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ABSTRACT: Potentiality of Mineral Imbalances in Animal Production
e

and Health in Turkey, and Some Diagnostik and Corrective Trials.

Mineral imbalances of farm animals in Turkey is a limiting

factor in animal production and health. Apart from a few severe

deficient ewents it was assumed that quite a lot mineral imbalan-

ces (deficiencies and toxicities) still waiting to be investiga-

ted. Prom this point of view some diagnostic and corrective tri-

als were carried out to develop a system for our future aspects.

Por this purpose i. an in-vitro red cell radio-mineral uptake

test is developed. It was found that modified in-vitro red-cell

radio-mineral uptake can be used to determine mineral status of

farm animals in the field condition. Percentage of red cell radio-

mineral uptake is inversly proportional with the serum and diet

mineral concentration, ii. copper deficiency in sheep on the Mid-

dle part of the Black-sea region of Turkey were investigated using

different parameters. Results show that it is a conditioned (see-

under) copper deficiency. Comparison of different parameters such

as Ceruloplasmin enzyme activity, serum Cu, and forage Cu, Mo and

S concentration and the environmental condition are found useful

indicators to determine copper status of the ewes.

INTRODUCTION

Our present knowledge of trace element imbalances of faim

animals in Turkey is derived from the study of severe deficient

events. These are deficiences of copper on the Middle Part of the

Black-sea region and selenium in the Interior Anatolia in sheep
and phosphorus in cattle on the European part (1,2,3). Phosphorus

deficiency is diagnosed as botulismus in cattle first but now we

are aware that the etiologic factor of the disease is phosphorus

deficiency since the animals were scavenging bones thrown away and

having botulism microorganism as it waa happening in other countries.
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In 1954 all over the interior Anatolia white muscule disease

were seen in lambs (2). This was continued by the Enzootic ataxia

in lambs on the Middle part of - the Black sea Region in 1961 (4).

This shows that mineral deficiencies in farm animals were became

serious after changing agricultural system. Before 1950 the coun-

try had a primitive agricultural system and had enough grassland

to overcome mineral deficiencies transfering herd from one side

to another. After 1950 ies the situation has became changed with

the use of motor veichles and fertilizers and very many grnssland

were ploughed through the country. Perheps several years before

mineral deficiencies in those parts were continued on the marginal

level than became serious.

In Turkey production of good quality food for animals is not

usual. Animals is supplied mostly- with very little amount of con-

centrated food during winter. The main food during long period of
winter in east, south east and intrerior Anatolia is straw with

very little amount of hay or bran. Certainly with this feeding sys-

tem the problem is not only mineral deficiency but we tink that the

production of good quality food is a long term goal, and the supp-

lementation of deficient minerals make the present food more profi-

table to animals to obtain more produce. For this purpose some di-
agnostic and corrective trials were carried out to use in our futu-

re studies to overcome mineral imbalances in farm animals.

MATERIALS AND METHOD

?or diagnostic studies of mineral imbalances in farm animals

relation among the percentage" of in-vitro red cell radio-mineral

uptake;serum mineral concentration and enzyme activity; percentage

of in-vitro red cell radio-mineral uptakes of the mineral supple-

mented and unsupplemented groups of animals, serum mineral concen-

tration and enzyme activity were determined for comparison whether
in-vitro test is suitable for the diagnostic studies or not.

Measurement of In-vitro red cell radio-mineral uptakes

The method used by Wright and Bell (5), Perla et al (6) and
some other investigators (7,8,9,10,11) was modified by adding
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Citrate-Phosphate-Dextrose (CPD) blood preserving solution (12)
before incubation of red cells.

First Experiment:

According to the local distric veterinarian (Qubuk-Ankara)
at the village of SUNNI, about 40 Kms from Ankara a few selenium
deficiencies in lambs (white muscule disease) were reported dur-
ing the last few years. It was learn that sheep were not supple-
mented with any selenium salt. .In one farm ewes marked with ear
tags and separeted into two groups. Three weeks before the in-
vitro test 10 mg selenium (10 mg/ml) as sodium selenite solution

OaBgSeO. .5HpO) were injected instramuscularly to the first group.
Three weeks later after injection of selenium about

12 ml blood sample was taken from each animal with sterile sta-
inless steel needles into heparinized test tubes and kept in ice
box. In-vitro and in-vivo red cell radio-selenium uptake, whole
blood Se concentration by thermal neutron activation analysis
and plasma clearence of radio-selenium were determined both in
Se injected and non-injected groups (13)

Second Experiment:

Second year the first group of sheep were supplemented
with Zinc sulphate (ZnSO.. 7H2O) and Sodium selenite (Nâ SeO..

5 HgO). The supplement was estimated for a three month period
as 8 mg Zn and 0.4 mg Se daily, mixed with concentrated diet and
fed in six times every fifteen days starting on the 1 of No-
vember until end of February. In-vitro red cell uptakes of radio-
selenium and radio-zinc were carried out starting on the middle
of march to the middle of may. Alkaline phosphatase activity of
serum by spectrophotometric (14) and Zn concentration by AAS we-
re also measured to compare with the in-vitro red cell radio
zinc uptake.

Third Experiment:

Red cell in-vitro radio-zinc and radio-selenium uptakes
were carried out in Angora goats before and after supplementati-
on with zinc and selenium. Lalahan state farm Angora goats were
used as experimental animals. After first in-vitro test, daily
30 mg of Zn (ZnSO4. 7H2O) estimated for an animal and fed for an



8 day period every morning admixed with their diet, and 10 mg
Se/animal (iiapSeO,. 5H2O) was injected intramuscularly 10 days befo-
re the second in-vitro test. Before and after supplementation blood
serum and corpuscular part to/concentration and serum Alkaline phos-
phatase activity were measured for the comparison with the in-vitro
test results.

In-vitro red cell radio-mineral uptake test procedure

To measure red cell radio-mineral uptake 0,7 ml CPD solution
were pipetted into 25 ml erlenmayer flask and 5 ml blood were added,
and gently mixed. 0.3 ml radioactive solution containing about 1 ̂ Ci
radioactivity was added by a micro-pipetter. All the flasks were co-
vered with elastic stoppers and a syringe needle was pushed through
the stoppers to empty the air in the flasks while approximately 95 %
Op+ 5 % GO^ were injected from the gas tubes connected with syringe
needles. The flasks were incubated two hours in a shaking water bath
at 380G. After two hours incubation period all flasks were transfer-
red to the refrigerator and their microhematocrits were measured.
Two ml blood were drawn from each flask to the scintillation counting
tubes. They were centrifuged at rpm 2500 for five minutes. The plas-
ma were discarded and the packed cells in the bottom of the counting
tubes were washed twice with cold isotonic saline. Gamma countings
were carried out using well type scintillation counter,and calculated
as the percentage of initial activity (5).

Measurements of in-vitro red cell radio-mineral uptakes were
carried out in different times after transferring blood to the CPD
containing erlenmayer flasks as below:

i. blood samples in heparinized test tubes were taken to the
laboratory and transferred to the CPD containing erlenmayer flasks
and incubated after isotope and gas injection (3 or 4 hours pass to
draw blood and to start incubation).

ii. blood samples were transferred to the CPD containing flasks
as soon as blood were drawn from the animals.

iii. blood samples were transferred to the CPD containing flasks
as in the second procedure but kept 24 hours at 4° - C. and then in-
cubated.



STUDIES Olv COPPER DEPIGIElMCY

Copper deficiency in sheep on the Middle part of the Black-sea
Region of Turkey were investigated. Blood serum copper concentration
and ceruloplasmin enzyme activity related with hemoglobin types of
ewes, prophylactic effect of Cu supplementation on the incidence of
Enzootic ataxia (swayback) in lambs, and Cu, Mo and S concentration
of pastures and diet, ratio of Cu to Mo were measured (15).

RESULTS Al^D DISCUSSION

Percentage of in-vitro red cell radio-selenium uptake results
were shown in Table 1 in the ewes supplemented with 10 mg of Se by
intra-musculaer injection three weeks before the test and unsupple-
mented groups. Percentage of in-vitro red cell uptake of radio-sele-
nium in supplemented group was found lower than the unsupplemented
-group. Red cell in-vitro radio-selenium uptake of control group was
found lower than both the supplemented and unsupplemented group. This
difference comes from the breeding condition of Lalahan state farm
ewes which thought to be in better condition since"they were supple-
mented with concentrated diet during winter.

Exp.
Groups

% of in-vitro
red cell uptake

whole blood
Ee Cone. ppm/DM

Unsupplemented
(36):

Supplemented

7.84 - 2.96a

6.23 i 1.88b

0.70 - 0.04s

1.18 - 0.096

Control

(36)

5.39 - 1.27b

(18)

Table !.Mean percentage of in-vitro radio-selenium uptake of Se injec-
ted, non-injected and Control group of ewes (Mean-S.D)
(x) Figures in the brackets show sample numbers
a,b. means with different letters at the same column statiecally
significant.
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Difference in mean Se concentration of whole blood between the
supplemented and unsupplemented group was found statisticaly signi-
ficant as well and reflect the same result as in the in-vitro test
(Table 1).

Result of plasma clearence and in-vivo red cell radio -selenium
of supplemented and unsupplemented group (Table 1) were shown in
Fig.l. Plasma clearence of radio-selenium was found fast in the un-
supplemented group than the supplemented with 10 mg of Se by the
intramuscular injection three weeks before the trials. However, in-
vivo radio-selenium uptake of erythrocyte was found high in the un-
supplemented group than the supplemented. Results obtained from pla-
sma clearence of radio-selenium in-vivö and in-vitro red cell radio-
selenium-uptakes of the supplemented: and unsupplemented groups of
ewes clearly reflect the expected results (Table 1, Figure 1).

The second experiment results were shown in Table 2. There were
found difference between Se and Zn supplemented and unsupplemented
groups of the ewes in-vitro red cell radio-selenium and radio-zinc
uptakes as in the first experiment. Only difference found between
the first and second experiment is the low percentage of in-vitro
red-cell uptakes of ,radio-selenium of the second experiment than the
first. The test procedure was the same expect the blood samples were
transferred to the erlenmayer flasks containing 0.7 ml CPD solution
as soon as the blood has been drawn from the ewes in the field inste-
ad of in the laboratory. The difference in uptakes between the first
and second experiments is quite clear and it comes whether from the
blood samples being transferred to the CPD containing flasks as soon
as they were drawn or not. For this purpose the second experiment
test procedure was repeated in the third experiment.

Exp % of Se-75 % of Zn- 65 Alkaline Serum Za
Groups red-cell uptake red c*sll uptake phosphatase cone,

activity of
serum (SU /ml)

Supplemented 2.30io.73
(50)x

1.69-0.49a 5.35*1.91* 1.28±0.47a

Unsupplemented 2.99-1.21b

(50)
1.38±0.57b

Table 2. Percentage of in-vitro red cell radio-selenium, radio-Bine
uptake s, and serum Alkaline phosphate activity and Zinc cone. (Idean-S.D).
(x)Figures in the brackets «how sample numbers
a, b. mean values with different letters at, the same column statistically
significant.
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However mean values of the in-vitro red cell uptakes of radio-sele-

nium, and radio-zinc between supplemented and unsupplemented groups

were found significant. Аз it was known there is a good correlation

between serum zinc concentration and Alkaline phosphatase activity

(7). In our experiment the same result was obtained as it is shown

in Table 2. Serum Alkaline phosphatase activity and zinc concentra-

tion were found low in the unsupplemented group of ewe • than the

supplemented v.v. with the in-vitro red cell radio-zinc uptakes. Th-

ird experiment which is carried out to check our previous studies

for the in-vitro red cell uptakes of radio-zinc and radio-selenium.

This time amount of mineral salts supplemented to Angora goats raised

to 30 mg of Zn daily and fed 8 days supplementing ewery day early in

the morning instead of periodically fed, and 10 mg of Se injected

instramuscularly as in the first experiment. In-vitro radio-selenium

and radio-zinc red cell uptakes were held before and after supplemen-

tation. Results were shown in Table 3. Serum Zn concentration and

Alkaline Phosphatase activity of serum were measured as well for the

Exp.

Groups
% of Se-75

uptake

% of Zn-65

uptake

c.™,m Alkaline
~erum phosphatase

Zn Conapg/ml activity
(SU/ml)

Before
Supplement

(45)x

3.53 - 0.14b

8.83 ± 0.16(8)
1,53" ± 0.07b 1.10 ± 0.05a 3.33*0.24
9.37 - O.ll(s)

After 2.
Supplement

(45) 9.

64 ±

85 ¿

0.

0.

09a

12(s)

1.

8.

6l

77

+

+
0.10a

 ъ

2.22 í 0.28°
0.15(s)

4.11-0.21Ъ

Table 3. Percentage of in-vitro red cell radio-selenium and radio-zinc

uptakes belore and after suplementation with Zn on Se of Angora goats

(Mean ± SE)

(x) Figures in the bracket show sample numbers

a,b. mean values with different letters at the same column

statistically significant.

(s) Serum activity

comparison of Zn status of animals. As it was shown in Table 3* In-

vitro red cell radio-selenium and radio-zinc uptakes mean values were

found significantly different before and after supplementation with



related minerals. Serum zinc concentration and alkaline phosphatase
activities before and after supplementation were found different as
in the in-vitro red cell uptakes. These results show that red-cell
in-vitro uptakes of radio-minerals reflect minerals status of Angora
goats. Measurents of serum activity after in-vitro red cell uptakes

were found high after supplementation. It means that radio-mineral
is binding to red-cells during incubation period proportionally with
the mineral contect of diet supplied to animals.

It seems that "the in-vitro red cell radio-mineral uptake" may
be used as a diagnostic test to determine mineral status of farm ani-
mals. As it was seen that the second and third experiment results

similar to each other and there air, not much variations among the pe-
rcentage of uptakes even if the test applied in different species
and condition . The use of CPD solution to keep blood samples from
hemolysis and to extend the time to test to be applicable under fie-
ld condition is quite convenient according their hematocrit values.
Mean Hematocrits obtained before^* supplementation are 28.00*0.38 cind

28.22-0.39 respectively. It means that are Ht. values (Corpusculaer
part) before and after supplementation trials in 5 ml blood 1.40 and
1.41 ml respectively, as calculated by 5 ml x percentage of Ht..Ht.
values of the-diluted blood samples:

Ht after dilution= amount of corpuscular part in 5 ml blood
Blood samples + 0.7 CPD+0.3 Isotope sol.

x 100

As a result it is found that only 4.78 and 2.09 % Hemolysis occurred

during incubation period.

The aim of the medification of the in-vitro red cell radio-mineral

uptake test is to develop a method to determine mineral status of

farm animals under field condition. The in-vitro red cell radio-mine-

rals uptake test results obtained by some investigators reflect the

dietary intake of trace minerals of farm animals. However their stu-

dies are related to the laboratory condition. It was thought that if

the method used by Wright and Bell (5) and by some other investigators

(6,7,3,9) was modified it might be applicable to the field condition.

In the field condition the dificulty is to keep the blood fresh until

testing i.e. from one to several days. For this purpose Gitrate-Phos-

phate-Dextrose solution is used.This solution is for human blood pre-

servation until transfusion. Gibson et al (12) compared clinical

significancy of ACD (Acide-Citrate-Dextroee) and CPD solutions in-vitro
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by the-use of Radioactive chromium (̂  Cr) and showed that the mean
survival time of red cell at the 28th day is 70 % for ACD and 76 %
for CPD when they were kept at 4°*1 C.

The studies about the distribution of radioselenium in heme
and non-heme fractions of mice bone-marrow and spleen show that se-
lenium bind to red cell in the circulation instead of during eryth-
ropoiesis, and-the exeration of selenium takes place both by the u-
rine and feaces (17). The same trial must be carried for radio-zinc
to determine amount of zinc binding to red cell during erythdopoiesis
and in the circulation.

STUDIES OL COPPER MLTABOLISM (15)

It was found that Karakaya ewes in the copper deficient area
mostly carrying A and AB hemoglobin types. Mean serum Cu concentra-
tion of the ewes related with their hemoglobin types were found
about at the same concentration as in the ceruloplasmin O.D. ies
(Table 4).

Hb types Lumber of ewes Ceruloplasmin Serum Cu Lumber of
P.P. ng/ml ataxitf lamb born

A

AB

B

161

125

11

0.086-0.005

0.037-0.009

0.059*0.008

0.75*0.03

0.73*0.03

0.66*0.04

15

11

2

Table 4. Lumber of the ewes carrying different hemoglobin types and
their ceruloplasmin O.D. and serum Cu concentration and number of
ataxic lamp born (mean - S.E).

Lumber of ataxic lambs born has a good correlation with the
hemoglobin types of ewes. It was found that there is no prophylactic
effect of 10 mg Cu supplementation (as a total for 45 days) which
is fed to ewes in three times every fifteen days during the last tri-
raaster of pregnancy. The incidence of ataxic lamb born was 8.6 /£.
When the amount of Cu supplementation rised to two fold and fed in
six times every fifteen days starting 15 th of October in the follo-
wing year to the same experimental animals the incidence of ataxic
lambs born decrased to 2 %. Ceruloplasrain O.D. and percentage of se-
rum total protein were found lower in the ewes with ataxic lambs
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than eines with healthy lambs (Table 5) supplemented with copper as
Ou SO. 5 H*.

Serum
parameters

Ewes with ataxic
lambs

Ewes with normal
lambs

ceruloplasmin
O.D.

0.073*0.011(14) 0.156±0.96(43)

of serum total
protein

6.27±0.30(19) 7.30±0.13(47)

Table 5. Geruloplasmin O.D. and percentage of serum total protein in
ewes with ataxic and healty lambs (means-S.E)

The amount of Cu supplemented was 10 mg/day for each ewes. The
supplement was fed every fefteen days, as a total 45 days, admixing
with the diet and applied 6 times starting 15 th of October.

Forage samples collected in April from seven different place
of the diseased area contains about 18.9 ppm Cu (D.Ii), 9.2 ppm Mo-
Forage and diet samples collected in November contains about 11.0 ppm
Cu and 4.2 ppm Mo (Table 6).

Foraee samples

!\ovamber 1978

April 1979

Cu ppm/DM

11.0

18.9

Mo ppm/DM

4.2

9.2

Table 6. Forage and diet Cu and Mo concentration collected from the
diseased area.

Uean sulfur content of seventysix forage samples collected from
different parts of the diseased area was faund 0.318-0.017 %.

Serum Cu concentration and ceruloplasmin O.D. of samples collec-
ted from non-diseased area different breeds of ewes (Interior Anatolia)
were shown in table 7. It is clear that the Cu concentration and ce-
ruloplasmin O.D. of the ewes from diseased area are lower than the
non-diseased area different breed of ewes. Forage samples collected
from seven different place of the grassland of Lalahan State farm
contain about 7 ppm Cu, 1.6 ppm Mo and 0.203 % ß, Concentrated diet
fed to animals during winter contains about 7.41 ppm Cu, 2.05 ppm
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Species of Breeds Serum Cu (pg/ml) Ceruloplasmin O.D.

Diseased area
(samsun)

KARAKAYA SHEEP

0.72 ± 0.077 ± 0.003(230)

Qubuk-Ankara
AKKARAMAK SHEEP

1.24 ± 0.07(150) 0.110 ± 0.005(40)

Lalahan State farm
Ankara Merino sheep

1.37 - 0.10(48) 0.122 - 0.004(36)

Table 7. Diseased and non-diseased area different breed of ewes serum
Cu cone, and ceruloplasmin O.D. (mean-S.E)

Mo and 0.211 % S. Concentration of Cu, Mo and S in the diet are lower
in the non-diseased area than the diseased area but serum Cu in sheep
in the diseased area is found lower than state farm sheep serum Cu.
Ratio of Mo to Cu is about between 3.6 : 1.0 and 4.4 ': 1.0 and they
are in the normal level according to the clasifi^ation of Lesperance
(18).

Copper deficiency conditions clasified by Lesperance are ;
i. simple copper deficiency, diet containing 0,1-5.0 ppm Cu and
0.1-5.0 ppm Mo. This condition is not suitable for sheep on the Mid-
dle part of the Black sea region in Turkey since diet contain Cu high
enough to meet copper'aöS'.'cü : Mo is changing from 2.1 : 1 to 2.8:1
ii. normal condition, diet containing 5.0-15.0 ppm Cu, 1.0-5.0 ppm Mo
and Cu : Mo is changing from 5 • 1 to 3 '• 1 and results obtained by
our studies do not resemble this condition iii. molibdeneum toxicity,
diet containing 5«0-3.0 ppm Cu, 5.0-50.0 ppm Mo, and it is not possi-
ble to say there is a molibdeneum toxicity for sheep on the Middle
part of the Black sea region according to the results.

Results obtained by us resemble mostly to the studies clasified
by Bingley and Carillo (19). These workers say that if Cu : Mo equal
to 2.8 : 1 and diet containg. enough sulphate hypocuprosis is clear.
In our studies in the diseased area diet Cu and Lo ratio is found
between 2.1 and 2.8 and diet contain enough E (0.318-0.017 $) and
ecolocigal condition is quite avalaible to consume fresh food for
sheep in every season of the year which has an important role in the
development of copper deficiency as stated by Ward, Hartmans and
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Barshad (20,21,22,23). Ward (20) states that the animal can't be
safely grassed in Golarado grassland containing Mo higher than 20
ppm and if it is fed as hay there is no problem for animals. In Ho-
land condition even if 5 ppm Mo cause hypocuprosis in animals (low
liver Cu) but if it is fed as hay as in Colarado it was found rather
safe (23).

As a result we can say "Copper deficiency in sheep on the Middle
part of the Black sea region of Turkey is a conditioned copper defi-
ciency status" as it was pointed out by Urman (1) and proved by our
btudies.
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