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Effect of Dietary Protein and Lipid Levels on the Growth
and Body Composition of Juvenile Long Snout Bullhead
Leiocassis longirostris Gunther

Sang Gu Lim, Hyoung Kyun Han, In Chul Bang', Jin Choi? and Sang-Min Lee**
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! Department of Life Science and Biotechnology, Soonchunhyang University, Asan 336-745, Korea
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We ran a feeding trial to determine optimal dietary protein and lipid levels for growth of juvenile long snout bullhead
Leiocassis longirostris Gunther. Eight experimental diets (P20L7, P20L14, P30L7, P30L14, P40L7, P40L14, PSOL7
and P50L14) were formulated to contain 20%, 30%, 40% or 50% protein combined with either 7% or 14% lipid.
Three replicate groups of fish (mean mass: 3.9 g/fish) were fed one of the experimental diets ad /ibitum for 8 weeks.
Survival of fish fed the P20L14 diet was lower than that of fish fed the P40L14, P50L7 and P50L14 diets. Growth of
fish fed diets containing 7% lipid increased with increasing protein level (up to 50% protein); growth of fish fed diets
containing 14% lipid increased with increasing protein level (up to 30% protein). The feed efficiency of fish fed a diet
with 50% protein and 7% lipid was higher than that of other groups. Whole body moisture and lipid contents were
affected by dietary lipid level but not by dietary protein level. The crude lipid contents of fish fed 14% lipid diets were
higher than those fed 7% lipid diets across all protein levels (other than the 50% level). Thus, under our experimental
conditions, an increase in dietary protein level improved growth and feed efficiency of fish; a diet containing 50%
protein with 7% lipid was optimal for growth and effective feed utilization in juvenile long snout bullhead.
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Table 1. Ingredient and proximate composition of experimental diets

A0z APolLt eheahe e Hrfz o 88 4= Gl
At QEa 2ARE AASHE Aol o] 23k H] T
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Diets
P20L7  P20L14  P30L7  P30L14  P40L7  P40L14  P50L7  P50L14
Ingredients (air-dried %)
Pollack fish meal 14.0 14.0 32.0 32.0 50.0 50.0 68.0 68.0
Wheat flour 55.0 40.0 45.0 30.0 35.0 20.0 25.0 10.0
Corn gluten meal 4.0 7.0 3.0 6.0 2.0 5.0 1.0 4.0
a-Potato starch 1.0 6.0 1.0 6.0 1.0 6.0 1.0 6.0
Squid liver oil 3.0 3.0 2.0 2.0 1.0 1.0
Soybean oil 1.0 45 1.0 4.5 1.0 45 1.0 45
Linseed oil 1.0 45 1.0 45 1.0 45 1.0 45
a-Cellulose 18.0 18.0 12.0 12.0 6.0 6.0
Vitamin premix’ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin C (50%) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Choline salt (50%) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Taurine 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Nutrient content (dry matter basis)
Crude protein (%) 20.9 20.2 315 31.0 411 41.6 515 51.6
Crude lipid (%) 6.7 14.6 6.7 13.9 6.6 13.2 6.6 13.4
Crude fiber (% ) 18.6 18.6 12.6 12.6 6.6 6.6 0.6 0.6
Ash (%) 5.0 4.6 8.7 8.8 13.3 12.7 16.6 16.4
Carbohydrate (%)* 48.8 42.0 40.5 33.7 324 259 24.7 18.0
Energy (MJ/kg diet)° 15.9 17.7 17.0 18.5 17.8 19.4 18.9 20.4
P:E ratio (g/MJ) 13.1 1.4 18.6 16.8 23.1 215 27.3 253
Non-protein E/protein ratio (MJ/mg) 52.7 64.1 30.5 36.3 19.9 231 13.3 16.2
Essential amino acid composition (% in protein)
Arg 5.1 4.9 5.7 5.9 6.3 6.1 6.5 6.4
His 24 2.3 2.6 24 2.3 2.6 24 22
lle 3.4 3.4 27 27 3.7 3.5 3.5 3.7
Leu 8.4 8.8 8.0 8.6 8.2 8.5 8.0 8.5
Lys 52 5.6 6.6 6.4 6.9 7.2 7.4 71
Met+Cys 3.6 3.6 3.6 2.8 4.0 3.8 3.9 3.7
Phe+Tyr 7.0 7.6 6.7 7.0 7.2 7.0 6.8 7.3
Thr 41 3.9 45 46 45 4.8 4.8 4.7
Val 4.1 4.1 3.5 3.4 4.3 4.3 4.2 4.2

'Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): DL-a-tocopheryl acetate, 18.8; thiamin

hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8;
D-biotin, 0.27; folic acid (98%), 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003;

cyanocobalamin, 0.003.

*Mineral premix contained the following ingredients (g/kg mix): MgSO,-7H,0, 80.0; NaH_PO,-2H,0, 370.0; KCI, 130.0; Ferric citrate,
40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2; AICI,-6H,0, 0.15; K1, 0.15; Na,Se,0, 0.01; MnSO,'H,0, 2.0; CoCl,6H,0, 1.0.

* Calculated based on the crude fiber content of ingredients.
4Calculated, 100 - (crude protein + crude lipid + crude fiber + ash).

S Calculated based on 23.4 MJ/kg protein, 39.2 MJ/kg lipid and 17.2 MJ/kg carbohydrate.
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Table 2. Major fatty acid composition (% of the total fatty acids)
of the experimental diets

Diets

P20 P20 P30 P30 P40 P40 P50 P50
L7 114 L7 114 L7 114 L7 L14
C140 19 13 20 12 18 13 18 12
C16:0 172 139 17.2 139 17.3 149 172 142
Ci6:in 25 17 27 17 28 19 31 19
C180 28 37 34 37 37 42 39 42
C18:1n-9 19.9 21.7 196 221 193 210 20.1 21.2
C18:2n-6 335 323 265 283 209 260 157 206
C183n-3 7.8 169 80 139 67 129 62 139
C200 05 13 06 12 05 11 05 12
C205n3 45 23 51 25 67 49 73 53
C22:5n-3 04 02 07 05 09 06 10 07
C22:6n-3 40 19 53 41 81 60 94 69

Fatty
acids

o2 Alsto] % 24709] 400 L 4220 242} 20m}e}) 39k
0% gte] 837k AL AT AL A54E AL
8500, ARSI B -2 241 £0.82°CHIL, 2 S 2
njeh ofsA| 7| AA AkaE FEsch AdARE 192
3)(9:00, 17:00) Ao} 2& wrbA] £O= v FF5e
ok AR7IRE 5 S A tlel AR on], shito] gk
(13:00) 2 B4 AA3h, A AR A% Ak} 5
o el 72 5t

ORIZE o A

oAl ZHS ALGAIR ARAIS} FRAIO] 27 A HA
71 & tricaine methanesulfonate (MS 222, Sigma, St. Louis,
MO, USA) 100 ppm 4=-o] 5} 214 A 4220] 8- A1lo]
O FAIE 75tk AR FRAl0] A7 IS 24}
517] 918l sllutedo] A2 | mL FA & ARE-SHo] A g0l 9]
u] 7 dato A sl o, et L 7,500 % gof| A 10
B7H 94 Balalo] 48 WS SARECT0CYIAT. Ao
48 QA kit (Asan pharmaceutical Co., Seoul, Korea)&
AR2-319] total protein= burettet] .= glucose:= GAH O 2
cholesterol-2 COD-POD®H -2 A}8-510] ZzF BA5190 ) A1
AL @ o] A| o] YHFE-S AOAC (1995) W ol whel, Zchal
Z(N % 6.25)2 Auto Kjeldahl system (Buchi B-324/435/412,
Switzerland; Metrohm 8-719/806, Swizerland)2 A&-5}¢]
BAEA, A etherZ &3] 24510, 45
2 105°C dry ovenol| 4] 6417t &<t AR & =

& 600°C 2]3t2of|A] 4A17F Fet B & S5k le). ARk
E42 Folch et al. (1957)2] o] upet & A4S =53}

H
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ylation A]%]1 -, capillary column (SP™-2560, 100 m x 0.25
mm i. d., film thickness 0.20 um, USA)©] A2H4 gas chroma-
tography (Perkin Elmer, Clarus 600, USA)& Z|HAHS 4]
It Carrier gast= dHES ARSI 01, oven &= =
140°Col| 4] 240°C7}A] 4°C/min S7FA1F T} o], injector =
== 240°C, detector (FID) &%=+ 240°C2 Z}z} AAs150
), 3 A R4S &2 377) A WA E3HE(PUFA 37 Component
FAME Mix, USA)S ARE-351$ T}, ofn] e Ak A| 25 6 N HCI
2 110°C sand bath AFof| A 24X 7t 7k Rafist & 749 5=
3}, Automatic amino acid analyzer (L-8800, Hitachi, Col-
umn : lon exchange, Injection Pump : Pressure 0-19.6Mpa,
Flow Rate 0.05-0.99 mL/min, Column Oven : Electrothermal
cooling (30-70°C), Reaction Unit : Reaction Column (135°C,
50°C), Photometer : Wavelength 570 nm, 440 nm)E AR5
of BAjallc).

SAXE

Aol EAA 2] SPSS Version 20.0 (SPSS Inc., Chicago,
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Table 3. Growth performance and feed utilization of juvenile long snout bullhead Leiocassis longirostris Gunther (initial body weight,
3.9+0.18 g/fish) fed the experimental diets containing different protein (CP) and lipid (CL) levels for 8 weeks!

Diets Survival (%) SGR (%) Feed efficiency (%) Daily feed intake (%)* PER®
P20L7 75+5.0% 0.29+0.022 13.6+1.80° 1.4+0.13% 0.65+0.082
P20L14 60+8.3? 0.34+0.112 21.942.51% 1.4+0.09% 1.09+0.132®
P30L7 83+3.3% 0.52+0.10% 30.4+4.16" 1.5+0.06% 0.97+0.132
P30L14 78+7.6%° 0.55+0.09% 35.2+6.26° 1.3+0.042 1.14+0.20%
P40L7 71£14.7% 0.72+0.06° 46.0+6.67« 1.3+0.112 1.12+0.16%
P40L14 89+9.0° 0.73+0.03° 36.2+3.945d 1.8+£0.24° 0.87+0.102
P50L7 97+3.3° 1.07+0.09¢ 75.5+7.99¢ 1.4+0.122 1.47+0.15°
P50L14 94+5.7° 0.76+0.13° 54.2+9.65¢ 1.4+0.052 1.05+0.192®

Two-way ANOVA
CP level P<0.02 P<0.001 P<0.001 P<0.6 P<0.2
CL level P<0.8 P<0.4 P<0.5 P<0.3 P<0.9
CP x CL P<0.2 P<0.2 P<0.04 P<0.1 P<0.04

! Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).
2 Specific growth rate (%/day) = [In (final fish wt.) - In (initial fish wt.)] x 100 / days of feeding.

3 Wet weight gain x 100 / feed intake.

*Feed intake x 100 / [(initial fish wt. + final fish wt. + dead fish wt.) x days reared/2].

3 Protein efficiency ratio = wet weight gain / protein intake.

IL, USA) program2 AR8-5}% One-way ANOVA-testS A A]
Sk % Duncan’s multiple range test (Duncan, 1995) 2 3+ 7F
9] folAe AAE o, Two-way ANOVA-testS 53l A
) by chal k21 So) SIS Ak o,
2 1

8T AR TR §, $019 A% 9 ARl 8RS
I+ Table 30f] LFEFH Qlet. ARS717E 5kl S0l o] AEE
AR Tl gkl ¢JRke WgEo m(P<0.02), P20L144 ¥
-7} P40L14, PSOL7 & PSOL14A ¢ ot 2514 Wk
(P<0.05). Fo19] d7Hdd&2 Abmy il d shefol] ok
Lo (P<0.001), PSOL7 A7} 7 322 g2 Uehli gl
o} Fol 9] A2 Ak A1 7% Aol A Abs T o
o S7Fgtel whet ol AL, Al A 14% A 7ol A= A
= T 30% ol ol A o3t Ao 7 ek AbR BE-S AL
2 ol Frekoll ke vhekom(P<0.001), PSOL7 43¢
77V 8 S LERAIEP0.05). AAEAFE2 A}
s il 5 A Sl R WA RRLon(P0.05)
P30L14, PAOL7, PSOL7 % PSOL14A1% 77} PAOL14A1 &7
wrh §olsbA RWAITHP<0.05). THAREE AR T
3} 22 el Qo WA 9kow, PSOLTAIE T} P20L7,
P30L7 % P4OL 144 ¢ 5o} -0 81| =4TH P<0.05).

ZofA| o] UuE F4 ZIHE Table 40f LR SITE. H o]
A} i A A S AR A gl FaE ATt
(P<0.01), At Ul Tl ghefolli= GaFe WA ottt & o
2 Aba Tl gk 40% 9 50% A 3ol A 2ol 7t 919l
U, Thel 3HEF 20% 2 30% A8 EolAe A el 5

Flo

sheko

7Fetoll whef WobAl= Zake] Urehilth dofa o A ke
Ab Tl 50% Aol A Aot iglont, B gk
20%, 30% =L 40% A FollM = A= A ol wers
S oAl B EATHP<0.05). ojA| o] Tz
g AR A ol FREE WA QAT Ak T
A ool #2458 o= AFE B 3lth P30L14, PAOL7,
P40L14, PSOL7 2 PSOL14ALE S A 3|3t A3 o] o] Hojx| ot
w2 $hekO P2OL7, P20L14 W P3OL7ALE S A F3t A E ol
o o8 = 3ATH(P<0.05). oA o] S H-e Ak &

Table 4. Proximate composition (%) of the whole body in juvenile
long snout bullhead Leiocassis longirostris Gunther fed the diets
containing different protein (CP) and lipid (CL) levels for 8 weeks'

Diets Moisture p?rgigii Crude lipid Ash
Initial 79.2 12.9 24 3.1
P20L7 77.3+0.58° 12.0+0.07¢ 4.0+0.35% 3.3+0.15"
P20L14  74.7+0.90° 12.440.13 5.7£0.59° 3.6+0.29
P30L7 77.6£0.70° 12.4+0.38° 4.0£0.172  3.3+0.07
P30L14  74.6%0.26* 13.6+0.21° 5.7+0.64> 3.2+0.12
P40L7 75.910.24% 14.0£0.15° 4.8+0.09° 3.2+0.15
P40L14  76.2+0.87%* 13.2+0.48" 6.1£0.52° 3.0+0.03
P50L7 75.620.38% 13.8+0.06° 5.8+0.35° 3.1+0.12
P50L14  75.8+0.12%> 13.8+0.12° 5.620.15° 3.5+0.12

Two-way ANOVA
CP level P<0.9 P<0.001 P<0.3 P<0.3
CL level P<0.01 P<0.3 P<0.001 P<0.4
CP x CL P<0.02 P<0.01 P<0.02 P<0.1

! Values (mean+SE of three replications) in the same column not
sharing a common superscript are significantly different (£<0.05).
ns: Not significant (2>0.05).
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Table 5. Essential amino acids (% in protein) of the whole body in juvenile long snout bullhead Leiocassis longirostris Gunther fed the diets
containing different protein (CP) and lipid (CL) levels for 8 weeks!'

Diets Arg His lle Leu Lys Met + Cys  Phe + Tyr Thr Val
P20L7 6.5£0.09™ 2.3+0.01* 3.1+0.28" 7.8+0.07™ 8.4+0.06% 3.4+0.03™ 6.840.24® 4.7+0.07" 3.5+0.25™
P20L14 6.7£0.15  2.2+0.06* 3.0£0.32 7.7£0.10 8.3:0.012 3.1x0.10  6.8+0.072 4.9+0.34 3.3£0.35
P30L7 6.6£0.12  2.3+0.03*® 3.0+0.32 7.8£0.15 8.4£0.15° 3.2+0.12 7.0£0.09%® 4.7+0.09 3.3£0.29
P30L14 6.7£0.15  2.3+0.01% 2.9+0.30 7.8+0.20 8.4+0.152  3.3#0.03 7.0+0.06%® 4.8+0.07 3.3+0.26
P40L7 6.6£0.09  2.4+0.01® 3.1x0.24 7.9£0.09 8.6+0.09° 3.3+0.15 7.2£0.12* 5.0+0.22 3.4+0.23
P40L14 6.5+0.12  2.4+0.06> 3.0+0.36 8.1£0.12 8.8+0.12>  3.4+0.09 7.3£0.09> 5.6+0.79 3.41£0.36
P50L7 6.3:t0.12  2.5+0.06> 3.5+0.21 8.2+0.10 8.7£0.09°  3.5+0.07 7.3:0.13>  4.940.03 3.84£0.20
P50L14 6.3:t0.06  2.4+0.03° 3.5+0.22 8.0+0.03 8.7+0.01°  3.4+0.06 7.2£0.03> 4.8+0.03 3.8+0.18

Two-way ANOVA
CP level P<0.05 P<0.001 P<0.3 P<0.04 P<0.002 P<0.1 P<0.002 P<0.3 P<0.3
CL level P<0.5 P<0.1 P<0.8 P<0.7 P<0.6 P<0.4 P<0.8 P<0.3 P<0.7
CP x CL P<0.9 P<0.6 P<1.0 P<0.6 P<0.4 P<0.3 P<0.8 P<0.7 P<1.0

! Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).
ns: Not significant (2>0.05).

3 3 ] A QAITHP0.05) HpAR 242 Table 691 LI o1 4] A F0) 70 APt
HojA| 9] Fepotu|iAl BA ATME Table 59 UERY 2] C16:0, C18:1n-9, C18:2n-6, C18:3n-3, EPA 2 DHA 2] &

Il A

27T il
Atk HolA] Sl histidine, leucine, lysine ¥ pheny 20 AlE 2] A 9] A HRAF 2 AT GARSE A RS HGlT) o] A9
lalanine + tyrosine ¥FeF-2 AR U] T2l §1gFof kS wiek u| Rzalo) A &5t & HAJARS Table 70f LFER Q1T Total
o, Ak Tl olefo] S7FekpR o] 5 ofn| 4t gk protein 3! glucoses= AR U] T B! 2| ghefol| G
2ok A%S LT, b2 ofu Al e ALR U Tl #] glo} AlgTgh 2137k QIRIEH(P>0.05). Cholesterol A}
ol P WAl btk 3, HojA 9 s ol it S Tl geol PR e v (P<0.001), Abm U
o gy A2 ol are WA o3oteh Mol A Ao x| ghero] S7bakel] ukeh olAl 49 Btk

Table 6. Major fatty acid composition (% of the total fatty acids) of whole body in juvenile long snout bullhead Leiocassis longirostris Gunther
fed the diets containing different protein and lipid levels for 10 weeks!

Fatty acid Diets

P20L7 P20L14 P30L7 P30L14 P40L7 P40L14 P50L7 P50L14
C14:0 1.50.64" 1.8£0.10 2.0£0.09 1.3£0.15 1.8+0.09 1.4£0.07 1.6£0.03 1.2+0.06
C16:0 16.810.6«  15.3+0.15° 17.4£0.15% 13.9£0.55 18.240.20° 15.4+0.37® 18.610.23° 15.6+0.48
C16:1n 4.310.67 3.6£0.05® 4.9+0.12°  2.9+0.09? 4.91£0.09° 3.2+0.10° 5.2+0.09¢  3.3x0.122
C18:0 4.9+0.032 5.0£0.01%  5.2+0.12%¢ 5,0+0.12%  53+0.07°  5.4+0.13° 6.0£0.03¢  5.9+0.12¢

C18:1n-9 34.6+0.86™ 32.0£0.80° 35.5+0.87° 32.6%0.55° 39.4+0.41¢ 32.9£0.18® 42.2+0.35° 35.7+0.63°
C18:2n-6 20.6£1.59% 22.3+1.20° 16.9£0.46° 22.0+0.36° 13.1+0.20> 20.3%0.70% 10.4+0.272  18.4+1.06“
C18:3n-3 4.3+0.672 9.7£0.35°  4.910.178  10.9£41.30°  4.5+0.122 9.8+0.63>  4.240.032 9.1+1.09°
C20:0 0.7£0.01° 1.4+0.01¢  0.7£0.03°  1.4+0.07° 0.6+0.03° 1.3£0.03*  0.6+0.01° 1.3+0.07°
C20:1n-9 1.2+0.07° 0.9+0.05°  1.0+0.06>  1.0+0.12°*  0.8+0.06° 0.9+0.03°  0.6+0.012 0.8+0.03°
C20:3n-6 1.0+0.25° 0.6+£0.01**  0.5+0.01®  0.7+0.03° 0.4+0.01% 0.6+£0.03*®  0.3x0.01° 0.5£0.03%
C20:3n-3 1.5£0.19% 1.2£0.10®  1.8+0.12¢ 1.0+0.102 1.6+0.03 1.1+0.032 1.7£0.07¢  1.2+0.06*
C20:4n-6 0.6+0.03% 0.5£0.20®  0.5+0.03*  0.8+0.06¢ 0.5+0.03®  0.7+0.03*  0.4+0.03° 0.6+0.01%°
C20:5n-3 1.740.12% 1.2+0.552 1.94¢0.12°  1.3#0.12%®  1.84£0.09*  1.3+0.03*  1.8+0.10*  1.1+0.072
C22:1n-9 0.4+0.06° 0.6+0.05° 0.5+0.06®  0.9+0.03° 0.5+0.03®  0.80.03° 0.4+0.012 0.9+0.01°
C22:5n-3 1.0+0.06% 0.7£0.30° 1.1£0.03° 0.7+0.09° 1.1£0.03¢ 0.8+0.03®  1.10.06° 0.7+0.032
C22:6n-3 4.3+0.27% 3.0£0.95°  4.5+0.20° 3.0£0.47° 49+0.23°  3.3x0.15®  4.7+0.22° 3.0£0.29°
n-3HUFA? 8.8+0.22° 6.312.022  9.6+0.44° 6.3+0.76° 9.6+0.41*  6.9+0.21° 9.3+0.30*  6.3%0.39°

! Values (mean+SE of three replications) in the same row not sharing a common superscript are significantly different (P<0.05).

2High unsaturated fatty acid (C >20).

ns: Not significant (2>0.05).
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Table 7. Hematological change of the plasma in juvenile long snout
bullhead Leiocassis longirostris Gunther fed the experimental diets
containing different protein (CP) and lipid (CL) levels for 8 weeks'

Diets Total protein Glucose Cholesterol
(g/dl) (mg/dl) (mg/dl)
P20L7 2.9+0.10™ 16.04£2.52" 185+3.9°
P20L14 2.8+0.22 13.0+2.52 185+11.52
P30L7 3.1£0.28 18.7£1.67 261+£10.8
P30L14 3.1£0.20 10.0+£2.08 305+35.3¢
P40L7 3.2+0.16 16.7+4.26 195+15.23%®
P40L14 3.240.22 20.315.04 205129.6°¢
P50L7 3.2+0.14 24.0+8.54 254+9.0°
L50L14 3.5+0.02 22.7+2.33 278+22.2¢
Two-way ANOVA

CP level P<0.05 P<0.2 P<0.001
CL level P<0.8 P<0.5 P<0.2
CP x CL P<0.8 P<0.5 P<0.7

! Values (mean+SE of three replications) in the same column not
sharing a common superscript are significantly different (P<0.05).
ns: Not significant (P2>0.05).
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