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28Five isolipidic experimental diets (32% crude protein) were formulated to contain 3% fish oil (FO) and vir-
29gin coconut oil (3VCO) as sole lipids or blends of FO + VCO in ratios of 75:25% (0.75VCO), 50:50% (1.5VCO)
30and 25:75% (2.25VCO). Triplicate groups of O. niloticus were fed one of five diets to apparent satiation,
31twice daily for 8 weeks. It was observed that fish fed diet 3VCO exhibited the best performance with
32respect to feed intake (492.1 g), final weight (214.60 g) and weight gain (154.90 g). Significant effects
33of dietary fatty acid profile were reflected in fish fed the diets in whole body, muscle and liver C12:0
34and C14:0. However, eicosapentaenoic (EPA, 20:5n-3) and docosahexaenoic (DHA, 22:6n-3) were signif-
35icantly different (P � 0.05) compared to their respective diets while liver n-3: n-6 ratio significantly
36increased and recorded low levels in whole body and muscle. Statistically, least values of mortality were
37recorded as VCO levels were elevated when fish were subjected to Streptococcus iniae infection while
38plasma metabolite indicators among treatments were not altered. The inclusion of VCO at 3% in the diet
39gave excellent performance, indicating that it could wholly replace FO and as such represents a better
40alternative lipid source for feeding O. niloticus.
41� 2017 Production and hosting by Elsevier B.V. on behalf of Mansoura University. This is an open access
42article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

43

44

45 1. Introduction

46 Dietary lipids are the only source of essential fatty acids and
47 also provide highly digestible energy while facilitating the absorp-
48 tion of fat-soluble nutrients necessary for proper functioning of
49 physiological processes and to some extent maintaining biological
50 structure [30,55].
51 Fish oil and fish meal is considered as the main protein compo-
52 nents of feed [36,57] in the aquaculture sector and as such influ-
53 ences the cost of production. It is therefore expected that, higher
54 demand in these components will raise the cost of feed production
55 and thereby affect production rate and the ability of the industry to
56 maintain its pace and stability in growth. Also, the higher demand
57 for fish oil has endangered some fish species (herring, sardine,
58 anchovy, capelina, etc) which are considered to have low economic
59 value and less for human consumption used in the production of
60 the oil as they have been overexploited [10,17,49,58,75].
61 It is based on these facts that researchers have focused on
62 reducing the cost of feed by producing practical diets that are
63 available and cheaper at all times [24,33]. As such, dietary

64alternatives to FO has become the best option because they are
65currently incorporated at higher levels as FO is becoming costlier
66and less available [66].
67Several studies have shown that sources and levels of dietary
68lipid affect the growth performance and also health of fish [31].
69Other investigations have also shown the cost effectiveness in pro-
70tein sparing effect of lipids to fish [22,60].
71Vegetable oils have been successfully incorporated in aqua-feed
72for various fish species with similar or improved growth results as
73fish oil [9,41,47,63,72]. Vegetable oils have thus been considered as
74a suitable replacement of marine fish oil [11,25], especially for fish
75species with preference for n-6 fatty acids (FAs) unlike n-3 FAs [53]
76of which there are more to explore and enhance this substitution.
77Nile tilapia (O. niloticus), a widely cultured fish species has been
78fed on a series of alternative lipids and blends with fish oil (FO) at
79various levels. These include soybean oil, sunflower oil, linseed oil
80and palm related oils, among many others [26,40–42] with a vari-
81ety of desirable characteristics ranging from environmental toler-
82ance to physiological changes [3]. Nile tilapia can accept higher
83levels of linoleic (n-6) series FAs (18:2n-6 and 20:4n-6) with nor-
84mal growth and reproduction [41,71] than other warm-water fish
85that require more linolenic (n-3) FA series (18:3n-3; 20:5n-3 and
8622:6n-3) in the diet [54].
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87 Consumers’ health in terms of immune response and disease
88 resistance has been shown to be influenced by the choice of lipid
89 FAs [10,44]. A deficiency in linolenic FA has been shown to have
90 an adverse effect on antibody production and macrophage killing
91 ability [27] while causing mortality in excessive amount [20].
92 Irrespective of widely available reports on vegetable oils (VO) as
93 lipids in growth performance and disease resistance [2,7,12], few
94 studies have evaluated virgin coconut oil as a dietary lipid for O.
95 niloticus [4,34,46,35,70].
96 Virgin coconut oil (VCO) has the ability to increase antioxidant
97 enzymes while reducing lipid peroxidation [39]. According to [15]
98 and [73], the abundant MUFAs (65%) of VCO did not participate in
99 the biosynthesis and transport of cholesterol and as such allowed

100 for mobilization of protein for body protein synthesis. It has also
101 been shown to maintain normal levels of lipid parameters in serum
102 and tissues and inhibit LDL-oxidation [14,38] while having the
103 ability to destroy pathogenic gram-negative bacteria with appro-
104 priate chelator [14–15].
105 This study was conducted to evaluate the effects of replacing
106 fish oil with varying levels of virgin coconut oil on the growth
107 performance, fatty acid composition and immune response to a
108 Streptococcus iniae challenge in Nile tilapia (Oreochromis niloticus).

109 2. Materials and methods

110 2.1. Experimental diet preparation

111 Five isolipidic experimental diets were formulated to contain
112 different lipid sources which included fish oil (FO) (Nonghao Feed
113 Company, Shanghai, China), and Virgin Coconut oil (The Philip-
114 pines) as the sole lipid source, blends of FO + VCO (50:50%), or in
115 partial replacement of FO at increasing levels of VCO at 25 and
116 75% as represented by FO, 3VCO, 0.75VCO, 1.5VCO, and 2.25VCO
117 respectively.
118 Dietary ingredients were finely ground and sieved (40 mm
119 mesh) before the addition of oil and approximately 200 ml of
120 deionized water/kg diet. Extruded pellets were produced by an
121 extrusion mill (SLP-45, Chinese Fishery Machinery and Instrument
122 Research Institute of the Chinese Academy of Fishery Sciences,
123 Shanghai, China) and air-dried at room temperature to a moisture
124 content of 13%. Pellets were then sieved to obtain appropriate sizes
125 and were stored frozen in air-tight plastic bags at �20 �C for sub-
126 sequent use. Triplicate diet samples were analyzed to confirm
127 the proximate composition according to standard methods for
128 the determination of dry matter, protein and ash content of animal
129 feeds [6]. Lipid content was determined following the method of
130 [19] and the diets were analyzed for fatty acid composition.

131 2.2. Fish and facilities

132 O. niloticus used in this experiment were obtained from Hainan
133 Xinji Aquatic Science & Technology Co. Ltd, China, transported to
134 concrete tank facilities at the Shanghai Ocean University Aquacul-
135 ture Farm (Binhai, Shanghai, China), and acclimated for two weeks.
136 Fish were fed commercial fish pellets (Tongwei Company Limited,
137 Chengdu, China) during acclimation. 750 fish ranging between 53
138 and 56.5 g (55.35 ± 3.22 g; mean ± SD) were randomly stocked in
139 15 cages (2.0 � 1.0 � 1.0 m, L �W � D) in indoor concrete tanks
140 at a density of 50 fish per cage. The tanks were supplied with a con-
141 stant flow of well water and continuously aerated with air stones.
142 Water samples were taken at 20 cm below the water surface. The
143 water temperature monitored during the feeding trial ranged from
144 29.11 �C to 29.90 �C, pH from 7.37 to 7.55, dissolved oxygen from
145 7.07 to 7.70, nitrogen from 0.02 to 0.04 and ammonia ranging from
146 0.13 to 0.30 mg/l. Triplicate groups of fish per treatment were fed

147one of five experimental diets twice daily (008:30-009:00 and
14816:00-16:30) to visual satiety with feed intake recorded by the dif-
149ference in weight prior to and after feeding. Fish in each group
150were batch-weighed and counted to monitor growth, feed utiliza-
151tion survival once every two weeks whiles tanks were cleaned. Diet
152was withheld 24 h prior to sampling days and offered once after
153sampling.

1542.3. Harvest, sample collection and growth performance

155Fish were starved for 24 h prior to harvest after completion of
156the trial period. All surviving fish within each tank were counted
157and batch-weighed. Fifteen fish at the initial stage of the experi-
158ment and 75 at the end of the trial were randomly sampled, euth-
159anized with an overdose of tricaine methane sulfonate (MS-222 at
160200 mg/L in culture water), weighed individually, pooled and
161stored at �20 �C for subsequent determination of proximate com-
162position and analyses. Each sample was analyzed in triplicate for
163whole body proximate composition following standard methods
164[5]. A muscle sample (5 � 2 � 3 cm without skin) was taken from
165the left back, 3 cm below the dorsal fin, from three fish per tank
166[21]. Livers were dissected to calculate hepatosomatic index. The
167following parameters were calculated as such:

1681. Total weight gain (WG)
169WG = FW (g) � IW (g).
170FW and IW for final weight and initial weight, respectively.
1712. Specific growth rate (SGR) (%)
172SGR (%) = (ln FW (g) � ln IW) (g)/T � 100.
173T for total number of culture days.
1743. Feed intake (FI) for the total feed consumed (g) during the
175entire trial.
1764. Feed conversion ratio (FCR)
177FCR = FI (g)/WG (g).
1785. Protein efficiency ratio (PER)
179PER = WG (g)/PI (g).
180WG and PI for body weight gain and protein intake,
181respectively.
1826. The hepatosomatic index (HSI)
183HSI = [LW/BW] � 100
184LW and BW stand for liver weight (g) and total body weight (g),
185respectively.
1867. Survival rate (SR)%
187SR = [TF/TFT] � 100
188TF and TFT for total number of fish stocked and total number of
189fish at termination point, respectively.
1908. Condition factor (K)
191K = Total BW (g)/TL (cm) 3 � 100.
192TL for total length.

1932.4. Assays of water, ash and protein content

194The whole body, dorsal muscle and liver from all groups were
195analyzed in triplicate for moisture and protein content according
196to standard methods [6]: moisture was determined by oven drying
197at 105 �C to constant weight; ash content was determined by incin-
198erating dry matter samples in a muffle furnace at 550 �C for 12 h,
199crude protein was determined by the Kjeldahl method and by mul-
200tiplying the nitrogen content by 6.25. Ash and water content were
201expressed as percentage content, and protein was expressed as%
202dry weight, (DW).

2032.5. Analyses of lipid content and fatty acid composition

204Dried tissues were ground individually to a powder before each
205assay was performed. The total lipid (TL) of each sample was
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