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INTRODUCTION  

 

                 The global farming of fish and shellfish has been the fastest growing food 

producing sector in the last few decades and has become an important industry in many 

countries. Aquaculture industry has become an important industry producing healthy 

food and providing employment and revenues in many developed and developing 

countries (Olsen & Hasan, 2012). A promising source of protein is that derived from 

plant raw materials including secondary materials such as oil seed meals, a residual by-

product of the oil extraction industry (Shchekoldina & Aider, 2014). 

           Numerous researchers have identified several alternatives for the partial or 

complete replacement of expensive scarce ingredients from the diets of fish (Tacon & 

Metian, 2015; Ahmed et al., 2019). Unfortunately, the use of plant-derived materials as 

feed ingredients and/or replacer has been restricted due to deficiencies in the essential 
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 A feeding trial was carried out to investigate the effects of dietary 

fermented distillers dried grains (FDDGs) on the growth performance, feed 

efficiency, body chemical composition, blood biochemical tests and 

economic evaluation of the Nile tilapia, Oreochromis niloticus fingerlings. 

Distillers dried grains were subjected to solid-state fermentation then 

incorporated into four experimental (Iso-nitrogenous 30% and iso-Calroric 

4400Kcal/Kg) diets containing 0, 25, 50 and 75% FDDGs instead of 

soybean meal. Results revealed that bioprocessing increases the protein 

content of DDGs. All growth performance parameters (BW, WG, RGR, 

DWG, and SGR) demonstrated significant increase with low substitution 

levels (25 and 50% FDDGs). Survival rate and feed consumption did not 

differ between all treatments. Feed conversion ratio (FCR), feed efficiency 

ratio (FER), and protein efficiency ratio (PER) showed significant 

improvements with low substitution levels (25 and 50% FDDGs). Body dry 

matter, protein and ash contents did not differ significantly with the control, 

however, both fat and energy content showed a significant increase for all 

substitution levels. These results indicate that incorporation of FDDGs meal 

into tilapia diets at 25 and 50% levels were the best in terms of growth 

performance, feed utilization and economic evaluation under these 

experimental conditions. 
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amino acids and presence of antinutritional factors (ANFs). These endogenous ANFs 

reduce feed value unless destroyed or inactivated (Nuneset al., 2014). 

Several processing techniques are employed to reduce or eliminate the 

antinutritional factors (ANFs), with the aim that the nutrient properties of plant 

ingredients can be enhanced and incorporated appropriately into feed formulations 

(Banerjee & Ghosh, 2016). 

          One of the simple methods of bioprocessing is solid state fermentation. It 

improves the nutritional quality of the original components by reducing the ANFs and 

improving the bioavailability of nutrients due to the action of enzymes produced by the 

microorganisms (Khan & Ghosh, 2012). Furthermore, fermentation improves the 

antioxidant properties in plant materials (Verniet al., 2019). Fermentation with bakers’ 

yeast, Saccharomyces cerevisiae; phytase released from this yeast facilitates degradation 

of phytic acid (Nakamura et al., 2000; Greiner & Konietzny, 2006). Treatment with 

yeast can also increase the relative levels of crude protein and minerals in the plant 

meals (Erukainureet al., 2010). Several scientific studies have revealed that fermented 

plant ingredients at a proper incorporation level may be great nutrient resources 

pertaining to shrimp (Molina-Poveda & Morales, 2004) and fish (Sun et al., 2007; 

Seoet al., 2011). 

             Distillers dried grain (DDG) is predominantly produced as a by-product of the 

dry-grind fuel ethanol processing and manufacturing of alcoholic beverages 

(Rosentrater & Muthukumarappan, 2006). Numerous studies have been investigating 

the use of DDGS in fish diets, such as in the tilapia, Oreochromis sp. (Tidwellet 

al.,2000), rainbow trout, Oncorhynchus mykiss(Cheng & Hardy, 2004a, b; Stone et al., 

2005), sunshine bass, Moronechrysops× Moronesaxatilis(Thompson et al., 2008), and 

catfish, Ictalurus punctatus (Li et al., 2010). Such studies reported that, up to 40% of 

DDGs in fish diets did not negatively affect fish performance and feed efficiency. 

The price of soybean meal, the primary protein source in the Nile tilapia diets, has 

recently increased, leading to higher feed costs. Replacement of soybean meal by 

cheaper alternatives is therefore needed (Saha & Ghosh, 2013; Plaipetch & 

Yakupitiyage, 2014). 

            The study aimed to determine the influence of dietary levels of fermented 

distiller's dried grains (FDDGs) as a replacement of soybean on the growth parameters, 

feed efficiency and body chemical composition. 

 

MATERIALS AND METHODS 

Solid-state fermentation 

          A commercially distiller’s dried grains with soluble DDGS was purchased from 

local company (Abouhammad, Sharqia, Egypt) and finely grounded to a particle size (< 

500μm) by a screen diameter. Three fermented replicates of DDGs were conducted 

using a modification method based on the study of Yabaya et al. (2009). Each replicate 

comprises 2kg DDGS, 60.5mg of commercial dry yeast & S. cerevisiae, (Fermipan®, 

GB ingredients, china) with a cell density of 3 × 10
6
 cell/g; 1.1L of distilled water (50% 

moisture) was homogenized in a Hobart food mixer for 15min. This provided a yeast 

density of 1 × 10
3
 cell/g meal. Each replicate lasted for 48h in a 10L glass jar covered 
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with aluminium foil and incubated at 40
◦
C, which is the optimal growth temperature for 

S.cerevisiae. The yeast fermented DDGs was dried to a constant weight at 70
◦
C. 

 

Experimental units 

          Twelve glass aquaria (50 x 60 x70cm
2
) containing equal amount of water 

(0.21m
3
) were used for each experiment. Each glass aquaria was supplied with 

compressed air via air pumps for satisfying the oxygen requirement by fish, and water 

supply was provided from the tank storage of water. 

 

Experimental fish 

           Fingerlings of the Nile tilapia (O. niloticus), which were sex reversed (all-male) 

were provided by the Fish Hatchery of Central Laboratory for Aquaculture Research at 

Abbassa, Sharkia Governorate, Egypt. 500 fingerlings (weighing approximately 

5.00±0.002g), after an adaptation period for two weeks under normal laboratory 

conditions, were randomly distributed into the glass aquaria. Fish were randomly 

divided after that into four equal groups (three replicates per each) in the experimental 

glass aquaria (20 fish/aquaria).  The fish were fed experimental diets up to satiation. The 

experiment lasted for 112 days, during which feed was offered two times daily, at 10:00 

AM and 14:00 PM, for 6 days a week. Fish per each pond were group-weighed every ten 

days. At the end of the experiments, fish were collected, counted, and group weighed per 

treatments. The parameters of growth and feed utilization were calculated as follows. A 

weight of 300g of fish was frozen at –20ºC for further proximate chemical analysis. 

 

Experimental diets preparation and feeding regimen 

               The proximate composition of the ingredients used in the diets is presented in 

Table (1). Four diets were formulated to contain 30% crude protein. A consideration was 

also given to the equivalence of other components such as fiber. In diet 1, the control 

diet, in diets 2, 3 and 4, replacements of soybean by fermented distiller’s dried grains 

with soluble meal were at graded levels of 25, 50 and 75%.  

 

Chemical analysis 

               The experimental diets were analyzed to determine the percentage of the 

moisture, protein, lipid, fiber, and ash. Also, the proximate composition including crude 

protein, crude fat, crude ash and moisture of body composition was determined using the 

standard procedures of AOAC (2019). 

 

Growth and feed utilization parameters 

Live body weight 

Fish were weighed to the nearest 0.1g at the beginning of the experiments and every 15 

days, and the amount of feed given was adjusted in accordance with the new measured 

biomass. 

 

Body weight gain 

           Body weight gain was calculated by subtracting the two successive live weights 

at different experimental periods (weight gain (g/fish) = final weight – initial weight). 
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Table1. Ingredient formulation (%) and proximate composition of the experimental 

diets 

 
 

1
Each Kgvitamin&mineralmixturepremix containedVitaminA, 4.8 million IU,D3, 0.8 million IU; 

  E, 4g; K, 0.8g; B1,0.4g;Riboflavin,1.6g; B6,0.6g, B12,4mg;Pantothenic acid,4g; 

Nicotinicacid,8g;Folic acid,0.4g; Biotin,20mg;,Mn, 22g;Zn, 22g;Fe,12g; Cu, 

4g;I,0.4g,Selenium, 0.4gandCo, 4.8mg. 
2
Nitrogen freeextract = 100 – (%Protein+%Fat+ %Fiber+%Ash). 

3
Gross energy based on protein (5.65Kcal/g), fat (9.45Kcal/g) and carbohydrate (4.11Kcal/g).(NRC,2011). 

P/E ratio= mg crude protein/ kcal GE. 

 
 

Average daily gain (ADG) 

(ADG) = W2 – W1 / T 

Where, 

W2= final weight, W1= initial weight and T= time. 

 

Relative growth rate (RGR) 

RGR= W2 – W1 / W1 X 100 

Where, 

W1= the initial weight (g), W2 = the final weight (g), and T = the feeding period (days).  

 

The specific growth rate 

Specific growth rate (SGR) was calculated according the following equation: 

SGR = [ln (final fish weight) – ln (initial fish weight)] X 100 / period (day). 

Feed conversion ratio 

Feed conversion ratio (FCR) was calculated according to the following equation: FCR = 

cumulative feed delivered to aquarium/fish biomass gain. 

 

 

Ingredient %
 

Control 25%FDDGs
 

25%FDDGs
 

25%FDDGs
 

Fish meal 
5 5 5 5 

Soybean meal (SM) 
44 33 22 11 

FDDGs 
0 15.94 31.88 47.82 

Corn 
32 29.36 24.42 18.48 

Wheat bran 
10 8 8 8 

Corn gluten 
7 7 7 8 

Soybean oil 
1.3 1 1 1 

Vit. & Min. Premix
1 

0.7 0.7 0.7 0.7 

Proximate analysis%     

Moisture  10.79 10.26 9.61 8.90 

Crude protein 30.97 30.52 30.13 30.27 

Ether extract 5.33 5.64 6.23 6.85 

Crude fiber 4.98 
5.21 5.59 5.96 

Ash 5.57 5.42 5.31 5.18 

NFE
2
 53,15 53.21 52.74 51.74 

G E( Kcal/Kg(
3
 4437.9 4444.2 4458.6 51.74 

(g)gainWeight

(g)intakeFeed
FCR

   

   

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Feed efficiency ratio (FER) 

FER= body weight gain (g) / (DM) feed intake (g) X 100 

 

Protein efficiency ratio (PER) 

PER= body weight gain (g) / protein intake (DM) (g) X 100 

 

Protein productive value (PPV) 

PPV= P2 – P1 / Pf 

Where, 

P₁= the protein content in fish carcass at the start of the experiment (g). 

p₂= the protein content in fish carcass at the end of the experiment    

pᶠ= the protein intake (g) during the experiment (on DM basis). 

 

Survival rate (%): 

SR=Nt x 100/N0  

Where, 

Nt = Total number of fish survived in tank at the end of the experiment.  

N0 = Total number of fish in tank at the beginning of the experiment. 

Biochemical parameters 

The activities of aspartate aminotransferases (AST) and alanine aminotransferase (ALT) 

enzymes were measured in accordance with the method of Bergmeyer et al. (1978). 

Total serum protein was evaluated by following the instructions of Yatzidis (1987). 

Additionally, the method of Doumas et al. (1971) was implemented to measure the 

levels of serum albumin. To assess kidney function, serum levels of urea, creatinine, and 

uric acid levels were tested. According to Henry et al. (1974) and Patton and Crouch 

(1977), colorimetric methods were used to measure the concentrations of creatinine and 

urea, respectively. The technique described by Whitehead et al. (1991) was used to 

measure uric acid in the blood.     

Water quality parameters 
A digital thermometer was used to measure the water's temperature and dissolved 

oxygen content (DO), and a Milwaukee-PH600 pH meter was used to assess the water's 

pH once a week. Ammonia nitrogen (NH3-N) and nitrite (NO2) values were detected on 

a biweekly basis using water analysis and via a photometer and test kits, and nitrate 

(NO3) was weekly determined. While, alkalinity (expressed as Ca2 CO3) was biweekly 

monitored by titration with sulfuric acid till pH point reached 4.5 (APHA, 1998). 

Economical evaluation 

               The cost of feed to raise unit biomass of fish was estimated by a simple 

economic analysis. The estimation was based on local retail sale market price of all the 

dietary ingredients at the time of the study. These prices (in LE/kg) were as follows: 

herring fish meal, 60.0; poultry by-product meal, 20.0 ; wheat bran, 11.40 : corn gluten, 

47.0; soybean meal, 31.50; corn meal, 13.30;  soybean  oil, 42.0;  premix, 100 (Eid & 

Mohamed, 2008). 

 

Cost/kg diet (LE) = Cost per Kg diet L.E 

Consumed feed to produce 1kg fish (kg) = Feed intake per fish per period/ final 

weight per fish Kg/ Kg 

Feed cost per kg fresh fish (LE) = Step 1x step 2 
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Relative%of feed cost/ kg fish= Respective figures for step3/ highest figure in this 

step 

Feed cost/ 1Kg gain (LE) = Feed intake per Kg gain x step 1 

Relative% of feed cost of Kg gain= Respective figures for step 5/ highest figure in 

this step 

Statistical analysisThe data were statistically analyzed by a completely randomized 
design with SPSS (V16.0) through the following model: Yij= µ + Ti + Eij, where µ is the 
overall mean; Ti is the fixed effect of i

th
 treatments, and Eij is the random error. 

Difference between treatments was tested for significant differences using orthogonal 
comparison. 
 

    RESULTS  

 

Growth performance 

Growth performance parameters (BW, BWG, DG and SGR) influenced by the 

incorporation of fermented distillers dried grains in the Nile tilapia fed diets instead of 

soybean meal (Table 2) demonstrated significant improvement with the incorporation 

of 25% FDDGs, followed by a significant difference of 50% FDDGs. Although 75% 

FDDGs recorded a slight decrease, it did not differ significantly compared to the 

control. The survival rates were not influenced by the replacement processes; therefore, 

FDDGs did not compromise the survival of the fish. 

 
Feed utilization 

Feed efficiency parameters means: feed intake (FI), feed conversion ratio (FCR), feed 

efficiency ratio (FER) and protein efficiency ratio (PER) are illustrated in Table (3).Feed 

intake showed insignificant decrease compared to the control for all substitution levels. 

Feed conversion ratio (FCR) and feed efficiency ratio (FER) both showed significant 

improvementswith theincorporation of 25 and 50 FDDGs, respectively. 75% FDDGs 

was comparable to the control. Moreover, protein efficiency ratio (PER) also showed a 

significant improvement compared to the control when soybean was replaced by 25 and 

50% FDDGs. However, 75% FDDGs did not differ significantly with the control. 

Protein productive value (PPV) did not record any detrimental effects compared with the 

control.  

Table2. Effect of different dietary FDDGs on growth performance of the Nile 

tilapia(Oreochromisniloticus) fingerlings fed experimental diets 
 

Treatment Control Fermented distiller dried grains 

 25% FDDGs 50% FDDGs 50% FDDGs 

IW (g/fish) 5.1±0.20 5.07 ±0.25 5.06 ±0.30 5.09±0.27 

FBW (g/fish) 34.33 ±1.61ᶜ 49.17 ±1.69ᵃ 41.48 ±0.75ᵇ 33.90 ±1ᶜ 

BWG (g/fish) 29.24 ±1.61ᶜ 44.44 ±1.68ᵃ 36.41 ±0.07ᵇ 28.82 ±1ᶜ 

RGR % 574 ±31ᶜ 873 ±33ᵃ 717 ±1.9ᵇ 568 ±19ᶜ 

DG (g/fish) 0.27 ±0.01ᶜ 0.40 ±0.02ᵃ 0.33 ±0.01ᵇ 0.26 ±0.01ᶜ 

SGR (%/d) 1.73 ±0.04ᶜ 2.06 ±0.03ᵃ 1.91 ±0.02ᵇ 1.73 ±0.01ᶜ 

SR % 90 ±0.00 90 ±0.00 93 ± 4.41 90 ±0.00 

Means in the same row having different super script letters are significantly different (P< 0.05). 
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Table 3. Effect of different dietary FDDGs on feed utilization of the Nile tilapia 

(Oreochromis niloticus) fingerlings fed experimental diets 

 
Treatment Control Fermented distiller dried grains 

 25% FDDGs 50% FDDGs 50% FDDGs 

FI (g/fish) 53.27 ±1.11 48.47±1.49 48.70 ±0.66 51.76 ±1.59 

FCR 1.83 ±0.07ᵃ 1.10 ±0.29ᶜ 1.34 ±0.02ᵇ 1.80 ±0.02ᵃ 

FER 0.55 ±0.03ᶜ 0.91 ±0.01ᵃ 0.75 ±0.01ᵇ 0.56 ±0.01ᶜ 

PER 1.98 ±0.11ᶜ 3.33 ±0.04ᵃ 2.77 ±0.03ᵃᵇ 2.02 ±0.02ᶜ 

PPV 28.98 ±1.72 31.08 ±3.0 31.46 ±1.87 30.87±1.21 

Means in the same row having different super script letters are significantly different (P< 0.05). 

 

Whole body composition 
 

The body chemical compositions of the Nile tilapia are illustrated in Table (4). 

Neither the body dry matter nor the protein contents recorded any significant variation 

between all treatments compared to the control. Body ash content demonstrated an 

insignificant decrease compared with the control. On the other, body fat and calculated 

energy contents exhibited a significant increase for all treatments compared to the 

control. 

Table 4. Effect of different dietary FDDGs on body chemical composition of the Nile 

tilapia (Oreochromisniloticus) fingerlings fed experimental diets 

Treatment Control Fermented distiller dried grains 

 25% FDDGs 50% FDDGs 50% FDDGs 

DM 26.88±0.35 26.79±0.93 27.19±0.68 27.88±0.42 

CP 62.39±0.35 62.16±0.76 61.35±1.57 60.68±0.93 

EE 20.32±0.28ᵇ 23.57±0.48ᵃ 24.38 ±0.24ᵃ 24.91±0.58ᵃ 

Ash 17.29±0.42ᵃ 14.27±0.67
b
 14.26 ±1.58

b
 14.42 ±0.35

b
 

 

Means in the same row having different super script letters are significantly different (P<0.05). 

Biochemical parameters 

       Values for ALT, AST, urea and creatinine were affected by the dietary levels of 

FDDGS meal (Table 5). No significant differences were observed for the values of 

ALT and AST, as the replacement of SBM with FDDGS increased from 0 to 75% 

(P> 0.05). Significant differences were observed in urea values as the replacement 

level of SBM with FDDGs meal. 
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Table 5. Effect of different dietary FDDGs on biochemical analysis of the plasma of the 

Nile tilapia O. niloticus fed different experimental diets 

 

Treatment 

Control Fermented distiller dried grains 

 25% FDDGs 50% FDDGs 50% FDDGs 

ALT 15.9± 0.17 15.67± 0.23 16.17± 0.49 15.70± 0.26 

AST 28.72± 0.31 29.69± 0.27 29.43± 0.28 29.67± 0.32 

Urea 14.50± 0.17ᵃ 13.90± 0.40ᵃᵇ 14.00± 0.15ᵃᵇ 13.60± 0.21ᵇ 

Creatinine 0.157± 0.03 0.197± 0.04 0.193± 0.01 0.203± 0.03 

  

Values are means ± SD. Values in the same row with different superscripts are significantly different 

(P< 0.05). 

 
Economic evaluation 
The results of economic evaluation including feed costs of one kg gain in weight and its 

ratio to that of the controlgroup are presented in Table (6). Data show that the cost of 

one kg of the diet for FDDGS meal in T1, T2, T3, and T4 were 26.79, 25.84, 24.94, and 

24.37LE, respectively. Costs of one kg gain in weight were 49.03, 28.43, 33.43, and 

43.87LE for control, 25, 50, and 75% FDDGS, respectively. These results indicate that 

incorporation of FDDGs meal into tilapia diets reduced the price of one kg diet to 42.02, 

31.84 and 10.51% for the 25, 50, and 75%FDDGs, respectively, compared to the control 

group (100% of theprice). 

 

Table 6.  Effect of different dietary FDDGsmeal levels on the economic efficiency of the 

Nile tilapia(Oreochromisniloticus) fingerlings 

 

 

Treatment 

Control Fermented distiller dried grains 

 25% FDDGs 50% FDDGs 50% FDDGs 

Feed costs (L.E)/KG 26.79 25.84 24.94 24.37 

Relative to control % 100.00 96.45 93.09 90.98 

FCR 1.83 1.10 1.34 1.80 

Feed costs (L.E/kgweight 

gain) 

49.03 28.43 33.42 43.87 

Relative to control (%) 100.00 57.98 68.16 89.49 

Decrease in Feed 

costs(L.E/kg weight gain%) 

0.00 42.02 31.84 10.51 

 
1
Feed cost X feed intake. 

2
Value of each treatment feed intake cost /highestvalue x100. 
3
Feed conversion ratio. 

4
Feed cost/ kg gain = FCR x Feed cost/Kg EGP. 

5
Feed cost /kg fresh fish EGP value for each treatment/ highest value x100. 
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      DISCUSSION 

 

Several studies have dealt with the potential of DDGs in diets for several species 

with importance in aquaculture, such as channel catfish (Li et al., 2011), rainbow trout 

(Overland et al., 2013; Welker et al., 2014), and the Nile tilapia (Suprayudiet al. 

2015). Zhou et al. (2010) concluded that, DDGs (at least at levels up to 30%) appear to 

be suitable for replacing soybean meal and corn meal in hybrid catfish diets; the same 

trend was reported by Robinson and Li (2008). Moreover, Diógenes et al. (2018) 

reported that, the total replacement of SBM by DDGS in diets for gilthead seabream did 

not compromise growth performance, voluntary feed intake, feed efficiency, and protein 

& energy retention. More recently, Oliveiraet al. (2020) reported that, the inclusion of 

DDGs as a plant protein source in diets for P. mesopotamicus in total replacement of 

soybean meal improved fish production and reduced the environmental impact. 

Additionaly, no significant differences were found between the experimental groups 

regarding growth performance (final weight, weight gain and SGR), when DDGs 

replaced 0, 10, 20 and 30% of soybean and wheat corn for the European catfish (Silurus 

glanis) (Sandor et al.,2021). 

Fermentation of plant by-products with beneficial microorganisms has been 

adopted to improve the nutritional quality of feed stuffs by the action of enzymes from 

bacteria, yeasts, and molds. Plaipetch and Yakupitiyage (2014) demonstrated that 

growth performance parameters did not record any significant differences between 

treatments when soybean meal was replaced with yeast-fermented (Saccharomyces 

cerevisiae) canola for the Nile tilapia. Moreover, Wattanakul et al. (2021) studied the 

replacement of soybean meal (SBM) with fermented palm kernel meal in diets for the 

red tilapia. The obtained results revealed that the nutritive value of palm kernel meal 

was improved by solid-state fermentation, and growth performance did not show any 

significant differences between all treatments. 

 The findings of Gabr et al. (2013) demonstrated that there were no significant 

differences in feed intake among different DDGs levels. On the other hand, the FCR 

improved significantly with increasing level of DDGs up to 16%. Fouda et al. (2018)   

replaced yellow corn by DDGs in diets for tilapia. The results showed a non-significant 

decrease in feed intake, FCR and PER as the level of DDGs were increased, while there 

was a significant increase in PPV and EU. Moreover, Sandoret al. (2021) concluded 

that, DDGs is a promising feedstuff for the European catfish (Silurus glanis), and that 

30% of DDGs can be included in the diet of the European catfish, without 

compromising the growth performance and nutrient utilization (FCR, PER, and PPV).   

                The fermentation process has been reported to improve the nutritional quality 

of different protein sources (Dossouet al., 2019). Fermented plant protein meals 

displayed a better nutrient efficiency and could improve the nutritional value of aquafeed 

(Dossou et al., 2018a, b; Dossou et al., 2019). Sun et al. (2016) introduced 25, 50, 75 

and 100% of fermented cotton seed meal (FCM) instead of fish meal (FM) in diets for 

juvenile Litopenaeus vannamei. Concerning feed utilization efficiency and daily feed 

consumption, there were no significant differences among all treatments. FCR and PER 
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did not differ significantly with fish fed with the low substitution levels (25 and 50% 

FCM); on the other hand, the high levels of substitution (75 and 100% FCM) decreased 

significantly compared to the control. 

Gabr et al. (2013) reported that dry matter and crude protein of fish body 

decreased significantly with increasing DDGs levels. In addition, crude protein 

significantly differed among treatments. Crude fat increased significantly with 

increasing DDGS levels up to 16% compared to the control diet. The findings of He et 

al. (2021) revealed that, no significant differences in body composition, in terms of 

crude protein, crude ash, and moisture, were observed among treatments, when 

fermented rice protein replaced fish meal with fermented rice protein in diets for hybrid 

groupers (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂).Furthermore, 

Plaipetch and Yakupitiyage (2014) evaluated the replacement of soybean with yeast-

fermented (Saccharomyce scerevisiae) canola for the Nile tilapia. The results showed a 

significant difference in the body composition of ether extract and ash for all fish fed 

with the test diets, except for the crude protein. 

        The results (Table 5) revealed that the replacement of soybean meal with FDDGs 

did not show any deleterious effects on either liver (ALT and AST) or kidney (Urea and 

Creatinine) function parameters. Sandor et al. (2021) reported that, plasma biochemical 

parameters, such as glucose, phosphatase, Ca, total protein, globulin, alanine 

aminotransferase, alkaline phosphatase, cholesterol, triglyceride and amylase were not 

differing significantly upon using DDGs instead of soybean and wheat corn for the 

European catfish (Silurus glanis). The same trend was reported for rainbow trout, 

Oncorhynchus mykiss (Overland et al., 2013). Sun et al. (2016) recorded no significant 

difference (P> 0.05) in plasma protein, albumin, triglyceride levels and SOD, ALT, AST 

activity among the treatments upon substituting fish meal with fermented cotton seed 

meal in the juveniles' Litopenaeus vannamei diets up to 100%.  

          The diets containing FDDGs showed that the cost of one ton of feed mixture was 

reduced gradually with increasing the substitution levels (Table 6). Moreover, feed 

cost/Kg weight gain decreased gradually with the increase of substitution levels of 

FDDGs, especially for 25 and 50% FDDGs, respectively. Gabr et al. (2013) indicated 

that total outputs, net return, economic efficiency and relative economic efficiency were 

gradually increased with increasing the level of DDGs. Furthermore, Rahman et al. 

(2016) concluded that, DDG is a cost-effective feed ingredient to replace soybean meal 

and wheat flour and can be used in diets for freshwater snail and juvenile abalone. 

 

   CONCLUSION 

 

            It could be concluded that FDDGs meal can be used instead of soybean meal at 

percentages of25 and 50% in the Nile tilapia fingerlings' diets based  on the outcomes of 

the growth performance, feed utilization, and economic analysis under experimental 

conditions. 

 

 



1035                  Nutritive Value of Distillers Dried Grains via Solid-State Fermentation in Diets of Nile Tilapia 

______________________________________________________________________________________________ 
 

1035 
 

REFERENCES  

 

Ahmed, M.; Liang, H.; Chisomo, K. H.; Ji, K.; Ge, X.; Ren, M.; Liu, B.; Zhu, X. 

and Sun, A.,(2019). Complete replacement of fish meal by plant protein 

ingredients    with dietary essential amino acids supplementation for juvenile 

blunt snout bream (Megalobramaamblycephala). Aquaculture Nutrition, 25(1): 

205–214. 

AOAC (2019). Official Methods of Analysis of the Association of Official   Analytical   

Chemists: Official Methods of Analysis of AOAC International. 21st Edition, 

AOAC, Washington DC. 

APHA. (1998). Standard methods for the examination of water and wastewater, 20 

Banerjee, S. and Ghosh, K., (2016). Bio-processing of linseed oil-cake through solid 

state fermentation by non-starch polysaccharide degrading fish gut bacteria. 

Journal of Fermentation Technology, 5: 1–10. 

Bergmeyer, H.U.; Scheibe, P. and Wahlefeld, A.W. (1978). Optimization of methods 

for aspartate aminotransferase and alanine aminotransferase. Clin. Chem., 

24(1): 58–73. 

Cheng, Z.J. and Hardy, R.W., (2004a). Nutritional value of diets containing distiller’s 

dried grain with solubles for rainbow trout, Oncorhynchus mykiss. Journal of 

Applied Aquaculture, 15(3–4): 101–113. 

Cheng, Z.J. and  Hardy, R.W., (2004b). Effects of microbial phytase supplementation 

in corn distiller’s dried grain with solubles on nutrient digestibility and growth 

performance of rainbow trout, Oncorhynchus mykiss. Journal of Applied 

Aquaculture, 15(3–4): 83–100.  

Diógenes, Alexandre Firmino, Castro, C., Miranda, A. C., Oliva-Teles, A. and 

Peres, H. (2018). Dietary replacement of fishmeal by corn distillers dried 

grains with solubles (DDGS) in diets for turbot (Scophthalmusmaximus, 

Linneaus, 1758) Juveniles. Aquaculture, 492: 113–122.  

Doumas, B.T.; Watson, W.A. and Biggs, H.G. (1971). Albumin standards and the 

measurement of serum albumin with bromcresol green. Clin. Chim. Acta,, 

31(1): 87–96. DOI: 10.1016/0009-8981(71)90365-2. 

Dossou, S.; Koshio, S.; Ishikawa, M.; Yokoyama, S.; Dawood, M. A. O.; El Basuini, 

M. F.; El-Hais, A.M. and Olivier, A. (2018a). Effect of partial replacement of 

fish meal by fermented rapeseed meal on growth, immune response and 

oxidative condition of red sea bream juvenile, Pagrus major. Aquaculture 490: 

228–235. 

Dossou, S.; Koshio, S.; Ishikawa, M.; Yokoyama, S.; Dawood, M. A. O.; El Basuini, 

M. F., Olivier, A. and Zaineldin, A.I., (2018b). Growth performance, blood 

health, antioxidant status and immune response in red sea bream (Pagrus major) 



1036                                                                                         Eid et al., 2024 

______________________________________________________________________________ 
 

fed Aspergillus oryzae fermented rapeseed meal (RM-Koji). Fish Shellfish 

Immunol. 75: 253–262. 

Dossou, S.; Koshio, S.; Ishikawa, M.; Yokoyama, S.; El Basuini, M. F.; Zaineldin, 

A. I.; Mzengereza, K.; Moss, A. and Dawood, M. A. O. (2019). Effects of 

replacing fishmeal with fermented and non-fermented rapeseed meal on the 

growth, immune and antioxidant responses of red sea bream (Pagrus major). 

Aquac. Nutr. 25, 508–517. 

Eid A. H. and Mohamed K. A. (2008). Effect of using probiotic as growth promoters 

in commercial diets monosex Nile tilapia (Oreochromisniloticus) fingerlings. 

8th International symposium on tilapiain aquaculture 

Erukainure, O.L.; Oke O.V.; Daramola, A.O.; Adenekan, S.O. and  Umanhonlen, 

E.E. (2010). Improvement of the biochemical properties of watermelon rinds 

subjected to Saccharomyces cerevisae solid media fermentation. Pakistan 

Journal of Nutrition 9, 806–809. 

Fouda, A. S.; Khattab, H. M.; Amer, M. A. and El-Kholy, K. F. (2018). use of corn 

distillers dried grains with solubles (DDGS) and foots in Nile tilapia fingerlings 

diets. Arab Univ. J. Agric. Sci., 26(2), 529-538.  

Gabr, A. A. ; Khalil, F. F. and El-Sharkawy, E. M. (2013). utilization of distillers 

dried grains with solubles in fish nutrition  2-partial replacement of fish meal 

and yellow corn by graded levels of DDGS in Nile tilapia fingerlings diets ( 

Oreochromisniloticus). J.Animal and Poultry Prod., Mansoura Univ., Vol.4 

(7): 455 – 467. 

Greiner, R. and Konietzny, U. (2006). Phytase for food application. Food Technology 

and Biotechnology, 44(2). 

He, Y.; Guoa, X.; Tanb, B.; Dong, X.; Yang, Q.; Liu, H.; Zhang, S. and Chia, S. 

(2021). Replacing fish meal with fermented rice protein in diets for hybrid 

groupers (Epinephelusfuscoguttatus♀×Epinepheluslanceolatus♂): Effects on 

growth, digestive and absorption capacities, inflammatory-related gene 

expression, and intestinal microbiota. Aquaculture Reports, 19: 100603. 

Henry, R.; Cannon, D. and Winkleman, J.; (1974). Automated determination of 

serum and urine creatinine. Clinical chemistry, principles and techniques. 

Harper and Row, New York, pp. 552–555. 

Khan, A., and Ghosh, K. (2012). Evaluation of phytase production by fish gut 

bacterium, Bacillus subtilis for processing of Ipomea aquatic leaves as probable 

aquafeed ingredient. Journal of Aquatic Food Product Technology. 22 (5): 508-

519. 

 



1037                  Nutritive Value of Distillers Dried Grains via Solid-State Fermentation in Diets of Nile Tilapia 

______________________________________________________________________________________________ 
 

1037 
 

Li, M. H.; Oberle, D. F.  and Lucas, P. L.  (2011). Evaluation of corn distillers dried 

grains with solubles and brewers yeast in diets for channel catfish Ictalurus 

punctatus (Rafinesque).Aquaculture Research. 42: 1424-1430. 

Li, M. H.; Robinson, E. H.; Oberle, D. F. and Lucas, P.M. (2010). Effects of various 

corn distillers byproducts on growth, feed efficiency, and body composition of 

channel catfish, Ictalurus punctatus. Aquac. Nutr. 16: 188–193. 

Molina-Poveda, C. and Morales, M. E. (2004). Use of a mixture of barley based 

fermented grains and wheat gluten as an alternative protein source in practical 

diets for Litopenaeusvannamei(Boone). Aquaculture Research, 35:1158–1165. 

Nakamura Y., Fukuhara H. and  Sano K. (2000). Secreted phytase activities of 

yeasts. Bioscience, Biotechnology and Biochemistry 64, 841–844. 

NRC (National Research Council). (2011). Nutrient requirements of fish. Committee 

on Animal Nutrition. Board on Agriculture. National Research Council. 

National Academy Press. Washington DC, USA 

Nunes, A. J.; Sa, M.V.; Browdy, C. L. and Vazquez-Anon, M., (2014). Practical 

supplementation of shrimp and fish feeds with crystallineamino acids. 

Aquaculture, 431, 20-27. 

Oliveira, K. R. B.; Segura, J. G.; Oliveira, B. A.; Medeiros, A. C. L.; Zimba, R. D. 

and Viegas, E. M. M. (2020). Distillers’ dried grains with soluble in diets 

for Pacu, Piaractusmesopotamicus juveniles: growth performance, feed 

utilization, economic viability, and phosphorus release. Animal Feed 

Science and Technology, 262: 114393. 

Olsen, R.L. and Hasan, M.R. (2012). A limited supply of fish meal: impact on future 

increases in global aquaculture production. Trends in feed science and 

technology 27, 120-128.   

Øverland, M., Krogdahl, Å., Shurson, G., Skrede, A., and  Denstadli, V. (2013). 

.Evaluation of distiller’s dried grains with solubles (DDGS) and high protein 

distiller’s dried grains (HPDDG) in diets for rainbow trout 

(Oncorhynchusmykiss). Aquaculture, 416–417: 201–208.  

Patton, C.J. and Crouch, S.R. (1977). Spectrophotometric and kinetics investigation of 

the Berthelot reaction for the determination of ammonia. Anal. Chem., 49: 

464–469. DOI:10.1021/ac50011a034 

Plaipetch, P.  and  Yakupitiyagez, A. (2014). Effect of replacing soybean meal with 

yeast-fermented canola meal on growth and nutrient retention of Nile tilapia, 

Oreochromisniloticus (Linnaeus 1758). Aquaculture Research, 45: 1744–

1753. 

Rahman, M. D.  Choi, J. and  Lee, S. M. (2016).  Distillers dried grain can be used as 

a feed ingredient for the growth of freshwater snail (Semisulcospiracoreana) 

and abalone (Haliotis discus hannai). Aquaculture Research, 47, 3239–3245. 



1038                                                                                         Eid et al., 2024 

______________________________________________________________________________ 
 

Robinson E.H. and Li M.H. (2008). Replacement of soybean meal in channel catfish, 

Ictalurus punctatus, diets with cottonseed meal and distillers dried grains with 

solubles. Journal of the World Aquaculture Society. 39. 521-527. 

Rosentrater, K. A. and Muthukumarappan, K. (2006). Corn ethanol coproducts: 

generation properties, and future prospects. Int. Sugar J. 108, 648–657. 

S´andor,J. Z.; Revesz, N.; Lefler, K. K.; Colovic, R.; Banjac, V. and Kumara, S. 

(2021). Potential of corn distiller’s dried grains with solubles (DDGS) in the 

diet of European catfish (Silurusglanis). Aquaculture Reports, 20: 100653. 

Saha, S. and Ghosh, K. (2013). Evaluation of Nutritive Value of Raw and Fermented 

De-oiled Physic Nut, Jatropha curcas Seed Meal in the Formulated Diets for 

Rohu, Labeorohita (Hamilton) Fingerlings.ProcZoolSoc, 66(1):41–50. 

Seo, J.Y.; Shin, I.S. and Lee, S.M. (2011). Effect of dietary inclusion of various plant 

ingredients as an alternative for Sargassumthunbergiion growth and body 

composition of juvenile sea cucumber Apostochopus japonicas. Aquaculture 

Nutrition, 17:549–556. 

Shchekoldina, T. and Aider, M., (2014). Production of low chlorogenic and caffeic 

acid containing sunflower meal protein isolate and its use in functional wheat 

bread making. J. Food Sci. Technol. 51, 2331–2343. 

SPSS (Statistical Packages for Social Sciences) (2007). Statistical packages for social  

sciences (version 17.0) (Chicago, IL, USA: SPSS Inc.). 

Stone, D. A. J.; Hardy, R. W.; Barrows, F. T. and Cheng, Z. J. (2005). Effects of 

extrusion on nutritional value of diets containing corn gluten meal and corn 

distiller’s dried grain for rainbow trout, Oncorhynchus mykiss. J ApplAquac 

17, 1-20. 

Sun, M.; Kim, Y. C.; Okorie, O. E.; Lee, S.; Devnath, S.; Yoo, G.; Bai, S. C. and Jo, 

Y. K. (2007). Evaluation of fermented soybean curd residues as an energy 

source in diets for juvenile olive flounder, Paralichthysolivaceus. Journal of 

the World Aquaculture Society, 38:536–542. 

Sun, X.; Chen, Y.; Luo, L.; Heidari, F.; Tiffany, D. G.;Urriola, P. E.; Shurson, G. 

G. and Hu, B. (2016). Feeding value improvement by co-fermentation of 

corn-ethanol co-product and agro-industrial residues with Rhizopusoryzae. 

Process Biochemistry, 111: 144–153. 

Suprayudi, M.A., Yaniharto, D., Priyoutomo, N., Kurnianto, A., Ekasari, J., 

Dedijusadi and Haga, Y. (2015). Evaluation of practical diets containing 

high levels of corn distiller’s dried grains with solubles on Red tilapia floating 

net cage production performance. Pakistan J. of Nutrition. 14: 708-711. 

Tacon, A. and Metian, M., (2015). Feed Matters: Satisfying the Feed Demand of 

Aquaculture. Reviews in Fisheries Science and Aquaculture, 23: 1-10. 



1039                  Nutritive Value of Distillers Dried Grains via Solid-State Fermentation in Diets of Nile Tilapia 

______________________________________________________________________________________________ 
 

1039 
 

Thompson, K. R.; Rawles, S. D.; Metts, L. S.; Smith, R. G.; Wimsatt, A.; Gannam,  

A. L.; Twibell, R. G.; Johnson, R. B.; Brady, Y. J. and Webster, C. D. 

(2008). Digestibility of dry matter, protein, lipid, and organic matter of two 

fish meals, two poultry by-product meals, soybean meal, and distiller‘s dried 

grains with solubles in practical diets for sunshine bass, Moronechrysops× M. 

saxatilis. J World AquacSoc 39: 352-363. 

Tidwell, J. H.; Coyle, S. D.; VanArnum, A.; Weibel, C. and Harkins, S. 

(2000).Growth, survival, and body composition of cage cultured Nile tilapia 

Oreochromisniloticus fed pelleted and unpelleted distillers grains with 

solubles in polyculture with freshwater prawn Macrobrachiumrosenbergii. 

Journal of the World Aquaculture Society, 31: 627-631. 

Verni, M.; Rizzello, C. G. and Coda, R., (2019). Fermentation biotechnology applied 

to cereal industry by-products: nutritional and functional insights. Frontiers in 

Nutrition, 6, 42. 

Wattanakul, W., Thongprajukaew, K., Hahor,W. and  Suanyuk, N.(2021).Optimal 

Replacement of Soybean Meal with Fermented Palm Kernel Meal as Protein 

Source in a Fish Meal-Soybean Meal-Based Diet of Sex Reversed Red Tilapia 

(Oreochromisniloticus × O. mossambicus). Animals, 11: 2287. 

Welker, T.L., Lim, C., Barrows, F.T. and Liu, K., (2014). Use of distiller’s dried 

grains with solubles (DDGS) in rainbow trout feeds. Animal Feed Science and 

Technology, 195: 47–57. 

Whitehead, T.P.; Bevan, E.A.; Miano, L. and Leonardi, A. (1991). Defects in 

diagnostic kits for determination of urate in serum. Clin. Chem., 37(6): 879–

881. DOI: 10.1093/clinchem/37.6.879. 

Yabaya, A.; Akinyanju, J. and Jatau, E. (2009). Yeast enrichment of soybean cake. 

World J. Dairy Food Sci. 4: 141–144. 

Yatzidis, H.L. (1987). A colorimetric method for detection of total protein. J Clinical 

Chemistry Journal 23: 908. 

Zhou, P., Zhang, W., Davis, D. A., and  Lim, C. (2010). Growth response and feed 

utilization of juvenile hybrid catfish fed diets containing distiller’s dried 

grains with solubles to replace a combination of soybean meal and corn meal. 

North American Journal of Aquaculture, 72, 298–303. 

 

 

 

 
 

 


