
Volume 31 Issue 1 Article 7 

Effects of various dietary carbohydrate sources on the growth performance Effects of various dietary carbohydrate sources on the growth performance 
and body composition of the dog conch, Laevistrombus canarium and body composition of the dog conch, Laevistrombus canarium 

Jen-Hong Chu 
Department of Aquatic Biosciences, National Chiayi University, Chiayi, 600, Taiwan, jhchu@mail.ncyu.edu.tw 

Follow this and additional works at: https://jmstt.ntou.edu.tw/journal 

 Part of the Fresh Water Studies Commons, Marine Biology Commons, Ocean Engineering Commons, 
Oceanography Commons, and the Other Oceanography and Atmospheric Sciences and Meteorology Commons 

Recommended Citation Recommended Citation 
Chu, Jen-Hong (2023) "Effects of various dietary carbohydrate sources on the growth performance and body 
composition of the dog conch, Laevistrombus canarium," Journal of Marine Science and Technology: Vol. 31: Iss. 1, 
Article 7. 
DOI: 10.51400/2709-6998.2686 
Available at: https://jmstt.ntou.edu.tw/journal/vol31/iss1/7 

This Research Article is brought to you for free and open access by Journal of Marine Science and Technology. It has been 
accepted for inclusion in Journal of Marine Science and Technology by an authorized editor of Journal of Marine Science and 
Technology. 

https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/
https://jmstt.ntou.edu.tw/journal/vol31
https://jmstt.ntou.edu.tw/journal/vol31/iss1
https://jmstt.ntou.edu.tw/journal/vol31/iss1/7
https://jmstt.ntou.edu.tw/journal?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/189?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1126?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/302?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/191?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/192?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages
https://jmstt.ntou.edu.tw/journal/vol31/iss1/7?utm_source=jmstt.ntou.edu.tw%2Fjournal%2Fvol31%2Fiss1%2F7&utm_medium=PDF&utm_campaign=PDFCoverPages


RESEARCH ARTICLE

Effects of Various Dietary Carbohydrate Sources on
the Growth Performance and Body Composition of
the Dog Conch, Laevistrombus canarium

Jen-Hong Chu

Department of Aquatic Biosciences, National Chiayi University, Chiayi, 600, Taiwan

Abstract

This study investigates the effects of dietary supplementation with various carbohydrate sources on the growth and
dietary nutrient utilization efficiency of a 0.72-g dog conch, Laevistrombus canarium. Five treatment diets had supple-
mentation with alpha-starch (Sta), dextrin (Dex), pullulan gum (Pg), xanthan gum (Xg), and carboxymethyl cellulose
(CMC). At the end of the feeding trial, the best growth performance (weight gain, 442.23%) and diet efficiency (protein
efficiency ratio, 1.25, and feed conversion ratio [FCR], 2.04) were exhibited by the dog conch fed the Sta diet, whereas the
lowest growth performance was observed in the dog conch fed the Xg and CMC diets. Dog conch fed the Sta (2.04) diet
had a lower FCR than dog conch fed the other experimental diets (3.92e5.46). Apparent dietary digestibility (ADD) was
significantly higher in dog conch fed the Sta diet than in the dog conch that were fed the other experimental diets. The
ADD of protein was significantly lower in the dog conch fed the CMC diet than in those fed the other dietary treatments.
The lowest ADD for energy was observed in the dog conch fed the CMC diet, followed by the Xg diet and Pg diet.
Moisture, crude protein, and muscle crude lipid were affected by the carbohydrate source. An increase in carbohydrate
complexity in the diet led to an enhancement of crude protein content and muscle crude lipid content. Compared with
the other diets, the Sta diet yielded a significantly greater improvement in all shell parameters. These findings indicate
that dog conch fed a Sta diet demonstrate the best growth parameters, feed efficiency, and ADD; therefore, diets sup-
plemented with Sta are suitable for improving dog conch growth.

Keywords: Laevistrombus canarium, Carbohydrate, Weight gain

1. Introduction

C arbohydrates are an energy source and a
component of tissues in aquatic animals.

Pentose is a component of nucleic acid and provides
material for synthesizing body fat. Carbohydrates
are a more economical and stable source of energy
than proteins or lipids; therefore, many researchers
have explored the use of carbohydrate supplemen-
tation in aquatic animal feed, although knowledge
of carbohydrate use among most aquatic animals is
limited compared with that of mammals [45,54].
In the aquafeed industry, various carbohydrates,

such as starch and dextrin (Dex), are used as energy

sources and feed adhesives that can improve water
resistance and enhance the absorb of feed additives.
Saccharides in feed can be quickly absorbed by
aquatic animals, but a high level of saccharides in an
aquatic animal's diet can inhibit their nutrition
utilization rate and inhibit growth with respect to
various growth parameters [25]. Palmer and Ryman
[47] indicated that the use of large quantities of
starch as a binder in feed can be detrimental to
hepatic metabolism, resulting in negative effects on
digestibility. Adhesives used in aquafeeds include
wheat gluten; starch; carboxymethyl cellulose
(CMC); lignosulfonates; Dex; and various algins,
such as alginic acid, carrageenan, agar, xanthan
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gum (Xg), and pullulan gum (Pg). These adhesives
enhance the stability of feed in water [31]. The uti-
lization rate of carbohydrates by fish varies with the
food source. Shiau and Huang [55] indicated that
tilapia have a lower intestinal absorption rate for
sugar when fed a diet supplemented with poly-
saccharides. In most fish, the utilization of gelati-
nized starch and Dex is better than that of
monosaccharides [63].
The ability to utilize carbohydrates depends on a

species’ ability to oxidize carbohydrates to glucose
and store the glucose as glycogen or fat [28]. Stone
et al. [58] indicated that the ability to utilize dietary
carbohydrates as an energy source depends on the
digestibility, endogenous metabolic enzymes, and
assimilation of different types of carbohydrates.
Dietary carbohydrate supplements can improve
growth parameters in tilapia, Oreochromis niloticus
[6]; tiger shrimp, Penaeus monodon [2]; Atlantic
salmon, Salmo salar L. [32]; and rainbow trout,
Oncorhynchus mykiss [49]. Mai et al. [42] found that
both dietary carbohydrates and lipids are key en-
ergy sources for mollusks such as abalones. In their
natural habitat, abalones primarily feed on macro-
algae, which have high carbohydrate content;
therefore, they can convert carbohydrates into
glycogen, which is stored in soft body muscles.
Terrestrial carnivores use carbohydrates more than
terrestrial herbivores. However, aquatic herbivores
can utilize carbohydrates for energy and to achieve
a high growth rate [24,42]. Zhang et al. [67] used
wheat starch as the carbohydrate source in the diet
of spotted babylon, Babylonia areolata. When the
amount of wheat starch supplement increased, the
glycogen content and protein content in the soft
muscle tissue were significantly higher. Starch can
also enhance the glycolytic and lipogenic pathways
in the muscle of Babylonia areolate. These results
demonstrate that dietary carbohydrates can
improve protein utilization for growth, increase
enzyme activity, and promote the glycolytic
pathway.
Mollusks have a longer feeding time than most

fish species; thus, a mollusk's food source must be
stable. However, mollusks may not intake food if
their food is too difficult to break down [40,65]. Sales
and Janssens [53] found that starch is an essential
energy source and adhesive in commercial abalone
feeds. Carbohydrates can improve the stability of
artificial mollusk feeds. Therefore, the digestibility
of mollusk food is crucial.
Laevistrombus canarium, also known as Strombus

canarium or the dog conch, is a member of the Order
Littorinimorpha and the subclass Caenogastropoda.
The dog conch is an oceanic mollusk with a high

market value in many Asian countries [1]. Dog
conch is consumed as seafood by humans and is
known for its ornamental value and use in fishery
tools [15,50]. In Taiwan, dog conch has declined in
the wild, although 200,000 dog conch larvae were
released into their native natural habitat in 2021 by
Penghu Agriculture and Fisheries. Nonetheless,
dog conch remains in decline because of over-
exploitation and overfishing.
To develop dog conch on an economic scale,

background studies on the nutritional requirements
of dog conch must be conducted. The larval nutri-
tion requirements of dog conch, including protein
[13] and lipids [14], have been established in our
laboratory. However, the stability of dog conch food
in water remains inconsistent, and insufficient
knowledge exists regarding the reliable adhesives
that allow for an optimal dissolution rate for an
extended period. Thus, food stability for dog conch
remains difficult to ensure. Therefore, this study
identified the optimal dietary carbohydrate source
for 0.72-g dog conch L. canarium larvae.

2. Materials and methods

2.1. Experimental diets

The optimal crude protein (46.4%) and crude lipid
(5.6%) content of the experimental diets were
determined on the basis of our previous laboratory
results for dog conch [13,14]. The experimental diets
were supplemented with alpha-starch (Sta) (Shi-
makyu's Pure Chemicals, Japan), dextrin (Dex)
(Shimakyu's Pure Chemicals, Japan), pullulan gum
(Pg) (Sigma, USA), xanthan gum (Xg, USA) (Sigma,
USA), and carboxymethyl cellulose (CMC) (Sigma,
USA) (Table 1). Fish meal was the main protein
source in the experimental formulae. A 0.25-g fish
oil mix containing 0.13-g corn oil was used as the
lipid source. Carbohydrates were added to ensure a
balanced diet. All experimental raw materials were
ground to a particle size smaller than 150 mm by
using a grinding machine (Yuan Tai machinery se-
ries, D3V-10) before the feed was formulated. After
mixing all the raw material until homogeneous, the
oil was added. Finally, 300 mL of deionized water
was added to form a paste, and an extruder was
then used to produce 3 mm pellets. The moist pel-
lets were initially dried in an oven (60 �C) and then
stored in a refrigerator at 4 �C until use.

2.2. Experimental facility and dog conch husbandry

All animal experimentations conformed to the
principles for the use and care of laboratory animals
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in accordance with the Institutional Animal Care
and Use Committee (IACUC) of National Chiayi
University (NCYU) (approval no. NCYU-IACUC-
11101).
Dog conch cultivation was conducted in an indoor

circulating water system comprising 30 fiberglass
reinforced plastic aquaria (volume ¼ 90 L). Each
plastic aquarium had an independent air supply
system. Larval dog conch was obtained from the
Aquatic Propagation Center at NCYU and acclima-
tized at a temperature of 28 �C and with a photo-
period of 12 hours light and 12 hours dark. Larval
dog conches were fed a diet of 46% crude protein
and 5% crude lipid for 14 days, per the method of
Chu et al. [13,14]. Six plastic aquariums were
randomly assigned to each experimental diet.
Thereafter, the dog conches (10 per aquarium) were
fed the experimental diets once per day for 120 days.
After each feeding, the uneaten feed was removed
and collected to calculate feeding efficiencies such
as the feed conversation ratio (FCR) and protein
efficiency ratio (PER). Fecal matter was removed
through siphoning to maintain high water quality.
Data on feeding characteristic, such as the amount
of feed consumed and the number of dead dog
conches, were recorded daily. During the experi-
ment, the water was maintained at the following
levels: temperature: 28 ± 1 �C; pH: 7.3e7.5;
ammonia nitrogen (NH3eN): �0.05 ppm; and dis-
solved oxygen (DO): �6.0 ppm. The photoperiod

remained at 12 hours light and 12 hours dark
throughout the experiments.

2.3. Sample collection and analysis

2.3.1. Sample collection
After the experiments, all surviving L. canarium

were sacrificed according to IACUC regulations and
then weighed, measured, and counted. The shell
length, shell width, and shell height were measured
using electronic digital calipers according to the
method of Guzm�an and Viana [29]. The muscle and
hepatopancreas were carefully dissected for the
composition analysis.

2.3.2. Biochemical analyses
Analyses of the moisture, ash, fiber, and crude

protein of the experimental diets and dog conch
muscle tissue were performed per the standard
methods of the Association of Analytical Chemists
[4]. Crude protein level was measured using the
Micro-Kjeldahl method, and nitrogen (N � 6.25)
concentration was determined using the crude
protein content of the sample. Crude lipid level was
measured according to the methods described by
Folch et al. [22]; the extraction solution comprised a
chloroform and methanol (2:1, v/v) mixture, and a
0.5-g sample was extracted using a homogenizer
(IKA Ultra Turax T25 Basic) and 40-mL extraction
solution. Crude fiber was evaluated using acid

Table 1. Formulation and composition of the various experimental diets.

Ingredient (%) Sta Dex Pg Xg CMC

Fish meal 64.46 64.46 64.46 64.46 64.46
Oila 0.38 0.38 0.38 0.38 0.38
Lecithin 1 1 1 1 1
Yeast 1 1 1 1 1
Carbohydrate 25 25 25 25 25
Vitaminb 2 2 2 2 2
Mineralsc 2 2 2 2 2
Chromic oxide 0.5 0.5 0.5 0.5 0.5
Cellulose 3.66 3.66 3.66 3.66 3.66
Analyzed composition (as fed)
Moisture 10.12 10.25 10.05 9.76 10.43
Crude proteind 46.08 46.12 46.08 46.10 46.09
Crude lipidsd 5.58 5.69 5.58 5.62 5.53
Ashd 8.4 7.9 8.8 8.8 9.2
Gross energy 336.02 336.03 336.02 336.03 336.01
Digestible energye 257.17 250.91 235.11 235.67 188.73
NFEfþFiber 60.06 59.71 61.26 60.92 61.12

Sta: alpha-starch; Dex: dextrin; Pg: pullulan gum; Xg: xanthan gum; CMC: carboxymethyl cellulose.
a 0.25-g fish oil mix with 0.13-g corn oil.
b Modified from Chu et al., [14].
c Modified from Bernhart and Tomarell, [8].
d Data represents dry weight (in %).
e Digestible energies (in kcal per 100 g) ¼ gross energy � apparent digestibility coefficient of energy.
f Nitrogen free extract (NFE, in %): The sum of the basic crude protein, crude lipids, and ash are subtracted from 100.
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(H2SO4), and the base (NaOH) solution reagents
were analyzed using a Fibertec system M 1020 hot
extractor (FossTecator, H€ogan€as, Sweden). Ash was
analyzed through combustion in a muffle furnace at
540 �C for 12 hours. Moisture was measured using
an oven (135 �C for 5 hours). The gross energy of
each diet was determined using a bomb calorimeter
(IKA calorimeter system, C2000 basic, Germany).

2.3.3. Digestibility analysis
For the digestibility analysis, diets were prepared

and supplemented using chromic oxide (Cr2O3) as
an inert marker. The feces within the fiberglass
tanks were removed from the water by using
filtration (Whatman No. 2), freeze-dried, placed in a
plastic bag, and stored in a freezer at �40 �C before
analysis. After a mixture of nitric acid (65% HNO3,
Fulka) with 3 mL hydrogen peroxide (30% H2O2,
Merck) was digested using a microwave (Multiwave,
Anton paar), the total chromic oxide concentrations
of the samples were determined using inductively
coupled plasma optical emission spectroscopy.
Percentages for the apparent digestibility of the
dry matter (ADd) were calculated as 100 �
(Cd � NXf ) � (Cf � NXd )�1 � 100. Percentages for
the apparent digestibility of nutrients or energy
(ADe) were calculated as (1 � (Cd/Cf ) � (NXf or
NXfe/NXd or NXfe)) � 100, where d is diet, f is feces, e
is energy, C is chromic oxide concentration, and NX
is nutrient concentration.

2.4. Statistical analysis

All experimental data were subjected to a one-way
analysis of variance by using SAS-PC. When a sig-
nificant difference ( p < 0.05) was observed, Tukey's
range test was conducted to identify any significant
differences between treatments [57].

3. Results

The rates of dissolution (in %) in water after 8
hours of the experimental diets containing various
carbohydrate sources are shown in Fig. 1. A higher
dissolution rate in water (77%) was observed in the
Sta diet compared with the other diets. The Dex diet
was relatively stable in water.
The growth parameters of dog conch fed the

experimental diets for 120 days are shown in Table
2. At the end of the feeding trial, the overall survival
rate of the dog conch was >83%, whereas the sur-
vival of the CMC diet group was significantly lower
(p < 0.05) than that of the Sta diet group. Dog conch
fed the Sta diet demonstrated a significantly higher
weight gain percentage and FCR than those fed the

Pg, Xg, and CMC diets. However, the weight gain
percentage, FCR, and PER of dog conch fed the Dex
diet did not significantly differ from those fed the
Sta diet. Dog conch fed the Sta diet had a lower FCR
than those fed the Pg, Xg, and CMC diets.
The analytical results of the dog conch muscle

samples are presented in Table 3. Dog conch muscle
protein and lipid content ranged from 48.11% to
54.99% and from 5.27% to 8.67%, respectively. Ash
content was between 1.02% and 1.05%. Moreover,
different moisture levels were observed, which
varied with the complexity of the carbohydrate
sources. A significantly higher hepatic glycogen
content was observed in dog conch fed the Sta diet
compared with those fed the Pg, Xg, and CMC diets.
Increases in shell length, soft body muscle, and

mean protein of the dog conch are listed in Table 4.
The increase in shell length of dog conch fed the Sta
diet was the highest among all the experimental
diets, whereas the increase in shell length of the dog
conch fed the CMC diet was the lowest. The soft
body muscle rate and mean protein gain of dog
conch fed the Sta diet were significantly higher than
those of the dog conch fed the Xg and CMC diets.
An increase in shell length was positively correlated
with an increase in body weight. The shell length
increased as dietary Sta supplementation increased,
which indicated that when dietary carbohydrate
sources were available, a proportion of these car-
bohydrates contributed to growth.
The apparent digestibility coefficients of dietary

protein (ADp), ADd, and ADe of the dog conch fed
different experimental diets are shown in Table 5.
The ADd of dog conch fed the Sta diet (64.33%) was
significantly higher than that of dog conch fed the
Pg (60.07%), Xg (60.30%), and CMC diets (50.47%).
The ADp was significantly lower when the dog
conch was fed the CMC diet (87.10%) compared

Fig. 1. Dissolution rates in water of the various experimental diets
(in %).
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with the Sta (88.53%) and Dex diets (88.57%). The
highest ADe was observed in dog conch fed the Sta
diet (76.53%) followed by the Dex diet (74.67%),
whereas the ADe was lowest for dog conch fed the
CMC (56.17%) diet.

4. Discussion

The growth parameters identified during this
study suggest that Sta is a better carbohydrate
source for dog conch than Pg, Xg, and CMC. In
blacklip abalone (Haliotis rubra), wheat flour and
semolina-based diets yielded slightly better growth
rates relative to maize starch-based diets [18].
Furthermore, Dex was more effective for growth in
flounder, Paralichthys olivaceus, than other saccha-
rides, such as glucose and cellulose [37]. In the
present study, the growth parameters were only
affected by dietary carbohydrate sources containing
Sta and Dex. Uki et al. [62] and Cruz-Su�arez et al.
[16] indicated that complex polysaccharides can
affect the growth rate of a variety of animals.
However, in the present study, the weight gain and
PER of dog conch fed the CMC diet were signifi-
cantly lower than those of the dog conch fed the Sta
and Dex diets, which supports the hypothesis that

Table 2. Initial weight, final weight, weight gain, protein efficiency ratio (PER), feed conversion ratio (FCR), and survival of dog conch, Laevistrombus
canarium, fed diets containing various carbohydrate sources for 120 days.

Treatments Initial weight
(g)

Final weight
(g)

Weight gain
(%)

FCR PER Feed intake
(g/dog conch/day)

Survival
(%)

Sta 0.72 ± 0.01 3.90 ± 0.17a 442.23 ± 25.59a 2.04 ± 0.04c 1.07 ± 0.02a 0.05 ± 0.00e 100
Dex 0.72 ± 0.02 3.79 ± 0.19a 426.23 ± 15.63a 2.30 ± 0.15c 0.95 ± 0.06a 0.06 ± 0.00d 96
Pg 0.72 ± 0.01 2.85 ± 0.60b 296.11 ± 88.90b 3.92 ± 0.95b 0.58 ± 0.16b 0.07 ± 0.00c 93
Xg 0.72 ± 0.02 2.86 ± 0.12b 295.82 ± 12.02b 3.95 ± 0.23b 0.55 ± 0.03bc 0.07 ± 0.00b 90
CMC 0.72 ± 0.02 2.44 ± 0.34b 236.45 ± 41.40b 5.46 ± 0.87a 0.40 ± 0.06c 0.08 ± 0.00a 83

Mean values and standard error (mean ± S.E.) are presented for each parameter.
a,b,c Means in the same row with different letters are significantly different ( p < 0.05).

Table 3. Muscle composition (in %) and hepatic glycogen content (in mg/g) of Laevistrombus canarium fed diets containing various carbohydrate
sources for 120 days.

Treatments Composition

Moisture Ash Crude protein Crude lipids Hepatic glycogen content

Sta 69.30 ± 1.13c 1.04 ± 0.04 54.99 ± 0.11a 8.67 ± 0.14a 33.61 ± 0.89a

Dex 78.67 ± 0.57a 1.02 ± 0.08 54.11 ± 0.57a 7.58 ± 0.11b 31.28 ± 0.87a

Pg 73.71 ± 1.32b 1.03 ± 0.05 51.27 ± 1.28b 7.26 ± 0.16b 22.17 ± 1.94b

Xg 68.15 ± 0.37c 1.05 ± 0.01 51.56 ± 0.53b 5.31 ± 0.29c 23.61 ± 2.02b

CMC 69.02 ± 0.74c 1.02 ± 0.05 48.11 ± 0.54c 5.27 ± 0.35c 19.57 ± 0.57c

Mean values and standard error (mean ± S.E.) are presented for each parameter.
a,b,c Means in the same row with different letters are significantly different ( p < 0.05).

Table 4. Shell length increase, shell width increase, shell height increase, soft body muscle rate (SB), and mean protein gain (MPG) of Laevistrombus
canarium fed diets containing various levels of carbohydrate sources for 120 days.

Carbohydrate
sources

Shell length
increase (%)

Shell width
increase (%)

Shell height
increase (%)

SB
(%)

MPG
(mg/shell)

Sta 38.19 ± 0.81a 35.36 ± 0.70a 37.06 ± 0.56a 1.60 ± 0.43a 1.60 ± 0.43a

Dex 32.06 ± 1.92b 29.65 ± 1.89b 31.06 ± 2.00b 1.55 ± 0.13a 1.55 ± 0.13a

Pg 29.38 ± 1.20c 26.84 ± 1.14bc 28.47 ± 1.38c 1.44 ± 0.05a 1.44 ± 0.05a

Xg 27.83 ± 1.20c 25.31 ± 0.84c 27.08 ± 0.95c 0.75 ± 0.10b 0.75 ± 0.10b

CMC 25.02 ± 0.80d 24.45 ± 3.89c 24.26 ± 1.68d 0.58 ± 0.04b 0.58 ± 0.04b

Mean values and standard error (mean ± S.E.) are presented for each parameter.
a,b,c,d Means in the same row with different letters are significantly different ( p < 0.05).

Table 5. Effect of dietary carbohydrate sources on the apparent di-
gestibility (AD) values of dog conch, Laevistrombus canarium, fed
experimental diets.

Carbohydrate
sources

ADd (%) ADp (%) ADe (%)

Sta 64.33 ± 1.25a 88.53 ± 0.60a 76.53 ± 0.60a

Dex 63.17 ± 0.58a 88.57 ± 0.59a 74.67 ± 0.71b

Pg 60.07 ± 0.45b 87.93 ± 0.06ab 69.97 ± 0.21c

Xg 60.30 ± 0.44b 87.97 ± 0.97ab 70.13 ± 0.85c

CMC 50.47 ± 0.91c 87.10 ± 0.20b 56.17 ± 0.93d

Mean values and standard error (mean ± S.E.) are presented for
each parameter.
a,b,c Means in the same row with different letters are significantly
different ( p < 0.05).
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dog conch larvae utilize digestible starch poly-
saccharides more effectively than nonstarch poly-
saccharides. This finding is consistent with the
findings for many fish species, such as African cat-
fish, Clarias gariepinus [38,39]; Nile tilapia, O. niloticus
L. [7]; and common carp, Cyprinus carpio L. [34]. By
contrast, nonstarch carbohydrate-based substrates
can be nutrient sources for crustacean species, such
as giant Malaysian prawn, Macrobrachium rosenbergii
[17,27,44]; snow crab, Chionoecetes opilio [9]; and
redclaw crayfish, Cherax quadricarinatus. [21,64].
Fleming et al. [20] indicated that commercial

artificial diets for abalone primarily provide energy
in the form of carbohydrates, such as wheat flour,
maize flour, sodium alginate, Dex, starch, and bran.
Such carbohydrates often make up between 30%
and 60% of the diet. For slow aquatic feeders such as
abalone and dog conch, artificial diet particles must
remain bound together, and the loss of water-solu-
ble nutrients in water must be minimized. The Sta
diet had a higher dissolution rate in water (77%)
after 8 hours than the other diets yet resulted in a
higher growth rate. These findings may be attrib-
uted to specific feeding habits of the dog conch. In
this study, dog conch used their proboscis to gnaw
and swallow food. Therefore, although Xg and CMC
have greater stability in water, this enhanced sta-
bility did not promote feeding efficiency. Similar
results were found when a diet containing 10%e
30% fiber resulted in diminished growth [30,35,41].
Our results suggest that Sta is the most suitable
single carbohydrate source for artificial dog conch
feed.
In this study, significantly lower ADd, ADp, and

ADe values were observed from dog conch fed the
CMC diet than dog conch fed the other treatment
diets. Moreover, poor digestive gland enzyme ac-
tivity levels were observed in the dog conch fed the
CMC diet. Thus, CMC does not contribute to the
energy of dog conch. Catacutan [12] found that
when the diet of P. monodon was supplemented with
more than 7% dietary fiber, the ADd value was
82.7%, which was significantly lower than other
treatments. When Sudaryono et al. [60] adminis-
tered a diet supplemented with 7.84% dietary fiber
to P. monodon, the ADd and ADp levels were
significantly lower than those of other treatments.
Hansen et al. [30] observed a decrease in ADp levels
in response to increases in dietary cellulose levels.
The digestible energy from cellulose in aquafeed

is limited, although some fish can digest cellulose
by harboring beneficial microorganisms in their
intestines [46]. Cellulose reduces the absorption of
some nutrients in animals, including minerals
[48,51], cholesterol [26], and fat [5,59].

The dog conch fed the CMC diet exhibited the
worst growth performance in the present study.
Poor growth performance has been associated
with CMC dietary supplementation in tilapia, O.
niloticus � O. aureus [56]; Japanese flounder, P. oli-
vaceus [66]; channel catfish, Ictalurus punctatus [36];
rainbow trout, Salmo gairdneri [33]; and red seab-
ream, Pagrus major [23]. Poor growth performance
may be caused by a delay in the passage of food
through the stomach due to the food's relatively
high viscosity. Slow passage through the gut may
result in an imbalance in the absorption of nutrients,
leading to a decline in the PER [52]. Antonio et al. [3]
found that the gastropod, Cipangopaludina japonica,
can digest proteins and starch well but not cellulose.
Thus, water-soluble dietary fibers such as guar gum,
CMC, and pectin can increase the feed's viscosity
and delay physiological digestion. Consequently,
the time required to metabolize the nutrients that
provide energy and protein can be extended [23].
Yamamoto and Akiyama [66] found that CMC is
unsuitable as a binder for Japanese flounder diets
because it inhibited proteolytic enzyme activity,
which led to poor growth and feed performance.
Therefore, the reduced growth response of dog
conch to dietary carbohydrate from CMC may be
due to inefficient nutrient utilization, particularly
the digestion and absorption of proteins.
In the present study, the glycogen content in the

hepatopancreas was significantly higher when the
dietary carbohydrate source was Sta. However, the
glycogen in hepatopancreas tissues was significantly
lower when CMC was the dietary carbohydrate
source. Nevertheless, key glucose enzyme activity
levels were upregulated in the dog conch fed a Sta
diet. Similar results have been observed in blunt
snout bream, Megalobrama amblycephala [52], and
spotted babylon, B. areolata [67]. Our findings indi-
cated a positive correlation between soft body lipid
content and the dietary starch source. Therefore,
when carbohydrate is supplied and digested by dog
conch, lipids are deposited in the soft body through
lipogenesis. Crude protein content in muscles was
significantly higher in dog conch fed the Sta diet,
suggesting that the utilization of Sta may improve
protein utilization. Similar results have been
observed in donkey's ear abalone, Haliotis asinina L.
[61]; gilthead sea bream, Sparus aurata [19]; and
spotted babylon, B. areolata Link 1807 [67].
This study provides valuable information on the

nutritional values of various dietary carbohydrate
sources for larval dog conch. Overall, our findings
indicate that Sta is the optimal carbohydrate source
for larvae dog conch to obtain maximum weight
gain.
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