


THEOREMS

I

The cheese extracting methods of van SLyke and BoswortH (1907) as
well as the one of SIrks (1943) used for studying the degradation of protein
during the ripening of cheese are not correct.

It

The conclusion of vaN DaM that 5 per cent salt in cheese serum is neces-
sary to make a cheese soft and mellow has no sound experimental basis.
Mulder and Monib (1962} XVIth Int. Dairy Congr. IV, 539

111

In warm-climate countries the sterilization of milk at ultra-high tempera-'
tures is to be preferred to pasteurization.

v

The fat and protein percentages are not the only factors responsible for the
inferior quality of hard cheeses made from buffaloes milk. The part played
by the paracasein-complex should also be investigated.

\'

To completely utilize the whey it is recommended to salt the curd and not
the milk in manufacturing Egyptian ‘white’ soft cheese. Further information
should be collected on the effect of such treatment.

VI

Preparing the milk and its by-products in various palatable forms is essen~
tial to promote the habit of drinking milk and milk by-products.

vl

There is no objection from a nutritional point of view to standardize pas-
teurized milk to contain 2 or 3 per cent fat.

VIII

Encouraging the development of agricultural co-operative societies is the
best policy for improving agricultural production in Egypt.

IX

Friesian cows are more suitable than many other foreign breeds as well as

native cows in Egypt.
El-Itriby and Asker — Empire J. of Exp. Agr. 26 (1958) 314

X

In order to increase milk production in Egypt, the dairy cattle should
mainly consist of Friesian cows and selected buffaloes.

A. M. M. F, Monis
Wageningen, december 1962
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1. GENERAL OUTLINE

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 calcivm 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 usuvally 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 cither
by mixing the salt with the curd before pressing, by soaking 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 finished 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
proteoses, 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 vaAN SLYKE and Bos-
wORTH (1907) had examined this aspect in Cheddar cheese as early as the
beginning of this century. Few years later va~y 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 different 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 BoswoktH (1907)
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developed an extraction method, using 25 grams of cheese and extracting
with water warmed to §5 °C until the extract amounted to one litre. The
water soluble nitrogen was determined in the {iltrate 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 cheese, vAN SLYXE and Boswortn (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. :

Sirxs (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,

NaupTs and DE VLEESCHAUWER (1959) studied the retention of caleium 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
extract.

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 § 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-
tually 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 checsemaking and curing.

ORLA-JENSEN, MEYER and ORLA-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 when 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 sodium iodide at different pH values in order to study
the effect of different sodium halogens on the solubility of cascin and para-
casein-complex. They found that these salts differed in the degree to which
they peptized cascin 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
quantity 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. It 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 LoEs, 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 cascin 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.

BEerousov (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 equilibrium 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 HAGLUND (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 scrum successtvely 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 juice

SANDBERG, HAGLUND and BaARTHEL (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.

Boeknout and O1T DE VRIES (1909) and also van Dam (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 properties. 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 ind'cation for the differences in the quantity of the
bound water. He also centr’fuged 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.
WavusskuBN (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. PEyIC (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 5 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 diluted 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.

1. 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, calcium 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 expenments were also carried out on soft
cheese.

1. 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 infiuence 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 concerned
with these properties under conditions applying to cheese. By using freeze-
dried preparations and choosing appropriate expenmental conditicns, 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 propertics 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. Moreover 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-paracascinate-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 m] 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 liquid was siphoned off. Washing was
repeated three times until the supernatant liquid was clear. Portions of the
precipitated cord 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 ether 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. Hipp ef 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
yielded 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 calcium paracaseinate-calcium phos-
phate-complex, reconstituted to hold the same amount of water as in cheese.
Semi-hard cheese was represented by adding 100 mi 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 Jactic 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 ml 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. Sirks (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 combincd with a cone tipped cylinder
(plate 1). The penctrometer 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 quickly decanted into a graduated cylinder and the volume of the so-
lution expelled measured.,

The volume of the supernatant liquid 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 casc of suspensions of 2 and 10 g paracaseincomplex in 100 ml
solution, the samples were first centrifuged at 5,000 rev/min for 20 minutes
to measure the swelling if necessary. The supernatant 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
HacrLunp (1928) and STADHOUDERS and MuLDER (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 m] 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 calcium and the inorganic phosphorus contents of each sample
were determined and compared with that of the original serum. Table I shows

TaBLE 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 ultrafiltrate . . . . . . .. .87 0.094
4th portion of ultrafiltrate . . . . . . . . 0.85 0.096
5th portion of ultrafittrate . . . . . . . . 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 Koors
(1957). A similar test on the cellophane membrane for consistent filtration
was made on 5 ml portions of serum 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

TaeLe II. The concentration of Ca and inorg.P in the cheese-serum (pH 5.5) and in § 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 ml) ultrafiltrate. . . . . . . 0.218 0.073
4th portion (5 ml) ultrafiltrate, . . . . . . 0.217 i 0.072

obtained from the third and fourth portions are nearly the same. These results
indicate that first 10 m! 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 unsalied 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
Kjeldah] 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 and inorganic 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 m!
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 paracasecin-complex suspensions, a suitable ali-
quot of the filtrate depending upon the concentration of calcium and inorganic
phosporus was weighed in & 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 pErR 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 moncbasic 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 colorimetric 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 DER HAVE and MULDER (1957).

Lactose was estimated by the colorimetric method published by BARNETT
and Tawas (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
ZonNDaG (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 DurreumM (1950). This gave better results than azocarmine B,
recommended by KaMpEN and ZoNpag (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 11I-A shows the composition of a number of preparations obtained
at different months from January 1960 to September 1961. The figures ob-

TasLE I1I. Composition of calcium-paracaseinatecalcium-phosphate-complex.

Percentage in dry matter Calcium bound to casein

Total C ‘g equiv. Ca/g ! expressed as
geq?]iv.'lgaca. casein X 10°°( % of T. Ca,
T.N. [Casein| Ca Incl);g. sein x 10-¢ | if Mol. Ca:P | if Mol.Ca:P

15 is

1.4 1.5 14 1.5
A.
Janvary 60 | 13.80 | 87.51 | 299 | 098 170 69 62 40.8 1 36.5
February '60 | 14.00 | 89.18 | 297 | 1.00 166 65 58 32.0 [ 4.7
March 60 | 14.10 | 89.82 | 298 | 1.04 166 61 53 3681} 323
April 60 | 14.10 { 89.82 | 3.22 | 1L.10 179 68 60 38.1 | 33.7
July* 60 | 14.24 1 90.71 ¢ 3.00 | 0.93 165 72 66 439 39.9
December '60 | 14.10 | 89.82 | 2.98 | 107 166 58 50 3504 304
February 61 | 14.26 { 90.84 | 2,99 | 0.97 164 68 60 41.3 | 37.1
May 61 | 13.88 | 88.42; 3.11 | 1.04 176 69 62 | 39.5| 351
September ‘61 | 14.09 { 89.75 ] 3.04 | 1.10 | 169 58 50 3453 29.8
Average . . . | 14.06 | 89.59 | 3.03 | 1.026 169 65 58 | 388 344
BeLousov (1959) | 13.20 | 84.08 | 2.71 | 0.90 160 —_ 57 — | 357
B.
MayI {(pH6.6)|13.88 | 83.42 | 3.11 | 1.03 176 70 63 | 400, 358
May IT (pH 6.5)( 13.90 [ 88.54 | 3.09 | 1.00 174 72 65 4141 372
May ITI (pH 6.3} | 13.87 | 88.35 | 2.84 | 0.95 160 63 56 | 39.4| 351
C.
July 6! | 13.41 8542 287 | 1.03 168 — — —_ —_
August 61 | 13.61 | 86,70 | 2.78 | 0.97 160 — —_ —_ —
Average . . . |13.51 8606 | 283 | 1.00 164 — — —_ —

A. All preparations were made from fresh skim milk,

B. Preparations May IT and May I1I 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 4 H;O, before renneting,

tained for nitrogen, total calcium and inorganic phosphorus vary mostly no
more than § 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 caicium ranged from a minimum of 163X 10-5 to
a maximum of 179X 10-% g-equivalent calcium per g casein with an average of
169 X 10-5 g-cquiv/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
149 103 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 calcinm bound to paracasein the
average value for the bound calcium expressed as a percentage of the total
calcium was 38.8, with a2 maximum of 43.9 and a minimum of 34.5. In
.general this range agreed with that found by SchippeEr (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 Berousov.

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 usually 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 three different preparations (from the same
sample of milk) is shown in Table 11I-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 105 g equiv/g
casein) in preparation May 11I than in preparation May I (70 10-% 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 ScHiPPER. 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 67X 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
III 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 calcium 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 erronecously that the calcium was in
the form of tricalcium phosphate. ScuipPER showed in this connection that
with a decreasing pH the composition of the calcium phosphate is gradually
changed and a secondary calcium phosphate formed at a pH of about 5.7.

The results shown in Table 111 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 renncting does 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 paracascin. 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,

In the cheese serum

Percentage dissalved of

% Saitin | Lactic acid the total prep.
cheese | 10% added
strum ml, pH | T.N. | NEN.| Ca [Inorg.P| Na | Ty, Ca |Inorg.P
Y% % % % %
A, 00 50 586 | 0.26 | 0.10 [ 0.141 (0017 | - 4.1 9.6 35
8.0 570 | 0.20 | 0.08 {0.192 0018 | - 3,1 | 131 3.8
14.0 5.50 | 025 ; 0.0 10327 10.0i8 | - 3.9 | 222} 38
18.0 540 { 0.28 | 0.10 | 0423 | 0.021 - 44 28.8 4.4
240 512 | 024 | 0.10 | 0.559 | 0.032 -~ 38 380 6.7
325 484 ) 0,16 | 0.09 | 0.742 | 0.055 - 25 504 | 11.5
30 56 596 { 042 | 0.21 | 0.148 | 0.018 | 0.999 | 6.6 10.1 | . 3.8
9.0 $73 1 036 ) 0.12 10205 ) 0.024 | 1.001 . 5.7 139 50
15.0 547 | 048 ) 0.12 | 0.321 | 0.024 | 0995 | 7.6 21.8 50
19.0 534 7 047 | 0.12 | 0383 | 0027 (0997 | 74 | 26.1 5.6
25.0 5§13 1 040 | 0.12 | 0.491 | 0.039 (0997 | 63 | 334 8.1
33.0 486 1 0.20 [ 0.09 | 0.615 | 0.056 | 1.008 | 3.1 41.8 | 11.7
5.0 6.0 592 | 0.36 | 0.16 | 0.156 | 0.021 | 1.71 57 | 10.6 4.4
10.0 5.66 | 0.32 | 0.13 | 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 22.1 5.4
20.0 5§20 | 032 | 0.09 [0.405 ) 0.030 | 1.83 5.0 276 6.3
26.0 500 ) 029 | 0.09 | 0520 (0,044 | 17! 4.6 354 9.2
34, 476 | 0.18 | 0.07 | 0.609 | 0.061 | 1.64 238 414 | 12.7
B 0.0 16 6.08 | 026 | 0.13 | 0.096 (0011 | - 34 54 1.9
10.0 5§72 | 023 | 0.10 | 0.223 | 0.017 | - 3.0 | 126 10
16.0 550 | 028 { 0.10 | 0.359 | 0.016 - 37 204 28
20.0 540 | 034 | 0.10 | 0.450 | 0.012 - 4.5 25.5 2.1
240 522 | 032 | 010 | 0.540 [ 0025 | ~ 42 | 306 | 43
29.0 506 | 0.30 ) 0.09 | 0.660 ; 0032 ) - 39 ) 374 5.6
36.0 490 | 0.22 | .10 [ 0.800 | 0.044 | - 29 1 454 | 76
42,0 472 | 0.18 | 0.09 | 0910 | 0.069 | - 24 | 516 | 120
3.0 4.0 6.00 | 0.30 - {0.143 | 0.016 | 1.08 39 81 28
8.0 5.88 - - 0.185 [ 0.024 | 1.06 - 10.5 4.2
110 5721 038 | 0.15 | 0.221 | 0.030 | 1.00 5.0 12.5 5.2
14.0 5.65 | 040 | 0.12 | 0.256 | 0.024 | 1.01 52 {145 | 42
17.0 552 | 0.51 | 0.11 | 0.337 | 0.024 | 1.03 6.7 191 42
21.0 540 1 052 | 0.12 | 0,352 0.025 ¢ 1.05 6.8 20.0 4.3
26.0 522 | 0.37 - 0.500 | 0.034 | 1.02 4.9 28.3 59
320 5.10 | 0.28 | 0.10 | 0.610 { 0.038 - 3.7 34.6 6.6
38.0 482 | 0.17 | 0.0% | 0.770 | 0.049 | 1.02 22 | 4371 85
5.0 5.0 590 | 0.32 | 0.15 | 0.157 | 0.022 | 1.63 4.2 8.9 38
9.0 580 | 0.27 | 0.12 | 0.179 | 0.027 | 1.82 3.5 10.1 4.7
12.0 564 | 023 | 010 | 0.216 | 0.028 | 1.72 30 12.2 4.9
15.0 554 { 034 | 0.10 | 0.284 | 0.026 | 1.70 4.5 16.1 4.5
18.0 540 | 0.57 | 0.10 | 0.363 ; 0.026 | 1.70 7.5 20.6 4.5
220 53.0 [ 039 | 0.09 [0.404 | 0030 1.86 | 5.1 | 229 5.2
210 51.5 | 032 | 0.09 | 0.471 | 0.037 | 1.69 | 4.2 | 26.7 6.4
330 498 | 0.27 | 0.08 | 0.608 | 0.048 | 1.68 3.5 | 345 83
420 4.78 | 0.11 | 0.05 | 0.760 | 0.061 - 14 | 431 | 106
18
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TaBLE V. The effect of acid and salt on reconstituted semi-hard cheese (preparation july* *60).
Orientation experiments. .

Percentage dissolved

o/ Salt in Lactic In the cheese serum of the total prep.
Shosso | ada 0% T.N. | Ca |InorgP| Na
serum added ml. =N -
pH o o o o TN.| Ca |[Inorg.P
No salt 4.8 596 |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 | 235 4.7
13.0 5.36 | 0.320 | 0.395 | 0.021 - 486 | 282 4.7
240 5.15 10268 { 0.550 { 0.031 - 405 | 393 6.9
320 492 10217 | 0.696 | 0.049 - 329 | 49.7 10.9
3% salt 5.0 594 | 0382 (0.139 | 0022 | 0978 | 580 9.9 | * 4.9
8.6 570 10338 | 0.189 | 0035 (0998  5.13 | 135 7.8
14.6 548 | 0408 ( 0302 ;. 0.026 :0.990  6.19 | 21.6 5.8
18.6 5.37 | 0,470 | 0.403 | 0.032 - 713 | 28.8 7.1
26.0 510 - 0.496 | 0.046 | 0.977 - 3154 10,2
35.0 4.80 | 0.227 | 0.644 | 0.070 | 1.022 | 3.44 | 46.0 15.6
5% salt 5.2 594 1033710144 | 0.022 | 1479 | 511 | 103 4.9
9.0 570 [ 0.267 [ 0.196 { 0.034 | 1528 | 4.05 | 14.0 7.6
15.0 542 | 0.433 [ 0.289 ; 0.029 | 1.468 | 6.57 | 20.6 6.4
19.0 530 | 0380 (0358 ; 0.032 [1.512] 577 | 256 7.1
270 5.14 10297 1 0492 | (.049 [ 1.582| 4.51 | 35.1 10.9
36.0 484 10156 10599 | 0.072 | 1.527 | 237 | 42.8 | 16.0
79, salt 56 588 10.221 [ 0.155 | 0.025 [ 2.078 | 3.35 | 11.1 5.6
10.0 560 10215 (0207 | 0.036 | 2055 | 3.26 | 148 80
16.0 540 | 0,227 {0305 ] 0032 |2.086 | 344 | 218 71
20.0 5.24 (0230 {0375 | 0.037 (2035] 3.49 | 268 8.2
28.0 510 §0.225 | 0.443 | 0.044 | 2.178 | 341 | 31.6 9.9
38.0 4.70 [ 0,108 | 0.633 | 0.090 |2.026 | 1.64 | 452 20.0

* The milk used for this preparation was treated with 0,05 % H,0, 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 recon-
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 1V and V and in Figure 3 show that with a decreas-
ing pH increasing quantities of inorganic phosphorus are found in the serum
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 Schip-
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 1:2 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
Styke 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) BELousov (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 iscelectric point according to
Lrovyep 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 §.

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. Berousov (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-
Lousoy 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 reconstituted 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 § 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 salt, 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 ScHiprPER, 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 cither 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, NAUDTS 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 guantity of the calcium found in the serum of recon-
stituted cheese with pH-values h'gher 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 ratioc of Ca: P -
depends upon the pH value of the solution. The relatively small quantity of
the calcium that has dissclved 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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cheese serum would be nearly saturated with calcium lactate. DORN and
DAHLRERG (1942) cited that the solubility of calcium lactate with 5§ molecu-
les water of crystallization varies from 3 per cent at 0 °C to 7.3 per cent at
30 °C. The situation is, however, not so simple, especially as it is probable
that the calcium lactate can form in combination with one or two molecules
of lactic acid, more acid compounds, which are reported in ‘Beilstein’ (1921)
to be more soluble than the normal calcium lactate,

The problem becomes more complicated still when we consider also the
possibility of the calcium lactate combining with calcium phosphate, which
was reported by MaRzaT (1949) to be more soluble, as well as the formation
of double salts of calcium lactate with sodium salts or other salts present in
the medium.

SoNNTaG (1952) found that amino acids or the products of hydrolysis of
proteins render calcium lactate more soluble. All these factors apply to cheese.
They indicate how complicated the situation is, and how difficult it is to come
to a conclusion about the conditions of the calcium salts in cheese.

3.2.4. Crystals in cheese and reconstituted cheese

Many investigators have reported the presence of crystals in cheese.
Tuckey et al. (1938) who examined the white specks isolated from old
Cheddar cheese by means of X-ray analysis, found them to have the same
crystal spacings as calcium lactate. McDowaLL and McDowkeLL (1939)
used chemical analysis for investigating the white particles in mature
Cheddar cheese and found them to be calcium lactate. Recently, FARRER and
HoLBERG (1960) reported the presence of calcium lactate on the surface of
rindless cheese wrapped in flexible packaging. On the other hand Dorn and
DaHLRERG (1942) proved by chemical analysis that the white material which
they found in ripened Cheddar cheese was principally tyrosine. They sug-
gested that calcium phosphate salts were present as impurities. HARPER,
SwansoN and SOoMMER (1953) found a mixture of calcium lactate and tyr-
osine to be the main components of the white particles found in different
samples of Cheddar cheese. Quite recently Booy (1961) reported hard white
particles in old Gouda cheese and by means of chromatography confirmed the
presence of tyrosine and phenylalanine, He also added that calcium salts
were found in these particles. SWIATECK and Jaworskl (1959) made histo-
chemical studies on the distribution of mineral matter in different types of
hard and semi-hard cheese. They reported the presence of calcium phosphate
kernels, their number depending on the calcium content of the cheese.

Even in young cheese, MULDER (unpublished work) also observed crystals
of different shapes in young Edam cheese examined under the microscope
with polarized light.

Formation of crystals was followed by regularly examining several samples
of unsalted reconstituted cheese at different pH values after two weeks in the
same way as MULDER did. Crystals appeared in the samples after 3 to 4
weeks. They differ in shape and number with the pH value of the sample.

These results combined with those reported in the literature indicate that
crystals of mineral salts are present in cheese. It is quite possible that these
crystals are mixtures of different components. The crystals will not neces-
sarily affect the quality of the cheese especially when they are small. They
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only appear as white particles or specks when they accumulate for one reason
or another on the surface or inside the cheese.

One further point requires explanation. This concerns the effect of salt on
the amount of the calcium dissolved in reconstituted cheese at different pH-
values. Tables IV and V show that the salted samples needed more lactic
acid especially at lower pH-values than the unsalted ones, to produce the
same final pH-value. Besides the influence of lactic acid several factors can
be expected to increase the caleium in solution when salt was added. There is
firstly the jon exchange between the sodium of the salt and the calcium from
the complex. Secondly, the calcium lactate may form a double salt with
sodium chloride or with the acid calcium phosphate; thirdly compounds of
calcium lactate and lactic acid may be produced. The last twe factors as
mentioned already at the end of section 3.2.3., cause the calcium lactate to
form more soluble compounds. Instead of the increase of the concentration
of the calcium in the serum of the salted samples, as expected, the opposite
was in fact always the case, as the figures for the orientation experiments
(tables IV and V) as well as the subsequent experiments show.

If we assume that the concentration of soluble calcium decreasing with the
addition of salt was the result of its precipitation as calcium lactate by some
mechanism, the concentration of lactate in solution should alse decrease,

A small experiment carried out with reconstituted semi-hard cheese with-
out and with 7 per cent salt at two different pH-values (5 and 4.8) showed
this assumption to be baseless (see Table VI).

TaBLE VI. The effect of salt on the concentration of calcium and lactate in the cheese serum
and on the liberation of bound water (semi-hard cheese — preparation Septerber

1961).
A Percentage in the A
Lactic cheese serum v-Lactose Decrease in
% Salt | acid (1094) pH - (in 2 ml serum) concent, of
added ml. Ifg_t&c Ca llnorg.p| diluted 1:50 lactose
1
0.0 28 499 | 2.7 | 0.646 | 0.053 140 -
0.0 32 483 | 33 10732 0.065 140 -
7.0 30 497 | 3.2 |0.543 | 0.063 122 12%
7.0 35 482 | 3.7 |0.597 | 0.088 112 0%,

3.2.5. Effect of salt on liberation of bound water in cheese

McDoweLL and DoLBY (1936) also found a pronounced drop in the concen-
tration of calcium after salting Cheddar cheese. To a lesser extent this was
also the case with phosphate and lactate in the whey. They attributed this to
the osmotic diffusion of water from the curd.

MULDER (personal communication) used lactose and sucrose as reference
substances for estimating the bound water in Edam cheese. He found a con-
siderable decrease in the bound water after the cheese was brined.

This release of a part of the bound water may contribute to the relatively
low concentration of the calcium in the presence of salt in the cheese serum.

To confirm this explanation; the experiment mentioned before (Table VI)
was repeated. Two ml. of a solution of one per cent lactose were mixed well
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with every sample when it was two weeks old. Half an hour after mixing with
lactose, the samples were centrifuged and the amount of lactose was deter-
mined in the supernatant liquid. The results are also shown in Table VI. The
lactose concentration in the samples with 7 per cent salt at pH 4.97 was
about 12 per cent less than in those containing no salt. At pH 4.80 the de-
crease amounted to about 20 per cent. The decreases in the concentration of
calcium in the serum were 16 and 19 per cent respectively, Although large
sugar molecules can hardly be compared with small ions such as calcium,
yet these results would partially explain the situation. Salt releases a con-
siderable amount of bound water and this increases as the pH is decreased.
Its release would partially dilute the system. This would give a good ex-
planation for the lower concentration of the calcium, were it not that the con-
centration of the inorganic phosphate and the lactic acid did not decrease in
the same way.

In the foregoing experiments the values for the total nitrogen calcium and
inorganic phosphorus were expressed as a percentage by weight both in the
samples with and without salt, which made the comparison between the
serum of salted and unsalted samples not fair. As salt would increase the
density of the serum, an increase in the concentration of calcium and in-
organic phosphorus could be expected if the values were expressed in grams
per 100 ml serum. This is shown in Table VII, where the concentration of

Tasce VI, The effect of acid and salt on the concentration of Ca and inorg.P in the cheese
serum of reconstituted soft cheese (calculated in % w/w and %, w/v).

g Salt Calcium Inorg. P
per 100 ml pH
solution g/100 g | /100 ml | Difference| g/100g | g/100 ml | Difference
0.0 6.38 0.048 0.048 0.000 0.014 0.014 0.000
5.64 0.183 0.183 0.000 0.056 0.056 0.000
5.48 0.2318 0.237 0.000 0.077 0.076 0.000
525 0.350 0.351 0.001 0.116 0.117 0.001
4.90 0.524 0.529 0.005 0.169 0.170 0.001
5.0 6.4 0.088 0.090 0.002 0.025 0.025 0.000
5.60 0.205 0.215 0.010 0.069 0.072 0.003
544 0.253 0.263 0.010 0.088 0.091 0.003
5.24 0.335 0.345 0.010 0.125 0.130 0.005
4.85 0.457 0.476 0.019 0.173 0.180 0.007
75 632 | 0094 | 009 | 0005 | 0024 | 0025 | 0.001
5.52 0.216 0,225 0.009 0.076 0.079 0.003
5.26 0.319 0.334 0.015 0.127 0.133 0.006
4,83 0.438 0.460 0.022 0.165 0.173 0.008

calcium has been calculated in grams per 100 ml of serum instead of grams
per 100 grams of serum. There was only a difference in samples containing
salt, At the same time the serum of samples with 5 and 7 per cent salt (at a
pH value of 4.9) held 13 and 16 per cent less calcium respectively than the
unsalted samples when calculated as percentage by weight. Expressed in
grams per 100 ml serum, the differences were 10 and 13 per cent respectively.
The differences, however, are small, and this makes a correction for the results

of salted samples hardly necessary.
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The foregoing indicates that more than one factor plays a role in de-
creasing the level of calcium in the cheese serum where salt is added. The
release of bound water due to the addition of salt is one factor. Secondly, ex-
pressing the resuits in percentage by weight (g/100 g serum) would cause a
drop in the figures of about 4 per cent at the maximum.

Those two factors were not enough to give a definite explanation. It may
be that the salt has some further effect.

3.2.6. Conclusions:

The orientation experiments permitted the following conclusions:

1. The experiments showed a high degree of reproducibility.

2, The figures for total nitrogen, calcivm and inorganic phosphorus in the
serum of reconstituted cheese were smaller than could be expected when
compared with the results reported by other investigators. This discrepancy
was due to the different methods used.

3. Only about 8 per cent of the N-substances at the maximum were in
solution, A considerable amount of the total nitrogen to dissolve was in the
form of non-protein nitrogen. This would be produced by the breakdown of
proteins by enzymes.

4. The peptizing effect of salt in reconstituted cheese was quite small,

5. At a pH lower than 5 only about 50 per cent of the total calcium and
less than 20 per cent of the inorganic phosphorus were dissolved in the serum
of reconstituted cheese. This may be due to two important factors: first, a
considerable amount of the calcium of both the caseinate and the phosphate
may be still combined with the paracasein-complex at such a low pH. This
complex might be an acid calcium paracaseinate combined with primary or
secondary calcium phosphate. Secondly, some of the calcium and inorganic
phosphorus could precipitate in one form or other, while at low pH-values
some phosphorus ions might form salt linkages with paracasein. The presence
of different forms of crystals is a good indication for the precipitation of salts
and may contribute to the low levels of calcium and inorganic phosphorus in
cheese serum.

3.3. THE INFLUENCE OF THE RATIO OF PARACASEIN-COMPLEX TO WATER ON
THE PERCENTAGE DISSOLVING OF THE COMPLEX

The orientation experiments described in the preceding section 3.2 showed
that the percentage of the total of nitrogen, calcium and inorganic phosphorus
that dissolved differed markedly from the results reported in the literature,
This has been explained by differences in the ratio of paracasein-complex to
water,

The experiments discussed below were designed to provide more informa-
tion on the effect of the ratio of paracasein-complex to water on the dissolving
amount of the main components of the complex.

Two, ten and fifty grams of the freeze-dried preparation were brought into
100 mt solution of lactic acid, either with 5 grams salt or without salt and at
various pH-values. The first concentration corresponded to that used by van
Dam (1911). The last concentration represents semi-hard cheese.

3.3.1. Dissolved nitrogen substances

The results for nitrogen in Table VIII show that generally at the same pH,
with increasing concentration of the complex both with or without salt, more
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TasLE V1II. The effect of the concentration of ca-p-casein-complex* on the solubility of its

main components.

. Percentage dissolved

gSaltin | Lactic &/100 g solution of the t%)lal prep.
100 ml acid pH

solution | add. ml TN Ca ™% | IN. Ca InorgP
A.2 g prep.f 0,0 0,25 6.62 | 0.008 0.012 0.005 32 23 29
100 ml sol. 0.55 603 | 0.006 0.023 0.009 24 43 52
1.05 5§72 [ 0.008 0.037 0.015 12 70 87
1.50 533 | 0.005 0.048 0.017 20 91 9
2.00 497 | 0004 ~ 0.018 16 -~ 105
2.50 4.14 | 0.007 0.056 0.016 28 106 93
5.0 0.35 6.36 | 0.050 0.037 0.011 197 70 64
Q.60 6.15 | 0.08% 0044 (0014 52 83 81
0.70 6.06 | 0.09 0.047 0016 379 8 93
0.80 598 - 0.047 - - 89 -
0.90 583 | 0.116 0.049 0.017 458 92 . 99
1.00 576 | 0.092 0050 0.018 363 %4 105
1.10 568 | 0076 0051 0018 300 96 105
1.20 5.58 | 0.060 0.050 0.016 237 94 93
1.40 526 | 0013 0.051 0017 51 9 99
1.60 504 [ 0.006 - 0.017 24 - 9
1.90 4.78 | 0.003 0.050 (.018 1.2 9% 105
210 457 1 0.003 0.051 0.016 1.2 96 93
2.30 4,50 | 0.003 0.050 0.017 1.2 94 99
B. 10 g prep./ 0.0 0.60 6.40 | 0.028 0.026 0.009 22 10 10
100 mi sol. 1.20 6.10 | 0.022 0.043 0.012 1.7 16 14
1.80 594 | 0.021 0.058 0.018 1.7 22 b2
2.20 5.84 | 0.020 0.072 0.022 16 27 26
2.80 5.68 | 0.021 0.091 0.027 1.7 34 3
340 560 | 0.019 0104 0.033 15 39 38
4.20 545 | 0023 0.137 0.042 1.8 52 49
5.00 533 | 0.023 0.161 0.046 1.8 61 53
5.80 522 | 0.020 0.184 0.056 1.6 69 65
7.40 5.10 | 0.020. 0.223 0.071 16 84 83
8.40 4.86 | 0.013 0.251 0.078 1.0 95 N
5.0 0.30 6.24 | 0.049 0.065 0.016 39 25 19
1.40 6.06 | 0.060 0.078 0.021 47T 29 p 3
2.00 592 | 0.073 0.093 0.027 58 35 3
2.60 580 [ 0.075 0.106 0.033 59 40 38
320 5.66 | 0.071 0.122 0.039 56 46 45
3.80 5.56 | 0.046 0.138 - e 52 -
4.40 546 | 0.043 0.151 0.051 34 57 59
5.00 5.38 | 0.040 0.167 0.058 32 63 67
6.00 524 | 0.033 0.188 0.066 26 M 17
7.00 510 | 0.027 0.207 0.073 21 79 85
8.20 490 | 0,017 0.226 0.078 13 85 91
: . 0.0 8.00 5.83 | 0.215 0.180 0.018 34 14 4
C fgog.gfe 321’ 16.00 5.52 | 0.220 0362 0.02t 35 27 5
26.00 520 | 0.166 0.584 0.040 26 44 9
34.00 476 | 0.167 0.834 0.085 26 63 20
5.0 9.00 575 | 0.240 0.194 0.028 38 15 7
15.00 551 | 0.302 0300 0.026 48 23 6
19.40 530 [ 0283 - - 4.5 - -
28.00 5.02 | 0.243 0.528 0.050 38 40 12
36.00 4.78 | 0.129 0.637 0.079 20 48 18

* Preparation February 1961, ] .
A. After one week with the aid of mechanical shaking.
B. After ten days with the aid of mechanical shaking.
C. After two weeks,



of the nitrogenous substances were found in solution, The data in the same
table and fig. (5) show that in samples without salt at different ratios of para-
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Fi1G. 5. The effect of the ratio of paracasein-complex to water on the T.N. dissolved.

casein-complex to water the percentage of the nitrogenous substances to dis-
solve was quite small. In case of the ratio 1 : 50 the peptizing effect of the
salt was quite obvious within a certain range of pH-values (5.3—6.3) and ten
times more of the nitrogenous compounds went into solution than in those
without any salt. The higher the concentration of the paracasein-complex the
smaller was the peptizing effect of the salt. At the ratio of 1 : 2 (reconstituted
cheese) the effect of salt was quite small, e.g.,, at pH 5.5 where maximum
peptization occurred about 5 per cent of the total nitrogen was dissolved,
while the corresponding value was 3.5 per cent for unsalted samples.

The hydrogen ion concentrations where maximum peptization occurred
using 1: 50 suspensions were in general agreement with those reported by
Suarp and McINERNEY (1936). The figures of the present investigation were
lower than those reported by van DaM (1911) and KiERMEIER and ScHAT-
TENFROH (1958). In the present investigation the maximum was about 50 per
cent at a pH value of about 5.8 and containing 5 per cent salt, Van Dam
reported most of the preparation in solution at 5.5 and 5 per cent salt, while
KI1ERMEIER and SCHATTENFROH found 80 per cent of the paracasein-complex
dissolved at a pH value of about 5.3 and at a 3 per cent salt concentration.

The high values mentioned in these cases might be due to the activity of
micro-organisms, as the authors did not mention the use of any preservative.
The high speed centrifuge (15,000 rev/min) used in the present investigations
may have contributed to eliminating all undissolved protein particles, while
this might not be the case for the experiments made by the previous investi-
gators. This effect will be discussed later in chapter 3.6.
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3.3.2. Dissolved calcium

The data in table VI and in Fig. 6 shows the effect of the ratio of the
paracasein-complex to water on the concentration of Ca in the serum Fig.
6 A, In Fig. 6 B this is expressed as a percentage of total calcium dissolved
at different pH values.
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FiG. 6. The effect of the ratio of paracasein-complex to water on the calcium dissolved.

The more paracasein-complex to water, the higher the concentration of the
calcium in the serum at the same pH value. This was to be expected since
more lactic acid was necessary to produce the same pH in samples with higher
concentration,

Adding salt increased the concentration of the calcium in the serum in the
case of the low and medium ratios. This increase would be caused by the ion
exchange between the sodium of the common salt and the calcium of both
the paracasein and the phosphate. The effect of salt is clear at pH-values
higher than 5.4. Below this pH-value and in the (1 in 50) suspensions about
90 per cent of the total calcium is dissolved when no salt is added and 95 per
cent in samples with 5 per cent salt. In the samples of 1: 10 ratio and at the
same pH, the amount of calcium to dissolve in unsalted and 5 per cent salt
samples were about 55 per cent and 60 per cent respectively. At a pH value
of 4.9 nearly all the calcium was found in the serum of the intermediate ratio
(1:10).

These results accord with those reported by van SLYKE and BosworTr (1907)
on Cheddar cheese and those of NAuDTS and bE VLEESCHAUWER (1959) on soft
cheese. These investigators used diluted cheese extracts for their determina-
tions. These results also compare well with the results of BELoUsOV’s ex-
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periments done on 5 grams of paracasein-complex suspended in 100 ml water
to which lactic acid was added.

The percentage of dissolved calcium in reconstituted cheese {mixtures ! : 2)
was small compared with the results mentioned above for the 1 in 50 and 1 in
10 suspensions and they were similar, in general, to those reported in the
orientation experiments.

3.3.3. Dissolved inorganic phasphorus

The data in Table VIII and Fig. 7 shows the effect of dilution of the
paracasein-complex mixtures on the concentration of the inorganic phos-
phorus in the serum Fig. 7 A. In Fig. 7 B this is expressed as a percentage

Sy 2g.)00 mi. without sait
S  2gM0ML 5% sak
e e 10y/900 miwithout salt
——s VM mL 5% salt
505400 relwithed salt
1 S0g/¥0 mi 5% salt
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% norg, P dissolved
the total
m

2020
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0008
0004

[1] 50 ES & 45 60
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FiG. 7. The effect of the ratio of paracasein-complex to water on the inorganic phosphorus
dissolved.

of the total inorganic phosphorus. Salt increased the amount of inorganic P
dissolved in the serum at pH-values higher than 5.4, for all the different
dilutions of the paracasein-complex. At pH 5.4 about 95 per cent of the in-
organic phosphorus dissolved in the case of a ratio of [ to 50, In the 1 in 10
suspensions, additions of salt caused the percentage of dissolved inorganic
phosphorus to increase up to pH 4.9, when 90 per cent of the phosphorus
was in solution. These figures correspond closely with those reported by
BerLousov for his 1 in 20 suspensions of dried rennet curd and also with
figures of vaN SLYKE and BoswoRrTH for their diluted cheese extracts. In re-
constituted cheese, at pH 4.8 less than 20 per cent of the inorganic phos-
phorus was dissolved in both samples with or without salt. Comparison
therefore is only possible between figures obtained for experiments of low
ratios and those reported in the literature either on the diluted suspensions
of paracasein-complex, or on cheese extracts. In both cases the ratio of cheese
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to water or paracascin-complex to water was almost the same and was always
less than one to ten. It is wrong fo compare the figures obtained under the above
mentioned conditions with those in cheese. The amount of water added to the
paracasein-complex in any experiment must be similar to that in cheese, i.c.,
as in the case of reconstituted cheese.

The above-mentioned results show clearly the effect of the paracasein-
complex to water ratio on the level of the calcium and inorganic phosphorus
in the serum of different mixtures. They strongly suggest that the amount of
calcium in the serum influences the peptization of the paracasein-complex
preparations.

Sodium chioride helps to disperse the paracasein-complex particles, mostly
at pH-value higher than 5. This might be due to an exchange of sodium ions
of the salt with the calcium of the paracaseincomplex. At lower pH-values
where the paracasein-complex has already lost an important part of its cal-
cium, the ion exchange decreases, Although in both diluted and concentrated
mixtures 5 per cent salt exists in the serum, yet the final ratio of sodium to
calcium in both cases is quite different. In the first case the concentration of
the calcium in the serum was relatively small and, therefore, the sodium of
the salt would be easily exchanged with the calcium of the complex. In re-
constituted cheese the concentration of calcium in the serum was high which
would make the ion exchange quite difficult.

3.3.4. The importance of the level of the calcium in the serum on the different
properties of the paracasein-complex

The effect of calcium ions on the chemical and physical properties of casein
and paracasein has been examined by many investigators. VoN HIpPEL and
WauGH (1953) mentioned that the casein micelle in skim milk was in equili-
brium with dissolved casein. This also is in equilibrium with the ionic calcium
and phosphate. Dilution of skim milk causes a dissociation of the casein mi-
celle with the release of soluble cascin, while addition of soluble calcium
forces dissolved casein into micellar form which can be easily isolated by
centrifuging.

ZiTTLE, DELLAMONICA and CUsSTER (1956) studied the effect of adding
an increasing quantity of calcium chloride to a 2 per cent sodium caseinate
solution, The sodium caseinate remained clear with concentration up to 0.005
M calcium chloride, while with higher concentrations of calcium it became
opalescent. They also reported that the extent of the precipitation of sodium
caseinate by calcium chloride is influenced by the pH. For example, 0.02 M
calcium chloride in a 2 per cent sodium caseinate solution precipitates 30 per
cent at 5.6 and 8 per cent at 7.6. At a constant pH value the extent of pre-
cipitation was proportional to the concentration of calcium.

ZitTLE, DELLAMONICA and PEPPER (1959) also investigated the effect of
calcium chloride on the precipitation of casein and paracasein. They reported
that at the same concentration of calcium chloride, almost equivalent amounts
of a-casein and a-paracasein are sedimented in 45 minutes in the ultracentri-
fuge. With casein and paracascin the amounts sedimented are of the same
order, but somewhat further apart. With low speed centrifuging the para-
casein was easily separated, in a somewhat smaller amount than with the ul-
tracentrifuge. However, almost none of the casein could be isolated with low-
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speed centrifuging. They concluded that, although casein and paracasein are
both highly aggregated in the presence of calcium jons, the casein contains a
protective colloid that prevents the aggregates exceeding a certain size.

TasLE IX. The effect of the concentration of calcium on the peptization of the calcium-p-
caseincomplex.*

Lactic acid mg Ca** £/100 g solution Percentage
added agd ded pH dissolved

ml. T.N. T.Ca Inorg. P T.N.
0.35 0 6.36 0.050 0,037 0.011 19.7

0.60 0 6.15 0.089 0.044 0.014 35.2
0.70 0 6.06 “0.096 0.047 0.016 379
0.30 0 5.98 - 0.047 - -

0.90 0 5.83 0.116 0.049 0.017 458
1.00 0 5.76 0.092 0.050 0.018 36.3
1.10 -0 5.68 0.076 0.051 0.018 30.0
1.20 0 5.58 0.060 0.050 0.016 23.7
1.40 0 5.26 0.013 0.051 0.017 5.1
1.60 0 5.04 0.006 - 0.017 2.4
1.90 0 4.78 0.003 0.050 0.018 1.2
2.10 0 4.57 0.003 0.051 0.016 1.2
2.30 (1} 4.50 0.003 0.050 0.017 1.2
0.30 50 6.15 0.024 0.072 - 9.5
0.50 © 50 6.00 0.029 0.079 - 11.5
0.70 . 50 5.86 0.032 0.088 - 12.6
0.80 50 5.74 0.026 0.090 - 10.3
.90 50 5.68 0.023 0.088 - 9.1
1.00 50 5.58 0.015 0.092 - 59
.10 - 50 5.48 0.011 0.095 - 4.3
1.20 50 539 0.009 0.096 - 36
1.40 50 5.20 0.007 0.096 - 28
1.60 50 5.02 0.005 0.098 - 2.0
1.80 50 482 0.004 - - 1.6
0.20 100 6.16 0.008 0.113 - 3.2
0.40 100 6.00 0.0i2 0.121 - 4.7
0.60 100 5.86 0.013 0.125 - 51
0.70 100 5.78 0.013 0.129 - 5.1
0.80 100 572 0.012 0.134 - 4.7
0.90 100 5.64 0.010 0.136 - 39
1.00 100 5.54 0.010 0.137 - 39
1.20 100 532 0.008 0.142 - 32
1.40 100 514 0.006 0.143 - 24
1.60 100 497 0.005 - - 2.0
0,30 100 592 0.011 0.113 0.006 4.3
0,50 150 5.62 0.007 0.162 0.008 2.8
0.80 225 5.30 0.006 0.236 0.011 24
0.90 275 520 0.007 0.289 0.011 2.8
1.00 300 5.06 0.006 0.319 0.011 24
1.10 325 5.00 0.006 0.343 0.011 24
1.30 375 4.84 0.005 0.394 0.011 20
1.40 525 4.68 0.005 0.541 0.013 2.0
1.60 575 4.54 0.004 0.558 0.013 - 1.6
1.80 625 4.43 0.003 0.659 0.018 1.2

* All experiments were on 2 g prep./100 ml sol. with 5 g salt.
** The calcium was added in the form of calcium chloride.
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The following experiments were mainly designed to clarify further this
aspect of the study. Calcium chloride was added in increasing quantities to
suspensions with two grams of preparation in 100 ml of lactic acid solution
containing 5 g of salt. The dilute suspensions were chosen because of the high
peptizing effect of sodium chloride on the paracasein-complex at this low
paracasein-complex to water ratio. This would allow any suppression of the
peptizing effect of the salt to be easily detected, and the data in Table IX
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Fic. 8. The relation between the concentration of calcium and the peptization of paracasein
(at 5% NaCl content). .

and Fig. 8 shows this to be very clearly the case. When the concentration of
- calcium reached about the same level as that in the serum of reconstituted semi-
hard cheese the percentage of nitrogen substances dissolving was very small
and was about equal to that in a salt free suspension Fig. 5.

TasLg X. The effect of adding different amounts of calcium chloride on the solubility of
calcium-p-caseinate-complex. (Cone. 2 g prep./100 ml sol., with 5 g salt).

Lactic acid c Percentage in solution A Ca*
adde me 3‘ pH Disscl. released
ml adde T.N. Ca |Inorg.P T.N. mg
LO 0o | 578 | 0089 | 0.051 | 0.017 35.2 51
0.9 25 5.80 0.047 | 0.070 | 0.016 18.6 45
0.9 50 578 0.030 § 0.090 | 0.016 11.8 40
0.8 75 5.78 0.022 | 0.109 | 0014 8.7 34
0.7 10¢ 5.78 0013 | 125 | 0.012 .51 25
0.6 150 5.80 0.010 | 0.142 | 0.011 3.9 00

* Value determined by difference of the calcium added at the start of the experiment 2nd that
found in solution after one week.
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This experiment was repeated at a pH-value of about 5.8, i.e., approxim-
ately the pH for the maximum peptization. The pH was kept constant by
adding the proper amount of lactic acid solution. The results are shown in
Table X and Fig. 9. They confirm the above mentioned experiments.
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FiG. 9. Effect of raising the level of soluble calcium on peptization of paracasein-complex.
(ratio 2/100, and with 59 NaCl).

Determining the concentration of calcium in the solution at equilibrium
made it possible to calculate the amount of the calcium released from the
preparation. The more calcium was added, the smaller the amount released
from the preparation, and the less the percentage of the total nitrogen that
dissolved. Similar results were also obtained by adding increasing quantities
of calcium chloride to reconstituted semi-hard cheeses containing 5§ per cent
salt at different pH-values so as to raise the level of the calcium to be about -
700 mg in 100 g serum. The data is shown in Table XI and Fig. 10. It is
observed that the concentration of total nitrogen in the cheese serum was less
than the values obtained when no salt was added.

In all these experiments adding the calcium chloride always decreased the
concentration of inorganic phosphorus in the serum relating to the inorganic
phosphorus in the samples without added calcium. This might be due to the
precipitation of one or more forms of calcium phosphate on the one hand and
on the other to the high level of calcium ions in the serum suppressing the
exchange of sodium ions of the common salt with the calcium phosphate.

The calcium probably renders the system unstable, and thus causes the
soluble paracasein to aggregate and precipitate.

This would happen when a calcium chloride solution was added to the

_samples after the paracasein had already been dissolved. The presence of
soluble calcium (at the start) would counterbalance the peptizing effect of
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TaBLe XI. The effect of salt and Ca on the solubility of T.N. and inorg. P of reconstituted
semi-hard cheese (prep. Febr. 1961).

Lactic | mg ; . Percentage dissolved
Treatment el P oH Percentage in solution of the total prep.
added ml. | added T.N. Ca |Inorg.P| TN.| Ca |Inorg.P
No salt 8.0 1] 583 | 0215 | 0.180 | 0.018 | 34 14 4,0
16.0 0 552 1 0.220 | 0362 | 0.02] 35 27 5.0
26.0 0 520 1 0.166 | 0.584 | 0040 { 2.6 44 9.0
34.0 0 476 1 0.167 | 0.834 | 0.085 2.6 63 200
5% salt 9.0 0 575 1 0.240 | 0.194 | 0.028 18 15 7.0
15.0 0 551 [ 0302 1 0,300 | 0.026 | 48 23 6.0
19.0 0 530 | 0.283 - - 4.5 - -
28.0 )] 502 | 0243 | 0528 | 0.050 38 40 12.0
36.0 Q 478 | 0.129 | 0.637 | 0079 | 20 48 18.0
5% salt 3.0 450 | 552 | 0140 | 0704 | 0.006 | 22 - 14
+ CaCl, 5.0 400 533 | 0.094 0.709 0.014 1.5 - 33
7.0 330 | 522 | 0.115 0.709 0.014 1.8 - 33
9.0 290 | 5.10 | 0.166 0.716 0.019 2.6 - 44
12.0 120 | 5.02 | 0.197 0.620 | 0.032 KN | - 74

sodium chloride to a certain extent, depending upon the concentration of the
calcium in solution, as well as its pH, until a concentration has been reached
which would make the ion exchange between the sodium of the salt and the
calcium of either the paracascin or the phosphate nearly impossible. How-
ever, in both cases, the results will be the same and it is obvious that the
peptizing of the paracasein-complex is influenced strongly by the calcium
concentration, .
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Fic. 10. Effect of adding CaCl; to reconstituted semi-hard cheese on the concentration of dis-
: solved N-substances in the serum.
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As mentioned before this aspect was not considered by many investigators
who conducted similar experiments and apparently forget that they were
using not pure paracasein but calcium paracaseinate-calcium-phosphate-com-
plex. Here again their ratios of paracasein-complex to water were much
lower than those applying to different kinds of cheese, and therefore the level
of calcium in the serum of the latter was much higher. Their experiments,
therefore, led to erroneous conclusions on the chemical or physical properties
of cheese.

3.3.5. Electrophoretic investigation of the serum of reconstituted cheese

The previous experiments showed that adding increasing quantities of
paracasein-complex to a given volume of lactic acid solution released more
nitrogen substances in solution, This might be due, for instance, to fractio-
nation of the paracasein. This aspect was investigated by comparing the
electrophoretic patterns of the serum of reconstituted cheese with those of
casein and paracasein dispersions. :

Plate (2) summarises some of these results. Pattern (A) shows the fractions
of casein and Pattern (B) is for paracasein-complex. Both were obtained
under identical electrophoretic conditions. It appeared that the cascin se-
parated into two fractions at pH 8.6, while the paracasein-complex was se-
parated into three or more indistinct fractions. It also seems that the fraction
of the paracasein-complex appearing as a sharp peak in the scanning curve
did not migrate in the electric field at pH 8.6 during the time of the experi-
ment. Comparing the patterns of paracascin-complex (the mother substance)
with that of the different serum samples of reconstituted semi-hard cheese
after two weeks (C and F) and reconstituted hard cheese after 40 days (G and
H) reveals that the components of the cheese serum are generally not related
to the paracasein-complex fractions, Pattern (C) for the serum of reconstituted
cheese without salt at pH 5.36 showed two bands, one at each side of the
apex (shown by an arrow) which have migrated toward the cathode and one
other toward the anode. All the other patterns of cheese serum samples at
different pH values and with or without salt, as well as the ultrafiltrate of
reconstituted hard cheese of 40 days old (pattern H) showed components that
have migrated toward the cathode. This is the reverse of what is found in the
case of either the casein or paracasein-complex.

The investigations showed that under these conditions none of the peaks
for paracasein fractions could be detected in the serum of reconstituted
cheese. The fractions appeared in the serum might represent an enzymatic
cleavage of the protein.

Lmpouist and STorcarDps (1959) found similar fractions in their electro-
phoretic investigations of the effect of pH on the degradation of a-casein
treated with rennin.

3.3.6. The presence of rennin in the paracasein-complex

The preceding paragraphs indicated the possibility of the presence of rennet
enzymes in the freeze-dried preparation. This was simply demonstrated by
incubating 3-4 grams of the preparation in 100 ml of raw skim milk at 35 °C.
After a few hours a firm coagulum was obtained, while this was not the case
when another portion of the same milk was treated in the same way with 5-6
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grams of preparation in which the enzyme was inactivated by drying at 60 °C
for about five hours.

The juice obtained from reconstituted cheese was also examined for the
presence of rennet enzymes. Five ml of this juice added to 10 ml of fresh
skim milk at 39 °C produced a firm coagulum after two hours. The addition
of 10 ml of the same juice after heating for 5 minutes to 80 °C to similar
skim milk did not have this effect. This would mean that some enzyme was

TabLE XII. The effect of the concentration of calcium-p-caseinate-phosphate-complex on the
solubility of its main components* (preparaiion May I).

gSaltin | Lactic Percentage in solution { Percentage dissolved
100 ml acid pH
solution | added ml T.N. Ca |Inorg.P} TN.| Ca |Inorg.P
2 g prep.f 0.0 0.4 6.36 10.014 | 0.022 { 0.011 57 | 400 60.3
100 ml 0.7 6.05 | 0.013 1 0.031 | 0.014 53 56.4 76.8
solution 0.9 591 |0.012 | 0.037 | 0.015 4.9 67.3 822
1.2 5,58 | 0.009 | 0.045 | 0.018 3.7 81.8 98.7
L5 5.31 | 0.006 | 0.051 | 0.019 24 92.8 | 104.2
1.8 4.77 |1 0.003 { 0.055 | 0.019 1.2 | 100.0 | 104.2
5.0 0.3 6.53 10059 0.038 | 0013 | 240 | 69.1 1.3
0.5 6.29 | 0.062 | 0.044 | 0.016 | 252 | 80.0 87.7
0.7 6.04 | 0.057 | 0.048 | 0.017 23.2 873 932
0.9 5.80 | 0.053 | 0.052 | 0.019 216 | . 9467 1042
1.1 5.55 | 0.040 [ 0.056 ; 0.019 16.3 11019 | 104.2
13 5.34 | 0.027 | 0.053 | 0.019 11.0 96.4 | 104.2
1.5 509 1001210054 | 0.019 4.9 98.2 | 104.2
1.8 4.82 10.009 1 0.053 | 0.019 3.7 | 964 | 104.2
10 g prep./ 0.0 0.5 6.28 [ 0.049 | 0.045 | 0.019 4.0 16.4 20.8
100 mi 1.0 5.93 [ 0.045 | 0.069 | 0.028 3.7 25.1 30.7
solution 1.5 574 1 0.046 | 0.097 | 0.031 37| 353 34.0
2.1 546 {0,047 | 0.125 | 0.039 3.8 45.5 428
32 513 10.039 | 0.193 | 0.060 32| 702 65.8
4.2 4.84 {0.028 | 0.250 | 0.086 23| 909 94.3
5.0 0.3 632 1012810064 | 0020 | 104 | 233 219
0.7 6.06 { 0.119 1 0.083 | 0.028 9.7 | 302 30.7
1.0 5.96 { 0,119 1 0.097 | 0.013 9.7 | 353 36.2
1.5 569 10.112 | 0.125 | 0.044 9.1 45.5 48.2
2.1 5.46 10129 [ 0.153 | 0.056 | 10.5 | 55.7 61.4
2.6 532 10092 | 0175 | 0.068 1.5 64.0 74.6
32 5.16 [ 0.066 | 0.203 | 0.079 s4 | 738 B6.6
4.2 4,87 | 0.037 | 0.299 | 0.085 3.0 | 833 93.2
60 g prep./ 0.0 8.0 5.88 | 0.507 | 0.179 | 0.017 6.9 10.9 3.1
100 ml 14.0 568 | 0.569 | ¢.305 | 0.019 7.7 t 185 14
solution 18.0 5.56 | 0.169 | ¢.393 | 0.021 84 ¢ 218 18
220 543 10739 (0473} 0.028 § 100 | 287 51
30.0 515 | 0.358 | 0.638 | 0.039 49 | 387 7.1
5.0 84 59 1065110197 | 0023 | 88 [ 119| 42
14.4 568 10.892:;0314 1 0025 | 121 19.0 4.5
18.6 555 {0861 {0379 ( 0027 { 11.7 ¢ 23.0 49
23.0 540 | 0811 [ 0456 0029 ! 110 | 276 52
31.0 5.16 j0.434 10567 | 0.044 5.9 344 2.0
* All the experiments were analysed after one month.
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bound to the paracasein particles and was not removed by washing. This ap-
pears to contradict the findings of vaN STIIGEREN (1943) who proved that all
the rennin enzyme went quantitatively to the whey. He may possibly have over-
looked extremely small quantities of the enzyme.

In spite of the very small quantity of the enzyme remaining in the freeze-
dried preparation, it may cause an increase in the hydrolysis of the protein
especially in reconstituted cheese where the concentration of the substrate
and with it relatively the enzyme will be high. This will be discussed later.

The proteolytic effect of the enzyme in the freeze-dried preparation was
investigated in another experiment. Here, 2, 10 and 60 grams of the para-
casein-complex were mixed with 100 m! of lactic acid solution, both with and
without salt. All samples were lcft for one month, The samples containing 2
and 10 grams preparation were shaken by hand once daily.

The data are given in Table XI1I. The amount of calcium and inorganic
phosphorus in the serum and the percentage that dissolved were generally
the same as those in the previous experiments, where the suspensions of 2 and
10 g preparation had been left for 7 and 10 days respectively (Table VIII).
At the same time the values for the concentration of nitrogen substances in
the serum as well as the percentage dissolved of the total nitrogen differed
from those obtained in the previous experiments (where the samples had been
left for a shorter period). A comparison showed the following:

1. In case of the ratio 1 ; 50 the amount of nitrogen substances in the serum
and the percentage of the total to dissolve were slightly higher for samples
without salt and generally lower for samples containing 5 per cent salt in
comparison with the corresponding values in the previous experiment,

2. When the ratio was increased to {: 10 the amount of nitrogen sub-
stances dissolved as a percentage of the total nitrogen nearly doubled in both
samples with and without salt.

3. In the month old samples of reconstituted hard cheese the results were
higher again.

In another experiment on reconstituted cheese of pH 5.5 and 5 per cent
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FiG. 11. The increase of the hydrolysis of proteins by enzymes in reconstituted hard cheese
with time (5 74 salt and at pH 5.5).
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salt Fig. 11 it was proved that the values obtained for both the total nitrogen
and NPN in the cheese serum were nearly doubled for samples kept for four
weeks when compared with the respective values for reconstituted cheese of
two weeks old.

The above mentioned results support the supposition of the effect of the
proteolytic enzymes on the decomposition of paracasein. In case of suspension
of 2 g preparation in 100 ml solution the effect of the enzyme was not clear,
because the concentration of both the enzyme and the substrate was very
small. When the concentration was increased to 10 g in 100 ml solution the
percentage of the total nitrogen that dissolved was nearly doubled when left
for one month instead of ten days. In this case the concentration of both the
enzyme and the substrate increased considerably and thus the proteolytic
effect of the enzymes increased. Increasing the concentration of the prepa-
ration to 60 g in 100 ml solution, the amount of nitrogen dissolved as a per-
centage of the total nitrogen after one month was about 11 to 12 per cent in
samples with 5 per cent salt. The corresponding value obtained for similar
reconstituted cheese of two weeks old was about 4 to 6 per cent (Table 1V).
Here again this can be explained as due to the effect of the proteolytic en-
zymes. The increase in the concentration of the total nitrogen in the cheese
serum due to the effect of enzymes was also accompanied by an increase in
the NPN as mentioned before and which seemed to be a fraction of the
paracasein splitting under the effect of the enzyme on the paracasein.

3.3.7. The effect of heating on the properties of the paracasein-complex

The proteolytic enzymes from the rennet still present in the freeze-dried
preparations were found to have a considerable effect on the percentage of
soluble nitrogen especially in reconstituted cheese kept for longer periods.

The investigation described here, studies the effect of heating the washed
rennet curd on the main constituents of the reconstituted cheese serum.

The washed rennet curd of the December 1960 batch, was divided into two
portions. The first was pressed and freeze-dried directly in the usual way, the
second was heated for 15 minutes at 60 °C and then pressed and freeze-dried.
This temperature and time combination were chosen to inactivate the en-
zymes and in the same time were supposed to have the least effect on de-
naturation of protein or otherwise alter the composition and the properties
of the complex.

Table XIII indicates that the total nitrogen and its fraction soluble in 2 per
cent trichloroacetic acid (end concentration) are generally lower in the heated
than in the unheated samples. This difference is obvious for samples of re-
constituted semi-hard or hard cheese. A similar decrease in the amount of
nitrogen soluble in 12 per cent trichloroacetic acid (NPN) as well as for the
nitrogenous substances present in the ultrafiltrate was noticed in reconstituted
hard cheese after three weeks aging. These differences were not obvious in
reconstituted semi-hard cheese which was only two weeks old.

Heating the curd under conditions similar to ‘cooking’ of the curd in some
types of hard cheese did not produce any noticeable change in the level of
calcium and inorganic phosphorus in the ultrafiltrate from both the samples
with and without salt (at the same pH).

These results show therefore that a heat treatment which inactivates the
proteolytic enzymes, reduces the concentration of the nitrogen compounds in

Meded. Landbouwhogeschool, Wegeningen 62 (10}, 1-76 (1962) 41



TasLe XIII. The effect of heat treatment on the solubility of calcium-p-caseinate-complex
(preparation december 1960),

A. Reconstituted semi-hard cheese after 2 weeks ageing

Percentage in the Percentage in the
o cheese serum ultrafiltrate
Salt pH Sol. N-fractions
T.N. in % TCA N Ca Inorg. P
2 12

0.0 5.50 0.310 0.284 0.060 0.086 0.318 0.019
No heat 5.0 5.50 0.595 0.300 0.055 0111 0.308 0.027
treatment

0.0 5.00 0.266 | 0260 | 0076 | 0.086 | 0.524 | 0.031

50 5.00 0.194 0.160 0.064 0.071 0.449 0.043

0.0 548 | 0210 | 0.182 - 0.088 | 0324 | 0016
Curd heated 50 | 543 | o023 {0130 | - | 0097 | 0294 | 0025
at 60°C
for 15 min. 00 | 512 | 0154 | 0.102 | 0.069 | 0.052 | 0.522 | 0.032

50 5.08 0.101 0.084 | 0.043 | 0.040 | 0.440 | 0.041
B. Reconstituted hard cheese after 3 weeks againg

No heat 5.0 5.60 0.519 0.167 0.110 0.184 0.257 0.022
treatment 5.0 5.48 0.432 0.172 0.102 0.188 0.306 0.022
Curd heated

at 60°C 5.0 5.60 0233 | 0100 | 0068 | 0.113 | 0.258 0.019
for 15 min. 5.0 549 0.291 0.114 | 0060 | 0.107 | 0.295 0.019

the serum of the reconstituted cheese, This reduction was in many cases about
50 per cent of the respective values of samples made from unheated curd,

3.3.8. Conclusions

The foregoing section (3.3) has shown that the results of earlier investi-
gators, who studied the effect of acid and salt on diluted suspensions of para-
casein-complex or on diluted cheese extracts, do not represent the actual
- conditions in cheese. This was mainly due to the fact that the previous re-
search workers have forgotten that curd is not identical with pure paracasein
but with calcium-paracaseinate-calcium-phosphate-complex. At the same time
many investigators confused the terms ‘soluble’ and ‘dissolved’. What is soluble
in diluted cheese extracts is not necessary dissolved in the cheese serum.

The following factors are responsible for the high values reported by dif-
ferent investigators for the amount dissolving of nitrogen substances, calcium
and inorganic phosphorus when expressed as a percentage of the total quan-
tities either in cheese or paracasein-complex.,

1. The great difference in the proportion of the paracasein-complex to
water in their experiments than in cheese.

2. A lower level of calcium in the serum of the diluted cheese extract or
paracasein-complex suspensions than in cheese or reconstituted cheese. The
more diluted the suspension the greater the peptizing effect of the salt, in
cheese therefore, this effect is much smaller. These factors cause more nitrogen
to dissolve expressed as a percentage of the total nitrogen.
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For the same reason mentioned under 1, the earlier results reported in the
literature by different investigators concerning the percentage of calcium and
inorganic phosphorus dissolved of the total amount in cheese or paracasein-
complex were much higher than the actual amount dissolving in cheese.

The foregoing results also showed that the rennet enzyme retained on the
paracasein particles, though small in amount, is an additional factor in this
investigation. It causes an increase in the percentage dissolved of total ni-
trogen,

This can be corrected (see effect of heating the curd section 3.3.7.) and
this may amount to about half the quantities of nitrogen dissolving com-
pounds.

3.4. EXPERIMENTS WITH PARACASEIN-COMPLEX SEPARATED FROM SLIGHTLY
ACIDIFIED MILK .

In the manufacture of some types of cheese, the milk is ‘ripened’ or acid-
ified by adding a starter. This increase of acidity will release caicium and in-
organic phosphorus from the paracasein-complex. The amount dissolved de-
pends upon the extent to which the hydregen ion concentration of the milk is
increased. The chemical and physical properties of the paracasein-complex
might be affected accordingly.

It has been mentioned by vaN SLYKE and BosworTH, 1907, that the para-
casein-complex becomes more soluble in lactic acid solution containing salt
due to the removal of a part of its calcium. ORLA-JENSEN {1931) added that
this solubility is diminished in the presence of excess of acid. This is supposed
to be due to the fact that ‘monocalcium paracaseinate’ is soluble while free
paracasein is insoluble in a salt solution. By this he means that removing part
of the calcium from the paracasein-complex makes it more scluble in a solu-
tion of salt. KIERMEIER and SCHATTENFRoOH (1958) found that slightly acid-
ifying the milk before renneting promotes the swelling and solubility of para-
casein-complex. They added that the pH of milk should not fall below 6, ic.,
to avoid shrinkage and a decrease in the solubility. They came to these con-
clusions by experiments made on suspensions of 4 g paracasein-complex in
100 m! lactic acid solution. They considered that the percentage of paracasein
dissolving in the cheese depends for the greater part on the degree of ripening
of the milk.

3.4.1. The effect of the acidity of milk on the chemical and physical properties
of the paracasein-complex

The aim of this part of investigation was to obtain more information
concerning this problem. Three preparations were prepared from fresh skim
milk (pH 6.6) and milk to which lactic acid was added until pH 6.5 and 6.3
respectively, The last value represents the highest acidity met in milk ripened
for the manufacture of cheese. The composition of the three preparations was
found to be the same as shown in section 3.1, Each of these preparations
was mixed with water in the three ratios of 2 : 100, 10: 100 and 60 : 100.
The first two mixturcs were mechanically shaken and left for 7 and 10 days
respectively. The third representing hard cheeses was left for one month before
analysis.
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The results are set out in Tables XIV, XV and XVI. The different mix-
tures prepared from the three preparations show no significant differences in
the percentages of dissolved nitrogen, calcium and inorganic phosphorus. This
applied to all the concentrations used in this investigation.

The influence of acid and salt on the degree of swelling of paracasein-com-
plex, mixed with various amounts of water was also investigated.

TasLe XIV. The effect of acidifying the milk on some chemical and physical properties of the
resultant ca-p-caseinate-complex (preparation May I = fresh milk pH: 6.6),

Salt i . Percentage dissolved
8100 ml{l Deg;ee oH Percentages in sol, of the total prep.
solution | swell. T.N. I Ca |Inorg.P| TN. | Ca [InorgP

2 g prep./ 0.0 430 597 |0.008 | 0026 | 0012 | 33 | 473 | 65.8
100 ml sol. 375 5.83 | 0.007 ¢ 0.032 ] 0.014 29 | 582 76.8
H 375 5.69 | 0.007 | 0.037 | 0.015 29 | 673 822

365 531 [ 0.005]0.049 | 0.019 20 891 [ 1042

360 4,70 | 0.003 [ 0054 | 0.018 1.2 | 98.2 | 98.7

5.0 340 6.50 [ 0.057 10044 | 0.011 [ 23.2 | 800 | 60.3

340 6.30 | 0.076 | 0.049 | 0.014 | 309 | 89.1 76.8

315 6.18 [ 0.089 [ 0.053 | 0.015 | 362 | 964 | 822

310 6.11 | 0.100 - 0.015 40,7 - §2.2

328 595 10.115 | 0.050 | 0.016 | 46.8 | 90.9 87.7

405 5.70 | 0.088 | 0.053 [ 0.016 358 | 964 872.7

670 532 | 0.010 | 0.050 ! 0.017 41 | 509 93.2

510 5.06 | 0,004 | 0.050 0.017 1.6 | 90.9 932

10 g prep./ 0.0 292 6.25 (0.0299|0.038 | 0.015 24 | 13.8 16.4
100 ml sol. 298 5.90 (10,0252 0.066 | 0.025 21| 240 274
U] 296 5.68 (0.0264 0.096 | 0.035 21| 349 384

298 5.48 [0.0263( 0.132 | 0.045 21 | 48.0 | 49.3

292 5.20 (0.0244( 0.202 ; 0.071 20 | 734 | 119

302 4.93 (0.0194( 0.249 | 0.087 16 | 906 | 954

5.0 310 6.38 | 0.058 | 0.061 | 0.017 47 | 222 18.6

364 6.18 | 0.062 | 0.073 | 0.024 50 | 266 26.3

306 598 10.071 [ 0.083 { 0.027 58 | 30.2 29.6

266 574 10062 | 0.115 ] 0.041 50 | 41.8 45.0

302 5.58 (0.059 [ 0.135 | 0.051 4.8 | 49.1 559

342 5.40 | 0.042 [ 0162 ] 0.062 34 | 589 | 68.0

332 5.22 10.034 {0,191 | 0.074 28 | 69.5 | 81.1

312 5.05 | 0.022 | 0.214 | 0.081 18 | 778 88.8

60 g prep./ 0.0 221 588 | 0.507 | 0.179 | 0.017 69 | 109 31
100 mt sol. 221 5.68 | 0.569 | 0.305{ 0.019 7.7 | 185 34
% 220 556 | 0.619 j 0.393 | 0.021 84 | 238 g

220 543 10739 10473 1 0.028 10.0 | 28.7 51

227 5.15 | 0.358 ] 0.638 | 0.039 4.9 | 38.7 7.1

5.0 251 590 [ 0.651 ] 0.197 | 0.023 8.8 | 119 42

234 5.68 [ 0.892 (0314 | 0.025 | 12.1 | 190 4.5

236 5.55 ;0861 [ 0379 | 0.027 1.7 | 23.0 4.9

244 5.40 | 0.811 0456 | 0.029 | 11.0 | 276 52

250 5.16 | 0.434 | 0.567 | 0.044 59 | 344 8.0

1) After one week, with the aid of mechanical shaking.
) After ten days, with the aid of mechanical shaking.
#) After one month.
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TasLe XV. The effect of acidifying the miltk on some chemical and physical properties of the
resultant preparation (preparation May II; milk acidified till pH 6.5).

i . Percentage dissolved
glgglh:ln Degfree oH Percentages in sol of the total prep.
solution | Swell. T.N.| Ca |Inorg.P{ T.N. [ Cz |Inorg.P

2 g prep./ 50 390 6.52 (0058100381 0.013 | 23.2 | 684 | T22
100 ml sol. 365 627 | 0.093 10044 0015 | 732 | 79.2 83.3
n 370 6.16 | 0.099 | 0.046 | 0.016 | 9.6 ) 82.8 88.9

360 6.00 [ 0.108 | 0.047 | 0016 | 43.2 | 84.6 88.9

400 590 |0.116 | 0.048 | 0.016 [ 464 | 864 889

510 5.62 | 0.076 | 0.048 | 0.017 304 864 94.4

485 5.49 | 0.060 | 0.050 | 0.016 24.0 | 200 88.9

560 531 | 0.010 | 0.049 { 0.017 40 | 8.2 94.4

580 5.18 | 0.008 | 0.049 | 0.016 3.2 | 882 BB.9

10 g prep./ 0.0 302 6.36 | 0.033 | 0.024 | 0.011 26 8.6 12.2
100 ml sol. 296 574 10.025 | 0.070 | 0.026 20 | 252 289
n 306 5.55 1 0.024 | 0.097 | 0.033 1.9 | 349 36.7

296 542 | 0.027 | 0.118 | 0.039 22 | 425 43.3
298 529 | 0.025 | 0.145 | 0.047 20 | 522 F 522
308 508 (00220198 | 0.066- | 1.B ( 71.3 73.3
296 4.96 | 0.019 | 0.237 | 0.081 1.5 | 853 90.0

5.0 286 | 630 |0.082|0.059 | 0016 | 66| 212 | 178

254 | 5.84 |0.093 | 0094 | 0031 | 7.4 | 338 | 344

262 | 564 |0.103 |0.116 | 0041 | 82 | 41.8 | 456

206 | 5.52 | 0.058 |0.135 | 0051 | 4.6 | 486 | 567

206 | 539 00510155 0059 | 41 | 558 | 656

308 | 514 100370198 | 0075 | 30| 713 ]| 833

330 | 510 {0029 |0.222| 0081 | 23| 799 | 900
c0gprep./ | 00 238 | 592 |0.481 (086 | 0015 | 64 [ 112
100 ml sok. 225 | 574 [0.726 (0279 | 0018 | 97 | 167
5 235 | 561 |0.705 | 0361 | 0020 | 94 | 217

234 541 | 0.641 (0498 | 0.024
233 516 { 0.518 | 0.637 | 0.035

29.9
38.2

85

6.9

5.0 258 5.82 |0.601 | 0.190 | 0.029 8.0 | 114
264 5.74 10.682 [ 0.260 | 0.026 91 | 5.6
249 5.57 10.699 | 0.336 | 0.024 9.3 | 202
262 5.36 | 0.665 | 0.441 | 0.030 8.9 | 26.5
262 5.16 {0,535 | 0.555 | 0.042 7.1 | 333

NUARLA AbwLLN
00 On 00 g W0

1y After one week, with the aid of mecha:_xical shal_cing.
%) After ten days, with the aid of mechanical shaking.
) After one month.

Generally, the pH did not seem to affect the degree of swelling in the 2 g sus-
_pensions without salt. However, the conditions when salt is added are quite
different, because a large amount of the preparation dissolves. At most pH
values higher than 5.3 a major part of the nitrogen component dissolves. If
this is taken into account the degree of swelling of the undissolved part is
considerably higher (before going into solution) and may amount to more
than 600 (six-fold increase in weight). This complicates the situation and
makes comparison of swelling under these conditions nearly impossible. Only
samples at a pH less than 5.3 can therefore be compared, as no more than 5
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TasLe XVI. The effect of acidifying the milk on some chemical and physical properties of the
resultant preparation (preparation May IH; milk acidified till pH 6.3).

; . Percentage dissolved
g Sogl:nlln Degt:_'ee o Percentages in sol, of the total prep.
solution | swell. T.N.| Ca |{Inorg.P| T.N. | Ca |Inorg.P

2 g prep.f 0.0 0 647 | 0,009 | 0,013 | 0.006 3.6 | 25.6 153
100 mi sol, 6.03 | 0.008 ; 0.023 ; 0.010 3.2} 453 58.8
) 5.87 | 0.008 | 0.029 | 0.012 32! 572 70.6

5.70 | 0.007 | 0.035 | 0014 28 | 69.0 82.4

5.47 |1 0.005 | 0.040 ; 0.016 20 ; 788 94.1

5.30 | 0.005 | 0.045 | 0.016 2.0 | 88.7 94.1

5.03 | 0.003 | 0.049 | 0.016 1.2 | 96.6 94.1

4,62 | 0.003 [ 0.049 | 0.0i6 1.2 | 966 | 94.1

50 0 6.68 | 0.038 | 0.031 | 0.010 | 153 | 6l.1 58.8

.| 6.44 [0.067 | 0.039 | 0.012 279 | 769 70.6

6.28 | 0.078 | 0.040 | 0.015 314 | 788 88.2

6.16 | 0.096 | 0.044 | 0.014 38.7 | 86.7 824

604 {0.098 [ 0.045 | 0.0l5 39.5 | 88.7 88.2

594 [0.113 | 0.046 | 0016 | 455 | 90.5 94.1

S80 [ 0.125 | 0.048 | 0.016 | 504 | 94.6 94.1

567 |0.095 [ 0.048 | 0.014 38.3 | 946 94.1

540 [ 0.028 | 0.048 | 0.016 11,3 | 94.6 94.1

5.18 | 0.006 | 0.047 | 0.016 24 | 926 94.1

10 g prep./ 0.0 286 | 6.36 |0.024 0025 0013 | 19| 99| 153
100 ml sol. 292 6.08 | 0.020 |1 0.03% | 0.018 1.6 | 154 21.2
) 290 590 | 0.020 | 0.059 | 0.024 1.6 | 233 28.2

202 5.76 | 0.020 | 0.079 | 0.031 1.6 | 31.1 36.5

286 5.59 10.021 | 0.105 | 0.040 1.7 | 414 471

284 545 | 0.022 { 0.138 | 0.053 1.8 | 544 62,4

294 5.31 [ 0.021 [ 0.171 | 0.064 1.7 | 674 75.3

290 5.18 | 0.020 | 0.204 | 0.078 1.6 | 80.4 91.8

298 4,75 10013 [ 0.243 | 0.083 1.0 | 95.8 97.6

5.0 322 6,24 | 0085|0062 | 0018 6.8 | 244 21.2

328 6.10 - 0.068 | 0.021 - 26.8 247

284 594 | 0.093 | 0.084 | 0.028 7.5 | 3.1 329

238 585 {01301 | 0.094 | 0032 81| 371 37.6

312 .4 575 {0,091 | 0.107 | 0.037 73 | 422 | 435

274 . ] 560 (0.070 | 0.129 | 0.046 56 | 50.8 541

326 5.52 10,054 | 0.138 | 0.051 44 | 544 60.0

296 540 | 0.045 | 0.155 | 0.058 36 | 61.1 68.2

376 526 10.038 | 0173 | 0.064 31 | 68.2 753

340 512 | 0.029 | 0.191 - 23| 753 -

316 5.02 {0.023 | 0.210 | 0.082 19 | 828 96.5

6 g prep./ 0.0 225 595 10599 10.172 | 0.023 80 | 113 4.5
100 ml sol. . 221 5,72 | 0.857 {1 0.283 1 0.023 11.5 | 18.6 4.5
nH 222 5.50 | 0.662 ; 0.421 | 0.024 89 | 2.7 4.7

225 5.29 | 0.697 | 0.522 { 0.037 94 | 343 73

5.0 246 582 | 0.576 | 0.171 | 0.029 7.7 | 11.2 . 5.7

239 570 | 0.843 | 0.250 | 0.027 11.3 | 171 53

247 544 | 0.835] 0382 0.033 § 11.2 | 251 6.5

244 526 | 0.751 | 0.498 | 0.046 ; 10.1 | 327 9.0

264 5.06 | 0.490 | 0.603 | 0.054 6.6 1 39.6 10.6

i) After one week, with the aid of mechanical shaking.
%) After ten days, with the aid of mechanical shaking.
%) After one month,



TasLe XVIL The effect of acid and salt on some chemical and physical properties of re-
constituted hard cheese of one month old.

In the cheese serum Percentage dissolved
o, | Consistency | SOk {DeBIeE| (analysis after one month) | of the total prep.
Salt O @ e’:.ﬁfl' S\:efll. g | TN Ca Inorg.| .y (~ Inorg
Pl % % ez P
A. 00 }1.140 1,203 | 250 | 221.0 | 5.88 | 0.507 0179 0.017 69 1109 3.1
1.210 1230} 26.0 ) 220.7 ; 5.68 [ 0.569 0.305 0.019 7.7 185 34
1.110 1.180 ! 28.4 | 220.0 | 5.56 | 0.587 0.393 0.021 80 238 38
1.015 1.080{ 27.0 12200 { 543 [ 0.514 0.473 0.028 70 287 51
- - 210 22731 515 10.358 0.638 0.039 49 387 71
50 10680 0718 12,0 | 251.0 | 590 | 0.651 0.197 0.023 8.8 119 4.2
0.852 0.899 ) 21.6 [ 2343 ' 568 [ 0892 0314 0025 ! 121 190 45
0.798 0.849 | 20.0 | 236.0; 555 [ 0.861 0.379 0.027 | 11.7 230 49
0700 0.776 | 18.0 | 2440 | 540 ; 0.811 0456 0029 { 11.0 276 5.2
- - 120 [ 2503 | 5.16 | 0.434 0.567 0.044 59 344 80
7.0 [0B11 0860 ] 17.2 ;247.0 % 5.84 | 0.452 0.198 0.024 61 120 4.3
0.630 0.680 | 16.8 | 242.0 | 5.64 | 0.644 0.294 0.021 87 178 38
0,720 0772 | 180 | 2420 548 | 0.703 0.370 0.025 95 224 45
(.501 0.540 | 16.0 | 250.0 | 5.34 | 0.663 0.433 0.033 90 263 6.0
0.481 0.525 9.0 - 503 | 0.452 0,537 0.047 61 326 85
B. 00 | 0967 1,018 ) 13.0 | 2383 ) 592 | 0481 0.186 0.015 64 112 28
1.234 1.320 | 21.6 |225.0 | 5.74 | 0.726 0.279 0.018 9.7 167 33
1.070 1.140 | 14.0 | 2353 | 5.61 { 0.705 0361 0.020 94 21.7 37
0.885 0.949 | 14.6 | 234.3 | 541 | 0.641 0.498 0.024 BS 299 44
0.929 1.000 [ 17.0 | 233.0 | 5.16 | 0.518 0.637 0.035 69 382 6.5
5.0 | 0.510 0.565 7.0 {23580 582 | 0.601 0.190 0.029 80 114 54
0.590 0.630 - 2640 574 t 0.682 0260 0.026 9.1 156 48
0.482 0.520 | 13.0 {249.01{ 5.57 | 0.699 0.336 0.024 93 202 44
0.420 0.450 50 | 262.01 5.36 | 0.665 0.441 0.030 8% 265 5.6
0.350 0.400 4.0 | 2623 | 5.16 | 0.535 0.555 0.042 7.1 333 178
70 |0.320 0375% 11.2 12587 574 | 0.454 0.187 0.031 6.1 112 57
0.570 0.620 | 17.0 ] 246.0 ; 5.62 | 0.536 0.258 0.027 7Y 155 50
0.588 0.629 | 22.0 {2393 5.48 | 0.654 0.349 0.029 87 209 54
0.390 0421} 164 | 251.0 | 5.28 | 0.560 0.433 0.034 75 260 6.3
0.425 0465 | 12.0 12553 | 502 | 0.422 0.552 0.046 56 331 85
C. 00 - - 23.0 | 2253 ] 595 | 0.599 0.172 0.023 80 113 4.5
- - 25.0 [ 221.0 | 5.72 | 0.857 0.283 0.023 | 115 186 45
- - 21.0 | 2222 | 5.50 | 0.662 0.421 0.024 89 217 4.7
- - 220 | 2250 5.29 | 0.697 0.522 0.037 94 343 73
5.0 - - 124 | 2460 5.82 | 0.576 0171 0.029 7.7 11.2 57
- - 15.6 | 239.3| 5.70 | 0.843 0260 0027 | 113 171 53
- - 140 | 247.0 | 544 | 0.835 0,382 0.033 | 11.2 251 6.5
- - 144 | 243.7| 5.26 | 0.751 0.498 0.046 | 101 327 9.0
- - 30 | 263.7 | 5.06 | 0490 0.603 0.054 66 396 106

Consistency I = after 5 min. .
Consistency 2 = + 5 min. more and 10 g/weight..
A = May 1. preparation.

B = May II. preparation.

C = May IlL. preparation,
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per cent of the paracasein-complex dissolves. The effect of salt here needs no
further comment.

Increasing the ratio of paracasein-complex to water generally decreased
the degree of swelling {Tables X1V, XV and XVI). Both in the 10 g suspen-
sions in 100 ml lactic acid solutions and in the reconstituted hard cheeses,
variations in the hydrogen ion concentration and in salt made little difference
to the degree of swelling.

Both van Dam (1911) and KieRMEIER and SCHATTENFROH (1958) used
solubility as a mecasure of swelling. This is valid for experiments on dilute
suspensions of paracasein-complex {2-5 g in 100 mi water). It is well known
that the swelling is the first step toward solubility, and in this case the swell-
ing is of unlimited nature. This does not apply to cheese with its much lower
water content. This will be further considered.

It has been shown already in chapter (3.3) that the percentage dissclved of
the nitrogen substances at different ratios of paracasein-complex to lactic acid
solutions containing salt is controlled in large part by the calcium concen-
tration in the serum. Therefore it is to be expected that calcium has a similarly
great influence on the degree of swelling of the paracasein-complex.

3.4.2. The effect of acidity of milk on the physical and chemical properties
of reconstituted cheese

The series of experiments described in this section are concerned with the
consistency, the degree to which the water is bound or held by the protein as
well as the swelling in reconstituted hard cheese. They were designed in the
first place to try to arrive at a simple measure for comparing the physical
properties in reconstituted cheese.

342a Consistency of the reconstituted cheese

Paracasein-complex of the May I, May 1I and May 11l batches was used
for this investigation to study the physical and chemical properties of recon-
stituted cheeses under different conditions. Table XVII shows the values ob-
tained to represent the physical properties of the reconstituted cheeses as well
as the composition of their serum. Table XVIII summarizes some of the re-
sults of the previous table for reconstituted cheeses at the same pH value and
at different salt concentrations, ,

The samples without salt always gave higher penetrometer readings than
the samples with 5 or 7 per cent salt, (Table XVIII). This indicates a firm
body for salted samples and a weaker body for the unsalted ones. This was
observed on samples from both May I and May II preparations. At the same
time most of the penetrometer values obtained for reconstituted cheese made
from preparation May II were relatively lower than those from preparation
May 1. These differences cannot however be ragarded as significant. Further
investigations are needed to come to a definite conclusion. In this respect one
has to consider that the penetrometer readings only indirectly measure some
of the factors determining the consistency of reconstituted cheese, they offer
however a convenient numerical means of comparison.

Salt obviously increases the firmness of reconstituted cheese.

At the same time in both salted and unsalted samples the penetrometer
readings generally decreased with a decrease in pH.

Although more protein is hydrolyzed in cheese than in reconstituted cheese,

48 Meded, Landbouwhogeschool, Wageningen 62 (10}, 1-76 (1962)



TasLe XVIII. The effect of pH and salt concentration on some physical and colloidal proper-
ties of reconstituted hard cheese and its relation to soluble N and Ca.*

o in the choese | Sol, in % of the
pA Consis- ef;:il Dcog‘l"ee pH Amserf:m el 'toélo
Sat ey 1 Tl | swell TN. Ca | TN. Ca
A 00 1140 | 250 | 221 | 588 | 0507 0.079 | 69 110
50 0680 | 120 | 251 | 590 | 065t 0197 | &8 120
70 0810 | 170 | 247 | 584 | 0452 0498 | 61 120
0.0 1210 | 260 | 221 | 568 | 059 @305 | 77 185
50 0852 | 220 | 234 | se8 | 0892 0314 | 121 190
7o 0.630 | 170 | 222 | 564 | 0684 0204 | 87 178
0.0 1110 | 280 | 220 | 556 | 0.587 0393 | 80 238
5.0 0798 | 200 | 236 | 555 | 086l 0379 | 117 230
70 0720 | 180 | 22 | 548 | 0703 0370 | 95 224
0.0 1020 | 270 | 220 | 543 | 0514 o413 | 70 287
5.0 0700 | 180 | 244 | 340 | 0811 0456 | 110 276
70 0.501 | 160 | 250 | 534 | 0.633 0433 | 90 263
B 0.0 1234 | 216 | 225 | 574 | 0726 0219 | 97 167
S0 0590 | - 24 | 574 | o682 0260 | 91 156
7.0 0320 | 112 | 259 | 574 | 0454 0187 | 61 112
0.0 1070 | 140 | 235 | s61 | 0705 0361 | 94 217
5.0 0482 | 130 | 240 | 557 | 0690 0336 | 93 202
7.0 0570 | 170 | 246 | 562 | 053% 0258 | 71 155
0.0 0885 | 146 | 234 | 541 | 0641 0498 | 85 299
S0 0420 | 50 | 262 | 536 | 0665 0441 | 89 265
70 0588 | 220 | 230 | 548 | 0654 0349 | 87 209
0.0 0929 | 170 | 233 | s16 | 0518 0637 | 69 382
5.0 0350 | 40 | 262 | s16.| 0535 o0sss | 71 333
70 0425 | 120 | 255 | 502 | 0422 oss2 | s6 331
C. 00 - [ 250 | 210 | 572 [ 0857 0283 | 115 186
50 - | 156 | 238 | 570 | 0843 0260 | 113 171
0.0 _ Voo | 22 | ss0 | oss2 0421 | 89 277
S0 - | 140 | 247 | 544 | o835 o382 | 112 251
0.0 - | 20| 225 | 520 | 0697 o052 | 94 343
<0 T i 140 | 243 | 526 | 6751 o498 | 101 327

*) Summary of data in Table XVIL

these findings generally agree with those reported by vax Dam (1910) and
Raapsvelp and MULDER (1949) obtained from their investigations on the
effect of the pH on the soluble nitrogen and the consistency of Edam cheese.
1t has to be borne in mind that in genuine hard cheese the influence of the
hydrolysis of protein on the consistency is much greater. Moreover there is
an important difference in the treatments between hard cheese and that of re-
constituted cheese, in the former the paracasein-complex and the fat together
form a compact mass, while in reconstituted cheese the material paracasein-
complex was in a finely divided form. It is therefore hard to make valid com-

Meded. Landbouwhageschool, Wageningen 62 (10), 1-76 ( 1962) 49



parisons between these results and that of Edam or other hard cheeses as
regards consistency and other body characters.

As the concentration of the calcium in the cheese serum always increases
when the pH is decreased, it is possible that when the pH is lowered, the
consistency of the cheese is affected in some way by the higher concentration
of the calcium. In this respect it is difficult to say wether the conclusion ar-
rived at by BeLousov (1959) that the calcium content of the paracasein-com-
plex separated from the cheese after pressing plays an important réle in the
consistency of the cheese is correct or not. It is most probable, however, that
the amount of the dissolved calcium in the cheese serum is of the greatest im-
portance.

342b. The swelling and the water binding capacity of
reconstituted cheese .

1t was difficult to observe any visible differences in the swelling of recon-
stituted cheeses with variations in acid or salt. However, it was supposed that
some differences in the degree of swelling of the insoluble part of the para-
casein-complex (after the sample had been centrifuged) would be obtained,
By using this methed a part of the liquid which is weakly held by the swollen
gel will then be expelled. As already discussed in section (2.4.) it was difficult
to measure accurately the actual volume of the liquid expelled.

Columns 4 and 3 in Tables XVII and XVIII respectively record the effect
of salt on the volume of the solution expelled. It can be seen that the latter
decreases somewhat as the salt content increases. This applied to nearly all
the samples from May I, May II and May III preparations, except, in May II,
for those mixtures with 5 per cent salt. Here less liquid was expelled than in
others without salt and with 7 per cent salt.

The general effect of the hydrogen ion concentration at different levels of
salt was not always clear. More solution was expelled between pH-values of
5.4 and 5.6 than at either higher or lower pH-values, More experiments would
have to be conducted to come to definite conclusions on the effect of acid and
salt on the water binding capacity of paracasein-complex in reconstituted
cheese.

Preliminarily, it can be said that salt affects the amount of water held by
the paracasein-complex particles, while the effect of the pH is less pronoun-
ced. It is difficult to explain, however, the figures for the volume of the solu-
tion expelled under different conditions. It has been well established that salt
liberates the water bound in cheese and reconstituted cheese (section 3.2). At
the same time the present results suggest that the salt caused the paracasein-
complex particles to hold the water more tightly.

As the values of the degree of swelling depend (in the present investigation)
on the amount of the liquid held by the paracaseincomplex particles, a slight
increase in the degree of swelling was generally noticed when salt was added
to reconstituted cheese. This increase was mostly less than 10 per cent and it
applied to both the samples with 5 or 7 per cent salt when compared with un-
salted samples.

Slightly acidifying the milk used for the paracasein-complex appeared to
have no special effect on the swelling of reconstituted hard cheese,

The present investigation could give no more than an idea of the physical
and colloidal properties in reconstituted cheese. It provides a simple way of
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measuring them. More experiments are needed to throw light on this aspect
and other methods will have to be designed.

3.4.3. Conclusions

The results and discussion of the foregoing section indicates that acidifying
the milk to pH 6.3 appeared to have no important effect on the dissolved ni-
trogen, calcium and inorganic phosphorus in reconstituted cheese as well as in
dilute suspensions of paracasein-complex in lactic acid.

Similarly, slightly acidifying the milk has no significant effect either on the
physical and colloidal properties of reconstituted cheese or on dilute suspen-
sions of the paracasein-complex.

3.5. THE EFFECT OF THE pH AND THE SALT CONTENT OF EDAM CHEESE ON
THE COMPOSITION OF 118 SERUM

This investigation served to collect information on the concentration of
calcium and inorganic phosphorus in the actual cheese serum. In all previous
investigations mentioned in the literature the object was to dctermine either
the total quantity of calcium and phosphorus in cheese; i.e., the soluble and
insoluble constituents together, (ZAHRNDT, LANE and HAMMER, 1944) or
the parts dissolved in water extracts, e.g., for Cheddar cheese by VAN SLYKE
and BoswoRrTH, 1907 or for soft cheese by NAUDTS and DE VLEESCHAUWER,
1959.

In this study reconstituted cheese was compared with typical Edam cheese,
concerning the effect of hydrogen ion and salt concentration on the compo-
sition of the serum. The Edam cheeses used were manufactured in the normal
way. The cheese juice was obtained as described for reconstituted cheese. The
serum was then separated by centrifuging the cheese juice at 15.000 rev/min
for 20 minutes.

Tables XIX and XX show the results obtained for two lots of Edam cheese
prepared in the laboratory in the standard way. One cheese in every lot was
left unsalted as a control. Generally the unsalted cheese held somewhat more

TazsLE XIX. The effect of acid and salt on the solubility of the main components of Edam

cheese ).
. Percentage dissolved
A hge of M oi;s/ture pH Percentage in the cheese serum of tlfe total
Cheese o salt | TN. | Ca {Inorg.Pj T.N.| Ca |Inorg.P
One day 54.0 5.14 | 000 {0294 | 0590 | - 628 580 | -
One week 533 528 | 0,00 | 0.636 | 0.569 | 0.086 | 13.40] 54.2 229
50.8 520 | 3.27 |0.585 | 0.565 | 0.094 |11.70] 519} 237
Two weeks 52.7 534 | 0.00 {1.026 | 0.601 - 21,30 | 57.5 -
49.7 528 | 3.34 | 0817 | 0.566 | 0.103 (16,00 | 50.9 254
One month 49.7 537 0.00 1490} - 0.051 {29.10| - 12,6
48.4 5.30* 3.43 | 1.099 1 0.544 | 0.045 | 20.90 | 47.7 10.8

1) Edam cheese manufactured during July 1961.
*) The pH value was determined in the cheese not in the serum.
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TabLg XX. The effect of acid and salt on the solubility of the main components of Edam
cheese 1),

. ; Percentage dissolved
Age of Mo:s}ure pH Percentage in the cheese serum of the total

h A

cheese ¢ salt | T.N. l Ca llnorg.P T.N. j Ca |Inorg.P
One day 54,7 507 | 0.00 | 0.259 | 0.590 | 0.021 55| 648 6.2
One week 54.1 5.24 0.00 {0,729 | 0.625 | 0.101 153 | 62.8 292

513 513 | 347 | 0.629 | 0.566 | 0.110 ; 129 | 359 304
50.4 512 1 430 | 0.618 10550 ) 0.103 | 12.5 | 556 | 28.1

Two weeks 537 520*) 0.00 | 1.209 j 0611 | 0077 | 256 | 59.7 ¢ 221
50.2 523 | 3.55 | 0937|0347 0082 | 188 | 528 ) 222
49.2 521 | 440 | 0,830 | 0,538 | 0.080 | 164 | 53.3 21.3

One month 50.3 5.25%( 0.00 | 1.203 | 0.594 | 0.045 | 232 | 54.5 12.0
47.3 533 [ 3.76 | 1.198 | 0,491 | 0.055 | 22.7 | 44.8 14.0
46.1 532 | 467 | 1.098 | 0485 | 0.056 | 20.5 | 45.1 14.0

1) Edam cheese manufactured during August 1961.
*} The pH value was determined in the cheese not in the serum.

moisture than a salted one of the same age. Also, increasing the amount of
salt, decreased the moisture content. This would be due to diffusion of part
of the water from the cheese during brining,

3.5.1. The effect of salt on the physical properties of Edam cheese

It had been observed that the juice was always easier to collect from a
salted cheese than from unsalted one, It was for instance, impossible to collect
any juice from unsalted cheese two months old, while obtaining the juice from
a salted one of the same age and pH was quite easy, and this despite a slightly
higher moisture content in the former. A pressure of 40,000 pounds per
square inch was always used. This indicates that the water is held very tightly
in unsalted samples. This may possibly point to a higher degree of swelling.

Salt liberates bound water (section 3.2.5.) and might cause a salting out
effect. This does not agree with the opinion of vaN Dam and many others
who always regard that 5 per cent salt in the cheese serum promotes swelling
and helps to furnish favourable conditions for optimum consistency. The un-
salted Edam cheese seemed, however, to be softer and perhaps of better con-
sistency but with rather a weak body than the salted one. The former could
always flatten when left on the shelf for few weeks, while this was not the
case with the salted cheeses.

The figures for the swelling and the consistency of reconstituted hard
cheese in Table XVII in section 3.4 also indicate that salt in general does not
increase either the swelling or the amount of nitrogen which dissolves.

3.5.2. Dissolved calcium and inorganic phosphorus in Edam cheese

In the unsalted samples of Edam cheese the dissolved calcium expressed as
a percentage of the total calcium in cheese was slightly lower but then in-
creased as maturity progressed in case of cheese made during July.

A slightly higher value was obtained which was then followed by a gradual
decrease in the case of cheese made from the milk batch of August. These fluc-
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tuations might be caused by a lack of equilibrium in the system as a result of
evaporation of a part of the moisture on the one hand, or by precipitation of
a part of the dissolved calcium on the other. Incomplete conversion of the
lactose into lactic acid could also be considered partially respensible for these
differences.

In the case of samples containing salt the dissolved calcium generally de-
creased as the cheese became older. It was also observed that increasing the
salt content while other conditions remained the same generally decreased the
dissolved calcium.

When comparing Edam cheese with reconstituted hard cheese, it was ob-
served that the concentration of the calcium in the serum of unsalted Edam
cheese of one month old and pH of about 5.3, was 0.594 g in 100 g serum
(Table XX) while the corresponding values for reconstituted cheese average
about 0.530 g in 100 g serum (Table XVII). When salt was added, the
average values for Edam cheese and reconstituted cheese were 0.507 and 0.500
respectively. In both cases less than 50 per cent of the total calcium dissolved.

When comparing the inorganic phosphorus in the serum samples, it was
observed that in the case of unsalted samples, the average values were about
0.048 and 0.035 g in 100 g serum in Edam cheese and reconstituted cheese
respectively. The corresponding values for salted samples were slightly higher
in both cases. At the same time the dissolved inorganic phosphorus expressed
as a percentage of the total was less than 15 per cent in the case of Edam
cheese and it did not reach 10 per cent in reconstituted cheese.

The results obtained for calcium and inorganic phosphorus in reconstituted
cheese are comparable with those existing in cheese.

3.5.3. The effect of salt on the concentration of T.N. in the cheese serum

If the slight differences in moisture and pH between unsalted and salted
Edam cheeses are ignored, a gradual increase in the concentration of the total
nitrogen in the serum can be observed as maturity proceeds. This is well
known, and is caused by hydrolysis of proteins. The values for dissolved ni-
trogen were always higher in samples without salt than in samples with salt,
Tables XIX and XX. The nitrogenous substances to dissolve expressed as a
percentage of the total nitrogen of the cheese at an age of one month averaged
about 26 per cent in unsalted samples with a pH of 5.3. This average was
about 21 per cent in cheese at the same pH and containing about 4 per cent
salt in its serum. The difference is relatively small, yet it was interesting to
caleulate that it corresponded to the bound water liberated as a result of the
effect of salt, (0.4 g bound water per gram casein). Although both salted and
unsalted cheeses gave identical bacterial counts, the effect of salt on the ac-
tivity of micro-organisms should not be overlooked. STADHOUDERsS (1961)
mentioned that the hydrolysis of protein in Edam cheese by streptococci de-
pends upon the proteolytic capacity by the bacterial cell as well as on the total
number of streptococei present in the cheese. However, under the present
conditions this difference was very small.

It is difficult to compare the present figures and those reported by other
investigators for the total nitrogen content of the juice of different kinds of
cheese, as the latter make no mention either of the salt content or the pH of
the cheese (SANDBERG et al., 1930) and DE VLEESCHAUWER and HEYNDRICKX,
1948). For instance, SANDBERG et al. reported the percentage of the total
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nitrogen which was dissolved in two Edam cheeses of unknown age, pH or
salt content to be 26 and 27 per cent. These results are slightly higher than
the results reported in Table XIX and XX for Edam cheeses which were one
month old.

The total nitrogen in the serum of Edam cheese as well as the percentage
dissolved of the total quantities in cheese cannot be compared with that in
reconstituted hard cheese in the previous section. This is mainly due to dif-
ferent conditions in the former such as the microflora, and the proteolytic
enzymes besides the effect of acid and salt.

3.53a. Comments on the water extraction methods

It is impossibie to compare results from the present investigation with those
reported by SIrkS (1943). This is because he used a dilute cheese extract to
study the influence of pH on the protein degradation in Edam cheese and its
relation to the consistency. It is of interest however to discuss some of his
results, as this method was used by many investigators. Table XXI summarizes

TasLE XXI1. SuMaw of some of the results reported by Sirks (1943) on Edam cheese {in
a dilute extract).

pH Water soluble N
Sampl Age of ch - o

ample ge ol cheese in cheese in water extract in 20 of T.N.
AC one week 5.19 5.81 19.3

three weeks 528 5.75 239
AD one week 5.35 6.01 12.7

four weeks 5.38 594 18.1
HK one week 5.28 5.56 12.5

three weeks 533 5.56 14.8

some of the results reported by Sirks. The results were chosen for cheeses
with about the same pH and age as those examined in the present study
(Tables X1X and XX). Sirks did not mention the salt content of his cheeses.

The values of Sirks were generally lower than would be expected, espe-
cially with the pH of the water extract much higher than that in the actual
cheese. It is difficult to explain why this is so. It may be due to the low end
concentration of the sodium chleride in the water extract compared with the
5 per cent usually found for the cheese serum. This will have the effect that
the peptization of the protein components will be less pronounced. It might
also be possible that the thymol in alcohol, used by SIRKS to preserve his
preparations (100 mg thymot per 100 ml extracting solution) influenced the
solubility of the protein (section 3.6).

Apart from the results obtained with water or salt extracting methods, a
major objection to the extraction method is mainly the changes in the com-
position of the exracting solution compared with that actually found in cheese.
Any shift in the pH of the extracting solution away from that in the original
cheese, as well as in the concentration of calcium and sodium, will cause
variations in the amount of nitrogenous substances to dissolve. This will make
the extracting method, as it is applied, not suitable for studying the conditions
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of calcium and total nitrogen occurring in cheese and its relation to the phys-
ical and colloidal properties.

Many investigators, (SANDBERG ¢! al., and DE VLEESCHAUWER and HEYN-
DRICKX) have pointed out the differences between the ‘pressure’ and the water
extraction method. They recommened the former because it approximates more
closely to the conditions in cheese, ORLA-JENSEN (1940) preferred the ex-
traction method for the determination of the soluble nitrogen in cheese and
proposed extracting the finely ground cheese mass at room temperature for
15 hours. This can be justified in the case of matured cheese where part of the
soluble amino acids form crystals because of lack of water. With the ‘pres-
sure’ method crystallized amino acids would not appear in solution although
they can be regarded as part of the soluble nitrogen, and a dilute extraction
method is needed where hydrolysis of proteins in cheese is wanted. This does
not say anything however about the conditions in cheese.

When designing an extraction method, one has to take into account that
several factors influence the results of the extraction, i.e. pH, salt content,
calcium concentration, enzymes and bacteria. Until now this was not con-
sidered sufficiently by different investigators.

How the extraction method is devised depends upon the aim of the inves-
tigation, viz. hydrolysis of proteins or partially imitating the conditions in
cheese. This is of great importance. Consequently an extraction with water,
the method used by vaN SLYXE and also by Sirks cannot be approved. Ex-
tracting with 5% salt solution (van SLYKE) will easily lead to erroneous con-
clusions as far as the concentration of calcium and the hydrogen jon were not
controlled.

3.6. THE EFFECT OF THYMOL ON THE SOLUBILITY OF PARACASEIN

In section 3.5 it was questioned whether the thymol used as a preservative
would affect the solubility of the protein. The results which Sirks (1943) ob-
tained for extractable total mitrogen in Edam cheese were smaller than they
were expected to be.

Although thymol was used previously in similar experiments, in the litera-
ture no mention was made of any influence of thymol on the solubility of
proteins, This may explain why already the greater part of the experiments
were finished before the influence of thymol was considered of importance.

An investigation of the question, however, became indispensable when
some doubt arose on the figures for extractable nitrogen estimated by the
method of Sirks.

Thus it became necessary to make experiments in such a short time that no
micro-organisms could influence the results. This required in the first place a
rapid method for establishing equilibrium between the paracasem-complex
and the diluted lactic acid, to enable results obtained for samples w:th and
without thymol to be compared under similar conditions,

A rapid equilibrium in the system would furthermore have the advantage
of minimizing any enzymic action.

3.6.1. A rapid method jor establishing equilibrium between paracasein-com-
- plex and lactic acid

This was achieved with the ‘Ultra-TurraX’ (2 high speed mixer) which could
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disperse a freshly prepared paracasein-complex in a solution of lactic acid
within a few minutes. Preliminary experiments showed that four grams of the
wet preparation (55% moisture) dispersed in 100 m! water to which lactic
acid was added and with or without salt reached equilibrium within 8 to 10
minutes. The temperature did not exceed 25 °C durlng mlxmg

It is 1mportant to control the temperature as a rise in temperature wnll
cause a change in the amount dissolved of the paracasein-complex. The temp-
erature during mixing was controlied by putsing the sample in cold water and
oparating with the Ultra-Turrax for two periods each of four or five minutes.
1t was found that dispersing the particles any longer under these conditions
did not significantly change the dissolved constituents in the serum,

The Ultra-Turrax made it also possible to increase the amount of para-
casein-complex in the water (acidified with lactic acid) vp to a ratio of 1: 3.5
which is similar to the ratio in soft cheese. For this purpose 60 grams of the
wet preparation, holding 55 per cent moisture, were vigorously mixed with
60 ml lactic acid solution,

The equilibrium in this case was obtained within 12 to 15 minutes of
vigorous mixing at about 20 °C. To hold this temperature the container with
the sample was always kept in a water 4 ice mixture. Every sample required
a total period of about one hour to attain the equilibrium.

It was unfortunately not possible to prepare a homogeneous mixture of
paracascin-complex with water in ratios higher than 1:3.5. Therefore no
experiments with reconstituted hard cheese couid be made.

3.6.2. The effect of thymol on protein in solution

Serum freshly prepared from reconstituted soft cheese and centrifuged at
15,000 rev/min for 20 minutes was divided into two portions, The first served
as a control and was analysed immediately for total nitrogen. To the other
thymol in chloroform (150 mg thymol per 100 ml serum) was added and
mixed vigorously with the Ultra-Turrax for a few minutes, which caused the
solution to become turbid,

The samples were then centrifuged again and filtered for the determination
of total nitrogen. The results are shown in Table XXI{. From the figures it is

TanLe XXII. The effect of mixing thymol with reconstituted cheese
serum on the concentration of the nitrogen substances

H Total nitrogen (g/100 ml secrum) Differences
P no thymol with thymol /100 ml
6.20 0.047 0.033 0.014 = 309,
5.53 0.365 0.245 0.120 = 33%,
5.08 0.273 0.107 0.166 = 615,

obvious that adding thymol to the serum of reconstituted soft cheese signifi-
cantly decreases the concentration of the nitrogen substances in solution. The
influence of thymol was greater at a lower pH (5.08) than at higher one (6.2).
The decrease was about 60 per cent in the former case and came to about
30 per cent in the latter.

3.6.3. The effect of thymol on dilute suspensions of paracasein-complex
The effect of adding thymol to the paracasein-complex suspensions on the
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concentration of total nitrogen in the serum was also investigated. For this,
the experiment of section 3.3 (with a paracasein-complex to water ratio of
1:50) was repeated, but this time with the Ultra-Turrax mixer to give a
rapid equilibrium, Four grams of the wet preparation (55% moisture) were
suspended in 100 m! diluted lactic acid containing 5 grams salt. After stirring
with the Ultra-Turrax the samples were centrifuged at 15.000 rev/min for 20
minutes and filtered. A second lot of samples had 3 ml of 5 per cent thymol
in chloroform added to every 100 ml of lactic acid solution (150 mg thymol
per 100 ml solution)} before it was similarly mixed and treated. The results of
analysis for samples with and without thymol are set out in Table XXIIL

TanLe XXIIL The effect of adding thymol on the solubility of paracasein-complex (para-
casein~complex:water = 2:100).

H No thymol With thymol
P T.N.g/l00mi* | %dissolved | T.N.g/t00mt* | % dissolved
6.22 0.078 29.1
5.88 0.122 455
5.56 0.175 65.3 0.069 253
5.27 0.181 67.5 0.038 142
' 516 0,089 332 0.008 30
4,93 0.066 24.6
470 0.008 3.0

. ;n order to obtain the soluble fraction the samples were centrifuged at 15,000 rev/min for
0 min.

Mixing thymol with the suspensions greatly decreased the concentration of the
soluble nitrogen substances, This effect was greater at lower pH values.

Dispersing the paracasein-complex with the Ultra-Turrax and centrifuging
it at 15,000 rev/min left in most cases turbid solutions. This turbidity will
make a comparison with the suspensions used in the previous experiments
(section 3.3} less valid. In the latter case the serum was relatively clear. The
same experiment was therefore repeated with the samples centrifuged for 60
instead of 20 minutes to eliminate as much as possible of the turbidity. The
results are shown in Table XXIV.

TasLe XXIV. The effect of centrifuging the dispersed
paracasein-complex (2:100- at 15,000
rev./min for 60 min. instead of 20 min.,*
on the concentration of T.N. in the

solution
% Dissotved of
pH T.N. /100 ml the total
5.92 0114 42.5
5.70 0.135 50.4
5.51 0.145 54.1
5.22 0.128 417
5.05 0.074 27.6
4.86 0.014 5.2

* See Table XXIII without thymol.
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When comparing the data in Table XXIV with the respective values in
Table XXIII, it is observed that increasing the time of centrifuging consider-
ably decreases the total nitrogen values especially in the pH zone of maximum
peptization of the paracasein. The extra 40 minutes of centrifuging cleared
the solution sufficiently for a fair comparison of the present results (without
thymol added) with the previous ones (section 3.3 Table VIII) where thymol
was used as a preservative.

Table XXIV shows that at the pH point of maximum peptization for para-
casein-complex about 55 per cent of the total nitrogen of the preparation was
dissolved. This value was higher than that reported in the previous experi-
ments (section 3.3) Table VIII (about 45 per cent) in which thymol was
used as a preservative, The amounts of dissolved nitrogen were still markedly
higher in the pH range of 5-5.5 in Table XXIV than where thymol had been
used Table VIII and Fig. 5.

This indicates that thymol added to the paracasein suspensions has a con-
sidcrable influence.

In another series of experiments 4 grams of wet preparation were sus-
pended in 00 ml water containing lactic acid both with and without salt.
These suspensions were used to investigate the influence of 150 and 100 mg
thymol (dissolved in chloroform) added respectively per 100 ml suspension.
The former concentration was used in the present investigation for all the
experiments with freeze-dried paracasein-complex. The latter concentration
was used by Sirks (1943) in his experiments.

In all cases the thymol was mixed with the Ultra-Turrax during dispersion
of the paracasein in the water to which lactic acid was added. The samples
were then centrifuged at 15,000 rev/min for 60 minutes to obtain as clear a
serum as possible. The results are shown in Table XXV. As shown in the

Taste XXV, The effect of the concentration of thymol on the percentage dissolved of T.N. of
paracasein-complex in diluted suspensions (2:100).

+ 100 mg thymol/ + 150 mg thymol/
No thymol 100 ml solution 100 ml solution
H N. subst. | 9 dissol. H N. subst. | % dissol. H N. subst, | % dissol.

PO oi00ml | of T.N. | P™ | g/100mt | of TN. | P | g/100m! | of T.N.
No salt | 5.80 0.011 4.1 5.94 0.003 1.1

522 0.008 3.0 5.40 0.004 1.5

498 0.007 2.6 5.18 0.003 1.1
5% salt | 5.83 0.104 388 5.99 0.066 24.6 6.00 0.066 24.6

540 0.131 48.9 5.32 0.065 24.3 5.40 0.068 254

5.27 0.141 526 4.98 0.010 3.7 5.28 0.042 15.7

table, thymol has an obvious effect on both the samples with and without
salt. Adding 150 mg thymo! had about the same effect as 100 mg thymol
(with similar pH). In both cases the effect was more pronounced when the
hydrogen ion concentration was increased.

These experiments indicate that thymol causes a pronounced decrease in
the percentage of the total nitrogen to dissolve in dilute suspensions of para-
casein in water acidified with lactic acid especially at pH 5.5 or lower. It
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follows also that the concentration of thymol in alcohol used by Sirks (1943),
significantly decreased the percentage of total nitrogen available in cheese
for solution during extraction. Therefore, Sirks’s method cannot be accepted
as reliable for studying the hydrolysis of protein in cheese. The thymol in this
case would alter the results in different ways depending upon the pH of the
extracting solution.

At the same time the infiuence of thymol does not change the general con-
clusions drawn in the previous sections (3.3) of the present investigation. Only
the shape of the curve in Fig. 5 should be changed in the part for pH-values
of 5.7 and Jower where the effect of thymol was great. Both the previous and
the new curves are shown together in Fig. 12.
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Fii. 12. Comparison between the curves obtained in the previous experiments to which thymol
was added and the new experiments without adding thymol.
(ratio 2/100 and with 5 %; salt).

It will be remembered that it was concluded from the experiments described

in section 3.3 that all the work previously reported in the literature was

- done with dilute paracasein-complex suspensions and it provided little useful
data on the physical and chemical conditions and changes in cheese.

3.6.4. The effect of thymol on concentrated mixtures of paracasein-complex
{reconstituted soft cheese) .

In the previous section (3.6.3.) it was shown that thymol in chloroform
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significantly affects the percentage of the total nitrogen to dissolve in dilute
suspensions of paracasein-complex. It was also necessary to find out what
effect thymol had on mixtures containnig more paracasein. Reconstituted soft
cheeses at different pH values were freshly prepared for this purpose, other
samples were prepared in the same way, but these were treated in two dif-
ferent ways with thymol in chloroform (150 mg thymol per 100 mi cheese
serum). In the first the preservative was added before the paracascin-complex
was mixed with the Ultra-Turrax. In the second treatment the preservative
was added to the samples after mixing with the Ultra-Turrax. In this case the
preservative was worked into the homogeneous sample by thorough stirring
with a glass rod. The samples were then left for 24 hours, and the serum was
collected for analysis. This was regarded as long enough to reveal any effect
of the thymol.

In all cases the cheese juice was expelled by first centrifuging the samples
at 5,000 rev/min for 20 min, and then centrifuging the supernatant liquid
once more at 15,000 rev/min for one hour in order to obtain as clear a serum
as possible. The results of these experiments are shown in Table XXVI. They

TapLE XXVI. The effect of mixing thymol with reconstituted soft cheese on the concentration
of T.N. in the serum.

+ thymol before mixing | <+ thymol after mixing
No thymol with Ultra-Turrax with Ultra-Turrax
T.N. (g/100ml T.N. (g/100m] T.N. (g/100ml
pH serum) pH serumy) PH serum)
No salt 572 0.090 5.61 0.060 5.70 0.097
5.50 0.095 — —_ -_ —
5.30 0.110 522 0.066 534 0.081
5.09 0.154 5.00 0.079 5.10 0.102
59 salt 579 0.138 — —_ 5.64 0.164
542 0.381 545 0.100 — —
5.31 0.553 —_ — 529 0.336
5.10 0.328 515 0.112 5.08 0.330
4,94 0.157 4.95 0.100 —_ -—_

indicate that thymol decreased the concentration of the total nitrogen in the
cheese serum considerably, where it was added before mixing. This effect was
greater in the case of salted samples than in the unsalted ones. Where the
thymol was added after mixing with the Ultra-Turrax the effect was only
small.

Thymol is very soluble in alcohol and chloroform, while it is nearly in-
soluble in water, This would explain why it has less effect when added to the
reconstituted soft cheese after the latter has been mixed with the Ultra-Turrax.
At the same time the thymol here decreased the amount of total nitrogen in
the serum of reconstitued soft cheese less than in the more dilute suspensions,

It is difficult, however, to determine which type of treatment can approx-
imate more closely to the conditions of the previous experiments in which
the thymol and the diluted lactic acid solution were mixed at the same time

60 Meded. Landbouwhogeschool, Wageningen 62 (10), 1-76 (1962}



with the freeze-dried preparation {reconstituted cheese) and then kept for two
weeks.

As mentioned before homogeneous mixtures of paracasein-complex and
water corresponding with hard or semi-hard cheese could not be prepared
with the Ultra-Turrax method. The effect therefore of thymol in chloroform,
under the conditions of the experiments on reconstituted cheese in sections
3.2 and 3.4, cannot be accurately evaluated. This problem, as a result, had to
be approached from another direction.

1t was proved in section 3.3 that the level of the calcium in the serum exert
a major influence on the degree of peptization of the paracasein-complex.

Raising the level of calcium in the serum of reconstituted soft cheese,
therefore, offered a way of approximating semi-hard or hard cheese in this
respect. An analysis of the serum of the resultant mixture will aliow the results
from the previous experiments for reconstituted semi-hard and hard cheese
with thymol to be compared. The next section will deal with this point.

3.7. THE EFFECT OF LACTIC ACID AND SALT ON THE CHEMICAL AND PHYSICAL
PROPERTIES OF RECONSTITUTED SOFT CHEESE

The method described in section 3.6 was used to prepare reconstituted soft
cheese both unsalted and containing 5 per cent salt in its serum and at dif-
ferent pH values. All the samples were from one stock of wet preparation
which in turn was separated from the same mixed bulk milk,

The water binding and the swelling capacity of these samples were mea-
sured in the same way as described in chapter 2 (p. 11),

The degree of swelling is the increase in weight (g) of 100 grams dry matter.
The supernatant liquid obtained after centrifuging the samples at 5,000 rev/
min was once more centrifuged at 15,000 rev/min for 60 minutes in order to
obtain as clear a cheese serum as possible.

3.7.1, The effect of pH and salt on the physical properties of reconstituted
soft cheese '

From the amount of the solution expelled (Table XXVII) it appears that

TasLe XXVII. The effect of acid and salt on the physical and chemical properties of recon-
stituted soft cheese. (Paracasein complex: water = 1:3.5)

Saltin | Sol. | Degree In the cheese serum mg./100ml. | Percentage dissolved of
serum | expel. of pH serum, the total in prep.
% ml. |Swelling T.N, |N.P.N. Ca |inorg. P| TN.| Ca |inorg. P
0.0 49.5 232 6.00 86 2 129 24 21 15.1 8.5
54.0 222 512 90 172 41 22 | 201 14.5
58.5 205 5.50 95 4 252 61 24 | 294 21.6
59.0 | 202 5.30 | 110 303 82 27 | 354 290
550 | 219 509 | 154 4 445 137 g | 520 48.4
540 | 259 4.95 | 156 540 167 39 | 63.1 59.0
5.0 530 | 253 5.88 | 158 4 147 33 319 | 172 11.7
450 | 254 5.79 | 138 157 40 34 | 183 14.5
- - 5.65 | 217 4 193 50 54 | 225 17.5
550 | 231 5.43 | 46l 216 77 9.5 | 252 27.2
500 [ 236 5.31 | 553 4 288 86 (138 | 336 304
51.0 | 231 510 | 328 i 123 82 | 443 43.5
49.0 247 494 | 157 3 460 168 3.9 | 537 59.4
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adding salt slightly increases the water binding capacity of reconstituted soft
cheese. As a result of this an increase in the degree of swelling was. also no-
ticed in general in samples containing 5 per cent salt in its serum than in un-
salted samples. The values for expelled solution and the degree of swelling
varied with different pH conditions,

The differences were not large or consistent enough to be significant. The
present results agree in general with those of the previous experiments on re-
constituted hard cheese (section 3. 4) The values obtained for the degree of
swelling were mostly slightly higher in soft cheese than the respective values
in reconstituted hard cheeses.

3.7.2. Effect of acid and sait on the composition of the serum of reconstituted
soft cheese

The data from these tests have also been included in Table XXVII. The

table and Fig. 13 show the concentration of the total nitrogen in the cheese
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F1G. 13. The effect of pH, salt and adding calcium chloride on the concentration of N-sub-
stances in the scrum of reconstituted soft cheese.
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serum of unsalted samples to be relatively smali, while it gradually increases
as the pH decreases. At pH 5 about 4 per cent of the total nitrogen in the
sample was dissolved, In case of samples containing 5 per cent salt, the con-
centration of nitrogen in the serum was smallest at pH values of 5.8 and 4.9.
Here the amount of dissolve nitrogen were nearly the same as for unsalted
samples. In between these two hydrogen ion concentrations the salt exerted
an obvious peptizing effect on the paracasein-complex under conditions re-
presenting soft cheese. This was highest at about 5.3 where about 14 per
cent of the total nitrogen of the preparation was dissolved. It is of interest that
only a very small fraction (about 4 per cent) of the dissolved nitrogen sub-
stances was soluble in 12 per cent trichloroacetic acid (NPN). This applied
to both samples with and without salt. The values for NPN in the previous
experiments on reconstituted hard cheese (two weeks old) described in section
3.1. were about 20 to 30 per cent of the total nitrogen dissolved in the serum.
This difference might be due to the activity of enzymes present in the freeze-
dried preparation during the two weeks the samples were left standing to
come to an equilibrium. In case of reconstituted soft cheeses, the samples
were prepared and the serum was separated within about two hours.

The concentration of the calcium in the cheese serum (Table XXVII and
Fig. 14 increased gradually as the hydrogen ion concentration increased.
This applied to both salted and unsalted samples. Between pH 5.7 and 6 the
concentrations of calcium were nearly the same in both treatments. At lower
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FiG. 14. The effect of pH and salt on the concentration of calcium in the serum of reconsti-
tuted soft cheese.
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pH values the concentration of calcium in the unsalted samples was always
higher than in samples with 5 per cent salt. The percentage of the total cal-
cium to dissolve at pH 4.95 was about 63 per cent in unsalted reconstituted
soft cheese. In a sample containing 5 per cent salt in its serum this was 53 per
cent. The concentration of calcium in the serum was generally lower than in
the serum of reconstituted semi-hard and hard cheeses (section 3.1} while
the percentages of the total calcium which dissolved was higher in recon-
stituted soft cheese samples than in reconstituted hard cheeses. The curves
for the samples without and with 5 per cent salt in the serum were generally
similar for the different kinds of cheese. The greater proportions of the total
calcium to dissolve in reconstituted soft cheese can be explained by the lower
ratio of the paracasein-complex to water than in the reconstituted hard
cheeses.

Table XXVII and Figure 15 give the amounts of inorganic phosphorus
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FiG. 15. Theeffect of pH, salt and adding CaCl, on the concentration
of inorg. P in the serum of reconstituted soft cheese,

found in the serum of reconstituted soft cheese under different conditions of
salt and pH. Between pH 5.3 and 5.9 the samples containing 5 per cent salt
held more dissolved inorganic phosphorus than those without salt, This cor-
responded to the results obtained with reconstituted semi-hard and hard cheese
(section 3.1). This was explained as being due to an exchange of sodium from
the salt and calcium from the complex resulting in sodium phosphate. Conside-
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rably more inorganic phosphorus (about 60 per cent at pH 4.9) was dissolved
in reconstituted soft cheese than in reconstituted semi-hard and hard cheese
(about 15 and 10 per cent respectively). This could be due to the higher ratio
of the paracasein-complex to water in hard cheeses. The lower concentration
of calcium in the serum of reconstituted soft cheese could also contribute to
this. The last could be confirmed by increasing the level of the calcium in
reconstituted soft cheese samples to equal that in the serum of reconstituted
hard cheese. It resulted in a considerable decrease in the concentration of the
inorganic phosphorus. The new phosphorus values attained by adding calcium
came to about 23 per cent when expressed as a percentage of the total in re-
constituted hard cheese (c.f. Table XXVIII and Fig. 15.

3.7.3. The effect of raising the calcium of the serum of soft cheese

The above results for the serum of reconstituted soft cheese indicate that
calcium and inorganic phosphorus dissolved in reconstituted soft cheese and
reconstituted hard cheese are related. This completes the picture and makes
it clearer, The differences in the concentration of the calcium and inorganic
phosphorus in the serum, as well as the percentage of the total in the prepa-
ration to dissolve, accorded with the previous conclusions concerning the impor-
tance of the ratio of the paracasein-complex to water as well as the con-
centration of the calcium in the serum on the behaviour of the different con-
stituents in different kinds of cheese.

The situation is more complicated with respect the soluble nitrogen sub-
stances. This applies both to its concentration in the cheese serum as well as
to the percentage dissolved of the total nitrogen of the paracasein-complex.
The freshly prepared reconstituted soft cheese and the reconstituted hard
cheese, as examined in the previous experiments (section 3.2), cannot be
compared. This is due to a complex of factors affecting the results. The first
of these is the presence of traces of the rennet enzyme. It was proved to have
a considerable effect on the breakdown of the protein during the two weeks
of standing needed to establish equilibrium between the lactic acid and the
freeze-dried paracasein-complex. The second factor is the thymol which was
used as a preservative in reconstituted hard cheese was also found to in-
fluence the concentration of the nitrogen substances in the cheese serum. In
order to overcome these difficulties, the problem was approached from an-
other direction, viz. by raising the concentration of the calcium in the serum
of reconstituted soft cheese. The cheese was prepared by mixing with the
Ultra-Turrax as discribed in (section 3.6), and the calcium in the serum was
increased to the same level as in reconstituted hard cheese. Some preliminary
experiments were necessary to determine the quantities of calcium chloride
solution and lactic acid (10%) which had to be added to the wet preparation
to give an end concentration of calcium in the serum similar to that in hard
cheese. The nitrogen, calcium and inorganic phosphorus content of the serum
were determined under the new conditions to be compared with the results
previously obtained for reconstituted hard cheese. Table XXVIII shows the
results of these experiments. They are all for samples containing 5 per cent
salt in the serum.

The values for total nitrogen as shown in the table and in Fig. 13 illus-
trate that raising the level of calcium markedly decreased the concentration of
nitrogen substances in the cheese serum. The soluble fraction of the total
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TaskE XXVIIL. The effect of raising the concentration of the calcium in the serum of soft
cheese, to be similar to hard cheese, on the concentration of the total nitrogen
in the cheese serum.t)

ml Lactic mg Sol, | Degree In the cheese serum Percentage dissolved
acid Caty | expel. of mg/100 ml serum of the total prep.
105, | added | ml | Swell | pH | T.N.| Ca |Inorg.P| T.N. | Inorg.P?)

4 55 44 252 584 [ 119 200 kI 3.0 11.0 (6.3}
6 135 47 235 5.53 97 | 294 37 24 | 131 (1.5
7 165 51 255 543 1 104 339 45 26 159 (9.1)
8 110 53 225 538 | 144 | 358 - 16 - -

8 170 53 228 5.2t 125 442 52 390 18.4 (10.5)
I 175 54 230 505 1 157 472 78 39 27.6 (15.8)
14 110 52 24§ 495 | 160 512 114 4.0 40.3 (23.0)

1} All the samples contain § per cent salt in the serum.

%) Caicium was added in the form of calcium chloride solution.

") The values between two brackets represent the inorg. P dissolved, expressed as a percentage
of the total in hard cheese.

nitrogen in the preparation ranged from 2.5 to 4 per cent. These values were
very much lower than those for reconstituted soft cheese to which no calcium
chloride had been added. Only at pH values of 4.9 and 5.8 did the additions
of calcium slightly affect the concentration of the nitrogen substances. At
these hydrogen ion concentrations the peptizing effect of the salt was at a
minimum.

In another experiment the effect of varying the level of calcium in the
serum of reconstituted soft cheese with 5 per cent salt and at a pH of about
5.3 was studied by adding two different quantities of calcium chloride. The
results are shown in Table XXIX and Fig. 16. They indicate, first, the

" TasLE XXIX. The effect of addin‘g increasing quantities of
calcium to reconstltutpd.soft cheese on the
concentration of T.N. in its serunt

In the cheese
Ca added serum
mg H {mg/100 ml seruem)
p TN, i Calcium
00 5.29 634 326
28 5.30 504 345
56 - 5.32 207 358

sensitivity of the dissolved nitrogen substances to the concentration of the
calcium in the cheese serum, and secondly, that adding a given amount of
calcium chloride solution will not cause an equivalent increase of the final
concentration of calcium in the serum. This may be due to the nature of
the equilibrium between the dissolved and undissolved calcium in cheese.
Adding calcium chloride solution to reconstituted soft cheese with 5 per
cent salt in its serum (Table XVIII) decreases the  valucs obtained for the
nitrogen in the serum. These values were about half those previously obtained
in reconstituted hard cheese (section 3.2). The higher values in the latter case
can be easily explained as being due to the effect of enzymes. This is supported
by the fact that in reconstituted hard cheeses where the enzymes in the curd had
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been inactivated by heat treatment, the amount of dissolved nitrogen was
about half that in cheese made from unheated curd (the effect of thymol was
not considered in both cases). This indicates firstly that the enzymes which
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FiG. 16. The effect of varying the level of calcium in the serum of reconstituted soft cheese on
the concentration of N-substances. (5 %; salt and at pH 5.3).

are present double the total nitrogen to dissolve under the effect of pH and
salt at higher paracasein-complex to water ratios (reconstituted hard cheese —
orientation experiments).

Secondly, the thymol in chloroform used for the series of experiments of
reconstituted semi-hard and hard cheese (sections 3.2 and 3.4) did not prin-
cipally alter the amount of the soluble nitrogen in the serum of reconstituted
cheese.

Table XXVIII also shows that raising the level of calcium in the serum of
reconstituted soft cheese has little influence on the degree of swelling.

4, SUMMARY

The calcium-paracaseinate-calcium-phosphate-complex separated from milk
by renneting is the mother substance of all the different kinds of cheese. The
state of this paracasein-complex has a dominant influence on the consistency
and other properties of cheese.

The paracasein-complex was obtained by renneting fresh skim milk drawn
from a bulk supply and washing the curd out thoroughly. The washed curd
was freeze-dried in batches of several kilograms, to provide a starting material
of constant composition.
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The composition of the paracasein-complex was found to vary very little in
different batches. The values calculated for the calcium bound to the para-
casein compare well with those reported in the literature for the calcium
bound to casein. Slightly acidifying the milk to produce conditions corres-
ponding with those of the ‘ripening’ process in the cheese manufacture did not
cause important changes in the composition of the paracasein-complex, nor
did it seem to affect the physical or the chemical properties of the resultant
reconstituted cheese.

A small part of the rennet enzyme was found to be retained in the freeze-
dried preparation.

Reconstituted cheeses were prepared from the paracasein-complex prep-
arations by mixing them with water (acidified with lactic acid) in ratios similar
to those in hard and semi-hard cheese. Salt levels in the reconstituted checse
were varied from nil to 7 per cent and the hydrogen ion concentration from
pH 4.8 to about pH 6. In the majority of the experiments thymol in chloro-
form was used as a preservative. The reconstituted cheeses were kept (in
sterilized glass containers) for two weeks to establish the equilibrium between
the liquid and the paracasein-complex.

The amount of nitrogen substances, calcium and inorganic phosphorus to
dissolve in the reconstituted cheese were studied on the juice expelled from
the cheese by pressure after mixing with sand. The juice was further clarified
by centrifuging it at 15,000 rev/min.

Only a relatively small percentage of the total nitrogen substances was
found dissolved after two weeks. The maximum which was found with mix-
tures of reconstituted cheeses containing 5 per cent salt, was about 8 per cent.
Part of the serum protein subsequently was found to be the product of en-
zymatic hydrolyses of the paracasein. About one fourth of the nitrogen sub-
stances in the serum was soluble in 12 per cent trichloroacetic acid which in-
dicated that it was non-protein nitrogen (NPN). This might be liberated from
the paracasein by the rennet enzymes. The real maximum percentage of para-
casein nitrogen which dissolves for mixtures with 5 per cent salt, therefore
amounted only to less than 6 per cent.

Other investigators had reported quite different figures for soluble protein,
calcium and inorganic phosphorus in the serum. This was the result of using
a dilute extract of cheese or suspensions of few grams of paracasein-complex
in a large volume of water (acidified with lactic acid), instead of cheese or
reconstituted cheese.

The peptizing effect of salt on the paracasein-complex is enormously in-
fluenced by the ratio of paracasein-complex to water. In dilute suspensions
(1 in 50 ratios) the percentage of nitrogen substances to dissolve was very
high (50 per cent or higher), and it was greatly influenced by pH and salt
concentration. In the various reconstituted cheeses this percentage was only
very small and the pH and the salt had enly little influence. This indicated
that all the earlier work reported in the literature, either on cheese extracts,
or on dilute suspensions of paracasein-complex in diluted lactic acid, did not
represent conditions in actual cheese, and would lead to wrong conclusions.

The investigators who had used paracasein-complex and not pure para-
casein had not taken into account that:
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1. The ratio of paracasein-complex to water in their experiments was about
1 : 50, while this ratio is only about 1 : 2 in hard cheese.

2. The concentration of the calcium in the serum from a dilute suspension
is very much lower than in cheese.

3. In using 5 per cent sodium chloride in their suspensions to approximate
the concentration of salt in the cheese serum, they did not consider the great
influence of calcium which was shown here to play an important réle in
diminishing the peptization of paracasein-complex by sodium chloride.

Extraction methods are essential for studying the progress of the degra-
dation of proteins in cheese during its maturing. The methods for obtaining
the extract should however, be standardized.

1t is proposed that this is best achieved by adjusing the pH of the ex-
tracting solution and the temperature so that they are similar to that of the
cheese. No further breakdown of the proteins by micro-organisms or enzymes
should be allowed during extraction. This can be easily achieved by rapidly
extracting the cheese by using the “Ultra-Turrax’.

If the extracting method, however, is used to give some information about
the conditions in cheese, then it is quite necessary to modify the method
completely.

In this case pH, calcium and sodium should be adjusted in the extracting
solution to be similar to the actual condition in cheese. Besides, the temp-
erature during extraction and the time should be controlled.

At pH 5 about 50 per cent of the total calcium and less than 20 per cent
of the inorganic phosphorus were dissolved in the serum of reconstituted hard
and semi-hard cheese. Similar results were also obtained for Edam cheese.

At this low pH a considerable amount of calcium and inorganic phosphorus
could still be combined with the paracasein in cheese. The precipitation of
some of the dissolved calcium and inorganic phosphorus in the form of crystals
would also contribute to the relatively small percentage of the total compo-
nents to dissolve in the cheese.

These results could not be compared with earlier work, as other workers
had determined only the total quantity (soluble - insoluble) of calcium and
phosphorus present in cheese, or ¢lse they had worked with dilute extracts of
the cheese.

The present investigation also showed that the swelling of reconstituted
cheese was limited. It was not greatly affected by the level of salt or the pH
under the experimental conditions applied. It was very much harder to expell
the cheese juice with the same hydraulic pressure from unsalted Edam cheese
samples than from otherwise similar salted ones. This would indicate that
salt is not the most important factor for promoting the swelling and water
binding capacity in cheese.

Thymol has been widely used as a preservative for similar experiments.
Thymol in chloroform was proved to be a quite effective preservative com-
pared with other preservatives. It was found, however, in the course of this
study that thymol markedly affects the solublhty of the nitrogen components
(section 3.6).
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Study of this effect demanded a method to establish rapidly an equilibrium
between the paracascin-complex and lactic acid solution, i.e., one which did -
away with thymol but at the same time prevented the micro-organisms from
interfering. This was achieved with a special mixer ‘Ultra-Turrax’ which made
it possible to mix a semi-dry paracasein-complex preparation (50% moisture)
with water at the required ratio.

Adding thymol (in chloroform), either at the concentration used in the
present investigation or as that used by SIRks (1943), to dilute suspensions of
paracasein-complex in water (ratio 1:50) followed by vigorous mixing,
markedly altered the figures obtained for the dissolved nitrogen e¢specially at
pH values between 5 and 5.7 (Table XXV). This influence did not however
change the general conclusions initially arrived at (ref. sections 3.3, 3.6 and
. '

Adding the same quantity of thymol in chloroform to paracasein-complex
and water mixtures corresponding to soft cheese was found to have a smaller
effect on the nitrogen substances to dissolve.

It was not possible to prepare reconstituted hard cheese by using the ‘Ultra-
Turrax’ method and the effect of thymol on the figures initially obtained (sec-
tions 3.2 and 3.4) could not be checked this way. This last was done indirectly
by adding calcium chloride to reconstituted soft cheese during its preparation
to raise the calcium concentration in the serum to about that in hard cheese.

The method of preparing homogeneous reconstituted soft cheese at about
one hour, using the ‘Ultra-Turrax’, made it possible to study also the effect
of lactic acid and salt on the chemical composition of the serum of recon-
stituted soft and hard cheeses, without interference by the proteolytic enzymes,
and without need to add preservatives. It helped to provide a more complete
and accurate picture on the effect of pH and salt on the total nitrogen dis-
solving in reconstituted cheeses.

The same experiments also indicate that adding salt raises the concen-
tration of dissolved nitrogen substances in reconstituted soft cheese (between
pH 5 and 5.7), while its effect is much less pronounced in reconstituted hard
cheese.

The results for calcium and inorganic phosphorus in reconstituted soft
cheese, generally accorded with those previously obtained for reconstituted
hard and semi-hard cheeses.

The results of this investigation allow the following conclusion on the
changes taking place in the rheological properties of cheese with maturing,

The green hard cheese is a rigid gel with high elasticity (rubber-like con-
sistency). This elasticity disappears gradually in the course of maturing as a
result of hydrolysis of the protein as well as changes in the hydrogen ion and
salt concentrtaion,

The salt seems to act in two directions:

a. by causing a salting-out effect, and b. by liberating a part of the bound
water.

This does not agree with the theory of vaN Dam and many other investi-
gators who assumed that the protein of the green cheese was peptized by the
salt. The conclusions which were drawn by vaN Dam (1911) on the influence
of pH and salt concentration on the consistency of cheese, were criticized in
section 3.3.
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Unsalted cheese (Edam cheese), in fact becomes smooth and of a rather
good consistency, although it is somewhat weak. The salt is not necessary to
make the cheese soft. It helps to form the right consistency, not by a peptizing
effect as always considered, but by a salting out effect. Near the iso-electric
point the protein precipitates. This makes it easy to understand why cheese is
hard and brittle at a low pH value.

SAMENVATTING

Het calciumparacascinaat-calciumfosfaat-complex, door stremming uit
melk gewonnen, is het vitgangsmateriaal voor de verschillende soorten kaas.
De toestand, waarin dit paracaseine-complex verkeert, heeft cen alles over-
heersende invloed op de consistentie en de andere eigenschappen van de kaas.
In het op de voorafgaande pagina’s beschreven werk zijn verschillende aspec-
ten onderzocht,

Het paracaseine-complex werd verkregen door verse ondermelk van ge-
mengde melk te stremmen en de wrongel goed uit te wassen. De gewassen
wrongel werd gevriesdroogd in porties van enkele kilogrammen, om een uit-
gangsmateriaal met een constante samenstelling te verkrijgen.

De samenstelling van het paracaseine-complex varicerde zeer weinig in de
verschillende porties. De waarden, die berekend werden voor het aan de
paracaseine gebonden calcium komen zcer goed overeen met de waarden, die
in de literatuur aangegeven worden voor het aan caseine gebonden calcium.,
Een weinig aanzuren van de melk, teneinde omstandigheden te verkrijgen wel-
ke overcenkomen met die tijdens het rijpingsproces bij de gewone kaasberei-
ding, bracht geen belangrijke veranderingen in de samenstelling van het para-
caseine-complex te weeg. Ook scheen dit geen invloed te hebben op de fy-
sische of chemische eigenschappen van de verkregen ,kunstkazen”.

Een klein gedeelte van het leb-enzym werd in het gevriesdroogde preparaat
teruggevonden,

Uit de paracascine preparaten werden ,,kunstkazen” gemaakt, door deze te
mengen met water (aangezuurd met melkzuur) in verhoudingen overeenko-
mend met die in harde en half-harde kaassoorten. Het zoutgehalte van de
gereconstitueerde kazen werd gevarieerd van O tot 7% en de pH van 4,8 tot
ca. 6. Bij het merendeel van de proeven werd een oplossing van thymol in
chloroform als conserveermiddel gebruikt. De ,kunstkazen™” werden twee
weken (in gesteriliseerde glazen potten) bewaard om een evenwicht tussen de
paracaseine en het vocht te verkrijgen.

De hoeveelheden stikstof, calcium en anorganisch fosfaat, die in de gere-
constitueerde kazen in oplossing gingen, werden bepaald in het vocht, zoals
dit verkregen werd door de kaas, na menging met zand, uit te persen. Het
verkregen perssap werd verder geklaard door het te centrifugeren met een
snelheid van 15000 omwentelingen per minuut.

Slechts een betrekkelijk klein gedeelte van de totaal aanwezige hoeveelheid
stikstof bleek na 2 weken in oplossing te zijn gegaan. Bij de kazen die 5%
zout bevatten, bedroeg het maximum ongeveer 8% . Een deel van de opgeloste
stikstof bleek het product te zijn van een enzymatische hydrolyse van de para-
caseine. Ongeveer een vierde deel van de stikstof in het perssap bleek namelijk
oplosbaar te zijn in 12% trichloorazijnzuur en moet dus tot de z.g. niet-eiwit-
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stikstof (NPN) gerekend worden. Deze niet-eiwit-stikstof zou door het strem-
sel uit de paracaseine afgesplitst kunnen zijn. Het werkelijke maximale ge-
halte van de paracaseine-N, die bij kazen met 5% zout oplost, bedroeg daar-’
om hoogstens 6.

Andere onderzoekers hebben voor de gehalten aan opgelost eiwit, calcium
en anorganisch fosfaat in het kaasvocht geheel andere waarden gevonden,
Dit wordt veroorzaakt doordat deze inplaats van kaas of gereconstitueerde
kaas, een verdund extract of een suspensie van enkele grammen kaas in een
grote hoeveelheid water (aangezuurd met melkzuur) gebruiken.

Het peptiserend effect van zout op het paracaseinaat-complex wordt zeer
sterk beinvloed door de verhouding paracaseine ; water. In verdunde suspen-
sies (verhouding 1 : 50) bleek het gehalte aan opgeloste stikstof zeer hoog te
zijn (50% van de totale hoeveelheid stikstof of meer), en dit gehalte bleek
sterk beinvloed te worden door de pH en de zoutconcentratie. Bij de verschil-
lende gereconstitueerde kazen bleck het gehalte daarentegen slechts laag te
zijn en slechts weinig beinvloed te worden door pH en zoutgehalte, Dit wijst
er op, dat alle vroegere publicaties die gebaseerd zijn op proeven met kaas-
extracten of met verdunde suspensies van het paracaseine-complex in verdund
melkzuur, geen juist beeld geven van de werkelijke toestand in kaas en aan-
keiding kunnen geven tot verkeerde gevolgtrekkingen.

De onderzoekers, die gebruik maakten van het paracaseine-complex en
niet van zuivere paracaseine, hebben geen rekening gehouden met het vol-
gende:

1°. De verhouding paracaseine-complex tot water was ongeveer 1 : 50 bij hun
proeven, terwijl bij harde kaas deze verhouding ongeveer 1 : 2 is.

2°. De Ca-concentratie in het vocht van een verdunde suspensie is veel klei-
ner dan in kaas.

3°. Bij het gebruik van 5% keukenzout in de suspensies, teneinde de zoutcon-
centratie in kaas te benaderen, werd geen rekening gehouden met de grote in-
vloed van calcium,

Bij onze proeven bleek de peptisatic van het paracaseine-complex in be-
langrijke mate verminderd te worden door calcium.

Om het voortschrijden van de eiwitafbraak in kaas gedurende de rijping
te bestuderen zijn extractie-methoden van groot belang. De wijze, waarop het
extract verkregen wordt, behoort echter gestandaardiseerd te zijn.

Voorgesteld wordt, dat dit het beste bereikt wordt door de pH en de tem-
peratuur van de extractie-vloeistof zodanig te regelen, dat deze overeenkomen
met die in kaas. Gedurende de extractic dient geen verdere afbraak van het
eiwit door bacterién of enzymen op te treden. Dit kan gemakkelijk bereikt
worden door de kaas snel te extraheren door middel van een ,,Ultra-Turrax”,

Indien de extractie-methode echter gebruikt wordt om gegevens te verkrij-
gen omtrent de toestand in de kaas, dan is het noodzakelijk de methode geheel
aan te passen. In dit geval dienen de pH en de calcium- en natrium concen-
tratie overeen te komen met de werkelijke toestand in kaas. Bovendien be-
horen de temperatuur en de duur van extractie in de hand gehouden te worden.

Bij pH 5 bleck ongevéer 50% van de totale hoeveelheid Ca en 20% van
het anorganisch fosfaat in het sap van de gereconstitueerde harde en half-
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harde kazen opgelost te zijn. Voor Edammer kaas werden dezelfde resultaten
verkregen,

Bij deze lage pH kunnen dus nog aanzienlijke hoeveelheden calcium en
anorganisch fosfaat aan de paracaseine gebonden blijven. Het precipiteren
van een deel van het opgeloste calcium en het opgeloste anorganisch fosfaat
in kristalvormt zou ook nog kunnen bijdragen tot het betrekkelijk lage per-
centage van de totaal aanwezige bestanddelen die in de kaas oplossen.

Deze resultaten kunnen niet vergeleken worden met vroegere publikaties,
daar de betreffende onderzockers slechts de totale hoeveelheid (opgelost -
niet-opgelost) calcium en fosfor bepaalden, dan wel met verdunde extracten
van de kaas hebben gewerkt.

Bij dit onderzock bleck ook dat de zwelling van de kaas slechts beperkt is.
Bij de door ons gekozen procfomstandigheden bleek deze niet erg beinvioed
te worden door de zoutconcentratie of de pH. Het was veel moeilijker om bij
dezelfde persdruk sap te verkrijgen uit ongezouten Edammer kaas dan uit,
overigens gelijke, gezouten kaas. Dit wijst er op dat voor de bevordering van
de zwelling en het waterbindend vermogen, zout nict de belangrijkste factor is.

Thymol werd veelal als conserveermiddel bij soortgelijke proeven gebruikt.
Vergeleken met andere middelen bleek thymol in chloroform een zeer effec-
tief conserveermiddel te zijn. Tijdens dit onderzoek werd evenwel gevonden,
dat thymol een merkbare invloed uitoefent op de oplosbaarheid van het eiwit
(paragraaf 3.6),

Om dit effect te bestuderen was een werkwijze nodig, waarbij in korte tijd
een evenwicht verkregen werd tussen het paracaseine-complex en de melk-
zuuroplossing, d.w.z. een methode, waarbij geen thymol gebruikt werd, maar
waarbij desondanks de bacterie-werking uitgeschakeld werd. Dit werd bereikt
met een speciale mixer, ,,Ultra-Turrax” genaamd, waarmee het mogelijk was
om een semi-droog paracascine-complex preparaat (50% vocht) te mengen
met water in de vereiste verhouding.

Het toevoegen van thymol in een concentratie, zoals die toegepast is bij dit
onderzoek of zoals die toegepast is door Sirks (1943), bij verdunde suspensies
van paracaseine-complex in water (verhouding 1:50), gevolgd door een
krachtige menging, gaf een merkbare verandering in de waarden, die verkre-
gen werden voor de opgeloste stikstof, vooral bij pH-waarden tussen 5,0 en
5,7 (tabel XXV). Deze invloed bleck evenwel geen verandering met zich te
bregg;:)n ten aanzien van de reeds getrokken conclusies (zie paragraaf 3.3, 3.6
en 3.7).

Werd dezelfde hoeveelheid thymol in chloroform toegevoegd aan para-
caseine-water preparaten, overeenkomend met zachte kaas, dan bleek dit een
geringere invloed te hebben op de oplosbaarheid van het eiwit.

Het was niet mogelijk om met de Ultra-Turrax methode gereconstitueerde
harde kaas te bereiken en het effect van thymol op de oorspronkelijk ver-
kregen cijfers (paragraaf 3.2 en 3.4) kon op deze manier niet nagegaan wor-
den. Daarom is dit laatste indirect gedaan door tijdens de bereiding van ge-
reconstitueerde zachte kaas zoveel calciumchloride toe te voegen, dat het
calciumgehalte in het kaasvocht ongeveer even hoog was als dat in harde
kaas,

De methode om met behulp van de Ultra-Turrax homogene gereconstitu-
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eerde zachte kaas te bereiden in ongeveer één uur, maakte het ook mogelijk
het effect van melkzuur en zout op de chemische samenstelling van gerecon-
stitucerde zachte en harde kaas te bestuderen zonder inwerking van proteo-
Iytische enzymen en zonder toevoeging van conserveermiddelen, Het heeft bij-
gedragen tot een meer volkomen en nauwkeurig beeld van het effect van pH
en zout op de oplosbaarheid van het eiwit in gereconstitueerde kaas,

Bij dezelfde proeven werd ook aangetoond, dat het toevoegde zout de hoe-
veelheid opgelost eiwit deed toenemen in gereconstitueerde zachte kaas (tus-
sen pH 5,0 en 5,7), terwijl dit effect veel minder uitgesproken is in gerecon-
stitueerde harde kaas.

De verkregen cijfers voor calcium en anorganisch fosfaat in gereconstitu-
cerde zachte kaas waren over het algemeen in overeenstemming met die,
welke vroeger reeds gevonden werden voor gereconstitueerde harde en half-
harde kaas. .

Uit de resultaten van dit onderzoek kunnen de volgende conclusies ge-
trokken worden met betrekking tot de veranderingen in de rheologische ei-
genschappen van de kaas, die plaats vinden bij de rijping.

Jonge kaas is een zeer stevig gel met een grote elasticiteit (rubberachtige
consistentie). Deze elasticiteit verdwijnt geleidelijk gedurende de rijping als
gevolg van eiwit-hydrolyse en ook van veranderingen in de waterstofionen-
en zoutconcentratie.

Het zout schijnt op twee wijzen werkzaam te zijn:

a. door cen uitzoutingseffect en b. door het gedeeltelijk vrij maken van het
gebonden water.

Dit is niet in overeenstemming met de theorie van vaN DAM en van vele
andere onderzockers, die aannemen dat het eiwit van jonge kaas gepeptiseerd
wordt door het zout.

De tekortkomingen in de proeven, uitgevoerd door vaN Dam zijn reeds
besproken (paragraaf 3.3).

Ongezouten kaas wordt inderdaad zacht en krijgt een tamelijk goede con-
sistentie, ofschoon een enigszins week zuivel. Het zout is niet noodzakelijk om
een smedig zuivel te krijgen. Het draagt wel bij tot een goede consistentie,
maar dat gebeurt niet door een peptisatie-effect zoals veelal gedacht wordt,
doch door een uitzoutingseffect. In de buurt van het iso-¢lectrisch punt wordt
het eiwit geprecipiteerd. Hierdoor is het gemakkelijk te begrijpen waarom
kaas hard en brokkelig is bij cen lage pH.
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PLATE 1. i “consi it
E 1. The penetrometer used for measuring the ‘consistency’ of reconstituted cheese.
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PLATE 2. Differences in the electrophoretic patterns obtained for: A = casein (4% solution),
B = paracasein-complex (5% solution) - C, D, E and F, serum of reconstituted
semi-hard cheese of 2 weeks old and at different pH values. G and H, serum of re-
constituted hard cheese of 40 days old.



