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[20-22] (19.93%) (2.63%) 5
b
, 25.61% 34.55% 45.31% 55.82%
66.09% ( 1) ,
23-24
[23-241 500 mg/kg
[25-26]
b
, , 1.2
b
. (1.67+0.06) g 3,
5 b 3 b
L1 40 : 60 cm, 80 cm, 50 cm
, 60 d
F1 BEBESREFRKTE
Tab.1 Formulation and nutritional composition of the experimental diets
% dry matter
. . diet treatment
ingredients
D1 D2 D3 D4 D5
fish meal 8.0 8.0 8.0 8.0 8.0
soybean meal 27.0 27.0 27.0 27.0 27.0
gelatinized cornstarch 0.0 10.0 20.0 30.0 40.0
algae powder 10.0 10.0 10.0 10.0 10.0
wheat starch 6.0 6.0 6.0 6.0 6.0
squid liver oil 1.0 1.0 1.0 1.0 1.0
lecithin 0.5 0.5 0.5 0.5 0.5
" mineral premix’ 1.0 1.0 1.0 1.0 1.0
2 vitamin premix* 1.0 1.0 1.0 1.0 1.0
sea mud 45.45 35.45 25.45 15.45 5.45
Y,0; 0.05 0.05 0.05 0.05 0.05
nutrient analysis
crude protein 20.18 19.81 19.93 20.06 19.65
crude lipid 2.72 2.53 2.50 2.61 2.79
ash 51.90 42.74 32.26 21.92 11.06
3 carbohydrate® 25.61 34.55 4531 55.82 66.09
/(kJ-g") energy 10.01 11.68 13.33 15.01 16.54
/(mg'kJ)P . E 19.79 17.28 14.95 13.09 11.98
1. (g'kg"): MgS0,-7H,0, 90.0; , 18.0; ZnSO,47H,0, 3.0; MnSO4-H,0, 2.5; Ca(H,PO4),, 160; , 25.8;
CuCl,, 0.8; AICl;-6H,0, 0.18; NaCl, 2.0; K103, 0.04; CoCl,-6H,0, 0.07.
2. (g~kg"): , 150.0; E , 10.0; , 6.0; , 8.0; , 5.0, , 40.0; s
100.0; ,0.3; , 1.5; , 10.0; K, 4.0; A, 1.5 D3, 0.005; B, 0.005.
3. =100(%)— - N

Note: 1. mineral premix (g-kg™'): MgSO,-7H,0, 90.0; ferric citrate, 18.0; ZnSO4-7H,0, 3.0; MnSO,-H,0, 2.5; Ca(H,P0,),, 160.0; Ca-lactate,
25.8; CuCl,, 0.8; AICI;-6H,0, 0.18; NaCl, 2.0; KIO;, 0.04; CoCl,"6H,0, 0.07.
2. Vitamin premix (g-kg™'): L-ascorbic acid, 150.0; DL-o-tocopheryl acetate, 10.0; thiamin hydrochloride, 6.0; riboflavin, 8.0; pyridoxine
hydrochloride, 5.0; niacin, 40.0; myo-inositol, 100.0; D-biotin, 0.3; folic acid, 1.5; p-amino benzoic acid, 10.0; menadione, 4.0; retinyl ace-
tate, 1.5; cholecalciferol, 0.005; cyanocobalamin, 0.005.

25-26]

3. carbohydrate = 100(%)—crude protein—crude lipid—ash’ .
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/[( + ) /2% IR (= —0.0008x*+0.0767x—0.2190, r*=0.96) ( 1)
(apparent digestibility coefficient, DIl D3 (FCE) )
ADC, %) =[1—( Y,0; / Y,0; )]x D3 D4 D5 FCE (ANOVA,
( / )x100 P>0.05) FCE
53.95% (y=—-0.0017x"+
(ICP-OES, VIATA-MPX) 0.1829x-0.6000, r2=0.99)( 2)
SGR ,
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1.8
n=30
(Parr 6100, Parr Instrument Com- SD
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) \_)\L‘%
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’ TR YIK %
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24830 J/g) Fig. 1 Relationship between dietary carbohydrate level and
R=C-G_F-U [29-30] specific growth rate (SGR) of 4. japonicus fed the different

experimental diets
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Tab.2 Growth performance and feed utilization of 4. japonicus fed the experimental diets containing different carbohydrate levels

n=30; x £ SD
diet treatment
parameter
D1 D2 D3 D4 D5
/% survival 91.39+6.15 89.44+5.12 89.01+7.32 89.72+4.07 92.50+5.86
SGR (%-d™) 1.2740.08° 1.47+0.12° 1.69+0.06° 1.72+0.06° 1.49+0.13°
FCE/% 3.00+0.09* 3.63+0.21° 4.26+0.24¢ 4.32+0.26° 4.08+0.33¢
PER 0.15+0.01° 0.18+0.01° 0.21£0.02° 0.22+0.01° 0.21+0.02%
FI/ (gg"-d™") 0.40+0.02° 0.38+0.01* 0.37+0.01% 0.37+0.02" 0.34+0.02°
FPR /(g-g'-d™") 0.33+0.01° 0.3120.02% 0.30+0.01° 0.29+0.02° 0.31+0.01%
ADC/% 26.19+2.01° 27.88+1.07% 30.97+0.86° 29.34+0.49° 27.01+1.23"

(P<0.05).

1.

Note: Numbers with different superscripted letters within the same row of each table block mean significant differences (P<0.05). The diet

composition of each treatment is showed in Tab.1.
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Tab.3 Proximate composition of A. japonicus fed the experimental diets containing different carbohydrate levels

%; n=30; x £SD

diet treatment

parameter
DI D2 D3 D4 D5
whole body
moisture 89.59+2.01 91.14+1.77 90.04+1.05 91.45+1.55 90.38+1.71
crude protein 4.11£0.20 4.31£0.25 4.29+0.17 4.17+0.10 4.23+0.16
crude lipid 0.15+0.01° 0.18+0.02% 0.20+£0.04° 0.22+0.02° 0.23+0.03°
ash 2.51+0.06" 2.48+0.06" 2.35+0.10™° 2.21+0.15° 2.33+0.08"
body wall
moisture 92.14+1.98 91.88+1.32 90.67+2.38 91.02+1.45 92.37+2.00
crude protein 3.98+0.15° 4.10£0.11* 4.25+0.05™ 4.3120.15™ 4.35£0.10°
crude lipid 0.15+0.03% 0.16+0.03" 0.21£0.02* 0.21+0.01° 0.22+0.02°
ash 2.58+0.08" 2.45+0.11" 2.40+0.08° 2.34+0.06° 2.59+0.10°
intestine
moisture 90.12+1.16 92.31+2.61 92.19+1.82 90.47+1.09 91.50+1.68
crude protein 3.91+0.24 4.07+0.13 4.110.12 4.00£0.19 3.89+0.11
crude lipid 0.16+0.02* 0.16+0.04* 0.18+0.02° 0.21£0.01* 0.22+0.01°
ash 2.33+0.18 2.45+0.08 2.39+0.13 2.41+0.09 2.2940.21

(P<0.05).

Note: Numbers with different superscripted letters within the same row mean significant differences (P<0.05). The diet composition of each

treatment is showed in Tab.1.

R4 FRBKLEMAKTFRRTRHSEEBWRIFR

Tab. 4 Allocation of the consumed energy of A. japonicus fed the experimental diets containing different carbohydrate levels

n=30; x £SD
diet treatment
parameter
DI D2 D3 D4 D5

C (kI-g'd™h 4.10+0.14° 4.44+0.12° 4.89+0.15° 5.50+0.23¢ 5.68+0.25¢

G (% C™) 6.60+0.68" 7.70+0.26" 8.3240.61% 8.46+0.16° 6.99+0.30°

G (kJ-g'd™) 0.27+0.04° 0.34+0.02° 0.42+0.04* 0.47+0.01¢ 0.40+0.03%
F (% C™") 69.21+1.95° 65.24+0.47% 61.08+2.86° 63.43+3.05° 65.22+1.96™
F(kJg'dh 2.80+0.18* 2.90+0.08" 2.98+0.07° 3.49+0.25° 3.71£0.28°

U (% C™") 5.73+0.21 6.18+0.42 6.15+0.23 6.08+0.16 6.42+0.31

UkJ-g'dh 0.23+0.01* 0.27+0.02° 0.30£0.01% 0.33+0.01% 0.36+0.03¢

R (%C™" 18.46+2.47° 20.88+0.28% 24.46+2.28° 22.03+2.91% 21.3742.56®

R (kJg'd™h 0.74+0.07° 0.93+0.02° 1.2040.15° 1.2140.16° 1.21+0.09°

(P<0.05).

Note: Numbers with different superscripted letters within the same row mean significant differences (P<0.05). The diet composition of each

treatment is showed in Tab.1.

[34-36]

55.82%

B

25.61%

, 66.09%

FCE

Kaushik %

>

[37-39] SGR

50.15%~53.95%,



650

22

4531%

B

Mohanta "® Tan
Puntius gonionotus
( g

tus var. gibelio)

25.61%

Bl fitt

(Carassius aura-

50.15%~53.95%

b

[15,41]

[13-14] [+

gibelio. var. CAS III)
idellus) ,

>

Shimeno (431

(Oreochromis niloticus)

B

. 66.09%

SE k-
[11 Liao Y L. Holothurioider, Echinodermata, Fauna of China

[20] [2]

b

(Carassius auratus

(Ctenopharyngodon (3]
(16, 42] [4]
[5]
(6]
(7]
[44]

[M]. Beijing: Science Press, 1997.[ . s
, [M]. , 1997.]

Ministry of Agriculture of China. China Fisheries Yearbook,
2013[M]. Beijing: China Agriculture Press, 2014.[

M]. ,2014.]
Huang H W, Wang Y G. The current situation, issues and
prospects of sea cucumber culturing[J]. China Fisheries,
2007(10): 50-53.[ ,

[J1. ,2007(10): 50-53.]
Guo N. Studies on the effects of different diets on growth,
digestive physiology and energy budget of Apostichopus ja-
ponicus[D]. Qingdao: Ocean University of China, 2011.[
[D]. ,2011.]
Wang J Y, Song Z D, Li P Y, et al. Effects of dietary galac-
tomannan oligosaccharides on growth, digestion, body wall
nutritional composition and immunity of juvenile sea cu-
cumber (Apostichopus japonicus)[J]. Journal of Fishery Sci-
ences of China, 2014, 21(2): 310-319.[ s s
[J]. , 2014, 21(2):

310-319.]
Wilson R P. Utilization of dietary carbohydrate by fish[J].
Aquaculture, 1994, 124(1-4): 67-80.
Azaza M S, Khiari N, Dhraief M N, et al. Growth perform-
ance, oxidative stress indices and hepatic carbohydrate
metabolic enzymes activities of juvenile Nile tilapia, Oreo-

chromis niloticus L., in response to dietary starch to protein



651

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

ratios[J]. Aquac Res, 2015, 46(1): 14-27.

Honorat C A, Almeida L C, da Silva Nunes C, et al. Effects
of processing on physical characteristics of diets with distinct
levels of carbohydrates and lipids: the outcomes on the
growth of pacu (Piaractus mesopotamicus)[J]. Aquacult Nutr,
2010, 16(1): 91-99.

Vasquez-Torres W, Arias-Castellanos J A. Effect of dietary
carbohydrates and lipids on growth in cachama (Paractus
brachypomus)[J]. Aquac Res, 2013, 44(11): 1768-1776.
Polakof S, Panserat S, Soengas J L, et al. Glucose metabo-
lism in fish: a review[J]. ] Comp Physiol B, 2012, 182(8):
1015-1045.

Vielma J, Koskela J, Ruohonen K, et al. Optimal diet com-
position for European whitefish (Coregonus lavaretus): car-
bohydrate stress and immune parameter responses[J]. Aqua-
culture, 2003, 225(1-4): 3—16.

Ye W, Tan X Y, Chen Y D, et al. Effects of dietary protein to
carbohydrate ratios on growth and body composition of juvenile
yellow catfish, Pelteobagrus fulvidraco (Siluriformes, Bagridae,
Pelteobagrus)[J]. Aquac Res, 2009, 40(12): 1410-1418.

Chen Y J, Tian L X, Yang H J, et al. Effect of protein and
starch level in practical extruded diets on growth, feed utili-
zation, body composition, and hepatic transaminases of ju-
venile grass carp, Ctenopharyngodon idella[J]. J World
Aquacult Soc, 2012, 43(2): 187-197.

Gao W, Liu Y J, Tian L X, et al. Effect of dietary carbohy-
drate-to-lipid ratios on growth performance, body composi-
tion, nutrient utilization and hepatic enzymes activities of
herbivorous  grass idella)[J].
Aquacult Nutr, 2010, 16(3): 327-333.

Brauge C, Médale F, Corraze G. Effect of dietary carbohy-

carp (Ctenopharyngodon

drate levels on growth, body composition and glycaemia in
rainbow trout, Oncorhynchus mykiss, reared in seawater[J].
Aquaculture, 1994, 123(1-2): 109-120.

Mohanta K N, Mohanty S N, Jena J, et al. Carbohydrate
level in the diet of silver barb Puntius gonionotus (Bleeker)
fingerlings: effect on growth, nutrient utilization and whole
body composition[J]. Aquac Res, 2009, 40(8): 927-937.
Oliveira G T, Rossi I C, Kucharski L C, et al. Hepatopan-
creas gluconeogenesis and glycogen content during fasting in
crabs previously maintained on a high-protein or carbohy-
drate-rich diet[J]. Comp Biochem Phys A, 2004, 137(2):
383-390.

Radford C A, Marsden I D, Davison W, et al. Haemolymph
glucose concentrations of juvenile rock lobsters, Jasus ed-
wardsii, feeding on different carbohydrate diets[J]. Comp
Biochem Phys A, 2005, 140(2): 241-249.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Hemre G I, Mommsen T P, Krogdahl A. Carbohydrates in
fish nutrition: effects on growth, glucose metabolism and
hepatic enzymes[J]. Aquacult Nutr, 2002, 8(3): 175-194.

Li X S, Zhu X M, Han D, et al. Carbohydrate utilization by
herbivorous and omnivorous freshwater fish species: a com-
parative study on gibel carp (Carassius auratus gibelio. var.
CAS 1II) and grass carp (Ctenopharyngodon idellus)[J].
Aquac Res, 2014, DOI: 10.1111/are.12476.

Rawles S D, Gatlin D M. Carbohydrate utilization in striped
bass (Morone saxatilis) and sunshine bass (M. chrysops @
M. saxatilis 3)[J]. Aquaculture, 1998, 161(1-4): 201-212.
Tran-Duy A, Smit B, Van Dam A A, et al. Effects of dietary
starch and energy levels on maximum feed intake, growth
and metabolism of Nile tilapia, Oreochromis niloticus[J].
Aquaculture, 2008, 277(3—4): 213-219.

Slater M J, Carton A G. Sea cucumber habitat differentiation
and site retention as determined by intraspecific stable iso-
tope variation[J]. Aquac Res, 2010, 41(10): €695—702.

Gao Q F, Wang Y S, Dong S L, et al. Absorption of different
food sources by sea cucumber Apostichopus japonicus (Se-
lenka) (Echinodermata: Holothuroidea): Evidence from car-
bon stable 2011, 319(1-2):
272-276.

isotope[J]. Aquaculture,
Seo J Y, Lee S M. Optimum dietary protein and lipid levels
for growth of juvenile sea cucumber Apostichopus japonicus
[J]. Aquacult Nutr, 2011, 17(2): e56—61.
Seo J Y, Shin I S, Lee S M. Effect of dietary inclusion of
various plant ingredients as an alternative for Sargassum
thunbergii on growth and body composition of juvenile sea
cucumber Apostichopus japonicus[J]. Aquacult Nutr, 2011,
17(5): 549-556.
Pei S R, Dong S L, Wang F, et al. Effects of density on
variation in individual growth and differentiation in endo-
crine response of Japanese sea cucumber (Apostichopus ja-
ponicus Selenka)[J]. Aquaculture, 2012, 356-357: 398—403.
Wang F, Dong S L, Huang G Q, et al. The effect of light
color on the growth of Chinese shrimp Fenneropenaeus
chinensis[J]. Aquaculture, 2003, 228(1-4): 351-360.
An Z H, Dong Y W, Dong S L. Effects of temperature fluc-
tuation and rations on the growth and energy budget of sea
cucumber Apostichopus japonicus Selenka[J]. Periodical of
Ocean University of China, 2008, 38(5): 739-743.[ s
3. , 2008, 38(5):
739-743.]
Yuan X T, Yang H S, Wang L L, et al. Effects of aestivation

on energy budget of sea cucumber Apostichopus japonicus



652

22

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(Selenka) (Echinodermata: Holothuroidea)[J]. Acta Ecologica

Sinica, 2007, 27(8): 3155-3161.[ s s ,
(Apostichopus japonicus (Selenka))
[J1. ,2007,27(8): 3155-3161.]

Zar ] H. Biostatistical Analysis[M]. New Jersey: Prentice
Hall, Upper Saddle River, 2001.

SPSS Inc. SPSS 16.0 Student Version for Windows[Z].
Prentice Hall, Upper Saddle River, New Jersey.

Robbins K R, Norton H W, Baker D H. Estimation of nutri-
ent requirements from growth data[J]. J Nutr, 1979, 109(10):
1710-1714.

Mohanta K N, Mohanty S N, Jena J K. Protein-sparing effect
of carbohydrate in silver barb, Puntius gonionotus fry[J].
Aquacult Nutr, 2007, 13(4): 311-317.

Peragon J, Barroso J B, Garcia-Salguero L, et al. Carbohy-
drates affect protein-turnover rates, growth, and nucleic acid
content in the white muscle of rainbow trout (Oncorhynchus
mykiss)[J]. Aquaculture, 1999, 179(1-4): 425-437.

Stone D A J, Allan G L, Anderson A J. Carbohydrate utiliza-
tion by juvenile silver perch, Bidyanus bidyanus (Mitchell).
III. The protein-sparing effect of wheat starch-based carbo-
hydrates[J]. Aquac Res, 2003, 34(2): 123-134.

Li X F, Wang Y, Liu W B, et al. Effects of dietary carbohy-
drate/lipid ratios on growth performance, body composition
and glucose metabolism of fingerling blunt snout bream
Megalobrama amblycephala[J]. Aquacult Nutr, 2013, 19(5):

[38]

[39]

[40]

[41]

[42]

[43]

[44]

701-708.

Tan Q, Wang F, Xie S, et al. Effect of high dietary starch
levels on the growth performance, blood chemistry and body
composition of gibel carp (Carassius auratus var. gibelio)[J].
Aquac Res, 2009, 40(9): 1011-1018.

Wang Y, Liu Y J, Tian L X, et al. Effects of dietary carbo-
hydrate level on growth and body composition of juvenile ti-
lapia, Oreochromis niloticus % O. aureus[J]. Aquac Res,
2005, 36(14): 1408-1413.

Kaushik S J, Médale F. Energy requirements, utilization and
dietary supply to salmonids[J]. Aquaculture, 1994, 124(1-4):
81-97.

Mohapatra M, Sahu N P, Chaudhari A. Utilization of gelati-
nized carbohydrate in diets of Labeo rohita fry[J]. Aquacult
Nutr, 2003, 9(3): 189-196.

Ren M C, Ai Q H, Mai K S. Effect of dietary carbohydrate
level on growth performance, body composition, apparent
digestibility coefficient and digestive enzyme activities of
juvenile cobia, Rachycentron canadum L.[J]. Aquac Res,
2011, 42(10): 1467-1475.

Shimeno S, Ming D C, Takeda M. Metabolic response to
dietary carbohydrate to lipid ratios in Oreochromis niloticus
[J]. Bull Jpn Soc Sci Fish, 1993, 59(5): 827-833.

Furuichi M, Yone Y. Change of blood sugar and plasma
insulin levels of fishes in glucose tolerance test[J]. Bull Jpn
Soc Sci Fish, 1981, 47(6): 761-764.



4 : 653

Effects of dietary carbohydrate intake on the growth and energy
budget of juvenile Apostichopus japonicus (Selenka) sea cucumbers

XIA Bin', WANG Jiying', LI Peiyu", ZHANG Limin', LI Baoshan', SONG Zhidong', HUANG Bingshan"*

1. Shandong Marine Resource and Environment Research Institute, Yantai 264006, China;
2. Shengsuo Fishery Feed Research Centre of Shandong Province, Yantai 264006, China

Abstract: Carbohydrates are widely included in aquafeed as the major non-protein energy source owing to their
wide availability and low cost. This study evaluated the effects of the quantity of dietary carbohydrates (25.61%,
34.55%, 45.31%, 55.82%, 66.09%) on growth performance, feed utilization, body composition, and the energy
budget of juvenile Apostichopus japonicus (Selenka) sea cucumbers. Sea cucumbers were given feed with the dif-
ferent percentages of carbohydrates for 60 days, with 3-replicates per treatment and 40 sea cucumbers per replicate
[ x £SE: (1.67+0.06) g, body weight]. During the experiment, the specific growth rate and feed conversion effi-
ciency initially increased then decreased with higher levels of dietary carbohydrates. Based on second-order
polynomial regression models of these variables, optimal carbohydrate levels for the sea cucumber were estimated
to be 50.15%—53.95%. The protein efficiency ratios and energy consumed were significantly higher in diets with
45.31%-55.09% carbohydrates than in those with 25.61%—-34.55%, demonstrating that carbohydrates provided
energy for protein sparing. Dietary carbohydrate intake had significant effects on sea cucumber feed intake, feces
production, and apparent digestibility coefficient. Optimal carbohydrate intake enhanced the efficiency of nutrient
utilization. Whole body, body wall, and intestinal crude lipid content all increased with higher levels of dietary
carbohydrates, where excess carbohydrates resulted in tissue lipid deposition. In diets with 66.09% carbohydrates,
the percentage of energy intake used for growth significantly decreased, while energy accounted for by feces, ex-
cretion, and respiration increased, indicating that excess dietary carbohydrates reduced energy utilization effi-
ciency. In conclusion, optimal levels of dietary carbohydrate intake promoted growth and feed utilization in thesea
cucumber, while lipid deposition and energy metabolism variability resulted from excess dietary carbohydrates.
Key words: Apostichopus japonicus; carbohydrate; growth; body composition; energy budget
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