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MILK PROTEIN PRODUCTION: AN ANALYSIS OF 
NEW ZEALAND’S PRESENT AND POTENTIAL 

CAPABILITIES 

J. B. HUTTON 

Ruakura Animal Research Station, Ha:milton 

SUMMARY 

This contribution to the symposium is presented in four parts: 
first an analysis of present levels of production of milk protein in 
New Zealand, including assessments of average efficiencies; second, 
a consideration of the scope and means for increasing milk protein 
production through extension of existing farm practices; third, an 
assessment of the potential for expanding milk protein production 
to levels much higher than have been achieved to date. Some com- 
parisons are made with other essentially conventional and alterna- 
tive sources of high-quality protein representing possible competitors 
for land use; and fourth, a detailed analysis is made of the contri- 
bution that milk can and should make in the future as part of 
major changes and increases in the production of high-quality pro- 
tein which this country has a unique opportunity to initiate and 
exploit. 

PRESENT LEVELS AND COSTS OF PROTEIN PRODUCTION 
FROM MILK 

THE 2.4 million cows that comprise New Zealand’s 
national dairy herd currently produce 255,000 metric 
tonnes of milk protein each year. These are derived almost 
entirely from grazed pasture, hay and silage, and 85% 
(Anon., 1970) of this total is transported as part of whole 
milk for processing in dairy factories. This tonnage repre- 
sents, respectively, 1% and 0.2 % of the annual world con- 
sumption of animal protein, and protein consumed from 
all sources (Altschul, 1966). 

Because New Zealand’s total production of milk pro- 
tein has not changed appreciably during the past 5 years, 
these proportions have declined during this time. 

Nevertheless, when assessed relative to labour and land 
areas involved, efficiency of milk protein production has 
increased appreciably. Between 1964-5 and 1968-9 it has 
been estimated that the yield of protein per hectare of 
land used for dairying increased steadily by about 2% 
per annum, primarily as a consequence o’f a 20% increase 
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in carrying capacity, and, over this period, the total num- 
ber of factory suppliers fell by 12% (Anon., 1970 ,197l). 

AVERAGE LEVEL OF PROXJCTION 

The average New Zealand dairy farm of 60 ha, 84?4 of 
which is grazed by a herd of 100 to 110 milking cows, pro- 
duces each year 210 to 220 kg milk protein per grazed 
hectare. 

EFFICIENCY INDEXES 

In general, dairy pastures produce 11,000 to 13,500 kg 
dry matter (D.M.) per hectare annually and have an aver- 
a e crude protein content of 17%. The gross efficiency 
o P conversion of availabLe feed protein to milk protein is 
therefore 10 to 12%. Expressed relative to the actual feed 
consumed this increases to 17%. Estimates cover the full 
12 months, allowing for requirements of both the dry and 
lactation periods. Allowing also that over an average 
effective working life of 4 lactations, 3 surplus calves and 
a cow’s carcass produce additional high-quality protein, 
these respective averages increase further to 11 to 13% 
and 20%. 

COST 

Between 1965 and 1969 total farm expenses averaged 
$75.80 for cows which it is estimated had total factory 
supply yields for each season equivalent to 400 kg of milk 
solids (Anon., 1971). Farm costs per kilogram milk solids 
were therefore $0.19, and the price increased to $0.25/kg 
when cash returns to the farmer were included. Because 
all milk solids are recoverable and saleable as human 
food, these are probably the most realistic estimates avail- 
able currently of producer costs for converting grass to 
milk protein. 

SCOPE AND MEANS FOR RAISING MILK PROTEIN OUTPUT 

As for most components of milk, increasing milk pro- 
tein yield requires the improvement of the genetic capabil- 
ity of the national herd to convert grass to milk; achiev- 
ing an improved percentage harvest of the available D.M.; 
discovering more about cow requirements and how to 
meet these most effectively, and devising ways to raise 
further annual yields of available D.M. 
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TABLE 1 

A : MEAN EFFICIENCY INDEXES (E?/o ) 
(kg D.M. required/kg milk protein produced) 

Set means adjusted for treatment differences - based on 
18 sets of identical twins in each season. 

Season 1965-6 1966-7 1967-8 

E% 30.9 k 6.2 28.0 f 3.7 26.2 4.0 f 

B : EFFECT OF FEEDING AND MANAGEMENT (SYSTEMS A, B, 
c) ON E% 

Treatment means adjusted for sets - based on 12 sef 
comparisons in each season 

Treatment 1965-6 
Season 
19667 

E% 
1967-8 

A July calving (4.1 cows/ha) 33.6 f 8.7 29.6 t 4.6 26.7 + 3.9 
B July calving (4.9 cows/ha) 31.7 +- 7.2 29.9 i 4.3 27.4 k 4.2 
C September calving (4.9 cows/ha) 28.0 +- 3.6 25.1 + 2.4 25.8 + 3.2 

GENETIC IMPROVEMENT 

Recent surveys (Anon., 1969) have shown that selection 
of bulls o’n the basis of the milk or fat yields of their 
daughters results in practically the same improvement in 
protein, yield as when selection is based directly on this. 

Measures of the variation in efficiency of conversion of 
pasture D.M. to milk protein by grazed lactating dairy 
cows have been calculated from several long-term feeding- 
management studies with identical twins at Ruakura Ani- 
mal Research Station between 1965 and 1968 (Hutton, 
1968). Average efficiency indexes computed as kilogram 
pasture D.M. required per kilogram milk protein produced 
are summarized in Table 1 (parts A and B). In Table 1A 
indexes have been adjusted for experimental treatment 
differences in each of three successive years: the nature 
of these treatments is described in Table 1B. From the 
average of the 3 seasons’ results, it h,as been concluded 
that 28 kg D.M. were required on average during lactation 
to produce 1 kg of milk protein. The standard deviatiomns 
describe between-set variation, providing a measure of 
genetic variability in the efficiency index. They indicate 
that in each year the most efficient 25% and 5% of cows 
included in these populations required, respectively, less 
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than nine-tenths and two-thirds as much D.M./kg milk 
protein as cows about the group average. 

Because these indexes of conversion efficiency and milk 
yield are, reasonably highly correlated ( (Y = 0.91 ( 1965-6); 
= 0.88 (1966-7); = 0.83 (1967-g)), lowering the mean D.M. 
requirement per kilogram of milk protein from 28 kg to 
22 kg should pro’ve a reasonably attainable objective. If 
allowance is made also for feed consumed in the dry 
period this would represent a reduction from 31 kg to 
2.5 kg D.M./kg milk protein, or a 20% improvement in 
protein conversion efficiency for a complete year. 

IMPROVJNG UTILIZATION OF AVAILABLE D.M. AND Cow 
NUTRITION 

Using the averages described in the-first section of this 
paper for milk and pasture yields and conversion 
efficiencies, and making additional allowances for feed 
consumed by dairy replacements, it is estimated that the 
percentage harvest of available pasture D.M. per grazable 
hectare is on average about 65?,‘0 for New Zealand dairy 
farms. The most effective way to improve this is to raise 
carrying capacities. Surveys made of factory supply farms 
from 1964-5 to 1968-9 (Anon., 1971) show that over this 
period the number of dairy farms estimated to have pro- 
duced more than 280 kg milk protein per hectare increased 
four-fold, and that these changes were closely associated 
with marked increases in carrying capacities. Moreover, 
in 1968-9, herds exceeding 350 kg protein per hectare, 
carrying almost double the average number of milking 
cows per grazable hectare, recorded per-cow productions 
well in excess of the national average, with a consequent 
reduction in costs of producing milk protein per unit area. 

Data in Table 1B show, for carrying capacities one- 
third higher than these again, that even at exceedingly high 
stocking rates, provided appropriate associated changes 
are made to feeding and management so that cows are 
well fed during particularly critical periods each year, 
individual output and productive efficiency need not be re- 
duced. In the example given, significantly the most efficient 
conversion of pasture D.M. to milk was consistently ob- 
tained with the more heavily stocked spring calving cows. 
This was primarily the result of a change in calving date 
from late winter (July) to spring (September), in asso- 
ciation with a substantial increase in stocking rate, and 
with some modifications to pre- and immediate-post-calv- 
ing feeding necessitated by these changes. 
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Attention has been drawn to both these sets of data 
and to the associated underlying principles, because of 
the primary impo’rtance of carrying capacity in affecting 
the percentage harvest of grazed forages and hence protein 
output. Evidence such as has been presented from these 
separate sources clearly refutes the misguided, now too 
frequently expressed generalization that in the recent past 
carrying capacities have been raised too high too fast, to 
the detriment of individual animal performance. 

INCREASING YIELDS OF AVAILABLE PASTURE D.M. 

Despite certain largely theoretical claims to the con- 
trary (Mitchell, 1969) most recent research and industry 
experiences confirm that pasture herbage and grazing 
management will continue as biologically and eco- 
nomically the most effective fodder producing and harvest- 
ing systems to apply to dairying within the New Zealand 
environment. Yields of herbage D.M. of 15 to 17,000 kg/ha 
are achieved regularly using intensive management prac- 
tices at an approximate net annual cost of $100 or the 
equivalent of 0.6 cents/kg D.M. Increases beyond this 
level will occur in response to inputs such as irrigation, 
nitrogen fertilizer, and some degree of cropping, to name 
a few, but the extent of these yield increments and their 
additional cost is not yet clearly known. Hence for the 
calculations which follow it has been assumed that the 
vields as stated represent maxima at least for the near 
future. 

POTENTIAL FOR EXPANDING PROTEIN PRODUCTION 

MILK PROTEIN 

The yield figures quoted have been used to prepare part 
of the data presented in Table 2 which describe the milk 
protein producing potential of land capable of growing 
consistently 15,000 kg pasture D.M. per hectare per annum. 
Management systems which, for the complete year, enable 
90% of the available D.M. to be harvested by grazing cows 
consuming, on average, 25 kg D.M. per kilogram of pro- 
tein produced are also prescribed. Included in the result- 
ing 580 kg of rotein per hectare per annum is a propor- 
tion derived F rom carcasses of surplus calves and cull 
cows slaughtered during this time. 

For comparison, the potential yield of protein per hec- 
tare obtainable from equally highly developed but alterna- 
tive systems of dairying, such as are used in North 



MILK PROTEIN PRODUCTION 165 

TABLE 2: POTENTIAL YIELD OF PROTEIN PER ANNUM FROM 
DAIRYING - GRASSLAND AND CROP HUSBANDRY SYSTEMS 

Item Yield (kg/ha) 
Grass ciops 

Protein 
Essential amino acids 

Isoleucine .,.. 
Leucine ,., .., 
Lysine 

Methionine ..,. 
Phenylalaninc 
Threoninz ,, 
Valine .._, 
Tryptophan 

Total .._. :::: .,., 
Cost/kg ($) (based on farmer prices) 

Total solids ._.. 
Protein 

580 

50 
60 
53 
16 
28 
29 
40 

7 
283 

0.27 
0.93 

420 

35 
42 
37 
11 
20 
20 
28 
5 

198 

0.85 
2.70 

America and continental Europe, based on feedlot opera- 
tions invomlving maize grain, soybeans as the protein 
supplement and conserved roughages (maize silage and 
lucerne hay), has been included also in Table 2. 

Full details o’f the bases for these comparisons have 
been published (Hutton, 1970). The results are presented 
because opinions are frequently expressed that grain-feed- 
ing, forage-conservation feedlot systems which favour high 
individual animal performance could be employed with 
advantage for milk production in New Zealand. This analy- 
sis indicates, however, that given comparable levels of 
technological excellence, the vield of milk protein per hec- 
tare derived from grass will exceed that from crops by 
anproximately one-third, and at substantially lower costs 
(Table 2). 

POSSIBLE ALTERNATIVES TO DWIRYING FOR INTENSIVE 
LAND USE 

Although these levels of production are undoubtedly 
high, to ensure that best use is made of this country’s 
limited resources, they must be compared with those 
obtainable from other systems that could be considered 
reasonable alternatives to dairying for highly productive 
land use. Table 3 lists the quantities of protein and essen- 
tial amino acids potentiallv obtainable from grass-fed 
beef, and sovbeans or maize grain nroductions. As in 
Table 2, levels of production for each system require a 
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TABLE 3 : COMPARATIVE ANNUAL PROTEIN YIELDS FOR HUMAN 
FOOD FROM BEEF .~ND CROPS 

_____~ _ ._ 
Item Beef Soybean Maize Grass 

-- 
Protein (kg/ha> ..,, ..,. ,... 180 1350 
Essential amino acids 

Isoleucine ,,. 9 78 
Leucine .,.. .,.. 15 103 
Lysine .,.. .,.. .,.. 15 89 
Methionine .,,, .,., 4 15 
Phenylalanine ,.., 7 65 
Threonine 7 53 
Valine 1c 
Tryplophan”” :::: 1::: :::: 2 

70 
16 

- -- 
Total .,.. .,.. 69 489 

- I 
Cost/kg ($) (based on farmer prices) 

All edible constituents 1.03 0.20 
Protein ..,, ._,, ,.,. .,, 2.45 0.27 

740 2700 

30 135 
103 254 
21 173 
15 59 
38 162 
26 140 
37 178 
5 54 

- - 
275 1155 

- - 

0.08 0.06 
0.66 0.06 

very high degree of technomlogical skill. Beef is from 
Friesian steers marketed at 390 kg liveweight when 15 
months old and requiring from weaning to slaughter 9.5 kg 
pasture D.M./kg liveweight gain. Pasture productions and 
percentage utilizations are comparable with those for 
dairying. Soybean yields are 3,900 kg/ha and maize 
11,300 kg/ha, and percentage utilizations of each for 
human foods are 95 and 75, respectively. Comparisons, 
including data contained in Table 2, show milk to be 
more than 3 times as productive of protein and essential 
amino acids per hectare as beef; respectively, 40 and 
60% as productive as so’ybeans; slightly lower in total 
protein output than maize, but similar in yield of essen- 
tial amino acids. For maize, it should be appreciated that 
a large part of the protein is present as zein which is of 
relatively low biological value. This is indicated in some 
degree by concentrations cf the individual amino acids. 

Included also are estimates of protein costs calculated 
alternatively by dividing producer prices for each com- 
modity” either by the total weight of all edible fractions 
obtained from each feedstuff, or by the weight of promtein 
alone. Differences between both the yields and costs of 
producing milk and plant proteins are appreciably smaller 
than otthers o’ften quoted previously (Altschul, 1966; Leng, 
1968). They provide a useful measure of the extent to 

“Per 100 kg - Beef carcass, $55; soybeans, $9.18; maize. $4.33. 
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which the lactating ruminant can compete with plants 
as producers of high-quality protein provided it has full 
opportunity to exploit its peculiar advantages. 

POSSIBILITIES FOR MILK AS PAKT OF FUTURE EXPANSIONS 
IN PROTEIN PRODUCTION 

New Zealand has approximately 5.5 million hectares of 
either flat or rolling country (Gibbs, 1963), each of which 
grows or is capable of growing every year twice as much 
high-quality protein as an excellent crop of soybeans 
(Table 3). With procedures presently available, about 40% 
of the crude protein in green plants can be extracted and 
converted to forms suitable for inclusion in human foods 
(Pirie, 1953; Oelshlegel et al., 1969). Even allowing for 
this relatively low recovery, the estimated price per kilo- 
gram, including growing and harvesting costs plus a rea- 
sonable return to the farmer, is less than for maize (Table 
3). Herbage produced from a hectare of fertile land when 
treated in this way will provide residues capable of yield- 
ing 300 kg elf milk protein additional (Hutton, 1970). 

In terms of animal protein equivalents, therefore, this 
area alone has a productive potential approaching 7 mil- 
lion metric tonnes - more than sufficient to meet the 
world’s present total deficit of animal protein (Altschul, 
1966). 

Only by exploiting this potential are we likely to con- 
tribute significantly to increasing world protein supplies 
both for human consumption and to meet rapidly increas- 
ing livestock requirements. The raw materials required 
for exploitation are available in our grasslands which are 
being maintained at appreciably less cost than in most 
other countries. The need is to raise their percentage 
harvest within an integrated programme which will in- 
clude increasing numbers of livestock, having as their 
major role the conversion of by-product materials to high 
quality animal proteins, to sell to populations who prefer 
these and can afford to buy them. 

It seems paradoxical, therefore, that currently while 
vast sums are being spent developing industries based 
on essentially limited resources, as for example the West 
Coast iron sands, and while we accept an increasing in- 
volvement in ventures like the recovery of potentially 
usable materials at present wasted by our animal indus- 
tries, we make so little use of raw materials which are 
nationwide, which form the basis of New Zealand’s 
econo8my, and the building blocks of foods for which there 
is world-wide demand. 
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A minimum requirement is therefore to intensify re- 
search into problems associated with the recovery of pro- 
tein from grass, and to combine with this studies of 
ways to use effectively the residues from these processes, 
in particular, for feeding the lactating cow. This work 
should be fostered within research environ.ments permit- 
ting rapid translation of results to the needs o’f practical 
management systems which can be evolved and tested 
contemporaneously to cover the most important antici- 
pated requiremems of commercial farming practice. This 
has not been done before but is essential to provide the 
guidelines to encourage commercial interest and accept- 
ance and ensure success. Unfortunate,ly most previous re- 
search related to this omverall objective has been fragmen- 
tary and frequently has been attempted in unsympathetic 
environme,nts. Realizing these requirements and o’b- 
taining the necessary data will involve considerable 
time. Such an approach will not assist materially there- 
fore to alleviate immediately wcrld prostein shortages, or 
to provide a ready solution to this country’s recurrent eco- 
nomic problems. 

In the short term the greatest single contribution that 
New Zealand can make towards assisting developing coun- 
tries to reduce present deficits of animal protein equiva- 
lents is by providing skilled technical assistance to en- 
courage extended, more efficient use of each nation’s avail- 
able resources with minimal disruption to existing 
religious, social and econommic custo8ms and prejudices. 
There is ample evidence that, too frequently, aid m-o- 
grammes fo’under either because they do no’t have this 
objective, .or because advisers have no conception or ex- 
perience of low-cost systems of agricultural production, 
and of simple ways to encourage increased productivity in 
environments demanding these. 

Fcr such circumstances it should be recognized, despite 
the undisputedly high productivity of some plant pro- 
teins, that there is frequently enormous potential for in- 
creasing productivity from livestock. Of the world’s total 
population of cattle, buffaloes, sheep and goats, two-thirds 
are in developing countries, as is one-half of total pig 
numbers. Thus, althuugh at present only 10% of dietary 
protein is contributed by livestock products in these 
areas, by increasing the milk and meat yield per live- 
smck unit to average levels being achieved now in de- 
veloped regions, while maintaining present rates of in- 
crease in stock numbers, a three-fold increase in per capita 
consumption a’f animal protein could be achieved. The 



MILK PROTEIN PRODUCTION 169 

effect this would have on the dietary standard of popula- 
tions in these areas, on world demand for animal pro- 
tein, and hence on New Zealand’s long-term economic out- 
Icok, will be readily appreciated. 
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