
Fakulta rybářství 
a ochrany vod 

and Protection 
of Waters 

J ihočeská univerzita 
v Českých Budějovicích 
University of South Boh 
in České Budějovice 

Fakulta rybářství 
a ochrany vod 

and Protection 
of Waters 

J ihočeská univerzita 
v Českých Budějovicích 

in České Budějovice 

Effects of herbal-derived products 
on growth, digestibility, body 
composition, immune and stress 
response in fish 
Účinky rostlinných produktů na růst, stravitelnost, 
složení těla, imunitní a stresovou reakci u ryb 

— CL 

Doctoral thesis by 
Mahyar Zare 

Czech Republic, Vodňany, 2023 





Fakulta rybářství Jihočeská univerzita 
a ochrany vod v Českých Budějovicích 
Faculty of Fisheries University of South Bohemia 
and Protection in České Budějovice 
of Waters 

Effects of herbal-derived products on 
growth, digestibility, body composition, 
immune and stress response in fish 
Účinky rostlinných produktů na růst, stravitelnost, 
složení těla, imunitní a stresovou reakci u ryb 

Mahyar Zare 

Czech Republic, Vodňany, 2023 



/, Mahyor Zore, hereby declare that I hove written my Ph.D. thesis using the results of my 
own work, os well os contributions from my colleagues and other publication resources which 
have been properly cited. 

In accordance with § 47b of Act No. 7 71/1998 Coll., as amended, I hereby agree to publish 
my Ph.D. thesis in its full version electronically in a publicly accessible part of the STAG 
database operated by the University of South Bohemia in České Budějovice on its website. 
I retain the copyright to the submitted text of my Ph.D. thesis. Additionally, I consent to the 
electronic publication of reviews of my supervisor and thesis reviewers, as well as a record 
of the progress and results of my thesis defense, in accordance with the above-mentioned 
provision of Act No. 111/1998 Coll. 

Furthermore, I agree to have the text of my Ph.D. thesis compared to a database of theses 
"Theses.cz," which is operated by the National Register of University Theses and a system 
for detecting plagiarism. This ensures that my work is original and free from any potential 
plagiarism. 

In České Budějovice 14th September 2023 

- 4 -

http://Theses.cz


Supervisor: 
Assoc. Prof. Vlastimil Stejskal 
University of South Bohemia in České Budějovice (USB) 
Faculty of Fisheries and Protection of Waters (FFPW) 
South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses 
Institute of Aquaculture and Protection of Waters 
Husova třída 458/102, 370 05, České Budějovice, Czech Republic 

Consultant: 
Tomáš Korytár, Ph.D. 
University of South Bohemia in České Budějovice (USB) 
Faculty of Fisheries and Protection of Waters (FFPW) 
South Bohemian Research Center of Aquaculture and Biodiversity of Hydrocenoses 
Institute of Aquaculture and Protection of Waters 
Husova třída 458/102, 370 05, České Budějovice, Czech Republic 

Head of Laboratory of Controlled Reproduction and Intensive Fish Culture: 
Assoc. Prof. Vlastimil Stejskal 

Dean of Faculty of Fisheries and Protection of Waters: 
Prof. Pavel Kozák 

Board of doctorate study defence with reviewers: 
Prof. Lukáš Kalous - head of the board 
Prof. Martin Flajšhans - board member 
Assoc. Prof. Pavel Horký - board member 
Assoc. Prof. Vladimir Krylov - board member 
Assoc. Prof. Martin Pšenička - board member 
Assoc. Prof. Antonín Kouba - board member 
Assoc. Prof. Miloš Buřič - board member 

Prof. Marina Paolucci, University of Sannio, Department of Science and Technology, Benevento, Italy -
thesis reviewer 
Assoc. Prof. Hien Van Doan, Chiang Mai University, Department of Animal and Aquatic Sciences, Faculty of 
Agriculture, Chiang Mai, Thailand - thesis reviewer 

Date, hour, and place of Ph.D. defence: 

14 th September 2023 at 14:45 p.m., in USB, FFPW, RIFCH, Vodňany, Czech Republic 

Name: Mahyar Zare 

Title of thesis: 
Effects of herbal derived products on growth, digestibility, body composition, immune and stress 
response in fish 
Účinky rostlinných produktů na růst, stravitelnost, složení těla, imunitní a stresovou reakci u ryb 
Doctoral study program: 
Zootechnics / Fishery, full-time 

Zare, M., 2023. Effects of herbal derived products on growth, digestibility, body composition, immune 
and stress response in fish. Doctoral thesis. University of South Bohemia in České Budějovice, Faculty of 
Fisheries and Protection of Waters, Czech Republic, 114 pp. ISBN 978-80-7514-191-0 (with the summary 
in English and Czech) 
Graphic design & technical realisation: JENA Šumperk, www.jenasumperk.cz 

-5-

http://www.jenasumperk.cz


CONTENT 

CHAPTER 

General introduction 

CHAPTER 2 

Nettle Urtica dioica in the fish diet as a plant additive 

Nettle Urtica dioica and tarragon Artemisia dracunculus in rainbow trout Oncorhynchus 
mykiss fingerlings diet 

:HAPTER 4 

Garlic Allium sativum powder in Eurasian perch Perca fluviatilis juveniles diet 

CHAPTER 5 81 

General discussion 83 
English summary 105 
Czech summary 107 
Acknowledgments 109 
List of publications 110 
Training and supervision plan during study 113 
Curriculum vitae 114 

-6-



CHAPTER 1 

GENERAL INTRODUCTION 

-7 -





General introduction 

1.1. Introduction 

World fisheries and aquaculture are vital industries worldwide, producing 177.8 million 
tons of aquatic food, including finfish and crustaceans (90.3 million tons total capture and 
87.5 million tons total aquaculture) through both inland and marine aquaculture in 2020. 
Moreover, it is expected to increase globally by 1.2% to reach 184.1 million tonnes in 2022 
(FAO, 2020). As one of the primary producers of animal protein worldwide, aquaculture holds 
a critical position in addressing the global food demand (Anderson et al., 2017). Aquatic foods, 
particularly fish, are a low-cost and highly nutritive source of indispensable vitamins, proteins, 
micronutrients, and minerals that are fundamental to the maintenance of human health 
(Khalili Tilami and Sampels, 2018). The consumption offish and other aquatic foods has been 
linked to a reduced risk of various chronic diseases, including cardiovascular disease, diabetes, 
and cognitive impairment (Goel et al., 2018). Furthermore, fish consumption can help combat 
undernutrition, particularly in low-income communities where other sources of protein may 
be scarce (Toppe et al., 2012). As such, the production and consumption of aquatic foods 
are of paramount importance to ensure global food security and to promote public health 
(Jennings et al., 2016). In recent years, the aquaculture industry has made significant strides in 
promoting food security, bolstering economies, and enhancing human welfare (Pradeepkiran, 
2019) . While the production of affordable food is undoubtedly essential, ensuring the safety 
and quality of the food supply is equally critical. In response to this challenge, the industry 
has made concerted efforts over the past few decades to minimize the use of antibiotics and 
other chemicals, prioritizing the promotion of food safety, quality, and the welfare of both fish 
and humans (Jennings et al., 2016). 

The aquaculture industry is faced with several serious challenges, including environmental 
issues such as water pollution, the global water crisis, and the need to ensure future food 
security. Climate change also poses a considerable threat to the industry's sustainability and 
resilience (Gupta et al., 2021). To address the issue of water scarcity, Recirculating Aquaculture 
Systems (RAS) have emerged as a viable alternative to conventional aquaculture systems. RAS 
is an intensive fish culture system that requires less water and space. Despite the high energy 
demand and production costs associated with RAS, it has gained popularity due to the limited 
availability of fresh water, limited space for new sites, and water pollution issues (Ahmed and 
Turchini, 2021). The development and implementation of sustainable and efficient aquaculture 
practices, such as RAS, are crucial to ensuring the future availability of safe and healthy 
aquatic foods. The aquaculture industry must continue to adopt and improve such practices 
to meet the growing demand for food while minimizing the impact on the environment and 
human health (Aguilar-Manjarrez, 2022). As a result, RAS systems have been developed and 
implemented by major European aquaculture producers, including Denmark, Norway, and the 
Netherlands, as a suitable option to promote sustainable aquaculture production (Badiola et 
al., 2012). 

Moreover, the aquaculture industry is also confronted with a critical challenge in managing 
and controlling the spread of infectious diseases among fish (Assefa and Abunna, 2018), 
and shrimp farms (Macusi et al., 2022). Antibiotic usage is one of the common practices 
employed to control the spread of diseases and reduce mortalities in aquaculture (Zhao et 
al., 2021). However, the overuse and misuse of antibiotics can lead to the development of 
antibiotic-resistant bacteria, which poses a significant threat to human health (Lulijwa et al., 
2020) . Moreover, antibiotics that enter water environments from industrial sources can alter 
the microbial community and ecosystem, leading to further ecological problems (Grenni et al., 
2018). To mitigate bacterial resistance to antibiotics in water environments, several strategies 
can be employed, including optimizing disinfection techniques and improving wastewater and 
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fertilization management. Separating human and animal-oriented bacteria from environmental 
bacteria is also recommended (Manaia et al., 2016). 

In recent decades, feed additives including a wide variety of candidates such as pre and 
probiotics (Yilmaz et al., 2022), feed enzymes such as digestive enzymes (amylases, lipases, 
proteases, cellulases, and hemicellulases), and non-digestive enzymes (phytases, glucose 
oxidase, and lysozyme) (Liang et al., 2022), trace minerals including iron, copper, manganese, 
zinc, iodine, selenium, and cobalt (Chanda et al., 2015; Dawood et al., 2021), and popular 
medicinal plant-based additive including garlic (Allium sativum), onion (Allium cepa), nettle 
(Urtica dioica), ginger (Zingiber officinale), black seed (Nigella sativa), thyme (Thymus 
vulgaris), dill (Anethum graveolens), horse mint (Mentha longifolia), turmeric (Curcuma 
longa), cinnamon (Cinnamonum zeylanicum) and etc. (Tadese et al., 2022). Amongst all, 
medicinal plants derived products (raw material powders of different parts of the plant, 
extracts, and essential oils have been widely used in the aquaculture industry to achieve cost-
effective, healthy, and readily available alternatives to antibiotics (Reverter et al., 2021). These 
additives have demonstrated the ability to promote growth, improve immunity, and reduce 
stress in aquatic animals (Chapter 2). Additionally, plant-derived products have the potential 
to act as alternatives to antibiotics, thus reducing the risk of antibiotic resistance (Reverter 
et al., 2021). 

The utilization of medicinal plants for therapeutic purposes dates back over 5000 years to 
ancient Sumerian civilization, as evidenced by the discovery of twelve medicinal drug protocols 
consisting of 250 plant species containing alkaloids such as henbane (Hyoscyamus albus L), 
poppy (Papaver somniferum), and mandrake (Bryonia alba) (Kelly, 2009). Medicinal plants 
have since been widely used to treat various illnesses, with different plant parts such as 
barks, seeds, fruit bodies, leaves, and other parts being utilized (Jima and Megersa, 2018). 
Recent scientific research has revealed that medicinal plants have several beneficial effects 
on fish, such as enhancing growth, improving immune response, influencing hematological 
and biochemical parameters, boosting antioxidant enzymes, increasing disease resistance, 
altering body proximate composition, and elevating digestive enzyme activity (Nya and Austin, 
2011; Ngugi et al., 2015; Saleh et al., 2015; Adel et al., 2017; Adineh et al., 2020; Mbokane 
and Moyo, 2020; Mehrabi et al., 2020; Gholamhosseini et al., 2021). The potential benefits of 
medicinal plants in aquaculture have been investigated in various fish species, and the results 
have been promising (Reverter et al., 2021). 

A total of approximately 50 medicinal plant species are globally recognized as being 
significant and utilized worldwide (Van Wyk and Wink, 2018). Medicinal plants are classified 
based on various factors, including parts used, climates, and therapeutic properties, such 
as antioxidant, antibacterial, antifungal, anti-inflammatory, antiviral, anticancer, and 
immunostimulatory effects (Babich et al., 2020). The therapeutic value of medicinal plants can 
be attributed to bioactive compounds such as phenolics, flavonoids, thymols, and saponins, 
which they contain (Yusoff et al., 2022). In aquaculture, medicinal plant additives have been 
administered through bathing or oral feeding, and the development of plant-based vaccines 
for aquaculture is a promising future goal in the industry (Su et al., 2021). Recent studies 
have shown positive effects of nettle (De Vico et al., 2018), tarragon (Artemisia dracunculus) 
(Mbokane and Moyo, 2020, Gholamhosseini et al., 2021), and garlic (Valenzuela-Gutierrez et 
al., 2021) in different fish species. 

Among all species of importance in aquaculture rainbow trout (Oncorhynchus mykiss) and 
European perch (Perca fluviatilis) were chosen as main target species in this study. Rainbow 
trout, a member of the Salmonidae family, is a cold-water fish species that is found on the 
Pacific coast of North America. It is one of the seventy salmonid species that inhabit cold-
water environments, and the family also includes Atlantic salmon (Salmo salar), Arctic char 
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(Salvelinus alpinus), and Arctic grayling (Thymallus arcticus), (Hardy, 2002). Rainbow trout 
is widely cultured in inland aquaculture due to its high tolerance for a wide range of water 
parameters, such as temperature, salinity, pH, dissolved oxygen, and ammonia (Molony and 
Molony, 2001). The growth performance of aquaculture species is influenced by various 
factors, such as water temperature and food quality. Its optimal temperature range for growth 
is between 13 and 18 °C, with a range of approximately 1 to 20 °C (Hardy, 2002). Turkey is the 
major producer of rainbow trout globally; Norway and Chile are in the next rank. However, Italy, 
Denmark, Spain, and France are other main rainbow trout producers in the world (D'Agaro et 
al., 2022; Fao, 2022). 

The European perch is a carnivorous fish species belonging to the percid family, primarily 
inhabiting the northern regions of Eurasia. Due to its high tolerance for different habitats, 
including brackish water, estuaries, and rivers, it has been identified as a suitable candidate 
for the aquaculture industry (Policar et al., 2019). Policar et al. (2015) recommended three 
main farming systems for perch, including the traditional extensive polyculture system, semi-
intensive, and intensive culture under the RAS platform. In recent decades, the European perch 
has been demonstrated to be a suitable species for RAS and intensive fish culture (Fontaine 
and Teletchea, 2019). Water quality is crucial for physiology, feed intake, and growth rate of 
perch. Despite this, the European perch has a fast growth rate from larvae to market size 
(130-150 g) in 14 months at 22-24 °C (Policar et al., 2015). 

Aquaculture production of rainbow trout and European perch is expanding in response to 
changing consumer preferences and decreasing fishing sources in the seas and oceans (Fao, 
2022). However, to meet the growing demand for fish products, it is necessary to increase 
aquaculture production and explore new cultural methods, fish species, and feed additives 
to improve production performance (Toner, 2015). In this regard, the use of plant-based 
additives is a promising alternative to growth hormones, chemical drugs, and antibiotics, as 
they can enhance growth performance, improve immune function, and increase resistance 
against stress and pathogens (Reverter et al., 2021). 

Intensive culture of perch requires careful management of environmental conditions, 
particularly with regard to oxygen concentration. The recommended optimum oxygen range 
for perch intensive culture is between 5mg 0-,-L1 (60% oxygen saturation) (Policar et al., 
2015) and 6.8mg 0 2 ' L 1 (68-72% oxygen saturation) (Stejskal et al., 2009). In Switzerland, 
the main country involved in the Eurasian perch market, the local popularity and price of the 
species are contributing factors to its success (Toner, 2015). 

In order to ensure a sustainable and secure food supply for the future, it is important to 
prioritize the development of environmentally responsible aquaculture practices that do not 
rely on growth hormones, chemical drugs, and antibiotics (Chakraborty et al., 2014). This can 
be achieved through the continued exploration and utilization of plant-based additives, as 
well as the promotion of responsible management practices that prioritize animal welfare and 
environmental sustainability. However, it requires further research into the long-term effects 
of plant additives on fish growth and health, as well as on the environment (Jennings et al., 
2016) . The use of plant additives in aquafeed should not compromise the nutritional value and 
quality of the final product, nor should it have adverse effects on the ecosystem (Reverter et 
al., 2021). Thus, it is crucial to evaluate the environmental impact of plant-based additives on 
water quality, metabolism, and microbial communities of water (Napier and Betancor, 2023). 
Furthermore, there is a need to investigate the potential synergistic effects of combining 
plant additives with other feed additives or management practices to optimize fish growth 
and health. For example, the use of probiotics, prebiotics, or synbiotics may enhance the 
effectiveness of plant additives by promoting a healthy gut microbiome in fish (Rohani et al., 
2022; Wei et al., 2022). Similarly, the use of feed enzymes may improve the digestibility and 
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availability of nutrients in plant-based feeds, thereby increasing their efficacy (Liang et al., 
2022). 

In summary, while the use of plant-based additives in aquafeed is promising, there are 
still significant gaps in our understanding of long-term effects, and potential synergies with 
different plant additives (Rakholiya et al., 2013). Further research in these areas is necessary 
to ensure the sustainable and efficient use of plant-derived additives in aquaculture, and to 
meet the growing demand for high-quality and environmentally friendly fish products. 

1.2. Plants in human lifeline 

Plants have been utilized by humans for a variety of purposes, including clothing, flavorings, 
food, shelter, and medicine (Beyene et al., 2016). The use of medicinal plants for healing 
purposes has been a part of human history for centuries, and the search for natural compounds 
for therapeutic use continues to this day (Thomford et al., 2018). Knowledge of medicinal 
plants has been acquired through trial and error, utilizing different plant parts such as leaves, 
stems, seeds, fruits, and flowers for treatment (Roy et al., 2018). Medicinal plants are popular 
worldwide, and research indicates that approximately 50% of drugs are directly derived from 
plants, while one-fourth of prescribed medicines have their origin in tropical plants. In addition, 
the World Health Organization (WHO) has reported that 80% of the world's population uses 
plant-based medicines for their healthcare needs (Khan and Ahmad, 2019). 

The use of medicinal plant for human is approved and they are known as antimicrobial 
(Manandhar et al., 2019), hyperlipidemia treatment (Samakar et al., 2022), antiproliferative 
effect on prostate cancer cells (Chrastina et al., 2018), controlling type 2 diabetes (Franco et 
al., 2018), liver diseases treatments (Bagherniya et al., 2018), treatment of cardiovascular 
disease (Adegbola et al., 2017), and boosting immunity against COVID-19 (Khanal etal., 2022). 
Moreover, medicinal plants have been used in animal nutrition for various purposes including 
improvement of growth performance, and immune system function in broilers (Aroche et al., 
2018), mice (Kamel and El-Shinnawy, 2015), birds (Pliego et al., 2022), pigs (Lan et al., 2017), 
and fish (Tadese et al., 2022). 

The use of medicinal plants as safe, cost-effective, and renewable resources has gained 
attention in various fields due to their potential benefits. For example, Tungmunnithum et al. 
(2018) reported that medicinal plants have a positive impact on human health and can serve 
as a substitute for synthetic drugs. Similarly, Hailemeskel and Fullas (2015) and Ziaei et al. 
(2020) found that medicinal plants have been used traditionally in different cultures to treat 
various diseases and improve health. The use of stinging nettle as an antidiabetic medicinal 
plant for humans has been approved (Hailemeskel and Fullas, 2015). Nettle is known for 
its hyperlipidemia treatment properties as it stabilizes lipid peroxidation and increases the 
oxidation of fatty acids in the liver. Additionally, it is used as a hypotensive treatment due to 
its pathways such as vasorelaxation (Samakar et al., 2022). The stinging nettle root extract 
has shown an antiproliferative effect on human prostate cancer cells (Tungmunnithum et 
al., 2018), and nettle supplements have demonstrated their ability to control blood sugar 
levels in type 2 diabetes mellitus patients (Ziaei et al., 2020). Furthermore, nettle extract has 
been shown to increase blood serum high-density lipoprotein (HDL) and decrease low-density 
lipoprotein (LDL) in male mice, although no significant changes in serum lipids in female mice 
were observed (Domjanic Drozdek et al., 2022). 
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1.3. Applications of medicinal plants in aquaculture 

In this study we chose the following medicinal plants due to their bioactive compounds 
including nettle (Jan et al., 2017; Bhusal et al., 2022), tarragon (Aglarova et al., 2008), and 
garlic (Ozma et al., 2022) powder that showed acceptable outcome on growth performance, 
haematological parameters, biochemical parameters, immune response, and enhanced 
resistance to pathogens in fish (De Vico etal., 2018; Mbokaneand Moyo, 2020; Gholamhosseini 
et al., 2021; Valenzuela-Gutierrez et al., 2021; Chapter 2, 3 and 4). 

1.4. Nettle (Urtica dioica) 

Nettle has been found to have several beneficial effects on animal health and performance. 
Juma et al. (2015) reported that nettle leaves water extract improved the haematological 
and biochemical parameters in mice, and also protected the liver against acetaminophen 
toxicity. Furthermore, Safamehr et al. (2013) observed that nettle powder improved growth 
performance and blood biochemical parameters in broiler chickens. Ahmadipour and Khajali 
(2019) found that feeding broiler chickens with nettle powder significantly improved growth 
performance, body proximate composition, and liver antioxidant enzymes-related gene 
expression. Similarly, Behboodi et al. (2021) reported that nettle hydroalcoholic extract 
elevated nutritional factors, body organ characteristics, blood serum biochemical parameters, 
and antioxidant enzyme activity in broiler chickens. Nettle extracts have been reported to 
exhibit antidiabetic, antihypertensive, hypolipidemic, and antiproliferative effects in humans 
(Hailemeskel and Fullas, 2015; Ziaei et al., 2020; Samakar et al., 2022). Additionally, studies 
have shown that nettle extracts can improve growth performance, immune system function, 
and resistance to pathogens in various animals, including mice, birds (Pliego et al., 2022), 
pigs (Lan et al., 2017), and fish (Ngugi et al., 2015; Adel et al., 2017; Chapter 2 and 3). The 
diverse range of beneficial effects associated with nettle extracts highlights their potential 
as a safe, cost-effective, and available source for improving animal health and performance in 
aquaculture (De Vico et al., 2018). 

1.5. Tarragon (Artemisia dracunculus) 

Tarragon is a perennial plant with stems ranging from 40 to 150 cm in height. It belongs 
to the Asteraceae family and has a rich background in both culinary and remedial properties 
(Obolskiy et al., 2011). Tarragon is found in various regions, including Asia, the Baltic States, 
the Mediterranean countries, central Europe, northern Africa, and North America (Aglarova 
et al., 2008). Tarragon has been found to exhibit a wide range of pharmacological activities, 
including antibacterial, antifungal, antiplatelet, anti-inflammatory, hepatoprotective, 
antioxidant, antihyperglycemic, and hypolipidemic actions (Adewumi et al., 2020). These 
actions are attributed to the presence of various active compounds, including flavonoids, 
phenylpropanoids, chromones/coumarins, alkamides, and benzodiazepines (Obolskiy et 
al., 2011). Tarragon supplements have been used as an antidepressant in humans (Aydin 
et al., 2020). On the other hand, Asteraceae family contains different species of tarragon 
including white wormwood (Artemisia absinthium) (Yousefi et al., 2021), sweet wormwood 
(Artemisia annua) (Mirghaed et al., 2020) and African wormwood (Artemisia afra) (Mbokane 
and Moyo, 2020) due to their bioactive compounds have been popular in aquaculture last 
years (Obolskiy et al., 2011). Gholamhosseini et al. (2021) reported that methanol extract 
of tarragon improved growth performance, haemato-biochemical parameters, immunological 
parameters, and resistance against Yersinia ruckeri. Moreover, tarragon powder can improve 
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haematological and immunological factors in rainbow trout (Chapter 3). Some studies 
suggest that combining plant powder and/or extract can have a synergistic effect on fish by 
increasing the range of bioactive compounds (Jahanjoo et al., 2018; Rashidian et al., 2022; 
Chapter 3). According to Ji et al. (2007a), the combination of (Massa medicata fermentata), 
(Crataegi fructus), (Artemisia capillaries), and (Cnidium officinale) led to increased 
growth performance and saline water stress resistance in Japanese flounder (Paralichthys 
olivaceus) juveniles, and improved immune system and resistance to the pathogen in red 
sea bream (Pagrus major) juvenile (Ji et al., 2007b). Jahanjoo et al. (2018) found that the 
mixture of garlic, ginger, and thyme improved the growth performance, immune system, as 
well as haematological and biochemical parameters of sobaity seabream (Sparidentex hasta) 
fry. In different studies, the mixture of medicinal plants has been found to promote growth 
performance, immune system, haematological and biochemical parameters, digestive enzyme 
activity, and resistance to bacterial challenges in common carp (Ghafarifarsani et al., 2021; 
Rashidian et al., 2022; Rudiansyah et al., 2022; Chapter 3). 

1.6. Garlic (Allium sativum) powder 

Garlic is a bulb and perennial plant that belongs to the Liliaceae family. It can grow up 
to 100 cm in height and produces hermaphrodite blooms that are pollinated by butterflies, 
moths, bees, and other insects (Tahsin, 2019). It is native to South Asia, Central Asia, and 
northeastern Iran (Saif et al., 2020) but has since spread to China, the Mediterranean area, 
and East Asia before spreading to Central and Southern Europe, Northern Africa, and Mexico 
(Singh and Nigam, 2017). 

Garlic has been used as a valuable spice and medicinal plant in different cultures as 
a traditional medicine (Saif et al., 2020). Garlic is one such plant that has been found to have 
multiple health benefits, including being a growth promoter, natural antibacterial, antioxidant, 
antiviral, and antiparasitic agent (Valenzuela-Gutierrez et al., 2021) which originated from 
its bioactive compounds such as flavonoids and sulphur-containing compounds which have 
medicinal possessions (Tahsin, 2019). It contains a wide range of bioactive components, 
including alliin, allicin, ajoene, S-allyl-cysteine, S-trityl-L-cysteine, diallyl sulfide, and 
S-allylmercaptocysteine, which have been extracted from the garlic bulb (Ozma et al., 2022). 

Garlic has been used for the prevention and treatment of many diseases in vitro and has 
shown pharmacological properties, including cancer prevention, prevention of some solid 
tumors (Mondal et al., 2022), reduced cholesterol, and lipase (Xie et al., 2022). 

Various types of garlic additives, including essential oil, fresh mash, extract, and powder, have 
been used in aquaculture (Metwally, 2009; Adineh et al., 2020). Among these, garlic powder 
is the most widely used type, administered orally, and included in fish diets at concentrations 
ranging from 5 to 40 g/kg of feed in aquaculture (Valenzuela-Gutierrez et al., 2021). Garlic has 
been used as a feed additive to enhance growth performance, body proximate composition, 
digestive enzyme activity, antioxidant enzyme activity, and immune response, as well as to 
improve biochemical and hematological parameters and boost resistance against pathogens 
in various fish species, including European perch (Chapter 4), rainbow trout (Nya and Austin, 
2011), brown trout (Salmo caspicus) (Zaefarian et al., 2017), sterlet (Acipenser ruthenus) 
(Lee et al., 2014; Lee et al., 2012), grass carp (Ctenopharyngodon idella) (Adineh et al., 
2021), European seabass (Dicentrarchus labrax) (Saleh et al., 2015), and Asian seabass 
(Lates calcarifer) (Talpur and Ikhwanuddin, 2012). 

Handling stress is common in aquaculture and can harm fish health and growth. Understanding 
its impact is important for reducing negative effects and improving welfare (Martos-Sitcha et 
al., 2020). Handling can cause physiological responses like changes in heart and respiration 

- 74-



General introduction 

rates and blood chemistry, leading to immune suppression, increased disease susceptibility, 
and reduced growth rates (Abdel-Tawwab et al., 2019). Effects can vary by species, age, size, 
and reproductive status. Studying these effects is crucial for developing species-specific 
protocols that minimize stress and improve welfare. Ultimately, this can contribute to the 
sustainability of the industry (Ciji and Akhtar, 2021). 

Garlic powder has been found to increase rainbow trout resistance to acute ammonia stress 
(Esmaeili et al., 2017), and enhance resistance to stocking density stress in grass carp (Adineh 
et al., 2021) as well. Moreover, European perch have been under different stressors including 
the domestication process (Gebauer et al., 2021), transport, and handling stress (Acerete et 
al., 2004) but there was not found report about the effect of plant additives on European 
perch resistance to stress. Regarding the positive and promising outcomes from the use 
of garlic supplements in aquaculture mentioned above and European perch importance in 
the aquaculture industry (Policar et al., 2015) evaluation of garlic powder in European perch 
can be useful and improve resistance against high-density and net handling stress (Chapter 
4). Thus, in this study, garlic powder was evaluated for its effects on growth performance, 
apparent digestibility, body proximate composition, hematological indices, immunological, 
and biochemical parameters, as well as resistance against high-density and net handling 
stress challenges which is routine in hatcheries and RAS culture in European perch. 

1.7. Objectives of the thesis 

The present investigation aimed to examine the impact of incorporating medicinal plant 
powders as a dietary supplement in fish feed, with the following objectives in focus: 

1. Investigating the effect of medicinal plant supplementation on the growth performance 
offish. 

2. Determining the impact of medicinal plant supplementation on the body proximate 
composition of fish. 

3. Evaluating the hematological and biochemical blood parameters of fish-fed diets 
supplemented with medicinal plants. 

4. Assessing the immunomodulatory effects of medicinal plant supplementation in fish. 
5. Investigating the potential of diets supplemented with medicinal plants to mitigate 

Cortisol and glucose responses induced by high-density and net handling stress. 
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Aquaculture will become an important food production sector for humans in the coming decades. However, disease outbreaks can 
be considered a significant obstacle to continually developing aquaculture. Plant powders and extracts are natural feed additives 
that, due to their bioactive compounds, including phenolic compounds, proteins, vitamins, and minerals, have antistress, antiviral, 
antibacterial, and antifungal effects on fish. One of these herbs is nettle (Urtica dioica), which has a long history of being used in 
traditional medicine. While it has been widely investigated in mammalian medicine, few studies have been done on aquaculture 
species. The positive effect of this herb on the growth performance, hematology, blood biochemistry, and immune system of fish 
species has been observed. When fish were exposed to pathogens, nettle-fed fish showed a higher survival rate and less stress than 
controls. Therefore, this literature review is aimed at reviewing the use of this herb in fish diets and its impacts on growth 
performance, hematology, blood biochemistry, liver enzymes, immune system stimulation, and challenges with pathogens. 

1. Introduction 

Aquacul ture plays a vi tal role i n supplying prote in-r ich food 
to humans [1]. F inf i sh a n d crustacean product ion occurs i n 
different environments, f r o m i n l a n d aquaculture to marine 
aquaculture, w i t h annual product ion of more than 82 m i l 
l i o n tons i n 2018. The aquaculture product ion demands hor
mones, antibiotics, and growth promoters to secure h i g h and 
aquatic sustainable product ion [2]. Ant ib io t i cs are con
sumed widely i n aquaculture, and i n a recent report, at least 
67 different k inds o f antibiotics were used i n 2008 and 2018 
[3]. The use of antibiotics a n d other chemical substances i n 
aquaculture raises concerns about food safety a n d quality, 
public health, the environment , and fish and h u m a n welfare 
[4]. These substrates cause pathogen resistance to ant ib i 
otics, and their accumulat ion i n aquatic species is h a r m f u l 
when humans consume them [5]. Therefore, researchers 
and industry are seeking sustainable alternative options. 
A m o n g the different options, herbal additives are sustainable 

and green alternatives to hormones and antibiotics used i n 
fish feeds [6] to improve growth a n d health. Bioactive 
compounds extracted f r o m herbs such as alkaloids, tannins, 
f lavonoids, terpenoids, glycosides, a n d phenols [7] are 
responsible for positive outcomes, such as i m p r o v e d growth 
and health i n fish [6]. Thus , i n the last decades, several k inds 
of literature have reviewed the effects of different plant addi 
tives o n aquatic species feeds [6, 8, 9] as wel l as livestock a n i 
mals [10, 11]. 

Nettle (Urtica dioica) has been used for centuries among 
different medic ina l herbs. Nettle is one of the nine plants 
invoked i n the pagan A n g l o - S a x o n N i n e Herbs C h a r m , 
recorded i n 10 t h -century tradit ional medicine. This herb 
has a long list o f features a n d benefits for humans [12]. 
For example, it has been k n o w n as a natural antihistamine 
diuretic, arthritis, anemia, hay fever b l o o d purifier, astrin
gent, antioxidant, ant imicrobia l , and ant i - inf lammatory 
agent [13]. Nettle is frequently used for allergies, anemia, a 
sluggish thyroid , restoring adrenal tonics, arthritis, and 
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rheumat ism [14]. The first reports about the use of nettle i n 
the l ivestock diet are related to poul t ry i n 1936 [15] and pig 
i n 1974 [16]. Nettle supplements can result i n a positive 
effect o n growth, feed uti l isat ion, b l o o d l ip ids , antioxidants, 
and the i m m u n e system of poul t ry n u t r i t i o n [17]. A d m i n i s 
trat ion of 1% nettle powder into broi ler feed i m p r o v e d 
weight gain ( W G ) , F C R , and l iver antioxidant enzyme, 
inc luding superoxide dismutase ( S O D ) and catalase ( C A T ) , 
i n the l iver after 42 days o f feeding tr ia l [18]. In contrast, 
nettle powder a n d extract at levels 0.5 and 1% i n broi ler feed 
d i d not significantly i m p r o v e W G , F C R , feed intake, b l o o d 
serum cholesterol, triglyceride, glucose, alanine aminotrans
ferase ( A L T ) , a n d alkaline phosphatase ( A L P ) [19]. Studies 
related to supplementing nettle i n the diets o f pigs are l i m 
ited. In the o n l y available research, the use o f 0.05 and 
0.1% o f nettle water extract i n diets o f pigs significantly 
i m p r o v e d fat a n d protein deposit ion and n-3 omega 3, 
decreased b l o o d serum high-density l ipoproteins , a n d had 
no change i n cholesterol compared to the contro l [20]. But 
fishes live i n different environments , temperatures, and 
salinity and are carnivorous, omnivorous , and herbivorous 
w i t h a different physiology of digestion. D u e to the l o n g list 
of benefits, researchers i n aquaculture have tested this herb 
i n fish diets. Based o n the literature, A w a d a n d A u s t i n [21] 
first tr ied 1% nettle i n ra inbow trout (Oncorhynchus mykiss). 
The results showed significant improvement i n the i m m u n e 
system, i n c l u d i n g respiratory burst, lysozyme enzyme activ
ity, bactericidal activity, and a h i g h survival rate (96%), c o m 
pared to the contro l (32%) after a 10-day challenge w i t h 
Aeromonas hydrophila. In addi t ion , 1% nettle increased 
hematocrit (Ht%) compared to the contro l . Nettle, as a 
medic inal plant additive, has been evaluated i n fish feeds 
and has i m p r o v e d growth performance, proximate body 
composi t ion [22], i m m u n e system, and resistance against 
pathogens [23, 24] a n d preserved fish fillet quali ty [25]. 
The literature has also briefly reviewed the effect o f nettle 
on fish growth performance a n d the i m m u n e system [26]. 
There is a gap i n knowledge regarding the effect o f nettle 
on other parameters, such as proximate body composi t ion , 
hematology, serum biochemistry, l iver enzymes, i m m u n e 
stimulant, a n d resistance against pathogens. Moreover , we 
inc luded the latest nettle articles i n the present review. 
Therefore, this review paper is a imed at p r o v i d i n g a compre
hensive a n d updated view o f the effect o f nettle o n aquacul
ture species and a short view o f animals ' monogastric farms 
(poultry and pig) to be compared w i t h fish. 

2. Botanical Characteristics and Bioactive 
Compounds of Nettle 

Nettle, c o m m o n nettle, or st inging nettle, w h i c h are al l syn
onyms, is a perennial plant that belongs to the fami ly o f 
Urticaceae. It is f o u n d i n moderate regions o f Europe, A s i a , 
N o r t h A f r i c a , and N o r t h A m e r i c a up to 1,800 m altitude 
[27]. It is 2 to 4 meters h i g h a n d creates sharp leaves [13], 
and both sides o f the leaves are covered w i t h t iny trichomes 
[27]. Moreover , it has white to yel lowish flowers [13] and 
reddish or yel lowish stems. A wide range of compounds 
was isolated f r o m aerial parts, leaves, stems, flowers, seeds, 
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and roots o f nettle [27]. Essential a m i n o acids alanine 
(6.4 f<g/g), 4-aminobutyrate ( G A B A , 3.4 f<g/g), glutamic acid 
(6.0f<g/g), isoleucine (1.9 ̂ g/g), leucine (7.6 ̂ g/g), phenyla l 
anine (2.4^g/g), prol ine (5.7 ^g/g), tyrosine (1.2 ̂ g/g), and 
valine (3.0 f<g/g) are available i n this herb. Organic acids, 
i n c l u d i n g mal ic ac id (12.8 f<g/g), acetic ac id (29.3 f<g/g), citric 
acid (3.6 pg/g), succinic ac id (2.6 ̂ g/g), and formic acid 
(6.9 f<g/g), were f o u n d i n the leaves. Some l ipids , i n c l u d i n g 
steroids and triterpenoids 3-b-sitosterol (40mg/kg) , sitos-
terol -b-D-glucoside (30mg/kg) , (60-O-palmitoyl) -s i tos-
tero l -3 -O-b-D-g lucos ide (5 .6mg/kg) , 24R-ethyl-5a-
cholestane3b,6a-diol (3.3 mg/kg) , 7b-hydroxy-sitosterol 
(2 .4mg/kg) , 7a-hydroxy sitosterol (2.9 mg/kg) , 7b-hydroxy-
sitosterol-b-D-glucoside (2.7 mg/kg) , a n d 7a-hydroxy-si tos-
terol -b-D-glucoside (2.0 mg/kg) , were detected i n roots. 
Fatty acids, terpenoids, phenol ic compounds , a n d volatile 
compounds were discovered i n leaves, roots, seeds, and 
stems [27]. Furthermore , the nettle supplement (powder/ 
extract) contains a wide range of v i tamins a n d minerals, 
i n c l u d i n g both fat-soluble vi tamins A , D , E , and K and 
water-soluble vi tamins , such as v i t a m i n C and the B vi ta
mins ( B l , B2 , B3 , a n d B9) (Supplementary table 1) [28]. 

In contrast, some ant inutr i t ional compounds , such as 
phytates (phytic acid), oxalates, a n d saponins, were f o u n d 
i n nettle, l i m i t i n g their supplementat ion level i n diets and 
negatively impact ing fish growth a n d health. These c o m 
p o u n d levels depend o n the nettle's harvesting locat ion and 
growth stage [29]. Therefore, the o p t i m u m dosage is 
required to positively affect growth a n d other physiological 
parameters; however, it has a certain level o f ant inutr i t ional 
effects. These ant inutr i t ional effects cause m a n y problems i n 
fish and other animals at excessive levels. F o r example, phy
tic ac id inhibits the absorption o f minerals , such as i r o n , cal
c i u m , manganese, and zinc , i n the digestive system of 
animals [30]. Oxalates can b i n d w i t h c a l c i u m or magnesium 
i n feed to shape insoluble ca lc ium or magnes ium oxalate. 
Then , these salts sediment i n the kidneys o f animals [31]. 
Saponins are steroid or tr i terpenoid glycosides and have 
shown positive effects, i n c l u d i n g membrane permeabil izing, 
i m m u n o s t i m u l a n t , and anticarcinogenic effects i n animals. 
B y contrast, excessive levels o f saponins demonstrated 
adverse effects, such as hypocholesterolemia, hypoglycemia, 
damaged digestion of protein , reduced uptake o f vi tamins 
and minerals i n the gut, a n d negative impact o n growth, feed 
intake, a n d reproduct ion i n humans and animals [32]. M e a 
suring these ant inutr i t ional parameters i n diets supple
mented w i t h nettle can help formulate an o p t i m u m diet 
for fish. These c o m p o u n d s i n any herb m a y react differently, 
and more research o n the ant inutr i t ional parameters o f net
tle is required. 

3. Preparation of Nettle Powder and Extract 

Nettle, l ike other herbs, has been used i n fish diets i n two 
forms: powder a n d extract. Nettle powder is prepared f r o m 
aerial parts [33, 34], leaves [22], and stems [35] s imilar to 
other herbs. Col lected nettle samples were washed w i t h dis
t i l led water [24]. T h e n , the samples were dr ied i n the shade 
at r o o m temperature [22, 36] and/or i n the shade under 
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ambient condit ions under a f low of d r y air [37]. T h e benefits 
o f using powdered herbs l ike nettle include the fact that it is 
acceptable for fish, is w i d e l y available a n d cheap, a n d can 
easily be added to diets. However , sometimes, adding nettle 
to diets i n its powdered f o r m can be difficult to digest for 
carnivorous species. T h e ant inutr i t ional parameters are 
sometimes related to fiber, a n d using powders can cause 
t h e m to be present i n diets m o r e than i n the extract. O n 
the other hand, w i t h extracting, we exclude some ant inutr i 
t ional parameters a n d fiber, m a k i n g them easier to digest 
for al l fishes. A n o t h e r benefit o f extraction is that o n l y a 
smal l amount o f nettle is required for diets (usually less than 
500 mg/kg) . Based o n our previous experience, to provide 1 g 
of dr ied extract, 200-250 g of powder is required. Therefore, 
more bioactive c o m p o u n d s can reach fish bodies b y f o r m u 
lat ing diets w i t h the extract. However , the extraction process 
requires laboratory equipment a n d is costly. These issues can 
be generalized to all herbs. Nettle extract, l ike other herbs, is 
sourced f r o m aerial parts [38] a n d roots [39]. In the ethanol 
method, nettle samples are wel l -dr ied i n a dark r o o m and 
g r o u n d into a fine powder using a grinder. T h e prepared 
powder is then m i x e d i n a 1 L volumetr ic flask at a ratio of 
1 :5 (w/v) w i t h 80% ethanol for 48 h using a shaker. T h e n , 
the mix ture is filtered using a Büchner funnel a n d filter 
paper. T h e p r i m a r y extract is dist i l led v i a rotary dist i l lat ion 
at 80°C for 4 h [33]. In the methanol method, after d r y i n g 
under the shade and g r i n d i n g into good powder , a 50 g sam
ple is percolated w i t h 1 L methanol (40%) for 3 days and 
then filtered. T h e solvent is evaporated, a n d finally, the con
centrate is dissolved i n 50 m L of deionized water at 50°C 
[40]. In the acetone method, the nettle sample is dr ied for 
7 days i n the shade. T h e dr ied sample is g r o u n d into a fine 
powder . T h e sample is mainta ined i n flasks w i t h acetone 
(1 :10 w/v). Subsequently, the extract is filtered through 
W h a t m a n N o . 1 filter paper, a n d the extract is concentrated 
under l o w pressure at 45°C w i t h the pressure o f a v a c u u m 
evaporator [38]. D e p e n d i n g o n the extraction m e t h o d and 
d r y i n g temperature, the final nutr i t iona l compos i t ion of 
herbs can differ slightly. A comprehensive investigation is 
required to determine h o w other extraction methods can 
affect the nutr i t ional composi t ions o f nettle species. Further
more, it is interesting to see h o w fish growth a n d health can 
be affected b y extraction methods. A c c o r d i n g to the d o c u 
mented results, bo th nettle powder (ranging f r o m 0.5% to 
12%) [21, 22, 35, 37] a n d extract w i t h different methods 
(ranging f r o m 0.01% to 3%) [23, 33, 40] i n fish diets d e m o n 
strated positive effects o n fish growth performance and 
health status [26]. This shows that bo th powder a n d extract 
of herbs c o u l d be effective a n d that extraction d i d not add 
any positive effects. However , their level i n diet also matters. 
H e r b powder or extract o f nettle, l ike other herbal m e d i 
cines, can be dr ied at r o o m temperature a n d can be stored 
i n the fridge, preferably at +4°C, unt i l used. 

4. Effects of Nettle on Growth Performance and 
Proximate Composition of Fish 

G r o w t h performance is the most crucial trait i n aquaculture. 
In n o r m a l situations and supposing the same F C R , a system 
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that can grow fish m o r e effectively can be more sustainable 
and profitable. F a r m i n g fish w i t h i m p r o v e d feed efficiency 
is necessary to reduce product ion costs a n d achieve sustain-
abil ity i n the aquaculture industry [41]. Therefore, consider
ing that bo th phenotypes (growth a n d phenotype) are 
crucial for aquaculture, a balance between growth a n d feed 
efficiency should be considered. This makes a l l the more 
sense w h e n we study the effect o f supplements o n fish diets, 
and o n l y increased growth or feed efficiency is insufficient. 
Nettle is one of these supplements, and i n the related l i tera
ture, bo th growth a n d feed efficiency have been discussed. 
There can be a considerable difference between fish being 
fed w i t h apparent satiation or l i m i t e d feeding. T h e preferable 
approach is apparent satiation to test palatabil i ty w h e n herbs 
such as nettle are added to diets. T h e experimental per iod 
and size o f fish are also other important parameters that 
can direct ly affect growth a n d feed efficiency a n d should be 
considered i n nettle and other herb studies. 

R a i n b o w trout is the most c o m m o n cold-water species 
that has been studied i n supplementing herbal medicines 
to fish diets. Th is is because ra inbow trout is one of the most 
c o m m o n l y farmed aquaculture species i n Iran a n d Turkey , 
where studies o n the effects o f herbs such as nettle o n aqua
culture are prevalent [16, 18, 33]. A d m i n i s t r a t i o n of 3% net
tle leaf powder to fish diet (7g) significantly increased W G 
and specific growth rate (SGR) after 8 weeks o f feeding based 
on apparent satiation w i t h no change i n F C R [22]. This herb 
significantly i m p r o v e d w h o l e - b o d y proximate prote in and 
ash i n this study a n d decreased fat content. Supplementat ion 
of 0.5% nettle powder showed the same result, as F C R was 
i m p r o v e d as wel l , i n ra inbow trout (12 g) after 4 [37] a n d 8 
[24] weeks w h e n fish were fed 3% of b o d y weight. In another 
study, A w a d et al . [42] administered 1% a n d 2% nettle leaf 
powder i n r a i n b o w trout diets (18 g) and saw an increase 
i n W G a n d S G R a n d no change i n F C R after an 8-week feed
ing trial ; however, no significant effect o n proximate b o d y 
compos i t ion was observed. Studies o n extracted nettle 
revealed the same trend a n d recorded i m p r o v e d W G , S G R , 
and F C R . F o r example, supplement ing 3% nettle sourced 
f r o m aerial parts w i t h ethanol extract i n fish (42 g) after 8 
weeks o f feeding based o n 3% o f b o d y weight [33] a n d nettle 
methanol extract at 0.01% a n d 0.05% for 4 weeks based o n 
apparent satiation [40] resulted i n this output. 

Studies that have investigated the effect o f herbal supple
ments o n warm-water species are usually f o u n d i n freshwa
ter. Iran, India , Egypt, a n d C h i n a are the top countries that 
focus o n the effect o f herbs, such as nettle, i n warm-water 
species. A s most o f the studied fish species i n this category 
are omnivorous , the inc lus ion of h i g h levels o f plant-based 
ingredients, such as nettle, d i d not i m p a i r fish growth . Nettle 
powder (5% of diet) i m p r o v e d W G , S G R , a n d F C R i n V i c t o 
r ia Labeo (Labeo victorianus: 25 g) after 16 weeks o f feeding 
based o n 3-4% b o d y weight [36]. In contrast, w h e n beluga 
(Huso huso: 30 g) was fed w i t h a diet i n c l u d i n g 1% nettle 
powder , it d i d not show a significant effect o n growth perfor
mance after a 60-day feeding trial based o n apparent satia
t ion [34]. S imilar ly , adminis trat ion o f nettle acetone extract 
(0.015% of diet) after 3 months o f feeding based o n apparent 
satiation d i d not increase growth performance i n electric 
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ye l low c i c h l i d (Labidochromis caeruleus: 0.6 g) [38]. Use of 
0.01% a n d 0.05% methanol ic extract o f nettle i n female con
vict c i c h l i d (1.3 g) {Amatitlania nigrofasciata) diet for 56 
days significantly i m p r o v e d W G , S G R , feed intake, and 
F C R compared to the contro l [43]. 

It should be noted that the durat ion o f adminis t ra t ion is 
an essential factor. F o r example, a 4-week experiment is not 
enough to d r a w a so l id conclus ion. T h e fish's response to 
diet can be changed w i t h adaptation (feeding more after 4 
weeks or even less feeding due to a lack o f palatability). 
T h e size o f the fish was quite s imi lar i n these studies. The 
reason for these improvements i n the abovementioned stud
ies can be b iocomponents such as f lavonoids (kaempferol, 
quercetin, a n d quercitrin) [14], w h i c h can increase feed pal 
atability [33, 42] a n d decrease F C R significantly [24, 37]. 
Moreover , A w a d et a l . [42] showed that the adminis t ra t ion 
of 2% nettle powder i n a f ish diet after a t w o - m o n t h feeding 
tr ia l c o u l d stimulate the stomach enzyme pepsin a n d other 
protease activities. Peps in is an acidic protease f o u n d i n gas
tric juice a n d is a m a i n digestive enzyme that helps feed pro
tein digestion b y breaking d o w n proteins into smaller 
peptides [44]. There is a l o n g list o f herbs that i m p r o v e 
digestive enzymes and, eventually, growth [45, 46], w h i c h 
is not w i t h i n the scope of this article. Nett le contains essen
tial a m i n o acids [47], a n d phenol ic c o m p o u n d s , such as 
vani l l i c ac id (which is used as a f lavoring agent), could 
increase feed palatabil i ty [27]. T h e i m p r o v e d feed intake 
and digestibil ity i n both cold-water and warm-water species 
can be explained b y these reasons. Interestingly, an increased 
h e m o g l o b i n (Hb) level i n experimental groups fed w i t h a 
nettle supplement c o u l d i m p r o v e growth performance i n 
ra inbow trout [22, 24, 37]. H b , w h i c h has a vi tal funct ion 
i n t ransport ing oxygen [48], affects the metabol ism and 
growth performance of fish [49]. This prote in plays a key 
role i n cold-water species, w h i c h require m o r e oxygen. The 
mechanism b y w h i c h nettle improves H b is an interesting 
topic for future studies. In short, different mechanisms can 
i m p r o v e growth a n d feed efficiency b y a d d i n g nettle to fish 
diets. F o r example, its bioactive c o m p o u n d s [27]; abi l i ty to 
m o d i f y co lonizat ion o f various bacteria species i n f ish gut 
[50] and i m p r o v e i m m u n i t y [22, 40]; ant ioxidant activities 
[35]; hematological parameters [22, 33, 37]; b l o o d metabo
lites [36, 43]; i m p r o v e d l i p i d , carbohydrate, and protein 
metabol ism [22]; a n d s t imulat ing digestive enzymes [42] 
are a m o n g them. In most cases, herbs such as nettle cannot 
change b o d y compos i t ion , as the protein a n d l i p i d contents 
of experimental diets are s imilar . T h e effects o f nettle supple
mentat ion o n growth performance a n d proximate body 
compos i t ion o f fish species are depicted i n Table 1. 

5. Effects of Nettle on Hematological and Blood 
Biochemical Parameters in Fish 

Hematologica l parameters, i n c l u d i n g red b l o o d cells ( R B C s ) , 
white b l o o d cells ( W B C s ) count, H b , a n d H t indices, have 
been k n o w n as bioindicators o f f ish health. M e a s u r i n g 
hematological parameters is cheap a n d assessable and, there
fore, c o m m o n l y measured. T h e R B C of an organism is 
responsible for the carry ing capacity o f dissolved oxygen 

Aquacul ture N u t r i t i o n 

[51]. W B C is the first l ine o f defense against pathogens 
[52]. T h e percentage of H t shows the v o l u m e percentage of 
R B C s i n the b l o o d [53]. H b is inc luded i n R B C s , a n d it is a 
globular prote in w i t h a quaternary structure constituted of 
four g lobin chains (two alpha and two betas) a n d a pros
thetic group called heme b o u n d to each one [54]. G i v e n 
the diverse cr i t ical roles o f b l o o d , measuring b l o o d parame
ters m a y provide a reliable picture o f fish metabol i sm and 
health status [55]. A s nettle can affect the growth a n d i m m u 
nity o f f ish, it can directly impact hematological parameters. 
However , this question is raised whether the i m p r o v e d 
hematological parameter is the reason o r / a n d result of 
i m p r o v e d growth a n d i m m u n i t y . 

Col lec t ing b l o o d f r o m r a i n b o w trout is easy, even i n fish 
w i t h a size less than 50 g. Therefore, we can see that hemato
logical parameters have c o m m o n l y been measured i n 
ra inbow trout studies. Nettle has posit ively affected hemato
logical parameters i n this fish species. A d m i n i s t r a t i o n of 1% 
and 1.5% of nettle leaf powder i n r a i n b o w trout (10-11 g) 
diet increased W B C s , R B C s , H t , a n d H b after 4- [37] and 
8-week [24] feeding trials. M e h r a b i et al . [24] reported 
increased lymphocytes , decreased monocytes, a n d no signif
icant effects o n neutrophi l percent b y a d d i n g nettle to diets. 
B y contrast, supplement ing 3% nettle leaf powder i n r a i n 
b o w trout (7g) diet for 8 weeks increased W B C , neutrophi l , 
and monocyte counts but reduced R B C , H t , a n d H b levels 
[22]. In another report, A w a d a n d A u s t i n [21] ment ioned 
that 1% nettle leaf powder i n r a i n b o w trout diet w i t h an i n i 
tial average b o d y weight o f 15 g after 14 days o f feeding d i d 
not i m p r o v e R B C , W B C , H b , monocyte , and neutrophi l 
counts but increased H t significantly. It can be hypothesized 
that 14 days was not enough to change these parameters i n 
ra inbow trout. A d m i n i s t r a t i o n o f nettle sourced f r o m aerial 
parts w i t h ethanol extract i n the diet o f this species (42 g) 
at levels o f 1%, 2%, a n d 3% after 4 weeks o f feeding d i d 
not increase R B C s , W B C count, and monocyte percent but, 
at a dietary level o f 3%, i m p r o v e d H t , H b , lymphocyte , and 
neutrophi l percent [33]. However , after an 8-week feeding 
tr ial , nettle i n this study i m p r o v e d R B C , W B C , H t , H b , 
and neutrophi l percent [33]. T h i s is further evidence that 
the experimental per iod plays a key role i n m a k i n g changes 
to b l o o d parameters. 

W a r m - w a t e r species that were experimented w i t h nettle 
supplementat ion usually have less b lood , a n d collect ing 
b l o o d f r o m them is a bit harder than f r o m cold-water ones. 
For example, carps, acipenser, V i c t o r i a Labeo, a n d cichlids 
belong to this category. Supplementat ion of 1%, 2%, and 
5% nettle leaf powder i n V i c t o r i a Labeo (25 g) after 4 and 
16 weeks i n a feeding trial showed significant improvement 
of R B C , W B C , H t , a n d H b compared to controls [36]. In 
another study [35], nettle leaf powder (12% of diet) i n beluga 
(204 g) after 4 weeks i m p r o v e d R B C , H t , a n d H b , but W B C , 
lymphocyte , and eos inophi l levels d i d not show a significant 
difference. B y contrast, i n this research, after 8 weeks o f the 
feeding tr ial , W B C , R B C , H t , a n d H b increased significantly 
i n the nettle group, but not lymphocyte and eosinophi l . 
These results indicate that, again, the t ime of adminis trat ion 
plays a key role. N o b a h a r et a l . [34] studied the effect o f 1% 
nettle powder o n beluga, w i t h an in i t ia l average b o d y weight 
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T A B L E 1: Effects of nettle (Urtica dioica) supplement on growth performance and body proximate composition of fish. 

Fish species Nettle part 
used 

Preparation of 
nettle 

supplement 

Type of plant „ , „ . . Period of . _t. , 
. . . . Doses (%) e .. . , Active compounds 

additive feeding trial 
Optimum dose 

Beneficial effects 
on growth 

performance and _ r 

, , . References 
body proximate 

composition in fish 
significantly 

Rainbow trout 
(Oncorhynchus 
mykiss) 

Leaves 
Dried in shade 

at room 
temperature 

Powder 1% and 3% 8 weeks Phenolic compounds and 
amino acids 

3% 

F W , W G , W G % , 
SGR%, body 

proximate protein, 
fat, and ash 

[16] 

Rainbow trout Leaves Dried in shade 

Dried in the 

Powder 0.5, 1, 1.5% 8 weeks 
Capsaicin, carvacrol, 

cinnamaldehyde 
Acetylcholine, histamine, 

0.5%, 1%, and 1.5% 
FW, W G , SGR%, 

F C R [18] 

Rainbow trout Leaves 
shade under 

ambient Powder 0.5, 1, 1.5% 4 weeks 
serotonin, salicylic acid, 

lecithin, carotenoid, 0.5, 1%, and 1.5% 
F W , W G , SGR%, 

FCR, and PER [31] 
conditions by a flavonoids, sterols, and 

F W , W G , SGR%, 
FCR, and PER 

flow of dry air thymol 

Dried leaves 

Rainbow trout Leaves from a healthy 
food shop in 

Edinburgh 

Dried leaves 
obtained from 

Powder 1% and 2% 2 months Amino acids 1% and 2% F W , W G , and 
SGR% 

Growth 
performance and 

[47] 

Rainbow trout Leaves Good n ' 
Natural, 

Nuneaton, U K 

Powder 1% 14 days Not reported 

Vitamin A , vitamin B, 
vitamin B12, 

body proximate 
composition were 

not evaluated 

[15] 

Victoria Labeo 
(Labeo 
victorianus) 

Leaves Air-dried Powder 1%, 2%, and 
5% 

16 weeks 
acetylcholine, serotonin, 

formic acid, salicylic acid, 
lecithin, carotenoids, 

flavonoids, sterols, and 
thymol 

Flavonoids, 
polysaccharides, 

carotenoids, lignans, 

1%, 2%, and 5% 
FW, W G % , SGR%, 

and F C R 

Growth 

[30] 

Beluga (Huso 
huso) 

Leaves and 
stem Not reported Powder 3%, 6%, and 

12% 
8 weeks 

lectins, amino acids, 
minerals (especially iron) 
and vitamins (vitamin C), 

tannins, formic acid, 
salicylic acid, carvacrol, 

and thymol 

12% 
performance and 
body proximate 

composition were 
not evaluated 

[29] 

Beluga Not reported Powder 1% 60 days 1% [94] 



T A B L E 1: Continued. 

Fish species 
Nettle part ^ , Type of plant _ , „ , , Period of 

j nettle j j ^ - Doses (%) c ,. . , 
used , additive feeding trial 

supplement 
Active compounds Optimum dose 

Beneficial effects 
on growth 

performance and _ r  
r, , . References 
body proximate 

composition in fish 
significantly 

Oven-dried was 
obtained from 

the supermarket 

Electric yellow 
cichlid 
(Labidochromis 
caeruleus) 

Convict cichlid 
(Cichlasoma 
nigrofasciatum) 

Not reported 

Root 

Dried under 
shadow 

Ethanol extract 

Rainbow trout Aerial parts Ethanol extract 

Rainbow trout Not reported 

Rainbow trout Not reported 

Convict cichlid 
(Amatitlania 
nigrofasciata) 

Leaves 

Methanol 
extract 

Nettle extract 
(quercetin) 

obtained from 
the laboratory of 
professor Amani 

Awaad 

Methanol 
extract 

Extract 

Extract 

Extract 

Extract 

Extract 

Extract 

0.015% 

0.02% and 
0.03% 

1%, 2%, and 
3% 

0.01% and 
0.05% 

0.1%, 0.5%, 
and 1% 

0.01% and 
0.05% 

3 months 

8 weeks 

30 days 

14 days 

Acetylcholine, serotonin, 
formic acid, minerals, 
amino acid, lecithin, 

carotenoid, flavonoids, 
sterols, tannins, and 

vitamins 

Carotenoids 

Flavonoids 

Carvacrol, flavonoids, 
8 weeks carotenoids proteins, iron, 

and vitamins 

Quercetin 

Quercetin 

0.015% 

56 days Capsaicin and carvacrol 

3% 

0.01% and 0.5% 

1% 

0.01% 

Growth 
performance was 

not significant 

Growth 
performance was 

not significant 

Reduced F W , 
W G % , and SGR% 

W G , SGR%, FCR, 
and SR% 

F W , W G , SGR%, 
and F C R 

Growth 
performance and 
body proximate 

composition were 
not evaluated 

W G , SGR, FI, FCR, 
and PER 

[32] 

[33] 

[28] 

[34] 

[17] 

[48] 



T A B L E 2: Effects of nettle supplement on hematological parameters of fish. 

Preparation of 
nettle 

supplement 

Beneficial effects on 

Fish species Nettle part 
used 

Preparation of 
nettle 

supplement 

Type of plant 
additive 

Doses (%) 
Period of 

feeding trial Active compounds Optimum dose hematological 
parameters of fish 

significantly 

References 

Dried in shade 
Phenolic compounds and 

amino acids 

W B C , R B C , Hct, 
Rainbow trout Leaves at room 

temperature 
Powder 1% and 3% 8 weeks Phenolic compounds and 

amino acids 
1% and 3% Hb, monocyte, and 

lymphocyte 
[16] 

Rainbow trout Leaves Dried in shade Powder 0.5, 1, 1.5% 8 weeks 
Capsaicin, carvacrol, 

0.5%, 1%, and 1.5% 
W B C , RBC, Hct, 

H b , and [18] 0.5, 1, 1.5% 
cinnamaldehyde 

0.5%, 1%, and 1.5% 
lymphocyte 

[18] 

Dried in the Acetylcholine, histamine, 

Rainbow trout Leaves 
shade under 

ambient 
condition by a 
flow of dry air 

Dried leaves 

Powder 0.5%, 1%, 
1.5% 

4 weeks 
serotonin, salicylic acid, 

lecithin, carotenoid, 
flavonoids, sterols, and 

thymol 

0.5%, 1%, and 1.5% 
W B C , RBC, Hct, 

a n d H b [31] 

Rainbow trout Leaves from a health 
food shop in 

Edinburgh 
Dried leaves 

obtained from 

Powder 1% and 2% 2 months A m i n o acids 1% and 2% Hematology was 
not evaluated 

[47J 

Rainbow trout Leaves Good n ' Powder 1% 14 days Not reported 1% Hb [15] 
Natural, 

14 days Not reported 

Nuneaton, U K 

Vitamin A , vitamin B, 
vitamin B12, 

Victoria Labeo Leaves Air-dried Powder 1%, 2%, and 
5% 

16 weeks 
acetylcholine, serotonin, 

formic acid, salicylic acid, 
lecithin, carotenoids, 

flavonoids, sterols, and 
thymol 

Flavonoids, 
polysaccharides, 

carotenoids, lignans, 

1%, 2%, and 5% 
W B C , RBC, Hct, 

Hb, and neutrophil 
[30] 

Beluga 
Leaves and 

stem Not reported 

Oven-dried was 

Powder 
3%, 6%, and 

12% 
8 weeks 

lectins, amino acids, 
minerals (especially iron) 
and vitamins (vitamin C), 

tannins, formic acid, 
salicylic acid, carvacrol, 

and thymol 

Acetylcholine, serotonin, 

12% 
W B C , RBC, Hct, 

Hb, and neutrophil 
[29] 

Beluga Not reported obtained from Powder 1% 60 days formic acid, minerals, 1% Hct [94] Not reported 
supermarket 

60 days 
amino acid, lecithin, 
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T A B L E 2: Continued. 

Preparation of 
nettle 

supplement 

Beneficial effects on 

Fish species Nettle part 
used 

Preparation of 
nettle 

supplement 

Type of plant 
additive 

Doses (%) 
Period of 

feeding trial 
Active compounds Optimum dose hematological 

parameters of fish 
significantly 

References 

carotenoid, flavonoids, 
sterols, tannins, and 

vitamins 
Electric yellow 
cichlid Not reported 

Dried under 
shadow 

Extract 0.015% 3 months Carotenoids 0.015% 
Hematology was 

not evaluated [32] 

Convict cichlid Root Ethanol extract Extract 
0.02% and 

0.03% 
8 weeks Flavonoids -

Hematology was 
not evaluated [33] 

Rainbow trout Aerial parts Ethanol extract Extract 
1%, 2%, and 

3% 
8 weeks 

Carvacrol, flavonoids, 
carotenoids proteins, iron, 3% 

W B C , RBC, Ht , Hb, 
lymphocyte, and [28] 1%, 2%, and 

3% 
and vitamins neutrophil 

Rainbow trout Not reported 
Methanol 

extract 
Nettle extract 

(quercetin) 

Extract 
0.01% and 

0.05% 
30 days Quercetin 0.01% and 0.5% 

Hematology was 
not evaluated 

[34] 

Rainbow trout Not reported obtained from 
the laboratory of 
professor Amani 

Awaad 

Extract 0.1%, 0.5%, 
and 1% 

14 days Quercetin 1% Hematology was 
not evaluated 

[17] 

Convict cichlid Leaves 
Methanol 

extract 
Extract 

0.01% and 
0.05% 

56 days - -
Hematology was 

not evaluated 
[48] 
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T A B L E 3: Effects of nettle supplement on blood biochemical parameters of fish. 

Fish species 
Nettle ( U 

dioica) part 
used 

Preparation of 
nettle (17. dioica) 

supplement 

Type of plant 
additive 

Doses (%) 
Period of 

feeding trial Active compounds Optimum dose 

Beneficial effects on 
blood biochemical 
parameters on fish 

significantly 

References 

Dried in shade 
Rainbow trout Leaves at room Powder 1% and 3% 8 weeks Phenolic compounds and 

amino acids 
1% and 3% Albumin and total 

protein 
[16] 

temperature 

Phenolic compounds and 
amino acids 

Albumin and total 
protein 

Capsaicin, carvacrol, 
cinnamaldehyde 

Acetylcholine, histamine, 
serotonin, salicylic acid, 

Albumin, total 
Rainbow trout Leaves Dried in shade 

Dried in the 
shade under 

Powder 0.5, 1, 1.5% 8 weeks 
Capsaicin, carvacrol, 

cinnamaldehyde 

Acetylcholine, histamine, 
serotonin, salicylic acid, 

0.5%, 1%, and 1.5% protein, and 
globulin 

Albumin, total 

[18] 

Rainbow trout Leaves ambient 
condition by a 
flow of dry air 

Dried leaves 

Powder 0.5, 1, 1.5% 4 weeks lecithin, carotenoid, 
flavonoids, sterols, and 

thymol 

0.5%, 1%, and 1.5% protein, and 
globulin 

[31] 

Rainbow trout Leaves 
from a health 
food shop in 

Edinburgh 

Dried leaves 
obtained from 

Powder 1% and 2% 2 months A m i n o acids 
Blood biochemistry 
was not evaluated 

[47] 

Rainbow trout Leaves Good n ' Powder 1% 14 days Not reported 1% N o significant effect [15] 
Natural, 

14 days Not reported 

Nuneaton, U K 

Vitamin A , vitamin B, 
vitamin B12, Albumin, total 

1%, 2%, and 
5% 

acetylcholine, serotonin, protein, 
Victoria Labeo Leaves Air-dried Powder 

1%, 2%, and 
5% 16 weeks formic acid, salicylic acid, 1%, 2%, and 5% triglyceride, [30] 

1%, 2%, and 
5% 

lecithin, carotenoid, 
flavonoids, sterols, and 

thymol 

Flavonoids, 
polysaccharides, 

carotenoids, lignans, 

cholesterol, Cortisol, 
and glucose 

Beluga 
Leaves and 

stem Not reported Powder 
3%, 6%, and 

12% 
8 weeks 

lectins, amino acids, 
minerals (especially iron) 12% 

Total protein, 
triglyceride, and [29] 

Leaves and 
stem 

3%, 6%, and 
12% 

and vitamins (vitamin C), 
tannins, formic acid, 

salicylic acid, carvacrol, 
and thymol 

cholesterol 

Oven-dried was Acetylcholine, serotonin, Blood biochemistry 
was not evaluated Beluga Not reported obtained from 

supermarket 
Powder 1% 60 days formic acid, minerals, 

amino acid, lecithin, 

Blood biochemistry 
was not evaluated [94] 
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T A B L E 3: Continued. 

Nettle (17. Preparation of f e of lant 
Fish species dioica) part nettle (17. dioica) additive 

used supplement 
Doses (%) 

Period of 
feeding trial 

Active compounds Optimum dose 

Electric yellow Not reported 
cichlid 

Convict cichlid Root 

Dried under 
shadow 

Ethanol extract 

Rainbow trout Aerial parts Ethanol extract 

Rainbow trout Not reported Methanol 
extract 

Nettle extract 
(quercetin) 

„ . . ^ T , obtained from 
Rainbow trout Not reported . , , , 

r the laboratory 01 
professor A m a n i 

Awaad 

Convict cichlid Leaves 
Methanol 

extract 

Extract 

Extract 

Extract 

Extract 

Extract 

Extract 

0.015% 

0.02% and 
0.03% 

1%, 2%, and 
3% 

0.01% and 
0.05% 

0.1%, 0.5%, 
and 1% 

0.01% and 
0.05% 

3 months 

8 weeks 

8 weeks 

30 days 

14 days 

56 days 

carotenoid, flavonoids, 
sterols, tannins, and 

vitamins 

Carotenoids 

Flavonoids 

Carvacrol, flavonoids, 
carotenoids proteins, iron, 

and vitamins 

Quercetin 

Quercetin 

Carvacrol 

3% 

1 % 

0.01% 

Beneficial effects on 
blood biochemical 
parameters on fish 

significantly 

References 

Blood biochemistry 
was not evaluated 

Blood biochemistry 
was not evaluated 

Total protein and 
triglyceride 

Blood biochemistry 
was not evaluated 

Total protein 

Glucose, 
triglyceride, 

cholesterol, total 
protein, and 

albumin 

[32] 

[33] 

128] 

134] 

[17] 

[48] 
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T A B L E 4: Effects of nettle supplement in fish liver enzyme activity. 

Fish 
species 

Nettle part 
used 

Preparation 
of nettle 

supplement 

Type of plant 
additive Doses (%) 

Period of 
feeding trial Active compounds Optimum dose 

Measured liver 
enzymes in blood 

serum 

Significant 
effect 

References 

Beluga 

Rainbow 
trout 

Leaves and 
stem 

Aerial parts 

Not reported Powder 

Ethanol 
extract 

Extract 

3%, 6%, and 
12% 

1%, 2%, and 
3% 

Flavonoids, 
polysaccharides, 

carotenoids, lignans, 
lectins, amino acids, 

8 weeks minerals (especially iron) 
and vitamins (vitamin C), 

tannins, formic acid, 
salicylic acid, carvacrol, 

and thymol 

Carvacrol, flavonoids, 
8 weeks carotenoids proteins, iron, 

and vitamins 

A L T , AST, and A L P 

A L T , AST, and 
L D H 

N o 
significant 

N o 
significant 

[29] 

[28] 

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; LDH: lactate dehydrogenase. 



T A B L E 5: Effects of nettle supplement on immunological parameters of fish. 

Preparation of 
nettle 

supplement 

Beneficial effects of 

Fish species Nettle part 
used 

Preparation of 
nettle 

supplement 

Type of plant 
additive 

Doses (%) 
Period of 

feeding trial Active compounds Optimum dose immunological 
parameters of fish 

significantly 

References 

Rainbow trout Leaves 
Dried in shade 

at room 
temperature 

Powder 1% and 3% 8 weeks Phenolic compounds and 
amino acids 

1% and 3% 
Lysozyme activity 

and 
immunoglobulin 

Respiratory burst 

[16] 

Rainbow trout Leaves Dried in shade Powder 0.5%, 1%, 8 weeks Capsaicin, carvacrol, 0.5%, 1%, and 1.5% activity, lysozyme [18] 
and 1.5% cinnamaldehyde 

0.5%, 1%, and 1.5% 
activity, and 

A C H 5 0 

[18] 

Dried in the Acetylcholine, histamine, 
shade under 

0.5%, 1%, 
and 1.5% 

serotonin, salicylic acid, 
Rainbow trout Leaves ambient Powder 0.5%, 1%, 

and 1.5% 
4 weeks lecithin, carotenoid, 0.5% Lysozyme activity [31] 

condition by a 

0.5%, 1%, 
and 1.5% 

flavonoids, sterols, and 
flow of dry air thymol 

Dried leaves 

Rainbow trout Leaves 
from a health 
food shop in 

Edinburgh 

Powder 1% and 2% 2 months Amino acids - Immunology was 
not evaluated 

[47] 

Dried leaves 
Lysozyme, 

obtained from 
Lysozyme, 

Rainbow trout Leaves Good n ' 
Natural, 

Nuneaton, U K 

Powder 1% 14 days Not reported 

Vitamin A , vitamin B, 
vitamin B12, 

1% respiratory burst, 
and bactericidal 

activity 

Total 

[15] 

1%, 2%, and 
5% 

acetylcholine, serotonin, immunoglobulin 
Victoria Labeo Leaves Air-dried Powder 

1%, 2%, and 
5% 16 weeks formic acid, salicylic acid, 1%, 2%, and 5% (Ig), respiratory [30] 

1%, 2%, and 
5% 

lecithin, carotenoid, 
flavonoids, sterols, and 

thymol 

Flavonoids, 
polysaccharides, 

burst, and lysozyme 
activity 

carotenoids, lignans, 
Total 

immunoglobulin 
(Ig) and respiratory 

burst activity 

Beluga 
Leaves and 

stem Not reported Powder 
3%, 6%, and 

12% 
8 weeks 

lectins, amino acids, 
minerals (especially iron) 
and vitamins (vitamin C), 

tannins, formic acid, 
salicylic acid, carvacrol, 

and thymol 

12% 

Total 
immunoglobulin 

(Ig) and respiratory 
burst activity 

[29] 

Beluga Not reported Powder 1% 60 days 
Acetylcholine, serotonin, 

formic acid, minerals, 
1% Immunology was 

not evaluated 
[94] 



T A B L E 5: Continued. 

Fish species Nettle part ^ ^ n ^ t ü e " °^ ^YPe °^ p l a n t 

used , , additive 
supplement 

Doses (%) feeding trial Active compounds Optimum dose 

Beneficial effects of 
immunological _ r 

° r . , References 
parameters of fash 

significantly 

Electric yellow 
Not reported 

cichlid 

Convict cichlid Root 

Oven-dried was 
obtained from 
supermarket 

Dried under 
shadow 

Ethanol extract 

Rainbow trout Aerial parts Ethanol extract 

Rainbow trout Not reported Methanol 
extract 

Nettle extract 
(quercetin) 

_ . , , T , j obtained from 
Rainbow trout Not reported ^ , , r  

r the laboratory of 
professor Amani 

Awaad 

Extract 

Extract 

Extract 

Extract 

Convict cichlid Leaves 
Methanol 

extract 

Extract 

Extract 

0.015% 

0.02% and 
0.03% 

0.01% and 
0.05% 

0.1%, 0.5%, 
and 1% 

0.01% and 
0.05% 

3 months 

8 weeks 

1, 2, and 3% 8 weeks 

30 days 

14 days 

56 days 

amino acid, lecithin, 
carotenoid, flavonoids, 

sterols, tannins, and 
vitamins 

Carotenoids 

Flavonoids 

Carvacrol, flavonoids, 
carotenoids proteins, iron, 

and vitamins 

Quercetin 

Quercetin 

Quercetin 

0.015% 

3% 

0.01% and 0.05% 

0.5% and 1% 

0.01% 

Immunology was 
not evaluated 

Immunology was 
not evaluated 

Immunoglobulin 
(IgM), complement 

3, complement 4, 
lysozyme, and 

respiratory burst 
activity 

Phagocytic, 
lysozyme, and 

myeloperoxidase 
activity 

Lysozyme, 
myeloperoxidase, 

bactericidal, 
antiprotease 
activity, and 

immunoglobulin 
(IgM) 

C3, C4, and IgM 

[32] 

[33] 

[28] 

[34] 

[17] 

[48] 



T A B L E 6: Effects of nettle supplement on pathogen challenge and survival rate in fish. 

Preparation of Type of 
Fish species Nettle part used nettle plant 

supplement additive 
Doses (%) 

Period of feeding 
trial 

Act ive 
compounds 

O p t i m u m dose Pathogen species 

Rainbow trout 

Rainbow trout 

Rainbow trout 

CO 

Rainbow trout 

Rainbow trout 

V i c t o r i a Labeo 

„ . Survival rate % . . , 
Pathogen . . Survival rate % 

. . . i n nettle groups . , , _ . 
challenge , , ,, i n control after References 

. , after challenge , „ 
period . . challenge 
r significantly 

Beluga 

D r i e d i n shade at 
r o o m Powder 

temperature 

D r i e d i n shade Powder 

D r i e d i n the 
shade under 

ambient 
condit ion b y a 
f low of dry air 

D r i e d leaves 
f r o m a healthy 

food 
Shop i n 

Edinburgh 
D r i e d leaves 

obtained f r o m 
G o o d n ' Natural , 

Nuneaton , U K 

A i r - d r i e d 

Leaves and stem N o t reported 

Powder 
0.5%, 1%, and 

1.5% 

Powder 1%, 2%, and 5% 

3%, 6%, and 12% 

4 weeks 

14 days 

16 weeks 

Phenolic 
compounds and 

amino acids 
Capsaicin, 
carvacrol, 

cinnamaldehyde 
Acetylcholine, 

histamine, 
serotonin, 

salicylic acid, 

lecithin, 
carotenoid, 
flavonoids, 
sterols, and 

thymol 

N o t reported 

V i t a m i n A , 
vi tamin B, 

v i tamin B12, 
acetylcholine, 

serotonin, 
formic acid, 

salicylic acid, 

lecithin, 
carotenoid, 
flavonoids, 
sterols, and 

thymol 

Flavonoids, 

polysaccharides, 
carotenoids, 

lignans, lectins, 
amino acids, 

minerals 
(especially iron) 

and vitamins 
(vitamin C ) , 

tannins, formic 
acid, salicylic 

acid, carvacrol, 
and t h y m o l 

Saprolegma „ . 
1 . 3 weeks 

parasitica 

[16] 

[18] 

[31] 

Aeromonas 
hydrophila 

10 days 

[47] 

[15] 

1, 2, and 5% 
Aeromonas 
hydrophila 

21 days 
50, 88, and 96%, 

respectively 
[30] 

[29[ 

> 
-O 

c 
to 
n 



T A B L E 6: Continued. 

Preparation of Type of 
Fish species Nettle part used nettle plant 

supplement additive 
Doses (%) 

„ . Survival rate % . . , 
Pathogen . . Survival rate % 

rt . , „ , . i i i m nettle groups . . . _ . 
. . . O p t i m u m dose Pathogen species challenge r , ,, i n control after References 

t n a l compounds r o r o after challenge 
Per iod of feeding Act ive 

per iod 
significantly 

challenge 

Beluga 

Electric yel low 
cichl id 

Convic t c i ch l id 

Rainbow trout 

Oven-dr ied was 
N o t reported obtained f r o m 

the supermarket 

N o t reported 

Root 

D r i e d under 
, , Extract 0.015% 

shadow 

Ethanol extract Extract 0.02% and 0.03% 

Rainbow trout N o t reported 

Nettle extract 
(quercetin) 

obtained f r o m 
the laboratory of 
professor A m a n i 

A w a a d 

0.1%, 0.5%, and 
1% 

60 days 

3 months 

8 weeks 

Aer ia l parts Ethanol extract Extract 1%, 2%, and 3% 8 weeks 

Rainbow trout N o t reported M e t h a n o l extract Extract 0.01% and 0.05% 30 days 

14 days 

Acetylcholine, 
serotonin, 

formic acid, 
minerals, amino 

acid, lecithin, — 
carotenoid, 
flavonoids, 

sterols, tannins, 
and vitamins 

Carotenoids — 

Flavonoids — 

Carvacrol , 
flavonoids, 
carotenoids 3% 

proteins, i ron , 
and vi tamins 

Quercetin 0.01% and 0.05% 

Quercetin 

Yersinia ruckeri 

Aeromonas 
hydrophila 

14 days 

14 days 

[94] 

[32] 

[33] 

[28] 

[34] 

[17] 
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of 30 g. In that study, nettle d i d not increase W B C , R B C , H t , 
or H b after the 60-day feeding trial. W h i l e no significant dif
ference was observed i n lymphocytes, neutrophils, and 
monocytes, eosinophils decreased [34]. B l o o d is responsible 
for transferring different components, inc luding water, 
gases, hormones, minerals, i m m u n e constituents, nutrients, 
microorganisms, toxins, and waste products i n fish [56]. 
Thus, the n o r m a l range of hematologic parameters shows 
the fish health status [8]. Furthermore, increased hematolog
ical parameters i n most cases are a good sign (not i n the case 
of severe infections). Esmaeil i [55] reviewed changes i n 
hematological parameters i n growth studies (based o n more 
than 400 moni tored cases). In most cases, fish w i t h elevated 
hematologic parameters were healthier and had a higher 
growth rate. Furthermore, hematological parameters do 
not show the same trend across treatments and studies. 
Therefore, a new introduced formula (blood performance) 
can be a better indicator [55]. T o test " b l o o d performance" 
in nettle studies, we calculated this formula. W h i l e many 
variations i n the trend of these parameters were observed, 
"b lood performance," interestingly, i n most o f the nettle 
groups was significantly higher than controls [21, 24, 33, 
35, 37]. It can be concluded that the higher hematological 
parameters i n the studied supplemented nettle can be a good 
sign, as they had higher growth than the controls as well . 
Higher survival rates and fish resistance to pathogens [24, 
33] are more evidence of this c la im. Di igenc i et al. [57] 
reported that v i tamin C increased i r o n uptake i n fish intes
tines. Since nettle is r ich i n v i tamin C and i r o n [47], an 
increase i n R B C s , H t , and H b can be attributed to these vita
mins ' synergistic effect via st imulation of the head kidney 
[22, 33]. The results o f the administration of nettle i n the fish 
diet o n hematological parameters are presented i n Table 2. 

B l o o d biochemistry reveals the metabolic and health sta
tus of fish. They have become powerful tools and increas
ingly c o m m o n measures i n aquaculture studies. U s i n g 
plant powder and/or extracts like nettle i n the fish diet can 
improve blood biochemical parameters and enhance fish 
physiology and health conditions [22, 36, 37]. Nettie leaf 
powder at levels 3% [22] and 0.5, 1, and 1.5% [24] i n ra in
bow trout (7-10 g) diet improved b lood serum total protein 
and a lbumin after an 8-week feeding trial [37]. Furthermore, 
the use of 1% nettle extract (quercetin) i n a rainbow trout 
diet (18 g) increased blood serum total protein after 14 days 
of feeding [23]. Conversely, 1% nettle leaf powder i n a ra in
bow trout diet (15 g) after 2 weeks of feeding d i d not signif
icantly affect b lood serum total protein [21]. A d e l et al. [33] 
reported that the ethanol extract o f nettle aerial parts i n ra in
bow trout (42 g) increased b lood serum total protein and 
decreased b lood serum glucose and triglyceride levels after 
8 weeks of feeding. Furthermore, using 0.01% and 0.05% 
methanolic extract o f nettle i n female convict c ichl id diet 
decreased glucose, triglyceride, and cholesterol. It signifi
cantly increased the total protein and a lbumin levels c o m 
pared to the control [43]. Supplementation of nettle leaf 
powder at levels 1, 2, and 5% i n Vic tor ia Labeo (25 g) after 
a 4- and 16-week feeding trial, increased b lood serum total 
protein, a lbumin , triglyceride, cholesterol, and decreased 
level o f b lood glucose [37]. A n increase i n serum total pro-
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tein decreased b lood serum triglycerides and cholesterol, 
and no change i n glucose levels i n beluga (204 g) after 8 
weeks was observed [35]. 

B lood serum total protein and a lbumin are important 
factors for vertebrate health [58] and can boost the i m m u n e 
response [59]. It can be concluded that the use of nettle sup
plements i n the fish diet can increase b lood serum total pro
tein due to bioactive nettle compounds, such as quercetin 
[23]. C o m p a r e d to other herbs, nettle is reasonably high i n 
quercetin (2 mg/100 g), and it is a r ich source of antioxidants 
and vitamins A and C . Increasing b lood serum a lbumin due 
to nettle supplementation can improve transportation of 
substances, inc luding b i l i rubin , metals, ions, enzymes, 
amino acids, hormones, free fatty acids, drugs, and phospho
lipids, by providing m a n y surface-charged groups and many 
particular b inding places [22, 24, 37, 60]. There is no study 
related to the effect o f nettle on glucose, cholesterol, and t r i 
glyceride i n rainbow trout to check the glucose- and l i p i d -
lowering effects of this herb. The glucose-lowering effect of 
nettle was reviewed i n m a m m a l studies [61]. Furthermore, 
many studies have reported the l ip id- lower ing effect of this 
herb i n a m a m m a l , which reduces cholesterol, low-density 
l ipoproteins, and triglyceride i n b lood and improves h igh-
density l ipoproteins [62]. Parham et al. [63] reported that 
nettle stimulated the secretion of insul in and affected the 
peroxisome proliferator-activated receptor- ( P P A R - ) gamma 
agonist and the repressing effect o n alpha-glucosidase, which 
has an inhibi tory role i n reducing blood glucose levels [64]. 
Alpha-glucosidase is a carbohydrate-hydrolyzing enzyme 
such as a-amylase and a-glucosidase, which is located i n 
the brush border of the small intestine and breaks d o w n o l i 
gosaccharides and disaccharides into monosaccharides that 
are suitable for absorption [65]. Moreover , hydroalcoholic 
extract o f nettle showed a protective and hypoglycemic effect 
on pancreatic beta cells i n hyperglycemic rats, w h i c h can be 
related to antioxidant possessions of nettle [66] such as phe
nolic compounds inc luding quercetin and kaempferol [27, 
67]. Moreover , the efficiency of nettle o n fish glucose levels 
can be related to fish species, parts o f nettle used as a supple
ment, and the type of nettle supplement (powder and/or 
extract) [35, 36, 67]. Decreasing the level o f cholesterol and 
triglycerides i n the b lood serum can be related to nettle ste
rols, inc luding stigmasterol, campesterol, /3-sitosterol [68], 
and phenolic compounds [27], w h i c h affect cholesterol bio
synthesis [69]. In conclusion, the positive effect o f nettle on 
protein, glucose, and l i p i d metabolism was also observed, 
like many other herbs. The effects of supplementation nettle 
i n the fish diet on blood biochemical parameters are dis
played i n Table 3. In the studies where the same output 
was not observed, there were short-term (2 weeks) studies. 
This can indicate the importance of the administration 
period, and at least 4 weeks are required. B y matching these 
data w i t h growth, most o f the treatments w i t h higher growth 
had higher total protein (which can indicate better health). 
Fish growth is closely related to its health status. A fish w i t h 
a higher growth rate is more l ikely to be healthy [55]. 
Furthermore, i m p r o v e d blood biochemistry due to nettle 
supplementation coincided wi th a higher survival rate resis
tance against stress [33, 36]. 
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6. Effects of Nettle Additive on Liver Enzyme 
Activity in Fish 

A n y change i n the physiological status of the fish, f r o m p o l 
lu t ion to nutr i t ional stress, can cause changes i n l iver 
enzymes. The fish l iver is a key organ o f numerous vi tal met
abolic reactions related to carbohydrates, l ip ids , a n d protein 
[70]. Evaluat ion of l iver indicators, i n c l u d i n g A L T , A S T , lac
tate dehydrogenase ( L D H ) , a n d A L P , provides a suitable 
index for the health c o n d i t i o n o f fish [71]. There is a long list 
of herbs that decrease these enzymes a n d eventually provide 
a healthier status (with a higher i m m u n i t y a n d antioxidant 
response) for fish [72, 73]. Interestingly, i n some of these 
investigations, fish w i t h a lower level o f l iver enzymes also 
had a higher growth rate [33, 72, 74-80] . Studies regarding 
the effect o f nettle o n these enzymes are l imi ted . Researchers 
f o u n d that nettle sourced f r o m aerial parts w i t h ethanol 
extract at levels 2% and 3% i n ra inbow trout and beluga 
d i d not significantly demonstrate an effect o n b l o o d serum 
A L T , A S T , a n d L D H [33, 35]. It can be hypothesized that 
the levels used i n these studies were not h igh enough (anti
nutr i t ional factors are h i g h as well) to affect fish negatively. 
Usual ly , i f the herbs are h i g h i n fish diets, l iver enzymes tend 
to be higher to reduce or eliminate ant inutr i t ional factors 
f r o m the fish body. However , more studies are required to 
test this hypothesis. The effects of supplementation nettle 
on l iver enzyme activity i n fish are displayed i n Table 4. 

7. Effects of Nettle on the Immune 
System of Fish 

A n i m m u n o s t i m u l a n t is a substance, medicine, or c o m 
p o u n d that improves the defensive system a n d i m m u n e 
response of fish [81]. H e r b a l medicine has been considered 
a strong i m m u n o s t i m u l a n t , a n d numerous herbs have i n d i 
cated this effect i n aquaculture species [6, 82]. Generally, 
the most studied positive effects of herbal medicine i n fish 
are related to its i m m u n o s t i m u l a t o r y effect. Several studies 
have indicated the positive impact o f nettle i n fish. This 
effect is due to bioactive compounds , i n c l u d i n g phenol ic 
compounds and flavonoids [27]. 

W e observed that 8 weeks of feeding ra inbow trout (7 g) 
w i t h a diet content of 3% nettle leaf powder i m p r o v e d b l o o d 
serum lysozyme enzyme activity [22]. Moreover , others 
f o u n d that supplementation of this herb i n ra inbow trout 
at levels 0.5, 1, and 1.5% after 4 weeks of feeding d i d not 
improve respiratory burst activity a n d b l o o d serum alterna
tive complement activity ( A C H 5 0 ) , but i n the 0.5% group, 
the serum lysozyme was higher than i n the controls [37]. 
In another study i n this fish species (10 g), after 8 weeks of 
feeding nettle leaf powder at dietary levels o f 0.5%, 1%, and 
1.5%, increased respiratory burst activity a n d b l o o d serum 
lysozyme enzyme A C H 5 0 were observed [24]. Moreover , 
A w a d and A u s t i n [21] reported that supplementing 1% net
tle leaf powder to the diet o f ra inbow trout (15 g) i m p r o v e d 
respiratory burst, b l o o d serum lysozyme, and bactericidal 
activity, a n d no change i n phagocytic activity, b l o o d serum 
a2-macroglobul in , myeloperoxidase content, complement , 
or antiprotease activity after 14 days feeding was observed. 
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After 30 days o f p r o v i d i n g ra inbow trout (10 g) w i t h nettle 
methanol extract at dietary levels o f 0.01% and 0.05%, 
increased phagocytic activity, b l o o d serum lysozyme, and 
myeloperoxidase activity were reported [40]. 

Use of 0.01% a n d 0.05% methanolic extracts of nettle i n 
female convict c i c h l i d diet significantly increased comple
ment component 3, complement component 4, and I g M 
levels at a level o f 0.01% of the diet compared to the control 
[43]. In this context, N g u g i et al . [36] reported that nettle 
leaf powder i n V i c t o r i a Labeo juvenile a n d adult diets w i t h 
an in i t ia l average body weight o f 25 g at levels 1%, 2%, and 
5% st imulated respiratory burst a n d b l o o d serum lysozyme 
activity significantly after 4- a n d 16-week feeding trials. 
A n o t h e r study showed that nettle leaf powder at dietary 
levels o f 3%, 6%, and 12% i n beluga (11 g) d i d not stimulate 
the i m m u n e system, i n c l u d i n g b l o o d serum total i m m u n o 
globul in level, lysozyme, and respiratory burst activity after 
a 4-week feeding trial [35]. B y contrast, after 8 weeks of feed
ing, total b l o o d serum i m m u n o g l o b u l i n levels a n d respira
tory burst activity significantly increased i n beluga (204 g) 
i n the 12% nettle group [35]. Improvement of nonspecific 
i m m u n e parameters can be interpreted as the effect o f the 
nettle supplement i n the diet o f fish due to its different 
essential amino acids [47] and phenol ic compounds , i n c l u d 
ing quercetin, kaempferol , myr ice t in , and rut in [67], espe
cially quercetin [23], w h i c h is k n o w n as a phenol ic 
c o m p o u n d , a n d st imulated i m m u n e parameters i n fish [21, 
24, 33, 36, 37]. Nettle can boost serum total prote in level 
and i m m u n e response o f fish, as previously ment ioned. 
The effects of supplementing nettle i n the fish diet o n the 
i m m u n e system are s h o w n i n Table 5. 

8. Nettle Helps Fish Fight Pathogens 

A l o n g list o f herbs has positively affected fishes' abil i ty to 
fight against pathogens [80, 83]. Chal lenging fish w i t h path
ogens has been considered one of the most c o m m o n and 
best ways to measure fish a n d larvae quality. N u m e r o u s 
parameters, f r o m stress to nutr i t ional change, can alter the 
stress response and eventually the survival rate of fish. 
H e r b a l medicine has been one of the greenest ways to 
improve fish resistance to pathogens. In the past few 
decades, nettle powder and/or extract have been used as feed 
additives i n fish diets to increase i m m u n e resistance and 
combat pathogens [21, 24, 33, 40]. 

M e h r a b i et al . [24] reported that supplementing 0.5% 
nettle leaf powder i n ra inbow trout for 8 weeks showed the 
highest survival rate (86%) after 3 weeks o f challenge w i t h 
Saprolegnia parasitica compared to the control w i t h a 56% 
survival rate. Moreover , others reported that 1% nettle leaf 
powder i n ra inbow trout (15 g) after 14 days of feeding 
showed the highest survival rate (96%) compared to the con
tro l (32%) after 10 days of an A. hydrophila challenge [21]. 
Similarly, a higher survival rate i n nettle-supplemented 
groups (50%-80%) compared w i t h the 35% survival rate i n 
the control i n ra inbow trout (42 g) after 8 weeks of feeding, 
fol lowed by 14 days o f a Yersinia ruckeri challenge, was 
observed [33]. B i l en et al . [40] used 0.01% and 0.05% nettle 
methanol extracts i n a ra inbow trout diet w i t h an ini t ia l 
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average body weight of 10 g after a 30-day feeding tr ial , and 
their results showed that nettle groups achieved the highest 
survival rate compared to the controls after a 14-day A. 
hydrophila challenge. In warm-water species, the same 
improvement i n survival rate after a challenge by nettle 
was observed. Therefore, the use of 1%, 2%, and 5% nettle 
leaf powder i n V i c t o r i a Labeo after 4 a n d 16 weeks of feeding 
could increase the survival rate (more than 80%) i n nettle's 
groups (2% a n d 5%) compared to the contro l group (0%) 
after a 21-day A. hydrophila challenge [36]. 

There are m a n y possible explanations b e h i n d this 
improvement by nettle. The ant imicrobia l activity of pheno
lic components o f nettle, such as carvacrol , t h y m o l , and 
quercetin, has been wel l documented [7, 84]. Moreover , 
quercetin has a wide range of biological functions that m o d 
ulate oxidative stress and in f lammatory reactions i n m a m 
mals [85]. A d m i n i s t r a t i o n of nettle powder a n d or extract 
i n fish diet c o u l d improve W B C and stimulate nonspecific 
i m m u n e parameters, i n c l u d i n g i m m u n o g l o b u l i n , lysozyme, 
respiratory burst, A C H 5 0 , phagocytic, complements , bacte
r ic idal , and antiprotease activity i n fish, a n d increased resis
tance against pathogens [21, 24, 36, 40]. A l l these parameters 
can improve stress responsiveness and survival rates sepa
rately or w i t h each other. Furthermore, i n terms of gene 
expression levels, some evidence has indicated that nettle 
could have positive effects. Cytokines are smal l prote in inter
mediaries created by i m m u n e cells that regulate the i m m u n e 
system, i n f l a m m a t i o n , a n d hematopoiesis [86]. Some relative 
cytokine genes, i n c l u d i n g inter leukin 6 (IL-6) a n d interleu-
k i n 8 (IL-8), showed h i g h expression i n nettle treatments 
[24]. IL-6 is a key mul t i funct iona l cytokine that is k n o w n 
as a B-ce l l separation factor involved i n the maturat ion of 
ant ibody-producing cells i n m a m m a l s [87], and IL-6 is 
expressed at h i g h levels i n in f lammatory diseases i n m a m 
mals [88]. IL-8 is strongly associated w i t h cytokines. It is cre
ated by phagocytes and mesenchymal cells exposed to 
inf lammatory stimulants and activates neutrophils and 
respiratory bursts i n fishes and m a m m a l s [21, 24, 33, 89]. 
Moreover , other genes, such as t u m o r necrosis factor a 
( T N F - a ) a n d inter leukin 1 beta (IL-1/3), showed high 
expression i n nettle treatments i n fish [24]. T N F - a is one 
of the cytokines involved i n developing i n f l a m m a t i o n and 
regulating i m m u n e cells i n different animals and humans 
[90]. It removes pathogens d u r i n g the i n d u c t i o n o f different 
cellular responses [91]. Furthermore, IL-1/3 has a central role 
i n response to pathogens and tissue damage i n various taxa 
[92], and it controls i m m u n e responses b y increasing cyto
kines [93]. The effects of the appl icat ion of nettle i n fish diets 
i n terms of abi l i ty to fight against pathogens are presented i n 
Table 6. 

9. Conclusion 

Literature o n the applications o f nettle has been reviewed o n 
various aquaculture species, w i t h a focus o n important and 
c o m m o n aquaculture species such as ra inbow trout. Nettle 
has useful features, i n c l u d i n g growth p r o m o t i o n , i m m u n e -
boosting, ant iviral , antibacterial, a n d antiparasitic activities. 
It also i m p r o v e d hematological and b l o o d biochemistry 
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and lowered stress. Nettle i m p r o v e d most o f these features 
i n different sizes or species of fish. N a t u r a l additives such 
as nettle could represent a green a n d sustainable replace
ment for hormones , antibiotics, a n d chemical drugs to 
enhance growth performance, the i m m u n e system, and 
resistance against pathogens due to active compounds , 
inc luding alkaloids, f lavonoids, phenolics, terpenoids, p ig
ments, minerals , a n d essential oils. Nettle can potentially 
help to produce healthy food, increase aquaculture produc
t ion quali ty a n d quantity, a n d reduce environmenta l p o l l u 
t ion through the reduct ion o f chemical usage i n aquafeed 
and fish f a r m effluent. The combinat ion of molecular studies 
on gene levels, proteins, a n d omics (i.e., transcriptomics, 
proteomics, metabolomics , a n d microbiomics ) i n addi t ion 
to classic analysis can provide a better understanding of net
tle's m e c h a n i s m of action, as wel l as promote the use of this 
herb i n aquaculture. F inal ly , reaching a plateau i n growth 
and f i n d i n g the o p t i m u m dosage is necessary, as various fish 
species have different requirements to achieve m a x i m u m 
growth. 
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Abstract 
D i e t s u p p l e m e n t e d w i t h n e t t l e Urtica dioica and t a r r a g o n Artemisia dracunculus leaf 

p o w d e r o n f inger l ing r a i n b o w t r o u t Oncorhynchus mykiss w a s assessed. F ish of initial 

b o d y w e i g h t 7.41 ± 0.16 g, w e r e d i s t r i b u t e d in six g r o u p s , t h r e e rep l i cat ions , a n d w e r e 

f e d 8 w e e k s . 0 (control), 10 n e t t l e ( N l ) , 3 0 n e t t l e (N3), 10 t a r r a g o n (T l ) , 3 0 t a r r a g o n 

(T3) and 10 n e t t l e +10 t a r r a g o n g/kg ( N l + T l ) d iet . T h e N 3 i m p r o v e d F B W , W G , W G % 

a n d S G R s ign i f i cant ly (p < 0.05). N 3 increased b o d y p r o t e i n , ash a n d d e c r e a s e d b o d y 

fat s ign i f i cant ly (p < 0.05). T h e h ighest h a e m a t o c r i t w a s o b s e r v e d in T 3 s ign i f i cant ly 

(p < 0.05). T h e h ighest W B C in T 3 , and R B C a n d H b in N l + T l w e r e o b s e r v e d (p < 0.05). 

N l a n d N l + T l s h o w e d t h e h ighest M C V (p < 0.05). N l , T l a n d N l + T l s h o w e d t h e 

h ighest M C H (p < 0.05). T h e h ighest M C H C w a s o b s e r v e d in T l s ign i f i cant ly (p < 0.05). 

N 3 , T 3 and N l + T l d e m o n s t r a t e d t h e h ighest a l b u m i n levels (p < 0.05). T h e T l i n 

c r e a s e d s e r u m l y s o z y m e a c t i v i t y c o m p a r e d to c o n t r o l (p < 0.05). T h e h ighest s e r u m 

tota l i m m u n o g l o b u l i n a n d tota l p r o t e i n in N 3 w e r e o b s e r v e d (p < 0.05). T h e results 

s h o w e d benef ic ia l e f f e c t s of N 3 , T 3 a n d N l + T l o n g r o w t h p e r f o r m a n c e , b o d y p r o x i 

mate c o m p o s i t i o n a n d b l o o d parameters . 

K E Y W O R D S 
bioactive compounds, feed conversion ratio, leaf powder, lysozyme activity, survival rate, 
weight gain 

1 | INTRODUCTION 

Aquaculture plays an important role in world food production, and 

particularly in supplying nutritious, high-quality protein to an ex

panding world population (Kobayashi et al., 2015). As demand for 

food rises, fish farmers have increasingly replaced extensive sys

tems with semi-intensive and intensive systems. These productive 

systems do, however, carry higher risks of outbreaks of infectious 

disease (Yan et al., 2017). As a result, there is now a strong interest 

in how diet quality can not only improve growth, but also the health 

and immunity of fish (Ji, Jeong, et al., 2007; Ji, Takaoka, et al., 2007). 

Aquaculture Research. 2021;52:5691-5702. 

In recent years, an important theme in aquaculture research 

has been fish growth and immunity (Bilen et al., 2016; Bilen et al., 

2016; Binaii et al., 2014; Ji, Jeong, et al., 2007; Mehrabi et al., 

2019; Ngugi et al., 2015; Yan et al., 2017). Specifically, organic, 

inorganic and synthetic feed additives have been investigated in 

order to increase growth performance and immune responses 

(Li & Gatl in, 2005). The use of antibiotics and other types of 

medication to combat various diseases has disadvantages such 

as negative effects on the environment and human health 

(Jennings et al., 2016), and may increase pathogen resistance 

against medicines (Seyfried et al., 2010). Thus, there has been a 

©2021 John Wiley & Sons Ltd | 5691 wileyonlinelibrary.com/journal/are 
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marked increase in studies of exp lor ing the potential ef fects of 

plant products in order to prevent and contro l aquatic diseases 

(Mehrabi et al., 2 0 1 9 ; Zaefar ian et al., 2017). The use of plant 

products has begun to reduce the appl icat ions of some synthetic 

drugs (Banaee et al., 2011). Plants are natural , and cost -ef fect ive 

sources of various active compounds , some of which can be 

used to combat fish stress, promote growth and st imulate food 

intake and immune system funct ion (Citarasu, 2010). Plant c o m 

pounds can also contro l pathogenic and non-pathogenic bacteria 

in the gut, and further increase growth per formance (Bedford, 

2000) . Hence, plant extracts have been used to increase growth 

rate (Ji, Jeong, et al., 2 0 0 7 ; Lee et al., 2014; A d e l et al., 2017; 

Talpur & Ikhwanuddin, 2012), improve body proximate compos i 

t ion (Hwang et al., 2013), and as an alternative to ant ibiot ics and 

chemical therapeut ics (Bilen, Una l , et al., 2 0 1 6 ; Immanuel et al., 

2 0 0 9 ; Ngugi et a l , 2 0 1 5 ; Nya & A u s t i n , 2 0 1 1 ; Stratev et a l , 2 0 1 8 ; 

Vaseeharan & Thaya, 2014). O n e of the plant species explo i ted 

in aquaculture is the st inging nettle Urtica dioica, which belongs 

to the Urticaceae family. This is a native plant species in A s i a , 

Europe, N o r t h A f r i c a and N o r t h A m e r i c a (Ahmed & Parsuraman, 

2014; Borchers et a l , 2000) . A large number of active c o m po unds 

including amino acids, proteins (Dalev et a l , 1996), carotenoids , 

vitamins (Akbay et a l , 2003), agglutinin (Does et a l , 1999), miner

als, amino acids, l ignans, terpenoids (Ahmed & Parsuraman, 2014) 

and phenol ic components including syringic acid, myr icet in , quer

cet in, kaempferol , rut in , ellagic acid, i sorhamnet in, ferul ic acid 

and naringin (Otles & Yalc in, 2012) are detected in nett le, but it 

is not k n o w n which c o m po unds af fect f ish. A l imited number of 

papers descr ibe the ef fects of nett le extract appl ied as part of 

fish nutr i t ion. For example a lcohol ic extract of nett le increased 

growth performance and st imulated the immune capacity of 

ra inbow t r o u t (Bilen, Unal , et al., 2 0 1 6 ; A d e l et a l , 2017). N e t t l e 

leaf powder improved growth performance, b iochemica l , haema-

tological and immunologica l parameters in V ic tor ia labeo (Labeo 

victorianus) (Ngugi et a l , 2015). Similarly, nett le leaf powder im

proved blood biochemical parameters and immune factors in j u 

venile beluga Huso huso (Binaii et a l , 2014). 

Tarragon, Artemisia dracunculus, belongs to Asteraceae family. 

The species has a long history of use as a culinary herb and medical 

remedy (Obolskiy et a l , 2011) due to medical properties including 

antibacterial and antifungal effects (Eisenman et a l , 2013). Different 

kind of active compounds including vitamins, sesquiterpenoids 

(Greger, 1979; Logendra et a l , 2006), coumarins/chromones, f la

vonoids, phenylpropanoids, alkamides, estragole, methyl eugenol 

(Obolskiy et a l , 2011), polyacetylene (Lanciotti et a l , 2004), tannins, 

alkaloids, saponin, terpene and anthraquinones (Behbahani et a l , 

2017) are found in tarragon, but it is not known which compound 

affect fish specifically. In the last decade, investigations have doc

umented how tarragon powder or extract can improve growth per

formance and immune system function in fish (Ekanem & Brisibe, 

2010; Mbokane & M o y o , 2018, 2020). There are also some reports 

about the effects of tarragon (A. dracunculus) powder on broiler 

growth performance and body composit ion (Tunc et a l , 2019; 

Yildirim & Tung, 2018). A n exciting new development is the use of 

combinations of extracts from different plant species as a feed addi

tive. Combinations that have been trialled on fish include Astragalus 

radix and Lonicera japonica (Zak^s et a l , 2008), and Massa medicata 

fermentata, Crataegi fructus, Artemisia capillaries and Cnidium offici

nale (Ji, Jeong, et a l , 2007). The observations of improved growth 

performance, body proximate composit ion and a stimulated immune 

system (Ji, Jeong, et al., 2007; Zakes et a l , 2008) demonstrate the 

potential benefits of using combinations of extracts from different 

plants as a feed additive. The combination of nettle and tarragon 

powder warrants investigation because of the distinct pharmaco

logical properties of nettle (Ahmed & Parsuraman, 2014; Otles & 

Yalcin, 2012) and tarragon (Gregeret a l , 1979; Logendra et a l , 2006; 

Obolskiy et a l , 2011), and the effects each individual powder or ex

tract has on haematological parameters (Binaii et a l , 2014; Ekanem 

& Brisibe, 2010; Mbokane & M o y o , 2018, 2020; Ngugi et a l , 2015; 

Soares et a l , 2020). Here, rainbow trout (Onchorhynchus mykiss) was 

chosen as an experimental species, given that it is extensively cul

tured across the world (Pauly & Froese, 2012). Therefore, the aims of 

this study were to determine the effects of nettle and tarragon pow

der individually and in combination on growth performance, body 

proximate composition and selected blood parameters of rainbow 

trout. 

2 | MATERIALS AND METHODS 

2.1 | Fish and rearing condition 

Rainbow trout (O. mykiss) fingerlings were purchased from a pri

vate hatchery, Rezvanshahr, Guilan, Iran. Rainbow trout fingerlings 

were fed a basal diet formulation (Table 1) without added plant bio-

mass for a 14-day acclimation period prior to the start of the trial. 

After the acclimation period, all fish initial weight was taken indi

vidually. Twenty rainbow trout fingerlings, with a mean body weight 

of 7.41 ± 0.08 g (mean ± pooled SE), were randomly stocked into 

each of eighteen 35 L f low-through tanks filled with well water with 

water f low-through rate 3 L/min. The eighteen tanks comprise three 

replications of six diets (Mehrabi et a l , 2012). The fol lowing diets 

(Table 1) were compared: 

• Control , standard diet formulation without plant supplement 

• N l - 1 0 g nettle leaf powder per 1,000 g diet 

• N3 - 3 0 g nettle leaf powder per 1,000 g diet 

• T l - 1 0 g tarragon leaf powder per 1,000 g diet 

• T3 - 3 0 g tarragon leaf powder per 1,000 g diet 

• N l + T l - 10 g nettle leaf powder per 1,000 g diet +10 g tarragon 

leaf powder per 1,000 g diet 

Fish was fed till apparent satiation (Bilen, Altunoglu, et a l , 2016; 

Bilen, Unal, et a l , 2016), three times per day, manually at 08:00, 

12:00 and 16:00 h for 8 weeks (Mehrabi et a l , 2019; Adel et a l , 

2017). Uneaten food was collected after each meal (Bilen, Unal, 
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T A B L E 1 Ingredients and proximate 
composition of experimental diets with 
and without nettle and tarragon leaf 
powder 

Test ingredients (g 

kg"1) Control N l N3 T l T3 N l + T l 

Fish meal 3 460 460 460 460 460 460 

Soybean meal 3 215 210 205 210 205 205 

Wheat flour 3 180 175 160 175 160 170 

Nettle leaf powder 0 10 30 0 0 10 

Tarragon leaf 
powder 

0 0 0 10 30 10 

Soy bean oi l 3 50 50 50 50 50 50 

Fish o i l b 50 50 50 50 50 50 

Dicalcium 
phosphate 3 

5 5 5 5 5 5 

Mineral mix c 15 15 15 15 15 15 

Vitamin mix d 15 15 15 15 15 15 

BHT 3 6 6 6 6 6 6 

Choline chloride 3 4 4 4 4 4 4 

Proximate 
composition 

Moisture (%) 8.9 8.4 8.7 9.1 9.4 8.9 

Crude protein (%) 45.7 45.5 45.1 44.9 45.2 45.4 

Lipid (%) 16.8 16.2 16.4 16.3 16.5 16.3 

Ash (%) 8.3 9.1 8.6 9.2 9.1 8.9 

Gross energy (Kj 20.9 20.6 20.5 20.7 20.3 20.5 

Note: Control: no plant supplement; N l : 10 g nettle leaf powder per 1,000 g diet; N3: 30 g nettle 
leaf powder per 1,000 g diet; T l : 10 g tarragon leaf powder per 1,000 g diet; T3: 30 g tarragon 
leaf powder per 1,000 g diet; N l + T l : 10 g nettle leaf powder per 1,000 g diet +10 g tarragon leaf 
powder per 1,000 g diet. 
aClopeonella meal (Mazandaran Animal and Aquatic feed (Manaqua) Co. Iran). 
b Kilka oil (Manaqua Co. Iran). 

'Mineral mix provided (mg Kg-1): Fe: 6,000, Cu: 600, M n : 5,000, Zn: 10,000,1: 600, Se: 20, Co: 
100, choline chloride: 6,000, Career up to 1 kg (Kemin, MasterMIN™ Fish, USA). 

"Vitamin mix provided (Unit Kg-1): A: 1,200,000 IU, D3:400,000 IU, E: 50,000 mg, K3: 800 mg, 
B9:1,000 mg, C: 30,000 mg, B l : 2,500 mg, B2:4,000 mg, B6: 25,000 mg, B12: 8 mg, Biotin: 
150 mg, Niacin: 35,000 mg, Inositol: 50,000 mg, Career up to 1 kg. 
eAntioxidant (Gluba Tiox, French). 
f Estimated energy was calculated based on 1 g crude protein at 23.6 Kj, 1 g crude fat being 39.5 Kj 
and 1 g carbohydrate being 17.2 Kj (Jobling (NRC), 2011). 

T A B L E 2 Proximate composit ion of nettle and tarragon leaf 
powder 

Plants test Moisture Crude Lipid Ash 
ingredients (%) protein (%) (%) (%) 

Nettle leaf powder 12.66 21.86 5.50 20.33 

Tarragon leaf 
powder 

10.00 23.56 7.86 12.16 

et al., 2016). Water parameters including temperature, pH and dis

solved oxygen (DO) were measured daily by H Q 4 0 D portable multi

meter and were found to be on average 16.2 ± 0 . 1 ° C , p H 7.5 ± 0.1, 

7.71 ± 0.82 mg/L respectively. The photoperiod was 16 L: 8 D (Adel 

eta l . , 2017). 

2.2 | Diet preparation 

All nettle (U. dioica) was collected from rural Rezvanshahr, Guilan, in 

the north of Iran. Tarragon (A. dracunculus) was bought once from a 

market in Rezvanshahr, Guilan, in the north of Iran. Nettle and tar

ragon leaves were separated from stems, cleaned and washed with 

distilled water and dried for 3 weeks in the shade at room tempera

ture. At that stage, the moisture content of nettle and tarragon were 

12.6 and 10.0% respectively (Table 2). Dried leaves were powdered 

using a grinder and the resulting powder was packed and stored 

at - 4 ° C till used for feed preparation (Ngugi et al., 2015). The leaf 

powder was mixed into the basal diet using a further grinder and 

was subsequently pelleted through a 1.0 mm diameter pore. Pellets 

were dried at room temperature ( 2 5 ° C ) for 24 h, packed into plastic 
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bags and stored at + 4 ° C until used (Ahmadifar et al., 2011). Soybean 

meal and wheat flour were used as carbohydrate sources (Cho & Lee, 

2012) and they were replaced with nettle and tarragon powder (Cho 

& Lee, 2012; Immanuel et al., 2 0 0 9 ; Xu et al., 2020) as detailed in 

Table 1. 

2.3 | Growth performance 

At the end of week eight, all remaining fish were counted and 

weighed separately to assess growth performance and determine 

the survival rate. Initial body weight (IBW), final body weight (FBW), 

feed intake (Fl), weight gain (WG), weight gain percent ( W G %), 

feed conversion ratio (FCR), specific growth rate (SGR), protein ef f i 

ciency ratio (PER) and survival rate (SR%) were calculated as follows, 

(n = remaining number of fish per each group). 

IBW (g) = Initial body weight. 

F B W (g) = Final body weight. 

Fl (g/fish) = dry feed consumed/fish number. 

W G (g) = [Final body weight (g) - Initial body weight (g)]. 

W G % = [Final body weight (g) - Initial body weight (g)]/lnitial 

body weight (g) x l O O . 

PER =Weight gain (g)/Total protein intake (g). 

FCR =dry feed intake (g)/WG (g). 

SGR (% day" 1) =100 x [In final body weight (g) - In initial body 

weight (g)]/(time) days. 

Survival rate (%SR) = (number of survived fish after feeding trial/ 

initial number of stocked fish) x l O O . 

caudal vein using heparinized (sodium heparin 5,000 U/ml) and non-

heparinized syringes. Heparinized blood samples were transferred 

to 1.5 ml heparinized Eppendorf tubes kept on ice for haematologi-

cal analysis, and non-heparinised blood samples were transferred to 

non-heparinized 1.5 ml Eppendorf tubes and left at room tempera

ture to be clotted (Ngugi et al., 2015) Following clotting, serum was 

separated by centrifugation (Heraeus Megafuge 16 R Centrifuge), 

5 0 0 0 xg, 10 min, + 4 ° C and stored at - 8 0 ° C to be assessed later 

(Khosravi et al., 2015). (n = 9 per group). 

2.6 | Haematology and biochemistry analysis 

Red blood cells (RBC) and white blood cells (WBC) were counted with 

a Neubaur haemocytometer, and different white blood cells were 

counted fol lowing Giemsa staining (Adel et al., 2017). Haemoglobin 

(Hb) in grams per decilitre was assessed according to the cyanmeth-

aemoglobin procedure (Mehrabi et al., 2019). Haematocrit (Hct) was 

measured after centrifugation (Heraeus Megafuge 16 R Centrifuge) 

at 14,000 rpm for 15 min at + 4 ° C (Dawood et al., 2017). Mean cor

puscular volume ( M C V f L) = [Hct/RBC (x l06/mm 3 ) ] x 10, mean cor

puscular haemoglobin ( M C H Pg) = [Hb/RBC (x l06/mm 3 ) ] x 10 and 

mean erythrocyte haemoglobin concentration ( M C H C g dL) = (Hb/ 

Hct) x 100 were calculated according to Firouzbakhsh et al.,. (2011). 

Biochemical blood factors such as serum albumin and serum total 

protein were measured according to Mehrabi et al., (2019), using a 

commercial kit (Zist-shimi Iran) (n = 9 per group). 

2.7 I Immunological factors 

2.4 | Whole-body proximate composition 

At the end of the feeding trial, three intact fish were taken ran

domly from each tank, packed in plastic bags and stored at - 2 0 ° C 

for whole-body proximate composition analysis (Khosravi et al., 

2015). Feed and whole-body proximate composition analysis was 

performed according to the method detailed in Latimer. (2016). 

Whole -body crude fat was estimated by the Soxhlet extractor 

(Soxtec System HT6; Tecator, Hoganas, Sweden). Protein was deter

mined by the Kjeldahl method (BUCHI Labortechnik A G , type K-360, 

Switzerland). Ash content was determined by incineration in a muf

fle furnace at 5 5 0 ° C for 4 h (LAC, type Ht40AL, Czech Republic), and 

moisture at 1 0 5 ° C for 24 h until constant weight (Niive, type FN 4 0 0 

(P), Turkey) (n = 9 per group). 

Immunological blood factors including serum lysozyme activity were 

assessed with the turbidimetric method explained by Mehrabi et al., 

(2019) with slight modifications. Briefly, 175 nl of a bacterial suspen

sion (Micrococcus lysodeikticus, Sigma M3770) was added to 96-well 

ELISA plates, then 25 nl of serum was mixed and the optical density 

was measured at 4 5 0 nm. Lyophilized egg white lysozyme (HEWL; 

Sigma, USA) was used to obtain a standard curve. 

Serum total immunoglobulin was measured according to Khosravi 

et al., (2015). Briefly, serum total immunoglobulin was measured by 

the microprotein method (C-69; Sigma) and by applying a 1 2 % solu

tion of polyethylene glycol (Sigma-Aldrich) before and after precipi

tating the total immunoglobulin molecules. The difference in protein 

content showed the total immunoglobulin content (n = 9 per group). 

2.5 | Blood sampling 

At the end of week eight, 24 h after last feeding, three fish from 

each tank were randomly collected and anaesthetized using tric-

aine methane sulphonate (MS-222) at a concentration of 0.1 mg/L 

water (Mehrabi et al., 2012). Blood samples were collected from the 

2.8 | Statistical analysis 

Data normality and homogeneity were checked by Kolmogorov-

Smirnov test. Data were analysed by one-way A N O V A using (SPSS 

statistics software version 24, IBM, USA). Statistical differences 

among mean values were performed using the Duncan post hoc test 

(p < 0.05). 

-52-



Nettle Urtica dioica and tarragon Artemisia dracunculus 
in rainbow trout Oncorhynchus mykiss fingerlings diet 

Z A R E E T A L . 
Aquaculture Research WILEY-

5695 

T A B L E 3 Growth parameters of rainbow trout provided feed supplemented with nettle and/or tarragon leaf powder 

Treatments IBW FBW Fl WG WG% SGR Survival rate 
(n = 60) (g) (g) (gfish"1) (gfish"1) (%) FCR (% day"1) PER (%) 

Control 7.43 a 29.15 a 25.80 a 21.72'= 292.59 a 1.23 a 2.43 a 1.77 a 90.00 a 

N l 7.40 a 29.48 a 27.67 s 22.08 a 296.67 a 1.278 2.45 a 1.72a 93.33 a 

N3 7.38 a 33.59 b 28.77 a 26.21" 354.99" 1.13a 2.70" 1.90 a 90.00 a 

T l 7.38 a 29.89» 27.50 a 22.50 a 304.57 a 1.24 a 2.49 a 1.81 a 93.33 a 

T3 7.52 a 29.57 a 27.75 a 22.05 a 293.76 a 1.29 a 2.44 a 1.70 a 91.66 a 

N l + T l 7.35 a 28.20 a 26.26 a 20.87 a 283.88 a 1.30 a 2.39 a 1.69a 91.66 a 

Pooled SE 0.08 0.58 1.60 0.58 9.12 0.06 0.04 0.09 2.04 

Note: Values are presented as mean and pooled SE. Mean values with different superscripts within a column vary significantly according to one-way 
ANOVA(p<0.05) . 

Control: without supplement; N l : 10 g nettle leaf powder per 1,000 g diet; N3: 30 g nettle leaf powder per 1,000 g diet; T l : 10 g tarragon leaf 
powder per 1,000 g diet; T3: 30 g tarragon leaf powder per 1,000 g diet; N l + T l : 10 g nettle leaf powder per 1,000 g diet +10 g tarragon leaf powder 
per 1,000 g diet. 

Abbreviations: FBW, final weight; FCR, feed conversion ratio; IBW, initial weight; PER, protein efficiency ratio; SGR, specific growth rate; W G % , 
weight gain percent; W G , weight gain. 

2.9 Ethic statement T A B L E 4 Body proximate composition of rainbow trout provided 
feed supplemented with nettle and/or tarragon leaf powder 

All applicable national and institutional guidelines for the care 

and use of rainbow trout were according to the Iranian Veterinary 

Organization and Tarbiat Modares University (The guidelines 

adopted from the Declaration of Helsinki [1975] and the Society 

for Neuroscience Animal Care and Use guidelines [1998]). These 

guidelines were approved for implementation by the Medical Ethics 

Committee, School of Medical Sciences of the Tarbiat Modares 

University on 1 7 t h Apr i l 2006. 

3 | RESULTS 

The results showed that N3 group was significantly (p < 0.05) as

sociated with higher FBW, and W G compared to other groups. Fish 

fed the N3 diet showed higher W G % and SGR% compared to other 

groups significantly (p < 0.05). There was no significant effect of any 

diet on Fl, FCR, PER and SR% (p > 0.05). (Table 3). 

Analysis of whole-body proximate composition showed a signifi

cantly (p < 0.05) higher moisture in fish fed a N l + T l diet and the 

lowest moisture in N3 group compared to all other groups (p > 0.05). 

There was no significant difference between control and N l + T l 

(p > 0.05). There were no significant differences in moisture be

tween control, N l , T l and T3 fed fish (p > 0.05). Fish consuming 

the N3 diet exhibited significantly higher protein content compared 

to all groups (p < 0.05). Fat content in fish fed the N l , N 3 , T3 and 

N l + T l diet was significantly less than in other groups (p < 0.05), but 

there were no significant differences amongst fish on N l , N 3 , T3, 

N l + T l and N l diets (p > 0.05). Moreover, no significant differences 

were seen between control and T l (p > 0.05). The highest fat con

tent was observed in control and T l groups compared to N l , N 3 , 

T3 and N l + T l significantly (p < 0.05), but no significant differences 

between control , and T l were observed (p > 0.05). The highest ash 

Treatments Moisture Protein Fat Ash 
(n = 9) % % % % 

Control 72.16 c c l 17.31 a 9.10" 1.11" 

N l 71 .64 b c 17.51 a 8.12 a 2.44 c 

N3 70.11 a 18.86" 7.86 a 2.98 e 

T l 71.38" 17.37a 8.91" 2.10" 

T3 7 1 . 8 3 b c 17.34 a 7.81 a 2.67" 

N l + T l 72.51 d 17.42 a 7.73 a 2.11" 

Pooled S E 0.20 0.21 0.18 0.02 

Note: Values are presented as mean and pooled SE. Mean values with 
different superscripts within a column vary significantly according to 
one-way A N O V A (p < 0.05). 

Control: without supplement; N l : 10 g nettle leaf powder per 1,000 g 
diet; N3: 30 g nettle leaf powder per 1,000 g diet; T l : 10 g tarragon 
leaf powder per 1,000 g diet; T3: 30 g tarragon leaf powder per 1,000 g 
diet; N l + T l : 10 g nettle leaf powder per 1,000 g diet +10 g tarragon 
leaf powder per 1,000 g diet. 

content in the N3 group was significantly higher than in other groups 

(p < 0.05). (Table 4). 

The T3 group was associated with a significantly higher W B C 

count compared to other groups significantly (p < 0.05). The highest 

RBC count and Hb were observed in fish fed the N l + T l diet com

pared to all groups significantly (p < 0.05). The highest Hct was de

tected in T3 diet compared to other groups significantly (p < 0.05). 

The highest M C V was observed in fish fed the N l and N l + T l groups 

compared to other groups significantly (p < 0.05). The highest M C H 

was observed in fish fed the N l , T l and N l + T l compared to other 

groups significantly (p < 0.05). Fish fed T l diets showed higher 

M C H C than other groups (p < 0.05) (Table 5). The highest lympho

cytes count was observed in control compared to other groups sig

nificantly (p < 0.05). The highest monocytes count was observed in 
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T A B L E 5 Blood parameters of rainbow trout provided feed supplemented with nettle and/or tarragon leaf powder 

Treatments WBC RBC Hb Hct MCV MCH MCHC 
(n = 9) (xl03/mm3) (xl06/mm3) (gdr 1 ) (%) (Fl) (Pg) (gdr 1 ) 

Control 5,933" 1,150,000" 6.73" 46.33" 402.33" 58.33" 14.77"" 

N l 6,333" l ,240 ,000 c 7.53 c 52.00 c 419.00 c 60.66" 14.44" 

N3 7,433 b c l ,050,000 a 6.13" 41.44" 393.77" 57.88" 1 5 . 6 6 b c d 

T l 7,600 c 1,039,888" 6.16" 41.66" 400.77" 59.66" 16.11 d 

T3 9,233 d 1,138,333" 6.67" 54.33 d 397.77"" 58.33" 14.88"" c 

N l + T l 7,000 b 1,356,666" 8.23 d 47.33" 419.77 c 60.33" 15.77 cd 

Pooled SE 153 11,883 0.06 0.54 1.42 0.33 0.28 

Note: Values are presented as mean and pooled SE. Mean values with different superscripts within a column vary significantly according to one-way 
ANOVA(p<0.05) . 

Control: without supplement; N l : 10 g nettle leaf powder per 1,000 g diet; N3: 30 g nettle leaf powder per 1,000 g diet; T l : 10 gtarragon leaf 
powder per 1,000 g diet; T3: 30 g tarragon leaf powder per 1,000 g diet; N l + T l : 10 g nettle leaf powder per 1,000 g diet +10 g tarragon leaf powder 
per 1,000 g diet 

Abbreviations: HB, Haemoglobin; HCT, Haematocrit; M C H , Mean corpuscular haemoglobin; M C H C , Mean corpuscular haemoglobin concentration; 
MCV, Mean corpuscular volume; RBC, Red blood cells; W B C , White blood cells. 

T A B L E 6 Lymphocyte, monocyte and neutrophil count in blood 
of rainbow trout provided feed supplemented with nettle and/or 
tarragon leaf powder 

Treatments 
(n = 9) 

Lymphocytes 

(%) 

Monocytes Neutrophils 

(%) 

Control 77.00 d 2.66" 20.55" 

N l 70.72 c 2.44" 26.33" 

N3 68.00" 3.55" 28.00 c 

T l 70.33 c 3.66 b c 25.77" 

T3 65.00" 4.44 c 30.00 d 

N l + T l 67.77" 3.55" 28.33 c 

Pooled SE 0.36 0.78 0.35 

Note: Values are presented as mean and pooled SE. Mean values with 
different letters within a column vary significantly according to one
way A N O V A (p < 0.05). 

Control: without supplement; N l : 10 g nettle leaf powder per 1,000 g 
diet; N3: 30 g nettle leaf powder per 1,000 g diet; T l : 10 gtarragon 
leaf powder per 1,000 g diet; T3: 30 g tarragon leaf powder per 1,000 £ 
diet; N l + T l : 10 g nettle leaf powder per 1,000 g diet +10 g tarragon 
leaf powder per 1,000 g diet. 

the T3 compared to other groups significantly (p < 0.05), but there 

were no significant differences between T l and T3 (p > 0.05). The 

T3 group resulted in significantly higher neutrophils counts com

pared to all groups (p < 0.05) (Table 6). 

The N3, T3, N l + T l diet resulted in significantly higher albumin 

levels compared to other groups significantly (p < 0.05). The high

est lysozyme activity was detected in fish on the T3 diet compared 

to other groups significantly (p < 0.05), but there was no significant 

difference between T l and T3 (p > 0.05). The total immunoglobulin 

(Ig) in fish fed N3 group was significantly higher compared to other 

experimental groups (p < 0.05). The highest serum total protein was 

measured in N3 compared to all groups significantly (p < 0.05), but 

there was no significant difference between N3 and T l (Table 7). 

4 | DISCUSSION 

In recent decades, the effects of hormones, antibiotics and chemi

cal compounds on the growth parameters and immune system 

of aquatic animals have been investigated (Sakai, 1999). Plant 

compounds have been used in aquaculture to stimulate growth 

performance, body proximate composit ion, biochemical and im

munological parameters (Bilen, Altunoglu, et al., 2016; Bilen, Unal, 

et al., 2016; Citarasu, 2010; Mehrabi & Firouzbakhsh, 2020; Mehrabi 

et al., 2019; Adel et al., 2017). Moreover, plants have been suggested 

as appropriate alternatives to antibiotics and chemical therapeutics 

(Immanuel et al., 2 0 0 9 ; Mehrabi et al., 2019; Ngugi et al., 2015; Adel 

et al., 2017; Stratev et al., 2018; Zaefarian et al., 2017). In the present 

research, we investigated the effects of nettle and tarragon powder 

individually and one level combination on rainbow trout (O. mykiss) 

fingerlings. 

W e found that nettle powder supplementation of rainbow trout 

diet enhances growth performance. The N3 diet showed beneficial 

effects on FBW, W G , W G % and SGR. In a recent study, ethanolic 

extract of stinging nettle (U. dioica) improved W G , SGR, FCR and 

survival rate percent compare to control in rainbow trout (Adel et al., 

2017). Furthermore, in another study, Ngugi et al., (2015) reported 

that nettle powder added to a Labeo victohanus diet, improved F W , 

W G % , FCR and SGR compared to the control. Another study showed 

that nettle methanolic extract increased W G and SGR in rainbow 

trout (Bilen, Unal, et al., 2016). Administration of nettle powder in

creased feed palatability, feed intake and growth performance in 

fish (Adel et al., 2017). It seems that bioactive compounds in nettle 

(U. dioica) leaf including capsaicin, cinnamaldehyde and carvacrol im

proved growth performance (Jamroz & Kamel, 2 0 0 2 ; Ngugi et al., 

2015) due to increase food utilization eff iciency (Bedford, 2000), 

digestive enzyme secretion, digestion and nutrient absorption (Lee 

& Gao, 2012). Furthermore, maybe phenolic compounds stimulated 

growth performance due to inhibition of the colonization of various 
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Treatments Albumin Lysozyme activity Total immunoglobulin Total protein 
(n = 9) (gdr 1 ) (U ml"1) (mg ml"1) (gdr 1 ) 

Control 1.62a 57.33 a 18.66 a 3.73 a 

N l 1.55 a 58.33 a b 19.88 b 4.00 b 

N3 1.94c 62.33" 22.50" 4.50 1 1 

T l 1.73 b 81.33 d 21.50 c 4.30 cd 

T3 1.89 c 80.00 cd 21.50 c 4.10 b c 

N l + T l 1.89 c 75.66 c 21.44 c 4.17 b c 

Pooled S E 0.02 1.43 0.29 0.13 

Note: Values are presented as mean and pooled S E . Mean values with different superscripts within 
a column vary significantly according to one-way A N O V A (p < 0.05). 

Control: without supplement; N l : 10 g nettle leaf powder per 1,000 g diet; N3: 30 g nettle leaf 
powder per 1,000 g diet; T l : 10 g tarragon leaf powder per 1,000 g diet; T3: 30 g tarragon leaf 
powder per 1,000 g diet; N l + T l : 10 g nettle leaf powder per 1,000 g diet +10 g tarragon leaf 
powder per 1,000 g diet. 

pathogenic and non-pathogenic species of bacteria in fish intestine 

(Van Hai, 2015). 

In the present investigation, we did not find significant growth 

performance improvements fol lowing the dietary inclusion of tarra

gon. These data are similar to those from previous studies where the 

inclusion of tarragon powder did not stimulate growth in African cat

fish (Clarias gariepinus) (Mbokane & Moyo, 2020), and Mozambique 

tilapia (Oreochromis mossambicus) (Mbokane & M o y o , 2018). These 

results are in agreement with our study where tarragon powder did 

not increase W G % and SGR to a similar extent as 30 g/kg nettle 

powder. The combination of dried Astragalus root (Radix astragalin) 

and Chinese angelica root (R. angelicae sinensis) powder at a ratio of 

5:1 (w/w) in Jian carp (Cyprinus carpio var. Jian) diet in two levels 10 

and 15 g/kg improved body weight (Jain et al., 2008). Besides, in pre

vious research, the addition of garlic powder improved growth per

formance in Asian sea bass (Lates calcahfer) (Talpur & Ikhwanuddin, 

2012). Ji, Jeong, et al., (2007) reported that use of a plant powder 

combination, including Massa medicata fermentata, Crataegi fructus, 

Artemisia capillaries and Cnidium officinale, in the ratio of 2:2:1:1, 

improved weight gain in juvenile Japanese flounder (Paralichthys ol-

ivaceus). In our study, dietary inclusion of a combination of nettle 

and tarragon did not improve growth performance. Previous stud

ies reported that tarragon (A. dracunculus) compounds like couma-

rin reduced diet palatability (Favaretto et al., 2015), and feed intake 

(Mbokane & Moyo, 2018, 2020). Moreover, partial differences be

tween present and previous studies can be attributed to fish species, 

size, physiology, plant additive doses and culture condition (Akrami 

et al., 2015). Ngugi et al., (2015) confirmed that an increase in nettle 

powder in the Victor ia labeo (L victorianus) diet, increased growth 

performance. In this study, we observed FCR and PER improvement 

at the highest rate of nettle powder (N3) addition, but the effects 

were not significantly. One recent study demonstrated that garlic 

(Allium sativium) powder increased FBW, W G and SGR in brown 

trout (Salmo caspius), but there were no significant differences in 

survival rate between groups (Zaefarian et al., 2017). Moreover, the 

use of green tea ethanol extract in black rockfish (Sebastes schlegeli) 

(Hwang et al., 2013), and nettle acetone extract in electric yellow 

cichlid (Labidochromis caeruleus) (Yesilayer et al., 2020) showed the 

same result in survival rate. But Adel et al., (2017) reported that 20, 

and 30 g/kg diet nettle ethanolic extract showed a higher survival 

rate compared to control and 10 g/kg nettle in rainbow trout. It can 

be interpreted because of fish size, stocking density and ambient 

culturing situation. Another study reported that different levels of 

nettle powder enhanced growth performance including, W G , SGR 

and FCR in rainbow trout, but there were no significant differences 

in survival rate between groups (Mehrabi & Firouzbakhsh, 2020; 

Mehrabi et al., 2020). In our study, improvements in FBW, W G , 

W G % and SGR in rainbow trout diet could be the effects of net

tle compounds (Ahmed & Parsuraman, 2014; Akbay et al., 2003; 

Dalev et al., 1996) which stimulate appetite, increase nutrients in

take and eventually improve growth performance (Adel et al., 2017). 

Although Jain et al., (2008) suggested that certain plant additives 

may have the appetite and digestion-stimulating effects like to net

tle (U. dioica) (Mehrabi et al., 2020; Ngugi et al., 2015; Adel et al., 

2017), but in our study, tarragon supplementation did not stimulate 

growth performance because of coumarin (Obolskiy et al., 2011), 

and its appetite-suppressing properties, which can hinder animals 

from consuming tarragon (A. dracunculus) (Favaretto et al., 2015). 

Thus, in our study dietary inclusion of tarragon could not increase 

diet palatability, feed intake and growth performance in fingerling 

rainbow trout (Mbokane & Moyo, 2018,2020) . 

Investigation of body proximate composition of rainbow trout 

which were fed with different levels of nettle and tarragon powder, 

showed the highest and the least percent of moisture in fish fed on 

N l + T l and N 3 respectively. In previous studies, garlic powder and 

black cumin oil (Nigella sativa) reduced body proximate moisture in 

rainbow trout (Oz et al., 2018), brown trout (S. caspius) (Zaefarian 

et al., 2017) and demonstrated high moisture in control (Oz et al., 

2018; Zaefarian et al., 2017) similar to our result. Another study 

showed the highest level of moisture in control and the least level of 

moisture in sterlet sturgeon which was fed with garlic powder (Lee 

et al., 2014). Whi le , at the same time use of garlic ethanol extract 
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showed no differences in moister between garlic group and control 

in sterlet sturgeon (Lee et al., 2012). 

In our study, the highest body proximate protein was detected in 

fish fed on N 3 . In this line, the inclusion of garlic powder (Zaefarian 

et al., 2017), green tea ethanol extract (Hwang et al., 2013) and black 

cumin oil (Nigella sativa) (Oz et al., 2018) increased body protein 

in brown trout (S. caspius), black rockfish (S. schlegeli) and rainbow 

trout respectively. Furthermore, garlic powder and oil increased 

body proximate protein and reduced fat in Nile tilapia (Oreochromis 

niloticus) (Metwally, 2009). Hwang et al., (2013) reported the in

clusion of green tea ethanol extract decreased fat content in black 

rockfish (S. schlegeli), and garlic powder showed the same result in 

starlet (Acipenser ruthenus) f ingerling (Lee et al., 2014) and brown 

trout (S. caspius) (Zaefarian et al., 2017). These reports agree with 

our results which showed higher fat in control and higher protein in 

fish fed on the N3 diet. In this study, nettle components including 

amino acids (Ahmed & Parsuraman, 2014), and bioactive compounds 

could increase feed utilization and intake nutrients (Jain et al., 2008). 

Besides, nettle phenolic compounds (Otles & Yalcin, 2012) reduced 

fat, and increased protein accumulation in the body composit ion (Lee 

et al., 2014; Metwal ly, 2 0 0 9 ; Zaefarian et al., 2017). In our study, the 

highest body proximate ash was observed in fish fed on N3. In this 

line, garlic powder increased body ash in Acipenser ruthenus finger-

ling (Lee et al., 2014), and brown trout (S. caspius) (Zaefarian et al., 

2017). Moreover, green tea ethanol extract improved black rockfish 

body proximate composition ash as well (Hwang et al., 2013). A s it 

was mentioned, in previous investigations, a high level of plant sup

plement showed higher crude ash (Hwang et al., 2013; Lee et al., 

2014; Zaefarian et al., 2017) as well as our result. Whi le, onion (Allium 

cepa) powder did not show any effect on proximate composit ion of 

olive f lounder (Paralichthys olivaceus) (Cho & Lee, 2012). It can be 

attributed to different type of additives (powder/extract), fish and 

plant species (Citarasu, 2010; Hashemi & Davoodi, 2011). 

Supplementation of fish diets with plants powder or extract 

has been reported to enhance haematological, immunological and 

biochemical parameters (Bilen, Altunoglu, et al., 2016; Bilen, Clnal, 

et al., 2016; Binaii et al., 2014; Mehrabi & Firouzbakhsh, 2 0 2 0 ; Ngugi 

et al., 2015; Adel et al., 2017). W e found that nettle and tarragon 

powder individually and in combination in rainbow trout diet to be 

associated with higher RBC, W B C , Hct, Hb, M C V , M C H , M C H C , 

some immune and biochemical blood factors. In the previous studies 

Artemisia annua extract (Soares et al., 2020), and Artemisia arfa pow

der (Mbokane & M o y o , 2020) improved W B C , neutrophils, mono

cytes, RBC counts and Hct in Nile tilapia (O. niloticus), and Afr ican 

catfish (Clarias gariepinus) respectively. Moreover, Artemisia arfa 

powder showed W B C counts improvement in Mozambique tilapia, 

(O. mossambicus) (Mbokane & M o y o , 2018). These reports agree 

with our result which we observed higher W B C counts, monocytes, 

neutrophils and Hct at least in T3. In a previous investigation, nettle 

powder caused to higher Hct, Hb and M C H C , RBC, W B C count in 

Huso (Binaii et al., 2014). Another study showed the highest Hb, Hct, 

M C V , M C H , M C H C W B C and RBC count in L victorianus which fed 

with nettle powder (Ngugietal., 2015). Another investigation showed 

W B C , RBC, Hct and Hb increase in dietary inclusion of nettle pow

der in rainbow trout (Mehrabi & Firouzbakhsh, 2020; Mehrabi et al., 

2020). Moreover, Adel et al., (2017) reported that nettle ethanolic 

extract improved RBC, W B C , Hct, Hb and neutrophil in rainbow 

trout. Moreover, ginger powder showed the same results in rainbow 

trout (Nya & Aust in, 2009). Binaii et al., (2014) reported that nettle 

powder had no effects on lymphocytes in beluga (H. huso). This re

sult is in line with our study where nettle and tarragon powder did 

not increase lymphocytes, and higher lymphocytes were observed 

in control . Furthermore, garlic (A. sativium) powder had no effects 

on haematological parameters including RBC, W B C , Hct, Hb, M C V , 

M C H and M C H C in brown trout (Salmo caspius) which could be re

lated to fish size and species (Zaefarian et al., 2017). Previous stud

ies demonstrated the effects of nettle and tarragon separately on 

haematological parameters (Binaii et al., 2014; Mbokane & M o y o , 

2018; Mehrabi et al., 2 0 2 0 ; Ngugi et al., 2015; Adel et al., 2017; 

Soares et al., 2020). In our investigation, we observed a higher RBC 

count, and Hb in N l + T l . It can be related to synergistic effects of 

nettle and tarragon in combination like to combination of garlic, gin

ger and thyme powder in sea bream (Sparidentex hasta) (Jahanjoo 

et al., 2018), and black seeds and turmeric powder in sea bass (Saad 

et al., 2013) which showed the same result in RBC and haemoglo

bin. It could be attributed to iron, vitamin A, B, C and B12 which 

are important for RBC production. Moreover, it was mentioned that 

vitamin C promotes iron absorption in fish intestine (Dugenci et al., 

2003). Vitamins and minerals support haematopoiesis (Binaii et al., 

2014), and plants due to a variety of vitamins and minerals contents 

could improve haematological parameters in fish (Mbokane & M o y o , 

2018; Ngugi et al., 2015; A d e l et al., 2017; Soares et al., 2020). 

The innate immune system in f ish, is a vital defensive line 

to combat pathogens (Saurabh & Sahoo, 2008), and lysozyme is 

known to be an opsonin, and activates the complement system 

and phagocytes in fish (Grinde, 1989). Based on our results, i m 

mune parameters investigation showed the highest lysozyme ac

t ivity in T l , and the highest level of total immunoglobul in in N3 

was detected . In last studies, were mentioned that nettle p o w 

der increased serum total immunoglobul in and lysozyme act iv ity 

in V ic tor ia labeo (L victorianus) (Ngugi et al., 2015), and rainbow 

trout (Mehrabi & Firouzbakhsh, 2020). A n o t h e r research c o n 

f irmed that ethanol extract of nettle in ra inbow trout improved 

IgM and lysozyme activity (Adel et al., 2017). Total immunoglob

ulin improvement can be related to nettle and tarragon ef fects 

on B lymphocytes , and increased immunoglobul in product ion 

(Ngugi et al., 2 0 1 5 ; A d e l et al., 2017). In previous studies, tarra

gon powder (Mbokane & M o y o , 2018, 2020), nettle (Bilen, Onal, 

et al., 2016) and tarragon (Soares et al., 2020) extract separately 

rose lysozyme activity in Afr ican catf ish, M o z a m b i q u e ti lapia, rain

bow trout and Nile tilapia respectively. Besides, caper (Capparis 

spinosa) methanol extract (Bilen, A l tunog lu , et al., 2016), aloe vera 

(A. barbadensis) (Mehrabi et al., 2019), garlic (A. sativum) (Zaefarian 

et al., 2017) and onion powder (Cho & Lee, 2012) improved lyso

zyme act iv ity in ra inbow trout and brown trout, and olive f l o u n 

der (Paralichthys olivaceus). Jian and W u . (2004) documented that 
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administrat ion of Astragalus root (R. astragalin) and Chinese an

gelica root (R. angelicae sinensis) powder combinat ion (5:1 w/w) in

creased lysozyme act iv ity in Jian carp (C. carpio var. Jian), and black 

seeds and turmeric powder combinat ion in sea bass showed the 

same results in lysozyme act iv ity (Saad et al., 2013). Besides, the 

combination of garlic, ginger and thyme in sea bream (Sparidentex 

hasta) showed high lysozyme act iv ity (Jahanjoo et al., 2018). In this 

study, although we observed numerical ly improvement in lyso

zyme activity improvement of nettle treatments, the highest level 

of lysozyme was observed in T l , T3 and N l + T l . Lysozyme enzyme 

is found among alive organisms. It is important as an innate im

mune parameter of f ish. It is documented that fish lysozyme has 

lytic act iv ity in contradict ion of both Gram-pos i t ive bacteria and 

Gram-negative bacteria, and lysozyme is recognized to be related 

to nature and activates the complement system and phagocytes 

(Saurabh & Sahoo, 2008). 

In our study, blood biochemical analysis showed that, N3, T3 and 

N l + T l increased albumin, and the highest level of total protein in N 3 

was observed. Serum total protein is a key factor for fish health (Yang 

& Chen, 2003), and albumin as an important serum protein, which 

has a key role to transport nutrients, metabolites and xenobiotics 

(Peters Jr, 1995). In previous studies, nettle powder increased serum 

total protein and albumin in Victoria labeo (L victorianus) (Ngugi 

et al., 2015) and, Adel et al., (2017) reported that ethanol extract of 

nettle increased total protein in rainbow trout. These results are in 

line with our study where nettle powder increased serum total pro

tein in rainbow trout fingerling. Another study mentioned that nettle 

powder rose total protein in beluga (H. huso), but had no effects on 

albumin (Binaii et al., 2014), and the same result found due to the ad

ministration of garlic (A. sativum) powder in brown trout (S. caspius) 

(Zaefarian et al., 2017). Mehrabi et al., (2019) reported that aloe vera 

(A. barbadensis) powder increased total protein and albumin in rain

bow trout. Nonetheless, the use of onion (A. cepa) powder was not 

effective on serum total protein content in olive f lounder (P. oliva-

ceus) (Cho & Lee, 2012). In this study, we observed serum total pro

tein improvement in T l and T3 treatments mathematically as like as 

Mbokane and M o y o . (2020) and Soares et al., (2020) who reported 

serum total protein improvement in African catfish and Nile tilapia 

respectively. In our study, we detected the highest amount of serum 

total protein in N3. Serum total proteins include albumin and globulin 

were mentioned as the important innate immune system in previous 

reports (Binaii et al., 2014; Mehrabi & Firouzbakhsh, 2 0 2 0 ; Mehrabi 

et al., 2020; Adel et al., 2017; Zaefarian et al., 2017). Moreover, we 

detected a high level of albumin in N l + T l as a combination which 

the same result was reported by Saad et al., (2013) where black 

seeds and turmeric powder combination increased serum albumin 

in sea bass. Besides, in this study the highest level of serum albumin 

was measured in N 3 (Mehrabi & Firouzbakhsh, 2020; Ngugi et al., 

2015; Adel et al., 2017) and T3 (Mbokane & Moyo, 2020) the same as 

previous reports. A lbumin, total protein and lysozyme inhibit adher

ence and colonization of bacteria as first line of non-specific defen

sive system (Kaleeswaran et al., 2011). Regarding plants as safe and 

beneficial natural additives (Hashemi & Davoodi, 2011), also nettle 

(Gulcin et al., 2004), and tarragon compounds (Logendra et al., 2006; 

Obolskiy et al., 2011), investigation of apparent digestibility, diges

tive enzymes and antioxidant enzyme activity, intestine microflora 

and challenge with pathogens are suggested in the future research. 

Our results showed that 3 0 g/kg nettle powder improved final 

weight, weight gain, weight gain percent and specific growth rate. 

Supplementation of 3 0 g/kg nettle powder increased body proxi

mate composition including protein and ash. The 3 0 g/kg tarragon 

powder and 10 g/kg nettle +10 g/kg tarragon powder increased 

improve immune system, biochemical and haematology in rainbow 

trout fingerlings. Based on our results, 3 0 g/kg nettle, 3 0 g/kg tar

ragon and 10 g/kg nettle +10 g/kg tarragon powder according to 

cultivate aims are suggested as suitable levels to exert beneficial ef

fects on growth performance, body composition and selected blood 

parameters. 
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CHAPTER 4 

GARLIC ALLIUM SATIVUM POWDER IN EURASIAN PERCH PERCA FLUVIA-
TILIS JUVENILES DIET 

Zare, M., Tran, H.Q., Prokešová, M., Stejskal, V., 2021. Effects of garlic Allium sativum powder 
on nutrient digestibility, haematology, and immune and stress responses in Eurasian perch 
Perca fluviatilis juveniles. Animals 11, 2735. 
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Simple Summary: Herbal medicine feed supplements are used as growth promoters, immune 
system stimulants, and to combat stress. We evaluated the effects of garlic powder i n the diet of 
European perch. The inclusion of garlic powder was shown to improve whole body composition, 
feed digestibility, and biochemical and immunohematological effects, and increased resistance against 
overcrowding stress. 
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Abstract: The supplementation of fish diets w i t h phytogenies can increase growth performance and 
can modulate immune system response. European perch Perca fluviatilis (initial weight 25.0 ± 0.4 g) 
were fed a diet inc luding 0 (Control), 10 (G10), 20 (G20), and 30 (G30) g k g " 1 garlic powder. N o 
significant difference i n the growth parameters and somatic indices were observed. Significantly 
higher fat digestibility was observed i n G10 and G30 diets compared to in the control and G20 
diets(p < 0.05). Significantly greater red blood cell and white blood cell counts were observed w i t h 
the G10 diet (p < 0.05). Garl ic significantly decreased serum cholesterol i n a l l of the experimental 
groups. Serum albumin was significantly higher i n the G10 and G20 diets (p < 0.05). Immediately 
after the overcrowding stress challenge, the garlic groups showed significantly higher Cortisol levels 
than the control group, whi le no significant difference was observed i n the glucose concentration 
among groups. A t 1 h post-stress, al l of the groups that had been fed a garlic-supplemented diet 
showed lower Cortisol levels than the control group, and this trend was maintained at 6 and 24 h post 
stress (p < 0.05), and glucose level i n all garlic groups was significantly lower than control (p < 0.05). 
Garlic at 10 g k g - 1 i n feed can improve apparent fat digestibility and selected blood parameters and 
can enhance resistance against high-density and net handling stress in Eurasian perch. 

Keywords: aquaculture; Cortisol; fish; haematology; immunology; myeloid cells; stress 

1. Introduction 

C o m m e r c i a l p r o d u c t i o n of f i s h , s h e l l f i s h , a n d s e a f o o d is pro jec ted to increase b y 
a p p r o x i m a t e l y 62% b y 2030 [1]. T h u s , the aquacul ture rear ing s y s t e m is c h a n g i n g f r o m a n 
ex tens ive s y s t e m to i n t e n s i v e a n d s e m i - i n t e n s i v e sys tems [2], w h i c h m i g h t increase the 
chance of infect ious disease outbreaks o c c u r r i n g [3]. Botanica l der ivat ives a n d extracts, also 
k n o w n as p h y t o g e n i e s , h a v e b e e n u s e d i n f i s h die ts as n a t u r a l g r o w t h p r o m o t e r s a n d as 
i m m u n e s t imulants . C u r r e n t l y , m a n y p l a n t extracts are cons idered as safe a n d cost-effective 
a d d i t i v e s to a q u a f e e d [4]. A n t i b i o t i c s that c a n c o n t r o l p a t h o g e n s o n f i s h f a r m s present 
concerns w i t h respect to consumer heal th , a n i m a l wel fare , a n d e n v i r o n m e n t a l p o l l u t i o n [5]. 

G a r l i c Allium sativum b e l o n g s to the Liliaceae f a m i l y [6]. It has l o n g b e e n u s e d as 
a h e r b a l m e d i c i n e a n d m a y b e re levant to a q u a c u l t u r e because of its i m m u n o s t i m u l a n t 
p r o p e r t i e s [7]. G a r l i c c o n t a i n s a l l i i n , w h i c h has s u l f u r c o m p o u n d s i n c l u d i n g g a m m a -
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g lutamyl -s -a l ly l - cys te ine a n d S-a l ly l -L-cyste ins sul fox ides . M o r e o v e r , garl ic contains a l l i c i n 
( d i a l l y l thiosulfate) , w h i c h is responsible for garl ic 's t y p i c a l p u n g e n t s m e l l a n d its m e d i c i n a l 
propert ies [6], a n d other b ioact ive c o m p o u n d s , i n c l u d i n g v i t a m i n s (ascorbic a c i d , t h i a m i n e 
a n d r i b o f l a v i n ) , m i n e r a l s (potass ium, p h o s p h o r u s , c a l c i u m , m a g n e s i u m , s o d i u m , i r o n , sele
n i u m , a n d g e r m a n i u m ) , flavonoids (phenol ic acids) [8], a n d a m i n o acids [9]. G a r l i c p o w d e r 
has b e e n r e p o r t e d to p r o m o t e g r o w t h i n Japanese seabass (Lateolabrax japonicus) [10] a n d 
r a i n b o w trout Oncorhynchus mykiss [11] a n d to i m p r o v e b o d y c o m p o s i t i o n i n b r o w n trout 
(Salmo caspius) [12]. H o w e v e r , gar l i c p o w d e r w a s n o t s h o w n to i m p r o v e g r o w t h p e r f o r 
m a n c e i n A s i a n sea bass (Lates calarifer) [13] or r o h u (Labeo rohita) [14]. I n a d d i t i o n , i t has 
been reported to increase apparent nutr ient d i g e s t i o n i n r a i n b o w trout [15] a n d N i l e t i lapia 
(Oreochromis niloticus) [16]. D i e t a r y gar l i c p o w d e r has s h o w n a f a v o u r a b l e effect o n b l o o d 
total p r o t e i n , a l b u m i n , a n d phagocyt i c ac t iv i ty i n r a i n b o w trout [17,18]; this p lant increased 
f i s h resistance to a m m o n i a stress [19]. G a r l i c p o w d e r increased i m m u n o g l o b u l i n s i n E u r o 
p e a n seabass (Dicentrarchus labrax) [20]. G a r l i c m i c r o e n c a p s u l a t e d extract i m p r o v e d g r o w t h 
p e r f o r m a n c e , b o d y p r o x i m a t e c o m p o s i t i o n , a n d b i o c h e m i c a l a n d i m m u n o h e m a t o l o g i c a l 
p a r a m e t e r s i n r a i n b o w t r o u t (Oncorhynchus mykiss) [21]. These s t u d i e s , regardless of the 
f o r m of gar l i c presenta t ion w i t h i n diets , suggest that gar l i c m a y b e u s e d as a n a l ternat ive 
to ant ib iot ics [22]. 

E u r a s i a n p e r c h (Perca fluviatilis) is a c a r n i v o r o u s p e r c i d f i s h i n h a b i t i n g n o r t h e r n E u r a 
sia [23]. It is a d o m e s t i c a t e d species w i t h a w i d e h a b i t a t r a n g e , a n d c a n b e f o u n d i n 
b r a c k i s h water , estuaries, a n d r ivers i n recent decades [24], s h o w i n g potent ia l for E u r o p e a n 
i n l a n d c u l t u r e [23]. E u r a s i a n p e r c h c a n be a su i tab le species for r e c i r c u l a t i o n a q u a c u l t u r e 
s y s t e m ( R A S ) p r o d u c t i o n a n d in tens ive c u l t u r e [25], b u t h a n d l i n g t h r o u g h c o u n t i n g , sort
i n g , a n d t a n k c l e a n i n g as w e l l as h i g h d e n s i t y s t o c k i n g , m a y p o t e n t i a l l y increase e n e r g y 
c o n s u m p t i o n a n d decrease feed intake a n d g r o w t h [26]. 

R e g a r d i n g to use of E u r a s i a n p e r c h i n R A S c u l t u r e i n recent decades [25], the a i m 
of the present s t u d y w a s to inves t iga te the effects of gar l i c p o w d e r i n f e e d o n g r o w t h 
p e r f o r m a n c e , b o d y p r o x i m a t e c o m p o s i t i o n , apparent n u t r i e n t d iges t ib i l i ty , selected b l o o d 
a n d i m m u n e parameters , a n d resistance to h i g h - d e n s i t y a n d net h a n d l i n g stress i n E u r a s i a n 
p e r c h juveni les . 

2. Materials and Methods 

2.1. Ethics Approval 

T h e e x p e r i m e n t a l p r o c e d u r e s w e r e p e r f o r m e d u n d e r g u i d e l i n e s of the E u r o p e a n 
C o m m u n i t i e s D i r e c t i v e ( N o . 2 0 1 0 / 6 3 / E U ) o n the p r o t e c t i o n of a n i m a l s u s e d for scientif ic 
purposes a n d have b e e n a p p r o v e d b y the C z e c h M i n i s t r y of H e a l t h ( M S M T - 6 7 4 4 / 2 0 1 8 - 2 ) . 

2.2. Preparation of Garlic Powder and Feed 

G a r l i c p o w d e r w a s p u r c h a s e d f r o m E Q U I S E R V I S , P r a g u e , i n C z e c h R e p u b l i c . G a r l i c 
p o w d e r w a s p r o d u c e d b y P o m m i e r N u t r i t i o n , T h y m e r a i s — F r a n c e . (Accessed: 4 June 2019) 
( w w w . p o m m i e r - n u t r i t i o n . c o m ) . E x p e r i m e n t a l feeds (Table 1) w e r e e x t r u d e d at Exot H o b b y 
s.r.o. ( Č e r n á v P o š u m a v í , C z e c h R e p u b l i c ) , p a c k e d i n p l a s t i c v a c u u m b a g s , a n d s tored 
at 4 ° C u n t i l use . In the present s t u d y , c o r n m e a l w a s r e p l a c e d b y 10, 20, a n d 30 g gar l i c 
p o w d e r p e r k i l o g r a m of d ie t feed. T h e p r o x i m a t e c o m p o s i t i o n of the b a s a l diet , i n c l u d i n g 
d r y matter , c r u d e p r o t e i n , c r u d e fat, a n d a s h , w a s 93.48%, 47.20%, 16.33%, a n d 8.91%, 
respec t ive ly (Table 1). 

2.3. Experimental Design 

E u r a s i a n p e r c h juveni les w i t h a n i n i t i a l w e i g h t of 25.0 ± 0.4 g were obta ined f r o m A n a -
partners s.r.o f i s h f a r m (Prague, C z e c h Republ i c ) . F i s h were transferred to the aquar ia at the 
Institute of A q u a c u l t u r e a n d Protec t ion of Waters (České Budějovice , C z e c h R e p u b l i c ) a n d 
were fed a b a s a l diet f o r m u l a t i o n (Table 1) w i t h o u t gar l i c p o w d e r for a 14-day a c c l i m a t i o n 
p e r i o d before the f e e d i n g t r i a l [12]. A f t e r a d a p t a t i o n , 1320 f i s h w e r e r a n d o m l y d i s t r i b u t e d 
i n t o t w e l v e 150 L t a n k s (110 f i s h p e r tank) w i t h a w a t e r f l o w rate 10 L m i n - 1 i n R A S [25]. 
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E a c h diet w a s tested w i t h three replicates. F i s h w e r e f e d m a n u a l l y to apparent sat iat ion at 
08:00,12:00, a n d 16:00 for 87 d a y s , a n d uneaten feed w a s col lec ted at m a x i m u m of 30 m i n 
after each m e a l . Water temperature , p H , a n d d i s s o l v e d o x y g e n ( D O ) w e r e m e a s u r e d d a i l y 
b y a n H Q 4 0 D portable m u l t i - m e t e r ( H a c h L a n g e G m b H , Düsseldorf , G e r m a n y ) a n d w e r e 
m a i n t a i n e d at 22.1 ± 0.5 ° C , p H 7.14 ± 1.61, a n d D O 8.16 ± 0.42 m g L " 1 , respectively. The 
p h o t o p e r i o d w a s 1 2 L : 1 2 D [27]. 

Table 1. Proximate composition of experimental diets w i t h and without garlic powder. 

Ingredients (g kg *) Control G10 G20 G30 

Fish meal 271 271 271 271 
Soybean concentrate 290 290 290 290 

C o r n meal 97 87 77 67 
Soybean meal 128.5 128.5 128.5 128.5 

Garlic powder a 0 10 20 30 
Fish oil 77 77 77 77 

Rapeseed oil 58 58 58 58 
Methionine b 8 8 8 8 

Lysine c 5 5 5 5 
Valine d 2 2 2 2 

L-Threonine e 0.5 0.5 0.5 0.5 
Vitamins & minerals ' 8 8 8 8 

Binder § 50 50 50 50 
Yttr ium oxide ( Y 2 0 3 ) h 5 

Proximate composition 
5 

analysis 
5 5 

D r y matter% 93.48 93.54 93.71 93.17 
Crude protein% 47.20 46.84 46.59 46.33 

Fat% 16.33 16.51 15.98 16.13 
A s h % 8.91 8.78 8.78 8.82 

Fiber% 1.82 3.87 3.98 2.42 
Nitrogen-free extract ( N F E ) f , i 19.22 17.54 18.38 19.47 

Gross energy (Kj g _ 1 ) Si 17.90 18.24 17.99 17.72 
a Garlic powder was purchased from EQUISERVIS, Prague, in Czech Republic. b Adisseo, Shanghai, China; c Inner Mongolia Eppen 
Biotech Co., Ltd., Ningxia, China.; d Ajinomoto Animal Nutrition Europe; e Ningxia Eppen Biotech, China ; f Aminovitan Sak, Trouw 
Nutrition Biofaktory s.r.o, Prague, Czech Republic; s binder (NutriBind, Adisseo, Shanghai, China) (3.0%); h yttrium oxide (Y2O3), Sigma, 
Ronkonkoma, NY, U S A ; 1 nitrogen-free extracts (NFE) - dry matter—(crude protein + crude lipid + ash + fiber) [15]; J gross energy was 
calculated according to following formula: gross energy (MJ/kg) - (protein x 23.6 kj g _ 1 ) + (fat x 39.5 kj g _ 1 ) + (carbohydrates x 
17.2 kj g _ 1 ) [15]; control: without garlic supplement; G10: 10 g garlic powder per 1000 g diet; G20: 20 g garlic powder per 1000 g diet; G30: 
30 g garlic powder per 1000 g diet. 

2.4. Growth Performance 

A t the e n d of the f e e d i n g t r i a l , feed w a s w i t h h e l d for 24 h . The f i s h w e r e anesthet ized 
b y t r i ca ine m e t h a n e s u l p h o n a t e (MS-222) at 200 m g L _ 1 w a t e r [21] a n d c o u n t e d , a n d 
i n d i v i d u a l l e n g t h a n d w e i g h t w e r e m e a s u r e d . G r o w t h p e r f o r m a n c e a n d s u r v i v a l rate 
were ca lcula ted [21]. F i n a l b o d y w e i g h t ( F B W ) , feed intake (FI), w e i g h t g a i n ( W G ) , w e i g h t 
g a i n percentage ( W G % ) , f e e d c o n v e r s i o n ra t io ( F C R ) , speci f ic g r o w t h rate ( S G R ) , p r o t e i n 
e f f i c iency ra t io ( P E R ) , s u r v i v a l rate (SR%), c o n d i t i o n factor ( C F % ) , h e p a t o s o m a t i c i n d e x 
(HSI) , a n d v i scerosomat i c i n d e x (VSI) w e r e ca lcu la ted as f o l l o w s : 

F B W (g) = F i n a l b o d y w e i g h t 
W G (g) = [ F i n a l b o d y w e i g h t (g) — In i t ia l b o d y w e i g h t (g)] 
W G % = [ F i n a l b o d y w e i g h t (g) — In i t ia l b o d y w e i g h t ( g ) ] / i n i t i a l b o d y w e i g h t (g) x 100 
F I (g / f i sh ) = d r y feed c o n s u m e d / n u m b e r of f i s h 
P E R = W e i g h t g a i n (g ) / to ta l p r o t e i n intake (g) 
F C R = d r y feed intake ( g ) / W G (g) 

S G R (% d a y - 1 ) = 100 x [In f i n a l b o d y w e i g h t (g) — In i n i t i a l b o d y w e i g h t (g) ] / t ime (days) 
S R % = ( n u m b e r of f i s h after t e s t / i n i t i a l n u m b e r of s tocked fish) x 100 
C F % = [f ish b o d y w e i g h t (g ) / ( f i sh length) 3 (cm)] x 100 
H S I % = [ l iver w e i g h t ( g ) / b o d y w e i g h t (g)] x 100 
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V S I % = [viscera w e i g h t ( g ) / b o d y w e i g h t (g)] x 100 

2.5. Whole Body Proximate Composition 

A t the e n d of e x p e r i m e n t , t w o f i s h p e r each t a n k (n = 6 p e r g r o u p ) w e r e r a n d o m l y 
selected. F i s h w e r e a n e s t h e t i z e d w i t h M S - 2 2 2 at 200 m g L _ 1 w a t e r [21] a n d w e r e k i l l e d 
b y a s h a r p b l o w to the h e a d . T h e ent ire f i s h b o d y w a s g r o u n d , p a c k e d i n d i v i d u a l l y i n t o 
p las t i c bags , a n d s t o r e d at —20 ° C for w h o l e b o d y p r o x i m a t e c o m p o s i t i o n a n a l y s i s . B o t h 
b o d y a n d feed p r o x i m a t e c o m p o s i t i o n analyses w e r e c o n d u c t e d a c c o r d i n g to the m e t h o d s 
of the A s s o c i a t i o n of O f f i c i a l A n a l y t i c a l C h e m i s t s ( A O A C ) [28]. C r u d e fat w a s a n a l y z e d b y 
the ex t rac t ion m e t h o d u s i n g h e x a n e - i s o p r o p a n o l (3:2) a c c o r d i n g to H a r a a n d R a d i n , [29] 
w i t h s l i g h t m o d i f i c a t i o n s [30]. C r u d e p r o t e i n w a s m e a s u r e d u s i n g the K j e l d a h l m e t h o d 
( B U C H I L a b o r t e c h n i k A G , t y p e K - 3 6 0 , K o n i g s w i n t e r , G e r m a n y ) [12]. D r y m a t t e r w a s 
a n a l y z e d b y d r y i n g i n a N U V E type F N 400P o v e n ( N Ů V E , A n k a r a , Turkey) at 105 ° C to a 
stable w e i g h t [21]. A s h w a s a n a l y z e d i n a m u f f l e furnace L 40 /11 B O ( N a b e r t h e r m G m b H , 
L i l i e n t h a l , G e r m a n y ) ) at 550 ° C for 4 h [12]. 

2.6. Apparent Digestibility Coefficients 

D i e t s c o n t a i n e d 5 g k g - 1 y t t r i u m o x i d e (Y2O3) as a n iner t m a r k e r (Table 1). T w o 
h o u r s after the f i n a l d a i l y m e a l , the t a n k s w e r e b r u s h e d a n d c l e a n e d , a n d the r e m a i n i n g 
faeces w e r e d i s c a r d e d . A f t e r c l ean ing , the faeces were col lected o v e r n i g h t b y s i e v i n g every 
t w o h o u r s f r o m out le ts u n t i l the f irst d a i l y f e e d i n g i n the m o r n i n g . T h e faeces f r o m each 
t a n k w e r e s t o r e d separa te ly at —20 ° C after c e n t r i f u g a t i o n at 3000 r p m for 15 m i n for 
a n a l y s i s [31]. T h e Y2O3 i n the d i e t a n d faeces w a s m e a s u r e d u s i n g i n d u c t i v e l y c o u p l e d 
p l a s m a e m i s s i o n s p e c t r o m e t r y f o l l o w i n g d i g e s t i o n w i t h n i t r i c a c i d at 180 °C for 48 h . T h e 
apparent d iges t ib i l i ty coefficients ( A D C ) of the d r y matter, p r o t e i n , a n d fat w e r e calculated 
w i t h the f o l l o w i n g f o r m u l a [15]: 

% d i g e s t i b i l i t y = 100 x 100 [ ( y t t r i u m i n f e e d / y t t r i u m i n faeces) x (nutrient i n f a e c e s / n u t r i e n t i n feed)]. 

2.7. Haematology and Biochemistry 

A f t e r 24 h s ta rva t ion to i n d u c e the pos t -absorpt ive c o n d i t i o n , t w o f i s h f r o m each tank 
(n = 6 p e r g r o u p ) w e r e r a n d o m l y net ted a n d anesthet ized b y tr icaine m e t h a n e s u l p h o n a t e 
(MS-222) at 200 m g L _ 1 w a t e r [21]. D u p l i c a t e b l o o d s a m p l e s w e r e d r a w n f r o m the c a u d a l 
v e i n into h e p a r i n i z e d a n d n o n - h e p a r i n i z e d sterile syr inges . The h e p a r i n i z e d b l o o d samples 
were transferred to h e p a r i n i z e d E p p e n d o r f tubes a n d w e r e p l a c e d o n ice for haemato log ica l 
analys is . The n o n - h e p a r i n i z e d b l o o d samples w e r e t ransferred to n o n - h e p a r i n i z e d E p p e n 
d o r f tubes , a n d s a m p l e s w e r e left o n ice for 2 h to c lot [32]. T h e s e r u m w a s s u b s e q u e n t l y 
separated b y c e n t r i f u g a t i o n ( H e r a e u s M e g a f u g e 16 R C e n t r i f u g e ) at 4200 r p m for 15 m i n 
at 4 ° C a n d w a s s t o r e d at - 8 0 ° C u n t i l a n a l y s i s [33]. R e d b l o o d cel ls ( R B C ) , w h i t e b l o o d 
cells ( W B C ) , a n d s u b p o p u l a t i o n s w e r e c o u n t e d a c c o r d i n g to a m o d i f i e d m e t h o d of Korytár 
et a l . [34]. T h e h e p a r i n i z e d b l o o d (10 u L ) w a s d i l u t e d i n 200 u L R P M I m e d i u m o n ice 
for ce l l c o m p o s i t i o n e v a l u a t i o n b y a F A C S C a n t o f l o w c y t o m e t e r ( H e i d e l b e r g , G e r m a n y ) . 
T h e b i o c h e m i c a l p a r a m e t e r s of the b l o o d w e r e assessed u s i n g a n A b b o t t A r c h i t e c t c8000 
c l i n i c a l c h e m i s t r y a n a l y z e r ( A b b o t t , C h i c a g o , I L , U S A ) a n d assay k i t s [19] a c c o r d i n g to 
m a n u f a c t u r e r ' s i n s t r u c t i o n s , as f o l l o w s : s e r u m tota l c h o l e s t e r o l , B 7 D 6 C 7 G 3 - 5 3 2 1 / R 0 2 
( A b b o t t , C h i c a g o , I L , U S A ) ; t r i g l y c e r i d e s B 7 D 7 E 7 G 3 - 9 3 3 4 / R 0 3 ( A b b o t t , U S A ) ; a l a n i n e 
aminotransferase ( A L T ) , B 8 L 9 x 7 G 5 - 4 4 3 2 / R 0 5 ( A b b o t t , U S A ) ; aspartate aminotransferase, 
G 8 - 1 5 0 2 / R 0 6 B 8 L Y 7 ( A b b o t t , U S A ) ; a l b u m i n , 7D53-2030-3927/R6 ( A b b o t t , U S A ) ; to ta l 
pro te in , G6-6667/R04 B 7 D 7 D 7 (Abbot t , U S A ) ; a n d glucose , B 3 L 8 X 7 G3-5375/R02) (Abbot t , 
U S A ) . C o r t i s o l levels w e r e a n a l y z e d w i t h a Cortisol assay ki t ( L 2 K C 0 2 ) u s i n g a n i m m u n o -
c h e m i s t r y a n a l y z e r I m m u l i t e 2 0 0 0 X p i S i e m e n s (S iemens H e a l t h c a r e G m b H , E r l a n g e n , 
G e r m a n y ) at the Stafi la laboratory , České Budě jovice , C z e c h R e p u b l i c . 
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2.8. Respiratory Burst and Phagocytic Activity 

T w o f i s h p e r t a n k (n = 6 p e r g r o u p ) w e r e a n e s t h e t i z e d w i t h M S - 2 2 2 (200 m g L _ 1 

water) [21]. The h e a d k i d n e y w a s r e m o v e d , a n d the leukocytes w e r e separated b y p u s h i n g 
t h e m t h r o u g h a n y l o n sieve w i t h R P M I - 1 6 4 0 m e d i u m , a c c o r d i n g to the m e t h o d b y B i s w a s 
et a l . [35]. A r e s p i r a t o r y b u r s t a c t i v i t y assay w a s c o n d u c t e d u s i n g n i t r o b l u e t e t r a z o l i u m 
w i t h m i n o r m o d i f i c a t i o n s a c c o r d i n g to Z a i n e l d i n et a l . [36]. B r i e f l y , the l e u k o c y t e sus
p e n s i o n w a s t rans fer red i n t o 9 6 - w e l l p la tes , a n d a n e q u i v a l e n t v o l u m e of 0.2% n i t r o b l u e 
t e t r a z o l i u m s o l u t i o n ( S i g m a , R o n k o n k o m a , N Y , U S A ) w a s a d d e d to each w e l l a n d w a s 
incubated for 30 m i n at r o o m temperature . A f t e r i n c u b a t i o n , N - d i m e t h y l f o r m a m i d e (Sigma, 
U S A ) w a s a d d e d a n d centr i fuged for 5 m i n at 3000 r p m . The respiratory burst ac t iv i ty w a s 
r e p o r t e d as the m e a n f luorescence intensity. 

P h a g o c y t i c a c t i v i t y w a s assessed u s i n g a m o d i f i e d m e t h o d f r o m M o r i m o t o et a l . [37]. 
T h e l e u k o c y t e s of h e a d k i d n e y w e r e separa ted b y w a s h i n g w i t h P B S (5 x 1 0 5 cel ls m L _ 1 ) 
a n d w e r e i n c u b a t e d w i t h latex beads at 25 ° C for 2 h , after w h i c h cel l - re lated f luorescence 
w a s e v a l u a t e d , a n d the s a m p l e s w e r e t r a n s f e r r e d i n t o 9 6 - w e l l p la tes a n d assessed w i t h a 
F A C S C a n t o f l o w cytometer ( H e i d e l b e r g , G e r m a n y ) to detect the f luorescence of the beads 
e n g u l f e d b y the p h a g o c y t i c cells . 

2.9. High-Density and Net Handling Stress Challenge 

A t the e n d of the feeding p e r i o d , w o r k i n g w i t h one tank at a t ime , the v o l u m e of water 
w a s decreased to leave the f i s h i n a h i g h - d e n s i t y c o n d i t i o n (0.67 k g / L ) for one m i n u t e w i t h 
adequate aera t ion to a v o i d a d d i t i o n a l stress [38]. The f i s h w e r e net ted a n d r e m o v e d f r o m 
the water for 30 s [27] a n d were then re turned to the tank, w h e r e the water l eve l of the tank 
w a s increased b a c k to the o r i g i n a l v o l u m e , a n d the d e n s i t y w a s r e d u c e d [38]. I m m e d i a t e l y 
after, t w o f i s h per tank were r a n d o m l y selected (n = 6 per g r o u p ) , a n d the tank w a s ref i l led . 
T h e f i s h w e r e anaes the t ized w i t h M S - 2 2 2 , a n d 1 m L of b l o o d w a s d r a w n f r o m the c a u d a l 
v e i n w i t h n o n - h e p a r i n i z e d ster i le s y r i n g e s . A l l of these f i s h w e r e k i l l e d after s a m p l i n g . 
S a m p l i n g w a s c o n d u c t e d p r i o r to the stress c h a l l e n g e , i m m e d i a t e l y after stress, a n d 1, 6, 
a n d 24 h post-stress [27]. B l o o d s a m p l i n g i n each t a n k w a s c o m p l e t e d w i t h i n 5 m i n . 

2.20. Statistical Analysis 

A l l s tat ist ical analyses w e r e p e r f o r m e d u s i n g I B M SPSS Statistics v. 22 ( A r m o n k , N Y , 
U S A ) . D a t a n o r m a l i t y a n d h o m o g e n e i t y w e r e c h e c k e d u s i n g the K o l m o g o r o v - S m i r n o v 
test. D a t a w e r e a n a l y z e d b y o n e - w a y A N O V A . S i g n i f i c a n t d i f ferences a m o n g the m e a n 
v a l u e s w a s set at p < 0.05 u s i n g the D u n c a n test. In a d d i t i o n , to d e t e r m i n e i f the effect w a s 
l inear a n d / o r quadra t i c , a f o l l o w - u p t rend analys is u s i n g o r t h o g o n a l p o l y n o m i a l contrasts 
w a s p e r f o r m e d . The results are presented as m e a n ± S D (s tandard d e v i a t i o n of the mean) . 

3. Results 
3.1. Growth Performance and Feed Utilization 

N o s igni f icant differences i n g r o w t h p e r f o r m a n c e a n d feed u t i l i z a t i o n , i n c l u d i n g f i n a l 
w e i g h t , w e i g h t g a i n , w e i g h t g a i n percent, specific g r o w t h rate, feed intake, feed c o n v e r s i o n 
rat io , p r o t e i n ef f ic iency ra t io , or s u r v i v a l rate, w e r e o b s e r v e d a m o n g the g r o u p s (p > 0.05). 
T h e c o n d i t i o n factor w a s s i g n i f i c a n t l y l o w e r i n the G 3 0 die t g r o u p c o m p a r e d to the other 
g r o u p s (p < 0.05). In p a r t i c u l a r , the c o n d i t i o n factor s i g n i f i c a n t l y l i n e a r l y d e c r e a s e d w i t h 
the increas ing die tary gar l ic p o w d e r levels (p = 0.04). In a d d i t i o n , no s ignif icant differences 
i n the v i scerosomat i c or h e p a t o s o m a t i c i n d e x w e r e f o u n d (p > 0.05). (Table 2). 
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Table 2. G r o w t h performance and feed uti l izat ion of juvenile Eurasian perch consuming feed supplemented w i t h gar
lic powder. 

L i n e a r Q u a d r a t i c 
T r e n d T r e n d 

Parameters C o n t r o l G 1 0 G 2 0 G 3 0 A N O V A 1/ P - V a l u e R 2 P - V a l u e R 2 

Ini t ia l w e i g h t {g} 24.75 ± 0 4 7 25.37 ± 0 4 1 24.77 ± 0.13 25.18 ± 0.18 0.13 
F i n a l w e i g h t {g} 66.29 ± 1.99 67.39 ± 1.89 64.89 ± 1.53 65.52 ± 2.93 0.55 

Feed intake 
( g f i s h - 1 ) 6849 ± 1.82 6841 ± 1.06 68.00 ± 0.80 67.83 ± 1.76 0.92 

Weight g a i n (g) 41.53 ± 2.02 42.02 ± 1.51 40.12 ± 140 40.34 ± 3.09 0.65 
Weight g a i n % 167.82 ± 9.25 165.55 ± 3.67 161.97 ± 4.83 160.29 ± 13.38 0.71 

Feed convers ion 
ratio 

1.68 ± 0.15 1.64 ± 0.07 1 7 3 ± 0.08 1.71 ± 0.16 0.85 

Specific g r o w t h 
rate (% d a y - 1 } 

1.12 ± 0.04 1.11 ± 0 . 0 1 1.10 ± 0.02 1.09 ± 0.05 0.76 

Prote in efficiency 
ratio 

1.25 ± 0.09 1.29 ± 0.03 1.24 ± 0.07 1.26 ± 0.13 0.90 

S u r v i v a l rate {%} 96.36 ± 2 4 0 98.18 ± 0.91 96.96 ± 1.89 97.57 ± 2.78 0.75 
C o n d i t i o n factor% 1.25 ± 0.05 b 1.24 ± 0.02 b 1.18 ± 0.03 b 1.10 ± 0.03 " ().()() 0.78 0.04 0.33 0.05 

Hepatosomat ic 
i n d e x % 

1.59 ± 0.36 1.56 ± 0.28 1.53 ± 0.37 1.38 ± 0.30 0.44 

Viscerosomatic 
i n d e x % 12.06 ± 2.28 13.13 ± 2 . 1 7 12.88 ± 1.56 13.19 ± 1.85 0.49 

Values are presented as (mean ± SD; n - 110). Mean values with different superscripts within a row vary significantly according to one-way 
ANOVA (p < 0.05). R 2 - R squared. np

2 - partial eta squared. Control: without garlic supplement; G10: 10 g garlic powder per 1000 g diet; 
G20: 20 g garlic powder per 1000 g diet; G30: 30 g garlic powder per 1000 g diet. 

3.2. Body Proximate Composition 

N o s i g n i f i c a n t di f ferences w e r e o b s e r v e d the a m o n g g r o u p s i n terms of w h o l e b o d y 
d r y matter , fat, or a s h (p > 0.05). T h e l e v e l of p r o t e i n i n f i s h c o n s u m i n g the G 3 0 d i e t w a s 
s i g n i f i c a n t l y h i g h e r t h a n the G l g r o u p (p < 0.05), b u t there w e r e n o s igni f icant differences 
a m o n g the contro ls , G 1 0 , a n d G 2 0 g r o u p s (p > 0.05) or a m o n g the contro ls , G 2 0 , a n d G 3 0 
g r o u p s (p > 0.05). There w a s a s i g n i f i c a n t l i n e a r (p = 0.01) a n d q u a d r a t i c (p = 0.04) t r e n d 
r e g a r d i n g the d i e t a r y gar l i c p o w d e r l e v e l for b o d y p r o t e i n content , w h e r e b o d y p r o t e i n 
content decreased w i t h the i n c l u s i o n of gar l i c p o w d e r at G 1 0 a n d t h e n increased w i t h the 
i n c l u s i o n of gar l i c p o w d e r at G 2 0 a n d G 3 0 . (Table 3). 

Table 3. Body proximate composition of Eurasian perch consuming feed supplemented w i t h garlic powder. 

L i n e a r 
T r e n d 

Q u a d r a t i c 
T r e n d 

Parameters C o n t r o l G 1 0 G 2 0 G 3 0 A N O V A P - V a l u e R 2 P - V a l u e R 2 

D r y matter% 
F a t % 

P r o t e i n % 
A s h % 

32.08 ± 1.15 
11.16 ± 1.50 

17.42 ± 0.60 a b 

3.38 ± 0.43 

31.75 ± 1.33 
10.96 ± 144 

16.98 ± 0.69 " 
3.01 ± 0.60 

32.10 ± 1.71 
10.78 ± 1.13 

17.39 ± 0.98 a b 

3.16 ± 0 . 1 9 

32.26 ± 1.09 
9.76 ± 1.24 

18.31 ± 0.67 b 

3.53 ± 0.29 

0.92 
0.29 
0.04 
0.16 

0.33 0.01 0.23 0.04 0.25 

Values are presented as (mean ± SD; n - 6). Mean values with different superscripts within a row vary significantly according to one-way 
A N O V A (p < 0.05). R 2 - R square. np

2 - partial eta squared. Control: without garlic supplement; G10: 10 g garlic powder per 1000 g diet; 
G20: 20 g garlic powder per 1000 g diet; G30: 30 g garlic powder per 1000 g diet. 

3.3. Apparent Digestibility Coefficient (ADC%) 

S i g n i f i c a n t l y h i g h e r d r y mat ter d i g e s t i b i l i t y w a s o b s e r v e d i n a l l of the g a r l i c - s u p p l e 
m e n t e d g r o u p s c o m p a r e d to the contro l s (p < 0.05). M o r e o v e r , s i g n i f i c a n t l y h i g h e r fat 
d i g e s t i b i l i t y w a s f o u n d i n the G 1 0 a n d G 3 0 g r o u p s c o m p a r e d to the c o n t r o l a n d G 2 0 
g r o u p s (p < 0.05). N o differences i n p r o t e i n d i g e s t i b i l i t y w e r e o b s e r v e d a m o n g the g r o u p s 
(p > 0.05). A p o s i t i v e l inear (p = 0.00) a n d q u a d r a t i c (p = 0.00) t r e n d w a s f o u n d for d i e t a r y 
garl ic p o w d e r levels a n d p r o t e i n digest ib i l i ty , w h e r e p r o t e i n d iges t ib i l i ty increased w i t h the 
i n c l u s i o n of gar l i c p o w d e r at G 1 0 a n d t h e n decreased w i t h the i n c l u s i o n of gar l i c p o w d e r 
at G 2 0 a n d G 3 0 . (Table 4). 
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Table 4. Apparent digestibility coefficient for dry matter, fat, and protein i n Eurasian perch provided feed supplemented 
wi th garlic powder. 

Linear 
Trend 

Quadratic 
Trend 

Parameters Control G10 G20 G30 A N O V A P- Value R 2 P- Value R 2 

A D C d % 
A D C f % 
A D C p % 

77.53 ± 0.59 8 

78.29 ± 0.46 8 

92.41 ± 0.30 

80.78 ± 0.50 b 

79.89 ± 0.68 b 

93.33 ± 0.28 

79.60 ± 0.87 b 

78.35 ± 0.72 » 
92.66 ± 0.32 

81.12 ± 1.83 b 

80.16 ± 1.08 b 

92.49 ± 0.55 

0.01 
0.03 
0.06 

0.71 
0.65 

0.69 
0.94 -

0.27 
0.09 -

Values are presented as (mean ± SD; n - 6). Mean values with different superscripts within a row vary significantly according to one-way 
A N O V A (p < 0.05). R 2 - R squared. f]p

2 - partial eta squared. Control: without garlic supplement; G10: 10 g garlic powder per 1000 g diet; 
G20: 20 g garlic powder per 1000 g diet; G30: 30 g garlic powder per 1000 g diet; A D C d : Apparent digestibility coefficient of dry matter. 
ADCf: Apparent digestibility coefficient of fat. ADCp: Apparent digestibility coefficient of protein. 

3.4. Haematology and Serum Biochemistry 

The n u m b e r of R B C s a n d W B C s i n G 1 0 w e r e s ign i f i cant ly h i g h e r t h a n those o b s e r v e d 
i n the o ther g r o u p s (p < 0.05). T h e W B C s h a d p o s i t i v e q u a d r a t i c t r e n d (p = 0.01) to the 
d i e t a r y gar l i c p o w d e r a n d r e a c h e d a p e a k i n the G 1 0 g r o u p . T h e R B C s h a d p o s i t i v e 
q u a d r a t i c t r e n d to the d i e t a r y G 1 0 g r o u p (p = 0.01). (Table 5). 

Table 5. Haematological parameters of Eurasian perch fed w i t h feeds supplemented w i t h garlic powder. 

Trend 
Quadratic 

Parameters Control G10 G20 G30 ANOVA *2 P-Value R2 P-Value R2 

Red blood cells 
(n x 106 L I L - 1 ) 
White blood cells 
(n x 106 L i L " 1 ) 
Lymphocytes (%) 
Myeloid cells (%) 

283,896 ± 77,236 a b 

19,711 ± 5397 

91.84 ± 3.51 

8.15 ± 3.51 

464,543 ± 78,157 c 

30,589 ± 7884 b 

89.77 ± 4J56 

10.22 ± 4.56 

256,285 ± 16,266 a 

18,520 ± 4312 a 

93.91 ± 1.84 

6.08 ± 1.84 

352,395 ± 46,442 b 

21,245 ± 5152 a 

94.11 ± 2.87 
5.88 ± 2.87 

0.00 

0.00 

0.11 
0.11 

0.68 

0.44 

0.13 

0.03 0.19 

0.01 

0.01 

0.34 

0.33 

Values are presented as (mean ± SD; n - 6). Mean values with different superscripts within a row vary significantly according to one-way 
A N O V A (p < 0.05). R 2 - R square. rjp

2 - partial eta squared. Control: without garlic supplement; G10: 10 g garlic powder per 1000 g diet; 
G20: 20 g garlic powder per 1000 g diet; G30: 30 g garlic powder per 1000 g diet. 

N o s i g n i f i c a n t d i f ferences i n b l o o d s e r u m A L T a n d A S T ac t iv i ty , t r i g l y c e r i d e s , o r 
tota l p r o t e i n w e r e o b s e r v e d a m o n g the g r o u p s (p > 0.05). A t a l l l eve ls , gar l i c p o w d e r w a s 
assoc ia ted w i t h s i g n i f i c a n t l y l o w e r l eve l s o f cho les te ro l (p < 0.05). S i g n i f i c a n t l y h i g h e r 
levels of a l b u m i n w e r e detected i n the G10 a n d G 2 0 g r o u p s c o m p a r e d to i n the other g r o u p s 
(p < 0.05). A s i g n i f i c a n t l i n e a r t r e n d (p = 0.00) w a s o b s e r v e d r e g a r d i n g the d i e t a r y g a r l i c 
p o w d e r l e v e l for a l b u m i n , w h e r e a l b u m i n increased w i t h the i n c l u s i o n of gar l ic p o w d e r at 
G 1 0 a n d then decreased w i t h the i n c l u s i o n of gar l i c p o w d e r at G 2 0 a n d G 3 0 . (Table 6). 

Table 6. Serum biochemistry of Eurasian perch provided feed supplemented w i t h garlic powder. 

Linear 
Trend 

Quadratic 
Trend 

Parameters Control G10 G20 G30 A N O V A P-Value R 2 P-Value R 2 

A l a n i n e 
aminotransferase 

(ukat L " 1 ) 
Aspar ta te 

aminotransferase 
(ukat L " 1 ) 

Choles tero l 
( m m o l L - 1 } 

Tr ig lycer ides 
( m m o l L - 1 ) 

A l b u m i n (g L " 1 } 

0.28 ± 0.10 

1.39 ± 0.89 

8.28 ± 1.43 b 

0.27 ± 0.07 

1.92 ± 1.26 

6.02 ± 1 .13 ' 

0.28 ± 0.08 

1.83 ± 1.42 

7.01 ± 0 . 6 1 ' 

0.19 ± 0.09 

0.75 ± 0.40 

6.27 ± 0.44 8 

0.27 

0.24 

().()() 

A l a n i n e 
aminotransferase 

(ukat L " 1 ) 
Aspar ta te 

aminotransferase 
(ukat L " 1 ) 

Choles tero l 
( m m o l L - 1 } 

Tr ig lycer ides 
( m m o l L - 1 ) 

A l b u m i n (g L " 1 } 

9.28 ± 1.94 9.79 ± 6.20 14.59 ± 4.41 11.30 ± 3.63 0.17 

A l a n i n e 
aminotransferase 

(ukat L " 1 ) 
Aspar ta te 

aminotransferase 
(ukat L " 1 ) 

Choles tero l 
( m m o l L - 1 } 

Tr ig lycer ides 
( m m o l L - 1 ) 

A l b u m i n (g L " 1 } 11.16 ± 0.77 b 13.10 ± 1 . 2 8 c 12.83 ± 1 . 4 7 c 9.53 ± 1 .28 ' ().()() 0.61 ().()() 0.55 ().()() 0.55 
Total p r o t e i n 

( g L - 1 ) 
43.18 ± 3.52 42.86 ± 2.26 43.46 ± 1.94 41.51 ± 1.35 0.52 

Values are presented as (mean ± SD; n - 6). Mean values with different superscripts within a row vary significantly according to one-way 
A N O V A {p < 0.05). R 2 - R square. rjp

2 - partial eta squared. Control: without garlic supplement; G10: 10 g garlic powder per 1000 g diet; 
G20: 20 g garlic powder per 1000 g diet; G30: 30 g garlic powder per 1000 g diet. 
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3.5. Respiratory Burst and Phagocyte Activity 

G a r l i c p o w d e r i n c l u s i o n d i d not affect resp i ra tory burs t a c t i v i t y (p > 0.05) or l y m p h o 
cyte a n d m y e l o i d c e l l p h a g o c y t i c a c t i v i t y a n d i n d e x (p > 0.05) (Table 7). 

Table 7. Immunological parameters of Eurasian perch provided feed supplemented w i t h garlic powder. 

Linear 
Trend 

Quadratic 
Trend 

Parameters Control G10 G20 G30 A N O V A i]p
2 P-Value R 2 P-Value R 2 

Respiratory 
burst act ivi ty 9290.33 ± 1185.85 7873.66 ± 1267.97 7688.00 ± 1675.28 10,838.00 ± 4639.88 0.60 

(MFI) 
L y m p h o c y t e s 

phagocyt ic 42.10 ± 8.51 46.81 ± 7.86 40.25 ± 10.62 41.87 ± 6 . 2 4 0.57 
activity 0/, , 

L y m p h o c y t e s 
phagocyt ic 14.45 ± 2.70 14.43 ± 4.86 14.14 ± 5.16 14.47 ± 5.25 0.99 

index 
M y e l o i d 

phagocyt ic 52.95 ± 7.69 48.03 ± 8.25 54.08 ± 10.61 52.20 ± 6.78 0.63 
activity 0/, , 
M y e l o i d 

phagocyt ic 16.15 ± 2.50 19.41 ± 7.48 17.37 ± 7.43 17.91 ± 6.97 0.85 
index 

Values are presented as (mean ± SD; n - 6). R 2 - R square. np
2 - partial eta squared. Control: without garlic supplement; G10: 10 g garlic 

powder per 1000 g diet; G20: 20 g garlic powder per 1000 g diet; G30: 30 g garlic powder per 1000 g diet. MFI: Mean fluorescence intensity. 

3.6. High-Density and Net Handling Stress Challenge 

N o s i g n i f i c a n t differences i n the level of s e r u m Cortisol a n d glucose w e r e observed 
a m o n g the g r o u p s before stress (p > 0.05). I m m e d i a t e l y after stress, a l l gar l i c d i e t g r o u p s 
s h o w e d s i g n i f i c a n t l y h i g h e r levels of Cort isol c o m p a r e d to the c o n t r o l g r o u p (p < 0.05). N o 
s ign i f i cant d i f ferences i n g l u c o s e l eve l s w e r e o b s e r v e d a m o n g the g r o u p s (p > 0.05). A t 
1 h , s ign i f i cant ly h igher Cort isol w a s o b s e r v e d i n the controls , a n d there w a s a s igni f i cant ly 
l o w e r l e v e l i n the G 3 0 g r o u p c o m p a r e d to i n the other g r o u p s (p < 0.05). A t 1 h , a p o s i t i v e 
q u a d r a t i c t r e n d w a s f o u n d b e t w e e n the i n c r e a s i n g l eve l s of g a r l i c p o w d e r a n d s e r u m 
Cort i so l (p = 0.00), w h e r e s e r u m Cortisol decreased w i t h the inclusion of gar l i c p o w d e r at 
G 1 0 , i n c r e a s e d w i t h the i n c l u s i o n of gar l i c p o w d e r at G 2 0 , a n d t h e n d e c r e a s e d w i t h the 
i n c l u s i o n of gar l ic p o w d e r at G30 . A t 1 h , the c o n t r o l a n d G10 g r o u p s s h o w e d s igni f i cant ly 
h igher glucose c o m p a r e d to i n the G20 a n d G 3 0 g r o u p s , w h i l e the glucose l e v e l of the G20 
g r o u p w a s s i g n i f i c a n t l y l o w e r t h a n that of the other g r o u p s (p < 0.05). A t 6 h , s i g n i f i c a n t l y 
h i g h e r a n d l o w e r l eve l s of Cort i so l w e r e o b s e r v e d i n the c o n t r o l a n d G 2 0 g r o u p s , respec
t ive ly , c o m p a r e d to i n the other g r o u p s (p < 0.05), w h e r e the h i g h e s t l e v e l o f g l u c o s e w a s 
f o u n d i n the contro l a n d G10 g r o u p s , a n d the lowest l e v e l of glucose w a s f o u n d i n the G30 
g r o u p at significant leve ls (p < 0.05). A t 6 h , a s ign i f i cant l inear t r e n d (p = 0.00) r e g a r d i n g 
the d i e t a r y g a r l i c p o w d e r l e v e l w a s o b s e r v e d for s e r u m g l u c o s e . W i t h i n c r e a s i n g leve ls 
of gar l i c p o w d e r , the s e r u m g l u c o s e d e c r e a s e d l inear ly . A p o s i t i v e q u a d r a t i c t r e n d w a s 
observed b e t w e e n the increas ing levels of gar l ic p o w d e r a n d the s e r u m glucose , w h e r e the 
s e r u m g l u c o s e i n c r e a s e d w i t h the i n c l u s i o n of gar l i c p o w d e r at G 1 0 a n d t h e n decreased 
w i t h the i n c l u s i o n of gar l ic p o w d e r at G20 a n d G30 . A t 24 h , s igni f i cant ly h igher a n d l o w e r 
Cortisol leve ls w e r e detec ted i n the c o n t r o l a n d G 3 0 g r o u p s , r e s p e c t i v e l y (p < 0.05), w h i l e 
glucose w a s s igni f i cant ly h igher i n the contro l g r o u p t h a n i n the gar l ic - fed g r o u p s (p < 0.05) 
(Figures 1 a n d 2). 
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Figure 1. Serum Cortisol of Eurasian perch p r o v i d e d feed supplemented w i t h garlic p o w d e r under high-density and net 
handl ing stress. Values are presented as (mean ± SD; n = 6). M e a n values w i t h different superscripts w i t h i n each time 
vary significantly according to one-way A N O V A (p < 0.05). A = the variance analysed by one-way A N O V A ; L = the linear 
trend analysed by orthogonal polynomial contrasts; Q = the quadratic trend analysed by orthogonal polynomial contrasts. 
R 2 = R square, rjp2 = partial eta squared. Control : wi thout garlic supplement; G l : 10 g garlic p o w d e r per 1000 g diet; G2: 
20 g garlic p o w d e r per 1000 g diet; G3 : 30 g garlic powder per 1000 g diet. Pre-stress: before stress; Post-stress time 0: 
immediately after stress; Post-stress time 1: one hour after stress; Post-stress time 6: 6 h after stress; Post-stress time 24: 24 h 
after stress. 
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Figure 2. Serum glucose of Eurasian perch p r o v i d e d feed supplemented w i t h garlic p o w d e r under high-density and net 
handl ing stress. Values are presented as (mean ± SD; n = 6). M e a n values w i t h different superscripts w i t h i n each time 
vary significantly according to one-way A N O V A (p < 0.05). A = the variance analysed by one-way A N O V A ; L = the linear 
trend analysed by orthogonal polynomial contrasts; Q = the quadratic trend analysed by orthogonal polynomial contrasts; 
R 2 = R square. J/p

2 = partial eta squared. Control : wi thout garlic supplement; G l : 10 g garlic p o w d e r per 1000 g diet; G2: 
20 g garlic p o w d e r per 1000 g diet; G3 : 30 g garlic powder per 1000 g diet. Pre-stress: before stress; Post-stress time 0: 
immediately after stress; Post-stress time 1: one hour after stress; Post-stress time 6: 6 h after stress; Post-stress time 24: 24 h 
after stress. 
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4. Discussion 

I n the present s t u d y , the i n c l u s i o n of gar l i c p o w d e r i n c o m p o u n d diets for E u r o p e a n 
p e r c h d i d n o t s h o w s i g n i f i c a n t effects o n g r o w t h p e r f o r m a n c e . T h i s f i n d i n g agrees w i t h 
S a h u et a l . [14], w h o r e p o r t e d that gar l i c p o w d e r i n the d i e t of r o h u at 1 ,5 , a n d 10 g k g - 1 

feed d i d n o t s i g n i f i c a n t l y i m p r o v e S G R or F C R . A n o t h e r r e p o r t d o c u m e n t e d that the use 
of gar l i c p o w d e r at the l e v e l of 40 g k g - 1 i n E u r o p e a n sea bass d i d n o t h a v e a s ign i f i cant 
effect o n f i n a l w e i g h t , w h i l e 60 g k g - 1 s igni f i cant ly decreased f i n a l w e i g h t , specif ic g r o w t h 
rate, a n d f e e d i n t a k e [39]. I n contrast , g a r l i c p o w d e r i m p r o v e d g r o w t h p e r f o r m a n c e 
i n Japanese sea bass at 25 g k g - 1 [10], i n b r o w n t r o u t at 20 a n d 30 g k g - 1 [12], a n d i n 
E u r o p e a n sea bass at 10 g k g - 1 [40]. E n h a n c e d g r o w t h p e r f o r m a n c e c a n b e a t t r i b u t e d 
to g a r l i c b i o a c t i v e c o m p o u n d s , i n c l u d i n g a l l i i n , a l l i c i n , a n d o r g a n o s u l f u r c o m p o u n d s , 
e s p e c i a l l y t h i o s u l f i n a t e s [8], w h i c h increase d i g e s t i o n , n u t r i e n t u p t a k e , a n d g r o w t h [16]. 
D i f fe rences a m o n g the resul ts c a n b e r e l a t e d to di f ferences i n the e x p e r i m e n t a l d e s i g n , 
f i s h species [10,12,40], f i s h size [39,40], gar l i c s u p p l e m e n t type ( p o w d e r or extract), a n d its 
p u r i t y [41,42] a n d gar l i c s u p p l e m e n t l e v e l i n the d ie t [18,39]. 

The l i v e r is act ive i n f i s h m e t a b o l i s m s , a n d H S I c a n be a m a r k e r of the h a r m f u l effects 
f r o m the e n v i r o n m e n t or d ie t [43]. In o u r research, the H S I a n d V S I i n d i c e s d i d n o t d i f fer 
a m o n g g r o u p s . This agrees w i t h Shalaby et a l . [16], w h o repor ted n o effect of garl ic p o w d e r 
at 10, 20, 30, a n d 40 g k g - 1 feed o n H S I i n N i l e t i l a p i a . In contrast , 30 g k g 1 gar l i c p o w d e r 
i n the diet of b r o w n trout [12] a n d 32 g k g - 1 i n the diet of N i l e t i l a p i a [42] w e r e associated 
w i t h s i g n i f i c a n t l y decreased H S I . In contrast , the i n c l u s i o n of 10 g k g - 1 g a r l i c p o w d e r i n 
the d i e t of b r o w n t r o u t a lso s i g n i f i c a n t l y i n c r e a s e d H S I a n d V S I [12]. F u r t h e r m o r e , L e e 
et a l . [44] c o n f i r m e d that 5 g k g - 1 of gar l i c extract d i d n o t h a v e a n effect o n H S I i n sterlet 
(Acipenser ruthenus) after 5 w e e k s , b u t 5 g k g - 1 of garl ic extract increased the somatic index 
(HSI) i n sterlet after 10 w e e k s . M o r e o v e r , the use of g a r l i c p o w d e r at l eve l s 5 , 1 0 , 1 5 , 20, 
a n d 30 g k g - 1 i n the sterlet diet s ign i f i cant ly decreased H S I after a 12-week feeding t r i a l i n 
a l l gar l i c g r o u p s [45]. These reports s h o w e d that f e e d i n g t r i a l d u r a t i o n has a s t r o n g effect 
o n the h e p a t o s o m o t i c i n d e x . In contrast , o u r results c o n f i r m that n o s igni f i cant di f ference 
i n H S I a n d V S I a m o n g g r o u p s c a n be s i g n i f i c a n t l y re la ted to n o n - a c c u m u l a t i o n fat i n the 
w h o l e b o d y a n d l i v e r [40,46] o r r e d u c e d fat a c c u m u l a t i o n i n the w h o l e b o d y a n d l i v e r i n 
the gar l i c g r o u p s [21,42]. 

T h e b i o l o g i c a l character is t ics o f f i s h a l o n g w i t h e n v i r o n m e n t a l p a r a m e t e r s , f e e d i n g 
protocols , a n d parasi t ic infect ions, affect the f i s h c o n d i t i o n factor [47]. In recent s tudies , the 
a d d i t i o n of gar l i c p o w d e r to b r o w n trout feed [12] d i d not increase the c o n d i t i o n factor. In 
the present s tudy , the c o n d i t i o n factor i n the G 3 0 g r o u p w a s s i g n i f i c a n t l y r e d u c e d . L o w e r 
levels—10 g k g - 1 gar l ic p o w d e r i n Japanese sea bass [10] a n d 20 g k g - 1 i n sterlet [45] f e e d — 
s i g n i f i c a n t l y i n c r e a s e d the c o n d i t i o n factor, s u g g e s t i n g i n c r e a s e d d i e t p a l a t a b i l i t y [10,45]. 
In contrast , gar l i c p o w d e r at l eve l s o f 10, 20, a n d 30 g k g - 1 s i g n i f i c a n t l y d e c r e a s e d the 
c o n d i t i o n factor i n I n d i a n m a j o r c a r p , w h i c h is i n l i n e w i t h o u r resul ts [48]. In o u r s tudy , 
the decrease i n the c o n d i t i o n factor c a n be a t t r ibuted to the p u n g e n t o d o u r of gar l ic i n G30 , 
w h i c h m a y h a v e r e d u c e d f e e d p a l a t a b i l i t y [49] a n d f e e d i n t a k e [39]. M o r e o v e r , p r e v i o u s 
repor ts p r o v e d that use of gar l i c p o w d e r i n l eve l s of 25 g k g - 1 i n the d i e t of Japanese 
seabass [10] a n d 60 g k g - 1 [39] a n d 20 g k g - 1 of g a r l i c p o w d e r i n E u r o p e a n sea bass 
f e e d [40] d e c r e a s e d f e e d i n t a k e . I n the present s t u d y , f e e d i n t a k e d e c r e a s e d i n the G 3 0 
g r o u p s a n d s u b s e q u e n t l y decreased the c o n d i t i o n factor [48] for E u r a s i a n p e r c h . 

T h e w h o l e - b o d y p r o x i m a t e c o m p o s i t i o n of p e r c h f e d g a r l i c p o w d e r d i d n o t s h o w 
s igni f icant differences i n d r y matter , fat, or ash , w h i l e the G 3 0 diet s i g n i f i c a n t l y increased 
b o d y p r o x i m a t e p r o t e i n . These results are comparab le to those w i t h 30 g k g - 1 gar l ic p o w d e r 
i n b r o w n t r o u t [12] a n d 30 g k g - 1 i n m o n o s e x r e d b e l l y t i l a p i a (Tilapia zilli) [50], w h i c h 
i m p r o v e d b o d y p r o x i m a t e p r o t e i n c o m p o s i t i o n . T h e i n c l u s i o n of gar l ic p o w d e r i n the diet 
of E u r o p e a n seabass [40] a n d N i l e t i l a p i a [16,42] i m p r o v e d b o d y p r o x i m a t e c o m p o s i t i o n . 
S t u d i e s h a v e s h o w n that g a r l i c s u p p l e m e n t a t i o n c a n increase b o d y p r o x i m a t e p r o t e i n . 
I n c r e a s i n g p r o t e i n a n d d e c r e a s i n g fat c a n be a t t r i b u t e d to the o r g a n o s u l f u r c o m p o u n d s 
f o u n d i n gar l i c s u c h as a l l i c i n , S - a l l y l cys te ine , a n d d i a l l y l - d i - s u l f i d e , w h i c h r e d u c e fat 
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a g g r e g a t i o n i n the b o d y [42] d u e to the i n c r e a s i n g b i l e a c i d s i n the gar l i c t reatments [51]. 
B i l e a c i d s are c o n s i d e r e d to be r e g u l a t o r y m o l e c u l e s , a n d t h e y h a v e b e e n c o n s i d e r e d 
to s t i m u l a t e spec i f i c n u c l e a r receptors i n cel ls i n the l i v e r a n d g a s t r o i n t e s t i n a l tract [52]. 
Increased p r o t e i n c a n b e i n t e r p r e t e d as a resul t o f the essent ia l a m i n o a c i d s c o n t a i n e d i n 
gar l ic [9], i n c r e a s i n g free a m i n o ac ids i n the m u s c l e a n d r e s u l t i n g i n p r o t e i n synthesis [40]. 

P l a n t i n g r e d i e n t s i n f i s h d ie t s c a n b a l a n c e s o m e m i c r o n u t r i e n t s or b i o a c t i v e c o m 
p o u n d s [53]. T h e e v a l u a t i o n o f the d i g e s t i b i l i t y coeff ic ients o f f e e d i n g r e d i e n t s spec i fy 
the n u t r i e n t u t i l i z a t i o n for d i f ferent f i s h species [54]. A t o u r l o w e s t test l e v e l , gar l i c p o w 
d e r s i g n i f i c a n t l y i m p r o v e d d r y m a t t e r a n d fat d i g e s t i b i l i t y . E s m a e i l i et a l . [15] o b s e r v e d 
h i g h e r d r y matter , fat, a n d p r o t e i n d i g e s t i b i l i t y i n r a i n b o w t r o u t f e d w i t h 30 g k g - 1 of 
gar l i c p o w d e r i n feed . S h a l a b y et a l . [16] d e m o n s t r a t e d that 30 g k g - 1 o f g a r l i c p o w d e r 
increased p r o t e i n a n d fat d i g e s t i b i l i t y i n N i l e t i l a p i a , s i m i l a r to o u r results i n p e r c h . O t h e r 
s t u d i e s h a v e c o n f i r m e d that gar l i c p o w d e r i m p r o v e d the d i g e s t i b i l i t y o f n u t r i e n t s a n d 
S G R a n d d e c r e a s e d F C R i n E u r o p e a n seabass at 20 a n d 30 g k g - 1 [40], i n N i l e t i l a p i a at 
32 g k g - 1 [42], a n d i n r a i n b o w t r o u t at 0 . 5 , 1 , 5, a n d 10 g k g - 1 [18]. M o r e o v e r , w e f o u n d 
s o m e s t u d i e s s h o w i n g that the use of 10 g k g - 1 of g a r l i c p o w d e r i n the d i e t of soba i ty 
sea b r e a m (Sparidentex hasta) [55] a n d 5, 10, 15, a n d 20 g k g - 1 of gar l i c p o w d e r i n the 
d i e t o f A s i a n sea bass s i g n i f i c a n t l y i m p r o v e d n u t r i e n t d i g e s t i b i l i t y , S G R , a n d F C R [13]. 
F u r t h e r m o r e , the a d m i n i s t r a t i o n of m i c r o e n c a p s u l a t e d gar l i c extract i n r a i n b o w trout at a 
l e v e l of 10 g k g - 1 i m p r o v e d nutr ient digest ib i l i ty , S G R , a n d F C R as w e l l [21]. These reports 
r e v e a l that the a d m i n i s t r a t i o n o f g a r l i c as e i ther a p o w d e r o r a n extract i n d i f fe rent f i s h 
species increases g r o w t h per formance [21,55] a n d nutr ient d iges t ib i l i ty d u e to the b ioact ive 
c o m p o u n d s f o u n d i n g a r l i c , s u c h as a l l i c i n , w h i c h i m p r o v e d g r o w t h p e r f o r m a n c e a n d 
nu tr ien t d i g e s t i b i l i t y i n N i l e t i l a p i a [16,42] a n d E u r o p e a n sea bass [40]. 

R e d b l o o d c e l l a n d w i t h e b l o o d c e l l c o u n t s are g o o d k e y i n d i c e s for e v a l u a t i n g f i s h 
p h y s i o l o g y a n d p a t h o l o g y [56]. I n o u r research, the a d m i n i s t r a t i o n o f g a r l i c at 10 g k g - 1 

i n c r e a s e d R B C a n d W B C n u m b e r s c o m p a r e d to the other g r o u p s . G a r l i c p o w d e r has 
s h o w n s i m i l a r resul ts i n r a i n b o w t r o u t at 0.5, 1, 5, a n d 10 g k g - 1 [18] a n d i n r o h u at 
10 g k g - 1 [14]. N y a a n d A u s t i n [18] repor ted that 10 g k g - 1 of gar l ic p o w d e r increased the 
W B C s i n r a i n b o w trout b u t d i d not affect R B C n u m b e r s . I n contrast , the a d m i n i s t r a t i o n of 
10 g k g - 1 of gar l ic extract (all icin) i n the diet of r a i n b o w trout increased R B C n u m b e r s , b u t 
s i g n i f i c a n t l y decreased W B C s [41]. T h e use of gar l i c p o w d e r d i d n o t alter R B C a n d W B C 
n u m b e r s i n b r o w n trout at 10,20, or 30 g k g - 1 [12] or i n b e l u g a (Huso huso) at 10 g k g - 1 [57], 
a n d i t h a d n o effect o n R B C n u m b e r s i n E u r o p e a n sea bass at 10, 20, or 30 g k g - 1 , w h i l e 
30 g k g - 1 o f gar l i c p o w d e r i n c r e a s e d the W B C s i n sea bass [40]. T h e h i g h e r n u m b e r of 
W B C s f o u n d i n p e r c h i n o u r s t u d y m a y be related to the i m m u n o s t i m u l a t o r y effect of garl ic 
c o m p o u n d s o n the k i d n e y , spleen, a n d t h y m u s [58], as reported i n p r e v i o u s studies [13,18]. 
R B C s p l a y i m p o r t a n t roles i n o x y g e n transfer, decreas ing h y p o x i a stress, a n d c o n t r i b u t i n g 
to f i sh hea l th [59]. O u r f i n d i n g s of h igher R B C counts can be at t r ibuted to the effect of garl ic 
c o m p o u n d s s u c h as a l l i c i n [41] o n the h e a d k i d n e y as the m a i n erythropoiet ic site i n teleost 
f i s h [60]. In o u r s t u d y , d ie ts c o n t a i n i n g gar l i c p o w d e r d i d n o t increase c o n c e n t r a t i o n s of 
b l o o d l y m p h o c y t e s or m y e l o i d cells . T h i s result is s i m i l a r to the i n c l u s i o n of 5 , 1 0 , 1 5 , a n d 
20 g k g - 1 i n the diet of A s i a n sea bass [13]. N y a et a l . [41] reported that 10 g k g - 1 of a l l i c i n 
i n the d i e t of r a i n b o w t r o u t i n c r e a s e d n e u t r o p h i l c o n c e n t r a t i o n b u t s h o w e d n o effect o n 
l y m p h o c y t e a n d m o n o c y t e percentage . W B C s , i n c l u d i n g l y m p h o c y t e s [61] a n d m y e l o i d 
cells [62], have k e y funct ions against pathogens as a first l ine of defence [63]. M y e l o i d cells 
i n c l u d e n e u t r o p h i l s a n d e o s i n o p h i l s (granulocytes) a l o n g w i t h m o n o c y t e s (macrophages) 
i n f i s h [62]. 

F i s h hea l th c a n be eva luated b y b l o o d s e r u m b i o c h e m i c a l parameters [33], speci f ica l ly 
the levels of A L T a n d A S T [21,55], w h i c h are affected b y diet , e n v i r o n m e n t , a n d stress [64]. 
The l e v e l of A L T a n d A S T act iv i ty is cons idered a n indicator of l i v e r hea l th [33]. The levels 
of b l o o d s e r u m A L T a n d A S T can be affected b y s tock ing dens i ty [65]; water parameters [66]; 
a n d f i s h species [55,57], age, a n d sex [67]. In the present s tudy, garl ic p o w d e r d i d not s h o w 
s i g n i f i c a n t effects o n s e r u m A L T a n d A S T ac t iv i ty . I n a g r e e m e n t w i t h o u r resul ts , g a r l i c 
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p o w d e r i n the 40 g k g - 1 d i e t d i d n o t s h o w s i g n i f i c a n t effect o n A L T a n d A S T a c t i v i t y 
i n A s i a n sea bass (Lates calcarifer) [68]. F u r t h e r m o r e , a m i x t u r e of c u m i n seeds (Nigella 
sativa) a n d t u r m e r i c {Curcuma longa L i n n . ) p o w d e r at the l eve l s of 5 a n d 10 g k g - 1 f eed 
(1:1 w / w ) d i d n o t s h o w s i g n i f i c a n t d i f ference i n the l e v e l s of A L T a n d A S T i n the A s i a n 
sea bass (L. Calcarifer), w h i c h is the s a m e as i n o u r s t u d y [69]. O t h e r s t u d i e s s h o w e d n o 
effect o n A L T a c t i v i t y i n s o b a i t y sea b r e a m [55] o r b e l u g a at 10 g k g - 1 f e e d [57]. S e r u m 
A S T a c t i v i t y s i g n i f i c a n t l y increased i n sobai ty sea b r e a m w i t h 10 g k g - 1 of gar l i c [55] a n d 
decreased i n b e l u g a [57]. G a r l i c p o w d e r at 32 g k g - 1 [42] a n d 30 a n d 40 g k g - 1 s igni f i cant ly 
decreased b l o o d s e r u m A L T a n d A S T ac t iv i ty i n N i l e t i l a p i a [16]. M o r e o v e r , gar l i c p o w d e r 
at the l e v e l s 5 , 10, a n d 15 g k g - 1 i n f e e d d e c r e a s e d the l e v e l of b l o o d s e r u m A L T a n d 
A S T s i g n i f i c a n t l y i n c o m m o n c a r p (Cyprinus carpio) [70]. I n contrast , the i n c l u s i o n of 40 
a n d 50 g k g - 1 of gar l i c p o w d e r s i g n i f i c a n t l y increased b l o o d s e r u m A L T a n d A S T ac t iv i ty 
i n r a i n b o w t r o u t [33]. T h e present s t u d y s h o w e d that the l e v e l s of A L T a n d A S T c a n at 
least be re la ted to f i s h species a n d to h e r b a l m e d i c i n e l e v e l a n d species [68,70] i n the diet , 
s imi la r to p r e v i o u s studies [55,69]. M o r e o v e r , n o s igni f icant difference i n the l e v e l of b l o o d 
s e r u m A L T a n d A S T i n o u r e x p e r i m e n t a l f i sh , i n d i c a t i n g that 10,20, a n d 30 g k g - 1 of garl ic 
p o w d e r i n p e r c h diet were safe doses, as they d i d not d i s t u r b l i v e r f inc t ion , as c o n f i r m e d i n 
the p r e v i o u s s t u d i e s [68,69]. T h e r e d u c t i o n of A L T a n d A S T a c t i v i t y i n the b l o o d s e r u m 
c a n be a t t r ibuted to the a n t i o x i d a n t c o m p o u n d s f o u n d i n gar l i c , i n c l u d i n g S - a l l y l cysteine 
a n d d i a l l y l - d i - s u l f i d e [71] a n d the f l a v o n o i d s r u t i n , t angere t in , a n d n o b i l e t i n [72]. These 
a n t i o x i d a n t c o m p o u n d s h i n d e r fat p e r o x i d a t i o n i n the c e l l m e m b r a n e a n d p r e v e n t A L T 
a n d A S T secret ion in to the b l o o d [55]. 

T r i g l y c e r i d e a n d cho les te ro l w e r e m e a s u r e d as b l o o d s e r u m b i o c h e m i c a l p a r a m e 
ters [55]. W e o b s e r v e d n o s i g n i f i c a n t d i f ferences i n the t r i g l y c e r i d e l eve l s a m o n g g r o u p s , 
w h i l e cho les tero l w a s s i g n i f i c a n t l y l o w e r i n the g a r l i c - f e d g r o u p s . G a r l i c p o w d e r at 5 , 1 0 , 
15, a n d 20 g k g - 1 feed r e d u c e d choles terol a n d t r ig lycer ides i n A s i a n sea bass [13] as w e l l 
as i n r a i n b o w trout at 20 ,30 , a n d 50 g k g - 1 [33]. In contrast, 10 g k g - 1 gar l ic p o w d e r i n feed 
i n c r e a s e d cho les te ro l a n d t r i g l y c e r i d e l eve l s i n s o b a i t y sea b r e a m [5]. A p p a r e n t l y , gar l i c 
s u l p h u r c o m p o u n d s r e d u c e t r i g l y c e r i d e l eve l s i n the b l o o d s e r u m [42]. A l l i c i n is a m a i n 
bioact ive c o m p o u n d f o u n d i n gar l i c that is responsible for h y p o l i p i d e m i a a n d h y p o c h o l e s -
t e r o l e m i a [73] a n d i n h i b i t s cho les te ro l b i o s y n t h e s i s [74]. I n th i s l i n e , o u r resul t s h o w e d 
that gar l i c p o w d e r at the h i g h e r l e v e l of G 3 0 (30 g gar l i c p o w d e r p e r k g feed) s ign i f i cant ly 
decreased b l o o d s e r u m cho les te ro l l e v e l s i n o u r e x p e r i m e n t a l species . I n l i n e w i t h o u r 
s tudy , S h a l a b y et a l . [16] c o n f i r m e d that gar l i c p o w d e r i m p r o v e d n u t r i e n t d i g e s t i b i l i t y , 
S G R % , a n d F C R a n d increased fat d iges t ib i l ty . M o r e o v e r , gar l i c p o w d e r decreased w h o l e 
b o d y fat a n d b l o o d p l a s m a l i p i d s i n N i l e t i l a p i a (O. niloticus). I n a n o t h e r research s t u d y 
that w a s of a s i m i l a r d e s i g n to o u r s , g a r l i c p o w d e r i m p r o v e d S G R , F C R , a n d n u t r i e n t 
d iges t ib i l i ty a n d decreased total b l o o d s e r u m l i p i d s , t r ig lycer ides , a n d cholesterol i n A s i a n 
sea bass [13]. M o r e o v e r , A d i n e h et a l . [21] r e p o r t e d the use of m i c r o e n c a p s u l a t e d gar l i c 
extract at the l e v e l of 10 g k g - 1 feed i n r a i n b o w trout i m p r o v e d S G R % , F C R , a n d n u t r i e n t 
d i g e s t i b i l i t y a n d d e c r e a s e d w h o l e b o d y fat, w h i c h is the s a m e as o u r results . A n o t h e r 
s t u d y s h o w e d that g a r l i c o i l (0.15 g k g - 1 feed) a n d p o w d e r (32 g k g - 1 feed) i n c r e a s e d 
n u t r i e n t d i g e s t i b i l i t y b y i m p r o v i n g S G R % a n d F C R a n d d e c r e a s e d fat a c c u m u l a t i o n i n 
the w h o l e b o d y a n d i n the b l o o d s e r u m t r i g l y c e r i d e s a n d cho les te ro l [42] l i k e o u r s tudy . 
P r e v i o u s s tudies [13,16,21,42] c o n f i r m o u r results a n d h a v e d e m o n s t r a t e d that w h o l e b o d y 
fat a c c u m u l a t i o n , a p p a r e n t fat d i g e s t i b i l i t y , a n d l e v e l s o f b l o o d s e r u m t r i g l y c e r i d e s a n d 
cho les te ro l are re la ted . I n fact, those s t u d i e s c o n f i r m e d that i n c r e a s i n g fat d i g e s t i b i l i t y 
decreases fat a c c u m u l a t i o n i n the w h o l e b o d y a n d reduces b l o o d s e r u m t r ig lycer ides a n d 
cholesterol [16,42]. 

I n the present s t u d y , b l o o d s e r u m a l b u m i n w a s s i g n i f i c a n t l y h i g h e r i n the G 1 0 a n d 
G 2 0 g r o u p s . A l b u m i n has a p r o t e i n structure . A l b u m i n is p r i m a r i l y p r o d u c e d i n the l i v e r 
a n d p r e v e n t s b l o o d f r o m l e a k i n g o u t of b l o o d vessels . A l b u m i n a lso transfers m e d i c i n e s 
a n d other substances across the b l o o d for t issue g r o w t h a n d is u s e d for t issue g r o w t h a n d 
hea l ing [75]. G a r l i c p o w d e r increased b l o o d s e r u m a l b u m i n i n a m u r carp [76] a n d r a i n b o w 
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trout [18]. The i n c l u s i o n of gar l i c p o w d e r at levels of 10 ,20 , a n d 30 g k g - 1 i n b r o w n trout 
feed d i d n o t s i g n i f i c a n t l y increase b l o o d s e r u m a l b u m i n [12], b u t a n increase w a s seen i n 
A s i a n sea bass at the leve l s o f 5 , 1 5 , a n d 20 g k g - 1 f e e d [13]. These d i f ferences i n results 
c a n be re la ted to the gar l i c dose a n d f i s h species as w e l l as feed i n g r e d i e n t c o m p o s i t i o n . 

B l o o d s e r u m p r o t e i n p a r a m e t e r s s p e c i f i c a l l y s h o w the status of f i s h as they react 
to i n t e r n a l a n d e x t e r n a l factors [42]. B l o o d s e r u m p r o t e i n p r o v i d e s energy, creates n e w 
cells , reconstructs m u s c l e s , t ransports other nutr ients s u c h as messengers i n the b o d y , a n d 
s u p p o r t s the i m m u n e s y s t e m [70]. W e d i d n o t f i n d b l o o d s e r u m tota l p r o t e i n to d i f f e r 
a m o n g g r o u p s . This w a s also reported b y Ta lpur a n d I k h w a n u d d i n [13], w h o a d m i n i s t e r e d 
gar l i c p o w d e r to A s i a n sea bass at the leve l s o f 5 , 1 0 , 1 5 , 20 g k g - 1 f e e d , a n d b y N y a a n d 
A u s t i n [17], w h o u s e d 5 a n d 10 g k g - 1 i n the f e e d of r a i n b o w trout . I n contrast , gar l i c 
p o w d e r at 10 g k g - 1 i n the d i e t of s o b a i t y sea b r e a m [55] a n d at 20 g k g - 1 i n b r o w n 
t r o u t [12] i n c r e a s e d b l o o d s e r u m tota l p r o t e i n . T o ta l p r o t e i n i n d i c a t e s i m m u n e s y s t e m 
status [77]. Increased b l o o d s e r u m p r o t e i n i n the g a r l i c g r o u p s c a n be i n t e r p r e t e d as a 
h i g h e r a m o u n t o f a m i n o a c i d s i n the g a r l i c g r o u p s as w e l l as h i g h e r a m o u n t s o f s u l f u r 
c o m p o u n d s i n c l u d i n g S - a l l y l cyste ine s u l f o x i d e [9] a n d a n d s t i m u l a t e l i v e r to synthes ize 
b l o o d s e r u m prote ins [42]. 

P h y t o g e n i e s e n h a n c e the i m m u n e s y s t e m of f i s h [78], b u t i n o u r s t u d y , gar l i c i n the 
diet of p e r c h d i d not i m p r o v e r e s p i r a t o r y b u r s t act ivi ty . T h i s f i n d i n g is i n agreement w i t h 
M a h f o u z et a l . [79], w h o repor ted that 20 g k g - 1 of gar l ic p o w d e r i n N i l e t i l ap ia feed d i d not 
increase respiratory burs t act ivity, w h i c h m a y be related to f i s h species, cu l ture , a n d feeding 
c o n d i t i o n s . R e s p i r a t o r y b u r s t is a latent m e t a b o l i c route i n the cells a n d is ac t ivated u p o n 
p a t h o g e n e x p o s u r e . It d e s t r o y s p a t h o g e n s t h r o u g h the s y n t h e s i s o f p o w e r f u l o x i d i z i n g 
c o m p o u n d s [80]. T h e use of 5 a n d 10 g k g - 1 o f gar l i c p o w d e r i n r a i n b o w t rout increased 
r e s p i r a t o r y b u r s t react ive o x y g e n species [17] a n d 15 g k g - 1 i n A m u r c a r p (Cyprinus 
carpio haematopterus) diets [76] w a s s h o w n to increase respira tory burs t act ivity. Increasing 
s u p e r o x i d e a n i o n p r o d u c t i o n elevates react ive o x y g e n species [14]. T h e a d m i n i s t r a t i o n of 
10 g k g - 1 gar l i c p o w d e r to A s i a n sea bass [13] a n d 0.5 a n d 1 g k g - 1 to r a i n b o w t rout [18] 
increased s u p e r o x i d e a n i o n p r o d u c t i o n (p < 0.05). 

Phagocyt ic ac t iv i ty is cons idered to be a n indica tor of f i s h i m m u n e sys tem ac t iv i ty [81]. 
We d i d not f i n d the i n c l u s i o n of gar l ic p o w d e r i n the diet of E u r a s i a n p e r c h to be associated 
w i t h the p h a g o c y t i c a c t i v i t y o f l y m p h o c y t e s or m y e l o i d cel ls , u n l i k e another reports that 
indicate that gar l i c p o w d e r increased p h a g o c y t i c ac t iv i ty a n d the p h a g o c y t i c i n d e x i n N i l e 
t i l a p i a at 10 a n d 20 g k g - 1 [82], A s i a n sea bass at 20 g k g - 1 [13], a n d r a i n b o w t r o u t at 
10 g k g - 1 [18]. G a r l i c extract (a l l i c in) i n c r e a s e d p h a g o c y t i c a c t i v i t y i n r a i n b o w t r o u t at 5 
a n d 10 g k g " 1 f eed [41]. F i s h species a n d the l e v e l of gar l i c c a n d e t e r m i n e its effect o n the 
i m m u n e s y s t e m . T h e p h a g o c y t i c b o o s t of g a r l i c p o w d e r or g a r l i c extract [18,41] c a n be 
at t r ibuted to the i m m u n o s t i m u l a t o r y effect of c o m p o u n d s s u c h as a l l i c i n [41], g e r m a n i u m , 
a n d l e c t i n [83]. H o w e v e r , the present s t u d y s h o w e d that g a r l i c p o w d e r c a n n o t boos t 
p h a g o c y t i c ac t iv i ty , at least i n p e r c h . A l t h o u g h w e d i d n o t f i n d a s i g n i f i c a n t i m m u n e 
response i n o u r e x p e r i m e n t a l f i s h i n o u r s t u d y , i m m u n e response m a y h a p p e n d u r i n g 
a l o n g e r f e e d i n g t r i a l , at h i g h e r l e v e l s of g a r l i c p o w d e r [14], o r w i t h the use of g a r l i c 
extract i n the d i e t [41]. Ln l i g h t of t h i s , S a h u et a l . [14] m e n t i o n e d that s u p e r o x i d e a n i o n 
p r o d u c t i o n , w h i c h elevates reactive o x y g e n species w a s s igni f i cant ly h igher i n garl ic g r o u p s 
c o m p a r e d to i n c o n t r o l g r o u p s after 20-, 40-, 60- a n d 70-day f e e d i n g tr ia ls . H o w e v e r , the 
l e v e l of s u p e r o x i d e a n i o n p r o d u c t i o n after 60 d a y s w a s h i g h e r t h a n i t w a s at 20, 40, a n d 
70 days . This result s h o w s that i m m u n e response c a n at the v e r y least be related to feeding 
t r i a l d u r a t i o n . 

A m i x t u r e of 200 p p m gar l ic a n d labiatae essential oi ls (Delacon, A u s t r i a ) ( P H Y T O diet) 
d i d not reduce b l o o d p l a s m a Cortisol or g lucose i n E u r o p e a n sea bass [84]. G a r l i c p o w d e r 
at 10, 20, a n d 30 g k g - 1 f e e d i n b r o w n t r o u t [12] a n d at 1, 5, a n d 10 g k g - 1 i n r o h u [14] 
s h o w e d n o s i g n i f i c a n t effect o n s e r u m g l u c o s e , w h i l e i t d e c r e a s e d leve l s o f b l o o d s e r u m 
glucose at 5 , 1 0 , 1 5 , a n d 20 g k g - 1 i n the f e e d of A s i a n sea bass [13] a n d 40 g k g - 1 i n N i l e 
t i l a p i a feed [16]. Z a e f a r i a n et a l . [12] suggested that the eff icacy of gar l i c s u p p l e m e n t a t i o n 
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i n t a k e c a n b e r e l a t e d to c u l t u r e c o n d i t i o n s a n d f i s h species . T h e r e d u c t i o n of g l u c o s e i n 
b l o o d s e r u m c a n b e a t t r i b u t e d to the effect of g a r l i c o r g a n o s u l f u r c o m p o u n d s s u c h as 
a l l i i n ( S - a l l y l cys te ine s u l f o x i d e ) [85] a n d d i a l l y l t r i s u l f i d e [86], w h i c h h a v e b e e n s h o w n 
to s t i m u l a t e i n s u l i n secre t ion i n d iabe t i c m i c e [85] a n d rats [86], respect ive ly . A l t h o u g h 
increasing levels of a m i n o acids elevate i n s u l i n secretion, especial ly i n carn ivorous f i s h [87], 
i n c r e a s i n g b l o o d g lucose levels i n f i s h also elevate i n s u l i n levels [88]. G a r l i c o r g a n o s u l f u r 
c o m p o u n d s increase g l y c e m i c c o n t r o l t h r o u g h e n h a n c e d i n s u l i n secre t ion a n d increase 
i n s u l i n s e n s i t i v i t y [85]. 

B l o o d Cortisol a n d glucose are c o n s i d e r e d p r i m a r y a n d s e c o n d a r y stress indica tors i n 
f i sh [89]. C o r t i s o l is the k e y c i rcu la t ing g l u c o c o r t i c o i d i n f i sh , a n d its l e v e l is ind ica ted b y its 
cytosol ic receptor, w h i c h regulates the express ion of genes i n v o l v e d i n g r o w t h , m e t a b o l i s m , 
a n d i m m u n e f u n c t i o n [90]. C o r t i s o l , a c o m m o n stress i n d i c a t o r increased b l o o d glucose i n 
response to stress [91]. 

I n the present s t u d y , p o s t - c h a l l e n g e , the o b s e r v e d b l o o d s e r u m Cortisol w a s s i g n i f i 
c a n t l y h i g h e r i n a l l o f the g a r l i c g r o u p s c o m p a r e d to the c o n t r o l g r o u p , w h i l e there w a s 
n o di f ference i n the s e r u m leve ls (p > 0.05) a m o n g g r o u p s . E l e v a t e d b l o o d s e r u m glucose 
i n d i c a t e s a h i g h e r stress l e v e l , r e q u i r i n g f i s h to increase e n e r g y e x p e n d i t u r e [92]. A l o n g 
w i t h s e r u m Cortisol, g l u c o s e increases i n response to e n e r g y d e m a n d s [93]. U n d e r stress, 
c a t e c h o l a m i n e s a n d Cortisol exert a n effect o n h e p a t o c y t e s a n d i n d u c e g l y c o l y s i s a n d 
g luconeogenes is , l e a d i n g to a n increase s e r u m glucose [94]. 

A t 24 h post-s tress , the G 3 0 g r o u p s h o w e d l o w e r b l o o d s e r u m Cortisol a n d g l u c o s e 
c o m p a r e d to the o ther g r o u p s (p > 0.05). A t 1, 6, a n d 24 h post-stress , b l o o d s e r u m 
Cortisol w a s l o w e r i n a l l of the g a r l i c g r o u p s c o m p a r e d to the l eve l s i n the c o n t r o l g r p i . 
H i g h - d e n s i t y s t o c k i n g [95], h a n d l i n g [27], heat stress [96], a n d l o w w a t e r p H [66] h a v e 
b e e n r e p o r t e d to increase l e v e l s of Cortisol a n d g l u c o s e i n f i s h . T h e i n c l u s i o n of 2 m g 
n a n o s e l e n i u m a n d 2 p p m g a r l i c extract r e d u c e d b l o o d p l a s m a Cortisol a n d g l u c o s e i n 
grass c a r p (Ctenopharyngodon idella) u n d e r s t o c k i n g d e n s i t y stress [97], w h i l e 200 p p m of 
a m i x t u r e of g a r l i c a n d labiatae essent ia l o i l ( D e l a c o n , A u s t r i a ) ( P H Y T O diet) r e d u c e d 
b l o o d s e r u m Cortisol after 2 h o v e r c r o w d i n g stress b u t d i d n o t s h o w a n y effect o n b l o o d 
glucose (p > 0.05) i n E u r o p e a n sea bass [84]. In the present s tudy, l o w e r Cortisol a n d glucose 
m a y be a t t r ibuted to the b io ac t ive c o m p o u n d s f o u n d i n gar l i c , i n c l u d i n g a l l i i n a n d d i a l l y l 
t r i su l f ide [98], w h i c h w e r e h i g h e r i n the G 3 0 die t c o m p a r e d to i n the other diets [13,21,42]. 

5. Conclusions 

G a r l i c p o w d e r at 10 g k g - 1 d i e t s h o w s b e n e f i c i a l effects o n h a e m a t o l o g y , b l o o d 
b i o c h e m i c a l p a r a m e t e r s , a n d the a p p a r e n t d i g e s t i b i l i t y of n u t r i e n t s i n c l u d i n g fat. T h e 
i n c l u s i o n of gar l i c at 30 g k g - 1 i m p r o v e d w h o l e - b o d y p r o t e i n c o m p o s i t i o n a n d increased 
resistance against h i g h - d e n s i t y a n d net h a n d l i n g stress i n E u r o p e a n p e r c h . 

F u r t h e r research s h o u l d i n c l u d e g a r l i c A. sativum p o w d e r i n the die ts of E u r o p e a n 
p e r c h of d i f fe rent s izes a n d d e v e l o p m e n t a l stages to e v a l u a t e g r o w t h p e r f o r m a n c e a n d 
h a e m a t o l o g i c a l a n d i m m u n o l o g i c a l p a r a m e t e r s , i n c l u d i n g d i g e s t i v e e n z y m e s a n d l i v e r 
a n t i o x i d a n t ac t iv i ty . W e sugges t f u r t h e r s t u d y to i d e n t i f y b i o a c t i v e c o m p o u n d s i n gar l i c 
that are effective i n i m m u n e - r e l a t e d gene express ion . 

Author Contributions: Conceptualization, M . Z . and V.S.; methodology, M . Z . and H.Q.T. ; data cura-
tion, M . Z . ; formal analysis, M . Z . , H.Q.T. , and M.P. ; funding acquisition, V.S., project administration, 
V.S., validation, M . Z . and V.S., wri t ing—original draft preparation, M . Z . and V S . ; wri t ing—review 
and editing, a l l the authors. A l l authors have read and agreed to the publ ished version of the 
manuscript. 

Funding: Study was financially supported by the Minis t ry of Agriculture of the Czech Republic by 
N A Z V project (QK1810296). 

Institutional Review Board Statement: The experimental procedures were performed under guide
lines of the European Communities Directive (No. 2010/63/EU) on the protection of animals used for 
scientific purposes and have been approved by the Czech Minis t ry of Health (MSMT-6744/2018-2). 

- 76-



Garlic Allium sativum powder in Eurasian 
perch Perca fluviatilis juveniles diet 

Animals 2021,11,2735 15 of 18 

Data Availability Statement: The data presented i n this research is available on request from the 
corresponding author. 

Acknowledgments: We thank to Tomáš Korytár, Pavel Šablatura, Jan Matoušek, Jan Dofek, and 
Marcell in Rutegwa, for their help wi th this study, which was financially supported by the Ministry of 
Agriculture of the Czech Republic by N A Z V project (QK1810296). 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Gr i f f in , W.; Wang, W.; de Souza, M . C . The sustainable development goals and the economic contribution of fisheries and 
aquaculture. FAO Aquae. Newsl. 2019, 60, 51-52. 

2. D a w o o d , M . A . ; Koshio , S. Recent advances in the role of probiotics and prebiotics i n carp aquaculture: A review. Aquaculture 
2016, 454,243-251. [CrossRef] 

3. Yan, J.; G u o , C ; D a w o o d , M . A . O . ; Gao, J. Effects of dietary chitosan on growth, l i p i d metabolism, immune response and 
antioxidant-related gene expression in Misgurnus anguillicaudatus. Benef. Microbes. 2017, 8, 439-449. [CrossRef] 

4. Citarasu, T. Herbal biomedicines: A new opportunity for aquaculture industry. Aquae. Int. 2010,18,403-414. [CrossRef] 
5. Jennings, S.; Stentiford, G . D . ; Leocadio, A . M . ; Jeffery, K.R. ; Metcalfe, J.D.; Katsiadaki , J.D.I.; Auchterlonie , N . A . ; M a n g i , S.C.; 

Pinnegar, J.K.; Ellis, T.; et al. Aquatic food security: Insights into challenges and solutions from an analysis of interactions between 
fisheries, aquaculture, food safety, human health, fish and human welfare, economy and environment. Fish Fish. 2016,17, 893-938. 
[CrossRef] 

6. Santhosha, S.; Jamuna, P.; Prabhavathi, S .N. Bioactive components of garlic and their physiological role i n health maintenance: A 
review. Food Biosci. 2013,3,59-74. [CrossRef] 

7. Firmino, J.P.; Galindo-Villegas, J.; Reyes-Lo'pez, E E . ; Gisbert, E. Phytogenic bioactive compounds shape fish mucosal immunity. 
Front. Immunol. 2021,12, 695973. [CrossRef] 

8. Lawson, L . D . Garlic: A review of its medicinal effects and indicated active compounds. In Phytomedicines of Europe: Chemistry and 
Biological Activity; Lawson, L.S., Bauer, R., Eds.; American Chemical Society: Washington, D C , U S A , 1998; pp . 176-209. 

9. Sasaki, J.; L u , C ; Machiya , E.; Tanahashi, M . ; Hamada , K . Processed black garlic (Allium sativum) extracts enhance anti-tumor 
potency against mouse tumors. Med. Aromat. Plant Sci. Biotechnol. 2007, 2, 278-281. 

10. X u , A . ; Shang-Guan, J.; L i , Z . ; Gao, Z . ; H u a n g , Y ; Chen, Q. Effects of garlic powder on feeding attraction activity, growth and 
digestive enzyme activities of Japanese seabass, Lateolabrax japonicus. Aquae. Nutr. 2020, 26, 390-399. [CrossRef] 

11. Bi iyukdeveci , M . E . ; Balcázar, J.L.; Demirkale, L ; Suat D i k e l , S. Effects of garlic-supplemented diet on growth performance and 
intestinal microbiota of rainbow trout (Oncorhynchus mykiss). Aquaculture 2018, 486,170-174. [CrossRef] 

12. Zaefarian, A . ; Yeganeh, S.; A d h a m i , B. Dietary effects of garlic powder (Allium sativum) on growth, b lood indices, carcass 
composition, and lysozyme activity i n b r o w n trout (Salmo caspius) and resistance against Yersinia ruckeri infection. Aquae. Int. 
2017,25,1987-1996. [CrossRef] 

13. Talpur, A . D . ; Ikhwanuddin, M . Dietary effects of garlic (Allium sativum) on haemato-immunological parameters, survival, growth, 
and disease resistance against Vibrio harveyi infection i n A s i a n sea bass, hates calcarifer (Bloch). Aquaculture 2012, 364, 6-12. 
[CrossRef] 

14. Sahu, S.; Das, B.K. ; M i s h r a , B .K. ; Pradhan, J.; Sarangi, N . Effect of Allium sativum on the immuni ty and survival of Labeo rohita 
infected w i t h Aeromonas hydrophila. ]. Appl. Ichthyol. 2007, 23, 80-86. [CrossRef] 

15. Esmaeili, M . ; Abedian Kenari, A . ; Rombenso, A . N . Effects of fish meal replacement w i t h meat and bone meal using garlic (Allium 
sativum) powder on growth, feeding, digestive enzymes and apparent digestibility of nutrients and fatty acids in juvenile rainbow 
trout (Oncorhynchus mykiss Walbaum, 1792). Aquae. Nutr. 2017, 23,1225-1234. [CrossRef] 

16. Shalaby, A . M . ; Khattab, Y.A. ; A b d e l Rahman, A . M . Effects of garlic (Allium sativum) and chloramphenicol on growth performance, 
physiological parameters and survival of N i l e ti lapia (Oreochromis niloticus). ]. Venom. Anim. Toxins Inci. Trop. Dis. 2006, 12, 
172-201. [CrossRef] 

17. N y a , E.J.; A u s t i n , B. Development of immunity i n rainbow trout (Oncorhynchus mykiss, Walbaum) to Aeromonas hydrophila after 
the dietary application of garlic. Fish Shellfish Immunol. 2011, 30, 845-850. [CrossRef] 

18. N y a , E.J.; Aust in , B. Use of garlic, Allium sativum, to control control Aeromonas hydrophila infections i n rainbow trout, Oncorhynchus 
mykiss (Walbaum). J. Fish Dis. 2009,32,963-970. [CrossRef] [PubMed] 

19. Esmaeili , M . ; Abedian Kenari , A . ; Rombenso, A . Immunohematological status under acute ammonia stress of juvenile rainbow 
trout (Oncorhynchus mykiss Walbaum, 1792) fed garlic (Allium sativum) powder-supplemented meat and bone meal-based feeds. 
Comp. Clin. Path. 2017,26, 853-866. [CrossRef] 

20. Abdel -Tawwab, M . ; K h a l i l , R . H . ; Diab, A . M . ; Khallaf , M . A . ; Abdel -Razek, N . ; Abdel-Lat i f , H . M . ; Khal i fa , E. Dietary garlic 
and chitosan enhance the antioxidant capacity, immunity, and modulate the transcription of HSP70 and Cytokine genes i n 
Zearalenone-intoxicated European seabass. Fish Shellfish Immunol. 2021,113, 3 5 ^ 1 . [CrossRef] 

21. A d i n e h , H ; Harsi j , M . ; Jafaryan, H ; A s a d i , M . The effects of microencapsulated garlic (Allium sativum) extract on growth 
performance, body composition, immune response and antioxidant status of rainbow trout (Oncorhynchus mykiss) juveniles. /. 
Appl. Anim. Res. 2020, 48, 372-378. [CrossRef] 

- 77-



Animals 2021, 22, 2735 16 of 18 

22. Lee, J.Y.; Gao, Y. Review of the A p p l i c a t i o n of Garl ic , Allium sativum, i n Aquaculture. /. World Aquae. Soc. 2012, 43, 447-458. 
[CrossRef] 

23. Policar, T.; Samarin, A . M . ; Mélard, C . Culture methods of Eurasian perch d u r i n g on growing. In Biology and Culture ofPercid 
Fishes: Principles and Practices; Kestemont, P., Dabrowski , K . , Summerfelt, R.C. , Eds.; Springer: Dordrecht, The Netherlands, 2015; 
pp. 417-435. 

24. Ozerov, M.Y. ; A h m a d , E ; Gross, R.; Pukk, L. ; Kahar, S.; Kisand, V.; Vasemägi, A . H i g h l y continuous genome assembly of Eurasian 
perch (Perca fluviatilis) using linked-read sequencing. G3 2018, 8, 3737-3743. [CrossRef] 

25. Stejskal, V.; Kouřil, J.; Valentova, O. ; Hamáčková, J.; Policar, T. Size-related oxygen consumption and ammonia excretion of 
Eurasian perch (Perca fluviatilis L.) reared i n a recirculating system. Aquae. Res. 2009, 42,135-142. [CrossRef] 

26. Strand, A . ; Magnhagen, C ; Alanärä, A . Effects of repeated disturbances on feed intake, growth rates and energy expenditures of 
juvenile perch, Perca fluviatilis. Aquaculture 2007,265,163-168. [CrossRef] 

27. Acerete, L . ; Balasch, J . C ; Espinosa, E.; Josa, A . ; Tort, L . Physiological responses i n Eurasian perch (Perca fluviatilis, L.) subjected to 
stress by transport and handling. Aquaculture 2004, 237,167-178. [CrossRef] 

28. Association of Official Ana ly t i ca l Chemists ( A O A C ) . Official Methods of Analysis, 16th ed.; Associat ion of Official Analyt i ca l 
Chemists: Washington, D C , U S A , 2005. 

29. Hara , A . ; Radin, N.S. L i p i d extraction of tissues w i t h a l o w toxicity solvent. Anal. Biochem. 1987, 90, 420^26. [CrossRef] 
30. Zajic, T.; M r a z , J.; Samples, S.; Pickova, J. Fillet quality changes as a result of purging of common carp (Cyprinus carpio L.) w i t h 

special regard to weight loss and l i p i d profile. Aquaculture 2013, 400,111-119. [CrossRef] 
31. Vandenberg, G.W.; De La Noi ie , J. Apparent digestibility comparison in rainbow trout (Oncorhynchus mykiss) assessed using three 

methods of faeces collection and three digestibility markers. Aquae. Nutr. 2001, 7, 237-245. [CrossRef] 
32. A w a d , E.; Aust in , D. ; Lyndon, A . R Effect of black cumin seed oi l (Nigella saliva) and nettle extract (Quercetin) on enhancement of 

immunity i n rainbow trout, Oncorhynchus mykiss (Walbaum). Aquaculture 2013, 388,193-197. [CrossRef] 
33. Mohebbi , A . ; Nematollahi , A . ; Dorcheh, E.E.; A s a d , E G . Influence of dietary garlic (Allium sativum) on the antioxidative status of 

rainbow trout (Oncorhynchus mykiss). Aquae. Res. 2012, 43,1184—1193. [CrossRef] 
34. Korytár, T.; Thi , H . D . ; Takizawa, E ; Kôllner, B. A multicolour flow cytometry identifying defined leukocyte subsets of rainbow 

trout (Oncorhynchus mykiss). Fish Shellfish Immunol. 2013, 35,2017-2019. [CrossRef] 
35. Biswas, G . ; Korenaga, H ; Nagamine, R.; Takayama, H ; Kawahara, S.; Takeda, S.; K i k u c h i , Y.; Dashnyam, B.; Kono , T.; Sakai, M . 

Cytokine responses in the Japanese pufferfish (Takifugu rubripes) head kidney cells induced w i t h heat-killed probiotics isolated 
from the Mongol ian dairy products. Fish Shellfish Immunol. 2013, 34,1170-1177. [CrossRef] [PubMed] 

36. Zaineldin, A . I . ; Hegazi , S.; Koshio, S.; Ishikawa, M . ; Bakr, A . ; El-Keredy, A . M . S . ; Dawood, M . A . O . ; Dossou, S.; Wang, W.; Yukuna, 
Z . Bacillus subtilis as probiotic candidate for red sea bream: G r o w t h performance, oxidative status, and immune response traits. 
Fish Shellfish Immunol. 2018, 79, 303-312. [CrossRef] [PubMed] 

37. M o r i m o t o , T ; Biswas, G . ; Kono , T ; Sakai, M . ; H i k i m a , J. Immune responses i n the Japanese pufferfish (Takifugu rubripes) head 
kidney cells stimulated w i t h particulate silica. Fish Shellfish Immunol. 2016, 49, 84-90. [CrossRef] [PubMed] 

38. D i Marco , P.; Pr ior i , A . ; Finoia, M . G . ; Massari , A . ; M a n d i c h , A . ; M a r i n o , G . Physiological responses of European sea bass 
Dicentrarchus labrax to different stocking densities and acute stress challenge. Aquaculture 2008, 275, 319-328. [CrossRef] 

39. írkin, L . C . ; Yigit , M . The use of garlic (Allium sativum) meal as a natural feed supplement in diets for European seabass 
(Dicentrarchus labrax) juveniles. /. Aquae. Eng. Fish. Res. 2015, 2,128-141. [CrossRef] 

40. Saleh, N . E . ; Michae l , F .R ; Toutou, M . M . Evaluat ion of garlic and onion powder as phyto-additives i n the diet of sea bass 
(Dicentrarcus labrax). Egypt. J. Aquat. Res. 2015,41, 211-217. [CrossRef] 

41. N y a , E.J.; Dawood, Z . ; Aust in , B. The garlic component, allicin, prevents disease caused by Aeromonas hydrophila in rainbow trout, 
Oncorhynchus mykiss (Walbaum). /. Fish Dis. 2010, 33,293-300. [CrossRef] 

42. Metwal ly , M A A . Effects of Garl ic (Allium sativum) on Some Ant ioxidant Activit ies i n Tilapia Ni lo t i ca (Oreochromis niloticus). 
World J. Fish Mar. Sci. 2009,1, 56-64. 

43. Pait, A .S . ; Nelson, J.O. Vitellogenesis in male Fundulus heteroclitus (Killifish) induced by selected estrogenic compounds. Aquat. 
Toxicol. 2003, 64, 331-342. [CrossRef] 

44. Lee, D . - H ; Ra, C.-S.; Song, Y . - H ; Sung, K . - L ; K i m , J.-D. Effects of dietary garlic extract on growth, feed utilization and whole body 
composition of juvenile sterlet sturgeon (Acipenser ruthenus). Asian-australas. ]. Anim. Sci. 2012,25, 577-583. [CrossRef] [PubMed] 

45. Lee, D . H . ; L i m , S.R.; H a n , J.J.; Lee, S.W.; Ra, C.S.; K i m , J.D. Effects of dietary garlic powder on growth, feed uti l izat ion and 
whole-body composition changes i n fingerling Sterlet Sturgeon, Acipenser ruthenus. Asian-australas. ]. Anim. Sci. 2014, 25, 577-583. 
[CrossRef] 

46. H w a n g , J . - H ; Lee, S.-W.; Rha, S.-J.; Yoon, H.-S. ; Park, E.-S.; H a n , K . - H ; K i m , S.-J. Dietary green tea extract improves growth 
performance, body composition, and stress recovery in the juvenile black rockfish, Sebastes schlegeli. Aquae. Int. 2013,21, 525-538. 
[CrossRef] 

47. Froese, R.; Tsikliras, A . C . ; Stergiou, K.I. Editorial note on weight-length relations of fishes. Acta Ichthyol. Piscat. 2011, 42,261-263. 
[CrossRef] 

48. Kaur, H ; A n s a l , M . D . Efficacy of garlic powder as a growth promoting feed additive for higher growth and i m p r o v e d flesh 
quality i n an Indian major carp, Labeo rohita (Ham.) fingerlings. /. Entomol. 2020, 8, 25-29. 

49. Platel, K ; Srinivasan, K . Digestive stimulant action of spices: A m y t h or reality? Indian ]. Med. Res. 2004, 229,167-179. 

- 78-



Garlic Allium sativum powder in Eurasian 
perch Perca fluviatilis juveniles diet 

Animals 2021,11, 2735 17 of 18 

50. Ajiboye, O.O. ; Yakubu, A.F. ; Simpa, J.O.; Balogun, S.A. Effect of garlic-supplemented diets on growth response, survival , nutrient 
util ization and body composition of monosex Tilapia zillii. World ]. Fish Mar. Sci. 2016, 8,115-122. 

51. Platel, K. ; Srinivasan, K. Stimulatory influence of select spices on bile secretion i n rats. Nutr. Res. 2000, 20,1493-1503. [CrossRef] 
52. H y l e m o n , P.B.; Z h o u , H . ; Pandak, W . M . ; Ren, S.; G i l , G . ; Dent, P. Bile acids as regulatory molecules. /. Lipid Res. 2009, 50, 

1509-1520. [CrossRef] 
53. Barrows, F.T.; G a y l o r d , T.G. ; Sealey, W . M . ; Smith, C .E . ; Porter, L . Supplementation of plant-based diets for rainbow trout 

(Oncorhynchus mykiss) w i t h macro-minerals and inositol. Aquae. Nutr. 2010,16, 654-661. [CrossRef] 
54. Lee, S . - M . Apparent digestibility coefficients of various feed ingredients for juvenile and grower rockfish (Sebastes schlegeli). 

Aquaculture 2002,207, 79-95. [CrossRef] 
55. Jahanjoo, V.; Yahyavi , M . ; A k r a m i , R.; Bahri , A . H . Influence of adding garlic (Allium sativum), ginger (Zingiber officinale), thyme 

(Thymus vulgaris) and their combination on the growth performance, haemato-immunological parameters and disease resistance 
to Photobacterium damselae in sobaity sea bream (Sparidentex hasta) fry. Turkish ]. Fish. Aquat. Sci. 2018,18, 633-645. 

56. Fazio, F. Fish haematology analysis as an important tool of aquaculture: A review. Aquaculture 2019, 500, 237-242. [CrossRef] 
57. Kanani , H . G . ; Nobahar, Z . ; Kakoolaki , S.; Jafarian, H . Effect of ginger- and garlic-supplemented diet on growth performance, 

some hematological parameters and immune responses in juvenile Huso huso. Fish Physiol. Biochem. 2014, 40,481^90. [CrossRef] 
[PubMed] 

58. Press, C M . ; Evensen, 0 . The morphology of the immune system i n teleost fishes. Fish Shellfish Immunol. 1999, 9, 309-318. 
[CrossRef] 

59. Mbokane , E . M . ; M o y o , N . A . G . Effect of dietary Artemisia afra on growth, some innateimmunological parameters in Clarias 
gariepinus challenged w i t h Aeromonas hydrophila. Aquae. Int. 2020,28, 539-553. [CrossRef] 

60. Witeska, M . Erythrocytes in teleost fishes: A review. Zool Ecol. 2013, 23, 275-281. [CrossRef] 
61. Scapigliati, G . Functional aspects of fish lymphocytes. Dev. Comp. Immunol. 2013, 41, 200-208. [CrossRef] [PubMed] 
62. Crowhurst, M . O . ; Layton, J.E.; Lieschke, G.J. Developmental biology of zebrafish myeloid cells. Int. ]. Dev. Biol. 2002, 46,483^92. 
63. Lieschke, G . ; Trede, N . Fish immunology. Curr. Biol. 2009,19, R678-R682. [CrossRef] 
64. Barcellos, L.J .G. ; Kreutz , L . C . ; Souza, C ; Rodriguez, L .B. ; Fioreze, I.; Quevedo, R . M . ; Cericato, L . ; Soso, A . B . ; Fagundes, M . ; 

Conrad, J.; et al. Haematological changes i n jundia (Rhamdia quelen) after acute and chronic stress caused by usual aquacultural 
management, w i t h emphasis on immunosuppressive effects. Aquaculture 2004, 237, 229-236. [CrossRef] 

65. Battisti, E .K. ; Rabaioli , A . ; Uczay, J.; Sutil i , F.J.; Lazzar i , R. Effect of stocking density on growth, hematological and biochemical 
parameters and antioxidant status of silver catfish (Rhamdia quelen) cultured i n a biofloc system. Aquaculture 2020, 524, 735213. 
[CrossRef] 

66. Chan , T.L.; Roy, S.D.; Sharma, A . ; Biswas, P.; S iddhya, G . M . ; Das, A . Antistress potential of acetone extract of Zingiber officinale 
Roscoe on biochemical and oxidative stress parameters i n Labeo calbasu (Hamil ton, 1822) fingerlings subjected to acid stress. 
Indian }. Fish. 2014, 61, 69-77. 

67. A k r a m i , R.; Gharaei, A . ; Karami, R. Age and sex specific variation in hematological and serum biochemical parameters of Beluga 
(Huso huso Linnaeus, 1758). Int. J. Aquat. Biol. 2013,1,132-137. 

68. Abdelwahab, A . M . ; El-Bahr, S .M. ; Al-Khamees, S. Influence of dietary garlic (Allium sativum) and/or ascorbic acid on performance, 
feed utilization, body composition and hemato-biochemical parameters of juvenile A s i a n Sea Bass (Lates calcarifer). Animals 2020, 
10,2396. [CrossRef] 

69. Abdelwahab , A . ; El-Bahr, S. Influence of black c u m i n seeds (Nigella sativa) and turmeric (Curcuma longa Linn.) mixture on 
performance and serum biochemistry of A s i a n sea bass, Lates calcarifer. World ]. Fish Mar. Sci. 2012, 4,496-503. 

70. Yousefi, M . ; Vatnikov, Y.A. ; Kulikov, E.V.; Plushikov, V.G. ; Drukovsky, S.G.; Hoseinifar, S .H. ; Van Doan, H . The protective effects of 
dietary garlic on common carp (Cyprinus carpio) exposed to ambient ammonia toxicity. Aquaculture 2020, 526, 735400. [CrossRef] 

71. Amagase, H ; Petesch, B.L. ; Matsuura, H ; Kasuga, S.; Itakura, Y. Recent advances on the nutritional effects associated w i t h the 
use of garlic as a supplement intake of garlic and its bioactive components. /. Nutr. 2001,131, 955S-962S. [CrossRef] [PubMed] 

72. Berginc, K . ; Mi l i sav , I.; Kr i s t l , A . Garl ic flavonoids and organosulfur compounds: The impact on saqunavir's and darunavir 's 
hepatic pharmacokinetics. Drug Metab. 2010,25, 521-530. [CrossRef] [PubMed] 

73. L i u , L . ; Yeh, Y.-Y. S-alk (en) y l cysteines of garlic inhibit cholesterol synthesis by deactivating H M G - C o A reductase in cultured rat 
hepatocytes. /. Nutr. 2002,132,1129-1134. [CrossRef] [PubMed] 

74. Yamamoto, Y ; Oue, E. Antihypertensive effect of quercetin i n rats fed wi th a high-fat high-sucrose diet. Biosci. Biotechnol. Biochem. 
2006, 70, 933-939. [CrossRef] 

75. Dhinaa, A . N . ; Palanisamy, P.K. Z-Scan technique: To measure the total protein and a lbumin i n b lood. /. Biomed. Eng. 2010, 3, 
285-290. [CrossRef] 

76. Chesti, A . ; Chauhan, R.S.; Khat i , A . Evaluation of immunostimulatory effect of dietary garlic (Allium sativum) in fingerlings of 
A m u r carp, (Cyprinus carpio haematopterus). ]. Pharm. Innov. 2018, 7, 375-379. 

77. Jha, A . K . ; Pal , A . K . ; Sahu, N.P. ; Kumar, S.; Mukherjee, S.C. Haemato-immunological responses to dietary yeast R N A , w-3fatty 
acid and beta-carotene in Catla catla juveniles. Fish Shellfish Immunol. 2007,23, 917-927. [CrossRef] [PubMed] 

78. Van H a i , N . The use of medicinal plants as immunostimulants i n aquaculture: A review. Aquaculture 2015, 446, 88-96. [CrossRef] 
79. Mahfouz , N . B . ; Fathi, M . ; Zead, M . Y . A . ; Mesalhy, S. Effect of garlic and yeast in the culture of N i l e tilapia (Oreochromis niloticus). 

Abbassa Int. J. Aquae. 2009, 4, 453^465. 

- 79-



Animals 2021, 22, 2735 18 of 18 

80. Dale, D . C . ; Boxer, L . ; Liles, W . C . The phagocytes: Neutrophils and monocytes. Blood 2008,112, 935-945. [CrossRef] [PubMed] 
81. Abarike, E.D.; Kuebutornye, F.K.; Jian, J.; Tang, J.; L u , Y.; Cai , J. Influences of immunostimulants on phagocytes i n cultured fish: A 

m i n i review. Rev. Aquae. 2019,11,1219-1227. [CrossRef] 
82. Diab, A . M . ; Saker, O. ; Eldakroury, M . ; Elseify, M . Effects of garlic (Allium sativum) and curcumin (Turmeric, Curcuma longa Linn) 

on N i l e tilapia immunity. Vet. Med. ].-Giza 2014, 60,1-19. 
83. Magnadöttir, B. Innate immunity of fish (overview). Fish Shellfish Immunol. 2006,20,137-151. [CrossRef] 
84. Serradell, A . ; Torrecillas, S.; M a k o l , A . ; Valdenegro, V.; Fernandez-Montero, A . ; Acosta, E ; Izquierdo, M.S. ; Montero, D . Prebiotics 

and phytogenies functional additives in low fish meal and fish oi l based diets for European sea bass (Dicentrarchus labrax): Effects 
on stress and immune responses. Fish Shellfish Immunol. 2020,100, 219-229. [CrossRef] [PubMed] 

85. Zhai , B.; Zhang, C ; Yao, S.; Zhao, C ; He, X. ; X u , W.; Huang, K.; Luo, Y. Hypoglycemic and hypolipidemic effect of S-allyl-cysteine 
sulfoxide (alliin) in DIO mice. Sei. Rep. 2018, 8, 3527. [CrossRef] [PubMed] 

86. L i u , C T . ; Hse, H . ; L i i , C . K . ; Chen, P.S.; Sheen, L.Y. Effects of garlic o i l and dia l ly l trisulfide on glycemic control in diabetic rats. 
Eur. }. Pharmacol. 2005,516,165-173. [CrossRef] 

87. Navarro , I.; Rojas, P.; Capi l la , E.; Albalat , A . ; Casti l lo, J.; Montserrat, N ; C o d i n a , M . ; Gutierrez, J. Insights into insul in and 
glucagon responses i n fish. Fish Physiol. Biochem. 2002, 27, 205-216. [CrossRef] 

88. M o o n , T.W. Glucose intolerance i n teleost fish: Fact or fiction? Comp. Biochem. Physiol. B Biochem. Mol. Biol. 2001,129, 243-249. 
[CrossRef] 

89. Santos, G ; Schrama, J.; Mamauag, R ; Rombout, J.; Verreth, J. Chronic stress impairs performance, energy metabolism and welfare 
indicators in European seabass (Dicentrarchus labrax): The combined effects of fish crowding and water quality deterioration. 
Aquaculture 2010,299,73-80. [CrossRef] 

90. Fought, E.; Vijayan, M . M . Mechanisms of Cortisol action i n fish hepatocytes. Comp. Biochem. Physiol. B Biochem. Mol. Biol. 2016, 
199,136-145. [CrossRef] 

91. Barton, B .C. Stress in fishes: A diversity of responses w i t h particular reference to changes i n circulating corticosteroids. Integr. 
Comp. Biol. 2002, 42, 517-525. [CrossRef] [PubMed] 

92. Kavi tha , C ; M a l a r v i z h i , A . ; Senthil K u m a r a n , S.; Ramesh, M . Toxicological effects of arsenate exposure on hematological, 
biochemical and l iver transaminases activity i n an Indian major carp. Carla catla. Food Chem. Toxicol. 2010, 48, 2848-2854. 
[CrossRef] 

93. Yousefi, M . ; Paktinat, M . ; M a h m o u d i , N . ; Perez-Jimenez, A . ; Hoseini, S .M. Serum biochemical and non-specific immune responses 
of rainbow trout (Oncorhynchus mykiss) to dietary nucleotide and chronic stress. Fish Physiol. Biochem. 2016, 42, 1417-1425. 
[CrossRef] [PubMed] 

94. M a k v a n d i , H . ; K h o d a d a d i , M . ; Keyvanshokoh, S.; M a k v a n d i , Z . M . Effect of salinity stress on Cortisol hormone and glucose in 
Grass carp fingerlings (Ctenopharyngodon idella). Int. ]. Aquae. Fish Sei. 2012, 2, 77-84. 

95. Odhiambo, E.; A n g i e n d a , P.O.; Okoth , P.; Qnyango, D . Stocking density induced stress on plasma Cortisol and whole b lood 
glucose concentration i n N i l e tilapia fish (Oreochromis niloticus) of lake Victoria, Kenya. Int. ]. Tool. 2020,2020, 9395268. [CrossRef] 

96. D a w o o d , M . A . ; Eweedah, N . M . ; El-Sharawy, M . E . ; A w a d , S.S.; Van Doan, H . ; Paray, B . A . Dietary white button mushroom 
i m p r o v e d the growth, immunity , antioxidative status and resistance against heat stress i n N i l e t i lapia (Oreochromis niloticus). 
Aquaculture 2020,530, 735229. [CrossRef] 

97. Adineh , H ; Naderi , M . ; Af ieh Nazer, A . ; Yousefi, M . ; Ahmadifar, E. Interactive effects of stocking density and dietary supplemen
tation w i t h N a n o selenium and garlic extract on growth, feed uti l ization, digestive enzymes, stress responses, and antioxidant 
capacity of grass carp, Ctenopharyngodon Idella. ]. World Aquae. Soc. 2020, 48, 372-378. [CrossRef] 

98. H a n , J.; L a w s o n , L . ; H a n , G ; H a n , P. Spectrophotometric method for quantitative determination of al l ic in and total garlic 
thiosulfinates. Anal. Biochem. 1995,225,157-160. [CrossRef] [PubMed] 

-80-



CHAPTER 5 

GENERAL DISCUSSION 
ENGLISH SUMMARY 
CZECH SUMMARY 
ACKNOWLEDGEMENTS 
LIST OF PUBLICATIONS 
TRAINING AND SUPERVISION PLAN DURING THE STUDY 
CURRICULUM VITAE 

-81 -





General discussion 

General discussion 

Growth performance 

The optimization of aquaculture practices aims to improve the growth performance and 
reduce the associated production costs through the minimization of the feed conversion 
ratio (FCR), which quantifies the amount of feed required to produce a unit of fish biomass. 
A reduction in the FCR leads to an increase in production efficiency and profitability (Esmaeili 
et al., 2021). The present study investigated the efficacy of supplementing rainbow trout feed 
with 30 g/kg of nettle leaf powder for a duration of eight weeks, with a focus on determining 
the effects on final body weight (FBW), weight gain (WG), weight gain percent (WG%), and 
specific growth rate percent (SGR%). While significant improvements in FBW, WG, WG%, and 
SGR% were observed, no significant changes were observed in the feed conversion ratio FCR 
(Zare et al., 2021a). 

In previous studies, nettle leaf powder has been investigated as a potential feed additive 
to enhance the growth performance of rainbow trout. Awad et al. (2012) reported that the 
inclusion of 10 or 20 g/kg of nettle leaf powder in rainbow trout feed for eight weeks resulted 
in improved WG and SGR%, but no significant changes were observed in FCR. Similarly, our 
study found that adding 30 g/kg of nettle leaf powder to rainbow trout feed for eight weeks 
resulted in increased FBW, WG, WG%, and SGR%, while FCR remained unchanged (Zare et al., 
2021a). 

Furthermore, Mehrabi and Firouzbakhsh (2020) and Mehrabi et al. (2020) investigated the 
effects of administering 5 g/kg of nettle leaf powder in rainbow trout feed for four and eight 
weeks, respectively, based on 3% of the biomass. Their results showed improved WG, SGR%, 
and FCR. Similarly, Bilen et al. (2016) studied the effects of administering methanol extract of 
nettle at levels of 0.1 and 0.5 g/kg diet in rainbow trout for four weeks based on ad libitum 
feeding which improved FBW, WG%, FCR, and SGR%. Adel et al. (2017) also investigated the 
effects of adding 30 g/kg ethanol extract of nettle aerial part to rainbow trout feed for eight 
weeks based on 3% of biomass and found improved WG, FCR, and SGR%. 

Rainbow trout fed with feed containing 10 or 20 g/kg of nettle leaf powder for eight weeks 
showed improved WG and SGR%, but no significant effect was observed on FCR (Awad et al., 
2012) the same as our result on rainbow trout (Zare et al., 2021a). Besides, administration 
of 5 g/kg feed nettle powder improved WG, SGR%, and FCR in rainbow trout after four weeks 
(Mehrabi and Firouzbakhsh, 2020) and eight weeks (Mehrabi et al., 2020) feeding trial based 
on 3% of biomass (Mehrabi and Firouzbakhsh, 2020; Mehrabi et al., 2020). Additionally, 
methanol extract of nettle at levels 0.1 and 0.5 g/kg diet in rainbow trout diet based on ad 
libitum for four weeks (Bilen et al., 2016), and 30 g/kg feed ethanol extract of nettle aerial 
part for eight weeks feeding trial based on 3% of biomass (Adel et al., 2017) improved growth 
performance as well as our results (Zare et al., 2021a) (Chapter 2 and 3). 

The literature indicates that several factors can influence growth performance outcomes 
in fish, including feed palatability, adaptation, feeding trial duration, fish size (Ngugi et al., 
2015; Nobahar et al., 2015), medicinal plants' bioactive and antinutritional compounds 
(Rutto et al., 2013; Grauso et al., 2020). Nettle bioactive compounds, such as flavonoids, 
have been identified, including kaempferol, quercitrin, and quercetin (Jan et al., 2017), which 
can enhance feed palatability (Awad et al., 2012) and significantly reduce FCR (Mehrabi et 
al., 2020). Additionally, the use of nettle powder at a level of 20 g/kg feed has been shown 
to enhance the activity of the main digestive enzyme, pepsin, in the stomach. Pepsin is an 
acidic protease that regulates feed protein digestion by breaking down proteins into smaller 
peptides (Zhao et al., 2011). Furthermore, phenolic compounds such as vanillic acid (Grauso 
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et al., 2020) and amino acids (Rutto et al., 2013) have been found to improve feed palatability 
and increase feed intake and digestibility in both warm-water (Ngugi et al., 2015) and cold-
water fish species (Adel et al., 2017). Nettle bioactive compounds have also been found to 
modulate the colonization of different bacterial species in the gut of fish (Van Hai, 2015), 
enhance digestive enzymes activity (Awad et al., 2012), and increase carbohydrate, lipid, and 
protein metabolism (Zare et al., 2021a) (Chapter 3). 

The effects of plant-based additives on the growth performance offish can vary depending on 
several factors, such as the type of plant material (Gholamhosseini et al., 2021), concentration, 
and duration of the feeding trial, as well as the species and size of the fish Mbokane and Moyo, 
2018; Mbokane and Moyo, 2020a; Yousefi et al., 2021). In the present study, we investigated 
the effects of tarragon and nettle leaf powder, alone and in combination, on the growth 
performance of rainbow trout. However, our results showed no significant effect on growth 
parameters, indicating that the use of tarragon leaf powder additives may not be as effective 
for rainbow trout (Zare et al., 2021a). 

Interestingly, the use of tarragon extract in rainbow trout has been shown to significantly 
improve growth performance (Gholamhosseini et al., 2021), which is contrary to our findings 
with tarragon leaf powder (Zare et al., 2021a). The disparity in results could be due to 
differences in the chemical composition of the extract and the leaf powder, as well as the 
concentration used. Similarly, the use of African wormwood (Artemisia afra) powder did not 
show any significant effect on growth performance in both African catfish and Mozambique 
tilapia (Mbokane and Moyo 2018, 2020a), which is consistent with our findings on rainbow 
trout (Zare et al., 2021a). However, the use of white wormwood (Viscum album) extract in 
common carp has been found to significantly improve growth parameters, which highlights 
the potential benefits of plant-based additives for fish growth (Yousefi et al., 2021). Further 
research is needed to identify the most effective plant additives and concentrations for 
different fish species to optimize growth performance and reduce production costs. 

The lack of significant effect observed in our study regarding the use of tarragon and nettle-
tarragon combination on growth performance and nutritional factors of rainbow trout suggests 
that the type and dosage of the supplements may be crucial for their efficacy. The findings 
of our study are consistent with those of Mbokane and Moyo (2018, 2020a), who observed 
no significant effect on growth performance and nutritional factors of African catfish and 
Mozambique tilapia when fed with African wormwood at various levels. In contrast, a study 
by Gholamhosseini et al. (2021) reported an improvement in growth performance and feed 
utilization in rainbow trout fed with tarragon extract. This discrepancy could be attributed 
to the different supplement types used in these studies (powder vs. extract) (Mbokane and 
Moyo 2020a; Gholamhosseini et al., 2021), as well as the potential presence of antinutritional 
compounds like coumarin in tarragon, which could negatively affect feed palatability and 
consumption (Obolskiy et al., 2011). 

Interestingly, other studies have shown that the combination of medicinal plants can 
improve growth performance and nutrient utilization in fish. For example, Chowdhury et al. 
(2021) reported that a mixture of turmeric (Curcuma longa) and ginger (Zingiber officinale) 
powder at a level of 10 g/kg feed improved growth performance and nutrient utilization 
in Labeo rohita. These findings suggest that exploring the potential synergistic effects of 
different medicinal plants could be a promising avenue for improving fish growth performance 
and nutrition. 

Overall, our study highlights the importance of carefully selecting the type and dosage 
of supplements when formulating fish diets, as well as considering the potential presence 
of antinutritional compounds that may affect feed palatability and consumption. Further 
research is needed to investigate the potential synergistic effects of different medicinal plant 
combinations on fish growth performance and nutrition. 
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In Chapter 4 of our research, we investigated the effects of administering garlic powder 
at levels of 10, 20, and 30 g/kg feed in the diet of European perch on growth performance 
and feed utilization. Our results, as reported by Zare et al. (2021b), indicated that the use 
of garlic powder at the aforementioned levels did not result in significant improvements in 
growth performance and feed utilization. These findings are consistent with those reported in 
previous studies involving fingerlings Nile tilapia (Diab et al., 2008), as well as those reported 
in our study and in other studies on various fish species (Zare et al., 2021b). 

Indeed, previous research has shown that the use of garlic powder at levels of 10 g/kg 
in the diet of beluga (Nobahar et al., 2015), and 10, 40, and 80 g/kg in the diet of grouper 
(Epinephelus coioides) (Huang et al., 2022) did not result in improvements in growth 
performance. These findings are consistent with our results regarding the use of garlic powder 
in the diet of European perch (Zare et al., 2021b). 

In contrast, other studies have reported positive effects of garlic powder supplementation 
on the growth performance of fish. For instance, the use of garlic powder at a level of 
30 g/kg in the diet of Nile tilapia (Shalaby et al., 2006) and 20 g/kg in the diet of brown trout 
(Zaefarian et al., 2017) resulted in significant improvements in FBW, WG%, and SGR%. These 
findings contrast with our results with the use of garlic powder in the diet of European perch 
(Zare et al., 2021b). 

Moreover, it has been reported that the type of garlic supplement used, including raw 
garlic, garlic powder, and essential oil, can significantly impact the growth performance offish 
(Metwally, 2009). Garlic supplements have been found to positively impact fish growth and 
nutritional factors, which is thought to be due to the bioactive compounds present in garlic, 
including alliin, allicin, and organosulfur compounds, especially thiosulfinates (Zaefarian et al., 
2017; Tavares et al., 2021). These compounds have been shown to enhance feed digestion 
and nutrient intake, thus improving the growth performance offish (Patel et al., 2022). 

It is important to note that the effectiveness of garlic supplements on fish growth 
performance and nutritional factors can be influenced by a number of factors, including 
the type of supplement used, experimental facility conditions, fish size, fish species, and 
supplement level in the diet (Nya and Austin, 2009; Lee et al., 2012; irkin and Yigit, 2015; 
Chesti et al., 2018; Jahanjoo et al., 2018; Huang et al., 2022). Therefore, further research is 
needed to fully understand the potential benefits and limitations of using garlic supplements 
in the diets of fish, particularly in relation to specific fish species and environmental conditions. 

The liver plays a vital role in fish metabolism, and the hepatosomatic index (HSI) is widely 
used as a reliable indicator of the impact of various environmental stressors or dietary factors 
on fish health (Asaoka et al., 2013). Our recent investigation (Chapter 4) on European perch 
found that the addition of garlic powder to the diet did not result in any significant changes in 
HSI or viscerosomatic index (VSI) (Zare et al., 2021b). This finding is consistent with previous 
studies that have reported no significant effects of garlic supplementation on HSI and VSI 
in rainbow trout (Adineh et al., 2020) and African catfish juveniles (Gabriel et al., 2019). In 
contrast, some studies have reported increases in HSI and VSI in rainbow trout (Xu et al., 
2020) and brown trout (Zaefarian et al., 2017) following garlic supplementation. However, 
our results on European perch agree with studies reporting decrease of fat aggregation in 
the liver and whole-body composition may explain significant changes in HSI and VSI (Shalaby 
et al., 2006; Metwally, 2009). Hence, further research is required to determine the factors 
that may contribute to the inconsistent findings of previous studies on the effects of garlic 
supplementation on HSI and VSI in different fish species. 

In the context of fish nutrition, the condition factor is an important index that reflects 
the overall health status and well-being of fish. Our study on the effect of garlic powder on 
European perch revealed a significant reduction in the condition factor in the 30 g/kg garlic 
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group (Zare et al., 2021b). This finding agrees with a study on Indian major carp (Labeo 
rohita) where the use of garlic powder at levels of 10, 20, and 30 g/kg in the diet resulted in 
a significant reduction of the condition factor (Kaur and Ansal, 2020). The observed reduction 
in the condition factor in the 30 g/kg garlic group (Zare et al., 2021b) may be attributed to the 
pungent aroma of garlic, which at a higher level, decreased the palatability and food intake 
(Kaur and Ansal, 2020). Similar observations have been made in European seabass (irkin 
and Yigit, 2015) and Japanese seabass (Xu et al., 2020). In contrast, the supplementation 
of 10 g/kg garlic powder significantly increased the condition factor in Japanese sea bass 
(Xu et al., 2020) and sterlet (Lee et al., 2014). This improvement in the condition factor can 
be attributed to the enhanced feed palatability achieved with lower levels of garlic powder 
supplementation for Japanese sea bass (Xu et al., 2020) and sterlet (Lee et al., 2014). However, 
in our study on European perch, the use of garlic powder at levels of 10 and 20 g/kg feed 
did not show a significant effect on the condition factor (Zare et al., 2021b). This difference 
in response may be attributed to several factors such as the type of garlic supplement, fish 
species (Gholipour Kanani et al., 2014; Zaefarian et al., 2017; Adineh et al., 2020), and the 
level of garlic supplementation (irkin and Yigit, 2015; Xu et al., 2020). 

Whole-body proximate composition 

Herbal supplements, owing to their bioactive compounds, have been shown to modulate 
the whole-body proximate composition in various fish species (Obolskiy et al., 2011; Lee and 
Gao, 2012; Behbahani et al., 2017; Zaefarian et al., 2017; Van Wyk and Wink, 2018; Gabriel et 
al., 2019; Grauso et al., 2020; Zare et al., 2021a; Oz and Dikel, 2022; Patel et al., 2022; Zare 
et al., 2023). 

In our recent studies, the effect of nettle, tarragon, and garlic powder on the whole-body 
proximate composition of rainbow trout (Zare et al., 2021a) and European perch (Zare et al., 
2021b) were investigated. The results showed that supplementation of the feed with 30 g/kg 
nettle powder significantly reduced the whole-body moisture and fat content while increasing 
the protein and ash content in rainbow trout (Zare et al., 2021a). However, in contrast to the 
findings for European perch, the supplementation of the feed with garlic powder at levels of 10 
and 20 g/kg did not have a significant effect on the whole-body proximate composition (Zare 
et al., 2021b). This difference in results may be due to variations in fish size and supplement 
levels in the feed (Awad et al., 2012). 

In the same study, tarragon leaf powder at levels of 10 and 30 g/kg feed, as well as the 
combination of nettle and tarragon (N10+T10), did not have a significant effect on the 
whole-body proximate composition of rainbow trout (Zare et al., 2021a). Similarly, a study 
on largemouth bass (Micropterus salmoides) showed that fennel (Foeniculum vulgare) and 
sweet wormwood (Artemisia annua) extract, both separately and as a combination (0.5 
fennel + 0.5 sweet wormwood) at a level of 0.5 g/kg feed, did not have a significant effect on 
the whole-body proximate composition (He et al., 2022). 

The observed effects of nettle compounds, including vitamins, minerals, and phenolics (Kk 
and Parsuraman, 2014), as well as a variety of available essential amino acids (Rutto et al., 
2013), on increased digestibility and nutrient intake (Ngugi et al., 2015; Adel et al., 2017; 
Jafari et al., 2022) may contribute to decreased fat and increased protein accumulation in 
fish body proximate composition (Hwang et al., 2013; Al-Shakarchi and Mohammad, 2021). 
However, further research is needed to fully understand the mechanisms underlying these 
effects, as well as the optimal levels and combinations of herbal supplements to achieve 
desired outcomes. 
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In our investigation (Chapter 4), we conducted a comprehensive evaluation of the impact 
of garlic powder supplementation on the whole-body proximate composition of fish. Our 
results indicate that the inclusion of 30 g/kg of garlic powder in the diet of fish led to 
a significant improvement in the protein content of the whole-body proximate composition 
(Zare et al., 2021b). Our findings are consistent with previous studies that have reported 
similar improvements in fish protein levels with the supplementation of garlic powder (Xu et 
al., 2020; Oz and Dikel, 2022). Additionally, other studies have demonstrated that the use 
of higher levels of garlic powder (40-60 g/kg) in the diet of fish can result in a significant 
reduction in body fat while simultaneously increasing protein levels, although it had no 
significant effect on moisture content (irkin and Yigit, 2015). 

The enhancements in the proximate composition of fish following the addition of garlic 
powder to their diet may be attributed to the bioactive compounds in garlic, including alliin, 
allicin, and other sulfur-containing compounds. These compounds are well-known for their 
antimicrobial, antioxidant, and immunomodulatory properties, and likely contribute to the 
observed improvements in fish nutrition (Shang et al., 2019). These compounds have been 
shown to improve fish growth, FCR, and nutrient utilization (Adineh et al., 2020; Feng et al., 
2021). Furthermore, garlic is rich in essential amino acids, vitamins, and minerals that can 
enhance fish growth and development, leading to improved body composition (Huang et al., 
2018; Abdelwahab et al., 2020). 

Our study (Zare et al., 2021b) found that garlic powder has an impact on the whole-body 
proximate composition of European perch, and this effect can be attributed to the presence 
of bioactive compounds, such as S-allyl cysteine, allicin, and diallyl-di-sulfide, in garlic (Song 
et al., 2021). These compounds have been shown to reduce fat accumulation in the fish 
body (Shalaby et al., 2006) through their effects on bile acid levels (Pande and Srinivasan, 
2012). The increase in protein availability in the garlic treatment group may be due to the 
presence of essential amino acids in garlic (Valenzuela-Gutierrez et al., 2021), which have 
been demonstrated to increase the availability of free amino acids in muscle and promote 
protein synthesis (Zaefarian et al., 2017). These findings are in line with previous studies 
reporting an increase in protein levels in the whole-body proximate composition of rainbow 
trout fed diets supplemented with garlic powder (Oz and Dikel, 2022; Xu et al., 2020). 

Apparent digestibility coefficient 

Medicinal plants are increasingly being utilized in aquafeeds as they contain bioactive 
compounds that could modify the intestinal microbiota and enhance nutrient uptake in fish 
(Foysal et al., 2019). One of the crucial indicators of the efficiency of digestion and nutrient 
utilization in fish is the digestibility coefficient of feed (Abang Zamhari and Yong, 2021). 

In our study (Chapter 4), we observed a significant increase in dry matter and fat digestibility 
with the inclusion of 10 g/kg garlic powder in the diet of European perch (Zare et al., 2021b). 
These findings are consistent with those of previous studies, such as Esmaeili et al. (2017) in 
rainbow trout and Shalaby et al. (2006) in Nile tilapia, who also reported improved apparent 
digestibility of protein, dry matter, and fat with garlic supplementation. Garlic's sulfur 
compounds, such as allicin, aliin, and isoaliin, are known to improve feed digestion, nutrient 
uptake, and utilization in fish (Valenzuela-Gutierrez et al., 2021). Moreover, garlic powder has 
been found to enhance the growth performance of various fish species (Lee and Gao, 2012). 

However, there are reports indicating that garlic supplements in fish diets may not always 
lead to significant improvements in feed utilization and FCR. Studies conducted on beluga 
(Gholipour Kanani et al., 2014; Nobahar et al., 2015), European seabass (irkin and Yigit, 
2015), brown trout (Zaefarian et al., 2017), and rainbow trout (Buyukdeveci et al., 2018) have 
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reported inconsistent results. These discrepancies in the findings may be attributed to various 
factors, such as fish species (Nobahar et al., 2015; Zaefarian et al., 2017) or size (irkin and 
Yigit, 2015; Saleh et al., 2015), and highlight the need for further investigation. 

Haematological parameters 

Evaluation of haematological parameters is a crucial aspect of assessing the health status 
and metabolic processes in fish (Esmaeili, 2021). Our recent review highlights the positive 
impact of nettle supplementation on haematological parameters in both cold-water and 
warm-water fish species (Zare et al., 2023) (Chapter 2). 

In particular, the inclusion of nettle powder in fish diets has been shown to significantly 
improve various haematological parameters in rainbow trout. For instance, the supplementation 
of 10 and 15 g/kg feed with nettle powder has been found to enhance leukocyte count, 
erythrocyte count, haemoglobin (Hb), and haematocrit% (Hct%) in rainbow trout after four 
and eight weeks of feeding trials (Mehrabi and Firouzbakhsh, 2020; Mehrabi et al., 2020). 
Furthermore, nettle supplementation led to a decrease in monocytes% (Mon%), an increase in 
lymphocytes% (Lym%), and no significant impact on the percentage of neutrophils'^ (Neu%) 
(Mehrabi et al., 2020). 

In contrast, our recent study found that the addition of 30 g/kg nettle powder to rainbow 
trout diet decreased erythrocyte count, Hb, and Hct%, while increasing leukocyte counts, 
Mon%, and Neu% compared to the control group (Zare et al., 2021a). It should be noted, 
however, that other studies have reported different findings. For example, Awad and Austin 
(2010) found that a 10 g/kg feed of nettle leaf powder in rainbow trout improved Hct% 
significantly but did not have a significant effect on erythrocyte count, leukocyte count, Mon%, 
Neu%, and Hb significantly after a 14-day feeding trial. This discrepancy may be attributed to 
differences in the duration of the feeding trial, as our study utilized an 8-week feeding trial. 

Moreover, the use of 30 g/kg nettle extract in a longer feeding trial of 4 weeks was found 
to improve erythrocyte count, leukocyte count, Hb, Hct%, Neu%, and Mon% in rainbow trout 
(Adel et al., 2017). Our evaluation (Chapter 3) revealed that nettle leaf powder at a level of 30 
g/kg improved leukocyte count, neutrophils'^ and monocytes%, while at a level of 10 g/kg 
feed, it increased erythrocyte count, Hb, and Hct% in rainbow trout compared to the control 
group after an 8-week feeding trial (Zare et al., 2021a). Overall, the positive impact of nettle 
supplementation on haematological parameters in fish highlights its potential as a functional 
feed ingredient in aquaculture (Zare et al., 2023). 

In warm-water fish species, Binaii et al. (2014) reported that nettle leaf powder at 120 g/kg 
feed increased erythrocyte count, Hct%, and Hb in beluga after four weeks of feeding. However, 
leukocyte count and Lym% were not affected. After eight weeks, nettle supplementation 
increased leukocyte count, erythrocytes count, Hb, and Hct%, but had no significant impact 
on lymphocytes%. Similarly, Ngugi et al. (2015) observed an increase in erythrocyte count, 
leukocyte count, Hb, and Hct% in Victoria Labeo fed with 10, 20, and 50 g/kg nettle leaf 
powder after 4 and 16 weeks of feeding trial. While several studies have reported the positive 
effect of nettle supplementation on haematological parameters in fish (Awad and Austin, 
2010; Binaii et al., 2014; Adel et al., 2017; Mehrabi and Firouzbakhsh, 2020; Mehrabi et al., 
2020), our review of the effect of nettle on haematological parameters in cold and warm 
water fish species (Zare et al., 2023) and our study on rainbow trout (Zare et al., 2021a) 
confirmed the beneficial effect of nettle on haematological parameters (Chapter 2 & 3). 

Regarding tarragon supplementation, our study (Chapter 3) showed that tarragon powder 
at a level of 30 g/kg feed significantly increased leukocyte count, Hct%, Neu% and Mon% in 
rainbow trout (Zare et al., 2021a). Gholamhosseini et al. (2021) also reported an increase 
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in leukocyte count, Neu%, and Hct% in rainbow trout fed with tarragon extract at a level of 
20 g/kg feed but observed no significant effect on Mon%. Conversely, African wormwood 
supplementation did not have any significant effect on Hb, mean corpuscular volume (MCV), 
and mean corpuscular hemoglobin concentration (MCHC) in rainbow trout (Zare et al., 2021b). 

In our study (Chapter 3), the (N10+T10) group exhibited significantly higher levels of 
MCV, mean corpuscular hemoglobin (MCH), and MCHC in comparison to the control group, 
thus indicating a positive impact of nettle and tarragon supplementation on red blood 
cell indices in rainbow trout (Zare et al., 2021a). Our investigation also revealed that the 
(N10+T10) group displayed elevated erythrocyte count and Hb levels in comparison to the 
other experimental groups, thus supporting the beneficial impact of this combination on 
hematological parameters (Zare et al., 2021a). In a study involving African catfish juveniles, 
the addition of garlic and Aloe vera crude extract at 10 g/kg feed, in a weightl: weightl ratio, 
resulted in improved erythrocyte count, Hct%, and Hb levels, with MCH being enhanced at 
levels of 20 and 40 g/kg feed. Nevertheless, this supplement did not significantly impact 
leukocyte count, Lym%, Mon%, granulocytes count, MCV, and MCHC in the African catfish diet 
(Gabriel et al., 2021). 

Furthermore, a combination of turmeric and ginger and another combination of ginger and 
garlic powder, both in a ratio of weightl: weightl at a level of 10 g/kg feed, enhanced Hb levels 
in rohu (Chowdhury et al., 2021), which is in line with our findings in rainbow trout (Zare et 
al., 2021a). Additionally, combinations of turmeric and ginger, turmeric and garlic, and ginger 
and garlic in a weightl: weightl ratio at a level of 10 g/kg feed increased erythrocyte count, 
monocyte, and neutrophil counts in rohu (Chowdhury et al., 2021), which further corroborates 
our findings in rainbow trout (Zare et al., 2021a). Our study highlights the beneficial effects 
of combining nettle and tarragon at the (N10+T10) level in the feed, which may be attributed 
to the minerals, such as iron and calcium, present in nettle, and vitamins such as A, B, B12, 
and C found in nettle, as well as the L-ascorbic acid present in tarragon. It has been confirmed 
that vitamin C enhances iron uptake in the intestine, and the role of vitamins and minerals in 
hematopoiesis is well-established (Binaii et al., 2014). Nettle and tarragon are rich in vitamins 
and minerals, and their combined use has shown synergistic effects, believed to stimulate the 
head kidney and enhance hematopoiesis in fish (Adel et al., 2017; Chowdhury et al., 2021). 

Our investigation has revealed that the addition of garlic powder to the diet of fish can have 
a significant effect on erythrocyte and leukocyte counts. Specifically, the incorporation of 10 
g/kg of garlic powder into the diet of European perch resulted in increased erythrocyte and 
leukocyte counts compared to other groups (Zare et al., 2021b) (Chapter 4). This finding is 
consistent with previous studies that have examined the effects of garlic powder on erythrocyte 
and leukocyte counts in fish. For example, Talpur and Ikhwanuddin (2012) reported that the 
inclusion of 5, 10, 15, and 20 g/kg of garlic powder in the diet of Asian seabass resulted in 
an increase in erythrocyte and leukocyte counts compared to the control group. Similarly, 
Sahu et al. (2007) found that the inclusion of 1, 5, and 10 g/kg of garlic powder in the diet of 
Indian major carp resulted in an increase in erythrocyte and leukocyte counts compared to the 
control group, which is consistent with our results (Zare et al., 2021b). 

In contrast, studies on beluga and brown trout have shown that the addition of garlic 
powder to the diet at levels of 10, 20, and 30 g/kg had no significant effect on erythrocyte 
and leukocyte counts (Gholipour Kanani et al., 2014; Nobahar et al., 2015; aNazerian et al., 
2016; Zaefarian et al., 2017). 

The observed improvement in leukocyte count in European perch fed with garlic powder 
may be due to the immunostimulatory effects of garlic on the spleen, thymus, and kidney 
(Fazio, 2019). The increase in erythrocyte count observed in our study may be due to the 
presence of bioactive compounds, including allicin, in garlic. Previous research has shown 
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that allicin has a similar effect on the head kidney, which is the primary erythropoietic organ 
in teleost fish such as rainbow trout (Nya et al., 2010; Witeska, 2013). While our study did 
not show a significant effect of garlic inclusion on lymphocytes or myeloid cells, this result 
is consistent with previous studies, including those conducted on rainbow trout (Nya et al., 
2010; Talpur and Ikhwanuddin, 2012). Similarly, garlic powder at levels of 5 and 10 g/kg in 
rainbow trout did not have a significant effect on the number of lymphocytes, as observed in 
our study (Nya and Austin, 2011; Zare et al., 2021b) (Chapter 4). 

Blood biochemical parameters 

Blood biochemical factors play a crucial role in the assessment of fish health status, and 
their evaluation is a common practice in aquaculture (Binaii et al., 2014). Recent studies 
have highlighted the potential benefits of nettle supplements, including nettle powder or 
extract, in improving fish health status and biochemical factors (Ngugi et al., 2015; Mehrabi 
and Firouzbakhsh, 2020). 

In rainbow trout, feeding trials with 10 g/kg nettle extract (quercetin) for 14 days resulted 
in increased blood serum total protein levels (Awad et al., 2013). Similarly, in 8-week feeding 
trials, administration of nettle powder at levels of 5,10,15, and 30 g/kg feed improved blood 
serum total protein and albumin levels (Mehrabi and Firouzbakhsh, 2020; Mehrabi et al., 2020; 
Zare et al., 2021a). These findings suggest that nettle supplements can enhance fish health 
status by improving blood serum biochemical factors. 

However, it is worth noting that not all nettle supplements have the same effects on fish 
blood serum biochemical factors. For instance, nettle leaf powder at a level of 10 g/kg feed had 
no significant effect on blood serum total protein in rainbow trout after a two-week feeding 
trial (Awad and Austin, 2010). In contrast, aerial parts of nettle ethanol extract improved 
blood serum total protein in rainbow trout at a level of 30 g/kg feed after eight weeks of 
feeding trial, while reducing glucose and triglyceride levels (Adel et al., 2017). Additionally, in 
a study on female convict cichlid, the methanolic extract of nettle at levels of 0.4 and 0.5 g/kg 
feed improved the levels of blood serum total protein and albumin but decreased cholesterol, 
glucose, and triglyceride levels (Jafari et al., 2022), consistent with the findings of Zare et al. 
(2021a). 

Moreover, in feeding trials with beluga and Victoria Labeo, nettle leaf and stem powder 
at levels of 120 g/kg feed and nettle leaf powder at levels of 10, 20, and 50 g/kg feed, 
respectively, increased blood serum albumin and total protein levels and reduced blood serum 
cholesterol and triglyceride levels (Binaii et al., 2014; Ngugi et al., 2015). In Victoria Labeo, 
nettle leaf powder also reduced blood serum glucose levels after 4 and 16 weeks of the 
feeding trial (Ngugi et al., 2015). 

Blood serum total protein and albumin are important biomarkers offish health and can play 
a significant role in enhancing their immune system (Abdel-Tawwab et al., 2018). Quercetin, 
a flavonoid compound found in nettle, has been shown to elevate blood serum total 
protein levels in fish (Awad et al., 2013). Nettle is also a rich source of vitamins A and C, and 
antioxidants, and contains quercetin at a concentration of 2 mg/lOOg (Rutto et al., 2013). In 
addition, blood serum albumin has a crucial function in the transport of various materials such 
as hormones, ions, amino acids, enzymes, metals, phospholipids, bilirubin, fatty acids, and 
drugs (Belinskaia et al., 2020) by providing suitable binding sites (Mehrabi and Firouzbakhsh, 
2020; Mehrabi et al., 2020). 

While no studies have yet been conducted on the effects of nettle on cholesterol and 
triglyceride levels in rainbow trout, research has shown that nettle may have the potential to 
reduce these levels in mammals (Chehri et al., 2022). For instance, the hydroalcoholic extract 

-90-



General discussion 

of nettle has been found to have preservative and hypoglycemic effects on pancreatic beta 
cells in hyperglycemic rats, which may be attributed to the antioxidant properties of nettle 
(Saad et al., 2017). These properties include phenolic compounds such as kaempferol and 
quercetin (Otles and Yalcin, 2012; Grauso et al., 2020). Furthermore, the efficacy of nettle 
on fish glucose levels may be influenced by various factors, including fish species, the type of 
nettle supplement (powder and/or extract), and the part of the nettle used as a supplement 
(Otles and Yalcin, 2012; Binaii et al., 2014; Ngugi et al., 2015). 

The reduction of cholesterol and triglyceride levels in the blood serum may be attributed to 
nettle sterols, including phenolic compounds (Grauso et al., 2020), stigmasterol, (3-sitosterol, 
campesterol (Petkova et al., 2020), and phenolic compounds (Grauso et al., 2020), which can 
impact cholesterol biosynthesis (Lee et al., 2003). 

In conclusion, nettle has shown potential benefits for fish health and immunity, particularly 
in terms of elevating blood serum total protein levels. It is also a rich source of vitamins 
A and C, as well as antioxidants such as kaempferol and quercetin (Rutto et al., 2013). 
Furthermore, nettle has the potential to lower cholesterol and triglyceride levels, as seen in 
studies conducted on mammals. The reduction in cholesterol and triglyceride levels may be 
attributed to the presence of sterols, such as stigmasterol, (3-sitosterol, and campesterol, in 
addition to phenolic compounds (Grauso et al., 2020). However, further research is needed to 
determine the exact mechanisms through which nettle exerts its effects on fish health and to 
establish optimal dosages and application methods. The findings of this review suggest that 
nettle may be a promising natural supplement for promoting fish health and immunity, with 
potential applications in aquaculture and fisheries management. 

The condition of fish in response to internal and external factors can be reflected through 
their blood serum protein levels (Metwally, 2009). Blood serum protein has various roles in 
the body, including generating energy, producing new cells, repairing muscles, transporting 
other essential nutrients, serving as messengers within the body, and boosting the immune 
system (Yousefi et al., 2020). Albumin plays a crucial role in transferring medicines and other 
substances necessary for growth and healing through the blood in fish (Khasani and Astuti, 
2019). 

Our study did not find any significant impact of garlic treatments on the level of blood 
serum total protein in European perch. Nonetheless, administering garlic powder at a rate 
of 10 and 20 g/kg feed increased the level of blood serum albumin in European perch (Zare 
et al., 2021b). Unlike our study on European perch (Zare et al., 2021b), administering 10 g/ 
kg feed garlic powder to sobaity seabream fry resulted in an increase in blood serum total 
protein levels but did not affect the albumin levels (Jahanjoo et al., 2018). Furthermore, in 
brown trout, administering garlic powder at levels of 10, 20, and 30 g/kg feed did not lead 
to a significant increase in blood serum albumin, as observed in the study by Zaefarian et al. 
(2017). In contrast, administering garlic powder at levels of 5, 15, and 20 g/kg feed resulted 
in increased blood serum albumin levels in Asian seabass (Talpur and Ikhwanuddin 2012). 
However, some other studies have reported different findings. For instance, administering 
garlic powder at levels of 32 g/kg (Metwally 2009) and 10, 20, and 30 g/kg feed (Shalaby 
et al., 2006) resulted in an increase in blood serum total protein in Nile tilapia, as reported 
by Metwally (2009) and Shalaby et al. (2006). On the other hand, some reports suggest 
that garlic powder can increase blood serum albumin levels in rainbow trout (Nya and Austin 
2009) and amur carp (Chesti et al., 2018), similar to our findings on European perch (Zare et 
al., 2021b). 

The elevated blood serum protein levels observed in the garlic-treated groups can be 
ascribed to the higher concentration of amino acids in these groups, along with increased 
levels of sulfur compounds, such as S-allyl cysteine sulfoxide, which have been shown to 
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stimulate the liver to synthesize blood serum proteins (Metwally 2009; Valenzuela-Gutiérrez 
et al., 2021). 

To sum up, the variations in the results obtained from different studies could be attributed 
to the garlic dosage, fish species, and feed composition (Shalaby et al., 2006; Metwally 2009; 
Nya and Austin 2009; Jahanjoo et al., 2018). Further research is necessary to determine the 
optimal dose and type of garlic supplement for different fish species. 

The effects of garlic powder on fish lipid profile have been investigated in several studies. 
In our study (Zare et al. 2021b), garlic powder did not have a significant effect on European 
perch triglyceride, but it did significantly decrease cholesterol levels in all groups. Conversely, 
a study by Jahanjoo et al. (2018) showed that garlic powder at level 10 g/kg diet increased 
blood serum triglyceride and cholesterol significantly in sobaity seabream. It should be noted 
that the effects of garlic supplementation on fish lipid profile can be influenced by several 
factors, including the fish species, the type and level of garlic supplement, and the mode of 
administration. 

In rainbow trout, Mohebbi et al. (2012) found that garlic powder at levels of 20, 30, 40, 
and 50 g/kg diet significantly decreased blood serum triglyceride and cholesterol levels. 
Similarly, Metwally (2009) reported that supplementation of natural garlic, garlic powder, and 
garlic oil in Nile tilapia significantly decreased blood serum triglyceride and cholesterol levels. 
Additionally, garlic powder at 30 g/kg feed was found to reduce blood serum total lipid in Nile 
tilapia (Shalaby et al., 2006). 

The sulfur compounds in garlic, including the main active compound allicin, are responsible 
for the beneficial effects on fish lipid profile. These compounds are known to reduce levels 
of triglycerides and cholesterol in the blood serum by decreasing lipid and cholesterol 
synthesis, which contributes to the observed improvements (Shalaby et al., 2006; Talpur and 
Ikhwanuddin, 2012) and inhibiting cholesterol biosynthesis (Metwally, 2009). It is important 
to note that the efficacy of garlic supplementation can vary depending on the type and level 
of garlic supplement, as well as the fish species being studied. 

Garlic powder has been shown to reduce cholesterol levels in different fish species, including 
European perch (Zare et al., 2021b) and Nile tilapia (Metwally, 2009), while its effect on 
triglyceride levels varies among species. The variability of garlic's effects on lipid metabolism 
may be attributed to differences in the type of supplement (Metwally, 2009), the level of 
supplementation (Metwally, 2009; Jahanjoo et al., 2018), and the specific sulfur compounds 
present in garlic, such as allicin (Valenzuela-Gutiérrez et al., 2021). 

Overall, garlic supplementation can be a potential dietary strategy for improving lipid 
metabolism in fish, but further research is needed to determine the optimal dosage and 
duration of supplementation, as well as its potential impact on fish growth performance and 
health. 

Research has shown that plant-based supplements in fish diets can affect the levels of 
Cortisol and glucose in fish after long-term feeding trial (Zaefarian et al., 2017; Yousefi et 
al., 2020). Our own study (Chapter 4) investigated the effect of adding garlic powder to the 
diet of European perch at levels of 10, 20, and 30 g/kg on the Cortisol and glucose levels in 
the fish after long-term feeding trial (Zare et al., 2021b). Contrary to previous studies, our 
findings showed that garlic powder supplementation did not significantly affect the Cortisol 
and glucose levels in European perch in long-term feeding trial. Similarly, a study on brown 
trout found that the supplementation of garlic powder at levels of 10, 20, and 30 g/kg did not 
have a significant effect on glucose levels after 6 weeks feeding trial (Zaefarian et al., 2017). 

In contrast, the addition of garlic powder at levels of 0.5, 1, and 1.5 g/kg in the feed of 
common carp significantly reduced the levels of both Cortisol and glucose (Yousefi et al., 2020) 
at the end of long-term feeding trial. This may be attributed to the presence of organosulfur 
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compounds such as diallyl trisulfide and alliin (S-allyl cysteine sulfoxide) in garlic (Tavares et 
al., 2021). Furthermore, garlic contains amino acids that may increase insulin secretion in 
carnivorous fish, in addition to the organosulfur compounds present in garlic (Polakof and 
Panserat, 2016). This is due to the rising glycemic regulator function, which increases insulin 
sensitivity and secretion (Nasim and Dhir, 2012). 

Liver enzymes activity 

The physiological status of fish is known to be influenced by a variety of stressors, 
including nutrition and pollution, which can result in altered secretion of liver enzymes (Khalil 
et al., 2017). The liver is a vital organ for various metabolic processes involved in protein, 
carbohydrate, and lipid metabolism in fish (Mitra and Metcalf, 2012). The assessment of 
liver function by measuring the activity of enzymes such as lactate dehydrogenase (LDH), 
aspartate aminotransferase (AST), alkaline phosphatase (ALP), and alanine transaminase 
(ALT) is a useful approach to evaluate the health status offish (Taheri Mirghaed et al., 2019). 

Medicinal plants have been found to have beneficial effects on the immune and antioxidant 
responses of different fish species (Metwally, 2009; Akrami et al., 2015; Adineh et al., 2020). 
Consumption of medicinal plants by fish has been shown to lower the levels of liver enzymes 
while promoting higher growth rates (Akrami etal., 2015; Adel etal., 2017; Adineh etal., 2020; 
Gholamhosseini et al., 2021). However, there have been only a few reports investigating the 
effects of nettle on liver enzymes in fish. Previous studies have found that feeding rainbow 
trout and beluga with aerial parts of nettle ethanol extract at levels of 20 and 30 g/kg did not 
significantly affect blood serum AST, ALT, and LDH levels (Binaii et al., 2014; Adel et al., 2017). 

The present study examined the effect of garlic powder on the activity of blood serum 
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) enzymes in European 
perch, and found no significant impact (Zare et al., 2021b) (Chapter 4). These findings are 
consistent with a previous study that reported no significant effect on ALT and AST enzyme 
activity in Asian sea bass when fed a diet containing 40 g/kg garlic powder (Abdelwahab et 
al., 2020). Conversely, studies conducted on common carp and Amur carp (Cyprinus carpio 
haematopterus) found that supplementing the diet with garlic powder at levels of 5-15 g/ 
kg led to reduced blood serum ALT and AST enzyme activity (Chesti et al., 2018; Yousefi et al., 
2020). In rainbow trout, supplementing the diet with garlic powder at levels of 40 and 50 g/ 
kg increased ALT and AST enzyme activity, while no significant effect was observed at lower 
levels (Mohebbi et al., 2012). 

It is important to note that the activity levels of ALT and AST enzymes can vary among 
fish species (Shalaby et al., 2006; Mohebbi et al., 2012; Chitsaz et al., 2018), and that 
the type of supplement (powder/extract) (Metwally, 2009; Adineh et al., 2020) and level 
of supplementation are important factors to consider (Mohebbi et al., 2012). Antioxidant 
compounds in garlic may play a protective role against lipid peroxidation in cell membranes, 
which could prevent the release of ALT and AST enzymes into the bloodstream (Yousefi et al., 
2020). Then consequently, the reduction in ALT and AST enzyme activity in fish fed with garlic 
powder may be attributed to the antioxidant properties of garlic, specifically its organosulfur 
compounds, including S-allyl cysteine and diallyl-di-sulfide (Shang et al., 2019). 

In conclusion, the impact of garlic supplementation on lipid metabolism in fish is species-
specific, with varying effects on blood serum ALT and AST enzymes. However, it requires more 
specific further evaluations according to feed supplement levels, fish size and species. 
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Immune system stimulation 

Numerous reports have examined the impact of medicinal plants on the immune system of 
fish, as documented by Reverter et al. (2021). Among these plants, nettle supplements have 
been found to have a positive effect on the immune system of different fish species, including 
warm and cold-water species, due to their bioactive compounds such as phenolic compounds 
and flavonoids, as noted by Grauso et al. (2020) in Chapter 2. 

For example, the addition of nettle leaf powder at a rate of 10 g/kg to the diet of rainbow 
trout for a period of 14 days has been found to enhance lysozyme and bactericidal activity 
in blood serum, as well as respiratory burst. However, there was no significant impact on 
a2-macroglobulin, complement, myeloperoxidase content, and antiprotease activity, according 
to Awad and Austin (2010). Additionally, Mehrabi and Firouzbakhsh (2020) reported that 
administering nettle powder at rates of 5, 10, and 15 g/kg feed in rainbow trout had no 
significant effect on blood serum alternative complement activity (ACH50) and respiratory 
burst activity, but the level of blood serum lysozyme activity in the 5 g/kg treatment was 
significantly higher than the control. These results are consistent with our findings that nettle 
powder increased blood serum lysozyme enzyme activity in rainbow trout compared to the 
control, as reported by Zare et al. (2021a) in Chapter 3. 

Furthermore, our results are consistent with those of Mehrabi et al. (2020), who found that 
blood serum lysozyme enzyme activity in rainbow trout improved when fed with nettle leaf 
powder at rates of 5, 10, and 15 g/kg feed for 8 weeks. Bilen et al. (2016) reported that the 
use of nettle methanol extract at rates of 0.1 and 0.5 g/kg feed in rainbow trout improved 
blood serum lysozyme activity after a 30-day feeding trial. In our investigation, however, 
nettle powder at a rate of 30 g/kg feed significantly enhanced blood serum lysozyme enzyme 
activity and total immunoglobulin in rainbow trout after an 8-week feeding trial, according to 
Zare et al. (2021a). In the study by Adel et al. (2017), nettle extract at a level of 30 g/kg in the 
diet of rainbow trout significantly improved lysozyme enzyme activity and immunoglobulin M. 
Similarly, Jafari et al. (2022) observed a significant increase in the immunoglobulin M levels in 
female convict cichlid fed with nettle methanolic extract at a level of 0.1 g/kg in feed, which 
supports the findings of Zare et al. (2021a) in rainbow trout. 

However, Binaii etal. (2014) reported that nettle leaf powder supplementation at levels of 30, 
60, and 120 g/kg feed in beluga had no significant effect on blood serum total immunoglobulin 
and lysozyme activity after a 4-week feeding trial, which contradicts the results of the study 
conducted by Zare et al. (2021a) on the use of nettle leaf powder in the diet of rainbow trout. 
On the other hand, in Victoria Labeo juvenile and adult fish, supplementation of nettle leaf 
powder at levels of 10, 20, and 30 g/kg feed in their diet for 4 and 16 weeks significantly 
improved blood serum lysozyme activity compared to the control group (Ngugi et al., 2015) 
as well as in our study on rainbow trout (Zare et al. 2021a). 

The improvement of the innate immune system in fish can be attributed to the bioactive 
content of nettle in fish diet, including myricetin, quercetin, rutin, and kaempferol (Otles 
and Yalcin, 2012), particularly quercetin (Awad et al., 2013), which are considered phenolic 
compounds that can enhance the immune system in fish (Awad and Austin, 2010; Binaii et 
al., 2014; Ngugi et al., 2015; Bilen et al., 2016; Adel et al., 2017; Mehrabi and Firouzbakhsh, 
2020; Mehrabi et al., 2020). These findings suggest that nettle can be a potential dietary 
supplement for improving the immune system of fish (Zare et al., 2023). 

The impact of garlic powder as a dietary supplement on respiratory burst activity and 
phagocytic activity in various fish species has been investigated in several studies. Our study 
on European perch (Chapter 4) examined the effects of different levels of garlic powder 
supplementation on respiratory burst and phagocytic activities in comparison to other studies 
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conducted on Nile tilapia, rainbow trout, and Amur carp. The results indicated that adding 
garlic powder to the diet of European perch did not result in significant changes in respiratory 
burst or phagocytic activity. Similar findings were reported by Mahfouz et al. (2009) in Nile 
tilapia, where garlic powder at a level of 20 g/kg feed did not have a significant effect on 
respiratory burst activity. In contrast, supplementation of garlic powder at levels of 5 and 10 
g/kg feed in rainbow trout (Nya and Austin, 2011) and 5, 10, and 15 g/kg feed in Amur carp 
(Chesti et al., 2018) resulted in improved respiratory burst activity. These contrasting results 
suggest that the effects of garlic powder supplementation on respiratory burst activity are 
species-dependent and may vary with the level of supplementation. 

Respiratory burst activity is considered an important indicator of immunity in fish, as it 
is activated against pathogen exposure (Biller and Takahashi, 2018). Phagocytic activity, 
which is linked to innate and adaptive immunity, is another important indicator of immunity 
in fish. In our study on European perch, the garlic groups did not show a significant increase 
in phagocytic activity in lymphocytes or myeloid cells compared to the control group. This 
finding agrees with the study by Huang et al. (2022), where raw garlic and garlic powder at 
levels 10, 40, and 80 g/kg did not enhance phagocytic activity in grouper. 

In contrast, Nya and Austin (2009) reported that garlic powder at levels of 5 and 10 g/ 
kg feed and allicin extract at levels of 5 and 10 ml/kg feed stimulated phagocytic activity in 
rainbow trout. The presence of bioactive compounds, such as allicin in garlic, may account 
for the observed improvement in phagocytic activity in previous studies. However, our study 
on European perch did not demonstrate a significant difference in phagocytic activity among 
groups fed with garlic powder (Chapter 4). 

Overall, our study on European perch (Chapter 4) and previous research on other fish 
species suggest that the effects of garlic powder supplementation on respiratory burst and 
phagocytic activities may be species-dependent and vary with the level of supplementation. 
Further research is necessary to understand the mechanisms underlying these variations and 
to optimize the use of garlic powder as a dietary supplement in fish farming. 

Pathogens challenge 

In addition to nettle, other medicinal plants have been found to have antimicrobial and 
immunostimulatory effects in fish. For instance, garlic has been reported to have strong 
antimicrobial properties due to its organosulfur compounds, such as allicin and alliin 
(Bhatwalkar et al., 2021). Feeding rainbow trout (weighing 15g) with 10 g/kg feed nettle 
leaf powder for 14 days resulted in the highest survival rate of 96% compared to the control 
group's survival rate of 32% after a 10-day challenge with Aeromonas hydrophila (Nya and 
Austin, 2010). Moreover, Bilen et al. (2016) found that rainbow trout, with an average initial 
weight of lOg, fed with nettle methanol extracts at levels of 0.1 and 0.5 g/kg feed for a 30-
day feeding trial exhibited the highest survival rate among all groups after a 14-day challenge 
with A. hydrophila. Their study revealed that the nettle groups had the highest survival rate 
compared to the control group after a 14-day A. hydrophila challenge. The survival rate of 
warm-water species improved after a nettle challenge. Thus, feeding Victoria Labeo with 10, 
20, and 50 g/kg feed nettle leaf powder for 4 and 16 weeks could increase the survival rate 
to over 80% in the 2% and 5% nettle groups compared to the control group, which received 
0% nettle. This improvement was observed after a 21-day A. hydrophila challenge (Ngugi et 
al., 2015). 

The inclusion of nettle supplements in fish feed has been reported to enhance the 
innate immune response and leukocyte count, as indicated by increased levels of various 
immune factors such as complements, ACH50, bactericidal, immunoglobulin, respiratory 
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burst, phagocytic, antiprotease, and lysozyme activity (Awad and Austin, 2010; Ngugi et al., 
2015; Bilen et al., 2016; Mehrabi et al., 2020; Zare et al., 2021a). Furthermore, studies have 
demonstrated that nettle supplementation can upregulate the expression of immune-related 
genes in fish (Mehrabi et al., 2020). For example, Mehrabi et al. (2020) reported an increase 
in cytokine-related gene expression, including interleukin 6 (IL-6) and interleukin 8 (IL-8) in 
fish fed with nettle supplements. Cytokines are small proteins produced by immune cells that 
play a vital role in regulating inflammation, the immune system, and hematopoiesis (Savan 
and Sakai, 2006). In addition, nettle supplementation has also been shown to upregulate the 
expression of other genes such as interleukin 1 beta (IL-1(3) and tumor necrosis factor a (TNF-a) 
(Mehrabi et al., 2020). Overall, the use of medicinal plants and plant-based supplements as 
feed additives in fish diets has shown promising results in improving fish health and disease 
resistance. However, the effectiveness of these supplements may depend on various factors, 
such as fish species, dosage, duration of feeding, and the specific pathogen challenge. 

High density and net handling stress challenge 

Cortisol and glucose levels are commonly used as primary and secondary stress markers 
in fish, respectively (Bordin and Freire, 2021). Cortisol, a glucocorticoid hormone, circulates 
in fish and its levels are regulated by cytosolic receptors that control various physiological 
processes such as metabolism, growth, and the expression of immune-related genes (Faught 
and Vijayan, 2016). Under stress, Cortisol raises blood glucose levels (Bordin and Freire, 2021). 
Our study investigated the effects of garlic powder supplementation on Cortisol and glucose 
levels in European perch after high density and net handling stress challenge. We found that 
immediately after stress, although Cortisol levels were higher in all garlic-fed groups compared 
to the control group, the difference in glucose levels was not statistically significant. However, 
at 1, 6, and 24 hours after stress, the garlic-fed groups showed significantly lower levels of 
both Cortisol and glucose compared to the control group. These findings suggest that garlic 
supplementation may have a potential protective effect against high density and net handling 
stress-induced Cortisol and glucose elevation in fish. 

Previous studies have also examined the effects of garlic supplementation on Cortisol and 
glucose levels in fish. For instance, Adineh et al. (2021) found that a combination of 2mg 
nano selenium and 2 g/kg feed garlic extract decreased Cortisol and glucose levels in grass 
carp under different stocking densities. Ahmed and Al-Hamdani (2022) reported that garlic 
extract at 5 g/kg feed in common carp lowered glucose levels and increased resistance under 
heating stress. In contrast, Gabriel et al. (2019) found that the inclusion of 5-40 g/kg feed 
garlic powder in the African catfish diet did not result in significant mortality under low pH 
stress. The sulfur bioactive properties of garlic, such as alliin and allicin, may be responsible 
for its effects on Cortisol and glucose levels in fish (Tavares et al., 2021). 

Altogether, our findings suggest that the use of medicinal plants (nettle leaf and garlic 
powders) can significantly improve fish growth, protein digestibility, immune system function, 
and fish endurance to handling stress. However, it is important to note that our results 
were influenced by various factors, including fish species, size, age, rearing conditions, plant 
additives source, and feed ingredients. In addition to the remarkable findings from the 
present studies, which have significant commercial implications for the aquaculture industry, 
we strongly recommend complementing the analysis with histological and gene expression 
studies. Doing so will provide a clearer and broader view of the results and help explain the 
potential mechanisms of action. 

-96-



General discussion 

Conclusion 

This dissertation encompasses three research publications that investigated the use of 
nettle and garlic powder as additives in fish diets. The main conclusions from these studies 
are as follows: 

The use of nettle leaf powder as a feed additive in warm-water fish species and rainbow trout 
have been shown to enhance growth performance, nutritional factors, haemato-biochemical 
parameters, and immune system function. As such, it presents a promising alternative to 
chemical and medicinal treatments for controlling pathogens in fish. 

The inclusion of nettle and tarragon leaf powders in rainbow trout fingerling diets has been 
found to promote growth performance, body composition, haemato-biochemical factors, 
and immune response. Specifically, a combination of nettle and tarragon leaf powders at 
a minimum of 10 g/kg each in the feed, or 30 g/kg of nettle leaf powder alone, was found to 
be optimal. 

Garlic powder at a level of 10 g/kg feed has been demonstrated to improve haemato-
biochemical factors and nutrient digestibility, particularly fat, in European perch. Furthermore, 
the use of 30 g/kg feed garlic powder increased whole-body protein composition and elevated 
resistance against high density and net handling stress in European perch. 
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English summary 

English summary 

Effects of herbal derived products on growth, digestibility, body composition, immune and 
stress response in fish 

In the upcoming decades, aquaculture is expected to play a vital role in food production for 
the growing human population. Nevertheless, disease outbreaks can hinder the continuous 
development of this industry. One promising solution to address this challenge is the use of 
natural feed additives, such as plant powders and extracts, which contain bioactive compounds, 
including phenolic compounds, proteins, vitamins, and minerals. These compounds have been 
shown to possess antistress, antiviral, antibacterial, and antifungal effects on fish. 

Chapter 2 is the literature review focused on nettle, a medicinal herb with a long history of 
use in traditional medicine. While nettle has been extensively studied in mammalian medicine, 
its effects on aquaculture species have not been well documented. Recent studies have 
demonstrated the positive impact of nettle on the growth performance, hematology, blood 
biochemistry, and immune system offish species. In particular, nettle-fed fish showed a higher 
survival rate and less stress than the control group when exposed to pathogens. This literature 
review aims to provide an overview of the use of nettle in fish diets and its effects on growth 
performance, hematology, blood biochemistry, liver enzymes, immune system stimulation, 
and resistance to pathogenic challenges. 

Chapter 3 of the dissertation examines the effects of nettle and tarragon leaf powder, 
both alone and in combination, as dietary additives in the diet of rainbow trout fingerlings. 
Nettle leaf powder at a rate of 30 g/kg feed, resulted in significant improvements in the FBW, 
WG, WG%, and SGR% of rainbow trout fingerlings. Additionally, nettle leaf powder increased 
whole-body proximate protein and ash content while reducing whole-body proximate fat. 
Tarragon leaf powder, when added at a rate of 30 g/kg feed, significantly increased the Hct% 
and leukocyte count. The combination of 10 g/kg feed nettle leaf powder and 10 g/kg feed 
tarragon leaf powder resulted in the highest levels of erythrocyte count and Hb. Nettle leaf 
powder at 30 g/kg feed, tarragon leaf powder at 30 g/kg feed, and a combination of 10 g/kg 
feed nettle leaf powder and 10 g/kg feed tarragon leaf powder significantly increased albumin 
levels in blood serum. Tarragon leaf powder at 10 g/kg feed showed the highest blood serum 
lysozyme enzyme activity compared to the control. Blood serum total immunoglobulin and 
total protein levels were significantly associated with nettle leaf powder at 30 g/kg feed. 
The study confirms the positive effects of these additives on growth performance, whole 
body proximate composition, immunological, haematological, and selected blood serum 
biochemical factors. 

In Chapter 4, the study found that different levels of garlic powder did not significantly 
affect growth performance and somatic indices in European perch. However, adding 30 g/kg 
feed garlic powder resulted in a significantly higher level of whole-body proximate protein. 
Both 10 g/kg feed and 30 g/kg feed garlic powder showed significantly higher fat digestibility 
than the control and 20 g/kg feed garlic powder groups. The 20 g/kg feed garlic powder diet 
resulted in significantly higher erythrocyte and leukocyte count. Furthermore, all garlic groups 
had significantly lower blood serum cholesterol levels compared to the control. Garlic powder 
improved European perch's resistance against high density and net handling stress, as well 
as their haematological and immunological parameters. Immediately after stress, the level of 
Cortisol in all garlic-fed groups was significantly higher than in the control group, and there 
was no significant difference in glucose levels among the groups. However, after 24 hours, the 
levels of both Cortisol and glucose were lower in all garlic-fed groups compared to the control 
group significantly. These results indicate that feeding European perch with garlic powder may 
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have a positive effect on managing stress response. Garlic powder at a level of 10 g/kg feed 
improved apparent fat digestibility, whole body proximate protein, hematological parameters, 
immunological parameters, and increased resistance in high density and net handling stress. 
Overall, garlic powder could be considered as a potential dietary supplement for managing 
stress in European perch, however, further research is needed to determine the optimal 
dosage and long-term effects. 

Results of present thesis suggest that the use of natural feed phyto-additives could be 
a potential solution to address health issues in aquaculture, leading to more sustainable and 
efficient food production. 
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Czech summary 

Czech summary 

Účinky rostlinných produktů na růst, stravitelnost, složení těla, imunitní a stresovou reakci 
u ryb 

Očekává se, že v nadcházejících desetiletích bude akvakultura hrát zásadní roli při produkci 
potravin pro rostoucí lidskou populaci. Nicméně propuknutí nemocí může bránit dalšímu 
rozvoji tohoto odvětví. Jedním ze slibných řešení pro řešení tohoto problému je použití 
přírodních krmných aditiv, jako jsou rostlinné moučky a extrakty, které obsahují bioaktivní 
sloučeniny, včetně fenolických sloučenin, proteinů, vitamínů a minerálů. Bylo prokázáno, že 
tyto sloučeniny mají na ryby antistresové, antivirové, antibakteriální a antifungální účinky. 

Druhá kapitola má podobu přehledového článku a zaměřuje se na kopřivu dvoudomou 
jakožto léčivou bylinu s dlouhou historií použití v tradiční medicíně. Zatímco kopřiva byla 
rozsáhle studována v medicíně savců, její účinky na druhy využívané v akvakultuře nebyly 
dostatečně zdokumentovány. Nedávné studie však prokázaly pozitivní vliv kopřivy na růstovou 
výkonnost, hematologii, biochemii krve a imunitní systém ryb. Ryby krmené přídavkem 
kopřivy vykazovaly vyšší míru přežití a menší úroveň stresu než kontrolní skupiny, když byly 
chované ryby vystaveny patogenům. Tento přehled literatury si klade za cíl poskytnout souhrn 
současných poznatků o použití kopřivy v rybí stravě a jejích účincích na růstovou výkonnost, 
hematologii, biochemii krve, jaterní enzymy, stimulaci imunitního systému a odolnost vůči 
patogenům. 

Třetí kapitola disertační práce zkoumá účinky moučky z kopřivy a moučky z listů estragónu, 
a to jak samotných, tak v kombinaci, jako krmých aditiv v krmivu pstruha duhového. Prášek 
z listů kopřivy v dávce 30 g/kg krmiva vedl k významnému zlepšení konečné hmotnosti ryb, 
hmotnostního přírůstku, procentuálního hmotnostního a specifické rychlosti růstu pstruha 
duhového. Přídavek moučky z listů kopřivy navíc zvýšil celkový obsah bílkovin a popelovin v těle 
ryb a zároveň snížil obsah tuku. Přídavek moučky z listů estragónu, v dávce 30 g/kg krmiva, 
významně zvýšil Hct% a počet leukocytu. Kombinace 10 g/kg moučky z listů kopřivy a 10 g/kg 
moučky z listů estragónu se projevila nejvyššími hladinami erytrocytu a hemoglobinu. Moučka 
z listů kopřivy v dávce 30 g/kg krmiva, moučka z listů estragónu v množství 30 g/kg krmiva 
a kombinace moučky z listů kopřivy v dávce 10 g/kg a 10 g/kg moučky z listů estragónu 
v krmivu významně zvýšily hladiny albuminu v krevním séru. Moučka z listů estragónu v dávce 
10 g/kg krmiva vykazovala nejvyšší aktivitu enzymu lysozymu v krevním séru ve srovnání 
s kontrolou. Hladiny celkového imunoglobulinu v krevním séru a celkového proteinu byly 
významně spojeny s použitím moučky z listů kopřivy v dávce 30 g/kg krmiva. Studie potvrzuje 
pozitivní účinky těchto aditiv na růstovou výkonnost, složení celého těla, imunologické, 
hematologické a vybrané biochemické faktory krevního séra. 

V kapitole 4 je prezentována studie, která zjistila, že různé úrovně česnekového prášku 
významně neovlivnily rychlost růstu a somatické indexy u okouna říčního. Přidání 30 g/kg 
česnekového prášku v krmivu však vedlo k výrazně vyšší hladině bílkovin v těle ryb. Použití jak 
dávky 10 g/kg krmiva, tak 30 g/kg krmného česnekového prášku se projevilo ve významně 
vyšší stravitelnosti tuku v porovnání s kontrolní skupinou a 20 g/kg krmivového česnekového 
prášku. Dieta obsahující 20 g/kg česnekového prášku vedla k významně vyššímu počtu 
erytrocytu a leukocytu. Kromě toho měly všechny skupiny s přídavkem česnekuvýznamně nižší 
hladiny cholesterolu v krevním séru ve srovnání s kontrolou. 

Česnekový prášek zlepšil odolnost okouna říčního proti stresu z vysoké hustoty a manipulace, 
jakož to i jeho hematologické a imunologické parametry. Bezprostředně po stresu byla hladina 
kortizolu ve všech skupinách krmených česnekem významně vyšší než v kontrolní skupině 
a mezi skupinami nebyl žádný významný rozdíl v hladinách glukózy. Po 24 hodinách však byly 
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hladiny kortizolu i glukózy významně nižší ve všech skupinách krmených česnekem ve srovnání 
s kontrolní skupinou. Tyto výsledky naznačují, že krmení okouna říčního dietou s česnekovým 
práškem může mít pozitivní vliv na zvládání stresové reakce. Česnekový prášek v množství 10 
g/kg krmiva zlepšil stravitelnost tuků, obsah proteinu v těle ryb, hematologické parametry, 
imunologické parametry a odolnost při vysoké hustotě a manipulaci. Celkově lze česnekový 
prášek považovat za potenciální doplněk stravy pro zvládání stresu u okouna evropského, je 
však zapotřebí dalšího výzkumu, aby se určilo optimální dávkování a dlouhodobé účinky. 

Výsledky disertační práce naznačují, že používání přírodních krmných fytoaditiv by mohlo 
být potenciálním řešením pro řešení zdravotních problémů v akvakultuře, což povede 
k udržitelnější a efektivnější produkci potravin. 
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