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Abstract

The changes in microbial properties, including total
aerobic heterotrophs, Oj-consumption rate, ATP con-
tent, dehydrogenase activity and microbial biomass C
and N of the spent pig-manure sawdust litter were
examined during further composting. The effects of
three moisture levels, 50% (pile A), 60% (pile B) and
70% (pile C), on the composting process were also
evaluated. Piles A and B had very similar trends of
change in temperature and microbial properties during
the composting period but pile C was significantly dif-
ferent. Temperatures in the first two piles increased to a
peak of 64-69°C by day 4, while that of pile C rose to
a lower peak (58°C) on day 7. The high moisture
content (about 70%) of pile C led to early cooling of
the pile and decreased the production of microbial
activity and biomass. Although water was added fre-
quently to maintain the moisture content of each pile,
it was difficult in practice to maintain the moisture
content of pile C at 70%, since water leaked out from
the pile. Therefore, a moisture content of between 50
and 60% can be considered as the optimal moisture
level for further composting of the spent litter. In
general, the total aerobic heterotrophs, O, consump-
tion rate and ATP content of all piles increased
dramatically during the thermophilic stage of compost-
ing, but then decreased slowly and were maintained at
lower levels at the end of the composting process.
Stability of microbial properties was observed at day
60, indicating that two months is enough to convert
spent litter to a mature compost. Temperature was
found to be correlated with ATP content, dehydrogen-
ase activity and oxygen consumption rate, and so these
parameters could be used to indicate microbial activity
and degradation of the spent pig-manure sawdust litter.
Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

Much of the pollution in Hong Kong's coastal waters
is land-generated and various studies on Hong Kong
streams have stressed the magnitude of the problem
(Hodgkiss & Griffiths, 1987). Agricultural wastes,
particularly pig manure, have been shown to be the
major contributors to stream pollution both in the
New Territories and in parts of urban Hong Kong
(Isaac & Revell, 1977). Several methods of waste
disposal to control pollution problems caused by
agricultural waste were evaluated and one of them is
the pig-on-litter (POL) system. The POL system,
known as in situ composting, has been developed as
one of the recommended methods to treat pig
wastes in Hong Kong (EPD, 1988). The system
utilises a mixture of sawdust and a bacterial product
as the bedding material on which the pigs are raised
and the pig excreta are decomposed within the bed-
ding material (EPD, 1990). Under this system,
neither waste-water nor raw pig manure requires
disposal, the only waste is the spent pig manure plus
sawdust litter (spent litter) which is a mixture of
sawdust, partially decomposed pig waste and micro-
bial biomass. The spent litter disposed of from the
POL system consists of high concentrations of
organic matter, N, P, K and trace elements (Tam &
Vrijmoed, 1990), and can be re-utilised as a soil
conditioner and/or fertiliser. The spent litter also
possesses a significant portion of active microbial
biomass, which suggests that the decomposition of
the spent litter is incomplete and that the spent
litter could be similar to an immature compost
(Tiquia et al., 1995). Further composting of the
spent litter to maturity could enhance its beneficial
values.

Much of the research on composting has been
focused on the changes in physico-chemical param-
eters, primarily in an effort to find a simple and
reliable indicator of compost maturity, and to
improve the efficiency of the process. However, very
little information is available on the microbiota
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which determine the rate of composting, affect the
quality of the product, and produce most of the
physical and chemical changes in the compost
(McKinley & Vestal, 1985). Morel et al. (1985) pro-
posed that the maturity of the compost may be
assessed by the biological activity of the product,
including total microorganism count, respirometric
study, monitoring biochemical parameters of micro-
bial activity and analysis of biodegradable
constituents. The changes in microbial properties
during the composting process and their association
with maturity must be carefully studied.

The changes in microbial activities and the com-
posting process are also affected by many
environmental factors, especially moisture content,
since water availability is directly related to oxygen
supply. For this reason, the present study aimed not
only to investigate the changes in the microbial
properties of the spent litter and to relate these
changes to compost maturity and stability, but also
to evaluate the effects of different moisture contents
on further composting of the spent litter.

METHODS

The spent litter was collected from pig pens where
the POL system had been employed for 12 weeks
(each pig pen had an area of 40 m? sawdust bed-
ding of 20-30 cm deep; and 40 piglets for 12 weeks).
Three piles of the spent litter were set up in an open
shed and their moisture contents were adjusted to
50% (pile A), 60% (pile B) and 70% (pile C),
respectively. Each pile was triangular in shape, about
2 m in width at the base and 1.5 m in height (Tiquia
et al., 1995). The piles were turned over twice a
week using a front-loader tractor. The changes of air
temperature and the temperature at a depth of 60
cm in each pile were monitored twice a week before
turning. Water was added to each pile on days 15,
32 and 63 to maintain the desired moisture contents.
The piles were left for further composting and
maturation for 91 days. Composite samples of the
spent litter were collected from five symmetrical
locations in each pile immediately after piling (pre-
experiment sample), after the initial adjustment of
the moisture content of each pile (day 0), then
weekly until the end of the composting process. The
spent litter collected was analysed for moisture con-
tent (105°C for 24 h); population size of total
aerobic heterotrophs by the dilution agar-plate
method; oxygen consumption rate by the respiro-
metric method (Gilson Differential Respirometer);
ATP content by luciferin-luciferase method using a
luminometer (Monolight 1500); microbial biomass C
and N using the fumigation-extraction technique
(Vance et al., 1987; West et al., 1986); and dehydro-
genase activity (Page er al., 1982). The mean and
standard deviation of three replicates were cal-
culated. Correlation coefficient values between
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Fig. 1. Changes in air temperature and temperature of

each pile during the composting process (0 = pile A, 50%

moisture; e =pile B, 60% moisture; v=Pile C, 0%
moisture; ¥ = air temperature).

different parameters were computed using an IBM-
compatible SigmaStat statistical package.

RESULTS

Temperature

During the composting period, the ambient tem-
perature only fluctuated within a narrow range
(around 25-31°C), since the experiment was carried
out between summer (June) and mid-autumn (Sep-
tember) (Fig. 1). The temperatures at a depth of 60
cm in piles A, B and C were 50, 44 and 38°C,
respectively, after the moisture content was adjusted
at day 0. Thereafter, the patterns of temperature
change in piles A and B were similar. Temperatures
of both piles rose to a peak of about 64-69°C by day
4 and these readings were maintained until day 21
(thermophilic stage). The temperatures declined
slightly thereafter and were maintained at a lower
level from day 26 to day 57 (cooling stage), before
further dropping slowly to 30°C (ambient tempera-
ture) from day 60 until day 91 (maturing stage). Pile
C followed the same trend of changes but the maxi-
mum temperature achieved during the thermophilic
stage was lower (58°C). Its temperature also drop-
ped more rapidly after day 57 and started to
level-off to about 40°C from day 70 to day 91 (Fig.

1).

Moisture contents

The moisture content of all piles was about 57-59%
immediately after piling (pre-experiment) (Fig. 2).
After adjusting, the moisture contents of piles A, B
and C at day 0 were 56, 61 and 67%, respectively.
As composting proceeded, the moisture contents of
all piles dropped continuously until day 35, even
though water was added to all piles at day 15. At
day 42, the moisture contents of piles A, B and C
had increased to 44, 52 and 63%, respectively, due
to the addition of water to all piles at day 36. These
moisture levels were maintained until day 56. The
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Fig. 2. Changes in moisture content of spent pig-manure

sawdust litter during the composting process (o = pile A,

50% moisture; @ = pile B, 60% moisture; v = pile C, 70%

moisture; | = indicates the day when water was added to
adjust the moisture content).

moisture content of each pile was further increased
(pile A =50%; pile B =57%; pile C=65%) at day
63 (again due to the addition of water for moisture
adjustment).  Thereafter, moisture contents
decreased slowly until the end of the composting
period (Fig. 2).

Total heterotroph counts

The population sizes of total aerobic heterotrophs of
all piles were at a high level, the log,, CFU (colony-
forming units) g' were around 9.7 at the onset of
the composting period (Fig. 3). This population
began to increase from day 7. The bacterial counts
in piles A and B increased and reached a peak, with
logio CFU equal to 10.4 g’ at day 14, and were
maintained at this high level until day 28. There-
after, the bacterial counts decreased to a level of
around 9.3-9.7 log,, CFU g by day 35 and fluc-
tuated at this level until the end of the composting
period. The bacterial counts in pile C rose to a
lower peak by day 21, 1 week later than in piles A
and B. From day 35 onwards, the readings in pile C
were comparable to the other two piles (Fig. 3).

~ 110
I

U g
-
o
[+.]

™
<o
-
L
<

9.0 TY v

8.6

Heterotrophs (Log,, CF

| U N I 1 I | Il 1 ]
8.0

0 10 R0 30 40 B5G 80 70 B0 90 100
Time (days)
Fig. 3. Changes in the population of total aerobic het-
erotrophs of the spent pig-manure sawdust litter during
the composting process (o =pile A, 50% moisture;
e = pile B, 60% moisture; v = pile C, 70% moisture).
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Fig. 4. Changes in oxygen consumption rate of the spent
pig-manure sawdust litter during the composting process
(same symbols as Fig. 3).

Oxygen consumption rates

The respiration rates, in terms of the O, consump-
tion, of the spent litter in relation to time and
moisture content over a 91-day period are illustrated
in Fig. 4. The initial oxygen consumption rates of
the three piles were 0.53-0.75 ul min™ g'. Piles A
and B showed a dramatic increase in microbial
activity up to day 14, and the O, consumption rates
increased to a peak of 1.78 ul min' g’ by then.
Then the O, consumption rate decreased rapidly in
the following 3 weeks, but the decline was slower
from day 35 to day 63. After day 63 and until day 91,
the O, consumption rates of piles A and B were at
a level of 0.50-0.75 ul min” g'. The trend in O,
consumption rate of pile C throughout the compost-
ing period was similar to that of piles A and B (Fig.
4), except that lower values were recorded in pile C
from day 7 to day 35.

ATP content

The changes in ATP content of piles A and B were
very similar during composting (Fig. 5). The ATP
content in these two piles rose rapidly from 0.1 pymol
g’ to 0.3 umol g in the first week, and fluctuated
around this level until day 28. The values then drop-
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Fig. 5. Changes in ATP content of the spent pig-manure
sawdust litter during the composting process (same
symbols as Fig. 3).
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Fig. 6. Changes in dehydrogenase activity of the spent
pig-manure sawdust litter during the composting process
(same symbols as Fig. 3).

ped continuously to 0.05 umol g at day 56 and
were maintained at this low level until the end of the
composting process. Pile C had a very similar trend
of ATP content change to piles A and B during the
whole composting period, except that the peak ATP
content at the beginning of composting was lower,
whereas it was higher towards the end of the com-
posting process.

Dehydrogenase activity

The dehydrogenase activity of all piles was highest
(160-200 ug TPF g') at the beginning of the com-
posting period (Fig. 6). The activity decreased as
composting proceeded and began to level off from
day 56 onwards. Pile C had a very similar pattern of
change to piles A and B, except that the dehydro-
genase activity in this pile appeared to be lower
during the thermophilic stage.

Biomass C and N

The trends of changes in microbial biomass C of
piles A and B were similar (Fig. 7) and the C con-
tent increased dramatically during the first 28 days
of composting, before stabilising from day 60
onwards. Pile C followed the same trend of changes
as piles A and B, but the microbial biomass values
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Fig. 7. Changes in microbial biomass C of the spent pig-
manure sawdust litter during the composting process
(same symbols as Fig. 3).
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Fig. 8. Changes in microbial biomass N of the spent pig-
manure sawdust litter during the composting process
(same symbols as Fig. 3).

were lower throughout the whole composting
period.

The microbial biomass N of all three piles
increased dramatically within the first 2 weeks and
reached peak values at day 14 (Fig. 8). Piles A and
B had very similar biomass N values but were higher
than pile C. After peaking, the microbial biomass N
decreased rapidly and reached very low levels
between day 28 and day 42, especially in pile C. The
microbial biomass N values of piles A and B then
rose to a second peak at day 49, before dropping
sharply to a low level by day 91. A second peak of
biomass N was also found in pile C but this peak
appeared 1 week later than in piles A and B (day
56).

DISCUSSION

The temperature variation during further compost-
ing of the spent litter followed a pattern similar to
many other composting systems (Gray & Biddles-
tone, 1981). Initially, heat was generated due to the
rapid breakdown of readily degradable organic
matter and nitrogenous compounds in the spent lit-
ter, which resulted in a rapid increase in
temperature up to 70°C (Fig. 1). The sharp rise in
temperature was paralleled by a steep rise in total
aerobic heterotroph counts (Fig. 3), O, consumption
rate (Fig. 4), ATP content (Fig. 5) and microbial
biomass C (Fig. 7) and N (Fig. 8). Temperature
showed a significant positive correlation with O,
consumption rate (» =0.84), ATP content (r =0.72)
and dehydrogenase activity (r=0.81) (Table 1).
These microbial parameters were also positively
correlated with each other. High temperatures have
been considered as consequences of microbial
activity, whereby heat is liberated through respira-
tion of microorganisms and built up within the pile
(Bertoldi ez al., 1983). At such high temperatures the
pathogens will be destroyed, making the spent litter
safer for agricultural use.
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Table 1. Correlation coefficients among microbial properties of the spent litter (correlations were based on 14 average
data of all piles during the 91-day study: ** and * indicate correlations significant at 0.01 and 0.05 probability levels,
respectively)

Temperature O, consumption Dechydrogenase ATP content Biomass N Biomass C
Heterotrophs 0-23 0-46 —0-02 0-31 0-27 0-09
Biomass C —0-34 —0-33 —0-94** —0-42 0-20
Biomass N 0-52 0-42 012 —0-02
ATP content 0-72* (-86** 0-94*~
Dehydrogenase 0-81* 0-89*
O, consumption 0-84*

After this period of elevation, the temperature
gradually decreased to ambient levels and this
marked the end of the thermophilic phase of com-
posting. At this stage, the decomposition rate
decreased as the organic matter in the spent litter
became more stabilised, with a consequent decrease
in temperature and microbial activities.

The numbers of total aerobic heterotrophs were
extremely high in all piles at the beginning of com-
posting because the spent litter, removed from the
POL systemn, contained large amounts of partially
decomposed pig faeces and urine, which have a high
bacterial population (Tam, 1995; Tam et al., 1995;
Tiquia et al., 1995). The range of counts observed in
this composting process was similar to that observed
during in situ composting of pig manure (Tam,
1995).

The changes in the O, consumption rate followed
a pattern typical of many composting processes
(Golouke, 1977; Ribalda et al., 1987; Tiquia & Tam,
1994), with values, the results of micrabial activities,
increasing rapidly at the beginning of composting,
decreasing mid-way through the process and con-
tinuing to drop before stabilising. Golouke (1977)
pointed out that the increase and decrease in oxygen
consumption parallels the rise and fall in tempera-
ture.

In addition to respiratory activity, ATP content is
another widely used parameter to estimate microbial
activity and biomass (Jenkinson & Ladd, 1981). ATP
content also represents the whole metabolic activity
of the intact microbial cells during composting (Jen-
kinson, 1988). In the present study, the decline in
ATP content after 28 days of composting reflected a
decrease in microbial activity. The peak ATP levels
recorded in this study were higher than those
observed by Tam (1995) during in situ composting of
pig manure, indicating that the build up in microbial
activity during further composting was higher.

Another widely used method for the determina-
tion of biological activity is dehydrogenase activity.
The dehydrogenase activity decreased gradually
during the composting, indicating that the spent lit-
ter was rapidly oxidised and consumed. Starting
from day 60 onwards the dehydrogenase activity
stabilised, suggesting that the organic compounds in
the spent litter had become completely converted
into more stable intermediates. Microbial biomass is

an important component of soil organic matter and
plays a crucial role in cycling of C and mineral-
isation—-immobilisation turnover of many nutrient
elements (Ritz et al., 1992).

The microbial biomass C content recorded in this
study was higher than that present in soil (Vance et
al., 1987), indicating the presence of abundant bio-
degradable organic matter in the spent litter. This
means that during composting, the actively metabo-
lising microorganisms in the spent litter stored a
large amount of carbon. The stability of the micro-
bial biomass C from day 60 onwards indicated
stability of the organic matter in the spent litter. The
microbial biomass N values were also higher than
those reported in soil (31-41 pug g'') (Widmer e al.,
1989), reflecting the active N-immobilisation in the
spent litter. The microbial biomass C and N may not
have been meaningful parameters in this study, since
they did not correlate with other parameters. The
microbial parameters stabilised after 60 days, indi-
cating that 2 months would be sufficient for
converting the spent litter into a mature compost.

The moisture content of the compost material
had a significant effect on the microbial activity and
temperature. The high initial moisture level of pile
C (about 70%) resulted in a cooling effect. Such a
high water content could also influence gaseous
exchange by limiting diffusion and thus restricting
oxygen utilisation by microorganisms, resulting in
decreased microbial activity. This condition could
lead to the production of a biologically unstable and
poor-quality end-product. This explains why,
although pile C (70% moisture) had similar patterns
of change in temperature and microbial properties
to piles A (50% moisture) and B (60% moisture)
during composting, its readings were lower than
these two piles, especially during the thermophilic
stage of composting (from day 4 to day 28). The
higher moisture content in pile C resulted not only
in a lower microbial activity during the thermophilic
stage of composting, but also a delay in reaching
peak values of temperature (Fig. 1), total aerobic
heterotrophs (Fig. 3) and O, consumption rate (Fig.
4). This suggests that the decomposition process in
pile C was slower. The differences between piles A
and B were minimal, indicating that the microbes of
spent litter adapted well to between 50 and 60%
moisture, which can be considered, therefore, as the
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suitable moisture content for an efficient further
composting of the spent litter. The present study
demonstrated that it was in practice very difficult to
maintain and adjust the moisture content at a high
level (70%) (Fig. 2). Although sufficient water was
added to bring the moisture content up to 70% in
pile C at days 0, 15, 32 and 63, this moisture level
was never reached and water was observed to drip
out of the pile. This indicated that 70% moisture
might have exceeded the water-holding capacity of
the spent pig-manure sawdust litter.
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