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SUMMARY.

These studies have shown that seaminess is a visible
characteristic present in a significant proportion of Cheddar cheese
made in Scotland,

Farlier work suggested that this characteristic could be
eliminated by washing the curd with warm water prior to addition of
the salt, This practice is not acceptable to the dairy industry in
the United Kingdom, Studies were conducted to investigate the factors
vhich may encourage the occurrence of ' seaminess and also to find
acceptable remedies to overcome its formation.

Seaminess was found to appear as white lines in the curd
particle junctions and was evenly distributed in the interior of
cheese, Seams were easily recognised by sight, having a varying width
and were more evident in coloured than in wncoloured Cheddar cheese,
They were found in the cheese directly after pressing and became more
noticeable with the time of curing up to 8 wecks,

Seams were presenlt in both saited and unsalted cheese, Slit
openness tended to form easily along the seams which form weak points
in the cheese,

The seams were found to contain higher levels of caleium
and phosphate than the rest of the cheese, The levels of calcium and
phosphate found in experimental and commercial cheese supported the
view of other workers that the seams consist of calcium orthorhosphate.
The seam-producing compound tended to concentrate on ths surface of
pfessed and un-pressed salted and unsalted millied cheddared curd, The
calcium levels of material from curd particle junctions increased with
the curing time to reach & maximum in 8 weeks and thereafter decreased.
Compared with the rest of the cheese the seams were found to conteain low
levels of sodium chloride, fat and protein and had a higher pH,

Electrophoretic studies showed thset there was no difference in the t
P A



of protein present in the seamns compared with that present in the
remainder of the cheese substance,

A higher than normal level of addéd salt of both coarse and
fine particle size increased the formation of seams but did not produce
in experimental cheese a distinctive seamy condition as judged by a
grading panel, Seaminess increased when the salt was added to curd of
high titratable acidity. |

The presence of additives in commercial grade salt, the
temperature of the curd at the time of sali addition and the mellowing
time did not influence the degree of seaminess present in experimental
cheese but these factors affected sélt retention, moisture content and
other characteristics of cheese.

The type of mill used in milling the curd significantly
affected the formation of seams and other characteristics of cheese,
Cheddar cheese produced from curd milled with the Bell-Siro Cheese-
Maker 3 equipment tended to be more seamy than that produced under
experimental and commercisl conditions from curd prepared with Berry,
Damrov and peg mills,

The application of high pressure for pressing commercially
produced cheese increased the degree of seaminess but the use of lower
than normal pressure reduced but did not eliminste the condition,

Information was obtained on the rate of cooling of cheese
during pressing under different ambient cornditions, The temperature of
cheese during pressing did not affect the development of seaminess but
influenced other characteristics of cheese,

Under experimental market conditions consumers did not object
to seaminess in good quality commercial Cheddar cheese.

| In the course of investigations on the development of
seaminess, information was obtained on a range of characterisiics and
composition concerning Cheddar cheese made on an experimental scale and

in large mechanised factories in Scotland,
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INTRODUCION
Jwportance of Cheddar Cheese

In the United Kingdom in the year 1974/75, 2896.4 million
gel (13167 million 1) of milk were sold off farms, This placed milk
as the most importance single agriculturel product of farms in the
United Kingdom. Of the total sales of milk off farms, 1189.0 million
gal (5405.2 million 1), (41.05 per cent of the total) were used for
manufacturing dairy products such as cheese, butter, cream, and
condensed and dried milk, Approximately 336 million gal (1527.5
million 1) of milk were made into Cheddar cheese in the United
Kingdom, Of all types of cheese made in the United Kingdom Cheddar
is by far the most important variety, Table T,

In Scotland, mainly Cheddar cheese was made, Of the 50
miliion gal (227.3 million 1) of milk that went into cheess
manﬁfacture, 48 million gal (218.2 million 1) were made into Cheddar,
Cheddar cheese is manufactured in several factories, which are
distributed in Scotland as shown in Figure 1, The cepacity raenges
from semi-mechanised system handling daily 12,000 to 14,000 gal
(54552.0 to 63644..0 1) of milk to the fully mechamised system
handling from 50,000 to 100,000 gal (227300,0 to 454600.0 1) of
milk per day.

| Since most of this work deals with the different mechanised
syﬁtems of Cheddar cheese making, a brief review of the developments

which have taken place is given.



TABLE I

Sales of milk for manufacture of varjous varieties of

cheese in The United Kingdom in 1975

(Federation of U.K, Milk Marketing Boards, 1975)

(Million gal (Million 1)

Creamery England and Scotlend N.Ireland TUnited
producti.on Weles ' Kingdom
Caerphilly 6 (27.3) - 6 (27.3)
Cheddar 223 (1013.8) 48 (218.2) 37 (168.2) 308 (1400.2)
Cheshire 69 (313.7) ces 1 (445) 70 (318.2)
Double Glecucester 10 {45.5) - 4 (18.2) 14 (63.6)
Durilop - 1 (445) cee 1 (4.5)
Lancashire 1. (63.6) - 14 (63.6)
Leicester 12 (54.46) - 5 (22.7) 17 (77.2)
Stilton 9 (40.9) - - 9 (40.9)
Wensleydale 9 (40.9) - 9 (40.9)
Others 8 (36.4) 1 (4e5) 9 (40.9)

Total 360 (1636.6) 50 (227.3) 47 (213.7) 457 (2077.5)

Farm house

production

Caerphilly 1 (4e5) - - 1 (4.5)

Cheddar 27 (122.7) 1 (4e5) - 28 (127.3)

Chesmre 7 (31.8) - - 7 (31.8)

Others 4 (18.2) - - 4 (18.2)
Total 39 (177.3) 1 (405) - 40 (181.8)

Total 399 (1813.9) 51 (231.8) 47 (213.7) 497 (2259.4)
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FIGURE 1

PDistribution of Cheddar cheese facteories in Scotland

(Fa. UK Milk Marketing Boards 1974
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Express Food Ltd,, Lockerbie Creamery, Priestdyke.

Scottish Milk Marketing Board, Dalbeattie Creamery, Dalbeattie.
Scottish Milk Marketing Board, Galloway Creamery, Stranraer.
Scottish Miik Markeling Board, Mauchline Creamery, Mauchline,
Scottish Milk Marketing Board, Torrylin Creamery, Torrylin, Arran,
Scottish Milk Marketing Board, Rothesay Creamery, Rothesay, Bute,
Sorbie Cheese Ltd., Sorbie Creamery, Sorbie.

North of Scotland Milk Marketing Board, Kirkwell Creamery, Orkney
Islands,

Islay Creamery Co., Islay.

Gigha Cresmery Co., Gigha,
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Qince in the dairy industry, the Imperial units are
generally used; this system is used throughout the Thesis except in

section 1, 2 and 4 of Chapter 1.
History of development in the Cheddar cheese techmology

According to legend, cheese was made accldentelly in Asia,
Reference was mode to cheese in the Babylonian records 2000 B.C.
(Davis, 1965), Because the new product vas found Yo possess good
food characteristics more milk was converted into cheese, A4
description of the cheese making process used in the first century
A.D, showed the fundamental processes (Cheke, 1959). As agriculture
developed in different countries so distinct varieties of cheess
emerged frequently named after the locality in which they were
developed and found popularity. Cheddar was one of the important
varieties to be developed in England., This variety was first made in
the small village of Cheddar in Somerset in England in 1855 (Sheldon,
1911). Cheke (1959) reported that the production method was widely
adopted in Scotlend around 1875.

The equipment used was simple, made of wood or tinned
metal. Raw milk was used and the microbioclogical quality of the milk
was probably poor by today's standard. The cheese was manufactured
by allowing the milk to sour naturally. Later unidentified cultures
Qere added to the milk and were allowed to produce the required
acidity. Much of the resultant Cheddar was of very poor quality. The
first use in Scotland of selected strains of microorganisms was in the

year 1895 (Crawford, 1958).
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Until the mid 19th century all of the cheese production was

in small quantities in batches e.g. 50 to 100 gel (2R7.3 to 454.6 1)
on farms where the milk was produced. The increased need to produce
larger and cheaper quantities of the product drew the attention o
change the systém of the making from small batches on the farms to a
larger scele production in the factories, The cheese factory system
was introduced and the first cheese factdry vas evtablished in 1851 4in
Oneida County in the United States of Americe (Eckles, Combs, and
Macy, 1951). In Britain, the first factory was commissioned in
Derbyshire :in 1870 (Fussell, 1955). By the year 1880 the factory
system was being adopted throughout the cheesemaking world (Davis,
1965). In 1890 the Danish scientist Storch used a pure strain of
bacteria in the ripening of cream for buttermeking. %his was the
first work on lactic acid fermentation in the dairy industry and it
proved to be of great importance. The knowledge of using pure cultures
was soon to be applied extensively in the cheese industry., Commercial
cheese starters were placed in the market at the end of the 19th
century (Jespersen, 1974). The use of quantitative acidity meansurements
throughout the making procedure was introduced by Lloyd (1899).

Curﬁng of cheese was carried out by placing the cheese in ambient room
temperature, Babcock and Russell (1897) and Dean (1899) drew the
attention towards the use of curing rcoms of lower temperature,

Better quality rennet extract was made available to the cheese
industry commercially and remnet preparation was introduced about 1904
(Christensen, 1972).

In the 1920's, the stainless steel was developed (Baily,

195¢), and was first used in mamufacturing dairy equipment in 1925

(Hall and Trout, 1968), providing excellent metal for most types of



equipment and dairy processes, Later in 1939, the production of
sluminium in commercilal quantities provided another metal for the
industry (Baily, 1958).

The production of Cheddar cheese on farms continued until
the end of the second world war (1939/45). The numbers of farms
making cheese thereafter decreased as daeiry farmers found difficulty
in obtaining labour for the menufacture. In the season 1974/75, 27
million gal (122,7 million 1) of milk were made into farmhiouse Cheddar
cheese in Engiand and Wales and one miliion gal (4.5 million 1) was
made in Scotland. This represents 8.33 per cent of the total Cheddar
cheese production,

Many studies have been carried out on starter micro-
organisms., The discovery in the thirtiss that bacteriophage was an
important factor in the activity of cheese culiures led to many
research studies and the development of better starters for the
cheese industry. Whitehead and Cox (1934) introduced single strains
of lactic streptococci for cheese meking. Later Whitehead (1943)
introduced the use of rotations of phage wnrelated single-strain
starters as a method of 1limiting phage development in the cheese
factory, Improved techniques for starter preparation were developed.
Towards the end of the forties starters used in the production of

Cheddar cheese were sither single strains of Streptococcus lactis and

Streptococcus cremoris or combinations of two or more of these

organisms sometimes with Leuconostocs and Streptococcus diacetilactis.

Other studies related to starters included those on the effect of
inhibitory substances in milk on starter activity. In one report soon

after the introduction of antibiotic therapy for mastitis in cows,



Hood and Kalznelsen (1949)_ reported that the level of penicillin
residues in milk affected the performance of checese starters.

In 1931 -and 1933 the Agricultural Marketing Acts vere
introduced to regulate marketing the Agricultural produce. Shortly
thereafter in 1934 the Milk Marketing Boards in fEngland and Wales,
and in Scotland; were established. The formation of these Boards has
greatly assisted in the development of the Dairy Industry in the
United Kingdom (Davis, 1965). The ensured value which was given to
milk encouraged farmers to produce more milk to meet the demand for
both milk for liquid comsumption and for manufacturing, In order to
regwlate the quality of the Chedda;c‘ cheese, a national scheme of
grading was approved in 1935 for both Caerphilly and Cheddar (Scott,
1974) .

In the period between 1930 - 19492 heat treatment of the
milk for cheese making came into generel use in Britain in the cheese
manufacture, By 1949 this practice had become widely adopted {Davis,
1965). Mechanisation of the process of Cheddar cheese meking began
with the substitution of some manual operations with mechenicsl means
following the same procedure of traditional. cheesemsking. In this
period, little progress was achieved in fundamental changes in the
process (Davis, 1965). Large vats, mechenised mixing and stirring,
and cutting were introduced. The use of electric pumps, wide curd
knives, power mills, metal hoops, hydraulic presses and refrigeration
vere widely used, The HTST method of pasteurisation of the mdilk wes
adoplted in the Cheddar industry. This had improved the quality of the
cheese and had increased the capacity of these factories in vhich the

bateh pasteurisation had previously been used. The "Iromel", a device



for separating the whey from the curd (Smith, 1946) was introduced by
the Kraft Wallter Cheese Company in Australia.

During thi.s period traditional round Cheddar cheese were
made, sometimes coated with wax and them cured in improved controlled
curing room mointained at about 50 - 55°F (10 - 12.8°C).

Developments during 1950 - 1960.In the early 1950's

attention was concentrated on attempts to shorten the time cf the
manufacturing process for a Cheddar cheess, and also to mechanise the
different steps. The steps of Cheddar cheese making were grouped into .
the following distinct stagesi- |

Stage 1 Curd production, including addition of starter,

cutting the curd, stirring ths curd and cooking;

Stage 2 De-wheying of the curd and texture formation;
Stage 3 Milling, salting, and filling the hoops;
Stage 4 Pressing, packaging, curing and cutting,

The first short method of Cheddar cheese meking was
introduced by waltef, Sadler, Malkemes and Mitchell (1953). In the
original. short time method special equipment was required. Normal
starters at the rate of 1.5 per cent were used plus 0,75 per cent of

cultures of Streptococcus durans. The time was shortensd to 2 h 30

min from the addition of the remmet to the time the salted cheese curd
was ready for pressing. Selting and hooping the curd was carried out

in the whey. Czulak, Hammond, and Mehsry (1954) modified this method

5o ‘that conventional cheese equipment could be used. Two per cent of

lactic acid producing starters, together with 0.75 per cent of

Streptococcus durans, were used and no ripening time was given. The

resultant cheese was open in texture (Downs, 1955) (Cook, 1955}, and



of curdy body (Morris, 1955). Crawford (1956) reported thet cheese
made with both methods were slow to mature and elso had curdiness.
Marked improvement in the flavour was reported by the aunthor when he

used a strain of Lactobacillus bulgaricus. ILater Walter et sl (1959)

modified the method described earlier and claimed that cheese made
with this new method was of good quality. Feagsn, (1956) used

Streptococeus thermophilus at the rate of 2 to 2.5 per cent and

reported that resultant cheese quality was satisfactory. The total
timexfrom setting the curd to hooping was 3 h. Jones and Walker
(1953) used single-strain starters at the rate of 1.5 to 2 per cent
and reported that cheese made was satisfactory. In their experiments
the time required from addition of starters to cheese hooped was 4 h
40 min, Whitehead and Harkness (1959) shortened the time further by
using 2.5 per cent of normal starter, doubling the amount of rennet,
and using higher coagulation temperature. Most of these methods were
limiled to experimental studies and there has been litlle use of the
procedures in commercial prectice.

Single~strain starter rotation were introduced in one
Scotiish Cheddar cheese factory during this period, Crawford (1958).

Largs vats equipped with better mixing, agitating and
cubting devices, were introduced as well as large closed cylindrical
cheese tanks, The latter type of curd making unit was not however
popular in the United Kingdom at that timse,

The efforts on the mechanisation of the de-wheying and
ﬁexture formation resulted in the introduction of the first curd
fusion machine by Czulak and Hammond (1956). Fusion of the curd was

achieved by pressing the curd. Czulak (1959) reported that pressing
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of cheese in a straight sided container did not promote the
development of fibrous structure of the curd unless the curd reaches
a pH of 5.8 or less, These findings lead to the introduction of
another curd fusion machine in 1960 (Czulak, Freeman and Hammond 1960)
in which the same principles as occurred in treditional cheese making
were followed., In this new method the curd was slightly pressed and
alloved to flow giving a cheddaring time of 1 k 30 min,

In the U.S.A., McCadam and Leber {1958) introduced the
Ched ~O~-Matic system of Cheddar cheese making. In this system
cheddared blocks were made with the help of pressure, the milled curd
was washed with warm water at 100 to 104°F (37.8 to 4000) and later
sprayed with brine at the same tempersture for salting the curd, The
resultant cheese was described as of typical Cheddar cheese flavour by
MeCadam end Leber (1958). Sall (1958) cleimed that the method
decreased the cost of production. This system was introduced te ths
Express Dairies Ltd., factory at Ruyton-XI-Towns in England, but
salting the curd was done in the vat instead of brine salting (Loftus
Hill, 1959). This modification was used because brine salting proved
to be unsatisfactory under the United Kingdom conditions, The
procedure of the method was later modified by McCadam end Leber (1959)
to achieve hetter whey drainsge by using rotery screens, Tbe Cheddar
cheese made possessed cheese flavour but had some degree of seaminess
(Gemmill and Leber, 1958). Kosikowski (1957) described the use of a
fwc level arrangement of equiprment for cheese making, which was later
edopted in Britein (Chapmen, 1966). A whey drainege and texture
formation vat was described by I'.V. Maclhinefabriek A, Bijlenga,

Netherland. Greer and Zink (1957) described the use of a curd trough,



in principle similar to the equipmen£ produced by Tebel.

Efforts were'also directed to the mechanisation of stage 3;
that is the milling, salting and hooping steps, Stoete (1957)
described the Desco mechanised salting of the curd. In fuztralia, an
automatic machine was successfully tested in 1957 (Czulak, Freemean,
and Chapman, 1958), Czulak et zl, reported that this machine would
perform the work of four men if used without the fusion machine.
Later Czulak and Freeman (1961) described the commerciel equipment
UThe Bell-Siro CheeseMaker 3" in which milling was followed by
automatic salting and hooping. This equipment has been used in
commercial cheese making in a number of countries, including the
United Kingdom,

In the early fifties, a method of producing rindless Cheddar
was deseribed (Wearmouth, 1957), using special material for wrapping.
This was introduced in Scotland in 1954 (Crawford, 1973). During the
late fifties the world-wide trend towards the production of rindless
cheese and other packaging materials increased and film replaced the
conventional cotton bandage (Loftus Hill, 1959). The trend towards
cutting and pre-wrapping of cheese for sale to consumers increased
greatly.

Dsvelopments during 1960 -~ 1970. There were many areas of

progress in this period. The use of the HTST pasteurisation of milk
for cheese meking was adopted by all cheese producers during this
,period. This development came as the result of the development of a
éﬁde of hygienic practice for cheese making (1963). Large vats of
2,500 gal (11365.0 1) of milk capacity were adopted, equipped with

better agitators, cutting devices, with better control of heating the



~curd, and with in-place cleaning.

New processes for continuous curd formation were described
by Ubbels and Linde (1962), Berridge (1963), and Mann (1965). Nome
of these methods are in use for the commercial production of Cheddar
cheese :in Britain, l

The cost of labour increased and the efforts of the iﬁdustry
were to reduce this cost by introducing full mechenisation to most
of the Cheddsr cheese processes. King (1966) found that the labour
cost amounts for about 50 per cent of the total cost of Cheddar
cheese production, It also showed that different amounts of labour
were required to carry out specific steps of the Cheddar chsesemaking
process. These labour requirements are presented in Table 2, which
shows that the most laborious steps are the step of draining to end of
cheddaring and milling to hooping., This explains the interest of the
cheese industry in the mechandsation of. de-wheying and texture
formation and also mechanisation of milling, salting and hooping.

During this period the Bell-Siro "CheeseMaker 3" was
adopted in the Cheddar cheese industry in America, Australis, New
Zealand and in the United Kingdom (Czuwlek, 1974). The first machine
imported into the United Kingdom was commissioned in Aspatria, England
in 1962 (Renwick, 1971).

The work of Czulek (1962) culminated into the development
of the CheeseMsker 2, In this machine de-wheying and.the texture
formation of the curd was carried out continuously. The capsacity of
the first machine was 600 1b (272,7 kg) of curd per hour (Czulak,
1965). Czulsk and Freeman (11967) reported that the quality of the

curd made with this machine was of equal quality to that produced by



TABLE 2

Labour usage in the mapufacture of 40 1b (18,14 kg

blocks of rdndless Cheddar cheese

(King, 1966)

Operation

Man/Hours

per ton (1016.05 kg)

Milk reception 0.00 - 1.50
Pasteurisation of milk to begin drain whey 0.00 = 1,23
Draining to end of cheddaring 2.18 - 2.61
Milling t0 hooping 2.28 -~ £4.01
Preparation of hoops and pressing to placing
4.10 - 5'47
cheese in wrapping room '
Stirring, trimming, wrapping and packaging
3096 - 5089
cheese
Miscellaneous operations; separstion of whey,
1-36 - 1-61
boiler operation, general cleaning
Supervision; starter testing ete, 1,38 = 2.32
17,87 - 20,49

Total



traditional methods, The first commercial wunit of this machine was
commissioned in 1967. Tt had a capacity of 6,000 1b (2727 kg) of
cheese per hour,

In New Zealand an alternative form of mechanisation was
being developed. King and McGillivray (1962) described the "Cheddar-
Master! system in which whey separation was carried out in special
moveble belt draining conveyor. Cheddaring was accomplished by
placing the curd in cheddaring boxes. .In 1966 the CheddarMaster
system was installed in three factories in New Zealand in which the
cheddaring boxes were carried and moved mechanically. ILster a tower
gsystem of cheddaring was described by Bysouth, Gilles, Harkness,
MeGillivray and fobertson (1968) to replace the cheddaring box. In
this method, after separation of the whey from the curd, the curd was
stored in a tower for aboult 1.5 vo 2 h to allow acid production and
whey drainege during the travel of the curd te the bottom of the
tower., During the most of this time, the curd was not allowed to
flow, but during the last few minutes the curd was subjected to flow
at the bottom of the tower. This process was related in part to the
findings of Budd and Chapman (1960), McGillivray (1967) and Harkness,
King and McGillvray (1968). The prototype of the cheddaring tower was
18 in (45.72 cm) in diameter and 6 £+ (182.88 cm) tall, holding
approximately 390 1b (176.9 kg) of well drained curd.

In 1969 Unigate Ltd., in the United Kingdom, developed their
Tebel - Crockatt cheesemsking system (Crawford, 1976). This system
comprises a combination of equipment produced by&the Dutch company,
N.V. Machinefabriek and W, Crockatt and Sons Ltd., of Glasgow. Whey

drainage and cheddaring is carried out in special Tebel whey drainage



cooler, In the U,S.A., Pickney, (1964) described his improvement in
the whey drainage equipment. In the year 1967 Stoelting Bros. Company
introduced their cheddaring device, Wallace (1968) introduced his:
method "Lactomatic! in Australia as a new method of Cheddar cheese
making. |

Work continued in all aspects of the industry. The use of
vacuum was introduced during pressing the curd to achieve close
texture cheese, Different methods were described by Wearmouth (1961),
Czulek, Freeman and Hammond (1962), Irvine and Burnet (1962),
Robertson (1963), and Robertson and King (1965),

King (1966) has shown that draining to hooping requires 25
to 20 per cent of the labour requirement in the rindless cheese
factory, whereas the operation of the hoops to packing of the wrapped
cheese requires 44 to 55 per cent of the total labour used. o
achieve reduction in labour requirement, the large hoop system method
of pressing large quantities of curd was developed in New Zesland
(Robertson, 1963), the commercial version of the machine was introduced
in 1967 (Robertson, 1967).

Developments during 1970's, More single-strein starter

rotations were introduced and were widely used in several Cheddar
cheese factories. Lawrence (1971) reported that their use in Scotland
wvas satisfactory. By pairing the single-strain starters in proper
rotation, good flavoured cheese can be produced (Lawrence arnd Pearce,
i972)° Because of the introduction of different types of starters by
different organisations, who used different coding systems to describe
them, great confusion was created. Crawford (1972) called for the

preper coding of starters and suggested that information giving all
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important characteristics of cultures was essential to the cheesemaker.
| In the 1970's the research work cariied out in the previous
years resulted in the introduction of complete mechanised Cheddar
cheesemaking systems. Different models of cheese vats are in use.
These vats have capacities from 2,000 to 3,000 gal (9092.0 to 13638,0
1) and are equipped with mixing, agitating, and cutting device,.
Heating of the curd is effectively achieved by automatic means, The
vats are also equipped with in-place clearing systems. New Cheddar
cheese factories in the United Kingdom are at the bresent time wsing
one of the following types of vats (Crawford, 1976):~
. 1e The M"OST" Tank made by Alfa Laval;

2e The Double "O" Tank ~ Damrow Ltd;

3., The "W" cheese tank - Golden Vale Engineering;

4o The Tebel Matic.

The commercial version of the CheeselMaker 2 (Mafk II) was
described in 1972 (Czulak, Freeman and OiConnell, 1972). The first
commercial mechine was operated in New Zealand in 1973 (Harris, 1973).
In the United Kingdom this type is at the present time in operation at
the Scottish Milk Marketing Board, Galloway Creamery, Stranraer, This
unit was commissioned in 1974.

Most of the development of the New Zealand system of the
mechanised Cheddar system was completed by 1970. Since that time
details have been modified, the development of the Tower system of
cheddaring (Robertson and Bysouth, 1971) and & continuous press have
been completed., In the United Kingdom at the present time 7 units of

the Cheddering Tower are in operation. In Scotland this system is in
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use at the Scottish Milk Marketing Board, Mauchline Creamery and at
Express Foods Ltd,, Priestdykes Lockerbie Creamery. The use of the
tlarge hoop' method of pressing was adopted in Australia, Canada,
Denmark, England, Netherlands, Northern Ireland and Scotland
(Robertson, 1974). Large hoops are in use in the Sorbie Cheese
Company Ltd., at Sorbie, Scotland.

The Tebel-Crockatt Cooler for Cheddar is represented in
Scotland in the unit operated in Sorbie Creamsry. The cheeseMaker
3 unit for milling, salting and hooping is in operation at Scottish
Milk Merketing Board's, Dalbeattie and Galloway Creasmeries. The
installation of these new systems in operation in the United Kingdom
was recently reviewed by Crawford (1976).

In Scotland, a milti pre~press and mellowing table,
automatic stacking and destacking press for 40 1b (13,14 kg) moulds
were developed jointly by the Scottish Milk Marketing Board snd W,
Crockatt and Sons Ltd., Glasgow. The same group are working on

developing a demoulding machine (Crawford, 1976).
Visible characteristics of Cheddar cheese

Cheddar cheese manufactured in different parts of the
world and scld in domestic or international dairy produce markets is
normally subjected to a 'grading' process by an official trade or
gpvernmental agency so as to maintain and regulate standards of
§uality as an aid to marketing and also to ensure that product gquality
is of an established and recognisable level,

Grading and selection processess for dairy prodveis are
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particularly developed in export-oriented countries such as Denmark,
the Netherlands and New Zealand which have supplied high quality
graded products to the United Kingdom for many years. The reputation
of the dairy produce of these countries has been established on the
basis of uniformity of quality of thelr produce in the view both of
the marketing organisation and also of the consumer.,

The 'grading' or ‘inspection' of the produce also assists
in determiﬁing the most suitable market for the produce. In the case
off cheese, which has a variable shelf life, the grading can indicate
not only the comparison betwveen the produce being examined in relation
to standards of quality but also whether or not the cheese is suitable
for normal or for shorter or longer storage hefore sale. The actual
system of grading varies from country to country but attention is
paild to accepted characteristics for a particular variety of cheese,

In cheese grading the official judges the producs by
sensory means. The judgement is based on an assessment of flavour and
aroma, texture, body (firmness), colour and finish in relation to
esbablished chsracteristics for a particuler variety.

In Scotland the grading of cheese is conducted by officials
of the Company of Scottish Cheesemakers Ltd,, about eight weeks after
the cheese has been made, The Grader examines the cheese and
allocates one of the following standards of quality:- "1st Grade',
"Graded®” or "No Stamp®, Cheese allocated to "%ist Grade® conform
élosely to the accepted features of the variety. "Graded! checse are
deficient in some respect and require to be sold soon after grading.
o Stamp" cheese are of very poor quality and are normally used in

the manufacture of processed cheese,
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The visible characteristics of the cheese are the first to
be given attention by the Grader and also by the consumer as they
relate such characteristics to the quality of the cheese. Thus the
visible characteristics of Cheddar cheese are commercielly important,

The main visible characteristics of cheese can be divided
into two sectionsi-

1. Characteristics related to the body énd texture of the cheese;
2. Characteristics related to the colour and apprearance of the
cheese,

Characteristics related to the body and texture. The

. ¢cheesemaker and dairy technologist always use the term !'hody! to refer
to the physical properties of consistency which include firmness,
elasticity and plasticity. Good bodied cheese should show smooth, and
uniform surface and feel solid and firm., A smooth bodied cheese is
free from rough particles of curd and feels smooth when a portion of
the cheese is worked between the thumb and fingers., The plug of good
bodied cheese bends before bresking,

The term texture is used to refer to the compactness of the
particles of cheese and to the manner of union of the curd particles,
A good texbured cheese is one which has very good fusion between the
“curd particles and is free from openings,

The cheese samples lose points in grading when the body and
texture are not as described above, due to the cccurrence of some
ﬁndesirable characteristics which cause certain defects in cheese.
There are many defects in body and texture of Cheddsr cheese which
can be easily observed by the consumer,

Crumbly body, which is easily broken when cheese is plugged,



sliced or kneaded in the fingers., This lack of fusion is evident
throughout the cheese,

Open texture in cheese is evident by openings in the body
of the cheese. Their presence can be easily recognised by the
consumer from the appearance. Good gquality Cheddar cheese always has
a compact body free from such openings, These openings can be of two
different types. .

(i) so-called mechanical opemness which is related to the
mechanical fault of the pressing and other handling of ‘the cheese
which cause inadequate cohesion between curd particles;

(ii) slit openness in cheese which is related to gas
formation in the cheese.

The term seamy cheese refers to cheese in which the fusion
of the curd particies slong the curd junctions is not complete and the
cheese is easily broken along these junctions which appear as distinet
lines,

Characteristics related to the colour and appearance. The

first impression of the cheese quality is determined by the visible
appearance of such product,

Colour of the cheese is the first characteristic which
attracts the attention and interest of the consumer and is used by him
as an indication or guide to the quality of the cheese he wishes 1o
buy e
| A good quality Cheddar cheese must have a uniform colour
throughout the interior of the cheese whether it be coloured by ths
addition of the dye annatto or uncoloured.

The official cheese grader would reduce the points score
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for colour if one of the following defects appeared in the cheese -
1. Bleached colour in cheese which is characterised by less
intensity of coloured cheese or whiter than normsl uncoloured cheese,
2. DBleached discolourisation which appears in coloured cheese near
cracks in the interior of the cheese,

3. Mottled cheese, The colour of the cheese appears uneven. This
defect cen be found in both white and coloured cheese.

4o Seamy colour. When the degree of seaminess in cheese is evident,
white lines are found along the curd particle junctions so forming a
network effect of lines on the cu£ face of the Cheddar cheese, Seany
colovr can be easily recognised by the appearance in both white and
coloured Cheddar cheese. This defect is shown in Figure 141.

5. Vhite specks., These appear as small pin size white spots through-

out the cheese body and cause an uneven colour of the cheese.
Seaminess in Cheddar cheese

The occurrence of the defect seaminess in Cheddar cheese is
well known to the cheese industry. The condition is characterised by
the formation of light coloured Jlines and is described as seamy
coloured cheese (Van Slyke and Price, 1932). In Cheddar chesse
seaminess is considered as a defect of both colour and texture
(Wlster, 1951; Van Slyke and Price, 1952; Davis, 1965; Trainer, 1965).

A rumber of theories have been offered for the formation
and composition of the seams. Van Slyke and Price (1952) believed
that the seams were formed by the accumilation of fat globules exuded

from the surface of the curd particles at the junction of the curd
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particles, This explanation was accepted by Czulsk (1961). In 1965
hovever a new explanation of seam formation was put forward by
Conochie and Sutherland (1965). According to these workers the seams
in both white and coloured Cheddar cheese were due to the formation of
calcium orthophosphate (Ce HPO4.2H20) in the vicinity of the curd
particle junctions. The accumulated crystals were lighter in colour
than the rest of the cheese interior.

In seeking an explanation of the cause of seaminess the
manufacturing stages were examined, Hanson and Shepardson (1940)
considered excessive agitation of milk as a cause. The interval
between milling end salting and the period from salt eddition to
hooping were extensively examined in relation tc the development of
seaminess., Van Slyke and Price (1952) considered that any treatment
of the curd during this interval that encouraged exudation of fat
from the surface of the curd would lead to the increased incidence of
white lines in the cheese. According to these workers the
accumilation of fat globules prevented the curd pa?ticles from fusing
together for some time after pressing. These workers advocated the
vashing of the curd prior to salt addition as a means of eliminating
the fat layer and so the defect. But Henson and Shepardson (1940)
reported that washing the milled curd with warm water did not prevent
ssaminess.

In the preliminary trials of the Bell-Siro "CheeselMeker 3%
équipment for curd milling, salting and hooping Czulsk (1961)
observed a reduction of up to 75 per cent in fat losses in the whey
after salting and from the press. The same author reported that the

machine treated curd was much less dameged in the milling and



subsequent operations than the curd in traditional milling and
salting procedures. He also reported that in all these operations,
the mechanical impact of the usual blunt blades of the mill and of
violent agitators in traditional operation causing exudation of fat
and often lead to seaminess, In 1963 seaminess was reported in the
United States of America in factories which had introduced the Bell-
Siro "CheeseMeker 3" equipment (Czulak, 1963). The presence of
seaminess was related to the application of dry salt to the unwashed
curd. By comparison, no seaminess was noticed in the same factory
when ‘the traditional American method of Cheddar cheese manufacturing,
in which the salt was added to the washed curd, was used,

Czulak, (1963) reported that seaminess could be eliminated
by spraying the Cheddar curd directly after milling with werm vater
at between 115 to 120°F (43.3 to 51.7°C) at a rate of 0.5 to 0.75 gal
(2.3 to 3.32 1) of water to 100 1b (45.36 kg) of the cird using the
same procedure of curd washing used by the American cheese factories,
The success of this practice was related to the removal of milk fat
vhich had exuded from the surface of the curd. No fat was left to
accumilate between the perticles and so cause the formation of seams.
Czulak, Conochie and Hammond (1964) reported that they had been able
to obtain the most complete elimination of the defect when the amount
of the wash water was increased to 0.75 gal (2.38 1) per 100 1b
(45.36 kg) of curd., Czulaek et al (1964) related the occurrence of
éeamine.ss to the amount of added salt. When more than 3.5 per cent
(w/w) of salt was added thé milled curd tended to be more seamy in
spite of spraying the curd with water. These observations lead him to

conclude that seaminess was more Llikely caused by some alteration in



the curd particles possibly as a result of severe dehydration on
contact with dry salt, and is due to the accurmilation of fat in the
curd particle junctions, Accordingly he suggested that spraying the
curd with warm water would probably cause some changes in the
structure of the organisation of the casein in the surface layer.

The method described above of eliminating seaminess was not
satisfactory in practice because it led in some cases to reduced salb
content in cheese and to increased levels of moisture (Czulak, 1963).
Besides when the curd was sprayed with water the curd pisces tended to
stick together forming lumps of curd which interfered with even salb
application and even weighing and mould f£illing. Spraying the curd
with water caused a decrease in salt retention in the finel cheess,
because more salt was carried away with the whey. To obtain the
required selt level, about 0.3 per cent (w/w) more salt had to be
added compared to the amount used in dry salting. The added salt
requirement would be of commercial cost significance.

McDowall and Dolby (1936) found that the salt added to
cheese curd penetrated 0.05 in (C.13 cm) in 15 min and 0.15 in (0.36
em) in 1.5 h. The salt penctrated well throughout the curd particle
within less than one day. Tuckey and Ruehe (1940) reported that the
average salt content of cheese 20 min after salt addition was 1,33
per cent (w/w), after 40 min it was 1.60 per cent (w/w), and after 60
min it had increased to 1.7 per cent (w/w). The amount of salt
retained in the final cheese is affected by the amount of added salt,
O‘Connor (1968) reported that with a salting rate of 0.5 per cent
(w/w), about 100 per cent of the added salt was retained, while with

salting rate of 3 and 6 per cent (w/w) about 66 and 42 per cent



respectively of the salt added was retained in the finel product.
When some of the salt is dissolved in the aquecus phase (whey), the
uptake of the salt into the inside of the curd depends on the
temperature of the brine and its concentration., Higher salt uptske
was obtained at higher temperatures and at higher salt concentration
in the brine (Breene, Olson and Price, 1965), Addition of more than
3 per cent (w/w) of salt caused undesirable effects on the body of the
cheese (Whitehead and Harkness, 1954). Shorter texture cheese
resulted when the time from milling to the addition of sall was
shortened to 30 min (Hood and Gibson, 1948).

In an important contribution of knowledge on the subject of
seaminess, Conochie and Sutherland (1965) reported that the seams were
formed due to the formation and accumilation of crystals of calcium
orthophosphate (Ca HPgtRHéO) in the area of the particle junctions,
These workers discounted the earlier explanation of the accumulation
of fat as the cause of the defect, The formation of calecium
orthophosphate is related to the amount of both Ca and P ions that
exude from inside the curd particle which was encouraged by the
addition of sodium chloride to the cheddared milled curd and to higher
acidities of the curd. According to Conochie and Sutherland (1965)
an initial high concentration of sodium chloride on the surface of the
curd causes the curd to shrink in volume, and so release more whey
resulting in further solution of salt and bring Ca and P ions to the
éurface of the particle. Most of these ions remain on the surface
layer, although some are carried away with the whey. After pressing,
a f£ilm of water is formed between the unfused particles, containing

high concentretion of both Ca and P ions end sodium chloride.



Because of the strong influence of this sodium chloride
concentration on the caleium orthophosphate, it is possible to
attribute the crystallisation of thig chemical to the diffusion of
sodium chloride away from the seam into the cheese, According to
Breene gt al, (1965) the amount of whey released from the inside of
the curd depends on the moisture content of the curd, the amount of
salt and the salt particle size.

Conochie and Sutherland (1965) expleined the previously
observed elimination of seaminess by washing the curd directly after
milling and before salting as proposed by Czlek (1963) and Czulak,
Conochie and Hammond (1964) as being due to the removal of the
phosphate and calcium ions from the surface layer. Additionally
spraying with water tends to lessen the dehydration and contracting
effect on the surface layer due to the application of salt and aliso
would increase the salt diffusion (Conochie snd Sutherland, 1965).

The presence of calecium othophosphate in many varieties of
cheese; Roguefort, Swiss, Tilist and Trapist was first reported by
Swiatek end Jawroski (1959). In Cheddar cheese, Conochie and
Sutherland (1965) and Brooker, Hobbs and Turvey (1975) reported its
presence in both seams and in the rest of the cheese,

In 196/ a further occurrence of seaminess in Cheddar cheese
produced in the United States of America was reported by Czulak,
Conochie and Hammond (1964). These workers suggested that seaminess

could be eliminated by increasing the amount of water used for

Ut

spraying to about 2.5 gal (11.4 1) per 100 1b (45.36 kg) of curd. The

cheese obtained after this treatment was found to have a moisture

content of 36 to 37 per cent compsred to 34 to 35 per cent when mo
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washing was used, The salt content in the final product was lower,
144 per cent compared to 1.8 per cent in unwashed curd,

McDowsll and Dolby (1935) reported that the concentration
of both Ca and P were increased in the whey from 0,060 per cent Ca0,
and 0,131 per cent P205 measured at 85 min after cutting the curd at
an acidity of 0,165 per cent lactic acid to 0,325 per cent Ca0 and
0.267 per cent P205, at 225 min after cutting at an acidity of 0.61
per cent lactic acid. The level of both were increased after 335 min
from the cutting of the curd at an acidity of 0.21 per cent lactic
acid to 0,525 per cent Cal and 0.381 per cent P205. Conochie and
Sutherland (1965) reported an increase in the amount of both calcium
and phosphate ions with the increase of the whey acidity. These
findings were in agreement with the earlier results obtained by
MeDowall and Dolby (1935)., According to Conochie and Sutherland
(1965) more phosphate was released in the whey of salted curd compared
to that released in the whey of unsalted curd, They also reported
that, the lower the pH of the curd, the greatér is the amount of
vhosphate released, and suggested that seaminess can be reduced by
applying the salt (sodium chloride) at as low a pH as possible,

In 1966 a teem of workers of the United States Department
of Agriculture (Holsinger and Pallansch, 1966) reported that seams
were mainly composed of a chemicsl of calcium phosphate nature,
together with fat, whey protein and slightly elevated levels of
chloride. The light colour of the seams was related to the possible
shift in the dye due to the change in the solubility of the chemical
compafed with the pH shift., They related the occurrence of the seams

in the Cheddar cheese to insufficient washing of the curd.,
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In a recent study into the nature of the occurrence of the
microscopic inclusions in Cheddar cheese, Brooker, Hobbs and Turvey
(1975) reported the presence of small inclusions of a calcium
phosphate nature throughout the entire cheese body. From the location
of these inclusions, in the spade between the fat and cassin phases
off the cheese, they concluded that these crystallised from pockets of
residual whey.,

In Scotland mechanised systems have been introduced and are
at present in operation in different factories. An dincreased
incidence of the occurrence of seaminess in the Scottish cheese was
noticed by Crawford (1973). He has drawn the attention of the Cheddar
cheese industry towards the occurrence of this visible defect in

Scotbtish Cheddar cheese.
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SCOPE QF WORK

For many years the attention of a number of research
workers in the dairy industry has besn focussed on the development of
new methods and equipment for the manufecture of Cheddar cheese by
shorter semi-continmious mechaniszd methods., New machines have been
developed, produced commercially, end installed in a nunber of cheese
factories in different parts of the world. At present time most of
the Cheddar cheeses sold in the gorld markets is made by using
shortened methods and new mechanised procedures by means of different
nachines and equipment. The introduction of mechanised equipment in
the United Kingdom has been particwlarly noticeable in the period 1973
~ 1975 (Crawford, 1976). Commerciallexperience showed that in some
parts of the world good quality cheese cen be made by these machines,
but some is of poorer quality. The defect known as !'seaminess' has
been associated with the use of mechanised equipment and metheods. In
the U.S.4, a high incidence of seaminess was reported in Cheddar
cheese made by the Bell-Siro "Cheesellaker 3" (Czulek, 1963). It was
also noted that such defect were reported in some of the cheese made
in Australia (Czuwlek, 1963), and Scotlend (Crawford, 1973).

Cheddar cheese is the most extensively made variety of full
fat hard cheese in the United Kingdom (Federation of U.K, Milk
Marketing Boards, 1975) and is valued for its smooth close texture,
firm body, well developed flavour and long keeping quality. Seaminess
can be comnercially significant defect in Chedder cheese in certain

markets. Seamy cheese tends to break easily along the
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particle junctions, and in severe cases of seaminess, the cheese may
fell apart. In practice such cheese is difficult to cubt and this may
cause a decrease in the market value.

Seaminess was described by Conochie (1966) as "the condition
in which the outline of the milled curd particles is still evident in
the cheese some weeks after mamufacture. In severe cases the cheese
may fall apard on cutting, due to the poor fusion between the curd
particlest,

In recent years few workers have studied the nature of this
defect in Cheddar cheese, to find proper remedies for such a defect,
Many explaenations have been given by different research workers 1o
explain how the defect occurrs, and also the factors that cause
seaminess., Remedies were also introduced to overcome the defect in
Cheddar cheese made by continuous mechanised methods. One such remedy
vas to wash the curd prior to salting. These remedies were not
completely acceptable in commercial practice in Scotland. Effective
rcmedies which can be easily used during the mechanised system of
cheese manufacture are required to overcome seaminess in Chedder
cheese, This work is intended to study the factors that cause
seaminess and to fir.xd commercially acceptable remedies.

Chapter 1 of this work describes the material snd methods
used for the chemical analysis of seams, cheese, whey, milk, starters
and rheological measurement of cheese. Included is a description of
‘t'.}qe different methods of cheesemaking used in the production of
Cheddar cheese throughout the study, together with & description of
the procedures used by a scoring panel.

Chapter 2 is concerned with the study of different



characteristics of ceams e.g, appearance, size, distribution,
formation, and chemical composition. Included is en investigation in~
to the effect of the curing time of Clheddar on the formation of
seaminess.

Chapter III reports on investigations carried out into the
effect of different factors relating to the salting process on the
development of scaminessi~ amount of added salt, salt particle size,
the acidity of curd at the time of salt addition, acidity of curd
produced by different strains of starters at the time of salt
eddition, presence of additives in commercial salt, the effect of
temperature of the curd at the time of salt addition, and mellowing
time, Some of these studies were extended to commercial epplication,

Chapter IV describes the effect of the factors related to the
process of milling the curd during the production of Cheddar cheese on
the development of seaminess in particular the size of the milled cwed,
the typre of mill, the condition of the cutting edge, the moisture
content of the curd, and the time between milling and salt addition,
Most of these investigations were extended to commercial. application.

Chapter V of this thesis describes the investigation carried
;ut to study the effect of factors releted to the hoop filling and
pressing stege on the seaminess in Cheddar cheese i.,e, the time from
hoop f£illing to firal pressing, the use of different pressure in
pressing, and the temperature of the curd during pressing., It also
includes a study of heat loss from cheese curd during the time of
pfessing. |

Chapter VI describes the work carriecd out to study the effect

of the level of both caleium and phosphate present in the milk which
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is used for production of Cheddar cheese on the seaminess in the final
cheese, Algo reported is the work on the effect of the presence of
calcium orthophosphate in curd particle junctions on the degree of
seaminess induced,

Chapter 7 describes the procedure and the findings of a
~ study which was carried out to assess the occurrence of seaminess in
commercial Cheddar cheese produced by five main factories during a
lperiod of 6 months in 1975,

Chapter 8 describes a study of consumer reaction to the
presence of seaminess in commercial Cheddar cheese sold in the shop
of the Department of Dairy Technology, at the West of Scotland
Agricultural College, Ayr.



CHAPTER 1

MATERIALS AND METHODS
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SECTION 1, THE DETERMINATION OF THE CHEMICAL COMPOSITICK OF SEAMS

Te Determination of sodiun chloride

In the year 1878, Volhard introduced his method for salt
determination in cheese, and the first cheese analysis was reported
by Sartori in 1890 (Sartori, 1890). This method has been subjected
to very extensive studies, resulting in meny modified methods. In
1932 Davies (Davies, 1932) introduced a modified method which depends
on the digestion of cheese sample with silver nitrate, water, and
nitric acid. Later Wilster, Price, Morris, Goss and Sanders (1937)
introduced another modification of the Volhard mathod., This
modification was adopted by the American Dairy Science Association,
In this method, the sample was digested in 0,171 N silver nitrate,
water, nitric acid, and potassium permanganate, using feric ammnonium
sulphate as an indicetor. The excess of silver nitrate was measured
by titration with 0.171 N potassium or emmoniun sulphocyanate. It was
suggested for the determination of salt in new and old cheese such as
Cheddar, Blue Vein, Camembert, Limburger, and Cottage cheese, and
later was extended for use with Brick, Bel Paese, Neufchatel, Cream
and other varieties. Marquardt (1938) reported obtaining reliable
results when using this method for determinming the salt content of
cheese,

Work has been further directed towards the finding of easy
and quick methods of salt determinetion., Arbuckle (1946) indicated
that by using mercuric nitrate a titration method could be

successfully adopted for the determination in young cheese. Breene



and Price (19€0) showed that the direct titration of C1 ion with

AgNOB, using KéCrO4 as indicator; could be used satisfactorily on
cheese ranging in age from 1 day to 17 moaths by substituting
dichlorofluorescein (DCF) for the potassium dichromate,

In 1960, Herrington and Klyen (1960) used a silver elecirode
to measure chloride in milk directly using a potentiometer. Fox
(1963) vused tid.s method to determine the salt content of cheese.,

Dixon (1965) reported that satisfactory agreement between the Volhard
method and the measurement by the potentiometer had been achisved,

The Tnternational Deiry Federation produced a standard
method for the determination of sodium chloride in all cheese
varieties (FIL ~ IDF 17, 1961). The method depended on the measure-
ment of sodium chloride liberated after the destruction of the organic
matter by means of potassium permanganate and nitric acid., The
quantity of sodium chloride present in the sample was determined by
indirect measuvrement of the amount of 0.1N silver nitrate required to
react with sodivm chloride, using ammonium thiocyanate.

In 1952, the British Standard Institution published a method
which has been used extensively in Britain for the galt determination
in cheese (BS 770, 1952). Later in 1963 this method was revised and
another standard method was published (British Standard Institution,
1963). This method required addition of mitrobenzene. Davies (1973)
indicated that omitting the addition of this hazardous chemical did
not effect the results obtained, |
| Method used. After reviewing the alternative procsdures, the
euthor chose the British Standard Method (1963), with the modification

that the use of nitrobenzene was omitted and the amounts of other
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chemicals used were proportional to the size of the sample used in the
determination. The following procedure was used for the determination
of sodium chloride in the seamsi-

Since the amount of matesrial available from seams was
limited 130 -~ 150 mg of samples from the seams and from parts away
from seams were weighed in 50 ml conical flasks, before the addition
of 1 ml of distilied water, 3 ml 0,05 N silver nitrate, and 1 nl
concentrated nitric acid. The flasks were placed on a hot plate, and
when the contents had boiled until a clear lemon colour was reached,
about 0,03 g urea was added, the flasks were shaken and left to cool.
Thereafter 0.5 md. of distilled water and 0,2 ml of alum indicator was
added, Tinally the samples were titrated with KCNS solution of known
strength until the end point was reached. The salt content of samples

was then calculated,
2. Fat determination in seams

The modified Gerber method (British Standard Institution 696,
1938) is frequently used for the determinetion of fat in hard cheeses,
The method requires the use of 3 g of sample, Another simplified
modification of the method was recommended by Davies and Macdonald
(1952) and proposes the use of 5 g of the cheese sample, In both
methods, sulphuric acid is used as oxidising agent, and the fat is
dissolved in amyl alcohol, forming a distinciive column, which can be
read directly as fat percentage in special Gerber tubes. The Rose -
Gottlieb method (British Standard Institution 1747 ; 1963) employs

ammonia to dissolve the sample, using a special extraction cylinder,



The fat is extracted from the sample by using ethanol, ether and
petroleum spirit., The weight of the extracted fat is determined and
the fat percentage in the sample can be calculated. Elsdon and
Walker (1942) indicated that the method of Rose ~ Gottlieb is
preferred because the fat is not submitted Lo any drastic treatment
with acid or by heating.

In 1959 the International Dairy Federation produced their
methed (FIL - IDF 5, 1959) based on Schmid ~ Bondzynski - Ratzlaff
method in which hydrochloric acid is used. In 1963 the Brditish
Standard Institution (BS 770, 1963) produced their method which was
in general sgreement with the above method., In 1968, the British
Standard Institution (BS 1743, 1968) described a method for the
determination of fet in dried milk in which ammonia solution is used,
The method is based on the extraction of the fat present by means of
ethancl., disthyl ether and petroleum spirit, Since the samples used
for analysis were in the form of dried cheese, the following procedure
was carried outi-

Into a dried Mojounmier extraction flask of known weight, 100
to 200 mg of the sample were added, and the weight of the sample
determined., To the flask was added 10 ml of distilled water, and 2 ml
of 880 ammonia. The sample was dissolved by keeping the flask under
hot water, then allowed to cool. Fat extraction was carried out by
the addition of 10 ml of ethanol, followed by sheking of the open
flagk., 15 ml of dlethyl ether were added, the apparatus was stoppered,
shaken for 30 s, The stopper was removed, 15 ml of petroleum spirit
vas added with rinsing of the neck, c¢losing, shaking for about 30 s.

The extraction flask was then left to stand until separation of the



layers had taken place (at least 30 min). The supernatent leyer was
carefully transferred by decantation to a 100 ml flask.

Two further extractions were carried out as described above.
In each extréction, the supernatent layer was added to the same flask,

The flask was then placed in the vacuum oven maintained at
80°C o evaporate the solvent, then placed in an oven at 100°C for one
hour, then left to cool in a desicator and was weighed., The flask was
then washed three times with 5 to 10 ml of petroleum ether and was
again placed in the oven at 100°C for another 30 min, The flask was
placed again in the desicator to cool, and finally was re-weighed.

| A Ylarnk determination was carried out on 10 ml of distilled

water following the same procedure,

The fat percentage in the sample was then calculated
applying the following formula i- '

Difference in weight Difference in weight

Fat percentage of the flask (mg) - of blank (mg)
x 100

fl

in the sample
Weight of the cheese sample (mg)

Se The determination of protein in the seam

Protein in cheese is generally determined by the Kjeldahl
method (Ling, 1956). In this study a modified procedure of the micro
Kjeldehl method (4.0.4.C., 1965) was used.

The determination was carried out, as follows:-

About 60 to 80 mg of sample was placed in ; 50 ml. Kjeldahl
flask of known weight, and the weight of the sample was determined.

A blank was taken and wvas treated jin a similaer way to the sample., To
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each flask, 3 ml concentrated sulphuric acid and two tablets of a
catalyst {contaiming 1 g sodium sulphate and 0.1 g of copper sulphate)
were added, The flasks were heated on a gas flame for about one hour
until the contents were completely digested and had become clear, The
flesks were left to cool for 10 min, The neck of the flasks were then

washed with distilled water, placed again on the flame for another 30
min until the digestion was completed., The kjeldahl flask was
comnected to the distillation apparatus., & receiving flask (100 ml)
containing 25 ml of N/50 HCl and two drops of indicator (methyl red -
methylene blue) was placed at the end of the distillation apparatus.
To the digest 10 ml of sodium hydroxide/sodium thiosulphate solution
was added, A stream of air was passed through the apparatus during
the distillation., The flask was heated for about & min, The
distillate sample was then titrated with N/50 solution of sodium
hydroxide until a light green colour was reached,

The total protein present in each of the samples was then
calculated using the formula ;=
(ml NaOH for blank -

Total protein ml NaOH for sample) x 14.007 x 6.38 x 100

1]

(percentage) ,
Weight of sample (mg) x 50

bo M=zasurement of pH in seams

The measurement of hydrogen ion concentration (pH) has been
used as a method of determining acidity in cheese, and its importance
has been well recognised by the dairy industry. Samiss and Santschi

(1924) used a electrometric method to messure the pH in cheese,



Later in 1927, Vatson (1927) used quinhydrone electrodes for such
measurement,

Sufficient distilled water was added to the cheese sample
to form a paste in order to achieve betier contact with the
electrodes, The amount of water added had great effect on the reading
obtained (Brown and Price, 1934), The same researcher found that, the
application of pH measurement in the cheese making was useful for
controlling the manufacturing operation. In 1963 the British
Standard Institution issued a standard method with no reference to the
amount of distilled water to be used (BS 770, 1963)., The temperature
of the sample causes a difference in the reading obtained (Dixon,
1965). O!'Connor (1968), reported that thé most reliable pH reading
could be obtained when equal weights of water and sample were used.
The above principle was used in this determination.

The measurement of the pH of all samples of material from
seams and other parts of the cheese follows:-

100 mg of the samples were placed in a special small beaker
and 0,1 ml of distilled water was added., The cheese and the water
were mixed together to form a paste. pH readings were obtained using
PYE 290 pH Mever fitted with a units combination glass clectrode
(Activion Glass Ltd,, Scotland). Beﬁore measurement, the equipment
wvas adjusted using buffers of known pH taking into consideration the

temperature of the sample. Readings were made in duplicate.
5. Determination of lactic acid/Lactates in seams

The Internationsal. Dairy Federation (FIL - IDF 69, 1972)
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describes a method for the determination of lactic acid/lactate in
dried milk. In this method, fat, protein, and lactose are |
similtaneously removed from the sample by the addition of copper
sulphate and calcium hydroxide followed by filtration. The lactic
acid is converted to acetaldehyde by concentrated sulphuric acid in
the presence of copper sulphate. The acetaldehyde is then measured
colorimetrically using p - hydroxydiphenyl.,

The IDF method referred to above was selected and carried
out as follows:-

Between 30 and 40 mg of the samples were placed in a tared
50 ml volumetric flask which was reveighed to determine the actual
weight of the sample. To the flask, 35 ml of distilled water was
added, and 3 h were allowed for the lactate to dissolve., 5 ml of
copper sulphate were then added, whilst mixing and then the {lask was
left to‘stand'for 10 min. ¥While shaking, 5 ml of calcium hydroxide
suspension were added slowly and left for 10 min. The content of the
flask was made up to 50 ml with distilled water, mixzed well and
filtered, discarding the first few ml of the filtrate. From the
filtrate, 1 ml was pipetted into a test tube. 6 ml of the sulphuric
. acid ~ copper sulphate solution were added and mixed. After the tube
and contents had been heated in boiling water for 5 min, and cooled to
ambient temperature in rumning water, two drops of p ~ hydroxydiphenyl
reagent were added, and the tube was shaken vigorously. The tube
was placed in a water bath at BOOC for 15 min, shaken from time to
time, and then placed in a boiling water bath for 19 s. The tube was
then cooled to ambient temperature by rumning water, The optical

density was measured against a blank which had been treated in the
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same wey as the sample, at a wave length of 520 nm using a Pye-
Undicam Sp 1800 SpectrOphotbmeter.

A standard curve was prepared by taking different amounts of
lithiun lactate in 50 ml of distilled water. These samplesAwere
treated in the same way as the cheese samples, The optical density
vas measured in the same spectrophotometer and the readings obtained

plotted to prepare a standard curve which is present in Figure 2.
6. Determination of ash

The British Standard method (BS 1743, 1968) described a
method of ash determination of dried milk, This method was used to
determine the ash in the dried cheese sample, and carried out as
follows i~

To a dried crucible, of known weight, 100 mg to 110 mg
sauple were placed end all was reweighed, and the actual weight of the
sample was then determined; The crueible was then pleced in the
muffle furnace at a temperature of 54006 to 550°C for 1 h. After
cooling in a desicator the crucible was reweighed and then the ash
content in the samples was calculated, according to the following:-

weight of ash (mg)
Percentage ash = x 100

original. weight
of sample (mg)

e

7 Determination of phosphate in seams

Various methods are in use for the determination of
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phOSphorﬁs in food, Fhosphorus is measured volumetrically by
precipitation and then titration of the excess standard alkali
solution with standard acid (Pearson, 1962). Wilson (1951) used the
principle of precipitation of the phosphate as quinoline
phosphomolybdate, followed by addition of excess alkali and then back
titration,

Colorimetric method for the determination is also used. In
imany of these methods ammonium molybdate is added to the solution and
by means of the addition of a reducing agent, a colour is formed and
measured. The results are then compared to specific standards, to
determine the phosphorus present.

A1den (1940) described a method based on the comversion of
all phosphate present in the éample to inorganic orthophosphate, This
is carried out by digesting the sample with sulphuric acid, and
hydrogen peroxide., The addition of ammonium molybdate forms a
phosphomolybdate complex. When amidol is added, a blue pigment is
formed and is then measured. The results are compared to measurements
made with specific standards and the amount of phosphate are
established,

The International Dairy Federation introduced their methods
(FO. - IDF 33, 1966 and FIL - IDF 33 A, 1971) for the measurement of
~the phosphorus content in cheese, In these methods the same principle
of sample digestion with sulphuric acid and hydrogen peroxide is used.
Sodium molybdate and hydrozin sulphate are then added,

The phosphate in the samples was determined according to the
method described by Allen (1940). The determination was conducted as

the following :-
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Into & Kjeldahl flask of known weight, 100 mg of the cheese
sample was placed and the exact weight of the sample determined., To
the flask was added 1.2 ml of concentrated sulphuric acid and two
glass beads before being warmed until the contents became dark brown,
Two drops of hydrogen peroxide were then added and the digestion
continued until the contents became clear and fuming. The neck of
the flask was wasped with a small volume of distilled water, and was
heated to fuming. When the flask was cooled, 21.65 ml of distilled
water, 1 ml of 8.3 per cent (w/v)_ammonium molybdate and 2 ml of 1
per cent amidol (w/v) in 20 per cent potassium metabisulphite were
added. The miXture was allowed to stand for 10 min, The opticsal
density was then measured using Pye-Unicam, Unicam Sp 1800
spectrophotometer at 720 nm against a blank sample which was treated
in the same way as the samples,

Standard solutions of the following concentration: 0,100 mg,
0.150 mg, 0.200 mg, 0,250 mg phosphate were prepared using KH2 PO4
solution containing a known phosphate concentration. All these were
treated in the same way as the test samples. The optical density was
measured., The standard curve was prepared and is presented in Figure

3.
8. Determination of calecium in seams

The brief survey of literature indicates that calcium can be
determined by precipitation as calcium oxalate followed by titration
with permenganate solution (Ling, 1956)., The use of the method is

limjted because of the long time required, and the interference that
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results frcem the presence of phosphate in the samples. In order to
prevent this interference Pearson (1970) advised the use of acetic
acid prior to the addition of ammonium oxalate, This principle was
adopted by the British Standards Institution (1968) in its method (BS
2472 ) for the determination of.calcium in ice cream, and was &lso
adopted by the International Dairy Federation (FIL - IDF 36, 1966) for
the determination of calcium in milk,

Another method used to determine calcium in cheese involves
the use of Ethylenediemine tetre acetic acid (EDTA) as a titrant in
the presence of an indicator sensitive to calcium ions.

Hilderbrand and Reilly (1957) reported the use of !'Calcon!
as an indicator in the determination. Kemal (1960) reported that
'Calcein' gave satisfactory results., Yalmen, Bruegmann, Baker and
Garn (1959) attributed the difficulties in achieving satisfactory
results to the properties of calecium orthophosphate., Sawyer and
Hayes (1961) reported that the addition of excess EDTA and back
titration with standard caleiuwm solution using 'Cal&on' as an
indicator gave satisfactory results, and the presence of phosphorus
did not appear to have an effect on the end point of the titration,

These classical methods have been used for samples which
contain large quantities of caleium. In order to determine small
guentities and in a shorter time, two methods are commonly used e.g,
flame photometry (flame emission) andlatomic absorption (Awrand and
Woods, 1973). Have and Mulder (1956) reported that when flame
.ﬁhotometry was used, good agreement was obtained with standard
chemical techniques in determining the caleium content in both milk

and cheese,
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A flame emission spectrophotometric technique was chosen by
the author for use in the determination of calcium in cheese samples
and was carried out as follows:-

A portion of 100 to 150 mg was taken from the dried cheese
samples and were ashed following the procedure described on page 40,
From 3.8 to 8.7 mg amounts of the ash were dissolved in 2.5 ml of 6 M
HC1 in a flask. The contents of the flask were heated on a steam bath
then evaporated to dryness, redissolved in 5 ml of 6 M HC1 and was
heated for 30 min. Then 5 ml of buffer solution (containing 6000 ppm
lanthanum as spectroscopic buffer) were added. The volume was made up
with distilled water to 50 ml,

Standard solutions containing 0 to 50 ppm calcium were
prepared containing 600 ppm lanthanum,

The calcium content was determined using flame emission

spectrophotometry on a Pye-Unicam Sp 900 instrument.
9. Elactrophoresis

Electrophoresis is a method that utilizes charge differences
for the separation and purification of protein (Haschemyer and
Haschemyer, 1973). One of the earliest support media for zone
electrophoresis was filter paper (Block, Durrum and Zweig, 1958).
Aschaffenburg and Drewry (1955) used paper electrophoresis of whey
protein fractions. Smithies (1955) described a method of zone
electrophoresis on starch gel. Bell (1962) introduced a procedure
for the detection of whey proteins. Pederson (1963) applied the method
of acrylamide gel electrophoresis to the separation of whey protein

using the same buffer employed by Bell (1962). Raymonds (1964)



described a simple technique for employing a continuous buffer system
in polyacrylamide gels., Both methods, starch gel and ployacrylamide
gel were used in the study of whey proteins and good results were

. obtained (McKenzie 5 1971) but the starch gel has been superseded by a
great extent by polyacrylamide gel zone electrophoresis of protein,

Polyacrylamide gel electrophoresis is used successfully in
the identification of whey protein. This method was used in the
identification and the comparison of the type of the protein present
in different samples. The following procedure was used tw

Two samples from the seams, and another two samples of non
seam areas of cheese, and one of skim milk were taken. 100 mg of each
sample was taken and each was placed in separate flasks, 0.1 ml
distilled water, and 3 ml gel buffer were added and were mized well,
centrifuged for 10 min at 2500 rpm. The samples prepared in this way
wvere used in the test.

Cyanogun 41 (12 g) was dissolved im 150 ml trisecitrate
buffer, Ammonium persulpbate (0,15 g) was added and the flask shaken
until the crystsls dissolved. 'ﬂ dimethyl-amino~propionitrate (0,15
ml) wes added, the solubion was mixed and cdearated and then poured in
to & Perspex mould (180 mm x 110 mm x 5 mm), covered with a Perspex
lid carrying five slot formers, and left until polymerisation was
completed., The prepared semples were then placed in the slots and
covered with wax,

The mould, with the slots nearest tc cathode, was placed in
the electrophoresis tank which contained buffer solution made of

boric acid (18.5 g/1.) and sodium hydroxide (2.0 g/1). Absorbent lint
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was placed at the end to meke contact between the buffer and the gel.
Polythene film was used to cover the mould., The electrophoresis was
carried out at 4.°C by applying constant voltage of 100 volts.

Vhen the fraction of the samples trevelled almost to the end
of the mould; it was removed and was immersed overnight in a solution
of 0.1 per cent (w/v) amido black 10 B (B.D.H.) in 10 per cent, acetic
acide. Destaining the dye was carried out by exttensive washing in 5
per cent acetic acid.

The gel was then examined and vacuum sealed in a cellulose/

polythene laminate pouch, end photographed.
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SECTION 2 CHEMICAL ANALYSTS OF MILK, STARTER, WHEY, AND CHEESE AND

RHUEQLOGICAT, MEASUREMENTS

e Salt debermination

The salt content of cheese was determined using the
following procedure:- 2 g of grated cheese was added to a conical
flask, together with 10 ml of distilled water and 25 ml of 0.05 N
silver nitrate. 10 ml of concentrated nitric acid was added, and the
contents were gently boiled until the curd was digested and the colour
became clear lemon., 0,3 g of urea was added Yo the hot solution and
allowed to cool. Then 2 ml indicator solution and 50 ml distilled
vater were added. The excess of the silver nitrate was then
determined by titration with 0,05 N KCNS solution to an orange tint
end point that persisted for 15 s. In the same mamner the ml KCNS
needed for a blank in which no cheese sample was added, was
determined., The percentage of the salt in the sample was determined
by finding the difference between the titrations of the blank and
sample (B ~ 8), multiplying with the equivalent of 1 ml of KCNS in
terms of NaC1, The percentage of salt in the cheese sample was then
calculated., The average of two readings were taken and recorded. A1l
the chemicals and indicators used were in accordance with the British
Standard Method (1963). Salt concentration in the aqueous phase is

calculated according to the following :-

percentage salt in agueous percentage salt
100

i
M

phase in cheese
percentage moisture
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Re - Moisture

Approximately 3 g of the grated cheese sample was weighed
accurately in en aluminium foil container (Foilpak 10335, supplied by
R. R. Brodie Ltd., Glasgow) with a diameter of 3,25 in (8.26 cm) and
a depth of 0.75 in (1,91 em). The container and the sample were
placed in a fan ventilated hot air oven at 102°C. Final weight
readings were taken, the weight of container and the sample vere
constant. The amount of moisture in the sample was then calculated
and the percentage of moisture in the cheese was determined (BS 770,

1963). The average of two readings was taken,
3a pH

Ten grams of the grated cheese sample were weighed and
placed in small plastic container along with 10 ml of distilled water.
The cheese and water were mixed thoroughly by means of a Silverson
mixer until a paste was obtained. The pH value were then determined
by meens of a PYE 290 pH meter - using combination glass electrode
(Activion Glass Ltd., Scotland), The average of two readings was

recorded.,
o Content of carbon dioxide
Carbon dioxide losses from Cheddar cheese have been measured

by Van Slyke end Hart (1903). A method for the determination of the

carbon diloxide present in & cheese sample was described by Clark
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(1912), and later modified, More recently, Hiscox, Harrison and Wolf
. (1941) in their study of the volatile acids in cheese, used the
technmique of aerating the sample with 002, Iree air to eliminate the
carbon dioxide that may be present in the distillate for 20 min, and
the carbon dioxide was obtained as the difference of two readings
obtained with and without aerating the sample,

A method for the determination of carbon dioxide in cheese
described by Kolthoff and Sandell (1943}, was later modified by
Swartling and Willart (1953). The modified method was based on the
use of a solution of sodium hydroxide to dissolve the cheese ssmple in
specisl container, followed by acidification by sulphuric acid, The
carbon dioxide driven away from the sample with CQZ-free air, was
' absorbed in a barium hydroxide solution held in a specisl absorption
colum (Pettenkoff