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Abstract

The aim of this research was to select bacteria with probiotic properties from fish processing wastewater and to
investigate the effects of using probiotics as an ingredient in feed for Nile tilapia. The isolation and morphological
characterization of bacteria including FM7 FM11 and FM12 from fish processing wastewater, found that all isolates
could produce protease and amylase enzymes without blood hydrolysis. In addition, all isolates also grow at the pH
range of 2.0-10.0, NaCl concentration of 0-10% (w/v), and in fresh sterile bile of Oreochromis niloticus (Nile tilapia)
in the concentration of 10, 30, and 50% (v/v). The pathogenic inhibition of Aeromonas hydrophila by antagonistic test
revealed that only isolate FM11 showed the inhibition zone. The biochemical and molecular identification by VITEK® 2

Compact and 16S rRNA gene sequencing found that isolate FM11 was closely related to Bacillus siamensis KCTC13613
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wastewater for use as ingredient in Oreochromis niloticus (nile tilapia) feed

with an identity of 99.77%. The growth measurement of Nile tilapia with 0.3 percent (v/W) probiotic bacteria mixed with

feed found that the highest growth was found when culturing Nile tilapia with B. siamensis isolate FM11 with a weight
of 2.15 £ 0.13 g/fish/day. The survival rate was 87.50 + 5.89%. While culturing with feed only, the weight was 0.96 +

0.11 gffish/day with a survival rate of 79.17+£29.46 with statistical significance (P<0.05). Therefore, Nile tilapia should

be fed by the conventional feed together with the bacterial isolate FM11 for promotion of the efficiency of the tilapia

feed to increase growth, weight gain, and survival rates, which can replace the sole conventional feed.

Keywords: Selection, Characterization, Bacteria, Probiotic, Fish processing wastewater, Oreochromis niloticus
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Table 1 Effluent quality of fish wash water.

fish washing water sampling

Constituent

Fm1(n=30) Fm2(n=30)  Fm3(n=30)
pH 7.0£0.2 6.3+0.2 7.9:0.2
Total N (mg/l) 1562040  14.06+1.42  131.98+2.22
TDS (mg/l) 4441054 333013476 412.11+180.43
BOD (mg/l) 5.75:0.66 15124275  26.88+2.54
COD (mgll) 4274030  17.67:0.66  36.03:0.44
Total fat (mg/l) 0.0:0.00  3.4920.12 5.690.43
Total P (mg/l) 0.02:0.00  0.004%0.00 0.36+0.01

Fm1 Fish washing water before cutting of cobia fish.
Fm2 Fish washing water after cutting of cobia fish. Fm3 Fish washing
water in septic tank.

mIdausnBauuaiide :nndsnoudaLes 1ans
waIMIRALAs uaztindslutewn wm%aumﬁﬁmawwzaqﬂ
ihdanasmseauas uazinasluawnrngs s 1w 13
lalaan (FM1-FM13) Hansnasauaasaaonasnas
wulodmenenasvasuuaisalnsluledin wuluad
Golwsluledn 3 laloan da FM7 FM11 uas FM12 7
lsigasdaidaauas (hemolysis)l4a1%13 blood agar 1w
Huwuuwnas (v) Aeliialoulaseulalailize (Hanafy
et al., 2016) wananil lolaan FM7 FM11 uaz FM12
Safimamasianled Tsdies alues aangmuuaniTad
(Harikrishna et al., 2017) ¢4 Table 2
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manasaumstasyiivlavasuuafiisolnsluladn
Toloian FM7 FM11 waz FM12 fidsmwiouuaiise
luamswalrneldaniie pH 2.0-10.0 1nda NaCl
1-10%(w/v) waztihddanfiaUaaniie 0-50%(v/v) WU
# pH 2 T8 mrwio1ads 5.24+0.01 log CFU/mI 4 pH 8
fmaasydulavasuuaiiie FM12 iy 9.86£0.02,
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ml eadeunaasiuuaiisolnsluledniimusniesay
dula Idluannasfiillunsaun pH 2-8 (Figure 1) wanainit
wwaidelwslulenisimansnsiudulaluemamas
filsznaudizinia NaCl inuidutuszay 0-10 %(wiv)
&1 Figure 2 uazuuafiSumansniydulaluidse
Aflenududuaoud 0-50 %(viv) 'le @3 Figure 3

FM7 1NNy 9.66+0.08 Waz FM11 1vinAu 9.58+0.05 logCFU/

Table 2  Extracellular enzyme production of bacteria and hemolysis test
Isolates Sampling Colony morphology Protease = Amylase = Hemolysis test
FMO Fm1 No enzyme producing - - -
FM1 Fm2 Opaque, Convex Oval shape, Pale white, Entire and Gram negative ++ - B
FM2 Fm2 Opaque, Flat, Round shape, Pale white, Entire and Gram positive + - a
FM3 Fm2 Opaque, Umbonate, Round shape, White, Undulate, + - a
and Gram positive
FM4 Fm2 Transparent, Flat Round shape, White, Entire and Gram negative ++ - B
FM5 Fm2 Opaque, Convex, Round shape, Pale white, Entire and Gram + -
positive
FM6 Fm2 Opaque, Flat, Irregular shape, White, Undulate and Gram positive + - Qa
FM7 Fm2 Opaque, Convex, Irregular shape, White, Undulate and Gram + +++ Y
positive
FM8 Fm3 Opaque, Umbonate, Filamentous shape, White, Undulate and ++ - a
Gram positive
FM9 Fm3 Transparent, Flat, Round shape, White, Undulate and Gram negative +++ - B
FM10 Fm3 Opaque, Raised, Round shape, White, Undulate and Gram positive +++ - B
FM11 Fm3 Transparent, Raised, Round shape White, Entire and Gram positive +++ +++ Y
FM12 Fm3 Opaque, Flat, Round shape White, Entire and Gram positive ++ ++ Y
FM13 Fm3 Opaque, Flat, Irregular shape, White, Undulate and Gram negative ++ - B

- = Negative result, + = Diameter of clear zone < 10 mm, ++ = Diameter of clear zone 10.1-20.0 mm and +++= Diameter of clear zone 20.1-30.0

mm

1

W FM7 [ FM11 i FMA12) agp e

bp?

=
e
o

(log CFUImI)

- N w » o @ =~ « <o
Number of bacteria in liquid medium
{log CFUImI)

Number of bacteria in liquid medium
L A T )
1

FeNaCl

Figure 1 Growth of bacteria in culture media at
pH 2.0-10.0. Different letters (above each bar) indicate
a significant difference between mean of each sample
(P< 0.05).

Figure 2 Growth of bacteria in culture media with a 0-10%
(w/v) NaCl. Different letters (above each bar) indicate
a significant difference between mean of each sample
(P< 0.05).
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Figure 3 Growth of bacteria in culture media with
a Nile tilapia bile salt at 0-50% (v/v). Different letters
(above each bar) indicate a significant difference
between mean of each sample (P< 0.05).
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myIasuwnuuaiselnsluladnlaloian FM11 a7n isolate FM11 inhibiting the A. hydrophila.
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uwundauiinalalng 16S rRNA 62833 BLASTN 284
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lu GenBank w83 NCBI wuiuuafiiselaloan FM11
fdeudiiadlalndasony B. siamensis KCTC13613

Taofanuwlawyinny 99.77 wasidud B. subtilis
NCIB3610 99.62 Li/asidud wuafiise B. amyloliquefaciens Figure 5 Cell morphology of probiotic bacteria isolate
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Table 3  Biochemical tests by Vitex 2 compact of probiotic bacteria isolate FM11.
Biochemical test Result Biochemical test Result

Gram stain positive Glycine arylamidase -
B-xylosidase + D-mannitol +
L-lysine arylamidase - D-mannose +
L-aspartate arylamidase - D-melezitose -
Leucine arylamidase (+) N-acetyl-D-glucosamine -
Phenylalanine arylamidase + Palatinose +

L-pyrrolidonyl arylamidase - L-rhamnose -
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Biochemical tests by Vitex 2 compact of probiotic bacteria isolate FM11. (cont.)

J Sci Technol MSU

Biochemical test

Result

Biochemical test

Result

B-galactosidase

B-glucosidase

+

L-pyrrolidonyl arylamidase

B-mannosidae

Ql-galactosidase

Phosphoryl choline

Alanine arylamidase

Pyruvate

Tyrosine arylamidase

Ql-glucosidase

B-N-acetyl-gIucosaminidase - D-tagatose -
Ala-Phe-Pro arylamidase -) D-thehalose -
Cyclodextrine - Inulin -
D-galactose - D-glucose +
Glycogene - D-ribose (-)
Myo-inositlo - Putrescine assimilation -

Methyl-Ol-D-glucopyranoside acidification

Growth in 6.5% NaCl

Ellman

Kanamycin resistance

Methyl-D-xyloside

Oleandomycin resistance

Ql-mannosidase

Esculin hydrolyse

Maltotriose

Tetarzolium red

Polymixin_B resistance

(+) = Weak-positive reaction; + = Positive reaction; (-) = Weak-negative reaction

and - = Negative reaction

95

41

B

99

FM11

Bacillus siamensis KCTC 13613AJ7 (VF01000043)

Bacillus nematocida B-16" (AY820954)

Bacillus stercoris JCM 300517 (MN536904)

54| Bacillus rugosus SPBTT (JABUXO01000041)

49

Bacillus tequilensis KCTC 136227 (AYTO01000043)

L Bacillus cabrialesii TE3" (MK462260)

63 54 Bacillus inaquosorum KCTC 134297 (AMXNO01000021)

Bacillus halotolerans ATCC 250967 (LPVFO1000003)

L Bacillus nakamurai NRRL B-41091" (LSAZ01000028)
Bacillus atrophaeus JCM 90707 (ABO21181)

acillus glycinifermentans GO-1 3T (LECW01000063)
Bacillus paralicheniformis KJ-1 6" (KY694465)

Bacillus cereus CCM 2010 (DQ207729)

Figure 6 Phylogenetic relationships of FM11 with some species of the genus Bacillus and related taxa based
on 16S rRNA gene sequence analysis. The branching pattern was generated by the neighbor-joining method Alignment
with ClustalW with Bioedit program and Sequence phylogenetic tree with MEGA11 program.
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Table4  Comparison of nile tilapia growth and water quality
Treatments
Parameters
T1(n=30) T2(n=30) T3(n=30) T4(n=30) T5(n=30)

Initial weight (g) 8.93+0.06 8.94+0.07 8.94+0.80 8.88+1.00 8.84+0.91
Final weight (g) 11.93+0.33° 17.06+0.53° 13.1741.54™ 14.04+2.94° 14.11£1.99°
Average daily weight gain (g/day) 0.96+0.1'c 2.15+0.13° 1.29+0.02" 1.52+0.27° 1.56+0.02°
Feed conversion ratio (FCR) 2.97+1.18 2.3240.10 2.00£0.04 2.04£0.15 2.06+0.04
Survival rate (%) 79.17+29.46 87.50+5.89 100£0.00 100£0.00 100£0.00
Temperature (°C) 25.33+0.58 26.33+1.53 26.00£0.00 26.67+0.58 27.00£1.00
pH 7.00£0.50 6.93+0.51 7.10£0.36 6.70+0.20 6.67+0.29
DO (mgll) 4.17+0.76" 4.83+0.29° 4.83+0.29° 3.90+0.53" 4.33+0.29°

The different letters in the same row indicated statistically significant difference (P< 0.05)
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(T3), 7 T. asperellum WazluANLI8 B. subtilis LazlUANLIE
B. subtilis (T5) U5u1m0.3 1lasiduaniinwinisaannnin
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muquiililanzamalmainudod (T1) maaiydula

A A va A A A akf A
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Yoo 2 x o o AT . N
dminAndu dannmaaigduladunie Suwaldugs

adaf lilasuemsnanInsluledn (P<0.05) a9d
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wpfAYNIRAa (P<0.05) Aalalaan FM11 (T2) aﬁqﬂ
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(1.29+0.02 NINGDEIGDIN) ANE1A
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