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A B S T R A C T  

Aquaculture production is increasing day by day to meet the protein need of the global population. 

Various feed additives are used in aquaculture to enhance growth, stimulate immunity, prevent 

diseases, and strengthen the antioxidant status of fish. Phytochemicals attract attention among these 

feed additives. As phytochemicals are natural products, they are considered to be safe for fish, 

humans, and the environment. In this paper, we reviewed recent studies that utilize phytochemicals 

as feed additives in cultured fish species. In agreement with the available literature, we inferred 

that phytochemicals could be used in aquaculture. However, as some studies reported undesirable 

effects on growth, we believe that phytochemicals are more effective in immunostimulation and 

enhancing antioxidant status rather than growth-promoting. Possible reasons for growth retardation 

were emphasized. Although available evidence suggests that phytochemicals display beneficial 

effects, we discussed the possible use of phytochemical combinations to obtain even more desirable 

results. To conclude, we think that phytochemicals can exert synergistic effects, and this approach 

should be investigated in future studies. 
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Introduction 

Aquaculture has become an important industry and the 

world’s fastest-growing agricultural business sector and is an 

important commercial activity in many countries (Kumari & 

Sahoo, 2006; Villa-Cruz et al., 2009; Karga et al., 2020). Global 

aquaculture production has increased vastly in the last years 

for the protein requirement of humans (Özçelik et al., 2020; 

Salem et al., 2021). Aquaculture practices have become more 

intense to supply the demand because the wild fish stocks are 

getting scarce as days pass. With this intensification, problems 

and threats started increasing. These are high production 

costs, diseases, stress, environmental impact, animal welfare 

issues, and organic production demand (Sönmez, Bilen, Alak, 

et al., 2015; Sönmez, 2017; Arslan et al., 2018; Elbesthi et al., 

2020). For example, fish are exposed to several infectious 
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diseases, reducing the fish yield (Erguig et al., 2015; Syahidah 

et al., 2015). The use of antibiotics and chemotherapeutic 

agents for controlling diseases can reduce mortality and 

improve growth rates; however, they are often considered an 

expensive and unhealthy way to treat any disease (Ferguson et 

al., 2010). Moreover, the antibiotic and chemotherapeutic 

residues can remain in fish tissues, which may threaten the 

health of human consumers and cause pollution in the aquatic 

environment (Bulfon et al., 2017; Erguig et al., 2015; Syahidah 

et al., 2015). Another problem that arises in aquaculture is 

high production costs, mostly due to the feed expense. Feed is 

a limiting factor, particularly in carnivorous fish culture, 

because so far, the fish meal in the feed has not been 

successfully replaced with another substance. And since the 

fish meal also comes from the wild fish populations, the 
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scarcity of the fish stocks also affects feed availability and 

therefore has a great impact on the sustainability of 

aquaculture. Studies in the last few decades have intensely 

focused on natural products to overcome these problems 

(Cavalcante et al., 2020; de Oliviera et al., 2020; Ganeva et 

al., 2020; Adeshina et al., 2021; Sangari et al., 2021). Among 

these natural products, phytochemicals attract attention due 

to their great health benefits. Phytochemicals are, in simple 

terms, bioactive compounds of plant origin (Lillehoj et al., 

2018), which exhibit a wide array of beneficial effects such as 

antiviral, anticancer, growth-promoting, antibiotic, 

antioxidant, immune-stimulating, and anti-inflammatory 

effects (Lillehoj et al., 2018; Mani et al., 2020; Zheng et al., 

2019; Choudhari et al., 2020, Terzi et al., 2021). In this paper, 

we reviewed recent studies that utilize phytochemicals in fish 

culture. 

Health Benefits of Phytochemicals 

Phytochemicals are non-nutritive compounds, and they 

often have a pharmacological effect (Leitzmann, 2016). Based 

on its definition, although phytochemicals may include various 

groups, Chakraborty et al. (2014) classified them as essential 

oils, steroids, terpenoids, phenolics, pigments, flavonoids, and 

alkaloids according to their chemical structures. For humans, 

Oomah (1999) reviewed certain phytochemicals’ preventive or 

therapeutic health effects on cardiovascular diseases, diabetic 

neuropathy, gastrointestinal disorders, gynecological 

disorders, neurological disorders, inflammation, 

immunological disorders, vision, cancer, urinary tract 

infection. Previous studies on fish have also reported 

beneficial effects of phytochemicals, including but not limited 

to antimicrobial properties, immunostimulation, appetite 

stimulation, growth promotion, and antistress (Citarasu, 2010; 

Chakraborty & Hancz, 2011). Phytochemicals have great 

potential to be used in animal diets as the main active 

substance and/or source for the new drugs (Sutili et al., 2017). 

Phytochemicals as Growth Promoters 

The cost of aquaculture has led business owners to desire 

to harvest the maximum yield per unit area, while the scarcity 

of natural resources has driven scientists to do the same. Both 

situations add up to the same objective: faster growth of the 

fish with fewer costs. Hence, growth promotion is among the 

most important purposes of recent studies (Sönmez, Bilen, 

Albayrak, et al., 2015). Phytochemicals are successfully 

demonstrated to promote growth in various fish species. 

However, some studies obtained adverse effects on growth, 

probably due to the presence of anti-nutritional factors 

(Glencross et al., 2006; Chakraborty et al., 2014). 

Nonetheless, these anti-nutritional factors may be partially 

eliminated through processing techniques (Chakraborty et al., 

2014). Recent studies investigating the effects of dietary 

phytochemical supplementation on growth in fish culture are 

presented in Table 1. 

Table 1. Effects of dietary phytochemical supplementation on growth in fish 

Phytochemical Fish species Dose* and duration 
Notable 
results** 

References 

Quercetin 

Blunt snout bream (Megalobrama 
amblycephala) 

0.4 and 0.8%, 56 days 
↑ FW  
↑ WG 

Jia, Yan, et al. (2019) 

Grass carp (Ctenopharyngodon idella) 0.4 g kg-1, 60 days 
↑ FW  
↑ WG  
↓ FCR 

Xu et al. (2019) 

Nile tilapia (Oreochromis niloticus) 
0.2, 0.4, 0.8, and 1.6 
g kg-1, 49 days  

↑ FW  
↑ WG  
↓ FCR 
↑ CF 

Zhai and Liu (2013) 

Genistein Nile tilapia (O. niloticus) 3 g kg-1, 56 days 
↓ FW 
↓ SGR 

Chen et al. (2015) 

Ferulic acid GIFT (O. niloticus) 
0.52 nmol kg-1, 56 
days  

↑ FW  
↑ WG  
↓ FCR 

Yu et al. (2017) 

Organic acid blend (Formic acid, 
lactic acid, malic acid, tartaric 
acid, and citric acid) 

Red hybrid tilapia (Oreochromis sp.) 0.5 and 1%, 140 days ↔ Growth Koh et al. (2016) 

Sesamin Atlantic salmon (Salmo salar) 5.8 g kg-1, 120 days 
↓ FW 
↓ SGR 

Schiller Vestergren et 
al. (2012) 

Resveratrol Blunt snout bream (M. amblycephala) 1%, 56 days 
↓ FW 
↓ WGR 

Jia, Yan, et al. (2019) 

Curcumin 

Common carp (Cyprinus carpio) 
5, 10, and 15 g kg-1, 
56 days 

↑ FW  
↑ WG  
↓ FCR 

Giri et al. (2019) 

Grass carp (C. idella) 
393.67 mg kg-1, 60 
days 

↑ FW  
↑ WG  
↑ SGR 
↓ FCR 

Ming et al. (2020) 

Nile tilapia (O. niloticus) 5 mg kg-1, 112 days ↔ Growth Mahfouz (2015) 

 (continues on the next page)  
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Table 1 continued 

Phytochemical Fish species Dose* and duration 
Notable 
results** 

References 

Curcumin 

Nile tilapia (O. niloticus) 
50, 100, 150, and 200 
mg kg-1, 84 days 

↑ FW  
↑ WG  
↑ SGR 
↓ FCR 

Mahmoud et al. 
(2017) 

Rainbow trout (Oncorhynchus mykiss) 1, 2, and 4%, 56 days 

↑ FW  
↑ WG  
↑ SGR 
↓ FCR 

Yonar et al. (2019) 

Carvacrol Rainbow trout (O. mykiss) 
1, 3, and 5 g kg-1, 60 
days 

↔ Growth Yilmaz et al. (2015) 

Alkaloids (Koumine, gelsemine, 
gelsenicine) 

Blunt snout bream (M. amblycephala) 40 mg kg-1, 84 days 

↑ FW  
↑ WG  
↑ SGR 
↓ FCR 

Ye et al. (2019) 

Sparteine Rainbow trout (O. mykiss) 
0.25, 0.5, 1, 2.5, and 
5 g kg-1, 62 days 

↓ Growth Serrano et al. (2011) 

Tannic acid European seabass (Dicentrarchus labrax) 
10, 20, and 30 g kg-1, 
35 days 

↓ Growth Omnes et al. (2017) 

Tannins Beluga sturgeon (Huso huso) 
0.05 and 0.1%, 42 
days 

↑ FW  
↑ WG  
↑ SGR 
↓ FCR 

Safari et al. (2020) 

Condensed tannins Japanese seabass (Lateolabrax japonicus) 
100, 200, and 400 mg 
kg-1, 56 days 

↔ Growth Peng et al. (2020) 

Saponins 
Common carp (C. carpio) 150 mg kg-1, 56 days ↑ WG  Francis et al. (2002) 

Olive flounder (Paralichthys olivaceus) 6.4 g kg-1, 56 days ↓ Growth Chen et al. (2011) 

* Doses given in the table are those supplemented to the fish groups where the notable results were observed. Not every dose was given since 
otherwise, the presentation of the varying results would be complicated. 
** Results of some studies, in which some of the doses displayed different results, were given based on the general conclusions of that particular study. 
The reader is referred to the relevant article in the references list for exact results. 
Symbols: ↑ indicates increase, ↓ indicates decrease, ↔ indicates no change. 
Abbreviations: CF Condition factor, FCR Feed conversion ratio, FW Final weight, GIFT Genetically improved farmed tilapia, SGR Specific growth rate, 
WG Weight gain.  

 

Phytochemicals as Immunostimulators 

The immune system consists of various humoral and 

cellular components that protect the body from extraneous 

substances (Biller-Takahashi & Urbinati, 2014). 

Immunostimulation is a phenomenon in which the immune 

response of an organism is stimulated beforehand so that when 

an extraneous substance enters the body, it must face a more 

strengthen immune system. Studies have demonstrated that a 

wide variety of products other than phytochemicals 

successfully stimulate the immune response in finfish 

(Mohamed et al., 2018; Bilen et al., 2020; Makled et al., 2020). 

Phytochemicals are usually considered safe for fish, humans, 

and the environment (Chakraborty & Hancz, 2011). Therefore, 

immunostimulation with phytochemicals is particularly 

important due to its possibility to replace or minimize the use 

of antibiotics or chemicals that display undesirable effects. 

Table 2 shows the studies conducted on the immunity of 

cultured finfish with dietary administration of phytochemicals. 

Table 2. Effects of dietary phytochemical supplementation on serum biochemistry and immunity in fish 

Phytochemical Fish species Dose* and duration Notable results** References 

Quercetin 

Blunt snout bream 
(Megalobrama amblycephala) 

0.4 and 0.8% alone or 
combined with 0.5 or 1% 
resveratrol, 56 days 

● Reversing high-fat diet-
induced depression of 
immunity 

Jia, Yan, et al. 
(2019) 

Olive flounder (Paralichthys 
olivaceus) 

0.5% combined with 6.8% 
spirulina, 70 days 

↑ LYS  Kim et al. (2013) 

Olive flounder (P. olivaceus) 0.25 and 0.5%, 60 days  
↑ LYS  
● Improved immunity against 
external stress 

Shin et al. (2010a) 

Rainbow trout (Oncorhynchus 
mykiss) 

1%, 14 days 

↑ LYS 
↑ MPO 
↑ Total protein 
↑ Antiprotease activity 
↑ Bactericidal activity 

Awad et al. (2013) 

(continues on the next page) 
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Table 2 continued 

Phytochemical Fish species Dose* and duration Notable results** References 

Daidzein 
Turbot (Scophthalmus 
maximus) 

40 and 400 mg kg-1, 84 days 

● Mitigating intestinal 
inflammation 
● Improving the tight junction 
barrier 

Ou et al. (2019) 

Caffeic acid 
Nile tilapia (Oreochromis 
niloticus) 

5 g kg-1, 60 days 

↑ Phagocytic index 
↑ Potential killing activity 
↑ Respiratory burst activity 
↑ MPO 
↑ IRGE  
● Resistance against 
Aeromonas veronii 

Yilmaz (2019) 

Ferulic acid 

Nile tilapia (O. niloticus) 80 mg kg-1, 60 days 
↑ Phagocytic activity 
↑ LYS 
↑ IRGE  

Dawood et al. 
(2020) 

Common carp (Cyprinus carpio) 100 mg kg-1, 56 days 

↑ Total IgM 
↑ Respiratory burst activity 
↑ LYS 
● Resistance against 
Aeromonas hydrophila 

Ahmadifar et al. 
(2019) 

Trans-cinnamic acid Rainbow trout (O. mykiss) 
250 and 500 mg kg-1, 60 
days 

↑ Blood granulocyte 
percentage 
↑ Total protein 
↑ Globulin 
↑ LYS 
↑ Total Ig 
↑ Phagocytic activity 
↑ Respiratory burst activity 
↑ Potential killing activity 
↑ IRGE  
● Resistance against Yersinia 
ruckeri 

Yılmaz and Ergün 
(2018) 

Resveratrol 

GIFT (O. niloticus) 0.5 g kg-1, 45 days ● Enhanced immunity 
Zheng et al. 
(2019) 

Turbot (S. maximus) 0.05%, 56 days 
● Mitigating inflammatory 
response caused by soybean 
meal 

Tan et al. (2019) 

Curcumin 

Common carp (C. carpio) 10, and 15 g kg-1, 56 days 

↑ LYS 
↑ Total Ig 
↑ Total protein 
↑ ALP 
↑ Protease activity 
↑ Peroxidase activity 
● Resistance against 
Aeromonas hydrophila 
● Anti-inflammatory effect 

Giri et al. (2019) 

Grass carp (Ctenopharyngodon 
idella) 

393.67 mg kg-1, 60 days 

↑ LYS 
↑ Acid phosphatase 
↑ C3 and C4  
↓ ALT 
↓ AST 
↑ LYS, C3, and antimicrobial 
peptide gene expression 
levels 
● Anti-inflammatory effect 

Ming et al. (2020) 

Nile tilapia (O. niloticus) 200 mg kg-1, 60 days  

↑ Total protein 
↑ Globulin 
↑ α globulin-1 
↑ α globulin-2 
● Resistance against 
Aeromonas hydrophila 

Abd El-Hakim et 
al. (2020) 

Nile tilapia (O. niloticus) 
50, 100, 150, and 200 mg 
kg-1, 84 days 

↑ LYS 
↑ IgG 
↑ IgM 
● Antibacterial effect 
● Resistance against 
Aeromonas hydrophila 

Mahmoud et al. 
(2017) 

(continues on the next page) 
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Table 2 continued 

Phytochemical Fish species Dose* and duration Notable results** References 

Curcumin Rainbow trout (O. mykiss) 1, 2, and 4%, 56 days 

↑ WBC 
↑ Oxidative Radical 
Production 
↑ Phagocytic activity 
↑ Phagocytic index 
↑ Total protein 
↑ IgM 
↑ Bactericidal activity 
↑ LYS 
↑ MPO 
● Resistance against 
Aeromonas salmonicida 
subsp. achromogenes 

Yonar et al. 
(2019) 

Alkaloids (Koumine, 
gelsemine, gelsenicine) 

Blunt snout bream (M. 
amblycephala) 

20 and 40 mg kg-1, 84 days 

↑ C3 and C4 
↑ IgM 
● Resistance against 
Aeromonas hydrophila 
↑ IRGE  
↓ TGF-β and IL10 expression 
levels 

Ye et al. (2019) 

Tannins Beluga sturgeon (Huso huso) 0.05 and 0.1%, 42 days 

↑ LYS 
↑ Peroxidase activity 
↔ ALT 
↔ AST 
↔ ALP 

Safari et al. 
(2020) 

Condensed tannins 
Japanese seabass (Lateolabrax 
japonicus) 

100, 200, and 400 mg kg-1, 
56 days 

↔ ALP 
↔ LYS 
↔ IgM 
↓ TNF-α 
↓ IL-6 
↔ IL-8 
↔ Serum biochemistry 
● Protection against hypoxia 

Peng et al. (2020) 

* Doses given in the table are those supplemented to the fish groups where the notable results were observed. Not every dose was given since 
otherwise, the presentation of the varying results would be complicated. 
** Results of some studies, in which some of the doses displayed different results, were given based on the general conclusions of that particular study. 
The reader is referred to the relevant article in the references list for exact results. 
Symbols: ↑ indicates increase, ↓ indicates decrease, ↔ indicates no change. 
Abbreviations: ALP Alkaline phosphatase, ALT Alanine aminotransferase, AST Aspartate aminotransferase, C3 Complement 3, C4 Complement 4, GIFT 
Genetically improved farmed tilapia, Ig Immunoglobulin, IgG Immunoglobulin G, IgM Immunoglobulin M, IRGE Immune-related gene expression, LYS 
Lysozyme, MPO Myeloperoxidase, WBC White blood cell. 

 

Phytochemicals as Antistress Agents 

The survival of an animal depends on its internal balance 

and its compatibility with the environment (Cengiz, 2001). 

When an animal’s internal balance is stable and compatible 

with its environment, the very animal lives under normal 

conditions. Stress, on the other hand, is the response of an 

animal to an abnormal condition (Cengiz, 2001). Stress 

response in fish generates a variety of physiological changes in 

mechanisms such as metabolism, immunity, behavior, gene 

expression, protein synthesis, endocrine, et cetera (Tort, 

2011). In aquaculture, stress can cause susceptibility to 

diseases, growth retardation, and interference of reproduction 

(Pickering, 1993). Furthermore, fish may get stressed easily in 

farm conditions due to handling, transportation, high stocking 

density, and poor water quality (Bilen et al., 2013; Almabrok 

et al., 2018). Phytochemicals are good feed additives for fish 

in farm conditions to cope with stress because some 

phytochemicals may exert a direct antioxidant effect beyond 

supporting the antioxidant system of the fish (Yu et al., 2017; 

Ahmadifar et al., 2019; Bhattacharjee et al., 2020). Recent 

studies investigating the antioxidant potential of dietary 

photochemical supplementation in finfish are presented in 

Table 3.
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Table 3. Effects of dietary phytochemical supplementation on antioxidant status in fish 

Phytochemical Fish species Dose* and duration Stressor Notable results** References 

Quercetin 

Blunt snout bream 
(Megalobrama 
amblycephala) 

0.4 and 0.8% alone or 
combined with 0.5 or 
1% resveratrol, 56 
days 

High-fat diet 

↑ SIRT1 
↑ Cu/Zn-SOD 
↑ CAT 
↑ GPx 

Jia, Yan, et al. 
(2019) 

Channa punctata 0.14 g L-1, 21 days Deltamethrin 

● Amelioration of oxidative 
stress and 
acetylcholinesterase inhibition 
● Recovery from nucleic acid 
impairment and alteration of 
blood parameters 

Bhattacharjee et 

al. (2020) A 

Grass carp 
(Ctenopharyngodon 
idella) 

0.4 and 0.6 g kg-1, 60 
days 

- ↑ SOD Xu et al. (2019) 

Olive flounder 
(Paralichthys olivaceus) 

0.25 and 0.5%, 60 
days  

Hypo-osmotic 
conditions 

↓ SOD 
↓ CAT 
↓ H2O2 
↓ Cortisol 
● Protection against stress  

Shin et al. 
(2010a) 

Olive flounder (P. 
olivaceus) 

0.25 and 0.5%, 60 
days  

Cadmium 

↓ SOD 
↓ CAT 
↓ H2O2 
↓ MDA 
● Protection against Cd 
exposure 

Shin et al. 
(2010b) 

Silver catfish (Rhamdia 
quelen) 

1.5 g kg-1, 21 days OTC 

↓ LPO 
↑ SOD 
↑ GST 
↔ GPx 
↔ GR 

Pês et al. (2018) 

Rutin 

Silver catfish (R. quelen) 
0.15 and 0.30%, 21 
days 

- 

↓ Cortisol 
↓ LPO 
● Increased antioxidant status 
in various tissues 

Pês et al. (2016) 

Rainbow trout 
(Oncorhynchus mykiss) 

500, 1000, and 2000 
ppm, 28 days 

OTC 
● Preventing OTC induced 
hepatic damage and oxidative 
stress 

Nazeri et al. 
(2017) 

Daidzein 
Turbot (Scophthalmus 
maximus) 

5, 10, and 20 mg kg-1, 
84 days 

- 
↑ SOD 
↑ GPx 
↓ MDA 

Hu et al. (2014) 

Ferulic acid 

GIFT (Oreochromis 
niloticus) 

1.04 and 2.08 nmol 
kg-1, 56 days  

- 

↑ SOD 
↑ CAT 
↑ GPx 
↓ MDA 

Yu et al. (2017) 

Nile tilapia (O. niloticus) 80 mg kg-1, 60 days Heat stress 

↑ SOD 
↑ CAT 
↑ GPx 
↓ MDA 
● Mitigating the effects of heat 
stress 

Dawood et al. 
(2020) 

Common carp (Cyprinus 
carpio) 

100 mg kg-1, 56 days - 
↔ SOD 
↑ CAT 
↑ GPx 

Ahmadifar et al. 
(2019) 

Sesamin 
Common carp (C. 
carpio) 

0.5 and 1 g kg-1, 90 
days 

Fluoride 

● Alleviating renal damage and 
apoptosis 
↓ ROS 
● Reduction of oxidative stress 

Cao et al. (2015) 

Resveratrol Nile tilapia (O. niloticus) 
0.1, 0.3, and 0.6 g kg-

1, 60 days 

Oxidative stress-
induced liver 
damage by H2O2 
injection 

● Amelioration of liver injury 
↑ Antioxidant activity 
↓ LPO 

Jia, Li, et al. 
(2019) 

Curcumin 

Anabas testudineus 
0.5 and 1%, 2 and 56 
days 

- 

● 14 days 
↓ MDA 
↓ GSH 
● 56 days 
↔ MDA 
↑ GSH 

Manju et al. 
(2012) 

Common carp (C. 
carpio) 

10, and 15 g kg-1, 56 
days 

- 
↑ SOD 
↑ CAT 
↓ MDA 

Giri et al. (2019) 

(continues on the next page) 
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Table 3 continued 

Phytochemical Fish species 
Dose* and 
duration 

Stressor Notable results** References 

Curcumin 

Grass carp (C. idella) 
393.67 mg kg-1, 60 
days 

- 

↑ GSH 
↑ SOD 
↑ CAT 
↑ GPx 
↑ GST 
↑ GR 
↓ ROS 
↓ MDA 

Ming et al. 
(2020) 

Nile tilapia (O. 
niloticus) 

200 mg kg-1, 60 
days  

Melamine 

↑ GPx 
↑ SOD 
↓ MDA 
● Mitigating adverse effects of melamine 

Abd El-Hakim et 
al. (2020) 

Nile tilapia (O. 
niloticus) 

5 mg kg-1, 112 
days 

Aflatoxin 
B1 

● Amelioration of aflatoxin-induced down-
regulation of antioxidant gene expression 
levels 

Mahfouz (2015) 

Rainbow trout (O. 
mykiss) 

1, 2, and 4%, 56 
days 

- 

↑ SOD 
↑ CAT 
↑ GPx 
↓ MDA 

Yonar et al. 
(2019) 

Tannins 
Beluga sturgeon (Huso 
huso) 

0.05 and 0.1%, 42 
days 

- 
↑ SOD 
↑ CAT 

Safari et al. 
(2020) 

Condensed 
tannins 

Japanese seabass 
(Lateolabrax japonicus) 

100, 200, and 400 
mg kg-1, 56 days 

Hypoxic 
stress 

↑ Total antioxidant capacity 
↑ CAT 
↑ GPx 
↔ GST 
↔ SOD 
↓ MDA 

Peng et al. 
(2020) 

* Doses given in the table are those supplemented to the fish groups where the notable results were observed. Not every dose was given since 
otherwise, the presentation of the varying results would be complicated. 
** Results of some studies, in which some of the doses displayed different results, were given based on the general conclusions of that particular study. 
The reader is referred to the relevant article in the references list for exact results. 
A This study, unlike others, administered the phytochemical via bathing. 
Symbols: ↑ indicates increase, ↓ indicates decrease, ↔ indicates no change. 
Abbreviations: CAT Catalase, Cu/Zn-SOD Copper zinc superoxide dismutase, GIFT Genetically improved farmed tilapia, GPx Glutathione peroxidase, 
GR Glutathione reductase, GSH Glutathione, GST Glutathione s-transferase, H2O2 Hydrogen peroxide, LPO Lipid peroxidation, MDA Malondialdehyde, 
OTC Oxytetracycline, ROS Reactive oxygen species, SIRT1 Sirtuin-1, SOD Superoxide dismutase. 

 

Overview on the Use of Phytochemicals in 

Aquaculture 

In the present paper, we observed that phytochemicals 

have great potential to be used in aquaculture as feed 

additives. According to studies reviewed (Tables 1-3), we can 

infer that phytochemicals are more effective in 

immunostimulation and improvement of antioxidant status in 

fish than enhancing growth because some studies reported 

growth retardation after phytochemical supplementation. The 

reason behind this inference is that some phytochemicals may 

exhibit inhibitory effects on digestive enzyme activities (Chen 

et al., 2015) or adversely affect feed palatability (Serrano et 

al., 2011; Omnes et al., 2017). The phenomenon regarding 

palatability is particularly important for carnivorous fish as 

normally their diets do not contain herbal compounds; thus, 

certain phytochemicals may reduce ingestion (Lall & Tibbetts, 

2009). Moreover, growth retardation may also be attributed to 

the dosage of the phytochemical supplement. As can be seen 

in Table 1, studies reporting decreased growth performance 

usually administered relatively high levels of phytochemicals. 

Furthermore, one should not neglect that the palatability is 

also under the influence of several other factors such as the 

chemical nature of the substances in the feed, water pH, water 

temperature, genetic factors, the threshold of the substance 

for a particular species, et cetera (Kasumyan & Døving, 2003). 

To avoid such undesirable outcomes, further studies should 

consider the possibilities mentioned above while selecting the 

phytochemical and the dose of administration. 

In terms of immunostimulation and antioxidant status, 

none of the reviewed studies (Tables 2 and 3) reported adverse 

effects. It is clear from the presented tables that 

phytochemicals are potent antioxidant and immunostimulatory 

substances that can be used in aquaculture. However, we have 

observed that only a small fraction of the studies utilized more 

than one phytochemical, but we think that combinations of 

phytochemicals may exhibit synergistic effects that can 

possibly result in more beneficial results. For example, 

Eberhardt et al. (2000) reported that Vitamin C is responsible 

only for 0.4% of the total antioxidant activity of apples. Based 

on this, Liu (2003) proposed that the antioxidant potency of 

fruit and vegetables comes from the synergistic effects of 

phytochemicals rather than one particular compound. As 

recently reviewed by Zhang et al. (2019), synergistic effects of 

combined phytochemicals were studied in other animals or 

human cell lines. However, there is a lack of studies on fish. 
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Conclusion 

To conclude, the use of phytochemicals as feed additives 

is currently a popular field in aquaculture, and it has been 

heavily investigated in recent years. There is an adequate 

quantity of evidence to conclude that dietary supplementation 

of phytochemicals improves growth, stimulates the immune 

response, and improves antioxidant status in finfish. However, 

we think that further studies should investigate the possible 

synergistic effects of combined phytochemicals. Moreover, 

more comprehensive research is needed to evaluate the 

industrial application of phytochemicals at a larger scale. 
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