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ABSTRACT

Biological control of shrimp pathogen Vibrio harveyi using mixed probiotics of
marine isolated yeasts (Candida tropicalis TH112 and Pseudozyma antarctica TH9) and
Lactobacillus plantarum MRO3.12 (isolated from shrimp gastrointestinal tract) was evaluated both
in vitro and in vivo systems. Growth of Vibrio harveyi decreased significantly (p<0.05) and was
completely inhibited at 18 hours of incubation in the presence of mixed probiotics (5.17 log
CFU/ml decrease), whereas the control treatment (Vibrio harveyi alone) showed the increase of
Vibrio harveyi from 5.82 to 7.11 log CFU/ml. Three strains of probiotics were added to shrimp
feed using freshly prepared cells at the concentration of 1.13-2.13x10° CFU/g feed for Litopenaeus
vannamei (white shrimp) feeding trial. Afier 6 weeks, white shrimp fed with probiotic
supplemented (each probiotic and mixed probiotics) and non-supplemented (control) feeds
exhibited no significant difference (p>>0.05) in growth, feed conversion ratio (FCR) and % survival
between four probiotic treatments, but significant differences (p<0.03) were observed between
probiotic and control groups. All probiotic feed shrimp showed 98.89-100 % survival, whereas the
control group had only 68.39 % survival. Total haemocyte counts of shrimp fed with non-
supplemented feed were significantly lower (p<(0.05) than the shrimps fed with mixed probiotics,
Lactobacitlus plantaruim MRO3.12 alone and Pseudozymz antarctica TH112 alone, The numbers
of lactic acid bacteria and yeasts in shtimp gastrointestinal tracts were enumerated at higher level
(7.07 log CFU/g) in mixed probiotics supplemented group than that in non-supplemented group.
The number of pathogenic ¥ibrio sp. (green colony on TCBS agar) in shrimp fed with mixed
probiotics were significantly higher (p<0.05) than another treatments.

At the end of the feeding trial, mixed probiotic supplemented white shrimps were injected

with viable cell suspension of Fibrio harveyi at the conceniration of 1.91-2.91x10° CFU/ml
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exhibited the highest ability to reduce ¥ibrio harveyi from haemolymph, compared to the non-
supplemented ones (p<0.05). The shrimps were challenged with Vibrio harveyi at the
concentration of 1.91-2.91x10° CFU/ml by injection and immersion methods, Ten days after the
infection, all treatments exhibited no mortality in immersion methods. In injection method, mixed
probiotics and Lactobacillus plantarum MRO3.12 treatments exhibited significantly lower in
mortality compared to other treatments (p<0.05). IHowever, mixed probiotic treatment showed
lower mortality than others treatments after 10 days, when Vibrio harveyi at the level of 1.91-
2.91x10" CFU/ml were challenged by immersion method. At the end of feeding trial, the probiotic
supplemented feeds were replaced by the non-supplemented one. The number of lactic acid
bacterias and yeasts in shrimp gastrointestinal tract dropped dramatically after three days of the
trial. However, the numbers of lactic acid bacteria and yeasts in shrimp fed with probiotics were
higher than those in non-supplemented shrimp.

Lactobacillus  plantarum MRO3.12, Candida  tropicalis TH112 and Pseudozyma
antarctica TH9 prepared in dry powder by freeze drying in the presence of 20 % skim milk
exhibited highest survival of lactic acid bacteria and yeast. Addition of 2 % of zeolite, talcum and
calcium carbonate in MRS and YM broth for lactic acid bacteria and yeast cultivation, respectively
did not improve survival of all probiotic strains during freeze-drying and storage. Storage of
Lactobacillus plantarum MRO3.12, Candida tropicalis TH112 and Pseudozyma antarctica TH9
at 4 °C had significantly higer survival than storage at room temperature (p<0.05). However,
storage in vacuum sealed and normal sealed aluminum bags showed no difference in viable cell

counts of all probiotic strains,
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Figure 2 The prophenoloxidase activating system in crustaceans.
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Figure 3 Colony characteristics of Vibrio harveyi on NA agar under light source (A) and in the
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Table 1 Probiotic products considered for use in aquaculture.

Microhial

Species

Gram-positive Bacteria

Bacillus spp.

Carnobacterivum sp.
Enterococcus sp.

Lactobacillus sp.

Micrococcus sp.
Streptococciis sp.
Weissella sp.
Gram-nagative bacteria
Aeromonas sp.
Pseudomonas sp.

Vibrio sp.

Yeast

Saccharonmyces sp.
Phaffia sp.

Debaryomyces sp.

Baciifus  megaterium, Bacillus  polymyxa, Bacillus
lichenifoemis, Bacillus subfilis

Carnobacterium divergens, Carnobacterium inhibens K1
Enterococcus faecium SF68

Lactobacillus helveticus, Lactobacillus lactis,
Lactobacilius plantarum, Lactobacillus rhanmosus
Micrococeus luteus

Streptococcus thermophilus, Streptococcus lactis

Weissella helenica

Aeromonas hydrophila, Aeromonas media
Pseudomonas fluorescens

Vibrio alginolyticus, Vibrio fluvialis

Saccharomyces cerevisiae, Saccharomyces exiguous
Phaffia rhodozoma

Debaryomyces hansenii

W1 ; denlag91n Verschuere UASAME (2000), Irianto L& Austin (2002).
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(2000) ANUN Pantoea agglomerans CPA-2 ARWHIAIDEITAINABIAA1 9 22TidnT 13
Aa A t a ] [ 3 oy o 4 :ﬂy a ar P 1
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& of ar o a 1
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~ o 1 [ f
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5.2.3.3 URALTUNAISUBIUA (Calcium carbonate)
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Lactobacillus plantarum MRO3.12 NIHAUDINIG ﬁlmf}’\‘i (ﬁjﬁ‘};g‘l ﬂﬁglai, 2550)

Candida tropicalis TH112 sloahuiaume Ansnil vefmsas
uaz faMs gnaad, 2548)

Pseudozyma antarctica TH9 maxﬁummsﬂam (ﬁ‘t‘l;ﬂﬁ‘ HIANIAT
uag A3 gnIad, 2548)

Vibrio harveyi fapmdithsTsadeauas gudisequam
Fafiih aeizninonsssung inod
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Chemical and Media

Grade / Company

1. Man Rogosa and Sharpe (MRS)
. Thiosulfate citrate bile salt (TCBS)
. Sodium Chloride

S W N

. Yeast extract

[¥,]

. Malt extract

. Soytone

~ N

. Tryptone

8. D-Glucose

9. Proteose peptone

10. Peptone water

11. Beef extract

12. Tween 80

13. Ammonium citrate
14. Sodium acetate

15. Magnesium sulphate
16. Manganese sulphate
17. Dipotassium phosphate
18. Talcuin

19. Zeolite

20, Calcium carbonate
21. Skim mitk powder
22. Bromocresol purple
23. Chloramphenicol
24. Tributyrin

25. Starch soluble

26. Calcium hypochliorite 65%

Analytical/Himedia, India
Analytical/Himedia, India
Analytical Labscan, Thailand
Analytical/Labscan, Thailand
Analytical/Himedia, India
Anatytical/Himedia, India
Aunalytical/Labscan, Thailand
Analytical/Ajex Finechem, Australia
Analytical/Merck, Germany
Analytical/Himedia, India
Analytical/Himedia, India
Analytical/Ajex Finechem, Australia
Analytical/Ajex Finechem, Australia
Analytical/Ajex Finechem, Australia
Analytical/Ajex Finechem, Australia
Analytical/Ajex Finechem, Australia
Analytical/Ajex Finechem, Australia
Commercial/China
Cominercial/Thailand
Commercial/Thailand
Analytical/Fluka, Switzerfand
Analytical/Ajex Finechem, Australia
Analytical/ Sigma, Genmany
Analytical/Fluka, Switzerland
Analytical/Ajex Finechem, Australia

Commercial/Thailand
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4, gilnsal
ginael UsHndnan, Uszma

L. ﬁ'ﬁurﬁa (Incubator) e Memmert §1 BES00 Schwabach, Germany
2. é’ﬁ'ltlt%?ﬂ {Larminar air flow cabinet) ?;ﬁ’ﬂ Hotpack Scientific promotion, USA
3. luTasilula (ura 10-100 luinsdns) Labmate, USA
4. WinsThla (e 1000 lulasdas) Gilson, France
5. Stirring hot plate ?,’lﬁ’ﬂ Harmony g: H HTS-1003
6. ﬁﬂﬁsl‘iﬂﬁutlﬂi{“l {Autoclave) g'u 58-325 Tomy Seiko, Japan
7. Centrifuge e eppendrof 34 5403 Germany
8. Centrifuge SCR-20B Hitachi, Japan

9. Electronic balance (NF183 2 GH119) ‘,i: U BP2100S  Mettier Toledo, USA

10. Electronic balance (NAT1&3 4 @ 1119) ‘S: 1 BP221S Satorious, USA

11. Vortex Mixer Labnet, USA

12. fitoviines (pH meter) §W Metter Toledo 320 Mettier Toledo, USA
13. SunIUnNaUNYT 518 Memmert 4 WB 14 Schwabach, Germany
14. 13 eavudauuudidenudls Dura Dry FTS systems, USA

15. ndesHlaniinauzBanguuugaenme Henko, Japan

16. Lﬂémﬂﬂﬂﬁ ﬂﬂ’mqq Yamadakoe Brand, Japan

o el o« I= 3
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52 wmavesnsldielus|ulefinnanves Lactobacillus  plantarum MRO3.12, Candida

fropicalis TH112 Was Pseudozyma antarctica THY fDN1I AIUNHMT Lfi)%ﬂﬁ]m Vibrio harveyi

5
MINATDUATINANTO IUMSATUAUMSIASYVD Vibrio harveyi IaomsIfidelels
luTeRnnauves Lactobacillus plantarum  MRO3.12, Candida tropicalis TH112 UR[g
9 b4 = ar :3 ¥ ~ 1 =
Pseudozyma antarctica THY ¥118 lasia3 oy nde Tus luTefnudazyila wag Vibrio harveyi
ado ¢ g} 3 ° o ¥ g g iy = g
AT AR Ude 1 (asun 9) PinuihndSuanududuveusedie ludounae l5d
o 1 ¥ l o 5
0.85 wefiFudntlasawe wroldldUsunandedly 1.792.15x107, 4.2-5.1x107, 1.2-1.72x10
' 1
uay 1.32-1.82x100 CFU asiladans awadidy wasihvudeudazvilandunmslsuany
8 g [y dy = dy = e ~ :id dy dalJ
Wyduudrtidsnansoas 0.1 Jaddas wvasluvasannassidienisdoudie YM broth,
- I'd s [l =
MRS broth 4@z TSB broth fifiu Iw@ounanlsd 1.5 wlesidud ludad 1:1:1 UsSuas
o aa A 0 § 4
9.6 Hanans WelWldswindeTududiu  1.79-2.15x10°, 4.2-5.1x10°, 4.2-5.1x10° uaz
¥ '

1.32-1.82x10° CFU fedindans muddu Tuvasdoidumiouganuguifimmziiofivasila
S A i o el o ¥ oy o 7 7 7
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¥ ¥ [
91151889150 YM broth, MRS broth Az TSB broth fithiy I@ounaslsd 1.5 nlefidud tu
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Fadau 1:1:1 1515 9.9 Tadans TG eeded gy 1.88-2.16x10°, 4.8-5.6x10°
1.44-1.67x10° LAz 2.7-3.4x10° CRU deiladaas audrdy lnsudozganiinanseii 2 41
wﬁ’ammfuﬁm%@‘l%’ﬁqmﬁgﬁ 30 sarurAEva Tamstitudaedweiion o, 6, 12, 18, 24 uag 48
‘]q;'"ﬂiN UazUDSWINYOS Lacrobacillus plantarum MRO3.12, Candida tropicalis TH112 Uag
Pseudozyma  antarctica THY UQE Vibrio harveyi U3t nse lude 2.1, 22 unz 2.3
(MAHUIN ) U AY

Lﬁmﬁumsﬁué’uimumms MRS agar 22§19 Lactobacillus plantarum MRO3.12
ﬁl?ty dIUDIMIT YM agar 2 ifivs Candida tropicalis TH112 WY Pseudozyma antarctica TH9
iyl danniems TCBS agar 1&g vibrio harveyi winfuﬁm?mu”lé’ Fatusa
nsnay ﬂﬂﬂ]ilﬂ?ﬂﬂﬂﬁl‘%ﬂ Candida tropicalis TH112, Pseudozyma antarctica TH9 U Vibrio
harveyi VU917 MRS agar, mmumm?aﬂm Lactebacillus plantarum MRO3,12 Lag
Vibrio harveyi UHB111T YM agar LY Na@elinIg ﬁ)?ﬂlu‘llﬂﬁ Lactobacillus plantarum MRO3,12,
Candida tropicafis TH112 UQ% Pseudozyma antarctica TH9 11491413 TCBS agar Taamsdiinig
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finddas savluemisAedunu 150 nfu

9Wiad Candida tropicalis TH112 UDE Pseudozyma antarctica TH9 ﬁm‘%‘aumu?‘ﬁ‘
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L§B Lactobacillus  plantarum MRO3.12, Candida tropicalis TH112 118 Pseudozyma
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Table 3 Assignation of treatments for study the effect of protective agents on survival of
Lactobacifius  plantarum MRO3.12, Candida tropicalis THI112 and Pseudozyma

antarctica TH9 after freeze dry.

Strains Initial cell Protective agents

concenrtration

(CFU/ml)

Lactobacillus plantarum 1.25-9.90x10°  20% Skim milk powder
MRO3.12 20% Talcum
20% Zeolite
20% Calcium carbonate (CaCO,)
10% Skim milk powder mixed with 10% Talcum
10% Skim milk powder mixed with 10% Zeolite

10% Skim milk powder mixed with 10% CaCO,

Candida tropicalis 1.06-9.35x10°  20% Skim milk powder
THI112 20% Talcum
20% Zeolite

20% Calcium carbonate {CaCO,)
10% Skim milk powder mixed with 10% Talcum
10% Skim milk powder mixed with 10% Zeolite

10% Skim milk powder mixed with 10% CaCO,

Pseudozyma antarctica 1.64-9.20x10°  20% Skim milk powder
TH9 20% Talcum
20% Zeolite
20% Calcium carbonate (CaCO,)
10% Skim milk powder mixed with 10% Talcum
10% Skim milk powder mixed with 10% Zeolite
10% Skim milk powder mixed with 10% CaCO,
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Table 4  Assignation of treatments for study the nsed of supporter agents during preparation of
cells on suirvival of Lactobacillus  plantarum MRO3.12, Candida tropicalis TH112

and Pseudozyma antarctica THY after freeze dry.

Strains Imitial cell contcentration Medium containing
(CFU/ml)
Lactobacillus plantarum 3.38x10°-1,18x10° . No added as control
MRO3.12 2 % Talcum
2 % Zeolite

2% Calcium carbonate

Candida tropicalis TH112 1.92-3.97x10° No added as control
2 % Talcum
2 % Zeolite

2% Calcium carbonate

Pseudozyma antarctica TH9 2.53x10’-1.29x10° No added as control
2 % Talcum
2 % Zeolite

2% Caleium carbonate




46

F
HAIVINUUI Lactobacillus plantarim MRQO3.12, Candida tropicalis TH112
T ' a ] 4
uag Pseudozyma antarctica THO Tuusiazgamsnaaes llkhumsiudawwvugdonadsni
Ao Y 2 dAq Vo s e 3 o o ow ¢
15793849 5.4.1 nglﬂﬂﬂfﬂﬁ'lfg\‘l!,‘]iﬂaﬂtlﬁﬂﬂi'lﬂ’liﬁﬂﬂ‘]f'iﬁ]ﬂ’t:‘fﬁﬂ?i‘ﬁ‘luﬂ'ﬁPl'flﬂf‘lﬁmﬂmcﬂ

Tals luTeanuaeg

543 Anmeveamaiuinumdndanlilslulefngasnaindnlaslimsdanarsi
sazmTvigaraannn@en1fe It Iede 5.4.1 uaz 5.4.2 Meldan1z uos gnge
wisnamsansufiemiasfieaduwadidauasumssendinveusadiafiga
» ) ¥
uazdnmaveams Iasngalussnhemsdsasadimnzaudmiuusazidouds vz
a An oW o ¥ o o 4 14 <3
asaandana [s ToTedns Tasmsdutanuundidientds Tae
f. Lactobacillus plantarum MRO3.12 W05 wituuReaty 353vede
1 L4
5.4.10 wazszihma@varsvigefisadonidadhilussndamsmneites uagls Lacrobacillus
: ¥ ]
plantarum MRO3.12 fassTuonnsh bifimsidueasnguihuganaunu
Y. Candida tropicalis TH112 U2 Pseudozyma antarctica TH9 sedimsmson
¥ = @ aSdgaow ¢ o = .ci w A v ¥ |} ] .:?
e 3535090 5.4.1 tazasinsfiumsigandanen ol lussnanmannziaes
[ 4 1
wazl¥ candida tropicalis TH112 U2 Pseudozyma antarctica TH9 nesluemsh lifims@u
o
msviguluganUgy
a
nA90NWIN Lacrobacillus - plantarum MRO3.12, Candida tropicalis TH112
1 ' o 5 o
uaz Pseudozyma antarctica THO luusazgamsnanss llmunisdumisuvuugidanudsay
acta v o * e o w - d o e
F53v0de 5.4.1 ndmnnsudidenudahndasud lils luTednndameigmsiuiaui
P a ] dy 1 P o 3 W 3 oA <
anzuazgungidie lashmanudeunasyiiandiumsimia i lugeegiiionvlovd
Tavussygaas 6 vaen (gamsnaassfifimsuaumsngaidadond 3 naen uas ganiugu
iy 1 ~ q 1 o ey
#lifmaAuasngs 3 waea) Mnsuteanenisiy uazgungdl esndluganiinaaes
@19 9 dauaaslumsian s
}4
[ o o o o
HAINHUATIUAT RSN Lactobacillus plantarum MRO3.12,
Syt Fé
Candida tropicalis TH112 UDi¥ Pseudozyma antarctica TH9 ANB NI IEHY 2.1 B 2.2
b4
(MAFUIN ¥) Aud iy uaziinsinsanmssoadiaveuteudaz siln luyngants
Yoo o 85 = g =y a:?lJ s ¥ T
naavalag1F35Amaznde 8 (Manuan vnazdngilTuanesuludiedisluuday
Sl sy Fs o a '
YANSNAADI (AOAC, 1990) Am3sanyIsnde 9 (manuIn v)lagazihimslmaernn ¢ 2

Flawt lunanfaded 2 Beu




47
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Lactobacillus  plantarum MRO3.12, Candida tropicalis TH112 W% Pseudozyma
antarctica TH9 mﬂcié’fﬂmﬁ'u 8 f"f‘ﬂﬂ’lﬁ’

Table 5  Assignation of treatments for study the effect of storage condition and temperature on
survival of Lactobacillus  plantarum MRO3.12, Candida tropicalis TH112 and

Pseudozyma antarctica TH9 during 8 week storage.

Strains Storage condition Storage temperature
Lactobacillus plantarum No vacuumn Room temp.
MRO3.12 4 degree celsius
Vacuum Room temp.

4 degree celsius

Candida tropicalis TI1112 No vacuum Room temp.

4 degree celsius

Vacuum Room temp.

4 degree celsius

Pseudozyma antarctica TH9 No vacuum Room temp.

4 degree celsius

Vacuum Room temp.

4 degree celsius
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Figure 6 Growth of Vibrio harveyi (A) and pH value (B) which cultured with Lactobacillus
plantarum MRO3.12, Candida tropicalis TH112 and Pseudozyma antarctica TH9

compared to control treatment (Vibrio harveyi alone) in mixed medium containing

MRS, YM and TSB broth (1:1:1) and incubated under aerobic condition at 30 °C.
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Figure 7 Growth of Lactobacillus plantarum MRO3.12 (A), Candida tropicalis TH112 (B) and
Pseudozyma antarctica TH9 (C) in mixed-culture system compared to control
treatment (Lactobacillus  plantarum MRO3.12, Candida tropicalis TH112, and
FPseudozyma antarctica TH9 alone) in mixed medium containing MRS, YM and TSB

broth (1:1:1) and incubated under acrobic condition at 30 °C.
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Figure 8 Colony appearance of Lactobacillus plantarum MRO3.12 on 0.001 % chloramphenicol

containing YM agar (A), TCBS agar (B) and 0.02 % bromocresol purple containing

MRS agar (C).
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Figare 9 Colony appearance of Candida tropicalis THI112 on 0.001 % chloramphenicol
containing YMagar (A), TCBS agar (B) and 0.02 % bromocresol purple containing

MRS agar (C).
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Figure 10 Colony appreance of Pseudozyma antarctica TH9 on 0.001 % chloramphenicol

containing YM agar {A), TCBS agar (B) and 0.02 % bromocresol purple containing '

MRS agar (C).
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Figure 11 Colony appearance of Fibrio harveyi on 0.001 % chloramphenicol containing YM agar

(A), TCBS agar (B) and 0.02 % bromocresol purple containing MRS agar (C).
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Figure 13 Mean weight of white shrimp before (0 week) and after feeding trial (6 weeks) with

shrimp diets containing probiotics and without probiotic.
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Table 6 % Weight increased, feed conversion ratio and % survival of white shrimp fed on
diets containing Lactobacillus plantarum MRO3.12, Candida tropicalis TH112,
Pseudozyma amarctica TH9, mixed probiotics compared to control treatment
(without porbiotic) at 6 week feeding trial. Data {meant8D.) with different letters are

significantly different (p<<0.05) among treatments.

Treatments % Weight % Feed % Survival
increased conversion ratio
Lactobacillus plantarum MRO3.12 88.84 +2.6° 236+0.12° 98.89 + 1.92°
Candida tropicalis TH112 86.96 + 4.99" 221 +0.01" 100°
Pseudozyma antarctica TH9 87.93 + 5.33" 2.22 4 0.21° 98.89 + 1.92°
Mixed probiotics 86.28 +9.22° 2.28+027" 100"
Control (without probiotics) 78.74 + 7.44° 2.44+0.01° 68.39 + 16.44°
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* ean data in the same treatments are significantly different (p<0.05).

2 14 ﬂ?mmﬁmﬁaﬂs’Jmaefi’wnﬁz?:ﬂaé’aﬂmwﬁprcm Lactobacillus  plantarum
MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica THS, ‘ijﬂ‘l}ﬂﬁl“l‘?ﬂﬂﬁ Y
a3 %iin Wisudvusudenagamugui 185 uemis luims @ T luTedn
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Figure 14 Total count of haemocyte from white shrimps before and after being fed on diets
contained Lactobacillus  plamtarum  MRO3.12, Candida tropicalis TH112,
Pseudozyma antarctica TH9, mixed probiotics compared to control treatment
(without porbiotic) at 6 week feeding trial. Bars (inean#SD.) of total haemocyte count

at 6 week with different letters are significantly different (p<(.05) among treatments.
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Figure 15 Microbial counts in gastrointestinal tract of white shrimp fed on diets contained
Lactobacillus  plantarum  MRO3.12, Candide tropicalis TH112, Pseudozyma
antarctica THY, mixed probiotics and control treatment (without probiotic) at 6 week
feeding trial compared to white shrimp before probiotics feeding. Data (mean + SD.)

with different letters are significantly different (p<0.05) among treatments (#=3).
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Figure 16 % mortality of white shrimp fed on diets contained Lactobacillus plantarum

MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica TH9, mixed probiotics
compared to control treatment (without porbiotics) at 6 week feeding trial after

challenged test by injected with cell suspension of Vibrio harveyi at the concentration

4.8-7.61 x10’CFU/ml.
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Figure 17 % mortality of white shrimp fed on diets céntained Lactobacillus plantarum
MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica TH9, mixed probiotics
compared to control treatment (without porbiotic) at 6 week feeding trial after

challenged test by injected with cell suspension of Vibrio harveyi at the concentration

4.8-7.61 x10°CEU/ml,
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m3ed 7 SwuuuafiGuuandn Bad ez vibrio sp. inulumadusimsfaadionaaen

9 4 . - i & da Y
MIATUNVUD Vibrio harveyi 20071505 luaisuvIdassvoasaniaNnuudy

4.87.61x10° CFU siolladans dauaanmiudiodnysarspuiinnuuand a1l

U YNIaDa (p<0.05)

Table 7 Microbial counts in white shrimp gastrointestinal tract after challenged test by

immersed with cell suspension of Vibeio harveyi at the concentration 4.8-

7.61x10°CFU/ml. Data (meantSD.) with different letters are sigunificantly different

(p<0.05) among treatments (#=3).

Microbial counts (leg CFU/g)

Strains Treatments
48 hrs 10 days
Lactic acid bacteria MRO3.12 5.67 +0.02° 6.04 + 0.08°
THI12 3.90+0.17° 2.82+0°
THY 429 +0.12° ND.
Mixed probiotics 538+0.11 539+0.11"
Without probiotic 3.02+0.17° 4.82 +0.12°
Yeast MRO3.12 372+ 0.18° 4.29 +0.05°
THI12 7.37 +0.14° 7.97 £ 0.07°
TH9 6.4140.14° 7.85 +0.05°
Mixed probiotics 6.54 +0.07° 5.86 +0.20°
Without probiotic 4,62 +0.09° 3.78 +0.05°
Vibrio sp. (Green) MRO3.12 412+0.12° ND.
THI12 418 +0.10° 4.06 +0.10"
THY 4.25+0.23° ND.
Mixed probiotics 441 +0.26" ND.
Without probiotic 537+0.32° 447 +0.07°

ND. means Not detectable,

' ¥ -4 ]
dievhldfwnaade vibrio harveyi Tav3smsusluth el Vibrio harveyi

13
USugs (4.8-7.61x107 CFU dadiadans) wuhdauudaseinisvesmsfaeniglu s

#Taausn Tﬂﬂ§0%11ﬁ1§§ﬂ81ﬁ1iﬁlﬁ U Candida tropicalis TH112, Pseudozyma antarctica TH9
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Figure 18 % mortality of white shrimp fed on diets contained Lactobacillus plantarum
MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica TH9, mixed probiotics
compared to control treatment (without porbiotic) at 6 week feeding trial after
challenged test by immersed with cell suspension of Vibrio harveyi at the

concentration 4.8-7.61 x10'CFU/ml.
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MINN & NUMWLUANDIBUDNHN UTE LA Fibrio sp. ‘FIWIJC]MYI'NMU’EJ“IHTa‘f;ﬁ‘tl”l’am’t'l‘ﬂﬂﬁﬂ‘i_l

Table 8

NSNS Vibrio harveyi Smiusluasuyiuassveudontinnududu
48761x10" CFU defadans fuaviimsudesnusansufinnuuandiaesied
WodAgnann (p<0.05)

Microbial counts in white shrimp gastrointestinal tract after challenged test by
immersed with cell suspension of Fibrio Jarveyi at the concentration

4.8-7.61x10'CFU/ml, Data (meantSD.) with different letters are significantly different

(p<0.05) among treatments (7=3).

Microbial counts (log CFU/g)

Strains Treatments
S hrs 10 days
Lactic acid bacteria MRO3.12 5.45 + 0.09° 5.41 +0.08
TH112 ND. -
THY 3.22+0,18" -
Mixed probiotics 5.36 + 0.09° 5.45+0.05
Without probiotic ND. -
Yeast MRO3.12 4.40 + 0.09° ND.
TH112 6.07 +0.05" .
THY9 5.98 +0.05° -
Mixed probiotics 6.15 + 0.09° 6.22 +0.03
Without probiotic 3.93+0.11° -
Vibrio sp. (Green) MRO3.12 7.51 +0.08" 2.98+0.28
TH112 7.68 +0.12° -
THY 744+0.16" -
Mixed probiotics 748 +0,09” ND.
Without probiotic 6.94 +0.11° -

= ; Shrimp death occurred during these experiments, ND. means Not dectectable

dlamuanuduiuves vierio harveyi 13 4.8-7.61x10°CFU dodiafians uas

b & a b ]
nageufanuuiadedaduile lnoase uazwnuslumsuvivassvauie wuigeuiai
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P Ay 1 Yo ;g el el o 3 ar
NAAIUNISATUNIUVibrio harveyi TWamizRganIugui hildsudeuuaisoananlidas
N | dd o 1 3
MITOAFIUNYT 50,00 loandnig My

o

3 ¥ ¥ 1
wazuennntiudmunnszduanududuvesdo vibrio harveyi §1 9 v ldoa
: Y4 § o 4 & &
psmuand Ao uezdiemiunnududuves vibrio harveyi IWgstusanmamonazifingavy
v A Y w . - ' A 39 X
A0FITaANABIAUNIUNANDIYDY Hjelm (2004) Anuhmsmvanududuveurens lsng
1031915010 Taoru 1Yo tubot RestlUaISUNINABIVOY Vibrio anguillarum NIZAV 0,
105,10° uar 10" Tumsnasevanuannsalunisdrmiulsavesdeu iasimsaed
Fd o o w & o , A
26.00, 68.00, 78.00 118 92.00 ilefidud mud1ey uasuenvnnsiudaarhmsmivanududuy
aod ar { 1

vos 15 luTednfezansannsnsmame’ld Taswuinlat wwot Huglumisuvivassvas

4 o o 4
Roseobacter spp. Nizauanududu o, 10°,10° waz 107 uazdhmmaseumsduniuie
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Vibrio anguillarum wu gt i lus Tua1suuannesves Roseobacter spp. 18051013M0H1ga
A A g o a A W ¥
figad 26 WlofIFUA dIUFANUTIUTITUYINABUUBY Roseobacter spp. HITAUANAUTY

35 7w - fd o
107,107 taz 107 4935919 14.00, 12.00 LAz 2.00 nlosigua

3.6 AanuanIglumshdanuanSonelsneenainszvy lnae (Clearance ability
of bacteria)

iiofa vibrio harveyi Ay 4.8-6.2x10° CFU defiadans (szanat 5.74 log CFU
ﬁaﬁaﬁﬁm)z%’atjszumﬁﬂﬂmmfﬁ’wnﬁ”lﬁ’%"ummmﬁu Lactobacillus plantarum MRO3.12,
Candida tropicalis TH112, Psewdozyma antarctica TH9 Lﬁawﬁmﬁm, ’I‘]Jﬁllﬂiﬂaﬂﬂﬁuﬁ\‘i 3
wiln azdauni l8sve s hinay s luTedn dhinm 6 dlan uddsiedudeadan
0.1 fiadans nsondansy 3 $aluauhimsinlSun Vibrio harveyi fivdoagludoada
wuhAsnit idsemsii s T lefnwauihlSuia Vibrio harveyt mfoagluBsatiooiige
TaofiUSunas Vibrio harveyi 4.26 log CFU dofladans uazseananine idenvasdeunildsy
DVHISHEAY Pseudozyma antarctica THY, Candida tropicalis TH112 Ua% Lactobacillus plantarum
MRO3.12 $61S00s Vibrio harveyi 432, 437 Ua2 4.85 log CFU sialadans mudiiy uas
Lfi‘ﬂ;ﬂ%’ﬂﬂtﬁﬂ‘uf“\'ufﬁwTn‘f"l"lﬁ"lﬁ%’uiﬂs'lﬁiaﬁﬂéaﬁﬂ"?u1m Vibrio harveyi 5.76 log CFU A9
fiadans udmuhidanildTuomsnan s luTednszilinrmsa lumsmdauuniise
Vibrio harveyi 880910319010 d0d19ii)sz@nEnmgend dotini5un vibrio harveyi u
deaudmaeimmenaanud fanai 185y Tus luTeRninlSuint vibrio harveyi lusilond
phanfli183uTils o TeAnedwiisd iy fiszduanudoiu o5 nledidud fawaasly
m51#t 9 oS Vibrio haveyi Tuudazgamananssunsnnadnlszaniamlums
8199 Vibrio  harveyi 8OAVINAIHUY ) fi’wnﬁ‘lﬁﬁ’nmmmﬁn‘Iﬂs‘luiaﬁﬂ'ﬁa 3 wila il
UszAnSamlumsansa visrio harveyi venuinszu lnadougagadi 96.80 nlofifud dau
5@%13ﬁ1ﬁ§ﬂﬂ1ﬁﬁﬂﬁ msﬁmﬁﬂwﬁmﬁmmm Lactobacillus plantarum MRO3.12, Candida
tropicalis TH112 0% Pseudozyma antarctica THO Hilsz@ninmlunisdrda vibrio harvey 900
DinszuL Tuadou 86.68,95.80 uaz 96.22 wesiud mudidy fweaalumsed o uazile
simlszAnsamlumsiiade ribrio harveyi senninszuy nadouliSinsziamesdan
seduaIEeiii 05 wesidud wudnlse@ninmlunistida vibrio harveyi sENNINTELY
‘lﬁaﬁﬂummﬁ’aﬁ‘lﬁ'ﬁ’mammﬁuiﬂﬂuiﬂﬁmﬁ”s 3 %R, Candida tropicalis TH112 a3
Pseudozyma antarctica TH9 ﬁﬂr’l’QQﬂ’jT rifwnﬁ'lé’%’vmmmﬁu Lactobacilius  plantarum

o

MRO3.12 8819iTd 16y (<0.05 AMINaasmuhdeandssfusiunansii i
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Pseudozyma antarctica TH9, Candida tropicalis TH112 W% Saccharomyces cerevisiae TISTR
b4 1
5055 nuavafanaid uazwungen li'ldulds lulsdndidssdniamlumsiia vibrio

H

harveyi apnainiiiaifion 18k nhide 185 uTds TuTedn (Anarl nedinsds uas Aems
fnuad, 2548) 8RNI Chiv HAsRaE (2007) Wuhdei 1A ue M sHaN Lactobacillus
plantarum MRO3.12 Tuszdv 10 uag 10 CFU dailanfuemmis dlunar 2 Suflanuamnse
. .

TumstiauuaiiSone Tsnoenvindufiviu 79.8 uay 77.4 nlefidiud mmd iy uasiiforiv
szezanily 7 Su wudmnummsalumsdidauuafiSure Tsneonvindsaadiu 82.40 uas
66.60 wasidust s

mﬂﬂiﬁ‘ﬂﬂﬁf}\‘i114?1‘3%5311]’5’15&‘0’3‘)%%&E)'Im’iPlﬁll Lactobacillus  plantarum
MRO3.12, Candida iropicalis TH112, Pseudozyma antarctica THY 1Lay Tﬂ'sulﬂiﬂaﬂﬁﬁnﬁii 3
witafinmansolumsiiadede lsneenandelidanndeitla 1d5uTds luTefin Suues
Lﬁuilﬁ’h Lactobacillus plantarum MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica
THY sxilrasemsduaiunnizgiduiivesdld uazilefivsandaufinudadoavosdely
ustazgamsnanssfinunmasandesznhalfinaudiadeasmfunnuannsalumshia
nuafidene Tsartufe Tudanit1dsuTlslu TeAnesihiinaufiadensminndifenid
131450 Tl Ty ledn nasezdemaldRwwni 1dsuTds luTefnfarmannsalumsdia
uunfiGeneTsneendandeai bildsu s lulefdin uasdwalifeiidnsimssondindt

4 g
GADITGRT
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m319f 9 YT Fibrio harveyi wazseansamlumsiia  Vibrio harveyi sORINSZUY
‘I.ﬂaﬁmmmﬁ’amfmﬁ'wmﬁﬂﬁ’wmsazmﬂlﬁ?ﬁl Vibrio harveyi  Tsinamududiu
48-62x10° CFU defiadans dhunar 3 Falue vesdeunfildFuomsmm
Lactobacillus  plantarum MRO3.12, Candida tropicalis THI112, Pseudozyma
antarctica THY, 9n 1113 TuTedn saune 3 wiia nfioufousudangaaund
1&uomsiliSimsidu sl Tednfiszoznanis@ed 6 dani Faaufimiy
ArudnysmetuilnnuuanaisetallifsdrAumed i (p<0.05)

Table 9  Viable count of Vibrio harveyi and clearance efficiency of white shrimp in haemocyte
of shrimp after injected with cell suspension at the concentration 4.8-6.2x10° CFU/ml
for 3 hours of white shrimps fed on diets containing Lactobacillus plantarum
MRO3.12, Candida tropicalis TH112, Psendozyma antarctica TH9, mixed probiotics
compared to control treatment (without porbiotic) at 6 week feeding trial. Data

(meantSD.) with different letters are significantly different (p<0.03) among

treatments.
Treatment Viable count of Vibrio Clearance efficiency
harvepi (logCFU/ml) (%)
Lactobacillus pltantarum MRO3,12 4.85 + 0.1 f’ 86.68 + 6.26"
Candida tropicalis TH112 437+ 0.04" 95,80 + 1,24°
Psendozyma antarctica TH9 432402 * 96.22 + 1.18"
Mixed probiotics 4.26 + 0.03" 96.80 + 0.59"
Without probietic 576+ 0.11° -

3.7 ﬁnmmsmﬂgjmm Lactebacillus plantarum MRO3.12, Candida tropicalis TH112
By Psendozyma antarctica TH9 MaluszuumaueIms
[ ¢=:lv a < = =
ndannmaaosfaninsy 6 dlat drvennsfisanlilslulefinues Lacrobacittus
plantarum MRO3.12, Candida tropicalis TH112 U8 Pseudozyma antarctica TH9 Feesilalag?
Var ¥ =) g - 4 P =1 o oW
uagldsuermsway TilsluTedndia 3 vila wdadasuemsiluomisiiasssuaidadoni

o =y - A ded T o
dunat 7 fu uazasnaovTinawuaiiGenanin uaziadniegluszuumaduemisves
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Aamluiudi o, 1, 3 wag 7 wvimnaaed ienadeuaNuasalumsaseguesuniite
= P= & ' - @ el s/ Al Yo
wandan uazdad nudriluSwsuduvesntsnaans Guii 00 AsvildTuemisney
b
Lactobacillus plantarum MR03.12 ifigswiladen uag 115 1y Tedndis 3 wila lSuawuenie
LONAD 8.43 UAg 6.49 log CFU denfuvsemadine s amdId uaz USunauwniGeuan
o Pt et g W an e ar A o sd oL A 3t
Anaaasedaiitid Aymeadanszdunnudenu o5 alesigud diengaldermanaulyls
[ a A ar = o ] <a = ¥ Ay Ve
luTedniiaan 1, 3 wag 7 34 TeslidnunusiiGeuananlumaduennsvesden ldfuemis
HWAY Lactobacillus plantarum MRO3.12 WoariaRen 5.68, 547 Uay 542 log CFU fADN3Y
3 -
yosn1uAue s awdwy  dadeunnldsvemanaullslulefine 3 ¥ila fidwmau
nuAfSouaniin 4.82, 4.34 Lag 3.72log CFU Aonflvesmufine s auddy daudevnai
185vemswHen Candida tropicalis TH112, Pseudozyma antarctica TH9 Moartia@s wudriu
usniingalilals luTednma@uemsvesdauniilSumunfiSonanin 2.92 uag 3.36 log
CRU doniuvsemadinerns mudwu uaziauuuafiGauandnlumaduemsveads
Wi ldFuemsney Candida tropicalis TH112, Pseudozyma antarctica THY fiogwila@en
wasualagbimnin TnslivunnumadssdrdifedwyneadadionygaldTilsluTedn 1,
3 war 7 71 lasfiinouupafGoonanlumaduemisvesdeniildsuemsaay Candida
tropicalis TH112 (Ruaiia@iuah 2.98, 3.26 uag 2.82 log CFU @DNTHUBININANDINIS
auddy uay Asuai 185U MS Y Pseudozyma  antarctica  THY \#oq%ilafe wy
suniSouandnlumaiuemisvess 3.02, 3.59 (az 2,92 log CFU ABn3NvsanauaueImg
Q ot { 4 o d' 1 o = =1 lA
audidy vazhfaunan idsuemsh lisanTds T TednSinauuanGouaninagh 4.03
1 ar = o = ar =i o 3 ~ ooy

log CFU donfuvoanadueims luiusSudunaass (Fun 0) wdmntduliunamuaise
sanfnszanaseing hiuandwedniisddamuadaluiun 1 uag szaansetainivd iy
naedaionsntuiud 3 uaz 7 TasnudwauuniiGeuaniin 3.81, 3.48 uaz 2.92 log CFU

AONTUTOIMIAAUDINT MIUEIRY (NI 19 LAZAITHMANLIN A 7 23)
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10
a ] 0 day [ day 3 days 7 days
8 .
a
G [ ]
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2 b
U o o
e
2 -
0 T
MRO 3.12 TH112 TH? Mixed probiotics  Without probiotic
Treatments

amf 19 msategvessunfiGouandnlussuumaduetmisvesdeuni 8T uemswa

Lactobacillus  plantarum  MRO3.12, Candida  tropicalis TH112, Pseudozyma

antarctica THS, V5w Tednsauiia 3 wila dhunn 6 flaniudmgald uas

alaniluemadiasssuad linanTus luTedndlu nat o, 1, 3 waz 7 Su
uneRfmfudedasnysidanuiinnuuandwedeiifud damadda p<0.05)

Figure 19 Numbér of lactic acid bacteria count of white shrimp fed on diets contained

Lactobacillus  plantarum MRQ3.12, Candida tropicalis THI112, Pseudozyma

amtarctica TH9, mixed probiotics and control treatment (without probiotic) for

6 weeks and followed with regular feed (without probiotic) for 0, 1, 3 and 7 day.

Bars (meant+SD.) with different letters are significantly different (p<0.05) among

treatments,

o at o =l Jo’: G o A 4 o A P Yor
dwsuilSunadadiiumun luiuSuduvesnisnaaes (udi 0) deuni ldsvenns
Hetl Lactobacillus plantarum MRO3.12 tivariiaifoniiiuanbad 4.79 log CFU Aaniuves
= as { = = [~ v 14w 6 @ =
maues tasluFud 1uae 3 YHinadaanasulasdniesedieliiisddameadd
AuTuusanngald Tus'luTofinh 4.45 uaz 4.18 log CFU AoniuueamadineIms muday
@ A a T = o (- aa
wazlufuii 7 vewmangald lilsluledn wunifSinadadanasededidoddynieadan
[Y A o dd d PO ) & T o Py 1

sgAvRMIesdl 95 wosigud TaslldSinadaa 3.75 log CFU #9nNY89mMaaLeInIs a3

¥ <y o - a A s o o dq @ e g
A1 1ASU8MISHEN Candida tropicalis TH112 tfitayilaifen fSinadadluTuauduyes
@ A 1 ar = w ol = &
nInAaee (Guh 0)6.5log CFU @onfuvesmadueinis kazluiun 1 wes 3 Jsundad

1 o a

alfeuudaudndesadieliihisdameadanuiunsniivgald lasluTedns 6.90 uaz 6.20
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log CFU #enfuvasmadueims awddy lufuit 7 veamsngaldlus luTedn wun
oy @ o o oAl o 4 & 4 o = (e {
Wiadadaansegniveddgmeadanszduanuseiu o5 wedidud lasilsurabadn
=4

9t
5.58 log CFU #8NT1UBIMAIAUMIS S5V Pseudozyma antarctica THO figewiiafe] i

'
=]

U5 aiad 5.93 log CFU denfuvesmadnems TuiuiiGungald Tz lulofin uag lufud
1 weanisngalilisluTedn 11‘u:hﬂ?mmﬁﬁﬁuma@ummwmﬁ’stﬁnﬁmauﬁuasjwﬁ
Wedrymeadafszauamuieriu o5 wlefidud iy 6.88 log CFU denfuvamaduens
wisnihuiengallus luTedn 3 wag 7 5u wudSinabadanaseidifudWamadda
winfud 1 fingali TdsluTodn TaonudmaniBiad 5.82 uaz 5.36 log CFU Aenfuvesmamu
914713 MUAIAY ‘lmmzﬁé’wnﬁ"lﬁ’%"ﬂmmswauTﬂi‘lﬂ‘lﬂﬁﬂ‘ﬁa 3 wiiaditSunaidad 7.07 log
CFU danfuvaamaiiuens uufidungald s luTefn wasiSinadadluiud 1,3 uos

o

7 vzamasedninfudfgmenianssduardedhi os nlesidud vnufiGunyalilys
luTedin IasnuilSunadad 6.88, 5.13 ag 5.04 log CFU AONTUUBINISIAUDINIT MIWRIAL
dadenaf bl s luTednnud TuFusuduiingald izl TeAnfiSinabad 4.28 log
CFU fonfuveamu@nes wazdSinedadluiuf 1, 3 uaz 7 :zaansndnihivdifyma
adanszdunIdeii 05 wefdud vinTuliSunga W Ty luTedn TasvniSinodad 4.43,
4.35 1482 4.08 log CFU #0n5uU9IN18AU01113 A1ud1ay (M 20 LAz 1INIARLIN A 91

23)
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10 - 7
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rE,
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< b bt
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MRO 3.12 TH112 TH9 Mixed probiotics  Without probiotic
Treatments

awit 20 nsnseduesdadluszuumaiuomsvesdennai &S uomsHay  Lactobacilius
plantarum MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica THY,
Tl Todnda 3 wila Slunm 6 dland udmgald wesnlfouthomsila
ssaueni e TlsluTedndune o, 1, 3 waz 7 Hu nswlunafidfudae
Frsnushduiuinmuandeiisiitodifyneddd p<0.05)

Figure 20 Number of lactic acid bactetria count of white shrimp fed on diets contained
Lactobacillus  plantarum MRO3.12, Candida tropicalis THI112, Pseudozyma
antarctica TH9, mixed probiotics and control treatment (without probiotic) for
6 weeks and followed with regular feed (without probiotic} for 0, 1, 3 and 7 day.
Bars (meantSD.) with different letters are significantly different (»<0.05) among

treatments.

& Y = @ 1 » & A - a da P i o '
Tagsia 1 luszuumadnemisvesdioauvesdadesiiyaunisnssirduegdaua
= vA a oa o d w = el < 1 qs’l T o
iAin uddionTapdy Tndlududude yBuniondidse Tomlinanivazdes 4 andauas (Fuller,
ar 3 a { P o = { o @ o = 3
1992) dariuefinnusidufessivdFinagduni daiilse TonllEduda it Taogdunid
{ o A A o oo 4 < oy )
ftnvasliszdosamnianizdaimisd ldifouansesndulse Tomivesluls luTeAn1d &9
P = hs}u’/’ Y- o ar s = ! s 5F =
msflagensamedaldiugdufisdlls luTednesdosiidannisadyuasinid1dsinG
Ed L4
aNdaTIMIgnduesniensianie (Conway, 1996) ITastunsuvoamaimeamivdulng
at Qe | = ar ~ o 4 1 ::§ “a -dy 1
udnzornaauialumsmeAadumadyiad 1€ niebediendis  Femamziaiiesiy

=y

Hoafulilldaunidno lsauunizaanmiadn 1§ (Balcazar, 2006) 1¥UMSIAY Bacillus sp. A%

a
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E kg 3 3
Wtlmihnlfisssdenadiunat 20 Sused0ld Bacius sp. i ldunuide viorio sp. Tu
= W T 3 1 1 '
yinaduseuldng 50 wlesiFus (Gullian e o, 2004) IPMInaassnu lnsdInauda
o -3{, el el = d{ A dAa ¥ ¥ o o
UsinauFaruniiSouanan uazetaanduas hilazdes o aaasmeluiun 7 veanisnaaes
& ¥ o . . = ' =y s ¥
Faer0AnAnatINUNAADIUBY Nikoskelainen HASAN(2001) NHuNs@esdausy Tudmim
o s X 4
AW IMIHEY Lactobacillus rhamnosus 3 10T M ULUANG URBAUN 5.56-10.95 log CFU
denanans wazndnnuifousmnsdluomslednelSuanuaiiGouanfnanadeds
L4 3
nuaziian 3.59 log CFU fodadnns #enaniiu Jaborn uazane (1997) 110931510849
AnronunfiGouandnannonfoualasinuvesgdunidlussuumaduemisvealan
IRudndannmangalifonnsiseyTisluTeAnudwuin/SinanvafiGouanfinfannsets
o ] =t o T e 4 <
Al AR dnUNAeNBIYRBY F3oNareF (2549) Nnsa9daa Y Lactobacillus
plantarum hﬁzmﬂnx‘ilauﬂ?ﬁ?i%@ﬁfﬁﬂ‘lﬂ’ﬂﬂﬂ%ﬁﬂﬂﬁﬂ Fluorescence In sity Hybridization
[ [) ¥ 14
(FISH) %152 1349 0, 1,2, 3, 6, 12, 24, 48 Uag 72 $2Tue ndams Iiomskaude Lactobacillus
= ¥ 3 6 9 " w - o |
plantarum AR 10°, 10° uaz 1060 CrU Aeniuomns TasiSeuheunugaalugui
13185 Lactobacillus plantarum waznu N a0 19wl Lactobacillus plantarum 11‘!5\3
w10 191450 Lactobacillus plantarum ‘lu‘igﬂ‘ﬁ"ﬂilﬁlﬂﬁﬂ'l‘i?’lﬂﬂﬂﬁ 1uﬂﬂ5$ﬁf§ﬁﬂl11ﬁllﬁ§'ﬂ
. z:i o 9 sf [} = A q’.a’ ' ar A
Lactobacillus  planfarum NIEAUATVNIUNN ¢ ISHWITHATITAAATY lAdauataTued 12
dhudulal Tnod21ueh 72 WU Lactobacillus plantarum d5u18¢ 7.12, 7.12 wag 7.28 log cellsfl®
T 5 []
niuven1aAneIns lugadsvnn ldsuermsuaunso Lactobacillus  plantarum AR
wWudy 10, 10° waz 10° CFU Aonfuan1s muday
pnmsfilSine s luTednfuduas lluemsuand W gsruumaduemsvesds
fiSnmnanaseniaunguinndidadidideadugurgivessienie nie msnia
< = or 1 1 = n’: 3 et 4 [} A
o lesiinariia dasdau Ty luTeAnnensesuasmahiiiezsumathn wazas s
sTrMmaAue Msed e IzImeAnegimied 14 udusdamenezgniae laussuy
1 a o u’;’ o = s 3 L)
gagomsvesda ity uazunasimanIgveslls luTednongniudTavaisdrugdun
{a o = ¥ 3 o o o ar ~ a A
sfndatidrtuedatu vennntiuilivineadu Ty lu Tednesidiuaumg 1d Tuls TuTednh
- o 1 = w & a ar 3 ] T =
asund hlaadmauas isu TsluTeAnueamesiugeninsandamsfuden 9 1wl uummes
= o 4 -~ A o e £ U ¥
Todu elasnunlosonnlad nsadunsd lala e laesdia (Diacetyl) Feasmariionnay

o 3 = = o = ar &
lFudemsnsarasaunitou 9 luszuumaduemisvesdaiidrtiuld (Balcazar, 2006)
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4, Anmnmsndanansdamillslulefnnslnsmsmudaunyienuda

41 HEUDIAIAIND1NABNTTOATINVDY Lactobacillus plantarum  MRO3.12,
Candida tropicalls TH112 U0% Psendozyma antarctica THO mnmanudauunusienuds
(Freeze drying)

] o ar o s o o

arsnldiduganarslunistlestued (eryoprotectants) Hunumédalunistlesiu
a o T (-] =] & W oed 1 st 4 o 3 9 =Y
SaugradsznIImIusenuds usnnmindsfidmgolfisadamnsogniwteldaed

o ]
AuAAIE Bnnednsnazatenan ldde arsiflquaniddinaniioguarenguldun
~ o ) L4 = al 1 ~
voduaamlsa lausantlsq nseezillu Ts@u tazussigrate 9 ¥1ia (Champagne et al.
a t el
1991; Huba'lek, 2003) mﬂﬂ15‘nﬂaENm‘smuﬁ\ummmﬁﬂmm Lactobacillus  plantarum
MRO3.12, Candida tropicalis TH112 UQ% Pseudozyma antarctica TH9 Tauldansdananssd g
1 o ar o £ o o oy
iy vady &Telav uazusaivunifuems Suluarsildlunmsiiinlysguamilums
4 oy o 8w o t W A "
mziaradsegudnnnadeunSoufoniums Isumensosiume isannuunansaiig
Ly L g - o = T

annsaldilumsflostusad 18 ludogdunidvais 9 vila (Morgan er al, 2006) WU

Lactobacillus plamtarsm MRO3.12 Alduunensasihune 20 ulefidiuddiuarsdinars fins

¥ ]
Y-v-1 ar =1

oy = - Jd q o & T T A o W o
FIDATIATINGAN 63.81 lﬂﬂil‘ﬂuﬂ HIANANOYNUHIT IO YN IRAAANTSAUANUTOUU 95
Sd 2w - g g oar w ¢
wefFud AUnIsonT Voo Lactobacillus plantarum MRO3.12 19%aduy §lo'las uay

a1 ¢ S d o w et o q
unaFounisueiug 20 1odirue Wumsdanars Alisain ¥ Lacobacilius plantarum
MRO3.12 insseadiniie 10.64, 7.42 wag 20.13 wlefidud mud sy HiusuReafudums
o 9 Tt [ . ... = ¥ v w sd &
NHAUULVUBIONUVIVON Candida tropicalis TH112 fims 14 vumanssetiuiue 20 wodigud
f<{ ot o PRy o P & o & & (=1 T 1 p=1
Wumsdnalddasinisseadlagafigan 73.13 wesidud Fs'lufinnuuandieednei
W g w and o A a sd o - o s dad o
U AYNNTAANISAUAINITONY 95 Wasua ‘lmmxmtﬂmmﬂummmum 20 Lﬂﬂﬁl“ﬁuﬁ

ooy

o A a eAa d 3 ] T oA w8 W
Lﬂuﬁ"liﬁ‘nﬂa’lﬁ FalinN1350nTI0 69.29 11lasimuUa LASUANA NI NUUYT RN HNEDA

Qr

=
fiszau
§ & ¢ f o o =1 < sd oA o
anuieiy 95 wlofidud eldady uaz $1o'lar 20 Woesidud $6il¥ Candida rropicalis
P e oA s g & o o Tt @ o 3
TH112 Simsseniiafios 4332 uaz 14.98 1lasidua ad1ay I9UREIAUATNITIUINY
. 5} ot @ e 1 3 r s o o td ﬂ
Pseudozyma antarctica THS A5 RIITUANUTING 1T UupIIoeluuY 20 Wodidua il
ar o a { { dd & m 1 1 A w g W
assnanslidnsntssendiagaigeh 36.04 ulesidud ud lilianuuandsedialiudify
and o A & fd & A ay v ow oAs y o A o
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Figure 21 Effects of protective agents on survival of Lactobacillus plantarum MRO3.12,
Candida tropicalis TH112 and Pseudozyma antarctica TH9 after freeze-drying. Bars

(mean+SD.) with different letters are significantly differ (p<0.05) among treatments.
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Figure 22 Effects of different protective agents which mixed 2% (w/v) into media broth on
survival of Lactobacillus plantarum MRO3.12, Candida tropicalis THI112 and
Pseudozyma antarctica TH9 after freeze-drying, Bars (meantSD.) with different

letters are significantly different (p<0.05) among treatments.
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Figure 26 Colony appearance of Lactobaciilus plantarum MRO3.12 on 0.02 % bromocresol purple
and 1.5 % NaCl
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Figure 27  Colony appearances of Pseudozyma antarctica TH9 (A) and Candida tropicalis

TH112 (B) on 0,001% chloramphinical and 1.5 % NaCl containing YM agat.
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~ .u A . oAa = o
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Figure 28 Colony appearance of Vibrio harveyi on 1.5 % NaCl containing TCBS agar
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A3 10 M3 ﬁﬁﬂj‘tlﬂﬁ Lactobacillus plantarum MRO 3.12 AF2 1913 9

FSIAHUHIN N

HANINAAD]

Table 10 Growth curve of Lactobacillus plantarum MRO 3.12

Hours Log CFU/ml
0 5274001
6 7201 0.01
12 8.63 +0.03
i8 9.31+0.01
24 9.75 + 0.03
30 9.61 £ 0.07
36 9.46 £ 0.01
48 9.44 1+ 0.01
72 8.38 +0.02

15190 11 N3R35V Candida tropicalis TH112 197 113019 9

Table 11 Growth curve of Candida tropicalis TH112

Hours Log CFU/ml
0 5.74 +0.02
6 5.90 +0.02
12 593+0.02
18 6.01 £ 0.03
24 6.40 £ 0.01
30 7.06 +0.02
36 8.22 +0.02
48 8.56 :+0.07
72 8.68 +0.04
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A5 12 ﬂ'l‘;i!f‘i]?ﬂjﬁjﬂx‘i Pseudozyma antarctica TH9 79 Tasin o

Table 12 Growth curve of Pseudozyma antarctica TH9

Hours Log CFU/ml
0 5.21+0.04
6 5.47+0.01
12 5.68 +0.05
18 6.17+0.02
24 6.42+0.02
30 7.76 + 0.01
36 8.38 +£0.01
48 8.52+0.04
72 8.64 + 0.05

A1951991 13 MTSYVOI Vibrio harveyi NHI1IAN 9

Table 13 Growth curve of Vibrio harveyi

Hours Log CFU/ml
0 5.85+0.04
6 5.95+0.03
12 6.72+£0.03
18 836 £0.01
24 8.33 +0.02
30 6.58 +£0.05
36 3.77+0.03
48 2.84 4 0.03
72 2.36 1+ 0.05
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mwmwmﬂ“m1‘5mﬂawﬂmﬂaﬂuu‘dﬂﬂmzmwmimﬂawaﬁ'mnufum

Lactobacillus plantarum MRO3.12,

Candida

tropicalis TH112, Pseudozyma

Ed o
antarctica THO L Vibrio harveyi i3suiitvudumsifousefissrinfiones

Lactobacillus plantarum MRO3.12, C. tropicalis TH112, Pseudozyma Antarctica

THY Ug Vibrio harveyl

Table 14  pH value of medium containing MRS, YM and TSB broth (1:1:1) during cultured
with mixed. culture of Lactobacillus plantarum MRO3.12, Candida  tropicalis
TH112, Pseudozyma antarctica TH9 and Vibrio harveyi  compared to conirol
treatment (Lactobacillus plantarum MRO3.12, Candida  tropicalis THI112,
Pseudozyma antarctica TH and Vibrio harveyi alone).
Time (irours)
Treatments 0 6 12 18 24 48
Mixed culture 6.19 6.19 4.26 4,15 4.02 4.11
Vibrio harveyi alone 6.19 6.2 6.27 6.32 6.01 5.77
MRO3.12 alone 6.19 6.19 4.65 447 4.32 4.35
THI112 alone 6.19 6.19 5.08 4,89 4.55 4.38
TH9 alone 6.19 6.19 5.15 4.96 4.64 447




ﬂ'IS‘Nﬁ 15 ﬂ'l‘jl‘il?mﬂﬂ%é’ﬂ Lactobacillus plantarum MRQO3.12, Candida tropicalis TH112, Pseudozyma antarctica THS URE Vibrio harveyi ‘ﬁ
msRsUUEedn tazmizEsesuiulusmsfiduduneues MRS, YM Hag TSB broth 1u8as1a7u 1:1:1 wazaiy13A
gamgd 30 esniwadoa muldaniefifons

Table 15 Growth of Lactobacillus plantarum MRO3.12, Candida tropicalis TH112 Pseudozyma antarctica THY and Vibrio harveyi in mixed-culture
system compared to control treatment (Lactobacillus plantarum MRO3.12, Candida tropicalis TH112, and Pseudozyma antarctica TH9

alone) in mixed medium containing MRS, YM and TSB broth (1:1:1) and incubated under aerobic condition at 30 degree celsius.

Isolates Microbial count (log CFU/ml)
Time (hours)
0 6 12 18 24 43
Lactobacillus plantarum MRO3.12 alone 5.31+0.03 7.32+£0.02 840+0.01 949+0.01 9.72+0.05 9.38 £ 0.01
Candida tropicalis TH112 alone 5.72£0.04 5.83 £0.02 588+0.02 6.05x£0.04 6.37+0.04 6.37+0.01
Pseudozyma antarctica THY alone 5.19+0.03 544 +0.02 5.72+0.06 6.20 + 0.02 6.36 £ 0.02 7.51+£0.02
Vibrio harveyi alone 5.82+0.04 4.83+023 6.78 £ 0.09 7.11£0.07 6.39 £ 0.05 1.81 £0.07
Lactobacillus plantarum MRO3.12 in mixed culture 528 +0.04 7.76 £ 0.03 8.91+0.18 9.66+0.03 9.78+0.03 9.40 = 0.07
Candida tropicalis TH112 in mixed culture 5.70 £0.08 5.88+0.02 575+£0.03 6.45 +0.04 5.92+0.02 7.68 +0.03
Pseudozyma antarctica THY in mixed culture 5.18 £ 0.07 543+ 0.05 5724010 6.09+0.09 579+0.12 7.18 £ 0.02
Vibrio harveyi in mixed culture 5.17+£0.08 4.68 +0.06 4.87+0.07 0 0 0

6el




miwﬁ 16 ﬂ?mmx%a Lactobacillus plantarum MRO3.12, Candida tropicalis TH1112 URg Pseudozyma antarctica TH9 “lummss?:mﬁaﬁﬁéa
Lactobacillus plantarum MRO3.12, Candida tropicalis TH112 W0&Pseudozyma antarctica THY HO99YIUAYI LATINT Lgﬂ\‘lﬁ&ﬁﬂﬁ uTds
Yy Tefnueusorns 3 viin deduinu13i 4 osnaidon dhum 3 5u

Table 16 POpulatioh of Lactobacillus plantarum MRO3.12, Candida tropicalis TH112 and Pseudozyma antarctica TH9 in shrimp diet contained
Lactobacillus plantarum MRO3.12, Candida tropicalis TH112 and Pseudozyma antarctica THY alone and shrimp diet contained mixed

probiotics of Lactobacillus plantarum MRO3.12 Candida tropicalis TH112 and Pseudozyma antarctica TH9 when storage at 4 degree

celsius for 3 days.

Isolates Microbial count (log CFU/rnl)
Time (days)
0 1 2 3
Lactobacillus plantarum MRQ3.12 alone 8.46 +£0.04 8.43 +0.03 8.39+0.03 831+0.03
Candida tropicalis TH112 alone 837+ 0.06 8341+ 0.05 83+0.06 8.16 + 0.04
Pseudozyma antarctica THS alone 8.54 £ 0.06 8.50£0.05 8.46 £ 0.04 833005
Lactobacillus plantarum MRO3.12 in mixed probiotics 8.56 +£0.04 8.54 +0.03 8.51+0.06 8.42 +0.05
Candida tropicalis TH112 in mixed probiotics 8.33 £ 0.06 83+£0.05 8.27+£0.06 8.1+0.05
Pseudozyma antarctica THY in mixed probiotics 833+0.04 8.28 +0.06 8.22 +0.05 8.07+£0.06
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Table 17 Mean weight of white shrimp before feeding trial (0 week) compared to after feeding

trial (6 weeks) with shrimp diets contained probiotics and without probiotics.

Feed treatments Weight of white shrimp (g/ shrimp)

Before feeding trial After 6 weeks feeding trial

Lactobacillus plantarum MR0O3.12 5.52+0.35 9.84 +0.44
Candida tropicalis TH112 5.04 +0.11 9.52 + 0,30
Pseudozyma antarctica TH9 5.04 £ 0.10 942 +0.38
Mixed probiotics 5.36 £0.20 10.08 £ 0.65
Without probiotic 5.42 1+ 0.44 10.09 + 0.84

ﬁ']?‘lﬂﬁ 18 ‘l_]?‘u'liuli:jﬂl’a‘ﬂﬂiimﬁmﬁfil’\'lelj’l’sﬁlgﬂﬁﬁ”wﬂ’lﬁ'IiFl’dlI Lactobacillus  plantalum
MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica TH9, ﬁgﬂﬁjﬁlﬁl‘ﬁﬂﬁﬁn
W1 3 wila nBeudfivuiudernyaniuguitidsuems i lulimadu sl Tefin

Table 18 Total haemocyte count of white shrimps before and after fed on diets contained
Lactobacillus  plantalum MRO3.12,  Candida tropicalis TH112, Pseudozym

antarctica THY, mixed probiotics compared to control treatment (without porbiotic) at

6 week feeding trial.
Feed treatments Total heamocyte counts (fog cells/ml)
Time (weeks)
0 6
Lactobacillus plantarum MRO3.12 6.97 +0.23 7.34 1+ 0.09"
Candida tropicalis TH112 6.97+0.23 7.22+0.06°
Pseudozyma antarctica TH9 6.97+0.23 7.08+0.06°
Mixed probiotics 6.97+0.23 7.40+0.07"
Without probiotic 6.97 1023 6.91 + 0.18°

* mean Total heamocyte counts of white shrimps before and after frial in the same treatments are

significantly different (p<0.05).




a1seE 10 SrunuLuATEeuanan Baw Vibrio sp. uag uuafiGuiinun luszuumeRuewisvestanfldTuermswen Lactobacillus plantalum
MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica THY, Tuls Iy TeRnweania 3 ¥ila uaz Fev1ai 1a5uomsit liwan Tus
lulefnfiszosnmmsiaodd 6 Slaiidioufsududigedeunisnaass Faufimsudaedasnusfidiuluneduliferiudl
auuanAeEslisd g eadn p<0.05)

Table 19 Microbial counts in gastrointestinal tract of white shrimp fed on diets contained Lactobacillus plantalum MRQ3.12, Candida tropicalis
TH112, Pseudozyma antarctica TH9, mixed probiotics and control treatment (without porbiotic) at 6 week feeding trial compared to white
shrimp before experimental (Samples were taken at the beginning of feed trial). Data (mean+SD.) with different letters in same column are

significantly different (p<0.05) among treatments.

Feed treatments Microbial counts ( log CFU/g gastrointestinal tract)
Lactic acid Yeast Vibrio sp. Vibrio sp. Total bacteria
bacteria (Yellow) {Green)

Before trial (0 week) 3.87 £0.12° 3,68 +0.18° 4.05+0.12° 3.65 +0.20° 8.26 + 0.052"
Lactobacillus plantarum MRO3.12 5.82+0.13" 4.52+0.16° 5.49 +0.16" 4.34 = 0.09° 7.72£0.01°
Candida tropicalisTH112 4.78 +0.10° 7.12+0.22° 6.10 +0.05° 4.17 £ 0.06° 838 +0.21°
Pseudozyma antarctica TH9 4.08 +0.24% 7.05 + 0.05" 5.50+0.18° 5.39 + 0.16" 747 £0.14°
Mixed probiotics 7.07 £0.03" 7.07 £0.14° 5.37+0.09" 542 +0.08" 8.41 +£0.05°
Without probiotic 4.16+021% 522+0.10° 4.95 +0.06° 473 +0.03" 8.09 = 0.02°
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Table 20 % mortality of white shrimp fed on diets contained Lactobacillus plantalum MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica
THY, mixed probiotics compared to control treatment (without porbiotics) at 6 week feeding trial after challenged test by injected with cell

suspension of Vibrio harveyi at the concentration 4.8-7.61 x1 0'CFU/ml.

Feed treatments Mortality (%)
Time (hours)
0 3 6 9 12 15 18 21
Lactobacillus plantarum MRO3.12 0 0 0 200 20+0 36.67+5.77  36.67x5.77 100
Candida tropicalis TH112 0 0 0 16.67+11.50 16.67+11.50 36.67+11.50 36.67+11.50 100
Pseudozyma antarctica TH9 0 0 0 23.33+5.77 2333 +£5.97 43.33+5.77  43.33x£5.77 100
Mixed probiotics 0 0 0 6.67+5.77 6.67 £ 5.77 23.33+5.77 2333+£5.97  97.67x5.77
Without probiotic 0 0 0 36.67 £ 5.77 36.67 £5.77 56.67+5.77  56.67£5.77 100
0.85 % NaCl 0 0 0 0 0 0 0 0
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Table 21 % mortality of white shrimp fed on diets contained Lactobacillus plantalum MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica
THY, mixed probiotics compared to control ireatment (without porbiotic) at 6 week feeding trial after challenged test by injected with cell

suspension of Vibrio harveyi at the concentration 4.8-7.61 x10°CFU/ml.

Feed treatments Mortality (%)
Time (days)
1 2 3 4 5 6 7 8 9 10

MRO3.12 333 6.67 6.67 16.67 +5.77 16.67 £ 5.77 20 20 2333 +5.77  2667+11.50 26.67+11.50
TH112 10 20 30 40 4333 +5.77  4333+35.77 50 56.67+377 5667577 56.67+577
THS 1333+ 5.77 30 3323+ 577  46.67+11.50 46.67+11.50 46.67+11.50 46.67+11.50 66.67+11.50 66.67+11.50 66.67+11.50
Mixed probiotics 3.33 6.67 13.33 £5.77 16.67 £5.77 16.67 £5.77 16.67 £5.77 16.67 £ 5.77 16.67 +5.77 16.67 £5.77 16.67 £ 5.77
‘Without probiotic 1333+ 5,77 1333+ 5.77 13334577 2333+5.77 26674577 2667577 30 33.23 577 332315797 33231577
0.85 % NaCl 0 0 0 0 0 0 0 0 0 0
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% mortality of white shrimp fed on diets contained Lactobacillus plantalum MRO3.12, Candida tropicalis TH112, Pseudozyma antarctica

Table 22
TH9, mixed probiotics compared to control treatment (without porbiotic) at 6 week feeding trial after challenged test by immersed with cell
suspension of Vibrio harveyi at the concentration 4.8-7.61 x1 0'CFU/ml.
Feed treatments Mortality (%)
Time (days)
0 1 2 3 4 5 6 7 8 9 10
Lactobacillus plantarum MRO3.12 0 80 80 80 80 80 80 80 80 80 80
Candida tropicalis TH112 0 100 100 100 100 100 100 100 100 100 100
Pseudozyma antarctica TH9 0 100 100 100 100 100 100 100 100 160 100
Mixed probiotics 0 50 50 50 50 50 50 50 50 50 50
Without probiotic 0 100 100 100 100 100 100 100 100 100 100
0.85 % NaCl 0 0 0 0 0 0 0 0 0 0 0
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Table 23 Population of lactic acid bacteria and yeast in white shrimp fed on diets contained Lactobacillus plantalum MRO3.12, Candida tropicalis

TH112, Pseudozyma antarctica TH9, mixed probiotics and control treatment (without probiotic) after fed with ordinary commercial feed at 0,

1, 3 and 7 day. Data (mean+SD.) with different letters are significantly different (p<0.03} among treatments.

Bacterial Groups (flog CFU/g)

Lactic acid bacteria Yeast
Feed treatments 0 day 1 day 3 day 7 day 0 day 1 day 3 day 7 day
Lactobacillus plantarum MRO3.12  834+0.04°  5.68£0.11° 547+009° 4.69+0.02° 428+030° 445+0.10° 4.18+005 3.75+0.28
Candida tropicalisTH112 292+0.17° 2981028 3.26+038 2.82° 65+0.77 65+005 62+003" 558£002°
Pseudozyma antarctica TH9 326+043°  3.02+0.17  3.59+043° 292+028° 593+005° 6.88+0.06 582:0.05 5.36+0.10°
Mixed probiotics 649+0.03"  482+011° 434+008 372+0.19° 7.07+014 688006 5131003 5.04=0.07
Without probiotic 403+0.11°  381£020° 348+0.12° 292+0.17 479+008" 443+002° 435+0.05 4.08+0.26
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Table 24

Effects of protective agents on survival of Lactobacillus plantarum MRO3.12,

Candida tropicalis TH112 and Pseudozyma antarctica TH9 after freeze-drying. Data

(mean+SD.) with different letters are significantly differ among treatments.

Strains Protective agents Population (CFU/ml) Survival (%)
Before After
freeze dry  freeze dry

Lactobacillus  20% Skim milk powder (SKM) 1.3Ox108 8.32x107 63.81 + 6.29"
plantarum  20% Talcum (Tal) 5.64x10°  6.00x10'  10.64 + 3.43%°
MRO3.12  20% Zeolite (Zeo) 4.00x10°  297x10°  742+1.07"
20% Calcium carbonate (CaCQ,) 3.97x10° 7.98x10° 20,13 +2.20°

10% SKM + 10% Tal 9.15x10°  3.99x10°  4.36+ 1.15°
10% SKM + 10% Zeo 276x10°  1.08x10°  39.11+13.68"

10% SKM + 10% CaCo, 820x10°  3.8x107  3.88+1.64°

Candida 20% Skim milk powder (SKM) 1.47x10° 1.08x10° 73.13 1+ 9.06°
tropicalis  20% Talcum (Tal) 1.85x10°  8.00x10]  4332+6.47"
TH112 20% Zeolite (Zeo) 426x10°  6.38x107 1498 +0.82°
20% Calcium carbonate (CaCO,} 1.80x10° 1.25x10°  69.29+ 11,77

10% SKM + 10% Tal 525x10°  147x10°  27.92+8.18°
10% SKM -+ 10% Zeo 443x10°  223x10° 5030+ 13,18
10% SKM -+ 10% CaCo, 218x10°  1.07x10°  49.08 +12.71"

Pseudozyma  20% Skim milk powder (SKM) 447x10° 1.61x10° 36,04 +2.81a
antarctica THS  20% Talcum (Tal) 225x10°  7.27x10° 3230 13.31°
20% Zeolite (Zeo) 4.87x10°  1.75x10°  35.93 +12.03°
20% Calcium carbonate (CaCO,)  2.13x10°  6.73x10"  31.61 + 10.85"

10% SKM + 10% Tal 2.85x10°  538x10°  18.89 +4.60"

10% SKM + 10% Zeo 6.85x10°  5.38x10°  7.86+1.21°
10% SKM + 10% CaCo, 430x10°  9.28x10° 2161 £6.197
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Table 25 Effects of different protective agents which mixed 2% (w/v) into media broth on

survival of Lactobacillus plantarum MRO3.12, Candida tropicalis TH112 and

Pseudozyma antarctica TH9 after freeze-drying. Data (mean+SD.) with different

letters are significantly different (p<0.05) among treatments.

Treatments Survival (%)
Lactobacillus Candida tropicalls Pseudozymna
plantarum MRO3.12 THI112 antarctica THY
Control 64.06 +6.16" 60.75 +4.35° 56.96 + 4.89°
Talcum 52.42 4+ 1.82" 61.84 +3.98° 36.59 +2.03°
Zeolite 60.95 +2.29™ 50.94 +5.91° 45.52+3.90"
Calcium carbonate 3941 +1.31° 5175 +2.41° 38.59 +2.30°
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Table 26 Viable population of freeze drying Lactobacillus plantarum MRO3.12 grown in
zeolite containing MRS broth and without zeolite stored in vacuum and no vacuum

packages under 4°C and room temperature for 8 weeks.

Storage Storage Time Viable population (log CFU/g)
Conditions (weeks)
With 2% zeolite Without
2% zeolite
No Vacuum, Room temp After freeze drying 8.80 + 0.04 8.78+0.16
2 8.22+0.11 8.07 +0.22
4 7.94 +0.30 8.08 £0.10
6 7.99 +0.17 7.99 £ 0.04
8 7.33+0.16 7.62+0.33
Vacuum, Room temp Afier fieeze drying 8.80+0.04 8.78 +£0.16
2 8.55+0.19 8.53 +0.07
7.97 +0.30 8.14 £ 0.44
6 7.75+0.40 8.22 + 0.06
8 7.57+0.33 8.19+0.03
No Vacuum, 4 °C After freeze drying 8.80 + 0,04 8.78 + 0.16
2 8.66 + 0.03 8.71 +0.23
8.44 +0.28 8.57+0.03
6 849 +0.18 8.29 £ 0.16
8 8.22+0.11 3.16 £ 0.03
Vacuum, 4 °C After freeze drying 8.80 + 0.04 8.78 + 0.16
2 8.68 £0.23 8.65+0.10
4 8.63+0.12 3.48 +0.25
6 8.55+0.16 8.49+0.11
8 8.55+£0.03 8.52+0.10
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Table 27 Decrease in viable population of freeze drying Lactobacillus plantarum MRO3.12
grown in zeolite containing MRS broth and without zeolite stored in vacuum and no
vacuum packages under 4°C and room temperatute for 8 weeks.

Storage Storage Decrease in viable population Sig.(2-tailed)
Conditions Time (log CFU/g)
(weeks)  With 2% zeolite Without
2% zeolite
No Vacuum, Room temp 2 0.58 + 0.05™ 0.71 +0.23™ 0.503
4 0.86 + 0.27" 0.69 +0.13" 0375
6 0.81 +0.15" 0.79 +0.12"" 0.681
8 1.47 £ 0.14” 1.16 +0.33™ 0.336
Vacuum, Room temp 2 0.23 +0.02" 0.25+0.05" 1.000
4 0.83 +0.32” 0.63 +0.27°" 0.491
6 1,05 +0.38™ 0.56 +0.15""" 0.124
8 1.23+037" 0.59 +0.19"™ 0.183
No Vacuum, 4 °C 2 0.14 +0.03" 0.07 +:0,02+"° 0.026
4 0.19+0.06™" 0.21 4 0.06*" 0.027
6 0.31+0.17" 0.48 +0.15™ 0.109
8 0.58 +0.08 0.62+0.14" 0.731
Vacuum, 4 °C 2 0.12 +0.02" 0.08 +0.01" 0.039
4 0.17 + 0.08"" 0.39 +0.18" 0.502
6 0.25 +0.03" 0.21 +0.06™" 0.774
8 0.25+0.03" 0.26 + 0.03" 0.816

* significantly different between zeolite containing MRS broth and without zeolite, £ test (p<0.05)

Different uppercase letters are significantly different (p<0.05) during storage time.

Different lowercase letters are significantly different (p<0.05) among storage conditions.
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Table 28 Moisture content of freeze drying Lactobacillus plantarum MRO3.12 grown in zeolite
containing MRS broth and without zeolite stored in vacuum and no vacuwn packages

under 4°C and room temperature for 8 weeks.

Storage Storage Moisture content (%) Sig.(2-tailed)
Conditions Time With 2% zeolite Without
{weeks) 2% zeolite
No Vacuwmn Room temp 2 474 +0.41% 4.94 +0.73™ 0.632
4 6.30 + 0,56 7.68 +0.86" 0.016
6 10.26 + 1.70*  12.85 + 1.47%™ 0.012
8 14.00 + 0.54™ 14.11 + 1.32% 0.924
Vacuum Room temp 2 4.25 + 048" 4.85 + 047+ 0.001
4 5.87 +0.44" 6.83 +0.74" 0.268
6 9.44 +0.85% 12.01 + 1.00™ 0.131
8 11504032 12.09 + 1.05%* 0.015
No Vacuum 4 degree Celsius 2 3.12 +0.37" 422 +0.52™ 0.106
4 4.05 +0.58" 4.98 +0.41%% 0.011
6 533 +0.38" 8.96 + 1.74™ 0.083
8 622 +0.11" 11.34 + 1.01° 0.297
Vacuuin 4 degree Celsius 2 3.08 +0.44™ 417+ 073%™ 0.024
4 3.78 + 0.33"" 4,63 + 0.49™ 0.095
6 4.50+0.36" 8.26 +0.91*" 0.023
8 520+091° 1025 +0.26%" 0.017

* significantly different between zeolite containing MRS broth and without zeolite, #- test (p<0.05)
Different uppercase letters are significantly different (p<0.05) during storage time.

Ddifferent loweicase letters are significantly different (p<0.05) among storage conditions.
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Table 29 Viable population of freeze drying Candida tropicalis TH112 grown in zeolite
containing MRS broth and without talcum stored in vacuum and no vacuum

packages under 4°C and room temperature for 8 weeks.

Storage Storage Time Viable population (log CFU/g)

Conditions (weeks)

With 2% talcum Without

2% talcum

No Vacuum, Room temp After freeze drying 8.63+0.12 9.00+0.19
2 7.37x0.16 7.58 £ 0.05
4 6.82+0.33 7.43 £ 0.01
6 6.55+0.20 7.00 £ 0.38
8 6.26 + 0.39 6.35+0.12
Vacuum, Room temp After freeze drying 8.63+0.12 9.00+0.19
2 7.59+0.10 8.00+0.11
4 7.17+0.04 7.58£0.20
6 6.80 + 0.42 6.98 +0.13
8 6.24 + 0.51 6.60 £ 0.26
No Vacuum, 4 °C After freeze drying 8.63+0.12 9.00 +0.19
2 8.47+0.14 8.67+0.13
4 8.45+0.16 8.56 £ 0.07
6 8.14+0.26 8.42 +0.08
8 8.14 + 0.11 8.47 +0.08
Vacuum, 4 °C After freeze drying 8.63+0.12 9.00 +0.19
2 8.36 +0.26 8.69 + 0.04
4 8.28+0.10 8.41 £0.15
6 8.23+0.18 8.47 £ 0.06
8 8.10 £ 0.21 839+ 0.15
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Table 30 Decrease in viable population of freeze drying Candida tropicalis TH112 grown in
zeolite containing MRS broth and without talcum stored in vacuum and no vacuum

packages under 4°C and room temperature for 8 weeks.

Storage Storage Viable population (logCFU/ml) Sig.(2-tailed)
Conditions Time With 2% talcum Without
(weeks) 2% talcum
No Vacuum, Room temp 2 125+ 0.05™ 141 + 0.15™ 0.291
4 1.81 +0.22™ 1.57 +0.20*™ 0.390
6 2,08 +0.32" 1.99 + 0.49" 0.515
8 2,37 +0.45™ 2.65+0.07° 0.336
Vacuum, Room temp 2 1.03 +0.12" 1.00 +0.26™ 0.758
4 146 +0.16™ 1.41 +0.33"™ 0.844
6 1.82+054™  2.02+020™" 0.470
8 2.39 +0.58" 240 +0.45” 0.851
No Vacuum, 4 °C 2 0.09 + 0.01" 0.32 + 0.09%* 0.048
4 0.18 £0.06™ 043 +0.06*"" 0.011
6 0.49 + 0.08" 0.58+0.07°" 0.065
8 0.49 + 0,08 0.53 +0.05" 0.339
Vacuum, 4 °C 2 0.26 +0.09™ 0.29 + 0.04" 0.108
4 0.35+0.13" 0.58 + 0.07%> 0.037
6 0.40 + 0.08"" 048 +0.11% 0.318
8 0.53 +0.05"" 0.61 +0.22™ 0.527

* significantly different between talcum containing YM broth and without talcum, ¢- test (p<0.05)
Different uppercase letters are significantly different (p<0.05) during storage time.

Different lowercase letters are significantly different (p<0.05) among storage conditions.
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Table 31 Moisture content of freeze drying Candida tropicalis TH112 grown in talcum
containing YM broth and without talcum stored in vacuum and no vacuum packages

under 4°C and room temperature for 8 weeks.

Storage Storage Moisture content (%) Sig.(2-tailed)
Conditions Time With 2% talcum Without
{weeks) 2% talcum
Ne Vacuum Room temp 2 4.61 +0.57™ 6.38 +0.97° 0.176
4 592 + 0.3 6.22 + 0.44" 0.513
6 8.33 +0.18™ 10,32 + 0.34% 0.015
8 1030 + 024 12,74 +0.20%° 0.011
Vacuum Room temp 2 3.34+0.7% 4.88 + 0.54%™ 0.030
4 4.69 + 0.89% 6.00 +0.61" 0.158
6 7.44 + 0355 9.46 + 0.36+"° 0.035
8 9.91 +0.33 11,52 + 0.33%™ 0.003
No Vacuum 4 degree Celsius 2 2.56 + 0.78"™ 3.6 +037™ 0.192
4 3.2+0.16" 4.48 + 0.48%™ 0.026
6 4.61 + 047" 7.62 +0.83" 0.056
8 6.31+0.52™ 7.96 + 0.49™ 1.000
Vacuum 4 degree Celsius 2 274 +043% 325+ 045" 0.025
4 2.80 +0.93" 3.88 + 0.33" 0.246
6 3.25 +0.32™ 525+ 0.14%™ 0.012
8 552+ 037" 747+ 0.19% 0.026

* significantly different between zeolite containing YM broth and without zeolite, #- test (p<0.05)
Different uppercase letters are significantly different (»<0.05) during storage time.

Ddifferent lowercase letters ate significantly different (p<0.05) among storage conditions.
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Table 32 Viable population of freeze drying Pseudozyma antarctica TH9 grown in zeolite
containing YM broth and without zeolite stored in vacuum and no vacuum

packages under 4°C and room temperature for 8 weeks.

Storage Storage Time Viable population (log CFU/g)

Conditions {weeks)

With 2% zeolite Without

2% zeolite

No Vacuum, Room ternp After freeze drying 8.49 +0.38 846 +0.13
2 7.61 +0.23 7.85 £0.09
4 6.92+0.12 7.07 £0.03
6 6.34 +0.25 6.61 + 0.04
8 5.94 +0.18 6.55 £ 0.10
Vacuum, Room temp After freeze drying 849 +0.38 8.46 +0.13
2 7.51+0.63 8.25 +0.12
4 6.44 +0.02 7.64 +0.12
6 6.63 +0.12 7.05+0.98
8 5.80+042 7.10 £ 0.07
No Vacuum, 4 °C After freeze drying 8.49 +0.38 8.46 +0.13
2 7.91+0.04 8.22+0.28
4 7.83£0.10 8.12+0.16
6 7.81 +0.08 8.05 +0.30
8 7.62+0.15 8.12+0.21
Vacuum, 4 °C After freeze drying 8.49 + 0.38 8.46 +0.13
2 8.23+0.18 8.25+0.55
4 8.17 £0.23 7.97£0.15
6 8.13 +0.05 7.99+0.15
8 8.08 +0.10 7.52£0.07
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Table 33 Decrease in viable population of freeze drying Pseudozyma antarctica THY grown in

zeolite containing YM broth and without zeolite stored in vacuum and no vacuum

packages under 4°C and room temperature for 8 weeks.

Storage Storage Viable population (logCFU/ml) Sig.(2-tailed)
Conditions Time With 2% Zeolite Without
(wecks) 2% zeolite
No Vacuum, Room temp 2 0.88 + 0.09™ 0.61 +0.18"™ 0.080
4 1.58 +0.31™™ 1.39 +0.16™™ 0.506
6 2.15 +0.60™ 1.85 +0.09™ 0.516
8 2.55 +0.22™ 1.91 +0.23° 0.112
Vacuum, Room temp 2 0.99 +0.16" 0.21 + 0.09%" 0.004
4 2.06+0.39"  0.82+0.02%™" 0.035
6 1.86 + 047"  1.41+031° 0.237
8 2.69 +0.80" 136 +0.11° 0.126
No Vacuum, 4 °C 2 0.58 + 0.08" 0.22 +0.16™ 0.053
4 0.66+0.11%° 0341008 0.018
6 0.68+0.16™ 0.41 4 0.03° 0.077
8 0.87 +0,12" 0.34 1 0.15™ 0.081
Vacuum, 4 °C 2 0.26 +0.09" 0.35 +0.17™ 0.539
4 032+0.14" 049 +0.16*" 0.005
6 0.36+0.06™™ 047 +0.08% 0.050
8 041 +0.12" 0.94 +0.10% 0.055

* gignificantly different between zeolite containing YM broth and without zeolite, #- test (p<0.05)

Different uppercase letters are significantly different (p<0.05) during storage time.

Ddifferent lowercase letters are significantly different (p<0.05) among storage conditions.
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Table 34 Moisture content of freeze drying Pseudozyma antarctica TH112 grown in talcum
containing YM broth and without zeolite stored in vacuum and no vacuum packages

under 4°C and room temperature for 8 weeks.

Storage Storage Moisture content (%) Sig.(2-tailed)
Conditions Time With 2% zeolite Without
(weeks) 2% zeolite

No Vacuum Room temp 2 523 +0.98" 6.65 +0.80" 0.268
4 5324066 8.98 + 0.72+ 0.044
6 6.31 +1.06°" 9.30 + 0.38*%" 0.030
8 7.25 + 0,60 9.43 + 0.26%"° 0.047

Vacuum Room temp 2 4.62 4026 5.76 + 0.475°" 0.020
4 470 + 0.79™ 5.96 +0.59™ 0.256
6 493 +0.26™ 8.98 + 0.30%" 0.014
8 5.44 +0.33™ 771+ 0.89™ 0.138

No Vacuum 4 degree Celsius 2 2.86+0.39" 49310375 0.037
4 299+0.17" 496+ 028%™ 0.001
6 3.57 +0.12"° 4.73 + 0.24%*° 0.005
8 4.66 +0.48" 5.66 +0.33%" 0.021

Vacuum 4 degree Celsius 2 272 +0.23" 4.15 +0.48™ 0.0875
4 2.89 +0.43" 4.70 +0.56™ 0.077
6 3.14+033" 4.62 + 0.40%™ 0.039
8 3.80 +0.37" 4.89 +0.35™ 0.089

* significantly different between zeolite containing YM broth and without zeolite, - test (p<0.05)
Different uppercase letters are significantly different (p<0.03) during storage time.

Ddifferent lowercase letters are significantly different (p<0.05) among storage conditions.
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