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Abstract

The objective of this study is to examine the viability of recycling olive industry wastes by co-composting with poultry
manures, describe the evolution of the physic-chemical and microbiological composting parameters, and evaluate the matu-
rity of the obtained compost. The co-composting process applied was a windrow composting process. A pile was prepared
by mixing olive mill pomace (OMP) and olive mill solid husk (OMSH) as carbon source, poultry manure (PM) as nitrogen
source, green wastes (GW) as bilking agents and olive mill wastewater (OMW) as humidifier. The mixture was prepared
based on fresh weight (FW) according to the following proportions: OMP + OMSH=51.72% FW; GW =27.58% FW;
PM =20.68% FW and C/N ratio=29.25. The windrow was arranged in a pile of 1.5 m height, 2 m wide and 2 m length.
Results showed that during the composting process, a high microbiological activity was depicted by a quickly increase in
temperature (65 °C) in 09 days. An exponential increase in the number of aerobic microorganisms in the pile with a maximum
(156 x 108 CFU g~! FM) after 09 days of incubation and a progressive decrease in the C/N ratio over time were recorded.
The obtained compost had a homogeneous particle size with a fine majority fraction (70.41% <2 mm), a neutral pH (6.69)
and a C/N ratio close to 10. It was also rich in minerals fertilizers (P, K, Ca). Finally, the germination tests carried out on
04 different seeds (tomato (Solanum lycopersicum), cresson (Lepidium sativum), sorghum (Sorghum bicolor) and alfalfa
(Medicago sativa) showed that the obtained compost allowed germination index (GI%) values that exceeded 85%, which
confirms the non-phytotoxicity of the product.
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Statement of Novelty

The olive industry biowastes constitute a serious environ-
mental problem in Tunisia. This work aims at the valoriza-
tion of the olive oil industry biowastes as well as the poultry
manure.

Introduction

Olive tree (Olea europaea L.) is one of the most important
cultivated crops in the Mediterranean basin [1]. It was con-
sidered as one of the best adapted species to the semi-arid
environment, specifically due to its tolerance to drought and
salinity [2].
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Olive oil industry constitutes one of the most important
sectors in many Mediterranean countries economies [3].
Annually, 1.8 x 10° tons of olive oil are produced world-
wide, 98% of them are extracted in the Mediterranean basin
with Spain, Italy, Tunisia and Greece being the four leading
countries [4]. Among these, Tunisia’s olive-growing poten-
tial is estimated at nearly 90 million trees, occupying an area
of 1.8 million ha corresponding to about 79% of the total
arboreal area [5].

Despite the economic dominance and the agricultural
importance of olive growing, no one doubts that the olive-
oil extraction process produces huge amounts of agro-indus-
trial wastes [6—8]. The olive oil industry, in addition to its
main product which is olive oil, generates massive amounts
of bio-wastes, mainly olive mill wastewaters (OMW) and
olive mill solid husk (OMSH) [9, 10]. These wastes cause
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diverse environmental impacts notably land degradation
and wastes generation [11-13]. Thus, different remediation
technologies were applied for treatment such as evaporation
ponds, thermal concentration, physico-chemicals and bio-
logical processes [14—17]. However, generally, most of these
methods are very expensive and unable to solve the problem
completely because of the need to dispose of sludge or other
by-products deriving from the treatment process [5, 18].

Alternatively, due to the increasing demand for meat and
eggs in many countries like Tunisia, poultry has skyrocketed
in recent decades and the industrialization of this activity
has become inevitable [19, 20]. Obviously, this situation
has contributed to an increase in the generation of poultry
manure wastes. This agro-industry by-product is well known
by its high ammonia concentration [20], which has caused
significant environmental perturbations, such as water and
soil pollution and atmospheric contamination [21, 22].
Thus, the need to develop new technologies to manage these
wastes from the poultry industry constitutes an urgent con-
cern. However, the richness of poultry manure in abundant
nutrients such as nitrogen, phosphate and potassium make
it a very potential resource for soil and plant fertilization
[19, 20]. Nevertheless, many authors have observed nega-
tive effects on plants after direct manure applications, due
to their high salt content and accumulation of trace metallic
compounds in soil particles and plants [23, 24].

In Tunisia, the intensification of agro-food activities such
as olive oil extraction and poultry generates a huge quantity
of organic by-products. In fact, the first by-product of the
agro industry amounts to approximately 800,000 tons of
olive mill wastewaters every year and the second by-product
is poultry manure with 650,000 tons yearly [18, 25]. Such
generated wastes cause serious environmental problems that
need to be handled. Composting is a widely used organic
waste treatment process to produce organic fertilizers [26].
Indeed, this method constitutes the main biological process
applied to sewage sludge treatment in Europe [27]. Sewage
sludge composting is regarded as an environmental friendly
technology that can effectively decompose organic matter

1.5m

substrates
(OMP+OMSH=51.72%; GW =27.58%; PM =20.68%; C/N =29.25)

Fig.1 Windrow dimension and raw repartition

into a stable end product [28]. Moreover, the high temper-
ature reached due to the metabolic heat generated during
the composting process thermophilic phase is effective in
destroying pathogens and enhancing biological degrada-
tion of different organic micro-pollutants, allowing the final
product to be safely used as fertilizer or soil conditioner [29,
30]. Using compost has important environmental benefits
[31]. It is used as a field soil amendment with the primary
benefit of increasing soil organic matter, stimulating soil
microbial communities and thus helping to restore degraded
soils [32]. In Mediterranean agroecosystems which are char-
acterized by destructive soils very poor in organic matter
[33, 34], periodic inputs of organic amendments are strongly
recommended [4, 18]. According to [35], composted olive-
mill pomace contains a large amount of organic matter, and
thus might be useful as an amendment to agricultural soils,
improving a range of soil properties, and reducing loss of
agricultural crops. Hence, olive-mill pomace compost appli-
cation could be considered an attractive strategy for soil car-
bon sequestration [36-38].

The objective of this study was to investigate the appli-
cation of a co-composting treatment process on two wastes
abundantly generated in Tunisia, namely olive mill solid
husk (OMSH) and poultry manure (PM). Also, the evolu-
tions of the physic-chemical and microbiological compost-
ing parameters as well as the quality of the obtained compost
were evaluated.

Materials and Methods
Biowastes Origin and Characterization

The olive mill solid husk (OMSH), the olive mill pomace
(OMP), the olive mill wastewater (OMW), and the green
wastes (GW) (as vegetable residues, leaves and branches of
olives) were collected from the experimental station “Taous”
of the Olive Tree Institute of Sfax, Tunisia (North latitude
34° 3', East longitude 10° 20"). OMW were collected in an
open storage basin with a capacity of 300 m>. OMSH and
OMP were stored in a ventilated shed covered at the top to
avoid the effects of the precipitations. In fact, according to
[18], in Tunisia alone, the olive oil extraction process gener-
ates an average annual production of 800,000 tons year™".
Whereas, the olive mill solid sludge quantity generated after
the extraction process ranges from 120,000 to 168,000 tons
year~! depending on the extraction method [39].

Poultry manure (PM) was obtained from a commer-
cial poultry house sited at Sfax, Tunisia. All the used bio-
wastes were characterized before mixing in the composting
windrow.
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Experimental Set-Up of the Composting Windrow

The study was carried out during 06 months, from May to
October 2018 at the experimental station Taous of the Olive
Tree Institute of Sfax, Tunisia. The co-composting process
applied was a windrow composting process. A pile was pre-
pared by mixing olive mill pomace (OMP) and olive mill
solid husk (OMSH) as carbon source, poultry manure (PM)
as nitrogen source, green wastes (GW) as bulking agents
and olive mill wastewater (OMW) as humidifier. The mix-
ture was prepared based on fresh weight (FW) according
to the following proportions: OMP +OMSH =51.72% FW;
GW =27.58% FW; PM =20.68% FW and C/N ratio=29.25.
The windrow was arranged in a pile of 1.5 m height, 2 m
wide and 2 m length (Fig. 1). During composting, the wind-
row moisture was controlled weekly by adding the necessary
OMW and water to maintain a moisture rate of 45% to 60%
[40]. During the composting process, the pile was turned
periodically (every 10 days) to maintain adequate moisture
content and temperature. In fact, [40] showed that turning
frequency affected moisture content, dry matter, total carbon
and total nitrogen of composting piles.

Physicochemical Characterization

The following physicochemical parameters were determined.
The temperature was measured three times a week at dif-
ferent levels of the pile using an automatic thermometer.
The turning operation ensures better homogeneity of the pile
by bringing outer, cooler layers, into the core of the pile,
redistributes the intermediate decomposition molecules and
optimizes the oxygen distribution in the pile.

During the composting process period, samples were
taken weekly from different sides and depths in the pile.
However only samples that showed significant variations
on physicochemical or microbiological analyses (samples
that were taken at 0, 9, 27, 42, 72, 119 and 174 days) were

considered. The samples were dried, homogenized and
sieved through a 0.5 mm sieve and then stored for chemi-
cal analyses. The pH and electrical conductivity (EC) was
determined according to a standard method in 1:2.5 and 1:5
(w/v: compost/water) extract respectively [41]. Total organic
carbon (TOC) and organic matter (OM) were estimated as
the difference between dry matter and the residue after cal-
cinations at 550 °C for 4 h and the OM rate was calculated
by the equation: OM(%) =1.725X TOC (%) [42]. Total nitro-
gen was assessed by Kjeldahl method [43]. Phosphorus (P)
content was assessed by Olsen and Sommers method [44].
The cation exchange capacity (CEC) was determined accord-
ing to standard method [45]. Potassium (K), calcium (Ca)
and sodium (Na) were evaluated by extraction with nitric
acid (HNO;) in ash after calcination of dry matter at 550 °C
for 4 h and measured by flame photometry. Total phenolic
compounds were determined by using the Folin—Ciocalteau
method [46]. For all analyses, five repetitions were per-
formed for each parameter.

Microbiological Analyses

Microbiological analyses consisted in measuring the count-
able microflora as the total aerobic microflora (TAM), fungi
(yeasts and molds) (F) and heat-resistant microflora (HRM)
during the co-composting process. Also the respirometric
activities during co-composting were assessed.

Microbial Counting

Microbial counting was determined according to [47]. A
compost sample of 10 g was suspended in 90 mL of physio-
logical water (9 g NaCl in 100 mL distiller water). The solu-
tion was shaken at 200 rpm for 4 h. Serial decimal dilutions
of each suspension (107! to 107'%) were prepared. The total
aerobic microflora (TAM) was enumerated on Plate Count

Table 1 Raw substrates

X . L Parameters OMP OMSH PM GW

physicochemicals characteristics

(average values of five pH (25 °C) +SD 5.69+0.1 6.55+0.1 7.59+0.2 5.85+0.1

Zzlr’rll‘pclit)“’“siSD of each EC (mS cm™!)+SD 3.06+0.1 8.93+0.2 9.14+0.2 2.53+0.1
MM (% DM) + SD 6.15+0.1 22.76+0.3 68.82+0.5 39.39+0.3
OM (% DM) +SD 93.85+0.5 77.24+0.5 31.18+0.3 60.61+0.5
TOC (% DM) +SD 54.44+0.1 44.78+0.1 18.08 +0.02 35.15+0.05
TN (% DM) +SD 0.84+0.00 1.29+0.01 1.46+0.00 1.2+0.01
C/N ratio+ SD 64.8+0.01 34.71+0.01 12.38+0.02 29.29+0.02
P (mg kg™! DM)+SD 1.3+£0.00 1.68+0.00 2.39+0.02 1.26+0.02
K (mg kg~! DM)+SD 4.45+0.02 2.66+0.01 3.5+0.02 1.6+0.01
Na (mg kg~! DM)+SD 1.15+0.01 3.63+0.01 5.23+0.1 1.23+0.00

+SD: Standard deviation (P <0.05)

MM mineral matter, DM dry matter, OM organic matter, TOC total organic carbon, TN total nitrogen
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Fig.2 Raw substrates (OMP, OMSH, PM, GW) and raw substrates/
soil mixtures (1/3, 1/1, 3/1, 1/0) extracts phytotoxicity (vs. cresson
(Lepidium sativum), tomato (Solanum lycopersicum) and sorghum

Agar (PCA) for 48 h at 25 °C. For heat-resistant microflora
(HRM), the suspension was heated at 80 °C for 10 min and
plated on PCA for 24 h at 30 °C. Fungi were enumerated on
Sabouraud solution at 25 °C for 72 h. Results were expressed
as colony forming units per gram of compost fresh matter
(CFU g ! FM).

Respirometric Activity Assessment

Respirometric measurements were determined during the
co-composting process by placing 100 g of each sample
in a closed jar at constant temperature and constant mois-
ture content. The CO, released is trapped in 0.1 N sodium
hydroxide solution (NaOH) and titrated with hydrochloric
acid HCI (0.1 N), in the presence of phenolphthalein, after
precipitation of sodium carbon with 2 ml of BaCl, chloride
(30 g L71) [48].

Phytotoxicity Evaluation

The phytotoxicity levels of the used raw substrates before
co-composting and the obtained compost extracts were
determined according to a standard method [49]. The germi-
nation tests were carried out by using four different seed spe-
cies (tomato (Solanum lycopersicum L.), cresson (Lepidium
sativum), sorghum (Sorghum bicolor) and alfalfa (Medicago
sativa). All of these were marketed seeds and treated with

(Sorghum bicolor) seeds) in comparison with soil control (Sc) extract
and pure water (Pw)

preservatives for use in germination tests. The germination
tests were conducted in the dark at room temperature (25 °C)
during 48 h for alfalfa and during 72 h for tomato, cresson
and sorghum seeds. Three repetitions were performed for
each seed and mixture medium.

Statistical Analyses

All the parameters studied were carried out using SPSS soft-
ware (Statistical Package for the Social Sciences, version
20). Results are expressed in mean standard deviation, using
analysis of variance ANOVA.

Results and Discussion
Raw Substrates Physicochemical Characterization

Physicochemical characteristics of all the used raw substrates
were determined (Table 1). The olive mill pomace (OMP) is
a solid residue generated during olive oil extraction process.
It has an acidic pH (pH 5.96) and a very high content of
organic matter (OM =93.85%). The OMP nitrogen content
is low as micronutrients and phosphorus, so the C/N ratio
is usually high (64.8). Reference [33] demonstrated that the
lipid and organic phytotoxic compounds of OMP limit its
use in soil amendment and their direct application could
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cause serious environmental problems in soils and surface
waters, which limits its general use in soil fertilization.

The OMSH was taken from an evaporation basin at the
experimental station of the Olive Institute Tree of Sfax,
Tunisia. It is an acidic solid waste (pH 6.55) with very lit-
tle porosity, characterized by high salts content (EC=8.93
mS cm™!) and low nitrogen rate (TN =1.29%). This can be
explained by the accumulation of salts after water evapora-
tion. OMSH is rich in organic matter (77.23%) comprising
a relatively large amount of lignin, cellulose, hemicellu-
lose, lipids, carbohydrates as well as phenolic compounds
[12]. The GW is characterized by feeble nitrogen content
(TN =1.2%) and a relatively important C/N ratio (29.3). The
used poultry manure (PM) was characterized by a high pH
(7.6) and mineral matter content (68.82%). The PM nitro-
gen content is higher than other substrates (TN =1.46%),
which explains its low C/N ratio (12.38) (Table 1). These
results are in agreement with previous studies showing that
the poverty of PM in total organic carbon and its richness in
nitrogen may decrease its C/N ratio [19, 20].

Raw Substrate Phytotoxicity Assessment

The raw substrate (OMP, OMSH, PM and GW) phytotox-
icity potentials were assessed by the determination of the
germination indexes GI (%) of three different seed crops:
tomato (Solanum lycopersicum L.), cresson (Lepidium
sativum) and sorghum (Sorghum bicolor). Various extracts
from each raw substrate and in different proportions of raw
substrates/soil mixtures (1/3, 1/1, 3/1 and 1/0) were used
in comparison with pure water as control medium (Fig. 2).

Results showed that various mixtures of PM/water extract
and OMSH/water extract had an inhibitory effect on cres-
son and tomato seeds germination, compared to pure water,
whose germination index was 100%. Thus, the germina-
tion percentage showed gradual decrease upon increasing
the OMSH proportion. For the 100% PM and 100% OMSH
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water extracts, tomato seeds germination was totally inhib-
ited. For cresson seeds, GI of the order of 11% and 0% were
obtained respectively. Both types of seeds are considered
very sensitive to the slightest phytotoxicity of used sub-
strates. Indeed, PM and OMSH in their raw state and mixed
with soil are very phytotoxic and so they cannot be used
as plant fertilizers or soil amendment. This could be due
essentially to their high salinities (EC=9.14 mS cm™! and
8.93 mS cm™!, respectively for PM and OMSH).

In contrast, the water extracts of various mixtures of GW/
soil did not show any inhibitory effect on the germination
of cresson and tomato seeds and positive effects on all seed
germination were observed (Fig. 2). In line with these find-
ings, [42] showed that the green waste was characterized
by high nitrogen rate and low C/N ratio, which is neces-
sary to seeds germination and plant growth. For OMP water
extracts, a decrease of the tomato seed germinations with
the increase of OMP portion in the mixture OMP/soil was
observed. The germination inhibition is principally due to
the phenolic compounds highly present in OMP. While OMP
did not show any inhibitory effect on cresson seed germina-
tion (Fig. 2). For Sorghum bicolor seed germinations, results
showed that the inhibitory effects are only noticeable for
raw PM and OMSH. Thus, both substrates totally blocked
the germination of Sorghum bicolor seeds and can never
be a suitable medium for germination of the tested seeds.
Our results are in harmony with several previous researches
which have demonstrated that olive mill wastes have very
phytotoxic effects when applied at large amounts [12, 13,
50].

Physicochemical Parameters’ Evolution During
the Co-composting Process

The evolution of the main physicochemical parameters of the
co-composting process (such as temperature, pH, electrical
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Table 2 Physicochemical and microbiologicals parameters evolution during co-composting process (average values of five replications +SD of
each sample)

Parameters Co-composting time (days)
0 9 27 42 72 119 174

pH (25 °C)+SD 5.85+0.01 6.04+0.01 6.3+0.00 6.45+0.00 6.75+0.01 7.03+0.01 6.96+0.01
EC+SD 4.98+0.01 5.76 +£0.01 6.79+0.01 6.86+0.00 7.1£0.02 7.53+0.01 7.5+0.00
CEC+SD 25+04 31.69+0.1 34.6+0.00 37.33+0.2 37.93+0.4 4133+1 42.8+0.1
MM +SD 24.13+0.00 33.55+0.3 44.33+0.7 57.86+0.5 59.05+0.1 58.88+0.2 59.2+0.1

OM+SD 75.87+0.00 66.45+0.3 55.67+0.7 42.14+0.5 40.95+0.1 41.12+0.2 40.8+0.1

TOC+SD 43.99 +0.00 38.54+0.3 32.28+0.7 24.44+0.5 23.75+0.2 23.84+0.1 23.66+0.1

TN+SD 1.5+0.01 2.61+0.01 2.7+0.00 2.81+0.00 2.9+0.04 2.94+0.00 2.9+0.04
C/N+SD 29.25+0.2 14.76 +0.1 11.95+0.2 8.69+0.2 8.18+0.1 8.1+0.1 8.15+0.1

Na+SD 0.22+0.01 0.215+0.02 0.26+0.00 0.24+0.01 0.28+0.01 0.29+0.03 0.29+0.02
K+SD 3+0.1 2.97+0.01 3.2+0.01 3.44+0.00 3.42+0 3.86+0.1 3.8+0.01
P+SD 0.3+0.00 0.3+0.00 0.29+0.01 0.28+0.00 0.256+0.01 0.257+0.01 0.258 +£0.00
Polyphenols + SD 1.2+0.00 1.05+0.1 0.99+0.01 0.56+0.00 0.5+0.01 0.35+0.00 0.3+0.00
TAM <+ SD 114+5.00 156+3.00 137+3.00 149+1.00 124+0.2 113+3.00 92+2.00
HRM +SD 48+1.00 110+3.00 72+1.00 64+0.10 41+1.00 37+0.05 29+0.02
F+SD 53+0.50 81+1.00 69+0.01 57+0.05 48 +1.00 42+0.02 33+0.50

+SD: Standard deviation (P <0.05)
Units: EC (mS cm™!); CEC (meq % DM); MM (%DM); OM (%DM); TOC (%DM); TN: total nitrogen (%DM); K (g kg~! DM); P (g kg™! DM);

Na (g kg™! DM); Polyphenols (mg kg~' DM); TAM (10® CFU g~' EM); HRM (10° CFU g~! EM); F (10° CFU g~' EM)

conductivity (EC), organic carbon content, total nitrogen and
C/N ratio) were monitored along the study period.

The Temperature Evolution

The temperature constitutes a key parameter for the co-com-
posting evolution, as it governs the microbiological and the
biochemical activities of the process [19]. It is usually used
as a parameter to indicate the good initiation and the end of
the composting progression [51]. During the composting
process, the evolution of the temperature of the material pro-
vides information about the process performance, especially
at full scale [52, 53].

Figure 3 illustrates the evolution of the windrow tem-
perature in comparison with the ambient temperature during
the composting period. The temperature evolution follows a
typical profile for composting with three phases: mesophilic
phase, thermophilic phase and maturation phase. The first
phase was characterized by heat raise from 30 to 42.5 °C
observed in 5 days, showing a rapid colonization of meso-
philic microbial populations. This phase was accompanied
by a slight acidification of windrow due to the release and
accumulation of organic acid molecules produced by the
first colonizers at the beginning of the composting process
[53, 54]. Then, the windrow was manually turned in order
to assure both the homogeneity of the pile and the fermen-
tation process of all parts of the decomposing material to
reach the desired stability [55]. The temperature increased

quickly reaching the highest level (65 °C) within 09 days
and showed a rapid initiation of the composting thermo-
philic step. Thus, this thermophilic phase was maintained
until 80 days of the incubation period, with a temperature
value neighboring 55 °C (Fig. 3). In fact, [56] showed that
the range of 5260 °C is the most favorable for organic mat-
ter decomposition and the temperatures above 55 °C are
required to destroy pathogenic microorganisms. However,
according to other researchers, a maximum temperature of
65 °C is necessary to obliterate pathogen microorganisms,
which contributes to the hygienization and sanitization of
the end-product due to pathogen, weed and seed reduction
[57, 58]. This rapid progress from mesophilic to thermo-
philic phase can be attributed to the high microbial activity
generated by the presence of easily degradable organic com-
pounds [42]. From the day 90 of incubation, the evolution of
the temperature showed a progressive fall which stipulates
the entry of the process in the maturation phase. Indeed, the
conversion and biodegradation of the organic matter dur-
ing the two previous phases (mesophilic and thermophilic)
enriched the windrow in stable and hygienic mineral matter
which greatly reduces the microbiological activity and con-
sequently the decrease of the temperature of the pile [19, 50,
59]. This temperature diminution was noticeable from day
140 until day 160, when the temperature profile became sta-
ble and comparable to the ambient temperature. Our results
are aligned with several previous results [60—62].
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Electrical Conductivity and pH Evolution

The pH and EC evolution values during the composting
process are shown in Table 2. The pH values showed an
increase from 5.85 at the beginning to 6.96 at the end of
the composting period. Reference [19] explained the pH
increase as a consequence of the mineralization of acidic
compounds, such as carboxylic and phenolic groups, and
amino acids and peptides to ammonia. Indeed, the solubi-
lization of the ammonia led to the formation of ammonium
and an increase in the pH values in the composting mixtures
was noted [19]. Such results are in agreement with those of
[63], finding a rise in pH from the start of composting. The
pH values increase indicates a good quality of the obtained
compost [64]. Indeed, previous studies reported that the pH
of a mature compost ranged from 6 to 8.5 [65], while [66]
found that composting could be inhibited at pH below 6.
Reference [63] indicated that pH is an important parameter
to control the composting process. At higher pH condition,
it could be faster decomposition in biowaste composting and
result in a more stable compost product. Alternatively, the
EC increases gradually with the co-composting time. It was
probably due to the soluble salts provided from OMW and
the relative increased concentration of ions, due to the min-
eralization of the organic material during the co-composting
process [51, 67]. It should be noticed that in spite of the
acidic pH of OMW used during humidification, this effluent
did not have any negative impact on the composting mixture
pH. These findings correlate with many other experiments
about composting [19, 63, 64].

Organic Carbon, Total Nitrogen and C/N Ratio Evolution

The evolution of the total organic carbon (TOC) content as
well as that of the total nitrogen (TN) during the composting
process are important parameters considering their inference
on the C/N ratio of the composted materials [64, 66].

Fig.4 Windrow respirometric
activities (as cumulative C—
CO,) and specific respiration
activities (as C-CO,/TOC)
evolution as function of the co-
composting period

C-C02, TOC (g Kg'' DM)
[\e]
n
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The assessment of these parameters during the co-
composting period showed a signification reduction of the
TOC concentration proportionally with the progress of the
co-composting period (Table 2). Indeed, the TOC amount
decreased from 44% FW at the beginning to 24% FW at
72 days of incubation. After that, the TOC was stabilized
until the end of the composting process. These results can
be explained by the presence of easily degradable organic
compounds accompanied with high microbial activity in the
mesophilic and thermophilic phases [42]. Concerning the
nitrogen content evolution, results showed an increase in
the TN concentration from 1.7% FW to 2.9% FW at the end
of process. Such nitrogen concentration augmentation can
be explained by the loss of dry mass in the pile weight in
terms of carbon dioxide and by water evaporation during
the mineralization of organic matter [67, 68]. These results
were proved by the decrease in the C/N ratio, which showed
a progressive decline as a function of composting duration
(Table 2). In this context, many previous studies confirmed
the decrease of the C/N ratio during the composting [19, 42,
69, 70]. According to [71], the analysis of the C/N ratio in
compost is one of many relative indicators of compost stabil-
ity and provides information about the degree of its maturity.
Reference [55] showed that the lower the C/N ratio, the more
mature the compost and that the C/N ratio in mature compost
should be close to 10-15.

Microbiological Parameters’ Evolution During
the Co-composting Process

Microbiological parameters evolutions was done by micro-
flora counting as total aerobic microflora (TAM), fungi (F)
and heat resistant microflora (HRM) during the co-compost-
ing process. Also the respirometric activities were assessed
over time.

i C-CO2 et TOC  d C-CO2/TOC ratio e+ e+« Poly. (C-CO2/TOC ratio)

1.6
1.4
1.2
1

0.8
0.6
0.4
0.2

C-CO2/TOC ratio

0

27 42 72 119 174

Co-composting incubation days



Waste and Biomass Valorization (2020) 11:6235-6247

6243

Table 3 Physicochemicals and microbiologicals characteristics of the
obtained compost (average values of five replications+SD of each
sample)

Parameters Average values +SD

Fractions size

>10 mm 1.58 +0.01
5-10 mm 7.30+0.20
2-5 mm 20.69+1.00
<2 mm 70.41+3.00
Physicochemical parameters

pH (25 °C) 6.69+0.1

EC (mS cm™) 7.540.00
Water content (%) 21.2+1.00
OM (%DM) 40.8+0.00
MM (%DM) 59.2+0.01
CEC (méq %DM) 42.8+0.01
TOC (%DM) 24 +0.01
TN (% DM) 2.9+0.04
C/N ratio 8.27+0.1

K (gKg™h 3.8+0.01
P(gKg™) 0.26 +0.01
Na (g Kg™h 0.29+0.02
Phenolic compounds (g Kg™") 0.3+0.00

Microbiological parameters

TAM (108 CFU g~! FM) 92+3.00
HRM (10° CFU g~ FM) 29+1.00
F (10° CFU g™! FM) 33+2.00

+SD: standard deviation (P <0.05)

Microbial Counting

The co-composting is an aerobic process involving differ-
ent microbial categories able to biodegrade the organic
matter present [72]. The microbiological analysis showed
a variation during co-composting. This evolution depends
on the stage of composting and with the variations of the
physicochemical parameters (Table 2). Results showed that
the evolution of the TAM, HRM and F was characterized
by a peak on the 9th day, corresponding to the thermo-
philic phase (Table 2). In fact, the degradation of substrates
generates temperature rise that allows the development of
thermo-tolerant microorganisms. This group becomes the
responsible for substrates degradation during the thermo-
philic phase [72]. Our results also showed a difference in
the abundance of these types of microflora during the co-
composting process. However, thermophilic microflora was
more important in the beginning of the co-composting than
fungi. After 30 days of the beginning, we noted a decrease of
the microflora densities (Table 2). This can be explained by
the variations of the windrow pH and the depletion of easy
biodegradable substrates [51]. During the maturation phase,

mesophilic and fungi find the optimal conditions to develop.
We noted a concentration of fungi more important than ther-
mophilic microflora. These results are consistent with previ-
ous findings [72, 73]. Overall, a decrease in the total aerobic
microflora was observed in the maturation phase. This can
be explained by the hygienization, the stability and the matu-
rity of the obtained end-product after the rise of temperature
and the destruction of pathogens [42, 55, 71].

Respirometric Activities Assessment

One of the most important methods for determining the com-
posting process end product stability is the use of respiro-
metric activities by measuring C—CO, production [52]. In
fact, unstable compost is known by its strong demand for
oxygen (O,) and so its high C-CO, production rates owing
to the intense development of microorganisms as a conse-
quence of degradation of the easily biodegradable com-
pounds in raw materials [72].

The evaluation of the respirometrics activities was
assessed during the co-composting process (Fig. 4). Our
results showed an optimum of the respirometric activity just
9 days after the beginning of the co-composting process.
Such findings confirm previous results of physicochemical
parameters and mainly the temperature evolution. In fact,
at the beginning of the co-composting process the meso-
philic microflora degrades the easy metabolisable molecules,
which lead to an increase in the temperature promoting the
development of thermophilic microflora. Then, respiromet-
ric activity decreased progressively with time incubation. In
this context, previous studies confirmed that the decrease in
respiration activity was attributed to the progress of the com-
posting process and the increase of the end product maturity
degree [20, 73].

Compost Quality Evaluation

The maturity of the compost is an important characteristic to
be considered for the evaluation of its quality. The methods
for assessing the maturity of compost are numerous because
it is impossible to find a single test that can evaluate this
criterion. Several authors have concluded that using a sin-
gle parameter as a maturity index is insufficient and several
parameters are usually needed [40, 74]. The evaluation of
the quality of the compost obtained was carried out through
its particle sizes, physicochemical and microbiological
characterization as well as the evaluation of its phytotoxic
potential.

Particle Size Determination

Despite its importance in determining the quality of the
compost, particles size constitutes an important parameter

@ Springer
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Fig.5 Phytotoxic potential evolution as function of the co-composting period (Cy—C,,—C4,—C;,—C, o and obtained compost (C,;,) (vs. cresson
(Lepidium sativum), sorghum (Sorghum bicolor) and alfalfa (Medicago sativa)) seeds in comparison with pure water (Pw)

in composting, although it is not often measured. This
parameter influences the porosity, aeration and the water
holding capacity in co-composting process [27]. Fine ele-
ments in compost facilitate its integration in soil and then
its use as biofertilizer. Table 3 illustrates the percentage of
different fractions in the obtained compost. Results showed
that the obtained compost has a homogeneous texture. The
different fractions are divided as follows: fractions > 10 mm
(1.58%), 5 < fractions < 10 mm (7.30), 2 < fractions <5 mm
(20.69) and fractions <2 mm (70.41%). The high proportion
of fine particles testifies the good quality of the final com-
post. Indeed, according to international standards (AFNOR)
concerning the appreciation of organic substances, good
and rich compost has greater than 60% of fine particles
(< 10 mm). Moreover, our results are in agreement with

previous works [75].
Physicochemical and Microbiological Characteristics

Various physical, biological and chemical parameters were
assessed to monitor the quality and maturity of the obtained
compost. The end product characteristics are presented in
Table 3. The compost produced has a pH (6.69) close to
neutrality with a C/N ratio around 8.5 exhibiting their stabil-
ity. The C/N ratio is widely used as an indicator of compost
maturity [51]. Reference [76] showed that a C/N ratio of
about 10 is the ideal ratio for well-matured compost. Refer-
ence [77] recorded higher values of the C/N ratio (18) in the
compost obtained from manure and straw.

According to French standards (NF U 44-051, 1981),
specifying and defining organic conditioners, our prepared
compost could be specified as vegetal compost since their

@ Springer

total nitrogen expressed in percentage on a dry matter basis
did not exceed 3%, and their organic matter content over
organic nitrogen was inferior to 55 (Table 3). Indeed, the
comparison to the French standards, the composition of min-
erals and fertilizing confirmed the beneficial effect of this
product as organic fertilizer. These results are in accordance
with other previous studies valorizing olive mill wastes by
co-composting [19, 20, 42, 64].

Phytotoxicity Potential Evaluation

The phytotoxicity test is one of the key indicators of the
compost maturity. In order to evaluate the obtained com-
post phytotoxic potential, the germination indexes (GI%)
of three seed species as cresson (Lepidium sativum), sor-
ghum (Sorghum bicolor) and alfalfa (Medicago sativa) were
determined [49]. The compost extracts were obtained from
mature compost samples at the end of the composting pro-
cess. Figure 5 shows the effects of the compost extracts in
all used seeds germination.

The results showed GI values of 88.69%, 102% and 112%
for cresson seeds, alfalfa seeds and sorghum bicolor seeds
respectively, indicating the non phytotoxicity and so the
maturity of the obtained compost. In fact, a GI value of 80%
was used as an indicator of disappearance of phytotoxicity
in compost [19, 69]. The difference between seed germina-
tion indexes values can be explained by the high resistance
of alfalfa and sorghum seeds to residual toxic elements in
comparison with cresson seeds, which are considerate as
sensible seeds. These results are aligned with those men-
tioned in previous studies [78, 79].
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Conclusion

This work aims at the valorization of the olive oil industry
biowastes as well as the poultry manure. Such agro-wastes
constitute a serious environmental problem for all olive oil
producing countries such as Tunisia. The co-composting
process was applied as an ecological and safety technology
used for recycling biodegradable organic materials.

From the first week of the composting process, a high
microbiological activity was revealed by a quick increase in
temperature indicating the entry of the windrow in the ther-
mophilic phase. Such thermophilic step was accompanied
by an exponential increase in the aerobic microorganisms’
number in the pile and a progressive decrease in the C/N
ratio over time.

The initial biowastes mass value mixed in windrow pile
was estimated to 1100 kg. After 6 months of incubation, a
loss of mass about 36% from the initial mass was recorded.
During the composting process the humidification was main-
tained by the addition of OMW. The amount of OMW added
was changeable as it varies regularly depending on the wind-
row pile moisture. However, a quantity of 1 m*> of OMW was
used throughout the composting process. The final mass of
the produced compost was around 700 kg.

The obtained compost was characterized by homogene-
ous particles size with a fine majority fraction, a neutral pH
and a C/N ratio close to 10. It is also rich in mineral fertiliz-
ers (P, K, Ca). The evaluation of the end product phytotoxic
potential was realized by the germination test measurements.
Results showed that the compost extracts stimulated all the
used seeds in comparison with control medium. Such find-
ings confirm the success of the use of co-composting process
to stabilize and transform the various used raw substrates in
mature and hygienic compost which can be used as soil and
plant biofertilizer.
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