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Abstract

An 8-week growth trial was undertaken to determine effects of different dietary carbohydrate (CHO)/lipid (L)
ratios on growth, feed utilization and body composition of early giant grouper Epinephelus lanceolatus juveniles.
Five isoenergetic (4.1 kcal/g) and isonitrogenous (50% CP, dry-matter basis) experimental diets were formulated
to contain different crude lipid (CL) levels (22%, 19.8%, 17.6%, 15.4% or 13.2%, dry-matter basis) and together
different corn starch levels (0%, 4.95%, 9.9%, 14.85% or 19.8%), thereby forming different dietary CHO/L ratios.
Groups of 41 early giant grouper juveniles (average initial weight of 0.397 g/fish) were stocked into small floating
cages (L 120 cm x W 70 cm x H 50 cm). Triplicate groups of fish were fed each dietary treatment three times daily
to apparent satiation.

Increasing dietary CHO/L ratio from 0.13 to 1.25 had no significant influences (P = 0.05) on growth performance of
early giant grouper juveniles, but when dietary CHO/L ratio was increased to 1.88, Weight gain (WG) of experimental
fish was significantly decreased (P < 0.05). Feed conversion ratio (FCR) values among fish fed CHO/L ratios ranging
from 0.13 to 1.25 were not significantly different but lower than that of FCR in fish fed the CHO/L ratio of 1.88.
No significant differences in protein productive value (PPV) were observed among fish fed CHO/L ratios of 0.13,
0.4, 0.76 and 1.25. Fish fed a CHOIL ratio of 1.88 had significantly lower PPV than fish fed other CHOI/L ratios.
Hepatosomatic index (HSI) was increased with dietary CHO/L ratio increasing. Fish fed the CHO/L ratio of 0.13 or
0.4 had significantly higher intraperitoneal fat (IPF) ratios than fish fed the CHO/L ratio of 0.76, 1.25 or 1.88. Whole-
body lipid content was decreased with the increasing dietary CHO/L ratio. Muscle moisture, protein as well as lipid
contents were not influenced by dietary CHOI/L ratios. Liver protein and lipid contents had a decreasing trend with
dietary CHO/L ratio increasing. Liver glycogen content in fish fed the CHOI/L ratio of 1.25 or 1.88 was significantly
higher than fish fed the CHOI/L ratio of 0.13, 0.4 or 0.76. Based on quadratic broken line model to WG values, 1.30
of CHOIL ratio, corresponding to 14.79% dietary crude lipid and 19.23% dietary CHO, was proved to be optimal for
early giant grouper juveniles.

that dietary lipid could be partially replaced by CHO without reducing
productivity or carcass quality of sunshine bass. Based on the best
growth performance or health status, suitable dietary CHO/Lipid ratios
have been established in some fish species such as walking catfish (3.38)
[8] blunt snout bream (3.58) [13], yellow catfish (2.45-5.58) [14] and
yellowfin seabream (0.62) [15].

Keywords: Epinephelus lanceolatus; Carbohydrate; Lipid; Growth

Introduction

In aquatic feeds, soluble carbohydrate (CHO) and lipid are
usually used as energy sources for aquatic animals. Carbohydrate after
absorbed can provide fish with equal amounts of energy as protein.

Capacities of fish to utilizing CHO depend on the species as reviewed
[1,2]. For instance, only 10% of CHO was acceptable for yellowtail
kingfish [3], but juvenile humpback grouper were able to efficiently
utilize about 20% of readily digestible CHO [4,5], and for juvenile
sunshine bass, up to 42% dextrin in the diet could be efficiently utilized
[6]. However, excessive supplementations of digestible CHO to diets
could compromise fish growth performance [3] and disrupt liver
function and increase susceptibility to infectious diseases [2].

Compared to CHO, lipid can provide fish with more energy value
per unit and be better utilized by most fish species, and moreover, lipid
is the source of essential fatty acids required by fish for normal growth,
development and maintaining health [7]. As one of the macronutrients
in aquatic feed, lipid has many advantages for fish growth, but in
comparison to CHO, it is more expensive and less available, especially
so for fish oil. Excess lipids in diets usually increase lipid deposition in
fish carcass [8,9], lead to a substantial decline in performance, affect gut
health [10] and increase susceptibility to autoxidation and tissue lipid
peroxidation, which may also adversely affect the immune response
and disease resistance of fish [11].

Optimizing of dietary CHO and lipid levels are beneficial not only
to improving fish quality but also to sparing feed cost [12] reported

Giant grouper Epinephelus lanceolatus has been widely cultured
in China in recent years due to its faster growth compared to other
grouper species [16]. To date, available information on nutrition
of Epinephelus lanceolatu is quite limited, with only one published
study [16] evaluating effects of choline on lipid metabolism and
stress tolerance of juvenile giant grouper. The aim of this study was
to determine effects of different dietary CHO/L ratios on growth, feed
utilization and body composition of early giant grouper Epinephelus
lanceolatus juveniles.
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Materials and Methods
Experimental diets and designs

In this trial, five isoenergetic (4.1 kcal/g) and isonitrogenous (50%
CP, dry-matter basis) experimental diets were formulated to contain
different crude lipid (CL) levels (22%, 19.8%, 17.6%, 15.4% or 13.2%,
dry-matter basis) and together different corn starch levels (0%, 4.95%,
9.9%, 14.85% or 19.8%) , thereby forming different dietary CHO/L ratios
0f0.13,0.40, 0.76, 1.25 and 1.88, respectively (Table 1). Corn starch was
used as the main carbohydrate source. The 50% dietary protein level
designed in this study was according to the study of dietary digestible
energy was calculated or estimated using physiological fuel values
of 4.0, 4.0 and 9.0 kcal/g (16.7, 16.7 and 37.7 kJ/g) for carbohydrate,
protein [16] and lipid, respectively [17,18]. It was reported that fish
larvae utilize dietary phospholipids more efficiently than neutral lipids
[19] and have high requirements of phospholipids such as at least
9.5% for pikeperch larvae [20] and 6.95-8.51% for large yellow croaker
larvae [21] so in this study, 10% of soy lecithin was supplemented to
all experimental diets. The 4.1 kcal/g diet of digestible energy level was
closed to those of values in diets for pikeperch larvae [20] and European
sea bass larvae [22].

Fishmeal was well ground, and all dry ingredients were weighed
and mixed in a Hobart mixer (A-200T Mixer Bench Model unit, Resell
Food Equipment Ltd., Ottawa, Canada) for 30 min. Thereafter, oil was
gradually added, while mixing constantly. Then, 30-50 mL of water was
slowly blended into the mixture for each 100 g of dry matter, resulting

Dietary CHOI/L ratios

0.13 0.40 0.76 1.25 1.88
Peruvian fishmeal (Anchovy)? | 34.03 34.03 34.03 34.03 34.03
Casein 25 25 25 25 25
Yeast meal 2 2 2 2 2
Fish oil (Salmon) 9.42 7.22 5.02 2.82 0.62
Soy lecithin 10 10 10 10 10
Corn starch 0 4.95 9.9 14.85 19.8
Vitamin mixture® 4 4 4 4
Mineral mixture® 2 2 2 2 2
Carboxymethyl cellulose 2.5 2.5 2.5 2.5 2.5
Cellulose 11.05 8.30 5.55 2.80 0.05
Analyzed composition?
Moisture % 9.26 9.17 9.27 9.78 10.32
Crude protein % 49.2 49.8 49.7 49.2 48.9
Crude lipid % 22.6 20.0 17.6 15.1 13.0
Carbohydrate % 3.05 7.96 13.41 18.87 24.43
Ash % 5.66 5.53 5.13 5.28 5.72
Estimated digestible energy® 412 4.1 4.1 4.08 4.10
(kcal/g)
CHOIL (g/9) 0.13 0.40 0.76 1.25 1.88

aYongsheng Feed Corporation, Binzhou, China; proximate composition (% dry
matter): moisture: 8.9; crude protein: 73.6; crude lipid: 10.7.

bVitamin mixture contained (as g kg vitamin mixture): Choline concentrate 50%,
200 g; vitamin E(500 IU/g) 10 g; vitamin D3 (500,000 1U/g) 0.50 g; vitamin B3 1 g;
vitamin B5 2 g; vitamin B1 100mg; vitamin B2 0.4 g; vitamin B6 300 mg; vitamin
C 20 g; vitamin B9 100 mg; vitamin concentrate B12 (1 g/kg), 1 g; vitamin K3 1 g;
meso-inositol 30 g; cellulose, 732.1 g. (from Mazurais et al. 2009).

*Mineral mixture contained (as g kg™ mineral mixture): 90 g KCI, 40 mg KIO,, 500 g
CaHPO,-2H,0, 40 g NaCl, 3 g CuSO,-5H,0, 4 g ZnSO,-7H,0, 20 mg CoSO,7H,0,
20gFeSO,7H,0,3gMnSO,'H,0, 215 g CaCO,, 124 g MgSO,-7H,0, and 1 g NaF
(from Mazurais et al. 2009).
9Values represent means of duplicate samples.
By calculation.

Table 1: Formulations and analyzed composition of experimental diets.

in suitably textured dough. The diets were pelletized into a noodle-
like shape of 1.0-mm diameter using a twin-screw extruder (Institute
of Chemical Engineering, South China University of Technology,
Guangzhou, PR China) and then all diets were air-dried for 24 hrs,
sieved and stored at -20°C until fed.

Experimental procedures

30-day post hatching (dph) giant grouper juveniles purchased from
a commercial marine fish hatchery (Yangpu, Hainan) were put into
small floating cages (L 120 cm x W 70 cm x H 50 cm) at a density of
50 fish per cage and acclimated using a commercial grouper micro-diet
(Crude protein: 50%, crude lipid: 12%) together with ground muscle
from trash fish for 4 days. During the acclimation, fish were hand fed to
satiation three times daily (08:00, 12:00 and 17:00) and ground muscle
was gradually reduced. After the micro-diet was completely accepted by
experimental fish, groups of 41 early giant grouper juveniles (average
initial weight of 0.397 g/fish) were randomly distributed into 15 small
cages which were labelled and located in five connective 6-m? indoor
concrete ponds (L 3 m x W 2 m x H 1 m) with 3 cages occurring in each
pond. All ponds received flowing sea water (salinity: 33.1 g/L) from the
same reservoir at a rate of 3 g/L.

During the experimental period, each dietary treatment had three
replicates, and each replicate cage was in different ponds. Water
temperature (27-28°C), total ammonia (0-0.20 mg/L) and dissolved
oxygen (5.9-6.2 mg/L) were monitored daily. Fish were exposed to a 12
hrs. light: 12 hrs. dark cycle and hand-fed each dietary treatment three
times daily (08:00, 12:00 and 17:00) to apparent satiation until pellets
were first seen to sink to bottom of the pond. Feed intake was recorded
daily, and experimental ponds and cages were cleaned once a week. The
growth trial was continued for 8 weeks.

Sampling and analysis

At the end of the trial, two fish from each cage were collected for
whole-body composition analysis. Three fish per cage were individually
weighed and dissected to obtain liver, intestine and intraperitoneal
fat (IPF) weights for computing body condition indices including
hepatosomatic index (HSI) ((liver wt/live wt)*100) and IPF ratio ((IPF
wt/live wt)*100), respectively. Intraperitoneal fat was obtained by
removing and weighing the fat from the abdominal cavity as well as
that adhering to the intestine of the fish. Condition factor (CF) also
was computed as (bodyweight x 100)/(body length)®. Muscle and liver
samples for compositional analysis also were taken from these three
fish. Livers for glycogen analysis were quickly dissected from another
two randomly selected fish which were removed from each replicate
cage, and dissected livers were wrapped in aluminium foil, frozen in
liquid nitrogen, and stored at 80°C until analyzed.

Crude protein was estimated by measuring total nitrogen by
the Dumas method [23] and multiplying by 6.25. Dry matter was
determined by heating at 125°C for 3 hrs, and ash was quantified
after heating at 650°C for 3 hrs [24]. Crude lipid was determined by
chloroform and methanol extraction [25]. Glycogen contents in liver
were analyzed [26]. Carbohydrate content of diets was analyzed by the
3’5-dinitro salicylic acid method [27,28].

Statistical analysis

Experimental data obtained for response parameters were tested
by subjecting the data to one-way analysis of variance and Tukey's test
using SPSS (Version 16.0). Significance was set at P < 0.05.
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Results Dietary CHOIL ratios
0.13 0.40 0.76 1.25 1.88
rowth performance and feed utilization
G P CF? 1.83 +0.08° 2.07 +0.04® 2.01+0.08% 1.98 +0.00% 2.13 + 0.06°
Dietary CHO/L ratios ranging from 0.13 to 1.25 did not significantly HSP 2.96+0.29° 3.82+0.29° 3.95+0.40° 3.78 +0.21°  6.33 +0.29°
affect WG of experimental fish (Table 2), but fish growth performance IPF Ratio* |4.61+0.122 4.89 +0.14° 3.61 £0.29°| 3.73 £ 0.30° = 3.63 + 0.02°

was significantly reduced as dietary CHO/L ratio was increased to
1.88. The analysis of quadratic broken line model to WG values
showed that 1.30 of dietary CHO/L was optimal for early giant grouper
juveniles (Figure 1). Fish fed the diet with a CHO/L ratio of 1.88 had a
significantly higher FCR than fish fed diets with a CHO/L ratio of 0.13,
0.4,0.76 or 1.25. No significant differences in FCRs of experimental fish
were observed when dietary CHO/L ratio was increased from 0.13 to
1.25. Fish fed diets with a CHO/L ratio of 1.88 had significantly lower
PPVs than fish fed diets with a CHO/L ratio of 0.13, 0.4, 0.76 or 1.25.

Body condition indices

Fish fed the diet with a CHO/L ratio of 0.13 had a significantly
lower condition factor (CF) than fish fed a CHO/L ratio of 1.88 (Table
3). Fish fed a CHO/L ratio of 1.88 had significantly higher hepatosomatic
index (HSI) than fish fed other CHO/L ratios. Intraperitoneal fat (IPF)
ratio of fish fed CHO/L ratios of 0.13 and 0.4 were significantly higher than
those of fish fed CHO/L ratios of 0.76, 1.25 and 1.88, while this parameter
showed no significant differences between fish fed CHO/L ratios of 0.13
and 0.4 as well as between fish fed CHO/L ratios of 0.76, 1.25 and 1.88.

Dietary CHOIL ratios

0.13 0.40 0.76 1.25 1.88
FBW? 36.94 +0.65* 36.93 +1.292|36.59 + 1.362 37.48 + 1.832 31.45+ 0.15°
Daily FI* | 1.42+0.01 142+0.17 | 148+025 | 1.47+0.12 | 1.77+£0.10
WG%* 9204 £163* | 9202 +325* | 9115+ 342 | 9340 +460° 7822 + 38°
FCR® 0.73+0.00° | 0.73+0.05° | 0.69+0.03" 0.75+0.04°  0.90 +0.03*
PPV® 47.05+0.37% | 46.21 £3.26° 48.67 £2.04%| 45.89 + 1.95° 36.90 + 1.44°
Survival 64 1 64 +4 72+2 62+6 73+5

%

"Treatment means (+ SEM) represent the average values of three tanks per
treatment, and values within the same row with different letters are significantly
(P<0.05) different.

2FBW: Final mean body weight (g).

3Daily Feed Intake: 100 x feed offered/average total weight/days.

“Weight Gain: 100 x (final mean weight - initial mean weight)/initial mean weight.
5Feed Conversion Ratio: g dry feed/g weight gain (included the dead fish).
5Protein Productive Value: 100 x retained protein (g)/protein fed (g).

Table 2: Growth performance and feed utilization of early giant grouper Epinephelus
lanceolatus juveniles fed diets contained different CHO/L ratios for 8 weeks'.
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Figure 1: The analysis of quadratic broken line model based on WG values
showed that 1.30 of dietary CHO/L was optimal for early giant grouper juveniles.

"Treatment means (+ SEM) represent the average values of three tanks per
treatment, and values within the same row with different letters are significantly (P
< 0.05) different.

2CF: Body weight x 100/(Body length)?.
3HSI: Liver weight x 100/fish weight.
“IPF ratio: Intraperitoneal fat weight x 100/fish weight.

Table 3: Body condition indices of early giant grouper Epinephelus lanceolatus
juveniles fed diets contained different CHO/L ratios for 8 weeks'.

Dietary CHOIL ratios

0.13 0.40 0.76 1.25 1.88
Whole-body composition
69.7+04> 695+0.1> 701+02°> 702+04°> 71.9+0.3"
Protein % 16.89+0.112 16.68 +0.08* 16.65+0.01% |16.90+0.11% 16.22 £ 0.15°
Lipid % 916+0.422 916+0.33° 8.80+0.37° |7.95+0.19® 6.35+0.24°
Muscle composition
7397+049 7511+0.94 7497+0.18 73.93+0.74 7594+0.32
Protein% |20.80+0.22 20.84+0.71 21.23+0.20 21.60+0.68 20.97 +0.20
Lipid % 10.33+1.05 9.06+1.06 874+052 9.27+0.09 8.67+0.75
Liver composition
59.18+1.27 62.03+0.63 6246+1.11 62.84+0.87 62.56+0.46
948+0.09° 856+0.26° 814+0.18> 829+042° 6.42+0.10°
21.04+£1.28* 16.41+1.00° 14.80 + 1.49>14.88 +047* 13.41+0.35°
11.61+£0.19° 11.95+0.45° 1576 + 0.23" | 16.76 + 0.63* 17.29 + 0.54°

Moisture %

Moisture %

Moisture %
Protein %
Lipid %
Glycogen%
"Treatment means (+ SEM) represent the average values of three tanks per

treatment, and values within the same row with different letters are significantly
(P<0.05) different.

Table 4: Whole-body, muscle and liver composition (fresh-wt. basis) of early giant
grouper Epinephelus lanceolatus juveniles fed diets contained different CHO/L
ratios for 8 weeks'.

Whole-body, muscle and liver compositions

Values of whole-body lipid content were not significantly different
among fish fed CHO/L ratios of 0.13, 0.4 and 0.76, but whole-body
lipid contents of fish fed CHO/L ratios of 0.13, 0.4 or 0.76 significantly
higher than fish fed CHO/L ratios of 1.25 and 1.88 (Table 4). Fish fed
a CHO/L ratio of 1.88 had significantly higher whole-body moisture
but lower whole-body protein compared to fish fed a CHO/L ratio of
0.13, 0.4, 0.76 or 1.25. Muscle moisture, protein as well as lipid contents
were less affected by dietary CHO/L ratios. Liver moisture showed no
significant differences among different experimental treatments. Liver
protein and lipid contents of fish fed the diet with a CHO/L ratio of 0.13
were significantly higher than fish fed a CHO/L ratio of 0.4, 0.76, 1.25
or 1.88. Fish fed a CHO/L ratio of 0.76, 1.25 or 1.88 had significantly
higher glycogen in liver than fish fed a CHO/L ratio of 0.13 or 0.4.

Discussion

Results of the present study demonstrated that 1.30 of CHO/L ratio,
corresponding to 14.79% dietary crude lipid and 19.23% dietary CHO,
was proved to be optimal for early giant grouper juveniles, indicating
that reduction in dietary lipid from 22.6% to 14.79%, with concomitant
increase in CHO level from 3.05% to 19.23%, corresponding to CHO/L
ratios of 0.13 to 1.30, did not negatively affect the growth of early giant
grouper Epinephelus lanceolatus juveniles, but when fish were fed the
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24.32% CHO and 13.0% lipid contained diet with a CHO/L ratio of
1.88, WG was significantly reduced. This indicated that early giant
grouper juveniles could effectively utilize 19.23% CHO at 50% dietary
CP and 14.79% dietary CL levels, and dietary CHO could replace about
30% lipid without sacrificing fish growth. Previous studies on juvenile
humpback grouper initiating ~ 5 g [4] or 8 g [5] of body weight showed
that juvenile humpback grouper can efficiently utilize about 20%
of readily digestible dietary CHO, which was in line with the results
obtained in this study. Successful replacements of partial lipid by
digestible CHO have been reported in other fish species such as hybrid
striped bass [12], rainbow trout [5], hybrid Clarias catfish [29] and
yellowfin seabream [15] In this study, fish fed the low-CHO (3.05%)
diet did not display poorer growth performance than fish fed high-
CHO (7.96%, 13.41%, 18.87%) diets, meaning that dietary CHO was
not essential for growth of early giant grouper juveniles. This disagreed
with the results of some other studies [8,29,30].

Dietary lipids are the preferable source of metabolic energy for
the development of fish and the main source of essential fatty acids
for maintaining rapid growth of larval fish, especially marine fish [31].
The significantly lower WG of fish fed a CHO/L ratio of 1.88 (3.0%
fish oil) compared to fish fed CHO/L ratios of 0.13, 0.4, 0.76 and 1.25
(12.6%, 10%, 7.6% and 5.1% fish oil) were perhaps due to the deficiency
of essential fatty acids resulted from the decrease of fish oil. Reduced
growth and poor feed conversion efficiency in fish fed diets with high
CHOY/L ratios have also been reported in chinook salmon [32], channel
catfish [17] red drum [6,33] and hybrid Clarias catfish [29].

Fish fed dietary CHO/L ratios ranging at 0.13-1.25 (15.1-22.6%
CL) had similar growth performance, demonstrating that 15.1% of
dietary lipid is adequate for fast growth of early giant grouper juveniles.
Optimal dietary lipid requirements of several other grouper species
have been reported such as juveniles of E. coioides (10%) [34,35], E.
malabaricus (7.9-12.5%) [36,37], E. aeneus (10.5-14.7%) [38] and C.
altivelis (16-26%) [5].

The higher feed conversion ratios (FCRs) and lower PPV of fish fed
a CHOY/L ratio of 1.88 compared to fish fed a CHO/L ratio of 0.13, 0.4,
0.76 or 1.25 were attributed to their poorer growth compared to fish fed
low CHO/L ratios. Similar reduced growth, feed efficiency, and protein
retention have also been observed in juvenile yellowfin seabream [15]
and red drum [6,33] fed a high carbohydrate and low lipid diet.

In the present study, all experimental diets had similar protein and
gross energy contents, so the higher IPF ratios in fish fed diets with low
CHO/L ratios (0.13 and 0.4) compared to fish fed diets with high CHO/L
ratios (0.76, 1.25 and 1.88) maybe result from their limited ability of
utilizing dietary CHO as energy and/ or de novo synthesis of lipid. This
is in agreement with the results reported in yellowfin seabream [15]
and hybrid striped bass [39]. In the present study, increasing dietary
lipid to 17.6% or higher (20.0%, 22.6%) resulted in increased whole-
body lipid. Similar results have been reported in rainbow trout [18], red
drum [33,40], striped bass [41], channel catfish [42,43], hybrid Clarias
catfish [29] walking catfish [8], Tilupia zillii [43], common carp [44,45]
and brown-marbled grouper [46].

It is reported that liver enlargement may result from increased
lipid or glycogen deposition [47]. The higher HSI values in fish fed
high CHO/L ratios compared to those in fish fed low CHO/L ratios
were mainly due to their higher hepatic glycogen contents which
resulted from the higher CHO levels contained in the high CHO/L
diets. Similar results were also reported in striped bass [48] and Asian
seabass [49]. Fish fed the diet with low CHO content (3.05%) had

lower CF value than fish fed the high CHO contained diet, which was
possibly due to the lower HSI observed in fish fed the CHO/L ratio of
0.13. No differences in muscle protein and lipid contents among all
experimental treatments showed that muscle composition of fish was
less influenced by dietary CHO/L ratios. Fish fed high-lipid diets had
higher liver lipid content than fish fed low-lipid diets, agreeing with the
reports in hybrid striped bass [50,51].

In conclusion, results of this study showed that at 50% dietary
crude protein level, 1.30 of CHO/L ratio, corresponding to 14.79%
dietary crude lipid and 19.23% dietary CHO, was optimal for growth
performance of early giant grouper juveniles, when dietary CHO/L
ratio was increased to 1.88 (at 13.0% dietary crude lipid level and
24.32% CHO level), fish growth significantly reduced; Dietary lipid in
excess, resulted in increased lipid deposition in the body.
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