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A factorial feeding trial of different levels of three carbohydrate sources (wheat flour, a-potato
starch, and sodium alginate) was conducted to determine proper sources and levels of dietary
carbohydrate for juvenile sea cucumbers. Three replicate groups of juvenile sea cucumbers (770
mg average weight) were fed the experimental diets once a day for 10 weeks. After feeding trial,
survival of sea cucumbers was not significantly different between diets. The body weight of sea
cucumbers was significantly (P<0.01) affected by both source and level of dietary carbohydrate,
tending to decrease as dietary carbohydrate level increased. Body weight of sea cucumbers fed a
25% wheat flour diet was the highest but was not significantly different from that of sea
cucumbers fed diet containing 10% wheat flour with 15% sodium alginate (P>0.05). No
significant differences were observed in contents of moisture, crude protein, crude lipid and ash
of sea cucumbers among dietary treatments. These results suggest that sea cucumbers utilize
wheat flour and sodium alginate more efficiently than they do a-potato starch, and that a
formulated diet containing 43-60% carbohydrate may be suitable for juvenile sea cucumber

culture.
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Introduction

Appropriate levels and ratios of protein, lipid and
carbohydrate are important for the development of
practical animal feeds in order to reduce the
catabolism of protein for energy (Suarez and
Mommsen, 1987; Cowey and Walton, 1989; Wilson,
1994). Feed costs for animal production in
aquaculture can be minimized by determining
requirements of a given animal for high-cost essential
nutrients and by maximizing the use of low-cost
energy sources. Carbohydrates are relatively in-
expensive and readily available energy sources for
animals compared to dietary protein and lipid.
However, the ability of fish to utilize carbohydrate
varies among species (NRC, 1993). It may be very
important to provide an adequate level of carbo-
hydrate in the diet in order to reduce the catabolism
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of protein for energy which reduces protein retention
and increases nitrogen effluent to the environment.
However, no quantitative carbohydrate requirements
for sea cucumbers have been reported to date.

The sea cucumber, Apostichopus japonicus, is the
most commercially valuable species of echinoderm in
Asia (Huiling et al., 2004). High demand for the
species as a human food source in Korea and China
makes it a good potential candidate for aquaculture.
However, the scarcity of information regarding the
dietary nutrient requirements of sea cucumbers has
delayed the development of a practical and cost-
efficient diet for their aquaculture. Recently, several
studies (Yuan et al., 2006; Okorie et al., 2008; Seo et
al., 2008; Liu et al., 2009) have been carried out to
determine the requirements for dietary protein, lipid,
energy and vitamin C, and to develop a practical diet
for this species. Feed costs for sea cucumber
production could be reduced by maximizing the
dietary inclusion of carbohydrate. Thus, the aim of
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the present study was to investigate the effects of
carbohydrate sources and levels in formulated diets
on the growth and body composition of juvenile sea
cucumbers.

Materials and Methods

Experimental diets

Ingredients and proximate compositions of the
experimental diets are shown in Table 1. Six ex-
perimental diets were formulated to contain 25%
(W25) or 40% (W40) wheat flour and 10% wheat
flour with 15% (WI10P15) or 30% a-potato starch
(WI10P30), or with 15% (WI0AL5) or 30%
(W10A30) sodium alginate. Soybean meal was used
as the protein source, and squid liver oil and soybean
oil were used as lipid sources in the experimental
diets. Ingredients of the experimental diets were
mechanically mixed with water at a ratio of 100 g of
ingredient mixture to 40 g water, pelleted using a
laboratory pelleting machine, and dried at room
temperature overnight. Pellets were ground using an

electric grinder and stored at -30°C until used.

Experimental animals and feeding trial

Juvenile sea cucumbers (Apostichopus japonicus)
were purchased from a local farm (Goseong, Korea).
They were acclimated to experimental conditions for
2 weeks while being fed a commercial feed (17% CP,
0.3% CL) before the feeding trial. A factorial (3
carbohydrate sourcesx2 levels) experimental design
with three replicates was employed in this study. Sea
cucumbers (mean body weight, 770 mg) were
randomly allocated into twenty-one 50-L rectangular
plastic tanks (58x38x28 cm) in a flow-through tank
system at a density of 70 juveniles per tank. Three
replicate groups of sea cucumbers were fed one of the
experimental diets and dried S. thunbergii once a day
(1700 h) at a feeding rate of 5% of body weight per
day for 10 weeks. Sand-filtered seawater was
supplied at a flow rate of 1 L/min, and supplemental
acration was provided continuously into each tank.
Seawater temperature was maintained at 20.6+2.9°C
(mean=SD), and the photoperiod followed natural

Table 1. Ingredients and proximate composition of the experimental diets

Diets
W25 W40 W10P15 W10P30 W10A15 W10A30 Algae powder
Ingredients (% of dry matter)
Soybean meal 48.0 43.5 52.4 52.4 52.4 524
Wheat flour 25.0 40.0 10.0 10.0 10.0 10.0
a-potato starch - - 15.0 30.0 - -
Sodium alginate - - - - 15.0 30.0 Sargassum
a-Cellulose' 19.6 9.3 15.0 - 15.0 - thunbergii
Squid liver oil 1.0 1.0 1.0 1.0 1.0 1.0
Soybean oil 1.2 1.0 14 1.4 1.4 1.4
Vitamin premix? 2.0 2.0 2.0 2.0 2.0 2.0
Mineral premix® 3.0 3.0 3.0 3.0 30 3.0
Choline salt 0.2 0.2 0.2 0.2 0.2 0.2
Nutrient composition (% of dry matter)
Dry matter 90.8 92.9 92.9 91.3 88.5 84.5 96.6
Crude protein 32.2 31.6 31.0 318 30.9 32.2 13.3
Crude lipid 3.1 3.1 3.1 2.9 2.8 31 0.1
Crude fiber 22.7 12.5 18.1 3.1 18.1 341 6.5
Ash 5.0 49 49 5.2 8.6 15.5 431
Carbohydrate® 59.7 60.4 61.0 60.1 57.7 49.2 43.5
Gross energy (kcal/g diet) 53 5.7 57 5.9 5.0 5.9 2.2
GE/P (kcal/g protein) ratio® 16.5 18.0 18.4 18.6 16.2 18.3 16.5

Slgma Chemical, St. Louis, MO, USA.

*Vitamin premix, contained the followmg amount which were diluted in cellulose (g/kg mix): L-ascorbic acid,
200; DL-o-tocopheryl acetate, 20; thiamin hydrochloride, 5; riboflavin, 8; pyridoxine hydrochloride, 2; niacin,

40; Ca-D-pantothenate, 12; myo-inositol,

200, D-biotin, 0.4; f011c a01d

1.5; p-aminobenzoic ac1d 20;

menadlone 4, retinyl acetate chloeca1c1ferol 0. 003 cyanocobalamm 0.003.

*Mineral premix, contained the following mgredlents (g/kg mix): NaCl, 7; MgS0,* 7H,0, 105; NaH,PO, 2H,0,
175; KH,;POy4, 224; CaH4(PO,), - H,0, 140; Ferric citrate, 17.5; Ca- lactate 21.8; ZnSOy- 7H20 2.8; CuCl, 0.2;
A1C13 6H,0, 0.11; KIO;, 0.02; Na,Se,0;, 0007 MnSO,* HZO 14 CoCl,- 6H20 0.07.

Calculated 100 — (crude protein + crude lipid + ash).
*Gross energy/proteln ratio.
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conditions during the feeding period. Each tank was
cleaned by siphoning every two days. Sea cucumbers
in each tank were collectively weighed every four
weeks and at the end of the feeding trial, and the
feeding rate was adjusted accordingly.

Sample collection and chemical analyses

One hundred juvenile sea cucumbers at the
beginning and all surviving animals in each tank at
the end of the feeding trials were sampled and stored
at -75°C for chemical analyses. Proximate com-
positions of the experimental diets and whole body
were determined using standard methods (AOAC,
1990). Crude protein was determined following the
Kjeldahl method using an Auto Kjeldahl system
(Buchi B-324/435/412, Switzerland). Crude lipid was
determined by ether extraction using a Soxhlet
extractor. Moisture was determined by oven drying at
105°C for 6 h. Crude fiber was determined using an
automatic analyzer (Tecator, Hoganas, Sweden), and
ash was determined by drying in a muffler furnace at
600°C for 4 h. Carbohydrate was calculated from the
remainder. Gross energy was analyzed using an
adiabatic bomb calorimeter (Parr 1356, USA).

Statistical analyses

Data were subjected to one-way ANOVA followed
by Duncan's multiple range test (Duncan, 1955) at a
significance level of P<0.05. Two-way analysis of
variance (ANOVA) was conducted to test the effects
of dietary carbohydrate sources and levels on the
growth of sea cucumbers. The data are presented as
mean+SEM of three replications. All statistical
analyses were carried out using SPSS version 12.0
(SPSS Inc., Chicago, IL, USA).

Results and Discussion

Survival rate of juvenile sea cucumbers fed on
diets containing different carbohydrate sources and
levels for 10 weeks is shown in Fig. 1. Sea cucumber
survival ranged from 60% to 79% and was not
significantly different among dietary treatments. The
low survival rate may be due to the small size of the
sea cucumbers (770 mg) used in the present study.
Mitsunaga and Matsumura (2004) reported that the
survival of groups of larger sized sea cucumbers was
significantly higher than that of small sized sea
cucumbers.

The mean body weight of juvenile sea cucumbers
was significantly affected by both the source (P<
0.01) and the level (P<0.001) of dietary carbohydrate
(Fig. 2). The body weight of sea cucumbers fed the
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Fig. 1. Survival rate (%) of sea cucumbers fed the
experimental diets for 10 weeks.
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Fig. 2. Mean body weight (mg) of sea cucumber fed
the experimental diets for 10 weeks. Lines having
different superscripts are significantly different
(P<0.05).

W25 diet containing 25% wheat flour was highest
among the dietary treatments, but it was not
significantly different from the body weight of sea
cucumbers fed the WI10A1S5 diet containing 10%
wheat flour with 15% sodium alginate and dried S.
thunbergii powder. It is notable that sea cucumbers
fed on the WI10AL1S diet grew rapidly after 4 weeks
of feeding and may have caught up with the growth
of sea cucumbers fed on the algae powder if the
course of feeding were prolonged. This suggests that
sea cucumbers may require some time to become
accustomed to the formulated W10A15 diet. Several
interpretations of the differences in body weight of
sea cucumbers fed on different levels and sources of
dietary carbohydrate are possible. First, this might be
due to the ability of sea cucumbers to digest different
dietary carbohydrate sources. Wilson (1994) reported
that the growth and feed utilization of fish could be
affected by dietary carbohydrate sources. Differences
in growth and feed utilization with differing dietary
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carbohydrate sources have been observed in flounder
(Lee et al., 2003), channel catfish (Wilson and Poe,
1987), and tilapia (Shiau and Chuang, 1995). How-
ever, no differences in weight gain were found for
abalone and snails fed on diets containing different
carbohydrates (Lee et al., 1998; Lim and Lee, 2003).
Species differ in their ability to utilize dietary
carbohydrate, depending on their digestive and
metabolic systems’ adaptations to different aquatic
environments (Walton and Cowey, 1982) and on the
sources and levels of dietary carbohydrate (Bergot,
1979; Hutchins et al., 1998). Carbohydrate utilization
in most carnivorous fish is lower than that in
herbivorous or omnivorous fish (Wilson, 1994;
Ruohonen et al., 2003). Second, the excessive
inclusion of carbohydrate could inhibit the digestion
and absorption of other nutrients from the diet and
consequently poor growth in sea cucumbers.
Rosenlund et al. (2004) reported that increased levels
of dietary carbohydrate adversely affected feed
efficiency in cod because of its lower utilization as an
energy source. Studies (Hillestad and Johnsen, 1994;
Aksnes, 1995; Hemre et al., 1995) have reported that
the inclusion of high levels of carbohydrate in diets
can reduce the digestibility of other nutrients in fish.
The growth values observed in this study suggest that
an appropriate carbohydrate level in formulated diets
for juvenile sea cucumbers could be 43-60%. This
value was higher than the optimum dietary car-
bohydrate level reported for abalone (Lee et al.,
1998). Interestingly, in the present study, sea
cucumbers fed on the W25 and WI10A15 diets,
containing 18-23% fiber, showed higher body
weights compared to those fed on other diets with
lower fiber content (3-18%), except for those fed on
algae powder. This result suggests that sea cucumber
may have cellulase activity or cellulolytic microflora
in the gut. Obrietan et al. (1991) reported that
echinoderm species have cellulase activity in gut
tissues. In contrast, dietary fiber is not hydrolyzed by
fish (Hung et al., 1989), and high fiber levels may
reduce the utilization of other nutrients (Anderson et
al., 1984). Other studies have shown a negative
correlation between dietary cellulose level and
growth and/or nutrient digestibility in fish (Hilton et
al., 1983; Fynn-Aikins et al., 1992; Lee, 2002).
Finally, the final body weight of sea cucumbers in the
present study was significantly correlated with the
energy/protein ratio of the experimental diet (y=
-116.6x+2966.5, r=0.71) (Fig. 3). The energy/protein
ratios (16.2-16.5 kcal/g protein) of the W25 and
WI0ALS diets and the algae powder were relatively
low compared to those (18.0-18.6 kcal/g protein) of
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Fig. 3. Relationship between dietary E/P ratio and
final body weight of sea cucumber fed the ex-
perimental diets for 10 weeks.

the other diets. Yuan et al. (2006) and Liu et al.
(2009) reported that energy deposition in sca
cucumbers was low compared to that of other
echinoderms and that energy loss through feces and
respiration accounted for the majority of ingested
energy. Lovell (1989) reported that feeding animals
on diets containing excessive energy relative to
protein levels led to a reduction of feed consumption
and poor growth due to the lack of necessary
nutrients for growth. The better growth of sea
cucumbers fed on algae powder and on the W25 and
WI10A15 diets may be due to the balance of nutrients
in S. thunbergi and in the diets. Considering these
results, it is suggested that diets containing 25%
wheat flour or 10% wheat flour with 15% sodium
alginate could be suitable for juvenile sea cucumbers.

The proximate compositions of the whole body of
sea cucumbers fed the experimental diets are shown
in Table 2. No significant differences were observed
in moisture (91.2-91.8%), crude protein (3.2-3.5%),
lipid (0.13-0.29%), or ash (3.4-3.8%) contents.

Many factors, including dietary nutrients and
energy (Yuan et al., 2006; Okorie et al., 2008; Seo et
al., 2008) and water temperature (Dong et al., 2006;
An et al., 2007), could affect the growth- of sea
cucumbers. However, under the conditions of this
study, it is suggested that juvenile sea cucumbers
utilized wheat flour and sodium alginate more
efficiently than they did a-potato starch, and a
formulated diet containing 43-60% carbohydrate is
recommended for juvenile sea cucumbers.
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Table 2. Proximate compositions of whole body in juvenile sea cucumber fed the diets containing different
carbohydrate source and level for 10 weeks. Values (means = SEM of three replications) in the same column not
sharing a common superscript are significantly different (P<0.05)

Diets Moisture (%) Crude protein (%) Crude lipid (%) Ash (%)
Initial 92.3 3.1 0.3 3.6
W25 91.4+0.09 3.4+£0.06 0.27 £0.023 35+0.07%°
W40 91.2+0.18 3.5+0.07 0.23+0.128 3.7 £ 0.09%°
W10P15 915x0.15 35014 0.29+0.119 35+0.01"
W10P30 91.5+0.16 3.40.01 0.20+0.128 3.8+0.04°
W10A15 91.2+0.05 33021 0.20 + 0.068 3.4 +£0.07°
W10A30 91.7+0.12 3.2+£0.04 0.13+0.062 3.4+011°
Algae 91.8+0.07 35+£0.16 0.20 £ 0.052 3.6+0.15"
Two-way ANOVA

CHO source P<0.3 P<0.2 P<07 P <0.02

CHO level P<05 P<09 P<0.5 P <0.08

Interaction P<01 P<04 P<0.9 P<0.2
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