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Salmonella Elimination during
Composting of Spent Pig Litter

Abstract

A windrow composting trial was carried out to investi-
gate the effects of composting on the elimination of
Salmonella from spent pig litter (a mixture of partially
decomposed pig manure and sawdust). Results showed
that temperature was the main factor affecting the
elimination of Salmonella. At temperatures between 64
and 67°C for 2-3 weeks, the pathogen was effectively
killed. The elimination of Salmonella corresponded
with the progressive decrease of faecal coliforms and
faecal streptococci. By the end of the composting
process (day 91), the faecal coliform and strepto-
coccal numbers were reduced to 227 and
2,12 Log,yMPNg~', respectively. When these low
levels are reached, the elimination of Salmonella in
the spent litter is successfully achieved. The popula-
tions of faecal coliforms in all six potting media were
more than twice as high as those found in the
composted spent litter, indicating that although faecal
coliforms were not eliminated during composting, their
levels were lower than in commercial potting media. ©
1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Spent pig litter (a mixture of partially decomposed
pig manure and sawdust) contains high concentra-
tions of organic matter, nutrients and trace elements
and can be re-utilised as a soil conditioner and/or
fertiliser (Tam and Wong, 1995), but it requires
further composting in windrows to reach maturity
(Tiquia er al, 1996a). Previous studies on
composting of spent litter have concentrated on the
evaluation of environmental conditions for efficient
composting and the development of criteria for
judging compost maturity (Tiquia, 1996; Tiquia et
al., 1996a,b; Tiquia ef al., 1997). Most of the criteria
used in these studies were based on those physical
and chemical parameters of the spent litter whose
behaviour reflected the metabolic activity of micro-
organisms involved in the process. In cases where

193

the mature spent-litter is to be applied to agricul-
tural soils, and where public health aspects are of
concern, the levels of pathogens and their elimina-
tion during the composting process are important
criteria which must also be evaluated.

One of the major objectives of composting is to
produce a hygienically safe and agriculturally useful
product. However, monitoring pathogens is a diffi-
cult and lengthy procedure unsuited to routine
application. In view of the wide array of pathogens
that can be present in raw waste, a thorough analysis
of the entire compost output for its pathogen
content would become an enormous problem.
Therefore, it is more practical to select a few repre-
sentative pathogens that are likely to be present in
most raw wastes. In the present study, Salmonella
was used as a representative pathogen as it is gener-
ally present in animal wastes (Steele. 1973).
Moreover, the presence of Salmonella in the final
compost product would indicate poor sanitisation
(Bertoldi et al., 1991). The use of indicator organ-
isms whose removal characteristics are similar to
these pathogens has also become popular because it
is a shorter and more convenient technique
(Pereira-Neto et al., 1986). The present study was
carried out to investigate whether Salmonella was
eliminated during windrow composting and to
examine the use of various organisms as indicators
of this elimination. The levels of Salmonella and
indicator organisms in the composted spent litter
were compared with those in commercially available
potting media to examine the safety of the spent
litter as a potting medium.

METHODS

Duplicate piles of the spent litter were set-up in an
open shed and their moisture contents were adjusted
to 60% immediately after piling. Each pile was
triangular in shape, about 2 m in width at the base
and 1.5 m in height (Tiquia ef al., 1996a). The piles
were turned every 4 days using a truck and front-end
loader. During the composting process, ambient
temperature and temperature at a depth of 60 cm in
each pile were monitored before turning. Samples
were taken at 5 symmetrical locations in each pile
and werc combined to give a composite sample.



194 Short communication

Triplicate composite samples (about 1 kg each) were
collected from each pile at day 0, then weekly until
day 91.

The spent litter was analysed for the presence of
Salmonella  and  indicator  organisms  during
composting. Six commercially available potting
media, pearlite, peatmoss, GD (Green Devil)
Potting Mix, Cactus Mix, Growing Soil and AV
(African Violet) Potting Mix were also tested for the
presence of Salmonella and indicator organisms.

An Oxoid Salmonella Rapid Test Kit (Oxoid
FT-201) was used to detect the presence of Salmon-
ella in the spent litter and six potting media. The
pre-enriched sample suspension was added to the
culture vessel. The culture vessel was equipped with
two tubes. Each tube contained a lower selective
medium and an upper indicator medium separated
by a porous partition. After incubation, tubes which
showed positive reactions were further tested with
the Salmornella Latex Test. Agglutination of the
culture in the Test Latex within 2 mins indicated a
positive result.

Indicator organisms in the spent litter during
composting as well as in the six potting media were
enumerated by direct plating on appropriate
selective media. Faecal coliforms were assayed on
m-FC agar (Difco), and faecal streptococci were
determined on m-Enterococcus agar (Difco). The
serially diluted spent litter suspension was inocu-
lated using the drop technique. Each agar plate was
divided into 8 sections and about 0.1 ml of the
suspension was dropped on cach of the sections.
After incubation, any visible growth, of blue colour
(for faecal coliforms) and pink to maroon colour
(for faecal streptococci), observed in any of the 8
sections was considered positive growth. The total
number of positive results was counted and the
population of indicator organisms in the sample was
estimated using an MPN computing package
(Tiquia, 1996).
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RESULTS AND DISCUSSION

Salmonella was found at the beginning of the
composting, but was not detected from day 21
onwards. A temperature from 64 to 67°C for 2-3
weeks is enough to kill these pathogens during
windrow composting (Fig. 1 and Table 1), indicating
the effect of temperature on the elimination of
Salmonella from the spent litter. Since Salmonella
did not survive in the spent litter after day 21, the
spent litter was sanitised and could be used on land
without danger. Bacteria and pathogenic micro-
organisms can generally metabolise readily assimil-
able organic matter such as simpler alcohols, sugars,
etc., whereas they cannot multiply on complex
compounds such as cellulose, lignin and humic
compounds (Bertoldi et al., 1991). The spent litter
after being composted had a high content of humic
substances, since the readily-soluble substances
present in the immature spent litter were miner-
alised and humified to more complex organic matter
by the indigenous micro-organisms  during
composting (Tiquia, 1996). The resulting limitation
in available organic matter might also explain why
the Salmonella did not survive in the spent litter.
The elimination of Salmonella from the spent
litter was found to correspond with the progressive
decrease in numbers of the indicator organisms,
faecal coliforms and faecal streptococci (Table 1). In
the present experiment, the fact that Salmonella
die-off was faster than that of the indicator organ-
isms suggests that Salmonella was the most thermo-
sensitive genus. The present study, as well as those
of previous workers (Golueke, 1982; Pereira-Neto et
al., 1986; Bertoldi et al., 1991) examined the use of
faecal coliforms and faecal streptococci as indicators
of pathogens, especially Salmonella, and showed that
the two indicators are abundant in the initial
compost materials. Faecal coliforms and faecal
streptococci were both found to be more resistant to
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Fig. 1. Changes in ambient temperature and temperature of spent litter during windrow composting.
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Table 1. Presence of Salmonella and faecal coliform and streptococcal numbers in the spent litter and potting media

Types of material Time/type Salmonella Faecal coliform Faecal
Presence/ numbers streptococcal
absence (Log,y MPN g ) numbers

(Logi,o MPN g™ )

Spent pig litter Day 0 Present
Day 7 Present
Day 14 Present
Day 21 Absent
Day 35 Absent
Day 63 Absent
Day 91 Absent
Potting media Pearlite Absent
Peatmoss Absent
GD potting soil Present
Cactus mix Abscnt
Growing soil Absent
AV potting soil Present

5.00 2.39
4.55 2.33
4.78 2.30
4.30 2.29
3.73 2.22
3.05 2.14
2.27 2.12
4.41 ND*
4.17 ND
5.92 ND
5.67 ND
6.08 ND
6.19 5.86

*Not detected.

temperature than the pathogenic bacterium Salmon-
ella in the present study. Pereira-Neto er al. (1986)
suggested that an indicator organism should be
selected on the basis of its ease of isolation,
enumeration, and its representative resistance
related to the composting process and the potential
pathogenic organisms present. In this study, both
faecal coliforms and faecal streptococci satisfied
these criteria.

Faecal coliform and streptococcal numbers were
positively correlated with each other during
composting (Fig. 2). By the time the faecal coliform
and streptococcal numbers reached a level less than
4.30 Log;o MPN g~ and less than 2.29 Log,, MPN
¢!, respectively, the pathogenic Salmonella was no
longer detected (Table 1). At the end of composting

2.30
2.25
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Faecal streptococci (Logyg MPN g'l)

2.15

Faecal coliforms (Logyg MPN g'])

Fig. 2. Relationship between faecal coliform and faecal
streptococcal numbers during windrow composting of
spent litter.

(day 91), the numbers were further reduced to
2.27Log,cMPNg ' (faccal  coliforms)  and
2.12 Log,o MPN g ' (faecal streptococci). When
these low levels are reached, the elimination of
Salmonella from the spent litter has been achieved.

The composted spent litter was safer than GD
potting soil and AV potting mix when compared in
terms of the presence of Salmonella. The pathogenic
bacterium Salmonella was detected in these two
potting media (Table 1), indicating poor sanitisation.
The populations of faecal coliforms in all six potting
media were more than twice as high as those found
in the composted spent litter (Table 1), indicating
that although faecal coliforms did not die-off during
composting, their levels were lower than in commer-
cial potting media. It is interesting to note that
although the faecal coliform counts in the six potting
media were high, faecal streptococci were not
detected (Table I), so the presence of faecal
coliforms in potting mixes may not always indicate
the presence of faecal streptococci.
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