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SUMMARY

I. Title

Environmental improvement and productivity elevation by using probiotics in shrimp

culture ponds

IT. Purpose of research

. Search of environmental and biological factors of shrimp culture pond

. Search of usefullness of bacteria for productivity elevation of shrimp culture pond

. Development of microbial agents for environmental clean-up of shrimp culture pond

. Search of effects of probiotics on water quality

Search of improvement of control of diseases and productivity elevation by using

probiotant in shrimp culture ponds

M. Contents of research

1. Environmental and biological factors of shrimp culture ponds

2. Population dynamics of Neomysis japonica in shrimp culture ponds

3. Search of beneficial and harmful bacteria isolated from shrimp aquaculture

8.
9.

1

pond
. Environmental clean-up of shrimp aquaculture pond by microorganisms:
microbiological removal of nitrogens and phosphorus
. Microbiological treatment of contaminated environment derived from farming
feed in shrimp aquaculture pond
Search of usefullness of bacteria isolated from shrimp aquaculture pond
Development of microbial agents for environmental clean-up of shrimp
aquaculture pond
Effects of probiotics on water quality
Studies on aquaculture environments in shrimp ponds
0. Study on improvement of water quality and control of diseases by using

probiotic bacteria in shrimp ponds

IV. Result of research

Several environmental factors including dissolved oxygen, water body temperature, pH,

salinity, NHs-N, NO2-N, NO3-N, chlorophyll a affecting on the growth of shrimp were

examined.



The range of water temperature and salinity was 23.8~33.1C and 175~31.2 ppt,
respectively. The range of  dissolved oxygen was 5.08~8.22 ppm. Concentrations of
NHs—N, NO2-N, and NO3-N dissolved in water samples were determined to 0.024~0.034,
0.003~0.020, and 0.004~0.009 mg/L, respectively. Chlorophyll a content was examined in
the range of 0.002~0.118 ug/m". In order to understand the distribution of different bacteria
in water samples collected in shrimp aquaculture, bacteria were isolated and enumerated on
the marine agar plates. Total number of bacteria were increased to approximately 6.5 x
10", Thirteen predomonant bacteria were isolated and identified. The species composition of
zooplankton in shrimp culture pond (rearing Fenneropenaeus chinensis) was llspecies. The
species density was 59,399 ind./m”.

This study was population dynamics and sexual maturation of the Neomysis japonica
that lived in shrimp culture pond. N. japonica was collected once a month from October,
2002 to September, 2003 at Soonchunhyang University Sea Marine Products Research
Institutes shrimp culture pond which was in Dangam-ri, Nam-myeon, Taean—gun,
Chungnam Province.

The analysis of the sex ratio showed a higher proportion of females than males. On an
average, male carapace length was larger than female (2.31 mm for female and 2.42 mm
for male).

Brood size increased isometric functions of female body size. The size of N. japonica at
50% sexual maturity was estimated as 448 mm. Estimation of growth, mortality and
recruitment patterns were analysed by ELEFAN based on monthly length-frequency data.
Parameters of growth were estimated, using the modified von Bertalanffy growth function
(VBGF) model incorporating seasonal variation in growth. N. japonica females grew faster
and reached a larger size at age earlier than males. The mortality rate (z) calculated by
length—converted catch curves was 3.46 yr '. N. japonica annual recruitment pattern showed
two major peaks. Regression coefficients of log—transformed total length on log-transformed
carapace length showed a significant relationship. Results showed that male carapace length
and total length were larger than female.

The feasibility of using probiotic bacterial cultures, with the ultimate aim for the
environmental cleanup and disease—control in aquaculture, was explored.

For N/P removal works, this work is focused on the bacterial elimination of nitrogens
and phosphorus as aquatic contaminants. Enriched -cultures capable of removing
nitrogen/phosphorus (N/P) were obtained from water samples collected from a shrimp
aquaculture farm. Several strains were isolated from the enriched culture on solid media
containing N/P. Among the isolates, two excellent N/P removers, CK-10 and CK-13 were
screened for this work. Microscopic examination of these strains revealed Gram-positive
and rod-shaped cells.

For identification, physiological analyses using BIOLOG system were performed, and

these strains indicated that the bacteria could be assigned, and designated as Bacillus



subtilis CK-10 and Bacillus thurigiensis CK-13, respectively. These strains, CK-10 and
CK-13, were registered to GenBank as [AY941803] and [AY941804], respectively.

Removal of nitrogens (NH;, NO;, or NOs) or phosphorus (PO,”) was studied with
single cultures or co-cultures, CK-10 and CK-13 in the media containing different
concentrations of N or P in 250 ml Erlenmeyer flasks under aerobic conditions.

Complete elimination of 400 uM NH; in single cultures, CK-10 or CK-13, was achieved
within 60 hours or 24 hours, whereas co—cultures of CK-10 and CK-13 removed 400 pM
NH,; within 12 hours of incubation. Similar results were obtained from the test cultres
containing 400 uM NO: or NOs in the media.

Both single culture, CK-13 and co-culture, CK-10 and CK-13 showed complete
elimination within 12 hours. However culture CK-10 removed 400 uM NO: completely
within 36 hours. CK-10 culture grew 400 uM NOs; but displayed only a partial removal,
but CK-13 culture and the co-cultures were eliminated to completion within 60 hours and
36 hours, respectively.

The removal efficiencies of POs in the concentration range of 125~500 pM by single
cultures or co—cultures were examined. Complete elimination of PO was obtained from
the two single cultures and co-culture within 60 hours of incubation.

Based on the results, simultaneous removal of all nitrogens and P in marine media was
monitored in the co-cultures. As the results, 400 pM NH; and 400 uM NO, were
eliminated within 12 hours and NOs; within 36 hours, and 500 uM PO, was completely
disappeared within 36 hours from the media. The work demonstrated that co-cultures
accelerated the concurrent removal of N/P from the media.

Sugars contained in feed for fish was analysed by HPAEC-PAD system. As the results,
the order of sugars contained in feed was glucose > galactose > galatosamine > mannose
> fucose. Without the inoculation of the cultures, little leaching of N/P from 0.2% (w/v)
feed was measured. Significant removal of leached N/P was observed after after the
inoculation of CK-10 or CK-13. Co-cultures showed effective removal of leached N/P, and
all leached N/P disappeared completely within 84 hours.

The results of this work demonstrated that co—cultures showed the synergic effect to
remove N and P. In consquence, combination of Bacillus sp. CK-10 and Bacillus sp.
CK-13 proved to exert effect N and P removers. Simultaneously removal of nitrogens or
phosphorus was studied with co—cultures under aerobic conditions in bench-scale cistern.

0.01% (w/v) Farming feed contained approx. 224.3 uM NH;', 190.7 uM NO., 125.3 uM
NOs, and 1056 uM PO which could dissolved within 144 hrs of leaching in aqueous
solution followed by bacterial removal.

Complete bacterial removal of NO: leached from 0.01%6 feed was achieved within 72
hrs, and NH; and PO, were removed to completion within 144 hrs, respectively.
Co-cultures displayed only a partial removal of NOs (94%) during the given period. The

work demonstrated that co-cultures, CK-10 and CK-13 showed simultaneously effective



removal of N/P.

Microbial agents were manufactured by mixing and drying of co cultures, CK-10 and
CK-13. The two types which are powdered and liquid were manufactured. Microbial agents
showed simultaneously effective removal of N/P.

The second part in this work is to evaluate and characterize the antibacterial activities
to disease—causing bacteria by bacteria isolated from marine environment. Strains JK-8 and
JK-11 were screened from water samples of aquaculture farm and were developed to grow
on MRS media for lactobacilli. Microscopic examination of the isolates revealed
Gram-—positive and rod-shaped cells.

The physiological and biochemical analyses using BIOLOG system were carried out to
identify the strains. Analyses of the carbohydrate utilization profiles based on the GP2
Microplate placed JK-8 and JK-11 as Lactobacillus species with confidence of over 97%.

On the basis of the results, the isolates could be assigned to Lactobacillus plantarnum
JK-8 and L. hilgardii JK-11, and designated as Lactobacillus spp. JK-8 and JK-11,
respectively. JK-8 cultures pre-grown in MRS liquid media was tested for the removal of
different nitrogens - NHj', NO;, and NOs; in the concentrations range of up to 400 pM.
Complete elimination of NH; and NO, to 100 to 200 pM was achieved within 3 hours.
JK-8 cultures were able to partially eliminate 400 pM NO; whereas NOs; in the
concentration range of 100 to 300 pM was eliminated to completion within 12 hours.

Two strains, JK-8 and JK-11, were tested for the changes in the optical density at 660
nm associated with cell growth and production of organic acids.

Increase in organic acids paralled the cell growth in JK-8 cultures. Lactic acid and
acetic acid were detected as the major intermediates in the growth media in this work.
Their concentrations were reached to the levels as high as 192.8 mM of lactic acid and
43.6 mM acetic acid, respectively. The initial pH decreased to pH 3.8 during the incubation.
JK-11 produced only small amount of lactic acid and acetic acid, and the initial pH 7.0 to
pH 5.4.

The killing rate of disease—causing bacteria to fish was examined during 0.5~4 hours
of incubation with 5-fold cell-free concentrated supernatants. The killing rate of the
pathogens was affected by the supernatants depending on the bacteria. Both Vibrio harveyi
and V. parahemolyticus were significantly susceptible to the supernatants derived from
JK-8 and JK-11, and killed within 30 mins by JK-8 and 90 mins, respectively. Complete
elimination of Streptococcus pyogenes and FEdwardsiella tarda were achieved within 4
hours after exposure of the supernatants, JK-8 and JK-11 under the same conditions.

The bacteriocidal activity using plate diffusion method against the target bacteria was
determined with the supernatants. Without pH-nonadjustment of JK-8 culture, the
bacteriocidal activities against test bactera were observed in the plates because of low
values as pH 3.8, whereas little inhibition was observed in the pH-adjusted cultures. In

pH-adjusted and pH-nonadjusted cultures of JK-11, the strong bacteriocidal activities were



shown on the target bacteria in this experiment.

Detection of intermediates was based on HPLC methodology. The chromatograms
demonstrated that both lactic acid and acetic acid could be successfully resolved under the
analytical conditions. GC-MS analysis was performed to verify these organic acids. Both
Lactobacilluis spp. JK-8 and JK-11 had strong bacterial activity. However the antagonistic
activity of JK-8 against the target bacteria was due to the organic acids produced, and the
bacteria treated with the supernatants of JK-11 demonstrated no growth onto the plates
because of bacteriocin. Bacteriocidal activity of bacteriocin obtained from JK-11 was
determined by radial diffusion assay. Among 72 fractions collected from RP-HPLC, the first
fraction showed the strongest bacteriocidal activity in this experiment. Molecular mass of
bacteriocidal substance derived from JK-11 was measured by Tricine SDS-PAGE and the
value was determined as approximately 4 kDa.

In consequece, both N/P removers, Bacillus spp. CK-10 and CK-13, and bacteriociders,
Lactobacillus spp. JK-8 and JK-11 proved to exert effective strains tested in this work and
they have a considerable potential for use as probiotic bacteria.

To determine effective concentrations and kinds of probiotics improving water quality,
changes of nutrients in rearing water were investigated after shrimp larvae, juveniles and
adults were cultured with different concentrations of probiotics in small and large tanks. It
was confirmed that all five probiotics changed toxic ammonia and nitrite nitrogen into
nontoxic nitrate nitrogen and improved water quality.

To investigate environments of shrimp ponds for application of probiotics, changes of
water quality and bacterial status were monitored from two shrimp ponds in Ganghwa Is.,
Incheon from May to July, 2005 and the disease infection rate of parasites and viruses
were also examined from farmed shrimps.

A shrimp pond in Seosan, Chungnam-do was treated with probiotics and maintained
under heterotrophic conditions from July to September, 2005, and water quality, shrimp
productivity and disease infection rate in the treated pond were compared with control
pond. The treated pond showed better water quality, higher productivity and higher
survival rate than the control pond. It was confirmed that providing probiotics to shrimp
ponds and maintaining heterotrophic conditions can improve water quality and enhance

productivity and survival rate of shrimp.
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concentrated supernatants for 6 hrs. Arrows indicate the punctured

CEIl ENVEIOPES  ++#resreeseessessessessesses sttt 124
Scanning electron micrographs of Edwardsiella tarda treated with Jk-11
concentrate (X5) (A) untreated cells (B) cells treated with 5-fold
concentrated supernatants for 6 hrs. Arrows indicate the punctured

Cell envelopes ................................................................................................................ 124
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Probiotics 18] =ojol A ek w2 19654 Lillye} Stillwellol o&] Aoz ALE% <A
3, " AE Ao dbdIt sk o v WEks] gkt Probioticse] @A WhA Jld S 19744
Parkerell ol3] Ful mAES dFd =S Fv 24 Ee V@Ei AN, 19894
Fullers A T+ 520 dia] Wl 59 AES MAAA 5004 fd3 a5 &
Fofole= HAESY by e S HGEEZA 55 gi& §d aE T AdAAe
HAols Ea Ay Mde AH3I T (Kaur et al, 2002; Gatesoupe, 1999; Fuller, 1989).

Probiotics & hH = PR3 el AF A wE RoiE Y A 2 A

Z =

48, 4N AR W AL, IS, Poholel 2 £

E
rO
Zio

HZ A5 FEUWS A s oA 59 Jies Za e Ao
A E} (leayama and Rafter, 2000; Yoon et al., 1998; Saavedra, 2001). ©]&]3} o]
HHEA 75 AFSZ probioticsE ol &8tH = AF7F EEHA o] FojAa 3

Probioticsell 9l it &= 7154 AFo2E BEF, A4 E, FAT AEA, 55 FF
o] A At} (Saavedra, 2001; Ger et al, 2005). Probiotics® ©o]&%+= wAE

FEnterococcus, Lactobacillus, Lactococcus, Leuconostoc, Streptococcus a8
Bifidobacterium “s°] $2°.H, 015 bl 7Hd @Wol ol e tEAdd mAES
Lactobacillus$} Bifidobacterium®= 2t (lactic acid bacteria)S o] &3 A7} &astA o]
Fo]x a1 9t} (Chung et al, 2003; Kim et al, 1994). Pool-Zobel et al., 19962 #H= tii o
2 GAAE (single cell) oA FH1A=5A (genotoxic) EHE =74 3F+= comet assay

M F38le probiotics $X T2 Lactobacillus acidophilus, L. Gasseri, L. confusus,

o ol -

Streptococcus  thermophilus,  Bifidobacterium  breve, a8 B longum &<
N’ -nitro-N-nitrosoguanidine (MNNG)$} 1,2-dimethylhydrazine (DMH) & 2ol 2]3] DNAZ}
£ B e FHAEAA &3 (antigenotoxic effect)S UEFE 2SS Hels 9l
Zamfir et al., 20002 Y& AF 25 ®2l%¥ Lactobacillus acidophilus IBB 801¢] &
@] acidophilin 801& AJAtstar WYX Al Escherichia coli®t Salmonella sp.2] &S
Algtrta B sk o

Probiotic= 2 S17HY} S4 715S o2 A& A o} o= dFAES
2l bl 7hA] o] &t Al H AT S Ao R o7k AESA A S Hdde] tig I
FRgoR AWETA A4S = nAEd gld £ o2 probioticse] ©]&H 7 W& M
At} (Gatesoupe, 1999; Ringo and Gatesoupe, 1998). 5=4F %kl Al ol A probioticsE &
o2 =Yd AFEE Kozasa, 1986= ¢&EA Qla, 198 dAold EGo=HE Fg
Bacillus toyoi+ Edwardsiella sp.ol g WAool HAS &9 4 Jdvtar Husyg. 1
% probiotics= A=Wl AE, ofF, HF, I AT T FALEAY A BE ok ZAH A

| S RaEoAa 3tk (Lim, 2004).
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(
o~

Selvkebel A9 G4 19709 vl sk 80T el FHAAI Aol BAe] AzEo] wasg
om, 19939 o] Fm AjSe] ANFE Az s)Mo] A Wik olUe} ANBA, ol AE,
HAg 5487 vel L velgs A ol #A 47} o Selym

Q= FAlolM, 53 wel WAY ANFS Fasha Aok (3 FFAR, 2000)
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2) 9¢d v&= 4

Ak B otiet ASFAF FRAEA A AgSFE FeR d23] o) Ajgete] At
72 (NHi-N, NO2N, NOs-N, POs-P)#t Gdds wAsta Ao 7erds #E2 54
ShlaL AbF &l FApHA F ket Aulex B ckARAE HideR FHgeiel A
AN At ddds 24 S s

Aa skl AL AT AHR SARCd xdH Q= dEYor A
(NH4-N), oFd4F A4 (NO»-N), #2F A4 (NOp-N)9| w=s ZAAsdr & 24 (T-NE
°ls wEE ¥stol AAs dEYel Aae Mg FAGNA AFAS ot =AR

il

25 mlE FH3ste], 100 ul = €93 100 ul sodium nitroprusside &S #7138}
100 ml alkaline citrate®} 25 ml soldium hypochlorite solutionS &3¢ 3fe] vt
solutione 250 ul H7}ste] "ol xpeksE oA 1A17F Fot Hh3Al 7l & F3 %= 640 nm oA
ZJG%;}O% u]a XL/Ht‘ﬂ- 743}:/d9_ o] o}oq 0]-13]/]0}_ x1/\/] k_o_ 73;(40} 1;} } =

HH EAE 5 mlE #Hse], 100 ul sulfalnylamide €< (0.5%, w/v) 4131 5837 W23k S,
100 ul N-(1-naphthyl) ethylenediamine &<} (0.1% w/v)S ¥o] &3tsle] 128-7F whs

T 8% 543 nmol Al SAste] mg g JFd & o] &ate] ofHAF HAo 4& AAs)

A AxE oyE EAE 10 mle FH3se], 2 ml sodium chloride & (30%, w/v)3 %13k
FAS 15 FAAZ A 10 mlE Yol AA EEo] WZEAt oJ7]el 05 ml
YA 2 & 95Tl A 2013 7FERES A1AH, SA] 5=

| §5tol A

brucine-sulfanylic acid &%
7t 25C7HA] WZbste], 3% 410 nmolA FA3ste] vy Ak dHAME
AAiol s A

O

NEZHIAE] T2 2 dEd 842 1A 2/ A4S 3 Al55 2000 ml sample
= 1000 ml& Ao A =4 Formaldehyde® HZ % %7 oF 3% 1As ] A=z 2nt
A oA A mE JAAND 5 FSHS 7 siphon'd2lel o st
A R2E McAlice?] A WHol| wel A2 st & Sedgewick-Rafter 37 H o
ol 200 mlE =471 & S-R counting chamberZ A}&3te] w7 (CK2 Olympus)S ©]
&3kl (X200 4 Alge] MAlFE Alg ek 42 (X400~1,000)001 4 A8k A .

THTHEE Y5t FHE A4 (Margalef 1958), 54 A4 (Pielou 1966), —1#]i $-%
= A4 (McNaughton, 1968)2 A&, A7 vy = %4+ (Shannon and Weaver 1949)

& w

H’ = ->pi log pi
pi=ni/ N

pi= AA EdF TolA A Fo] AAAG= HEelH, o7 N AT SA 2
= [e]

2238a SAHAS A-FHEY 222dad WsS Absk7] 95k
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AHT EA]E 1 LE pore size’} 045 mmSl membrane filter (Pall-Gelman, East Hills, NY,
USA)Z Aq3stdth 50 ml A FE FHA oJ3A 7l membrane filtere} 90% ©FAl& 10 ml
Z FHol| ¥ #AAMOE membrane filterE oFAE &do #71A 3 T FHO wpjE 9
4T A 244 7F WA o, o] = 4000 rpmol A 20837F AAEE 3t AsdS Mo F

S o] 83t4 630 nm, 645 nm, 663 nm, 750 nmol A 27}l FFEE SHsIAUT ol hx
Ed3E 90% ot ES NS ALEER o, Jeffrey (1976)2] Alatalol wiel FRZ2da FS At

FAFY sFEA e FEA FAAES AEAA #AFZS HI AFAE FEE WY
NORPAC net (4 2174 45 cm; W5 0.08 mm)E AF&3te] A FolA ES7HA oF 1 m/sece
SEE 4 APstATh BAAA A5 AdAE FHoE FA9 AP APE &
ZHIFEL Ao 24 FA4 ragdon uAS T AHANA MAFTE =AY AE
Fe TotAth sEEFAES AT A AstedA 4 ER EE ERstd e, £do] €4
st 7 §-of & Plankton sample splitterE AF-&3to] 1/2 WA 1/42 &30 e85 daAES
7be e S E7hA Eeta, g A ek Afole S ER HE Fo R, ATE oe
@49 ANATE BAES

=] il [e] %
uls ="sto] 37ColA 2~3 A3F widkate] AAE HES AT & w5k Al
Fol me Pkl Fujsh Aaol P4, 2ew Aot Exo gate] BAEAG
-G gel HAsE T AAE 43
b kA W Ashe 2golel AW BY aARA

3
AT A5 FAol (Neomysis japonica)®] A{-L 20021 1095 20039 9€97H4] &

ot i wgeotgo AAlst ST fEFAAT A (FY 360 40, 54 1267 187)
A Al A F3rel E 18] 2R s

Aol AHEHE nete= F FRACH EF AFYS 74 50 cm, 2ol 190 cm, FEHA7]7F
330 wme]™, hand netoll AF8¥H AL F7 245 cm WE=27]7F 50 melth. AR AL AHE
o] A# sleleke AEE kel 60~70 cme] ZoldlA Mo hand neto® A A =

FREHEANAFE 70 cm Zolo A AP APE EES FA 10%9 T4 =R
TAgate] 24A13E Foll 5% LEFE AT F LA A

fo ob ri
Ru)

I

by

O

r
=
ru
o
fit

—|~
ofo
ol
o
8 _l[N

o Agulsh AAEe) P
Aol 4 TR ALY AANE TAY FE5e] A 2 vjckele] WA (penis) FF

59 (oostegite) FFE aFAMA StellA wEto] FEHOH, dE Gul= TS FE
g Al sk ¢F - FE RS 5 FA Wi dA Y HE (F/ME UERAY A
FE=AFozA AordAddn 4 (OLYMPUS SZX12)¢] olmx] B Al ~® (Image analysis
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software Version 4.5)& ©|-&38te] =W 7 ANA H2he] A sUPEA7A &2 712
7744 (Carapace Length @ CL)S 0.001 mm7H4] 374 3k%]

t} A4 % (Size at sexual maturity)

2Aolo] FAHFE A&k dFHe AGS A A T XS IS FAHsta A3
g HE 7 A AFEE vy 2 22X 2E wA2d o FAHSFAT (Campbell
1985).
p 1
[1+ exp(a+ bCL)]

71l P A%, a9} b ZA2E WA A5 CLES #A3S Yebdt. A5 F
A2 SYSTAT Version 10.09 H]’43 344 (nonlinear regression analysis)< o
o, 85 % (CLo)® 35 a9t b9 H2X 78 5 Atk (CLs) = |a/b | .

74 (OLYMPUS SZX12)& o] &3}o]
= 39tk = vl @A (Embryonic stage), ==& ¢~
Al (Nauplioid stage) a8 3 =Z9$2% @A (Postnauplioid stage)o|th (Ma, et al., 2002).
wok o dAE A dig x@5E 3| A4 S h

rﬂ mﬁ

uh A AP R 7

MA T 237 oy ?9] AZNE Fxe 47303 773 2 dAE ez AdE
mm {HA O RE Wil ZF A Al tig AR FEASE dvEbd 9 g eRE A
55 o]&3sle WIHE von Bertalanffy growth function (VBGF)o| 2J&] o]Fojx oy
(Pitcher and MacDonald, 1973; Pauly and Gaschiitz, 1979; Pauly et al., 1984), o]& g &2z}
A7 Wi (Lo, K, C, WP)S 382 A He 3% (55 o|8% FISAT I Version
1.00 2239 ELEFANS o] &3

Lo tAlY #24, Lot ol&4 A #244, K& AEAT toe AFo] 04 we dA#, C
UEld = ol HL‘F ts= WP (Wintering point; ¥

= AAAQ WMEacle] ArE Z AF
o] 7} =4 A71E o gk v 24 e ghelA 058 W gto= Fetdh AFEde
w2 HlxzzgE FISAT IO Version 1.0.0 EEZE‘JA ELEFANS] Hl®¥4 SAWH

(Non-parametic method)< ©]-&3to] F4 3t J kel s vluwsty] & Loot
& o]&3te] Pauly and Munro (1984)¢] Wie] whal A B]—”—X]T (Grown performances Index,
¢ )8 TtATh

=
B

_36_



g’ = logiwK + 2 - logiLe

7= -4 33 AR (pooled data)e] A Wi/l G ARE o] &35lo] o] F
sttt =3 AAMR AT A iR E ol &t Aol AFE =
A LEFSR At FiES FAHHoE e AEE AT 3AZ S In(%N/
UeRol A, N2 A2 A5 toll tigh 7ioln, Ate dzgaelol A 4%

= YERAT (Pauly, 1983; 1984).

ML L) o KL) KL

ALy, L,) 2

A7) A N AF AT Lidk Ly AHele] A, At A LidlAl L7kA] Adadshsd dee
A ZE = 2 AGAS A AE, Ce ATE 7HE7id, 71L710 27 b AANS AT =
=3
7F A4 )2 34 =4 BxoA HAa 4 ATy sSAY =FE D7 L, foin
HAo =55 7H @4 A9 T9AY S5 E A7 b foax®t S, 7FY 42 L= o
=3 2ot

;= ! vin f min 1 L ooaxc /-

b fmin+fmax

7} 58S von Bertalanffy A &2 3 G wfHFS o) &ste] FAE 1 €9 14 F HIER
EEdA Age B2 HA HAAG IF 37 A#A o A% 73 9
AFEXE FiISAT O Version 1.0.0 Z 2132 NORMSEP (Hasselblad, 1966)2 ] st 4
e s a=

A% ol &sto] Aol et FAFstA T AL 7)o AR 2
golol A TEAFozZA AAddAATE (OLYMPUS SZX12)9] ojux] FEAA| 2~
(Image analysis software Version 4.5)& o]&3slo] &= 7| AoNA 72+ A S7FE=
Y7hA] g2 Al 2 (Carapace Length @ CL)# mjA 9] <21 % (Total Length : TL)
7HA1E 0.001 mm7bAl S38sk ok A AdS 3 AEAS oL V&9 AHs Haldy|
e A FEAHEA (Analysis of Covariance: ANCOVA)S o] &3t}

iﬂ%«] HIZ R F 9] xpo]l= Kolmogorov-Smirnov two-sample test® AA3FI T (Sokal
and Rohlf, 1995). ¥ Au] =Z}o]i= Chi-square test® HA3FAch o - F=3+e 73zHd 27]
H = ANOVAC  uiEs we vx2s #ZA4 9He Mann-Whitney U-test9}b
Kruskal-Wallis test& &3 1ol digh xolE& HAsA. #A24dy xadgo FadadA=
S|IAEAS st A AGe AAdAAE IAEA F Ay vt 7]&7]e] Hla
5 TS Estel EAEGTh olyd mE SAEAe HHFH Z=adl MINITAB

_|_,le”_..’
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Al

Z Q9]
[e)

S
6Hl-
o]

23.8~331C= FHuseo] 30C

3|
A
=2

-

R

)

=
R

H

589

]_
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bel gt A

B2 175~31.2 ppt= WH3}9

>=
o

°
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A 3 4
ZAL7]
ks Al o

Version 12.13 SYSTAT Version 10.0
[ex]

LASFA% 874 2 4

=

= ok A (Fig. 2-2).

H

27} 822 ppml & A =&

EP
2 FAHEY (Fig. 2-3).
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Fig. 2-2. Changes of water salinity during investigation period
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Fig. 2-3. Changes of dissolved oxygen (mg/L) during investigation period

(2) dYd =9 st
A TEs dEYol A ofdAl A4, At A4S 44 SASAY. A= 58 28

O
ARE 99 269 Fot 1738]o] Ax AAEHAJT NHy -N9 2+ 0.024~0.034 mg/19] HE S
o (Fig. 2-4), NO, -N¢| &%+ 0.003~0.020 mg/1 (Fig. 2-5). ®£3F NO; -N9| X% 0.00
~0.009 mg/19] A& YHEFHAT (Fig. 2-6).

O

FA% e obRare Az 24 Aol 0005 mg/ldl A 0020 mglE ZrheE Aol B
glovt, ghEel Axst WA ArE vha Aasgvh e F A0 Fe muy 233

A A= e
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Fig. 2-4. Changes of NH4s -N (mg/L) during investigation period
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Fig. 2-5. Changes of NO; -N (mg/L) during investigation period
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Table 2-1. Chlorophyll a variation picking periods of shrimp culture pond waters (ug/mg)

> NV O ©

VNN
szﬁ SRS RS

EAR A3 L A Chlorophyll a H] 31
1 May 28, 2003 0.002
2 June 12, 2003 0.003
3 June 19, 2003 0.003
4 June 26, 2003 0.002
5 July 3, 2003 0.009
6 July 10, 2003 0.018
7 July 16, 2003 0.006
8 July 23, 2003 0.004
9 July 31, 2003 0.007
10 August 7, 2003 0.009
11 August 14, 2003 0.008
12 August 21, 2003 0.01
13 August 28, 2003 0.012
14 September 5, 2003 0.009
15 September 12, 2003 0.015
16 September 19, 2003 0.02
17 September 26, 2003 0.013
0.025 [~ oo

4 oo

(@]

‘E’ 0.015

@©

% 0.01

)

2 0.005

O

0




2-2), & 11%, 59,399 ind./m’= ‘}epwtth.

T8 FHETY 159 4 dEE AyEY, AW
sp.7b 222,099 ind/m’Z b ¥ Ho|Qon, vk
154,273 ind./m’ Z@3tAt}.

Table 2-2. Species composition of zooplankton in shrimp culture pond

516%616%7%EJ 74 749 749 7€ 8%8%8%J 8%9% 94€ 99 9¢

Species/Date 281 21 92 63%] 10 16 23 31 791 14 21 28 501 12 19 26
Spionidae larvae ® k& ok k%
Nautiluca scintillans ® & & & & ok ok ko ko ok % %
Gastropoda larvae ® k%
Sagitta crassa * % ® % * O
Copepodid larvae % k%
Acartia hongi * T N N T T T
Centropages abdominalis  * % k% k% k% k% k% k% *
Eurytemora pacifica * *
Labidocera rotunda * * % * x %
Harpacticoid copepoda * ® ok ok ok ok k% * x k% %

Noctiluca scintillans

Gastropoda larvae ]

Sagita crassa

Farella sp.

Copepodid larvae
Spionid larvae [|

Copepods

0 100000 200000 300000
ind/m?

Fig. 2-8. Species density of zooplankton in shrimp culture pond
o AR WU AR 2

(D) A2 e AT 24}

_43_



gjot A 9-okal o A | e Al B E marine agar plate Aol ettt o F ATFSFE A
Tt o, e Fxe o =

; B, 2Eal ZF Alstel Ma PAS BElv (Table 2-3). 3
Altare] Waksol= Fig. 2-991 Wely dvh Fig. 2-102 Al g 2ol
a

Table 2-3. Total germ coeffcient and distribution of shrimp culture pond free medical care
(CFU/ml, x 10"

ENE 2R 2} FA S (x 100 EE
1 May 28, 2003 1.53 Az 1A F
2 June 12, 2003 1.29 APz 1B Fan
3 June 19, 2003 1.72
4 June 26, 2003 2.80 AR 1C FHa
5) July 3, 2003 3.90 AR 1D Fa
6 July 10, 2003 6.56 ALZOIE #H o
7 July 16, 2003 6.48 ARZ1F #Ha
8 July 23, 2003 3.29 AP 1G A
9 July 31, 2003 3.02 AR 1H #Fa
10 August 7, 2003 4.10
11 August 14, 2003 4.25
12 August 21, 2003 5.01
13 August 28, 2003 5.39
14 September 5, 2003 551
15 September 12, 2003 498
16 September 19, 2003 5.23
17 September 26, 2003 5.56
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Fig. 2-9. Total germ coeffcient and distribution of shrimp culture pond

Fig. 2-10. The cluster photographs produced by free medical care smear 1. A, 2: B, 3: C,
4. D, 5 E, 6. F, 7 G, 8& H

2. N -F2Fol M2t A0l MAT 935
7h FA A Ol A ske Aol AR A aclEA

ZAFZIZE Eotke]l A Q9 wWIlE AHRY 2 24~308TC= Hit 1632T (+£9.86)9]
W3S yJegigleon 190 24C=2 714 yvskon 790 308C= 74 =4 veytt (Fig.
2-11). 9EE=E 16~35% % Hir 27.23% (6170l om, A 16% = 7F4 A YEeto
w119 3059% = 7Hd =A dEsth (Fig. 2-11). &&3AAEE 4.89~6.94 mg/l2 390
4.89 mg/1= 74 A yehgter 79 694 mg/LE 7 =A YERY I Hi 596 mg/l
(x0.64) = vl A 1 FxE YERWY (Fig. 2-12).

o)
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g

O ND J FM AMJ J A S
Months

Fig. 2-11. Monthly variation of water temperture (A) and salinity (@) from october 2002
to september 2003

DO (mg/L)
o - N w N (@) (e)) ~ (0]

(0] N D J F M A M J J A S
Months

Fig. 2-12. Monthly variation of dissolved oxygen from October 2002 to september 2003

L e I S | ) B

LA olo] AHl= FAMIZE Etel F 1,687 T Aol 96IMA R 57.4%E AR FS L
w, FZo] TIS/NAZ 436% 5 AAste] 7o) &d vl &o] FA Hlgte] ] Ho] &5t
ok ZAFZIZE B €W AulE 20039 3¥9el 2432 7 Eokom 20029 109l 0.90= 7t
& A UER T 20029 109 AQetal EE 7|bset Aol ARG ¥ HWol dsY
o (Fig. 2-13), BAEA A3 F93 2ol7t e Aoz veyd ¥ = 21.20, df =
P<0.05).

ZALZIZE Eebel g Wele dFEe A 1.04~5.08 mmt e, FAe A¢ 1.02~3.63

mm%th (Fig. 2-14). 3 2t (rxFEAAHE el 231 (£052) mmeln], FHe] 242
(£0.48) mm= 2/ A 7} H’ﬁﬂxﬂiﬂ} it el H & ALR YERY. 2AIRE gt



ZAole] A FA ] AF W= BX g ALY A FolF Aelrt = Alew

Elukt}h (Kolmogorov — Smirnov two-sample test ; dmax = 0.141, P<0.001).

3.00
lg female
c 2.00 r T
I
©
&
Q2
o
*§ 1.00 F 4 l
x
(¢b]
(%)
male
0.00 1 1 1 1 1 1 1 1 1 1 1

O N D J F M A M J J A S
Months

Fig. 2-13. Monthly variation in ratio of female/male in monthly samples of Neomysis

japonica

250

200 A O Male

Ml Female

—

(@)

o
|

—

o

o
|

Frequency

a1
o
1

o
1

1.00 1.25 1.50 1.75 2.00 2.25 250 2.75 3.00 3.25 3.50 3.75 4.00
Carapace length (mm)

Fig. 2-14. Length—frequency distribution of male and female Neomysis japonica collected

from october 2002 to september 2003
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2ol = A2 1.04~5.08 mm ol = F 96970 A e A F 20170 A 7F A =E A A
A Ao g VERETH A sk A &1k AE ZA LY BAAES o] &ate] o
= 2 BAAs AU

QTR A

A Hemiy F=4H 50%7F dwel o2 A4 (CLso)< 4483 mm= e T (Table
2-4, Fig. 2-15).

Table 2-4. Parameters for estimation of size at sexual maturity in female Neomysis

japonica collected from October 2002 to september 2003. CLsy indicates a length at 50%
sexual maturity

Equations and details

Species
Proportion mature(P)
Neomysis japonica
= 1/[1+expla+bCL)]
a 3.34
b -0.76
CLso 4.48
r 0.721
P <0.001
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100

Proportion mature

CL 5p=4.48 mm

1.5 3.5 55 7.5
Carapace length(mm)

Fig. 2-15. A logistic function fitting proportion of mature females Neomysis japonica to

carapace length. CLs indicates a point corresponding to a proportion of 5096

=LA olol s dFH 201/MAE FES Az g ET4E 354 mmeolAl 4470, HA ¥
« A7 1.70 mmoll A 371= Alesla, Hd 285 xR E 1655 (2919712
|27 4= e i ] o B R B i e ‘jd-‘ﬂ 1.70~354 mm%la, H HF2AFS 257
(£0.49) mm= YESTH #24gy e s Adzaz \est & 37 (CLdl g s
(EN)9] 3 A% ZA7} InEN=0.654 InCL+1.944 (n=201, r*=0.06, P<0.001)Z u}e}wtt} (Fig.
2-16). o] A= H|Fo] & uf Alggie] WA vHorl= AN Fog AV e AR #
ISesh=

oA 7 (CL)3 & (EN)S] A3aA A2 =409l 45 v @7 (embryonic
stage)ol A& (Fig. 2-16): InEN=0.434 InCL+2.029 (n=60, r*=0.02, P<0.001)& e, ==
$2 @A (nauplioid stage)oﬂfﬂ% (Fig. 2-17): InEN=0.073 InCL+2.410 (n=77, r°=0.002,
P<0.00D)Z2 YES, =Fg$2= ¢ oA (postnauplioid stage)dl A= (Fig. 2-17):
InEN=1.512 InCL+1.240 (n=64, r’=0.22, P<0.001)2 WE}}T} (Table 2-5).
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= 1.5
E o1 f y = 0.4344x + 2.0293
=z L 2
< 0.5 R°=0.0216

O L

0 0.5 1 1.5

In Carapace length(mm)

Fig. 2-16. Relationship between carapace length (CL) and number of eggs (EN) in female

Neomysis japonica (a : Pooled, b : Embryonic stage)
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3.5
3 r » Sagte .
25 | IAPS . MR MBI
2 r % 0:0:‘ ¢

1.5 F . ¢

1t y =0.0734x + 2.4109
05 | R*=0.0017

In Number of eggs per brood

0 0.5 1 1.5

In Carapace(rmm)

35 | y=1.5120x+1.2405 , °
R® =0.2241

1.5

0.5

In Number of eggs per brood

0 0.5 1 1.5
In Carapace(mm)

Fig. 2-17. Relationship between carapace length (CL) and number of eggs (EN) in female

Neomysis japonica (a : Nauplioid stage, b : Postnauplioid stage)

Table. 2-5. Details of linear regressions for ovigerous females of Neomysis japonica. Loge

egg number (EN) is regressed on log. carapace length (CL) “P<0.001
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Species Egg stage Regressions tslope n r

embryonic stage  InEN=0.434 InCL+2.029 046 60 0.02""

N. japonica| nauplioid stage InEN=0.073 InCL+2.410 0.34 77 0.002""

postnauplioid stage InEN=1512 InCL+1.240 061 64 0227

O

3
FAHol AS 1.02~3.63 mma’iguﬂ, oA 9] A$ 1.04~5.08 mm%

H
b 2AF 717 Fet AFAF 025 mm (FA SR ELEFAN Z21#& o] &3 REo g
e BH Azl '}olt— o 293 8€o MR Ayt Edste Aow vehutt (Fig.
_?‘:

4% von Bertalanffy 37 w7l 4+ (Table. 2-6)3 2T},
ol%zﬂzi élfﬂxﬂ%ﬁr AgAFE A2 45 634 mm, 081 year '2 WERRI FA ) B
3.85 mm, 0.88 year = YEMGT B Ao A FART o] dHEo] o WE RAow
UEbs L, Al xe] Ao glojAk hFle] 151, FFlo] 1128 AHFES Aol7t &
o7 HaHglon, AA JHAC gk AAHuAFE 1242 FAEJT ALA] 4 ¥
2AqL A AH$ 099, F=H A 0.90, xd_iﬂ Hiﬂoﬂ A= 0952 YebY AE A
A% Wedol wl Z Aow yetwr Aol =9 Al7I FAFL ¢Fo] 0.80, A0
1 M= 0892 UERY }E}AV]E Ay = Ae 713090 FAEte] A

2
s
IOF.:

= 2 ddH A (Fig. 2-19).

&3 VAT (D)= 34 AW A wiyiEsE o] &ste] ddidE B 2
oglE AW Ao AHEE ARE F3 A FBsA

year ‘& AAFE AT} (Fig. 2-20).

ELEFAN == 77| FAE Al MMFEe Bl F Jje] AdEE w4ds Y
14 A
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Fig. 2-18. Length-frequency distribution, expressed as occurrence of males (a), females (b)

and pooled data (c) of Neomysis japonica from October 2002 to september 2003 and

estimated growth curves. The number in parenthesis below months are indicated sample

sizes

Table. 2-6. von Bertalanffy growth parameters estimated by the ELEFAN analysis of

length—frequency data for males, females and pooled data. L., asymptotic length (mm); K,
growth coefficient (yr'); fy, theoretical age at zero length (yr); C, amplitude of growth
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oscillation, WP, wintering point; @', growth performance index; Fn, score function

Males Females Pooled

Lo 3.85 6.34 4.46
K 0.88 0.81 0.87
to 0 0 0
C 0.90 0.99 0.95
WP 0.99 0.80 0.89
o' 1.12 151 1.24
Rn 0.407 0.419 0.384

7

sf S i
e 57
E
S 41
O
&
g 7]
(4]
g 27
3
O

1 4

0

0 0.5 1 1.5 2 2.5 3 3.5 4

Relative age (age)
Fig. 2-19. Average growth curves for males, females and pooled data

of Neomysis japonica based on length-frequency distributions from
october 2002 to september 2003
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Fig. 2-20. Length-converted catch curve of Neomysis japonica based on length-frequency
data from october 2002 to september 2003

20 r /\

< 15

E=

(]

£ 10t
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(]

o 5 b \
0 N S

One Year

Fig. 2-21. The annual recruitment pattern of Neomysis japonica as identified by ELEFAN
I routine

vl Ao

ZAE 712ol AR FA el A (CL)¥ A (TL)] A#AE SAH FHo=
ekl FAIEA T (Fig. 2-22). 433 719 1H2h3 ) Hd-?%% 7}7} 1.04~5.08 mm3¥} 1.02~
363 mmel™, A AAF FAH Hy Ao W= 747 4.00~21.37 mmI} 4.76~15.70
mmo|th 4ZAI} FHe H A FFHA)LS 747 231 (+052> mmé}t 2.42 (£0.48) mm
2 Uebga, He A% @EFARHS 47 964 (£2.06) mmet 9.90 (£1.94) mm=E LERSE
o] A& Fsto] & Wl ol wis) FA [AFH Aol ¥ & AR vEwnh IR
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Mg AdE EAE 7179 AAs vty fsiA EAHEA ANCOVA & o] &3 A3
714719 zol7F {10tk (ANCOVA: F=0.22, df=1, 1648, P>06). watd FE7]57)
(be=3.631)5 7F4e HHo Hols AN A Fo3 Hol7t de Aoz YEy
(ANCOVA: F= 8408.14, d.f=1, 1685, P<0.001) (Fig. 2-23). 4<& E3 A3} 117
o Wl AT FUHES & 7 Aew, ek A vE A A} HAge] o & A

[e) /\
= & A AT

18
16 y =3.6115x + 1.3062
14 R%=
12
10 r

Total length(mm)

onN A~ O
T

0 1 2 3 4
Carapace length(mm)

18
16 | y = 3.6523x +1.0715 .
14 | R® = 0.8252
12
10

Total length(mm)

oN B~ O
T

Carapace length(mm)

Fig. 2-22. Relationship between carapace length (CL) and total length (TL) in female (a)
and male (b) of Neomysis japonica
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Fig. 2-23. Relationship between carapace length (CL) and total length (TL) in female and
male of Neomysis japonica

Table. 2-7. von Bertalanffy growth parameters estimated by the ELEFAN analysis of
length—frequency data for males, females and pooled data. L, asymptotic length (mm); K,

growth coefficient (yr'); @, growth performance index

Species Parameter Males Females Pooled
Lo 3.85 6.34 4.46

N. japonica K 0.88 0.81 0.87
o' 1.12 1.51 1.24

Lo 12.22 12.43 13.40

L. gracilis K 0.58 0.90 0.60
o' 1.94 2.14 2.04

Lo 10.48 13.51 13.94

A. chinensis K 0.84 0.69 0.64
o' 1.97 2.10 2.09

N 3 & D/d=of ofsh MM E

ot
oM
o
ﬂ

o
o
0x
M
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A 1A AN E
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Lo,

+~ Om

Probiotice= F= 113 &4 755 SR AFEE A gtov HId e s E
21 Aol 7hA] ol &&tAl H AT S FAO el ofgh AESA A 52 W] dE 3
TAgoT AMESH 2-S 3= nARo] Ud =302 probiotics? ©]E€¥W 97 W& I
AT A A Aol A probioticsE Mo Z =YeH AES Kozasa, 19862 <A 3l
a1, 219 Ao A BEdo #RE B3 Bacillus toyoit Edwardsiella sp.ol 79 E w79

A ki BaEAh 7L F probioticst A EWolAE, offF, w7, ¥ A¢H

TR O] A B Fokell A AR EI7F BaE i 9]

Hr AU R AsE TSI of ol Al AHAR] S-S UEhle dast <)
& dATER FAATILL, dis e 2ot LA ENH FEE4E AT 4=
probioticsE #-§3 At Qo v A=A A A #E dyEo] BiE i gtk Rengpipat

A A - 1 A

62 Bacillus sp. S115 234 &2 ol At & NH, 9 NOz s SAT 29 HE =
71l 1.67 mg/ 2 2] NHy 9 25 mg/# NO; 2 ZAHFHJAA, 74 F NHy 9 NO;, = A9 o
Ebubx] ekoktiar W wE g, 1009 <t probioticsE A #] 3 4 Sﬂr AelshA] e HAES T
Aol AAlske] A9 FAS AEEC] 30% ol ST B 13T Queiroz and
Boyd, 1998 probiotics Al S & Bacillus %<5 w7] %23l ’SZS—?E A, Ay 4
o] J§d o] AFuj7]o AL AEEo] FUstE AS A
B oApoE FFAHoR AU F83F probioticsE 7|Eet &7
A AN FAE dode dAas S nAESH AAE T |
(2) A5 A7 dAstE tgde o dJAdS AASE AdeEs wElste gdd

48e +B3H9

A 24 AE 9 u

. =]

A FA Fo A 2 G B A FE marine agar plate Aol 100 ulE Z=w@sle] 37CoA 2~3
A7 wigste A E JES Agsidn & o} At 9] | e JEe] FeE o A
Fd aea Fee] Exo st fRskdc

o2 Al gty 2 Ay 54

Marine agar plateZ5F-E 13 T/F9 AdS B3P om o5 AdEdd thele] FeH e
2ot AldS AASt 2 o] Aol wet Ao AEs FEsken Al
7o FeES ZAsE Y. e srd A1d-E indole A4, methyl red WS-, Voges—Proskauer A

H, 5% P, Aetsl Fls, catalase A4, oxidase A4, citrate ©]&o]F HeS A4

_58_



lithmus milke] #E3} (peptonization) o] F-ol thste] ZA}sFA T}

o] 7h&d =2y AHdS Bt AdEe uiste] ] & diste] ZAMEATE =
o] Fal &S 5w R el filter discE &8 ¥ o7]e] 100 uld FMT FFTAS 5
TFAIA 37TCAA 1~297F st & g0 &AE REGAA FHPAAe P& A#eto] 4
Aottt Apgle] Faf &4 FHe Ea g4 AEY 22 e E AAg ¥, HeCl, &
NS WA A FHEAY JAs HFsto] AAsHATH

th w2 Aol 54

2] Ao 54 o 7hA AeAEstd A83 GN2/GP2 Microplate™ Identification
System (BIOLOG, Hayward, CA., USA)E o|&3slo] FAsA . AHEE 8% = BUG agar
9} 5%<] sheep bloodE &3t3t platedl A = I Y3 5 GN/GP inoculation fluidel & 7
HAEsk ek A A€l S Biolog Turbidimeter (BIOLOG, Hayward, CA, USA)E o] &3}¢
20~63%7FA] gr3=31 GN2 / GP2 MicroPlate®] 9671¢] welloll Z+2F 150 ul® #5331, 30~
37CoA 4~6A17F Sk vttt widE  MicroPlate®] A= AR st on,

MicroLog™ database softwareE 23] %439t}

=

2. mAE o7t A FAF A vA=SA da F 9l AA

A

b4 B I =t =L )

T HQk &A=t B S FFAt ATAa A AFHT EAEES
B 3} vl%7]¥ (enrichment culture technique)S ©]&3te] dAAet S AAT 4+ U=
g%k (mixed culture)S 353+ th (Sudo et al, 1997; Uemoto and Saiki, 1996). &3} wj <
of AR&HE Aok ¢l AA WA= 1 Lo A¥s5 (artificial sea water) (Instant Ocean
France Aquarium System, France)®] 143 mM CaCl,-2H-O, 256 mM MgSO47H:O, 1 pM
FeCl3-7TH.0O, 0.8 uM MgSO4-4H.0, 0.2 uM ZnSO47TH-0E Y1l &2 Yo® 10 mM glucose}
10 mM fructoseE #7lste] 7| EuiX] 2 AFE&t). of7]o Z 49 (nitrogen source) o 24
400 pM (NH4)2S04, NaNO,, T+ NaNO;, 183 209 (phosphorus source) 2 ZA] 500 pM
KHPOs& H7bste] A4 E= <1 (NP AA AdE At #v" ¥ix= 05 N
NaOHE ©]&3te] pH 7.0= 43 & 121 TCAA] 163F 19k st dad wjxd &
sle Estulde HES Fo 25TolA B9 15032 dAstE A" ag7]ol A uj st
3 WFez=HY NP AA A Fid wfjAo] 3ztelo] 27 =ds 47]14 o W
= TEete] & Ao AREetAT olE AAAMTE T 54 =3st7] 918t
of -70CeNA W& Bastdon, dxz 2 AFPS AFAHoE F357 ] “5‘}04 25T, B3
1503] s]dste= 31d e wiFrlol A wi s FA AT

O ol

o
tlo
R

I' _11.) o}m

© {o 2

Ao FEichs w5l Al shets 54 A

b |
A9t ol AAMNTS Luria-Bertani (LB) 124 B3 v x]o] Tdale] d Fete] e stz 3
2ZhS oL, O GA & A dAvjF oz Ao FEEE 5EAS AT e A A
2
A

EAS 2] 98] glucose ©] 894, methyl red-voges proskauer (MR-VP) A]d,
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citrate®} o] o]&o]H  indole A FF, Klingler iron agar (KIA) A&, gelatin ©]-& o] 5
urease =Alo1 5 lithmus milk A8 & AA AT #2902 1% glucoseZb ZFE WA ulj =] o
T Ads A 5, A9 ®stE #Estd e, 05% glucose?t E3E MR-VP wiA|o] ¢
Ats AEH F MR WA A= pH A A2kl methyl redE 3%-& "ol VP wjA o= a
-naphthol 12%-&3 40% KOH 6 << #7F § 72 ®3E #2383y (Benson, 1998). <2 Al
9] citrate o] &oF-E ZA87] $18te] Simmon's citrate A H#AvlA  (Difco, Detroit, MI,
USA)el #eAlds HEe F iAo Ao Wsts #Fetda, 58 FafoiE dolrr] 9s)
of T uAFFAA A AFS JFor 1Y 2= RAS HUbste] et FoddA FHd FA
2 B39t Indole A AlE-S 1% peptone©] ETH tryptone HAA A o] H#FE HE3
&, 20029 Kovac Al%Fs FH7bete] Al@aS 7HHA S50 FHA wA9 A ®stE ##A
th HoSe AAS KIA (Difco, Detroit, MI, USA)el ¥+ HFE3 & uA|vjx FHe A w3}
HEeHA o, gelatin B A o] #FE HF F, HeChis H7tsto] He F9o FHo I4
A3 AL urease B oF= MY WsE #HFAT Lithmus milk A3 lithmus milk
(Difco, Detroit, USA)el & FHE3to] 37Tl A 4841t v &gt & =3} (peptonization)E ¥

Fehgc,

F{

o
jiva)

2
i

.

o

th w2 Aol 54

2y ATEY S 9elA biolog universal growth (BUG) (BIOLOG, Hayward, CA,
USA) 3LA] wxe] makste] 30ToA 2447k wlgatgich #eld AldEL GP2 MicroPlate™
Identification System (BIOLOG, Hayward, CA, USA)E o|&3le] HAE A}t 5%2] sheep
bloodE &% BUG LA #jX|d &= wjY3s 75 GP inoculating fluidol &7 dE3FA
t}. Al dEHS Biolog Turbidimeter (BIOLOG, Hayward, CA, USA)E o] &3] 20~28%
7FA] gkE31 GP2 MicroPlate®] 9671 wellell 2b2F 150wl 73kaz, 30Tl Al 12~24A]13F &<t
w5l Tl MicroPlate= 23 X Biolog MicroStation' NS Al-g3le] AE sty on,
MicroLog'™ database software® Ab-&3sto] EA4&tglct wak Eeadse g 16s rDNA

AN DL BAT] BAGALE T4 A,

rlo

Z+¥E ammonium®] =A S WA A ek ol indophenol blue WS AMgdte] =AYt (Pai
et al., 2001; Aminot et al., 1997). 2133t A 55 045 um syringe filter® o743k & 25 ml # 3},
100 w0 #= €432 100 40 sodium nitroprusside &8 H7bskar, o 71¢ 100 0 alkaline citrate<}
25 ml sodium hypochlorite solutione &3%ale] e Abst&oS 250 w #7hste] Wol Adkd X
oA 1AIZE EQF WS AT WA gEe RFF A (V-55 UV/Vis Spectrophotometer, Jasco
Co., Japan)E Ab&3te] 37 640 nmolA =4 3}9) 3L, ammonium chloride (Sigma Co., St. Louis,
MO, USA)E EFFOE AMgstd] mg] A AFHOoZHE IFFE ammonium® ¥& ZAA A
t}.

(2) NOy

)
ZZE nitrited] =L Griess reaction WHE o] &3] =A 5}

Z

B\
o

N
Q

3t (Uemoto and Saiki,

>



1996). 2 FH 3 A BE 045 i syringe filter® o33 3 5 mE s, 0.5% (w/v) sulfanilamide
£ 100 W = 3 587 WHAFACE 7)o 100 w0 N-(1-naphthylethylenediamine & <Y
(01% w/v)= 2ol Este] 1287 vhAI Y. WA AFe FFFE=AE AL o4
543 nmol A =743} 1L, sodium nitrite (Sigma Co., St. Louis, MO, USA)S X+ O 2 o] &
sto] me AAdgk HeFd o2 HE ZHE nitrited] ¥S AA AT

-|_4 O_L4 o,

& nltrate-J =42 prucine WL o] &3te] =434t (Rhee et al, 1997). 33 A

S5 045 /m syringe filter2 o33 & 10 mlS # 3}, 2 ml sodium chloride &< (30%, w/v)

I RgEaks 1/5 AAZ &4 10 mlE Eol AlA £E5o WzEdth o7]d 05 me

brucine-sulfanylic acid %<& Yl & & 95ToA 2087 71Eukg A A 3 =4 A&
e

2 =
of 7 BTN Wrksa, RHHEAE Agetel 34 410 nmel A Z4skAch 49 F
)

[‘

>

F% 7k potassium nitrate (Sigma Co., St. Louis, MO, USA)E ZTFOSE o] &3sto] w
2HA3 e ek o = R E ZHE nitrated] ¥ A A5

) PO, =74

%= phosphate®] =7 molybdate-blue W& o]&3ke] FAsAT (Sudo et al, 1997).
AHE AFZ 045 i syringe filter® ]33 & 4 mE FH3sto], 04 me ZH A bR F-
o~ 5 249 AL (ammonium molybdate—ascorbic acid)®] £ &H4S YW & H}h 7)o =
FrE HE 597 5 vt HEE S oF 1583 Ao WX & EFFEAE AMESH
o] 37 880 nmolA =AUt =AH FTHE= %k—?: potassium phosphate (Sigma Co., St.
Louis, MO, USA)E #EFEF o2 o] §3}9] g3 A #d 22 5-¥ phosphate®] ¥& 24

sttt

=

\

:L

il

ro

E
AC)

3. A FAFAA FAA AR 3 LAEB L MABESZ AA
7 A ARERNE EEEHE 248 2 SA

AR ol Al —rﬁ]i EEH = 248 Y ds gotr7] st AR 0.2 g= 100 meel ¥
I AZF Z3ke] mE NHY, NO;, NOy, 7283 PO/ o §%%2 Z4etdth AH&H AR (Woo
Sung Feed Co., Daejon, Korea)?] &4 ZWWA 50%, ZAW 7%, Z3& 17%, 2A4H 3%,
Zrg 1%, 1 2.7% Sk

Aot Ql &5 AEE 3A AR pellet Eatste] AH o] &3t AY TapALo| Al HAE 7}
FR2 W5 AgEth MAWE §E5E NHY, NO», NOy, POS 9 A&7 42 o) do A&
g o] o) *.:_1/\]5‘}»\"%.

¢

o Al o st dae 9l AA SH
A G RN SEE = A e AAANE HFHOR AR 02 g& GARAPEA 1]
Al 7FF 2 vEEo] 100 mee] Qle alaell ¥ol &&A17 5, At ¢l AAAES Bacillus
sp. CK-10%} Bacillus sp. CK-135 717z} H£35to] £&59 249} 29 AALES 7474 A3}
Atk Zb sghE o) AFH AL oldel A=d Rl o) AAjstint



S
" o3s FAe7] fleted Ab TheERslE EE de &EAI7|L
HPAEC-PAD (high-pH anion exchange chromatogarphy with pulsed amerometric detection)
2 EA3E). o] &9 HPAEC-PAD Al 2®l% PED2 pulsed electrochemical detector’} -2
¥ Bio-LC DX300 & 600 (Dionex, Sunnyvale, CA, USA)o|t}. A ol&d AH
(column)< DionexA}2] CarboPac PA1 Z ¥ (4.6 x 250 mm, Sunnyvale, CA, USA)& A}-&3}
Attt HPAEC-PAD #&sx4doA flow rater= 1.0 ml/min, A7 208, detectord
wavelength™ 350 nmo] %32, PC10 controllero] 93} A5 o7 39 (injection)® o] &2 5

Aok A4S 98 A= 001 g= 2 M trifluoroacetic acid (TFA) (Sigma Co., St. Louis, MO,

’

o T
%, 045 /m nylon membrane filterol]l o Z}ste] FA AT G FAlo] AREH #4118 (EF

fucose, galactosamine, glucosamine, galactose, glucose, mannose©] %3 tt.

4. A% FAFAA BB AR F84 94
P favire) ®e g w24

ikt (lactic acid bacteria)= w&3t7] flste] d& A G A¢-FAGowFE AT
BARE 03% Bibzgo] ZEE MRS (Difco, Detroit, MI, USA) 1A H 3 #f=]o] s}
3 25Co A wigete] FEu FAdo] gdst g M 25 ZEskAnh A AzRE durd
o7 ALEEE B tile] AdFdFE AFES Y EE AT E S sheep blood agar H Ao =
sto] &3S Rl M &I FATS AdEste], E AFd AMEsAT (Yang et al,
2003). °ol& FAttS #F SAS ALHHoE HESH] fste] -70ToA W& Hasiilo
o, dEw 2 AFE AEH R S8t fste] 25T, &9 1603] A= 3 A wj e
710l 4w k= Al e
L Ak FEjshA Bl AleskA 54

FAbt S 03% Bakzso] 3x3E MRS (Difco, Detroit, MI, USA) 1A H3t wj=x]o] Etalo]
Aol Megt Wi sdshA Feehs Az A g8k 548 2Abe A
b Aol 574

2y ATEY S 9elA biolog universal growth (BUG) (BIOLOG, Hayward, CA,

N

USA) x4 uj#] Falol 30Tl A 24413t vl Falal). ®ele Al ES GP2 MicroPlate™
Identification System (BIOLOG, Hayward, CA, USA)E o|&3le] A E At 5%2] sheep
bloodE &%3 BUG A #jX|d &= wWjY3s #FE GP inoculating fluidol &7 dE3FA
t}. At dEHS Biolog Turbidimeter (BIOLOG, Hayward, CA, USA)E o] &3] 20~28%
7FA] gk331 GP2 MicroPlate®] 9671 wellell 2b2F 150 wdA 73kaz, 30Tl Al 12~244]13F &<t
w3l Tl MicroPlate= 23 X Biolog MicroStation' NS Al-43le] AES sty o,

MicroLog™ database softwareE AF&3}o] %484t}

=2
ki
l'UIj

2h. betol o) @k A AlA
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EaE fAbr 9% AA AA AFS AAEAY. EE AT Lactobacillus sp. JK-89F
Lactobacillus sp. JK-11S MRS Hj A o] v okat itk A28 MRS
Aol A ks FFFo 1% (w/v)7F HE%E JFea 6417 vig § NHy, NOy, 181
NO; & 44 v& =2 H7kdt (Yoo et al, 2003) NH,' ¥ NO, & 100 uM 200 uM 300 uM
1Al 400 uMe] A H7bskel 1A1ZF 2FA S ® NHy 7 NO, 9

M, 50 uM, 75 pM 28] 100 pMo] 1 A A7Fste] NOs & ¥ & éxé-g].gj\r/} 75}7’: NH,", NO»
83 NO; 9 5 oA 7|<s St whH oz A s}
ohogE 2uEd 2

o %/Lﬁ Lactobacillus sp. JK-8%} Lactobacillus sp. JK-119] w84 S48 94

Yang et al, 20039] Wl wel v w5 A 1115:5}01' AT JK-8¢F JK-115 MRS
brotholl qu0}01 25ColA 48 AlZF Fok wjek 3 % 3500 xgolA 10%7F A4 2Eske] A
TS AASL, 045 pm syringe filter= o33k 3 freeze dryerE ©]-83}o] 5v) F=3}Sith.
5" A Fddd #Rl2 plate diffusion assay WHS ARSI (Schillinger
and Lucke, 1989). &334 Folo] ALEEH A+ Vibrio parahaemolyticus, Vibrio
harveyi, Edwardsiella tarda &< ©°]&3t3th. vlg] THEo]Z nutrient agar (NA) (Difco,
Detroit, MI, USA)%} marine agar (MA) (Difco, Detroit, MI, USA) 4] vjX]o] A of F A
S =23}l paper disc (Advantec, Toyo Roshi Kaisha, Ltd. Japan)& &%
At A5 50 plS paper discoll &8 FaL 37ColA ZHz 24413 A &
stk A HFEE Vibrio parahaemolyticus, Vibrio harveyi, Edwardsiella tarda,
Streptococcus pyogenes ‘< A€ slo] AL&31S )

ot
dob - off

o A

vh w5 s el diE HAdd Ao ddEs 573
B9 F2 Lactobacillus sp. JK-8¢} Lactobacillus sp. JK-11014 o1z w= 6kt
Sl =EH AT AEES Lot V] st i Alds AAuA ] HFH F diF A

Ha 2000 xgollA 10#3F AR E AAsAT dede HEa Ao
phosphate buffer (pH 7.0)Z 33] A& 3t9th JK-89F JK-11o14 A4 ==
Aol HF FE7F 10°~10° cells/m HA 43 %S HFskAh JK-8% JK-119] 55
s HNor  AHHH  Vibrio parahaemolyticus, Vibrio harveyi, Edwardsiella tarda,
Streptococcus pyogenes= ZtZ} 30% tA o2 wA iAo 100 wlS HI =3t 37T ol A
HiFet 3 4" Jes Agstd w5 WSt T A =EAe E Al s 27

w248kl

Els
7] (exponential phase)E A XA 37 660 nmolA O.D #te] 0.8d o, A& FH
:& =
H

el Ao Al mE {714 S S-S &8 5 Lactobacillus sp. JK-8
o} Lactobacillus sp. JK-115 MRS HA|uf Ao HE3ko] 48A1HEt 12417 (HA 02 A&

12k Aottt wFEetal AAE #7142 HPLCE ol &3 57835k3
o} #e wFe A FFF=A (V-550 UV/Vis Spectrophotometer, Jasco Co., Japan)&
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FA T

ol

Agate] s 660 nmel A FREE A

of. HPLCell 9% 714k &4

2] ATt Lactobacillus sp. JK-8¢ Lactobacillus sp. JK-11° 28] A H = f7]4t
S 93te] high performance liquid chromatography (HPLC)E #A3tith #Alo] o]
HPLC A]2®1& SPD-10A UV/Vis detector’} #2t¥l Shimadzurle] LC-10AT Al#< A
A om SUPELCO AF¢] SUPELCOGEL C-610H Z#= (300 x 7.8 mm, particle size 9 um)<
o] &3ttt HPLC Zs ZdoA A7 €919 flow ratex= 05 ml/min, EAA7FS 30%,
UV/Vis detector®] 3742 210 nmo® BtFo] ARgstdtt. d/l&w= HPLCE SH4r
(Fisher Scientific, Pittsburgh, PA, USA)7} 0.1% phosphoric acid’} ¥ =% &3}13}9] pore
size7} 0.45 m?! membrane filter (Pall-Gelman, East Hills, NY, USA)el| o33t AL&-3}%
=3

Fr712ke] A HPLCE ol&ste], 48 Z+FH mdde
o5 A FEA3YT. Lactic acid®}t acetic acidE Z+-2F 1:19] H]
100 mM, 200 mM 233 400 mMe] ¥+FS "HEAL. o] & um syringe filter &
o] 7}35kar, 10 w0 Hamilton syringeE AF-83le] HPLC injector W FAFS & A BAS 93+
T FA4E FAsA . v Aol A== lactic acid®t acetic acidE G #st7] st wF
o 2 HE AFHI AlFE= 2000 xgolA 103 LA e & 045 mm syringe filter® o] 3}
sto] A8k o

oo oo M
i

ol
-

(o

—

2k GC-MSell 93k f7]14ke] &4
Ba M Lactobacillus sp. JK-8o <Jd AAFHE &2 BAS 93t gas
Aol A

7171+ electron ionization detector’} =% Shimadzu AFe] GCMS-QP5050 #|3Fo]a, A=
<& ShimadzuAbe] CBP5-M25 capillary Z % (25 m x 0.22 mm, particle size 0.25 m)& AF-&
3tk GC-MS #Hs 7oA carrier gast heliumS AFE3t 29 flow rate®= 1.5 ml/min
HEE 31, injection volumes 1 f, injection temperature 250°C, oven temperature©l 4]
80C=E AlFste] 10C/min 45AA HAF %71 270C7 € wW7px F 1583 2459
MS datat= ShimadzuAl9] library (NIST, Shimadzu Co.)E ©]&3}e] £A13}
oz BE AHAT ARE 2000 xgol A 1027 AT sty sAd%
A AsFAL, dimethyl sulfoxide (DMSO) (Sigma Co., St. Louis, MO, USA)°l =< 045 m
syringe filter® o] ¥}3}o] AF8-31%

FEUG AEe] wBH Ade AE 9% Felo] WaE Fopny] 9istel FAMAAUY]
o 9% @ulE BASTh NG FEdel wFH el FuUE B2

[¢)
b Al ZEH = Park et al, 20019 WS ARSSEATH Alvts AAEiA ] 5 Fste] O.Dto
Wi 2000 xgoll A 1023 44 e

ke
T k2
sttt Aol HAE FHlE sHMGF Fedol HIF AL, 37TAA 6X3F mEAAT. 124]
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3 wgAS 2000 xgollA 1083 HA EEste] #AE 3gekal, 10 mMe| phosphate
buffer (pH 7.0)%2 23] AlFstA . MY A= 5L3 buffero] dAE st pore size’} 0.45
@l membrane filter (Pall-Gelman, East Hills, NY, USA)Z o] 3stgch #A7F &&=
membrane filterE 05 x 05 eme] Z7]= A=Z31, 100 mM phosphate buffer (pH 7.2)°] 3|4
3lo] wHE 259% glutaraldehyde (Grade 1, Sigma, St. Louis, MO, USA)& 4A]7Fgs¢t 114 &}
At FL3 buffer= 1584 23] Al & og Fx9 ¢35 (30, 50, 60, 70, 80, 90, 95%)

77y 16584 AEA o2 At 100%9] ¢ 1554 23] HE &stal 100%
25237 jsoamyl acetate’} 1:12 &35 Aleko 2 1587 A3 &, 100% isoamyl acetate©l]

AAIZE Fot Wk AlA F7] FolA AZRFITE 12413 o] AZAZ] membrane filters &
gZlol = glass9 o] F23k 3 sputter coater (IB-3, Giko Engineering Co., Tokyo, Japan)E A}
L3t FAZF 300 Aol HEE 2 mA=E 30%7F golding coatingste] FAFEW A (LEO,
Berkochen, Germany)2. 2 ¥2-3}$]th.

e

prs Ao 44 e

-2kt Lactobacillus sp. JK-8¢} Lactobacillus sp. JK-11914 A wH &2
13Fo] Schellinger and Lucke, 19899 W& o] &3ttt JK-8¢ JK-11¢4 4

0 JW
ko)
N
N
gl_‘l
Ho
N
2
=
=
o
Ll
2
X
>
N
o
i3
QO
=,
o
o
=
“.
o)
=]
QO
wn
wn
Q
<
ok
E
o
fru
—
)
=
10
¥

of FetEdel AHES Fdsiint

Ef. RP-HPLCel 93 & =29 &<l

B dF JK-11o 98 AAHEH= FHE2AS FAs7] Ys]  reverse-phase high
performance liquid chromatogarphy (RP-HPLC)E o] &3ttt JK-11o]4 dojzxl wjds=
A5 NS 0.1% trifluoroacetic acid (TFA)7F ¥3¥ HPLCE& Z#< (Fisher Scientific,
Pittsburgh, PA, USA)S} HL3A o531 3500 xgollA 2083 dAEYE 2AA3
AEYE B dojx A5E 045 um syringe filter® o] A1 7131, 50 plE ©]-83] RP-HPLC
2 AN B2 85 RP-HPLC Al ~82 15X UV/Vis detector7} 525 GilsonA}]
AES AHEE e VYDAC Aol Cig column (4.6 x 250 mm, particle size 5 im, Hesperia.
USA)E o] &3ttt EAA7HS 808, UV/Vis detector?] 332 214 nmo & 23Eo] AFE3)
Aot AME 2 A Solution A= 0.1% TFAZF ¥x3std HPLCE SHITE ©ol &3,
Solution B&= 0.1% TFA”Z} ¥3%%¥ HPLCE acetonitrile (Fisher Scientific, Pittsburgh, PA,
USA)E AH&stAth AIEE columnel] FY3 & HEF 102%F Solution A 95%, Solution B
5%%2 HES FA% F 05 ml/mine flow rateZ Solution BE 5~65%7F4 60%3F 1%/min
A ZF7}8F =S linear gradientE Zo]FAt. EAEH = peakES EH7IE 18 o= AH

3l radial diffusion assay®l AF-&3F%

3}, Ultrasensitive radial diffusion assay
RP-HPLCY ## 712 Rold 727019 fractiono] Eo]9U+= &S <lst7] 9@l radial
[e]
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=43t uA} e 7o AlgEES 9As] AXRAFIAL, 5 ple] 0.01% acetic acidell F

AT e 2 "W E tryptic soy borth (TSB) (Difco, Detroit, MI, USA)9| E.
37C
)

il (

oYY oX

St

Al =

coli K112 HFsta 37Ce & HHOW] o 4 12417F vk & A= TSB HA A= ::H]
st HEGol 1%7F H =5 JEe & 241 30 &< vt site AAumAE 94
sl dojz AS 10 mM sodium phosphate buffer (pH 7.4)% 2 A28k o) At o]
660 nmolA O.D #te] 0.35~0.7 Ale]7} ¥ =5 314359t 100 mM sodium phosphate buffer
(pH 7.4)¢} 100 mM sodium citrate buffer (pH 7.4)E 9:19] H| &% TE buffer 10 mlo] TSB
3 mg¥ agarose (Sigma Co., St. Louis, MO, USA) 0.1 g& ¥ °] underlay agarE "3t}
oy 7)) thEF271e] M-S E£3%6le] Petri dish (Falcon Co., Franklin, NJ, USA)ell %1,

underlay agar’} =0 LA 7tAo® A7 3 mme THE £ F FHE AR 5 s
T loadingdtith. Al EE50°] loading® underlay agar plateE | H-& AE]Z 37Tl A 34

7wkt oS TSB 0.6 g3 agarose 0.1 go] ¥3%F% overlay agar 10 mlE plateo] Fo] 3l
T 37CoNA A" FE=E 124 agstAt. vl <SS 5% acetic acid=2 AT AFES FA
A71aL, Mol Al Axs vetls FHAY A7 S45te] (1 mm = 10 unit) &+
4o A& glstArt
3. Tricine SDS-PAGE

e Al Lactobacillus sp. JK-1104 Aozl qF&4de A7)&
HH 2 Schagger and Von Jagow, 19879 Tricine SDS-PAGE W& 3
&t}h. Trincine SDS-PAGE: 4% stacking gel¥ 165% separating gelol upper buffer=
cathode buffer (0.8 M Tris, pH 89)¢ lower buffer?] anode buffer (0.4 M Tris, 0.4 M
Tricine, 0.4% SDS, pH 8.23)& A}&3te] 35 mA Z4A 3dtol A AA ¥t} Bradford o2
el A S AASE AJ5E EFEFEo] 10 pgo] HA w3o] #H]stal 1 x sample buffer®
F HFI & 9rE ) stacking geldl FUFAT. HAME gel> Coomassie brillient blue R-250
(Sigma Co., St. Louis, MO, USA)S.2 203+ M3t destaining solution® 2 destaining $F
% bandg gl Th

5. % ¥4 &4 AFE A AlA AT
7h m A=A A e A
T CK-10% CK-13& #7 LB uﬂx] ol 24/\] ZFEl H ok}

r:u

RANEN

U v AAE o] &7 oA HAa/Qde] Al
12 L Wix]qF o] =20 0.01% (w/v) FAALRE 9L, o]l Axd Wil 93] Az
s

MAZAAE FEste] A Aol wE E A Q19 e AT 2FES 3 LY
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Table 3-1. The Characterization of the isolates isolated from a shirmp aquaculture farm

ol
g
N
H

Photo 1A

M-001
M-002
M-003
M-004
M-005
M-006
M-007
M-008
M-009
M-010
M-011
M-012
M-013

Photo 1B

Photo 1C

Photo 1D

Photo 1E

Photo 1F

Photo 1G

Photo 1H

Photo 11

Photo 1]

Photo 1K

Photo 1L

Photo 1M

_67_



Fig. 3-1. The single colony of the isolates isolated from a shrimp aquaculture farm. A:
M-001, B: M-002, C: M-003, D: M-004, E: M-005 F: M-006, G: M-007, H: M-008, I:
M-009, J: M-010, K: M-011, L: M-012, M: M-013

. AT FHietE 2 Adedts 54
" At gk Aelstd Al¥ L indole A4, methyl red ¥H2, Voges-Proskauer A
A, 59 Edls, Ad® EalE, catalase A, oxidase A, citrate ©]&AAF, H.S A,
lithmus milk®] ©]§& o] o thste] ZAeI1 0w 1 A3} Tables 3-2~ 149 vER 9l
w2yl Aetel S #8shis AlirS Table 3-159] fofsldon, =S Faslhs Aol
sto] Fa A=E A#SA L (Fig. 3-2), @Al Aopel A EE Z2H2F ARl A Ko

oh
T At (Fig. 3-3).

_68_



Table 3-2. Morphological and physiological characteristics of the strain M-001

Morphological characteristics

Cell shape Coccus
Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -
Starch hydrolysis +
Gelatin hydrolysis -
Catalase -
Oxidase -
Simmon's citrate -
HyS (KIA) Production -

Litmus milk (peptonization) -

Table 3-3. Morphological and physiological characteristics of the strain M-002

Morphological characteristics

Cell shape Coccus
Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -
Starch hydrolysis -

Gelatin hydrolysis +
Catalase +
Oxidase -

Simmon’s citrate -
H>S (KIA) Production -

Litmus milk (peptonization) -
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Table 3-4. Morphological and physiological characteristics of the strain M-003

Morphological characteristics
Cell shape Short rod

Gram stain Negative

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -

Starch hydrolysis -

Gelatin hydrolysis +
Catalase +
Oxidase +
Simmon’s citrate +

H>S (KIA) Production -

Litmus milk (peptonization) -

Table 3-5. Morphological and physiological characteristics of the strain M-004

Morphological characteristics

Cell shape Long rod
Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -

Starch hydrolysis -

Gelatin hydrolysis +
Catalase +
Oxidase -

Simmon’s citrate -
H>S (KIA) Production -

Litmus milk (peptonization) -
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Table 3-6. Morphological and physiological characteristics of the strain M-005

Morphological characteristics

Cell shape Coccus
Gram stain Negative

Physiological characteristics

Indole production -
Methyl red -

Voges—Proskauer -

Starch hydrolysis +
Gelatin hydrolysis -
Catalase +
Oxidase +

Simmon’s citrate -
H>S (KIA) Production -

Litmus milk (peptonization) -

Table 3-7. Morphological and physiological characteristics of the strain M-006

Morphological characteristics
Cell shape Short rod

Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -

Starch hydrolysis -

Gelatin hydrolysis +
Catalase +
Oxidase +
Simmon’s citrate +

H>S (KIA) Production -

Litmus milk (peptonization) -
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Table 3-8. Morphological and physiological characteristics of the strain M-007

Morphological characteristics
Cell shape Short rod

Gram stain Negative

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -

Starch hydrolysis -

Gelatin hydrolysis +
Catalase +
Oxidase +
Simmon’s citrate +

H>S (KIA) Production -

Litmus milk (peptonization) -

Table 3-9. Morphological and physiological characteristics of the strain M-008

Morphological characteristics
Cell shape Short rod

Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—-Proskauer -
Starch hydrolysis -
Gelatin hydrolysis -
Catalase +
Oxidase -
Simmon’s citrate -
HS (KIA) Production -

Litmus milk (peptonization) -
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Table 3-10. Morphological and physiological characteristics of the strain M-009

Morphological characteristics

Cell shape Long rod
Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -
Starch hydrolysis -
Gelatin hydrolysis -
Catalase +
Oxidase -
Simmon’s citrate -
HsS (KIA) Production -

Litmus milk (peptonization) +

Table 3-11. Morphological and physiological characteristics of the strain M-010

Morphological characteristics
Cell shape Short rod

Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -

Voges—Proskauer -

Starch hydrolysis +
Gelatin hydrolysis +
Catalase +
Oxidase +

Simmon’s citrate -
H>S (KIA) Production -

Litmus milk (peptonization) -
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Table 3-12. Morphological and physiological characteristics of the strain M-011

Morphological characteristics

Cell shape Coccus
Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -

Voges—Proskauer -

Starch hydrolysis +
Gelatin hydrolysis +
Catalase +
Oxidase -

Simmon’s citrate -
HsS (KIA) Production -

Litmus milk (peptonization) +

Table 3-13. Morphological and physiological characteristics of the strain M-012

Morphological characteristics
Cell shape Short rod

Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -

Voges—Proskauer -

Starch hydrolysis +
Gelatin hydrolysis -
Catalase +
Oxidase -

Simmon’s citrate -
H>S (KIA) Production -

Litmus milk (peptonization) -

Table 3-14. Morphological and physiological characteristics of the strain M-013
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Morphological characteristics
Cell shape Short rod

Gram stain Positive

Physiological characteristics

Indole production -
Methyl red -
Voges—Proskauer -
Starch hydrolysis -
Gelatin hydrolysis -
Catalase +
Oxidase +
Simmon's citrate -
HyS (KIA) Production -

Litmus milk (peptonization) -

Table 3-15. The degradation of starch and gelatin by the isolates

s/ Agd File T 27] (em)
#FE

= Aetel = gw Aee g
M-001 + - 1.13 -
M-002 - + - 1.46
M-003 - + - 1.57
M-004 - + - 1.54
M-005 + + 1.74 1.49
M-006 - - - N
M-007 + + 2.21 1.81
M-008 - - - N
M-009 - - - -
M-010 + + 1.24 1.67
M-011 + + 1.11 1.50
M-012 + - 1.60 -
M-013 - - - N
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A F G

Fig. 3-2. The production of clear zone by the isolates with starch media. A: M-001, B:
M-005, C: M-007, D: M-010, F: M-011, G: M-012

Fig. 3-3. The production of clear zone with gelatin media. A: M-002, B: M-003, C: M-004,
D: M-005, E: M-007, F: M-010, G: M-011
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ot EY AT 4

LAl 137FA e thE T8 dAder agdMe ARE EdE st GN2
MicroPlate™ (Biolog, Inc., Hayward, CA, USA)d #Z3}e] theksl 7|49 o] fojf = 39
st A3 S F3te] A4S AASAT (Tables 3-16~28). Biolog Alg Ao A 2zt e Al

Table 3-29° 4 Ho]F= nlel o] A AT
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Table 3-16. Physiological and biological characterization of the isolate, M-001 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
B-Cyclodextrin
Dextrin

Glycogen

Inulin

Mannan

Tween 40

Tween 80
N-Acetyl-D-glucosamine
N-Acetyl-D-mannosamine
Amygdain
L-Arabinose
D-Arabitol

Arbutin

Cellobiose

D-Fructose

L-Fucose

D-Galactose
D-Galacturonic acid
Gentiobiose
D-Gluconic acid
a-D-Glucose
m-Inositol

a-D-lactose

Lactulose

Maltose

Maltotriose
D-Mannitol
D-Mannose
D-Melezitose
D-Melibiose

o-Methyl D-galactoside
B-Methyl D-galactoside
3-Methyl glucose
a-Methyl D-glucoside
-Methyl D-glucoside
o-Methyl D-mannoside
Palatinose

D-Psicose

D-Raffinose
L-Rhamnose

D-Ribose

D-Salicin
Sedoheptulosan
D-Sorbitol

Stachyose

Sucrose

S

R

I++++I+III+I+II

D-Tagatose

D-Trehalose

Turanose

Xylitol

D-Xylose

Acetic acid
a-Hydroxybutyric acid
-Hydroxybutyric acid
y-Hydroxybutyric acid
p-Hydroxyphenyl acetic acid
a-Ketoglutaric acid
o-Ketovaleric acid
Lactamide

D-Lactic acid methylester
L-Lactic acid

D-Malic acid

L-Malic acid

Methylpyruvate
Mono-methylsuccinate
Propionic acid

Pyruvic acid

Succinamic acid

Succinic acid

N-Acetyl L-glutamic acid
Alaninamide

D-Alanine

L-Alanine

L-Alanyl-glycine
L-Asparagine _

L-Glutamic acid
Glycyl-L-glutamic acid
L-Pyroglutamic acid
L-Serine

Putrescine

2,3-Butanediol

Glycerol

Adenosine

2-Deoxyadensine

Inosine

Thymidine

Uridine
Adenosine-5’-monophosphate
Thymidine-5’-monophosphate -
Uridine-5’-monophosphate -
Fructose-6-phosphate +
Glucose-1-phosphate -
Glucose-6-phosphate -
D-L- o —Glycerol phosphate -

I+I++I II+I

I+I+I++I

1 1 + 1 + 1 + + 1 1 + 1 1

II+I+++II+I
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Table 3-17. Physiological and biological characterization of the isolate, M-002 using the
BIOLOG Analysis System

Physiological & biochemical tests Physiological & biochemical tests
Water - D-Tagatose -
a-Cyclodextrin - D-Trehalose -
B-Cyclodextrin - Turanose .
Dextrin - Xylitol -
Glycogen - D-Xylose +
Inulin - Acetic acid -
Mannan } o-Hydroxybutyric acid -
Tween 40 - B-Hydroxybutyric acid -
Tween 80 - v-Hydroxybutyric acid -
N-Acetyl-D-glucosamine - o0-Hydroxyphenyl acetic acid -
N-Acetyl-D-mannosamine - a-Ketoglutaric acid -
Amygdain - o-Ketovaleric acid -
L-Arabinose + Lactamide -
D-Arabitol - D-Lactic acid methylester -
Arbutin - L-Lactic acid -
Cellobiose - D-Malic acid -
D-Fructose - L-Malic acid -
L-Fucose - Methylpyruvate -
D-Galactose - Mono-methylsuccinate -
D-Galacturonic acid - | Propionic acid -
Gentiobiose - Pyruvic acid -
D-Gluconic acid - gﬂﬁﬁ:ﬂ?éna{g. gCld -
-- + -
%.?ngliltjgﬁ > - N-Acetyl L-glutamic acid -
o-D-Lactose - Alaninamide -
Lactulose - D-Alanine -
Maltose - L-Alanine -
Maltotriose - L-Alanyl-glycine -
D-Mannitol - L-Asparagine _ -
D-Mannose - L-Glutamic acid -
D-Melezitose - Glycyl-L-glutamic acid -
D-Melibiose - L-Pyroglutamic acid -
o-Methyl D-galactoside - Ilg-ferln_e -
B-Methyl D-galactoside - utrescine -
3-Meth§//I glugcose - 2,3-Butanediol -
a-Methyl D-glucoside - | Glycerol +
B-Methyl D-glucoside - Adenosine -
o-Methyl D-mannoside - fﬁ(%?ﬁ)e(yadensme -
Palatinose - e :
D-Psicose + Th_yr_nldme )
D-Raffinose - nglne_ , -
L-Rhamnose ) enosine-5 ’-monophosphate
D-Ribose + Thymidine-5’-monophosphate -
D-Salicin . Uridine-5’-monophosphate -
Sedoheptulosan - Fructose-6-phosphate -
D-Sorbitol ; Glucose-1-phosphate -
Stachyose - Glucose-6-phosphate -
Sucrose - D-L-a —Glycerol phosphate -
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Table 3-18. Physiological and biological characterization of the isolate, M-003 using the
BIOLOG Analysis System

Physiological & biochemical tests Physiological & biochemical tests

Water - P-Hydroxyphenylacetic acid -
o-Cyclodextrin - Itaconic acid -
Dextrin + a-Ketobutyric acid -
Glycogen - a-Ketoglutaric acid +
Tween 40 + o-Ketovaleric acid -
Tween 80 + D,L-Lactic acid -
N-Acetyl-D-galactosamine - Malonic acid -
N-Acetyl-D-glucosamine + Propionic acid -
Adonitol - Quinic acid -
L-Arabinose - D-Saccharic acid -
D-Arabitol - Sebacic acid +
Cellobiose + Succinic acid +
i-Erythritol - Bromo succinic acid +
D-fructose + Succinamic acid +
L-Fucose - Glucuronamide -
D-Galactose - Alaninamide -
Gentiobiose - D-Alanine +
a-D-Glucose + L-Alanine -
m-Inositol - L-Alanylglycine +
o-D-Lactose - L-Asparagine -
Lactulose - L-Aspartic acid -
Maltose + L-Glutamic acid +
D-Mannitol - Glycyl-L-aspartic acid -
D-Mannose + Glycyl-L-glutamic acid +
D-Melibiose + L-Histidine -
B-Methyl D-glucoside + Hydroxy-L-proline -
Psicose - L-Leucine -
D-Raffinose - L-Ornithine -
L-Rhamnose - L-Phenylalanine -
D-Sorbitol - L-Proline +
Sucrose + L-Pyroglutamic acid -
D-Trehalose - D-Serine -
Turanose + L-Serine +
Xylitol - L-Threonine -
Methylpyruvate - D,L-Carnithine -
Mono-methylsuccinate + y-Aminobutyric acid -
Acetic acid - Urocanic acid -
cis-Aconitic acid - Inosine -
Citric acid - Uridine -
Formic acid - Thymidine -
D-Galactonic acid lactone - Phenylethylamine -
D-Galacturonic acid - Putrescine -
D-Gluconic acid - 2-Aminoethanol -
D-Glucosaminic acid - 2,3-Buthanediol -
D-Glucuronic acid - Glycerol +
a-Hydroxybutyric acid - D,L- a -Glycerol phosphate -
B-Hydroxybutyric acid - Glucose-1-phosphate -
y-Hydroxybutyric acid - Glucose-6-phosphate -
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Table 3-19. Physiological and biological characterization of the isolate, M-004 using the
BIOLOG Analysis System

Physiological & biochemical tests Physiological & biochemical tests

Water + P-Hydroxyphenylacetic acid -
a-Cyclodextrin + Itaconic acid +
Dextrin + a-Ketobutyric acid +
Glycogen + a-Ketoglutaric acid +
Tween 40 + o-Ketovaleric acid +
Tween 80 + D,L-Lactic acid +
N-Acetyl-D-galactosamine + Malonic acid +
N-Acetyl-D-glucosamine + Propionic acid +
Adonitol + Quinic acid +
L-Arabinose - D-Saccharic acid +
D-Arabitol + Sebacic acid -
Cellobiose + Succinic acid +
i-Erythritol + Bromo succinic acid +
D-Fructose - Succinamic acid +
L-Fucose + Glucuronamide +
D-Galactose + Alaninamide +
Gentiobiose + D-Alanine +
a-D-Glucose + L-Alanine +
m-Inositol + L-Alanylglycine +
o-D-Lactose + L-Asparagine +
Lactulose + L-Aspartic acid +
Maltose + L-Glutamic acid +
D-Mannitol + Glycyl-L-aspartic acid +
D-Mannose + Glycyl-L-glutamic acid +
D-Melibiose + L-Histidine +
B-Methyl D-glucoside + Hydroxy-L-proline +
Psicose + L-Leucine +
D-Raffinose + L-Ornithine +
L-Rhamnose - L-Phenylalanine +
D-Sorbitol + L-Proline +
Sucrose + L-Pyroglutamic acid +
D-Trehalose + D-Serine -
Turanose + L-Serine +
Xylitol + L-Threonine +
Methylpyruvate + D,L-Carnitine +
Mono-methylsuccinate + y-aminobutyric acid +
Acetic acid + Urocanic acid -
cis-Aconitic acid + Inosine +
Citric acid + Uridine +
Formic acid + Thymidine -
D-Galactonic acid lactone + Phenylethylamine +
D-Galacturonic acid + Putrescine +
D-Gluconic acid + 2-Aminoethanol -
D-Glucosaminic acid + 2,3-Buthanediol +
D-Glucuronic acid + Glycerol +
a-Hydroxybutyric acid + D,L- a -Glycerol phosphate +
B-Hydroxybutyric acid - Glucose-1-phosphate +
y-Hydroxybutyric acid + Glucose-6-phosphate +
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Table 3-20. Physiological and biological characterization of the isolate, M-005 using the
BIOLOG Analysis System

Physiological & biochemical tests Physiological & biochemical tests

Water - P-Hydroxyphenylacetic acid -
a-Cyclodextrin + Itaconic acid -
Dextrin + a-Ketobutyric acid -
Glycogen + a-Ketoglutaric acid -
Tween 40 + o-Ketovaleric acid -
Tween 80 + D,L-Lactic acid +
N-Acetyl-D-galactosamine - Malonic acid -
N-Acetyl-D-glucosamine + Propionic acid -
Adonitol - Quinic acid -
L-Arabinose + D-Saccharic acid -
D-Arabitol - Sebacic acid -
Cellobiose - Succinic acid +
i-Erythritol - Bromo succinic acid +
D-Fructose + Succinamic acid -
L-Fucose - Glucuronamide -
D-Galactose + Alaninamide -
Gentiobiose - D-Alanine +
a-D-Glucose + L-Alanine -
m-Inositol - L-Alanylglycine +
o-D-Lactose - L-Asparagine +
Lactulose - L-Aspartic acid +
Maltose + L-Glutamic acid +
D-Mannitol + Glycyl-L-aspartic acid -
D-Mannose + Glycyl-L-glutamic acid +
D-Melibiose - L-Histidine -
B-Methyl D-glucoside + Hydroxy-L-proline -
Psicose + L-Leucine -
D-Raffinose - L-Ornithine -
L-Rhamnose L-Phenylalanine -
D-Sorbitol L-Proline +
Sucrose - L-Pyroglutamic acid -
D-Trehalose + D-Serine -
Turanose + L-Serine +
Xylitol - L-Threonine +
Methylpyruvate + D,L-Carnithine -
Mono-methylsuccinate + y-Aminobutyric acid -
Acetic acid + Urocanic acid +
cis-Aconitic acid - Inosine +
Citric acid - Uridine +
Formic acid - Thymidine +
D-Galactonic acid lactone - Phenylethylamine -
D-Galacturonic acid - Putrescine

D-Gluconic acid - 2-Aminoethanol

D-Glucosaminic acid - 2,3-Buthanediol -
D-Glucuronic acid + Glycerol +
a-Hydroxybutyric acid - D,L- a -Glycerol phosphate +
B-Hydroxybutyric acid - Glucose-1-phosphate -
y-Hydroxybutyric acid - Glucose-6-phosphate +
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Table 3-21. Physiological and biological characterization of the isolate, M-006 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
Dextrin

Glycogen

Tween 40

Tween 80
N-Acetyl-D-galactosamine
N-Acetyl-D-glucosamine
Adonitol

L-Arabinose
D-Arabitol

Cellobiose

i-Erythritol

D-Fructose

L-Fucose

D-Galactose
Gentiobiose
o.-D-Glucose
m-Inositol
a-D-Lactose
Lactulose

Maltose

D-Mannitol
D-Mannose
D-Melibiose

B-Methyl D-glucoside
Psicose

D-Raffinose
L-Rhamnose
D-Sorbitol

Sucrose

D-Trehalose

Turanose

Xylitol
Methylpyruvate
Mono-methylsuccinate
Acetic acid
cis-Aconitic acid
Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-Gluconic acid
D-Glucosaminic acid
D-Glucuronic acid
a-Hydroxybutyric acid
B-Hydroxybutyric acid
y-Hydroxybutyric acid
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P-Hydroxyphenylacetic acid
Itaconic acid
a-Ketobutyric acid
a-ketoglutaric acid
a-Ketovaleric acid
D,L-Lactic acid
Malonic acid
Propionic acid
Quinic acid
D-Saccharic acid
Sebacic acid
Succinic acid

Bromo succinic acid
Succinamic acid
Glucuronamide
Alaninamide
D-Alanine
L-Alanine
L-Alanylglycine
L-Asparagine
L-Aspartic acid
L-Glutamic acid
Glycyl-L-aspartic acid
Glycyl-L-glutamic acid
L-Histidine
Hydroxy-L-proline
L-Leucine
L-Ornithine
L-Phenylalanine
L-Proline
L-Pyroglutamic acid
D-Serine

L-Serine
L-Threonine
D,L-Carnithine
y-Aminobutyric acid
Urocanic acid
Inosine

Uridine

Thymidine
Phenylethylamine
Putrescine
2-Aminoethanol
2,3-Buthanediol
Glycerol

D,L- a -Glycerolphosphate
Glucose-1-phosphate
Glucose-6-phosphate

S

T 2 L T O I

L L T T L L

o4 4

_83_



Table 3-22. Physiological and biological characterization of the isolate, M-007

BIOLOG Analysis System

using the

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
Dextrin

Glycogen

Tween 40

Tween 80
N-Acetyl-D-galactosamine
N-Acetyl-D-glucosamine
Adonitol

L-Arabinose
D-Arabitol

Cellobiose

i-Erythritol

D-Fructose

L-Fucose

D-Galactose
Gentiobiose
o.-D-Glucose
m-Inositol
a-D-Lactose
Lactulose

Maltose

D-Mannitol
D-Mannose
D-Melibiose

B-Methyl D-glucoside
Psicose

D-Raffinose
L-Rhamnose
D-Sorbitol

Sucrose

D-Trehalose

Turanose

Xylitol
Methylpyruvate
Mono-methylsuccinate
Acetic acid
cis-Aconitic acid
Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-Gluconic acid
D-Glucosaminic acid
D-Glucuronic acid
a-Hydroxybutyric acid
B-Hydroxybutyric acid
y-Hydroxybutyric acid

e

P-Hydroxyphenylacetic acid
Itaconic acid
a-Ketobutyric acid
a-Ketoglutaric acid
a-Ketovaleric acid
D,L-Lactic acid
Malonic acid
Propionic acid
Quinic acid
D-saccharic acid
Sebacic acid
Succinic acid

Bromo succinic acid
Succinamic acid
Glucuronamide
Alaninamide
D-Alanine
L-Alanine
L-Alanylglycine
L-Asparagine
L-Aspartic acid
L-Glutamic acid
Glycyl-L-aspartic acid
Glycyl-L-glutamic acid
L-Histidine
Hydroxy-L-proline
L-Leucine
L-Ornithine
L-Phenylalanine
L-Proline
L-Pyroglutamic acid
D-Serine

L-Serine
L-Threonine
D,L-Carnithine
y-Aminobutyric acid
Urocanic acid
Inosine

Uridine

Thymidine
Phenylethylamine
Putrescine
2-Aminoethanol
2,3-Buthanediol
Glycerol

D,L- a -Glycerol phosphate
Glucose-1-phosphate
Glucose-6-phosphate
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Table 3-23. Physiological and biological characterization of the isolate, M-008 using the
BIOLOG Analysis System

Physiological & biochemical tests Physiological & biochemical tests

Water - P-Hydroxyphenylacetic acid -
o-Cyclodextrin - Itaconic acid -
Dextrin - a-Ketobutyric acid +
Glycogen + a-Ketoglutaric acid +
Tween 40 + o-Ketovaleric acid +
Tween 80 + D,L-Lactic acid -
N-Acetyl-D-galactosamine - Malonic acid -
N-Acetyl-D-glucosamine - Propionic acid +
Adonitol - Quinic acid +
L-Arabinose - D-Saccharic acid -
D-Arabitol + Sebacic acid +
Cellobiose + Succinic acid +
i-Erythritol + Bromo succinic acid -
D-Fructose - Succinamic acid +
L-Fucose - Glucuronamide -
D-Galactose - Alaninamide +
Gentiobiose - D-Alanine -
a-D-Glucose - L-Alanine -
m-Inositol - L-Alanylglycine +
o-D-Lactose + L-Asparagine +
Lactulose + L-Aspartic acid +
Maltose + L-Glutamic acid +
D-Mannitol + Glycyl-L-aspartic acid +
D-Mannose - Glycyl-L-glutamic acid +
D-Melibiose + L-Histidine +
B-Methyl D-glucoside - Hydroxy-L-proline +
Psicose L-Leucine +
D-Raffinose - L-Ornithine +
L-Rhamnose - L-Phenylalanine +
D-Sorbitol + L-Proline -
Sucrose + L-Pyroglutamic acid +
D-Trehalose + D-Serine -
Turanose - L-Serine +
Xylitol + L-Threonine -
Methylpyruvate - D,L-Carnithine -
Mono-methylsuccinate + y-Aminobutyric acid +
Acetic acid - Urocanic acid -
cis-Aconitic acid + Inosine -
Citric acid - Uridine -
Formic acid - Thymidine -
D-Galactonic acid lactone - Phenylethylamine -
D-Galacturonic acid - Putrescine -
D-Gluconic acid - 2-Aminoethanol -
D-Glucosaminic acid + 2,3-Buthanediol -
D-Glucuronic acid - Glycerol -
a-Hydroxybutyric acid - D,L- a -Glycerol phosphate +
B-Hydroxybutyric acid + Glucose-1-phosphate +
y-Hydroxybutyric acid - Glucose-6-phosphate +
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Table 3-24. Physiological and biological characterization of the isolate, M-009 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
B-Cyclodextrin
Dextrin

Glycogen

Inulin

Mannan

Tween 40

Tween 80
N-Acetyl-D-glucosamine
N-Acetyl-D-mannosamine
Amygdain
L-Arabinose
D-Arabitol

Arbutin

Cellobiose

D-Fructose

L-Fucose

D-Galactose
D-Galacturonic acid
Gentiobiose
D-Gluconic acid
a-D-Glucose
m-Inositol
a-D-Lactose

Lactulose

Maltose

Maltotriose
D-Mannitol
D-Mannose
D-Melezitose
D-Melibiose

o-Methyl D-galactoside
B-Methyl D-galactoside
3-Methyl glucose
a-Methyl D-glucoside
-Methyl D-glucoside
o-Methyl D-mannoside
Palatinose

D-Psicose

D-Raffinose
L-Rhamnose

D-Ribose

D-Salicin
Sedoheptulosan
D-Sorbitol

Stachyose

Sucrose
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D-Tagatose

D-Trehalose

Turanose

Xylitol

D-Xylose

Acetic aicd
a-Hydroxybutyric acid
-Hydroxybutyric acid
y-Hydroxybutyric acid
p-Hydroxyphenyl acetic acid
a-Ketoglutaric acid
o-Ketovaleric acid
Lactamide

D-Lactic acid methylester
L-Lactic acid

D-Malic acid

L-Malic acid
Methylpyruvate
Mono-methylsuccinate
Propionic acid

Pyruvic acid

Succinamic acid

Succinic acid

N-Acetyl L-glutamic acid
Alaninamide

D-Alanine

L-Alanine
L-Alanyl-glycine
L-Asparagine _
L-Glutamic acid
Glycyl-L-glutamic acid
L-Pyroglutamic acid
L-Serine

Putrescine

2,3-Butanediol

Glycerol

Adenosine
2-Deoxyadensine

Inosine

Thymidine

Uridine
Adenosine-5’-monophosphate
Thymidine-5’-monophosphate
Uridine-5’-monophosphate
Fructose-6-phosphate
Glucose-1-phosphate
Glucose-6-phosphate

D-L- o —Glycerol phosphate
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Table 3-25. Physiological and biological characterization of the isolate, M-010 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
Dextrin

Glycogen

Tween 40

Tween 80
N-Acetyl-D-galactosamine
N-Acetyl-D-glucosamine
Adonitol

L-Arabinose
D-Arabitol

Cellobiose

i-Erythritol

D-Fructose

L-Fucose

D-Galactose
Gentiobiose
a.-D-Glucose
m-Inositol
a-D-Lactose
Lactulose

Maltose

D-Mannitol
D-Mannose
D-Melibiose

B-Methyl D-glucoside
Psicose

D-Raffinose
L-Rhamnose
D-Sorbitol

Sucrose

D-Trehalose

Turanose

Xylitol
Methylpyruvate
Mono-methylsuccinate
Acetic acid
cis-Aconitic acid
Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-gluconic acid
D-Glucosaminic acid
D-Glucuronic acid
a-Hydroxybutyric acid
B-Hydroxybutyric acid
y-Hydroxybutyric acid

P-Hydroxyphenylacetic acid
Itaconic acid
a-Ketobutyric acid
a-Ketoglutaric acid
a-Ketovaleric acid
D,L-Lactic acid
Malonic acid
Propionic acid
Quinic acid
D-Saccharic acid
Sebacic acid
Succinic acid

Bromo succinic acid
Succinamic acid
Glucuronamide
Alaninamide
D-Alanine
L-Alanine
L-Alanylglycine
L-Asparagine
L-Aspartic acid
L-Glutamic acid
Glycyl-L-aspartic acid
Glycyl-L-glutamic acid
L-Histidine
Hydroxy-L-proline
L-Leucine
L-Ornithine
L-Phenylalanine
L-Proline
L-Pyroglutamic acid
D-Serine

L-Serine
L-Threonine
D,L-Carnithine
y-Aminobutyric acid
Urocanic acid
Inosine

Uridine

Thymidine
Phenylethylamine
Putrescine
2-Aminoethanol
2,3-Buthanediol
Glycerol

D,L- a -Glycerolphosphate
Glucose-1-phosphate
Glucose-6-phosphate
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Table 3-26. Physiological and biological characterization of the isolate, M-011 using the
BIOLOG Analysis System

Physiological & biochemical tests Physiological & biochemical tests
Water - D-Tagatose +
a-Cyclodextrin - D-Trehalose -
p-Cyclodextrin - Turanose -
Dextrin - Xylitol -
Glycogen - D-Xylose +
Inulin ) Acetic aicd +
Mannan - a-Hydroxybutyric acid +
Tween 40 + | B-Hydroxybutyric acid -
Tween 80 + | y-Hydroxybutyric acid -
N-Acetyl-D-glucosamine - p-Hydroxyphenyl acetic acid -
N-Acetyl-D-mannosamine - a-Ketoglutaric acid -
Amygdain - a-Ketovaleric acid +
L-Arabinose - Lactamide -
D-Arabitol - D-Lactic acid methylester -
Arbutin - L-Lactic acid -
Cellobiose - D-Malic acid -
D-Fructose - L-Malic acid -
L-Fucose - Methylpyruvate -
D-Galactose - Mono-methylsuccinate -
D-Galacturonic acid - | Propionic acid -
Gentiobiose - | Pyruvicacid -
D-Gluconic acid - gﬂﬁﬁ:ﬂ?éna{g. gCld -
%.?ngliltjgf) ¢ - N-Acetyl L-glutamic acid -
o-D-lactose - Alaninamide -
Lactulose - D-Alanine -
Maltose - L-Alanine -
Maltotriose - L-Alanyl-glycine -
D-Mannitol - L-Asparagine -
D-Mannose - L-glutamic acid -
D-Melezitose - Glycyl-L-glutamic acid -
D-Melibiose - L-Pyroglutamic acid +
o-Methyl D-galactoside - IF_,-ferln_e -
B-Methyl D-galactoside - utrescine -
3-Meth§//I glugcose - 2,3-Butanediol -
a-Methyl D-glucoside - | Glycerol +
-methyl D-glucoside - Adenosine -
o-Methyl D-mannoside - fﬁ(%?ﬁ)e(yadensme -
Palat!nose Thymidine )
D-Psicose + idi +
D-Raffinose - XQ ine )
L-Rhamnose ] enosine-5 ’-monophosphate

D-Ribose + Thymidine-5’-monophosphate -
D-Salicin . Uridine-5’-monophosphate -
Sedoheptulosan - Fructose-6-phosphate -
D-Sorbitol ; Glucose-1-phosphate -
Stachyose - Glucose-6-phosphate -
Sucrose - D-L- a -Glycerolphosphate -
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Table 3-27. Physiological and biological characterization of the isolate, M-012 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
B-Cyclodextrin
Dextrin

Glycogen

Inulin

Mannan

Tween 40

Tween 80
N-Acetyl-D-glucosamine
N-Acetyl-D-mannosamine
Amygdain
L-Arabinose
D-Arabitol

Arbutin

Cellobiose

D-Fructose

L-Fucose

D-Galactose
D-Galacturonic acid
Gentiobiose
D-Gluconic acid
a-D-Glucose
m-Inositol
a-D-Lactose

Lactulose

Maltose

Maltotriose
D-Mannitol
D-Mannose
D-Melezitose
D-Melibiose

o-Methyl D-galactoside
B-Methyl D-galactoside
3-Methyl glucose
a-Methyl D-glucoside
-Methyl D-glucoside
o-Methyl D-mannoside
Palatinose

D-Psicose

D-Raffinose
L-Rhamnose

D-Ribose

D-Salicin
Sedoheptulosan
D-Sorbitol

Stachyose

Sucrose
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D-Tagatose

D-Ttrehalose

Turanose

Xylitol

D-Xylose

Acetic acid
a-Hydroxybutyric acid
B-Hydroxybutyric acid
v-Hydroxybutyric acid
p-Hydroxyphenyl acetic acid
a-Ketoglutaric acid
o-Ketovaleric acid
Lactamide

D-Lactic acid methylester
L-Lactic acid

D-Malic acid

L-Malic acid
Methylpyruvate
Mono-methyl succinate
Propionic acid

Pyruvic acid

Succinamic acid

Succinic acid

N-Acetyl L-glutamic acid
Alaninamide

D-Alanine

L-Alanine
L-Alanyl-glycine
L-Asparagine
L-Glutamic acid
Glycyl-L-glutamic acid
L-Pyroglutamic acid
L-Serine

Putrescine

2,3-Butanediol

Glycerol

Adenosine
2-Deoxyadensine

Inosine

Thymidine

Uridine
Adenosine-5’-monophosphate
Thymidine-5’-monophosphate
Uridine-5’-monophosphate
Fructose-6-phosphate
Glucose-1-phosphate
Glucose-6-phosphate

D-L- o —Glycerol phosphate
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Table 3-28. Physiological and biological characterization of the isolate, M-013 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

o-Cyclodextrin
Dextrin

Glycogen

Tween 40

Tween 80
N-Acetyl-D-galactosamine
N-Acetyl-D-glucosamine
Adonitol

L-Arabinose
D-Arabitol

Cellobiose

i-Erythritol

D-Fructose

L-Fucose

D-Galactose
Gentiobiose
a-D-Glucose
m-Inositol
a-D-Lactose
Lactulose

Maltose

D-Mannitol
D-Mannose
D-Melibiose

B-Methyl D-glucoside
Psicose

D-Raffinose
L-Rhamnose
D-Sorbitol

Sucrose

D-Trehalose

Turanose

Xylitol
Methylpyruvate
Mono-methylsuccinate
Acetic acid
cis-Aconitic acid
Citric acid

Formic acid
D-Galactonic acid lactone
D-Galacturonic acid
D-Gluconic acid
D-Glucosaminic acid
D-Glucuronic acid
a-Hydroxybutyric acid
B-Hydroxybutyric acid
y-Hydroxybutyric acid

P-Hydroxyphenylacetic acid
Itaconic acid
a-Ketobutyric acid
a-Ketoglutaric acid
a-Ketovaleric acid
D,L-Lactic acid
Malonic acid
Propionic acid
Quinic acid
D-Saccharic acid
Sebacic acid
Succinic acid

Bromo succinic acid
Succinamic acid
Glucuronamide
Alaninamide
D-Alanine
L-Alanine
L-Alanylglycine
L-Asparagine
L-Aspartic acid
L-Glutamic acid
Glycyl-L-aspartic acid
Glycyl-L-glutamic acid
L-Histidine
Hydroxy-L-proline
L-Leucine
L-Ornithine
L-Phenylalanine
L-Proline
L-Pyroglutamic acid
D-Serine

L-Serine
L-Threonine
D,L-Camitine
y-Aminobutyric acid
Urocanic acid
Inosine

Uridine

Thymidine
Phenylethylamine
Putrescine
2-Aminoethanol
2,3-Buthanediol
Glycerol
D,L-a-Glycerol phosphate
Glucose-1-phosphate
Glucose-6-phosphate

Table 3-29. The identification of the isolates
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#FME 57

M-001 Corynebacterium nitrilophilus
M-002 Clavibacter agropyri

M-003 Sphingomonas adhaesiva
M-004 Brevundimonas vesicularis
M-005 Vibrio parahaemolyticus
M-006 Pseudomonas bathycetes
M-007 Vibrio tubiashii

M-008 Sphingomonas macrogoltabidus
M-009 Rhodococcus rhodochrous
M-010 Burkholderia glumae

M-011 Corynebacterium urealyticus
M-012 Rhodococcus fascians

M-013 Psychrobacter immobilis
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ArPoZ A NH,,, NOy, == NOs & 183 Aoz PO,/ S ¥3stsE 7 1A 3
wjxloll 5 xtelo]l 2F A (subculturing)E E&te] A4 9 <o AATES AL 4719 @Y
Aets Adstdnt olgA AdE AdsES NP AA A wiAe] &A 25Tl 3 1
g2 sHdste Fd A wgriolA wigeEA a9 AATE FAstATh 1 FelA
Aol 21e] A A% gL 2] #FE HAAse] B Ao AL&sT

0
2
R

v At Festd #E 2 A shsty 54

T e By Ao dste FAH o R 5 CK-103 CK-13¢]2F W elar, e
Zy Al stehs 54 S ARSI

TF CK-102 7gdolglen a3 o= veut CK-109] A 384 A ds A
Ag A3= Table 3-300] e Qlth Indole A FFAIES SA o2 YENE S, methyl
red-voges proskauer (MR-VP) A&l ¥} disulfhydraseo] ¢]3F H,Se |4 Ao = LAk
25 e Gelatinase, amylase 712 i catalase®] &4 o3 AP S BF FAukgo]
o oxidase$} ureased] £A o F A|FE 2o vERYTH BAAY o UA YO R citrate
o] o] &S ¢olH = Simmon's citrate ©] A IS SA o2 YEW o lithmus milk A
o A= admd S Bastg o, :ES} (peptonization)= ¥ A ¢k}
Jgolglom gk kAo F et CK-139 Ag 383 A ge A
1ol Yttt Indole 84 #5210 54822 vetw e, MR-VP

&
ax
=)

ui

ooO*

Table 3-
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Al@d ¥ Disulfhydraseo] ©]& H.S9 A AlFoAM= %"é‘i%% e
amylase, catalase 1¥] 1l urease?] £ oJF A|FdAT= BT FAIHES-9]
A oF ARE FAS Uyt gAd% dquAdoeR c1trate«] o]
Simmon's citrate © |92 5402 YeEl oy lithmus milk Al @A =

=
gov, MEse w4 g

o?.:
T

o
S

Table 3-30. Morphological and physiological characteristics of the strain CK-10

Morphological characteristics

Cell shape Long rod
Gram staining positive

Phvsiological characteristics

Indole production -
MIethyl red -

Voges-Proskauer -

starch hydrolysis +
Gelatin hydrolysis +
Catalase +
Oxidase -

Simmon’s citrate -
H,S (KIA) -
Litmus milk (peptonization) -
Chritensen's urease -

Phenylalanine deaminase -

+ : Positive reaction, - : Negative reaction

Table 3-31. Morphological and physiological characteristics of the strain CK-13
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Morphological characteristics

Cell shape Long rod
Gram staining positive

Fhysiological characteristics

Indole production -

hIethyl red -

Yoges-FProskauer -

Starch hydrolysis +
Gelatin hydrolysis +
Catalase +
Oxidase -

Simmon’s citrate -
H,S (KIA) -
Litmus milk (peptonization) -
Chritensen’s urease +

Phenylalanine deaminase -

+ : Positive reaction, - : Negative reaction

ot 22 AT 54

Fejetd 2 AP 5A-4S #ES FAT CK-107 CK-139] uisty &
(identification)3t At} ¥ 5 CK-103 CK-13¢] thate] thekdt g4 o] &l s 543}
BIOLOG system< AF83}$1al, 7 A3 =S Table 3-32¢9 Table 3-339] Z+7 vYetudch. =3k
16s TDNA @71ME & B45t] 542 AAe 23 ol #elAld CK-102 Bacillus subtilis
2 CK-13 Bacillus thuringiensis® Z}7} 54 =% 2™, GeneBankel 7}7} [AY941803]%}
[AY941804]= S=H ek At CK-103% CK-139] 16s rDNA®| @7|M<d2 247t Fig.
3-4¢} Fig. 3-59] YEFY At}

%
L
Ry
L3
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Table 3-32. Physiological and biochemical characterization of the isolate, CK-10 using the

BIOLOG Analysis System

Physiological & bischemical tests

Physiological & biochemical tests

Water

- Cyclodextrin
8-Cyelodextrin
Dextrin

Glycogen

Inulin

Idannan

Tween 40

Tween 80

- Acetyl-D-glucosamine
H-Acetyl-D-mannosamine
Amygdain
L-Arabinose
D-Arabitol

Arbutin

Cellobiose

D-Fructose

L-Fucose

D-Galactose
D-Galacturonic acid
Gentiobiose
D-Gluconic acid
a-D-Glucose
m-Inostol

a-D-Lactose

Lactulose

Maltose

Maltotriose
D-Mannitol
D-Mannose
D-Melezitose
D-Melibiose

o-Idethyl D-galacteside
§-Methyl D-galactoside
3-Methyl glucose
oe-Mlethyl D-glucoside
G-Idethyl D-glucoside
oe-Idethyl D-manneside
Palatinose

D-Psicose

D-Raffinose
L-Ehamnose

D-Eibose

D-Salicin
Zedoheptulosan
D-Sorbitol

Stachyose

Sucrose

e

e s s

e e s L o o S s S S

++

o S e S S S

D-Tagatose

D-Trehalose

Turanose

Hylitel

D-Hylose

Acetic aicd
a-Hydrozybutyric acid

8 -Hydroxybutyric acid
-Hydrozybutyric acid
p-Hydrozyphenyl acetic acid
a-Eetoglutaric acid
a-Eetovaleric acid
Lactamide

D-Lactic acid methylester
L-Lactic acid

D-Malic acid

L-Ialic acid
Methylpyruvate
Mono-metylsuc cinate
Propionic acid

Pyruwic acid

Succinarmic acid

Succinic acid

H-Acetyl L-glutamic acid
Alaninamide

D-Alanine

L-Alanine
L-Alanyl-glycine
L-Asparagine
L-Glutamic acid
Glycyl-L-glutamic acid
L-Pyroglutamic acid
L-Zerine

Putrescine

2.3-Butanediol

Glycerol

Adenosine
2-Deexyadensine

Thosine

Thymidine

Uridine
Adenosine-3"-monophosphate
Thymidine-5"-monophosphate
Uridine-3"-monophosphate
Fructose-6-phosphate
Glucose-1-phosphate
Glucose-6-phosphate
D-L-w-Glycerolphosphate

4+ 4

T ok Tk e L T i o o i 2 o ST e ok o ST o ot ST S SIS
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Table 3-33. Physiological and biochemical characterization of the isolate, CK-13 using the

BIOLOG Analysis System

Physiological & biochemical tests

Physiological & biochemical tests

Water

c-Cyclodestrin
G-Cyclodextrin
Dextrin

Glycogen

Inulin

Mannan

Tween 40

Tween 30
W-Acetyl-D-glucosamine
W-Acetyl-D-manno samine
Lmygdain
L-Arabinose
D-Arabitol

Arbutin

Cellobiose

D-Fructose

L-Fucose

D-Galactose
D-Galacturonic acid
Gentiobiose
D-Gluconic acid
a-D-Glucose
m-Inositol

a-D-Lactose

Lactulose

Maltose

Maltotriose
D-Mannitel
D-Mannose
D-Melezitose
D-Melibiose

o-Ilethyl D-galactoside
G-Methyl D-galactoside
3-Methyl glucose
c-Methyl D-glucoside
G-Methyl D-glucoside
o-Methyl D-mannoside
Palatinose

D-Psicose

D-Faffinose
L-Fhamnose

D-Eibose

D-Salicin
Sedoheptulosan
D-Zorbitol

Stachyose

Sucrose

T i

4+ 4+

e

+

D-Tagatose

D-Trehalose

Turanose

Hylitol

D-Fxlose

Acetic aicd
a-Hydroxybutyric acid
F-Hydrozybutyric acid
-Hydrozybutyric acid
p-Hydroxyphenyl acetic acid
o-Ketoglutaric acid
a-Eetovaleric acid
Lactamide

D-Lactic acid methylester
L-Lactic acid

D-Malic acid

L-Malic acid
Wethylpyruvate
WMono-metylsuccinate
Propionic acid

Pyruvic acid

Succinamic actd

Succinic acid

- Acetyl L-glutamic acid
Alaninamide

D-Alanine

L-Alanine
L-Alanyl-glycine
L-Asparagine
L-Glutamic acid
Glyeyl-L-glutamic acid
L-Pyroglutamic acid
L-Zerine

Putrescine

2,3-Butanediol

Glycerol

Adencsine
2-Deoxyadensine

Thosine

Thymidine

Uridine
Adenosine-3"-monophosphate
Thymidine-3"-monophosphate
Uridine-5"-monophosphate
Fructose-6-phosphate
Glucose-1-phosphate
Glucose-6-phosphate
D-L-p-Glycerolphosphate

Dt o+

+H++++++ A

+ 4+t
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1 cgtggctttc tggttaggta cgtctcggtg ccgecctatt  tgaacggcac ttgttcttcce
61 ctaacaacag agctttacga tccgaaaacc ttcatcactc acgcggcegtt gctcegtecag
121 actttcgtcc attgcggaag attccctact gctgectcecec gtaggagtct gggcecgtgte
181 tcagtcccag tgtggccgat caccctctca ggtcggctac gceatcgtcge cttggtgage
241 cgttacctca ccaactagct aatgcgeccge gggtccatct gtaagtggta gccgaagceca
301 ccttttatgt ctgaaccatg cggttcaaac aaccatccgg tattagcccc ggtttccegg
361 agttatccca gtcttacagg caggttaccc acgtgttact cacccgtccg ccgctaacat
421 cagggagcaa gctcccatct gtccgetcga cttgcatgta ttaggcacge cgccagcegtt
481 cgtcctgagc aggggattca aaactctaaa gg

Fig. 3-4. 16S rRNA sequence of Bacillus sp. CK-10. The isolate was registered in

Genbank as [AY941803]

1

61
121
181
241
301
361
421
481

ccgtggcttt
cctaacaaca
gactttcgtc
ctcagtccca
ccgttacctc
gcctttcaat
gagttatccc
tcttgagagce
gttcatccth

tggttaggta
agctttacga
attgcggaag
tgtggccgoat
ccaactagct
ctgaaccatg
agtcttatgg
aagctctcaa

agcaggaggaa

cgtctcggtg
tccgaaaacc
attccctact
caccctctca
aatgcgccgce
cggttcaaac
gcaggttacc
tccattcgct
tcaaaattct

ccgccctatt

ttcatcactc

gctgcectecc
ggtcggctac
gggtccatct
aaccatccgg
cacgtgttac

tgaacggcac
acgcggcgtt
gtaggagtct
gcatcgtcgce
gtaagtggta
tattagcccc
tcacccgtcc

cgacttgcat gtattaggca

aa

ttgttcttcc
gctccgtcag
gggccegtgte
cttggtgagc
gccgaagceca
ggtttcccgg
gccgctaact
cgcegcecage

Fig. 3-5. 16S rRNA sequence of Bacillus sp. CK-13. The isolate was registered in
Genbank as [AY941804]

eh. & Alvre] A% pH ¥t
Aok 1 (N/P) AA HAf Ao Z2] Al

=9 pH W3E 1243t

ey

AR FHEA

HEskar 2t At A%, 2ear wigr

=R

pHe= ta #astdvrt S7kste] 724130 A3 5 7122 54

CK-132
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Fig. 3-6. Cell growth (O) and pH (@) variation according to Bacillus sp. CK-10 growth
in N/P removal liquid media

(
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Optical density (Azgzq)
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0 12 24 36 48 60 72
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Fig. 3-7. Cell growth (O) and pH (@) variation according to Bacillus sp. CK-13 growth

in N/P removal liquid media
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nh e Al el NHy 9 AA

(1) SduiFel 213 NHy o A7

Ammonium< A 71 E 2 E£35E F7] A wfAol A G wjeke] o3 NH, 9 AAE
S ZAFSFA Y Bl AW ammonium®] %7] F%+ 200 pM, 300 uM 28] 3 400 pM °] i, =
7] pHi= 7.00] 91t}

Bacillus sp. CK-109] 7% 200 uM¢ NH, £ 36A17kol ol Al A ar, 300 uM3}F 400 u
M NH; & 487 7+3} 60*]@01144 of &+Ad3s] AAsATE (Fig. 3-8A). Bacillus sp. CK-1304]+&=
200 upM 3} 300 pM<e] NH, & 12A]7Fo]uiell, 400 uMe] NH, & 244 7Fol ol bA 3] A A3
th B AFE F3le] CK-13 —E‘t g3 NH, AlASS YeERd AT (Fig. 3-8B).

(2) E3tuFel ok NHy 9o #|A

AmmoniumS ¥3t= 7] AA wiAo) A ZFu Y (co-culture)o] 3 NH, o AAE
S ZAEIEY F 7FA REl AT Bacillus sp. CK-10% Bacillus sp. CK-13& &§3to] NH,'
7V 23E F7] A R HEsa Al AES 2AFS A3 200 uM, 300 pM 28] 31 400 pM
o] NH, & i 12A17olulol 2h3] AAEHE Aol #AHATE £ AFoA] E5hufde] <
S NHy AA= ©d sfcel] ot Axc gLt Aoz ZAEAT (Fig. 8-80).

®

©

0 24 48 20 24 43 77 0 24 43 72
Time (hrs) Time (hrs) Time (hrs)

Fig. 3-8. Changes in concentration of residual NH; in single cultures, Bacillus sp. CK-10
(A) or Bacillus sp. CK-13 (B), and co—culture, Bacillus sp. CK-10 and Bacillus sp. CK-13
(C) growing with 200 utM (@), 300 utM (A), and 400 pM (H) NH, as nitrogen source

vh g Aol gk NO; o A7

(1) Sduftel o3k NO; & #1A

NitriteE 2&3h= F7] A vixe A & wjge] ok NO; o A AES AT Y
Au 718 e 27] F=5 200 pM, 300 pM 28] 32 400 pM °] 3, pHE 7.00] St

Bacillus sp. CK-10°14 200 uM<¢] NO, & 24A)zFo]lulel Al AsF 3, 300 uMZ+ 400 uM
NO; & 36A]7Fol ol 73] A ASAY (Fig. 3-9A). Bacillus sp. CK-13914+= 200 uM, 300
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UM 223 400 pMe] NO, & 12417Feljel $hd3] AASGY. ¥ ATE Fate] CK-132
g9 NO, o 475 e (Fig. 3-9B),

(2) &3kl ¢gk NO; ¢ #1A

NitriteE 3ot F7] A vl A Edaj kel o NO, o AAE&S =AFsHA
7FA B2l A+t Bacillus sp. CK-103 Bacillus sp. CK-13% &3] NO, 7} ¥3td F7]
A vl HFst AAES FASE A3 200 pM, 300 pM 2232 400 pM2] NO; = &
1271 Zko] ol k3] A AE = Aol #AHJT. 2 AFolA vl o1& NO, AlA<t
CK-13¢] AAGo] FdstA A= AT (Fig. 3-90).

12

O

® ©
400
g 300
g‘.zou
100
0 ' - =
0 12 24 36 48 0 12 24 36 48 0 12 24 36 48

Time (hrs) Time (hrs) Time (hrs)

Fig. 3-9. Changes in concentration of residual NO; in single cultures, Bacillus sp. CK-10
(A) or Bacillus sp. CK-13 (B), and co—culture, Bacillus sp. CK-10 and Bacillus sp. CK-13
(C) growing with 200 uM (@), 300 uM (A), and 400 uM () NO:; as nitrogen source

Ab g el &gk NO
(1) A uf S Oﬂ o]k NOs ¢ A|A
= 71 AA wfA A A wFe] ©]g NOz o AAES A AL, Wi
A ﬂwﬂ A %7] FEE 200 uM, 300 uM 2] 3 400 pM ©] L, pHE 7.001 At
Bacillus sp. CK-10 ]/\1 200 M2l NO3 = 604 zFol el Al A3 o, 300 pMe] NO; = 72
Al Zkolulell 23] A ASEATE 400 UM NOs & 72417 Ak 5 oF 80%7F Al A= At} (Fig.
3-10A). Bacillus sp. CK-13°14 = 200 uM, 300 uM 28 32 400 uMe] NOs & 36, 48 181l
601 ZFol ol Z+zt b e AlAsAT # AFE Fste] CK-132 ®d3d NOs; o AASS
e Tt (Fig. 3-10B).

(2) =&uel &gk NOs ¢ #1A
NitrateE ¥¢3t= F7] AA wjR o)A Sk 93 NO3 o AASE FAsEA T
7FA 8 A3t Bacillus sp. CK-10% Bacillus sp. CK-13& &3%3}o] NO; 7} E3std 7]

12 Hn
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i] Aol JFsta AAeS AR A3 200 uMe] NOz & 24A1 kel el k3] Al 7 83l
, 300 uM¥}+ 400 uMe] NO3 = i< 3 ]7J Jel ebds] AAHAT. & Aol S
Oﬂ o1 NO3 Al A= & wiFel o3 Arg 43 Aow 2AEAY (Fig. 3-100).

® ©

0 24 48 72 0 24 48 72 0 24 48 72
Time (hrs) Time (hrs) Time (hrs)

Fig. 3-10. Changes in concentration of residual NOs in single cultures, Bacillus sp. CK-10
(A) or Bacillus sp. CK-13 (B), and co—culture, Bacillus sp. CK-10 and Bacillus sp. CK-13
(C) growing with 200 uM (@), 300 uM (A), and 400 uM () NOs; as nitrogen source

of, Eg ol <3 PO, o A7

(D) AdujeFel 23 PO, o] 17

PhosphateE ¥3tste= 7] A wjxlol| A g wjeke] o g PO o AAES AT
AW A7) A e FEE 125 uM, 250 uM 123l 500 pM °] 9, pHE 7.00] o).

Bacillus sp. CK-10914 125 uM®} 250 pM9] PO 2 12417k} 2441 7k ulol] Al A9 2,
500 M2 PO S 48A17kolulol &3] AlAsI T (Fig. 3-11A). Bacillus sp. CK-1391 4+
125 uM# 250 pMe] PO," 2 24A17+3} 36A17kol el zhzh Al A 89l 3, 500 uMe] POS E 60
A zrolfol A3 AMAGGAT B AFE Fato] CK-102 243 PO 9 AA %S el
t} (Fig. 3-11B).

(2) g el € PO, o] AA

PhosphateE X3tst= 7] A wjx oA Z3uld (co-culture)ol <3 POS 9 A AE&S
AbstaTh. F 7HR @ AT Bacillus sp. CK-102} Bacillus sp. CK-13< &3] PO, 7}
gt §7) A wiAel HFskn AAES AR Ax 125 uM¥} 250 uMe] PO & 124]
3 244 7kol ol ¢ sl Al AL, 500 uMel PO, & wl <k 36A17kolthell b A A E =
o] #AFUTE E AT EFuIF] oF POSAAE @Y wiFe] og AHTl YT
2 ZAE A (Flg 3-11C).

SO A PH PN
O
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0 24 48 72 0 24 43 T2 0 24 43 T2
Time (hrs) Time (hrs) Time (hrs)
Fig. 3-11. Changes in concentration of residual PO, in single cultures, Bacillus sp. CK-10
(A) or Bacillus sp. CK-13 (B), and co—culture, Bacillus sp. CK-10 and Bacillus sp. CK-13
(C) growing with 125 uM (@), 250 uM (&), and 500 pM (H) PO as phosphorus source

ZF. &gk oke] o3k AA W Q1o Al AA

T VA B A1 Bacillus sp. CK-10% Bacillus sp. CK- 134 TS o] &3] FHH
A A o] A NH,', NO2* NOs & PO 9] FAA7 23S Fasdth 400 uMe] 22} 500
oM 19 EAAA A, NHy b NO, = 124zbojuje] ¢hd 8] A5 03, NOs & PO,
= 36A1%F ool gk T A A= Ao #&EHAY (Fig. 3-12).

th
=
=

o
=
=

[
=
=

NH,*, NO,, NO; and PO, (UM)
— w
= =
= =]

2
0 12 24 36 48

Time (hrs)
Fig. 3-12. Changes in concentrations of residual 400 uM NH; (@), 400 uM NO> (&), 400
uM NO; (H), and 500 uM PO (@) in co-culture, Bacillus sp. CK-10 and Bacillus sp.
CK-13
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3. A FAFAA FAALR 3 L ATA Y MAETH A A
7hoFA Abmelq Aaet <o) &%

A FA el Abgate FA AFR 02 g 100 meo] dEsfgel &AlA &EH A
9} Q1o &S 77t ZAsA Y. AR pelletS IR JAFalFol Fa 7247 5 SEATEE
gk Aol 1S Ao #EEA vt TH; HAAPES o] &3 mAg THFE
o] YT §EFAFNA V]l wETe] BAEA Aie Qlo] Azre] AnEtuA A
Z gZ ¥ o] 72A17ke] AFe = oF 333 uM NH,, 129 yM NO,, 815 pM NOs, 1 il
248 uM PO, 7} A A (Fig. 3-13).

¥ ]
th
=]

I
=
=]

NH,*, NO,, NO; and PO, (M)
-t -t
= n
[—] [—]

n
—

0 :
0 12 24 36 48 60 72
Time (hrs)
Fig. 3-13. Dissolution of NH, (@), NO; (A), NO; (H), and PO, (@) in sea water from
0.2% farming feed

ol ¥ Bacillus sp. CK-10%} Bacillus sp. CK-13
< &5 SAAT

S ¢F 287 uM NO; ©] &&= Aom, Hj
ARA ZF A3 & oF 975 UMJ/} 428 nM
w7} 7+7b

}—O}Oﬂ ]Z} 74 el w

Bacillus sp. CK-10S %3]

& T2A1ZkeIUlell ¢ E] A AE AT NHy' 9k NOs
| 247 &EH%oH, 120*]@0111101] 70%%F 65% AE7F 22 A AEE Blo] #REATE b
F 27] 60412 A3 F PO,TE oF 644 uMol &&H Qe 108417t ool 4As] A A
A}t (Fig. 3-14).

Bacillus sp. CK-13S H#3}o] 364 7to] A3 & <F 324 uM NO; ©]
6021 Fol ol k] AIAH AT NHy = 4847
12071 7Fe] el ¢bd 3] A A S = Zlo] A& H AT
ZE o, W 12072kl o] 3] AARA HoE %71 48/\]7J 75‘?%?15} F PO

mlo
N

o

O

- 102 -



) =}

661 uMeo] &=wRNom wjg 1204 7HE<tel 65% B=7F AAEE Ao ##EHJG (Fig.
3-15).

(2) EtulcFol ofgh Ao}l Qo AA

02% (w/v)e &4 AlRE

o] EFuGE HFskod AIRF

ArE7F 25w A o] g F e 74 dkgk & oF 440 pM}

940 uMo] 717} &Z ¥ e, 1Y 364 | 938 AA=AL PO, ¢ NOs

= 36417 A3t F oF 610 pM¥ 520 uMeo] ZHzb &&= o, 7241713 8441 koo ¢
Eul

8] AAEE= Ao] #

0 24 48 72 926 120

Time (hrs)
Fig. 3-14. Removal of NH,” (@), NO, (&), NO; (H), and PO (@) from 0.2% farming
feed suspension incubated with Bacillus sp. CK-10
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L] 24 48 72 96 120
Time (hrs)
Fig. 3-15. Removal of NH,” (@), NO, (A), NO; (H), and PO, (@) from 0.2% farming

feed suspension incubated with Bacillus sp. CK-13

0 24 48 72 26 120

Time (hrs)
Fig. 3-16. Removal of NH," (@), NO, (&), NO; (H), and PO, (@) from 0.2% farming
feed suspension incubated with co-culture, Bacillus sp. CK-10 and Bacillus sp. CK-13
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glucose’} 7} Wo] x5 of

fucose®™= A

o
t:l
o
"
2

0.04

0.03

o 0.02

0.01

0.00

-0.01

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00
-0.02

fucose

© 1 galactose, galatosamine, mannose 52 o|UoH,
olx it} (Fig. 3-17).

A
galactosaming
ghucosarming
9alacigif ose
Mannose
10 15 20
Minutes
B
glucose
galactosamine gataciosq Mannoes
10 15 20
Minutes

Fig. 3-17. Sugar analysis of farming feed by Bio-LC DX; (A) control and (B) farming feed

4 RS FHFNA AR ALY F
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—

¥ MRS A F3 wjA oA &abzd<go] FatEo] A7 T di(clear
Mol Fabet (lactic acid bacteria)S AFH e EAISZZFEH AES

ol =7 *43% *ﬂﬁ%% S84 NS Tl vEEH e Fdd 29 wFE AAs] &

. fabiel Wejstd 92 w0 Ael 84 54
5 )l fabitel tate] FAH o #F JK-8% #F JK-11% Wely, Festd wa

>
ot

]C’*ot‘i gt Ao E Yeyt JK-89 A7 32 AdES A
7ﬂJ+L Table 3-34¢] YEIUGSJTE Indole A FHFAFEAAYE S22 YE
disulfhydraseol] &3 HoS® &4 AdolMz: SATES UEHlAT. MR Al AW
2 Yeya, VP AldoA= S0 =2 W At} Gelatinase, amylase, catalase, urease 1]
oxidase J—ZH oF Ao A= 5 SRS 849U UYL =Z citrated] o] &
5 YolE = Simmon's citrate ©]&AIPS HIAZE FEM O R W= FAHNWSS UE
th Lithmus milk Al@elA+= Z2@EarzE dojut A S vedla, fEstes ¥4 3o

T JK-112 g ew s FAdolth JK-119 A 3434 A& Axg Zdis
Table 3-350 WEtHUH Indole P4 A3 422 Yebw oW, disulfhydraseo] ©]&
HSe A Aol e SANES Ut MR AddAs FEvheo=m vebyta
VP Agoll s A2 98 At} Gelatinase, catalase, urease ZﬂJ_ oxidaseo] EA] o %
ANFol e BF SA4US-olQ a1, amylase =4 o] F APl = A S-S YERRAL B4
A3} AR P2 citrate?] ©]&F-E olH = Simmon's citrate ©]-8A g2 vX| 7} FEA
o7 W3lE FAESS UERQITE Lithmus milk AlgolX s 2w art doju A4S o
B, fESE A 2T
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Table 3-34. Morphological and physiological characteristics of the strain JK-8

Morphological characteristics

Cell shape Long rod

Gram staining positive

Physiological characteristics

Indole production -
MIethyl red +
Voges-Proskauer -
starch hydrolysis -
Gelatin hydrolysis -
Catalase -
Oxidase -
Simmon's citrate +
H,5 (KIA) -
Litmus milk (peptonization) -
Chritensen’s urease -

Phenylalanine deaminase -

+ : Positive reaction, - : Negative reaction
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Table 3-35. Morphological and physiological characteristics of the strain JK-11

Morphological characteristics

Cell shape Long rod
Gram staining positive

Phyvsiological characteristics

Indole production
MIethyl red +
Voges-FProskauer -
starch hydrolysis +
Gelatin hydrolysis -
Catalase -
Oxidase -
Simmon’s citrate +
H,5 (EIA) -
Litmus milk (peptonization) -
Chritensen’s urease -

Fhenylalanine deaminase -

+ : Positive reaction, - : Negative reaction

Fejsta 2 Agetd EAHS BEE fAb JK-83 JK-119] thele] THS AA ).
5 JK- JK-119] thate] thokst gAY o] 8o H2 A3 BIOLOG systemS A&

8z}
i, 1 A3E Table 3-367 3-379] Z+z+ YT MicroLog™ database softwareZ
13t A3} JK-82 Lactobacillus plantarum ~12]3l JK-112 Lactobacillus hilgardii
o, & dAFNAE ol Ak dldte]  Lactobacillus  sp.  JK-89F
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Lactobacillus sp. JK-11%2 8™ 3} ¢},

Table 3-36. Physiological and biochemical characterization of the isolate, JK-8 using the

BIOLOG Analysis System

Physinlogical & biochermical tests

Physiological & biochemical tests

Water

-Cyclodextrin
f-Cyclodextrin
Dextrin

Glycogen

Inulin

[annan

Tween 40

Tween 80
N-Acetyl-D-glucosamine
N-Acetyl-D-mannosamine
Amygdain
L-Arabmose

D- Arahital

Arhutin

Cellobiose

D-Fructose

L-Fucoze

D-Calactose
D-Galacturomc acid
Gentiobiose
D-Cluconic acid
o-D-Clucose
m-Inositol
o-D-Lactose

Lactulose

Maltose

Maltotriose
D-Manmtol
Dr-Mannose
D-Meleztose
[-Melibiose

o-Methyl D-galactoside
B-Methyl D-galactoside
3-Methyl glucose
o-Methyl D-glucoside
p-Methyl D-glucoside
o-Methyl D-mannoside
Palatinose

D-Psicoze

D-Raffinnse
L-Rhamnose

D-Ribose

D-5alicin
Sedoheptulozan
D-Sorhitol

Stachyoze

Sucrose

D-Tagatoze +
D-Trehalose +
- Turanose +
+ Hylital
- D-Hyloze +

Acetic aicd +
o.-Hydrozybutyric acid -
[-Hydrozybutyric acid -
- y-Hydrozybutyric acid +
+ p-Hydrozphenyl acetic acd -
- o.-Ketoglutaric acid

o-Ketovaleric acid +
Lactarnide

D-Lactic acid methylester

- L-Lactic acid

+ Dr-Nalic acid

+ L-Malic acid

+ Methylpyruvate

Mono-metylsuccinate

. Propionic acid

+ Pyruwic acid

succinarnic acid

+
+ Succinic acid
N-seetyl L-glutamic acid
+ Alaninamide
+ D-Alanite
+ L-Alanine

. L-Alanyl-glycine
+ L-Asparagine

+ L-Glutarmgg:nacid

+ Glyeyl-L-ghitamic acid
L-Pyroglutamic acid

+ L-Serme

+ Putrescine

+ 2.3-Butanediol -
Glyceral +
Adennsing +
2-Deoxyadensine +

i Inosme -

N Thymidine +

+ Unidine -

) Adenosine-5"-monophosphate

+ Thymidine-5 -tonophosphate

+ Uridine-5"-motophosphate
Fructose-6-phosphate +

4-_ Glucose-1-phosphate
Glucose-f-phosphate
D-L-o-Clycerolphosphate

Table 3-37. Physiological and biochemical characterization of the isolate, JK-11

BIOLOG Analysis System
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Physinlogical & biochernical tests Physiological & biochemical tests
Water - [-Tagatose +
o-Cyclodextrin : D-Trehalose +
B -Cyclodextrin - Turanose +
Dextrin + Hylital +
Glycogen + | D-Zylose ;
rulin ; Aretic aied +
Mannan ; o Hydrozybutyric acid +
Tween 40 + | B-Hydrogphutyric acid -
Tween 30 + y-Hydroxybutyric acid +
N-&eetyl-D-glucozatnine + p-Hydroxyphenyl acetic acid
N-&cetyl-D-mannozamine + or-Ketogltaric acid +
Ammyadain + c-Ketovaleric acid +
L-Arahinose + Lactarride
D-#rabito] + D-Lactic acid methylester -
Arbutin + L-Lactic acid +
Cellohiose + Dr-Malic acid -
D-Fructose + L-Malic acid +
L-Fucnse . Methylp yrvate +
D-Galactose + Mono-metylsuccinate +
D-Cralacturonic acid + Propionic acid +
Gentiohiose + Pyruwic acid +
D-Clucanic acid + guccma:mc 3!:1[1 "
+ UCCHIC ACk
;.EI.E?&DSE + N-Acetyl L-glutarmic acid +
u-D-Lactose - Alaminarnide +
Lactuloge - D-Alanine -
Maltoze + L-Alanine +
Maltotriose + L-Alanyl-glycine +
D-Mannitol + L-fsparagine +
D-Ilannose + L-Glutamic acid +
D-Meleatose + Glycyl-L-glutamic acid +
D-Melibiose + L-Pyroglutamic acid +
o-Methyl D-galactoside . L-Serme +
R-Methyl D-galactoside ; Futrescine -
3-Methyl glucose + 2,3-Butanediol +
o-Methyl D-glucoside + Glyceral +
p-Methyl D-glucoside + | Adenosing +
o-Methyl D-mannoside ; 2-Deoxyadensine +
Palatinnse + Inosne :’
D-Psicose + Th?‘?“dme
D-Raffinose + Uridine . +
L-Rharnase i Adenqsme—S -monophosphate +
D-Rihose + Thym1d1ne—5’—mun0phusphate +
D-Salicin n Uridine-5 -monoph osphate +
Sedoheptulosan + Fructose-f-phosphate +
D-Sorbitol n Glucose-1-phosphate -
Stachyase . Glucose-fi-phosphate +
Sucrose + D-L-g-GClycerolphosphate +

&
2
4

of o3 HA AA
-8l oJgk A4

At Lactobacillus sp. JK-89] A4 A ASH AFE AT JK-8° HFH
| 100 uMF 200 uM®] NHy & 717t #7bebals A5, 1412 3A gkol ol k73] A
, 300 uM¥}+ 400 uMe] NHy = 1271 7H5<k 65%¢F 35% AE=ZS Z+7 Al ASE Aoz
2t (Fig. 3-18A). 100 pM¥} 200 uM<e] NO; & 1A17F olUel, 300 uME 3A]gke]d o

S
o o T
:looo

e

AT
e
ob o2
2

o2 e
2 R

N~
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g3 AAsAT. 2= 400 uMO] AAEANE 4% A9 AAZF o] FoAA A shrt (Fig.
3-18B). 25 uM¥} 50 uMe] NOs & Z42F 3413k 6AIbe| el 3] Al As o™, 75 pMi=
1221 7ke] el 3] A A AA T 100 uMS A AA= A ekdrh (Fig. 3-180).

®

% 300 g % 75
2004 & 2 50
100\ 25
0 1 X 1 1 L1 1 1 11 1 0 1 1 1 L L1 L1 1 0 1 1
8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Tlme (hrs) Time (hrs) Time (hrs)

Fig. 3-18. Changes in concentrations of residual NH; (A), NO, (B), and NOs; (C) in
Lactobacillus sp. JK-8 cultures. Concentrations of nitrogens in the cultures were 100 uM
(@), 200 UM (A), 300 uM (H), 400 pM(4) of NH; and NO., and 25 uM (@), 50 puM
(A), 75 M (H), 100 uM (@) of NOs, respectively

(2) JK- 11011 g3 A AA

e A Lactobacillus sp. JK-11¢ 93 A4 AA
HEE kool 100 uM¥ 200 uMe] NH4 & H7Fsl9 S
L5 AASAL, 300 pM¥ 400 pM2> A AAEHA = Zlo] #FHAY (Fig. 3-19A).
100 pM3}F 200 pMe] NO; & 5A1ZFF 12A]7F ool A ASA I, 300 pM> 3A17HE<QF oF
50% AEE AAHE Aol BEEHJTH 400 pMo] HZFEHNS A AL AATF o] Fo]A A
otd (Fig. 3-19B). JK-11> NOs & Al AsA H3st= Aol ##H AT (Fig. 3-190).

olf

9 olvg 2Asgth JK-110]
G, 8AIZ 12417kt 60% A

Ir o
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4m‘m\@3 B LYY L YN T Y S AR a0 S 2 SN

= % ST AR L
g b =
- Rl
o] Q -
o
z 4 =

1589090000004y

U 11 1 1 U L1 1 | 1 Il 1 11 1 1 1

0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 &6 8 10 12
Time (hrs) Time (hrs) Time (hrs)

Fig. 3-19. Changes in concentrations of residual NH; (A), NO, (B), and NOs; (C) in
Lactobacillus sp. JK-11 cultures. Concentrations of nitrogens in the cultures were 100 uM
(@), 200 uM (A), 300 upM (HD), 400 pM(4) of NHs and NO, and 25 uM (@), 50 pM
(A), 75 M (H), 100 uM (@) of NOs respectively

nh g 2 EF

(1) Lactobacillus sp. JK-8

e Akt Lactobacillus sp. JK-8ol4 «ojz & )
diffusion assay WO = FRlstlal, vt AHEHS AT ] Aol
s ole o] 7hx g A Ay a1 A4 A AFS AAstE Ao BEAEAT
Gt ~HMEY AL A B A s N o T 28 Vibrio harveyid 7S Tl (inhibition
zone) 2717} 20 mm=z 7V ZA vebykth. w3 Vibrio parahamolyticus®l 7% 19 mmE
VELSE 3 Edwardsiella tarda= 18 mm= YEFSTE o] Aldso oist FHd FAdS Fig.
3-200 4 ®oJFa1 9t} Streptococcus pyogeness= 14 mmz 7} & A7|2 A H

o B <)

Fig. 3-20. Antibacterial activity of Lactobacillus sp. JK-8 against Virio parahaemolyticus
(A), Virio harveyi (B) and Edwardsiella tarda (C)
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(2) Lactobacillus sp. JK-11

w2 At Lactobacillus sp. JK-11014 fojxl 55 wjddsde LS plate
diffusion assay WO 2 &el3gg, d AAEHS ZASATY Lactobacillus sp. JK-11&
JK-83} mp7iA| 2 ofe] 744 25 FA3 Al 298 54 Ao A4S JAste slo] #F
HAo™, Vibrio harveyi® 7% Wl (inhibition zone) =717} 19 mm=z 7F& = A ey
. =3 Vibrio parahamolyticus® 7% 18 mm=, Edwardsiella tarda= 17 mm= Y EFTE
of AldEel gk T A2 Fig. 3-2164 HolFa ot FHd e A7|7F 7p 22 A

[e)

& Streptococcus pyogenes® 12 mm= e AT

AN

Fig. 3-21. Antibacterial activity of Lactobacillus sp. JK-11 against Virio parahaemolyticus
(A), Virio harveyi (B) and Edwardsiella tarda (C)

HAA MEd 3t JK-89 AEHS FAFsIATE. Fa 8k Akt Lactobacillus sp. JK-8
A < o doZ 4 J& HYA Al

= = —= T M
It (potentially pathogenic bacteria) &2 IFFE = 4714 AlitS =EA17 & 308 HFo= 4
AlZE Feh 1A wjAd H3 =gele] Awdgs #ESAY (Fig 3-22). 1% 4 Al
Vibrio parahaemolyticus®} Vibrio harveyis &% W dAS A =EA171 A9 305 ol
Aleto]l R5F AbEste] oA wjA| el o] w2 A &ttt (Figs. 3-23 & 3-24). =3
3

Edwardsiella tarda®l 78% 1A7FolWo] RYF AME3IATH (Fig. 3-25), 13 %Al A<
Streptococcus pyogenest 3A|ZFolUe] B5F ApEete] o] A gt} (Fig. 3-26).
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LOG CFU/Me

0 —8 8
1] 1 2 3 4

Time (hrs)
Fig. 3-22. Killing of pathogens after exposure of cell-free concentrated supernatants derived
from JK-8 (A); control (O), Vibrio parahemolyticus (@), V. harveyi (M), Edwardsiella

tarda (M), Streptococcus pyrogenes (@) At intervals, the number of colony—forming units
per ml of culture was determined

Fig. 3-23. Photographs of Vibrio parahaemolyticus with JK-8 concentrate (X5); (A) control,
(B) 30 mins

- 114 -



Fig. 3-24. Photographs of Vibrio harveyi with JK-8 concentrate (X5); (A) control, (B) 30

mins

Fig. 3-25. Photographs of Edwardsiella tarda with JK-8 concentrate (X5); (A) control, (B)

30 mins, (¢) 60 mins
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Fig. 3-26. Photographs of Streptococcus pyogenes with JK-8 concentrate (X5); (A) control,
(B) 60 mins, (C) 120 mins, (D) 180 mins

WA A it JK-119 A#ES 2AEg Y. 28§47 Lactobacillus sp. JK-11
FdTANE JK-87 w7t R A WA Ao
B A0 4N B 1A wA o] Hi Edslo]

Ags #ESAT (Fig. 3-27). SA Alitel Vibrio parahaemolyticus®t  Vibrio
= ZF 304 ool Aol EF AEEle] 1

off ¢
0
=)
o2
12
=2
I
AN m‘lN'
>,
oy
o
o
)—A
>,
)
&
)—A
>,

&oktt (Figs. 3-28 & 3-29). ®3F Edwardsiella tarda®l 73-%- 2
, A Aletel Streptococcus pyogenes 4A7Folujo] EF AME
sto] Hegto] #&AH A 2t (Figs. 3-30 & 3-31).
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LOG CFU/W

Time (hrs)
Fig. 3-27. Killing of pathogens after exposure of cell-free concentrated supernatants derived
from JK-11 (A); control (O), Vibrio parahemolyticus (@), V. harveyi (M), Edwardsiella

tarda (), Streptococcus pyrogenes () At intervals, the number of colony-forming units
per ml of culture was determined

Fig. 3-28. Photographs of Vibrio parahaemolyticus with JK-11 concentrate (X5); (A)
control, (B) 30 mins. (C) 60 mins
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Fig. 3-29. Photographs of Vibrio harveyi with JK-11 concentrate (X5); (A) control, (B) 30
mins. (C) 60 mins, (D) 90 mins

Fig. 3-30. Photographs of Edwardsiella tarda with JK-11 concentrate (X5); (A) control, (B)
60 mins, (c¢) 120 mins

Fig. 3-31. Photographs of Streptococcus pyogenes with JK-11 concentrate (X5); (A)
control, (B) 120 mins (C) 240 mins
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Ab AR B R S5A

(1) Lactobacillus sp. JK-82] A3 % fF7]2F =4

A F2 oA FEE S Lactobacillus sp. JK-8& MRS A iAo HF3ta Mol A4
9 G A A 2l w1zt =9 pHY W3E 6A1%F Ao ® =As ). Lactobacillus
sp. JK-82 HlF 12A1%F o] &-5-E] 36A1M7kA] wEA AAFsial om, olef ¥ sto] pH= H4
sHAl FHav e d@Ao] #FEJT wid 719 pHeE 7ol oy 4847kl A HF pHE
3.84% e

2 Ao JK-89 A mE #7124t (lactic acid®} acetic acid)?] ¥ HPLCE °]-&
sto] BASIA Y. ¥FF o2 AZF% authentic standardolA] lactic acid®] peak+i= 16.326 min
o A acetic acid®] peaki= 19.301 minolA YERETH JK-89 A o] Hl#ste] f7]Ake] A
A= 48417l At ¥ lactic acid®} acetic acide= 192.8 mM¥} 43.6 mMe] ZHzb A4 = L
th ool¢} #Rete] FrIAke]l Aol Folflel wel pHrE FAEe= Aol #EEHAT (Fig.
3-32).

4 180 % 17
: =
< 135 % |
£ t o
z g =
= 90 & {5
Z 3
=
g 4 45 E 1 4
[~
=
-
0 0
0 12 24 36 43
Time (hrs)

Fig. 3-32. Growth of test cultures JK-8, measured as cell density (O), associated with the
parallel formation of lactic acid (@) and acetic acid (&), and pH changes ()

(2) Lactobacillus sp. JK-119] A& 2 F714F AA
G F2 A E8 3 f-At Lactobacillus sp. JK-11S MRS 4 Asf =] o] HFshar A
el A 2 F71AE A 2 wdrIzt F9] pHe ¥EE 6A1% 1t R S AT
bt JK-112 8%k 12413 O]—?—'T’—Ei 36AI A FASHA Ao, ol¢k #rste] pHeE
F 2719 pHE 7ol o 4847ke] A #F pHE 54
2 Yehykth JK-119 3%*01] Ujr% Tr7]’:} (lactic acid®} acetic acid)®] %<& HPLCE ©]&3}
o] BX3=dl, 48A7F A T 9] lactic acid®} acetic acidE= 45.7 mM¥}F 11.8 mMo] A =
Atk (Fig. 3-33).
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-130% 17

g =
< ~1:~=5§-¢sm

= =1
= 190 < 15

E g
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s] 145 & 14
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=

—
0 i ]

0 12 24 36 48
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Fig. 3-33. Growth of test cultures and JK-11, measured as cell density (O), associated
with the parallel formation of lactic acid (@) and acetic acid (&), and pH changes (I

of. HPLCell 9% #7143t &4
2kt Lactobacillus sp. JK-82] v 7|7Hs<t HAME A 2 A wffodo] ] A E =
F71AE A A48T xR E ALY EAEHA Fkd FrlAke] v Zre] X d
uet JK-8 w59 A vl#ste] A EAT. Aozl wig ] A 5E HPLCE ©]-&35to] 4]
st A3 lactic acid®} acetic acid’F &3+¥  authentic standard®} W] usFe] 16.326 min¥}
19.301 min®l A &Y% peaks7} B3 HAom FHHo=z ZH7} lactic acid®} acetic acid=
ettt (Fig. 3-34). Wl 4841 7Fs<F v Ao = 192.8 mM lactic acid®} 43.6 mM acetic
acid7} A= om, o] AlFelA e pHE 3.84%TH

Mo

mAbs Peak 1
e
i
|| v
| ! Peak 2
500 || I |
I i Peak 1
II | | :.I
{;l i Peak 1 Peak 2 Peak 2 H
| '! (.
A I | 15min A I-f | Ii:.
i I M\ l | i|Ii |I i f |
o ] \ )l' \\ J A A _ J ].\___ - .'".L e | NS Il._
-
@) ®) ©) ®)

Fig. 3-34. HPLC chromatograms of standards (A) and of culture samples harvested from
JK-8 cultures initially (B) and after 24 hrs (C) and 48 hrs of incubation (D)
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2 GC-MS 4]

F Soll AAE Fricks FQlsty] sk, 48A%F A e widd s sAdxEL B F
S AAG ¥ DMSO°| HoyA 1 uwlE GC-MSe) injection A7l A3}= Fig 3-35914 HoF
= vke} 2ok GC-MS #2419 A retention time 2.850 min< acetic acid® 6.492 min< lactic
acid®2 A% om 5517 ming DMSOZ MS libraryS £33 &<l 9t}

rl

—B

|

-«

Peak A

Peak C

40 5 i 0 =
Fig. 3-35. GC-MS data for a culture analyzed after 48 hrs of incubation. MS fragmentation
patterns of the compounds representing the two peaks (A and C) in the TIC are indicated

and the respective chemical structures of the compounds are also given. Peak B was
DMSO used as a solvent
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b, FARHAAAN A g 5 WSt wE AT A
(1) Lactobacillus sp. JK-8 #Z
22 M+t Lactobacillus sp. JK-89 = njfaS o ¥
o e WstE FAMAAAN A E o] &3t J

Hl 25kl o] A3 Fad=s Bl ##EEJY. (Fig 3-37). Edwardsiella tarda®)
o 1AY el A7l BEgol AT (Fig. 3-38).

)
=2
R
12
L
o
A
)
o

Fig. 3-36. Scanning electron micrographs of Vibrio parahaemolyticus treated with JK-8
concentrate (X5) (A) untreated cells (B) cells treated with 5-fold concentrated supernatants
for 6 hrs. Arrows indicate the punctured cell envelopes

Fig. 3-37. Scanning electron micrographs of Vibrio harveyi treated with JK-8 concentrate
(X5) (A) untreated cells (B) cells treated with 5-fold concentrated supernatants for 6 hrs.
Arrows indicate the punctured cell envelopes
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Fig. 3-38. Scanning electron micrographs of Edwardsiella tarda treated with JK-8
concentrate (X5) (A) untreated cells (B) cells treated with 5-fold concentrated supernatants
for 6 hrs. Arrows indicate the punctured cell envelopes

(2) Lactobacillus sp. JK-11 &2

w2 FAbt Lactobacillus sp. JK-119] 5 wldds5 o] WAL M-S A1 & A
el ¢F  FeH WslE  FAHAEWAS o] &3
parahaemolyticus, V. harveyi, Edwardsiella tarda®] ¥ vji11#]-$-
7t fFE w5 YT 647 T wE2HAS ul AlxE Y eyl 3A Wt
Zo] BEEAJY. v WS A w=EF¥ Vibrio parahaemolyticus® FH-E t)FEo]
w5otH && delAY FaEo] 7ol Arlal AE¥ol FaH= Egol #EH9)
(Fig. 3-39), Vibrio harveyi= W4 FIadEm FYo] A7 Mxdo] Fa8A= X
#AZ¥ At (Fig 3-40). Edwardsiella tarda= WH-H9 AX7F #a18E%

Trol AA o] TEA €2 A Ego] #EEAY (Fig. 3-41).

o
g
=X

= Ll N g __ Bl oottt |
Fig. 3-39. Scanning electron micrographs of Vibrio parahaemolyticus treated with JK-11
consentrate (X5) (A) untreated cells (B) cells treated with 5-fold concentrated supernatants
for 6 hrs. Arrows indicate the punctured cell envelopes
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Fig. 3-40. Scanning electron micrographs of Vibrio harveyi treated with JK-11 concentrate
(X5) (A) untreated cells (B) cells treated with 5-fold concentrated supernatants for 6 hrs.

Arrows indicate the punctured cell envelopes

Fig. 3-41. Scanning electron micrographs of FEdwardsiella tarda treated with Jk-11
concentrate (X5) (A) untreated cells (B) cells treated with 5-fold concentrated supernatants

for 6 hrs. Arrows indicate the punctured cell envelopes

7} At =Edel A gl
(1) Lactobacillus sp. JK-8 &4

o

-

d
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B2 2kt Lactobacillus sp. JK-8¢] it =S #91al7] &) catalases 28t pH
TR WE 5 s dd 18A 4 s dS plate diffusion assay HHOE H|
wale] #FAsIA . WYX At Vibrio parahaemolyticus, V. harveyi Z18]il Edwardsiella
Ao A pH7F ZHE R e B pdASAe Egs Eyy s g
5 W GAolME Ttz wEEA g (Fig. 3-42).

(1) ) M @) {1 @)

Fig. 3-42. Inhibition of JK-8 cultures supernatant by the plate diffusion assay. Filter discs
soaked with b-fold concentrated supernatants were placed onto lawn plates of V.
parahemolyticus (A), V. harveyi (B), and Edwardsiella tarda (C), respectively; adjusting the
pH 7.0 (1) and non-adjusting the pH 3.8 (2) derived from JK-8

¢

(2) Lactobacillus sp. JK-11 & =2 3ol

w2 §At Lactobacillus sp. JK-119] &8-S &13sl7] $13 catalaseE A2kl pH
= TAOE TE FE ATy 28X e A5 AS plate diffusion assay HH O E H]
sl G HAA ATt Vibrio parahaemolyticus, V. harveyi 1¥]1 Edwardsiella
tarda®l e+ &g AFPNA pH7F 2AHA e l':“:z'i‘ Hl Fs o3 pH7E 249 55
T 53 £ (inhibition zone)E @Attt (Fig. 3-43). o] 232 JK-11
$7]4k0] obd B Aow W
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Fig. 3-43. Inhibition of JK-11 cultures supernatant by the plate diffusion assay. Filter discs
soaked with b-fold concentrated supernatants were placed onto lawn plates of V.
parahemolyticus (A), V. harveyi (B), and Edwardsiella tarda (C), respectively; adjusting the
pH 7.0 (1) and non-adjusting the pH 54 (2) derived from JK-11

E}. RP-HPLC
2] Akt Lactobacillus sp. JK-119] i ¢F 7]7bs<t mjgde] A= IdELS
3t7] 918le] RP-HPLC (reverse-phase high performance liquid chromatography)Z& ©]-&3}1

o JK-119] 5% g5 HES injection B AR A= Fig. 3-449] YERIT
RP-HPLCAA A& 10EA7MA = T=7uE 254 & 1025H 05 ml/mine flow rate
2 acetonitriles 1% A S7HAI7IHA] &&5H 5 &9 (fraction)ES AFA S radial diffusion
assay WH S o] &3dle] FrdA =Ao ALE3FI T A Peak: bacteriocin FAF EE R 7F3H

™Wolts

22 Mobde Phase

Fig. 3-44. RP-HPLC data for a culture sample analyzed 5-fold concentrated supernatants .
A fragmentation indicated bacteriocin-like substance
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3}, Ultrasensitive radial diffusion assay

22 At Lactobacillus sp. JK-11° o8] WA == &t %é% %313}04 50‘&%“3
radial diffusion assay W= ©o]&3t9th. RP-HPLCAA < nes
AZEA 713 05% acetic acidell ©HAl F-FA121 & E. coli7} %01 A= plateoﬂ HZ
A7NE =24 FHLdAS Fostdrt 72709 fractionol hhE T Ao A A
3l fractiono] 4 it FAHS JMA = A EH B0 AL FsAY (Fig.
3-45).

éﬁ&l'rlo

(4) B)

Fig. 3-45. Antibacterial activities against E. coli in radial diffusion assay. Panel A shows

the results of antibacterial activities against E. coli and panel B don't. Well 1 shows

strong antibacterial activities as bacteriocin-like substance

3}. Tricine SDS-PAGE

B2 At Lactobacillus sp. JK-11¢] AAEHE IS4 B2 m2712 2387 ¢l
RP-HPLCOl A o]z A WA fractions Bradford WHel 98] @ aAS AHsle] 10 ugo

i
¥ %3 Tricine SDS-PAGEE 38ttt 2 A3} E. colioll W3
+ bacteriocin FAF &2 9] B2 A7]= oF 4 kDal 2 el A} (Fig. 3-46).
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215 p

16.9 p
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4 P

Fig. 3-46. Tricine SDS-PAGE showing bacteriocin-like substance isolated Lactobacillus sp.
JK-11. Lane M, molecular weight markers; lane 1, bacteriocin-like substance.

Bacteriocin-like substance indicated molecular weight 4 kDa

5. 4% F44 87 4% A AA AR
v BAA L] A
ﬁ—rCKlOQ‘rCKl% 7—1

Al (microbial agent)®4 o] &3}7

|
%J& 59 zeoliteE: E381x X

sto] WAkar zeoliteE 2 S
ol AT e AEES ZAFSEI T (Fig., 3-47). Z1@olA K= wkel o] zeolite?}
247}% 2 of] A ?ZTLLZF% zeoltieZ7} H7hE] ] &2 el AT o] AEHo| FA =

l

hu
o
3
o

- 1
ﬁ 11

13 2432 EQ 2 dto] CK-10% CK-13¢ &350l zeoliteZ #H7}3h
5—%}65‘1‘4194 V@g?ﬂxﬂ (Fig. 3-48A)¢} A& el ol nAEA A (Fig. 3-48B)= A A&t}
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LOG CFU/M

0 1 2 3 4 5 6 7 3
Time (Days)

Fig. 3-47. Survival of N/P removers (CK-10 and CK-13) in the addition of zeolite (@) and
in the absence of zeolite (O)

Fig.

AR A Feste A

2708 12 L 8] WAt FxoA HAssol 0.01% (w/v)e A eE 247 Jal
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3, BE FxdE VHE A Fast
o

9 AATE 14447 Btk BAAAT. EFNFS WED FRoAE 4N FHE F
190.7 uM NO, 7} &Z&5 a1, 724 7kvke] 243 AU NHy 9 POS = 4847k At
3 9243 uM 1056 uMo] zH7F &35 ¢ z

|4 ow, 144A1 7ol el k3] A A=A NOs = 44
F 2 1253 uMeo] AAEAL #F Tk oF 94% 7 AAEE Aol ##EHJT (Fig. 3-49A).
ey v HE el o3k et o AA AFdME FAAEZREH AEHHA 594 F
A Aaet o] F7tstR e AAE ol FoA A Zdrt (Fig. 3-49B).

®] |

w
=
=]

100 1

NH, WO, , N0y, PO, (M)
(")
=
=

0 A
0 24 48 72 96 120 144 168 0 24 48 72 96 120 144 163
Time (hrs) Time (hrs)

Flg. 3-49. Removal of NH; (@), NO, (&), NO; (H), and PO (@) from 0.01% (w/v)
farming feed suspension incubated (A) with co-cultures, Bacillus sp. CK-10 and Bacillus

sp. CK-10, and (B) without cultures. Initial inoculum of co—cultures was 4.7 x 10" cells/ml

WA ] Sz FAARE 747 Ya, 3 FxRdE CK-103 CK-139 £ %S #
Fota, e Fxde HVJ% el F Aol AT pH Wats dEedn S gs
HE3 Fx9 pHE 114 144A17k0] At 5 7952 17}0}ML Z T54E 47 x 10744
A 48A17J°1 At F 34 x 1090744 F7beFQdar, 2 o) FRE 3HAasky] AlFbeke] 1444 7o)

A T 65 x 1037H7} H9t (Fig. 3-50A). 281} w4 = *&EHA F=zol| A= pH7F 7.02¢01 4
7512 Z7b8k9th e = #H4E 17 x 1070004 56 x 10070744 278t eh7r dha 24
3o 14474 7ko] ol = 69 x 10°702 YEYT} (Fig. 3-50B).
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Log CFU/ml
pH

[T W o 2 ~1 &8
T

0 24 48 72 96 120 144

Log CFUml
pH

[ —T R " I N 7 | R - T I .

0 24 48 72 96 120 144

Fig. 3-50. pH changes () and log colony-forming unit ([]) of total bacteria incubated (A)
with co—cultures, Bacillus sp. CK-10 and Bacillus sp. CK-13 and (B) without cultures

12 L FReIA MAGRAA Folo ©E EHE W5

Gxol FHARE Arbn MARAAE Folshel FxlA gue WMaE wIAch
Fig. 3-51004 miwbst o] Alzte] Anbgrel met +xe) E9E7} Wstss Aol wAy
vk Agol wrgkot Aol Fastel wek Bt 2 Frbselov, 1A B

- 131 -



Sl oAl gelA e Ao #FEHAY (Fig. 3-51). oldgr @4 Ax9 AS AASE
CK-10% CK-132 ®t5o1zl mlAEAAZ Tl FAAIEE a7 55 E dHddA #F
o] st A FA ALRE AlESHA 3 A7), o] HAoA R SE RV FUts)
Rom, Agte] AHsHA E&o &3lE Aae A8 AHEHoR AAZ Y TFHoE +F

= MESHA AeA7l= Aoz SlH A

(b)
Fig. 3-51. Photographs of bench-scale cisterin incubated (a) with microbial agent, and (b)
without microbial agent during the incubation period of (A) 0 hr, (B) 48 hrs, (C) 96 hrs,
(D) 144 hrs, respectively

vk 12 L 2o A v AEA A og FAARZNE AL/ AA

NAEAAZE T 12 L x4 £9x9 BstsE a4 FAAE7F BalEe A4S &
ow FRlgh & A9 Qlo] &A= AAHAEAE A4 09 FAE Foto FSls)
ATk 2709 121 &= WX FxoA ddAdgd 0.01% (w/v)el FAAEE HI,
zeolite”} H71e W AEAAE HF3k zeolite} ﬂﬂﬂ?‘] g FAAZY 3 uAE AXE
S HETste] FAAROAA FrHfste Aot Ao AATES 1924175t Bl #EE AT (Fig.
3-52A & 3-52B).

ZeoliteE E33l= M AEAAS HEI FRoA NHy = 1684 7Hqkol] PO &= 1444 79t
o, NO; & 96A17Feko], NO3 &= 19241 7bakell 242t 9] A A = et
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w
=
=]

100 ¢

NH, NOy ,NOy, PO3 (UMD
]
=
=]

0 24 48 72 96 120 144 168 192 0 24 48 72 96 120 144 168 192
Time (hrs) Time thrs)

Fig. 3-52. Removal of NH," (@), NO, (&), NO; (H), and PO (@) from 0.01% (w/v)
farming feed suspension incubated (A) with microbial agent including zeolite, and (B) with

dried microbial pellet (B). Initial inoculum of co—cultures was 4.6 x10" cells/ml

M 4 & ProbioticsE 0|2¢ct A{RFAE =AM 4
A

A14d A& =
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FAAN o] AYHAAS At FAANE S I HAI77] e SAA FAFY] 4
S MAAE F de ABEIA Vs Ade] Hasit 7 AdAe vddt TR
probiotic bacteria’t &AM M A= T AA T Fysty dFAE AT E3519
probiotics7} A NA E A A Ao wX= T3S 2l o] 3 probioticsE ARG WOl
A AEA o R G OEZN BAE S AL F e SARSAQ FATsNTs oA

Tk ATt
Xﬂ 2 A ZHJ‘—%I- g‘l Ho“?-lj

1. &3 ¥ 3o v X & probiotics®] &3 Al F
7}, Alglell A}8-% probiotic bacteria®]

B A% ALgE 5= Hanpoong Industry Co. (Korea)oll A A#3E 8] w52z A
2bEl 659 probiotic M-S ol &3tAtt. AMSE w5 Bacillus 3% (B. licheniformis, B.
megaterium, B. mesentericus), Lactobacillus 1% (L. acidophillus), Nitrosomonas europaea
9} Nitrobacter winogradskyi®|tt. z}zte] 5+ X293y 34 54 dzxd 243y z ol F

ol M o™, Nitrosomonast Nitrobacter= &3 NAFE| = A 3wk},

(1) B =]

sol A A%

k1

A8 98] AFE3 ASufx= MA (marine agar 2216, DIFCO)uj #]
E AFEskY. A EAE S FH5 1 ¢ 2kl peptone 5 g, veast extract 1 g, ferric citrate
0.1 g, sodium chloride 19.45 g, magnesium chloride 8.8 g, sodium sulfate 3.24 g, calcium
chloride 1.8 g, potassium chloride 0.55 g, sodium bicarbonate 0.16 g, potassium bromide 0.08
g, agar 15 g, strontium chloride 34 mg, boric acid 22 mg, sodium silicate 4 mg, sodium

fluoride 2.4 mg, ammonium nitrate 1.6 mg, disodium phosphate 8 mgo] %l t}.

(2) ¥+ wjok
239 Bacillus 3% Lactobacillus 1€ 3 a4 (29 ppt) 10 méol 2z 100 mg*
Yol Z3tst & 23T 244 d5d 7+ AXujEstA. Aol N europaea$t N.

winogradskyi®] &% A& "3 5 (29 ppt) 10 mloll 1 S o] £33 & FdxA
Stoll A1 7 X] vl &5 S T

o A 99 AbS

(1) AdE& A5

AVS Ao ALgE A= thet (Fenneropenaeus chinensis)©l ™, PCRS Z3 387 H}o]
2~ (WSSV)ol| 7+ & FHr3dl (SPF, specific pathogen free) -8 AAtd A& *

HEA, Syt Bt RA A Al kT

Mo g -
R
§
r
_{

(2) AbH22
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FoAe] FANAYE Gobur] Ad Aol A FAA
Aol obshEl A7 Wedly] Wi, s ASAD AEFE AF AFste A Arhw
A FAMNY AEE BT ¥ AP HAFAERAD L] A FA TS

5 A L

T <
¢ sl (30 ppH)E B2 F, air-stones FE
==& 25+17TC, #5715 12L112D2 FAAH L
SEATH A AFSA] Fole 35 AT 5~T%E F
o} <At (Probiotics) # 2]

el g 10 o Ad Ad w5 Hot ¢
okt Ml EFAFL g 400 ¢o AFAG S,
20%9] s wskd} 8ol A 40%° FAAlTE AHTIAH. HET Fxo = KA

& ArhekA sk

e A4
A A

d AbsE o8 FEMA E3 AddAe FEEA kit (Aquamerck,
& AMEE o™ FA ARSA] AbSFY AR
Spectroquant =& ¥4 kit (Merck Co., Germany)E A}-&3}o] spectrophotometer (Genesys 5,
Spectronic Instru —ment, USA)® &3 == =A 3¢}
FA AFSAl AbSF Alse HA8E AA7 L A o TSl olEel 3 WA AjFH st
o pH, dUdFs%E (NHs-N, NO--N, NOs-N, PO,-P), &¢Zg = S
o 23 FIA AgAldE 4o A A7 A FH G A ,
NO2-N, NOs-N, PO,-P o™, #AU e Y 434 Algwyoes &43

Microquant, Merck Co., Germany)

2. AF-EFAF FAREH A}
7h A-FAE s B AL

2003 S5€HRY Astw= &aA A4 A5
Oxygen), T+, pH, 9%, FHE 2 <7 o
(NH4-N, NO2-N, NOs-N, PO,~P) ¥ FAH 9 v B e S &

424 (Dissolved
AR JYEF

AFat A Tt

T2, pH, &4 (DO) 2 932 2354 7] (YSI 852, FH 5=+ secchi disk®Z 54

[¢]
saom FdddF (NHi-N, NO:-N, NOs-N, PO,~P)E AR5 1,000 mLA A3ste] WEAA

X
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F A atete] AHEA ST Al AR G dA A F MuET ZAE 96k
arine agar®ll, Vibrio sp.2] ZAIE §3te]= TCBS medias ©]-83}] incubatorol] 4] 4843k
colonyE A3l 243t

=
=
o2
ot 5
"

R R
982 PCR (polymerase chain reaction) W¥ol <& ZAsFSth.
d st SvtelE 2E ToE st dGelA dEdnd 2 &
¢to S #E3Ee] ARt (Filamentous bacteria), A =55, WA
%5+ (microalgae), 0}7]":’] & oA, ol7bn olgd FAGH & Bt A= whet

SYAZ 2353

ARG Ay A 2
Frt PG BALA 24 RN FAtPon] 257 AR J]A
%

3. Probiotics& °]& & M-S AF AN & A JA aH =24
q
(e}

NBEAY A D )

() FHF A4 2 B

A4 AFFAe Askel Fa A4 Ok Sxe 2 FA4 FAF 20 AP
), oA ]‘E ﬂa:ﬁ (Pond 1) 11,200 m® (80 x 140 m), tHZ&7 (Pond 2) 10,500 m® (70 x

(7 2005 3€FH =27 & SHHE ol &ste] FAFe] AAE AAS L ALE THA
At FAG] AEels 1.8~20 mE A AL A 24 F vigdS AERA7] 4,
49 FE AEE @9 AFsel 4 10 mE 2AF F, A%E U velgs 5 PdA
WA volel s FU%FEE Foly] Adte] dA¥T (AF YAFAFE 20 ppmE 3}
o}, 94 Xd A} A A arAEE Ysto] F7HE (AE)S 2 AFS Ao 300 kg® AFE

(W) 32 0 AaFET AFSS 2ErES 959 pond 1 (A )= paddle wheel type
aerator (2HP) SW ¢} A Z4tAu3tS ¢]sle] Aspirator type aerator 29 (2HP) & % 104
(20HP)9] x5 AsA] 7FdAte] 2 9o A X383t} Pond 2 () Z7)ol = aspirator type
aerator §1°] paddlewheel type aerator 10t (& 20HP)E A %3} it}

U TEYA D AR T
(1) 842 200593 69 129 3ol (Litopenaeus vannamei) PL 12715 pond 13}
pond 291 Z+z}+ 300,0009}8] (26.8 =Fe]/m?), 300,0009}8] (286 wtel/m®) 4484

(2) AA&eE]  ARE starter® Ao R Ao Aol weh Aok AEALR
stk ARTHE 4 F 2497 3% 33 (07:00, 14:00, 18:00), 270D ©] F3E]
23] (07:00, 18:00) &3ttt

ol

oL ol
-
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/\}%ZF —’F;é_hﬁ’d*% 218t probiotics (FAl)e] EA3IE f5te] seedZEA, AHE T
(pond Del= 42 & 30€A (7€ 12¢9)FH  Bacillus subtilus, B. licheniformis, B.
megaterium 2 Enterococcus faecium (Hanpung Industry Co. )g 2+7y 25 x 10° CFU/ge] &
T2 05 kg A4 /\}%Xloﬂ Ayt (7 FdAMTe] HFE % 1116 CFU/mL). F9AT2 1
Zo] 7]—7ﬂ o7 17H A7 = 4Q /\L*xj_g],oﬂq_

Probiotics 4F3 9} 5/\] of (Y2 404), probiotic bacteria®] &A3tE 93t @A F3
$sle] AA} P (Cane Molasses, 48~56% sugar 3Fr)<S 397 80 L/Y 9] Fo 7 AE &
o] 15U 40 L/Y A F53 o]F 4 FRAZFA] 2~3Y0l 184 40 Lo FES 42
A AAd aF AEEdh 22T (pond 1)< injector type aerator 2l & FTd o2 Ao
28 A ArhEad A FrlEe HAS WAste AYASE &5 probioticst? ofY gk
AFST Uloll EAlstE A4S oMY 84S Eol=E St

Aol BgEst AWENL Sske] WF 18] 10~200he 9 H$E T 5
dol APHE LWH F AYN AFS A A
=

Lol %52 A%ste] Wz 484

T, pH, DO, 9% F2=47] (YSI 8 model, Yellow Springs Instrument, Ohio,
= 0]

USA)ZE o]&3te] mjd 23] (07:00, 14:00) =4tk

(2) 94979 944 54

Ao o] A& FARNS Qste] to]AIIE (Merck Co., Germany)E ©| 83}
NH;-N, NO;-N % alkalinityE "5 134 SAstAt. & A=A dolgHe FHAHE 9

ato] AREetslom, B 7EshA st

(4) dutrde] A%554

AbEe DO, ¢+, pH, Aol tigh AE5A< ®WsE xAsH] fste] FAAEFH4A
(YSI 6600EDS model, Yellow Springs Instrument, Ohio, USA)ZS 4] 0.4mol A X&) 30&
tA o7 3F7F (2005 7Y€ 289 ~8%¥ 17¥) 42 < monitoring 3FS U
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AR S EATESE 2L
(1) =% AdT A
Abgel oAl A WstE Absl] 91E A Q) indicator2 A AR RS
Marine agar % TCBS ®iA] & A}& QS T E SASAY. AT
SAL 718 sgow, AgFE daelFel 107, 107 107 @AE R 845 ke] 100 w
Ao =ket thg 25T oA 24~48417F wl%Ele] colonyE AlFstATh #4E= 107 102 107
FEe AlFE Htste] Alts T

rE

(L

(2) ¥iA =24 2 Ax

MA (marine agar 2216, DIFCO) ®j#A] 242 S5 1 ¢l peptone 5 g, yeast extract 1
g, ferric citrate 0.1 g, sodium chloride 19.45 g, magnesium chloride 8.8 g, sodium sulfate
3.24 g, calcium chloride 1.8 g, potassium chloride 055 g, sodium bicarbonate 0.16 g,
potassium bromide 0.08 g, agar 15 g, strontium chloride 34 mg, boric acid 22 mg, sodium
silicate 4 mg, sodium fluoride 2.4 mg, ammonium nitrate 1.6 mg, disodium phosphate 8 mg
oAt S 1 £l marine agar 55.1 g& 23 &3|A1Z F 121ColA 153t autoclaves
3ol 50~60C = 23 A 15~20 ml® petri disholl F53Fo] A}&3F3 )

HHEg e AFE 93 TCBS (TCBS agar, DIFCO) WA xS Z7F4 1 ¢ <ol yeast
extract 5 g, proteose peptone No.3 10 g, sodium citrate 10 g, sodium thiosulfate 10 g,
oxgall 8 g, saccharose 20 g, strontium chloride 10 g, ferric ammonium citrate 1 g,
bromthymol blue 0.04 g, thymol blue 0.04 g, agar 15 g2 24 THF5 1 ¢ TCBSE 8 g
S Y agEdstA @3 &A1 & 50~60T=E 234l 15~20 ml*¥ petri disholl 53}

_]
¢}
718 A= FAEE i ortglE 21E Tow Aol ddde ewte & 3
Q
[)

Ands olgste] EAsAY. oprimle]l A9 LSriyE W e® AR (filamentous

bacteria), A X2 %%, WA X5 (microalgae), melanization o], o}7}u] o] &&d RIaty S
1~5 @AZ FEston, #H22 dx Feste] 2o 3Ankd {5 & 3gdA=Z 239

(2) wtolej =4 ¥

Hlol g A~ tisloll Al dubx oz ¥l WSSVeF HPV 2 3lthg|A]$- Eo] nlo]g] 9l
IHHNVel| thale] PCR (polymerase chain reaction) Wol 2lle] HAE3Fth F250 A ¢
5~9utg] o] o}rtn] && BxE E7slo] DNA extraction kit (genomic DNA kit, Qiagen co.)
& °]83l9 genomic DNAE FE3 % PCR (polymerase chain reaction)e] <34 WSSV
(gARkntol el =)o THHNV (94 x4 dArputole]2)E 53 22 WHo=m AEs

.ﬂ

(7F) Primers design
WSSV (White spot syndrome virus)® nucleocapsid sequenceZ -8 1F/1R (365 bp)
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9} nested primer®A] 4F/4R (324 bp)9 F sete] primerE A Zsc. HPV
(Hepatopancreatic parvo-like virus)E <34+ HIF/HIR (592 bp)E AlZ4st3d
IHHNV (Infectious hypodermal and hematopoietic necrosis virus)el A=< ¢3¢
[HHNV-R/IHHNV-F (1.6 kb)2] primerE #|2}3} %]t}

(1}) Polymerase Chain Reaction
PCR reactions 3%+ master mix= DNA polymerase enzyme (rTaq, 5u/A, Takara
Co. Ltd., Japan) 0.2 w¢, 10X PCR buffer 2.0 @, 25 mM dNTP 1.0 @, 20pmole
primer ZtZ} 0.25 wet $H7 distilled waterE o] 19 W= ZAH3 T templateZA
A} $-9] genomic DNA 1.0 ulE 2ol 20 w2 3t WSSV nested PCRS ¢ &l A
= 4719 master mix®l| nested primer set®} 1% PCR product 1.0 & ¥ PCR
8-S ekt
WSSV % HPVE PCR W32 DNAQ pre-denaturations $3te] 94C, S5min %
denaturation 94C, lmin, annealing 58C, lmin, extension 72°C, 1min®] ¥F3-S 35
cycles 3 £ 72T, 7min& 'T‘)\}\E}' [HHNVe] Hbg-S 934 = DNAY
pre—denaturations 93t 94C, bmin ¥ denaturation 94 C, 2min, annealing 53T,

2min, extension 72C, 3min2] W3S 35 cycles =33 & 72T, TminS Tt}

ju s

(t}) Electrophoresis
PCR product¥ 1.2% agarose geloll A 80Vl A 30 ~1A17F A7 %53t EtBr 9
£ UV stollA M= {55 A3

A 34d A3 uzF

=

AW 3o 1 X £ probiotics?] & A F
} OHT lﬂ OO‘HlihOJ AT B4

=

B. llchemformls B. megaterium, B. mesentericus ‘s Bacillus 3% Lactobacillus 1&
(L. acidophillus)2- B3k 314 (29 ppt) 10 moll Z+F 100 mg? 2o =33 3 23C9 =24
oA dFLE ZHlHHC’ko} Aok et £ AF 9 wdste w9 A A ARE A

HAstel 24g & MA (marine agar)wj =l Z=ste] 30Tl 1LzE wiFste] w5 St

Atk A N. europaea®l N. winogradskyi® &3 A& W3k s (29 ppt) 10 meel] 1
ms Hol ek & 23TolA dFUzr A ujget At vt = saet 3 A5 )
o= ot w od |

[e]

d dAFY ARE AMFASA A & MAuIA| ] =dstdon, 30TAA 2
o #FE SASIAY. B AFS HEAIS AFoen, AFAd a5 W
Fig. 4-19] ¥ logs% YERHSI T

Nitrosomonas + Nitrobacter E3rA|Ttwo] AGHE AdFAF< ALEHQA F7}

v}
_

ol
—_

o

oo

=2 e
o Y
iin
m Hooo



g Hoow, ymr #E5ES th hste @48 Btk Loacidophillus® 79, A w5
of sl 717} 3%} 2% % RS T #Eel Wl ta 44wt Welde o & Y
o, 2 '] AMTES HIE AHEU b 2e AAE HQ B mesentericus®t B.
licheniformis— 39%% 7433, B. megaterium 108% = F7FslAth. 28 A YA+
= 454 ol g TJr, AT &S T W AAAR AeA AAdEE Y
< BFEA &k mebs AN ZdE dotny] A% AP F48 ASAPE e o
FAB feATe AR AR et
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b) B.megaterium

a) B. licheniformis

(Tw/N40) 607

(Tw/N40) 607

3
Days

c) B. mesentericus

d) L.acidophillus

(Tw/N4D) 607

© (sp]

(Tw/N40) 607

3
Days

3
Days

e) Nitrosomonas + Nitrobacter

9

© (9]

(Tw/N40) 607

Days

Fig. 4-1. Growth of each probiotic bacterium in sea water
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Fig. 4-2. Effect of B.

licheniformis on water quality according to the size of initial

inoculum. The graphs marked with astrisks represent the control (no inoculum); diamonds,
inoculum of 1.2 x 10° CFU/m¢; squares, inoculum of 1.2 x 10 CFU/m¢; triangles, inoculum
of 2.4 x 10" CFU/m; circles, inoculum of 4.8 x 10" CFU/m!
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Fig. 4-3. Effect of B. megaterium on water quality according to the size of initial
inoculum. The graphs marked with astrisks represent the control (no inoculum); diamonds,
inoculum of 3.5 x 10 CFU/m; squares, inoculum of 4.7 x 10* CFU/m¢; triangles, inoculum
of 58 x 10° CFU/m¢; circles, inoculum of 7.0 x 10° CFU/ml
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Fig. 4-4. Effect of B. mesentericus on water quality according to the size of initial
inoculum. The graphs marked with astrisks represent the control (no inoculum); diamonds,
inoculum of 4.7 x 10° CFU/m¢; squares, inoculum of 1.4 x 10° CFU/m¢; triangles, inoculum
of 2.4 x 10° CFU/m; circles, inoculum of 3.3 x 10° CFU/m!
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Fig. 4-5. Effect of L. acidophillus on water quality according to the size of initial inoculum.
The graphs marked with astrisks represent the control (no inoculum); diamonds, inoculum
of 1.1 x 10° CFU/m¢; squares, inoculum of 3.3 x 10* CFU/m¢; triangles, inoculum of 55 X
10" CFU/m{; circles, inoculum of 7.7 x 10" CFU/m{
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Fig. 4-6. Effect of Nitrosomonas + Nitrobacter on water quality according to the size of
initial inoculum. The graphs marked with astrisks represent the control (no inoculum);
squares, inoculum of 2.2 CFU/m{; triangles, inoculum of 2.2 x 10 CFU/ml; circles, inoculum
of 22 x 10° CFU/m!
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B. licheniformis= A &gt A3}, tzx7-¢F vlaste] FR Yol A4} ofdikd dart &
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=4 YEelY B. megaterium*= B. licheniformis®} v}I#7FA 2 FA A ] £& 3= e
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B. mesentericus®} L. acidophillus A2 Tl = SEUod A9} ol AAd AL 5%
o el A Ao FEUt TUMES #ES 4 JdAY (Fig. 10~11). B. mesentericus
AT (Fig. 4-9)9] dmyold AxE B. mesentericus 47 x 10 CFU/mLo] H%= 2] s
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Aol w=7F 1710 mg/ 4 & ywERHAL, Q1A A9 sk tiEre s 0655 mg/ 4 A
T Ao wE= 0655~1419 mg/ 4 2 dFY FoF ﬁlé': = 7Fsk At

L. acidophillusE 233 A&7 (Fig. 4-10)° A4 %= %E‘% old A wEE BEE AT
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3 obHAY HAe wEL ubAsbA R, Ay FoA 0.180~0.314 mg/ ¢ o FEE YERUO T
279 F% 3337 mg/ ¢ 9 vl FAFLS FET 5 Ao A AAr sEE A
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Nitrosomonas A TL RE FAIFEA thxFo H|E 2 xpo]lE RHolx &ghrt
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(Fig. 4-11). dRYoly HAe F=s =79 % 1764 mg/ 2o H8] A9 F==
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sEE ET9 F%7F 0.018 mg/ 2 ol v]s|
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ol ot M aart ¥ Holds Haskdth (Burford et al, 2003).
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(Rodehutscord and Pfeffer, 1995), Al5<+ Hlulgto & SR
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Fig. 4-7. Effect of B. licheniformis on the quality of water for juvenile shrimp culture
according to the size of initial inoculum. The graphs marked with astrisks represent the
control (no inoculum); diamonds, inoculum of 2.4 x 10° CFU/ml; squares, inoculum of 7.2 x
10° CFU/ml; triangles, inoculum of 2.4 x 10* CFU/ml
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Fig. 4-8. Effect of B. megaterium on the quality of water for juvenile shrimp culture
according to the size of initial inoculum. The graphs marked with astrisks represent the
control (no inoculum); diamonds, inoculum of 2.4 x 10° CFU/mi; squares, inoculum of 7.0 x
10° CFU/mf; triangles, inoculum of 2.4 x 10° CFU/m
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Fig. 4-9. Effect of B. mesentericus on the quality of water for juvenile shrimp culture

according to the size of initial inoculum. The graphs marked with astrisks represent the

control (no inoculum); diamonds, inoculum of 4.7 x 10" CFU/m{; squares, inoculum of 1.4 x
10° CFU/m¢; triangles, inoculum of 4.7 x 10° CFU/ml
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Fig. 4-10. Effect of L. acidophillus on the quality of water for juvenile shrimp culture
according to the size of initial inoculum. The graphs marked with astrisks represent the
control (no inoculum); diamonds, inoculum of 1.1 CFU/ml; squares, inoculum of 1.1 x 10
CFU/ml; triangles, inoculum of 1.1 x 10 CFU/ml
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Fig. 4-11. Effect of Nitrosomonas + Nitrobacter on the quality of water for juvenile
shrimp culture according to the size of initial inoculum. The graphs marked with astrisks
represent the control (no inoculum); squares, inoculum of 2.2 x 10 CFU/ml; triangles,
inoculum of 2.2 x 10*> CFU/ml
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Figure 4-12. Effect of each probiotic bacterium on the quality of water for juvenile shrimp
culture. Each bacterium was inoculated at the optimal concentration. The graphs marked
with astrisks represent the control (no inoculum); diamonds, B. licheniformis (7.2 x 10°
CFU/ml); squares, B. megaterium (7.0 x 10° CFU/m(); triangles, B. mesenterius (1.4 x 10°
CFU/m); circles, L. acidophillus (3.3 x 10 CFU/ml); filled circles, Nitrosomonas +
Nitrobacter (2.2 x 10 CFU/mn{)
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Fig. 4-13. Effect of probiotic bacteria on the quality of water for juvenile shrimp culture.
The graphs marked with astrisks represent the control (no inoculum);Bl, B. licheniformis
(20 x 10° CFU/m); Bm, B. megaterium (2.0 x 10° CFU/m); La, L. acidophillus (1.0 CFU/
m); N, Nitrosomonas + Nitrobactor (0.2 CFU/ml)
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Figure 4-14. Effect of probiotic bacteria on the quality of water for adult shrimp culture.
The graphs marked with astrisks represent the control (no inoculum); Bl, B. licheniformis
(20 x 10° CFU/m); Bm, B. megaterium (2.0 x 10° CFU/m); La, L. acidophillus (1.0 CFU/
m); N, Nitrosomonas + Nitrobactor (0.2 CFU/ml)
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&3 FAAFOEZAM B licheniformis (20 x 10° CFU/ml), B. megaterium (1.4 x 10’
CFU/ml), L. acidophillus (3.3 x 10 CFU/ml), Nitrosomonas + Nitrobacter (0.2 CFU/m)E *
2] &} 31Tt

T FAAT G A AN AES 21t FEEA A= Figo 4-150 YER AT
dryoelyd Ao Fhe AMS 49A7MA = dER2Te AT v st oy 8 A= tix
-9 2347 mg/ 2 ol Hl&] A F= 1.027 mg/ ¢ 2 oFF 2t 8Y o] HHE xR T=
= 2357~2389 mg/ ¢ o2 W% S FASE whA HE Ao s AR A ske] 219 A
of 1.027 mg/¢ =AM thxT9] 437%°] EIatqint ofdsd Aae £ FolAT AT
FZ7F AMS 16LAMA = dlE2T 9 v =8k degor St U 214 A9 0.659 mg/ 4 9] F
T2 fEx+2 1.041 mg/ 4 ®HTh AT ‘:} A4H élii’% B9 PRIHA R AR 169 A 7t
A = FAAT A9 w9 T FE7F Hd w2 TS o 219 A 9
x=+-9 57 3416 mg/!i =% Tor‘?j”]%‘ AT 2993 mg/ ¢ o vl& oA FTkeTh <l
A Q1€ %EL A AFR7EE EF FAATE AT iAol Bls) ot Al WERR:
o A 21d A= 9] 1162 mg/ 2 ol HIs) A2l 0984 mg/ 2 = Skt

7 52 s AT 3 AE AP b A3 (Y FedAleel 9

B 5
Al AN BIIE gE folMESe B AT APAAE mold Ahe
B gzl el astdon obdad Aash A4 dael FEE a2 Aol
S wolX Ygrh olefd Avk: A A FoAF #EE AAAS AY (L gP5=
Mol A A foldel od FAAN 53 waAHel 0g wEd 4FE welF
= Aolth A AAAS AW AR FOARS EF AT B WAL folHF
o fARY BNt FAYR 2352AGN AdAW foAre] Fwe] ws 009~
286%°) H& R folAFe AnAy] uEe folAEel o FEe wRE AA %3
o heAel Bl ® e fdomt B Agd AgE A AAF Fbd e AL
FolEe) REA Qi Aow 22T dE 5o Aol ojFE AF oF /109 N&

%3 (Penczak et al., 1982), o] 80~90%¢ NH; NH; = o}7ln| & £33t WEw= A
2 Hu¥3 Yt} (Forster and Goldstein, 1969; Rychly, 1980). o]} o] F=Fof Hie
FAAEL ATl ZA FFS weEgE AAS 4 5k weEbA AL
AR Adg A7) fsiAE AR ZF] FAdMTE wEE FAS kst AMSAEY] AAF St
A o TR T EojoF & Favt vk v A Y Al AL
] TE R ASAEY T AAGF STk wE A
of g xo} st Oﬂ:rLﬂ o] Folzof & Ao AZtET

o lo
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b) [NOQ_N]

—k— Control
r —&—Treated

-P] (mg/L)

0 4 8 12 16 21 0 4 8 1z 16 2
Days Days

Fig. 4-15. Effect of the mixed probiotic bacteria on the quality of water for adult shrimp
culture. The graphs marked with astrisks represent the control (no inoculum); triangles, the
bacterial mixture. The bacterial mixture contained B. licheniformis (2.0 x 10° CFU/m{), B.

megaterium (14 x 10° CFU/mt), L. acidophillus (3.3 x 10 CFU/ml)
Nitrobacter (0.2 CFU/ml)

, Nitrosomonas +

2. - FHZ FAHRBEH =4}
7h A T?‘é@rﬁ =AY
(D) b =227 43t A3t

ZAL7|7F Eol e 94 o= A3 10] 21~275T, %3k 27} 215~283C 2 HaugLo %
= o

[¢]

2 BE 3008 A wor], 29 Wak m@ guaA tatel st YF st
(Fig. 4-16).
pHE 73} 10] 82~88, %3} 271 75-88% tjste] 437 Aol Age Wede} 7
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s} 12 79 25¢ S AL H7|7ke] AA dz7F W 055 28t A7V glloy Ask 2
=69 1793 79 229, 79 26 0] pHe W7t 05 oo w A 748 19 wate] tiste] A
Fof] 2EH 29 gl H F dUS FoRE ATdHET) (Fig. 4-17).

it A8k 10] 25.0~32.2 ppt, 43t 27} 285~35.0 ppt= 738} 10] 24 H|ste] thi vk
o Ae 1S 35 FAE ASE wsEe] wdgle] A% fAFEZ gito]l 9ol nhE 9
BE W) U slen xNusen At Y3 STE UL GEE oL, 49 2

(Fig. 4-18).

A4 W AP Awel JBE WA Are we A% el s
s 1] wjate] A7 Wal A@ Aow zAEL ek 29 A% 7
1228 ppm© 2 T2 H& FAF Gehed ol AEEgaEs] y)

o[}J
-
1o
o
P
o
fr
o

ﬂ m, §]’ 27F 0.42~0.69 mo ¥ A} 7o]'§]' 12 FH =7
SeiA 23 AAS FEo 4 fAUoY, 23 26 ¥ WALLS
vrolA =

S ek 2y tieke] AEed EAZ 2 g £X74A] ol A =

25

20
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T.(C)
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T

O I o v

Jun. Jun. Jun. Jun. Jun. Jun. Jul. Jul. Jul. Jul. Jul. Jul. Jul.
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Fig. 4-16. Changes of water temperature in ponds 1 and 2
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Fig. 4-17. Changes of pH in ponds 1 and 2
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Fig. 4-18. Changes of salinity in ponds 1 and 2
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Fig. 4-19. Changes of dissolved oxygen concentration in ponds 1 and 2
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Fig. 4-20. Changes of water transparency in ponds 1 and 2
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s 13 s 27F 25 0.11~0.15 mg/Le] w9 oen (Fig. 4-21),
FE+ st 10] 0.009~0.016 mg/L, 73k 27F 0.007~0.013 mg/L= 73} 1] thi =



< FAE HERY (Fig. 4-22).
7} 0.005~0.016 mg/L= 73} 10] =& FAE YelAH (Fig. 4-23).

T3k NO3-N9o| =%

PO,-Pe] =% 43} 1°] 0.098~0.299 mg/L, 73t 27} 0.013~0.200 mg/Le] Hel= &
o] (Fig. 4-24) Axtx o= Zst 1 FAHol 3t 2 FAF vlste] FIFstd 4F=

A

NHs—=N (mg/L)

NOz—N (mg/L)

0.20
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Fig. 4-21. Changes of NH,;~N concentration in ponds 1 and 2
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Fig. 4-22. Changes of NO2:-N concentration in ponds 1 and 2
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78k 10] 0.036~0.066 mg/L, 73} 2
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Fig. 4-23. Changes of NOs—N concentration in ponds 1 and 2
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Fig. 4-24. Changes of PO4~P concentration in ponds 1 and 2

7 s 1 59 stediE 78 Fe2AE 122~162 % 10° CFU/mLE
22 Jelythr 79 sheol 354 x 10° CFU/mLZ 323 Z713k9u. 723 29 =
159~430 x 10° CFU/mLZ ZAFE A &s SRE o] Aaddd wet A% Z7}

N
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s g wehllel 79 steols Fa 19 W]l F AT@Fst 120 B Aow 2AEY

12 2 2719 59 de 69 Faols UeA govt 69 3
=718 7] Al Zete] 7Y Fad= 8 x 10° CFU/mLY 4% 2 ey
o= 2 x 10> CFU/mL=Z &M%QL} FAlo] &
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,,D
480 - g
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Fig. 4-25. Changes of total bacterial number in ponds 1 and 2
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Fig. 4-26. Changes in number of Vibrio spp.
oA g AW g A 24}

o 1 = =
D 7185 Fde
FAGE sk obriv o] VIAE B VIR FAE AdE R A9 g AN 2y, A
12 59 st 69 Fwolls ## diske] 20%9A W AlZFIE of skl e] m g RArEo] 9l=
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Aol #FHJoH 6¥ st iE TH TETAE
A7 40% BE BRE oY 79 sheolE HRFF FFo] #EFEA
H R A= AT 40%AE BF AT (Table 4-1).

23 2¥ 5¢ 0}*01] detrltusﬂ g BEE = RAVE 40%ReH, 69 FodE vARF
7b 20% AAANA vF BLHAD 69 seolE AREFIF TAHE AT 20%, SAE A
2} 7Hiﬂ7} 20%, detritus %P‘* MAZE 60% #HFEHAT a8y 7Y FEde HAESFO
A& F9E 7 A7 47 20,
= 717 JRA7E 40%2% B A}

AT HEFFIE oprbulo] vF FHE] g )
o) 4
L=<}

f
Z

ﬂ

FEY A
40% J&XELQ M‘jr. 74 ’6}—1:0117: detrltusg} E—ﬁiﬁ: )z B9

(Table 4-1).
Table 4-1. Changes in parasitic infection rate of gills
Date oF 2] 7 ol7tml ¢ 712 % A Ed Rz AR A&
71 ef B3E (H4D) (FENA G/ 2
AT microalgae 1>0~1) 1/5
May 30 -
743}t 2 detritus 1>0~1) 2/5
a3t 1 microalgae 1>(0~1) 1/5
Jun. 13 - :
743} 2 microalgae 1>0~1) 1/5
B 1 stalked ciliates 1>(0~2) 2/5
microalgae 1>(0~1) 1/5
Jun 27 stalked ciliates 1>(0~1) 1/5
43}t 2 melanized lesion 1>0~1) 1/5
detritus 1>(0~1) 3/5
AR stalked ciliates 1>0~1) 2/5
Jul. 11 B} unid. protozoea 1>0~1) 1/5
&3t 2 . )
melanized lesion 1>0~2) 2/5
AR melanized lesion 1>0~1) 2/5
Ju.25 detritus 1>(0~1) 2/5
AR . )
melanized lesion 1>0~2) 2/5
(2) wlolel2 TAAMEH FA}
gutdntol g~ (WSSV) 9 &2 73t 19] 59, 69 3slo] 0%, 79 dho] 20% % o,
43l 2= 59 skeol 0%, 69 sh=ol 10%, 79 dksol 20% Atk et vpole 2~ 7 A
T T EHH BT T3] 7] dARA W ow HYE A= vt (Fig. 4-27).
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HF gatel ) 2~ (HPV)= 43t 1¢] 54
o] 60%, 79 3dt=ol 0% e, A3t 27F

Z/\O

0] 60%, 79 3sFo]

et A (Fig. 4-28).
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70% 9]

shzol 30%, 69 F, 68 ol 50%,
59 3slsEo] 40%, 6¥€ F¢ol 50%, 69

Fdes YeEho]l dnbinto]g el Hlste] £
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Jun. 27 Jul. 25

Date
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Fig. 4-27. Changes in WSSV infection rate of F. chinensis
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4-28. Changes in HPV infection rate of F. chinensis
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()

(th

(=h)

A AFE7IZE F AFSF FR2 231~317C (Fat 275C)RA Af-o el HF
3 ME FAsAT. AwrE o7 pond 13 29 & & xolE Ho|x ar A9
2e AgE HoAFAh AMS 27190 6€ell= 25T olstE Uzt 7|zke gldlem,
Z97F W 7€ 10 ol Fole ¥ AMS MW 3C Axe] & a7t Al 53

26 C7} 2A] %

FAEGIE 79 11900 2317C, 7€ 12¥6l= 235T

2717 T M B FREtE Ko %—aiv}. 3571 9l 7€ 13Y ol Fdl= &

% 2 30CE da 7¢ 23¥dlE 315CE 7=

Fzre] 5ol o @73 FAsE A

) 91 31.7CE AHAo= AR #a)

. 849 18Y o] Foll= 30T olstz= WolHA 8 24U7HA 24.2TC 74A A A 3]
o AFE 57 WH 89 25~26¥0l = 214CE F7483S

32 rlo

3R

éQL_%Q_O,Lr}o
QL

A

AFS7IZE S At AEE (DO WEkE (Fig. 4-30)0 YERYITE Pond 1] DO

) Pt 847 ppm)e] At Pond 2+ 7€ 6¥4HEH DOE =H4sdl7]
Al #stg o, 552~13.32 ppm (Hir 819 ppm)el WHE Xtk Pond 19 74,
probioticsE @] &}7] o]x el 7€ 20¥ o]Hol= FA AdEle DO A= ALdtas
9 ppm °]4S FA AR T probiotics®t RS FFoH7] A FSE 7€ 209 o] FHE =
A2k At 79 270l = HAEEQ 4.85 ppm7tA] "WolH Y FEo] FgFEH 7| Al
23 79 209 ©]% ¢ pond 19 DO Hi F&E%& 741 ppme® F7]7+9] pond 29
DO kel Blgte] 0.7 ppm ©]7do] A yetutth dnkd o® DO Asto] ofsto] Al
7 FHEAE A AY gHeE 2EYAE e & Ay A Fdrh

R

t} (Fig. 4-31). Pond 19
9 DDt77}7\] A 3FAI A L
TE AHEHoR “530}04

pHel ddHst= (Fig. 4-32)o YElYATt AFS7]3F &< pond 19 pHE 7.2~9.3
(B 847)9 WY E HoFglow, 79 28<9 72, 8Y 16~18¥°] 7.71~7915 A<
staieE 80 oS FAISA T Pond 29 49, pHE 8.03~9.0 (Hi 856)2 HAE
HolFom A 7[1HEet 80 olst®2 At Al7lE gilen vlud AHEH HAE
UeRdth ARk o s F AFSA 9] pHE Al9-9 Aol AAHAE FAEATH
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(mp) &z = (Alkalinity)
Az =e] F7F W3t (Fig. 4-33)o] YeERith Pond 12 ¢Ze|% He= 55~140
ppm °lA o™ Hit 0 ppm= YEFWHTE Pond 29 A9, 428+ 120~200 ppme] W
S YEtllon Fit w5 1495 ppm ©] AT Pond 2% pond 1 Hl&] 3 70 ppm A%
7} = A A AT Pond 12> 4241717 &< Aol pond 200 BI&| A A A Ho| &
Ze] E7F GA YERd Ao 2 SdETh Pond 19 745, &2 ASHA eAbdHE A4St
Fom, i A e e A9 HAL T 80 ppm oltE AA WA= ATt

35.0

32.0

)
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23.0

Water Temp. (C

20.0 r

17.0
6/12 6/20 6/28 7/6 7/14 7/22 7/30 8/7 8/15 8/28

Date

Fig. 4-29. Changes of water temperature in ponds 1 and 2
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Fig. 4-30. Changes of dissolved oxygen concentration in ponds 1 and 2
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Fig. 4-31. Changes of salinity in ponds 1 and 2
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Fig. 4-32. Changes of pH in ponds 1 and 2
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Fig. 4-33. Changes of alkalinity in ponds 1 and 2

(2) B3 B FABA A%3A 2

7h =

YSI 74 A& A 2 20009 79 289 ~849 174744 353t pond 19] A9 25
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A% A¥k= (Fig. 4-34)° v k. o] 7I3bget Absa o2 Wshs Felsh 453
st& Hojwrh -97F AAA 5~7LdA et 13~17Ld Aol = Folgt =237 1T olet=
HolFA o), 297 )l B el oF 2~25T 9 Wshrt vk FoRt =233kt 7
& 2A et Al7191 84 4doll= 371C e, 7Y AT 89 2¢o= 0.26TCE WEs
tho o] 713F &9k HaL B HA FS 27 3187, 2560C e, Haeo] Firghs 29.3
4T, HAF20] Hatgh2 2768C =2 Yebsth il g2 =dshs H Ak 164] 50+

olglom, HA e B 84 (4Re] Lpehls oz zAbEgIth

e i 16*] OxolH, Aol =dal= Al
o7 AL AR B¢ DO wEE #3103 ppm, A 3.12

il F%+ 817 ppm, it ﬁ?ﬂ FEE 458 ppmo 2 Aj$-2] A
ol A3kl DO 559 Fof 27} 714 Ad dol= 512 ppm 7HA Zol7t o, &
d o= HA 281 ppme = Fopgt zpo|7b A YERGA] 2%k

%%—’Li T dFHstE gy rpEA R FEsk Fof WEE BT (Fig.
7 = o
[e)

-lN

(th pH 3}

377 AESAE pHe dUdWst= (Fig. 4-36)9 YERSITE pHel W= 2 9 DO
sho} mpztrbx ofH3lES HolFEr) w3 pH WakE & DO WHakel WH3 A
A BTy, sy e dEE vl FARSEA

ZAL717F o pHY Ha @ HAA S zhzF 855, 7.31% YEhstkth A 7|7 Hor Hargke
Bt 8299 01, HA kel HitS 7681t} o 5 pHZF 7HE molAlE Hih AlRRS
Q2% 5A] 070l on, 7H vholA] = Al7Ee 7 TA] 1122 AT 3 5 pH7F
71 B ApolE yrERE = 0.83¢]H, 7P A2 Apolrt W w0292 WERS

=

() A+
3T AESA4dE dedsts (Fig. 4-370)°l Uetudth 982 2, DO, pHeb= 22 ¢
FHSLE HolA| gttt AP ¢ @2 6~83 pptel WA= e e, Hit 7.62
[¢]

=

pptE MOlFSITh Pond 19] JR-& 2710E B4 F3Ite] AGR Je=
Fgon ZA|7F 25U AR} A3 g7) 8 ppt A3l A

ATt
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Fig. 4-34. Changes of water temperature successively monitored for three
weeks with 30 min. interval in pond 1 (Jul. 7 to Aug. 17, 2005)
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Fig. 4-35. Changes of dissolved oxygen concentration successively
monitored for three weeks with 30 min. interval in pond 1 (Jul. 7 to Aug.
17, 2005)
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Fig. 4-36. Changes of pH successively monitored for three weeks with 30
min. interval in pond 1 (Jul. 7 to Aug. 17, 2005)

Salinity (ppt)
~

1 3 5 7 9 11 13 15 17 19
Days

Fig. 4-37. Changes of salinity successively monitored for three weeks with
30 min. interval in pond 1 (Jul. 7 to Aug. 17, 2005)
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Table 4-2. Comparison of water temperature, DO and pH changes for
three weeks in pond 1 (Jul. 7 to Aug. 17, 2005)

T2 (7) DO (ppm) pH

2 a1k 31.87 10.3 8.55

3 A 7k 25.69 3.12 7.31
3 PGt 29.34 8.17 8.29
HA At 27.68 4.58 7.68
Hat FHaLAgE 16:50 16:39 17:07
Hat HAAIZE 08:04 05:58 7:11
dd FHaxak 3.71 512 0.88
dd HAA 0.26 2.81 0.29

(3) 24A7F FA A Ak £ARA A%24 A

7h 2
7€ 31 pond 19] A5 28 A&5F54% A3= (Fig. 4-38)9] YEY Atk 7220
AFE AR 2 7EA ok 8ATdll 7HE vk 2801TCE Hlow, o]F Haf Frtsle] o5
S5A1l 2981 C= 74 =41 Yebstth sh79 24k 181 TR A

(W) 542 55
S s dRiste (Fig. 4-39) ¢l YeEtdnh &&4A: w29 dWstes 23t
of vl H|S=23 = Eoi*f‘:} OAlF-E DO+= FAF 7hasho] ofx] BAjo| 7Hd v 457

[e]
ppmeS YERW oW o]F M} Frbste] @5 44 304l 895 ppm o2 7H = A UERE
o]3 DO FE+= ME7IA] A &EH o7 7AAasth 79 3199 3+ DO 2= 4.38 ppmo] S}
S 658 ppm o= YEFELT

(th pH
pHe] d®sh= (Fig. 4-40)° YEbUQIth 3H5 5 pHE oF3 6A]of 74524 7Hg A o
Elytom, o] % Hx} F7Fste] 5 4] 7Hd 52 823S YrEFALE o]# 3 pH a1, H A
AZre &E4 AR F 20 Ha, HA A7 AL vlzsk A YERS T pHEY YAt 0.78
24 ol Al 2EHAS F £ e Wloly, Hi 78602 FAME UL
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Fig. 4-38. Daily change of water temperature in pond 1 (monitored
interval, 30 min,; Jul. 7, 2005)
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Fig. 4-39. Daily change of dissolved oxygen concentration in pond 1
(monitored interval, 30 min,; Jul. 7, 2005)
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Fig. 4-40. Daily change of pH in pond 1 (monitored interval, 30 min,; Jul.
7, 2005)
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Fig. 4-41. Daily change of salinity in pond 1 (monitored interval, 30 min,;
Jul. 7, 2005)

GRS el WAL £
(1) Abs5e] JFGF W
o]

6~89 w9 pond 13 29 A% AP F WIS A3 23 (Fig. 4-42, 44), (Table
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4-3)°] YEbY Aok ZAIZE <9t pond 1 (Mol FUEYold HAA (TAN)S sE+
0.003~0.173 ppm®e W Fom Hit 0.048 ppme =z ZAE AT Pond 2 (x7H)e] TANS
0.003~0.478 ppm, H¥ 5% 0.138 ppmoZ pond 1°] H3Fe] 29u] =A YEFYT Pond 19
A%, TAN2 6¢¥€ 299 7F#] 0.018~0.043 ppme HHZ $A FA =AY 7¢€ 6¢ 0173 ppm
o8 FZ3F o]F 8Y 9 0.132 ppm< AL staE 0.057 ppm ©]FE A AT Pond 29
A%, pond 13 H|=35HA 6929 L7HA= 0.003~0.064 ppmeZ SA FAFHAoY 7T 6Y

0.478 ppm, 79 13¥9 04 ppmo & FA43A =713t t) o]%F 8Y 39714 0.1 ppm A= 4
5t Probiotics®t WS Fwst7] A1ZS 79 109 o] Fdd= 8¥€ 9U S AlYstae

pond 27} pond 1°] H]3}e] TAN F=+ AL =4 yepbwt

o4 Tk ®Wde (Fig. 4-43)el YEY Atk Pond 19 ofdAY sEs 7|zt
0.01~0.06 ppmd WY I e, HF FE= 0.033 ppme] A th Pond 29 ol&dAd % 9
0.014~0.116 ppmelR o Hi FE+= 0.052 ppmSZEA pond 19 H|ste] 1.568] =4 1
th. Pond 19 4%, old4ted v+ 27|58H AA F7kste] 79 694 0478 ppmo =
FTEE HQ o]l HA A= 3|

552 47 7 ZAE ATk Pond 29 o} @4 wE: A F7hstol
9 13¥9 0113 ppm, 7€ 209 0.116 ppmo.Z HiuAE YHEIH o] HA Tastes AEFS
At

A4k FEWst= (Fig. 4-44)° ey vk Pond 19 ZA4kd sE2& HA F7kste] 64
209 0.046 ppm= YWERH olF Hiak Fae A¥dS HoFAT Pond 19 HAE wEe
0.012~0.046 ppm<] WS Yetuidar, Het 0.032 ppme & FAE At Pond 29 A%, 5%
H = 0.026~0.068 ppme. 2 Hit 0.041 ppml 2 FAME At}

Table 4-3. Comparison of nutrients in ponds 1 and 2

Pond 1 Pond 2
TAN Nitrite  Nitrate TAN Nitrite Nitrate
Maximum 0.173 0.060 0.046 0.478 0.116 0.068
Minimum 0.003 0.010 0.012 0.003 0.014 0.026
Mean 0.048 0.033 0.032 0.138 0.052 0.041
SD 0.054 0.015 0.011 0.157 0.039 0.016
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Fig. 4-42. Changes of TAN (total ammonia nitrogen) concentration in ponds 1
and 2
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Fig. 4-43. Changes of nitrite concentration in ponds 1 and 2
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Fig. 4-44. Changes of nitrate concentration in ponds 1 and 2

(2) Aol Al st

4% 9] probioticsE HFstaL, T4 FEHS FrHoR Tty AZRE 79 20€H-H
"5 pond 1 (A 2)3} pond 2 (W2 AAFFEFH SAts 3 BBy tss 543

A= (Table 4-4) 2 (Fig. 4-45, 46)3 2t

ZATFY A, FEFT AZF A7Id 79 20€9+= pond 1, pond 2+ Z+ZF 251 2 143
10° CFU/m(%E/H pond 1°] pond 29 H]slo] <F7F =kt o] pond 19 FAHMTTE 365~
142.25 CFU/m=A s+t 5836 CFU/mME sttt =9l pond 29 -, A 7|3kt
7.7~359 CFU/mZA H 1715 CFU/mE FAAT. A 713HE<t pond 19 FAT4+
pond 20| H]E] Yol Al7|& fllew, 8¢ 179+ Hul 137419 XolE Btk A 7|t
&< pond 12 pond 29 vl&l F M+ Hat 340 H A YERST

TCBS WA 2 ZALE BB 49 A5 79 20¥9+= pond 13 pond 2= Ae] H| =8}
A 247 295¢ 275 CFU/m=E Yebwth 8¢9 99S A9t vw A 7172t pond 12
pond 2¢] Bt e Fre] HBE e dFE YERWlew, 7% pond 13 pond 29 R T
H B8 Qe ZH7; 2.80, 358 CFU/mME ZAME o] A Aol 7} YeA] kbt

Pond 13 29| FAwg2 tigh v 2] 949 v &2 (Table 4-5)°] YEL} 9t} Pond 1
o] A vBEYLTT H &S 7Y 20¢ 11.8% Ao}, 79 274l 7.28%, 89 3 207%=
ol 7t 849 9Y 283%E F7HEE Folv THAl 047~156%¢] Hl&= vrolxlith A7)zt 5
b Tl gk v E Y HE&S Fd 7T5%E HAH

Pond 29| 4%, 79 209 18%= pond 19 H|&| thai =hom, 79 27d &= 19.75%, 8¢
3UoE 7052% % FFoFATE ol FolE 81~439%< HIE&ES HPow A |HEt A
2464%% HAth A 7|zbEQt Hat vEg e H&E& pond 2¥ pond 1¢ Hlste] °F 15
v o] = A YhERSE
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Table 4-4. Comparison of total number of bacteria and Vibrio in ponds 1 and 2
(unit : x 10°)

No. of total bacteria No. of total Vibrio
Date  Pond 1 Pond 2 "0 0F BoRd 1 pong 1 pong 2 ratio of bond 1
7/20 25.1 14.3 1.76 2.95 2.57 1.15
7/27 44.76 31.9 1.40 3.26 6.3 0.52
8/3 45.74 7.7 5.94 0.95 5.43 0.17
8/9 36.5 35.9 1.02 10.3 2.9 3.55
8/17 56.38 8.6 13.7 0.57 3.78 0.15
8/24 142.25 10.38 5.13 0.67 1.33 0.50
8/31 S571.T7 11.24 3.40 0.9 2.17 0.32
Mean 58.36 17.15 3.40 2.80 3.58 0.78

Table 4-5. Rate of total Vibrio number to total bacterial number in ponds 1 and 2
(unit @ x 10°)

Date Pond 1 Pond 2
7/20 11.8 18.0
/27 7.28 19.75
8/3 2.07 70.52
8/9 28.3 8.1
8/17 1.01 43.9
8/24 0.47 12.28
8/31 1.56 24.64
Mean 7.50 28.17
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Fig. 4-45. Changes of total Vibrio number in ponds 1 and 2
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Fig. 4-46. Changes of total bacterial number in ponds 1 and 2
o Aol AWgd s wal
(1) 71854 A =AF
G471t % pond 13 29 A|$el olbul Z1AF R P R
(Table 4-6)° YEFUAT. ZAZIZE 5 A9 ol7FA] 25 filamentous bacteria, short
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rod-shaped bacteria, diatoms % algae= W73

melanizatione & AFS Ao A 7Y€ THE
3

A ekt o}rim] AAE (gill lamellae) @)
8Exo] Ax TAHAY. Pond 13} 2014 EF 7€
274 gill®] melanization A4 E 20, 9T 100%= YEFSEo ™, 8¢9 3¥d+= pond 29
A G-oll Aut W% 80%, A FE 145 e o] 5 o= melanization A= AR 22
t}. Melanization®] H i 7472 %=¢ W1%= pond 13 27F ZHzF 0.28 (14.2%), 0.48 (25.7%) & A
pond 27} pond 19| H|&| ° X

Stalked protozoans+= F+% LZFA AR ZFF2 Zoothamnium sp.2A -
oAM= 7Hol Eo] AT Pond 19 A5 7€ 279 #HEAE 08 #IHIE 40% %9 oM,
pond 2914 & TAAE 14, Rl%E 100%ZA pond 29 Ao ER 2 HEZH7 799 A
O F A AT 89 39+ pond 29 AM-FAlARE ZE 0.6, HIE 60%° BH&Z AEH AT
AEZFO H e WEE pond 1°] 011, 5.7%, pond 27F 0.28, 22.9% =4 pond 29| A
57} pond 1ol B3} 2uf o]de] ZArg Uetwth ofrtule] FAetes ARFFE AbsT T
o THPAQ AR ol &H Fr Jon Ao GHol} FAo] FA & Agol FE LA

L goh ST o] FmstAY Aol Fof HuE ANH SR s HW opriH ¢
ANEZFe @973 3 getd.

AL
°
S
=
o
AL OT?’
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o
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Table 4-6. Changes of parasitic infection rate on shrimp gills in ponds 1 and 2

: Short rod- . .
Filamentous Melanined Stalked Diatoms .
Date Ponds bacteria bS haped lesions  protozoans /Algae Detritus
acteria
Pond 1 - - - - - -
.29
Jun Pond 2 - - - - -
Tul. 27 Pond 1 - - 2.0 (100) 0.8 (40) - -
ul.
Pond 2 - - 2.0 (100) 1.4 (100) - -
Pond 1 - - - - - -
Aug. 3
180 pond 2 - - 14 (80) 06 (60) - -
Pond 1 - - - - - -
Aug. 9
18T pond 2 - - - - - 0.6 (40)
Pond 1 - - - - - -
Aug. 17
ue Pond 2 - - - - - -
Pond 1 - - - - - -
Aug. 24
"8 pond 2 - - - - - -
Pond 1 - - - - - -
Aug. 31
8 Pond 2 - - - - - 0.4 (40)
Pond 1 0 0 0.28 (14.2) 0.11 (5.7) 0 0
Mean
Pond 2 0 0 0.48 (25.7) 0.28 (22.9) 0 0.09 (11.4)

¥ ob7bu o] TAE 10, §l5 1, 1=20%, 2=21-40%; 3=41-60%; 4=61-80%; 5=81-100%; ( )&=
FAE AT %

Fig. 4-47. Stalked protozoans (Zoothamnium sp.) attached on gill lamellae of shrimp (X100)

(2) vholel gAY 2l
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pond 27} 33.4% =A YEMSETE

Table 4-7. Changes of parasitic infection rate on gills and white spot

occurrence rate on carapace in ponds 1 and 2

Pond 1 Pond 2
pate e AENE 0 A% AENE (%)
Jun. 29 1.8 100 2.0 100
Jul. 27 0.8 80 14 60
Aug. 3 0.6 60 1.0 100
Aug. 9 0.2 20 0.6 60
Aug. 13 0.2 20 0.2 20
Aug. 24 0.2 20 0.4 40
Aug. 31 0 0 0.2 30
Mean 0.5 42.8 0.82 57.1

E FE D 1~3GRA TR, s~ () AWHTH
[e)
=

(1) PCRell 2] gk nupol&| & & Ml
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PCR (polymerase chain reaction)oﬂ ol&] ZAFE HPV, WSSV, IHHNV H}o]#] 9]
ZdES (Table 8)o e <

HPV () gvte] 2] )9 THHNV (7ld*éiﬁiz‘lﬁ/\]—ﬂ}o] 2122)= pond 13 22 A
Tl A AEHA Fdrk HPVE dA7EA AALE oA oA = 2dd 74
F7F glow, AL AR A e A gokth. [HHNV: Sk Ao s o
HALE FEAI7IE EA Q)] vpole22A SEuvgd e =54 #H9E o= &
HA AT, Z AFEFAE Aol eE de HEEA FATH

WSSV (3t ntol g 2)= YJ2A] A postlarvaol Al 100% HEE Ak 7€ 27
of A pond 19 M9 80%7F A=A 2H, pond 2004 = 100% =4 A o
o A5-7F WSSVell e Ao s ZAESY. 89 179 XA pond 13 29| A
= A7 71.8%, 889%% A7 AEE AR yEyt

Table 4-8. Changes of viral infection rate in ponds 1 and 2

Pond 1 Pond 2
Date

HPV WSSV IHHNV HPV WSSV IHHNV

Jun. 12 0/5 (0%) 5/5 (100%) ND 0/5 (0%) 5/5 (100%) ND
Jul. 27 0/5 (0%) 4/5 (80%) 0/5 (0%) 0/5 (0%) 5/5 (100%) 0/5 (0%)
Aug. 17 0/8 (0%) 7/9 (77.8%) 0/8 (0%) 0/9 (0%) 8/9 (88.9%) 0/9 (0%)

Mean 0% 85.9% 0% 0% 96.3% 0%
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S O ALLEL], +

<= HPV (592bp)
<~ WSSV (365bp)

Fig. 4-48. Electrophoresis photograph of the 1st duplex PCR product detecting for HPV and
WSSV
% M = Marker (100bp DNA Ladder), numbers = samples; +, positive control; —, negative control

215 A0 [ e

<= WSSV (324bp)

Fig. 4-49. Electrophoresis photograph of the 2nd PCR product detecting WSSV
% M = Marker (100bp DNA Ladder), numbers = samples; +, positive control; -, negative control
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<- IHHNV (1.6kb)

Fig. 4-50. Electrophoresis photograph of PCR product detecting IHHNV
¥ M = Marker (100bp DNA Ladder), numbers = samples; +, positive control; -, negative control

Fig. 4-51. White spot on carapace
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Pond 13} 2«] Ao AFE (AT, AF)S (Table 4-9, 4-10) et ok A7)
%, pond 13 2] Aj¢-= A73E St HlS2d S BTk #HF xAE 849 31¢, pond
13} 29 Ha A Z2-2F 1216, 118 mm=A] pond 1¢] pond 20 Hl&] °F 36 mm & Ho=
ERS T

Ao A5, 79 27974 = pond 13 20 A Apol glo] Hlszgk A4S Hor 89 3
o= 2H7F 66 g, 505 g = pond 1°] =2 AFES BAFAL olefs AHFE 2bo]+= 8¢
3Y o]& AL FAH wpA Y FAE 89 31¥olE pond 13 2004 ZHZF 14.06 g, 13.14 g&
2 pond 1°] pond 2] H]3&] 092 g =A YEST
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Table 4-9. Changes of total body length of shrimp in ponds 1 and 2 (unit : mm)

Pond 1 Pond 2

Date
Min Max Mean SD Min Max Mean SD

6/29 - - - - 20.84 22.66 14.93 1.29
7/6 24.65 4871 35.77 0.21 21.54 38.71 26.64 6.54
7/13 3444 61.01 4742 8.06 90.1 683.25 02.75 6.78
7/20 5843 74.21 61.38 4.68 66.7 73.2 67.4 5.69
/27 73.86 85.83 81.04 4.68 73.49 83.93 79.09 4.18
8/3 74.33 99.61 93.19 10.82 79.02 93.96 86.51 6.22
8/9 83.87 11376 101.47 8.98 86.9 101.13 95.30 4.8
8/17 85.8 123.91 1119 1239 10069 11598  109.47 11.44
8/24  87.11 124.71 113.1 1503  109.24 1284 110.29 4.83
8/31 91.23 132.9 118.3 1200 102771 12334 11457 7.01
9/7 105.87 135.2 121.6 9.63 93.81 126.18 118 5.39
9/14 10537  140.78  128.03 9.31 103.95 13069  117.74 6.09
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Table 4-10. Changes of body weight of shrimp in ponds 1 and 2 (unit : g)

Pond 1 Pond 2
Date
Min Max Mean SD Min Max Mean SD
6/29 - - - - 0.06 0.08 0.058 0.012
7/6 0.93 0.82 0.443 0.21 0.09 0.42 0.237 0.13
7/13 0.35 1.81 1.185 0.43 1.02 2.45 1.4 0.54
7/20 1.24 3.69 3.14 0.37 2.27 4.23 3.08 0.24
7/27 3.28 5.15 4.46 0.73 3.33 5.36 4.08 0.62
8/3 3.16 7.93 6.0 1.79 3.64 6.68 5.05 1.19
8/9 41 11.3 797 2.17 5.19 7.16 6.54 0.94
8/17 5.26 15.24 11.14 3.93 707 11.58 10.19 1.23
/24 54 17.26 11.86 3.77 10.61 16.28 10.83 2.95
8/31 6.39 18.78 12.88 3.69 7.65 13.8 11.90 1.86
9/7 9.52 19.48 14.06 3.16 6.32 14.42 13.14 1.8
9/14 13.1 23.2 17.26 2.81 7.62 22.01 16.37 3.61
150
—&—Pond 2
120
90
B
&
60
m

30

0
6/29

7/13  7/20 7/27

8/3

8/10 8/17 8/24 8/3

9/7

9/14

Date

Fig. 4-53. Changes of total body length of shrimp in ponds 1 and 2
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20 1

—8—Pond 2

6/29 7/6 7/13 7/20 7/27 8/3 8/10 8/17 8/24 8/31 9/7 9/14
Date

Fig. 4-54. Changes of body weight of shrimp in ponds 1 and 2

(2) A2 A 2 AES

Probiotics A &]§ YHE AHA 0w Fuste] G YHE F
=7 (pond 2)° BlsiA Aj5-¢ BT, bk R AEE] 5 =7 YEbsth 94 A
A 5-¢] H A S-S pond 1°] 17.26 g2 & pond 29 16.37 goll Hl&] 0.89 g A

A8k AFSA] (pond 1)<

o = s
5 72 A

el o} (Table 4-11). ©9lH A A2 pond 10] 0.26 kg/m® 2.2 pond 29 H] 3] 15.8%
=gton HE AEEE pond 1°] 57.2% %A pond 29 48.7%¢°l H|3] 85%7} =gkt A A

o<

o ENIFIHE FAFoEM FAATE S ASAIIL wetA AbSGFe

A
=
53 A2FR)IS AAANOEA A5 4P Yo £ ARE AALE Ao WG

A

]

Table 4-11. Production and survival rate of shrimp in ponds 1 and 2

A A dAFg  dAdEE ST AR G ANE AEE VI

(m”) (PL) (PL/m*)  AF(g) (kg) (kg/m?) (%) (day)
Pond 1 11,200 300,000 26.8 17.26 2,960 0.264 57.2 94
Pond 2 10,500 300,000 28.6 16.37 2,390 0.228 48.7 94

¥ Stocking on Jun. 12, 2005; harvest on Sep. 14, 2005
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A AAE vHE 7H
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CK-133} o] % o §a A4 o N
219 AA U
2. =EAA 2
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A Al Mo Aa S, o8 [T © 124 W
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