BIOTROPIA Vol 27 Mo, 3, 2020: 209 - 221

DiOL 10,11598/beh2020.27.3.1131

8T Aeromonas fxydﬁmgMa and

Peeundomonas Huorescens INFECTION IIN TILAPIA

ESTI HANDAYANI HARDIY, GINA SAPITANT, IRAWAN WIJAYA KUSUMAZ,
RUDI AGUNG NUGROHOS, WIWIN SUWINARTIZ, KYAN ANJANT AND AZIZA!

' Dieparrtment of Aquacsibure, Facwly of Fivheries and Martne Scionve, Usiversitar Mulapeonron, Samarindz 75123, Indonesia
*Faculty of Poresivy, Universitas Mulawormas, Somarinds 75123, Indowesie
I3 af Bialogy, Fi af Mathematics and MNagsered Sesonces, Uneverritas Mudmparman, Samaringds 75123, Indowesia
I Deparsmens g,

Received 19 September 2018 / Accepted 8 July 2019

ABSTRALY

Thiz ressarch evaluated a prevention method lovolving a coneoction of Beaswbergia pondurata, Solanum fivox
and Zémpiler yrumbef cxtencts appinst pathogens in dlapis. The coocentradon of each estract was 600 ppm of
Brernbergie pandurats (BY), 900 ppm of Seluewsr fowe (83F) and 200 ppm of Zingder swrumbe (£, The
investigation was performed by applying two combinativns of extracts (SFBP, SFZZ) aguinst Aeromosas
bydropbils and Pressdomonas fluorssens (107 cfofml) bacteds. The extract concoction was injected ar 0.1 mll/fish
theough the peritonsum into the 15 & Z g digpla, while the immersion method was performed by hathing the
pathogen-challenged fshes with the extracts for 20 min. The cztract composidon were a8 follows; SE60ZZ40;
SES:TZ50; BPB0:SF10; BPSEES0; and fish without being piven the exrract. Hemamlogy and ommnologieal
paramieters were ohesrved on the 4% week after injecton with the pathogenic bacteria, The ommbey of whire
Hood cells (WBCs) sippificaraly Increased compared oo corirols without eztract, with a similar incresse observed
for red blood cell (BBCs), but hematoerdt () and bemoglobin (Hb) values did not significantly increase
compared to control. Phegooyde index, tespiratory burst and lysozyve gotivides also sipnificandly increased
among Hzhes fod with the combined exteacts as compared @ controls, The number of pathogenie bacteris in the
body of the fishes given the extracts were also lower than the control and sgrdficantly different on the 4% weele,
The combined exttact of SFAG: ZZ250 and BPY0: SF10 provided the best protection a8 indicsied by the relative
perceat survival (RFS) of 100% for fishes being challenged with A kdrepdils and P fsererams. However, the
combdned extracts of SFAEZZ5) admindstered by injection and inmmerdon positvely affected or increased the

non-spectic ormmne system of wapia and increased is protection against bacterial infectdons,
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s g resoens

INTRODUCTION

The rapidly increasing global fish farmiag has
resulted in increasing biomass production,
species  diversification, geographical expansion
and methods enhancement w fulfill the protein
needs of fish, This increase has continually been
challenged with the associated diseases and
health problems of aquacubural animals. Other
triggering factors are the climate change and the
development of aquacolture technologies
affecting the balance interaction between
pathogens, hosts and the environment. Almost
anaually, new aquacultural pathogens are being

*Corresponding anthor, e-mail estierdysdi201 1 @pmatlcom

isolated and many novel diseases are contaually
identified in various areas of culdvation (Rodger
2018).

Aeromonas  bydrophila  and  Peesdommenas
Slunrescons are two pathogenic bacteria occurting
throughout the yeas, causing a mortality rate of
60 - 80% among aquscultured organisins (Hardi
ef al. 2012; 2016; 2017). Aeromonas has led w
destruction and loszes in the aquaculture
industry worldwide (Monette of ol 2006). Fishes
infected with these bacteria include dlapia
Oreochrosrs siloens (Hardi o ol 2012, Janda &
Abbott 2010), Cyprinss carpis (Sioutas of ol 1991,
Monewe o @l 2006), Chwiar gorigpinss
(Chowdbury 1998) and Indian major carps

(Karanasagar of 4/ 1991). Typically, combined
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bacterial infections are patueally found with
heavier symptoms than in single bacterial
infections. Combined infecton of A bydrapbila
and P forceny leads to  stressed  fish
exoptalmia, ulcers and watery organs in the bile
gland roprure. Likewise, combined infectons of
Streptococens  agalactiae and A bydropbils cause
tilapia and goldfish to die more rapidly than
single bacterial infectons (Suglani o of 2012;
Surniat ¢f of 2015),

Many of these fish disesses or pathogens
have no suitable preventative or trestmuent
options yet, ie., the wuse of vaccines,
immunostimualants, antibacterials and
environmental management o minimize
epidemics. The Hsh vaccines are particularly
varied for freshwater fish because many steaing
infect these bacterda, The availability of
commetrcial immunostimulants derived from
natural ingredients is stll Hmited due to the low
level of immunomeodulstory components
contzined in patural compounds (Pridgeon &
Klesius 2012, Some beneficial
mmunomodulatory  components  In plants
inclade  levamisole and saponing for fish
(Findlay & Munday 2000}, These components
were able to increase the non-specific immune
systemis activity, particulatly the phagocytosis
activation of leucocyte and WBC (Bricknell 2 al
2005). The single extract of B. pewdurata and
Z. zewmbet placts from Bast Kalimantan have
antibacterial activity i i and dr #e against
A bydrophila bacteds, while 2 single extract of
&, forose effectively inhibits B flvorsseeny infection
(Hardi or ol 20164; 2016b). The extract was used
for prevention and treatment of infecdons
caused by both bacteria in tlapia (Hardi e &l
2017, 2018b).

To increase the immunomaodulatory activities
of plant extracts, several exteacts were applied at
ome dme a8 3 concoction. A combinaton of
Caurcumpa Jonga, Qdmum santnem and Azedirachta
indica extracts at a matdo of 1:1:1 more effeciively
iohibits A. bydrpbile bacteria o wifw compared
to 2 single extract of each plant (Harikrishoan &
Balssundaram 2008); the combined treatment of
three extracts has increased the survival rate of
goldfish and the inlubitory process due to
infection by A fydroplels bacterds In goldfish
(Cuarassing  anvatus) ﬁmkﬂshmam et af 2009).
A concocton of Beessubergia pasdusats
Jerwe and Zingiber yernmbet extract at a rado 1:1:1
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had an immunomodulatory effect in tilapia and
had increased protection and disesses recovery
from A Sydrophils and Prewdowonas fluosescons
bettes than single extract (Hardi of & 20192}
B. pandurats and Z. persmbel extracts containg
alkaloids, flavonoids, carbohydrates, and
sterolds (Hardi ¢ of 20163}, while the 5. farex
extract has higher levels of alkaloids that play an
important sole as an actibactedal substance
(Haedi & 2l 2016a; Huang o 2/ 2008).

A concocdon  of three cxwacts of
B. pandurata, 2. gersmbet and S, forax had in sitro
antibacterial activity against A fydropbils and
P. flusrescens both in single and combined use
{Hardi & & 2018a; 2018k}, This paper discussed
the effectiveness of these three exiracts to
prevent  infecton from A bydwpls  and
P. fluorescens bacteria in tlapia using injection and
immnersion methods.

MATERIALS AND METHODS

Fizh and Bacteria

Tilapia weighing 15 + 2 g, were taken from
the village of Tehuk Delam, Tenggarong
Seberang Kutal Kartanegara, The fishes had
been in the laboratory aguarium for two weeks
prior w use. The 60 x 40 x 30 om trestment
aquarium was Blled wih 60 L of water, 50% of
which was changed evesry two days to remove
the remaining fish feces and foeds.

The bacteris used for the challenge trial, 2
combination of A lydrephils (BA-01) and
P. fluorescens (EP-U1} at o ratio 1 : 1, wers taken
from the Agquatic Microbiology Laboratory,
Faculty of Fishedes and Madne Sciences,
Mulawarman University, Indonesia. Bacverial
density was at 10° cfu/ml of each bacteria, with
1 ml./fish being injected intramusculatly.

Extract Prepaeation for Boesenberpia
pandurats, Zingiber zerpmbet and Solanum
ferox

The plant chizomes of B pandareta and
2. gerustbet, and Fruits of 3. ferwe were used in the
study. Al of these were collected from
traditional markets in Samarinda City, Bast
Kalimantan, Plants were cleaned, cut into slices,
dried inn an oven at 40 °C for 48 hours, blended
in powder forma and refriprated ar -4 °C while
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the extesctdon stape continued. The extraction
method wvsed ethanol soludon following
Limsowan & Voravothikonchal (2008), ‘The
concentrations of each extract were B, pandurats
600 mg/L, Z. Zersmbet 200 mg/L, and 5. forvee
900 mg/L . Combined effects of Z. gprwmbes
and 5. ferox extracts with ratio of 40 : 60 mL and
50 : 50 mi and of B. pamduraia and 5. firwc at
90 : 10 mL and 50 : 30 mL were compared.

Combination of Extracts

The extract was administered to ulapla by the
injection and immersion methods to avoid
bacterial infection of A4 fdephils and
B, flagsvseens, A preventive experiment was
performed through Intra Peridonal P
injection of combined extracts at a rate of 0.1
ml/fish, On the 8% day, the fishes were
challenged with pathogenic bacteria. To protect
them fom pathogenic bacteda, the fishes were
immersed for 20 min with a combination of
extracts, and challenged with the combined
bacterda through Intre Musculay (IM) injection
on the 8% day. The expetiment was carrded out
every week after injecting with bacteria uniil the
4% week, In addition, the applied research
trestiment comprised nine groups:

Group 1 = IP injected fish with combined 60
ml, of 5. firex extract, 40 wall of Z,
gerumbet exteact (SF 60 1 £Z 40) and
challenge through IM injectdon with
combination of pathogen bacteria,
IP injected fish with combined 50
ml of 5. ferac exteact and 50 mL of
2. zerumbet exvact (SE 50 « Z2 50}
and challenged through IM injection
with combinaton of pathogenic
bactetia.

I¥ injected fish with combined 90
ml, of B. pawdurats extract and 10
mi. of §. e (BP 90 : SF 10) and
challenged through IM injection
with 2 combination of pathogenic
bactetia.

I¥ injected fish with combinea 50
ml. of B. pasdwrats extract and 50
ml of §. ferwe extract (BP 50 : 8F
50} challenged through IM injection
with a4 combination of pathogenic
bacteria.

Group 2=

Group 3 =

Group 4 =

Fish immersed with combined 60
ml of S frox extract and 40 ml
of Z, gerumbet extract (SF 60 : Z.7
40y challenged through IM
mjection with a combination of
pathogenic bacteria.

Fish immersed with combined 50
ml of 5. fivex extract and 50 ml
of Z. geramber extract (SF 50 : ZZ
50) challenged through IM
injection with 2 combinaton of
pathogenic bacterda.

Fish imwersed with combined 90
ml, of B, pandurats extract and 10
ml of & fera exteact (BP 90 : §F
10y challenged theough IM
injection with a combinatdon of
pathogenic bacteria.

Fish immersed with combined 50
ml. of B, pandurais exteact and 50
ml, of & fowr extract (BP 50 : 8F
50} challenge via IM injection with
2 combinaton of pathogenic
bacreria.

Group9 = IP injected fish with PBS
(Phosphate Butfer Saline) sterile
and challenge through IM
injecion with the combined
pathogen bacteria,

Fish immersed with PBS sterile
and challenge vis IM Injecton
with the combiced pathogenic
bactetia.

Group 5 =

Group g =

Group7 =

Group 8§ =

Group 10 =

To evaluate the effective prevention method,
every group used 10 fishes from every squarum
and three replications, woielling tw 30 fishes per
group. A total of 300 dlapis (Oreschromds niloticns)
tilapia were used to evaluate the effect of extract
using the [P and immersion methods in non-
specific immunity, survival rate (SR}, and
Relative Percent Survival (RPS).

Hematological Exar

After introducing the pathogenic bacteria,
hematological  observations  were  obtained
weekly for one month, Before blood was taken,
the fish were anesthetized using 50 mg/dm® MS-
222, and blood was obtained through the base
of the fish, with 1 mL of injection syringe being
washed with anticoapulants (10% ol sodium
citrate), Red Blood Cells (BBC) and White

ninstion
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Blood Cells (WBC) parameters were observed
using g Neubauer hemacytometer. Observaton
of RBC begins by adding blood samples with
Hayem's solvent and adding Tutk's solvent for
the observation of WBC. Hemoglobin
examination involved the wse of a sshli tbe.
Hematocrit (Ht%) was measured using the
microcentrifuge method, and the standard
solvent usedwas ti sodium citrate. The blood
ingerted into the micre hematoctt whbe was
centrifuged at 5,000 rpm for 10 min. Hematoorit
is estimated by calculating the ratic of the
colomn of packed erythrocytes to the total
length of the sample in the capillary tube, and
measured with a graphic reading device (Blaxhall
& Daisley Methods 1973).

Phagocoytic index

Fifty pl. of blood was transfereed into an
Eppendorf tbe conmining 50 ul. mizture of
A, bydrophila and P. fluoresceny suspension at a
bacterial density of 10° cfu/mL), and then left
for 20 min. The screw was prepared on a glass
object and dried, fived with aleohol (95%) for
five nmunutes, then dried again. The screw was
then dyed by soaking it in Giemsa dye (10%) for
15 rminvtes, washed with fowing water and
dded. The screw preparations were then
observed and the oumber of phagocytic cells
demonsteating  phagocytic  processes  were
counted (totsl number of engulfed cells/towl
number of counted macrophages) X (number of
macrophages containing engulfed cells/total
nomber of counted macrophages; X 100,
following the method of Anderson and Siwicki
(1995}, This parameter was observed on the 4™
week after chalanpes with A bydropbils and P.

Jlourescens.

Hespiratory busst

The respiratory butst activity was tesved using
the nitro blue tetrazolium (NBT) reagent. The
50 pb blood derived from fish was transfereed
to a microplate, incubated for one hour at 37
°C. After the supernatant was removed, the cells
were washed with 50 pl of PBS three times,
added with 50 L of 0.2% NBT and incubated
for one hour at 37 °C. Plates were fixed with
100% methanol (50 pL) for 2 - 3 minutes, then
rinsed with 30% methanol (50 pl) three times
and air-dried. Then, 60 pL of KOH and 70 pL
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of DMSO were added, with the optical density
then checked wsing an ELISA Reader at 2
wavelength of 340 nm. These paramethers wete
analyzed followiog the Secombes and Fletcher
{1992) method. Like an index phagocity, this
parameter was observed on the 4% week afier
challenges (mmersion/IM) with A, bvdrpbile
and B, fourescens.

Lysozyme sctivity

Moistened  injection  syringes  with
anticoagulants were prepared, while the blood
saruples of the fishes from the caudal vein were
taken. Blood was stored at room temperatue for
two howrs and then malnticed at 4 °C for 24
houts. Blood was centrifuped at 5,000 pm for
three minutes, then the separated clear liguid
{serun) was removed. The lysozyme test for
activity was performed based on the Lygren of of
{1999 method ie, 10 pl of serwn sample was
placed into 2 micro titer plate and then 190 pL
of lysodetkticus Microvoccus suspension was
added (Sigma Aldrich Chemicaly with 0.2 mg of
Iysodeikticus Micrococcus/mL PBS at pH 7.4,
and shaken slowly at constant room
temperature. After 90 miaotes of incubation, a
micro tver BLISA plate reader was used w0 take
readings at a waveleagth of 520 nm (Lie o &/
1989},

Relative lysozyme activides (units) were
calculated as follows: 1 Unit = 0.001 decrease in
abgorbance/min. If the caledlation of lysozyme
activity 18 absolutely necessary, a standard
solution of chicken egg white with several
cotcentrations can be used in order to cnsure
that the standard measurement procedure curve
is the same. The puramethers were analyzed
according to Lypren o &/ (1999 and observed
on the 4* week after chalanges (immersion/TM)
with A bydrepbilz and P. flonrescens.

Total Bacteria in Fish Bodies using Total
Plate Count (TPC)

The total A lygreplils and P flusrescens
bacteria in the fish body was calculated to
determine the antibacterial activity due to
injection with the combined extracts. The
measurement of total bacteria using the TPC
method was performed by counting the number
of bacterial colonles in the fish's ofpans using
10% tw 10° diotons. The initial bactedal
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concepteation  was  caleulated  using  plates
contalning 30 - 300 colonies.

As the fiest step, petrd dishes, test wbes and
pipettes wete sterilized using dried sterilization
at 180 °C for two houws pdor to use, Plate
Count Agar (PCA) solid media were used as the
growth substrate, wet-sterilized in an autoclave
at 121 °C, 1 atm for 15 min. Samples of ten
grams of fsh {thymus, kidoey, spleen, and livet),
were mashed first, then dissolved in 100 mL of
sterile diluent solvent to obtain 2 107 dilaton.
One ml. was then teken, and put in sample
tubes contzining ¢ mL of sterile distiled water
(107 untl 2 dilution of 10° was achieved. A
total of 1 mL of each tube was transferred into a
sterile petrt dish and approximately 15 ml of
PCA medis was poured evenly; the perd dish
was incubated upside down for 48 hours at 30
°C and growing colonies then counted, based on
Mailoa & of (2017} method. At the end of the
incubation pedod, all the peiri plates containing
between 30 and 300 colonies were selected,
Plates with more than 300 colonies cannot be
coutted and are designated as Too Many To
Count (IMTC). Plates with fewer than 30
colonies are designated as Too Few To Count
(ITTC). The colonies on each plate were
counted using 9 gquebec colony cowtwer. This
parameter was observed on the 4th week after
immersion with A. bydropbila and P. flosrescens.
EColoni of bacterin

Kumber of colonies (CFUY/ml = F30 R

Protection Level against Pathogens

To determine the effectiveness of combined
extracts in prolibiting A Sydrgpbils and P
flworesesny infection, the challenge-tested fishes
were counted with respect to survival rate (SR}
and the Relative Percent Survival (RPS)
calenlated on the 4% week after IM infection
uging the Amend (1981} and Ellis formula
(1988}, as follows:

SR= e fish at he ingiening of the Freatmwend) = 100
- {(Berens meoviafily in freaied prowd)
RES = {percenss meortalily in control gromp) X100

Stavstical Data Analysis

To determoine the effect of extract westment
on the observed parameters, the data were
analyzed statisdeally usiog SPPS 16.0.

RESULTS AND DISCUSSION

Hematology

Under the imwmersion method, the total
tlapta WBCs of Gmoup 5 w Group 8
significantly increased starting on the 2 week
uatil the 4% week after administration of the
combined extract, as compaved to control
(Group 10) without the extract (Table 1). The
highest increase was expedenced by tlapia given
the combined extract of B. pandsrata and 5. forox
at a mtio of 50 : 50 (Group 6) from the 2™
weelk to the 4* week after bacterial infection by
pgnersion/IM. The twwl RBBC counts for
Group 5 - Group B also significantly increased
as compared with conwol fish since the second
week of treatment, while hematocrit levels of
Group 5 to Group 8, sipnificantly increased in
weeks 3 and 4. Post-treatment levels of tilapia
hemoglobin in Group 5 w Group 8 increased
but not significantly different from control/
Group 10.

Preventive test through the injection (IP)
method (Table 2) showed that WBC had the
highest increase in dlapia using the treatment
ratio of SF 50 : £2 50 (Group 2). The WBC
increased in Group 1 to Group 4 with IP
treatment  significandy  differed  from  the
control/ Group 9 (p < 0.05) from 1™ to 4™ week
of observations. Similarly, the RBC and
hematocdt for fishes given the extracts
significantly differed from control. Only the fish
hemoglobin in Group 1 - Group 4 did not
significantly differ from the fish control group
as thelr preventive response against bacterial
infections via the IP method.

213



BEOTROPIA Vol. 27 No. 3, 2020

Table 1 Hemutology of dlapis sppplied wih 2 combinstion of cateacts against A bydupbils and P, flverarons bactedal
Infection through mmersion methods

Variable Groups Fortracts . 5 e 5 i
5 S 6057 40 15+ 008 144010 16+0.40  20+02
6 SE 50 : 27 50 20£02  32+010  38£0F T+
LIS BP 90 : SF 10 17 £ 0.2 17405  20+£04% 204601

(10* cellfmm® [

8 BP 50 : SF 50 19£05  17+£05 1802 20401
10 Noextact 13405 13402 13402  13+01

5 SE 60+ 22 40 59 +0.4F  50%0b  40+02 5304
ane 6 S 50 : 27 50 5SE04 7002 TR0l 690
ey 7 BY 90 ; 5F 10 51402  60£01c  62£01c 44402
8 BP 50 : 5F 50 52E040 600 60201 6701
10 Noextmct 20£05 2001 270X 24404

5 SF G027 40 2041015 Z3104r | ATE04 304046

p S¥ 50 : 277 50 W5E05 23202 2801t 30102

Hernatolerit (%) 7 BP 90 : SF 10 MEEOER 23402 00l 310
8 B 50 ; SF 50 25 + 0,20 3402 27402 30020

10 No extact 20402 15403  18+401a 15402

5 SF 60: 77 40 & 010 8+ 0.3 8+ 0,10 B£0.10

6 S 50: 22 50 10+ 0.2 80,30 10 4 0.2 §£0.1

Hemoglobin (g%) 7 BP 40 : SF 10 84011 8402 10402 104 040
8 BP 50 : SF 50 84010 8402 8+ .20 104 0.1

10 No emtact 6.3+ 0.5 80,18 6+ 02 6+02

Note: Means (4 5D with different supersciipts it a row show significant differences at p < 605

Table 2 Hemarology of tlapia applied with the combined extract agninee 4 bydgpbile and P Buorescons bactesial

infection through the IP method
Vasishle Ciroups Hxteacts ; 5 Weeks 8 0
1 SE &0 : 22, 40 1.7 & 0.5 224015 1L8L05 1.8 4 G5
2 SF 50 ¢ £2 50 3.4+ 0.3 43402 401018 49102
WBC BP 90: 8F 10 204015 27402 24401 2.4+03
(10 cellfsasm® 3 040 740, 410, 440,
4 BP 50: SF 50 2.4+ 0.25 28403 20102 2.5+ 010
9 No estract 1.5+ Qs 13405 13403 1.3+ 018
1 SE 60 : 2.2, 40 7.4 £ 0,15 681025  59%02 6.0 % 0.5
RBC 2 8F 50 : ZZ 50 79 +02 7034 60+ 01 60+ 02
(10 cellfonre 3 BP 93 : 57 10 55 £ (.10 664015 504010 5.4+ 020
4 BE 50:8F 50 58+ 010 584010 INEAA L FAELI AL
9 N extesct 24+ 03 26402 27402 24401
1 SF 80 : 22 40 3t £ {5 25 + 0,10 24010 22+ 0.1
_ 2 SE 50 77, 50 2322+01%  25+0% 20+ 0.2 22401
I'k“g,j;’m 3 BE 901 8F 10 25+ 0,10 254040 300> 215010
4 BP 50 : 5K 50 25+ 0.2 254+ 0.1 254+ 0.1 21+02
g No extract 50+ 015 15 £ 0.2 14+ 0.1 15 £ 0.1¢
1 SF 60 : 27, 40 10+ 0.2 10 £ 010 8+ 02 9402
2 SE 50 : 22, 50 10+ 6.2 10+ 0,18 8+ 02 94010
Hemaglobin (3%) 3 BP 90: SF 10 10+ 0.2 10 £ 018 81018 8+ 0.18
4 BE 50 SF 50 10+ 020 10 + 0,10 §+0.18 8.2
9 No extsact 6.3 & 025 74040 540,18 44018

Mote: Meang (80 with different superseripts in a row show significans differences at p < .05,
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The eftect of the entite treatment of the
combined extract incressed and significandy
differed from the conwol (p < 005
phagocytic index parameter, All groups with the
combined extract (Group 1 - Group 8} showed
an incressed in phagocytdc index and weee
significantly higher than the controls in the 4%
week of the challenge test Fig. 1).

The fishes injected with the combined extract
of 8F 50 : ZZ 50 (Group 2) showed the highest
phagocytic index improvement as compared
with the other treanments on the 4™ week after
the challenge test and were significanly different
from the controls/Group 9. Likewise, with the
immersion method, preventdon fom A
bydrophilz and P. fluorescens bacterdal infections

1200

100.0

Phagocity index

using the combined exweact of 3F 50 : Z7 50
(Group 6) showed the highest increase of
phagocytic index in the 4* week of the challeage
test.

Respiratory buest

(iven the combined extracts, the respitatory
bugst activity of tlapia generally increased during
the 4™ week ecither through injecton or
immersion methods (Fig. 2. A significant
increase occuted between the control group and
those given the extumeis with  different
combinations. However, only the ratic of
SE 50 : ZZ 50 by IP method (Group &
significandy differed (p < 0.05) among the
combination of extracts (Group 9).

a
a
a
80,0 a b a
by

60,0
40,0 c ¢
2010 i—[

0.0

SFo0:ZZ40  SF30: 27250

BP 90 : SF 10

BP 50 : SF 50 no ekstract

Types of treatment

m Injection mBath

Figure 1 Phagoopiie inder of dlapia applied with the combined extract apainst A bydupbils and P, fuoreseens bacterial

infection through injection aod immersion methods

Note: Different superscripts on the same row indicate significent differences at p < .05,

0.450
0,400
0,350

Respiratory burst activity

b
a a ! a L a 4
0,300 X a
0,250
0,200
0,150
0,100
0,050
0,000

SF60:2240 SF50:2ZZ50

BP 90 : SF 10

BP 50 : SF 50 No extract

Types of treatment

m Injection m Bath

Figure 2 Respitatory buest sctivity of tilapis appled with the combined extracts against A fyduphile and P, feorssens
bacterial infection through injection and Immersion method
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Lysozyme
g lad = Lh :J‘ :-..]

=

b
a a
a a a
2 c c
0.0 “

SF 60 : ZZ 40 SF 50 : ZZ 50 BP 90 : SF 10 BP 50 : SF 50  No extract
Types of treatment

m Injection m Bath

Figure 3 Lysozyme activity of tilapiz spplied with the combined extract against 4. bydropdils and P forawens bacterial

infection through injection and tmenersion methods

Lysozyme activity

The activity of tilapia Iysozyme given all the
extract combinations (Group 1 - Group 8) also
increased, and significantdy differed from the
control (Group 9 and Group 10) without extract
in the 4™ week of the challenge test. However,
anly Group 2 significantly differed from the
other concoction extract (Fig, 3}

The total A bdropbils and P, fluorescens
bacteda in the body of dlapia treated through
injecdon (IF) and immersion methods were
lower than controls (Group 9 and Group 10) ot
without extracts at the 4™ week of the challenge
test (IM) with pathmgemc bacteria (Table 3). ’I'he
lowest bacterial density in dlapla was found in
those fishes given a combination extract of 8F
50 : ZZ 50 (Group 2y and significantly differed
from control with no extract (Group 9) as well

as for the combined exteact of BP 90 : SF 10
(Group 3), In which the total value of bacteria
was lower than the control (Group %) and was
significantly  different. Al the  extract
concoctons (Group 1 - Group 8) caused 2
decrease in total bactetia in the tilapia on the 4*
week with A bydroplils and P fluorescens (M),
The decrease of totd bactera was significamly
different from the control {Group 9 and Group
10). The concocton SF 50 : 27 50 and BP 90 :
SF 10 (Group 2 and Group 3) administered by
injection (I¥) had significantly supress the
bacterial growth in the fish body. However, only
the concocton SF 50 : ZZ 50 (Group 6}
administered by immersion significantly differed
from the other concocton z2nd the controlf
Group 10 {p < 0.05).

Table 3 Total Plate Count {TPC) of tlapiz spplied with the combined exiracts against A lydodlila acd P s
bacterial infection through Injection and nmersion methods

{Froups E=tracts Total bacteria (10% cfu/ml)
i IPBF 60 : 27 40 120 4 10
2 PS5 27 50 32458
3 P BP9 : 8F 10 55 4 7b
4 P BP 580 5F 50 117411
5 Dvsenernion SF 60 Z2 40 1404 0e
§ Immersion 8F 50 : ZZ 30 45 + 50
7 Bromersion BP 90 : 8F 10 D848
g Imvnersion BP 50 : 5F 50 1104 10
g IP conteal 257 11=
10 Immersion cotttol 3004 11

Mote: Means (23D} having different superscripes on the same row indicate significant differences at p < 0.05.
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Sugvival rate (SE) and relative percent
survival (RP8S} of tilapia applied with the
combined exteacts

The highest percentage of suevival rate (SR}
and relative percent survival (BPS) of dlapia
applied with preventive methods  against
A bydrophila and P. fluorescens wete found at week
4 on tilapis that bad been injected with extracts
SF 50 : ZZ 50 (Group 2} and BP 90 : SF 10
{Group 3). Meanwhile, the average SR of tlapia
that were given the extract concoction was
generally higher than the controls/Group 9 and
Group 10 (Table 4). The best SR and RPS of
tilapia usitng immersion method was in exteacts
SF 50 : ZZ 50 {(Group 6) and were higher than
other concoctions (Groups 5, 7, 8) but, Groups
5, 7, and 8 bad significantly higher SR than the
control (Group 10} at p < 0.05.

RPS in all proups administered with the
concoction extracts were more than 65 %,
except in Group 7 (Immersion BP 90 : SF 10
that has the lowest RPS (58%). RPS of more
than ©60% showed that the wvaccine or
mmunostoradant  was  effectdve  protecton
against bacterla infection (Hardi o of 20183,
Fltis 1988 and Osman f af 2009,

The wuwse of immunostimulants and
antibacterials derived from plant extracts has
been previously carded out for fish and sheimp
culvures for Aevemonas salmowicida, A bydrophila,
Vibrio anguillarnm, V. wvwbsfosts, V. salmonicida,
Yervinia ruckeri and Streptococens spp. (Batman of
afl 2013} To prevent pathogenic infections,
immunostimulants are  additional  ingredients
given to organisees and are able to increase the
inpate (pon-specific) immune systern  (Sakad
1999; Findly & Munday 2002). Cells playing

important roles in the non-specific immune
system are WBCs and theie scdvity Is influenced
by fish species, puttition and the environment
(Harrikrishnan e «f 2003; Mastan 2015). The
increase in WBCs of tlapia aplied with the
concocton extract (Group 1 - B) was higher
thaa the control without extract (Group 9 and
10}, and the survival mte of tlapia infected with
A bydropbila and P. flworescens has reached 100%
unider the combined SF 50 : ZZ 50 and BP 90 :
SF 10 through injection (Group 2 and Group 3).
The immersion method resulted in 58 - 72%
RPS? and the best RPS (72%;) was in Group 6
{immersion SE 50 : ZZ 50},

The combined extracts had improved the
non-spatal performance of the fish mmune
systern by producing more fish WBUs which
subsequently inhibit the bacterial growth in the
body, The different methods of administration
(I and immersion) resulted in  different
petformances of the inunune system, In another
study, the addition of combined extract into
feed had positively affected the dlapia’s immune
spstetn and the SF50/ZZ50 combinadon had
improved the invate immoune systemn of dlapia
againgt bacterial infections (Hardi of ol 2019h).

The admindsiration of extract can be done vis
injection, bathing or oral administration, the
latter seems to be the most practicable in fish
{Yin o &l 2006, Jepey & Anderson 1993, and
Mulero 1998). The injecdon and immersion
methods  have  different  advantages  and
disadvantages (Bvensen 2016). The injecton
method are most potent, has Hitle waste of
immonostmulant and are costeffectdve for
high-value species. The immersion method is
applicable on o latge-scale possible, applies

Table 4 Suevival rates SR) and Relative Parcent Survival (BPS) of dlapia applied with combined extracts apaingt
A. bydeaphils and P, flserescens bacterial infection theough injection and immersion methed

Lroups Eeiracts SR KPS

1 T SE 60 : 24 40 88 4 140k 834 10
2 IPBF 50 ZZ 50 100 % 1= 100+ 14
3 YE BP9« 5F 10 100 4 10 10¢ £ 100
4 B BP S0 SF S0 85 4 10k 78 L+ 10t
5 Tonemersion 3F 60 : 27 40 75+ 10 G5 & 100
& Imenersion SF 50 22 50 B0+ 10k 72 L 10k
7 Fenmnersion BP %) : 8F 10 704 10 58 & 100
] Inmersion BP 50 : SF 50 7hE 10 65 L 10t
9 P Control 289+ 10w

10 Immersion Coniteol 284 1k

Hote: Means (28D having differeny supersceipts on the same row indicate significant diffecences ar p < 0,03,
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moderate stress to the fish, allows mass
vaccination ot immunostioulant of
nmunocompetent fishes. However, immetsion
method needs a  lagpe  amount  of
immunostimulant and can be cost prohibitive,
has low to moderate efficacy and inferior to
injection method in terms of efficacy as it is cost
prohibitive for large fish, Research shows that
the injection method can increase RPS rather
than  immersion. This 8 due to
nmunostimulaat delivery in the body of the
fish. The imjection method applies the
frnmunostimulant directly into the blood, while
in the inmersion method, the nmonostdmulant
must first penetrate the fish skin, so that more
time Is needed to improve the immune system
(Middyng 2006).

The effidency of immunostienulant
admistration In fishes, is indicated by RPS,
following Amend (1981} secommendations, the
proposed gceeptance criteria for
immonostirmulant poteocy in fish  standaedised
BRPS of 60% or above, In this research, All
group applied with combined extracts had RPS
above 60% except group 7 (Imumersion with
combination exwact BP 90 : 3F 10) was 58%.

The total RBCs of Tilapin in the proveative
trial was significaotly higher than the control or
without extract at p < 0.05. Both A bvdrepbils
and P fworeccens bacterla produce hemolysin
protein which can lysis the RBCs, the cumber of
which was therefore decreased in infected fish
(Hardi of @/ 2073}, This decrease also occured in
dlapia infected with 5. qpadagioe (Hardi o ol
2011), with 5. dwier (Sugiand o o/ 2012), with
A bydrophils (Dosim o o« 2006) and with
Prendomeonas  sp. The dlapla injected with
extracellular and intvacellular proteing from
A bydraphils Hardi of ol 2013) and Psendosonas
gp. had degenerated and experienced necrosis
and bleeding in kidney otgans, subsequendy
affecting fsh blood productdon (Hardi & &l
2014).

However, these symptoms wete not
observed in tlapia injected with and immersed
in the combined extracts, as shown by the RBC
vaines. Hemoglobin (Hb) and hematocrit (Ht)
values did not change in the first week among
the treatments wether by immersion or injection
method, Decreased Hi and Hb ocourred in
controls without extracts from 2™ and 4* weeks
after injecdon and imvmersion whereas o the
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fishes given the extract, Ht and Hb relatively
increased but did not differ significantly among
the differcnt extract combination.

The decresse in RBC concenoration, Hb and
Ht, in diapia that were not given extracts of
B. pamdurata, §. forox, and Z. gerambet at different
proprtions was due to bacterial infections of
A, lydropbila and P, flgorecens (Havdi o 4/, 2013),
Ht is the proportion of the volume of RBC
in the blood (Scott & Rogess 1981). The
content of Hb in catfish was decreased due to
swelling of RBCs and poor Hb mobilization of
the spleen and kidneys. Spleen disorders can
cause an increase of Ht levels due to the
introduction of ergthrocytes into the circulatory
system (Scott & Rogers 1981).

The towal bacteria in the fsh body were lower
in Gshes applied with extract than those in the
control  groups. Flavonoids, alkslold, and
steroids are antibactesial substance or metabolic
secunder, that have ability to inhibit the growth
of bacteris. Extracts of B. pasdurats contains
alkaloids, flavonoids and carbohydeates and
Z.  perwmwbel containg  alkaloids, favonoids,
steroids and carbohydeates, which are able w
suppeess the bacterdal growth (Hardi o ol 20164}
acd (Wink 2010). Motrover, the extract of 5. frox
has higher levels of alkaloids that are
antibacterial {Hardi of of 20163; Huang o ol
2008}, Flavonoids and alkoloids can damage the
wall surface of the growing bacteriz, particolady
at low temperatures and fatty acids are believed
to damage the strucruee and fuocdon of the
bacteral cell wall and membrane (Hayves &
Berkovitz 1979). This current reseach showed
that the extracts of B.Pandwats and Z. Zerumbet
have improved the non specific imrounity,
supressed the bacteria growth, and increased the
the fishes protection against bacterial infection,

CONCLUSION

Through injection, the extract concoction of
B, pawdurata and Z. perumber with a ratio of SF
50 : ZZ 50 and BP 10 : SF 10 provided the best
protection against A bydraphils and P. fluorescens
bacterial infections in tilapia, SF 50 : 22 50 s
the best ratio w prevent both bacterdal Infecton
using the immersion methods. However,
Injection is the better method to lncrease the
tilapia’s inoate (non-specificy immune systemn
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and protection against _A.  hydrophila  and
P. fluorescens infection; it is quicker than
immersion. The concoction extracts ratio of SF
50 : Z7Z 50 significantly increased the immunity
of non-specific tilapia and protect them against
bacterial infection through injection or
immersion.
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