— Songklanakarin J. Sci. Technol. :?.‘
PRINCE oF
SONGKLA 44 (1), 79-90, Jan. - Feb. 2022 SIS '

http://www.sjst.psu.ac.th

Original Article

Effects of fish oil replacement by a combination of soybean and palm oil
In Asian seabass (Lates calcarifer) diet on growth, fatty acid profile,
digestive enzyme activity, immune parameters and salinity challenge*

Md. Arefin Rahman?®, Chutima Tantikitti® 2, Naraid Suanyuk® 2, lan Forster®,
Bullika Hlongahlee!, and Watcharit Tunpairoj*

! Kidchakan Supamattaya Aquatic Animal Health Research Center, Aquatic Science and Innovative Management Division,
Faculty of Natural Resources, Prince of Songkla University, Hat Yai, Songkhla, 90110 Thailand

2 Discipline of Excellence for Sustainable Aquaculture, Prince of Songkla University, Hat Yai, Songkhla, 90110 Thailand

3 Centre for Aquaculture and Environmental Research, Fisheries and Oceans Canada,
West Vancouver, British Columbia, Canada

Received: 24 March 2021; Revised: 8 August 2021; Accepted: 13 August 2021

Abstract

The experiment was in completely randomized design. Seven iso-nitrogenous and iso-lipidic diets were formulated
having soybean and palm oil, an equal combination, to replace fish oil (FO) in diets at 0%, 25%, 37.5%, 50%, 62.5%, 75%, and
100%, respectively. Each diet was fed twice daily to Asian seabass juvenile (3.00+0.26g) in quintuplicate for eight weeks and
performances were investigated. Finally, the fish were challenged with 30 ppt salinity to observe osmoregulatory responses. Zero
mortality was observed in all feeding groups. Fish growth responses, diet consumption and feed conversion ratio were
significantly affected (p<0.05). Crude lipid and viscerosomatic index of final fish were influenced (p<0.05). Fatty acid profiles of
the whole-body reflected the dietary intake. Arachidonic acid (20:4n-6), eicosapentaenoic acid (20:5n-3), docosahexaenoic acid
(22:6n-3) and n-3/n-6 ratio were better in fish fed 37.5% FO replaced diet. Specific digestive enzyme activities in stomach,
pyloric caeca and intestine were unaffected (p>0.05). White blood cells, respiratory burst activity and serum protein were
influenced by the diets (p<0.05). For salinity challenge, similar osmoregulatory responses were observed among the dietary
groups. In short, the combination of soybean and palm oil substituted 75% FO in Asian seabass juvenile diet without affecting
growth performance and health status.
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1. Introduction vitamins, essential fatty acids, precursors for certain

hormones, vitamins and protein sparing (Turchini, Torstensen,

Lipids play important roles in many physiological
functions in aquatic animals including cells constituents,
source of energy, absorption and transportation of fat-soluble

*Peer-reviewed paper selected from The 1% International
Conference on Sustainable Agriculture and Aquaculture
(ICSAA-2021)
*Corresponding author

Email address: md.arefin75@gmail.com

& Ng, 2009). Fish are unable to synthesize long chain n-3 and
highly unsaturated fatty acids, it is obligatory to supply them
in formulated diet to attain normal growth performance as
well as physiological functions. Currently, fish oil (FO) is
used as main lipid source in aquatic animal diets to supply
highly unsaturated fatty acid (HUFA), eicosapentaenoic acid
(EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3)
which are essential and showed beneficial effects on many
cultured fish (Tocher, 2010). In 2016, approximately 75% of



80 Md. A. Rahman et al. / Songklanakarin J. Sci. Technol. 44 (1), 79-90, 2022

total FO production was used in aquafeed industry (Bachis,
2017). While the demand for aquafeed, animal feed and
human consumption is expanding, FO production is
inadequate due to static fish source, leading to increase prices.
Therefore, suitable alternative lipid sources to replace FO is a
prime need for sustainable development of aquaculture
industry. Over the past years, plant origin sources have
appeared as sustainable alternative to FO, as they are rich in
C18-polyunsaturated fatty acids (C18-PUFA) such as linoleic
acid (LA, 18:2n-6) and a-linolenic acid (ALA, 18:3n-3) but
lack of HUFA (Turchini et al., 2009). However, marine fish
species have limited capacity to synthesize HUFA from C18-
PUFA but they are considered as essential fatty acid (Tocher,
2010). Thus, emphasis should be provided on feed
formulation while replacing FO with vegetable oils (VO).
Complete replacement of FO in large yellow croaker (Mu et
al., 2020) negatively affected on growth performances but
partial replacement is allowed. On the contrary, a blend of
palm (PO) and linseed oil (LO) in greater amberjack (Monge-
Ortiz et al., 2018) could replace without reducing growth and
nutrient utilization at 100%. All fish species have not equally
responded to different alternative lipid sources. However,
manipulation of dietary fatty acid due to replacement of FO
with VOs can be affected on digestive enzyme activity
(Bowyer, Qin, Smullen, & Stone, 2012) and immune cells by
changing fatty acid compositions of diets (Montero et al.,
2015). Therefore, general health status should be considered
when VOs using as an alternative lipid source.

Asian seabass (Lates calcarifer) is one of the most
important food species in southeastern Asia and Australia.
The production of this species has been increased over the
past decades due to rapid expansion of global market of this
species in different countries (Lim, Yusoff, Shariff,
Kamarudin, & Nagao, 2019). Being a carnivorous euryhaline
species, farming of Asian seabass predominantly depends on
energy rich formulated diets which is expensive due to high
price of ingredients such as fish meal and fish oil. Thus, this
study aimed to investigate the effects of replacing FO by
combination of soybean oil (SO) and PO on growth

Table 1.

performance, fatty acid profile, nutrient utilization, health
status and osmoregulatory responses in salinity challenge of
Asian seabass.

2. Materials and Methods

2.1 Experimental design and diet preparation

The experiment was conducted on completely
randomized design having 7 iso-nitrogenous and iso-lipidic
formulated diets with five replications. An equal combination
of food grade soybean oil (SO) (Thai Vegetable Oil Public
Company Limited) and palm oil (PO) (P.K. Trading,
Thailand, Company Limited) were sourced for fish oil (FO)
replacement levels at 0%, 25%, 37.5%, 50%, 62.5%, 75%,
and 100%. Diets were kept at -20 °C until fed. Diet
composition and fatty acid profile of the diets are presented in
Tables 1 and 2, respectively.

2.2 Fish and feeding trial

The study was performed at Kidchakan
Supamattaya Aquatic Animal Health Research Center,
Aquatic Science and Innovative Management Division,
Faculty of Natural Resources, Prince of Songkla University,
Hat Yai, Songkhla, Thailand. Asian seabass fingerlings were
nursed after obtaining from Coastal Aquaculture Technology
and Innovation Research and Development Center, Songkhla,
Thailand, in 1,000 L circular tank with nursery diet. The fish
were gradually adapted to freshwater environment from 20 to
0 ppt (5 ppt/day). Feeding trial was carried out using fish fries
having an average initial weight of 3.00£0.26 g (12
fish/aquarium), in 35 aquaria (100L, 60cmx40cmx50cm). An
air blower was used to supply aeration. Eighty percent water
was changed daily and water quality parameters were
observed accordingly. Fish were fed twice daily at 8:30 and
17:00 to apparent satiation for eight weeks and daily feed
consumption was recorded.

Ingredients and proximate composition (% as-fed basis) of the experimental diets

Diets (% of fish oil replacement)

Ingredients (% of diet)

T1 T3 T4 T5 T6 T7
(Control) (25%) (37.5%) (50%) (62.5%) (75%) (100%)

Poultry by product meal (63.18% protein) 40.00 40.00 40.00 40.00 40.00 40.00 40.00
Soybean meall (49.09% protein) 13.00 13.00 13.00 13.00 13.00 13.00 13.00
Soy protein concentrate (57.82% protein) 18.00 18.00 18.00 18.00 18.00 18.00 18.00
Wheat flour 6.00 6.00 6.00 6.00 6.00 6.00
Ground rice husk 7.49 7.49 7.49 7.49 7.49 7.49
Fish oil 7.30 4.60 3.60 2.70 1.80 -
Soybean oil - 1.35 1.85 2.30 2.75 3.65
Palm oil - 1.35 1.85 2.30 2.75 3.65
Vitamin and mineral premix* 1.00 1.00 1.00 1.00 1.00 1.00
Carboxymethy! cellulose (CMC) 2.00 2.00 2.00 2.00 2.00 2.00
DL-Methionine 0.21 0.21 0.21 0.21 0.21 0.21
Tuna viscera powder? 5.00 5.00 5.00 5.00 5.00 5.00
Proximate composition® (%)

Moisture 5.30 4.70 4.77 5.10 4.66 5.46
Ash 10.95 11.11 11.17 11.14 11.13 11.51 11.11
Crude protein 44.19 44.22 45.18 44.95 45.05 45.69 45.04
Crude lipid 11.31 11.39 11.27 11.53 11.36 11.24 11.39

!Obtained from Thai Union Group, Thailand. 2Tuna viscera powder was made freshly at the laboratory. *By analysis (AOAC, 1995)
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Table 2.  Fatty acid profile (% of total fatty acids) of experimental fish oil replacement diets for Asian seabass
Diets (% of fish oil replacement)
Fatty acids
(% of total fatty acids) T1 T2 T3 T4 T5 T6 T7
(Control) (25%) (37.5%) (50%) (62.5%) (75%) (100%)
Butyric acid (4:0) 0.15 0.12 0.11 0.14 0.12 0.12 0.10
Lauric acid (12:0) 0.26 0.27 0.29 0.31 0.31 0.31 0.31
Myristic acid (14:0) 247 1.97 1.74 1.50 1.27 1.04 0.61
Pentadecylic acid (15:0) 0.33 0.26 0.22 0.20 0.15 0.12 -
Palmitic acid (16:0) 20.78 21.87 22.40 23.05 23.61 24.03 24.80
Margaric acid (17:0) 0.24 0.20 0.19 0.17 0.19 0.16 0.12
Stearic acid (18:0) 4.65 475 479 4.85 498 5.00 5.17
Nonadecylic acid (19:0) 1.82 1.97 2.25 1.99 2.16 2.17 2.08
Arachidic acid (20:0) 0.17 0.20 0.19 0.20 0.21 0.22 0.25
Behenic acid (22:0) 0.16 0.19 0.16 0.20 0.21 0.22 0.21
Total SFA 31.04 31.79 32.35 32.61 33.22 33.40 33.65
Myristoleic acid (14:1n-5) 0.20 0.18 - 0.18 - - -
Palmitoleic acid (16:1n-7) 4.86 3.97 3.62 3.16 2.83 241 1.65
Vaccenic acid (18:1n-7) 3.13 2.88 272 254 237 228 1.97
Oleic acid (18-1n-9) 28.90 29.65 30.05 30.39 30.57 31.09 3161
Gondoic acid (20:1n-9) 5.81 3.78 3.00 2.30 1.76 1.16 0.20
Erucic acid (22:1n-9) 0.73 0.54 0.45 0.35 0.27 0.20 -
Nervonic acid (24:1n-9) 0.73 0.56 0.48 0.38 0.32 0.23 -
Total MUFA 44.36 41.57 40.31 39.29 38.12 37.37 35.43
Linoleic acid (18:2n-6) 12.40 16.51 18.60 20.80 22.42 24.27 27.91
(Eicosadienoic acid (20:2n-6) 0.32 0.24 0.26 021 0.19 0.18 -
Dihomo-gamma-linolenic acid (20:3n-6) 0.11 - - - - - -
Arachidonic acid (20:4n-6) 0.76 0.66 0.60 0.54 0.52 0.48 0.42
Adrenic acid (22:4n-6) 0.16 0.14 - - - - -
Osbond acid (22:5n-6) 0.78 0.29 - - - - -
Total n-6 PUFA 14.54 17.84 19.46 21.55 23.12 24.93 28.33
Alpha-linolenic acid (18:3n-3) - 1.75 1.92 2.02 215 227 237
Stearidonic acid (18:4n-3) 0.35 0.25 0.22 0.18 - - -
Eicosapentaenoic acid (20:5n-3) 2.38 1.70 1.42 1.10 0.84 0.55 -
Clupanodonic acid (22:5n-3) 0.55 0.60 0.50 0.38 0.30 0.19 -
Docosahexaenoic acid (22:6n-3) 5.44 3.79 3.23 241 1.86 1.29 0.22
Total n-3 PUFA 8.72 8.09 7.29 6.09 5.14 4.30 2.59
n-3/n-6 0.61 0.45 0.37 0.28 0.22 0.17 0.09

1SFA: (4:0), (12:0), (14::0), (15:0), (16:0), (17:0), (18:0), (19:0), (20:0) and (22:0). 2MUFA: (14:1n-5), (16:1n-7), (18:1n-7), (18-1n-9), (20:1n-9),
(22:1n-9) and (24:1n-9). *n-6 PUFA: (18:2n-6), (20:2n-6), (20:3n-6), (20:4n-6), (22:4n-6) and (22:5n-6). “n-3 PUFA: (18:3n-3), (18:4n-3),

(20:5n-3), (22:5n-3) and (22:6n-3)

2.3 Growth performance and feed utilization
measurement

At the end of the feeding trial, fish were starved for
two meals and individually weighed on the next day. Survival
rate (SR, %), weight gain (WG, g/fish), % weight gain (%,
WG), diet consumption (g/fish), feed conversion ratio (FCR)
and specific growth rate (SGR, %/day) were assessed. Two
fish from three replications of each treatment were used to
determine viscerosomatic index (VSI), hepatosomatic index
(HSI) and intraperitoneal fat (IPF). Protein efficiency ratio
(PER), protein retention efficiency (PRE, %), lipid efficiency
ratio (LER) and lipid retention efficiency (LRE, %) were
assessed following Martino, Cyrino, Portz, & Trugo (2005).

2.4 Proximate composition and fatty acid profile
analysis

Proximate composition of the fish from three
replications were determined using standard methods of
AOAC (1995). For fatty acid profile, two fish per replication
were collected, freeze-dried (LABCONCO, FreeZone 6),

ground (Philips HR2115), pooled and vacuum packed
according to treatments. Fatty acid profile of the diets and
freeze-dried samples were analyzed at the laboratory of
Fisheries and Oceans Canada, West Vancouver Laboratories,
British Columbia, Canada as described by Arney, Liu, Forster,
McKinley, & Pearce (2015).

2.5 Digestive enzyme activity determination

Stomach, intestine and pyloric caeca were collected
from three replications (6 fish/treatment) and preserved in
liquid nitrogen for analysis of specific trypsin, lipase and a-
amylase activity as described by Srichanun, Tantikitti,
Utarabhand, & Kortner (2013). Crude enzyme was extracted
from the sample by homogenizing in 2.5 volumes (v/w) of
ice-cold distilled water and centrifuged at 4 °C, 12,000g for 30
min. Each enzymatic activity was measured under optimum
pH at room temperature. The enzymatic activities were
expressed as specific enzyme activity (U/mg protein/min). A
modified Lowry method (Lowry, Rosebrough, Farr, &
Randall, 1951) was applied to determine protein content using
bovine serum albumin as standard.
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The trypsin (EC 3.4.21.4) activity was assessed
using N-benzoyl-DL-arginine-p-nitroanilide (BAPNA, Sigma
B4875) as a substrate, as described by Erlanger, Kokowsky, &
Cohen (1961). Briefly, BAPNA was dissolved in 43.5 mg: 1
mL dimethyl sulfoxide (DMSO) and diluted to 100 mL with
0.05 M Tris—HCI buffer containing 0.02 M CaCl:H20. The
assays were carried out at 8.5 pH. The absorbance was
determined at 410 nm optical density in 96 well plate every 20
sec for 5 min. The unit of specific trypsin activity (U) was
expressed as pmol of p-nitroaniline released per mg protein
per min.

The activity of lipase (EC 3.1.1.3) was measured
using para-nitrophenylpalmitate (p-NPP, Sigma N2752) as a
substrate, as described by Winkler & Stuckman (1979). The
substrate solution was prepared by swirling two solutions until
completely dissolved, solution A (30 mg p-NPP in 10 mL of
isopropanol) and solution B (0.1 g gum arabic and 1 mL
Triton-X100 in 90 mL 50 mMTris—HCI buffer pH 8.5). The
absorbance was read at 410 nm optical density every 20s for 5
min. The unit of specific lipase activity (U) was expressed as
pmol of p-nitrophenol liberated per mg protein per min.

The activity of alpha-amylase activity was assessed
using 1% starch solution in 50mM Tris-HCI buffer with
10mM NaCl (pH 8.0). Substrate solution (0.25 mL) and buffer
(0.25 mL) were incubated with 0.05 mL crude enzyme for 10
min at room temperature. The produced reducing sugars were
determined by dinitrosalicylic acid method (Somogyi, 1945).
Finally, 0.5 mL 1% dinitrosalicylic acid (DNS) was added to
the samples and incubated in boiling water bath for 5 min. The
absorbance was recorded at 540 nm optical density. The
maltose standard curve was used to determine the amount of
maltose in this assay. One unit of specific alpha-amylase
activity (U) was reported as pmol of maltose produced per
min.

2.6 Determination of haemato-immunological
parameters

Two fish from three replications (6 fish/treatment)
were used to assess innate immune parameters. Blood was
collected and processed to determine total blood cell (red;
RBC and white blood cell; WBC), hemoglobin (Hb),
hematocrit (Ht), respiratory burst activity, total serum protein
and lysozyme activity. The counts of RBC and WBC were
determined using the method of Supamattaya (1995). Briefly,
0.5 pL of blood was taken in diluting pipette and mixed upto 1
mL Yokoyama solution. Finally, haematocytometer were used
to count RBC and WBC under microscope.

Hb level was measured colorimetrically by detecting
the production of cyanamethaemoglobin (Blaxhall & Daisley,
1973). Briefly, 20 pL of blood sample was mixed with 5 mL
Drabkin’s solution and incubated at room temperature for 20
min. Then, the absorbance was read using microplate
spectrophotometer (Multiskan GO Microplate  Spectro
photometer, Thermo Scientific) at 540 nm optical density. Ht
was determined using the method of Larsen & Snieszko
(1961). Blood was drawn to capillary tube and centrifuged at
10000g for 5 min. The percentage of hematocrit was
calculated using the formula below.

Hematocrit (Ht, %) = (Packed cell volume / Total
blood volume) x 100

Total plasma protein was assessed colorimetrically

by the method of Lowry et al. (1951). Serum (5 uL) and
double distilled water (995 pL) were mixed. Then 2 mL
alkaline copper solution was applied and incubated at room
temperature for 10 min. After that, 3 mL of Folin regent was
employed and incubated at room temperature for another 10
min. Finally, the absorbance was read at 640 nm optical
density in 96 well plate reader.

Serum lysozyme activity was determined by
turbidimetric assay using microplate reader (Demers & Bayne,
1997). In brief, 25 pL of serum was mixed with 175 L
Micrococcus lysodeikticus solution and then the absorbance
was read at 450 nm optical density. Hen egg lysozyme powder
(Sigma) was employed as an external standard. Using
the standard curve, the absorbance reduction rate of the
samples was converted to lysozyme concentration (ug/ml).
The reduction of nitroblue tetrazolium to formozan as a
measure of superoxide anion (Oz) generation was used to
evaluate the respiratory burst activity of leucocytes. The
absorbance was measured at 640 nm with microplate reader
where DMSO/KOH was used for blank (Stasiak & Baumann,
1996). For phagocytic activities, three fish per treatment were
used and head kidney leucocytes were collected and prepared
as described by Suwannasang, Dangwetngam, Issaro,
Phromkunthong, and Suanyuk (2014).

2.7 Salinity challenge and blood sampling

After 8 weeks, two replications per feeding groups
(12 fish/aquarium) were reared for another 1 week. Then, fish
were fasted for 24 hours and a seven-days salinity exposure
trial was conducted at 0 ppt and 30 ppt. Fish from each
replication were randomly withdrawn and assigned into two
aquaria (6 fish/aquarium) previously set with salinity 0 ppt
and 30 ppt. Fish were sampled at 0 and 3 hours post salinity
exposure. To maintain similar sampling time, fish of each
aquarium was exposed at 10 minutes intervals. Two fish from
each aquarium (4 fish/treatment) were anesthetized and blood
was withdrawn for immediate preparation of RBC count and
Ht determination. The remaining blood samples were used for
serum collection. Serum electrolytes (Na*, CI- and K%),
glucose and osmolality were determined at Hematology
Laboratory, Songklanagarind Hospital, Hat Yai, Thailand.
Mortality rate was observed with rest of the fish till seven
days of post salinity exposure.

2.8 Statistical analysis

After checking normality and homogeneity of
variance, one-way ANOVA was applied to analyze all the
data by using the SPSS 22 for Windows. The difference
between the treatment means was determined by Tukey’s
HSD test at 95% confidence level (p<0.05). A three-way
ANOVA was performed for the parameters of salinity
challenge.

3. Results
3.1 Acceptance of diets
The results showed an influence on diet

consumption when replacing FO (p<0.05) with varying levels
of SO and PO combination (Table 3). The highest
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consumption was found in fish fed 100% FO replacement diet
but was not significantly different from those of the control
and treatment groups except the group fed with 25% and 50%
FO replacement diets.

3.2 Survival and growth performance

The survival rate of fish in all treatments was 100%.
In T4 (50% FO replacement), the fish of one replication died
due to oxygen supply failure at week 5. Growth performance
of Asian seabass fed with the FO replaced diets for eight
weeks is shown in (Table 3). In comparison with the control
group, dietary FO replacement by an equal combination of SO
and PO significantly increased (p<0.05) WG, %WG, and SGR
except for those fed 25% and 50% FO replacement diets. The
fish fed 37.5% FO replacement diet showed the highest
growth performance. Consistently, the fish fed 37.5% FO
replacement diet had significantly the lowest FCR which was

83

and lower than the control group (p<0.05). VSI significantly
increased in fish fed with 100% FO replaced diet (p<0.05)
whereas HSI and IPF were unaffected (p>0.05).

3.3 Proximate composition of fish carcass and
nutrient efficiency

Dietary fish oil replacement with combination of SO
and PO had no significant effect (p>0.05) on moisture, ash
and crude protein in the final fish carcass (Table 4). On the
contrary, fish fed with 100% FO replacement diet presented
higher carcass lipid than those fed the control, 25%, 37.5%
and 50% FO replacement diets, while fish fed 62.5% and 75%
FO replacement diets did not change lipid content compared
to the other feeding groups. For nutrient utilization, no
significant difference was found in PER, LER, PRE and LRE
when FO was replaced at different levels by SO and PO equal
combination.

statistically like those of 62.5% and 75% replacement group
Table 3. Final weight, weight gain, % weight gain, survival rate, consumed diet, food conversion ratio (FCR), specific growth rate (SGR),
viscerosomatic index (VSI), hepatosomatic index (HSI) and intraperitoneal fat (IPF) of Asian seabass after 8 weeks feeding with fish
oil replacement diets

Diets (% of fish oil replacement)

p-
Growth parameters value

T1 (Control) T2 (25%) T3 (37.5%) T4 (50%) T5 (62.5%) T6 (75%) T7 (100%)

Initial weight (g/fish) 3.0£0.27 3.0£0.26 3.0£0.25 3.0£0.27 3.0£0.25 3.0£0.28 3.0£0.28

Weight gain (g/fish) 25.78+1.78° 25.10+1.60° 29.81:+0.65 25.14+1.99° 26.49+1.66® 27.24+2.36® 27.00£0.32%  0.004
% Weight gain 850.80+58.28°  836.05+53.20° 992.54+22.77°  838.04%68.47°  883.68+55.98%°  908.30£78.06®  899.79+10.77®  0.005
Survival rate (%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Consumed feed (g/fish)  32.07+1.24%¢ 31.45£1.37°  33.75:0.56°  31.83:0.81%  32.76x1.54%¢  33.12+0.67%¢ 34.04£0.37°  0.005
FCR 1.2540.05 1.25£0.04° 1.13+0.03 1.27+0.08 1.24+0.05% 1.22+0.08% 1.260.02°  0.016
SGR (%/Day) 4.030.11° 3.99+0.11° 4.27+0.04° 4.00+0.13° 4.08+0.10% 4.12+0.14% 411:0.02®  0.008
VSI (%) 5.97+0.63 6.76+0.50% 6.70+0.88% 6.430.20% 6.25+1.09% 6.79+1.34% 7.94£0.84°  0.022
HSI (%) 1.63£0.18 1.91+0.37 1.63£0.20 1.4740.19 1.5540.42 1.65£0.15 1.840.46 0.197
IPF (%) 1.98+0.49 2.35+0.35 2.84+0.86 2.54+0.93 2.75+1.36 3.41+1.47 3.7120.43 0.061

Values are mean * SD of five replicates except for T4 where n=4 and VSI, HSI and IPF where n=6. Means of main effects in the same row with
different superscripts (a, b and c) are significantly different (p <0.05). Weight gain (g/fish) = final weight (g) — initial weight (g). Survival rate
(%) = 100x (final fish number /initial number). Food conversion ratio (FCR) = feed intake (g)/weight gain (g/fish). Specific growth rate (SGR,
% /day) = (INW2- InW1/ T2-T1) x100; W1 = Initial weight, W2 = Final weight, T2-T1 = Cultured period (days). Viscerosomatic index (VSI, %)
=100 x (viscera weight /body weight). Hepatosomatic index (HSI, %) = 100 x (liver weight /final body weight). Intraperitoneal fat ratio (IPF,
%) =100 x (intraperitoneal fat weight/final body weight)

Table 4. Proximate composition, protein efficiency ratio (PER), lipid efficiency ratio (LER), protein retention efficiency (PRE) and lipid
retention efficiency (LRE) of Asian seabass after 8 weeks feeding with fish oil replacement diets
Diets (% of fish oil replacement)
. p-
Initial fish T1 T2 T3 T4 T5 T6 T7 value
(Control) (25%) (37.5%) (50%) (62.5%) (75%) (100%)
Moisture (%) 76.54 71.64+0.84 71.58+0.93 71.27+0.23 71.39+0.70 70.49+1.26  71.04+0.34  70.02+0.44 0.153
Ash (%) 3.54 4.58+0.15 4.50+0.15 4.55+0.16 4.58+0.24 4.63+0.29 4.21+0.15 443+0.31 0.112
Protein (%) 15.51 17.9340.33 17.71+0.64 17.83+0.25 17.92+0.59 17.68+0.85 17.50+0.30 17.40+0.29 0.477
Lipid (%) 3.64 5.83+0.43* 574+0.08° 557+0.23% 561+0.15* 6.21+0.99®  6.53+0.20®  6.94+0.44° 0.001
PER - 1.79+0.06 1.84+0.05 1.94+0.03 1.70£0.17 1.82+0.04 1.77£0.15 1.75£0.04  0.146
LER - 7.01+0.24 7.14+0.18 7.76+0.12 6.61+0.67 7.2240.15 7.1940.61 6.93+0.17  0.063
PRE (%) - 32.63+0.92 32.96+£1.01 34.97+0.79 30.89+3.03 32.57+1.37 31.36+3.07 30.85+0.87 0.156
LRE (%) - 42.65+1.25 42.69+1.88 44.45+1.76 38.91+2.08 46.94+10.20 49.33+4.70 50.64+4.04 0.093

Values are mean + SD. n=3. Mean of main effects in the same row with different superscripts (a, b, c) are significantly different (p <0 .05).
Protein efficiency ratio (PER) = weight gain /total protein intake. Lipid efficiency ratio (LER) = weight gain /total lipid intake. Protein retention
efficiency (PRE, %) = 100 x [{(final body weight xfinal body protein) — (initial body weight x initial body protein)}/total protein intake]. Lipid
retention efficiency (LRE, %) = 100 x [{(final body weight xfinal body lipid) — (initial body weight x initial body lipid)}/total lipid intake]
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3.4 Fatty acid profile of diets and fish carcass

The fatty acid profile of the diets reflected FO
replacement with SO and PO at different levels (Table 2). The
control diet had higher levels of n-3 and n-6 PUFA such as
EPA, 20:5n-3, DHA, 22:6n-3 and ARA, 20:4n-6 as well as n-
3/n-6 ratio. The contents of n-3 and as well as n-3/n-6 ratio
gradually decreased with increasing replacement levels
whereas, n-6 PUFA gradually increased.

The fatty acid composition of the whole-body
carcass was influenced by the dietary intake (Table 5).
Generally saturated fatty acids were comparatively higher in
fish carcass than the supplied diets. Total monounsaturated
fatty acids decreased in fish fed diets with increased levels of
fish oil replacement except in fish fed with 62.5% FO
replacement diet. Oleic acid (OA, 18-1n-9) was the richest
fatty acid in the fish carcass across the treatments. As
expected, LA and ALA contents were the highest in those fish
fed with 100% vegetable oil which decreased with increasing
levels of FO in the diets. The fish fed 37.5% FO replacement

showed comparatively higher ARA, EPA and DHA than other
treatment groups.

3.5 Digestive enzyme activities

Compared to the control group, dietary fish oil
replacement by an equal combination of SO and PO had no
significant effect (p>0.05) on specific trypsin, lipase and
amylase activity in stomach, pyloric caeca and intestine
(Table 6).

3.6 Haemato-immunological parameters

RBC, Ht, Hb and serum lysozyme activity were not
affected by FO replacement with SO and PO as compared
with the control group (p>0.05) whereas, WBC, total serum
protein and serum respiratory burst activity showed a
significant difference (p<0.05) among the feeding groups
(Table 7). A decreasing trend of WBC was observed in the
fish fed with FO replaced diets at different levels as compared

Table 5. Fatty acid profile of Asian seabass carcass after 8 weeks of feeding with fish oil replacement diets
Diets (% of fish oil replacement)
Fatty acids Initial
(% of total fatty acids) fish T1 T2 T3 T4 T5 T6 T7
(Control) (25%) (37.5%) (50%) (62.5%) (75%) (100%)

Caproic acid (6:0) 0.25 0.16 0.10 - - 0.22 0.15 0.07
Lauric acid (12:0) - 0.14 0.14 0.13 0.14 0.16 0.15 0.15
Tridecylic acid (13:0) 0.13 - - - - - - -

Muyristic acid (14:0) 5.58 3.53 274 221 2.09 2.06 1.58 1.13
Pentadecylic acid (15:0) 1.77 0.50 0.38 0.29 0.27 0.26 0.21 0.13
Palmitic acid (16:0) 32.80 26.99 26.28 24.07 24.48 26.61 24.90 23.69
Margaric acid (17:0) 1.52 0.34 0.28 0.22 021 0.23 0.20 0.15
Stearic acid (18:0) 12.40 6.23 6.02 5.60 5.81 6.43 6.16 5.65
Nonadecylic acid (19:0) 3.76 1.18 1.32 1.43 158 0.99 1.25 1.32
Arachidic acid (20:0) 0.49 0.17 0.18 0.17 0.17 0.21 0.21 0.19
Behenic acid (22:0) 0.35 - 0.09 0.09 - 0.10 0.10 0.11
SFA! 59.05 39.23 37.53 34.23 34.74 37.27 34.91 32.59
Myristoleic acid (14:1n-5) - 0.13 0.10 0.09 0.09 0.10 0.08 -

Palmitoleic acid (16:1n-7) 7.61 6.85 5.57 4.66 4.40 4.18 3.38 2.54
Vaccenic acid (18:1n-7) 4.54 3.92 3.44 3.15 2.92 2.98 273 224
Oleic acid (18-1n-9) 17.65 34.59 34.82 34.34 34.04 38.48 36.91 35.74
Gondoic acid (20:1n-9) 0.80 4.68 3.89 2.71 2.13 2.17 1.37 0.35
Erucic acid (22:1n-9) - 0.50 0.43 0.37 0.27 0.25 0.18 -

Nervonic acid (24:1n-9) 0.60 0.24 0.30 0.21 0.14 0.47 0.37 0.18
MUFA? 31.20 50.91 48.55 45.52 43.99 48.62 45.01 41.05
Linoleic acid (18:2n-6) 1.79 5.85 10.19 13.91 15.74 11.05 16.14 21.86
Gamma-linolenic acid (18:3n-6) - 0.18 0.37 0.71 0.76 0.28 0.54 1.25
Eicosadienoic acid (20:2n-6) - 0.34 0.27 0.31 0.28 0.29 0.23 0.28
Dihomo-gamma-linolenic acid (20:3n-6) - - 0.20 0.28 0.34 0.15 0.23 0.33
Avrachidonic acid (20:4n-6) 0.74 0.34 0.36 0.47 0.35 0.17 0.24 0.27
Adrenic acid (22:4n-6) - - - 0.09 - - - -

Osbond acid (22:5n-6) 0.34 - - - - 0.16 - -

n-6 PUFA3 2.87 6.71 11.40 15.77 17.48 12.09 17.37 23.99
Alpha-linolenic acid (18:3n-3) 0.23 0.22 0.12 0.72 1.17 0.38 0.91 1.40
Stearidonic acid (18:4n-3) 0.82 0.68 0.10 0.18 0.16 0.65 0.34 0.11
Eicosapentaenoic acid (20:5n-3) 0.62 0.34 041 0.62 0.42 0.18 0.21 0.13
Clupanodonic acid (22:5n-3) 0.29 0.17 0.23 0.44 0.31 0.08 0.14 -

Docosahexaenoic acid (22:6n-3) 3.53 0.93 1.14 1.95 1.27 0.58 0.77 0.42
n-3 PUFA* 5.49 2.34 2.00 391 3.34 1.88 2.36 2.05
n-3/n-6 191 0.35 0.18 0.25 0.19 0.16 0.14 0.09

1SFA: (6:0), (12:0), (13:0), (14::0), (15:0), (16:0), (17:0), (18:0), (19:0), (20:0) and (22:0). 2MUFA: (14:1n-5), (16:1n-7), (18:1n-7), (18-1n-9),
(20:1n-9), (22:1n-9) and (24:1n-9). 3n-6 PUFA: (18:2n-6), (18:3n-6), (20:2n-6), (20:3n-6), (20:4n-6), (22:4n-6) and (22:5n-6). 4n-3 PUFA:

(18:3n-3), (18:4n-3), (20:5n-3), (22:5n-3) and (22:6n-3)
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Table 6. Digestive enzyme activity in stomach, pyloric caeca and intestine of Asian seabass after 8-week feeding with diets containing different
levels of vegetable oils replacing for fish oil.
Diets (% of fish oil replacement)
Parameters T1 T2 T3 T4 T5 T6 T7 v;ﬂue
(Control) (25%) (37.5%) (50%) (62.5%) (75%) (100%)

RBC (x10° cell/mL) 3.67+0.30 3.60+0.17 3.66+0.45 3.65+0.26 3.63+0.13 3.72+0.15 3.61+0.48 0.995
WBC (%10 cell/mL) 445+0.86° 3.87+0.51"  3.30+0.10* 3.65+0.84°%°¢ 3.16+0.89®  2.95+0.28®  2.44+0.62° 0.000
Ht (%) 34924278  32.20#351  32.73+6.73  28.78+3.03  31.20%¥2.17  30.16x3.59  28.61+2.43 0.096
Hb (g/dL) 5.16+0.70 5.31+0.16 5.06+0.40 5.51+0.49 5.66+0.77 5.94+0.66 5.83+0.27 0.093
Serum protein (mg/mL)  100.36+7.77° 106.41+5.88" 102.84+4.25° 102.75+5.90° 104.64+7.11° 100.35+7.15° 55.18+6.59% 0.000
Serum respiratory burst ~ 0.33+0.04®  0.38+0.09  0.44+0.06°  0.42+0.03*  0.34+0.08®  0.34+0.03*  0.31+0.08° 0.012
activity (OD 640)
Serum lysozyme 3.85+0.10 4.06+0.18 4.08+0.42 4.25+0.29 4.18+0.44 4.19+0.20 4.12+0.24 0594
activity (ug/mL)
Phagocytosis (%) 16.00+2.29  18.75+x1.06  17.75+0.35 16.33+3.21  16.33+252  16.00+2.29  1850+2.83 0.738
Phagocytosis index 8.16+0.79 5.82+0.46 5.77+0.11 5.12+2.16 5.92+1.26 4.57+0.55 496+1.99 0.101

Values are mean + SD. n=6. Means of main effects in the same row without superscripts are not significantly different (p > 0.05).

Table 7.

Red blood cell (RBC), white blood cell (WBC), hematocrit (Ht), hemoglobin (Hb), serum protein, respiratory burst activity, lysozyme

activity and phagocytic activity in Asian seabass after 8 weeks feeding with fish oil replacement diets

Diets (% of fish oil replacement)

Specific digestive enzyme p-
(UniUmg protein/min) 11 (control) T2 (25%) T3 (37.5%) T4 (50%)  T5(62.5%) T6(75%)  T7(100%)  Vvalue
Stomach
Specific trypsin activity 0.34+0.09 0.37+0.12 0.36+0.12 0.33+0.09 0.36+0.11 0.32+0.16 0.35+0.09 0.988
Specific lipase activity 0.51+0.07 0.55+0.12 0.46+0.10 0.49+0.08 0.47+0.10 0.43+0.21 0.52+0.17 0.893
Specific amylase activity 1.30+0.14 1.28+0.51 1.40+0.35 1.30+0.37 1.44+0.19 1.31+0.34 1.44+0.64 0.982
Pyloric caeca
Specific trypsin activity 0.97+0.14 1.10+0.28 1.12+0.33 1.04+0.19 1.00+0.14 1.27+0.40 1.23+0.16 0.365
Specific lipase activity 3.58+0.48 3.87+0.73 3.41+0.71 3.19+0.85 3.10£0.73 3.14+0.67 3.34+0.74 0.572
Specific amylase activity 1.32+0.56 1.42+0.32 1.25+0.20 1.20+0.30 1.30+0.20 1.13+0.27 1.29+0.32 0.860
Intestine
Specific trypsin activity 0.70+0.13 0.62+0.07 0.83+0.13 0.84+0.20 0.73+0.28 0.86+0.10 0.88+0.13 0.136
Specific lipase activity 1.87+0.41 1.71+0.47 2.47+0.30 1.53+0.51 1.87+0.54 1.76+0.62 1.91+0.49 0.085
Specific amylase activity =~ 1.14+0.19 1.00+0.15 1.03+0.22 1.22+0.27 0.96+0.12 1.0940.35 1.31+0.35 0.230

Values are mean + SD. n=6, except phagocytosis parameters where n=3. Means of main effects in the same row with different superscripts (a, b

and c) are significantly different (p <0.05).

with the control group. Phagocytosis and phagocytosis index
in fish were not affected by the diets (p>0.05).

3.7. Salinity challenge

Salinity challenge results are presented in Figures 1
to 2 and the three-way ANOVA analysis is shown in Table 8.
Survival rate of the fish in all feeding groups was 100% when
challenged with O ppt and 30 ppt for seven days. All treatment
groups showed higher serum sodium and chloride ion
concentrations as well as osmolality when the fish were
exposed to 30 ppt for 3 hours as compared to O ppt baseline
level. SO and PO combination for FO replacement did not
show any influence on Na*, CI, K* levels, serum osmolality,
serum glucose, RBC and Ht levels (p>0.05). The salinity
exposure time showed an effect on serum glucose
concentration and RBC (p<0.05). Additionally, serum Na*, CI-
and osmolality were significantly affected by both salinity
levels and exposure time as interaction of the factors was
detected (p<0.05). Neither dietsxexposure time nor
dietsxsalinity levels interactions showed any statistical

significance on serum electrolytes, RBC and Ht (p>0.05).
Dietsxexposure time interaction showed an effect on serum
osmolality and glucose levels (p<0.05) whereas dietsxsalinity
levels had no influence on them (p>0.05).

4, Discussion

In this study, the vegetable oils consisting of an
equal mixture of SO and PO used to substitute FO at different
levels did not have an effect on the survival rate of Asian
seabass as 100% survival was obtained. Similar or higher
levels of feed consumption of the fish in different treatment
groups than those of the control diet fed group showed that the
combination of SO and PO as alternative lipid sources did not
impair diet palatability. Suitable intake of well balance diets
generally leads to good growth. Growth performance and feed
efficiency of the fish fed diets having SO and PO combination
either as a partial or complete replacement for FO was good as
compared to that of the control group. Moreover, the fish fed
with 37.5% FO replaced diet showed better weight gain, FCR
and SGR than other feeding groups (Table 3). In our previous
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Figure 1. (A) Serum sodium ion, (B) chloride ion, (C) potassium ion concentrations and (D) serum osmolality in Asian seabass at 0 and 3 hours
of salinity challenge at 0 and 30 ppt (mean+SD)
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Figure 2. (A) Serum glucose concentrations (mg%), (B) red blood cell (RBC cells/mL) and (C) hematocrit (Ht, %) in Asian seabass at 0 and
3 hours of salinity challenge at 0 and 30 ppt (mean+SD)

study in Asian seabass, we observed reduced growth  feasibility of partial or complete replacement with a blend of
performance when the fish were fed with diets having either ~ PO and linseed oil (LO) (Monge-Ortiz et al., 2018). On the
SO or PO replacing FO beyond 25% (Rahman et al., 2021).  contrary, large yellow croaker showed negative growth
The lower level of SO or PO replacing for FO than this study  responses on complete replacement of FO by rapeseed oil (Mu
may be due to imbalanced FA in the single source of oil to et al., 2020). However, species specific responses were
support maximum growth. The results of this study are similar ~ observed when substituting FO by vegetable oils (Turchini et
with the study in greater amberjack which demonstrated  al., 2009). Generally, vegetable oils such as PO contain high



Md. A. Rahman et al. / Songklanakarin J. Sci. Technol. 44 (1), 79-90, 2022 87

Table 8.

Three-way ANOVA analysis (p-value) on the effects of diets (D), times (T), salinity levels (S) and their interaction for Asian Seabass

under salinity challenge after transferring to 0 or 30 ppt and sampled at 0 and 3 h of post exposure

Parameters
Factors
Na* CI K* Serum osmolality Serum glucose RBC Ht

D 0.495 0.080 0.531 0.208 0.281 0.196 0.148
T 0.000 0.000 0.218 0.000 0.000 0.016 0.104
S 0.000 0.000 0.204 0.000 0.480 0.247 0.201
DxT 0.422 0.060 0.507 0.048 0.039 0.728 0.750
DxS 0.694 0.478 0.520 0.719 0.920 0.673 0.959
TxS 0.000 0.000 0.204 0.000 0.480 0.247 0.278
DXTxS 0.694 0.478 0.520 0.719 0.920 0.673 0.934

level of SFA (16:0) and MUFA (18:1n-9) which are less
digestible and lacking n-3 PUFA. SO contains high level of n-
6 PUFA and essential n-3 PUFA necessary for some fish
species which are more digestible than PO. Therefore, a high
digestible oil with sufficient essential fatty acids availability
would be a good lipid source to support good growth in fish.
In this study, increased growth performance might be a result
of suitable mixture of SO and PO which provides proper
combination of essential fatty acids in the diets.

Optimal dietary lipid, in terms of both FA profile
and levels, provides essential energy for maintaining proper
physiological activities and prevents protein utilization for
energy so that protein can be used for effective tissue
formation. Lipid composition of fish carcass samples reflected
dietary fatty acid. The carcass lipid increased with increasing
FO replacement levels that might be related to the dietary fatty
acid composition particularly, MUFA. Gradual lipid
deposition in fish fed diets with increasing VO level may be
due to an increased amount of OA and LA in the fish body
that may be associated with lower levels of n-3 PUFA
availability in diets. Previous study showed that dietary n-3
PUFA plays important role for very low-density lipoprotein
(VLDL) production in liver cells of Atlantic salmon, the lack
of VLDL hampers esterification of free fatty acids into
triacylglycerol and phospholipid which leads to an increase of
lipid deposition (Ruyter, Moya-Falcén, Rosenlund, &
Vegusdal, 2006). In this study, the deposition of lipids in
viscera increased when fish fed with 100% FO replaced diet
by combining SO and PO. The accumulation of fat in visceral
organs may be due to lack of some essential fatty acids in SO
and PO lipids.

The storage of lipid in fish liver is commonly used
as indicator of unsuitable lipid ingestion, may cause a fatty
liver syndrome which is a well-established issue while
replacing FO by VOs (Piedecausa, Mazén, Garcia Garcia, &
Hernandez, 2007). This may be related to increased lipid
peroxidation as well as inefficient nutrient utilization (Craig,
Washburn, & Gatlin, 1999). In our study, HSI was similar in
all the feeding groups suggesting no hepatic problem with
increasing levels of combined SO and PO inclusion.

The effects of using alternative lipid sources to
replace FO in fish diets on growth, feed performance, fatty
acid composition and deposition is still in contradiction
(Turchini et al., 2009). Previous findings recommend that
SFA and MUFA may influence long chain PUFA utilization
from diet to tissue (Bowzer, Jackson, & Trushenski, 2016). In
our study, despite ARA, EPA, DHA and n-3/n-6 ratio in the
37.5% FO replaced diet were less than that of the control diet,

the levels of these FAs were higher than those of other
treatment groups. Dietary replacement by SO-PO combination
at 37.5% for FO may provide a balanced proportion of SFA:
MUFA: PUFA and n-3/n-6 ratio for maintaining and
enhancing LC-PUFAs in body tissues.

The overall responses of specific digestive enzyme
activities (trypsin, lipase and oo-amylase) differed among the
organs, activities in pyloric caeca were generally higher than
those in the stomach and intestine. Principally, the digestive
enzyme activity is directly associated with dietary intake
(Eusebio & Coloso, 2002). However, the results demonstrated
that substitution of FO in Asian seabass diets by SO-PO
mixture had no effect on trypsin, lipase and co-amylase
activities in stomach, pyloric caeca and intestine.

Hematological assessment is a useful tool to
monitor metabolic  disorders, deficiencies, adaptation
processes to various environmental influences and chronic
stress status (Peres, Santos, & Oliva-Teles, 2013). In this
study, FO substitution by SO and PO combination showed an
effect on WBC, serum protein and respiratory burst activity
among the feeding groups. The FO replacement in diets by
VOs may lead to change of whole-body fatty acid profile,
especially n-3/n-6 ratio, which may modulate the response of
immune system by altering fatty acid composition and
membrane fluidity of the immune cells (Montero et al., 2008).
It may also modify non-specific responses both cellular and
humoral (Lin & Shiau, 2007), eicosanoid production (Bell,
Tocher, MacDonald, & Sargent, 1994) and gene expression
(Montero et al., 2015). In this study, fish fed with control diet
had the highest WBC, which decreased in fish fed with diets
having SO and PO higher than 50% replacement. WBC plays
crucial role in inflammation which may be affected by
alteration of fatty acids in diets, especially ARA which
enhance proinflammatory eicosanoids (Bell et al., 1994). This
result is contradictory with our previous report on Asian
seabass where we have observed increased number of WBC in
fish fed with increasing levels of FO replaced diet (Rahman et
al., 2021). In case of total serum protein, we found similar
findings with our previous study that dramatically decreased
in fish fed with 100% FO replaced diets. Total serum protein
supply may be affected by several factors such as sex, age,
spawning, food, light, temperature, osmotic pressure,
hibernation hormones, oxygen depletion and season (Booke,
1964). Thus, further studies are required to rule out possible
reasons of lowering WBC and serum protein in fish fed with
higher level of FO replaced diet by combining SO and PO.
The lysozyme activity was not affected but serum respiratory
burst activity was altered by the diets. Previously, Subhadra,
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Lochmann, Rawles, & Chen (2006) reported similar findings
in largemouth bass where dietary FO was substituted by
poultry fat. The lower serum respiratory burst activity in fish
fed with 100% FO replacement diet compared to the other
feeding groups may be attributed to the lack of an optimal n-
3/n-6 ratio in this diet. Therefore, the results obtained in this
study indicated that total replacement of dietary FO in
juvenile Asian seabass diet with equal mixture of SO and PO
had negative effects on immune parameters which may have
an impact on health when feeding with alternative lipid
sources for long time.

Seabass is a euryhaline fish which can survive in a
wide range of salinity through functional changes in
osmoregulatory organs such as gills and intestine (Rasmussen,
1991). However, 7 days of salinity challenge, we observed an
outstanding capacity to adapt with the acute changes in
salinity from 0 ppt to 30 ppt in which 100% survival rate
observed in all feeding groups. In this study, the metabolic
response of Asian seabass to the salinity challenge was not
affected by diets but the salinity levels and time of exposure
influenced the metabolic responses. The results of serum ions
(Na*, ClI and K*) and osmolality displayed an ionic and
osmotic balance in Asian seabass when subjected to changes
in salinity from 0 to 30ppt. Similar findings was observed in
European seabass, another euryhaline fish when exposed to
35ppt from 15ppt (Silva-Brito et al., 2019). The fish
challenged in hyperosmotic environment need to drink more
seawater to maintain physiological homeostasis by balancing
the instant fluxes of water and electrolytes, specially Na*, CI-
and K* (Whittamore, 2012). Na" and ClI- are extracellular and
K* is intracellular dominant osmotic components. The
acclimation with altered salinity requires more energy. In our
study, hyperglycemic response was observed after 3 hours of
exposure at 30ppt comparing to the Oppt. The elevation of
serum glucose at 3 hours of salinity exposure at 30ppt was
higher than Oppt but lesser than initial data due to higher
energy demands in hyperosmotic condition than hypoosmotic
condition. This is further supported by the total number of
RBC in fish, which play important role in oxygen
transportation in cell that was influenced by the time of
exposure. Additionally, an interaction was observed between
diets and time of exposure on serum osmolarity and glucose
level. This specified that diets may influence in the
acclimatization at the beginning of salinity stress, but zero
mortality after 7 days of exposure demonstrated that the fish
adapted well to the abrupt salinity changes. However, the
responses to salinity challenge on serum ions and osmolality
indicated that Asian seabass fed with FO replaced diets by SO
and PO at different levels are able to recover from salinity
stress ranging from 0 ppt to 30 ppt.

5. Conclusions

The results suggested that combination of soybean
and palm oil can substitute up to 75% of fish oil in young
Asian seabass diet without any apparent detrimental effect on
growth and health. It is worth noting that soybean and palm
oil combination at 75% and 25% fish oil in the present study
provide required essential fatty acids for seabass to maintain
proper health status. Inclusion of the oil mixture at higher
level than 75% replacement for fish oil might result in

increased carcass lipid and reduced white blood cell and
serum protein. The study also showed that Asian seabass fed
with FO replaced diets were able to regulate osmoregulation
in salinity stress conditions. However, the study was carried
out for a standard eight-week growth trial in young seabass,
the validation for the alternative oil sources over a longer
culture period to reach marketable size fish may be required
for commercial application.

Acknowledgements

Md. Arefin Rahman was supported by Thailand's
Education Hub Scholarship for ASEAN Countries (TEH-AC),
Prince of Songkla University, Hat Yai, Thailand.

References

Arney, B., Liu, W,, Forster, 1. P., McKinley, R. S., & Pearce,
C. M. (2015). Feasibility of dietary substitution of
live microalgae with spray-dried Schizochytrium sp.
or Spirulina in the hatchery culture of juveniles of
the Pacific geoduck clam (Panopea generosa).
Aquaculture, 444, 117-133. do0i:10.1016/j.aqua
culture.2015.02.014

Association of Official Analytical Chemists. (1995). Official
methods of analysis (16" ed.). Washington, DC:
Patricia Cunniff.

Bachis, E. (2017). Fishmeal and fish oil: A summary of global
trends. 57" Annual Conference of International
Fishmeal and Fish Oil Organization (IFFO).
Washington, DC: International Fishmeal and Fish
Oil Organization.

Bell, J. G., Tocher, D. R., MacDonald, F. M., & Sargent, J. R.
(1994). Effects of diets rich in linoleic (18:2n-6) and
a-linolenic (18:3n-3) acids on the growth, lipid class
and fatty acid compositions and eicosanoid
production in juvenile turbot (Scophthalmus
maximus L.). Fish Physiology and Biochemistry,
13(2), 105-118. doi:10.1007/BF00004336

Blaxhall, P. C., & Daisley, K. W. (1973). Routine haemato
logical methods for use with fish blood. Journal of
Fish Biology, 5(6), 771-781. doi:10.1111/j.1095-
8649.1973.th04510.x

Booke, H. E. (1964). A review of variations found in fish
serum proteins. New York Fish and Game Journal,
11, 47-57.

Bowyer, J. N., Qin, J. G., Smullen, R. P., & Stone, D. A. J.
(2012). Replacement of fish oil by poultry oil and
canola oil in yellowtail kingfish (Seriola lalandi) at
optimal and suboptimal temperatures. Aquaculture,
356-357, 211-222. doi:10.1016/j.aquaculture.2012.
05.014

Bowzer, J., Jackson, C., & Trushenski, J. (2016). Hybrid
striped bass feeds based on fish oil, beef tallow, and
eicosapentaenoic acid/docosahexaenoic acid
supplements: Insight regarding fish oil sparing and
demand for n-3 long-chain polyunsaturated fatty
acids. Journal of Animal Science, 94(3), 978-988.
doi:10.2527/jas.2015-9199

Craig, S. R., Washburn, B. S., & Gatlin, D. M. (1999). Effects
of dietary lipids on body composition and liver



Md. A. Rahman et al. / Songklanakarin J. Sci. Technol. 44 (1), 79-90, 2022 89

function in juvenile red drum, Sciaenops ocellatus.
Fish Physiology and Biochemistry, 21(3), 249-255.
doi:10.1023/A:1007843420128

Demers, N. E., & Bayne, C. J. (1997). The immediate effects
of stress on hormones and plasma lysozyme in
rainbow trout. Developmental and Comparative
Immunology, 21(4), 363-373. d0i:10.1016/50145-
305x(97)00009-8

Erlanger, B. F., Kokowsky, N., & Cohen, W. (1961). The
preparation and properties of two new chromogenic
substrates of trypsin. Archives of Biochemistry and
Biophysics, 95(2), 271-278. doi:10.1016/0003-
9861(61)90145-X

Eusebio, P. S., & Coloso, R. M. (2002). Proteolytic enzyme
activity of juvenile Asian sea bass, Lates calcarifer
(Bloch), is increased with protein intake.
Aquaculture Research, 33(8), 569-574. doi:10.
1046/j.1365-2109.2002.00682.x

Larsen, H.N., & Snieszko, S.F. (1961). Madification of the
microhematocrit  technique with trout blood.
Transactions of the American Fisheries Society,
90(2), 139-142. do0i:10.1577/1548-8659(1961)90
[139:MOTMTW]2.0.CO;2

Lim, K. C., Yusoff, F. M., Shariff, M., Kamarudin, M. S., &
Nagao, N. (2019). Dietary supplementation of
astaxanthin enhances hemato-biochemistry and
innate immunity of Asian seabass, Lates calcarifer
(Bloch, 1790). Aquaculture, 512, 734339. doi:10.
1016/j.aquaculture.2019.734339

Lin, Y. H., & Shiau, S. Y. (2007). Effects of dietary blend of
fish oil with corn oil on growth and non-specific
immune responses of grouper, Epinephelus
malabaricus. Aquaculture Nutrition, 13(2), 137—
144. doi:10.1111/j.1365-2095.2007.00458.x

Lowry, O. H., Rosenbtough, N. J., Farr, A. L., & Randall, R.
J. (1951). Protein measurement with the Folin
phenol reagent. The Journal of Biological
Chemistry, 193(1), 265-275. doi:10.1016/S0021-
9258(19)52451-6

Martino, R. C., Cyrino, J. E. P., Portz, L., & Trugo, L. C.
(2005). Performance, carcass composition and
nutrient utilization of surubim Pseudoplatystoma
coruscans (Agassiz) fed diets with varying
carbohydrate and lipid levels. Aquaculture
Nutrition, 11(2), 131-137. doi:10.1111/j.1365-2095.
2004.00332.x

Monge-Ortiz, R., Tomas-Vidal, A., Rodriguez-Barreto, D.,
Martinez-Llorens, S., Pérez, J. A., Jover-Cerd4, M.,
& Lorenzo, A. (2018). Replacement of fish oil with
vegetable oil blends in feeds for greater amberjack
(Seriola dumerili) juveniles: Effect on growth
performance, feed efficiency, tissue fatty acid
composition and flesh nutritional value. Aquaculture
Nutrition, 24(1), 605-615. doi:10.1111/anu.12595

Montero, D., Grasso, V., lzquierdo, M. S., Ganga, R., Real, F.,
Tort, L., ... Acosta, F. (2008). Total substitution of
fish oil by vegetable oils in gilthead sea bream
(Sparus aurata) diets: Effects on hepatic Mx
expression and some immune parameters. Fish and
Shellfish Immunology, 24(2), 147-155. doi:10.1016/
j-fsi.2007.08.002

Montero, D., Benitez-Dorta, V., Caballero, M. J., Ponce, M.,
Torrecillas, S., Izquierdo, M., . . . Manchado, M.
(2015). Dietary vegetable oils: Effects on the
expression of immune-related genes in Senegalese
sole (Solea senegalensis) intestine. Fish and
Shellfish Immunology, 44(1), 100-108. doi:10.1016/
j.5i.2015.01.020

Mu, H., Wei, C., Xu, W., Gao, W., Zhang, W., & Mai, K.
(2020). Effects of replacement of dietary fish oil by
rapeseed oil on growth performance, anti-oxidative
capacity and inflammatory response in large yellow
croaker Larimichthys crocea. Aquaculture Reports,
16(2020), 100251. doi:10.1016/j.aqrep.2019.100251

Peres, H., Santos, S., & Oliva-Teles, A. (2013). Selected
plasma biochemistry parameters in gilthead
seabream (Sparus aurata) juveniles. Journal of
Applied Ichthyology, 29(3), 630-636. doi:10.1111/
J.1439-0426.2012.02049.x

Piedecausa, M. A., Mazon, M. J., Garcia Garcia, B., &

Herndndez, M. D. (2007). Effects of total

replacement of fish oil by vegetable oils in the diets

of sharpsnout seabream (Diplodus puntazzo).

Aquaculture, 263(1-4), 211-219. doi:10.1016/.

aquaculture.2006.09.039

M. A, Tantikitti, C., Suanyuk, N., Talee, T.

Hlongahlee, B., Chantakam, S., & Srichanun, M.,

(2021). Effects of alternative lipid sources and

levels for fish oil replacement in Asian seabass

(Lates calcarifer) diets on growth, digestive enzyme

activity and immune parameters. Songklanakarin

Journal of Science and Technology, 43(4), 976-986.

Rasmussen, I. R. (1991). Optimum acclimation rates from
salt-to freshwater from juvenile sea bass Lates
calcarifer Bloch. Asian Fisheries Science, 4(1),
109-113.

Ruyter, B., Moya-Falcdn, C., Rosenlund, G., & Vegusdal, A.
(2006). Fat content and morphology of liver and
intestine of Atlantic salmon (Salmo salar): Effects
of temperature and dietary soybean oil. Aquaculture,
252(2-4), 441-452. doi:10.1016/j.aquaculture.2005.
07.014

Silva-Brito, F., Timoteo, F., Esteves, A., Peixoto, M. J.,
Ozorio, R., & Magnoni, L. (2019). Impact of the
replacement of dietary fish oil by animal fats and
environmental salinity on the metabolic response of
European  Seabass  (Dicentrarchus  labrax).
Comparative Biochemistry and Physiology Part - B:
Biochemistry and Molecular Biology, 233, 46-59.
d0i:10.1016/j.cbpb.2019.04.004

Somogyi, M. (1945). A new reagent for the determination of
reducing sugars. Journal of Biological Chemistry,
160, 61-68.

Srichanun, M., Tantikitti, C., Utarabhand, P., & Kortner, T.
M. (2013). Gene expression and activity of digestive
enzymes during the larval development of Asian
seabass (Lates calcarifer). Comparative
Biochemistry and Physiology Part B: Biochemistry
and Molecular Biology, 165(1), 1-9. doi:10.1016/
j.cbpb.2013.02.005

Stasiak, S. A., & Baumann, P. C. (1996). Neutrophil activity
as a potential bioindicator for contaminant analysis.

Rahman,



90 Md. A. Rahman et al. / Songklanakarin J. Sci. Technol. 44 (1), 79-90, 2022

Fish and Shellfish Immunology, 6, 537-539.
doi:10.1006/fsim.1996.0050

Subhadra, B., Lochmann, R., Rawles, S., & Chen, R. (2006).
Effect of dietary lipid source on the growth, tissue
composition and hematological parameters of
largemouth  bass  (Micropterus  salmoides).
Aquaculture, 255(1-4), 210-222. doi:10.1016/j.
aquaculture.2005.11.043

Supamattaya, K. (1995). Laboratory manual for fish disease
and parasites. Songkhla., Thailand: Department of
Aquatic Science, Faculty of Natural Resources,
Prince of Songkla University.

Suwannasang, A., Dangwetngam, M., Issaro, A,
Phromkunthong, W., & Suanyuk, N. (2014).
Pathological manifestations and immune responses
of serotypes la and Ill Streptococcus agalactiae
infections in Nile tilapia (Oreochromis niloticus).
Songklanakarin Journal of Science and Technology,
36(5), 499-506.

Tocher, D. R. (2010). Fatty acid requirements in ontogeny of
marine and freshwater fish. Aquaculture Research,
41, 717-732. doi:10.1111/j.1365-2109.2008.02150.
X

Turchini, G. M., Torstensen, B. E., & Ng, W. K. (2009). Fish
oil replacement in finfish nutrition. Reviews in
Aquaculture, 1(1), 10-57. doi:10.1111/j.1753-5131.
2008.01001.x

Whittamore, J. M. (2012). Osmoregulation and epithelial

water transport: Lessons from the intestine of

marine teleost fish. Journal of Comparative

Physiology B: Biochemical, Systemic, and

Environmental Physiology, 182, 1-39. doi:10.1007/

s00360-011-0601-3

U. K, & Stuckmann, M. (1979). Glycogen,

hyaluronate, and some other polysaccharides greatly

enhance the formation of exolipase by Serratia

marcescens. Journal of Bacteriology, 138, 663-670.

Winkler,



