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Abstract. The effects of algal meal (AM) from Chaetomorpha sp. as a replacement for fish meal (FM) on
flathead grey mullet (FGM, Mugil cephalus) fry growth, feed utilization, survival performance, economic
analysis, and cost-benefit analysis were investigated. A plastic container containing 70 liters of water
was stocked with thirty FGM fry of the same size and weight. A total of three formulated diets were
prepared: Feed 1 with 0% AM and 20% FM, Feed 2 with 10% AM and 10% FM, and Feed 3 with 20% AM
and 0% FM. A 45-day experiment was performed, featuring three repetitions for each group. Feed
formulations containing different levels of AM and FM revealed that no significant effect on the survival
and the growth of FGM fry (p > 0.05). Despite this, Feeds 1 (32.22+4.01%) and 2 (32.22%+4.44%) had
significantly higher survival rates (p < 0.05) than Feed 3 (16.67+3.85%). The lower survival rate of FGM
fry observed may be attributed to elevated ammonia and nitrite levels in the recorded water parameters.
The feed intake of Feed 1 (0.10£0.01) and Feed 2 (0.10+0.01) were significantly increased (p < 0.05)
than Feed 3 (0.05+0.01). Additionally, the proximate composition of feed (moisture, ash, crude fiber,
crude fat, and crude protein) significantly improved (p < 0.05) with the addition of varying levels of AM
and FM. Moreover, the economic conversion rate (ECR) for Feed 2 (0.44+0.12) and Feed 3 (0.43£0.14)
was lower than that of Feed 1 (0.47£0.14), indicating that these feeds were more cost-effective. As a
result, farmers can enhance survival rates, feed efficiency, and growth in FGM fry culture by substituting
10% algal meal for the more expensive fish meal.

Key Words: algal meal, Chaetomorpha sp., economic analysis, feed utilization, fish meal, Mugil
cephalus.

Introduction. The aquaculture industry provides cheap and valuable animal protein to
the world's rapidly growing population (Elhetawy et al 2021). As a contributing species to
large fisheries in estuarine and coastal regions, flathead grey mullet (FGM, Mugil
cephalus) accounts for 2.6% of the total production of marine fish by 2020 (Mondal et al
2015; FAO 2022). In Mediterranean, Southern, and Southeast Asian regions, the species
is a significant finfish species because it grows rapidly, is well adapted to captivity, eats
omnivorously, and has a high market value of dried eggs (Whitfield et al 2012; Gisbert et
al 2016). Mullets are primarily produced in polycultures, along with milkfish, tilapia, and
carp (Biswas et al 2012). However, due to the increased demand for this species,
intensive monoculture has been developed (Gisbert et al 2016). In intensive fish farming
operations, feed and feeding costs account for approximately 40-70% of operating
expenses, depending on the intensity of farming (Sharawy et al 2020). This significant
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expense is further exacerbated by the progressive depletion of global fish stocks (Perez-
Velazquez et al 2018), as limited availability and high demand have driven up prices of
fish meal and fish oil, creating a constraint on the continued development of aquaculture
(Tacon et al 2011; Perez-Velazquez et al 2019).

FAO emphasizes the importance of finding alternatives to meet fish oil and fish
meal demand (Gephart et al 2021; Shafique et al 2021). Therefore, in response to the
increase in prices, which ranges from 1,700 USD to 1,800 USD per metric ton (World
Bank 2024), and the decreasing availability of fish meal as a protein source,
manufacturers and scientists are exploring alternatives (Welker et al 2014). Over the
past decade, aquaculture has made strides in reducing the reliance on fish meal and fish
oil in aquafeeds, however, as the production of farmed species continues to grow, there
remains an ongoing need for these ingredients (Radhakrishnan et al 2015).

One such alternative is algal meal, which is significantly cheaper at 800 USD to
1,000 USD per metric ton (Wiatrowski et al 2022; Klein & Davis 2023), making it a cost-
effective and promising substitute for fish meal in aquafeeds. Algae have been
researched recently as a potential protein source for it is more economical and
sustainable than other sources of protein (Gokulakrishnan et al 2015). Macroalgae
contain abundant non-starch polysaccharides, proteins, bioactive substances, lipids,
vitamins, and minerals (Simtoe et al 2023). A macroalgae's protein content varies from
10 to 47% of its dry weight, with red algae constituting the majority of it (Simtoe et al
2023). There was a study that found 9 to 26% protein in green algae in dry weight, while
20.4 g/100 g was found for Chaetomorpha sp. (Tsutsui et al 2015; Fleurence et al 2018).
There has also been evidence that this species of plant exhibits antioxidant properties,
which means it may be a promising candidate for the purpose of stimulating growth
(Gazali et al 2019). The fact that Chaetomorpha sp. may be able to substitute for fish
meal makes it an interesting candidate for fish meal replacement trials.

Macroalgae have been extensively explored in aquaculture, and they're being used
as potential immunostimulants. Researchers have found that algal species contain
nutrients that support immune health and improve survival rates in aquatic organisms
(Sattanathan et al 2020). An investigation was conducted on the effectiveness of
Chaetomorpha sp. as an additive in the feed for Penaeus monodon in order to enhance
its feed efficiency and performance (Genovese et al 2013). It is unknown whether
Chaetomorpha sp. can be used as an additive in the feed as fish meal replacement of
finfish such as FGM. Hence, in this study, we investigated the influence of varying levels
of algae Chaetomorpha sp. inclusion as a fish meal alternative on the economic viability,
survival rate, feed utilization, and growth performance of FGM fry.

Material and Method

Study site. Research was conducted at the Mindanao State University-Tawi-Tawi College
of Technology and Oceanography, College of Fisheries, Multi-species hatchery, Sanga-
Sanga, Bongao, Tawi-Tawi, Philippines (5902’ 13.8” N, 119944’ 35.0” E) for 45 days
culture period, from September 5 to October 20, 2022.

Materials used and flow of the study. The materials used for fry collection included a
plastic strainer, basin, large plastic box, aeration equipment, digital weighing scale, and
ruler. For feed preparation, an oven, grinder mixer, aluminum tray, sack, glass container,
plastic bags, refrigerator, algae (Chaetomorpha sp.), Philippine anchovy (Encrasicholina
oligobranchus), corn meal, wheat flour, cornstarch, coconut oil, and water were utilized.
During stocking, circular plastic tubs with a 70 L capacity, an aerator, an air stone, and
an air hose were employed. Water maintenance was conducted using a thermometer,
refractometer, API Freshwater Master Test Kit (which tests for ammonia, nitrite, and
nitrate), and a hose for siphoning. The experimental set-up involved circular plastic
containers with a 70 L water capacity, water pipes, aeration hoses, and air pipes. For
feeding, a small plastic plate, aluminum tray, digital weighing scale, and aluminum foil
were utilized. Lastly, during the sampling period, a weighing scale, ruler, plastic
container, and basin were used. Moreover, the flow of the study is shown in Figure 1.
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Fry collection and conditioning. FGM fry was obtained from the coastal area of MSU
College of Fisheries with an initial mean weight and length of 0.076+0.003 g and 2.761+
0.034 cm, respectively. Fry was collected using plastic strainers early morning, placed in
a basin, and brought to the hatchery. More than 300 collected FGM fry were acclimatized
for three (3) days in two large plastic boxes filled with filtered seawater for initial
conditioning. As part of the acclimation process, fish were fed ad-libitum with commercial
feed, and continuous aeration was provided with a flow-through water system.

| Preparation of the Study |

———

Fry Collection Algae Collection
(More than 300 fry collected) (Chaetomorpha sp.)

Acclimatization | Marketing of Feed Ingredients |
(3 days) I
I | Feed Preparation ‘
Experimental Set-up Proximate Composition Analysis
(Completely Randomized Design) (DOST - RSTL)
| Stocking |
Sampling

(Every 15 days)

Data Analysis

Figure 1. Flow of the experimental study.

Feed preparation. Approximately two kilograms of algae Chaetomorpha sp. was
collected from the intertidal zone of Sanga-Sanga, Tawi-Tawi, Philippines, and then
thoroughly washed in fresh water to remove salts. The algae were dried at 40°C in an
oven overnight to prolong the shelf life and easy application of dried powder product,
resulting in 8 to 10% moisture content. A grinder mixer was used to grind the dried algae
and store it in a glass container until it was incorporated into the diet. Additionally, fish
meal was prepared from fresh fish (E. oligobranchus) obtained from the local wet market,
washed with freshwater, then dried in the oven overnight at 40°C. Dried fish was ground
and stored in a glass container until used. The commercial ingredients such as corn meal,
wheat flour, cornstarch, and coconut oil were procured from the local market. All the
ingredients were combined in the necessary quantities for the trial diets (Table 1). To
make the dough, water was added, then a considerable amount of oil was added before it
was cooked. After preparing the formulated feed diets, they were flattened on an
aluminum tray, and the sample was dried at 60°C for 12 hours in an oven to eliminate
any remaining moisture. The dried formulated diets were ground using a coffee grinder,
stored in plastic bags, labeled accordingly, and refrigerated at 4°C until needed. There
were three diets prepared with 0%, 10%, and 20% powdered algae kg.

Proximate composition analysis. A proximate analysis of all feed diets was performed
by sending the feed sample to the Department of Science and Technology (DOST),
Regional Standards and Testing Laboratory (RSTL), Zamboanga City, Philippines, for
proximate components such as crude protein, crude fiber, moisture, crude fat, and ash.
The moisture, ash and crude fiber were quantified using the gravimetric method, crude
protein was determined by the Kjeldahl (block digestion) and steam distillation method,
and crude fat was assessed through Soxtec extraction method.
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Stocking. FGM fry (n = 270) was distributed into nine circular plastic tubs (70 L
capacity), with each tub containing 30 active and uniform-sized fry maintained triplicate.
Stocking was done early in the morning.

Table 1
List of ingredients and composition of the formulated experimental diets using
Chaetomorpha sp. in place of fishmeal (g kg™!) (Hairol et al 2022)

Level of inclusion

Ingredients

Feed 1 Feed 2 Feed 3
Algal meal (AM) (g) 0 100 200
Fish meal (FM) (g) 200 100 0
Starch (g) 200 200 200
Oil (mL) 50 50 50
Corn meal (g) 350 350 350
Wheat flour (g) 200 200 200
Total (g) 1,000 1,000 1,000

Water maintenance. A refractometer and thermometer were used to measure the
salinity and temperature of the water, respectively. Both parameters were checked every
day prior to feeding and after water was changed. Every 15 days, 100% of the water was
changed. A siphon was used every morning to remove uneaten feed from the container.
The ammonia, nitrite, and nitrate testing procedures involve precise steps to ensure
accurate results. For ammonia testing, a clean test tube was filled with 5 mL of water,
and 8 drops of Ammonia Test Solution #1 were added while holding the dropper bottle
upside down to ensure uniformity. Following this, 8 drops from Ammonia Test Solution
#2 were added, and the test tube was capped and shaken vigorously for 5 seconds
before sitting for 5 minutes. The resulting color was then compared against a white area
of the Ammonia Color Chart to determine the ppm (mg L) of ammonia in the sample. In
the nitrite test, another clean test tube was prepared with 5 mL of water, to which 5
drops of Nitrite Test Solution were added, again ensuring uniformity by holding the
dropper bottle vertically. After capping and shaking the tube for 5 seconds, the results
were compared to the Nitrite Color Chart after allowing 5 minutes for color development
in a well-lit area. The closest match indicated the ppm of nitrite in the sample, and the
test tube was rinsed afterward. Lastly, for the nitrate test, a clean test tube was filled
with 5 mL of water and 10 drops of Nitrate Test Solution #1 were added while
maintaining a vertical position for uniformity. The tube was then capped and inverted
several times to mix, and 10 drops of Nitrate Test Solution #2 were added after shaking
it vigorously for at least 30 seconds. After capping and shaking for 1 minute, the color
developed over 5 minutes and was compared to the Nitrate Color Chart in a well-lit area
against a white background, indicating the ppm of nitrate in the water sample. The test
tube was rinsed after use. Each test required careful attention to detail to ensure the
accuracy of the results.

Experimental design. This study employed a completely randomized design (CRD).
There were nine circular plastic containers (70 L water capacity) containing a water pipe
that continuously supplied sand-filtered seawater above the tubs (Figure 2), thus
facilitating a flow-through system. Aeration hoses were connected to the air pipes above
the plastic containers to supply continuous aeration.

Feeding. Fry FGM were fed twice daily, given in the morning and afternoon, with 10%
average body weight (Maundu 2020). The experiment used three different dietary
treatments: Feed 1 (0% AM and 20% FM), Feed 2 (10% AM and 10% FM), and Feed 3
(20% AM and 0% FM) (Mutia 2024).
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Figure 2. Experimental set-up of the study.

Feed 3 = 20% AM and 0% FM

Sampling. The growth, survival, and feed utilization of the FGM fry were monitored
every 15 days from the day of stocking. The weight of 25% of FGM fry was measured in
each tank. Following that, the samples were placed back in their respective tabs. In
addition, the number of fry that survived in each tank was counted. The specific growth
rate (SGR), survival rate (SR), feed intake (FI), and feed conversion ratio (FCR) were
calculated using the formulas from Hairol et al (2022), while economic conversion rate
(ECR) was determined based on the formula from Hien et al (2016):

A. Growth rate:

In(Wf) - In(Wi)
Days of culture

SGR = x 100

where: Wf
Wi

final weight
initial weight

B. Survival rate:

Survival rate = F|.n.al number of stocks % 100
Initial number of stocks

C. Feed utilization:

FI = Average body weight x Feed rate x Fish population

Total dry weight of feed (g)
Body weight gain (g)

FCR =

D. Economic analysis:

ECR = Cost of diets (kg™!) x FCR

Data analysis. To identify significant differences in survival rate, feed utilization, and
growth (p =< 0.05), all data were statistically analyzed using IBM SPSS version 20
software using one-way analysis of variance (ANOVA). The result values were presented
as mean*=SEM (standard error of the mean). The mean was ranked using Duncan's Test,
while homogeneity of variance was tested with Levene's Test.
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Results

Water parameters. Table 1 shows the water parameters of cultivated FGM fry at
different feed diets. The temperature ranged from 29.52+0.05 to 30.02+0.03°C, while the
salinity level recorded varied from 33.85+0.08 to 34.11+0.07%o0, and the pH ranged from
7.94+0.02 to 8.14+0.01. Additionally, the ammonia level of the water ranged from 0.03+
0.04 to 0.06+0.12 mg L', while nitrite varied from 0.04+0.11 to 0.05+0.14 mg L' and
nitrate level ranged from 10+0.15 to 13+0.05 mg L.

Table 2
Water parameters of culture FGM fry
Water parameters Experiments
Feed 1 Feed 2 Feed 3
Temperature (°C) 29.52+0.052 30.02+0.032 29.62+0.122
Salinity (%o) 34.08+0.112 34.11+0.072 33.85+0.082
pH 7.94+0.02° 7.98+0.03? 8.14+0.012
Ammonia (mg L1) 0.03+0.04° 0.03+0.05° 0.06+0.12°
Nitrite (mg L) 0.04+0.11° 0.04+0.22° 0.05+0.142
Nitrate (mg L1) 13+0.05°¢ 11+0.09° 10+0.15°2

Proximate composition of feed diets. The proximate composition of feed diets is
shown in Table 2. Levels of moisture content varied from 11.83 to 14.37%, where Feed 1
was significantly lower among feed diets (p < 0.05). Crude protein and crude fat levels
ranged from 10.27 to 20.79% and from 5.30 to 6.25%, respectively, indicating that Feed
1 was significantly higher than Feed 2 and 3 (p < 0.05). Levels of ash and crude fiber
varied from 2.93 to 6.04% and from 0.73 to 4.71%, respectively, where Feed 3 was
significantly higher among all feed diets (p < 0.05).

Table 3
Proximate composition (%) of experimental diets tested with varying inclusion levels of
Chaetomorpha sp. to substitute fish meal

!Feed diets Moisture Crude protein Crude fat Ash Crude fiber
Feed 1 11.83+0.003¢ 20.79+0.0032 6.25+0.0032 2.93+0.007¢ 0.73+0.007¢
Feed 2 14.37+0.0032 15.65+0.003> 6.03+0.003> 4.44+0.003° 2.96+0.003°
Feed 3 13.63+0.033> 10.27+0.003¢ 5.30+0.003¢ 6.04+0.0032 4.71+0.007°2

! Values are means + SEM (standard error mean). Means that different letters within the row are significantly different. Feed 1,
0% AM and 20% FM: Feed 2, 10% AM and 10% FM: Feed 3, 20% AM and 0% FM.

Growth, survival, and feed utilization of FGM fry. Figure 3 shows the SGR of FGM
fry. SGR of Feed 1, 2, and 3 were 0.69+0.15% day?, 0.64+0.13% day!, and
0.55+0.10% day’!, respectively, indicating that there was no significant difference
among feed diets (p = 0.05). In addition, the survival rate of Feed 1 (32.22+4.01%) and
Feed 2 (32.22+4.44%) was significantly different (p < 0.05) than Feed 3 (16.67+3.85%)
(Figure 4). Moreover, Figure 5 shows the FI and FCR values of FGM fry. In terms of FI,
the FI of Feed 1 (0.10£0.01) and Feed 2 (0.10+£0.01) were significantly higher (p <
0.05) than Feed 3 (0.05+0.01). Additionally, the incorporation of Chaetomorpha sp. and
fishmeal had no significant effect in terms of FCR.
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Economic analysis. The cost of feeds and cost-benefit analysis are shown in Tables 4
and 5. The total costs of Feed 1, Feed 2, and Feed 3 were 1.15 kg USD!, 1.02 kg USD?,
and 0.88 kg USD' respectively. The net benefits of Feed 1, Feed 2, and Feed 3 were
0.65 kg USD?, 0.78 kg USD!, and 0.92 kg USD! respectively. The ECRs of Feed 1, Feed
2, and Feed 3 were 0.47+0.14, 0.44+0.12, and 0.43£0.14, respectively (Table 6).

Table 4
Estimated cost of feed diets in kg USD!
Feed ingredients Feed 1 Feed 2 Feed 3
Algal meal (g) - - -
Fish meal (g) 0.27 0.14 -
Starch (g) 0.22 0.22 0.22
Oil (mL) 0.04 0.04 0.04
Corn meal (g) 0.54 0.54 0.54
Wheat flour (g) 0.08 0.08 0.08
Total 1.15 1.02 0.88
Table 5
Cost-benefit analysis of feeds
Cost benefits analysis Commercial feeds
(kg USD™1)* feed1  Feed2  Feed3 (World Bank 2024)
Cost of feed diets 1.15 1.02 0.88 1.80
Net benefits 0.65 0.78 0.92 -
Table 6
Economic analysis for FGM fry fed with formulated experimental feeds
Feed 1 Feed 2 Feed 3
Cost of feed diet (kg USD1)* 1.15 1.02 0.88
Feed conversion ratio 0.41 £ 0.07@ 0.43 = 0.06° 0.49 = 0.07°
ECR 0.47 £ 0.142 0.44 £ 0.122 0.43 £ 0.142

Mean values (£SEM) in the same row sharing different subscripts are significantly different (p < 0.05); *1$ = 49.61 L.E (local
market price in Philippine peso for feed ingredients used for formulating experimental diets in the year 2020).

Discussion. Increasing the production of fisheries is being targeted as a solution to the
overpopulation crisis (Sun et al 2010). Developing and expanding fish health can reduce
production time and increase productivity (Sattanathan et al 2020). In addition, fish
farmers can improve the quality of their feed by modifying the composition based on the
nutrients in the feed. The current study showed that fry FGM was not significantly
impacted (p = 0.05) by a feed containing 10% Chaetomorpha sp. on growth performance
and FCR. However, 0% and 10% of Chaetomorpha sp. are significantly different (p <
0.05) than 20% of Chaetomorpha sp. in the survival performance and FI of FGM fry.
Despite the lower survival rate of FGM fry observed in this study, it is plausible that the
water parameters recorded may have contributed to this outcome. Researchers stated
that elevated water temperatures reaching 30°C and pH levels of 8.0 lead to an
increased proportion of ammonia in fish culture, thereby reducing the growth, survival
and impairing immune function (Hargreaves & Tucker 2004; Randall & Tsui 2002).
Additionally, ammonia levels exceeding 0.1 ppm pose significant risks, potentially causing
gill damage and respiratory distress, and, with prolonged exposure, can lead to mortality
in fish (Hadfield et al 2007; Jin et al 2024). The results indicated that the temperature
ranged from 29.52 to 30.02°C, salinity levels varied between 33.85 and 34.11%eo0, and
the pH levels were recorded between 7.94 and 8.14, and the ammonia ranged from 0.03
to 0.06 mg L%, which may be the reason for the low survival performance of the FGM fry
culture. Moreover, nitrite levels exceeding 0.1 mg L are considered to cause stress to
most Nile tilapia (Oreochromis niloticus) fry, with prolonged exposure resulting in high
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mortality rates (Benli & Kdksal 2005; Tanna et al 2020). The present study indicated that
the nitrite level varied from 0.04 to 0.05 mg L!, which may have caused increased
mortality in FGM fry cultures. However, other studies stated that the maximum
permissible nitrate concentration for carp is 80 mg L!, whereas, for rainbow trout, it is
20 mg L (Ali et al 2020). The nitrate level in the present study was ranging from 10 to
13 mg Lt. Furthermore, as a result, 10% of Chaetomorpha sp. can be incorporated into
the feed of FGM fry, indicating a reduction in the amount of FM in the feeds, which can be
considered cost-effective. Aquaculture researchers have been investigating how
filamentous green seaweeds can be used as raw or dried feed to enhance growth and
feed efficiency (Cruz-Suarez et al 2010; Siddik et al 2014; Tsutsui et al 2015).

Different levels of algae Chaetomorpha sp. have been used in place of FM as a
source of protein in a variety of crustaceans and fish, including P. monodon and Labeo
rohita (Tsutsui et al 2015; Sattanathan et al 2020). In addition, 20% Chaetomorpha sp.
can be incorporated into feed formulations to feed farmed shrimp P. monodon postlarvae
(Simtoe et al 2023). In Sciaenops ocellatus juvenile fish, up to 50% of the diet of soy
protein concentrate, fish oil, and fish meal can be substituted with microalgae
Schizochytrium limacinum and Arthrospira sp. meals without compromising the fish’s
performance (Perez-Velazquez et al 2018). Researchers have found that FM was able to
replace 50% of microalgae, Scenedesmus and Chlorella in the diets of fingerlings of O.
niloticus, improving growth and feed efficiency (Badwy et al 2008; Raji et al 2019). In
addition, O. niloticus survival, growth, and feed utilization can be enhanced by feeding
them less than 20% red algae, Gracilaria arcuata. As a cost-effective alternative, our
study found that FM could be replaced in the feed of fry FGM with 10% green algae
Chaetomorpha sp., improving growth, survival, and feed utilization.

Furthermore, an algal meal (S. limacinum and Arthrospira sp.) developed for fish
farming increased crude protein, crude fat, moisture, gross energy, and ash, thereby
enhancing FCR and FI in juvenile red drum S. ocellatus (Perez-Velazquez et al 2018). The
supplementation of green algae Chaetomorpha sp. significantly affects dietary crude
fiber, moisture, crude protein, crude fat, and ash. The effects on the chemical
compositions of the feeds in the present study showed distinct trends. Moisture increases
slightly from Feed 1 (11.83%) to Feed 2 (14.37%) but decreases to 13.63% in Feed 3.
Crude protein consistently declines across the feeds, dropping from 20.79% in Feed 1 to
15.65% in Feed 2 and further to 10.27% in Feed 3. The reduction in protein content
corresponds with research suggesting that increased moisture levels can reduce the
nutrient concentration in fish feeds, particularly affecting protein levels, which are vital
for the growth and development of aquaculture species such as tilapia and carp (Igbal et
al 2020). Similarly, crude fat decreases gradually from 6.25% in Feed 1 to 6.03% in Feed
2 and 5.30% in Feed 3. This trend is supported by research suggesting that increased
moisture can destabilize fats, leading to reduced fat content in stored fish feeds
(Hertrampf & Piedad-Pascual 2012; Kanmani et al 2018). In contrast, ash content
increases steadily, from 2.93% in Feed 1 to 4.44% in Feed 2 and 6.04% in Feed 3; this
suggests higher mineral content, a conclusion supported by studies that associate
elevated ash levels with the addition of more mineral supplements in fish feeds (Deyab &
Hussein 2015; Amjad et al 2024). Crude fiber shows a significant rise, from 0.73% in
Feed 1 to 2.96% in Feed 2 and reaching 4.71% in Feed 3. This increase aligns with
research indicating that the use of cheaper, lower-quality feed ingredients often leads to
higher crude fiber content, which can negatively impact feed digestibility and nutrient
absorption in fish (Munguti et al 2006; Kassahun et al 2012; Sgrensen 2012). Overall,
the effects lead to an increase in moisture, ash, and fiber content while reducing crude
protein and fat, reflecting a shift toward less energy-dense, higher-fiber feed
formulations, which could impact the growth efficiency of fish in culture. Thus, the
nutrients in feed can contribute to energy production and the function of living cells by
influencing fish metabolism (Krogdahl et al 2005; Ndome et al 2010). Additionally, feed
utilization, such as FCR and FI, is an effective parameter in reducing the cost of
production of fish farming (Sattanathan et al 2020). In this study, FI was improved with
the addition of 10% Chaetomorpha sp., whereas FCR was not affected by different
concentrations of Chaetomorpha sp. Other findings stated that different levels of algal
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meal did not affect the feed utilization for red drum S. ocellatus and O. niloticus (Perez-
Velazquez et al 2018; Younis et al 2018).

Fish production is hindered by the increased cost of feed, which is considered a
major factor limiting profitability in the industry. It has been an ongoing goal of research
to develop an alternative ingredient that reduces the cost of fish feed primarily because
of the high cost of FM (Ansari et al 2021; Takakuwa et al 2022). This study showed that
up to 10% replacement of FM with AM improves the FCR. A similar tendency was
observed for values of the ECR as well as the cost of feed diets (Table 3). It was found
that the percentage of cost reduction between Feed 1 and Feed 2 was 11.30%, while the
reduction between Feed 2 and Feed 3 was 13.73%. This suggests that a higher
concentration of Chaetomorpha sp. led to higher cost savings in the feed diets, indicating
that incorporating Chaetomorpha sp. into feed formulations is a more cost-effective
approach. Studies have shown that algae like Chaetomorpha sp. are rich in essential
nutrients and can serve as an alternative protein source in aquaculture feeds, reducing
the reliance on expensive fishmeal and soybean meal, which are often the primary cost
drivers in feed production (Rajauria 2015; Eroldogan et al 2023). Additionally, algae have
been shown to enhance feed conversion efficiency and lower production costs, all while
maintaining or even improving the growth performance of cultured species (Guedes &
Malcata 2012). The use of Chaetomorpha sp. in feed formulations has been particularly
noted for its potential to lower feed costs while maintaining a balanced nutritional profile
for aquaculture species. Moreover, the formulated feeds using FM replacements of 10%
or 20% with AM were the cheapest and are recommended for cultivating FGM fry.
Several studies have demonstrated that FM can be substituted with more affordable
plant-based or animal-based alternatives to reduce the cost of fish and crustacean feeds
(Badwy et al 2008; Tsutsui et al 2015; Perez-Velazquez et al 2018; Younis et al 2018;
Sattanathan et al 2020; Hairol et al 2022).

Conclusions. In a nutshell, algal meal derived from the alga Chaetomorpha sp. can
replace fish meal in the diet formulations of flathead grey mullet Mugil cephalus fry.
Consequently, the feed which replaces 10% of the FM with AM gives signifcant growth,
survival, and feed utilization as the FM-based control diet. Considering their cost-
effectiveness, algal meals derived from Chaetomorpha sp. are presently cheaper than fish
meals, thus resulting in reduced fish production costs. Economic analysis is crucial for
stakeholders, including fish farmers, feed manufacturers, and policymakers, as it allows
them to evaluate the financial implications of incorporating algal meal into feed
formulations. By understanding the cost-benefit ratio and potential savings associated
with using algal meal, stakeholders can make informed decisions that enhance
profitability while promoting sustainable practices in aquaculture. Additionally, a thorough
economic analysis can identify optimal formulations and feeding strategies, facilitating
the successful integration of alternative protein sources and ensuring food security in a
growing aquaculture industry. However, further investigation is required to optimize the
level of Chaetomorpha sp. used in the diets of Flathead grey mullet fry to maximize
growth and minimize costs effectively.
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