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ABSTRACT

Seaweed:s are potential feed additives for aquaculture but their effect on fish fatty acid content and profile
is largely unknown. This study was, therefore, designed to assess the effect of incorporating green
macroalgae seaweed (Ulva sp.) into diets of juvenile dusky kob (Argyrosomus japonicus) on fillet fatty
acid profile and concentration. Five experimental diets were formulated to contain seaweed at the
following inclusion levels: 0 (Ulva0), 50 (Ulva50), 100 (Ulva100), 150 (Ulva150) and 200 (Ulva200) g/kg
commercial kob feed on a dry matter basis. Seventy-seven fingerlings (9.14 + 0.30 g) were distributed
into each of 20 experimental tanks and diets were randomly allocated to tanks such that each diet had
4 replicate tanks holding 77 fingerlings. There was no dietary effect on fillet fatty acids (FA)
concentrations (P >.05). The concentration of C18:3n3 (a-linolenic acid) tended to increase with Ulva
inclusion levels (P>.05). However, the opposite was observed with the fillet concentrations of both
C20:4n6 (arachidonic acid methyl ester) and C20:5n3 (eicosapentaenoic acid (EPA)), but the decrease
was also not significant. In conclusion, while Ulva-containing diets did not enhance the FA
concentration in dusky kob fillet, the values were similar to those observed in fish fed on the relatively
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expensive commercial kob diet.

1. Introduction

Historically, fish has always been a major role player in human
nutrition, with some studies suggesting that fish provides
20% of protein intake, especially in developing countries
(Béné et al. 2007). Besides being an inexpensive, rich source
of protein, fish are micronutrient- dense and could help eradi-
cate micronutrient deficiency diseases mostly prevalent in
impoverished communities around the globe (Roos et al.
2003). Some micronutrients such as vitamin D, iodine, selenium,
zin¢, magnesium and calcium, are more abundant in fish than in
livestock animals and plants (Mohanty et al. 2017). Fish is also a
source of fatty acids (FA), especially omega-3 (n-3) FA, which is
widely recognized as an important nutrient for humans. The
omega-3 FA, eicosapentaenoic (EPA; 20:5n-3) and docosahexae-
noic (DHA; 22:6n-3) are thought to have a wide range of health
benefits to humans (Calder 2014) and generally, fish is anafford-
able source of EPA and DHA in humans diets (Tocher 2015).
Daily recommendations for EPA and DHA intake differ from
one country to another but there is a general consensus that
two servings of fish, with one being an oily fish, would be ade-
quate to meet human dietary requirements (Kris-Etherton et al.
2002; GOED 2014). However, the demand for fish is sky-rocket-
ing due to rapid growth in human population necessitating the
need for increased farmed fish. Aquaculture has been recog-
nized as the fastest growing farming sector since the early
90’s, and currently supplies half of the fish and other seafood

consumed around the world (FAO 2014). The expansion of
aquaculture to meet rising demand for fish also means that
innovative feeding strategies have to be adopted to reduce
feed costs while enhancing growth performance and meat
quality attributes. One strategy that can be employed to
reduce feed costs is the identification and evaluation of non-
conventional feedstuffs such as seaweed that can be incorpor-
ated into existing commercial diets. Ideally, the incorporation of
such feedstuffs should not only reduce feed costs but should
enhance growth performance, health and meat quality traits.

Seaweed is relatively inexpensive and readily available in
South Africa. It contains a variety of nutritionally important FA
(Evans and Critchley 2014) as well as between 18% and 25%
crude protein (Makkar et al. 2015; Madibana et al. 2017), vita-
mins and minerals. Seaweeds also contain growth-boosting bio-
active substances such as polyphenols, which possess
antibacterial, antifungal and antiviral properties (Stengel et al.
2011). Indeed, inclusion of seaweed in diets of other fish
species has been reported to enhance feed utilization and
growth (Nakagawa et al. 1987). However, the use of seaweed
in finfish aquaculture feeds has not been extensively investi-
gated in South Africa.

Dusky kob (Argyrosomus japonicus) has good growth rate,
survives in different water salinities (Whitfield 1998) and toler-
ates water with low oxygen levels (Fitzgibbon et al. 2007)
making it suitable for aquaculture. Under farming conditions,
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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. Because seaweed has been reported to
contain significant quantities of FA (Evans and Critchley 2014),
in the current study we hypothesized that inclusion of
seaweed in dusky kob diets would positively modify dietary
FA and consequently, fish fillet FA profile and concentration.
Therefore, the current study was designed to determine the
influence of dietary inclusion of green seaweed Ulva sp. on
fillet FA concentration in juvenile dusky kob.

2. Materials and methods
2.1. Study 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, South Africa. The
experimental system was a recirculating aquaculture system
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/l via air lines. The filtration system included
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.

2.2. Seaweed and experimental fish

Fresh seaweed 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. Dusky kob fingerlings were sourced from a com-
mercial fish farm based in Mtunzini (28.9597°S, 31.7501°E), Kwa-
Zulu Natal, off the South African east coast. A high-protein
(48%) commercial fishmeal diet (Marifeed Pty Ltd) was offered
to the fish during a two week acclimatization period. 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 (NWU-00691-
17-S9).

2.3. Feeding experiment

Five experimental diets were formulated as described by Madi-
bana et al. (2017) to contain seaweed meal at the following
inclusion levels:0, 50, 100, 150, 200 g/kg commercial kob
feed (Ulva0, Ulva50, Ulva100, 150, and Ulva200, respectively)
(Table 1). Dietary treatments were randomly allocated to four
replicate tanks at 2.8% of the fish body weight. Ten fish from
each of the 20 tanks were randomly sampled for weekly

Table 1. Ingredients and proximate composition of the experimental diets.

Diets'

Raw
Ingredients (g/kg) Ulva0 Ulva50 Ulva100 Ulva150 Ulva200 Ulva sp.
Fishmeal 700 6940 6870 6810 6740
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
Proximate analysis
Dry matter 9436 9472 9457 9391 9047 9164
Ash 851 99.0 1131 1182 1263 2858
Moisture 61.0 606 583 665 101.6 86.4
Organic matter 858.5 8482 8326 8209 7784 6306
Crude protein 473.6 466.1 456.2 4379 4079 2464
Crude fat 122 1159 1098  103.7 97.6 38.0
Acid detergent fibre 269 364 38.8 433 47.2 26.1
Neutral detergent fibre 2879 2998 3153 3440 3567 2789

Source: Madibana et al. (2017).

"Diets: Ulva0 = Control commercial kob feed diet with no seaweed; Ulva50 = 50 g
seaweed/kg commercial kob feed; Ulva100 = 100 g seaweed/kg commercial kob
feed; Ulva1l50=150g seaweed/kg commercial kob feed; Ulva200=200g
seaweed/kg commercial kob feed.

weight measurements for a period of nine weeks. At trial ter-
mination, a pooled sample of 10 fish from each tank were
sacrificed and filleted. The fillets were stored in a freezer
(—80°C) pending fatty acid extraction and analysis.

2.4. Fatty acid extraction and analyses

Seaweed meal, dietary treatments and fillet samples were pro-
cessed for fatty acids determination. Fat was extracted using a
2:1 (v/v) chloroform: methanol solution (Folch et al. 1957),
which contained 0.01% butylated hydroxytoluene (BHT) as
an antioxidant. The samples were homogenized in the extrac-
tion solvent for 30 s using a polytron mixer (Wiggen Hauser D-
500 Homogeniser, fitted with a standard shaft 1, speed setting
D). Heptadecanoic acid (C17:0) was employed as an internal
standard (catalogue number H3500, Sigma-Aldrich, Gauteng,
South Africa) to quantify the individual fatty acids present in
each muscle sample. A 250 pyL sub-sample of the extracted
lipids was subsequently transmethylated at 70°C for 2h
using 2 mL of a 19:1 (v/v) methanol: sulphuric acid solution
as the transmethylating agent. After allowing the resultant
mixtures to cool to room temperature, the fatty acid methyl
esters (FAME) were extracted with water and hexane (Dodds
et al. 2004). Following separation of the distilled water and
FAME-containing hexane fluids, the top hexane layer was
transferred to a spotting tube and dried under nitrogen. One
hundred pL hexane was then added to each dried FAME
sample, of which 1 uL was injected into the gas chromato-
graph. The FAMEs were analysed using a Thermo TRACE
1300 series gas-chromatograph (Thermo Electron Corporation,
Milan, Italy) equipped with a flame-ionization detector, using a
30 m TR-FAME capillary column with an internal diameter of
0.25 mm and a 0.25 uym film (Cat. No. HY260M142P, Anatech,
Cape Town, South Africa) and a run time of ca. 40 min. The fol-
lowing oven temperature settings were utilized: initial temp-
erature of 50°C (maintained for 1 min) and final temperature
of 240°C attained after three ramps (initial increase at a rate



of 25°C/min) until a temperature of 175°C was reached; there-
after an immediate increase at a rate of 1.5°C/min to reach
200°C and maintenance of this temperature for 6 min; lastly
an increase at a rate of 10°C/min to reach 240°C and mainten-
ance of this temperature for a minimum of 2 min. The injector
temperature was set at 240°C and the detector temperature at
250°C. The hydrogen gas flow rate was 40 mL/min. The FAME
of each sample was identified by comparing the retention
times with those of a standard FAME mixture (Supelco™ 37
Component FAME mix, Cat no. CRM47885, Supelco, USA),
with results being expressed as mg fatty acid/g meat/diet.
The ratios were calculated as follows:

(sum of all n6)

6N3 =——————,
nen (sum of all n3)

2.5. Statistical analysis

The FA concentration data was subjected to a one-way ANOVA.
Measurements from 10 fish per tank (four replicate tanks per
treatment) were averaged before analysis, such that each tank
had one value. Data analysis was performed using SAS statistical
software (2010) according to the following statistical linear
model:

Yj = n+Di+Ej

where Y;;=dependant variable (fatty acid concentration), u=
population mean, D;=effect of diet, and E;=random error
associated with observation ij, assumed to be normally and
independently distributed. For all statistical tests, significance
was declared at P <.05. Least squares means were compared
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using the probability of difference (pgitr) option in the Ismeans
statement of SAS.

3. Results
3.1. Fatty acids: Ulva and formulated diets

A total of 14 saturated fatty acids (SFA) were detected in the
five dietary treatments and the raw Ulva seaweed (Table 2).
The C16:0 (palmitic acid) was the most abundant SFA. The
control (Ulva0) diet recorded the highest numerical value for
the palmitic acid (2.74 + 0.43 mg/g diet) and Ulva150 recorded
the lowest numerical value (2.51 + 0.438 mg/g diet). The Ulva0
diet had the highest XSFA (4.17 £ 1.31 mg/g diet) with Ulva150
recording the lowest XSFA (3.95 £ 1.71 mg/g diet). Only seven
monounsaturated fatty acids (MUFA) were detected in all the
dietary treatments (Table 2). Concentration of C16:1 (palmito-
leic acid), C24:1 (nervonic acid) and C18:1n9¢ (oleic acid
methyl ester) tended to decrease with an increase in Ulva
inclusion. Ulva0 had the highest XMUFA (3.31 +1.45 mg/g
diet) while Ulva200 had the lowest XMUFA (2.38 mg/g diet).
A total of nine polyunsaturated fatty acids were detected in
all the dietary treatments (Table 3). There was a tendency of
an increase in the concentration of C18:3n3 (a-linolenic acid)
with an increase in Ulva inclusion in the diets (P>.05).
However, the opposite was observed with the concentrations
of both C20:4n6 (arachidonic acid methyl ester) and C20:5n3
(eicosapentaenoic acid (EPA)) (P>.05). As observed with SFA,
the control diet recorded the highest XPUFA (2.64 + 1.33 mg/
g diet) while the Ulva150 recorded the lowest PUFA (1.67 £
0.83 mg/g diet). Overall, there was a decrease in fatty acid

Table 2. Saturated and mono-unsaturated fatty acid content (mg/g diet) of the experimental diets

Diets'

Ulva0 Ulva50 Ulva100 Ulva150 Ulva200 Raw Ulva sp.
SFA
C6:0 0.00° 0.03 +£0.0° 0.03+£0.0° 0.03+£0.0° 0.03+0.0° 0.00°
C8:0 0.00% 0.02 +0.0° 0.02 +0.0° 0.02 +0.0° 0.02 +0.0° 0.00*
C10:0 0.00° 0.02+0.01° 0.02+0.01° 0.02+0.0° 0.02+0.0° 0.00*
c11:0 0.00% 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.00*
C12:0 0.02 +£0.0° 0.02 +0.0° 0.02+0.0° 0.02+0.0° 0.02 +0.0a 0.02 £0.0°
C13:0 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0°
C14:0 0.57 +0.21° 0.57 £0.12° 0.62 +0.15 0.60 +0.29° 0.57 +£0.23° 0.06 +0.01°
C15:0 0.06 +0.02° 0.64 +0.19° 0.06 +0.03° 0.06 +0.01° 0.06 +0.01° 0.03+0.2°
C16:0 274 £ 043° 2.53+0.29° 2.57 £0.55° 2.51+0.38° 2.57 +0.69° 2.91+0.55°
C18:.0 0.62 +0.01° 0.62 +0.0° 0.61+0.0° 0.58 +0.01° 0.58 +0.0° 0.04 +0.0°
€20:0 0.02 +£0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0°
C21:0 0.00% 0.00% 0.00° 0.00% 0.00% 0.01+0.0°
€22:0 0.00° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.05 +0.0°
C23:0 0.07 +0.02° 0.02 +0.01° 0.02 +0.0° 0.02 +0.0° 0.02 +0.0° 0.02 +0.01°
C24:0 0.07 +£0.03° 0.05+0.01° 0.05 +0.0° 0.04 +0.01° 0.05+0.01° 0.06 +0.0°
2SFA 417 +131° 4.06+2.01% 406 +1.16° 3.95+1.71° 3.99+1.01° 3.23+1.66°
MUFA
C14:1 0.01+0.01° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.00*
C15:1 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°
c16:1 0.78 +0.05° 0.75+0.11a 0.73 +0.15° 0.68 +0.12° 0.67 +0.14° 0.20+£0.31a
a7 0.00° 0.01 +0.00° 0.01+0.0° 0.01+0.0° 0.01+0.0° 0.06 + 0.04°
C18:1n9c 1.23+0.01° 1.05+0.78° 0.99 £0.21 0.94+0.31° 0.91+0.0° 0.99 +0.11°
C18:1n9t 0.00° 0.00° 0.00° 0.00° 0.00° 0.00*
C20:1 0.26 +0.11° 0.29 +0.20° 0.30+0.01° 0.26 +0.02° 0.24+0.11° 0.01+0.0°
€22:1n9 0.21+0.01° 0.21+0.05° 0.23 £0.03° 0.19+0.01° 0.15+0.0° 0.00°
Q241 0.81 +0.06 0.52+0.11° 0.50+0.13? 0.43 +0.01° 0.40+0.01° 0.01 £0.0°
>MUFA 331+ 145° 2.83 +1.09° 276+ 1.21° 251+1.3° 2.38+0.99° 127 +0.87°

'Diets: Ulva0 = Control commesrcial kob feed diet with no seaweed; Ulva50 = 50 g seaweed/kg commercial kob feed; Ulva100 = 100 g seaweed/kg commercial kob feed;
Ulva150 = 150 g seaweed/kg commercial kob feed; Ulva200 = 200 g seaweed/kg commercial kob feed. SFA = Saturated fatty acids; MUFA = Monounsaturated fatty

acids. *®Means in the same row with common superscripts do not differ (P> .05).
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Table 3. Polyunsaturated fatty acid content (mg/g diet) of the experimental diets.

Diets'

Ulva0 Ulva50 Ulva100 Ulva150 Ulva200 Raw Ulva sp.
PUFA
C18:2n6¢ 0.62+0.31° 0.50+0.11° 0.45+0.01° 0.43+0.01° 0.50+0.21% 0.30+0.01°
C18:2n6t 0.00% 0.00° 0.00% 0.00° 0.00% 0.00°
C18:3n6 0.02+0.01° 0.03+0.01° 0.03+0.01° 0.02+0.01° 0.03 +0.02% 0.06 +0.02°
C18:3n3 0.10+0.03° 0.11+0.02° 0.11+0.03° 0.14+0.01° 0.17 £0.04° 1.22 £ 0.45°
C20:2n6 0.03+0.01° 0.03+0.01° 0.03+0.0° 0.03 +0.02° 0.03 +0.02° 0.00°
C20:3n6 0.03 +£0.02° 0.03+0.01° 0.02 +0.02° 0.02+0.01° 0.02+0.01% 0.02 +0.02°
C20:3n3 0.02+0.01° 0.01+0.0° 0.01+0.01° 0.01+0.0° 0.01+0.01? 0.01+0.01°
C20:4n6 0.18 +0.05° 0.14 +0.03° 0.12 +0.06° 0.11+0.03? 0.11+£0.02? 0.03 +0.01°
€20:5n3 149 +043% 1.05+0.12° 0.99 + 0.05° 0.88 +0.07° 0.83 +£0.02° 0.11 +£0.03°
C22:2n6 0.16 +0.04° 0.02+0.01° 0.02 +0.01° 0.03+0.01° 0.04 +0.02° 0.20+0.11°
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°
>PUFA 2.64+133° 1.92+0.14° 1.79+0.29% 1.67 +0.83° 1.73+0.53% 1.96 +0.21°
PUFA:SFA 0.63 +0.15° 0.47 +0.22° 0.44 +0.14° 0.42 +0.09° 043 +£0.13a 0.61+0.20°
2n-6 FA 1.04 + 0.06° 0.75 +0.07° 0.67 +0.04° 0.65 +0.03° 0.71+0.112 0.52+0. 17°
n-3 FA 1.60 + 0.44° 117 £0.15° 1.12+£045° 1.02 £0.03° 1.01 £0.14° 1.34+0.28°
né:n3 0.65 + 0.41° 0.64+0.12° 0.60+0.21° 0.64+0.11° 0.70 +0.38% 0.39 +0.05°
Total FA 10.13+3.23% 8.81+1.67° 8.61+1.22° 8.14+2.14° 8.10 + 1.56° 6.47 +1.08°

"Diets: Ulva0 = Control commesrcial kob feed diet with no seaweed; Ulva50 = 50 g seaweed /kg commercial kob feed; Ulva100 = 100 g seaweed/kg commesrcial kob feed;
Ulva150 = 150 g seaweed/kg commercial kob feed; Ulva200 = 200 g seaweed/kg commercial kob feed. PUFA = Polyunsaturated fatty acids; SFA = Saturated fatty acids.

“Means in the same row with common superscripts do not differ (P > .05).

concentrations as Ulva inclusion increased in the diets, but not
significant (P> .05).

3.2. Fillet fatty acids

A total of 11 SFA were detected in the fillet samples of all fish
groups fed the five dietary treatments (Table 4). Dietary treat-
ments did not influence the concentration of all the identified

SFA (P> .05). A non-significant decrease in the concentration
of C13:0 (tridecanoic acid) was evident as Ulva inclusion
increased, with control fed group recording 0.43 +0.14 mg/g
meat while Ulva200 group recorded much lower concen-
trations, only detectable in microgram units. The C24:0 (methyl-
lignocerate) concentration in fish fillet tended to increase with
an increase in dietary inclusion of Ulva up to 150 g seaweed/
kg kob feed. Fillet from UlvaO-fed fish had a C24:0 concentration

Table 4. Saturated and mono-unsaturated fatty acid content (mg/g meat) of dusky kob fillets fed Ulva-based dietary treatments.

Diets’

Ulva0 Ulva50 Ulva100 Ulva150 Ulva200
SFA
C6:0 2.13+0.712 1.46 +0.84° 1.98 +0.99° 0.29 +0.03% 2.84+0.05%
C8:0 0.00° 0.00° 0.00% 0.00° 0.00°
C10:0 0.00° 0.00? 0.00° 0.00° 0.00°
C11:0 0.00° 0.00° 0.00° 0.00° 0.00°
C12:0 0.00° 0.00° 0.00° 0.00% 0.00°
C13:0 043 +0.14° 0.38 +£0.23° 0.00% 0.21+0.21° 0.00°
C14:.0 1.42 +0.44° 136 +0.32° 0.89 +0.09% 1.49 +0.38° 0.87 +£0.13%
C15:0 0.42 + 0.05° 0.42 + 0.05° 0.33+0.02° 0.45 +0.07° 0.32+0.02°
C16:0 7.89 +2.35° 7.47 £197% 3.89 +0.66% 8.55+0.37% 3.21+0.70°
C18:0 2.20 +0.46° 2.22+0.37° 1.45+0.13° 2.51+1.02° 1.40 £ 0.20°
C20:0 0.13+0.01% 0.13+0.01% 0.12+0.00% 0.14+0.02° 0.12+0.01?
C21:0 0.00° 0.02 +0.02° 0.02 +0.02° 0.02 +0.02° 0.00°
C22:0 0.42+0.01% 0.43+0.01% 0.42+0.01% 0.44 +0.02° 0.41+0.01%
€23:0 1.60 £ 0.54° 1.12 £ 0.65° 2.15+0.04° 2.26+0.11° 1.55+0.52°
C24:0 1.02 +0.34° 1.04 +0.35° 1.33£0.03° 1.44+0.10° 0.97 +£0.33%
3SFA 17.67 +1.93° 16.05 + 3.90° 12.58 + 1.36° 20.45 +5.59° 11.70 + 0.44°
MUFA
141 0.00° 0.14 +0.14° 0.00% 0.14+0.14° 0.00°
C15:1 0.00° 0.00? 0.00° 0.00° 0.00°
C16:1 1.24 +£0.45° 1.43 +0.88° 0.94+0.17° 238+ 1.13° 0.49+0.13°
C171 0.09 +0.04* 0.05+0.01% 0.04 +0.02% 0.05 +0.00% 0.04 +0.00%
C18:1n9c 3.13+1.34 3.14+1.75% 2.57+0. 48° 5.25+ 2. 44° 1.48 £0.70°
C18:1n9t 0.00° 0.00? 0.00° 0.00° 0.00°
20:1 1440517 1.51+0.71% 1.28 £0.24° 2.32+1.03° 0.89+0.31°
C22:1n9 1.49 +0.34° 147 £0.52° 1.35+0.20° 2.11+0.75° 1.11+0.23°
241 2.16 +0.54° 2.06 +0.69° 1.85+0.13° 2.83 +£0.99° 1.43 £0.24°
MUFA 9.55+3.15% 9.79 + 4.66% 8.02+1.22% 15.07 + 6.47° 5.45+1.59%

All values are mean + S.E.M.

'Diets: Ulva0 = Control commesrcial kob feed diet with no seaweed; Ulva50 = 50 g seaweed/kg commercial kob feed; Ulva100 = 100 g seaweed/kg commercial kob feed;

Ulva150 = 150 g seaweed/kg commercial kob feed; Ulva200 = 200 g seaweed/kg.

SFA = Saturated fatty acids; MUFA = Monounsaturated fatty acids.

? Means in the same row with common superscripts do not differ (P > .05).



of 1.02+0.34 mg/g meat while those fed Ulva50 (1.04+
0.35 mg/g meat) and Ulva150 fish (1.44+0.10 mg/g meat)
had higher levels. Fillet SFA concentration in Ulva200 fed
group was numerically lower than in fillet from other dietary
treatments.

A total of seven MUFA were detected from all the fish fed the
five different dietary treatments (Table 4). However, there was
no dietary effect on the fillet concentration of all the MUFA.
There was no clear trend in the effect of dietary treatments
on any of the FA, but lower XMUFA concentration (5.45 +
1.59 mg/g meat) was observed when fish were fed Ulva200
diet. The highest numerical ZMUFA was recorded for Ulva150
fed group (15.07 + 6.47 mg/g meat).

Nine PUFA were detected in fillet samples across all five
dietary treatments (Table 5). There was also no significant
dietary treatment effect on the concentration of all the PUFA
(P>.05). No clear trend was observed with regards to the
influence of graded levels of Ulva. The ZPUFA was lower for
the group fed Ulva200 diet when compared to the rest of the
diets (P> .05). Fish fed Ulva150 recorded the highest numerical
value for Xn-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 Xn-3 FA, with Ulva150 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). Ulva150 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.

4. Discussion
4.1. Fatty acids: Ulva and diets

The local Ulva sp. used in this study had 50% SFA; 19.7% MUFA;
30.3% PUFA; 8.03% total n-6 PUFA; 20.7% total n-3 PUFA and
0.39 n-6/n-3 ratio. Contrasting and fairly consistent results
were observed by Kendel et al. (2015) in Ulva armoricana that
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contained 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 species, 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). Pro-
cessing 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 dis-
cussed in our earlier study (Madibana et al. 2017). However,
there is limited information regarding the concentration of FA
of the Ulva-based diets used in those studies. As expected,
the most abundant SFA in dietary treatments from the
current study was C16:0 (palmitic acid), constituting approxi-
mately 50% of the total SFA 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 oli-
vaceus) supplemented with red seaweed (Eucheuma denticula-
tum) at 3%, 6% and 9% inclusion levels. The current dietary
treatments showed a minimal decrease in SFA with an increase
in Ulva inclusion, but Ragaza et al. (2015) reported a minimal
increase in SFA with an increase of E. denticulatum in the
diets. Considering that the current study used Ulva seaweed
at a higher inclusion rate than that for E. denticulatum in
Ragaza et al. (2015)'s study, the difference in the effect on
SFA maybe be due to different bioactive compounds these
two seaweeds contain. Theoretically, it was expected that
addition of seaweed, which already contains SFA to a
fishmeal base diet, would not result in a decline in the concen-
tration of SFA. However, since the concentration of Ulva FA in
this study was low, the lower SFA upon Ulva inclusion indicates

Table 5. Polyunsaturated fatty acids content (mg/g meat) of dusky kob fillets fed Ulva-based dietary treatments.

Diets'

Ulva0 Ulva50 Ulva100 Ulva150 Ulva200
PUFA
C18:2n6¢ 0.70 +0.41° 0.69 +0.58° 0.63+.13° 1.54 +0.85° 0.22 +021°
C18:2n6t 0.00° 0.00° 0.00° 0.00° 0.00°
C18:3n6 0.11+0.03° 0.10 + 0.06 0.13+0.01° 0.18 +0.05° 0.06 + 0.04°
C18:3n3 0.28 +0.07% 0.28 +0.12% 0.23 +£0.03% 042+0.17% 0.18 +0.03*
C20:2n6 0.27 +£0.02° 0.21+0.07° 0.23+0.01° 0.23 +0.09° 0.22 +£0.010°
C20:3n6 0.70 +0.23% 0.49 +0.28% 0.64 +0.32% 0.74 +0.25% 0.22+0.22%
C20:3n3 0.13 +0.08° 0.13 +0.08° 0.16 + 0.08° 0.21+0.07° 0.06 + 0.06°
C20:4n6 0.39+0.15% 0.37+£0.19% 0.36 +0.03% 0.61+0.22° 0.24 +0.09a
C20:5n3 2411117 244 +1.44° 1.67 £0.31° 4.01+227° 0.97 +0.41°
C22:2n6 0.81+0.48* 0.72+0.15% 0.36+0.18% 0.27 £0.16% 0.50 +0.35%
€22:5n3 0.00° 0.00° 0.00° 0.00° 0.00°
C22:6n3 0.00° 0.00° 0.00° 0.00° 0.00°
YPUFA 5.81+177° 5.42 +2.64° 442 +0.63° 8.202 +3.90° 2.68 +0.90°
PUFA:SFA 0.33 +0.09% 0.29 +0.09% 0.35+0.05% 0.35+0.07% 0.22 +0.07%
n-6 FA 2.98 +0.53° 2.57 +1.03° 235+031° 3.56 + 1.45° 1.47 +0.50°
In-3 FA 2.82+1.26% 2.85+1.63% 2.07 £0.42% 4.64 +2.49° 1.21+0.49°
né:n3 5.75+472% 1.66 +0.71° 1.22+0.22° 1.01+0.27° 4.00 +3.16°
Total FA 33.03+5.28% 31.27 +1.15° 25.02 +2.60° 43,72 +1.59° 19.83 +2.68°

All values are mean + S.E.M.

'Diets: Ulva0 = Control commesrcial kob feed diet with no seaweed; Ulva50 = 50 g seaweed/kg commercial kob feed; Ulva100 = 100 g seaweed/kg commercial kob feed;
Ulva150 = 150 g seaweed/kg commercial kob feed; Ulva200 = 200 g seaweed/kg. “Means in the same row with common superscripts do not differ (P >.05)

PUFA = Polyunsaturated fatty acids; SFA = Saturated fatty acids.
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that Ulva inclusion slightly diluted FA concentration of the basal
diet. The same trend of lower FA concentration in the diets with
higher Ulva inclusion was also evident for MUFA and PUFA,
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 (lower than the current
Ulva supplemented diets); 46.74% MUFA(higher than the
current Ulva supplemented diets) and 19.49% PUFA (lower
than the current Ulva supplemented diets) (Norambuena et al.
2015). The results suggest that the Ulva sp. used in the
current study is rich in FA as compared to Ulva ohnoi.

4.2. Fillet fatty acids

Our previous report on the effect of Ulva seaweed on growth
performance in dusky kob (Madibana et al. 2017) indicate that
50 g seaweed/kg diet is the upper limit for Ulva inclusion in
dusky kob diets. This could be because carnivorous species
such as dusky kob do not normally encounter plant material
in their natural diets, which explains the slower growth
observed when seaweed inclusion exceeded 50 g/kg diets.
Indeed, Red tilapia (herbivorous specie) that utilize plant in
their natural diets experienced weight gain much higher
inclusion level (150 g/kg diet) of Ulva sp. (El-Tawil 2010). Even
though natural resources such as seaweed could serve as
affordable fish feed ingredients that do not compromise fish
growth, it is imperative to investigate their impact on one of
fish most valuable nutrient, fatty acids. A negative effect on
the fatty acids concentration in fish (fillets) jeopardizes food
and nutrition security and, consequently, human health.

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 PUFAs are thought to prevent human coron-
ary artery disease (Gunasekera et al. 1999). The PUFA concen-
trations tend to vary among different fish species, but there
are significant human health benefits from increased consump-
tion of fish because of their rich composition of n-3 PUFA and
poor in n-6 PUFA series (Sargent 1997).

This study was guided by the 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 tempera-
ture, water salinity and diets that may influence fish FA concen-
tration. This study 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 con-
centrations 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, Noram-
buena et al. (2015) reported that including algal products,

verdemin (derived from Ulva ohnoi) and rosamin (derived
from diatom Entomoneisspp.), 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 denticula-
tum) in juvenile Japanese flounder (Paralichthys olivaceus). In
all these three studies fish were not reared until the 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 due to space limitation, time con-
straint and cost of feed. Future studies should, therefore, be
carried out at a grow-out facility to determine, conclusively,
whether seaweed inclusion in fish diets might boost fillet FA
concentration.

The DHA content of most fish, including Catla catla, Tenua-
losa ilisha, Cirrhinusm rigala, Oncorhycus mykiss, Puntius
sophore and some shellfish from Indian waters, varies from
0% to 28.55% of total fat, whereas the EPA content varies
between 0% and 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 of
DHA, dusky kob could still be an important source of EPA for
the Eastern coastal communities of South Africa.

5. Conclusions

In conclusion, dietary inclusion of Ulva did not affect FA content
of the South African juvenile dusky kob as feeding Ulva-contain-
ing diets resulted in fish fillet with similar FA concentration as
the fillet from fish fed the commercial diet (Ulva0). However
there was a linear decrease in the concentration of a few FA
with an increase in Ulva in the diets. For this reason, Ulva sup-
plementation must be capped at 50 g/kg to avoid any signifi-
cant reduction in fatty acid content of dusky kob fillet.
Additional studies using older fish are necessary to investigate
age-related variation in FA concentration in fish fed seaweed-
containing diets.
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