Sundberg

et al. (2011) showed a correlation between a rising pH with

an increase in actinobacteria. However, Goodfellow and

Williams (1983) reported that various actinobacteria are

involved in all compost stages which demonstrates a wide

temperature range for their growth, often with an optimum

between 25 and 30 �C for mesophiles and 45–55 �C for

thermophiles.

As reported by Tuomela et al. (2000), the enzymatic

capacity of actinobacteria to attack recalcitrant molecules

Fig. 4 a Principal components analysis (PCA) between mesophilic

microflora evolution and physico-chemical parameters versus time for

mixtures A and B. M mesophilic. b Principal components analysis

(PCA) between thermophilic microflora and physicochemical pa-

rameters versus time for mixtures A and B. T thermophilic
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explains their activity and their proliferation during the

maturation stage. This could explain the increase of acti-

nobacteria groups during the co-composting of lignocel-

lulose-based waste (Fig. 3a, b). However, towards the end

of the process the actinobacteria group shows a drop in

mixture B and slightly decreases in mixture A. This could

be related to the richness of lignocellulose substrate in

mixture A. Pérez et al. (2002) and Nakasaki et al. (2009)

showed that actinobacteria produce an active enzyme to

degrade lignocellulotic compounds. Tuomela et al. (2000);

Steger et al. (2007) and Xiao et al. (2011) have shown that

actinomycetes are activated later and contribute to the

degradation of recalcitrant compounds and the formation of

the stable compounds of ‘‘humic substance’’.

The fungal microflora increases during the thermophilic

stage of co-composting. They reached 40 and 50 % for the

mesophilic and thermophilic microflora of mixtures A and

B, respectively (Fig. 3a, b). The PCA shows that fungi,

temperature and day 15 (when temperature is around

65 �C) (Fig. 4a, b) are highly correlated for both me-

sophilic and thermophilic microflora. This can explain that

the fungal microflora of co-composted substrates is espe-

cially the thermotolerant type.

During the intermediate stage the fungal microflora

decreased, and this is due to the decrease of temperature.

Nevertheless, toward the end a reinstatement of fungal

microflora was noted. Chroni et al. (2009) explained that

the thermophilic fungi exhibited a small increase as tem-

perature rose in the first month of composting, stabilizing

thereafter. Steger et al. (2007), showed that fungi and

actinobacteria commonly proliferate during periods with

comparatively low temperatures (\45 �C). Several authors
show that the final phase, which includes both cooling-

down and maturation stages, is characterised by the de-

velopment of a new mesophilic fungal community (Fin-

stein and Morris 1975; Ishii et al. 2000). Ait Baddi et al.

(2004) reported that during the maturation phase, the

biodegradation is limited to complex compounds such as

high-molecular-weight lignocelluloses. Mouchacca (1997),

identified a fungus which has been studied in detail owing

to its capacity to produce cellulase and the enzyme able to

degrade the lignin in the range of 36–40 �C with a max-

imum for 40–46 �C. The fungi with their lignolytic enzy-

matic capacity can release small aromatic subunits by

depolymerization as shown by Kirk and Farrell (1987),

which can explain their development on lignocellulosic

substrates at the end of co-composting and their contribu-

tion to degradation of substance and stabilization of the end

products.

The change in the mesophilic microbial population of

co-composting, generally, bacteria and yeasts, showed a

rise–fall–rise trend; this pattern is due to the nature and life

styles of these microorganisms determined by physico-

chemical conditions. Tuomela et al. (2000) showed that

during the co-composting process, the microbial commu-

nity must adapt to gradually reduced nutrients, oxygen and

water with compost maturity. Principal components ana-

lysis (PCA) shows that bacteria were never correlated with

temperature (Fig. 4a, b).

Bhatia et al. (2013) demonstrated that mesophilic mi-

croflora are critical for the degradation of organic sub-

strates which in turn leads to a rapid increase in

temperature. The easily metabolisable substrate exhaustion

and impoverishment lead to cooling of the windrow; this

new condition encourages the installation of the second co-

composting mesophilic microflora (bacteria-yeast; fungus;

and actinomycetes) (Fig. 3a). Chroni et al. (2009) show

that high numbers of proteolytic bacteria can be expected

to appear after the end of the thermophilic stage, as a result

of a large amount of proteins that are released when mi-

croorganisms die.

The various indigenous microflora such as bacteria,

actinobacteria and fungi in composted sewage sludge and

date palm waste have the ability to breakdown organic

matter. On the other hand, the decrease of temperature and

nutrient limitation with compost maturity causes a sig-

nificant change in the indigenous microflora. Furthermore

the temperature is one of the key indicators of co-com-

posting and determines the rate at which many of the

biological processes take place and plays a selective role on

the succession of the microbiological communities.

Conclusion

After 6 months of co-composting, the results concluded as

to the growth of significant functional microbial com-

munities, by using the CTEA medium adjusted to com-

posting time and recorded pH. Three cultivable and

functional indigenous groups were enumerated: acti-

nobacteria, bacteria and fungi. The functional actinobac-

teria group presented a peak during the maturation stage,

especially for mixture A. The bacterial diversity revealed

in the co-composting process underwent the changes

linked to variations in temperature and availability of new

metabolic substrates. In addition, the co-composted sub-

strates are characterised by the abundance of thermotol-

erant fungi.

Enterococci and the thermotolerant coliforms decreased

significantly during the co-composting process which

indicates the safety and sanitization of the end product.

The results presented in this study give new information

on how the development of the compost microbial com-

munity structure is linked to the co-composting time.
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