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Effect of Replacement of Sovbean meal by DDGS Combined with Commercial Phytase on
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Abstract: A feeding trail was conducted to evaluate the effect of different levels of DDGS replacing
by soybean meal (0,25,50,75 and 100) with or without supplementation of Commercial phytase (Ronezyme)
(0,150mg / kg ) on juvenile tilapia (Oreochromis niloticus) in two factorial arrangements. Each diet was used in
duplicate which means 10 treatments and 20 hapas (2x2x0.5m’) at densities of 4 fish/m’ (8 fish / hapa), fed 5-3%
of wet body three times daily for 70 days. The results showed no sigmficant differences (P > 0.05) observed
insurvival rate. Final weight, WG, ADG and SGR were superior in T, T, and T, (0,25, 50 DDGS with phytase
supplementation 150mg kg™ diet). Feed intake and WG were improved with phytase supplementation.
The other parameters of feed utilization PER, PPV and energy utilization showed significant differences (P<0.05)
between treatments where T6, T7 and T8 recorded hugher values. The results suggested that DDGS replacing
soybean meal and supplemented with exogenous phytase can significantly improve growth performance and
feed utilization parameters in juvenile Nile tilapia (Oreochromis niloticus).
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INTRODUCTION

Distiller's Dried Grams with soluble (DDGS) is
a valuable feed ingredient and is one of the three
co-products produced in dry grind ethanol plants, along
with fuel ethanol and carbon dioxide [1,2]. Due to its
reasonably high protemn content, fairly low phosphorus
content and low cost compared to fish meal [3] Tt was
considered as a protein source that can replace expensive
plant protein sources. The nutrient composition of
distillers, depends on the type, variety and quality of the
grains used, as well as the efficiency of starch conversion
and the processing technique.

Colour and handling properties of DDGS can
also change substantially between manufacturing
plants [4] and drying conditions [5]. Up till now, only a
little research has been carried out on utilizing DDGS as a
protein source m aquaculture feed, limited work has
mvestigated feeding Trout [6-9], Prawn [10-14]. Channel
catfish [15-17] Carp [5] Tilapia [18-22].

These studies have found that DDGS in combination
with other feed mgredients, could partially or even totally
replace fishmeal as a protein source and that fish — growth
performance could be maintained at acceptable levels
depending on plant protein based diet.

Much work remains to improve and maximize the

utilization of these co-products 1n aquaculture via growth
performance trails and acceptability testing of these novel
feed products [3].
Anti  nutritional present in
soybeans can be partially removed by proper heat
treatment and extraction procedures [23]. However,
phytate is relatively heat- stable. phytate bound P
1s not available to monogasteric ammals ncluding
fish [24].

Furthermore, phytate may interfere with the
availability of other minerals [23]and can bind
trypsin and decrease protein availability in fish [25,26].
That may mduce poor bone mineralization [27], increase
carcass fat deposition [28] and decrease resistance to
disease [29].

Phytatae-phosphorus in DDGS was  0.28%, which
was about 36% of total phosphorus. This level of
phytate- phosphorus was low compared to phytate-
phosphorus in other cereal grain and oil seed meals.

Several factor

This might be due to the fermentation process used in
producing ethanol, which could break the chemical bonds
of the phytate [8].

However phytate is heat-stable and camnot be
effectively removed without enzymatic reactions [6].
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The objective of the present worl was to study the
the effect of replacement of soybean meal by DDGS
combined with commercial phytase on Nile tilapia
(Oreochromis niloticus) fingerlings growth performance
and feed utilization.

MATERIALS AND METHODS

Experimental Fish: A total number of (800) mono sex
Nile tilapia (Orecchromis niloticus) fingerlings of an
mitial average body weight of 2.0 gm were obtained
from commercial fish farm located in Kafr El-Sheikh
Governorate Egypt. The fish were adapted for 15 days to
the new envionment wntil started the experiment.
Experimental Fish were allotted randomly into 20 hapas
(2x2x0.5m”) giving net volume of 2m’ at a rate of (8)
fingerling/ hapa (4 fish /m”) in earthern pond representing

All experimental fish were healthy and free of disease
and parasites at arrival and during the whole experimental
periad.

Experimental Diets: Five experimental soybean
meal based diets replaced with DDGS (0, 25, 50,
75 and 100%) were combined with two levels of
phytase (0 and 150 mg~'kg) diet to obtain 10
treatments, contaming (35% CP and 3884 kcal’kg ME)
as presented in Table 1 were fed to the fish at a
feeding rate 5% of the total body weight at
the first month (30 days) then decreased to 3%
at the beginning of the 2 month until the end
of the expenment. The whole experiment period was
70 days. Fingerlings were fed 3 times daily at 2 pm
and 8 pm for 6 days / week with feed amount
adjusted approximately at 15 days intervals in response

ten treatments each m 2 replicates. to weight gain.

Table 1: Composition and proximate analysis of the experimental diets

Diets Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Tngredients

Fishmeal (72 % CP). 10.00 10.00 10.00 10.00 10.00
Soybean meal (44% CP). - 10.00 21.00 30.00 40.00
DDGS, (32%CP). 55.00 42.50 28.00 14.00 -
Com gluten (62%CP). 15.00 13.00 13.00 12.50 12.00
Com grain (9%CP). 14.00 18.00 22.00 26.70 30.40
Vegetable Oil 2.00 3.00 3.00 4.00 5.00
Choline Chloride 0.30 0.30 0.30 0.30 0.30
Vitamin C. 0.30 0.30 0.30 0.30 0.30
L-Lysine HCL 98%. 0.40 0.20 - - -

D L-Methionine 1.00 0.70 0.40 0.20 -
Minerals' 1.00 1.00 1.00 1.00 1.00
Vitamins® 1.00 1.00 1.00 1.00 1.00
Proximate comp osition

Moisture 7.60 7.50 7.40 7.30 7.50
Dry matter (%) 93.40 92.50 92.60 92.70 92.50
Crude protein (%) 35.18 34.97 3530 35.12 35.16
Ether extract (%6) 8.09 821 8.21 8.17 8.20
Crude fiber (%6)° 5.10 4.9 4.66 4.30 4.10
Ash (%0 5.72 5.62 5.56 5.60 5.59
Nitrogen free extract (%) 45.91 16.29 46.27 46.81 46.95
Metabolizable energy (KCal / Kg)' 3837.1 3854.0 3868.0 3876.0 3884.0
Protein energy ratio (mg protein/ K Cal) 91.68 20.74 91.26 90.61 90.53

1- mineral premix supplied per kilo-gram diet: calcium. 4.3g: phosphonus, 2.6g: copper, 5.0 mg: iron, 41 mg: mangenese, 120 mg, zink, 115 mg: iodine,

2.5mg, cobalt, 1.0 mg, sulfur, 153mg.

2- The vitamin premix supplied per kilogram diet: vitamin A, 2900 intermational unit (TU), vitamin B-12, 0.014 mg, riboflavin (B2), 18.2 mg: niacin. 10.7

mg: pantothenic acid, 37 mg, choline, 715 mg: folic acid 6.1mg, biotin 0.17mg, ascorbic acid 220 mg: menadione (k3) 9mg, thiamine (B1) 16.2 mg.

w

- Crude fiber is not included in calculating ME of the diets.

=
1
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Metabolizable energy (ME):- calculated using vahies of 4.50, 815 and 3.49 K Cal for protein, fat and carbohydrate, respectively according to Pantha (1982).
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Growth Performance and Feed Utilization Parameters:
At the begiming of the feeding trail, 200 fish were
sampled and stored at -20°C for the
whole body composition as a imitial (zero time). At the end

analysis of

of the experiment period (70 days), samples of 5fish per
hapa were withdrawn for analysis of whole body
composition at the end of the experiment. The growth
parameters were recorded including, average weight gain
(AWQG), average daily gain (ADG), specific growth rate
(SGR), feed conversion ratio (FCR), protein efficiency ratio
(PER), (PPV),
utilization(EU) and survival rate according to the

protein  productive  value energy

following equations:

AWG (g/fish)= [Average final weight (g)-Average

iitial weight (g)].

ADG (g/fish/day)= [AWG (g)/experimental period(d)].

SGR (Yoday)—= (Ln final weight (g)- Ln mutial weight
(g) experiment period (d)] x 100.

FCR = Feed intake (g),/live weight gain (g).

PER = Live weight gain (g) / protein
intake (g).

PPV (%)= [Final fish body protein (g)-initial
fish body protein (g)lerude protein
intake (g)] x 100.

EU (%)= {(Retained energy Kcal/energy mtake,
Kcal)yx100.

Samples and Analytical Procedure: Experimental diet
and fish samples were analyzed for their proximate
composition in triplicate following the methods of the
AOAC [30]. The Metabolizable energy (ME) content of
the tested diets calculated using values of 4.50, 8.15 and
3.49 kecal for protein, fat and carbohydrate, respectively
according to Pantha [31].

Water Quality Parameters: Air and water temperature
were determined four times weekly at 6.00 am and 2.00 pm
by using a thermometer. Water dissolved oxygen (DO)
content and water pH were measured weekly at 2.00pm
using a digital dissolved oxygen meter (Jenway
model 9070) and a digital pH meter (model checker 1
produced by Hanna Instument Co.), respectively.
Water salinity (mg/l.) was determind biweekly using a
digital conductivity meter (jenway model 4075). Water
alkalinity and total ammonia nitrogen (TAN mg/T.) were
weekly determind following the methods dscribed by
Chattopadhyay [32].

475

Statistical Analysis: Statistical analysis of the experiment
was done using SPSS package ver. 15 for windows Data
were statistically analyzed in a factorial design procedure.
Mean of treatments were compared by Duncan [33]
multiple range test. Duncan test (P<<0.03) was used to
compare means and (F <0.05) was considered for the
variance analysis.

RESULTS AND DISCUSSION

All of the

measured were suitable for the normal growth of tilapia

values water quality parameters
and warm water fish as mentioned by Tahoun [34] and
Khalfalla ez al. [35]. Average values recorded were
Temperature 27.5C°, pH 7.6, Do 7.5 gm/L, total ammonia
nitrogen 0.040 mg/L. and total alkalinity 175 mg/L,
respectively.

Initial weight, final weight, WG, ADG, SGR and
survival rate of fingerlings fed experumental diets for
70 days are presented in Table 2. there were no significant
differences in fish initial weight (P>0.05).

After feeding period, significant differences occurred
among fish fed different diets. Fish fed diets T1, T2 and
T3 (replaced soybean meal by DDGS 0,25, 50%). Showed
higher final weight, indicating that the fish grew faster
than the other groups T4 and T5 (75, 100% replacement).
The other parameters WG, ADG and SGR followed the
same pattern similar to fish final weight that there were no
significant differences between the first three treatments
T1, T2 and T3 they superior than the last two treatments
(T4and T5).

Survival rate showed no significant differences
(P> 0.05) among fish fed different diets. Survival rate was
approximately 100% for fish fed all diets.

Feed intake, feed
efficiency ratio, protein productive value and energy
utilization of fish fed diets containing different levels

conversion ratio, protein

of DDGS regardless of phytase supplementation are
shown in Table 3. The results indicated that there were
no significant differences i feed mtake (P>0.05) between
treatments. The best values of FCR was recorded for
fish fed T3. Recorded values for PER and Eu showed
significant differences between treatments (P<0.05) the
best values recorded m T1, T2 and T3 than T4 and T5. the
protein  productive value had nearly the same trend of
PER and Eu.

Table 4 showed the effect of different levels of DDGS
and phytase level on growth parameters of O. niloticus
fingerlings. The data demonstrated that all diets from
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Table 2: Effect of different levels of DDGS regardless of dietary phytase on growth parameters of Oreochromis niloticus fingerlings

Average initial Average final Average Average daily Specific growth Survival
Treatments weight (g) weight (g) weight gain (g) gain (g/ day) rate (%o/ day) rates (%0)
T1 1.965* 22.950° 20.988* 0.300° 3.513¢ 99.500*
T2 1.975* 22.600* 20.625* 0.295° 3.478* 99.500*
T3 2.050° 22.625¢ 20.575* 0.295¢ 3.433® 100.00*
T4 1.988* 21.000° 19.125° 0.270* 3.368% 100.00*
TS 2,025 20.515° 18.490° 0.265° 3.308° 100.00*

a,b,c.etc: Means in the same column with different superscripts are significantty different (P<0.035)

Table 3: Effect of different levels of DDGS regardless of dietary phytase on feed and protein utilization of Oreochromis niloticus fingerlings

Treatments  Feed intake (g) Feed conversion ratio Protein efficiency ratio Protein productive value (%) Energy utilization (%)
T1 36.438* 1.673° 1.790 % 31.143° 21.568*
T2 36.840% 1.718® 1.730% 30.318® 21.043*
T3 35.328* 1.640° 1.790* 31.258* 21.805®
T4 36.355*% 1.823¢ 1.625° 28240 19.323°
T5 35.375% 1.808* 1.595° 27.478° 18.918°

a,b,c.etc: Means in the same column with different superscripts are significantty different (P<0.035)

Table 4: Effect of different levels of DDGS and dietary phytase on growth parameters of Oreochromis niloticus fingerlings

Awverage initial Average final Average Average daily Specific growth

Treatments weight (g) weight (g) weight gain (g) gain (g/ day) rate (% day) Survival rates (%)
T1 1.975 21.450™ 19475 0.280° 3.490% 99.00
T2 1.975 21.350° 19.375°® 0.280" 3410° 100.00
T3 2.050 21.700° 19.650° 0.280" 3.375% 100.00
T4 1.975 20450 18.475 b 0.256% 3.3404 99.00
TS 2.000 19.6304 17.630¢ 0.255°¢ 3.2604 100.00
Té 1.950 24.450° 22.500° 0.320° 3.615° 100.00
T7 1.975 23.850° 21.875¢ 0.310° 3.555% 100.00
T8 2.050 23.550 21.500° 0.310* 3.490° 100.00
To 2.000 21.550% 19.550° 0.275° 3.305° 100.00
T10 2.050 21.400% 19350 ® 0.275" 3.375% 100.00

a,b,c.etc: Means in the same colummn with different superscripts are significantly different (P<0.05)

Table 5: Effect of different levels of DDGS and dietary phytase on feed and protein utilization parameters of Oreochromis niloticus fingerlings

Treatments Feed intake (g) Feed conversion ratio Protein efficiency ratio Protein productive value (%) Energy utilization (%)
T1 36.925° 1.810° 1.625% 27.755 % 19.100%
T2 38.965° 1.915% 1.525 26.215° 18.060%
T3 36.765* 1.775%¢ 1.640% 27.755¢ 19.365%
T4 38.460* 1.915* 1.485¢ 25.585° 17.1451
Ts 36.000* 1.915% 1.495¢ 25.225° 17.3651
Té 35.950%® 1.535 1.925% 34.530* 24.035*
T7 34.715° 1.520¢% 1.935% 34.420% 24.025*%
T8 33.950° 1.505¢% 1.940% 34.335% 24.245*
TO 34.250" 1.665% 1.770%® 30.895% 21.500"
T10 34.750° 1.700%4 1.695% 29.730° 20.470%

a,b,c.etc: Means in the same column with different superscripts are significantty different (P<0.035)
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(T6 to T10) were supplemented with commercial phytase
(150 mg / kg) had sigmficantly (P<0.05) higher values
compared with the other treatments which were not
supplemented with the phytase (T1 to T5).

Data obtamed from (T6 to T10) revealed that all
parameters concerning final W, WG, ADG and specific
growth rate showed no sigmificant difference between T6,
T7 and T8 which recorded higher values than the other
diets T9 and T10.

Feed intake, feed conversion ratio, protein efficiency
ratio, protein productive value and energy utilization
of fish fed diets containing different levels of DDGS
with  phytase are shown i Table 5 Feed intake
decreased with phytase supplementation. The best values
of FCR was recorded with fish fed T6,T7 and TS.
There were improvement in PER, PPV and Eu with phytase
supplementation. The best values where recorded for
T6, T7 and T8.

The growth performance and FCR of Nile tilapia
after the 70 day growth trial was improved significantly
(P<0.05) when diets were supplemented with phytase
compared with the unsupplemented diets.Phytase
improved the nutritional quality of the diets [36,37].
Similar results was observed in rainbow trout [26,38,39]
Channel catfish [40], Carp [41]. However, the inclusion of
phytase did not improve the growth of juvenile korearn
rock. Fish (sebastes schlegeli) fed diets contaming
soybean meal [42].

The results of this work had support to the previous
studies which showed that DDGS 13 a good protein
source 1n fish diets that could replace soybean protein
based diets with acceptable levels. Trout [6-8, 12-14]
Channel catfish [15-17], Carp [5], Tilapia [18-22]).

The level of phytate — phosphorus in DDGS was
low compared to phytate phosphorus in soybean meal
due to the fermentation process used in producing
ethanol, which could break the Chemical bonds of
phytate [9] suggested that diets contaming DDGS
mainly supplemented with phytase increased deposition
of P 1n the whole fish body, indicating that P load to the
environment was reduced. Therefore, using phytase in
plant based diets can reduce the need for morganic P
supplementation m diets, leading to the reductions of P
discharged to the environment from fish farms. [8,37,43]
which reflects on improving growth performance and feed
utilization up to 50% replacement along with 150mg kg™
diet supplementation of phytase. Information obtained
from this study will allow flexibility in least- cost feed
formulation leading to lower feed costs, increased
profits for fish producers, as well as mcrease the market
demand for the increased supply of DDGS.
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