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Abstract

The aims of this study were documented the use of microbial products from shrimp farmers in
Songkhla and Nakhonsithamarat province, to thier treatment efficiencies from shrimp aguaculture in from
of Chemical Oxygen Demand (COD) and enumerate the composition of microorganisms in microbial
products. Interviews were conducted with 66 shrimp farmers in the two major shrimp producing regions.
It was found that farmer in the study used on average 59 different commercial microbial products. The
results indicated that most shrimp farmers commonly treated shrimp pond water prior to and during the
cultivation by using microbial products was 82% and not use was 18% of investigated farmers, respec-
tively. It was found that the microbial products were used in three main purposes, namely for water
treatment, feed additive as probiotic and for both purposes were 66 %, 24% and 10%, respectively. These
product labels were indicated the composition of microorganisms comprising of Bacillus spp, lactic acid
bacteria, nitrifying bacteria, denitrifying bacteria, yeast and fungi were following 54%, 17%, 10%, 4%,
8% and 3% of overall microbial products, respectively. Bacillus species were the most commonly bacteria
found in microbial products, which consist of Bacillus subtilis 45%, B. licheniformis 16%, B. megaterium
11%,  B. polymyxa 8% of overall microbial products and other few Bacillus spp. For the microorganism
enumeration results was found microorganisms comprising lower than product label information. It was
also found the amount of bacteria, yeast and actinomycetes in overall microbial products were 2.0 x
106 - 8.0 x 106, 103 - 6.0 x 105 and 103 - 9.0 x 103 cfu/g, respectively. Evaluation microbial product
efficiencies were found that mostly commercial microbial products have shown low treatment efficien-
cies for shrimp ponds water improvement.
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™’«¿“æ (Probiotic) 24% ·≈–„™â∫”∫—¥πÈ”‡‡≈– “√‡ √‘¡™’«¿“æ 10% µ“¡≈”¥—∫ ¢âÕ¡Ÿ≈√–∫ÿ„π©≈“°À—«‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑’Ë
‡°…µ√°√„™âª√–°Õ∫¥â«¬®ÿ≈‘π∑√’¬å™π‘¥ “¬æ—π∏ÿå‡¥’Ë¬«·≈–™π‘¥ “¬æ—π∏ÿåº ¡ Bacillus spp. 54%, Lactic acid bacte-
ria 17%, Nitrifying bacteria 10%, Yeast 8%, Denitrifying bacteria 4%,  ·≈– Fungi 3% µ“¡≈”¥—∫  ”À√—∫ “¬
æ—π∏ÿå¢Õß·∫§∑’‡√’¬ Bacillus spp æ∫¡“°∑’Ë ÿ¥„πÀ—«‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑“ß°“√§â“ª√–°Õ∫¥â«¬ Bacillus subtilis 45%,
B. licheniformis 16%, B. megaterium 11%,  B. polymyxa 8%  ·≈–  Bacillus  “¬æ—π∏ÿåÕ◊Ëπæ∫Õ’°‡≈Á°πâÕ¬ °“√
π—∫®”π«π‡™◊ÈÕ®ÿ≈‘π∑√’¬å„πº≈‘µ¿—≥±å®ÿ≈‘π∑√’¬åæ∫«à“º≈‘µ¿—≥±å®ÿ≈‘π∑√’¬å à«π„À≠à¡’®”π«π‡™◊ÈÕ®ÿ≈‘π∑√’¬åπâÕ¬°«à“∑’Ë√–∫ÿ
‰«â„π©≈“° ‚¥¬π—∫‡™◊ÈÕ·∫§∑’‡√’¬ ¬’ µå ·≈–·Õ§µ‘‚π¡—¬´‘ ‰¥â¡“°∑’Ë ÿ¥ 2.0 x 106 - 8.0 x 106,  103 - 6.0 x 105  ·≈–
103 - 9.0 x 103 cfu/g µ“¡≈”¥—∫ °“√∑¥ Õ∫‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ„π°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ”„π∫àÕ‡æ“–‡≈’È¬ß°ÿâß
‚¥¬«—¥®“°§à“°“√∫”∫—¥ “√Õ‘π∑√’¬å„ππÈ”∑‘Èß®“°ø“√å¡‡æ“–‡≈’È¬ß°ÿâß æ∫«à“À—«‡™◊ÈÕ®ÿ≈‘π∑√’¬å∑“ß°“√§â“ à«π„À≠à¡’
ª√– ‘∑∏‘¿“æµË”„π°“√ª√—∫ª√ÿß§ÿ≥¿“æπÈ”®“°°“√‡æ“–‡≈’È¬ß°ÿâß∑–‡≈

Introduction

The shrimp farming industry is an impor-
tant economic sector in many Asian countries,
including Thailand, which is the worldûs top
producer. However shrimp has generated huge
volume of wastewater farms (Tavarutmaneekul and
Tookwinas, 1995). Currently, intensive shrimp
culture in Thailand has rapidly expanded especially
along the coast during the last decade. Intensive
shrimp farms need large amounts of feed to
support high densities of shrimp, and flush
correspondingly high loads of wastes into coastal
waters, lead to eutrophication (Sansanayuth et al.,
1996). A serious problem confronting the shrimp
farming industry in Thailand is that of attaining
equilibrium between levels of shrimp production
and water quality that will assure adequate profits
and protect water supplies. The two significant
components of pond environment are water and
sediment that interact continuously to influence the
culture environment. Accumulated sediment was
known to be undesirable. Problems associated
with accumulated sediment occur when excessive
organic material builds up causing the release of
ammonia (Wang and Fast, 1992; Avnimelech,

1996). Shrimp farm discharges contain consider-
able quantities of organic carbon, nitrogen and
phosphorus in receiving waterways, which can lead
to eutrophication (Sansanayuth et al., 1996). There
is a growing interest in water recycle system
throughout the shrimp farming industry. Water
recycle, combined with effective water treatment,
is essential for improving water management for
most shrimp farms.

Generally, shrimp farmers improve water
quality in shrimp ponds by enhancing the
mineralization processes and preventing the
accumulation of organic matter. Bioremediation or
bioaugmentation is a concept of reducing organic
wastes to environmentally safe levels through the
use of microbial products. Examples of common
bacteria involving to mineralization of organic
wastes are in genera of Bacillus, Pseudomonas,
Acinetobacter, Cellulomonas, Nitrosomonas and
Nitrobacter (Thomas et al., 1992). Currently, there
are several kinds of microbial products available
in the market for aquacultural activities. Live
bacterial cells, enzyme preparations, plant and yeast
extracts are also used in aquaculture ponds to help
in mineralization processes of organic wastes
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such as Effective Microorganisms or EM (Boyd
and Gross, 1998). However, the efficiency of
commercial microbial products is being questioned
on the limited environments such as the only
active in freshwater condition but less is effective
in brackish or saline water (Shariff et al., 2001).
To date there has been no convincing demonstra-
tion of commercial microbial products efficacy.

The aims of this work are to survey the
available commercial microbial products, commer-
cial microbial inoculum products composition, used
of microbial products from shrimp farmers and
potential their treatment efficiency used for water
quality improvement in shrimp ponds.

Materials and Methods

Microorganisms

Seven commercial microbial products
obtained directly from shrimp framers were com-
pared the wastewater treatment efficiencies.  These

products were Bacillus subtilis 1070 (Asian
Aquaculture Cp., Ltd., Thailand), All baczyme

(Allvet Co., Ltd., Thailand), Bactapur-N300+

(International Ecological technological Inc.,
Canada), Biobaczyme (Planet Aquatic Chemi-
cals Co., Ltd., Thailand), Treat sludge (Topvet
Co., Ltd., Thailand), Naturebac (Nature vision
Co., Ltd., Thailand) and Bactocel (Thai Tech-
nology Agriculture Co., Ltd., Thailand).

Synthetic shrimp farming wastewater

The synthetic wastewater composition mim-
icking to shrimp farming effluent was prepared.
The wastewater compositions was 2,400 ± 650
mg/l total COD, 1,200 ± 210 mg/l soluble COD,
160 ± 25 mg/l total Kjedahl nitrogen, 5.9 ± 0.7
mg/l ammonia-nitrogen, 10 ± 1.2 mg/l phosphate,
salinity approx. 25 ppt. (as 2.5% NaCl) and
pH 7.5. Details of its composition are shown in
Table 1.

Shrimp feed (Grobest-2) Chemical Oxygen Demand 1.5 (as 1,200 mgO
2
/l)

Artificial sea water MgSO
4
7H

2
O 0.25

KCl 0.5
CaCl

2
 2H

2
O 0.25

FeSO
4
 7H

2
O 0.001

Sea salt 20
Inorganic carbon NaHCO

3
0.5

Ammonium sulfate Total ammonium nitrogen 0.024 (as 5.9 mg NH
4
+ -N/l)

Phosphate K
2
HPO

4
0.044 (as 10 mg PO

4
3--P/l)

Table 1 Compositions of synthetic shrimp farming wastewater for reactor experiments

Component Constituent Concentrations (g/l)

Source: Modified from Shan and Obbard, 2001
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Survey of microbial product usages from shrimp

farmers in Songkhla and Nakhonsithamarat

provinces, Thailand

Information of commercial microbial
products utilization was surveyed by interviewing
and sending questionnaires in order to know how
many these products were used from 66 shrimp
farmers in Songkhla and Nakhonsithamarat
provinces, Thailand. In addition, the methods of
product preparation from commercial were inves-
tigated. The method preparing commercial micro-
bial products and conventional microbial products
before used such as fermented in molass, vegetables,
fish and starch. The composition of microorgan-
isms presences in 59 products of commercial
microbial products were counted depends on
details available from product labels.

Enumeration of microorganisms in commer-

cial microbial products by viable plate counts

technique

The microbial densities of seven represen-
tatives of commercial microbial products were
enumerated for microorganisms per gram of
products by using culture-dependent method with
conventional media.  Commercial microbial
products were appropriately diluted in 0.1%
peptone water before being cultured. Estimation of
total plate counts on Trypticase soy agar (TSA),
Yeast extract malt (YEM) and Actinomyces
Agar (AA) being added 2.0% NaCl  were carried
out according to the pour plate techniques (Clark,
1965)

Evaluation of microbial products treatment

efficiency of shrimp farm effluent

Seven commercial microbial products ob-
tained directly from shrimp farmers were compared

the wastewater treatment efficiencies.  These
products were Bacillus subtilis 1070, All
baczyme, Bactapur-N300+, Biobaczyme, Treat
sludge, Naturebac and Bactocel. Ten ml of
collected samples were cultivation with 100 ml of
sterile synthetic shrimp farming wastewater.
Primary cultivation was performed in a 250 ml
flask and applied the agitation with rotary shaker
at 200 rpms at room temperature (28-30 ÌC) for 6
days. The effluent samples were collected when
were operated for 6 days and analyzed for the COD
content by using Merck Spectroquant COD test
kit (Merck Ltd., Germany). Two products were
selected according to their COD removal efficiency
performance for evaluating effect of
bioaugmentation to shrimp farming wastewater
treatment in 1 L reactor under room temperature
condition. Mixing and aeration was achieved by
bubbling air through the reactor. It must be noted
that this experiment was focused only the COD
removal efficiency. The effluent samples were
collected at 0, 1, 3, 5 and 7 of operational days
and analyzed the COD content.

Sampling and analysis

Collected samples were analyzed COD
concentrations using commercial test kits from
Spectroquant (Merck Ltd., Germany).

Results and Discussions

Shrimp framing industry have given
negative image in countries that import shrimp,
among environmentalist within the producing
countries. There is an increasing interest in an
environmentally friendly shrimp culture within the
shrimp farming industry and efforts to reach a
sustainable production are being made. Thus shrimp
farmers used microbial products instead of
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Figure 1 Survey results of the proportion the
microbial product usage in Songkhla and
Nakhonsithammarat province.

chemicals (Grashlund and Bengtsson, 2001).
Application of commercial microbial products in
aquaculture ponds is rapidly increasing as
probiotics, disease management strategy and
improving water quality are referred to as
bioremediation products (Gatesoupe, 1999) There
are several commercial microbial products
marketed for aquaculture use to clean up the pond
bottom, maintain good water quality and improve
shrimp health particularly for intensive shrimp
aquaculture practices. However, the beneficial
effect of using such microbial products in
aquaculture is still debatable, as their efficacy is
yet unclear. In Songkhla province, Thailand,
several imported microbial products are being used
in shrimp farms but no attempt has been made to
verify the performance of these products. These
investigations were shown the high proportion of
commercial microbial products usage in Songkhla.
It was also found that the microbial products were
used in three main purposes, namely for water
treatment, for feed  additive as probiotics and for
both purposes. From their labels, they mostly
comprised of Bacillus spp. The lower number of
microorganisms enumerated on suitable medium
than the information claim in the products labels
was found. The efficiency of commercial micro-
bial products was limited for only the freshwater
environments and may be less effective in
brackish or saline environments. A few microbial
commercial products can removal COD in
synthetic shrimp farming wastewater.

Survey of microbial product usages from shrimp

farmers in Songkhla and Nakhonsithammarat

province, Thailand

A wide variety of commercial microbial
products were commonly used to treat water and

sediment of ponds in shrimp farming as well as in
shrimp hatcheries. These studies aimed to survey
the use of microbial inoculum from shrimp
farmers in Songkhla province, Thailand and its
potential of water quality improvement in shrimp
ponds. From 66 shrimp farmers was found that
mostly shrimp farmers treat water in shrimp
ponds prior to and during the cultivation by using
commercial microbial products and other
methods, which were found at 73% and 17%,
respectively (Figure 1).

From the survey results, it was found 59
types of microbial products were available
commercially on the market. It was also found that
the microbial inoculum were used in three main
purposes, namely, for water treatment at 66%, for
feed additive as probiotic at 24% and for both
purposes at 10%, respectively (Figure 2). The
treatment concept relies on the microbial species
composition in aquaculture ponds can be changed
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by adding selected species to displace deleterious
common bacteria. Success depends upon defining
the ecological process or processes to be changed,
the type of deleterious species that are dominate
and the desirable alternative species or strains of
bacteria that could be added. Competitive exclu-
sion is one of the ecological processes that allow
manipulation of the bacterial species composition
in the water and sediment (Moriarty, 2000). These
productsû label were indicated the composition of
microorganisms comprising of Bacillus spp, lactic
acid bacteria, nitrifying bacteria, denitrifying
bacteria, yeast and fungi were 54%, 17%, 10%,
4%, 8%, and 3%, respectively (Figure 3). Bacillus
species are commonly found in marine sediments
and therefore are naturally ingested by aquatic
animals such as shrimps that feed on the sediment.

An  advantage of using Bacillus species is due to
they are indigenous microorganisms, some species
can produce proteolytic enzyme, capable of
producing endospores (Moriarty, 2000; Devaraja
et al., 2002).

It was also found that there were many
Bacillus species containing in the products, those
were Bacillus subtilis 46%, B. licheniformis 17%,
B. megaterium 11%, B. polymyxa 8% and other
few species as show in figure 4.  Panpormmin
(2002) found that Bacillus subtilis and Bacillus
licheniformis dominated in shrimp framing
sediment using culture-depend method. Several
farmers pointed out that they regarded microbial
products to be a more environmentally friendly
alternative to chemicals. In spite of the size and
importance of the shrimp framing industry,

Figure 2 Survey results regard to the purpose of the microbial products usage from shrimp farmers in
Songkhla and Nakhonsithammarat provinces, Thailand.
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Figure 4 Percentage of 12 Bacillus species commonly found in the commercial microbial products used
from Shrimp farmers (data were obtained from product labels).

Figure 3 Percentage of major type of microorganism from commercial microbial products used by
shrimp farmers in Songkhla and Nakonsrithamarat provinces (information was obtained
from product labels).
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documentation of the quality and quantity of
commercial microbial products used during
farming is scarce.

Enumeration of microorganisms in commer-

cial microbial products by viable plate count

technique

To obtain the number of microbial cells
claimed to present in the commercial microbial
products, seven commercial microbial products
obtained directly from shrimp farmers were
enumerated on suitable media.  These products
were Bacillus subtilis 1070, All baczyme,
Bactapur-N300+, Biobaczyme, Treat sludge,
Naturebac and Bactocel. It was found that the
total plate counts of Treat Sludge and Bacillus
subtilis 1070 showed higher number of bacterial
enumerated on Trypticase Soy Agar with 2.0%
NaCl addition, namely  8.0 x 106 cfu/g in both
products. Total plate count of commercial
microbial products were found in range of <103 to

8.0 x 106 cfu/g from each commercial microbial
products. The highest number of yeast enumerated
on yeast extract malt agar that being added with
2.0% NaCl were also found in Biobaczyme and
Bactocel , among of both were 6.0 x 105 cfu/g.
The highest number of actinomycetes enumerated
on actinomycetes agar was found in Bactapur-
N300+ was 9.0 x 103 cfu/g (Table 2). Generally,
it was found that there were lower number of
microorganisms enumerated on suitable media
than were claimed from the products labels. This
may be due to the efficiency of commercial
microbial products was limited for only the
freshwater environments and may be less
effective in brackish or saline environments,
shelf life and storage conditions.

Evaluation of microbial products treatment

efficiency of synthetic shrimp farm effluent

The efficacies of commercial microbial
products were tested in treating synthetic shrimp

Bacillus subtilis 1070

All baczyme

Bactapur-N300+

Biobaczyme

Treat Sludge

Naturebac

Bactocel

Table 2 The enumeration of microorganisms presence in 7 commercial microbial products by standard
plate count technique on 3 cultural media.

nd: not determined due to contamination

Commercial

microbial products

Trypticase Soy Agar

2.0% NaCl (cfu/g)

Yeast Extract Malt Agar

2.0% NaCl (cfu/g)

Actinomycetes Agar

2.0% NaCl (cfu/g)

8.0 x 106

2.0 x 106

nd

7.0 x 106

8.0 x 106

2.0 x 106

6.0 x 106

<103

5.0 x 104

1.0 x 104

6.0 x 105

7.0 x 104

2.0 x 104

6.0 x 105

<103

2.0 x 104

9.0 x 103

<103

<103

<103

7.0 x 103
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Figure 5 Chemical oxygen demand (COD) treatment efficiencies of synthetic shrimp farming
wastewater by 7 types of commercial microbial products.

farming wastewater. This experiment was focused
only for COD removal efficiency. The effluent
samples were collected at 0, 1, 3, 5 and 7 of
operation days. Seven commercial microbial
products obtained directly from shrimp framers
were compared their wastewater treatment
efficiencies.  These products were Bacillus subtilis
1070, All baczyme, Bactapur-N300+,
Biobaczyme and Treatsludge. It was found
that Bacillus subtilis 1070, All baczyme,
Bactapur-N300+, Biobaczyme, Treat sludge,
natural and control (sterile synthetic shrimp
farming wastewater) gave COD removal efficien-
cies at 35%, 50%, 47%, 61%, 82%, 27% and 0%,
respectively (Figure 5). The overall results showed
that the Biobaczyme and Treat sludge gave
higher COD removal efficiencies than other
products. Subsequently, two products were selected
according to their performance of COD removal
for evaluating effect of bioaugmentation
experiment in 1 L glass reactor. The synthetic

wastewater composition was prepared to
mimicking the shrimp farm wastewater. It was
found that Biobaczyme and Treat sludge can
remove COD from synthetic shrimp farming
wastewater up to 62% and 72%, respectively
(Figure 6).

Conclusions

It was found that shrimp farmers at 82% of
the studied population commonly used commer-
cial microbial products. These products were
either used to treat the water or sediment, or apply
directly to the shrimp feed as a probiotic. Some
products used to improved water quality also were
contained enzyme and bacteria. Mostly farmers
used commercial microbial products containing
Bacillus spp. The products administered in the feed
were used to enhance shrimpûs digestion, while
the purpose of water and sediment treatment was
mainly to increase decomposition of organic
matter and to out-competed pathogenic bacteria.
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Several farmers understood the benefit of the
microbial products and regarded as environmen-
tally friendly alternative to chemicals. Commer-
cial microbial products were indicated the
composition of microorganisms. From their
labels, they comprises of Bacillus spp, lactic acid
bacteria, nitrifying  bacteria, denitrifying bacteria,
yeast and fungi at 54%, 17%, 10%, 4%, 8%,
and 3%, respectively. Bacillus species were
commonly found in marine sediments and
therefore are naturally ingested by aquatic such
as shrimps that feed on the sediment. It was found
that the number of microorganisms obtained
from culturing method were lower than those
indicated on productsû label. The efficiency of
commercial microbial products is limited for
only the freshwater environments and may be
less    effective in brackish or saline environments.
A few microbial commercial products can removal
COD in synthetic shrimp farming wastewater.

Figure 6 Profiles of Chemical oxygen demand (COD) concentrations from synthetic shrimp farming
wastewater when compared the use of two selected commercial microbial products.
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