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SUMMARY

Two lactating Merino ewes, abdut 5 years old
were used to investigate the effect of I.V.
injection of magnesium gluconate into experi-
mentally hypomagnesaemic ewe on the organic
and inorganic constituents in her milk. During
the control period, the animals received a Mg-
deficient ration ( 0.045 Mg% ) plus 3 grams of
Mg0. After that,the MgO-supplement was removed
to induce hypomagnesaemia.After the Mg-concen-
tration in blood decreased below 1 mg/1l00 ml,
50 ml of .5% solution of magnesium gluconate
were i.v., injected, During the control period,
the Mg- and Ca-levels in blood plasma averaged
2.44 and 10,1 mg/100 ml respectively., During
the same period, the milk analysis revealed
the following average values: Mg,20.43Ca,198.9
mg/100 ml., fat 7.3; lactose, 4.8 g/100 ml.

On the Mg-deficient ration, the Mg-level in
blood plasma decreased to 0.88 mg/100 ml with-
in 6 days. Neither the hypomagnesaemia nor the
injection of magnesium did influence the Mg-
concentration in the milk. The fat content of
the milk could not be increased by the mag-
nesium injection., The Mg-concentration in blo-
od plasma has been increased following the in-
jection to & normal level(2.71-2.48 mg/100 ml)
which lasted only for about 1% hours.
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INTRODUCTION

The origin of milk fat has been exten:ively reviewed(JONES,
1969; STORRY, 1970; PATTON and JENSEN, .974). It is accepted
that the precursors of ruminant milk fat in the blood are ace-
tate, B-hydroxybutyrate, glucose, and trijjlycerides carried by
the chylomicrons and very low density lipoproteins. The uptake
of blood triglycerides for milk fat synthesis is dependent upon
the action of lipoprotein lipase associatied with the capillary
endothelium of the mammary gland ( SCHOEFL and FRENCH, 1968;
SCOW et al., 1972; MENDELSON et al., 1977). When milk fat is
depressed by restricting roughage,dietary magnesium oxide seems
to inhibit fat deposition by decreasing adipose lipoprotein
lipase and glyceride synthesis, while increasing the activity
of thie enzyme in the mammary tissue ( EMERY, 1973, 1976 ). On
the basis of this suggestion, one would expeet a relatively
rapid response in the milk fat percentage as a result of the
action exerted by magnesium on the lipoprotein 1lipase in the
mammary gland. This suspicion profunded the basis for the pre-
sent work, in which the effect of intravenous injection of ma-
gensium gluconate principally on the milk fat percentage in
lactating ewes was investigated. In order to attain the grea-
test possible response in the milk fat content,arising from the
action of magnesium,an experimentally conducted hypomagnesaemia
in lactating ewes was induced prior to the magnesium treatment.

Assiut Vet, Med. J. Vol. 6 No. 11&12,1979.
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MATERIAL AND METHODS

The experiment was carried out using two 5 year-old lac-
tating Merino ewes at the beginning of the Tih week affer lam-
bing. The animals were kept indoors throughout the experimental
period. A magnesium deficient ration containing only 0.045Mg%
and 14.2% crude fiber was formulated. The ration was semisyn-
thetic and consisted of the following ingredients: ground oats,
dried beet pulp, starch, wood pulp, ground hay,soybean protein,
sugar, 0il, molasses, vitamins and a mineral-mixture. The che-
mical analysie of the ration revealed the average composition
presented in Table 1.

Table 1. Average composition of the rationm.

Nutritive Substance

% %

Moisture content 12.50 Ca 0.94
Dry matter 87.50 . Mg 0.045
Crude protein 13.2% P 0.58
Ether extract 4.00 Na 0.66
Crude fibre 14.20 K 0.87
Ash 6.61

NFE 48,57

From this ration, each ewe received 1500 g per day divided
into two meeals. On this basis, each ewe was supplied with 150 g
digestible protein and 900 starch units.

During a control period lasting for 2 weeks; the ration
plus 3 grams of powdered Mg0 were fed for each ewe. The control
period was succeeded with an experimental peried, in which the
Mg-supplement was removed to induce hypomagnesaemia., After the
magnesium level in plasma was depressed below 1 mg/l100 ml, the
lactating ewes were injected intravenously with 50 ml of 15%

Assiut Vet, Med. J. Vol. 6 No. 11&12,1979.
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magnesium gluconate solution to observe the change in the milk
fat content brough about by the magnesium supplementation.

Blood samples were taken immediately before the morning's
meal from the jugular vein once & day during the control and
the period of hypomagnesaemia induction.On the day of magnesium
gluconate injection, blood samples were collected at hourly in-
tervals between 8 a.m, and 8 p.m. EDTA was used as an anticoa-
gulant and the plasma was separated by centrifugation of the
blood samples at 3000 r.p.m.for 15 minutes.Plasme magnesium and
calcium were determined by the atomic absorption technique.

Milk saples were collected by hand milking ensuring an
evacuation of the udder as complete as possible. Milk samples
were collected at 2-hours interval began at 8 a.m. till 8 p.m.
on one day during the control period, on the day where the le-
vel of Dblood magnesium was lowest, and lastly on the day of
magnesium injection. The milk fat content was determined usifg
the method of STAHLHUTKLIPP ( 1974 ). The method of HOFFMANN
(1937) modified by STHLHUT-KLIPP (1976) was followed for the
determination of the lactose content. By the atomic absorption
technique, magnesium and calcium were determined in the milk
plasma after the precipitation of milk proteins by trichloroa-
cetic acid as described by ISMATL (1977).

RESULTS

1) Blood snalysisg:

The estimated magnesium and calcium concentrations in the
blood plasma of the ewes during the period of the experiment
are presented in Table 2.

Assiut Vet. Med. J. Vol. 6 No. 11&12,1979.
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2) Milk analysis:

The magnesium and calcium concentrations as well as the
fat, and lactose contents in the milk of +the ewes throughout
the experiment are shown in Table 3,

Table 2. The magnesium and caleium concenirations in the bloed
plasma of the ewes (mg/100 ml) throughemt +he experi-
ment .

4

Time of Contrel period A day before the After the Mg-
blood

sempling g nesiwm Celcium Magne- Calei~ Magne- Caloium

Sia . gium
8 a.m, 2.44 10.1 .88 8.6 0.93 9.0
10 iﬁig;gzotion 8.8
10.30 2.7T1 9.1
11 2+48 9.7
12 g.01 9.9
1l p.m, 1.88 10,6
2 1.77T  10.0
3 .88 10.4
4 1.43 9.7
5 1.46 10.1
6 1.48 9.8
] 145 9.7
8 1.‘3L 9&9
Average 1.80 9.9
- wmll. n=ll

Assiut Vet. Med. J. Vol. 6 Ng, 11&12,1979.
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Table 3. The Ewmuomwca. calcium, fat, and lactose contents in the milk of the ewes during the
experiment.
(Cea, Mg mg/100 ml; PFat, Lactose g/100 ml).

Time of milk Control period A day before the Mg-treatment After the Mg-injection
sanpling Mg Ca Fat lactose Mg Ca Fat lactose Mg Ca Fat lactose
8 a.m, - 18,5 203.5 8.4 4,73 21,0 198.5 8.2 4 .85 21,9 196,0 8.4 4,66
10 19,1 206.,5 T.9 4.82 21.3 200,0 8.1 4.85 2l.8 197.5 8.1 4.83
Mg~-injection
% I 20.0 201.0 6.4 4.78 21.4 206,0 T.8 4.43 22,0 210,0 8.3 4.86
2 p.m, 20.1 197.5 6.9 4.74 21.6 204.5 T.6 5,05 22,8 206,0 7.6 4,85
4 20.4 195.,0 7.4 4.80 21.6 201.,0 T.T 5.05 24,3 196,5 7.8 4,85
6 22.4 197.0 6.5 4.89 23.0 206.5 8.6 5,02 23.3 201.5 9.0 4.94
8 22,1 191.,6 7.4 4.86 22,0 209.0 9.5 5,01 23.4 211.0 8,5 5600
Average | 20,4 198.9 7.3 4.80 21,7 203.6 8.2 4,97 23.2 205,0 8,2 4.9
n = 7 T & ¥ 4 7 T ¢ i  § 5 5 5 5
S —— e e T 2 e
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DISCUSSION

1) Blood analysis:

During the control period, the MNg-concentration in the
ewes blood plasma averaged 2.44 mg/l100 ml, a normal value which
showed an adeguate supply of magnesium during this peirod
(DLUNT,1975). After the ewes were meaintained for 6 days on the
Mg-deficient diet, the Mg-concentration in plasme decreased to
an average value of 0.88 mg/l00 ml, Similar low Mg-levels in
plasma of ewes were also reported by other workers during the
induction of experimental hypomegneseaemia carried out on sheep
maintained on Mg-deficient rations (L'ESTRANGE g% al., 1967;
ISMAIL, 1977). The intravenous injection of magnesium gluconate
did raised very rapidly and sharply the magnesium level in pla-
sma to an aversge of 2.71 mg/100 ml estimated half an hour af-
ter the injection, After that, the level of magnesium in plasma
began to decrease gradually and reached a value of 1.43 mg/100
ml after 10 hours from the time of injection. This result is in
agreement with those obtained by FISCHER (1968) in the cow.

During the induction of hypomagnesaemia the calcium level
in the ewes plasma showed a slight decrease.

Similar decrease in the calcium concentration in blood
during hypomagnesaemia was also reported in other investiga=-
tions carried out on sheep (BAKER et al., 1976; ISMAIL, 1977).

2) Milk enalysis:

a) Magnesium and calcium concentrations:

_Neither the experimental hypomagnesaemia nor thse i.v. in-
jection of magnesium gluconate did result in any significant

Assiut Vet. Med. J. Vol. 6 No, 11&12,1979,
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alteration in the Mg-and Ca-concentrations in the milk of the
ewes. .

Such undependecny of the magnesium and caleium concentra-
tions in the milk from the 1level of the correspomding elements
in the blood was noticed also in many cases of hypomagnesaemia
and hypocalcaemia in lactating ewes ( L'ESTRANGE and AXFORD,
1966 ) as well as in the dairy cow ( MEYER, 1962, SCHROTER and
SEIDEL, 1966).

b) Pat content:

During the control peried, the fat content in the milk of
the ewes averaged 7.3 g/100 ml; a level whieh lies within the
normal renge given by other investigators working with the milk
of apparently normal ewes of many breeds (ASHPON et al., 1964;
CORBETT, 1968).

Concerning the period of hypomagnesaemia, the fat content
averaged 8.2 g/100 ml. Although the hypomagnesaemic ewes were
intravenously injected with 7.5 g of magnesiwm glucenate at one
time, the milk fet content stayed unchanged and averaged
8.2 g/100 ml. Therefore, the increase in the milk fat content
from 7.3 g/100 at the beginning of the experimemt to 8,2 2/100
ml toward the end can be attributed to the sffect of the stage
of lactation on the milk fat content ( ASHPON et al., 1964;
SCHAKERNEGEAD, 1973),

It is well evidenced that during a pericd of unadequate
magnesium supply,the animal is erged to utilize the mobilizable
portion of the magnesium in its bone stomes in a try to main-
tain the blood level of the element as constant as possible,
This process continues for a time until the bome stores of ma-
gnesium are drawn off after which the e¢limical signs of
hypomagnessemia begin to develop (KANEKO and CORNELIUS, 19703

Assiut Vet. Med, J. Vol. 6 No. 11&12,1979.
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ATKAWA, 1971). On this basis, the magnesium injected was proba-
bly partly directed to build up again mainly the exhausted bone
reserves of magnesium and partly excreted outside the animal's
body (SMITH, 1959). This suggestion might be proved by the gra-
dual decrease in the blood magnesium concentration from 2.71
mg/100 ml following the magnesium gluconate injection to 1.43
mg/100 ml about 10 hours thereafter (see Table 1).

In other words, the Mg-concentration has been increassed
following the injection to anormal level (2,71-2.48 mg/100 ml )
which lasted only for about 1% hour. This duration and the
emount of magnesium supplied to the mammary tissue were pro=
bably not quite enough to stimulate lipoprotein lipase in the
memmary gland with a subsequent increase in the milk fat per-
centage, The suboptimael crude fibre content of +the ration fed
to the ewes not as low as used by EMERY (1973, 1976), who could
correct the milk fat depression of dairy cows receiving restri-
cted roughage dieis by the addition of Mg0 to their ration.

¢) Lactose content:

Neither the hypomagnesaemia nor the magnesium injection
did influence the milk lactose content, as shown by the levels
4.97 and 4.90 g/100 ml estimated during the period of Mg-depri-
vation and after the i.v. injection of megnesium gluconate res-
pectively.

REFERENCES

Aikawa, J.K. (1971): The relationship of magnesium to disease in
domestic animals and in humans. Charles & Thomas .

Publisher, Springfield, Illinois, USA.

Assiut Vet. Med. J. Vol., 6 No. 11&12,1979.




E. Y. ISMATL

Ashton, W.M.,, Owan, J.B., and Ingletom, J.,W. (1964): A study of
the composition of Clun Forest ewe's milk., J, Agric.
Sei., Camb, 63 : 85 = 90.

Baker, R.M., Boston, R.C., Boyes, T.E, and Leaver, D.D., (1976):
Experimental dinduction of hypomagnesesemia in adult
wether sheep. Proc. Aust. Soc.Anim, Prod. 11:381-384.

Blunt, M. H. ( 1975 ): The blood of sheep., Composition and
Punction. Springer-Verlag. Berlin, Heidelberg, New
York.

Corbett, J.L. (1968): Variation in the yisld and composition of
grazing Merino ewes, Aust. J, Agric.Res. 49: 283-294,

Emery, R. S. (1973): Biosynthesis of milk fat. J. Dairy Sci.,
56: 1187 = 1195,

Bumery, R.S. (1976): Verwendung von puffetenden Putterzusatzen
in energiereichen lilchviahrationon.ﬂberl.!1erarnahr.
4: 197 - 208

Pischer, W, ( 1968c): Beitrag zur Behandlumng der Weidetetanie,
Vorlaufige Mitteliung uber die Anwendung von Magnesi-
mguluconicum, Dtsch. Tierarztl. Wschr. 7§: 8 - 11,

Hoffmann; W.S. (1937): A rapid photoelectric method for the de-
termination of glucose in blood and urins J. Biol,
Chem. 120: 51 - 55, ’

Ismail,B.Y. (1977): Untersuchngen uber organische and anorgani-
sche Milchbestandteile beim Schaf in Abhangigkeit von
der Mg-Versorgung. Hannover, Tierarsztl. Hoechschule,,
Diss.

Jones, E.A. (1969): Reviews of the progress of dairy science,
Section A, Recent developments in the biochemistry of
the mammary gland. J. Dairy Res. 36: 145 -~ 167,

Kaneko, J.J. and Cornelius, C.E. (1970): Clinical biochemistry
of domestic animals. 2nd. Ed., Academic Press, New
York and London,

Assiut Vet, Med. J. Vol, 6 No. 11&12,1979.

7



wr

Y

MAGNESIUM GLUCONATE,CONSTITUENTS OF MILK

- 309 -

L'Estrange, J.L. and Axford, R.F.E. (1966): Mineral balance
studies in lactating ewes with particular reference

to the metabolism of magnesium. J. Agric. Seci, Camb,

6Ts 29 = 304,

L'Estrange, J.L., Owen, J.B. and Wilman, D. (1967): The rela-
tionship between the serum magnesium concentration
of grazing ewes and their dry matter intake and milk
yield, J., Agric. Sci., Camb, 67: 165 - 1T71.

Mendelson, C.,R., 2inder, 0., Blanchette=Mackie, E.J.,Chernick,
S.S5., and Scow, R.0., (1977): Liporrotein lipase and
lipid metabolism in mammary gland. J., Dairy Sei. 60:
666 = 676,

Meyer, H. (1962): Uber die Beziehungen zwischen dem Magnesium-
gehalt im Blut und in der Milch beim Rind. Mh.
Tierheilk, 14: 327 = 332,

Patton, S. and Jensen, P.G. (1974): Lipid metabolism and mem=-
brane functions of the mammary gland. Prog. Chem.
Fats. 14: 163 - 277.

Schoefl,G.I. and French, J.E. (1968): Vascular permeability to
particulate <fat: Morphological observations on ve=-
ggsels of lactating mammary gland and of lung. Proc.
R, Soc., B 169: 153 = 165.

Schekernegead, D. (1973): Die Milchzusammendsetzung im Lakta-
tionsverlauf bei Deutschen Schwarzkopfigen Fleischs-
chagen und Finnkreuzungen, Giessen, Univ.,Fachber.
Angew. Genetik u. Leistungsphysiol., d. Tiere, Diss,

Schroter,J. and Seidel, H. (1966): Mineralstoffbestimmungen in
Serum sowie in der Milch von festliegenden Rindern.,
Mh. Vet, Med., 21: 606 - 613.

Scow, R.0., Hamosh, M., Blanchette-Mackie,E.J. and Evans, A.J.
( 1972 ): Uptake of blood triglyceride by various
tissues. Lipids J: 497 = 505.

Assiut Vet, Med., J. Vol, 6 N_g. 11&12’1979.




E. Y. ISMAIL
- 310 -

Smith, R.H. (1959): Calcium and megnesium metabolism in calves
4, Bone composition in magnesinm deficency and the

conmtrol of plasma maguesium, Biochem,J, T1: 609-614.

Stahlhut-Klipp, H. (1974): Die #ilchfettbestimmung imm Auto-
Analyzer, Dte Milchw., 25: 945 = 946,

Stahlhut-Klipp, H. (1976): Personel communication.

Storry, J. E. (1970): Ruminant metabolism in relation to the
secretion of milk fat. J, Dairy Sei., 37: 139 - 164,

Asgiut Vet, Med, J. Vol, 6 No. 11&12,1979.




