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INTRODUCTION

24

[ay

In TN 22.1 the biodegradation of pig manure by Clostridium thermocellum, Clostridium
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was reported. Only the strain Clostridium thermocellum produced a small amount of volatile fatty

acids (355 mg VFA/l in 14 days).

This experiment was repeated with the addition of gelatine to the pig manure in order to stimulate
the deterioration of the manure (Item 2.4.1).

TN 22.2 mentioned that by the biodegradation of artificial human faeces during 21 days, a co-culture
of Clostridium thermocellum and Clostridium thermosaccharolyticum 18 produced 352 mg/l volatile
fatty acids and 20 mg/l ammonia-nitrogen. A co-culture of Clostridium thermocellum, Clostridium

thermosaccharolyticum and Coprothermobacter proteolyticus 18 produced 364 mg/l volatile fatty
acids and 32 mg/l nmmnma-mfrnopn anﬂﬂfP(‘] to the blank, the concentration of volatile fattv acids

and ammonia-nitrogen increased only with about 10%.

In order to investigate if this low production of volatile fatty acids and ammonia was related to the
use of artificial human 1ctcc.c:b a second Dluucgrd,uduon t:Apcqucm was set up. rlg manure and plg
manure enriched with gelatine were used as substrates for the co-cultures (Item 2.4.2).

To evaluate the capability of the strains Clostridium thermocellum, Clostridium thermosaccharo-
Iyticum and Coprothermobacter proteolyticus 18 to cooperate in an optimal way, the degradation of
cellobiose and gelatine by a co-culture of these strains was tested (Item 2.4.3).
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2  MATERIALS AND METHODS

2.1 Collection and characteristics of the pig manure

The pig manure used for this experiment was obtained from a pig farm. Table 2.1 shows the
characteristics of the pig manure.

Table 2.1 Characteristics of the pig manure used in the biodegradation test with co-cultures

Parameter Mean Standard Mean Standard
value error=3 value error™3
mg/] mg/l mg/g DM mg/g DM
Dry matter 35402 1539 - -
Organic matter 19294 1646 544 52
Ash 16108 586 456 32
Suspended solids 24647 2696 699 100
Volatile suspended solids 15564 1832 441 66
CODqot 24359 1643 688 45
CODgol 6401 865 181 30
TOC ND - - -
NH,*-N 2316 104 65 3
NO3™-N 0 0 - -
Kjeldahl N 3202 246 90 11
Organic N 882 321 25 10
Protein content 5512 306 156 11
VFA 1117 110 32 3
pH* 79 - - -
* no unit

ND: not determined

In the second experiment, pig manure enriched with gelatine was used. The characteristics of the
manure are shown in Table 2.2,
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Table 2.2 Characteristics of the pig manure enriched with gelatine used in the biodegradation test
with single cultures

Parameter Mean Standard Mean Standard
value error®™3 value error™3

mg/l mg/l mg/g DM mg/g DM

Dry matter 31098 264 - -
Organic matter 20900 374 672 13
Ash . 10198 265 327 9
Suspended solids 12081 248 388 9
Volatile suspended solids 7645 155 245 5
CODx¢ot 25463 850 818 28
CODso] 15167 232 487 9
TOC ND - - -
NH,*-N 1494 38 48 1
NO3-'N 0 0 0 -
Kjeldahl N 3480 31 111 1
Organic N 1986 49 63 2
Protein content 12412 306 399 10
VFA 854 95 27 3
pH 7.9 - - -

* 1o unit

ND: not determined

Table 2.3 shows the characteristics of the mineral solution medium with 4 g/l gelatine and 4 g/l
cellobiose used as a substrate in the third biodegradation experiment.

Table 2.3 Characteristics of the mineral solution medium with gelatine and cellobiose used in the
biodegradation test with co-cultures

Parameter Mean Standard
value Error®™=3

mg/l mg/l

CODtot 8839 63
NH,*-N 228 1
Kjeldahl N 822 17
Organic N 602 17
VFA 114 29
pH* 6.8 -

* pH: no unit
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Table 2.4 gives an overview of the three strains used for the degradation tests. The strains were grown
in the cultivation media during five days.

Table 2.4 Medium and substrate used to grow the strains

Strain Reference Medium Substrate Activity
Clostridium thermocellum ATCC 27405 MS-medium Cellobiose (3 g/l) Cellulolytic
Clostridium thermosaccharoly- LMG 2811 MS-medium Cellobiose (3 g/l) Cellulolytic
ticum

Coprothermobacter proteolyti-  DRANCO- MS-medium Gelatine (3 g/I)  Proteolytic
cus 18 isolate

MS-medium (see addendum 1)
DRANCO-isolate (Kersters, 1992)

The dry matter (DM) of the sample was determined after 24 hours drying at 105° C. The ash content
was determined after incineration at 450°C during a period of 3 hours.

A sample was filtered and the residue was dried for 24 hours at 105°C to determine the suspended

/OO0 T ST IO

solids (SS). The volatile suspended solids (VSS) were determined by incineration of the dried residue
at 450°C during 3 hours.

Volatile fatty acids (VFA) were extracted with diethylether from acidified samples and determined by
gas chromatography using a flame ionization detector coupled to a glass column containing

chromosorb 101.

=3
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tqi protein concentrarions were determi

n
and a colorimetric measurement (Hattingh et a

The NH4+-N content was determined by steam distillation in a Kjeltec 1002 apparatus under alkaline
conditions. The (NO3- + NO2-)-N content was determined by steam distillation in a Kjeltec 1002
apparatus after reduction to NH3 by the addition of Devarda alloy. The Kjeldahl-N content was
determined similarly after complete destruction of the sample in strong acid.

The chemical oxygen demand (COD) corresponds to the amount of oxygen necessary for complete

of samnle. The organic content of the

avidaty 10N af a1l Aarganic attor mragont a ol
CULipIv. 11V Ulgdllv LUl Ui uie

oxidation of all organic matter present in a given vo
sample was subjected to oxidation by potassium dichromate in a strong acid medium (sulphuric acid
plus silver sulphate) at a temperature of 150° C for two hours. The excess dichromate was then
measured by back titration with ferrous ammonium sulphate. The rotal COD (CODjgy) was
determined on the total sample, whereas soluble COD (CODyp]) was determined on a centrifuged
sample.

EPAS - MELISSA TN 22.3 - JAN 1995 / Page 4



2.4 Experiments

2.4.1 Biodegradation of pig manure enriched with gelatine by single cultures

Bottles of 250 ml were filled with 120 ml pig manure and 60 ml of a 3% gelatine solution and
flushed with nitrogen gas. The pH was set at 7.5 and the bottles were autoclaved during 20 minutes at

121°C. Afterwards 0.8 ml of a 2.5% Na3$ - solution was added to ensure anaerobic conditions.

Next, 5 ml of an inoculum of the strains Clostridium thermocellum, Clostridium thermosaccharo-
Iyticum, Coprothermobacter proteolyticus and Coprothermobacter proteolyticus 18 were injected in
separate bottles. The blank bottle was injected with 5 ml MS-medium.

At the end of the experiment (after 14 days) the concentration of ammonia and volatile fatty acids
was determined in treble. The DM, CODyot, CODgo] and Kjeldahl-nitrogen content were determined

in single.

2.4.2 Biodegradation of pig manure by co-cultures

Bottles of 250 ml were filled with 120 ml pig manure and flushed with nitrogen gas. The pH was set
at 7.5 and the bottles were autoclaved during 20 minutes at 121° C. Afterwards 0.8 ml of a 2.5%
NajS - solution was added to ensure anaerobic conditions.

Next, the cultivated strains were injected in the bottles. Table 2.4 shows the three different set-ups.
The bottles were incubated at 60°C and shaken manually several times per day. Each set-up was
carried out in treble.

Table 2.5 Amount of inoculum (ml) injected in the 250 ml bottles for the different set-ups

Strains Application
Blank 28 3S
Clostridium thermocellum - 5 5
Clostridium thermosaccharolyticum - 5
Coprothermobacter proteolyticus 18 - 5 5
MS-medium (without strain) 15 5 -

2S: two strains
3S: three strains

At the end of the experiment (after 14 days) the volatile fatty acids, ammonia, Kjeldahl-nitrogen, the
CODygt and the dry matter (DM) were determined.
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2.4.3 Biodegradation of gelatine and cellobiose by a co-culture

Bottles of 100 ml were filled with 40 ml pig manure and flushed with nitrogen gas. The pH was set at
7.5 and the bottles were autoclaved during 20 minutes at 121° C. Afterwards 0.3 ml of a 2.5 % NapS§-

_,J“ .'A s rng addad 4 anarire anaaralhia can Aier g

SO1lTiI0N WadsS aaaca 10 Ciisuic anacrooiC CoOndaitions.

Next, 3 ml of an inoculum of Clostridium thermocellum, Clostridium thermosaccharolyticum and
Coprothermobacter proteolyticus 18 was injected in the bottles. The blank was injected with 9 ml
MS-medium. Each experiment was carried out in treble.

The bottles were incubated at 60°C and shaken manually several times per day. At the
and the CODLofL were

experiment (after 7 davc\ the volatile fatty acids, ammonia, kwldgh]-nﬁrnue

measured.
At the end of the experiment a sample was evaluated microscopically to see if a strain was
outcompeted.

3 RESULTS

3.1 Biodegradation of pig manure enriched with gelatine by single cultures

The results of the biodegradation test are summarised in Table 3.1. The bottles inoculated with the
strams Clostridium thermocellum and Coprothermobacter proteolyticus 18 contained a significant
(0.05 level) higher amount of volatile fatty acids compared to the blank. The concentration of
ammonia and CODgq] did not significantly (0.10 level) change during the test.

Although a slight production of volatile fatty acids was noticed in the two cases, it couldn't be

confirmed that notable liguefaction of the insgluble matter 1

SUILLIIITU WAL LIVIAUVIV LY UVIAVLIVLL VL WiV JHOUVIBULY Liauy
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No significant decrease (0.10 level) of dry matter and CODtot was measured during the test. This

indicates that no biodegradation of soluble material to gaseous compounds occurred.

Table 3.1 Values (+ standard error®™3 ) of the measured parameters at the beginning and at the end
of the biodegradation test (pig manure enriched with gelatine + single cultures)

pH DM CODtst CODgol  Kj-N NH4+-N  VFA
mg/1 mg/} mg/l mg/i mg/l mg/1
t= Odays
7.5 31098 25463 15167 3480 1494438  854+95
+264 +850 +232 +31
t= 14 days:
Blank 7.6 32780 25000 14961 3254 1677£28 1222
Cl thermocellum 7.5 30590 25490 15804 3401 1645+14 1631
Cl. thermosach. 7.6 30040 25784 14922 3454 1531£17 1098
Copr. Prot. 76 20210 23725 14784 3464 1654+18 1326
Copr. Prot. 18 7.6 32460 26765 15686 3479 15955 1056
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3.2 Biodegradation of pig manure by co-cultures

Table 3.2 shows the values of the measured parameters. After an incubation period of 14 days, no
significant differences (level 0.10) in volatile fatty acids were detected between the blank at the
beginning and at the end of the experiment and the two applications 2S and 3S.

The ammonia concentration was significantly (0.10 significance level) higher after 14 days compared
to the initial concentration (blank t=0) for every set-up.

No significant decrease (0.10 level) of the dry matter or COD¢ot was measured during the test. This

indicates that no biodegradation of soluble material to gaseous compounds occurred.

Table 3.2 Values (+ standard errorn=3) of the measured parameters at the beginning and at the end
of the biodegradation test (pig manure + co-cultures)

pH DM CODtot Kj-N NH4+-N VFA
g/l g/l mg/l mg/l mg/l
t= 0 days :
7.5 354+1.5 243+1.6 32024346 2316104 1117110
t= 14 days:
Blank 7.4 36.9+£2.2 259 3263 2578+47 1095+172
28 7.3 359+22 23.9 3566 265347 1365172
3S 7.5 36.4+22 253 3487 260347 1418172
2S: two strains
3S: three strains
3.3 Biodegradation of gelatine and cellobiose by a co-culture

The results of this experiment are summarised in Table 3.3. During the incubation a significant
amount (0.05 level) of volatile fatty acids and ammonia was formed compared to the blank. The
concentration of the volatile fatty acids increased about 25 times, but the ammonia concentration was
only 20% higher compared to the blank.

This indicates that the cellulolytic strains Clostridium thermocellum and Clostridium thermosaccha-
rolyticum were more active than the proteolytic strain Coprothermobacter proteolyticus.

The microscopic evaluation showed that the three strains were present but that the amount of
Clostridium thermosaccharolyticum cells was approximately ten times higher.
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Table 3.3 Values (+ standard erro =3 ) of the measured parameters at the beginning and at the end
of the h1nrlporadm‘1vn test (oelatine and cellobiose + co-culture)

wie VIVULEiQaall

e & n T2 N NLT 4L N VLA
pri CUUtot Kj-IN INF147=IN VIA
mg/1 mg/1 mg/l mg/t
t= O days: 6.8 8839+63 822+17 228+1 114+ 29
t= 7days:
Rlaaal “ Q9 QNOQ L &9 Q211 A 71272 QAL 21
Dldalls 0.0 F70XL V4L oJ1== ~+ L1230 e e §
Co-culture 3S 6.4 8709+128 841+ 9 254+1 2600+ 2
3S: three strains
4  CONCLUSIONS
The first experiment confinmed that the addition of gclat.mc to increase the readily biodegradable
organic matter did not stlmula the biodegradation of pig ure by single cultures. Earlier TN22.1
mentioned that adding gelatine to artificial human faeces h"d no cffect on the deterioration of the

faeces by single cultures.

The second experiment showed that a co-culture of Clostridium thermocellum and Clostridium
thermosaccharolyticum 18 as well as a co-culture of Clostridium thermocellum, Clostridium
thermosaccharolyticum and Coprothermobacter proteolyticus 18 weren't capable to degrade the pig
manure. In both cases, no significant amount of volatile fatty acids was formed and the concentration
of ammonia increased only with about 10% (0.10 significance level).
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The manure was obtained from a pig farm. To prevent diseases antibiotic components are included in
the pig diet. These components are excreted together with the faeces. The pig manure used in the
experiments could probably contain antibiotic components that prevented the biodegradation of the
manure, although TN 22.2 reported that also artificial human faeces were not decomposed by the
same co-cultures.

PROTSREUY oy & IR S N md tlan anand An mnaldicsn o
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WCI
cooperate in an optimal way and no synergistic activity took place. The third experiment showed that
the activity of the cellulolytic strain Clostridium thermosaccharolyticum was higher than the
proteolytic activity. It can be concluded that the combination of the strains did not result in an
optimal biodegradation.

So far, artificial faccal material and pig manure were not broken down by single strains, even with
addition of gelatine, and co-cultures of these strains.
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Addendum 1: Composition of MS-medium

NaOH
yeast extract

trypticase pepton

resazurin solution (0.2%)

coenzyme M
Solution A
NH,CI 100 g/l
MgCl,.6H,0 100 g/
CaCl,.2H,0 40 g/l
pH 4
Solution B
K,HPO,.3H,0 200 g/l

Mineral solution

Na,EDTA.2H,0 500 mg/1
CoCl,.6H,0 150 mg/1
MnCL.4H,0 100 mg/l
FeSO,.7H,0 100 mg/1
ZnCl, 100 mg/l
AlCl;.6H,0 40 mg/l
Na,Mo,.2H,0 30 mg/l
CuC},.2H,0 20 mg/1
NiSO,.6H,0 20 mg/l
H,SeO, 10 mg/l
H,BO, 10 mg/1
NaMo0O,.2H,0 10 mg/l

Na,S (2.5%)

final pH

4 g/l
2g1

2 ¢/l
0.5 ml/l
0.5g/1

10 mi/1

2ml/1

10ml/1

5ml/l




