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SUMMARY

Three experiments were conducted on growing camels to study the
effect of feeding different proportions of concentrate and roughage on
Ca, P, Mg, K, Na and Zn metabolism, each durated 30 days. Four
growing camels, of about 20-22 months in age and 350-358 kg in weight
were used in these experiments. The camels as one group, were fed on 3
kinds of rations differing in roughage and concentrate ratios. In the first
experiment, the concentrate: roughage was designed to be 50:50
providing the nutrient recommendations for growing camels and
designated as mixture L. In the second and third experiments, the rations
were 75:25 and 25:75 and designated as mixtures II and III. Significant
differences (P<0.05) in DMI were found among the three mixtures and
that containing 75% concentrates (II) recorded the highest value, while
that containing 25% concentrates (III) recorded the lowest
highest value of dry matter excreted was recorded for group fed on the
75% concentrates, while the lowest value with group fed on 25%
concentrates. For volume of urine, the highest value was recorded with
the animals fed on the 25% and 50% concentrates, while the lowest was
recorded with group fed on the 75% concentrates. The digestibility of
dry matter increased significantly (P<0.05) with the increase in the
proportion of concentrates in the diets. The apparent absorption and
retention percentages of calcium, phosphorus, sodium, potassium,
magnesium and zinc were significantly (P<0.05) higher in the camels fed
on 75% concentrates compared to other treated groups. These results
suggested that dry matter intake, DM digestibility, absorption and
retention of Ca, P, Na, K, Mg and Zn were increased by increasing
concentrates proportion in the diets of camels from 50% to 75%.
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INTRODUCTION

Concentrates are fed along with roughages especially to meet the
requirements of animal for higher production when the quality of
roughage is poor. Although adaptation of ruminants to high concentrate
diets and associated digestive disturbances have been shown to centre
around changes in rumen microbial fermentation, metabolic changes also
occurs in the animal during adaptation (Allison efal., 1964; Dunlop,
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1972 and Slyter, 1976). A minimum level of fiber in the diet is needed to
avoid digestive disorders such as acidosis (Giger-Reverdin and Sauvant,
1991). It has been known that ruminants mainly fed the concentrates are
apt to get the result in nutritional disorders generally. One of them,
urinary calculi have been often observed in fattening cattle and these are
caused by the disorders in mineral metabolism in many cases (Terashima
and Itoh, 1975). It is well established that, excessive grain consumption
by ruminants cause acute indigestion and lactic acid acidosis (Dirksen,
1970). Mackenzie (1980) stated that the production of lactic acid in
rumen is stimulated by the concentrate feeding and lactic acid will be
one of the factors influencing the mineral metabolism. It has been
observed that, the mineral metabolism in ruminants changes in response
to lactic acid acidosis (Nokata ef al., 1977 and Telle and Preston, 1971).
Intakes of high protein and energy may bring the special effects on the
mineral metabolism in ruminants (Yano and Kawashima, 1976).
Terashima et al. (1975) and Yano et al (1976) reported that mineral
metabolism in ruminants fed concentrates considerably differs from that
in animals fed roughages. Urinary excretion of calcium and phosphorus
was increased in sheep with the acidosis symptoms by the concentrate
feeding as reported by Nokata et al. (1977). Terashima and Itoh (1975)
found that a lower urine volume and a higher urinary excretion of
phosphorus were observed in sheep fed the concentrate compared to that
fed roughage. Funaba (1990,) found that urinary calcium increased
with the elevation of dietary grain contents in the diet of sheep. Urinary
calcium and phosphorus concentrations had been elevated by giving a
high concentrate ration in sheep (Funaba et al., 1991). Yano et al. (1972)
observed that urine concentrations of magnesium had occurred during
the latter fattening period in steers given high concentrate rations.

The present study was conducted to clarify the effect of different
ratios of concentrates in the rations of camels on the metabolism of
some minerals (Ca, P, Mg, Na, K and Zn).

MATERIALS and METHODS

Animal and experimental design:

Four growing camels (ranged from 20 to 22 months of age and
from 350 to 358 kg body weights) were used in three successive
metabolism experiments at the Dept. of Animal and Clinical Nutrition,
Faculty of Veterinary Medicine, Assiut Univ. The animals were
clinically healthy and free from parasite infestation. The four camels, as
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a group, were fed on 3 kinds of mixtures having different concentrate
proportions, each was respective to one of the three balance experiments.
Each experiment durated 30 days of which the last 6 were assigned for
feces and urine collection. The balance of five macromineral elements
(Ca, P, Na, K and Mg) and one micro (Zn) was determined, under the
feeding condition of three concentrate proportions.

The ingredients in the three tested diets, roughage and
concentrates, were totally mixed and the daily amounts were offered
each in separate two meals. The animals were housed in separate pens,
managed individually, and fed the total mixed rations on ad-libitum
basis.

Diets: ,

In the first experiment, the four animals were fed on a diet
having 50% concentrates mixture and 50% wheat straw and providing
the nutrient requirements recommended for growing camels by Gihad
and El-Bedawy (1995). In the second experiment, the camels were fed a
diet containing high concentrate (75%) and low roughage (25%)
proportions, while in the third one a low concentrates (25%), high
roughage (75%) diet were tested. The rations and its respective
experiments were designed as I, I1 and II1I, respectively.

The three diets were formulated to differ in concentrate/
roughage ratios and supplemented with the limestone, bone meal, salt,
minerals and vitamins. The varying proportions of the concentrate
mixture in the diets resulted in differences in crude protein and crude
fiber percentages and metabolizable energy density. The proportions of
the different ingredients in the concentrate mixtures of the three diets
differed slightly in order to maintain the protein in diet I around 12%
and in diet Il not less than 8%. The crude protein in diet I was 12.48,
while in diet II was 16.69% (34% higher than the control). In diet III, the
CP decreased only 33.7% that of the control (8.27%). As to the crude
fiber, the ratio was 1: 0.63 : 1.37 and the metabolizable energy 1: 1.17 :
0.84 for the diets I, II and III, respectively. Clean water was available at
all times. The physical and chemical composition of the ingredients and
tested diets are shown in Tables (1 and 2).

Sampling:

Ingredients and experimental diets were sampled, dried, ground
and thoroughly mixed, and then stored for further chemical analysis and
mineral estimation.

The fecal matter was collected from each animal during the 6-
days collection period in a collection bag which designed to adapt each
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experimental camel. The collection bag was made impervious by having
a polyethylene inner side and an outer water-proof one. The daily fresh
fecal matter was weighed where one-tenth was taken, dried at 60°C for
16 hours, ground and stored at room temperature for further analysis and
ashing. :
Urinary output was collected, during the 6 days-collection
period, from each animal using plastic bags, measured and sampled at
the rate of 100 mi/day. Few drops of concentrated hydrochloric acid
were added to the samples to be stored at -20°C till analysis.
Analysis:
1-The ingredients, diets and fecal samples were analyzed according to
the official methods of AOAC (1984). Duplicate samples were analyzed
for dry matter, crude protein, ether extract, crude fiber and ash and the
average was calculated.
2-Mineral determination in diets, ingredients and fecal matter: Duplicate
samples, 1g each, were ashed by using concentrated hydrochloric acid
and diluted to 100 ml with bidistilled water in a volumetric flask. The
macrominerals (Ca, P, Mg, K and Na) were determined in g/kg, while
the micromineral (Zn) was measured in ppm by using Flame Atomic
Absorption Spectrophotometer.
3-Minerals determination in the urine were estimated by using Flame
Atomic Absorption Spectrophotometer.
Dry matter digestibility:

The digestion coefficient of DM in the three diets was calculated
according to Maynard (1979) as the following:

DM digested
Digestibility of DM = x 100
DM eaten

Metabolic balance:

The mineral balances were calculated to compare the rates of
absorption and retention in the same animals when fed different
proportions of concentrates and roughages.

Statistical analysis:

The experimental data were analyzed statistically by analysis of
variance and treatment means were subjected to the multiple range test
of Duncan (1955).
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RESULTS and DISCUSSION

Dry matter intake:

The daily dry matter intakes (DMI) in the three experiments are
presented in Table (3). Dry matter intake was significantly (P<0.05)
higher with camels fed on diet II (6.61 kg) and lower with camels fed on
diet III (5.24 kg) compared with the control group fed on diet I (5.74
kg). The increasing in dry matter intake with animal fed on diet 1 was
15.16% higher than the animals fed the control diet, while the DMI
decreased by 8.71% with animals fed diet III lower than that fed the
control diet. The decrease in feed intake may be due to the bulky nature
of the large amount of roughage in diets (I and III). Similar result was
found by Harmon and Britton (1983) who reported that dry matter intake
increased with each increase in dietary concentrates in lambs. In
addition, Kawas et al. (1991) and Haenlein (2002) reported that DMI
increased with a decrease in forage:concentrate ratio or increasing
energy density in the diets of goats. Feed intake progressively increased
as the proportion of grain in the diet increased and this may be due to
grains generate a lower heat increment than roughage and tend to
improve feed intake by lowering the overall heat increment of the diet
(Battachharya and Uwayjan, 1975 and Mahgoub et al., 2000). On the
other hand, Huntington et al. (1981) and Karim and Rawat (1997)
reported that increased concentrates intake caused decreased daily dry
matter intake.

Dry matter digestibility: )

The difference in the digestibility of dry matter between the three
different treatments was statistically significant (P<0.05) as shown in
Table (3). The digestibility of dry matter increased with increasing the
proportion of concentrates. This is in agreement with the reports of
Hyder et al. (1979), Huntington ef al. (1981), Forster ef al. (1991) and
Karim and Rawat (1997). The DM digestibility was increased as the
level of protein increased in the ration and this may be attributed to that
low protein ration may reduce rumen microbial function and
subsequently lower the efficiency of feed utilization (Griffith, 1978 and
Mohan et al.,, 1987). Singh et al. (1991) found that higher levels of
energy and protein improved nutrient utilization in terms of DM intake
and digestibilities of proximate principles.
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Urinary and fecal matter excreted:

There was no significant difference in the dry matter of the
excreted feces between different treated groups as shown in Table (3).
The amount of urine excreted was significantly (P<0.05) higher with
camels fed diet III (5.08 liters), while decreased with animals fed diet II
(3.98 liters) compared with control group fed on diet I (4.58 liters).
Similar results were found with sheep and cattle by Terashima and Itoh
(1975); Terashima er al. (1975), Yano and Kawashima (1976) and
Huntington e7 al. (1981) who reported that increased concentrates in the
diets of animals led to decreased urine volume, reflecting effects of
dietary concentrates level and alteration of acid-base status on renal
hemodynamics and reabsorption functions.

Calcium metabolic balance:

The metabolic balance of calcium in the three experiments is
presented in Table (4). Limestone and bone meal, and limestone only
represents the main source for calcium in diet I and II, while bone meal
was the main source for the mineral in diet II. The three sources
supplies the three experimental diets with 53.7, 57.1 and 48.4%, while
the wheat straw shared by 16.4, 8.33 and 25%, respectively. The daily
intake of calcium significantly differed (P<0.05) in the three treatments.
The average daily fecal excretion of calcium (sum of endogenous and
unabsorbed) was significantly (P<0.05) higher with camels fed the diet
III (29.39g) and control diet (27.72g) diets compared with that fed the
diet II (23.65g) one. Similar result was found by Funaba ef al. (1990,)
who reported that fecal Ca excretion was decreased in sheep fed high
protein ration. These findings also are in accordance with that found by
many authors (Terashima and Itoh, 1975, Terashima et al.,, 1975 and
Yano et al, 1976) who reported that fecal Ca excretion was higher in
sheep fed roughage than those fed high concentrate ration.

For urinary calcium excretion, it ranged from 0.65 to 0.67g with
no significant differences found among the experimental groups. Urinary
calcium represents only 2.2 to 2.8% of fecal calcium. The results agreed
with that reported by Terashima er al. (1975) who found that urinary
excretion of calcium was very low and not affected by high concentrates
ration. In addition, these data are supported by the findings of
Braithwaite (1975) who found that the urinary excretion of calcium by
ruminants is usually very low and this may be attributed to the efficient
reabsorption of calcium by the kidneys (McDowell, 1992). On the
contrary, Terashima and Itoh (1975), Yano and Kawashima (1976),
Yano et al. (1976) and Huntington ef al. (1981) found that calcium of
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urine increased, while fecal calcium decreased significantly by higher
ratio of concentrate in the ration as reported in the studies with sheep.

Concerning the amount and percentage of Ca absorbed; there
were significant differences (P<0.05) between the three different
treatments. The highest values were recorded with camels fed diet II
(17.99g/d and 43.20%) compared with that fed the control diet (9.02g/d
and 24.55%) and diet III (3.62g/d and 10.97%, respectively). This
indicated that increasing concentrates in the diet resulted in increased
calcium absorption and vice versa. On this respect, Deluca (1974) stated
that high energy ration increased Ca absorption by decreasing pH in the
stomach and increase stomach Ca absorption which might decrease the
mechanism involved in the active absorption of Ca from the intestine
beside the decrease in fecal Ca excretion which is the main route of Ca
excretion because urinary Ca loss was minute. Also, Teun ez al. (1984)
stated that low protein supply could adversely affect intestinal Ca
absorption.

The apparent retention of calcium as amount and percentage of
intake or absorbed were significantly (P<0.05) higher with camels fed
diet II (17.32g/d, 41.59%, 96.28%, respectively) compared with other
treated groups (Figure, 1). The increasing in retention of absorbed
calcium with animals fed diet II was 3.88% higher than the animals fed
the control diet, while decreased by 11.48% with animals fed diet III
lower than that fed the control diet. The calcium retention as % of intake
or absorbed was increased with increasing the concentrates in the diet.
On the other hand, the effect of concentrates on the Ca retention as % of
absorbed was low, indicating that the effect was higher on the
absorption. Similar results were found by Terashima and Itoh (1975) and
Terashima - et al. (1975) who found that retention of calcium was
increased in sheep fed high concentrate diets. The retention of Ca was
decreased by feeding low-energy ration than high energy one as reported
by Singh er al (1979) and Huntington e a/ (1981) in sheep and Kishan
et al. (1981)in kids. On contrary, Huntington ef al. (1981) reported that
calcium retention was decreased with the increasing concentrate intake.
Phosphorus metabolic balance:

The concentrates and bone meal were the source of the
phosphorus in the experimental diets, while the wheat straw failed to
supplement the animals by this element which reached 10.53, 4.76 and
16.22% in the diets I, I and III, respectively. The average daily intake of
phosphorus was significantly (P<0.05) higher with camels fed diet III
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(27.76g) compared with the groups fed the control diet (21.81g) and diet
111 (19.39g) as shown in Table (4).

. The amount of phosphorus excreted in feces was significantly
(P<0.05) lower with the animals fed diet II (8.54g) compared to other
treated groups (10.08 and 10.71g). These results agreed with that found
by Huntington ez al. (1981) who reported decreased fecal phosphorus by
higher ratio of concentrates in the ration.

The amount of phosphorus excreted in urine was very low and
ranged from 0.08 to 0.10g with no significant differences found among
the experimental groups. Our results were supported by the findings of
Walker and Al-Ali (1987) who stated that urinary excretion of
phosphorus was generally low in most domestic animals. In addition,
Terashima et al. (1975) reported that urinary P excretion was not
affected by the elevation of energy concentrate level. However, an
extremely high interrelation between the urine phosphorus and lactic
acid may suggest that, the increase of lactic acid production affects the
alteration of phosphorus metabolism in cattle and sheep given high
concentrate rations (Terashima et al., 1975 and Yano et al., 1976).

The amount and percentage of P absorbed were significantly
(P<0.05) higher with camels fed diet I (19.22g/d and 69.24%)
compared with other treated groups (11.73g/d, 53.78% and 8.68g/d,
44.77%, respectively).

The apparent retention of phosphorus as amount or percentage of
intake was significantly (P<0.05) higher with camels fed diet II
(19.12g/d and 68.88%) compared with that fed the control diet (11.65g/d
and 53.41%) and diet III (8.59g/d and 44.30%, respectively) as shown in
Figure (1), while the retained P as % of absorbed was nearly similar in
the three experiments. Similar results were found with previous studies
(Terashima and Itoh, 1975; Terashima et al., 1975; Harmon and Britton,
1983; Giduck et al., 1988 and Funaba ef al., 1990y). They all found that
retention of phosphorus was increased in sheep fed high concentrate
diets. The apparent absorption and retention percentages of P were
decreased in sheep and kids fed low energy rations (Yano et al.,, 1976;
Huntington et al., 1981 and Kishan ez al., 1981).

Sodium metabolic balance:

Camels group fed on the diet containing 75% concentrates (diet
IT) recorded significantly (P<0.05) higher values for the average daily
intake of sodium (33.05g) compared to that fed the control diet (29.27g)
and diet III (26.72g) as shown in the Table (5).
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The average daily fecal excretion of sodium was significantly
(P<0.05) higher with the animals fed the diet ITI (15.96g) and control
diet (12.39g) compared to that excreted by camels fed the diet IT (7.45,
2.91g), while there was no significant differences in the urinary sodium
excretion between the three treatments. In contrast, Yano and
Kawashima (1976) found that, there was no difference in sodium
excretion in urine with the increased concentrate in the rations.

The amount and percentage of sodium absorbed were
significantly (P<0.05) higher with the camels fed diet II (25.6g/d and
77.46%) compared with that fed the control diet (16.88g/d and 57.67%)
and diet III (10.76g/d and 40.27%, respectively). Common salt was the
main source of sodium and the effect of concentrates on the sodium
absorption was clear, as increasing the concentrates of the diets increase
its absorption and vice versa but the effect not attain that of phosphorus.

The apparent retention of sodium as amount and percentage of
intake or absorbed were significantly (P<0.05) higher with camels fed
diet II(23.41g/d and 70.83, 91.45%, respectively) compared to the other
treated groups (Figure, 2). The increasing in the retention of sodium
absorbed with animals fed diet II was 15.20% higher than the animals
fed the control diet, while decreased by 21.55% with animals fed diet I1I
lower than that fed the control diet. The retention rate of the element
affected similarly as the absorbed one.

Potassium metabolic balance:

Significant differences (P<0.05) in the average daily intake of
potassium were recorded between the three treated groups as shown in
Table (5). Camels fed the diet III excreted significantly (P<0.05) higher
amount of potassium in the urine and decreased as the level of the
concentrates increased in the diets. The highest value of potassium
excreted in urine was recorded with animals fed the diet I1I (19.56g/d),
while the lowest with group fed the diet I (13.53g/d) compared to the
control group (17.18g/d). These results were in accordance with the
report of Yano and Kawashima (1976) who found that potassium
excretion in urine was decreased with the increased concentrates in the
rations.

Concerning the amount and percentage of potassium absorbed,
the camels fed the diet II recorded significantly (P<0.05) higher values
(39.63g/d and 57.10%, respectively) in comparison with other two
groups (30.70g/d, 49.52% and 27.78g/d, 47.33%, respectively).

The apparent retention of potassium as amount and percentage of
intake (Figure, 2) or absorbed were significantly (P<0.05) higher in the

10
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camels fed the diet II (26.10g/d, 37.60%, 65.86%) compared with the
other treated groups (14.11g/d, 22.76%, 45.96% and 8.22g/d, 14.01%,
29.59% for diets II and III, respectively). The increasing in the retention
of potassium absorbed with animals fed diet IT was 43.30% higher than
the animals fed the control diet, while decreased by 35.62% with
animals fed diet III lower than that fed the control diet.

Magnesium metabolic balance:

The average daily intake of magnesium was not significantly
differed among the treatments and ranged from 10.48 to 13.22g/d as
shown in Table (6).

The average daily fecal and urinary excretion of magnesium were
nearly similar in the three balance experiments which ranged from 7.01
to 7.88g/d for feces and 0.47 to 0.51g/d for urine. These results
disagreed with that found by Terashima ef al. (1975) who reported that
high concentrates of the ration increased urinary excretion of
magnesium.

The amount and percentage of Mg absorbed were significantly
(P<0.05) higher with the animals fed on diet II (6.21g/d and 46.97%)
compared with that fed the control diet (4.49g/d and 37.26%) and diet III
(2.6g/d and 24.81%, respectively)

The apparent retention of magnesium as amount or percentage of
intake (Figure, 2) were significantly (P<0.05) higher in the camels fed
on diet II (5.70g/d and 43.12%) compared to the other treated groups
(4.02g/d, 33.36% and 2.13g/d and 2032% for diet 1 and III,
respectively). The increasing in the retention of potassium absorbed with
animals fed diet I was 2.52% higher than the animals fed the control
diet, while decreased by 8.50% with animals fed diet III lower than that
fed the control diet. Similar result was found by Terashima and Itoh
(1975) who reported that retention of magnesium was increased in sheep
fed high concentrate diets.

Zinc metabolic balance:

The recorded average daily intake of zinc was significantly
(P<0.05) higher in animals fed on the diet II (317.3 mg/d) compared
with animals of the other treated groups (252.7 and 214.8 mg/d) as
shown in Table (6).

The average daily fecal and urinary excretion of zinc were
slightly higher in animals groups fed on the control diet and diet III
compared with that fed the diet II, however, these differences were not
statistically significant.

1
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Concerning the amount and percentage of Zn absorbed, there
were significant (P<0.05) differences between the three treatments. The
highest values were recorded with camels fed the diet II (109.2mg/d and
34.42%) compared with that fed the control diet (38.5mg/d and 15.24%),
while the camels fed the diet III recorded the lowest values (2.7mg/d and
1.26%).

The apparent retention of zinc as amount and percentage of
intake or absorbed were significantly (P<0.05) higher in the camels fed
the diet II (88 5mg/d, 27.89% and 81.04%%) compared to that fed the
control diet (13.8mg/d, 5.46% and 35.84%), while camels fed the diet 111
recorded the negative balance in the amount of zinc retained (-23.2mg).
Zinc absorption was vulnerable with the concentrates and in diet where
the concentrates reached 75%, both the absorption and retention rates
were about double that in case of diet I, and it seems that the 25%
concentrate level failed to record any absorption or retention for the
element. On this respect, the apparent absorption and retention of Zn
were increased when dietary protein levels increased as reported by
many investigators (Evans and Johnson, 1980, Greger and Sendeker,
1980; Gawthorne ef al.,, 1981 and Gibson et al., 2001).

It could be concluded that increasing the ratio between
concentrates and roughage from 50:50 to 75:25 in the rations of camel
resulted in increasing the dry matter intake, DM digestibility, absorption
and retention percentages of calcium, phosphorus, sodium, potassium,
magnesium and zinc.

REFERENCES

Allison, M.J.; Bucklin, JA. and Dougherty, RW. (1964): Ruminal
changes after overfeeding with wheat and the effect of
intraruminal inoculation on adaptation to a ration containing
wheat.J.Anim.Sci., 23:1164.

AOAC (1984): Association of official agricultural chemists. Official
method of analysis. 9" ed. Washington, D.C.

Battachharya, A. and Uwayjan, U. (1975): Effect of high ambient
temperature and low humidity on nutrient utilization and on some
physiological responses in Awash sheep fed different levels of
roughage. J.Anim.Sci., 40:320-328.

Braithwaite, G.D. (1975): Studies on the absorption and retention of
calcium and phosphorus by young and mature calcium deficient
sheep. Br.J.Nutr, 43:311.

12



Assiut Vet. Med. J. Vol. 49 No. 99, October 2003

Deluca, H.F. (1974): Vitamin D: The vitamin and the hormone. Fed.
Proc, 33:2211.

Dirksen, G. (1970): Physiology of digestion and metabolism in the
ruminants. Oriel Press, Newcastle: 612-629.

Duncan, D. (1955): Multiple range and multiple-F-tests. Biometrics,
11:1-42,

Dunlop, RH. (1972): Pathogenesis of ruminant lactic acidosis.
Adv.Vet.Sci.Comp.Med., 16:259.

Evans, G.W. and Johnson, E.C. (1980): Zinc absorption in rats fed a low
protein diet supplemented with tryptophan and metabolism in
ruminants. J.Anim.Sci., 67:3445-3455.

Forster, L.A.; Fontenot, J.P.; Perry, H.D.; Foster, J.G. and Allen, V.G.
(1991): Apparent digestibility and nutrient balance in lambs fed
different levels of flatpea hay. J. Anim.Sci., 69(4):1719-1725.

Funaba, M.; Nabeta, H.,; Yano, H. and Kawashima, R. (1990:): Effect of
high energy and/ or high protein diets on calcium and phosphorus
metabolism in sheep. Jap.J.Zootech.Sci., 61 (12). 162-168.

Funaba, M.; Nabeta, H.; Yano, H. and Kawashima, R. (1991): Effect of
a high protein diet on calcium metabolism in sheep. Anim.Sci. and
Tech., 62:628-635.

Funaba, M.; Yano, H. and Kawashima, R. (1990,): Effect of high grain
diets on calcium metabolism in sheep. Jap.J.Zootech.Sci., 61(12):
1113-1120.

Gathorne, J.M.; Howell J. and White, C.L. (1981): Trace element
metabolism in man and animals. Springer-Verlag, Berlin,
Heidelberg, New York.

Gibson, R.S.; Heath, A.L.; Limbaga, M.L.; Prosser, N. and Marry, S.C.
(2001): Changes in food consumption patterns associated with
lower biochemical zinc status among women. Br.J.Nut., 86(1):71-
80.

Giduck, S.A.; Fontenot, J.P. and Rahnema, S. (1988): Effect of ruminal
infusion of glucose, volatile fatty acids and hydrochloric acid on
mineral metabolism in sheep. J.Anim.Sci., 66:532-542.

Giger-Reverdin, S. and Sauvant, D. (1991): Evaluation and utilization of
concentrates in goats. In Goat nutrition (ed. P.Morand-Fehr), pp
172-183. EAAP Publications, Wageningen.

Gihad, E.A. and El-Bedawy, T.M. (1995): Camel production and
nutritional studies in Cairo university. A review. Proc.5™
Sci.Conf Animal Nutrition, 2:19-39.

13



Assiut Vet Med. J. Vol. 49 No. 99, October 2003

Greger, J.L. and Snedeker, S.M.(1980): Effect of dietary protein and
phosphorus levels on the utilization of zinc, copper and manganese
by adult males. J.Nut., 110:2243-2253.

Griffith, T.W. (1978): Effect of variation in energy and protein intake on
digestibility, nitrogen balance and carcass composition in British
Friesian castrated male cattle. Anim.Prod., 26:233-243.

Haenlein, G. (2002): Feeding goats fed for improved milk and meat
production World Goat Com., Univ. of Delaware, Newark,
Delware.

Harmon, D.L. and Britton, R.A. (1983): Balance and urinary excretion of
calcium, magnesium and phosphorus in response to high
concentrate feeding and lactate infusion in lambs. J.Anim.Sci,
57(5): 1306-1315.

Huntington, G.B.; Britton, RA. and Prior, RL. (1981): Feed intake,
rumen fluid volume and turnover, nitrogen and mineral balance
and acid-base status of wethers changed from low to high
concentrate diets. J. Anim.Sci., 52(6):1376-1381.

Hyder, M.D.; Ranjhan, S.K. and Pathak, N. (1979): Dry matter intake
and nutrient digestibility in Muzaffarnagari lambs fed diets with
varying concentrate-roughage rations. Ind.J.Anim.Sci., 49(1):48-
52.

Karim, S.A. and Rawat, P.S. (1997): Growth performance and carcass
characteristics of lamb raised on varying portion of roughage and
concentrate. Ind.J. of Animal Sci., 67(10):902-905.

Kawas, J.R.; Lopes, J.; Danelon, D.L. and Lu, C.D. (1991): Influence of
forage-to-concentrate ratios on intake, digestibility, chewing and
milk production of dairy goats. Small Rum Res., 4:11-18.

Kishan, J.A.; Bhatmagar, A. and Arora, S.P. (1981): Notes on the
utilization of various nutrients in growing kids. Indian J.of
Anim.Sci., 51(11): 10911093,

Mackenize, D. (1980): Goat husbandry. Oxford and IBH publ. Co., New
Delhi, Bombay.

Mahgoub, O.; La, C.D. and Early, R.J. (2000): Effects of dietary energy
density on feed intake, body weight gain and carcass chemical
composition of Omani growing lambs. Small Rumin.Res., 37:35-
42,

Maynard, L.A. (1979): Animal Nutrition. 7" ed. McGrau-Hill Book
Company, INC., New York, Toronto, London.

McDowell, LR. (1992): Minerals in Animal and Human Nutrition.
Academic Press, Inc. U.S.A.

14



Assiut Vet. Med._J_Vol_49 No. 99, October 2003

Mohan, K.; Reddy, KK. and Murthy, A.S. (1987): Protein requirements
of cross-bred lambs. Ind.J. of Anim.Sci., 57(10):1121-1127.

Nokata, M.; Yano, H. and Kawashima, R. (1977): Effects of acidosis on
mineral metabolism in sheep. Jap.J. Zootech. Sci., 48:1.

Singh, J.; Singh, M. and Kumar, A. (1991): Efficiency of utilization of
energy and protein for growth in crossbred heifers. Proc.of 1* Int.
Anim. Nut. On Worker’s Conf. for Asia and Pacific, Bangalore,
Ind. Comp. II.

Singh, N.P.; Singh, M. and Patnyak, B.C. (1979): Effect of energy and
protein levels on nutrient digestibility and wool production. Indian
J.Anim.Sci., 49(4):277-281.

Shyter, L.L. (1976). Influence of acidosis on rumen function.J. Anim.Sci.,
43:910.

Telle, P.P. and Preston, R.L. (1971): Ovine lactic acidosis: Intraruminal
and systemic. J.Anim.Sci., 33:698.

Terashima, Y. and Itoh, H. (1975): Effects of roughage or concentrate
feeding on urinary excretion of minerals in sheep.
Jap.J. Zootech.Sci., 46:257.

Terashima, Y.; Shinozaki, N.; Tohrai, N. and Itoh, H. (1975): Effect of
roughage or concentrate feeding on serum mineral and enzyme
levels and urinary mineral excretion in sheep. Jap.J.Zootech.Sci.,
46:263.

Teun, A.A.; Wadsworth, J.C. and Murray, M. (1984): Absorption of Ca
and P by growing cattle during protein deficiency. Proc. Of the
Nutrition Soc. Of Australia, 9:144-147.

Walker, D.M. and Al-Ali, S.J. (1987): The endogenous phosphorus
excretion of preruminant lambs. Aust.J Agric.Res., 38(6):1061-
1069.

Yano, H. and Kawashima, R. (1976): Studies on urolithiasis in fattening
cattle: Effect of high concentrate ration on urine and serum mineral
concentrations in weathers. Jap.J.Zootech.Sci., 47:104.

Yano, H.; Kawashima, R and Useaka, S. (1972): Memoirs College of
Agric., Kyoto Univ,, 101:35-43. Cited by Yano and Kawashima
(1976). Jap.J. Zootech.Sci., 47(2):104-109.

Yano, H.; Miyoshi, K and Kawashima, R. (1976): Relationships
between mineral metabolism and rumen fermentation in sheep.
Jap.J.Zootech.Sci., 47(5):270-276.

15



Assiut Vet. Med. J. Vol. 49 No. 99, October 2003

Table (1): Chemical composition (on DM basis) of the diet ingredients

Items Ingredients
Corn SBM Bran Straw | Limestone | Bone meal
DM, % 894 91.9 89.4 912 98.0 96.0
CP, % 92 50.6 16.7 32 - .-
EE, % 43 2.2 44 0.4 - -
CF, % 31 6.8 112 36.2 --- ---
NFE, % 81.5 328 59.6 419 - -
Ash, % 1.9 7.6 8.1 18.3 100 85.0
ME (Mcal/kg) 3.1 315 2.67 1.60 --- -
Ca, % 0.02 0.32 0.11 0.21 36.07 30.51
P,% 0.29 0.65 1.32 0.08 0.03 1431
Mg, % 0.11 0.29 042 0.16 2.05 0.67
K, % 0.57 1.60 0.96 1.43 0.10 0.19
Na, % 0.01 0.31 0.07 0.14 -—- 0.48
Zn, ppm 47 45 87 36 — 400

Table (2): Physical and chemical composition (%) of the experimental diets

Items Diets
1 (SOC:50R) 11 (75C:25R) 11 (25C:75R)

Physical composition
White corn, ground 24.0 40.0 8.0
Soybean meal 14.0 20.0 8.0
Wheat bran 9.5 12.5 6.5
Wheat straw 50.0 25.0 75.0
Bone meal 03 - 1.0
Limestone, ground 0.7 1.0 --
Common salt 1.0 1.0 1.0
Mineral mixture* 0.35 035 0.35
AD3E** 0.15 0.15 0.15
Chemical composition
DM, % 90.86 90.57 91.17
CP, % 12.48 16.69 8.27
EE, % 1.96 2.81 1.11
CF, % 20.86 13.05 28.67
NFE, % 50.34 57.23 44.59
Ash, % 14.36 10.22 17.36
ME (Mcal’kg DM) 2.24 2.61 1.88
Calcium, % 0.64 0.63 0.63
Phosphorus, % 0.38 042 0.37
Magnesium, % 0.21 0.20 0.18
Potassium, % 1.08 1.05 1.12
Sodium, % 0.51 0.50 0.51
Zinc, ppm 440 48.0 41.0

*Mineral mixture (Agrivet Co.) comains (g/kg):26.67 Zn, 6.67 Cu, 20 Fe, 33.33 Mn, 0.83 1. 0.16 Co,
0.066 Se, 912.274 calcium carbonate (39.39% Ca).
**Vitamin AD3E: Each g of vitamin premix contains 20000 U vit. A; 2000 [U vit.D3 and 400 U vit E.
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Table (3): Average daily DM intake and amount of excreta in the three balance

experiments
Items I Experiments
1 (50C:50R)** 1l (75C:25R) | 1II (25C:75R)
DM intake (kg) 5.7440.32™" 6.61+0.41" 5.24+0.38"
DM excreted (kg) 2.10+0.25*° 2.1940.18"° 2.0240.12*
Urine excretion (litre) 4.58+0.41" 3.9840.35° 5.08+0.33"
DM digested (kg) 3.6440.15™ 4.4240.35" 3.2240.25°
DM digestibility (%) 63.41+1.15° 66.87+1.35" 61.4541.42°

*Figures in the same row having the same superscripts are not significantly different (P<0.05).
** [ . 50 concentrates : 50 roughiages, 11: 75 concentrates: 25 roughages, 111: 25 concentrates: 75

roughage

Table (4): Calcium and phosphorus metabolism in the three balance experiments
expressed as g/head/day.

Items Experiments

I (50C:50R)** | II (75C:25R) | III (25C:75R
Calcium:
Intake 36.74+0.23" | 41.6440.15* 33.0110.10°
Fecal 27.72+1.21" 23.65+1.10° 29.39+1.35"
Urinary 0.6610.01" 0.67+0.02" 0.65+0.01*
Absorbed 9.0240.10® | 17.99+1.50" 3.6240.12°¢
Absorption (%) 24.55+1.63% | 43.20£2.40° | 10.97+1.10°
Retained , 836+025° | 17.32+1.10° 2.9740.10°¢
Retention (%) of intake 22754175 | 41.59+2.10" |  9.0041.01°
Retention (%) of absorbed | ) (415 150 | 962815.10" | 82.0414.03°
Phosphorus:
Intake 21.814+0.40° 27.7610.15" 19.3940.10°
Fecal 10.08+1.73* 8.54+1.30° 10.71£1.15"
Urinary 0.08+0.01" 0.10£0.02" 0.0940.01*
Absorbed 11.73+1.15" 19.22+1.50" 8.68+0.01°¢
Absorption (%) 53.78+2.10° | 69.241321° | 44.770.10°
Retained 11.65+1.10° | 19.124134" 8.59+0.01 ¢
g::::::g: é 0//3 z: ;';)‘s"o"r‘;e o | Shdrzio® | esssinat | 4430:002°

99.3244.56" | 99.48+3.94" 98.96+2.97"

*Figures in the same row having the same superscripts are not significantly different (P< 0.05).
** [ 50 concentrates ; 50 roughages, II: 75 concentrates: 25 roughages. 111: 25 concentrates; 75

roughage
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Table (5): Sodium and potassium metabolism in the three balance experiments
expressed as g/head/day

Items _Experiments

1(50C:50R) | 11 (75C:25R) | MI(25C:75R)
Sodium:
Intake 29.27+1.45" 33.05+1.32" 26.72+1.20"
Fecal 12.3941.02° 7.45+1.00° 15.96+1.05"
Urinary 3.4840.25" 2.9140.10" 4.06+0.32"
Absorbed 16.88+1.10° 25.60+1.30" 10.76+1.08
Absorption (%) 57.6742.18° | 77.46+3.05" 40.27+1.50°
Retained ) 13.4041.01° 23.41+1.80" 6.7040.50 ¢
Retention (%) of intake 45.78+1,80° | 70.83+2.95" 25.0741.10°
Retention (%) of absorbed | g 30,3 010 | op4srars® | e227+2.10°
Potassium:
Intake 61.9942.13" 69.4142.50" 58.69+2.35"°
Fecal 31.29+1.25" 29.78+1.34" 30.91+1.15*
Urinary 17.18+1.03* 13.53+1.01° 19.56+1.05"
Absorbed 30.70£1.55% | 39.63+1.40" 27.78+1.30°
Absorption (%) 49.52+1.85° | 57.10+1.70" 47.33+1.53°
Retained . ] 14.1141.15° 26.10+1.35" 8.22+1.50°¢
Retention (%) of intake 22.76+1.28° | 37.60+1.56" 14.0141.10°¢
Retention (%) of absorbed | 5 ¢, ) 590 65.8612.10" 29.59+1.58°¢

*Figures in the same row having the same superscripts are not significantly different (P< 0.05).

Table (6): Magnesium (g/head/day) and zinc (mg/head/day) metabolism in the
three balance experiments

Items Experiments

1(50C:50R) | 11(75C:25R) | I (25C:75R)
Magnesium:
Intake 12.05+1.02* 13.2241.05" 10.48+1.00"
Fecal 7.5640.20" 7.0140.18" 7.8840.15"
Urinary 0.47+0.01" 0.5110.02" 0.4740.01*
Absorbed 4.491+0.23" 6.2140.30" 2.640.10°
Absorption (%) 37.26+1.28" 46.97+1.63" 24.8141.12°
Retained - =~ 4.0240.34% 5.700.29" 2.1340.15"
l‘:::::::z: z 02; :: :;)t:ol:)e 4| 3336:118° | 43.1281.50° 20.32+1.10°

89.53+3.10" 91,79+4.02" 81.9242.90"
Zinc:
Intake 252.7421.15° | 317.3425.10" | 214.8420.13¢
Fecal 214.242.30" 208.1+3.10" 212.1£2.73"
Urinary 24.7+1.13" 20.7+1.50" 25.9+1.18"
Absorbed 38.5+1.60" 109.2+4.23* 2.740.01°
Absorption (%) 15.24+1.34" 34.4241.20" 1.26£0.01°¢
Retained =~~~ 13.8+1.10* | 88.543.15" -23.2
Reenton (0 omnke | sassozmt | mamine |

35.841+2.18" 81.04+3.83" -

*Figures in the same row having the same superscripts are not significantly different (P< 0.05).

18




Assiut Vet. Med. J._Vol. 49 No. 99, October 2003

Fig.1. Apparent retention of caicium and phosphorus during
experiments
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Fig.2. Apparent retention of sodium, magnesium and potassium
during experiments
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