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Twenty seven New Zealand White (NZW) rabbitswith an average
live body weight (LBW) of 2.07 kg +0.062 and 12 weeksold weredivided
into nine smilar groups (3 in each). The experimental groups were fed
randomly on one of the nineformulated experimental rationsused. The1*
ration (R1) was used asa control, which contained: 10 % yellowcorn +[
10 % barley + 13.7 % soybean meal +20 % wheat bran +40 % clover
hay + 3 % molasses+ 1 % dicalciumphosphate + 1.2 % limestone+ 0.5
% sodiumchloride+ 0.4 % premix + 0.2 % methionine] . The substitution
was equal partsof barley and SBM by 10 % and 20 % DDGSfor ration 2
(R2) and ration 3 (R3), respectively. The supplemented seaweed (SW) for
theserationswas at two levels. Thefirst level wasby 0.5 % seaweed of the
total mixed ration for ration 4 (R4), ration 5 (R5) and ration 6 (R6). The
second level was by 1.0 % seaweed of the total mixed ration for ration 7
(R7),ration 8 (R8) and ration 9 (R9). All rationswerein pelleted formand
nearly isonitrogenous and isocaloric.

Theresultsof the present study revealed that the dry matter intake
was increased (P < 0.05) when feeding on R8 (10 % DDGS+ 1 % SW)
(128.91 g/h/d) and R6 (20 % DDGS+ 0.5 % SW) (126.67 g/h/d) than the
other rations. The highest TDNI (g/h/d) (P < 0.05) values were obtained
in groups fed on R6 (20 % DDGS+ 0.5 % SW) or R8 (10 % DDGS+ 1.0
% SW) being 90.18 and 91.40, respectively. The DEI (kcal/h/d) had also,
the sametrend as TDNI, but DEI increased (P < 0.05) with feeding on R3
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than feeding the other experimental diets, while the lowest value was
observed with feeding on R1.

The digestible crude protein intake to digestible energy (g/Mcal)
value was higher (P < 0.05) with feeding in R4 (42.51) than the other
rations, but feeding on R1, R5, R8 and R9 increased significantly (P <
0.05) the DCPI / DEIl (g/Mcal) (41.19, 41.95, 4101 and 41.21,
respectively) than feeding on R2 or R3 or R7 (40.32, 38.38 and 39.61
o/Mcal, respectively).

The DCFI / DEI (g/Mcal) value was higher (P < 0.05) with
feeding on R3 (22.46) than the other rations, while the other rationswere
ranged from 15.30 to 18.92 (g/Mcal).

The DEEI / DEI (g/Mcal) value was higher (P < 0.05) with
feeding on R3 (14.28) than the other rations, but feeding on R6, R8 and R9
(13.41, 13.25 and 13.89, respectively) were higher thanfeedingonR1, R2,
R4, R5, and R7 (6.70, 9.62, 8.78, 10.86 and 7.96, respectively).

The DNFEI / DEI (g/Mcal) valueswere decreased (P < 0.05) with
feeding on DDGSwith or without SW. The highest values were observed
with feeding on R1, R4 and R7 (155.84, 148.46 and 154.65, respectively),
while the lowest values were with feeding on R3, R6 and R9 (135.06,
138.39 and 138.89, respectively).

Caecal pH varied between 5.61 and 6.28. The pH val ueswerenot
gonificantly affected by the feeding programme. Ammonia — N
concentration was increased (P<0.05) with increasing the level of
supplemented SWin the rations. The mean values were (9.96, 13.06 and
17.12 mg/100 ml) for (0.0, 0.5 and 1.0 % SW, respectively).

Keywords: Didtiller dried grain with soluble, Digestibility, Rabbits,
Caecum fermentation.

In the last 20 years, rabbit production has become an increassingly

intensive system, such that productivity is now equivaent to that obtained in
other intensively farmed species. The importance of nutrition has increased
sgnificantly as feed cost, pathological conditions associated with energy and
nutrient deficiencies and consderations of product quality have become limiting
factors to economic output from a unit. The rabbit is unique. It requires a high
daily nutrient and energy intake but, because it is an herbivore, it dso needs a
diet with a high concentration of fiber to ensure optimum performance and, in
addition, to minimize the incidence of digestive disorders (McNitt et al., 1996).
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High gstarch diets are often incompletely digested in the rabbit small
intestine due to rapid transit time (McNitt et al., 1996). Incomplete digestion of
starch prior to the large intestine results in the availability of starch for microbial
fermentation (Stevens and Hume, 1995). Excess starch in the gut resultsin an
extremely rgpid fermentation with possible spilling of energy leading to low
Y ap. FOr example, Oba and Allan (2003) showed that, as the rate of starch
digestion increased, the Y 4, was reduced from 60g of microbia N/kg starch
digested to approximately 30 g microbid N/kg starch digested. The rapid
digestion of starch could lead to a much lower microbid cell yield in starch
fermentation in the caecum of concentrate-fed as compared to forage-fed rabbits.

Didtiller's dried grans with solubles (DDGS) are a vduable feed
ingredient which is a co-product of dry mill ethanol production from grains. In
ethanol production, the starch is fermented to obtain ethyl acohol, but the
remaning components of the grain kernel (endosperm, germ) preserve much of
theorigina nutritiona value of the grain including energy, protein and phosphorus
( Bremer et al., 2005). For ruminants, this paatable, low starch product offers a
high level of bypass protein, B vitamins and highly digestible fiber.

Aga et al. (2000) used a cdcified seaweed as a buffer in continuous
culture of rumen contents. The chemica composition of an ordinary seaweed as
from Ascophyllum nodosum, immediately characterizes the materid as of low
energy content. According to the analyticd data, the value of seaweed med must
primarily be sought in its content of vitamins and mineral, among which f-
carotene, tocopherols, some B vitamins, iodine, zinc and potassium are the more
important (Scott, 1990). Therationa way of using seaweed med inrationswould
be to let this component supply the above active substances according to the
andyticd data and to add the factors to obtain a balanced diet. Sykes (2009)
reported that seaweed is totaly natura multi-mineral supplement. Seaweed
contains dl mineral and trace elements an anima requires for a normal hedthy
life.

Very little research has been conducted to evaluate the feeding vaue of
DDGS for rabbits (Villamida et al., 1989). Rabbits fed the DDGS diet had the
highest level of protein digestibility (70.1 %) compared to rabbits fed the whest
bran (66.6 %) and corn gluten fed (61.4 %) diets. These results suggest that
DDGSissuitable ingredient for rabbit diets and provides more digestible energy,
ADF and protein.

Therefore, the objective of this study was to evduate the effect of
partially or totally substituting of barley and partialy of soybean med by DDGS
with or without seaweed supplementation on nutrients digestibility, nutritive
vaues and some caecum liquor parameters.
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MATERIALSAND METHODS

The experimental field of the present study was caried out a the
Experimentd Station of the Poultry Production Department, while, the chemical
anayses were run a the Laboratory of the Anima Production Department,
Faculty of Agriculture, MansouraUniversity, Mansoura, Egypt.

Experimental animals:

Twenty seven NZW rabbits with an average live body weight (LBW)
of 2.07 kg + 0.062 and 12 weeks of age were divided into nine similar groups
(3ineach). Therabbitswere housed in separate metal cageswith thefollowing
dimensions (50x50x45cm) for length, width and height, respectively.

Nine digestibility trials were conducted to determine the digestibility
coefficients and feeding vaues, as well as caecum fermentation of the tested
rations.

Treatmentsand design:

The experimental groups were fed randomly on one of the nine
formulated experimentd rations used. The experimentd rationswere designed to
gradudly substitute barley grains and soybean med (equd parts) by distiller
dried grains with soluble (DDGYS) at the rate of 10 and 20 % of the tota mixed
rations. Ration 1 (R1) contains 10 % barley and 13.7 % SBM (control), and
substituting the equal parts of barley and SBM by 10 % and 20 % DDGS for
ration 2 (R2) and ration 3 (R3), respectively. The supplemented seaweed for
these rations was at two levels of the wheat bran. The first level was by 0.5 %
seaweed of the tota mixed ration for ration 4 (R4), ration 5 (R5) and ration 6
(R6). The second level was by 1.0 % seaweed of the total mixed ration for ration
7 (R7), ration 8 (R8) and ration 9 (R9). All rations were offered in pelleted form
and nearly isonitrogenous and isocdoric.

Seaweed (Ascophyllum nodosum):

The seaweed from Ascophyllum nodosum has been obtained from the
local market. Baardseth (1970) reported that kelp meal contains, aswell as, 18
amino acids, 60 mineral and trace elements. Kelp meal rich in N,
carbohydrates and aso contains considerable amounts of (-carotene (the
precursor of vitamin A), as well as, Vit. E, D, K and some B vitamins. The
typical analysis of seaweed was as afollows:
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Average (%):
Moaisture 120% Fat 20%
Crudeprotein 6.0% Carbohydrates 52.0%
Crudefiber 6.0% Total 100 %
Ash 22.0%

Minerals:
Cdcium (C3) 10-30% |Magnesium (Mg) 05-10%
Cabadlt (Co) 1-10ppm |[Manganese(Mn) 0.5ppm
Copper (Cu) 4-15ppm  |Sodium (Na) 24-40%
Iron (Fe) 0.0150.10% |Sulfur (S) 20-23%
lodine (1) 0.015-0.08% |Sdenium (Se) 3—4ppm
Potassium (K) 20-30% |Zinc(Zn) 35—100 ppm

Vitamins.
Biatin 0.1-04ppm |Riboflavin 5-10ppm
Carotene 30-60 ppm |Thiamin 1-5ppm
Folic acid 0.1-05ppm |Tocopherols 150 — 300 ppm
Niacin 10-30 ppm

Aminoacdids(g/100g CP-N):
Alanine 53 Glycine 50
Arginine 80 Lysine 49
AsparticA. 6.9 Methionine 0.7
Glutamic A. 10.0

Baardseth (1970).

Experimental rations:

The Experimental rations were formulated to provide adequate energy
and protein for growing rabbits. Nine Experimental rations were formulated to
be more than 16 % protein according to the (NRC, 1977) recommendations. The
congtituents of the experimental retions, their percentages and the caculated
chemicd constituentsfor CP and CF are presented in Table 1.

Digestibility trials:

Rabbits were housed individualy in metabolic cages. All rabbits were
given their daly feed alowances a 10 am ad libitum. Drinking water was
available a all times. Feces were collected quantitatively for 5 days. The feed
intake (ad libitum) and the totd fecd output were recorded for each separate
group for a5 days. Composite samples of each ration were taken for analyss at
the beginning of experimental period. A composite sample for each separate
group was dso made from the daily feces voided. It was firstly dried at 60°C
overnight, and then finally dried a 105°C for 3 hours (hrs).
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Table 1. Formulation of the experimental rations offered to the
experimental rabbits.

ltems RL R2Z R3 R4 R5 R6 R/ R8 R9
DDGS 0% 10 20 0% 10 20 0% 10 20
Sw 0% 05 % 1%
Yellow com 10 10 10 10 10 10 10 10 10
Barley 0 5 0 10 5 0 10 5 0
Soybean 137 87 37 137 87 37 137 87 37
DDGS 0O 10 20 0 10 20 0 10 2
Whest bran 20 20 20 195 195 195 19 19 19
Clover hay 40 40 40 40 40 40 40 40 40
Seaweed (SW) o O 0 05 05 05 1 1 1
Molasses 3 3 3 3 3 3 3 3 3
Calcium di phosphate 1 1 1 1 1 1 1 1 1
Limestone 12 12 12 12 12 12 12 12 12
Sodium chloride 05 05 05 05 05 05 05 05 05
Premix 04 04 04 04 04 04 04 04 04
Methionine 02 02 02 02 02 02 02 02 02
Total 100 100 100 100 100 100 100 100 _ 100

DDGS: Didtiller dried grainswith solubles.

Premix: A vitamin - minera mixture was obtained from Misr Feed Additive Co.. Contentseach 1.5
kg of the Premix were Vit A, 12000000 IU; Vit D3, 2200000 IU; Vit E, 10 gm; Vit K3, 2000 mg;
Vit By, 1000 mg; Vit B, 5000 mg; Vit B, 1500 mg; Vit By, 10 mg; Nicotnic, 30000 mg;
Pantothenic, 10000 mg; Folic acid, 1000 mg; Biotin, 50 mg; CaCos: add to 1.5 kg; Manganese, 60
gm; Zin, 50 gm; Iron, 30 gm; Copper, 4 g; lodin, 1 gm; Selenium, 0.10 gm; and Cobdlt, 0.10 gm.
The incluson rate was 4 Kg / ton of feed to cover the requirements of growing rabbits according
to NRC (1977) recommendations.

Chemical analysisand procedures:.

The officid methods of the AOAC (1990) were used for the conventia
nutritive andysis using triplicate samples of 1 — 2 g and results were found to be
consistent. Feed and feces samples were analyzed for DM, OM, nitrogen (N),
CF, EE, and ash. The factor 6.25 was used for caculating crude protein.
Nitrogen free extract % was obtained from the following equation:

[NFE % = 100 — (Moisture % + Ash % + CP % + EE % + CF %)].

Samples of the experimentd rations and feces were analyzed according
to Goering and Van Soest (1970) to determine neutrd detergent fiber (NDF),
acid detergent fiber (ADF), and acid detergent lignin (ADL) by using Tecator
Fibretic System.

Calculation of the digestion coefficients, total digestible nutrients (TDN),
digestible ener gy (DE) and metabolizable energy (ME):

The procedure and conversion factors for TDN followed by McDonad
et al. (1973); while DE (kcal / kg DM) was caculated from the following
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equation: [DE (kcal/kgDM) = (5.28 x DCP) + (9.51 x DEE) + (4.20 x DCF) +
(4.20 x DNFE)], (Schiemann et al., 1972); and ME (kca / Kg) was cdculated
from the following equation: [ME (kcal/Kg) = (37 x CP) + (81 x EE) + (35.5 x
NFE)] (Pauzenga, 1985).

Parametersrelated to fermentation in the caecum:

Ceecum fluid samples were collected from al rabbits of each
experimentd tria. About 20 ml of caecum fluid was collected at 8 hours post-
feeding. The samples were filtered through two layers of surgical gauze and
were used for determining the following parameters:

pH:
The caecum pH was determined immediately using HANNA instruments (HI)
98128 pH meter.

Total VFA:

After acidification of samples of caecum liquor using 2 ml concentrated
ortho-phosphoric acid and 0.1 N Hydrochloric acid, the VFAs were steam-
digtilled from a known volume of sample using the micro-Kjeldahl apparatus.
Didtillation rate was adjusted so that 100 ml distillate was collected within 7 to
10 minutes. The concentration of VFA was caculated by the knowledge of the
amount of 0.01 N NaOH to neutrdize the VFA in the distillate (Abou Akkada
and EL-Shazly, 1964).

Ammonia-N (NH3z-N):

The concentration of NHs-N was determined according to the method of
Conway and OMalley (1942). AmmoniaN isreleased under alkaline conditions
from the outer chambers of the Conway plate, absorbed by the boric acid in the
center well and then titrated after 4-6 hours using 0.01 N-sulphuric ecids.

Statistical analysis:

The statistical andysis was carried out using the Generd Linear Model
Program (GLM) of SAS (2000). The obtained data were anayzed using
factorid analysis (3x3) of variance according to the following modd:

Yik=H+Ti+L;+TL;j+ e
Where; Y i j k = Observation of the tested factor, p = Overall mean, T; = The
effect of trestment (DDGS), i=0, 10 and 20 %, L=The effect of levels
(seaweed), j =0, 0.5and 1 %, TL;; = The interaction between treatment and level
effectsand ei j k = Error.

Differences among means were subjected to Duncan’s Multiple Range
Test (Duncan, 1955).
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Chemical composition of the experimental rations:

Table (2) shows the actud analysis of the experimenta rations. The
results were ranged for: CP (18.74 to 19.80 %), CF (15.11 to 16.24 %), EE (3.08
to 6.10 %), NFE (47.22 to 52.05 %), Ca (1.47 to 1.49 %), P (0.71 to 0.77), NDF
(32.42 to 35.43 %), ADF (17.48 to 19.62 %), hemicellulose (14.39 to 15.95 %)
and cdlulose (13.07 to 15.69 %). These chemicd nutrients were suitable for
formulation of growing rabbit’s rations as recommended by Gidenne, (1992) and
DeBlaset al. (1995). They reported dietary level of CP(16.3 to 19.8 %), CF (14
to 18 %), EE (5.5 %), NDF (27 to 42 %), ADF (16 to 21 %), Ca (1.15 %) and P
(0.60 %). However, they reported that there is alack of research on mineral and
vitamins. There is some evidence to indicate that rabbits at least, benefit from an
additional 30 mg carotene / kg diet even when vit. A is plentiful supply (Tobin,

1996).

Table2. Chemical compostion of the experimental rations.

| tems RL R2 R3 R4 R5 R6 R7 R8 R9

DDGS 0% 10% 20% 0% 10% 20% 0% 10% 20%

SW 0% 0.5% 1%

DM 9258 91.84 9217 9204 9211 9246 9243 9208 9250

Composition of DM %:
oM 8324 8869 87.75 87.90 8886 88.78 89.35 8855 83.23
cpP 19.36 1890 18.74 1898 1930 19.80 1885 19.31 1940
CF 1511 1559 1569 1624 1566 1542 1535 1555 1552
EE 308 449 610 354 445 566 310 49 540
NFE 50.69 49.71 47.22 4914 4945 47.89 5205 4873 4791
Ash 11.76 1131 1225 1210 11.14 1122 1065 1145 11.77
Ca 147 148 147 149 148 147 148 148 147
P 071 074 077 071 074 076 071 074 077
Ca/P 208 200 192 208 200 193 208 200 193

Fiber fractions%:
NDF 3242 3429 3543 3314 3422 3493 3315 338 3HB22
ADF 1764 19.02 1948 1748 1909 1944 1824 1946 1962
Hemicellulose 1478 1527 1595 1566 1513 1550 14.91 14.39 1560
Cellulose 1307 1424 1525 1415 1546 1569 14.22 1485 15.19
ADL 457 478 423 333 362 375 402 461 443
NFC* 3338 3101 27.49 3223 30.89 28.38 3424 3043 2820
NFC/NDF 103 090 078 097 09 081 103 090 080
Cellulose /ADF 074 075 078 08L 081 08L 078 076 077
Cellulose/NDF 040 042 043 043 045 045 043 044 043
NFC/Hemicelulose 226 203 172 206 204 183 230 212 181

- Non fibrous carbohydrates%= OM%- (CPY%+NDFY%+EE%), Cdsamigliaet al.(1995).
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Vitamin E is usudly provided at 40 to 70 mg/kg diet, Mn (0.25%), K
(0.9%), Na (0.3%), Zn (60 mg/kg), | (1.1mg/kg) and Cu (10 mg/kg) (Moughan
et al., 1988). The non fiber carbohydrate (NFC) ranged from 27.49 to 34.24 %in
the present experimentd rations. Wheedler, (2003) reported that, the NFC levels
in the total ration dry matter should not fall bellow 20 to 25 % nor go above 40
to 45 %. Rations formulated for 35 to 37 % (DM basis) should avoid metabolic
disturbances related to feeding high levels of starchesin grains.

Generdly, the NFE and NFC % were decreased as the proportion of
DDGS increased in the rations, while the NDF; ADF and cdlulose (%) were
increased with increasing DDGS in the rations. The EE dso was increased with
increasng DDGSin therationsas shown in Table 2.

The characterization of experimenta rations for growing rabbits showed
that the NFC: NDF ratios were decreased with increasing the DDGS in the
rations and the values were ranged from 0.78 to 1.03 % as shown in Table 2.

Froseth et al. (1985) reported the mean starch, EE, NDF and ADF % for
barley were 53.1, 2.2, 18.1 and 6.6, respectively. Dudley-Cash (2001) reported
the composition of some soybean meds were in average 0.5 and 13 % for EE
and NDF, respectively. The average NDF and NFC % for DDGS were 42.0 and
16.4, respectively, while the EE % was about 10.7 (Pedersen et al., 2007). These
results were in agreement with the present chemica composition of the tested
rations when barley and SBM were substituted by DDGS. So, increasing
DDGS% in therations led to increasing the NDF and EE % and decreasing NFC
% of the total mixed rations.

Poor et al. (1993) investigated the effect of the ratio of starch to NDF.
These workers reported that a starch: NDF ratio of a least 1 will alow
acceptable performance. The imparment observed in rabbits fed the highest
levels of fiber might be explained by higher fermentation losses in the ceacum
together with an insufficient of glucose from the gut to meet the requirements.
The negative effects of high starch concentrations in the diet were related to an
increase in mortdity through diarrhea (De Blaset al., 1995).

Effect of supplemented SW or feeding DDGS and their interactions on dry
matter intake, nutrient digestibility and feeding values:

Table (3) showed that the DMI (g/h/d) increased (P<0.05) with increasing
the SW in the rations. The apparent digestibility of CP increased (P < 0.05) with
supplemented 0.5 % SW than 0.0 %, whilethe CP digestibility tended to decrease
with supplemented 1.0 % SW but without significant effect between 0.0 % SW
and 0.5 % SW. The EE digestibility increased (P<0.05) with supplemented 0.5 or
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1.0 % SW than the 0.0 % SW. The apparent digestibility of CF decreased
(P<0.05) with supplemented SW than no supplemented reation. The NDF, ADF
and cellulosetended to decrease d so, but without significant effects. Thevauesof
TDNI (g/h/d) were higher (P<0.05) with supplemented 0.5 % SW or 1.0 % SW
(84.55 and 85.91, respectively) than no supplemented SW (79.39 g/h/d). The
DCPI (g/h/d) values were also increased (P<0.05) with supplemented 0.5 SW %
or 1.0 % SW (15.34 and 15.35, respectively) than no supplemented SW (13.91
g/h/d). The digested energy intake (DEI) (kcd/h/d) wasincreased (P < 0.05) with
supplemented 0.5 % or 1.0 % SW (371.93 and 377.67, respectively) than no
supplemented SW (348.65 Kcad/h/d). Durand and Kawashima (1980) reported
that macro. and micro elements affect the process that proceeds in animd’s
organism in different ways and through their presence in the digestive tract.
Thus for example, cellulose degradation is accelerated by the following
elements P, Mg, Ca K, Na, Fe, Zn, Mn, Co, and Mo, whereas the fermentations
may be increased by Mn, Co, and Zn. On the other hand anti bacterid activity of
seaweed was found against 10 of 11 organisms tested in vitro. Activity against
both Gram-positive and Gram-negative types was observed from an extract of
Ascophyllum nodosum (Behrends et al., 2000). So, Zahid Phool et al. (1995)
reported that supplemented of seaweed may improve the nutritive quality of diet
in terms of fat and protein contents.

Table (3) also, showed that the DMI (g/h/d) was increased (P < 0.05)
with feeding on 10 % and 20 % DDGS in the ration (120.61 and 121.02,
respectively) than feeding on 0.0 % DDGS ration (114.36). The apparent
digedtibility of CP was higher (P<0.05) with feeding on 10 % DDGS than
feeding on 20 % DDGS, while there was no significant effect between 0.0 %
DDGS and 10 % DDGS or between 0.0 % DDGS and 20 % DDGS rétions. The
CF, NDF, ADF and celulose digestibility were increased (P<0.05) with
increasing DDGS % in the rations. The NFE digestibility was higher (P<0.05)
with feeding on 0.0 % or 10 % DDGS than feeding on 20 % DDGS. The vaues
of TDN %, TDNI (g/hvd), DCPI (g/h/d), DE (kcd / kg DM), DEI (kca/h/d) and
MEI (kcal/h/d) were increased (P<0.05) with feeding on 10 % and 20 % DDGS
rations than 0.0 % DDGS ration. The DCH / DEI (g/M cd) was increased
(P<0.05) with feeding on 0.0 % DDGS or 10 % DDGS (41.11 and 40.86,
respectively) than feeding on 20 % DDGS (39.90).

Didtiller's dried grans with soluble (DDGS) are quite variable in
nutritional content (Widyaratne and Zijlstra, 2007). Although the DDGS
contains a significant amount of CF, it also contains 10 — 12 % fat (Whitney et
al., 1999). Because fat has high efficiency of conversion of the ME into retained
energy and supplies essentid fatty acids, the activity of these acids in anima
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body is reflected mainly in the activity of eicosanoids (Known as tissue
hormones) (Corl et al., 2003).

Table (4) shows that the dry matter intake was increased (P < 0.05) when
feeding on R8 (10% DDGS+1% SW) (128.91 g/h/d) and R6 (20% DDGS+
0.5% SW) (126.67 g/h/d) than the other rations, while feeding on R3 (20%
DDGS+0.0%SW) (119.39 g/h/d), R5 (0.0 % DDGS+0.5 %SW) (118.37 g/h/d),
R7 (0.0% DDGS+1% SW) (119.70 g/h/d) and R9 (20% DDGS+1%SW)
(127.02 g/h/d) where higher (P<0.05) in DMI than feeding on R1 (control)
(107.39 g/h/d), R2 (10 % DDGS) (114.56 g/h/d) and R4 (0.0 % DDGS+0.5 %
SW) (115.97 g/h/d).

A guide to typicd daily feed intake for complete compound feeds for
adult a maintenance is around 112 g (30 —35 g DM / kg BW) (Santomacet al.,
1989). The growing rabbit adjust its feed intake according to the energy
concentration of the feeds offered to it where the proteins and other dietary
components are baanced.

The energy needed for organic synthesizing is usualy supplied by
carbohydrates and to alesser extent by fats. Where there is an excess of proteins,
these also help to supply energy after deamination (Lebas, 1989). The CP
digedtibility was higher (P < 0.05) when feeding on R4 (67.73 %) than the other
rations, while feeding on R2, R5, R8 and R9 rations where smilar in CP
digestibility (66.0, 66.60, 66.28 and 65.83 %, respectively) and higher (P < 0.05)
than feeding on R1, R3, R6 and R7 rations (63.63, 63.63, 63.33 and 64.68 %,
respectively).

These results showed that the CP digestibility was higher with rations
which were around 0.90 NFC: NDF ratio. The lower protein digestion of animal
fed the low NFC: NDF diet was not drictly correlated with the activity of
proteases, since the tota activity of trypsin and chymotrypsin were significantly
lower for low NFC: NDF diet (Gidenne et al., 2007). The lack of correlation
between enzymes activities and whole tract digestion could aso be due to the
caecal microbial activity that atenuates the differencesin intestinal digestion.

The tendency in the last decade to increase the dietary fiber level and
reduce the starch to avoid digestive problems has favored increased inclusion
levels of dfafa hay and cerea by-products, resulting in higher dietary protein
levels than recommended (> 15 %) (Xiccato et al., 2006). However, taking into
account the low fermentability of the fiber (30 % of digestibility for NDF
components) and the high content of endogenous substances in the nitrogen
resdues (about 65 %), both components may equaly contribute to resident
intestinal micro biota maintenance.
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On the other hand, the CF digestibility was higher (P < 0.05) when
feeding on R3 (20 % DDGYS) (44.48 %) than feeding on the other rations, while
feeding on R2 (10 % DDGS), R5 (10 % DDGS + 0.5 % SW) and R6 (20 %
DDGS + 0.5 % SW) where higher (P < 0.05) in CF digegtibility than feeding on
R1 (0.0 % DDGS), R4 (0.0 % DDGS + 0.5 % SW), R7 (0.0 % DDGS + 1.0 %
SW), R8 (10 % DDGS + 1.0 % SW) and R9 (20 % DDGS + 1.0 % SW).

The ADF digestibility had the same trends as CF digegtibility, but the
ADF digestibility was increased (P < 0.05) with feeding on R8 or R9 than
feedingon R1, R4 and R7.

Hemicelluloses digestibility was higher (P < 0.05) with feeding on R2,
R3 and R9 than feeding on the others, but hemicelluloses digestibility increased
(P < 0.05) when feeding on R1, R5 and R7 than feeding on R4, R6 and R8.

Cdlulose digestibilities were smilar to CF digestibility. The highest
value (P < 0.05) (45.10 %) was with feeding on R3 (20 % DDGS) than feeding
on the other retions, while the lowest value was observed when feeding on R1
(0.0% DDGS) (24.55 %).

Generally, the presented results showed that the CF, ADF and cellulose
digedtibiliteis were increased with feeding on R3 (20 % DDGS) than feeding on
the other rations, but hemicellulose digestibility was increased with feeding on
R2, R3 and R9 than the others. Feed composition such as a dietary fiber,
interacts with the digestive hedlth of the young animal ( Montagne et al., 2003)
and particularly of the growing rabbit after weaning (Gidenne, 2003). The ceacal
microbid activity developed mainly during the 2 weeks after weaning (Gidenne
et al., 2002). Gidenne et al. (2007) reported that no significant interaction anong
age and group effect was detected for the concentration in bacteria fibrolytic
enzymes. Whatever age, the pectinolytic activity was prevalent and was higher
than xylanolytic (about two folds) or cdlulolytic ones (about 4-5 folds). The
level of fibrolytic enzymes was already high at 25 days of age and between
weaning and 42 days old the cellulase activity increased strongly (+60 %).

The TDNI (g/h/d) was the highest (P < 0.05) with feeding on R6 (20%
DDGS+0.5%SW) or R8 (10% DDGS+1.0%SW) being 90.18 and 91.40,
respectively than the other rations. The DEI (kca/h/d) had dso, the same trend
as TDNI, but DEI increased (P<0.05) with feeding on R3 than feeding on R2 or
R4 or R5 or R7 and R9, while the lowest value was observed with feeding on
R1.

The DCP % results were higher (P < 0.05) with feeding on al rations
except with feeding on R3, which was the lowest value (11.92 %). The DCP %
for the other ration ranged from 12.19 to 12.86 %.
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Fiber is a carbohydrate, but is in a form unavailable to the rabbit. It is
made up of the same glucose units found in starch, just arranged so the rabbit
cannot digest. Fiber dthough not providing nutrients, it is important part of the
rabbit diet. It functions to aid in passage of materiads through the rabbit
gastrointestinal system and is required for the proper functioning of the caecum
that separate the soluble from insoluble materials in rabbit gastrointestinal tract
(Brooks, 1997).

Effects of supplemented SW or feeding DDGS and their interaction on digestible
(%) of CP, CF, EE and NFE. and rdationship to digestible energy intake:

Table 5 showed that, the DCP % and DEE % were increased (P< 0.05)
with supplemented SW, while the DCF % was decressed (P < 0.05). The same
trends were observed on DCPI, DCFI, DEEI and DNFEI (g/h/d). The DCH /
DEI (¢/ Mcd) was highest (P < 0.05) with feeding on 0.5 % SW but DCFI / DEI
was decreased (P < 0.05), but DEEI / DEI was increased (P < 0.05) and there
was no significant effects on DNFEI / DEI with supplemented SW. Sykes
(2009) reported that seaweed is a totdly naurd multi-mineral supplement.
Seaweed contains dl mineras and trace eements an anima requires for a
normd hedthy life. The improvement in nutrients digestibility in relation to the
increased Zn supplementation level, was accompanied by an improvement in the
nutritive value of the given diet expressed ether as kca metabolizable energy
(ME) or as digestible crude protein (DCP). So, the increase of DCP may be
related to the high content of Zn. Increasing the digestive ability of rabbits by
elevation the level of Zn supplementation may be atributed to increasing the
activity of some enzymes related to the digestion of carbohydrates, fats and
protein such as amylase, lipase, trypsinogen, chemotrypsinogen and some
peptidases since these enzymes are known to be Zn-dependent enzymes
(Banerjee, 1988).

As shown in Table 5, the digestible CP (DCP %) was increased
(P<0.05) with feeding on 10 % DDGS ration than feeding on 0.0 % or 20 %
DDGS. The DCF % and DEE % were increased (P < 0.05) with increasing the
level of DDGS in the ration as, while the DNFE % was decreased (P < 0.05).
The DCPI, DCH and DEEI (g/h/d) were increased (P < 0.05) with feeding on
DDGS rations. The DCPI / DEI was higher (P < 0.05) with feeding in 0.0 % or
10 % DDGS rations than feeding on 20 % DDGS ration. The DCFI / DEI and
DEEI / DEI were increased (P < 0.05) with increasing the level of DDGS in the
rations, while the DNFE / DEI was decreased (P < 0.05) with increasing the
level of DDGS in the rations. When providing protein, it is important to
understand wereisredly providing amino acids, building blocks of protein. The
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proteins found in feeds are broken down in the digestive system to amino acids
which are then absorbed (Hillyer et al., 1997). The next mgor nutrient provided
in the feed is energy. A prime source of energy are the carbohydrates found in
various grain by-products included in rabbit feed. Fats can aso serve as an
energy source athough rabbits tend to net like diets high in fats. Both
carbohydrates and fats provide the fuel for cellulose function. High starch diets
are often incompletely digested in rabbit small intestine due to rapid trangt times
(McNitt et al., 1996). Fiber is also a carbohydrate, but is in aform unavailable to
the rabbit. It is made up of the same glucose units found in starch, just arranged
S0 the rabbit cannot digest. Fiber, dthough not providing nutrients, it is an
important part of the rabbit diet (Brooks, 1997).

As shown in Table 6, the DCPI (g/h/d) increased with feeding on R6 or
R8 (15.89 and 16.51 g/h/d, respectively) than feeding on the other rations. The
lowest value (13.21 g/h/d) was with feeding on R1. The DCFI (g/h/d) was higher
(P < 0.05) with feeding on R3 (8.33 g/h/d) than the other rations, while the
lowest value (P < 0.05) (4.89 g/h/d) was with feeding on R1. The DEEI (g/h/d)
vaues were higher (P < 0.05) with feeding on R3, R6, R8, and R9 (5.29, 5.32,
5.33 and 5.03 g/h/d, respectively) than the other rations and the lowest value (P <
0.05) was with feeding on R1 (2.14 g/h/d). The DNFEI (g/h/d) valuesincreased
(P < 0.05) with feeding on R6, R7 and R8 (54.83, 56.97 and 56.63, respectively)
than the other rations. The digestible crude protein intake to digestible energy
ratio (¢/Mcd) vaue was higher (P < 0.05) with feeding in R4 (42.51) than the
other rations, but feeding on R1, R5, R8 and R9 were higher (P < 0.05) in DCPI
/ DEI (g/Mcd) (41.19, 41.95, 41.01 and 41.21, respectively) than the feeding on
R2 or R3 or R7 (40.32, 38.38 and 39.61 g/Mcd, respectively). The DCFI / DEI
(9/Mcd) value was higher (P < 0.05) with feeding on R3 (22.46) than the other
rations, while the other rations were ranged from 15.30 to 18.92 (g/Mcd).

The DEEI / DEI (g/Mcd) values higher (P < 0.05) with feeding on R3
(14.28) than the other rations, but feeding on R6, R8 and R9 (13.41, 13.25 and
13.89 g/Mcd, respectively) were higher than feeding on R1, R2, R4, R5, and R7
(6.70,9.62, 8.78, 10.86 and 7.96 g/Mcd, respectively) as shown in Table 6. The
DNFEI / DEI (g/Mcd) values decreased (P < 0.05) with feeding on DDGS with
or without SW. The highest values were observed with feeding on R1, R4 and
R7 (155.84, 148.46 and 154.65 g/Mcd, respectively), while the lowest values
were with feeding on R3, R6 and R9 (135.06, 138.39 and 138.89 g/Mcd,
respectively).

In generally, the presented results showed that feeding on DDGSwith 10
% or 20 % with or without SW (R2 and R3) led to decreased DCP % in rations
while supplemented 1.0 % SW led to increase the DCP and DEE % (R8 and R9
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rations). But feeding on high level of DDGS without SW led to increase DCF
and DEE % (R3). There was negative effect with feeding on DDGS with or
without SW on DNFE % in the experimentd rations. So, the highest vaueswere
with feeding on R1 and R7. Although, the DDGS contains a significant amount
of crude fiber 8 —10 %, it aso contains 10 — 12 % fat (Whitney et al., 1999). Fats
as energy carriers and sources of essential unsaturated fatty acid have attracted
the attentions of nutritionists in recent years; the activity of these acids in the
animal body is reflected mainly in the activity of eicosanoids (known as tissue
hormones). Owing to the mechanism of their action, they can be treated as the
most periphera first messengers, which strengthen or weaken the regulatory
activity of hormones and neuromediators at cellulas level (Corl et al., 2003).
Because fat has higher efficiency of conversion of the ME into retained energy
and supplies essentia fatty acids, fat was often used in commercial mest rabbit
production. Supplements of seaweed may improve the nutritive qudity of diets
and growth of small animd in terms of body weight gain as well as fas and
protein contents (Zahid Phool et al., 1995).

Effects of supplemented SW or feeding DDGS and their interaction on some
caecum liquor parameters:

As shown in Table 7, supplemented 1 % SW increased (P< 0.05) the pH
value (6.11) than the control (5.92), while there was no significant effect
between supplemented 0.5 % SW (6.08) and 1 % SW or between 0.5 % SW and
control ration. There was no significant effect with feeding on 0, 10 and 20%
DDGS (5.92, 6.08, 6.05, respectively). There was aso no sgnificant effect on
the pH vaues with feeding on DDGS with or without SW. The pH vaues
ranged from 5.87 to 6.29. The sum of dietary peptic concentrations, the degree
of lignifications of neutrd detergent fiber (NDF) and the dietary particle size,
should be controlled to commercid rabbit diet in order to optimize caeca
microbid activity (Garciaet al., 2000). Caeca pH varied between 5.61 and 6.28.
The pH or the concentration of the fermentation end products were not
sgnificantly affected by the feeding programme (Gidenne et al., 2007).

Ammonia— N concentration was increased (P<0.05) with increasing the
level of supplemented SW in the rations. The mean values were (9.96, 13.06 and
17.12 mg/100 ml) for (0.0, 0.5 and 1.0 % SW, respectively). The ammonia
concentration was higher (P<0.05) with feeding on 20 % DDGS (15.72 mg/100
ml) than the control (11.36 mg/100 ml), but there was no significant effect with
feeding on 10 % DDGS (13.07 mg/100 ml) and the control or with feeding on
20 % DDGS. There was no significant effect with feeding on DDGS with or
without SW on NH3 concentration va ues, which were ranged from 6.53 to
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Table 7. Effects of supplemented SW or feeding DDGS and their
interaction on some caecum liquor parameters.

Items Sw DDGS Effect seaweed (SW)
0% | 10% | 20% Mean [+SEM P
H 0% | 5.89 587 599 5.92°
P 050% | 592 6.08 6.08 6.08% 0.048 0.037
1% 5.96 6.29 6.08 6.11a
Effect DDGS 5.92 6.08 6.05 6.02 0.084 0.281
+ SEM 0.048
P 0.074
NH3 0% 6.53 10.74 1261 9.9%6°
(Mg/100ml) 050% | 10.27 1261 16.34 13.07° 0.947 0.0002
1% 17.28 15.88 18.21 17.122
Effect DDGS 11.36b 1307® 15722 13.38 1.640 0.383
+ SEM 0.947
P 0.015
VEA 0% 3.93 4.62 457 437
(ml eq./100ml) 050% | 5.62 557 4.23 5.14 0.253 0.119
' 1% 4.98 440 4.45 461
Effect DDGS 4.84 4.86 4.42 4.71 0.438 0.181
+ SEM 0.253
P 0.390
a b, ¢ Means within the same raw with different superscripts are significantly different (P <0.05).
SEM = Standard error of means, P = Probability.

18.21, but the highest va ues were observed with feeding on 20 % DDGS with 1
% SW ration. Ammoniaisthe main end product of N catabolism, aswell as, the
main nitrogenous source for the microbid population in the caecum. Ammonia
content is between 6.0 and 8.5 mg/100 ml caeca content with norma diets
(Carabano et al., 1988).

The present data showed that there was no significant effect on total
Volatile fatty acids (VFA) vaues by supplemented SW or feeding on DDGS.
The mean values with 0.0, 0.5 and 1.0 % SW were 4.37, 5.14 and 4.61 ml eq
/100 ml, respectively, while the mean values when feeding on 0.0 %, 10 % and
20 % DDGS were 4.84, 4.86 and 4.42 ml eg/100 ml, respectively. The VFA
vaues ranged from 3.93 to 5.62 ml eq /200 ml when feeding on DDGS with or
without SW. Voldtile fatty acids are end products of fermentation in the caecum
providing an important source of energy for the rabbits (Bellier and Gidenne,
1996). There was no changes in the caecal VFA production in finishing rabbits
(Garcia et al., 1995). The VFA production results from caeca fermentation of
digedtible dietary fiber (Nicodemus et al., 1999), or undigested nutrients (De
Blas and Gidenne, 1998). The concentration of the fermentation of undigested
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nutrients (starch, fat and protein) is unlikely. The concentration of total VFA
observed ranged from 4.3 to 8.2 mmol/100ml (Garciaet al., 2002).

Effects of interaction between supplemented SW or feeding DDGS on
some caecum liquor parameters were not significant (Table 7).

Conclusively, agro-industrial  by—products such as DDGS with or
without SW could be used as new aternative source of energy in the growing
rabbits rations. Ditiller's dried grains with soluble (DDGS) can be used up to 20
% of the total balanced ration of growing rabbits to replace 100 % of barley
grains and part of soybean medl.
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