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A prime reason for research on the composition of milk 
is that milk and milk products are vitally important in 
human nutrition. In addition to milk and milk products 
being directly consumed, milk components are included in 
numerous convenience food formulations. Further, the 
price of fluid milk in New York, now partially determined 
by its fat content, may, or should be, revised to reflect the 
nutritional value of milk proteins. 

Many studies include tables showing the composition of 
milk in detail, sometimes listing from 10 to 30 or more 
different constituents (2, 4, 12). Unfortunately, the milk 
analyzed in most of these studies is provided by a few 
cows in carefully selected university herds and may differ 
markedly from that of the average herd. From the stand-
point of the consumer, and of the plant manufacturing 
dairy products, it is important that we know the compo-
sition of milk as it actually exists on the market. 

The value of analytical data on milk will increase as the 

 

years go by. For a long time, farmers have been selecting 
cows to produce more milk and more fat, but we must be on 
guard that something valuable is not lost in the effort to 
gain more fat. We may wonder what changes have occurred 
in the protein, vitamin, and mineral content of milk during 
the past 50 years, but we cannot find out because these facts 
are not discoverable for that period. So, a major reason for 
this study was to obtain data that can be used as a bench 
mark for evaluating future changes. If the changes are 
undesirable, breeding programs may have to be reconsidered. 
Milk fat is not the only valuable constituent of milk. 

EXPERIMENTAL METHODS 

Selection of Sampling Areas 

The areas selected within New York State represented 
different and distinctive conditions; consequently the milk 
obtained for testing offered the widest opportunities for 
variations in composition. Consideration was given to the 
types of cattle, soil and climatic conditions, types of farming, 
probability of continued dairying, and the ease of securing 
and shipping samples. A description of the 4 areas selected is 
given here: 
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1. Catskill Area 
Location: Southeastern New York State with high mountainous 

elevation. 
Cattle: Holstein breed predominates, but Jersey herds are also 

numerous. The milk usually is high in fat and solids, with low 
milk production per cow. The Dairy Herd Improvement As-
sociation's records for the average cow's production in 1955 
indicate 8878 pounds milk, 4.0% fat, and 358 pounds fat. 

Farming: Grassland with little or no corn silage, as the growing 
season is too short. Grass silage is developing. Dairying pre-
dominates. 

Soil and Climate: The high elevation means a cool climate with 
a short growing season. The soil types are described as 
shallow, medium-textured, acid soils on sandstone and shale. 
The soils are we.ll drained on gentle to strong slopes. 

2. Mohawk Area 
Location:   Central New York State in Mohawk Valley. 
Cattle: Mostly Holstein. It is an area of low-fat milk and high 

milk production per cow. The D.H.I.A. records for 1955 
indicate production of 10,181 pounds, 3.6% fat, and 385 
pounds of fat per cow per year. 

Farming: General crop farming with corn for silage. Dairying 
predominates. 

Soil and Climate: The low elevation gives normal temperature 
and growing conditions. The soils in the valley are medium to 
fine textured of high lime content on glacial till. The soils are 
deep and well to moderately well drained with gentle slopes. 

3. Northern Area 
Location:  Northern area of New York State with low elevation. 
Cattle: Holstein cattle predominate, with good representative 

Ayrshire and Jersey herds scattered throughout the area. It is 
known as a region of low production; 1955 D.H.I.A. pro-
duction records indicate an average of 9577 pounds of milk, 
3.9% fat, and 369 pounds of fat. 

Farming: This is the "North Country", with a short, cool growing 
season. Dairy predominates. Mostly grassland and small-grain 
farming. No corn silage; grass silage is increasing. There may be 
a tendency toward trace mineral deficiencies. 

Soil and Climate: Although the land is of low elevation, the 
northerly location produces a cool climate with a short growing 
season. The soils are described as 2 principal types. Those of 
the Colton and Adams associations are coarse textured on 
gravel and sand. They are well to excessively drained and are 
usually level. The soils of the Nellis Swanton Association are 
medium to fine textured with high lime content. They are 
generally well drained but have some wet sections. 

4. Western Area 
Location:   Southwestern area of rather high elevation. 
Cattle:   Holstein predominate, with some Jersey and Guernsey 

herds. It is an area of good milk production; 1955 D.H.I.A. 
records  indicate  an  average production of 10,080 pounds, 
3.8% fat, and 382 pounds fat. Farming:   General   crop  farming 

with  some  grains.  There  are 
sizable corn and grass silages. Samples were not taken from 
the grape-growing area along the lake front. Soil and Climate:   

This area has a normal growing season. The 
soils are chiefly of medium texture and acid reaction,. and 
somewhat  poorly   drained   on   gentle   slopes. 

Sampling  Procedures 

Multiple herd samples of milk from the 4 regions of 
New York State were collected over several years. During 
30 months, beginning July 19, 1959, 927 samples of milk 
from the raw milk receiving tanks of specified plants were 
sampled by the professional staff of the New York State 
Department of Agriculture and Markets and shipped by 
bus to Cornell University, Ithaca, N. Y. The milks were 
analyzed for total solids, fat, protein, specific gravity, 
chloride, and pH. In addition, 407 of them were analyzed 
for ash, freezing point, and titratable acidity. The remaining 
520 were analyzed for lactose, casein, whey protein, calcium, 
and magnesium. From March 1962 to March 1963, the fats 
of 167 samples were analyzed for melting point, refractive 
index, acid degree value, iodine number, saponification 
number, the Reichert—Meissl number, and the Polenske 
number. Each of the 21 determinations was done in 
duplicate or triplicate, depending on the reliability of the 
method used. 

Analytical  Methods 

The details of the analytical methods used are spelled 
out in complete detail so that future researchers, who wish to 
have information concerning changes in milk composition, 
will be able to relate their results to these. There are many 
fine points of laboratory procedure and control that are 
often not specified in the interest of brevity, but that do 
have a bearing upon the results obtained. Often, the effects 
of such details are minor and can be ignored in certain 
types of experiments, but not when an attempt is being made 
to establish a base line for future reference at times and 
places as yet unknown. 

Milk Composition  and Properties 

Total solids. Aluminum dishes (22 X 51 mm) with 
covers were weighed empty and with 2 ml of milk. The 
samples were dried on a hot plate at 100—105 C until all 
visible liquid was evaporated. Drying was completed by 
placing the dishes in a vacuum oven at 80 C for 19—20 hours. 
The dishes were cooled to room temperature by contact 
with a heat sink (approximately 10 min) and weighed. The 
total solids content was computed as follows: 
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Fat. The ether soluble extraction procedure (Mojonnier) 
was used to measure total fat. Samples were pipetted at 39 C 
with an Ostwald pipette calibrated to deliver 10 ml of water 
and the standard procedure was followed (5). The 
percentage of fat was calculated as follows: 

 
Total protein. A total nitrogen procedure involving the 

use of a Kjeldahl apparatus was used: The following mixture 
was digested in 500 ml Kjeldahl flasks for 6 hrs: 

 
After the solutions had partially cleared, the flasks were 
rotated to reincorporate particles that had adhered to the 
sides. In the distillation phase, 250 ml Erlenmeyer flasks 
containing 30 ml of 4% boric acid were used as receiving 
flasks. The indicator was 3 drops of 0.05% methyl red in 
95% ethanol. After digestion was completed, the Kjeldahl 
flasks were cooled, 100 ml water was added, and 45 ml of 
the alkali solution (100 g NaOH, 4 g K2S, and 200 ml 
distilled water) was added by carefully pouring it down the 
sides of the flasks to prevent mixing until the flasks were in 
place on the distillation apparatus. When the connections 
were accomplished, the flask contents were mixed gently, 
heat was applied, and approximately 70 ml of distillate was 
collected in 15—20 minutes. The distillates were titrated with 
0.1120 N HC1. The standard end point was obtained with a 
solution of 30 ml 4% boric acid, 70 ml water, and the 
indicator. Tryptophane and lysine were used as controls on 
the method recoveries. Lysine was preferred because it is 
more soluble in water and easier to handle. The following 
relationships were used: 

 

 

Lactose. The method used was described by Ling (6) 
and is based on the oxidation of lactose in deproteinated 
milk serum by a mixture of chloramine-T and KI. The 
method recovery was tested by subjecting a known 
amount of pure lactose to the procedure. 

 

Specific gravity. A glass bob was weighed in air and in 
distilled water at 39C. Approximately 150 ml milk were 
heated to 44—45 C and placed in a Thermos container. 
The bob was weighed in milk when temperature was 39 C. 

 

Freezing point. A Hortvet cryoscope was used to de-
termine the freezing points. The procedure (8) adopted by 
the Association of Official Analytical Chemists (AOAC) 
was followed. 

Whey proteins and casein. The proteins in rennet whey 
were estimated by the Kjeldahl procedure. Commercial 
rennet was diluted with distilled water (1:6) and refrigerated 
until used. One-tenth ml of the diluted rennet was placed 
in a test tube with 0.4 ml CaCl2 (20 g/100 ml water). Fifty 
ml of milk was added with constant stirring with a glass rod. 
The curd was cut vertically into 4 sections with a spatula and 
the tubes were placed in a water bath at 50—55 C for whey 
separation. 

The digestion of the following mixture was carried out 
in 500 ml Kjeldahl flasks for 6 hrs: 

 
The remaining part of the procedure was the same as de-
scribed under total protein. The calculations were as 
follows: 
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After a correction for the reagent blank value was made, 
the following formula was used in calculations (5 ml 
sample): 

Calcium   and   magnesium.   These   minerals   were   de-
termined by a complexometric method (1). 



Chlorides. Chlorides were determined by a 
potentio-metric method (3). An Ostwald pipette was 
used to measure 10 ml milk into a 125 ml beaker. Twenty 
ml of 10% aluminum potassium sulfate solution and 20 ml 
distilled water were added. The solutions were titrated with 
a standard solution of AgN03 (1 ml = 0.01%). 

were warmed very carefully over a low flame and the hot 
solutions were titrated rapidly with 0.05 N NaOH solution. 
Acid degree = ml NaOH (0.05N)/5.0 g oil. 

Statistical Procedures 
 

pH. The pH of the milk samples was determined by 
using a Beckman Zeromatic pH meter equipped with a 
glass electrode. Samples were pretempered to about 25 C 
and run without further control. 

Titratable acidity. Two 20 ml aliquots at room tempera-
ture were measured with pipettes into 100 ml beakers. 
With a marked dropper, 0.5 ml of 1% phenolphthalein (in 
neutral 95% ethanol) was added to each and both were 
placed on a magnetic stirrer equipped with fluorescent 
lamps and a translucent top. One sample was titrated with 
0.1 N NaOH to faint pink in comparison with the blank, 
which appeared yellowish over the light. Results were cal-
culated and reported as per cent lactic acid. 

Fat Composition and Properties 

Preparation of butter oil. Several determinations, de-
scribed below, were completed on butter oils from the 
bulk milk samples. First, butter from each sample was ob-
tained by a laboratory churning operation. Butter samples 
in 1/2-pint milk bottles were placed in a water bath at 
72-77 C. The melted butters were centrifuged in a centrifuge 
for 15-20 minutes and rewarmed in the water bath (72— 
77 C). The warmed oils were filtered twice through Gooch 
crucibles with Whatman No. 1 filter paper. The finished 
butter oils were stored at 40 F. 

AOAC methods (8) were used to determine the 
saponifi-cation, Reichert—Meissl, Polenske, and iodine 
numbers. The Hanus procedure was used for the latter. 

Melting point. Melting point capillary tubes were filled 
approximately 3/4 full with the butter oils, warmed slightly, 
and then placed at 5 C for approximately 16 hours. The 
tubes were warmed carefully in a water bath which was 
then placed between crossed Polaroid filters and the melting 
points were observed. Fats that are characteristically liquid, 
semi-solid, and solid in the melting range of milk fat were 
used as standards. 

Refractive index. The Abbe refractometer was tempered 
to 40 C. A water standard was included with each sample 
series to correct sample readings. 

Acid degree. Five g of the butter oils, tempered to 
160—170 F, were placed in extraction flasks, a calibrated 
syringe being used. Twenty ml of neutral ethanol and 5 
drops  of  1% phenylphthalein were added. The mixtures 

General  Concepts 

For the purposes of this analysis, the year was divided into 
13 four-week segments, referred to as "months". These 
were used in preference to calendar months because the 
latter have unequal time lengths. Thus the first 4 weeks in 
January are the first "month" while the last 4 weeks of 
December are the 13th "month". The measurements made 
only during the first period of the study, namely lactic 
acid, ash, and freezing point, spanned 14 months. During 
the second period, lactose, whey proteins, and casein were 
measured for 17 months and calcium and magnesium were 
measured for 16 months. The properties of the fat were 
measured during the third period of the study, measure-
ments over 14 four-week months being given. Six milk 
properties were determined in 2 periods of the study, data in 
32 months but with 1 month missing between the 2 study 
periods being given. These properties are total solids, fat, 
protein, specific gravity, chlorides, and pH. 

The composition of each milk sample was assumed to be 
related to the area from which it came and the month in 
which it was taken. In other words, this study could be 
considered to have 2 factors: area and time. The following 
statistical analysis was used to determine the importance of 
each of the 2 factors in controlling the level in the milk of 
each of the 21 components studied. To do this, all samples 
taken within a single area and month were considered to be a 
single set. The amount of variation that occurred within 
each set was measured and "averaged" over all sets. This 
procedure was repeated for each component and thus gave 
21 "average" variations within sets. A standard statistical 
procedure (a 2-way factorial analysis of variance with 
unequal replication) being used, the amount of variation 
between areas was compared to this within set variation. If 
the between area variation was small when compared with 
the within set variation, it was decided that no real area 
difference existed and that the differences actually observed 
were due only to chance. If, however, between area 
differences were large compared with within set variations, 
it seemed justifiable to state that the milk property varied 
significantly from area to area. Once the area variations 
were known, Tukey's honestly significant difference: test 
(hsd) was used to identify the individual area differences 
that were important. For example, it was found that ash 
content was high in the Catskill region but showed no 
significant variation between the other 3 areas. 

Time was treated in a manner similar to area, but the 
variations tended to be more complex. A continuation of 
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the 2-way analysis of variance procedure mentioned was 
used to group milk components into 2 categories. The first 
included all those components that showed a consistent 
time pattern in all parts of the state. The second contained 
those in which the time pattern varied from area to area 
within the state. In the language of the statisticians, this 
latter category consists of those components that showed a 
significant time—area interaction. 

Time patterns were subjected to regression analysis in an 
attempt to find a descriptive equation. In most cases, it 
was possible to fit an equation that included an annual 
cycle (a sine function) and in many cases, a gradually in-
creasing or decreasing trend was included. In general, how-
ever, it was impossible to explain all variations with a 
single simple equation. Only in those cases where determi-
nations were made in 2 study periods can there be as-
surance that what has been called an annual cycle really is 
such a cycle. If a large portion of the variation seems to fit an 
annual cycle, however, that fact has been noted. 

In summary, the statistical analysis was used to identify 
the following types of variatons: 

A. Area differences 
B. Time differences 

1. Extent of patterns 
a. Statewide 
b. Within individual areas 

2. Types of patterns 
a. Annual cycles 
b. Trends 
c. Erratic variation 

Statistical  Models 

The analysis outlined above can be put in the form of a 
linear additive model. That is, each observation can be 
expressed as the algebraic sum of an overall mean, area and 
time effects, and a random term reflecting variation within 
each of the above mentioned sets. The model becomes 

 
This model was fitted to the data using the DREGCH mul-
tiple regression program of C. R. Henderson as modified 
by G. Urford. Model (1) was then compared to a reduced 

in order to determine whether significant interaction be-
tween time and area existed. In cases where Model 1 gave a 
better fit, subsequent analyses of the time factor were con-
ducted on each area separately. Where Model 1 was not 
significantly better than Model 2, the interactions term 
was dropped and a single time pattern for the entire state 
was used. 

Where Model 2 gave a satisfactory fit, the area term was 
tested; and if it was significant, a Tukey hsd test was run. 
This test can be considered as only approximate since the 
number of samples varied from area to area, an average 
value being used. The test seems justified, however, since 
large numbers of samples were tested from each area and 
the differences in replication between areas were relatively 
small. Also, as it turned out, very few borderline cases 
arose. Significance levels were either less than .01 or 
greater than .05 in most cases. 

In cases where time—area interactions were present, a 
Tukey test was used directly on area means. This test was 
only approximate, but seemed justified for the reasons 
given. 

In order to further characterize the time pattern the 
data was fitted to 

 

 

5 

model of the form,

In order to facilitate computation, the above model was 
transformed into 



 

 

Again DREGCH was used to fit and test the terms of 
this model. Where interaction had been found non-
significant, the model was applied to all data. Otherwise 
each area was tested independently. 

The results of this time analysis should be interpreted 
carefully. Where only 1 year was present, a sine curve may 
show statistical significance and yet represent only a for-
tuitous fluctuation. If it did not tend to repeat itself in 
other  years,  one would hardly call it an annual cycle. 

 

RESULTS 

Milk Composition and Properties 

The gross composition of New York State milk is quite 
normal as shown in table 1. From the total solids and fat 
values, on the average, this is typical Holstein milk. This 
agrees with the fact that the predominate breed in all areas 
covered is Holstein, although the Catskill region does have a 
significant number of Jerseys. The protein content of this 
blended milk is lower than figures cited by Jenness and 
Patton (4) for milks of various breeds. As would bq expected, 
there is less variation in the blended milks than in milks of 
individual cows, even when a large number of 
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samples is taken. The standard deviations of total solids, 
fat, and lactose are about 1/2 those usually encountered 
with individual animals. The standard deviation in protein 
content was about 1/3 that for individual cows. The 
standard deviation in ash content was only 1/5 that for 
individual cows. 

The specific gravity of the New York milk averaged 
1.0289 at 39 C, slightly lower than that usually considered 
normal. This is in line with the reduced total solids content. 
The freezing point, however, is quite normal; this could 
have been predicted from the normal ash and lactose 
contents. 

The results obtained for total solids, fat, protein, and 
specific gravity are compared to values reported for other 
areas in the United States in table 2. Although the data for 

the milks from other areas in the United States may not 
represent milk composition within as large geographic 
areas as the New York areas, the data are representative of 
milks of commerce in the areas and time periods as shown 
in the table. Although different methods were used to 
measure protein contents in the New York and southern 
central studies, the results are comparable without cor-
rection. Thus, as previously pointed out, the New York 
milk is low in protein content. Since total solids and fat 
were also low, it may be thought that either the New York 
milking herd contains fewer Jerseys and Guernseys than 
the herds in other areas, or that the New York herd has 
been selected more strongly for milk volume at the ex-
pense of solids content than the herds in other areas. 
Inci-dently, current breeding studies indicate that although 
fat 
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and protein contents tend to move in the same direction, it 
is possible to increase protein content without increasing 
fat content. 

Because of the large scale of sampling and testing re-
quired to determine milk composition in large areas, it has 
not been possible to make similar comparisons with the 
other milk components. However, by referring to the table 
of approximate composition of normal milk presented by 
Jenness and Patton (4), certain tentative conclusions can 
be reached. The lactose content of New York milk is above 
the middle of the normal range. As pointed out, the protein 
content of the New York milk is low. This turns out to be 
due primarily to casein content as the whey protein content 
appears quite normal. Since the whey used for 
determination of whey protein was rennet whey rather 
than acid whey, which is usually used, differences in 
method may be thought to contribute to the low content 
found in this study. However, with the low total protein 
content, determined by a standard method, and the 
normal whey protein content, it is apparent that the casein 
content of New York milk is on the lower side of the 
normal range. The calcium content of the New York milk 
appears to be slightly lower than average, but the mag-
nesium and chloride contents appear to be higher. 

Fat  Composition and  Properties 

The statewide results on the composition and physical 
properties of the milk fat are shown in table 3. The melting 
point and refractive index of the fat were normal and 
relatively constant. The average acid degree value is well 
within what is usually considered to be the normal range 
for fresh milk. This number is a measure of the amount of 

free fatty acids present in the milk fat. In freshly drawn 
milk the free fatty acids probably represent incomplete 
conversion of fatty acids to triglycerides. In milk that has 
been treated in any manner after milking, the acid degree 
value may increase because of lipolysis. Since some milks 
are spontaneously labile to lipolysis and in others it may be 
easily induced, even by simple cooling, it is not surprising to 
find a rather large standard deviation for this figure. The 
iodine number, which represents the unsaturated linkages in 
the milk fat, is both normal and reasonably constant, with 
even the minimum and maximum values falling within the 
expected range for milk fat. The saponi-fication number, an 
inverse measure of the average molecular weight of the fat, 
is even more stable. It is expected that changes in the iodine 
number, which do not affect molecular weight greatly, would 
occur in response to environmental factors, especially 
nutrition and stage of lactation of the animal. One of the 
unique characteristics of milk fat is its unusually high 
content of short chain fatty acid residues comprising the 
triglycerides. These contribute to both the unique flavor of 
the fat and the characteristic rancid flavor of hydrolyzed or 
lipolyzed fat. The total content of these acids is measured 
as a group by the Reichert—Meissl and Polenske numbers. 
The first is a measure of the volatile, soluble fatty acid 
residues; the second is a measure of the volatile, insoluble 
residues. As a rough approximation, the Reichert—Meissl 
number can be considered to indicate the content of butyric 
and caproic acid residues and the Polenske number to 
indicate the con-, tent of caprylic and capric acids. The 
Reichert—Meissl number of the New York milk fat is 
midway in the normal range and the variation is less than 
expected. The Polenske number is near the high end of the 
normal range and the maximum value encountered is 
somewhat higher than expected; the variation is 
considerably more than expected. 
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Area  Differences 

Tables 4—6 give comparisons of milk composition in the 4 
regions used in this study. The number of samples tested, the 
statewide averages, and the standard errors of the area means 
are also indicated. Those components for which no effect of 
area was found are listed in table 4. It is comforting to find 
the freezing point of the milk in this list. The only milk 
components that appear are magnesium content and the 
amount of whey protein. It might be suspected that the 
variation in magnesium content within any one area was 
sufficiently high to mask any area differences, since one 
normally expects magnesium to show the same trends as 
calcium. The constancy of whey protein from one area to 
the next may indicate that the content of these materials is 
more directly related to the biochemistry of milk synthesis 
rather than to environmental factors such as animal nutrition. 
The refractive index, melting point, iodine value, and 
saponification number of the fat were constant; this 
indicates that the physical properties of the fat, its degree of 
unsaturation, and its average molecular weight were not 
sensitive to the types of environmental differences 
characterizing these 4 regions of the State. 

Table 5 presents those components that were found to 
have significant variations between areas. Those averages 
that failed to differ significantly at the 1% level are under-
lined with the same line. At the 5% level, the only change is 
that the casein content of milks from the 
Mohawk-Central region is different from that of milks in 
the Northern region. This is of interest because the casein 
content of milks from these 2 regions may be different, 
but 

only slightly so, when compared with the variations en-
countered within 1 region. Careful study of these data 
leads one to the conclusion that milk from the 
Mohawk-Central region is very similar to milk from the 
Northern region, and milk from the Catskill region is similar 
to milk from the Western region. Of the 12 properties 
listed, 7 hold this pattern exactly. In 2 cases, 
Mohawk-Central differs from Northern, and both differ 
from the remainder. In 2 cases, 3 areas are the same, and 1 
differs; and in 1 case, protein, all 4 areas differ. Milk from the 
Catskill and Western regions had higher contents of total 
solids, fat, lactose, casein, calcium, and chlorides, and a 
higher specific gravity. The acid degree value of the fat was 
lower in these 2 regions. As indicated previously, the protein 
content of the milk from each region was different. The 
order of protein content from highest to lowest was Catskill, 
Western, Northern, and Mohawk-Central. The basic pattern 
remains the same, the Catskill and Western regions having 
the highest protein content. The ash content of milk from the 
Catskill region was significantly higher than that of milks 
from the other 3 regions. The Reichert— Meissl number of 
the fat of milk from the Northern regions was significantly 
lower than that of milks from the other regions. 

Three of the components varied from area to area in a 
less regular manner. These results are presented in table 6. If 
pH values were arranged in descending order, adjacent 
values would not be different at the 5% level. However, the 
region with the highest value, Mohawk, is different from 
the region with the third highest value, Western, at the 1% 
level. The basic pattern of milk from the Catskills being at 
the low end of the range and milk from the Mohawk- 
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Central region being at the high end is preserved. The situ-
ation with respect to titratable acidity is approximately 
reversed as one would expect. Milk from the Mohawk 
region was significantly lower in titratable acidity at the 
1% level. The Polenske number, which is a measure of 
certain medium chain fatty acid residues in the milk fat, 
has a slightly different pattern, milk from the Northern 

region being similar to milk from the Catskills, but differing 
from the milks of the other 2 regions at the 1% level. The 
importance of area differences for this value may have been 
reduced by its high variability. 

The patterns shown by the data in these 3 tables are fairly 
clear cut. Milk from the Catskill and Western regions has 
more total solids than milk from the other 2 regions. This 
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increase appears throughout the various components. The 
Catskill—Western milks would appear, then, to be supplied by 
total milking herds that contain larger proportions of 
(jerseys and Guernseys than the herds in the other 2 
regions. The Catskill—Western milks were also characterized 
by higher acidity and lower pH; this is possibly a reflection 
of a longer time between milking and sampling at the dairy 
plant. The acid degree value of the fat, however, was lower in 
the Catskill—Western milks. This indicates that less lipolytic 
degradation had occurred. 

Time Effects 

The preceding section treated area effects as if there 
were no time effects. Discussion of time effects is more 
complicated because area effects cannot be as conveniently 
ignored. Thus, the following discussion of the results with 
repsect to time effects will actually include details of area 
effects as well. 

The majority of the components showed statistically sig-
nificant effects of time during the study period, even 
though only certain components were studied long enough 
to establish any trends as annual in nature. There were 3 
major categories: linear trends, cyclic patterns occurring 
over the state, and patterns that vary between areas. Many 
components showed statistically significant linear trends 
during the study period. In only 3 cases, however, did 
these trends seem important. Most components also 
showed cyclic variations; the cycles in a few cases varied 
from area to area. There were only 2 components, fat and 
titratable acidity, for which no statewide pattern could be 
seen. 

The contents of ash and the iodine number showed 
linear trends considered to be important. The ash content 
experienced a sharp rise in late summer 1959, followed by a 
gradual decline throughout the rest of the year. A com-
parison, however, between ash contents in the summers of 
1959 and 1960 showed that there was an increase from 
0.70 to 0.72%. The iodine value of the fat experienced a 
general downward movement from a high of 33.4 in March 
1962 to 29.8 in March 1963. In both cases, the linear 
trend seemed to be uniform throughout the state. This 
uniformity was confirmed by the absence of significant 
interaction terms in the statistical models. The reasons for 
these changes are not known and may not be reoccurring. 

In most cases an annual cycle was noted in the form of a 
significant sine term in the model. As mentioned pre-
viously, one must be careful in interpreting cycles in 
studies that do not extend over several such cycles. In spite of 
this, it is worthwhile to note that whey protein, magnesium, 
pH, chlorides, and refractive index of the fat all tended to be 
high in summer and low in winter. On the other hand, the 
contents of lactose, ash, and calcium, and saponification, 
Reichert—Meissl, and Polenske numbers all appeared to be 
low in summer and high in winter. Total 

solids underwent a less obvious cycle. It tended to be high 
from midsummer to midwinter and lower the rest of the 
year, but the changes were partially obscured by marked 
short-term fluctuations. 

In all but 7 cases, time—area interactions were not sig-
nificant. In other words, for 2/3 of the properties studied, the 
pattern of variation with time was consistent throughout the 
state. Of the 7 showing variations with area, only 2 indicated 
no definite statewide pattern. For both fat and titratable 
acidity, each area had its own pattern throughout the year, 
and in general, this pattern was quite irregular. In the 
remaining 5 cases, there was a general statewide pattern that 
was modified in some way from area to area. The acid 
degree value of the fat showed what may be an annual cycle 
in most of the state but was suppressed in the Western New 
York region. The chloride content had a statewide annual 
cycle, but there were minor variations from area to area. 
The annual cycles of the casein and Reichert—Meissl 
numbers varied mostly through changes in the height of the 
peak values in the different areas, together with occassional 
changes in the timing of the peak. Total protein had both a 
prominent statewide cycle and large short-term 
fluctuations. The latter varied from area to area, probably 
contributing much to the area—time interaction. It is 
interesting to consider total protein and casein together. 
Both showed a consistent pattern of 2 highs during the year. 
The first rise is quite sharp, occurring in mid or late spring. 
This rise was followed by an equally sharp decline. The 
second peak was higher and of longer duration and 
developed between midsummer and early winter. The casein 
spring peak seemed to occur about a month before that for 
total protein. This may result from a steady rise in whey 
protein throughout the spring and summer. 

Statewide  Seasonal Variations 

There were 14 components that showed consistent 
statewide seasonal variations. Seven were components for 
which there was no effect of area upon the average results 
and 7 were components for which there was an effect of 
area upon the average results, but not upon the nature of the 
seasonal variations. That is, in the first case, curves obtained 
by plotting composition against season were identical for 
each area; whereas in the latter case, they were parallel. 
Such graphs of the statewide seasonal variation of each of 
these 14 components were prepared by plotting the average 
composition for each 4-week period throughout the study. 

The freezing point of milk in New York State was found to 
undergo variations with time, but not with the area of 
production. Figure 1 shows the nature of the seasonal vari-
ations. The low occurs in the fall and the high in late winter. 
The magnitude of the variations is larger than expected for 
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pooled raw milk, even though there are reports in the liter-
ature that season and stage of lactation affect freezing 
point. It is felt, however, that these variations are real since 
each point on the curve represents the average of about 32 
samples, or 2 samples per week from each of 4 areas. It is 

worth remembering that these samples were taken from 
raw milk tanks in dairy plants; thus, there could have been 2 
chances for a water rinse, following use of pumps and 
pipelines, to get into the milk. The individual freezing 
points, however, seldom strayed from the expected limits; 
thus water addition from this or any other source was 
extremely minor, if present at all. 

The seasonal variation of the magnesium content of 
New York State milk is shown in figure 2. This was lowest in 
the winter and reached highs in both early summer and again 
in early fall before decreasing again. It is not clear whether 
there may have been an increasing trend during the course 
of the study. Stage of lactation is known to affect 
magnesium content of milk (12), being highest early in 
lactation, lowest in mid-lactation, and rising again 
towards the end. Season also is said to cause changes, 
primarily through an effect of environmental temperature. 
The existence of 2 highs may be related, then, to a fairly 
even distribution between spring and fall calving. Such a 
calving pattern is predictable in fluid milk areas like New 
York. Other components affected by lactation also show 
the same double peak, notably, total solids, lactose, and 
protein. 

Whey protein variations are shown in figure 3. This was 
low in the fall and winter and high in the summer. It is 
known (4) that whey protein content follows the same 
general trend as the other major milk constituents, high at 
the start of lactation, followed by a minimum and then a 
slight rise towards the end of lactation. The pattern shown 
by whey protein in New York does not indicate 2 major 
calving periods as the patterns shown by many of the other 
constituents. Apparently, then, there are other influences 
on the synthesis of whey protein. That whey protein was 
not affected by area of production indicates that changes 
from winter to summer feeding and management practices 
are more important than the regional variations in weather, 
soil, and so forth. 

The next 4 figures illustrate seasonal variations in 
properties of the milk fat. The first of these, figure 4, 
shows the seasonal trend in melting point of the fat. The 
low point was encountered in late spring, but there were 2 
highs. The first occurred in late summer, followed by 
another in late fall and winter. Changes in melting point of 
the fat can reasonably be attributed to changes in the type of 
feed. Summer fat is expected to be soft and therefore to have 
a low melting point because the cows are on pasture. Winter 
fat is expected to be hard because the cows are on dry feeds. 
The nature of the feed can even be used to explain the 
double maximum found in figure 4. During the late summer, 
pastures dry up, and the melting point of the fat is raised, 
even though the cows are still on pasture. In the fall with the 
onset of cool, moist weather, grass growth again starts, and 
the melting point of the fat becomes lower. In late fall the 
animals are moved inside and given dry feed. The effect of 
the dry feed, of course, is highly dependent upon its nature. 
Hay and grain raise the melting 
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point of the fat more than silage. Feeds containing high 
proportions of unsaturated fats are said to lower the melt-
ing point of the milk fat. Such feeds as the latter, however, 
are not commonly used in New York. 

The refractive index of the milk fat was nearly constant 
with little sample to sample variation. Thus a small in-
crease during the summer and fall was detected as shown 
in figure 5. The increase started in early spring and reached 
its peak in early fall. It then fell to the winter level in just 8 
weeks. Changes in refractive index were roughly correlated 
with changes in melting point, but were of a much smaller 
magnitude. The correspondence between the 2 properties is 
not perfect; otherwise, one would expect the refractive 
index of the fat to be higher in the winter months than in 
the summer months. Apparently the increase in melting 
point encountered in late fall was not accompanied by an 
increase in refractive index, in contrast 

 

to other periods of the year. This would indicate the possi-
bility of 2 different mechanisms at work, one changing 
both properties and one changing only the melting point. 
Stage of lactation is also thought to play a role in the 
melting point of the fat as determined by fat composition. 
The variation in iodine value of the fat is shown in figure 
6. Both a decrease over the entire course of the study and 
seasonal changes can be seen. There were 2 high points, 
spring and late summer, and 1 low point, late fall. This 
graph can be interpreted as showing that the milk fat was 
becoming more saturated throughout the year, an effect   
perhaps   reflecting   a   gradual   change   in   feeding 
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practices. On top of this is imposed the expected higher 
degree of unsaturation during the spring and early summer 
and the occurrence of a low degree of unsaturation in the 
late fall and winter. 

The graph showing seasonal variations in saponification 
number of the fat, figure 7, is almost a classic picture of an 
annual variation. The almost perfect cosine curve shown in 
figure 7 has its minimum in early summer and its maxi-
mum in late winter. This curve does not appear to be 
modified at all by the pattern of spring and fall calving, 
indicated by so many of the other milk components. The 
saponification number, of course, is inversely proportional 
to the average molecular weight of the fat. Although theo-
retically scarcely related, the iodine number and saponifi-
cation number appear to be inversely correlated if the 
linear trend in the former is discounted. This suggests that 
the increase in unsaturation of the fat encountered in the 
spring and summer, as indicated by the iodine number, is 
accompanied by an increase in the average molecular 
weight of the fat. The latter would be due to decreased 
amounts of the shorter chain fatty acids. Increased un-
saturation would be expected to lower the melting point 
of the fat, but decreased amount of short chain fatty acids 
would increase it. Referring back to figure 4, one sees that 
the melting point is lowered in the summer; thus, the 
change in iodine value has more effect than does the 
change in saponification number. 

Seven components have seasonal patterns applying to all 
areas, but have different overall averages in different areas. 
That is to say, a particular component might average 
higher in one area than in another, but if a seasonal in-
crease occurred in One area, it occurred in the other as 
well. This is described mathematically by saying that the 
composition versus time curve is displaced upwards or 
downwards for different areas. 

The first of these, total solids, is shown in figure 8. This 
component was measured over 2 study periods with a 
4-week gap between them. The patterns for both study 
periods are shown. The most remarkable feature of this 
graph is the variability occurring throughout both periods. 
Apparently fall and winter contents are high and spring 
and summer ones are low, but it would be impossible to 
predict the magnitude of the change. It will be recalled 
that the milks of the Western and Catskill regions had 
higher average total solids than did those of the Mohawk 
and Northern regions. These variations in total solids may 
be predominately a result of environmental temperature 
since higher temperatures are known to depress both fat and 
solids-not-fat (primarily protein) (4). Thus summer milk 
should and does have lower total solids. Temperature dif-
ferences between the areas of New York that were studied 
are not great, and it is hardly fair to attribute the area 
variations to this source alone. 

Lactose is not greatly affected by stage of lactation of 
the animal, aside from a gradual decrease near the end of 
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the lactation period (4). The seasonal variation en-
countered in New York is shown in figure 9. The high 
point occurs in late winter and the low point in the 
summer, just the reverse of Overman's results as reported 
by Jenness and Patton (4). The reason for the different 
pattern, or even why there would be seasonal changes of 
this magnitude in New York is not apparent. As with total 
solids, the milks of the Western and Catskill regions aver-
aged higher in lactose than did those of the other 2 
regions. 

The ash content of New York milk, shown in figure 10, 
undergoes seasonal variations similar to those reported in 
the literature (12). The fall and winter contents are high, 
and the spring and summer ones are low. This particular 
graph also shows one of the long term trends considered to 
be important, an increase in average ash content over the 
course of the study. Further research on this point should 
be undertaken. The ash content is somewhat higher at the 
start and end of lactation than in the middle (4, 12). A 
spring and fall calving pattern is not detectable in this 
curve. The ash content of milk from the Catskill region 
was significantly higher than that of milks from the other 
regions, but the pattern of seasonal variation was the same. 

The changes in calcium content over the course of 1 
study period are shown in figure 11. Although the level of 
calcium was lower than expected in these milks, the type 
and magnitude of the seasonal fluctuations are similar to 
previous reports (4). As with the ash content, the winter 
content was high and the summer content low. The spring 
and fall, however, appeared to be transition months. This 
leads to a speculation that the calcium content is responding 
more to seasonal temperature changes than to anything else. 
Again, the milks of the Western and Catskill regions had a 
high content and those of the Northern and Mohawk regions 
a low one. The calcium was measured by a procedure that 
involves back titration of deproteinized milk containing 
excess ethylenediaminetetraacetate (EDTA). The sample 
was deproteinized using trichloroacetic acid. Although this 
method is considered to be a measure of total calcium, 
there is a lingering doubt that the depro-teinization step may 
allow some of the protein bound calcium to go unmeasured. 
In comparing these data with those in the literature, one 
must be aware of the methods used and their limitations. 
Most of the older work was done using methods directly 
comparable with this one. But recently there have been 
reports based on atomic absorption techniques which 
may be more efficient in measuring total calcium. 

The pH of the milks was measured over 2 test periods 
and the results are summarized in figure 12. The magni-
tude of the changes in pH was small, but it apparently 
increases through the spring and early summer and de-
creases in the fall and early winter. The pH of milk is a 
reflection of many complex interrelationships among the 
many components; thus, it is difficult to attribute changes 
in  pH  to  any one agent. One factor, however, that is 
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known to strongly influence the pH of the milk is the 
temperature of measurement, the pH dropping from 6.6 at 
20 C to 6.2 at 60 C (12). The relationships to seasonal 
temperature, shown in figure 12, are just the opposite; 
temperature of measurement as a source of variation is 
thereby eliminated. Temperature of milk synthesis, how-
ever, has not been eliminated. 

The Polenske number, a measure of the insoluble 
volatile fatty acid residues in the milk fat, had a large dip in 
the summer. This is shown in figure 13. Looking ahead to 
the Reichert—Meissl number, which measures the soluble 
volatile fatty acid residues, shown in figure 16, one sees the 
same, but less definite, tendency. Looking back to figure 7, 
one sees that the average molecular weight, as shown by the 
saponification number, also reaches a maximum in the 
summer. The Reichert—Meissl and Polenske numbers of the 
fat taken together are a clear indication of the content of 
short chain fatty acid residues in the tri-glycerides. If these 
numbers go down, the relative level of these acids goes down, 
and the long chain, high molecular weight acids must go up. 
Thus, the increase in average molecular weight during the 
summer months (figure 7) is directly attributable to the 
decrease in short chain acids. 

Seasonal Variations that Differ 
Between Areas 

The area—time interaction was significant for 7 com-
ponents. Graphically, this means plots of composition 
against time for one area are not parallel to similar plots for 
other areas. The practical explanation is that there are 
variations in the level of these 7 components with time, 
but that the nature of these variations differs from one 
area to another. With 5 of these components, it was possible 
to detect a general statewide pattern underlying the specific 
area patterns. 

The chloride content, higher in the milks of the 
Mohawk and Northern areas than in those of the Western 
and Catskill areas, generally was higher in summer and fall 
than in winter and spring as shown in figure 14. Chloride 
varies widely with stage of lactation, being very high in 
colostrum, then dropping to about half the initial value, 
rising slowly throughout lactation, and rising sharply again 
at the very end of lactation (4). Season, per se, affects 
chloride content, but only slightly (4). A spring and fall 
calving pattern would be expected to produce 2 annual 
highs in the chloride content, 1 in the spring and 1 in the fall. 
The expected spring peak did not occur. The similarities in 
chloride variations from one area to another are strong. The 
major contribution to the interaction between time and area 
appears to be the existence of major short-term fluctuations 
in the chloride content of milks from the Catskill region. 
The milk of the Mohawk region had a larger range between 
the highs and lows in the chloride content than did the other 
areas. 

The protein content was highest in the milk of the 
Catskill region, followed by those of the Western, 
Northern, and Mohawk regions. The seasonal variations in 
each of the 4 areas are shown in figure 15. It is evident that 
a major source of the area—time interaction is the variability 
of short-term fluctuations between areas. In general, 2 
highs were experienced, one in the late spring and another in 
early fall. As mentioned previously, this is consistent with a 
spring and fall calving pattern. The season of the year is 
known to affect protein content, which is low in the 
summer months; at least part of the effect is a result of 
temperature extremes (4). Stage of lactation has a strong 
influence, the level dropping rapidly after an initial high, then 
slowly increasing throughout lac- tation (4). In each area, the 
total fluctuation amounts to about 0.3% protein difference 
between the highs and lows. 
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The timing of the peaks appears to be reasonably constant 
from one area to another; this leaves the variability in 
short-term fluctuation as the major cause of the statistical 
significance of the interaction between time and area. 

Seasonal variations in casein content are shown in figure 
16. The general pattern is for a maximum in casein content 
to occur in the early fall or late summer, followed by a 
gradual decline over the winter. At midspring, the casein 
content abruptly rises and just as abruptly decreases again 
to a minimum for the year in late spring to midsummer. 
The position of this minimum appears to be the largest 
contributor to the significance of area in determining the 
nature of seasonal variations in casein content. The abrupt 
rise in casein content precedes by about a month the rise 
in total protein that also occurs in the spring. It will be 
recalled that the whey protein (figure 3) reaches its mini-
mum in very early spring and rises continually to a 
maxi-mum in late summer. Thus, the total protein and 
whey protein, and, by difference, the casein reach their 
minima in early spring. Because the positions of the 
minimum in total protein and, more importantly, of its 
spring maxi- 

mum depend somewhat upon the area, the area also affects 
the position of the casein peak. In late spring the total 
protein and the whey protein are still rising, but the casein 
content decreases again. The fall peak in casein content 
results from the fall peak in total protein coupled with the 
decrease in whey protein, which starts in the fall and con-
tinues throughout the winter. This suggests that whey pro-
teins decrease much more rapidly than casein early in 
lactation; this is apparent from examination of colostrum 
milk. 

The seasonal variation of acid degree value of the fat 
differs considerably according to the area, as shown in 
figure 17. It does appear that there is a winter high. The 
milks from both the Catskill and Northern regions also had 
a small maximum in the summer, but the timing varied. 
The Mohawk milk may have had this summer peak, but 
the missing data interfere with such a conclusion. The 
Western region milk had only a slight rise at this time. It is 
readily apparent that a major source of the area—time 
interaction is the height of this summer peak. During the 

17 



 

 

course of the study, the milks of the Catskill and Western 
regions averaged lower in acid degree value than those of 
the Mohawk and Northern regions. It is difficult to theorize 
mechanisms behind the seasonal variation other than to 
suggest that stage of lactation is probably involved. 

The regional variations of the Reichert—Meissl number 
with time are shown in figure 18. Much the same can be 
said about these patterns as was said above about the acid 
degree value. The summer maximum in the Reichert— 
Meissl number appears about 1 month later than the maxi-
mum in acid degree value. It is thought that the lipolytic 
enzymes prefer short chain fatty acid residues. The 
Reichert—Meissl number measures both free and esterified 
short  chain  fatty  acids  whereas  the  acid  degree  value 

measures only the free acids. These results could be taken 
to mean that summer milk, although low in short chain 
acids, is more labile to lipase activity, whereas winter milk 
has so many of these short chain esters that the lipolysis 
reaction is promoted by a large concentration of reactant. 
The Polenske value, measuring the total of slightly longer 
acids and esters (figure 13), also reaches its minimum in 
summer. The milk of the Northern region averaged lower in 
Reichert—Meissl number than did the milks of the other 
regions. The major cause of regional variation in the 
seasonal pattern seems to be the position of the summed 
maximum, the milk of the Catskill region reaching its peak' 
earlier than the milks of the other areas. 
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Variations in fat content had such different patterns in the 
different areas that it is difficult to find a statewide pattern. 
The results obtained over 2 study periods in each of the 4 
regions are shown in figure 19. The simple area effect was 
for it to be higher in the Catskill and Western regions than in 
the Northern and Mohawk regions. The Catskill region had 
an extreme amount of short-term variation in both study 
periods. In all areas, the seasonal variations, shown in the 
first study period, did not replicate themselves well in the 
second period. The usual seasonal trend for the fat content 
of milk is for a low in the summer months (4). Elevated 
temperatures can decrease fat percentage (4). The normal 
stage of lactation effect is | also apparent: an initial high 
followed by a low, then a gradual increase throughout the 
rest of lactation (4). The lactation effect is much greater than 
the seasonal and tem- 

 
perature effects. The data in figure 19 show a summer low 
only in the Mohawk region. The low occurs in the spring in 
the Northern region. The other regions are too variable to 
make definite statements. It should be remembered that 
fall calving would cause the stage of lactation effect to be 
partly concealed by the seasonal effect. This may be a 
factor contributing to the high variability and lack of 
definite, reproducible highs and lows throughout the 
season. 

The titratable acidity content, shown in figure 20, also 
had no detectable statewide pattern. The only significant 
area effect on the average titratable acidity was that the 
Mohawk-region average was lower than the others. The 
milks of the Mohawk and Northern regions did not vary 
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greatly over the study period, but did appear to have 2 
lows, in early summer and again in the fall. The Western 
region milk had a summer low but a fall high. The Catskill 
region milk had highs and lows throughout the year. There 
is very little information in the literature concerning the 
seasonal and lactational changes in titratable acidity. It 
must be remembered, of course, that this property is 
strongly influenced by bacterial growth (if any) in the milk 
and that it also is a measure of the net effects of many 
components. 

Interrelationships Between Components 

The temptation to examine the results for interrelation-
ships between components could not be resisted. There are 
several such relationships that are known to exist, among 
them the correlation of solids-not-fat and fat content, and 
the dependencies of refractive index and specific gravity 
upon solids content. Some of these relationships are not 
exact. We shall compare such interrelationships in the New 
York milk with those said to be standard. 

Table 7 shows the simple correlation coefficients (r) 
between selected milk components. A perfect correlation 
is signified by an r of +1 and no correlation at all is shown 
by an r of 0. A positive sign for r indicates proportionality 
between the components and a negative sign indicates an 
inverse proportionality. Since the correlation coefficient is 
estimated from the data, it is possible to test it statistically 
to determine if it can be considered to be different from 
zero. 

In table 7 we note that the fat content correlates well 
with total solids but not with solids-not-fat. Fat, ob-
viously, is a part of the total solids of milk, so it is 
reasonable to expect that as fat content goes up, so does 
that   of total  solids.  It  is  remarkable  that  the  nonfat 

portion of the solids varies quite independently from the 
fat content; thus, the fat content cannot be used as a 
means of predicting the solids-not-fat content. This leads 
directly to a consideration of the lactometric means of 
measuring solids-not-fat. The lactometer reading is a 
specialized form of the specific gravity. We found specific 
gravity to be independent of the fat content, but pro-
portional to both total solids and solids-not-fat. This indi-
cates our agreement with the use of lactometers to 
measure solids-not-fat. When multiple regression of total 
solids upon specific gravity and fat content is calculated, 
the resulting equation is 
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The chloride and fat contents are nearly as closely re-
lated, again inversely. The reason for this relationship is  
obscure and warrants systematic investigation. Examina-tion 
of the various correlations of the chloride content indicates 
nothing that contradicts classification of chloride simply as 
the osmotic pressure regulator, the chloride being 
changed as needed to compensate for changes in lactose. In 
such a role, it is reasonable to find that chloride correlates 
with lactose, specific gravity, and solids-not-fat. It would be 
expected, however, that the correlation with total solids 
would be less perfect than with solids-not-fat. Just the 
opposite is found. That lactose does not correlate with fat 
or total solids eliminates the possibility that chloride 
correlates with these simply because it correlates with 
lactose. 

The correlation of pH with chloride content is surprising 
because the latter is considered to be completely ionized at 
milk pH. The pH of natural milk is determined by equili-
bration against blood through membranes of selective 
permeability and under restraints of the Donnan equilibria. 
The reasons for the correlation of pH with solids-not-fat 
content are not known. Since solids-not-fat are correlated 
with specific gravity and obviously with total solids, it is 
not surprising to find a correlation between pH and these 2 
properties. Why pH and fat should be inversely correlated 
is not known. 

A large number of properties of the milk fat from 113 
samples were measured, and the correlations between pairs 
of   these   properties   are   presented   in   table   8.   The 

Reichert—Meissl   and   Polenske   numbers   correlate  well. 
There is some overlap in the fatty acid residues measured 
by  these   2  procedures,  and  the   entire  group of acids 
measured  by  both  seems  to  respond to environmental 
factors   as   a   single   entity.   The   Reichert—Meissl   and 
Polenske numbers are both inversely correlated with iodine 

number, and both are directly correlated with 
saponifi-cation number. The relationships between the 
Reichert— Meissl and Polenske numbers and saponification 
number are easily explained. As the content of short chain 
fatty acid residues in the fat is increased, the 
Reichert—Meissl and Polenske numbers go up and the 
average molecular weight of the fat goes down. This, in 
turn, raises the saponification number. We note that as the 
Reichert—Meissl and Polenske numbers increase, the 
iodine number decreases. Apparently, increased content of 
short chain acids is at the expense of long chain unsaturated 
acids rather than of long chain acids in general. 

The acid degree value, whether taken as an indicator of 
incomplete triglyceride synthesis or as a result of lipolytic 
degradation, shows some interesting correlations. It is in-
versely correlated with iodine number but not with saponi-
fication number; this indicates that the more unsaturated 
fats are either less completely synthesized or more labile to 
lipolysis. Milk lipase is considered as showing preference 
for short chain residues, yet the acid degree value is not 
correlated with the Reichert—Meissl number and only 
weakly so with Polenske number. Detailed studies upon 
this point would be useful. 

The melting point of the fat is inversely correlated with 
the iodine number. This indicates the obvious that in-
creased unsaturation reduces the melting point of the fat. 
It does not correlate with saponification number, and thus 
changes in the latter are compensatory. Low-melting-point 
unsaturated fats are substituted for low-melting-point 
short chain fats. The lack of correlation between melting 
point and the refractive index of the fat is disappointing, 
as refractive index has been reported as inversely corre-
lated to butter hardness (10). Butter hardness, then, must 
depend upon the shape of the fat melting curve, rather 
than  upon  the final melting point as measured in this 
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study. Slight correlations at the 5% level of significance 
exist between melting point and acid degree value, and 
melting point and Reichert—Meissl number. The correla-
tion between melting point and acid degree value is 
interesting only in that it is positive when it would be 
expected to be negative, as free fatty acids and diglycerides 
have lower melting points than the intact triglyceride. 

The refractive index of the fat is positively correlated 
with iodine number and inversely correlated with 
saponifi-cation number. It is highly correlated to the 
Reichert— Meissl and Polenske numbers, inversely to both. 
This is a likely indication that refractive index is decreased 
more by increased content of short chain triglycerides than 
by increases in saturation. 

A multiple regression of refractive index (RI) upon 
saponification number (S), acid degree value (A), 
Reichert—Meissl number (R), and Polenske number (P) 
was obtained. The equation was 

 
All coefficients were significantly different from zero at 
the 1% level except those for the saponification number 
and acid degree value. This is to say that RI = 1.45957— 
0.000150 R -0.000536 P would be virtually as good as the 
above equation. The Polenske number was of greatest pre-
dictive value, followed by the Reichert—Meissl number, as 
determined by the standard partial regression coefficients. 
This leads to the same conclusion as that reached above: 
the presence or absence of short chain triglycerides are the 
greatest determinant of the refractive index of the fat. 

A regression of melting point upon the same 4 inde-
pendent variables was also done. The equation was 

 
As before, the coefficient of the saponification number 
was not significantly different from zero. The coefficients of 
acid degree value and Polenske number were significantly 
different from zero at the 5% level. Only the 
Reichert—Meissl was significant at the 1% level. The 
equation as presented explains only 10% of the variation in 
melting point as being related to variations in the 4 inde-
pendent variables. The 3 significant variables in decreasing 
order of predictive value are Reichert—Meissl number, 
Polenske number, and acid degree value. Thus, the final 
melting point of the fat is influenced, but not strongly so, by 
these indexes of fat composition. 

CONCLUSIONS 

The composition of milk produced in New York State is 
similar to Holstein milk when state-wide averages are con-
sidered. However, significant variations in composition and 

properties exist among the regions of the State. The 
composition and properties of milks produced in Catskill 
and Western areas are similar as are those of milks 
pro-duced in the Mohawk and Northern regions. Milks pro-
duced in the Catskill and Western areas have more total 
solids, fat, casein, lactose, calcium, and chlorides than 
milks of the Mohawk and Northern regions. A similar cor-
relation is evident among the physical properties — specific 
gravities, acid degree values, and Reichert—Meissl numbers. 

Seasonal effects are more complex because of some in-
stances of area interactions. The data suggest a statewide 
annual cyclic trend for most constituents and properties, 
though additional seasonal studies are needed for con-
firmation. Apparently the contents of whey protein, mag-
nesium, and chlorides, the pH of the milk, and the re-
fractive index of the fat tend to be higher in summer and 
lower in winter. The reverse is apparent in the cases of 
lactose, ash, and calcium, and saponification, Reichert— 
Meissl, and Polenske numbers. A cyclic trend was less 
apparent for total solids and not evident for fat and 
titratable acidity. 

Although all but fat, titratable acidity, and total solids 
showed strong statewide seasonal patterns, 5 properties 
showed marked variation from region to region. In the case 
of chloride, this took the form of small monthly variations, 
superimposed on the statewide pattern. The other 4, acid 
degree value, Reichert—Meissl number, casein, and protein, 
showed noticable shifts in the time and height of peak values. 
Protein in addition showed large monthly vari- ations, which 
differed from region to region. 

Correlations were computed among several properties of 
milk as well as of fat, and significant relationships were 
discussed. The relationship of total solids and fat to 
specific gravity is of particular interest because it serves as 
the justification for the lactometer method of total solid 
determination. 
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Author's Comment 

I first became interested in the problem of shifts in 
composition of milk when I noted that Van Slyke's 
equation, relating the casein and fat contents of milk, was 
not valid for present-day milk. I considered 2 possible 
explanations: (1) His method for estimating casein gave 
results that were much too low. (I was unable to learn 
what method he used.) (2) During many generations of 
selective breeding, we have unknowingly increased the 
protein content of milk with respect to fat. (I had no way of 
testing this hypothesis.) 

The possibility raised by the second hypothesis seemed 
important and interesting with respect to many constitu-
ents of milk. I thought we should have base-line values 
tied to carefully recorded methods of analysis. 

I was intrigued by a second fact reported to me by Dr. F. 
V. Kosikowski. He said that New York milk gave a lower 
yield of cheese than milk of the same fat content produced in 
Wisconsin. I don't know what basis he had for that statement, 
but he knows his cheese so I accepted it as a fact that 
needed explanation. 

Incidentally, this is why I decided to define casein as the 
protein coagulated by rennet in the presence of Ca++ rather 
than as an acid precipitate. It has been assumed that 

the 2 definitions are synonomous, but casein is a complex 
and variable mixture. It is conceivable that the 2 defi-
nitions are not always equivalent, and this would be im-
portant to the cheese industry. 

I wanted to use methods which I believed would be 
reproducible in a century or two, presuming that people 
might be interested at that time. I am no longer sure that 
they will be. I suspect that before 100 years have elapsed, 
our mode of living may be changed so drastically that this 
problem will be of little interest. Even so, this information 
should be available if needed. 
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