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Undoubtedly one of the most useful weapons 
which has been added to the bovine practitioners’ 
armoury in the fight against metabolic diseases in 
the last few years is the metabolic profile study. 
Based as it is on the detailed analyses of the 
animal’s blood, the technique is not a new one, 
what is new is our ability to analyse large numbers 
of bloods in detail, quickly and accurately. These 
analyses, when processed through a suitably pro
grammed com puter, and when compared with 
norms, can give a detailed and easily readable 
picture of the nutritional and physiological pro
cesses within tha t animal or group of animals.

Today, the advantages o f such analyses are even 
more worthwhile, due to the trend in all countries 
for animals to be kept in larger and larger groups. 
Therefore, what was in the past o f clinical 
significance to perhaps only one or two animals, 
now becomes not only o f clinical significance to a 
group o f animals, but also o f very real economic 
significance to the owner or breeder. The progress 
towards greater attention being paid in veterinary 
medicine to details o f economics rather than pure 
disease or health factors, means that the veteri
narian with the metabolic profile study at his 
disposal can advise more accurately on the general 
husbandry and in particular, plan the nutrition of 
the animals in question.

In addition, various other facets and rewards are 
opened up. For instance, recent work shows that 
certain genetic lines of animals are able to resist 
conditions of poor nutrition more adequately than 
certain other genetic types. The fact that some 
animals can produce more efficiently, and that this 
characteristic is an inheritable one is of very real 
significance to  every farmer who breeds dairy or

beef cattle. This aspect has no t been used to  any 
extent, to date, in selective breeding programmes, 
but undoubtedly it will be one of the factors which 
the farmer and breeder will refer to in the future.

History
Metabolic profile studies have been used for 

detailed analyses of bloods to obtain a picture of 
the animal’s nutritional status, in particular, since 
the mid 1960’s. Dr. J. Payne and his co-workers at 
the Agricultural Research Council Field Station at 
Compton in Berkshire, England, evolved the 
technique of programming and listing the details of 
multiple analyses for a wide variety of blood levels, 
thereby getting an overall picture of some thirteen 
or so factors in the blood of cattle in any one herd. 
Initially, analyses were done on every animal in the 
herd, and this was useful for obtaining a large 
number of animals’ blood pictures, useful for 
statistical analyses, and in establishing norms. 
When applied commercially in the field this was of 
course a factor which detracted from the viability 
of the check test in the terms of cost benefit to  the 
farmer. It could have well been that unless the 
present technique of taking groups of repre
sentative animals within herds was followed, the 
“ whole-herd” technique of sampling might well 
have placed this valuable tool merely in the realms 
of research as opposed to being of value to the 
veterinarian in practice.

It was decided however, in an endeavour to 
make this system of analyses more worthwhile to 
each and every farmer, to sample from statistically 
significant groups within the herd. Initially, seven 
animals were sampled in each group. The grouping 
might well vary, but in the average dairy herd 
where problems were being investigated the routine 
is generally as follows with 21 cattle: (1) Seven 
samples from end of lactation “dry” cows; (2) 
Seven animals which have reached their peak 
lactation after calving; and (3) Seven animals which 
have been calved for some time, e.g., four months 
after calving, and giving average yields.
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It is also apparent that this method of assessing 
the nutritional status of cattle can be applied to 
any group where problems are being investigated. 
For instance, a heifer breeding problem or a high 
incidence of ketosis in dairy cows can be usefully 
investigated thereby confirming that clinical sus
picions are correct or incorrect, and deficiencies or 
excesses regulated.

Technique
The samples are collected both in clotted and 

unclotted forms (in oxalate/fluoride water) asepti- 
cally from the jugular vein. These are then 
examined in the laboratory as soon as possible. 
Undoubtedly the time lapse between the collection 
of the blood and its analysis is important, as a 
degradation of many of the factors being investi
gated can occur if the time interval between 
collection and investigations is a long one. It is 
preferable that the analyses are done on the same 
day and within a few hours of collection. It is 
possible also, however, that providing the time lag 
is long between collection and analyses, to com
pute the degradation processes involved, thereby 
assessing the actual levels at time of collection. 
This, however, is obviously not as accurate as 
obtaining a short collection/examination time 
interval, and this should be aimed for on all 
occasions.

The auto analyser is then used to carry out the 
detailed examinations which are required and these 
will naturally vary according to circumstances. 
However, in the United Kingdom it has become a 
standard routine to carry out up to 13 or so 
examinations as a standard pattern which would 
include the following:
Blood Analyses:

1. Packed cell volume was carried out using a 
Hawksley micro-haematocrit centrifuge.

2. Blood haemoglobin is estimated as oxy- 
haemoglobin on an Auto Analyzer (Technicon 
Instruments Co., Ltd.).

3. Blood-glucose, using the AutoAnalyzer 
method N-9a which involves dialysis to remove 
cells followed by a ferricyanide reduction method.

4. Serum urea, using the AutoAnalyzer method 
N-lc which is a colorimetric procedure involving 
the carbamidoliacetyl reaction.

5. Serum inorganic phosphate, using the Auto
Analyzer method N-4, which involves acid 
molybdate reduction.

6. Serum calcium, using the AutoAnalyzer 
method N-3a which is a colorimetric procedure 
using cresol-phthalein complexone.

7. Serum magnesium, using an atomic absorp
tion flame spectrophotometer.

8. Serum sodium and potassium are estimated 
on an AutoAnalyzer flame photometer by method 
N-20d.

9. Serum total protein, using AutoAnalyzer 
method N-14c which is based on the biuret 
reaction.

10. Serum albumin, using AutoAnalyzer method 
N-15c which is a colorimetric procedure using 
hydroxy-azobenzoic acid.

11. Serum globulin is estimated as the arith
metical difference between the serum total protein 
and serum albumin values.

Tabic l
Means, Standard Deviations (SD) and Coefficients of 
Variation (CV) for each Blood Constituent Measured 

in Three Control Sera
(Each Value is Calculated from the Results of at Least 

40 Analyses Completed in a period of 10 weeks)

1 2 3

Glucose, mg/100 ml
Mean 29.0 34.0 82.7
SD 0.92 1.20 1.38
CV 3.2 3.5 1.7

Urea N, mg Mean 6.4 13.7 31.3
N/100 ml SD 0.32 0.43 1.99

CV 5.0 3.1 6.0
Inorganic P, Mean 2.9 6.2 8.2

mg/100 ml SD 0.08 0.12 0.15
CV 2.8 1.9 1.8

Ca, mg/1 00 m Mean 6.8 9.5 10.0
SD 0.20 0.28 0.29
CV 2.9 3.0 2.9

Mg, mg/100 ml Mean 1.91 2.05 2.69
SD 0.054 0.055 0.065
CV 2.7 2.7 2.5

Na, m equiv./1 Mean 124 138 146
SD 1.0 1.5 1.4
CV 0.8 1.1 0.9

K, m equiv./1 Mean 4.4 4.8 7.3
SD 0.07 0.10 0.16
CV 1.7 2.0 2.3

Protein, g/100 ml
Mean 6.8 7.2 7.6
SD 0.14 0.14 0.09
CV 2.0 1.9 1.2

Albumin, g/100 ml
Mean 3.2 4.0 4.5
SD 0.10 0.14 0.15
CV 3.3 3.5 3.3

Reference R. Mansion and (3. J. Rowlands. Journal o f Dairy
Research (1973) 40, p. 87.

Another important aspect in setting up an
autoanalysing unit is in the careful standardisation 
of the various tests. In the United Kingdom, 
laboratories which are carrying out these tests 
regularly interchange a sample in order that there is 
no variation in analyses. This is particularly
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important with some of the metabolites and 
nutrients being assayed, due to their low concen
trations in the bovine plasma, on the technical 
difficulties inherent in certain assay techniques. 
Known standard deviations are allowed for in the 
finalising of the results from herd or group 
samples.

The following diagrams plot the metabolic values 
for individual cows against their daily milk yields.

The middle dotted line represents the normal 
standard. The outer two represent the upper and 
lower 2SD (Approx. 95% confidence limits).

For a normal profile the majority of points 
should lie within these lines.
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These figures, when fed into a suitably pro
grammed computer and printed out, can give the 
results of the samples from each individual group 
of animals in the herd not only as individual figures 
but processed so as to present a histogram which 
can then be compared with a histogram of the 
normal levels previously established.

It is therefore obvious that any variation can be 
readily seen and in due course corrected by 
adjusting the nutrition of the group or groups of 
animals whose nutrition is at fault. The advantages 
of the histogram are obvious when discussing the 
problem and the alleviation of the problem with 
the farmer. It is also advantageous to be able to 
discuss with the farmer or the herd owner the 
supportive evidence of clinical impressions and 
findings, expressed in terms of detailed analyses. 
Today it is very evident in the United Kingdom 
that with more highly educated farmers and 
breeders, the ability to put clinical findings and 
general advice into practice as a result of detailed 
scientific findings rather than pure clinical im
pressions is very much easier. Also, when using a 
metabolic profile study as a series, the advantages 
are even more apparent: a check test being done 
after a suitable interval after the correction of the 
systems of management and feeding have been 
carried out, in order to ascertain that the recom
mendations were (a) sound and (b) that they Eire 
actually being carried out.

In order that a comprehensive picture is built up 
of the herd’s nutritional pattern, herd group 
SEimples should be taken in the early winter period 
and then again about six weeks after turning to 
pasture in the spring or early summeir-these 
periods are minimal and can be adjusted to foreign 
customs and climate.

*****
*  *

* * * * * *
***** * *

- - - - ------*»**#-----*----------- *----------- *-----
***** * * * ***** *
» ***** ***** * *
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These points are particularly im portan t in large 
groups o f animals where the unit manager may no t 
be able to  closely regularise the day to  day feed 
mixing and feeding processes and where hum an 
error can also creep in. The m onitoring of the 
nutritional status o f the  animals on different feeds, 
and a t different times o f the  year, is also of great 
value. For instance, whilst the feeding programme 
during the w inter m onths might be adequate, it 
may well be th a t the feeding programme during a 
part of the summer, where much of the diet is 
obtained from  natural pasturage, which is all too  
open to  the vagaries of climate and local con
ditions, then the metabolic profile will reveal any 
such deficiencies. When assessing the value of any 
change in feeding, it is im portant however to  leave 
at least three to  four weeks from the time of the 
initiation of the new feeding programme until the 
metabolic profile study is done. This is obviously 
in order that the animals’ blood picture may 
change consistently and fully before the check test 
is taken rather than taking the test too  early and 
giving indefinite or confusing results.

Undoubtedly one of the most important aids to 
the veterinarian in the field has proved to be in the 
areas of infertility due to nutritional origin and 
underproduction as a result of impaired nutritional 
states.

More recently, the application of the metabolic 
profile study to  beef cattle has become apparent 
and further work is being carried out on this 
im portan t aspect o f the profile studies used in the 
areas of the feeding of stock intended for beef.

This was particularly apparent when the author 
visited feedlots in the U.S.A. in February 
1973—th at m etabolic profile studies carried out at 
suitable intervals would obviously have very real 
financial rewards inasmuch as underfeeding of one 
or several factors can produce quite marked effects 
on growth. Where several thousands of animals are 
involed, then it is vital tha t every calorie is used 
efficiently and none are wasted from overfeeding 
and tha t no time is wasted in expensive feedlot 
systems by sub-clinical underfeeding. Whilst it is 
well known th a t certain nutrients are required by 
the bovine animal and vary in fairly precisely 
defined rates, it is no t possible to  allow for stress 
factors such as cold, damp and excessive heat and 
irregular feeding intervals, changes in diet and 
hum an errors. It is no t possible to  programme all 
these into the ideal ration. Accordingly, periodic 
check tests in feedlots and in animals arriving in 
feedlots would be of very real economic worth. 
Today, the economics of the feedlot system point 
towards greatly increased costs of production both

from  the cost o f the  feeding stuffs used, but also in 
term s of labour and overheads. It is readily 
apparent tha t the more efficient use tha t can be 
made of the available feedstuffs, then the more 
financially successful will be th a t unit. No doubt, 
in tim e, we will see our laboratories equipped to 
carry ou t com puterised metabolic profile studies in 
the feedlot areas, and probably owned by feedlot 
syndicates. The cost/benefit ratio should be more 
than advantageous. At the same tim e it is possible 
to  have the ability to  accurately and quickly assess 
the feeding programmes required and also assess 
the efficiency of the feeding programmes being 
actually carried out.

Today, the role of the veterinarian in the cattle 
industry is one of intelligent anticipation and 
prevention of problems, as well as the well 
established one of disease control. Unless he fulfills 
these roles adequately, then he will not be playing 
his part in helping the world to produce the much 
needed protein for the present economy for his 
fellow human beings who are living at a sub- 
nutritional level. Nutrition of the bovine animal 
has for many years been very much a “hit or miss” 
programme, a game of nutritional Russian roulette 
based on inaccurate guidelines! Today, with an 
intelligent use of the metabolic profile tests, the 
nutrition of groups of animals can be more 
accurately and more readily assessed as a routine 
procedure, thereby giving an efficient and accurate 
guide to the feeding programmes of the future.

References
1. Vagg, M. J. 1970. lifted of Raised Dietary Calcium on the 

Castro-intestinal Absorption and Rate of lixcrction of Manganese in 
Dairy Cow. In: Mineral Studies with Isotopes in Domestic Animals, 
p. 121. International Atomic Energy Agency, Vietta 1971. 2.
Treacher, R. J. 1965. Intestinal Absorption of Lysine in C’ystinuric 
Dogs. Journal of Comparative Pathology, Vol. 75, p. 309. 3.
Phillipson, A. T. 1962. The Digestive System of the Ruminant. 
Journal of the Royal Agricultural Society of England, Vol. 123, pp. 
89-98. -  4. C'alvet, H. 1969. Les Problcmes Actuels de la recherche 
sur la Production ct la Santc Animales au Senegal, p. 121. In: Trace 
Mineral Studies with Isotopes in Domestic Animals, LA.I .A., 
Vienna. 5. Hibbs, J. W. 1950. Milk Fever (Parturient Paresis) in 
Dairy Cows A Review. Journal of Dairy Science, Vol. 33, p. 758. 
-  6. Dryerre, 11. and Grieg, J. R. 1925. Milk Fever: Its Possible 
Association with Derangements in the Internal Secretions. Vet. 
Rec., Vol. 5, p. 225. -  7. Little, W. L. and Wright, N. C. 1925. The 
Aetiology of Milk Fever in Cattle. Brit. J. of Exp. Path., Vol. 6, p. 
129. -  8. Mayer, G. P., Rambcrg, C. F. and Kronfcld, D. S. 1967. 
Udder Insufflation and its Physiologic Basis for Treatment of 
Parturient Paresis in Cattle. Journ. of the Am. Vet. Med. Assoc., 
Vol. 151, p. 1673. -  9. Hibbs, J. W. and Pounden, W. D. 1955. 
Studies on Milk Fever in Dairy Cows IV. Prevention by Short Term, 
Prcpartum Feeding of Massive Doses of Vitamin D. Jour, of Dairy 
Sc., Vol. 38, p. 65. 10. Manston, R. 1964. Investigation of the
Effects of Vitamin D3 on Calcium and Phosphorus Metabolism in 
Cows Using Calcium-45 and Phosphorus-32. Brit. Vet. Jour., Vol. 
120, p. 365. -  1 1. Burns, K. N. and Allcroft, R. 1967. 
Hypomagnesaemic Tetany in Cattle. 1. Incidence, Aetiology, 
Diagnosis and Treatment. Idem., Vol. 123, p. 340. -  12. Todd, J. R. 
1969. Magnesium Metabolism in Ruminants: Review of Current

28

©
 C

opyright A
m

erican A
ssociation of B

ovine Practitioners; open access distribution.



Knowledge. P. 131. In Trace Mineral Studies with Isotopes in 
Domestic Animals, I.A.E.A. — 13. Care, A. D., Vowles, L. E., Mann, 
S. 0. and Ross, D. B. 1967. Factors Affecting Magnesium 
Absorption in Relation to the Aetiology of Acute Hypomag- 
nesaemia. Jour, of Agric. Sc., Cambridge, Vol. 68, p. 195. -  14. 
Kemp, A., Deijs, E. B., Hemkes, O. J. and Van Es, A. J. H. 1961. 
Hypomagnesaemia in Milking Cows: Intake and Utilisation of 
Magnesium from Herbage by Lactating Cows. Netherland Journal of 
Agricultural Science, Vol. 9, p. 134. -  15. Smyth, P. J., Conway, A. 
and Walsh, M. J. 1958. The Influence of Different Fertilizer 
Treatments on a Hypomagnesaemic Proneness of Rye Grass Sward. 
Vet. Rec., 1970, Vol. 42, p. 846. -  16. Suttlc, N. F. and Field, A. 
C. 1969. Studies on Magnesium in Ruminant Nutrition, 9. Effect of 
Potassium and Magnesium Intakes on Development of Hypomag
nesaemia in Sheep. Brit. J. of Nutr., Vol. 23, p. 81. -  17. T. Hart, 
M. L. 1960. Factors Influencing the Incidence of Hypomag
nesaemia, 11. The Influence of Meteorological Conditions and 
Fertilizer Treatment on Pasture in Relation to Hypomagnesaemia, p. 
88 in Conference on Hypomagnesaemia, Brit. Vet. Assoc. -  18. 
Payne, J. M. 1970. Production Disease in Ruminants Under 
Conditions of Modern Intensive Agriculture. International Review 
of Experimental Pathology, Vol. 9, p. 191. -  19. Krebs, H. A. 1966. 
Bovine Ketosis. Vet. Rec., Vol. 78, p. 187. -  20. Hibbits, K. G., 
Neil, D. and Radford, D. 1969. The Effect of Diet on the Incidence 
of Induced Ketosis in the Lactating Cow. Research in Veterinary 
Sc., Vol. 10, p. 245. -  21. Armstrong, D. G. and Beever, D. E. 
1969. Post-abomasal Digestion of Carbohydrate in the Adult 
Ruminant. Proceedings of the Nutr. Soc., Vol. 28, p. 121. -  22. 
Smith, G. F. 1969. Evaluating Recent Movements in the Dairy 
Industry. Vet. Rec., Vol. 84, p. 388. -  23. Payne, J. M., Peters, N. 
and Manston, R. 1973. The Effects of Growth Rate and Time of 
Calving on Subsequent Performance of Dairy Cows. To be 
published. -  24. Sansom, B. F. 1969. Variations in the Relative 
Cortical Mass of Tail Bones of Cows During Pregnancy and 
Lactation. Brit. Vet. Journ., Vol. 125, p. 454. -  25. Sansom, B. F. 
1972. Estimation of Absorption Coefficients for Manganese-54 and 
CalciumM7 in Dairy Cows by Whole-Body Counting. P. 563. In: 
“Assessment of Radioactive Contamination in Man.” I.A.E.A., 
Vienna. -  26. Sansom, B. F., Taylor, P. J. Wheelock, D. and Vagg, 
M. J. 1971. A Scanning Whole Body Counter for Cattle. P. 125. In: 
Mineral Studies with Isotopes in Domestic Animals. Idem. -  27. 
Vagg, M. J. 1971. Effect of Raised Dietary Calcium on the 
Gastro-intestinal Absorption and Rate of Excretion of Manganese 
by Dairy Cows. P. 121. In: Mineral Studies with Isotopes in 
Domestic Animals. Idem. — 28. Payne, J. M., Dew, Sally M., 
Manston, R. and Faulks, Margaret. 1970. The Use of a Metabolic 
Profile Test in Dairy Herds. Vet. Rec., Vol. 87, p. 150. -  29. Payne, 
J. M., Manston, R. and Dew, S. 1972. The Interpretation of 
Metabolic Profiles in Relation to Energy and Protein Intake. In: 
Proc. of 6th Nutr. Conf., Ed. H. Swan. Churchill Livingstone. — 30. 
Payne, J. M. 1972. The Compton Metabolic Profile Test. Proc. of 
the Royal Soc. of Med., Vol. 65, p. 181. -  31. McClure, T. J. 1970. 
An Experimental Study of the Causes of a Nutritional and 
Lactational Stress Infertility of Pasture-fed Cows, Associated with 
Loss of Body Weight at About the Time of Mating. Res. in Vet. Sci., 
VoL 11, p. 247. -  32. McClure, T. J. and Payne, J. M. 1972. 
Observations on the Fertility of Some Hypoglycaemic Dairy Herds 
in Britain. To be published. -  33. Payne, J. M., Rowlands, G. J., 
Manston, R., Dew, S. M. and Parker, W. H. 1972. A Statistical 
Appraisal of the Results of the Metabolic Profile Tests on 75 Herds. 
Brit. Vet. Jour., (1973) 129-370. -  34. Treacher, R. J., Little, W. 
and Collis, K. 1972. The Effects of Intravenous Infusions of Amino 
Acids into Dairy Cows Upon the Volume and Composition of the 
Milk. To be published. -  35. Morrow, D. A. 1969. Phosphorus 
Deficiency and Infertility in Dairy Heifers. Jour, of Am. Vet. Med., 
Vol. 154, p. 761. -  36. Payne, J. M. and Sansom, F. B. 1972. 
Symposium on the Use of Isotopes in Studies on the Physiology of 
Domestic Animals with Special Reference to Hot Climates. Int. 
Atomic Energy Agency, Athens, March 1972. -  37. Thornton, I., 
Kershaw, G. F. and Davies, M. G. 1972. An Investigation into 
Sub-clinical Copper Deficiency in Cattle. Vet. Rec., Vol. 90, p. 11. 
-  38. Rowlands, G. J., et al., 1973. A Potential Use of Metabolic 
Profiles in the Selection of Superior Cattle. Vet. Rec., 93 (2) 73.

W hat’s behind 
the

w hite door?
...EXTRA
STORAGE SPACE!

11

Now you can stock many thousand more 
doses o f BURNS-BIOTEC vaccines, PLUS...

COLORGUARD, 
COLOR CODING

No matter how you stock it, or stack i t . . . 
Burns-Biotec vaccines are known as the 
"Storage Problem Solver!” . . . For Economy, 
Convenience, Safety and Quality!

cnnoMALLQY B U R N S - B IO TE CW”*  • ML L A ■ O R S T o n I E s n i c o n x i  t i l l  o
Oakland, CA 94621, U S A.

Packaged with CONVENIENCE and SAFETY in mind! '


