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GC-MS profiling and antioxidant activity of ethanol extracts from tissue-cultured
Kappaphycus alvarezii and their effect on Nile Tilapia (Oreochromis niloticus) growth
performance and hematological parameters
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Abstract: This study aimed to identify the bioactive compounds present in Kappaphycus alvarezii
ethanol extracts using various solvent ratios, through GC-MS analysis and antioxidant activity
assays. The ultimate goal is to provide critical insights supporting the application of K. alvarezii
extract as a feed additive in the diet of Nile tilapia (Oreochromis niloticus). The research was
conducted in two experimental phases. Phase 1 involved the preparation of ethanol extracts using
three different solvent ratios: 1:3 (A), 1:4 (B), and 1:5 (C). Each extract was analyzed using Gas
Chromatography-Mass Spectrometry (GC-MS) to profile the chemical constituents, followed by
evaluation of their antioxidant activity. Phase 2 assessed the application of these ethanol extracts in
commercial fish feed over a 40-day rearing period. Four dietary treatments were tested: commercial
feed only (P1), and commercial feed supplemented with K. alvarezii extract at ratios of 1:3 (P2), 1:4
(P3), and 1:5 (P4). A Completely Randomized Design (CRD) with three replicates per treatment was
employed, resulting in a total of 12 experimental units. Growth performance and survival rate of Nile
tilapia were evaluated. GC-MS profiling revealed that the ethanol extracts were dominated by
palmitic acid (hexadecanoic acid), a compound known for its antioxidant potential. The extract with
a 1:3 solvent ratio exhibited the strongest antioxidant activity, with an ICs, value of 34.66 ppm.
Application of this extract in fish feed significantly influenced growth and survival performance. The
1:3 treatment yielded the best results, enhancing absolute weight gain (4.51£0.47 g), specific growth
rate (1+0.07%/day), and achieving a 100% survival rate. Additionally, this treatment improved the
fish’s health status, as indicated by elevated erythrocyte counts (306,000 cells uL1) and hematocrit
levels (25.7%).
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Introduction
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The use of tissue-cultured seedlings in seaweed
cultivation offers numerous advantages, one of which
is accelerated growth, enabling large-scale production
(Reddy et al., 2017; Rama et al., 2018; Budiyanto et
al., 2019; Cahyani et al., 2020). Reddy et al. (2017)
reported that tissue-cultured seaweed can grow 1.5 to
1.8 times faster than naturally grown seaweed. This
increase in productivity expands the potential
applications of tissue-cultured seaweed across food
and non-food industries.

Seaweed is widely recognized for its utility as a
source of carrageenan, agar, and alginate—key
ingredients in  various industries, including
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functional foods (Chandimali et al., 2023). In addition,
seaweed contains a diverse range of bioactive
compounds exhibiting extensive biological activities,
such as phenolic compounds with anti-inflammatory,
antioxidant, antibacterial, antifungal,
antiviral,  neurotrophic, and  antihypertensive
properties (Ganesan et al., 2019; Biris-Dorhoi et al.,
2020; Lopes et al., 2021; Pereira and Valado, 2021).
The phytochemical properties and bioactive
components of seaweed have also been utilized in
aquaculture, where they have been shown to enhance
both the quantity and quality of aquaculture yields
(Pratama et al., 2022). One such application is as a

anticancer,
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feed additive. In aquaculture, feed additives can
enhance growth performance and feed efficiency. One
promising species for use as a natural feed additive is
Kappaphycus seaweed
(Rhodophyceae) propagated through tissue culture.
Ariano et al. (2021) found that K. alvarezii has greater
potential as a feed additive compared to K. striatum,
due to its superior chemical and nutritional
composition.

Previous work by El-Beltagi et al. (2022) identified
several bioactive compounds in K. alvarezii, including
flavonoids,  alkaloids, triterpenoids,  proteins,
carbohydrates, and lipids. Phytochemical screening
has also revealed the presence of alkaloids, steroids,
triterpenoids, and flavonoids in the ethanol extracts, as
well as triterpenoids and flavonoids in the ethyl
acetate extracts of K. alvarezii (Lumbessy et al.,
2024). Nearly all bioactive compounds found in red
algae have been shown to possess antioxidant
properties (Valente et al., 2015; Aradjo et al., 2015;
Azeez et al., 2020; Morais et al., 2020; Vazirzadeh et
al., 2020). Antioxidants are substances that inhibit or
prevent oxidative damage to cells. They function by
donating electrons to stabilize free radicals, thereby
protecting cells and enhancing the innate immune
response in aquatic organisms (Tripathy, 2016).

The bioactive compounds in K. alvarezii can be
extracted through solvent extraction. This process
involves separating target compounds from the raw
material using an appropriate solvent. Standard
extraction techniques include maceration, reflux,
Soxhlet, percolation, and ultrasound-assisted
extraction, with maceration being the most frequently
used method. The choice of solvent plays a crucial
role, as it affects the extraction of chemical
constituents based on their polarity and toxicity.
Solvent polarity affects not only the rate of extraction
but also the type and yield of active compounds
recovered (Santos et al., 2019; Anova and Yeni,
2020).

However, there is still limited comprehensive
research on the use of K. alvarezii extracts as feed
additives in fish diets. Therefore, this study aims to
identify bioactive compounds in K. alvarezii extracts

alvarezii, a red

obtained with ethanol as the solvent, using GC-MS
analysis and antioxidant activity assays. The findings
are expected to support the potential application of
K. alvarezii extract as a functional feed additive for
aquaculture, particularly in Nile tilapia (Oreochromis
niloticus) farming.

Materials and Methods

The research was conducted from May to October
2024. The fresh K. alvarezii used in this study was
cultivated using tissue-cultured seedlings for 45 days
in Teluk Ekas, East Lombok. This experimental
research was performed in two main stages:

Stage 1: Extraction, GC-MS analysis, and
antioxidant assay: The first stage involved preparing
of ethanol extracts from K. alvarezii, followed by GC-
MS analysis and testing for antioxidant activity. The
variable tested was the ethanol-to-seaweed ratio, with
three extraction treatments: A: K. alvarezii extract:
Ethanol (1:3), B: K. alvarezii extract: Ethanol (1:4),
and C: K. alvarezii extract: Ethanol (1:5).

Stage 2: Application of K. alvarezii ethanol extract
in Nile tilapia feed: The second stage involved
evaluating the application of K. alvarezii ethanol
extract in Nile tilapia feed during a 40-day culture
period. Four dietary treatments were tested: P1:
Commercial feed (control), P2: Commercial feed +
K. alvarezii ethanol extract (1:3 solvent ratio), P3:
Commercial feed + K. alvarezii ethanol extract (1:4
solvent ratio), and P4: Commercial feed + K. alvarezii
ethanol extract (1:5 solvent ratio). A Completely
Randomized Design (CRD) was employed, consisting
of four treatments.

Preparation and extraction of K. alvarezii powder:
Fresh K. alvarezii cultivated for 42 days was air-dried
in the shade (without direct sunlight) until completely
dehydrated. The dried seaweed was then cut into small
pieces, ground using a blender, and sieved to obtain a
fine powder. The extraction was performed using the
maceration method, in which the seaweed powder was
soaked in ethanol at varying solvent ratios, following
the protocols of Putra et al. (2016) and Podungge et al.
(2017). A total of 100 g of K. alvarezii powder was
placed in an Erlenmeyer flask and mixed with 96%
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ethanol, following the treatment groups: 1:3 solvent
ratio, 300 mL of ethanol was added, 1:4 solvent ratio,
400 mL of ethanol was added, and A 1:5 solvent ratio
was used, with 500 mL of ethanol added.

The flasks were covered with aluminum foil and
macerated for 30 hours at 30°C, stirring every 5 hours
to ensure uniform mixing. After maceration, the
mixture was filtered, and the filtrate was concentrated
using a rotary vacuum evaporator (EYELA N-1100).
The resulting extract was stored in aluminum foil-
covered containers. Extraction yield was calculated
for each treatment using the following formula (Astika
et al., 2022) of: Extraction yield = (Weight of extract)
/ (Weight of sample) X 100% of Extraction yield =
(Weight of extract) / (Weight of sample) x 100%.
Chemical profiling of K. alvarezii extract via GC-
MS: A 1 uL aliquot of the K. alvarezii ethanol extract
was injected into a Shimadzu QP 2010 SE Gas
Chromatography-Mass  Spectrometry  (GC-MS)
instrument. The system was equipped with an Rtx-
SMS  capillary column (5%  diphenyl/95%
dimethylpolysiloxane) and a Carbowax (polyethylene
glycol) column. The identification of chemical
constituents was based on the interpretation of mass
spectral fragmentation patterns. These patterns were
matched against reference spectra from the National
Institute of Standards and Technology (NIST) library
and the Wiley7 compound database.

Antioxidant activity assay of K. alvarezii extract:
The antioxidant activity of the extract was evaluated
using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging assay, as described by Subri and
Zin (2020). A total of 25 mg of K. alvarezii extract
was dissolved in 125 mL of ethanol, yielding a stock
concentration of 200 ug mL"!. Serial dilutions of the
extract were prepared, and each concentration was
mixed with 2 mL of 50 uM DPPH solution. The
mixtures were homogenized and incubated in the dark
at room temperature for 30 minutes. Following
incubation, the absorbance of each solution was
measured at 517 nm using a UV-Vis
spectrophotometer to determine DPPH radical
scavenging activity. The absorbance values were used
to calculate the IC, (half-maximal inhibitory

concentration). Vitamin C was used as a positive
control. The percentage inhibition for each sample
was plotted on the y-axis and extract concentration on
the x-axis to derive a linear regression equation (y = a
+ bx). The IC, value is the concentration required to
scavenge 50% of the DPPH radicals. Each sample was
tested in triplicate, and results were reported as
standard deviation (SD). The percentage of DPPH
radical scavenging activity was calculated using the
following formula (Wu et al., 2022): DPPH inhibitor
activity (%) = (absorbent control-absorbing sample) /
(absorbent control) x 100%.

Application of K. alvarezii extract to Nile tilapia
commercial feed: The extract was applied to tilapia
feed by spraying the K. alvarezii ethanol extract at 2
g/kg, according to the designated treatment groups.
The commercial feed used was Hi-Pro Vite (28-30%
protein, 6-8% lipid, 4-6% fibre, 10-13% ash, and 11-
13% moisture). The extract was diluted with 10 mL of
distilled water before application. The treated feed
was air-dried at room temperature to remove excess
moisture. Fish were reared in 45 L containers for 30
days, with a stocking density of 10 fish per container.
Feed was administered according to the treatment
groups at a feeding rate of 5% of total biomass,
divided into three daily feedings. Throughout the
experimental period, fish growth performance and
water quality parameters were monitored at 10-day
intervals. Dead fish were recorded daily, and uneaten
feed and waste were siphoned regularly to maintain
water quality.

The growth performance parameters analyzed
included absolute weight gain, specific growth rate
(SGR), and survival rate (SR) (Lugert et al., 2016).
Additionally, hematological parameters (erythrocyte
count and hematocrit value) (Witeska et al., 2022) and
water quality indicators (temperature, pH, and
dissolved oxygen) were measured.

Data analysis: Extraction yield, GC-MS results,
antioxidant activity, hematological parameters, and
water quality data were analyzed descriptively.
Growth performance and survival data were analyzed
using analysis of variance (ANOVA) at a 95%
confidence level. If significant differences were



Int. J. Aquat. Biol. (2025) 13(6): 36-49 39

detected (P<0.05), the means were further compared
using Duncan’s Multiple Range Test (DMRT).

Results

Yield of K. alvarezii extract: The results showed that
the ethanol extract yield from K. alvarezii powder
across all solvent-ratio treatments ranged from 3 to 6%
(Table 1). The highest extract yield was obtained from
the 1:5 solvent-to-sample ratio treatment (P4),
followed by the 1:4 ratio (P3). The lowest yield was
observed in the 1:3 ratio treatment (P2).

Gas Chromatography-Mass Spectrometry (GC-
MS) analysis of K. alvarezii ethanol extract: GC-MS
analysis revealed the presence of 17 chromatographic
peaks across all ethanol extract treatments of
K. alvarezii, using different solvent-to-sample ratios
(Table 2; Fig. 1). Nine compounds were identified in
the extract with a 1:3 solvent ratio (A), while seven
compounds were detected in both 1:4 (B) and 1:5 (C).
The chromatograms revealed multiple compounds
with distinct retention times (Fig. 1). Each compound
was further characterized by its molecular formula,
molecular weight, retention time, similarity index, and
relative abundance in the extract. The detailed
compound profiles for each solvent ratio treatment are
presented in Table 2.

Among the detected compounds, five exhibited
similarity indices below 90%, indicating a moderate
match with compounds in the Wiley7 Library
database. These included: 9-Octadecenoic acid (Z)-
(85%) and Adipinsaeure, Di(Oct-4-Y1-Ester) (81%) in
Treatment A, Hexadecanoic acid, ethyl ester (83%)
and 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl- (81%)
in Treatment B, and 9-Octadecenoic acid (Z)-, ethyl
ester (86%) in Treatment C. The remaining eleven
compounds demonstrated high similarity indices,
ranging from 91 to 97%, suggesting strong spectral
matches with entries in the Wiley7 Library (Bhuyar et
al., 2019).

Antioxidant activity assay: The antioxidant activity
of K. alvarezii ethanol extracts obtained using
different solvent ratios is presented in Table 3, which
indicates that each treatment exhibited varying
capacities to scavenge free radicals. The DPPH radical

Table 1. Yield of Kappaphycus alvarezii ethanol extract at different
solvent ratios.

Solvent-to-Sample Ratio Extract yield (%)
A)1:3 3
B)1:4 4
O 1:5 6
A
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Figure 1. GC-MS chromatograms of Kappaphycus alvarezii
ethanol extracts at different solvent-to-sample ratios: (A) 1:3, (B)
1:4.and (O) 1:5.

scavenging activity of the ethanol extracts of
K. alvarezii was also evaluated to determine ICs,
values across different solvent-to-sample ratios (Table
3).

Growth performance and survival rate of Nile
tilapia: The results showed that dietary
supplementation of K. alvarezii ethanol extracts at
different ethanol-to-sample ratios significantly
influenced the growth performance and survival rate
of O. niloticus during the 40-day culture period. The
results revealed that all treatments with K. alvarezii
extract (P2, P3, and P4) resulted in a significantly
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Table 3. Antioxidant activity of Kappaphycus alvarezii ethanol extracts at different solvent ratios using the DPPH method.

Treatments Concentration Absorbance Inhibition Regression Equations ICso Categories
(ppm) (o) (ppm)
) 4 0.709 18.60 y = 1.0499x + 13.613
K. alvarezii 8 0.677 22.27
ethanol extract at 16 0.631 27.55 -
133 (4) 24 0.514 40.99 RE=09768 3466 Very Strong
32 0.463 46.84
. 4 0.671 22.96 y = 0.1969x +22.754
K. alvarezii 8 0.656 24.68
ethanol extract at
1:4 (B) ;46; 82;‘; %gii R?=0.9634 138.37 Moderate
32 0.62 28.82
. 4 0.715 1791 y = 0.2347x + 17.389
K. alvarezii 8 0.699 19.75
ethanol extract at
1:5(C) ;i 8'2?2 gég; R?=0.9675 13895  Moderate
32 0.652 25.14
5 0.401 9.07 31746x - 5.941
y=3. X - 5.
Vitamin C " 0 PSS 1762 VeryS
. . _ . ery Strong
20 0.177 59.86 RE=09916
25 0.129 70.75
m N

P1 (Control) P3(1:4)

............

P2(1:3)

Figure 2. Nile tilapia fed diets supplemented with Kappaphycus alvarezii ethanol extracts at different solvent ratios.

higher final body weight than the control group (P1) notably enhanced the specific growth rate (SGR) and
(Fig. 2). Moreover, the inclusion of K. alvarezii higher survival rates (Figs. 3, 4, 5).
ethanol extract at ratios of 1:3 (P2) and 1:5 (P4) Hematological  profile  (erythrocytes and
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Table 4. Erythrocyte count and hematocrit levels of Nile tilapia fed diets supplemented with Kappaphycus alvarezii ethanol extracts.

Treatments Erythrocyte Count (cells puL™')  Hematocrit (%)
Control (P1) 187,000 18.57
K. alvarezii Ethanol Extract 1:3 (P2) 306,000 25.71
K. alvarezii Ethanol Extract 1:4 (P3) 281,000 24.28
K. alvarezii Ethanol Extract 1:5 (P4) 293,000 24.28

Table 5. Water quality parameters during the rearing period.

Parameters Unit Results Source: Fujaya et al. (2022)
Temperature °C 28.3-29.3 27.4-29.6
pH - 7.9-7.9 6.2-8
DO mgL! 5.9-6.9 >3
6 4.51+0.47 2
3.63+0.43 3.640.70
5 +0.
b b 1007 0.85+0.11b
c 0.77+0.07a
4 0.62+0.02 b
2.24+40.10
1 a
3 a
2
1
0
0 P1 (Control) P2{1:3) P3(1:4) P4(1:5)
P1 P2(1:3) P3(1:4) P4(1:5)

(Control)

Figure 3. Absolute weight gain of Nile tilapia fed diets
supplemented with Kappaphycus alvarezii ethanol extracts at
different solvent ratios.

hematocrit): The hematological analysis revealed
that erythrocyte counts ranged from 187,000 to
306,000 cells uL.-1, and hematocrit values ranged from
18.57 to 25.71%. The highest values for both
erythrocytes and hematocrit were observed in the
group fed K. alvarezii extract at a 1:3 ratio (P2), with
erythrocyte levels of 306,000 cells uL' and
hematocrit values of 25.71%, respectively (Table 4).

Water quality during the experimental period:
Water quality measurements across all treatments
remained within optimal ranges. They were sufficient
to support the growth and survival of Nile tilapia
throughout the 40-day culture period (Table 5).

Discussions

The use of ethanol as a solvent in the extraction
process of K. alvarezii powder in this study was based
on its polar nature. Ethanol can penetrate cell walls,

Figure 4. Specific growth rate of Nile tilapia fed diets
supplemented with Kappaphycus alvarezii ethanol extracts at
different solvent ratios.

accelerate diffusion, and effectively extract bioactive
compounds, increasing extraction yield (Tiwari et al.,
2011). Our findings are consistent with those of Fayaz
et al. (2005), who reported that ethanol extraction
yields more polyphenolic compounds than other
extraction methods. According to Noviyanty et al.
(2019), the higher the solvent polarity, the greater the
extraction yield. This is because more polar solvents
exhibit superior extraction efficiency. The findings of
this study indicate that the highest yield was achieved
at a solvent-to-sample ratio of 1:5, with a yield value
of 6%. Variations in solvent concentration
significantly affected the extraction yield, as
increasing the solvent volume enhances the solubility
and mass transfer of extractable compounds into the
solvent phase. Putra et al. (2020) reported that the
solvent-to-sample ratio during extraction plays a
critical role in determining the final yield. Moreover,
Djaeni et al. (2017) explained that a higher solvent
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Table 6. Antioxidant activity strength categories (Badarinath et al.,
2010).

I1Cso Value Categories
20100 Very strong
50-100 ppm e
100-150 ppm Modorste
L o ppm Weak
S Very weak
83.3:4.71 100:0'0 9331943 10000
120 . : . .
100
80
60
40
20
0
PL (Control) P2(1:3)  P3(1:4)  P4(1:5)

Figure 5. Survival rate of Nile tilapia fed diets supplemented with
Kappaphycus alvarezii ethanol extracts at different solvent ratios.

ratio implies a larger solvent volume, increasing the
contact surface area between the solvent and the
sample. This, in turn, facilitates greater diffusion
activity, resulting in the extraction of more bioactive
compounds. In addition, multiple factors affect the
extraction yield, including the type of raw material,
drying temperature, extraction temperature and
duration, and the concentration of active compounds
present in the raw material.

GC-MS analysis revealed 17 chromatographic
peaks across all ethanol extract treatments of
K. alvarezii, using different solvent-to-sample ratios.
Our results are consistent with those reported by
Natarajan et al. (2023), who identified nine
compounds in the ethanolic extract of K. alvarezii
using GC-MS and subsequently evaluated their
hepatoprotective and nephroprotective effects in
albino rats. In the 1:3 ratio (A), the nine identified
compounds showed retention times ranging from
11.050 to 12.777 minutes. The major constituents
were Palmitic acid (Hexadecanoic acid), representing
62.32% of the total area at a retention time of 12.010
minutes, and Di-(9-Octadecenoyl)-Glycerol (14.63%)
at 12.613 minutes. For the 1:4 ratio (B), seven
compounds were identified, with retention times

ranging from 11.054 to 12.533 minutes. Palmitic acid
again dominated the profile, accounting for 55.32% of
the total area at a retention time of 12.012 minutes. In
the 1:5 ratio (C), seven compounds were also
identified, with retention times ranging from 12.015 to
18.092 minutes. Palmitic acid remained the
predominant compound (15.40%) at 12.015 minutes,
followed by Pentacosane (12.76% and 12.85%),
which was detected at two retention times of 14.195
and 15.709 minutes, respectively.

Palmitic acid (Hexadecanoic acid) was the most
abundant compound across all ethanolic extract
treatments. Based on the detected chromatographic
peaks, this acid was the predominant compound in the
extracts of the 1:3 (A) and 1:4 (B) solvent-to-sample
ratios. However, its relative abundance decreased as
the solvent volume increased, suggesting dilution
effects or competitive extraction by other compounds
at higher solvent concentrations. Palmitic acid is a
saturated fatty acid with antioxidant properties,
particularly its ability to neutralize free radicals and
mitigate oxidative stress (Rashad et al., 2025).
Additionally, it exhibits various biological activities,
including cholesterol-lowering effects, antioxidant
potential, and inhibition of hemolysis (Uma et al.,
2011; Siswadi and Saragih, 2021).

The high percentage of Palmitic acid detected in the
current study aligns with previous findings. Young et
al. (2014) reported Palmitic acid as a dominant fatty
acid in K. alvarezii propagated through
micropropagule regeneration (36.65%) and sea
cultivation (36.36%). Similarly, Muralidhar et al.
(2010) identified Palmitic acid as the principal fatty
acid in K. alvarezii collected from Indian waters
(49.72%), while Jayasinghe et al. (2018) reported a
concentration of 40.33% in samples from Sri Lankan
waters. In the 1:5 extract (Treatment C), Pentacosane
was also detected in multiple peaks in addition to
Palmitic acid. Pentacosane 1s an alkane compound and
a plant-derived secondary metabolite commonly
found in essential oils. It is known for its antibacterial
and antimicrobial properties (Sunita and Meena, 2018;
Carev et al., 2023), further highlighting the bioactive
potential of K. alvarezii ethanol extracts.
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The antioxidant activity assay demonstrated that
each treatment exhibited varying capacities in
scavenging free radicals. A lower absorbance value
indicates higher antioxidant activity. This inverse
relationship is attributed to the fact that, at higher
concentrations, antioxidant compounds are more
effective at neutralizing free radicals. As a result, the
concentration of unreacted DPPH decreases, thereby
reducing absorbance (Ika et al., 2023). Antioxidant
activity is quantitatively expressed by the ICs, value,
which is inversely proportional to antioxidant
strength. Variations in ICs, values can be attributed to
differences in the concentration of active antioxidant
compounds within each extract. A higher ICs, value
indicates weaker antioxidant activity; conversely, a
lower ICs, value indicates greater antioxidant activity.
The ICs, results from the current study showed that the
ethanol extract of K. alvarezii at a 1:3 ratio (Treatment
A) exhibited strong antioxidant activity (ICs, < 50
ppm). In contrast, the extracts at ratios of 1:4 (B) and
1:5 (C) demonstrated moderate antioxidant activity
(100 < ICsy < 250 ppm). As expected, vitamin C
showed very strong antioxidant activity (ICs, < 50
ppm). Notably, the antioxidant activity of the 1:3
ethanol extract of K. alvarezii (A) was comparable to
that of vitamin C, suggesting that this extract holds
significant potential as a natural antioxidant agent,
particularly in its efficacy to neutralize free radicals.

The antioxidant activity of the ethanol extract of
K. alvarezii at a 1:3 ratio was the highest among the
1:4 and 1:5 extracts. This finding is supported by the
GC-MS analysis, which revealed that the bioactive
compound palmitic acid (hexadecanoic acid)—a
known antioxidant candidate—was present in a higher
concentration in Treatment A. Additionally, two other
potential antioxidant compounds were identified in
Treatment A: 9-octadecenoic acid (Z)- (oleic acid) at
2.08%, and heptadecane at 7.13%, both of which are
classified as potent antioxidants. Heptadecane, in
particular, has been reported to possess strong
anticancer, antioxidant, and antibacterial properties
(Kim et al., 2013; Kumaresan et al.,, 2015;
Vijayalingam and Rajesh, 2019). Oleic acid has also
been recognized for its significant antioxidant activity

(Wei et al., 2016). Notably, heptadecane and oleic acid
were not detected in the 1:4 (B) and 1:5 (C). The
moderate antioxidant activity observed in the 1:4 (B)
and 1:5 (C) ethanol extracts of K. alvarezii is likely
due to the presence of interfering substances such as
salts, minerals, and other nutrients. These substances,
likely introduced by the use of larger solvent volumes,
may interfere with or inhibit the activity of antioxidant
compounds.

The characterization of bioactive compounds in the
ethanol extract of K. alvarezii, as determined through
GC-MS and antioxidant assays, highlights its potential
application, particularly in the aquafeed industry as a
feed additive to enhance metabolism and improve the
health status of Nile tilapia. Nile tilapia were fed diets
supplemented with K. alvarezii ethanol extracts at
different solvent ratios in the present study. A 40-day
feeding trial showed that supplementing commercial
feed with K. alvarezii extract significantly affected
absolute weight gain, specific growth rate (SGR), and
survival rate in Nile tilapia. Based on the results, all
treatments involving commercial feed supplemented
with ethanol extract of K. alvarezii at different solvent
ratios (P2, P3, and P4) significantly increased the
absolute weight gain. Meanwhile, treatments with the
ethanol extract of K. alvarezii at 1:3 (P2) and 1:5 (P4)
ratios yielded higher specific growth rates and
survival rates in Nile tilapia. These findings suggest
that both P2 and P4 are comparable in enhancing
metabolic performance and overall health status in
Nile tilapia. This effect is likely attributed not only to
the antioxidant activity of bioactive compounds, such
as palmitic acid (hexadecanoic acid), present in both
treatments, but also to the presence of pentacosane,
which appears in several peaks in the GC-MS
chromatogram of the 1:5 ethanol extract (P4).
Lumbessy et al. (2024) also demonstrated that
supplementing commercial feed with E. cottonii
seaweed extract, prepared using various organic
solvents (ethanol, ethyl acetate, or a combination of
both) at a 1:5 ratio, significantly improved Nile tilapia
growth.

The effective application of ethanol extract from
K. alvarezii in Nile tilapia aquaculture is likely related
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to the presence of bioactive compounds. These
compounds include antioxidant agents such as
aromatic hydrocarbons, phenolic compounds, and
fatty acids. According to Oke and Hamburger (2002),
aromatic compounds containing hydroxyl groups,
particularly  ortho-dihydroxy = or  trihydroxy
substitutions, can form relatively stable radicals. The
presence of hydroxyl groups is a key structural feature
required for a compound to exhibit antioxidant
activity. In addition to aromatic hydrocarbons,
phenolic compounds and their derivatives, and fatty
acids are recognized as effective natural antioxidants.
Phenolic compounds, characterized by hydroxyl
groups attached to an aromatic ring, can neutralize free
radicals by donating a hydrogen atom (proton donor)
from their hydroxyl group, thereby stabilizing the
radical species (Tamat et al., 2007). Furthermore,
Fratianni et al. (2021) reported that fatty acids also
possess significant antioxidant potential. Based on our
findings, the ethanol extract of K. alvarezii may
function as a natural antioxidant and can be utilized as
a feed additive in Nile tilapia diets.

The use of ethanol extract of K. alvarezii as a feed
additive in Nile tilapia diets also appears to support
improved physiological conditions and overall fish
health. This is evidenced by the elevated erythrocyte
and hematocrit values observed in all treatment groups
that received commercial feed supplemented with the
ethanol extract of K. alvarezii. Among the treatments,
the 1:3 extract ratio (P2) produced the highest
erythrocyte and hematocrit values. Erythrocyte counts
in Nile tilapia in this study ranged from 187,000 to
306,000 cells pL-!, which falls within a favorable
physiological range across all treatments. Hartika et
al. (2014) reported that the normal erythrocyte range
in teleosts is 20,000-3,000,000 cells pL.
Erythrocytes function to deliver oxygen to body
tissues with the assistance of hemoglobin (Hb). A high
erythrocyte count indicates that homeostatic processes
in the fish are functioning effectively (Ambarwati et
al., 2022). Meanwhile, hematocrit values ranged from
18.57 to 25.71% across the treatments, and values for
all groups receiving the ethanol extract (P2, P3, and
P4) remained within acceptable physiological limits.

According to Sudirman et al. (2021), the normal
hematocrit range for fish is 21-41%. In line with the
increase in erythrocyte count, hematocrit values also
tended to rise (Tanbiyaskur et al., 2022).

Erythrocyte and hematocrit levels can indicate
nutritional status, environmental conditions, and stress
levels in fish (Witeska et al., 2022). Increases in both
parameters suggest enhanced immune responses
correlate with improved productivity and survival
rates (Purbomartono et al., 2024). This finding aligns
with the survival data in the present study, in which
treatments with K. alvarezii ethanol extracts at 1:3
(P2) and 1:5 (P4) ratios showed higher survival rates
than other treatments. Therefore, supplementing fish
feed with an ethanol extract of K. alvarezii is
presumed to enhance the nutritional quality of the feed
and contribute to increased red blood cell production.
Red blood cells are crucial in metabolic processes and
maintaining fish health. Simanjuntak et al. (2022)
stated that several factors, including dietary nutrition,
can influence erythrocyte and hematocrit levels in
fish.

Moreover, the improved metabolic performance
and health status observed in treatments supplemented
with K. alvarezii extract, at varying solvent ratios, are
further supported by the water quality parameters
measured during the study. Temperature, pH, and
dissolved oxygen (DO) levels remained within the
optimal range for the survival of Nile Tilapia.

Conclusions

This study investigated the antioxidant potential of
ethanol extracts of K. alvarezii, prepared at various
solvent ratios, to support its potential application as a
feed additive in aquaculture. Chemical profile
screening revealed that the ethanol extract was
dominated by palmitic acid (hexadecanoic acid. The
extract prepared at a 1:3 solvent ratio exhibited strong
antioxidant activity, with an ICs, value of 34.66 ppm.
The application of K. alvarezii ethanol extract in
commercial fish feed over a 40-day rearing period had
a positive influence on the growth performance and
survival of Nile tilapia. Among the treatments, the 1:3
solvent ratio extract was the most effective, yielding
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significantly higher absolute weight gain and specific
growth rate, and achieving 100%
Additionally, this treatment improved the fish's
physiological health, as indicated by elevated
erythrocyte counts and hematocrit.

survival.
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