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ABSTRACT
Purpose: Species-specific aquafeed confirms better results in commercial aquaculture, providing
optimized nutrition for each species. However, cost-effective shrimp feeds are frequently used in the
ornamental fish industry due to their benefits, such as growth and pigmentation enhancement. These
facts were not tested, and therefore, this experiment was conducted to fill a research gap and explore
the effectiveness of shrimp feed.

Research Method: A commercial fish feed was used as the control (FF) at 3% of body weight
(BW) and with a feeding frequency of 2 times/day. Fish were fed the shrimp feed (SF) at 3%BW
and 2/day (SF(3.2)), 3%BW and 4/day (SF(3.4)), 6%BW and 2/day (SF(6.2)), and 6%BW and 4/day
(SF(6.4)).

Findings and Values: The SF(6.4) and SF(6.2) fish groups achieved the highest growth performance
compared with the control. Regression analysis curves proved that the growth performance of the
SF(6.4) group was higher than that of the SF(6.2) group. Moreover, the SF(3.4) group achieved
higher growth than the control, whereas the SF(3.2) group showed no statistically difference in
growth compared with the control. All the SF-fed groups gained a higher colour intensity than the
control. The SF feeding did not adversely affect the stress tolerance or survival of the fish. Shrimp
feed effectively gains the weight and pigmentation of ornamental fish. However, feeding frequency
and rate should be controlled to avoid hepatic alterations.

Keywords: Aquafeed, Colour intensity, Fatty liver, Sustainable feed

INTRODUCTION
Aquafeeds play a dominant role in aquaculture
as commercial production intensifies.
Profitability and the sustainability of the industry
depend heavily on the cost-effectiveness of
feeds and their optimum nutrient quality (Patra
&Tripathy 2022). Therefore, species-specific
aquafeeds are ideal for any fish species because
they have been formulated to meet the nutrient
requirements of the relevant aquatic species,
ensure ingredient sustainability, and maintain
feed quality. Moreover, species-specific feeds
satisfy the enhanced demands of commercial

aquaculture and food safety (Joshi et al. 2021).

The ornamental fish industry is a vital
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component of global commercial aquaculture.
Its market value was 5.42 USD billion in 2019,
and it is projected that the value of this aqua
business will expand to 11.68 USD billion by
2031 with an annual growth rate of 8.5 (Tandel
et al. 2024). There has been little information
available on the nutritional requirements of
different ornamental fish species (Tamaru & Ako
1999). The prices of ornamental fish feeds are
10-60 times higher, and prices are also soaring
compared to general food fish feed (Tamaru
& Ako 1999). Further, some countries have a
significant gap between the demand and supply
of ornamental fish feed (Parappurathu et al.
2021). Therefore, ornamental fish farmers have
inclined towards non-specific aqua feeds such as
shrimp feeds, food fish feed, and seabass feeds.

The liver in fish plays a primary role in
digesting food and assimilating nutrients into
the body; accordingly, it is vital to monitor the
functioning of these organs to ensure optimal
fish wellbeing (Roberts 1989, Takashima &
Hibiya 1995). Therefore, it is susceptible to
histological alterations in the liver when the diet
is poorly formulated. (Tacon 1992). Nutrition-
based fatty liver in fish significantly impedes
the long-term viability of the aquaculture
industry, primarily driven by high-energy feeds
oversupplied with fats and starches, coupled with
deficiencies in vital micronutrients. (Zhao et
al. 2023). Lu et al. (2014) determined that the
above condition in fish contributed to several
adverse outcomes, including oxidative stress,
liver damage, decreased growth, and increased
mortality.

Commercial shrimp feeds have been widely
used as ornamental fish feeds owing to their
greater availability, lower prices, and higher
growth performance. Simultaneously, extensive
use of shrimp feed has led to issues with
ornamental fish, as the farmers mentioned.
These identified issues include fatty liver in fish,
shorter lifespans, and low-quality brooders. The
above suggestions have been confirmed through
random sample testing of dissected fish before
export by the exporters (visual observation of
liver colour change and microscopic observation
of liver fat globules) and buyers’ reports (U
Wickramasinghe, Consultant, Haritha Fish

Farm, Bope, Padukka, Sri Lanka, Personnel
communication, November 20, 2025).

Guppy Poecilia reticulata is a demanded
ornamental fish cultured in Asian countries
(Chong et al. 2004). Previous experiments
achieved comparable or better performance by
feeding formulated feeds to the fry stage of P.
reticulata than Artemia-fed fish (Sahin et al.
2012, Perera et al. 2022). However, formulated
fish feeding has created health issues in this
fish, such as fatty liver (Sharon et al. 2014,
Perera et al. 2025). The above issues have not
been investigated; therefore, this experiment was
carried out to identify the effects of shrimp feed
on growth, pigmentation, stress tolerance, and
hepatic alterations in P. reticulata fry.

MATERIALS AND METHODS

This experiment was conducted in the indoor
aquarium at the Regional Research Center,
Panapitiya, Waskaduwa, of the National Aquatic
Resources Research and Development Agency
(NARA), Sri Lanka.

Purchasing P. reticulata fry and conditioning

A total of 500 P. reticulata male fry of
the Golden Tuxedo strain were procured from
Deepika Fish Farm, Handapangoda, Sri Lanka.
All the fish were conditioned for a week before
the experiment was initiated. The fish were
stocked in glass tanks, each with a capacity
of 82 L, and were hand-fed to the maximum
satiation level twice daily, with the control feed
containing (44.4±0.4%) crude protein. Water
quality parameters were maintained within the
optimum ranges, including total ammoniacal
nitrogen, pH, and dissolved oxygen.

Setting up the glass tanks for the experiment

Fifteen glass tanks, mentioned above, were
used to stock the fish. Water aeration was
provided by a RESUN GF-750 air compressor
(Guangzhou Puyangli Aquarium & Accessories
Co. Ltd, Guangdong, China). The water level
was maintained at a depth of 30 cm in
each tank. Air temperature and light intensity
were detected using an AS 803 Smart Sensor
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lux meter (ARCO, Dong Guan, China) and
regulated to 27.4±1.0 ◦C and 823±41 Lux,
respectively. The photoperiod was set to 12 hours
(light)/12 hours (dark) using LED bulbs. The
experiment followed a completely randomized
design (CRD) with five treatments (Fish feed
(control) (FF), Shrimp feed fed with 3% of the
body weight of the fish 2 times daily (SF3.2),
Shrimp feed fed with 3% of the body weight of
the fish 4 times daily (SF3.4), Shrimp feed fed
with 6% of the body weight of the fish 2 times
daily (SF6.2), Shrimp feed fed with 6% of the
body weight of the fish 4 times daily (SF6.4) ),
each replicated three times.

Experimental diets

A tropical fish feed (crude protein; 44.4±0.4,
crude lipid; 7.0±0.40) was used as the control
diet, and a commercial shrimp feed (crude
protein; 43.1±0.10, crude lipid; 6.6±0.45) was
utilized as the research diet. The proximate
composition of the feeds has been mentioned in
Table 1.

Testing the proximate composition and the
energy of the feeds

The proximate composition of the commercial
feeds was analyzed following the AOAC (1990)
protocol at the laboratory of Ceylon Grain
Elevators, Colombo 15. Sri Lanka. The energy
was tested at the Palmyrah Research Institute,
Jaffna, Sri Lanka, with the e2K Combustion
Calorimeter (Digital Data Systems (Pvt) Ltd,
Gauteng, South Africa).

Stocking and rearing the fish

A total of 450 fish were randomly selected for
the experiment from the conditioned fish stock,
30 fish per tank (average size of 5.4±0.8 mg).
The feeding rate and feeding frequency of the
diets were maintained according to Table 2.
A total of five fish from each replicate were
sampled weekly, and the body weights of the fish
were measured using the OHAUS PIONEER
PA 214C digital balance (OHAUS, Parsippany,
USA). The feed budget was adjusted weekly,
calculating the measured weights of the fish
samples.

Water quality management

Each tank was siphoned out twice daily, and the
removed water was replaced with conditioned
water at a 30 cm level. Once a week, two-
thirds of the water volume in each tank was
removed and replenished with the conditioned
water. Dissolved oxygen (DO) levels were
monitored daily using the EZDO PDO-408
Dissolved Oxygen Meter (Gon DO Electronic
Co. Ltd, Taipei City, Taiwan), and pH was
recorded with the EUTECH pH 150 meter
(Thermo Fisher Scientific Eutech, Singapore).
Ammonia concentration was tested weekly using
a commercial test kit (NT Laboratories Ltd,
Kent, TN 12 9QS, UK).

The WTW Cond 3310 Conductivity Meter
(Xylem Analytics GmbH & Company,
Weinheim, Germany) measured conductivity
and water temperature. The water quality
parameters were maintained as (average±SE):
DO 6.52±0.10 mg·L−1, pH 7.73±0.02,
total ammonia nitrogen 0.3±0.0 mg·L−1,
conductivity 117.0±3.2 µs/cm, and water
temperature 26.4±0.0 ◦C).
Testing the growth performance

After seventy days (ten weeks) of rearing, the
fish’s body weight was measured using the
above digital balance. Survival rate and growth
performance were calculated using the following
equations.

Survival rate =
Final fish number
Initial fish number

× 100 (1)

Weight gain (WG) = Final weight (g)
− Initial weight (g)

(2)

Daily weight gain (DWG) =
Weight gain (g)
Number of days

(3)

Relative weight gain (RWG) =

(
Weight gain (g)

Initial weight (g)

)
× 100

(4)
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Table 1. The proximate composition of the control feed and commercial shrimp feed. FF- Fish
Feed (control), SF- shrimp feed.

Parameter FF (%) SF (%) P value
Dry matter
content

90.5±0.55 90.7±0.75 0.92

Crude protein 44.4±0.40 43.1±0.10 0.08
Crude lipid 7.0±0.40 6.6±0.45 0.53
Moisture 9.5±0.35 10.3±0.40 0.29
Ash 9.8±0.15a 12.6±0.30b 0.01
Fiber 2.4±0.30 3.6±0.10 0.09
NFE 36.4±0.20 34.1±0.35 0.05
Energy (Kcal/g) 3.92±0.35 4.03±0.15 0.82

Table 2. Feeding Rate and Feeding Frequency of the Treatment Diets. FF- Fish Feed (control),
SF- shrimp feed.

Treatment Feeding Rate (%) Feeding
Frequency

FF 3 2
SF(3.2) 3 2
SF(3.4) 3 4
SF(6.2) 6 2
SF(6.4) 6 4

Specific growth rate
(SGR) = ln(final weight)−ln(initial weight)

number of days × 100

(5)

Testing the liver histology and the grading
process

The liver histology of the fish was analyzed
following the guidelines of the National Society
for Histotechnology (NSH (2007)) and Gobinath
& Ramanibai (2014) protocol. A total of three
fish in each tank were randomly selected, and
the fish were euthanized using 150 mg/L clove
oil (Cunha et al. 2015). The fish livers were
dissected from each replicate. The liver samples
were kept in tagged vials and fixed for 24 hours
after being preserved in 10% neutral buffered
formalin. The histopathological analysis was
conducted at the Department of Veterinary
Pathobiology, University of Peradeniya, Sri
Lanka. Then, the fixed liver tissue samples
were washed with distilled water and kept in
the carrier of the automatic tissue processor SE
400 (Shandon Scientific Co. Ltd, England). The
samples were dehydrated in different grades of
alcohol series (70%, 80%, and 90% ethanol and

three absolute alcohol baths).

The embedding process was done in the
TEC 2900 embedding machine (Histo-Line
Laboratories, Italy) and cooled in the TEC
2900 cold chamber (Histo-Line Laboratories,
Italy) for five minutes to enable the removal
of the block from the mould. The section
cutting was done using the 4 µm microtome
(Histo-Line Laboratories, Italy). The staining
was done through hydration, followed by
dehydration. Xylene was used to remove the
wax. The hydration process was done using the
descending sequence of alcohol. Hematoxylin
and eosin staining was followed to conduct
the histopathological analysis (NSH 2007).
Subsequently, it was mounted using DPX and
observed using a Euromex iSscope microscope
(Euromex Microscopes, Arnhem, Netherlands)
at the magnification ×10×4.

The hemocytes were graded by a panel of
three individuals, aiming to analyze the fatty
liver and steatohepatitis. The observations were
recorded using an Olympus CX 43 biological
microscope (Olympus Corporation, Japan). The
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liver samples were graded from “0 to +3” with
no abnormality, mild, moderate, and severe,
respectively.

Pigmentation analysis

A total of five fish from each replicate
were anaesthetized with 125 mg/l clove oil
as Cunha et al. (2015) recommended. The
caudal fins of each fish were photographed
on a white background, with a Nikon D7500
DSLR camera (Nikon Imaging Inc., Tokyo,
Japan) and a YONGNUO YN 60 mm macro
lens (YONGNUO, Shenzhen, China). The light
intensity was maintained at 824±31 Lux at
28.9±2.0 ◦C. The photography was carried out
following the guidelines of Stevens et al. (2007).
The shutter speed and aperture were 1/40 and
8, respectively, while the ISO number was 320.
A place with ample lighting was selected, and
a spotlight was used. The digital images were
analyzed using the MATLAB program, and they
were converted to greyscale, where the pixel
values ranged from 0 (black) to 255 (white).
Lower values indicated higher pigmentation
(Uribe et al. 2018).

Stress tolerance test

The methodology used by Lim et al. (2003) was
followed to conduct the stress tolerance test. Ten
fish were randomly selected from each replicate
and were dipped in pre-aerated 500 ml beakers
filled with 30 ppt water. The mortality of the fish
was documented every 3 minutes over a two-
hour period, and the stress tolerance index was
calculated based on total and early mortality.

Statistical analysis

Growth performance, survival, colour intensity,
and stress tolerance data were compiled in MS
Excel and analyzed using one-way ANOVA
followed by mean comparisons using Tukey’s
test. Prior to the analyses, normality and
homogeneity of the variance were confirmed
using the Levene test. Diets were compared
using two-way ANOVA followed by Tukey’s
test. Regression analysis was done to see
the relationship between weight and time.
SPSS software version 22.0 was used for all
analyses, and results were considered significant

at p<0.05, with means expressed as mean ±
standard error.

RESULTS AND DISCUSSION

Growth performance

The regression analysis and growth performance
results for P. reticulata fed different treatment
diets are shown in Fig. 1 and Table 3.

The fish well ingested all the experimental
diets, and Fig. 1 confirmed that the growth
performance of fish fed shrimp feed was higher
than that of fish fed fish feed. Table 3 further
confirmed that shrimp feed-fed fish showed
higher growth except for SF(3.2) regarding final
weight, WG, DWG, RWG, and SGR. Fish
fed 6% shrimp feed exhibited higher growth
performance than those fed 3% shrimp feed, and
feeding frequency did not affect performance.
However, the control feed and SF(3.2) did
not show any statistical difference (p<0.05) in
the above parameters, whereas SF(3.4) and the
control showed significant differences (p<0.05).
The SGR values of all the shrimp feed-fed fish
groups, except SF(3.2), were statistically higher
than those of the control feed-fed fish group.
Survival is independent of all the feed types.

Liver histology of the fish

As far as the results of grading of liver tissues
from the five treatments are concerned, no
histopathological changes were observed in the
control (FF) group; tissues were compact and
there showed no vacuoles. The SF(3.2) treatment
indicated a moderate fatty liver condition,
whereas SF(3.4), SF(6.2), and SF(6.4) indicated
a severe fatty liver condition, as per the grading
results (Fig. 2, Table 4).

The fatty liver variation was as follows: FF <
SF(3.2) < SF(3.4) = SF(6.2) = SF(6.4)

Pigmentation of fish

All the shrimp feed-fed fish showed apparent
colour enhancement (p<0.05) when compared
with the fish feed-fed fish, as shown in Fig. 3 and
Table 5.
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Figure 1. Growth curves of Guppy (Poecilia reticulata) fry treatments at varying feeding rates
(%) and feeding frequencies during the experimental period. FF- Fish Feed (control), SF- shrimp
feed, BW –Body Weight. FF; Commercial fish feed, SF(3.2); SF fed by 3% of BW and 2 times daily,
SF(3.4); SF fed by 3% of BW and 4times daily, SF(6.2); SF fed by 6% of BW and 2 times daily,
SF(6.4); SF fed by 6% of BW and 4 times daily.

Table 3. Growth performance of Poecilia reticulata fry treatments at varying feeding rates (%)
and feeding frequencies during the experimental period.

Parameter FF SF(3.2) SF(3.4) SF(6.2) SF(6.4) P value
Initial weight (g/fish) 0.04±0.00 0.04±0.00 0.04±0.00 0.04±0.00 0.04±0.00 0.74
Final weight (g/fish) 0.28±0.01a 0.47±0.04ab 0.50±0.04b 0.96±0.06c 1.00±0.07c 0.00
WG (g) 0.23±0.01a 0.43±0.04ab 0.46±0.04b 0.91±0.06c 0.96±0.07c 0.00
DWG (g/day) 3.02±0.18a 5.62±0.49ab 6.02±0.52b 11.83±0.71c 12.46±0.89c 0.00
RWG 536±59a 1064±81ab 1159±100b 2130±223c 2213±58c 0.00
SGR 2.77±0.12a 3.41±0.07ab 3.49±0.08b 4.03±0.12c 4.08±0.03c 0.00
Survival (%) 80±3 76±1 82±1 72±10 79±14 0.89

Notes: Mean±SE in each row, superscripted with lowercase letters, are significantly different
(p<0.05); WG= Weight Gain; RWG= Relative Weight Gain; SGR= Specific Growth Rate. FF;

Commercial fish feed, SF(3.2); SF fed by 3% of BW and 2 times daily, SF(3.4); SF fed by 3% of
BW and 4 times daily, SF(6.2); SF fed by 6% of BW and 2 times daily, SF(6.4); SF fed by 6% of

BW and 4 times daily.

Table 4. Grading results of Poecilia reticulata fry fed with fish feed (FF) and different shrimp
feed (SF) percentages by BW with different feeding frequencies during the experimental period.

Parameter FF SF(3.2) SF(3.4) SF(6.2) SF(6.4)
Fatty Liver 0 2 3 3 3
Steatohepatitis 0 2 3 3 3

FF; Commercial fish feed, SF(3.2); SF fed by 3% of BW and 2 times daily, SF(3.4); SF fed by 3% of
BW and 4 times daily, SF(6.2); SF fed by 6% of BW and 2 times daily, SF(6.4); SF fed by 6% of

BW and 4 times daily
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Figure 2. Representative images of the histology of hepatocytes of P. reticulata fry fed by
different research diets as seen under the light microscope at 10×4 magnification (Euromex
Microscopes, Arnhem, Netherlands). * FF) Central and round nucleus (A), Normal hepatic tissue
(B), SF(3.2)) Fat globules (A), SF(3.4)) Fat globules(A), Degenerated nucleus (B), SF(6.2)) Fat
globules (A) SF(6.4)) Degenerated Liver cells(A), Fat globules(B), Decentralized nucleus (C). FF;
Commercial fish feed, SF(3.2); SF fed by 3% of BW and 2 times daily, SF(3.4); SF fed by 3% of BW
and 4 times daily, SF(6.2); SF fed by 6% of BW and 2 times daily, SF(6.4); SF fed by 6% of BW and
4 times daily.

Table 5. MATLAB values (Greyscale) related to the colour intensities of Poecilia reticulata fed
with fish feed (FF) and different shrimp feed (SF) percentages by BW with different feeding
frequencies during the experimental period.

Parameter FF SF(3.2) SF(3.4) SF(6.2) SF(6.4) P value
MATLAB value 91.4±4.7a 69.6±1.7b 71.0±3.4b 63.9±2.1b 64.3±0.8b 0.001

Notes: Mean±SE in each row, superscripted with different lowercase letters, are significantly
different (p<0.05) FF; Commercial fish feed, SF(3.2); SF fed by 3% of BW and 2 times daily,

SF(3.4); SF fed by 3% of BW and 4 times daily, SF(6.2); SF fed by 6% of BW and 2 times daily,
SF(6.4); SF fed by 6% of BW and 4 times daily.

Table 6. Stress tolerance of Poecilia reticulata fed with fish feed (FF) and different shrimp feed
(SF) percentages by BW with different feeding frequencies during the experimental period.

Parameter FM SF(3.2) SF(3.4) SF(6.2) SF(6.4) P value
Stress Tolerance 279.0±7.8 260.0±20.1 279.0±2.6 266.7±3.3 261.3±11.3 0.61
Notes: FF; Commercial fish feed, SF(3.2); SF fed by 3% of BW and 2 times daily, SF(3.4); SF fed
by 3% of BW and 4times daily, SF(6.2); SF fed by 6% of BW and 2 times daily, SF(6.4); SF fed by

6% of BW and 4 times daily.
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Figure 3. Represented digital photographs of cropped caudal fins of P. reticulata at the end of
the experiment taken by Nikon D-7500 camera and YONGNUO YN 60 mm macro lens (Shutter
speed: 1/40, Aperture: 8, and ISO: 320). Notes: FF; Commercial fish feed, SF(3.2); SF fed by 3%
of BW and 2 times daily, SF(3.4); SF fed by 3% of BW and 4times daily, SF(6.2); SF fed by 6% of
BW and 2 times daily, SF(6.4); SF fed by 6% of BW and 4 times daily.
R1, R2, and R3; the replicates of the relevant treatments

Stress tolerance

Results indicated that the type of feed (Tropical
fish feed or commercial shrimp feed) did
not affect for the stress tolerance in the
researched fish. Moreover, feeding rate and
feeding frequency of the fish fed the commercial
shrimp feed did not affect stress tolerance (Table
6). Stress tolerance of Poecilia reticulata fed
with fish feed (FF) and different shrimp feed
(SF) percentages by BW with different feeding
frequencies during the experimental period.

Discussion

Feeding is generally crucial in commercial
aquaculture, especially in the ornamental fish
industry, because growth, pigmentation, and
immunity can be enhanced through optimal
feeding. Therefore, alternative economical fish
feeds such as trout, salmon, and shrimp feeds
have been applied for the ornamental fish
(Tamaru & Ako 1999, Karadal et al. 2018,
Kumaratunga & Radampola 2019) because the

ornamental fish feeds are 10-60 times more
expensive than general aquafeeds, and the prices
of the species-specific ornamental fish feeds vary
dramatically (Tamaru & Ako 1999).

However, there are several complaints associated
with feeding ornamental fish, especially guppies,
with shrimp feeds, which have resulted in issues
with liver functions such as fatty liver (Personnel
Communication).

Pigmentation, maximum lifespan, body shape,
and optimal liver function are the most important
parameters expected in commercial ornamental
fish farming, in addition to growth, which is a
primary parameter in aquaculture. In contrast,
maximum growth is expected to promote health
during a short growth cycle in commercial
shrimp farming, and several growth promoters
are incorporated into the shrimp feeds (Kotiya
et al. 2011). Thus, significantly higher growth
performances of ornamental fish fed with
shrimp feed are attributed to dedicated growth
promoters included in commercial shrimp feeds.
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Moreover, the results further confirmed that
the feeding rate positively affected the growth
performance of fish – that is, when guppies
were fed 6% of shrimp feed by body mass, they
achieved higher growth. Fish growth depends on
several factors; among these, feeding rate is a
crucial factor during early life stages (Goddard
1996). When the feeding rate increases, feed
intake increases. The ingested nutrients are used
to maintain the body, and the remaining portion
of the nutrients could be used for growth.

While the feeding rate was maintained at 3%
of the body weight, enhanced growth was
observed in the SF(3.4) group compared to
the fish fed commercial fish feed group. There
was no significant difference between the FF
and SF(3.2) groups. The feeding frequency was
changed from 2 to 4; feed intake and the ingested
nutrient amount increased. However, fish were
fed at a rate of 6%; the growth was independent
of feeding frequency. It is suggested that fish
avoid feeding once they reach the maximum
satiation level.

Shrimp by-products are included in shrimp
feed, perhaps up to 30%, and shrimp waste is
enriched with carotenoids (Meyers 1986, Ambati
et al. 2014). Previous research confirmed that
shrimp meal can entirely replace fishmeal in
some fish diets (Cavalheiro et al. 2007, Jamabo
& Dasimeokuma 2020). Further, it has been
identified that including shrimp meal effectively
enhances the growth (Cruz-Suarez et al. 1993).

For example, a shrimp paste-included diet has
improved the growth performance of Channa
maculata, enhancing the feed intake (Fang et
al. 2019), and Putri et al. (2023) have shown
that the incorporation of shrimp shell meal and
fishmeal in the Lates calcarifer diet resulted
in the highest growth rate when compared to
the growth performance of the solely fishmeal-
included diet.

Shrimp head meal/shrimp waste is a rich source
of nutrients (i.e., higher crude protein level,
balanced amino acid profile, richness in w-3
fatty acids and minerals) (Armenta & Guerrero-

Legarreta 2009, Ramyadevi et al. 2012). Shrimp
waste/paste could act as a feed attractant due to
its availability of long-chain n-3 polyunsaturated
fatty acids, free amino acids, nucleotides,
amines, and nucleosides (Montano et al. 2001)
and, further, it has a powerful aroma (Fang et al.
2019). The inclusion of marine fish oil acts as an
attractant and enhances the feed intake, resulting
in higher growth (Royes & Muries 2004).

The above chemicals are sensitive to the fish’s
chemosensory systems, which help them digest
the feed (Suresh et al. 2011). Therefore, studies
have shown that marine animal additives, such
as shrimp paste/waste, act as attractants, and
there is a potential to improve the palatability
of fish by arousing appetitive behaviour and
increasing feed consumption (Derby et al. 2016).
In addition, shrimp paste regulates the enzyme
secretion in fish, thereby improving digestion
(Fang et al. 2019).

All the shrimp feed-fed fish groups showed
higher pigmentation, and feeding rate and
frequency did not affect the colour intensity.
Shrimp feeds are enriched with shrimp
meal/waste, as mentioned above, and shrimp
waste is a rich source of carotenoids (Babu et
al. 2008). Carotenoids are responsible for the
skin pigmentation in aquatic species such as
fish (Matsuno 2001). Fish cannot synthesize
carotenoids; therefore, pigmentation depends on
dietary pigment deposition (Goodwin 1984).

Researchers have shown that feed additives can
improve the colour intensity of ornamental fish
(Uribe et al. 2018, Perera et al. 2024a, Perera et
al. 2024b, Sathyaruban et al. 2024). Astaxanthin
can be synthesized from shrimp waste, and
it was found that the above astaxanthin-
included diet enhanced the pigmentation of
goldfish within a shorter period (Weeratunge
& Perera, 2016). The supplementation with
shrimp shell meal in the diet of large yellow
croaker (Larimichthys croceus) has significantly
increased skin pigmentation and total carotenoid
content (Yi et al. 2015).

It has been identified that fatty liver disease is
the most common metabolic disorder and the
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most frequent cause of mortality in ornamental
fish (Penrith et al. 1994). In contrast to the better
growth performance and pigmentation obtained
by the shrimp feed-fed fish, shrimp feeding
resulted in fatty liver and steatohepatitis in the
same fish group (Fig. 2 and Table 4). The damage
intensity worsened when the feeding frequency
was increased.

Previous work confirmed that the two
ornamental cichlids (Pseudotropheus socolofi
and Haplochromis ahli) showed excess lipid
deposition and necrosis of the liver when
these fish were fed with trout commercial
feed with high lipid content (17%) (Royes
& Murie 2004). It has been identified by the
previous experiments that the common factor
for fatty liver among the species such as
juvenile European seabass, African cod, channel
catfish, flag cichlid, and captive African catfish
was the continuous feeding of a high-energy,
high lipid (e.g., .10% lipid), formulated feeds
(Royes & Muries 2004). However, the proximate
composition indicated that the lipid content and
energy level of the used shrimp feed were low
and not significantly different from those of the
control feed (Table 1).

Therefore, the liver alterations may not be due to
the higher lipid content or energy percentages,
as explored by the above findings. Pelleted
feeds are formulated to support higher growth
at a lower cost for targeted species (Royes &
Muries 2004). In this regard, commercial shrimp
feeds have been formulated to achieve maximum
weight gain in a shorter period, as described
above. Thus, shrimp feed could be an alternative
feed for ornamental fish such as guppies to
promote growth. Moreover, it is best suited to
enhance the pigmentation of the fish.

On the contrary, poor liver conditions have
resulted due to the higher feeding rate
(6%) and higher feeding frequency (4). The

above practices induce fish to increase by
providing feed attractants (Kurnia et al., 2025).
Researchers have identified that fatty liver in
fish is associated with higher feeding frequency,
and excessive feed intake (Wu et al. 2021).
Simultaneously, there is potential to store
excess dietary lipids as lipid droplets in liver
hepatocytes, increasing the risk of fatty liver
(Crowe et al. 2021). The above findings are
comparable to the output of this research.
Furthermore, Paperna et al. (1977) proved
that the liver cells recovered to normal after a
balanced diet was resumed.

Thus, the sustainable option is to use the
specific feeds for the ornamental fish. However,
considering the advantages of the commercial
shrimp feeds such as cost-effectiveness, higher
growth and colour performance, shrimp feed
can be recommended as an alternative feed with
optimum feeding rates and frequencies.

CONCLUSION

The results of this experiment confirmed that
the use of commercial shrimp feed as a feed
for Poecilia reticulata fry enhances growth
performance and pigmentation significantly,
while its effect on stress tolerance is neutral.
However, more importantly, the application of
commercial shrimp feed in P. reticulata fry
adversely affects hepatic cells and liver health;
thus, prolonged use of shrimp feed at higher rates
and frequencies is not recommended. Therefore,
when species-specific feeds are unavailable or
expensive, it is sustainable to use commercial
shrimp feed under restricted feed strategies, such
as controlling feed frequency and rate, to ensure
fish welfare.

Acknowledgements

This experiment was funded by the National
Aquatic Resources Research and Development
Agency (NARA), Sri Lanka.

REFERENCES

Ambati RR, Moi PS, Ravi S, Aswathanarayana RG (2014) Astaxanthin: Sources, extraction, stability,
biological activities and its commercial applications—A review. Marine Drugs, 12(1), 128–
152. https://doi.org/10.3390/md12010128.

416

https://doi.org/10.3390/md12010128


The Journal of Agricultural Sciences - Sri Lanka, 2026, Vol. 21, No 2

Armenta RE, Guerrero-Legarreta I (2009) Stability studies on astaxanthin extracted from fermented
shrimp byproducts. Journal of Agricultural and Food Chemistry, 57(14), 6095–6100. https:
//doi.org/10.1021/jf901083d.

AOAC (1990) Official methods of analysis of Association of Official Analytical Chemists, 15th
Edition. AOAC, Arlington, VA. 1298p.

Babu CM, Chatrabarti R, Sabasivarao KRS (2008) Enzymatic isolation of carotenoid-protein complex
from shrimp head waste and its use as a source of carotenoids. LWT - Food Science and
Technology, 41(2), 227–235. https://doi.org/10.1016/j.lwt.2007.03.006.

Cavalheiro JMO, de Souza EO, Bora PS (2007) Utilization of shrimp industry waste in the formulation
of tilapia (Oreochromis niloticus Linnaeus) feed. Bioresource Technology, 98, 602–606.

Chong ASC, Ishak SD, Osman Z, Hashim R (2004) Effect of dietary protein levels on the reproductive
performance of female swordtails Xiphophorus helleri (Poecilidae). Aquaculture, 234, 381–
392.

Crowe BH, Harris JO, Bansemer MS, Stone DAJ (2021) Restricted feeding and dietary energy
levels affect liver structure in cultured Yellowtail Kingfish (Seriola lalandi, Valenciennes)
at summer water temperatures. Aquaculture Research, 52(12), 6074–6086. https://doi.org/10.
1111/are.15469.

Cruz-Suarez LE, Ricque-Marie D, Martínez-Vega JA, Wesche-Ebeling P (1993) Evaluation of two
shrimp by-product meals as protein sources in diets for Penaeus vannamei. Aquaculture, 115(1–
2), 53–62.

Cunha L da, Geraldo AMR, Silva VC da, Cardoso MDS, Tamajusuku ASK, Hoshiba MA (2015)
Clove oil as anesthetic for guppy. Boletim do Instituto de Pesca, 41(esp), 729–735. https://doi.
org/10.20950/1678-2305.2015v41nep729.

Derby CD, Elsayed FH, Williams SA, González C, Choe MN, Bharadwaj AS (2016) Krill
meal enhances performance of feed pellets through concentration-dependent prolongation
of consumption by Pacific white shrimp, Litopenaeus vannamei. Aquaculture, 458, 13–20.
https://doi.org/10.1016/j.aquaculture.2016.02.028.

Fang H, Xie J, Liao S, Guo T, Xie S, Liu Y, Tian L, Niu J (2019) Effects of dietary inclusion of shrimp
paste on growth performance, digestive enzymes activities, antioxidant and immunological
status and intestinal morphology of hybrid snakehead (Channa maculata × Channa argus).
Frontiers in Physiology, 10, 1027. https://doi.org/10.3389/fphys.2019.01027.

Gobinath J, Ramanibai R (2014) Histopathological studies in the gill, liver and kidney of the
freshwater fish Labeo rohita fingerlings. International Journal of Innovative Research in
Science, Engineering and Technology, 3(3), 10296–10301.

Goddard S (1996) Feed management in intensive aquaculture. Chapman and Hall, New York. 194p.

Goodwin TW (1984) The biochemistry of the carotenoids, Volume 2: Animals, 2nd Edition. Chapman
& Hall, London. 224p.

Jamabo NA, Dasimeokuma C (2020) Effect of different inclusion levels of shrimp meal with fish meal
in Oreochromis niloticus diet. Sustainability, Agriculture, Food and Environmental Research,
8(X). https://doi.org/10.7770/safer-V0N0-art2142.

Joshi PS, Praveen BM, Aithal PS (2021) Introduction to fish nutrition, feed formulation, and feeding
conversion. Bioscience Discovery, 12(4), 208–216.

417

https://doi.org/10.1021/jf901083d
https://doi.org/10.1021/jf901083d
https://doi.org/10.1016/j.lwt.2007.03.006
https://doi.org/10.1111/are.15469
https://doi.org/10.1111/are.15469
https://doi.org/10.20950/1678-2305.2015v41nep729
https://doi.org/10.20950/1678-2305.2015v41nep729
https://doi.org/10.1016/j.aquaculture.2016.02.028
https://doi.org/10.3389/fphys.2019.01027
https://doi.org/10.7770/safer-V0N0-art2142


GSC Perera, DA Athukorala, MGN Ashinsani, DG Sandeepani, SADN Senanayake

Karadal O, Güroy D, Türkmen G (2018) Effects of feed type and feeding frequency on growth
performance, reproductive efficiency and skin coloration of Auratus cichlids (Melanochromis
auratus). Aquaculture Studies, 18(2), 135–144. https://doi.org/10.4194/2618-6381-v18_2_07.

Kotiya AS, Gunalan B, Solanki JB, Jetani KL, Ramchandran K (2011) Comparison of Penaeus
monodon (Crustacea, Penaeidae) growth between commercial feed vs commercial shrimp feed
supplemented with Kappaphycus alvarezii (Rhodophyta, Solieriaceae) seaweed sap. AACL
Bioflux, 4(3), 292–300.

Kumaratunga PHS, Radampola K (2019) Effect of different commercial feeds on growth and
reproductive performance of Guppy, Poecilia reticulata Peters. Journal of the University of
Ruhuna, 7(1), 6–11. https://doi.org/10.4038/jur.v7i1.7930.

Kurnia A, Muskita WH, Effendy IJ, Hamzah M, Abidin LOB, Yusnaini IW, Balubi AM, Rahman A,
Razak LOA, Renaldi F, Riadhi AN (2025) Effect of betaine hydrochloride as an attractant on
feed consumption, growth performance, and digestive enzyme activity of ornate spiny lobsters
(Panulirus ornatus). Egyptian Journal of Aquatic Biology & Fisheries, 29(2), 2515–2535.

Lim LC, Dhert P, Sorgeloos P (2003) Recent developments and improvements in ornamental fish
packaging systems for air transport. Aquaculture Research, 34, 923–935. https://doi.org/10.
1046/j.1365-2109.2003.00946.x.

Lu KL, Xu WN, Wang LN, Zhang DD, Zhang CN, Liu WB (2014) Hepatic β-oxidation and regulation
of carnitine palmitoyltransferase (CPT) I in blunt snout bream Megalobrama amblycephala fed
a high fat diet. PLoS One, 9(3), e93135. https://doi.org/10.1371/journal.pone.0093135.

Matsuno T (2001) Aquatic animal carotenoids. Fisheries Science, 67(5), 771–783. https://doi.org/10.
1046/j.1444-2906.2001.00323.x.

Meyers SP (1986) Utilization of shrimp processing wastes. Infofish Marketing Digest, 4(86), 18–19.

Montano N, Gavino G, Gavino VC (2001) Polyunsaturated fatty acid contents of some traditional fish
and shrimp paste condiments of the Philippines. Food Chemistry, 75, 155–158. https://doi.org/
10.1016/s0308-8146(01)00126-1.

National Society for Histotechnology (NSH) (2007) Guidelines for hematoxylin and eosin staining,
1–11. http://www.nsh.org.

Paperna I, Colorni A, Gordin H, Kissil GW (1977) Diseases of Sparus aurata in marine culture at
Elat. Aquaculture, 10, 195–213.

Parappurathu S, Baiju KK, Vijayagopal P (2021) Status and prospectus of ornamental fish and feed
industry in Southern India. Marine Fisheries Information Service, Technical Extension Service,
No: 248, 7–11.

Patra SK, Tripathy MK (2022) Skill development training manual on colour fish production (08th to
17th March, 2022). College of Fisheries (OUAT), Rangeilunda, Berhampur-760007. 100p.

Penrith ML, Bastianello SS, Penrith MJ (1994) Hepatic lipidosis and fatty infiltration of organs in a
captive African stonefish Synancia verrucosa Bloch & Schneider. Journal of Fish Diseases, 17,
171–176.

Perera GSC, Bhujel RC, Salin K, Nguyen LT, Sermwatanakul A, Lin OE (2022) Effect of varying
inclusion levels of egg yolk powder on growth, stress tolerance, and pigmentation of Guppy
(Poecilia reticulata). Journal of Applied Aquaculture, 35(3), 788–803. https://doi.org/10.1080/
10454438.2022.2027835.

418

https://doi.org/10.4194/2618-6381-v18_2_07
https://doi.org/10.4038/jur.v7i1.7930
https://doi.org/10.1046/j.1365-2109.2003.00946.x
https://doi.org/10.1046/j.1365-2109.2003.00946.x
https://doi.org/10.1371/journal.pone.0093135
https://doi.org/10.1046/j.1444-2906.2001.00323.x
https://doi.org/10.1046/j.1444-2906.2001.00323.x
https://doi.org/10.1016/s0308-8146(01)00126-1
https://doi.org/10.1016/s0308-8146(01)00126-1
http://www.nsh.org
https://doi.org/10.1080/10454438.2022.2027835
https://doi.org/10.1080/10454438.2022.2027835


The Journal of Agricultural Sciences - Sri Lanka, 2026, Vol. 21, No 2

Perera GSC, Sathyaruban S, Rathnayake RMSW (2024a) Herbal additives as pigmentation sources in
aquafeeds: current usage and future potential in Asian ornamental fish farming. In: Gabriel NN,
Abasubong KP, Erasmus VN, Kamble MT (Eds.), Sustainable feed ingredients and additives for
aquaculture farming. Sustainability Sciences in Asia and Africa. Springer, Singapore, 341–361.
https://doi.org/10.1007/978-981-97-4279-0.

Perera GSC, Bhujel RC, Krishna S, Sermwatanakul A (2024b) Comparative effects of Chlorella and
Spirulina on growth, pigmentation, breeding, and stress tolerance in Guppy (Poecilia reticulata
Peters, 1859). Journal of Fisheries and Environment, 48(3), 80–91.

Perera GSC, Senanayake SADN, Sandaruwani DR, Salgadu MCKS, Rajapakshe ADWR, Athauda
S (2025) Replacement of fishmeal by three cricket meals (Acheta domesticus, Gryllus
bimaculatus, Teleogryllus mitratus) in swordtail (Xiphophorus helleri) fry feed: effect of
growth, stress tolerance, pigmentation and histopathological. Turkish Journal of Fisheries and
Aquatic Sciences, 25(7), TRJFAS26460. https://doi.org/10.4194/TRJFAS26460.

Putri DS, Miranti TYS, Putra WKA, Wulandari R, Bakkara OR (2023) The effect of fermented
shrimp shell meal in fish feed on the growth of Asian sea bass (Lates calcalifer). Second
Maritime Continental Fulcrum International Conference, IOP Conference Series: Earth and
Environmental Science, 1148, 012030. https://doi.org/10.1088/1755-1315/1148/1/012030.

Ramyadevi D, Subathira A, Saravanan S (2012) Potential recovery of protein from shrimp waste in
aqueous two-phase system. Research Journal of Chemical Sciences, 2(7), 47–52.

Roberts RJ (1989) Fish pathology, 2nd Edition. W.B. Saunders, London. 466p. https://doi.org/10.
1016/0165-7836(91)90085-7.

Royes AB, Murie DJ (2004) An evaluation of two commercially prepared feeds on growth
performance and liver condition of juvenile African cichlids Pseudotropheus socolofi and
Haplochromis ahli. North American Journal of Aquaculture, 66, 285–292.

Sahin T, Turkmen G, Emiroglu DI (2012) The effects of different feeding programmes on growth
and survival rates of new-born guppy (Poecilia reticulata Peters, 1859). In: Proceedings of
the International Symposium on Sustainable Development, Sarajevo, Bosnia and Herzegovina,
25–30.

Sathyaruban S, Perera GSC, Amarasinghe DHJM, Uluwaduge DI, Kuganathan S (2024) Efficiency
of the experimental diet enriched with palmyrah (Barassus flabellifer L.) fruit pulp on growth,
pigmentation, immune challenge, and breeding performance in the guppy (Poecilia reticulata).
Aquaculture Reports, 38, 102285. https://doi.org/10.1016/j.aqrep.2024.102285.

Sharon G, Fridman S, Reiss-Hevlin N, Sinai T, Boisot P, Zilberg D (2014) Effects of different
commercial diets on growth performance, health and resistance to Tetrahymena sp. infection
in guppies, Poecilia reticulata (Peters). Aquaculture Research, 47(7), 1–11. https://doi.org/10.
1111/are.12679.

Stevens M, Parraga CA, Cuthill IC, Partridge JC, Troscianko TS (2007) Using digital photography to
study animal coloration. Biological Journal of the Linnean Society, 90, 211–237.

Suresh AV, Vasagam KPK, Nates S (2011) Attractability and palatability of protein ingredients of
aquatic and terrestrial animal origin, and their practical value for blue shrimp, Litopenaeus
stylirostris fed diets formulated with high levels of poultry byproduct meal. Aquaculture, 319,
132–140. https://doi.org/10.1016/j.aquaculture.2011.06.039.

Tacon AGJ (1992) Nutritional fish pathology: morphological signs of nutrient deficiency and toxicity
in farmed fish. FAO Fisheries Technical Paper No. 330. Rome, FAO. 75p.

419

https://doi.org/10.1007/978-981-97-4279-0
https://doi.org/10.4194/TRJFAS26460
https://doi.org/10.1088/1755-1315/1148/1/012030
https://doi.org/10.1016/0165-7836(91)90085-7
https://doi.org/10.1016/0165-7836(91)90085-7
https://doi.org/10.1016/j.aqrep.2024.102285
https://doi.org/10.1111/are.12679
https://doi.org/10.1111/are.12679
https://doi.org/10.1016/j.aquaculture.2011.06.039


GSC Perera, DA Athukorala, MGN Ashinsani, DG Sandeepani, SADN Senanayake

Tamaru CS, Ako H (1999) Using commercial feeds for the culture of freshwater ornamental fishes in
Hawaii. US-Japan Cooperative Program in Natural Resources Technical Report, 28, 109–119.

Tandel D, Patel V, Dhruti KP, Riteh BV (2024) Ornamental fishes: trends, market dynamics and future
projection. Krishi Science, 05(08), 14–17.

Takashima F, Hibiya T (1995) An atlas of fish histology: normal and pathological features. Kodansha,
distributed by Fischer. 195p.

Uribe EA, Archundia MPF, Luna-Figueroa J (2018) The effect of live food on the coloration and
growth in guppy fish, Poecilia reticulata. Agricultural Sciences, 9, 171–179. https://doi.org/10.
4236/as.2018.92013.

Weeratunge WKOV, Perera BGK (2016) Formulation of a fish feed for goldfish with natural
astaxanthin extracted from shrimp waste. Chemistry Central Journal, 10(44). https://doi.org/
10.1186/s13065-016-0190-z.

Wu B, Huang L, Chen J, Zhang Y, Chen X, Wu C, Deng X, Gao J, He J (2021) Effects of feeding
frequency on growth performance, feed intake, metabolism and expression of fgf21 in grass carp
(Ctenopharyngodon idellus). Aquaculture, 545, 737196. https://doi.org/10.1016/j.aquaculture.
2021.737196.

Yi X, Li J, Xu W, Zhou H, Smith AA, Zhang W, Mai K (2015) Shrimp shell meal in diets for large
yellow croaker Larimichthys croceus: effects on growth, body composition, skin coloration and
anti-oxidative capacity. Aquaculture, 441, 45–50. https://doi.org/10.1016/j.aquaculture.2015.
01.030.

Zhao X, Chen W, Chang K, Sun P, Gao S (2023) Etiology and treatment of the nutritional fatty liver
in fish: a review. Pakistan Journal of Zoology, 57(2), 961–974. https://dx.doi.org/10.17582/
journal.pjz/20230301120341.

420

https://doi.org/10.4236/as.2018.92013
https://doi.org/10.4236/as.2018.92013
https://doi.org/10.1186/s13065-016-0190-z
https://doi.org/10.1186/s13065-016-0190-z
https://doi.org/10.1016/j.aquaculture.2021.737196
https://doi.org/10.1016/j.aquaculture.2021.737196
https://doi.org/10.1016/j.aquaculture.2015.01.030
https://doi.org/10.1016/j.aquaculture.2015.01.030
https://dx.doi.org/10.17582/journal.pjz/20230301120341
https://dx.doi.org/10.17582/journal.pjz/20230301120341

