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Distillers’ Dried Grain as a Replacement for Plant-derived Sources in the
Diet of Juvenile Muddy Loach Misgurnus anguillicaudatus

Jin Choi and Sang-Min Lee*

Department of Marine Bioscience and Technology, Gangneung-Wonju National University, Gangneung 210-702, Korea

We designed a 16-week feeding experiment to test the effects of dietary supplementation with distillers’ dried grain
(DDG) on the growth, feed utilization, and body composition of juvenile muddy loach Misgurnus anguillicaudatus.
Seven isonitrogenous and isocaloric diets were formulated to contain 0% DDG (Control); 10%, 20%, and 30 % DDG
from rice (diets RM10, RM20 and RM30); and 10%, 20%, and 30% DDG from rice and wheat flour (diets RWM10,
RWM20 and RWM30), respectively. Three replicate groups of juvenile muddy loach averaging 1.5 = 0.10 g were
fed one of the diets to satiation twice daily. Survival of juvenile muddy loach fed the RWM20 and RWM30 diets
was higher than that of the control group (P<0.05), while weight gain tended to decrease when fish were fed diets
containing DDG. Weight gain of fish fed the RWM10 diet was greater than that of fish fed other diets, but the RM30
diet resulted in less weight gain than did the control (P<0.05). The feed and protein efficiency ratios of fish fed the
RM10, RM20, RM30, RWM10, RWM20 and RWM30 diets were all similar to the control (P>0.05). Neither daily
feed intake nor proximate composition of the whole body was affected by dietary DDG (P>0.05). The compositions
of isoleucine, leucine, lysine, threonine, and valine were all elevated in fish fed the RM30, RWM10, RWM20 and
RWM30 diets relative to those of other groups (P<0.05). In contrast, methionine + cystine and phenylalanine + tyro-
sine were all lower in fish fed the RM30, RWM10, RWM20 and RWM30 diets, as compared to those of other groups
(P<0.05). Our results suggest that DDG is suitable as a partial replacement for soybean meal and wheat flour, and
could be used at a rate of up to 20% for rice, or 30% for rice and wheat flour, for optimum growth performance of
juvenile muddy loach.
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Table 1. Compositions of proximate and essential amino acid of the ingredients

Ingredients
Fish meal Wheat flour Distilleri_\:jla?d grain DistilIe_r;\;le"i\(;;j grain

Proximate composition (% DM)

Dry matter 95.8 89.3 98.2 98.1
Crude protein 75.3 19.3 19.1 284
Crude lipid 8.8 3.9 7.8 3.5
Ash 14.6 22 0.5 0.6
Essential amino acid composition (% in protein)

Arg 6.7 5.7 6.9 7.9
His 23 2.9 2.0 2.3
lle 4.5 23 3.6 3.6
Leu 8.3 6.0 8.0 7.9
Lys 8.8 3.7 31 3.6
Met + Cys 5.1 2.8 3.4 3.5
Phe + Tyr 8.1 6.8 10.8 10.3
Thr 4.8 3.5 4.7 4.7
Val 4.5 3.2 5.8 5.4

'Residue obtained by filtration of an aqueous mixture of fermented rice with Aspergillus oryzae and yeasts produced from I Makgeolli fac-

tory.

Residue obtained by filtration of an aqueous mixture of fermented rice and wheat flour with Aspergillus oryzae and yeasts produced from

P Makgeolli factory.
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Table 2. Ingredient and chemical compositions of experimental diets
Experimental diets

Ingredients (%) Con RM10 RM20 RM30  RWM10 RWM20 RWM30
Fish meal 45.0 45.0 45.0 45.0 45.0 45.0 45.0
Dehulled soybean meal 10.0 9.0 8.0 7.0 6.0 3.0
Wheat flour 30.0 21.0 12.0 3.0 24.0 17.0 10.0
Distillers dried grain powder-RM' 10.0 20.0 30.0
Distillers dried grain powder-RWM?2 10.0 20.0 30.0
a-potato-starch 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Soybean oil 6.0 5.6 5.2 4.8 5.9 5.8 5.7
Cellulose 1.2 1.6 2.0 24 1.3 1.4 1.5
Vitamin premix® 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix* 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
Choline salt (50%) 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Nutrient content (% DM)
Crude protein 417 42.0 426 427 425 429 425
Crude lipid 9.2 9.2 9.3 94 9.2 9.2 8.9
Ash 12.9 11.2 11.0 10.5 1.5 10.7 11.5
N-free extract® 36.2 37.7 37.0 374 36.8 37.2 371
Essential amino acid composition (% in protein)
Arg 5.0 54 58 6.3 54 57 6.2
His 3.6 3.8 4.0 4.3 3.8 4.0 4.4
lle 3.8 3.8 4.0 4.1 42 4.2 4.2
Leu 10.9 10.3 9.4 8.4 9.2 9.4 8.3
Lys 55 59 6.5 7.0 6.0 6.6 7.2
Met+Cys 3.9 3.8 3.8 3.9 3.7 3.6 3.7
Phe+Tyr 8.5 8.2 7.9 7.5 8.2 59 57
Thr 4.2 43 4.5 4.7 43 4.5 4.7
Val 44 45 4.8 5.0 4.8 4.9 5.1

'Residue obtained by filtration of an aqueous mixture of fermented rice with Aspergillus oryzae and yeasts produced from I Makgeolli fac-
tory.

Residue obtained by filtration of an aqueous mixture of fermented rice and wheat flour with Aspergillus oryzae and yeasts produced from
P Makgeolli factory.

3Vitamin premix contained the following amount which were diluted in cellulose (g/kg premix): DL-a-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, 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 premix): MgSO,-7H,0,80.0; NaH,PO,-2H,0, 370.0; KCl, 130.0; Ferriccitrate,
40.0; ZnSO,-7H,0,20.0; Ca-lactate, 356.5; CuCl,0.2; AICL,-6H,0,0.15; K1,0.15; Na,Se,0,,0.01; MnSO,-H,0,2.0; CoCl,-6H,0,1.0.
SNitrogen-free extract = 100 - (crude protein + crude lipid + ash).
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Table 3. Growth performances of juvenile muddy loach Misgurnus anguillicaudatus fed the experimental diets for 16 weeks!

Diets Survival (%) WG (%) FE (%)? DFI (%) PER (%)

Con 5112.0° 168£10.8° 13.942.00 5.0£0.35 0.34+0.05%
RM10 68+10.5° 172418.3° 15.9+1.380 4.5£0.15 0.380.03°
RM20 6015.1 137419.6® 13.1£0.85% 5.0£0.07 0.310.02%
RM30 67+2.0° 105412.7° 10.740.70° 5.1+0.06 0.25+0.01°
RWM10 61£11.12 239+19.2¢ 15.4+1.40° 5.2+0.27 0.370.03°
RWM20 9242.3° 156412.2% 16.9+1.60° 4.5+0.36 0.39:0.04°
RWM30 9143.0° 124£15.1 14.6£0.87 4.740.27 0.35£0.02%

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

*Weight gain = (final fish wt. - initial fish wt.) x 100 / initial fish wt.

’Feed efficiency = wet weight gainx100 / feed intake.

“Daily feed intake = feed intakex 100 / [ (initial fish wt.+final fish wt.+dead fish wt.) x days reared / 2].

Protein efficiency ratio = (wet weight gain / protein intake).
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Table 4. Proximate and essential amino acid compositions of whole body in juvenile muddy loach Misgurnus anguillicaudatus fed the ex-
perimental diets for 16 weeks!

Diets
Con RM10 RM20 RM30 RWM10 RWM20 RWM30

Proximate composition (%)

Moisture 71.6+0.71 70.8+0.80 70.441.25 72.240.31 71.4+0.21 71.340.20 71.6+0.33
Crude protein 14.910.44 15.240.20 15.620.24 15.8+0.19 16.6£0.44 16.2+0.60 16.1£0.62
Crude lipid 8.4+0.41 8.8£1.43 7.5+0.49 6.8+0.64 8.5+0.44 7.6+0.55 7.9+0.19
Ash 1.910.37 2.0£0.07 2.2+0.20 2.5£0.19 2.1+0.18 2.310.06 2.3+0.07
Essential amino acids (% in protein)

Arg 7.9+0.09 7.840.12 5.9+1.89 6.810.55 6.3+0.10 6.5+0.03 6.4+0.09
His 2.310.07 2.5+0.03 2.4+0.12 2.4+0.07 2.6+0.01 2.510.07 2.5+0.06
lle 1.5£0.012 1.5£0.012 1.6£0.032 3.320.88° 4.2+0.01° 4.2+0.03° 4.2+0.12°
Leu 6.4+0.06° 6.6£0.072 6.7+0.07° 7.410.40° 7.80.05° 7.9+0.06° 7.910.03°
Lys 7.3+0.18° 7.8£0.10° 8.0+0.18° 8.5+0.25° 8.8+£0.01° 8.8+0.09° 8.8+£0.03°
Met+Cys 4.4+0.03° 4.2+0.12° 4.3+0.09° 3.9+0.172 3.9+0.05° 3.8+0.03° 3.8+£0.032
Phe+Tyr 6.9+0.03° 6.9+0.10° 7.2+0.20° 5.7+0.532 5.3+0.01° 5.2+0.032 5.3+0.032
Thr 3.3+0.06° 3.3+0.032 3.4+0.06° 4.4£0.55° 4.91£0.01° 4.9£0.01° 4.9£0.03°
Val 1.8£0.012 1.840.032 1.91£0.012 3.8+0.97° 4.910.01° 4.8+0.06° 4.740.07°

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