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1. GENERAL QUTLINE

1.1. INTRODUCTION

Cheese is usually made by adding rennet to milk. The rennet converts the
casein of the milk into paracasein and this is precipitated as a complex of
calcium paracaseinate and calcium phosphate. The curd is formed at the same
pH as that of milk for some kinds of cheese, while for others the milk is made
more acid, or ‘ripened’, before renneting. This is usually brought about by ad-
ding the proper amount of cheese starter of lactic acid bacteria. In hard
cheeses all the lactose present is converted into lactic acid during the first few
days causing a rapid drop in the pH-value of the cheese.

Cheese is salted at an earley stage during its processing. This is done either
by mixing the salt with the curd before pressing, by scaking the cheese in a
brine solution after it has been pressed, or again by rubbing the salt on the
surface of the cheese.

The main components of cheese are fat, calcium-paracaseinate-calcium
phosphate-complex, lactic acid, sodium chloride and water. The acid and the
salt greatly influence the paracaseinate-complex and they determine many of
the characteristics of the fintshed product. The chemical reactions between
lactic acid, salt and calcium-paracaseinate-phosphate-complex are usually ac-
companied by important physico-chemical changes in properties of calcium
paracaseinate such as its water binding capacity and swelling.

Different enzymes hydrolyze about 25 per cent of the paracasein (22) to
proicoses, polypeptides and amino acids during the ripening of the cheese.
The products of hydrolysis are partially soluble in water in contrast with the
unhydrolyzed paracasein. The latter which represents about 75 per cent of the
cheese proteins, would be the main factor determining the consistency and the
other physical properties of the ripened cheese. A greater knowledge of the
changes that take place in the undissolved fraction under the effect of acid
and salt is therefore important,

This complex of changes affects the cheese amongst other things by trans-
forming it from a tough, rubber-like material to a product with a mellow,
smooth and plastic consistency.

1.2, REVIEW OF LITERATURE

The influence of lactic acid and salt on the properties of cheese has long
been known. VAN SLYKE and HarT (1902, 1905) and vaN SiYKe and Bos-
WORTH (1907) had examined this aspect in Cheddar cheese as carly as the
beginning of this century. Few years later van Dam (1910, 1911, 1912) stu-
died this extensively in Edam cheese. They were followed by many others.
A survey of the available literature reveals that the various investigators ap-
proached the complicated chemical, physical and biological reactions in cheese
by conducting their experiments in three ditferent ways, viz. cheese extracting
methods, paracasein-complex suspensions and on cheese juice expelled by
pressing.

1.2.1. Studies on cheese extracts
VAN SLYKE and Hart (1902) and vaN SLYKE and BosworTH (1907)
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developed an extraction method, using 25 grams of cheese and extracting
with water warmed to 55 °C until the extract amounted to one litre. The
water soluble nitrogen was determined in the filtrate while the residue from the
extraction was similarly treated with a 5 per cent solution of sodium chloride
to yield what they called, the ‘salt soluble’ fraction.

In Cheddar cheesec, vaN SLYKE and BoswoRTH (1907) found that within
about ten hours from the start of pressing about 90 per cent of the total ni-
trogen was in the form of a ‘salt soluble fraction’. Thereafter, the salt soluble
fraction decreased rapidly, while the water soluble nitrogen increased. They
also observed that the calcium and phosphate compounds of the freshly pre-
pared cheese were insoluble, then gradually became soluble until after two
weeks about 80 per cent of the calcium and all the phosphates were found in
the extracting solution. After this period the composition appeared to remain
constant.

SIRKS (1943) observed a lack of uniformity in the methods used in the pre-
paration of the cheese extracts by the many other investigators. He modified
the extraction method in order to improve the reproducibility of the results.
In his method 40 grams of cheese were extracted with three portions of water
of 50 °C and the extract was then made up ot one litre. Thymol in alcohol
was used as ‘a preservative. The flasks were then shaken in a water bath at
25 °C for 16 hours. He used this extraction method for studying the effect of
pH on the protein degradation of Edam cheese and its relation to the consis-
tency and the development of flavour.

NauDTs and DE VLEESCHAUWER (1959) studied the retention of calcium in
fresh soft cheese. In order to estimate what they called soluble calcium, they
mixed 20 g of cheese with 100 ml of water, centrifuged and filtered twice,
and then determined the calcium in the filtrate. The undissolved calcium was
estimated after washing the residue twice and centrifuging it. Their results
showed that in the case of soft cheese almost all the calcium was found in the
cxtract.

1.2.2. Studies on paracasein-complex suspensions

VaN Dam (1911} was the first to examine the effect of the hydrogen-ion
and salt concentration on the swelling and solubility of paracasein-complex.
He used in his study a dry preparation of a well washed rennet curd. One
gram of this preparation was suspended in 50 ml solution of lactic acid con-
taining different salt percentages. He found that at pH 5.5 and at 5 per cent
salt concentration, nearly all the calcium paracaseinate was in the extracting
solution. He was led to the conclusion that the behaviour of the calcium
paracasein in his experiments could be considered similar to conditions ac-
toally present in Edam cheese with respect to best consistency and swelling.

The results obtained by van DAM aroused much interest and several in-
vestigators repeated his work in different ways in an attempt to elucidate some
of the many problems concerning cheesemaking and curing.

ORLA-JENSEN, MEYER and ORrLA-JENSEN (1914-1915) studied the solu-
bility of casein and paracasein-complex in a salt solution. They conducted
their investigations on three per cent casein and paracasein-complex sus-
pensions. They also observed a decrease in the dissolved paracasein wlien a
six per cent suspension of what they called ‘monocalcium-paracaseinate’ was
used.
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SHarp and McINERNEY (1936) used suspensions of one gram of dry casein
and dry rennet curd in 100 ml solution of different salts, viz, sodium fluoride,
sodium chloride and sodiuvm iodide at different pH values in order to study
the effect of different sodium halogens on the solubility of casein and para-
casein-complex. They found that these salts differed in the degree to which
they peptized casein and paracasein. This varied also with pH. The maximum
peptization effect of sodium chloride on paracasein-complex was between
pH 5.5 and 6.0. They concluded that the texture of Cheddar cheese is affected
favourably by the peptizing action of sodium chloride on paracasein in the pH
zone of 5.5 and 6.

KIERMEIER and SCHATTENFROH (1958) in their study on the slime-rind defect
of Camembert cheese investigated the effect of pH and sodium chloride on
the swelling and solubility of casein and paracasein-complex. When using four
per cent casein and calcium paracasein suspensions in solutions containing
different concentrations of salt and lactic acid, they found that the maximum
guantity of the paracasein (about 80 per cent) was dissolved at a salt con-
centration of three per cent and pH values between 5.0 and 5.3. These results
led them to conclude that in order to avoid ‘deswelling’ in hard cheese, the
pH-value should not drop below 5.0. They also observed a decrease in the
quantity of paracasein dissolved when they increased the paracasein-complex
concentration, Tt should be noticed that these two authors did not measure
the swelling directly. They used the figures for the quantity of paracasein which
dissolved in their experiments as an indication for the swelling. They based
this on results obtained by Loes and LoEgg, and cited by SUTTERMEISTER
(1927). In these experiments a number of granules of isoelectric casein of a
known diameter were suspended in 50 ml of water containing different acids
at different concentrations. The swelling was determined by measuring the
increase in diameter of the granule with a micrometer under the microscope
at different time intervals. They observed a gradual increase in the diameter
of the granules at different time intervals. This was then followed by the
complete dispersion of the casein. The figures indicate a relationship between
swelling and solubility of a few grams of pure casein suspended in a large
volume of an acid solution. In such a situation the swelling is unlimited and
the passing into solution of the casein at this point indicates that the ‘gel limit’
of the casein has been exceeded. However, these results do not represent the
swelling taking place in cheese, where the conditions are quite different and
the swelling is of a limited nature,

BeLousov (1959) investigated the changes in the composition of the cal-
cium-paracaseinate-complex under the influence of lactic acid and its relation
to the consistency of Edam cheese. He ignored however the effect of salt. Ten
to twelve grams of air dried preparation freshly isolated from a rennet curd
were mixed with 200 ml water, acidified with lactic acid, and kept at 5-7 °C
for 10-15 days to allow an cquilibrium between the lactic acid and calcium-
paracaseinate-complex to be reached. After removal of the supernatant liquid
the undissolved part of the preparation was washed and then used for analysis.
In order to calculate the calcium bound to the protein, either in the fresh
preparation or in the preparation suspended in lactic acid solution, BELousov
assumed that the inorganic phosphate occured in the form of tricalcium phos-
phate.
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Apart from the studies made on the cheese extracts and the paracasein-
complex suspensions, a few investigations have been carried out directly on
the cheese serum.

BARTHEL, SANDBERG and HacLUND (1928) developed a method in which the
cheese juice was expelled by applying high pressure to a mixture of the finely
divided cheese and fine sand. They found no difference in the nitrogen content
of portions of the serum successively obtained in the course of pressing the
cheese. They also showed that the cheese serum still contained active rennet

enzyme.

1.2.3, Studies on cheese fuice

SanpBERG, HAGLUND and BARTBEL (1930) used cheese serum to study the
degradation of protein and its relation to the maturity of different types of
cheese after varying periods of ageing. DE VLEESCHAUWER and HEYNDRICKX
(1948) used cheese serum to examine the nitrogen compounds produced in
cheese during ripening.

Neither the hydrogen ion concentration of the cheese nor its salt content were
reported in the two latter investigations and, so far as the present investig-
ation is concerned, little value can be attached therefore to the results.

1.2.4, Effect of acid and salt on the physical properties of cheese

Although much work has been done on the way acid and salt influence the
chemical changes of the calcium-paracaseinate-phosphate-complex, little has
been reported on their effect on the physical properties of paracasein, in spite
of the enormous practical importance.

BoekrouT and O1T DE VRIES (1909) and also vaN Daum (1912) found that
an excess of free lactic acid caused a hard, short and brittle texture in Edam
cheese. RAADSVELD and MULDER (1949, a, b) investigated the effect of tem-
perature, moisture and pH on the chemical, rheological and organoleptic
properties of Edam cheese during its ripening. They reported that the pH
and salt content exercise considerable influence on the rheological properties
of cheese. The elasticity, viscosity and rigidity which increased as ripening
progressed in a cheese were always considerably higher with a higher acidity.
WATSON (1929) studied the relation between the hydrogen-ion concentration
and the texture of Emmenthal cheese. He found that the production of a
desirable soft texture did not necessarily coincide with an increase in water
soluble nitrogen and amino nitrogen. Quite the opposite was in fact the case.
He also obeserved that cheeses with different pH values at the same moisture
content had different texture propertics. He considered it probable that var-
iations in the colloidal structure of the cheese as shown by difference in its
binding of water may exert an important effect upon the texture. WaTsoN
used differences in the freezing points of cheeses containing about the same
amount of moisture as an indication for the differences in the quantity of the
bound water. He also centrifuged ground cheese samples and measured the
liquid expelled. The depression of the freezing point and the quantity of liquid
expelled could give him an idea of the water binding capacity of the cheese.

“WavusHRULN (1953) noted that subjecting the curd to different temperatures
after renneting affects the ability of the cheese produced to bind water ac-
cordingly. He also found that the swelling capacity of protein and especially
the water-binding capacity of the cheese were important factors in the devel-
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opment of the bacterial flora, consistency and flavour during ripening. Cheeses
with similar pH-values and salt content but with a poor ability to bind water
showed serious texture and flavour defects. PEI1IC (1955) measured the swell-
ing capacity of Kachkaval cheese by weighing the samples before and after
24 hours soaking in different concentrations of sodium chloride solutions. He
reported swelling capacities ranging from 3 to 45 per cent and increasing as
ripening advanced. He concluded that the swelling of Kachkaval cheese could
be a useful measure to evaluate the changes in its colloidal properties during
ripening,

1.2.5, Discussion on the literature cited

The survey of literature revealed that the results obtained with both ex-
traction methods and paracasein suspension experiments were far from re-
presenting the actual conditions found in cheese.

In the extraction methods the cheese sample is dituted twentyfive to forty
times. They serve well to study quantitatively the water-soluble products of
protein decomposition during the different stages of cheese-ripening. Where,
however, this method is used to estimate the water-soluble fractions of the
casein, calcium and phosphates in cheese, it must be borne in mind that solu-
ble and dissolved are not the same. The soluble substances as estimated in an
extract are not necessarily present in solution in the cheese. Furthermore,
many secondary or reverse reactions may take place during extraction mainly
as a result of changes in the pH of the extract. This in turn affects the chemical
and colloidal character of the components in the cheese sample.

This applies also to paracasein suspensions where these are used to study the
percentage dissolved of different substances and their relation to the chemical
and physical properties of the cheese.

The calcium-paracasein-calcium-phosphate-complex is the mother sub-
stance in cheese and the changes it undergoes determine many of the charac-
teristics of the finished product. All the experiments described were made on
a few grams of calcium-paracasein-complex suspended in 100 ml of lactic
acid solution. This gives a calcium-paracasein to water ratio of about (1 : 100
to 5:100) while the same ratio in semi-hard cheese is about 1:2.5 and in
hard cheese (Dutch cheese) about 1: 2.

These studies of the paracasein-complex suspensions are certainly of value.
They do not however reflect the actual situation in cheese especially with
regard to consistency and other physical properties. Although it was stated
by some investigators that a decrease in the dissolved paracasein-complex
occured when its concentration was increased, surprisingly enough no experi-
ments were conducted with paracasein-complex at the same concentrations
and under the same conditions as found in cheese.

1.3. SCOPE OF THE PRESENT STUDY

The present work was done taking into consideration the background dis-
cussed in the foregoing section. It is an extension of an unpublished study by
MULDER,

The investigation followed two directions.

I. Experiments were conducted in which the ratio of calcium paracasein-
complex to water was the same as that of cheese. Two ratios were mostly
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used, firstly a ratio of 1:2.5 and secondly a ratio of 1 :2. The former re-
presents semi-hard cheese and the latter represents hard cheese. Since the
data in the literature on the protein, calciurn and inorganic phosphorus dis-
solved in the cheese at different pH values and salt concentrations were in-
complete, it was found necessary to conduct some orientation experiments.
To complete the picture similar experiments were also carried out on soft
cheese.

II. Experiments were designed in which the ratio of paracasein-complex
to water was similar to that reported by van Dam, as well as experiments of
intermediate ratio between that used by vaN Dam and that of hard cheese.
This would illustrate definitely the influence of the different ratios of para-
casein-complex to water on the physical and chemical properties of the para-
casein-complex under similar concentrations of hydrogen ion and salt.

Water is the important dispersing medium in cheese and the extent to
which it is bound influences many of the cheese properties. It was thus decided
to include some experiments on low and moderate concentrations of para-
casein-complex suspensions as well as on reconstituted cheese to determine
its swelling properties. Water binding capacity and the consistency were de-
termined for reconstituted cheese only as this investigation mainly concemed
with these properties under conditions applying to cheese. By using freeze-
dried preparations and choosing appropriate experimental conditions, it might
be possible to obtain comparable results,

Furthermore the quantity of N-substances, calcium and inorganic phos-
phorus dissolved in Edam cheese with and without salt was also estimated.
The determinations were made on the cheese serum obtained by pressing. It
must be borne in mind that the properties of cheese are not exactly identical
with characterisation of paracasein-complex mixtures (reconstituted hard
cheeses), but this study tried to approximate these properties as closely as
possible,

2. MATERIALS AND METHODS

It was not found practicable to use a freshly prepared and washed curd for
all the experiments of the present investigation. The water content of a fresh
curd cannot be rapidly reduced to the level corresponding to those in hard or
semi-hard cheeses. Working with a wet curd also exposes it to a greater risk
of bacterial contamination. Morcover it is difficult to achieve a constant and
evenly distributed moisture content in the curd after pressing. Therefore it was
decided to work with a dry calcium-paracaseinate-calcium phosphate-complex
prepared from a washed rennet curd. This can be used to make up the desired
combinations for reconstituted semi-hard and hard cheeses. In this way
comparable conditions could be obtained for all the different experiments.

2.1. PREPARING THE WASHED RENNET CURD

During the period from January 1960 to September 1961, nine preparations
of calcium-paracaseinate-phosphate-complex were prepared in different
months. For each preparation 80 litres of raw, fresh skim milk were drawn
from the bulk milk supply at the local dairy. This quantity yielded approxim-
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ately two kilograms of freeze-dried product and it was sufficient for at least
one series of experiments. In addition a few wet preparations were prepared
for studies on reconstituted soft cheese,

The skim milk was renneted at 30 °C by adding 40 ml of a commercial
rennet extract (1 : 12000) per 100 litres of skim milk, It was then allowed to
stand for about ten minutes until the casein started to coagulate. The resulting
curd was stirred vigorously for ten minutes to obtain finely divided particles
and to facilitate the separation of the whey. Eighty litres of water at 30 °C
were then added and vigorously stirred for another ten minutes. The curd was
then left to settle and the supernatant lquid was siphoned off. Washing was
repeated three times until the supernatant liquid was clear. Portions of the
precipitated curd were then pressed in a cheese press for about five minutes
to remove as much of the water as possible. The curd was milled, then trans-
ferred to covered stainless steel containers and held at a temperature of
—20 °C.

2.2. DRYING THE WASHED RENNET CURD

Different methods were tried to dry a suitable quantity of the washed rennet
curd,

a. Drying with alcohol and ether. In this method the finely divided curd
was successively mixed with an excess of 55 per cent, 75 per cent and 95 per
_ cent alcohol followed by ether. The cther was then removed by evaporation
in a current of air. This method, although a fine and dry product in sufficient
amount and in a reasonable time was obtained, required large quantities of
alcohol and ether. Furthermore, it involved the risk that a small part of the
casein might be removed in the course of washing with alcohol, Hiep er al.
(1950) reported that y-casein is soluble in 50 per cent alcohol. However, the
danger of removing this fraction is not of great importance because it is rela-
tively very small especially because calcium-paracaseinate-calcium phosphate-
complex was used and not pure paracasein. Drying with alcohol could more-
over alter the physical properties of the calcium paracasein-complex.

b. Drying in a vacuum oven at 58-60 °C for about six hours. This method
vielded best results when using a fine curd obtained by squeezing the curd
through a sieve before drying. It was not suitable for preparing large quanti-
ties. Moreover, it might be possible that the high temperatures involved would
to some extent change the chemical and physical properties of the paracasein-
complex. SCHIPPER (1961) observed a change in the proportion of the calcium
to the inorganic phosphorus present in the complex brought about by raising
the temperature, as a result of the transformation into hydroxy apatite.

¢. By spray drying. In this method a suspension of very fine curd particles
was obtained by using a special mixer *Ultra-Turrax’. This suspension was
spray-dried in a drying tower as used for preparing milk powder. By using
this method, it was possible to obtain a large quantity of a fine powder in a
short time. Its main drawback was, however, that this powder would not
easily wet when mixed with lactic acid solution to prepare reconstituted
cheese and it was difficult to obtain a homogeneous reconstituted cheese
sample.

d. By freeze-drying.

Of the several methods tried freeze dehydration proved to be the most suit-
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able, and all the material used in this study was dried according to this
method. Changes in the chemical and physical properties of the paracasein-
complex caused by applying this method are supposed to be insignificant.

In order to prepare a stock quantity of freeze-dried paracasein-complex,
successive portions of the washed rennet curd previously kept in the deep
freeze were dried by this method. The dried portions were pulverized in a
mortar, passed through a 100-mesh sieve and then thoroughly mixed together.

2.3. PREPARATION OF RECONSTITUTED CHEESE

The experiments were conducted on a caleium paracaseinate-caleium phos-
phate-complex, reconstituted to hold the same amount of water as in cheese.
Semi-hard cheese was represented by adding 100 ml of water acidified with
lactic acid to 50 grams of freeze-dried preparation giving a paracasein-complex
to water ratio of about 1: 2,5 and 100 ml water acidified with lactic acid
added to 60 grams of the preparation gave a ratio of about 1 :2, which is
equivalent to that of normal hard cheese (about the same as in Dutch cheese).
Different salt concentrations about 3, 5 and 7 per cent in the cheese moisture
were obtained by adding 3, 5 and 7 grams of fine pure salt respectively to
each 100 ml solution of lactic acid. The salt was completely dissolved then a
preservative was added and all were mixed well with the dry preparation.
Similar samples without salt were prepared for every series of experiments to
serve as a control. The samples were kept in closed sterilized glassware at
room temperature (about 20 °C) for two weeks or for one month depending
on the experiment.

In addition to the reconstituted cheese, other samples of lower concen-
trations, with two or ten grams of the freeze-dried preparation suspended in
100 ml of water acidified with lactic acid were also used. These were kept in
100 m) stoppered Erlenmeyer flasks, The pH-values were varied by changing the
ratio of water to lactic acid. The proper amount of lactic acid to be added to
distilled water to give the required pH of the suspension, after equilibrium
had been established, was obtained from preliminary tests. The pH-values
used in the different experiments ranged mostly from 4.6 to 6.2, This re-
presents the range of pH-values met during processing and ripening in dif-
ferent types of cheese. In some of the experiments different amount of calcium
chloride solution were added to study its effect on restricting the peptization
of calcium paracasein by sodium chloride. In order to help in establishing the
equilibrium, the suspensions were daily agitated in a mechanical shaker for
three hours, for the first three days. The samples containing 2 g of preparation
were allowed to stand for seven days and those containing 10 g of preparation
were left for 9 to 10 days before analysis. A preservative was always added to
inhibit the growth of micro-organisms which would cause a serious break-
down of the protein. Sirxs (1943) had been found to use thymol in alcohol
as a preservative for this purpose and was applied afterwards by many in-
vestigators.

Preliminary experiments showed 5 per cent thymol in chloroform to be
more convenient to work with as a preservative than toluene. Where an excess
of toluene was used, the enormous increase in viscosity made it difficult to
obtain the cheese juice. 3 ml of 5 per cent thymol in chloroform per 100 ml
diluted lactic acid were quite sufficient. This kept bacterial numbers in the
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suspensions and in the cheese juice to less than 100 bacteria per one ml by
applying the plate count method as described in Ned. Norm. blad, No. V 1507
(1959).

2.4. MEASUREMENT OF CONSISTENCY, WATER BINDING CAPACITY AND
SWELLING OF THE RECONSTITUTED CHEESE

A simple penetrometer with 0.01 mm units was used to measure the effect
of different factors on the consistency of the reconsituted cheese samples. It
consists of a dial micrometer gauge combined with a cone tipped cylinder
(plate 1). The penetrometer needle was adjusted so that its tip touched the
surface of the sample; then it was released to penetrate into the reconstituted
cheese sample for five minutes and the reading was recorded. A weight of
10 g was then added and left for another five minutes and the new reading
recorded. This simple method provided comparable values for the ‘consist-
ency’ of different reconstituted cheese samples. The penetrometer readings
do not directly measure the factors determining the consistency of cheese but
they related to them and they offer a convenient numerical means of com-
parison.

The swelling and the water binding capacity of the reconstituted cheese were
measured by transferring the whole sample to a weighed centrifuge tube and
centrifuging it at 5,000 rev/min for 20 minutes. The supernatant fluid was
then guickly decanted into a graduated cylinder and the volume of the so-
lution expelled measured.

The volume of the supematant liguid was noticed to decrease gradually
if left on the surface of the sample after centrifuging. This could be due to
the elastic properties of the paracasein particles. The degree of swelling was
expressed as the percentage of the increase in weight of the freeze-dried prep-
aration originally used. This can be calculated from the weight of the recon-
stituted cheese after centrifuging and decanting.

2.5, PREPARING THE SAMPLES FOR ANALYSIS

1. In case of suspensions of 2 and 10 g paracasein-complex in 100 ml
solution, the samples were first centrifuged at 5,000 rev/min for 20 minutes
to measure the swelling if necessary. The supematant liquid was filtered. If
the filtrate was not clear, it was centrifuged once more at 15,000 rev/min
for 20 min to remove any undissolved material which might have remained
in suspensions at the lower centrifugal speed.

2. In case of reconstituted semi-hard or hard cheese, the cheese juice was
collected by a method similar to that described by BarTHEL, SANDBERG and
HacLunD (1928) and STADHOUDERS and MuLDpeR (1957). The cheese was
mixed with sand and pressed. The cheese juice was then centrifuged and fil-
tered in the same manner as described above.

Ultrafiltration

Some experiments were carried out with ultrafiltration to estimate the cal-
cium and inorganic phosphorus in the protein-free solution obtained from the
reconstituted cheese. At first the ultrafiltrate was obtained by means of a
small apparatus (maximum capacity 10 ml) using a collodion membrane. The
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apparatus was connected to a cylinder containing compressed nitrogen. In
order to test the membrane for consistent filtration, 10 ml cheese serum was
put in the apparatus and then a steady pressure of 3 kg/cm? applied. The
ultrafiltrate was collected in five separate successive samples each of about
2 ml. The calciom and the inorganic phosphorus contents of each sampie
were determined and compared with that of the original serum. Table I shows

TaeLE 1. The concentration of Ca and inorg.P in the cheese-serum (pH 4.8) and in 2 ml
successive portions of the ultrafiltrate ‘collodion membrane’.

% Ca % Inorg. P
Originalsample . . . . . . . . ... .. 0.86 0.094
1st portion of ultrafiltrate . . . . . . . . - 0.028
2nd portion of ultrafiltrate . . . . . . . . 0.69 0.068
3rd portion of ultrafitrate . . . . . . . . 0.87 0.094
4th portion of ultrafiltrate . . . . . . . . 0.85 0.096
5th portion of ultrafilirate . . . . . . . . 0.84 0.090

that the calcium and inorganic phosphorus values for the first two portions
are smaller than in the third and fourth portions of the ultrafiltrate. This
might be due to an initial absorption or retention of the calcium and inorganic
phosphorus on the collodion membrane. It could also be caused by dilution
with water retained in the small pores of the membrane after it was washed
with distilled water, even with the two surfaces of the membrane dried before
use. Therefore, the first 4 or 5 ml have to be discarded in order to obtain
reliable results. It is worth mentioning that the difference in the composition
of the last three portions and of the original cheese serum was insignificant,
This apparatus has the following disadvantages.

1. Limited capacity and slow filtering speed.

2. Insufficient serum for a complete analysis especially at low hydrogen ion
concentration when the soluble calcium and inorganic phosphorus are low.

Another apparatus for ultrafiltration was tried in which a cellophane tube
was used. The apparatus and the method are those described by Kooprs
(1957). A similar test on the cellophane membrane for consistent filtration
was made on 5 ml portions of scrum samples at intervals during filtration.

The analytical results were compared with those of the original sample.
Table II shows that the values for the calcium and inorganic phosphorus

TarrLe II. The concentration of Ca and inorg.P in the cheese-serum (pH 5.5) and in 5 ml
successive portions of the ultrafiltrate ‘cellophane membrane’.

% Ca % Inorg.P
Cheese serum (after centrif. 15,000 rev./min) 0.255 0.080
1st portion (5 ml) ultrafiltrate. . . . . . . - -
2nd portion (5 ml) ultrafiltrate. . . . . . . 0.212 0.071
3rd portion (5 mi) ultrafiltrate . . . . . . . 0.218 0.073
4th portion (5 ml) ultrafiltrate. . . . . . . 0.217 0.072

obtained from the third and fourth portions are nearly the same. These results
indicate that first 10 ml should be discarded before collecting a sample for
analytical purposes (in this experiment a cellophane tube of about 80 ml
capacity was used). The difference between the composition of cheese serum
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and that of the ultrafiltrate, after eliminating the first 10 ml, was relatively
small. This indicates that high speed centrifuging (15,000 rev/min for 20 min)
almost completely removes the colloidal particles containing calcium phos-
phate.

2.6. EDAM CHEESE

For purpose of comparison a few experiments were also made on Edam
cheese. The cheese was made of standardized raw milk and was manufac-
tured and brined in the normal way in the laboratory by MR E. DE VRIES.
In order to obtain a number of cheeses with a high salt content, they were
kept for 24 hours longer in the brine (19 per cent salt) than usual. In every
experiment unsalted cheese made from the same batch of milk served as a
control. The serum of the Edam cheese was collected in the same manner as
in reconstituted cheese. A pressure of 40,000 pounds per square inch, applied
with a hydraulic press, was necessary to obtain the cheese juice for samples
kept for one month or longer. It was always more difficult to obtain the cheese
juice from samples containing no salt than those containing salt. It was im-
possible to collect any juice from unsalted cheese at an age of two months.
The cheese juice was centrifuged at 15,000 rev/min for 20 minutes and fil-
tered to obtain a clear serum.

2.7. ANALYTICAL METHODS

The pH of the cheese serum was measured with a glass electrode. The
moisture content of the freeze-dried preparation was determined by drying
about 5 g at 104 °C in a vacuum oven until constant weight was reached. In the
case of Edam cheese, about 5 g of cheese were mixed well with dry sand and
dried at 100 °C until constant weight,

Total nitrogen

a, The values of the T.N. in the dry preparations were obtained by the
Kjeldahl method as mentioned in (Ned. Norm. blad, Nov. 1961) using a sul-
phuric acid and phosphoric acid mixture for the digestion, with mercury as
catalyst.

b. In the cheese serum or paracasein suspensions, the total nitrogen was
estimated by the micro-Kjeldahl method (sulphuric acid, mercury, potassium
sulphate and titrated with 0.01 N- HC1).

Calcium andinorganic phosphorus

a. In the dry preparation, 0.3 g preparation was dissolved in 10 ml of 5 per
cent ammonia solution and continually stirred on a hot plate until the prepa-
ration was completely dispersed. It was then cooled and transferred to a 50 ml
volumetric flask and the protein precipitated with 15 per cent trichloroacetic
acid solution. The calcium and inorganic prosphorus were estimated on the
clear filtrate,

b. In the cheese serum or paracasein-complex suspensions, a suitable ali-
quot of the filtrate depending upon the concentration of calcium and inorganic
phosporus was weighed in a 25 ml volumetric flask. The protein was precipi-
tated in the same manner as described before.
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Calcium was determined by the ‘complexon’ method which is used in this
laboratory and was described by van DER Have (1954) and the inorganic
phosphorus colorimetrically with the method described by ScHEEL (1936).

In the determination of the inorganic phosphorus in the reconstituted cheese
and also in Edam cheese samples, the solution (TCA serum) was found to
turn turbid with the addition of the ammonium molybdate solution. This made
it impossible to estimate the phosphorus colorimetrically. It was established
that neither the sodium chloride (with the maximum concentration used) nor
any silicates which might have originated from the sand used when pressing,
caused this turbidity or affected colour development. A similar turbidity was
also noted by FiskE and SusBaROW (1925). They ascribed it to traces of
protein present in the solution and recommended reprecipitation of the pro-
tein substances with trichloroacetic acid. They also reported that turbidity,
not due to proteins, could possibly be caused by substances having a very low
phosphate content.

Reprecipitation of the proteins with 15 per cent TCA (end concentration)
did not succeed in getting rid of the turbidity described in the present in-
vestigation. This seems to be due to nitrogenous substances (peptides) soluble
in 12 per cent TCA, which are always present as a degradation product of
the paracasein. It was possible to overcome this difficulty by adding 2 ml of
standard solution of monobasic potassium phosphate, containing 100 v phos-
phorus to one or two ml of TCA filtrate of the sample (depending upon its
inorganic phosphorus content) to give the best colerimetric reading on the Kipp
colorimeter. This is usually between extinction readings of 0.200 and 0.400.
This kept the quantity of the sample to a minimum and increased at the same
time the level of its phosphorus content to an ideal concentration for colori-
metric determination.

Sodium was determined in the cheese serum with the flame photometer
using the method described by vaN pEr HaVE and MULDER (1857).

Eactose was estimated by the colorimetric method published by BARNETT
and Tawag (1957). The concentration of the phenol solution used was how-
ever slightly modified. The six drops of 80 per cent solution were replaced by
one ml of 5 per cent phenol solution.

Lactic acid was estimated by the colorimetric method of Davipson (1949).

2.8. PAPER ELECTROPHORESIS

Electrophoresis was performed with barbital buffer of 0.05 ionic strenght
at pH of 8.6 at about 10 °C and using Whatman No. 1 paper. The apparatus
used in this investigation was the same as that employed by KamPEN and
ZonNpaG {1955). In all the experiments with casein and paracasein-phosphate-
complex an electrical current of about 0.4 ma/cm, over a period of 4 hr. was
used. In all experiments with cheese serum a similar current was used for 16
hours. Usually 0.02 ml of cheese serum or 5 per cent solution of paracasein-
complex or 4 per cent casein in 1 N ammonia was applied to the apex of the
paper. Staining was done with Bromophenol blue according to the method
published by Durreum (1950). This gave better results than azocarmine B,
recommended by KAMPEN and ZoNDAG (1955).
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3. RESULTS AND DISCUSSIONS

3.1. CoMPOSITION OF THE CALCIUM-PARACASEINATE-CALCIUM
PHOSPHATE-COMPLEX

3.1.1. Prepared from fresh milk

Table III-A shows the composition of a number of preparations obtained
at different months from January 1960 to September 1961. The figures ob-

TasLE III. Composition of calcium-paracaseinate-calcium-phosphate-complex.

Percentage in dry matter Calcium bound to casein
Total Ca | g equiv. Cafg| expressed as
g equiv.jg ca- | casein x 10751 55 of T. Ca,
T.N. | Caseinl Ca I'ﬂfl))l'g- sein x 10— | if Mol Ca:P | if Mo}éCa:P
is i
14 | 15 | 14| L5
A,
January 60 | 13.80 | 87.91 | 2,99 | 0.98 170 69 62 | 40.8 | 36.5
February 60 | 1400 | 89.18 | 2.97 | 1.00 166 65 58 390 | 34.7
March 60 | 14.10 | 8982 | 298 | 1.04 166 61 53 36.8 | 32.3
April 60 | 14.10 | 89.82 | 3,22 | 1,10 179 68 60 38.1 | 337
July * 60 | 14.24 19071 | 3.00 | 0.93 165 72 66 439 399
December ‘60 | 14.10 | 89.82 | 298 | 1.07 166 58 50 350 304
February 61 | 14.26 | 90.84 | 299 | 097 164 68 60 41.3 | 37.1
May 61 | 13.88 | 88.42 | 3.11 | 1.04 176 69 62 39.5 | 35.1
September ‘61 | 14.09 | 89.75 | 3.04 | 1.10 169 58 50 34,5 | 29.8
|
Average 14.06 | 89.59 | 3.03 | 1026 169 65 58 388 | 34
BeLousov (1959) | 13.20 | 84.08 | 2,71 | 0.90 160 — 57 — | 357
B.
MayI (pH6.6)| 13.88 | 8842, 3.11 1.03 176 70 63 40,0 | 35.8
May Il (pH 6.5)| 13.90 | 88.54 | 3.09 | 1.00 174 72 65 414 | 37.2
May TII (pH 6.3) | 13.87 | 88.35 | 2.84 | 0.95 160 63 | 56 | 394 35.1
C.
July 61 | 13.41 | 8542 | 2.87 | 1.03 168 — e — -—
August 6l | 13.61 ; 86.70 | 2.78 | 097 160 — —_ — —
Average . . 13.51 | 86.06 | 2.83 | 1.00 164 — — — —

A. All preparations were made from fresh skim milk.

B. Preparations May II and May ITI were prepared from milk to which lactic acid was added.
C. Samples from Edam cheese before brining. All percentages are in fat free dry matter.

* The skim milk was treated with 0,05 %, H,;0Q, before renneting,

tained for nitrogen, total calcium and inorganic phosphorus vary mostly no
more than 5 per cent from the mean values obtained for these respective con-
stituents. Treating the milk with hydrogen peroxide did not seem to affect
significantly the composition of the paracasein-complex. The table also shows
that the values for the total calcium ranged from a minimum of 1653 10-5 to
a maximum of 179X 10-5 g-equivalent calcium per g casein with an average of
169X 10-5 g-equiv/g casein. In general these values were a little higher than
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the corresponding values reported by BeLousov (1959). The latter ranged from
1493105 to 178 x 10-5 with an average of 160 10-% g-equiv. calcium per g
casein.

The molecular ratio of calcium to inorganic phosphorus of the complex in
milk is 1.4 as determined by MULDER and ScHIPPER (1959) and SCHIPPER
{1961). Using this ratio, to calculate the calcium bound {0 paracasein the
average value for the bound calcium expressed as a percentage of the total
calcium was 38.8, with a maximum of 43.9 and a minimum of 34.5. In
general this range agreed with that found by SchippEr (1961). When the
ratio 1.5 as reported by BELoUsov (1959) was used, the average values for
the gram equivalent calcium per gram paracasein were the same as those
obtained by BELOUSOV.

3.1.2. Prepared from milk treated with lactic acid

The rennet curds used in the present investigation were prepared for the
greater part from raw fresh skim milk. A few other preparations resembling
those kinds of hard cheeses, as the English ones, where the milk is ripened
before renneting were prepared. This ripening considerably decreases the pH
of milk before renneting. In Dutch cheeses the decrease in the pH of the milk
before renneting is usvally negligible. The raw skim milk used in May 1961,
was divided into three portions. The first with a pH-value of 6.6 was prepared
as usual to represent the fresh milk. The second was acidified with an appro-
priate quantity of lactic acid to a pH of 6.5, while in the third portion the
pH was decreased to 6.3 before adding the rennet. The latter value would
represent the highest acidity met in the milk used for cheese manufacture.

The composition of these threec different preparations (from the same
sample of milk) is shown in Table ITI-B. The figures indicate that the slight
decreases in milk pH had little effect on the composition of the resultant
paracasein-complex.

There was a little less calcium bound to the paracasein (63 X 10-5 g equiv/g
casein) in preparation May I1I than in preparation May I (70105 g equiv/g
casein), if it is considered that the calcium phosphate becomes more soluble
as a result of the decrease in the pH, as reported by ScuiPPER. When the
molar ratio of Ca:P of 1.35 as reported by ScHipPER for the calcium phos-
phate at pH 6.3 was applied to calculate the calcium bound to paracasein a
figure of 67 % 10-5 g equiv/g paracasein was obtained. On this basis the value
for the protein bound calcium expressed as percentage of the total calcium
comes to 41.6 per cent of the total calcium instead of 39.4 as reported in Table
IIT B. This further supports that the changes in the composition of the complex
are very small.

3.1.3. Paracasein-complex as present in green Edam cheese

The composition of freeze-dried preparations was also compared with that
of green Edam cheese, i.e., after pressing but before brining. This cheese was
manufactured in the standard way from two different milk samples. The re-
sults shown in Table III C give an indication of the general composition of
the cheese and provide a basis for comparison. The values were not corrected
for the whey solids retained in the cheese, the correction would give a slight
increase in all the values listed. The values obtained for the total nitrogen,
total calcium and inorganic phosphorus, calculated on a fat free dry matter
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basis, compared well with those found for the different curd preparations.
They differed only in a slight decrease in the total nitrogen and total calcium.
This decrease would probably be due to the removal of a small part of the
dissolved calcium and paracasein with the whey during the processing of the
cheese. The figures for the total calcium expressed in g/equiv/g paracasein
of the Edam cheese were of the same order as those obtained for the different
preparations. At the same time the correct value for the calcinm bound to
the paracasein could not be calculated, with the much lower pH value as (5.1)
where the paracasein-complex was separated from the cheese after pressing.
For this calculation BELOUSOV assumed erroneously that the calcium was in
the form of tricalcium phosphate. SCHIPPER showed in this connection that
with a decreasing pH the composition of the calcinm phosphate is gradually
changed and a secondary calcium phosphate formed at a pH of about 5.7.

The results shown in Table III can be summarized as follows:

1. The composition of the calcium-paracaseinate-calcium phosphate-com-
plex prepared from cows bulk skim milk was nearly constant during the period
of the investigation. The figures compare well with those reported by other
investigators for preparations prepared in the same manner.

2. A small decrease in pH of milk before renneting dogs not effect the com-
position of the paracaseinate-complex to any important degree.

3.2. THE EFFECT OF LACTIC ACID AND SALT ON THE COMPOSITION OF
RECONSTITUTED CHEESE (ORIENTATION EXPERIMENTS)

For this series of experiments the freeze-dried paracasein-complex was
mixed with water, lactic acid and salt to give a reconstituted cheese similar in
composition to semi-hard or hard cheese. The reconstituted cheese was left
for two weeks.

The juice was obtained from the mixtures by pressing after mixing with
sand. After centrifuging, the juice was passed through a filter paper. In the
filtrate (serum) total nitrogen, calcium and inorganic phosphorus were de-
termined.

3.2.1. Dissolved nitrogen substances

The values for total nitrogen in table IV and V and figures 1 and 2 show
that a relatively small proportion of the paracasein-complex was dissolved. In
unsalted mixtures this came to between 4 and 5 per cent of the total nitrogen
substances present. About one third of these nitrogen substances could not
be precipitated by a 12 per cent solution of trichloroacetic acid and therefore
were not protein, They always showed a positive reaction to the biuret test,
indicating they were peptides, most probably formed by the action of enzymes
from the milk and rennet on the paracasein. This will be discussed further in
section (3.3). With one-third of the soluble nitrogen substances produced by
enzyme activity, one can conclude that no more than 3 per cent at most of the
nitrogen of the casein went into solution.

Adding 3 to 5 per cent sodium chloride in the cheese serum increased the
quantity of the total nitrogen dissolved. This rose to between 6 and 9 per cent
in the pH range of 5.3 to 5.6. About one-fourth of the nitrogen in the serum
was non protein nitrogen (NPN). When substracting the NPN, the dissolved
paracasein nitrogen amounted to about 5 to 7 per cent.
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TabLe IV. The effect of acid and salt on reconstituted {A) semi-hard and (B} hard cheese
(preparation April *60). Orientation experiments.

% Saltin | Lactic acid Lo the cheese serum e ot e
cheese 10% added
serum ml pH T.N. | N.P.N. Ca Inorg.P| Na TN, Ca |Inorg. P
% % Y% % %

A, 0.0 5.0 586 | 0.26 | 0.10 | 0,141 | 0.017 - 4.1 9.6 35
8.0 570 | 020 | 0,08 0192|0018 - 3,1 13.1 38

14.0 550 | 025 | 0.10 | 0327 | 0.018 - 39 222 38

18.0 540 | 0.28 | 0.10 | 0423 | 0.021 - 44 28.8 4.4

240 512 | 0.24 | 0.10 | 0.559 | 0.032 - 38 38.0 6.7

325 484 | 0.16 | 0.09 | 0.742 | 0.055 - 2.5 504 | 11.5

3.0 5.6 596 | 042 | 0.21 | 0.148 1 0.018 | 0.999 | 6.6 10.1 3.8
9.0 573 1 036 | 012 | 0205 0,024 | 1.001 | 5.7 139 5.0

15.0 547 | 0.48 | 0.12 | 0.321 | 0.024 | 0.995 | 7.6 21.8 50

19.0 534 | 047 | 0.2 |0.383 | 0.027 | 0.997 } 7.4 26.1 5.6

25.0 513 | 040 | 012 | 0.491 | 0.039 | 0997 | 6.3 334 8.1

33.0 486 | 0.20 | 0.09 | 0.615 | 0.056 | 1.008 [ 3.1 41.8 | 1.7

5.0 6.0 592 | 036 | 0.16 | 0.156 | 0.021 | 1.71 5.7 10.6 4.4
10.0 566 | 032 | 013 |0.212 | 0.029 | 1.60 50 144 6.0

16.0 546 | 0.56 [ 0.10 | 0.325 | 0.026 | 1.82 8.8 221 54

20.0 520 | 032 | 0.09 | 0.405 | 0.030 | 1.83 50 27.6 6.3

-26.0 500 | 0.29 | 0.09 | 0.520 | 0.044 | 1,71 4.6 354 92

340 476 | 0.18 | 0.07 | 0.609 | 0.061 | 1.64 2.8 414 | 127

B. 0.0 3.6 6.08 | 026 | 0.13 [ 0.096 { 0.011 - 34 5.4 1.9
10,0 572 | 023 | ¢.10 | 0.223 | 0.017 - 3.0 12.6 3.0

16.0 5.50 | 0.28 | 0.10 | 0.359 | 0.0l6 - 17 20.4 2.8

20.0 540 | 034 | 0.10 | 0.450 | 0.012 - 4.5 25.5 2.1

24.0 522 | 032 | 0.10 | 0.540 | 0.025 - 4.2 30.6 4.3

29.0 506 | 030 | 0.059 | 0.660 | 0.032 - 3.9 374 5.6

36.0 490 | 0.22 | 0.10 | 0.800 | 0.044 - 29 454 7.6

42,0 472 | 0.18 | 0.09 | 0.910 | 0.069 - 24 51.6 | 120

3.0 4.0 6.00 | 0.30 - 0.143 | 0.016 | 1.08 39 8.1 2.8
8.0 5.88 - - 0.185 | 0.024 | 1.06 - 10.5 4.2

11.0 572 | 038 | 0.15 |0.221 | 0.030 | 1.00 5.0 12,5 5.2

14.0 5.65 | 040 | 0.12 10.256 | 0.024 | 1.01 52 14.5 4.2

17.0 5.52 | 0.51 | 0.11 | 0.337 | 0.024 | 1.03 6.7 19.1 42

21.0 540 | 0.52 | 0.12 | 0.352 { 0.025 | 1.05 6.8 200 4.3

26,0 522 | 037 - 0.500 1 0.034 ; 1.02 4.9 283 5.9

320 5.10 | 0.28 | 0.10 | 0.610 | 0.038 - 37 346 6.6

38.0 4.82 | 0.17 | 0.09 | 0.770 | 0.049 | 1.02 22 43.7 8.5

50 5.0 590 | 0.32 | 015 | 0.157 | 0.022 | 1.63 4.2 8.9 38
2.0 580 | 027 | 012 | 0.179 { 0.027 | 1.82 3.5 10.1 4.7

120 564 | 0.23 | 010 | 0.216 | 0,028 | 1.72 3.0 12.2 4.9

15.0 554 | 0.34 | 010 | 0.284 | 0.026 | 1.70 4.5 16.1 4.5

18.0 54.0 | 0.57 | 0.10 | 0.363 | 0.026 | 1,70 15 20.6 4.5

22.0 530 | 0.39 | 0.09 :0.404 | 0.030 ; 1.86 5.1 229 5.2

27.0 51.5 | 032 | 0.09 | 0.471 | 0.037 | 1.69 42 26.7 6.4

330 498 { 0.27 | 0.08 | 0.608 | 0.048 | 1,68 3.5 3435 8.3

420 478 | 0.11 | 0.05 | 0.760 | 0.061 - 1.4 43.1 | 10.6
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FiG. 2. Effect of pH and salt on the T.N. dissolved in reconstituted semi-hard

cheese (orientation exp.) — July. 1960 material.
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TasLe V. The effect of acid and salt on reconstituted semi-hard cheese (preparation july* *60).
Orientation experiments.

issolv
2/ Salt in Lactic In the cheese serum Pe;‘igethn;atg; :1'3;; p_Ed
Cheese aﬁﬁd éﬂ% T.N Ca |Inorg.P| Na
serum added ml. P .
pH o o o o T.N. | Ca |Inorg.P
No salt 4.8 5.96 | 0.234 | 0.128 [ 0.016 - 3.55 9.1 3.6
8.0 5.68 | 0.200 | 0.181 | 0.023 - 303 | 129 5.1
14.0 5.50 | 0.266 ; 0.329 | 0.021 - 404 | 23.5 4.7
18.0 5.36 | 0.320 | 0.395 | 0.021 - 486 | 28.2 4.7
24.0 5.15 [ 0.268 | 0.550 | 0,031 - 405 | 39.3 6.9
32.0 4.92 | 0.217 | 0.6% | 0.049 - 3.29 | 497 | 109
32, salt 5.0 5.94 | 0.382 | 0.139 | 0022 | 0.978 | 5.80 9.9 4.9
8.6 570 10338 | 0.189 | 0.035 | 0998 | 5.13 | 135 7.8
14.6 548 | 0408 | 0,302 | 0.026 | 0990 | 6,19 | 216 5.8
18.6 537 | 0.470 | 0.403 | 0.032 - 7.13 | 288 7.1
26.0 5.10 - [0496 | 0046 0977 - 354 | 102
350 4.80 | 0.227 | 0.644 | 0.070 | 1.022 | 344 ; 460 | 15.6
5% salt 5.2 594 10337 | 0.144 | 0022 | 1479 | 5.11 | 103 4.9
9.0 5.70 1 0.267 | 0.196 | 0.034 1528 | 4.05 | 14.0 7.6
15.0 542 |1 0433 | 0.289 | 0.029 | 1468 | 6.57 | 20.6 6.4
19.0 5.30 | 0.380 | 0.358 | 0.032 | L512| 5,77 | 256 7.1
27.0 514 | 0.297 | 0492 | 0.049 | 1,582 | 4.51 | 351 10.9
36.0 4,84 | 0.156 | 0.599 | 0.072 | 1.527 | 2,37 | 428 | 160
7%, salt 5.6 5.88 | 0.221 [ 0.155 | 0.025 | 2078 | 3.35 | 111 5.6
10.0 5.60 | 0.215 10207 | 0.036 | 2.055 | 3.26 | 148 8.0
16.0 540 | 0.227 | 0.305 | 0.032 | 2,086 | 3.44 | 21.8 7.1
20.0 524 |1 0.230 | 0.375 | 0.037 | 2.035 | 349 | 268 8.2
28.0 510 [ 0.225 [ 0.443 | 0.044 | 2.178 | 341 | 316 9.9
38.0 470 | 0.108 | 0.633 | 0.090 | 2.026 | i.64 | 452 | 200

* The milk used for this preparation was treated with 0,05 % H,O, before renneting.

The high ratio of NPN would be due to enzymatic reaction during the two
weeks adjusting period. In later experiments (on reconstituted soft cheese)
using ‘Ultra-Turrax’ to come to an equilibrium much more rapidly, the NPN
content amounted only to about 4 per cent of the total dissolved nitrogen as
will be shown in Table XXVII.

The effect of hydrogen ion concentration on unsalted samples was very
small, both for the reconstituted semi-hard and hard cheeses especially after
discounting the protein degradation products resulting from enzyme action.
The peptizing effect of sodium chloride on the paracasein-complex (in recomn-
stituted cheese) was much smaller than could be expected. The literature
gives the impressions that the salt has an important effect (values of 80 per
cent or even more were reported).

The maximum peptization was obtained when using a salt concentration
between 3 and 5 per cent within a pH range of 5.3 and 5.6. At pH about 5 or
lower, the salt had only a very small effect on the amount of nitrogen dis-
solved. This could be explained by the high calcium level in the serum at such
low pH values.

The lower values for dissolved nitrogen in the samples with 7 per cent salt
than in the unsalted ones might be due to a salting out effect.
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3.2.2. DISSOLVED INORGANIC PHOSPHORUS

The results in Tables IV and V and in Figure 3 show that with a decreas-
ing pH increasing quantities of inorganic phosphorus are found in the sernm
of the cheese. Adding salt raises the percentage of dissolved inorganic phos-
phorus. The increase was obvious between pH 5.3 and 6. The increase in in-
organic phosphorus in the serum with more salt might be due to an exchange
of sodium ions of the salt with calcium of the phosphate. MULDER and ScH1p-
PER (1959) have proved such an exchange possible. The figures in the same
tables also show that the proportion of inorganic phosphorus dissolved was
generally small. At pH 4.9 only about 10 per cent of the inorganic phosphorus
in the preparation was dissolved in the absence of salt. This quantity increased
to about 15 per cent when salt was added. Unfortunately the literature gives
no comparable figures either for the concentration of phosphorus in the serum
or for the percentage dissolved of the total amount in different kinds of
cheese. Other investigators found much higher values for soluble inorganic
phosphorus either in cheese or in paracasein-complex suspensions. However,
they used much more diluted mixtures in which the ratio of cheese or para-
casein-complex to water ranged from 1:40 to 1:20 against ! :2 for the
present experiments and in hard cheese. Therefore, it is not fair to compare
the figures obtained in the present investigation with those reported by van
SLYKE and BosworTH (1907) who found that all the phosphate was in the
extract of Cheddar cheese (5 g cheese in 100 ml water). In case of paracasein-
complex suspensions (5 g/100 ml) BeELousov (1959) reported that all the
calcium phosphate was in solution at pH 4.8.

Salt formation of the dissolved inorganic phosphorus with the paracasein-
complex at pH lower than, or near its isoelectric point, would explain its re-
latively low levels in the serum at pH values lower than 5. The paracasein
and the phosphorus ion would be capable of forming salt linkages over a wide
zone of pH values. These extend across the isoelectric point according to
Lrovep and SHORE (1938). At higher pH-values the phosphorus and the
calcium in the cheese serum might probably form poorly soluble calcium
phosphate with a ratio of Ca : P depending upon the pH of the solution. This
mechanism would partially explain the relatively small amounts of inorganic
phosphorus as well as of calcium in the cheese serum at pH-values higher
than 5.

3.2.3. DISSOLVED CALCIUM

The results in Tables IV and V and in Figure 4 show that with decreas-
ing pH values an increasing quantity of calcium dissolves. This increase is
small between pH 5.7 and 6 while it becomes markedly larger at pH lower
than 5.7. BELousov (1959) supposed that it was chiefly the calcium of the
phosphate which dissolved at pH-values above 5.3, while the calcium bound
to the paracasein dissolved in a more acid medium. The explanation of BE-
Lousov is not soundly based. There is no reason at all to suppose that the
paracasein looses no calcium at pH higher than 5.3. ScuipPer (1961) proved
in this laboratory that at pH 6 or even higher, the calcium could separate
from both the casein and the phosphate components of the complex.

The trend of the curves representing the dissolving calcium was the same
in both reconstituied semi-hard and hard cheeses made from two different
preparations. Almost constant values of dissolved calcium were obtained in
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different samples at the same pH and salt concentration. At pH 6 always less
than 10 per cent of the total calcium dissolved, while at pH 5.5 about 20 per
cent were dissolved in the samples each with and without salt. At pH 5, how-
ever, about 35 per cent of the total calcium dissolved in samples having 5 per
cent salt and about 40 to 45 per cent in samples without salt. It was interest-
ing to observe that between pH 5.7 and 6 the samples with 3 and 5 per cent
salt contained more calcium in their serum than those without any sait, while
at pH-values below 5.7 the calcium in solution decreased when higher quan-
tities of salt were added. The lower the pH value the greater was the difference
between unsalted and salted samples. The higher level of calcium in the serum
from salted samples than in unsalted ones at pH values higher than 5.7 might
be explained to be due to an exchange of sodium of the salt with calcium of
the paracasein-complex. This exchange can take place with both the calcium
of the paracasein as well as of the phosphate (MULDER and SCHIPPER, 1959).
While it is difficult to explain why the opposite occurs at lower pH-values, This
aspect will be discussed in more detail at the end of this section (3.2.).

There are no data available in the literature on the concentration of the
calcium in cheese serum or on the percentage dissolved of the total calcium
in cheese. All the data are either for dilute cheese extracts or for dilute para-
casein-complex suspensions. In Cheddar cheese, vaN SLYKE and BoswoRTH
{1907) found 80 per cent of the total calcium in the dilute cheese extract. In
soft cheese, NaupTs and DE VLEESCHAUWER (1959) reported more than 90
per cent of the total calcium in soluble form (in the diluted cheese extract).
Their results say little about the condition of the calcium in cheese under
actual conditions. It is worth mentioning here that BELousov (1959} reported
the calcium content of the paracasein-complex in suspensions (5 g in 100 ml
water acidified with lactic acid) to be lower than that of green Edam cheese
at similar pH-values. He attributed this to the fact that the different con-
stituents of the cheese had not yet reached an equilibrium (with the lactic
acid), while this was the case with the paracasein suspensions which had been
left for two weeks. He did not consider the possibility that this difference
could be due to a different paracasein-complex to water ratio in both cases.

The relativeley small quantity of the calcium found in the serum of recon-
stituted cheese with pH-values higher than 5 could be explained as due to the
fact that some of the soluble calcium recombines with some of the soluble
inorganic phosphorus to form calcium phosphate in which the ratio of Ca: P
depends upon the pH value of the solution. The relatively small quantity of
the calcium that has dissolved at pH lower than 5 (near the isoelectric point
of paracasein) would suggest that either the paracasein-complex at such a low
pH was still combined with calcium in the form of e.g. primary and secondary
phosphates and was not entirely free of calcium as it was sometimes consid-
ered. It could also be that most of the calcium bound to the paracasein-com-
plex goes into solution then to be reprecipitated due to the saturation of the
solution in the form of some other less soluble calcium salt. Perhaps both may
possibly exist.

From the data in Tables IV and V concerning the quantity of lactic acid
added and the concentration of calcium in the cheese serum, it was possible
to calculate that at pH 4.9 about 5.5 g calcium lactate having five molecules
water of crystallization combined with the lactic acid present. In this case the
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