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ABSTRACT

Mangrove endophytic fungi have the potential to act as immunostimulants for shrimp and antibacterial agents against
V. parahaemolyticus, including Penicillium sp. KTR58. This study aimed to determine the effect of adding Penicillium
sp. KTR58 metabolites on the growth and immune response of Pacific white shrimp. The research consisted of in vitro
and in vivo tests. The shrimp were maintained for 30 days using a completely randomized design with four treatments,
namely K (0), P10 (10), P20 (20), and P30 (30 mL/kg feed), each with three replicates. In vitro test showed that
the highest inhibition zone at 30 pL/disc treatment and thin-layer chromatography indicated the presence of steroid,
flavonoid, terpenoid, saponin, coumarin, and alkaloid compounds. The compounds showing antibacterial activity from
the bioautography test were suspected to be coumarins, flavonoids, alkaloids, saponins, and steroids. Treatment P20
showed the best growth performance and immune response, with a final weight of 8.87 + 0.16 g, final biomass of
123.79 £ 8.1 g, a specific growth rate of 3.96 + 0.18 %/day, and a feed conversion ratio of 1.45 + 0.05, these values were
significantly different from the control (P<0.01). The total haemocyte count, phagocytosis activity, respiratory burst,
and phenoloxidase values were 9.33x10° £ 0.31x10¢%ells/mL, 49.73 + 1.89%, 0.31 £ 0.01, 0.29 + 0.002 respectively,
and were significantly different from the control (P<0.05). Based on these results, the optimal dose of Penicillium sp.
KTR58 metabolite addition in Pacific white shrimp feed is 20 mL/kg.

Keywords: acute hepatopancreatic necrosis disease (AHPND), Penicillium sp. KTRS8, shrimp immunostimulant,

Vibrio parahaemolyticus

ABSTRAK

Fungi endofit mangrove memiliki potensi sebagai imunostimulan udang dan antibakteri untuk V.parahaemolyticus
salah satunya adalah Penicillium sp. KTRS58. Tujuan penelitian ini adalah untuk mengetahui pengaruh penambahan
metabolit Penicillium sp. KTR58 terhadap pertumbuhan dan respon imun udang vaname. Tahapan penelitian terdiri
dari uji in vitro dan uji in vivo. Tahap pemeliharaan udang selama 30 hari menggunakan rancangan acak lengkap (RAL)
empat perlakuan yaitu K (0 mL/kg), P10 (10 mL/kg), P20 (20 mL/kg), P30 (30 mL/kg pakan) masing-masing tiga
ulangan. Hasil uji in vitro menunjukkan zona hambat tertinggi pada perlakuan 30 pL/disc, dan hasil uji kromatografi
lapis tipis mengindikasikan adanya senyawa steroid, flavonoid, terpenoid, saponin, kumarin dan alkaloid. Senyawa
yang menunjukkan aktivitas antibakteri dari hasil uji bioautografi diduga sebagai kumarin, flavonoid, alkaloid, saponin
dan steroid. Perlakuan P20 menunjukkan performa pertumbuhan dan respon imun terbaik dengan nilai bobot akhir yaitu
8.87 £0.16 g, biomas akhir sebesar 123,79 + 8,1 g, laju pertumbuhan spesifik 3.96 + 0.18 %/hari, rasio konversi pakan
adalah 1.45 £ 0.05, nilai tersebut berbeda nyata dengan kontrol (P<0.01). Nilai Total hemosit, aktivitas fagositosis,
respiratory burst dan phenoloxidase secara berturut-turut yaitu 9.33x10° + 0.31x10°cells/mL, 49.73 + 1.89%, 0.31 +
0.01, 0.29 + 0.002 dan berbeda nyata dengan kontrol (P<0.05). Berdasarkan hasil tersebut, dosis terbaik penambahan
metabolit Penicillium sp. KTR58 pada pakan udang vaname adalah 20 mL/kg.

Kata kunci: acute hepatopancreatic necrosis disease (AHPND), imunostimulan udang, Penicillium sp. KTRS8, Vibrio
parahaemolyticus
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INTRODUCTION

Pacific white shrimp (Litopenaeus vannamer)
or white leg shrimp were first introduced in
Indonesia in 2001 and now account for more than
75 percent of Indonesia’s total shrimp production.
Indonesia’s total shrimp production in 2022
reached 1.19 million tons (KKP, 2024) and
became the world’s fifth largest producer in 2022
(FAO, 2023). The value of Indonesia’s shrimp
exports reached 165,557 tons in 2024 (KKP,
2024). This proves that Indonesia has enormous
potential in developing Pacific white shrimp
farming. Intensive farming has become one of the
efforts to develop Pacific white shrimp production,
although various obstacles are still encountered,
such as acute hepatopancreatic necrosis disease
(AHPND) (Yuhana & Afiff, 2023; Valente &
Wan, 2021). AHPND previously known as early
mortality syndrome (EMS), is one of the deadly
bacterial diseases that commonly attacks various
shrimp species (Navaneeth et al., 2020). Vibrio
parahaemolyticus, the causative agent of the
disease, has caused high socioeconomic losses
in several countries (Tang & Bondad-Reantaso,
2019), adversely affecting aquaculture production
and posing a risk to global food security.

Prevention and treatment strategies have been
widely implemented, one of the most common
being the use of antibiotics. However, this practice
can increase the number of resistant pathogens in
aquaculture necessitating new strategies to control
pathogens (Mohan et al., 2019a). Potentially more
effective, economical, and environmentally safe
alternatives to antibiotics include vaccination,
water quality control include biofloc technology
(Gustilatov et al., 2024), bacteriophage therapy,
biosecurity protocols, treatment using plant
extracts, immunostimulants (Latif et al., 2022),
and natural substances in the form of fungal
metabolites (Wahjuningrum et al., 2025). Fungal
secondary metabolites are chemical compounds
produced by fungi that are not essential for fungal
growth, but provide adaptive advantages in their
growing environment, and have remarkable
chemical diversity including four main families,
namely terpenoids, polyketides, non-ribosomal
peptides, or combinations thereof (Jinna et al.
2025). These secondary metabolites, which
include pigments, antibiotics, and bioactive
compounds, offer various benefits for aquaculture
(Onomu & Okuthe, 2024).

The exploration of natural materials such
as fungi is both a challenge and a solution in

reducing the impact of AHPND in shrimp through
the mechanism of boosting the immune system.
Higher fungi are the most important source of
various natural products (Mohan et al., 2019a).
An example of a secondary metabolite used in
aquaculture is the fungus Nodulisporium sp.
KT29, which is known to improve the production
performance of Pacific white shrimp cultivated
in the sea (Saputra et al, 2016) and inhibit the
growth of Vibrio harveyi bacteria (Hariati et al.,
2018). Treatment with Nodulisporium sp. KT29
supplementation induced by dead V. harveyi cells
at a dose of 20 mL/kg can increase the resistance
and immune system of Pacific white shrimp against
vibriosis control in the sea (Wahjuningrum et al.,
2020). Furthermore, at low doses, this metabolite
can increase the production and innate immunity
of Pacific white shrimp against co-infection with
WSSV and V. harveyi (Wahjuningrum et al.,
2022).

In this study, the exploration of the utilization
of fungal secondary metabolites in Pacific white
shrimp farming was conducted again using the
fungus Penicillium sp. KTRSS. This fungus is an
endophytic fungus of the mangrove Rhizophora
mucronata, isolated from leaves originating from
Gresik, East Java. Penicillium sp. is known to have
considerable potential for producing bioactive
compounds that are beneficial for Pacific white
shrimp farming (Prihanto 2012; Mukhlis et al.
2018). Penicillium sp. KTR58 is an endophytic
fungus that is non-toxic to other organisms,
making it safe to use and containing active
ingredients that are antibacterial. Exploration
of mangrove endophytic fungi was conducted
to discover substances that can inhibit Vibrio
parahaemolyticus bacteria, as well as B-glucan
compounds that function as immunostimulants.
One fungus that has potential as an antibacterial
agent against V. parahaemolyticus is Penicillium
sp. KTRS58. The purpose of this study was to
determine the effect of adding Penicillium sp.
KTR58 metabolites on the growth and immune
response of Pacific white shrimp.

MATERIALS AND METHODS

Materials

The fungal isolation used in this study
was the mangrove endophytic fungal isolate
Penicillium sp. KTR58 from the Aquatic Product
Microbiology Laboratory, Department of Aquatic
Product Technology (THP), FPIK, IPB. The
test animals used were Pacific white shrimp L.
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vannamei weighing 2.73 + 0.14 g from the Suri
Tani Pemuka Hatchery, Anyer. The bacteria used
for the antibacterial test were rifampicin-resistant
(Rf?) V. parahaemolyticus bacteria obtained
from the Aquatic Organism Health Laboratory,
Department of Aquaculture, Faculty of Fisheries
and Marine Sciences, IPB University.

Preparation of Penicillium sp. KTR58
metabolites

The rejuvenation of Penicillium sp. KTRS8
refers to the method described by Tarman et
al. (2011). The fungal isolates were placed in
sterile potato dextrose agar (PDA) medium and
incubated at room temperature for seven days.
The rejuvenated fungi were precultured in 100
mL of potato dextrose broth (PDB) for seven days
at room temperature and shaken at a speed of
120 rpm. The preculture yield was taken at 12.5
mL and transferred to 250 mL of PDB medium,
incubated at room temperature for 14 days under
shaking conditions at a speed of 120 rpm. The
culture was harvested and filtered using Whatman
filter paper (mesh size 0.45 pm), then evaporated
(at 40°C) using a rotary evaporator for 1 hour
until 50 mL of fungal metabolites remained.

The evaporation results were used in the
experimental feed, while for the antibacterial
activity test, maceration was carried out using
ethyl acetate (EA) solvent at a ratio of 1:2 (100
mL of Penicillium sp. KTR58 metabolite: 200
mL of ethyl acetate) for 3x24 hours under shaking
conditions at 120 rpm. Then evaporated and
concentrated to 1 mL. Analysis of saponin and
polyphenol content was performed using high
performance liquid chromatography (HPLC). It
was found that the saponin content was 145.63
mg/g and the polyphenol content was 42.75 mg
GAE/g. Analysis of phytosterol content was
performed using spectrophotometry, with a result
of 14.28 mg/100 g.

Preparation of V.parahaemolyticus

Bacterial isolates were cultured in test tubes
containing 5 mL of complete seawater agar
(SWC) medium and incubated at 28°C for 24
hours. Identification of V. parahaemolyticus was
performed molecularly using polymerase chain
reaction (PCR) referring to Persing et al. (2016),
by extracting and amplifying V. parahaemolyticus
bacterial DNA with specific primers for the pirA
and pirB genes. The amplification results were
visualized using agar gel electrophoresis.

Antibacterial activity assay

The antibacterial activity assay uses the Kirby-
Bauer or paper disc method (Lay, 1994). A total of
50 pL of V. parahaemolyticus bacterial suspension
that had reached a density of 10® CFU/mL was
spread evenly on the surface of Mueller Hinton
Agar (MHA) (CLSI, 2020). The medium was left
for five minutes until the surface of the medium
was dry. The test was carried out by placing a 6
mm diameter disc impregnated with Penicillium
sp. KTR58 metabolite. The treatments used were
10 pL/disc, 20 pL/disc and 30 pL/disc, each with
3 replicates. Oxytetracycline (OTC) 1% was used
as a positive control and ethyl acetate 20 pL/disc
(the extraction solvent) was used as a negative
control. The bacteria were incubated at 37°C
for 24 hours. The antibacterial properties were
determined by measuring the inhibition zone
around the paper disc and measuring the diameter
of the inhibition area (Tarman, 2011).

Thin layer chromatography (TLC)

The eluent used in the TLC assay is a mixture
of acetone, ethyl acetate, n-hexane in a ratio of
4:25:18 referring to the Tarman (2011) method.
Ten microliters of a 0.5 mg extract dissolved in
100 pL EA was spotted on a 20x20 cm alumina
oxide silica gel PF254 TLC plate (Merck) to
detect spots, then eluted with the selected eluent
ratio. The plate was dried and sprayed with an
anisaldehyde sulfuric acid color reagent (0.2 mL
anisaldehyde, 2 mL glacial acetic acid, 17 mL
methanol, 1 mL concentrated sulfuric acid). The
plate was then heated at 110°C for 10 minutes.
The spots that appeared were observed under 366
nm UV light and the retardation factor (Rf) value
was calculated.

TLC was also performed to detect
beta-glucan compounds using a saturated
acetonitrile:butanol:aquadest ~ (3:6:1)  eluent.

Plates spotted with samples were developed in a
chamber until the eluent reached the end of the
elution. The elution results were then observed
using UV light at 254 nm and 366 nm, and the Rf
values were calculated and compared with the Rf
value of the barley standard. The barley standard
is a beta-glucan polysaccharide compound
obtained from barley plants with an Rf value of
0.625 (Utami et al., 2016).

Bioautography assay
The bioautography assay was performed
after the extract was fractionated using TLC. 20
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microliters of the extract was spotted on a TLC
plate, then eluted with the eluent in the TLC
assay. The eluted TLC plate is placed on SWC
agar medium mixed with V. parahaemolyticus
bacterial suspension, incubated at 37°C for 24
hours and the inhibition zone is measured. Thin-
layer chromatography (TLC) bioautography is an
evolving technology that integrates the separation
and analysis technology of TLC with biological
activity detection technology (Wang et al., 2021a).

Protease activity assay

The protease activity assay uses the plug agar
method. This test uses PDA media made with
shrimp broth and PDA made with 1% skim milk
(Sedijani et al., 2023). Each pure fungal isolate
was cut using a blue tip and dabbed on PDA
media, then incubated for 24-48 hours at 37°C.
The presence of protease enzyme activity was
indicated by the formation of a clear zone around
the fungal colony after incubation (Queendy
& Roza, 2019). The ability of fungi to produce
protease can be indicated by the proteolytic index.
The proteolytic index was the ratio between the
diameter of the clear zone and the diameter of
the colony to obtain potential isolates (Kabense,
2019). The proteolytic index was formulated as
follows:

P < Clear zone diameter
Colony diameter

Experimental feed preparation

The experimental feed consisted of
commercial feed coated with Penicillium sp.
KTR58 metabolites. Commercial feed pellets
were spread on trays. The metabolite dosage used
was based on the results of antibacterial assay
that had been standardized with the metabolite
prior to extraction, yielding dosages of 10, 20,
and 30 mL/kg of feed supplemented with 2% egg
white as a binder (Djauhari et al., 2016). Each
was sprayed onto the feed pellets using a spray
bottle. The control feed used commercial feed
sprayed with PDB and added 2% egg white as
a binder. The feed was air-dried for three hours.
This method was used to prevent damage to
bioactive compounds due to temperature during
feed production (Wang et al., 2021b).

Toxicity Test

The purpose of the toxicity test is to determine
the toxicity level of Penicillium sp. KTRS58
metabolites to Pacific white shrimp. The test

was conducted by observing the mortality rate
of Pacific white shrimp after administration of
Penicillium sp. KTR58 metabolites within seven
days. The shrimp used for the toxicity test were
7 shrimp weighing 2.29 + 0.14 grams (OECD,
2019). The shrimp were placed in a 7 L container
and fed with feed coated with Penicillium sp.
KTR58 metabolites at concentrations of 0, 10,
30, 50 and 70 mL/kg of feed, each with three
repetitions. Feeding was carried out four times
a day (07.00, 12.00, 17.00, and 22.00 WIB).
Observations were made for 24 hours to seven
days after treatment. The LD50 calculation was
performed using the Reed & Muench (1938)
method below:

m=Xi—d( 50 — Yo Xi )

Yo Xi(i — I) — Yoxi

Note:

m = Log LDso

Xi = Dose-mortality log below 50%

d = Difference in mortality log below 50%
and above 50%

%Xi = Cumulative mortality percentage for
doses below 50%

%X(i-I)= Cumulative mortality percentage for
doses above 50%
LDso = Antilog interval value “m”

The toxicity test results showed that the
administration of metabolites in feed was not
toxic at a high dose of 70 mL/kg with a survival
rate of 95.24 + 6.73%.

Shrimp feeding trial

Shrimp feeding trial using a completely
randomized design (CRD) consisted of 4
treatments, namely C (control), P10 (10 mL/
kg feed), P20 (20 mL/kg feed), and P30 (30
mL/kg feed), each with 3 replicates. Feed was
administered at a feeding rate of 8% and a
feeding frequency of four times a day at 07.00,
12.00, 17.00, and 22.00 WIB. A feeding trial was
carried out for 30 days in an aquarium measuring
60x40x40 cm® with a density of 80 shrimp/m?
(15 shrimp/aquarium), shrimp weight of 2.73 +
0.14 g (Hasyimi et al. 2020). During the feeding
trial, observations of research variables and water
quality measurements (dissolved oxygen, salinity,
pH, temperature, and total ammonia nitrogen)
were carried out for each treatment. Water changes
during maintenance were carried out every three
days, replacing 5-10% of the water.
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Water quality

Water quality during Pacific white shrimp
cultivation is maintained within the optimal range
namely temperature (28.0-29.2°C), pH (7.52-
7.72), DO (6.2-7.4 mg/L), salinity (25-30 g/L),
and TAN (0.022-0.094 mg/L) in accordance with
Permen (2016).

Research Variables
Specific growth rate (SGR)

SGR measurements following Li ef al. (2022)
were conducted on day 0 and day 30 of feeding

tria. SGR calculations used the following
formula:
SGR = ( (LnWt;LnWO) ) X 100

Note:

Wt = Average weight at the end of treatment
€9)

Wo = Average weight at the beginning of
treatment (g)

T = Cultivation period (days)

Weight and final biomass

Measurements of weight and final biomass of
shrimp were taken on day O and day 30. Biomass
measurements were taken by weighing the shrimp
using digital scales.

Feed Conversion Ratio

The feed conversion ratio (FCR) of Pacific
white shrimp during feeding trial (day O and
day 30) was calculated according to Foysal et al.
(2020) using the following formula:

FCR = L
Fw — Lw
Note:
FCR = Feed conversion ratio
Fi = Amount of feed given (g)
Fw = Shrimp biomass at the end of treatment
(&)
Lw = Shrimp biomass at the beginning of
treatment (g)
Survival Rate (SR)

The survival rate of Pacific white shrimp was
observed daily until the end of the treatment (day
30) using the following formula (Aftabuddin et
al., 2017):

N
SR (%) = Nt

0

%X 100

Note:

KH = Survival rate (%)

Nt = Number of shrimp at the end of
treatment

NO = Number of shrimp at the beginning of

treatment

Total haemocyte count (THC)

Total haemocyte count (THC) measurement
refers to the method of Hamsah er al. (2019).
Hemolymph and anticoagulant ratio was 1:3.
Hemolymph was dripped onto a hemocytometer
and observed using a microscope with 100x
magnification. THC calculation was based on the
following formula:

Number of

THC = cells observed %25 %
Number of

observed fields

——— x diluting factor
Hemocytometer

volume

Phagocytosis activity (PA)

Phagocytosis activity (PA) was measured by
mixing 100 pl of shrimp hemolymph sample with
25 pl of Staphylococcus aureus suspension (107
CFU/mL) and incubating for 20 minutes. A smear
preparation was made, dried, fixed with methanol
for five minutes and dried again. Then stained
with Giemsa stain for 20 minutes and observed
using a microscope with 400x magnification
(Chen et al., 2014).

Phenoloxidase (PO)

Phenoloxidase activity = was  measured
using a spectrophotometer by recording
the change in dopachrome formed from

L-dihydroxyphenylalanine ~ (L-DOPA).  The
optical density of phenoloxidase activity in
the experimental shrimp was expressed by the
dopachrome formed in 100 pL of hemolymph. The
optical density was set at490 nm using a microplate
reader. Phenoloxidase (PO) activity was measured
based on the formation of dopachrome produced
by L-dihydroxyphenylalanine (L-DOPA)
according to Zhao et al. (2017).

Respiratory burst (RB)

A mixture of hemolymph and anticoagulant
(50 pL) was incubated for 30 minutes at room
temperature. It was centrifuged at 3,000 rpm for
20 minutes. The supernatant was discarded and
100 pL of NBT (0.3%) was added and incubated
for 2 hours at room temperature. The solution
was centrifuged at 3,000 rpm in 10 minutes. The
supernatant was discarded and 100 pL of absolute
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methanol was added and centrifuged again at
3,000 rpm for 10 minutes. The resulting pellet
was washed twice with 70% methanol and dried.
120 pL of 2M potassium hydroxide (KOH) and
140 pL of dimethylsulfoxide (DMSO) were added.
The sample was placed in a microplate titer well
and the respiratory burst value was measured
using a spectrophotometer at a wavelength of 630
nm with KOH or DMSO as the standard solution
(blank). The respiratory burst is expressed as NBT
reduction per 10 pL hemolymph. Respiratory
burst is characterized by the rapid release of
reactive oxygen species, predominately from
neutrophils, for pathogen killing (Hampton ef al.,
2020).

Data analysis

Data were analyzed using Microsoft Excel
365 and IBM SPSS 25 software for analysis of
variance ANOVA) with a 95% confidence interval
followed by Duncan’s multiple range test.

RESULTS AND DISCUSSION

Antibacterial activity assay

The highest inhibition zone diameter (26.50
+ 0.5 mm) was obtained from treatment with a
dose of 30 pL/disc. The inhibition zone diameter
decreased at a dose of 20 pL/disc (24.2 + 0.76
mm) (Table 1). This inhibition zone value was
used as the basis for determining the addition
dose of Penicillium sp. KTR58 metabolites in
Pacific white shrimp feed.

Thin-layer chromatography fractions

The TLC fractions of Penicillium sp. KTR58
extract in the form of compound spots on the
TLC plate detected physically (UV light) and
chemically (reagent staining) are presented in
Table 2. Table 2 shows that the separation of
compounds was successful with the compound
fractions clearly visible under UV light at A
254 nm and A 366 nm, as well as after spraying

with FeCl: and anisaldehyde. The Rf values of
Penicillium sp. KTR58 ranged from 0.97 to 0.1.
The FeCls reagent identified two blue spots with
a retardation factor (Rf) value of 0.3 (tannins)
and red spots with an Rf value of 0.1, namely
flavonoids. The Penicillium sp. KTR58 extract
showed nine spots with the anisaldehyde reagent.
The blue spots were suspected to be steroid
compounds, the red and weak violet spots were
suspected to be flavonoids and terpenoids and
the yellow spots were suspected to be saponin
compounds. The high Rf value (0.93) indicates
that these steroid compounds had low polarity so
they move further in the nonpolar mobile phase.

Observation under UV light A 254 nm
detected four dark spots with Rf 0.54, 0.34, 0.14,
0.1 indicating compounds that absorb UV light,
such as coumarin, flavonoids, and alkaloids.
Observation under UV light at A 366 nm showed
five green spots with Rf values of 0.9, 0.8, 0.4, and
0.66 as flavonoids and a blue spot with an Rf value
of 0.5 as a coumarin compound. The results of
TLC using acetonitrile:butanol:aquadest (3:6:1)
eluent were compared with the standard Rf value
of barley, which is 0.625 (Utami et al., 2016). The
Rf value of the ethyl acetate extract of Penicillium
sp. KTR58 fungal metabolites were 0.7. Based on
the comparison with the standard Rf value, there
was no significant difference, indicating that the
compounds were almost the same.

Bioautography assay

Fractions in the metabolite extract of
Penicillium sp. KTR58 showed clear inhibition
zones in the middle of the chromatogram with
Rf values of 0.14-0.66 which were identified as
coumarin, flavonoids, alkaloids, saponins, and
steroids (Figure 1). The upper part (Rf 0.80-
0.98) with weaker antibacterial activity consists
of flavonoids, terpenoids, and steroids. while
the lower fraction of the chromatogram showed
no antibacterial activity. The bioautography test
results are presented in Figure 1.

Table 1. The inhibition zone diameter of Penicillium sp. KTR58 fungal isolate against V.parahaemolyticus.

Treatment Dose Inhibition zone diameter (mm)
Oxytetracycline (OTC) 1% (+) 20 pL/disc 36.67 £ 1.53
Ethyl acetate (-) 20 pL/disc 0.00 = 0.00
P1 10 pL/disc 15.67 £ 0.58
P2 20 pL/disc 24.20 £ 0.76
P3 30 pL/disc 26.50 £ 0.50
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Protease activity assay Growth performance and survival

The test results showed that a thin clear zone Feeding trial containing Penicillium sp. KTR58
formed around the Penicillium sp. KTRS58 isolate ~ metabolites showed positive effects on growth
using PDA medium with shrimp broth and PDA  performance, survival rate, and feed conversion
medium with 1% skim milk, indicating that  ratio in Pacific white shrimp during a 30-day
Penicillium sp. KTR58 produce protease enzymes feeding trial. The results of this study indicate
(Figure 2). that supplementation with Penicillium sp. KTR58

Table 2. Chromatogram of Penicillium sp. KTR58 extract on FeCls reagent, anisaldehyde, UV light A 254 nm, and

UV light A 366 nm.
. Number of . Compound
UV light/ Reagen spots Retardation factor (Rf) Color (Wagner & Bladt, 1996)
2 0.30 Blue Tannin
) 0.10 Red Flavonoid
9 0.97 Blue Steroid
0.92 Weak-violet Terpenoid
0.83 Yellow Terpenoid
0.77 Weak-violet Flavonoid
0.67 Yellow Saponin
0.55 Yellow Saponin
0.22 Blue-green Steroid
0.17 Brown Saponin
- 0.13 Red Terpenoid
Anisaldehid
4 0.54 Dark Coumarin, flavonoid. and
0.34 Dark alkaloid
0.14 Dark
0.10 Dark
UV light A 254 nm
5 0.90 Green Flavonoid
0.80 Green Flavonoid
z: 0.66 Green Flavonoid
056 0.50 Blue Coumarin
0.5 0.40 Green Flavonoid

04

UV light A 366 nm
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significantly improved growth parameters,
including final weight, final biomass, specific
growth rate (SGR), and feed conversion ratio
(FCR) compared to the control group (P<0.05).

However, no significant differences were found in
survival rate (SR) between treatments (P>0.05).
The P20 treatment showed the best growth
performance compared to other treatments with

. R[0.80 0.98
- RI0.14 0.66

(b)

Figure 2. Protease activity assay using PDA medium with shrimp broth (a) and PDA medium with 1% skim milk

(b).

Table 3. Growth performance of Pacific white shrimp in Penicillium sp. KTR58 metabolite supplementation during

30 days of feeding trial.
Variables Treatment
Control P10 P20 P30
Wo (g) 2.71 £0.13¢ 2.76 £ 0.13¢ 2.71 £ 0.15¢ 2.73+0.17¢
W (g) 6.59 +0.12¢ 8.39 £ 0.24¢ 8.87 £0.16¢ 7.57£0.17°
Bo (g) 40.56 + 0.09: 40.67 £0.13¢ 40.54 £ 0.10 40.64 £ 0.10°
B: (g) 90.35 £5.22¢ 112.09 + 10.62" 123.79 £ 8.13¢ 105.75 £ 7.50°
SGR (%/day) 2.96 +0.16° 3.71£0.17° 396 £0.18¢ 3.4 +0.22
FCR 2.16 £0.14¢ 1.73 £0.18° 1.45 £ 0.05¢ 1.84 £ 0.09°
SR (%) 93.33 + 6.66° 91.11 +10.18¢ 93.33 + 6.66¢ 93.33 + 6.66°

Note: WO = initial individual weight; Wt = final individual weight; Bo = initial biomass; B = final biomass; SGR =
specific growth rate; FCR = feed conversion ratio; SR = survival rate. Different superscript letters on the same row
(mean values + standard deviation) indicate statistically significant differences (P<0.05).
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final weight, final biomass, specific growth rate,
and feed conversion ratio values of 8.87 + 0.16
g, 123,79 + 8,1 g, 3.96 + 0.18 %/day, 1.45 £ 0.05
respectively (Table 3). Growth performance in the
P30 treatment was significantly lower (P<0.05)
compared to P20 and P30 (Figure 3).

Immune response of Pacific white shrimp

The results of immune response observations
showed that the administration of Penicillium
sp. KTR58 metabolites through feed for 30 days
produced immune responses (THC, PA, PO and
RB) values that were significantly (P<0.05) higher
than those of the control (Figure 4). The immune
response trend over 30 days showed an increase.
The highest immune response values were found
in the P20 treatment, with THC, PA, RB, and PO
values were 9.33x10°+ 0.31x10¢cells/mL, 49.73
+ 1.89%, 0.31 + 0.01, 0.29 + 0.002 respectively.

The immune response value of the P30 treatment
was significantly lower than P20 (P>0.05). So
overall, the administration of Penicillium sp.
KTR58 metabolite treatment P20 was the best
dose for improving shrimp health status.

Discussion

The highest inhibition zone diameter (26.50
+ 0.50 mm) was obtained from treatment with a
dose of 30 pL/disc. The inhibition zone diameter
decreased at a dose of 20 pL/disc (24.20 £ 0.76
mm). These inhibition zone values fall within the
very strong inhibition zone category (diameter
>21 mm) (Surjowardojo, 2015). Previous studies
have shown that Penicillium sp. isolated from
mangroves exhibit significant antibacterial
activity against pathogenic bacteria. Penicillium
sp. RIM isolated from Sonneratia caseolaris
showed superior antibacterial effects compared to

i
¢ 1 9 b
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Figure 3. Pacific white shrimp in Penicillium sp. KTR58 metabolite supplementation during 30 days of feeding

trial: Control (a), P10 (b), P20 (c), P30 (d).
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the standard Penicillium notatum, with inhibition
zones of 11.50 + 0.60 mm against Staphylococcus
aureus and 10.60 = 0.40 mm against Escherichia
coli (Prihanto et al., 2012). Similarly, Penicillium
sp. from Rhizophora apiculata showed strong
inhibitory activity with 14.62 mm against S.
aureus and 12.07 mm against E. coli (Mukhlis et
al., 2018).

The highest inhibition zone value was used
as the basis for determining the addition dose
of Penicillium sp. KTR58 metabolites in Pacific
white shrimp feed in line with Pung et al. (2025)
that Lignosus rhinocerotis methanol extract was
selected over Lignosus rhinocerotis aqueous
extract for incorporation into shrimp feed for
in vivo experiments due to its higher bacterial
inhibitory effects and lower cytotoxicity. Thin-
layer chromatography testing of Penicillium
sp. KTR58 extracts showed suspected steroid,
flavonoid, terpenoid, saponin, coumarin and
alkaloid compounds. An Rf value close to 0
indicates that the compound tends to be more
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polar because it interacts strongly with the
stationary phase, while an Rf value close to 1
indicates that the compound tends to be more
nonpolar because it interacts more strongly
with the mobile phase (solvent) than with the
stationary phase. The content of these compounds
is consistent with the results of Zhou et al. (2025)
study which found that a total of 417 secondary
metabolites were obtained from Penicillium fungi
derived from mangrove ecosystems. A total 170
compounds were identified as new compounds
and 126 exhibited bioactivities. These compounds
were structurally categorized into alkaloids (121
compounds), polyketides (146 compounds),
terpenoids (84 compounds), benzene derivatives
(38 compounds), steroids (8 compounds) and
other compounds (20 compounds).

Thin-layer chromatography (TLC) is a method
of separating chemical compounds chemically
and physically based on the migration speed
or distribution ratio of the components of the
stationary phase and mobile phase mixture.
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Figure 4. Total haemocyte count (THC) (a), phagocytosis activity (PA) (b), phenoloxidase (PO) (c), and respiratory
burst (RB) (d) in Pacific white shrimp fed different doses of Penicillium sp. KTR58 metabolite. Different letters
on each bar at the same observation time indicate statistically significant differences (P<0.05). Day 0 (D0), day 15

(D15), day 30 (D30).
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TLC is a relatively simple, fast and commonly
used chromatography method for identifying
pharmaceutical substances. Based on TLC
assay, bioautography was performed to identify
compounds with specific antibacterial activity.
The bioautography method was used to visualize
compounds with antimicrobial activity directly on
the chromatogram plate. Extracts that had been
fractionated using thin layer chromatography
(TLC) were coated with agar media that had been
inoculated with test bacteria. Clear zones that
formed indicated the presence of inhibitory power
on bacterial growth.

Red color indicated microbial growth, while
areas that did not change color (without formazan
crystals) indicate the presence of antimicrobial
compounds that inhibited the activity of these
enzymes. The test results showed that the fraction
in the metabolite extract of Penicillium sp.
KTRS58 exhibited a clear inhibition zone in the
middle of the chromatogram with an Rf value
of 0.14-0.66 which was identified as coumarin,
flavonoids, alkaloids, saponins, and steroids. The
upper part (Rf 0.80-0.98) with weaker activity
from flavonoids, terpenoids, and steroids, while
the lower fraction of the chromatogram showed
no antibacterial activity. The fractions resulting
from the separation of the Penicillium sp. KTR58
extract showed lower activity and some showed
no activity at all, compared to the ethyl acetate
extract. This finding indicated the presence of
synergistic interactions between compounds in
the extract.

Synergistic interactions occur when a
combination of several compounds produced
a stronger effect than the individual effects of
each compound. It was suggested that this was
responsible for the high antibacterial activity in
the whole extract. Penicillium sp. metabolites
are known to contain 26 compounds that
exhibit biological activity, such as cytotoxic,
antifungal,  antibacterial, anti-inflammatory,
and «a-glucosidase-inhibitory activities and 11
compounds exhibited diverse biological activities
(Zhou et al., 2025). Penicillium sp. KTR58
exhibited a weak ability to produce protease
enzymes, as evidenced by the formation of a
thin clear zone around the isolate in the protease
activity assay. In line with most studies showing
widespread protease production. De Souza
et al. (2024) highlighted protease production
across multiple Penicillium species, including P.
citrinum. P. oxalicum. and P. sumatraense.

The protease activity test was conducted to
determine the ability of fungi to produce protease
enzymes which are enzymes that hydrolyze (break
down) proteins into peptides or amino acids.
Based on their location and function, enzymes
are divided into two types, intracellular and
extracellular enzymes. One of the extracellular
enzymes that was commonly used was protease,
and the formation of a clear zone around the
colony indicated the presence of protease activity
(Sedijani et al., 2023). Feeding with Penicillium
sp. KTR58 metabolites for 30 days showed a
significant increase in the growth performance
of Pacific white shrimp compared to the control
group (Table 3). This increase in growth rate was
associated with higher feed utilization efficiency
as indicated by the low feed conversion ratio in
the treatment group.

The improved growth in the Penicillium sp
KTR58 metabolite treatment group was believed
to be due to the phytochemical content of the
metabolite. Phytosterols and saponins are known
to increase feed efficiency (Couto et al., 2014).
Flavonoid compounds can aid the digestive system
of shrimp, thereby optimizing protein absorption
(Naban et al, 2024). In addition, flavonoid
compounds can protect the shrimp’s body from
infections that attack its digestive system, thereby
enhancing the growth of white shrimp (Anggawati
et al., 2020). The administration of -glucan in
shrimp causes the intestinal surface structure
to become more extensive, resulting in better
nutrient absorption. Improvements in digestion
and nutrient absorption will lead to better feed
efficiency and protein absorption which in turn
will result in better growth performance. This
occurs because betaglucan entering the digestive
glands is degraded by glucanase for energy
production leading to greater protein utilization
for feed conversion and growth (Dawood et al.,
2015).

Furthermore, Uengwetwanit et al. (2025)
observed that higher concentrations of betaglucan
(0.4%) resulted in elevated gene expression,
increased metabolite levels, and improved
survival rates when shrimp were exposed to
pathogens. However, it was crucial to consider
that administering too much betaglucan might
harm shrimp by potentially worsening immune
reactions, inflammation, and stress. The addition
of Penicillium sp. KTR58 metabolites at a dose
of 30 mL/kg of feed showed lower growth
compared to a dose of 20 mL/kg. This means
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that the optimum dose for growth is 20 mL/
kg of feed. The administration of an active
ingredient especially one that functions as an
immunostimulant must be given at the optimum
dose because administering immunostimulants at
too high a dose was not expected to increase the
immune response (Saputra et al., 2016).

The results of THC immune response
observations showed that on day 30 the THC values
of all metabolite treatments were significantly
different from the control (P<0.05). The highest
THC value after maintenance was found in the
P20 treatment with a value 0f 9.33x10°+ 0.31x10¢
cells/mL. and were significantly different from
other treatments (P<0.05). The health condition
of Pacific white shrimp can be assessed through
their hemocyte profile. Hemocytes play a role in
recognizing and neutralizing incoming pathogens
as well as mediating immune responses through
various mechanisms such as phagocytosis,
nodule formation, melanization, intercellular
communication, and cytotoxic activity which vary
depending on the characteristics of the pathogen
(Eleftherianos et al., 2021).

The increase in THC was also in line with
the increase in RB, PO, and PA. All treatments
showed an increase in immune response over
30 days. Jannah et al. (2018) stated that total
haemocyte count (THC) plays an important role
in maintaining resistance to pathogens. The higher
the THC value, the higher the ability of hemocytes
to phagocytose. Additionally, high THC values
can stimulate the activity of Prophenoloxidase
(ProPO) in producing phenoloxidase (PO)
activity which can then defend against pathogen
attacks. Mushroom and fungal components
such as glucan, nucleotides, vitamins, chitin,
and proteins serve as immunostimulants by
improving shrimp immunity. They do this by
encouraging the development of intestinal gut
microbiota, stimulating phagocytic cells and the
prophenoloxidase (proPO) system, and enhancing
antibacterial activity in the hemolymph (Mohan
et al., 2019b; Cesena et al., 2021).

The increase in immune response indicated
that Penicillium sp. KTR58 metabolites can act
as immunostimulants that stimulate hemocyte
proliferation. This increase in immunity was
likely due to the bioactive compounds contained
in Penicillium sp. KTR58 metabolites, namely
flavonoids, alkaloids, saponins, betaglucan, and
steroids, which play an important role in enhancing
the nonspecific immune response of Pacific white
shrimp. Flavonoids function as antioxidants and

immunostimulants that can suppress oxidative
stress and increase the activity of immune
enzymes such as superoxide dismutase (SOD),
catalase (CAT), and total hemocyte count (THC).
Saponins have been shown to enhance humoral
and cellular immune responses by increasing the
number of hemocytes, phagocytic activity, and
phenoloxidase enzyme activity, this significantly
improves shrimp resistance to infection (Lin et al.,
2024). The synergistic combination of bioactive
compounds can strengthen the immune system of
Pacific white shrimp, reduce oxidative stress, and
ultimately improve the resilience and productivity
of aquaculture.

CONCLUSION

Metabolic extract of Penicillium sp. KTR58
showed strong inhibitory activity with 26.50 +
0.50 mm against V.parahaemolyticus. Penicillium
sp. KTR58 metabolite consisted of steroid,
flavonoid, terpenoid, saponin, coumarin, alkaloid,
and betaglucan compounds. In the in vivo test, the
best dose of Penicillium sp. KTR58 metabolite
addition to Pacific white shrimp feed was 20 mL/
kg because it significantly increased the growth
and immune response of Pacific white shrimp
compared to the control.
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