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This study was conducted to evaluate the partially replacement of diet
protein by corn distiller’s dried grains with solubles (DDGS). Sixty, New
Zealand White (NZW) growing rabbils (6 weeks old) with an average weight of
647+7.32 g were randomly assigned individually to six treatments of ten rabbits
each. The control diet based on soybean meal (SBM) as the main protein
source, whereas DDGS was incorporated in five diets to substitute 10, 20, 30,
40 and 50% of the control diet protein or 6.25, 12.50, 18.75, 25.00 and 31.25 of
the total diet, respectively. All diets were formudated to be iso- protein, iso-
digestible energy, and 1o satisfy the wmulrieni requirements according to
Agriculture Ministry Decree (1996) recommendation. The experimental period
lasted for & weeks.

The resulis showed that DDGS contained 27.20 % crude protein (CP),
10.2 ether extract (EE %) and 7.82 crude fiber (CF %). DDGS used in the
present experiment was in normal range of aflatoxins and ochratoxins,
according to FAOQ (1997), while fumonisin and deoxynivalenol were not
detected, At the end of the experiment period, the fowest numerical five body
weight and body weight gain and the worsi feed conversion values, were for the
rabbits fed on diet contained 50% substitution. Flowever, all substitution levels
had no adverse effects on growth performance as compared to the control diet,
except for feed conversion values which were acversely affected by 40 and 50%
substitution. The digestion coefficients of different nutrients and muritive values
of diets contained 30% DIDGS substitution were better in general than control
and others experimental groups. The digestion coefficients of nutrients and
nutritive values were not decreased significantly than the comtrol, except EL,
NFE, TDN and DCP values due to 50% substitution. DDGS had no significant
effect on carcass traits except edible giblels without a clear trend. Almost all
oragnoleptic properties and overall acceplability were not affected significantly
by DDGS substitution levels. There was a significant increase in both of cecum
pH and ammonia due to 50% substitwtion. In addition, there were numerical
increases in TVFA due to increasing DDGS substinution levels. Least caecum
microbial counts, in general were noticed with 20% DDGS substitution. The
least feed cost/ Kg body weight gain, economic efficiency and the best relative
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economic efficiency were for 30% DDGS substitution, while the worst values
were for 30% substitution.

In conclusion, DDGS as a protein source in growing rabbit diets can be
used economically without any adverse effects on growing rabbit performance
il 30% substitution (or 18.75 of the diet).
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In feed formulation, nutritionists consider a wide range of ingredients and
attempt to develop feed formulas that provide the desired level of nutrients at
minimum cost , as feed represents approximately 70% of the live productions cost.
Distiller's dried grains with solubles (DDGS} a co-product of the dry-mill ethanol
industry is a dried residue remaining afler the fermentation of the com starch by
selected yeasts and enzymes to produce ethanol. Each 100 Kg of corn preduced 46.46
litters of ethanol and 33.31 Kg of DDGS. This by- product has received considerable
aitention recently as an acceptable feed ingredient where the supply of DDGS is
increasing rapidly from beverage alcohol or recently from fuel alcoho! production
(Wang et af, 2007). Also, Togkgoz et al., (2007) reported that the DDGS production
will increase from 11 million tons in 2005 to be 40 million tons in 200%. Composition
of DDGS has been of great interest to researchers which mostly due to technology
used to produce DDGS (Waldroup ef af., 2007). Additional efforts are underway to
further develop and standardize these methods to insure feed quality as these ethanol
by-products become a larger share of the animal teed market (American Feed
Industry  Association, 2007). Althcugh there are many factors affect nutrient
composition of DDGS it is still very good source of protein (24-30%) and many
amino acids (Spichs ef af, 2002, Belyea ef af., 2004 and Kim er o/., 2008). Some
studies indicated that broiler can fed on up to 25% of DDGS without a reduction in
body weight or feed utilization (Waldroup ez af., 1981). Also, Wang er ail. (2007)
showed the effective use of diet with 15% of DIXGS in broiler diets. Swine fed on
20% DDGS had no detrimental effects on pork muscle quality (Whitney and
Shurson., 2004). During growing and finishing period of pigs fed on 0-25% wheat
DDGS, gain, feed intake and nutrient digestibility declined as wheat DDGS increased
but finished period was unaffected (Thacker., 2006).

The present study aimed to investigate the eftect of partial replacement of diet
protein by DDGS on growth performance, digestion coefficient, carcass traits and
economical efficiency of growing rabbit diets.

MATERIALS AND METHODS

This experimental study was carried out at Gizerat El-Sheir Pouitry Research
Station El-Kanater EL-Khaireia, El-Kaluobia Government, Egypt, Ministry of
Agriculture, May to July 2009, The Laboratory work was cenducted at Laboratories
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of By-products Research Department, Animal Production Research Institute,
Agricultural Research Center, Ministry of Agriculture, Egypt. The experiment aimed
to evaluate corn distiller’s dried grains with solubles (DDGS) as a non-conventional
source of protein in growing rabbit diets.

Experimental diets:

The experimental product (DDGS) was obtained from Cairo Company of
Poultry, then chemically analyzed to evaluate its nutritive values to formulate the
experimental diets ‘as shown in Table 1. Six diets comained 0, 6.25, 12.50, 18.75,
25.00 and 31.25% of DDGS by replacement of 0,10, 20, 30, 40 and 350% of diet
protein, respectively. All diets were iso-protein, and iso-digestible energy, and to
satisfy the nutrient requirements according to Agriculture Ministry Decree (1996)
recommendations. The experimental period lasted for 8 weeks.

Animals and management:

A total number of 60 NZW weaned rabbits at 6 weeks of age about
647.1547.32 ¢ as an average body weight were assigned, individually, into 6
treatments of 10 rabbits each. Rabbits were housed in galvanized metal rabbit battery
cages (60 x 50 x 40) supplied with separated feeders. Diets were offered in pellets
form ad libtum and fresh water was available all times from automatic nipple
drinkers. All animals were kept under the same managements and hygienic
conditions. Both feed intake and live body weight were recorded weekly and then
feed conversion ratio was calculated.

Chemtical analysis:

Approximate analysis of different samples (experimental diets, feces),
aflatoxins, ochratoxins, fumonisin, and deoxynivalenol of DDGS were determined
according to the methods of A.O.A.C. (2000,

Digestibility trial:

At the end of the experimental period, digestibility trial was carried out using
four rabbits of each treatment. Faeces were collected daily, weighed and dried at 60-
70 0 C for 24 hours, finely ground and stored for chemical analysis. Data of quantitics
and chemical analysis of feed and faeces were used to calculate the nutrients digestion
coetlicients and the nutritive values of the dietary treatments, as described by Cheeke
et al (1982).

Organoleptic evaluation of cooked rabbit meat:

Immediately after slaughtering and eviscerating, the same previous rabbits
packed in air-tight plastic bags and stored in a deep freezer until used for the panel
test.
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Table 1. Composifion and calculated analysis of the experimental diets for

_growing rabbits,
DDGS substitution (%)
Items Control
{0y 10 20 30 40 S0
Ingredients:
Clover hay {12%CP) 30.00 28.50 26.10 2280 25.09 27.62
Yellow com 23.53 2340 2205 1927 2256 2593
Soybean meal (44%CP) 18.70 1540 11.84 823 6.50 439
DDGS 0.00 625 1250 1875 2500 3125
Wheat bran 2134 2000 21.00 2441 1421 4.00
Molasses 3.00 300 300 3.00 3.00 3.00
DL-Methionine 0.14 012 0.1 0.10 0.09 0.11
Hel-Lysine 0.00 003 009 0.15 0.24 0.32
Vit..& Min. mix." 0.30 030 030 6.30 0.30 030
Salt 0.50 047 044 041 0.38 0.36
Limestone 0.22 035 055 082 0.63 042
Di-Calcium. phosphate 227 2.18 202 176 2.00 2.30
Total 100 100 100 100 100 100
Calculated analysis:'
Crude protein % 17.02 1705 17.00 1705 17.05 17.00
Digestible energy (Kcal’/Kg' 2500.0 25000 25010 25000 25027 25023
C/P ratio 147 147 147 147 147 147
Ether extract % 272 322 373 427 4.65 5.04
Crude fiber % 1325 1290 1249 12,03 12,02 12.09
NDF% ™ 37.63 3740 3713 3683  36.82 36.87
ADF%" 21.52 2120 2082 2040 2039 20.46
Hemicellulose %° 16.11 1620 1631 1642 1643 1641
Calcium % L1G .10 1.10 1.10 1.10 1.10
Total Phosphorus % 0.80 0.80 0380 0.80 0.80 0.80
Methionine % 036 035 034 035 0.34 036
TSAA 0.61 060 0.6l 0.62 0.60 0.61
Lysine %o 0.75 071 070 0.70 0.71 0.70

“Each 1.5 Kg. of Vita. mix contained : 13,000,600 IU Vit.A; 2,000,000 1U Dy; 10,000 mg Vit E; 1000 mg Vit.

K1;1000 mg Vit.B,; 5000 mg VitB,; 15000 mg vit By; 10,0 mg vit;By;; 10,000 mg Vit. Panathonic acid; 30,000 g

Nicotinic acid; 50 mg Biotin; 1.0 g Folic acid; 10,000 mg BHT. Each 1.5 Kg Min. mix contained 50 gZn; 60 ¢

Mn; 30 g Fe; 4 g Cu; 0.1 geobalt;0.1g Se and 0.3 gl;

! According to Feed Composition Tables for animal and poultry fiedstufFs used in Egypt (2001) ,except the values of

DS, which were determined (Table 2), Methionine (0.50) and lysine (0.73) vales were obtaired from Wang et af.

(2007).

- Cajeulated according to Cheeke (1987), ™% NDF = 28.924 + 0.657 (%CF), "% ADF=9.432+ 0912 (%CF) ,
*Hemicellulose = 2%NDF - % ADF.

The test was carried out to evaluate rabbit meat properties as colour, taste,
aroma, texture and overall acceptability by boiling the rabbits for 20 minutes in the
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water without addition of any flavor enhancers. Twenty participants (staff members of
Animal and Poultry Nutrition Research Section, Animal Production Research
Institute, Agriculture Research Center Ministry of Agriculture, Dokki, Giza, Egypt)
were asked in the panel test to give numerical values to indicate their evaluation of the
tested samples. Numerical values from | to 9 were used by the panelists to evaluate
the tested properties. Organoleptic evaluation of the tested meat samples was
determined according to Molander (1960).

Caecum activities:

Samples of caecum contents from the same slaughtered rabbits under each
treatment were taken and used immediately for the estimation of caecum pH and
caecum microflora (bacteria) aerobic total count, fecal coliforms, escherichia coli
count, bacillus cereus, enterobacter, clostridium sp., enterococcus, yeasts, salmonella
and shigella. Another sample of caecum content was strained through four folds of
gauze and divided into two portions. The first portion was used immediately for the
estimation of ammonia nifrogen concentration. The second portion was preserved by
addition of 1 ml N/10 HCL and 2 ml orthophosphoric acid to each 2 ml of caecum
contents juice for determination of total volatile fatty acids. The pH of the caecum
contents was measured immediately by using a digital pH meter. The microbial
content was studied in their selective media, as described by Postage (1969) for
aerobic total bacterial counts and Difco (1989) for fecal coliforms and E. coli, while,
the methods described by Baired Parker (1962) and Kim and Goepfert (1971) were
used for enmterococcus and bacillus cereus, respectively and Difco (1989) for
enterobacter, clostridium sp.; while the method described by Lodder (1952) was used
for yeasts determination. Safmonella and Shigella were enumerated according to the
methods described by A.0.A.C.{1998). Technique of colony forming unit (CFU) was
adopted. Incubation took place at 30°C for 2-7 days. The ammonia nitrogen
concentration was determined by applying Conway method (1958).The total volatile
fatty acids were determined by steamn distillation of the distillate as mentioned by
Eadie et al. (1967).

Economic efficiency:

The economic efficiency of ingredients of the experimental diets was
calculated as the ratio between income (price of weight gain) and cost of feed
consumed, calculated according to the price of the Egyptian market.

Statistical analysis:
The data were analyzed using General Linear Models (GLM) procedure of
SAS Institute (2001).
Y',j =n+Tiej
Where: Y= An observation, p = Overall mean of Yj, Tij= Effect of treatment(i =
1,...and 6), e; = Random error.
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Variables having a significant F-test were compared using Duncan’s Multiple
Rang Test (Duncan, 1955).
RESULTS AND DISCUSSIN

Chemical analysis:

Chemical composition of DDGS shown in Table (2), revealed that DDGS has
a good nutritive profile, where it contained 27.20 % crude protein (CP) on dry matter
(DM) basis, which was in the range (25-30%) reported by NRC. (1998), Spichs e/
al (2002), Martinez et of. (2004) , Batal and Dale (2006), Shurson and Spiehs , (2003)
and Kim ef af., (2008). DDGS ether extract {(EE %) and crude fiber (CF %) values
(10.2 and 7.82) were almost close to the values (10.7and 7.2) obtained by Shurson
and Spichs (2005) and (11.6 and 8.89) obtained by Kim et af., (2008). Wang er af.
(2007 reported that DDGS content of methionine and lysine were 0.50 and 0.73
respectively which are lower than those of soybean meal (0 .65 and 2.95) as a reported
by Feed Composition Tables for Animal and Poultry Feedstuffs used in Egypt (2001).

Table 2. Chemical analysis of Dried distilled grains with soluble (DDGS) as
compared to Soy bean meal (SBM) on air dry basis.

Items SBM* DDGS
Moisture % 13.0 11.02
Dry matter (DM %) 87.0 88.98
Crude protein (CP %) 44.0 27.20
Ether extract (EE %) 1.50 10.20
Ash (%) 6.50 5.01
Organic matter (OM %) 80.5 83.97
Nitrogen free extract (NFE %) 27.7 38.75
DE (keal / kg) * 3200 2700
Crude fiber (CF %) 7.3 7.82
Neutral detergent fiber (NDF%)} 15.0 23.28
Acid detergent fiber (ADF%)}™ 10.0 9.26
Hemicellulose (%)" 5.0 14.02
Calcium (%) 0.3 0.30
Total Phosphorus (%) (.65 0.86
Methionine (%) 0.65 0.50
Lysine (%) 2.95 0.73

kDE ( kcal’g } = 4.36 — 0.0491 (%NDF) .

Calculated according to Cheeke ( 1987 ).

Determinated according to Van Soest (1983).

|. NDF = cellulose + hemicellutose + lignin. m ADF = cellulose + lignin

n Hemicellulose (%) =NDF — ADF

* The values were obtained from Feed Composition Tables for Animal and Poultry Feedstuffs
used in Egypt (2001).

Methionine and lysine values of DDGS were obtained from Wang er of. (2007) .
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Table (3) showed that aflatoxins and ochratoxins values were in the normal
range as reported by FAO (1997), while, fumonisin and deoxynivalenol values were
not detected. Yanhong et a/. (2009) measured mainly aflatoxins, deoxynivalenol,
tumonisins, V-2 toxin, and zearalenone for 235 samples of DDGS collected from 20
ethanol plants in the midwestern United States and 23 export shipping containers from
2006 to 2008 using state-of-the-art analytical methodologies. The results suggested
that (1) none of the samples contained aflatoxins or deoxynivalenol levels higher than
the U.S. Food and Drug Administration (FDA) guidelines to use in animal feed; (2)
no more than 10% of the samples contained fumonisin levels higher than the
recommendation for feeding equids and rabbits, (3) most samples contained
zearalenone levels lower than the detection limit, and no FDA guidance levels are
available for zearalenone; and (4) the containers used for export shipping of DDGS
did not seem to contribute to mycotoxin production.

Table 3. Mycotoxins content of the experimental DDGS diets.

Items Aflatoxins Ochratoxins  Fumonisin Deoxynivalenol
{(pph) (ppb)
Normal range* 20 15
ND ND
DDGS 15 10
ND: Not detected) *According to FAQ, (1997)

Growth performance
Live body weight and body weight gain:

Table (4) showed that up to 50% DDGS substitution had no adverse effect on
both live bady weight and body weight gain values during (6-10} and (6-14) weeks of
age, while 30, 40 and 50% DDGS substitution decreased body weight gain
significantly (P<0.05) as compared with the control diet, during 10-14 weeks of age.

These results were in agreements to those obtained by Cromwell ef af. (1985)
who reported that higher inclusion levels of DDGS (30 and 40%) in the grower and
tinisher dicts of pigs adverscly affected the growth. Whitney et af (2006) determined
the maximal inclusion rate of corn distillers dried grain with solubles (DDGS) in
grower and finisher pig diets 10 be less than 20% DDGS for optimal performance.
Also, Wang et al. (2007) found that inclusion of 30% DDGS reduced overall broiler
performance traits due to a deficiency of some amino acids (A.A) that weren't
accounted in formulation with this level of DDGS. Waldroup (2007) revealed that as
greater quantities of DDGS were used in the diet, it becomes increasingly essential
that accurate nutrient values be assigned to the product.

Results also, indicated that the best viability rate was (100) for 30% DDGS
substitution whereas the worst (60) was for the 50% DDGS substitution these results
may be due to the increase of ether extract in 50% DDGS substitution diet relate to the
increase DDGS content of ether extract.
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Tabie 4: Rabbits performance values (u +5E) as affected by BDGS diets.

Control DDAGS substitution{® )
Items 0% 10 20 30 40 50
Initial 650.50 650.50 652.00 638.50 63889  652.50
Weight (g) £07.32 £07.40 + 06.02 £0441 21006  +06.59
10 weeks 1137.00°  1185.63%  1223.57™  1265.00™ 1283.33° 121157
+28.73 +24.45 +3938  +2237 +3198 +9.74
14 weeks 170250 1732.88% 178000  1757.50"° 171833 1645.50°
+20.29 +23.88 +21.82 £2395  £1978 0945
Bodywerght gein ()

6-10 weeks 486.5,° 53513 571.57% 626.50"  64d44®  559.077
£27.25 +27.04 +38.05 +2399  +24.31 +19.85

10-14 weeks 565.50" 547.23° 556.43° 492.50™  43500°  433.93°

+27.85 +19.62 +18.92 +3208  +41.63 +22.97
6-14weeks 1052.00%  1082.38°"  [128.00°  1119.00"  1079.44™ 99300
+23.55 +23.47 +2229 +25.13 +2915 +1530
No of dead 2 2 3 0 3 4
rabbltsfll] ab ab be a bc c
Viability rate (%) 80 80 70 100 70 60
Feed imake

6-10 weeks 2115.00 209025 2225.43 2242.30 2189.50 2139.711
+38.04 +23.93 +5823 +53.01 +54.19 +111.10

10-14 weeks 2534.75 2550.50 2714.00 2351.80 2499.50 2613.67

+29.60 +34.45 +59.17 8835  +205.79  +63.79
6-14weeks 4649.75 4640.75 4939.43 459410 468900 475338
5421 +43.98 £109.85 15717 +£24729 16248
Feed conversion
6-10 weeks 4.35 391 3.89 358 340 383
+0.31" £0.19% 021 +0.13° +0.12° +0.20°
10-14 weeks 448 466 4.88 4.78 545 6.02
+022° +0.19° £0,23" 035" +H).85? +0,35°
6 14weeks 442 4.29 438 4,11 434 4.79
+0.13 +0.11 0,10 +0.10 +0.28 +0.16

a, b and ¢ Means on the same row with different superscripts arc signiticantly different (P< 0.05).
SE = Standard error.

Feed intake and feed conversion:
The results of this study in Table (4) indicated that the amount of feed intake
were not affected adversely due to DDGS inclusion up to 50% substitution in growing
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rabbit diets. These differences between feed intake values were not significant
compared to the control diet (Table 4). Some studies indicated that voluntary feed
intake (VFI} may be reduced when comn DDGS is included in swine diets { Wahlstrom
and Libal 1980; Whitney and Shurson 2004). The same authors added that reasons for
this reduction in VFI remain unclear and dietary inclusion of DDGS seemed to
negatively affect palatability, factors, which are unfavorable for the palatability and
teed intake, may be due to mold spores, which can be concentrated in DDGS, during
fermentation. Other possibilities causing a reduced VFI include a significant AA
(amino acids) imbalance, including an increase in level of non-essential AA (NEAA)
(Henry et al., 1992; Henry., 1995 and Hahn ef al., 1995), Finally, high energy density
due to relatively high fat content of DDGS (Azain 2001). Noll and Brannon (2006)
found that there was no significant difference between 10 and 20% DDGS of the diet
compared with the control on feed conversion ratio (feed/ gain of turkey). The
differences in feed consumption and feed conversion may be due to reducing of buik
density of the diets with the higher levels of DDGS as reported by Wang et ol (2007).

Table (4) showed that increasing the level of DDGS substitution improved feed
conversion values during the first weeks of experiment (6-10 weeks of age), while
during the period from (10-14 weeks of age) increasing the DDGS level more than
30% substitution impaired feed conversion values (P< 0.05). The values were 5.45
and 6.02 for 40 and 50% substitution vs. 4.48 for the control diet, respectively. During
the total period (6-14 weeks of age) there were no significant differences between
feed conversion wvalues, where 30% substitution scored the worst feed
conversion value.

Digestion coefficients of nutrients and nutritive values:

The results presented in Table 5, showed significant differences between groups
in the digestion coefficients of different nutrients and nutritive values. The digestion
coefficients of different nutrients and nutritive values of diets contained 30% DDGS
substitution were better in general than control and others experimental groups. The
digestion coefficients of nutrients and nutritive value were not decreased
significantly than the control except EE, NFE, TDN and DCP values due to 50%
substitution.

Results were in agreement with Leaflet (2008) who reported that nitrogen
retention was higher significantly (P < 0.05) for hens fed com DDGS, wheat
middlings, or soybean hulls compared to hens fed the control diet. Also, Thacker
(2006) reported that, the digestibility of dry matter, crude protein and energy
declined(P< 0.01} as the level of wheat DDGS decreased in pig diets. The non
adverse effect on digestibility coefficient of nutrients and nutritive values for diets
containing DDGS may be due to the good nutritive value of DDGS and the balance of
soluble and insoluble fiber which improved gastrointestinal health. Soluble fiber has
high water holding capacity, readily forms gel, increases luminal viscosity, and is
easily degraded by micro- florain the large bowel, On the contrarily, insoluble fiber
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Table 5: Digestion coefficients of nutrients and nutritive values (u +SE) as
affected by DDGS diets.

Treatment Digestibility (%) r:::;‘;‘.ﬁ"
groups DM oM Ccp CF EF. NFE TDN DCP
DDGS

substitution

0%  68.18" 67.50° 73.95"  4383% 8138 7755 6688° 128"
(Control)  £0.62 026 2074 021 +0.51 030  £021  +0.13

70.23° 68.18% 74.10° 4425%  83.18%  7860° 6723°  1261"°
10% +024 073 086  +0.25 +0.76 1039 045 +0.14

6985° 68.20™ 7498% 4515°  82.48™  7825° 6765  12.76°
20% 035 048 054 065 2022 2031 2030 2009

7030%  70.35%  76.60" 48.43%  33.95° 7820"  68.50° 13.06"
30% H.6l  +107 H033 £1.01 +0.65 +.42 +0.71 +0.05

69.85° 70.15% 7445" 4878  81.78®  7845° 6838° 1272
0% .17  H69 062  +121 072 £037 037 011

71.13* 69.58% 7153° 42.00° 74.25° 73.85"  64.98° 12.20°
50% .55 023 H.11 +).81 +0.89 +0.38 +).60 +0.02

a,b and c Means on the same column with different superseripts are significantly different (P < 0.05).
% Caleulated accoeding to Cheeke et i, (1982).

has little water holding capacity, decreases transit time, is only partially degraded by
micro- flora, and increases fecal bulk (Swanson ef af,, 2001).

Carcass traits:

Effects of BDGS diets and control diet on carcass traits are shown in Table
(6). DDGS ievels had no significant effect on carcass traits, except edible giblets
weight percentage with no clear trend. "Thacker (2006) found that dressing weight
percentage was reduced as the level of wheat DDGS increased in diet, whereas, other
carcass traits were unaffected. Also, Wang er o/, (2007) indicated that good quality
DIDGS could be used in broiler diets at levels of 15 to 20% with little adverse effect
on live performance but might result in some loss of dressing percentage or breast
meat yield. They reported that birds fed diets containing 15% DDGS did not
differ significantly in dressing percentage or carcass characteristics as compated
with birds fed diets with high levels of DDGS, whether fed on a continuous
basis or alternated weekly. While 30% DDGS reduced breast yield, which may
be due to deficiency of some amino acids. Also, Johnson (2009) discussed the
utilization of biofuel co-products as feeds for pigs and its good cffect on carcass
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Table 6. Carcass traits values (un +SE) of rabbits as affected by DDGS diets.

Treatment Carcass traits

groups

DDGS Empty Liver Kidney Heart Giblets Dressing

substitution Carcass weight weight weight weight weight
(%) weight

%o % % % % s

0 5621124 3094008  0.92+0.03 047H002  4434009°  60.69:1.25
10 54924050  2.8040.13 0.890.01 039+002  4.08+0.13°  59.00£0.61
20 5975156 3.01x008  0.90:001 0435002  441+0.08% 64.16:1.54
30 57826159 2912015 085:0.03 0415003 418007 62.00+1.76
40 54814206 2712007 091002 0474001 401008 58914209
30 53.62¢138 279007  0.95:001 045:004 4.18:0.11™  57.79+1.40

A.band ¢ Means in the same column with different superscripts are significantly different (P < 0.05).
Total edible parts wt (Dressing wi).= Empty carcass wt. (without head) + Edible giblets wi.
Edibic gibicts wt= Liver wi, + Kidney wt.~ Heart wt.
Total edible parts % = Total edible pans wt. / fasted wt, *100

fiaits. Walter (2010) found that dressing percentage of market hogs increased
significantly in a linear fashion with wheat DDGS inclusion level and in a
guadratic fashion (P=0.01) as corn DDGS inclusion, while other carcass traits
were not affected by DDGS diets.

Caecum activitv:

Data in Table {7) showed the effect of using DDGS levels in rabbit diets on
caccum activity ptl, ammonia and TVFA which were determined, at the end of the
growing period {14 weeks of age). and the results showed that DDGS substitution had
significant (P< 0.03) effect on caecum pi! and ammonia concentration. The values of
pil vwere ranged between 4.73- 6.61 for treatinents groups vs. 4.02 for control, while
ammonia concentration values ranged between 6.48 — 8.44 mg/100 ml for treatments
vs. 746 mg 100 ml for control. Ammonia concentration decreased 1ill 30% DDGS
and increased again till 50% DDGS. Rabbits fed on DDGS diets gave higher caccum
pH than the control. The least (P<< 0.05) values of ammonia concentration were for 20
and 30% DDGS substitution. Results indicated that DIXGS had insignificant effect on
total voiatile fatty acids (TVFA) values of caecum. Values were ranged between 3.48-
3.77{ml eq/100mtl) for treatments vs. 3.41 (ml eq/100ml) for control. The previous
results may be due to not only the common composition such as protein, fat and ash
but also, celtulose, xylan and starch content of DDGS diets, which increased the
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Table 7. Caecum activity values (u+SE) of rabbits as affected by the
experimental diets.

Caecum activity values

Treatment groups

pi Ammonia TVFA
{mg/100ml) (ml eg/100ml)
DDGS substitution (%)
0% (Control) 402+ 0.65° 7.460.14" 341+0.19
10 534£0.13" 736 0,24° 3485 0.19
20 4732025 6.66+027 3.6550.22
30 508+ 027" 6.48+0,15° 364+ 0.10
40 4222024% 774+ 009° 3774015
50 6.61=0.11° 844+ 007" 3756011
ab cd and e Means on the same column with different superscripts are  signiticantly  difterent (P<

0.05).
SE = Standard error.

fermentation in monogastric such as swine and poultry as recorded by Kim ef al.
(2008).

Caecum microbial counts (log-1 CFU/mI) as affected by experimental diets
were presented in Table (8). Results showed that caecum length (Cm) of rabbit
groups received diet containing DDGS decreased significantly (P<(0.03) as
compared with control diet. Caecum weights (g} were not affected significantly in
rabbits received diets contained DDGS compared with control diets. Least caecum
microbial counts, in general were noticed with 20% DDGS substitution. Yeast
counts increased when compared with the control diet except 10% DDGS. These
results may be due to the method of DDGS production where an aqueous slurry of
yeast cells and residuals from the ground com kemnels remain after fermentation
pass through a stripper where the ethanol is removed (Kim er af., 2008).
Salmonella was not detected in all experimental diets.

Organoleptic properties of rabbit meat:

The results of the organoleptic properties of rabbits meat are presented in
Table 9. Almost all oragnoleptic properties and overall acceptability were not
affected significantly by DDGS substitution levels.
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Table 8. Caecum length and microbial courts fog” CFU/m) as affected by

PRGS diets.
DDGS substitution (%)
Hems
Comrd 19 20 30 10 @0 S
]
Caccum weight (g) 14250 12500 13000 1225 1375 i8S NS
Caecum jeagth {Cm} &67.50 5500 i8.75 52.00 58.2% 54.00 *
Caeccum microbos 18D
{Microbe CFU/mml) 055
Aerobic tos] count 8081 5375 S48 8.686 93840 8704 1.863
Fecal coliforms 6.11% 3657 3070 3820 A.734 5883 1279
E.Coli 1.29% 3657 24463 6.363 5.820 6.435 1.544
Bacillus cereus 44350 £.984 H.016 4732 4.383 4735 319
Eaterobacter 50490 4.183 3.293 5028 4930 3720 1233
Clostridium sp 2314 1993 1.637 L1940 1.B5] 2064 L6336
Enterococens 4058 3996 3738 3763 3435 3720 1506
Yeasty 5028 4930 5.10% 577 6586 613 1.490
Sulone b Shigeita ND NDO  ND ND ND ND -
Fach value i an average of 4 chyervations, 15D between treatrnents dt (1.05).
NI =Nt detected s Number of bacterial cells per wam of cretum content{log 107 CFU/ml.
YCFU (Colony foeming uniie) “NS: Not significant)., * Sigmificant

Organoleptic properties of rabbit meat:

Table 9. Organoleptic properties values (utSE) of cooked rabbits meat
as affected by DDGS diets .

DDGS Calour Taste Aroiia Texture Over all
substigation R

1% (Controly 6.65:0.18° 645029 6.60+8.25 6,60+ 0.23 630=023

18% s85:8.23" 6650 22 S 3020 685 024 675022
pin 2 660024 666+ 0,17 690+ 8,24 690£60.23 6590 0,24
e 680026 645027 645:026  TO0E028  TO50.15
4% 685024 6.55= 021 630:022  £.75:6.28 6.78:0.23
S0% 6,70+ 02) 6,85 0.22 .60+ 822 675:0.18  GB5-0.24

a and b Means on the sanwe column with different superscripts are significantly different

(P <0.09). ST = Standard erroe.

Economicil efficiency:

Results in Table (10} showed thai the least feed cost! Kg body weight
gain. cconontie efficicney and the best relative economic efficiency were for
30% DDGS substitution, while the worst values were for 50% substitution.
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Table 10. Economical efficiency of experimental diets for growing rabbits
as affected by different treatment groups, during period (6-14 weeks).

DDGS (%)

[tems C "

ontro 10 20 30 40 50

0%
Price/ kg diet (pt) 13588 13484 13499 13380 13297 132.15
Total feed intake/rabbit (gm) 464975 464075 493943 45410 468900 475338
Total feed cost/rabbit (1E) 6.32 6.26 667 619 6.23 6.28
Total weight gainrabbit(gm) 105200 108238 112800 111900 107944 99300
Feed cost/ ke gain 601 578 591 5.53 578 633
Total revenue/rabbit{ LE) 1262 1299 13.54 13.43 12.95 1.9
Net revenue/rabbit (LE) 631 6.73 6.87 134 672 5.63
Economical efficiency(EE) 1.00 1.08 1.03 117 108 0.90
Relative EE% 100 10778 10320 117.06 10496 89.86

Based on prices of the Egyptian market during the experimental period (2009).

The price of one ton of clover hay (12% CP), | yellow corn, soybean meal( 44%CT), wheat bran,
molasses, lysine. methionine, vilamins & minerals mix., salt, lime stone and Di-cal. phosphate were
500.1400, 2700, 1400, 400,25000, 42000, 1250,185, 160 and 1100 LE, respectively.

The price of one ton DDGS on selling was 1700 LE , Initial price of rabbit 12,  Net revenue /
rabbit (LE) = (Total revenue / rabbit (LE)) — (Total feed cost / rabbit (LE))

Economical efficiency = (Net revenue/rabbit (LE)) / (Total feed costrabbit (LE)

Feed cost / kg gain = Total feed cost'rabbit (LE) *1000 / Total weight gain/rabbit (gm ).

These results were in agreement with Amanda (2008) who found lower

costs associated with DDGS as a supplement expressed as unit of body

weight change, and that sows supplemented with DDGS put on more weight

than sows supplemented with a commercial range pellet, at 20% less the

cost per day.

Coclusively, DDGS diets as protein source in growing rabbit diets can be used

economically without any adverse effects on growing rabbits performance till 30%
substitution or 18.75 of diet.
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