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A feeding experiment was conducted to study the effects of dietary lipid sources and L-carnitine on the growth performance, body
component, muscle fatty acid composition, and antioxidant enzyme ability of average weight of 0.28g dog conch larvae,
Laevistrombus canarium. Three sources of lipid: fish oil, soybean oil, and beef tallow were tested in combination with two levels (0
and 0.5%) of L-carnitine. The dog conch larvae fed diets containing fish oil with L-carnitine supplementation exhibited the highest
weight gain. After air exposure challenge, the liver tissue of dog conch fed the diets containing soybean oil and beef tallow without
supplemented L-carnitine had lower levels of superoxide dismutase (SOD, U min '), phenoloxidase (PO, U min™"), and glu-
tathione peroxidase (GPx, mU/mL) activity. The activity of SOD, PO, and GPx of dog conch larvae increased with increasing levels
of dietary L-carnitine. In particular, dog conch larvae fed the diet containing fish oil supplemented with L-carnitine exhibited
significantly (P < 0.05) enhanced antioxidant responses. The thiobarbituric acid reactive substances (TBARS) in the muscle tissue
of dog conch larvae fed the diet containing fish oil without L-carnitine supplementation showed significantly (P < 0.05) higher
activity. It was concluded that dietary administration of L-carnitine can enhance resistance against beta-oxidation, and the
administration of fish oil in the diet was the best strategy to promote growth due to high nutritional availability.

1. Introduction

Laevistrombus canarium (Linnaeus, 1758), known as dog
conch, is widely distributed in India, including Andhra
Pradesh, Tamil Nadu, and the Andamans [1], and Asian
countries including Thailand, Indonesia, Philippines, Viet-
nam, and Taiwan [2, 3]. Dog conch is an economically
important species of marine gastropod mollusc in many
coastal areas of Southeast Asia [4]. Currently, the supply of
L. canarium for human consumption is obtained by fishing
in the wild, without aquaculture. Gong et al. [5] indicated
that L. canarium has been successfully reproduced and
released to the wild to help offset overfishing and envi-
ronmental damage. Nutritional quantity and quality of ar-
tificial diet are crucial factors for the successful commercial
aquaculture of many aquatic animals because these food

resources provide balanced energy and essential nutrients
[6]. Boonyaratpalin [7] indicated the importance of artificial
diets to successful aquatic larval cultivation. However, food
resources consumed by dog conch larvae in their natural
habitat include living organisms such as seagrass, macro-
algae, and zooplankton [8]. Insufficient food supply and
environmental changes in natural habitat can render in-
adequate conditions for successful larval cultivation.

In order to improve normal growth of aquatic larvae, it is
necessary to evaluate nutritional requirements, including
lipids, proteins, carbohydrates, minerals, and vitamins
[9, 10]. In the aquaculture industry there is a need for diets
containing high lipid levels that elevate dietary energy
concentration and improve the growth efficiency and pro-
tein utilization of aquatic animals [11-13]. Fish oil is a brown
liquid obtained by cooking, pressing, and separation. Most


https://orcid.org/0000-0001-9901-8478
mailto:jhchu@mail.ncyu.edu.tw
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/5336474

of the water and dry matter from fish or fish waste are
removed. Generally, fish oil is sold in liquid form and is used
mostly in compound foods for poultry, pigs, and farmed fish.
The countries with major industrial fisheries are Norway,
Iceland, Chile, and Denmark. Fish oil will continue to be an
important ingredient in many aquafeeds. The careful
management of the fishery stocks will include short-term
periods of unsustainable production, and during periods of
shortage, the future growth of aquaculture will be limited by
the short supply of this important dietary ingredient.
Therefore, increasing the capability of aquatic biota utilizing
various sources of lipid in diets has become a focus of study
in the lipid nutrition of aquafeeds [14]. The important
component, L-carnitine, has been given attention due to its
potential for having a positive effect on the growth and lipid
metabolism of aquatic animals [15, 16].

Carnitine is present in both L- and D-forms, with L-
carnitine being the biologically active form. L-carnitine, also
known as vitamin Br, is a small molecular weight (161.2),
water soluble, quaternary nitrogen-containing compound.
L-carnitine serves to promote growth and the synthesis of
a derivative of lysine in the liver of animals [17]. Carnitine
was used to improve growth factors in the mealworm
(Tenebrio molitor) in the early 1950s [18]. L-carnitine has
several roles and essential functions in mammals, including
mitochondrial long-chain fatty acid oxidation, buffering of
the mitochondrial acyl-CoA/CoA ratio, removal of poten-
tially toxic acyl-groups, and fatty acid oxidation in perox-
isomes [17]. L-carnitine supplementation has been
administered in aquafeeds to promote growth, reduce ad-
verse effects of toxic levels of ammonia, alleviate stress re-
lated to water temperature extremes, and facilitate
acclimation to changes in water temperature [17].

L-carnitine is not only a derivative from lysine and
methionine but also a growth promoter synthesized in the
liver. It is transported to skeletal and cardiac muscle tissues
that utilize fatty acids as primary fuel through beta-oxidation
in mitochondria [17]. Growth-promoting effects of dietary
L-carnitine have been found in European sea bass (Dicen-
trarchus labrax L.) [19], African catfish (Clarias gariepinus)
[20], Red Sea bream (Pagrus major) [21, 22], tilapia
(Oreochromis mossambicus) [23-25], hybrid striped bass
(Morone saxatilis male x M. chrysops female) [26], fresh-
water prawn (Macrobrachium rosenbergii) [27], grouper
(Epinephelus lanceolatus) [28], and narrow clawed crayfish
(Astacus leptodactylus) [16]. However, several negative
growth effects have been found in channel catfish (Ictalurus
punctatus) [29], rainbow trout (Omncorhynchus mykiss)
[15, 30], ornamental cichlid (Pelvicachromis pulcher) [31],
European sea bass (Dicentrarchus labrax) [32], hybrid
striped bass (Morone chrysops x M. saxatilis) [12, 33], tilapia
[34], and Atlantic salmon (Salmo salar) [35]. These varia-
tions in results suggest that the effects of L-carnitine on the
growth of aquatic animals may be attributed to interactions
among several factors, such as dietary components, aquatic
animal species, initial aquatic animal size, and aquatic an-
imal life stage [17, 36].

The dog conch, originally an important seawater shellfish
in the Indo-Pacific region, is one of the major wild-caught
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seawater shellfish in Malaysia and Taiwan [8, 37]. Previous
studies indicated that the complete replacement of feed
components from wild, such as diatoms, detritus, forami-
nifera, seagrass and macroalgal fragments, sand particles,
and shell fragments with the administration of artificial feed
has no significant effects on growth performance [38]. Wild
feed may carry virus and bacteria which can destroy larval
cultivation [37, 39]; therefore, the development of artificial
feeds for shellfish can be helpful in preventing larvae from
encountering pathogenic infections [40]. Lipids are essential
nutrients, which play several roles, such as improving feed
protein utilization and providing energy, phospholipids,
sterols, fat-soluble vitamins, and essential fatty acids [41].
Proteins can be used as an energy source when supply of
dietary lipids is limited and this metabolic pathway can
reduce animal growth. Lipid nutrients have protein-sparing
effects; therefore, the dietary energy supply from lipids for
animal growth not only improves protein utilization, but
also reduces feed costs and limits ammonia production [42].

Aquaculture industry provides half of the amount of
seafood required for human consumption [43]. Fish oil is
still widely used as the main lipid source in commercial diets
for the cultured aquatic biota all over the world due to its
high nutritional value, high level of docosahexaenoic acid
and eicosapentaenoic acid, and good palatability [6].
However, due to overfishing and global climate change, the
price of fish oil has increased from $314 USD per tonne in
year 1999 to $2000 USD per tonne in year 2020; therefore,
fish oil has become an uneconomical ingredient used in fish
diet (FAO, 2020) [44, 45]. Thus, there is an urgent need to
find suitable alternatives to fish oil, such as beef tallow and
soybean oil. The beef tallow and soybean oil have advantages
over fish oil in both price and yield (FAO, 2020) [46].
Therefore, the aim of the present study is to investigate the
effects of diets supplemented with various sources of lipid,
with or without 0.5% L-carnitine on the growth perfor-
mance, lipid, protein, and fatty acid composition of the
muscle of 0.28 g dog conch larvae.

2. Materials and Methods

2.1. Experimental Diets. In preparation of this experiment,
seven experimental diets (0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 g-L-
carnitine/100 g diet) and a control diet (0 g-L-carnitine/100 g
diet) were fed to dog conch larvae. Based on lipid and
protein requirements of L. canarium recommended by Chu
et al. [39], 6 isolipidic (5.6%) and isonitrogenous (46%) diets
were formulated to contain three different sources of lipid
(fish oil, soybean oil, and beef tallow) and one of the two
levels of L-carnitine (Table 1) (0% and 0.5%) (A: fish oil + 0%
L-carnitine, B: soybean oil+0% L-carnitine, C: beef
tallow + 0% L-carnitine, D: fish oil + 0.5% L-carnitine, and E:
soybean oil +0.5% L-carnitine, F: beef tallow +0.5% L-car-
nitine). Before formulation of the diets, lipids were extracted
from fish meal and shrimp meal using hot ethanol (1 : 1, w/v)
in three successive treatments to minimize the contribution
from dietary lipid. Mixed ingredients were cold-extruded
through a chopper (0.1 cm die diameter) and were dried at
30°C to approximate 8% moisture content. The diets were
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TaBLE 1: Feed formula and proximate analysis of experimental diets
for larval dog conch, Laevistrombus canarium

Treatments
Ingredients
A B C D E F
Basal mix® 93.9 93.9 93.9 93.9 93.9 93.9
Fish oil 5.6 0 0 5.6 0 0
Soybean oil 0 5.6 0 0 5.6 0
Beef tallow 0 0 5.6 0 0 5.6
a-cellulose 0.5 0.5 0.5 0 0 0
L-carnitine 0 0 0 0.5 0.5 0.5
Analyzed composition (as fed)
Moisture 8.68 8.03 9.22 8.41 8.02 8.92
Crude proteinb 4629 46.16 4618 46.23 46.28 46.26
Crude fat’ 5.68 5.68 5.67 5.67 5.65 5.66
Ash® 1043  9.59 1042 11.01 9.54 10.62
Crude fiber” 1.56 1.52 1.54 1.48 1.49 1.46
L-carnitine® 0.056 0.056 0.056 5.046 5.046 5.045

“lipid-extracted fish meal (Liandong Industry Co., Ltd., Taiwan) 59%,
lipid-extracted shrimp meal (Jian-Bao Foods Co., Ltd., Taiwan) 6%,
B-glucan (Toong Yeuan Enterprise Co., Ltd., Taiwan) 1%, yeast (Sun Right
Foods Co., Ltd., Taiwan) 4%, and mineral mix [47] modified (calcium
phosphate 0.0735%, potassium phosphate 0.0081%, potassium sulfate
0.0068%, sodium chloride 0.0031%, calcium carbonate 0.0021%, sodium
phosphate 0.0022%, magnesium oxide 0.0025%, and trace element mix
0.0018% (trace element mix: ferric citrate 0.0031%, zinc carbonate 0.0005%,
manganese carbonate 0.0024%, copper carbonate 0.0002%, potassium io-
dide 0.0005%, and citric acid 0.0039%)) 2%, vitamin mix [48] modified
(vitamin D3 0.001%, vitamin A 0.06%, a-tocopheryl acetate 0.45%, vitamin
K3 0.4%, thiamine-HCl 0.5%, riboflavin 0.5%, calcium pantothenate 1%,
niacin 2%, biotin 0.4%, pyridoxine-HCI 0.06%, folic acid 0.15%, B12 0.001%,
inositol 20%, ascorbic-monophosphate-Mg 2.5%, choline chloride 40%, and
a-cellulose 31.978%) 1%, a-Starch (Ping Tung Foods Co., Ltd., Taiwan)
20.9%, and L-carnitine (Tokyo Chemical Industry Co., Ltd). *Expressed as
percent dry weight. “L-carnitine (g/kg).

then ground by Mortar Grinder RM 100 (Retsch, Germany)
into 0.2 mm particles.

2.2. Experimental Dog Conch. Fertilized eggs of dog conch
obtained from spontaneous spawning by cultured brood-
stock were hatched and reared for 80 days at a hatchery farm
in the Aquatic Conservation Center, National Chiayi
Country. Two thousand 80-day-post-hatch (DAH) dog
conch larvae were transported to the laboratory. After one
week of acclimation in the laboratory, a total of
720 0.28 £0.01 g dog conch larvae were randomly distrib-
uted into 18 fiber reinforced plastic (FRP) aquaria
(45%x30x30cm) containing 50L seawater, with 40 dog
conch larvae in each aquarium.

All animal experimentation conformed to the principles
for the use and care of laboratory animals in accordance with
the Institutional Animal Care and Use Committee (IACUC)
of National Chiayi University (NCYU) (approval no.
NCYU-11101). Dog conch larvae were hand-fed to excess
once daily at 09:30 AM. A continuous aeration was pro-
vided to each aquarium through an air stone connected to
a central air compressor. Approximately 50% of the water
volume was exchanged every day in the morning to remove
uneaten food and fecal material. The following water quality
parameters and ranges were recorded during each feeding

period: water temperature (27 to 28°C), dissolved oxygen (5
to 6 ppm), ammonia nitrogen (0.7 to 0.8 ppm), and salinity
(32 to 33%o0). Dog conch were fasted for 24h before
weighing. Wet weights (surface water removed) of surviving
individuals in each aquarium were measured at the initiation
and termination of the experiment. The duration of the
experiment was 120 days. The shell length, shell width, and
shell height were measured with electronic digital calipers
according to the method of Guzman and Viana [49]. Growth
parameters including weight gain, survival, specific growth
rate (SGR), feed conversion ratio (FCR), and soft muscle/
final mean body weight (SB) ratio were calculated according
to the following formulae:

Weight gain (%) = 100 x (Wt — W0)/W0; mortality (%)
= 100 x (Fi - Fd)/Fi; SGR(%day ') = 100 x (InWt —1In
WO0)/feeding days; FCR = total feed intake (g)/ (Wt — W0)
(g); shell length, shell width, shell heightincrease
(%) =100 x (Sf —Si)/Si; and SB(%) =100 x (Ws/Wt);
where W0 is the initial mean body weight (g); Wt is the final
mean body weight (g); W is the final soft-body weight (g);
Fi is the initial dog conch number; Fd is the number of dead
dog conch; Si is the initial dog conch shell length, shell width,
and shell height (mm); S f is the final dog conch shell length,
shell width, and shell height (mm).

2.3. Sample Collection and Chemical Analysis. The experi-
mental diets and muscle of dog conch were analyzed for
proximate composition based on AOAC [50] methods.
Crude protein was determined with a Kjeltec semi-
autoanalyzer model 1007 (Tecator, Sweden). Crude lipid was
determined by the chloroform-methanol (2:1, v/v) extrac-
tion method [51]. Crude fiber was determined by acid and
alkaline digestion using Fibertec system M1020 (Foss
Tecator, Sweden). Ash and moisture were determined by
conventional methods using a muffle furnace and an oven,
respectively. Dietary L-carnitine was extracted and the assay
method was analyzed by high performance liquid chro-
matography (HPLC) equipped with a Hitachi L-6200 in-
telligent pump and a Hitachi L-4200 UV-VIS detector in
accordance with procedures described by Cao et al. [52]. The
mobile phase was prepared using 700 ml 0.1 M ammonium
acetate mixed with 300 ml acetonitrile. The samples were
separated on a C18 column (Supelco Ascentis TM), and the
detector wavelength was set at 248 nm. The crude protein of
the experimental diets ranged from 46.16 to 46.29% (dry
weight). Crude lipid of the experimental diets ranged from
5.65 t0 5.68% (dry weight). The experimental diet without L-
carnitine supplement contained 0.056 g-kg ' L-carnitine and
diets supplemented with 0.5% L-carnitine contained
5.05 g-kg ™', respectively (Table 1).

At the termination of the experiment, the fatty acid
profile of the muscle of dog conch and diets were analyzed.
The muscle of dog conch and diets from each aquarium were
homogenized and separated in chloroform/methanol (2:1,
v/v) for 5 min to extract total lipid [51], and refluxed in 50%
KOH for 40 min. The saponified lipids were then methylated
by refluxing for 20 min in 14% boron trifluoride in methanol
(BF;MeOH) as described by Metcalfe and Schmitz [53] in



the preparation for fatty acid analysis by gas chromatog-
raphy. Fatty acid methyl esters (FAME) were analyzed using
gas-liquid chromatography in a Trace GC 2000 instrument
equipped with a flame ionization detector. The FAMEs were
separated on a Restek’s capillary column (30 m x 0.28 mm,
0.25 ym film thickness, Stabilwax), and temperature was set
at 208°C. Injection and detector temperature were main-
tained at 250°C and 200°C, respectively. Nitrogen was used as
the carrier gas.

Fatty acids were identified by comparison with retention
times of a reference standard (GLC-68A, Nu-Check-Prep)
consisting of a mixture of saturated and unsaturated fatty
acids. In addition, the peaks of chromatograms were
compared with identified peaks from a sample of cod liver oil
that served as a secondary reference.

2.4. Air Exposure Challenge. In preparation for this ex-
periment, four temperature (25°C, 30°C, 35°C, and 40°C)
were used for air exposure challenge trial. After an 8-hour
challenge trial, the survival of dog conch larvae in 25°C,
30°C, and 35°C were significantly higher (P <0.05) than
40°C treatment (data are not shown). The air exposure
challenge followed modified procedures described by
Stoner [54]. Ten dog conch from each aquarium were
exposed to warm air (35°C) for 8 hours on the first day after
the feeding trial. At the termination of the air exposure
challenge, the ten dog conch from each aquarium were
analyzed for activities of phenoloxidase activity (PO), su-
peroxide dismutase (SOD), glutathione peroxidase (GPx),
thiobarbituric acid-reactive substance (TBARS), and su-
peroxide anion (O;) production ratio in the liver tissue.
These results were used to evaluate biological responses of
the dog conch to the air exposure challenge, with respect to
the various experimental diets.

Phenoloxidase activity (PO) was assayed spectropho-
tometrically by recording from Coomassie blue staining
using a method modified by Wang et al. [55]. Coelomic fluid
samples from experimental dog conch were homogenized
using a homogenizer (PREMA, IADI-HG-300D). The coe-
lomic fluid samples were placed in a 5ml Eppendorf tube
and centrifuged at 2500 x g for 15min at 4°C, then the
isolated samples were harvested at the surface layer. For
measurement of the PO activity, a 100yl coelomic fluid
sample was placed in 96-well microtiter plates and incubated
for 30 min with 50 yl of L-dopa (3 mg/mL) (L-3,4 dihydroxy
phenyl alanine). Optical density was measured at a final
reading of 492 nm using a microplate reader. Enzyme ac-
tivity was expressed as the change in absorbance min~"
100 41" of coelomic fluid.

The SOD assay was conducted using the Ransod kit
(Randox Laboratories, Crumlin, UK) following the
manufacturer’s instructions. The 0.2 g liver samples were
homogenized with 2.7 ml of phosphate buffer containing
1% Trition X-100 (0.05M, pH 7.8) for 5min. The cell
suspension was transferred to the tubes and centrifuged at
13000 x g for 30 min at 4°C. A 25 uyL volume of the muscle
tissue solution or HBSS (as a control) were added to
850 uL of the reaction substrate containing a solution of
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xanthine and INT (2-(4-iodophenyl)-3-(4-nutrophenol 3-
5-phenltetrazolium), followed by the addition of 125 yL of
xanthine oxidase (XOD), while the decrease in absorbance
at 505nm was recorded for 30 and 210 seconds. The
specific activity was defined as a unit of SOD that could
cause a 50% reduction in the rate of formazan dye
formation.

The glutathione peroxidase (GPx) assay was conducted
using the assay kit (colorimetric) (ab102530) following the
manufacturer’s instructions. The 0.2 g of the liver were placed
in liquid nitrogen upon extraction and the samples were
stored immediately at —80°C. The 100 mg tissue sample was
washed with cold PBS, and resuspended in 200 uL of cold
assay buffer, then transferred to the tubes and centrifuged at
10,000 x g for 15min at 4°C. A 50 uL sample of the liver
tissue solution or a 100 yL standard dilution (as a control) was
added to 40 uL of the reaction mix, and placed in positive
control(s) and reagent control wells. Samples were mixed well
and incubated at room temperature for 15 minutes to deplete
all GSSG, then 10 yL of cumene hydroperoxide solution were
added, while the decrease in absorbance at 340 nm was
recorded on a microplate reader, and incubated at 25°C for
5min. The output was measured on a microplate reader at
OD340 nm. Samples producing signals greater than that of
the highest standard were further diluted in appropriate
buffer and reanalyzed, then the concentration was adjusted by
multiplying the appropriate dilution factor.

Thiobarbituric acid-reactive substances (TBARS) in the
liver were measured using a method described by Chu et al.
[56]. In brief, tissues were homogenized with a 20% tri-
chloroacetic acid extracting solution containing 1% butyl-
ated hydroxytoluene (BHT) and incubated with 50 mM
thiobarbituric acid (TBA). The samples were then placed in
a boiling water bath for 10 min and centrifuged. The optical
density of the solution was then measured at 532 nm. TBARS
is expressed as micromole of malondialdehyde (MDA) per
gram of tissue using a molar extinction coefficient of
1.56 x10° M -cm™" [57].

Superoxide anion production ratio in the liver were
measured using a method described by Cheng et al. [58]. The
liver samples were dispersed in AIM medium and L-15
medium (Leibovitz, GIBCO, Rockville, Maryland, U.S.A.) in
a plastic petri plate. The cell mixture was filtered through
100 #um nylon net filter. The 2ml 30% Percoll (Sigma) was
added and centrifuged at 400 x g for 40 min (4°C) to separate
cells. The leukocyte layers were obtained from the interface,
and then cultured in an incubator at 25°C. The leukocyte was
placed in an incubator and incubated for 1 hour at 30°C. Nitro
blue tetrazolium solution (Sigma) was added after incubation.
The leukocytes were treated in sequence with absolute al-
cohol, 120 yl of 2 M potassium hydroxide, and 140 yl of di-
methyl sulfoxide for formazan formation. Superoxide anion
production was quantified by measuring OD 620 nm.

2.5. Statistical Analysis. Data were analyzed in a completely
randomized design using each aquarium as an experimental
unit. Data analysis was completed by performing one-way
analysis of variance (ANOVA) using Statistic Analysis
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System [59]. If significant differences were indicated at or
less than the 0.05 level, the Duncan’s Multiple Range Test
was used to identify significant differences between treat-
ment means [60].

3. Results

Fatty acid compositions of the diets containing different
sources of lipid are presented in Table 2. The diet supple-
mented by soybean oil and beef tallow contained higher
proportions of PUFA and SFA, respectively. However, the
n3 highly unsaturated fatty acid (n—3 HUFA) of the diets
containing soybean oil and beef tallow was not detectable.
Dietary levels of eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA) increased with the diet supplemented
by fish oil. Survival for all treatment groups was 100%.

The muscle protein, muscle lipid, liver lipid levels, and
SB of dog conch larvae fed with the treatment diets are
shown in Table 3. The dog conch larvae fed with the diet
containing fish oil without L-carnitine supplement showed
the highest muscle lipid (3.97%) and liver lipid (5.60%) levels
(P <0.05). Whether the lipid was fish oil, soybean oil, or beef
tallow, the lipid levels of dog conch fed with the diets
containing L-carnitine were significantly lower than those of
dog conch fed diets without L-carnitine supplementation.
The muscle protein levels of dog conch fed with the diets
containing fish oil supplemented with L-carnitine was sig-
nificantly higher than those of dog conch fed with the other
treatment diets (P < 0.05). Both dietary lipid and L-carnitine
contributed significant effects on muscle lipid, liver lipid,
and muscle protein levels. The SB (1.87%) of dog conch fed
with the diet containing fish oil supplemented with L-
carnitine was significantly higher than that of dog conch
fed the other treatment diets (P < 0.05).

Weight gain, FCR, and SGR of dog conch larvae fed the
experimental diets for 120 days are shown in Table 4. There
was a significant dose-dependent growth-promoting effect
when the supplemental L-carnitine level was 0.5%. The dog
conch larvae fed diets supplemented with L-carnitine had
significantly higher weight gain (984.47%) and SGR
(1.99% day ') than those fed diet without L-carnitine sup-
plementation (P <0.05). Also, dog conch larvae fed diet
supplemented with fish oil had significantly higher weight
gain than those fed diet containing soybean oil and beef
tallow (P <0.05). ANOVA results indicated that the two
factors (L-carnitine and lipid sources) on the growth pa-
rameters of dog conch larvae were significant.

The increases in shell length, shell width, and shell height
of dog conch larvae fed with experimental diets for 120 days
are shown in Table 5. Shell length increase (134.01 mm), shell
width increase (124.09 mm), and shell height increase
(130.05 mm) of dog conch larvae fed with the diet containing
fish oil supplemented with L-carnitine was significantly
higher than those of dog conch larvae fed with the other diets
(P<0.05).

Fatty acid compositions of the muscle of dog conch
larvae are shown in Table 6. The percentages of 18:0 (2.62%)
and 18:1 (4.15%) level of the muscle of dog conch larvae fed
diet containing fish oil without L-carnitine supplementation

was significantly lower than those of dog conch larvae fed
diets containing soybean oil and beef tallow (P < 0.05). The
percentages of 20:5n—3 (1.23%), 22:5n—-3 (2.29%), and
22:6n -3 (13.92%) in the muscle of dog conch larvae fed diet
supplemented with fish oil without L-carnitine supple-
mentation were significantly higher than those of dog conch
fed diets supplemented with soybean oil and beef tallow
(P <0.05). The percentages of 20:5n—3,22:5n -3, and 22:
6n—3 in the muscle of larval dog conch fed diets supple-
mented with L-carnitine were significantly lower than those
of dog conch larvae fed diets containing the three lipid
sources without L-carnitine supplementation.

The SOD, PO, and GPx activities of dog conch larvae fed
with the experimental diets for 120 days are shown in Ta-
ble 7. The SOD (6.04 U-min™"), PO (7.76 U-min™"), and GPx
(5.73mU-mL™") activities of dog conch larvae fed diet
supplemented with fish oil with L-carnitine supplementa-
tion were significantly higher than those of dog conch fed
other diets (P <0.05). The dog conch larvae fed diets sup-
plemented with L-carnitine had significantly higher anti-
oxidant enzyme ability than those fed diets without L-
carnitine supplementation.

The superoxide anion production in dog conch liver
macrophages is shown in Figure 1. The superoxide anion
activities (1.51) of dog conch larvae fed diet supplemented
with fish oil without L-carnitine supplementation was sig-
nificantly higher than that of dog conch fed other diets
(P <0.05). The dog conch larvae fed diets supplemented with
L-carnitine had significantly lower superoxide anion ability
than those fed diet without L-carnitine supplementation.

Dietary lipid sources and L-carnitine levels also influ-
enced lipid peroxidation in muscle tissues of the dog conch
(Figure 2). TBARS of dog conch fed diet containing fish oil
was significantly higher than those fed soybean oil and beef
tallow (P <0.05). The dog conch larvae fed diets supple-
mented with L-carnitine had significantly lower TBARS than
those fed diet without L-carnitine supplementation.

4. Discussion

There was no mortality in the dog conch fed experimental
diets. Dog conch larvae fed the fish oil diet containing 0.5%
L-carnitine exhibited the highest weight gain (984.47%) and
SGR (1.99% day '), and the lowest FCR (1.76) in this study.
The same increasing trends were observed for all measured
shell dimensions, including shell length (134 mm), shell
width (124 mm), and shell height (130 mm) for dog conch
larvae fed the diets containing fish oil supplemented with
0.5% L-carnitine, indicating a higher utilization of the di-
etary lipid for metabolic energy and protein for growth;
whereas those values were slightly lower when the dietary
lipid sources were soybean oil and beef tallow. Feeding a diet
supplemented with L-carnitine enhanced growth perfor-
mance in giant grouper (Epinephelus lanceolatus larvae)
[28], juvenile narrow clawed crayfish (Astacus leptodactylus
leptodactylus) [16], and juvenile largemouth bass (Micro-
pterus salmoides) [61]. The L-carnitine has been demon-
strated by Jalai et al, 2010, to enhance the oxidation of
triglycerides, protein-sparing effect, and aquabiota growth
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TaBLE 2: Major fatty acid composition (% of total fatty acid) of diets for larval dog conch, L. canarium.

. Treatments
Fatty acid

A B C D E F
14:0 0.89 0.3 7.68 0.78 0.29 6.99
14:1 0.05 n.d. 0.66 0.06 n.d. 0.56
16:0 14.42 13.27 50.38 13.95 15.65 48.77
16:1 0.18 0.14 7.11 0.21 0.21 7.35
18:0 45.36 3.44 34.12 44,52 3.56 36.25
18:1 0.28 19.44 n.d. 0.2 18.69 n.d.
18:2 0.51 57.07 0.05 0.48 54.2 0.08
18:3 1.46 5.81 n.d. 1.59 5.93 n.d.
20:0 0.98 0.21 n.d. 0.82 0.19 n.d.
20:1 0.48 0.32 n.d. 0.36 1.28 n.d.
20:2 0.34 n.d. n.d. 0.37 n.d. n.d.
20:3n-6 1.12 n.d. n.d. 0.99 n.d. n.d.
20:3n-3 1.86 n.d. n.d. 1.89 n.d. n.d.
20:4 12.12 n.d. n.d. 11.14 n.d. n.d.
20:5n-3 1.34 n.d. n.d. 1.35 n.d. n.d.
22:0 0.37 n.d. n.d. 0.48 n.d. n.d.
22:1 1.1 n.d. n.d. 1.54 n.d. n.d.
22:5n-3 4.14 n.d. n.d. 4.89 n.d. n.d.
22:6n-3 13 n.d. n.d. 14.38 n.d. n.d.
SFA 62.02 17.22 92.18 60.55 19.69 92.01
MUFA 2.09 19.9 7.77 2.37 20.18 7.91
PUFA 5.29 62.88 0.05 5.32 60.13 0.08
n—-3 HUFA 18.48 0 0 20.62 0 0

SFA: saturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids, HUFA: highly unsaturated fatty acids, n.d.=not
detectable, A: fish oil + 0% L-carnitine, B: soybean oil + 0% L-carnitine, C: beef tallow + 0% L-carnitine, D: fish oil + 0.5% L-carnitine, E: soybean oil +0.5%
L-carnitine, and F: beef tallow + 0.5% L-carnitine.

TasLE 3: The muscle protein and lipid content, liver lipid content, and soft muscle/final mean body weight ratio (SB) of larval dog conch, L.
canarium fed with experimental diets for 120 days.

Muscle protein Muscle lipid Liver lipid

Treatment (%, dry Elatter) (%, dry m;ﬁter) (%, dry mI;tter) SB (%)

A 77.96 + 1.67° 3.97+0.77° 5.60+1.15° 1.62 +0.04°
B 76.98 + 0.43° 3.68 +0.28% 4.79 £0.36° 1.39 +0.02°
C 69.32+1.01¢ 2.15+0.17%¢ 2.69 +0.21°¢ 0.95 +0.05°
D 82.89 +2.32° 3.19+0.61% 4.69 +0.89° 1.87 +0.05%
E 79.65 + 1.86° 2.89+0.31" 3.73 +0.40 1.57 +0.02°
F 73.35 + 0.86° 1.96 +0.06¢ 2.15+0.07¢ 1.29 +0.09¢
a,b,c,d,e

means in the same column with different letters are significantly different (P < 0.05). Data are expressed as mean values + S.E. (30 dog conch per tank;
n=3). A: fish oil+0% L-carnitine, B: soybean oil + 0% L-carnitine, C: beef tallow + 0% L-carnitine, D: fish oil +0.5% L-carnitine, E: soybean oil +0.5%
L-carnitine, and F: beef tallow + 0.5% L-carnitine.

TasLE 4: Final weight (g), weight gain (%), feed conversion ratio (FCR), and specific growth rate (SGR, % day ") of larval dog conch, L.
canarium fed with experimental diets for 120 days.

Treatment In1t1a}gv)ve1ght Fmal(;\;mght Wel%};ot) gain FCR SGR (% day_l)
A 0.28 +0.01 2.28 +0.04¢ 713.26 +21.71¢ 2.48 +0.27° 1.75+0.02°
B 0.28 +0.00 1.96 +0.06¢ 599.89 + 14.12¢ 2.92+0.15° 1.62 +0.02¢
C 0.28 +0.01 1.22+0.10f 335.64 +32.53f 6.91+1.26% 1.22+0.06
D 0.28 +0.00 3.04+0.07° 984.47 +22.65° 1.76 + 0.08° 1.99 +0.02%
E 0.28 +0.01 2.71+0.13° 866.49 + 41.48° 2.15+0.10° 1.89+0.04°
F 0.28 + 0.00 1.59 +0.05° 467.80 + 15.12¢ 4.65+1.02° 1.45+0.02°
a,b,c,de.f.

means in the same column with different letters are significantly different (P <0.05). Data are expressed as mean values + S.E. (30 dog conch per
aquarium; n=3). A: fish oil+ 0% L-carnitine, B: soybean oil + 0% L-carnitine, C: beef tallow + 0% L-carnitine, D: fish oil + 0.5% L-carnitine, E: soybean
0il + 0.5% L-carnitine, and F: beef tallow + 0.5% L-carnitine.
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TaBLE 5: Increase in shell length, width, and height of larval dog conch, L. canarium fed experimental diets for 120 days.

Treatment Shell Shell Shell
length increase (mm) width increase (mm) height increase (mm)

A 103.09 +4.22° 94.16 + 4.01°° 99.90 + 4.85°¢
B 97.63 £3.37° 88.80 +2.95° 95.04 + 3.33°
C 87.78 +2.79¢ 85.80 + 13.65° 85.14+5.91¢
D 134.01 +2.86% 124.09 + 2.44°* 130.05 +1.97%
E 112,51 +6.74° 104.03 + 6.64° 108.97 +7.02°
F 104.40 + 6.74° 97.49 + 6.36> 98.39 +£2.92¢

[

,Cxd.

a,|

means in the same column with different letters are significantly different (P <0.05). Data are expressed as mean values + S.E. (30 dog conch per
aquarium; n=3). A: fish oil+ 0% L-carnitine, B: soybean oil+ 0% L-carnitine, C: beef tallow + 0% L-carnitine, D: fish oil + 0.5% L-carnitine, E: soybean
oil + 0.5% L-carnitine, and F: beef tallow + 0.5% L-carnitine.

TaBLE 6: Fatty acid composition (% of total fatty acid) of the muscle of larval dog conch, L. canarium fed with experimental diets for
120 days.

Fatt d Treatments
a acl
Y A B C D E F
14:0 9.45+0.12° 2.27 +0.10¢ 7.26 +0.12° 5.31 +0.96° 2.47 +0.12¢ 7.99 +0.86°
14:1 0.03 + 0.00° 10.17 +1.05° 0.24 +0.02° 0.14+0.02° 10.18 +0.19° 0.27 £0.03°
16:0 21.56 +0.26° 23.84+0.27° 26.76 +0.48° 24.12 +0.66° 23.27+0.91° 25.58 +1.34%
16:1 12.39+0.20° 4.69 +0.45° 14.61 +0.52° 15.37+0.21° 4.65+0.38° 15.38 + 0.80°
18:0 2.62+0.05¢ 8.90+0.12% 7.35+0.06° 3.57+0.12° 8.64 +0.88° 712+0.15°
18:1 415+0.16° 10.08 + 1.49° 16.20+0.15° 4.65+0.38° 10.34+0.30° 15.95+0.68°
18:21n-6 1.48 +0.03° 2.72 £0.06° 7.61 +0.64° 1.65 +0.10° 3.00 +£0.69° 8.20 +0.06°
18:3n-3 0.35+0.02° 0.63 +0.08° 4.13+0.42% 0.41 +0.07° 0.68 +0.04° 4.14+0.18°
20:0 4.46 +0.22° 0.14+0.03° 1.63 +0.22° 4.98 +0.03° 0.15+0.01° 0.65 +0.09¢
20:1 0.84 +£0.04° 15.09 + 1.08° 0.20 £0.02° 1.07 +0.08° 16.12 +0.84° 1.18 +0.20°
20:2n-6 0.30 £0.03° 436 +0.36° 2.06 +0.05° 0.29 +0.02¢ 424 +0.59° 2.26+0.21°
20:31n-6 0.07 +0.01f 0.32+0.05¢ 1.10+0.012 0.17 +0.02¢ 0.41 +0.02° 0.99 +0.02°
20:3n-3 0.34+0.02¢ 2.29 +0.38° 1.81+0.10° 0.27 £0.02¢ 3.19+0.36* 1.45 +0.05°
20:4n-6 1.14+0.01° 0.35+0.03° 236 +0.29° 1.17+0.03 0.42 +0.03° 2.29+0.06
20:5n-3 1.23 +0.02° 0.49 +0.07° 0.16 + 0.06° 1.06+0.11° 0.38 +0.04¢ 0.09 +0.02¢
22:0 21.99+0.21° 3.92+0.21° 0.74 +0.05° 21.21 +0.96" 421+0.12° 1.53+0.14¢
22:1 1.38£0.02% 0.56 +0.05° 0.55 +0.20° 1.48 +0.07% 0.78 +0.12° 0.65 +0.07>
22:5n-3 2.29+0.11° 1.34+0.19¢ 0.32+0.07° 1.93+0.13° 0.99 +0.11¢ 0.22 +0.04°
22:6 n-3 13.92 + 0.07° 7.83+0.66° 4.92+0.01° 11.13+0.88° 5.89+0.47¢ 4.04+0.13°
SFA 60.08 + 0.30° 39.07 +0.50° 43.74 +0.44° 59.20 + 0.93° 38.74 +1.29° 42.87+0.77°
MUFA 18.79 + 0.30° 40.59 + 0.30" 31.80 +0.21¢ 22.72+0.10° 42.07 +0.95% 33.45 £ 0.55°
HUFA 18.58 + 0.08° 8.99 +0.60° 8.78 +0.35° 15.29+0.82° 6.90 +0.44¢ 7.42+0.11¢
n-3 HUFA 17.44 + 0.09* 8.64 +0.59° 6.42+0.254 1412 £0.79° 6.48 +0.46¢ 5.13+0.07°
a,b,c,de.f.

means in the same column with different letters are significantly different (P <0.05). Data are expressed as mean values + S.E. (30 dog conch per

aquarium; # = 3). MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids, HUFA: highly unsaturated fatty acids, SFA: saturated fatty acids,
A: fish oil + 0% L-carnitine, B: soybean oil + 0% L-carnitine, C: beef tallow + 0% L-carnitine, D: fish oil + 0.5% L-carnitine, E: soybean oil + 0.5% L-carnitine,

and F: beef tallow + 0.5% L-carnitine.

[20, 62]. In this study, dog conch may need more energy for
growth during the larval stage, thus the L-carnitine sup-
plementation enhanced the available energy produced
through beta-oxidation. The lipid energy sources supple-
mented with L-carnitine are not appropriate for some
species, such as rainbow trout (Oncorhynchus mykiss) [36],
juvenile hybrid striped bass (Morone chrysops female x M.
saxatilis male) [12], and hybrid tilapia (O. niloticus x O.
aureus) [14]. The lower weight gain associated with L-
carnitine could be attributed to L-carnitine supplementa-
tion levels, dietary composition, animal species, duration
and fluctuation of the rearing water temperature, fish size,
and stability of diets [17, 63]. The reduction of muscle lipid
and liver lipid content with an incremental increase in the

dietary L-carnitine level confirmed that lipids supplemented
with L-carnitine are beneficial as energy sources. In the
present study, the synchronous improvement of FCR and
SGR in dog conch fed L-carnitine-supplemented diets was
accompanied by enhanced weight gain. Therefore, less
protein is used for metabolic energy requirements and less
feed is needed to obtain the same growth parameters as the
nonsupplemented group [17, 64].

The dog conch larvae fed with diets supplemented with
L-carnitine exhibited higher weight gain and lower lipid
levels in the muscle tissue than those fed with diets without
L-carnitine supplementation. The fatty acid metabolism
occurs in the mitochondrial matrix and L-carnitine is es-
sential towards the transport of long-chain fatty acids into
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TABLE 7: Superoxide dismutase (SOD, U-min™), phenoloxidase (PO, U-min™?), and glutathione peroxidase (GPx, mU-mL™) in the liver
tissue of larval dog conch fed experimental diets after 8 hours of warm-air (35°C) exposure challenge.

Treatment SOD* SOD PO GPx

A 1.22+0.01 3.96 +0.10° 4.44+0.11° 3.77 +0.10°
B 1.21+0.02 2.01+0.03¢ 2.25+0.03 1.91+0.03¢
C 1.21+0.01 1.23+0.08f 1.38 +0.09¢ 1.17+0.08°
D 1.23+£0.02 6.04 £0.07° 7.76 + 1.81° 5.73+0.07°
E 1.21+0.01 3.01 +0.04° 3.38 £0.04% 2.86+0.04°
F 1.22+0.01 2.76 +0.08¢ 3.09 +0.09% 2.63 +0.08¢
a,b,c,d,e.f.

means in the same column with different letters are significantly different (P <0.05). Data are expressed as mean values + S.E. (10 dog conch per

aquarium; n = 3). *before warm-air (35°C) exposure challenge. A: fish oil + 0% L-carnitine, B: soybean oil + 0% L-carnitine, C: beef tallow + 0% L-carnitine, D:
fish oil +0.5% L-carnitine, E: soybean oil +0.5% L-carnitine, and F: beef tallow +0.5% L-carnitine.
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F1GURE 1: Superoxide anion (O3) production ratio in the leukocyte
isolated from the liver of larval dog conch fed with experimental
diets after 8 hours of warm-air (35°C) exposure challenge (10 dog
conch per plastic aquarium; n=3). *®***means in the same
column with different letters are significantly different (P <0.05).
Different superscripts at the end of each bar chart indicate sig-
nificant differences (P < 0.05) among treatments. A: fish oil+ 0%
L-carnitine, B: soybean oil + 0% L-carnitine, C: beef tallow + 0% L-
carnitine, D: fish oil+0.5% L-carnitine, E: soybean oil+0.5%
L-carnitine, and F: beef tallow + 0.5% L-carnitine.

the mitochondrial matrix, producing extra energy from
beta-oxidation [32]. Similarly, results of the current study
show positive linear relationships between growth perfor-
mance and dietary L-carnitine levels. Similar results have
been reported for Atlantic salmon (Salmo salar) [35], carp
(Cyprinus carpio L.) [65], and rainbow trout (Oncorhynchus
mykiss) [62]. Chu et al. [48] indicated that giant grouper
larvae, Epinephelus lanceolatus, need more energy for
growth, and L-carnitine supplementation might increase
energy availability due to an increase in triglycerides oxi-
dation. In the current study, dog conch larvae fed diet
supplemented with 0.5% L-carnitine treatments showed
significantly higher growth parameters than those fed diet
without L-carnitine supplementation, perhaps because lar-
vae can use more dietary lipid for energy consumption and
growth when receiving a diet supplemented with L-
carnitine. Thus, dog conch larvae consumed energy in
lipid form and saved the protein for growth, as observed by
Torrelee et al. [20] and Jalali et al. [66].
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FiGURE 2: Thiobarbituric acid reactive substances (TBARS) in the
muscle tissue content of larval dog conch, Laevistrombus canarium,
fed various experimental diets after 8 hours warm-air (35°C) ex-
posure challenge (10 dog conch per plastic aquarium; #n=3).
*bedmeans in the same column with different letters are signifi-
cantly different (P <0.05). A: fish oil + 0% L-carnitine, B: soybean
0il+0% L-carnitine, C: beef tallow+ 0% L-carnitine, D: fish
oil + 0.5% L-carnitine, E: soybean oil + 0.5% L-carnitine, and F: beef
tallow + 0.5% L-carnitine.

Long-chain (Carbon >22) fatty acids are degraded to
shortened fatty acids, which then need to be transported
into mitochondria for complete beta-oxidation [67-69].
Dog conch larvae fed diets supplemented with L-carnitine
had significantly less n —3 HUFA in the muscle tissue than
those fed diets without L-carnitine supplements in this
study. In contrast, dog conch larvae fed diets containing
soybean oil and beef tallow supplemented with L-carnitine
had higher levels of 18:0, 18:1, and 18:2 n—6 in the
muscle than those fed fish oil treatment diet without L-
carnitine supplementation. Dikel et al. [62] indicated that
rainbow trout fed diets supplemented with L-carnitine
showed increasing C14-18 and decreasing C20-22 fatty
acid profiles in the muscle tissue, and similar results have
been observed in Red Sea bream (Pagrus major) [22] and
African catfish (Clarias gariepinus) [70]. Chatzifotis and
Takeuchi [15] indicated that mitochondria require carni-
tine for the oxidation of long-chain fatty acids. Therefore,
L-carnitine causes an increase in the oxidation rate of
highly polyunsaturated fatty acids and is assumed to
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promote fatty acid disappearance. Chatzifotis and Takeuchi
[15] indicated that carnitine is required for the oxidation of
long-chain fatty acids by mitochondria. In this study, the
fatty acid profile of dog conch larvae showed that dietary L-
carnitine can decrease the n—3 HUFA content of the
muscle and it can be inferred that L-carnitine may increase
the oxidation rate of highly polyunsaturated fatty acids in
muscle tissues. Similar results have also found in juvenile
European sea bass (Dicentrarchus labrax L.) [19, 71],
channel catfish (Ictalurus punctatus) [29], Atlantic salmon
(Salmo salar) [35], and grouper (Epinephelus lanceolatus)
[28, 48].

The use of L-carnitine in dog conch diets also affects the
function of the antioxidant system. Safari et al. [16] found
that the use of L-carnitine in narrow clawed crayfish, Astacus
leptodactylus, diets can influence increase the production of
haemolymph as well as enhance antioxidant enzymes. The
successful use of L-carnitine as a feed additive to improve
antioxidant response has also been confirmed in broiler
chickens [72], black carp (Mylopharyngodon piceus) [73],
juvenile black sea bream (Sparus macrocephalus) [74] and
rainbow trout (Oncorhynchus mykiss) [75]. In this study, the
dog conch fed the diets supplemented with L-carnitine
showed enhanced status of antioxidants and immunologi-
cal enzyme activity. Safari et al. [16] indicated that
malondialdehyde and glutathione peroxidase activity may be
used to determine whether the body is under oxidative
stress. These processes may explain why dog conch receiving
L-carnitine dietary supplement had lower malondialdehyde
and higher glutathione peroxidase activities than dog conch
fed the diets without L-carnitine supplementation. The re-
sults showed that antioxidant enzyme activities of super-
oxide dismutase and phenoloxidase were significantly
enhanced by the 0.5% L-carnitine dietary supplement.
Antioxidant enzymes, such as SOD, PO, and GPx, constitute
a natural defense system against the activity of oxidants. The
growth and survival of dog conch may depend on the ability
of the organism to overcome the toxic effects of reactive
oxygen species. The ability of L-carnitine dietary supple-
mentation to reduce lipid peroxide content and to enhance
the activities of enzymatic antioxidants has also been con-
firmed by Kalaiselvi and Panneerselvam [76], Ma et al. [74],
and Mohseni and Ozério [64]. Thus, L-carnitine can reduce
lipid peroxidation and mitigate injury from oxidative stress
in dog conch.

In conclusion, the present study indicated that growth
parameters of dog conch larvae fed with a diet containing
fish oil supplemented with 0.5% L-carnitine was significantly
(P<0.05) higher than those fed other diets, L-carnitine
supplementation did impact muscle fatty acid profiles and
enhanced antioxidant, fatty acids beta-oxidation, and anti-
oxidant ability in dog conch larvae. Furthermore, our
findings revealed that dietary L-carnitine supplementation
has an important role in helping dog conch larvae recover
from the stress induced by warm-air exposure.
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