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The changes in population size of different microbial groups (total aerobic het-
erotrophs, actinomycetes, fungi, fecal coliforms, ammonium- and nitrite-oxidizing
bacteria, and denitrifying bacteria) and the activities of 19 different enzymes (three

_ phosphatases, three esterases, two proteases, three amino-peptidases, and eight gly-
cosyl-hydrolases) were examined during cocomposting of poultry litter (a mixture of
poultry manure, waste feed, feathers, and wood shavings) and yard trimmings (a
mixture of grass clippings, leaves, and wood barks). Three piles with forced aeration
were established by mixing 2:1 (v/v) ratio of poultry litter and yard trimmings. Dur-
ing composting, samples were taken at three different locations (top, middle, and bot-
tom) of the forced aeration piles for microbial and enzyme analyses. Results demon-
strated that population size of different microbial groups was not a limiting factor in
this composting process as the microorganisms in the poultry litter + yard trimmings
compost are in great abundance. Although the numbers of these microbial groups
were reduced by high temperature, their populations multiplied rapidly as com-
posting progressed. Fecal coliforms were eliminated by day 49, suggesting that the
poultry litter + yard trimmings compost showed an overall increase in diversity and
relative abundance of extracellular enzymes present as composting progressed. The
population of fungi and actinomycetes (microorganisms active in degradation of cel-
lulose, hemicellulose, and lignin) were positively correlated with esterase, valine
amino-peptidase, a-galactosidase, B-glucosidase, and lipase. Of all 19 enzymes ex-
amined, -galactosidase (enzyme involved in the hydrolysis of lactose) had the most
significant positive correlation with microbial populations, such as total aerobic het-
erofrophs, ammonium- and nitrite-oxidizing bacteria, denitrifying bacteria, and fecal
coliforms. Cystine amino peptidase, chymotrypsin, and trypsin showed no evidence
of activity during the entire period of composting. This composting process repre-
‘sented a combined activity of a wide succession of environments in the compost pile
as one microbial group/enzyme overlapped the other and each emerged gradually
as a result of the continual change in temperature as well as moisture content, O, and
CO, level, and progressive breakdown of complex compounds to simpler ones.

Introduction

Much of the research in composting has focused on the changes in physico-
chemical parameters, primarily in an effort to find a simple and reliable indicator of
compost maturity, and to improve the efficiency of the process (Garcia et al. 1992a;
Harada ef al. 1981; Inbar et al. 1993; Namkoong ef al. 1999; Tiquia and Tam 1999; War-
man 1999; Wu et al. 2000). However, very little information is available on the mi-
crobiota, which determine the rate of composting and affect the quality of the end
product (Epstein 1997). As a biological process, composting involves a myriad of mi-
croorganisms. These microorganisms, their composition and magnitude are impor-
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tant components of the composting process. The indigenous microbes in the com-
post material can decompose the organic matter, and transformation N component
through oxidation, nitrification and denitrification (Atkinson et al. 1996; Diaz-Rav-
ina et al. 1989; Golueke 1992; Tiquia and Tam 2000a). However, if active microor-
ganisms in the compost incorporate minerals from the waste into biomass (Golueke
1992), the depletion of any of these nutrients could limit the composting process.
Nonetheless, composting may also involve sequential growth and degradation of
subpopulations, where no significant change in overall levels of microorganisms or
inorganic nutrient requirement occurs. To understand the composting process, the
~ changes of different microbial populations such as bacteria, actinomycetes, and fun-
gi would be helpful. While some of these organisms may be beneficial to plant
growth and soil fertility, others may be pathogenic to humans and animals. There-
fore, the levels of pathogens and their reduction during the composting process are
also important criteria that should be evaluated.

It is also well known that all biochemical reactions during composting are cat-
alyzed by enzymes (Ayuso et al. 1996; Garcia ef al. 1992b; Godden ef al. 1983; Vuorinen
1999, 2000). For instance, the mineralization of organic N during composting, which
involves the release of N from nonpeptide C-IN bonds in amino acids and urea is me-
diated by enzymes such as amidohydrolases and dehydrogenases (Tabatabai 1994).
Alkaline and acid phosphatases are important enzymes in organic P mineralization
and plant nutrition (Speir and Ross 1978). Reports (Epstein 1997) concerned with the
ecology of the composting process have been mainly restricted to the enumeration and
identification of microfloral populations, with the purpose of determining the domi-
nating microbial populations during the various stages of composting (Beffa et al. 1996;
Epstein 1997; Strom 1995). The role of free enzymes and their activities during com-
posting have been subjected to a limited number of reports. Godden et 2!.(1983) found
that cellulase, invertase, and alkaline phosphatase activities increased during early
days of composting of cattle manure, and.remained constant during the thermophilic
sand curing period. On the contrary, Ayuso ef al. (1996); Garcia et al. (1992b), and Diaz-
Burgos et al. (1993) observed that the activities of phosphatases, urease and proteases
decrease during sewage sludge composting.

Enzymes in composts can be classified as infracellular (enzymes inside viable cells)
or extracellular (enzymes outside the cells) (Vuorinen 1999, 2000). Intracellular en-
zymes are enzymes that catalyze biochemical reactions occurring within the cells
(Nannipieri ef al. 1990). Conversely, extracellular enzymes are enzymes purposely re-
leased exterior to cells, generally to catalyze the degradation of polymeric substances
(ie. plant polymers, cellulose, hemicellulose, and lignin) too large to cross the cellular
membrane (Furhmann 1999). The intracellular and extracellular enzymes cannot be
distinguished in compost suspensions. However, after a brief incubation period, the
extracellular groups of enzymes can be assigned more readily to which a large portion

of enzymes in soils and composts belong (Vuorinen 1999, 2000).
In this study, changes in population size of different microbial groups (total aero-

bic heterotrophs, actinomycetes, fungi, fecal coliforms, ammonium- and nitrite-oxi-
dizing bacteria, and denitrifying bacteria) and the activities of 19 different enzymes
(three phosphatases, three esterases, two proteases, three amino-peptidases, and eight
glycosyl-hydrolases) were examined during cocomposting of poultry litter and yard
trimmings in forced aeration piles to evaluate the dynamics of the composting process,
and characterize the microbial and biochemical properties of poultry litter + yard trim-
mings compost. The possible relationship between microbial populations and extra-
cellular enzyme activities was also evaluated.
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Materials and Methods
Composting Set-Up

Poultry litter (a mixture of poultry manure, waste feed, feathers, and wood shav-
ings) and yard trimmings (grass clippings, leaves, and wood barks) were cocompost-
ed at the Ta Kwu Ling Pig Breeding Center, New Territories of Hong Kong using the
forced-aeration system (Epstein et al. 1976; Wan 2000; Tiquia and Tam 2000b). Three
piles were built on perforated pipes connected to an air pump (Regenair™ R1102).
Each pile contained pouliry litter and wood shavings) and yard trimmings at a ratio
of 2:1 (v/v; poultry litter:yard trimmings). The piles were tnang1ﬂar in shape, about 2
m in width at the base and 1.5 m in height, and weighed approximately 2000 kg. To in-
sulate the piles and minimize water loss, the piles were covered with a 5—cm layer of
mature compost. The cover also acted as a biofilter to minimize odor emission. During
composting, the air was pumped at a rate of 634 1 min! for 24 h once a week The mois-
ture content of the mixture was adjusted to 65% (w/v) at the beginning, and then week-
ly during the composting trial, which lasted for 91 days. .

Sampling and Measurements

Temperature and poultry litter +yard trimmings samples were taken from three
different locations of the compost piles: top (85 cm from the base of the pile), middle
(50 cm from the base of the pile) and bottom (30 cm from the base of the pile). Sub-
samples collected from three different locations of the compost pile were mixed ho-
mogeneously to give one composite sample. Triplicate composite samples were col-
lected at day 0 and then weekly until day 91. '

The poultry litter +yard trimmings samples were analyzed for the following para-
meters: moisture content (105°C for 24 h); pH (1:10 w/v compost:water extract) using
a pH electrode; total organic matter and C using loss on ignition (Allison 1965); and to-
tal N (Bremmer 1996), P (APHA 1995) and K (atomic absorption spectrometry). Quan-
titative estimation of total aerobic heterotrophs, fungi, actinomycetes, fecal coliforms,
and ammonium- and nitrite-oxidizing bacteria during composting was determined by
direct plating on appropriate selective media. The serially-diluted compost suspension
was inoculated on the agar using the plate frequency technique (Tiquia ef al. 1998). Each
agar plate was divided into 8 sections and about 0.1 ml of the compost suspension was
dropped on each of the sections. After incubation, any visible growth observed in any
of the eight sections was considered positive growth. The total numbers of positive
growth were counted and the population of microbial organisms in the sample was es-
timated using a Most Probable Number (MPN) computing package (Woomer 1994).
The denitrifying bacterial population was determined by inoculation of serially-dilut-
ed compost suspension in tubed liquid media (Tiedje 1994) and the population was es-
timated using the MPN method. The incubation conditions and media used for the se-
lective culture of the seven microbial groups are summarized in Table 1.

The enzyme activity was evaluated using API ZYM™ strips (BioMerieux, Inc.,
Marcy-1” Tolle, France). API ZYM ™ is a semi-quantitative micro-method designed for
systematic and rapid study of 19 enzymatic reactions. Each API ZYM™ strip consists
of a series of microcupules containing dehydrated chromogenic substrates of 19 dif-
ferent enzymes and one control (a microcupule containing no enzyme substrate). Pri-
or to analysis, enzyme extracts were prepared by mixing 5 g from each poultry litter +
yard trimming samples with 50 ml sterile distilled water. The solution was blended us-
ing a stomacher (blender), allowed to settle for 10 min, and then the supernatant was
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TABLE 1.
Incubation conditions for microbial enumeration
Incubation Incubation
Microbial Group Culture Medium Temperature (°C) Time (days)
Total aerobic heterotrophs Plate count agar 3537 2
Actinomycetes Starch casein medium 25 15
Fungi Corn meal-rose bengal agar containing .
streptomycin and penicillin 25-26 7z
Ammonium oxidizers Ammonium sulphate-calcium carbonate-agar
medium 2426 21
Nitrite oxidizers Sodium nitrite-calcium carbonate-agar
medium T2426 21
Denitrifying bacteria Glycerol-peptone-KINO; liquid medium 24-26 bid
Fecal coliforms Difco m FC agar 35°Cfor4-5h;
44.5°C for 20 h 1

used for enzyme analysis. An aliquot (65 ul) of the extract supernate was dispensed
into each of the 20 microcupules. The strips were then covered and incubated at 37°C
for 4 h. After incubation, 30 ul of each reagent (ZYM A and ZYM B; BioMerieux, Inc.,
Marcy-1" Tolle, France) were added to all microcupules. Following a waiting period for
color development of about 5 min, a numerical value of 1-5 was assigned to each mi-
crocupule according to the color chart provided by the manufacturer. For the purpos-
es of this study, the results were reported as reactions of low intensity (value of 1),
moderate intensity (values of 2—4), and high intensity (value of 5). '

Values for each location (top, middle, and bottom) were the result of a mean of
three replicate piles. Pearson product-moment correlation coefficients were computed
to show relationship between different microbial populations and enzyme activities.
All statistical analyses were performed using SYSTAT statistical computing package

(SYSTAT version 9.0).

Results and Discussion

Progression of the Composting Process

The peak temperatures
occurred in the top and mid-
dle locations of the piles (72
and 70°C; respectively) were
significantly higher than
those recorded at the bottom
(60°C) location. However, the
time required to return to
ambient temperature was
similar in all three locations
(Figure 1). Stentiford (1996)
suggested that temperatures
greater than 55°C maximize
sanitization, that 45 to 55°C
maximize the biodegrada-
tion rate, and that 35 to 40°C
maximize microbial diversity
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Figure 1. Pﬂe; and air temperature changes during composting.
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Fecal coliforms in the composting process.

In the present investigation,

temperatures greater than

w5 55°C were reached in all
E .0 .

sz three locations of the forced-

= E aeration piles. This temper-

= bca

S s : | : ature level, however, was

XN - IR I not sustained at the bottom

B, = I I location (Figure 1). The tem-

: N §: perature at the bottom of the

2 142135 40 U7 ) forced aeration piles

. dropped to 44°C by day 21,

Time (days) while that of the top and
middle maintained temper-
atures greater than 55°C for
21 days. Nevertheless, the -
sanitization at the bottom
was comparable to the top

and middle locations. Sanitization of the poultry litter + yard trimmings compost,
as shown by the disappearance of fecal coliforms at all three locations (top, middle,
and bottom) of the forced-aeration piles, was achieved within 49 days of compost-
ing (Figure 2). Our results indicate the thermophilic active composting process in the
piles was capable of destroying populations of fecal coliform bacteria. For compost
sanitization, Strauch (1987) recommended a limit of 5 x 10° CFU g! (fresh weight)
for fecal coliforms. In our experiment, no detectable amounts of fecal coliforms were
found in the poultry litter + yard trimming samples after 49 days of composting un-
der forced aeration system. Thus, no secondary contamination or regrowth was de-

tected after day 49 at all three locations.

| ETop WMiddle OBottom |

Figure 2. Log; MPN counts of fecal coliform bacteria at different stages of
composting. For each location, at each composting time, values ted
by histograms with the same letter are not significantly different (p= 0.05).

Microbial Characteristics of the Composting Process
Total Aerobic Heterotrophs, Actinomycetes, and Fungi

Differences in pile temperatures at different locations of the forced-aeration
piles did not significantly affect the changes in numbers of total aerobic het-
erotrophs, actinomycetes, and fungi of the poultry litter + yard trimmings compost
(Figures 1 and 3). The population of these three microbial groups was similar in all
three locations of the forced aeration piles during composting (Figure 3). The total
aerobic heterotroph counts were highest (9.4-9.8 Log;, MPN g1) at the beginning
of composting (Figure 3a). By day 7, their numbers dropped and then increased
gradually as pile temperatures started to decline (Figures 1 and 3a). The actino-
mycete numbers dropped as the temperature began to peak and then increased as
the pile temperatures started to decline (Figure 3b). Most of the fungi were elimi-
nated at temperatures above 50° C (Figure 3c), and were recovered later when com-
posting temperatures are moderate (<45° C). By the end of composting, the popu-.
lation of actinomycetes and fungi exceeded that of their initial numbers (Figures
3b and 3c). The exact role of fungi during composting is not clear. Although some
of the fungi might be involved in the decomposition of cellulose and lignocellu-
losic compounds of the poultry litter + yard trimmings mixture, and provided a
more readily available C for the bacteria. The increase in fungal population by the
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end of composting might be
due to the presence of cellu-
lose and lignin. De Bertoldi
et al. (1983) reported that
fungi normally increase the
remaining substrates are
predominantly cellulose and
lignin, which normally oc-
curs during the process of
cooling. The actinomycetes
are thus well placed to ex-
ploit the compost environ-
ment as the piles cool in the
immediate post peak heat
phase. In the present study,
the actinomycetes in the
poultry litter + yard trim-
ming piles became so nu-
merous that their hyphal
strands caused the compost
surface to take on a gray or a
white appearance during the
cooling stage. Epstein (1997)
reported that during the
cooling stage of composting,
actinomycetes actively de-
grade hemicellulose in the
compost.

A) Heterotrophs

Heterotrophs
(Logys MPN B'I)

BTep WMiddie

Actinomycetes
(Logse MPN g)

Fungi
(Log,, MPN g
TEFREHIN

:
£
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Figure 3. Log,, MPN counts of total aerobic heterotrophs, actinomycetes,
and fungi at different stages of composting. For each location, at each
composting time, values represented by histograms with the same letter

are not significantly different (p= 0.05).

Ammonium and Nitrite Oxidizing Bacteria, and Denitrifying Bacteria

The ammonium- and nitrite-oxidizers were maintained at high population sizes
during the decomposition process (Figures 4a and 4b), suggesting a rapid oxidation
of NH,*-N to NO;-N. Ammonium oxidizing bacteria as dominated by Nitrosomonas
spp. (Focht and Verstraete 1977; Wild 1988), and nitrite oxidizing bacteria as repre-
sented by Nitrobacter spp. (Wild 1988) were maintained at about 8 Log; s MPN g1 dur-

ing composting. The popula-
tion sizes of denitrifying
bacteria are highest at the be-
ginning of composting (Fig-
ure 4c). The establishment of
a large population of denitri-
fying bacteria suggests that
some anaerobic microhabi-
tats had existed within the
piles. These microhabitats
could have developed within
the piles partially due to the
initial high water content
(65%) of the piles and partial-

Compost Science & Utilization

TABLE 2
General properties of pouliry+yard trimmings
; Chicken Litter And
Yard Chicken Yard Trimmings

Properties Trimmings  Litter ("1:2 ratio)
Total organic matter (g kg™) 517 509 566

Total C (g kg™) 483 491 434

Total N (g kgl 51 33.9 14

C:N ratio 95:1 14:1 3123

Total P (g kgl) ND ND 109

Total K (g kg ' ND ND 103

pH ND 8.3 7.2

ND= not determined
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ly because of the rich contents of

A} Ammonium oxidizing bacteria
] organic matter and nitrogen pre-

12
e % 1018 sent in the poultry litter + yard
£ 8 trimming compost (Table 2),
E S 4 EE which promote microbial activity
<2 2H to the extent of causing depletion
o 7 ik x BB in O, content in isolated pockets

, within the piles. Moreover, some
species of denitrifying bacteria
may be facultative and grow aer-
obically (Firestone 1982). Some
microbial genera capable of deni-

=0 m
£ g : trification are Bacillus, Flavobac-
Z 'z | B terium, and Pseudomonas. These
3 m: gN: [E: [N : Rl microbial groups have been
L e e found not only in soils (Firestone
s e} 1982), but also during compost-

ing (Epstein 1997). It seems that
. as the composting proceeded, the
~ denitrifying bacteria became
s Lo smaller (Figure 4c), indicating.
: Bl 5 that very little denitrification
L ! took place once the air was blown

ol : in the pile on a regular weekly ba-
S sis._Th‘e.air diffusion, oxygen

Hr - mae . ot availability, and redox potential

_ : should be measured in future

Figure 4 Logyo MPN counts of ammonium and nitrite oxidizing and  stydies to understand the dy-
denitrifying bacteria at different stages of composting. For each location, e demtrifyﬁ"Lg i

at each composting time, values represented by histograms with the
same letter are not significantly different (p= 0.05). population durin g comp ostin g.

C) Denitrifying bacteria

Denitrifiers
(Log;y MPN g')

Evolution of Enzyme Activities During Composting

Microbes in the compost pile cannot directly metabolize the insoluble particles of
organic matter. Rather, they produce hydrolytic extracellular enzymes to depolymer-
ize the larger compounds to smaller fragments that are water-soluble (Hankin et al.
1976). At this point, microbes transport the substrates across the cytoplasmic membrane
to complete the degradation process (Tabatabai 1994). Analysis of API ZYM™ testing
of poultry litter + yard trimmings compost showed an overall increase in diversity and .
relative abundance of enzymes present as composting progressed (Table 3). The alka-
line and acid phosphatase and leucine amino-peptidase activities were high at the be-
ginning of composting, reaching maximum activity at day 14. The high activity of these
enzymes was probably due to the high organic matter and nutrient content of the poul-
try litter + yard trimmings (Table 2), which stimulated growth of total aerobic bacteria
and subsequent phosphatase and peptidase synthesis. Phosphatases are the enzymes
that catalyze the hydrolysis of organic P esters to orthophosphate (Tabatabai 1994),
whereas leucine-amino peptidase, is an enzyme that catalyzes the hydrolysis of pro-
teins into individual amino acids (Wagner and Wold 1999). These are key reactions in
soils and composts (Garcia et al. 1992b; Tabatabai 1994; Vuorinen 1999). Phosphohy-
drolase showed a moderate level of activity at the beginning of composting and re-
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TABLE 3 :
Relative activity of extracellular enzymes extracted from poultry+yard trimmings
at different stages of composting

—Day0— —Day 14 — —Day 63 — —Day 91—

Enzyme TMB TMB T =B T M B
Phosphatases :

Alkaline phosphatase 4 4 4 Do =5Eeh o b 5
Acid phosphatase 4 4 4 4 4 5 4 9. -9 B
Phosphohydrolase 35%8 37y 3 83 %8 3
Esterases

Lipase 2 4 4 s 3 3
Esterase-lipase 222 4 4 4 4 3 4 4 4
Esterase &2 2 2 33 3 3
Amino-peptidases

Leucine amino-peptidase 3 4 4 4 4 4 4 4
Valine amino-peptidase Ly el 2 2
Cystine amino-peptidase 0 0 0 0 0 0 00 00
Proteases -

Chymotrypsin 0 0 0 0 6 0 0 2 0 0 o0
Trypsin 0-0..D 00 0 0 0 0
Glycosyl-hydrolases

e-galactosidase 2552 52 2D 3s3:23 i
B-glucosidase Bie8ncs G 3 3 3 3 3 3
N -acetyl-B-glucosaminidase Lol 1 el i L i )
e-glucosidase s 1A fo ok 1 43
p-galactosidase hjg 41 [ 000 SRR 000
B-glucuronidase 0 00 0 =00 Dz 0 ) 200
a-mannosidase 3 B e NS e b RISHEE A iz
e-fucosidase 0.0 0 0 0 0 058, -0 0.0 0

T=top; M=middle; B=bottom. Value of 1= low activity; 2~4=moderate a\‘.‘ﬁVit_v,'. value of 5= high activity.

mained at this level uniil the end of composting (Table 3). Overall, moderate levels of
lipase, esterase-lipase, and esterase activity were observed at the beginning of com-
posting. The activity of esterase-lipase and esterase increased as composting pro-
gressed, while lipase activity declined to a low level by the end of the testing period
(Table 3). Cystine amino peptidase, chymotrypsin, and trypsin showed no evidence of
activity during the entire period of composting (Table 3). Of the eight glycosyl-hydro-
lases, only «-galactosidase, B-glucosidase, and N-acetyl-8-glucosaminidase showed
any significant activity, fluctuating between low and moderate activity. The activity of
e-mannosidase was low while p-galactosidase, B-glucuronidase, and «-fucosidase re-
mained undetected during the entire testing period (Table 3). Higher values of g-glu-
cosidase activity were observed the beginning of composting (Table 3), where the pop-
ulations of fungi and actinomycetes were higher (Figure 3b and 3c). Hayes (1986) has

found fungi to be the primary source of B-glucoesidase in soil.
In the present investigation, B-glucosidase, which is involved in the hydrolysis of

cellobiose, showed significant positive correlation with fungal (» = 0.98) and actino-
mycete (r = 0.77) populations. However, correlation between p-glucosidase and fungi
was higher (Table 4). Fungi and actinomycete populations also had significant posi-
tive correlation with B-galactosidase (enzyme involved in the hydrolysis of lactose)
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TABLE 4
Coefficient of determination () for the relationship between
microbial parameters and enzyme activities

Ezmyme Hetero Ammoni Nitri Denitri Actino Fungi Coliforms
Phosphatases :

Alkaline phosphatase -0.72* -046 -0.46 -0.07 -0.21 -0.49 -0.23
Acid phosphatase -0.64* -0.31 -0.29 -0.50 0.39 0.13 -0.53
Phosphohydrolase -0.02 021 0.25 -0.18 0.30 0.44 -0.13
Esterases

Lipase 0.16 -0.16 -0.17 0.44 -0.65* -0.79* 0.30
Esterase-lipase -0.80* -0.89+ -0.90 -0.53 025 025 -0.73*
Esterase -0.58* -0.55 =50 -0.98* 0.5 0.69* -0.94%=
Amino-peptidases
Leucine amino-peptidase -0.50 -0.53 -0.52 -028 0.14 -0.16 044
Valine amino-peptidase - -0.58* -0.55 -0.59* -0.98™ Q.95 0.67* -0.947
Cystine amino-peptidase 0.00 0.00 0.00 0.00 0.00 0.00
' Proteases

Chymotrypsin 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Trypsin 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Glycosyl-hydrolases :

a-galactosidase -0.58* -0.55 -0.59* -0.98* 0.95** 0.69* -0.94%+
B-glucosidase : 0.16 0.31 026 -0.51 0.77% 0.98** -0.28
n-acetyl-B-glucosaminidase -0.45 -0.08 -0.20 -0.38 0.42 0.33 -0.42
a-glucosidase 0.00 0.00 0.00 0.00 0.00 . 0.00 0.00
B-galactosidase : 0.82* 0.94m 0.94% 0.62* -0.34 0.19 0.81%
B-glucuronidase 0.00 0.00 0.00 0.00 0.00 0.00 0.00
a-mannosidase - =047 -0.10 -0.28 -0.49 0.39 0.32 -0.42
a-fucosidase 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hetero=total aerobic heterotrophs; Ammoni= ammonium oxidizing bacteria; Nitri=nitrite oxidizing bacteria;
Denitri=denitrifying bacteria; Actino= actinomycetes; Coliforms= total coliform bacteria.

(Table 4). Fungi and actinomycetes are microorganisms involved in the decomposition
of polymeric substances such as cellulose, hemicellulose, and lignin (Epstein 1997). In
the present investigation, the population of fungi and actinomycetes were positively
correlated with esterase, valine amino-peptidase, a-galactosidase, B-glucosidase, and
lipase. Of all 19 enzymes, a-galactosidase (another enzyme involved in the hydrolysis
of lactose) had the most significant positive correlation with microbial populations,
such as total aerobic heterotrophs, ammonium and nitrite oxidizing bacteria, denitri-
fying bacteria, and fecal coliforms (Table 4).

API ZYM™ characterization and quantification of enzymatic activities of poultry -
litter + yard trimmings reflected the dynamics of the composting process and may pro-
vide information about the biochemical fertility of the composted product. The en-
zymes tested in the present study may also be used as a good index of qualitative and
quantitative fluctuation of the amount of substrate at different stages of composting,
since these enzymes are substrate-inducible enzymes.

Summary

The population size of different microbial groups was not a limiting factor in this
composting process as the microorganisms in the pouliry litter + yard trimmings
compost are greatly in abundance. The population size of total aerobic heterotrophs,
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actinomycetes, fungi, ammonium and nitrite oxidizers, and denitrifying bacteria
were reduced by high temperature, but multiplied rapidly during the cooling phase.
The numbers of fecal coliform bacteria were significantly reduced, suggesting that
the poultry litter + yard trimmings was relatively free of such potential pathogens
after forced aeration composting. Extracellular enzyme activities generally increased
as composting progressed, indicating that the microorganisms are able to effective-
ly and rapidly synthesize enzymes required for degradation of polymeric substances
in the poultry litter + yard trimmings such as cellulose, hemicellulose, and lignin. In-
creases in the numbers of fungi and actinomycetes (microorganisms actively in-
volved in the degradation of cellulose, hemicellulose and lignin) corresponded to in-
creases in esterase, valine amino-peptidase, a-galactosidase, B- glucosidase, and
lipase activities. Results of this study represented a combined activity of a wide suc-
cession of environments in the compost piles as one microbial group/enzyme over-
lapped the other and each emerged gradually as a result of continual change in tem-
perature as well as moisture content, O, and CO, level, and prog‘resswe breakdown
of complex chemical compounds to simple ones.
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