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Twenty seven weaning New Zealand White (NZW) rabbits of seven
weeks old of about 813 g live body weight was randomly distributed into nine
groups (three rabbits in each). The experimental groups were fed randomly
on one of the nine formulated experimental rations used. The I ration (R1)
was used as a control, which contained: 10 % yellow corn+10 % barley+
13.7 % soybean meal (SBM) + 20 % wheat bran + 40 % clover hay + 3 %
molasses+1.0 % calcium diphosphate +1.2 % limestone + 0.5 % sodium
chloride+0.4% minerals-vitamins  mixture+0.2% methionine. The
substituting (equal parts) from barley and SBM by 10 % and 20 % distiller's
dried grains with soluble (DDGS) for ration 2 (R2) and ration 3 (R3),
respectively. The supplemented seaweed (SW) for these rations was at tow
levels subtracted from the wheat bran. The first level was 0.5 % seaweed for
rations R4, R5 and R6. The second level was 1.0 % seaweed for rations R7,
R8 and R9. All rations were nearly isonitrogenous and isocaloric. Blood
plasma samples were collected from all rabbits after overnight fasting at 7,
9, 11 and 13 weeks to determine glucose, thyroxin (T, and triiodothyronine
(T3). A representative part (5 cm) from the small intestine was dissected
immediately afier slaughtering the three rabbits in each group to determine
glucose absorption rates.

The results of the present study revealed that there was no significant
effect with feeding on DDGS with or without SW on glucose absorption. The
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mean values for glucose absorption were ranged from 0.39 to 0.44 (mg/hr),
with feeding on the experimental rations.

Rabbit’s group fed on 10 % DDGS with 1.0 % SW recorded the highest
significant value of blood glucose (132 mg /100 ml) followed by R4 (fed on
0.0 % DDGS with 0.5 % SW, where the lowest value (109.42 mg /100 ml)
was detected for R2 (fed on 10 % DDGS without SW).

There was no significant effect on T4 concentrations with feeding on
the experimental rations. The mean values were ranged from 13.70 to 17.92
ng/ml. The highest values were observed with feeding on R8 followed by R9,
while the lowest value was observed with feeding on R1. The same trend was
observed in T;concentrations. The mean values were rangedfrom 3.5t04.46
ng/ml. In generally, the T, T; ratio was about 4:1 with feeding the

- experimental rations.
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Non-ruminants absorb high level ghicose from their feed. However,
glucose is crucial for maintenance and productive function in animals (Reynolds,
2005).

Across a broad range of intakes and physiological states, including growth,
lactation and dry periods, there is a very tight relationship between glucose supply
and energy (DE or ME) intake (Reynolds et. al., 2001). This likely reflects a
relationship between glucose requirement and ME supply, and effects of glucose
demand on liver glucose production. In growing animals, glucose requirement will
be determined by growth rate, which is set by ME intake. The increased ME
supplied as absorbed glucose or VFA was either oxidized or used to support greater
tissue energy balance (Rigout ef al., 2003).

Liver is the predominant site of glucose synthesis in the animals, although
10 to 15 % of total glucose synthesis occurred in the kidneys (Bergman et al.,
1974). The relative contribution of the kidneys increased to 25 % when animals
were fasted, reflecting an increase in the use of glucose precursors from the
breakdown of body tissues. Precursors for glucose synthesis include propionate,
glucogenic amino acids, lactate, glycerol, butyrate and valerate (Leng, 1970). On a
quantitative basis, for up to 76 % of liver glucose synthesis (Reynolds et al., 1998).
Propionate represents an important metabolic link between ME intake and liver
glucose production. Propionate supply is dictated by dietary intake, and is itself an
important regulator of voluntary intake. Nearly all of the propionate absorbed into
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the portal vein is removed by the liver and virtually all the propionate taken up by
the liver is used for glucose synthesis.

In conditions of under nutrition, the contribution of propionate and other
precursors derived from the diet decreases, while the relative contributions of
lactate, glycerol and amino acids from body tissues increase, albeit at a reduced rate
of glucose synthesis (Lomax and Baird, 1983). The use of lactate from body tissues
represents "Con Cycling" of glucose carbon between the liver and peripheral
tissues, such as the muscle or adipose. However, substantial amounts oflactate can
be absorbed across the portal drained viscera (PDV), which to a large extent
represents dietary contributions (Van der Walt ef al., 1983). Nearly all the amino
acids can contribute their carbon to glucose synthesis, and in total they are
considered the second most important glucose precursor. Of all the amino acids,
alanine represents the greatest potential contributor, and is absorbed into the portal
vain in the greatest amount. However, like lactate, apart of the alanine released by
the PDV and removed by the liver is a product of glucose metabolism, thus
represents a recycling of glucose carbon.

Thyroxine (T,) and triiodothyronine (T,) hormones of the thyroid gland are
major regulators of metabolic rate, growth and development of animals. Several
studies have been undertaken to determine the role of physiological changes in
thyroid activity in meat producing species (Garrett, 1980).

It has been reported that a reduction in plasma T; level is accompanied by
an increase in T4 level as a result of a reduction in peripheral monoiodation of T4
(Klandorf et al, 1981). Energy content of diet clearly affects the plasma
concentration of T; (Williams and Njoya, 1998). They demonstrated that low
energy diet resulted in higher T; and lower plasma 7, concentrations.

The thyroid gland contains the highest concentration (0.2 to 5.0 % on a dry
weigh basis) of iodine in the body, between 70 and 80 % of the total body stores.
Approximately 90 % of the iodine which passes through the thyroid gland is
captured by that organ (Hetzel and Welby, 1997). Iodine is then combined with
tyrosine in the thyroid to form diiodotyrosine. Two moiecules ofthis compound are
then combined to form thyroxine. Approximately 80 % of the thyroxine entering
the circulation is broken down through de-iodinization by the liver, kidney and
other tissues.

Therefore, the aim of this study was to evaluate the effect of partially or
totally substituting of barley and partially of soybean meal by DDGS with or
without seaweed supplementation on glucose concentration, thyroxin (T4) and
trilodothyronine (T;) in blood plasma of growing rabbits.
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MATERIALS AND METHODS

The present study was carried out at the Experimental Station of the Poultry
Production Department, while, the chemical analyses were run at the Laboratory of
Animal Production Department, Faculty of Agriculture, Mansoura University,
Mansoura, Egypt.

Experimental animals:

Twenty seven weaned New Zealand White (NZW) rabbits of seven weeks
old of about 813 g live body weight were randomly distributed into nine groups
(three rabbits in each). All rabbits of each group at 7, 9, 11 and 13 weeks of age
were tended to determine glucose, T-3 and T-4 hormones concentration in blood.

Treatments and design:

The experimental groups were fed randomly on one of the nine formulated
experimental rations used. The experimental rations were designed to gradually
substitute barley grains and soybean meal (equal parts) by distiller dried grains with
soluble (DDGS) at the rate of 10 and 20 % of the total mixed rations. Ration 1 (R1)
contained 10 % barley and 13.7 % SBM (control), and substituting the barley and
SBM by 10 % and 20 % DDGS for ration 2 (R2) and ration 3 (R3), respectively.
The supplemented seaweed (SW) for these rations was at two levels of the wheat
bran. The first level was by 0.5 % SW for rations R4, R5 and R6. The second level
was 1.0 % SW for rations R7, R8 and R9. All rations were in pelleted form and
nearly isonitrogenous and isocaloric.

Some blood constituents,

Blood samples were collected from the ear vein of all rabbits at 7,9, 11 and
13 weeks old. The blood was centrifuged at 4000 rpm for 20 minutes for plasma
separation to determine T3 and T4 hormones (Sterling and Lazarus, 1977), while
glucose was determined in whole blood by Gluco-tek (Skyler ez al., 1981).

Absorption of glucose (in vitro) from intestine:

A representative part (Scm) from the small intestine was dissected
immediately after slaughtering of all rabbits. The dissected tissues were immersed
in glucose S % solution in Petri dishes for one hour. After that the solutions were
collected in clean tubes and then used to determine glucose absorption rates.
Absorption rates were calculated by subtracting the detected amounts in the
collected samples from that in the immersed solutions. The methods of glucose
determination were the same as those used for blood samples by using available
commercial kits.
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Statistical analysis:

The statistical analysis was carried out using the General Linear Model
Program (GLM) of SAS (2000). The obtained data for absorption of glucose (in
vitro), glucose, Thyroxine (T4) and Triiodothyronine (T3) constituents in blood of
different groups of rabbits were subjected to factorial analysis of variance according
to the following model:

Yije=p+Ti+L;+TLij + eijk
Where; Y = Observation of the tested factor, . = Overall mean, T;= The effect of
treatment (DDGS), i = £, 10 and 20 %, L ; = The effect of levels (seaweed), ; = 0,
0.5 and 1 %, TL;; = The interaction between treatment and level effect and e ;=
Random error.

Differences among means were subjected to Duncan’s Multiple Range Test
(Duncan, 1955).

RESULTS AND DISCUSSION

Effects of supplemented SW or feeding DDGS and their interaction on
glucose absorption:

The results in Table 1 show that then differences in absorption rate of
glucose may indicated different levels of DDGS or seaweed in diets of
rabbits had no deleterious effects on glucose absorption in the small
intestine, which indicated that DDGS or seaweed had no contents interacted
with glucose during absorption. The possibility of controlling hunger, satiety
and feed intake by altering the type of carbohydrate in feed has intrigued a
number of investigators (Glimp ez al., 1989). ’

Table 1. Main effects of supplemented SW or feeding DDGS on glucose
(mg/hr) absorption at 13 weeks of age.

SW(%) DDGS (%)
Items + +
00 05 1.0 SEM P 00 100 20.0 SEM P
Glucose
mg/hr) 040 042 044 0011 0170 041 042 043 0011 0.561
SEM = Standard error of means. P = Probability.

Glucose of the body major energy source was lower in restricted feeding
rabbits and the recovery phase due to their lower amount of feed intake compared
with the ad libitum rabbits. As a consequence of the restricted feed intake plasma
immunoreactive insulin was decreased. Insulin is a key player in the control of
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intermediary metabolism influencing both carbohydrates and lipid metabolism
(Rommers ez al., 2004). Lostao et al. (1991) reported that intestinal glucose
absorption in vivo comprises two components: an active component, which
saturates between 30 and 50 mM glucose and a passive component, which
increases in a broadly linear manner up to concentrations well in excess of 100 mM.
At higher concentration, the passive component is 3 — 5 times greater than the
active component and is therefore likely to be the major pathway by which
intestinal glucose absorption occurs during the assimilation of a meal.

The results in Table (2) showed that no significant interaction effects of
feeding rabbits on different levels of DDGS with or without SW on glucose
absorption. The mean values of glucose absorption ranged from 0.39 to 0.44 mg/hr.

Table 2. Interaction effects between feeding DDGS and with or without seaweed
(SW) on glucose (mg/hr) absorption of rabbits at 13 weeks of age.

Items Ri R2 R3 R4 R5 R6 R7 R§ RY
DDGS (%) 06 100 200 06 100 200 0.0 100 200 *SEM F
SW (%) 0.0 05 1.0

Glucose (mg/hr) 040 039 042 04] 041 043 043 044 043 0019 0853

SEM = Standard error of means. P = probability.

Effects of supplemented SW or feeding DDGS and their interaction on
glucose concentration in whole blood:

Results presented in Table (3) show that the mean vaiues of glucose
concentration increased (P<0.05) with suppiemented 0.5 or 1.0 % SW, beiug
125.69 and 128.61 mg/100 ml, respectively as compared to 0.0 % SW (120.14
mg/100 ml). However, feeding on 10% DDGS significantly decreased giucose
concentration to 121.64 mg/100 ml compared with the control (128.06
mg/100ml), while insignificantly decreased to 124.75 mg/100 ml occurred
with feeding on 20 % DDGS.

Table 4 and Figure 1, show the interaction effects of feeding rabbits
DDGS with or without supplemented SW on glucose concentration in blood
(mg/100 ml) from 7 to 13 weeks of age. Feeding on R8 caused the highest
significant (P<0.05) blood glucose concentration (132 mg/100 ml) followed by
R4. However the lowest blood glucose concentration was recorded for R2
(109.42 mg /100 ml).

The presénted values for glucose concentration were within the range
as found by Nichols (2003), Igwebuike et al.(2008) and EL-Bana et al. (2005).
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Table 3. Main effects of supplemented SW or feeding DDGS on glucose
concentration in blood (mg/ 100 ml) from 7 to 13 weeks of age.
SW(%) DDGS(%)

Items + +
0.0 05 1.0 SEM P 0.0 10.0 20.0 SEM

WK (7) 116.89° 127.11° 126.56* 3.015 0.047 125.11 12333 122.11 3.015 0.781
WK (9) 11722 12478 13022 4.118 0.109 130.67 11856 123.00 4.118 0.138
WK (11) 122.67 128.78 12744 2.817 0297 130.22 12189 12678 2.317 0.139
WK (13) 12378 122.11 13022 2839 0.131 126.22 12278 127.11 2.839 0534

Means 120.14" 125.69* 128.61* 1.630 0.006 128.06" 121.64° 124.75* 1.630 0.040

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

P

Cordova, (1994) reported a direct relation between glucose and zinc levels in
blood, so marked increase in glucose level in blood of rabbits consumed
seaweed could be related to the increase of zinc uptake.

Table 4. Interaction effects between feeding growing rabbits DDGS and with
or without seaweed (SW) on glucose concentration in blood (mg /
100 m]) from 7 to 13 weeks of age.

Items R1 R2 R3 R4 RS R6 R7 RS RO ~
DDGS(%) 00 100 200 0.0 100 200 0.0 100 200 *SEM P
SW(%) 0.0 05 1.0

WK (7) 12133 109.67 119.67 13233 128.00 121.00 121.67 132.33 125.67 5222 0.186
WK (9) 132.00 98.67 121.00 13033 125.67 11833 129.67 13133 129.67 7.132 0.123
WK (11) 13433 107.67 126.00 13533 125.67 12533 121.00 132.33 129.00 4.880 0.014
WK (13) 121.67 121.67 128.00 128.33 1]4.67 12333 128.67 132.00 130.00 4.918 0434

Means 12733 109.42 123.67 131.58 123.50 122.00 125.25 132.00 128.58 2.823 0.003

SEM = Standard etror of means. P = Probability, Wk: Week .

In growing animals, glucose requirement will be determined by growth
rate, which is set by ME intake. The increase ME supplied as absorbed glucose
was either oxidized or used to support greater tissue energy balance (Rigout
et al., 2003). Precursors for glucose synthesis include propionate, glycogenic
amino acids, lactate, glycerol, butyrate and wvalerate (Leng, 1970).
Propionate represents an important metabolic link between ME intake
and liver glucose production. Propionate supply is dictated by dietary intake and
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R1 R2 R3 R4 R5 R6 R7 R8 R9

Tested rations

Figure 1. The effects of feeding DDGS with or without (SW) on
glucose concentration (mg/100 ml) in blood of growing
rabbits.

is itself an important regulator of voluntary intake. Nearly all of the propionate
absorbed into the portal vein is removed by the liver and virtually all the
propionate taken up by the liver is used for glucose synthesis (Reynolds et al.,
1998).

Effects of supplemented SW or feeding DDGS and their interaction on
concentration of thyroid hormones:

On the other hand, the obtained results showed that supplemented SW
increased the concentrations of T4 and T3 in blood. As shown in Table 5, value
of T4 concentration increased (P<0.05) with both levels of supplemented SW.
The mean values were (14.29, 16.13 and 17.28 ng/ml) with supplemented 0.0
%, 0.5 % and 1.0 % SW, respectively.

Concentration of T3 had the same trend of T4 concentration. The mean
values were 3.77, 4.17 and 4.34 ng/ml with supplemented 0.0 %, 0.5 % and
1.0 % SW, respectively. However, there was no significant effect of DDGS
levels on T4. The mean values were higher with feeding on 10 or 20 % DDGS
(16.20 and 16.23 ng/ml, respectively) than the control (15.27 ng/ml). While,
T; concentrations were higher (P<0.05) with feeding DDGS than the control. The
mean values were 3.85, 4.21 and 4.22 ng/ml with feeding on 0.0, 10 and 20 %
DDGS, respectively.
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Table 5. Main effects of supplemented SW or feeding DDGS on T4 and Ts
concentration (ng / ml) in blood plasma from 7 to 13 weeks of age.
SW(%) DDGS(%)
00 05 10 +£SEM P 00 10.0 200 +SEM P
T4 concentration (ng / mi):
WK (7) 1129 1127 1127 0439 1000 1122 1134 1127 0439 0981
WK 9) 1526° 16.83° 1896° 0564 0.001 1625 1730 17.51 0564 0266
WK (11) 13.78° 17.02¢ 1823* 0.701 0.001 1541 1692 16.69 0.701 0286
WK (13) 16.83° 19402 2064* 0592 0.001 18.18 1923 1946 0592 0.290
Means 14.29° 16.13* 17.28" 0387 0.0001 15.27 16.20 16.23 0387 0.163
T; concentration (ng/mli):
WK (7) 337 337 343 0.130 0932 345 337 336 0.130 0.882
WK (9) 392° 442% 450* 0.116 0.005 401° 443* 440° 0.116 0.034
WK (11)  351° 4.13™ 459° 0254 0024 357 425 441 0254 0071
WK (13)  425° 475" 483° 0100 0001 437° 476° 471* 0.100 0027
Means 3.77° 417° 434 0.070 <.00013.85" 421* 4.22* 0.070 0.002
T4/ T; concentration (ng / ml): .
WK (7) 336 336 332 0163 0979 327 338 340 0.163 0.839
WK (9) 394 383 422 0.185 0325 408 391 400 0.185 0.794
WK (11) 399 435 399 0249 0502 441 402 389 0249 0325
WK (13) 397 408 429 0.141 0284 415 404 414 0141 0823

Ttems

Means 380 389 398 008 0371 397 385 3.85 0.089 0.536
a, b, ¢ : Means within the same raw with different superscripts are significantly different (P <0.05).
SEM = Standard ervor of means , P = Probability, Wk: Week

The Na+ / I — symporter (NIS) is a key plasma membrane protein that
catalyses the active accumulation of lodine (I -) in the thyroid glafd i.g. the first
and critical rate-limiting step in the biosyntheses of the thyroid hormones (Werner
and Ingbar, 1991). o ’

Table 6 and Figures (2 and 3) show the interaction effect of feeding on
DDGS with or without supplemented SW on T4 and (T3) concentrations
(ng/ml) in blood from 7 to 13 weeks of age. There was no significant effect on
T4 concentrations with feeding on the experimental rations. The mean values
were ranged from 13.70 to 17.92 ng/ml. The highest value was observed with
feeding on R9 followed by R9, while the lowest value was detected with
feeding on R1. The same trend was observed in T3 concentrations. The mean
values were ranged from 3.5 to 4.46 ng/ml. In generally, the 7,/ T; ratio was
about 4: 1 when feeding the experimental rations.
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Table 6. Interaction effects between feeding DDGS and with or without
seaweed (SW) on T, and T; concentration (ng / ml) in blood from

7 to 13 weeks of age.
Items Rl R2Z R3 R4 R5 R6 R7 R8 R9
DDGS(%) 0.0 10.0 200 0.0 10.0 200 0.0 100 200 *SEM P
SW(%) 0.0 0.5 10

T4 concentration (ng/ml):

WK (7) 11.17 1152 1117 11.17 11251139 1131 11.25 1125 0.760  0.997
WK (9) 14.37 15.09 16.33 16.94 1691 16.65 17.44 1991 1954 0978 0573
WK (11) 14.17 13.79 1338 16.01 17.17 17.88 16.07 19.81 18.82 1215 0456
WK @13) 1508 1725 18.16 19.07 19.73 1940 2040 20.71 20.83 1.026  0.666
Means 13.70 1441 14.76 15.80 16.27 1633 16.30 17.92 17.61 0.670 0917
T3 concentration (ng / ml):

WK (7) 340 340 332 340 340 332 354 331 345 0226 0973
WK (9) 3.62 4.04 4.0 408 459 461 433 468 449 0202 03893
WK (11) 310 394 349 329 410 500 432 473 473 0439 0455
WK (13) 3.88 448 440 450 486 490 472 493 483 0.174 0739
Means 350 397 383 382 424 446 423 441 438 0.122 029%
T4 /T3 concentration (ng / ml):

WK (7) 331 340 338 329 330 349 321 343 332 0282 0989
WK (9) 406 377 399 4.17 369 363 402 426 438 0321 0.677
WK (11) 459 350 3.88 490 436 379 375 421 400 0430 0346
WK (13) 391 387 4.13 423 4.05 397 432 421 433 0243  0.8%4
Means 392 363 385 4.14 3.86 3.66 386 4.06 4.03 0.154 0201
SEM = Standard error of means, P = Probability, Wk: Week

Thyroxine (T,) and triiodothyronine (T3) of the thyroid gland are major
regulators of metabolic rate, growth and development of animals. Several
studies have been undertaken to determine the role of physiological changes in
thyroid activity in meat producing species (Garrett, 1980). The results of
Alfuraiji ef al. (1994) indicated positive correlation between thyroid hormone
levels in plasma and body weight during the growing period. This reaffirmed
that the thyroid hormones are important in part as regulators of growth.

The greater fluctuation in T; may be explained by the fact that T is
more potent than T4 and the latter has to be transform to T in tissue before it
becomes biologically active (Boonnamsiri et al. 1979). Ammstrong and Britt, -
(1987) have shown that change in energy and protein levels in diets are
associated with increased or decreased concentrations of T4 and T3 in blood
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Figure 2. The effect of feeding DDGS with or without (SW) on T,
concentration (ng / ml) in blood of growing rabbits.
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Tested rations

Figuré 3. The effect of feeding DDGS with or without (SW) on T,
concentration (ng / ml) in blood of growing rabbits.

serums of mammals. In birds fed on high energy and protein diets (3200kcal
ME/kg, 230 g/kg, respectively) mean concentrations of T3 and T4 were (2.4
and 9.3 ng/ml, respectively), Moravej et al. (2006).

Energy content of diet clearly affects the plasma concentrations of T3.
Williams and Njoya, (1998) demonstrated that low energy diet resulted in
higher T3 and lower T4 concentrations.

Conclusively, it could be concluded that feeding DDGS at levels 0.0
and 10 % supplemented with SW at levels 0.5 and 1.0 (%) were higher in
glucose concentration than the other ration groups, while the lowest value was
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with feeding DDGS at level 10 % and unsupplemented with SW, but there

were no significant effect on T4 concentrations with feeding on these rations.

The highest values were observed with feeding DDGS at levels 10.0,20.0, 0.0,

- 10.0 and 20.0 % supplemented with SW at levels 0.5 or 1.0 (%), respectively,
while the lowest value was with feeding control diet.

REFERENCES

Alfuraiji, M. M., Basmaeil, S. M. and Gamil, M. H. (1994). A note on
relationship of plasma thyroxine and tniodothyronine rate to body weight in
growing male camels. Animal Production,59: 460.

Armstrong, J. D. and Britt, J. H. (1987). Nutritionally induced anestrous in gilt;
Metabolic and endocrine changes associated with cessation and resumption
of estrous cycles. Journal of Animal Science, 65: 508.

Bergman, E. N., Brockman, R. P. and Kaufman, C. E. (1974). Glucose
metabolism in ruminants : comparison of whole — body tumover with
production by gut, liver and kidneys. Fed. Proc., 33: 1849.

Boonnamsiri, V., Kermode, J. C. and Thompson, B. D. (1 979) Prolonged
intravenous mﬁlsmn of Laeled iodocompounds in the rat : (I'*’) thyroxine

~  and (1125) triiodothyronine metabolism and extrathyroidal conversion of
thyroxine to triiodothyronine. Journal of Endocrmology, 83:235.

Cordova A. (1994). Zinc content in selected tissues in streptozotocin — diabetic
rats after maximumal exercise. Biol. Trace Elem. Research, 42:2009.

Duncan, D. B. (1955). Multiple Range and Multiple F Test. Biometrics, 11: 1-42.

EFBanna, S.G., Hassan, A. A., Okab, A. B, Koriem, A, A. and Ayoub, M.
A. (2005). Effect of feeding diets supplemented with seaweed on growth
performance and some blood hematological and biochemical characteristics
of male Baladi rabbits. The 4* Inter. Con. on Rabbit Prod. in Hot Climatic,
Sharm El-Sheikh, Egypt, pp 373-382.

Garrett, J. T. (1980). Relationship between selected hormones, growth rate feed
efficiency and body composition. Ph. D. Thesis, University of Missourt,
Columbia.

Glimp, H. A., Hart, S. P. and Von Tungeln, D. (1989). Effect of altering nutrient
density (concentrate to roughage ratio) and restricting energy intake on rate,
efficiency and composition of growing lambs. Journal of Animal Science,
678: 865.



EFFECT OF DDGS OR SWDEITS ON GLUCOSE ABSORPTION OF RABBITS 53

Hetzel, B. S. and Welby, M. C. (1997). lodine. In: O' Dell, B. L. and Sunde, R,
A. (eds.) Handbook of Nutritionally Essential Mineral Elements. Marcel
Dekker, New York, p. 557.

Igwebuike, J. U., Anugwe, F. O. L, Raji, A. O., Ehiobu, N. G and Ikurior, S.
A. (2008). Nutrient digestibility, haematological and serum biochemical
indices of rabbits fed graded levels of Acacia Albida Pods. ARPN Journal
of Agricultural and Biological Science, 3(4): 33.

Klandorf, H., Sharp, P. J. and Macleod, M. G. (1981). The relatlonshlp
.between heat production and concentrations of plasma thyroid hormone in
the domestic hen. Gen. Comp. Endocrinology, 45: 513.

Leng, R. A. (1970). Glucose synthesis in ruminants. Adv. Vet. Science, 14:209.

Lomax, M. A. and Baird, G. D. (1983). Blood flow and nutrient exchange
across the liver and gut of the dairy cow. Br. Journal Nutrition, 49:481.

Lostao, M. P., Berjon, A., Barber, A. and Ponz, F. (1991). On the multiplicity
of glucose analogues transport systems in rat intestine. Revista Espanola de
Fisiologia, 47(4): 209.

Moravej, H., Khazali, H., Shivazad, M. and Mehrabani — Yeganeh, H.
{(2006). Plasma concentrations of thyroid hormone and growth hormone in
Lohman male broilers fed on different dietary energy and protein levels.
International Journal of Poultry Science, 5 (5): 457.

Nichols, J. B. (2003). Rabbits. University Veterinarian Florida, Atlantic
University, USA.

Reynolds, C. K. (2005). Glucose Balance In Cattle. Department of Animal
Sciences, the Ohio State University. Florida Ruminant Nutrition
Symposium, USA.

Reynolds, C. K., Cammell, S. B., Humphries, D. J., Beever, D. E., Sutton, J. D.
and Newbold, J. R. (2001). Effect of post — umen starch infusion on milk -
production and energy metabolism in dairy cows. J. Dairy Sci., 84:2250.

Reynolds, C. K., Humpbhries, D. J., Cammell, S. B., Benson, J., Sutton, J. D.
and Beever, D. E. (1998). Effects of abomasal wheat starch infusion on
splanchnic metabolism and energy balance of lactating dairy cows. In: K. J.
McCracken, E. F. Unsworth and A.R. G. Wylle (eds)., Energy metabolism
of farm animals, Proceeding Of The I14* Symposium On Energy
Metabolism. P. 39. CAB International, Wallingford, UK.

Rigout, S., Hurtaud, C., Lemosquet, S., Bach, A. and Rulquin, H. 2003).
Lactation effect of propionic acid and duodenal glucose in cows. Journal of
Dairy Science, 86: 243.



54 EMAN MAKLAD et al.

Rommers, J. M., Boiti, C., Brecchia, G., Meijerhof, R., Noordhuizen, J. P. T.
M., Decuypere, E. and Kemp, B. (2004). Metabolic adaptation and
hommonal regulation in young rabbits does during long—term caloric
restriction and subsequent compensatory growth. Animal Science, 79: 255.

SAS (2000). Statistical Analysis System / STAT User's Guide, release 6.03. Ed.,
SAS Institute Inc., Cary, Nc. USA, PP. 125.

Skyler, J. S., Skyler, D. L., Seigler, D. E. and O'Sullivan, M. J. (1981).
Algorithms for adjustment of insulin dosage by patients who monitor blood
glucose. Diabetes Care, 4 (2). 311.

Sterling, K. and Lazarus, J. H. (1977). The Thyroid and Its Control. Annual
Review of Physiology, 39: 349.

Van der Walt, J. G,, Baird, G. D. and Bergman, E. N. (1983). Tissue glucose
and lactate metabolism and interconversions in pregnant and lactating
sheep. Br. J. Nutrition., 50:267.

Werner, S. C. and Ingbar, S. (1991). The thyroid : 4 fundamental and clinical
text, eds., L. R. Braverman and R. D. Utiger., Lippincott, Philadelphia, P.A.

Williams, J. and Njoya, J. (1998). Plasma concentrations of thyroid hormones
in growing pullets and laying hens reared under two tropical climates and
fed on diets with different energy concentrations. Br. Poultry Sci.,39:579.

g Jaa gl peally ABatt @ gaall el dps jalh el 5l M uils
b At lladal) A8l &g ) Adlidal ga by el (58 S g il
“ gl Aol it Y e
33530 51 59 O sl ipas s SsSstall 0 U 8 g S S shadl abiaal T

ol (2 Ol g

ESLILITY IR KDEWIRPEURL L PFY RARVEDIWESLN DI VERRE N DY)
 Gdba Ol ale daal *H%E 13 o] il deaa
&(‘C‘T’JJ“"}A“BJM‘L‘L“L:‘JJH LIS . o) gaall Ctﬁ](,ui*

Eoof - B - det ) Ggall S ja - G gaadl LY gan dgaa kK

Lo - EJ}A.'\AM - 3)}4.’“.“ :LMIA- 3.9'_)‘).“ :LJIS- O;‘_,.l" CUJ“ ‘;.ué Fekk

(ke a5 435 02 AVY () s e sie audd Y ae (gl 56 il YV RN o3
J_uﬂ_,mﬂ'lc_us;ul_(«;W/._,.sjr)ru,gmjj,fdujmgwmbug‘es
33 525V e do ol B (g8 535 (51585 S gy ga g S lad S 5



EFFECT OF DDGS OR SWDEITS ON GLUCOSE ABSORPTION OF RABBITS 55

Laial Jama il by Gt V) e 2y (ane ©) ARAN plae¥) o 6 Jm 381 &3 0 gaudd VY
ISl
e o5 i Al (V) dielt ) gl e Ay o3 3 i e il YV A0S 5
% £+ + B % Yo + Lpeal) Bl % VYV + el % Ve 4 o) jias 3% )
Yo 60 + (5 s % Ve 4+ Tl gd 250l (513 %0 Y + (Y 50 % T+ ane 3 s 30
Oniafia 04 oY +CJ‘..\:\AU:\QJ‘;IJML_,XM% ve +?\4d=c]g
iy peall J b a5 pdll Jae I pdo el o ganll il Apum jall 50 53l D) 5
Ay (A sbasia iy el J g oSy pnll (g0 S (o daniie Al (30 JS) % Y0 5 ) 0
eSS 5 9% + 00 Ay (330l a2 4y padl Cllaall Ailia] o5 G5 (A0 5 4,300 (33l
G35 9% ) Apaay (30N 02 gd Ayl Calladall Adliza) 5 LS Gonsbadl 5 Aunalil g Gind 1 Al
B A gatay CloaSa JSG o (3300 pan CulS y Anldll 5 40alil g daduadl Adell (e JS
Al ;1 3 2 glaall laliia M Wb 5 Ly S35 (55 pal) » L8N
—i bl (A e Juaadtiall il aaf cidsy
IS stall Gabiaia) Jane e By pa ) G o 20500 Nie 4y gina (3958 sediisl @
Acbu/aalle «c8€ — Y C o 5 35S slall palialia) Jare Jas gia (1S
Al y Al 4idedl o Al die (160 0) Ligiapadl o 35Skl 5505 @
&M‘wkw‘b)&‘(uj‘)j‘u—h WJw Yoo /(_;:\JL:\\'\'U 3 \T’\sOA)
Gl e A aie (2er0) Lygina J5Sghall 58 5 5 Lai (5 )1 Ay il
fu'.')aiﬂ.g:\ij\in(u_“_)ﬂ‘u.‘p Wa Ve /?;g.“.q YYAA YYV.FY )Ra»\:;ll,‘_,_\,w
STV 1YY I YYElY) Dbl 5 Aaloadh ol Q) 35Dl e
(rerO)lpima S gl 5 5 midil e (sl e cJa Ve e /paila VYo (YO
daten /?;..gua \~ﬂcif)m|ﬂgld|ulaw|_\b
GOl (e 0l aie ol (A (e 1 (G g0 8 3S 5 (e Ay gima G0 uial @
s.:l._:j.l:‘;:.)l:‘,u_h/r.\ﬁjsu WY - YYY wCJ\ﬂ?ﬂ\hﬁagﬁjaﬁ)ﬁﬁ\
Ly Aocaaill A3l naad) bl lanalal 3D e 2330 ) gayell (5 gena
pall B i 3B 5350 (5153 Csan S8 Sy (Y Aidall e Al (ymisi
ol ki £68T - Va0 L gl iy il Jas e (IS 9 (puaS g il (90 4 58S S Jadi 5
Ja/
O 5358 15 Csah S5t S gl (5a 8 S i CllS Lle diayy @
Adlisall Ly jadl 3D e A0 Ne Y ;£ gl T
() ) Al a1 B e T e a5y Al Dad ol 030y iy s gl
e N O s (A AV E0 e AL L R pll) 35Skl 58 a5
Tucalall y 20 3D e LA A e | S 5 e ) S Ay V1 (30D
S Al Aygine 38 el ol (K1 1 3 8 B A3 el e Al il Al -
5 all 30 e A5 A (5 80 (50 g0





