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A B S T R A C T 
 
The main objectives of this study were to partially substitute corn and soybean meal with dried distiller’s 
grains with solubles (DDGS) and to supply Allzyme SSF® in growing-finishing rabbit diet, investigating 
the influence of these diets on rabbit’s meat quality. Seventy two rabbits of both sexes were randomly 
assigned in a feeding trial from 54th to 91th day of age,  allotted into 6 equal groups (12 rabbits/ group) to 
evaluate 6 experimental diets varied basically in Allzyme SSF® (0 or 0.02 %) and DDGS (0, 10 or 20 %) 
levels within 2 x 3 factorial arrangement. Rabbits were fed ad libitum until they attained slaughtering age 
(91th day). Compared with DDGS-non containing, DDGS-containing diets either with or without Allzyme 
SSF® supplementation recorded a significant increase in minerals content of rabbit’s meat (P ≤ 0.05). In 
conclusion, DDGS level up to 20 % as well as Allzyme SSF® supplementation in growing rabbit’s diets 
has no detrimental effect on rabbit’s meat composition. 

Keywords: Dried distiller’s grains with solubles (DDGS), Allzyme SSF®, Growing-finishing rabbits  
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1. INTRODUCTION  

apid expansion in bio-ethanol 
industry has led to the production of 
huge amount of dried distiller’s 

grains with solubles (DDGS; 25 – 30 % CP, 
8 – 10 % EE, 4 – 7 % ash, 10.5 % starch and 
4 – 12 % CF) as provided by tables of feed 
ingredients’ nutrients chemical composition  
(NRC, 1977; Maertens et al., 2002; De Blas 
et al., 2010). DDGS have been extensively 
introduced to animal’s diets as alternative 
protein source (Hill, 2004). The nutritive 
value of DDGS (Villamide et al., 1989; De 
Blas et al., 2010; Alagon et al., 2013a) have 
been extensively studied while, few studies 
had been conducted on their effect on 

rabbit's carcass characteristics and meat 
quality (Chrastinova et al., 2009; Alagon, 
2013). This very limited research on carcass 
composition in response to DDGS needs 
scientific evaluation (Lemenager et al., 
2006).  
Allzyme SSF®, a commercial enzyme 
complex consists of 7 active enzymes; 
amylase, beta gluconase, protease, cellulase, 
pectinase, phytase and xylanase (Adeniji, 
2008) produced by Aspergillus niger fungus 
using solid state fermentation (SSF) 
technology by Alltech incorporation in USA 
deserves to be tested to improve the feeding 
value of DDGS-containing diets for rabbits. 
To the best of our knowledge, there is no 
individual study evaluated the effect of 
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Allzyme SSF® supplementation in growing 
rabbit’s diets containing varying levels of 
DDGS. Further research on rabbit’s meat 
quality in response to DDGS combined with 
Allzyme SSF® supplementation is therefore 
needed to prove that those feed ingredients 
could replace corn-SBM based diets for 
rabbits. We hypothesized that Allzyme 
SSF® supplementation might affect rabbit’s 
meat quality. Therefore, the main objectives 
of this study were to partially substitute corn 
and SBM with DDGS, as well as to supply 
Allzyme SSF® in growing rabbit’s diet 
investigating the influence of those diets on 
meat quality. 

2. MATERIALS AND METHODS 

This research study was performed by 
conducting a rabbit feeding trial from 54th 
to 91th day of age in which DDGS were 
incorporated (0, 10 or 20 %) and Allzyme 
SSF® was supplemented (0 or 0.02 %) in 
growing-finishing rabbit’s diets in 2 x 3 
factorial design to evaluate six experimental 
diets. 
2.1. Experimental diets  
Feed ingredients were cleaned, weighed, 
prepared, and thoroughly mixed together to 
formulate six different experimental diets, 
then pelleted. Diets were formulated to be 
iso-nitrogenous, iso-caloric, as well as iso-
lignocellulosic using the nutrients content 
values of feed ingredients described in the 
nutrients composition tables to achieve the 
optimum nutrient requirements of rabbits 
(NRC, 1977). Diets were varied basically in 
Allzyme SSF® and DDGS levels as 
follows; T1; 0 % Allzyme SSF®, 0 % 
DDGS; T2; 0.02 % Allzyme SSF®, 0 % 
DDGS; T3; 0 % Allzyme SSF®, 10 % 
DDGS; T4; 0.02 % Allzyme SSF®, 10 % 
DDGS; T5; 0 % Allzyme SSF®, 20 % 
DDGS; T6; 0.02 % Allzyme SSF®, 20 % 
DDGS; respectively (Table 1). 

2.2. Experimental animals  
Apparently, healthy 72 rabbits of both sexes 
were used in that feeding trial from 54th to 
91th day of age. Rabbits were weaned at 
30th, brought at 40th day of age from a 
reputable source, housed in galvanized 
cages, which were supplied with food 
hopper as well as automatic watering 
system with nipple drinkers. They were left 
14 days for acclimatization before the 
beginning of the experiment. At 52th day of 
age all animals were fasted for 12 h, 
weighed, averaged, then were identified by 
means of ear tags before being divided into 
six equal groups (twelve rabbits/ group, 
each group was subdivided in to three 
replicates; four rabbits/ replicate). The 
experiment was started at 54th day of age, 
and rabbits were allowed free choice access 
to feed and water in an entirely randomized 
design till the slaughtering age (91th day). 
2.3. Proximate chemical analyses: 
Chemical analysis of experimental diets was 
conducted according to the standard 
methods of AOAC (2000) for; DM by oven 
drying while moisture was calculated by 
mass difference (100 – DM %), ash was 
analyzed by combustion in a muffle 
furnace, CP (Total N was determined by a 
micro-Kjeldahl technique; Turbotherm 
digestion and Vapodest 30 S distillation 
units, Gerhardet, Germany), CF was 
determined by Weende method using 
Fibertech™ 1020 (M6, Foss, Denmark), EE 
was determined after fat extraction by 
Soxhelt’s method using petroleum ether, 
and finally NFE % was calculated by mass 
difference. Frozen lean meat prior to 
chemical analysis, were thawed, dried at 60 
0C for 48 hours; then half of them were 
continued to be fully dried to determine DM 
to calculate the moisture % by mass 
difference and the other half followed the  
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Table 1. Feed ingredients compositions (%) of the experimental diets 

Ingredients  
Experimental diets 

 
T1 T2 T3 T4 T5 T6 

Alfalfa Hay 
 

31.23 31.21 31.23 31.21 31.23 31.21 
Wheat Bran 

 
32 32 30 30 28 28 

Corn (Yellow) 
 

22 22 19 19 15 15 
Soybean Meal 

 
13 13 8 8 4 4 

DDGS 
 

0 0 10 10 20 20 
◊Allzyme SSF® 

 
0 0.02 0 0.02 0 0.02 

Common Salt 
 

0.50 0.50 0.50 0.50 0.50 0.50 
Lime Stone 

 
0.50 0.50 0.50 0.50 0.50 0.50 

*Vit. & Min. Mix. 0.30 0.30 0.30 0.30 0.30 0.30 
Anti-mycotoxin 

 
0.20 0.20 0.20 0.20 0.20 0.20 

Methionine  
 

0.10 0.10 0.10 0.10 0.10 0.10 
Lysine 

 
0.10 0.10 0.10 0.10 0.10 0.10 

Antioxidant 
 

0.05 0.05 0.05 0.05 0.05 0.05 
Anti-coccidial 

 
0.02 0.02 0.02 0.02 0.02 0.02 

Total   100 100 100 100 100 100 
Typical activities in Allzyme SSF® produced by Alltech incorporation USA are; phytase: 1,000 PU/g, protease: 
1,200 HUT/g, xylanase: 300 XU/g, cellulase: 250 CMCU/g, β-glucanase: 750 BGU/g, amylase: 25 FAU/g and 
pectinase: 5 AJDU/g. *Vit. & Min. Mix.: vitamin and mineral mixture produced by AGRI-VET 10th of Ramadan 
city A2, Egypt, each 3 kg contains: vit. A 12000000 IU, vit. D3 2000000 IU, vit. E 10000 mg, vit. K3 2000 mg, vit. 
B1 1000 mg, vit. B2 5000 mg, vit. B6 1500 mg, vit. B12 10 mg, biotin 50 mg, pantothenic acid 10000 mg, nicotinic 
acid 30000 mg, folic acid 1000 mg, manganese 60000 mg, zinc 50000 mg, iron 30000 mg, copper 10000 mg, iodine 
1000 mg, selenium 100 mg, cobalt 100 mg, carrier (CaCo3) up to 3 kg. 
 
other half followed the previously described 
methods of chemical analysis to determine 
other nutrients. 
2.4. Meat chemical composition:  
Rabbits were slaughtered when they 
reached the slaughtering age (91th day). On 
the day before slaughtering, rabbits were 
deprived of food for 12 h, and then 
slaughtered at 18:00 o’clock. After 
slaughtering, rabbits were de-skinned, 
eviscerated and dissected into edible and 
non-edible parts as quickly as possible. For 
lean composition traits, three carcasses per 
each group were divided longitudinally into 
two similar halves; one half-carcasses were 
dissected from bone and the meat was 
frozen (–18 °C) until chemical analyses. 

2.5. Statistical analysis:  

The recorded data were analyzed using two-
way analysis of variance (ANOVA) as 2 x 3 
factorial arrangements (2 Allzyme SSF® x 
3 DDGS levels with an interaction model). 
The individual rabbit was used as the 
experimental statistical unit. The general 
linear model (GLM), Univariate of IBM 
SPSS statistics 19 was used for all analysis. 
Tukey or Duncan post hoc tests were used 
for multiple comparisons among the three 
DDGS levels with a confidence level at (P ≤ 
0.05). The values having the significant 
interaction between Allzyme SSF® and 
DDGS were re-analyzed using one-way 
ANOVA for multiple comparisons among 
all experimental groups with a confidence 
level at (P ≤ 0.05). 
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3. RESULTS 

3.1. Chemical composition of experimental 
diets:  

The chemical composition of the 
experimental diets is shown in Table 2. The 
analytical composition of the experimental 
diets for crude fiber was lower (9.5 %) than 
the expected (12 %). 
3.2. Meat chemical composition:  
The effect of DDGS inclusion and Allzyme 
SSF® supplementation in rabbit’s diet on 
their meat chemical composition is 
presented in Table 3. Allzyme SSF® 

supplementation in T2 significantly increase 
the DM and EE contents (P ≤ 0.05) of 
rabbit’s meat compared to Allzyme SSF® 
non-supplemented group (T1). However, 
the lower inclusion rate of DDGS 
significantly increase the EE content of their 
meat (P ≤ 0.05) in Allzyme SSF® non-
supplemented (T3) compared to Allzyme 
SSF® supplemented group (T4). DDGS-
containing diets either with (T4, and T6) or 
without (T3 and T5) Allzyme SSF® 
supplementation recorded a significant 
increase in minerals content of rabbit’s meat 
(P ≤ 0.05) compared to DDGS-non 
containing (T1 and T2) diets reflecting the 
higher minerals retention in rabbit’s meat. 

 

Table 2. Proximate chemical composition of the experimental diets (g/100g as-fed unless 
otherwise indicated) 

Nutrients 
 Experimental diets 
 T1 T2 T3 T4 T5 T6 

Moisture   8.00 9.33 10.00 9.33 10.00 9.33 
□DM  92.00 90.67 90.00 90.67 90.00 90.67 
□CP   19.12 17.58 18.49 17.32 17.92 17.68 
□EE  3.48 3.81 4.53 4.88 6.26 5.41 
□CF   9.85 7.93 11.06 9.40 10.30 9.76 
Ash   7.42 5.99 7.54 5.64 6.70 7.10 
*□NFE   52.00 54.64 47.47 50.19 46.12 49.4 
∞DE (kcal/kg DM)  2860 3129 2803 3132 2949 2909 
□DM: dry matter, CP: crude protein, EE: ether extract, CF: crude fiber, NFE: nitrogen free extract *NFE%: 
calculated by difference ∞DE (kcal/kg DM): calculated by the following equation; 4253 - 32.60 (CF%) - 144.40 
(ash%) according to Fekete and Gippert (1986). 
 
Table 3. Effect of DDGS inclusion and Allzyme SSF® supplementation in rabbit’s diet on their 
meat chemical composition 
*A level  0%   0.02%   P value 

DDGS level  0% 10% 20% 
 

0% 10% 20% MSE *A DDGS *A x DDGS 
Experimental diets T1 T3 T5   T2 T4 T6 
Nutrients (%) 

           
Moisture 77.33a 72.13ab 75.10a 

 
68.83b 75.07a 75.30a 1.790 0.245 0.489 0.020 

□DM 22.67b 27.87ab 24.90b 
 

31.17a 24.93b 24.70b 1.790 0.245 0.489 0.020 
□CP 5.93 6.15 6.67 

 
7.80 6.39 6.45 0.508 0.157 0.525 0.140 

□EE 5.23b 11.21a 4.25b 
 

11.90a 6.71b 4.83b 1.116 0.334 0.003 0.001 
Ash  3.23 5.09 5.12 

 
3.15 5.00 4.70 0.550 0.663 0.010 0.941 

◊□NFE  8.28 5.33 8.96   8.40 6.99 8.74 1.314 0.635 0.136 0.752 
a,bMeans with different letters superscripts at the same row differ significantly at (P ≤ 0.05). *A; Allzyme SSF® 
□DM: dry matter, CP: crude protein, EE: ether extract, NFE: nitrogen free extract. ◊NFE %: calculated by mass 
difference.  
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4. DISCUSSION 

Experimental diets Experimental diets were 
formulated to be iso-nitrogenous, iso-caloric, 
as well as iso-lignocellulosic in terms of 
protein, energy, and crude fiber content, 
respectively. The chemical analysis of the 
experimental diets revealed that there were 
some differences between the expected and 
the analytical compositions for crude fiber 
content. These differences most probably 
attributed to either the lower fiber content 
derived from alfalfa hay and wheat bran or 
our inability to analyze these two 
ingredients. These current results indicated 
that DDGS inclusion in growing-finishing 
rabbit’s diets hardly affect the meat quality 
in terms of chemical composition consistent 
with previous studies (Alagon, 2013; Dong 
et al., 1990). With regard to enzymes 
supplementation, our results for meat 
characteristics were nearly consistent with 
those of Olayemi et al. (2006) who noticed 
that rabbits fed control and 12 % maize 
milling waste (MMW) inclusion level had 
similar carcass characteristics either with or 
without xylanaze supplementation. 

Conclusion 
We can concluded that, the higher mineral, 
nevertheless its normal protein and fat 
content of rabbit’s meat in diets containing 
DDGS indicated that DDGS added minerals 
value to the metabolic pool for rabbits. The 
inclusion of DDGS up to 20 % of the total 
rabbit’s diet has no detrimental effect on 
rabbit’s meat quality and could be used as 
an alternative ingredient to SBM and corn. 
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 الناھیة:-اضافة مركب الانزیمات في علائق الأرانب النامیةو نواتج تقطیر الذرة المجففة والذوائب إدراج

 .جودة اللحم على التأثیر

، فــتحى عــبد ۱،  كامیـلیــا زھــــران۲زالـــةعامــر ابو غ ،۳، برونو فلامینك۳فـــیـرلا فــیــفــــیا ،۱وسـیـم خـطــاب
 ۱، تــحـــیة أحــمــد۱الــفتــاح

قسم العلوم الحیوانیة و الأغذیة والتغذیة، جامعة جنوب الینوي، ۲یة الا كلینیكیة، كلیة الطب البیطرى، جامعة بنھا،  ذتغالیة و ذتغال قسم 1
 العلوم الحیویة، جامعة جینت قـسـم الانتاج الحیواني، كلیة ھندسة۳كاربوندال 

 الملخص العربي

جزئي للذرة وكسب فول الصو�ا بنواتج تقطیر الذرة المجففة والذوائب ال لاحلالكانت الأهداف الرئ�س�ة لهذه الدراسة هى ا
(DDGS) ) وكذلك اضافة مركب الانز�ماتAllzyme SSF®ئق الناه�ة لدراسة تأثیر هذه العلا-) في علائق الأرانب النام�ة

 ١٢قسمت الى ست مجموعات متساو�ة ( ،أرنب من كلا الجنسین ٧٢استخدام ��ة للأرانب ائتجر�ة غذ نفذت جودة اللحم. على
 نواتج تقطیر الذرة المجففة والذوائب اختلفت فى محتوى  تجر�ب�ةعلائق  ستلتقی�م  أرنب/مجموعة) فى نظام عشوائى متكامل

(عمر  ٩١وحتى الیوم  ٥٤بدءا من الیوم  )٣ x ٢) في تصم�م عوامل ( % ٠، ٠٢،  ٠) و الانز�مات (% ٢٠،  ١٠،  ٠(
كانت هناك ز�ادة فى من حیث التركیب الك�م�ائي أثناء التجر�ة. سمح للارانب لتناول الغذاء والماء �حر�ة كاملة   الذ�ح).

. نستخلص من نتائج تقطیر الذرة المجففة والذوائبمحتوى اللحم من الاملاح للعلائق المحتو�ة مقارنا �الغیر محتو�ة على نواتج 
لعلائق الارانب لم یؤثر  وكذلك اضافة الانز�مات ٪٢٠نس�ةحتى ادراج نواتج تقطیر الذرة المجففة والذوائب هذه التجر�ه، أن 
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