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Abstract The effects of feeding clinoptilolite on hematology, performance, and health of
newborn Balouchi lambs were evaluated in this experiment. In a completely randomized
design, 30 newborn lambs were allocated to three groups and fed by basal diet (C0; without
clinoptilolite) and C1 and C2 (the basal diet plus 1.5% and 3% clinoptilolite, respectively,
for 6 weeks (3 weeks before and 3 weeks after weaning)). Blood samples were taken from
all lambs, at the time when the animals were allocated to the experimental diet and at the
end of each week of experiment, and analyzed for hematology, plasma fibrinogen, and total
protein. Performance and health of all lambs were measured. Fecal consistency score and
diarrhea severity were evaluated. There was no difference between lambs in case of
hematological parameters. Lambs fecal consistency score and severity of diarrhea were
lowest (P<0.05) for lambs on C1 and C2 and highest for lambs on C0. Dry matter intake
and feed conservation ratio were similar between the groups of lambs fed by different diets,
but daily gain of lambs differed significantly (P<0.05) and was higher in C2. It was
concluded that addition of 3% clinoptilolite to starter diet of newborn lamb can reduce
incidence and severity of diarrhea, although its effect on hematology and performance was
negligible.
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Introduction

Use of silicate minerals in animal nutrition has recently increased, mainly due to their some
position effects on animal performance and health. Katsoulos et al. [1] reported that cow fed
with ration containing 2.5% clinoptilolite had significantly fewer cases of clinical ketosis
during the first week after calving and a higher milk yield. The benefit of clinoptilolite
addition to ration on health and performance of weaned, growing, and finishing pigs was
studied by Papaioannou et al. [2].

The effects of zeolite supplementation on hematology and serum biochemistry of dairy
cows, sheep, and sows have been studied by many workers [1, 3–8]. In addition, there are
few existing studies concerning the effects of clinoptilolite supplementation on perfor-
mance, wool growth, decreased ruminal ammonia concentration, and improved feed and
bacterial protein flow to the small intestine [9–11].

Few existing studies concerning the effects of zeolite supplementation on performance,
health, hematology, proteins, and immunoglobulin concentration in serum of newborn milk-
fed dairy calves and lambs [12–16] but limited reported data on the use of clinoptilolite in
newborn lamb that started dry feed consumption are available.

Many management schemes and dietary adjustments in newborn ruminant have been
attempted in an effort to promote dry feed intake, reducing stress, and health problems
especially diarrhea. The objectives of the present study were to determine the effects of
clinoptilolite supplementation in starter feed of pre- and post-weaning Balouchi lambs on
hematology, serum proteins, performance, and health of newborn lambs.

Materials and Methods

Lambs and Management

Thirty Balouchi lambs were allocated to the experimental diets. The lambs were separated
from their dams 3 weeks after lambing. Lambs were allowed to be with the ewes for 30 min
twice daily. Lambs were weaning at 6 weeks of age. Average live weight of lambs was 6.5±
1.2 kg at the stage of their allocation to the treatments (3 weeks of age). Lambs were housed in
straw-bedded pens. Pen's lambs were equipped with individual feedboxes and plastic
troughs for providing the constant supply of fresh water.

Feed and Treatments

Lambs were given free access to the experimental diets which were a basal diet (C0) and
clinoptilolite diets (C1 or C2). C1 and C2 were formulated by supplementation of C0 diet
with clinoptilolite at levels of 1.5% and 3%, respectively (Table 1). Chemical composition
of the clinoptilolite used in this study was: 66.59% SiO2, 11.21% Al2O3, 2.50% Na2O,
2.49% MgO, 1.84% Fe2O3, 0.12% K2O, 0.19% CaO, 0.02% TiO2, 0.02 P2O5, 0.00% MnO,
and loss on ignition 14.28% (Farzan Powder Co., Iran).

Diets were formulated according to NRC 1985 recommendations in order to provide
potential growth (Table 1). Feed intake was daily recorded in morning.

During 3–6 weeks of age, milk consumption was recorded by weighing before and after
suckling. Every week, two samples of ewes' milk were taken for subsequent analysis. The
lambs were also given free and continuous access to fresh water.
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Blood Sampling and Performance

Blood samples were taken from the jugular vein at the beginning of the experiment (day 0)
and the end of each week (up to week 6). Two milliliters of blood samples were
anticoagulated with EDTA for hematological analysis, and plain tubes supplied serum for
analysis of total protein. The serum was separated after centrifugation at 1,800×g for
10 min and stored at −18°C until analysis.

Anticoagulated blood samples were analyzed shortly after collection for: packed cell
volume (PCV), number of red blood cells (RBC), hemoglobin concentration (Hb), total
leukocyte count (WBC), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration, and mean corpuscular volume (MCV) by an automatic
veterinary hematology cell counter (Nihon kohden, Celltac a, Tokyo, Japan). Differential
leukocyte counts were performed on routinely prepared Giemsa stained blood films using
the cross-sectional technique. Fibrinogen concentration was estimated by heat precipitation
method [17]. Stored serum samples were analyzed for total protein, Biuret method [18] by
commercial kits (Pars Azmoon, Tehran, Iran) using the spectrophotometer (Jenway 6105,
Jenway, Felstead, England).

Table 1 Ingredients and Chemical Composition of the Experimental Diets (DM%)

Groupa

C0 C1 C2

Ingredient

Corn 59.5 60.5 61.5

Soybean meal 21.25 22.25 23.65

Wheat bran 12 8.5 4.6

Molasses beet 5 5 5

Clinoptilolite 0 1.5 3

Limestone meal 1.5 1.5 1.5

White salt 0.25 0.25 0.25

Vitamin–mineral premixb 0.5 0.5 0.5

Chemical composition

ME (Mcal/kg) 3.1 3.1 3.1

CP% 18 18 18

NDF% 13.4 12.9 11.8

ADF% 4.5 4.2 3.9

Ash% 3.11 3.03 2.96

NFC % 62.25 63.32 64.62

Ca % 0.68 0.69 0.7

P% 0.39 0.37 0.35

NFC nonfiber carbohydrates calculated as 100� CPþ Ashþ NDFþ EEð Þ
a C0: basal diet (no clinoptilolite), C1 and C2 diets supplemented by clinoptilolite at levels of 1.5% and 3%,
respectively
b Each kilogram of vitamin–mineral premix contained: Vitamin A (50,000 IU), Vitamin D3 (10,000 IU),
Vitamin E (0.1 g), Calcium (196 g), Phosphorus (96 g), Sodium (71 g), Magnesium (19 g), Iron (3 g),
Copper (0.3 g), Manganese (2 g), Zinc (3 g), Cobalt (0.1 g), Iodine (0.1 g), Selenium (0.001 g)
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Lambs were weighed weekly until the end of experiment. Dry matter intake (DMI),
body weight gain, and feed conversion ratio (FCR) were calculated.

Fecal consistency score and severity of diarrhea were assessed visually and characterized as:
1 = firm pellets, 2 = normal pellets, 3 = soft pellets, 4 = soft (no pellets) but not running, 5 = soft
and running according to Lema et al. [19]. Scores of 4 and 5 were considered to be diarrhea.

Statistical Analysis

The data were analyzed by SAS 9.1 version statistical package. Because blood parameters
were measured over the time; a repeated measures approach using ANOVA with mixed
linear models in SAS was used. Interactions between treatments and time (weeks 1 to 6)
were tested. Initial body weight was evaluated in the model as a covariate. When
differences were significant (P<0.05), means were separated using Duncan's test [20].

Result

The results are summarized in Tables 2, 3, and 4 and Figs. 1 and 2. Group had no
significant effect on hematological parameters. Sampling time had no significant effects on
the most measured parameters except MCV and fibrinogen (Figs. 1 and 2). High amount of
MCV was observed in week 1 and decreases with time sampling but no trend for fibrinogen
detected.

The lamb fecal score and severity of diarrhea and mortality are presented in Table 3.
Lamb fecal consistency scores and severity of diarrhea were lowest (P<0.05) for lambs on

Table 2 Effects of Clinoptilolite Supplementation on Hematological Parameters

Parameters Groupa SEM Effects

C0 C1 C2 Group Week Group × week

PCV (%) 31.70 31.88 36.10 1.54 NS NS NS

RBC (1012/L) 10.83 10.95 11.60 0.35 NS NS NS

Hb(g/L) 105.45 106.35 114.78 4.47 NS NS NS

MCV (fL) 28.33 27.63 32.56 2.73 NS S NS

MCH (pg) 9.61 9.70 10.36 0.74 NS NS NS

MCHC (%) 34.01 34.08 32.30 0.51 NS NS NS

WBC (109/L) 7.62 9.51 10.36 0.86 NS NS NS

Neut (109/L) 3.72 4.21 4.00 0.74 NS NS NS

Lymph (109/L) 3.06 3.62 4.03 0.57 NS NS NS

Mono (109/L) 0.60 1.56 2.17 0.13 NS NS NS

Fib (g/L) 3.25 2.55 3.95 0.37 NS S NS

TP (g/L) 59.16 56.27 63.16 2.96 NS NS NS

a C0: basal diet, C1 and C2 diets supplemented by clinoptilolite at levels of 1.5% and 3%, respectively

S significant effect (P<0.05), NS not significant effect, PCV packed cell volume; RBC red cell count; Hb
hemoglobin;MCV mean corpuscular volume;MCH mean corpuscular hemoglobin;MCHC mean corpuscular
hemoglobin concentration; WBC white blood cell count; Neut neutrophil; Lymph lymphocyte; Mono
monocyte; Fib fibrinogen; TP total protein
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C2 and C1 and highest for lambs on C0 diet. Overall, one lamb of the group on C0 diet
died in week 4 of the experiment.

Although no difference was found between lambs in DMI and FCR, their daily gains
differed significantly (P<0.05) and the average means for the groups of lambs on diets C0,
C1, and C2 were 136.32, 138.58, and 170.56 g/day, respectively (Table 4).

Discussion

As it was noted, no difference was observed between the lambs for the hematology
parameters. No data in this contest were found in the available literature for lambs.
However, Hutcheson [21] reported no difference for PCV in calves fed by diet
supplemented with 3% clinoptilolite during 56 days of age. In another study, Katsoulos
et al. [7] reported no effect of long-term clinoptilolite supplementation at 1.25% and 2.5%
levels for dairy cows on RBC and PCV measures. Bartko et al. [4] suggested that addition
of clinoptilolite at a rate of 0.15 g/kg of live weight per day for 3 months in sheep had no
effect on RBC number. Martin-Kleiner et al. [22] suggested that the addition of
clinoptilolite for 6 weeks did not cause significant alterations on PCV values in mice.

In contrast, few studies which show supplementation of milk by clinoptilolite reveal
significant effect on hematology parameters especially Hb concentration. In short-term
supplementation of clinoptilolite in colostrum and milk, Mohri et al. [15] showed that Hb
concentration increased by supplementation at a rate of 2% of each colostrums meal for
14 days. Similar results were also obtained by supplementation of colostrums and milk of

Table 3 Lambs Fecal Score, Diarrhea Severity, and Mortality

Parameters Groupa SEM

C0 C1 C2

Fecal score 3.00a 2.33b 1.40c 0.21

Lamb days with diarrhea (%) 32a 16b 14b 2.21

Mortality status 1 0 0 –

Means with different letters within a row differ significantly (P<0.05)
a C0: basal diet, C1 and C2 diets supplemented by clinoptilolite at levels of 1.5% and 3%, respectively

Table 4 Mean ± SE of Total Performance Between Trial Groups

Parameters Groupa SEM

C0 C1 C2

DMI (g/day) 364.71 357.73 422.01 18.25

Gain (g/day) 136.32b 138.58b 170.56a 4.52

FCR 2.62 2.50 2.48 0.07

Means with different letters within a row differ significantly (P<0.05)
a C0: basal diet and C1 and C2 diets supplemented by clinoptilolite at levels of 1.5% and 3%, respectively
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the newborn calves with clinoptilolite at a rate of 1 g/kg live weight for the first 15 days
of life [23].

In newborn animals, increasing of RBC concentration was reported by researchers [15,
21]. Mohri et al. [15] believed that this increasing could be attributed to a possible increase
of iron concentration due to clinoptilolite supplementation for 14 days to the calves. Based
on the results of Verzgula et al. [23] and Mohri et al. [24], supplementation of clinoptilolite
in colostrums and milk can promote iron absorption and/or utilization in dairy calves. The
different alimentary system physiology with adult ruminant and/or duration of supplemen-
tation could be responsible for the different response after clinoptilolite supplementation.
The iron reserves of the calf, primarily in the liver, are generally sufficient to prevent
serious anemia if calves or lambs are fed dry feeds beginning at a few weeks of age. If
calves are fed a milk diet exclusively for several weeks, then they may develop iron
deficiency anemia, which can adversely affect growth and feed conversion [25]. In animals
that consume dry feed, requirement of iron could be supplied by the diet, but in milk-fed
lambs and calves, iron requirements could not be supplied due to low iron in milk.
Hutcheson [21] suggested that zeolite supplies a significant amount of iron in available
form for cattle in the diet.

Fig. 2 Fibrinogen content (SEM) in Clinoptilolite treated and control groups

Fig. 1 MCV (SEM) in clinoptilolite-treated and control groups
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No significant effect of clinoptilolite supplementation on WBC count in sheep [4] and
dairy cow [7] has been reported. In contrast, Petkova et al. [26] suggested significant
changes with increased numbers of granulocytes and lymphocytes in newborn calves
following 15 days supplementation of clinoptilolite in milk. Increased leukocyte count,
mainly lymphocytes, was reported in mice supplemented with clinoptilolite [22].

In accordance to our result, no significant changes in serum total protein by short-term
[15] and long-term [1] supplementation of clinoptilolite in colostrum and milk in newborn
calves and growing lambs have been reported [27].

The results of this study confirmed the effectiveness of clinoptilolite on reduction of
incidence, severity, and duration of diarrhea in newborn animals as reported by other
workers [12, 28–30]. Feeding zeolite led to the better general health of the calves, mainly
their resistance to diseases [15]. Bartko et al. [31] revealed the effectiveness of 68.7%
compared to 18% in preventing of diarrhea following on supplementation by natural
zeolite at a dose rate of 1 g/kg of body weight versus control calves, respectively.
Mumpton and Fishman [28] believed that silicate mineral retarding effect on intestinal
passage rate and their water adsorption property leads to the appearance of drier and more
compact feces. Zeolite may support the growth of nitrogen-loving bacteria that contribute
to the health of the animals; the zeolite may take up deleterious heavy metals, or it may
simply regulate pH in the gut system, resulting in fewer or less severe stomach ailments
[32].

The ameliorative effect of clinoptilolite on diarrhea of calves may result from either the
alteration of metabolic acidosis, through effects on osmotic pressure in the intestinal lumen,
or the increased retention of the enterotoxigenic Escherichia coli. Clinoptilolite is capable
to adsorb and partially inactivate enterotoxin of E. coli, thus constricting its attachment to
the intestinal cell membrane receptors [33].

Lambs on C2 had highest DMI but did not differ with lambs on C0 and C1 which ended
to a higher daily gain (P<0.05) and a slightly better FCR.

Petkova et al. [34] reported around 19% more daily gain in growing lambs fed by diets
supplemented with 4% zeolite. Pajovic et al. [35] also noted better average daily gain and
total gain in fed-milk calves following zeolite supplementation for 75 days.

The higher daily gain and the improved FCR might be explained by increased feed
and microbial protein supply to the small intestine of lambs fed clinoptilolite
supplemented diets compared to that in lambs of control group. Mumpton [36]
compared dietary use of natural zeolite with control diets for poultry, swine, and
ruminants and suggested that efficient use of nutrients in animal production could be due
to the integral mechanism of ion exchange and adsorption properties of the zeolite used.
Zeolites, due to the presence of alumina, exhibit a negatively charged framework
counterbalanced by positive cations, resulting in a strong electrostatic field on the internal
surface. These cations can be exchanged to fine-tune the pore size or the adsorption
characteristics. Mohri et al. [15] suggested that better weight gain may be caused by the
zeolite acting as ammonium reservoir in the gastrointestinal tract, thereby allowing the
animal to use ingested nitrogen more efficiently, but it seems this effect created after
long-term supplementation.

It was concluded that diet supplementation with clinoptilolite may not affect
hematological parameters significantly, but their utilization in the appropriate levels could
lead to better health and daily gain in newborn lambs.
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