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GENERAL ABSTRACT 

The dusky kob, Argyrosomus japonicus, has been identified as a viable marine aquaculture 

species whose sustainable production can contribute to food and nutrition security in South 

Africa. For local dusky kob aquaculture to flourish, its sustainable production would require 

cost-effective feeding strategies and interventions. Therefore, the current study was 

designed to assess the effect of green macroalgae seaweed Ulva sp., inactivated yeasts 

(Brewer' s and torula yeast) and commercial herbal products on fish growth performance, 

haemo-biochemical parameters, gut histology and fillet fatty acids concentration. The three 

experimental chapters (chapters 3, 4 & 5) in this thesis evaluated alternative, unconventional 

feed additives previously shown to promote growth, health and welfare in other aquaculture 

species. Experiments were carried out at the Marine Research Aquarium of the department 

of Agriculture, Forestry and Fisheries (DAFF) in Sea Point (33.9169°S, l 8.3875°E), Cape 

Town, South Africa. The experimental system was a recirculating aquaculture system 

(RAS) consisting of 20 black, high-density polyethylene grow-out tanks ( 465 L capacity, 67 

cm deep and 94 cm diameter) with flattened conical floors coated with white fibreglass resin 

to allow for better fish visibility. The seawater temperature was maintained at 25 °C via a 

heat pump and with dissolved oxygen at 5.5-6.0 mg/1 via air lines. Fish of 6-9 g used for the 

study either were sourced from dusky kob breeders or were of DAFF Marine Research 

Aquarium breed. For all the experiments, fish were offered feed at a rate of 2.8 % of their 

body weight, weighed and measured for length to assess weekly growth performance. All 

diets across the three experiments were hand prepared. The drawing of blood, distal 

intestine sampling for gut histology, fillet sampling for fatty acids concentration were 

performed at the end of each experiment. In chapter 3, five diets were formulated to contain 

graded levels of Ulva, 0 (Ulva0), 50 (Ulva50), 100 (Ulval00), 150 (Ulva150) and 200 

(Ulva200) g seaweed meal/kg commercial kob feed on a dry matter basis. There were four 
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replicate tanks per treatment and each had 77 fish. The experiment was run for nine weeks. 

There was a decline in protein content as the level of seaweed supplementation increased. 

Repeated measures analysis revealed that the interaction between fish age (weeks) and diet 

had a significant effect on fish weight gain (P < 0.05). No significant (P >0.05) dietary 

effect was detected on blood haematological parameters. Blood alkaline phosphatase 

declined (P < 0.05) in response to Ulva inclusion in fish diets but all blood parameters were 

within the normal range for fish. The histological evaluation of the distal intestine revealed 

normal gut structure for all the dietary treatments. Eleven SF A, seven MUF A and nine 

PUF A were detected from the fillet samples of all fish groups. It was concluded that 50g 

Ulva/kg kob commercial was the optimum inclusion in dusky kob diets for unimpaired fish 

growth. The growth performance results from this study, especially when fish were fed 

U/va-supplemented diets beyond 50g/kg, showed a need to test other potential feed 

additives such as brewer's yeast (Saccharomyces cerevisiae), which have shown growth 

promoting potential in other previous studies. Therefore, in chapter 4, five isonitrogenous 

and isoenergetic diets, consisting of three brewer's yeast-containing diets at rates of 50, 150, 

and 300 g/kg DM (BY5P0, BYl 5P0, and BY30P0, respectively), a commercial dusky kob 

diet containing 10% pro biotic mix but no brewer's yeast (BY0P 1, positive control), and a 

commercial dusky kob diet with neither the probiotic mix nor the yeast (BY0P0, negative 

control), were formulated . Each treatment was offered to 65 fish in each of four replicate 

tanks for six weeks. Repeated measures analysis revealed a significant interactive effect 

between dietary treatments and age of the fish (weeks) (P< 0.05) on fish weight, but not on 

caudal length. Fish growth decreased with an increase in yeast inclusion. The effect of 

dietary treatments on FCE was not significantly different. There was a notable decrease in 

haematocrit levels and alanine transaminase concentration with incremental levels of 

brewer's yeast. However, all the haemo-biochemical parameters were within normal range 
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for fish. Similar to the conclusion reached in Chapter 3, 50g Brewer' s yeast/kg kob 

commercial was the optimum inclusion level for unimpaired dusky kob growth. It was 

therefore important to investigate the effect of combining brewer' s yeast, torula yeast 

(Candida utilis) and commercial herbs in the last experimental chapter (5). Torula yeast has 

been found to be beneficial in terms of fish growth when included at higher levels ( 45% of 

the diet), and herbal products are accredited with stimulating both the digestive enzymes 

and the immune systems of fish, thereby promoting fish growth. In chapter 5,a base diet of 

commercial Skretting Active ZA feed (62.9% of the diet) combined with torula yeast 

(25.9%) and brewer' s yeast (5.2%) was formulated.Five commercial additives which 

included Aquapro® herbal powder, Liv up® herbal granules, Liv up® herbal liquid, Ultra 

Natural PlusPB-20® (UNP PB-20) herbal liquid and 2-strain Probitlora®(Lactobacillus 

acidophilus and Bifidobacterium bifidus) were respectively added to the base diet. The base 

diet served as a positive control and the Skretting Active ZA feed served as the negative 

control, bringing the total number of diets to seven. Each treatment, except the negative 

control (two replicate tanks) was offered to three replicate tanks containing 50 fingerlings 

each. The highest weight gain was achieved with the base diet (43.38 ± 2.49 g), followed by 

the Probiflora®group and the Liv up® herbal granules group (40.35 ± 1.42 and 40.35 ± 4.86 

g, respectively). The least weight gain was observed for the negative control diet (4.38 ± 

0.80 g). In conclusion, 50 g/kg kob commercial diet of both Ulva and brewer' s yeast are 

recommended because they did not impaired fish growth. The dietary inclusion of the two 

inactivated yeast products is recommended for dusky kob commercial diets since they 

enhanced growth performance. In conclusion, dilution of the diet protein quality by higher 

Ulva inclusion did not have an effect on fish fatty acid concentration, haemo-biochemical 

parameters and gut morphology. The combination of brewer' s and torula yeast in future 

dusky kob is highly recommended and on the other hand, future studies should investigate 
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the optimum inclusion levels of herbal products such as Aquapro® herbal powder m 

aquaculture feeds in South Africa. 

Keywords: dusky kob, Ulva sp. , yeast, herbal products, haemo-biochemical parameters, gut 

histology, fatty acids 
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1. CHAPTER ONE: GENERAL INTRODUCTION 

1.1 Background 

Traditionally and historically, livestock fanning and capture fisheries have been 

predominantly by far the sources of animal protein.These sectors, however, currently face 

constraints of available land and water (livestock) and most fisheries are fully exploited or 

over exploited. Jackson et al. (2001) concluded that overfishing has caused more detrimental 

ecological impacts on ocean fisheries resources than all other human disturbance to coastal 

ecosystems. Aquaculture is the fastest growing fanning sector in the world, with an average 

annual growth rate of 8.9% since the 1970s, compared to 1.2% for capture fisheries 

(Subasinghe, 2005). F AO (2003) reported that the low demand of animal products has 

resulted in livestock fanning projected to grow at a slow rate of 1.6% ( excluding China) by 

2030. For aquaculture to maintain its growth, it will need high-quality feeds with high 

protein content and other essential nutrients, which should contain not only necessary 

nutrients but also complementary additives to keep fish healthy and aid in growth (Lara

Flores, 2003). 

South African aquaculture, which is relatively small compared to that in other parts of the 

world, is characterised by the production of both marine and freshwater species (DAFF, 

2011 and DAFF, 2013). A total of 3926.89 tons of South African aquaculture products were 

recorded in 2012. The Department of Agriculture, Forestry and Fisheries (DAFF) reported 

that of the total marine aquaculture production in 2012, the abalone subsector recorded an 

estimated 1 111.41 tons, making it the most successful, followed by mussels (859. 77 

tons),oysters (241.58 tons),andfinfish(48.46 tons). In 2010, abalone sales were valued at 

R355 million, oyster sales at R14.4 million and mussel sales at R9.l million (DAFF, 2011). 
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Even though the 2012 production statistics indicate that the general production is very low 

when compared to that in other parts of the world, there has been a positive growth of the 

South African marine aquaculture sector over the years (DAFF, 2013). Indeed, this sector 

grew by 20.1 % from 2011 to 2012 with a total increase in production of 377.72 tons. Table 

1 shows 2012 South African marine production statistics for fish meant for human 

consumption. 

As of April 2018, there were only two surviving marine finfish farms/producers for 

commercial purposes in South Africa and they both produce dusky kob, Argyrosomus 

japonicus. One farm (Bluecap General Trading) is based in Paternoster (32°49'S l 7°53'E), 

Western Cape, off the South African west coast.Culture facilities within this farm are 

comprised of two recirculating systems, one for the broodstock fish and the other for 

juvenile growout. A hatchery within the facility is setup based on the manual provided by 

Fielder& Heasman (2011). Broostock fish (about 25 kg) are regularly fed with pilchards for 

conditioning at 17 °C. Fingerlings are raised in water temperature of between 23 and25 

°Cand salinity of 34 ppt, as suggested by Bernatzede r& Britz (2007). Their primary 

objective at this farm is to produce high quality eggs for export to countries such as 

Mozambique and Mauritius. The second farm (Zini Fish Farm) is based at Mtunzini 

(28.9597° S, 31.7501 ° E), KwaZulu-Natal, off the South African east coast. With the same 

indoor recirculating and hatchery systems as the Paternoster farm, the farm has a juvenile 

grow out ponds where fish are reared until market size of between 600 and 700g. 
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Table 1. Marine aquaculture total production for human consumption per subsector 

and province in 2012 (DAFF, 2013) 

Province 

Species 
Western Eastern Cape Northern KwaZulu- Total 

Cape cape Natal 

Abalone 935.21 176.20 0 0 1111.41 

Finfish 0.55 47.8 0 0 48.46 

Mussels 859.77 0 0 0 859.77 

Oysters 190.28 51.3 0 0 241.58 

Total 1985.92 257.3 0 0 2261.22 

Over the years, farming of a number of marine finfish species has been piloted to assess 

feasibility and market access. Currently, the only marine finfish that is farmed commercially 

is the dusky kob (Argyrosomus japonicus) . Other species that are under investigation 

include yellowtail (Serio/a lalandi) , mangrove snapper (Lutjanus argentimaculatus) , spotted 

grunter (Pomadasys commersonnii) and yellow belly rockcod (Epinephelus marginatus). 

The limited availability and high cost of high-performance diets limit the development of 

the marine finfish subsector, resulting in low investment in this subsector. Research into less 

expensive and locally available ingredients or additives will facilitate the development of 

marine finfish aquaculture in South Africa. As part of the Department of Agriculture, 

Forestry and Fisheries's plan to develop aquaculture in South Africa, fish nutrition and 

feeding have been identified as priority research areas. 

In some countries, aquaculture production has prospered rapidly since the 1970s, overtaking 

terrestrial farm meat production and landings from capture fisheries (Tacon, 2001). 

Duringthe past decade, aquaculture has been introduced into many African and Asian 
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countries in order to create opportunities for local rural communities to improve their 

standard ofliving (Edwards, 2000). In many African and Asian communities, aquaculture 

provides one of the fastest ways for the poor to earn a living, while also serving as a 

valuable foreign exchange for national development. In addition, when aquaculture provided 

a solution for the decline in catches from wild fisheries, it gradually began to form a vital 

part of rural economies (Halwart et al. , 2003). Cleasby et al. (2014) estimated that global 

wild capture fisheries are diminishing at a rate of more than 0.5 million metric tons per year, 

whereas aquaculture has been growing at roughly 2.5 million tons annually between 2004 

and 2011. 

Rural aquaculture is generally defined as an aqua-farming practice on asemi-intensive scale 

with relatively low production costs and technologies (Edwards & Demaine, 1997). This 

practice is targeting low-income consumer groups and is conducted as a small-scale 

household activity adopting off-farm agri-industrial inputs and organic fertilisers, without 

relying on expensive formulated feed to supply low-value production. Since aquaculture is 

widely promoted in rural areas, aquaculture development often forms part of the rural 

development programme.In general, establishing a successful aquaculture enterprise is not a 

simple matter, particularly in a rural context where access to resources represents 

challenges. Apart from the scarcity of resources, a significant obstacle to overcome is the 

lack of technical skills and knowledge in operating fish farms among local villagers 

(Edwards et al. , 2002). While the core mission for rural aquaculture is to improve the living 

standards of communities by alleviating poverty and securing food security, a successful 

aquaculture farm does not guarantee a quick financial gain. Without careful management, 

rural aquaculture could also become a counter-productive facility that disadvantages the 

poor. 
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On the bright side, aquaculture contributes to the livelihood of the poor through improved 

employment and income. Rural farms are generally labour-intensive because they tend to be 

limited to smallholdings that do not require sophisticated technology or machinery.The 

construction of aquaculture ponds and related facilities creates employment and thus income 

for local villagers (Ahmed & Lorica, 2002). In many instances, rural aquaculture creates 

what is called "own enterprise" employment, whereby the entire family becomes involved 

in the business (Edwards, 2000). During harvesting or net-changing periods, when extra 

hands are required, casual or occasional work is also created for labourers (Ahmed & 

Garnett, 2010). In China, every individual employed in this sector supports three or more 

family members. This has created employment for over 1 000 000 individuals in small-scale 

aquaculture farms while also contributing significantly to the national Gross Domestic 

Product (GDP) (Edwards, 2000). 

Aquaculture has a major role to play in guaranteeing food security matters in many rural 

communities around the world. The Food and Agriculture Organization (F AO) defines food 

security as the state in which all people, at any given time, have physical, social and 

economic access to sufficient, safe and nutritious food that meets their daily dietary needs 

for healthy living. Rural aquaculture provides a high quality of animal protein and other 

essential nutrients, especially for nutrition-vulnerable sectors of the population, such as 

infants, pregnant and lactating women (Schmidhuber & Tubiello, 2007). It has been 

suggested that child blindness and infant mortality can be markedly reduced by providing 

sufficient amounts of the vitamin B12, calcium and potassium contained in fish (Ahmed & 

Garnett, 2011). More often than not, most rural fish farmers will utilise the small fish which 

are unsuitable for the market as food for their households, thereby ensuring aregular intake 

of fish in their diets (Ahmed &Garnett, 2011 ). The contribution of aquaculture to food 

security and to the improvement of public health was demonstrated in the Pacific Island 
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Countries and Territories (PICT) through the diversification of tuna fanning (Bell et al. , 

2015). Apart from providing massive financial gains, the tuna actually contributed to 

combatting the high and rising prevalence of non-communicable diseases in the region. 

Non-communicable diseases such as heart disease and obesity frequently occur because of a 

high dependency on imported and processed foods. In the face of raising nutrition and 

health problems, tuna farming provided a stable food supply and assured food security for 

the poor, by stabilising food availability, providing villagers with sufficient access to it and 

enabling them to make effective use of it. Locally canned tuna has proved to be a highly 

affordable high-quality non-perishable food source for the residents, helping them to 

achieve self-sufficiency. It has freed them from dependence on imported goods which are 

subjected to fuel price fluctuations that added more pressure to communities that are already 

struggling financially (Pilling et al. , 2015). For local dusky kob aquaculture to flourish, its 

sustainable production would require cost-effective feeding strategies and interventions. 

Therefore, the current study was designed to assess the effect of green macroalgae seaweed 

Ulva sp., inactivated yeasts (brewer' s and torula yeast) and commercial herbal products on 

fish growth performance, haemo-biochemical parameters, gut histology and fillet fatty acids 

concentration. The three experimental chapters (chapters 3, 4 and5) in the thesis evaluated 

alternative, unconventional feed additives previously shown to promote growth, health and 

welfare in other aquaculture species. 

1.2 Problem statement · 

The South African Marine finfish aquaculture is still in a developing stage. One of the 

challenges facing the development oflocal species such as dusky kob is the availability of 

affordable feed, specifically formulated for kob. As of 2016, only two companies have 

developed a feed, specifically for kob, however affordability for small-scale farmers would 
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be a challenge. The current experiments seek to utilise these commercial kob feeds as a 

basal experimental diets by incorporating different additives in order to lower the cost. The 

additives should not compromise the nutrient quality of the diets. An ideal aquaculture feed 

should contain adequate nutritional additives, formulated to contain balanced, essential 

components for proper fish maintenance, growth, reproduction and overall health (Ganguly, 

2013). Fish feed additives should be free of any harmful components such as antinutritional 

factors , e.g saponins, lectins and gossypol. The formulated feed should be wellaccepted by 

farmed fish and should not create any adverse effects on their water systems (Gatlin et al. , 

1986). To maintain sustainable production costs, economic aspects of each additive should 

also be considered. 

Feed is one of the major inputs in aquaculture production and accounts for at least 60% of 

the total management cost of a successful fish farm (Jamu &Ayinla, 2003). It is one of the 

fundamental challenges facing the development and growth of aquaculture in Africa. Fish 

feed development in Sub-Saharan Africa has not made the impact on aquaculture that was 

originally expected. According to Hecht (2000), research on inexpensive feed ingredients 

has not contributed greatly to aquaculture development in Africa. Hecht (2000) then 

suggested that more research is required on the use of plant material as fish feed additive. 

Development and management of fish feed play a vital role in the growth and expansion of 

aquaculture because they are major determinants of profitability. 

Fish feeds are made from raw materials similar to those used in the feeds for terrestrial 

animals. The major difference is the need for protein-rich ingredients since the dietary 

concentration of crude protein (CP) in fishfeeds is generally higher than in feeds for 

terrestrial animals. A large number of protein ingredients can be used to manufacture fish 

feeds, but historically, fish meal has been the protein source of choice. This is because 

fishmeal has high levels of digestible CP as well as a balanced essential amino acid (EAA) 
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profile that closely approximate fish requirements. However, with the rapid growth of 

aquaculture, global fish meal supplies have reached a plateau (New & Wijkstrom, 2002) 

becoming less available and more expensive. This has necessitated the search for dietary 

feed additives that will not compromise fish growth and health. The use of feed additives for 

fish feed is relatively a new concept and therefore requires extensive research efforts. 

Additives promote production efficiency and economy, optimise feed utilisation efficiency, 

fish growth, health and well being and will also have a significantly positive environmental 

impact (White, 2013). One of most known deleterious effects of aditives in fish is their 

effect on fish growth performance at heigher inclusion levels in the diets, mostly beyond 5% 

(Rumsey et al. , 1991 ; Nakagawa et al. , 1993). 

1.3 Justification 

South Africa is a home to over 800 different seaweed species (Bolton & Stegenga, 2002) 

that have the potential to be incorporated into aquaculture feeds and are cheap to harvest. To 

date, few studies have investigated the potential of seaweed as an ingredient or additivein 

local finfish feeds . The protein content of seaweeds differs according to species, with red or 

green seaweeds containing between 10 and 47% on dry weight basis (Arasaki & Arasaki, 

1983). The protein content also depends on season, with higher protein levels recorded in 

winter months (Galland-Irmouli et al. , 1999). In South Africa, there is a high abundance of 

green seaweed species belonging to the genus Ulva which contains up to 26 % crude protein 

(dry weight) (Robertson-Andersson et al. , 2008). The Ulva was reported to contain between 

26 and 32% of aspartic and glutamic acids, respectively, which together constitute a large 

percentage of the amino acid fraction in seaweed (Munda, 1977). This nutritional 

information and physiological mode of action of seaweed justifies the inclusion of Ulva 

sp.as one of the additives invsetigated in this study. This seaweed has been tested in many 
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aquaculture species around the globe (Guroy et al. , 2007; Gilroy et al., 2011 ; Nakagawa et 

al., 1993). Chapter 2 gives an extensive literature review on the use of Ulva species and 

other seaweeds in diets for cultured fish. 

Yeast is a rich source of proteins and vitamins and has been used as a supplement in animal 

feed for decades (Gohl, 1991). Besides its nutritional value, the choice of yeast as a 

supplement in current experimental diets was informed by its potential impact on the 

microbial populations in the gut. By enhancing the beneficial activities associated with gut 

microbes, yeast can positively affect the growth and health of the fish (Dawson, 2000). 

Commercial, inactivated brewer' s yeast is generally sold as an inexpensive protein source 

for animal feeds (Huige, 2006). It has been reported that the inclusion of 30 to 50 g/kg 

brewer' s yeast improved feed efficiency in diets of European seabass (Oliva-Teles & 

Goncalves, 2001) and South American Pacu (Ozorio et al.,2010). The widely accepted yeast 

in fish diets is torula yeast. Torula yeast is considered a cheap dietary supplement as it is 

easily produced on an industrial level from carbon-rich substrate by-products such as citrus 

pulp, molasses and fruit waste (Lee & Kim, 2001). A mixture of plant protein and 30% 

torula yeast was reported to have successfully replaced 65% animal protein in tilapia diets 

(Olvera-Nova et al., 2002). The Common carp was reported to be capable of utilising 

proteins more effectively from Candida utilis than from proteins derived from soybean or 

from meat and bone meals (Atack et al. , 1979). The use of yeast as an additive in fish feed 

has not been extensively studied. Consequently, the current study aims to test the 

relationship between the inclusion of yeast as an additive on fish growth and physiological 

response. 

Plant extracts are another potential feed additive for fish since there is growing concern 

about the use of synthetic hormones and antibiotics, which could potentially have side 

effects in fish. For example, the use of antibiotic growth promoters has been 
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criticisedglobally because they could boost microbial resistance and possibly also exert 

harmful effects on consumers (Baruah et al. , 2008). The World Health Organisation 

encourages the use of medicinal herbs and plants in place of chemicals (WHO, 2011). 

Medicinal plants could be widely accepted as feed additives to enhance efficiency of feed 

utilisation and animal productive performance (Levie et al. , 2008). Platel et al. (2002) 

reported that medicinal herbs are desirable for stimulating digestion as well as assisting in 

bile secretion and pancreatic activities. Herbal products are widely used as additives in fish 

feed, juvenile milkfish (Chanos chanos) (Azad et al. , 2007), roho labeo (Labeo rohita) 

(Vasudeva Rao & Chakrabarti, 2004), Common carp (Cyprinus carpio) (Yilmaz et al. , 

2006). Their effect on South African aquaculture is largely unknown. 

1.4 Objectives 

The main objective of this study was to determine the growth performance, health, serum 

biochemistry and tissue nutrient composition of dusky kob (Argyrosomus japonicus) when 

fed seaweeds, herbal stimulants and yeast as dietary additives. 

The specific objectives of the study were: 

1. To determine growth performance, gut histology, haemo-biochemical parameters and · 

tissue nutrient composition responses in dusky kobfed varying levels dietary seaweed 

(Ulva sp). 

2. To determine the effect of graded levels of dietary brewer' s yeast on dusky kob growth 

performance andhaemo-biochemical parameters. 

3. To determine the effects of dietary Aquapro herbal powder, Liv up® herbal granules, 

Liv up® herbal liquid, Ultra Natural Plus PB-20 herbal liquidon growthperformance 

for dusky kob. 
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1.5 Research questions 

The research questions of the study were: 

1. Does inclusion of seaweed (Ulva sp) in fish diets enhance dusky kob growth? 

2. Are there any beneficial effects of dietary inclusion of Ulva sp on serum biochemistry 

parameters and the tissue nutrient composition of dusky kob fish? 

3. Does inclusion of herbal extracts in dusky kob diets enhance growth performance? 

4. What effect will the combination of brewer' s yeast and torula yeast have on dusky kob 

growth? 
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2. CHAPTER TWO-LITERATURE REVIEW 

2.1 Fish feed development in Africa 

Fish feed technology is one of the most underdeveloped sectors in the African aquaculture 

environment (Hetch, 2007). Feed remains one of the major barriers facing the aquaculture 

sector in Africa. The continent relies heavily on imported feed ingredients and commercial 

fish feeds, which, in tum, makes fish farming expensive, as feed accounts for at least 60% of 

the total cost of production (Jamu & Ayinla, 2003). In many parts of the continent where 

aquafeed is commercially produced, there are problems related to consistency of supply and 

quality (Hetch, 2007). Quality control over aquafeed mills is non-existent in many African 

countries. Most small-scale farms are forced to rely on farm-made feeds due to financial 

constraints. Jamu & Ayinla (2003) observed that the low quality of fish feed and its 

attendant high cost are some of the the major factors hindering the development of 

aquaculture in Africa. Hence, research in fish nutrition that will utilise locally available 

ingredients and locally manufactured equipment without reducing the quality of the feed, is 

a matter of urgency for the overall success of aquaculture development, growth and 

expansion in several Africa. 

2.1.1 The South African fish feed production 

According to the Animal Feed Manufactures Association of South Africa, national feed 

production in 2011 was 10.7 million metric tons (AFMA, 2011). The feed industry is 

divided into the formal sector (Members of AFMA), which dominates total production, and 

the informal sector, which includes feedlots, smaller feed mills and home mixers. Since 

aquaculture is still a developing sector across the country, the last feed production statistics 

were recorded in 2008 (3,254 metric tons) and apply mainly to marine production (abalone, 

oysters and mussels, 67 %). Statistics relevant to freshwater fish show that trout feed 
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production dominated production (30%). Before its closure in 2014, Aquanutro (Pty) Ltd in 

the Western Cape supplied between 80 and 85% of the South African and Southern Africa 

market with floating extruded pellets for finfish aquaculture. Currently, there is one major 

feed producer (AVI products) for freshwater species, tilapia and trout, based in KwaZulu

Natal. Additionally, new feed producers are beginning to enter the tilapia feed industry such 

as Montego in the Northern Cape and Specialised Aquatic feed (Pty) Ltd in Hermanus. 

Specialised Aquatic feed (Pty) is currently running feeding experiments to produce feed for 

both dusky kob (Argyrosomus japonicus) and yellowtail (Serio la lalandi). Unlike many 

other African countries, South Africa is better equipped in terms of infrastructure, milling 

capacity and technical expertise to diversify and manufacture quality aquafeeds. 

2.2 South African dusky kob 

Dusky kob (Argyrosomus japonicas) is a member of the family Sciaenidae, one of the 

largest perciform families, which have 70 genera and 270 extant species (Nelson, 1994). 

Members of the Scienadae are becoming increasingly significant to aquaculture worldwide 

(Fitzgibbon et al. , 2007), and the most widely farmed marine fish family in China, the 

world' s largest producer of aquaculture products (Hong & Zhang, 2003). This family occurs 

along the coast of China, South Korea and Japan (Griffiths, 1997a), and also along the 

eastern seaboard of Australia (known as mulloway) (Starling, 1993), South Africa and 

Mozambique (Griffiths & Heemstra, 1995). In South Africa, especially along the east coast, 

matured dusky kob is found mainly in the nearshore marine environment and estuaries 

(Griffiths & Hetch, 1995). The dusky kob is relativelyfast growing during its juvenile phase 

and reaches sexual maturity at a length of almost one metre ( Griffiths, 1996). 

Due to its value as a commercial and recreational fish, dusky kob has been severely 

overfished. Griffiths (1997a) suggested that the spawner biomass per recruit was as low as 
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2.3% of pristine levels.The diminishing stocks of dusky kob prompted an interest in the 

species for development in aquaculture. Its high market value, fast growth rate, wide range 

salinity tolerance (Whitfield, 1998) and tolerance of poor water quality and low oxygen 

levels (Fitzgibbon et al. , 2007) are other contributing factors in the species' suitability for 

aquaculture. By the end of 2013, the marine finfish aquaculture sector had a total standing 

stock of 14 7 .18 tons of dusky kob on farms, with the majority of this tonnage in the Eastern 

Cape Province. 

2.3 Fish nutrition 

The nutritional value of feedstuff in aquaculture is based not solely on its chemical 

composition (protein, fat, carbohydrates, vitamins and minerals), but also on the quantity of 

the nutrients the fish can absorb and utilise (Cho & Kaushik, 1990). The bioavailability of 

energy in feedstuff for fish is defined in terms of digestibility or metabolisability. 

Digestibility describes that fraction of the energy in the ingested feedstuff that is not 

excreted in the faeces and therefore assumed to be have been absorbed from the digestive 

tract and hence ready to be used by the fish (Cho & Slinger, 1979). Metabolisability 

describes that fraction of the digested energy that is not excreted in the urine or the gills. 

Energy is not a nutrient, but released during metabolic oxidation of carbohydrates, fats and 

protein. Protein is the largest component of carnivorous fish diets and it is the most 

expensive nutrient. In fish, proteins and their amino acids play a significant role in many 

functions, including growth processes and cell renewal (Garcia et al. , 2000). In fish tissue, 

protein makes up about 70% on the dry weight basis (Wilson, 1989). The protein 

requirement for growing aquaculture fish is generally between 35 and 55% of the total 

dietary requirement (Rahnema et al. , 2005; Kaushik & Seiliez, 2010). The estimated protein 

intake requirements of several juvenile fish are summarised in Table 2.1. The values are 
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expressed as a percentage of dry diet.Watanabe (1982) indicated that sufficient lipids in the 

diets contribute to effective utilisation of dietary protein, sparing it mostly for growth 

purposes. Fish do not have a specific dietary requirement for carbohydrates (Krogdahl et al. , 

2005), but they are an inexpensive source of chemical energy. Inclusion of carbohydrates in 

fish feeds reduces the need for both proteins and lipids to provide energy (Trunshenski et 

al. , 2006), though results may vary according to fish species and the source of dietary 

carbohydrates (Kaushik, 1999). 

Vitamins are essential for growth, health and normal functions in animals (Lovell, 1989) 

and are required in small amounts in fish diets. Vitamins cannot be synthesised by the 

animal ' s body or are synthesised at a rate that is insufficient to meet animal needs (Tacon, 

1987). As for minerals, fish generally require inorganic elements for tissue formation, 

osmoregulation, and other important metabolic functions (Lall, 2002). All fish have the 

capacity to absorb some minerals not only from their offered diets but also from their 

surrounding water environment (Lall, 2002). Because of the higher mineral content in salt 

water as opposed to freshwater, mineral deficiencies are less likely to occur in fish reared in 

a marine environment (Sharqawy et al. , 2010). 
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Table 2.1. Estimated protein requirements (%)of some juvenile fish 

Species Protein source Requirement Reference 
(average 
wei ht 

South African dusky kob Fish meal, casein 45-52.3 Daniel (2004) 
(Argyrosomus japonicus) (24.82g) 
Australian mulloway Fish meal 44-49 (70- Pirozzi et al. (2010) 
(Argyrosomus japonicus) 200g) 

Meagre (Argyrosomus Fish meal 47 (94g) Martinez et al. (2011) 
regius) 
Asian sea bass (Lates Casein, gelatin 45 (20 - 200 Boonyaratplin ( 1991) 

calcarifer) g) 
Atlantic salmon (Salmo Fish meal 55 (80g) Grisdale-Helland and Helland 
salar) (1997) 
European seabass Fish meal 50 (< 31g) Hidalgo and Alliot (1988) 
(Dicentrarchus labra.x) 
Florida pompano Fish meal, soybean 45 (4.5g) Lazo et al. (1998) 
(Trachinotus carolinus) meal 
Gilthead seabream (Sparus Casein and fish 40 (2.6g) Sabaut and Luquet (1973) 
aurata) protein concentrate 
Largemouth bass Casein 40 (5.6g) Anderson et al. (1981) 
(Micropterus salmoides) 
Rainbow trout Casein, gelatin 40 (6.5g) Zeitoun et al. (1973) 
( Oncorhynchus my kiss) 
Red drum (Sciaenops Casein, fish meal 35-45 (49g) Daniels and Robinson (1986) 
ocellantus) 
Yellowtail (Serio/a Fish meal 55 (65g) Taketa et al. (1975) 
quinqueradiata) 

Wooley (2009) investigated four dietary treatments with a protein content of approximately 

45% and a lipid content of approximately 11 % in diets for juvenile A . japonicus . The first of 

the formulations included gelatin as an additional binding agent while the second did not. 

The first of the formulations was produced in soft pellet form and the second in hard pellet 

form. Commercial fishmeal (66% crude protein, 8% lipid) was included as the main protein 

source for the trial, and vegetable starch was included as dietary carbohydrate. South 

African manufactured trout feed (50% protein, 14% lipid) and an imported marine finfish 

diet (52% protein, 10% lipid) was also included in the feeding trial. The author reported that 

the growth and feed conversion ratio (FCR) of dusky kob which were fed the experimental 

diets were similar to those of the dusky kob which were fed on the imported marine finfish 
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feed formulated for salmonid species. The FCR ranged between 1.03 and 2.02. Fish, which 

were fed experimental diets, grew better than the fish which were fed the South African

produced trout feed. The trout feed also mediated poorer FCR than the four experimental 

diets. Wooley (2009) concluded that the less costly trout feed should not be recommended 

for South African marine finfish. 

Vegetable oil as a potential replacement for fish oil in diets for dusky kob was investigated 

in an 84-day experiment (Rossetti, 2011). Six experimental diets were formulated according 

to the requirements previously established for dusky kob by Woolley et al. (2010) (46% 

protein, 18% lipids), with fishmeal (90%) and soybean meal (10%) as the main protein 

sources. The lipid composition in the diets was replaced with a decrease in the contribution 

of fish oil and a corresponding increase in soybean oil. The final lipid content of the six 

diets was 1, 14, 28, 42, 56 and 70%, respectively. No significant differences were reported 

in the final weight of fish fed the six experimental diets, but there was a decrease in fish 

weight with the increase in soybean oil. Overall, the substitution of fish oil didnot affect the 

final weight and length of the fish after 84 days of feeding, but there could have been a 

decline in body weight gain had the duration of the experiment been prolonged (there was 

decline in body weight gain between day 56 and 84). 

Although significant work has been done to investigate dusky kob growth performance with 

plant protein sources in ther diets, so far, less attention has been paid to the use of naturally 

occurring nutritious feed additives in diets for dusky kob. Locally available resources such 

as sea lettuce (Ulva sp), herbal stimulants and inactivate yeasts need to be investigated to 

assess their potential for inclusion as additives in commercial diets for dusky kob. 
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2.4 Digestibility and utilisation off eeds 

The nutritional value of a feed is based not only on its chemical composition but also on the 

amount of nutrients and energy that can be absorbed (NRC, 1993; Cho & Kaushik, 1990). 

The digestibility is defined as the difference between the amount of nutrient consumed and 

that excreted in the form of faeces. Even though digestibility estimation was not part of the 

current studies, determining the digestibility of fish feeds and ingredients is necessary in 

indicating the availability of nutrients to the fish. The daily requirements for fish 

maintenance and growth can then be described in terms of digestible protein (DP) and 

digestible energy (DE), and diets can be formulated on a digestible rather than gross nutrient 

basis (Houlihan et al. , 2001). It is important to highlight that digestibility is not a measure of 

nutrient utilisation but an indication of the potential availability of nutrients and energy 

through digestion (Bureau et al. , 2002). 

The utilisation of both the DP and DE is heavily dependent on the composition of the diet 

and the efficiency with which tissue deposition (growth) occurs (van Milgen & Noblet, 

2003 ; Schroeder & Titgemeyer, 2008). Morden intensive aquaculture farming practices 

demand the efficient introduction of feeds into the production of body tissue to promote and 

maximise economic returns and environmental sustainability. However, to achieve this 

scenario, a detailed understanding of the relationships between nutrient intake, tissue 

deposition and body composition is important (Peres & Oliva-Teles, 2005). Patterns of 

protein deposition with increasing levels of DP intake vary between aquaculture species, 

diet and environmental conditions. Fish responses can be linear (Fournier et al. , 2002) or 

curvilinear (Bureau et al. ,2006), thereby indicating that utilisation efficiencies are constant, 

or tend to plateau with increasing protein intake. Understanding how fish growth is affected 

by the nutrient intake level makes it possible to optimise feeding strategies for different 
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aquaculture species. A curvilinear response usually indicates that restrictive feeding will 

optimise feeding efficiencies while supporting rapid fish growth. On the other hand, a linear 

response shows that satiated feeding is necessary to achieve maximum growth and feeding 

efficiencies. As the cost of aquaculture feeds represents the greatest proportion of costs in 

fish farming, an incorrect feeding strategy can result in significant financial loss through 

excessive feed wastage, undesirable body condition or delayed production cycle turnover 

(Rana et al. , 2009). 

2.5 Additives in aquaculture feeds 

As estimated by the F AO (2004), the human demand for food fish will climb from the 

current level of about 110 million tons to approximately 120 million tons by the year 2020. 

Aquaculture has become the fastest growing food production sector of the world, with an 

average annual increase of about 10% since 1984, as compared to the 3% increase for 

livestock meat and the 1.6 % increase for capture fisheries (F AO, 1997). This section 

reviews the available literature on the feed additives (seaweed, yeast and herbal producs) 

selected for the current feeding experiments detailed in chapters 3,4 and 5. Their effect on 

fish growth performance, feed utilisation, gut histology, haemo-biochemical parameters and 

tissue nutrient composition is reviewed. Gaps in the literature, which the current 

experiments seek to address, are also identified. Also presented is the literature on the 

physiological mechanism of action that the selected additives have in fish/animals. 

2. 5.1 Seaweed 

Seaweeds are macroalgae, which are generally found near shore and which can be of many 

different shapes, sizes and colours. They include green algae (Chlorophyceae), brown algae 

(Phaeophyceae) and red algae (Rhodophyceae) (Tillmann & Hansen, 2009). Seaweed has 

been used to feed livestock for many centuries. Once harvested, seaweed is passed through 
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,-~. hammer mills with progressively smaller screens in order to reduce it to fine particles, 

::, £C which are dried in a drum-dryer at 700-800 °c (McHugh, 2003). Different types of seaweed 

3 ~ vary greatly in the final content in proteins, lipids and fibre (Table 2.2) which depends 
.Zm 
J -t1 _, largely on the time of seaweed collection, the site of collection and the relevant I . - - environmental conditions (Misurcova, 2012). Seaweed is a valuable alternative feed for 

livestock, mostly as a source of nutricines, more especially micro-minerals, complex 

carbohydrates with prebiotic activities and polyunsaturated fatty acids beneficial to animal 

health (Evans & Critchley, 2014). Brown algae are oflower nutritional value than red and 

green algae due to their lower protein content and higher mineral content; however brown 

algae contain valuable bioactive compounds (Misurcova, 2012). 
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Table 2.2.Chemical composition and gross energy of different species of seaweed (values 

on DM basis) 

Seaweed 

Ulva spp Ascophyllum Macrocystis Laminaria Pa/maria 
spp. pyrifera and palmata 

Saccharina 
s 

Parameter 
Crude protein 18.6 8.0 10.1 9.8 19.1 
% 
Crude fibre % 6.9 5.5 8.0 6.6 1.5 
NDF#% 26.2 20.9 19.9 16.6 
ADF:;t% 8.7 13.1 12.6 
Lignin 3.5 13 .8 3.6 
Ether extract 1.2 3.9 0.6 0.8 
% 
Ash(%) 23 22.5 32.0 31.5 24.5 
Gross energy 14.7 14.7 9.0 
MJ/kg) 
Calcium g/kg 29.2 20 14.1 8.8 
Phosphorus 2.7 1 2.9 3.0 
g/kg 
Potassium 22.1 24 67.5 59.5 
g/kg 
Sodium g/kg 20.2 36.9 25.3 
Magnesium 16.7 8 39.0 5.5 
g/kg 
Manganese 101.0 12 11.0 6.0 11.0 
mg/kg 
Zinc mg/kg 45.0 181 12.0 111.0 143.0 
Copper mg/kg 12.0 28 2.0 14.0 24.0 
Iron mg/kg 1246.0 134 117.0 233.o 153.0 
#Neutral detergent fibre, :;tAcid detergent fibre 

Source: Makkar et al. (2015) 

2.5 .1.1 Physiological mechanisms of action 

In most studies involving the use of seaweed in fish feed, seaweed was used to replace a 

portion of fishmeal or act as a protein source (Nakagawa et al. , 1993; Guroy et al. , 2007; 

Gilroy et al. , 2011). A parameter of interest in most of those studies is the growth 

performance. As in other forms of farming, most fish farmers are interested in feed that 
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promotes growth within a reasonable time to maximise profit and farming sustainability. 

However, it is equally important to assess other parameters that might be involved in 

achieving better fish growth performance. It would be unethical to provide diets which 

compromisethe immune system of the fish, affect fillet nutrient quality, destroy 

morphological gut integrity or interfere with nutrient digestibility simply because that 

particular feed is affordable. Ulva sp seaweed was used as an additive as detailed in Chapter 

3, not as a protein source or a replacement for fishmeal. The main objective of using feed 

additives in animal feed is to improve the health status and growth performance of the 

animal in question (Wenk, 1990). Such additives could also be used to improve the feed 

conversion ratio by regulating feed intake and increasing the digestibility of nutrients. 

The physiological mechanism of action of a particular additive must be understood before it 

is selected. This enables the researcher or farmer to understand the outcomes (s) he can 

expect from feeding diets that contain that particular additive. In nutrition, seaweed may be 

used as a potential source of antimicrobial substances due to its multiple secondary 

metabolites with antiviral, antibacterial and antifungal activities (Del Val et al. , 2001 ), 

Seaweed compounds such as cyclic polysulphides and halogenated coumpouds are reported 

to be toxic to microorganisms, and therefore responsible for the antibiotic activity of some 

seaweeds (Wrattens & Faulkner, 1976). It was previously reported that protein from the red 

seaweed fraction containing lectins (Hypnea musciforms) was able to inhibit the growth of 

skin fungus (Melo et al., 1997). Lectins from seaweed interact with various cellular 

structures, cell walls and cell membranes, and are consequently able to trigger several 

biological effects including the agglutination of red blood cells (Peumans & Van Damme, 

1995). Not necessarily in fish, Santos et al. (2014) has reported that lectins are able to 

inhibit bacterila and fungal growth in animals. Their ability to binds specific carbohydrates 

is well documented. 
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Besides its role in antimicrobial activities, seaweed can play an important role in the health 

and function of the gut micro flora. Studies in small laboratory animals showed that diets 

supplemented with 2.5% alginate oligosaccharides from seaweed, increased the beneficial 

digestive bacteria of Bifidobacterium and Lactobacillus in their caecum and faeces (Wang et 

al. , 2006). When brown seaweed (Ascophyllum nodosum) meal was included in the diets of 

weaning pigs to observe the effect of seaweed on the intestinal microflora of farm animals, 

which lowered numbers of E. coli in the small intestine (Dierick et al. , 2009). Furthermore, 

these authors observed that the small intestinal Lactobacillus/E. coli ratio was significantly 

increased in seaweed-fed groups, thereby indicating a potentially beneficial shift in the 

microbial ecosystem. To the contrary, Gardiner et al. (2008) noticed that dietary 

supplementation with A. nodosum in finisher pigs resulted in reduced coliform counts and 

reduced cecal bifidobacteria, which are supposed to be beneficial. This seaweed' s 

physiological action in the gut as observed by Gardiner et al. (2008) was supported by 

Reilly et al. (2008), who reported reductions in enterobacteria, bifidobacteria and 

lactobacilli in the caecum and colon of weaned pigs fed brown seaweed (Laminaria 

digitata). Reports from the literature suggest that dietary supplementation with prebiotics 

compounds from seaweed present a promising means of reducing pathogen shedding in 

farm animals as a strategy to improve food safety (Braden at el., 2004). 

In addition to their physiological role in antimicrobial and gut health activities, seaweeds are 

reported to play a role in animal immune response. Fucoidans, a polysaccharide from brown 

seaweed kelp (Laminaria hyperborean) is reported to be capable of modulating the function 

of different immune cells and cytokine expressions. The polysaccharide also exhibits 

antitumor activity which is attributed to its ability to increase macrophage phagocytosis 

activity and the production of macrophage-related proinflarnmatory molecules such as 

interleukin-2 (IL-2) and interferon gamma (Ale et al. , 2011). Fucoidan can cause dentritic 
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cells to become potent producers of tumar necrosis factor alpha (TNF-a) and IL-2, a combo 

that eventually induces the immune system to release T helper type 1 (Yang et al. , 2008). A 

feeding experiment discovered enhanced phagocytic activity and a significant increase in 

the IL-2 expression in the spleen of mice fed 1. 7 antl 5 mg/kg body weight fucoidan from 

Laminaria hyperborean (Halling et al. , 2015). Other seaweed polysaccharides such as 

laminarin have been reported to lower the concentration of serum TNF- a , monocytes and 

nitrite in rats (Neyrinck et al. , 2007). The same study also reported a reduced neutrophil 

concentration in the liver of the laminarin-fed group. From this observation, it was 

concluded that the reduced monocytes/neutrophil concentration could be due to either the 

direct effect of P-glucans on the immune cells or to the indirect effect that originates from 

laminarin fermentation in the gut. Maternal supplementation of 1 g laminarin per day (Heim 

et al. , 2015) to weaned piglets resulted in improved intestinal health, a lower number of 

enterobacteria and the down regulation of colonic IL-6 and iliac IL-8. 

2.5.1.2 Application in aquaculture feed 

The use of seaweed in finfish aquaculture feeds has not been extensively investigated, 

especially in South Africa. Their beneficial effects together with their side effects are still an 

area to be investigated within aquaculture. The green seaweed Ulva sp. and brown seaweed 

kelp (Ecklonia maxima) are South Africa' s foremost aquaculture products, constituting an 

important feed source for the culture of shellfish abalone (Haliotis midae) (Bolton et al. , 

2009). South Africa has become the largest abalone producer outside Asia (FAO, 2004) and 

over-fishing of wild abalone stocks and high market prices have been the main drivers for 

its cultivation. The only commercially available, all-seaweed feed in South Africa is a 

formulated dried feed, the Midae Meal MM-IC produced in Namibia(Eric-Piet (Pty) Ltd, 

Luderitzbucht, Namibia) being manufactured for Taurus Products (Pty) Ltd). The seaweed 

combination of the feed includes Laminaria spp. and E. maxima. Although abalone prefers 
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fresh kelp, dried kelp pellets are being tested as a feed source by the abalone industry 

(Marifeed Pty Ltd, South Africa). Other seaweed species besides Eckloniathat are presently 

being used as feed in abalone aquaculture include Graci/aria, Gelidium and Porphyra. They 

are used in small quantities to feed mainly the broodstock (Anderson et al. , 2003). 

Although dietary algae as feed supplements may be expected to improve fish growth and the 

digestive efficiency of feed , the addition of small quantities of algae to the fish diets can 

improve the physiological condition, disease resistance, and good body composition and 

carcass quality (Nakagawa, 1985). Mustafa & Nakagawa (1995) reported that some species 

of algae are used as supplements in commercial fish diets. In addition to their reported good 

content of micro-minerals and complex carbohydrates, seaweed offers aquaculture fish up to 

30% amino acids in dry weight and several vitamins, including vitamin A, Bl , B2, B6, Bl2 

and C (Fugiwara-Arasaki et al. , 1984). Wong & Cheung (2000) stated that the interest in 

seaweed as a feed supplement/and or protein source for animal feed is due to the balanced 

amino acids and high protein content of some seaweed species. 

A significant increase in the growth and feed utilisation of red seabream (Pagrus major) was 

observed (Mustafa et al. , 1994). When its diet was supplemented with a small amount of 

algal meal, Nakagawa et al. (1993) recorded optimum feed efficiency and protein efficiency 

in black seabream (Acanthopagrus schelegeli)when supplementing its diet with 2.5 to 5% of 

seaweed meal. A study on the utilisation of filamentous green seaweed ( Clorophora 

glomerata) as a protein source in diets for Nile tilapia (Oreochromis niloticus) fingerlings, 

reported the highest growth rates for fish fed the diet containing 5% of the seaweed (Appler 

& Jauncey, 1983). Contrary to the claims of Nakagawa et al. (1993) and Appler & Jauncey 

(1993), Wassef et al. (2001) reported that the best body weight gains in striped mullet 

(Mugil cephalus) were achieved when feeding them diets containing 20% green Ulva. The 

same species of Ulva was reported to have no effect on body weight gain when given as 
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supplement to gilthead sea bream (Sparus aurata) (Kissil et al. , 1992). The optimum 

inclusion of Ulva in fish diets seems to depend on both Ulva species and fish species. When 

the brown seaweed (Cystoseira barbata) was tested in Nile tilapia diets (Guroy et al. , 2007), 

the fish growth rates did not drop with an increase in the Cystoseira concentration, as was 

the case in other studies where fish were fed diets containing Ulva beyond 5 or 10%. The 

results with Cystoseira barbata indicated that Nile tilapia diets can include up to 15% 

seaweed without compromising fish growth rates. Other seaweed species tested in fish diets 

at a level of 5% such as Ascophyllum nodosum and Porphyra sp reported an improvement in 

feed utilisation (Mustafa et al. , 1995). 

Even though multiple successes with different seaweed inclusion levels have been reported 

in a wide range of fish species, there is still lack of data on the physiological effect of 

seaweed in South African marine finfish. Besides investigating what effectthe inclusion of 

seaweed in the diet of juvenile dusky kob has on their growth, it is important to conduct 

further analysis of blood parameters in order to determine if seaweed has an effect on their 

concentration. This information could be a tool to assess the physiological state of fish upon 

utilising feed containing seaweed. If there are any noticeable adverse effects on blood 

parameters, this information may be used to establish a link between fish growth 

performance and health, especially for groups fed higher seaweed inclusion levels that often 

experience a decline in growth rate. 

The use of marine algae as a potential source of pharmaceutical agents has been tested in 

aquaculture (Hemmingson et al. , 2006). The red blood cells (RBC) count was reported to 

increase gradually when Common carp (Cyprinus carpio) were fed diets containing red 

seaweed, Graci/aria corticata (Radhika and Mohaideen, 2016). In the same study, lower 

levels of haematocrit and mean corpuscular volume (MCV) of a group fed Graci/aria 

corticata diet were recorded as compared to the Ulva lactuca and control diets groups. 
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When Eucheuma denticulatum seaweed was added in diets for Japanese flounder 

(Paralichthys olivaceus) (at 3, 6 and 9 % of the diet), serum biochemical parameters 

revealed a significant difference in cholesterol and triglycerides levels (Ragaza et al. , 2015). 

When the same Japanese flounder were fed on diets containing 2 and 4% dietary brown 

Hizikia f usiformis seaweed, mean neutrophil counts activated by nitro blue tetrazolium 

(NBT) were significantly higher than in the control-fed diet (Pham et al. , 2006). These 

results suggest that some immunostimulants in the hizikia diets might have the ability to 

enhance the immune response of juvenile olive flounder. 

Most seaweed species are particularly rich in n-3 fatty acids, eicosapentaenoic acid and the 

n-6 fatty acids, arachidonic acid and linoleic acid (Dawczynski et al. , 2007) and to serve as 

the primary source of fatty acids for wild fish. Supplementaion of diets with seaweed may, 

therefore, improve the fatty acid profile of fish fillets. Ragaza et al. (2015) is one of the few 

that has investigated the effect of seaweed on the fatty acid composition of fish. In their 

study, supplementation withred seaweed Eucheuma denticulatum in diets for Japanese 

flounder resulted in improved omega-3 polyunsaturated fatty acid levels in the dorsal 

muscle of the fish compared to that of the control-fed fish. Similarly, Xu et al. (2011) also 

reported that there was improved muscle fatty acid composition for rabbit fish (Siganus 

canaliculatus) fed control diets as well as for those whose diets were supplemented with 

Graciliaria lemaneiformis seaweed. 

There is currently no available information detailing the effect of seaweed on the fatty acid 

(FA) composition of dusky kob fillet. The current study seeks to fill that gap by analysing 

the concentration of saturated fatty acids, monounsaturated fatty acids and polyunsaturated 

fatty acids in fillet after fish are fed diets with different seaweed inclusion levels. Besides 

determining whether seaweed inclusion has an effect on the FA concentration of fish, such 

information would be used to assess the nutritional quality of dusky kob as compared to 
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traditionally available essential FA sources, such as Atlantic salmon (Salmo salar). As a 

plant material, seaweed is bound to contain antinutrients which cause morphological gut 

changes in fish (Baeverfjord &Krogdahl, 1996). Atlantic salmon (Salmo salar) fed diets 

containing Laminaria hyperborean showed significantly higher signs of leucocyte 

infiltration in the intestinal epithelium compared to the control group that was fed fishmeal 

(Keihani, 2016). Besides leucocytes infiltration, mucosal folds fussion were also observed in 

Laminaria hyperborean-fed fish, indicating that, depending on the dosage, seaweed 

supplementation could cause gut enteritis. 

Beside studies on the use of seaweed in the abalone industry in South Africa, no studies 

have been conducted to assess the viability of seaweed in local finfish diets. It is important 

to provide information that paves a way for the use of seaweed in the local finfish feed 

industry. 

2.5.2 Yeast 

Yeast is a unicellular eukaryotic micro-organism that falls under the phyla Ascomycota and 

Basidiomycota within the Fungi kingdom. The cell wall of yeast such as Saccharomyces 

cerevisiae contains glucan, mannoprotein and chitin which are important, naturally occuring 

immune-stimulants with some growth promoting effects in fish (Estaban et al. , 2004). The 

use of inactivated yeasts in Chapter 4 as an additive rather than as a fishmeal replacer or 

protein source resembles the way seaweed has been used in these studies. 

2.5.2.1 Yeast mode of action 

The mechanism of action in fish or any mono gastric animals is the stimulation of the 

intestinal brush border disaccharidases, an anti-adhesive effect against pathogensand the 

stimulation of non-specific immunity (Buts et al., 1986). Oral ingestion of S. cerevisiae by 

rats showed an increase in the specific and total activities of brush boder membraneenzymes 
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such as sucrase, lactase and maltase (Buts et al. , 1994). The adhesion of bacteria to 

epithelial wall is an early stage of bacterial mucous membrane infection. The binding 

molecules possessed by many bacteria, enable them to interact with the host cell membrane 

in a manner that resembles the interactions of antigens-antibodies. Bacteria such as E.coli or 

the Salmonella species have the ability to bind mannose residues on the epithelial cell 

membranes (Ofek et al. , 1977). These types of bacteria will also agglutinate yeast which 

contains mannan, in the outer layer of their cell wall. To inhibit this form of agglutination, 

solutions of D-mannose are used (Ofek et al. , 1977). 

Studies have shown that binding pathogenic bacteria to the yeast cell wall induces a 

protective effect since the resulting complex (S. cerevisiae/pathogen) is quickly passed 

through the digestive tract (Gedek, 1989). Upon ingestion of feed which contains yeast or its 

extracts, yeast immediately competes with pathogens to occupy the intestinal cells. This 

beneficial effect of the yeast is crucial to the expression of the cytopathogenic effect (Li et 

al. , 1998). There are records that demonstrate that Salmonella typhimurium colonisation was 

significantly reduced in broiler chickens by both yeast (Line et al. , 1998) and mannose 

treatments (Oyofo et al. , 1989). 

The action of yeast cell wall materials on the immune system has been established since the 

mid 1950s (Pillemer et al. , 1954). These immune boosting properties are related to the 

presence in the inner part of the yeast cell wall of glucans that are made of main chains of 

beta-(1-3) - linked D-Glucose molecules to which are attached linera side chains ofbeta(l-

6)-linked residues. The well characterised mechanism of the stimulation of the inflammatory 

response involves a specific glucan receptor which is present on the peripheral blood 

leucocytes and extravascular phagocytic macrophages (Czop, 1986). Activation of this 

particular receptor with glucan stimulates the increase of the host defence mediated by 

macrophages and macrophage-derived cytokines. 
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Mannan oligosaccharides (MOS) represent another feed ingredient derived from the cell 

wall of yeast, functioning specifically in the gut. This ingredient significantly improves 

digestion and gut health in animals by specifically binding to and blocking glycoprotein 

receptors on the gut-invading pathogens (Newman, 2001). Using the same mode of action, 

they may bind an inactivate plant antigen of glycoprotein nature (Fernandez et al. , 2002). 

Interestingly, MOS may also function as a prebiotic, thereby favouring the growth of 

beneficial bacteria in the gut. Supporting this statement, the dietary supplementation of 1.5 

to 10 g/kg of purified MOS from baker' s yeast cell walls has been shown to improve feed 

efficiency in Atlantic salmon (Grisdale-Helland et al. , 2008), and the growth and immune 

status in rainbow trout (Staykov et al., 2007). It was further reported that MOS has the 

ability to prevent harmful bacteria from attaching to mannose residues on intestinal 

epithelial cells, therefore preventing the atrophy of villi due to inflammation from pathogens 

and their associated pathogens (Dimitroglou et al. , 2009). However, to the contrary, Ran et 

al. (2015) showed that inactivated yeast, which supposedly contains equal amounts of MOS 

to live yeast, did not exert any benefical effect on the microvilli morphology, suggesting that 

the yeast secretory metabolites acted as a main contributory factor to the improved 

microvilli morphology in Nile tilapia (Oreochromis niloticus). 

2.5.2.2 Application in aquaculture 

Yeast is an available feed ingredient for fish feed around the world because it is easy to find 

and affordable. Single cell proteins (SCP) such as yeast have the potential to be incorporated 

in fish diets, with some yeast suggested to have immunostimulatory properties (Tacon, 

1994). Compared to fishmeal , the majority of SCP are either deficient in one or more amino 

acids or they contain unbalanced amino acids (Tacon & Jackson, 1985). Tiews et al. (1979) 

reported that yeast-based diets supplemented with methionine showed growth rates 

equivalent to those of control diets for rainbow trout ( Onchorhynchus mykiss) . However, 
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other attempts to use yeast as a sole or main dietary protein source resulted in severe 

reduction in fish growth rates (Rumsey et al., 1991). Since the early 1990s, yeast has been 

incorporated in rations at levels of 15-30% (Tacon, 1994). 

Feed conversion of sea bream improved with the replacement of 20% fishmeal with 

brewer's yeast (Salnur et al. , 2009), whereas Oliva-Teles & Concalves (2001) reported that 

the feed conversion of sea bass improved with the inclusion of up to 30% dietary protein 

from brewer' s yeast. Metailler & Huelvan (1993) tested three types of yeast as follows: 

lactic yeast, baker' s yeast and brewer' s yeast, at a rate of 10, 20 and 30% in the diets of 

European seabass (Dicentrarchus labrax). The outcomes indicated that there were no 

differences in growth and feed utilisation among groups, except for fish fed diets containing 

brewer's yeast. Alliot et al. (1979) reported no negative effect on growth performance of sea 

bass fed diets with 50% dietary fishmeal replaced by an alkane yeast protein. 

The use of dried yeast as a feed additive has been tested in both fish and shrimp feeds 

(Oz6rio et al., 2012). Partial fishmeal replacement by brewer' s yeast (10%) improved the 

nitrogen (N) gain and protein efficiency ratio in Nile tilapia (Oreochromis niloticus), but 

had no significant effect on growth performance (Oz6rio et al. , 2012). The authors noted a 

linear depression in growth performance and nutrient retention when fish were fed diets 

containing more than 10% yeast. However, the feed conversion ratio for fish fed the control diet 

was significantly different from the feedconversion ratio for fish which were fed a diet containing 

40% yeast. Other studies suggested that the utilisation of dried yeast at reduced levels may 

improve fish growth (Craig & McLean, 2006). Dried yeast contains nucleic acids and non

starch polysaccharides, including B-1, 3 glucan, which in high concentrations may act as 

antinutritional factors , thereby hampering nutrient digestion and absorption. 
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To improve Common carp (Cyprinus carpio) larvae's survival rate, yeast-based starter diets 

were tested in the hatchery (Kamler et al., 1987). A high survival rate and better growth 

performance were observed. Studies by Attack et al. (1979) and Dabrowski et al. (1983) 

have indicated that, Candida utilis and C. lipolytica can be used in combination with 

fishmeal or other animal by-products for carp larvae diets. When fodder was fed to carp fry, 

fish gained more weight than those on the control diet which was based on live feed. Matty 

and Smith (1978) reported that yeast,C. lipolytica was the most efficient feed for the growth 

and survival of juvenile rainbow trout. EL-Halim et al. (1992) reported that tilapia juveniles 

fed a diet containing 100% yeast protein instead of fishmeal protein,produced a slowest 

slower growth performance and feed utilisation than those fed a control diet containing 

100% fishmeal protein. Similar outcomes were reported by Murai et al. (1989) for carp 

fingerlings. Rainbow trout fed the yeast (Hansenula anomala) as the only protein source 

showed significant reduction in food intake, weight gain and length increment (Sanchez

Muniz et al. , 1983). 

Salmonid species were reported to accept yeast Candida sp. inclusion levels of between 25 

and 50% of the diet with a slight reduction in the growth performance which had been 

observed in the species at higher inclusion levels (Mahnken et al (1980). In contrast to the 

salmonids species, the Common carp was reported to be able to utilise a high portion of a 

dietary protein from yeast C. tropicalis, C. utilis and C. lipolytica (Alami-Durante et al. , 

1991). Olvera-Novoa et al. (2002) reported that the Mozambique tilapia (Oreochromis 

mossambicus) diets with inclusion levels of 30% torula yeast C. utilis and a total of 65% 

plant protein, resulted in improved fish growth. Fish fed diets of 40% torula yeast plus 75% 

plant protein also showed better growth performance than fish fed the control diet. It was 

therefore concluded that torula yeast can be utilised as a main protein source in plant-based 

diets for Mozambique tilapia. On the other hand, Beck et al. (1979) obtained an optimum 
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growth response when feeding rainbow trout a diet containing 36% vegetable material levels 

using yeast supplemented with methionine and arginine. A maximum of 25% animal protein 

substitution level was attained using yeast in salmon diets (Spinelli et al., 1979). 

A 30% organically certified yeast inclusion in the diet for juvenile rainbow trout resulted in 

significantly higher polyunsaturated fatty acids n-6, while the n-3/n3-6 ratio was 

significantly higher in groups fed other experimental diets (Gilroy et al. , 2011). It is 

important to ascertain whether yeast has any negative impact on the final fatty acid profile 

of fish. Using Channel catfish (Ictalurus punctatus ), Thompson et al. (2015) also reported 

that the composition of saturated fatty acids (SF A), monounsaturated fatty (MUF A) acids 

and polyunsaturated fatty (PUF A) acids in fillet from the group fed a yeast prebiotic diet did 

not differ significantly from the groups fed diets of soyabean oil and flaxseed oil. However, 

the 18:2n-6 PUFA was numerically higher in fish fed the yeast diet than in the fish fed the 

soyabean oil or flaxseed oil diets, while thet 18:3n-3 and total n-3 fatty acids were 

numerically higher in the soyabean oil or flaxseed oil groups than in the yeast-fed group. 

These studies show that yeast supplementation in fish diets does not have an impact on the 

finalcomposition of the fatty acids in fish fillets. 

The effect of yeast supplementation in the diets of Rainbow trout (0.2 % yeast diet) showed 

a decrease in serum triglycerides (Gtiven & Yal9in, 2017). In the same study, no differences 

were observed in the serum lysozyme activity, or the serum protein and cholesterol levels 

among either the yeast-or the control-fed groups. These observations contradict those by 

Eleraky et al. (2014) who observed that Common carp (Cyprinus carpio) fry fed prebiotics 

containing MOS and ~-glucans hadsignificantly increased serum lysozyme levels. On the 

other hand, Denji et al. (2015) reported that dietary MOS supplementation did not affect 

serum cholesterol, triglycerides and total protein levels in rainbow trout. Five incremental 

yeast levels (0.5, 1, 3, 4 and 5%) were tested in diets for ornamental orange clownfish 
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(Amphiprion percula) (Gunasundari et al. , 2013). The study revealed significant differences 

in the total erythrocyte count and the haemoglobin concentration among the treatments. In a 

separate study with brewer' s yeast supplementation at 3.5, and inclusion atl 7.5 and 35%, 

and 0.3% glucan in diets for juvenile tilapia (Oreochromis sp), 0.3 glucan and 3.5% yeast 

diets increased the total erythrocytes, leucocytes, monocytes, haemoglobin, hematocrite and 

phygocytic activity in fish (Amin et al. , 2015). A 10% and 20% S. Cerevisiae inclusion diet 

for gilthead sea bream (Sparus aurata) showed a non-significant difference in the effect of 

serum alkaline phosphates, blood urea nitrogen (BUN), protein, cholesterol, triglyceride, 

albumin, amylase, glutamate oxaloacetate transaminase and glutamate pyruvate 

transaminase (Salnur et al., 2009). An increase in erythrocytic count, packed cell volume, 

haemoglobin concentration, leucocytic count and serum glucose was observed when 

pathogen-challenged Nile tilapia was fed diets containing S. Cerevisiae (Abu-Elala et al. , 

2013). The same study also reported an increase in the cortisol hormone level in the control 

group compared with the S. Cerevisiae-fed group.The aforementioned studies, which 

reported contradicting serum metabolite results when feeding yeast-supplemented diets, 

concur that yeast could be an effective additive due to the improvement in performance

specific growth rate. 

Despite its appropriate characteristics, the inclsuion of yeast as a fish feed additive in 

commercial aquaculture feeds has not been extensive and has been limited largely to the 

feeding of molluscs and microscopic planktons to serve as live feed in South African 

aquaculture (Britz, 1996). Judging from the literature, one gap that needs to be filled is the 

investigation into different inclusion levels ( as an additive) of yeast in local Marine finfish 

aquaculture fish. Most of the investigations on species that are found on the African 

continent were largely limited to freshwater species. The current study investigated the 

inclusion of inactivated brewer' s yeast and torula yeast in the diets of a marine aquaculture 
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fish, the dusky kob (Argyrosomus japonicus). Effects on the growth and blood parameters 

were investigated. 

2.5.3 Herbs/herbal growth promoters 

Worldwide, there are many different reasons for the application of feed additives. Some 

additives assist in covering the needs of essential nutrients and others in improving growth 

performance and feed intake and therefore optimise feed utilisation (Wenk, 2003). An 

increase in the use of feed additives for farmed animals also draws attention from 

consumers; therefore the feed industry is interested in valuable additives which could be 

accepted by the consumers. There is an increase in the restriction or ban in the use of dietary 

antimicrobial agents, which has prompted a search into new ways to improve and protect the 

health of farm animals. Rosen (1996) highlighted that the goal of improving and protecting 

animal health could be achieved by the best possible combination of so-called pronutrients. 

The author described pronutrients as micro-feedingstuffs used orally in relatively small 

amounts to improve the intrinsic value of the nutrient mix in an animal diet. Herbs or their 

extracts represent one of the pronutrients. 

2.5.3.1 Mode of action 

Beside the feed enzymes, probiotics (for mono gastric animals mainly lactobacilli), 

prebiotics ( oligosaccharides ), organic acids, herbs or herbal extracts can be used as feed 

additives (Bye & Linares, 1999). Among the benefits of herbs or their extracts in farm 

animals is the fact that they activate feed intake and digestive enzymes as well as stimulate 

the immune system (Wenk, 2003). It is suggested that herbs flavour is the first benefit of 

herbs in the feed of farm animals as flavour could influence the animal ' s eating pattern, the 

secretion of digestive fluids and the feed intake (Berreto et al. , 2008). By having the ability 

to accelerate digestion, herbs can shorten the time required for the feed to pass through the 

digestive track (Platel & Srinivasan, 2001 ). 
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In addition to their ability to aid in digestion, many herbs contain bioactive compounds that 

modulate the cellular membrane of microbes (Kamel, 2001).The antimicrobial benefits of 

feeding diets supplemented with herbs counter pathogenic gut microbes and will help maintain a 

healthy animal, therefore indirectly maximising its potential for good growth performance. 

In vitrostudies by Kamel (2001) indicated that minimum inhibitory concentrations (MIC50) 

and minimum bactericidal concentrations (MBC50) are based on the level of the active 

substance and the purity of the plant extract. Furthermore, an increase in hydrophobicity of 

the microbes in response to some plant extracts may influence the surface characteristics of 

microbial cells and thereby affect the virulence of the microbes. This antimicrobial 

mechanism may often have implications for the gut because the adhesion of microbes to the 

intestinal mucosa} cells is very important for some pathogenic microflora (Pusztail et al., 

1990). 

Certain plant polysaccharides act as immunostimulatory substances (Hosono et al. , 2003). 

The so-called gut-associated lymphoid tissue (GALT) serves a key role in 

immunomodulation in farm animals. Xu et al. (2003)'s study clearly indicated that prebiotic 

compounds from some herbs can exert beneficial effects on gut health by enhancing GALT 

responses directly or indirectly by the mediation of short chain fatty acids, such as butyrate 

and lactic acid-producing bacteria. For the herbs or their extracts to be categorised as growth 

promotors, they should be able to have an influence on digestive enzymes. Xu et al. (2003) 

observed that the dietary supplementation of plant fructooligosaccharides (FOS) 

significantly improved the daily body weight gain of animals by increasing the activities of 

amylase and protease. Complementing Xu et al. (2003), Jang et al. (2004) indicated that 

feeding a diet containing a commercial blend of essential herbal oils in combination with 

lactic acid, induced a significant increase in the activities of some pancreatic digestive and 

intestinal mucosa enzymes of animals, leading to a significant increase in growth. 
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2.5.3.2 Application in aquaculture 

With the general shift away from synthetic drugs, the use of herbs as an alternative for 

antibiotic growth-promoters in fish is becoming acceptable (Adedeji et al. , 2008). An 

experiment with 0. niloticus suggested that an inclusion of herbal growth promoter 

(Superliv®) in the feed at concentrations ranging from O g/kg fishmeal to 10 g/kg feed 

promoted fish growth (Dada, 2012). The results showed that Superliv powder treatments 

enhanced nutrient utilisation which is reflected in improved weight gain, feed conversion 

ratio and specific growth rate. Olmedo Sanchez et al. (2009) reported an improved growth 

and feed conversion efficiency when supplementing shrimp diets with medicinal herbs. 

Turan (2006) reported similar results with medicinal herb red clover Trifolium pratense as a 

growth-promoting agent in blue tilapia 0. aureus diets. Juvenile perch Sander lucioperca 

fed diets supplemented with herbs exhibited faster growth than groups fed control diets 

(Zakes et al. , 2008). Faster growths were also reported when C. carpio (Yilmaz et al. , 2006), 

ornamental guppies (Poecilia reticulate)(Cek et al. , 2007a) and red sea bream (Pagrus 

major)(Ji et al., 2007) were offered diets containing growth promoting herbal extracts. 

General knowledge suggeststhat the inclusion of herbal feed supplements often provides 

cooperative action to various physiological functions. Vitamin C and E as herbal feed play a 

beneficial role in fish nutrition, reproduction, growth and stress response (Madhuri et al. , 

2012). A lack of vitamins obtained from feed could cause the fish to become biochemically 

dysfunctional, which in tum could cause morphological and functional abnormalities. 

Hamre et al. (1997) reported that mortality, haematology and lipid oxidation in the liver 

have shown that vitamin C protected fish against vitamin E deficiency. It was also shown 

that herbal vitamin C and E may enhance antibody production and immune memory to 

Vibrio vulnificus bacteria in juvenile milkfish (Chanos chanos) (Azad et al. , 2007). The 

study on the effect of different levels of herbal vitamin Eon the immune response of 
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grouper (Epinephelus malabaricus) has shown that by increasing vitamin E as a feed 

supplement, the fish ' s white blood count increased accordingly (Li and Shiau, 2005). 

Aqueous root herbal extract (Achyranthes aspera) in feed enhanced the serum anti-proteases 

level in roho labeo (Labeo rohita) significantly above levels in fish fed control diets 

(Vasudeva Rao & Chakrabarti, 2004). Feeding Indian major carp (Catla catla) a diet 

containing seeds of A. Aspera (0.5%) for four weeks prior to and after intraperitoneal 

injection with chicken erythrocytes resulted in a significantly higher ratio of 

haemagglutination antibody titers, serum globulin levels and anti-trypsin activities in the 

kidney and spleen than was evident in the control-fed fish (Vasudeva Rao & Chakrabarti, 

2005). These results suggest that A. aspera enhanced the immunity in catla. 

Herbs promoted both the utilisation of the cellular lipid and fatty acids and the protein 
, 

accumulation, resulting in significant growth performance in P. Major (Ji et al., 2007). The 

growth increase in L. rohitafish fed a herbally supplemented diet was attributed to improved 

food utilisation and high protein synthesis (Johnson & Banerji, 2007). Feeding tilapia with 

Ganoderma and Loniceraalone, or in combination, enhanced phagocytosis by blood 

phagocytic cells and stimulated the lysozyme activity after only two weeks (Mukherjee, 

2008). Both herbs when used alone or in combination increased the survival of the fish after 

being chellanged with Aeromonas hydrophila. These results suggested that the herbs added 

to the fish feed can act as immunostimulants and improve disease resistance in fish (Yin et 

al. 2008). 

Kim et al. (2007) observed 80% higherlysozyme and 66% higher leukocyte phagocytic 

activity in olive flounder (Paralichthys olivaceus) fed a diet containing extracts from two 

mushroom species (Phellinus linteus and Coriolus versicolor). When supplemented in diets 

for kelp grouper (Epinephelus bruneu) (Harikrishnan et al. , 201 la), ethanol extract from 

mushrooms (P. linteus) showed significantly higher alternative complementary activity, 
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serum lysozyme activity, phagocytotic activity and respirotary burst activity feeding carp 

diets supplemented with Astragalus propinquus,Polygonum multiflorum, Jsatis tinctoria and 

Glycyrrhiza glabra (0.5 and 1 %) also resulted in a significant increase in phagocytosis, 

respiratory burst activity and total protein in the serum (Yuan et al. , 2007). 

Herbs or their extracts have shown to be valuable feed additives as they protect against 

several diseases and are useful growth promoters and stress resistance boosters. The South 

African marine finfish aquaculture is still at an infant stage, and the use of herbs or herbal 

extracts in fish feed is still non-existent. The current study seeks to introduce herbs as feed 

additives for the potential and currently farmed aquaculture species in South Africa. 

2.6 Summary of literature review 

Dusky kob belongs to the Sciaenidae family, which is one of the most farmed marine finfish 

in China (the world leader in aquaculture production). Known as mulloway in Australia, the 

species is the sixth most farmed species in that country based on annually produced tonnage 

(±700 metric tons). As of 2017, the South African Sustainable Seafood Initiative (SAS SI) 

has listed dusky kob in both green (buy farmed fish) and red ( endangered, do not buy wild 

caught) categories. Under farming conditions, dusky kob is easy to condition and spawn and 

has a good growth rate, achieving market size in seven to eight months from egg hatching. 

The fish has a high tolerance of unfavorable farming conditions such as low salinity, lower 

dissolved oxygen and temperature. The fish has an optimum growth temperature of 25°C, a 

salinity of 34 ppt and dissolved oxygen of 6 mg/L(Bematzeder & Britz, 2007; Madibana et 

al. , 2017). There area number of challenges hampering the development of dusky kob or 

marine finfish in South Africa. The first challenge is the national government' s legislation 

governing fish farming in the country. For example, water rights are under the jurisdiction 
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of one department, whereas site or land acquisition for farming practices is the responsibility 

of another department. 

Those who are currently farming dusky kob list the availability of affordable, locally 

produced, high quality feed as one of the factors hindering the sector. For good growth rates, 

dusky kob requires protein levels of between 44 and 52.3% in the feed. This suggests that 

high quality imported feed which uses fish meal as the main protein source has to be 

sourced to maintain a viable dusky kob farm. There have been several reports that the 

inclusion of plant protein n sources in diets for other marine finfish such as Atlantic salmon 

has been successful. Soybean meal can replace up to 30% of fish meal in commercial diets 

for Atlantic salmon, thus lowering the cost of farming salmon in ountries where this practice 

is employed (Storebakken et al. , 2000). South Africa is home to many seaweed species and 

there is a need to investigate whether they are suitable for incorporation in fish 

diets.Seaweed such as Ulva sp. and kelp are currently being utilised as additives in abalone 

feed. Inactivatedyeasts/probiotics such as torula and brewer' s yeast are available in 

abundance from brewing industries and are rich in proteins and other bioactive compounds 

that could be beneficial to fish. Herbal products also have potential in aquaculture feeds for 

their immune and growth boosting properties, and they are also widely affordable. Based on 

the reviewed literature, seaweed and yeast were mostly tested as protein sources or fishmeal 

replacers in fish feed, not as potential additives. The main reasons these additives were 

selected for investigation in current studies were because of their physiological mode of 

actionand the benefits when injested through feed, together with their affordability and 

accessibility 
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3. CHAPTER THREE: EFFECT OF DIETARY SEAWEED (ULVASP) ON 

GROWTH PERFORMANCE, BLOOD PARAMETERS, GUT HISTOLOGY 

AND TISSUE NUTRIENT COMPOSITIONIN JUVENILE DUSKY KOB 

(ARGYROSOMUS JAPONICUS,SCIAENIDAE) 

Abstract 

This researchwas designed to assess the effect of incorporating graded levels of green 

macroalgae seaweed (Ulva sp) into diets of juvenile dusky kob (Argyrosomusjaponicus) on 

growth performance, hematology and serum biochemistry, gut histology and faty acids 

composition. Five experimental diets were formulated to contain 0 (Ulva0), 50 (Ulva50), 

100 (Ulval00), 150 (Ulva150) and 200 (Ulva200) g seaweed meal/kg commercial kob 

feedon a dry matter basis. Seventy-seven dusky kob fingerlings (mean body mass 9 .14 ± 

0.30 g) were distributed into each of 20 experimental tanks and offered diets at 2.8% body 

mass (four replicates per treatment). The weight and length of fish were measured weekly 

for nine weeks. At the end of the feeding trial, fish fed Ulva50 had a higher body mass 

(38.20 ± 1.38 g) compared to those fed the other three U/va-based diets. Fish offered 

Ulva200 had significantly (P < 0.05) lower body mass (13.10 ± 0.53 g) compared to the rest 

of the groups. The control group achieved a specific growth rate (SGR) of 2 g/day, followed 

by Ulva50group at 1.55 g/day, while the Ulva200 group attained the lowest SGR of 0.54 

g/day. The highest (P < 0.05) feed conversion efficiency (FCE) (0.14) was recorded for the 

control group, while the Ulva150 group had the lowest FCE (0.08). Lymphocyte, monocyte, 

eosinophil, basophil, thrombocyte and neutrophil counts were not influenced (P > 0.05) by 

dietary treatments. However, the levels of both blood cholesterol and alkaline phosphatase 

tended to decrease with the increase of dietaryU/va inclusion levels. Gut histology 

preparation revealed normal gut structure for all the diet treatments. A higher level of 
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polyunsaturated fatty acids (PUFA) (53.3%) was recorded for fish fed control diet (P< 

0.05). The group fed the highest Ulva inclusion diet (Ulva200) recorded a higher percentage 

(59%) of saturated fatty acids as compared to 27.5% and 12.5% for monounsaturated fatty 

acids (MUF A) and PUF A, respectively. These results indicate that Ulva could be 

incorporated at the rate of 50 g kg·1 in future commercial dusky kob diets without any 

negative effects on feed utilisation and growth performance. Haematology and serum 

biochemistry results indicate that the dietary inclusion of Ulva had no adverse effects on the 

physiological status of the fish. 

Keywords: Ulva sp. ; haematology; dusky kob; histology; specific growth rate; fatty acids 

composition. 
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3.1 Introduction 

Seaweeds are a major natural coastal resource around the world and are valuable as human 

food, especially in Asian countries (Nisizawa et al. , 1987). They are consumed fresh, dried 

or as ingredients in prepared food . There are many current and potential uses of seaweeds, 

which include their use in agriculture, horticulture, aquaculture, agronomy and in 

pharmaceutical and pharmacological products. Their nutritional composition varies with 

species, habitat, maturity and the surrounding environmental conditions (Ito and Hori, 

1989). As food supplements, seaweeds can be a source ofproteins, lipids, trace elements and 

vitamins (Rimber, 2007). 

The seaweed grown in the South African seaweed aquaculture is cultivated and harvested 

solely to feed commercial abalone (Haliotismidae) farms and is not intended for human 

consumption (Bolton et al. , 2006). The most frequently cultivated seaweed specie is the 

Ulva sp. and its production occurs mainly at abalone farms and paddle-wheel raceways 

which are used for growing large quantities (Chopin et al. , 2008). It is rich in iron, iodine, 

protein (15%), vitamins (A, Bl and C) and also some trace elements (Apaydm et al. , 2010). 

The importance of Ulva meal as a possible alternative feed ingredient for farmed fish was 

investigated by Mustafa & Nakagawa (1995). They reported that the inclusion of small 

amounts (5%) of algae meal in fish diets promoted positive fish growth, feed utilisation, 

physiological condition, stress response, disease resistance, constituents and carcass quality 

of farmed fish . Similar studies with Ulva meal have been reported for grow-out gilthead 

bream (Sparus aurata) (Kissil et al., 1992), black seabream (Acanthopagrus schlegeli) and 

red seabream (Pagrus major)(Xu and Hirata, 1990). However, there have been no reports on 

the use of Ulva in any commercial finfish industry in South Africa. The objective of the 

current study was, therefore, to determine the effect ofUlva sp-based diets on growth 
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performance, blood parameters, gut health, and the tissue nutrient composition of dusky 

kob, Argyrosomus japonicus. The following questions were tested in the study: 

1. What is the optimum Ulva inclusion level in dusky kob diets for better growth 

performance? 

2. Does dietary inclusion ofUlvainfluence the dusky kob haematological parameters, 

gut enteritis, and the fatty acids concentration of fillets? 

3.2 Materials and methods 

3.2.1 Experimental facilities 

The study was carried out at the Marine Research Aquarium of the Department of 

Agriculture, Forestry and Fisheries (DAFF) in Sea Point (33.9169° S, 18.3875° E), Cape 

Town. The experimental system was a recirculatii:ig aquaculture system (RAS) (Plate3 .1) 

consisting of20 black, high-density polyethylene grow-out tanks (465 L capacity, 67 cm 

deepand 94 cm diameter) with flattened conical floors coated with white fibreglass resin to 

allow for better fish visibility.The sea water temperature was maintained at 25 °C via a heat 

pump and dissolved oxygen at 5.5-6.0 mg/I via air lines. The filtration system included the 

protein skimmer or foam fractionator, the sand filter and the biological filtration. Ultra 

violet lights (55 W) were fitted on the water route between the filtration system and the fish 

holding tanks. 

3.2.2 Harvesting and processing of seaweed 

Fresh Ulva sp. was collected from an abalone farm in Gansbaai (34.5805° S, 19.3518° E), 

Western Cape, South Africa.The seaweed is cultured in raceways which are an extension of 

the existing abalone grow-out tanks. The effluent from the abalone tanks ( after sediment is 

removed) flows through four paddle raceways. After passing through the seaweed raceways, 

approximately 50% of the effluent water is re-circulated to the abalone tank.The system was 
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modelled using data from scientists working with smaller experimentalsystems on the farm 

(Potgieter, 2005). 

The seaweed was collected in large bins filled with seawater (Plate3.2). Upon reaching the 

Marine Research Aquarium in Sea Point, Cape Town, seaweed was rinsed with tap water 

several times to remove associated salts and sand. It was then dried in the sun to a constant 

weight. A coffee grinder was used to homogenise the dried seaweed into powder form ( Ulva 

meal), which was then used in diet formulation. 

3.2.3 Experimentalfish 

An estimated 550 dusky kob fingerlings with an average mass of 6.5 g were sourced from a 

commercial fish farm based in Mtunzini (28.9597° S, 31.7501 ° E), Kwa-Zulu Natal, off the 

South African east coast. They were transported in 950 L of sea water at a salinity of 28ppt. 

The initial temperature in the transportation tank was 26.6°C which dropped to 25.3°C by 

the time the fish arrived at the Marine Research Aquarium. Pure oxygen was injected into 

the water at a rate ofapproximatelyl lmg/1. The water recirculation ran through 50 micron 

fluted paper filter cartridges and entered the tank through two CO2 degassing towers.Upon 

arrival (Plate 3 .3 ), the fish were acclimatised in five of the experimental tanks for two weeks 

prior to the start of the trial. A high-protein commercial fishmeal diet (Mari feed Pty Ltd) 

was offered to the fish during the acclimatisation period. During that two-week period, 20 

fish died due to cannibalism (tail biting), leaving 1540 fingerlings, which were used in the 

feeding trial. Seventy seven fish (9 .14 ± 0.30 g) were randomly distributed into each of the 

20 tanks in preparation for the commencement of the experiment. Ethical clearance was 

obtained from North-West University ' s Animal Research Ethics Committee. 
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Plate 3.1. Experimental systems, showing the experimental tanks and the filtration 

components: (A) Sand filter; (B) Foam fractionator; (C) Degassing chamber; (D) Biological 

filtration media; (E) Experimental tanks; (F) Electrical control board. 
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Plate 3.2. Collection of fresh Ulva sp. seaweed from an abalone farm in Gansbaai(34.5805° 

S, 19.3518° E), Western Cape 
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Plate 3.3. Fish arrival at the Marine Research Aquarium ofDAFF, Sea Point(33°54'55"S 

18°23'33"E), Cape Town 
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3.2.4 Experimental feed 

Five experimental diets were formulated to contain 0, 50, 100, 150, 200 g seaweed meal/kg 

commercial kob feed (Ulva0, Ulva50, Ulval00, Ulval50, and Ulva200, respectively) (Table 

3 .1 ). The commercial dusky kob feed was donated by Marifeed (Pty) Ltd, Western Cape, 

South Africa. 

The dietary treatments were hand-prepared atthe Marine Research Aquarium as follows: 

The commercial dusky kob pellets (4mm) were granulated(< 0.8mm) with a Krups Burr 

Grinder model GVX 2.The powdered pellets were proportionally mixed with pre-weighed 

quantities of a seaweed meal and multi-vitamins/minerals mix. Water was added to the final 

dry mixture.The mixture was then kneaded to produce dough, which was then rolled using a 

kitchen dough roller to make a thin layer on a smooth plastic sheet and subsequently 

pressure-sprayed with a non-stick agent (Cook'n Bake®) that contains sunflower oil and 

lecithin. The thin layerof paste was then dried (to a constant mass) with a cross-flow air 

current mediated by a household electric floor fan in a ventilated laboratory at ambient 

temperature. The flaked pieces of dried food were then graded to size using a corn kernel 

hand grinder with adjustable pressure disc for flake sizing. Flake sizes werepredetermined 

(grinder inter-disc opening size adjustment) forthe growth stages of the fish. Flakes were 

separated by sieving them through stainless steel wire strainers with selected mesh sizes. 

Pre-sieved flakes were then packed in labelled plastic bags and stored at freezing 

temperatures. For the first three weeks of the trial, fish were fed 1.5 mm sized flakes. The 

flake size was increased to 3 mm from week 4 to week 6. In the last phase of the 

experiment, weeks 7 to 9, fish were fed 5mmsized flake. Prior to fish feeding, the flakes 

were mixed with cod liver oil at 7% (m: v)of the ration. Feed treatments were sampled for 

chemical analysis ( dry matter, organic matter, crude protein, ash, acid detergent fibre, 
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neutral detergent fibre and mineral analysis)at the Department of Animal Science, North

West University. 

Table 3.1.Dietary composition of the experimental diets fed to juvenile dusky kob 

Diets 

Ingredients (g/kg) Ulva0 Ulva50 Ulval00 Ulva150 Ulva200 

Fishmeal 700 694.0 687.0 681.0 674.0 

Ulva sp. 0 50 100 150 200 

Bulk agent (Cellulose) 200 160 125 93 65 

Premix (vitamins and 
7 7 7 7 7 

minerals) 

Fish oil (ml) 93 89 81 69 54 

1Diets: Ulva0 = Control commercial kob feeddiet with no seaweed; Ulva50= 50 g seaweed 

/kg commercial kob feed; Ulval 00 = 100 g seaweed /kg commercial kob feed ; Ulval 50 = 

150 g seaweed /kg commercial kob feed; Ulva200 = 200 g seaweed /kg commercial kob 

feed. 

3.2.5 Feed chemical analyses 

The diets were analysed for laboratory dry matter (DM), organic matter, crude protein (CP), 

neutral detergent fibre (NDF), acid detergent fibre (ADF) and ash at the Department of 

Animal Science, North-West University. The moisture content was determined by weighing 

samples in a crucible and dryingthem inan oven at 105°C for 12 hours. The ash content was 

determined by ashing at 550°C for 6 hours (AOAC, 2005, method number 924.05). 

Nitrogen was determined using the Kjeldahl method (AOAC, 2005; method number 

984.13). The CP was calculated automatically by multiplying the percentage of nitrogen by 
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6.25 . The NDF and ADF were determined according to van Soest et al. (1991) using the 

ANKOM2000 fibre analyser (ANKOM Technology, NY, USA). 

3.2.6Feed mineral analyses 

The concentrations of minerals were determined using an ICP Mass Spectrometer (Perkin

Elmer, 1982, NexION 300Q) at Speeh Private Limited, Parow (33°54'00 11 S 18°36'00"E), 

Western Cape, South Africa. 

3.2. 7 Feeding strategy and sampling 

Each dietary treatment was offered to four replicate tanks and groups were consistently hand 

fed twice a day at 2.8% of the fish body weight. Due to the fish ' s photophobia tendency, 

they were not exposed to any artificial light. Minimal light also reducedtheir customary 

cannibalistic behaviour. Ten fish from each of the 20 tanks were randomly sampled once a 

week and the caudal length and body mass (Mettler Toledo electronic balance model: Viper 

SW 15) of each individual were recorded to determine the growth performance and feed 

conversion ratio (FCR). A 1ml dose of 2- Phenoxyethanol per five litres of water was used 

to anaesthetise fish during the weighing sessions. The FCRper treatment group was 

calculated based on the collective feed mass offered for the experimental period. All 

weekly adjusted feed ration recalculations were based on 2.8% of the fish population body 

mass. Tanks were monitored daily before or during feedings for any mortality and for fish 

behavioural changes. Handling of live fish was conducted in compliance with the South 

African Animals Protection Act, 1962 (Act 71 of 1962). 

3.2.8 Haematology and serum biochemical analyses 

A sample of six fish from each tank (24 fish per treatment) was anaesthetised using 2-

Phenoxyethanolbefore blood was collected. The caudal fin was cut using a dissecting kit 

scissor to let the fish bleed into collecting tubes. The samples were collected in bottles 
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containing ethylenediaminetetraacetic acid (EDT A) as an anticoagulant to give a 

concentration of 5mg/ml of blood sampled.The blood sample was rocked gently in the bottle 

to allow thorough mixing of its contents. Some blood samples were kept in a slanting 

wooden rack at room temperature to allow the blood to clot. The clotted blood was 

centrifuged for 15 minutes at 3500 revolutions per minute (rpm). A clear fluid (serum) was 

pipetted out into a clean and sterilised bottle for further analysis. Thereafter, the samples 

were taken to the Wemmershoek diagnostic laboratory, Simondium (33.851 °S 18.966°E), 

Western Cape, South Africa, for blood analysis. 

A manual blood count (light microscope [Olympus, Tokyo, Japan] under oil immersion at 

l00 xmagnification) was performed for haematocrit, thrombocytes, lymphocytes, 

monocytes, neutrophils, basophils and eosinophils. Alkaline phosphatase (ALP) activity 

was performed using the modified method of Wright et al. (1972) whileaspartate 

aminotranferase (AST) and alanine aminotransferase (ALT) activities were carried out 

according to the methods described by Reitman & Frankel (1957). Total protein (TP) was 

analysed according to the Biuret method standardised for the RA-1000 (Technicon method 

no. SM4-0l 47K82, 1982). Albumin and creatinine were determined according to Technicon 

method no. SM4-0131K82 (1982) and Technicon method no.SM4-0141K82 (1982), 

respectively. Technicon reagents were used for the total protein, albumin and creatinine 

assays. The total globulin fraction was determined by subtracting the albumin from the total 

protein.A standard RA-1000 enzymatic method was applied for the analysis of triglycerides 

using the Boehringer Mannheim GPO-PAP kit. Monocholesterol (CHOD-P AP) 

methodswere used for the cholesterol determination in an RA-1000 adapter procedure.Urea 

was estimated by following Crest Biosystems Modified Berthelot method by Fawcett & 

Scott (1960). 
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3.2.9 Gut histology 

The same sample of six fish used for the blood collection above, was used for the gut 

histological evaluation. Distal intestine (DI) tissues were dehydrated in ethanol, equilibrated 

in xylene, and embedded in paraffin according to standard histological techniques (Mallory, 

1914). Sections of approximately 5-8 µm thick were cut and stained with haematoxylin and 

eosin (HE). The tissues were sectioned longitudinally (i.e. perpendicular to the 

macroscopically visible circular folds). The processing of tissues was performed at the 

DAFF histology laboratory, Cape Town (33°55'31 "S 18°25'26"E). The blind histological 

examination was performed using a light microscope. Tissue morphology was evaluated 

using a semi-quantitative scoring system of0 to 10 (Penn et al. , 2010). Preselected tissue 

parameters were scored as follows: mucosal fold height (0= short, 1 0= long); mucosal fold 

fusion (0= distincly single), 1 0= highly fused); lamina propria width (0=thin, 1 0= 

englarged); lamina propria cellularity (0= no cells, 1 0= high volume of cells); submucosa 

width (0= normal size, 1 0= enlarged); submucosa cellularity (no cells, 1 0= high volume of 

cells); enterocyte vacuolisation (0= no vacuoles, 1 0= high vacuolisation); enterocyte 

vacuole size disparity (0= uniform size, 1 0= different sizes), goblet cells (0= low frequency, 

1 0= high frequency), and intraepithelial leukocytes (0= low frequency, 1 0= high frequency). 

3.2.10 Cellulase activity 

The remaining fish in the tanks were fed their respective diets for one more day at three and 

hour intervals from 13:00 - 22:00h to achieve chyme in the distal intestine the following 

day. Six fish from each tank were then pulled and sampled for the chyme contained in the 

distal intestine (DI) which was stored on ice in 50 ml centrifuge tubes. The samples were 

later stored at -80°Cpending cellulase analysis at the Biotechnology unit at the University of 

Limpopo, Mankweng (23.886°S 29.718°E), Limpopo, South Africa. 
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3 .2.10.1 Enzyme extraction 

The samples were left to thaw in crushed ice for three hours and later homogenised with 10 

ml of 50 Mm Tris-HCL buffer (pH 7.5) using a tissue homogeniser. The homogenate was 

centrifuged at 3 600 rpm at 4°C for 30 minutes. The supernatant was recovered and stored at 

-20°C for cellulase activity analysis. 

3 .2.10.2 Characteriation of cellulase 

Cellulase activity was determined in triplicate using the 3.5-dinitrosalicylic acid (DNS) 

method (Bernfeld, 2006). Carboxyl-methyl-cellulose (1 % w/v) substrate was prepared in 0.1 

M phosphate buffer pH 7. Thirty-three µl of the substrate was incubated with 3 µl crude 

enzyme extract and 27 µl buffer solution for 10 minutes at 30°C. Exactly 100 µlof 1 % of the 

DNS solution was added and the solution was boiled for 5 minutes. After boiling, the 

solution was cooled to 4°C and then read at 540 nm using a Multimode Analysis Software 

version 3.3.0.9 (DTX 880). Blanks were similarly prepared without the enzyme extract. 

Glucose (0.5-10 Mm) was used for the calibration of the standard curve. The cellulase 

activity was measured as the amount of glucose (µmol) produced per mg protein every 

minute. 

3.2.11 Fatty acids analyses 

Using the Fatty Acid Methyl Ester (FAME) method (Dodd et al. , 2004), feed and fillet 

samples were processed for fatty acids determination. A 0.5 internal standard 

(Heptadecanoic acid-C 17 :0, 10 mg/ml made up in C: M (2: 1) (Sigma Aldrich Inc, St. Louis, 

USA, Cat. H3500, 98%)) was used. Following the fatty acids extraction process, gas 

chromatography was used to detect fatty acids. Fatty acids were extracted and analysed at 

Central Analytical Facilities, University of Stellenbosch (33°55'12"S l 8°5 l '36"E) 
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3.3 Statistical analyses 

All the data from the reported parameters were tested for normality using the NORMAL 

option in the Proc Univariate statement before being subjected to analysis of variance. The 

weekly measured growth performance data was analysed using the repeated measures 

analysis. Data measured only once was subjected to a one-way ANOVA. For the one-way 

ANOVA, measurements from six fish per tank (four replicate tanks per treatment) were 

averaged before analysis, such that each tank had one value. Statistical analyses were 

performed using SAS statistical software (2010) according to the following statistical linear 

model: 

Y. =µ +D+E 
1J 

1 
1J , where, Yu= dependant variable, µ = population mean, Di= effect of diet, and 

Eu = random error associated with observation ij, assumed to be normally and 

independently distributed. For all statistical tests, significance was declared at P SO.OS. 

Least squares means were compared using the probability of difference (pdiff) option in the 

lsmeans statement of SAS. Differences between means values were declaredsignificant at P 

S O.OS. 

3.4 Results 

3.4.1 Diet chemical analyses 

Chemical analyses on dietary treatments revealed a decline in protein content as the level of 

seaweed supplementation increased. The control diet (Ulva0) had, numerically, the highest 

protein content (473.6 g/kg) while the diet with the highest seaweed inclusion had the least 

crude protein content ( 407 .9 g/kg). An increase in Ulva inclusion resulted in an increase in 

both ADF and NDF. The control diet had, numerically, the lowest ADF content (26.9 g/kg) 

while the Ulva200 diet had the highest ADF content (47.2 g/kg). The Ulva0 diet recorded 

84 



the lowest numerical NDF content of287.9 g/kg while the highest NDF content (356.7 g/kg) 

was recorded for Ulva200 diet. The moisture content of the control diet and the three 

seaweed-included diets (50, 100 and 150 g/kg) was approximately60 g/kg while the highest 

seaweed inclusion diet (Ulva200) had the highest moisture content (101.6 g/kg) (Table 3.2). 

Raw Ulva proximate composition is also included in Table 3.2. 

Table 3.2.Chemical composition of dietary treatments and seaweed 

Diets 

Components (g/kg) Ulva0 Ulva50 Ulval00 Ulva150 Ulva200 Seaweed 

Dry matter 943.6 947.2 945.7 939.1 904.7 916.4 

Ash 85.1 99.0 113.1 118.2 126.3 285.8 

Organic matter 858.5 848.2 832.6 820.9 778.4 630.6 

Crude protein 473.6 466.1 456.2 437.9 407.9 246.4 

Acid detergent fibre 26.9 36.4 38.8 43.3 47.2 26.1 

Neutral detergent fibre 287.9 299.8 315.3 344.0 356.7 278.9 

Sodium (Na) 4.28 6.01 8.16 9.83 11.83 45.59 

Potassium (K ) 2.88 6.37 6.02 4.08 23.92 10.27 

Calcium (Ca) 23 .60 19.65 16.31 14.65 16.50 18.56 

Magnesium (Mg) 13.79 2.77 3.95 4.96 6.33 17.47 

Iron (Fe) 0.28 0.33 0.43 0.34 0.25 0.25 

Zinc (Zn) 0.16 0.10 0.11 0.10 0.10 0.06 

1Diets: Ulva0 = Control commercial kob feeddiet with no seaweed; Ulva50= 50 g seaweed 

/kg commercial kob feed ; Ulval00 = 100 g seaweed /kg commercial kob feed ; Ulva150 = 

150 g seaweed /kg commercial kob feed; Ulva200 = 200 g seaweed /kg commercial kob 

feed. 
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3.4.2 Growth performance 

Gross observation revealed a high feeding frenzy when all groups were offered the feed 

during the experimental trial. Figure 3.1 illustrates the weekly fish weight response to dietary 

treatments and figure 3.2 illustrates the weekly fish length response to dietary treatments. 

Figure 3 .3 and figure 3 .4 illustrates fish weight and length gain at the end of nine weeks, 

respectively.Repeated measures analysis revealed that the interaction between fish age 

(weeks) and diet had a significant effect on fish weight gain (P < 0.05). The Ulva0 diet 

ranked number 1 in terms of performance after the fisrt week, with fish gaining an average 1. 

58 g, followed by the Ulva50 diet at 0.89 g, the Ulva150 at 0.15, the Ulval00 at 0.03 g with 

the Ulva200 ranking last by producing -0.15 g weight. The Ulva0 diet was ranked second and 

third in week 4 and 9, respectively. 
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Figure 3.1.The weekly fish weight response to dietary treatments .Diets: Ulva0 = Control 

commercial kob feeddiet with no seaweed; Ulva50= 50 g seaweed /kg commercial kob feed; 

Ulval00 = 100 g seaweed /kg commercial kob feed ; Ulva150 = 150 g seaweed /kg 

commercial kob feed; Ulva200 = 200 g seaweed /kg commercial kob feed. 

The Ulva200 ranked the lowest from the first week of feeding to the last. On average, the 

Ulva0 produced a weight gain of 3 .24 g per week for 9 weeks, followed by the Ulva50 at 

2.06 g, the Ulval00 at 1.64 g, the Ulva150 at 1.12 g and the Ulva200 at 0.47 g. The slow 

growth of the Ulva200 group was more pronounced from week five until termination of the 

trial. The caudal length followed the same pattern as the weight gain, with the Ulva0 group 

gaining 5.40 cm in nine weeks, followed by the Ulva50 group which gained 3.98 cm and the 

Ulva200 gaining only 1.63 cm. 
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Figure 3.2. The weekly fish length response to dietary treatments .Diets: Ulva0 = Control 

commercial kob feed diet with no seaweed; Ulva50 = 50 g seaweed /kg commercial kob feed; 

Ulval00 = 100 g seaweed /kg commercial kob feed; Ulva150 = 150 g seaweed /kg 

commercial kob feed; Ulva200 = 200 g seaweed /kg commercial kob feed. 

88 



Fish weight gain ratio (Ulva inclusion diets to control diet) of 0.638 was recorded for 

Ulva50/Ulva0 diets, 0.507 for Ulval00/Ulva0, 0.346 for Ulval50/Ulva0, and 0.0146 for 

Ulva200/Ul va0. 

U1va0 Ulva50 Ulval00 Ulval50 Ulva200 

Diets 

Figure 3.3. Dusky kob weight gain variations in response to dietary treatments. Data points 

represent the means of four replicates ± standard error. Diets: Ulva0 = Control commercial 

kob feeddiet with no seaweed; Ulva50= 50 g seaweed /kg commercial kob feed ; Ulval 00 = 

100 g seaweed /kg commercial kob feed; Ulval 50 = 150 g seaweed /kg commercial kob feed; 

Ulva200 = 200 g seaweed /kg commercial kob feed. 

At the end of the nine-week feeding period, the control group achieved an average specific 

growth rate (SOR) of2 g/day, which declined as the level of Ulva inclusion increased, with 

the Ulva200 group showing the lowest SOR value of 0.54 g/day (Table 2). 
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Figure 3.4.Dusky koblength gain variations in response to dietary treatments. Data points 

represent the means of four replicates ± standard error. Diets: Ulva0 = Control commercial 

kob feeddiet with no seaweed; Ulva50 = 50 g seaweed /kg commercial kob feed; Ulval 00 = 

100 g seaweed /kg commercial kob feed; Ulval 50 = 150 g seaweed /kg commercial kob feed; 

Ulva200 = 200 g seaweed /kg commercial kob feed. 

The control group also achieved a higher feed conversion efficiency (FCE) of 0.14 , which 

also declined as the level of Ulva inclusion increased, with Ulva150 and Ulva200 recording 

FCE values of 0.08 and 0.09, respectively.The SGR datais illustrated in Figure 3.5below. 

Table 3.5 summarises the FCE values recorded in this study. 
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Figure 3.5. The specific growth rate of the experimental fish over 72 days. Data points 

represent the means of four replicates ± standard error. Diets: Ulva0 = Control commercial 

kob feeddiet with no seaweed; Ulva50= 50 g seaweed /kg commercial kob feed ; Ulval00 = 

100 g seaweed /kg commercial kob feed ; Ulva150 = 150 g seaweed /kg commercial kob feed ; 

Ulva200 = 200 g seaweed /kg commercial kob feed. 

3.4.3 Haematologyand serum biochemistry 

The effect of experimental feed on individual haematological and serum biochemical 

parameters is presented in Tables 3.3 and Table 3.4, respectively. The manual full blood 

count of lymphocytes, monocytes, eosinophils, basophils, thrombocytes and neutrophils 

revealed no particular trend in response to different dietary treatments. No significant (P 

>0.05) dietary effect was detected on the lymphocytes, monocytes, eosinophils, basophils, 

thrombocyte and neutrophil levels. 
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Table 3.3.Manual full blood and haematocrit counts in dusky kob fed with Ulva-based dietary treatments 

Diets 

Ulva0 Ulva50 Ulval00 Ulva150 Ulva200 

Haematocrit (%) 41.73 ± 1.07a 53.95 ± 1.606 52.58 ± 2.24 b 47.27 ± 2.39ab 40.99 ± 3. 

Lymphocytes(¾) 91.25 ± 5.09a 85 .00 ± 3.92a 88.25 ± 5.48a 90.00 ± 0.41 a 72.00 ± 1( 

Monomocytes(¾) 3.25 ± 0.75a 7.00 ± 1.68a 5.25 ± 2.02a 4.25 ± 0.75a 4.75 ± 0.6 

Eosinophil (%) 0.25 ± 0.25a 1.75 ± 0.48a 1.50 ± 1.50a 2.25 ± 0.75a 2.50 ± 1.1 

Basophil (%) 0.25 ± 0.25ab 1.00 ± 0.41 b 0.00 ± o.ooa 0.00 ± o.ooa 0.25 ± 0.2 

Thrombocytes (6.2/hpf) 4.47 ± 1.57a 5.00 ± 0.98a 3.40 ± 0.94a 2.70 ± 0.97a 3.95 ± 2.0 

N eutrophil (%) 5.00 ± 4.67a 5.25 ± 1.97a 5.00 ± 3.14a 3.50 ± 0.65a 20.50 ± li 

All values are mean± S.E.M (n = 6). hpf= high power field. 1Diets: Ulva0 = Control commercial kob feec 

seaweed /kg commercial kob feed; Ulval 00 = 100 g seaweed /kg commercial kob feed ; Ulval 50 = 150 g 

Ulva200 = 200 g seaweed /kg commercial kob feed_a,bMeans in the same row with common superscripts c 



The Ulva50 group recorded 2.10±0.07 mmol/L of urea, which did not differ significantly (P > 

0.05) from the Ulva0 group (2.25± 1.14 mmol/L ), but differed significantly (P < 0.05) from 

the Ulval00 (2.55±0.12 mmol/L), the Ulva150 (310±0.11 mmol/L) and the Ulva200 

(3 .28±0.11 mmol/L ). The effect of the five dietary treatments on creatinine, total protein, 

albumin, globulin, alanine aminotransferase and blood triglycerides was not significantly 

different (P > 0.05). All blood parameters were within the normal range for fish. 
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Table 3.4.Serum biochemical parameters in Dusky kob fed with Ulva-based dietary treatments 

Diets 

Ulva0 Ulva50 Ulval00 Ulval 5( 

Urea (mmol/L) 2.25 ± 1.14 ab 2.10 ± 0.07a 2.55 ± 0.126 3.10 ± 0 

Creatinine (umol/L) 31.25 ± 7.39a 50.50 ± 6.50a 44.00 ± 0.00ab 44.00 ± 

Total protein (g/L) 31.50 ± 2.90a 36.75 ± 2.95a 34.75 ± 3.59a 37.00 ± 

Albumin (g/L) 17.75 ± 3.30 15.00 ± 1.08 16.00 ± 1.58 17.00 ± 

Globulin (g/L) 16.00 ± 2.16a 21.75 ± 1.89b 18.75 ± 2.06ab 20.00 ± 

Triglycerides (mmol/L) 5.21 ± 1.80b 6.73 ± 2.61b 6.96 ± l .30ab 2.64 ± 0 

Alanine aminotransferase (U/L) 68.00 ± 23.82a 130.50 ± 22.18b 143.00 ± 25.39b 149.75 : 

Aspartate aminotransferase (U/L) 102.25 ± 34.74a 224.75± 54.87b 244.00 ± 24.37b 158.00 = 

All values are mean ± S.E.M (n = 6). 1Diets: Ulva0 = Control commercial kob feeddiet with no seaweed; l 

kob feed ; Ulval00 = 100 g seaweed /kg commercial kob feed ; Ulval50 = 150 g seaweed /kg commercial 

/kg commercial kob feed.a, b_ Means in the same row with common superscripts do not differ (P>0.05).NS 



There was a tendency for blood cholesterol concentration to decline in response to higher 

levels of Ulva inclusion (Figure 3.4), despite this variation being statistically insignificant (P 

> 0.05). Blood alkaline phosphatase also declined (P < 0.05) in response to Ulva inclusion in 

fish diets (Figure 3.4). 
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Figure 3.6. Blood serum alkaline phosphatase and cholesterol levels of dusky kob in 

response to Ulva-based dietary treatments. Data points represent the means of four replicates 

± standard error.Diets: Ulva0 = Control commercial kob feeddiet with no seaweed; Ulva50= 

50 g seaweed /kg commercial kob feed; Ulval 00 = 100 g seaweed /kg commercial kob feed; 

Ulva150 = 150 g seaweed /kg commercial kob feed; Ulva200 = 200 g seaweed /kg 

commercial kob feed. CHOL= Cholesterol; ALKP= Alkaline phosphatase. 
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3.4.4 Histology and cellulase activity 

The histological evaluation of the distal intestine revealed normal gut structure for all the 

dietary treatments (Plate 3.4). The normal structure was confirmed by long and normal 

unfused mucosa} folds (scored between 9 and 10), clear and uniform size absorptive 

enterocyte vacuoles (scored 10) , a thin lamina propria (score between 1 and 2), a basal 

nucleus of the enterocytes, a narrow submucosa width (scored between 1 and 2) and minimal 

leukocytes infiltration (scored 1) into the enterocyte epithelium and lamina propria. Few 

goblet cells (scored between 0 and 1) were observed on the mucosa} folds. The effect 

ofdietary treatments on the above-mentioned gut parameters were statistically insignificant. 

No cellulase activity was recorded for any dietary treatments. 
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Plate 3.4. Distal intestinal histology in dusky kob as influenced by (A) the Ulva0 ( control) 

diet; (B) the Ulva50 diet; (C) the Ulval 00 diet; (D) the Ulval 50 diet; (E) the Ulva200 diet 

(H&E, 1 0X&40X). 

97 



3.4.5 Fatty acid composition 

A total of 14 saturated fatty acids (SF A) were detected from the five dietary treatments and 

the raw Ulva seaweed (Table 3.5). The Cl6:0 (palmitic acid) appeared to be the most 

abundant SF A across all dietary treatments. The control (Ulva0) diet recorded the highest 

numerical value for the fatty acid (2.74 mg/g diet) and Ulval50 recorded the lowest 

numerical value (2.51 mg/g diet). The Ulva0 diet had the highest LSFA (4.17 mg/g diet) with 

Ulval50 recording the lowest LSFA (3 .93 mg/g diet). Only seven monounsaturated fatty 

acids (MUFA) were detected in all the dietary treatments (Table 3.5). Concentration of Cl6:l 

(palmitoleic acid) and Cl8:ln9c (oleic acid methyl ester) increased with an increase in Ulva 

inclusion. Ulva0 had the highest LMUFA (3 .31 mg/g diet) while Ulva200 had the lowest 

LMUFA (2.38 mg/g diet) . 
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Table 3.5. Saturated and mono-unsaturated fatty acid content (mg/g diet) of the experimental 
diets 

Diets 
Ulva0 Ulva50 Ulval00 Ulva150 Ulva200 Raw Ulva 

s . 
SFA 
C6:0 0.00 0.03 0.03 0.03 0.03 0.00 
C8:0 0.00 0.02 0.02 0.02 0.02 0.00 
Cl0:0 0.00 0.02 0.02 0.02 0.02 0.00 
Cl 1:0 0.00 0.01 0.01 0.01 0.01 0.00 
C12:0 0.02 0.02 0.02 0.02 0.02 0.02 
C13:0 0.01 0.01 0.01 0.01 0.01 0.01 
C14:0 0.57 0.57 0.62 0.60 0.57 0.06 
C15:0 0.06 0.64 0.06 0.06 0.06 0.03 
C16:0 2.74 2.53 2.57 2.51 2.57 2.91 
C18:0 0.62 0.62 0.61 0.58 0.58 0.04 
C20:0 0.02 0.01 0.01 0.01 0.01 0.01 
C21:0 0.00 0.00 0.00 0.00 0.00 0.01 
C22:0 0.00 0.01 0.01 0.01 0.01 0.05 
C23:0 0.07 0.02 0.02 0.02 0.02 0.02 
C24:0 0.07 0.05 0.05 0.04 0.05 0.06 
:ESFA 4.17 4.06 4.06 3.95 3.99 3.23 

MUFA 
C14:1 0.01 0.01 0.01 0.01 0.01 0.00 
C15:1 0.00 0.00 0.00 0.00 0.00 0.00 
C16:1 0.78 0.75 0.73 0.68 0.67 0.20 
C17:1 0.00 0.01 0.01 0.01 0.01 0.06 
C18:ln9c 1.23 1.05 0.99 0.94 0.91 0.99 
C18:ln9t 0.00 0.00 0.00 0.00 0.00 0.00 
C20:1 0.26 0.29 0.30 0.26 0.24 0.01 
C22:ln9 0.21 0.21 0.23 0.19 0.15 0.00 
C24:1 0.81 0.52 0.50 0.43 0.40 0.01 
:EMUFA 3.31 2.83 2.76 2.51 2.38 1.27 
1Diets: Ulva0 = Control commercial kob feed diet with no seaweed; Ulva50 = 50 g 
seaweed/kg commercial kob feed; Ulval 00 = 100 g seaweed/kg commercial kob feed; 
Ulval 50 = 150 g seaweed/kg commercial kob feed; Ulva200 = 200 g seaweed/kg commercial 
kob feed. SF A= Saturated fatty acids; MUF A= Monounsaturated fatty acids. 
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A total of nine polyunsaturated fatty acids (PUFA) were detected from all the dietary 

treatments (Table 3.6). There was a tendency of an increase in the concentration of Cl 8:3n3 

(a-linolenic acid) with an increase in Ulva inclusion in the diets. However, the opposite was 

observed with the concentrations of both C20:4n6 (arachidonic acid methyl ester) and 

C20:5n3 ( eicosapentaenoic acid (EPA)). As observed with SF A, the control diet recorded the 

highest LPUF A (2.64 mg/g diet) while the Ulval 50 recorded the lowest LPUF A (1.67 mg/g 

diet). Overall, there was a decrease in fatty acid concentrations with an increase in Ulva 

inclusion in the diets. 
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Table 3.6. Polyunsaturated fatty acid content (mg/g diet) of the experimental diets 

Diets 

Ulva0 Ulva50 Ulval00 Ulval50 Ulva200 Raw 

Ulva sp. 

PUFA 

Cl8:2n6c 0.62 0.50 0.45 0.43 0.50 0.30 

Cl8:2n6t 0.00 0.00 0.00 0.00 0.00 0.00 

Cl8:3n6 0.02 0.03 0.03 0.02 0.03 0.06 

Cl8:3n3 0.10 0.11 0.11 0.14 0.17 1.22 

C20:2n6 0.03 0.03 0.03 0.03 0.03 0.00 

C20:3n6 0.03 0.03 0.02 0.02 0.02 0.02 

C20:3n3 0.02 0.01 0.01 0.01 0.01 0.01 

C20:4n6 0.18 0.14 0.12 0.11 0.11 0.03 

C20:5n3 1.49 1.05 0.99 0.88 0.83 0.11 

C22:2n6 0.16 0.02 0.02 0.03 0.04 0.20 

C22:5n3 0.00 0.00 0.00 0.00 0.00 0.00 

C22:6n3 0.00 0.00 0.00 0.00 0.00 0.00 

I:PUFA 2.64 1.92 1.79 1.67 1.73 1.96 

PUFA:SFA 0.00 0.00 0.00 0.00 0.00 0.00 

I:n-6 FA 1.04 0.75 0.67 0.65 0.71 0.52 

I:n-3 FA 1.60 1.17 1.12 1.02 1.01 1.34 

n6:n3 0.00 0.00 0.00 0.00 0.00 0.00 

Total FA 10.13 8.81 8.61 8.14 8.10 6.47 
1Diets: Ulva0 = Control commercial kob feed diet with no seaweed; Ulva50 = 50 g seaweed 

/kg commercial kob feed; Ulval 00 = 100 g seaweed/kg commercial kob feed ; Ulval 50 = 150 

g seaweed/kg commercial kob feed; Ulva200 = 200 g seaweed/kg commercial kob feed. 

PUFA= Polyunsaturated fatty acids; SFA= Saturated fatty acids. 
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A total of 11 SF A were detected from the fillet samples of all groups fed the five dietary 

treatments (Table 3.7). Dietary treatments did not significantly influence all the identified 

SF A. A decrease in the concentration of Cl3 :0 (tridecanoic acid) was evident with an 

- increase in Ulva inclusion, with control fed group recording 0.43 ± 0.14 mg/g meat and 

Ulva200 group recording lower concentrations, only detectable in microgram units. The 

C24:0 (Methyl lignocerate) concentration tended to increase with an increase in Ulva 

inclusion in the dietary treatments up to 150 g seaweed/kg kob feed. Ulva0-fed fish had a 

C24:0 concentration of 1.02 ± 0.34 mg/g meat while Ulva50 (1.04 ± 0.35 mg/g meat) and 

Ulval 50 fish (1.44 ± 0.10 mg/g meat) had higher levels. Fillet SF A concentration in Ulva200 

fed group was numerically lower than the other dietary treatments. 

Seven MUF A were detected from all the fish fed the five different dietary treatments (Table 

3.7). The effect of the dietary treatments on all the MUFA was not significant. There was no 

clear trend in the effect of dietary treatments on any of the FA, but lower ~MUFA (5.45 ± 

1.59 mg/g meat) was observed when fish were fed Ulva200 diet. The highest numerical 

~MUFA was recorded for Ulva150 fed group (15 .07 ± 6.47 mg/g meat). 
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Table 3.7. Saturated and mono-unsaturated fatty acid content (mg/g fillet) of dusky kob 
fillets fed Ulva-based dietary treatments 

Diets 
Ulva0 Ulva50 Ulval00 Ulva150 Ulva200 

SFA 
C6:0 2.1 3± 0.71 a 1.46 ± 0.84a 1.98 ± 0.99a 0.29 ± 0.03a 2.84 ± o.osa 
C8:0 o.ooa o.ooa o.ooa o.ooa o.ooa 
Cl0:0 o.ooa o.ooa o.ooa o.ooa o.ooa 
Cl 1:0 o.ooa o.ooa o.ooa o.ooa o.ooa 
C12:0 o.ooa o.ooa o.ooa o.ooa o.ooa 
C13:0 0.43 ± 0.14a 0.38 ± 0.23a o.ooa 0.21 ± 0.21 a o.ooa 
C14:0 1.42 ± 0.44a 1.36 ± 0.32a 0.89 ± 0.09a 1.49 ± 0.38a 0.87 ± 0.13a 
C15:0 0.42 ± o.osa 0.42 ± 0.05a 0.33 ± 0.02a 0.45 ± 0.07a 0.32 ± 0.02a 
C16:0 7.89 ± 2.35a 7.47 ± 1.97a 3.89 ± 0.66a 8.55 ± 0.37a 3.21± 0.70a 
C18:0 2.20 ± 0.46a 2.22 ± 0.37a 1.45 ± 0.13a 2.51 ± 1.02a 1.40 ± 0.20a 
C20:0 0.13 ± 0.0l a 0.13 ± 0.0l a 0.12 ± o.ooa 0.14 ± 0.02a 0.12 ± 0.01 a 
C21:0 o.ooa 0.02 ± 0.02a 0.02 ± 0.02a 0.02 ± 0.02a o.ooa 
C22:0 0.42 ± 0.01 a 0.43 ± 0.01 a 0.42 ± 0.0l a 0.44 ± 0.02a 0.41 ± 0.0l a 
C23 :0 1.60 ± 0.54a 1.12 ± 0.65a 2.15 ± 0.04a 2.26 ± 0.ll a 1.55 ± 0.52a 
C24:0 1.02 ± 0.34a · 1.04 ± 0.35a 1.33 ±0.03a 1.44 ± 0.10a 0.97 ± 0.33a 
I:SFA 17.67 ± 1.93a 16.05 ± 3.90a 12.58 ± 1.36a 20.45 ± 11.70 ± 

5.59a 0.44a 

MUFA 
C14:1 o.ooa 0.14 ± 0.14a o.ooa 0.14 ± 0.14a o.ooa 
C15:1 o.ooa o.ooa o.ooa o.ooa o.ooa 
C16:1 1.24 ± 0.45a 1.43 ± 0.88a 0.94 ± 0.17a 2.38 ± 1.13a 0. 49± 0.13a 
C17:1 0.09 ± 0.04a 0.05 ± 0.0l a 0.04 ± 0.02a 0.05 ± o.ooa 0.04 ± o.ooa 
C18:ln9c 3.13 ± 1.34 3.14 ± 1.75a 2.57 ± 0. 48a 5.25 ± 2. 1.48 ± 0.70a 

44a 

Cl 8:ln9t o.ooa o.ooa o.ooa o.ooa o.ooa 
C20:1 1.44 ± 0.51 a l.51±0.71 a 1.28 ± 0.24a 2.32 ± 1.03a 0.89 ± 0.31 a 
C22:ln9 1.49 ± 0.34a 1.47± 0.52a 1.35 ± 0.20a 2.11 ± 0.75a 1.11 ± 0.23a 
C24:1 2.16 ± 0.54a 2.06 ± 0.69a 1.85 ± 0.13a 2.83 ± 0.99a 1.43 ± 0.24a 
I:MUFA 9.55 ± 3.15a 9.79 ± 4.66a 8.02 ± 1.22a 15.07 ± 5.45 ± 1.59a 

6.47a 

All values are mean ± S.E.M. 1Diets: Ulva0 = Control commercial kob feeddiet with no 

seaweed; Ulva50= 50 g seaweed /kg commercial kob feed ; Ulval 00 = 100 g seaweed /kg 

commercial kob feed; Ulval 50 = 150 g seaweed /kg commercial kob feed; Ulva200 = 200 g. 

a, Means in the same row with common superscripts do not differ (P>0.05). SF A= Saturated 

fatty acids; MUF A= Monounsaturated fatty acids . 
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Nine PUF A were detected from the fillet samples across all five dietary treatments (Table 

3 .8). There was also no significant dietary treatment effect on all the PUF A. Similarly, no 

clear trend was observed with regards to MUF A concentration as influenced by graded levels 

of Ulva. The LPUF A was lower for the group fed Ulva200 diet when compared to the rest of 

the diets. Fish fed Ulval 50 recorded the highest numerical value for Ln-6 FA (3 .56 ± 1.45 

mg/g meat), with Ulva200 fed group recording the lowest (1.47 ± 0.50 mg/g meat). The same 

trend was observed for Ln-3 FA, with Ulval 50 fed group recording the highest numerical 

value (4.64 ± 2.49 mg/g meat) and Ulva200 fed group recording the lowest numerical value 

(1.21 ± 0.49 mg/g meat). Ulval50 group recorded the highest total FA (43.72 ± 1.59 mg/g 

meat) while Ulva200 (19.83 ± 2.68 mg/g meat) fish recorded the lowest total FA. 
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Table 3.8. Fatty acids content of dusky kob fillets fed different dietary treatments (mg/g 
fillet) 

Diets 

Ulva0 Ulva50 Ulval00 Ulva150 Ulva200 

PUFA 

C18:2n6c 0.70±0.41a 0.69 ± 0.58a 0.63 ± .13a 1.54 ± 0.85a 0.22 ± 021 a 

C18:2n6t o.ooa o.ooa o.ooa o.ooa o.ooa 

C18:3n6 0.11 ± 0.03a 0.10 ± 0.06a 0.13 ± 0.0l a 0.18 ± 0.05a 0.06 ± 0.04a 

C18:3n3 0.28 ± 0.07a 0.28 ± 0.12a 0.23 ± 0.03a 0.42 ± 0.17a 0.18 ± 0.03a 

C20:2n6 0.27 ± 0.02a 0.21 ± 0.07a 0.23 ± 0.0l a 0.23 ± 0.09a 0.22 ± 0.010a 

C20:3n6 0.70 ± 0.23a 0.49 ± 0.28a 0.64 ± 0.32a 0.74 ± 0.25a 0.22 ± 0.22a 

C20:3n3 0.13 ± 0.08a 0.13 ± 0.08a 0.16 ± 0.08a 0.21 ± 0.07a 0.06 ± 0.06a 

C20:4n6 0.39 ± 0.15a 0.37 ± 0.19a 0.36 ± 0.03a 0.61 ± 0.22a 0.24 ± 0.09a 

C20:5n3 2.41 ± 1.lla 2.44 ± 1.44a 1.67 ± 0.31 a 4.01 ± 2.27a 0.97 ± 0.41a 

C22:2n6 0.81 ± 0.48a 0.72 ± 0.15a 0.36 ± 0.18a 0.27 ± 0.16a 0.50 ± 0.35a 

C22:5n3 o.ooa o.ooa o.ooa o.ooa o.ooa 

C22:6n3 o.ooa o.ooa o.ooa o.ooa o.ooa 

:EPUFA 5.81 ± 1.77a 5.42 ± 2.64a 4.42 ± 0.63a 8.202 ± 3.90a 2.68 ± 0.90a 

PUFA:SFA 0.33 ± 0.09a 0.29±0.09a 0.35 ± 0.05a 0.35 ± 0.07a 0.22 ± 0.07a 

:En-6 FA 2.98 ± 0.53a 2.57 ± 1.03a 2.35 ± 0.31a 3.56 ± 1.45a 1.47 ± 0.50a 

:En-3 FA 2.82 ± 1.26a 2.85 ± 1.63a 2.07 ± 0.42a 4.64 ± 2.49a 1.21 ± 0.49a 

n6:n3 5.75 ± 4.72a 1.66 ± 0.71 a 1.22 ± 0.22a 1.01 ± 0.27a 4.00 ± 3.16a 

Total FA 33.03 ± 5.28a 31.27 ± 1.15a 25.02 ± 2.60a 43.72 ± 1.59a 19 .83 ± 2.68a 

All values are mean± S.E.M. 1Diets: Ulva0 = Control commercial kob feeddiet with no 

seaweed; Ulva50= 50 g seaweed /kg commercial kob feed; Ulval 00 = 100 g seaweed /kg 

commercial kob feed; Ulval 50 = 150 g seaweed /kg commercial kob feed; Ulva200 = 200 g 

seaweed /kg commercial kob feed. aMeans in the same row with common superscripts do not 

differ (P>0.05). PUFA= Polyunsaturated fatty acids 
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3.5 Discussion 

The dusky kob is a carnivorous fish and as such, it does not encounter large quantities of 

plant material in its natural diet. However, the use of plant materials in formulated 

carnivorous fish diets has a precedent in literature, as evidenced by the extensive use of 

soybeans in both Atlantic salmon and rainbow trout aquaculture (Storebakken et al. , 2000). 

An extensive use of seaweed in South African commercial abalone farms is an indication that 

this feed resource could play a critical role in lowering feed costs (Bolton et al. , 2009). 

Incorporating Ulva beyond 50 g/kg in the dietary treatments resulted in a decline in the 

growth rate of experimental fish in the current study. This suggests that higher levels of 

dietary seaweed compromised the nutritional quality of the experimental diets. Lech & Reigh 

(2012) reported that a decrease in protein content and an increase in fibre content diets may 

compromise fish growth. There was a trend of fibre increase with an increase in Ulva 

supplementation and a consequent decrease in protein content asUlva supplementation was 

increased in the diets from the current study. Protein is known to be an indispensable nutrient 

and its quantity, digestibility, and essential amino acid profile can determine the success of an 

aquaculture enterprise (Jauncey & Ross, 1982). Inadequate dietary protein slows down 

growth and may cause weight loss (Wilson, 1989). Besides compromising fish growth, diets 

with insufficient protein are also known to increase production costs and contribute to poor 

water quality (Shyong et al. , 1998). 

In contrast to our findings, El-Tawil (2010) reported that weight gain and specific growth rate 

in red tilapia increased significantly when Ulva was included in diets at rates reaching up to 

150 g/kg. Supplementation beyond 150 g/kg in the current study resulted in a significant 
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decline in growth rate. However, it is important to note that most tilapia species are 

omniivorous fish that naturally utilise plant material in their diets. They have the capability to 

produce enzymes that can process complex carbohydrates such as cellulose (Saha et al. , 

2006). It should, therefore, be expected that they would have better digestive capacity to 

utilise seaweed-containing diets more effectively than the carnivorous dusky kob used in the 

current study. In a 12-week trial, Gilroy et al. (2007) investigated the effect of two algae 

meals ( Ulva rigida and Cystoseira barbata) on feed intake, growth and nutrient utilisation of 

juvenile Nile tilapia (Oreochromis niloticus) and observed positive growth performance at 50 

g/kg dry matter inclusion levels, but not beyond this inclusion level, which is consistent with 

findings in the current study. Results from these three trials suggest that variation in fish 

growth responses depends on a number of factors , including the type of the seaweed species, 

its nutritional profile, and the fish species itself. Yildirim et al. (2009) also reported growth 

reduction and poor FCE in rainbow trout (Oncorhynchus mykiss) when feeding more than 50 

g/kg seaweed diets (Ulva lactuca and Enteromorpha linza) . This agrees with the observations 

in the current study. In a related investigation, feeding gilthead seabream (Sparus aurata) fry 

with diets supplemented with macroalgae Pterocladia capillacea (Rhodophyta) and Ulva 

lactuca (Chlorophyta) three times a day produced the best growth performance, feed 

utilisation, nutrient retention and survival at 50 and 100 g kg-1 inclusion levels (Wassef et al. , 

2005). 

Blood parameters are a useful tool for assessing fish health and nutritional status as well as 

other physiological disturbances in intensively farmed fish (Satheeshkumar et al. , 2011). 

Blood parameters analysed from the present study were generally within the normal range. 

However, the concentration of blood urea increased with incremental levels of Ulva in the 
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diets. Plasma urea has been reported to fluctuate in Atlantic salmon in response to ammonia 

exposure (Knoph & Olsen, 1994). Considering that the current trial was conducted in a 

recirculating system, fully equipped with a biofilter, and that all treatment groups were 

exposed to the same filtered water, ammonia was unlikely to be the cause of the increase in 

plasma urea. The protein content of Ulva-containing diets was inferior to that of the control 

diet, thereby eliminating the possibility that excess proteins may have resulted in a high 

accumulation of ammonia within the experimental system. Even though marginal, creatinine 

levels tended to be higher in fish fed Ulva-containing diets. The two liver-bound enzymes, 

alkaline phosphatase (ALKP) and alanine aminotransferase (ALT), responded differently to 

the presence of Ulva in the diets, with the ALT increasing steadily and ALKP decreasing 

sharply, but still within the normal range for fish. Alkaline phosphatase is a marker enzyme 

for the plasma membrane and endoplasmic reticulum (Adeyemi & Muhammad, 2010). It is 

often used to assess the integrity of the plasma membrane (Akanji, 1993) with elevated levels 

possibly indicating damage to the external plasma membrane. Thus the decrease of ALKP in 

fish fed Ulva diets may be an indication of the healthier state of the plasma membranes. 

The activities of transaminase enzymes are useful as indicators of the function and integrity 

of the heart and liver (Adeniyi et al. , 2010). A significant elevation of these enzymes in the 

blood is reported to indicate, cell damage or tissue necrosis, among other effects (Ioannou, 

2006). Cell damage or tissue necrosis cannot be confirmed as the cause of the elevation of 

ALT in this study as no heart or liver histology was performed. 

The lower cholesterol concentration observed in fish fed Ulva-containing diets, was 

consistent with the observations of Alaeldein et al. (2013), who reported that the inclusion of 
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Ulva lactuca of up to 3% in diets for broiler chicken, lowered cholesterol levels. Up to 500 

mg/kg polysaccharides from Ulva pertusa delivered orally, significantly lowered cholesterol 

levels in mice (Yu et al. , 2003). Literature on lowered cholesterol levels due to Ulva inclusion 

in fish diets is currently limited with regard to other farmed fish. Serum protein, albumin, and 

globulin levels recorded in the present study were consistent with the findings of Khalafalla 

& El-Hais (2015) who reported no differences in these parameters in Nile Tilapia fed with 

Ulva lactuca-containing diets and those fed the control diet. In general, Ulva supplementation 

in dusky kob diets did not cause any physiological disturbances to the experimental 

fish.Based on the blood analysis, Ulva supplementation at this level poses no threat to the 

physiological wellbeing of the fish. 

Plant materials in fish diets often contain antinutritional factors that can induce enteritis 

(Baeverfjord & Krogdahl, 1996).The effect of seaweed Graci/aria, Porphyra & Ulva (100 

g/kg of the diet) onthe gut histology of Nile Tilapia was evaluated in an 84 day trial. 

Theinclusion of the three seaweeds in the diet led to evidentchanges in the morphology of the 

fish gut, with a significant reduction of mucosal foldslength on the Graci/aria diet only (Silva 

et al., 2014). Araujo et al. (2015) reported a significant reduction in the height of the 

intestinal mucosa} folds and the diameter of the smaller intestinein rainbow trout 

(Oncorhynchus mykiss) when feeding Graci/aria seaweed (100 g/kg DM). The results in the 

current study are inconsistent with these previous findings in that inclusion ofUlva sp.in 

dusky kob diets did notcause any alterations to the fish gut morphology. These results suggest 

that local Ulva sp. has limited or no anti-nutritional factors. 
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The local Ulva sp. used in this study had 50% SFA; 19.7% MUFA; 30.3% PUFA; 8.03 .5% 

total n-6 PUFA; 20.7% total n-3 PUFA and 0.0 n-6/n-3 ratio. Contrasting and fairly 

consistent results were observed by Kendel et al. (2015) in Ulva armoricana reported to 

contain 46.5% SFA; 24.3% MUFA; 29.2% PUFA; 3.7% total n-6 PUFA; 23.9% total n-3 

PUFA and 0.1 n-6/n-3 ratio. Varying FA results between the two seaweeds belonging to the 

same genus and probably the same specie, may be attributed largely to different growth 

environments; the Mediterranean climate of Western Cape, South Africa (current study) and 

the maritime climate of Brittany France (Kendel et al. , 2015 study) as well as water salinity 

and temperature (Misurcova, 2012). Processing methods prior to the extraction of the FA 

may also explain varying FA concentrations. Results of the current study also contrasted with 

a report by Floreto et al. (1996) who reported 1.4% of total n-6 and 10.8% of total n-3 from 

Ulva seaweed. 

There is extensive literature on inclusion of Ulva species in experimental diets for different 

aquaculture fish species as discussed in our earlier. However, there is limited information 

regarding the concentration of FA of the U/va-based diets used in those studies. As expected, 

the most abundant SFA in dietary treatments from the current study was Cl6:0 (palmitic 

acid), constituting approximately 50% of the total FA in all the treatments. Ragaza et al. 

(2015) reported palmitic acid levels as high as 78% of total SFA in diets for juvenile Japanese 

flounder (Paralichthys olivaceus) supplemented with red seaweed (Eucheuma denticulatum) 

at 3, 6 and 9% inclusion levels. As a common SFA in plants, palmitic acid could be used to 

validate the methods and the results obtained from gas chromatography. The current dietary 

treatments showed a minimal decrease in SF A with an increase in Ulva inclusion, but Ragaza 

et al. (2015) reported a minimal increase in SF A with an increase of E. denticulatum in the 
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diets. Theoretically, it was expected that addition of seaweed, which already contains SF A to 

a fishmeal base diet, would not result in a decline in the concentration of SF A. However, 

since the concentration of Ulva FA in this study was low, the lower SF A upon Ulva inclusion 

indicates that Ulva inclusion diluted FA concentration of the basal diet, but not significantly. 

The same trend of lower FA concentration in the diets with higher Ulva inclusion was also 

evident for MUF A and PUF A, whereas again Ragaza et al. (2015) reported the opposite. 

When verdemin ( an algal product derived from Ulva ohnoi) was included in diets for juvenile 

Atlantic salmon, the following FA prolife was recorded: 33.78% SFA; 46.74% MUFA and 

19.49% PUFA (Norambuena et al. , 2015). 

The nutritional properties of fish render them indispensable foodstuffs that are beneficial to 

human health. In recent years, most of the focus has been directed on the significance of n-3 

PUFA in human daily nutrition, particularly the essential n-3 PUFA eicosapentaenoic acid 

(EPA) and docosahexaenoic acid (DHA). These two PUF As are thought to prevent human 

coronary artery disease (Gunasekera et al. , 1999). The PUF A concentrations tend to vary 

among different fish species, but there are significant human health benefits from increased 

consumption of fish because of their rich composition of n-3 PUF A and poor in n-6 PUF A 

series (Sargent, 1997). 

This study was guided by the common knowledge that fish (finfish) obtain their FA from 

algae (macro and microalgae) whether wild or farmed. Fish larvae consume zooplanktons 

(which feed mostly on algae) during their developmental stage before feeding on other 

marine vertebrates or formulated feed. Halver (1980) highlighted factors such as water 

temperature, water salinity and diets that may influence fish FA concentration. This study 
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focussed entirely on the effects of Ulva-based diets on the concentration of FA in fish fillets. 

The current dietary treatments and the seaweed Ulva possessed all the required fatty acids, 

but the effects of the diets on fillet FA concentrations were not statistically significant, even 

though Ulva inclusion at 200 g seaweed/kg kob feed (highest inclusion rate) seemed to lower 

FA concentrations. This is the first ever report on the effect of dietary inclusion of Ulva on 

dusky kob fillet FA concentration. In agreement with our findings, Norambuena et al. (2015) 

reported that including algal products, verdemin ( derived from Ulva ohnoi) and rosamin 

(derived from diatom Entomoneis spp.), in diets for juvenile Atlantic salmon did not affect 

FA composition of fish. Ragaza et al. (2015) also reported the same observation when 

feeding diets with incremental levels of red seaweed (Eucheuma denticulatum) in juvenile 

Japanese flounder (Paralichthys olivaceus). In all these three studies fish were not reared 

until to adult stage (sexual maturity). Most fish in the markets are sold at adult stage, but 

most experimental systems cannot cope with raising fish to market size (space limitation, 

time constraint and cost of feed) , hence future studies should be carried out at a grow- out 

facility to determine conclusively if seaweed inclusion in fish diets have a significant effect in 

fillet FA concentration. 

The DHA content of most fish, including Catla catla, Tenualosa ilisha, Cirrhinus 

mrigala, Oncorhycus mykiss, Puntius sophore and some shellfish from Indian waters, varied 

from 0 - 28.55% of total fat, whereas the EPA content varied between 0 - 10.6 % of the total 

fat (Mohanty et al. (2017). The average EPA concentration recorded from this study was 

7.5% of the total fat and the DHA concentration was very low(< 0.01 mg/g meat). Even 

though it contains lower amount ofDHA, dusky kob could be an important source of EPA for 

the Eastern coastal communities of South Africa. 
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3.6 Conclusions 

The results indicate that Ulva meal can successfully be incorporated indusky kob diets at a 

rate not exceeding 50 g/kg. Ulva presents no threat to fish health nor does it altergut 

morphology.The current study showed that Ulva sp.did not affect FA content of the South 

African juvenile dusky kob, therefore this seaweed could be important in cutting feed cost in 

dusky kob diets and thus could be important in ensuring sustainability of farmed fish. The 

growth performance results from this study, especially when fish are fed U/va-supplemented 

diets beyond 50g/kg, show a need to test other potential feed addtives such as brewer' s yeast 

(Saccharomyces cerevisiae). In previous studies, tilapa species were reported to show 

improved performance when offered diets containing up to 20% brewer's yeast. Thus 

Chapter 4 below investigates the potential of brewer's yeast in dusky kob diets. 
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4. CHAPTER FOUR: EVALUATION OF BREWER'S YEAST (Saccharomyces 

cerevisiae) AS FEED ADDITIVE IN DUSKY KOB (Argyrosomusjaponicus, 

SciaenidaeJ DIETS. 

Abstract 

There is some evidence that single cell proteins (SCP) such as yeast have the potential to 

improve feed utilization in aquaculture fish but this has not been investigated in the 

economically important dusky kob (Argyrosomus japonicus). This study was, therefore, 

designed to determine the effect of graded levels of dietary inactivated brewer' s yeast 

(Saccharomyces cerevisiae) on the growth performance and haemo-biochemical parameters 

of dusky kob in a six-week feeding period. Five isonitrogenous and isoenergetic diets, 

consisting of three brewer' s yeast-containing diets at rates of 50, 150, and 300 g/kg DM 

(BY5P0, BY15P0, and BY30P0, respectively), a commercial dusky kob diet containing 10% 

probiotic mix but no brewer' s yeast (BY0Pl , positive control), and a commercial dusky kob 

diet with neither the probiotic mix nor the yeast (BY0P0, negative control), were formulated . 

A total of 65 fish, weighing an average of 7 .02 ± 0.10 g, were randomly distributed to each of 

20 replicate tanks. Each dietary treatment was randomly allocated to four tanks and offered to 

fish for a period of six weeks at a rate of 2.8% fish body weight. A total of 10 fish from each 

tank were randomly sampled once a week for length and weight measurements to monitor 

growth performance. Blood was drawn from five fish per tank (20 fish per treatment) for 

haematology and serum biochemical analyses at the end of the six weeks. Fish on the BY0P0 

diet achieved the highest weight gain of 18.53 ± 0.69 g after 6 weeks. Growth rate was 

significantly reduced in the groups fed BY15P0 and BY30P0 diets compared to BY0P0, 
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BY0PI , and BY5P0 groups. Fish fed the BY0P0 diet recorded the highest average feed 

conversion efficiency (FCE) of 0.22 while the BY30P0-fed group recorded the lowest FCE of 

0.15. Haematocrit levels declined with the inclusion of brewer' s yeast, with the lowest (P < 

0.05) value (34.94%) being recorded in BY30P0 fish. Similarly, alanine transaminase 

concentration decreased with increasing levels of brewer' s yeast in the diet (P < 0.05). It can 

be concluded that the maximum inclusion level of brewer' s yeast that does not impaired 

growth performance and health of dusky kob is 50 g/kg. 
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4.1 Introduction 

The expansion of aquaculture has seen an increased competition with the livestock sector for 

a limited supply of fishmeal and fish oil (F AO, 2006). This competition drives the price of 

both fishmeal and fish oil upwards, and thus negatively affects the financial viability of 

aquaculture enterprises. Complementary additives to keep fish healthy and aid in growth 

arehighly recommended for aquaculture feeds (Lara-Flores, 2003). The use of seaweed Ulva 

spas detailed in Chapter 3 has indicated that for growth purposes, dusky kob can tolerate a 

maximumseaweed content of 50 g/kg kob feed. Even though weight gain decreased with an 

increase in seaweed supplementation, haemo-biochemical parameters were not negatively 

affected, indicating that the fish ' s immune system was not compromised. As indiacted earlier, 

these Ulva inclusion growth results warranted the testing of other additives, such as brewer' s 

yeast because better growth performance was observed in previous studies, when it was 

included in fish diets at higher levels (Oz6rio et al. , 2012; Oliva-Teles. & Goncalves, 2001). 

As indicated in the literature review, dietary yeast has the ability to produce bioactive 

compounds from its cell wall and thus facilitate nutrient digestion by binding to gut 

pathogens (Newman, 2001). 

Brewer' s yeast has frequently been tested as a replacement for fishmeal or as a protein source 

ratherthan as an additive in fish diets. The evaluation of the suitability of single cell protein 

(SCP) in aquaculture diets dates back to the 1970s (Atack et al. , 1979). More recently Bob

Manuel &Alfred-Ockiya (2011) suggested that SCPs have significant potentialfor inclusion 

in fish feeds. One of the sources of SCPs is yeast, which can also be generated in large 

amounts from the brewing, which makesit highly accessible. 
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Using Nile tilapia (Oreochromis niloticus), a freshwater specie, Oz6rio et al. (2012) 

investigated the effects of various dietary inclusion levels (0, 10, 15, 20, 30 and 40%) of 

brewer' s yeast (Saccharomyces cerevisiae) in experimental diets. The body weight of fish 

tripled for fish fed with inclusion levels of up to 20% of dietary yeast. However, the daily 

growth coefficient (% body weight/day) decreased with increasing levels of dietary yeast. 

The results indicated that dried dietary yeast was palatable to tilapia juveniles and that a 15% 

inclusion level promoted growth and efficient diet utilisation. 

Despite the existence of evidence on the use of SCPs in a number of fish diets, similar studies 

are yet to be carried out for the dusky kob (Argyrosomus Japonicus) . The dusky kob presents 

several advantages: it is a recreational fish with high market value and a fast growth rate and 

it tolerates fluctuating salinity (Whitfield, 1998), poor water quality and low oxygen levels. 

(Fitzgibbon et al., 2007). Consequently, formulating an affordable feed could promote dusky 

kob aquaculture in South Africa. Thereforethe objective of the current study was to 

investigate the effects of including dietary brewer' s yeast in a commercial feed at four 

different levels (0, 50, 150 and 300 g/kg) on the growth performance and haematology 

parameters of the dusky kob. 

The following research questions were tested in this feeding trial: 

1. Does inclusion of brewer' s yeast in the diets of dusky kob improve the physiological 

parameters of the fish? 

2. What is the relationship between the inclusion levels of brewer' s yeast and fish 

growth performance? 
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3. Does brewer' s yeast have the potential to be incorporated in future commercial feed 

for dusky kob? 

4.2 Materials and methods 

4. 2.1 Experimental site 

This study was carried out at the Marine Research Aquarium of the Department of 

Agriculture, Forestry and Fisheries (DAFF) in Sea Point (33.9169° S, 18.3875° E), Cape 

Town. The experimental system was a recirculating aquaculture system (RAS) (Plate 3.1) 

consisting of 20 black, high-density polyethylene grow-out tanks ( 465 L capacity, 67 cm 

deep and 94 cm diameter) with flattened conical floors coated with white fibreglass resin to 

allow for better fish visibility. The sea water temperature was maintained at 25 °C via a heat 

pump and with dissolved oxygen at 5.5-6.0 mg/1 via air lines. The filtration system included a 

protein skimmer or foam fractionator, a sand filter and biological filtration media. Ultra violet 

lights (55 W) were fitted on the water route between the filtration system and the fish holding 

tanks. 

4. 2. 2 Sourcing of brewer 's yeast and pro biotic 

A commercial brewer' s yeast product (inactivated Saccharomyces cerevisiae) was sourced 

from a health food distributor, Nature's Choice, based in Meyerton (26.5583 °S 28.0197°E), 

South Africa. An animal feed pro biotic, used in one of the experimental diets was developed 

by Council for Scientific and Industrial Research and sourced from Biocentric Technologies, 

company based in Roodepoort (26°9 145 11S 27°52'21 "E), Johannesburg, South Africa. The 
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probiotic product contained three Bacilluscereus isolates (B. cereus B006, B. cereus CFF00I 

and B. cereus TS IOI) with cell concentration of I xI09 CFU.g-1 

4.2.3 Experimental.fish 

The handling of the live fish was conducted in compliance with the South African Animals 

Protection Act, 1962 (Act 71 of 1962).Ethical clearance was obtained from the North-West 

University's Animal Research Ethics Committee (NWU-00691-17-S9). An estimated 1310 

dusky kob fingerlings with an average mass of 6.0 g were sourced from a commercial fish 

farm based in Mtunzini (28.9597° S, 31.7501 ° E), Kwa-Zulu Natal, off the South African east 

coast. They were transported in 950 L of sea water at a salinity of 28ppt and at a temperature 

of 27°C. Pure oxygen was injected into the water at a rate of around 11 mg/1. The water 

recirculation ran through 50 micron fluted paper filter cartridges and entered the tank through 

two CO2 degassing towers. A total of 10 fish died during the transportation period. Upon 

arrival at the Marine Research Aquarium (Plate 3.3), a total of 65 fish were randomly 

distributed to each of the 20 tanks and left to acclimatise for a period of two weeks prior to 

trial commencement. Commercial fishmeal diet (Marifeed Pty Ltd) was offered to the fish 

during the acclamatisation period. At the start of the experiment,the fish weighed averaged 

7.02 ± 0.10 g. 

4. 2. 4 Experimental f eed 

Five experimental diets were formulated to contain 0, 0 (probiotic mix), 50,150 and 300 g 

brewer' s yeast/kg commercial kob feed (BY0P0, BY0Pl, BY5P0, BY15P0, and BY30P0, 

respectively) (Table 4.1 ). The positive control diet contained 10% probiotic mix used for 

animal feed. The commercial dusky kob feed was donated by Specialised Aquatic Feeds (Pty) 
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Ltd, Hermanus (34°25'S 19°15'£), Western Cape, South Africa.The dietary treatments were 

hand-prepared at the Marine Research Aquarium as follows: The commercial dusky kob 

pellets (8 mm) were granulated(< 0.8 mm) with a Krups Burr Grinder model GVX 2.The 

powdered pellets were proportionally mixed with pre-weighed quantities of brewer' s yeast 

and multi-vitamins/minerals. Water was added to the final dry mixture.The mixture was 

kneaded to produce dough, which was then rolled out to a thin layer using a kitchen dough 

roller.It was placed on a smooth plastic sheet pressure-sprayed with a non-stick agent 

(Cook'n Bake®) that contains sunflower oil and lecithin. The thin layer of paste was then 

dried (to aconstant mass) with a cross-flow air current from a household electric floor fan in a 

ventilated laboratory at ambient temperature. The flaked pieces of dried food were then 

graded to size using a com kernel hand grinder with an adjustable pressure disc for flake 

sizing. The flake sizes were predetermined (grinder with an inter-disc opening for size 

adjustment) for the growth stages of the fish. The flakes were separated by sieving them 

through stainless steel wire strainers with selected mesh sizes. The pre-sieved flakes were 

then packed in labelled plastic bags and stored at freezing temperature. For the first three 

weeks of the trial, the fish were fed 1.5 mm flakes . The flake size was increased to 3 mm 

from week 4 to week 6. 
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Table 4.1.Dietary composition of the experimental diets fed to juvenile dusky kob 

Diets 

Ingredients (g/kg) BY0P0 BY0Pl BY5P0 BY15P0 BY30P0 

Fishmeal 700 694.0 687.0 681.0 574.0 

Brewer's yeast. 0 0 50 150 300 

Bulk agent (Cellulose) 200 190 170 93 65 

10% pro biotic mix 0 20 0 0 0 

Premix (vitamins and 
7 7 7 7 7 

minerals) 

Fish oil (ml) 93 89 86 69 54 

1Diets: BY0P0 = Negative control: commercial kob feed diet with neither brewer' s yeast nor 

probiotics; BY0Pl= Positive control: commercial kob diet with 10% animal probiotic mix 

but no brewer's yeast; BY5P0 = commercial kob diet containing 50 g brewer's yeast/kg 

without probiotics; BY15P0 = commercial kob diet containing 150 g brewer' s yeast/kg 

without probiotics; BY30P0 = commercial kob diet containing 300 g brewer' s yeast/kg 

without probiotics. 

4.2.5 Feed chemical analyses 

Dietarytreatments were sampled for chemical analysis and mineral determination at Speeh 

Private Limited, Parow (33°54'00 11S 18°36'00"E), Western Cape, South Africa. The diets 

were analysed for laboratory dry matter (DM), crude protein (CP), crude lipid, crude fibre 
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(CF), ash and nitrogen-free extract (NFE). The moisture content was determined by weighing 

samples in a crucible and drying them in an oven at 105°C for 12 hours. The ash content was 

determined by ashing at 550°C for 6 hours (AOAC, 2005, method number 924.05). The 

nitrogen content was determined using the Kjeldahl method (AOAC, 2005; method number 

984.13). The CP was automatically calculated by multiplying the percentage of nitrogen by 

6.25 . Crude lipid was extracted with diethyl ether (Thiex et al., 2003). The CF was 

determined according to Van Soest et al. (1991) using the ANKOM2000 fibre analyser 

(ANKOM Technology, NY, USA).After all the analyses were completed, the NFE was 

calculated. 

4.2.6 Feed mineral analyses 

Using the ash obtained in 4.2.5, the content of the following minerals was analysed using an 

ICP mass spectrometer (Perkin-Elmer, 1982, NexION 300Q): calcium (Ca), magnesium 

(Mg), potassium (K), sodium (N), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu) and 

cobalt (co). 

4.2. 7 Feeding strategy and sampling 

Each dietary treatment was offered to four replicate tanks and groups were consistently hand 

fed twice a day at 2.8% of the fish body weight.Due to the fish photophobia tendency, they 

were not exposed to any artificial light. Minimal light also minimised their usual cannibalistic 

behaviour. Ten fish from each of the 20 tanks were randomly sampled once a week and the 

caudal length and body mass (Mettler Toledo electronic balance model: Viper SW 15) of 

each individual were recorded to determine the growth performance and feed covertion 

efficiency (FCE). A 1ml dose of 2-Phenoxyethanol per five litres of water was used to 
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anaesthetise fish during the weighing sessions. The FCE per treatment group was calculated 

based on the collective feed mass offered for the experimental period. All weekly adjusted 

feed ration recalculations were based on 2.8% of fish population body mass daf 1 per 

treatment. Tanks were monitored daily before or during feedings for any mortality and for 

behavioural changes in the fish. The handling of live fish was conducted in compliance with 

the South African Animals Protection Act, 1962 (Act 71 of 1962).Ethical clearance was 

obtained from the North-West University' s Animal Research Ethics Committee. 

4.2.8 Haematology and serum biochemical analyses 

A sample of five fish from each tank (20 fish per treatment) was anaesthetised using 2-

Phenoxyethanol before blood was collected. The caudal fin was cut using a dissecting kit 

scissor to let the fish bleed into collecting tubes. The samples were collected in bottles 

containing ethylenediaminetetraacetic acid (EDT A) as an anticoagulant to give a 

concentration of 5 mg/ml of blood sampled. The blood sample was rocked gently in the bottle 

to allow thorough mixing of its contents. Some blood samples were kept in a slanting wooden 

rack at room temperature to allow the blood to clot. The clotted blood was centrifuged for 15 

minutes at 3500 revolution per minute (rpm). A clear fluid (serum) was pipetted out into a 

clean and sterilised bottle for further analysis. Thereafter, the samples were taken to the 

Wemmershoek diagnostic laboratory, Simondium (33.851 °S 18.966°E), Western Cape, South 

Africa, for haaematological analysis. 

The manual blood count (light microscope;[Olympus, Tokyo, Japan] under oil immersion at 

l00 xmagnification) was performed for haematocrit, thrombocytes, lymphocytes, monocytes, 

neutrophils, basophils and eosinophils. Alkaline phosphatase (ALP) activity was performed 
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using the modified method of Wright et al. (1972) while aspartate aminotransferase (AST) 

and alanine aminotransferase (ALT) activities were carried out according to the methods 

described by Reitman and Frankel (1957). The total protein (TP) was analysed according to 

the Biuret method standardised for the RA-1000 (Technicon method no. SM4-0147K82, 

1982). Albumin and creatinine were determined according to the Technicon methods no. 

SM4-0131K82 (1982) and no. SM4-0141K82 (1982), respectively. Technicon reagents were 

used for the total protein, albumin and creatinine assays. The total globulin fraction was 

determined by subtracting the albumin from the total protein. A standard RA-1000 enzymatic 

method was applied for the analysis of triglycerides using the Boehringer Mannheim GPO-

p AP kit. The mono-cholesterol (CHOD-P AP) method was used to determine cholesterol 

content.The urea was estimated by following the Crest Biosystems Modified Berthelot 

method by Fawcett and Scott (1960). 

4.3 Statistical analysis 

All the data from the reported parameters were tested for normality using the NORMAL 

option in the Proc Univariate statement before being subjected to analysis of variance. 

Measurements from multiple fish per tank were averaged before analysis, such that each 

replicate tank had one value. Weekly growth performance data was analysed using repeated 

measures analysis according to the following model: 

Where, Yuk= dependant variable, µ = population mean, D 1= effect of diets, ij') 

= effect of week, D x Wu = effect of interaction between diets and week, Euk= random 
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error associated with observation ijk, assumed to be normally and independently 

distributed. 

The general linear models procedures of Statistical Analysis System (SAS, 2010) was used to 

analyse haematological and serum biochemical data according to the following statistical 

linear model: 

where, Yu= dependant variable, µ = population mean, Di= effect of diet, and Eu = random 

error associated with observation ij, assumed to be normally and independently distributed. 

For all statistical tests, significance was declared at P :S 0.05 . Least squares means were 

compared using the probability of difference (pdiff) option in the lsmeans statement of SAS. 

4.4 Results 

4. 4.1 Diet nutrient composition 

Based on the proximate analyses of the dietary treatments, brewer' s yeast supplementation 

did not affect the nutrient profile of the dietary treatments (Table 4.2). The highest numerical 

value for crude protein content (494.9 g/kg) was recorded for the BY5P0 diet. The negative 

control without any supplementation recorded 486 .9 g/kg crude protein as compared to 488.5 

g/kg recorded for the positive control with 10% probiotic mix supplementation. The least 

crude protein content was recorded for BY30P0 diet (456.8 g/kg). Across all the dietary 

treatments, lower levels of crude fibre were recorded for the BY0P0diet (12.2 g/kg) and the 

highest numerical crude fibre value (18.7 g/kg) was recorded for BY30P0. The highest 

moisture content was recorded for the negative control diet (70.8 g/kg), whereas the positive 
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control recorded the lowest moisture content for all the treatments (16.9 g/kg). The highest 

numerical value for crude lipid was recorded for the BY30P0 diet (314 g/kg) and the least 

crude lipid content was recorded for the BY5P0 diet (215.5 g/kg). 

Table 4.2.Chemical composition (g/kg DM) of dietary treatments. 

Diets 

Component BY0P0 BY0Pl BY5P0 BY15P0 BY30P0 

Dry matter 922 981 961 938 952 

Ash 101.6 110.5 114.4 137.1 155.0 

Crude protein 486.9 488.5 494.9 486.6 456.8 

Crude fibre 12.2 16.6 15.4 10.8 18.7 

Crude lipid 270.0 281.6 215.5 260.0 314.3 

Nitrogen-free 43.4 76.8 113.9 50.2 12.3 

Extract 

Sodium 6.85 6.16 9.88 18.13 25.22 

Potassium 11.00 9.45 11.07 12.21 12.59 

Calcium 19.71 18.90 20.44 21.42 22.80 

Magnesium 2.37 2.17 2.27 2.38 2.27 

Iron 0.48 0.59 0.88 0.43 0.39 

Zinc 0.26 0.19 0.21 0.14 0.18 

Manganese 0.06 0.08 0.06 0.05 0.05 

Copper 0.01 0.02 0.01 0.01 0.01 

Cobalt 0.00 0.00 0.00 0.00 0.00 
1Diets: BY0P0 = Negative control: commercial kob feed diet with neither brewer's yeast nor 

probiotics; BY0Pl= Positive control: commercial kob diet with 10% animal probiotic mix 
but no brewer's yeast; BY5P0 = commercial kob diet containing 50 g brewer' s yeast/kg 

without probiotics; BYl 5P0 = commercial kob diet containing 150 g brewer's yeast/kg 
without probiotics; BY30P0 = commercial kob diet containing 300 g brewer' s yeast/kg 

without probiotics. 
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4.4.2 Growth performance 

All experimental groups fed well for the entire six-week feeding period. Repeated measures 

analysis revealed a significant interactive effect between dietary treatments and age of the 

fish (weeks) (P< 0.05) on fish weight, but not on caudal length. Fish weight at the start of the 

feeding trial and also after the first week of feeding were similar (P > 0.05) across the five 

treatment groups. The effect of the experimental diets on fish weight per week is shown in 

figure 4.1 , whereas the overall caudal length gain results in response to dietary treatments are 

illustrated in Figure 4.2. 
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■ BY0P0 
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■ BY5PO 
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Figure 4.1. The weekly response of dusky kob weight to dietary treatments. Diets: BY0P0 = 

Negative control: commercial kob feed diet with neither brewer' s yeast nor probiotics; 

BY0Pl = Positive control: commercial kob diet with 10% animal probiotic mix but no 

brewer's yeast; BY5P0 = commercial kob diet containing 50 g brewer' s yeast/kg without 

probiotics; BY15P0 = commercial kob diet containing 150 g brewer' s yeast/kg without 

probiotics; BY30P0 = commercial kob diet containing 300 g brewer's yeast/kg without 

probiotics. 

4.4.3 Feed conversion efficiency (FCE) 

The effect of dietary treatments was not significantly different on FCE. At the end of the 6-

week feeding period, the negative control-fed group recorded a numerically superior FCE 

value (0.22), followed by both the BY0Pl and BY5P0 groups at 0.21 and 0.20, respectively. 

The BY30P0-fed group recorded the lowestt numerical FCE value (0.15). 
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Figure 4.2. The weekly response of dusky kob length to dietary treatments. Diets: BY0P0 = 

Negative control: commercial kob feed diet with neither brewer' s yeast nor probiotics; 

BY0Pl= Positive control: commercial kob diet with 10% animal probiotic mix but no 

brewer' s yeast; BY5P0 = commercial kob diet containing 50 g brewer' s yeast/kg without 

probiotics; BY15P0 = commercial kob diet containing 150 g brewer' s yeast/kg without 

probiotics; BY30P0 = commercial kob diet containing 300 g brewer' s yeast/kg without 

probiotics. 

The SGR data is illustrated in Figure 4.3. The negative control promoted the highest SGR 

(3.02 gdaf 1
) and the fish fed the BY3P0 diet had the lowest SGR (1.98 gdaf1

) . 
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Figure 4.3. The specific growth rate of the experimental fish over 42 days. Data points 

represent the means of four replicates± standard error.Diets: BY0P0 = Negative control: 

commercial kob feed diet with neither brewer's yeast nor probiotics; BY0P 1 = Positive 

control: commercial kob diet with 10% animal probiotic mix but no brewer's yeast; BY5P0 = 

commercial kob diet containing 50 g brewer' s yeast/kg without probiotics; BY15P0 = 

commercial kob diet containing 150 g brewer's yeast/kg without probiotics; BY30P0 = 

commercial kob diet containing 300 g brewer's yeast/kg without probiotics 

4.4.4 Haematology and serum biochemistry 

Experimental diets significantly influenced most of the haematological parameters, except for 

eosinophils, basophils and neutrophil counts (Table 4.4). There was a notable decrease in 

haematocrit levels with incremental levels of brewer' s yeast. The inclusion of pro biotic mix 

in dusky kob diet lowered the levels of eosinophils (1.25% in BY0P0 versus 1 % in BY0Pl ), 

basophils (0.75% vs 0%), lymphocytes (89.50% vs 86.25%), and haematocrit (40. 15% vs 

38.61 %). However, all the haematological parameters were within normal range for fish. 
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Table 4.3. Haematological parameters of dusky kob in response to dietary treatments 

Diets 

BY0P0 BY0Pl BY5P0 BY15P1 

Haematocrit (%) 40.15 ± 2.l a 38.61 ± 0.53ab 42.06 ± 1.41 6 38.89 ± 

Lymphocytes (%) 89.5 ± 2.33ab 86.25 ± l .55ab 90 ± l.00ab 93 .25 ± 

Monocytes (%) 7.00 ± 1.22ab 9.75 ± 1.89b 8.25 ± l.60ab 3.75 ±0 

Eosinophils (%) 1.25 ± 0.96a 1.00 ± 0.56a l.75 ± 1.18a 1.75 ± ( 

Basophils (%) 0.75 ± 0.75a o.ooa o.ooa 0.50± ( 

Thrombocytes 3.45 ± 2.08a 3.25 ± 1.32a 2.575 ± 0.50a 2.225 ± 

(6.2/hpf) 

Neutrophils (%) 1.50 ± 0.87ab 3.00 ± 0.91b o.ooa 0.75 ± ( 

1Diets: BY0P0 = Negative control: commercial kob feed diet with neither brewer' s yeast nor probiotics; E 

kob diet with 10% animal probiotic mix but no brewer' s yeast; BY5P0 = commercial kob diet containing 

probiotics; BY15P0 = commercial kob diet containing 150 g brewer' s yeast/kg without probiotics; BY301 

300 g brewer' s yeast/kg without probiotics. a,b In a row, means with common superscripts do not differ (P 

(n=4). 



For serum biochemistry, dietary treatments only influenced (P < 0.05) ALT and AST, while 

the rest of the serum metabolites were not significantly affected (Table 4.5). The ALT 

concentration decreased with an increase in the inclusion level of brewer' s yeast in the diets 

(Figure 4.4). 
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Figure 4.4. Serum alanine transaminase concentrationin dusky kob in response to dietary 

treatments. Diets: BY0P0 = Negative control: commercial kob feed diet with neither brewer' s 

yeast nor probiotics; BY0Pl = Positive control: commercial kob diet with 10% animal 

probiotic mix but no brewer' s yeast; BY5P0 = commercial kob diet containing 50 g brewer' s 

yeast/kg without probiotics; BYl 5P0 = commercial kob diet containing 150 g brewer' s 

yeast/kg without probiotics; BY30P0 = commercial kob diet containing 300 g brewer' s 

yeast/kg without probiotics. 
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Table 4.4. Effect of dietary treatments on concentrations of selected blood serum metabolites in dusky ko 

Diets 

Metabolites2 BY0P0 BY0Pl BY5P0 BY15P 

Urea (mmol/L) 3.05 ± 1.12a 3.03 ± 0.12a 2.93 ± 0.10a 3.18 ± I 

CREA (umol/L) 27.50 ± 6.20ab 21.50 ± 1.84a 20.25 ± 0.85a 35.00 :± 

BUN/CREA 25.50 ± 9.39a 36.75 ± 4.80a 41.25 ± 1.25a 14.25 :± 

TP (g/L) 38.75 ± 1.80a 38.50 ± 0.64a 40.00 ± 1.47a 38.00 :± 

ALB (g/L) 14.25 ± 0.48a 14.75 ± 0.25ab 15.50 ± 0.29b 14.25 :± 

GLOB (g/L) 24.50 ± 1.32a 23 .75 ± 0.85a 24.50 ± 1.19a 23.75 :± 

ALB/GLOB 0.60 ± o.ooa 0.63 ± 0.05a 0.65 ± 0.29a 0.60± I 

AST (U/L) 142.75 ± 14.49b 122.00 ± 7.14ab 93.50 ± 3.92a 109.50 

ALKP (U/L) 45 .25 ± 4.48a 46.75 ± 4.70a 45.25 ± 5.12a 64.00 :± 

CHOL (mmol/L) 2.27 ± 0.21 a 2.16 ± 0.19a 2.16 ± 0.24a 2.18 ± I 

TRIG (mmol/L) 3.54 ± 1.05a 4.06 ± 1.26a 3.55 ± 0.53a 3.80± I 
1Diets: BY0P0 = Negative control: commercial kob feed diet with neither brewer' s yeast nor probiotics; I 
kob diet with 10% animal probiotic mix but no brewer' s yeast; BY5P0 = commercial kob diet containing 
probiotics; BY15P0 = commercial kob diet containing 150 g brewer' s yeast/kg without probiotics; BY301 
300 g brewer' s yeast/kg without probiotics. a,b In a row, means with common superscripts do not differ (P 
2Metabolites: CREA = Creatinine; BUN/CREA = Blood urea nitrogen/creatinine; TP = Total protein; AL 
AST = Aspartate aminotransferase; ALKP = Alkaline phosphatase; CHOL= Cholesterol; TRIG= Triglyc~ 



The inclusion of the probiotic mix (BY0Pl) also seemed to lower the levels of ALT (61.25 

U/L in BY0P0 vs 40.5 U/L in BY0Pl), aspartate aminotransferase (AST) (142.75 U/L vs 

122.0 U/L), creatinine (27.5 umol/L vs 21.5 umol/L) and cholesterol (2.27 mmol/L vs 2.15 

mmo/L). 
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4.5 Discussion 

Brewer' syeast has rarely been incorporated as an additive in fish diets, but rather as a 

fishmeal replacement or as a protein source (Oliva-Teles &Goncalves, 2001 ; Nayar et al. , 

1998). However, its ability to stimulate intestinal brush border enzymes (Buts et al. , 1986) 

andto facilitate nutrient digestion and utilisation, it was considered imperative to investigate 

its properties as an additive. The other important factor that led to the testing of brewer' s 

yeast as an additive in dusky kob diets was elated to the unsactificatory growth results 

demonstrated with higher Ulva sp inclusion in the previous chapter. If indeed yeast has the 

ability to out-compete bathogenic bacteria in the gut flora (Ofek et al. , 1977), the inclusion of 

brewer' s yeast in these studies was highly justified. 

Probiotics, mostly the yeast strain, Saccharomyces cerevisiae have always been used in 

livestock feed(Robinson & Garrett, 1999; Dann et al. , 2000). Since probiotics were 

introduced in aquaculture, a growing number of studies have reported their ability to increase 

the growth rate and welfare of farmed fish (Lara-Flores et al. , 2003 ; Carnevali et al. , 2004; 

Macey & Coyne, 2005; Wang & Xu, 2006. Brewer' s yeast (S. cerevisiae) has been 

recognised as having the potential as a substitute for live food in the production of certain fish 

(Nayar et al. , 1998) or as a potential replacement for fish meal (Oliva-Teles & Gonc;alves, 

2001) as indicated earlier. 
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Feed conversion efficiency in the current study was lowest when fish were fed diets 

containing 300 g yeast /kg (BY30P0). This is in contrast to the findings of Oliva-Teles & 

Goncalves (2001) who reported improved feed conversion efficiency in sea bass, 

Dicentrarchus labrax, when brewer' s yeast was included in a diet at 300 g/kg. The nutrient 

quality of the feed and environmental conditions such as temperature may determine the 

outcome of feed utilisation efficiency by any fish species (Handeland et al. , 2008). As 

highlighted earlier in this paper, dusky kob juveniles feed optimally between 25 cc and 26.4 

cc (Bematzerder & Britz 2007). However, Hildalgo & Alliot (1988) observed optimum feed 

utilisation and growth of sea bass juveniles between 15 cc and 20 cc. These differing 

physiological aspects between dusky kob and sea bass may explain the contrasting outcomes 

when using brewer' s yeast as a feed supplement. The protein content ofBY30P0 diet (456.8 

g/kg) fell within the optimum dusky kob protein requirement as reported by Daniel (2004). 

Thus suboptimal protein content could not have been the cause of the low feed utilisation 

observed in the BY30P0 group. 

In their studies on sea bass, Metailler & Huelvan (1993) also tested the inclusion of 100, 200 

and 300 g/kg oflactic yeast, baker's yeast and brewer's yeast in isoproteic fishmeal-based 

diets. The authors reported no differences in growth and feed utilisation among the groups, 

with the exception of those fish that were fed brewer' s yeast-containing diets. These previous 

results are in contrast to our findings where fish fed on diets containing more than 150 g 

yeast/kg (BYl 5P0 and BY30P0) had lower growth performance compared to those fed the 

control and BY5P0 diets. Moreno et al. (1991) discovered that most SCPs have high 

concentrations of nucleic acids, with brewer' s yeast's nucleic acid nitrogen making up to 

20% - 25% of the nitrogen (Rumsey et al. , 1991 a). Excess dietary nucleic acid supply have 
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been reported to be toxic in most monogastric animals and humans as the capacity to excrete 

uric acid is limited, leading to supressed growth and metabolism disorders (Tuse ', 1984 ). 

However, due to their active liver uricase, fish have been reported to cope with excess of 

dietary nucleic acid supply (De la Huiguera et al. , 1981 ). However, some authors suggest that 

high levels of nucleic acids content may have harmful or growth suppressing effects in fish 

(Davies & Wareham, 1988), a possible explanation for the results we observed in the current 

study. 

Rumsey et al. (1990) suggested that reduced growth offish offered beyond 50 g brewer' s 

yeast /kg may be due to the presence of intact yeast cells whose intracellular nutrients are 

unavailable to the fish. Indeed, Rumsey et al. ( 1991 b) found that the digestibility of intact 

brewer' s yeast in rainbow trout was significantly lower than that of disrupted cells. In line 

with this finding, Rumsey et al. (1990) suggested that brewer' s yeast could replace up to 50% 

of total nitrogen in the diet of lake trout when the yeast cell walls were disrupted, but that a 

growth depression occurred when intact yeasts were used. However, the current study 

suggests that as an additive, brewer's yeast may be able to constitute only 5% of dusky kob 

diets. 

Although there was no dietary treatment-induced reduction in feed intake in the current study, 

Rumsey et al. (1991 a) observed a depression in feed intake in rainbow when offered diets 

containing 250 g brewer' s yeast /kg diet. Rumsey et al. (1992) implicated purine bases as 

responsible for depressing feed intake in farm animals. Also in contrast to the findings of the 

current study, Solomon et al. (2017) observed a reduction in feed intake in African catfish 

( Clarias gariepinus) fed a brewer' s yeast diet compared to those fed soybean diet. 
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Inclusion of brewer' s yeast in experimental diets for Nile tilapia, Oreochromis niloticus, 

resulted in improved growth rates (Asadi Rad et al. , 2012). Welker & Lim (2011) suggested 

that probiotics like brewer' s yeast may improve the digestion of farmed fish by stimulating 

the production of digestive enzymes or through other alterations in the gut environment, 

which could result in improved growth performance. Contrary to the findings of this study, 

supplementation with active brewer' s yeast (S. cerevisiae) in the Nile tilapia diets (104 CFU/g 

diet) significantly improved the final body weight, specific growth rate and feed conversion 

ratio (Essa et al. , 2010). The authors suggested that the positive effects of the yeast may be 

due to unidentified growth factors that elicit a response at low concentrations. The 

Saccharomyces cerevisiae and related yeast species is known to secrete polyamines such as 

putrescine, spermidine and spermine (Tabor & Tabor, 1985), which are thought to be 

essential growth factors. According to Peulen et al. (2002), those polyamines play a 

fundamental role in proliferation, rapid growth and regeneration of tissues. 

Haematological characteristics can be used as an effective index to monitor any physiological 

and pathological changes in fish. There are no existing records of normal ranges for blood 

parameters for dusky kob, but different studies have established normal ranges for other 

species (Rambhaskar & Srinivasa Rao, 1986; Xiaoyun et al. , 2009). The effect of dietary 

treatments was not significant for eosinophils, basophils and neutrophil counts, but 

influenced thrombocytes, lymphocytes, monocytes, basophils, and haematrocrit levels. 

Although haematocrit levels decreased with an increase in yeast dilution, the levels of all 

parameters were within normal ranges for fish as reported by Rambhaskar and Srinivasa Rao 

(1986) and Xiaoyun et al. (2009). 
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Isolating the notable haematocrit results, the levels recorded from the current study ranged 

between 34.94% (BY30P0) and 42.06% (BY0P0). These results are in line with normal 

haematocrit values determined for other marine carnivorous species such as the Asian sea 

bass, Lates calcarifer, the flathead grey, Mugil cephalus (omnivores) and the milkfish, 

Chanos chanos (herbivores) (Satheeshkumar et al. , 2011). As is the case in this study, Allam 

(2007) reported no negative effect of baker' s yeast (10% and 20% of the diet) on 

haematological parameters of the Nile tilapia. From these two studies it shows that brewer' s 

yeast does not compromise the haematological status of fish. 

Serum biochemistry parameters vary from species to species and can be influenced by many 

biotic and abiotic factors , such as farming water temperature, seasonal patterns, feed, age and 

the sex of the fish (Jawad et al. , 2004). Patriche et al. (2009) observed that total serum protein 

varies with diet consumed. However, in the current study, the total serum protein recorded for 

fish fed the two control diets was similar to that in groups fed yeast-supplemented diets. This 

suggests that yeast supplementation had no impact on the concentration of serum protein in 

the experimental fish. The same observation was made for concentrations of both globulin 

and albumin. The levels of globulin and total protein indirectly reflect the condition of 

specific humeral immunity (Maqsood et al., 2009). On the other hand albumin is an 

important serum protein for the transportation of steroid hormones (Shabhsavi et al., 2010). 

In addition, the importance of albumin has been described with respect to fish pathology 

while the albumin: globulin ratio is widely employed as an index of the fish ' s physiological 

state (Nakagawa, 1978). The fact that the inclusion of brewer' s yeast did not affect either 

globulin or total protein suggests that the humeral immunity of the fish was not negatively 

affected. Fillet or muscle protein content was not analyzed in this study, however Javed 
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&Usmani (2015) reported an elevation ofboth total protein and globulin in spotted 

snakehead, Channa punctata serum, liver and muscles. This may suggest that unaffected 

serum total protein when feeding the current experimental diets may as well indicate that 

muscle protein was not affected. 

In a 12-week trial to test the effect ofreplacing dietary fishmeal with yeast (10% and 20%) 

on blood parameters in Gilthead sea bream, Sparus aurata, Salnur et al. (2009) reported a 

non-significant effect on parameters such as alkaline phosphatase, blood urea nitrogen 

(BUN), serum protein, cholesterol and triglycerides. Our findings on the effect of yeast on 

serum protein, cholesterol, triglycerides and other serum metabolites were in contrast to the 

study by Salnur et al. (2009). Diet influenced the level of serum metabolites, except for the 

BUN/creatinine ratio. It is important to note that the two studies used different yeast inclusion 

levels, different basal diets as well as different fish species, which may explain the discordant 

results. 

4.6 Conclusions 

The current study demonstrated that supplementation with brewer' s yeast in fish diets at 

levels above 50/kg could be detrimental to the fish growth rate. The use of a probiotic mix 

did not yield any positive influence on fish growth, hence it is not recommended in future 

dusky kob diets.Since both experiments with brewer' s yeast and Ulva suggested only a 

recommendation of a diet of 50 g yeast/seaweed/kg for dusky kob, it was important to 

investigate the effect of combining brewer' s yeast, torula yeast (Candida utilis) and 

commercial herbs in the last experimental chapter (5). Torula yeast has been found to be 

beneficial in terms of fish growth when included at higher levels (45% of the diet), and herbal 
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products are accredited with stimulating both the digestive enzymes and the immune systems 

of fish, thereby promoting fish growth. 
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5. CHAPTER FIVE: THE EFFECT OF YEAST, PROBIOTICS AND HERBAL 

FEED ADDITIVES ON FEED UTILISATION EFFICIENCY ANDGROWTH 

PERFORMANCE OF JUVENILE DUSKY KOB (Argyrosomusjaponicus, 

Sciaenidae) 

Abstract 

This study was conducted to test the effect of including six commercially available additives 

in a standard commercial feed (Skretting Active ZA) on feed utilisation efficiency andgrowth 

performance of juvenile dusky kob (Argyrosomus japonicus) over a period of 10 weeks.A 

base diet of commercial Skretting Active ZA feed (62.9% of the diet) combined with torula 

yeast (25.9%) and brewer's yeast (5.2%) was formulated and manually prepared. Five 

commercial additives which included Aquapro®herbal powder, Liv up® herbal granules, Liv 

up® herbal liquid, Ultra Natural PlusPB-20 (UNP PB-20) herbal liquid and 2-strain 

Probiflora® (Lactobacillus acidophilus and Bifidobacterium bifidus) were respectively added 

to the base diet. Each one of the additives constituted 1 % of their respective diets. The base 

diet served as a positive control and the Skretting Active ZA feed served as the negative 

control. Fish of the same cohort (8.4 7± 0.18 g initial weight) were used in this study. A total 

of 50 fish were randomly allocated to 20 experimental tanks of a recirculating aquaculture 

system (RAS). The 25°C water temperature was maintained with a heat pump. Six dietary 

treatments were offered to three replicate tanks, with the negative control offered to the two 

remaining tanks. A total of 10 fish were weighed and measured for caudal length at the 

beginning of the experiment and every seven days thereafter. Fish were fed a diet of 2.8% of 

their body weight and the amount of feed was adjusted after every weight measurement. The 
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highest weight gain was achieved with the base diet (43.38±2.49 g), followed by the 

Probiflora group and the Liv up herbal granules group (40.35±1.42 and 40.35±4.86 g, 

respectively). The least weight gain was observed for the negative control diet (4.38±0.80 g). 

There was a significant difference in the weight gain among the groups (P < 0.001). The 

specific growth rate (SGR) was the highest (2.56 glday) for both the base diet and the 

Aquapro herbal powder diet and the lowest for the negative control diet (0.56 glday). The 

best FCR (0.92) was achieved with the herbal product UN-BP20®diet, with the Liv up 

herbal liquid diet resulting in higher FCR (1.36) compared to the rest of the treatments. Only 

the inclusion of theLiv up herbal liquid slowed fish growth, but the remaining additives did 

not negatively affect fish growth. The dietary inclusion of the two inactivated yeast products 

is recommended for dusky kob commercial diets since it showed enhanced growth 

performance. 

Keywords: Duky kob, Growth performance; Saccharomyces cerevisiae; Candida utilis, 

Dietary herbal products; Probiotics 
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5.1 Introduction 

As highlighted in the literature review, this last experiment, like the preceding experiments 

described in chapter 3 and 4 took a similar path in investigating potential additives (herbal 

products) in diets for dusky kob. Brewer' s yeast, which was tested in Chapter 4,was now 

combined with torula yeast and commercial feed to form a base diet. The maximum inclusion 

level of brewer' s yeast 1 (5% of the diet) which was recommended in chapter 4 was combined 

with torula yeast (26% of the diet) and commercial feed (62.9% of the diet). Up to 30% of 

torula yeast successfully replaced fishmeal in diets for tilapia fry ( Oreochromis 

mossambicus) (Olvera-Novoa et al. , 2002). 

The use of herbs or herbal products in this study stems from their ability to stimulate 

digestive enzymes, threby enhancing the growth and/or immune function in fish (Xu et al. , 

2003; Abraham et al. , 2000). Some of these stimulants proved to enhance growth in poultry, 

sheep and cattle and should therefore be tested in fish as well. Commercially available herbal 

stimulants are involved in physiological processes that increase the intestinal absorption of 

nutrients, and boosthepatic metabolic activity and cell function as claimed by Abraham et al. 

(2000). Previous studies have suggested that herbal additives are able to enhance fish growth 

and protect fish from various pathogens (Johnson & Banerji, 2007). Not only are herbs safe 

for general consumers, but they are widely available throughout South Africa and highly 

affordable and therefore have a significant role to play in aquaculture (Dada, 2012). The 

inclusion of herbal products in animal feed may often provide a cooperative action to various 

physiological functions. There are reports suggesting a synergistic effect in the widely farmed 
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African catfish (Clarias gariepinus) and Japanese flounder (Paralichthys olivaceus) (Turan & 

Akyurt, 2005). 

Inactivated yeast is one of the ingredients that have been increasingly used in fish and shrimp 

feeds (Oz6rio et al. , 2012; Castro et al., 2013). The use of dried brewer' s yeast 

(Saccharomyces cerevisiae) is generally increasing globally for formulated fish nutrition, 

mostly due to the high bioavailability of its dietary constituents. Yeasts have a cell wall that 

is composed of mannan-oligosaccharides (MOS). The MOS contain a complex of mannan 

and B-glucans that serve as substrates for the fish ' s beneficial gut flora. The limited digestive 

tract of fish benefits particularly from the prebiotic properties of the yeast cell walls which 

stabilise the gut with a healthy balance of microflora. 

Selected probiotic strains have been evaluated and found to be suitable as feed supplements. 

These products include bacteria, microalgae and yeasts (Reyes-Becerril et al. , 2008). 

Probiotics were effective when administered to fish via live feeds (i e. rotifers and brine 

shrimps) or dry prepared feeds (formulated foods). Results included accelerated larval 

metamorphosis up to a two-fold increase in larval body weight (Avella et al. , 2010). These 

studies are therefore indicative that probiotic-enriched feeds may be commercially beneficial 

to current and emergent finfish aquaculture industries in South Africa. Even though there are 

abundant studies showing positive growth effects in fish, some species such as rainbow trout 

experienced growth reduction with increasing levels of single cell protein levels 

(Brevibacterium lactofermentum and Bacterium glutamaticum)exceeding 4% of the diet 

(Kiessling & Askbrandt, 1993). The 2-strain Probiflora (Lactobacillus acidophilus and 

Bifidobacterium bifidus) constituted only 1 % of the diet in this study. 
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Costs associated with feeds typically constitute the largest portion of operating expenses in 

the production offish in intensive culture (Jamu & Ayinla, 2003; El-Sayed, 1999; Fagbenro 

&Davies, 2001). The formulation of cost-effective, nutritionally optimal diets is, therefore, 

imperative to maximising profitability and reducing waste output on marine fish farms 

(Hilton et al. 1981 , Farmanfarmaian et al. , 1982; Pirozzi, 2009). 

The objectives of the current study were to: 

1. Compare the growth performance of dusky kobon diets supplemented with combined 

inactivated yeast strains ( Candida utilisand Saccharomycescerevisiae) during a period 

of 10 weeks. 

2. Determine if there is any feed utilisation-promoting effect when a 2-strain pro biotic or 

four respective herbal complexes are added to diets. 

The research questions tested in this study were as follows: 

1. Will the combination of two inactivated yeast strains added to a commercial diet have 

any growth-promoting effects? 

2. Will herbal products and the addition of two strains of probiflora bacteria 

(Bifidiobacterium longum and/or Lactobacillus rhamnosus)to the base diet promote 

fish growth? 
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5.2 Materials and methods 

5.2.1 Experimental site 

This study was carried out at the Marine Research Aquarium of the Department of 

Agriculture, Forestry and Fisheries (DAFF) in Sea Point (33.9169° S, 18.3875° E), Cape 

Town. The experimental system was a recirculating aquaculture system (RAS) (Plate 3.1) 

consisting of 20 black high-density polyethylene grow-out tanks ( 465 L capacity, 67 cm deep 

and 94 cm diameter) with flattened conical floors coated with white fibreglass resin to allow 

for better fish visibility.The sea water temperature was maintained at 25 °C via a heat pump 

and dissolved oxygen at 5.5-6.0 mg/I via air lines. The filtration system included the protein 

skimmer or foam fractionator, sand filter and biological filtration media. Ultra violet lights 

(55 W) were fitted on the water route between the filtration system and the fish holding tanks. 

5.2.2 Experimentalfish 

5.2.2.1 Broodstock fish and spawning induction 

Eleven broodstock dusky kob ( four males and seven females), with an average weight of 15 

kg were collected from the Indian Ocean, off the northern Kwazulu-Natal coast, South 

Africa. Partially following the hatchery manual by Fielder and Heasman (2011), the fish were 

kept in a concrete tank, 4.8 m deep, with a 4 m diameter and volume of 50 000 L. Fish were 

fed sardinesdaily to satiation point. The broodstock was conditioned according to a 

photothermal programme which ended in mid-Spring. Breeders were sedated with clove oil 

(6ppm) and) injected intramuscularly (base of dorsal fin) with the salmon LHRHa analog 

Ovaprim® at a dosage of 1ml 8kg-1 at a fish-keeping temperature of 20 °C. The injection was 

administered between 11 :00 and 12:00 of day 1. The latency time to spawning was 
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approximately 32-34 hours post-injection. The pelagic eggs were collected in an egg 

collector, washed and allowed to separate in a bowl into fertile floating and non-fertile 

sinking eggs. Floating eggs were weighed, washed and transferred to incubation tanks at a 

density of 200/L. 

5.2.2.2 Larval rearing 

Although dusky kob larvae do not start feeding until day 3 (until the yolk sac disappears), 

algae (Nannochloropsis oculata) and rotifers were introduced to the culture tanks on day 1 

after eggs hatched at a density of 10 large-strain rotifers/ml. This process allows the rotifers 

to adapt to the cultureconditions before being preyed upon by the larvae. On day 2 after the 

hatching, the larvae were transferred from the incubation tanks into the larval rearing tanks at 

the rate of 10 larvae per L. Rotifer density was determined twice daily by counting at least 

five, 1 ml samples under a dissecting microscope. Samples were taken from various locations 

around the tank and close to the air stone to ensure the rotifers were uniformly distributed. 

During the.early stages oflarval rearing, the rotifer density increased until a feeding peak was 

reached between days 8 and 14. When the consumption of rotifers by the larvae exceeded the 

daily rotifer production capacity, their density began to decline.When the density of rotifers 

dropped below 40/ml, additional small-strain rotifers were addedto maintain the density, 

which was then maintained until water flow to the tank commenced. 

After 14 days of feeding on algae-fed rotifers, the average total length of larvae had reached5 

to 6 mm as measured on three consecutive days. Feeding on enriched Artemiameta-nauplii 

commenced on day 15 post-hatching. On the first day of Artemiafeeding, a single feed of 0.2 

Artemialml was offered in the morning. The larvae adapted quickly to the new feed source 
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and the rate and numbers of feeds were increased rapidly to meet the demands. The 

Artemiadensity was determined by counting at least 5 randomly selected 10 ml samples in a 

petri dish. Once larvae were feeding well on Artemia, the feeding increased to five times per 

day and the feed rate was progressively increased to 1.4 Artemialml/feed. The addition of 

rotifers to the tank was continued for 4 days after the Artemia feeding began to allow time for 

all the larvae to acclamatise to the new feed source. The peak Artemia feeding rate was 

achived on day 27 post-hatching. By this time, the larvae were fed the maximum ration of 

five Artemia feeds per day, at 3 .2 Artemialml/ feed over four days. Therafter, the number of 

feeds was reduced to four per day for two days, and then further reduced to three per day for 

two more days. On the second last and last day of Artemia feeding, only two feeds were 

offered. As the number of feeds was reduced, the ration was maintained at 1.4 

Artemialml/ feed. Artemia feeding was terminated on day 43 post-hatching. The larvae were 

then fed exclusively on the commerciallyformulated dry feed, ranging from 0.5 to 1.5 mm in 

diameter. Only 1000 fingerlings were transferred to the experimental system.Fifty fish(8.47± 

0.18 g initial weight)were randomly distriubuted into each of the 20 experimental tanks. 

5.2.3 Experimental diet compositions 

A freshly produced untreated commercial (Skretting Active ZA) kob pellet (1-3mm) was 

used asthe negative control feed. The pellets were powdered and combined with two 

inactivated yeasts, mixed with cod liver oil and a multivitamin/mineral mix (Gerivet®) and 

used as the positive controlbase diet. The basediet was further supplementedwith four herbal 

products respectively (Aquapro®herbal powder, Liv up® herbal granules, Liv up herbal 

liquid, Ultra Natural Plus PB-20 (UNP PB-20 herbal liquid) and probiotic (2 strain 
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Pro bi flora [ Lac to bacillus acidophilus and Bifidobacterium bifidus ]). The formulation of the 

seven diets is presented in Table 5.1. 

5.2.4 Feed preparation 

The Skretting active ZA pellets ( 4mm) were granulated ( < 0.8mm) with a Krups Burr Grinder 

model GVX 2. The powdered pellets (62.9% of the diet) were combined with torula yeast 

(25.9%) and brewer' s yeast (5 .2%)(Nature's Choice, Cypress Avenue Noldick, Meyerton, 

1960, South Africa)with themulti-vitamin/minerals mix serving as the base diet and positive 

control. To the base diet, Aquapro®herbal powder(Indian Herbs Research & supply CO. Ltd, 

Darra Shivpuri, Saharanpur-247 00l(U.P),India), Liv up herbal granules, Liv up herbal 

liquid (Century Pharmaceuticals Limited, 406 World Trade Centre, Sayajigunj Vadodara-390 

005, India), Ultra Natural Plus PB-20® (UNP PB-20) herbal liquid (Biologistics Canada, 

Ultra Bio-Logics, inc. at reception 254 boul. Industrial Chateauguay, QC. Canada J6J 

4Z2)and probiotic (2- strain Probiflora®[Lactobacillus acidophilus and Bifidobacterium 

bifidus, Adcock Ingram, 733 Voortrekker Road, Maitland, Cape Town, 7405, South Africa) 

were added respectively, constituting 1 % of the diet. The Skretting active ZA pellets without 

yeast or other additives were used a negative control. 

Water was added to the final dry diet mix. The mixture was then kneaded to produce dough. 

The dough was rolled using a kitchen dough roller to create a thin layer onto a clean smooth 

plastic sheet. This plastic surface was first prepared by pressure-spraying a non-stick agent 

(Cook'n Bake®) that contains sunflower oil and lecithin. The thin layer of feed paste was 

then dried with a cross-flow air current mediated by two household electric, floor-mounted 
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fans for a period of four days in a ventilated laboratory at ambient temperature until 

uniformly dried ( constant weight). 

The flaked pieces of dried food were then graded to size by using a com kernel hand grinder 

with an adjustable pressure disc for flake sizing. The granule sizes were predetermined 

(grinder inter-disc opening for size adjustment) during the growth size stages of the fish. 

Granule sizes ranged from 1.5 - 4 mm and were sieved by using stainless steel wire strainers 

with graded mesh sizes. The sieved granules were packed in plastic bags and stored in a in 

freezer. The bags were marked to indicate the diet and additive used. Prior to fish feeding, the 

granules were mixed with cod liver oil at the calculated ratio of 4.6 % of the diet. 

5.2.5 Feed chemical analyses 

The diets were analysed for laboratory dry matter (DM), organic matter, crude protein (CP), 

and ash at the Department of Animal Science, North-West University. The crude lipid and 

crude fibre (CF)content were analysed at the Cape Peninsula University of Technology, 

Bellville(33°54'00"S 18°38'00"E), Western Cape.The diets were analysed for laboratory dry 

matter (DM), crude protein (CP), crude fibre (CF), moisture and ash. Moisture content was 

determined by weighing samples in a crucible and drying in an oven at 105°C for 12 hours. 

Ash content was determined by ashing at 550°C for 6 hours (AOAC, 2005, method number 

924.05). Nitrogen was determined using the Kjeldahl method (AOAC, 2005; method number 

984.13). The CP was automatically calculated by multiplying the percentage of nitrogen by 

6.25. Crude lipid was extracted with diethyl ether (Thiex et al. , 2003). The CF was 

determined according to Van Soest et al. (1991) using the ANKOM2000 fibre analyser 

(ANKOM Technology, NY, USA). Table 5.3 presentsthe proximate composition results. 
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Table 5.1. List of ingredients and their respective composition in the seven trial diets 

Diets 

Ingredient Aquapro® Liv up® Liv up UNP Probiflora Base diet Skretting 
herbal herbal herbal liquid PB- 2- strain Active ZA® 
powder granules 20® 

herbal 
Ii uid 

Skretting Active 628.9 628.9 628 .9 628 .9 628.9 639.3 1000.0 
ZA® pellet (g) 
Torula yeast 3(g) 258.9 258.9 258.9 258.9 258.9 258.9 0.0 

Brewer's yeast 51.8 51.8 51.8 51.8 51.8 51.8 0.0 
a(g) 
Aquapro ® herbal 10.4 0.0 0.0 0.0 0.0 0.0 0.0 
powder b (g) 
Liv-up® herbal 0.0 10.4 0.0 0.0 0.0 0.0 0.0 
granulesc (g) 
Liv-up herbal 0.0 0.0 10.4 0.0 0.0 0.0 0.0 
liquid c (ml) 
UNP PB-20 0.0 0.0 0.0 10.4 0.0 0.0 0.0 
herbal liquid d 

(ml) 
Probiflora 2- 0.0 0.0 0.0 0.0 10.4 0.0 0.0 
strain® e (g) 
Gerivet®(Min/vit 3.6 3.6 3.6 3.6 3.6 3.6 0.0 
mix)(g) 
Cod liver oil 46.4 46.4 46.4 46.4 46.4 46.4 0.0 
(ml) 
water(ml) 629.2 629.2 639.4 639.4 629.2 630.0 0.0 
6 Torula yeast contained 52 % protein and brewer' s yeast contained 29% protein;6 Metabolic 

performance enhancer and growth promoter; cBoth extracts contained more than 10 different 

herbal plants;d Root extract of a desert plant (Yucca schidigera) and extract of North Atlantic 

seaweed (Ascophyllum nodosum) collectively contain 22 amino acids and were 

included/i>robiflora contained two strains of bacteria (Bifidiobacterium longum and 

Lactobacillus rhamnosus) at 1 Billion CFU per kg feed inclusion. 
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5.2.6 Feeding strategy and sampling 

Six dietary treatments were each offered to three replicate tanks while the negative control 

was offered to the remaining two tanks. All experimental fish groups were consistently hand 

fed twice a day at 2.8% of the fish body weight.Due to the fish photophobia tendency, they 

were not exposed to any artificial light. Minimal light alsoreduce their usual cannibalistic 

behaviour. Ten fish from each of the 20 tanks were randomly sampled once a week and the 

caudal length and body mass (Mettler Toledo electronic balance model: Viper SW 15) of 

each individual were recorded to determine the growth performance and feed coversion ratio 

(FCR). A 1ml dose of 2-Phenoxyethanol per five litres water was used to anaesthetise fish 

during the weighing sessions. The FCRper treatment group was calculated based on the 

collective feed mass offered for the experimental period. All weekly adjusted feed ration 

recalculations were based on 2.8% of fish population body mass dal per treatment. The 

tTanks were monitoreddaily before or during feedings for any mortality and for fish 

behavioural changes. The handling oflive fish was conducted in compliance with the South 

African Animals Protection Act, 1962 (Act 71 of 1962). 

5.2. 7 Water quality parameters 

Table 5.2 indicates the limit variation of water quality parameters of the keeping system as 

maintained for the experimental period (10 weeks). The temperature, oxygen and carbon 

dioxide values were monitored daily with a calibrated Oxyguard® handheld apparatus. The 

pH, nitrate and nitrite were determinedcolorimetrically twice per week with disposable strip 

tests supplied by HACH . 
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Table 5.2.Water quality parameter values over the experimental period 

Parameter Lower limit Upper limit 

Temperature 24 C0 26 C0 

Oxygen 5ppm 6ppm 

Carbon dioxide 6ppm 8ppm 

Ammonia (unionised) 0.00lppm 0.0lppm 

Nitrite 0.02ppm 0.2ppm 

Nitrate 2.3ppm 9ppm 

pH 7.5 8.2 

5.3 Statistical analyses 

Apart from Normality and Equal Variance tests, a one-way ANOVA was used to analyseany 

collective parameter value differences between treatments or intra-triplicate population 

groups in terms of growth perfomance. The Tu.key' s post-hoc test was used for paired and 

multiple comparisons - with a statistical differential probability of P:S 0.05 considered as 

significant. Statistical analysis was performed with SPSS 11 .5 statistical software (IBM 

Corporation, Armonk, New York, U.S.A). Measurements from multiple fish per tank were 

averaged before analysis, such that each replicate tank had one value. Weekly growth 

performance data was analysed using according to the following model: 

Where, Yuk= dependant variable, µ = population mean, D,= effect of diets, ff; = effect of 

week, DxW ii = effect of interaction between diets and week, E iik= random error associated 

with observation ijk, assumed to be normally and independently distributed. 
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5.4 Results 

5. 4.1 Diet nutrient composition 

The commercial feed (Skretting Active ZA recorded the highest CP content of the 500 g/kg 

diet, with a DM of 931 g/kg (Table 5.3). The crude lipid content for all the dietary treatments 

was similar at an average of 14.5 g/kg diet. Six treatments recorded a CF of between 11.4 and 

12 g/kg except the Skretting Active ZA which recorded a numerical value of 18 g/kg. The 

lowest organic matter was recorded for the Aquapro herbal powder® diet at 796. 7 g/kg and 

the highest was recorded for Skretting Active ZA . Moisture content ranged from 66.2 g/kg 

forthe UNP PB-20 treatment to 95.9 g/kg for the base diet. 

5.4.2 Growth performance 

A high feeding frenzy and high appetite for feed were observed throughout the ten weeks of 

feeding. The highest weight gain was recorded for the group fed the base diet (43.38 ± 2.49 

g), followed by the Probiflora group and the Liv up herbal granules group (40.35±1.42 and 

40.35±4.86 g, respectively). The least weight gain was observed for unsupplemented 

Skretting Active ZA (4.38 ± 0.80 g) diet. There was a significant difference in the weight 

gain among the treatment groups (P < 0.001). The specific growth rate (SGR) was the highest 

(2.56 g/day) for the base diet and the Aquapro herbal powder diet. The lowest SGR was 

recorded for the negative control diet (0.56 g/kg). The best FCR (0.92) was achieved with the 

UN-BP20 herbal product diet, with the Liv up herbal liquid diet resulting in higher FCR 

(1.36) compared to the rest of the treatments. The growth rateand feed utilisation data are 

shownin Table 5.4 and weekly growth performane is shown figure 5. 
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Table 5.3. Chemical composition of dietary treatments fed to juvenile dusky kob (g/kg) 

Diets 

Aquapro ® herbal Liv up® herbal Live up® UNP PB-20® Probiflora® 

granule granules herbal liquid herbal liquid 

Dry matter 917.7 912.1 910.2 933 .8 914.3 

Organic matter 796.7 810.1 803.2 818.8 804.3 

Crude protein 473.7 469.0 471.4 495.0 475.0 

Crude lipid 140.1 140.4 141.3 141.3 140.5 

Crude fibre 12.0 11.9 11.4 11.4 11.5 

Moisture 82.3 87.9 89.8 66.2 85.7 

Ash 121 .0 102.0 107.0 115.0 110.0 



Table 5.4. Growth rate (g/day) and feed utilisation of juvenile dusky kob fed experimental diets 

Aquapro Liv up® herbal Liv up® herbal UNP BP-20® 

herbal® powder granules liquid herbal liquid 

Weeks 

FCR1 1.03" 1.08" 1.36b 0.92" 

SGR2 2.56 c 2.42 C J .66 b 2.48 C 

a, b,c,a,ein a row, means with similar superscripts do not differ (P >0.05) 
1FCR= feed conversion ratio 
2SGR= specific growth rate 

Probiflora® 

0.95" 

2.48 C 

Ba e diet 

0.99a 

2.56 c 
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Figure 5.1.Weekly dusky kob weight gain in response to dietary treatments. Data points represent the me 



5.5 Discussion 

The effect of brewer's yeast on the growth performance of dusky kob was reported earlier in 

Chapter 4. The maximum inclusion levels in the diets (5% of the diet), recommended from 

the aforementioned chapter produced the best weight gain and the best overall growth 

performance when combined with torula yeast at the inclusion levels recommended by 

Olvera-Novoa et al. (2002). Torula and brewer's yeast or their extracts have been used in 

aquaculture experimental diets at different inclusion levels, either to replace a portion of 

fishmeal or as an additive, but they have never been combined before. Indeed, Olvera-Novoa 

et al. (2002) in a 63-day feeding trial tested a mixture of plant protein (35% and 65%) and 

different levels of torula yeast (i.e. 25, 30, 35, 40, and 45%) in diets for tilapia (Oreochromis 

mossambicus) fry. The study found that fry fed with a diet of 30% or less yeast with 65% 

plant protein in the diet showed the best growth performance as compared to those which 

were fed diets containing higher inclusion levels of torula yeast. 

Feedingdiets with inclusion levels of brewer' s yeastabove 50 g/kg kob dietmay have lowered 

the growth rateas observed in chapter 4, but the growth reduction was not as severe as 

feeding diets above 50 g seaweed/kg as observed in Chapter 3. These benefits of feeding 

yeast-supplemented diets are also in agreement with Zhao et al. (2015) who reported that 

diets of up to 45% yeast extract or shrimp Litopenaeus vannameidid do not negatively affect 

growth and digestibility. Improved growth with diets supplemented with yeast were also 

reported in kuruma shrimp, Marsupenaeus japonicus and L. vannamei by Biswa et al. (2012) 

& Deng et al. (2013, respectively. Although the current investigation' s results show a growth 

performancee which is in line with the previous above-mentioned studies, other studies 
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revealed some contradictory results. Lower growth rates were reported in Red-Stirling tilapia 

(Oreochromis niloticus) (Ribeiro et al. , 2014) when fed on a diet containing 15% of yeast 

(Kluyveromyces marxianus) and also in gray mullet (Mugil cephalus) fed on a diet 

supplemented with torula yeast (Luzzana et al., 2005). This suggests that the species and the 

yeast inclusion levels do, in fact, determine the growth outcome. 

The specific growth rate (SGR) of fish fed the negative control diet was less than that for fish 

fed the base diet. It is evident that the inactivated yeast portion of the base diet contributed to 

the improved growth rate since the yeast strains are reported to be highly digestible. In 

addition, they also contained prebiotics (MOS) that probably enhanced digestibility with 

increased bio-availability and intestinal uptake of nutrients (Brownawell et al. , 2012). 

Fishthat were fedonly the base diet also attained the highest final mean body weight (52±2.13 

g) of all trial treatments tested. It has been reported that torula yeast has high protein content 

and an excellent profile of essential amino acids (Saura et al. , 2003). 

Growth between the basediet and its respective three herbal and probiotic additiveswassimilar 

- confirming the predominance in the growth-inducing competency of the two inactivated 

yeast strains (Candida utilis and Saccharomyces cerevisiae). 

The conspicuously lowered growth performance of fish fed the Liv-up herbal liquiddiet is 

probably a function of antinutritional factors in the Liv-up®herbal liquid formula, since the 

rest of the diet composition was similar to the base diet. One or more of the incorporated 

herbal species within the Liv-up®herbal liquid composition could, therefore, be growth

inhibiting. There are plant species in the Liv up®herbal liquid that do not occur within the 

granule product. 
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The UN-BP2o®-fed group mediated the best feed conversion ratio (FCR, 0.92) of all 

experimental treatments. Some herbal extracts were reported in previous studies to improve 

the FCR in chickens (Lee at al. , 2003). This diet also increased the protein content (46% of 

the base diet) to the highest value (49.5%) of all test diets (Table 5.4) and may also serve as a 

candidate for an additive in future formulations. Further research is also required to validate 

the maximal and economic inclusion rate for UN-BP20 . The FCR values of the respective 

Aquapro® herbal powder and Liv-up® granule test diet additives were slightly higher 

(1 <value <1.04) than for the base diet (FCR =0.99). The FCR (0.95) of the probiotic-included 

diet also performed better than that of the base diet (FCR = 0.99). These FCR results paint a 

positive picture in terms of theeconomic viability of herbal inclusions in fish diets. 

Dada & Olugbemi (2013) investigated the effect of two commercial herbal products, Aqua 

booster and Aqua pro on the growth performance and feed utilisation of the African catfish 

(Clarius gariepinus. In terms of growth peroformance, the current study is consistent with 

Dada & Olugbemi (2013) as both studies observed better growth rates with herbal additives 

than produced by the negative control diet. Of the four herbal products in the current study, 

Aquapro ® herbal powder produced the fastest growth rate which is comparable to the study 

by Dada & Alugbemi (2013) who observed high growth rates with fish fed Aqua pro herbal 

additives. The FCR (0.92) recorded for the groups fed the herbal additive (UN-BP20®) was 

also comparable to the FCR recorded for catfish fed Aqua booster® diets (0.86). Other 

commercial herbal additives such as Aqua superliv®, promoted growth and FCR when added 

to Nile tilapia diets (Dada, 2012). EL- Haroun (2007) also confirmed faster growth rates in 

African catfish when diets were supplemented with the herbal product Biogen as compared 

to growth rates in the control- fed group. Further research is warranted to measure the effects 
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of these herbal stimulants in increased dietary inclusions whilst excluding the addition of 

yeast. 

Compared to the control diet, the pro biotic diet (probiflora®) in the current study produced 

better fish growth performance. The probiotic microbes (Bifidiobacterium longum and 

Lactobacillus rhamnosus) contained in the the probiotic product probably promoted the 

digestion and intestinal absorption of dietary nutrients due to the presence of prebiotics such 

as the MOS-containing cell walls of the yeast strains that were used. At the end of a six-week 

feeding period, Marzouk et al. (2008) reported that groups fed diets supplemented with 

probiotics (Bacillus subtilis and Saccharomyces cerevisiae) revealed significant increases in 

body weight gain andSGR and a lower FCR as compared to the rates produced by the control 

diets. The probiotic used in the current study containing Bifidiobacterium longum 

andLactobacillus rhamnosus microbes supported Marzouk et al. (2008) in that lower FRC 

value (0.95) was recorded compared to that of the fish fed the negative control (1.01). 

Kennedy et al. (1998) who used Bacillus subtilis in experimental diets for Common snoek 

(Centropomus undencimalis) also found that these probiotic bacteria increased food 

absorption by enhancing the digestive protease level which translated into an increased 

growth rate. 

5.6 Conclusions 

The growth performance results obtained from this study suggest that a combination of 

inactivated brewer' s yeast and torula yeast in the diets could be beneficial for dusky kob 

aquaculture. Both the yeasts are cost-effective and are locally available in abundance. Herbal 

products, Aquapro®herbal powder and Liv up®herbal granules did not seem to have any 
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negative effect on the fish growth rate. Future studies should investigate their inclusion in 

diets without the two yeast strains to fully assess their effect on fish growth performance. The 

UN-BP20® herbal stimulant and probiotic probiflora® mediated the best two FCR as 

compared to the rest of the diets. The two products should also be investigated separately 

without the inclusion of yeasts in future studies to assess their full potential in dusky kob 

diets. The ratio of linear mass to caudal length will be a useful morphometric reference to 

track the condition of growing fish in commercial dusky kob hatcheries. 
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6. CHAPTER SIX: GENERAL DISCUSSION AND RECOMMENDATIONS 

6.1 General discussion 

The research presented in this thesis was to evaluate the potential of seaweed Ulva sp, 

inactivated brewer' s yeast (Saccharomyces cerevisiae) and torula yeast (Candida utilis), 

herbal products and probiotics in dusky kob diets. These additives were preferred due to their 

affordability, availability and their nutrient profiles. The Department of Agriculture, Forestry 

and Fisheries saw the need to undertake this research as a result of the high interest expressed 

in the farming of dusky kob (Argyrosomus japonicus) by coastal cooperatives funded by 

national government and private individuals. Dusky kob is one of the many species that are 

under research along the coastal region of South Africa to determine their sustainability as an 

aquaculture species. The species is a suitable aquaculture fish because of its high tolerance to 

poor water quality, its fast growth rates and good nutrient profile. 

Chapter 3 looked into the potential of the green macro algae, Ulva sp, with different inclusion 

levels in fishmeal-based diets being investigated over nine weeks. Five inclusion levels (0, 

50, 100, 150, 200 g seaweed/kg commercial kob feed) were tested to determine their effect on 

fish growth performance, gut histology, haematology, fillet fatty acids, composition and 

serum biochemistry. Irrespective of the content of Ulva , fish appetite was not affected as a 

feeding frezy was observed duering feeding sessions. The significant growth reduction 

observed when feeding higher inclusion levels of of seaweed confirms that it is better used as 

an additive rather than a protein source as suggested in other studies. The seaweed alginate 

oligosaccharide content that is reported to promote the growth of beneficial bacteria in the gut 
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of small animals should be isolated and tested in fish diets in future studies. More 

importantly, seaweed inclusion did not negatively impact blood paramters, highlighting that 

seaweed as an additive may have a future in local dusky kob diets. Besides fish serving as an 

affordable alternative protein source for the general public, fish provide a major source of 

essential fatty acids. The composition of the fatty acids of dusky kob was largely unknown 

prior to the work presented in this thesis. Seaweed, which is generally considered the source 

for fatty acids for wild fish, did not generally did not influence the final outcome of 

composition of the fatty acids in fillets. The results confirmed the presesence of the highly 

recommended omega- 3 fatty acids, even though the composition was lower (7.4 % of the 

total FA) than in other fish such as Atlantic salmon or rainbow trout. The juveniles used in all 

the trials presented in this thesis were second generation offsprings (F2), meaning the fatty 

acids composition of wild juveniles might differ significantly from that of the current study. 

Even though the Ulva did not have a negative impact on the blood parameters and fatty acid 

composition, inclusions ofUlva above50g/kg kob feed is not recommened, as growth was 

impaired. This conclusion essentially suggested that the next study should test other dietary 

addives that have been reported to be well accepted by fish at higher inclusion levels. The 

inclusion of brewer' s yeast was therefore investigated in the Chapter 4. 

Chapter 4 investigated the effect over six weeks of brewer' s yeast at three inclusion levels 

(50, 150 and 300 g/kg) against the positive control diet containing a probiotic premix but 

without yeast, and a negative control diet without either yeast or a probiotic premix on 

growth performance,haematology and serum biochemistry. With its mode of action centered 
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on its ability to stirnulatef intestinal brush border disaccharidases and its role in the anti

adhesive effect against pathogens and the stimulation of non-specific immunity, it was 

expected that higher inclusions of brewer's yeast would not retard fish growth rate. As 

observed, the inclusion of brewer' s yeast at a 150 g/kg diet and a 300 g/kg diet slowed the 

growth rate. Contrary tothe Ulva supplementation diet,feed chemical analyses revealed that 

the inclusion of brewer' syeast did not affect the nutrient profile of the dietary treatments, 

especially the protein content, which decreased with an increase in Ulva supplementation. 

However, like its predecessor additive (Ulva) , the inclusion of brewer' s yeast above a 50 g/kg 

kob diet, slowed down fish growth, but not as severely as was the case with the Ulva 

inclusion diet. It was concluded that the maximum inclusion of brewer' s yeast that could be 

recommended for kob diets was 50 g/kg kob diet. These growth results highlighted the need 

to increase the number of tests for more additives such as herbal products and probiotic 

products for dusky kob diets. Having determined the maximum inclusion levels of brewer' s 

yeast as suggested in Chapter 4,, it was decided that in the following chapter (5), this 

recommendd level of brewer' s yeast would be combined with an inactivated torula yeast 

(base diet) which has been recommended by previous studies at inclusion levels of 20-30 % 

Chapter 5 investigated the effect on fish growth performance of a combination of brewer' s 

yeast (Saccharomyces cerevisiae), torula yeast (Candida utilis)and commercial fishmeal 

di etas part of the base diet on fish over ten weeks. To the base diet, four commercial herbal 

products: Aquapro®herbal powder, Liv up®herbal granules, Liv up®herbal liquid and UNP 

PB-20 herbal liquid were added. The final treatment contained a pharmaceutical probiotic 

(Probiflora ) powder. The herbal additives used in this study, except the Liv up liquid did 
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not hinder fish growth rate. The combination of brewer' s yeast and torula yeast in the diets 

seems to be highly effective in promoting fish growth. These results represent a major 

achievement in that these two yeast combination at the inclusion levels recommended by 

previous studies, promoted growth more effectively than commercially available diets for 

dusky kob. As the majority of the herbal additives did not hinder fish growth, their inclusion 

in commercial kob diets is highly recommended due to their reported effects in stimulating 

theimmune system and aiding the activation of digestive enzymes. 

The following were the major questions addressed by the studies undertaken in this thesis: 

1. What is the maximumUlva inclusion level in dusky kob diets for good growth 

performance? 

The results clearly demonstrated that when fed diets exceedingd 50 g seaweed/kg fish 

experience a sharp decline in growth rate. This highlights that dusky kob can tolerate 

only 50g seaweed /kg or less in their diets. 

2. Does Ulva have any negative effect on the haematological parameters? 

All the parameters were within normal range, indicating that Ulva poses no 

physiological harm if included in the diet, irrespective of the inclusion levels. 

3. Does Ulva have any effect on the composition of fatty acids in fillets? 

Inclusion of Ulva in the diets had no effect on the final fatty acids composition of 

fillets . 
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4. What is the relationship between the inclusion levels of brewer' s yeasts and fish 

growth performance? 

The results suggested that an increase of brewer' s yeast in dusky kob diets 

exceeding50 g/kg results in a decline in growth performance. 

5. Will the combination of two inactivated yeast strains added to a commercial dusky 

kob diet have any growth-promoting effects? 

The combination of these two yeast strains promoted faster fish growth. 

6. Will herbal products and two strains of bacteria (Bifidiobacterium longum and/or 

Lactobacillus rhamnosus) a probiotic promote fish growth? 

Overall, the herbal products promoted fish growth and did not seem to hinder fish 

growth performance. The best FCR value was recorded for a herb0- added diet (UNP 

PB-20®). The probiotic also also promotee fish growth when compared with that of 

the the control-fed group. 

6.2 Recommendations and further research 

The reduced growth that was reported with an increase in Ulva in the diets suggests that 

further studies are necessary to extract and identify active compounds that might be 

responsible for lowering fish growth rate when fish are fed diets containing seaweed levels 

above50 g /kg. This seaweed is easily accessible along the coast, especially on the rocky 

beaches of the Western Cape province of South Africa. Proper harvesting and processing of 
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Ulva sp. could see this seaweed emerge as major additive in future commercial diets fordusky 

kob. Brewer' s yeast in combination with torula yeast is highly recommended for lowering the 

cost of producing high-quality dusky kob diets. Future studies should investigate the 

optimum inclusion levels of herbal products in aquaculture feeds in South Africa. 

Dusky kob is often put on the red list (do not buy if it is from capture fisheries) by fishing 

regulatory organisations. Results presented in this thesis further highlight the potential 

success of farming of this species in the event that there is investment in affordable feed 

additves to sustain dusky kob aquaculture. Industrial feed extruders are very costly, but this 

thesis promoted in-house feed production that could greatly reduce operational costs. If this 

approach is adopted by farmers and prospective farmers, costs associated with feed in fish 

farming could be reduced as it has been reported that feed accounts for up to 60% of 

production costs. 

Future research should focus on estimating nutrient digestibility in dusky kob, test higher 

inclusion of herbal products and the yeast products (torula and brewer' s yeast). Different 

feeding strateties should also be investigated to compare feeding rations in order to minimise 

feed wastage. Farm grow out studies with the addives used in these studies should also be 

conducted wherby they can be tested on large scale. Determination of fillet fatty acids 

concentration from a market size fish of 600g and above should be considered in future 

research. 
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