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Abstract. Perilla seed is a superfood because it contains high crude protein, crude lipid, and n-3
polyunsaturated fatty acids (n-3 PUFA). This study aimed to investigate the effects of dietary
supplementation with 2.5% and 5.0% perilla seed (PS) flour on growth performance, nutrient utilization,
and carcass composition of Asian seabass (Lates calcarifer) fed with a soybean oil-based diet. Four
experimental diets were prepared: a basal diet containing 12% fish oil was formulated as a control (FO
diet). A free-fish-oil soybean oil-based diet containing 12% soybean oil without PS supplementation (0%
PS diet), a 2.5% PS diet, and a 5.0% PS diet containing 12% soybean oil were supplemented with 2.5%
and 5.0% perilla seed flour, respectively. Asian seabass (an initial body weight of 67.2+2.5 g fish'!) was
fed twice daily diets for 68 days. The results showed that survival rate, feed intake, growth rate (body
weight gain, specific growth rate, average daily gain), feed utilization (feed conversion ratio, protein
efficiency ratio, protein intake, protein retention, and lipid retention), hepatosomatic index, and
intraperitoneal index of fish were not significantly affected by dietary supplementation of perilla seed
flour (p>0.05). The high dietary lipid intake of fish fed a 5.0% PS diet was significantly higher than that
fed a control diet and a 0% PS diet (p<0.05). A significant difference in the chemical composition of fish
carcasses was not observed in this study (p>0.05). It was concluded that perilla seed flour could be
supplemented in Asian seabass’s feed at 5% without negatively impacting the growth performance and
feed utilization. However, the fatty acid profile in fish fillets should be further investigated to determine
the nutritional value of fillet quality for consumers.
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Introduction. Aquaculture products are high-quality protein sources for human food and
animal feeds. In aquaculture, fish meal and fish oil are the main animal protein and lipid
sources in fish feeds, respectively. Fish meals contain balanced amino acids and are
palatable, while fish oil has balanced fatty acid profiles for fish requirements (Tacon et al
2009). However, their availability as fish feed ingredients is limited. Therefore,
alternative plant ingredients, such as soybean, palm, sunflower, sesame, olive, rapeseed,
flaxseed, and cottonseed, have been researched to replace animal protein and lipids in
fish feeds due to their availability and sustainability (Alhazaa et al 2019; Tacon et al
2009; Sanchez-Moya et al 2020).

Among those alternative plant ingredients, soybean meal and oil are generally
used as alternative sources of protein and lipids, respectively. Soybean oil is rich in n-6
polyunsaturated fatty acids (n-6 PUFA), especially linoleic acid (18:2n-6). Nevertheless,
some studies showed that a high intake of soybean oil results in poor growth and feed
utilization observed in fish (Williams et al 2006; Rahman et al 2021), which was
associated with an exceeded intake level of n-6 PUFA from soybean oil. Further, feeding
the soybean oil-based diet could significantly increase the n-6 PUFA level in fish fillets,
affecting fish fillet quality (Guan et al 2023; Menoyo et al 2004).
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Plant oilseeds, namely linseed, chia seed, perilla seed, and rapeseed, are rich in n-
3 PUFA and have been previously studied in feeds for tilapia and common carp (Fatima et
al 2021; Aguiar et al 2011; Silva et al 2014; Dos Santos et al 2014). According to the
study by Fatima et al (2021), supplementing a soy-based diet with linseed flour could
improve the condition and flesh quality of grass carp. Similarly, feeding the dietary
linseed to Nile tilapia could improve the fatty acid composition of tilapia by-products
(Aguiar et al 2011). Previous studies have improved the flesh quality of fish fed diets
supplemented with omega-3 fatty acid-rich oilseeds such as chia seeds and perilla seeds.
These plant oilseeds are considered a superfood because they contain high omega-3 fatty
acids. Dietary supplementation of 5% chia seeds as a source of dietary lipid improves the
flesh quality of Nile tilapia fed the experimental diet for 45 days, compared to fish fed the
diet containing soybean oil (Silva et al 2014). Besides, perilla seed contains 25.38%
crude protein and 44.24% crude lipid (Sargi et al 2013). It is well-known as a superfood
because of its abundance in the n-3 PUFA level, primarily linolenic acid (18:3n-3), which
ranges from 52 to 55.5% of total fatty acids (Sargi et al 2013). Dos Santos et al (2014)
showed that feeding perilla seed flour enhanced the n-3 PUFA in tilapia fillets within 45
days in fish fed with a soybean oil-based diet (Dos Santos et al 2014). This study
indicated that perilla seed had the potential to enhance the omega-3 in tilapia fillets in 45
days. Unfortunately, this study did not investigate the growth performance of tilapia fed
with a diet supplemented with perilla seed flour.

Asian seabass, or Barramundi (Lates calcarifer), is an economically significant
aquatic species in Southeast Asia and Australia. It is a rich protein source in human diets.
The production of this species has increased over the past decades due to the rapid
expansion of the global market in different countries (Lim et al 2019). Based on previous
studies, it is reported that L. calcarifer requires high contents of protein (45-50% of
crude protein) and lipid (15-17% of crude lipid) in diets (Williams et al 2003; Glencross
2006; Glencross et al 2013). Thus, alternative plant ingredients to replace fish meal and
fish oil in diets have also been intensively studied for L. calcarifer diets (Alhazaa et al
2019; Glencross et al 2016). It is necessary to investigate the effect of dietary
supplementation of perilla seed on the growth performance, nutrient utilization, and
carcass composition of L. calcarifer fed with a soybean oil-based diet.

Material and Method

Experimental diet. Perilla seeds used in this study were purchased from Royal Project
Doi Kam (Chiang Mai province, Thailand). Perilla seeds (Perilla frutescens) were dried at
600C for 24 hours and ground as perilla seed flour (PS) before supplementing to the
experimental diets at 2.5 and 5.0%. Four experimental diets were prepared: a basal diet
containing 12% fish oil was formulated as a control diet (FO diet). A free-fish oil soybean
oil-based diet containing 12% soybean oil without PS supplementation (0% PS diet) was
also prepared. The 2.5% PS and 5.0% PS diets containing 12% soybean oil were
supplemented with 2.5 and 5.0% perilla seed flour, respectively. As presented in Table 1,
all powdered ingredients were thoroughly mixed with fish oil or soybean oil, and water
was subsequently added to produce stiff dough. The dough was pelleted using a
laboratory pellet mill. The diets were stored at -20°C until use. The samples of perilla
seed flour and the experimental diets were analyzed for their chemical composition,
including dry matter, crude protein, crude lipid, and ash.

Experimental animal. Three hundred juvenile L. calcarifer used in this study were
purchased from a commercial farm (Petchburi province, Thailand). Fish were reared in a
freshwater recirculating system with an external biofilter with a water refreshing capacity
of 10 L min-t. Before the experiment, fish were fed with commercial diets for two weeks
to acclimatize. Tanks were scrubbed weekly, and the solid waste was removed from the
sump tank daily. The values of temperature, dissolved oxygen, and pH of the water were
all measured during the feeding experiment: temperature = 28.0%+3.2°C, dissolved
oxygen = 6.0£0.8 mg L'!, and pH = 7.9 - 8.2.
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Table 1
Ingredient and proximate composition (on wet basis) of experimental diet fed to
Lates calcarifer

Ingredients Dietary treatments
(g kg?) Control 0% PS 2.5% PS 5% PS
Fish oil 120 0 0 0
Soybean oil 0 120 120 120
Perilla seed flour 0 0 25 50
Fish meal 430 430 430 430
Soybean meal 188 188 188 188
Poultry offal meal 82 82 82 82
Corn starch 50 50 50 50
Wheat flour 55 55 55 55
Carboxymethyl cellulose 5 5 5 5
Guar gum 5 5 5 5
Calcium phosphate 5 5 5 5
Vitamin premix 5 5 5 5
Mineral premix 5 5 5 5
Cellulose 50 50 25 0

Total 1000 1000 1000 1000

Analyzed proximate composition (%)

Dry matter 65.4 66.3 66.2 67.9
Crude protein 24.2 25.4 25.7 26.4
Ether extract 9.9 10.5 11.4 11.9

Total ash 11.3 11.9 12.0 12.5

Control: Diet containing fish oil at 12%; 0% PS: Diet containing soybean oil at 12%; 2.5% PS: Diet
containing soybean oil at 12% supplemented with 2.5% perilla seed flour; 5.0% PS: Diet
containing soybean oil at 12% supplemented with 5.0% perilla seed flour. Analyzed chemical
composition (% as dry matter) of P. frutescens: dry matter = 90.95%, ash = 2.77%, crude protein
= 17.82%, and ether extract = 42.49%

Feeding protocol, sample collection, and analysis. A group of 20 fish with an initial
body weight of 67.2+2.5 g fish"* was randomly allocated to each of the twelve tanks. The
initial and final body weights of all the fish were measured individually before the start of
the feeding experiment and after it ended. Each tank was randomly assigned to one of
four dietary treatments in triplicates. Fish were hand-fed to satiation two times daily for
68 days. Feed intake and mortality were recorded daily. Five fish were randomly collected
and stored at -20°C for analysis of the initial chemical composition in the whole body.
The fish were starved for 24 hours and euthanized by clove oil following the feeding trial.
The weight gain, other growth parameters, and survival rate of each tank's fish were
subsequently ascertained by counting and weighing the fish. Two fish per tank at the end
of the experiment were randomly collected and stored at -20°C for the analysis of whole-
body proximate composition. Proximate compositions were analyzed in experimental
diets and in initial and final samples of the fish according to AOAC (1995).

Calculation. At the end of the feeding trial, all the fish were individually weighed and
counted for the calculation of final weight gain, body weight gain, average daily gain
(ADG), total feed intake, daily feed intake, specific growth rate (SGR), survival rate,
hepatosomatic index (HSI), and intraperitoneal fat (IPF), feed conversion ratio (FCR), the
protein efficiency ratio (PER), protein retention, and lipid retention. Growth performance
parameters, including weight gain, SGR, FCR, and protein and lipid retentions, were
calculated as follows:

Body weight gain (g fish') = (final weight - initial weight)

Body weight gain (%) = [(final weight - initial weight) / initial weight] x 100

Average daily gain (g day!) = (final weight - initial weight) / days
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Specific growth rate (% day?) = [(In final weight - In initial weight)/days] x 100
Hepatosomatic index (HSI) = 100 x liver weight / body weight

Intraperitoneal fat (IPF) = 100 x intraperitoneal fat weight / body weight

Feed conversion ratio = total feed intake / wet weight gain

Protein efficiency ratio = weight gain / protein intake

Protein retention (%) = 100 x protein gain / protein intake

Lipid retention (%) = 100 x lipid gain / lipid intake.

Statistical analysis. Data were analyzed using GraphPad Software (La Jolla, California,
USA), which considered the dietary treatments using one-way ANOVA, followed by
Turkey’s multiple comparison test. Results were computed as mean and standard
deviation. Differences between treatments were considered significant at p<0.05.

Results. Perilla seed flour used in this study had 90.95% dry matter. The chemical
composition (% as dry matter) was 2.77% ash, 17.82% crude protein, and 42.49%
crude lipid. Increasing levels of dietary supplementation of Perilla seed flour resulted in
enhancing the crude lipid levels in the experimental diet in this study.

Growth performance. The growth performance of L. calcarifer fed the experimental
diets for 68 days is presented in Table 2 and Figure 1. Dietary supplementation of perilla
seed flour (PS) did not significantly affect the survival rate and feed intake (expressed as
both total feed intake (g fish'') and daily feed intake (% body weight)) of L. calcarifer in
this study (p>0.05). There was no significant difference (p>0.05) in the growth rate
parameters, namely, the final body weight (g fish'!), body weight gain (g fish'! and %),
average daily gain (g day™), and specific growth rate (% day™) of L. calcarifer fed the
different experimental diets (p>0.05). The hepatosomatic index of L. calcarifer was not
significantly different among the dietary treatments (p>0.05), besides a significant
difference in IPF was not observed in this study (p>0.05).

Table 2
Growth performance and feed utilization of Lates calcarifer fed the experimental diets
for 68 days
Growth parameters Dietary treatments
Control 0% PS 2.5% PS 5% PS
Initial body weight (g fish™!) 68.4+7.3 66.3+£1.3 67.4+1.2 66.8+0.3
Final body weight (g fish™!) 134.2+12.7 129.4+2.3 127.5%2.5 133.2+3.5
Body weight gain (g fish™!) 65.8+5.4 63.1+2.9 60.1+3.6 66.4+3.6
Body weight gain (%) 96.5+3.0 95.3%+5.7 89.2+6.8 99.3%5.7
ADG (g fish"t day?) 1.01+0.08 0.97+0.04 0.92+0.06 1.02+0.06
SGR (% day™) 1.04+0.02 1.03+£0.04 0.98+0.06 1.06+0.04
Daily feed intake (%BW) 2.89+£0.05 2.99+0.03 2.98+0.06 2.99+0.08
Total feed intake (g fish™!) 123.0£10.9 121.8+1.2 121.9+1.1 127.0+4.4
Survival rate (%) 96.7+2.4 81.7+12.5 75.0+10.8 85.0+8.2

ADG-Average daily gain; SGR-Specific growth rate; IPF-Intraperitoneal fat; Control: Diet containing
fish oil at 12%; 0% PS: Diet containing soybean oil at 12%; 2.5% PS: Diet containing soybean oil
at 12% supplemented with 2.5% perilla seed flour; 5.0% PS: Diet containing soybean oil at 12%
supplemented with 5.0% perilla seed flour. Values are the means and standard deviation of three
replicates of each treatment. Values in the same row with different superscripts are significantly
different (p<0.05).

Feed utilization and chemical composition. Table 3 and Figure 2 show the results of
feed utilization parameters. Feeding the diets supplemented with Perilla seed flour did not
negatively impact the feed conversion ratio, protein efficiency ratio, protein intake,
protein retention, and lipid retention of L. calcarifer fed the experimental diets for 68
days (p>0.05), but lipid intake (Figure A2) of fish fed a 5.0% PS diet was significantly
higher than fish fed a control diet and 0% PS diet (p<0.05). The chemical composition of
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the carcass of L. calcarifer fed the experimental diet for 68 days was not affected by
dietary supplementation of Perilla seed flour (Table 4).

Table 3
Feed utilization of Lates calcarifer fed the experimental diets for 68 days
e s Dietary treatments
Feed utilization Control 0% PS 2.5% PS 5% PS
Feed conversion ratio 1.87+0.05 1.93+0.10 2.04+0.13 1.92+0.15
Protein efficiency ratio (%) 2.72%£0.22 2.48+0.11 2.34+0.14 2.52+0.14
Protein retention (%) 37.7%£0.9 35.2+2.5 34.3£2.0 33.2+1.2
Lipid retention (%) 52.3£6.9 48.6+5.0 50.5+6.1 46.7£3.3

Control: Diet containing fish oil at 12%; 0% PS: Diet containing soybean oil at 12%; 2.5% PS: Diet
containing soybean oil at 12% supplemented with 2.5% perilla seed flour; 5.0% PS: Diet
containing soybean oil at 12% supplemented with 5.0% perilla seed flour. Values are the means
and standard deviation of three replicates of each treatment. Values in the same row with different
superscripts are significantly different (p<0.05).

Table 4
Proximate composition of carcass (wet basis) of Lates calcarifer fed experimental diets for
68 days
Parameters Dietary treatments
(%) Initial Control 0% PS 2.5% PS 5% PS

Dry matter 29.6 32.3+0.5 32.4+0.5 33.6+0.6 33.4+0.4
Ash 5.0 5.0+0.5 5.70+0.3 5.8+0.6 5.3+0.5
Protein 16.1 16.6+0.3 16.7+0.1 17.0+0.2 16.4+0.7
Ether extract 7.0 8.3+0.6 8.4+0.3 9.2+0.4 8.8+0.5

Control: Diet containing fish oil at 12%; 0% PS: Diet containing soybean oil at 12%; 2.5% PS: Diet
containing soybean oil at 12% supplemented with 2.5% perilla seed flour; 5.0% PS: Diet
containing soybean oil at 12% supplemented with 5.0% perilla seed flour. Values are the means
and standard deviation of three replicates of each treatment. Values in the same row with different
superscripts are significantly different (p<0.05).
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Figure 1. (A) Hepatosomatic index (HSI, % body weight) and (B) intraperitoneal fat index
(IPF, body weight) of Lates calcarifer fed the experimental diets for 68 days. Values are
the means and standard deviation bar of three replicates of each treatment.
Abbreviation: Control: Diet containing fish oil at 12%; 0% PS: Diet containing soybean oil
at 12%; 2.5% PS: Diet containing soybean oil at 12% supplemented with 2.5% perilla
seed flour; 5.0% PS: Diet containing soybean oil at 12% supplemented with 5.0% perilla
seed flour.
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Figure 2. (A) Protein intake (g fish't) and (B) lipid intake (g fish™') of Lates calcarifer fed
the experimental diets for 68 days. Values are the means and standard deviation bar of
three replicates of each treatment. Values with different superscript letters are
significantly different (p<0.05). Abbreviation: Control: Diet containing fish oil at 12%;
0% PS: Diet containing soybean oil at 12%; 2.5% PS: Diet containing soybean oil at
12% supplemented with 2.5% perilla seed flour; 5.0% PS: Diet containing soybean oil at
12% supplemented with 5.0% perilla seed flour.

Discussion. Fish oil is a source of n-3 fatty acids in fish feed, particularly EPA and DHA,
as n-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFA). Unfortunately, fish oil is an
unsustainable product; an alternative source of n-3 fatty acids has been seeked
intensively. Oilseeds, such as soybean, palm, sunflower, sesame, olive, rapeseed,
flaxseed, and cottonseed are commonly used as alternative ingredients in fish feed
because of their sustainability and availability. Among those alternative oilseeds, the
flaxseed, chia seed, rapeseed, and perilla seed are high in n-3 fatty acids, especially
linolenic acid (18:3n-3), which is beneficial in health and anti-inflammatory (Sargi et al
2013). The perilla seed used in our study consisted predominantly of crude lipid
(42.94%), surpassed by crude protein (17.82%). Therefore, supplementing the diet with
perilla seed flour enhanced the crude lipid content in the 2.5% PS diet and 5.0% PS diet.
Soltan (2005) also discovered that crude lipid increased when linseed flour was
supplemented in the diet. Oilseeds (perilla seed and flaxseed) contained a high crude
lipid content, ranging from 37 to 42% (Sargi et al 2013).

The study of perilla seed flour incorporation in fish feed is very limited (Dos
Santos et al 2014). Our study is the first report on the effect of dietary supplementation
of perilla seed flour on growth performance, feed utilization, and chemical composition in
the carcass of L. calcarifer. As a result of our study, L. calcarifer fed with the
experimental diets for 68 days showed a regular growth rate, with SGR ranging from
1.04 to 1.06 % day . Further, there was no significant difference in the survival rate,
which ranged from 75 to 96.7% in this study. This signifies that the dietary
supplementation of perilla seed flour in L. calcarifer diets did not negatively impact the
growth and survival rate of the fish. Moreover, dietary supplementation of 5% perilla
seed flour did not significantly affect the feed utilization, such as FCR, PER, lipid intake,
lipid retention, and protein retention, of L. calcarifer fed with the experimental diet for 68
days in our study. Our study is in line with chia seed flour; Silva et al (2014) found that
feeding a diet containing 5% chai seed flour for 45 days did not statistically affect the
growth rate of Nile tilapia (initial body weight of 7.4 g fish'!, Oreochromis niloticus).
Soltan (2005) investigated the effects of dietary inclusion of linseed flour at 11.4%,
22.8%, 34.2%, and 45.6% in diets in replacement of soybean meal protein at levels of
25, 50, 75, and 100%, on growth performance of juvenile Nile tilapia (initial body weight
of 2.76-2.91 g fish'!). They found that the growth performance of fish was significantly
depressed when feeding up to 22.8% dietary linseed flour in diets. This study suggested
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that linseed could be included in the diet of juvenile Nile tilapia at 11.4% without
detrimental impact on the growth performance. Mazurkiewicz et al (2011) demonstrated
that the growth performance and feed conversion ratio of common carp (initial body
weight of 500 g fish™!) was not significantly affected by feeding diets containing graded
levels of cold-pressed rapeseed cake ranging from 11-33% in diets. Although our study
did not detect a significant difference in HSI and IPF of L. calcarifer fed a 2.5% PS diet
and a 5.0% PS diet, the increased tendency of HSI and IPF of L. calcarifer fed a 2.5% PS
diet and a 5.0% PS diet might be associated with a high intake of dietary lipid of fish fed
a 2.5% PS diet and 5.0% PS diet (Figure 2A and 2B), which resulted from Perilla seed
flour supplementation.

Feeding the dietary oilseed could affect the chemical composition of fish
carcasses. It was reported that feeding diets containing 22% and 33% cold-pressed
rapeseed cake in diets significantly enhanced dry matter and crude lipid of common carp
(Mazurkiewicz et al 2011). Additionally, feeding the diets 22.8% and 45.6% rapeseed
meal significantly reduced crude lipid and crude protein in the carcass of Nile tilapia,
respectively. Meanwhile, the ash content was increased in the carcass of Nile tilapia fed
with a diet containing 45.6% linseed meal (Soltan 2005). In contrast, our study did not
observe a significant difference in the chemical composition, namely dry matter, crude
protein, crude lipid, and ash of the carcass of L. calcarifer. Our result is in accordance
with Dos Santos et al (2014), who reported that feeding a diet containing 5% perilla seed
flour did not alter the crude protein and crude lipid in the fillets of Nile tilapia during the
60-day feeding period. However, feeding low levels of dietary perilla seed flour did not
improve the growth performance of L. calcarifer in our study. Nonetheless, there was
obvious evidence demonstrating that small amounts of 5% dietary supplementation of
perilla seed flour, chai seed flour, and linseed flour significantly improved the nutritional
quality of fish fillets, fish carcasses, and fish by-products (Dos Santos et al 2014;
Nishiyama et al 2014; Silva et al 2014; Zanqui et al 2016). Dos Santos et al (2014)
compared the muscle quality of tilapia fed with the soybean oil-based diet to that fed a
diet containing 5% perilla seed flour, during the 60 day-feeding period. They observed
that perilla seed flour significantly increased the content of the n-3 polyunsaturated fatty
acids (n-3 PUFA) such as linolenic acid (18:3n-3), arachidonic acid (20:4n-3),
eicosapentaenoic acid (EPA, 20:5n-3), and docosahexaenoic acid (DHA, 22:6n-3) in the
fillets of tilapia. Moreover, Nishiyama et al (2014) reported that dietary supplementation
of 5% linseed flour significantly enhanced the muscle quality of tilapia. The linolenic acid
content was significantly increased at 50% in the muscle. Further LC-PUFA, such as EPA
and DHA, also increased in the fillets of the tilapia fed with the diet for 60 days. However,
the author suggested that the dietary supplementation of 5% linseed flour for 45 days
was sufficient to enhance linolenic acid in fish muscle (Nishiyama et al 2014). Similar to
the study on chia seed flour, Silva et al (2014) revealed that dietary supplementation of
5% chia seed flour significantly increased the levels of total PUFA and n-3 fatty acids,
namely linolenic acid, EPA and DHA, in fillets of the tilapia fed with the experimental diet
for 45 days. Interestingly, the linolenic acid level was five times higher than in the fish
fed the control diet. Based on the findings of previous studies (Dos Santos et al 2014;
Nishiyama et al 2014; Silva et al 2014), dietary supplementation with 5% n-3 PUFA-rich
oilseeds is a suitable strategy to efficiently improve the nutritional quality of fish fillets for
consumers. According to the current study, further investigation of the effect of perilla
seed flour supplementation on the quality of L. calcarifer fillets is necessary.

Conclusions. A dietary supplementation of 2.5 and 5.0% perilla seed flour did not
significantly affect the growth performance, nutrient utilization, and carcass composition
of L. calcarifer fed with a free-fish oil soybean oil-based diet for 68 days. It is
recommended that further investigation of perilla seed flour supplementation in diets on
the fatty acid profile as fillet quality parameters in L. calcarifer should be conducted.

Acknowledgements. The authors would like to thank to the Graduate Master’s Degree
Program in Animal Science, Faculty of Agriculture, Chiang Mai University, under the CMU
Presidential Scholarship, which provided financial support, and special thanks to Dr.

AACL Bioflux, 2024, Volume 17, Issue 4. 1608
http://www.bioflux.com.ro/aacl



Chanon Suntara for providing facilities and support during the analysis. This work (Grant
No. RGNS 64-079) was supported by Office of the Permanent Secretary, Ministry of
Higher Education, Science, Research and Innovation (OPS MHESI), Thailand Science
Research and Innovation (TSRI) and Khon Kean University, Thailand.

Conflict of interest. The authors declare no conflict of interest.

Ethical approval. The study was conducted in compliance with the guidelines of the
Animal Use Protocol approved by the National Research Council of Thailand, and all
methods were in accordance with relevant guidelines and regulations (approval no. Ul
08621-2562). The study was approved by the Animal Care and Use Committee of Chiang
Mai University; Reference No. AG03005/2567.

References

Aguiar A. C., Cottica S. M., Boroski M., Oliveira C. C., Bonafé E. G., Franca P. B., Souza
N. E., Visentainer J. V., 2011 Quantification of essential fatty acids in the heads of
Nile tilapia (Oreochromis niloticus) fed with linseed oil. Journal of the Brazilian
Chemical Society 22(4):643-647.

Alhazzaa R., Nichols P. D., Carter C. G., 2019 Sustainable alternatives to dietary fish oil
in tropical fish aquaculture. Reviews in Aquaculture 11:1195-1218.

Dos Santos H. M. C., Nishiyama M. F., Bonafe E. G., de Oliveira C. A. L., Matsushita M.,
Visentainer J. V., Ribeiro R. P., 2014 Influence of a diet enriched with perilla seed
bran on the composition of omega-3 fatty acid in Nile tilapia. Journal of the
American Oil Chemists' Society 91:1939-1948.

Fatima S., Manzoor F., Amman H., Kanwal Z., Latif A., Ali Z., Gondal H., Sajjad S.,
Janjua R., 2021 Supplementation of soy-based feed with linseed and its effects on
growth and fatty acid profile in Grass carp (Ctenopharyngodon idella). Pakistan
Journal of Zoology 53:1785-1791.

Glencross B., 2006 The nutritional management of barramundi, Lates calcarifer - A
review. Aquaculture Nutrition 12(4):291-3009.

Glencross B., Blyth D., Irvin S., Bourne N., Campet M., Boisot P., Wade N. M., 2016 An
evaluation of the complete replacement of both fishmeal and fish oil in diets for
juvenile Asian seabass, Lates calcarifer. Aquaculture 451:298-309.

Glencross B., Wade N., Morton K., 2013 Lates calcarifer nutrition and feeding practices.
Biology and culture of Asian seabass Lates calcarifer, CRC press, pp. 178-228.

Guan L., Zhuo L., Tian H., Li C., Li J., Meng Y., Ma R., 2023 Canola oil substitution
doesn’t affect growth but alters fillet quality of triploid rainbow trout. Aquaculture
569:739385.

Lim K. C., Yusoff M. F., Shariff M., Kamarudin M. S., Nagao N., 2019 Dietary
supplementation of astaxanthin enhances hemato-biochemistry and innate
immunity of Asian seabass, Lates calcarifer (Bloch, 1790). Aquaculture 512:734339.

Mazurkiewicz J., Przybyt A., Czyzak-Runowska G., tyczynski A., 2011 Cold-pressed
rapeseed cake as a component of the diet of common carp (Cyprinus carpio L.):
effects on growth, nutrient utilization, body composition and meat quality.
Aquaculture Nutrition 17(4):387-394.

Menoyo D., Izquierdo M., Robaina L., Ginés R., Lopez-Bote C., Bautista J., 2004
Adaptation of lipid metabolism, tissue composition and flesh quality in gilthead sea
bream (Sparus aurata) to the replacement of dietary fish oil by linseed and
soyabean oils. The British Journal of Nutrition 92(1):41-52.

Nishiyama M. F., Souza A. H. P., Gohara A. K., dos Santos H. M. C., Oliveira C. A. L.,
Ribeiro R. P., de Souza N. E., Gomes S. T. M., Matsushita M., 2014 Chemometrics
applied to the incorporation of omega-3 in tilapia fillet feed flaxseed flour. Food
Science and Technology 34:449-455.

Rahman M. A., Tantikitti C., Suanyuk N., Talee T., Hlongahlee B., Chantakam S.,
Srichanun M., 2021 Effects of alternative lipid sources and levels for fish oil
replacement in Asian seabass (Lates calcarifer) diets on growth, digestive enzyme

AACL Bioflux, 2024, Volume 17, Issue 4. 1609
http://www.bioflux.com.ro/aacl



activity and immune parameters. Songklanakarin Journal of Science and Technology
43(4):976-986.

Sargi S. C., Silva B. C., Santos H. M. C., Montanher P. F., Boeing J. S., Santos Junior O.
0., Souza N. E., Visentainer J. V., 2013 Antioxidant capacity and chemical
composition in seeds rich in omega-3: chia, flax, and perilla. Food Science and
Technology 33:541-548.

Sanchez-Moya A., Garcia-Meilan 1., Riera-Heredia N., Vélez E. J., Lutfi E., Fontanillas R.,
Gutiérrez J., Capilla E., Navarro 1., 2020 Effects of different dietary vegetable oils on
growth and intestinal performance, lipid metabolism and flesh quality in gilthead sea
bream. Aquaculture 519:734-881.

Silva B. C. E., dos Santos H. M. C., Montanher P. F., Boeing J. S., Almeida V. D. C,,
Visentainer J. V., 2014 Incorporation of omega-3 fatty acids in Nile tilapia
(Oreochromis niloticus) fed chia (Salvia hispanica L.) bran. Journal of the American
Oil Chemists' Society 91(3):429-437.

Soltan M. A., 2005 Partial and total replacement of soybean meal by raw and heat
treated linseed meal in tilapia, Diets. Egyptian Journal of Nutrition and Feeds
8(1):1091-11009.

Tacon A. G. J., Metian M., Hasan M. R., 2009 Feed ingredients and fertilizers for farmed
aquatic animals: Sources and composition. FAO Fisheries and Aquaculture Technical
Paper No. 540. FAO, Rome, Italy.

Williams K. C., Barlow C. G., Rodgers L., Agcopra C., 2006 Dietary composition
manipulation to enhance the performance of juvenile barramundi (Lates calcarifer
Bloch) reared in cool water. Aquaculture Research 37(9):914-927.

Williams K. C., Barlow C. G., Rodgers L., Hockings 1., Agcopra C., Ruscoe I., 2003 Asian
seabass Lates calcarifer perform well when fed pelleted diets high in protein and
lipid. Aquaculture 225(1-4):191-206.

Zanqui A. B., Souza A. H. P. D., Gohara A. K., Nishiyama M. F., Ribeiro R. P., Souza N. E.
D., Visentainer J. V., Gomes S. T. M., Matsushita M., 2016 Multivariate study of Nile
tilapia byproducts enriched with omega-3 and dried with different methods. Food
Science and Technology 36:18-23.

*** AOQAC, 1995 Official methods of analysis. 16 edition. Association of Official
Analytical Chemists, Inc., Arlington, Virginia, USA. Vol. I-II, 66 p.

Received: 08 April 2024. Accepted: 23 July 2024. Published online: 16 August 2024.

Authors:

Mercy-Shalom Kehinde Adepoju, Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai
University, Chiang Mai, Thailand, e-mail: adepojumercyshalomesther@gmail.com

Bundit Yuangsoi, Department of Fisheries, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002,
Thailand, e-mail: bundyu@kku.ac.th

Siripavee Charoenwattanasak, Department of Fisheries, Faculty of Agriculture, Khon Kaen University, Khon
Kaen 40002, Thailand, e-mail: kobkaew@kku.ac.th

Mintra Seel-audom, Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University,
Chiang Mai, Thailand, e-mail: mintra.s@cmu.ac.th

Siriporn Tola, Department of Fisheries, Faculty of Agriculture, Khon Kaen University, Khon Kaen 40002,
Thailand, e-mail: siripto@kku.ac.th

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Adepoju M.-S. K., Yuangsoi B., Charoenwattanasak S., Seel-audom M., Tola S., 2024 Effects of perilla (Perilla
frutescens) seed on growth performance, feed efficiency, and carcass quality of Asian seabass (Lates calcarifer)
reared in freshwater. AACL Bioflux 17(4):1602-1610.

AACL Bioflux, 2024, Volume 17, Issue 4. 1610
http://www.bioflux.com.ro/aacl



