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Abstract—This study aims to discover how influential Photos tener Wall is as an anti-bacterial treatment for Aeromonas hydrophila.
Methods: Cyprinus Carpio were reared for 28 days, and on the 29" and 30™ days before Aeromonas hydrophila infection, the fish were
adequately fasted. On the 31% day, they were intramuscularly challenged with A. hydrophila (105 CFU/mL) (the first day in A. hydrophila
infection). The treatments given were (I) immersed trial with fresh (live) P tener Wall: (H1) Immersed with 15 g of P. fener Wall plant,
(H2) Immersed with 30 g of P. tener Wall plant, and (H3) Immersed with 60 g of P. tener; (1I) feeding trials in which the treatments
given were (P1) 2% of P. tener Wall powder mixed with 1 kg commercial diet and (P2) 4% of P. fener Wall powder mixed with 1 kg
commercial diet; Experiment III combined the best results from experiment I (H2) and experiment II (P2) and Oxytetracycline 5 g/kg
feed as a control antibiotic. The result obtained was that the treatment of 30 g of fresh P. tener Wall or adding 4% simplicial P. tener
Wall in the diet could increase koi fish's immune response and resistance to 4. Hydrophila has a survival rate that reaches 100%. This
treatment has the same effect as using antibiotic Oxytetracycline S g/kg of feed. An important aspect for further research is that P. tener
wall can be tested on other fish diseases caused by bacteria or fungi.
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in traditional medicine in Asia [4]-[6]. One of the Araceae
species that has been researched is Pothos scandens, which is

I. INTRODUCTION

Pothos tener Wall is an aquatic plant from Makassar, South known to have various pharmacological activities, such as
Sulawesi, Indonesia. This plant can be found in the anti-microbial, antioxidant, antipyretic, antidiabetic activity,
Bantimurung Bulusaraung waterfall area and is known as an and anti-microbial activity against Escherichia coli and
endemic flora. A previous study by [1] described that Pothos Candida albicans [7], [8].
tener Wall plant contains several secondary metabolite Koi carp is one of the most well-known ornamental
compounds, such as flavonoid, phenol, and glycoside, with a freshwater fish species. The high potential in cultivating Koi
total phenol content of 8,519 mg GAE/gram and a total carp has attracted many ornamental fish hobbyists worldwide
flavonoid content of 7.16 mg QE/gram. Pothos tener Wall is [9], [10]. However, the market needs have not been fulfilled
also part of the Araceae family with the same genus, namely because of some problems in cultivating koi carp. The main
Pothos scandens, which is known to have various problem is the infection of Aeromonas hydrophila bacteria,
pharmacological activities such as anti-microbial, which causes 80-100% mortality in koi carp, known as Motile
antioxidant, antipyretic, antidiabetic, bronchodilator, and Aeromonas Septicemia (MAS) [11]-[14]. These pathogenic
others [2], [3]. The Araceae family is one of the families used bacteria produce toxigenic substances that cause tissue
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damage in fish, like sores around the mouth, skin
hemorrhages, and lesions [15]-[19].

The latest disease control in fish cultivation is through
antibiotics, such as penicillin, oxytetracycline, or
ciprofloxacin. These materials often cause bacterial resistance
and aquatic ecological damage. Over the last decades, many
studies have shown that alternative phytopharmaceutical
properties or immunostimulants are required to modulate the
fish immune system more safely, in addition to anti-microbial
properties, feed attractants, and growth promoters [20], [21].
Aquatic herbs are one of the safe phytopharmaceuticals for
the aquatic environment and unchallenged human needs [22].

However, there has been no research on preventing carp
from being infected with A. hydrophila using P. tener Wall.
This condition urges a further study regarding the
effectiveness of P. fener Wall in preventing the 4. hydrophila
infection in koi carp (C. Carpio), applied either as fresh
materials in a fish maintenance environment or as
supplemented materials in a fish diet. This study aims to find
out how influential P. fener Wall is as an anti-bacterial
treatment for Aeromonas hydrophila infection in koi fish
(Cyprinus Carpio).

II. MATERIALS AND METHODS

A. Plant Material

Fresh plant material was collected in April 2020 from
Bantimurung Bulusaraung National Park waterfall, Makassar,
Indonesia. The plant was authenticated at the Indonesian
Institute of Sciences (LIPI), and the voucher specimen was
deposited at the department for future reference
(KU/AB/KSV/315). The fresh plant material was washed
under running tap water to remove surface pollutants.

B. Fish and Bacteria Materials

The koi carp fish were obtained from the Ministry of
Marine Affairs and Fisheries Research Centre for
Ornamental Fish Cultivation, Depok, West Java, Indonesia.
Samples with an average length of 9 + 0.5 cm and an average
weight of 10 £ 2.1 g were stocked for ten fish/aquarium. 4.
hydrophila bacterial isolates were obtained from the
collection of the Aquatic Organism Health Laboratory,
Department of Aquaculture, the Faculty of Fisheries and
Marine Sciences, IPB, West Java, Indonesia.

C. Ethics Statement

This experiment passed and met the animal ethics and
animal welfare test requirements by the Animal Ethics
Commission, Bogor Agricultural University, Indonesia, with
registration number 219-2021.

D. Characterization and Culture Preparation of Aeromonas

Hydrophila

Bacteria used were characterized following the Cowan's
method (1974), and the KIT API 20NE (bio Mérieux, Inc.,
North Carolina, USA) test was performed by reading the
results through the API WEB software
(http://apiweb.biomeriux.com/strip/3). A. hydrophila bacteria
were a collection of the Fish Health Laboratory, Department
of Aquaculture, Faculty of Fisheries and Marine Science, IPB
West Java, Indonesia. They were tested for virulence level
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after being re-isolated on TSA (tryptic soy agar) and RS
(Rimler-Shotts) media incubated at 30°C for 24 hours. The
characterization was performed based on the method [21].

E. Virulence Test

The virulence test aimed to evoke the bacterial virulence
level. A. hydrophila used for the virulence test was cultured
in TSB (tryptic soy broth) on a 140-rpm shaker at 29°C for 24
hours. Harvesting was performed through centrifugation for
10 minutes at 3000 rpm, then rinsed with sterile phosphate-
buffered saline (PBS) and homogenized in a vortex. The
bacteria were injected into the koi carp intramuscularly at 0.1
ml per fish. The liver, spleen, and kidney of fish with clinical
symptoms were taken for bacterial isolation and
identification. The bacteria obtained from those organs were
isolated on RS medium and incubated at 25-37°C for 24 hours
to prove if the bacteria were indeed 4. hydrophila. Bacterial
characterization was also performed using the [21]method,
API 20E kit, and API 20 Strep kit (bio Mérieux, Inc., North
Carolina, USA). The isolate was used for further experiments
after being proven to be an A. hydrophila bacteria.

F. Pothos Tener Wall GC-MS Analysis

DKI Jakarta Regional Health Laboratory carried out the
GC-MS test using the Agilent Technologies 7890 gas
chromatography instrument with an autosampler and a mass
selective detector of the 5975 Chem Station data system. The
capillary column separated compounds with a length of 30 m,
a diameter of 0.20 mm, and a layer thickness of 0.11 um.
Samples were injected with a split ratio of 8:1 and a 1.2
mL/minute flow rate. Overtemperature conditions were
carried out at an initial temperature of 80°C, which was then
increased to 3°C/minute to 150°C, held for 1 minute,
increased to 20°C/minute to 280°C, and then held for 26
minutes. The injection temperature was maintained at 250°C
with carrier gas helium. Constituents were identified by
comparing the library database to the tool.

G. Pothos Tener Wall LC-MS Analysis

The analysis was carried out by DKI Jakarta Regional
Health Laboratory using Waters Alliance 2695 HPLC Pump
Gradient Timetable with Mass Lynx 4.1 Software. HPLC was
used with the MS Scan type with the ES + ion mode. A full-
scan model from m/z 50-1200 was performed with a scan time
of 5 seconds and an interscan of 0.1 seconds. The column used
HPLC X Bridge® C18 3.5 um (2.1 x 100 mm) for analysis.
The solvent used was methanol with 90% water. The flow rate
was 0.2 ml/min.

H. Experimental Fish, Feeding Trials, and Bacterial

Challenges

The fish were kept for 28 days in a uniformly conditioned
aquarium. On the 29" and 30" days, the fish were fasted. On
the 31% day, the fish were given the treatment with A.
hydrophilla infection. Post-infection observation began on the
32" day (this was the first day of the post-infection of A.
hydrophila). Feeding was performed thrice daily at 08.00,
12.00, and 16.00 (GMT +7) until apparent satiation.



1L Fish were Split into Three Experimental Groups

1) Immersion experiment with fresh (live) P. tener Wall:
These experimental fish were fed with a commercial diet
(Breeder Pro — CP Petindo). The treatments were:

(H1) Koi immersed with 15 g of P. tener Wall plant
during rearing.

(H2) Koi immersed with 30 g of P. tener Wall plant
during the rearing period.

(H3) Koi immersed with 60 g of P. tener Wall plant
during the rearing period.

(K-) Fish injected with PBS without P. tener Wall
treatment (negative control)

(K+) Fish injected with A. hydrophila without P.tener
Wall treatment (positive control).

2) Feeding experiment: One kg commercial feed was
ground and mixed with P. tener Wall powder based on dose
treatment, and an addition of 1%Carboxymethyl Cellulose
(brand: Koepoe-koepoe) was used as a binder in 300 mL of
water to mix this formula, which was then repelled. Fish in
the treatment were fed commercially (Breeder Pro — CP
Petindo). The treatments were as follows:

e (P1) 2% of P. tener Wall powder was mixed into the
commercial diet during rearing.

e (P2) 4% of P. tener Wall powder was mixed into the
commercial diet during rearing.

o (K-) Fish were injected with PBS without P. tener Wall
treatment (Negative control).

o (K+) Fish were injected with A. hydrophila without P.
tener Wall treatment (Positive control).

3) Experiment III combined the best results from
Experiments I and II and was compared with an antibiotic.
Fish in the treatment were given commercial feed (Breeder
Pro — CP Petindo). The treatments were:

¢ (C) The best result in experiment I was mixed with the
best result in experiment II (H2 + P2).

o (KA) Oxytetracycline 5 g/ kg feed.

o (K-) Fish were injected with PBS without P. tener Wall
treatment (negative control).

e (K+) Fish were injected with A. hydrophila without P.
tener Wall treatment (positive control).

J. Parameters

The parameters observed in this study included the survival
rate [21], immune response: total erythrocytes, hemoglobin,
hematocrit, total leucocytes, phagocytic activity, respiratory
burst [23], and water quality. Microscopic Observations by
Scanning Electron Microscope (SEM), using the SEM Model:
JSM —1IT 200, were conducted by the Zoology = Department
of the Biology Research Centre — National Research and
Innovation Agency of Indonesia.

K. Data Analysis

All data were tabulated in Microsoft Excel 2010. Data
analysis was performed using analysis of variance (ANOVA)
with SPSS 16.0 software. The data were continuously
analyzed using Duncan’s test when a significant difference
was found.

II1. RESULTS AND DISCUSSION

A. Results of Gas Chromatography-Mass Spectrometry (GC-
MS) of P. tener Wall

Gas Chromatography-Mass Spectroscopy (GC-MS)
analysis is a technique used for analyzing mixed compounds
in a sample where gas chromatography can separate the
components of the mixture while mass spectroscopy will
characterize each of the components that have been separated.
GC-MS also provides specificity and sensitivity for
simultaneous multi-component analysis (Shimadzu, 2020). In
the results of the analysis of ethanol extract of leaves and stem
of P. tener Wall, GC-MS showed 16 compounds in the leaf
extract; the most important content was phytol compounds
(33.47%), while seven compounds in the stem extracts had
the most extensive content of 31.72% for hexadecenoic acid,
methyl ester and followed by 9.12-octadecadienoic acid
which amounted to 29.54%. The analysis results can be seen
in Tables 1 and 2, with the chromatogram results shown in
Figures 1 and 2.

TABLEI

COMPOUNDS CONTENT OF P. TENER WALL LEAF BY GC-MS
RT Compound name ?g:gﬁ;l;ar vl\f;:lft“lar (C‘)Zl)ltent Compound group fcl?il‘(:i%;cal
4,332 Butyric Acid-2-D1 C4HBO2 89,0 4,02 Fatty acid [24], [25]
26,259  (2E)-3,7,11,15-Tetramethyl-2-Hexadecene =~ C20H40 280.0 2,05 Alkene [26], [27]
26,362  Neophytadiene C20H38 278.0 3,61 Sesquiterpenoid [28], [29]
26,431 Phytene C20H40 280.0 3,56 Carotenoid -
26,528  2-Pentadecanone, 6,10,14-Trimethyl C18H360 268.0 13,45 Diterpenoid [30]
26,672  -Loliolide C11H1603 196.0 2,42 Carotenoid [31]-[33]
26,879  3,5-Dimethyl-1,6-Heptadiene C9H16 124.0 1,39 Fatty acid -
27,396  Hexadecanoic Acid, Methyl Ester C17H3402 270.0 6,87 Fatty acid ester [34]-[36]
27,948  Hexadecanoic acid, ethyl ester C18H3602 284.0 1,01 Fatty acid ester [37]
28,637  Methyl (9Z, 127)-9,12-Octadecadienoate C19H34 294.0 2,95 Fatty acid [38]
28,672  Trans-13-Octadecenoic acid, methyl ester ~ C19H3602 296.0 12,10 Fatty acid ester [39], [40]
28,803  Phytol C20H400 297.0 33,47 Diterpene alcohol [41]-[43]
29,024  Methyl (9Z,127)-9,12-Octadecadienoate C19H34 294.0 2,21 Fatty acid [44], [45]
29,072  Z,Z-10,12-Hexadecadien-1-ol acetate C18H3202 280.0 2,85 Fatty acid -
29,361  Oxirane, tridecyl- CI5H300 226.0 2,22 Polymer [46]
30,079  1-Propadienylcyclohexanol CY9H140 123.0 3,81 Alcohol -

2001



COMPOUNDS CONTENT ANALYSIS OF P. TENER WALL STEM BY GC-MS

TABLEII

RT Compound name Molecular Molecular Content Compound Biological
p formula weight (%) group activity
26,541  2-Pentadecanone, 6,10,14-trimethyl C18H360 268.0 2,63 Ketone [47]
27,410 Hexadecanoic Acid, Methyl Ester C17H3402 270.0 31,72 Fatty acid ester [34]
27,955 Hexadecanoic acid, ethyl ester C18H3602 284.0 2,37 Fatty acid ester [37]
28,196 g:t’;decanmc Acid, 14-Methyl-, Methyl 13609 284.0 336 Fatty acid ester -
28,658  9,12-Octadecadienoic acid, methyl ester C19H3402 294.0 13,64 Fatty acid ester [48], [49]
28,679  9-12, Octadecadienoic acid, methyl ester C19H3402 294.0 29,54 Fatty acid ester [48]
28,831 i‘t’gadecmmc acid, 16-methyl-, methyl - gpy359) 298.0 16,46 Fatty acid ester -
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Fig. 1 Chromatogram analysis of compound content of P. tener Wall leaf by GC-MS
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Fig. 2 Chromatogram analysis of compound content of P. tener Wall stem by GC-MS

LC-MS analysis was carried out on ethanol extract of P.
tener Wall leaves. Five peaks were detected with retention
times of 1.28, 2.13, 16.27, 18.91, and 20.70 minutes (Figure

3). Meanwhile, four peaks were detected in the ethanol extract
of P. tener Wall stems, with retention times of 1.28, 15.24,
17.12, and 19.84 minutes (Figure 4).
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Fig. 3 Chromatogram analysis of compounds content of P. tener Wall leaf with LC-MS

Analyte
Sampel Ekstrak Batang Pothostener 1928_200708_2

Fig. 4 Chromatogram analysis of compound content of P. tener Wall stem with LC-MS

B. Survival Rate

Survival rate is the relative percentage of organisms that
survive from the initial to the end of the rearing period. The
survival rate data of koi carp before and after the challenge
test are presented in Table 3.

TABLE III
THE SURVIVAL RATE OF KOI CARP PRE AND POST-INFECTION

Parameter
Pre infection (D1-D28) Post-infection (D2-D6)
Fresh plant treatment

Treatment

K+ 100+0.0%:? 10+0.0%¢
K- 100+0.0%:? 100+0.0%*
H1 100+0.0%? 47+0.6%
H2 100+0.0%:? 43+0.6%"°
H3 100+0.0%:? 33+1.2%°
Simplicial plant dietary supplementation treatment

K+ 100+0.0%:? 20+0.0%?
K- 100+0.0%:? 100+0.0%¢
P1 100+0.0%:? 43+0.6%"
P2 100+0.0%:? 53£1.5%

Fresh plant application and plant dietary supplementation

K+ 100+0.0%* 43+2.0%*
K- 100+0.0%* 100+0.0%
KA 100+0.0%* 100+0.0%"
C 100+0.0%? 100+0.0%
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C. Water Quality Parameters and Experimental Fish,
Feeding Trials, and Bacterial Challenges

Table 4. Water quality parameters during the rearing
period. The pH and DO temperatures in the three treatments
were almost identical on average. The highest ammonia was
found in the aquarium during experiment II, while the
highest nitrite was found in the aquarium during experiment
I, and the highest nitrate was found in the aquarium during
experiment III.

TABLE IV
THE SURVIVAL RATE OF KOI CARP PRE AND POST INFECTION

Experimental Treatment

Parameter I I T

Temperature  26-30.5°C 26.3-30.5°C 25-30°C

pH 6.3-7.4 6.0-7.5 6.8-7.4

DO 6.3-6.6 mg/L 6.4-6.6 mg/L 6.3-6.6 mg/L

Ammonia 0.00-10.88 7.50-10.76 0.048-0.222
mg/L mg/L mg/L

Nitrite 0.00-0.31 0.045-0.080
0.00-5.46 mg/L  mg/L mg/L

Nitrate 0.107-0.489 0.00-2.29 1.616-3.212
mg/L mg/L mg/L




TABLE V
KOI CARP IMMUNE RESPONSE BEFORE 4EROMONAS HYDROPHILA INFECTION

The Day Before Infection (D1-D28)

Treatmen Hb (g%) Ht (%) AF (%) RB (OD =630 nm) TE (x 10° sel mm™) TL (x 10* sel mm™)
t Day Day Day Day Day Day
1 28 1 28 1 28 1 28 1 28 1 28
Fresh plant treatment (I)
Kt 6,1+0,3 0,28+0,03 0,27+0,05 0,62+0,04 3,85+0,68
a 9,2+1,6% 9,7+0,12 23,84+0,55° 3743,3° 38+6,4° a a a 0,68+0,10* a 4,73+0,26°
K- 6,1+0,3 0,28+0,03 0,27+0,05 0,62+0,04 3,85+0,68
a 9,3+1,12 9,7+0,12 23,1+1,19° 3743,3° 38+6,4° a a a 0,66+0,11° a 4,73+0,26°
HI 6,1+0,3 12,7£1,6 0,28+0,03 0,30+0,05 0,62+0,04 3,85+0,68
a a 9,7+0,12 26,6+1,282 3743,3° 42+4,9* a a a 0,76+0,06* a 6,06+£0,294
) 6,1+0,3 10,3£1,1 0,28+0,03 0,27+0,03 0,62+0,04  0,81+0,17*°  3,85+0,68
a a 9,7+0,12 26,1+1,16° 3743,3° 48+4,42 a a a b a 5,37+0,29¢
3 6,1+0,3 10,1£1,9 0,28+0,03 0,27+0,05 0,62+0,04 3,85+0,68
a a 9,7+0,12 23,1+1,30° 3743,3° 4143,6* a a a 0,78+0,04* a 3,39+0,20*
Simplicial plant dietary supplementation treatment (I1I)
Kt 6,5+1,3 0,24+0,06 0,30+0,02  0,54+0,03 2,30+0,25
a 8,9+1,28 9,7+0,6% 25,0+5,0° 28+2,6°  31+£3,21* a a a 0,86+0,10* a 5,29+0,77*
K- 6,5+1,3 0,24+0,06 0,30+0,02  0,54+0,03 2,30+0,25
a 8,142,6° 9,7+0,6% 22,0+6,1° 28+2,6°  31+£3,21* a a a 0,89+0,13* a 5,29+0,77*
Pl 6,5+1,3 424271 0,24+0,06 0,28+0,04  0,54+0,03 2,30+0,25 6,80+0,87°
a 9,742,442 9,7+0,6% 20,0+6,6° 2842,6° b a a a 0,92+0,30* a b
P2 6,5+1,3 46+3,51 0,24+0,06 0,31+0,04  0,54+0,03 2,30+0,25
a 9,742,442 9,7+0,6% 28,9+6,2° 2842,6° b a a a 0,98+0,30* a 7,81£0,95°
Fresh plant application and plant dietary supplementation (III)
Kt 6,5+0,2 10,9+0,7 21,7475 36,72+1,23 3145,03 0,28+0,07 0,34+0,08  0,35+0,07 6,25+0,91
a a a a a 3943,1° a a a 0,44+0,03* a 6,74+0,25%
K- 6,5+0,2 10,6+0,2 21,7475 35,9742,68 3145,03 0,28+0,07 0,34+0,08  0,35+0,07 6,25+0,91
a a a a a 3943,1° a a a 0,46+0,07* a 6,74+0,25%
KA 6,5+0,2 12,9+1,3 21,7475 39,4443,06 3145,03 0,28+0,07 0,34+0,08  0,35+0,07 6,25+0,91 7,51+0,59°
a a a a a 61i6,1b a a a 0,48i0,07“ a b
C 6,5+0,2 12,0£14 21,7475 47,00£2,95 3145,03 0,28+0,07 0,34+0,08  0,35+0,07 6,25+0,91
N N N N N 65+3,1° 2 2 N 0,65+0,10° 2 8,19+0,40°

Note: Different letters in each bar (mean value standard deviation) show statistical differences (Duncan multiple distance test; p<0.05). Description: (HB)
hemoglobin levels, (HT) hematocrit levels, (AF) phagocytic activity, (RB)respiratory burst, (TE) total erythrocytes, (TL) total leukocytes, (H1) Koi immersed
with 15 g of P. tener Wall plant during rearing. (H2) Koi immersed with 30 g of P. fener Wall plant during the rearing period. (H3) Koi immersed with 60 g of
P. tener Wall plant during the rearing period. (K-) fish injected with PBS without P. fener Wall treatment, (K+) Fish injected with A. hydrophila without P. tener
Wall treatment. (P1) 2% of P. tener Wall powder was mixed into the commercial diet during the rearing period. (P2) 4% of P. tener Wall powder was mixed into
the commercial diet during the rearing period. (KA) Oxytetracycline 5 g/ kg feed. (C) the best result in experiment I was mixed with the best result in experiment
I (H2 + P2).

TABLE VI
KOI CARP IMMUNE RESPONSE AFTER AEROMONAS HYDROPHILA INFECTION
The Day After Infection
Treatmen Hb (g%) Ht (%) AF (%) RB (OD =630 nm) TE (x 10° sel mm™) TL (x 10* sel mm™)
t Day Day Day Day Day Day
2 6 2 6 2 6 2 6 2 6 2 6
Fresh plant treatment (Treatment A)
K 46+5,1° 10,23+0,79°
4,8+0,4% 5,0+0,28 14,645 3% 20,0£2,00  ° 40+3,3*  1,01+0,08°  0,56+0,11°  0,66+0,03*  0,48+0,09° © 3,59+0,992
K- 8,8+1,1>  9,5+0,9° 23,143,82 28,9+43%  39+51°  33+33*  0,56+0,11*  0,32+£0,10°  0,78+0,14*  0,96+0,16*  6,79+0,62* 4,72+0,36
H1 7,6+1,4° 971,40 25,0+1,0 38,1+0,8°  50+3,3®  47+1,5¢  1,06£0,17°  0,82+0,11°  0,71£0,13*  1,15+0,06*  9,1440,96" 6,49+0,67¢
m 53+6,7° 0,66+0,06°  0,97+0,11* 5,89+0,82°
7,1+£0,8° 8,5+1,4° 24,0+1,0 28,0+0,7° 42+1.2°  1,06+0,12° ¢ b 1,21£0,12°  11,61£0,61¢ ¢
m 50+4,7°  44+1,5° 5,47+0,56"

5,4+0,9°  5,5+0,4* 18,2+5,9° 25,6+3,3>
Simplicial plant dietary supplementation treatment (Treatment B)

K+ 5,1+0,7¢ 5,5+0,3¢ 23,0£1,0%  22,0£1,08  444£2,5°  31£2,5*  0,81£0,06° 0,80+0,18°  0,63+0,11*  1,08+0,19*  8,70+0,78°  6,99+037°
0,84+0,18  1,44+0,33*
b b

1,0240,13°  0,73£0,10°  0,71£0,13°  1,03+0,05>  9,91+0,78"

K- 6,9+1,0°  6,0+0,8% 13,441,3¢ 33,6+1,8° 312,00 30+1,0°  0,42+0,14*  0,27+0,06* 7,64+0,24° 5,77+0,24%
Pl 48+6,0 0,76+0,11° 6,25+0,27°
6,5+0,8° 8,8+1,8" 18,8+2,3° 35,014 ¢ 33+3,6°  0,89+0,18°  0,78+0,06° ° 1,03+020*°  9,55+0,74%  ©
P2 9,3£2,2° 11,9+24¢  22,142,6° 48,4+1,5°  55%6,4°  44+1,5°  1,24+0,13°  1,18+0,06°  0,95+0,12°  1,74+0,28°  9,97+0,34° 7,03+0,77°

Fresh plant application and plant dietary supplementation (Treatment C)
Kt 32,0545,7 0,40+0,04°
7,0+0,9° 7,6+0,5° 20,7943, @ 61£3,1°  41£3,1°0  ° 0,29+0,06*°  0,31£0,05*  0,69+£0,02*  6,79+0,14° 6,70+0,36*
K- 32,7449,2 0,41+0,03° 6,94+0,21°
9,7+0,3° 10,9+0,7°  24,0546,6° ¢ 53+2,00  39+5,0°  0,30+0,01°  0,26+0,04* ° 0,71+0,03*  6,00+0,23* b
KA 11,8£0,5>  29,06+5,8"  34,26+9,8 0,45+0,08° 0,47+0,06"
9,5+1,1° ¢ ¢ a 63+6,1°  57+£7,0° ¢ 0,43+0,09° ¢ 0,87+0,10°  8,99+0,22¢ 7,11£0,24°
C 10,9£1,0 35,19+1,3
b 12,640,7¢  33,06+43¢ * 67+42°  61x7,0°  0,5440,07°  0,49+0,07°  0,54+0,03°  1,02+0,03°  9,93+0,25¢ 9,02+0,22¢

Note: Different letters in each bar (mean value + standard deviation) show statistical differences (Duncan multiple distance test; p<0.05). Description: (HB)
hemoglobin levels, (HT) hematocrit levels, (AF) phagocytic activity, (RB) respiratory burst, (TE) total erythrocytes, (TL) total leukocytes, (H1) Koi immersed
with 15 g of P. tener Wall plant during rearing. (H2) Koi immersed with 30 g of P. fener Wall plant during the rearing period. (H3) Koi immersed with 60 g of
P. tener Wall plant during the rearing period. (K-) fish injected with PBS without P. fener Wall treatment, (K+) Fish injected with A. hydrophila without P. tener
Wall treatment. (P1) 2% of P. tener Wall powder was mixed into the commercial diet during the rearing period. (P2) 4% of P. tener Wall powder was mixed into
the commercial diet during rearing. (KA) Oxytetracycline 5 g/ kg feed. (C) the best result in experiment I was mixed with the best result in experiment II (H2 +
P2).
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D. Scanning Electron Microscope (SEM) of Aeromonas

hydrophila

We observed Aeromonas hydrophila bacteria with SEM to
see whether the bacterial cells were damaged by treating P.
tener wall. The performance of 4. hydrophila cells, with and
without P. tener Wall treatment, was observed with the
Scanning Electron Microscope. A. hydrophila cells without P.
tener Wall treatment showed healthy cell conditions, no cell
damage, and active cell self-dividing (Fig5). A. hydrophila
bacterial cells were treated with P. fener wall, and all the cells
were broken and suffered some damages (Fig 6).

Fig. 5 The results of SEM observations on cell 4. Hydrophila, without P.
tener Wall Treatment. (healthy cell)

Fig. 6 Result of SEM of cell damage of 4. Hydrophila, with P. tener wall
treatment

E. Discussion

The highest hemoglobin levels were obtained from fresh
plant treatment (treatment I), while the lowest values were
obtained from favorable control treatment. The highest
hematocrit level on the 6" day of the post-challenge test was
found in the H2 treatment and significantly different from
other treatments. A significant difference in the phagocytic
activity level was found on the 6th day of the post-challenge
test between the P2 treatment and the K+, K-, and Pl
treatment. The highest phagocytic activity level was obtained
from the P2 treatment.

The respiratory burst activity level on the 6™ day of the
post-challenge test was significantly different from the other
treatments, as the highest value was found in the H2
treatment. In the experiment, I obtained an insignificant
difference (p>0.05) in total erythrocytes on the Oth and 28"
days of the pre-challenge test. In experiment II, the number of
erythrocytes on the Oth and 28" days of the pre-challenge test
had significant differences among the treatments. Experiment
IIT showed that the total erythrocyte value was significantly
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different on the 28" day before the challenge test. The highest
value of total erythrocytes on the 2™ and 6™ days after the
challenge test was obtained in the P. fener Wall application
treatment, and it was significantly different among the
treatments. The highest value of total leucocytes in H2
treatment. On the 2nd day of the post-challenge, a test was
obtained in the P. tener Wall application treatment, which was
significantly different from antibiotic and positive and
negative control treatments.

Leaves of P. tener Wall contain Diterpene alcohol and
diterpenoid, which function as anti-inflammatory, anti-
microbial, anti-microbial, anti-inflammatory, antifungal,
Antioxidant, Larvicidal, acaricidal. The stem contains the
highest Fatty acid ester which has functions as, nematicide,
hemolytic  anti-bacterial, antioxidant, anti-microbial,
hypercholesterolemia,  nematicide,  anti-inflammatory,
antifungal, antiviral, anticancer, antifungal.

The results showed that the new P. tener Wall application
could increase the immune response and the survival rate of
koi carp after the challenge test with 4. hydrophila. The
survival rate in the fresh P. fener Wall application was
significantly different (p<<0.05) from the other treatments and
better than the favorable control treatment. The survival rate
in dietary P. temer Wall simplicial supplementation was
higher than that in the favorable control treatment (Table 3).
Simplicial P. fener Wall supplemented diet treatments
provided a better health condition than non-supplemented diet
treatments. Several studies reported that herbal plants are
highly influential in inducing the fish body's immune system
against disease in the form of either fresh, extracted, or
isolated active components. This study is like that of [50],
which mentioned that dietary supplementation of herbal
plants in fish could promote growth, minimize stress, and
increase health status. Moreover, previous studies reveal that
natural herbs can be used as potential alternative properties to
synthetic herbs in aquaculture due to the active biological
metabolite contents utilized to modulate the fish body
immune system [51]-[54].

The high survival rate in the P. tener Wall application
treatments (Table 3) was like that of the K- and KA
treatments. This condition showed that the non-specific
immune system in koi carp had been formed and could attack
bacteria, which might be due to the secondary metabolite
compounds of P. fener Wall modulating the immune system
of koi carp. This condition followed the results of a study [55],
which stated that the survival rate of rohu carp (Labeo rohita)
fed with Andrographis paniculate-supplemented diets after 4.
hydrophila infection was higher than those fed with a non-
supplemented diet.

The application of P. tener Wall is proposed to improve the
immune response of cultivated fish for disease resistance. The
results showed that the application of P. tener Wall could
improve the non-specific immune response of koi carp. In
addition, [56] stated that the metabolites in herbs, such as
polysaccharides, flavonoids, saponins, alkaloids, essential
oils, and organic acids, had a beneficial impact on the fish
immune system and several parameters of non-specific
immune responses.

Total erythrocytes, hemoglobin, and hematocrit increased
after P. tener Wall treatment was applied. This is like the
results of the study conducted by [57]-[60]. Leucocytes play



an essential role in the non-specific immune system of fish
against pathogenic infections. This study showed a significant
increase in the total leucocytes after the challenge test with P.
tener Wall application, which was higher than the control and
P. tener Wall antibiotic treatments. This can increase the total
leucocytes and immunity level against pathogenic attacks.
The increase occurring in this study was caused by the fish
body's immune response to disease infection. The number of
Total leucocytes indicates an increase in immunity level,
followed by level of phagocytic activity. Several studies have
shown that herbal plant feeding contains metabolic
compounds that can induce leukocyte production in rainbow
trout [61].

The leucocyte system works in two ways to prevent
disease: phagocytosis and antibody formation. This study also
showed a significant increase in the phagocytic activity in P.
tener Wall compared to the control treatment. The increasing
phagocytic activity indicates that P. fener Wall immune
stimulant in fresh ingredients and dietary-supplemented
material could spread the immune system in koi carp fish. In
addition, herbal plant treatment has shown a significant
increase in the phagocytic activity in fish [55], [56]. Water
quality is one of the essential factors in fish cultivation.
During the rearing period, the water quality parameters
provide values that still meet the requirements for koi carp
fish. This was thought to be due to adding aquatic plants to
the rearing media [62], [63].

IV. CONCLUSION

This study concludes that each administration of 30 g of
fresh P. tener Wall or the addition of P. fener Wall simplicial
in the diet can increase koi fish's immune response and
resistance to A. hydrophila. The application of a mixed
supplementation treatment of 30 g fresh P. tener Wall and 4%
P. tener Wall in the diet gave the best results, with a survival
rate reaching 100%.
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