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Abstract

An 8-week feeding trial was conducted to evaluate the
e¡ect of dietary carbohydrate sources on the growth
performance and hepatic carbohydrate metabolic en-
zyme activities of juvenile cobia. Six experimental diets
were formulated to contain 20% glucose, sucrose, mal-
tose, dextrin, corn starchandwheat starch respectively.
The results indicated that ¢sh fed the wheat starch and
dextrin diets showed signi¢cantly better weight gain,
speci¢c growth rate and protein e⁄ciency ratio com-
pared with those fed the other diets. However, ¢sh fed
the glucose diet had a signi¢cantly lower survival and
condition factor than those fed the other diets. There
were signi¢cant di¡erences in the total plasma glucose
and triglyceride concentration in ¢sh fed diets with
di¡erent dietary carbohydrate sources. Haematocrit,
haemoglobin, red blood cell and leucocytes were signif-
icantly a¡ected by the dietary carbohydrate sources.
The activities of glucose-6-phosphate dehydrogenase
(G6PD), 6-phosphofructokinase (PFK) and fructose-
1,6-bisphosphatase (FBPase) were signi¢cantlya¡ected
by the dietary carbohydrate sources, while ¢sh fed the
glucose diet showed higher G6PD, PFKand FBPase ac-
tivities than those fed the other diets. These data indi-
cated that dextrin and wheat starch were the most
optimal carbohydrate sources for juvenile cobia.

Keywords: cobia (Rachycentron canadum), carbo-
hydrate sources, growth performance, hepatic me-
tabolic enzyme activities

Introduction

Carbohydrates are the lowest cost energy source in
practical diet ingredients, although the ability to uti-
lize forms of carbohydrates varies with the digestive
physiologyof ¢sh species (Radford, Marsden, Davison
& Je¡s 2007). Carnivorous ¢sh species tend not to
have speci¢c requirements for dietary carbohydrates
and have low dietary glucose utilization (Enes, Pan-
serat, Kaushik & Oliva-Teles 2009). Generally, herbi-
vorous or omnivorous ¢sh have a higher ability to
utilize dietary carbohydrate than carnivorous ¢sh
(NRC 1993; Wilson 1994). The main reason for this
could be the higher amylase activity in the digestive
tracts of herbivorous or omnivorous ¢sh than carni-
vorous ¢sh (Hidalgo, Urea & Sanz1999) and the high-
er a⁄nity of insulin receptors (Banos, Baro, Castejon,
Navarro & Gutierrez1998).The utilization of carbohy-
drate for ¢sh is also related to the dietary formula-
tions, water temperatures, the complexity of the
carbohydrate, the carbohydrate content in the diet,
the size of the ¢sh, feeding strategies and so on (Stone
2003). In order to reduce the catabolismof protein for
energy, it is important to select a proper source of car-
bohydrate and provide an adequate level in the diet
(Suarez &Mommsen1987; Cowey &Walton1989;Wil-
son 1994). The use of carbohydrate-rich diets has
been considered to be economical as ¢sh would uti-
lize the inexpensive carbohydrate as a source of en-
ergy, thus sparing the absorbed protein for growth
(Tran-Duy, Smit & Dam 2008). Several studies have
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been conducted to evaluate the e¡ects of dietary car-
bohydrate source and level on ¢sh growth perfor-
mance (Hutchins, Rawles & Gatlin III 1998;Wu, Liu,
Tian, Mai & Yang 2007; Rawles, Smith & Gatlin III
2008).
Cobia, Rachycentron canadum (L.), is globally dis-

tributed in tropical and subtropical salt waters
(Brown-Peterson, Grier & Overstreet 2002).With the
success of arti¢cial reproduction and larval produc-
tion, cobia culture has become widely distributed in
southern coastal provinces of China, especially in
Guangdong and Hainan provinces, as well as South-
east Asia (Zhou,Tan, Mai & Liu 2004). Few workers
have reported that when live feeds (rotifers and Arte-
mia) were enriched with mannan oligosaccharides
(MOS BioMos, Alltech, Nicholasville, KY, USA), cobia
larvae displayed increased survival, enhanced mi-
crovilli height of the absorptive epithelia and reduc-
tions in the occurrence and size of supranuclear
vacuoles (Salze, Mclean, Schwarz & Craig 2008;
Fraser & Davies 2009). To our knowledge, no study
has been conducted to evaluate the carbohydrate uti-
lization for cobia. The objectives of this study were to
evaluate the e¡ects of six carbohydrate sources, glu-
cose, sucrose, maltose, dextrin, corn starch and
wheat starch, on growth performance, feed utiliza-
tion, haematological indexes and liver intermediary
metabolic enzyme activities of juvenile cobia.

Materials and methods

Six isonitrogenous and isolipidic diets were formu-
lated to contain 20% carbohydrate content with dif-
ferent carbohydrate sources: glucose, sucrose,
maltose, dextrin, corn starch and wheat starch. Diet
ingredients were ground through a 60-mesh screen
and weighed with accuracy. All of the dry ingredi-
ents were thoroughly mixed until homogenous in
a Hobart-type mixer, and then lipid and water
were added and mixed thoroughly. The 2.0-mm- and
3-mm-diameter pellets were wet-extruded, air-dried
to about10% moisture and sealed in vacuum-packed
bags and frozen (�20 1C) until feeding. The ingredi-
ents and proximate composition of the experimental
diets are presented inTable1.
Juvenile cobia (R. canadum) were obtained from the

¢sh farm of Guangdong Ocean University. Before the
experiment, the ¢shwere acclimated to a commercial
diet (40% crude protein and 7.5% crude lipid) for 2
weeks. At the beginning of the experiment, ¢sh (initi-
al weight about11.5 g) of the same size were weighed

and sorted into eighteen 500 L cylindrical ¢breglass
tanks, with 20 ¢sh for each tank. Three replicate
groups of ¢sh were used for testing each diet. They
were provided with a continuous £owof sand-¢ltered
seawater (2 Lmin�1), with continuous aeration to
maintain the dissolved oxygen level above saturation.
Fish were fed to apparent satiety twice daily. The
amount of diet consumed by ¢sh in each tankwas re-
corded daily, and the amount o¡eredwas adjusted ac-
cording to the amount consumed the day before. The
culture tanks were cleaned weekly, and the feeding
trial lasted for 8 weeks. During the experimental per-
iod, temperature ranged from 27 to 32 1C, salinity
from 21 to 23 psu and pH from 7.6 to 7.8. Ammonia
nitrogen was maintained lower than 0.05mg L�1,
and dissolved oxygenwas noto6.0mg L�1.
At the termination of the 8-week feeding trial, ¢sh

in each tank were individually weighed and sampled
for tissue analysis. Blood samples were withdrawn
from the caudal vein of three ¢sh from each tank
and used to determine blood characteristics accord-
ing to the method described by Kikuchi, Furuta and
Honda (1994). Three ¢sh were individually weighed
and the entire body length was measured for condi-
tion factor’s calculation, and then the liver and vis-
cera were removed and weighed for the calculation
of the hepatosomatic index (HSI) and the visceroso-
matic index (VSI). Liver and muscle were frozen in li-
quid nitrogen and stored at �80 1C until proximate
analysis and hepatic enzyme activities could be con-
ducted. Crude protein, lipid, moisture and ash in the
diets, dorsal muscle and liver and whole body were
determined according to the standard methods (As-
sociation of O⁄cial Analytical Chemists1995). Crude
protein (N � 6.25) was determined using the Kjel-
dahl method after acid digestion using an Auto Kjel-
dahl System (1030-Auto-analyzer, Tecator, Hoganos,
Sweden). Crude lipid was determined using the
ether-extraction method using a Soxtec System HT
(Soxtec System HT6, Tecator). Moisture was deter-
mined by oven drying at 105 1C until a constant
weight was achieved. Ash content was determined
using a mu¥e furnace at 550 1C for 6 h. Glycogen in
the liver was determined as described by Garcia-de
Frutos, Bonamusa, FernaŁ ndez and Baanante (1990).
The activities of fructose-1.6-bisphosphatase

(FBPase; EC 3.1.3.11), glucose-6-phosphate dehydro-
genase (G6PD; EC 1.1.1.49) and 6-phosphofructoki-
nase (PFK; EC 2.7.1.11) were analysed according to
previous methods (Meto¤ n, FernaŁ ndez & Baanante
2003; Zhang, Zhou & Cheng 2009). All enzyme activ-
ities were expressed per mg of total protein (speci¢c
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activity). The total protein content in crude extracts
was determined at 30 1C using bovine serum albu-
min as a standard based on the method of Bradford
(1976). One unit of enzyme activity was de¢ned as
the amount of NADH or NADPH generated by per
mg protein per minute at 30 1C.
The parameters were calculated as follows:

Specific growth rate ðSGRÞ ¼ ðLnWt � LnWiÞ �
100
t

Per cent weight gain ðWG; %Þ ¼ ðWt �WiÞ
Wi

� 100

Feed conversion ratio ðFCRÞ ¼ feed consumed ðg; DWÞ
weight gain ðgÞ

Protein efficiency ratio ðPERÞ ¼ weight gain ðgÞ
protein intake ðgÞ

Condition factor ðCFÞ ¼ body weight ðgÞ � 100

body length ðcmÞ3

Hepatosomatic index ðHSIÞ ¼ liver weight ðgÞ � 100
whole body weight ðgÞ

Viscerosomatic index ðVSIÞ ¼ viscera weight ðgÞ � 100
whole body weight ðgÞ

whereWt is the ¢nal body weight,Wi is the initial
body weight and t is the experimental time in days.
Results are presented as mean � SEM. All data were
subjected to one-wayANOVA.When there were signi¢-
cant di¡erences, the group means were further
compared using Duncan’s multiple range tests. All

statistical analyses were performed using the SPSS

15.0 (SPSS, Chicago, IL, USA).

Results

The growth performance, feed utilization and tissue
indices of juvenile cobia fed di¡erent dietarycarbohy-
drate sources are shown in Table 2. The ¢sh fed the
glucose diet showed signi¢cantly lower survival than
those fed the other diets; there were no signi¢cance
between disaccharides and polysaccharides. The ¢sh
fed the dextrin and wheat starch diets exhibited sig-
ni¢cantlyhigherWG, SGRand PER than those fed the
other diets; the lowest WG, SGR and PER were ob-
served in the glucose diet. Fish fed the dextrin, corn
starch and wheat starch diets had signi¢cantly lower
FCR than those fed the other diets, and there was no
signi¢cant di¡erence among these three treatments.
Fish fed the glucose and maltose diets had signi¢-
cantly higher VSI values than those fed the other
diets, and the lowest VSI value was observed in the
dextrin group. There were no signi¢cant di¡erences
in the HSI value among the source, dextrin, corn
starch and wheat starch treatments, while ¢sh fed
the glucose andmaltose diets had the highest HSI va-
lue. Fish fed the glucose diet had a lower CF value
than ¢sh those fed the other diets; there were no sig-
ni¢cant di¡erences between disaccharides and poly-
saccharides.

Table 1 Composition and proximate analysis of the experimental diets (% dry matter)

Ingredients

Diets

Glucose Sucrose Maltose Dextrin Corn starch Wheat starch

Fish meal 40.0 40.0 40.0 40.0 40.0 40.0

Wheat gluten meal 10.0 10.0 10.0 10.0 10.0 10.0

Soybean meal 20.77 20.77 20.77 20.77 20.77 20.77

Carbohydrate source 20.0 20.0 20.0 20.0 20.0 20.0

Fish oil/soy oil (1:1) 3.5 3.5 3.5 3.5 3.5 3.5

Phospholipid 1.5 1.5 1.5 1.5 1.5 1.5

Vitamin mixture� 2.0 2.0 2.0 2. 0 2.0 2.0

Mineral mixture� 1.5 1.5 1.5 1.5 1.5 1.5

Monocalcium phosphate 0.5 0.5 0.5 0.5 0.5 0.5

Choline chloride 0.2 0.2 0.2 0.2 0.2 0.2

Vitamin C 0.03 0.03 0.03 0.03 0.03 0.03

Proximate composition (%) diet

Dry matter 87.1 89.8 90.1 90.2 89.9 89.9

Crude protein 39.6 40.9 41.3 39.8 41.0 41.4

Crude lipid 9.3 9.3 9.3 9.3 9.2 9.3

Ash 8.1 8.4 8.4 8.5 8.7 8.5

�Vitamin and mineral mixture according to Zhou et al. (2007).
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Proximate compositions of liver and dorsal muscle
are presented in Table 3. Lipid and ash contents in
muscle were not signi¢cantlya¡ected by the di¡erent
dietary carbohydrate sources. However, dry matter,
protein and glycogen contents in muscle were signif-
icantly a¡ected by the dietary carbohydrate sources.
Fish fed the glucose diet had signi¢cantly lower dry
matter, proteinand glycogen contents inmuscle than
those fed the other diets. Dry matter, lipid, ash and
glycogen contents in the liver were signi¢cantly af-
fected by the di¡erent dietary carbohydrate sources.
Fish fed the glucose diet had signi¢cant lower liver
glycogen than those fed the other diets.
The plasma constituents and haematological char-

acteristics are presented in Table 4. The total protein
content in the plasma was not signi¢cantly a¡ected
by the dietary carbohydrate sources. The glucose
and triglyceride contents in the plasma were signi¢-

cantly a¡ected by the dietary carbohydrate sources;
¢sh fed the glucose diet had a signi¢cantly lower glu-
cose content in plasma than those fed the other diets.
Moreover, leucocyte, red blood cell, haemoglobin and
haematocrit were signi¢cantlya¡ected by the dietary
carbohydrate sources, and ¢sh fed the glucose diet
had lower haematological characteristic values than
the other diets.
Hepatic G6PD, PFK and FBPase activities of juve-

nile cobia were signi¢cantly a¡ected by the dietary
carbohydrate sources (Table 5). Fish fed the glucose
diet had relatively higher G6PD, PFK and FBPase ac-
tivities in the liver compared with those fed the other
diets, while the lowest G6PD, PFK and FBPase activ-
ities in the liver were observed in the maltose group.
There were no signi¢cant di¡erences in G6PD, PFK
and FBPase activities between corn starch andwheat
starch treatments.

Table 2 Growth performance, feed utilization and tissue indices of juvenile cobia fed the di¡erent experimental diets

Item

Diets

Glucose Sucrose Maltose Dextrin Corn starch Wheat starch

IBW (g) 11.6 � 0.2 11.5 � 0.1 11.6 � 0.0 11.5 � 0.0 11.5 � 0.1 11.5 � 0.1

WG (%) 109.3 � 9.7e 702.1 � 10.5c 629.8 � 7.4d 864.1 � 9.7a 820.5 � 19.1b 854.9 � 9.3a

SGR (%) 1.3 � 0.1d 3.7 � 0.1b 3.6 � 0.0c 4.0 � 0.0a 4.0 � 0.0a 4.0 � 0.0a

Survival (%) 35.0 � 8.7b 98.3 � 2.9a 100.0 � 0.0a 96.7 � 2.9a 98.3 � 2. 9a 100.0 � 0.0a

FCR 5.8 � 0.3a 1.7 � 0.1b 1.8 � 0.0b 1.4 � 0.0c 1.4 � 0.0c 1.4 � 0.0c

PER 0.4 � 0.0d 1.4 � 0.0b 1.4 � 0.0c 1.8 � 0.0a 1.7 � 0.0a 1.8 � 0.0a

Hepatosomatic index (%) 2.3 � 0.2a 1.3 � 0.1c 2.5 � 0.3a 1.7 � 0.2b 1.9 � 0.1b 1.8 � 0.1b

Viscerasomatic index (%) 12.3 � 1.0a 9.2 � 0.4c 10.7 � 0.6b 8.8 � 0.3c 9.4 � 0.4c 9.3 � 0.3c

Condition factor (%) 0.6 � 0.1b 0.9 � 0.1a 0.9 � 0.1a 0. 9 � 0.0a 0.9 � 0.0a 0.9 � 0.0a

Values are means1SD (n53).Values in the same column followed by the same letter are not signi¢cantly di¡erent.
SGR, speci¢c growth rate; FCR, feed conversion ratio; PER, protein e⁄ciency ratio;WG, weight gain; IBW, initial body weight.

Table 3 Dorsal muscle and liver composition (wet weight basis) of juvenile cobia fed the di¡erent experimental diets

Item

Diets

Glucose Sucrose Maltose Dextrin Corn starch Wheat starch

Dorsal muscle (%)

Dry matter 19.22 � 0.00c 22.06 � 0.32a 20.90 � 0.49b 21.96 � 0.55a 22.24 � 0.73a 22.06 � 0.14a

Protein 16.98 � 0.00c 19.80 � 0.22a 18.36 � 035b 19.29 � 0.60a 19.71 � 0.57a 19.62 � 0.21a

Lipid 1.90 � 0.00 2.07 � 0.16 1.89 � 0.29 1.79 � 0.25 1.97 � 0.41 2.06 � 0.14

Ash 0.51 � 0.00 0.55 � 0.05 0.50 � 0.10 0.50 � 0.44 0.59 � 0.08 0.53 � 0.14

Glycogen 0.19 � 0.03d 1.10 � 0.06a 0.91 � 0.03b 0.46 � 0.09c 0.45 � 0.09c 0.43 � 0.04c

Liver (%)

Dry matter 42.85 � 0.00a 35.43 � 1.36b 38.95 � 2.44ab 42.28 � 3.24a 39.34 � 2.04ab 41.94 � 1.14a

Lipid 24.16 � 0.00c 19.50 � 0.74d 26.95 � 1.6b 30.29 � 0.40a 25.36 � 1.9bc 29.48 � 0.57a

Ash 2.68 � 0.00a 2.23 � 0.05b 2.34 � 0.10ab 2.48 � 3.45ab 2.34 � 0.08ab 2.51 � 0.14ab

Glycogen 1.23 � 0.09f 1.55 � 0.03d 1.93 � 0.06c 1.45 � 0.02e 2.52 � 0.06a 2.07 � 0.02b

Values are means1SD (n53).Values in the same column followed by the same letter are not signi¢cantly di¡erent.
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Discussion

In the present study, the best growth performance
and feed utilizationwere observed in ¢sh fed the dex-
trin and wheat starch diets.Weight gain and the spe-
ci¢c growth rate of juvenile cobia were positively
related to carbohydrate complexity. Similar results
were obtained withyellowtail (Furuichi,Taira & Yone
1986), channel cat¢sh (Robinson & Li 1995), hybrid
tilapia (Shiau & Chuang 1995), sturgeon (Hung,
Fynn-Aikins, Lutes & Xu1989; Deng, Refstie, Hemre,
Crocker, Chen, Cech & Hung 2000), Atlantic salmon
(Arnesen, Krogdahl & Sundby 1995), sunshine bass
(Hutchins et al. 1998), £ounder (Lee, Kim & Lall
2003) and yellow¢n sea bream (Wu et al. 2007). The
complexity of the carbohydrate may impact carbohy-
drate utilization; ¢sh fed diets with gelatinized starch
showed higher lipogenic activity and improved
growth compared with pure glucose or other mono-
saccharides (Hemre, Mommsen & Krogdahl 2002).
However, some ¢sh such as rainbow trout, grass carp
and gilthead sea bream appear to utilize glucose or
maltose more e⁄ciently than ¢sh fed the dextrin
and starch (Hung & Storebakken 1994; Tian, Liu &
Hung 2004; Enes, Panserat, Kaushik & Oliva-Teles
2008). Nevertheless, the grouper show similar e⁄-

ciency in utilizing starch and glucose (Shiau & Lin
2001). These di¡erences in the results may be related
to speci¢c species in terms of gastrointestinal anato-
my, digestion, absorption and hormonal response as
well as the di¡erent methodologies used in the di¡er-
ent studies, such as dietary formulation, water tem-
perature and feeding strategies (Hung et al.1989).
The relatively poor growth performance of juve-

nile cobia fed the glucose diet were in agreement
with the results reported in other ¢sh (Furuichi &
Yone1982; Anderson, Jackson, Matty & Capper1984;
Wilson1994; Shiau & Peng1997; Hutchins et al.1998;
Wu et al.2007).The ¢sh fed the glucose diet had lower
feed e⁄ciency and protein e⁄ciency ratio values
than those fed the polysaccharide diets. The main
reason for this may be to the faster absorption of the
monosaccharide (glucose) than complex carbohy-
drates (dextrin and starch), and excess absorbed glu-
cose may be cleared from circulation before cells can
utilize it (Lin & Shiau 1995; Lin, Cui, Hung & Shiau
1997). Additionally, another reasonmay be a lowglu-
cose regulation capacity if not adapted to moderate
dietary levels, and underlines a need for relatively
moderate glucose intakes in order to reach basal (in-
itial) levels between feedings (Hemre et al. 2002). Pie-
per and Pfe¡er (1980) indicated that a large portion of

Table 4 Haematological characteristics and plasma constituents of juvenile cobia fed the di¡erent experimental diets

Item

Diets

Glucose Sucrose Maltose Dextrin Corn starch Wheat starch

Plasma glucose (mmol L�1) 18.73 � 1.62c 28.77 � 1.62ab 32.05 � 5.02a 27.30 � 0.46ab 25.90 � 4.25ab 23.90 � 4.19b

Plasma triglyceride (mmol L� 1) 0.51 � 0.65bc 1.89 � 0.93a 0.46 � 0.38c 0.52 � 0.45bc 1.82 � 1.10ab 0.77 � 0.45bc

Plasma total protein (g L� 1) 1.12 � 0.57 0.99 � 0.11 0.56 � 0.49 0.84 � 0.44 1.07 � 0.68 0.76 � 0.08

Red blood cell (109 mL�1) 2.15 � 0.10c 3.49 � 0.39b 4.12 � 0.63a 3.95 � 0.08ab 3.86 � 0.06ab 3.93 � 0.23ab

Leucocyte (106 mL� 1) 29.67 � 17.90c 82.53 � 63.07b 163.53 � 19.57a 154.77 � 7.62a 156.60 � 3.90a 157.47 � 9.93a

Haemoglobin (g L�1) 49.33 � 4.04b 85.67 � 6.03a 87.5 � 10.61a 92.67 � 3.51a 91.67 � 3.06a 92.67 � 9.57a

Haematocrit (%) 21.37 � 2.00c 46.05 � 2.33b 54.1 � 5.51a 48.43 � 1.33ab 45.60 � 3.39b 47.27 � 3.56b

Values are means1SD (n 53).Values in the same column followed by the same letter are not signi¢cantly di¡erent.

Table 5 G6PD, PFK and FBPase activities in the liver of juvenile cobia fed the di¡erent experimental diets

Dietary carbohydrate sources PFK (Umg� 1protein) FBPase (Umg� 1protein) G6PD (Umg� 1protein)

Glucose 0.48 � 0.09a 0.44 � 0.06a 0.45 � 0.07a

Sucrose 0.38 � 0.03ab 0.38 � 0.03ab 0.39 � 0.02ab

Maltose 0.19 � 0.04d 0.19 � 0.04d 0.19 � 0.05d

Dextrin 0.21 � 0.05cd 0.20 � 0.04d 0.24 � 0.06cd

Corn starch 0.31 � 0.08bc 0.31 � 0.07bc 0.30 � 0.08bc

Wheat starch 0.29 � 0.03bc 0.30 � 0.01c 0.29 � 0.02c

Values are means1SD (n 53).Values in the same column followed by the same letter are not signi¢cantly di¡erent.
PFK, 6-phosphofructokinase; G6PD, glucose-6-phosphate dehydrogenase; FBPase, fructose-1,6-bisphosphatase.

Aquaculture Research, 2010, 42, 99^107 Carbohydrate sources e¡ects on cobia growth performance X-J Cui et al.

r 2010 TheAuthors
Aquaculture Researchr 2010 Blackwell Publishing Ltd, Aquaculture Research, 42, 99^107 103



the absorbed glucose may be excreted before ade-
quate insulin is available to facilitate its utilization
as an e¡ective energy source in ¢sh. Similar observa-
tions were alsomade by Furuichi andYone (1981) and
Hilton and Atkinson (1982). In the present study, ¢sh
fed the glucose diet showed signi¢cantly lower survi-
val than those fed the other diets; similar results were
obtained with Litopenaeus vannamei (Guo, Liu,Tian &
Huang 2006). The main reason for this may be the
less feed intake of the ¢sh fed the glucose diet. As car-
nivorous ¢sh fed with a high-glucose diet seem to
have a poor ability to take up excess glucose, it may
be assumed that these ¢sh are under a constant me-
tabolic stress (Pieper & Pfe¡er1980), which may sup-
press immune functions as described for some ¢sh
(Maule,Tripp, Kaattari & Schreck 1989;Wiik, Ander-
sen, Ulgenes & Egidius 1989). However, some studies
indicated that dietary carbohydrate sources had no
signi¢cant e¡ect on the survival (Hutchins et al.
1998;Wu et al. 2007). Compared with the corn starch,
better growth performance and feed utilization in the
wheat starch treatment have beenattributed to a low-
er ratio of amylase/amylopectin in the starch and the
intrinsic structure of its starch granule, whichallows
easier damage by industrial processing of the grain
and also gives rise to the potential of easier attack by
amylases (Bergot 1993; Cousin, Cuzon, Guillaume &
AQUACOP1996).
HSI,VSI and CF were signi¢cantly a¡ected by the

dietary carbohydrate sources. Fish fed the glucose
diet had signi¢cantly higher HSI andVSI values than
those fed the other diets. These results were in agree-
ment with those reported for other ¢sh (Hutchins
et al.1998;Wu et al. 2007; Rawles et al. 2008). Fish fed
the glucose diet showed poor growth, less muscle ac-
cumulation and more fat storage than those fed more
complex carbohydrate diets (Hutchins et al. 1998;
Rawles & Gatlin III1998; Small & Soares1999; Rawles
et al. 2008). Lipid and glycogen contents in the liver
were higher in juvenile cobia fed diets containing
dextrin, corn starch and wheat starch than in those
fed diets containing glucose, sucrose and maltose;
the present results are in agreement with those re-
ported in other ¢sh species (Hutchins et al.1998; Raw-
les & Gatlin III1998; Rawles et al. 2008). Some studies
indicated that absorbed carbohydrate, which is not
used for energy, may accumulate in the liver as both
lipid and glycogenafter being converted (Brauge, Me-
dale & Corraze 1994; Lanari, Poli, Ballestrazzi, Lupi,
D’Agaro & Mecatti1999).
Plasma triglyceride and glucose were signi¢cantly

a¡ected by the di¡erent carbohydrate sources. Fish

fed the glucose diet had signi¢cantly lower plasma
glucose and triglyceride than those fed the other
diets; however, there were no signi¢cant di¡erences
among dextrin, corn starch andwheat starch, and si-
milar results were reported with tilapia (Hsieh &
Shiau 2000) and gilthead sea bream (Enes et al.
2008). Normal ranges for plasma glucose are not
fully de¢ned for many aquacultured ¢sh species
(Hemre et al. 2002). In our study, plasma glucose ran-
ged from18.73 to 32.05mM; these values are similar
to those of tilapia (above 11mM, Hemre et al. 2002),
Atlantic salmon (Hemre & Hansan1998), and higher
than those of cod (plasma £uctuate between 2 and
7mM, Hemre et al. 1993), salmonids (between 3 and
10mM, Arnesen et al.1995; Hemre et al.1995; Hemre
& Hansen 1998). The wide variation observed in the
plasma glucose among ¢sh may be due to the di¡er-
ent species (such as carnivorous, omnivorous), di¡er-
ent life stages or certain feeding regimes (Hemre et al.
2002). Additionally, plasma glucose was signi¢cantly
a¡ected bywhether ¢shwere fed or unfedwhen sam-
pling was carried out. In the present study, ¢sh fed
the glucose diet had lower haematocrit, haemoglo-
bin, leucocyte and red blood cell values than those
fed the other diets. These negative e¡ects were more
likely due to the nutritional stress of the juvenile co-
bia fed the glucose diet. It has been reported that
these data are related to the ¢sh health (Zhou,Wu,
Chi & Yang 2007). A positive in£uence of dietary car-
bohydrate complex (dextrin, corn starch and wheat
starch) in improving haematological indices was ob-
served, although the relationship between haemato-
logical indices and ¢sh health should be determined
in future studies.
In the present study, some key carbohydrate meta-

bolic enzymes including PFK of the glycolysis path-
way, FBPase of the gluconeogenesis pathway and
G6PD of the lipogenesis pathway were measured.
PFK and FBPase activities were in general higher for
¢sh fed the glucose diet than for those fed the other
diets; our results were in accordance with juvenile
white sturgeon (Hung et al.1989). However, some stu-
dies indicated that no di¡erences were observed in
hepatic PFK-1 activities and FBPase between hybrid
tilapia fed glucose or starch (Lin & Shiau1995;Tung
& Shiau1991). In contrast to these results, Enes, Pan-
serat, Kaushik and Oliva-Teles (2006) showed that in
European sea bass reared at18 1C, but not at 25 1C, a
starch-based diet led to higher FBPase activity than a
glucose-based diet. Several studies have suggested a
decrease in the hepatic enzymes involved in glycoly-
sis and the pentose phosphate pathway and a simul-
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taneous increase in gluconeogenic FBPase (Panserat,
Medale, Blin, Breque, Vachot, Plagnes-Juan, Gomes,
Krishnamoorthy & Kaushik 2000; Caseras, Meton,
Vives, Egea, Fernandez & Baanante 2002). G6PD ac-
tivities has an important anabolic function in the li-
ver, because it catalyses the two ¢rst rate-limiting
reactions in the pentose phosphate shunt and pro-
vides approximately half of the reducing equivalents
needed to support fatty acid synthesis as well as gen-
erating ribose-5-phosphate, used in the synthesis of
nucleotides and nucleic acids (Towle, Kaytor & Shih
1997). In this study, ¢sh fed the glucose diet had high-
er G6PD activities, and a positive relation between
G6PD activities and liver lipid content was observed,
which is agreement with the results in other ¢sh spe-
cies (Hung et al. 1989; Hung & Storebakken 1994;
Enes et al. 2006).
In conclusion, data from the present study as well

as liver metabolic enzyme activities indicate that co-
bia can e⁄ciently utilize dextrin, corn starch and
wheat starch as non-protein energy sources. How-
ever, dietary glucose reduces the growth and feed uti-
lization of the juvenile cobia.
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