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ABSTRACT

Distillers dried grain with solubles (DDGS) was
evaluated in juvenile Shasta-strain rainbow trout
Oncorhynchus mykiss diets during a 36-day feed-
ing trial. Two experimental diets containing ei-
ther 10% or 20% DDGS with supplemented amino
acids (lysine, methionine, isoleucine, and his-
tidine) and phytase were compared to a fish
meal-only control diet. Tanks of trout receiving
diets containing either concentration of DDGS
weighed significantly less at the end of the trial
and had significantly poorer feed conversion
ratios than tanks of fish being fed the fish meal-
only control. There was no significant difference
in individual fish length, weight, condition factor,
or any fish health measurements among diet
treatments. Both the hepatosomatic index and
viscerosomatic index were significantly less in
the fish fed 10% DDGS than those fed the con-
trol diet. Body fat was significantly greater in the
fish receiving 20% DDGS compared to fish fed
either of the other two diets. Fillet composition,
as determined by crude protein, crude lipid, ash,
and water, was not significantly different among
fish reared on any of the diets. There was also
no significant difference in estimated protein
digestibility coefficients among fish receiving
any of the diets. The results suggest that DDGS,
even if supplemented with essential amino acids
and phytase, will lead to decreased juvenile
rainbow trout growth at dietary concentrations
of at 10% or greater.
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1. INTRODUCTION

During hatchery rearing, rainbow trout Oncorhynchus
mykiss and other carnivorous salmonids are typically fed
high protein diets containing fish meal as the primary
protein source [1-4]. However, because fish meal is a
limited quantity, its price has increased dramatically with
the rapid growth in global aquaculture [5-7]. Thus, lower-
cost, plant-based proteins will likely play a greater role
in salmonid diets [7].

The availability of distillers dried grain with solubles
(DDGS), a coproduct produced by the corn-based etha-
nol biofuel industry, has increased with increased ethanol
production in the USA [8,9]. Conventional DDGS are
relatively high protein, with levels approaching 30% [8,
10,11], and contain few, if any, of the anti-nutritional
factors found in other plant protein sources [12-15].
Compared to other corn products, nutrients are more
concentrated in DDGS [16], but essential amino acids
such as lysine and methionine are present in lower con-
centrations than fish meal [4].

Philips [17] conducted the first experiments examining
DDGS in rainbow trout diets, while Sinnhuber [18] docu-
mented the successful inclusion of 3% dietary DDGS.
Phillips et al. [19] used distillers dried solubles, which
are similar to DDGS. At low inclusion levels in salmonid
diets, other distillers grain products showed no deleteri-
ous nutritional effects [20,21]. When fed to juvenile
rainbow trout, DDGS concentrations of 15% in the diet
produced positive results [4], while concentrations of
22.5% were acceptable with lysine and methionine sup-
plementation. However, all of the diets used by Cheng
and Hardy [4] contained 15% soybean meal and there
was no true fish meal-only control. In a study with a fish
meal control, Stone et al. [22] noted that rainbow trout
receiving dietary DDGS exhibited significantly reduced
growth. DDGS were also used in experimental and con-
trol diets by Cheng et al. [23] as part of a study focused
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more on the use of soybean meal and a methionine hy-
droxyl analogue. Lastly, Cheng and Hardy [24] also de-
termined that phytase supplementation improved the
apparent digestibility coefficients for total-phosphorous
and other minerals in rainbow trout diets containing
DDGS.

The inconsistent results reported with the incorpora-
tion of DDGS in rainbow trout diets, and the lack of
studies comparing DDGS to an appropriate fish meal-
only control, requires additional research. Thus, the ob-
jective of this study was to examine the effects of two
DDGS-dietary inclusion levels, in comparison to a fish
meal-only control diet, on the performance of juvenile
rainbow trout during hatchery rearing.

2. MATERIALS AND METHODS
2.1. Location and Fish Culture

The trial occurred at McNenny State Fish Hatchery,
Spearfish, South Dakota, USA, using degassed and aer-
ated well water at a constant temperature of 11°C (total
hardness as CaCO;, 360 mg~L’1; alkalinity as CaCOs;,
210 mg-L™"; pH, 7.6; total dissolved solids, 390 mg-L™).
Flow rates in each tank were set at 40 L-min"'. Juvenile
Shasta strain rainbow trout (initial weight 33.6 £ 1.5 g,
length 146.7 + 2.1 mm, mean + SE) were used because
of availability at the time of hatchery tank space avail-
ability, and were randomly placed into each of nine fi-
berglass circular tanks (1.8 m diameter, 0.6 m depth) on
September 2, 2010. Tanks were loaded with 40 fish, and
total tank weights were measured to +1 g. Feeding com-
menced the following day and continued for 36 days
until the end of the trial. Feeding amounts for the tanks
were determined by the hatchery constant (HC) method
[25], with a planned feed conversion of 1.1 and a maxi-
mum growth rate of 0.066 cm/day, which was based on
the historical performance of the Shasta strain at Mc-
Nenny State Fish Hatchery. Feed amounts were updated
daily. Fish were hand fed once per day, with all feed fed
and mortality data recorded daily for each tank.

2.2. Diets and Chemical Analysis

The nine tanks were randomly assigned to one of three
different diets (Table 1), with three experiment units
receiving the same diet. In addition to a fish-meal only
control, two other diets contained either 10% or 20%
DDGS (Poet BPX, Glenville East, South Dakota, USA).
To make the essential amino acid profiles similar in all of
the diets and potentially improve the acceptability of
dietary DDGS [23,27], the DDGS-containing diets were
supplemented with lysine, methionine, isoleucine, and
histidine. In addition, phytase was added to the DDGS-
containing diets to facilitate DDGS digestibility [4].

Copyright © 2012 SciRes.

Table 1. Percent composition and chemical analysis of the diets
used in the trial.

Diets
Ingredients
1 2 3
Fish meal, menhaden® 40.0 40.0 30.0
DDGS" 0.0 10.0 20.0
Whole wheat" 20.0 13.0 11.0
Yellow corn gluten’ 25.0 22.0 22.0
Menhaden oil° 11.5 10.8 10.6
Cmc' 0.6 0.5 2.5
Vitamin premix® 0.5 0.5 0.5
Mineral premix" 0.0 0.1 0.1
Vitamin C (Stay-C)’ 0.5 0.5 0.5
Phytase/ 0.0 0.037 0.037
Yeast* 0.125 0.125 0.125
Lysine' 0.0 0.5 0.5
Isoleucine' 0.0 0.3 0.3
Histidine' 0.0 0.1 0.1
Methionine' 0.0 0.5 0.5
Sodium chloride 0.5 0.5 0.9
Potassium chloride 0.6 0.6 0.7
Magnesium oxide 0.0 0.0 0.1
Chemical analysis (% dry basis)™
Crude protein 453 47.1 44.0
Crude lipid 10.7 11.8 14.3
Crude fiber 1.3 0.9 1.6
Ash 10.5 10.7 10.5
DE (MJ-kg dry matter) 14.92 15.79 16.00

’IPC 740, Scoular, Minneapolis, Minnesota, USA. "Distillers dried grain,
BPX, Poet Nutrition, Sioux Falls, South Dakota, USA. ‘Bob’s Red Mill
Natural Foods, Milwaukie, Oregon, USA. “Consumers Supply Distributing,
Sioux City, lowa, USA. “Omega Protein, Inc., Houston, Texas, USA. fCar-
boxymethyl cellulose, USB Corporation, Cleveland, Ohio, USA. ARS 702,
[26], Nelson and Sons, Inc., Murray, Utah, USA. "ARS 640, [26], Nelson
and Sons, Inc., Murray, Utah, USA. 'DSM Nutritional Products France SAS,
Village-Neuf, France. 'Ronozyme P-CT, DSM Nutritional Products, Basel,
Switzerland. “Diamond V, Cedar Rapids, lowa, USA. lPureBulk, Roseburg,
Oregon, USA. ™Analysis conducted on post-extrusion pellets.

Pelleted diets were produced by extrusion processing.
Experimental diets were analyzed according to AOAC
[28] methodology for protein (method 2001.11) and
crude lipid (method 2003.5, modified by substituting
petroleum ether for diethyl ether), and ash content by
AACC [29] method 08 - 03. The protein and lipid amounts
obtained by these methods were multiplied by their re-
spective physiological fuel values of 23.6 and 39.5 mJ [3]
to obtain estimated digestible energy values.

2.3. Data Collection

At the end of the trial, total tank weights were meas-
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ured to +1 g, with weight gain calculated by subtracting
the initial weight from the final weight for each tank.
Percent (relative) gain was calculated by dividing the
total amount of food fed by the initial tank weight. Feed
conversion ratio for each tank was calculated by dividing
the total amount of food fed by the total weight gain. In
addition to total tank measurements, five fish from each
tank were randomly selected from each tank, euthanized
and individually weighed to +1 g and measured (total
length) to £1 mm. Fish health profiles, based on a modi-
fication of Goede and Barton [30], Adams et al. [31], and
Barton et al. [32], were completed using the score sheet
described in Table 2. Liver weights were recorded to £1
mg and the hepatosomatic index (HSI) determined by
dividing the liver weight [g] by whole fish weight [g]
and multiplying by 100 [33]. Viscera weights were also
recorded to the nearest mg and the viscerosomatic index
(VSI) determined by dividing the viscera weight [g] by
the whole fish weight [g] and multiplying by 100. Condi-
tion factor was calculated as K = 10° x (weight [g])/
(length® [mm]).

Table 2. Criteria used at the end of the study for fish health
observations (based on Goede and Barton [30], Adams et al.
[31], and Barton et al. [32]).

Structure or Tissues Rating Criteria Numeric Rating

E Normal 0

yes Abnormal 1

None 0

Fat <50% of gut covered 1

>50% of gut covered 2

100% of gut covered 3

No erosion 0

Fins Light erosion 1

Moderate erosion 2

Severe erosion 3

Gills Normal 0

Clubbed, frayed, or discolored 1

Normal 0

Gut Slight inflammation 1

U Moderate inflammation 2

Severe inflammation 3

. Normal 0

Kidney Abnormal 1

Liver Normal 0

¢ Abnormal 1

Normal 0

Pseudobranchs Abnormal 1
Normal

Opercles Short 1

Spleen Normal 0

P Cysts or enlarged 1

Copyright © 2012 SciRes.

2.4. Protein Digestability

Apparent protein digestability was determined using a
direct method [34]. Digesta was removed from five fish
per tank at the end of the trial. Each fish was dissected
and the last cm of the distal end of the intestine was gen-
tly squeezed to remove the contents. Digesta from five
fish per tank was pooled and flash frozen on dry ice prior
to analysis. Protein analysis was conducted using AOAC
[28] method 990.03. Percent apparent protein digestabil-
ity was calculated by subtracting the protein in the di-
gesta from the protein in the diet, dividing this quantity
by the protein in the diet, and multiplying by 100.

2.5. Fillet Composition

Muscle fillets were removed and flash frozen for de-
termination of carcass composition. The fillets from each
tank were pooled and analyzed for crude protein levels
with a TruSpec CNS combustion analyzer (LECO Corp.,
St. Joseph, Michigan, USA) using AOAC [28] method
992.15. AOAC [28] acid hydrolysis method 948.15 with
a 50:50 mix of diethyl ether and petroleum ether for ex-
traction was used for fat analysis. Moisture was deter-
mined by drying loss using AOAC [28] method 952.08.

2.6. Statistical Analysis of Data

Data were analyzed using the SPSS (9.0) statistical
analysis program (SPSS, Chicago, Illinois, USA) with
significance predetermined at P < 0.05. One-way analy-
sis of variance (ANOVA) was conducted, and if the
treatments were significantly different, pairwise mean
comparisons were performed using the Tukey HSD test
[35]. Mortality (%) data were arcsine transformed prior
to analysis to stabilize the variances [35].

3. RESULTS

Tanks of trout receiving diets containing either con-
centration of DDGS weighed significantly less at the end
of the trial than those tanks of fish being fed the fish
meal-only control (Table 3). Total tank weight gain was
1011 g in the control tanks, and only 962 g and 940 g in
the tanks receiving diets with 10% DDGS or 20% DDGS,
respectively. Relative gain was not significantly different
among the diets (P = 0.07). Feed conversion ratio among
the diets followed a similar pattern, at 0.82 in the fish
meal-only control tanks, which was significantly differ-
ent from the 10% DDGS tanks at 0.87 and the tanks re-
ceiving the 20% DDGS diet at 0.89. At 94%, the appar-
ent digestion coefficient of protein in the tanks receiving
20% dietary DDGS was significantly different from ei-
ther of the other two diets.

Individual fish lengths, weights, and condition factors
were not significantly different among the diets tested
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(Table 4). However, viscera weight and the viscera so-
matic index (VSI) were significantly lower in the fish fed

Table 3. Total tank rearing data (means = SE), including feed
conversion ratio and estimated digestion coefficient of protein
(DCP) for tanks of rainbow trout receiving one of three different
diets containing either 0% (control), 10% or 20% Distillers
Dried Grains with Solubles (DDGS) and phytase. Means in a
row with different letters are significantly different (N =3, P <
0.05).

Diet 1 2 3
% DDGS 0 10 20
Start Weight (g) 1218 45 1252+ 59 1261 + 24
End Weight (g) 2229 + 44 2214+ 42 2201 + 14
Gain (g) 1011 £ 10° 962 + 9° 940 + 7°
Gain (%) 83.2+32 77.0£1.6 746+ 1.1
Food fed (g) 834 834 834
FCR 0.82+0.01"  0.87+0.01° 0.89 +0.01°
% mortality 0.0+ 0.0 0.0+0.0 0.0+0.0
DCP 914+0.1°  90.8+0.1° 94.0+0.1°

Table 4. Ending mean (+SE) lengths, weights, condition factors
(K)?, liver weights, hepatosomatic index values (HSI)®, viscera
weights, viscerosomatic index (VSI)c and fish health assess-
mentsd of rainbow trout fed diets containing either 10% or 20%
Distillers Dried Grains with Solubles (DDGS) and phytase (N =
3). Means in the same row with different letters are significantly
different (P < 0.05).

Diet 1 2 3

% DDGS 0 10 20
Length (mm) 179+3 165+5 174 £2
Weight (g) 59.6+3.6 49.4+3.1 57.0+1.9
K 1.00£0.01  1.02+0.03 1.03+0.01
Viscera weight (g)  6.12+0.36°  4.52+026°  5.64+0.08®
VSI 1032+0.24°  8.99+024° 9.89x0.19"
Liver weight (g) 0.73£0.01*  0.51£0.02°  0.62=0.02°
HSI 1.26+£0.06° 1.01+0.04® 1.09+0.01*
Eyes 0.0+0.0 0.0+0.0 0.0£0.0
Fat 1.6+0.1° 1.6+0.1° 1.9+0.1°
Fins 12+02 14+0.1 1.1£0.1
Gills 0.3+0.1 0.5+0.1 03+0.1
Gut 0.0+ 0.0 0.0+ 0.0 0.0+0.0
Kidney 0.0+0.0 0.0+0.0 0.0+0.0
Liver 0.0+0.0 0.0+0.0 0.0+0.0
Pseudobranchs 0.0£0.0 0.0+ 0.0 0.0+0.0
Opercles 02+0.1 0.3+0.1 0.1+£0.1
Spleen 0.0+£0.0 0.0+£0.0 0.0£0.0

*Condition factor (K) = 10° x (weight)/(length3); hHepatosomatic index (HSI)
= 100 x (liver weight/body weight); “Viscerosomatic index (VSI) = 100 x
(viscera weight/body weight); ‘Fish health assessments rating system de-
scribed in Table 2.
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the 10% DDGS than in the fish receiving the control diet.
There was no significant difference in either viscera
weight or VSI between the fish receiving 20% DDGS
compared to fish receiving either of the other two diets.
The hepatosomatic index (HSI) followed a similar pat-
tern as viscera weight and VSI. Liver weight was sig-
nificantly different among all of the diets. With a mean
ranking of 1.9, body fat was significantly greater in the
fish receiving 20% DDGS compared to fish fed either of
the other two diets with mean rankings of 1.6. There
were no significant differences for any of the other fish
health or condition parameters evaluated.

There were no significant differences in fillet compo-
sition in fish receiving any of the three diets (Table 5).
Mean fillet protein levels ranged from 18.6 from the
trout receiving the fish meal-only control diet to 19.5 in
the fish fed the 10% DDGS-diet. Variation in crude lipid
levels was observed from the fish receiving either of the
diets containing DDGS.

4. DISCUSSION

The decreased gain and feed conversion ratio observed
in any of the tanks receiving either of the diets contain-
ing DDGS in this study differs from the conclusions of
Cheng and Hardy [4] that incorporation of 15% DDGS,
or 22.5% DDGS with methionine and lysine supplemen-
tation, is acceptable in rainbow trout diets. Cheng and
Hardy [4] did not compare their DDGS-containing diets
to a fish meal-only control however; experimental and
control diets in that study also contained 15% soybean
meal as a protein source. Stone et al. [22] also found
decreased growth in rainbow trout receiving DDGS
compared to a fish meal control. Further comparison of
this study to Cheng and Hardy [4] reveals that they
manufactured their diets via cold-pelleting, versus twin-
screw extrusion in this study, which may contribute to
the differing results [36-38]. The difference in the water
temperature used between the two studies, 11°C in the
present study versus 14.5°C by Cheng and Hardy [4],
may have had some effect [39-41]. The often dramatic
differences in conventional DDGS nutritional composi-
tion [8,42,43] also make it difficult to compare the re-

Table 5. Mean (+SE) percent composition of fillets of rainbow
trout fed diets containing either 10% or 20% Distillers Dried
Grains with Soluble (DDGS) with phytase (N = 3).

Diet 1 2 3
% DDGS 0 10 20
Water (%) 773 +0.9 77.0+£0.1 759403

Crude protein (%) 18.640.3 195+02 192402

Crude lipid (%) 4.6+0.1 3.6£02 40403
Ash (%) 1.540.1 1401 1501
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sults between studies examining DDGS use in rainbow
trout diets.

The 10% DDGS diet used in this study had the same
amount of fish meal and slightly higher protein levels
than the control diet, yet still produced significantly
poorer trout growth. The difference in growth could be
due to some unidentified anti-nutritional factors [12-15]
present in the DDGS. Because the diets also differed in
the amount of wheat and corn gluten, it is also possible
that these ingredients may have influenced the results.

Although Cheng and Hardy [24] recommend the in-
clusion of phytase in rainbow trout diets containing
DDGS, the inclusion of phytase in the experimental diets
of this study did not lead to similar rearing performance
as the fish meal-only control diet. Phytase supplementa-
tion had no effect on growth or feed conversion in the
rainbow trout fed diets containing 15% DDGS [24]. Al-
though the results of phytase supplementation in diets
incorporating soy products on rainbow trout growth are
mixed [44-48], it generally has had no effect on growth
or feed conversion ratio when fed to other fish species
[49-52], with the exception of common carp Cyprinus
carpio [53] and Nile tilapia Oreochromis niloticus [54].
Phytase does increase the availability of phosphorous in
fish feeds containing plant ingredients [55-59], but the
diets in the current study were supplemented with a die-
tary phosphate, likely preventing any plant-related phos-
phorus deficiency. The efficiency of phytase may be some-
what dependent on the method used to incorporate it into
the feed [51], making it possible that the phytase might
have been partially inactivated during extrusion process-
ing in this study [60]. Phytase activity was not measured
in this study however.

Protein digestibility was significantly increased in the
fish receiving 20% DDGS feed. The 94% estimated di-
gestibility was greater than that observed by Cheng and
Hardy [24]. These relatively high protein digestibilities
could be because of the high protein digestibility of
DDGS itself [24] or in combination with the amino acid
supplementation in the experimental diets [61-64].

Unlike the studies by Lim et al. [65] and Li et al. [66],
fillet lipid concentrations did not increase with increasing
DDGS levels. Rather, the results from this study were
similar to those of Johnsen et al. [67], who observed no
difference in Atlantic salmon Salmo salar muscle fat
concentrations fed diets containing a wide range of plant
protein inclusion rates. Fillet protein levels also did not
decrease with the addition of DDGS to the diet, in con-
trast to Li et al. [66] and Li et al. [68]. The percent mois-
ture and crude protein of fillets from the rainbow trout
receiving the control, fish meal-only diet were very simi-
lar to that reported by Yildiz [69], but less than that re-
ported by Sealey et al. [70]. However, the rainbow trout
fillets analyzed by Sealey et al. [70] came from fish that
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were fed a 29% fish meal control diet that also contained
16% soybean meal.

Although the hepatosomatic index is positively related
to carbohydrate levels in the diet [71,72], HSI was only
increased in the fish receiving 10% DDGS in this study.
Other diet studies examining HSI have produced incon-
sistent results. For example, HSI either slightly decreased,
or showed no effect, due to dietary DDGS in tilapia [73,
74], and was also unaffected by dietary protein in com-
mon carp [75]. Because dictary phosphorus is inversely
related to liver lipid levels and HSI, [76], phytase sup-
plementation may explain some of the variation in re-
sults.

The VSI followed a similar pattern as HSI, with only
the 10% DDGS diets producing significantly decreased
levels. It was expected that VSI would have been ele-
vated in the fish receiving 20% DDGS because of the
greater dietary lipid levels [77-79], but that was not the
case with the results from this study. However, visual
estimates of fat were significantly greater in the fish fed
20% DDGS, which could indicate either that not all of
the visceral fat was removed during weighing of the vis-
cera, or that the visual estimation technique is unreliable.

The relatively low feed conversion ratios for both the
control and reference diet are not unusual for production
rainbow trout at this size at hatcheries in South Dakota
[80] or elsewhere [81]. The low feed conversion ratios
could also possibly be explained by the low rearing den-
sities used in the trial [82,83].

Although specific feeding trial durations are not uni-
versally specified, they generally need to last long enough
for any potential significant differences among the diets
to materialize [84]. In a study by de Francesco et al. [85],
differences in trout rearing performance between fish
meal and plant-based diets did not become apparent until
after 12 weeks. This study lasted only 36 days, but this
was long enough for significant differences in gain and
feed conversion ratio to appear among the diets. While
possible, it is unlikely that prolonging this trial for a
longer period would have led different results.

Lastly, although the DDGS-containing diets did lead to
significantly decreased growth, the replacement of fish
meal with DDGS in the 20% DDGS diets do produce a
positive economic benefit. Based on the most current
United States Department of Agriculture Economic Re-
search Service Data from October 2011 [86], with the
price of DDGS and fish meal at US $0.233/kg and $1.158/kg
respectively, the cost per kg of fish flesh gained for the
fish meal component of the control diet would be $0.565,
compared to $0.443 for the fish meal and DDGS com-
ponent of the 20% DDGS diet. Thus, substituting DDGS
for a portion of the fish meal is a viable option if de-
creases in growth and feed efficiency can be tolerated.
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5. CONCLUSION

The results of this study indicate that, given the ingre-
dients used, the inclusion of 10% or greater amounts of
DDGS in the diet of juvenile Shasta-strain rainbow trout
will lead to decreased growth and feed conversion, but
still may be economically advantageous. It is unknown if
these results would be similar for other trout strains or
species reared at different water temperatures and differ-
ent projected growth rates. The effect of dietary DDGS
on different sizes of trout is also uncertain.
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