
Bioresource Technology 100 (2009) 3604–3612
Contents lists available at ScienceDirect

Bioresource Technology

journal homepage: www.elsevier .com/ locate/bior tech
Changes in enzymatic activity in composts containing chicken feathers

Justyna Bohacz *, Teresa Korniłłowicz-Kowalska
Chair of Agricultural Microbiology, Laboratory of Mycology, University of Life Sciences, ul. Leszczyńskiego 7, 20-069 Lublin, Poland
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Enzymatic activity, i.e. respiratory activity, dehydrogenase activity, phosphatase activity, caseinian pro-
tease activity, BAA protease activity and urease activity, was determined to investigate the process of bio-
chemical transformations and to select enzymatic indices of maturity of composts prepared from feathers
and lignocellulose wastes (bark, straw). Composting was conducted for 7 months, with periodic determi-
nations of activity of the enzymes. The study revealed significant differences in the enzymatic activity,
related with the duration of composting and with the substrate composition of the composts. Generally,
composts enriched with straw were characterised by higher enzymatic activity than composts without
any addition of straw. It was found that the activity of such enzymes as cellulase and protease, towards
the end of the period of composting decreased and stabilised. The enzymes enumerated can be taken into
consideration in estimation of the maturity of composts prepared from feathers and lignocellulose
wastes.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

For several years the preferred method of utilisation of class 3
animal wastes, such as chicken feathers and other keratin wastes,
has been recycling through composting (resolution (WE) No. 1774/
2002 of European Parliament and the Council of Europe dated 3rd
October, 2002). Studies on biodegradation of chicken feathers by
keratinolytic fungi in pure cultures (Korniłłowicz-Kowalska,
1997a,b) and in the process of composting of such wastes with lig-
nocellulose material (Bohacz and Korniłłowicz-Kowalska, 2007)
indicate intensive mineralisation and transformation of nitrogen
and sulphur of keratin from feathers to forms easily available for
plants, i.e. N-NH4, N-NO3 and S-SO4. The composting process as
well as the fertilising value of the compost is affected by the chem-
ical composition of waste materials used for composting, their
moisture content, availability of oxygen and biochemical activity
of microbial groups inhabiting the composted mass. Garcia et al.
(1992, 1993) and Vourinen (1999, 2000) report that extracellular
enzymes play the main role in biodegradation of organic matter
during the process of composting. Those enzymes include phos-
phatases, that detach phosphate groups from organic complexes
of phosphorus (Nannipieri et al., 1990), dehydrogenases, constitut-
ing an indicator of oxidation of simple organic sources of carbon
and of respiratory activity of microorganisms (Aguilera et al.,
1988; Mersi von and Schinner, 1991), as well as aminohydrolases
and ureases that participate in mineralisation of nitrogen (Mondini
et al., 2004; Garcia et al., 1992). In the course of composting of var-
ll rights reserved.
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hacz).
ious organic materials the activity of the enzymes mentioned
above decreases and stabilises, which results from bonding by hu-
mus that is formed in the process (Diaz-Burgos et al., 1993; Garcia
et al., 1993; Mathur et al., 1993; Mondini et al., 2004). A specific
group of enzymes cooperating with one another are those that
catalyse the degradation of hard-decomposing polymers present
in lignocellulose wastes. Decomposition of those polymers, i.e. cel-
lulose, hemicelluloses and lignins, by microorganisms leads to the
formation of compounds partially transformed into humus (Perez
et al., 2002), which has a significant effect on the maturation of
composts. Studies performed so far on the activity of degradation
and respiratory enzymes during the process of composting of poul-
try wastes are scarce (Mondini et al., 2004; Tiquia, 2002). In partic-
ular, there is a lack of information concerning the variability of
those parameters in the process of composting of waste feathers.

The present paper presents a part of a comprehensive study on
the composting of feathers – a waste product of the poultry indus-
try. Its objective was to determine the changes in the activity of se-
lected enzymes – dehydrogenases, phosphatase, protease
(caseinian and BAA) and urease – that take place during the com-
posting of those wastes with lignocellulose wastes, and to attempt
the selection of enzymatic indices of maturity of the composts
produced.

2. Methods

2.1. Composted materials

The material used for composting comprised chicken (broiler)
feathers obtained from the Zakłady Drobiarskie ‘‘Indykpol” poultry
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processing company in Lublin, with the following composition
[g kg�1 dry matter (d.m.)]: Corg. (organic carbon) – 490.9, N total
– 147.2, S total – 36.7, C/N = 3.33, pine bark purchased from a gar-
dening wholesaler in Lublin, containing (g kg�1 d.m.): Corg. –
438.7, N total – 4.8, S total – 0.5, C/N = 91.39, and rye straw (g kg�1

d.m.): Corg. – 464.0, N total – 4.3, C/N = 107.90, originating from
the Czesławice Experimental Farm of the University of Life Sci-
ences in Lublin (Poland).

2.2. Preparation of composts

The study on composting chicken feathers was conducted under
laboratory conditions, setting up a model experiment in two vari-
ants – with and without the addition of straw. For each of the vari-
ants two treatments were prepared, differing in the C/N ratio.

The particular experimental treatments were as follows:

(I) chicken feathers 12% + pine bark 88%; C:N = 25 (FB-I),
(II) chicken feathers 6.6% + pine bark 93.4%; C:N = 35 (FB-II),

(III) chicken feathers 12.36% + pine bark 43.82% + rye straw
43.82%; C:N = 25 (FBS-III),

(IV) chicken feathers 6.92 + pine bark 35.81% + rye straw 57.27%;
C:N = 35 (FBS-IV).

For the composting, composting bins were used, with a volume
of 12 dcm3 and with double walls with granulated styrofoam fill-
ing, with perforated bottom, equipped with a set of temperature
sensors coupled to a digital indicator.

The composting was conducted for 7 months, maintaining
moisture at the level 60% of total water holding capacity, control-
ling the temperature and mixing the composted mass many times
in order to maintain good aeration and to achieve homogeneity of
the mass. Two replications were prepared for each experimental
treatment.

2.3. Analytical methods

Periodically, i.e. after 18 h (time 0) from setting up the experi-
ment, and after 1, 2, 3, 4, 6, 10, 15, 20 and 30 weeks of composting,
biochemical analyses were performed that comprised the follow-
ing determinations:
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Fig. 1. Temperature changes (�C) in composts containing keratin wastes. Explanations:
chicken feathers 6.6% + pine bark 93.4%; C:N = 35 (compost FB-II), (III) chicken feathers 12
feathers 6.92 + pine bark 35.81% + rye straw 57.27%; C:N = 35 (compost FBS-IV).
� respiratory activity, on the basis of measurement of emitted CO2

with the method of Rühling and Tyler (1973),
� dehydrogenase activity, with the method of Casida et al. (1964)

with 2,3,5-triphenyltetrazole chloride (TTC) as substrate,
� cellulases (endo-glucanase), with carboxymethylcellulose (CMC)

as substrate acc. to Pancholy and Rice (1973),
� phosphatases, with p-nitrophenol (PNP) used as substrate acc. to

Garcia et al. (1992),
� ureases, with the method of Zantua and Bremner (1975) as mod-

ified by Furczak et al. (1991),
� proteases, with sodium caseinian as substrate, with the method

of Ladd and Butler (1972),
� BAA proteases, with N-a-benzyl-argininamide (BAA) as sub-

strate acc. to Garcia et al. (1993).

Other determinations included:

� dry matter content, with the gravimetric method at 105 �C,
� organic matter content, with the gravimetric method – roasting

losses at 550 �C,
� pH with the potentiometric method.
2.4. Evaluation of results

All determinations of enzymatic activity were made in three
parallel replications, with 2 measurements per replication.

The results were presented as average values from three repeti-
tions. The results were analysed by the statistical method counting
standard deviations, by the statistical method of variance analysis
with Tukey confidence intervals defined in our work as lowest sig-
nificant difference (LSD) and correlation coefficients (r) between
dehydrogenase and respiratory capacity, dehydrogenase with ure-
ase activity and with a time of composting.

Statistical processing of the results was performed with the use
of the Stat Graphix v. 5.0 software package.
3. Results

The performed analyses of variance showed that the values of
the biochemical parameters under study were affected both by
compost III compost IV
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3606 J. Bohacz, T. Korniłłowicz-Kowalska / Bioresource Technology 100 (2009) 3604–3612
the duration of composting and by the chemical composition of the
composts studied – experimental treatments (a > 0,001). The role
of time of composting in the variability of activity of caseinian pro-
tease and cellulase was greater than that of the experimental treat-
ments applied, while in the variability of activity of
dehydrogenases, urease and phosphatase the effect of experimen-
tal treatments was greater than that of the duration of the
experiment.
3.1. Temperature changes

It was demonstrated that after 18 h from mixing feathers with
pine bark (compost FB-I and II) or with bark and straw (compost
FBS-III and IV) a gradual though mild increase in temperature oc-
curred and persisted for 48 h. The increase in temperature was
stronger and started somewhat earlier in the composts with straw
(38.8 �C and 41.0 �C) than in the composts without any addition of
straw (35.1 �C and 39.2 �C). In subsequent times of analyses a sys-
tematic decrease in temperature was observed, down to the ambi-
ent temperature at the end of the composting period (Fig. 1).
3.2. Respiratory and dehydrogenase activity

It was found that the respiratory activity, as measured by the
amount of emitted CO2, and dehydrogenase activity (mean values)
of microbial groups inhabiting the composted mass were the high-
est in the initial 3 weeks of the experiment (Figs. 2 and 3). The
highest increase in mean values of CO2 emission occurred during
the first week of composting. The highest mean value of dehydro-
genase activity was recorded after 18 h from setting up the exper-
iment, following which the value of that index was gradually
decreasing. From the 2nd month (6th week) of composting of
feathers with bark and straw, there appeared a notable decrease
in the rate of emission of CO2 which continued until the end of
the experiment (Figs. 2 and 3). Towards the end of the experiment
the mean values of emitted CO2 and of dehydrogenase activity
were 3–6-fold lower than during the initial 2 weeks.
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Fig. 2. Changes in the amount of emitted CO2 in composts containing keratin wastes. LS
replicates ± standard deviation. Explanations as in Fig. 1.
Dehydrogenase activity and respiratory activity in the composts
enriched with straw (FBS-III and FBS-IV) were significantly higher
(mean values) than in the composts without the addition of straw
(FB-I and FB-II). The level of activity of those enzymes was not af-
fected by the C/N ratio, which is evident from the lack of significant
differences between treatments FB-I and II, and FBS-III and IV (Figs.
2 and 3).

3.3. Phosphatase activity

Over the whole period of composting, phosphatase activity re-
mained at a high level. All measurement results were higher in
the first week, but after that they decreased and then increased un-
til the end of the experiment, depending on the chemical composi-
tion of the composts and on the time of composting (Fig. 4).
Phosphates activity was higher in composts FBS-III and FBS-IV than
in FB-I and FB-II.

3.4. Cellulase activity

The composts studied were characterised by relatively high
activity of cellulases of the type of endo-glucanase (carboxymeth-
ylcellulase) throughout the whole period of the experiment. In-
crease in the activity of carboxymethylcellulase was initially
observed in the 1st (FBS-III and FBS-IV) and 2nd week (FB-II),
and then in the 6th week of processing the wastes under study
(all experimental treatments). Repeated and, at the same time,
the strongest increase in the activity of those enzymes took place
in the 10th (treatments FB-I, FBS-III), 15th and 20th weeks (treat-
ments IV and II, respectively) (Fig. 5). On the final date of analysis, a
decrease was observed in the activity of enzymes decomposing cel-
lulose with relation to their activity recorded after 10–20 weeks
(Fig. 5).

It was found that cellulolytic activity of the composts was
dependent primarily on the value of the C/N ratio. Composts with
a lower C/N ratio (25), i.e. FB-I and FBS-III, were characterised by
higher activity of cellulases than composts with a higher C/N ratio
(35): FB-II and FBS-IV, while no differentiation was found in the le-
compost III compost IV

4           6 10            15 20           30

weeks

D0.05 for time 460.35; LSD0.05 for experimental object 234.74. Values means of three



0

200

400

600

800

1000

1200

1400

compost I compost II compost III compost IV

0         1 2 3 4 6 10           15 20          30
weeks

m
g 

T
PF

  ·
 1

03  
· k

g-
1  

d.
m

. c
om

po
st

· d
 -

1

Fig. 3. Changes in dehydrogenase activity in composts containing keratin wastes. LSD0.05 for time 110.20; LSD0.05 for experimental object 56.20. Values means of three
replicates ± standard deviation. Explanations as in Fig. 1.
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Fig. 4. Changes in phosphatase activity in composts containing keratin wastes. LSD0,05 for time 1213,90; LSD0,05 for experimental object 619,00. Values means of three
replicates ± standard deviation. Explanations as in Fig. 1.
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vel of activity of those enzymes within treatments with the same
C/N ratio (Fig. 5).

3.5. Protease and urease activity

Caseinolytic activity of the composts was adopted as an index of
activity of enzymes hydrolysing peptide bonds (protein-
ases = endopeptidases) of proteins. Generally it was observed that
synthesis of proteases with caseinolytic activity was determined
by the amount of protein wastes (feathers) on the one hand, and
by the amount of straw added on the other.
Data presented in Fig. 6 indicate that the mean values of casein-
olytic activity were the highest in the keratin-bark compost with
the higher content of feathers (FB-I). The mean activity of the pro-
teases in the presence of study in both composts enriched with
straw was at a similar level. A significant increase in the activity
of caseinolytic protease in the FB-I and FBS-IV composts, was ob-
served in the 2nd week of the process of composting, followed
by a decline in that activity. In some of the treatments there ap-
peared a repeated, weaker stimulation of the activity of caseinian
protease – in weeks 6 and 10 (compost FBS-III) and in weeks 15
and 20 of composting (FBS-IV and FB-I), respectively (Fig. 6).
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Fig. 5. Changes in cellulase activity in composts containing keratin wastes. LSD0.05 for time 524.51; LSD0.05 for experimental object 267.46. Values means of three
replicates ± standard deviation. Explanations as in Fig. 1.
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The obtained data indicate a weakening of the proteolytic activ-
ity of microorganisms inhabiting the composted mass in the pres-
ence of more easily available sources of carbon (straw), that effect
being intensified by the presence of a larger amount of bark.

Enzymes active towards the synthetic peptide BAA are repre-
sented by proteases using peptides as substrate (Garcia et al.,
1992). In composts FB, BAA protease was detected already at time
‘‘0”, while in composts FBS on the 7th day of the experiment
(Fig. 7). The activity of that enzyme was low throughout the period
of the study. It was noted, however, that in the later months of
composting there occurred a slight increase in its activity, usually
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Fig. 6. Changes in caseinolytic activity in composts containing keratin wastes. LSD
replicates ± standard deviation. Explanations as in Fig. 1.
preceded by an increase in the activity of caseinian protease
(Fig. 6).

The performed study demonstrated that changes in the activity
of urease in the course of composting waste feathers with pine
bark and rye straw depended on the chemical composition and
the C/N ratio of the composts. It was found (Fig. 8) that the urolytic
activity of composts enriched with straw (FBS-III and IV) was gen-
erally higher than that of composts without the addition of straw
(FB-I and II).

In all the experimental treatments the highest level of urease
activity was observed in the initial period. At later times of analy-
compost III compost IV
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Fig. 7. Changes in BAA-protease activity in composts containing keratin wastes. LSD0.05 for time 2.02; LSD0.05 for experimental object 1.03. Values means of three replicates ±
standard deviation. Explanations as in Fig. 1.
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ses the activity of that enzyme revealed a decreasing tendency,
with the exception of week 20 in which an increase in its activity
was noted in composts with lower C/N ratio (FB-I and FBS-III).

3.6. Physicochemical properties of the composts

Dry matter content in the composts varied in the course of the
process of composting. A significant increase in dry matter content
occurred in week 10 of composting (�60%) in all studied composts,
and remained at a similar level until the end of the experiment
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Fig. 8. Changes in urease activity in composts containing keratin wastes. LSD0.05 fo
replicates ± standard deviation. Explanations as in Fig. 1.
(Table 1). Organic matter content decreased during the process of
composting. This was evident primarily in the initial phase of the
transformations, when the reduction of organic matter content
varied from 3% in composts II and III to 8% in compost IV. A notable
decrease in organic matter content in the composts without straw
addition (FB-I and II) took place after 3 weeks of composting. In the
composts with straw (FBS-III and IV) a similar phenomenon was
noted in weeks 4 and 6.

The study showed that the reaction of the composted mass
(Table 1) decreased gradually in all the composts studied. Only in
compost III compost IV
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r time 665.13; LSD0.05 for experimental object 334.06. Values means of three



Table 1
Changes of some physicochemical parameters of composts containing keratin wastes. Explanations as in Fig. 1.

Terms (weeks) Dry matter (%) Organic matter (%) pH

I II III IV I II III IV I II III IV

0 34.94 35.64 37.64 38.00 78.43 69.50 81.74 78.84 6.28 6.02 6.23 6.12
1 32.68 33.63 34.57 37.27 75.04 67.44 79.46 72.46 7.99 7.14 7.98 7.07
2 34.35 32.54 34.76 36.08 72.55 71.44 78.05 77.50 8.31 6.78 7.84 6.94
3 34.23 33.06 35.39 36.50 69.72 70.18 77.51 77.50 7.85 5.21 7.06 6.81
4 34.23 31.93 34.17 35.36 72.68 70.33 77.12 76.51 6.78 5.26 6.17 6.18
6 33.41 31.76 33.51 35.23 75.22 70.44 78.92 74.97 4.82 5.57 7.16 5.82
10 94.27 95.60 95.03 94.94 75.32 71.71 77.01 75.25 4.45 4.78 7.17 5.27
15 93.58 95.88 95.47 94.33 75.89 71.46 77.24 75.45 4.07 4.33 6.97 5.37
20 93.04 94.58 94.34 94.45 75.02 71.72 76.61 78.51 6.36 4.20 4.19 4.56
30 89.67 91.17 90.85 83.34 77.78 72.26 77.87 76.10 4.24 4.15 4.25 4.08
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the initial 3 weeks there occurred an increase in pH value, espe-
cially in composts with the lower C/N ratio (FB-I and FB-III). In
the final phase of composting (weeks 20–30), pH of the composts
assumed values of 4.08–4.25 (Table 1).

4. Discussion

In the course of composting feathers with bark and straw, the
temperature increased to a maximum of 41 �C (Fig. 1). The lack
of a distinct thermophilous phase in the course of the biodegrada-
tion of the composted mass was caused by the low content of eas-
ily available sources of organic carbon and by the relatively small
volume of the composted mass (4 kg).

A significant variation was observed in the biochemical activity
of the composts. Respiratory activity, as well as numerous enzy-
matic activities, was higher in the composts with straw. The excep-
tions were caseinolytic protease and cellulase of the type of endo-
glucanase that had higher activity in the compost without straw
and with the lower C/N ratio (FB-I).

Dehydrogenase activity is a basic index of intensity of oxidation
processes conducted by microorganisms and it is positively corre-
lated with their respiratory activity as measured by the amount of
emitted CO2 (Aguilera et al., 1988; Camiña et al., 1998). The very
rapid increase in dehydrogenase activity in the initial period of
composting was caused by oxidation of simple carbon substrates
catalysed by those enzymes. Similar observations were made by
Tiquia (2002) in the course of composting poultry wastes with
plant material, and by Benito et al. (2003) during composting of
plant waste materials and by Castaldi et al. (2008) during compost-
ing of municipal solid wastes with plant waste (leaves, grass clip-
pings and shredded bark). Decrease in the respiratory activity and
in dehydrogenase activity observed in most of the treatments in
the 4th week of composting indicated depletion of easily available
sources of carbon and energy for microorganisms. The performed
analyses of correlation showed that all of the enzymatic activities
mentioned revealed a significant negative correlation with the
duration of composting (dehydrogenase activity r = �0.630***,
respiratory activity r = �0.625*, urease activity r = �0.546***).

Taking into account all the compost treatments, significant
correlation was obtained between the respiratory activity and
dehydrogenase activity (r = 0.875***). Dehydrogenase activity was
also significantly positively correlated with urease activity
(r = 0.620***).

Jimenez and Garcia (1989) report that the biosynthesis of the
hydrolytic enzymes begins in the initial phase of composting, those
enzymes begin responsible for transformations of complex com-
pounds of carbon, nitrogen and organic phosphorus in composts.
Garcia et al. (1993) demonstrated that hydrolases, due to their
inductive character, are a good indicator of qualitative and quanti-
tative changes in the content of particular organic polymers in the
process of composting. Castaldi et al. (2008) reported that the
activity of hydrolases, such as protease, urease, cellulase, B-glyco-
sidase, as well as the activity of dehydrogenases, increased signif-
icantly during the initial two weeks of composting of municipal
solid wastes (MSWs) with plant waste, and proposed the evolution
of enzymatic activities during composting as indicators of the state
and evolution of the organic matter but only for this kind of waste.

The polysaccharides such as cellulose, and also proteins, proba-
bly with a structure less complex then that of keratin, started to be
hydrolased already after 7–14 days from mixing chicken feathers
with lignocellulose wastes. This was evidenced by increase in the
activity of cellulase of the type of endo-glucanase, breaking bonds
within cellulose molecules, and of caseinian protease, hydrolysing
peptide bonds of ‘‘standard proteins”. The results of the study per-
mit also the conclusion that proteases, active in the initial 3 weeks
of composting, were synthesized mainly by bacteria. This appears
to be supported also by the results of studies by Tiquia (2002)
who reports that the process of composting of a mixture of chicken
offal, feathers, residues of fodders and wood shavings is initiated
by proteolytic bacteria. A rapid growth of bacterial populations
during 3-week composting of municipal solid wastes was also re-
ported by Raut et al. (2008). Our own studies indicate that decom-
position of native keratin intensified at a later period, i.e. in months
2–5 of composting feathers, which results from the participation of
keratinolytic fungi in the decomposition of the native keratin of
feathers (Bohacz and Korniłłowicz-Kowalska, 2007).

Protease activity was the higher especially between 2nd and 6th
weeks) in the keratin-bark compost with lower C/N ratio (compost
FB-I) than in the remaining composts. It was determined by high
content of proteins with simultaneous deficit of more easily avail-
able sources of carbon and energy. This indicates a higher intensity
of processes of organic nitrogen mineralisation compared to the
other composts. Interaction between mineralisation of protein
nitrogen and high caseinolytic protease activity in composts has
been reported by Garcia et al. (1993). The lower values of caseino-
lytic protease activity observed in our study in both composts with
straw (FBS-III and FBS-IV) than in compost FB-I should be attrib-
uted to katabolic inhibition of synthesis of those enzymes under
the effect of simple carbon complexes, released during hydrolysis
of polysaccharides contained in straw. That phenomenon has been
discovered by Meevootison and Niedepruem (1979) in the course
of decomposition of hair by keratinolytic fungi.

Davis et al. (1992) demonstrated that microorganisms isolated
in various stages of composting bark actively synthesise carboxym-
ethylcellulase breaking intramolecular bonds in cellulose (endo-
glucanase). Our own study showed that in the course of compost-
ing native keratin of feathers with lignocellulose wastes the activ-
ity of that endo-glucanase increased the most rapidly in composts
containing straw, which should be attributed to better availability
of that polysaccharide in the chemical structure of straw compared
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to bark (Ljundahl and Eriksson, 1985). Observation of the dynamics
of changes in the activity of cellulases in the composts under study
shows that in weeks 3–4 of composting there occurred an inhibi-
tion of the activity of those enzymes. That effect could have been
caused by katabolic inhibition of their biosynthesis under the effect
of products of decomposition of cellulose. Studies by Emtiazi et al.
(2001) demonstrated that the presence of simple sources of carbon
can cause an inhibition of cellulase activity (of the type of endo-
glucanase) by as much as 50%. Ljundahl and Eriksson (1985) report
that katabolic inhibition is a fundamental mechanism of control of
synthesis of extracellular cellulases – enzymes with an inductive
character. A repeated, later and much higher increase in the activ-
ity of extracellular cellulases indicates biodegradation of less easily
available fractions of cellulose. Different results were obtained by
Castaldi et al. (2008) who observed a decrease in cellulase activity
throughout the process of composting of municipal solid waste
with plant wastes.

It can also be supposed that, in a longer time-frame, biodegra-
dation of cellulose (as well as of other, even less easily available
polymers, e.g. native keratin) was largely dependent on the influx
of available forms of phosphorus. High correlation of the growth of
cellulolytic fungi with the level of orthophosphates in the soil was
reported by Korniłłowicz-Kowalska et al. (2003).

The results obtained in this study may indicate successive influx
of available forms of phosphorus in the course of composting of the
studied organic materials, as – with the exception of the final stage
of composting – the activity of phosphatases, enzymes responsible
for releasing inorganic phosphates from organic complexes, re-
mained at a fairly high level. This concerned mainly composts en-
riched with straw, with the higher content of that component. The
higher activity of phosphatases in the composts with straw (FBS-III
and FBS-IV) than in the composts without straw (FB-I, FB-II) should
be attributed to stronger growth of microorganisms. This is in
agreement with the results obtained by Garcia et al. (1993), who
report that the level of activity of those enzymes in composts is
correlated with a high content of microbial biomass.

Among enzymes breaking up small-molecular nitrogen com-
plexes, in the composts under study urease continued at a high le-
vel and BAA-protease, an enzyme responsible for the
decomposition of peptide substances, at a low level.

The low – compared to caseinian protease – activity of BAA pro-
tease may indicate a low content of peptides in the composted
mass, although Garcia et al. (1993) suppose that low activity of
BAA-protease in composts is rather the result of the low stability
of that enzyme. Our own study indicates that a certain increase
in the activity of BAA protease became apparent in a later period
and was related with biodegradation of keratin. The distinct shift
in time of the maximum of activity of that enzyme in composts
with a higher C/N ratio (FB-II and FBS-IV) with relation to composts
with lower C/N ratio (FB-I and FBS-III) indicates extension in time
of the processes of nitrogen mineralisation in those composts,
caused by their higher content of organic carbon complexes that
slow down the synthesis of those enzymes.

Urease participates in the final stages of degradation of organic
nitrogen compounds that, with a very high level of probability, can
be arranged in the following series: proteins – polypeptides-
(urea)- ammonia (Nannipieri et al., 1990). The activity of urease
– an enzyme with very narrow substrate spectrum – generally
tended to decrease in the course of the process of composting,
which corresponds to reports on the subject published to date
(Garcia et al., 1993; Diaz-Burgos et al., 1993; Castaldi et al.,
2008). Diaz-Burgos et al. (1993), Garcia et al. (1992) and Castaldi
et al. (2008) demonstrated a decrease in the activity of urease with
progressing time of composting, which was related with decrease
in microbial biomass due to depletion of available nitrogen com-
pounds. The results of this study seem, however, to indicate that
another important cause for the lowering urease activity may be
accumulation of N-NH4, an inhibitor of biosynthesis of that en-
zyme, as has been reported in an earlier study (Bohacz and Kor-
niłłowicz-Kowalska, 2007).

In the present study only slight losses of organic matter were
noted. However, there were changes in its quality composition,
as evidenced by a lowering of the C/N ratio, and by the appearance
of humus compounds, as expressed by the value of Q4:Q6 oscillat-
ing at the level of 6.72–9.38, which indicates stabilisation of organ-
ic matter and maturity of the composts under study (unpublished
data). In the course of the experiments a notable decrease was ob-
served in the pH value of the composts, that coincided with the
period of intensification of transformations of mineral forms of
nitrogen and sulphur. The decrease in pH of the composts was
caused by an increase in the concentration of N-NH4 and S-SO4

ions, which indicates the formation of physiologically acidic
ammonium sulphate, as discussed in the paper by Bohacz and Kor-
niłłowicz-Kowalska (2007).
5. Conclusion

To sum up the study presented above, one can conclude that
enzymatic activity can be taken into consideration in the evaluation
of transformations of organic matter in composts prepared from
feathers and lignocellulose wastes, and can be used for the estima-
tion of their maturity. Changes in the level of activity of particular
enzyme classes may indicate transformations of C, N, S and P, and
- in consequence – the appearance of forms of elements available
to plants. The performed study revealed significant differences in
enzymatic activity, related to the substrate composition of com-
posts. In general, composts enriched with straw were characterised
by a higher level of activity of the enzymes under study than com-
posts without straw. It was demonstrated that the respiratory
activity and dehydrogenase activity, indicators of transformation
of easily available organic matter, were high only in the initial per-
iod of composting. Whereas, cellulases, proteases and ureases par-
ticipated in the transformations of the less easily available organic
matter (the lignocellulose complex, keratin) which was dominant
in the study. The decrease in the activity of those enzymes in the fi-
nal weeks of composting indicates stability of organic matter and,
consequently, attainment of maturity by the composts.
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