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ABSTRACT

Twenty seven of weaning New Zealand White (NZW) rabbits of
seven weeks of age was randomly distributed into nine groups of equal
number (three rabbits in each) and similar average live body weight
(813g +0.01). Each group at 7, 9, 11 and 13 weeks of age was tended to
determine Ca, and P concentration in blood plasma. At 13 weeks old,
blood sampleswere collected fromthe ear vein of thethreerabbitsin each
group after overnight fasting during the last day of all growth trials. A
representative part (5cm) from the small intestine was dissected
immediately after slaughtering of rabbits to determine Ca and P
absorption rates.

The experimental groups were fed randomly on one of the nine
formulated experimental rations used. The 1% ration (R1) was used asa
control, which contained 10 % yellow corn + 10 % barley + 13.7 %
soybean meal (SBM) +20 % wheat bran +40 % clover hay + 3 %
molasses + 1 % dicalcium phosphate + 1.2 % limestone + 0.5 % sodium
chloride + 0.4 % premix + 0.2 % methionine and substituting the equal
parts of barley and SBM by 10 % and 20 % distiller's dried grains with
solubles (DDGS) for ration 2 (R2) and ration 3 (R3), respectively. The
supplemented seaweed (SW) for these rationswas at two levels. Thefirst
level was 0.5 % seaweed of thetotal mixed ration for ration 4 (R4), ration
5 (R5) and ration 6 (R6). The second level was 1.0 % seaweed of the total
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mixed ration for ration 7 (R7), ration 8 (R8) and ration 9 (R9). All rations
werein pelleted form and nearly isonitrogenous and isocaloric.

The results of the present study revealed that Ca intake was
increased (P < 0.05) with feeding DDGSon R8 (1.92 g/h/d) than the other
rations, while feeding on R2, R7 and R9 decreased (P < 0.05) Ca intake
(1.67, 1.76 and 1.07 g/h/d, respectively) at 12 to 13 weeks of age.
Phosphorousintakewasincreased (P < 0.05) with feeding on R3, R5, R6
and R8 (0.96, 0.94, 0.95 and 0.96 g/h/d, respectively). The mean values
from7 to 13 weeksold ranged from0.61 to 0.71 g/h/d of the experimental
rations. There was no significant effect with feeding on DDGS with or
without SWon Ca and P absor ption and concentration in blood plasma.

Urea-N concentration in blood plasma wasincreased (P < 0.05)
with feeding on R2, R3 and R7 (45.95, 45.37 and 46.53 mg/100m,
respectively) than the other ration groups.

The feeding RO was higher (P<0.05) in cholester ol concentration
(224.68 mg/100ml) than the other rations, whilefeeding on R3, RS and R6
were higher (P < 0.05) (20222, 213.84 and 215.39 mg/100ml,
respectively) than the others. Triglycerides concentrationwashigher (P<
0.05) with feeding R3, R5, R6, R8 and R9 (107.26, 122.02, 115.62, 119.56
and 133.58 mg/100ml, respectively) than the other rations, andtotal lipids
was also higher with the same rations (430.0, 225.0, 267.5, 232.5 and
2825 mg/100ml, respectively). Low density lipoproteins (LDL)
concentration was higher (P < 0.05) with feeding on R9 (164.23
mg/100ml) than the other rations.

It could be concluded that feeding on DDGS without SW
supplementation could beincreased urea-Nin blood plasma, triglycerides,
cholesterol and total lipidsin blood plasma of growing rabbits.
Keywords: Cacium, phosphorus, blood, growing rabbits, DDGS, SBM,

Sseaweed.

INTRODUCTION

One of the more commonly held thoughts on cacium metabolism in

rabbits is that the rabbit's gastrointestind system is designed to absorb dl the
dietary calcium that is presented to it (Rosentha, 2006). In other words, the more
calciumin thefood, the more cal cium entersthe gastrointestina tract. Eventually,
the theory goes, excess calciumin thebody can not stay intheblood stream and is
excreted though the urinary tract. This theory postul ates that there is no delicate
balancing act anong calcium, phosphorous, vitamin D and parathyroid hormone
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(PTH) found in dl other mammals. Without this ballet act among these four
components, there is no gateway to prevent an overabundance of cacium
absorption through the gastrointestind tract. Itisalso thought that great maority of
calcium absorbed by the gastrointestind tract |eaves the body through the urinary
tract. This differs from amost al other mammals as studies and show in most
animals other than rabbit’sin which calciumis excreted, harmlesdy through fecal
materid.

When cadcium is measured in dietary experiments, it isimportant to look
a the relaionship of cacium to phosphorous. A limiting factor in the use of
digestible P in diet formulations is accuracy of bioavailability estimates for
feedstuffs (Robbins et. al., 2000). Therefore, in dietswith higher energy contents,
it may be necessary to raise the concentration of P. Ultimately, P requirements for
market animals should probably be based on the amount of P required per pound
of lean tissue growth.

Monogastric animals do not secrete phytase in sufficient quantities to
breakdown the phytate molecule; hence most of phytate P is not available for
absorption (Soares and Jr., (1995). Therefore, large amounts of ahighly available
inorganic P source must be added to meat the P requirement. While most phytate P
isnot availablefor absorption, much of this phytate Pis minerdized to inorganic P
in large intestine, and is excreted in manure as inorganic P and increase soluble P
loss potentia when gpplied to soils (Soaresand Jr., (1995).

Rabbit rearingisan established micro livestock industry in many countries
where rabbit are domesticated for mest. Broiler breeds of rabbits have also been
introduced in Indiato explore itsavenue as an aternative source of animal protein.
Rabbit meat has high biological vaue (21%) and low in fat and cholesterol (Sinha
et.al., 2008).

There is a tradition of rabbit production in the five Mediterranean
countries of Africa Per caput production varies from Egypts 0.27 Kg to
Morocco’s nearly 0.78 Kg (Lebaset. al., 1997).

Rabbits grow rapidly and its rate is comparabl e to that of broiler chicken
(Sinha et.al., 2008). Proper nutrition is one of the important aspects of broiler
rabbit production. The protein and energy content of the diet play avitd rolein
rabbit nutrition. Biochemica characterization of rabbit will help in better
understanding of rabbit in relation to growth, mesat, and fur quality.

By - product feed can serve asasource of nutrientsin anima diets. Often,
byproduct feed such as Distillers grainsare included in the diet of they are readily
avalable and economicdly judtified, especialy, when there is a shortage or
increasein prices of conventiona feed sources. Also, duethe processing methods
employed, nutrients in the by products become more biologically available and
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can potentially reduce nutrient excretion if the by product nutrient can be badanced
in the diet (Spiehset al., 2002).

Didtiller's dried grains with soluble (DDGS) which contains from 0.62 to
0.87 % P, have ahigher concentration of available P than corn, other cerea grains
and ceredl co-products, averaging 77 % for DDGS compared to arange of 12 to
30 % for corn. Studies by Spiehset al. (2002) showed that when formulating diets
on atotd Pbass, the percentage of Pretained tendsto increase when 10 and 20 %
DDGS are added to growing diets compared to acontrol corn-soybean med diets
(63.9 %, 66.3 % and 59.1 %, respectively).

Although the DDGS contains a significant amount of crude fiber (8 — 10
%), it dso contains 10 — 12 % fat (Whitney et al., 1999). Fats as energy carriers
and sources of essentid unsaturated fatty acids have attracted the attention of
nutritionists in recent years. The activity of these acids in the animal body is
reflected mainly in the activity of eicosanoids (known astissue hormones). Owing
to the mechanism of their action, they can be treated as the most peripheral first
messengers, which strengthen or weaken the regulatory ectivity of hormonesand
neuromediators at cdllular level (Corl et al., 2003).

The chemical composition of ordinary seaweed as from Ascophyllum
nodosum, immediately characterizes the materia as of low-energy content.
According to the anaytical data the vaue of seaweed med must primarily be
sought in its content of vitamins and minera among which B-carotene,
tocopherols, some B vitamins, iodine, zinc and potassum are the more important
components (Scott, 1990).

Minerd and vitamins are al so of great importancein rabbit diets. It should
be noted though that the rabbit cannot regul ate its cal cium absorption. Imbaances
in calcium and phosphorous nutrition (too much P per unit Ca) can lead to dental
problems and urinary tract obstructions (Urolithiasis).

Therefore, the objective of this study wasto eva uate the effect of partialy
or totaly substituting of barley and partidly of soybean med by DDGS with or
without seaweed supplementation on cacium and phosphorus absorption and
some blood congtituents of growing NZW rabbits and their effects on growth rate
through Caand P uptake and blood parameters.

MATERIALSAND METHODS

The experimental field of the present study was carried out at the
Experimentd Station of the Poultry Production Department, while, the chemical
andysiswasrun at the Laboratory of the Anima Production Department, Faculty
of Agriculture, Mansoura University, Mansoura, Egypt.
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Experimental animals:

Twenty seven of weaning New Zealand White (NZW) rabbits of seven
weeks old was randomly distributed into nine groups of equal number (three
rabbitsin each) and smilar average live body weight (813g+ 0.01) . All rabbitsof
each group & 7, 9, 11 and 13 weeks of age were tended to determined Ca, and P
concentration in blood plasma At 13 weeks old, blood samples were collected
from the ear vein of the rabbitsin each group after overnight fasting during the last
day of all growth trids.

Treatments and experimental design:

The experimenta groups were fed randomly on one of the nine formulated
experimentd rations used. The experimental rations were designed to gradually
substitute barley grains and soybean med (equd parts) by distiller dried grains
with solubles (DDGS) at the rate of 10 and 20 % of the total mixed rations. Ration
1 (R1) contains 10 % barley and 13.7 % SBM ascontrol diets, and the substituting
the barley and SBM by 10 % and 20 % DDGS for ration 2 (R2) and ration 3 (R3),
respectively. The supplemented seaweed for these rationswas at two levelsof the
wheat bran. The first level was by 0.5 % seaweed (SW) of the tota mixed ration
for retion 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 form and nearly isonitrogenous and isoca oric content.

Blood congtituents” measurements.

Blood sampleswere collected from the ear vein of thethreerabbitsin eech
group at 7, 9, 11 and 13 weeks old to determine Ca, according to Moorhead and
Briggs (1974) and P, according to Freidman et al.(1980). At 13 weeks old, blood
samples were collected from the ear vein of rabbits in each group &fter overnight
fasting during the last day of all growth trial. Blood plasma was separated after
centrifugation at 4000 r.p.m. for 20 minutes, and then stored a — 20°C until
anaysis for the different blood parameters. Plasmawas used for determination of
total proteins, (Doumeas et al.,1981); albumin, (Hill and Wells 1983); globulin,
which calculated by difference between the tota proteins and abumin
concentrations); AST and AL T, (Reitman and Frankel, 1957); akaine phosphates,
(Roy, 1970); urea-N, (Freidman et al., 1980); uric acid, (Fossati et al., 1980);
cregtinine (Fabiny and Ertingshausen, 1971); cholesterol(Allain et al., 1974);
triglycerides (Fossati and Prencipe, 1982); totd lipids (Zollner and Kirsch, 1962);
HDL, (Lopes-Virdlaetal.,1977); LDL, (Friedewdd et al., 1972), were carried out
using photometric methods and diagnogtic kits (Vitro Scient, Egypt), and pH
determined by battery operated pH meter.
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Absorption of Caand P (in vitro) from intestine:

A representative pat (5 cm) from the smdl intestine was dissected
immediately after daughtering of rabbits. The dissected tissueswere immersed in
20 ml of CaHPO, solution in Petri dishesfor one hour. After that the solution was
collected in clean tubes and then used to determine Ca and P absorption rates.
Absorption rates were caculated by subtracting the detected amounts in the
collected samples from that in theimmersed solutions. The methods of Caand P
determination were the same as those used for blood plasma samples by using
available commercid kits.

Statistical analysis:

The gatisticd analysis was carried out using the Genera Linear Model
Program (GLM) of SAS (2000). The obtained data were analyzed using factoria
anaysis (3x3) of variance according to the following model:

Yijk=p+Ti+Lj+TLjj + €jj«
Where; Yijk = Observation of the tested factor, i = Overdl mean, Ti = The effect
of treatment (DDGS), i = 0, 10 and 20 %, Lj = The effect of levels (seaweed), | =
0,0.5and 1 %, TL;; = Theinteraction between treatment and level effect and ei
k = The random error associated with theindividud ijk.
Differences among means were subjected to Duncan’s Multiple Range
Test (Duncan, 1955).

RESULTSAND DISCUSS ON

Effect of feeding with DDGS or SW supplementation and their interaction on
Caand P intake:

Table 1 showsthat there was no significant effect of supplemented SW on
Caand Pintake. The Caand Pintake increased with increasing the age from 7 to
13 weeks of age. These vaues of Caintake were (0.87, 0.87 and 0.90 g/h/d) and P
intake were (0.44, 0.43 and 0.45 g/h/d) at 7 to 8 weeks of age, while the values of
Caintake were (1.79, 1.84 and 1.8 g/h/d) and for P intake were (0.09, 0.92 and
0.90 g/h/d) at 12 to 13 weeks with supplemented 0.0, 0.5 and 1.0 % SW,
respectively. The mean values from 7 to 13 weeks for Caintake were (1.33, 1.32
and 1.34 glh/d) and for P intake were (0.67, 0.66 and 0.67 g/h/d) with
supplemented 0.0 %, 0.5 % and 1.0 % SW, respectively.

Datain Table 1 show that feeding on DDGS, datashow that the Caintake
wasincreased (P< 0.05) (1.78 g/h/d) with feeding on 20 % DDGS than the control
(1.57 g/n/d), but there was no significant effect with feeding on 10 % DDGS (1.68
g/h/d) and control or with 20 % DDGS a 11 to 12 week old. The mean values of
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Table 1. Main effects of SW supplementation or feeding DDGS on Ca
and P intake (g/h/d) of growing rabbits.
SW (%) DDGS(%)
00 05 10 *#SEM P 00 100 200 +SEM P

tems

Caintake
Wk(7-8) 087 087 090 0.013 0130 087 089 088 0013 0517
WK (8 - 9) 101 099 101 0012 0368 100 100 100 0.012 0.952
Wk(9-10) 111 112 113 0011 0629 112 113 112 0.011 0816
WK (10-11) 151 146 152 0023 0238 149 151 148 0.023 0682
Wk (11-12) 169 166 169 0050 0894 157° 168% 1.78% 0.050 0.031
Wk (12-13) 179 184 180 0034 0562 181 18 180 0.034 03837
Mean 133 132 134 0013 0630 131 134 134 0013 0.155
P intake
WK (7 - 8) 044 043 045 0007 0138 042° 044* 046% 0.007 0.001
Wk(8-9) 050 049 051 0006 0387 048° 050° 052° 0.006 0.001
Wk (9-10) 056 056 056 0.006 0658 054° 056% 058* 0.006 0.0003
Wk (10-11) 0.75 0.73 0.76 0.012 0.276 0.72° 0.76% 0.77% 0.012 0012
Wk (11-12) 085 083 084 0025 0905 0.76° 084° 093% 0.025 0.001
Wk (12-13) 090 092 090 0017 0569 0.87° 091% 0.93% 0.017 0.046
M ean 067 066 0.67 0006 0655 0.63° 067° 0.70° 0.006 <.0001
a, b, c: Meanswithin the same raw with different superscripts are significantly different

(P <0.05).

SEM = Standard error of means, P = Probability. Wk =Week.

Caintakewere (1.31, 1.34 and 1.34 g/h/d) with feeding on 0.0 %, 10 % and 20 %
DDGS, respectively. Phosphorousintake wasincreased (P < 0.05) with feeding on
10 or 20 % DDGS. Thevduesfor Pintake were (0.42, 0.44 and 0.46 g/h/d) at 7 to
8 week and (0.87, 0.91 and 0.93 g/h/d) at 12 to 13 week, while the mean vaues
were (0.63, 0.67 and 0.70 g/h/d) for 7 to 13 weeks with feeding on 0.0 %, 10 %
and 20 % DDGS respectively.

Obtained results as shown in Table 2, present the interaction effect of
feeding on DDGSwith or without SW, show that the Caintake wasincreased (P <
0.05) with feeding on R8 (1.92 g/h/d) than the other rations, while feeding on R2,
R7 and R9 were decreased (P< 0.05) Ca intake (1.67, 1.76 and 1.07 g/h/d,
respectively) at 12 to 13 weeks old. The mean vaues from 7 to 13 weeks of age
wereranged from 1.27 to 1.37 g/h/d. Phosphorousintake increased (P < 0.05) with
feeding on R3, R5, R6 and R8 (0.96, 0.94, 0.95 and 0.96 g/h/d, respectively). The
mean vaues of 7 to 13 weeks old ranged from (0.61 to 0.71 g/h/d).
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Table 2. Interaction effects between feeding on DDGS and with or
without SW on Ca and P intake (g/h/d) of growing rabbits.

ltems RL R2 R3 R4 R5 R6 R/ R8 R9
DDGS(%) 00 100 200 00 100 200 00 100 200 +SEM P
SW(%) 0.0 05 1.0

Ca intake (g/h/d):

Wk (7-8) 087 089 086 084 088 088 090 089 092 0.023 0.659
Wk(@-9) 099 102 100 098 099 101 103 100 100 0.021 0471
Wk(9-10) 112 111 111 111 113 112 113 114 112 0.020 0.831
Wk (10-11) 155 152 146 140 149 149 152 152 151 0.041 0.313
Wk (11-12) 160 161 186 149 168 181 163 175 168 0.087 0.334
Wk (12-13) 185 167 186 181 188 183 176 192 170 0.059 0.027
M ean 133 130 136 127 134 135 133 137 132 0.022 0.083
P intake (g/h/d):

Wk (7-8) 042 045 045 040 044 046 043 045 048 0.011 0.668
Wk (@8-9) 048 051 052 047 049 052 050 050 052 0.010 0.515
Wk (9-10) 054 055 058 053 057 058 054 057 058 0.010 0.852
Wk (10-11) 074 0.76 0.76 067 0.75 0.77 073 076 0.78 0.021 0.361
Wk (11-12) 0.77 080 097 0.71 084 094 078 087 087 0.043 0.320
Wk (12-13) 089 084 096 087 094 095 085 096 0.88 0.030 0.028
M ean 064 065 071 061 067 0.70 064 069 0.69 0.011 0.080
SEM = Standard error of means. P = Probability. =~ Wk =Week

The present resultswere in agreement with those of authorswho reported
that growing rabbits should be fed to appetite until 10 weeks of age and then at
around 112 g DM/day (Santoma et al., 1989). The Ca and P requirements of
growing rabbits are 1.15 and 0.6 %, respectively (Moughan et al., 1988). Where,
the Caand Pintake of growing rabbitswere (1.30 and 0.67 g/h/d, respectively).

Effect of SW supplementation or feeding DDGS and their interaction on
Ca (mol/hr) and P (mol/hr) absorption:

Table (3) shows the absorption rate of Ca and P at 13 weeks of age.
Theresults showed that there were no significant effect of with SW or

Table 3. Main effects of SW supplementation or feeding DDGS on Ca
(mol/hr) and P (mol/hr) absor ption at week 13 of age.
SW (%) DDGS(%)
00 05 10 £#SEM P 00 100 200 +SEM P

Ca(mol/nr) 271 265 276 0124 0821 272 273 268 0124 0.960

[tems

P(mol/hr) 112 115 112 0059 0917 116 110 113 0.059 0.827

SEM = Standard error of means, P = Probability.
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feeding on DDGS on Caand P absorption. the mean values for Caabsorption
ranged from 2.65 to 2.76 (mol/hr) and for P absorption ranged from 1.10 to
1.16 (mol/hr).

There was no significant interaction effect with feeding on DDGS
with or without SW on Caand P absorption. Asshown in Table (4), the mean
values for Ca absorption ranged from 2.57 to 2.94 (mol/hr) and for P
absorption were ranged from 1.06 to 1.25 (mol/hr) with feeding on the
experimental rations.

Carbohydrates increased intestind Ca® absorption as reported b
(Buzinaro et al., 2006). Data regarding protein intake and intestina Ca™
absorption indicatethat dietary protein does not alter theintestinal Ca’* absorption
and henceintestinal cacium absorption does not explain hypercaciuriainduced
by high protein intake (Kerstetter et al., 2003). However, the data related to the
effect of dietary lipids on intestind Ca?* absorption are not clear (Buzinaro et al.,
2006). In addition, a high phosphorus intake has been showed to cause
hypoca cemia, hyperphosphatemia, secondary hyperparathyroidismwith enhanced
bone resorption and bone lossin severd anima models (Cadvo and Park, 1996).

Table 4. Interaction effects between feeding on DDGS with or without SW
on Ca (mol/hr) and P (mol/hr) absor ption at 13 weeks of age.

ltems RL_ R2 R3 R4 R5 R6 R7 R8 RO
DDGS(%) 00 100 200 00 100 200 00 100 200 5\, P
SW(%) 0.0 05 1.0

Ca(moal/hr) 275 267 271 265 257 274 275 294 260 0216 0.803

P(mol/hr) 106 114 116 125 106 115 116 112 109 0103 0.718
SEM = Standard error of means. P = Probability.

Phosphorus baance involves the absorption of dietary phosphorusin the
intestine, its distribution in body fluids and tissues, especidly bone and its
excretion was largely by the kidney (Tani et al., 2007). Intestina net phosphorus
absorption was significantly increased by the high phosphorus diets, dependent on
the amount of dietary phosphorus.

Effect of SW supplementation or feeding DDGS and their interaction on
Ca and P concentration (mg/ 100ml) in blood plasma:

As shown in Table 5, cacium concentration was increased (P < 0.05)
with supplemented 1 % SW (9.42 mg/100ml) than supplemented 0.0 or 0.5 %
SW (5.16 and 7.86 mg/100ml, respectively), while Ca concentration was higher
(P < 0.05) when supplemented 0.5 % SW than the control at 11 weeks of age.
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Table5. Main effects SW supplementation or feeding DDGS on Ca and
P concentration (mg /100ml) in blood plasma from 7 to 13
weeks of age.

SW (%) DDGS(%)

Items
0.0 05 10 +SEM P 00 100 200 =+=SEM P

Ca concentration

WK (7) 390 399 38 0191 0885 392 402 38L 0191 0736
WK (9) 447 439 38 0262 0229 405 434 433 0262 0676
WK (11) 5.16° 7.86° 942® 0372 <0001 6.19° 7.20° 904 0372 0.001
WK (13) 966 919 935 0576 0841 946 940 933 0576 0987

Mean 580° 636% 6.62* 0184 0016 591° 624 663% 0184 0.042

P concentration

WK (7) 152 129 145 0509 0950 143 137 146 0509 0.992
WK (9) 212° 236° 497® 0498 0001 304 282 359 0498 0543
WK (11) 551 371 437 0507 0064 432 431 495 0507 0600
WK (13) 652 687 7.08 0424 0647 685 748 613 0424 0.109

Mean 3.92% 356° 447* 0227 0034 391 400 403 0227 0928

a b, ¢c: Meanswithin the same raw with different superscripts are significantly different (P <0.05).
SEM = Standard error of means, P = Probability, Wk =Week

The mean values, showed that supplemented 1 % was higher (P<0.05) with
supplemented 0.5 % or 1 % SW (6.36 and 6.62 mg/100ml, respectively) than the
control group (5.80 mg/100m).

Phosphorous concentration increased (P<0.05) a 9 week with
supplemented 1 % SW (4.97 mg/100 ml) than the control (2.12 mg/100 ml) or
supplemented 0.5 % SW (2.36 mg/100ml). The mean vaues showed that the P
concentration was higher (P<0.05) with supplemented 1 % SW (4.47 mg/100ml)
than with feeding on 0.5 % SW (3.56 mg/100ml), while there was no significant
effect between control (3.92 mg/100ml) and supplemented 0.5 % or 1 % SW.

Feeding on 20 % DDGS increased (P< 0.05) Ca concentration (9.04
mg/100ml) than the control (9.16 mg/100ml) or feeding on 10 % DDGS (7.20
mg/100ml). Therewas no significant effect on P concentration with feedingonthe
control or 10 % or 20 % DDGS (3.91, 4.0 and 4.03 mg/100m, respectively).

As shown in Table 6, there was no significant interaction effect on the
mean values for Caand P concentration in blood plasma. Feeding on R6, R7,
R8 and R9 increased Ca concentration (6.87, 6.39, 6.50 and 6.98 mg/100m,
respectively) than the other rations, while feeding on R1, R8 and R9
increased P concentration (4.29, 4.26 and 5.16 mg/100ml, respectively) than
the other rations.
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Table 6. Interaction effects between feeding on DDGS and with or
without SW on Ca and P concentration (mg / 100ml) in blood
plasma from 7 to 13 weeks of age.

ltems RL R2 R3 R4 R5 R6 R7 R8 R9

DDGS%) 00 100 200 00 100 200 00 100 200 =+SEM P

SW(%) 0.0 05 1.0

Ca concentration

WK (7) 394 424 353 401 399 397 382 383 392 0331 0.787

WK (9) 333 548 458 469 419 429 412 334 412 0454 0035

WK (11) 342 563 642 660 651 1046 857 947 1023 0644 0091

WK (13) 993 946 960 941 939 876 905 937 964 0997 0.968

Mean 515 620 6.03 618 602 687 639 650 698 0319 0.374

P concentration

WK (7) 150 143 162 125 138 125 156 131 150 0882 0.999

WK (9) 302 189 146 235 207 266 375 450 665 0862 0.192

WK (11) 552 508 593 329 382 401 415 404 493 0879 0983

WK (13) 7.14 798 443 691 727 642 651 717 755 0734 0.091

Mean 429 409 336 345 364 358 399 426 516 0393 0.140

SEM = Standard error of means, P = Probability, Wk =Week

Ca cium and phosphorous concentrationsin blood were within thenormal
range as found by (Nichols, 2003). Because rabbits can absorb Ca without the
facilitation of vitamin D, a mechanism is needed to regulate serum Ca levels.
Parathyroid hormone and calcitonin are thought prevent serum Ca level from
becoming to dangerously high due to dietary influence (Cheeke, 1994). It isaso
thought that great maority of calcium absorbed by the gastrointestinal tract |eaves
the body through the urinary tract (Rosenthd, 2006).

Phosphorous (P) is an essential element of both plant and animds
(Schindler, 1977). Therefore, in diets with higher energy contents, it may be
necessary to raise the concentration of P. Ultimately, P requirements for market
animals should probably be based on the amount of P required per pound of lean
tissue growth. A limiting factor in the use of digestible P in diet formulationsis
accuracy of P bioavailability estimates for feedstuffs (Robbins et al., 2000).

Effect of SW supplementation or feeding DDGS and their interaction on
some blood plasma parameters:

As shown in Table 7, there was no significant effect on total protein
concentration with supplemented SW or feeding DDGS. Supplemented SW a 1.0
% increased (P<0.05) abumin concentration (4.47 g/100ml) than the control
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(3.84 g/100ml), whilethere was no significant effect between supplemented 0.5%
SW (4.0 ¢g/100ml) and the control or supplemented 1 % SW. The AST activity
was higher (P<0.05) with supplemented 0.5 % SW (51.11 U/ml) than the control
(34.93 U/ml) or 1 % SW (37.24 U/ml), while feeding on 10 % or 20 % DDGS
caused increasing (P < 0.05) AST activity (46.04 and 46.84 U/ml, respectively)
than the control (30.40 U/ml). Alkaine phosphates (ALP) was higher (P < 0.05)
with supplemented 1 % SW (75.26 U/100ml) than the control (53.48 U/100ml),
while there was no significant effect between supplemented 0.5 % SW (65.12
U/100ml) and control or supplemented 1 % SW. Creatinine concentration
increased (P < 0.05) with supplemented 0.5 % and 1 % SW (1.09 and 1.20
mg/100ml, respectively) than the control (0.95 mg/100ml) or with feeding on 20
% DDGS (1.14 mg/200ml) than feeding on 0.0 % and 10 % DDGS (1.05
mg/100ml for each one).

The interaction results in Table 8 show that ureaN concentration was
increased (P<0.05) with feeding on R2, R3 and R7 (45.95, 45.37 and 46.53
mg/100ml, respectively) than the other rations. The present datawere within the
range as found by Igwebuike et al. (2008) and EL-Bannaet al. (2005) except for
globulin concentration with feeding on R1, R3, R5, R6, R7 and R8 which were
lower than the normal range (2.15 — 3.15 g/100m). EL-Bannaet al. (2005) found
that the total protein level in plasma of rabbits consumed seaweed was dlightly
lower than that in the control group and in the meantime higher levelsin AST and
ALT enzymes in the treated groups. This could be due to increase of protein
utilization and amino acids transamination in the treated groups.

Zinc and copper accumulate mostly in the liver tissue (Saito, 1996).
However, there are other studies, which suggest that zinc and copper loading may
lead to intoxication and increase liver enzymeslevels(Saito, 1996 and Levengood
et al., 2000) which may support the incresse of AST and ALT. Serum akaine
phosphates (ALP) levels may increase in congestive heart failure as a result of
injury to the liver (Harper et al., 1977). Changesin the dietary calcium level have
been shown to have a profound influence on bone composition, parathyroid size
and bone and plasma dkaline phosphates. Increasing enzyme levels in blood
plasma resulting from a dietary cacium deficiency (Hurwitz and Griminger,
1973).

Feeding on R9 was higher (P<0.05) in cholesterol concentration (224.68
mg/100ml) than the other rations, while feeding on R3, R5 and R6 were higher
(P<0.05) (202.22, 213.84 and 215.39 mg/100ml, respectively) than the others.
Triglycerides concentration was higher (P< 0.05) with feeding on R3, R5, R6, R8
and R9(107.26,122.02, 115.62, 119.56 and 133.58 mg/100ml, respectively) than
the other rations, and totd lipids was dso higher with the same relations (430.0,
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225.0,267.5, 232.5 and 282.5 mg/100ml, respectively). Low density lipoproteins
(LDL) concentration was higher (P < 0.05) with feeding on R9 (164.23
mg/100ml) than the other rations, while feeding on R5, R6 and R7 were higher (P
<0.05) (157.38, 159.32 and 155.34 mg/100ml, respectively) than the others. There
was no significant effect on high density lipoproteins (HDL ) concentration and on
the pH values with feeding on the experimental rations.

Blood Plasma cholesterol concentration is known to be influenced by the
guantity and qudlity of fat in the diet. Low density lipoproteins (LDL) and
cholesterol concentrations fall when saturated triglyceridesin the diet is replaced
by polyunsaturated vegetable oil (Spady and Woollett, 1990). Triglyceride(TG) is
transported in blood via macromolecular particles called lipoproteins (Kleppe
et al., 1988).

It has been concern that asubstantia increase in carbohydrate containing
food at the expense of fat, might result in a decreased in high-density lipoprotein
and acorresponding increase in very low-density lipoprotein and triglyceridesin
the blood (Hickset al., 1990).

Conclusively, agro-industrial by —products such as DDGS without
supplemented seaweed could be increased ureaN in blood. Feeding on
Digtiller’s dried grains with soluble led to increase the low density
lipoprotein, triglycerides, cholesterol and total lipids in blood plasma of
growing rabbits.
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