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Evolution of Biochemical Parameters
During Composting of Urban Wastes
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An experiment was performed for evaluating the most suitable biochemical parameters to measure
dynamics of substrate transformation during composting of the organic fraction derived from pre-
selected urban wastes and wood bark mixture. Changes of chemical (organic C, hydrosoluble sug-
ars, total and mineral N, humified fraction, volatile acids and phenolic compounds) and biochemi-
cal (microbial respiration, biomass C, gqCO_, dehydrogenase, catalase, urease activities, FDA, and
BIF) parameters were monitored for 120 days. Limited changes in organic C, total nitrogen, and hu-
mification characteristics were observed during composting. Dehydrogenase and catalase activities,
BIF and FDA showed small changes during composting. Urease activity and, with some limitations

regarding the early stages of composting, microbial respiration and qCO,, were found to be the most
suitable parameters to measure dynamics of substrate transformation dzuring composting of prese-

lected urban wastes.

Introduction

Measuring compost stability has become a
necessary step to determine the suitability of com-
post for different uses. Various physical (tempera-
ture, humidity, color, texture), chemical (pH, or-
ganic matter content and forms), biological
(phytotoxicity, microbial community type and
level), spectroscopic and thermal (Fourier trans-
form infrared, differential scanning calorimetry)
parameters have been proposed to evaluate the
progress of the composting process (Saviozzi et al.
1992; Senesi and Brunetti 1996; Barberis and Nap-
pi 1996; Adani et al. 1997; Fisher 1998; Grego et al.
2000; Outmane et al. 2000; Tomati et al. 2000; Belete
et al. 2001; Eggen and Vethe 2001). Some biochem-
ical parameters, such as enzyme activities (Gomes
et al. 1998; Benitez et al. 1999), amount of microbial
biomass (De Nobili et al. 1996), or microbial respi-
ration (Lasaridi and Stentiford 1998; Butler et al.
2001; Eggen and Vethe 2001; Wu and Ma 2001),
have been recently monitored for the evaluation of
the course of composting. However, the conclu-
sions of the studies are often diverging and, con-
sequently, there is widespread acceptance of the
need for a better evaluation of the dynamics of
substrate transformation during composting.

The aim of the present study was to establish
suitable biochemical parameters to measure dynam-
ics of substrate transformation during composting
of preselected urban wastes.
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Materials and Methods

The organic fraction derived from preselected ur-
ban wastes and wood bark mixture was composted
for 120 days. The composting process involved two
physically separated phases: a first stage of accelerat-
ed biooxidation lasting 21 days and a second stabiliz-
ing phase in which the product was windrowed for 99
days. During the first phase, material was loaded
along the short side of a horizontal reactor, moved for-
ward by means of screws installed on a travelling
bridge and discharged at the opposite side. Continu-
ous aeration, supplied by a forced ventilation system
from the bottom, maintained oxygen level greater
than 10%. In the second phase, the product was piled
outside in a triangular configuration roughly 1.30 m
high, 4 m wide and 5.50 long. The windrows were
turned by a loading shovel.

Sampling Procedures

To evaluate biomass transformation, representa-
tive samples for analysis were collected three times
during the first 21-d processing (after 3, 10, 21 d) and
five times during the 99-d stabilizing phase (after 41,
55, 69, 90 and 120 d of the whole composting period).
Samples of about 1 kg were obtained from eighteen
bulked and mixed subsamples (each of about 0.1 kg)
taken from three positions near the top, middle and
bottom. All the samples were lyophilized, crushed
and screened through 0.5 mm sieves.
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Chemical Analyses

Total organic C (TOC) was determined after re-
moving carbonate-C (Nelson and Sommers 1982) by
dry combustion (induction furnace 900CS, Eltra). To-
tal N was determined by the Kjeldahl procedure. The
NO, +NO, and NH * contents were measured by the
Bremner Nng—Devarda alloy method using 2 N KCl
extracts (sample/solution = 1:20).

Humic substances (TEC) were extracted by 0.1
M NaOH + Na 4P O, (sample/solution 1:100). After
centrifugation at %00 g for 30 min, the supernatant
was filtered and the raw fulvic acid and humic acid
(HA) fractions separated by acidifying to pH 2 with
H_SO.. Isolation, separation and purification of
“true” fulvic acid (FA) were made by adsorption
onto insoluble polyvinylpyrrolidone (PVP), as sug-
gested by Lowe (1975). According to the standard
procedure described by Sequi et al. (1986), the hu-
mification index (HI) was calculated by dividing the
nonhumified fraction (NH) by the HA + FA frac-
tions. Total and humic C in any fraction were deter-
mined by Cr O *.oxidation.

On the soluble fraction, obtained by shaking sam-
ple and water in a 1:50 ratio for 1 hour, the following
analyses were performed: sugars by the phenol-sulfu-
ric acid reaction (Dubois et al. 1956); volatile acids con-
tent by direct titration (Di Lallo and Albertson 1961);
phenolic compounds according to the method of
Kuwatsuka and Shindo (1973).

Biochemical Analyses

The biomass-C content was determined accord-
ing to Vance et al. (1987) through extraction of or-
ganic C from fumigated and unfumigated soils by 1
N KZSO ¥ the organic C was then measured using
dichromate digestion as described by Jenkinson
and Powlson (1976); an extraction efficiency coeffi-
cient of 0.38 was used to convert the difference in
soluble C between the fumigated and the unfumi-
gated soil in microbial biomass C (Vance et al.
1987). The hydrolysis rate of fluorescein diacetate
(FDA) was estimated, as reported by Swisher and
Carrol (1980), by determining at 490 nm the con-
centration of hydrolyzed FDA. The dehydrogenase
activity was measured according to the method de-
scribed by Casida et al. (1964). The catalase activity
was measured by the method of Beck (1971). The
urease activity was determined according to
Tabatabai (1982). _

The biological index of fertility (BIF) was calculat-
ed as follows: (DHA + k CA) / 2, where k is a propor-
tionality coefficient (0.01) (Stefanic et al. 1984).
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Respirometry

The respiration rate of the compost was moni-
tored in an aerobic incubation procedure over 60 days,
through the measurement of CO, evolution: 25 g (dw)
of the samples collected at 3, 21, 55, 90 and 120 days
were adjusted to approximately 50% muoisture, and
preincubated in bags placed in a chamber at 37°C and
100% humidity for 24 hours. Then, samples were
placed in 250-ml glass containers closed with rubber
stoppers, moistened at 60% of the maximum water
holding capacity and incubated at 25+1 °C. Glass vials
holding 20 ml of 0.5 M NaOH to trap the evolved CO
were placed in the above containers. The excess alkali
was back titrated with standard 0.5 M HCl after pre-
cipitating the carbonate with a 1.5 M BaCl_ solution.
Daily opening of the bottles to replenish the NaOH for
CO, absorption prevented any inhibition of decompo-
sition owing to lack of O_.

The microbial metabolic quotient (qCOz), defined
as specific respiration of the microbial biomass, was
calculated from basal respiration values at the steady
state of respiration (Anderson and Domsch 1993) by
the formula: mg CO_-C/mg biomass-C/h™ (Schniirer
et al. 1985). Biomass C content was measured at the
60" day of incubation.

Statistical Analysis

Results are the means of determinations made on
three replicates. Data was compared through the
analysis of variance by ANOVA test (Snedecor and
Cochran 1978). The means were compared by using
least significant difference values calculated at the 5%
level.

Results of respirometry (CO, evolution) are the
means of two replicates. The mean coefficient varia-
tion, i.e., the standard deviation as a percentage of the
average of two values, was always lower than 5%.

Results and Discussion

Temperature (Figure 1) during the first two days
of composting followed the typical pattern of many
composting systems, with a rapid increase from 20 to
48 °C. Successively, during the 21-d period deputed to
accelerate biooxidation, the temperature showed an
anomalous decrease and remained almost constant at
about 40 °C. Only in the second phase, in which the
product was standing on pile, heat was generated and
the temperature raised rapidly to about 60 °C. The
thermophilic phase lasted for about 20 days. As ex-
pected, in the last mesophilic phase the temperature
decreased, approaching ambient levels.
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Changes of organic carbon content (Figure 2)
indicate a low level of organic matter evolution.
Only about 6% of the organic C present in the start-
ing material was mineralized by the 55t day of
composting, probably because the high amount of
volatile acids and phenolic compounds (Saviozzi et
al. 1992) (Table 1) caused a lag-phase in the micro-
bial activity. Successively, the breakdown of the or-
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FIGURE 1. Temperature during composting process.
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FIGURE 2. Changes in the contents of total organic carbon and
soluble sugars during composting process. Different letters indi-
cate the differences at a 5% probability level according to LSD'F
multiple range test.

ganic carbon proceeded more rapidly, so explain-
ing the simultaneous increase of temperature. The
initial content of hydrosoluble sugars (Figure 2)
was almost one fifth lower than that reported by
Saviozzi et al. (1992) for urban compost. In accor-
dance with the findings of Eggen and Vethe (2001),
the shortage of these easily degradable compounds
may have contributed to the latency in CO,-C evo-
lution observed in the early phase of compostmg
(Figure 4). The need to obtain simple soluble sugars
could have forced microorganisms to breakdown
more resistant polysaccharides, shown by the in-
crease of hydrosoluble sugars as the composting
progressed. The successive decrease of hydrosolu-
ble sugars, after about two months, coincided with
the increase in temperature, confirming that such
compounds represent an easily available source of
energy for microorganisms.

The 1mt1a1 values of total nitrogen content of
about 23 g kg (Figure 3), higher than the average
value (12 g kg’ D) reported for municipal waste com-
post by He et al. (1995) from several U.S. sources,
increased by about 13% during composting. Such
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FIGURE 3. Changes in the contents of total and mineral nitrogen
during composting process. Different letters indicate the differ-
ences at a 5% probability level according to LSD’F multiple range
test.

TABLE 1.
Changes in volatile acids, phenolic compounds and humus characteristics during composting,
Phenolic

Composting Volatile Acids Compounds
Period TEC C. +C (as aceticacid)  (as coumaric acid )

- HA FA, HA  FA - B
(Days) gk’ gkg' kg k! HI gkg' skg'
3 114a 77ab 16a 93ab 0.23a 36a 4a
21 113a 94a 13a 107a 0.15b 29ab 4a
55 108a 80ab 14a 94b 0.15b 23b 2b
90 105a 75b 14a 89b 0.18b 22b 2b
120 108a 79b 13a 95b 0.17b 14c 1b

TEC = Total extractable carbon; C = humic acid carbon; C_, = fulvic acid carbon; HI = humification index. Values followed by different letters indicate the

differences at a 5% probability levei‘accordmg to LSD'F muI{-lple range test.
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an increase may be due to a concentration effect re-
sulting from degradation of nonnitrogenous organ-
ic matter, which originates a loss of weight and,
therefore, a relative increase of concentration. This
trend is in agreement with previous reports for mu-
nicipal waste compost (Iannotti et al. 1994). Due to
the deamination of organic compounds (Diaz-Bur-
gos et al. 1993), the mineral fraction of total N, ini-
tially 13%, increased to a level of 17.5% after 55th
day of composting. Successively, mineral N began
to decline to 8% of total N, due to the progressive
inclusion into humic aromatic structures. The trend
for mineral N seen during composting coincides
with the patterns reported by Cegarra et al. (1986)
for city refuse compost.

Table 1 also reports the changes which took place
in the humic content (TEC) examined four times dur-
ing composting. Many authors report the formation of
humic substances during composting (Chen et al. 1996;
Singh and Amberger 1996), but others (Roletto et al.
1985; Chefetz et al. 1998) affirm that no quantitative in-
crease in humic substances occurred. Table 1 shows
that during composting, values of TEC remained con-
stant, probably because of balance between synthesis
and degradation of the newly formed humic materials
or scarce humification activity. The lack of a definite
trend of the other humification parameters (Table 1)
seems to confirm the second hypothesis.

Temporal trends in the contents of volatile acids
and phenolic substances (Table 1) were typical of
those reported by others for urban waste composting
(Hirai et al. 1983; Levi-Minzi and Riffaldi 1988;
Saviozzi et al. 1992), who found a fall in the volatile
acid and phenolic compounds levels occurring in the
water extracts of ripe samples. At the end of compost-
ing, the levels of the compounds in the product were
about 60% (volatile acids) and 75 % (phenolic sub-
stances) lower than in the starting material. The high

TABLE 2.
Microbial biomass C, cumulative CO_-C evolved in 60
days from samples of different maturity and microbial
metabolic quotient (qCO,) during composting.

Composting qC0,
Period Biomass C Co,-C mg CO,-C/mg
(Days) gkg! gkg! *biomass C/h™!
3 10.8a 8 3.8x10™

21 7.1b 27 2.7x10°

55 11.8a 66 2.3x103

20 11.3a 91 1.8x10°
120 11.0a 45 9.5x10™*

Values followed by different letters indicate the differences ata 5 %
probability level according to LSD’F multiple range test. *The biomass C
content for qCO, calculation was measured at the 60th day of incubation
(see Materials and Methods section).
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level of volatile acids and phenolic compounds found
in the starting material (Saviozzi et al. 1992) could
have inhibited microbial activity, causing a temporary
lag-phase in the decomposition of the organic matter.

Microbial biomass analysis can help to character-
ize successional changes related to both physical and
chemical changes in the substrate. Temperature is the
main driving force of succession but it also interacts
with other environmental regulators such as pH,
availability of organic C and energy source. The low-
est level of microbial biomass C was observed in the
21-d sample (Table 2), in the phase in which the tem-
perature declined. The highest levels were reached in
the thermophilic phase and maintained during the
mesophilic phase, in agreement with the findings of
De Nobili et al. (1996). As only small changes in the
amount of biomass C were found during composting,
the biomass C does not appear a good indicator of
compost stability.

Generally, the intensity of respiration depends on
the speed of microbial biomass metabolism and there-
fore it is inversely related to compost stability. Respi-
ration intensity is high in the early phase of compost-
ing when easily degradable organic substances induce
fast multiplication of microorganisms and it declines
with time. Figure 4 shows that the respiration of the 3-
d sample was constantly inhibited while the 21 and
55-d samples showed higher respiration rates with
only a lag-phase in the first period of incubation of
about 30 and 15 days, respectively. As observed by
Eggen and Vethe (2001), compost samples with low
hydrosoluble C resulted in an extended lag phase be-
fore detectable respiration occurred. The observed
low respiration activity (sample of 3-d) and the delay
in the start of respiration (samples 21- and 55-d) may
be due to the low amount of hydrosoluble sugars (Fig-
ure 1) and/or to the high level of toxic compounds
such as volatile acids and phenolic compounds in the
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FIGURE 4. Cumulative CO_-C evolution from compost at differ-
ent degrees of stability.
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starting material (Table 1). The use of microbial respi-
ration for monitoring the substrate quality during
composting could be limitated by the presence of
anomalous trends especially in very immature sam-
ples. Due to the decrease of inhibiting volatile acids
and phenolic compounds observed from the 21-d to
the 55-d samples (Table 1), as a consequence of either
volatilization to the atmosphere or further biological-
ly mediated conversion to less soluble and /or phyto-
toxic compounds (Hénninen and Lilja 1994; Ayuso et
al. 1996), the delay in starting of respiration was short-
er in the 55-d sample than in the 21-d sample. This is
confirmed by the decrease in the same period of hy-
drosoluble sugars which have been used as substrate
by microorganisms. As a result of the very low
amount of toxic compounds, the 90-d sample showed
a high initial rate of respiration without a lag-phase.
As expected from a composting process where the
product becomes more stable with time, the 120-d
sample shows, from the first measures, low values of
CO, evolution, slightly diminishing during incuba-
tion. It is interesting to note that the cumulative respi-
ration between day 30 and 60 for the 90-day sample is
lower than the cumulative CO,-C evolution between
day 0 and 30 for the 120-day sample (about 2300 g/kg
and about 4000 g/kg of CO,-C, respectively), when it
would be expected to be similar values because of the
same age of both samples, (120-150 days). This is ex-
plained probably because in the 120-day sample mi-
croorganisms have evolved strategies for breaking
down the irregular structure of the lignin polymer to
access the cellulose and hemicellulose, which can be
used as a source of C for respiration.

Generally, the trends in respiration rates of com-
post at different ages correspond well to the changes
of the conventional chemical and physical parameters
observed during composting (Wu et al., 2000). How-
ever, the respiration method, commonly used by
many end-users for monitoring compost quality,
could be better used by applying it only after the ear-
ly phase of the process.

The ratio of evolved CO _-C to biomass C content
(qCO,) provides a measure of the efficiency of micro-
bial populations in utilizing organic C and is currently
employed as biological index of soil organic matter
quality (Wardle and Ghani 1995; Saviozzi et al. 2001). In
composting, it could be tested as monitoring parameter
of organic matter stabilization. Table 2 shows that qCO,
was low in initial stage of composting, increased almost
10 fold at the 21-d and declined thereafter over the re-
maining 100 days. The greatest value of qCO, in the 21-
d sample results from both the increase in respiration
rate, i.e. in the CO _-C evolution, and the simultaneous
decline of biomass C. The qCO, value of 9.5 x 10 mg
CO.-C mg biomass C" h™ in 120d sample, lower than
that of 90-d sample but in presence of the same amount
of biomass C, indicates less respiratory activity of the
microbial biomass in the last stage of composting and,
consequently, a higher microbial efficiency (Anderson
and Domsch 1993). Note that such a value is of the same
order of magnitude of that reported for organic matter
of mature soils by Trinchera et al. (2001). There is still a
need to evaluate qCO, with respect to the significance
of the produced resulzts; in particular, the anomalous
low values of microbial respiration observed during the
early stages of composting (Figure 4, Table 2) negative-
ly affected qCO, . This represents a limitation for the use
of qCO, for monitoring compost quality in immature
samples. However, this parameter seems to give useful
information on the different phases of the process.

In parallel with the respirometric test which pro-
vides an overall estimation of compost degradability,
other biochemical tests for measuring evolution of the
biomass in compost could be selected. Dehydrogenase
has proven to be an indicator of changes in organic
matter during the composting period (Forster et al.
1993). Catalase, constitutive in aerobically-growing
organisms, shows a linear activity, directly propor-
tional to the microorganism population density. Table
3 shows that dehydrogenase activity remained practi-
cally constant during composting. Only at the 55t day
of composting, corresponding to the thermogenesis

TABLE 3.

Changes in enzyme activities during composting
Composting CA FDA
Period DHA'l 4 % O.2 811 ug ﬂ}:oreflcein UR+ da
(Days) ug-TPFg h 3 min BIF g 2h ug N-NH "g" 2h
3 2.5ab 1.7ab 1.3ab 21.7a 445.4b
21 2.2ab 0.7b 1.1ab 27.7a 3.6c
55 12b 1.0ab 0.6b 23.0a 1243.4a
90 4.2a 1.9a 2.1a 20.2a 494.4b
120 4.la 2.0a 2.1a 25.4a 450.1b

DHA = dehydrogenase activity; CA = catalase activity; BIF = Biological Index of Fertility; UR = urease activity; FDA = hydrolysis of fluorescein diacetate.
Values followed by different letters indicate the differences at a 5% probability level according to LSD’F multiple range test.
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stage, dehydrogenase activity was lower than in the
following stages. Probably, at thermophilic tempera-
ture large numbers of mesophiles are viable, as as-
sessed by the amount of biomass C, but not necessari-
ly active. A similar result was observed for the
catalase activity, suggesting that the two enzyme ac-
tivities are not feasible indicators of the state and evo-
lution of the organic matter under composting.

As far as the biological index of fertility (BIF) is
concerned, Stefanic et al. (1984) reported values from
0.9 to 17.2 in a series of soils. If values of compost
(Table 3) are referred to soil BIF as baseline level, the
index attained very low values from 0.6 to 2.1. Al-
though the increase of values from the 55" day could
indicate a trend towards a better quality of biochemi-
cal characteristics of the material, the small differences
over time of this parameter do not put in evidence
enough the changes through composting.

The rate of hydrolysis of fluorescein diacetate
(FDA) is considered to be an index of the overall hy-
drolytic enzyme activity in soil (Schniirer et al. 1985)
due to a variety of enzymes including proteases, es-
terases and lipases. In composting, hydrolases are
mostly involved in the early phases of the process be-
cause of the great amount of easily degradable substrate
(Diaz-Burgos et al. 1993). In our study, the FDA test
showed practically uniform values during the entire
composting period (Table 3) and for this reason it can-
not be considered a good indicator of compost stability.

Better indications were found by analyzing ure-
ase, an enzyme active in the final stage of degradation
of N substances (Nannipieri et al. 1990). The trend of
urease activity (Table 3) was characterized by some
fluctuations, i.e. a repeatedly decrease and increase of
values resulting from changes in the biochemical ac-
tivity during composting. The initial high value of
urease activity is probably due to the large amount of
total nitrogen content (Table 1). The lowest value of
21-d sample indicates the blocking of enzyme synthe-
sis when toxic levels of ammonia accumulate outside
the cell, or inhibition of enzyme activity by ammonia
(Mobley and Haussinger 1989). Usually, when urease
reaches a minimum, a resynthesis begins (Nannipieri
et al. 1978). This can explain the rise in urease activity
observed after about two months of composting,
when proteins or their degradative products have
been substantially hydrolyzed and microorganisms
are affected by the presence of substrate urea. The de-
crease of urease activity towards the final phase of
composting may be due to an excess of the enzyme
concentration which can determine an inhibition of
activity (Ladd and Buler 1975). Globally, the urease
activity exhibited an ability for monitoring changes in
composting process.
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Conclusions

On the basis of the obtained results, it can be con-
cluded that composting of preselected urban refuse
was influenced by a latency in microbial biomass and
the delay in the start of thermophilic and mesophilic
phase activity in the early phase of the process. During
the 120 day period, there was a low level of organic
matter evolution, indicated by the limited changes of
organic C, total nitrogen, as well as of the humification
characteristics. However, the decrease of volatile acids
and phenolic compounds with time, associated with a
decrease towards constantly low values of microbial
respiration rate, suggests the reaching of an acceptable
level of compost maturity.

The initial phase of composting, either immedi-
ately or at most within a short space of time, was char-
acterized by a decrease of biochemical parameters
characteristic of biological activity. Dehydrogenase
and catalase activities, BIF and FDA show only small
changes under composting and do not enable us to
monitor dynamics of substrate transformation. Al-
though cumulative microbial respiration and qCO
showed some limitations for measuring the dynamics
of substrate transformation during the initial stages of
composting, together with urease activity they were
found to be sufficiently suitable for assessing changes
occurring during composting.
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