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Abstract

The use of vegetable products to prolong the shelf life of fish in addition to as a functional
feed additive in aquaculture is expected to increase significantly in the near future. In parallel
with the increasing world population, the inability to increase fisheries has made it inevitable
to meet the aquaculture needs from aquaculture and this has led to the continuous increase of
aquaculture and to reach a great market potential. Synthetic feed additives and antibiotics
used unconsciously have become a major problem with the increase in aquaculture and in
many countries restrictions on antibiotic use have been imposed. As a result of these
restrictions, interest in functional feed additives has increased. It has been shown in many
studies that it may be appropriate to use herbal products as an alternative to antibiotics and
synthetic substances used as growth enhancers in aquaculture. Natural products, such as
medicinal plants, can be widely used as feed additives to improve the efficiency of feed use
and increase animal production performance. This study aims to promote the use of medicinal
plants as an alternative to chemical products in the aquaculture sector.
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INTRODUCTION

The aquaculture sector is among the fastest growing sectors in many world countries.
This growth in the sector stems from aquaculture rather than hunting. The amount of fisheries
hunting remains the same or decreases from year to year. However, there is a continuous
increase in aquaculture. When the aquaculture areas are examined in detail, it is seen that the
largest production areas that contribute positively to the growth of the sector are marine areas
Or reservoir.

One of the most important elements in aquaculture has been the principle of obtaining
the highest yield from the unit area and unit feed since the aquaculture areas began to shrink
and feed costs increased. In addition, the quality of the obtained seafood as well as the
preservation of freshness is very important.

The use of many chemicals and antibiotics is quite common in fish farming with the
fight against diseases. The use of antibiotics is highly criticized for causing the development
of antibiotic-resistant bacterial strains, suppression of the immune system of fish,
environmental pollution and the accumulation of chemical residues in fish tissues that may
harm public health. For these reasons, the interest of the aquaculture industry in plant
resources is increasing day by day (Dikel, 2015).

In recent years, the use of feed additives in fish feeds to increase production has
become widespread. The additives added to feeds increase the digestibility of the feed while
reducing the effects of anti-nutritional factors. In addition, it plays a role in fish gaining
resistance to diseases. It is desirable that probiotics to be used as feed additives should be non-
pathogenic, should not produce toxic substances, should maintain their viability during
storage and have high interaction with nutrients in the structure of the feed (Yildirim et al.,
2013).

Herbal additives in aquaculture are used for many purposes to increase the growth
parameters of fish, to develop resistance to diseases, to improve meat quality, to increase fatty
acid profile and to prolong shelf life.

When analyzing plant bioactivity according to the purpose of use in fish farming,
studies with plant sources, 36% for antibacterial activity, 17% antiparasitic activity, 16%
immunostimulatory activity, 14% antiviral activity, 13% growth promoter and only 4% were
used for antifungal activity (Reverter et al., 2017).

In a study on this subject, it has been reported that the herbal additives used in
aquaculture can be used for purposes such as Antibiotic, phytotherapy, immunostimulant
effect, growth enhancer, tranquilizer in aquaculture, anesthetic agent, improving meat quality,
gaining taste and odor and prolonging shelf life (Dikel, 2019). In this study, the purpose and
manner of the use of herbal products, which have recently gained importance in terms of
aquaculture, are summarized.

Antibiotic Use of Plant Resources in Aquaculture

Antibiotics produced from natural sources or synthetically produced can be defined as
substances capable of inhibiting or killing the growth of microorganisms (Romero et al.,
2012). In aquaculture, antibiotics at the therapeutic level are often administered orally to fish,
often for a short time to groups of fish that share ponds, tanks or cages (Defoirdt et al., 2011).

All medicines used legally in aquaculture must be approved by the governmental authority for
veterinary medicine (e.g the US Food and Drug Administration). For example, in the United
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States, the following antimicrobials are authorized for use in aquatic culture: oxytetracycline,
florfenicol, and sulfadimetoxine / ormetoprim. These regulatory agencies may establish rules
for the use of antibiotics, including permissible delivery routes, dosage forms, withdrawal
times, tolerances, and dose rates and limitations, the use of species. The most common way to
deliver antibiotics to fish is by mixing the antibiotic with a specially formulated feed
(Dawood et al., 2018). Recently, with the effect of some restrictive and limiting factors, the
aquaculture sector has been focusing on herbal solutions that serve the same purposes instead
of medicaments (medicines and chemicals with therapeutic protective and growth-enhancing
effects) they have to use in production (Dikel, 2015). The use of medicinal plants in
aquaculture has attracted worldwide attention and has become an active scientific research
topic (Galina et al., 2009; Chakraborty and Hancz, 2011; Harikrishnan et al., 2011a). Bulfon
et al. (2013) examined the use of phytomedicins on fish species in 105 scientific publications
published in the literature from 1998 to 2011. In particular, 83% of these surveys were
conducted between 2006 and 2011, while 15% were conducted between 2001 and 2005.
Relatively few studies were conducted before 2001.

An important alternative to antibiotics is the use of functional feed additives to
improve growth performance and increase immune resistance in fish. A variety of feed
additives with direct and indirect modes of action may replace the effects of in-feed
antibiotics used to promote growth in aquatic animals. Recently, a great number of research
has been conducted on the development of alternatives to antibiotics to preserve the health
and performance of aquatic animals. The most widely investigated alternatives include
probiotics, prebiotics, synbiotics, acidifiers, plant extracts, nucleotides and immunostimulants
such as B-glucan and lactoferrin (LF). (Dawood et al., 2018).

Most of the studies with herbal products is done in countries such as China, India,
Thailand and Korea. In these countries, many plants such as garlic (Allium sativum), garlic
grass (Allium tuberosum), green tea (Camellia sinensis), cinnamon (Cinnamomum verum or
C. zeylanicum), turmeric (Curcuma longa), lupine (Lupinus perennis), mango (Mangifera
indica), mint (Mentha piperita), nutmeg (Myristica fragrans), basil (Ocimum basilicum and
O. sanctum), coral pavilion (Origanum vulgare), radiant (Rheum officinale), rosemary
(Rosmarinus officinalis) and ginger (Zingiber officinale) are generally used (Dikel, 2015).

Many scientific documents indicate that garlic is used effectively in the fight against
bacterial pathogens from freshwater fish, Pseudomonas fluorescens, Myxococcus piscicola,
Vibrio anguillarum, Edwardsiella tarda, Aeromonas punctata f intestinalis, and Yersinia
ruckeri (Lee and Gao, 2012). Rosemary plant has been found to resist Streptococcus iniae and
Streptococcus agalactiae bacteria in Tilapia (Oreochromis sp) (Zilberg et al., 2010).

Use of Plant Resources as Growth Enhancers

Medicinal plants have been shown to have growth-promoting effects. Substances used
as plant supplements essentially improve digestive enzymes and thus increase the survival and
growth rates of aquatic animals (Dikel, 2019). Biiyiikdeveci et al. (2018) in their study of
garlic found that feeds increased the density of bacterial colonies that increase the activity of
proteinase enzyme in the intestinal microbiota of trout, therefore, these fish grow better.
Another study showed that three plants (Eclipta alba, Alteranthera sessilis and Cissus
qguadrangularis) showed an appetizing effect and increased the activity of digestive enzymes
(protease, amylase and lipase) of freshwater shrimps (Radhakrishnan et al., 2014).

There are many scientific studies showing that plant supports are used as growth
enhancers in aquaculture. Garlic-enriched diets have been reported to improve the growth
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parameters of Nile tilapy and increase survival (Aly and Mohamed, 2010; Shalaby et al.,
2006; Aly et al., 2008; Ozgiiven and Dikel, 2018).

Diets containing Oregano vulgare essential oil have been reported to improve the
growth performance and survival rates of catfish (Zheng et al., 2009). In another study, the
growth parameters improved as a result of oral administration of Achyranthes aspera to Labeo
rohita (Rao et al. 2006). Xie et al. (2008) reported that the growth performance of C. carpio
feeding on diets enriched with Rheum officinale increased. Uzunaga¢ and Dikel (2010)
reported that spirulina increased the survival rate in the study of wintering Nile tilapia puppies
with spirulina supplemented feed in greenhouse conditions in winter.

Similarly, when 1% fenugreek was added to the feed of Oreochomis niloticus fish, an
increase in growth performance and a decrease in feed evaluation rate were found (Mostafa et
al., 2009). In another study on the effect of black cumin oil (Nigella sativa) on the growth
performance, body composition and fatty acid profile of rainbow trout (Oncorhynchus
mykiss), it was reported that black cumin oil positively affected the growth of trout while
reducing feed evaluation rate (Oz et al., 2018).

In another study, the use of 100 mg/kg supplemented meadow triangle in Oreochromis
aereus fish feeds has been reported to improve the growth performance and feed evaluation
rate (Turan, 2006).

Use of Herbal Additives to Improve Meat Quality and Prolong Shelf Life in Aquaculture

The use of antibiotics can cause the death of beneficial microorganisms as well as
harmful microorganisms in the digestive system (Sarica, 1999). Therefore, the additives used
today to increase production and fight against diseases are being replaced by organic products
or chemicals that do not leave residues in fish. Many substances such as seaweed, probiotics,
bacterial compounds, enzymes and plant extracts have been used in the studies as an
alternative to chemical use in the aquaculture sector (Bagni et al., 2005; Bonaldo et al., 2007).

Benkeblia (2003) investigated the antimicrobial effect of different onion species
(green, yellow and red) and garlic essential oil extracts on two bacterial species
(Staphylococcus aureus, Salmomella enteritidis) and three fungus species (Aspergillus niger,
Penicillium cyclopium Fusarium oxysporum). The strongest antibacterial effect was observed
in garlic and the lowest effect was observed in green onion. All of the garlic extracts showed
inhibitory activity at any concentration used. Among the onion species, red onion was the
strongest inhibitor.

It is obligatory to keep the aquaculture cold after harvest until it is put on the market.
The microbiological activities must be stopped or slowed down whether they are stored as a
whole or a product. Otherwise, the product is at risk of rapid deterioration and staling. For this
purpose, there are many studies on the storage and processing of seafood. In some of these
studies, herbal additives are supplemented to fish feed (Oz et al., 2017; Oz, 2016; Oz, 2017;
Oz, 2018a; Oz, 2018b) and some of them are supplemented to fish meat after harvesting
(Topuz et al., 2014; Aircraft, 2019; Yerlikaya, 2015; Ucak et al., 2018).

In a case study on this subject (Oz, 2018), fish harvested after 90 days feeding period
by supplementing garlic (Allium sativum) to rainbow trout feeds were stored in deep freezer at
—18 ° C and periodically changes in chemical, microbiological and sensory parameters were
examined. In this research, garlic supplemented fish feed has improved sensory, chemical and
microbiological levels of the rainbow trout. The effects of black cumin oil (Nigella sativa) on
the shelf life of rainbow trout (Oncorhynchus mykiss) were investigated. Similarly, positive
results were found in this study (Oz et al., 2017).
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CONCLUSION

The aquaculture sector in our country is growing rapidly and its share in the total aquaculture
production has increased above 50%. In order to make this growth sustainable and increase
the yield and quality and thus the income, feed additives should be used. Herbal feed additives
used in animal breeding are alternative to antibiotics and many synthetic feed additives
because they are both natural and do not threaten animal and human health. With these herbal
feed additives, more researches should be done to increase the productivity of the fish in
different seasons, different length groups, different aquaculture environments and in different
seasons, and appropriate feed rations should be established for the fish according to the
positive results.
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