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The present study was carried out in the fish laboratory in the Regional
Center for Food and Feed (RCFF), Agricultural Research Center, Giza,
Egypt. And designed to evaluate the nutritional value of corn co-
products from ethanol production, corn distillers dried grains with
soluble (DDGS) and a high protein of corn distillers dried grains
product (HPDDGS) (by reducing the percent of soybean meal and
yellow corn in tested diets), on growth performance, and feed
utilization, of Nile tilapia (Oreochromis niloticus). Seven experimental
diets were formulated Control (Diet 1) doesn’t contains both DDGS
and HPDDGS, (Diet2 — Diet4) to replace DDGS at the rate of 15, 30,
and 45% instead of soybean meal and yellow corn. (Diet5 — Diet7) to
replace HPDDGS with supplementation lysine at the rate of 15, 30, and
45% instead of soybean meal, The all experimental diets were
isonitrogenus (30% crude protein) and isocaloric (430 kcal /100 g diet),
the seven diets were fed to 7 tilapia fingerling groups with initial
weight of 2.25 g/ fish. Each group contained of 3 aquaria. The
experiment duration was 12 weeks and the fish were fed at a rate of 4%
of fish body weight daily. The daily allowances were fed at 5 meals.
The results showed that, weight gains and feed utilization of tilapia
fingerlings fed (DDGS)15% and (DDGS)30% diets were not different
compared to (control) diets, but (Oreochromis niloticus) fed (DDGS)
45% diets gained less weight than those fed control (P < 0.05). The
results of this experiment suggest that DDGS is a good replacement for
yellow corn and soybean meal, and can be used up to 30% in the diet to
maintain the growth performance and also fish group given HPDDGS
diet levels (15%HPDDGS, 30%HPDDGS, 45%HPDDGS), with lysine
supplementation showed better in the Growth performance and feed
utilization when compare with the control diet. HPDDGS is a good
alternative protein source and can be used up to 45% or maybe more
with lysine supplementation. No effects were observed of both DDGS
and HPDDGS levels on water quality.
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Introduction:-

Aquaculture might be known in ancient Egypt. There are paintings in some of the tombs of the pharaoh’s which
appear fish, probably tilapia fish, in man-made pools indicating some type of fish culture (Mcvey, 1994). Even
though, tilapia are among the easiest and most profitable fish produced in aquaculture, partially due to their low
trophic level (Omnivorous diet). Feed cost still represents the highest expense in its production (up to 50% of total
cost production (Lim et al., 2011). Protein fraction is usually the most expensive component of the diet (Coyle et
al., 2004), traditionally provided by the incorporation of fish meal. However, due to economic, environmental and
social constrains, fish meal has been replaced by more economical protein source, as soybean meal, in order to
improve cost-effectiveness of feeds. Soybean meal is less expensive than fish meal, has a good nutritional value with
high crude protein content and a reasonably balanced amino acid profile and high availability (Gatlin et al., 2007).

DDGS are a concentrated source of non fermentable components from the original grain and are relatively high in
protein, fiber, lipid, and ash. In fish diets, the use of DDGS is still limited, however, recent research have shown that
DDGS is a potential alternative ingredient for Omnivores fish, such as tilapia (Lim et al., 2011; Schaeffer et al.,
2011). This co-product is readily available and is less expensive than most conventional plant ingredients, such as
soybean meal and corn on a protein-cost basis (Welker et al., 2014). The fiber content of DDGS is one factor that
limits its inclusions in non-ruminant diets. Variation of nutrients in DDGS has reduced its quality as animal food and
thus limited its application (Liu, 2011). Improvement of DDGS quality is critical for increasing DDGS value and
further improving corn ethanol plant profitability. Protein is an important nutrient and indicator of DDGS quality as
an animal feed. Typically, the animal food price has a linear correlation to the protein content of the food ingredient
(Srinivasan et al., 2006). Increasing DDGS protein is a credible way to improve DDGS quality.

Soybeans have a long-term history as a dietary protein source. In addition to wet and dry fractionation processes,
chemical processes adapted from the soybean industry can be applied to further enrich protein and reduce structural
carbohydrates (fiber) from DDGS. Increasing protein will increase the price of DDGS and reducing fiber content
may increase the share of DDGS as a food ingredient for non-ruminant animals. Recovered or removed fiber can be
used as feedstock for making other products (Doner et al., 1998; Moreau et al., 1999; Dien et al., 2005) or fed to
ruminants. The aim of the present study was influence of feeding different levels of DDGS and HPDDGS (by reduce
the percent of soybean meal and yellow corn in tested diets) on growth performance and feed utilization, of Nile
tilapia (Oreochromis niloticus).

Material and Methods:-
The present study was carried out during 21% April and lasted till the 13" July 2016 in the Regional Center for Food and
Feed (RCFF), Agricultural Research Center, Giza, Egypt.

Culture conditions:-

Nile tilapia fingerlings were obtained from a local farm of Ismailia, Egypt. The fish were acclimated to laboratory
conditions for 4 weeks in fiberglass tanks. At the beginning of the experiment, 21 glass aquaria (60 I) were stocked
with 15 fish, each with average initial weight of 2.25 g. The aquaria were supplied with continues flow of fresh water
free of chlorine, at a rate of 2 I/min and were provided with supplemental aeration. The aquaria were illuminated
using an overhead fluorescent lightning set on a 14:00 hour light : 10:00 hour dark cycle (EL-Saidy and Gaber,
2003). A thermo-controlled electric heater was used to adjust water temperature at the range of 24-28°C. The dissolved oxygen
and the nitrate values were found to be at the range of 5.1-6.2 mg/l and 29.0-40.2 mg/l respectively, while ammonia was not
detectable. pH value were in the range of 6.4-7.7.

Diets and feeding regime:-

Seven experimental diets were formulated to be iso-nitrogenous and iso-caloric in terms of crude protein (30%) and gross
energy (430 kcal/100 g diet). The energy value was calculated using the gross energy values for the macronutrients (5.6 kcal/g
protein, 9.2 kcal/g fat and 4.1 kcal/g carbohydrate; fiber was not included in the calculation). A mixture of soybean meal (44%
crude protein, CP), herring fish meal (72% CP), yellow corn (8 % CP), distillers dried grains with soluble DDGS (27 %
CP), and a high protein distillers dried grains HPDDGS (44 % CP. The HPDDG used in this experiment was obtained as a
new co-product of corn DDGS was performed according to Cookman and Glatz (2009) and Bandara et al. (2011), with
slight modifications. Corn oil and fish oil were purchased from the local market. Vitamin-mineral premix was obtained from
Pfizer Company, Egypt. The proximate analysis of the feed ingredients are listed in Table (1). These experimental diets were
designed and formulated to contain different levels of either DDGS or HPDDGS as follows:
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Control (Diet 1): Doesn't contains neither DDGS nor HPDDGS.

15% DDGS. (Diet 2): Contains 15 % corn distillers dried grains with solubles (DDGS).

30% DDGS. (Diet 3): Contains 30 % corn distillers dried grains with solubles (DDGS).

45% DDGS. (Diet 4): Contains 45 % corn distillers dried grains with solubles (DDGS).

15% HPDDGS. (Diet 5): Contains 15 % high protein corn distillers dried grains with solubles (HPDDGS).
30% HPDDGS. (Diet 6): Contains 30 % high protein corn distillers dried grains with solubles (HPDDGS).
45% HPDDGS. (Diet 7): Contains 45 % high protein corn distillers dried grains with solubles (HPDDGS).

Chemical analysis:-

Analysis of different experimental feed ingredients, formulated diets were carried out for moisture, nitrogen, ether
extract, crude fiber and nitrogen free extract according to the procedures of Association of Official Analytical
Chemists (AOAC, 2005) using triplicate samples for each determination, Crude protein was calculated as nitrogen
content X 6.25.

Amino acid determination:-
Amino acids except tryptophan and tyrosine were individually determined according to the method of Official
Journal of European Communities (1998).

Table 1:- Proximate chemical analysis of experimental dietary ingredients as fed basis (%).

Ingredient Moisture Crude Ether Crude Ash NFE*
Protein Extract Fiber
Fish Meal 6.4 70.0 10.2 1.08 114 0.92
Soybean Meal 9.8 44.5 2.4 4.9 6.2 32.2
Yellow Corn 9.3 7.8 2.18 2.3 1.85 76.57
DDGS 9.0 26.5 8.2 10.0 5.1 41.2
HPDDGS 8.9 44.0 6.7 3.2 41 33.1

*NFE (nitrogen free extract) = 100 - (moisture + crude protein + ether extract + Crude Fiber + Ash)

The composition of the experimental diets used in the feeding trials is presented in Table (2). The proximate
chemical analysis and the energy content of the diets are presented in Table (3), while their amino acid analysis is
presented in Table (4). Feed ingredients were finely grinded and mixed manually. Water was added to each diet till
paste was formed, and then passed through a meat mincer machine to convert the mixture into pellets. The wet
pellets were then sun dried and stored at -20°C until used. Each diet was tested by three groups of 15 fish each. Fish
fed five times a day, at a daily rate of 4% of fish body weight for 12 weeks. Every two weeks fish in each aquarium
were weighed and the ration offered was altered according to their body weight.

At the beginning of the experiment, one hundred fish were used as an initial control group. They were killed and
kept frozen for chemical analysis. At the end of the experiment all fish in all aquaria were killed and kept frozen for
chemical analysis.

Table 2:-Ingredient Composition of the experimental diets used in the feeding trial

Ingredient Diet DDGS% Diet HPDDGS%
Control 15 30 45 15 30 45
Fish meal 6 6 6 6 6 6 6
Soybean 54 47 39 31 39 24 9
Yellow corn 30 23 17 11 30.15 30.85 31.05
DDGS - 15 30 45 - - -
HPDDGS - - - - 15 30 45
Fish oil 2 2 2 2 2 2 2
Corn oil 4 3 2 1 35 2.5 2
Premix (Vit. & Mins.) 3 3 3 3 3 3 3
Calcium mono phosphate 1 1 1 1 1 1 1
Lycine-HCI - - - - .35 .65 .95
Total 100 100 100 100 100 100 100
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Table 3:-Proximate chemical analysis and calculated energy content (Kcal DE/I00g DM) of the experimental diets
used in the feeding trial.

Item Control Diet DDGS% Diet HPDDGS%
15 30 45 15 30 45
Moisture % 8.5 8.25 8.10 8.00 8.35 8.42 8.75
Crude Protein % 30.65 30.88 30.75 31.00 30.55 30.78 30.82
Ether Extract % 8.22 8.41 8.31 8.55 8.35 8.25 8.35
Crude Fiber % 3.34 3.82 4.10 4.80 3.20 2.97 2.8
Ash % 4.61 4.44 4.32 3.95 4.40 4.35 4.45
NFE* 44.68 44.20 44.42 43.70 45.15 45.23 44.83
Energy** 430.45 431.52 430.77 430.41 433.01 433.71 433.21

NFE* =100 - (Moisture + crude protein + ether extract + crude fiber + Ash).
Energy** Kcal DE/100g DM

Table 4:-Essential amino acid analysis of the experimental diets (g/ 100 g crude protein), used in the feeding trial,
and amino acid requirements for Nile tilapia after (Santiago and Lovell, 1988).

. . Diet DDGS% Diet HPDDGS% .
Amino acid Control 5 20 75 5 20 75 Requirements
Therionine 4.27 4.15 4.20 4.32 4,06 3.93 3.86 3.75
Methionine 2.74 2.72 2.64 2.50 2.78 272 2.66 2.68
Isoleucine 3.36 3.11 3.22 3.23 3.37 3.54 3.15 3.11
Leucine 7.37 7.61 8.36 8.22 8.84 9.68 10.32 3.39
Phenylalanine 4.89 4.70 491 4.83 5.07 5.30 5.03 3.75
Valine 421 4.05 4.29 451 4.39 4.45 4.28 2.80
Lysine 551 5.18 5.14 422 5.34 5.39 5.42 5.12
Histdine 2.64 2.56 257 2.59 2.55 2.44 2.27 1.72
Arginine 6.62 6.35 6.11 5.95 5.99 491 4.32 4.20

Measurements of growth performance, and feed utilization parameters:-
Means of weight gain, percentage weight gain, average daily gain (ADG) and specific growth rate (SGR % day)
were calculated according to (Wu et al., 1996), as the following equations:
1. Weight gain = W1- W,,.
2. Percentage weight gain (WG %) = (W1 - Wy) / Wy x 100.
3. Average daily gain (ADG) = weight gain/experimental period (d).
4. Specific growth rate (SGR %) = (In W1 - In W/T) x 100.

Where:

W,y: Mean initial weight (g).
W1: Mean final weight ().
d: Experimental period in days.
T: Time in days between weightings.

Means of feed conversion ratio (FCR), protein efficiency ratio (PER) and Protein Productive value (PPV %) were
calculated according to (Tahoun et al., 2008) as the following equations:
1. Feed conversion ratio = Feed intake (g) / Weight gain (g).

2. Protein efficiency ratio = Weight gain (g). / Protein intake (g).
3. Protein Productive Value = B — Bo/BI x 100.

Where:

By: Initial body protein content (g)
B : Final body protein content (g)

BI: Protein intake (g)
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Water quality:-

Water temperature, pH, dissolved oxygen, ammonia NH; and nitrate NO3 were all periodically measured during the
feeding trials. Water temperature (°C) was measured by using a thermometer while pH was measured using ORION
pH/ISE meter; model EA 940 EXPANDAPLE IONANALYZER according to Official Methods of Analysis
(1993). Ammonia (NH3) and dissolved oxygen were measured according to Standard Methods for the
Examination of Water and Wastewater (1995). ATI Orion ion meter was used with ammonium electrode model
95-12 and 97-80 for ammonia and oxygen measurements, respectively.

Statistical Analysis:-

Each sample was analyzed in triplicate and the replicates were then averaged. The statistical analysis was performed
with SAS program (SAS, 2007) using analysis of variance (ANOVA) and means were separated by Duncan's
multiple range test (Duncan, 1955) with a probability P< 0.05.

Results and Discussion:-

Data representing means for initial weights, final weights, weight gain, average daily gain and specific growth rates
of fish given diets containing different levels of both DDGS and HPDDGS are shown in Table (5). There were no
significant differences (P< 0.05) between the initial individual weights of the all experimental groups indicating that
fish at stocking were homogeneously distributed among treatments and replicates. The growth performances of Nile
tilapia fingerlings in each experimental diets group are presented in Table (5). Weight gains of Nile tilapia
fingerlings fed 15 %DDGS and 30% DDGS diets were no significant different when compared to the control diets,
but Nile tilapia fingerlings fed 45% DDGS diets gained less weight than those fed control diets (P < 0.05).

Table 5:-Growth performance of tilapia fish (Oreochromis niloticus) fed on experimental diets.

tem Control Diet DDGS% Diet HPDDGS%
15 30 45 15 30 45
Initial weight (g/fish) 2.25° 2.24° 2.25° 2.26° 2.24° 2.26° 2.25°
Final weight (g/fish) 16.36° 16.49° 16.33° 12.50° 16.83° 17.17* | 16.54°
Weight gain (g/fish) 14.11° 14.25° 14.07° 10.24° 14.58° 14.91* | 14.29°
Average daily gain 068 | 0170° | 0168* | 0122° | 0174° | 0178 | 0.170°
(g/fish/day)
Specific growth rate 2362 | 2380 | 235° | 204 | 240® | 2420 | 237
(Y%/day)

Different superscript letters for each row indicate statistically significant difference (P < 0.05).

The present results of this study indicate that dietary supplementation of DDGS up to 30% did not affect the growth
performance of Nile tilapia fingerlings (P < 0.05). While Nile tilapia fingerlings fed 45% DDGS diets showed the
lowest growth performance values (P < 0.05), these may be due to the lower contents of lysine amino acid and
increased fiber in diets.

Our results are in agreement with previous studies (Tidwell et al., 1990; Robinson and Li, 2008; L. et al., 2010)
have also reported that corn-based DDGS can be integrated into channel catfish diets without negative effects on
growth performance, and is suitable to replace soybean meal and corn meal in hybrid catfish diets (Zhou et al.,
2010). The effectiveness of a diet containing DDGS on the growth of freshwater fishes is related to several factors
such as improved digestibility (Randall and Drew, 2010) and decreased exposure to anti nutritional factors
(Borgeson et al., 2006). Nile tilapia grew bad at low levels of lysine amino acid, when fish fed 40% DDGS diet
without lysine supplement (Lim et al., 2007).

Fish group given HPDDGS diet levels 15% HPDDGS, 30% HPDDGS, and 45% HPDDGS, with lysine
supplementation showed better in the growth performance in terms of final mean weight, weight gain and average
daily gain when compare with the control diet (P < 0.05).

These results are in agreement with those of Kim et al. (2009) and Jacela et al., (2010) who demonstrated that
DDGS and HPDDG are well suited for use in terrestrial animal feeds, such as swine. Nevertheless, there are very
few studies on the suitability of HPDDG for use in aquaculture. Barnes et al. (2012 a, b) showed that the inclusion
of up to 200 g kg-1dietary DDGG or HPDDG had no adverse effects on growth and feed intake in rainbow trout.
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These results also are in agreement with those of Wu et al. (1994 and 1995),who reported that diets containing corn
distiller’s grains with solubles 29% and 32% or 36% protein resulted in higher weights of tilapia. (Thompson et al.,
2008) observed that corn-based DDGS might be improved palatability in Sunshine Bass diet. On the other hand,
Lim et al. (2009) showed that up to 40% corn-based DDGS could be included in the diet of channel catfish as a
replacement of soybean meal and corn meal without affecting weight gain.

In the present study, decreased growth performance and feed utilization at high dietary inclusion levels of DDGS
(45%DDGS) may be associated with various factors including increased fiber levels, reduced feed palatability and
an imbalanced dietary amino acid profile (lysine). Fibers and anti-nutrients are related to reduce digestibility in
catfish (Francis et al., 2001).

Reductions in growth and feed utilization of fish fed plant protein due to imbalanced dietary amino acids reduced
mineral content, increased fiber, reduced palatability, and the presence of anti-nutrient factors (Lim and Lee, 2009).

Data representing means for feed conversion ratio (FCR), protein efficiency ratio (PER) and Protein Productive
Value (PPV %) for fish given diets containing different levels of both DDGS and HPDDGS are presented in Table

(6).

Table 6:- Feed utilization parameters of Oreochromis niloticus fish fed the 7 experimental diets.

ltem Control Diets DDGS% Diets HPDDGS%
15 30 45 15 30 45
Feed conversion ratio (FCR) 1.65° 1.60° | 1.63" 1.94° 1.59° 1.58° | 1.60™
Protein efficiency ratio (PER) 1.98° 2.02% 2.00° 1.66° 2.06° 2.05° | 2.02®
Protein productive value -PPV% 29.05° | 29.73" | 30.71® | 26.43° | 34.9° | 32.15® | 33.48°

Different superscript letters for each row indicate statistically significant difference (P < 0.05).

Feed utilization efficiencies in terms of food conversion ratio (FCR), protein efficiency ratio (PER) and Protein
Productive Value were also significantly affected by the treatments (P < 0.05). The Feed conversion ratio (FCR) of
fingerlings Nile tilapia fed 15 %DDGS and 30% DDGS diets, were slight different compared to the control diets,
but fingerlings Nile tilapia fed 45% DDGS diets worst FCR when compared to other treatments. The highest FCR,
lowest PER and the lowest (PPV %) representing the worst findings were achieved when fish was fed on diet
containing 45% DDGS diets.

These results are in agreement with those of Lim and Webster (2006) who found that 20% fuel-based DDGS can
be included in Nile tilapia diets without a significant effect on overall growth performance. However, fish fed diets
containing 30% DDGS had similar weight gain (WG), PER and feed efficiency ratio (FER) as those fed the control
diet, while fish fed 40% DDGS had significantly lower WG, PER and FER than those on the control diet. Similar
results were obtained by Li et al. (2011), who found significant decrease (P< 0.05) in growth rate and FCR when
40% soybean meal and corn without addition lysine was replaced with wheat DDGS in tilapia diets. Also, these
results are in agreement with previous studies in DDGS inclusion in tilapia diet, which showed that 40% DDGS
level in fish diet resulted in lower growth and feeding performance according Li et al. (2011) who pointed out that,
40% inclusion level of DDGS resulted in lower tilapia growth and feed efficiency than control diet, and Schaeffer et
al. (2009) found that the WG and FCR of fish fed the 20% DDGS diet were similar to that of the control diet. These
values were significantly better than those fed diets with 30 or 40% DDGS (Salama et al., 2010).

Generally when alternative plant ingredients are used in diets with the same concentration of energy and are able to
meet the nutritional requirements of the animal being fed, similar performance may be expected (Cruz-Suarez et
al., 2001). Many scientific studies have revealed that fermented plant ingredients at a proper incorporation level may
be of great nutrient resources pertaining to fish (Sun et al., 2007; Seo et al., 2011) and shrimp (Molina-Poveda and
Morales, 2004). In a laboratory study of Nile tilapia (Oreochromis niloticus), Lim et al. (2007) reported that
increasing dietary levels of DDGS to 40% without addition of lysine significantly reduced WG and PER compare to
those obtained with diets containing lower DDGS levels (0, 10, and 20%), FCR of this diet (40% DDGS) was also
significantly worst than that of the control diet. Results of earlier studies have shown that based on growth
performance and feed utilization efficiency, DDGS is a promising feed ingredient for several fish species, including
rainbow trout (Cheng and Hardy, 2004), tilapia (Wu et al., 1996), and channel catfish (Tidwell et al., 1990;
Webster et al., 1993). The lowest FCR, highest PER and the highest PPVV% were achieved when fish was fed on the
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HPDDGS diet levels 15%HPDDGS, 30%HPDDGS and 45%HPDDGS, with lysine supplementation. This is an
agreement with the findings of Barnes et al. (2012a) and Cheng and Hardy (2004), who showed that the, final
weight, FCR, PRE, P retention, and SGR of fish fed HPDDG were greater than those of fish fed the control diet.

From this study, the nutritive value of HPDDGS was investigated and showed very high digestibility of protein and
amino acid, this feed ingredient appeared to be a good protein source in the low fishmeal diet for rainbow trout
(Prachom et al., 2013). The results of this experiment suggest that DDGS is a good substitute for plant materials
such as Yellow corn and soybean meal, and can be used up to 30% in feed to maintain the growth performance of
Nile tilapia, and also fish group given HPDDGS diet levels (15%HPDDGS, 30%HPDDGS, 45%HPDDGS), with
lysine supplementation showed better in the Growth performance and feed utilization. HPDDGS is a good
alternative protein source and can be used up to 45% or may be more with lysine supplementation.
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