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a

MW 3 A-F 001515 091899090 quYauni dnsavdeualemaiia FISH 19Iwsu EUB338
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2
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INYITNINLASINUNYUVINY -20 93ALaLye) C. ﬁ?ll'ﬁ‘]_lﬂ‘ﬂiﬂHTﬁﬂTW!LaglﬂUVIQﬂ!WﬂN 4

Q U
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ssruwaioa D, 1fleed11dRsvnlanTaladarens liduTnsululanialadadu
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] 4 dy A o Y Y o 3 A zﬂy A o 9
Uniles E. Lu’[’)Lﬂﬂa']ulﬁﬂ\‘lsll'l']ﬁﬂ‘H']ﬁﬂ']WlLﬁglﬂ‘]ﬂ/lqmﬁﬂiJ -20 aaFLssaLssed F. mmaaaﬂﬁ

q QU
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Figure 3 A-F Epifluorescence micrographs of microbial communities (arrow) were detected by
FISH and the EUB338 Fluorescein-labeled gene probe. A. Crushed white shrimp’s intestine was
hybridized by hybridization buffer without being added EUB338 Fluorescein-labeled gene probe
(Negative control). B. Bacterial colonization on food bolus in the midgut (arrow), as detected by
FISH technique and the EUB338 Fluorescein-labeled gene probe (Crushed intestine was fixed
and stored at -20°C probe). C. Crushed intestine was fixed and stored at 4°C. D. Intestine tissue of
white shrimp was hybridized by hybridization buffer without being added EUB 338 Fluorescein-
labeled gene probe (Negative control). E. Intestinal tissue of white shrimp was fixed and stored at

-20°C. F. Intestinal tissue of white shrimp was fixed and stored at 4°C. (Bar scale =5 pm)
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v Y
i lneavuermis MRS agar TMTY Lactobacillus sp. LATUUDINITIABUYD NA 1A TSA
° [ . A a =S I [ Y Y A 1 v A
§WMFY Bacillus sp. Nan Twdounas 158 lWssaUANUYNTUNLANAIAUAD 0.5, 1.0, 1.5, 2.0,
d I 4 o o A A o a 49] oaj a = a 49/
2.5 uag 3.0 Wosigua muaay INDYUIUNTATUUDIUTING 8 BUA WUNUNTIATYUDIUYD
& A A | =
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Table 5 Microbial growth in agar specific media at the various concentrations of NaCl

No. Bacteria 0.5% 1.0% 1.5% 2.0% 2.5% 3.0%
1 L. acidophilus + + + + + T
2 L. brevis + + + + + +
3 L. caser + + + + + +
4 L. plantarum + + + + + +
5 B. amyloliquefacien + + + + + +
6  B. coagulan + + + + + +
7 B licheniformis + + + + + +
8 B subtilis + + + + + +
+ Bacteria can grow on agar specific media

- Bacteria can not grow on agar specific media

3.2.2 MINATOUMIEUEHUYD V. harveyi 1a83T agar well diffusion

9 Y
NINANMINATOUMTEVIUYND V. harveyi WY V. parahaemolyticus 19835
Y
agar well diffusion muAIsTMIaaulann Schillinger and Lucke (1989) A% Bacillus sp.
Y
31U 4 vila Ao B, amyloliquefacien, B. coagulan, B. licheniformis \\0¢ B. subtilis NUIFo
4 k4 Y [

Bacillus sp. 44 %A lignnsadudare v, barveyz'(@]”l'i”lﬁﬁ 6) Qe V. parahaemolyticus
d' 9 ti! [ a9 ] J a dgl = ] o 1A
(519N 7) hlﬂ c]f\iﬁ\uﬂ@'li]']ﬂhhllllﬁuN"Ii!fjﬁ«lﬂﬂﬂ']ﬁ?\iclﬁlﬂﬂﬁllu ﬁ]\iulllﬁ']ﬂfliﬂﬂ"lu')ﬂlﬂ"lﬂﬂﬂﬁﬁﬂ

9 i1 Y
MITUEN (Arbitary Unit) & uaio191¥e0 Lactobacillus sp. 1IUIU 4 ¥ila Ao L. acidophilus,

4 Y
L. brevis, L. caseiM@g L. plantarum @IS AU WU Lactobacillus sp. 714 4 SUANINNTOTUE
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V. harveyi Tavtinnuninveudurugudnaisnslade 9.50 +0.50, 10.83 +0.76, 10.33 +
0.58 1@ 12.50 £ 0.50 HAQWAT MUMIAY (NINN 4A) LasaWS0TUES V. parahaemolyticus
Taeiin11un319909 clear zone A® 9.83 +0.29, 11.67 £0.58, 10.50 + 0.50 (A 12.83 + 0.29
Haawas gua1ay (1NN 4B)
A ~ ~ Y Y 4 & .
Weon/Seumeuanun e uduruguina1elaveade Lacrobacillus sp.

9 Y
@ a ' v W 1 4
M 4 YUA WU L. plantarum 81508V V. llarveyiIﬂfJ‘flﬂ’J'lilﬂ’aJ}N“lll’i]\‘]Lﬁ%}uWTHf,mﬂﬂﬁN

9
2 la uazfangsuMsduda (Arbitary Unit) gaiige Av 12.50 £ 0.50 Haamas wag 50.00 £ 0.00

I [ Y 9
AU/ml Mud1ey Falanuuanaaegaliisdifa (p < 0.05) (A13199 6) uazeusadudaise

o

k4
] 4 a Y
V. parahaemolyticus Iﬂﬂﬁﬂﬂi\lﬂ%ﬁﬂlﬂﬁléjuN”Ii!fj{uEJﬂaN’Jﬂﬁllﬁ%ﬂﬁ]ﬂﬁnmiﬂﬂm (Arbitary

Unit) g4iiga 7D 12.83 +0.29 aamas 1az 55.53 +9.58 AU/mI A& 19 U FaUAIWUANEAIY

v

P8 19NTBA Ay (p < 0.05) (131991 7)

v v Y
[ a o A,
M3 6 WaMIGUIUTD V. harveyi Yo39auUNIoNadon s3I agar well diffusion

Table 6 Inhibitory activity of selected microbial against V. harveyi by agar well diffusion

method
No. Bacteria End dilution Volume of Diameter of  Arbitary Unit
effect supernatant inhibitory (AU/ml)
inhibitory dropped in zone (mm)

zone holes (ul)

1 B. amyloliquefacien 0 50 0 0

2 B. coagulan 0 50 0 0

3 B. licheniformis 0 50 0 0

4  B. subtilis 0 50 0 0

5 L. acidophilus 2.00 +0.00" 50 9.50+0.50"  40.00 £ 0.00°

6 L. brevis 2.33+0.29" 50 10.83 £0.76"  46.60+5.77"

7 L. casei 2.17£0.29" 50 10.33£0.58° 43.40%1.96"

8 L. plantarum 2.50 £ 0.00" 50 12.50 £0.50°  50.00 £ 0.00"

Data were mean values of triplicate determination * standard deviation

Means within columns not sharing the same superscript are significantly different (p < 0.05)
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4A

Control

4B

Control

Y T 4 § Qa}/ a { o qu’
MW 4 A-B A, anwnNaduiugudnanalaveude Laciobacillus sp. 19 4 siia N

Y 4

a a . 2’ A J JN 1 v v a K
mimstymuimm V. harveyl TAUNANHIAUUNAD 1.5 Lﬂ@il“]ﬂu@ulllhﬂ1iﬂﬂﬁlﬂlﬂﬂ"]]u
9

[

] J 4 an’ a { o
B. ﬂ'NlJﬂ'%ll'NEU’?JQL%UWTH@UEJﬂ@N'NGlﬁGU’ENL“dH@ Lactobacillus sp. N34 ¥UA ngudans

4 4
[T

WIYAL 19V V. parahaemolyticus wquﬂanmmfnﬂﬁa 1.5 wlefidud lifimsfudunad

Figure 4 A-B A. Petri dish containing four strains of Lactobacillus sp. showed inhibitory zone
against the growth of V. harveyi No inhibitory zone was found in the control. B. Petri dish
containing four strains of Lactobacillus sp. showed inhibitory zone against the growth of

V. parahaemolyticus. No inhibitory zone was found in the control.
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a

v Y Y
M3 7 wamsduduie V. parahaemolyticus ¥049auUNI InaaouIaedt agar  well
diffusion
Table 7 Inhibitory activity of selected microbial against V. parahaemolyticus by agar well

diffusion method

No. Bacteria End dilution = Volume of = Diameter of Arbitary Unit
effect supernatant inhibitory zone (AU/ml)
inhibitory dropped in (mm)
zone holes (ul)
1 B. amyloliquefacien 0 50 0 0
2 B. coagulan 0 50 0 0
3 B. licheniformis 0 50 0 0
4 B. subtilis 0 50 0 0
5 L. acidophilus 2.00 +0.00° 50 9.834+0.29°  40.00 £ 0.00"
6 L. brevis 2.33+0.29" 50 11.67£0.58"  46.67+5.77"
7 L. casei 2.1740.29" 50 10.50 £0.50° 4333 +5.77"
8 L. plantarum 2.78 £0.48° 50 12.83£029°  55.53+9.58

Data were mean values of triplicate determination % standard deviation

Means within columns not sharing the same superscript are significantly different (p < 0.05).
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3.2.3 3% Co-culture

9
NAMINAABIIUYD L. plantarum FEFUANMINTY 107, 10° uag 10° CFU/ml

k4 Y 9
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=
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Y ] ' ]
T MIRTYUoUFD V. harveyi uoaganinaaedi 4 Huud IduTuanas (a13199 8) Tuameh
Y Y v [
MIDTYVRN L. plantarum TUTZHNUROIIWAUTD V. Aarveyi TIUN 2 1039ANITNAADIN
a dy 4 IS a A A =) = (% A £
4 (1AN0 L. plantarum 10° CFU/ml) IM3n3ygangailion/ssumennuganisnaasidus &
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UANNUANANBENNTBEIATY (p < 0.05) (M15197 9)

Y ]
v o

SuimdenSsufeusulundazganisnaaes wuhgansnaaesil 4 (Au
o L plantarum 10° CFU/ml) ﬁuuﬂﬁfﬂumﬁﬁugqmm?aﬁﬂmawﬁa V. harveyi 5¢@1
anududu 100 CFUMI dwmsugamsnaaesii 2 uas 3 Falido L. plantarum 5eduaI
WA Y 10° 1ag 10° CFU/ml aué1ay 'laimmmf‘]’ué'?qﬂﬁgﬁnﬁﬂmawﬁa V. harveyi 5911

ANUTUTY 10° CFU/mI 16
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Table 8 Co-culture method showed the growth of V. harveyr with L. plantarum at different initial concentrations (colony-forming unit; CFU).
Treatments V. harveyi (X 10° CFU/ml)
Day-0 Day-2 Day-4 Day-6 Day-8 Day-10
T1 (VH 10°) 0.01 38.60 + 3.50" 9.00 £ 7.00° 1.00 + 0.30" 3.60 + 1.50° 0.53 +0.02"
T2 (LP 10>:VH 10°) 0.01 40.00 + 7.00” 3.60 + 0.39° 0.20+0.01" 1.61 +0.01° .50+ 0.51"
T3 (LP 10":VH 10°) 0.01 44.00 £ 4.00" 9.00 £0.98" 2.40+0.58" 2.20+0.07° 1.60 + 0.80"
T4 (LP 10":VH 10") 0.01 14.80 +2.00" 21.0 +7.00° 3.70 £0.56° 1.60 +0.50" 1.00 £0.53"

Means within columns not sharing the same superscript are significantly different (p < 0.05).
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Table 9 Co-culture method showed the growth of L. plantarum with V. harveyi at different initial concentrations (colony-forming unit; CFU).

L. plantarum (X 10° CFU/ml)

Treatments
Day-0 Day-2 Day-4 Day-6 Day-8 Day-10
T2 (LP 10>:VH 10°) 0.10 8.00 + 0.00" 0.20+0.00" 0.80 + 0.00" nd nd
T3 (LP 10":VH 10°) 1.00 9.50 +4.50" 5.40+1.70" 1.50 £ 1.00" 0.30 4 0.42" 0.40 £ 5.65"
T4 (LP 10":VH 10°) 10.00 110.00 + 5.00" 55.00+7.90" 2.80+ 1.60" 0.90 + 1.27° nd

Means within columns not sharing the same superscript are significantly different (p < 0.05)

nd = not detected
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3.3 matlszgnaliilslulednludevalaemsiinsadaananiuermsfaun

1 Aa I
iesnnlumsnaassimsInewnswanysluledn (L. plantarum) Wunan
F4 1 E4 Y

3 Tufadonu A9iUABUITNNINAADUABININIVIATIaeUUTINANY L. plantarum 11

v Y an o v s & < o '
9IM1INIV1IA875 NI I UWIZIEUFOUUDIMIT MRS agar (T1U19813 34 Wy

a dy 1 A a dy d'il z [
Ysuaveuse L. plantarum ansaned luowinsnanaaslulSinanyeidesnisne 3 Ju

v Y ]

A0 01MTYANANOIN 1 ABOITYANIUAY TN L. plantarum, ©11TYANARDIN 2 &
USue L. plantarum 9gTu%19 1.07 x 10° 09 1.57 x 10° CFU/g, 91M13anaandil 3 5w
L. plantarum 08 1u%33 1.69 x 10°992.14 x 10° CFU/g Haze11sganaaodi 4 Hu5ua

L. plantarum og 14529 1.41 x 10° §39 2,41 x 10° CFU/g (MW 5 1azM159MARUIN A 91 1)

L Log (CFU/ml)

Day-1
Day-2
o Day-3

T1 T2 T3 T4 Treatment

i s USnandte L. plantarum TUOIMIAWADTYANARDY

(G];ﬂmuau"laj@m%a L. plantarum lwemsfa, yanaaedi 2 Fuide L. plantarum 10° CFU/g,
FANARDAT 3 Ao L. plantarum 10° CFU/g Wazyanaaeafi 4 Ao L. plantarum 10°
CFU/g)

Figure 5 Viable count (CFU/g) of L. plantarum in various test diet

(T1=without L. plantarumin test diet, T2 = L. plantarum 103CFU/g in test diet, T3 =

L. plantarum 10°CFU/ g in test diet and T4 = L. plantarum 10’CFU/ g in test diet)
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3.3.1 Ms@aeny L. plantarum Tud1ldfauacenaiia Fluorescence In Situ

Hybridization (FISH)

) 4 ] [
NNMSTIFaaaAv0N L. plantarum wauiuemsne uaz lauiuiluganis
A P { A a & A o
NAQDIN 1 ("l,aJmmﬂfa L. plantarum ), ¥ANTINAADNIN 2 (IANLYD L. plantarum NITAVANY
Y v 3 a a & A4 o Y v 6
WHUU 107 CFU/g), ¥ANTNAADNN 3 (IAULYD L. plantarum NILAUVANUVUUY 10 CFU/g)
[ A v
HALYANIINADOIN 4 (1RO L. plantarum  NTzAUAMUTUIU 107 CFU/g) 1InMInaand
g’ o dy 9y A oy Y] A [ R [ A g’ ~
gang 3 41 11 llidesdsundiiminmae 9.21 £ 0.51 n5u Fadieng 45 Ju aaauiavestin
9 3 1 A = g’ Y o da’ < 3’ 1 ]
T51unsnaaeIdwansisums suii asteaen lanell AnuANveatii 16 au 1wy (ppy),
v
a [ an a A (% 1T A I~ 1
gu¥iQl 28 eeAUTALFod, Oan1laila 94 Haaniuaeans nazanwdunia-a1e 7.7
] wvAa 3 = A < Y A
lusznimanaaosguaniane 4 Usemsimanlasumlavdnides (m31emanuan a 71 2)
Aa 1 a o YY) I I
Taeliovsman 115 luTedn 3 Su TWewnsdad 4 Suadunwiduszezina 1 heu Taony
AegnRsnaInnga lvonnsinaulds luTeanlusa T o, 1, 2, 3, 6, 12, 24, 48 uaz
72 ¥ouAaz YU INOARA W L . plantarum Tuszuumuauesvesnsunluganiinaasad
Y
W¥e L. plantarum Taem3iid 1duesdaundiunats (midgu) uagadauiie (hindgut) 11
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Figure 6 L. plantarum in shrimp’s intestine at various time with FISH technique
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Figure 7 Vibrio spp. in shrimp’s intestine at various time with FISH technique
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Figure 8 Viable count (CFU/g) of Vibrio spp., viable count (CFU/g) of bacteria and viable count

(CFU/g) of Lactobacillus spp. grew on various media at 72 hour
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Lﬁagﬁaa"ﬂﬁﬁﬁmwmmi‘wﬂam‘ﬁ 1 Ao ganduan lausaladaieTnsy Labiss
Aananale Cy3 MilimsiSoauasved L. plantarum sy (Bar =5 pm)

Intestine tissue of white shrimp in treatment 1 (control group) hybridized by
hybridization buffer with Labl158 Cy3-labeled gene probe, detected by

epifluorescence microscopic (Bar = 5 pm)

Aa Y Aa 9 9 4
L. plantarum ll?]ﬂiﬂulﬂ%’ﬂ?ﬂiwiﬂ Lab158 aana1nn18 Cy3 ATI300UAI8NADY
aa J
anvlgeols e (Bar = 5 um)
L. plantarum hybridized by hybridization buffer with Lab158 Cy3-labeled gene

probe, detected by epifluorescence microscopic (Bar = 5 pum)
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sl 11 A-C ANMISIT0IAIVBINANYAUNI INTIITDUAOINATIA FISH 19 1W51 Lab158
AANaINAIY  Cy3, EUB338 AARAINAIY fluorescein  UazdouA18d 4,  6-diamidino-2-
phenylindole (DAPI) A. o L. plantarum MLﬁmﬁaﬁﬂﬁﬁwnﬂmmﬁmamﬁ 2 (715%)
A5ERUAIeNATA FISH 1agl¥Insy Lab158 Annaindie Cy3 B. wuaiEoluiedei|d
mmﬁjwnﬁmmimamﬁ 2 (ﬁi%y) asEeUAemMAa FISH TaglyInsu EUB338 aanain
@18 fluorescein C. mmﬁﬁﬂiutfm%ﬁﬂﬁ’mmﬁ:wnﬂmmﬁ‘w@am‘ﬁ 2(?{5?;’) EREGGIIGE,
mM3foudIud DAPI A5I9WARIBNADIDNHQOOIs H1IH U (Bar = 5 im)

Figure 11 A-C Epifluorescence micrographs of microbial communities (arrow) were detected by
FISH technique by using Lab158 Cy3-labeled gene probe, EUB338 Fluorescein-labeled gene
probe and 4/, 6-diamidino-2-phenylindole (DAPI) dye straining A. L. plantarum in intestine tissue
of white shrimp in treatment 2 (arrow) were detected by FISH technique and Lab158 Cy3-labeled
gene probe B. Bacteria in intestine tissue of white shrimp in treatment 2 (arrow) were detected by
FISH technique and EUB338 fluorescein-labeled gene probe C. Bacteria in intestine tissue of
white shrimp in treatment 2 (arrow) were strained with DAPI, detected by epifluorescence

microscopic (Bar =5 um)
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- LA A oy = = v
MWA 12 A-C A. L. plantarum Tuiiloiod1 1d0s1ganinanesi 2 (A5%) as1ndoudie

A 9 a 9 k4 Y 4
mata FISH lagldInsy Labl58 @anaindle Cy3 astananlendesnou liaoa tacwes

[

A & 4 Yy = = Y a
aUNUUN B. L. plantarum GI,HLL!’EJlEl'E)ﬂWhlﬁﬂQ"UTJ“b'ﬂﬂTiT]ﬂafN‘1/1 3 (ATY) 5O UAWNAUA

q E]

Y a 9y 9y Y 4 a
FISH Tagl¥Insy Labl158 aanainade Cy3 as1aWan18ndaodnou Iinoa miwes aunuils

C. L phntarum uiieriged 1d8wnamsnaasdi 4 (5%) as19aeudiemaiia FISH
Tael% N5y Labl58  Aana1ndig  Cy3 asdanaalonasdinou 1nnea tawres aunuii
(Bar =5 pum)

Figure 12 A-C A. L. plantarum in intestine tissue of white shrimp in treatment 2 were detected
by FISH technique by using Lab158 Cy3-labeled gene probe, detected by confocal laser scanning
microscopic B. L. plantarum in intestine tissue of white shrimp in treatment 3 (arrow) were
detected by FISH technique by using Lab158 Cy3-labeled gene probe, detected by confocal laser
scanning microscopic C. L. plantarum in intestine tissue of white shrimp in treatment 4 (arrow)
were detected by FISH technique by using Lab158 Cy3-labeled gene probe, detected by confocal

laser scanning microscopic (Bar =5 pm)
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andi 13 oATIMIAIedzduveINIuaazyan1InaasInieluszezal 14 Tu (e
ﬂ’J‘UﬂﬂJhlﬂJ'Lam%’é) L. plantarum Glumﬁﬁﬁ:\i, agﬂmamﬁ 2 @m%@ L. plantarum
10’ CFU/g, agﬂmamﬁ 3 ko L. plantarum 10° CFU/g uazmmamﬁ 4
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Figure 13 Cumulative mortality of white shrimp infected V. harveyi by immersion
challenge held for 14 days. (T1=without L. plantarumin test diet, T2 =
L. plantarum 10’ CFU/ g in test diet, T3 = L. plantarum 10° CFU/ g in test diet and

T4 = L. plantarum 10’ CFU/ g in test diet)



