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1. GENERAL OUTLINE
1.1. INTRODUCTION

The ripening of cheese is a complex process that has been studied since cheese
was made. It involves several biochemical changes including the fermentation
of lactose, the degradation of the proteins, and the hydrolysis of fat. All these
processes result in a gradual change in the cheese curd from toughness to
mellowness and in the development of the aroma and taste that together con-
stitute the typical cheese flavour. In this study the decomposition of protein is
especially concerned.

A survey of earlier work shows that the main change occurring in the proteins,
during the ripening of cheese, is a2 graduval degradation of casein under the in-
fluence of rennet enzymes, bacterial enzymes and possibly the enzymes present in
the original milk. A complex mixture of proteoses, peptones, polypeptides,
amino acids, amines, ammonia and other substances is formed as a result of
these processes. Up till now, these substances are not yet fully explored and still
much work has to be done particularly on substances that are found in minute
quantities and may have an imporiant role in cheese flavour.

The analysis of the protein breakdown products was in the past, if posstble
time consuming and difficult. However, in recent years, a more precise deter-
mination of some of the casein breakdown products has been made possible by
the application of microbiological assays and by different chromatographic
techniques.

Owing to the attention paid to the part played by amino acids as flavour
promoting substances, much information is now available on many varieties of
cheese concerning their amino acid contents and the variations that can be
expected at some stages of ripening. Unfortunately, most of these studies were
largely qualitative and only cheeses of relatively similar flavour intensities were
compared ; no attention was paid to any factor that may have an influence upon
the cheese ripening process. Imitation products were often used in these studies.
Cheeses resembling the Netherlands Edam or Gouda, the Swiss Emmenthal,
the British Cheddar or the French Roquefort are made elsewhere in the world.
They may lack some or most of the characteristic properties of the genuine
cheese, The divergent properties of such cheeses, with the conditions under
which they are produced should be the prime considerations when they are
compared with the genuine cheeses. Frequently it was not mentioned how the
cheese was made or what milk was wsed. Sometimes it was thoughi sufficient for
carrying out an investigation to buy, from a shop, samples of cheese the history
of which was completely unknown; it was even left out of consideration whether
the cheese was made from raw milk or from pasteurised milk.

Accordingly, there is much confusion among the conclusions drawn by various
investigators. Aspartic acid content, for instance, which was found to be con-
stant in Swiss cheese (40), increased in Cheddar cheese (13, 18) and decreased in
Tilsit cheese (68) during the ripening period. Also, threonine content, while it
was reported present by almost all workers, was found absent in Italian cheese
(38). An increase in the threonine-serine content was observed in Cheddar
cheese (13, 18, 77} and Tilsit cheese (68), while a decrease was reported in Swiss
cheese (40). The steady increase in the glutamic acid content of Cheddar cheese,
during ripening (13, 18), was met by a decrease in Swiss cheese (40). In most
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types of cheese studied, lysine was noticed to increase with progressive ripening
except in Soviet cheese (30) in which it was found to decrease.

Testing the few quantitative data mentioned in the literature, one can find
extensive variations in the concentration of an amino acid in samples of cheese
even if they were of the same age. In eight months old Cheddar cheese (39),
figures for aspartic acid were found to vary from 48 to 73, isoleucine from 5 to
13, glutamic acid from 37 to 98, glycine from 4 to 13 and valine from 3 to 34
mg/10 g cheese solids. Another example is the nine months old Provolone cheese
(38) in which the glutamic acid content was found to vary from 2.9 to 14.9,
valine from 0.1 to 6.8, and alanine from 1.5 to 8.1 mg/g cheese solids. In commer-
cial Swiss cheese of three months old (41) aspartic acid content varied from 0.0
to 1.8, threonine + serine from 1.7 to 5.7, glutamic acid from 1.9 to 6.1, glycine
from 0.9 to 2.4, tyrosine + phenylalanine from 1.6 to 5.4, tryptophane from 0.0
to 3.0 and histidine from 0.53 to 3.5 mg/g cheese.

It seems probable that the wide variations in the findings of these workers
may be explained to a large extent by the nature of the cheese used for analysis
(since most of cheeses were made from different milk under widely divergent
conditions), by the methods of analysis and by the methods of collecting the
material for analysis. Also the fact that many of the liberated amino acids are
subjected to further fermentative changes, may have lead to disagreement
among different results. Serine and threonine are fermented to a-alanine and
a-amino butyric acid (81). The decarboxylation of glutamic acid, tyrosine,
lysine, arginine, histidine and tryptophane was noted to occur in Cheddar
cheese (85, 88) at various stages and at different rates of speed. The decom-
position of serine at pH 5.4 was reported by KRISTOFFERSEN & NELSON (54).
Also the fermentation of free proline in Cheddar cheese was suggested by SIL-
VERMAN & Kosikowiskr (87).

As regards cheese flavour, although much work has been done on the chemi-
cal changes involved in cheese ripening, no one succeeded in defining the sub-
stance or substances that confer flavour to cheese. MULDER (67) drew the
attention to the fact that although the ripening of cheese was almost always
Jjudged according to the protein breakdown, it is apparent that no research
worker tasted the breakdown products. In this simple manner, it would have been
possible to conclude whether these products have influence upon the cheese
taste, He divided the substances contributing to the flavour of the cheese into
substances forming the basic taste and others responsible for the bouguet of the
cheese. As amino acids possess no penetrating taste or smell, they were con-
sidered to contribute to the basic taste; they cannot give rise to any important
differences in flavour. MULDER emphasized the necessity of a complete quanti-
tative knowledge of these substances.

In other types of cheese, there is no more agreement on the pait played by
amino acids in cheese flavour. The characteristic sweet taste of Emmenthal
cheese was attributed to proprionates and proline (52, 108; 109). On the other
hand, this taste was obtained by the addition of a mixture of amino acids not.
containing proline to a fresh curd (86). In a third investigation, the character-
istic flavour was attributed to its higher content of glutamic acid and aspartic
acid (97). Also in Cheddar cheese the contradiction was apparent, In some
investigations (39, 58) the addition of a mixture of amino acids to a fresh curd
imparted Cheddar fiavour and no flavour in others (5, 18).

As no quantitative work has been published before on the individual amino
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acids content of genuine Edam cheese, it seemed that a study on the quantitative
changes that occur in the amino acid content of Edam cheese was necessary for a
better understanding of the taste and flavour of this type of cheese.

With this in mind, cheeses with different properties made under known con-
trolled conditions, and representing different cheese flavour intensities were
intentionally produced. Using different pH conditions, different moisture con-
tents of cheese, raw & pasteurised milk and aseptically drawn & infected milk,
the amino acids of casein were determined in the cheese. Other amino acids,
amines, ammonia and amino acids decomposition products were estimated as
they appear during the curing period. For an easy comparison with the work of
others, the total solids, fat content, salt content, {otal nitrogen, soluble nitrogen
and total amino acid nitrogen were determined. The acidity of the cheese fat was
determined for some of the cheeses when it was thought necessary to draw a
conclusion regarding cheese flavour as it was previously found by MULDER (67)
and by STADHOUDERS & MULDER (92) that the hydrolysis of fat in cheese affects
its flavour very much,

1.2. SCOPE OF THE PRESENT STUDY

The study is designed to give a more basic knowledge of the general amino
acid content of genuine Edam cheese and to provide more basic information on
the amounts of amino acids present and their possible contribution to the
flavour. The use of cheeses with different properties favoured the possibility of
gaining a knowledge of the influence of some factors, that are known to affect
cheese ripening, on the amino acid content of the cheese.

2. MATERIALS AND METHODS

2.1. THE CHEESE

As it was necessary to use only cheese produced under well known controlled
conditions, ail the cheeses investigated were made in the technological section
of the Laboratory under the expert supervision of Mr. E. de Vries. Cheeses made
for a comparative study, were always manufactured from the same milk and
ripened under the same conditions.

In all experiments, the whole milk of the Friezian cattle of the Animal
Breeding Department of Wageningen University was used. Oaly morning milk
was utilized. In each experiment, the milk was mixed and divided into two or
three equal parts as required in the experiment. The temperature was adjusted to
31°C and the following substances were added to every 100 liters of milk in all
experiments except where mentioned:

K NO, 20 g, starter 0.8 liter, Ca Cl, 10 ml of 35%, solution and rennet 30 ml.

Cheeses produced in all experiments, being about 2 kg each, were stored in
the same room in order to insure the same conditions of humidity and tem-
perature. During the whole period of ripening, the temperature and the relative
humidity were automatically controlled, being 15°C and 959 respectively.

2.1.1. Cheese differing in pH

In producing this cheese, the curd was cut after 18 minutes of renneting at 30
10 31 °C. The first stirring (10 minutes duration) was followed by the decantation
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of whey in the proportions of 209, 33 %, and 409, for low, for middle and high
pH cheeses respectively. The water added was respectively 055, 20%, and 409 in
the first experiment, and 5%, 309, and 50 % in the second experiment. The curd
was stirred to 20 to 25 minutes at a final temperature of 36 °C. After hooping and
dressing the curd, the cheeses were pressed and brined for equal intervals.

The pH, determined in the three series of cheese before brining, showed con-
siderable differences, whereas the difference in the moisture content was, after
two months storage, less than 1.5%.

2.1.2. Cheese from raw and pasteurised milk

In the two experiments made, the milk was mixed and divided into three parts.
One was left raw, the second was pasteurised by a H.T.S.T. plate heat exchange
pasteuriser at 72°C for 15 seconds and the third was pasteurised by the same
apparatus at 94 to 95°C for 15 seconds. The heated milk was cooled to 30°C
while the raw milk was warmed to the same temperature. Renneting was as
mentioned before except that the quantity of calcium chloride used was doubled
in the low temperature pasteurised milk and eight times as much in the 95°C
pasteurised milk. As it is known that the curd of the pasteurised milk retains
more moisture than does the curd of raw milk, more water was used for the
dilution of the pasteurised milk curd than for the raw. Differences in manufac-
ture are mentioned in table I.

TasLe I. Differences in manufacture between raw and pasteurised miltk cheese

Process ‘ Raw milk 72 °C pasteurised [95°C pasteurised
Decanted whey % 375 33 | 40
Added water %, 12.5-15 25 40
Third stirring temp. (°C) 34,5-35 35 36-37
Third stirring time in minutes 25 40-43 4748

After hooping and dressing, the cheeses were pressed and brined for equal
intervals, time being 4 and 48 hours respectively, The pH of the finished cheese
before brining was almost always the same.

2.1.3. Cheeses differing in moisture content

To make high moisture cheese, the whey was removed after cutting and the first
stirring, at a percentage equivalent to 339, of the initial milk. Water was added
at a rate of 30 to 35 % of the remaining curd and whey. After mixing and stirring,
the temperature was raised only to 33°C and the third stirring was much reduced
lasting only for 16 to 20 minutes.

As for the cheese with low moisture content, the first stirring was followed by
the decantation of 16 to 209/ of the initial milk. No water was added to the
remaining curd in one experiment, while only 59, was added in the case of the
other. The curd was intensively stirred in order to further the expulsion of the
whey from the curd. This took place at a temperature of 37°C for 37 minutes
and 38°C for 53 minutes in the first and second experiments respectively. After
hooping and dressing the curd, all the cheeses were pressed for 4.5 hours. Owing
to the fact that high moisture cheese takes up more salt during brining than low
moisture content cheese, the former was brined for a shorter time than the latter;
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time being 40 hours for higher moisture content cheese in both experiments and
48 & 64 hours in low moisture content cheese of the first and second experiments
respectively. The pH of the two series, as measured before brining, proved to be
practically the same.

2.1.4. Cheeses from asepticaily drawn and from infected milk

Two experiments were made. In each experiment, 40 liters of milk almost free
from bacteria, were utilized. Milk was produced as described by STADHOUDERS
and MULPER (93). Milking pails, after being thoroughly cleaned, were covered
with paper and sterilized. Hands of the milkers and the udders of the cows were
washed with warm water and soap, then disinfected with a hypochlorite solution.
Before milking both were dried with a sterilized udder cloth. The foremilk was
discarded. Twenty liters of the aseptically drawn milk were intentionally infected
by pouring it twice into a milk can which had been washed in the nsvual method
of the farm and certainly not with extra attention. Infected in this way, the milk
was left at the laboratory temperature (about 18-20°C) for two hours before it
was manufactured to cheese. Bacterial counts of the two milks were carried out
on tryptone glucose extract agar having the formulae:

Beef extract 3 g, glucose 1 g, tryptone 5 g and agar 15 g in 1 liter destilled
water and adjusted to pH 7. Results showed that the aseptically drawn milk
contained 20 and 60 bacteria per ml while the infected milk contained 970,000
and 640,000 bacteria per ml in the first and second experiments respectively,

The two parts of milk were made into cheese under the same conditions of time
and temperature. Whey was decanted in a proportion of 5 to 8%, while water
was added at 15%, of the quantity of curd and remaining whey. Stirring and
scalding were performed for 27 to 39 minutes at a final temperature of 36.5
to 37.5°C.

2.2. PREPARATION OF CHEESE SAMPLE FOR CHROMATOGRAPHIC ANALYSIS

A section of the cheese equal to about one eighth of it, made to represent as
near as possible the whole cheese, was taken. The rind of cheese (about 3 mm)
was removed and the sample was milled. After the milled cheesc had been
thoroughly mixed in a mortar, 20 g were weighed in a 300 ml capacity conical
flask. 150 ml of distilled water and 0.5 ml of 509 alcohelic phenol solution, to
stop further biological changes, were added. The flask was shaken for 16 hours
in a thermostatically controlled water bath maintained at 25°C according to
SIrKS (90). The flask was warmed to 40°C and its contents were quantitatively
transfered to a 250 ml volumetric flask. 1t was then cooled to solidify the fat then
filtered through Whatman no. 12 filter paper.

In order to free the cheese extract from almost all protein breakdown products,
other than amino acids, phosphotungstic acid was added in preliminary experi-
ments. As this acid is known to partially precipitate the basic amino acids, we
tried to find out the percentage of recovery of each of the basicamino acids by
adding a fixed quantity of the phosphotungstic acid to different amounts of the
basic amino acids in constant end-volume solutions. It was found that the per-
centage of recovery of the basic amino acids was not stable, being higher when
the concentration of the basic amino acid was lower. This was previously found
by THIMANN (100, 101). Also the recovery of these acids was lower when added
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to a young cheese extract, than when added to a ripe cheese extract, although the
same concentration of phosphotungstic acid was used.

As the addition of 95 % alcohol to a cheese extract in the proportion of 5to 1
precipitates proteins and peptides (3, 13), we used alcohol in preparing the sample
when we found that it caused no precipitation of amino acids found in solution.
A full recovery of the amino acids in the cheese extract could be obtained in this
way. The small amounts of peptides that may remain in the alcohol filtrate did
not interfere in the determination of the amino acids as they appear on the
chromatogram as separate peaks.

To 50 ml of the filtered cheese extract, 250 ml of 959, ethanol were added.
The mixture was shaken, allowed to settle for about 15 minutes to precipitate
any remaining protein and then centrifuged. Of the clear solution, 150 mi were
evaporated under suction over a boiling water bath. The residue was quantita-
tively transfered to a volumetric flask using a 0.2 N sodium citrate buffer pH
2.2. One or two ml equivalent to 80 and 160 mg of the cheese were used in the
chromatographic analysis.

2.3, METHODS OF ANALYSIS

2.3.1. Amino acids

In the past, when the separation of amino acids was not well possible, it was
necessary io discover a specific reaction for each individual amino acid before it
could be determined. KosseL and KutscHER (51) using the technique of pre-
cipitating amino acids as their silver salts, were the first to give approximately
accurate results for the diamino acids. FiscHER (23) introduced the method
of fraction distillation of the ethyl esters under very low pressure. This method
modified by ABDERHALDEN (1) was the first satisfactory quantitative method for
the determination of monoamino acids in proteins. VAN SLYKES’ (106) nitrogen
distribution method depended on the determination of the chemical groups
characteristic of amino acids. These methods and many others were reviewed by
MrrcHELL & HamivTon (61).

Several methods have been used to determine the amino acids in cheese. In
1903 VAN SLYKE & HART (107), in an effort to relate CO, production to proteo-
lysis in the ripening of Cheddar cheese, found six amino acids by chemical
analysis. By the fractional distillation of the amino acid ethyl esters, WINTER-
STEIN (111) found 10 amino acids in 3 months old Emmenthal cheese. In another
investigation on the same type of cheese, WINTERSTEIN & BISSEGGER (112) found
proline and phenylalanine in large guantities and isoleucine & oxyproline in low
concentrations by the same technique. GRIMMER et af (32) determined the basic
amino acids in the alcohol soluble fraction of “Backstein’ cheese by precipitating
the amino acids as their silver salts. In 1938, TUCKEY ef af (102) identified four
amino acids by means of an X ray deffraction analysis. Later HARPER &
Swanson (39) and RemHARD & Garey (77) determined the amino acids by
microbiological methods.

The foregoing methods of analysis are not well suited for the examination of
a complex mixture of amino acids. They require much work and are very time
consuming. They are suitable only for the identification of a few amino acids
and at the same time they lack accuracy.

A notable advance was made in identifying the amino acids in cheese when
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paper partition chromatography, based on the two dimensional method of
CoNsDEN et af (17} was applied to the study of Cheddar cheese by Kosikowiski
(49). Later LiNpovisT et @l (56) analysed cheese with a modification of the
method of Mc FArren (59) involving a one-dimensional buffered filter paper
chromatogram. Quantitatively, paper chromatographic determinations do not
give reliable results. KIURU et al (48) using this method in the study of Emmen-
thal cheese, mentioned that the recovery differed from one amino acid to the
other, the error being 4 15 to 309%.

In 1955 MasBIT (58) used the column chromatographic method of MoOORE &
STEIN (63) in the quantitative estimation of the amino acids in Cheddar cheese.
Inferior separations were obtained particularly for aspartic acid, threonine and
serine on one hand and glutamic acid and proline on the ether hand. During the
course of this investigation, a paper on the examination of the amino acid
content of some Danish cheeses was published (62). Column chromatography
was used.

In the present study, the quantitative estimation of amino acids was per-

formed in the following steps;

a. Separation of the mixture of amino acids found in the cheese extract into
small fractions.

b. Quantitative estimation of the amino acids in these fractions.

¢. For the identification of the amino acid peaks and for calculations, synthetic
mixtures were analysed.

4. Separation The sulphonated polystyrene ion exchange chromato-
graphic method of MoORE & STEIN (64) involving 150 cm column, a resin of 49
cross-linkage and an eluent of continuously increasing pH and normality, was
used as a fundamental procedure in this investigation. Slight modifications were
applied with the intention of making the method more reliable under the con-
ditions of this work. It was necessary to shorten the length of time required for
the completion of an experiment, to obtain better separation of the amino acids
of the cheese extract especially with the acidic amino acids, tyrosine-phenylaia-
nine and lysine-histidine.

When the method of Moore & STEIN (64) was applied, using Dowex 50 x 4
200 - 400 mesh and the first buffer of 3.1 pH at 50°C, it was almost impossible to
avoid an unexpected overlap between the threonine — serine peaks especially in
the cheese extract. This was caused by a large amine peak that was always eluted
from the column before the serine. Also a considerable overlap between the
proline and the glutamic acid peaks was observed. The separation of tyrosine
from phenylalanine was never complete shown by a marked overlap, frequently
till the top of the tyrosine peak; also lysine overlapped histidine. Moreover, the
elution of arginine required from 8 to 10 days.

To avoid the difficulties mentioned, the experiments of this study were carried
out in the following way:

1) Preparation of the ion exchange column. Chromatographic tubes (170 x
0.9 cm) pyrex glass, with ground joints and jacketed with 4 cm diameter glass
tubing, were used. Dowex 50 x 4 and Dowex 50 x 5 (200400 mesh) as supplied
in the hydrogen form were utilized. It was found that different batches of this
resin did not give exactly the same chromatographic performance. Three lots of
Dowex 50 x 4 were tested for the separation capacity. One gave unsatisfactory
results, the second showed inferior separation, while the third was very efficient.
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Preliminary sieving of wet resin through a 200 mesh sieve did not give reasonable
amounts of resin. Also ground resin proved to give very broad peaks with much
lower flow rate.

Dowex 50 x 4 and x 5 were blended in the proportion of 2 to 1. This was
found essential for the separation. of tyrosine-phenylalanine on one hand and
lysine-histidine on the other. The conversion of the mixture of the two resins was
practised as described by MooRE & STEIN (64). Special care was taken to make
the blended resin free from very fine particles and to have particles of almost one
size, This increased the rate of flow and gave reproducible results when the resin
was reused.

The resin was suspended in ten times its volume of distilled water and left to
settle for three hours. The water, above the settled resin containing the fine par-
ticles, was decanted. This was repeated twice. The resin was suspended in twice
its volume 0.2 N buffer and shaken in a graduated cylinder. It was allowed to
settle for one hour before the upper one-third was removed and replaced by an
equal volume of the buffer. Suspension of the resin, settling and removal of the
upper part was performed several times, each time with a progressive decrease in
the settling time. In this way, a settled resin, almost free from fine particles, under
a two volume as much of a supernatant was obtained in about 20 minutes. Large
particles were separated using the same technique.

The resin prepared in this way, and poured into a column, gave a flow rate of
about 12 ml per hour under a slight pressure of 15 cm mercury without broaden-
ing the peaks and with almost the same capacity of separation shown by
MOooRE & STEIN (64). It was realised by these workers in their new technique of
amino acid separation on an Amberlite column (66) that it was very important to
get rid of the fine particles in order to speed up the elution. They described a
method for the fractionation of the resin particles based on the method of
HawmirTton (34).

In pouring the column, the two blended resins were suspended in a volume of
0.2 N buffer acetate citrate of pH 5 containing no detergent, such that when the
resin settled, the supernatant liquid above the resin was twice the bottom layer.
This lowered the probability of forming air bubbles during pouring the column
which was done in sections of about half meter high. After each section had
settled to a constant height, the supernatant buffer was withdrawn by suction
through glass tubing 3 mm in diameter. After pouring the next section, the
upper part of the settled resin is mixed with it to avoid a compact zone of the
relatively smaller particles that settle last. Such zones decrease the elution rate
and cause inferior separation especially when high pressure is used. As the
fritted glass filter at the bottom of the column ofien became clogged, it was
replaced by a small piece of glass wool.

After the resin had reached 150 cm height, it was washed with 0.2 N NaOH
containing 0.5 %, BRLJ 35, A quantity not less than 150 m] was passed through
the column. The greater the volume of alkaline solution used, the better the
separation of the peaks and the lower the blank readings, especially on both
sides of the ammonia peak and the basic amino acids. The last washing of the
column with 0.2N buffer pH 3 was performed the day before the column was
used to avoid the absorption of ammonia from the surroundings by the acidic
buffer.

2) Buffers. Buffers were prepared as described in the method from reagent
grade chemicals in volumes of 10 liters of 0.2N buffer pH 3 and 5 liters of the 2N
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buffer pH 5.1 and stored at 2°C, Buffers were renewed monthly and were
preserved by adding 0.05%, thymol. The pH of the buffer was determined by a
Cambridge glass electrode pH meter and proved to be stable. A saturated
solution of potassium bitartrate of pH 3.57 was used as a standard. The 0.2N
buffer pH 3.1 was adjusted to pH 3 in order to delay slightly the emergence of
the amine peak and the glutamic acid peak which were found to overlap the
respective peaks of serine and proline when the pH 3.1 buffer was used. Before
starting an experiment, one liter of each buffer was boiled and cooled to avoid
the release of air bubbles when the buffer was heated to 55°C during-the opera-
tion of the column.

3) Thiodiglycol. Two samples of the thiodiglycol gave a yellow colour with
ninhydrin. These were purified by redistillation according to the method de-
scribed by EasToE & EAstoE (22).

4} Detergent. As the 509, BRIJ 35 in water did not remain fully in solution
at room temperature, the amount of water was increased by one third and the
stated quantities added to the buffers were also increased by one third.

5) The fraction collector (plate 1). During the course of the experiments, two
types of fraction collectors were used. Both were constructed in the laboratory
workshop by the laboratory technician Mr. A. v. CAPELLEVEEN. The collection of
fractions was, in both, based on giving a measured volume. This was done in the
first apparatus by collecting a predetermined number of droplets by means of a
photocell. In order to ensure an entirely
constant volume, the guantity of the deter-
gent added to the 2N buffer pH 5.1 was
doubled. The second apparatus worked
with two platinum contacts (Figure 1), one
of which could be adjusted to a certain vo-
lume by a screw. When the upper contact A
was touched by the surface of the fixed vo-
lume, an electromagnetic valve opened and
the effluent ran into the tube underneath.
As the electromagnetic valve shut, it acti-
vated electronically the mechanical part of
the collector which moved the tray of tubes i
into a new position. The tray consisted of
three rows of 50 tubes each. By two steel
wires, fixed in the tray between the end and
the beginning of two successive rows, the
metal arm which carried the effluent frac-
tion from the column to the tubes was B
simply directed to the next row and all the
tubes were used without interruption. .

6) Operation of the column. After the LD - 2
column had been placed in a position abo-
ve the automatic fraction collector, water U \\__/
at 30°C was circulated through thejacket
of the column by a circulating water bath ) )
of a constant temperature (4 0.5°C). This Fré- 1. At;‘ i“tgl‘]‘:fgéc device for a con-
was performed half an hour at least before el t

A-A, are platinum contacts
the sample was added to the column, The B is an electro magnetic valve

»R

-
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sample, as previously prepared, was delivered on the top of the column by means
of abent tip pipette. The volume used was 1 or 2 ml (80 and 160 mg of cheese) de-
pending on the age of the cheese. This was chosen after preliminary experiments in
order to obtain low readings on the optical density scale without further dilution
of most fractions. When the sample was completely absorbed under gravity, small
portions (0.5 ml) of 0.2N buffer pH 2.2 were used to wash the surface of the resin.

For the application of a buffer of gradually increasing pH and normality, the
apparatus described by HuisMan & SCHAAF (44) was used in our experiments.
Glass tubing 6 mm outer diameter and 2 mm inside diameter was used to join
the two reservoirs and to introduce the buffers into the top of the column.
Polythene tubes were used to connect the glass tubing. The reservoirs were
raised as high as possible thus the pressure which had to be applied to bring the
buffer to the column was at a minimum. A 500 ml capacity flask replaced the 750
ml flask used by HUisMAN & SCHAAF (44) in order to shorten the time needed for
the elution of the monoamino monocarboxylic acids.

The two reservoirs were filled with the buffer 0.2N pH 3 and connected to
the column by a polythene tube; pressure from a nitrogen bomb was applied at
15 cm mercury to give an initial rate of flow of about 12 ml per hour. The
effluent was collected in 2 ml fractions in pyrex glass tubes of about 20 ml
capacity. After the emergence of the alanine peak, the temperature was raised to
55°C to improve the separation of tyrosine and phenylalanine. Half an hour
later, the first reservoir was filled with the second buffer 2N pH 3.1 and the
second reservoir which was used as a mixing chamber was set over a magnetic
stirrer. A light pressure was applied (4 to 5 cm mercury) to permit only a small
stream of the 2N buffer to be mixed with the 0.2N buffer. The pressure was not
raised to its previous level until the next 25 fractions were collected. This prac-
tice completed the separation between methionine, isoleucine and leucine. Owing
to the application of a high temperature, the flow rate of the effluent was raised
to 8 — 10 fractions per hour. The experiment was continued at the same temper-
ature until the emergence of histidine (340 fractions) when it was raised to
75°C to facilitate the elution of the strongly basic amino acid arginine at about
fractions 390 to 400.

The starting of the elution at 30°C and the continuation at this temperature
till the alanine ran off the column together with the use of pH 3 buffer; was found
to reduce the overlap between the threonine-serine and the proline-glutamic acid
peaks. Also the two wings appearing on both sides of the ammonia peak were
reduced. This, when occurred gave error in the determination of the basic amino
acids because of the differences in blank readings.

Under these conditions, a complete experiment including the collection of 425
fractions was performed in less than three days. However, it was not possible
when using unfractionated resin and a 750 ml mixer, to make a full analysis in
less than 7 to 8 days.

Owing to the considerable shrinkage in the Dowex 50 as a result of using two
buffers of different normality, it was not possible to use the column over again.
Columns were emptied after each experiment simply by turning them upside
down and leaving the resin to descend by gravity. Small portions of water added
through the glass wool to avoid drying of the top of the descending resin. For
pouring a new column, the used resin was washed with large quantities of
distilled water under suction until it was almost free from the detergent which
was found to encourage the formation of air bubbles during the pouring of a
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new column. Gases were frequently formed inside the resin bed after it had been
used several successive times; thus it was found advisable to boil the resin for
one hour first with 4N HCL and then with 2N NaQOH before preparing it in the
usual way.

b. Quantitative analysis of effluent fractions.  The concentration
of the amino acids in the effluent fractions was determined by the modified
photometric ninhydrin reagent method of MooRre & STEIN (65). Readings were
taken on the optical density scale of a Beckman Spectrophotometer. As the
ninhydrin reagent is strongly buffered, only 1 mi was required for each effluent
fraction (2 ml). As the hydrindantin purchased gave higher blanks up to 0.15, it
was freshly prepared in the laboratory by the reduction of ninhydrin with
ascorbic acid (63). Excessive washings with distitled water were performed after
precipitation on a gouch crucible to free the hydrindantin from impurities.

As the ninhydrin solution gave higher blanks when stored, even under
nitrogen, the colour yields ran low with storage and the concentrated hydrindan-
tin frequently precipitated, thus the reagent was freshly prepared for each
experiment in 300 ml quantities and stored in the dark.

To each fraction 1 mt of the ninhydrin reagent was added. Tubes were covered
with aluminium caps and shaken by hand for about 10 seconds. The tubes were
heated in a boiling water bath for 20 minutes then cooled under running tap
water. Addition of 5 ml 509 ethanol was enough to give a reading less than 1.0
on the optical density scale except for the top peaks of glutamic acid, leucine,
phenylalanine and lysine. To determine these amino acids, dilution was nec-
essary. Before being read at 570 mu (440 for proline). the tubes were again
shaken to mix the contents with the diluent and to oxidize the reddish colour
that remained afier boiling. This colour was attributed to the high concentration
of the hydrindantin in the modified reagent. By this technique, the blank
readings during the course of a whole experiment were always less than 0.1
except in the ammonia region where it rose to about 0.15 and sometimes more.

¢. Quantitative analysis of a synthetic mixture. A standard curve
was plotted for leucine at eight concentrations varying from 2.5 to 30.0 mg/liter.
Leucine solutions were made in 0.1M citrate buffer pH 5. The curve as seen in
figure 2 follows Beers’ law with all concentrations up to an optical density of 1.2.
No deviation from the straight line relationship was observed. From the graph,
a table was prepared giving the relation between the optical density reading
{from 0.01 to 1.00 in 0.01 steps) and the concentrations of amino acids expressed
as mg/liter. These concentrations were multiplied by % or l'sﬁ to give concen-
trations corresponding to the readings obtained after the dilution of the 8 ml
with one or two additional 5 ml aliquots of the diluent. When used for other
amino acids, these concentrations were divided by the colour yield of the amino
acid relative to leucine. No factor was required for the negligible loss by eva-
poration which might have occurred during the heating of solutions.

The relationship between the optical density and the leucine concentrations
was determined by the following procedure,

Two ml leucine in 0.1M buffer pH 5 were mixed with 1 ml ninhydrin reagent
and heated for 20 minutes at 100°C, and 5 ml ethanol water were added. Re-
sults are shown in table II.
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FiG. 2. Relationship between leucine
and proline concentrations in
0.1 M pH 35 citrate buffer and
the colour yiclds, (readings of
the optical density scale of a
Beckman Spectrophotometer).
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TasLE II. Relationship between leucine concentrations in 0.1 M citrate buffer pH 5 and the
optical density scale

Concentration of

Desity scale reading — blank

. Average
leucine mg/1 Exp. 1 Exp. II Exp. I1I

Blank 0.070 0.090 0.060 0.073

2.5 0.100 0.100 0.100 0.100

5.0 0.200 0.200 0.200 0.200
10.0 0.405 0.395 0.400 0.400
12.0 0.480 0.470 0.490 0.480
15.0 0.600 0.600 0.610 J 0.603
20.0 0.800 0.800 0.800 _ 0.800
25.0 1.010 0.990 1.010 1 1.003
30.0 1.200 1.195 1.205 | 1.200

TasLe I1I. Relationship between proline concentrations in 0.1 M citrate buffer pH 5 and the

optical density scale

Concentration of

Density scale reading — blank

. Average
proline me/l Exp.1 | Exp.l | Exp IO

Blank 0.060 0.060 ’ 0.080 0.066

25 0.024 0.024 0.024 0.024

5.0 0.046 0.045 0.045 0.045
10.0 0.095 0.093 0.097 0.095
15.0 0.140 0.140 ‘ 0.145 0.141
200 0.195 0.195 ' 0.190 0.193
25.0 0.225 : 0.225 0.240 0.230
30.0 | 0.280 [ 0.270 1 0.275 0.275
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The colour yield of other amino acids relative to the colour yield of leucine
proved to be reproducible within 4+ 2%/ and to be similar in most cases to the
value cited by MooRE & STEIN (65). Proline was the Exception and a special
curve was made under the same conditions and measured at 440 mp. Measure-
ments up to 0.2 density followed Beers’ law, while a slight deviation less than 4 %
from the straight line with concentrations above 20 mg/liter was observed.
Figure 2 shows the curve, while table III gives the relation between the optical
density and the proline concentrations in mgyliter.

Mixtures containing 0.05 to 0.1 mg of each of the amino acids studied, in 0.2N
buffer pH 2.2 were separated and quantitatively determined by this ninhydrin
reagent method. Replicate trials were conducted and representative results are
shown in figure 3. Mixtures added to the cheese extract did not shift the threshold
volume of the amino acids. Also no noticeable increase or decrease occurred in
the amino acid concentration in the sample used for analysis. Differences in the
threshold volume of an amino acid and in its position on a chromatogram, were
due only to differences in pH of the sample, pH of the buffer and the compact-
ness of the column when the same resin was used.

The average recovery of the amino acids studied is given in table IV, The data
reveal that all the amino acids can be quantitatively recovered with the exception
of tryptophane, which may be due to decomposition during the experimental
work. The method was found to give reproducible results when repeated with
the same resin and the same technique. Values of replicates did not vary from
the means given in table IV by more than + 3%,. The low recovery of glutamic
acid and methionine was consistent and corrections for the respective 7 and 9%,
recovery loss, which may be due to decomposition, were calculated.

A reasonable recovery was, to a great extent, dependent on the correct choice
of the blanks against which the amino acid peaks were read during the spectro-
photometric determinations. The choice of a proper blank was often very
difficult especially for the basic amino acids. In this study the eluate after the
emergence of the aspartic acid peak was chosen as a blank for the acidic amino
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acids. For the monocamino monocarboxylic acids, two blanks were chosen; the
first, the blank for glycine alanine and valine was the cluate after the emergence
" of alanine from the column, The second, after the elution of leucine was used as
a blank for methionine, isoleucine and leucine readings. For the ammonia and
ornithine, the eluate just after the ammonia peak was chosen as the blank.
Also the blank just after the elution of histidine peak was found to give reliable
results when read against the lysine and histidine. Arginine values were read
against the blank after its peak,

TasLe IV. Recoveries of amino acids from synthetic mixtures {av. 3 Exp.)

Amino acid } Recovery % i Amino acid | Recovery %

Cysteic acid ‘ 99.5 Cystine 96.3
Aspartic acid 98.0 Methionine 9L.0
Threonine ‘ 96.0 Isoleucine 102.0
Serine 1 101.0 Leucine 103.0
Proline ‘ 97.0 Tyrosine 97.0
Glutamic acid | 910 Phenylalanine 100.5
Glycine 97.0 . Lysine 101.0
Alanine ' 97.5 Histidine 99.5
Valine 99.0 Arginine 97.0

I Tryptophane 36.0

2.3.2. Methods used in cheese analysis

a. Moisture. About 5 g of cheese were thoroughly mixed with previously
washed and heated sand in a wide aluminium dish, then dried till constant
weight at 100°C.

b. Fat. This was determined by the S.B.R. methaod.

¢. Totalnitrogen. I gof cheese was digested with 10 ml sulphuricacid, 2 g
potassium sulphate and 0.3 g copper sulphate, followed by steam distillation.
N/10 solutions were used.
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d. Soluble nitrogen. 20 g of cheese were extracted according to the method
of SIRkS (90). 10 ml of this cheese extract were used in the estimation according
to the method described by RowLanp (76).

e. Amino acid nitrogen. It was determined according to SIRks (90). 50 ml
of the cheese extract equivalent to 4 g of cheese were treated with 2.5 g of phospho-
tungstic acid after the addition of 30 cc of Hy8O, diluted 1 to 3. A 40 ml aliquot
of the phosphotungstic acid filtrate was used in the determination. Phospho-
tungstic acid was chosen for the determination of the total amino acid nitrogen
because it was used in all previous studies on Edam cheese. A comparison was
possible between the present results and the previous ones.

J. Salt. This was determined by the method of Davies (19). 2 g of cheese were
digested using 25 cc HNQ; + 10 cc saturated potassiom permanganate in the
presence of silver nitrate. Excess Ag NO; was back titrated with potassium
thiocyanate using iron alum as an indicator.

g. Fat acidity. The fat of cheese was obtained by pressing equal parts by
weight of ground cheese and pure sand at 50°C and the fat acidity was deter-
mined as described by STADHOUDERS and MuULDER (93).

h. The pH. This was determined with a Cambridge glass electrode pH meter
directly by inserting the two electrodes into the cheese. A saturated solution of
potassium bitartrate of pH 3.57 was used as a standard.

3. RESULTS AND DISCUSSION
3.1. EFFECT OF AGE

Up till now, no attempt has been made to study quantitatively the individual
amino acids set free in genuine Edam cheese during the ripening period. In a
study on the taste and flavour forming substances in cheese, MULDER (67), com-
pared the amino acid content of well ripened cheese with the amino acids in
casein and concluded that very probably all the amino acids of casein are present
in cheese. For a better judgement, it would certainly be essential to get a good
guantitative insight into the proportions of amino acids in the cheese. As the
amino acids have no strong flavour, MULDER mentioned that a study of the
amino acids content of cheese, cannot give a complete picture of the flavour
forming substances. The amino acid pattern of ‘Edam cheese’, not made in The
Netherlands, was published by STORGARDS and LinpgvisT (98). Working with
cheese made in U.S.8.R. DoLzaLEK (20) mentioned that hard cheeses scalded at
lower temperatures such as Edam generally contained the same amino acids as
Emmenthal cheese but in lower concentration. Recently CHEBOTAREY et al (15)
published one dimensional paper chromatographic determination of the amino
acids of a cheese made in the same country. The cheese was analysed over a short
period, all the amino acids were not separated and the composition and proper-
ties of the cheese analysed were not mentioned.

In our experiments, cheeses were made as stated in Section 2.1 to represent
real Edam cheese. Two experiments each including nine cheeses were performed
for orientation. A whole cheese was analysed at an arbitrary interval in the
ripening period which lasted for about a year. Cheeses with different properties
were all analysed at three different stages in the ripening period but cheeses made
from asceptically drawn and infected milk were examined only twice.
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Analytical data for the cheese composition as well as for the organoleptic
examination are mentioned in tables V, VII, 1X, XI and XIII while tables VI,
VIII, X, XII and XIV include the quantitative results of the content of amino
acids that were found in the experimental cheeses during the course of the
ripening period. 1t was found advisable to present the data of each experiment
separately. Averages, in this case, cannot give a true picture of the results since
the variations in the experiments were considerably wide. Even the trends in the
concentration of some amino acids, at certain stages in the ripening period, were
sometimes different. This may be considered as a result of the influence of the
cheese flora together with pH and other factors.

The quantitative data obtained in this investigation, made it possible to study
the trends in the variations of the free amino acids in the cheese during the
ripening period.

3.1.1. Properties of the cheese

As it is known that the pH of the cheese, the moisture content and the salt/
water ratio in the cheese affect the protein breakdown, these items together with
the protein degradation products, were involved in the discussion. However, as
these factors which control the ripening process, together with the changes
occurring during this process, were previously studied in Edam cheese, there is no
need to rediscuss them here. Results obtained in this work will be treated gener-
ally just to give a picture of the cheeses used in the analysis.

The pH of the cheeses studied increased gradually with ripening up to 6.5
months when the rate of increase became much slower. A decrease in pH values
was observed at the end of the ripening period. Also, the pH in the cheeses with
different properties showed the same trend though the course was not always
equal. These variations are in agreement with previously published investigations.

The moisture conient of the cheese decreased as ripening progressed. The
decrease was remarkable in the first stages of ripening. In the orientational
experiments (table V), the cheese lost from 8.04 to 10.01 % of its moisture in the
first 4.5 months. In the next 7 months, the loss was only 2.92-3.26 %,. The same
trend was to a large extent perceptable in other experiments. This is what can be
expected.

Salt percentage and salt/water ratio increased with the age of cheese, the in-
crease being relative to the loss in moisture. Also, the fat and total nitrogen
percentages increased with increase in age of cheese. Calculated as a percentage
of the total solids, their values remained practically constant.

As stated in the literature, there was an increase in the protein breakdown
products with ripening. Values for soluble nitrogen and total amino acid nitrogen
increased with the age of the cheese. This increase did not occur at the same rate
during different stages of ripening, the greatest change being observed in young
cheese. After only 1.5 months of ripening, the soluble nitrogen was more than
two thirds of the soluble nitrogen of the cheese at 11.5 months of age. The rate
of amino acids formation was a little slower. The total free amino acids content,
found after the same period was less than 45 %/ of the total amino acids content
of the cheese at the end of 11.5 months of ripening. This difference may be
explained by the fact that soluble nitrogen is produced by the action of milk
proteases, rennet enzymes and bacterial enzymes while the formation of amino
acids in the cheese depends on bacterial enzymes (91).
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TaBLE V., Chemical and organoleptic examinations of Edam cheese during the course of ripening (orientatio

Exp. | Ageof | pr [MO® | Far | Salt | TN, |solN. [AMin0| SolN. Amino Salyf | Prol
[»} 0, ¥} [+ _— . -
No. | chesse % (% P % 1% IN% | nvhof TN, | ratio | %
tday |50 — | — | — | — | — [ — | = | = | = | =
15 days | 5.02 | 39.88 | 31.08 | 1.89 | 3.469 | 0.653 | 0.067 | 18.83 | 1.95| 4.74 | 22.1
I'month | 5.06 | 30.53| 31.09| 1.98 | 3.480 | 0.760 | 0.174 | 21.86 | 5.01| 5.00 | 222
1.5months| 5.07 | 37.52| 31.91| 1.99 | 3.610 | 1.025 | 0.218 | 2839 | 6.03 | 5.30 | 23¢
I 25, | 500 | 3639 | 32.52| 2.18 | 3.680 | 1.095 | 0.276 | 29.75 | 7.50| 5.99 | 23.5
45 . | 514 |31.84| 3487 | 2.35 | 3.950 | 1.190 | 0.345 | 30.12 | 8.70 | 7.38 | 25.0
6.5 . | 5203054 3561 | 2.55 | 4036 | 1.365 0468 | 3382 | 11.59 | 8.36 | 25.7
85 . | 519 3035|3580 | 2.58 | 4.088 | 1457 | 0.506 | 35.64 | 12.37| 850 | 26.1
115 . | 512 | 2892 35.85| 2.60 | 4.172 | 1.610 | 0.568 | 38.58 | 13.62 | 8.99 | 26.€
lday (494 — | — | — | — (— (— | — ) —
15days | 5.05 | 4324 2823 | 2.06 | 3.332| 0.886 | 0.095 | 26.59 | 2.86 | 4.76 | 21.:
Umonth | 5.05 | 40.53 | 29.52| 2.18 | 3.465 | 0.966 | 0.186 | 27.87 | 5.37 | 537 | 22.1
1.5months| 5.16 | 37.14 | 3120 | 225 | 3.662 | 1.053 | 0.243 | 28.75 | 6.63 | 6.05 | 234
1 25, | 522 (3678 31.51| 242 | 3.685 | 1.111 | 0306 | 30.15 | 8.30 657 | 23.¢
45 . | 530 |3321|3326] 2.54 | 3.892| 1.375 | 0.380 | 3532 | 9.76 | 7.62 | 24.§
65 . | 5a0!3250!3357| 278 | 3.933 | 1.520 | 0.520| 38.64 | 13.23 | 8.55 | 25.I
85 . | 543 | 3005|3444 | 287 | 4.129| 1.598 | 0.558 | 38.72 | 1351 | 9.55 | 26.]
115 . | 539 | 2995 34.92| 2.88 | 4.184 | 1.759 | 0.694 | 42.30 | 16.60 | 9.61 | 26.;

TaBLE V1. The free amino acid content of Edam cheese of different ages, mg/100 g protein {Orientatior

First experiment

Age of cheese 1 day?) | 15 days | 1 month 1.5m 25m | 45m 6.5m §.5m
Cysteic acid - - — - - — 33 28
Agspartic acid 4 38 62 77 3 142 170 182
Threonine - 17 22 112 109 276 533 490
Serine - - 17 43 26 90 222 242
Amines 1 108 165 165 344 605 1033 903
Proline - - - - 24 282 720 604
Glutamic acid 19 276 336 506 984 1424 2387 2421
Glycine - 41 47 77 138 238 542 481
Alanine - 48 50 85 148 393 678 601
Valine 6 116 140 261 506 813 1094 1079
Cystine - - 7 - 9 - - -
Methionine - - 26 72 158 258 535 534
Isoleucine - 19 25 82 141 263 501 560
Leucine 22 42 333 571 797 1231 1579 1748
Tyrosine - - - 64 19 - 162 237
Phenylalanine 11 167 188 225 438 589 672 722
Ammonia 147 604 666 767 1099 1391 1697 1372
Ornithine - 8t 167 229 244 366 325 225
Lysine - 65 206 131 591 785 1190 1176
Histidine - - - - Lost 119 228 143
Tryptophane - - - - - - - -
Arginine - - - - 89 - - -

) Calculated as mg/100 g cheese.
v.f.a. = volatile fatty acids
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experiments)

Organoleptic tests

Consistency Flavour
Soft with no holes Fresh curdy, clean after taste
Rather firm, with few gas holes Freshly acid and curdy, very little aroma
Firm, more brittle than smooth, few holes Beginning cheese flavour, pure taste, sl. acid
Firm, rather short, close S1. cheesy, no taints, sl. bitter after taste
Good, few small holes, a little short More pronounced aroma than taste, bitter after taste
Short and brittle, few holes Very cheesy, more v.f.a, flavour, sl. bitter
Short and brittle, few cracks Sharp fatty acids taste, sl. rancid bitter
Short and brittle, few cracks, rare eves Saline, a full flavour of v.f.a. & amino acids, sl. bitter after
taste
Very soft, no holes Curdy, no objectionable taste
Rather springy, small gas holes Curdy, clean after taste
Rather soft, many holes Clean after taste, curdy, no off flavours
Long, very smooth, propionic gas eyes Clean taste, sl. strong taste
Smooth, rather springy, easy to cut Saline, strong broth-like taste, sl. heavy
Smooth and waxy, ciose, a little long Strong broth-like taste, few v.f.a., sl. heavy taste of H,S
Few wide cracks, smooth and waxy Very strong taste, more hroth-like than v.f.a.
Smooth, few wide cracks, sticky Very strong, sl. saline, few v.f.a., sl. sweet, sl. bitter

:xperiments)
Second experiment

11.5m 1 day)) | 15days | Imonth | 1.5m 25m 4.5m 6.5m i 85m 11.5m
37 - - - - - - 24 29 4 151
217 5 43 14 55 i\ 161 262 276 316
580 - 50 - 129 125 334 503 584 610
364 - - - 98 89 300 485 652 604
928 - 48 - 40 531 735 1019 972 1027
909 - - 125 216 314 679 869 979 1011
2445 17 221 381 735 1455 1930 2790 2816 3260
711 - Lost 67 153 216 397 501 649 813
593 - 6% 126 97 226 367 630 602 651
1256 . 15 154 275 310 663 804 1025 1401 1490
524 - - 218 197 392 384 564 480 648
502 - 5 154 131 241 366 573 LYa 806
1511 24 334 736 731 1342 1336 1633 1698 1764
236 - - 55 15 57 22 164 211 222
806 g 20 383 - 423 569 596 672 688 764
2193 107 878 1436 913 1361 1269 1721 1257 3542
344 17 151 242 303 237 432 500 487 531
1577 9 129 306 385 447 900 1060 1367 1545
398 - - 42 90 79 157 177 253 417
_ — - - - — 43 - - -
149 - - - - - 50 - - -
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TasLE VII. Chemical and organoleptic examinations of Edam cheese differing in pH

| A pHin cheese | ppoj,. Amino | Sol. N, | Amino

E[‘:? hg)e Type of cheese Befo: Before nfx_l: 1;;5,“ S.;,:)l t T?}?J SOL;,D N amc;ED ? aclﬂ
months brining ; analysis o N % in % of T.N,

Low pH 4.82 1 4.84 | 37.51 - - 3.687 1 1.037 | 0.262 ; 28.141 7.1l

2 Middle pH 494 | 496 | 38.94 - - 3615 1.026 | 0.283 | 28.38 | 7.81

High pH 587 | 518 | 38.89 - - 3654 | 1.061 | 0.335 | 2904 | 9.16

Low pH 482 | 5.13 | 3404 | 33.84} 262 | 3.920 | 1.330, 0.448 | 33.92| 11.42

1 3 Middle pH 494 | 519 | 3410 33.68 | 244 | 3.940 | 1.400 | 0.506 | 35.53 | 12.84
High pH 517 | 549 | 3474 | 33.57 | 2.40 | 3.930| 1.463 | 0.564 | 37.21 | 14.36

i Low pH 482 | 519 | 29.74| 36.11 | 2.70 | 4158 | 1.498 ; 0.615 | 36.01 ! 14.79
© 8 Middle pH 494 | 528 j 30.38 | 35.77 | 2.55 | 4106 1.562 | 0.633 | 38.10 | 1541
High pH 317 557 | 3037 3597 | 242 | 4.195 ] 1.714; 0.670 | 40.84 | 16.25

Low pPH | 483 484 | 3803 ] 32.22| 2.31 | 3.632 0.906/ 0.233 | 2494, 6.41
2 Middle pH 496 | 5.04 | 38.07 3248 | 2.04 | 3.598! 0925 0.235| 25.70 | 6.53
High pH 513 | 519 | 37.61 | 32.69| 1.97 ; 3.631 | 0.950 | 0.239| 26.16 | 6.58

Low pH 483 | 497 13240 3522 | 2.58 | 3.980 | 1.325) 0.391 | 33.29 | 9.83
II 5 Middle pH 496 | 5.20 | 33.04 | 3493 239 | 3920 1.425| 0433 | 36.35| 11.04
High pH 5.3 | 550 | 31,77 | 35.68 | 233 | 4.020 | 1.613) 0,501 | 40.11 | 12.46

Low pH 4.83 | 5.21 | 28.881 36.82| 2.75 | 4.180; 1.467 | 0.430 | 3507 | 10.28
8 Middle pH | 4.96 | 545 | 29.91 | 36.45| 2.52 | 4.095 ! 1.552 | 0.532 | 38.80 | 12.99

High pH : 5.13? 5.63 | 28.88 3692 | 2.52 | 4.185 | 1.739 | 0.588 ! 41.54 | 14.05
i 1. :

TasrE VIII. The Free Amino acid content of Edam cheese from the experiments of cheese differing in pH

First experiment

Age of cheese Two months Five months Eight months

pH of cheese Low Middle High Low Middle High Low Middle High
Cysteic acid - - - - - - - - 26
Aspartic acid 166 201 172 307 381 524 345 554 832
Threonine 144 160 159 365 391 418 467 539 555
Serine 72 106 - 158 i1l 66 429 220 92
Amines 408 432 516 741 736 533 822 780 671
Proline 216 211 448 670 933 972 974 1151 2239
Glutamic acid 993 1094 1629 2353 2409 3372 2750 3728 4442
Glycine 254 207 326 452 520 681 669 323 892
Alanine 213 252 424 477 529 664 544 667 731
Valine 4590 531 770 1009 1031 1513 1178 1517 1585
Cystine - - - - - - - 8 -
Methionine 130 183 296 379 399 623 476 551 600
Isoleucine 170 220 290 503 572 843 641 783 1163
Leucine 960 899 1261 1612 1645 2017 1678 1802 1971
Tyrosine 50 - 40 130 Lost 55 233 137 153
Phenylalanine 241 102 380 681 707 801 798 753 839
Ammonia N.D. N.D. N.D. 1016 Lost 1849 1738 2304 2231
Ornithine N.D. N.D. N.D. 330 458 457 320 622 351
Lysine N.D. N.D. N.ID. 1080 1143 1292 1234 1756 1619
Histidine N.D. N.D. N.D. 141 229 370 231 395 455
Tryptophane N.D. N.D. N.D. - - - 37 - -
Arginine N.D. N.D N.D. 147 96 80 211 - -

N.D. = not determined.
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Salt/ . Organoleptic tests
Wﬂ.t;l' Prou;em
ratio i Consistency Flavour
- 23.56 | Firm, rather brittle, no holes Clean, no bitterness, a shade of fatty acids
- 23.10 | Rather firm, a little close, no holes Slightly bitter, freshly acid, curdy
- 23.35 | Soft and springy, few small gas holes | Clean after taste, broth-like
7.69 | 25.05 | Rather brittle and short, mechani- | Salty, clean after taste, strong flavour of v.f.a.
cal openings, few cracks
7.15 | 25.24 | Firm, smooth, no holes and cracks | Clean after taste, mild cheese flavour
6.90 | 25.19 | Soft, smooth, wide eyes Slightly bitter, tainted H,S, off-flavour
9.06 | 26.58 | Brittle, very short, few cracks Very strong flavour of v.f.a., sl. bitter, sharp
8.39 | 26.26 | smooth, less firm, many small holes | Clean after taste more amino acids than v.f.a.
7.96 | 26.76 | Waxy, smooth, many gas eyes Strong broth-like taste, sweet, tainted H,S
6.07 | 23.21 | Firm, short, few mechanical holes Actd taste, slightly bitter
5.35 | 22.99 | Rather firm, rather close, no holes Clean taste, curdy
5.23 | 23.20 | Soft, springy, large gas eyes Slightly tainted, heavy taste, H,S
7.96 | 25.43 | Brittle and short, solid, no holes | Shade of bitterness after taste, strong flavour of v.f.a.
7.23 | 25.35 | Rather short, few cracks Very bitter
7.30 | 25.69 | Very smooth and long, wide gaseyes | bitter, sweet, tainted H,S
9.52 | 26.71 | Very short, crumbly, few cracks, Flavour of v.f.a., rather sharp, no bitterness
842 | 26.56 | Firm, rather long, no cracks Clean after taste, more broth taste than v.f.a, flavour,
less sharpness, sl. bitter and saline
8.72 | 26.74 | Smooth, waxy, gas eyes Sl. bitter, predominent broth-like taste, sweet and
tainted H,S
(mg/100 g protein)
Second experiment
Two months Five months Eight months
Low Middie High Low Middie \ High Low i Middle High
- - - 54 30 97 — - 24
212 176 180 206 139 241 271 315 408
142 141 155 265 263 268 sy 488 475
45 is i3 113 79 59 180 170 166
387 471 516 643 575 170 726 955 906
- 215 266 - 592 662 745 849 1176
1216 1158 1174 1884 1982 2204 2405 2688 3041
150 197 234 235 448 57 603 705 o
159 208 254 323 363 494 363 565 568
498 536 565 834 903 1046 901 1076 1110
s - — — - — — . -
157 159 179 358 633 592 454 725 576
127 198 215 314 468 505 489 564 713
545 768 870 1353 1343 1647 1419 1879 1913
27 75 37 Lost 46 166 113 170 293
310 274 336 563 585 663 588 769 T4T
922 940 986 Lost 1475 2182 1332 1706 1929
169 186 172 241 270 395 138 Lost 204
556 575 638 817 865 977 913 1095 959
k| - - 65 179 326 248 220 265
- - - 113 - - 195 - -
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TasLE IX. Chemical and organoleptic examinations of Edam cheese from raw and pasteurised milk (P.}

pH . . Amino
; Mois- A Sol. N. | A°
Exp. no.| 28200 | Type of Milk | | merore n;-l: Tat | Sl | TN | SolN. Ié:\;go i
brining | anatysis| 70 “® 0 in 9% of T.N.
Raw 5.02 | 507 | 3752 31.91| 197 | 3.634 | 1.025| 0.212| 28.20 | 5.83
1.5 T2°C P 5.05 5.08 | 40.39) 30.37| 2.01 | 3.512 | 0.96%9 | 0.209 | 27.58 | 5.95
95°C P. 5.06 | 5.13 | 39.34 | 30.83 | 2.10 | 3,532 0937 0.246 | 26.09 | 6.84
Raw 5.02 | 5.12 | 31.84: 3487 | 222 | 39501 1.375] 0.392 | 34.8i 9.8§
I 4.5 72°C P. 3.05 | 512 | 3363 3427 | 235 | 39007 1.290| 0.345 | 33.07 | B8.B6
95°C P.. 506 | 525 | 3413 | 3347 228 | 3.880 | 1.156| 0.378 | 29.79 | 9.77
Raw 502 | 519 | 30.35| 35.50| 2.58 | 4.088 | 1.531 | 0.579 | 37.45 | 13.91
8.5 72°C P. 505 | 5.16 | 30.92| 3505| 2.53 | 4.167 | 1.439 | 0.471 | 3454 | 11.29
95°C P. 506 | 537 | 30,37 | 3491 | 2.65 | 4208 | 1.269 | 0.512| 30.15 | 12.16
Raw 494 | 501 | 37,14 | 31,20 | 2.18 | 3.662 | 1.053 | 0.243 | 28.75 6.63
1.5 72°C P. 497 | 509 | 37.87 | 30.67| 205 | 3.648 | 0.950 | 0.227 | 2604 | 6.22
95°C P. 498 | 5.08 | 39.671 29.83 | 2.28 | 3.588 | 0.841 | 0.251 | 2342 | 6.99
Raw 494 ; 530 | 33.22¢ 33.26| 237 | 3910 1.290 | 0.413 | 3299 | 10.55
11 4.5 72°C P. 497 | 530 | 32,97 3327 240 | 3918| 1.180 | 0.390 | 30.11 | 9.95
95°C P. 498 | 535 | 3432 32.65| 248 | 3.862( 1.150 | 0.380 | 29.77 | 9.83
Raw 494 | 543 | 30,05 34.44 | 2.57 | 4.129 | 1.538 | 0.558 | 37.28 | 13.51
8.5 72°C P. 497 | 532 | 29,07 | 34.81 | 244 | 4206 ] 1.558 | 0.468 | 3521 | 11.11
95°C P. 498 | 5.34 | 30.34 | 3449 | 2.62 | 4159 1.296 | 0.446 | 31.16 | 10.72

TazLe X, The free amino acid content of Edam Cheese from the experiments with raw and pasteurised milk

First experiment

Age of cheese 1.5 months | 4.5 months ! 8.5 months

Type of milk Raw 721:0 95; c Raw 72;0 95;,0 Raw 72;‘3 95;_0
Cysteic acid - 23 18 - 39 16 - 16 38
Aspartic acid 88 156 104 142 88 36 322 222 223
Threonine 123 68 76 296 100 196 492 411 314
Serine a8 83 180 76 100 112 221 370 407
Amines 152 324 373 612 386 519 912 838 893
Proline - 93 66 208 245 179 632 635 1063
Glutamic acid 612 602 793 1478 1292 1381 2465 2048 2137
Glycine 78 107 165 208 206 375 398 246 698
Alanine 93 148 148 381 253 317 598 452 596
Valine 274 Lost 429 866 611 710 1182 1002 1153
Cystine - - - - - - - - -
Methionine 106 Lost 169 239 384 452 572 370 474
Isoleucine 93 73 123 277 243 297 567 466 513
Leucine 588 599 642 272 1077 1162 1791 1466 1676
Tyrosine 27 36 37 - 182 174 151 299 285
Phenylalanine 252 179 292 563 527 518 822 612 620
Ammonia 382 762 1072 1482 1186 1766 1388 22 1095
Ornithine 221 150 195 366 270 294 241 159 287
Lysine 196 237 285 761 800 884 1066 1194 1229
Histidine 36 - - 101 124 206 121 154 278
Tryptophane - 18 - - - - - - -
Arginine - 35 - - 261 145 - 360 102

P. = pasteurised.
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Salt/ Protein | Fat Organoleptic tests
water % | acidity
ratio Consistency Flavour
5.25 § 23.22 | N.ID. | Rather firm, good Clean after taste, slightly cheesy
496 | 2244 | N.ID. | Soft, many holes, tough Curdy, slightly bitter
5.33 | 2295 | N.D. | Rather firm, few holes, tough Tasteless, bitter
6.97 | 25.24 | N.D. | Firm, good, few small holes Clean cheesy taste, sl. bitter
6.98 | 2492 | N.D. | No more toughness, good Sl. cheesy, more taste than aroma
6.68 | 24.79 | N.D. | A litile tough, no holes Flat taste, sl. bitter
8.50 | 26.12| 3.86 : Rather short, good Very cheesy, rancid bitter of v.f.a.
8.18 | 26.24 | 1.85 | Good, a little short Less cheesy, strong broth, sl. bitter
871 | 26.88 | 1.07 | Tough, hard rind Neutral taste, no flavour, bitter
5.86 | 23.40 | N.ID, | Firm, good Sl. cheesy, clean after taste
5.41 | 23.30 | N.D, | Good, a little tough Clean curdy taste
574 | 22.92 | N.ID. | Rather firm, tough Tasteless, bitter
7.12 1 2497 | 4.08 | Smooth, rather long Very cheesy, sharp “heavy” taste
7.27 | 25.04 | 1.08 | A little tough and rubbery No aroma, broth-like taste
7.22 | 24.68 | 0.08 | Rubber-like No aroma, insipid taste, bitter
8.55 | 26.38 | 5.52 | smooth, waxy, few holes Very strong broth, cheesy, sk. bitter
8.39 | 26.88 | 1.82 | Good and smoocth More broth than v.f.a., bitter, sl. sweet
8.63 | 26.57| 1.12 | Smooth but rubbery Poor taste, bitter after taste
mg/100 g protein)
Second experiment
1.5 months | 4.5 months ! 8.5 months
e [ RS ] RS | e | RO O[S ae | RS [ S
- 17 21 — 21 23 27 14 -
63 30 71 198 124 131 292 239 193
111 60 90 366 320 225 588 454 362
77 117 123 315 308 258 684 485 466
396 283 490 744 750 728 963 1000 L
203 110 287 683 384 621 1222 877 1090
761 499 694 1888 1576 1443 2877 2597 2003
133 114 222 391 355 493 598 558 756
96 127 Lost 376 380 334 621 537 400
434 354 395 823 738 730 1446 1227 1156
198 228 110 385 314 356 488 586 411
122 167 153 372 337 302 611 580 453
763 705 815 1312 1201 1463 1709 1592 1634
17 61 66 46 188 189 68 214 279
441 392 375 617 497 537 848 684 717
988 1195 1439 1322 974 872 1396 1453 1196
292 122 321 452 187 323 461 160 233
366 489 429 873 824 978 1302 1615 1351
87 95 96 159 132 235 233 3383 339
- 187 - 30 255 110 - 180 -
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TabLE XI, Chemical and organoleptic examinations of Edam cheese with different moisture contents

EF pH in cheese Mo 1 Ami Sol. N Aj:l'[iu

| | e [ ] | e | | e o [ [
<8 brining | analysis o - % in % of T.N.

High moisture | 4.9% | 5.03 | 39.87 | 3225 2.67 | 3.678 | 1.036| 0.328 | 28.18} 8.9

3 Low moisture 493 | 4.99 | 37.28 | 33.51 | 222 | 3.838 ] 0.926 | 0.318 | 24,14 | 8.3

High moisture | 4.99 | 5.50 | 38.65 | 3292 | 294 | 3.750 | 1.433 | 0.481 | 38.22 | 12.8

I 6 Low moisture 493 | 538 | 3511 | 34.89| 243 | 4.002 | 1.261 | 0.440 | 31.50 | 11.0
High moisture 499 561 | 30.53 | 37.28 | 299 | 4.224 ) 1.744 | 0.672 | 41.30¢( 15.9

9 Low moisture 493 | 547 | 29.12| 37.96 | 248 | 4.306 | 1.423 | 0.592 | 33.04 | 13.7

High moisture | 4.92 | 512 | 40.76 | 30.28 | 2.52 | 3.5661 1.116, 0.363 | 31.30] 10,1

3 Low moisture 492 | 510 | 3583 3294 | 2.66 | 3.869| 1.029 | 0.341 | 26.61 | 8.8

High moisture 4.92 527 | 39.81 | 30.96| 2.85 | 3.620 | 1.414 | 0.422 | 39.06 | 11.6

1] 6 Low moisture 492 | 513 | 3327 34.08 | 2.80 | 4.043 | 1.366; 0.407 | 33.79 | 10.0
9 High moisture | 4.92 | 546 | 30.25| 35.74 | 2.89 | 4192 | 1.702 | 0.595 | 40.60 | 14.1

Low moisture 492 | 522 | 29.62| 36.04| 283 | 4258 | i.512| 0.508 ; 3550 | 11.9

TaBLE XIL The free amino acid content of Edam cheese from experiments of cheese differing in moistute con

First experiment

Age of cheese 3 months 6 months ] 9 months

Moisture content of cheese | High | Low High Low | High | Low
Cysteic acid - - — — 195 119
Aspartic acid 104 111 374 322 471 354
Threonine 122 80 297 222 396 435
Serine - 51 - 204 ~ 245
Amines 370 236 727 653 676 729
Proline - - 974 102 1433 642
Glutamic acid 756 611 2628 1968 3257 2034
Glycine 121 102 554 515 543 564
Alanine 86 151 343 323 528 467
Valine 258 183 978 809 1523 1191
Cystine - - - - - -
Methionine 135 100 668 532 585 524
Isoleucine 98 108 659 589 917 714
Leucine 569 452 1569 1437 1925 1489
Tyrosine 20 11 143 82 181 173
Phenylalanine 154 178 783 654 765 691
Ammonia 424 464 1271 1042 2322 2137
Ornithine 67 66 167 106 127 -
Lysine 331 213 682 629 721 754
Histidine - 62 231 186 406 391
Tryptophane - - - - - -
Arginine - - - - - -
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Salt/ QOrganoleptic tests

Wﬁ.t.ﬂl' Pr?;eln

ratio ? Consistency Flavour

6.71 | 23.50 | Rather soft, few gas eyes Water taste, slightly bitter after taste

595 | 24.53 | Good, rather soft, few small holes | Slightly cheesy, clean after taste

7.60 | 23,96 | Rather soft, long, no cracks Saline, strong broth like, “heavy’” taste, bitter
6.92 | 2557 | A fittle long, smooth, few cracks Sl. saline, very strong broth like taste

9.66 | 26,99 | Long, waxy, sticky, few cracks Very strong taste, saline and bitter

8.51 27.51 | Firm, smooth, many cracks Strong broth-like taste, bitter after taste

6.17 | 22.79 | Many gas éyes, soft Water taste, bitter after taste

7.43 | 24.73 ! Rather firm, good consistency Slightly saline, slightly bitter

7.15 | 23.12 | Rather soft, wide cracks Saline, intensively tainted H,S, bitter and sweet
8.41 | 25.83 | A little short, firm, few holes Saline, more v.f.a., clean after taste

9.56 | 26,76 | Very smooth, waxy, many cracks Very bitter before and after taste
9.55 | 27.21 | Very short and brittle, many holes | Very cheesy, sharp flavour of v.f.a., sl. saline

12/100 g protein)
Second experiment
3 months 6 months [ 9 months

High | Low High \ Low I High ] Low

- - - - 24 -
360 326 264 202 367 304
132 220 314 222 377 383

38 134 43 116 215 258
382 199 600 476 755 665
320 337 658 348 1217 796
1716 1732 2591 2385 2757 2409
348 380 656 605 741 777
295 240 513 443 49 543
618 705 919 1063 1102 1157

- - - 30) - -
175 172 . 634 374 704 596
316 152 600 493 795 604
1279 812 1655 1517 1792 1521

24 - 137 113 188 Lost
483 405 782 655 776 713
1329 926 1928 1655 2094 1928
211 148 298 207 278 146
519 493 1014 960 1448 1224

- 108 180 200 373 331

- - 159 157 175 223
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