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Abstract

The aim of this study was to determine the effects of dry
chicken manure fertilizer (DCF) on the accumulation of off-flavor
compounds (geosmin, GSM and 2-methylisoborneol, MIB) in water
and sediment of tilapia ponds. Different doses of DCF application at
the rate of 0, 187.5, 375.0, 562.5, 750.0, 937.5 kgfha/week were
designed for treatments 1-6 respectively, Water quality parameters,
Biovolume of cyancbacteria in water and actinomycetes in sediment
were also investigated. Off-flavor compounds (GSM and MIB) in
both water and sediment were examined using SPME and GC-MS,
The result showed that GSM in sediment, ammonia-nitrogen and
phosphate-phosphorus in water increased when the doses of DCF
increased. No correlation between water MIB and the doses of DCM
was observed. GSM in sediment was highly correlated with the
number of actinomycetes in sediment while there was no correlation
of actinomycetes with MIB in sediment. The levels of GSM were
higher than MIB in both sources. This study implied that GSM and
MIB in sediment played the role in the off-flavors problem in fish.
Therefore, the management of the sediment in old fish ponds
should be concerned.
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INTRODUCTION

Since aquaculture is a major export industry in Thailand, high product quality
and food safety are the major goals to ensure global competitiveness. Although there
is a great diversity among culture systems, pond culture is the most commonly used
system. Most tilapia culture is in ponds supplemented with organic or inorganic
fertilizers. Under these conditions, natural food organisms supply substantial amounts
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of nutrients required by fish (Lovell, 1989). Presently, most tilapfa pond culture is
dependent on green water establishment with fertilizer application, which, in turn
relies on natural food community.

It was reported that nuisance odor, especially musty odor in water sources
used for various purposes, such as agriculture, the water supply, food industry and
fisheries, is the worldwide problem (Suguira et a/, 2004). In aquaculture activities,
the problem facing the production was the accumulation of off-flavor in fish flesh
caused by the presence of trace organic compounds in water and soil. The most
troublesome odors are GSM {GSM) and 2-methylisoborneol (MIB) associated with
cyanobacteria (Izaguirre ef &/, 1982) and actinomycetes (Whangchai et al., 2008)
which were difficult to remove from the water (Montiel, 1983). GSM in river water
affected rainbow trout farms in UK (Roberson ef &i, 2006). In wild and farmed
freshwater fish in Asia, the earthy-musty tains was reported (Yamprayoon and
Noomhorm, 2000). The threshoid level of GSM and MIB was 1.5 pg/ kg. (Robertson
and Lawton, 2003)

In our previous study, tilapia cultured with green water was contaminated
with off flavor (Whangchai ef a/, 2008). This study aimed to determine the levels of
GSM and MIB in both water and sediment of red tilapia ponds which applied different
dry chicken manure levels. The target of this study is to improve culture system for
better fish quality

MATERIALS AND METHODS

Experimental site and design and chicken manure application,
The study was carried out using six treatments with three replications. Treatment 1
was no fertilization; Treatments 2-6 were applied with dry chicken manure at the rate
of 187.5, 375.0, 562.5, 750.0 and 937.5 kg /ha/week. Dry chicken manure containing
1.5 % totai nitrogen and 1.7 % totai phosphorus was applied weekly. Water depth
was 0.80 m. in average. Water was added weekly to replenish evaporative loss,
seepage, and percalation.
Assessment of GSM and MIB

Water and sediment samples were analyzed GSM and MIB using GC/MS SPME
(Casey ef at, 2004). Ten milliliters of water or 5 g. of dry sediment mixed with 10 ml.
distilled water was placed in a glass container, then 1.9 g of NaCl and 5 ml. of
methano! were added. The vial was sealed with a crimp cap-fitted with a veton
septum (Supelco).

The sample was then heated to 65 °C and exposed to the SPME fiber for a
12, minute absorption period while undergoing vigorous agitation. The autosampler
was equipped with a 1 c¢m long divinylbenzene/carboxen/polydimethylsiloxane SPME
fiber (Supelco). The fiber was withdrawn from the sample and desorbed at 270 oC for
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5 minutes in the injection port of an HP 6890 gas chromatograph equipped with a
5973 mass selective detector (Agilent Technologies, Palo Alto, CA). For qualitative
analysis, the oven was at 60 °C for 1 minute, then the temperature was programmed
at 15 °C/min to 220 °C and maintained for 8 minutes.
Analysis of water quality parameters
The data was deigned to collect every 2 weeks. Physical and biological
'parameters were measured including ammonia, dissolved oxygen, nitrate, nitrite,
orthophosphate, pH and temperature according to standard methods (APHA, 1989).
Chlorophyll @ was measured in the laboratory following Saijo (1975). Biovolume of
cyanobacteria was carried out as descried by Rott (1981). The actinomycetes in
ponds sediment was also investigated following standard methods (APHA, 1989).
Calculation and statistical analysis

Data were analyzed using SPSS (version 11.5) software package to assess the

level of significance at the 5% level. Analysis of variance (ANOVA) was performed
with the parameters, Duncan’s multiple-range test for variables was used for

comparisan of the treatments.

RESULTS

Water quality parameters

The water characteristics for all treatments were presented in Table 1.
Chlorophyll a, ammonia- nitrogen and phosphate-phosphorus in water increased
when the doses of DCF increased. Temperature was in the range of 29.5+0.5 -
30.2+0,5 C°.

Table 1. Water qualities (mean + se) in experiment treatments.

Parameters Chicken manure application (kg/ha/week)
0 187.5 375.0 502.5 750.0 9375
Temperature 30.0+0.4 30.120.5 30.2£0.4 30.2£0.5 29,9x0.5 29.5+0.5
{c)
pH 7.05+£0.08 7.97+0.18 7.71+0.21 7.54+0.19 8.19+0,19 7.75£0.06
Dissclved oxygen 4.7910.50 5.93+£0,94 5.70+1.17 6.14+1.53 7.51%1.15 8.11+0.79
{mgt.*)
Chlorophyll 2 28.27+5.26 128.06+17.86 145,40+12.29 175.19x18.26 275.36+87.14 249.60+63.80
{pat™) :
Ammonia- 0.22+0.04 0.39+40,02 0.36+0,02 0.65+0.01 0.51+0.02 0.89+0.32
nitrogen (gl ™)
Nitrite-nitrogen 0.009+0.002 0.035+0.024 0.007+0.001 0.013+0.001 0.014+0.001 0.014£0.001
{mgt")
Nitrate-nitrogen 0.1040.06 0.14+0.05 0,22+£0.128 0.41+0.16 0.37+0.20 0.22+0.02
(mgl™)
Phosphate- 0.2740.08 0.46+0.06 0.48+0.05 0.57x0.04 0.81+0.13 0.83+0.12
phosphorus
{mgL"}

*Values in the same row, not sharing superscript letters are significantly different (p<0.05)
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The accumulation of GSM and MIB in water

Figure 1. presented the accumulation of GSM and MIB in the water. The
range of G5SM and MIB in ponds water were 13.8-22.0 ngf/l and 0-17.2 ng/l,
respectively. The highest concentration of GSM was in treatment with chicken manure
of 562.5 kg/ha/week (22.0.ng/l) and the highest concentration of MIB was in
treatment with chicken manure of 937.5 ka/ha/week (17.2 ng/l). Both water GSM and
MIB were not directly dependent on fertilizer application.
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Figure 1. Accumulation of GSM and MIB in tilapia ponds water

The accumulation of GSM and MIB in sediment

The concentrations of GSM and MIB in tilapia ponds sediment were shown in
figure 2. GSM accumulated into the sediment was higher than MIB. GSM
concentration in sediment increased when increasing of DCM. The range of
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Figure 2. Accumulation of GSM and MIB in sediment of tilapia pond
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Thereby, there was a declining concentration of GSM at high fertilizer loading (937.5
kg/ha/week, GSM 216.7 ng/kg). However, 2-methylisoborneol was highly
concentrated into the water (17.2 ng/kg) if the fertilizer inputs were high but lower at
soil bottom.
Biovolume of cyanobacteria in ponds water and Actinomycetes in
sedimentof

Biovolume of cyanobacteria in ponds water and Actinomycetes in sediment
were investigated. The result biovolume of cyanobacteria was the highest in the
treatment with 187.5 kg/ha/week (Fig. 3). The number of actinomycetes in pond
sediment (Fig 4) tended to increase with the increasing of chicken manure. The
highest number of actinomycetes was observed in treatment with highest dose of

chicken manure.
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Figure 3. Biovolume of cyanobacteria (mm?/m?) in red tilapia cultured in tilapia
ponds after culture

DISCUSSION

Most tilapia culture is in the ponds added with organic or inorganic fertilizers
(Lim, 1989). Organic manure promotes natural food webs that improve tilapia
production (Diana and Lin, 1994), Based on the results chlorophyll a increased with
increasing DCM. This study also revealed that GSM in sediment increased when
increasing of DCM. It is reported that GSM and MIB are produced by several species
of cyanobacteria, including Oscilistoriz sp, Lyngbya sp, Phromidium sp, and Anabaena
5p, as well as some genera of Strepfomyces, Nocardia and Micromonospora in aguatic
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environments (Gerber, 1967; Tsuchiya ef af, 1978; Sugiura ef al, 1983). In previous
study, we found that GSM in fish flesh was strongly correlated with both chicken
manure loading and number of actinomycetes in ponds sediments. In this study,
GSM, and MIB were found in both water and sediment. GSM in sediment was highly
correlated with the number of actinomycetes in sediment while there was no
correlation with MIB in sediment. Excess fertilizer accumulated in the pond sediments
led to the proliferation of actinomycetes (Whangchai ef. &/ 2008). Juttner and
Watson (2007) reported that Streptomyces could produce GSM 52 ng/mg (dry
weight) and some benthic cyanobacteria such as Oscillatoria spp, Phormidium spp,
also produced GSM. MIB was produced by planktonic cyanobacteria such as
Planktotrix spp. and some benthic cyanobacteria such as Oscillatoria spp, Phormidium
spp, (Juttner and Watson, 2007). This study found that both GSM and MIE in
sediment were very high in sediment compared to that in water, It is possible that
high levels of GSM and MIB in sediment mainly caused off-flavors problem in fish.
Hence, the management of the sediment in old fish ponds should be concerned.
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Figure 4. Actinomycetes in red tilapia ponds bottom soil which applied different

dose of chicken manure.
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