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ABSTRACT

The production efficiency of striped catfish Pangasianodon hypophthalmus is very dependent on the
quality of feed, which can increase the fish’s growth rate and health condition. Thus, the aimed of this
study was to investigate the effects of different levels of Oregano Essential Oil (OEQO) contained with thymol
and carvacrol, at the concentration level of 0.1, 0.2, and 0.4% OEO, which is applied using top-dressing
method and included in feed formulation on the growth rate, body composition, digestive health and
resistance of striped catfish P. hypophthalmus against the pathogenic bacteria Aeromonas hydrophila. The
results of growth trials using top-dressing method for 122 days using formulated feed method for 70 days
showed that the application of OEO yielded better growth than the control, with 0.2% OEO providing
better growth performance than 0.1 and 0.4% OEQ. The body composition analysis results also showed a
better level of nutrient absorption in fish fed the OEO-based diet compared to the control. For the number
of bacteria in the digestive tract, OEO supplementation can also significantly reduce the number of bacteria
compared to fish-fed control feed. The challenge test results after the fish were given treatment feed for 24
days showed that the application of 0.1% OEO provided better protection against Aeromonas hydrophila.
However, there was no significant difference with 0.2% OEO. The application of 0.2% OEO can be
recommended to increase the efficiency and productivity of catfish cultivation.

KEYWORDS: Pangasionodon hypophthalmus, growth performance; health; thymol; carvacrol; Origanum
vulgare

INTRODUCTION teristics of Pangasius, including the great acceptabil-
ity by the consumer, affordable cost, and white meat
make it a popular choice, often replacing the con-
sumption of other expensive white fishes, such as
cod (B-ng et al., 2021; Guimaraes et al., 2016). Cur-
rently, Vietnam is the leading producer, representing

for more than 75% of the global production and ex-

Striped catfish or Pangasius, Pangasianodon
hypophthalmus, is currently the most widely traded
fish product globally (Phan et al., 2009). The charac-

# Correspondence: Department of Aquaculture, Jakarta Technical
University of Fisheries, Ministry of Marine Affairs and Fisheries,

Republic of Indonesia
E-mail: novriadiromi@yahoo.com

porting to more than 100 countries with a total eco-
nomic value of $US 2.2 billion (Hai & Speelman, 2023;
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Nguyen et al., 2018). Meanwhile, although Pangasius
production in Indonesia also shows an increasing trend
(Poernomo & Suryanto, 2020; Thong et al., 2016),
the production still focused on meeting the domes-
tic market, and only a small portion is processed for
export (Tran et al., 2017).

The challenge in aquaculture production in coun-
tries where the fish is not a native species is the
possibility of inbreeding, which decreases genetic
diversity (Patta et al., 2024), and eventually reduces
growth rate performance, lowers viability and sur-
vival, increases the number of abnormalities, and
shows lower resistance to diseases or pathogen in-
fection (Fessehaye et al., 2007; Smallbone et al., 2016;
Thrower & Hard, 2009). Therefore, other than im-
porting broodstock from the Mekong River Basin as
their native area, the Indonesian government has
begun using genetic improvement and engineering
to maintain the fish’s optimum growth performance
and health condition (Maryeni & Fitrini, 2023; Nirmala,
2021). Additionally, the optimum growth rate of
aquatic organisms can also be maintained by provid-
ing feed that can meet the specific nutrient require-
ments (Khan et al., 2018; Peter et al., 2022; Sayeed et
al., 2008), and this is become the main strategy to
increase pangasius productivity in Indonesia. In or-
der to fill the nutritional deficiencies in farm made
feed that is commonly used, supplements or addi-
tives can be included in the diet formulation (Bai et
al., 2015; Dawood et al., 2018). One of the additives
that can be used is essential oils (EOs) as a complex
mixtures containing volatile compounds of low mo-
lecular weights belonging to various chemical fami-
lies, especially from the terpene family (Ezzat Abd El-
Hack et al., 2016; Sutili et al., 2018), which provides
various benefits such as improved growth perfor-
mance, disease resistance, gut health, and stress re-
duction (Ezzat Abd El-Hack et al., 2016). In the aquac-
ulture context, antioxidant and antimicrobial activi-
ties contained in EOs could represent a promising
option since numerous diseases have been reported
to cause massive mortalities and economic losses to
the industry (Behringer et al., 2020; Lafferty et al.,
2015; Meyer, 1991; Novriadi, 2016).

One of the plants that can be used to obtain EOs
is Oregano, which is a member of the Labiatae family
of plants, indigenous to the Mediterranean region
(Alekseeva et al., 2020). Oregano essential oil (OEO),
with its high content of phenolic compounds, par-
ticularly carvacrol and thymol, stands out for its unique
anti-bacterial characteristics (Prapti et al., 2022). The
high content of carvacrol, thymol, and their precur-
sors, a-terpinene and fi-cymene, characterizes all
“oregano” types of essential oils (Azimzadeh et al.,
2023; De Mastro et al., 2017; Kokkini et al., 1997).

Currently, there is very little information regarding
the implementation of EOs in Pangasius, especially
regarding the effectiveness of using EOs both mixed
homogeneously in making feed and top-coating pro-
cess. Therefore, the aim of this study was to evalu-
ate the effect of natural oregano essential oil (OEO,
Regavit AquaTM, Ecopharm Hellas, Greece), which is
a polyphenol consisting of carvacrol (78-82%) and thy-
mol (1.4-2.4%) as mentioned in Novriadi et al. (2023),
to the growth performance, body composition and
number of bacteria in the digestive tract of pangasius
both using top-dressing method or included in the
diet formulation. The survival rate of pangasius against
Aeromonas hydrophila bacteria was also observed to
determine the optimum dose of top-dressing appli-
cation in feed to enhance the immune system of
Pangasius juvenile.

MATERIALS AND METHODS

Experimental diets

For the top-coating process of the commercial
diet (31% crude protein and 5 % crude fat), the coat-
ing solutions was prepared by providing 10 g xantham
gum as the binder, 100 mL hot water, 1 kg of com-
mercial feed and EOS as much as 1, 2 and 4 g of Regavit
Aqua™, (RA, Ecopharm Hellas, Greece). The protocol
was initiated by mixing 100 L hot water with xantham
gum until reaching a slurry condition. Then, 1, 2 and
4 g of RA were added to the slurry solution and mixed
properly. The slurry solution containing OEO was
spread homogenously into the commercial feed until
it covered the surface of the feed evenly. The feed
was then left 10 - 15 minutes under room tempera-
ture prior to use, and labeled as 0.1; 0.2; and 0.4%
OEO, respectively.

In parallel, three experimental diets were formu-
lated to be isonitrogenous and iso-lipidic practical
diet (Table 1, 30% crude protein and 5 % crude lipid).
The control diet was prepared by using 12.5 % poul-
try by-product meal (PBM), 34.5% soybean meal (SBM),
10% double distiller’s dried grain soluble (DDGS), and
10% cassava meal (CM) without OEO (Regavit Aqua™,
Ecopharm Hellas, Greece). The experimental diets
were formulated to contain increasing levels of OEO,
as much as 0.1; 0.2 and 0.4 %, and labeled as 0.1; 0.2;
and 0.4% OEO, respectively (Table 1). Prior to produc-
tion, all ingredients including all additives and func-
tional ingredients were mixed in a paddle mixer
(Marion Mixers, Inc., Marion, 1A, USA) in a 100 kg
batch followed by grinding to a particle size of <200
um using a disk mill (Jinan Shengrun, China). The
cooking-extrusion diets were exposed to an average
of 110°C for approximately 14 seconds in five-barrel
sections and the last section was maintained at 62°C.
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Pressure at the die head was approximately 50 bars,
and screw speed was maintained at 423 rpm. Por-
tions of feeds were extruded through 2-mm die to
produce the experimental feed. Diets were dried in a
pulse bed dryer (Jinan Shengrun, China) until mois-
ture readings were below 10%. Pellets were dried at
approximately 107°C with an upper limit outflow air
temperature of approximately 88°C for 8 — 10 h. All
finished diets were bagged and stored in a tempera-
ture-controlled room until further use.

Growth Trial and feeding program

The growth trials were conducted at the Jakarta
Technical University of Fisheries located in Jakarta,
Indonesia. The juvenile of Pangasius hypophthalmus
were obtained from Cinta Fish Farm (Bogor, West
Java, Indonesia) and acclimatized to the culture sys-
tem. The acclimatized fish were then randomly dis-
tributed into 16 concrete tanks for trial 1 and plastic
ponds for trial 2. For the growth trial 1, fish with
mean initial size of 2.5 == 0.3 g were stocked into 16
tanks with the size of 1.34 x 1.32 x 1.10 m and den-
sity of 50 fish m3. Meanwhile for the trial 2, 240 fish
(mean initial weight 6.5 = 0.2 g) were stocked into
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plastic ponds with size of 8 x 10 x 1.5 m and density
of 15 fish m? per culture pond. For both trials, four
replicate groups of fish were administered different
types of experimental diets for 122 days (trial 1) and
70 days (trial 2) and fed by hand four times daily, at
07:00, 11:00, 15:00, and 20:00h. Based on our his-
toric results, feed inputs were pre-programmed as-
suming the average growth of pangasius and feed
conversion ratio of 1.5. Daily allowances of feed were
adjusted based on observed feed consumption,
weekly counts, and mortality. Water quality during
the culture period, including for physical parameters:
pH. Temperature (°C), and dissolved oxygen (mg L%)
as well as the chemical parameters: nitrite (NO,-N),
nitrate (NO,-N), ammonia (NH,-N), and total dissolved
solid were summarized in Table 2.

Growth performance analysis

At the termination of the feeding period, fish in
each treatment were group counted and individually
weighed, and the final biomass, final weight, percent-
age weight gain (PWG), feed conversion ratio (FCR),
percentage survival (SR) and thermal unit growth co-
efficient (TGC), were calculated as follows:

__ (average individual final weight—average individual initial weight) 100

PWG
(average individual initial weight)

FCR — feed given (g)

alive weigh gain of fish (g)
SR — final number of fish 100

initial number of fish

FBwl/3_IBwl/3

T6C =——F———>100

STD

where FBW is the final body weight, IBW is the
initial body weight, T is the temperature (°C) and D
is the number of feeding days.

Total bacteria analysis in fish

Total plate count (TPC) analysis was used to count
the total bacteria in fish that was carried out asepti-
cally to prevent unwanted contamination and was done
in duplicate to increase the accuracy of the results.
Before conducting the TPC test, all tools and medi-
ums were sterilized. After the sterilization, the me-
dia temperature was maintained at 45-55°C in a wa-
ter bath to prevent the media from freezing. The
diluent solution was prepared by dissolving 8.5 grams
of NaCl in 1 liter of distilled water and sterilized in an
autoclave at 121 °C for 15 minutes. The test began
with weighing 10 grams of Pangasius digestive tract,
grinding it, and dissolving it in a sterile diluent solu-
tion until it reached a volume of 100 mL to obtain a
dilution of 10%. Next, 1 mL of the solution was put

into a test tube containing 9 mL of sterile dilution
solution to obtain a dilution of 102. The process con-
tinued with the same procedure until a dilution of
10° was obtained. From each dilution test tube, 1 mL
was taken using a pipette and put into a sterile Petri
dish; this was done using Duplo. A total of 15 mL of
PCA (Difco) was poured into each Petri dish. After-
ward, the Petri dish was shaken in a circle on the
table to distribute the PCA media and sample evenly.
After the PCA in the Petri dish was frozen, the Petri
dish was placed in an inverted position in an incuba-
tor at 35 °C for 48 hours. After incubation, bacterial
colonies in each Petri dish were counted. The num-
ber of bacteria that could be counted in a Petri dish
was 30 - 300 colonies.

Body composition analysis

Upon termination of both growth trials, three fish
were randomly selected from each tank or twelve fish
per dietary treatment and stored at - 80° C for body
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composition analysis. Prior to proximate analysis,
dried whole fish were rigorously blended and chopped
in a mixer according to methods described by Asso-
ciation of Official Analytical Chemist (AOAC). All pa-
rameters were analyzed at the accredited laboratory
Saraswanti Indo Genetech (SIG, Bogor, West Java, In-
donesia) and the mean of each value were taken.

Challenge test

Bacterial culture

The bacteria used for the challenge studies were
obtained from the Main Center of Freshwater Aquac-
ulture Development, Sukabumi (West Java, Indone-
sia). The pure bacterial species were confirmed as
Aeromonas hydrophila following the identification
methods described by Frerichs & Millar (1993). The
identification tests included Gram stain, oxidase,
oxidation/ fermentation (O/F), motility, hemolysis on
5% sheep blood agar, and biochemical profiles obtained
using the commercially available APl 20E kit
(Biomerieux). The Gram stain, O/F, motility, and oxi-
dase tests were performed as described in Frerichs
& Millar (1993). The biochemical tests were conducted
as described in the manufacturer’s instructions and
read after 24 and 48 hours. A bacterial suspension of
early log-phase growth was prepared overnight with
a culture of 1-2 colony-forming units (cfu) in 50 mL
of tryptone soya broth (TSB, Oxoid) in an orbital shak-
ing incubator at 28°C at 120 rpm. The cultures were
then centrifuged and washed twice in sterile phos-
phate buffer saline (PBS 0.02 m phosphate, 0.15 m
NaCl), and turbidity was measured to give an OD 600
nm value of 1. This was expected to be 1 < 10° cfu
mL™.

Bacterial infection

The infection begins by stocking fish into each
container, which is 60 < 40 x< 40 cm in size and has
a density of 15 fish per container. Each treatment has
four replicates. The fish (initial mean weight 10 g)
were then given different feeds using a top-dressing
process as described in growth trial-1 for 28 days.
After 28 days, the fish were challenged using the im-
mersion method with a concentration of A. hydrophila
1 =108 cfu mL?, which is confirmed as the dose that
gave 50% total mortality for fish. The control group
received no bacterial challenge but was given an in-
jection of PBS at 0.1 mL per fish. After the challenge,
fish were monitored for two weeks, and the moni-
toring campaign was performed at least twice per
day. Dead and moribund fish were immediately re-
moved and weighed, and their lengths were measured.
Fish were monitored until 14 days post-infection.
During the challenge period, fish still receive experi-

mental and control feed. All remaining fish at the end
of observation period were examined for clinical
symptoms and the number of survival rate.

Statistical analysis

Data on the growth parameters and total bacteria
were analyzed using one-way analysis of variance
(ANOVA) to determine significant differences among
treatments, followed by Tukey’s multiple compari-
son tests to determine the difference between the
means among the treatments. All statistical analyses
were conducted using SAS system (V9.4. SAS Insti-
tute, Cary, NC, USA).

RESULTS AND DISCUSSION

Plant extracts can mitigate the challenges in an
effort to reduce feed prices by substituting expen-
sive raw materials, such as fish meal, with cheaper
alternative protein sources (Bae et al., 2020; Rimoldi
et al., 2020; Torrecillas et al., 2021). Plant extracts
containing antioxidants have been widely observed
and have the potential to be used in the aquaculture
industry (Kulisic et al., 2004). Among plant extracts,
oregano essential oil (OEO), which is rich in thymol
and carvacrol, has been observed as able to stimu-
late growth and improve health conditions of Pacific
white shrimp Litopenaeus vannamei (Novriadi et al.,
2023), channel catfish Ictalurus punctatus (Zheng et
al., 2009), and zebrafish Danio rerio (Rashidian et al.,
2021). However, it is important to note that the ef-
fectiveness of OEO can vary depending on factors such
as species, dosage, extraction method, and the spe-
cific challenges associated with low fishmeal diets.

In this research, from the data presented in Table
3 for the growth rate of P hypophthalmus in con-
crete tanks for 122 days, it is shown that fish fed
without OEO significantly had the lowest growth rate
and level of feed efficiency compared to the group of
fish given feed treated with OEO (P <0.05). In gen-
eral, the addition of OEO in feed using top-dressing
process increases the growth rate of fish significantly,
whereas the use of 0.2% OEO provides better final
weight, thermal growth coefficient (TGC), percent-
age weight gain (PWG), and a better survival rate
compared to other dietary treatments. Giving a
higher dose (0.4% OEO) using the top-dressing
method also provided significant growth compared
to the control. All the water quality data as shown in
Figure 2, were still within the acceptable range for
catfish to be cultured in the concrete tank. Mean-
while, the growth of fish P hypophthalmus kept for
70 days in plastic ponds using specially formulated
feed with the several inclusion levels of OEO has the
same growth tendency as fish kept in the concrete
tanks. As presented in Table 4, the inclusion of OEO
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improved growth performance of fish compared to
the control treatment. Fish fed with 0.2% OEO pro-
vided better biomass, FBW, PWG, and FCR than other
treatments, including those treated with 0.1 and 0.4%

OEO. For survival rate, the addition of OEO provided
a better survival rate compared to the control group,
with no significant difference between the 0.1 and
0.2% OEO treatments.

Table 1. Composition (% as is) of diets consisting of several inclusion levels of oregano essential oil (OEO,
Regavit Aqua™, Ecopharm Hellas, Greece) powder and fed to Pangasius hypophthalmus over 70 days
of culture period

] ) Diet code

Ingredients (% as is) Control 01500  0.2% 0RO 0.4% OEO
Poultry by-product meal* 12.50 12.50 12.50 12.50
Soybean meal* 34.50 34.50 34.50 34.50
DDGS! 10.00 10.00 10.00 10.00
Menhaden fish oil* 2.00 2.00 2.00 2.00
Cassava meal? 10.00 10.00 10.00 10.00
Powder of oregano polyphenols® 0.00 0.10 0.20 0.40
Corn starch? 10.90 10.80 10.70 10.90
Wheat products* 15.00 15.00 15.00 15.00
Mineral premix® 2.50 2.50 2.50 2.50
Vitamin premix® 2.50 2.50 2.50 2.50
Rovimix Stay C-35%° 0.10 0.10 0.10 0.10
Proximate analysis
Ash Content (%) 9.55 9.40 9.32 9.31
Total Fat (%) 5.35 5.33 5.33 5.34
Moisture Content (%) 9.12 9.08 9.14 9.11
Protein Content (%) 30.02 30.04 30.12 30.14

1 PT FKS Multi Agro, Tbk. Jakarta, Indonesia

2 PT Rajawali Mitra Pakanindo, Banten, Indonesia

8 Regavit aqua™, RA, Ecopharm Hellas, Greece

4 PT Pundi Kencana, Cilegon, Banten, Indonesia

5 Contained (as g/kg premix): cobalt chloride, 0.04; cupric sulfate pentahydrate, 2.50; ferrous sulfate, 40.00; magnesium sulfate
anhydrous, 138.62; manganous sulfate monohydrate, 6.50; potassium iodide, 0.67; sodium selenite, 0.10; zinc sulfate heptahydrate,
131.93; and cellulose, 679.64.

5 Contained (as g/kg premix): thiamin-HCI, 0.438; riboflavin, 0.632; pyridoxine-HCI, 0.908; D-pantothenic acid, hemicalcium salt,
1.724; nicotinic acid, 4.583; biotin, 0.211; folic acid, 0.549; vitamin B12, 0.001; inositol, 21.053; menadione sodium bisulfite, 0.889;
vitamin A acetate (500,000 IU/g), 0.677; vitamin D3 (1,000,000 1U/g), 0.116; DLalpha-tocopheryl acetate (250 I1U/g), 12.632; and
alpha-cellulose, 955.589.

Table 2. Water quality analysis for physical and chemical parameters for both growth trials
Growth trial 1 Growth trial 2

No Parameters Unit M Y Y Y
Physical parameters
1 pH 7.58 +0.44 7.95+0.77 7.63 £ 0.22 7.74 £ 0.54
2 Dissolved oxygen mg L? 418 +1.18 6.04 +1.09 512 £0.29 6.01 +0.72
3 Temperature °C 2718+ 2.14 29.22 + 0.68 29.12+042  29.89+0.33
Biological parameters
1 Nitrite-nitrogen (NO2-N) mgL* 0.085 +=0.012 0.036 % 0.008
2 Nitrate-nitrogen (NO3-N)  mgL™ 8.274 +1.833 6.188 +0.112
3 Ammonia (NH3) mgL?! 0.024 +=0.019 0.018 £ 0.007
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Table 3. Growth performance of Pangasius hypophthalmus (— 2.5 = 0.3 g as the initial mean weight) fed
experimental diets for 122 d fed with top-dressing diets with several levels of OEO (Ecopharm
Hellas, Greece) in liquid form. Values represent the mean of four replicates. Results in the same
columns with different superscript letter are significantly different (P<<0.05) based on analysis of
variance followed by Tukey’s multiple comparison test.

2

Treatment FCR

FBWl (9)

3 4

5
TGC PWG (%) SR (%)

Control

0.1% OEQO?
0.2% OEO
0.4% OEO

242.45°
311.29%
340.28°

1.432
1.29%
1.11°
1.19°

11176.74°
14378.49%
15726.86%
15370.58%

0.3827°
0.4250%
0.4408°
0.4366°

81.92
81.85
83.54
83.75

332.62°
P-value <0.0001
6

PSE 9.1453

0.0020

0.05255

<0.0001
0.0055

<<0.0001
425.3622

0.7844
1.9658

Note: *FBW = Final body weight; 2FCR = Feed conversion ratio; STGC = Thermal growth coefficient; “PWG= Percentage weight
gain; SR = survival rate; SPSE = Pooled standard error, and “OEO = Oregano Essential Oils.

Table 4. Growth performance of Pangasius hypophthalmus (Mean initial weight — 7 g) fed with several
inclusion levels OEO (Ecopharm Hellas, Greece) in dry form for 70 d. Values represent the mean of
four replicates. Results in the same columns with different superscript letter are significantly differ-
ent (P<<0.05) based on analysis of variance followed by Tukey’s multiple comparison test.

Treatment

Biomass FBW! (g)

PWG (%)? FCR® SR ()*

Control
0.1% OEQ’
0.2% OEO
0.4% OEO

1479.332
2320.00*
2636.67°
2397.33%

116.87¢
161.83°
183.872
179.73%

1.66"
1.322
1.292
1.34°

1569.522
2211.90%
2526.67?
2467.62%°

84.44%
95.56"
95.56"
88.89%

<<0.0001
67.7777

<<0.0001
2.0259

P-value
PSES

<<0.0001
28.9426

<<0.0001
0.0112

0.0192
2.2224

Note: *FBW = Final body weight; 2PWG= Percentage weight gain; 3FCR = Feed conversion ratio; ‘SR = survival rate; and °PSE =

Pooled standard error.

Research conducted by YILMAZ et al. (2017) on P,
hypophthalmus also demonstrated the positive effects
of thymol and carvacrol when added separately to
commercial feed at a dose of 0.1, 0.3, and 0.5% to
the growth performance of fish compared to the con-
trol group. In this research, YILMAZ et al. (2017) high-
lighted that the higher the dose of thymol and car-
vacrol added to the diet, the better the growth, in-
cluding final weight and weight gain of the fish. The
improvement in growth rate is possible because thy-
mol and carvacrol can prevent free radicals and im-
prove the gut microflora condition of the fish, which
eventually improves the digestion coefficient and
absorption of nutrient compounds to optimize the
growth (Alagawany et al., 2015; Alagawany et al.,
2021). However, slightly different from YILMAZ et al.
(2017), our results showed that the addition of OEO
contain with thymol and carvacrol at doses higher
than 0.2% did not have a significant impact on the
growth of pangasius fish, whether fed with the top-
dressing method or fed with experimental formulated
feed. The difference might be due to the different

types of purity of thymol and carvacrol used and the
application of thymol and carvacrol, which was car-
ried out separately in the study conducted by YILMAZ
et al. (2017).

The proximate analysis of fish shows that fish fed
thymol and carvacrol have better crude protein and
fat level than the control group (Table 5). According
to Ferreira et al. (2016), Oregano EO increases the
height and width of intestinal folds due to its antimi-
crobial activity and can also improve the digestive
and absorptive processes by increasing the surface
area of the pleats. In a study with Nile tilapia, Abd EI-
Naby et al. (2020) indicated that feeding Nile tilapia
fingerlings with dietary thymol significantly enhanced
the intestinal villi length in fish. Therefore, the in-
crease in protein and fat retention and greater en-
ergy availability in the fish group fed with OEO-based
diet can be correlated with improvements in the in-
testinal villi of fish, which facilitate better levels of
nutrient absorption compared to the control treat-
ments.
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Table 5. Proximate composition and energy (wet weight basis) of whole body of pangasius fed experimental
diets for 122 d using top-dressing method and 70 d using formulated experimental diet. The value
represented duplicate analysis per treatment.

Top dressing method Formulated experimental diet
Control 0.1%OEO 0.2%OEO 0.4%OEO Control 0.1%OEO 0.2%OEO  0.4% OEO

No Parameter Unit

Protein

1 content % 17.48 17.79 17.88 17.65 1555 15.49 15.85 15.82
Ash

2 content % 1.22 1.18 1.09 1.16 1.12 1.03 1.08 1.05
Moisture

3 content % 78.92 78.84 78.85 78.62 80.23  80.12 80.11 79.67
Total Kcal/100

4 calories g 79.14 79.47 79.89 79.42 7114 7212 72.19 72.18

5 Total fat % 0.63 0.78 079 0.72 0.52 0.54 0.55 0.56
Crude

6 fiber % 0.14 0.13 0.14 0.14 0.18 0.17 0.17 0.19

Many studies have demonstrated that carvacrol  trial, either at 122 days for the top-dressing method
and thymol are potent antibacterial agents, especially  or 70 days using the experimentally formulated feed,
against pathogenic bacteria (HNKS et al., 2021;  had lower number of bacteria in fish digestive tract
Menezes et al., 2018; Zhou et al., 2007). This capabil-  compared to the control treatment. The consistent
ity might be due to the ability of carvacrol and thy-  results, even though using different methods and
mol, precisely because of their hydrophobic nature,  durations of observation, show that thymol and car-
to inhibit the synthesis of cell membranes (HNKS et  vacrol can be used as active ingredients to act as an-
al., 2021). In our recent findings, the number of bac-  tibacterial agents in the aquaculture industry.
teria (107 cells mL1) shown at the end of the growth

300
250
200
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100

O iii

0% OEO 0.1% OEO 0.2% OEO 0.4% OEO
Dietary treatment
Figure 1. Number of bacteria (107 cells mL?) after 122 d of the feeding period with top-dressing diets with

several levels of OEO (Ecopharm Hellas, Greece). Values represent the mean of four replicates (P=
0.0233).
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Figure 2.  Number of bacteria (107 cells mL?) after 70 d of the feeding period with formulated feed contained
with several inclusion levels of OEO (Ecopharm Hellas, Greece). Values represent the mean of four
replicates (P<<0.0001).
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Survival rate of fish (%)
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Figure 3.

The antibacterial ability of thymol and carvacrol
can also be seen in the results of the challenge test
carried out in this study against Aeromonas hydrophila
at a dose of 1 x 108 cfu mL?, where the survival rate
of pangasius fish fed with the top-dressing method
for 24 days was better than that of the control treat-
ment. It is very interesting to see that the 0.1% OEO
treatment has a survival rate that is numerically bet-
ter than that of the 0.2 and 0.4% OEO treatments.
The use of thymol has been proven effective in in-
creasing the resistance of Nile tilapia against
Aeromonas hydrophila (Khalil et al., 2023). In addi-
tion, the application of OEO, where thymol and car-
vacrol are one of the main components, can increase
the resistance of rainbow trout, Oncorhynchus mykiss
(Walbaum) against Lactococcus garvieae (Diler et al.,
2017). To our knowledge, this is the first time that a
challenge test and analysis of the number of bacteria
in the digestive tract have been performed in P
hypophthalmus. This provides a link between survival
rate in both growth trials, digestive health, and re-
sistance to pathogenic bacteria.

CONCLUSIONS

The present study showed that using the top-
dressing method and formulated feed, thymol, and
carvacrol can induce better growth performance of
Pangasius fish. Thymol and carvacrol also possess
antibacterial solid activity against Aeromonas
hydrophila and can reduce the number of bacteria in
the digestive tract of fish. Based on the results, the
use of 0.2% OEO is proven to be effective for increas-
ing growth rate, body composition, digestive health,
and resistance against pathogenic bacteria in P
hypophthalmus.
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