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Optimal Dietary Protein and Lipid Levels for Growth of Juvenile
Muddy Loach Misgurnus anguillicaudatus
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Inland Aquaculture Research Center, National Fisheries Research & Development Institute, Changwon 645-806, Korea
! Department of Life Science and Biotechnology, Soonchunhyang University, Asan 336-745, Korea
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A feeding trial was conducted to determine the optimum dietary protein and lipid levels for the growth of juvenile
muddy loach Misgurnus anguillicaudatus. Eight experimental diets (designated as P20L7, P20L14, P30L7, P30L14,
P40L7, P40L14, P5S0L7 and P50L14) were formulated to contain 20%, 30%, 40% and 50% protein with 7% and
14% lipid. Three replicate groups of muddy loach (1.5 g/fish) were fed one of the experimental diets ad libitum for 8
weeks. Survival of fish fed the P20L14 diet was lower than in other groups (P<0.05). Specific growth rate (SGR) and
feed efficiency (FE) of fish were affected by dietary protein (P<0.05) and lipid (P<0.005) levels. SGR and FE of fish
tended to decrease with increasing dietary lipid level at the same protein level. There were no significant differences
in SGR and FE among fish fed diets containing different protein levels ranging from 30% to 50% with the same lipid
level. Whole body moisture and lipid contents were affected by dietary protein and lipid levels. Crude lipid content
of fish fed the 14% lipid diets was higher than that of fish fed 7% lipid diets at each protein level. The results of this
study indicate that a diet containing 30% protein with 7% lipid would be suitable for the optimum growth and effec-

tive feed utilization of juvenile muddy loach.
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Table 1. Ingredient and proximate composition of experimental diets
Diets
P20L7 P20L14 P30L7 P30L14 P40L7 P40L14 P50L7 P50L14
Ingredients (air-dried %)
Fish meal 14.0 14.0 32.0 32.0 50.0 50.0 68.0 68.0
Wheat flour 53.0 34.0 43.0 24.0 33.0 14.0 23.0 4.0
Corn gluten meal 4.0 7.0 3.0 6.0 2.0 5.0 1.0 4.0
a-potato-starch 0.0 9.0 0.0 9.0 0.0 9.0 0.0 9.0
Brewer yeast 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Fish oil 3.0 3.0 2.0 2.0 1.0 1.0 0.0 0.0
Soybean meal 1.0 45 1.0 45 1.0 4.5 1.0 45
Linseed oil 1.0 45 1.0 45 1.0 45 1.0 45
o-Cellulose 18.0 18.0 12.0 12.0 6.0 6.0 0.0 0.0
Vitamin premix’ 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Mineral premix® 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
Nutrient content (dry matter basis)
Crude protein (%) 19.9 19.8 30.5 304 41.0 40.9 51.5 51.4
Crude lipid (%) 6.8 13.9 6.9 14.0 6.9 14.0 7.0 14.1
Crude fiber (%)’ 18.6 18.6 12.6 12.6 6.6 6.6 0.6 0.6
Ash (%) 4.8 6.3 8.2 9.8 1.7 13.2 15.1 16.7
Carbohydrate (%)* 49.9 413 41.8 33.3 33.8 253 25.8 17.2
Energy (MJ/kg diet)® 15.9 17.2 17.0 18.3 181 19.4 19.2 20.5
P:E ratio (g/MJ) 12.5 1.5 17.9 16.6 22.6 211 26.8 251
n-3HUFA(%)’ 0.84 1.15 1.29 1.94 1.77 2.56 1.97 3.12

"'Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): DL-o-tocopheryl acetate, 18.8; thiamin hy-
drochloride, 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; KCl, 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; NaZSeZOl 0.01; MnSO,-H,0, 2.0; CoCl,"6H,0, 1.0.

3 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.
¢Highly unsaturated fatty acids (C>20), calculated (dietary total lipid % x area % x 0.892). (Yoshimatsu et al., 1997).
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Table 2. Fatty acid composition (% of the total fatty acids) of the
experimental diets

Diets

Fattyacid P20 P20 P30 P30 P40 P40 P50 P50
L7 114 L7 L14 L7 L14 L7 L14

C14:0 24 15 24 17 24 16 20 17
C16:0 16.3 13.0 171 135 179 141 187 152
C18:0 40 33 47 42 60 55 78 6.2

C18:1n-9 16.3 17.2 150 159 14.1 152 13,5 151
C18:2n-6 28.6 29.9 218 234 148 18,6 10.1 144
Cc183n6 04 10 04 10 02 08 02 02
C183n-3 82 180 73 163 54 143 39 126
C20:0 07 12 06 15 01 13 01 0.1
C21:0 13 09 10 08 08 06 08 06
C20:1n 05 03 04 03 04 03 03 03
C204n6 03 01 03 02 04 03 04 03
C20:5n-3 44 29 53 38 62 45 63 51
c225n-3 08 05 15 11 21 15 24 19
C22:6n-3 87 59 141 106 204 145 229 178
n-3HUFA' 13.9 9.3 209 155 28.7 20.5 31.6 24.8
"Highly unsaturated fatty acids (C>20).
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Hof ufjg} ZTh (N X 6.25)2 Auto Kjeldahl system (Buchi
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land)& ARE-SFo] EAI5F1AL, AR ether &1 & AMES
Fow, 2L 105°C dry ovenol|A] 6417 B9 AR & &4
SFIAL 322 600°C 3|3}z oA 4A7E B Ble- & SA45)
ot AAF 242 Folch et al. (1957)2] Wiof w2t 222
ZEI vehE THN2:1) 02 F A WL FE310] 14% BF,-
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%, capillary column (SP™-2560, 100 m x 0.25 mm i. d., film
thickness 0.20 um, USA)©] %2+l gas chromatography (Per-
kin Elmer, Clarus 600, USA)Z A|®AHS- E43510tt. Car-
rier gas= AF-S AR50, oven &&= 2| % 140°Co)| A
240°C7}A] 4°C/min S7FAFt}. o], injector ==+ 240°C,
detector (FID) = 240°CE ZFz Al om, T2 A
Ao 2 377l A RAF E9HE(PUFA 37 Component FAME Mix,
USA)E& A8

Table 3. Growth performance of juvenile muddy loach Misgurnus anguillicaudatus (initial body weight, 1.49+0.10 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 93+3.7° 1.1040.16° 36.3+9.7™ 3.0+0.25° 1.56+0.42°
P20L14 72+11.5° 0.71+0.06° 9.0+2.0° 4.5+0.27° 0.4310.10°
P30L7 91+4.1° 1.27+0.10" 33.0+1.6™ 3.240.04° 1.0440.05"
P30L14 98+2.3" 1.2310.05™ 30.2+1.4° 3.8+0.16° 0.95+0.05™
P40L7 100° 1.3620.02" 43.1+0.9° 3.0£0.07° 1.01£0.02°
P40L14 100° 1.14£0.06™ 30.11.9° 3.7+0.12° 0.70£0.04®
P50L7 9642.9° 1.40£0.09° 43.5+0.8° 3.0+0.08° 0.80+0.01®
P50L14 98+1.0° 1.1310.03" 35.4+1.5™ 3.0£0.15° 0.66+0.03™

Two-way ANOVA

CP level P<0.002 P<0.05 P<0.01 P<0.01 P<0.5
CL level P<0.3 P<0.005 P<0.0001 P<0.001 P<0.002
CP x CL P<0.01 P<0.8 P<0.05 P<0.02 P<0.03

Values (mean+SE of three replications) in the same column not sharing a common superscript are significantly different (P<0.05).
2Specific growth rate = [In (final fish weight) — In (initial fish weight)]<100/days reared.

3Wet weight gainx100 / feed intake.

“Feed intakex100 / [(initial fish wt. + final fish wt. + dead fish wt.)xdays reared / 2].

Protein efficiency ratio = (wet weight gain / protein intake).
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Aol EAA 2= SPSS Version 20.0 (SPSS Inc., Chicago,
IL, USA) program=- A8-519] One-way ANOVA-testE AA|
Sk %, Duncan’s multiple range test (Duncan, 1995) 2 <t
7Fe] F-2143(P<0.05)2 A4 21, Two-way ANOVA-test
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(P<0.05). ALALRAFH &L AL ] g (P<0.01) 9 A
FFH(P<0.001)0] L Wekoml, AR Tl 9 50% A1
FolA = Aol glgLo, Tl 20-40% AR Fell A A
A2 7% AT 7} 14% BT § 03] SreHP0.05).
A S2 Ak U A1 SFEH(P<0.002)00 G 'eke,
e v Siegol ) 2|4 gl 571 uf sk Aol
vebgeh

HolRe] RkAE: B4 ZT1S Table 40] b2l o]
Ao 2 2 AW G AR W T L AW Gl 9%
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G5 FHERE 22 Sl Sepol A A Sleol S7H3 o) 7
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o} P30L14 AHTRC} fol51] ket HofAle] phujae
P2OL7AE 7} 71 & b R AEH(P<0.05). Hol Al ]
A8 e mE ARTAN AR A 14% A7 7%
HH felah ) EATHP0.05). S AR ) B 8
o] ek WA AATHP0.05).

HolA|o] AHHAF 24 WEFE Table 59 LRIk C16:0,
C18:1n-9, C18:2n-6, C18:3n-3 2 n-3HUFA (highly unsatu-
rated fatty acids)®] $F2 A= 2] C16:0, C18:1n-9, C18:2n-6,
C18:3n-3 ¥ n-3HUFAS} H|=3t Aoz AR = A
o0& mo} |3 AU Ak 24 ABAR A 24
o H2el oS W= Ao Uebgch Fag A

Table 4. Proximate composition (%) of the whole body in juvenile
muddy loach Misgurnus anguillicaudatus fed the diets containing
different protein (CP) and lipid (CL) levels for 8 weeks!

Diets Moisture  Crude protein Crude lipid Ash

Initial 78.1 16.6 1.1 24
P20L7  74.0+0.40 18.4+0.31° 6.0£0.18" 2.3+0.07™
P20L14 72.7+0.40™ 16.1£0.53° 7.5+0.29° 2.5+0.19
P30L7  73.7+0.44™ 16.8+0.18° 6.3%0.09° 2.3+0.10
P30L14 72.2+0.20° 16.1+0.31*°  7.7£0.20° 2.5+0.15
P40L7 74.7+0.34° 16.8+0.52° 4.6£0.07° 2.3+0.09
P40L14 73.5+0.65™ 16.7+0.15°  7.3+0.50° 2.60.12
P50L7 74.6+0.38° 16.9+0.18° 4.9+0.32° 2.440.07
P50L14 74.0+0.18™ 16.5+0.18" 5.9+0.35° 2.5+0.12

Two-way ANOVA
CP level P<0.03 P<0.2 P<0.004 P<0.7
CL level P<0.004 P<0.002 P<0.0001 P<0.1
CP x CL P<0.8 P<0.02 P<0.8 P<0.4
! Values (mean+SE of three replications) in the same column not

sharing a common superscript are significantly different (P<0.05).
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<& n-3HUFA 9] 3132 frash= 4 ako] vrebgtth

H AP AE ALR A 14% AFFo] ARE-S thlz
30%7HA= frelstAl S7Hsk o Z1 ool A= H ol 5
7FsHAl e¥9kaL, Ak A1 1% AT e T 30%
ool Al F-of gt Zfo| 7} ATk, whebA], mlate] 2| of ¢FAlE 9
Sk kAl R ol = TS 30% T3 Al7]E Aol BighEs A
O 7 HHElT) o|ef e mlte] Tl g heko] 30%= Hlal
A ke 2 m|AtE] o] Aldo] AU AR ERL v
Frelo) A Abr A eS alEsto] & uf, | AtE] Z|ojg- Hijgt
ALR O] A A FFEFL- 14%H T} 7%E FHEA|7)= Ao| o £
Aoz FFE njite) s =R oy & £ 3ol = A4
staA AAFol, 25 5, A& o, mxi 3 74
Tr71& 5= AFE ol A" w|dte7F A H ks Hole] A]-
ol A 9 A o' w|Fof Kol n|dte] o] 2|4 o] 84
EA Gee o QAL 2 A Ayt o] & SISl Qi
o} 570 Thia 9 heke- of Fof wheba] Pebd R ofuet, of 4|
o] A7), &, Abe gof Y, Abkr A o F2 9l oA g
5 oy aQlof FekE WS 4 e A eR Hilwof gtk
(NRGC, 2011). B} F=pofFo] Tl g e A E, $of
(Salmo gairdneri = 40% | ¢](Beamish and Medland, 1986;
Zeitoun et al., 1973; Ogino et al., 1976), % ol+= (Cyprinus car-
pio) 31-38% (Ogino and Saito, 1970; Takeuchi et al., 1979),
2}tu] oK Tilapia nilotica)= 28-35% (Santiago et al., 1982; De
Silva and Perera, 1985), X&lv| 7| (Ictalurus punctatus)y= 32%
(Garling and Wilson, 1976), =1 o1(Oncorhynchus kisutch)=
40% (Zeitoun et al., 1974), W7o(Anguilla japonica)= 45%
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Table 5. Fatty acid composition of whole body in juvenile muddy loach Misgurnus anguillicaudatus fed the diets containing different protein

and lipid levels for 8 weeks!

. Diets
Fatty acids P20L7 P20L14 P30L7 P30L14 P40L7 P40L14 P50L7 P50L14
C14:0 1.7+0.50®  1.4+0.18"  1.9+0.06®  1.4+0.12°  2.2+0.16" 1.7¢0.10®  2.2+010° 1.5+0.22°
C16:0 20.3+1.08™ 17.5+0.69° 18.8+0.23® 16.4+0.61° 21.5+0.65° 20.9+1.07° 22.5+0.53° 18.9+1.04®
C16:1n 6.6£0.54® 57+0.35°  8.3+0.27° 5.4+0.32° 10.120.70° 6.9+0.33* 12.0£0.49"  7.0+1.11™
C18:0 5.8+0.35™  5.7+0.09  4.9+0.03 5.3+0.16 5.6+0.07 5.7+0.43 5.7+0.09 5.7+0.18
C18:1n-9  27.9+3.09™ 258+1.50 24.2+0.10 25.7+1.34 26.4+1.38  30.7+0.36  28.8+t0.41 27.7+2.36
C18:2n-6 17.6£3.20%° 21.2+0.32° 16.6+0.27™" 20.4+0.53" 12.4+0.47* 14.7+1.06°  9.3+t0.43° 16.6+2.65™
C18:3n-3 51+1.83*  7.2+0.33" 52+0.09"  8.4+0.82°  4.1+0.42° 54+0.70®  3.9+041*  5.7+0.71%
C20:0 0.9£0.02™  1.5+0.13*  1.0+0.03**  1.6+0.12°  0.4+0.23®  0.5+0.07®  0.1+0.03° 0.7+0.38°
C21:0 1.9+0.17°  1.840.09°  2.9+0.10° 2.0£0.08°  3.6£0.20°  2.5+0.09°  4.1+0.04°  2.6+0.39"
C20:4n-6 0.9+0.23™  1.0£0.27 1.1£0.09 0.8+0.08 0.9+0.14 0.6+0.08 0.9+0.05 1.0£0.34
C20:5n-3 1.440.28%®  0.9+0.50°  2.6%0.03° 1.5+0.33®  2.0+0.50°  0.8+0.01° 1.840.12*  1.3+0.43™
C22:5n-3 0.8+0.20®  0.4+0.42°  1.3+0.04° 0.8+0.17*  0.9+0.29®°  0.3+t0.16°  0.8+0.11*®  0.6+0.38%
C22:6n-3 24+0.70®  1.9+0.55°  4.4+0.15° 2.8£0.63* 35+0.99°  1.6+0.03° 2.8£0.22*  2.6+0.76*
n-3HUFA? 45+117*  3.3+1.46°  8.3:0.20° 51+1.11*®  6.4+1.78%  2.7+0.17° 514044  4.5+1.55®

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

2 Highly unsaturated fatty acids (C>20).

(Nose and Arai, 1972)2 H 11531 Qlt}, o]2f3t A2 1=
Hl 35t} B, 1 ARel 4 4 nle) ojo] ghud a7
& 30%+= detulof Bl A 7] 9 fARRE S oAl §)
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2 U F S ) 29 237 Foll 23 54 o
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et T 0F9] AollA = AL A1 T Sl 9
ghetad Aora mrt gloiths Ailso] HarEu} lck(Berge
and Storebakken 1991; Lee and Kim, 2005; Regost et al.,
2001). g AR W Tl o] A ke Ak S ol
A7) 8 opUjah 4378 74417 4 9La(Sargent et al., 1989),
o Z2] A7} AW A A& FA =] ofA] FHo Y= =
£ 9lom g o]F y1slojofk i (Lee and Kim, 2005). & &
Troll M = b= o] XA FHeFo] =& Ao MojA| A4
o] B& AA Tt Abm AYFET FOSHA E8IH ol
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