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Abstract: A 3 X2 (protein/lipid ratio X L-carnitine) factorial experiment was conducted to evaluate the protein sparing effect
of lipid and L-carnitine in diets for largemouth bass, Micropterus salmoides. Two hundred and seventy fingerlings with aver-
age body weight of (3.27%0.21) g were randomly divided into six groups with 3 replicates each and fifteen fingerlings per
replicate. Six isocaloric experimental diets were formulated with three protein/lipid ratios (39.9%/7.4% , 30.3%/13.9%
and 21.5%/19.5%) crossing two L-carnitine levels (0 and 1 g/kg), and were fed to the fingerlings for six weeks. The re-
sults showed as follows: weight gain rate was 686% when fish were fed the 39.9% /7. 4% (protein/lipid) diet but was re-
duced to 176% when fish were fed the 21.5%/19. 5% diet (P<C0.05). Condition factor of fish fed 21.5%/19.5% (pro-
tein/lipid) diet was significantly lower than that of fish fed 39. 9% /7. 4% (protein/lipid) and 30. 3% /13. 9% (protein/lipid)
diets (P<C0. 05). FCR was increased significantly from 1. 15 to 2. 33 when the dietary lipid level was increased from 7. 4% to
19. 5% (protein level was decreased from 39. 9% to 21.5%) (P<C0.05). Body moisture content was lower in the fish fed
21.5%/19. 5% than that in the fish fed 39. 9% /7. 4% diet (P<C0.05). When the dietary lipid level increased from 7. 4% to
19. 5% (protein level decreased from 39. 9% to 21. 5% ), the body crude lipid content increased from 5. 6% to 11. 5% while
body crude protein content decreased from 15. 6% to 10. 4% (P<C0.05). The liver lipid, muscle lipid and hepatosomatic in-
dex reached the highest values when fish were fed 21. 5% /19. 5% (protein/lipid) diet. The percentage of lymphocytes was
significantly increased from 38. 30% to 48.41% (P<C0.05), and the percentage of granulocytes was significantly decreased
from 51. 75% to 42.14% (P <C0.05) when dietary lipid level was increased from 7.4% to 19.5% (protein level was de-
creased from 39.9% to 21.5%). It was concluded that more dietary lipid addition with the aim to spare dietary protein
slowed the growth of largemouth bass, and led to a fatty liver and immune suppression. Moreover, though the addition of
1 g/kg L-carnitine in diet had no effect on all the parameters tested relevant to fish growth performance, an interactive
effect of dietary protein/lipid ratio with L-carnitine was observed in the percentages of granulocytes and lymphocytes with
the peak values found in the fish fed 21.5%/19. 5% (protein/lipid) and 0. 1% L-carnitine dict.

Key words: Largemouth bass; Protein/lipid ratio; L-carnitine; Growth; Body composition

CLC number: S965.2 Document code: A Article ID: 1006-267X(2010)03-0787-010

Largemouth bass, Micropterus salmoides , have focused on the macronutrient requirement
was introduced to China in 1983 from the USA including protein®®', essential amino acid. poly
for aquaculture, and has been one of the most im- unsaturated fatty acid"*’, carbohydrate'®’ and pro-
portant cultured species in China, with annual tein to energy ratio'® . But, since the successful
production estimated at 100 000 t'''. Most studies and sustainable aquaculture of fish depends upon
on nutritional requirement of largemouth bass the provision of nutritionally balanced, environ-
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ment friendly and economically viable feed"” , nu-
tritional studies on largemouth bass should also
aim to reduce feed cost and minimize the release
of pollutants to the environment.

Protein is an essential nutrient to build and
repair damaged tissues and maintain physiological
functions in fish, but it is also an expensive ingre-
dient in aquaculture feed. Finding optimal level
of protein in fish feed is important to obtain effi-
cient and economical outcome in aquaculture in-
dustry and to reduce nitrogen and organic load in
the ecosystem. The inclusion of a non-protein en-
ergy source in the diet can spare the use of protein
for catabolism in diets with surplus protein™’.
Lipid has long been used in aquaculture feed as a
source of energy and essential fatty acid. In the
past decade, lipid has been successfully used to
spare dietary protein in Oncorhynchus mykiss"®!,

[10] ]

Dentex dentex™, Cyprinus carpio™, Morone

[12] However,

saxatilis'**', and Sparus aurata L.,
the protein sparing effect in the diet of large-
mouth bass is not conclusive. Although dietary
lipid can be used as a non-protein energy source,
excessive dietary lipid can negatively impact body

composition™ .

It is therefore important to evalu-
ate the level of non-protein energy through an in-
cremental supplementation of lipid in fish diet'®’,
and to find the appropriate protein to energy ratio
for the fish need.

L-carnitine is a quaternary ammonium com-
pound biosynthesized from lysine and methionine
and is required to transport long-chain acyl groups
from fatty acid from the cytosol to the mitochon-
dria during
[14]

lipid metabolism for energy re-

lease-'* . In fish feed, L-carnitine has significant-

ly improved growth and feed efficiency and re-

duced lipid deposition in Dicentrarchus labrax"*,

Clarias gariepinus"'® and Pagrus major"'" . Since
L-carnitine can facilitate the entry of long-chain

fatty acid into the mitochondria, it has been used

to evaluate lipid utilization and the protein spar-
ing effect for lipid'®'. In contrast, Gaylord et
al."" found that the addition of L-carnitine from
1 000 to 3 000 mg/kg to the diet had no effect on
growth performance of hybrid striped bass.
Therefore, the synergetic effect of L-carnitine
and lipid levels on fish growth is still worth fur-
ther investigation in fish.

In this study, we aimed to test the optimal di-
etary protein to lipid ratio of largemouth bass fin-
gerling and the role of dietary L-carnitine in reg-
ulating fish performance. The experiment was de-
signed with three levels of dietary protein to lipid
ratio cross-classified two levels of L-carnitine in
the diets. The dependent variable to evaluate the
fish response included growth performance, body
composition, muscle and liver lipid contents, and

leucocytes profile.

1 MATERIALS AND METHODS

1.1 Experimental diets

Six near-isocaloric experimental diets were
formulated with fish meal, soybean meal, and
wheat starch in pre-determined amounts. The di-
etary lipid was supplied by fish oil and soybean oil
in al:1 ratio, resulting in three levels of dietary
lipid: 7.4%, 13.9% and 19.5%,
(dietary protein levels were 39.9%, 30.3% and

respectively

21.5% . correspondingly). Each protein/lipid ra-
tio diet contained two levels of L-carnitine (0 and
1 g/kg) .
paste was extruded through a 2 mm diameter

After a thorough mixing, the moist

grinder and was cut into 3 mm long pellets. Moist
pellets were air dried for 24 h, then dried at 60~
70 'C in an oven until moisture< 10% . All diets
were analyzed for nutrient levels and they were
stored at —20 C until used. Composition and nu-
trient levels of experimental diets were shown in
Table 1.
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Table 1 Composition and nutrient levels of experimental diets

(as-fed basis)

Diets

Items

1 2 3 4 5 6
Ingredients (g/kg)
Fish meal 500 500 380 380 270 270
Soybean meal 200 200 152 152 108 108
Corn starch 150 150 150 150 150 150
Fish oil 5 5 45 45 80 80
Soybean oil 5 5 45 45 80 80
Choline chloride 5 5 5 5 5 5
Vitamin C 2 2 2 2 2 2
Vitamin premix"” 15 15 15 15 15 15
Mineral premix® 15 15 15 15 15 15
Binding (CMC) 15 15 15 15 15 15
Fiber 88 87 176 175 260 259
L-carnitine — 1 — 1 — 1
Total 1 000 1 000 1 000 1 000 1 000 1 000
Nutrient levels (%)
Crude protein 39.9 39.9 30.3 30.3 21.5 21.5
Crude lipid 7.4 7.4 13.9 13.9 19.5 19.5
Energy (MJ/kg) 15.8 15.8 15.9 15.9 15.8 15.8

Y Provided the following per kilogram of diet (mg): myo-inositol 400; nicotinic acid 150; calcium pantothenate 44; ri-

boflavin 20; pyridoxine hydrochloride 12; menadione 10; thiamine hydrochloride 10; retinyl acetate 7.3; folic acid 5; biotin

1; cholecalciferol 0.06; cyanocobalamin 0.02; L-ascorbic acid 2 000; DL-a-tocopherol acetate 800.
» Provided the following per kilogram of diet: KH,PO, 22 g; FeSO, * 7H,O0 1.0 g; ZnSO, *+ 7H,O 0.13 g; MnSO, *
4H,0 52.8 mg; CuSO, * 5H,0 12 mg; CoSO, * 7TH,0O 2 mg; KI 2 mg.

¥ Analyzed values.

1.2 Experimental design

Pellet-trained fish were obtained from a com-
mercial producer (Jiangsu. China). Before the
experiment, all fish with the average body weight
of (3.27%0.21) g were acclimatized for one week
in the aquaria at 15 fish per tank (200 L) and fed
a commercial diet in triplicate (18 tanks in total).
During the 6 weeks feeding trial, fish were fed
twice daily (08:00 and 16:00) to apparent satia-
tion with the experimental diets and the daily feed
application to each tank was recorded. The pho-
toperiod was 12 h light and 12 h dark. The water
quality parameters across the experiments were
temperature 23.8 ~ 26.5 C, dissolved oxygen
5.53~6.74 mg/L, pH 7. 8~8. 0 and total ammo-
nia-nitrogen<<0. 01 mg/L. At the end of the trial,
fish from each aquarium were harvested, coun-
ted, weighed (bulk and individually), and meas-
ured (total length). Ten fish from each tank were
randomly collected for analysis. Five fish were

used for the whole body composition analysis and

five fish were used for the analysis of blood smear
and chemical composition in the white muscle
(from fillet) and liver. The growth performance
and morphometry indices were calculated as fol-
lows:

survival rate (%) = 100 X final fish number/
initial fish number;

weight gain rate (%) = 100 X (W, — W,)/
W,, where W, is the initial weight and W, is the
final weight;

condition factor (%) = 100 X W/L®, where
W is weight (g) and L is length (cm);

hepatosomatic index (HSI, %) =100 X (liver
weight/body weight) ;

feed conversion ratio (FCR) = dry feed
weight/wet weight gain.
1.3 Biochemical composition analysis

The analysis of ash, crude protein, crude lip-
id and moisture in fish were conducted in five rep-
licates, and those in the diets were carried out in

triplicate following the standard methods™" .
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Moisture was determined by oven dry at 105 C to
a constant weight. Crude protein was analyzed by
the Kjeldahl method after acid digestion. Crude
lipid was determined by the ether extraction
method by a Soxtec system. Ash was determined
after combustion at 550 C to constant weight.
1.4 Blood sampling and smear

At the end of the trial, after fish were fasted
for 24 h, the caudal peduncle was cut with a scal-
pel and the blood was taken with a heparinized
microhematocrit capillary tube. Blood smears
were stained using the Hema 3 stain (Biochemical
Sciences, St. Louis, MO). Leucocytes were dif-
ferentiated into lymphocytes, thrombocytes and
granulocytes. Each leucocytes type was expressed
in a percentage of the total leucocytes.
1.5 Statistical analysis

Data were expressed as mean * standard er-
ror, and were subjected to Two-way ANOVA
(SPSS 14.0). If a significant difference was iden-
tified, differences between means were compared
by Duncan’s multiple range test. The level of sig-

nificant difference was set at P<Z0.05.

2 RESULTS

2.1 Growth performance

After a feeding trial of 6 weeks, all fish sur-

vived, and the fish growth related indices under
different diets were presented in Table 2. Weight
gain rate was decreased significantly from 686 %
in fish fed 39.9%/7.4% (protein/lipid) diet to
176% in fish fed 21.5%/19.5% (protein/lipid)
diet ( P <T0.05). Condition factor of fish fed
21.5%/19.5% (protein/lipid) diet was signifi-
cantly lower than that of fish fed 39.9%/7.4%
(protein/lipid) and 30.3%/13.9% (protein/lip-
id) diets (P <C0.05),
tween the latter two groups was not significant
(P>>0.05). The HSI of fish fed 21.5%/19.5%
(protein/lipid) diet was significantly higher than
that of fish fed 39.9% /7. 4% (protein/lipid) and
30.3%/13.9% (protein/lipid) diets (P<C0.05),
while no significant difference on HSI was detec-
ted between fish fed the 39.9%/7.4% (protein/
lipid) and 30.3%/14.9% (protein/lipid) diets.
FCR was increased significantly from 1.15 to

while the difference be-

2.33 when the dietary lipid level was increased
from 7.4% to 19.5% (protein level decreased
from 39. 9% to 21.5%) (P<C0.05). Supplemen-
tation with 1 g/kg L-carnitine had no effect on
weight gain rate, condition factor, HSI and FCR
(P>>0.05).

tween dietary protein/lipid ratio and L-carnitine

There was no interactive effect be-

on any growth related parameters (P>>0. 05).

Table 2 Growth performance of largemouth bass fed different diets

Items Weight gain rate Condition factor
- — — HSI (%) FCR

Protein/Lipid L-carnitine (g/kg) (%) (%)

0 686 + 65° 1.28+£0.03" 2.20%0.14* 1.15+0.03°
39.9%/7.4%

1 661 + 86° 1.35%£0.04° 1.90+0.08 1.16+£0.02°

0 549 + 73% 1.32£0.03" 2.60+0.22° 1.33£0.01°
30.3%/13.9%

1 450 £ 43° 1.27+0.02° 2.60%0.21° 1.35%£0.02°

0 231+ 37° 1.18+£0.02° 4.20%£0.37° 2.08%0.02°
21.5%/19.5%

1 176 + 43¢ 1.18+0.02° 3.80+0.43° 2.33+0.01°
P-value of Two-way ANOVA
Protein/Lipid 0.00 0.00 0.00 0.00
L-carnitine 0.28 0.65 0.36 0.18
(Protein/Lipid) X L-carnitine 0.85 0.10 0.83 0.63

Values in the same row with different small letter superscripts mean significant difference (P<Z0.05). The same as below.

2.2

contents

Body composition and liver and muscle lipid

Table 3 presented the whole body composi-

tion of the fish fed various experimental diets.
Dictary protein/lipid ratio significantly affected

the body moisture, crude protein and crude lipid



3 LI Erchao et al. : Protein Sparing Effect of Lipid and L-carnitine in Diets for Largemouth Bass --- 791

contents (P<C0.05), while no significant differ-
ence was detected in body ash content (P >
0.05). Fish fed 19. 5% lipid (21. 5% protein) diet
had lower body moisture content than fish fed
7.4% lipid (39. 9% protein) diet (P<C0.05). The
body crude lipid content was significantly in-
creased from 5.6% to 11.5% (P <C0.05) when
the dietary lipid level was increased from 7. 4% to
19. 5% (protein level was decreased from 39. 9%
to 21.5%).
etary lipid level significantly reduced whole body

Interestingly, such an increase of di-

crude protein content from 15.6% to 10.4%
(P<<0.05).
Table 4 showed the lipid contents in liver and

muscle of fish fed different diets. When the diet-
ary lipid level was increased from 7. 4% to 19. 5%
(protein level was decreased from 39.9% to
21.5%) , the liver lipid content was significantly
increased from 1.59% to 4.65% (P<C0.05), and
the muscle lipid content was significantly in-
creased from 1. 33% to 3.67% (P<C0.05).

Supplementation of L-carnitine had no sig-
nificant effect on the body composition and liver
and muscle lipid contents ( P>>0.05), and no in-
teractive effect between dietary protein/lipid rati-
o and L-carnitine on the all parameters tested a-
bove (P=>0.05).

Table 3 Body composition of largemouth bass fed different diets (%)
Items . o .
- — — Moisture Crude lipid Crude protein Ash

Protein/Lipid L-carnitine (g/kg)

0 74.60+0.37° 5.60+0.29* 15.60+0.29°¢ 3.30+0.12°
39.9%/7.4%

1 74.20%0.41° 6.10£0.54* 14.40+0.93% 3.40£0.42°

0 72.60+1.06% 8.60£0.56° 13.00+0.37< 3.30+0.28°
30.3%/13.9%

1 72.30%0.84" 8.60+0.80° 12.20+ 0. 64" 3.90+0.20°

0 71.10%0.55* 11.50£0.48° 10.40+0.23* 3.70+0.23"
21.5%/19.5%

1 72.30£0.98% 10.80+£0.44°¢ 11.00+0.17* 3.50+0.24°
P-value of Two-way ANOVA
Protein/Lipid 0.01 0.00 0.00 0.61
L-carnitine 0.69 0.87 0.29 0.52
Protein/Lipid X L-carnitine 0.52 0.57 0.24 0.31

Table 4 Liver and muscle lipid contents of largemouth bass fed different diets (%)
Items . o o
- — — Liver lipid Muscle lipid

Protein/Lipid L-carnitine (g/kg)

39.9%/7.4%

30.3%/13.9%

21.5%/19.5%

= o = O = O

P-value of Two-way ANOVA
Protein/Lipid
L-carnitine

(Protein/Lipid) X L-carnitine

1.59+£0.37° 1.36+£0.09*
1.60£0.15° 1.33+£0.02°
2.11+0.25 2.81+0.36°
2.23+0.14* 2.70+0.06"
3.62+0.22° 3.41£0.20%
4.65%0.25° 3.67+0.37°
0.00 0.00
0.07 0.83
0.11 0.70

2.3 Leucocytes profile
Table 5 presented the percentages of lympho-
cytes, thrombocytes and granulocytes in leuco-

cytes of fish fed different diets. The percentage

of lymphocytes was significantly increased from
38.30% to 48.41% (P<C0.05), and the percent-
age of granulocytes was significantly decreased
from 51. 75% to 42. 14% (P<C0. 05) when dietary
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lipid level was increased from 7.4% to 19.5%
(protein level was decreased from 39.9% to
21.5%) .
effect on the percentage of thrombocytes (P >

Dietary lipid level had no significant

0.05). Supplementation of L-carnitine had no

0.05), but there was significant synergistic effect
on granulocytes (P < 0.05) and lymphocytes
(P<<0.05) with the highest values found in fish
fed the 19.5% lipid (21.5% protein) and 1 g/kg
L-carnitine diet.

significant effect on leucocytes profile (P >

Table 5 Blood cell percentage of largemouth bass fed different diets (%)
Items )
— — Lymphocytes Thrombocytes” Granulocytes”

Protein/Lipid L-carnitine (g/kg)

0 38.30+£1.01° 9.96£1.28 51.75+1.76°
39.9%/7.4%

1 39.42+2.68° 8.69+1.51 51.90+3.43°

0 47.66 £ 3.20° 8.02+0.51 44.33 £ 3.20%
30.3%/13.9%

1 48.07+£1.42° 10.78+1.23 41.15+0.66"

0 48.41+2.42° 9.45+2.11 42.14 +£1.40%
21.5%/19.5%

1 38.43+1.56% 9.76+£1.75 51.81+0.68°
P-value of Two-way ANOVA
Protein/Lipid 0.01 0.98 0.01
L-carnitine 0.13 0.62 0.22
(Protein/Lipid) X L-carnitine 0.03 0.41 0.02

Y Include both spiked and spindle shaped cells.

# Include neutrophils, monocytes, basophils and eosinophils.

3 DISCUSSIONS

In this study, the highest weight gain oc-
curred in fish fed a diet containing 39.9% protein
and 7. 4% lipid. Bright et al.'® reported that a
diet containing 6% ~ 7% lipid and 40% protein
obtained the best growth in juvenile largemouth
bass, which was in accordance with our results in
a 6-week feeding trial at the fingerling stage. Al-
so in our study, although the increase of dictary
lipid level from 7.4% to 13.9% (protein level
from 39.9% to 30.3%) did not significantly af-
fect the fish condition factor and hepatosomatic
index, it significantly reduced weight gain and in-
creased feed conversion ratio. When the dietary
lipid level reached 19.5% (protein level was
21.5%) , the bass showed the lowest weight gain
rate and the body became slim as indicated by the
low condition factor. The difference between this
study and other studies was that we used near-iso-
colaric diets to keep the same energy content a-
mong diets rather than only adjusting protein to

energy ratio. Therefore, these findings could be

explained partially by protein deficient in lipid
rich diets of this study since Brian et al."*’ found
that the specific growth rate of largemouth bass
was the greatest at a protein level of 37%.

It seemed that largemouth bass had limited a-
bility to utilize high dietary lipid because in-
creased dietary lipid led to lipid deposition in the
whole body, liver and white muscle tissues. The
lowest body lipid deposition occurred in fish fed
39.9%/7.4% (protein/lipid) diet, indicating that
low lipid diet could minimize lipid deposition,
which was in agreement with a previous study by
Bright et al.'® on largemouth bass fingerlings. It
was worthwhile noticing that the dietary lipid of
19.5% (21.5% protein) significantly increased
the liver lipid and the HSI value (4. 2%) of large-
mouth bass, which could be an early sign of the
fatty liver or liver tumefaction. In another study,
Gaylord et al.""* found that body lipid deposition
in white bass Morone chrysops was increased sig-
nificantly when the dietary lipid level was above
10% . Our data suggested that largemouth bass

and other species in the Perciformes fish may not
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be able to effectively metabolize lipid energy
when dietary lipid level was over 13.9%.

The susceptibility of pathogens and environ-
mental stress could be tested by the response of
fish to immune parameters. Veterinary studies
have demonstrated that animal fed diet containing
a high concentration of unsaturated fatty acid
showed a reduced resistance to pathogen infec-
tions and low immune response to stresst4?!. In
our study, fish fed 30.3%/13.9% or 21.5%/
19.5% (protein/lipid) dietary showed a signifi-
cant reduction of granulocytes, an important a-
gent for phagocytosis. Virella et al.” demon-
strated that lipid peroxidation of fatty acid may
inhibit cellular proliferation due to the toxicity of
oxidized fatty acid. Previous studies reported that
excessive lipid reserves in tissues may ultimately
reduce growth due to loss of appetite®*"). The
accumulation of lipid in the liver and the body of
largemouth bass at high dietary lipid level sugges-
ted that the potential to quickly metabolize lipid
was low and the protein sparing effect was not ob-
vious in this fish. Together with other results in
this study, though previous studies have found
protein was spared when the lipid level was
15% ~17% in the diet in rainbow trout®’, com-

190 and gilthead sea bream'* , our re-

mon dentex
sults could suggest that largemouth bass could not
use lipid as an energy substrate to effectively
spare body protein when the dietary lipid was o-
ver 13.9%.

L-carnitine was isolated from meat and could
improve mitochondria

through S-oxidation of fatty acid™ . This has led

energy production in

to the belief that exogenous administration of L-
carnitine could enhance the performance of fish

by improving energy utilization efficiency and re-
HE171 Previous studies on

ducing lipid oxidation"
fish have showed that L-carnitine supplementa-
t[16.29-31j

tion could lower body lipid conten and im-

RU617#2550 Byt in our study,

prove growth and FC
no effect was found when 1 g/kg L-carnitine was
supplied into the diet, and the result was in con-
sistent with the finding of Birkenfeld et al.”"

who demonstrated that supplementation of L-

carnitine to the sow diet did not influence body
composition and lipid metabolism. Gaylord et
al.™ explained the controversial conclusion of
strong the effect of L-carnitine on lipid metabo-
lism in fish by the fact of dietary lysine and me-
thionine being precursors for the synthesis of L-
carnitine. The strong effect could only be found
when these amino acids were not enough or under
limited supply in the diet''®. In this study, an in-
teractive effect between dietary protein/lipid and
L-carnitine was observed in the granulocytes with
the peak value was found in the fish fed 21.5%/
19.5% (protein/lipid) and 1 g/kg L-carnitine di-
et. Though, there were many aspects which could
pose effect on L-carnitine, including quantity,
duration and route of delivery, and it seemed
clear that the ambiguity among many studies tes-
ting L-carnitine could be a result of different con-
centrations of carnitine administered to animals
and/or the different strategies in supplying L-
carnitine. This result could be an indicative of the
important role of L-carnitine in fish nutrition,
but further research should be undertaken to ex-
plore the dose dependent effect of L-carnitine on

fish growth.

4 CONCLUSIONS

@ More dietary lipid addition with the aim to
spare dietary protein slowed the growth of large-
mouth bass, and led to a fatty liver and immune
suppression.

@ Largemouth bass and other Perciformes
fish may not be able to effectively metabolize lip-
id energy when dietary lipid level was over 13.9%
(dietary protein level was lower than 30. 3%) .

@ The only interactive effect of L-carnitine
with dietary protein/lipid ratio was observed in
the granulocytes and lymphocytes with the peak
values found in the fish fed 21.5%/19.5% (pro-
tein/lipid) and 0. 1% L-carnitine diet.
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