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Abstract

Co-composting of sewage sludge and animal faturést was studied in order to determine
the possibility of using this technology to recytaé-enriched wastes. A maximum fat content of 30%
in fat:sludge mixtures is recommended to achieednternational sanitation requirements on compost
quality and to avoid an excessive thermophilic cogtimg time. Under these conditions a fat content
reduction of 85% was achieved. Biological actiwigis highly dependent on the moisture content as
shown by the respiratory quotient values. Moisttmatent is a critical control factor because of the
hydrophobic nature of fats and should be maintaatsual/e 40% in the composting of fats. Biological
indices of the compost obtained after 69 days otgss (Maturity Grade: 1V; Respiration Index: 1.1
mg O, consumed per g organic matter and hour) indicatbdyh stability and maturity degree of the
material. Lipases responsible for fat hydrolysisevmonitored during the composting process and a
sample from the thermophilic period was characteriin terms of stability in front of pH and
temperature. Optimal conditions for lipase stapilitere found at 38.3°C and pH 7.97, however the
maximum lipolytic activity was observed at thermibightemperatures. Lipases from the thermophilic
period were purified by anion exchange chromatduyagnd visualised by SDS-PAGE. Two major
bands were observed at molecular weights of 29Gh#Da. These bands could not be identified

precisely by N-terminal sequence analysis.
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1. Introduction

Among the available technologies to recycle orgaswtid wastes, composting is often
presented as a low-technology and low-investmeotgss to convert organic solid wastes to an
organic fertilizer known as compost. Compostingaidiotechnological process by which different
microbial communities initially degrade organic teatinto simpler nutrients and, in a second stage,
complex organic macromolecules such as humic aaidsformed [1]. Composting is an aerobic
process, which requires oxygen for microbial biogdegtion, optimal moisture and porosity [2].
Temperature, oxygen and moisture content are oftelected as the control variables in the
composting process, jointly with other chemicagdbiemical or microbiological properties [3-6].

Fats and oils are essentially triglycerides cdimgsof straight-chain fatty acids attached, as
esters, to glycerol. Fatty acids profile can vaspgiderably since they can differ in chain lengtld a
may be saturated or unsaturated [7]. The biodetjadaf a fat begins with an enzymatic hydrolysis
of the ester bond carried out by lipases, follovilsdthe consumption of glycerol and the beta-
oxidation of fatty acids [8]. Fats are, on the othand, one of the major components of organicenatt
in wastewater [9] and solid wastes, especiallyd¢hmmming from food industry [10,11].

Different works report biological treatment of Sathowever, biodegradability of lipids is
generally considered as largely limited by unfaatle physico-chemical properties, such as their
insolubility in water [12]. The biological treatmiesf fats under thermophilic conditions is expecdted
be advantageous due to favourable changes in gfscphproperties of these hydrophobic compounds
[13]. In this sense, composting, which is charazéer by the rapid development of a thermophilic
initial stage, can be an alternative to treat ¢iffety fats and oils. Composting of fats is nevetéss
difficult due to the nutritional lacks of fats, esjally low contents of nitrogen and phosphorous in
relation to a high carbon content. This usually liegpthat a co-substrate is necessary to compensate
the C/N ratio of the initial mixture, in a procesalled co-composting. Among the substrates co-

composted with fats, different types of sludge ased, because of its typical low C/N ratio. Thus,



olive mill wastewater [11,14], sewage sludge [7{l anunicipal solid wastes [15] have been used in
the co-composting of fats or fat-enriched wastes.

Several aspects in the composting of wastes wigh Fat content have been studied. In
general, routine composting parameters show thabotosting of these wastes is possible with low
percentages of fats (5-15%) in the initial mixt{t6&-18], causing a longer thermophilic phase that i
attributed to the high chemical energy content ats f[19]. On the other hand, values of lipid
degradation reported are usually high, within 886907,18,20]. Other authors have reported studies
on the physico-chemical parameters showing the iitapoe of the control of pH [21], whereas in
other works some microbiological studies are cdrraat, concluding that there is not a clear
correlation between the microbial populations issdaduring the different phases of the process with
their role in the degradation of fats [10,20] ahdttprobably some global biological activity indimes
such as respiration profiles are more useful [11].

However, other crucial aspects such as the presamt@roperties of lipases involved in the
composting of fat-enriched wastes have been onblfitqtively studied or remain unclear. To our
knowledge, although some few works have reportaitative values of enzymatic activities during
composting [22-27], the characteristics and rolbpafses in the composting of high-content fat wast
have not been studied.

The objectives of this work are: i) to study thehde@our of a co-composting process at
laboratory scale using sewage sludge as a basgtratéd (a commonly composted waste) amended
with different ratios of fats in order to determitie optimal ratio fat:sludge in terms of compaogtin
time and efficiency, ii) the determination and ewsdion of biological indices in the co-composting
process at pilot scale for the optimal fat:sludggo, iii) to study the properties of the lipasawplied
in the hydrolysis of fats, especially those relatetheir stability and optimal conditions for enzstic
activity, and iv) to identify the main microbiapkses involved in the co-composting of sewage sludg

and fats.



2. Materials and M ethods

2.1. Composting Materials

Animal fat (Trg Sebo Fancy, KAO Corporation S.ASpain) coming from a cow
slaughterhouse was added to anaerobically digestehge sludge from the wastewater treatment
plant of Granollers (Barcelona, Spain) in differamounts. Wood chips from a local carpentry were
used as bulking agent added to the sludge-fat n@xtua volumetric ratio 1:1, which was previously
found as optimal for sewage sludge composting lbrktory scale [28]. Main characteristics of
composted materials are summarized in Table 1.ldMg chain fatty acid (LCFA) profile of animal

fat is presented in Table 2.

2.2. Composting experiments at laboratory scale

Preliminary co-composting experiments were carried using sewage sludge as basic
substrate and increasing amounts of fat ranginm fioto 80% of total dry weight. In general, fat
content could be increased up to 50% with a thehitiopperiod maintained for longer times (data not
shown). For higher amounts of fat content, howewxygen diffusion was severely hampered.
Moreover, moisture content could not be maintaingithin the optimal range for composting (40-
60%). Therefore, a fat content of 50% (dry basigksweonsidered as the upper limit for the co-
composting process.

Fat and sludge co-composting process was cartéatolaboratory scale to determine the
optimal fat content of the mixture (within O to 5086y basis) in terms of process duration and fat

content reduction. Lipolytic activity during theqmess was also studied. Composting experiments



were undertaken for 36 days: a control experimettt mo fat added to the sludge; sludge with 30% of
total fat content (L30); and sludge with 50% ofiddat content (L50).

The initial characteristics of the mixtures sludgewith bulking agent are presented in Table
3. Moisture content was within the recommended eafagy composting (40-60%) [2] during the
process for all the mixtures.

Laboratory-scale experiments were undertaken udibg Dewar® vessels conditioned for
composting. A perforated lid was conditioned famperature monitoring and air supply and a rigid
wire net was placed near the bottom of the vessskbparate the composting material from possible
leachates.

Pt-100 sensors were used for temperature monitopiaged in the material to have a
measuring point at 1/2 of the height of the maténighe vessel. Temperature sensors were connected
to a data acquisition system (DAS-8000, Desin, i9pahich was connected to a personal computer.
The system allows, by means of the proper softWBreasis® Das-Win 2.1, Desin, Spain), the
continuous on-line visualisation and registratidnttee temperature. Oxygen content was measured
with a portable oxygen detector (Oxy-ToxiRAE, RAKE}h a frequency of 3-7 times a day.

For the co-composting experiments with fat andigdutwo replicates were undertaken. The
maximum deviation observed between replicates W86 for any of the parameters analyzed, which
can be considered low in the composting field. dnsequence, only the results of one replicate are

presented in the Results section.

2.3. Composting experiments at pilot scale

Pilot experiment was undertaken in a 100-| statimgoster. A plastic mesh was fitted at the

bottom of the recipient to support the material apgarate it from possible leachates. Several holes

were perforated through the walls of the vessgbdomit air movement, leachates removal and the



insertion of different probes. The composter wascgll on a scale (BACSA mod. 1200) for on-line
waste weight monitoring.

Four Pt-100 sensors (Desin mod. SR-NOH) insertetdifferent points inside the 100-I tank
were used for monitoring the temperature. Tempegaduerage values are presented. Oxygen and CO
of interstitial air were measured with an oxygensseg (Sensox, Sensotran, Spain) and a i6ftared
detector (Sensontran I.R., Sensotran, Spain) régplc All sensors were connected to a self-made
data acquisition system. Oxygen was controlled sams of a feedback oxygen control which
automatically supplied fresh air (room temperattiwghe reactor by means of a flow meter (Sensotran

mod. MR3A18SVVT) to maintain an oxygen concentnatinove 10%.
2.4. Respiratory Quotient (RQ)

RQ was calculated as the quotient of ;@@duced and £consumed as indicated in Equation

1[29]:

CO, ..,
204 (Eq. 1)

RR=%00- O, o

where: RQ, respiratory quotient (dimensionless); gscarbon dioxide concentration in the exhaust
gases (%); & 0Xygen concentration in the exhaust gases (%).
CQO; percentage in inlet air was considered negliginld average Oconcentration in inlet air

was 20.9%. RQ is presented as an average of 18sv100 minutes of measurement).

2.5. Lipolytic activity



Lipolytic activity was determined using a commatdiit (Roche/Hitachi LIP num. 1821792)
as described by [30]. Briefly, lipases were exedcrom 5 g samples using 50 ml of 400 mM Tris-
HCI buffer with 10 mM CaGland adjusted at pH 8.0, and adding 5% (w/w) TrXeh00 (Panreac,
Barcelona, Spain) to ensure a quantitative extaadf lipases [31]. After 30 minutes of extraction
using a magnetic stirrer, supernatant was cengdy(@0 min, 3500g) and filtered (0.45 pum) to remove
biomass and solids. This sample was then usedpimlylic activity determination. Standard lipolytic
activity assays were run at 30°C although otherptatures were used in some occasions. One
activity unit was defined as the quantity of enzymegessary to release 1 umol of fatty acid per min
under the described conditions. Lipolytic activityas expressed as activity units per gram of dry

matter.

2.6. Long chain fatty acids (LCFA)

50 ml of heptane (99% purity) were added to 5 garhple and mixed for 30 min to extract
LCFA. The suspension was then centrifuged (30 @&00g) and the resulting supernatant filtrated
through a Millipore Millex-FGS filter (0.2 um). Thiextract was used for free LCFA determination by
gas chromatography. A Perkin-Elmer AutoSystem Xls @hromatograph with a flame ionization
detector (FID) and a HP Innowax 30 m x 0.25 mm26Qum column was used. The carrier gas was
Helium and a split ratio of 13 was used. An init@mperature of 120°C was kept for 1 min; then, it
was increased to 250°C at 8°C iand maintained at that temperature for 7 min. 3ystem was
calibrated with different dilutions of a standariktare of LCFA of concentrations in the range 0-100

mg I

2.7. Effect of temperature and pH on lipase stability



A full composite factorial experimental design veasried out to study the combined effect of
pH and temperature on the stability of the lipasgfacted from the composting samples. The
experimental design consisted of 16 experimenteip2riments and 4 replications in central points).
The levels selected for both variables were: 3 ltef¥er pH: 5.0, 7.0 and 9.0; and 4 levels for
temperature, 30, 45, 60 and 75°C. Residual actafitgr 1 hour of incubation was selected as the
objective function and as a measure of lipase l#talBuffers used for the incubation at the sedeict

pH were: Tris-HCI 1M, pH 9.0; Tris-HCI 1M, pH 7.8cetic acid-sodium acetate 1M, pH 5.0.

2.8. SDSPAGE

Polyacrylamide gel electrophoresis (PAGE) was quanéd in 12% polyacrylamide gels in
denaturing conditions as described by [32]. A ealtslab Mini Protean Il cell (Bio-Rad, Richmond,
CA) was used for electrophoresis. Proteins werealised by Coomassie staining according to
standard procedures. Broad range molecular weigikers for electrophoresis were from Bio-Rad

(Richmond, CA, USA).

2.9. Anion exchange chromatography (AEC)

All chromatographic steps were run on a Pharm&®aC system. Lipase sample was
concentrated and dialyzed with an Ultrafree®-MQefilunit (Millipore), 10 kDa cut-off, using a 5
mM Tris-HCI buffer (pH 8). The concentrated sampias loaded to a Source® 15Q HR5/5 column
equilibrated with 20 mM Tris-HCI (pH 8), at a flovate of 1 ml miff and 2 ml fractions were
collected. To elute proteins, NaCl concentratiors wereased from 0 to 1 M in 4finutes. Lipolytic

activity was determined in the fractions collectesihg the procedure previously described.

2.10. Amino terminal sequence determination of proteins



The protein samples were separated by SDS-PAGEetauirotransferred to Immobilon
PVDF membranes (Bio-Rad) using a MiniProtean lIttidg unit (Bio-Rad). The proteins were
visualized by Coomassie following manufacturer’stinctions. The protein bands of interest were
excised from the membrane and subjected to N-tedndagquence determination using a Beckman

LF3000 sequencer.

2.11. Analytical methods

Moisture content, total organic matter, pH, coritity and compost maturity grade (Dewar
self-heating test) were determined according to stendard procedures [33]. Lipid content was
measured using a standard Soxhlet method usingtauiee as organic solvent [34].

Respiration Index was determined in a static resmeter built according to the original model

described by [35] and following the modificationsdaecommendations given by [33].

3. Results and Discussion

3.1. Laboratory scale experiments

Figure 1 shows the temperature profiles, the dimiuof total fat content and the lipolytic
activity during the composting process in the ddfe laboratory scale experiments. Missing data on
days 19, 27 and 33 correspond to system failuril, @ oxygen control and no data acquisition. As
can be observed, control experiment did not reletittermophilic range of temperatures in the whole
composting period which can be attributed to a &hemical energy content found in anaerobically

digested sludge [29]. However, temperatures in &80 L50 experiments reached the thermophilic
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range (temperatures above 45°C), and temperatboes £5°C were maintained for an average period
of 6.6 days for L30 and 10 days for L50. Althoudte tinternational requirements on compost
sanitation (temperature above 55°C for a totalopleoi 2 weeks) were not completely fulfilled for@3
and L50 experiments [36] it is likely that compastiof these mixtures at large scale will ensure a
complete sanitation of compost, because of thertalkeinertia effect found in large composting masses
[2]. The strategy of co-composting a high energgteauch as fats or fat-enriched wastes with a low
energy waste such as certain sludges can be reauaohén order to achieve the sanitation of
compost. As expected, thermophilic phase duratias significantly longer for L50 (Fig. 1c). Thus,
although mixtures with fat content up to 50% (dagis) can be composted, a lower fat content can be
recommended if excessively long composting peraydgo be avoided (e.g. in full-scale facilities).

A significant fat reduction was observed in ak texperiments (Fig. 1) although a remaining
fat fraction was found in all the final products.id possible that fat present in sludge contents a
recalcitrant fraction of non biodegradable lipidigbstances, which are referred to be trapped in the
humic structure of composted sludge [37]. Neveeb®l a detailed chemical composition of sludge
was not available. Table 3 shows total dry weighd #otal fat reductions. As can be observed, dry
weight reduction was similar for L30 and L50 (neti%), and higher than that of the control
experiment (14%). The higher fat content reductiol relative basis was for L30 (85%) while L50
presented a lower efficiency in fat degradation%®8However, it is interesting to mention that
absolute fat reduction was 25, 174 and 283 g fatrob L30 and L50 experiments, showing the high
capacity of a composting environment for fat degtih. It must be pointed that these results are
obtained with an initial fat content much higheailthose previously reported [16-18].

Lipolytic activity (Fig. 1) was higher for L30 egpments, which is also in accordance with a
higher fat content reduction. In all experimenpelytic activity tended to increase at the begigni
the process and to reach a final plateau (Figo llz}.

The concentration of the main long chain fattydads an indicator of the lipolytic activity.

LCFAs were not detected in the control experimert detected only the first 11 days in L30. In L50,
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LCFAs concentration increased until day 22 follogvihe same pattern found in lipolytic activity, to
decrease to negligible values at the end of thegeo(Fig. 2).

From these results, it is probable that the aolilitf fats to a 30% total content results in a
balanced environment for microorganisms responsiifieorganic matter degradation, and the
necessary lipolytic activity, the consumption of RL and the degradation of the rest of organic
matter are not limited, which provoked the highlgsblytic activity or a higher rate of enzymatic
hydrolysis (Fig. 1) and no accumulation of LCFA. e contrary, with a higher fat content (50%) it
seems that the microbial activity and lipolytic ieity are hampered, which can be attributed to a
combination of different phenomena such as nutiiienitation, insufficient moisture or low oxygen
diffusion [21]. In particular, it can be observed Table 3 that the high C/N ratio found for L50

experiment is not in the range of optimal condigidor a successful composting process [2].

3.2. Pilot scale composting

A co-composting experiment with the recommendedimam fat content determined at
laboratory scale (30%) was carried out at piloles¢R30) to monitor the most significant biological
activity parameters and to obtain an amount of amshfhat permitted to study lipase characteristics.
Table 3 presents the initial parameters of the umétwhich were again in the optimal range for
composting [2]. The LCFA profile of the fat conteéntthe mixture, very similar to that of animal fat
is presented in Table 2.

Figure 3 shows the temperature, oxygen andg @files obtained in the co-composting
process, and the moisture content evolution. Periedh no data in Figure 3 (days 4 and 11)
correspond to system failures with no oxygen coranal no data acquisition. As can be observed, the
process followed the typical temperature compogpiradile, with a thermophilic temperature reached
at the first days of composting and maintained iy long period (temperature above 55°C for a

total period of 14 days). Therefore, it is confidrtbat increasing the composting scale, the samitat

12



requirements are fulfilled [36]. As can be obseriredable 3, total dry weight and total fat redoati
in P30 experiment were similar to those found s tBO experiment.

From day 28 to 33 and from day 38 to 42 tempeeatiecreased due to the low moisture
content reached (Fig. 3a). High amounts of leachat®e produced during the process due to the high
hydrophobic nature of fats which reduces the whtdding capacity of the organic matrix (the total
amount of leachate accounted for 25% of the initialght of material in the composter). This fact
produced a reduction of the moisture content of chmposting material and limiting values for
microbial activity were reached (<40%), which prodd a temperature decrease. When the material in
the reactor was watered to reach a moisture cortkote 45%, the microbial activity and thus,
temperature, recovered quickly (Fig. 3a). Wherctattent was below 15% (from day 40) the leachate
generation decreased, which reduced the waterreggents to maintain the optimal moisture level.
Nevertheless, no fats were detected in leachaténgdimom the composting experiments.

Oxygen content in interstitial air was maintaingidove 10% along the process, ensuring
aerobic conditions (Fig. 3b). Respiratory QuotiéRQ) is the relation between GProduced and O
consumed. Its value is approximately 1 under aerobiditions although it depends on the oxidation
degree of the organic matter to be degraded étasind 1 for carbohydrates-like materials). Average
value of RQ was 0.98 + 0.21 (Fig. 3b), whereasuvlees of RQ obtained in previous composting
experiments using only sewage sludge were 1.09& [29]. This is in accordance with the fact that
fats are reduced carbon compounds, although theceegh value of RQ should be probably lower
according to the high proportion of fats added ltaige. Other studies have reported a similar RQ
decrease when fats were added to municipal soleden@®Q decreased from 0.95 to 0.87) [38].

In relation to CQ production, a reduction was observed from dayol3 (Fig. 3b), which is
simultaneous with the lowest values of moisturetenndetected in the composting process (Fig. 3a).
It has been reported that microorganisms undesstenditions may reduce the gQfoduction using

oxygen mainly for maintenance operations [39,4QisThypothesis could explain the reduction
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observed in C® emissions and it is confirmed by the fact that significant fat reduction was
observed from day 22 to 32 (see Fig. 4b).

Lipolytic activity and total fat content are presed in Figures 4a and 4b respectively. Fat
reduction was lower in the first two weeks of prex€7.5% of total fat reduction), probably duehte t
degradation of other more biodegradable molecudayihg lipolytic activity (Fig. 4a). Moreover
lipases could have been adsorbed on interphasg¢aidilreleased at lower fat contents (Fig. 4a and
4b).

Figure 4b also shows the different LCFA concerdret measured during the composting
process. The main organic acids detected (ole@; atéaric acid and palmitic acid) followed the sam
profile. Their concentration slightly increasedidgrthe first 20 days of process to decrease tfterea
until the end of the experiments, when they coudtlre detected. The initial accumulation of LCFA
(Fig. 4b) is an evidence that some lipolytic atyiwas present in the composting matrix although it
was not detected (Fig. 4a), which could be duenttnaufficient extraction procedure. The oleic acid
concentration detected was 4-7 times higher thamifi@ acid concentration and 4-15 times higher
than stearic acid concentration. As these ratiosada@orrespond to the initial composition (Tab)et2
seems clear that there is a different biodegradatiattern for the LCFA present in the composted
waste, presenting oleic acid a low biodegradabiltyen compared to other shorter and saturated
LCFA such as palmitic and stearic acid.

Maturity and stability tests (Self-heating TestdRespiration Index) were carried out in the
final period of the process. Respiration index wig$ermined after 3 weeks of process, when a
considerable degradation was observed, and sdifige@st was undertaken with samples from the
mesophilic maturation stage at the end of prodeesults are presented in Table 4. After 69 days of
process the material presented a high maturatidrstabilisation degree, which is in accordance with

requirements for compost application to soil [3,33]

3.3. Characteristics of lipases
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As stated before, the lipolytic activity was folled during the co-composting process (Fig.
4a). In addition to standard measures at 30°C emmibphilic temperature (50°C) was selected for
lipolytic activity determination to obtain activitalues according to real temperature conditiorthén
composting environment. Lipolytic activity detected 50°C was significantly higher than that
detected at 30°C but both activities followed tams pattern (Fig. 4a). Once it was detected, &gtivi
increased progressively to decrease on day 41 wih@sture content reached values limiting for
microbial activity and temperature decreased. Othee moisture content was recovered, lipolytic
activity increased again. Again, this fact seemsdwfirm the intimate relationship between adequate
moisture content and the microbiological activityated to the enzyme production.

A lipase sample extracted on day 34 of process wsasl to determine the properties and
characteristics of the enzyme. Day 34 corresporidetthe thermophilic period of the composting
process and a high lipolytic activity was detectédure 5 shows the lipolytic activity of the sammjait
different temperatures of the activity test. As d@nobserved, activity was higher for thermophilic
temperatures, which is in agreement with tempeeatfiound in the composting environment at the
moment of sampling.

Additionally, the combined effect of pH and temgtere (T) on lipases stability was
determined by means of a factorial experimentaliggesFrom the experimental design results
(normalized data) the next equation was obtainedesxribe lipase stability (expressed as residual
activity):

Residual Activity (%) = 114.2 — 49.2T + 28.0pH -9 — 35.6pH — 10.3TpH (Eq. 2)

Figure 6 shows the response surface obtainedtiierabove equation. The lipase presented a
high stability for most of the conditions tested, @an be deduced from the independent term over
100% (114.2%), which indicates a reactivation & #&mzyme under the incubation conditions. It is
evident that some of the conditions tested in thpeemental design contributed to the lipase

activation. The interaction term T-pH on the eqomtil indicated a simultaneous effect on lipase
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stability of both factors. The lipase sample wasargensitive to the effect of temperature than dfiat
pH (temperature coefficients significantly highéram pH coefficients). The value of coefficients
indicated that high values of temperature had atinag effect on stability whereas alkaline valués o
pH presented a positive effect on stability. TheHfects can also be observed in Figure 6. Optimal
conditions for stability were found at 38.3°C and .97 (136.5% residual activity for optimal
conditions). Optimal pH corresponded to the valokthe composting experiments, although it was
expected to find an optimal value of temperaturehiwi the thermophilic range according to
composting conditions. However, our results aragreement with stability results for other lipage n
related to composting field [42] and other compugstnzymes [43], where optimal values are found

within the mesophilic range of temperatures.

3.4. Lipase identification

The sample used for the lipase stability stutherfnophilic period of P30 experiment) was
purified by anion exchange chromatography and dracion with lipolytic activity was eluted at a
concentration of NaCl 0.6 M (data not shown). Thiscedure permitted to remove non-lipolytic
proteins that are usually present in complex sasflem composting environments or sludges
[31,41]. SDS-PAGE of this fraction is presented Figure 7. Two major bands were observed
corresponding to molecular weights of 29 and 62.Kmidentify these proteins, N-terminal sequence
was determined on each of these bands. The N-tatrs#quence of 62 kDa band could not be
determined precisely, probably due to an insufficEemount of protein transferred in the blottingtun
This band may correspond to a fungi lipase sincdlai molecular weights are found in lipases
produced by yeasts and fungi [44,45]. The firstreomacid of the N-terminal sequence of the 29 kDa
band could not be identified. The following aminmdasequence was FELPALP or IELPALP. These
sequences were analysed for similarities to oteguences in the National Center for Biotechnology

Information (NCBI) database and no correspondemaas found for known lipases. It is then likely
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that some non-identified microorganisms are respts$or the production of extracellular lipases in

the composting environment.
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4. Conclusions

Several conclusions can be obtained from this work
1) Co-composting process of fats and sludge casubeessfully carried out to obtain a sanitized and
stabilized product. Addition of fat content up t0% is possible although a maximum fat content of
30% is recommended to achieve a high fat contetictéon (85%) and to avoid long composting
periods at full-scale facilities.
2) Fat-enriched wastes can be added to low eneogyent wastes to fulfil the international
requirements on compost sanitation. From this pointiew, co-composting strategies are of special
interest for plant managers.
3) Moisture content is a critical control factor the composting of fat-enriched wastes, since it
determines the biological activity of the process,it is observed from the respiratory quotient and
lipolytic activity.
4) Lipase from thermophilic composting environmsihowed a high stability for mesophilic values of
temperature and slightly alkaline values of pH, beer, the maximum lipolytic activity was observed
at thermophilic temperature.
5) Major lipases involved in the composting of gladat mixture could not be identified by N-
terminal sequence analysis. Further research islegeén the field of enzyme identification in

composting environments.
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Tables

Table 1. Main characteristics of the composted materials.

Parameter Sewage Sludge Wood Chips Animal Fat
Moisture (%) 72.7 5.0 <1

Dry Matter (%) 27.3 95.0 >99

Total Organic Matter (% dry basis) 61.5 99.4 >99

Fat content (% dry basis) 13.0 - >99
N-Kjeldhal (% dry basis) 2.6 0.1 <0.02

C/N ratio 8 500 >4000

pH 7.6 - -
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Table 2. Long chain fatty acids profile of the animal €esed as co-substrate and the initial mixture for

pilot scale experiment (in parenthesis, numberaolben atoms and number of insaturations).

Mystiric Palmitic Stearic Oleic Linoleic Other
Material

(C14:0) (C16:0) (C18:0) (C18:1) (C18:2) LCFA
Animal fat 3.0 30.0 17.0 38.0 6.0 6.0
Initial mixture 3.7 27.4 20.7 36.1 2.1 10.0
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Table 3. Initial properties of the mixtures co-compostedlaboratory (control experiment; L30,
sludge with 30% of total fat content; and L50, gledvith 50% of total fat content) and pilot scale

(P30) experiments and yields obtained in the cotpmpprocess.

Laboratory scale Pilot scale
Parameter

Control L30 L50 P30
Initial Moisture Content (%, wet basis) 55.7 482 5.8 54.4
Initial Dry Matter (%) 443 518 65 456
Initial Total Organic Matter (% dry basis) 82 7 87.2 926 829
Initial Fat content (% dry basis) 93 328 53.0 36.6
Initial N-Kjeldhal (% dry basis) 12 0.9 05 12
C/N ratio* 8.0 32 65 28
Initial pH 8.1 6.7 6.2 7.6
Dry Weight Reduction (%) 13.8 39.0 36.9 41.8
Total Fat Reduction (%) 50.2 85.3 68.5 83.4

* not considering wood chips

26



Table 4. Stability assays: Respiration Index and Selfingatest.

Day of process Respiration Index Self-heating Test
(mg O, g OM™* hh) (Maturity Grade)

20 24+0.1 -

32 52+25 -

44 1.2+£0.1 -

55 11+01 I

62 1.3+0.2 v

69 11+01 v




Figure Legends

Figure 1. Laboratory scale composting: temperature (cowtisuine), total fat content (squares) and

lipolytic activity (circles) for a) control experiemt; b) L30; c) L50.

Figure 2: Evolution of the most significant long chain faticids in L50: palmitic acid (circles),

stearic acid (triangles) and oleic acid (squares).

Figure 3. Composting experiment at pilot scale: a) tempeeatcontinuous line), moisture content
(circles) and water additions (triangles); b) oxygeontinuous line), C&(dotted line) and respiratory

quotient (open squares).

Figure 4. Composting experiment at pilot scale: a) lipayéctivity at 30°C (circles) and at 50°C
(squares); b) total fat content (open circles) BG&A concentration: palmitic acid (circles), steari

acid (triangles) and oleic acid (squares).

Figure5: Effect of temperature on lipolytic activity.

Figure 6: Surface response corresponding to lipase stahbilitdifferent pH and temperatures.

Figure 7. SDS-PAGE of lipase sample. Lane M. molecular Wegjandards; Lane 1: lipase sample

from P30 experiment (thermophilic period).
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Figure 1: Gea et al.
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Figure 2: Gea et al.
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Figure 3: Gea et al.

(9%) WL1U09 BINISION

o o o o o o
© o < ™ Y =
1 1 | | |
~~
©
>
>
> o— I
>
>
e _ _ |
o o o o o o
N~ (o] Lo <t (D) —

(Do) @4nresadwia |

70

60

50

40

30

20

10

Time (d)

(%) €02 - €0

Time (d)

31



Figure 4: Gea et al.
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Figure 5: Gea et al.
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Figure 6: Gea et al.

80

Residual Activity (%)




Figure 7: Gea et al.
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