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SUMMARY

Twenty-six growing lambs were randomly selected and divided into three groups
(46.5, 46.0, and 46.5 +0.94 Kg live body weight for groups 1, 2, and 3, respectively).
Animals were fed on previously sun-dried halophytes which were mixed in the ratio of
2:1:1 for Tamarix mannifera (Tarfz), Zygophyltum album (Ghullam), and Halocnemum
strobulaceum (Tar’teer), respectively, First diet was the control and consisted of 60% of
the growth requirements in the form of concentrate feed mixture (CFM) while Berseem
hay (Trifolium alexandrinm) was offered ad lib. Second and third diets had the same 60%
CFM and the halophyte mixture was fed ad /b. To the second diet 20-ppm monensin
(commercial form as sodium saltyh/d was added for the purpose of enhancing nutrient
utilization. Mineral, nitrogen and water metabolism of salt bush fed lambs as affected by
monensin was investipated. Feeding experiments followed by a balance trial were
conducted for 155 days. Monensin addition to salt plant based-diets caysed a reduction in
both fecal and urine Ca excretion. Hence, monensin improved Ca utilization. Monensin
did not appear to have influenced Na absorption. The effect of monensin on Na utilization
may have been masked by the excessive Na content of salt plants. Absorption of K was
variable among animal groups due to varied intakes and excretion in different groups.
Monensin fed-group had the lowest non-significant, yet positive, nitrogen balance.
Digested nitrogen was lower for salt plants fed groups, yet not significantly different from
that of control. Monensin had no effect on Zn utilization. Water utilization by sheep fed
salt plants and monensin was not different from that of control. It appears that the addition
of monensin to the salt plants improved the nutrient utilization.
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Youssef, 1999). Monensin, as an
ionophore, was thought 1o enhance the

INTRODUCTION

The use of salt bush plants has found
an acceptance under the circumstances of
feed shortage especially in coastal areas.
Some conservation is placed, however,
on that use; high contents of minerals (no
less than 20% ash on DM basis) is an
exampie (Fahmy er al., 2001). '

Because salt plants are poor quality
roughage, many treatments like ensiling,
chopping, nutrient enrichment, or any
combination of treatments were applied
(Khamis, 1988, Fahmy, 1998, and

nutrient utilization by animals when fed
salt plants. Monensin increased feed
efficiency of animals and body weight
gain as well (Potter et al., 1976).

Several investigators reviewed the
mechanisms by which ionophores exert
their effects (Schelling, 1984 and Bergen
and Bates, 1984). Briefly, ionophores
increase propionate, decrease acetate and
butyrate. They, also, affect protein
metabolism in the rumen. Ruminants
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(Davidson, 1984 and Donoho, 1984)
absorb 36 to 50% of (*'C) monensin.
Therefore, another mechanism must be
involved (Armstrong and Spears, 1934).
However, monensin, as an icnophore,
facilitates the passage of ions across ceil
membranes. It has strong affinity for
sodium and potassium ions (Kirk ef al..,
1985). Monensin may be exerting its
effect on minerals either within the
rumen or small intestine or by another
way through the tissues. Monensin was
found to improve the retention of some
minerals {Kirk et al., 1985).

Therefore, the objective of this study
was to investigate mineral, nitrogen and
water metabolism of salt bush fed Jambs
as affected by monensin.

MATERIALS AND METHODS

Feed processing and diet formulation

For the opurpose of the
experimentation, fresh edible leaves and
branches of the halophytic plants were
cut off, collected, sun-dried, chopped and
packed for later use. Measured amounts
of previously sun-dried halophytes were
mixed in the ratio of 2:1:1 for Tamarix
mannifera (Tarfa), Zygophyllum album
(Ghullarm) and Halocnemum
strobulaceum  (Tar’teer), respectively.
Previous studies (Khamis, 1988)
indicated that air-drying reduced intake
of halophytes compared with fresh green
state. Therefore, 10% molasses (by
weight) wes used as an appetizer and
taste-improving agent and calculated as a
part of concentrate portion.

Diets were balanced according to
Kearl, (1982). Three diets were
formulated as 40% roughage and 60%
concentrates. Chemical composition of
different diet ingredients are found in
Table (1). First diet was the contro} and
consisted of 60% of the requirements in
the form of concentrate feed mixture
(CFM) and berscem hay (Trifolium

152

alexandrium) ad lib. Second (SPM) and
third (SP) diets had the same 60% CFM
and the halophyte mixture was fed ad lib.
To the second diet 20-ppm monensin
(commercial form) as sodium salt'h/d
was added for the purpose of enhancing
nutrient utilization.
Experimental design

Twenty-six growing lambs were
randomly selected and divided into three
groups (9, 9, and 8 animals for groups 1,
2 and 3, respectively). Animal groups
were assigned to experimental treatments
randomly. Average body weights of
experimental groups were 46.5, 46.0, and
46.5 +0.94 Kg for groups 1, 2, and 3, in
order. Feeding experiments followed by a
balance trial were conducted for 155

days.

Animals and management

In the balance trial, four animals from
each group were randomly seclected.
Animals were randomly and individually
placed in metabolism stalls designed for
total collection of feces and urine. Fifteen
days were allowed for animals to adapt to
the metabolism crates. Animals were
offered feeds on individual basis during
the metabolism trial. The collection
period was seven days. During the
collection period, urine, feces, orts as
well as samples of feeds offered and
refused were collected. Prinking water
was also sampled. Twenty-five milliliters
of 9 M H,80, solution were added daily
0 unne coilecdon vesseis as  a
preservative. A 10% aliquot of urine (by
volume) was collected daily and
immediately frozen for later analysis.
Daily urine collections were composited
by animal across days, mixed thoroughly,
and sampled before freezing. Dried feces
were composited daily into sealed plastic
bags. Fecal coliections were weighed,
sampled, and ground. The composile
samples of feeds and orts were also
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sampled and ground. Ground samples
were wet washed in nitric acid and
perchloric acid. Blood samples were
withdrawn from Jugular vein of animals
into tubes to which EDTA was added.
Blood samples were immediately
centrifuged at 4000,,, for 20 minutes.
Cicar serum was collected and
immediately frozen for later analysis.

Analysis

Feeds, orts, feces and urine were
analyzed for the selected minerals
according to A.O.A.C. (1990).

Data were analyzed statistically using
GLM procedures of SAS (1985).
Duncan’s multiple test was applied for
comparison of means (Duncan, 1955).

Regional characterization

Wadi Sudr (Sudr Valley) of southern
Sinai was the area of collection. The soil
of this area is known to be loamy sand
texture. The total dissolved salts (TDS)
of groundwater were estimated to range
from 3000 to 4000 ppm. Anon, 1931
reported that the dominant cation in the
water was sodium (30 meg/L) and anion
was chloride (50 meg/L). He found also
that sulfate content was 3.8 meqg/L.
Mohammed, {1996) reported that soil had

calcium as the domineant cation (2.2

meg/ 100 g) and carbonate as the dominant
anion (0.9 meq/100 g).

Dominant naturaily growing salt bush
shrubs in this area are Tamarix mannifera
(Tarfa), Zygophyllum album (Ghullam),
and Halocnemum strobulaceum
{Tar’teer). In late wet season (spring), the
plants have their green edible parts
(leaves, and newly formed branches)
ready to be grazed by animals afler the
overgrazing of more palatable plants.

RESULTS AND DISCUSSION
Mineral utilization
Concentrations of macro and

microelements of diet components fed to
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sheep are presented in Table (2). Calcium
intake (mg/Kg BW*"*) of salt plant-fed
antmals was higher (Table, 3) (P<0.05)
for SP and SPM than that of control
group. Amount of Ca content (%) was
higher in salt plant mixture (Table, 2)
than that of hay and CFM, collectively.
In a previous study (Fahmy et a/., 2001),
animals consumed more salt plants than
contro! {hay). Amount of fecal Ca
excretion (Table, 3) of SPM group was
about twice as much as that excreted by
control group, while that of SP group was
about three times. Also, Ca excreted in
urine of SPM and SP groups was four to
five times that excreted in uripe of
control group. Monensin addition to salt
plant based-diets caused a reduction in
both fecal and urine Ca excretion. Hence,
total Ca excretion of SPM group was
lower (P<0.05) than that of SP group.
The amount of Ca excreted in SPM
group as a result of monensin addition
was almost as half as that of SP group;
which clearly indicate that monensin
improved Ca utilization. Expectedly,
therefore, amount of absorbed Ca of
SPM group was higher, yet not
significant, than that of SP group; both
were (P<0.05) higher than control,
Similar results were obtained with Ca
balance (Table, 3). Consequently, serum
Ca concentrations {mg %) of SPM were
twice as much as that of SP group.
Control group exhibited a medium value
of serum Ca concentration. Kirk ef al.,
(1985) found that menensin
supplementation to diets of lambs
decreased urinary Ca excretion by about
60% of control. Percentages of urinary
Ca excretion relative to intake were 0.74,
184 and 2.81% while those of fecal
excretion were 28.72, 32.95 and 43.54%
for control, SPM and . SP groups,
respectively. Therefore, monensin caused a
reduction in Ca excreted (both fecal and

urinary) but not as high percent as that
obtained by Kuk ef al (1985). Since
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Tabie (1): Chemical composition and feed ingredients of diets fed to sheep.

Item cp CF ADF NDF  Ash EE NFE
DM DM basis, %

CFM* 8%0 179 267 406 719 6.6 2.92 45388
Berseem hay 876 179 289 450 5702 136 212 4068
Tamarix mannifera 515 76 23.0 333 4990 223 3.5 436
Zygophyllum album 360 64 16.0 314 449 269 44 506
Halocnemum strabilacenm  60.0 6.5 14.3 228 418 29.1 3.0 471
Mix of salt plants . 750 6.5 21.9 31.8 4936 233 135 51.42

*Concentrate feed mixture contains: 35% corn, 30% undecrticated cotton seed cake, 25% wheat bran,
6% molasses, 3% limestone, and 1% mineral salt.

Table (2): Macro and micro mineral contents of feed ingredients fed to growing

sheep.
Macro elements, % Micro element, ppm

Item N Na K Ca In
CFM 2.86 0.4 1.20 0.33 401
Berseem hay 2.35 2.17 1.30 1.33 261
Tamarix mannifera 1.22 26 0.8 1.44 385
Zygophyilum album 1.02 2.84 0.9 3.47 433
Halocnemum 1.04 7.0 1.65 245 997
strabilaceum

Mix of salt plants 1.04 3.76 1.02 2.10 551

Table (3): Calcium (Ca) wutilization of growing sheep fed diets containing salt
plants and monensin,

Item Control SPM SP +SF
Calcium intake,

mg/Kg BW 186" 303* 350° 242
mg/Kg BW*" 484" 789° 914* 62.6
Calcium excretion, mg/Kg BW"”

Fecal ©139° 260° 3984 37
Urine 3.59° 14.5* 19.9° 2.45
Total 142.6° 274.5° 411.9° 39.5
Apsorbed Ca

mg/Kg BW°” 3480 528° 516* 30.3
% of intake 71.3 67.0 56.5

Calcium balance,

mg/Kg BW*”? 341° 514.5° 496.1° 282
% of intake 10.5* 65.2* 54.3°

% of absorbed 98.9° 97.3° 96.1°

Serum Ca, mg% 10.9% 16.4 8.2" 1.41

2, b and c: valoes bearing different superscripts at the same row differ significantly (P<0.05)
SP = Sait plants, SPM= salt plants with monensin
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two of the diets (SPM and SP} were salt
plants and high in ash content than
contrel, the excretion of Ca was higher
than control and so was intake. The
differences between SPM and SP,
however, were not significant. Greene ef
al., (1967) found monensin to increase
Ca absorption when fed to lambs but they
attributed that increment to increased Ca
intake. This is true and agrees with the
results obtained in our present study.
One of the primary roles of monensin
is to increase the activity of Na-K pump
(Smith and Rozengurt, 1978). It was
found to increase the concentrations of
Na outside and K inside the cell
(Pressman, 1976). Therefore, it was
important to study Na and K metabolism
of salt plants as affected by monensin.
Sodium (Na) intake of salt plant-fed
groups was, logically, higher thar control
group (Table, 4). Fahmy, (1998} found
Na intake to vary from 805 to 1507
mg/Kg BW*™ for silages made of a
mixtare of salt plants; a range close to
that obtained in the present study. Fecal
Na excretion was not different among
groups, while urine sodium excretion of
sait plant-fed groups was higher (P<0.05)
than that of contro! group. Therefore, the
total Na excretion was higher for salt
plant-fed groups. However, absorbed Na
was lower in control group (P<0.05) than
salt plant-fed groups. Monensin did not
appear to have influenced Na absorption,
as there was no significant differences
between SPM and SP groups. Lambs fed
diets consisting of ground corn and
cotton seed hulls had increased (P>0.1)
Na absorption when supplemented with
20 mg/Kg monensin (Kirk ef af., 1985)
as did Starnes et al, (1984) when
monensin was fed to steers. In our
present study, the significant level was
set at P<0.05, which means higher test
sensitivity. If significant level was set at
a level similar to that set by those
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authors, it would have been different.
However, the effect of monensin on Na
utilization may have been masked by the
excessive Na content of salt plants.
Sodium is excreted, mainly through
urinary system. Sodium excreted via
urine of sait plant fed animals was 2.5
times more than that of control
Monensin made no difference in Na
excreted in urire. However, Na balance
was the least for the group fed monensin.
Monensin-fed group had the lowest
(P<0.05) Na balance resulting from the
excessive excretion of sodium through
the urinary system relative to its low Na
intake. Serum Na concentrations (Table,
4) was lower (P<0.05) for SPM group
than other groups.

Parameters indicating potassium (K)
utilization are present in Table (5).
Intakes of K by different groups were
almost similar (402, 405, and 437 mg/Kg
BW for control, SPM, and SP groups,
respectively). The SP fed group recorded
higher K intakes but not statistically
different. Fecal K excretion was higher
(P<0.05) in the control group compared
to SPM. Absorption of K was variable
among animal groups due to varied
excretion in different groups. The
monensin fed group exhibited a medium
value for the K absorption. Monensin did
not affect K absorption significantly in
comparison with other groups. Therefore,
intake related K absorption values were
stmilar. Control and monensin fed groups
excreted less K in urine than SP group
(Table, 5). Total potassium excretion was
not significantly different among animal
groups. Balance of potassium exhibited
positive value for afl groups. Balance of
potassium exhibited the same trend as
other parameters. Serum potassium
concentrations had higher (P<0.05) value
for SPM group than control group.

Zinc {Zn) intake of control group was
lower (P<0.05) than salt plant-fed groups
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Table (4): Sodium (Na)utilization of growing sheep fed diets containing salt plants

and monensin.

Item Control SPM SpP 4SE
Sodium intake,
mg/Kg BW 409° 509* 592° 32.7
mg/Kg BW*"” 1068° 1325% 1546° 83.9
Sodium excretion, mg/Kg BW"™
Fecal 281 238 247 222
Urine 471° 1005* 1047 157
Total 752° 1243 1294° 161
Absorbed Na
mg/Kg BW*™ 787" 1087 1299* 80.1
% of intake 73.7 82.0 84.0 1.82
Sodium balaace,
mg/Kg BW°" 316 82* 252° 31
% of intake 206 6.2 16.3
% of absorbed 402 7.6 19.4
Serum Na, mg% 431 371° 421" 9.53
a and b: values bearing different superscripts at the same row differ significantly (P<0.05)
SP = Salt plants, SPM= salt plants with monensin
Table (5): Potassium (K) utilization of growing sheep fed diets containing sait
_plants and monensin.
Item Control SPM Sp +SE
Potassium intake,
mg/Kg BW 402 405 437 12.8
mg/Kg BW®™ 1049 1054 1138 30.2
Potassium excretion, mg/Kg BW"™
Fecal 276" 212° 27 14.8
Urine 712* 754 904° 54.8
Total 988 966 1130 58.1
Absorbed K,
mg/Kg BW*™ 733t 841% 911° 274
% of intake 713.7 79.8 50.0
Potassium balance,
mg/Kg BW°™ 61° 87.5° 8° 41.2
% of intake 55 82 0.80
% of absorbed 7.43 10.2 1.14
Serum K, mg% 24.5° 26.7° 25.5% 0.51

a and b: values bearing different superscripts at the same row differ significantly (P<0.05)

SP = Salt plants, SPM= salt plants with monensin
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(Table, 6). Amounts of excreted Zn via
different routes were not significantly
different. Both absorbed Zn and Zn
balance were positively higher for salt
plant-fed groups than control. Kirk et a/.,
(1983) found monensin to decrease fecal
Zn excretion and increased (P<0.05) Znt
absorbed. In the present study, fecal Zn
excretion of salt plant fed animals was
higher (P<0.05) and so was Zn excretion
via urinary system. Salt plant fed animal
groups had higher Zn intake and
excretion who kept the significance level
between them and control with respect to
Zn absorption and balance. Absotbed Zn
as relaied to intake did not differ
significantly among groups indicating
that monensin had no effect on Zn
utilization. Serum Zn concentrations
were higher for SP group.

Nitrogen utilization

Table (7) shows data on nitrogen
metabolism in sheep fed diets containing
salt plants and monensin. Nitrogen intake
was higher (P<0.05) for control group.
Monensin fed group had the lowest
nitrogen intake. Crude protein intake was
higher for control group (Fahmy ef af,
2001) but not significantly (14.6, 13.3,
and 14.0 g/Kg BW"™ for control, SPM,
and SP, respectively). Digested N was
not different among animal groups,
whereas N balance was higher for both
control and SP groups. Monensin fed-
group had the lowest, yet positive,
nitrogen balance. Total serum nitrogen
concentrations were close among groups.

Water utilization

Water utilization by sheep fed salt
plants and monensin is shown in Table
(8). Absolute water intake (mg/Kg BW)
was not different even when animals
were fed salt plant, neither was water
intake (ml/g DMI). Excreted water was
not different among animal groups,
neither was water balance. Khamis,
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(1983) found that sheep and goats
consummed more free water when fed
Halonemum  strobilaceum silage
compared to Zygophyllum  album,
Tamarix aphylla and Atriplex halimus
silages. The differences existing between
the results of Khamis, (1988) may be due
to the differences in the form of diets fed.
On the other hand, water excretion as
percentage of water intake was almost
constant in sheep and ranged from 59.2
to 66%; a range close to that obtained in
the present study. Fahmy, (1998) found
water excretion not to differ significantly
among different silages of halophytic
plants.

Conclusively, excretion of all
minerals examined in the present study
under the effect of salt plants was higher
and ranged from two to five times more
than that of control (a traditional diet)
regardless of the presence of monensin.
One reason for that excessive excretion
of minerals is the higher contents of these
minerals in sait plants compared with
Bersecem hay. The higher feed intake
from salt plant mixture that was not due
to their palatable taste but to the addition
of molasses has added to that mincral
load imposed on animals. Minerals may
have existed in a form that was not bio-
available to animals. The increased fecal
excretion of minerals in salt plant fed
animal groups over control could be
gvidence. On the other hand, the
excessive excretion of minerals in the
urine might be explained on the basis that
the absorbed amounts of these minerals
could have been burdensome on the
homeostasis in the blood of these
animals. Getting rid of this heavy burden
through urine may be the only plausible
way for animals. On the other hand,
monensin effects that were detected by
other investigators (e.g. Kirk et al., 1985)
were masked in the present study by the
excess amounts of minerals. This also
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Table (6): Zinc (Zn) utilization of growing sheep fed diets containing salt plants
and monensin.

Item Control ___SPM SP +SE

Zinc intake,

mg/Kg BW 19 15.8* 17.3* 0.18

mg/Kg BW*" 312 412 452t 2.05

Zinc excretion, mg/Kg BW*™

Fecal 2.57 451° 4.71° 0.47
Urine 0.07 0.07 0.12 0.017
Total 2.64 4.58 4.83 0.47
Absorbed Zinc,

mg/Kg BW°™ 28.7° 36.7° 40.4* 1.78
% of intake 91.7 889 - 89.7

Zinc balance,

mg/Kg BW*” 28.6° 36.6" 40.4° 1.77
% of intake 91.5 88.3 89.4

% of absorbed 99.8 99.7 99.7

Serum Za, pug/ml 0.85° 066>  1.22° 0.12

a and b: valmes bearing different superscripts at the same row differ dgnificantly (P<0.05),
SP = Salt planis, SPM= salt plants with monensin

Table (7): Nitrogen (N) utilization of growing sheep fed diets containing salt
plants and menensin.

Item Control  SPM Sp iSKE
No of animals 4 4 4

Live Body Weight, kg 46.5 46.0 46.5 0.94
Nitrogen intake,

mg/Kg BW 8%6a 814b 86lab 257
mg/Kg BW0.75 233982 21199 2248.4ab  60.0
Nitrogen excretion, mg/Kg BW0.75

Fecal 821 755 821 293
Urine 896a 904a 757a 423
Total M7 1659 1578 57.5
Digested Nitrogen

mg/Kg BW0.75 15188 13649 14274

% of intake 64.9 64.4 63.5

Nitrogen balance,

mg/Kg BW0.75 622.8a 4609 67042 547
% of intake 26.6 217 29.8

% of digested 41.0 338 47.0

Serum total N., mg/Kg BW0.75 56.4 55.7 56.7

a and b: valmes bearing different superscripts at the same row differ significantly (P<0.05) SP = Sait
plants, SPM= salt plants with onensin

158



Egyptian J. Nutrition and Feeds (2003)

Table (8): Water utilization of growing sheep fed diets containing sailt plants and monensin.

Item Control SPM Sp +SE

Free water intake, ml/g DMI 1.87 1.75 1.75 0.053

Total water intake

mi/Kg BW 62 61.9 67.3 28
ml/Kg BW0.82 123 123 134 6.21
Water excretion

ml/Kg BW 30.7a 36. lab 41.1b 221
mUKg BW0-82 . 61.1 71.8 82.1 431
% of intake 393 45.2 47.8 1.62
Water balance,

miKg BW 46.0 43.7 45.1 1.73
ml/Kg Bpw90.82 91.9 87.1 89.9 3.21
% of intake 60.7 54.1 52.2 1.62

a and b: values bearing different superscripts at the same row differ significantly (P<0.05)
SP = Salt plants, SPM= salt plants with monensin
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might be due to a shift in rumen
metabolism of these animals since the
presence of such amounts in the rumen at
one time may affect the microbial
community. Additionally, these plants
contain variable concentrations of anti-
nutritional  factors. The improved
utilization of Ca might be due to an
increase in the efficiency of absorption
but not through making it biologically
available to the animals.
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