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Abstract 
We evaluated the effects of rice distillers dried grain (DDG) as a partial replacement for fish meal in the practical diet on growth 
performance, feed utilization, and body composition of juvenile olive flounder Paralichthys olivaceus. Six isonitrogenous and 
isocaloric diets were formulated to contain 0%, 7%, 14%, 21%, 28%, and 35% DDG (designated DDG0, DDG7, DDG14, DDG21, 
DDG28, and DDG35, respectively). Three replicate groups of juvenile olive flounder averaging 9.6 ± 0.2 g were fed one of the 
experimental diets to visual satiety twice daily for 8 weeks. Neither survival nor daily feed intake was affected by the dietary DDG 
levels. Weight gain of the flounder fed the DDG28 and DDG35 diets was lower than that of flounder fed the DDG7 diet. The feed 
efficiency of flounder fed the DDG28 diet was lower than that of flounder fed the DDG0, DDG7, and DDG14 diets. The protein 
efficiency ratio of flounder fed the DDG28 diet was lower than that of flounder fed the DDG7 diet. The proximate composition of 
muscle was not affected by the dietary DDG levels. The plasma contents of total protein, glucose, cholesterol, glutamate oxalo-
acetate transaminase, phospholipid, and triglyceride were not affected by the dietary DDG levels. The results of this experiment 
suggest that DDG has the potential to replace fish meal and could be used up to 21% DDG without any negative effects on the 
growth and feed utilization of juvenile flounder.
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Introduction

Protein is the most expensive dietary nutrient component 
in aquaculture feeds and significantly affects the growth per-
formance of aquatic species. Fish meal has been used as a 
major protein source in fish diets because of its good quality 
and palatability. However, when global fish meal production 
declines relative to demand and fish meal costs increase, fish 
nutritionists begin evaluating cost-effective alternative pro-
tein sources originating from plants. Many protein sources 
have been investigated as potential partial replacements for 
fish meal in feeds for fish (Allen et al., 2000; Lee, 2002; 

Albrektsen et al., 2006; Santigosa et al., 2008; Dapra et al., 
2009). The efficiency of alternative protein sources as par-
tial replacements for fish meal has been evaluated for many 
carnivorous cultured fish (Regost et al., 1999; Robaina et al., 
1999; Elangovan and Shim, 2000). 

Among the protein sources available for animal feeds, ce-
real by-product is a good candidate for partial replacement 
of fish meal protein in diets (Chevanan et al., 2010). One 
alternative protein source is distillers dried grain (DDG), 
a cereal by-product of the distillation process. Corn-based 
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practical diet on growth performance, feed utilization, and 
body composition of juvenile olive flounder.

Materials and Methods

Experimental diets

The essential amino acid and proximate composition of 
protein sources used in the experimental diets are presented 
in Table 1. The ingredients and chemical composition of the 
experimental diets are presented in Table 2. Six isonitrog-
enous (50% crude protein) and isocaloric experimental diets 
were formulated to contain 0%, 7%, 14%, 21%, 28%, and 
35% DDG, designated DDG0, DDG7, DDG14, DDG21, 
DDG28, and DDG35, respectively. Lysine was added to the 
diets containing DDG to normalize its concentration across 
the diets. DDG used in this study was produced by filtration of 
an aqueous mixture of fermented rice with Aspergillus oryzae 
and yeasts during the manufacturing process of Makgeolli, a 
traditional alcoholic beverage native to Korea. The DDG was 
produced by the Gangneung Makgeolli Factory (Gangneung, 
Korea). The ingredient was dried at 60°C for 24 h and finely 
ground prior to incorporation into the experimental diets. All 
ingredients were thoroughly mixed with 300 g/kg of distilled 
water, and pellets were prepared using a laboratory moist pel-
leting machine. The pellets were dried at room temperature for 
48 h and ground into desirable particle sizes. All diets were 
stored at –30°C until used.

Fish and feeding trial

Juvenile olive flounder were transported from a private 

DDG has been widely used as a protein source for ruminant 
feed (Firkins et al., 1985; Larson et al., 1993; Ham et al., 
1994; Lodge et al., 1997; Ganesan et al., 2008). DDG is also 
considered to be a good feed ingredient for fish because it 
has a relatively high protein content (Zhou et al., 2010; Li et 
al., 2011). Research studies have been conducted on the use 
of corn-based DDG as a protein source in feeds for freshwa-
ter fishes such as rainbow trout Oncorhynchus mykiss (Ran-
dall and Drew, 2010; Barnes et al., 2012), channel catfish 
Ictalurus punctatus (Tidwell et al., 1990; Lim et al., 2009), 
tilapia Oreochromis niloticus (Lim et al. 2007; Schaeffer et 
al., 2009), and sunshine bass Morone chrysops × M. saxatilis 
(Thompson et al., 2008). Schaeffer et al. (2009) reported that 
supplementation of corn-based DDG as a protein source may 
provide aquaculture operations with a cost-effective substi-
tute for fish meal. One study reported that the supplementa-
tion of rice-based DDG in feed could improve the growth 
performance of the sea cucumber Apostichopus japonicus 
(Seo et al., 2011). Our earlier study suggested that rice-based 
DDG might be an economical ingredient for low-cost feed 
and allow a reasonable amount of wheat flour substitution 
in juvenile black seabream Acanthopagrus schlegelii and ol-
ive flounder diets (Rahman et al., 2013, 2015). However, no 
information is available on the potential use of rice DDG as 
a replacement for fish meal in the practical diet of flounder.

The olive flounder is one of the most important marine 
cultured fish species in Asia because of its advantages such 
as fast growth, the establishment of seedling production, and 
developed culture techniques. Based on our findings, we hy-
pothesized that rice DDG in the olive flounder diet might 
improve growth and reduce feed costs. Therefore, the objec-
tives of present feeding trial were to evaluate the effects of 
dietary rice DDG as a partial replacement for fish meal in the 

Table 1. Composition of proximate and essential amino acid of the major ingredients of experimental diets

Ingredients

Fish meal Soybean meal Wheat flour Distillers dried grain powder*

Proximate composition (% DM)
Crude protein 72.6 51.2 19.3 30.4
Crude lipid 6.5 1.2 3.9 3.3
Ash 16.8 6.8 2.2 0.8

Essential amino acid composition (% of protein)
Arg 4.2 5.2 5.7 4.1
His 2.0 1.8 2.9 1.3
Ile 3.8 3.8 2.3 3.5
Leu 7.2 6.8 6.0 7.5
Lys 6.1 4.9 3.7 2.1
Met + Cys 2.5 1.6 2.8 4.3
Phe + Tyr 5.1 5.7 6.8 6.4
Thr 4.7 4.1 3.5 4.1
Val 5.6 4.2 3.2 5.2

*Residue obtained by filtration of an aqueous mixture of fermented rice with Aspergillus oryzae and yeasts produced from Gangneung Makgeolli factory 
(Gangneung, Korea).
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conditions during the feeding trial. Records were kept of daily 
feed consumption, mortalities, and feeding behavior.

Fish sampling and chemical analysis 

At the end of the feeding trial, fish in each tank were col-
lectively weighed after being fasted and anesthetized with 
tricaine methanesulfonate (MS-222; Sigma, St. Louis, MO, 
USA) solution at a concentration of 100 mg/L to calculate 
growth performance and feed utilization. The total length and 
whole body, liver, and visceral weights of five fish per tank 
were measured to calculate the condition factor and the hepa-
tosomatic and visceralsomatic indexes. Five fish per tank were 
sampled and stored at –25ºC for whole-body proximate analy-

hatchery (Chungnam, Korea) to the Marine Biology Center 
for Research and Education at Gangneung-Wonju National 
University and acclimated to laboratory conditions by feed-
ing commercial pellets for 2 weeks before starting the feed-
ing trial. After the conditioning period, juvenile olive flounder 
(mean body weight, 9.6 ± 0.2 g) were randomly distributed 
in eighteen 300-L fiberglass reinforced tanks (250 L seawa-
ter each) at densities of 30 fish per tank. Each experimental 
diet was fed to three replicate groups of fish to visual satiation 
twice daily (9:00 and 17:00 h) for 8 weeks. Filtered seawater 
was supplied at a flow rate of 5 L/min in each tank; the mean 
water temperature, salinity, dissolved oxygen concentration, 
and pH were 16.7 ± 1.8ºC, 34.0 ± 0.1 ppt, 7.5 ± 0.8 ppm, and 
7.7 ± 0.2, respectively. The photoperiod was left under natural 

Table 2. Ingredients and chemical composition of the experimental diets

Diets

DDG0 DDG7 DDG14 DDG21 DDG28 DDG35
Ingredients (%)

Fish meal 54.0 52.0 50.0 48.0 46.0 44.0
Distillers dried grain power* 0.0 7.0 14.0 21.0 28.0 35.0
Wheat flour 26.0 20.8 15.7 10.5 5.4 0.2
Soybean meal 5.0 5.0 5.0 5.0 5.0 5.0
α-starch 5.0 5.0 5.0 5.0 5.0 5.0
Wheat gluten 4.0 4.0 4.0 4.0 4.0 4.0
Squid liver oil 2.9 3.0 3.0 3.1 3.1 3.2
Vitamin premix† 1.5 1.5 1.5 1.5 1.5 1.5
Mineral premix‡ 1.5 1.5 1.5 1.5 1.5 1.5
Choline 0.1 0.1 0.1 0.1 0.1 0.1
L-Lysine HCl§ 0.0 0.1 0.2 0.3 0.4 0.5

Nutrient content (% DM)
Crude protein 50.5 50.1 49.6 49.5 48.2 48.5
Crude lipid 7.4 7.7 8.2 8.8 9.2 8.5
Ash 11.3 10.8 10.2 9.7 9.1 8.7
Carbohydrate¶ 30.8 31.4 32.0 32.0 33.5 34.3
Gross energy(kcal/g diet)# 4.8 4.8 4.9 4.9 5.0 4.9

Essential amino acid composition (% of protein)
Arg 3.7 4.0 4.0 4.1 4.1 3.8
His 2.7 2.9 2.6 2.4 2.3 2.1
Ile 3.4 3.7 3.7 3.7 3.8 3.5
Leu 6.1 6.6 6.7 6.8 6.8 6.3
Lys 5.1 5.3 5.4 5.3 5.5 5.0
Met + Cys 1.7 2.0 2.0 2.1 2.1 2.0
Phe + Tyr 4.4 4.9 5.0 5.1 5.2 4.9
Thr 3.8 4.1 4.1 4.1 4.2 3.8
Val 4.9 5.2 5.3 5.4 5.5 5.1

*Residue obtained by filtration of an aqueous mixture of fermented rice with Aspergillus oryzae and yeasts produced from Gangneung Makgeolli factory 
(Gangneung, Korea).
†Vitamin premix contained the following amount which were diluted in cellulose (g/kg mix): L-ascorbic acid, DL-α-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): MgSO4·7H2O, 80.0; NaH2PO4·2H2O, 370.0; KCl, 130.0; Ferric citrate, 40.0; ZnSO4·7H2O, 20.0; 
Ca-lactate, 356.5; CuCl, 0.2; AlCl3·6H2O, 0.15; KI, 0.15; Na2Se2O3, 0.01; MnSO4·H2O, 2.0; CoCl2·6H2O, 1.0.
§L-lysine mono-hydrochloride, Sigma, USA.
¶Carbohydrate = 1,000 - (crude protein + crude lipid + ash).
#Calculated based on 5.64 kcal/g protein, 9.44 kcal/g lipid and 4.11 kcal/g carbohydrate.
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Results 

The growth performance, feed utilization, and morphologi-
cal parameters of juvenile olive flounder fed the experimental 
diets containing different levels of DDG are presented in Table 
3. The survival, daily feed intake, and daily protein intake of 
flounder were not affected by the dietary DDG levels (P > 
0.05). The weight gain of flounder fed diets containing DDG 
was not different from those of flounder fed DDG0, but the 
weight gain of flounder fed the DDG28 and DDG35 diets was 
lower than that of flounder fed the DDG7 diet (P < 0.05). The 
feed efficiency of flounder fed the DDG28 diet was lower than 
that of flounder fed the DDG0, DDG7, and DDG14 diets (P < 
0.05). The protein efficiency ratio of flounder fed the DDG28 
diet was lower than that of flounder fed the DDG7 diet (P < 
0.05). The condition factor, hepatosomatic index, and viscer-
alsomatic index were not affected by the dietary DDG levels 
(P > 0.05). 

The whole-body and muscle proximate compositions of 
juvenile olive flounder fed the experimental diets are present-
ed in Table 4. No significant differences were found in the 
whole-body moisture, crude protein, or crude lipid contents of 
flounder fed different dietary DDG levels, but flounder fed the 
DDG35 diet had higher body ash contents than flounder fed 
the DDG0 diet (P < 0.05). The muscle proximate composi-
tion of flounder was not affected by the dietary DDG levels 
(P > 0.05). The amino acid compositions of the dorsal muscle 
of juvenile olive flounder fed the experimental diets are pre-
sented in Table 5. DDG did not alter the muscle amino acid 

sis. Blood samples were taken from the caudal veins of five 
fish per tank using heparinized syringes. Plasma was collected 
after centrifugation at 7,500 g for 10 min, and the plasma was 
separated and stored at –70 ºC for analysis.

The proximate composition was analyzed according to stan-
dard methods (AOAC, 1995). Crude protein was determined 
by the Kjeldahl method using an Auto Kjeldahl System (Bü-
chi Labortechnik AG, Flawil, Switzerland). Crude lipid was 
analyzed with ether extraction in a Soxhlet extractor (VELP 
Scientifica, Milano, Italy), and moisture was determined using 
a dry oven at 105ºC for 12 h. The ash content was determined 
after combustion at 550ºC for 4 h in a muffle furnace. The 
amino acid composition in the experimental diets and dorsal 
muscle of juvenile flounder was analyzed using an automatic 
amino acid analyzer (Hitachi, Tokyo, Japan). The plasma total 
protein, glucose, cholesterol, glutamate oxaloacetate transam-
inase, phospholipid, and triglyceride concentrations were de-
termined using a clinical investigation commercial kit (Asan 
Pharmaceutical Co., Seoul, Korea).

Statistical analysis

The data were subjected to one-way analysis of variance, 
and if statistically significant (P < 0.05) differences were 
found, Duncan’s multiple range test (Duncan, 1955) was used 
to rank the groups. The data are presented as the mean ± stan-
dard error of three replicate groups. All statistical analyses 
were carried out using SPSS Version 19 (SPSS, Michigan Av-
enue, Chicago, Illinois, USA).

Table 3. Growth performance, feed utilization and morphological parameters of juvenile olive flounder fed the experimental diets for 8 weeks

Diets

DDG0 DDG7 DDG14 DDG21 DDG28 DDG35
Initial body weight (g fish-1) 9.7 ± 0.01ns  9.6 ± 0.15 9.6 ± 0.06 9.5 ± 0.06 9.5 ± 0.03 9.8 ± 0.12
Survival (%)  99 ± 1.00ns         99 ± 1.0         99 ± 1.0         93 ± 5.2         91 ± 3.0         95 ± 3.9
Weight gain (%)*      292 ± 1.2abc       307 ± 27.3 c       300 ± 21.2bc      274 ± 3.0 abc       245 ± 16.0a       248 ± 8.3ab

Feed efficiency (%)†     107 ± 2.9b      109 ± 3.6b       105 ± 2.3b        99 ± 1.2ab         93 ± 4.3a       100 ± 2.2ab

Daily feed intake‡     1.81 ± 0.05ns      1.81 ± 0.01      1.87 ± 0.02      1.86 ± 0.06      1.85 ± 0.04      1.78 ± 0.05
Daily protein intake§     0.91 ± 0.03ns      0.91 ± 0.01      0.93 ± 0.01      0.92 ± 0.03      0.89 ± 0.02      0.86 ± 0.03
Protein efficiency ratio¶     2.12 ± 0.06ab      2.16 ± 0.07b      2.11 ± 0.05ab      2.00 ± 0.02ab      1.92 ± 0.09a      2.07 ± 0.05ab

Condition factor#     1.15 ± 0.03ns      1.18 ± 0.02      0.58 ± 0.30      0.80 ± 0.28      1.10 ± 0.02      1.09 ± 0.05
Hepatosomatic index**     1.82 ± 0.08ns      2.00 ± 0.33      1.92 ± 0.20      2.20 ± 0.38      2.20 ± 0.20      1.90 ± 0.25
Visceralsomatic index††     2.78 ± 0.06ns      3.06 ± 0.21      3.33 ± 0.14      3.22 ± 0.36      3.23 ± 0.21      3.37 ± 0.39

Values (mean ± SE of three replications) in the same row not sharing a common superscript are significantly different (P < 0.05). 
nsNot significant (P > 0.05).
*Weight gain = (final fish wt. - initial fish wt.) × 100 / initial fish wt.
†Feed efficiency = wet weight gain × 100 / feed intake.
‡Daily feed intake = feed intake × 100 / [(initial fish wt. + final fish wt. + dead fish wt.)/2 × days reared].
§Daily protein intake = protein intake × 100 / [(initial fish wt. + final fish wt. + dead fish wt.)/2 × days reared].
¶Protein efficiency ratio = (wet weight gain / protein intake).
#Condition factor = fish weight (g) × 100 / fish length (cm)3.
**Hepatosomatic index = liver weight × 100 / body weight.
††Visceralsomatic index = viscera weight × 100 / body weight.
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mental diets are presented in Table 6. The plasma contents 
of total protein, glucose, cholesterol, glutamate oxaloacetate 
transaminase, phospholipid, and triglyceride were not affected 
by the dietary DDG levels (P > 0.05).

profile of juvenile olive flounder, except for histidine. Histi-
dine in the muscle of flounder fed the DDG21, DDG28, and 
DDG35 diets was lower than that in flounder fed the DDG0, 
DDG7, and DDG14 diets (P < 0.05). Hematological param-
eters of the plasma in juvenile olive flounder fed the experi-

Table 4. Proximate compositions (% DM) of the whole body and muscle of juvenile olive flounder fed the experimental diets for 8 weeks

       Diets Moisture Crude protein Crude lipid                  Ash

Whole body
DDG0 74.7 ± 0.9ns 18.2 ± 0.9ns 2.9 ± 0.2 ns 3.1 ± 0.2a

DDG7 74.3 ± 0.9 17.1 ± 0.5 2.9 ± 0.2 2.7 ± 0.2a

DDG14 75.8 ± 0. 2 18.1 ± 0.8 2.9 ± 0.4 3.2 ± 0.2ab

DDG21 75.3 ± 0.3 16.8 ± 0.4 2.5 ± 0.2 3.1 ± 0.1a

DDG28 76.4 ± 1.5 16.6 ± 0.4 2.9 ± 0.4 3.2 ± 0.1a

DDG35 74.6 ± 0.7 17.3 ± 0.5 2.6 ± 0.3 3.8 ± 0.2b

Dorsal muscle
DDG0 75.9 ± 0.5ns 20.0 ± 0.1ns 0.5 ± 0.1ns 1.3 ± 0.04ns

DDG7 77.2 ± 0.4 19.2 ± 0.3 0.5 ± 0.2 1.5 ± 0.05
DDG14 76.8 ± 0.7 19.7 ± 0.5 0.6 ± 0.05 1.4 ± 0.04
DDG21 77.5 ± 0.1 19.1 ± 0.1 0.4 ± 0.03 1.4 ± 0.04
DDG28 77.4 ± 0.6 19.0 ± 0.1 0.4 ± 0.02 1.4 ± 0.03
DDG35 77.1 ± 0.1 19.2 ± 0.2 0.4 ± 0.2 1.5 ± 0.10

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

Table 5. Amino acid composition (% of protein) of the dorsal muscle of juvenile olive flounder fed the experimental diets for 8 weeks

     Diets DDG0 DDG7 DDG14 DDG21 DDG28 DDG35

Arg 5.1 ± 0.09ns 5.1 ± 0.07 5.2 ± 0.09 5.0 ± 0.09 5.1 ± 0.03 4.9 ± 0.17
His 1.9 ± 0.03b 2.0 ± 0.03b 2.0 ± 0.03b 1.8 ± 0.03a 1.8 ± 0.03a 1.8 ± 0.02a

Ile 5.0 ± 0.03ns 4.9 ± 0.07 5.0 ± 0.09 4.9 ± 0.15 5.0 ± 0.01 4.8 ± 0.15
Lys 7.5 ± 0.07ns 7.7 ± 0.09 7.6 ± 0.30 7.6 ± 0.23 7.4 ± 0.06 7.5 ± 0.23
Met + Cys 2.7 ± 0.03ns 2.8 ± 0.07 2.8 ± 0.06 2.7 ± 0.06 2.6 ± 0.07 2.6 ± 0.12
Phe + Tyr 6.1 ± 0.15ns 6.1 ± 0.03 6.2 ± 0.12 6.1 ± 0.12 6.1 ± 0.06 5.9 ± 0.21
Thr 5.3 ± 0.03ns 6.2 ± 0.95 6.1 ± 0.88 5.3 ± 0.07 5.2 ± 0.33 5.1 ± 0.19
Val 5.7 ± 0.03ns 5.6 ± 0.07 5.7 ± 0.03 5.6 ± 0.09 5.6 ± 0.03 5.4 ± 0.23

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

Table 6. Hematological parameters of the plasma in juvenile olive flounder fed the experimental diets for 8 weeks

Diets

DDG0 DDG7 DDG14 DDG21 DDG28 DDG35
Total protein (g/dL) 3.6 ± 0.25ns 4.3 ± 0.43 3.5 ± 0.13 3.5 ± 0.15 3.5 ± 0.2 3.4 ± 0.02
Glucose (mg/ dL)     26.0 ± 3.06ns      31.7 ± 6.17      23.3 ± 2.33      22.7 ± 1.20       32.7 ± 8.84      30.3 ± 5.24
Cholesterol (mg/dL)      234 ± 7.2 ns       255 ± 18.9       236 ± 15.0       237 ± 5.2        230 ± 18.3       230 ± 18.0
GOT (IU/L)       7.3 ± 2.85 ns        2.3 ± 0.33        3.3 ± 0.88        3.7 ± 0.33         5.7 ± 0.33        9.3 ± 3.48
Phospholipid (mg/dL)      622 ± 31.3 ns       700 ± 49.3       674 ± 39.1       677 ± 16.4        662 ± 51.3       624 ± 41.1
Triglyceride (mg/dL)      115 ± 20.3ns       265 ± 36.0       166 ± 15.7       193 ± 44.2        209 ± 30.9       166 ± 36.4

Values are presented as mean ± SE of triplicate groups.
nsNot significant (P > 0.05).
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2003; Opstvedt et al., 2003).
Li et al. (2011) reported that fish fed diets containing 

corn-based DDG tended to have higher body ash contents 
than fish fed the control diet. In the present study, flounder 
fed the DDG35 diet showed a significantly higher body ash 
content than did the control group. This result may be due to 
the relatively lower body weight of fish fed high-DDG diets 
than fish fed low-DDG diets. The amino acid profile of fish 
muscle generally reflects the amino acid profile of the diet. 
Hence, the lower level of histidine in fish muscle may be a 
consequence of the amino acid content of the experimental 
diets. Lim et al. (2007) and Li et al. (2011) reported that differ-
ent levels of corn-based DDG did not significantly influence 
the hematological parameters of Nile tilapia. Similar findings 
were observed for the hematological parameters of juvenile 
olive flounder in the present study. 

The results of this experiment suggest that DDG has the po-
tential to replace fish meal and wheat flour and could be used 
up to 21% DDG without any negative effects on the growth or 
feed utilization of juvenile flounder.
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