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SUMMARY

These stiv lies have shoim that seaminess i s  a visibi.e  

characteristic pin?sent in  a sign ifican t proportion of Cheddar cheese 

made in  Scotland.

Earliez' work suggested that th is  characteristic  could be 

eliminated by washing the curd with warm water prior to addition of 

the s a lt .  This practice i s  not acceptable to the dairy industry in  

the United Kingdom, Studies were conducted to investigate  tt}.e factors  

which may encourage the occurrence of* seaminess and also  to find  

acceptable remedies to overcome i t s  formation.

Seaminess was found to appear as white l in e s  in  the curd 

p artic le  junctions and was evenly distributed in  the in terior  of 

cheese. Seams were ea s ily  recognised by sigh t, having a vaiying width 

and were more evident in  coloured than in uncoloured Cheddar cheese.

They were found in  the cheese d irec tly  after  pressing and became more 

noticeable with the time of curing up to  8 weeks.

Seams were present in  both salted  and unsalted cheese. S l i t  

openness tended to form e a s ily  along the seams which form weak points 

in  the cheese.

The seams were found to contain higher le v e ls  of calcium 

and phosphate than the rest of the cheese. The le v e ls  of calcium and 

phosphate found in  experimental and commercial cheese supported the 

view of other workers that the seams consist of calcium orthophosphate. 

The seam-producing compound tended to concentrate on the surface of 

pressed and un-pressed salted and unsalted mrllled cheddared curd. The 

calcium le v e ls  of material from curd, p article  j emotions increased wj.th 

the curing time to reach a maximum in  8 weeks and thereafter decreased. 

Compared with the rest of the cheese the seams were found to contain low 

le v e ls  of sodium chl.oride^ fa t  and protein and had a higher pH, 

Electrophoretic studies showed that there was no difference in  the type



2
of protein present in  the seamQ compared with that present in  the 

remainder of the cheese substance,

A higher than normal le v e l  of added s a i l  of both coarse and 

fin e  particle  size increased the formation of seams but did not produce 

in  experimental cheese a d is tin c tiv e  seany condition as judged by a 

grading panel. Seaminess increased when the sa lt  was added to curd of 

high titra ta b le  a c id iiy .

The presence of additives in  cornnercial grade s a lt ,  the 

temperature of the curd at the time of sa lt  addition and (he mellowing 

time di,d not influence the degree of seaminess present in  expérimenta], 

cheese but these factors affected  sa].t retention, moisture content and 

other characteristics of cheese.

The type of m ill used in m illing the curd s ig n ifica n tly  

affected  the formation of seams and other ch aracteristics of cheese, 

Cheddar cheese produced from curd m illed with the B ell-S iro  Cheese- 

Malcer 3 equipment tended to be more seamy than that produced under 

experimental and commercial conditions from curd prepared v/ith Berry, 

Damrow and peg m ills .

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 eliminate the condition.

Information was obtained on the rate of cooling of cheese 

during pressing under d ifferen t ambient conditions. Trie temperature of 

cheese during pressing did not a ffec t tlie development of seaminess but 

influenced other ch aracteristics of cheese.

Under experimental market conditions consumers did not object 

to  seaminess in  good quality commercial Cheddar cheese.

In the course of in vestigation s on the development of 

seaminess, information was obtained on a range of ch aracteristics and 

composition concerning Cheddar cheese made on an experimental scale and 

in  large mechanised fa cto r ies  in  Scotland,



INTRODUCTION 

Importance of Cheddar Cheese

In the United Kingdom in  the year 1974/75; 2896*4 m illion  

gal (13167 milli.on l )  of raiHt were sold off farms. This placed millt 

as the most importance single agricultural product of 'farms in  the 

United Kingdom  ̂ Of the to ta l sa les o f milk o ff  farms, 1189*0 mllli.on 

g a l ( 5405*2 m illion  l ) ,  (41*05 per cent of the to ta l)  were used for  

manufacturing dairy products such as cheese, butter, cream, and 

condensed and dried milk* Approximately 336 m illion  gal ( 1527*5 

m illion  l )  of mille were made in to  Cheddar cheese in  the United 

Kingdom* Of a l l  types of cheese made in  the United Kingdom Cheddar 

i s  by far the most important variety . Table I*

In Scotland, mainly Cheddar cheese was made* Of the 50 

m illion  gal (227*3 m illion  l )  of milk that went into cheese 

manufacture, 48 m illion  ga l (218*2 m illion  l )  were made in to  Cheddar* 

Cheddar cheese i s  manufactured in  several factor ies , which are 

distributed in  Scotland as shovm in  Figure 1, The capacity range s 

from semi-raechard.sed system handling d a ily  12,000 to  14^000 gal 

( 54552*0 to  63644*0 1 ) of milk to  the fu lly  mechanilsed system 

handling from 50,000 to  100,000 gal (227300*0 to  454600*0 l )  of 

milk per day.

Since most of th is  work deals with the d ifferen t mechanised 

systems of Cheddar cheese making, a b rief review of the developments 

which Imve taken place i s  given*



TABLE I

Sales of mille for mamifaoture of various v a r ie tie s  of 

cheese in  The United Kingdom in  1975 

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

(M illion gal (M illion l )

Creamery England and Scotland K, Ireland United

production Wales Kingdom

Caerphilly 6 (27 .3) *• 6 (27 .3)

Cheddar 223 (1013.8) 48 (218.2 ) 37 ( 168.2 ) 303 ( 1400.2 )

Cheshire 69 (313.7) ♦ * • 1 (4 . 5) 70 (318.2 )

Double Gloucester 10 (45.5) - 4  (18.2) 14 ( 63. 6)

Dunlop - 1 (4 . 5) f> • • 1 (4 . 5)

Lancashire 14 (63 .6) — * # * 14 (63 .6)

Leicester 12 (54 .6) 5 (22.7) 17 (77 .3)

S tilto n 9 (40.9) — - 9 (4 0 .9 )

Wensleydale 9 (40 .9) — 9 (40 .9 )

Others 8 (36 .4) 1 (4 . 5) 9 (4 0 .9 )

Total 360 ( 1636.6 ) 50 (227. 3) 47 (213.7) 457 (2077. 5)

Farm house

production

Caerphilly 1 (4 . 5) - « 1 (4 .5 )

Cheddar 27 ( 122. 7 ) 1 (4 . 5) — 28 ( 127. 3)

Cheshl.r0 7 (31.8) - - 7 ( 31.8 )

Others 4  (18.2) - - 4  (18 .2)

Total 39 (177.3) 1 (4*5) 40 ( 181.8 )

Total 399 (1813,9) 51 (231.8) 47 (213.7) 497 (2259.4)



FÏGTJRE 1

Distribution of Cheddar cheese factor ies in  Scotland 
(Fd„ U.iEC Milk Marketing Boards 1974)

9

1. Express Food Ltd., Lockerbie Creamery, Priestdyke.

2« Scottish  Milk Marketing Board, Dal,be.attie Creamery, D albeattie.

3* Scottish  Milk Marketing Board, Galloway Creamery, Strani'aer.

4* Scottish  Milk Marketing Board, Pfeiichline Creamery, Mauchline,

5. Scottish  Milk Marketing Board, Torrylin Creamery, Torrylin, Arran,

6 . Scottish  Milk Marketing Board, Rothesay Creameiy, Rothesay, Bute.

7* Sorbie Cheese Ltd., Sorbie Creamery, Serbie.

B. North of Scotland Milk Marketing Board, Kirkwall Creamery, Orkney 

Islands.

9* Islay  Creamery Co,, Is la y .

10, Gigha Creamery Co,, Gigha,



since in  the dairy industry, the Imperial u n its ai*e 

generally used, th is  system i s  used throughout the Thesis except in  

section  1, 2 and 4 Chapter 1*

History of development in  the Cheddar cheese technology

According to legend, cheese was made accidentally  in  A sia, 

Reference was made to  cheese in  the Babylonian records 2000 B.C. 

(Davis, 1965)0 Because the new product was found to  possess good 

food ch aracteristics more milk was converted in to  cheese* A 

description of the cheese making process used in  the f i r s t  century 

A.D, showed the fundamental processes (Glieke, 1959) » As agriculture  

developed in  d ifferent countries so d is tin c t  v a r ie t ie s  of cheese 

emerged frequently named a fter  the lo c a lity  in  which they were 

developed and found popularity, Cheddar was one of the important 

v a r ie tie s  to  be developed in  England. This variety  was f i r s t  made in  

the small v illa g e  of Clieddar in  Somerset in  England in  lB55 (Sheldon, 

1911)• Choke (1959) reported that the production method was wd-dely 

adopted in  Scotland around 1875.

The equipment used was simple, made of wood or tinned 

m etal. Raw milk was used and the m icrobiological quality of tlie milk 

was probably poor by today’s standard. The cheese was manufactured 

by allo\'dLng the milk to  sour n a iu ra lly . Later un identified  cultures 

were added to  the milk and were allowed to produce the required 

a c id ity . Much of the resu ltant Cheddar was of very poor q u ality . The 

f i r s t  use in  Scotland of se lected  strains of microorganisms was in  the 

year 1895 (Crawford, 1958).



U ntil the mid 19th centin?/' a l l  of the cheese production was 

in  small quantities in  batches e .g .  50 to  100 gal. (227.3 to 454*6 l )  

on farms where the milk was produced. The increased need to produce 

larger and cheaper quantities of the product drew the attention to  

change the system of the making from small batches on the farms to a 

larger scale production ,in- the fa c to r ie s . The cheese factory system 

was introduced and the f i r s t  cheese factory was established in 1851 in  

Oneida County in  the United States of America (Eckles, Combs, and 

Macy, 1951)0 In B ritain , the f i r s t  factory was commissioned in  

Derbyshire in  1870 (Fuss e l l ,  1955). By the year I88O the factory  

system was Wing adopted throughout the cheesemaking world (Da\ds,

1965) .  In 1890 the Danish s c ie n t is t  Storch used a pure strain  of 

bacteria in  the ripening of cream for buttermakdng. This was the 

f i r s t  work on la c t ic  acid fermentation in  the dairy industry and i t  

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) * Tire use of quantitative ac id ity  meansurements 

throughout the making procedure was introduced by Lloyd ( 1899 ) «

Curing of cheese was carried out by placing the cheese in ambient room 

temperature. Babcock and Russell (1897) and Dean (lS99) drew the 

attention  towards the use of curing rooms of lower temperature.

Better quality rennet extract was made available to  the cheese 

industry commercially and rennet preparation was introduced about I904 

(Christensen, 1972).

In the 1920’ s . the s ta in le ss  s te e l was developed (Baily,

1958), and was f i r s t  used in  manufacturing dairy equipment in  1925 

(Hall and Trout, I968), providing exce llen t metal for  most types of



equipment aiud dairy processes. Later in  1939, the production of 

aluminium in  commercial quantities provided another metal for  the 

industry (B aily, 1958).

The production of Cheddar cheese on farms continued u n til  

the end of the second world war (1939/45). The numbers of farms 

making cheese thereafter decreased as dairy farmers found d if f ic u lty  

in  obtaining labour for the manufacture. In the season 1974/75, 27 

m illion  gal (122.7 m illion  l )  of mile were made in to  farmiiouse Cheddar 

cheese in  England and Wales and one m illion  gal (4*5 m illion  l )  was 

made in  Scotland, This represents 8.33 per cent of tlie to ta l Cheddar 

cheese production.

Many studies have been carried out on star'ter micro­

organisms. The discovery in  the t l i ir t ie s  that bacteriophage was an 

important factor in  the a c t iv ity  of cheese cuDlures led  to many 

research studies end the development of better starters for the 

cheese industry. VJhitehead and Cox (1934) introduced single strains  

of la c t ic  streptococci for cheese malcing, Later Wliitehead (1943) 

introduced the use of rotations of phage unrelated sin g le -stra in  

starters as a method of lim itin g  phage development in  the cheese 

factory . Improved techniques for starter preparation were developed. 

Towards the end of the fo r t ie s  starters used in  the production of 

Cheddar cheese were e ither sin g le  strad.ns of Streptococcus la c t i s  and 

Streptococcus cremoris or combinations of two or more of these 

organisms sometimes with Leuconostocs and Streptococcus d ia c e t i la c t is , 

Other studies related to starters included those on the e ffe c t  of 

in îiib ito ï’y substances in  milk on stai'ter a c t iv ity . In one report soon 

a fter  the introduction of a n tib io tic  therapy for m astitis in  cows.



Hood and Katznelsen (l949) reported that the le v e l  of p e n ic illin  

residues in  milk affected  the performance of cheese starters.

In 1931 'and. 1933 the Agricultural Marketing Acts wer’e 

introduced to regulate marketing the Agricultural produce. Shortly 

thereafter in  1934 the MiUt Marketing Boards in  England and Wales, 

and in  Scotland, were estab lish ed . The formation of these Boards has 

greatly  a ss isted  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 mille to meet the demand for  

both mille for liq u id  consumption and for manuf acturing. In order to  

regulate the qua.lity of the Cheddar cheese, a national scheme of 

grading was approved in  1935 for both Caerphilly and Cheddar (Scott, 

1974).

In the period between 1930 -  1949 heat treatment of the 

mille for cheese making came in to  general use in  Britain in  the cheese 

manufacture. By 1949 th is  practice had become widely adopted (Davi.s, 

1965) .  Mechanisation of the process of Cheddar cheese maiding began 

with the substitution  of some manual operations with mechanical means 

follow ing the s^ e  procedure of trad ition al cheesemaking. In th is  

period, l i t t l e  progress was achieved in  fundamental changes in  the 

process (Davis, 1965). large va ts, mechanised mixing and stirr in g , 

and cutting were introduced. The use of e le c tr ic  puBips, wide curd 

knives, power m ills , metal hoops, hydrau3io presses and refrigeration  

were widely used. The HTST method of pasteurisation of tte  milk was 

adopted in  the Cheddar industry. This had improved the qual.ity of the 

cheese and had increased the capacity of these fa cto r ies  in  which the 

batch pasteurisation had previously been used. The "IT'omel**, a devi.oe



for  separating the whey from the curd (Snith, 1946) was introduced by 

the Kraft WalJcer Cheese Company in  A ustralia.

During thi.s period trad ition a l round Cheddar cheese were 

made, sometimes coated with wax and then cured in  improved controlled  

curing room maintained at about 50 -  55°F (10 -  12.8°C).

Developments during 1950 -  1960, In tlie early 1950’ s 

atten tion  was concentrated on attempts to shorten the time of the 

manufacturing process for a Cheddar cheese, and also to  mechanise the 

d ifferen t step s. The steps of Cheddar cheese malcing were grouped in to  

the follow ing d is tin c t stages s-

Sbage 1 Curd production, including addition of starter ,

cutting the curd, stirr in g  tlie cur'd and cooking^ 

Stage 2 De-wheying of the curd and texture formation;

Stage 3 M illing, sa ltin g , and f i l l i n g  the hoops;

Stage 4 Pressing, packaging, curing and cutting.

The f i r s t  short method of Cheddar cheese making was 

introduced by Walter, Sadler, Mallcames and M itchell (1953). In the 

original, short time method sp ec ia l 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 shortened to 2 h 30 

min from the addition of the rennet to  the time the sa lted  cheese curd 

was ready for pressing* Salting and hooping the curd was carried out 

in  the whey, Czulalc, Hammond, and Mehary ( 1954) modifi.ed thi.s method 

so that conventional, cheese equipment could be used. Tv/o per cent of 

la c t ic  acid producing starters, together with 0.75 per cent of 

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

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



of curdy body (Morris^ 1955)* Crawford (1956) reported that cheese 

made with both methods were slow to  mature and also had curdlnass* 

Marked inprovement in  the flavour was reported by the author when he 

used a straj.n of I^otobaclllus bul;rarious« Later Walter et ^  (l959) 

modified the method described ea r lier  and claimed that cheese made 

with th is  new method was of good quality* Foagan, (l956) used 

Streptococcus thermophilus at the rate of 2 to  2 .5  per cent and 

reported that resu ltant cheese quality  was sa tisfac tory . The "botal 

time from settin g  the curd to hooping was 3 h. Jones and Walker 

( 1953) used s in g le -stra in  starters at the rate of 1.5 to  2 per cent 

and reported "tliat cheese made was sa tisfactory . In the:lr experiments 

the time required from addition of starters to cheese hooped was 4 h 

40 min. Whitehead and Harkness (1959) shortened tlie time further by 

using 2 .5  pGr cent of normal starter , doubling the amount of rennet, 

and using higher coagulation temperature. Most of these methods were 

lim ited  to  experimental studies and there has been l i t ' t le  use of the 

procedures in  commercial practice*

Single-stra in  starter  rotation were introduced in  one 

Scottish  Cheddar cheese factory during th is  }^eriod, Crawford (l95^)* 

Large vats equipped with better mixing, agitating and 

cutting devices, were introduced as w ell as large closed cy lin d rica l 

cheese tanks. The la tte r  type of curd mailing unit was not however 

popular in  the United Kingdom at that time*

TÎ10 e ffo r ts  on the mechanisation of the de-wheyi.ng and 

texture formation resu lted  in  the introduction of the f i r s t  curd 

fusion machine by Czula]: and Hammond (1956). Fusion of the curd was 

acMeved by pressing the cui'd. Czulalc (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 .Ô or l e s s .  These find ings lead to  the introduction of 

another curd fusion macliine in  I960 (CziÔ alc, Freeman and Hammond I96O) 

in  which the same princip les as occurred in  trad itional cheese making 

were followed. In th is  new method the curd was s lig h t ly  pressed and 

allowed to flow giving a cheddaring time of 1 h 30 min.

In the U.S.A., McCadam and Leber (1956) introduced the 

Ched -O-Matic system of Cheddar cheese making. In th is  system 

cheddared blocks were made with the help of pressure, the m].led curd 

was washed with warm water at 100 to  104*̂ F (37.B to  40°C) and la te r  

sprayed with brine at the same temperatuir'e for sa lting  the curd. The 

resultant cheese was described as of tyji.ca l Cheddar cheese flavour by 

McCadam and Leber (l95B). Sail (l95B) claimied. that the method 

decreased the cost of production. This system was introduced ‘bo the 

Express Dairies Ltd., factory at Huyton-Xi-Toims in  England, but 

sa lting  the curd was done in  the vat instead of brine sa lting  (Loftus 

H ill, 1959) .  This modification was used because brine sa lting  proved 

to be unsatisfactory under the United Kin£̂ dom conditions. The 

procedure of -the method was la ter  modified by McCadam and Leber (1959) 

to  acfdeve better whey drainage by using rotary screens. The Cfieddar 

cheese made possessed cheese flavour but had some degree of seamness 

(Gemmill and Leber, 195B). Kosikowslci (1957) described •the use of a 

two le v e l arrang-ement of equipment for cheese mailing, which was la te r  

adopted in  Britain (Chapman, 1966). A whey drainage and textiue  

formation vat was described by h.V. Machinefabriek A, Bijlenga, 

Netherlsnd. Greer and Zink (1957) described tlis use of a curd trough.
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in  princip le sim ilar to the equipment produced by Te b e l.

E fforts were also directed to the mechanisation of stage 3j 

that i s  the m illing , sa ltin g  and hooping steps. Stoete (1957) 

described the Desco mechanised sa ltin g  of the curd. In Australia, an 

automatic machine was su ccessfu lly  tested  in  1957 (Czulalc, Freeman, 

and Chapman, 1956). Czulalc e t  a l , reported that th is  machine would 

perform the work of four men i f  used without the fusion  machine.

Later Czulak and Freeman ( l9 6 l)  described the commercial equipment 

"The B ell-S iro CheeseMalcer 3" in  which m illing was followed by 

automatic sa ltin g  and hooping. This equipment has been used in  

commercial cheese malting in  a number of countries, including the 

United Kingdom.

In the early  f i f t i e s ,  a method of producing rin d iess Cheddar 

was described (Wearmouth, 1957), using special, material for wrapping. 

This was introduced in  Scotland in  1954 (Crawford, 1973). During the 

la te  f i f t i e s  the world-wide trend towards the production of rin d less  

cheese and other packaging m aterials increased and film  replaced the 

conventional cotton bandage (Loftus H ill , 1959). The trend towards 

cutting and pre-wrapping of cheese for sale to consumers increased 

grea tly .

Developments during I960 -  1970. There were many areas of 

progress in  th is  period. The use of the HTST pasteurisation of milk 

for cheese making was adopted by a l l  cheese producers during th is  

period. This development came as the resu lt of the development of a 

code of hygienic practice for cheese making (1963). Large vats of 

2,500 gal (11365.0 l )  of milk: capacity were adopted, equipped with 

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



curd, and with in-p lace cleaning *

New processes for continuous curd formation were described  

by Ubbela and Linde ( 1962), Berridge (1963), and Mann (1965). Hone 

of these methods are in  use for -bhe commercial production of Cheddar 

cheese in  B rita in .

The cost of labour increased and the e ffo r ts  of the industry  

were to  reduce th is  cost by dutroducing f u l l  mochanisation to most 

of the Cheddar cheese processes, King ( 1966) found that the labour 

cost amounts for about 50 per cent of the to ta l cost of Cheddar 

cheese production. I t  a lso  showed that d ifferent amounts o f labour 

were required to  carry out sp ec ific  steps of the Cheddar cheesemalcij^g 

process. These labour requirements are presented in  Table 2, wtiich 

^hows that the most laborious steps are the step of draining to end of 

cheddaring and m illing to hooping. This explains the in terest of the 

cheese industry in  the mechanisation o f . de-wheying and texture 

formation and also mechanisation of m illing, sa ltin g  and hooping.

During th is  period the B ell-S iro "CheeseMaker 3’* was 

adopted in  tine Cheddar cheese industry in  America, AustraMa, Hew 

Zealand and in  the United Kingdom ( Czul.aic, 1974) • The f i r s t  machine 

imported in to  the United Kingdom was commissioned in  Aspatria, En^and 

in  1962 (Eenwick, 1971).

The work o f Czulak (1962 ) oulmimted in to  the development 

of the CheeseMaker 2 , In th is  machine de-wheying and the texture 

formation of the curd was carried out continuously. The capacity of 

the f i r s t  machine was 600 lb  (272,7 kg) of curd per hour (Czulak, 

1965) .  Czulalc and Freeman (1967) reported tliat the quali-ty of the 

curd made v/ith th is  machine was of equal quality to that produced by



T m E  2

labour usage i n the manufacture of  AD lb  kg)

bio des of r in d less Cheddar cheesefwmHurwam» ~— r  i ii i" T—I ~ ill ■ ii i---■  i - i i r ~ iiiiiil m

(King, 1966)

Operation ' Man/Hours

   per ton (1Q16,05 kg)

M lk reception 0.00 -  1^50

Pasteurisation of milk to begin drain whey 0,00 -  1,23

Draining to end of cheddaring 2.16 -  2.61

M llin g  to hooping 2,26 -  4.01

Preparation of hoops and pressing to placing  

cheese in  wrapping room 

Stirring, trimming, wrapping and packaging 

cheese

Miscellaneous operations; separation of whey, 

b o iler  operation, general cleaning 

Supervision; starter te stin g  e tc , 1,36 -  2.32

4 .1 0  -  5 .47

3*96 -  5,69

1.36  -  1.61

Total 17.67 -  20.49
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trad ition a l methods. The f i r s t  commercial im it of th is  machine was 

commissioned in  1967. I t  had a capacity of 6,000 lb  (2727 kg) of 

cheese per hour.

In New Zealand an a lternative form of mechanisation was 

being developed. King and McGillivray (1962) described the "Clieddar- 

il-'laster" system in  wlxLch whey separation was carried out in  specia l 

movable b e lt draining conveyor* Cheddaring was accomplished by 

placing the curd in  cheddaring boxes. In 1966 the CheddarMaster 

system was in s ta lle d  in  three fa c to r ie s  in  New Zealand in  which the 

cheddaring boxes were carried and moved mechanically. Later a tower 

system of cheddaring was described by Bysouth, G ille s , Harkness, 

McGillivray and kob@rtson (1968) to  replace the cheddaring box. In 

th is  method, a fter  separation of the whey from the curd, the curd was 

stored in  a tower for about 1,5 to  2 h to  allow acid production and 

whey di’ainage during the trave l of the curd to the bottom of the 

tower. During the most of th is  time, the curd was not allowed to  

flow, but during the la s t  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 (i960), McGnJLIivray (196?) and Haiicness, 

King and McGillvray (1968). 2he prototype of the cheddaring tower was 

18 in  (45.72 cm) in  diameter and 6 f t  (182,88 cm) t a l l ,  holding 

approximately 390 lb  (176,9 kg) of w ell drained curd.

In 1969 Unigate Ltd., in  the Urdhed Kingdom, developed th e ir  

Tebel -  Crockatt cheesemaking system (Crawford, 1976). This system 

comprises a combination of equipment produced by th e  Dutch company, 

N.V. lyfeLchinefabrielc and W, Crock a tt  and Sons Ltd., of Glasgow. Whey 

drainage and cheddaring i s  carried out in  specia l Tebel whey drainage
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coolero In the U.S.A., Pidcney, ( 1964) described h is  improvement in  

the whey dr-ainage 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  a l l  aspects of the industry. The use of 

vacuum was introduced during pressing tlie curd to achiew  close  

texture cheese. D ifferent methods were described by Wearmouth ( 196I), 

Czulak, Freeman and Hammond (I962), Irvine and Bur*net (1962),

Robertson (1963), and Robertson and King (1965)*

King ( 1966) has shown that draining to hooping requires 25 

to  30 per cent of the labour requirement in the rin d less cheese 

fa.ctory, whereas the operation of the hoops to packing of the wrapped 

cheese requires /|4 to  55 per cent of the to ta l labour used. % 

achieve reduction in  labour requirement, the large hoop system aethod 

of pressing large quantities of curd was developed in  New Zealand 

(Robertson, 1963), the commercial version of the machine was inti^oduced 

in  1967 (Robertson, 1967).

Developments diulng 1970's* More sin g le -stra in  starter  

rotations were introduced and were widely used in  several Cheddar 

cheese fa c to r ie s . Lawrence (1971) reported that their use in  Scotland 

was sa tisfactory . By pairing idae sin g le -stra in  starters in  proper 

rotation , good flavoured cheese can be produced (Lawrence and Pearce, 

1972) . Because of the introduction of d ifferent types of starters by 

d ifferen t organisations, who used d ifferen t codi_ng systems to describe 

them, great confusion was created, Crawford (1972) ca lled  for the 

proper coding of starters and suggested that information giving a l l
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important ch aracteristics of cultures was e ssen tia l to the cheesemalcer, 

In the 1970’s the research work carried out in  the previous 

years resu lted  in  the introduction of complete mechanised Cheddar 

cheesemaking systems. D ifferent models of cheese vats are in  use.

These vats have capacities from 2,000 to  3,000 ga l (9092.0 to  13638.0 

l )  and are equipped with mixing, ag itatin g , and cutting device.

Heating of the curd i s  e f fe c t iv e ly  achieved by automatic means. The 

vats are also equipped with in-p lace cleaning systems. Mew Cheddar 

cheese fa c to r ie s  in  the United Kingdom are at the present time using  

one of the follow ing types of vats (Crawford, 1976);- 

1 • The "OST" Tahlc made by Alfa Laval;

2# The Double "0" Tank -  Damrow Ltd;

3 . The "W" cheese tahtc -  Golden Vale Engineering;

4* The Tebel M atic,

The corranercial version of the CheeseMaker 2 (Mark II)  was 

described in  1972 (Czulak, Freeman and O’Connell, 1972), Tiie f i r s t  

commercial machine was operated in  New Zealand in  1973 (Harris, 1973). 

In the United Kingdom th is  type i s  at the present time in  operation at 

the Scottish  Milk Marketing Board, Galloway Creamery, Stranraer, This 

u n it 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 

d e ta ils  have been modified, the development of the Tower system of 

cheddaring (Robertson and Bysouth, 1971 ) and a continuous press have 

been completed. In the United Kingdom at the present time 7 u n its  of 

the Cheddaring Tower are in  operation. In ScotI.and th is  system i s  in
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use at the Scottish  Milk Marketing Board, Mauchline Creamery and at 

Express Foods L td ., Priestdykes Lockerbie Creameiy. The use of the 

’large hoop* method of pressing was adopted in  A ustralia, 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 i s  represented in  

Scotland in  the un it operated in  Serbie Creamery, Hie cheeseMaker 

3 un it for m illing, sa ltin g  and hooping i s  in  operation at Scottish  

Milk Marketing Board's, Dalbeattie and Galloway Creameries, The 

in s ta lla t io n  of these new systems in  operation in the United Kingdom

was recently reviewed by Crawford (1976).

In Scotland, a multi pre-press and mellowing tab le , 

automatic stacking and destacking press for 40 lb  (13.14 kg) moulds 

were developed jo in tly  by tlie Scottish  Milk Marketing Board and W, 

Crockatt and Sons Ltd., Glasgow* The same group are working on

developing a demo-ulding machine (Crawford, 1976),

V isib le  characteristics of Cheddar cheese

Cheddar cheese manufactured in  d ifferent parts of the 

world and sold in  domestic or international dairy produce markets i s  

normally subjected to a ’grading’ process by an o f f ic ia l  trade or 

governmental agency so as to maintain and regulate standards of 

quality as an aid to marketing and a lso  to ensure that product quality  

i s  of an established and recognisable le v e l .

Grading and se lec tion  processess for dairy products are
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particu larly  developed in  export-oriented countries such as Denmark, 

tiie Netherlands and New Zealand which have supplied high quali.ty 

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 th eir  produce in  the view both of 

the marketing organisation and a lso  of the consumer.

The 'grading' or 'inspection ' of the produce also a s s is t s  

in  determining the most su itab le market for the produce. In the case 

of cheese, which has a variable sh elf l i f e ,  the grading can ind icate  

not only the conparison between the produce being examined in  re la tion  

to  standards of quality but also  whether or not the cheese i s  su itable  

for  normal or for shorter or longer storage before sa le . The actual 

system of grading varies from country to  country but attention  i s  

paid to accepted ch aracteristics for  a particular variety  of cheese.

In cheese grading the o f f ic ia l  judges the produce by 

sensory means. The judgement i s  based on an assessment of flavour and 

aroma, texture, body (firm ness), colour and f in is h  in  rela tion  to  

established ch aracteristics for a particular v a r ie ty .

In Scotland the grading of cheese i s  conducted by o f f ic ia ls  

of the Company of Scottish  Cheesemakers Ltd., about eight weeks a fter  

the cheese Ixas been made. The Grader examines the cheese and 

a llo ca tes  one of the follow ing standards of q u a l i t y "1st Grade", 

"Graded" or "No Stamp", Cheese a llocated  to "1st Grade" conform 

c lo se ly  to  the accepted features of the var iety , "Graded", cheese are 

d efic ien t in  some respect and require to be sold soon after  grading, 

"No Stanp" cheese are of very poor quality and are normally used in  

the manufacture of processed cheese.
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Tîie v is ib le  ch aracteristics of the cheese are the f i r s t  to  

be given attention  by the Grader and also by the consumer as they 

rela te  such characteristics to  the quality of the cheese* Hnus the

v is ib le  ch aracteristics of Cheddar cheese are commercially important*

The main v is ib le  ch aracteristics of cheese can be di^/lded 

in to  two section s;-

1* Characteristics related  to the body and texture of the cheese;

2* Characteristics related  to tbn colour and apprearance of tlie

cheese*

C haracteristics related  to the body and textu re , Tlie 

oheesemaker and dairy technologist always use the term ’body’ to  refer  

to  the physical properties of consistency which include firmness, 

e la s t ic ity  and p la stic ity *  Good bodied cheese should show smooth, and 

uiriform surface and f e e l  soli.d and firm . A smooth bodied cheese i s  

free from rough p a rtic les  o f curd and fe e ls  smooth when a portion of 

the cheese i s  worked between the thumb and fingers* The plug of good 

bodied cheese bends before breaking*

The term texture i s  used to  refer to the compactness of the 

p a r tic le s  of cheese and to the manner of union of the curd p a r tic le s , 

A good texture! cheese i s  one which has very good fusi.on between the 

curd p a r tic le s  and i s  free from openings.

The cheese sariples lo se  points in  grading when the body and 

texture are not as described above, due to the occurrence of some 

undesirable characteristics which cause certain defects in  cheese. 

There are many defects in  body and texture of Cheddar cheese which 

can be e a s ily  observed by the consumer.

Crumbly body, which i s  ea s ily  broken when cheese i s  plugged.
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sliced  or kneaded in  the fin g ers . This lack of fusion  i s  evident 

tliroughout the cheese.

Open texture in  cheese i s  evident by openings in  the body 

of the cheese. Their presence can be e a s ily  recognised by the 

consumer from the appearance. Good quality Cheddar cheese always has 

a compact body free from such openings. These openings can be of two 

d ifferen t t^qpes,

( i )  so-called  mechanical openness wliich i s  related to the 

mechanical fa u lt  of the pressing and other handling of the cheese 

wli3.ch cause inadequate cohesion between curd p a rtic les;

( i i )  s l i t  openness in  cheese which i s  related  to gas 

formation in  the cheese.

The term seamy cheese refers to cheese in  which the fusion  

of the curd p a rtic les  along the curd junctions i s  not complete and the 

cheese i s  e a s ily  broken along these junctions which appear as dd-stinct 

l in e s .

Characteristics related  to the colour and appearanc e , The 

f i r s t  impression of the cheese quality i s  determined by the v is ib le  

appearance of such product.

Colour of the cheese i s  the f i r s t  characteristic  which 

a ttracts the attention  and in te re st  of the consumer and i s  used by liim 

as an ind ication  or guide to the quality of the cheese he wishes to  

buy*

A good quality Cheddar cheese must have a uniform colour 

throughout the in terior  of the cheese whether i t  be coloured by the 

addition of the dye annatto or uncoloured.

The o f f ic ia l  cheese grader would reduce the points score
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for colour i f  ons of the fo.llowing defects appeared in  the cheese

1. Bleached colour in  cheese wMoh i s  characterised by le s s  

in ten sity  of coloured cheese or whiter than normal uncoloui-ed cheese*

2 . Bleached discoloui'isation which appears in  coloured cheese near 

oracles in  the in terior  of the cheese*

3. Mottled cheese* The colour of the cheese appears uneven. This 

defect can be found in  both white and coloured cheese.

4* Seamy colour * When the degree of seaminess in  cheese i s  evident, 

white l in e s  are found along the curd p artic le  junctions so forming a 

network e ffe c t  of l in e s  on the cut face of the Cheddar cheese* Seamy 

colour can be e a sily  recognised by the appearance in  both wiiite and 

coloured Cheddar cheese, Tliis defect i s  shown in  Figure 

5* Wliite species. These appear as small pin size  white spots through­

out the cheese body and cause an uneven colour of the cheese.

Seaminess in  Claeddar cheese

The occurrence of the defect seaminess in  Cheddar cheese i s  

w ell known to  the cheese industry. The condi.tion i s  characterised by 

the formation of l ig h t  coloured l in e s  and i s  described as seamy 

coloured cheese (Van Slyke and Price, 1932), In Cheddar cheese 

seaminess i s  considered as a defect of both colour and texture 

(W ilster, 1951; Van Slyke and Price, 1952; Davis, 1965; Trainer, 1966) 

A number of theories have been offered for the formation 

and composition of the seams. Van Slyke and Price (l952) believed  

that the seams were formed by the accumulation of fa t  globules exuded 

from the surface of the curd p a r tic le s  at the junction of the curd
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particles*  This explanation was accepted by Czulak ( 196I)* In 1965 

however a new explanation of seam formation was put forward by 

Conochie and Sutherland (1965). According to tlie se workers the seams 

in  both white and coloured Cheddar cheese were due to  the fom ation  of 

calcium orthophosphate (Ca HPO .̂211 0̂) in  the 'v icin ity  of the curd 

p artic le  junctions. The accumulated crysta ls were lig h ter  in  colour 

than the r e s t  of the cheese in terior*

In seeking an explanation of the cause of seaminess 'the 

manufacturing stages were examined, Hanson and Shepardson ( 194O) 

considered excessive ag itation  of mille as a cause. The in terva l 

between m illing and sa ltin g  and the period from sa lt  addition to 

hooping were extensively examined in  relation  to the development of 

seaminess. Van SLyke and Price (1952) considered that any treatment 

of "the curd during th is  in terva l that encouraged exudation of fa t  

from the surface of the curd would lead to  the increased incidence of 

white l in e s  in  the cheese. According to these workers the 

accumulation of fa t  globules prevented 'bhe curd p a r tic le s  from fusing  

together for some time a fter  pressing. These workers advocated the 

washing of -the curd prior to  s a lt  addition as a means of elim inating  

the fa t  layer and so the d efect. But Hanson and Shepardson ( 1940) 

reported tliat washing the m illed curd with warm water did not prevent 

seaminess.

In the preliminary t r ia ls  of the B ell-S iro  "CheeseMaker 3" 

equipment for curd m illing , sa ltin g  and hooping Czulak ( 1961) 

observed a reduction of up to  75 per cent in  fa t  lo sse s  in  tlie whey 

after  sa ltin g  and from the p ress. The same author reported tliat the 

macliine treated curd was much le s s  damaged in  bhe m illing and
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subsequent operations than the cni'd in  traditional,, m illing and 

sa ltin g  procedures. He also  reported that in  a l l  these operations, 

the meclianical iDipact of the usual blunt blades of the m ill and of 

v io len t ag ita tors in  trad ition a l operation causing exudation of fa t  

and often lead  to seaminess. In 1963 seaminess was reported in  the 

United States of America in  fa c to r ies  wliich had introduced the B e ll-  

Siro "Cheesel'daker 3" equi,pment (Czulalc, 1963)* The presence of 

seaminess was related  to  'bhe application of dry sa lt  to the unwashed 

curd. By comparison, no seaminess was noticed in  the same factory  

when ‘bhe trad ition a l American method of Cheddar cheese manufactui'ing, 

in  which the sa lt  was added to the washed curd, was used*

Gzulali, ( 1963) reported ‘bhiat seaminess could be elim inated  

by spraying the Clieddar curd d irec tly  a fter  milldug with warm water 

at between 115 to  120°P (43.3 to  51*7°C) at a rate of 0 .5  to  0.75 gal 

(2*3 to 3*33 1 ) of water to 100 lb  (45*36 kg) of the curd using the 

same procedure of curd washing used by the American cheese fa c to r ie s . 

The success of th is  practice was related  to the removal of mille fa t  

which had exuded from the surface of the curd. No fa t  was l e f t  to  

accumulate between the p a r tic le s  and so cause the formation of seams, 

Czulak, Conochie and Hammond ( 1964) reported that they had been able 

to obtain the most coirplete elim ination of the defect when tlie amount 

of the wash water was increased to 0.75 gal (2.33 l )  per 100 lb  

(45.36 kg) of curd, Czulalc e t a l  ( 1964) related  -the occurrence of 

seaminess to  the amount of added s a l t ,  When more than 3.5 per cent 

(w/w) of sa lt  was added the m illed curd tended to  bê . more seamy in  

sp ite  of spraying the curd with wa-ber. These obseivations lead  him to  

concI.ude that seaminess was more lilce ly  caused by some a ltera tio n  in
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the curd p a r tic le s  possib ly  as a resu lt of severe dehydration on 

contact with dry sa lt , and i s  due to  the accumulation of fa t  in  the 

curd p a rtic le  junctions. Accordingly he suggested that spraying the 

cui'd with warm water would probably cause some changes in  the 

structure of the organisation of the casein in  the surface layer .

T}ie method described above of elim inating seaminess was not 

sa tisfactory  in  practice because i t  led  in  some cases to reduced sa lt  

content in  cheese and to increased le v e ls  of moisture (Czulalc, 1963). 

Besides when the curd was sprayed with water the curd pieces tended to  

stick  together forming lumps of curd wliich interfered  with even sa lt  

application and even weighing and mould f i l l i n g .  Spraying tlie cm'd 

with water caused a decrease in  sa lt  retention in  the f in a l cheese, 

because more sa lt  was carried away with the whey. To obtain the 

reqilred sa lt  le v e l, about 0 .3  per cent (w/w) more sa lt  liad to  be 

added conpared to  the amount used in  dry sa ltin g . The added sa lt  

requjjt'ement would be of commercial cost sign ifican ce.

McDowall and Dolby (1936) found that the sa lt  added to  

cheese curd penetrated 0.05 in. (0*13 cm) in  15 min and 0.15 in  (0.36  

cm) in  1.5 h . The sa lt  penetrated w ell throughout the curd p artic le  

id.thin le s s  than one day, Tuckey and Buehe ( l9 4 l)  reported that the 

average sa lt  content of cheese 20 min a fter  s a lt  addition was 1,33 

per cent (w/w), after 40 min i t  was 1,60 per cent (w/w), and a fter  60 

ndn i t  had increased to 1.7 per cent (w/w), The amount of sa lt  

retained in  the f in a l cheese i s  affected  by the amount of added s a l t ,  

O'Connor (1963) reported that with a sa lting  rate of 0 ,5  per cent 

(w/w), about 100 per cent of the added sa lt  was retained, while with 

sa ltin g  rats of 3 and 6 per cent (w/w) about 66 and 42 per cent
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resp ectively  of the sa lt  added was retained :Ln the f in a l product,

VJhen some of the sa lt  i s  d issolved in  the aqueous pliase (whey), the 

uptake of the sa lt  in to  the insid e of the curd depends on the 

temperatu-re of the brine and i t s  concentration. Higher sa].t uptWee 

was obtained at Mgher temperatures and at higher sa lt  concentration 

in  the brine (Breene, Olson and Price, 1965) .  Addition of more than 

3 per cent (w/w) of sa lt  caused undesirable e ffe c ts  on the body of the 

cheese (Whitehead and Harkness, 1954) * Slioi'ter texture cheese 

resu lted  when the time from m illing  to the addition of sa lt  was 

shoi'tened to  30 min (Hood and Gibson, 1946) •

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 accumulation of crysta ls of calcium 

orthophosphate (Ca HP .̂2H^0) in  the area of the p artic le  junctions. 

These workers discounted the earld.er explanation of the accumulation 

of fa t  as the cause of the d e fec t. The formation of calcium 

orthophospliate i s  related  to the amount of both Ca and P ions that 

exude from insid e the curd p a r tic le  which was encouraged by the 

addition of sodium chloride to tlie cheddared m illed curd and to  higher 

a c id it ie s  of the curd. According to  Conochie and Sutherland (19&5) 

an i n i t ia l  high concentration of sodium chloride on tlie surface of the 

curd causes the curd to shrink in  volume, and so release more whey 

resuDling in  further solution  of sa lt  and bring Ca and P ions to the 

surface of the p a r tic le . Most of tl^ se  ions remain on the surface 

layer, although some are carried away with the whey. After pressing, 

a film  of water i s  formed between the unfused p a r tic le s , containing 

high concentre,tion of both Ca and P ions end sodium chloride.
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Because of the strong influence of th is  sodium chloride 

concentration on the calcium orthophosphate, i t  i s  possib le to  

attrib ute tlie cry sta llisa tio n  of th is  chemical 'bo the d iffusion  of 

sodium chloi'ide away from the seam in to  the cheese. According to  

Breene e t (1965) the amount of whey released from the inside of 

the cm’d depends on the moisture content of the curd, the amount of 

s a lt  and the sa lt  p a rtic le  s iz e .

Conochie and Sutherland ( 1965) explained the previously  

observed elim ination of seaminess by wasizing the curd d irectly  a fter  

ïïdHing and before sa ltin g  as proposed by Czulalc ( 1963) and CziUalc, 

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 

e ffe c t  on the surface layer due to the application of sa lt  and a lso  

would increase the sa lt  d iffu sion  (Conochie and Sutl'ierland, 1965)#

The presence of calcium othopho.sphate in  many v a r ie tie s  of 

cheese; Roguefort, &d.ss, Til 1s t  and Trapist was f i r s t  reported by 

Bwiatelc and Jawroski (1959)* In Cheddar cheese, Conochie and 

Sutherland ( 1965) and Breaker, Hobbs and Turvey (1975) reported i t s  

presence in  both seams and in  the rest of the cheese,

in  1964 u further occurrence of seaminess in  Cheddar cheese 

produced in  the United States of America was reported by Czulalc, 

Conochie and Hammond ( 1964) .  These workers suggested that seaminess 

could be eliminated by increasing the amount of water used for  

sprayi,ng to about 2 .5  ga l (11 #4 l )  per 100 lb  (45*36 kg) of curd. The 

cheese obtained after  th is  treatment was found to  have a moisture 

content of 36 to  37 per cent compared to  34 to 35 per cent when no



26

washing was used* The s a lt  content in  the f in a l product was lower,

1 ,4  psr cent compared to  1.8 per cent in  unwashed curd,

McDowall and Dolby (1935) reported that the concentration 

of both Ca and P were increased in  the whey from 0,060 per cent CaO, 

and 0*131 per cent P̂ Ô  measured at 85 nd.n a fter  cutting the curd at

an acid ity  of 0,165 per cent la c t ic  acid to 0*325 per cent GaO and

0*267 per cent P^O ,̂ at 225 5dLn a fter  cutting at an ac id ity  of 0,61 

per cent la c t ic  acid . The le v e l  of both were increased a fter  335 min 

from the cutting of the curd at an ac id ity  of 0*91 per cent la c t ic  

acid to  0,525 per cent GaO and 0*381 per cent P^O .̂ Conochie and 

Sutherland (1965) reported an increase in  the amount of both calciujn 

and phosphate ions with the increase of the whey a c id ity . These

findings were in  agreement with the ea r lier  resu lts  obtained by

McDowall and Dolby (1935). According to Conochie and Sutherland 

( 1965) more phosphate was released in  the whey of sa lted  cui'd compared 

to that released in  the whey of unsalted curd* They a lso  reported 

that, the lower the pH of the curd, the greater i s  the amount of 

phosphate released, and suggested that seaminess can be reduced by 

app].ying the s a lt  (sodium chloride) at as low a pH as possible*

In 1966 a teem of workers of tlie United States Department 

of Agriculture (Holsinger and Pallansch, 1966) reported that seams 

were mainly composed of a chemical of calcium phosphate nature, 

together with fa t ,  whey protein and s lig h tly  elevated le v e ls  of 

chloride* The l ig h t  colour of the seams was related to the possib le  

s h if t  in  the dye due to the change in  the so lu b ility  of the chemical, 

compared with the pH s h if t ,  Tliey related the occurrence of the seams 

in  the Cheddar cheese to in su ff ic ie n t  washing of the curd.
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In a recent study in to  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 oelciuin 

phosphate nature throughout the entire cheese body* From the location  

of these inclu sions, in  the between the fa t  and casein phases

of the cheese, they concluded that these cry sta llised  from pockets of 

residual whey.

In Scotland mechanised systems have been introduced emd are 

at present in  operation in  d ifferen t fa c to r ie s . An increased 

incidence of the occurrence of seaminess in  the Scottish  cheese was 

noticed by Crawford (1973). He has drm m  the attention  of the Cheddar 

cheese industry towards the occui'renoe of th is  v is ib le  defect in  

Scottish  Cheddar cheese.



SCOPE OF WORK

For many years the atten tion  of a number of research 

workers in  the dairy industry has been focussed on the development of 

new methods and equipment for the manufactui'e of Cheddar cheese by 

shorter semi-continuous mechanised methods. New machines liave been 

developed, produced commercially, and in sta lled  in  a nuiiber of cheese 

fa c to r ie s  in  d ifferen t parts of the world. At present time most of 

the Cheddar cheeses sold in  the world markets i s  made by using 

shortened methods and new mechanised procedures by means of d ifferen t  

machines and equipment. Tlie introduction of mechanised equipment in  

the United Kingdom has been particu].arly noticeable in  the period 1973 

" 1975 (Crawford, 1976), Commercial experience showed that in  some 

parts of the world good quality cheese can be made by these maohdi.nes, 

but some i s  of poorer quality* The defect Imown as ’ seaminess’ has 

been associated vtlth the use of mechanised equipment and methods. In 

the U.S.A. a high incidence of seaminess was reported iu  Cheddar 

cheese made by the B ell-S iro  "CheeseMaker 3" (Czulalc, 1963), I t  was 

also  noted tliat such defect were reported in  some of the cheese made 

in  Australia (Czulak, 1963), and Scotland (Crawford, 1973).

Cheddar cheese i s  the most extensively  made variety  of f u l l  

fa t  hard cheese in  the United Kingdom (Federation of U.K. laHc 

Marketing Boards, 1975) and i s  valued for i t s  smooth close texture, 

firm body, w ell developed f].avour and long keeping q u ality , Seaminess 

can be commercially sig n ifica n t defect in  Cheddar cheese in  certain  

markets. Seamy cheese tends to break e a s ily  along the
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p a rtic le  jim ctions, and in  severe cases of seaminess, the cheese may 

f a l l  apart. In practice such cheese i s  d if f ic u lt  to  cut and th is  may 

cause a decrease in  the market val.ue,

Seaminess was described by Conochie ( 1966) as "the condition  

in  which the outline of the m illed curd p a r tic le s  i s  s t i l l  evident in  

the cheese some weeks a fter  manufacture. In severe cases the cheese 

may f a l l  apart on cutting, due to  the poor fusion between the curd 

p artic les" .

In recent years few workers have studied the nature of th is  

defect in  Cheddar cheese, to  fin d  prcper remedies for  such a d e fec t. 

Many explanations have been given by d ifferent research workers to  

explain how the defect occurrs, and a lso  the factors t in t  cause 

seaminess. Remedies were a lso  introduced to overcome the defect in  

Cheddar cheese made by continuous mechanised methods. One such remedy 

was to  wash the curd prior to  salting* These remedies were not 

completely acceptable in  commercial practice in  Scotland, E ffective  

remedies which can be e a s ily  used during the mechanised system of 

cheese manufacture are required to overcome seaminess in  Cheddar 

cheese, This work i s  intended to study the factors that cause 

seaminess and to find  commercially acceptable remedies.

Chapter 1 of th is  work describes the material and methods 

used for the chemical analysis of seams, cheese, whey, milk, starters  

and rheologD.cal measurement of cheese. Included i s  a description of 

the d ifferen t methods of cheesemaking used in  the production of 

Cheddar cheese throughout the study, together with a description of 

the procedures used by a scoring panel.

Chapter 2 i s  concerned with the study of d ifferent
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characteristics of seams e .g .  appearance, s ize , d istr ibu tion , 

formation, and chemical composition. Included i s  an in vestigation  in ­

to  the e ffe c t  of the curing time of Clieddar on the formation of 

seaminess.

Chapter III  reports on investigation s carried out in to  the 

e ffe c t  of d ifferen t factors reléiting to the sa lting  process on the 

development of seaminess:- amount of added sa lt , sa lt  p artic le  s ize , 

the acid ity  of curd at the time of sa lt  addition, ac id ity  of curd 

produced by d ifferen t strains of starters at the time of sa lt  

e ld itio n , presence of additives d.n commercial sa lt , the e ffe c t  of 

temperature of the curd at the t:Lme of sa lt  addition, and mellowing 

tim e. Some of those studies were extended to commercial application .

Chapter IV describes the e ffe c t  of the factors related to the 

process of iidl-ling the curd during the production of Cheddar cheese on 

the deve3.opment of seaminess in  p a r tic ila r  the size of the m illed curd, 

the type of m ill, the condition of the cutting' edge, the moisture 

content of the curd, and the time between m illing and sa lt  addition. 

Most of these investigation s were extended to commercial application .

Chapter V of th is  th e s is  describes the investigation  carried  

out to  study the e ffe c t  of factors related to the hoop f ill ir jg  and 

pressing stage on the seaminess in  Cheddar cheese i . e .  the t5jne from 

hoop f i l l in g  to final, pressing, the use of d ifferen t pressure in  

pressing, and the temperature of the curd during pressing. I t  also  

includes a study of heat lo ss  from cheese curd during the time of 

pressing,

Cliapter VI describes the work carried out to study the e ffe c t  

of the le v e l of both calcitmn and phosphate present in  the milk wMch
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i s  used for production of Cheddar cheese on the seajniness in  the f in a l  

clieese. Also reported i s  the work on the e ffe c t  of the presence of 

calcium orthophosphate in  curd p artic le  junctions on the degree of 

seaminess induced.

Chapter 7 describes the procedure and the findi.ngs of a 

study wliich was carried out to  assess the occurrence of seaminess in  

commercial. Cheddar cheese produced by f iv e  main fa cto r ies  during a 

period of 6 months in  1975*

Cliapter 8 describes a study of consumer reaction to the 

presence of seaminess in  commercial Cheddar cheese sold in  the shoji 

of the Department of Dairy Teclinology, at the West of Scotland 

Agricultural College, Ayr,



CHAPTER 1

MATERIALS AM) METHODS
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SECTION 1, m  DETERMINATION OF 'TNE CHEMICAL COÎ̂ IPOSITION OF SEAMS

1 • Determination of sodium cîfLorido

In the year 187S, VoUiard introduced h is  method for sa lt  

detei'mination in  cheese, and the f i r s t  cheese analysis was reported 

hy Sartori in  1890 (Sai-’to r i ,  I890) ,  Hiis method has been subjected 

to  very extensive studies, resu ltin g  in  many modified methods» in  

1932 Da,vies (Davies, 1932) introduced a modified method which depends 

on tlie d igestion  of cheese sample with s ilv er  n itra te , water, and 

n itr ic  acid* Later Vhlster, Price, Morris, Goss and Sanders (193?) 

introduced another m odification of the Volhai'-d method. This 

m odification was adopted by the American Dairy Science A ssociation,

In th is  method, the sangle was digested in  0,171 N s ilv er  n itra te , 

water, n itr ic  acid, and potassium permanganate, using fe r ic  ammonium 

sulphate as an ind icator. The excess of s ilv er  n itra te  was measured 

by t itr a tio n  with 0,171 N potassium or aimonium sulphocyanate. I t  was 

suggested for the determination of sa lt  in  new and old cheese such as 

Cheddar, Blue Vein, Camembert, Limburger, and Cottage cheese, and 

la te r  was extended for use with Brick, Bel Paese, Neuf chat e l ,  Cream 

and other v a r ie t ie s , Marquardt (l93S) reported obtaining re lia b le  

resu lts  when using th is  method for determining the sa lt  content of 

cheese.

Work has been further directed towards the finding of easy 

and quick methods of sa lt  determination, Arbuckle (194^) indicated  

that by using mercuric n itra te  a t itr a t io n  method could be 

successfu lly  adopted for the determination in  young cheese, Breene
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and Price ( 196O) showed tlmt üie dd.rect t itr a tio n  of G1 ion with 

using K̂ CrÔ  as ind icator, could be used sa tis fa c to r ily  on 

cheese ranging in  age from 1 day to  17 months by substituting  

ddchloi'’ofluoresoein (DCF) for the potassium dichromate.

In i 960, Herrington and Klyen ( 1960) used a s ilv er  electrode  

to  measure cliloride in  miHc d irec tly  using a potentiometer. Fox 

( 1963) used th is  method to determine the sa lt  content of cheese,

Dixon ( 1965) reported that sa tisfac tory  agreement between the Volhard 

method and the measurement by the potentiometer had been achj.eved.

The International Dairy Federation produced a standard 

method for the determination of sodium chloride in  all. cheese 

v a r ie tie s  (.FXL -  IDF 17, 1961 ) ,  The method depended on the measure­

ment of sodium chloride liberated  a fter  the destruction of the organic 

matter by means of potassium permanganate and n itr ic  acid , TI10 

quantity of sodium chloride present in  the sample was determined by 

ind irect measurement of the amount of 0.1N s ilv er  n itrate required to  

react with sodium chloride, using ammonium thiocyanate.

In 1952, the B r itish  Standard In stitu tion  published a method 

wMch has been used extensively  in  Britain for the sa lt  deteriTiination 

in  cheese (BS 770, 1952), Later in  1963 th is  method was revised and 

another standard method was published (B ritish  Standard In stitu tion , 

1963)* This method required addition of nitrobenzene. Davies (1973) 

indicated that omitting the addition of th is  hazardous chemical did 

not e ffe c t  the resu lts  obtained.

Method used* After reviewing the alternative procedures, the 

author chose the B ritish  Standard Method (1963), with the m odification  

that the use of nitrobenzene was ondtted and the amounts of other
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ohemicals used were proportional to  the size of the sample used in  the 

determination. The follow ing procedure was used for the determination 

of sodium chloride in  the seams î-

Sinoe the amount of m aterial available from seams was 

lim ited  130 -  150 mg of saiiçiles from the seams and from parts away 

from seams were weighed in  50 niL conical f la sk s , before the addition  

of 1 ml of d is t i l le d  water, 3 ml 0.05 N s ilv er  n itra te , and 1 n l 

concentrated n itr ic  acid . The fla sk s  were placed on a hot p la te , and 

when the contents liad boiled u n t il  a clear lemon colour was reached, 

about 0.03 g urea was added, the f la sk s  were shale en and l e f t  to  coo l. 

Thereafter 0 .5  mO. of d is t i l le d  water and 0.2 ml of alum indicator was 

added. F inally  the samples were t itra ted  with KCNS solution  of known 

strength u n t il  the end point was reached. The sa lt  content of samples 

was then calcu lated .

2 . Fat determination in  seams

The modified Gerber method (B ritish  Standard In stitu tio n  696, 

1938) i s  frequently used for  the determination of fa t  in  hard cheeses. 

The method requires the use of 3 g of sample. Another simplified, 

m odification 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 i s  used as oxidising agent, and the fa t  i s  

dissolved in  amyl alcohol, forming a d istin ctiv e  column, which can be 

read d irectly  as fa t  percentage in  sp ecia l Gerber tubes. The Rose -  

G ottlieb method (B ritish  Standard In stitu tio n  1741 j 1963) employs 

ammonia to d isso lve the sample, using a special extraction cylinder.
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Tlie fa t  i s  extracted from the sample by using ethanol, ether and 

petroleum sp ii' i t . The weight of the extracted fa t  i s  determined and 

the fa t  percentage in  the sample can be calculated . Elsdon and 

Wallcer (1942) indicated that the method of Rose -  G ottlieb i s  

preferred because the fa t  i s  not submitted to any drastic treatment 

with acid or by heating.

In 1959 the International Dairy Federation produced th e ir  

method (FHi -  IDF 5, 1959) based on Schmid -  Bondzynski -  B atzlaff 

method in  which hydrochloric acid i s  used. In 1963 the B ritish  

Standard In stitu tio n  (BS 770, 1963) produced th e ir  method which was 

in  general agreement with the above method. In 1968, the B ritish  

Standard In stitu tio n  (BS 1743, 1968) described a method for the 

determination of fa t  in  dried-milk in  which ammonia solution i s  used. 

The method i s  based on the extraction of the fa t  present by means of  

ethanol, d iethyl ether and petroleum s p ir it .  Since the samples used 

for analysis were in  the form of dried cheese, the followl.ng procedure 

was carried out

Into a dried Mojonnier extraction fla sk  of known weight, 100 

to  200 mg of the sample were added, and the weight of the sample 

determined. To the fla sk  was added 10 ml of d is t i l le d  water, end 2 ml 

of 880 ammonia. The sen ile  was dissolved by keeping the fladc under 

hot water, then allowed to co o l. Fat extraction was carried out by 

the addition of 10 ml of ethanol, followed hy shalcing of the open 

f la sk . 15 ml of diethyl ether were added, the apparatus was stoppered, 

sha2ten for 30 s . The stopper was removed, 15 ml of petroleum sp ir it  

was added with rinsing of the neck, closing, shaking for about 30 s .  

The extraction flask  was then l e f t  to stand u n til  separation of the
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layers had taken place (at le a s t  30 ndn). The supernatent layer was 

carefu lly  transferred by décantation to a 100 ml f  la  sic.

IVo further extractions were carried out as described above. 

In each extraction, the supernatent layer was added to the same flaslc. 

The f la  sic was then placed in  the vacuum oven maintained at 

BÔ C to evaporate the solvent, then placed in  an oven at 100^0 for one 

liour, then l e f t  to  cool in  a desicator and was weighed. The fla sk  was 

then washed three times with 5 to  10 ml of petroleum ether and was 

again placed in  the oven at lOÔ G for another 30 min. The fla sk  was 

placed again in  the desicator to  cool, and f in a lly  was re-weighed,

A blank determine.tion was carried out on 10 ml of d is t i l le d  

water follow ing the same procedure.

The fa t  percentage in  the sample was then calcu].ated 

applying the following formula

Difference in  weight Difference in  weight 

Fat percentage of the fla sk  (mg) -  of blahlc (mg)
=                X 100

in  the saiîç>le
Weight of the cheese sample (mg)

3 . Tlie determination of protein in  the seam

Protein in  cheese i s  generally determined by the Kjeldahl 

method (Ling, 1956). In th is  study a modified procedure of the micro 

Kjeldahl method (A.O.A.C., 1965) was used.

The determination was carried out as fo llow s
■f’''

About 60 to  80 mg of sample was placed in  a 50 ml Kjeldah3. 

f  la  ale of known weight, and the weight of the sample was determined.

A blank was taken and was treated ,In  a sim ilar way to the sample. To
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each fla sk , 3 lal concentrated snlplmric acid and two ta b le ts  of a 

cata lyst ( containing 1 g sodiirm sulphate and 0.1 g of copper sulphate) 

were added, The fla sk s were heated on a gas flame for  about one hour 

u n til  the contents were completely digested and had become c lear . The 

fla sk s  were l e f t  to cool for 10 min. The neck of the f  la  sics were then 

washed with d is t i l le d  water, placed again on the flame for another 30 

min u n til the d igestion  was completed. The kjeldahl fla sk  was 

connected to the d is t i l la t io n  apparatus, A receiving fla sk  (lOO ml) 

containing 25 ml of W 50  HCl and two drops of indicator (methyl red - 

methylene blue) was placed at the end of the d is t i l la t io n  apparatus.

To the d igest 10 ml of sodium hydroxide/sodium tliiosulphate solution  

was added, A stream of a ir  was passed tlrrough the apparatus during 

the d is t i l la t io n . The fla sk  was heated for about 8 min. The 

d is t i l la te  sample was then t itra ted  v/ith N/50  solution of sodium 

h3,^droxide u n t il  a l ig h t  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

(percentage )
Weight of sample (mg) x 50

4 . Measurement of pH in  seams

The measurement of hydrogen ion concentration (pH) lias been 

used as a method of determining a c id ity  in  cheese, and i t s  importance 

has been w ell recognised by the dairy industry. Samiss and Santsclii 

( 1924) used 0. electrom etric method to measure the pH in  cheese.
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Later in  1927, Watson (1927) used quiiihydrone electrodes for such 

measurement *

Suffic ien t d is t i l le d  water was added to  the dieese sample 

to form a paste in  order to  achieve better contact with the 

electrodes. The amount of water added had great e ffe c t  on the reading 

obtained (Brown and Price, 1934)* The same researcher found that, the 

application of pH measurement in  the cheese making was usefu l for  

controlling the manufacturing operation. In 1963 the B ritish  

Standard In stitu tion  issued a standard method with no reference to the 

amount of d is t i l le d  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 tliat the most re lia b le  pH reading 

could be obtained when equal weights of water and sample were used.

The above principle was used in  th is  determination,

The measurement of the pH of a l l  sajnples of material from 

seams and other parts of tlie cheese fo llow s;-

100 mg of the sauries were placed in  a special small beaker 

and 0,1 ml of d is t i l le d  water was added, Tlie cheese and the water 

were mixed together to form a paste , pH readlîigs were obtained using 

PYE 290 pH Meter f i t t e d  with a u n its combination g la ss electrode  

(Activion Glass Ltd., Scotland), Before measui'ement, the equipment 

was adjusted using buffers of known pH taking in to  consideration the 

temperature of the sample. Readings were made in  duplicate,

5 , Determination of Lactic acid/Lactates in  seams

The International Dairy Federation (FIL -  IDF 69, 1972)
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describes a method for the determination of la c t ic  ac id /iacta te  in  

dried milk. In th is  method, fa t ,  protein, and lactose  are 

simultané on s ly  removed from the sample by the addition of copper 

sulphate and calcium hydroxide followed by f i l t r a t io n . The la c t ic  

acid i s  converted to acetaldehyde by concentrated sulphuric acid in  

the presence of copper sulphate. The acetaldelyde i s  then measured 

colorim etrically  using p -  hydi-oxydiphenyl,

The IDF method referred to  above was selected  and carried  

out as fo llow s

Between 30 and 4-0 mg of the saiiples were placed in  a tared  

50 ml volumetric fla sk  which was reweighed to determine the actual 

weight of the sample. To the f la sk , 35 of d is t i l le d  water was 

added, and 3 h were allowed for  the la cta te  to d isso lv e . 5 ml of 

copper sulphate were then added, w hilst mixing and then the fla sk  was 

l e f t  to stand for 10 min. b h ile  fslialcing, 5 ml of calcium hydi’oxide 

suspension were added slowly and l e f t  for 10 min, Tlie content of the 

fla sk  was made up to 50 ml with d is t i l le d  water, mixed w ell and 

f i lte r e d , discarding the f i r s t  few ml of the f i l t r a t e .  From the 

f i l t r a t e ,  1 r.l was p ipetted  in to  a t e s t  tube. 6 ml of the sulphuric 

acid “ copper sulphate so lu tion  were added and mixed. After the tube 

and contents liad been heated in  boiling water for 5 min, and cooled to  

ambient tenperature in  running water, tv/o drops of p -  hydroxydiphenyl 

reagent were added, and the tube was slialcen vigorously, Tie tube 

was placed in  a water bath at 30^0 for 15 min, shaken from time to  

time, and then placed in  a b o iling  water bath for 19 s . The tube was 

then cooled to ambient temperature by running water. The op tica l 

density was measured against a blank which had been treated in  the
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same way as the sample, at a wave length of 520 nm using a I^e- 

Unicam Sp 1800 spectrophotometer,

A standard curve was prepared by taking d ifferent amounts of 

lithium  la c ta te  in  50 ml of d is t i l le d  water. Tlie se samples were 

treated in  the same way as the cheese samples. The optica l density  

was measured in  the same spectrophotometer and the readings obtained 

plotted  to  prepare a standard cui've which i s  present in  Figure 2 ,

6 , Determination of ash

The B ritish  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 

follow s

To a dried crucible, of known weight, 100 rag to 110 mg 

sanple were placed end a l l  was reweighed, and the actual weight of the 

sample was then determined. The crucible was then placed in  the 

muffle furnace at a tenperature of 540^0 to 550^0 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 fo llow ing;-

weight of ash (mg)
Percentage ash = ________ _ x 100

orig in a l weight 
of sample (rag)

7# Determination of phosphate in  seams

Various methods are in  use for the determ nation of
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phosphorus in  food* Phosphorus i s  ineasm'od voluiaetrical]_y by 

précip ita tion  and then t itr a t io n  of the excess standard adhali 

solution  with standard acid (Pearson, 1962). Wilson ( l9 5 l)  used the 

princip le of precip itation  of the phosphate as quinoldjie 

phosphomolybdate, followed by addition of excess a lk a li and then back 

titra tion *

Colorimetric method for the determination i s  a lso  used. In 

many of these methods ammonium molybdate i s  added to tlie solution and 

by means of the addition of a reducing agent, a colour i s  formed and 

measured. The resu lts  are then compared to sp ec ific  standards, to 

determine the phosphorus present,

Allen ( 1940) described a method based on the conversion of 

a l l  phosphate present in  the sample to inorganic orthophospimte. This 

i s  carried out by d igesting the sample with sulphuric acid, and 

hydrogen peroxide* The addition of ammonium molybdate forms a 

phosphomolybdate complex, Vdien amidol i s  added, a blue pigment i s  

formed and i s  then measured* The resu lts  are compared to measurements 

made with sp ec ific  standards and the amount of phosphate are 

estab lished .

The International Dairy Federation introduced their  methods 

(FIL -  IDF 33, 1966 and FIL » IDF 33 A, 1971 ) for the measurement of 

the phosphorus content in  cheese* 'Jh these methods the same princip le  

of sample d igestion  with sulphuric acid and hydrogen peroxide i s  used. 

Sodium molybdate and hydrozin sulphate are then added.

The phosphate in  the samples was determined according to the 

method described by Al].en (1940)«> The determination was conducted as 

the fo llow ing:-
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Into a Kjeldahl fla sk  of knovm weight, 100 mg of the cheese

samp3.e was placed and the exact weight of the sample determined. To

the flaslc was added 1,2 ml of concentrated sulphuilc acid and two 

g la ss  beads before being warmed u n til  the contents became dark broim.. 

T\-jo drops of hydrogen peroxide were then added and the d igestion  

continued u n til  the contents became clear and fuming. The neck of 

the fla sk  was washed with a small volume of d is t i l le d  water, and was 

heated to fuming. VJhen the fla sk  was cooled, 21,65 ml of d is t i l le d  

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 optica l

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 foil.owing concentration: 0,100 mg, 

0.150 mg, 0.200 mg, 0,250 mg phosphate were prepared using KĤ  PÔ  

solu tion  containing a known phosphate concentration. A ll these were 

treated in  the same way as the t e s t  samples. The o p tica l density was 

measured. The standaj'd curve was prepared and i s  presented in  Figure

8 , Determination of calcium in  seams

The b rief survey of litera tu re  indicates that calcium can be 

determined by p recip ita tion  as calcium oxalate followed by t itr a t io n  

with permanganate solu tion  (Ling, 1956). The use of the method i s  

lim ited  because of the long time required, and the interference that
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resul-ts from the presence of phosphate in  the samples, In order to  

prevent th is  DJiterference Pearson (l970) advised the use of acetic  

acid prior to the addition of ammonium oxalate. This princip le was 

adopted by the British. Standards In stitu tion  ( 1966) in  i t s  method (BS 

2472 ) for the deteriTiination of-calcium in  ic e  cream, and was a lso  

adopted by the International Dairy Federation (FH -  IDF 36, 1966) for  

the determination of calcium in  milk.

Another method used to  determine ca3.cium in  cheese involves 

the use of Ethylenediamine te tra  acetic  acid (EDTA) as a t itra n t in  

the presence of an indicator sen sitiv e  to calcium ion s.

Hilderbrand and R e illy  (1957) reported the use of ’Calcon' 

as an indicator in  the determination. Kamal ( 196O) reported that 

’Calcein’ gave satisfactory  r e su lts . Yalman, Bruegmann, BaJ.cer and 

Garn (1959) attributed the d i f f ic u lt ie s  in  achieving sa tisfactory  

resu lts  to  the properties of calcium orthophosphate* Sa\^yer and 

Hayes ( 1961) reported tliat the addition of excess ED TA and back 

t itr a tio n  with standard calcium solution  using ’Calcon’ as an 

indicator gave satisfactory  r e su lts , and the presence of phosphorus 

did not appear to liave an e ffe c t  on the end point of the t itr a t io n .

These c la s s ic a l methods have been used for samples wliich 

contain large quantities of cal.cium. In order to determine small 

quantities and in  a shorter time, two methods are commonly used e .g .  

flame photometry (fD.arae emission) and atomic absorption (Aui'and and 

Woods, 1973). Have and Mulder (1956) reported that when flame 

photometry was used, good agreement was obtained with standard 

chemical techniques in  determining the calcium content in  both milk 

and cheese.
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A flame emission spectrophotomebrie technique was chosen by 

the author for use in  the determination of calcium in  cheese samples 

and was carried out as follow s

A portion of 100 to  150 mg was taken from the dried cheese 

samples and were ashed following the procedure described on page 4 0 » 

From 3oB to 0 .7  mg amounts of the ash were dissolved in  2 .5  n l of 6 M 

HCl in  a f la sk . Tlie contents of the fla sk  were heated on a steam bath 

then evaporated to  dryness, redissolved in  5 n l of 6 M HCl 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 d is t i l le d  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 Fye-Unicam Sp 900 instrument.

9o Electrophoresis

Electrophoresis i s  a method that u t i l iz e s  charge d ifferences  

for  the separation and pu rifica tion  of protein (Haschemyer and 

Hascherayer, 1973). One of the e a r lie s t  support media for  zone

electrophoresis was f i l t e r  paper (Block, Durrum and Zweig, 195^).

Aschaffenbui'g and Drewry (l955) used paper electrophoresis of whey 

protein fra c tio n s. Smithies (1955) described a method of zone 

electrophoresis on starch g e l .  B ell (1962) introduced a procedure 

for  the detection of whey p rotein s. Pederson (1963) applied the method 

of acrylanide g e l electrophoresis to the separation of whey protein  

using the same buffer employed by B e ll (1962), Raymonds ( 1964)



45

described a simple technique for eirp3.oyd.ng a continuous birCfer system 

in  polyacrylamide g e ls . Both methods, starch ge l and ployaciylamide 

g e l were used in  the study of whey proteins and good resu lts  were 

obtained (McKenzie, 1971) but the starch gel has been superseded by a 

great extent by polyacrylamide g e l zone electrophoresis of protein . 

Polyacrylamide g e l electrophoresis i s  used su ccessfu lly  in  

the id en tifica tio n  of whey protein . This method was used in  the 

id en tifica tio n  and the coTiparison of the type of the protein present 

in  d ifferent samples. The follow ing procedure was used:*»

Two samples from the seams, and another two samples of non 

seam areas of cheese, and one of skim milli: were talcen. 100 mg of each 

sample was taken and each was placed in  separate f la sk s , 0,1 md. 

d is t i l le d  w^ater, and 3 m]_ g e l buffer were added and were mixed w ell, 

centrifuged for  10 min at 2500 rpm. The samples prepared in  th is  way 

were used in  the test*

Cyanogum 41 (12 g) was dissolved in  150 ml t r i s - c itrate  

b u ffer . Ammonium persulpliate (0,15 g) was added and the flask  shaken 

u n til  the crysta ls d is so lv e d .y ^  dimethyl-am.1uo-propiom.trate (0,15  

ml) wTiS added, the solution was mixed and dearated and then poured in  

to  a Perspex mould (180 mm x 1lO inmx 5 mm), covered with a Perspex 

l id  carrying f iv e  s lo t  formers, and l e f t  u n til polymerisation was 

completed. The prepared samples were then placed in  the s lo ts  and 

covered with wax.

The mould, with the s lo ts  nearest tn cathode, was planed in  

the electrophoresis tanlc which contained buffer solution  made of 

boric acid (l8*5 g / l )  and sodium hydroxide (2*0 g/^l) * Absorbent l in t
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was placed at the end to  make contact between the buffer and the gel* 

Polythene film  was used to cover the mould, Tlie electrophoresis was 

carried out at 4°C by applying constant voltage of 100 v o l t s .

VJhen the fraction  of the samples travelled  almost to the end 

of the mould, i t  was removed and was immersed overnight in  a solu tion  

of 0.1 per cent (w/v) amido blade 10 B (B.D.H.) in  10 per cent, acetic  

acid . De staining the dye was carried out by e^rtensive washing in  5 

per cent acetic  acid .

The g e l was then examined and vacuum sealed in  a c e llu lo se /  

polythene laAninate pouch, and photographed.
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SECTION 2 CHEMICAL AMLYSIS OF MILK, STARTER, WHEY, AM) CHEESE AM) 

RHEOLOGICAL mASUlHIMENTS

1 « Salt determination

The sa lt  content of cheese was determined using the 

foil.oiri.ng procedure:- 2 g of grated cheese was added to  a conical 

f la sk , together with 10 ml of d is t i l le d  water and 25 ml of 0.05 N 

s ilv e r  n itra te . 10 ml of concentrated n itr ic  acid was added, and the 

contents were gently boiled u n til the cui-d was digested and the colour 

became clear lemon. 0 .3  g of urea was added to the hot solution and 

allowed to cool. Then 2 ml indicator solution and 50 ml d is t i l le d  

water were added. The excess of the s ilv er  n itrate was then 

determined by t itr a t io n  with 0,05 N KCNS solution to an orange t in t  

end point that persisted  for 15 s .  In the same manner the ml KCNS 

needed for a blank in  which no cheese sample was added, was 

determined. The percentage of the sa lt  in  the sample was determined 

by finding the difference between the titra tio n s  of the blank and 

sample (B -  S), multiplying with the equivalent of 1 ml of KCNS in  

terms of NaCi. The percentage of sa lt  in  the cheese sample was then 

calculated. The average of two readings were taken and recorded. A ll 

the chemicals and indicators used were in  accordance with the B ritish  

Standard Method ( 1963) . Salt concentration in  the aqueous phase i s  

calculated according to the follow ing

percentage sa lt  in  aqueous percentage sa lt
= _________________________ X 100

phase in  cheese
percentage moisture
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2# - Moistiu'e

Approximately 3 g of the grated cheese sample was weighed 

accurately in  an aluminium f o i l  container (FoiD-palt 10335, supplied by 

E. E, Brodie Ltd., Glasgow) with a dzLameter of 3,25 in  (8.26 cm) and 

a depth of 0.75 in  (l.91  cm). The container and the sample were 

placed in  a fan ventilated  hot a ir  oven at 102^0. Final weight 

readings were taken, the weight of container and the sairple were 

constant, Tlie amount of moisture in  the sample was then calculated  

and the percentage of moistui'e in  tlie cheese was determined (BS 770, 

1963)0 The average of two readings was taken.

pH

Ten grams of the grated cheese sample were weighed and 

placed in  small p la s tic  container along with 10 ml of d is t i l le d  water. 

The cheese and water were mixed thoroughly by means of a Silverson  

mixer u n t il  a paste was obtained. The pH value were then determined 

by means of a PIS 290 pH meter -  using combination g la ss electrode 

(Activion Glass Ltd., Scotland), The average of two readings was 

recorded,

4® Content of carbon dioxide

Carbon dioxide lo s se s  from Clieddar cheese have been measured 

by Van Slyke and Hart ( 1903), A method for the determination of the 

carbon dioxide present in  a cheese sample was described by dark
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( 1912), and la te r  modified. More recently , Hiscox, Harrison and Wolf 

( 1941) i3i th e ir  study of the v o la t ile  acids in  cheese, used the

technd.que of aerating the sample with CÔ , free a ir  to  elim inate the

carbon dioxide that may be present in  the d is t i l la te  for  20 min, and 

the carbon dioxide was obtained as the di.fference 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 la te r  modified by

Swartling and W illart (1953) ® Tie modified method was based on the

use of a solution of sodium hydroxide to d issolve the cheese sample in  

sp ecia l container, followed by a c id ifica tio n  by sulphuric acid* The 

carbon dioxide driven away from the sample with CÔ  -  free  a ir , was 

absorbed in  a barium hydroxide so lu tion  held in  a sp ecia l absorption 

column (Pettenlcoffer tube ) ,  T itration of tïie barium hydroxide 

solu tion  with 0,1 N HCl solu tion  was then undertaicen to determine the 

carbon dioxide extracted from the cheese sample,

Robertson (1957) used fresh ly  boiled d is t i l le d  water (with 

no added sodium hydroxide) to  the cheese sample, and reported that 

better homogenisation of the sanple was obtained. This was la te r  

confirmed by Man (1959)® A sp ecia l blender was introduced by Man, 

who also  used f iv e  drops of propanol in  order to  improve the 

absorption of carbon dioxide by a 0 ,3  N solution of sodd.um hydroxide, 

Robertson ( 1962) replaced the Pettehkoffer t y ^  tube containing barium 

hydroxide for CÔ  absorption with a sintered bubbler containing 0,25  

N sodd.um hj^roxide.

The method described by Robertson ( 1962) was selected  for  

use in  the study for  the determination of carbon dioxide of cheese.
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The arrangement of equipment for  the determination i s  presented in  

Figure 4; snd the procedure was as follow s

With a long butter tr ie r , a sample of cheese was taken from 

a 40 lb  block. About 25 to  35 g o f the cheese was talcen from the 

middle of the core sanple and were placed d irectly  in  a tared blending

jar containing IOO ml of d is t i l le d  water* The container, with the

pipe connections aH  closed was reweighed, and tlie exact weight of the 

cheese sample determined. The jar was placed on specia l blender 

pipe, the connections were aH  connected to the apparatus, and the 

blender was operated at high speed for 35 s . To the absorption column 

was added, 20 ml of 0,25 N sodium hydroxide and 5 drops of propanol. 

The tubes were a l l  opened and COg -  free  nitrogen at 100 ml per min was 

passed through the cheese emulsion for 30 min maintaining the pressure

in  the blendi.ng jar by means of vacuum at the other end at an

atmospheric pressure of + 4 of water, measured by a manometer. The 

sodium hydroxide solution was then drained in  I50 ml receiving f la sk , 

washing the colunn with d is t i l le d  water. To the flaslc, 4 nû. of 1,5 H 

solution  of barium chloride and 1 m3, of 0 ,5  per cent (w/v) indicator  

were added. The remaining hydroxide was then titra ted  to a 

phenolphthalin end point with 0,1 N HG1 so lu tion . The content of 

carbon dioxide (nû/g cheese) was then calculated according to the 

follow ing

ml 0.1 N HCl ml 0,1 N HCl

COg (nü/g cheese) J  ^
weight of the cheese sajqjle (g)

5 . Measurement of cheese firmness
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JRheology can be defined as the study of the assessed  

deformation and flow of matter (Davis, 1965)* Cheddar cheese 

possesses many rheological ch aracteristics, such as e la s t ic ity ,  

p la s t ic ity  and springiness. The firmness of cheese i s  assessed by the 

cheese grader kneading the sample in  the hand, Subjective assessment 

of these characteristics i s  dependant on the grader’s experience.

Since around the mid tw enties, many workers had tr ied  to  assess many 

operations of the cheese making process by objective metliods using  

special instruments. The measurement of the curd firmness before 

cutting the curd has been a subject for study. Most of these deid-ces 

were based on the princip le of compressing the curd to cause 

deformation and to measure the recovery over a certain interval of 

time.

The Isodyne -  rheometer ( Scott B lair and Coppen, 1941) was 

used to  te s t  the fin ished  cheese, but the sample required for the te s t  

was large, and lim ited  i t s  use in  the industry (Coppen, 1943). Since 

then an improved instrument has been developed, A b a ll compressor to  

measure the firmness of the cheese was described by Caffyn ( 1945) *

This equipment was used with d ifferen t types of cheese including 

Giuyere, I t  had the advantage of being simple, did not cause damage 

to  the cheese surface or the in ter ior  when the te s t  was carried out 

(Mocquot , Scott B lair and Baron, 1947).

The b a ll in  the b a ll compressor acts in  a sim ilar way to  the 

grader’s thumb (Caffyn, 1945); and by using the te s t ,  the quality of 

the cheese can be determined (Baron, 1949). The firmness of cheese i s  

greatly  affected  by the amount of moisture in  the cheese.

When measuring the firmness, the cheese tested  should always
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be at the same temperature, a change of one degree Fahrenheit w il l  

cause a change of 1,5 B.C.T. u n its  (Wearmouth, 1952), Variations in  

firmness are due to  the s e n s it iv ity  of many meclianical properties of 

cheese to temperature (Wearmouth, 1953).

The b a ll compressor can assess the firmness of cheese 

accurately provided that the measurement i s  based on two readings on 

the top and another two on the base (Baron, 1949), Wearmouth ( 1955) 

reported that the accuracy could be increased i f  more readings were 

taken.

The b a ll compressor of Caffyn and Baron ( 1947) which i s  used 

in  the determination of firmness, works on the same princip le as of 

the B rin ell t e s t  used in  s te e l  industry. I t  operates on the basis  

of a ^here of s te e l being pressed under constant load into the cheese 

surface for 30 s .  I t s  penetration i s  measui^ed by a special gauge and 

i s  expressed as b a ll compressor to ta l  ’’B.C.T,”, On the removal of the 

load, the deformation caused during pressing i s  removed. The extent 

of the recovery of the depressed area during 30 s i s  recorded as the 

e la s t ic ity  and i s  measured by the difference between the two readings 

and expressed as percentage of the to ta l deformation (Baron and 

Harper, 1950), These reports on the Ball Compressor related  to  use of 

the instrument with trad ition a l bandaged cheese rather than r in d less  

chee s e ,

In the measurements undertaicen in  th is  study, the te s t  

cheese was placed on the tab le , the b a ll compressor was then placed  

on the f i r s t  side of 10 lb  (4*54 kg) block of rind less cheese. The 

d ia l of the gauge was set to zero. The load was put on and a readi.ng 

was taken a fter  30 s . The load was then removed for another 30 s and
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another reading was obtained. Following the same procedure, tiiree 

readings on the top and another tliree readings on the base of the 

cheese were obtained. A ll the readings obtained were corrected to  

a temperature of 60°F (l5.6°C ) adding one B.C.T. un it per degree 

fahrenheit (1 .8  B.T.C. per degree centigrade) when the temperature of 

the tested  cheese was below 60^F (l5 .6°C ), substracting the same when 

the temperature of the cheese was more ttian 60°F (15.6°C).

6 , Determination of fa t  in  milk

Throughout the study, the fa t  content of the milk used in

the cheese making experiments, was determined according to B.S, 696, 

part 2: 19&9 (B ritish  Standards In stitu tion , 1969) ,

7# Determination of so lid s-n ot“fa t  in  milk

The so lid s-n o t-fa t content of the milk used in  cheesemaking 

experiments was determined using the forimD.a given in  B.S, 734: 1959 

(B ritish  Standards In stitu tion , 1959).

8 . Measurement of t i t r a  table acid ity  of milk, starter and whey

The t itr a  table a c id ity  of milk, starter and the whey sampled 

during the process of cheese making was measured according to B.S,

1741 (B ritish  Standards In stitu tio n , 1963), using 1 ml of a 0 ,5  per 

cent (w/v) solution of phenolphthalein as indicator to obtain an 

accurate measurement (O’Connor, 1968),
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SECTION 3  S Y S M S  OF CHEESE MANUEACTimE. A D D IT IO N . SCORING THE

CHEESE AND ST A T IST IC A L  ANjIL Y S IS

A, Water heated vat -  experimental, small scale

F ifty  gallons of milk were pasteurised in  a small HTST 

pasteuriser at 161.5°F (72°C) for 15 s and cooled to 88°F (31°C) 

before being pumped to a water-heated vat* S ingle-stra in  starters of 

S tr , cremori s  were added at the rate of 2 per cent in  the proportion 

of fa s t  strain , and slow stra in . The starter was mixed thoroughly 

in to  the milk (where necessary cheese annatto colouring was added) and 

a 10 to  15 min ripening time was allowed. Rennet was added at the 

rate of 4  oz per 100 gal (113.7 ml per 4 5 4 l )  of milk and 

coagulation took place at 88°C (31°C), VJhen the coagulation was 

completed and the curd reached the required firmness, the curd was 

then manually cut with cheese kn ife blades, 0 ,5  in  (1.27 cm) s iz e .  . 

Scalding was followed by using hot water in  the jaclcet of the vat, 

heated by in jectio n  of steam. A temperature of 102°F (38.9°C) was 

reached a fter  1 h, while the curd was continuously stirred  u n til  30 to 

35 min before the removal o f the whey, when the curd was allowed to  

s e t t le •

VÛien the iitr a ta b le  a c id ity  of the whey reached 0,17 to  

0.19 per cent la c t ic  acid, the whey was removed, and the curd was 

p iled  on the side of the vat and was cut into  slab s. The curd was 

cheddared by the trad ition a l method of p ilin g  blocks of curd, u n t il  

the required acid ity  was reached.

Tlie curd was then fed  to  a e le c tr ic a lly  operated Damrow



55

m illing machine. Forty-four lb  (l9«96 kg) of m illed curd p ieces were 

placed in  small p la stic  bin 16 in  (40,6 cm) wide, 24 in  (70 cm) long, 

and 10 in  (25.4  cm) deep , Dry vacuum sa lt  was added at the rate of 

3 per cent (w/w) according to the method described on page 59, The 

sa lt  was thoroughly mixed with the curd and tlie sa lted  curd was then 

placed in  a conventional rectangular 4O lb  (16.14 kg) mould. Pressing 

took place in  10 in  (25,40 cm) Crockatt horizontal cheese press at an 

air  lin e  pressure of 80 p s i ( 5.63 Icgf̂ om̂ ) for I8 h . Thereafter the 

bloclc o f cheese was wrapped in  a double ply waxed cellu lose  laminate 

(Pulckafilm) and sealed in  a Crockatt beat sealing press before being 

placed in  a fibreboard case and stored at 50°F (lO^C), The system 

i s  presented in  Figure 5*

B. Cheddailng box system -  experimental -  large scale

The milk was heated at 161.5^F (72°C) for 15 s, in  a HTST 

pasteuriser. The milk was cooled in  the heat exchanger to 88^F (31,1^0) 

and added to a 500 ga l (2273 l )  steam heated va t. S ingle-stra in , or 

mixed-strain starters were then added to tlie mille, at the rate of 2 

per cent. After starter addition a ripening time of around 12 min was 

allowed. When coloured Cheddar cheese was required, cheese colour 

"Annatto" was added at the rate of 4 cz (113,65 ml) per 100 ga l 

(454*6 1 ) of milk, and thoroughly mixed with the m ile. Rennet was 

added to  the vat at the rate of 4  oz (113.65 ml.) per 100 gal (454,6 l )  

of milk, mixed w ell with the mechanical agitator for about 5 min and 

then the contents of the vat were l e f t  undisturbed foi' coagulation to  

take p lace.



FIGURE 5

The arrangement of enui'nment used for cheese manufacturing
system

&;iall water heated vat

I
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Wlien the coagulum reached the required firmness, the curd 

was cut by operating the mechanical knives u n til  the required size  

of curd p a rtic le  was obtained. Scalding the curd was carried out ty  

in jectin g  steam into the jacket of the vat while the stirrin g  of the 

curd was continued, to  reach a temperature of lOI^F to  102^F (38.3 to  

38o9^0) in  one hour* Stirring the curd was continued u n til  the

removal of the whey from the v a t.

When the required a c id ity  le v e l  was reached, the curds and 

the whey were pumped by means of an Alfa Laval LM1 cheese curd pump 

to  f a n  on a vibrating screen, where separation of the whey from the  

curd was accomplished, Ihe curd was then allowed to f a l l  into a 

standard New Zealnnd cheddaring box measuidng 4 f t  ( ‘121.9 cm) long,

5 f t  ( 152*4 om) deep, and 1 f t  ( 3O.48 cm) wide and made of s ta in le ss  

s te e l (King and McGillii/ray, I962)*

Cheddaring was carried out in  the cheddaring box, by 

turning the box through 90*̂  at in terva ls of 15 min. When the a c id ity  

reached the required le v e l, the single large curd block was taken out 

of the box and was cut by hand in to  small slabs, thereafter m illed in

a Damrow type ndlling machine and divided in to  44 lb  (19*96 kg) lo t s

of cui'd as required in  each experiment* 'The curd was then treated as 

required by the particular experiment*

The flow diagram of the system i s  presented in  Figure 6 .

C Cheddaring 'tower* system -  conmercial

In a commercial Cheddar cheese factory handling a 50,000 

gal (227, 300.0 1 ) of milk per day, employing the *CheddarMaster Tower*
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system for cheese manufacture (Bysouth e t  a l, 1968), mille was 

pasteurised at 161.5^F (72°C) for 15 s and pumped to 10 Alfa Laval 

GST vats each of 2600 gal (11,819.6 l )  capacity. Mixed-strain 

starters were metered and pumped with the milk to the vats, at the 

rate of 2 per cent (w /v), Annatto was added to each vat at the rate 

of 4 02 ( 113.65 ml) per 100 gad. (454*6 l )  of milk. The completion of 

pumping the mille and the starter  to the vat required about 15 to 20 

min. This time was regarded as the ripening time. Rennet was added 

at the rate of 4 oz ( 113.65 ml) per 100 gal (454*6 l )  of milk and was 

l e f t  to set at a temperature of 88^F (31.1^C), When the coagul.um was 

su ff ic ie n tly  firm, the curd was cut to the required size  by operating 

the mechanical knives. The curd was then scalded in  one hour to 102°F 

(38.9°C).

The whey and curd were pumped to f a l l  on the inclined  

dewheying conveyor on which the curd was moved upwards while stirr in g  

was provided by peg stir re rs , to achieve proper whey separation. At 

the end of th is  conveyor, the curd was fed to an a ir  blower un it, which 

conveyed the curd to the top of the cheddaring tower.

The curd was held in  the tower for 1.5 h, to reach tlie 

required acid ity  and develop the required texture and fusion .

Cheddared curd was then delivered from the bottom of the tower in  

large blocks into  a Berry m ill from the tower and m illing was 

automatic and continuous once begun.

The milled curd was then carried on a conveyor to the 

CheeseMaker 3 un it where the curd was salted , mixed and automatically  

placed in rectangular mould. After pre-pressing, the f i l l e d  moulds 

of curd were allowed to rest without pressure for between 25 to  30 min.
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The moulds were then placed in  an a ir  operated (lO in  (25*4 cm 

cylinder) horizontal cheese press with an a ir  supply of 80 p s i (5.63  

lcg$4îm )̂, and pressed overnight ( 18 h ). The cheese blocks were then 

vacuum sealed in  a nylon ce llu lo se  laminate and placed in  curing room 

at 50°F (10°C).

Figure 7, shows the flow diagram of the cheese manufacturing 

steps in  th is  system.

D. Traditional cheddaring and CheeseMaker 3 system -  commercial

In a p a r tia lly  mechanised commercial Cheddar cheese factory  

in  Scotland, the mill̂ : was heat treated at 161.5^F (72°C) for 15 s in  

an HTST pasteuriser and punped to  s ix  open vats, each of 2600 gal 

( 11, 819.6 1 ) capacity. S in g le-stra in  starters were metered and pumped 

to the vats a t the rate of 2 per cent (v /v ), with proportions of 2 /5  fa s t  

strain , and 3/5 slow stra in . When coloured Cheddai* was manufactured, 

annatto was added at the rate of 3 oz (85.24 ml) per 100 gal (454*6 

1 ) of milk, A ripening time of 15 to 20 rnin was allowed; the time 

required for completion of metering starter to the va t. Rennet was 

added at the rate of 3 oz (85.24 ml) per 100 gal (454*6 l )  of milk 

and after  mixing, the contents of the vat were l e f t  undisturbed at 

88^F (31.1°C) u n til coagulation was completed.

When the coagulum was of the required firmness, the curd 

was cut by means of a specia l kn ife consisting of blades at 7/8 in  

in terva ls to tlie required s iz e . Scalding to  102°F (38.9°C) in  one 

hour was achieved by in jectio n  of steam to the vat jacket while the 

curd was continuously stirred . Before the removal of the whey, the



M O
O O

H

O

co

I
;

I
i
Hj
R
01
g.
p.

g
S

IP
8

1

P
8-

HI



59

owd was allowed to  s e t t le  for 30 to  35 niin. The whey was drained 

away from the vat and the curd was p iled  on the sides of the vat, and 

cut into slabs of about 10 in  (25*4 cm) wide.

Cheddaring was carried out in  the vat follow ing the 

trad ition a l procedure. The slabs were turned each 15 min and were 

p iled  u n til the titra ta b le  ac id ity  of the curd reached about 0,7 per 

cent la c t ic  acid and the texture of the ciu'd was as required.

The slabs were placed on a conveyor, carried to the m illing  

section of the Cheeseihker 3; where i t  was mil]_ed, fed to the sa ltin g  

section , and automatically sa lted , with about 3 per cent (vj/w) dry 

vacuum s a l t .  Mixing was done automatically in  the rotating drum of 

the macMne and the salted  curd was mechanically placed in  40 lb  

( 10,14 kg) hoops. The f i l l e d  moulds were then pre-pressed and were 

l e f t  unpressed for about 10 to  35 min. They were placed in  a ir  

operated (10 in  (25^4 cm) cylinder) Crockatt cheese presses id.th 

compressed a ir  supply of dO p s i (5.63 kgf^m^) and pressed for 18 h . 

The blocks were then hand wrapped in  waxed cellu lose  laminate, 

machine sealed, boxed, lab e lled  and placed in  the curing room at a 

temperature of 50^F (10°C),

The flow diagram of th is  system of cheese manufacturing i s  

presented in  Figure Ô,

E. Addition of the sa lt  to  the m illed curd and the treatment

of the curd afterward

The m illed curd was divided in to  six  or nine lo t s  (the 

number depended on each experiment) each of 44 lb  (19*96 kg) and each
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was placed in  an aliaminium box (Figure 9 ), so that id en tic  a], treatment 

could be given to the separate lo t s  of salted curd. Care was taken 

to avoid contamination between high and low le v e l sa lt  treatments,

A predetermined amount of sa lt  was added to each lo t  of the 

curd in  the boxes in  two applications to each box. After the addition

of sa lt  the curd and the sa lt  were mixed by hand for about 30 s .

Salting of the curd was completed in  a time of one minute,

By adopting th is  procedure i t  may be claimed that each

batch of curd received sim ilar treatment and that the le v e l of sa lt  

added to the curd was the variable fa cto r .

Each lo t  was then placed d irec tly  in to  a designated pre­

pared hoop, pre-pressed foz' 15 to  20 s, dressed and placed in  the 

a ir  operated cheese press f i t te d  with a 10 in  cylinder. The air lin e
p

pressure was normally adjusted to 80 p si ( 5.63  kgf/cm"). The cheeses

were l e f t  in  the press overnight (18 h ) ,

The cheese was wrapped in  waxed cellu lose  laminate, heat

sealed, boxed and placed in  the curing room at 50°F (10°C). A ll

cheeses were scored and Judged at the required time,

F, Presentation and scoring the cheese

Subjective assessments are widely used in  Judging the 

quality of cheese but the Judges that carry out such assessment 

should be se lf-co n sisten t in  their  rating (Sheppard, 195-4). Dawson 

( 1961) reported the use of photographs as an aid in  the examination 

of texture.
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TTze cheeses made in  the experiment in  th is  study were 

graded by a panel consisting of the author and seven members of s ta ff  

of the Department of Dairy Technology of the West of Scotland 

Agricultural College, Ayr, Scotland. Training sessions were under­

taken to  standardise as far as possib le  the expertise and basis of 

scoring of members of the grading team,

A s l ic e  of about 0,5 in  (1,27 cm) thick was cut from the 

surface of each cheese te s ted . The cheese and the s l ic e  were then 

placed on a table at random, in  a w ell ligh ted  room, and were given a 

code number as shown in  Figure 10,

Photographic standards of p ieces of cheese with d ifferen t  

degrees of seaminess; 0, 3, 5 , and 10 were made available to the 

panel for consultation during the time of grading. Photographic 

standards of 0 and 10 degree seaminess are presented in  Figure 11.

The cheeses were awarded points according to their  

ch aracter istics , measured within a predetermined sca le . The sca les  

were as follow s

Seaminess 0 no seaminess 10 very seamy

Fusion 0 not fused 10 completely fused

Openness 0 not open 10 very open

Body 0 very weak 10 very firm

Flavour 0 severe o ff 10 no o ff  flavour
flavour

Colour 0 severe mottling 10 uniform colour

After the f i r s t  scoring, the cheese was cut in to  four 

10 lb  (4*53 kg) blocks which were vacuum sealed in  laminate pouches, 

placed in  th eir  boxes and returned to the curing room at 50°F (lO^C).



FIGURE 10

The presentation of the Cheddar cheese for scoring 

by the rradinc panel
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G, S ta t is t ic a l methods

 ̂ i -Liptê
S ta t is t ic a l analysis of the data^obtained in  th is  study was 

carried out according to the methods described by Snedecor and 

Cochran (l976){ ^  J).

Note

The terms 'hoop’ and ’mould’ are used synonornously in  the 

comme.rcial cheese industry in  the United Kingdom for the containers 

in  which salted curd i s  pressed. The terms do not describe the shape 

of the container or whether i t  i s  for  conventional round or rectangular 

block cheese. The related f i l l i n g  operation may be referred to  as 

e ith er  ’ hooping’ or ’moulding’ .
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SECTIO N L  PREPARATION OF EXPERIMENTAL SALT (SO DIU M  CHLOHIDE)

1 « Determination of the p a r tic le  s ize  of dry vacuum sa lt

In the mechanised system of Cheddar cheese manufacture, dry 

vacuum s a lt  i s  used. The sa lt  weighed out according to the weight of 

the curd, or i s  dispensed autom atically according to the depth of the 

curd, on a conveyor. Depending on the particu lar system, miîdLng of 

the s a lt  and curd i s  accomplished, in  a sp ecia l rotating drum or by 

moving the curd by specia l rotating  peg s t ir r e r s . The sa lt  used in  

these machines i s  coarse and must be free  flow ing.

Since the objective of the experiment was to in vestiga te  the 

e ffe c t  of sa lt  p artic le  s iz e , i t  was necessary to determine tlie 

p a rtic le  s ize  of tlie dry vacuum s a lt  which was normally used in  the 

industry.

In order to achieve th is ,  a bulk laboratory sample of about 

one kilogram was prepared by taking small amounts of sa lt  by means of 

small scoop from d ifferent parts of a 50 kg bag of commercial s a l t .

The sample was placed in  an oven maintal.ned at 100°C for  16 h. The 

densi’ty of tW sa lt  was determined by placing a 150 g sample of tl#  

dried buUc sample in  250 ml capacity cylinder of the J , Engelsmann AG 

Jolting  Volumeter JEL ST 2 . The density was measured by running the 

volumeter for 1250 jo ltin g  strokes. The volume of the sample was then 

determined, and the bulk density of the sample was calculated by 

dividing the weight of the sample by the f in a l  volume. The average 

of f iv e  readings was taken and are given in  Table 3.

According to the data given by Endecotts (Test sieves,



TABLE 3

The determination of the bullc density of the 

commercial grade dry vacuum sa lt

Test Weight of sa lt  Volume after  te s t  Density of the sa lt
(g) (ill)  (g/ml)

1 150 110 1.363

2 150 109 1.370

3 150 110 1.363

4  150 110 1.363

5 150 109.5 1.367

Average 1.366
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Endecotts, 1970), 25 g of the sample sliould be used in  the separation 

t e s t .  The screening te s t  was carried out by taking 25 g of w ell dried  

sa lt  sample, weighed in  a balance of 0.01 g precision, and placed in  

tlie top s iev e . The shaker (Endecotts te s t  sieve shalcer Model EFL 2) 

was operated for 5 min. This time was found to be satisfactory  for  

the sample used in  the t e s t .  A ll the te s t  sieves used were 8 in  

Endecott Test Sieves (l9 7 0 ). The sa lt  which was retained in  each of 

the eleven sieves was then weighed, and the weight of tiie sa lt  was 

recorded.

The surface mean of the d ifferent p a rtic les  of the sa lt  were 

then calculated according to the following formula

W

D S =

(W/D)

Where DSis the surface mean, W i s  the per cent sa lt  retained  

in  the sieve, and D i s  the aperture mean. This equation was used 

because a fter  m illing the s a lt ,  the p a rtic les  possess irregular shape, 

and by th is  formula the best estim ation can be achieved under these 

conditions,

The resu lts  of these measurements are presented in  Table 4*

2 , Sa lt m illing

From the data presented in  Table 4 j approximately 58 per cent 

of dry vacuum sa lt  p a r tic les  are of the size  of more than 350ym and
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a n d  3 3  p e r  c e n t  o f  l e s s  t h a n  3 5 0  jm  a n d  g r e a t e r  t h a n  2 5 0  p m . I t  a l s o  

s h o w e d  t h a t  t h e  s u r f a c e  m e a n  o f  t h e  d r y  v a c u u m  s a l t  w a s  3 3 3  pmi*

I n  o r d e r  t o  i n v e s t i g a t e  t h e  e f f e c t  o f  d r y  v a c u u m  s a l t ,  o f  

s m a l l e r  p a r t i c l e  s i z e  o n  t h e  d e v e l o p m e n t  o f  s e a m i n e s s  i n  C h e d d a r  

c h e e s e ,  i t  w a s  r e q u i r e d  t o  r e d u c e  t h e  p a r t i c l e  s i z e  o f  t h e  s a l t  

n o r m a l l y  u s e d .  T h i s  w a s  a c c o m p l i s h e d  b y  m i l l i n g  t h e  d r y  v a c u u m  s a l t  

u s i n g  a  M ih k eïc  H i l l  m a n u f a c t u r e d  b y  KEK L i m i t e d ,  C h e s h i r e ,  U . K . ,  

u s i n g  a  v i b r a t o r y  f e e d e r  ( M o d e l  D R I 3 )  o f  G l e n  G r e s t o n ,  S t a n m o r e ,  

M i d d l e s e x ,  E n g l a n d ,  U .K .

D r y  v a c u u m  s a l t  w a s  p l a c e d  i n  t h e  o v e n  a t  1 0 0 ° G  f o r  16 h .  

M i l l i n g  w a s  c a r r i e d  o u t  a t  d i f f e r e n t  s e t t i n g s  o f  t h e  v i b r a t o r y  f e e d e r  

w h i c h  r e g u l a t e d  t h e  s a l t  s u p p l y  t o  t h e  m i l l . ,  e n s u r i n g  t h a t  t h e  l e v e l  

o f  t h e  s a l t  i n  t h e  m i l l  h o p p e r  w a s  k e p t  c o n s t a n t .  T h e m i l l  w a s  r u n  

f o r  1 0  m in  a t  e a c h  o f  t h e  s e t t i n g s .  T h e  d e n s i t y  o f  t h e  m i l l e d  s a l t  

w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  o n  p a g e  6 3 ,  a n d  

f o u n d  t o  b e  0 . 7 5  g / m l  s u g g e s t i n g  t h e  u s e  o f  2 5  g  s a m p le  f o r  t h e  

d i s t r i b u t i o n  t e s t  ( T e s t  S 5 .e v e s ,  E n d e c o t t s ,  L o n d o n , 1 9 7 0 ) ,  T h e  

d i f f e r e n t  f r a c t i o n s  o f  t h e  m i l l e d  s a l t  o b t a i n e d  a r e  p r e s e n t e d  i n  

T a b l e  5.

3 0 Ghee se sa lt

I t  was decided to  use m illed sa lt  of p artic le  size  of 50, 

73, and 107 jura. Salt separation of the m illed sa lt  in to  these 

fractions was carried out by placing 25 g of w ell dried sa lt  in  the 

top sieve of the stack of sieves used in  th is  separation. The stack 

of sieves consisted of a sieve of 355 yum followed with 180, 125, 95,



TABLE 5

P a r t i c l e  s i z e  d i s t r i b u t i o n  o f  m i l l e d  d r y  v a c u u m  s a l t  a t  

d i f f e r e n t  f e e d  s p e e d  t o  t h e  KEK M i l l

W e ig h t  o f  s a ] . t  r e t a i n e d  i n  e a c h  s i e v e  

( g )
S e t t i n g  o f  t h e  v i b r a t o r y  f e e d

Sieve from 
top

Aperature
Cum)

S5 SS 89 90

1 350 0 .0 0.7 0.9 1.2

2 250 0.7 0.5 0.9 1.2

3 ISO 0.4 0.6 1.0 0.6

4 90 1.5 2.2 4 .5 4 .8

5 45 14.6 16.1 13.2 13.4

6 collector 7 .4 4 .7 4 .3 3.5

Total 24.6 24 <8 24.8 24.7
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56, 45 and co lleo to rs. The shalcer was operated for 5 min, and the 

fractions retained in  sieves Wo. 4, and 6. TIxls procedure was 

repeated u n til  the required amount was collected , stored u n til  

required in  tlie experiments <>



CHAPTER I I

STUDY OF THE CHARACTERISTICS AND CHEMICAL 

COMPOSITION OF SEiUlS
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CHAPTER I I

STUDY OF THE CHARACTERISTICS AID CHEMICAL COMPOSITION OF SEAMS 

SECTION 1 CHARACTERISTICS OF SEAMS

1. Appearance of seams

The seams appear along the j-unction l in e s  between the curd 

p a r tic le s , and they are seen on the cut surface and the in ter io r  of the 

cheese as dense white Tines, The seams present in  severe cases of 

seaminess, form a network of l in e s  on the face, and can be e a s ily  re­

cognised by the eye. Figure 12 shows seams in  both white and coloured 

Cheddar.

I t  was found that seams in  coloured Cheddar cheese are more

evident than uncoloured cheese. This may be due to darker coloui* of

the r est of -bhe cheese wliich supplied a good contrast to  the white 

l in e s .

When a thin s l ic e  of cheese was placed in  front of a l ig h t

source, the l in e s  appear to be denser than the rest of the cheese and

do not allow the lig h t to pass through, shoidLng the exact boundaries of 

the curd p a r tic le , as a w all made of bricks. Figure 13 shows t liis  

pattern described above,

2 . Size of seams

Sections from the seams were talcen and were placed under the 

microscope and the width of the seams was measured by means of an eye­

piece micrometer.
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FIGURE 13

A p p e a r a n c e  o f  s e a m s  u n d e r  t h e  l i ^ h t  c o m p a r e d  t o  

n o n  -  s e a m y  c h e e s e

a .  S e a m y  C h e d d a r

b .  N o n  ~  s e a m y  C h e d d a r
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These measurements which are presented in  Table 6 shows that 

the mdth of the seams may range from 65 to 1030 yum,

3* D istribution of seams

To determine the d istribution  of seams in  rindless Cheddar 

cheese, two 4O lb  ( 18.I4 kg) blocks of very seamy cheese and another 

block of non-seamy Cheddar were taken. A ll cheeses were cut by specia3. 

wire cutters in to  four, 10 3h (4*536 kg) blocks. Each was cut in to  

0#3 lb  (0.227 kg) p ieces by another wire cutter. Samples were taken 

such that, four pieces were taken representing one face of the cut 

surface, from the surface, f i r s t  thii^d, and the middle of the block. 

Saiï^ling was carried out as shown in  Figure 14. To ensure uniform 

conditions for grading the sangles were vacuum sealed in  polyethylene 

laraina,te, and were presented to the scoring panel and scored for  

seaminess according' to  that described on page 60, Tte resid.ts of the 

scoring are present in  Table 7.

The resialts appeared in  Table 7 ind icates that in  'bhe severe

cases of seaminess, the seams ajre distributed throughout the cheese

block.

4* Formation of the seams

Tlie scoring of the Cheddar cheese in  many experiments through­

out th is  study, showed that seams in the cheese can be seen d irectly

a fter  taking the cheese out of the press (one day o ld ). The degree of 

sèaminess increased with the age of the cheese. The highest scores for  

seaminess in  some cheese were reached after  8 weeks of curing but in  

others a longer time was required. This i s  shovm in  tlie graphs 

presented in  Figure 16, follow ing page 79.



TÂBI.E 6

Measurements of the width of the seams

Reading in  the 

eyepiece

5.0
7.5
3.1
2.6
1.4
1.5
1.1 
0.5 
0.6 
1.8

Width of the seams

p̂m)

650
975
403
338
182
195
143
65
78

234

Reading in  the 

eyepiece

1.9
1.0
0.5
1.8
1.2
2 .0
5.0 
0.9
1.0 
0 .5

Width of

seami (fm)

247
130
65

234
156
260
650
117
130
65

8.0
1.8
4 .5
5.0
2 .0  
3.0
3.4
3.2
0.6
0.9

1040
243
585
650
260
390
442
416

78
117

2 .0
3.0
2 .0  
2 .0
2 .3  
2 .0  
3.0 
1.2
1.4  
0 .8

260
339
260
260
299
260
339
156
182

0.5
1.5 
1.0
1.6
3.2 
1.8  
2 .0
2 .3  
3.8 
5.0

65
195
130
208
416
234
260
299
494
650

7
4 .3
1.5
1.3 
1.0  
1.2  
0 .5
3.0
5.0 
0 .5

91
559
195
169
130
156
65

390
650
65
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SECTION 2 THE CHEKEGilL COMPOSITION OF SEAĴ IS 

Introduction

Cheese in  which the p a r tic le s  of the curd are outlined in  

l ig h t  coloured lin e s  i s  described as seairiy in  colour (Van SLyke and 

Price, 1952) « The cause for th is  co l oui' i s  not w ell knoim to  the 

industry * I'̂ liany workers suggested that certain m aterials accumulate 

between the two p artic le  junctions, and form a d is tin c tiv e  white l in e  

on the surface of the cheese (Eokles, Combs, and Macy, 1955)* This i s  

always described by the cheese grader as seamy colour. Seams can be 

found in  both white and coloured Cheddar, but as found in  Section 1 to  

be more evident in  coloured Cheddar,

The occurrence of the defect in  Cheddar cheese lead to  

in tensive studies aimed at providing an understanding of i t s  natui'e 

and of the conditions that encourage i t s  occurrence, Tlie knowledge of 

the chemical composition of the seams i s  necessary to  id en tify  the 

m aterials that accumulate in  th is  area and cause the formation of 

seams,

The accumulated matter was thought to  be mainly composed of 

milk fa t ,  exuded from the two adjacent curd p a r tic le s  to the lin e  of 

th eir  junction (Van SLyke and Price, 1952), (Eokles, Combs, and Macy 

1955), and (Czulak, 196l)« Later Conochie and Sutherland (l9&5) 

suggested that the material making up the seams i s  the chemical 

conpound calcium orthophosphate; Ca HPO,. which forms crysta ls  in  

the junction lin e  and resu lts  in  a dense layer which appears as a 

d istin c tiv e  white l in e , This chemical compound (calcium
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orthophosphate) i s  also found to  be present in  the body of the 

Roquefort and Si^iss cheese (Suiatelc and Jav/orski, 1959) * Brooker, 

Hobbs, and Turvey (l975), reported the presence of small calcium 

orthophosphate crysta ls in  the body of Cheddar cheese, and were a lso  

present in  Mgher concentration on the surface of the curd p a r tic le s  

( lin e  of p a r tic le  jun ctions). They found that the crysta ls are 

located in  spaces between the fa t  and casein phase of the cheese, 

ind icating that they were cry sta llised  from pockets of residual whey. 

Conochie and Sutherland (l9&5) related  th eir  formation to the release  

of both phosphate and calcium ions from the curd p a r tic le s  to the 

surface of the curd and th e ir  accumulation in  the area of their  

junctions due to  the e ffe c t  of sa lt  added to the curd during sa lt in g ,  

Holsinger and Pallansch (l966) reported that the seams contained 

prim arily whey proteins, s l ig h t ly  elevated le v e l  of chloride, calcium 

and phosphate.

In order to understand the causes and the factors that may 

encourage the occurrence of seaminess, i t  i s  e sse n tia l to determine 

the id en tity  of the m aterials present in  the seams, and the mechanism 

of th e ir  formation. This study was intended to  achieve th a t.

Experimental

To determine the d ifference between the cheiidcal conposition  

of the seams and the rest of the cheese body, a 10 lb  (4.536 kg) block 

of a very seamy white Cheddar cheese, of 5 months old was selected  

from a commercial source,

To achieve good conparison between the seams and the body
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of" the cheese, three samples from tlie seams, and another three from 

the conparable parts of the r est of the cheese were taken for the 

analyses. Since there were many d ifferences reported in  the 

composition of seams, i t  was decided to investigate  the difference  

between the samples in  the content of fa t , protein, sa lt  (sodium 

chloride), la c ta te , ash, phosphate, calcium, pH and the determination 

of the electrophoretic pattern of tlie protein present.

In order to  provide a reasonable comparison in  the calcium  

content in  both seamy and non seamy cheese, samples were taken from 

both tlie surface and the centre of the salted, unsalted, pressed and 

unpressed one day old cheddared curd. The curd was produced according 

to  the data appeared in  Table 94-* Tlie curd was salted  with dry 

vacuum sa lt  at the rate of 3 per cent (w/w). Salting and treatment of 

the curd afterward was carried as described on page 59.

Sampling

A, Sampling from seams and the rest of the cheese body

The cheese selected  for sampling was cut in to  s l ic e s  

of 0 ,5  in  (1.27 cm) thickness vriLth a wire cutter . By means of a 

needle, microsamples were picked from the white l in e s  sited  under 

the magnifying len se, to insure accurate sampling from the l in e s ,  

’Samples from the seams were co llected  in  special sampling b o tt le s . In 

the same manner, samples from the same surfaces were taken from the 

rest of the cheese body and were co llected  in  another specia l 

sampling b o t t le , .  Sampling was continued by cutting the cheese again
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and more material was co llected  u n t il  three samples from the seamy 

areas and another three from the cheese away from the seams were 

obtained of su ffic ie n t amount for the analyses referred to above.

Bo Sampling from sa lted , unsalted, pressed and unpressed curd

Samples from salted , unsalted, pressed and unpressed cijird 

were taken from the surface of the curd p artic les by scraping on the 

surface gently with a small needle when they were one day old . At 

the same time, the curd p artic les  were cut, and samples from the 

centre were taken in  another sampling b o tt le , Sampling was carried  

out u n til the required amount was co llec ted .

From the same curd, a lo t  of 44 lb  (19,96 kg) was talcen and 

placed in  a p la s tic s  container 16 in  (4O.6 cm) wide, 24 in  (70 cm) long 

and 10 in  (25.4 cm) deep. The curd was salted at the rate of 3 per 

cent (w/w) and treated afterwards as described on page 59*

The block was given 18 h pressing and then a 0 ,5  ia  (1.27 cm) 

thick s lic e  was cut o ff and scored for seaminess by members of the panel, 

The curd p a rtic les  were carefu lly  broken apart* Samples were picked 

from the surface and the centre of the cur'd p artic les as described 

above,

Since the process o f taking the sample required a long time, 

in  which the s l ic e s  of the cheese were exposed to the atmosphere 

during sampling, the seams appeared to  dry out more quickly than the 

rest of the cheese. This variation in  the moisture lo s s  may cause 

variation in  the concentration of these materials being determined, 

and cause inaccurate comparison. I t  was e ssen tia l to elim inate th is
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Gouroe of variation by freeze drying the samples to provide good 

storage conditions of the samples until they were analysed*

A ll the samples were placed in  the hood of -a freeze dryer ■ 

Model EFO 3 (Edwards High Vacuum L td .), and were l e f t  for three days 

at a temperature of « to  « 76^F (-50*^0 to  -60^C), u n til the

samples were completely dry. The samples were then stored at -  4^F 

(-20°C) u n til  they were used for the analyses*

Chemical analyses. The freeze dried samples from the seams 

and the rest of the cheese body were analysed for sa lt  (sodium 

chloride), fa t ,  protein, pH, la c ta te , ash, phosphate and calcium 

according to the methods described on pages 33, 35, 36, 36, 39,

40, 42 and 44 respectively*

The ash content and calcium content of the samples taken 

from salted  and unsalted curd both pressed and unpressed were 

determined according to  the methods described on pages 40 and 44*

Cel e lectrophoresis. Two samples from the seams and another 

two taken from comparable parts of the rest of the cheese body were 

taken and th e ir  electrophoretic pattern was determined according to  

the method described on page 4 5 .

Results

The resu lts  obtained for the chemical analyses of each 

sample are recorded in  Table 8 , These resu lts  show that tlie seam 

contains higher le v e ls  of phosphate and calcium than the rest of the 

bod̂ r of the cheese* Calcium content of the seams i s  three ‘limes 

higher than the rest of the cheese.
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The seam contained lower le v e ls  of sa3.t, f a t  and protein  

than the r est of the cheese body, but these d ifferences were not too 

la rge . There was no difference in  the lacta te  content present in  

both types of samples*

The seams were of s l ig h t ly  higher pH than the samples from 

the body of the cheese*

The resu lts  of the calcium determination of samples taken 

from the surface and the centre of the curd p article  taken from 

salted , unsalted, both pressed and unpressed curd of non-seamy Cheddar 

are presented in  Table 9*

Electroohore s i s . The electrophorotic pattern of the sanples 

used i s  shown in  Figure 15* This ind icates tliat there i s  no 

difference between the protein pattern of samples o f seams and the 

r e st  of the cheese*

Discussion

The resu lts  recorded in  Table 8 show that, the sanples taken 

from the seams contain higher le v e l  of calcium, phosphate, and ash than 

those taken from the rest of the cheese. Calcium content in  the seams 

i s  three times higher than in  the r e s t  of the body. The same i s  true 

for  the content of phosphate. According to Conochie and Sutherland

( 1965), and H ollisinger and Pallansch (l966), both calcium and 

phosphate were present in  the form of calcium orthophosphate in  the 

seams and the rest of the cheese body. Brooker e t (1975) also  

reported the presence of the same compound in  both location s in  

Cheddar cheese. The same researcher also  reported that th is  compound



TABLE 9

Calcium and magnésium content in  sample>s taken from the surface 

and the centre of the curd p a r tic le s  of un~salted and salted  

both pressed and un-pressed cheddared curd

Type of % in  Ash $  in  Dry Matter

sample Ca % Ca

Unsalted, XJnpressed

Surface A 28.2 1.28 1.3

B 27.6 1.13 1.1

Centre A 31,6 1.20 1.1

B 26.7 1.11 0.9

Salted, Unpressed

Surface A 15.1 0.62 1.3

B 14,8 0.60 1.3

Centre A 18.7 0.71 1.1

B 17.2 0.63 1.0

Salted, Pressed

Surface A 17.8 0.69 1.2

B 18.9 0.72 1.3

Centre A 19.7 0.73 1,1

B 19o8 0.72 1.1

A and B are duplicates



FIGURE 15

Electrophoretic pattern of the proteins present in  saj%iple s

from the seams and the rest of the Cheddar cheese body

I . A .

I.E .

Seams 

Non-seams

2 .A. 

2.B .

Seams 

Non-seams

3. Skim milk

Note that A and B represent samples of the same cheese
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tends to  concentrate on the surface of tlie curd p a rtic le , and tliey 

reported that the amount increased with time, The high le v e l of the 

calcium and phospliate present in  the sanples taken from the seams 

ind icates that these chemicals may be present in  a form of a compound 

and possib ly  calcium orthophosphate.

The fa t  content of the seams was 3.6 per cent (w/w) le s s  

than the r e s t  of the cheese, Tlxis indicated that the seams are not 

mainly composed of the accumulated fa t  as was suggested by Van Slyke 

and Price (1952), Eokles ^  a l  (1955) and Gzuleik ( l9 6 l) .

The resu lts  of the analyses also showed that the seams 

contain le s s  sodium chloride than the rest of the dieese body tested . 

The protein content was lower in  the seams than the rest of 

the cheese, and the electrophoretic pattern of these proteins showed 

no difference in  the type of proteins present in  both the seams and 

the samples from the rest of the cheese, Holsinger and Pallansch

( 1966) reported that the seams were composed primarily of whey 

protein .

The measurement of the pH in  both types of samp3_es sliowed 

that higher pH readings were obtained in  the seams. This finding i s  

in  agreement with those of v .............

Holsinger and Pallansch (l966),^reportedkt-^ker pH readings in  the seams 

compared to  the rest o f the cheese.

I t  was then decided to  measure the calcium content in  the 

seams in  the same block of cheese at d ifferent in terva ls during the 

curing period.

The resu lts  indicated tliat there was sraall d ifferences in  

the calcium content in  the sample s taken from the surface of the curd
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a n d  f r o m  t h e  a r e a  a w a y  f r o m  t h e  s e a m s .  T h i s  a g r e e d  w i t h  t h e  r e s u l t s  

o b t a i n e d  b y  B r o o k e r  ^  ^  (1 9 7 5 )« >  T he r e s u l t s  a l s o  sh o w  t h a t  t h e  

a m o u n t  o f  c a l c i u m  p r e s e n t  i n  b o t h  s a l t e d  u n p r e s s e d  a n d  s a l t e d  p r e s s e d  

c u r d  i s  L' t h a t  p r e s e n t  i n  t l i e  s a m p l e s  t a k e n  f r o m  t h e

u n s a l t e d  i m p r e s s e d  c u n d .

C o n c l u s i o n

T h e  s e a m s  c o n t a i n e d  m o r e  c a l c i u m  a n d  p h o s p h a t e  t l i a n  o t h e r  

p a r t s  o f  t h e  b o d y  o f  t h e  c h e e s e ,  t h e y  a r e  p o s s i b l y  p r e s e n t  i n  t h e  

f o r m  o f  c a l c i u m  o r t h o p h o s p h a t e .

S e a m s  c o n t a i n e d  l o w e r  f a t ,  p r o t e i n  a n d  s o d iu m  c h l o r i d e  t h a n  

t h e  r e s t  o f  t h e  b o d y  o f  c h e e s e .  T h e i r  pH  i s  s l i g h t l y  h i g h e r  t l i a n  t h e  

r e s t ,

N o  d i f f e r e n c e  w a s  f o u n d  i n  t h e  t y p e  o f  p r o t e i n s  p r e s e n t  i n  

s a m p l e s  f r o m  t h e  s e a m s  a n d  t h e  r e s t  o f  t h e  b o d y  o f  t h e  c h e e s e .
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S ECTION 3  TP]E EFFECT OF C im B IG  T H E  ON SEAMTrNESS 

I n t r o d u c t i o n

C z u la lc ^  ( 1963)  d e s c r i b e d  s e a m i n e s s  a s  a  d e f e c t  i n  

a p p e a r a n c e  w h i c h  i s  u s u a l l y  t r a n s i e n t .  C h e d d a r  c h e e s e  i s  c u r e d  f o r  

d i f f e r e n t  p e r i o d  o f  t i m e  b e f o r e  s a l< g .  T h i-S  t i m e  m a y  r a n g e  f r o m  t h r e e  

m o n t h s  t o  o n e  y e a r  o r  e v e n  l o n g e r .  S e a m i n e s s  p r e s e n t  i n  s u c h  c h e e s e  

m ay  u n d e r g o  so m e  c h a n g e s  d u r i n g  t h i s  t i m e  w h i c h  m a y  l e a d  t o  o t l i e r  

d e f e c t s  i n  c h e e s e .  S e a m i n e s s  w a s  n o t i c e d  i n  b o t h  m i l d  a n d  m atur*e  

C h e d d a r  a t  d i f f e r e n t  l e v e l s  i n  c o m m e r c i a l  c h e e s e .  T h i s  s t u d y  w a s  s e t  

t o  i n v e s t i g a t e  t h e  e f f e c t  o f  t h e  c u r i n g  t i m e  o n  t h e  d e g r e e  o f  t h e  

s e a m i n e s s  p r e s e n t  i n  C h e d d a r  c h e e s e  a n d  t h e  c h a n g e s  t h a t  m ay  t a k e  

p l a c e  i n  c h e e s e  q u a l i t y  b e c a u s e  o f  i t s  p r e s e n c e .

E x p e r i m e n t a l

C l i e e s e  t e s t e d . A l l  c h e e s e s  i n c l u d e d  i n  t h e  s t u d y  o f  t h e  

e f f e c t  o f  s a l t  a d d i t i o n  a n d  o f  s a l t  p a r t i c l e  s i z e  ( S e c t i o n  1 a n d  2 ,  

C h a p t e r  I I I )  b o t h  e x p e r i m e n t a l  a n d  c o m m e r c i a l  C h e d d a r  w e r e  i n c l u d e d  i n  

t h i s  t e s t .  T h e  p r o d u c t i o n  d a t a  o f  t h e i r  m a k in g  a p p e a r s  o n  T a b l e s  96 

a n d  9 7 .

S c o r i n g  t h e  c h e e s e . A l l  t h e  c h e e s e s  i n c l u d e d  i n  ‘t h e  t e s t  

w e r e  p r e s e n t e d  t o  t h e  s c o r i n g  p a n e l  f o r  s c o r i n g  w h e n  t h e  c h e e s e  w e r e  

1 ,  4 ;  6 ,  24  a n d  5 2  w e e k s .  T h e ' p r e s e n t a t i o n  o f  t h e  c h e e s e  a n d  i t s  

s c o r i n g  b y  t h e  p a n e l  w e r e  c o n d u c t e d  a s  d e s c r i b e d  o n  p a g e  6 i„

C h e m ic a l  a n a l y s i s . T h e d e t e n r d n a ' t i o n  o f  t h e  s a l t  c o n t e n t .
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m o i s t u r e  c o n t e n t ,  a n d  pH  o f  t h e  c h e e s e  w e r e  p e r f o r m e d  a c c o r d i n g  t o  t h e  

m e t h o d s  d e s c r i b e d  o n  p a g e s  4 7 ,  4 6  a n d  46 r e s p e c t i v e l y .  T h e s e  a n a l y s e s  

w e r e  c a r r i e d  o u t  w h e n  t h e  c h e e s e  w e r e  8 ,  24 a n d  5 2  w e e k s  o l d .

D e t e r m i n a t i o n  o f  c a l c i u m  d u r i n g  c u a l n g  t i m e .  S a m p le s  f r o m  

t h e  s e a m s  a n d  f r o m  t h e  r e s t  o f  t h e  b o d y  o f  t h e  c h e e s e  w e r e  t a k e n  f r o m

40  l b  ( 18,14  k g )  c o m m e r c i a l  C h e d d a r  c h e e s e  a n d  f r e e z e  d r i e d  f o l l o w i n g

t h e  p r o c e d u r e  d e s c r i b e d  o n  p a g e  7 1  • S a m p l in g  w a s  c a r r i e d  o u t  w h e n  t h e  

c h e e s e  w a s  o f  o n e  d a y ,  4  w e e k s ,  8  w e e k s  a n d  24 w e e k s  o f  a g e .  C a l c i u m  

w a s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  o n  p a g e  4 4 o

M e a s u r e m e n t  o f  c a r b o n  d i o x i d e  c o n t e n t .  T h e c a r b o n  d i o x i d e  

c o n t e n t  o f  c o m m e r c i a l  C h e d d a r  o f  d i f f e r e n t  a g e s  w a s  d e t e r m i n e d  b y  t h e  

m e t h o d  d e s c r i b e d  o n  p a g e  5 0  o f  t h i s  t h e s i s .

R e s u l t s

T h e  m e a n  s c o r e s  g i v e n  t o  t h e  e x p e r i m e n t a l  C h e d d a r  c h e e s e  

( o f  S e c t i o n  A , C h a p t e r  H i )  w h e n  t h e  c h e e s e  w a s  1 ,  4  ̂ 8 ,  24  a n d  5 2

w e e k s  o l d ,  a r e  p r e s e n t e d  i n  T a b l e  1 1 3 .

T h e  m e a n  s c o r e s ^ f o r  t h e  c o m m e r c i a l  C h e d d a r  c h e e s e  m a d e  w i t h  

m i x e d - s t r a i n  s t a r t e r s  ( o f  S e c t i o n  B , C h a p t e r  H i )  w h e n  t h e y  w e r e  1 ,  4 ,  

8 ,  a n d  24  w e e k s  o l d  a r e  p r e s e n t e d  i n  T a b l e  1 1 4  a n d  t h e  r e s u l t s  o f  t h e  

s c o r i n g  o f  t h e  c o m m e r c i a l  C h e d d a r  c h e e s e  m ad e w i t h  s i n g l e - s t r a i n  

s t a r t e r s  ( S e c t i o n  B , C h a p t e r  I I I )  a r e  p r e s e n t e d  i n  T a b l e  1 1 5  w h e n  t h e  

c h e e s e  w e r e  4 ,  8 ,  24 ,  3 6  a n d  5 2  w e e k s  o l d .

The r e su lts  o f  the determination o f  calcium in  the samples 

i s  presented in  Table 10,

T h e  r e s u l t s  o f  t h e  m e a s u r e m e n t  o f  c a r b o n  d i o x i d e  c o n t e n t  o f
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the cheese are presented in  Table 11.

S ta t is t ic a l  a n a lv sis . The resxd.ts obtained in  the scoring 

of the Cheddar cheese were analysed for  the degree of* the sign ificance  

according to the method described on page 62. The resu lts^of the 

analysis of variance in  the difference of treatment ane presented in  

Table 12, 13 and 14*

Discussion

Experimental Cheddar cheese (s in g le -s tra in  starters)

In the experimental Cheddar cheese, i t  was found from the 

means of scores given to tlie cheese at d ifferen t ages, that seamir^ss 

increased to reach the highest le v e l  B^weeks a fter  manufacture and 

thereafter started to  decrease (Figure 16).

Fusion of the resu ltant cheese was s ig n ifica n tly  a ffected .

I t  tended to increase from 6,07 when the cheese was 1 weelc old to  7.40  

points when the cheese was 24 weeks o ld . The fusion  scores when tlie 

cheese was 52 weeks old (4.61 poin ts) showed a sign ifican t decrease 

(p < 0 .0 0 l) .

Tlie mean scores of openness given to the cheese when the 

cheese was 4 weeks of age decreased with the time of curing. This

unexpected resu lt may be attributed to the e ffe c t  of the vacuum

sealing of the cheese a fter  each gradi-ng,

Tlie mean scores indicated that the body of the cheese

improved s ig n ifica n tly  (p<OcOOl) from 6.36 points when they were 

scored one week a fter  manufacture to 7.62 points at 24 weeks of age.
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TABLE 12

Analysis of variance; to ta l scores of seaminess given by 

scoring panel (5  .judges) to experimental Cheddar cheese at

d ifferen t ages

Source of variation  D.F,

Salt addition 1

P article  size  2

Salt addition x size  2

Replicates 2

Experimental error 10

Age 4

Age X treatments 20

Sampling error 48

Total 89

Age means ( to ta l scores)

1 week 10.4

4  weeks 6*2

8 weeks 8*4

24 weeks 13.7

52 weeks 7*8

S.E. of difference + 1*63

-  Not S ign ificant (p>0*05)

* S ignificant (p^0o05)

S ign if ican t (p < 0 ,0 0 l )

Mean square 

547.60 

97.82 

19*01 

322.50 

62.38 

148.75 

10,97 

23.88

8*78

5.17 *

6.23



TABLE 13

Analysis of variance; to ta l  scores of seand.ness given trf 

scoring panel (5 .judges) to  commercial Cheddar chee se-made with 

mixed-strain starters at d ifferen t ages

Source of variation  D.F.

Machine salted  x rest 1

Salt addition 1

Salt p artic le  s ize  1

Salt addition x size  1

Experi.mental error 20

Age 3

Age X treatment 12

Sanpling error 60

Total 99

Age means (to ta l scores)

1 week 7 *44

4 weeks 19*08

8 weeks 19.32

24 weeks 9.48

S.E* of difference + 1.35

-  Not sign ifican t (p^O .05)

 ̂ S ign ificant (p^O ,05) 

Sign ificant (p < 0,001 )

>fean square 

102.01 

328.05 

1.80 

45.00

46.12

978.81

18.90

22.89

7.11 ^

42 c76 ***



TABLE 14.

Analysis of variance; seaininess in  commercial Cheddar cheese 

( s in g le -stra in  starters) made with d ifferen t amounts of added 

s a lt  and of d ifferen t p artic le  size  at d ifferent ages during

curing

Source of varia tion 
Machine salted  x rest  

X %

In Z%

In 3%
Experimental error 
Age
Age X treatment 
Sampling error 
Total

D.F,
1
1
1

1

15 
4

16 
60 
99

Ifean Square 
0.30 

122.51 
4.22 
6.40

17.86
122.78

16.90

9.45

6.86  *

12.99

S.E. of d ifference: Treatment = ±  1.34
Age “ ± 0.97
T in  A = ± 2.36
A in  T = ± 2.17

Means:
4 weeks 
12 weeks 
24 weeks 
36 weeks 
52 weeks

9.27
9.43
9.42
9.03
8.24

Not sign ifican t (p > 0 .05 )  
* S ignificant (p<0*05) 

Sign ificant (p <0.001 )



FIGURE 16
The e ffe c t  of cy.rlr;r time on seaminess in  experimental 

sin ^ ls-stra in  starter), corji'isrcial (mixerl-strain starter) and 
commercial (s in g le -stra in  starter) Cheddar cheese
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But the body tended to  be weaJcer, and was given a mean score of 5*29 

points when the same cheese was scored at 52 weeks after  manufacture. 

This decrease was sign ifican t (p < 0,001)« The mean score given to  

cheese sa lted  at 4 ^nd 2 per cent (w/w) indicated that the resu ltant 

cheese when the higher rate was used were firmer than those in  wliich 

a lower amount of sa lt  was used, and th is  difference was sign ifican t  

(p < 0 .05 )

The time of curing affected  the flavour of a l l  the cheese 

s ig n ifica n tly  (p< 0 ,001). The mean scores (2*77 points) given i\hen 

the cheese was scored at 52 weeks of age were lower than the scores 

given to the same cheese when scored at 8 weeks of age, No 

sign ifican t (p > 0 ,05 ) difference between the cheese that received 4  

and 2 per cent (w/w) of added s a l t .

The colour of the cheese was s ig n ifica n tly  (p4 0*001 ) 

affected  by 'the time of curing, The mean scores given decreased 

s ig n ifica n tly  (p < 0 ,0 0 l)  with the increased time of 52 weeks a fter  

manufacture,

Commercial Cheddar cheese (mixed-strain s ta r ter s) ,  Tn these  

cheese, the mean scores given to  the seaminess present were 

s ig n ifica n tly  (p<'0*00l) a ffected  with the time of curing. The seams 

became progressively more d is t in c t  \cLth age during the f i r s t  8 weeks 

of curing and thereafter became le s s  noticeab le.

The mean scores given for fusion indicated that the scores 

increased from 4*7 points when the cheese was one week of age to  7 .14  

points when scored at 8 weeks a fter  manufacture, and then decreased to  

5*58 points when scored at 24 weeks of age. Time of curing affected  

the fusion of the cheese s ig n if ica n tly  (p <0,001 ) ,
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The mean scores of openness indicated that the cheese was 

very open nn texture one week after  manufacture, but tended to be le s s  

open with the time of curing. This resu3.t may be due to the e ffe c t  of 

sealing under vacuum each time a fter  ttie cheese was scored. Yet when 

the cheese was kept for another 16 weelcs, the mean scores of openness 

increased from 1.62 to 4*51 p o in ts. The resu lt indicated that in  th is  

type of cheese there was a high le v e l  of gas formation during ■che 

curing time, While no measurement for CÔ  were made in  the 

experimental cheese, previous resu lts  (Table 11 ) had indicated the 

presence of high le v e ls  of carbon dioxide in  cheese made at the same 

factory .

Robertson (1957) reported that the le v e l  of carbon di.oxj.de 

in  cheese made with mijied-strain starters i s  higher than in  cheese 

made vdth sin g le -stra in  s ta r ter s . He also reported tliat t ie  carbon 

dioxide content increased rapidly in  the 10 to 20 days after  

manufacture. The carbon dioxide concentration then ceased to r is e ,  

giving l i t t l e  further change in  the next period of the r est of curing 

tim e, l#ien the gas i s  formed in  the cheese, i t  tended to accumulate 

in  the openings, and exert a pressure. This pressure cause the curd 

p a rtic les  to break apart on the seams, since these represent a wealc 

points of fu sion . Non-starter organisms may also contribute to  gas 

formation and be associated with the development of openness (Dowson 

andFe^an, I960), Czulak, (1953), Crawford (1962) and G illes and 

Curtis ( 1963) observed that commercial cultures containing hetero- 

fermentative starters produced open-textured cheese.

The mean score given to the body of the cheese showed that 

the cheese tended to become weaker with the increase of curing tim e,
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The mean score decreased s ig n ifica n tly  (p < 0,001 ) from 8.27 points 

given when the cheese was 8 weeks of age to 6.00 points when scored at

52 weeks a fter  manufacture. The cheese that received 2 per cent (w/w)

added sa lt  tended to be weaker than that which received 3 per cent 

(w/w) .  This difference was s ig n ifica n t (p < 0 .0 0 1 ).

The scores given to the flavour showed a sign ifican t (p<*0.001 ) 

decrease with the increased time of curing. The mean scores given to

the cheese when scored at 1 week of age was 8,67 points in  comparison

to  7.06 points given at 24 weeks of age.

During the curing there was a sign ifican t increase in the 

scores given to tlie colour of the cheese. There was a sign ifican t  

(p < 0 ,05) difference in  the scores given to the cheese resu lting from 

machine sa ltin g  by comparison with those where the process had included 

hand sa3.ting. There was a s ig n ifica n t (p < 0 ,05 ) difference between the 

cheese which received 3 than those which received 2 per cent (w/w) 

added s a lt .

Commercial Cheddar (s in g le -stra in  s ta r ter s) , Commercial

cheese made with sin g le-stra in  starters, and from curd mil].ed with the

B ell-S iro CiieeseMaker 3 showed more d is tin c t seaminess as during time

increased. Seaminess increased from 9.27 points a t 4 weeks to  9.43

points at 12 weeks and then tended to  decrease to  8,24 points when the

cheese was scored at 52 weeks of age. The difference was sign ifican tA
(p < 0.001 ) ,  Also the mean score of cheese that received 2 and 3 per 

cent (w/w) added sa lt  showed a sign ifican t (p < 0 ,05 ) difference, with  

a mean of 8.83 points and 9.32 points resp ectively .

The mean score given to the fusion decreased sig n ifica n tly  

(p^O.OOl) \i± th  the increase in  the cixring time. The fusion in  the
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cheese which were machine salted  was found to  be s ig n ifica n tly  (p <  

O0O5) more than that found in  the hand salted cheese. This may be 

due to tïie higher amount of s a lt  added in  the nachine sa ltin g .

There was no sign ifican t difference in  the scores given to 

the openness of the cheese dirring a l l  the curing tim e. But there was 

a sign ifican t increase in  the scores given to the cheese which received  

2 per cent added s a l t .  Addition of a low le v e l of s a lt  tended to  

resu lt in  more open cheese.

The body of the cheese in  the treatments decreased 

sig n ifica n tly  with the time of curing. The cheese that received 2 per 

cent sa lt  tended to be weaker than those which received higher amounts 

of added s a l t .  The machine sa lted  cheese were firmer in  body than the 

rest of the cheese and th is  may be attributed to the greater amount of 

sa lt  added during the machine sa lt in g .

Curing time affected  the flavour of the cheese sigm .ficantly  

(p<  0*001 )o The cheese that received lower le v e l  o f sa lt  tended to 

produce more o ff  flavour than those which received greater ænounts of 

s a l t .

The mean score given to the colour of the cheese decreased 

sig n ifica n tly  during the curing time (p < 0 ,0 0 l) , and there was no 

sign ifican t difference between the d ifferen t treatments.

The resu lts  of the analysis of samples taken from the seams 

and non-seam material which are presented in  Table 10 indicated that 

the seams contained higher le v e ls  of calcium than the r est of the body. 

This r e su lt33 in  agreement with that found in  Section 2 of th is  Chapter, 

The amount of calcium present increased with the time of curing from
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1,098 per cent when the cheese was 1 day old to  1.484 when the cheese 

was 8 weeks of age.

Conclusion

Seaminess may be seen in  the cheese d irectly  a fter  i t  i s  

taken out of the p ress. The seams increased in in ten sity  with the 

time of curing to reach the highest le v e l between 8 to  2^weeks a fter  

manufacture. Thereafter the seams became le s s  d is t in c t  depending on 

the type of the cheese,

!Xlit openness tended to form along the seams because they 

form a weak point of fu sion . This change i s  encouraged by the formation 

of increased amount of carbon d iox ide,

Curing the cheese for  s ix  months or more caused a s ig n ifica n t  

decrease in  the quality  of the cheese and tended to resu lt  in  weak 

bodied, poorly fused cheese of in fer io r  flavour. These changes take 

place rapidly in  curd that received a low le v e l of added sa lt  (2 per 

c e n t) ,

The amount of calcium present in  the seams increased to a

IAmaximum in  8 weeks of curing, f\ <à 3 4- /  C ^ l^ )A



CHAPTER I I I

A  STUDY O F . THE EFFECT OF FACTORS .RELfiTED TO THE 

PROCESS OF SALT A D D IT IO N  ON SEMAIÆSS  IN  CHEDDAR

CHEESE
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CHAPTER I I I

A STUDY OF TFIS EFFECT OF FACTORS RELATED TO THE PROCESS OF 

SALT ADDITION ON SEAKE1\IESS JM CHEDDAR CHEESE '

INTRODUCTION

In the manufacture of Cheddar cheese, s a lt  i s  added to the 

curd to achieve a f in a l sa lt  content in  the f in a l cheese of 1,6 to  1,8  

per cent (w/w). The e ffe c t  of s a lt  le v e l  in  cheese quality has been 

the subject of many in v estig a tio n s. In th is  section , the factors  

that re la te  to  the process of sa ltin g  the curd, and which may induce 

seaminess in  Cheddar cheese were investigated ,

A, Amount of added s a lt

In the process of Cheddar chesemaking, the m illed oheddared 

curd i s  sa lted  by the addition of an amount of sa lt  proportional to 'the 

amount of curd. In the mechanised systems now in  use in  Scotland, the 

amount of sa lt  i s  determined on the basis of the weight of curd passing  

the sa ltin g  point or on the depth of curd on a b e lt  conveyor a fter  the 

m ill .  The sa lt  i s  sprinkled on the curd, mixed by one of several 

methods, and f in a lly  placed autom atically in  sp ecia l moulds. Dry 

vacuum sa lt  (BS 998, 1957) i s  norm aly used and i s  added at rates from 

2 to  4 per cent (w/w) of the curd in  order to  achieve a sa lt  content in  

the f in a l cheese of 1.6 to  1,8 per cent.

Many types of equipment have been used in  mechanised sa lt in g .  

Some use the dry sa ltin g  procedure outlined above whereas others use 

brine of d ifferen t concentrations (Park, 1970). The B ell-S iro  Cheese-
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Maker 3, automatic m illin g , sa ltin g , and hoop f i l l in g  u n it developed 

in  Australia, i s  one of the most common tj’pes of equipment that has 

been used in  the Cheddar cheese industry.

Salt d istr ib u tion  by the mechanised system of sa ltin g  was 

found to be uneven, cause variation  in  the amount of s a lt  applied, and 

consequently resu lt  in  variation  in  the f in a l sa lt  content of the 

cheese, not only between vats, but a lso  between cheese from the same 

vat (Morris, I961), (O’Connor, 1968), Czulak, Freeman and Hammond 

( 1961) reported however that these variations were smaller tlian the 

overall variation found in  non-mechanised systems of sa lt in g .

Uneven d istr ib u tion  of the s a lt  means that some of the curd 

receives more sa lt  than i s  intended by the cheesemaker while other 

parts receive l e s s .

Many workers reported that sa lt  in  the cheese a ffe c ts  the 

quality of the f in a l  cheese. Marquardt (1939) suggested that 

consideration must be given to  the s a lt  content of cheese because of 

i t s  e ffe c t  on flavour, texture, and ripening of Cheddar cheese. He 

considered a sa lt  content of 158 to  1,7 per cent to be most 

sa tisfa c to ry , Whitehead and Harkness (1954) reported that the addition  

of sa lt  at a rate of more than 3 per cent (w/w) to the m illed curd 

adversely a ffected  the body and the texture of the fina]. cheese,

Irvine (l955) reported that cheese with 4*33 to 5*33 per cent s a lt  in  

moisture scored better  than those containing le s s  or more. O’Connor 

( 1968) reported that addition of s a lt  at high rate may decrease the 

cheese q u ality . Van SLyke and Price (1952)-reported that liigh amounts 

of sa lt  caused the cheese to ripen slow ly. The le v e l  o f sodium 

chloride a ffected  the cheese hardness (Wiek, 1965) ,
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High s a lt  content had an e ffe c t  on the pH and the moisture content of 

the cheese (Reynolds, 1948),

Czulak ( 1963) reported that curd to which s a lt  was added at

a rate of more than 3«5 per cent (w/w) showed a greater tendency to

produce seaminess in  cheese even when the curd was sprayed with warm

water* The same author reported that seaminess was more marked in

cheese of low moisture content with high le v e ls  of s a l t  and where the 

s a lt  used was of a coarse nature (Czulak, 1963)', Conochie and 

Sutherland ( 1965) related  the formation of seams in  cheese to the 

e ffe c t  of sodium chloride applied to the curd, Conochie ( 1966) 

reported that the addition of sa lt  in  high concentration to the 

surface of the curd accentuated the condition of seaminess in  Cheddar 

cheese, MoCadam and Leber (1958) reported that brine sa ltin g  resu lted  

in  the production of cheese of uniform sa lt  d istr ib u tion  and of good 

quality  of texture and colour. Courts (l973) reported that the 

movement of the sa lt  in  the cheese in  brine sa lting  was regular and 

could be described as a d iffu sion  process.

I t  i s  c lear, from th is  review that certain  workers have 

linked the defect seaminess with high sa lt  le v e ls .

Since i t  i s  known that under commercial conditions, the 

addition of high le v e ls  of sa lt  takes place (O'Connor, 1968), the 

follow ing study was made to  in vestiga te  further the e f fe c t  of large  

amounts of sa lt  on the development of the seaminess.

B, Salt p a r tic le  size

In the mechanised sa ltin g  system, a coarse dry vacuum sa lt
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wMch runs e a s ily , does not cake and can therefore be spread on the 

cheddared m illed cui-d i s  used. Czulak (1963) reported that seaminess 

was associated with the addition of coarse sa lt , and-when fin e  sa lt  

was used, the le v e l o f seaminess was reduced and in  most cases avoided,

C. Sodium chloride

In the previous part, i t  was shoim that a very seamy

condition was obtained even when a lov/ le v e l  (e .g . 2 per cent (w/w) of

added sa lt  v/as used. The objective of th is  t e s t  was to investigate  

the e ffe c t  o f sa lt  application to the cheddared curd.

D* Additives in  commercial sa lt

Since the introduction of tioe mechanised system of sa lting  

the curd, sp ecia l sa lt  has been introduced which moves fre e ly  in  the 

machine and does not cake under working conditions. In order to  

provide these conditions, chemicals such as propylene g lyco l are used 

in  the manufacture of sa lt  to give these f in a l ch aracteristics (Page, 

1954)* According to the B r itish  Standard In stitu tio n  (BS 998, 1969), 

s a lt  produced in the United Kingdom i s  generally treated with an a n ti-  

caking agent such as potassium ferro cyanide or amonium fe r r ic  c itra te  

a t the rate of approximately 18 ppm, Conochie and Sutherland (1965) 

reported that im purities in  the sa lt  may induce seaminess in  the f in a l  

cheese.

This study was made to  measure the degree of seaminess that 

may be induced due to the presence of additives in  ttis s a lt .  A 

comparison of commercial grade s a lt  and Analar grade sodium chloride



89

was undertaken*

E, A cidity of the curd at the time of sa lt  addition

In the manufacture of Cheddar cheese, the curd i s  m illed by 

specia l machines when the titra ta b le  ac id ity  of the xdiey exuding from 

the curd reaches a pre-determined l e v e l . This i s  followed by the 

addition of a pre-determined amount of salt*  In'general p ractice, the 

cheeseraalcer always aim to  m ill the curd when the ac id ity  reaches about 

0*7 per cent la c t ic  acid in  about 4*5 h to  5 h from the time of rennet 

addition to the milk.

In tlie continous mechanised system of Cheddar cheese 

manufacture, many vats are made in to  cheese d aily  and hanc0.ed at 

d ifferen t stages of the process according to  pre-determined time of 

manufacture. The time given for each vat to be handled from the time 

the whey run to  m illing and sa lt  addition i s  lim ited . During th is  

time the starters are expected to produce the required le v e l  of acid  

production* The performance of individual starters used varies in  the 

vats, and th is  a ffec ts  the rate of acid production. In certain  

instances the starters organisms f a i l  to grow a t a sa tisfactory  rate  

and f a i l  to produce the required le v e l of ac id ity  and either the curd 

has to be put through the m ill and sa lt  added to the curd when the 

titra ta b le  ac id ity  of tiie whey i s  lower than normal or e lse  the process 

time has to be increased. Dolby (1941) reported that sa ltin g  a t a 

low pH resu lted  in  a harsh meaty body and le s s  flavour. On the other 

hand the a c id ity  produced in  a particular vat may increase very 

ouic]{]_y and reach the aimed le v e l  of t itra ta b le  ac id ity  in  shorter
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t i m e  t h a n  t h a t  p r o g r a m m e d  f o r *  I n  so m e  m e c h a n i s e d  s y s t e m s  t h i s  v a t  

w o u l d  b e  h e l d  f o r  t h e  n o r m a l  t i m e ,  c a u s i n g  a n  i n c r e a s e  i n  t h e  a c i d i t y  

a n d  s o  t h e  c u r d  a t  t h e  e n d  o f  t h e  p r o c e s s  m a y  b e  m i l l e d  a t  h i g h e r  

l e v e l  o f  t i t r a t a b l e  a c i d i t y  t h a n  t h a t  a im e d  f o r .  T h e C h e d d a r  c h e e s e  

p r o t e i n s  a r e  p o s s i b l y  m o d i f i e d  b y  pH  a n d  f r e q u e n t l y  s h o w  a l i g n m e n t  o f  

t h e  s m a l l  p r o t e i n  g l o b u l e s  ( H a l l  a n d  C r e a m e r ,  1 9 7 2 ) .

F r o m  a  s u r v e y  c a r r i e d  o u t  b y  t h e  a u t h o r  u s i n g  t h e  p r o d u c t i o n  

d a t a  o f  f i v e  m a j o r  c h e e s e  f a c t o r i e s  i n  S c o t l a n d ,  i t  w a s  s h o w n  t h a t  t h e  

t i t r a t a b l e  a c i d i t y  o f  t h e  c u r d  w h e n  t h e  s a l t  w a s  a d d e d  v a r i e d  f r o m  t h e  

l o w  l e v e l  o f  0 * 5  p e r  c e n t  l a c t i c  a c i d  t o  a r o u n d  0 , 8 5  p e r  c e n t  l a c t i c  

a c i d .

A b o u t  2 0  m in  a r e  r e q u i r e d  t o  m i l l  t h e  c u r d  m a d e  f r o m  o n e  v a t  

o f  2400 g a l  ( 10, 910 ,4  1 )  o f  m i l k .  A c i d i t y  d e v e l o p m e n t  i s  r a p i d  a t  t h i s  

s t a g e  o f  t h e  p r o c e s s  a n d  s o  w h e r e  m i l l i n g  o f  t h e  v a t  s t a r t e d  a t  a n  

a c i d i t y  o f  0 . 7 0  p e r  c e n t  l a c t i c  a c i d ,  t h e  l a s t  o f  t h e  c h e d d a r e d  c u r d  

w o u l d  b e  m i l l e d  a t  h i g h e r  l e v e l s .  The c o m p a r i s o n  m i g h t  b e  0 . 7 0  p e r  

c e n t  l a c t i c  a c i d  a t  t h e  b e g i n i n g  a n d  0 . 8 5  p e r  c e n t  l a c t i c  a c i d  a t  t h e  

e n d .

McDowall and Dolby (l935) reported that the le v e l  of calcium 

and phosphate present in  the whey was increased with the increase of 

a c id ity  of the whey leaving the curd. This suggested that the whey 

which may be trapped between the curd p a rtic les  contains more of these  

io n s . An increase of the le v e l  of both ions may lead to  an increase 

in  the amount of calcium orthophosphate that may form between the 

l in e s  of junctions. In the second Chapter of th is  study i t  was found 

that the amiount of calcium orthophosphate present in  the seams i s  

greater than that present in  the r e s t  of the body of the cheese. This



91

formation then may lead to more seam formation in  Cheddar cheese 

salted  at higher a c id ity .

The objective of th is  study was to in vestigate  such 

conditions and their  relationsh ip  to the seam formation in  tW Cheddar 

cheese.

F. The e ffe c t  of the a c id ity  of the curd produced by d ifferen t

strains of starters at tlie time of sa lt  addition

In the Cheddar cheese industry, d ifferen t strains of micro- 

orgsjiisms are used as starters to  produce the required le v e l of 

ac id ity  during the subsequent curing, Tifo types of starters are in  

use in  Cheddar factor ies namely mixed-strain and sin g le -stra in  

(Reiter and Moller-I^dsen, 1963)* Many factors e ffe c t  the la c t ic  

acid-producing streptococci used as starters in  the manuf actui'e of 

cheese, Crawford (l959) studied the e ffe c t  of the conditions of 

propagation of the cultures and their  e ffe c t  on the acid producing 

a b il ity  duiûng t ie  process of cheesemaking. The most serious problem 

that faces the production of acid in  the cheese process i s  the 

presence of bacteriophage at a contamination le v e l  able to stop the 

growth of starter bacteria or to  decrease their  growth and acid  

production. Whitehead and Hunter (1945) considered the air-borne 

bacteriophage as the most important soui'ce of in fectio n . The 

importance of bacteriophage was s t i l l  as great a fter  30 years of 

intensive work on the problem (Lawrence, Thomas and Terzaghi, 1975) • 

>kLch research work has been undertaken to overcome th is  d if f ic u lty  by 

developing starters that can r e s is t  the 'phage* attack or are phage
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m i-related . One of the main procedures used to acM.eve th is , i s  to 

use the starters in  rotation  depending on their un-related  

c liaracter isties (lawrenoe and Pearce, 1972),

Lawrence (1971) suggested the use of the follow ing rotation  

of eight strains of starter bacteria on four consecutive days. He 

reported that their  performance in  a small number of Cheddar cheese 

fa c to r ies  was very sa tisfactory :

F irst day I4L8 AMI

Second day WI41 AM2

Third day H2 E8

Fourth day P2 SK11

Since these stra in s were used in  industry, i t  was decided to  

in vestigate  the e ffe c t  of the a c id ity  of the curd produced by these  

d ifferen t bacteria on the development of seaminess»

G, Gui’d temperature at time of sa lt  addition

In the process of Cheddar cheesemaking, the sa.lt i s  added to  

the m illed curd x-fhich i s  u sually  carried to the sa ltin g  u n its by means 

of conveyors. During th is  time of passage there i s  normally a 

decrease in  the temperature of the curd* The amount of heat lo s s  from 

the curd depends on the time between miOding and sa ltin g  and a lso  on 

the difference in  terrperature of the curd and the room temperature.

In addition the in i t ia l  temperature of the curd also  depends on the 

method of production and the system that has been used. I t  i s  

expected that curd made by follow ing the trad ition al Cheddar ing method 

in  the vat or sim ilarly  in  the Tebel-Crockatt system would be of low
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i n i t ia l  temperature i* e . prior to  m illin g . On the other hand in  a 

system such as the ’ Cheddarmaster’ with the clieddaring tower in  which 

the curd Is  not exposed to cooling e ffe c t  the ambient temperature, the 

curd temperature prior to  m illin g  would be high.

This suggests that tlie temperature of the curd at the time

of sa lt  addition varies from one system to another, Hiis variation

would e ffe c t  the so lu b ility  of the s a lt  and also would a ffe c t  the rate 

of sa lt  penetration into the curd. Geiuts, Walstra and Mulder ( 1974) 

reported that the pseudo d iffu sion  c o ffic ie n t of sodium chloride in  the
p

moisture in  the cheese as 0 ,2  cm /  day, Ivhile the true d iffusion  

co effic ien t in  pure water i s  about 1 cm /day. He a lso  reported that 

more sa lt  was absorbed with an increase of temperature.

The objective of th is  study was to investigate  such e ffe c ts  

i f  present and their  rela tion  to  the development of se amine ss in

Cheddar cheese since i t  i s  known from the previous part that sa lt

addition plays a role in  i t s  development,

H. Mellowing time

After the addition of sa lt  to the curd in  the trad ition a l 

method of Cheddar cheese manufacture, the curd i s  l e f t  for a period of 

tdjne before being placed in  the mould and thereafter subjected to  

pressing. The objective of th is  practice i s  to allox-f more time for  

the sa lt  to d isso lve and penetrate into  the curd, and a lso  to allow  

the curd to mellow* Tudcey (1941) reported that cheese made from 

curd which had been mellowed for  40 to  60 min had a higher sa lt  

content and better flavour than that made with a melDowiug time of



94

2Ô min. Ih modem mechanised systems, tlie curd i s  placed in  the 

moulds d irec tly  a fter  sa lt in g . This change in  procedure may have 

some e ffe c t  on the physical conditions of the curd a t  th is  p o in t,

Morris (1966) reported that placing the curd in  the hoops immediately 

a fter  sa ltin g  caused a s lig h t ly  lower score for body.

This t e s t  was set to study the difference in  the procedures 

mentioned above,

EXPERItffiNT/il

Cheesemaking and treatment of the curd

A, Amount of added sa lt

A.1, Preliminary experiment. In the Cheddar cheese 

industry, s a lt  i s  added at a rate varying from 2 to 4 per cent (w/w). 

For the preliminary experiment i t  was decided to add sa lt  to the 

m illed curd a t the rates o f 3 and 4 per cent (xv/w),

One vat of 400 gal ( 1818.4 l )  oi pasteurised milk l6l,5^F  

for  15 s (72^0 for 15 s) xms made in to  uncoloured (white) and another 

in to  coloured Cheddar cheese according to tiie processing procedure 

given on page 55. The production data are given in  Table 95 (Appendix 

A).

From each vat a 44 ih  (19.96 kg) lo t  was taken, and the sa lt  

was added to the curd as described on page 59. The dry vacuum grade 

of in d u str ia l sa lt  was added to the white cheddared curd at the rate of 

3 per cent (w/w), and to the coloured curd a t 4 P^r cent (w/w). The 

cheese were treated thereafter as described on page 59.
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A.2* Large scale experiment. I t  was found from the 

preliminary experiment that the addition of 3 to 4 per cent dry 

vacuum sa lt  to the white and coloured m illed curd caused considerable 

seaminess in  the f in a l  cheese * This experiment was designed to compare 

the degree of seajniness caused by low and high le v e ls  of added s a lt ,  

i . e .  (2 per cent (w/i-r) and 4 per cent (w/v/).

I t  was decided to in vestiga te  the e ffe c t  of sa lt  p a r tic le  

size  on the development on seaminess.

Three separate vats of 350 gal ( 1591,1 l )  of pasteurised  

mille were made into white Cheddar cheese using the system described 

on page 55 of th is  th e s is . The d e ta ils  of the manufacturing 

procedure are given in  Table 96 (Appendix A ),

Three types of sa lt  were used in  tlie sa ltin g  of the m illed  

curd:- ( l )  commercial grade dry vacuum sa lt  (333 pm), (2) and (3) 

m illed dry vacuum sa lt  v/ith a mean p artic le  s ise  of Id? and 50 jm.

Six separate lo t s  of curd each of 44 Ib (19,96 kg) were weighed and 

placed in  the aluminium sa ltin g  boxes. Salting and curd treatment 

were carried out according to the procedure described on page 59, and 

indicated in  the plan given in  Figure 17.

B, Salt p artic le  size

B, 1, Experimental curd. From ths resu lts  of the 

preliminary t r ia ls  where curd was treated with s a lt  of d ifferen t  

p a rtic le  s iz e , i t  was found that there was a d ifference in  the 

seaminess scores, but th is  was not sign ifican t (p > 0 ,0 5 ) . Another 

two vats of 400 ga l ( 1818.4 l )  each of pasteurised miH{. were made in to
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K L an o f  t h e  t r e a t m e n t s  o f  t h e  c u r d  w i t h  d i f f e r e n t  a m o u n t  o f  
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xŝ hite Cheddar, The ciord was treated with the same type of sa lt  used 

in  prevj-ous experiments a t the rate of 2 and 3 per cent (xj/w). Tvjo 

cheese were treated with 3 per cent added sa lt  of each type of sa lt  

plus one cheese treated at the rate of 2 per cent added sa lt  of the 

d ifferen t types of s a l t .  The treatments were carried out according 

to  the plan presented in  Figure 18, Tlie production data of the cheese- 

making are presented in  Table 96 (Appendix A).

B.2c Commercial curd (m ixed-strains) * The cheese was made 

in  the New Zealand ' Cheddarmaster’ tower system in  Mauchline Creamery 

of the Scottish  l'illc Marketing Board, Scotland, The Cheddar cheese 

X‘/as produced according to  the method described on page 56 of th is  

th e s is . The cheese production records are presented in. Table 97

The m illed curd used in  th is  t e s t  x-jas taken from the b e lt  

conveyor that takes i t  to the automatic sa lting  un it of the B ell-S iro  

'CheeseMaker 3̂  . Four lo t s  of curd, each of 44 lb  (19.96 kg) were 

taicen and placed in  p lastics containers ( 10 in  (25.4 cm) deep x 

16 in  (4-0.6 cm) wide x 24 in  (70 cm) lon g ). Salt was added to each of 

the portions of curd at the same time according to the method 

described on page 59, At around the same time i . e .  using curd from 

the same vat one block was picked from the commercial production l in e .  

This block had been prepared from sjjnilar curd which was mechanically 

sa lted . A ll the cheese were pre-pressed in  the machine attachraent 

and were l e f t  aside for about 20 to 25 min before being placed in  the 

same Crockatt press who.oh had a 10 in  (25.4 cm) cylinder end an a ir  

supply of 80 p s i (5.63 kgfbm^). This procedure was repeated a t the 

same factory on curd from the same vat four times giving f iv e  

ren lica tes  for each treatment.



FIGURE 18

Flmi of the arrangements for  study of the e ffe c t  of sa lt  

p a rtie ls  size  on the development of seaminess in  Cheddar

cheese
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Commercial grade dry vacuum sa lt  and m illed dry vacuum s a lt  

with a p a r tic le  size  of 73 were used. These s a lt s  were added to  

the curd at the rate of 2 and 3 per cent (w/w)-.

The cheese were l e f t  in  the press at the factory for 18 h, 

before being vacuum packed in  a laminate, boxed, lab elled  and placed  

in  the curing room maintained at 50^F (lO^C) at the College.

Bo2. Commercial, owd ( s in g le -stra in  s ta r te r s) S i n c e  the 

previous experiment was carried out with, curd made with m ixed-strain  

starters, a further t r ia l  using curd produced in  the Dalbeattie  

Creamery of the Scottish  Milk Marketing Board, was made in  which single-  

stra in  starters were used.

Cheese was made at the factory in  s ix  open vats each of a 

capacity of 2600 gal (11819*6 l )  of milk. One vat was selected  at 

random for the experiment.

The curd was manufactured according to the system described  

on page 58. The processing data are presented in  Table 97 (Appendix A).

Foul' 44 lb  ( 19.96 kg) lo t s  of m illed cheddared curd were 

taken from the conveyor a fter  m illin g  with a 0,5 in  (1.27 cm) kni-fe in  

the B ell-S iro  ’CheeseMaker 3’ u n it . Each lo t  was placed in  a p la s t ic  

box as in  the previous experiment. Salt was added to a l l  four lo t s  at 

the same time following the procedure described on page 59* The curd 

was then placed in  separate rectangular moulds, pre-pressed in  the same 

unit attachment to the machine, l e f t  aside for 20 min on a conveyor 

before placing the moulds in  the f in a l press. At around the same time 

i . e .  with curd from the same vat, one block of machine salted  curd was 

picked at random from the l in e .  A ll the cheeses were l e f t  aside for  

20 to  25 min, and were placed in  a horizontal a ir  operated press (IO
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in  (25.4 cm) cyliiider sLipplied ivith a ir  at 80 p si (5*63 kgf/cm^).

This procedure was repeated another three times giving four' blocks 

for each treatment. The plan of sa ilin g  i s  present in  Table 15* A ll 

cheese were l e f t  in  the press for 18 h .

A ll the cheeses were wrapped in  waxed ce llu lo se  laminate, 

machine heat sealed, boxed, la b e lled  and stored in  the factory curing 

room at 49°F (9*4^C) u n til they were transported to tlie curing room 

at the College and were presented to the panel for scoring.

C. The e ffe c t of sodium chloride. In the same commercial 

factory in  which the previous experiment was conducted, one vat of 

2600 gal ( 11819.6 1 ) of pasteurised milk was manufactured in to  un­

coloured Cheddar cheese. The processing d e ta ils  are presented in  

Table 103 (A) (Appendix A),

The ciud was m illed id.til a GheeseMalcer 3 m illing un it  

equipped with a 0,5 in  (1.27 cm) k n ife . One lo t  of LĴ  lb  (19.96 kg) 

of curd was taken before sa ltin g , placed in  the hoop, pre-pressed, 

and then l e f t  asid e. Another block which had been macliine salted  was 

picked from the l in e .  After 20 min the hoops were placed in  a 

horizontal press f i t te d  with 10 in  (25.4 cm) cylinder Crockatt cheese 

press and supplied vd-th a ir  a t 80 p s i (5*63 kgf/cm^).

The knife was then replaced with 0.75 in  ( I .9 I cm) knife  

and two blocks were taken and treated as described above.

AH the cheeses were l e f t  in  the press for 18 h, and were 

then wrapped in  a waxed ce llu lo se  laminate before being ma d in e  heat 

sealed, boxed and placed in  the curing room at 50°F (10°C) u n t il  they 

were presented to the scoring panel,

D, Pi'esence of additives in  commercial s a lt .  One vat of
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4jOO gal ( l8 l8 ,4  l )  of raille pasteurised at l6 l.5°F  for 15 s (72°G for  

15 s) was nianufactured into coloured Cheddar cheese according to the 

cheesemalcing system described on page 55* The production data are 

presented in  Table 98 (Appendix A),

Three types of sa lt  were used ( 1) commercial dry vacuum 

sa lt , I .e .A , A code (2 ) commercial dry vacuum sa lt  B, I .C .I . and (3) 

pure Analar grade sodium c lilorid e ,

The curd was weighed in to  9, 44 lb  (19*96 kg) lo t s ,  placed  

in  separate aluminium sa ltin g  boxes. The sa lt  was added as described 

on page 59 of th is  th e s is .

E, Acidity of 'the curd at the time of sa lt  addition

E.1. Preliminary experiment. One vat of 4OO ga l ( 1818,4 l )  

of pasteurised milk was made in to  uncoloured Cheddar according -tx) the 

system of cheesemaking described on page 55* Tlie production data i s  

given in  Table 99 (Appendix A).

Vihen the titra ta b le  a c id ity  of the curd reached 0.5 per 

cent la c t ic  acid, a s l ic e  of the curd wa.s cut from the curd in  the 

cheddaring box, m illed by an e lectrd xa lly  operated Damrow m ill, 

divided in to  two lo t s  each of 14 lb  (6,35 kg). Dry vacuum sa lt  was 

added at the rate of 3 per cent (w/w) according to the methods 

described on page 59* The curd was -then placed in  two Mew Zealand 

type roimd moulds, l e f t  for  20 to 25 min and then placed in  a hand 

operated press under a pi-essui'e of about two tons.

The same procedure was repeated when the titra ta b le  curd 

ac id ity  reached 0.70 per cent and 0,90 per cent la c t ic  acid, giving
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t w o  r e p l i c a t e s  f o r  e a c h  t r e a t m e n t .  A l l  t h e  c h e e s e s  w e r e  l e f t  o v e r ­

n i g h t  i n  t h e  p r e s s ,  s c a l d e d  w i t h  h o t  w a t e r  t o  p r o m o t e  r i n d  f o r m a t i o n  

a n d  w e r e  l e f t  a n o t h e r  n i g h t .  T h e y  w e r e  t a k e n  o u t ,  d r e s s e d ,  e n d  l e f t  

i n  t h e  c u r i n g  r o o m  a t  ( 1 0 ° C )  f o r  a  w e e k ,  t u r n e d  e v e r y  d a y .  T h e

c h e e s e s  w e r e  l a b e l l e d ,  w^axed a n d  w e r e  k e p t  i n  t h e  c u r i n g  r o o m  a t  50*^F 

( l O ° C )  u n t d l .  s c o r e d  b y  t h e  p a n e l .

E.2. Full scale exoeiirrent. Tv/o vats each of 4̂ *0 gal 

(l8 l8c4  l )  of milk were made in to  coloured Cheddar using sin g le -stra in  

starters in  one vat and mixed-strain starters in  the other. The 

cheese was manufactured according to the system described on page 55» 

The d e ta ils  of the manufacturing steps are given in  Table 99*

VJhen t i t r a t a b l e  a c i d i . t y  o f  t h e  c u r d  r e a c h e d  0 .5  p e r  c e n t  

l a c t i c  a c i d ,  a  p i e c e  o f  t h e  c u r d  w a s  t a k e n  f r o m  t h e  c h e d d a r i n g  b o x  a n d  

w a s  m i l l e d  w i t h  a n  e l e c t r i c a l l y  o p e r a t e d  D am row  n u l l i n g  m a c l i i n e .

Tlrree lo ts  of ^4 Ih (l9 .98  kg) were weighed out and were placed in  

three boxes. The sa lt  was added at the rate of 3 per cent (w/w) as 

described on page 59* The cheeses were pre-pressed, and then were 

placed in  horizontal cheese press supplied with an a ir  supply of 80 

p si (5*63 kgf/cm^) and f i t t e d  with 10 in  (25*4 cm) cylinder.

The same procedure was repeated when the ac id ity  of the curd 

reached. 0 .7  per cent and 0.9 per cent la c t ic  acid giving 3 repli.cates 

in  each treatment.

A U . c h e e s e s  w e r e  l e f t  a t  t h e  f i n a l  p r e s s i n g  f o r  a b o u t  I S  h  

b e f o r e  b e i n g  h a n d  w r a p p e d ,  m a c h in e  s e a l e d ,  b o x e d  a n d  k e p t  i n  t h e  c u r i .n g  

r o o m  a t  5 0 ^ F  ( lO ^ C )  u n t i l  t h e  c h e e s e  w e r e  p r e s e n t e d  f o r  g r a d i n g  b y  t h e  

p a n e l .
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F• A cidity of the curd, produced by d ifferen t strains of

starterSj at the time of sa].t addition

Four vats each of 4OO ga l (l8lSo4 l )  of m ile were mde in to  

Cheddar cheese on four consecutive days (one each day) according to  

the system described on page 55, In each vat two pairs of s in g le­

strain  starters mentioned above were used, the production data are 

presented in  Table 100 (Appendix A),

By the procedure described above (pagelOO) three 44 Ih 

( 19*96 kg) lo t s  of curd were m illed when their whey titra tab le  

a c id it ie s : -  0 ,5  per cent, 0 ,7  per cent and 0,9 per cent and 

subsequently salted  at the rates of 3 per cent (w/w) ,

G, Temperature of the curd at ttie time of sa lt  addition

Two vats each of 4GO ga l ( 1818.4 l )  ot mile were made in to

coloured Cheddar cheese according to the procedure described on page 

5B, The production data of cheesemaking are given in  Table 101,

Hhen the titra ta b le  ac id ity  of the whey draining from the 

cheddaring curd slabs in  tlie vats reached 0.5 per cent la c t ic  acid, 

two lo t s  of 140 lb  (63.5 kg) were removed from the vat  ̂ leaving the 

third lo t  to continue cheddaring in  the va t. One of these two lo t s  

was placed in  a 50 gal (227.3 l )  water-jacketed vat, and the curd was 

cooled by means of running cold water in  the jacket of the vat u n t i l  

the temperature of the curd reached 7 2 ( 2 3 . 3 ^ 0 ) .  Dui'ing the same 

time the second portion of the curd was placed in  anotlier small vat 

and the curd was heated while cheddaring to about lOÔ F (37*8^0) by
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means of running hot water in  the jadcet of the vat,

Vftien the a c id ity  of the cucd reached about 0,60 per cent

la c t ic  acid , the cooled portion was m illed using an e le c tr ic a lly  

operated Damrow m illing machine. Three 44 Ih (19*96 kg) lo t s  of curd 

were weighed out and placed in  the aluminium sa ltin g  boxes in  the vat 

(Figure 9)* The other lo t s  of curd were treated in  the same manner.

A ll of the m illed curd was then salted and the curd and sa lt  

mixed by nine persons at the same time. A ll lo t s  of salted  curd were 

then placed in  the prepared moulds, Tlœ moulds and the curd were 

treated in  the manner described in  the previous experiment,

H, Mellovâng time

One vat of 4OO ga l ( 1818,4 l )  of pasteurised mille (161.5^F 

(72^0) for 15 e) was manufactured in to  coloured Cheddar cheese 

follow ing the system described on page 58 u n til  the curd was 

conpletely cheddared. The processing data are presented in  Table 

102.(Appendix A ),

Mien the titra ta b le  a c id ity  of the curd reached 0,6 per

cent la c t ic  acid, the curd was m illed with 0,5 x 0,5 in  ( l ,2 7  % 1,27

cm) knife of the CheeseMaker 3, assembled as shown in  Figure 19*

Tvfo 44 lb  ( 19*96 kg) lo t s  of m illed curd were placed in  

p la s tic  containers as described on page 54, Dry vacuum s o i t  was 

added simultaneously to each portion of curd at the rate of 3 per 

cent (w/w) and mixed in  accordance with the procedure described on 

page 59* 0>ie lo t  was then placed d irectly  a fter  sa ltin g  and mixing in  

a prepared conventional 40 lb  (19.96 kg) mould set aside for 25 min.
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and was then placed in  the cheese press. The other lo t  was l e f t  in  the 

box for 50 min, during which the ciard was stirred  three times to 

prevent the curd from matting together,- The curd was tten  placed in  

a mould treated in  the same way as the f i r s t  ] o t ,

This procedure was repeated another 3 times giving 4 

rep lica tes for each treatment.

The pressing and subsequent treatment of the cheese was in  

accordance with the description given on page 59.

Scoring the cheese

The cheese were examined and scored by the grading panel 

according to the procedure described on page 60 at various ages up to 

a maxiumum of one year.

.Chemical analyses

Samples were taken from the p ieces presented to the panel, 

for sa lt  and moisture determinations. The sa lt  in  aqueous phase and 

pH values were determined according to the methods described on pages 

47, 48, 48, and 48 resp ec tiv e ly ,

Rheological measurements

The firmness and the e la s t ic ity  of the dieese were measured 

by the method described on page 52,
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ESSULTS

A. Amount of added sa lt

A,1, Preliminary exiieriment, Tlie res^jlts of the scoring and 

correspending analyses at d ifferen t ages are given in  Table 116 

(Appendix B),

The mean score of seaminess given to the cheese increased  

from 0,5  when the cheese was one week of age to a maximum of 4  points  

when scored at 7 and 8 weeks of age. The cheeses were of good 

quality ,

A,.2. Large scale experiment. The mean scores given by the 

panel for seaminess, fusion , body, flavour and colour of the cheese at 

one, four, and eight weeks a fter  manufacture with the resu lts  of the 

chemical analyses carried out when the cheese was 8 weeks of age were 

analysed s t a t is t ic a l ly  according to the method éô  on page 62.

The resu lts  obtained suggest that the addition of more s a lt  

induced some degree of seaminess in  the f in a l cheese. The score for  

seaminess in  the cheese prepared with fin e  sa lt  was le s s  than that of 

cheese prepared with the same le v e l  of coarse s a lt .

The analysis of variance of the resu lts  obtained in  the 

cheese at d ifferen t ages i s  presented in  Tables 16 to 23.

These resu lts  ind icate that seaminess was s ig n ifica n tly  

affected  (p < '0 ,0 l) with the amount of added *

The size  of the sa lt  p artic le  had no s ig n ifica n t (p< 0 .05 )  

e ffe c t  on the seaminess.



TABLE 16

Analysis of variance: seaminess scores for experimentsJ. 

Cheddar cheese made with d ifferen t amounts of added sa lt  and 

of d ifferen t p artic le  size  examined at various times during

curing

At one week
Treatment P.P. Mean souare F

Salt addition 1 0,89932 6.67 ^
P article  size 2 0.04962
P article  size  x  addition 2 0.01554 -
Eeplicates 2 1.19677 8.87 *
Experimental error 10 0.13490
Saiïpling error 72 0.05252
Total 89

Treatment
At 4  weeks 
P.P. î^an Square F

Salt addition 1 0.97702 9 .57
Salt p artic le  size 2 0.05079 —
P article  size  x addition 2 0.17388
Heplicates 2 1,41468 13.86 *
Experimental error 10 0.13490
Sanpld-ng error 72 0.05252
Total 89

Treatment
At 8 weeks 
P,F. î-ïsan Souare y

Salt addition 1 1.02968 13.83
Salt p artic le  size 2 0.05925 -
Porbicle size  x  addition 2 0.06281 -
Peplicates 2 0.45380 6.1 »
Experimental error 10 0.07445
SanpUng error 72 0.05766

-  Not s ig n ifica n t (p>0,05)  
^ S ignificant (p-^0,05) 

Sign ificant (pxfO.Ol)



TABLE 17

Means of seamàness scores given by scoring -panel (5 nudges) 

to  experimental Cheddar cheese one, four and eight weeks old 

made \d.th d ifferen t amount of added sa lt  of d ifferen t

p a r tic le  s ize

Salt p artic le  size  4^ added Z% added î̂ fean

S jm l sa lt  . sa lt

A t o n e  w eek

50  2 .1 9  0 . 8 4  1 .4 3

107 1 .8 6  0 .7 6  1.24

3 3 3  2 .2 1  1 .2 7  1 .7 0

M ean 2 . 0 8  0 .9 5

A t 4  w e e k a

50  1 .8 8  0 .3 3  0 .9 6

107 1 .3 7  0 .3 3  0 . 7 7

3 3 3  1.24  1 .0 5  1 .1 4

M ean I .48  0 . 5 4

A t 8  w e e k s

50 1 .7 5  0.32  0.91

107 1 .7 4  0.84  1.28

3 3 3  1 . 7 4  0.89  1.28

M ean 1 .7 5  0 .6 8
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Bo Salt p artic le  size

Bolj Experimental ciu^d. The grading resu lts  obtained when 

the cheese was S weeks old were s ta t is t ic a l ly  analysed the method 

I o ̂  on page 62.

The resu lts  of the analyses of variance at 8 weeks a fter  

manufacture are presented in  Table 24 and 25. The data used include 

that obtained in  the la s t  experiment (the amount of added sa lt)  for 

the d ifferent treatments of d ifferen t p artic le  size  s a lt .

These resu lts  ind icate tliat tlie size  of sa lt  p artic le  liad no 

sign ifican t e ffe c t  (p > 0 .05) on the development of seaminess in  

Cheddar cheese,

B,2, Commercial curd (mixed-strain sta r ters) . The mean 

score for seaminess and other characteristics awarded by the grading 

panel and the resu lts  of chemical analyses of these cheese at the time 

of scoring were s ta t is t ic a l ly  analysed by tlie method described on 

page 62, The s ta t is t ic a l  analyses of variance of seaminess, body, 

colour, sa lt , sa lt  in  aqueous phase, moisture and firmness at the age 

of 8 weeks are presented in  Tables 26 to  28.

These resu lts  ind icate that und.er the commercial conditions 

encountered the size  of^particle had no sign ifican t (p>0,05)  e f fe c t  

on the le v e l  of seaminess found in  the resultant cheese.

The analysis of variance also ind icates that there i s  no 

sign ifican t (p>0,05)  difference in  the fusion, openness, flavour and 

pH of the cheese made with sa lt  of d ifferent p artic le  , s i z e .

B.2.  Commercial curd ( sin g le-stra in  sta r ters) , The grading 

scores given to the cheese by the panel when they were 4 2.nd 8 weeks



TABLE 24

Analysis of variance; of seaminess scores for experimental 

Cheddar cheese made with, 2%, 3% and le v e ls  of added sa lt

Treatment D.F. Mean square F
2% Added sa lt

P article  size 2 3.44 —
Beplicates 4 8.33 “
Experimental error 8 3.91

Judges 4 3 .4s -
P article  size  x judges 8 0.78 —
Sanpling error 4B 1,42
Total 1,42

3% Added sa lt
P article  size 2 0.20 —
Replicates 3 2.73 4.96
Experimental error 6 0.38

Judges 4 2.96 5.34
Pai’t ic le  size  x judges 8 0.18 -
Sampling error 36 0.58
Total 59
Pooled E 42 0.55

/S  Added sa lt
P article  size 2 0.22 "
Replicates 2 3.26 -
Experimental error 4 1.88

Judges 4 10.16 3.17 *
P article  size  x judges 8 1.91 -
Sampling" error 24 3.41
Total 44 3.46
Pooled E 28 3.20

-  Not s ign ifican t (p> 0 ,05 ) ,  * Significant (p< 0 .05 ) . ^  S ign ificant
(p^O.01)



TABLE 25

Means of seaminess scores of Cheddar cheese (aged 8 weeks) 

made with sa lt  of various p a r tic le  size applied to curd at 

2^, 3% and l̂ o (w/w) le v e ls

Sal.t p artic le  size  2% (w/w) added 3% (w/w) added l̂ o (w/w) added

(^m)_______________ s a l t _________ sa lt  sa lt

50 0.40 0.55 2.17

107 0.72 0.45 2.40

333 1.14 0,35 2.23

S.E, of difference 40.56 +0.23 40.65



TiffiLE 26

Analysis of vai'iance ; the e f f e c t  of se I t  p artic le  size  on 

seaminess in  commercjal Cheddar (m ixed-strain) aged 8 weeks 

made with 2 and 3% (w./v:) added sa lt  of d ifferen t p article

size

Treatment D.F. Mean square F
Treatments 4 11.88 «

Machi.ne sa ltin g  x rest 1 4,05 -

Z$ X 3% 1 28.09 -
ML thin 2% 1 12.50 —
Within 3^ 1 2.88 —
Experijïiental. error 20 9.80

Judges 4 115,36 16.04***
Judges X treatment 16 76.24 10,60***
Sampling error 80 7.19
Total 124

Means
Added sa lt Salt p a rtic le  size  Mean of seaminess

______(#) (gm)
2 72 4 ,04
2 333 3,04
3 72 A.36
3 333 4 .84

Machine sa ltin g 333 4.52

Standard error of difference 4 0.88

Not S ignificant (p>0 .05)  
 ̂ S ign ificant (p<0.05)  

Sign ificant (p<0*0l)  
Sign ificant (p < 0 .0 0 l )
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old are presented in  Table 117 (Appendix B), Tlie chemical composition 

of cheese resu lting from each treatment i s  presented in  Table 116 

(Appendj.x B),

The analyses of variance of seaminess scores when the cheese 

were S weeks old are presented in  Tables 29 ’ - . , These indicate  

that there was no sign ifican t (p>0 .05)  difference in  the le v e l of 

seaminess with d ifferent i of sa lt  of d ifferent particle

s i z e ,  Seaminess was present in  a l l  cheese a t a high le v e l ,

C • Sodium chloride

The resu lts  of the scoring and composition of the cheese are 

presented in  Table 36*

The resu lts  show that seaminess was present in  the unsalted

cheese.

D, Additives in  commercial sa lt

The mean scores of the grading ttie cheese by the panel were

analysed for seaminess according to the method 4» on page
/

62. Tlie analysis of variance of seaminess of 8 weeks-old cheese i s  

given in  Table 37*

The resuD.ts of the analysis of variance indicate that there 

was no sign ifican t difference in  the le v e l  of seaminess in  cheese nade 

with the d ifferen t types of sa lt  used. The mean score of seaminess 

ranged from 1.0? to 1.87 with a standard error of difference of + 0.62.  

The cheese were described by the panel as non-seamy.
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TABLE 35
Means of sa lt  content, sa lt  in  aqueous phase, moisture, pH« 
firmne ss and e la st i c i t y  of S weeks-old Cheddar cheese made 
with sln y le -stra in  starters and sa lt  of d ifferen t p a r tic le 
size  added at le v e ls  of 2o (w/w) and 3o (w/w) to the curd

Treatment

2^ (w/w) added 
3  ̂ (w/w) added 
Machine sa lted  
Standard error

Z% (w/w) added 
3$ (v//w) added 
MacMne sa lted  
Standard error

sa lt
sa lt

Fine sa lt

( 2 1 ^ )
Sa3.t content

1.37
1.95

of difference
Salt in  aqueous nhsse 

sa lt  3.90
sa lt  5.02

of difference
Moistnre 

sa lt  35.08
sa lt  33.52

2/0 (w/w) added 
3% (vj/w) added 
Machine salted  
Standard error of difference

2% (w/w) added 
3% (w/w) added 
hfeoliine sa lted  
Standard error

Z% (w/i\7 ) added 
3  ̂ (w/w) added 
Machine salted  
Standard error

sa lt
sa lt

5.09
5.20

of difference
Firmness 

sa lt  57.0
sa lt  61.6

of difference
E la s t ic ity  

sa lt  41 .4
sa lt  42.1

2% (w/w) added 
3% (w/w) added 

chine salted  
Standard error of difference

Commercial dry 
vaomyn sa lt  (333 )

1.54
1.88

1.75

4.48
5.58
5.20

34.64
33.64 
33.62

5.11
5.16

5.14

59.5
61.2
59.9

41.0
42.5
42.3

+ 0.10

t  0,32

± 0,34

t  0,06

i  1 .82
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TABLE 37

Analysis of variance of seamlness; the e ffe c t  of additives

in  coTiirnercial sa lt

Treatment DÆt

Treatment 2

Experimental error 6

Judges 4

Judg’es X treatment 8

Sampling error 24

Total 44

Means of  seaminess scores 

Analai' grade sodium chloride 

Commercial grade dry vacuum sa lt  

A ,(I .G ,I .)

Commercial grade dry vacuim s a lt  

B ( I . e . I . )

Standard error of difference

Mean square 

2.76 

2.84

F

5.59

0.84

0,70

1 . 0 7

1 . 8 7

1.20

11.64**

i  0 .62

~ Not s ig n ifica n t (p > 0 ,05 )  

** S ign ificant (p^O.Ol)
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E. A cidity of the curd at the time of sa lt  addition

E . 1 ,  Preliminary experiment. The grading panel’ s mean 

scores were analysed for the degree of sign ificance using the method 

described on page 62.

The resu lts  of the s t a t i s t ic a l  analysis of variance of 

seaminess i s  presented in  Tables 38 and 39* Seaminess was s ig n ifica n t­

l y  affected  by the a c id ity  of the curd at the time of sa lt  addition , 

E.2. Full scale experiment. The resu lts  of tbie s t a t is t ic a l  

analysis of cheese scoring resu lts  are shown in Tables 40 and 41 ,

The analysis of variance of seaminess scores of Cheddar 

cheese aged 8 weeks ind icates that the extent of seaminess was 

s ig n ifica n tly  t ( p < f  0 , 05) ' by the ac id ity  of the curd at the 

time of s a lt  addition. This was true for cheese made with sin g le­

strain  or mixed-strain s ta r ter s ,

F. A cidity of the curd produced by d ifferent strains of

starters a t the time of s a lt  addition

The resu lts  of scoring the cheese and th e ir  chemical 

analysis are presented in  Tables 119 to  126 (Appendix B ),

The analysis of variance of seaminess are presented in  

Tables 42 to  4 4 .

G. Tenperature of curd a t the time of sa lt  addition

The resu lts  of the scoring of cheese sa lted  at d ifferen t

temperature and the resu lts  of the chemical analyses of samples when



TABLE 3 8

Analysis of variance; se amine s s scores of 8 weeks-old. Cheddar

Treatment D.F. Mean sonare F

Acidity 2 55.60 45.95 ***

Replicates 1 7.50 6.20 *

Experimental error 2 0.40

Judges 4 18.05 14.92 ***

Judges X a c id ity 8 1.35 -

Sampling error 12 1.35

Total 

Pooled E

29

14 1.21

Not sign ifican t (p > 0 ,05 )  

* S ign ificant (p< 0,05)

*** S ign ificant (p <0,001 )



TABLE 39

Means of searrdness spores ox Cheddar cheese (a-.ged 8 weeks) 

salted  at d ifferen t a c id it ie s  (-preULminary experiment)

Treatment 5-fean of seaminess at

T itratable ac id ity  at m illing (%)  8 weeks_______

0 .5  • 2 .3

0 .7  5.5

0.9  6 .9

Standard error of d ifference + 0.49
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TABLE 42

Aîial.ysis of variance; ssasdness in 8 weeks-old Cheddar cheese

starter bacteria

Treatment D.F. Mean square F

Vats 3 19.88 14.51 ***

Acidity 2 64.77 47.28 ***

Vat X ac id ity 6 5.70 4.16 **

Experimental error 24 1.37

Judges 3 41.29 117.97 ***

Judges X vats 9 1.62 4.63 ***

Judges X a c id ity 6 2.58 7.37 ***

Judges X vats x  
acid ity

18 0.54 .»

Sampling error 72 0.35

Total 143

-  Not s ig n ifica n t (p > 0 .05 )

* S ignificant (p 4 0 .0 5 )

Sign ificant (p < 0 .0 l)

*** S ign ificant (p 4 0 .001)
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the cheese was 8 weeks old were analysed s t a t i s t ic a l ly .  The analysis  

of variance of scores for seaminess^ fusion, openness, body, flavour  

and colour are presented in  Tables 45 to  47.

H , M e l l o w i n g  t i m e

The resu lts  of the s ta t is t ic a l  analysis of tlie scores and 

the chemical analysis are presented in  Tables 48 and 49 resp ective ly .

D IS C U S S IO N

A .  A m o im t o f  added s a lt

a . Preliminary experiement. The addition of medium or coarse 

grained sa lt  a t the rate of more than 3 per cent (w/w) caused the 

condition of seaminess in  the cured cheese. The resu lts  obtained in  

th is  t r ia l  showed that an average of 4 points degree of seaminess was 

present in  the sairples te sted . This resu lt confirmed that the 

addition of s a lt  to the cheddared curd may cause a condition of 

seaminess in  Cheddar cheesed Tab

The resu lts  showed that the degree of seaminess present was 

increased with the increase of the age of the cheese. I t  was noticed

also  that the seams were more marked in  coloiir'ed Cheddar.

T o measure more fu l ly  the relationship  between sa lt  addition  

and seaminess i t  was e sse n tia l to  use a large scale ezcperiment and a 

scoring panel.

b .  L a r g e  s c a l e  e x p e r i m e n t . T h e  a n a l y s i s  o f  v a r i a n c e  o f



TABLE 45

An a lysis  of variance; seaminess in  8 weeks-old Cheddar cheese 

salted  at d ifferen t temperatures

Sour-ce of variation D.F. Mean square F

Treatments 2 20.58 -

Experimental error 12 16.53

Judges 4 13.23 13.10

Judges X treatments 8 0.72 -

Error 48 1,01

Total 74

Means A (100°F)2.00

B (86°F) 3.36  

C (74°F) 1.64

Standard error of difference ±  1,15

-  Not s ig n ifica n t (p > 0 ,0 5 )  

Sign ificant (p 4 0 ,0 0 l)
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Analysis of variance

TABLE ■ 48

: seaminess scores given to mellowed Cheddar

cheese aged 8 weeks. mellowed for 50 minutes before pressing

Source of variation D.F. kfean souare F

Treatment 1 4.50 -

Experimental error 6 2.98

Judge s 3 3.71 3.50 *

Judges X treatment 3 0.75 -

Sampling error 18 1.06

Total 31

Treatment means

Unmellov/ed 3.81

Mellowed 4.56

Standard error of difference + 0.61

Not sign ifican t (p">0.05) 

* S ignificant (p-<0.05)
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seaminess in  cheese made with both 2 and 4 per cent (w/w) added sa lt  

showed that ses^miness was s ig n ifica n tly  (p < 0 ,0 l)  affected  by the 

amount of added s a l t , Seaminess increased s ig n ifica n tly  (p<O.Ol) 

with the increase of the sa lt  added to the cheddared curd jî

In th is  experiment the le v e l  of seaminess remained very low 

(lo7 points) in  a l l  the resu ltant cheese, and none of ttiem was 

described as seany cheese.

The amount of sa lt  retained in  tïie cheese ranged from 1.72 

per cent to  2 .0  per cent for ’the cheese that received 4 per cent (w/w) 

s a l t .  Six blocks were of moisture content below 36.00 per cent, and 

were comparable to  those produced by Czulak (1963),

The mean scores also  showed that the body of tlie cheese 

varies s ig n ifica n tly  (p < 0,001) with the amount of the added s a l t .

The cheese produced when a rate of 4  per cent (w/w) added sa lt  was 

used were firm bodied cheese (7.64 p o in ts). Using 2 per cent (w/w) 

added sa lt , the resu ltant cheese was le s s  firm (6.87 points) /9).

Ciu?d that received 4 per cent (w/w) sa lt  produced cheeses 

which were described as mottled coloured cheese. The mean scores for  

colour given to these cheese were lower than those given to cheese 

made with 2 per cent (w/w) added s a l t ,  ïîie scores were 7,78 and 8 .4O 

points resp ectively  and colour i s  s ign if ican tly  affected  (p < 0 .05 ) 10. th  

the amount of added saltCfAbU .

Fusion of the curd p a r tic le s  showed s lig h t difference in  the 

mean scores, 7 .O4 points when 4 per cent (w/w) added sa lt  was used a.nd 

7.44 points when 2 per cent (w/w) added sa lt  was used. Tlie d ifference  

which was not sign ifican t (p > 0 ,0 5 ) may be due to the e ffe c t  of sa lt  

addition and to the occurence of seaminess in  these cheeses(
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’ O p e n n e s s ’ s c o r e s  o f  t h e  c h e e s e s  w h i c h  w e r e  t e s t e d  s h o w e d  

t h a t  t h e  c h e e s e  c o n t a i n i n g  t h e  M g h e r  l e v e l s  o f  a d d e d  s a l t  l ia d  l e s s  

o p e n n e s s  t h a n  t h o s e  c o n t a i n i n g  l e s s  s a l t ,  b u t  t h i s  d i f f e r e n c e  i s  n o t  

s i g n i f i c a n t  ( p >  0 , 0 5 ) f # ) -

T h e r e  w a s  a  v e r y  s l i g h t  d i f f e r e n c e  ( n o t  s i g n i f i c a n t  p >  0 , 0 5 )  

i n  t h e  m e a n  s c o r e s  f o r  f l a v o u r  o f  t h e  c h e e s e  a t  t h e  a g e  o f  8  w e e k s  

7 084 p o i n t s  t o  t h e  h i g h  s a l t  c h e e s e ,  a n d  7.91  t o  t h e  l o w  s a l t  c h e e s e .  

T h e  d i f f e r e n c e s  i n c r e a s e d  h o w e v e r  a s  t h e  c h e e s e  b e c a m e  o l d e r ,  v /h en  

m o r e  o f f - f l a v o u r s  w e r e  f o u n d  i n  t h e  c h e e s e  p r o d u c e d  w i t h  a  l o w e r  l e v e l  

o f  a d d e d  s a l t f  '

VJhen 4  p a r  c e n t  ( v / /v / )  a d d e d  s a l t  w a s  u s e d  i n  s a l t i j i g  t h e  

c u r d ,  t h e  r e s u l t i n g  c h e e s e  r e t a i n e d  m o r e  s a l t  t h a n  w h e n  t h e  c u r d  

r e c e i v e d  2  p e r  c e n t  ( w /w )  o f  s a l t .  T l i i s  d i f f e r e n c e  w a s  s i g n i . f i c a n t  

( p  < 0 . 0 0 1  ) .  T h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  ( p > 0 , 0 5 )  b e t w e e n  t h e  

a m o u n t s  o f  s a l t  r e t a i n e d  i n  t h e  f i n a l  c h e e s e  m a d e w i t h  d i f f e r e n t  

p a r t i c l e  s i z e s .  T h i .s  w a s  a l s o  t r u e  i n  t h e  c o n c e n t r a t i o n  o f  s a l t  i n  t h e  

a q u e o u s  p h a s e  i n  t h e s e  c h e e s e s  w h i c h  w a s  h o w e v e r  s i i g n i f i c a n t l y  

a f f e c t e d  ( p <  0 , 0 0 1  ) b y  t h e  a m o u n t  o f  a d d e d  s a l t  o f  b o t h  t y p e s C 5 ^ ) -  

T h e  c h e e s e  t h a t  r e c e i v e d  4 p e r  c e n t  ( w /w )  a d d e d  s a l t  

c o n t a i n e d  l o w e r  m o i s t u r e  t h a n  t h o s e  w h i c h  r e c e i v e d  2  p e r  c e n t  ( w / w )  

s a l t .  T h i s  d i f f e r e n c e  w a s  s i g n i f i c a n t  ( p <  0 , 0 0 1 ) ,  H i e r e  w a s  n o  

s i g n i f i c a n t  ( p >  0 , 0 5 )  e f f e c t  o f  d i f f e r e n t  p a r t i c l e  s i z e  o n  t h e  a m o u n t  

o f  s a l t  r e t a i n e d  i n  t h e  f i n a l  c h e e s e . The m e a n  m o i s t u r e  c o n t e n t  o f  

c h e e s e  r e s i f l t i n g  f r o m  b o t h  t r e a t m e n t s  w a s  3 6 . 1 3  p e r  c e n t  f o r  t h o s e  

c h e e s e s  t h a t  r e c e i v e d  4  p e r  c e n t  ( w /w )  s a ] . t  a n d  3 7 . 6 5  p e r  c e n t  f o r  

t h o s e  w h e r e  2  p e r  c e n t  ( w / w )  s a l t  h a d  b e e n  a d d e d (  i s j )

T h e  m e a n  pH  r e a d i n g  o f  t h e  c h e e s e s  i n d i c a t e d  t h a t ,  t t e
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cheeses of lower sa lt  content tended to be s lig h tly  more acid tiian 

those in  which higher sa lt  was retained. The mean pH of the cÎTeese 

of lower sa lt  content was 5 .1 rcompared to 5*17 that -of high sa lt  

content cheeset Tq

B .  S a l t  p a r t i c l e  s i z e

B . 1 c E x p e r i m e n t a l  c u r d .  S e a m i n e s s  l e v e l s  o f  c h e e s e  m a d e

with 4 per cent (w/v;) added s a lt  of d ifferent p artic le  size; 50, 107

and 333 ^  wore 1.754, 1.742, and 1,745 points seaminess resp ective ly .

T h i s  i n d i c a t e d  t h a t  a l l  t y p e s  o f  s a l t  u s e d  i n d u c e d  t h e  sa m e  d e g r e e

o f  s e a m i n e s s  i n  t h e  f i n a l  c h e e s e .  T h e r e  w a s  n o  s i g n i f i c a n t  (p > 0 .0 5 )
/ t )

e ffe c t  of the p artic le  size  on the development of seaminess^. This 

resu lt ind icates that the same degree of seaminess can be induced by 

fin e  sa lt  ( 50, and 107yum p a r tic le  s ize ) and the ordinary commercial 

grade dry vacuum sa lt  (333 /rn p a r tic le  s iz e ) .  The le v e l of seaminess 

present in  a l l  cheeses was low and no cheese were c la s s if ie d  as seamy. 

These resu lts  are contrary to those reported by Czulak (1963), who 

reported that seaminess was more marked and more frequent i/ith  cheese 

made with coarse sa lt  and p ra c tica lly  absent with cheese made with fin e  

s a lt .  Yet the same author did not define the p artic le  size  of the 

fin e  sa lt  he used.

T h e  a n a l y s e s  o f  v a r i a n c e  o f  s e a m i n e s s  g i v e n  t o  t h e  r e s u l t a n t  

c h e e s e  a t  8  w e e k s  o f  a g e  s h o w e d  t h a t  a l s o  t h e r e  w a s  n o  s i g n i f i c a n t  

d i f f e r e n c e  ( p > 0 . 0 5 )  w h e n  2  a n d  3  p e r  c e n t  ( w /w )  a d d e d  s a l t  w a s  u s e d .
A

The sa lt  content of the f in a l cheese were within the 

normally accepted le v e l  of 1,6 to  1,8 per cent, when 3 and 4 pci* cent
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(w/w) of the three types of sa lt  were used. But when 2 per cent added 

sa lt  was used of the same tj^ es, the f in a l sa lt content of the cheese 

was below the le v e l required,

B .2, Commercial curd (mixed-strain s ta r ter s) . The le v e l  of 

seaminess present in  the matured oomTiercial cheese was higher than 

that present in  the cheese made in  experiment B .1, The scores for  

seaminess given to the cheese made with sa lt  of a p artic le  size of 73 

îm were s lig h tly  lowur tlian those given to the other clieese. However 

these d ifferences were not sign ifican t (p > 0 .05), indicating ü iat there 

i s  no sign ifican t e ffe c t  of sa lt  p artic le  size on seaminess induced 

in  these cheesy. The le v e l of seaminess present was below that 

necessary to resu lt in  a cheese which could be c la s s if ie d  as seamy. 

These resu lts  ccnf'irm the information obtained in  the previ-ous 

experiment with experimental curd.

The analyses showed no sign ifican t (p> 0,05) difference  

between the scores given to the fusion, openness, and flavour, but 

’the scores given to the body of cheese which received 2 per cent added 

sa lt  were s ig n ifica n tly  (p<,0 ,0 l )  lower than that given to cheese 

which received 3 per cent added s a lt .  There was no sign ifican t 

difference within the cheeses ’that received 2 per cent added sa lt  

and 3 per cent (w/v/) of the two types of sa lt  used. The body of the 

cheese tended to be v/eaker v/hen le s s  sa lt  v/as added^ TahU 27).

The cheese that received le s s  sa lt , had sig n ifica n tly  

(p < 0 ,05 ) higher scores than the others. Addition of higher sa lt  

tended to cause ’uneven colour in  the f in a l cheese. The mean scores 

for colour which are presented in  Tatü.e 27 shows that a l l  -the cheese 

were of low scores compared to other commercial Cheddar cheese.
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The addition of higher amounts of sa lt  to the cheddared 

curd caused a sign ifican t (p < 0 ,0 l)  increase in  the f in a l  sa lt  content 

and the sa lt  concentration in  the aqueous pïiase of cheese. There was 

no sign ifican t (p > 0 ,0 5 ) difference with the cheese to  which received  

2 per cent or 3 per cent (w/w) added sa lt  of both p artic le  s iz e . The 

mean of f in a l s a lt  retained showed that addition of 2 per cent (w/w) 

s a lt  to the curd resulted in  cheese of low sa lt  content / 7-44,'̂  a ? ).

The moisture content of the f in a l cheese was s ig n ifica n tly  

(p < 0*0 l) affected  by the addition of the two d ifferen t le v e ls  of sa lt  

of 2 and 3 per cent (w/w) but th is  difference was not s ig n ifica n t  

(p > 0 «05) when the cheese received sa lt  of d ifferent p artic le  size  at 

both le v e ls  of the addition^

These variation  in  the resu ltant cheese were reflected  in  

sig n ifica n t (p < 0 ,0 l)  d ifferences in  the firmness of the cheese as 

determined by B,C,T. readings. The b a ll compressor values ind icates  

that the cheese which received 3 per cent (w/w) added s a lt  of the s a lt  

of both p artic le  s iz e , were more firm bodied tïian those which received  

2 per cent (w/w) added s a l t .  The e la s t ic ity  ch aracteristics of the 

cheese were s ig n ifica n tly  (p<0*05) lower when the cheese received 3 

per cent (w/w) added s a l t .  But there was sign ifican t (p < 0 ,05 )  

difference because of the s a lt  p a r tic le  size  in  both rates of addition< 

There was no sig n ifica n t (p > 0 ,05) difference in  the pH of 

the resultant cheese.
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B .2, Commercial curd (s in g le -stra in  s ta r ter ) . The resu lts  

of the scoring showed, that the degree of seaminess obtained in  th is  

experiment was much higher than that found in  the previous parts (B1, 

B2). llie mean score for seaminess in  cheeses made with 2 per cent 

(w/w) added sa lt , both fin e  (73 jum) and coarse (333 was 9,30 and 

9o60 points resp ectively . This difference i s  s ig n ifica n t (p<;0 ,05). 

A ll of the cheese were considered to be v e r y  seamy. The f in a l sa lt  

content in  these cheeses ranged from 1.37 to 1.54 P^r cent which i s  

considered below the optimum le v e l  for sa lt  in  commercial Glieddar,

V/lien fin e  and coarse sa lts  were added at the rate of 3 per 

cent (w/w), the mean score for seaminess in  the resifLting cheese at 8 

weeks was 9*5 and 9*6 resp ec tiv e ly . This difference i s  not 

s ig n ifica n t (p > 0 .0 5 ) . The s a lt  content in  the cheese ranged between 

1.81 and 2.02 per cent which was witliin the range of sa lt  in  

comifiercial Cheddar, Tlae cheese produced in  th is  experiment were 

described as very seamy "To t/.« ,

Tlie mean score for seaminess in  the samples talcen from the 

l in e  where machine sa ltin g  took place was 9 .3  and the chee se were 

considered to be very seamy. There was no sign ifican t (p > 0 .05 )  

difference in  the seaminess between the cheese resulting from hand and 

machine s a lt in g /

The fusion ch aracter istics of a l l  cheeses were not 

s ig n if ica n tly  (p > 0 .05) a ffected  either by the addition of d ifferen t  

amounts of sa lt  or by the use of sa lt  of d ifferen t p artic le  s iz e .  

Scores for fusion given to  the cheese ranged from 7.25 to  7*40 for a l l  

treatments £  ^*3'

The resu lts  of analysis of variance indicate that there was
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no sign ifican t (p > 0 .05 ) difference in  the scores for openness in  the 

cheese which was hand salted with e ith er  2 per cent (w/w) or 3 per 

cent (w/w) of added s a lt .  There was a sigrd.ficant difference  

(p < 0 .0 0 l)  between the openness scores for machine salted  and 

manually salted  cheese in  th is  experiment. Openness in  machine salted  

cheese was le s s  than that in  hand salted cheese. However the openness 

condition of a l l  cheeses was very low and the texture was good in  a l l  

oases. The score for openness ranged between 1,35 and 2.70 points.

The mean scores for body given to the cheeses indicated that 

weak-bodied cheese resulted when 2 per cent (w/w) added sa lt  was used 

of e ither commercial grade dry vacuum sa lt  or milled s a lt  of 73 jum 

partic le  s iz e . The analysis of variance showed that there was a 

sign ifican t difference (p < 0 ,05 ) in  the scores given to the body of 

the cheese treated with 2 per cent (w/w) and 3 per cent (w/w) added 

s a l t .  There was a sign ifican t (p c 0 .0 5 )  difference between the body 

of machine salted cheese and those which were manually sa lted . The 

body of the machine salted cheese was firmer than the o t h e r s ^̂ 3- 

The scores awarded by the panel indicate that the resultant 

matured cheese were of d ifferen t flavour. There was no sign ifican t  

difference (p > 0 ,05) between the scores given to the cheese produced 

with 2 per cent (w/w) or 3 per cent (w/w) of sa lt  addition. The mean 

scores given to flavour of the cheese when 3 per cent (w/w) of fine  

s a lt  (73 Jüm) was added was s ig n ifica n tly  (p < 0 ,0 l)  lower in  comparison 

to the scores given to cheese when 3 per cent (w/w) commercial grade 

dry vacuum sa lt  (333 jcun) was addedC T̂ bZ-e 3 0  •

The colour of the cheese was not s ig n ifica n tly  (p > 0 ,05)  

affected by the amount of s a lt ,  and by machine sa ltin g  as opposed to
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hand sa ltin g . The colour of cheese produced when 3 per cent (w/w) 

added sa lt  was used was s ig n ifica n tly  (p < 0 .05 ) affected  by the sa lt  

p artic le  s iz e . The mean score given to cheese produced with 73 jum 

p artic le  size sa lt  was lower than that given to cheese produced with 

dry vacuum sa lt , the respective mean scores were 7,70 and 8,15 p o in ts. 

The amount of sa lt  added of either p article  size  affected  

the f in a l amount of sa lt  retained in  the cheese, the sa lt  

concentration in  aqueous phase and the moisture content, Sa3.t 

retained in  the cheese i s  s ig n ifica n tly  (p < 0,001) increased with 

increase of amounts of added s a l t .  There was no sig n ifica n t difference  

(p>.0 .05) in  the sa lt  retained when the cheese was treated with the 

same amount of sa lt  of d ifferen t p artic le  s iz e . The concentration of 

s a lt  in  the aqueous phase was also higher with the increase of added 

s a l t .  The moisture content of the cheese increased s ig n ifica n tly  

(p< 0*001) with a decrease in  the amount of added s a lt .  When the 

le v e l of sa lt  addition was 2 per cent (w/w) the moisture content of 

cheese made with fin e  sa lt  (73 ĵ m) was 35,08 per cent. VJhen dry 

vacuum s a lt  (333 yum) was used the moisture content was 34.64 per cent. 

The means of the moisture content of the machine-salted cheese was 

33,62 compared to that of the rest of the cheese included in  the 

experiment. A ll the cheese from these treatments were considered as 

of low moisture content being in the range from 35.16 per cent to  

32,85 per cent( T^hfe 34-̂ ,

The fa c t that the severe le v e l  of seaminess found in the 

cheese in th is  experiment was not attained in  the cheese made with 

curd produced under sim ilar experimental conditions even when 4 per 

cent (w/w) of sa lt  was used suggests that th is  seaminess was induced
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by factors other than the amount of added s a lt .  This finding  

disagrees with view expressed by Czulak ( 1963) .

According to Gzulalc (1963) seaminess was decreased and 

almost absent when fin e  sa lt  (which was not defined) was added to the 

curd. In th is  experiment seaminess scores of more than 9 points were 

attained in  the cheese even when 2 per cent (w/v/) sa lt  of a p artic le  

size  of 73 yum was added to m illed curd, Tliere was no sigrdfleant 

difference (p > 0 ,05) in  the firmness or e la s t ic ity  of cheese produced 

by d ifferent treatments.

In order to demonstrate that the degree of the seaminess 

obtained under these conditions was due to factors other than the 

addition of sa lt  to the cheddared curd, i t  was decided to compare 

cheese salted  by the usual manner of machine sa lting  and others which 

were unsa]_ted,

C, Sodium chloride

Seaminess was present in  the unsalted cheese. The mean 

scores given at 4 and 8 weeks old were 6,00 and 3 resp ectively . This 

degree of seaminess i s  higher than that obtained in  experimental cheese

made from curd which had been treated with 4 P^r cent added sa lt

(Table 36 ) ,  This resu lt demonstrated that under some conditions 

factors other than sa lt  may play a role in  and may cause the 

development of seaminess in  Cheddar cheese,

D, Additives in  commercial sa lt
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The resu lts  obtained, showed that while there was a s lig h t

difference in  the mean scores for seaminess of the cheese produced by

d ifferent q u a litie s  of sodium chloride i t  was not sign ifican t (p;>
Cr<̂ hi< 3?)

0 ,05)̂ . Tills suggests tha/b Analar grade sodium chloride which i s  free  

from im purities caused the same degree of seaminess as commercial 

types in  wliich additives are used,

E. A cidity of curd at the time of sa lt  addition

E.1> Preliminary experiment. The degree of seaminess 

present increased with the increase of the ac id ity  of the curd at the 

time of sa lt  addition( 3^1-

The increase in  seaminess in  the curd sa lted  at high a c id ity  

e .g . 0,9 per cent la c t ic  acid may have been due to the formation of 

more calcium orthophosphate between the junctions of the curd 

p a r tic le s . But the mean scores were not as liigh as would ind icate a 

very seamy condition in  the f in a l clieese. The highest mean score 

obtained was 6,9 po in ts. This preliminary study suggested that th is  

factor should be investigated^ cheese made with eith er mixed-strain 

or s in g le -stra in  sta r ters , Tlie foHo\d.ng f u l l  scale experiment was 

designed to in vestigate  the matter further,

E .2. Full scale excerimient . Tlae analysis of variance of 

seaminess when the cheese was 8 weeks old indicated that addition of 

sa lt  to the curd at higher a c id ity  caused a sign ifican t (p/C0 ,05) 

increase in  the mean score for se amines^. This i s  in  agreement with  

the resu lt obtained in  the preliminary te s t  described above.

The mean scores of seaminess given to the cheese made w ith



119

curd sa.lted when the t itr a  table ac id ity  was 0,9 per cent la c t ic  acid  

ind icates that a lo\-/ le v e l of seamtness was obtained. The resu ltant 

cheese was described as non-seamy cheese.

The cheese produced in  both vats were of good le v e l of 

moisture, and sa lt , but they d iffered  from one treatment to another*

Tlie le v e l  of sa lt  retained in the f in a l cheese was increased with the 

increase of ciu’d acidi-ty at milH.ing, The moisture content decreased 

with an increase of the a c id ity  of the curd at the time of sa lt  

addition* Tlie ac id ity  of the f in a l  cheese as indicated by pH was 

increased by m illing the curd at higher a c id it ie s .

F. A cidity of the curd produced vdth d ifferent strain  of

starters at the time of sa lt  addition

The analysis of variance indicated that there was a 

sign ifican t difference (p<;0»00l) between the scores of seaTiiness 

given to cheese made with d ifferen t sin g le-stra in  starters. This hi-gh 

le v e l  of sign ificance was due to the very low scores of seaminess 

given to cheese made with 1#1 and AM2 of Str * cremoris. The milk used 

for cheese malcing contained a harmful le v e l of an tib io tic , and th is  

inh ib ited  the growth of the starters organisms during the manufacturing 

process and during curing* The mean scores for seaminess present in  

the Cheddar i s  0,89 points compared to  2.19, 2.28, and 2,56 for the 

seaminess present in cheese made with sin g le-stra in  starters of S tr . 

iiremoris (I-IL3, i\î'll), (H2, E8) and (P2, S%1l)^^r4bh ^3)^

In thils experiment, the resu lts  of the analysis of variance 

indicated that seaminess was s ig n ifica n tly  (]p <0,001 ) affected  by the
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ac id ity  of the curd at the time of sa lt  addition * Tills i s  in  

agreement with the resiû t obtained in  the previous experiment.

Although th is  high le v e l of sign ificance was obtained, the degree of 

seaminess induced in  the cheese was low and ranged between 1.00 to  

4*75 p o in ts. Tliis low le v e l did not produce a seamy condition in  the 

matured cheese.

Figure 20 shows the difference in  the mean scores for  

seaminess in  cheese made when the sa lt  was added at t itr a  table 

a c id it ie s  of 0 .5  per cent, 0 ,7  per cent and 0,9 per cent la c t ic  ac id .

The means of a c id ity  which i s  presented in  Table 43, 

ind icates that there was no sign ifican t (p>0«05) difference in  the 

degree of seaminess present in  the cheese when the sa lt  was added to  

the curd when i t s  t i t r a table ac id ity  was 0,5 per cent or 0 ,7  per cent 

la c t ic  acid . But there was a s ign ifican t difference (puC0.001) 

between the scores for seaminess in  cheese produced when the s a lt  was 

added to curd at t itra ta b le  a c id it ie s  of 0 ,5  per cent and 0,9 per cent 

la c t ic  acid . The difference was also  sign ifican t (p< 0.001) when the 

sa lt  was added at titra ta b le  a c id it ie s  of 0 ,7  per cent and 0,9 per 

cent la c t ic  acid .

Tlie resu lts  obtained suggest that m illing of the curd at an 

acid ity  of le s s  than 0 .7  per cent la c t ic  acid may bring about a 

decrease in the degree of seaminess induced in  the f in a l cheese.

G. Tenq^erature of the curd at the time of sa lt  addition

The resu lts  obtained in  th is  te s t  shows that the degree of 

seaminess induced in  a l l  the treatments was as low as that obtained



FIG U RE 2 0

The e ffe c t  of the ac id ity  of the curd at the time of sa lt  

addition and of d ifferen t strains of starters on'the 

development of seaminess in  Cheddar cheese
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in  the other te s t s  relating to  the addition of s a l t .  The means of 

seaioinsss ranged from 1,64 to  3.26 with a standard error of d ifference  

of ±  1,15 poin ts. This le v e l  of seaminess did not cause seamy cheese, 

Although there was s lig h t d ifference in  the mean of scores^ th is  

difference was not sign ifican t (p> 0.05)o  Seamness was s lig h t ly  

higher in  Cheddar to which the sa lt  was added at 86°F (30^C) ( Vs')

Fusion, openness, body, flavour and colour means scores 

shows s lig h t difference, but these are not sign ifican t (p> O.Of) ( 7%  ̂ 7̂).

The f in a l sa lt  content of the cheese, the sa lt  in  aqueous 

phase, and the pH of the cheese were not sign i.fioantly (p > 0 ,05)  

affected  by the difference in  curd temperature at the time of s a lt  

addition.

The decrease i n  th e  tem peratu re  o f the curd a t  the tim e of 

s a lt in g  caused an in c re a s e  in  th e  m oisture  co n ten t o f th e  cheese. 

M oistu re  co n ten t was s ig n i f ic a n t ly  (p <  0 ,001  ) a f fe c te d  by the 

te m p e ra tu re . The means o f m o istu re  content in  th e  cheese s a lte d  when 

th e  c w d  tem peratu re  was 100°F (3 7 .8 ° C ) ,  86°F  (3 0 ^ 0 ) and 74 ‘̂ F (2 3 .3 °C )  

were 33.69, 34*01, und 35.15 p o r cent r e s p e c t iv e ly .

H • MeiiLowing time

Tlie mean scores for seaminess given to the Cheddar cheese 

made from mellowed and unmellowed curd indicated that there was no 

difference in  the degree of seaminess present in  the resultant cheese.

There was no difference in  the mean scores given to the 

cheese for fusion, openness, fle.vour, and colour, but the score for the 

body of the cheese made from mellowed curd was s lig h t ly  higher than
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those made from tlie unmellowed curd. The cheese made from mellowed 

curd tended to be more firm than the other cheese. This corresponds 

with the fa c t that the moisture content of these cheese were lower 

than those from unmellowed curd.

The sa lt  content of the cheese m3.de from mellowed curd and 

which had more contact time before pressing was higher than tlmt of 

the cheese made from unmellowed ciud. The per cent s a lt  in  aqueous 

phase in  the mellowed cheese was s ig n ifica n tly  higher (p < 0 ,05 ) in  

comparison to that in  unniellowed chee se 1 4 9 ) '
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CONCLUSION

A, Amount of added sa lt

The amount of added sa lt  has a sign ifican t (p<O.Ol) e ffe c t  

on the development of seamines^, Seaminess increased with the amount 

of sa lt  added. But the degree of seaminess induced in  the cheese by 

the action of sa lt  was not great and was not enough to produce a 

condition of semry cheese as was described by Gzulalc (l9 6 3 ). The high 

degree of seaminess reported by Czulak may be caused by factors other 

than the amount of added s a l t .

Addition of sa lt  at 4 per cent (w/w) to the m illed curd 

produced cheeses of short body, mottled coloui’, and of poor fu sion . 

When sa lt  was added at 2 per cent (w/w), the resultant cheeses were of 

weak body, and of high moisture content. They contained low sa lt  

content; lower tlian the generally  accepted optimum le v e l  in  the f in a l  

cheese of 1,6 to  1.8 per cent. The cheeses v/ith low sa lt  content 

developed off-flavour more quickly than those which had a higher sa lt  

content,

B, Salt p artic le  size

Seaminess was not s ig n ifica n tly  (p> 0,05) affected  by the 

d ifferen t s a lt  p artic le  size  within the range from 50, 107 and 333yvn. 

The severe occurrence of seaminess in  commercial Cheddar 

cheese produced with s in g le -stra in  starters i s  caused by factors other 

than the amount of added sa lt  and sa lt  p artic le  s iz e .
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c . Sodium chloride

Seaminess can be induced in  Cheddar cheese by factors other 

than the addition of sa lt  to the cheddared curd,

D, Additives in  commercial sa lt

Additives at the le v e l  normally found in  commercial sa lt  

used by the Cheddar cheese industry do not uer se induce seaminess in  

cheese «

E, Acidity of the curd a.t the time of sa lt  addition

Seaminess was s ig n ifica n tly  affected  by the acid ity  of the 

curd at the time of sa lt  addition, Seaminess was more noticeable with 

the increase of ac id ity  of curd at sa ltin g . However, the le v e l  of 

seaminess obtained in  a].l treatments with experimental cheese ma.de 

with single or mixed-strain starters remained low, and was not enough 

to cause seamy cheese.

F, Acidity of the curd produced by d ifferent strains of starter

There was no difference in  the extent of seaminess of cheese 

made with pairs of single-stra^u starters used in  a New Zealand 4 -  

day rotation ,

G, Temperatm’e of the curd at the time of sa lt  addition
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Seaoniness was not s ig n ifica n tly  (pV 0,05) affected when the 

sa lt  was added to  curd of d ifferen t temperature, The seaminess 

produced in  the cheese in  the t r ia ls  was not severe.

Tile moisture content of the cheese was s ig n ifica n tly  

(p <0.001 ) affected  but there was no sign ifican t (p’> 0 ,05) e ffe c t  on 

the sa lt  content, the sa lt  in  the aqueous phase, or the pH of the 

cheese,

H, Mellowing time

Mellowing the ciu’d a fter  the salting for 50 ■nh.n does not 

e ffe c t  the le v e l  of seaminess induced. But th is  treatment increased  

the sa lt  retained in  the f in a l cheese.



CHAPTER IV

STUDY OF THE EFFECT OF FACTORS RELATED TO THE 

PROCESS OF HELLING THE CUED
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CHAPTER TV

STUDY QF THE EFFECT CF FACTORS RELATED TO THE PROCESS OF

MILLING THE CURD

INTRODUCTION

Before the addition of the s a lt  in  the process of Cheddar 

cheese manufacture, the cheddared slabs which are about 5 in  (12.7 cm) 

wide, 4 in  ( l0 .2  cm) thick, and 15 in  (38.1 cm) long are m illed by 

specia l equipment in to  small p ieces . The main objective i s  to  have 

smaller pieces of cui’d so that the sa lt  may penetrate the curd 

quality and be evenly d istributed within the cheese,

î'îany machines such as the peg m ill, the Damrow 'chip* m ill 

and recently the CheeseMaker 3 are in  use to acliieve th is  ob jective . 

These machines cut the curd, by applying d ifferen tly  a force on the 

curd, by means of pegs, or knives.

The application of the cutting force produces curd p ieces  

with d ifferen t surface conditions, some wd.th a smooth surface, others 

vriith a rough surface.

In th is  section  the e ffe c t  of the use of d ifferen t m illing  

machines on the development of seaminess in  Cheddar cheese i s  examined.

A, Size of m illed curd

In the manufacturing process for  Cheddar cheese, the 

cheddared slabs of curd are m illed in to  smaller size  p ieces of 0*5 % 

0 .5  in  ( l ,2 7  X 1.27 cm) or 0.75 x 0.75 in  (l#91 x 1,91 cm) cross
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section , or smallei* p ieces having no regxû.ar dimensions, before the 

addition of the dry sa lt  to the curd.

I t  was found in  the ea r lier  work in  th is  th e s is , that 

seaminess was increased in  cheese by adding greater amounts of sa lt  

to the curd. The amount of s a lt  applied on the surface of the curd 

w il l  be affected  by the availab le surface area on which the sa lt  i s  

applied, M illing the curd in to  smaller cuts would increase the number 

of pieces from the same volume of a particular cheddared slab,

producing more area, and th is  w il l  cause the d istribution  of the same

amount of sa lt  to a larger area.

When more p a r tic le s  per slab are produced in  the case of the 

smaller cut, more Junction l in e s  are availab le, and more lin e s  are 

l ik e ly  to form in  the presence of conditions favourable to the 

formation of seaminess. The objective of th is  study was to in vestigate  

th is  e ffe c t  and to  determine the pattern of seaminess that may form 

in  cheese made from small and large p ieces of curd,

B. M ill type

3h trad ition al Cheddar cheese making, a peg m ill was used 

to cut the cheddared curd into p ieces with no regular shape or 

dimension (Figure 2 l ) ,  This princip le of cutting by rotating pegs i s  

employed at present by commercial firms in  a mechanised system for  

Cheddar cheese manufacture capable of handling more than 60,000 lb  

(27216 kg) of curd per day.

The circular type m ill (e .g . the Damrow m ill, frequently  

referred to as chip m ill) i s  a lso  used in  the cutting of the curd in  •
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amaH and largo cheese fa c to r ie s . In th is  type the curd i s  cut by 

using rotating circular blades (Figure 2 1 ). The resu ltant curd 

p a rtic le  i s  of 0.75 % 0.75 in  (l*91 % 1.91 cm) cross section  and a 

length o f about 3 in  (7.62 cm). These knives cut perpendicularly 

the curd when i t  i s  fed to  the. equipment.

The * Gheddarmaster’ system developed in  New Zealand uses Berry 

m ill in  the mechanised system with capacities of up to  100,000 lb  

(45359 kg) of curd per day.

The th ird  type of m illing  machine i s  that incorporated in  

the CheeseMaker 3 u n it which originated in  A ustralia . In th is  machine 

the cheddared slabs o f the curd i s  allowed 'to f a l l  in-bo a sinaUl 

compai'-bment. The cutting grid (kn ife) i s  then forced through the 

curd which i s  held in  the compartment. The grid i s  made of sharp 

s ta in le ss  s t e e l  blades welded together at r igh t angles (Figure 2 2 ).

The cutting action  in  th is  -type of m ill i s  d ifferen t from that used in  

the peg or Damrow chip m ill .  The size  of 'the resu ltant curd p ieces  

depends on the s ize  of the kn ife employed in  the machine. The cross 

section  could be e ith er 0.75 % 0,75 in  (l,9 1  % 1.91 cm) or 0 .5  % 0 .5  

in  (1 .27 X 1.27 cm) and a length  of about 3 in  (7.62 cm) (Figure 2 2 ) .

Seejniness always froms in  the p a rtic le  Junctions. Well- 

id e n tifie d  boundaries o f the curd p a r tic le s  produced by the Damrow 

and CheeseMaker 3 provide w ell-defined  lin e s  of Junctions between the 

curd and th is  may encourage the development of the seams in  these 

areas. M illing the curd to produce irregular shaped p ieces may 

elim inate these d is tin c t  Junctions,

Each of these methods of m illing curd applied the force  

required for cutting in  a d ifferen t way. The curd i s  cut by the peg
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m ill i s  cut by metal pegs rotating in  opposite directions and the 

force applied tears the curd in to  shreds o The rotating ciz'cular 

cheese knife used in  tlie Damrow mil], cuts the curd with le s s  tearing  

e f fe c t .  In the CheeseMaker 3 m illing section the cheese curd i s  cut 

by a grid with sh arp  edged blades being forced by a reciprocating  

piston through the curd.

The physical condition of the ddI I s and. the state  of the 

resu ltant curd surface may have an e ffe c t  on the development of 

seaminess in  Cheddar cheese*

This experiment was planned to investigate the use of the 

above mentioned types of miH under commercial conditions.

C. Condition of the cutting edge of the CheeseMaker 3 knife

In the commercial version of the B ell-S iro  CheeseMaker 3

equipment, the knife operates at 70 strokes per min. I t  i s  more 

l ik e ly  that when a sharp bladed knife (grid) i s  used a clean cut 

surface w ill  r e su lt . On the other hand i f  a blunt bladed knife i s  

used, a rough surface may be produced on the curd p ie ce s .

This experiment was se t to  investigate the e ffe c t  of cutting  

edge of the ClieeseMaker 3 of both s iz e s  of 0.5 x 0 .5  in  (1.27 % 1.27 

cm) and 0.75 % 0.75 in  (1.91 % 1.91 cm).

D* Curd moisture

Gzulalc ( 1963) reported that cheese which contained low 

moistui'e tended to  be more seamy. The moisture content of the curd at
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the time of m illing d iffe r s  from one factory to another. Dry curd 

tends to  produce a rougher surface when m illed in  comparison to curd 

that contains more moisture. The author has found that tlie cheese 

produced in  a commercisZ factory which has a high incidence of seamy 

cheese, contained a low moisture content (33 to 35 per cen t).

In th is  experiment i t  was decided to study the e ffe c t  of the 

moisture content o f curd on the development of seaminess in  th is  

particu lar factory ,

E. Time between m illing  and sa lt  addition

After the curd i s  m illed i t  i s  normal for s a lt  to be added 

to  the curd immediately, Tliere a fter  curd and sa lt  are mixed and. 

placed in  the moulds. No time i s  allowed between m illing the curd and 

sa lt  addition or between sa lt  addition and placing the curd in  the 

hoops. When the cui'd i s  m illed , tîie resu ltant surface condition w il l  

depend mainly on the moisture content of the curd and on the type of 

m illing machine. Drier curd tends to produce rough surfaced curd 

p a r tic le s , Vihen the s a lt  i s  added immediately to the curd, the 

surface i s  hardened and the surface of the curd remains rough, V/hen 

the m illed curd i s  l e f t  for  a time the sucface tended to be smoother, 

Many research workers have commented on the importance of the time 

between m illing  and the addition o f the s a l t ,  Sammis (1942) suggested 

that sa ltin g  should be done about 20 min a fter  m illin g , W ilster 

( 1951) advised that the m illed curd must be stirred  u n til  the cut 

surface o f the curd dried, in  about 20 to  30 min. Rice and Morris 

( 1954) suggested that 30 to 45 min should elapse between m illing  and
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sa lting  and reported that the addition of sa lt  too soon a fter  m illing  

may cause excessive fa t  lo sse s  and a harsh bodied, open textured 

cheese. By allo\.jiiig more time e .g .  about 1 h longeij'close-textured  

cheese resu lted  (Hood and Gibson, 1948). Morris (1966) reported that 

a mellowing time between m illing  and sa lt  addition caused an improved 

body with a reduced moisture content. The texture was s ig n ifica n tly  

improved only when the mellowing time was 30 min or more.

The conditd.on of the cut surface of the curd a ffec ts  the 

formation of pockets between the curd and the amount of the whey that 

could be trapped in  these p o s itio n s . This experiment was intended to  

in vestigate  the e ffe c t  of the condition of the surface of the curd on 

the formation of seams.
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EXPERIMENTAL 

Cheese making and treatment of the curd 

A, Size of the milled curd

In a commercial Cheddar cheese factory, a vat of 24OO gal 

( 10910.4 1 ) of miMc was selected  at random from a to ta l  of f iv e  vats, 

and was made in to  wMte Cheddar cheese according to the system of 

cheese making described on page 53» The production data i s  presented 

in  Table 103 (Appendix A ) .  The curd produced in  th is  vat was used in  

t e s t s .

VJhen the titra ta b le  a c id ity  of the curd reached 0.69 per 

cent la c t ic  acid the curd was m illed in  0*5 % 0*5 in  (1,27 x  1*27 cm) 

CheeseMaker 3 m illing section . The m illed curd was automatically 

salted  with 3*5 per cent (w/w) dry vacuum sa lt  in  the CheeseMaker 3; 

and placed in  the moulds* Six moulds were picked at random from the 

l in e ,  and were l e f t  for 20 to  25 î dn before placing them, in  the air- 

operated horizontal 10 in  (25*4 cm) cylinder Grockatt press.

The m illing section  was then f i t te d  with a 0,75 % 0,75 in  

( 1,91 X 1.91 cm) grid k n ife , and further slabs of cheddared curd were 

m illed with th is  knife* The curd was treated in  the same way as the 

f i r s t  batch. Another s ix  moulds of salted  curd were selected  at 

random and l e f t  for 20 to 25 loin before each batch was placed in  the 

same press.

All. the moulds were l e f t  in  the press operated with 

compressed a ir  at 80 p s i (5,63 kgf/cm^), for a pressing time of 18 h. 

The cheese were demoulded, hand wrapped in  a waxed ce llu lo se  laminate, 

machine sealed, boxed, lab elled  and transferred to a curing room
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maintained a t 50°F (lO^C) u n t il  they were presented to  the panel for  

scoring,

B, Type of ndJJ.

B. 1. Experimental curd. Three vats each of 400 gal ( 1818,4 

l )  of milk were made in to  uncoloured Cheddar cheese on d ifferen t  

occasions according to the system of cheese making described on page

58, The production d e ta ils  for each vat are given in  Table 103*

When the titra ta b le  a c id ity  of the cheddared curd reached 

about 0.65 per cent la c t ic  acid , three lo t s  of 44 ih  (19*96 kg) were 

m illed using the CheeseMaker 3 m ill operated by hand using 0*5 in  

( 1*27 cm) knife* The sa lt  was added to the batches of cuu'd by the 

procedure described on page 59 &t the rate of 3 per cent (w/w) dry 

vacuum s a l t .  After mixing, the sa lted  curd was placed in  the moulds. 

By the time th is  was completed, another three 44 lb  (19*96 

kg) lo t s  o f curd were m illed with an e le c tr ic a lly  operated Damrow 

m ill and thereafter sa lted  and treated  in  the same way,

A further three 44 lb  (19*96 kg) lo t s  of curd were m illed

with the peg m ill, and the curd was treated as before.

A ll the cheese were then pre-pressed and placed in  a 

horizontal cheese press operated with an a ir  supply of 80 p s i (5*63 

kgf/cm^) and a 10 in  (25*4 cm) cylinder. The cheeses were l e f t  for  

about 18 h, hand wrapped in  waxed cellu lo se  film , machine sealed, 

boxed, and placed in  the curing room at 50°F (10^C) mrbil presented 

to  the panel for scoring.

The same procedure was followed with the second vat (made
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on a d ifferen t day) except that the f i r s t  lo t  was m illed with the peg 

m ill, the second lo t  with -the Damrow m ill and the third with the 

CheeseMaker 3 hand operated m ill section .

B .2. Commercial curd. In a commercial Cheddar factory, one 

vat of 2400 gal (10910 1 ) of milk was selected at random from a to ta l  

of four vats, and was made into coloured Cheddar cheese* The method

of manufacture was sim ilar to that described on page 58, The complete

production data are presented in  Table IO4 (Appendjx; A),

When the titra tab le  ac id ity  of the curd reached 0.65 per 

cent la c t ic  acid, the curd was passed tlirough a CheeseMaker 3 m illing  

un it using 0,5 in  (1.27 cm) s ize  k n ife . From the conveyor b e lt  

between the m illing and sa ltin g  points 4 lo t s  o f 44 lb  (19.96 kg) curd 

were taken, placed in  p lastics boxes measirring 16 in  (4O.6 cm) wide, 10 

in  (25.4 om) deep and 24 iu  (70 cm) long and l e f t  aside. In the

meantime another 4 lo t s  of the curd were m illed using the peg m ill and

then another 4 lo t s  were m illed using the power Damrow chip m ill .

From each lo t ,  m illed by separate m ills , 44 lb  (19*96 kg) were taken, 

salted  at the same time as described on page 59 with diy vacuum sa lt  

at the rate of 3 per cent (w/w). The cheese were then l e f t  aside for  

about 20 to  25 min, Simultaneously one block of cheese was picked at 

random from the machine salted  curd (m th  CheeseMaker 3) and treated  

in  the same way as the above cheese. A ll cheese was treated afterwards 

as described on page 59.

The same procedure was repeated another three times giving  

four cheeses in  each treatment. Dry vacuum sa lt  was added at the 

rate of 3 per cent (w/w). A ll the cheese were l e f t  in  a horizontal 

Crokkatt cheese press (10 in  (25,4  om) cylinder) a t a compressed a ir
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p
supply of 80 psi (5 «63 kgf/cm ) and were l e f t  for 18 h . They were 

hand wrapped in  waxed ce llu lose  laminate, machine sa lted , boxed and 

placed in  the curing room of the factory at 49°F (9,4'^C) and 80 per 

cent RH u n til they were transferred to the curing room at the 

Department of Dairy Technology and kept at 50°F (lO°C) and 80 per cent 

RH u n til they were presented to the panel.

C, Condition of the cutting grid in  the B ell-S iro  CheeseMaker 3

'JSifo 400 ga l amounts of pasteurised milk (l6l«5^F (?2^C) for  

15 s) were manufactured in to  coloured Cheddar cheese follow ing the 

system of cheese making described on page 58* The production d e ta ils  

appear on Table 105 (Appendix A ).

VJhen the titra ta b le  acid ity  of the curd in  each vat reached 

0o7 per cent la c t ic  acid, about one third of the curd was m illed with 

the CheeseMaker 3 m illing section  equipped with a 0,75 x 0.75 in  

( 1,91 X 1.91 cm) knife grid (A). The m ill was assembled in  the 

laboratory as shown in  Figure 19 except that a d ifferen t size  of press 

was used to operate the k n ife .

The knife was then replaced with another knife (obtained 

from another cheese factory) of the same size and an equal amount of 

curd was m illed .

The third part was m illed with an e le c tr ic a lly  operated 

Damrow chip m ill.

Three lo t s  of 44 I t  (19.96 kg) curd of each part was taken 

and placed in a sa ltin g  box as shown in  Figure 9 , Dry vacuum sa lt  

was added at the rate of 3 per cent (w/w), sa ltin g  was carried out as



136

that described on page 59.

After sa lting  the curd and the resu ltant cheese was treated  

as described on page 59-

D* Curd moisture

Using the same milk and starters, as was used in  the 

commercial scale production, three vats of 100 ga l (454*6 l )  milk 

were made in to  unooloured Cheddar cheese on three separate days 

follow ing the system of cheese malting described on page 54* The 

production d e ta ils  are presented in  Table 106, (Appendix A),

VJhen the titra ta b le  a c id ity  of the cheddared curd reached 

the required le v e l, the curd was m illed by a 0 .5  in  (1,27 cm) m illing  

section  of the B ell-S iro CheeseMaker 3. Two 44 lb  (19.96 kg) lo t s  of 

curd were taken and placed in  p la s t ic  sa lting  boxes. On each occasion  

m illed curd (CheeseMaker 3) from one of the normal factory ls  

production. On two of the three occasions m illed curd (CheeseMaker 

3) from one vat of the factory* s normal production was taken at the 

same time, sa lted  and treated in  the same way.

H), Time between m illing and s a lt  addition

One vat of 400 ga l ( l8 l8 ,4  l )  of pasteurised milk (l6 l.5^ F  

( 7 2 ° C )  for 1 5  s )  was made in to  coloured Cheddar cheese according to 

the method described on page 58. The d e ta ils  o f the production are 

given in  Table 107, (Appendix A),

VJhen t h e  t i t r a t a b l e  a c i d i t y  o f  t h e  w h e y  f r o m  t h e  c u r d
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reached 0 ,7  per cent la c t ic  acid , the curd was m illed m th  0*5 % 0 .5  

in  ( l .2 7  X 1.27 cm) knife of the B ell-S iro  CheeseMaker 3 operated by

means of compressed a ir  as shown in  Figure 19.

Two 44 it" ( 19.96 kg) lo t s  of curd were taken and placed in  

p la s t ic  boxes. To the f i r s t  lo t  dry vacuum sa lt  was added at the rate

of 3 per cent (w/w) as described on page 55, and was placed in  a hoop

l e f t  aside for 25 min and then placed in  the 10 in  (25 .4  cm) cylinder  

horizontal Grockatt cheese press supplied with a ir  a t 80 p si ( 5.63 

kgf/cm^). The second lo t  was l e f t  aside for 50 min, stirred  a fter  an 

in terva l o f 12 rain to prevent the curd from m atting. The sa lt  was 

added at the same rate and manner and was l e f t  aside for 20 min before 

i t  was placed in  the same p ress .

This procedure was repeated another three times giving 4 

cheese in  each treatment.

After pressing the cheese were treated as described on page 

55, and kept in  a curing room maintained at 50°F (lO^U) u n t il  they  

were presented to  the panel for grading.

Scoring the cheese

A ll the cheese included in  th is  section  were presented to  

the scoring panel and scored a t 8 weeks old according to the procedure 

described in  page 60 .

Chemical analysis

Samples from the p ieces presented in  the scoring were
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analysed for s a lt ,  moisture content, s a lt  in  aqueous phase, and pH 

according to the methods described on pages 47 and 48 resp ective ly .

Determination of the pattern of seams

Representative cuts of 4% 3.25 in  (10,2 x 8 ,3  cm) were 

taken from the p ieces which were presented to the panel from each 

treatment in  the study of the s iz e  of the m illed curd. Transparent 

paper was placed on the top of these p ieces, and the seams were traced  

on them. The number of the curd p a r tic le s  wMch made the surface was 

determined, and the numbers of the seams that appeared across the 

piece were a lso  counted. The to ta l  length of tlie l in e s  in  both 

samples were measured.

From the cut p ieces presented to the grading panel for the 

cheese produced by d ifferen t types of m ill from commercial curd (B2) 

representative pieces (2 x 3 in  (5 x  6 cm) from each treatment were 

taken and placed together and photographed to compare the in ten sity  

of the seams.
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RESULTS

A, Size of m illed curd

Hie mean scores given by the panel to the cheeses are

presented in  Table 50. Results of chemical, analysis are presented in

Table 51. The analysis of variance i s  presented in  Tables 52 to  55*

The pattern of the seams in  each treatment i s  presented in  

Figure 23, The number of the seams across the piece taken from the 

curd m illed in  0*5 in  (1.27 cm) were 15 compared to  11 present in  the 

curd m illed with 0,75 in  (1*91 cm)* The length of the seams that 

appears on the cut surface was 68,9 in  (l75 cm) for the f i r s t  m illing  

grid compared to 48*8 in  (124 cm) for the second. The number of the 

p a rtic les  that made up each surface was 6l for the f i r s t  and 40 for  

the second treatment.

B* Type of m ill

B.1.  Experimental curd. The grading scores are presented in  

Table 56, The resu lts  of the analysis of variance of these resu lts  are 

presented in  Tables 58 to  61. The resu lts  of various chemical 

determinations are presented in  Table 57.

The analysis of variance showed that seaminess was e ffected  

sig n ifica n tly  (p< 0,001 ) by the type of m ill used for m illing the curd. 

The highest le v e l  of seaminess (mean 6 .6  points) was^presented in  the 

cheese prepared from curd m illed with the 0,5 in  (1.27 cm) CheeseMaker 

3 knife operated by hand.
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FIGTTBE 23
Searns in te n s it y  in  L i i i  long  x  3 .2 5  in  wide (1 0 .2  x  8 .3  cm) 

Cheddar cheese (com m ercial ciord) cu t surface  a t  th e  age o f 8 

weeks made from  curd m ille d  w ith  0 ,5  in  ( 1.27cm) and 0 .7 5  In  

( 1.91 cm) CheeseMaker 3 k n ife  in s ta l le d  com m ercially

A . 0,75 iïi (l.91  cm) CheeseMaker 3

B, 0 .5  in  (1.27 cm) CheeseMaker 3
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TABLE 60

Analyses of variance : colour experimental Cheddar cheese 

aged 8 weeks made with GheeseMsJeer 3, Pe  ̂ and Damrow m ills

Treatments 2 3.08 4 .27*

Vats 1 0.04 -

Treatments x vats 2 0.41 *"

Experimental error 12 0.72

Judges 4 6.03 27.41***

Judges X treatments 8 0.33 •“

Judges X vats 4 0.46 -

Treatments x vats x Judges 8 0.49 2 .23*

Sempling error 48 0.22

Total 89

Means

CheeseMaicer 3 7.60

Peg 8.23

Dejnrow 7,83

Standard error difference 4 0.22

-  Not S ign ificant (p > 0 ,05)  

 ̂ S ign ificant (p < 0 .05) 

Signif i  c ant (p < 0,001 )
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The colour of the resu ltant cheeses was s ig n if ica n tly  

(p < 0 .0 5 ) a ffected  by the type of m i]! used, the cheese made with the 

CheeseMaker 3 knife grid was given the le a s t  scores*

Salt content in  the f in a l  cheese was s ig n ifica n tly  (p <  

0 ,001) a ffec ted . The cheese made with the peg m ill retained more 

s a lt  than cheese made with other types of m ill ,

Tlie le v e l  of sa lt  in  the aqueous phase of these cheese was 

s ig n ifica n tly  ( p < 0,001 ) a ffected  by the type of m ill used.

There was a sign ificant, d ifference (p 4 ,0 .0 l)  between the 

moisture content of cheese produced i\ith  d ifferen t types of m ill . TW 

cheese prepared with the CheeseMaker 3 m ill contained the le a s t  amount 

of moisture,

The type of m ill had no sig n ifica n t e ffe c t  (p > 0 ,05 ) on 

fusion^ openness, body, flavour, or the pH of the cheeses.

B .2. Commercial curd. The resu lts  of scoring the cheese are 

presented in  Table 62, The r e su lts  of chemical analyses of samples 

taken from the cheese are presented in  Table 63*

The appearance of the seaminess induced by d ifferen t  

treatments i s  shown in  Figure 24 .

The analysis of variance of the scores presented in  Tables 

64 to  66 in d icates a s ig n ifica n t (p<T0.00l) difference in  the degree 

of seaminess present in  d ifferen t treatments.

The body of the cheese was s ig n ifica n tly  (p < 0 ,0 5 )  

influenced by the type of m ill .

Colour d iffered  s ig n if ic a n tly  (p4.0,001) v.ith the treatment. 

The pH of cheese was s ig n ifica n tly  affected  (p < 0 ,05 ) while 

the moisture content, the s a lt  content and the s a lt  in  aqueous phase
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were s ig n ifica n tly  (p< 0,001 ) d ifferen t with the various treatments. 

Fusion, openness and flavour were not s ign ifican tly  (p> 0 , 

05) a ffected .

C, Condition of the cutting edge of CheeseMaker 3 knife

The resu lts  of the scoring of the cheese are presented in  

Table 67, The chemical analyses undertaken when the cheese were 8 

weeks old are presented in  Table 68.

D, Curd moisture

The resuû.ts of the scoring the cheese at 8 weeks old are 

presented in  Table 69, The r esu lts  of the chemica]. analyses of the 

resultant cheese appear in  Table 70.

These resu lts  indicated that very seaK  ̂ cheese resulted  

when the curd was m illed with 0 ,5  in  ( l , 27  cm) knife of the Cheese­

Maker 3 m illing section . The moisture content in  the f in a l cheese 

ranged from 35,22 to  38*56 per cent,

E, Time between m illing and addition of sa lt

The scoring resu lts  when the cheese aged 8 weeks are

presented in  Table 71. The chemical analyses of cheese are presented 

in  Table 72.
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D ISC U S S IO N

A. Size of m illed cui'd

Figure 23 shows that the seams appear more intense in  

cheese made from curd m illed with the 0.5 in  (1,27 cm) than that 

produced from m illed curd of larger s iz e , This i s  a lso  demonstrated 

by the number of l in e s  across the face of the cheese and also by the 

length of these l in e s .

These resu lts  indicated that more seams appeared in  the 

cheese made of curd m illed in  0 ,5  in  (1.27 cm) knife in  comparison 

to  that present in  the cheese produced from the same cui'd milled with 

0.75 in  (1.91 cm).

The resu lts  of the analysis of variance presented in  Table 

52 indicate that seaminess was not s ig n ifica n tly  affected  (p> 0 ,05) 

by the size  of the knife used in  the CheeseMaker 3 m illing section .

The resultant cheese from both treatments were seamy with a mean score 

of 9.92 for the cheese m illed with the 0,5 in ( l , 27 cm) knife, and 

10,00 for that m illed with the 0.75 in  ( l .91 cm) k n ife .

The mean score for seaminess in  the cheese when scored at 

4 weeks and 8 weeks of age shows that seaminess increased sign ifican t­

ly  ( p<0, 00 l )  with age. The mean scores for seaminess of the cheese 

made with 0,5 in  (1,27 cm) and 0,75 in  (1,91 cm) knives were 4*96 and 

5.67 respectively  when the cheese were 4 weeks of age, and 9.92 and 

10 respectively  at 8 weeks of age,

The fusion mean scores for cheese made by both treatments 

were almost the same with a mean score of 6,75 points (0,5 in ( l , 2?
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cm) kn ife) and 7.12 points (0.75 in  (l.9 1  cm) k n ife ) . There was no 

sig n ifica n t difference (p > 0 ,05) in  the degree of openness present in  

a l l  cheese which were of close texture (2,31 points),- The size  of 

the m illed curd did not cause a s ig n ifica n t difference (p > 0 ,05) in  

the flavour. The resu ltant cheese were of good flavour with a mean 

score of 7.96 for cheese made with a 0 ,5  in  ( 1.27 cm) knife and 

8,43 points for those made with the 0,75 in  ( l ,91 cm) k n ife .

The body of the cheese was s ig n ifica n tly  ( p < 0 ,0l)  affected  

by the size  of the milled curd. SlightD.y weaker bodied cheese (7.25  

points -  mean score) resulted when a 0.75 in  ( 1,91 cm) knife was used 

compared to 8 ,04 points for  the cheese resulted when 0 ,5  in  ( 1.27 cm) 

was used. This difference was evident even though the curd used in  

a l l  the treatment was of low moisture content.

The colour of the cheese was s ig n ifica n tly  (p < 0 ,0 l)  

affected  by the size  of the knife used, A low mean score (6.50 points) 

was given to the colour of the cheese made with the smaller size  m ill 

while a s lig h t ly  higher mean score was given to cheese produced with 

the larger size  knife (6,83 p o in ts). This difference in  the mean 

scores may be caused by the presence of more seams in  the cheese when 

smaller size  knife was used compared to the number of seams present 

when larger size  of m illed curd was used.

The chemical composition of the resu ltant cheese was 

influenced s ig n ifica n tly  by the d ifferen t treatments. The amount of 

s a lt  retained in  the f in a l cheese made with the 0 ,5  in  (1.27 cm) knife  

was s ig n ifica n tly  (p< 0 ,001) higher ( 1,98 per cent) than that retained  

in  the other cheese (l,7 1  per cen t).

The moisture content of the cheese (34-76 per cent) made
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than tliat o f cheese made \4lth  the 0.5 in  ( l ,2 7  cm) knife (34*12 per 

cen t).

There was a s ig n ifica n t (p 4'0,05) difference in  the pH of 

the cheese, When the 0 .5  in  ( l ,2 7  cm) knife was used; the pH of 

resultant cheese was higher than that of cheese made with the other 

knife (0,75 in  (l,91  cm). The pH readings were 5.235 and 5*175 

I’ei^ectively* This e ffe c t  may be due to the higher s a lt  concentration 

in  the aqueous phase in  the cheese made with the smaller curd p ieces  

( 5*8 per cent) compared to  that of cheese made i-iith larger curd (4.91 

per cen t).

Be ïÿpe of m ill

A .1, Experimental curd. From the resu lts  of scoring, i t  i s  

evident tliat seamy cheese were produced in  these tr ia ls  (9 .8  p o in ts). 

In these t r ia ls  the cheese knife was used in  the CheeseMaker 3 unit 

in s ta lled  in  the laboratory.

The force in  the CheeseMaker 3 knife applied to  the curd may 

cause the surface of the curd to  be more rough than that produced by 

the other types of m ill . Although in  the equipment described above 

the equipment was operated by hand and so the speed of the knife and 

the force applied was not equal to that applied in  the actual 

mechanically opera.ted machine, Seaminess was present in  the resu ltant 

cheese.

The analysis of variance of the scores given to seaminess 

when the cheese was 4 weeks of age showed a sign ifican t (p < 0.001 )
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difference between cheese produced from curd m illed with CheeseMaker 

3; Peg, and Damrow m ill. This difference was also 8igrd.ficant (p< 0 , 

001) when the cheese was scored at 8 weeks of age.

The mean scores of the treatments which are presented in  

Table 58 , shows the difference in  the degree of seaminess found in  

these cheeses. The mean score for  seaminess in  the cheese made with 

the CheeseMaker 3 m ill was 6.6 compared to the mean scores of 0 ,3  and 

0#63 given to cheese made with Peg and electid .cally  operated Damrow 

chip m ill resp ectively .

The higher degree of seaminess reported in  the cheese made 

with the CheeseMaker 3 m ill may be caused by the cutting action  

producing a rough surface on the curd p iece . As these p ieces la ter  

knit together gaps may be formed and the gaps between them, in  whey 

may be trapped. Cal.cium orthophosphate may form in  the area between 

the pieces from the whey and th is  could resu lt in  the formation of the 

white l in e s .

The resu lts  also  showed that the colour of the cheese which 

contained more seams was given the le a s t  score, indicating that the 

presence of the seams in  the cheese gave an uneven colour which was 

undesirable to the grsding panel.

There was a great difference in  the amount of sa lt  retained  

in  the cheese made with the peg m ill compared with other two types of 

m ill.

The lowest moisture content was in  the cheese made with the 

CheeseMaker 3 miH,

B. Commercial curd. The resu lts  obtained under commercial
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c o n d i t i o n s  a g r e e d  w i t h  t h o s e  o b t a i n e d  i n  t h e  s m a l l e r  s c a l e  e x p e r i m e n t s ,  

T h e  a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  t h a t  s e a m i n e s s  w a s  s i g n i f i c a n t l y  

( p <  0 , 0 0 1  )  a f f e c t e d  b y  t h e  t y p e  o f  m i l l  u s e d (  Talplx. ^ A t)'

The lowest degree of seaminess was present in  the cheese 

produced from curd m illed with peg mil], (mean score of 3.19 p o in ts). 

This compared with mean scores of 4-13 points and 9*69 points for  

seaminess in  cheese made with the Damrow chd.p m ill and the B ell-S iro  

CheeseMaker 3 m ill resp ectively . The le v e l of seaminess in  the cheese 

produced with the Peg and Damrow m ills  did not/ serious enough to  

cause seamy cheesef 6^3-

T h e s e  r e s u l t s  i n d i c a t e d  t h a t  t h e  d e g r e e  o f  s e a m i n e s s  c a n  b e  

r e d u c e d  u n d e r  c o m m e r c i a l  c o n d i t i o n s  b e  u s i n g  D am row  o r  P e g  m i l l s ,

Ttie body of the cheese was a lso  s ig n ifica n tly  (p < 0 ,05 )  

affected  by the type of m ill . Cheese from the CheeseMalcer 3 had a 

mean score of 7,81 conpared to mean scores of 7,75 and 7.63 points for  

cheese made vd-th the Damrow and Peg m ills resp ective ly4 T*»t/-c Csi)- 

The colour o f the cheese was s ig n ifica n tly  (p < 0,001 ) 

affected  by the d ifferent types of m ill. The highest score was given  

to the cheese made with the Damrow m ill while the lowest score was 

given to  the cheese made with the B ell-S iro  CheeseMaker 3

C. C o n d i t i o n  o f  t h e  c u t t i n g  e d g e  o f  t h e  B e l l - Siro  C h e e s e M a k e r

3  k n i v e s .

T h e  r e s u l t s  o f  t h e  s c o r i n g  o f  t h e  c h e e s e  i n d i . c a t e d  t h a t  

t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d e g r e e  o f  s e a m i n e s s  p r e s e n t  

i n  t h e  c h e e s e  p r e p a r e d  w i t h  t w o  k n i v e s .  T h e  m e a n  s c o r e s  f o r  s e a m i n e s s
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of the cheese produced with knife A was 5*53 points compai*ed to  4*80 

points for the cheese produced iclth la iife B, The cheese produced from 

curd m illed with the e le c tr ic a lly  operated Damrow chip m ill contained a 

lower le v e l  of seaminess, (2.32 p o in ts)L "74 /̂̂  »

Tills resu lt i s  in  agreement with those reported ea r lier , 

which showed that seaminess tended to increase in  the cheese made from 

curd m illed with the B ell-S iro  Cheeseîfeker 3*

D, Ourd Moisture

The mean scores for seaminess in  cheese produced from the 

experimental cuî d of the f i r s t  two vats was 9*8 points wn.th a moisture 

content of 36*72 per cent compared with the mean score of 7 .3  points 

given to cheese from the normal commercial production in  the same 

fa c to iy . The com ercia l cheese had a moisture content of 35.53 per 

cent, Tlie mean score for seaminess in  cheese from the third  

experimental vat was 9 .5  points and the cheese had a moisture content 

of 38.53 per cen t4 T ayU s

The resu lts  suggested that the seaminess present in  a l l  

cheeses whether from commercial or experimental curd was due to  the 

e ffe c t  of factors other than the moisture content of the curd at the 

time of m illin g ,

E ,  T im e  b e t w e e n  m i l l i n g  a n d  a d d i t i o n  o f  s a l t

T h e  m e a n  s c o r e  g i v e n  t o  t h e  c h e e s e  p r o d u c e d  b y  t h e  d i f f e r e n t  

t r e a t m e n t s  i n d i c a t e d  t h a t  m o r e  d i s t i n c t  s e a m s  o c c u r r e d  i n  t h e  c h e e s e
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made from the curd which was allowed 50 min before the addition of the 

s a lt .  The mean score of 3*02 points for cheese made from mellowed 

ourd compared with 2,27 points for the cheese which was salted and 

hooped d irec tly  a fter  m illing 4 7/^ '

This difference i s  not great and in  both cases, no condi,tion 

of seany cheese was obtained. This increase may be attributed to the 

damaged cut surface of the curd p artic le  during stirr in g  the curd 

before the addition of the s a lt  to  prevent the curd from matting 

together.
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CONCLUSION

StLze of the m illed curd

The number of the seams widch were formed in  cheese 

produced from curd m illed with the 0*5 in  ( l .27 cm) knife of the 

CheeseMaker 3 was greater than that found in  the cheese produced from 

the same curd m illed with a 0.75 in  (l* 9 'l cm) knife of the same 

equipment *

The cheese produced from ourd m illed with a 0.5 in  ( l .2 7  cm) 

knife of the CheeseMaker 3 had sig n ifica n tly  (p^O.Ol) higher scores 

for  body, (p<O.Ol) and contained s ig n ifica n tly  (p < 0,001 ) higher sa lt  

content as w ell as a s ig n if ica n tly  (p<,0 .0l )  lower moistui’e content 

and s ig n ifica n tly  higher

The size  of the m illed curd had no s ig n ifica n t e ffe c t  (p >  

0 ,05) on the fusion, openness, flavour and colour of the cheese.

Type of m ill

Seaminess increased s ig n ifica n tly  (p < 0*00l) in  the cheese 

produced from curd m illed with the Cheesel'^aker 3 by conparison with the 

cheese produced from curd m illed with the Damrow (chip) m ill and Peg 

m ills .  The colour of the cheese was s ig n ifica n tly  (p < 0 ,05 ) lower than 

the other cheese.

There was no s ig n ifica n t difference (p > 0 ,0 5 ) between the 

fusion , openness, body, flavour of the cheese produced from curd 

m illed with CheeseMaker 3, Damrow and Peg m ills .
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The amount of s a lt  retained and the sa lt  in  aqueous phase of 

cheese produced with CheeseMaker 3 were s ig n ifica n tly  lower (p < 0 «001, 

p 40*001 resp ectively) than in  cheese produced with Peg and Damrow 

m ills  but the moisture content was s ig n ifica n tly  (p < 0 , 0 l )  lower than 

the cheese produced from curd m illed with the Damrow and Peg m ills*

In commercially manufactured curd, seaminess decreased 

sig n ifica n tly  (p4  0 *001) in  the cheese produced from the same, cuî d 

m illed with Damrow (chip) m ill and Peg m ill in  comparison to  cheese 

produced from curd m illed with CheeseMaker 3.

Condition of the cutting grid  in  the CheeseMaker 3 equipment

There was no sign ifican t difference (p)>0*05) in  the mean 

scores for seaminess given to  the cheese made with e ith er  of two 

knives of 0*75 (l*91 cm) of the BeH -Siro CheeseMaker 3»

Curd moisture

Seamy cheese with a moisture content of 38*56 per cent were 

obtained when the curd was m illed with CheeseMaker 3 equipment*

Time between m illing and sa lt  addition

Adding sa lt  to  the m illed curd l e f t  for  50 min after m illing  

did not cause a great difference in  the mean scores for  seaminess 

given to the resu lted  cheese*



C H âP ÏE R  V

STUDY OF THE EFFECT OF FACTORS RELA'TED TO THE MOULD 

F IL L IN G  AND PR ESSIN G  PROCESS ON THE DEVELOPIŒNT OF

s m a m s s  i n  c h e d d a r  c h e e s e



151

CHAPTER V

STUDY OF THE EITECT OF FACTORS RELATED TO THE MOULD FILLING Aim 

PRESSING PROCESS ON THE DEVELOPMENT OF SEiU4INSSS IN'CHEDDAR

CHEESE

INTRODUCTION

After the addition of the sa lt  to tlie m illed curd, the curd 

i s  placed in  sp ecia l moulds, l e f t  aside for a time, and then pressed 

for  16 to  18 h . During th is  step, the curd i s  subjected to conditions 

that influence the physical and chemical conditions of tiie ourd* In 

th is  section the e ffe c t  of these factors on the development of 

seaminess in  Cheddar cheese was examined,

A, Time from mould f i l l j j ig  to  f in a l pressing

After the moulds have been f i l l e d  with sa lted  curd they are 

l e f t  aside on the conveyor u n til  the required numbers of moulds to  

f in  one press are ava ilab le . They are then placed under f u l l  

pressure. The time from f i l l i n g  the moulds to  the application of f u l l  

pressure varies according to  the s ize  of the press, but the f i r s t  

f i l l e d  moulds always stand without pressure for more time than the 

la s t  moulds in  any one p ress, Under commercial conditions the time 

may var*y from 5 min to  about 50 min.

Holding the cheese a fter  sa lting  and before pressing i s  an 

essen tia l practice in  controlling the amount of the sa lt  retained in  

the f in a l cheese, and the amount lo s t  in  the whey, Czulak, Freeman
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and Hammond ( 196I) suggested that the f i l l e d  moulds should be 

allowed to stand 30 min and preferably 1 h before pressing, Breene, 

Olson and Price (l9&5) found that at le a s t  15 min between sa ltin g  

and pressing was necessary with dry sa lting  to minimize lo s s  of 

s a lt  during pressing. Sutherland ( 1974) found that the amount of 

s a lt  retained increased with the increase of holding time from 10 

to  60 min, suggesting a holding time of 30 min for achievii3g sa t is fa c t­

ory sa lt  absorption'*

B* Amount of pressure used in  pressing the curd

The main objective of pressing die curd i s  to help the 

salted  curd to kn it together completely forming a uniform cheese 

mass without openings and have proper binding between the curd 

p ieces . In practice the cheddared curd i s  pressed generaUy in  

conventional 40 lb  ( 18,14 kg) rectangular moulds or in  large hoop 

press as that described by Robertson and By south (1971), at a 

thrust from 2 to  3 tons (2032.10 to  304.8 kg). Van Slyke and Price 

( 1952) reported that the use of too much pressure at the beginning 

of the pressing time caused whey to  be trapped in  the openings 

between the curd pieces and tended to cause open textu re.

Since the seams are formed between the curd pieces along 

the l in e s  of their junctions, applying d ifferent pressures during 

pressing the curd may a ffec t the formation of calcium orthophosphate
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in  these l in e s .  According to the findings reported in  the study of 

the chemical, composition of seams, more c-alcium phosphate was present 

in  the seams than the rest o f the cheese body.

C* Temperature of the curd dui’ing pressing

When the cheddared curd i s  pressed when, cold, the curd 

tended not to knit together properly so resu lting in  a more open 

cheese. Pressing warm curd tended to create better fusion  but when 

very we,rm curd i s  pressed the fa t  melts and accumu].ates in  the area 

between the curd p a r tic le s . According to the measurements carried out 

by the author in  several commercial Cheddar cheese fa cto r ies , the 

temperature of the rooms in  which the cheese presses are housed 

d iffe r s  during the seasons of the year. During the winter, the 

temperature of these rooms drops to almost outside temperature of 

about (6°C) or l e s s .

There i s  a general b elieve, that the curd during pressing  

remains warm inside the hoop. There i s  no available data on the 

actual conditions of the curd during pressing in  these cold rooms. In 

order to  determine th is , the follow ing study of the heat lo ss  in  the 

cheddared curd was undertaken as a background to the main experiments,

a . Heat lo s s  from the curd during pressing. Heat lo s s  from 

any particu late material depends on many factors such as the 

temperature difference between the tenperature of the material and the 

ambient tenperature, the size  of the exposed area, the time of 

exposure, the thickness of the m aterial, and the thermal conductivity  

c o effic ien t o f the material (F arrell, 1968),
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Accordingly more heat couJ.d be lo s t  fi'om a cheese block of 

44 d.b ( 19.96 kg) when the warm cheese curd at 88*̂ F (31.1*^C) to  90°F 

(32,2^0) i s  pressed for about 20 h in  a cold press room. Vedamuthu,

Re inbold. Mi ah, and Washara ( 1969 ) reported that the temperature of the

cheese blocks in  American cheese fa c to r ies  when taken out of the press

may range from 69.S°F to 95°F (21^0 to  35°C), when pressed in  pressing  

room with a maximum temperature of 80^F (26,6^0) and minimum of 70 F̂ 

(21,1^C)c Although the cheese curd has a poor conductivity (Dunlop, 

1971), i t  i s  expected to  cool down because of the length of time the

cheese i s  kept under these conditions, and also due to the great

difference of temperature of the curd and the ambient temperature in  

the cold days in  winter time.

During pressing, the curd temperature should be kept around 

69.8 to  73#4^F (21 to  23°C) to  ensure proper pressing e f fe c t ,  Miah, 

Reinbold, Vedamuthu and Hammond (I969) reported, that the temperature 

of warm pressed cheese varied from 21.1 to 29 ,4^^. Van Slyke and 

Price ( 1952) reported that the cold curd tended not to knj t̂ together 

completely during pressing, and the f in a l cheese tended to be more open 

and of a poor qu ality . Recently Miah, Reinbold, Harty, Vedamuthu, and 

Hammond (1974) reported no s ig n ifica n t difference in  tiie scores given  

to  the cheese pressed for 4 and 20 h, which was cooled to 45.5^F (7 .5  

°C) in  brine and in  a ir .

b. Temperature of the curd during pressing. The 

measurements of heat lo ss  showed that, the temperature of the curd 

during pressing dropped from an i n i t ia l  temperature .of 85^F (29*4°^) 

to 65^F (1S,3°C) at the end of pressing. During more than 10 h, the 

curd was pressed at a temperature of 70°F (21,1^C),
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EXPERIMENTAL 

Cheese inalcing and treatment of the curd 

A* Time from mould f i l l i n g  to f in a l pressing

Three vats of 4OO gal ( 1818,4 l )  of pasteurised milk each 

wem made into  coloured Cheddar using the system of cheese making 

described on page 55. The cheese manufacturing data are presented in  

Table 108 (Appendix A),

The curd produced in  each vat was salted as described on 

page 59» adding 3 per cent (w/w) of dry vacuum sa lt  and the curd was 

placed in  the moulds, pre-pressed and l e f t  asid e. The f i l l e d  moulds

were then l e f t  aside without pressure for varying periods of time

before the application of f u l l  pressure. The time in ter veils between 

pre-pressing and application of f u l l  pressure were 5, 15, 25, 35, 45, 

55, 65, 75 and 85 min. After pressing a l l  cheese were treated by the 

methods described on page 59.

B, Amount of pressure used in  pressing Hie curd

Measurements were made of the pressures used for pressirg  

the curd in  d ifferen t commercial Cheddar cheese fa c to r ie s . The 

measurement was carried out by connecting the compressed a ir  supply to 

a c er tif ied  pressure guage and the pressure determined^,- These 

measurements indicated that a wide range of pressures vjere used in  

commercial fa c to r ies , ranging from 1,5 to  3 tons (1524*07 to  3048*15
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kg) as thrust on the cheese block. In th is  study four 10 in  (25.4  cm) 

cylinder horizontal Crockatt cheese presses were used supplied with 

compressed a ir  at 40, 60, SO and 90 (2 .812, 4 *218, 5.625 and 6.328 k g f/  

cm resp ec tiv e ly )•

One vat of 2300 ga l (10455.8 l )  of pasteurised milk ( 159 

for 15 s) in  commercial cheese factory was selected  at random from a 

to ta l  of 5 vats and was manufactured in to  coloured Cheddar cheese 

according to the system described on page 58.* Hie production d e ta ils  

are presented in  Table 109 (Appendix A ),

The curd was m illed with 0.5 in  ( l .2 7  cm) CheeseMolœr 3 

k n ife . Before sa ltin g , four 44 It) (19.96 kg) lo t s  of m illed curd were 

taken and placed in  p la s tic s  containers 10 in  (25.4 cm) deep, 16 in  

(40.6 cm) wide and 24 in  (70 cm) long. Dry vacuum sa lt , 3 per cent 

(w/w) was added to each lo t  of curd simultaneously and treated  

according to the method described on page 59 * One cheese was then set  

aside on one of the four presses used in  th is  experiment* This 

procedure was repeated three times using curd from the same vat giving  

4 blocks for each of the group. Each group was l e f t  aside for  25 min 

before placing them in  the p ress, Thai each group of cl:^ese was 

treated afterward as that described on page 59. The treatments were 

as follow s

Treatment Compressed a ir  Thrust 1 Eeplicate Ho

supplied (k gf/ 

cm̂  )

i k i k g l 1 2 -JL _A.

A 40 (2 .81) 2240 ( 1017) A1 A2 A3 A4

B 60 (4.22) 3400 ( 1543.6 ) B1 B2 B3 B4

C 80 (5 .63) 4600 (2088) Cl 02 C3 C4

D 90 (6.33) 5100 (2315.4 ) D1 D2 D3 D4
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C. Temperature of the curd during pressing

a . Heat l o s s . Measurements were made to deterrfllne the 

pattern of temperature of d ifferen t commercial press rooms. The 

temperatures were recorded over a period of 24 h on d ifferen t days,

A standard commercial aluminium rectangulai' cheese mould 

was taken and three holes were d r ille d  in  the side su ff ic ie n t  to 

in ser t thermo-couples inside the curd during pressing, at 0 .5  (1.27 cm) 

to  3 in  (7,62 cm) from the surface and in the centre of the block.

The moveable part o f the hoop was a lso  modified to avoid in terfering  

with the movement of th is  part during the pressing, %e hoop was 

lin ed  and prepared.

Two vats of 400 gal ( I8 I8 ,4 l )  of pasteurised milk each were 

manufactured in to  uncoloured and coloured Cheddar cheese according to  

the system of cheese making described on page 55* The manufacturing 

d e ta ils  are presented in  Table 110 (Appendix A),

Forty-four pound (19.96 kg) lo t s  of the m illed curd were 

taken from each vat and were hand sa lted , addi.ng 3 por cent (w/v;) dry 

vacuum s a l t .  Part of the curd was then placed in  the hoop, and the 

thermo-couple of the f i r s t  applicator was placed in  the curd 0.25 in  

( 1.05 cm) above the required depth of 0 .5  in  (1.27 cm). The other 

thermo-couples of the applicator were placed in  the curd in. the same 

manner. A ll th e ’thermo-couples were positioned at the centre l in e  of 

the block and were seen to have contact with the curd to  ensure 

accurate temperature measurement (S lig h t, 1975).

The hoop was then placed in  an a ir  operated 10 in  (25.4 cm) 

cylinder Crockatt cheese press with an compressed air supply of 80 p si 

( 5.63 k g f/c n f).
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Another thermo-couple was se t in  the room near the cheese 

bl.ock to measure the ambient temperature of the room during the 

pressing tim e. The arrangements are shown in  Figure '25 and 26.

AL3_ the applicators used in  ttm’-S measurement were of TC 67, 

consisting of copper electrode and a l l  were connected to a TEC 

e le c tr ic  precision  thermometer with accuracy of + 0.5°G of Ellab 

Instruments, Copenhagen, Denmark (1969)* Before use, a l l  were tested  

against Standard B ritish  In stitu tio n  thermometer.

The e le c tr ic  thermometer was adjusted to zero, and 

temperatures at d ifferen t points at d ifferen t in terva ls during 

pressing were recorded. At the end of the measurement, the cheese was 

cut and the actual p osition  of the thermo-couples were measured,

C,b, Temperature of the cug-'d. A vat of 4^0 gal ( 1818,4 l )  

of pasteurised milk was made in to  coloured Cheddar according to the 

procedure making described on page 58. The production data are given  

on Table 111 (Appendix A ).

When the t itra ta b le  a c id ity  of the trad ition a lly  cheddared 

curd reached 0.70 per cent la c t ic  acid, the curd was m illed in  an 

e le c tr ic a lly  operated $  in  (1.91 cm) Damrow chip m ill.

Four 44 Ih ( 19.96 kg) lo t s  of the m illed curd were taken and 

placed in  the sa ltin g  boxes as indicated in  Figure 9 , Comnercial dry 

vacuum sa lt  was added at the rate of 3 per cent (w/w) in  two 

applications and mixed with the curd, Ti/o 44 lb  (19.96 kg) lo t s  of 

salted  curd were placed in  two prepared moulds, and were pressed with  

3600 lb  ( 1632.9 kg) thrust on the cheese. The cheese press was housed 

in  a room maintained a t 85°F ( 30°C). The terqperature of the curd at 

the beginning and end of pressing was determined.
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The second two lo t s  of sa lted  curd from the same production 

were then placed in  water heated v a t. By means of I'uiming cold water 

through the jacket o f the vat, the curd was cooled to  62^F (l6 ,7 °C ). 

The exil’d was then placed in  two prepared 40 lb  ( 16,14 kg) rectangular 

moulds, and pressed with 36OO lb  ( 1632,9 kg) thi’ust on the cheese 

hoop. The press was housed in  a room maintained at 62^F ( 16.7^0),

The temperature of the curd a t the beginning and a t the end of 

pressing was determined.

A ll four cheeses were pressed for I6 h, and then treated  

according to the msthods described on page 59*

Scoring the cheese

A ll the cheeses included in  the studies were presented to  

the panel and scored according to  the procedure described on page 60, 

when the cheese was 6 weeks o ld ,

Chemical analysis

S a lt, moisture content, s a lt  in  aqueous phase, end pH of the 

cheese were deteriïdned follow ing tlie methods described on pages 47,

48, 47, and 48 resp ectively ,

Eheological measurements

The firmness of the cheese and i t s  e la s t ic i t y  were 

determined with the B all Compressor as described in  page 52,
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RESULTS

A, Time from mould f i l l i i i g  to  f in a l pressing

The resu lts  of the scoring were analysed s ta t is t ic a l ly .  The 

analysis of variance (Table 73) showed that seaminess was not 

sig n ifica n tly  (p>0e05) affected  by the time from pre-pressing to the 

application of f u l l  pressure.

The resu lts  of the chemical analysis are presented in  Table 

74 and Figures 27 and 28,

B, Amount of pressure

The resu lts  of the scoring are presented in  Table 75• The

resu lts  of the chemical analyses are presented in  Table 76. The 

analyses of variance are presented in  Tables 77 to  80,

These resu lts  shows that seaminess was s ig n ifica n tly  (p 

001) affected  by the amount of pressure applied. The cheeses tended 

to  be more open in  texture when low pressure was used in  pressing the 

curd. This e ffe c t  was also sign ifican t (p<C0,05)*

Uhder the experimental conditions^ fusion, body, flavour, 

and colour were not signdficantly (p^>'0,05) affected by the d ifferen t  

pressures used in  pressing the curd.

C, Tenperature of the curd at pressing



TABLE 73

Tlie analyses of variance; soaminess in  Cheddar cheese a-ged B weeks 

given d ifferen t holding time between cre-nressin# and pressing

Source of variation  

Times
Explicates 
Experimental error

Judges
Judges X times 
Sampling error

Total

D.?,

8
2

16

4
32
72

Mean square

0.74
17.47

1.53

F

2.64
0.47
0.33

11,44

8,04

134

Means of seaminess 
5 rain 

15 
25 
35 
45 
55 
65 
75 
85

1.00

1.27
0.87
0,67
1.33
1.33 
1.00 
1.00 

1.07

Not S ignificant (p > 0 ,05 )  

Sign ificant (p ^0.001 )
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FIGUHS 27

The e ffe c t  of d ifferent time from hoop f i l l in g  to placing 

the cheese in  the f in a l press on the moisture content {%') of 

Cheddar cheese aged 8 weeks
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FIGURE 28

Aînount of sa lt  retained (,') in Cheddar cheese (s.r.ed 8 veeks) 

given d ifferen t time fron pre-rrossing to f in e l pressinfr
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W L E  77

Analysis of variance ; seamin ess dn Cheddar cheese (aged 9 

weeks) made with curd m illed vdlth 0 .5 (i»27 cm) Cheese Maker 3 

pressed at d ifferen t pressures

Source of variation  

Treatments 

Experimental error

Judges

Judges X treatments 

Sampling error

Total

3

12

4

12

48

Mean square 

9.90 

0«21

F

2.36

0.31

0.18

47.14 ***

13.11

79

Means of seaminess

A (40 p s i, (2.81 kgf/om^) 

B (60 p s i, (4.22 kgf/om^) 

C (80 p s i, (5.63 kgf/om^) 

D (90 p s i, (6.33 kgf/om^) 

Standard error of difference 4

&.40

9.70

9.85

9.85

0.14

-  Not sign ifican t (p > 0.05)  

Significant (p < 0.001 )



TABLE 78

Analysis of variance; openness in  Cheddar cheese aged 9 weeks 

made with commercial curd nd-lled with 0 .5  in  (T.27 cm) 

CheeseMaker 3, pressed at d ifferen t pressures

Source of variation D.F. Mean square ]

Means
2

A ( 4 0  p s i . ,  ( 2 .8 1  k g f /o m  ) 2 .5 5

B (6 0  p s i ,  ( 4 .22  k g f /o m ^ )  2 .5 5

C (8 0  p s i ,  ( 5 .63  k g f /o m ^ )  2 ,2 0

D (90  p s i ,  ( 6 .3 3  k g f / c n f )  1 .1 0

Standard error of d ifference + 0V46

Not s ign ifican t (p>0'«05) 

^ Significant (p<0'#05) 

Significant (pcfO.OOl)

Treatments 3 9,43 4 .53  *

Experimental error 12 2.08

Judges 4  4,70 13.82

Judges X treatments 12 0,42

Sampling error 48 0,34

Total 79
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a . Heat l o s s . Ttie temperature recorded by the thermo-graph in  

d ifferen t commercial pressing rooms indicated that the temperature 

drops in  the winter to  as low as 42*8 to  50°F (6 to  lO^C),

The actual p osition s of the thermo-couples in  the blocks of 

cheese were measured and were found to  be around 0 .5 , 3, and 6 in  

( l .2 7  cm, 7.62 cm and 15.24 cm resp ectively ) from the surface of the 

mould. The temperatures dui'ing the pressing time in  each p osition  are 

presented in  Figui'e 29 A and B,

These show tliat the curd temperature was le s s  than 70^F 

(21.1°C) during most of the pressing tim e,

b. Temperature of the curd during pressing. The mean scores 

given to the cheeses by the scoring panel are presented in  Table 81 

The chemical analyses are given in  Table 82,



FIGURE 29

Temperature of curd measured by thermo-couples at 0-50, 3 

and 6 in  (1.27, 7.62 and 15.2A cm) depth in  a AO lb  block 

duri ng 22 h of pressing time
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D IS C U S S IO N

A. Urne from mould f i l l i n g  to  f in a l  pressing

The mean seaminess scores obtained in  a l l  treatments ranged 

from 0*67 to  1,33 points, and are considered as low le v e l of seaminess. 

The difference between the scores o f seaminess given to the cheese of 

the treatments was not s ig n ifica n t (p > 0c05),

ll'je resu lts  of the scoring indicated that the quality of the 

resu ltant cheese was generally good and there was no sign ifican t (p >  

0e05) d ifference between the scores for  fusion , openness, body, 

flavour and colour of cheese produced from d ifferen t treatments.

The sa lt  retained in  the cheese increased s ig n ifica n tly  (p ^  

0 *05) with the increase of the time from f i l l i n g  the mould to pressing  

the cheese. The moisture content of the same cheeses decreased v/ith 

the increase of time before pressin g . The low moisture present in  the 

cheese l e f t  for more time before placing in  the press may be related  

to  the increase amount of sa lt  retained in  these cheese. The pH of 

the cheese increased with the increase of time and may have been due 

to  the increased s a lt  retention  in  the f in a l  cheese.

B. Amount of pressure used in  pressing the curd

The mean scores for seaminess of a l l  Cheddar cheese included 

in  the t r ia l  at the commercial factory showed that they contained a 

very high degree of seaminess ranging from 8 .0  to  10.0 p o in ts. A ll 

these cheese were described by the panel as seamy cheese. Although
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the seaminess increased m th  the pressui'e used in  the pressing of the 

curd, the difference in  the mesns were . very great ( l ,4 5  points) 

with a standard difference of error of + 0 *14, The cheese with the 

lowest score was also described as seamy.

The analysis of variance of grading scores at 9 weeks old  

indicated that seaminess was s ig n ifica n tly  affected  (p< 0,001) with 

the amount of pressure applied. The means were from 8,40 when low 

pressure was used to  9,#5 when high pressure was used.

The resu lts  showed that there was no le v e l  of pressure at 

which seaminess was absent so indicating that under the commercial 

conditions encountered other factors induced the high le v e l of 

seaminess found in  the cheese.

The increased score for  seaminess in  Cheddar cheese prepared 

at high pressure could have been caused by the increased amounts of 

whey trapped between the curd p ieces and which may have encouraged the 

formation of calcium orthophosphate.

The le v e l of openness in  the cheese was affected  by the 

amount of pressure applied. The means of grading scores showed that 

at low pressure, more openness was present (2,55 points) than at high 

pressure ( l ,1 0  p o in ts). This difference was sign ifican t (p ^ 0 ,0 5 ) .  

This finding may be because the curd w ill  tend to be fused more 

conpletely when placed under high pressure.

The mean scores for  fusion indicated that better fusion  

resulted when high pressure was used but th is  difference was not 

sign ifican t (p > 0 ,0 5 ).

The commercial curd wMch was used in  the tr ia ls  was of low 

moisture content and typ ica l of the curd produced in  th is  particular
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factory . This curd resulted in  a firm-bodied cheese. When low 

pressure was used, the body of the cheese tended to be weaker but th is  

difference in  body scores for  d ifferen t pressures was not sign ifican t  

(p> 0 ,05)* The mean scores of a l l  cheeses were greater than 8 ,0  

p o in ts,

The mean grade scores for  a l l  cheese indicated that all. of 

the resultant cheese were of good flavour, and the use of d ifferen t  

pressures did not cause a sign ifican t difference (p> 0,03) in  flavour.

The colour scores for the cheese in  a l l  the treatments 

ranged from 7.25 to  7.70 points and was below the desirable le v e l .

The low scores could be due to  occtu'ence of a seaiiy to  veiy seany 

condition in  the cheese. The difference in  the pressure applied 

caused no sign ifican t difference (p> 0,05) in  the colour.

The chemical analyses showed that the moisture content of 

the cheese was very lev/, ranging from 34*42 to  33.74 per cent. This 

moisture le v e l  i s  considered in  the industry to be below the 

commercially desirable le v e l  of around 36.0 per cent in  the f in a l  

cheese, Thi'ee per cent (w/w) of dry vacuum sa lt  was added to the curd 

and the amount of sa lt  present in  the f in a l cheese varied from 1.91, 

1.90, 1,88 and 1.70 per cent for  cheese respectively  resulted when a ir  

pressure of 40, 60, 80 and 90 p s i (2.81, 4 .22, 5.63 and 6,33 kgf/cm*") 

were used. The resu lts showed that when the pressure was higher the 

sa lt  in  the cheese was lower, This may be due to more of sa lt  

crysta ls being carried away with the whey. Although there was s lig h t  

difference in  the sa lt  present but th is  difference was not sign ifican t  

(p > 0 ,0 5 ) . This also was true in  the percentage of the sa lt  present 

in  the aqueous phase.
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The pH of the cheese measured when the cheese was 9 weeks 

old were 5.21, 5*21, 5.21 and 5.22 for the cheese resulted from curd 

pressed at an a ir  supply of /yO, 60, 80 and 90 p si (2.81, 4*22, 5.63 

and 6.33 kgf/cm^), and the pressure applied had no sign ifican t e ffe c t  

(p > 0 .0 5 ).

The resu lts  of the firmness measurements of the cheese 

showed that the B all Compressor to ta l of resultant cheese when low 

pressure (40 p s i)  was used was 55.20 u n its compared to  55.42, 6O.O 

and 56.42 B.C.T, at 60°F for that when 60, 80 and 90 p si (4.22, 5.63 

and 6.33 kgf/cm^) were used. But th is  difference was not sign ifican t  

(p>0«05). The e la s t ic ity  of the cheese also was not sig n ifica n tly  

(p > 0 .05) affected  by the pressure applied.

C. Temperature of the curd during pressing

a . Heat lo s s  from the curd during pressing. ïlie resu lts  

obtained showed that the temperature of the curd measured at d ifferen t  

points in  the block had fa lle n  stead ily  throughout the pressing time. 

This pattern of cooling was almost id en tica l in both measurements made 

in  both occasion in  both uncoloured and coloured Cheddar cheese. The 

heat lo ss  from the block was greater during the f i r s t  8 h of pressing  

and th is  was l ik e ly  to be due to the greater difference in  the 

temperature of the curd and the ambient temperature in  the pressing  

room. During the rest of the pressing period the curd cooled down 

7.2°F (4°C) compared to  18^F (lO°C) during the f i r s t  8 h.

Throughout the pressing time, the tenperature of the curd at

the three measurement points was d ifferen t, th is  may have been related
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to  the thickness of the curd layer which affected  the flow of heat.

As one wouH.d expect, the curd in  the f i r s t  0 ,5  in  cooled down more 

qud-ckly tlian the rest of the cheese.

The temperature of the centre of the bloclc f e l l  rapidly  

during pressing time in  both measurements made on two occasions.

During the te s t  the ambient temperature of the pressing room 

(at the Department of Dairy Teclinology, the West of Scotland 

Agricultural College) ranged between about 51.80 to  57.2^F (l1 to  14° 

C) in  the f i r s t  t r ia l ,  and between 42.8 to  50°F (6 to  lO^C) in  the 

second tr ia l*

b. Temperature of the curd during pressin g . The mean score 

for  seaminess given to the cheese pressed at low temperature (62^F) 

and at high temperature (S5°F) showed no s ig n ifica n t difference in  the 

seaminess present in  a l l  cheese. But the mean scores given to fusion , 

openness, body, flavour and colour showed that when the curd at 

pressing time was cold the resu ltant cheese tended to  be poorly fused, 

more open, of crumbly body, of poor flavour and have uneven colour. 

These cheeses tended to  reta in  more sa lt , contain high le v e ls  of 

moisture and contain high sa lt  in  the aqueous phase.
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CONCLUSION

A, Time from mould, f i l l i n g  to  f in a l  pressing

• Seaminess was not s ig n if ie antl-y affected  (p > 0 ,05 ) by the

time allowed from hoop f i l l i n g  to application of pressure with the 

range of 5 to  85 min, Tiie amount of s a lt  retained in  the f in a l  cheese 

increased s ig n ifica n tly  (p< 0,001) when the holding time prior to  

pressing was increased. The moisture content of the same cheese 

decreased s ig n ifica n tly  (p^CO.OOl) when the holding time was increased. 

When the holding time prior to pressing increased the pH of the cheese 

increased too ,

B, Amount of pressure used in  pressing the curd

S e a m i n e s s  w a s  s i g n i f i c a n t l y  i n c r e a s e d  ( p ^ c O .O O l)  t y  t h e  

i n c r e a s e  i n  t h e  p r e s s u r e  u s e d ,  y e t  t h e  e f f e c t  o f  p r e s s u r e  d i d  n o t  

b r i n g  a  g r e a t  d i f f e r e n c e  i n  t h e  d e g r e e  o f  s e a m i n e s s  p r e s e n t  i n  t h e  

f i n a l  c h e e s e .  A p p l i c a t i o n  o f  l o w  p r e s s u r e  d i d  n o t  e l i m i n a t e  t h e

s e v e r e  c o n d i t i o n  o f  s e a m i n e s s  i n  a l l  r e s u l t a n t  c h e e s e .

Application of the higher pressure of 90 p s i (6,33 kgf/cm^) 

decreased s ig n ifica n tly  (p ^ 0 ,0 5 ) the cpenness. But there was no 

s ig n ifica n t e ffe c t  (p > 0 ,05 ) of higher pressure on fusion , body, 

flavour and colour,

C, Tenperature of the curd dioring pressing
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a . Heat lo s s  from the curd during -pressing. VJhen the cheese 

i s  pressed in  a room at very low teinperature, the tenperature of the 

curd drops quidcly during pressing time, and for most of the pressing  

time may be at le s s  than 70°F (21.1°C), The temperatures of the curd 

at a l l  measurement points in  the cheese were very low.

b. Temperature of the curd during pressing. There was no 

difference in  the le v e l  of seaminess present in  cheese pressed a t low, 

62°F (l7°C) or high, 85°F (29.5°C) temperatures.

Pressing cold curd resu lted  in  cheese which was poorly 

fused, more open, crumbly body cheese. The cheese lacked flavour and 

was of uneven colour. The cheese resu lting from pressing curd at 85°F 

(29«5°C) had better scores for fusion , openness, body, flavour and 

colour,



CHAPTER VI

STUDY OF THE EFFECT ON SEAM INESS OF CALCIUM PHOSPHATE 

PRESENT I N  MILK AND THE CURD
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CHAPTER V I

STUDY OF THE EFFECT OH SEAM INESS OF CALCIUM PHOSPHATE PRESENT

I N  MILK AM ) THE CURD

INTRODUCTION

A# Calcium and phosphate content of mille

The resu lts  obtained in  section  2 of Cliapter II , showed 

that the le v e l  of both calcium and phosphate present in  the seams i s  

higher than the rest of the cheese* Different amounts of calcium and 

phosphate are present in  d ifferen t v a r ie tie s  of cheese (Randoin and 

Jourdan, 1953) « These workers a lso  reported that the amoimt of calcium 

in  the original milk was of inportance in  relation  to  th e ir  presence 

in  the f in a l cheese, Irvine, Bryant, Sproule, Jackson, Crook and 

Johnstone (l945) reported that Ca and P content showed s lig h t  

variations, Zahrnadt, Lane and Hammer ( 19^4) reported that the amounts 

of both minerals in  cheese d iffered  according to  the making procedure 

for the particular type of cheese and was influenced esp ecia lly  by the 

degree of acid development during the process of manufacture, Classens 

( 1955) reported that Cheddar cheese contained 1,10 per cent Ca and 

0,83 per cent phosphorus in  dry matter,

Cow*8 milk contains about 0,120 per cent calcium, and 0,104  

per cent phosphate (Mattick, 1951). Honer and Herzer ( l9 5 l)  reported 

that the amounts of these minerals present in  the milk i s  subjected to  

variation during the d ifferen t seasons of the year, Ellenberger (l9/|2) 

reported that the presence of both in  milk depends on the composition
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of the cows food.

Casein e x is ts  in  milk as spherical phosphate m icelles of 

calcium phosphate caseinate p artic le  (Heyndrickx and Vleeschawer,

1952) and Waugh and Hippel (1956) reported that the calcium of k- 

casein was so3.uble in  water* Both the calcium and phosphate present 

in  _ -fA'g. ' milk are in  the form of co llo id a l calcium phosphate 

( f ^ e  and Mo Gann, I960), D ifferent theories were proposed ty  McGann 

and Pyne ( 196O) and Ter Horst (1963) to explain the nature of their  

bonding to the casein*

Tlie le v e l  of the co llo id a l phosphate present in  the milk was 

found to  influence the time required for milk coagulation v/ith rennin, 

the time of coagulation increased with the decrease of the amount 

present in  the milk (McGann and Pyne, 196O), Cheeseman (I962) found 

that many compounds with the a b il ity  of reducing coagulation time, Ca 

++ lowered the v e lo c ity  of whey explusion and reduced the amount of 

whey expelled, Rowland and Soullders ( 19/+2 ) reported that both the 

rate of coagula-tion and also curd firmness are markedly affected by 

the conposition of milk,

Mattick and H allet (1929) found that heat treatment of the 

milk caused a retarding e ffe c t  on the coagul.ation, P elto la  (1957) 

found that a low le v e l  of calcium in  the milk caused an increase in  

the time of coagulation* Davis (19&5) reported that 5 per cent of the 

calcium was rendered insoluble when the milk was heated to  161.5°F 

(70°C) for 15 s .

In order to improve the coagulation of the milk with rennet, 

calcium i s  generally added to the milk in  the form of calcium 

chloride* Babel (194^) reported that the use of calcium chloride to
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diminish the quantity of rennet needed resulted in  cheese of in fer ior  

body and texture, Ernstrom, Price and Si^anson (1958) reported that 

curdiness persisted  longer in  the fin ish ed  cheese, P elto la  and Vogt 

( 1959) related th is  improvement to the lowering of the pH and

increasing the co llo id a l calcium phosphate content beside the increase

of calcium present. Under the influence of increasing hydrogen ion  

concentration, the calcium phosphate i s  progressively d issociated  

from the m icellar complex (Webb and Johnson, 1965) ,

After the coagulum has been cut sone of tiie calcium and 

phosphate are released into the whey. The amounts released into the 

whey aî’e found to increase vdth the increase of the tLtratable acid ity  

of the whey from cutting to drawing the whey (McDowall. and Dolby,

1935) .  I t  has been reported (Anon, 1974) that the calcium and

phosphorus contents of whey are 51 mg/lOO g and 53 mg/lOO g respectively,

Since the seams contain more calcium and phosphate than the 

r est  of the cheese the le v e l  of the in i t ia l  content of both in the 

miHc may a ffec t the amount of the calcium orthophosphate that may form 

in  the area between the curd p a r tic le s  (particle  junction l in e s ) .

In th is  part of the study i t  was decided to add to the milk 

that was used in  the cheese making, more calcium and phosphate in  the 

form of calcium orthophosphate, which have a so lu b ility  of 0,0361 

g/100 nl in  water (Hodgman, 1945).

B', Presence of calcium orthophosphate
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The chemical analysis of the seams presented in  Table 8 

shows that the seams contained three times as much . 

cc.jc<uv^ ' . as i s  present in  the rest of the cheese. This chemical

tended to  concentrate in  the surface of the curd p a r tic le s . This 

experiment was undertaken to demonstrate the role o f the amount of 

calcium present in  the junction l in e s  between the curd p a rtic les  on 

the formation of seams in  the area.
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EXPERIMENTAL 

Cheese making and treatment of the curd

Ac Calcium and phosphate content of the miUc* Ti\ro vats each 

containing $0 gal of pasteurised milk were used. To each vat, 500 g 

of calcium orthophosphate; GaHPÔ .SĤ O of Hopkin and Williams, Essex, 

England, was added, mixed w ell for 20 min in  the milk. Each vat of 

ndUc was made in to  coloured Cheddar according to the system described 

on page 54, The production data are presented in  Table 112 (Appendix 

a ) .  Commercial dry vacuum sa lt  was added at 3 per cent (w/w) according 

to  the procedure described on page 59# The curd was treated afterward 

as described on page 59#

B. Presence of calcium orthophosohate in  the curd, Four 

vats of 400 ga l ( 1818,4 1 ) of pasteurised milk were made in to  coloured 

Cheddar following the system mentioned on page 58* The production 

data are given in  Tables 112 C, 102 ( f ir s t  two) and 107 (other two).

When the curd of the f i r s t  two vats (A and B) reached a 

titra ta b le  ac id ity  of around 0 ,7  per cent la c t ic  acid , the curd was 

m illed with CheeseMaker 3, f i t t e d  with 0,5 in  ( l ,2 7  cm) knife and 

operated as described on page 102. After milling, two 10 lb  (4.536 kg) 

lo t s  of curd were taken from each v a t. To one lo t ,  3 oz (85#05 g) of 

CaHP0 ,̂2R^0 was spread on the surface of the curd, mixed w ell with the 

curd and then the curd placed in  40 lb  ( 18,14 kg) standard mould, A 

second lo t  was l e f t  untreated and placed in  another mould. Both 

moulds were placed in  an a ir  operated 10 in  (25 #40 cm) cylinder 

horizontal Crockatt cheese press supplied with compressed a ir  at 80
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p s i (5<tô3 kgf/cm^). The cheese were pressed for 18 h, placed in  10 lb

(4 o54 kg) laminate pouches and vacuum sealed and placed in  the curing

room maintained at 50°F (lO^C),

3h the case of the third vat, the same procedure was carried

out except that two lo t s  of 20 lb  each of the curd were taken, sa lted

at the rate of 3 per cent (w/w) dry vacuum sa lt , and to the f i r s t  lo t  

6 oz (170.10 g) of calcium orthophosphate was added.

The curd in  the fourth vat was a l l  m illed v/ith an e le c tr ic a l­

ly  operated Damrow mill , and two lo t s  of 26 lb  (9.072 kg) each were 

taken and were treated as that in  the third vat.

Scoring the cheese

%ie cheese produced in  part A were presented and scored as 

described on page 60.

From the cheese produced in  part B, 0,5 in  (l#27 cm) thick  

piece of the cheese was out by means of wire cutter. The resultant 

pieces were then vacuum sealed in  10 lb  (4*536 kg) polythene/nylon 

laminate pouch. These p ieces were then presented to  the panel and 

scored for seaminess as described on page 60. The appearance of the 

cheese i s  shown in  Figure 50-•

Chemical analyses

S alt, moisture, sa lt  in  aqueous phase and the pH of the 

cheese were determined according to  the methods described on page 

47, 48  ̂ 47, and 48 respectively  and are presented in  Table 83*
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RESULTS

A, Calcitun and phosphate content of milk

The resu lts  of the scoring the cheese at 8 weeks old and i t s  

chemical composition are presented in  Table 83 .

These resu lts  showed that the le v e l of seaminess was so low 

in  both cheeses that the condition was v ir tu a lly  absent. The cheese 

was w ell fused but was poor in  colour, flavour and body.

B. Presence of calciun orthophosphate

The resu lts  of scoring tlie cheese at 2 weeks old are 

presented in  Table 84.

The s ta t is t ic a l  analysis of these data are given in  Table 

85 • These resu lts  showed that seaminess was induced in  both sa lted  

and unsalted curd ty  the application of calcium orthophosphate to the 

curd, and was s ig n ifica n tly  a ffected  by i t s  addition (p^O.OOl).
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TABLE 85

Analysis of variance: seaminess In Cheddar cheese (aged 2 

weeks) made i-rlth salted  and nnsalted curd to which calcium 

orthophosphate was added

Source of variation D.F. Mean square F

Treatments 3 213.11 75.03***

Ejq^erimental error 4 2.84

Judges 3 0.36

Judges % treatments . 9 0.45

Ssjrçpling error 12 0,18

Total 31

Standard error of difference ±  0,84

Not s ign ifican t (p > 0 ,05 )  

*** S ignificant (p<(0.001)
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DISCUSSION

A, Calcium and phosphate content of mük

A low le v e l  of seaminess was obtained even when calcium

was added in  the form of calcium orthophosphate to  the milk used in

making the cheese. Since the seams contained a high le v e l  of calcium

orthophosphate, i t  was thought that more calcium would increase the 

amount of th is  chemical in  the l in e s  between the p a r t ic le s , This 

resu lt obtained may be due to the lo s s  of most of the chemical in  the 

cheese making process,

Mattick ( 1951) showed that, about 40 per cent of the 

inorganic calcium phosphate was lo s t  in  the f i r s t  whey a fter  cu ttin g . 

The lo s s  of the calcium and phosphate continued during the process 

with the increase of the ac id ity  of the curd,

B, Presence of calcium orthophosphate

I t  was clear from the scores given by the panel and also  

from the general appearance of the cheese (Figure 30) that a l l  the 

cheese, to which calcium orthophosphate was added contained the 

maximum degree of seaminess (10 points) and were described by a l l  the 

members of tlie panel as very seamy Cheddar cheese. On the contrary, 

there was very low le v e l  of seaminess in  the untreated cheese. This 

difference was sign ifican t (p^  0.001 ) ,

In both salted  and unsalted curd, seamy cheese was produced 

because of the presence of the calcium orthophosphate between the curd
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particleSo

The chemical analysis of samples taken from the seams in

section 2 of Chapter II  of th is  th e s is  indicated th a t’ seams contained

higher le v e ls  of calcium and phospliate and are possib ly  present in  the 

form of calcium orthophosphate, Tlie formation of the seams in  both 

salted  and unsalted curd was due to  the presence of insoluble calcium 

orthophosphate which was added to  the curd and accumulated in  the ’ 

l in e s  of junctions between the curd p a r tic le s .

This resu lt also showed that seaminess can be present in

unsalted curd. This finding was demonstrated in  Chapter I I I  of th is

study, in  wliich unsalted Cheddar was raa.de and found to  contain a 

noticeable le v e l  of seaminess.
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CONCLUSION

Seaminess was not affected  by the addition of calcium 

orthophosphate to the milk used for  the production of Cheddar cheese • 

The addition of calcium orthophosphate to  m illed curd 

resulted in  the formation of severe seaminess in  Cheddar cheese a t the 

junctions of the curd p ieces .



CHAPTER V II

ASSESSM ENT OF THE OCCURENCE OF SEAM INESS IN  SCOTTISH

CHEDDAR CHEESE
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CHAPTER VU

ASSESSIMT OF THE OCCURENCE OF SEAMIMS3 IN SCOTTISH

CHEDDAR CHEESE

INTRODUCTION

Cheddar i s  the only variety  of cheese made extensively  in  

Scotland. The occurence of seaminess in  Scottish  Cheddar cheese was 

reported by Crawford (1973), who drew the attention  of the industry 

tov/ards th is  d efect. The extent of i t s  occurence in  Cheddar cheese 

produced in  d ifferen t fa c to r ies  in  Scotland has not been measured, 

This study was undertaken to measure the incidence le v e l  of seaminess 

in  Cheddar cheese produced by the d ifferent Cheddar cheese making 

systems, which are in  use in  the area.

Since these fa c to r ie s  handle very large quantities of milk 

dallj’’, a reasonable and p ractica l representation of the cheese 

production of these fa cto r ies  was desirable. Sampling was extended 

over s ix  months of production.
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Sampling

Samples of Cheddar cheese were taken from the following

fa cto r ies:

A, Factory A

B, Fe.ctory B

c . Factory C

D, Factory D

E, Factory E

Cheese making procedure

Each of the fa cto r ies  included in  the study, represents a 

d ifferen t system of Cheddar cheese manufacture. Production methods 

are summarised below.

A. Factory A. The New Zealand 'Cheddarmaster' Tower system 

used in  th is  factory i s  that produced by Mauri Brothers and Thomson 

(Overseas) Co,

The pasteurised milk was cooled to 68°F (31*1^^) and pumped 

to  20 vats each of 2000 gal (9092,2 kg) capacity. Mixed-strain 

starters were added at the rate of 2 per cent (v /v ), Annatto at the 

rate of 4*19 oz per 100 ga l (454-6 l )  of milk was added when coloured 

Cheddar was made. Rennet was added at the rate of 4*19 oz per 100 gal 

(454*6 1) of milk.

When the coagulation was completed, the curd was cut by the
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knive attachments in  the vat, and the curds and whey were heated to 

102°F (38.9°C)* When the required ac id ity  and time reached, the whey 

and the curd was pumped to  a dewheying conveyor. The whey and with i t  

the curd f in e s  were pumped to  a Cyclone separator in  which the f in e s  

were removed and pumped back to the dewheying b e lt , Die curd moves 

upwards while being agitated by means of peg s t ir r e r s . At the end of 

the dewheying conveyor the curd f a l l s  into a hopper from which the 

curd was transported pneumatically to the Cheddaring tower.

The curd was allowed to  ’ cheddar’ in  the tower for a period 

of 2 h during the travel of the curd to  thu3 bottom of the tower. The 

large choddared blocks of curd were allowed to f a l l  into  a Beriy 

m illing machine positioned close to the base of the tower.

The m illed curd was transported to the inclined  sa lting  

conveyor and salted by the addition of dry vacuum sa lt  spread on the 

curd from specia l nozzles over the conveyor. The amount of the sa lt  

added was regulated according to the depth of the curd on the b e lt  as 

measured by a sp ecia l sensing element. The sa lt was mixed with the 

curd by a series of peg s tirrers  at in terva ls along the b e lt, the 

salted  curd was then blown to  a mould f i l l in g  un it, and placed in  

lb  ( 18,14 kg) standard rectangular moulds and then l e f t  aside for 10 

to 35 min before being placed under f u l l  pressure in  an a ir  operated 

(8 in  cylinder (20,3 cm) horizontal cheese press operated with 

compressed air at 90 p s i .  The cheese were pressed 16 to  18 h and 

thereafter vacuum sealed in  40 lb  ( 18,14 kg) or 10 lb  (4*536 kg) 

portions in  a laminate before being boxed, labelled  and cured at 50°F

( I 0° c ) .

Die flow diagram and the ai’rangement of equipment used are
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presented in  Figure 31*

Bt, Factory B, Cheddar cheese was produced in  th is  factory  

according to the system described on page 58 of th is  th e s is ,

C « Factory C. This factory employs the New Zealand sin g le-  

strain  starters in  rotation .

The pasteurised milk ( 161°F (72^C) for 15 s) which was 

cooled to  90^F (31o1°C) was pumped to 20 OST tank of 2600 gal 

capacity, Single -s tr a in  starter was added at the rate of 2 per cent 

(v /v ) . Cheese colour (Annatto) was added at the rate of 4 oz per 100 

g a l (454*6 l )  of milk when coloured cheese was made. Rennet solution  

was added to  each vat at the rate of 4 oz per 100 gal (454*6 l )  of 

milk, When the coagulation of the milk was completed in  40 to 50 min, 

the curd was cut mechanically by the knj.fe attachment in  the tank, and 

was automatically heated to  102°F (38,9^0) in  one hour.

The curds and the whey were pumped to the dewheying screen 

of the CheeseMaker 2 Mark III (B ell Bryant P ty,, L td ,), in  which the 

whey i s  removed and the curd i s  cheddared in  special moving containers 

for  1 h 50 min.

The cheddared slabs were automatically transferred to the 

CheeseMaker 3; automatic m illing , sa ltin g  and hoop f i l l i n g  unit (B ell 

Bryant Pty., Ltd. ) .

The f i l l e d  moulds were then l e f t  aside on the conveyor for  

about 25 to 30 min and were pressed by means of a v e r tica l press 

operated with compressed a ir  of 60 p s i .  The cheese was pressed for  

18 h .

The cheese were e ither vacuum sealed in  40 lb  (18. 14 kg)
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b l o c k s  o r  i n  1 0  l b  ( 4 . 5 6 3  k g )  i n  p o l y t h e n e / c e U n l o s e  l a m i n a t e  b a g s ,  

t h e  c h e e s e s  w e r e  b o x e d ,  l a b e l l e d  a n d  w e r e  s t o r e d  a t  a  c u r i n g  r o o m  

m a i n t a i n e d  a t  5 0 ° F  ( 1 0 ° C ) ,

T h e  f l o w  d i a g r a m  o f  t h e  s y s t e m  i s  p r e s e n t e d  i n  F i g u r e  3 2 .

D .  F a c t o r y  D . T h e  s y s t e m  o f  c h e e s e  m a k in g  f o l l o w e d  i s  

d e s c r i b e d  o n  p a g e  5 6 .

F. Factory E. The pasteurised milk was cooled to 88°F 

(3 1 .1 * ^ C )  and pumped to 10, 4000 gal (1818.4 l )  v a ts . ' Mixed-strain 

starters were added at the rate of 2  per cent ( v / v ) ,  Annatto was 

added at the rate of 3.6 oz per 100 ga l (454*6 l )  of milk when 

coloured Cheddar was made* Rennet was added at the rate of 4 oz per 

100 gal (454«6 1) of milk.

W hen t h e  m i l k  w a s  c o a g u l a t e d  s a t i s f a c t o r i l y ,  t h e  c u r d  w a s  

c u t  b y  t h e  k n i f e  a t t a c h m e n t  o f  t h e  v a t ,  a n d  w a s  h e a t e d  t o  1 0 2 ° F  (38.9  

^ C ) i n  o n e  h o u r .  T h e  ( h t s y  a n d  t h e  c u r d  w e r e  a l l o w e d  t o  f l o w  b y  

g r a v i t y  t o  t h e  T e b e l - G r o c k a t t  c o o l e r s  w h e n  t h e  a c i d i t y  r e a c h e d  t h e  

r e q u i r e d  l e v e l .  I n  t h e  c o o l e r s ,  t h e  s e p a r a t i o n  o f  t h e  w h e y  f r o m  t h e  

c u r d  t o o k  p l a c e  a n d  t h e  c u r d  w a s  c h e d d a r e d  i n  t h e  c o o l e r s .  I n  t h i s  

f a c t o r y  t h e  c u r d  i s  n o t  p i l e d  o r  c h e d d a r e d  a s  c o m p l e t e l y  a s  i n  

t r a d i t i o n a l  m e t h o d s .

W hen t h e  C h e d d a r in g  t i m e  w a s  c o n p l e t e d ,  t h e  c u r d  i n  s m a l l  

b l o c k s  w a s  s a l t e d  b y  s p r e a d i n g  t h e  s a l t  b y  h a n d  o n  t h e  c u r d  i n  t h r e e  

a p p l i c a t i o n s  t o  g i v e  a  r a t e  o f  3  p e r  c e n t  ( w /w )  d r y  v a c u u m  s a l t .

T h e  b l o c k s  o f  s a l t e d  c u r d  w e r e  t h e n  c o n v e y e d  t o  a n  

e l e c t r i c a l l y  o p e r a t e d  p e g  t y p e  m i l l ,  a n d  t h e n  a  c o n v e y o r  t o  8  l a r g e  

h o o p s  p r e s s e s  s u c h  a s  t h a t  d e s c r i b e d  b y  M a u r i  B r o t h e r s  a n d  T h o m so n  

( O v e r s e a s )  C o ,
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After the hoops had been f i l l e d ,  the presses were operated 

and the cnrd pressed under vacuum for 16 to  18 h.

The cheeses were then taken out in  batches from the press, 

cut in to  4^ lb  (18.14 kg) blocks, hand wrapped in  film  and boxed 

using the Unibloc system. Cheese were cured at 50^F (lO^C).

The flow diagram of the equipment i s  given in  Figure 33.

Sampling procedure

The cheese samples were taken from those used for the 

routine o f f ic ia l  grading by The Company of Scottish Ghee se makers Ltd, 

One 40 ih  ( 18,14 kg) block cheese was sampled from each of two vats  

selected  at random from each day’s production. When a r e f i l l  vat was 

made with d ifferent starters, an additional one block sample was taken 

at random from the r e f i l le d  va t.

Testing the samples

TLie samples were graded by the author when the cheese were 

about 4  to  3 months o ld , A 0 ,5  in  ( l ,2 7  cm) thick s lic e  was cut 

o ff  the face of the cheese ty  a sp ecia l wire cutter, and the cheese was 

given scores for  seaminess, fusion , openness, body, flavour, and 

colour according to the procedure and scale described on page 55 and 

used throughout the study. Because of the number of samples involved  

and the commercial value of the cheese i t  was not possible to  arrange 

panel scoring of the samples.
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BESÜLTS

The resu lts  of scoring of a l l  cheeses at iy ' to  5 months old  

made in  these f iv e  Cheddar cheese factor ies are presented in  Tables 

86 and 87.

The mean scores for seaminess shoved that there was a 

considerable degree of seaminess in  the Scottish  Cheddar cheese made 

during the s ix  months of the study. These also show differences in  

the le v e l  of seaminess between the cheese made by these d ifferen t  

systems.

The d istribution  of the seaminess in  these cheese are also  

presented in  Table 88.
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DISCUSSION

The mean scores of seaminess given to the cheese produced 

in  the f iv e  fa cto r ies  using d ifferen t systems of Cheddar cheese 

manufacture are presented in  Table 86 , and ind icate that seaminess 

occurred in  the cheese at d ifferen t le v e ls  which resulted in  seair^ 

cheese and cheese free from the condition,

A. Factory A. The cheese produced in  factory A contained a 

varied degree of seaminess. Approximately 3,95 per cent (representing  

145644 lb  of cheese) of the tested  cheese contained from 7 to 10 

points seaminess and were described as seamy cheese, and 11,86 per 

cent, representing approximately 555901 lb  contained 4 to 6 poin ts.

The mean score of a l l  samples tested  was 1,91 p o in ts. The moisture 

content of the cheese was 34*94 per cent, with s a lt  content of 1,73 

per cent and s a lt  in  the aqueous phase of 5*0 per cent. The cheese 

was s lig h tly  open (2,77 p o in ts), of good body (8,04 points) of 

s lig h tly  low score of flavour (7.96 points) and of good colour (7.37  

p o in ts ) ,

B. Factory B, The occurrence of severe conditions of 

seaminess was consistent in  the Cheddar cheese produced by the factory  

B, The mean score given was 9 .2  points and the samples tested  were 

described as seany. Of the tested  samples 91*19 per cent contained 

from 7 to  10 points seaminess (representing II40422 lb  of cheese). In 

th is  factory, the cheddared curd was m illed by means of a commercial 

uni.t of the B ell-S iro CheeseMaker 3. The cheese was of good body 

(8,60 p o in ts), flavour (8,40 p oin ts) but the mean score of colour was 

very low (6,42 p o in ts).
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From the analysis of samples talcen from the cheese made in  

th is  factory i t  was found that the cheese contained very low moisture, 

and the s a lt  i s  added to the m illed curd at higher a c id it ie s ,

C. Factory G. Although factory G employed the B ell-S iro  

CheeseMaker 3 m illing, sa ltin g , and hoop f i l l in g  u n it, the mean score 

of seaminess of the samples tested  i s  very low (2,68 p o in ts). Looking 

to  the d istr ibu tion  of the seaminess in  the tested  cheese which i s  

presented in  Table 88, i t  i s  evident that about 7 .2  per cent of the 

tested  samples contained between 7 and 10 points seaminess and were 

described as seamy cheese (representing 262267 lb  of the cheese). Of 

the saji^Dles tested  21.52 per cent contained between 4 to 6 points of 

seaminess (representing 783887 lb  of cheese). This lower le v e l  of 

seaminess than that reported in  the other factory which used the Bell"  

Siro CheeseMaker 3 may be attributed to the difference in  the 

manufacturing procedure used. The mean of the moisture content of the 

cheese i s  33.98 per cent, with a sa lt  content of 1,70 per cent with a 

sa lt  concentration in  the aqueous phase of 5.0 per cent. M illing in  

th is  factory was carried out a t low t i t r â t able a c id ity .

D. Factory D, Approximately 7.03 per cent of the samples 

tested  from factory D (representing 156094 lb  of c h e e s e )  contained from 

7 to  1 0  points seaminess and were described as seamy cheese. About 

21,48 per cent of these samples (representing 476942 lb  of cheese) 

contained between 4 to 6 points seaminess. The overa ll mean of 

seaminess was 2,62 p oin ts. The cheese was given a mean of 5.37 points  

for fusion , 8,30 points for body, and 8,24 points for flavour. The 

cheese tended to be more open with a mean score of 5.20 points and of 

uneven colour (6 ,4 points ) , The low score of the colour was due
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mainly to the discolouration in  the openings within the cheese, and to 

the mottled colour,

E, Factory E. The Cheddar cheese made in  factory E contained 

the le a s t  seaminess and none of the samples tested  during the study 

was described as seamy. The mean score for seaminess in  the cheese 

tested  was 0,25 p oin ts. Of the samples tested  80,4-6 per cent were 

free from seams (O p o in ts), and 19.54 per cent contained from 1 to  2 

points of seaminess.

The occurrence of th is  low degree of seaminess in  th is  

commercial cheese i s  in  agreement with the resu lts  obtained with the 

experimental curd which was m illed with idle Peg type m ill. The mean 

moisture content of cheese made at th is  factory was 36,40 per cent.

The mean sa lt  content was 1,69 per cent in  the f in a l cheese, so 

giving a sa lt  concentration in  the aqueous phase of 4 .6  per cent. The 

moisture content of the cheese from th is  factory i s  higher than that 

found in  the cheese made in  other fa c to r ies . The cheese tested  

represented ha lf the production in  th is  factory, th is  represents 

about 2068000 lb  of cheese (14*9 per cent of the tested  cheese).

The cheese was found to  have low fusion scores (5.12 poin ts) 

compared to the highest score given of 5 * 7 2  poin ts. The mean score 

for openness in  the cheese was surprisingly low ( 2 . 2 4  p o in ts), Ttie 

score given to the body of the cheese was low. Their colour and 

flavour was good with a mean scores of 7.89 and 8.60 points 

resp ectively .
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CONCLUSION

T he e x p e r i m e n t  s h o w e d  t h a t  t h e  i n c i d e n c e  o f  s e a m y  c h e e s e  

v a r i e d  b e t w e e n  t h e  f i v e  f a c t o r i e s  u s i n g  t h e  d i f f e r e n t  s y s t e m s .

Seaminess i s  present in  commercial Cheddar cheese produced 

in  Scotland to a considerable le v e l .  Approximately 12.29 of the 

cheese produced contained a seamy condition (represent 1704427 lb ) ,  

and 13,85 per cent (represent 19214-05 lb ) contained between 4 ^ d  6 

points of seaminess.

S e a m i n e s s  w a s  f o u n d  c o n s i s t e n t  i n  f a c t o r y  B ,  a b s e n t  i n  

f a c t o r y  E , a n d  v a r i e d  i n  t h e  f a c t o r i e s  A , C a n d  D .
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CaàP'IER V III

STUDY OF THE EFFECT OF THE OCCURRENCE OF SEAMINESS IN CHEDDAR 

CHEESE ON CONSUMER RE/iGTION

INTRODUCTION

Van Slyke and Price (l952) described seaminess as a defect 

in  both colour and texture of the cheese. Czulak and Conochie (19&7) 

stated that the occurrence of seaminess in  coloured Cheddar has great 

commercial sign ifican ce. In the United States of America two fa c to r ie s  

ran in to  trouble when th e ir  cheese became seamy a fter  the introduction  

of the B ell-S iro  CheeseMaker 3, automatic m illing, sa ltin g  and hooping 

equipment,

In Scotland the incidence of seaminess in  Cheddar may have 

increased since the introduction of the mechanised systems of cheese 

making. From a survey conducted by the author on cheese sold in  the 

supermarkets in  Ayr area, i t  was found that large quantities of the 

consumer portions contained d ifferen t le v e l of seaminess ranging from 

veiy  low (which i s  not enough to produce a condition of seamy cheese) 

to  a very high degree (which caused a condition of very seamy cheese)*

Under the conditions in  Scotland there i s  no evidence to  

demonstrate that the presence of seaminess in  Cheddar cheese has any 

sign ifican t e ffe c t  on the consumer.

The objective of th is  stu(%y was to determine the consumer 

reaction to sesminess based on the v isu a l appraisal at the time of 

purchase of both white and coloured Cheddar cheese.
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EXPERIMENTAÎ

Preparation of cheese pieces

Very seamy rind less cheese, uncoloured and colow ed Cheddar 

cheese were selected  from f i r s t  grade production at a commercial 

cheese factory* Another lo t  of Cheddar cheese both uncoloured and 

coloured free from seaminess was selected  from f i r s t  grade production 

at another factory* A ll of the selected  cheese were almost the same 

age and of comparable quality in  terms of openness, body and flavour. 

The selected cheese were placed in  a curing room maintained at 50°E 

( 10*̂ 0) u n til th e ir  age reached around 7 months.

Every week three coloured cheese and another two uncoloured 

40 lb  ( 18*14 kg) cheese blocks were cut for r e ta il  sa le .

Each block was cut by a sp ecia l mechanical cutter in to  four, 

10 lb  (4c536 kg) block* These were then cut iy  another machine of J , W, 

Flowers and Co*, U.K,, in to  small p ieces, 5.5 in  (14 cm) long, 3,5 in  

(9 cm) wide, and 0*8 in  (2 cm) th ick . Each weighed around -J- lb  (227.3  

g ) * Each portion was then placed in  a laminate pouch and vacuum 

sealed, lab elled  variety  and price d e ta ils . This was the usual 

procedure followed in  preparing the cheese for sale in  the Friday shop 

of the Department of Dairy Technology, West of Scotland Agricultural 

College *

Presentation of the cheese in  the shop

The pre-packed r e ta i l  portions of cheese from each type was 

stacked in  p la s tic s  containers of the same type and were placed in  the
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shop at th eir  usual p laces. During the time of sa le , the trays were 

always kept f u l l  with portions ensuring that there was always a 

su ffic ie n t supply of a l l  types of cheese to meet the 'demand for  any 

particular type of cheese. The number of portions of each type 

purchased every week was determined and recorded.

Presentation of the d ifferen t types of cheese was carried  

out in  the shop according to the plan presented in  Table 89, The 

counter placing arrangement for each type was in ter  changed through­

out the te s t  period.

Chemical analysis

Samples of the cheese on sale were analysed for sa lt  and 

moisture content and pH using the methods described on pages 47, 48 

and 48 resp ectively , '
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The set-up of the presentation of seamy and non-seamy coloured 

and white Cheddar cheese packed pieces in  the Friday'shop at 

W. S. A, College during the study of the e ffe c t  of the 

occurrence of seaminess on consumer reaction

Week No,

P osition A P osition  B

1

2

3

4

5

6

7

8

NS white 

NS white 

S white 

S white 

NS white 

S white 

NS coloured 

S coloured

S white 

NS white

NS coloured 

NS coloured 

S coloured 

S coloured 

NS coloured S coloured

S coloured NS white 

NS coloured S white

S coloured NS coloured 

S white 

NS white

NS denotes none seamy Cheddar cheese

S denotes seamy Cheddar cheese

P osition B P osition  A

2 1 2 1

Cashier □ Customers
in
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RESULTS

The number of portions of each type of cheese which were 

sold during the te s t  period i s  presented in  Tables 90 and 91 #

The resu lts  of the chemical analyses of the cheese i s  

presented in  Table 92.

S ta t is t ic a l analysis

The r esu lts  of the analyses of variance for the data are 

presented in  Table 93. These resu lts  showed that there was more 

consumer preference for the coloured Cheddar than uncoloured Cheddar. 

Of the to ta l cheese sold in. the shop, portions with a seamy condition  

were in  tlie majority on a l l  occasions and sa les of seamy coloured 

Cheddar were greater than sales of uncoloured seamy cheese. Sale of 

each type of cheese was also  affected  by their placing on the counter 

in  the shop, showing that more sa le s  were obtained in  p osition  1,
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TABLE 9 1  ,

D istribution of seamy and non-seamy white and coloured 

Cheddar cheese p ieces sold at d ifferen t positions on the 

counter of Friday shop duidng the study of the e f fe c t  of the 

occurrence of seaminess in Cheddar cheese on the consumer

reaction

Type of Cheddar Position in  the shop Total Aye rage

Coloured

White

357

321

189

113

89.25

80.25

47.25

28.25

Position  to ta l 546

4 3 4

68.25

54.25



TABLE 9 2

Analysis of variance; consumer reaction to the occurrence 

of searainess-in white and coloured Cheddar cheese

Source of variation D.F, F

1, Weeks

2 . Types of cheese 

Red X wMte 

Seamy x non-seamy 

Interaction

3*. Positions 

Error

3

3

1

1

1

1

8

37.67

3993.67

8836.67 

2304.00

841.00

784.00

208,125

19.19 

42,45 **

11.07

Total 15

-  Not s ig n if i  cant (p > 0,05) 

* S ign ificant (p < 0 .05)  

Sign ificant (p < 0,01 )
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DISCUSSION

As the  t e s t  was conducted i n  the ’ F r id a y ’ shop o f th e  

Departm ent o f D a iry  Technology, th e  sa les  were r e s t r ic t e d  to  the  

S ta f f  and the students o f th e  C o lle g e , who a re  accustomed to  buying  

t h e i r  cheese from  t h is  shop. The r e s u l t  o f t h is  t e s t  r e f le c te d  the  

re a c t io n  o f these  consvmiers to  seaminess i n  Cheddar cheese. I t  would  

be v e ry  in te r e s t in g  to  conduct such a study in  a norm al r e t a i l  o u t le t  

such as a superm arket in  w hich many cheeses are  presen ted  and 

purchased by a r e a l  cross s e c tio n  o f th e  consumers. But due to  th e  

d i f f i c u l t y  o f g e t t in g  these f a c i l i t i e s ,  t ld s  t e s t  was c a r r ie d  o u t in  

th e  C o llege shop,

The r e s u lts  o f th e  s a le s  in d ic a te d  th a t  th e re  was more 

p re fe re n c e  f o r  co loured  th an  uncoloured Cheddar cheese. Th is  d if fe re n c e  

was s ig n if ic a n t  a t  the  le v e l  ( p < 0 , 0 l ) .

The cheese p resen ted  were v e ry  seany and were com m ercially  

so ld  in  the  lo c a l  m arket i n  S c o tla n d , The d a ta  o b ta in ed  showed th a t  

th e  consumer may have p re fe re d  o th e r c h a r a c te r is t ic s  o f the  seamy 

cheese and th e  seairy c o n d itio n  he lped  them to  id e n t i f y  a p a r t ic u la r  

typ e  o f cheese. Since co loured  Cheddar i s  always more p o p u la r in  

S cotland  th an  unco loured , t h is  p ro b a b ly  exp la in ed  the  in c re a se d  s a le s  

o f seany co loured  cheese th a n  i n  seany unco loured ,

When the  cheese was p la ce d  a t  p o s it io n  1, the t o t a l  s a les  

was in c re a se d  s ig n if ic a n t ly  compared to  those so ld  when th e y  were 

p la c e d  in  p o s it io n  2 .  T h is  in d ic a te s  th a t  p la c in g  the cheese on the  

shelves in  the  m arket a f fe c ts  th e  amount s o ld .
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CONCLUSION

This  te s t  in d ic a te s  th a t  th e re  is  no consumer o b je c tio n  to  

th e  cheese which have v e ry  seamy c o n d itio n  as long as th e  g e n era l 

q u a l i t y  i s  good and the cheese can be cu t w ith o u t b re ak in g  a p a r t .

Y e t i n  o rd e r to  assess th e  re a c t io n  o f the consumers tow ards  

th e  presence o f seaminess in  Cheddar, a s im ila r  t e s t  shou].d be c a r r ie d  

o u t under norm al commercial c o n d itio n s  and w ith  a g e n e ra l cross  

s e c tio n  o f consumers.
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APPENDIX B 

TABLES 113 TO 126 

RESULTS OF SCORING THE GHEE.SE AM) CHEILCCAL ANALYSES



Ut
-A U t
VO  VO

v jt VO •
VjJ vD 
U ) VO

U t  V>)

y

V, ^70 05 4>-

VO

ONo

i
w
Ui

I
(D

O

!

O

On U t —4  -f-  o  VO VO -q

g
U t  .f--

0 5  ON <I <1

’U t

ON U t  
O  VO

ON ON 0 5  - i  
O  O  O J  VO 8

va 70
70 4 s. 0 5  4>*

4 s .  - 4  < 2  ON ON

ON ON g  VO -A
ON o  C5 VO VO

4 s .  —4! * 0  O n  U t

4>. On VO 70 05
•4 1  - 4  VO - 4  -v2

7 0  7 0  7 0 70
70 ?0 -A  70 05 
O  O  O  4 2  O

VO 7 0 70

■ f e  5  f e  g  y

ON ON On

ON
O y

&
0
1

o

4S. - 4  0 5  ON U t
ON o  - 1  0 5  ON
4 2  - 4  VO O  4 7

4 s -  ON - .3  4 2  O n
* * * * *
O n v O  ON 7 0  -A
4 7  VO 4 2  O  VO

4 S . -41 ON 4 2  ON

C  - A  o

0 5  O n P -  
4 2  -4 2  O

VO
VO

7 0 O 70
ON ON O '  O  

4 2  4 2  U )  O  O

o142

m
Q V o
P VO
g . &

VO

b 4
Q o
to <J o

VO 70  ~ i  70 M p
o

V l  5 a 0
VO U J  4 2  42) ‘i

Q
P H ‘
H to P .
O p . H

H
O d m

b
1 p

p i
0o

%
\ii

I
0
M-

8

N

Vo
U J
VO

a
I
in

o
d

d

8
o

5
I
d

I
y
H-

8

8
I
I
I
0

p .M

s:0
p
y
w
o
o
y
a>
03

m
H*
4
y
d
4

d.p
y0
H

u-j
*—j.
d

a
(P
w

cH
O fc.
0 tri
H I dd Ld0
g.
:3
CD —A

1

Vjv)

H
o
y
0
p i
Oi
p
d
o
y0
0
w
0

g
pi
0

1

H)
H j
0
y
0

ct-

g

§

dw



va 70 _  ^K) 4S. 05 4s. va  roro 4>. 05 4>- va rq
r o  4 > .  0 5  4>-

va ^ 
r o  4 s -  0 5

01

ON c  42 42 ON
4 s  <0> 0 5  0 5  QN

4 1  4 2  4 2  O

75 a  * 4  4 1  4 2

Q N  ON 0 5  C 5  v O  
O  O  4 2  4 1  V O

V a  0 5  4 2  O n  U i

y  fe 4 2  0 5  4 s .
V jO O

Vi)
-A ON 
VO 4 2

VO

4 2  4 2  4 2  4 2  ON

r o  V jJ nO  U t  n O
4 1  VO V O  VO VO

7 0  ON 4 2  NO  4 2

ON 0 5  ^  O  0 5
O  O  \ 0  O  4 1

v a  0 5  4 2  ON ON

£3 8  ÿ  §  Î5

VO ro 4s

9  9  &

ON 4  4  4 1  4 2

O 3
O pH <g §

4
R

VO 4  4  4  e n  ̂ o-
4 C5 ru o nD  ON -A C5 ru
VO o 4 4 VO 4 VO o o8 80 0

O
[

o

_AO o

C 5  4 2

S £3 V a

tr i
O

'<
O n x -s  70

C/l •
ON O  4

P  V>9
H
0

0

1
—A
O

VO

ONo i
VO

4 1  4  0 5  0 5  0 5

—V VO 
VO VO

4  0 5  0 5  4

On , 4 s  ^  
O  O  VO è  îS

v a  4  O  O n O n

~A VO 
V O  VO

ON ON 4
4 2  o  VO

VO V O  4 - '-o « «
NO o VO
VO  o VO

O n 4  0 5  0 5  0 5

0 5  4 > -  ON v a  . 7 ' 'o o o VO 4

7 0  O '  4  0 5  4

O  0 5  0 5  O  0 5
4  4  0  0  4

V a  - a  4  Q n  o n
» • « •  »

è  ^  8  s  £3

70 ru VO
no *a2 Va
VO VO V O

4  ON 0 5  0 5  C 5

O ^  O va ru
4  4  o  V O  o

-A ON 4 NO 4
-7- O '  ô o ^4 -a VO o VO

4 s  ON QN ON ON

o  en 05 4s â..
0  0  0  4 4

VO ru 4s
C 5  0 5  C o
4  o V O



W 0)

k I:

N) 05. 
O  O
o  o

V j J  CO-

[S’IMM
I
0
1

o

Vjj 0»

g  fe

7v) oa

Ni
^  0Ç1

vji ~->2 0\ cr»

ÿ  fe *§ k

VJ1 < î  o  4>-

w o  o>
o  4>- ot>• f e

V/i ^  t>- -f""

s 0 0 ^  o 05. ro

to

I
o

o

g\ 03
O  4s .  o

VJ, - s ]  (T \ 4>~

»  k  $ : k

K)
4>- O) 4^

- A  4s .  \ j J

V) O O _k0\ o  4>̂  N)

- i  i"0 U J o

s  fe  ^

4>' VJ
o
o

ÎO v£> O !\)

:
o

o

Î\J 4>«.
•  •  •O O0 0 0 §

I
8

>Dy
p.
H

I
S'

0

a

I
M
CD

c
la

VO p

1
p j

03
VO P .VJ H
VO c4-

0
0
0

l-b
i vS
□ P
CD

d*
0 H-IJ . 0P HH (0

c/3
|J .

pg- CD

1
ISVO

I
V O

P ,

P
V O 03

P
< H

0 c+-
< Q
P g 0
Q y i-ij
g CD

d ~5
0 P
s -1 1 b ‘

P p c+
P H M-
H 0
ci- H

g
CD

po Ui
CD H -

I
0301r/3
S
g

f
"§
H

y
p.

I
ICD
03O

-3

w

•s



ro
03

ro
O) -S

70
03 4>'

7 0
4^> 0 3

I

'd -VJ ON

cR fe O VO
ro

‘ 4  0 3  0 3  0 3

o  S  f e

ON -VJ ON 0 3
•  •  •  •

7 0  U )  KD
7 0  O  7 0  4 > -

VJl —4 
•  *
ro io  
•s -S

C  ON V 3

^  0 3  O  O
O n  0 3  0 3  0 3

C \  < 3  0 3  0 3

0 3  V Ji n O  
O  r o  7 0

o
o
h-*
oH
‘i

Ui
o
p
H
o

ON
o

03
1 • S
_i
o

-< I  0 3  0 3

•S0 3

V fi . - < 7  0 \  0 3

vD 4-'̂  vO —i
7 0  O  ON 7 0

Vr>

O n 0 3  < 7  0 3
•  •  •  •
- i  O  ON 7 0
7\D 0 3  0 3  O

ti3O
&

g
o
t

o

Î *
4 ^  ON

I

“4Î O n \ J i  v ji

On ON vD - i
^  O  ON  7 0

- Q  -<2 0 3  0 3
•  •  •  •vn ON ON 03
7 0  0 3  4 ^  O

ON -VI -< l C3

4?̂  To r3 î5

U )  !V)

8 8

-<1 ON \_Tf VT;

O n nD  7 0  
0 3  O N  Q

- q  0 3  0 3  0 3

7 0  O  O n ON
03 03 O  4>-

ON -42 0 3
•  •  ■ •
O  0 3  7 0  7 0
o  ON 4 s .  0 3

- S
ON 0 3  
O  0 3



70 4>-

7 0  7 0

VM VO To —4 
7 0  ON 4 s .  7 0  4 s

Vh On -47 *42 —Q

4** 0 3  r o  ^  wvn o o o o

7 0  7 0

a  8

V jx  O N  O n  -42 *4 %

ON -41 vO  
O  or, \T;

70
O i

7 0  7 0

y  k

ig
(D

o

O N  < 2  -41 -41 s 2

O  0 0  O  VO Or,
C  O r, O r, O r, o r ,

7 0  7 0è è

o>r ON 
O r, o r ,

K3 y  |e 70 4>-

s ]  03 VD nO vO
7 0  -47 OO OO 7 0
O  O  O r, O  o r .

ON
O

-41 0 3  N O  S O  v O
•  •  •  •  •
V o -41 4 ^  4N- Or,Or, O or, or, O

O

03 vD \0  vD vD
•  •  •  •  •
nO  7 0  4~- v r ,  —4
O  o r ,  o  O  o r .

O

O r, O n - 4 1 - 4 7 - 4 7

O N  -41 4 s  V O  O r ,
O On or, or, O

0 3  n O  n O  n O  N O

0 3  VO (33 ON v n
O  O  O  O  O

ON -41 < 2  -41 -41

VO 7 0  v r ,  VO v r ,
O  O  o n  o  o n

0 3  NO s O  s O  (33

NO
on

70
O

VO NOo O n

(D 

% -

I
&

&

VO
V O
V O

K J
V O

■ f

4  K o  
P  w
P  V O  
(D

t
!3 8

a
a

o
p Q P
Q P

g .g g
(D P *
y a
o CD

05 H-

a
P CD
H P

d - H
d ^

y p
v o p P
VO p
VO CD <1 a g■<1

%
pI
p

I
%
rJ

R
4
O

%
P

s
CD
P

a
ch

a

I
F
rrt
H -

CO
0

§
CO

:"31
3

c r

f

H

d *
o

O
o

y
o

K
g
p

y

p .
a

CD
I

d '

I
y
CO

&

;

H )

O n



On 00 <v) —»
70 ON 4S  4s >5 y 70 4s on 00 70 -i

7 0  ON 4 s  7 0  4 s >5 y

01

•42 O n  -41 0 3  -41

—4 vO ^
0 0 0 -3  s ]O on

ON ON -47 03 03
4 s  vO ON Vo ^
o o ON vn O

on s7 On -47 -47
03 ON ON ON ^
o on o on O

70 TV) TV) 
•  *
ON NO <2 on On On

-47 ON -47
VjJ -41 on On

“47 ■42
• •
— k
O  O

ON
o

roo

03

O

-47
ON
O

ON ON -47 03 03

“4 “47 47
4 2  ONO vn

03 47o on o 03 ro On On
00H

O)
a
fe' O n

0 NO

1 0

0

-4] 42 -42 03
—1 n Oo on NOo y

On -47 On -41 -47
• ■ • •  ft
nO 4>- nO 03 vnO O On On on

ON 47 4 1  03

8 ON
O

-k o o on

bd0Qi
<

in0

“4 0)
NO 00)T :

0

TV)à TO

ÿ
Vx)

8

O)

O r ,

I
On

-47 -42 “42 03 -4
VjJ TO o on 00 -~xo on

47 -4 47 03 03.
4 s  TO NO
o on o oo o

ON -47 -4 03 03
O  0 3  Vx)O o on on 8 O nO

TO - i

— X —4on o

-4  On -42 ~4 -4
—i nO  Vjj 
O  O  V ) ,

ON 03
O on

-4 ON 03 -4 03
-4 NO 03 03on o o On on

ON -4 4 2  03 0 3

^  ^  NO I s ­
on o o o on

1 pft ft ft
TO o  N O
o On on



I t  %
I

Vj3
—A 43  Vn 
0 3  - 1  4 s
O o  v n  v n

VO
-A ON vnk à %

VO
—A v n  On

0 3  ?o o o
4 1  o  4 S

Vj)
-A o n  o n

: 2  8  y

x o
—A Vn o n•_ ft ft
NO  0 3  TV)
70 03 on

- A  ^  v n

nO o  -A 
TO o n  o n

VO
ON v n

NO TO 
4)'- ON

§&
H-
CO

TO

VO
—A ON v n

» •
NO w  o
4 s  VO v n

y
0 3  - A  N O  
03 TO 41

I
05
05

TO

TO

\ o

VO
v n

VO

4 s

7 0

f
0
P.̂

1

?
I

e  5?
pi.

I
05

Ë
01
05

-A 4 s
» * *

N I

VO
0 ^  Vrt

y  8  2

7 0
r-t.i‘CD
05

I

CD

I
VO M
4 3 v n 05

VO f c
O » A

a
d - 4
H - CD
B a

VO CD
4 3 v n a

o 4
v n 4-N* r o 7 0 H j
4 2 O o 05

Q o
H* d o

VO ê F r p . g .
4 3 v n p CD a a

CD %
v n O 0 5 T o VO 1 O
C 3 v n 4 -'' CO t-C) d a

d - 1-1. p
y d - d * a
p IŸ a " CD

VO p . CD H
v n v n a r h

O a *
v n - S VO 7 0 4 > - T̂* CD TO
N O v n VO t o ■D H -

d - iD y
y M a

CD CD P-*
VO a / I
v n v n VO o o CD

y d 3 CO
o O VO v n V n CD CD p .
ON o O 3 o o

o 3 " p C'H
y ra O
H *

VO CD p CD
ON v n a

p d
v n P TO 4> - O n H p
V o 4>“ 4 1 4

CO P *
P * 3
35 CD

y v n g -

7 0 - S 4 1 &

e

V O
CD
p j-4 V n
P

" f e
- S 03 y

4 s

•S

ro

ON

I
ON



Vo ro

4s  VO TO -A 4s  VO ro

p
0
0

I a
<! p V o
P y
0 0

i &
M m
pj y
H p
d - p -N_>- p

VO ro

NO NO NO vO  

ON ON QN r o

-4 43 4 1  * 4
ro 4s  I-,

ÎO

o
— A  - A  VO

O N  0 3  0 3

4 1  0 3  0 3  0 3
•  •  •  •
0 3  O  r o  TV)

0 3  4 1  0 3  4 1  

O  0 3  O  0 3

O  N O  

O  4N-

NO vO 

ON | s

4 1  4 1  -4 4  

M lO O O

10 14 ro ro
•  •  •  •
o  03 lo  03

4 1  4 1  4 1  4 !  

0 3  0 3  0 3  4>~

0 3  0 3  0 3

0 0 0
0 3

ro

ro

4N- V o  r o  -A

N-O

I " 4 s  4 -

4 1

ON

4 1

b

VO ro

ON 10

N O
0

31
1 0

0
h - '

0 P

p j

I
M 1 "H*
N r.+
P

dT 1
H .

H
P

4 1
0

p1 a
10 p

H
0 CD

0
VO 011 0
ro

p.
0 CD

0 P
4 1 0

I P
0 3

P

0 3

0

0
W1 0

ON P

0 p

■&I
p

!■
i
CO
M

O

%

i
y

s
d*
d

I
H
p

H"

§

03

p

a
M

I
y

pI
y
p

M
O
0  
y
p
M

4

1
I
I
H

01

d

S '
p
CO

CD
y

" •

H

I
y

a

I
y

I
4 1

4 3  4 1  0 3  4 1

4 s  0 3  O  ON

4 1  4 1  0 3  0 3
•  •  •
4>“ 4>* O

03 03 03 03 0, 0 011 00 0 ro ro ro p
0 k

p.
?



i l0  H* 
p j  a  

p

VO

C b o

4 I 
g ^

i Ê
co ep6 I

P

VO
VO
VO

&

M O'q& 3C+- P j  
w  p

Vx)

a

4 > -  VO î o - S  VO ro  -A

vO o  NÛ nO 

4 s  rv) 70 4>.

v O  v O  v O  v O  

O n on  on  ON I
“4  “4  “-4 On

r o  00- ON ON
“ 4  - 4  “4  0 3  

4n- O O O

4 s  4... O  ON

vo  —A VO ro 
ro ON 70 o

0 0 . - 4  <33 03 0 3  - 4  0 3  C3

ON 03 ON ON ro 03 -S  ro

0 3  - 4  -4 0 3
• ■ ■ ■
ro 03 4>" o

0 3  0 3  0 3  0 3

03 ro 4 ^ On

- 4  0 3  - 4  0 3  

03 ro 03 ro

0 3  0 3  0 3  r o .

| s  ro b  b

—4



V) 70 70

d

t 0

1
g

a
p  %I

4s  Vjk> 70 —A 4s  vo ro —i -îs Vo ro -A

v o  O )  v o  v o  
v o  v o  v o  4 s

VO VO VO V.) 
4 s  4 s  4 s  4 s

- J ,  o  O N  ~ A  >DÇ!. J s  - 4 s  0 3
• 4  0 3  C3 - 4  O  O  W  ON

VO

>s
VO VO v o
V n v n V n

0 ÔN v o

— A  — A 7 0
« » ■
vÛ 0 3  o

NO inD 7 0
n£)
O ■fe 0 3  ^

V o  4s  4 s  V o
7 0 O  v n

ON v n  ON v n  4 s  4s  4s  4s

O  “4  O  <Jn Vi) v n  O '- V f,

v o  4 s  4s  v o  

C3 b  b  ô?-

4>“  v o  4 s  4 ' -  
v o  -4 v o  ^ ( o  ' 6  y

0 0 v j , 0 3  O N 4 s O —A - 4 - 4  ON 03

v n v n v n v n V n v n v n v n v n v n v n V n

0 7 0 v o 0 0 0 0 0
NO nD NO 0 (33 ON ON nO <0 nO

H

I
O

i
I
;
I
o

o

M-

l d “

H -
a

D
■îâ

P
Q

ON O n ON ON ' n v n ON O n 4 - ■ON
a 'Cîi

v n 4 s 0 0 C 3 N-O 0 0 O n 0 ON 0
0  
. P0 3 4 s 0 —\ 03 nO 7 0 ON Va)

P 0
d * P

M
ON d -
0 u .
, 0 0

J-*-
,d-

%

S -

ï t
03

F*w
k o

I
I
M%
O
O

. a

H

g
I
Iî
d -

I
I
P
y

I
p

u .

'S*

I%

y

ciI
&

gB
C 3



I l
p

VO

01

i
I
g!
s - '  P

V o
VO
VO

4 s  VO < o

t

0
Q

<î P
p’ y0 Q

i

w

M
e n

p , y
H p:
d -

P

Vj.) 7 0

a
v o

VO VO VO VO
4s  ro v o  v oft ft » ft
NO 0 3  v o  f -  
TV) v n  -A ro

v o  v o  v o  v o  
v o  v o  V ) v o

y  % I
_A 7 0

VO 0 3 0 3 0 0 3 0 3 n D 0 3 0 3
7 0 4s 7 0 “4 v n “ 4 —A

v o  v n  v n  o

0 3  On 4s  -A
v n  vn  v n  vn
ft ft ft *
ON v n  0 3  4s

v n V n O n O N
N Û “4

ON VO VO VO

0 3

i o  VO ^

70 TV) v n  O  O N  03

v n  V n  V n  V n

O  —A —A v o
O N  - A  o - A

v n  v n  v n  V n  

V o
o  r o  - A  
O N  O N  0 3



o
l o

o
b

o
v n

v o  70 -A VO 7 0  -A VO  7 0

4 S  4 s  7 0  

O  VO 0 3

— A  — A 70

v n  0 3  VO

ON v n  ON

03 v n  v n

ON ON ON 

0 3  0 3  v n

7 0  ÎO  7 0  

VO VO VO

“4 - 4 - 4  

03 vn o

0 3

VO
0 3  “4  

b  0 3

7 0  7 0  7 0  

VO 0 3  O

■ 4  G n ON 

VO vn 03

- 4  0 3  C 3  

0 3  O  O

* 4  - 4  “4

v n  VO VO

4 -4 - 4
v n  0 3  0 3

- A  o - - A

• ft ft
o  0 3  v n

4  C n  4  
b  VO VO

70 7 0  -1 
0 3  VO 0 3

ON 4  CTn 

0 3  VO 0 3

0 3  0 3  4ft ft ft
O  VO 0 3

4  4

0
031 0
P1—*

0 P

0
0 3 03

1 0
0

P
0 a>

0
03

1 0P_v H
0 p

0
p P

1 0
p B
H p

0 P 03
03

0
D)

I 0
,P

0 P

I
d -

I
yI
y
a
a
03

a

I
î?
03

W
0

y
p
03

af
d1
I
M

ë -
P
y

d "
0

1
t
P

Ui
pg
P -
p
d *

iyI
p

I
U1

I
I
H -

I
vO



vO

O

4

O
vn

d -
H*
0

1

t

I
aI

V ) NI Vjj ÏU -A VO ro —A

v n  v n  v n  

V n  —A 4s

y y y
ON ro 
V n  ON v n

v n  v n  V n  

4  ON 4 s

a a a

v n  v n  v n

vn 03 ON

vo vo vo 
4  4  4

ro ^  
NO 4 s 8 ro vn 

03 o y

i?gI
ta

03

4  4  403 ON 03
4  4  ON
NO ON o

ON ON On 
O  NO VO

I§
I

M

a
03

I
03

af
I
I

• fs  4s  4s  
•  •  «
nO 03 NÛ

4S 4S 4S 
03 4  vo

4 s  4 s  4 s" f tvo vn 4s

t
p

ii



o

Id

v o  N>

VO O  0 3

O

4

VO N )

O  O  O  

Vn vn vn

o

vn

vo 70

-A O  O  

O 03 03

-"S &
M*

l_J 6:
p d-
o 4

PO d*
p P
o Pd* l_j
Pj d*

H"
B

— A — A
O

p
I o

VO C 3 VO v n v n v n VO v n 0 3 p

O
I-"o

!
p .

a
p

PI

| 0
1?ON 4 v n CN CN ON 4 CN v n p1 o r/3

v n O O VO o VO 03 v n

l o
&
p

H-
§

I
p
w
M

î
ÎO

I
M

i
p -

I

I
I
Mî
a

?

I
p

I
I
01

%
pf
p

a
%

*7*
S
M
0

p
p

Rj1
d

I
)>

I
p
w

S's
c+
0

î f1 
I
w
(D

P

P
d-

I
7 0

4  0  0  

O 03 vn

03 03 4
O O VO

4  4  
b  vn

ON

03

o  ON ON
03 03 03

4  4  4
03 b  vn

4  ON 4  
VO VO VO

4  4 - 4  
b  b  vn

03 03 03 
O vn O

4  4  4
O vn Vn

O M
Q

! P
1--J
O

O

O
M1 O
Q
t-*

O P

td& I
P

a
&
p
M

I
S



vO v n I
o

!
I
S '

a

Î
70

to

i
p j

VO 70 VO 70 VO 70

I

vn vn vn
^  o  O  vn

y  y  y  

ë  y  %

vn vn vn

4 s  v o  -A

v o  v o  v o
On ON ON

s  y  8

vn vn vn

^ s

VOvn vn
Np vo
vO 7 0  7 0

la

%

?
B

7 0
70

4  4  4  4s vo -A
4  On Qn 
—A 4 |cH

4 s  4 s  4 s  

03 03 4
4S 4s 4s 
•  •  •
03 ON vn

4 s  4 s  4 s  

vn ON 4

t
m
p

a

I
co



o
vO

O

4

O
vn

p  ^cl-

a

g
v o

vo 70 VO 7 0 VO  7 0  —A II
p

fS

s

VO - f s  V o  

O  O  O

— A  V s î  — A

Vo vn vo
—A —A 70 

O  VO  O

v nC3 QN ON

o vn
O n  O n  4  
•  * *
V o  o VO

4 s  VO VO  

VO VO VO

VO VO VO  

0 3  0 3  0 3

4s  4,’-  v n  

v o  v n  o ,

0
O n M

l 0
0

— A a
0 0

0  c

1 O

-  po |p

p

p
H -

f
I
F| y

S*
p

a
Q
y
w

R )

R

%»

R
a
d*

p

I
7 0
\ o

0 3  4  0 3  

O  v j ,  0 3

0 3  0 3  4  

v n  0 3  0 3

4  s ]  03
VO VO  VO

o

O

ll-J
p

w

0 3 0 3 i3 3 0 3 '03 0 3 03 03 0 3
10

p 3
t 0 p

v n V n v n v n VO v n 0 v n V n j <
!—A10 k

4 4 4 4 4 '33 * 4  -4 4
0

p
1 0

v o 0 v n V n v n 0 0 3  VO 0 P .

0 H
P



NO v n

VO N> -1 VO N> VO TV)

vn Vn vn vn vn vn

4s  vn NO

vn vn vn
ft ft «—i ro —A
4  4  NO

VO VO VO 
vn vn vn

^  Vo o  
O N  O  4

VO VO 
vn vn

VO
vnk

Vo VO 
vn vn
0 3
vn

VO
vnS

H

a
H*O
P

R*

g
a

pq

rJ.

IS

s*

VO

I
01

i
p i

I
w

a
0 3

<
P

M

f t

P

I
M

Hj

I
I
P
Ü1
P
M

g
P j

a

i
3a
I§
M

I
4 4
O  VO

O N  O N  4  
0 3  O N  O

On On O n 
03 vn ON

- f s  4s  4s

NO 03 NO
4 S  4 S  4 S
ft ft ft4  O N  N O

4 s  4 s  4 s
4  On ON

t
P

g

I
ë-

S'

g.

a

d-

I
y
w

R)

I
3

a



o
l o

o
4

O

v n

t - < î0 p
m H . d*

H Ê 4 s
P d -

d -
'■<

M . P0 d -

P co0 r i P
H* H H -
p j d * y!-j.

y
M

y
M

%

I
W
O

g
p
M

R»

g
VO 70 VO 70 VO 70

v n

b

v n  4 s

o  Vk)

7 0  TV) ~ A  

O  v n  v n

- a  —i  o
•  ft •
v o  O  0 3

7 0  VO VO 

0 3  V n  VO

4-s v n  v n  

o  o  o

4."  4 s  CN 

v n  v n  o

70 - A  70 

VO v n  v o

v n  v n  CN

v o  v n  o

ON On ON

O  VO VO

70  70  70

0 0 0

CN v n  ON

o  v n  v o

ON On 4  
v n  VO b

r j  70 Vv) 

v o  b  b

ON ON O s

0 0 0

ON ON ON

O  VO v n

o  vo 03
v n  ON v n  

v o  v o  v n

4  O n 4 
b  C3 VO

0
w

I 0
p
H

0 P

0
CO

I q

b
0 p

0 CO
0

1
i - j
p

0

0
M

1 0
P
H

0 P

%
a
p

s?I
g
Üi
D)

g

I
M
CO

b d§

0
w

1 0

S
0 P

S

a

w

d -I
y
0)

Hj

E -
hb

a
I
to

i l
p
w

a
PJt
p
p
Ul
p

a
d -
P
p j

a

a

gI
p

M*

a

S
P
w

I
I
g .

S

I
70
v n



Q
nO

O
vn

v o  fo vo «o -A vo 70

v n  v n  v n

8  S  S

VO VO VO 
v n  ON v n

r*  4  
4 s  v n

v n  V n v n

S  S  S

v n  v n  v n

y

v o  v o  v o  
v n  v n  v n

4  03 vD
VO 03 o

VO VO VO 
v n  v n  v n

4  4  
O  -A y

d -
H*
O

P

S

R)

I

[W

Iî

i&

a

f
I
P j

S

f
I
*
y

f
h

H*
m

R )

s
Q

I
P

P

M

I
P j

a

i
3
a

I
I
01

R

I
70
ON

ON ON ON 
4 - ÿ “ vn

4 s  4 s  4 s
•  -  •  ft4  vn ON

R v n  V n  O n
nO  v n  —*

4 s  4 s  v n  

v n  4 s  -A

4 s  4 s  4 s  

v n  4 s  v n

I

I
ë-

1
i

a

I
d-

a
y
01

R j

?

I



REFERENCES



198

A g rio tQ .t’u r a l  M a r k e tin g  A c t s  ( l 9 3 l )  The S c o t t i s h  M ilk  M a rk e tin g  

Scheme 1 9 3 1 . D ep a rtm en t o f  A g r ic u l t u r e  and  F i s h e r i e s  f o r  

S c o t la n d ,  E d in b u r g h ; H er M a j e s ty ’ s  S t a t i o n e r y  O f f i c e , .  

A g r ic u l t u r a l  M a r k e tin g  A c t s  ( 1 9 3 3 )  The S c o t t i s h  M ilk  M a r k e tin g  

Scheme 1 9 3 3 o D ep a rtm en t o f  A g r ic u l t o i ’e  and F i s h e r i e s  f o r  

S c o t la n d ,  E d in b u rg h ; H er M a j e s ty ’ s  S t a t io n e r y  O f f i c e ,

A l l e n ,  R .J .L .  ( l 9 4 0 )  B ioch em  J .  S 5 S ,

Anonymous ( l 9 7 4 )  m i k _ I n d .  ( 4 ) 2 3  «  2 g ,

A r b u c k le , W .S . ( 1946) J . D a ir y  S o i , 29  ( ? )  431 -  4 3 7 .

A s c h a f f e n b u r g , R . and  D rew ry , J ,  ( 1 9 5 5 )  N a tu re  L on d , 1 7 6 , 2 1 8 .  

A s s o c i a t i o n  o f  O f f i c i a l  A g r ic u l t u r a l  C h e m is ts  ( 1965) O f f i c i a l  M ethods  

o f  A n a l y s i s . 10t h  e d ,  G eorge B a s  t a  C o ,,  I n c . ,  W isc o n so n , U .S .A .  

A urand , L.W , and W oods, A .E . ( l 9 7 3 )  Food Chemi s t r y , The AVI 

P u b l i s h in g  Com p,, I n c . ,  W e s tp o r t ,  C o n n e c t ic u t ,  U .S .A .

B a b co ck , S .M , and R u s s e l l ,  H .L . ( 1 8 9 7 )  W is . Ag r i .  E^cpt. S t a .  14 t h  A nn , 

R e p o r t . 194*•

B a b e l ,  F . J ,  ( I 9 48 ) N a t .  B u t t .  C h eese  J . 3 9 . ( 5 )  4 2  -  4 3 .  ( D aiin f Sol .

A b s t r . 10 ( 3 ) 144*

B a i l y ,  J .C .  ( l 9 5 S )  J .  S h e , Dai r y  T e o h n o l, _11, ( 2 )  30  -  5 8 .

B a ro n , M. ( 1 9 4 9 )  D a ir y  I n d s . 14 ( 7 ) 7 0 5  -  7 1 1 .

B a ro n , M. and H a rp er , R, (1 9 5 0 )  D a ir y  I n d s .  1_5 ( 4 ) 4 0 7  -  4 T 0 ,

B e l l  B ry a n t P t y ,  L t d .  S a le  B r o c h u r e , The B e l l - S j r o  A u to m a tic  C h e e se -  

Maker S y s te m . S t .  L eo n a rd , N .S .W ., A u s t r a l ia , ,

B e l l ,  K, ( 1 9 6 2 )  Natu r e  L ond .  1 9 5 . 7 0 5 .

B e r r id g e ,  N .J .  ( I 963 ) D a ir y  E n gn g . 8 0  ( 4 ) 130 -  1 3 6 ,

B lo c k ,  R ,,  Durrum, E .L ,  an d  Z w eig , G . (1 9 5 8 )  P a n er  Chi'omo to g r a p h y  

and P a n er  E l e c t r o p h o r e s i s . 2nd  e d , .  A cadem ic P r e s s ,  New Y o rk . 

B r e e n e , W.M. and  P r i c e ,  W.V. ( 1960) J . D a ir y  S c i * 4 3  ( 6 )  8 6 1 ,



199

B r e e n e , W .M ., O lso n , N .F . and P r i c e , W .V. ( 1965)

( 5 ) 621 -  624 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  (1 9 5 2 ) B .S . 7 7 0 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  ( l 9 5 7 ) B .S . 9 9 8 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  (1 9 5 9 ) B .S . 734 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  ( l 9 6 3 ) B .S . 1741*

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  ( 1 9 6 3 ) B .S . 7 7 0 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  (1 9 6 6 ) B .S . 2472 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  ( 1 9 6 8 ) B .S . 1 7 4 3 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  (1 9 6 9 ) B .S . 6 9 6 .

B r i t i s h  S ta n d a r d s  I n s t i t u t i o n  ( 1 9 6 9 ) B .S . 9 9 8 .

B r o o k e r , B .E . ,  H obbs, D .G . and  T u rv ey , A . ( 1975)

341 -  3 4 8 .

B row n, L.W . and P r i c e ,  W .V. (1 9 3 4 )  J .  D a ir y  S o i . 17 ( 1 ) 33  -  4 5 .

Budd, JR.T. and Chapman, H .R . ( 1960) J .  S o c . D a ir y  T e c lin o l . 19 ( 3 )

137 -  141 .

s o u th ,  R .,  G i l l e s ,  J . ,  H a r k n e ss , W .L ., M c G il l iv r a y ,  W.A. and

R o b e r tso n , P .S .  ( 1968) N .Z . J l .  D a ir y  S o i ,  f e c h n o l . 9  ( 1 ) 21 -  22  

C a ffy n , J . E .  (1 9 4 5 )  D a ir y  I n d s .  10 ( 4 ) 2 5 7  -  2 6 5 .

C a f fy n , J .E .  and B a ro n , M, ( 1 9 4 7 )  D a iry m a n . S e p t .  1 9 4 7 , 345 -  3 4 9 .

Chapman, H .R . ( 1966) D a ir y  I n d s . 31 ( 7 )  557  -  5 6 6 .

C h ek e, V . (1 9 5 9 )  The S to r y  o f  C h eese  M aking i n  B r i t a i n . 1 s t  e d .

L ondon: H o u tle d g e  and K egan P a u l .

C heesem an , G .C , ( I 9 6 2 ) P r o c .  X V Ith  I n t .  D a ir y  C p n gr. 1 9 6 2 . B . 465 -  

4 7 2 .

C h r is t e n s e n ,  V.W. ( 1972) D a ir y  I n d s .  2Z ( 1 2 )  6 5 5  -  6 5 9 .



200

C la a s s e n s ,  J.VJ, ( 1 9 5 5 )  S c i .  B u l l .  P e p . A g r ic .  S .  A f r . 3 5 2 . ( D a ir y  S c j .

A b s t r . 12  ( 9 )  7 8 4  -  7 8 5 ) .  .

C la r k , W.M, ( 1912) B u i .  U .S .  B u r . A nlm . I n d . 1 5 1 .

Code o f  H y g en lc  Pr a c t i c e  f o r  C h eese  Makin g  ( l 9 6 3 ) .  M .A .F . L ondon . 

C o n o c h ie , J .  ( 1966) Sym posium ; C heddar C h eese  T e c h n o lo g y . A u s t r a l i a .

1966 , t k i i v e r s i t y  o f  New S o u th  W a le s , K e n s in g to n .

C o n o c h ie , J ,  and S u th e r la n d ,  B .J .  ( 1965) J .  D a ir y  R e s . ^  ( 1) 35 -  44»  

C ook, C .S ,  ( 1955) A u s t .  J .  D a ir y  T e c h n o l.  10 ( 2 )  7 0  -  7 1 .

C oppen , F .M .V . ( 1 9 4 3 )  D a ir y  I n d s . 8  ( 9 ) 488 -  4 9 8 .

C ra w fo rd , E .J .M . (1 9 5 6 )  D a ir y  I n d s . 21 ( 7 ) 5 3 4  -  5 3 6 .

C ra w fo rd , R .J .M . (1 9 5 8 )  J .  S o c .  D a ir y  T e o h n o l. jM ( 2 )  2 3 .

C ra w fo rd , R .J .M . (1 9 5 9 .) P h .D . T h e s i s . G lasgow  U n i v e r s i t y ,

C ra w fo rd , R .J .M . (1 9 6 2 )  P r o c .  X V Ith  I n t .  D a ir y  C o n g r.  B . 3 2 2 .

C ra w fo rd , R .J .M . ( l 9 7 2 )  D a ir y  I n d s .  ( 1 2 )  648 -  6 5 4 .

C ra w fo rd , R .J .M . (1 9 7 3 )  P e r s o n a l  C o n s u l t a t io n .

C ra w fo rd , R .J .M , (1 9 7 6 )  J .  S o c .  D a ir y  T e c h n o l. 2 9  ( 2 )  71 -  8 5 .

C z u la k , J .  ( 1953) A u s t .  j .  A p l .  S c i . 4  ( 13) 4 6 2  »  4 6 8 .

C z u la k , J .  ( 1959) F r e e .  XVth I n t .  D a ir y  C on gr. 1959 .  8 2 9  -  8 3 1 .

C z u la k , J ,  ( 1961) A u s t .  J .  D a ir y  T e c h t io l . 16, ( 3 )  1 7 5 .

C z u la k , J .  ( 1962) D a ir y  E n gn g . 7 9  ( 6 )  183  -  1 8 6 .

C z u la k , J .  ( 1963) A u s t .  J .  D a ir y  T e c h n o l .  18 (4 ) 192 «  194*

CzulEik, J .  ( 1965) U .S .  P a t e n t . 3 , 1 6 7 , 8 6 2 .  ( D a ir y  S c i .  A b s t r . 2 2  ( 1 2 )  

5 8 5 ) .

C z u la k , J ,  ( 1974) A New Vi e w o f  I n t e r n a t i o n a l  C h eese  P r o d u c t io n . C h r.

H an sen ’ s  L a b o r a t o r ie s ,  C op en liagen , Denm ark,

C z u la k , J .  and  C o n o c h ie , J .  ( 1 9 6 7 )  U .S .  P a t e n t . 2 9 0 ,  5 9 3 .

C z u la k , J . ,  C o n o c h ie , J .  and Hammond, L .A . ( I 964 ) A u s t .  J .  D a ir y  

T e c h n o l . I9  (4 ) 1 5 7 .

C z u la k , J ,  and F reem an , N .H . ( 196I )  M ilk  P r o d . J . 52 ( 1 ) 8  -  9 .



201

C z u la k , J«, and F reem an , N .H . ( 1 9 6 7 )  A u s t .  J .  D a ir y  T e c h n o l. 22  ( 1 )

6  — 11#

C z u la k , J « ,  F reem an , N .H . and  Chapman, H .L .C , ( 1 9 5 8 )  A u s t .  J .  D a ir y  

T e c h n o l .  13 ( l )  18 -  2 2 .

C z u la k , J . ,  F reem an , N .H . and Hammond, L .A . ( i 9 6 0 )  A u s t .  J .  D a ir y  

T e c h n o l . 1 j  U )  186 -  1 9 0 .

C zu la k , J * ,  F reem an , N .H . and Hammond, L .A . (1 9 6 1  ) D a ir y  E n g n g .  7 8 .

58 -  5 9 .

C z u la k , J o ,  F reem an , N .H . and  Hammond, L .A . ( 1 9 6 2 )  A u s t .  J . D a ir y  

T e o h n o l. 1% ( l )  2 2  -  2 5 .

C z u la k , J # ,  F reem an , N .H . and O’ C o n n e l l ,  J .R .  ( 1 9 7 2 )  U .S .  P a t e n t .  J ,  

6 9 5 , 9 8 3 .

C z u la k , Jo and Hammond, L .A . ( 1 9 5 6 )  A u s t .  J .  D a ir y  T e c h n o l . 11 ( 2 )

58 -  6 3 .

C z u la k , J . ,  Hammond, L .A . and M ehary, H .J .  (1 9 5 4 )  D a ir y  I n d s .  19 ( 8 )

6 4 2  -  6 4 3 .

D a v ie s ,  G . ( l 9 7 3 )  P e r s o n a l  C o n s u l t a t i o n .

D a v ie s ,  W .L. ( 1 9 3 2 )  A n a l y s t .  5 9 , 9 9 .

D a v ie s ,  W .L. and M acd on a ld , F . J .  ( 1 9 5 2 ) H idrniond’ s  D a ir y  C h em istry .

5 th  e d ,  C h a r le s  G r i f f i n  and C om p., L t d . ,  L ond on .

D a v is ,  J .G .  ( 1965) C h e e s e . V o l . l . L ondon: J .  & A . C h u r c h i l l  L td .

D aw son, D .J .  ( 196I )  A u s t .  J .  D a ir y  T e c h n o l . 16 ( 1 ) 33  -  34#

D aw son, D .J .  and  F e a g a n ,- J . T .  ( i 9 6 0 )  Aus t .  J .  D a ir y  T e c h n o l. Ü  ( I )

7  -  1 1 .

D ea n , N»H. ( 1 8 9 9 )  O n t. A g r ic .  C o l ,  and E x o t .  Farm R e c o r d . 54  -  74#

D ix o n , B .D . ( 1 9 6 5 )  A u s t .  J .  D a ir y  T e c h n o l. 2 0  ( 2 )  67  -  7 0 .

D o lb y , R l l .  ( 1941) N .Z . J l .  Da i r y  S c i .  T e c h n o l. 2 2  ( 5  A ) 2 8 9  A -  302 A, 

( D a ir y  S c i .  A b s t r . 9 ,  2 2 2 ) .



202

D ow ns, P .A . ( 1955) J .  D a ir y  S c i .  3 8  ( 6 )  589#

D u n lo p , F .P o  ( 1971) N .Z . J l .  D a ir y  S o i .  T e c h n o l. 6  ( I )  21 -  2 4 .

E c k le s ,  C .H ., Combs, W .B. and M acy, H. ( 1 9 5 1 )  M ilk  and M ilk  P r o d u c t s .

4 t h  e d .  McCraw B i l l  B r o s . ,  Company I n c . , '  N .Y .,  U .S .A .  

E L e k t r o la b o r a t o r ie l  (19& 9) S a le  B r o c h u r e ;  ELlab 1 9 6 9 .  C openhagen , 

Denm ark.

E l le n b e r g e r ,  H .B . ( 1944) H ep. V t .  A g r ic .  E x o t .  S t a . ,  1941 -  1 9 4 2 . B u l l

N o . 4 9 5 . 21 »  2 2 .  ( D a ir y  S c i .  A b s t r . 6 ( 2 )  5 9 ) .

E ls o d o n , G .D . and W a lk er , G .H . ( 1942) R ichm ond’ s  D a ir y  C h e m is tr y . 4 t h  

e d .  C h a r le s  G r i f f i n  and Company L t d . ,  London*

E n d e c o t t s  ( F i l t e r )  L t d .  (1 9 7 0 )  T e s t  S ie v e  d a t a . L ond on .

E n d e c o t t s  ( T e s t  S i e v e s )  L t d .  S a le  B ro ch u re  : Tes t  S i e v e s . E n d e c o t t s .  

L ond on . ,

E rn stro m , C .A .,  P r i c e ,  W .V. and  Swansom, A.M . (1 9 5 8 )  J .  D a ir y  S c i .

( 1) 61 -  6 9 .

F a r r e l l ,  A.W . ( 1969) E n g in e e r in g  f o r  D a ir y  and Food  P r o d u c t s .  J oh n  

W il le y  and  Son I n c . ,  N .Y . ,  U .S .A .

F e d e r a t io n  o f  U .K . M ilk  M a r k e tin g  B o a rd s  ( 1 9 7 4 ) D a ir y  F a c t s  and  

F i g u r e s .  Thames D i t t o n ,  E n g la n d ,

F e d e r a t io n  o f  U .K . M ilk  M a r k e tin g  B o a rd s  (1 9 7 5 )  D a ir y  F a c t s  and  

F ig ig r e s .  Thames D i t t o n ,  E n g la n d .

F e a g a n , J . T .  (1 9 5 6 )  A u s t .  J .  D a ir y  T e c h n o l .  11 ( 4 ) 149 -  1 5 3 .

F o x , P .F .  ( 1963) J .  D a ir y  S c i .  46 ( 7 )  7 4 4  " 7 4 5 .

P u s  s e l l ,  G .E . ( 1955) D a ir y  E ngn g .  22  ( 2 )  53 -  5 6 .

G em n d ll, A .V . and L e b e r , W. ( 1 9 5 8 )  F d . E ngr^ .  90 ( 1 2 )  6 5 .

G e u r t s ,  T .J ,  (1 9 7 2 )  V e r s la g e n  v a n  L andbouw kundige O n d e r z o e k in g e n .

( D a ir y  S c i .  A b s t r .  ( 1 9 7 3 )  2 5  (IO ) 4 2 4 )#

G e u r ts ,  T . J . ,  W a ls tr a ,  P .  and M u ld er , H . (1 9 7 4 )  N e th .  M ilk  D a ir y _ J .

2 8 ,  102 -  129 .



203

G i l l i e s ,  A .J ,  and C u r t i s ,  C . I .  ( 1963) A u s t .  J .  D a ir y  T e o h n o l . 18 ( 2 )

6 6  -  7 0 .

G r e e r , D.M . and Z in k , J .L .  ( 1 9 5 7 )  U .S .  P a t e n t .  2 ,  782> 1 2 2 . ( D a ir y  S c i .

A b s t r . 19 ( 12) 999 ) .

H a l l ,  C.W, and T ro u t, G.M. ( 1968)  M ilk  P a s t e u r i s a t i o n . The AVI 

P u b l i s h in g  C om p., I n c . ,  U .S .A . ,  I9 6 8 .

H a l l ,  D.M. and C ream er, L .K , ( 1 9 7 2 )  N .Z . J l .  D a ir y  S c i .  T e c h n o l. % ( 3 ) 

95 -  102.

H anson , F .E .  and S h ep ard  s o n , N .C . ( 1 9 4 0 )  B en . T ex . A g r ic ,  E xp . S t a . ,  

1937 -  1938 . ( D a ir y  S c i .  A bst r .  2  ( 2 )  I85 ) .

H a r k n e ss , W .L ., K in g , D.W. and M c G il l iv r a y ,  W.A. ( 1968) N .Z . J l .

D a ir y  S c i .  T e c h n o l . 2  ( 4 ) 1 2 4  “  1 2 9 .

H a r r i s ,  S . J .  ( 1 9 7 3 )  N .Z . J l .  D a ir y  S c i .  T e c h n o l. 8  ( 2 )  6 5  -  6 9 .  

H a sch em ey er , E .H . and H a sch em ey er , A udrey E .V , (1 9 7 3 )  P r o t e i n s ;  a

G uide t o  S tu d y  b y  P h y s i c a l  and C h em ica l M e th o d s .  Joh n  W i l le y  and  

Son I n c . ,  New Y ork , U .S .A .

H ave, A .J .V .D i  and M u ld er , H . ( 1 9 5 6 )  P r o c .  X lV th  I n t .  D a ir y  C on gr.

1956 c 2  ( 1 ) 6 8 8  -  692 .

H e r r in g to n , B .L . and K le y n , D .H . ( 196O) J .  D a ir y  S c i .  4 3  ( 8 )  I 050 -

1057 .

H e y n d r ic k x , G .V . and V le e s c h a u w e r , A . (1 9 5 2 )  E x p e r i e n t i a . 8  ( 8 )  317  -  

320 . ( D a ir y  S c i .  A b s t r . 14 ( 1 1 )  8 7 1 ) .

H ild e r b r a n d , G .P . and H e i l l e y ,  C .N . (1 9 5 7 )  A n a lv t .  Chem. 2 £  ( 2 ) 2 5 8  -  

2 6 3 .

H is c o x ,  E .R . ,  H a r r is o n , J .  and W o lf ,  J . 2 .  (1941  ) J . D a ir y  R e s .  12 (^ )  

155 -  1 6 9 .

Hodgman, C .D . ( l 9 4 5 )  Handbook o f  C h em istr y  and P h y s i c s . 2 9 t h  e d .  

C h em ica l Rubber P u b l i s h in g  C o .,  C le v e la n d , U .S .A .



204

H o i s i n g e r ,  W.H. and P a l la n s c h ,  M .J . ( 1966) J .  D a ir y  S c i .  49  ( 8 )  9 2 5  -  

9 2 7 .

H on er, C .J .  and H e r z e r , F .H , ( 1 9 5 1 )  P r o c .  5 th  A g r ic .  W krs. 1 9 4 9 .

( D a ir y  S c i .  A b s t r .  12 ( 4 ) 4 1 7 ) .

H ood, E .G . and  G ib s o n , C ,A , ( 1 9 4 8 )  C an ad . D a ir y  I c e  C r . J .  2 7  ( 3 )  3 1 .  

H ood, E .G . and K a t z n e ls e n ,  H . (1 9 4 9 )  C anad . D a ir y  I c e  C r . J .  2 8  (IO ) 2 7  

I n t e r n a t i o n a l  D a ir y  F e d e r a t io n  ( 1 9 5 9 )  I n t .  S ta n d . FIL  «  ID F . 5 .

I n t e r n a t i o n a l  D a ir y  F e d e r a t io n  ( I 96 I )  I n t .  S ta n d . FIL  -  ID F . 1 7 .

I n t e r n a t i o n a l  D a ir y  F e d e r a t io n  ( I 9 66 ) I n t .  S ta n d . FIL  «  ID F . 3 6 .

I n t e r n a t i o n a l  D a ir y  F e d e r a t io n  ( l 9 7 l )  I n t .  S ta n d . FIL  «  ID F . 33 ( A ) .

I n t e r n a t i o n a l  D a ir y  F e d e r a t io n  ( 1 9 7 2 )  I n t .  S ta n d . FIL  -  ID F . 6 9 .

I r v i n e ,  O .R . ( 1955) C anad. D a ir y  I c e  C r . J .  34  ( 3 )  38 -  40*

I r v i n e ,  O .R .,  B iy a n t ,  L .R . ,  S p r o u le ,  W .H ., J a c k s o n , S .H . ,  C rook , A ,

and J o h n s to n e ,  W.M. (1 9 4 5 )  S c i .  A g r ic .  2 ^  ( 1 2 )  6 1 7  " 8 3 2 .  ( D a ir y

S c i .  A b s t r .  8  ( 1 ) 4 7 ) .

I r v i n e ,  O .R . and  B u r n e t ,  K .A , ( 1 9 6 2 )  C anad. D a ir y  I c e  C r . J . 41 ( 8 )  24 *  

J e s p e r s e n ,  N .J .T ,  ( 1 9 7 4 ) A Hew V iew  o f  I n t e r n a t i o n a l  C h ee se  P r o d u c t io n .

C h r. H a n sen ’ s  L a b o r a t o r ie s ,  C op en liagen , Denm ark, 7 7  -  8 5 .

J o n e s ,  H. and W a lk er , M. (1 9 5 3 )  A u s t .  J .  P a i r /  T e c h n o l . 8  ( 2 )  4 5  -  4 7 .

K am al, T .H . ( 196O) J .  A g r ic .  F d . Chem. 8 ,  1 5 6 .

K in g , D.W. ( 1 9 6 6 )  P r o c .  X V IIth  I n t .  D a ir y  C on gr. D 4 . 7 2 3  -  7 2 8 .

K in g , D.W. and M c G il l iv r a y ,  W.A, ( 1962) Dai r y  I n d s .  2% ( 9 ) 6 2 5  -  6 2 9 .  

K o l t h o f f ,  I .M . and SandeD , H .B . ( 1 9 4 3 )  T e x t  Book o f  Q u a n t i t a t iv e  

I n o r g a n ic  a n a l y s i s .  The Macmd.llan Company,

K o s ik o w s k i,  F .V . (1 9 5 7 )  F d . E n gn g . 2 2  ( 12) 94*

L a w ren ce , R .C . ( 197I )  R ep o r t on  C h eese  M aking a t  S tr a n r a e r  and  

D a l b e a t t i e  C r e a m e r ie s ,  1 9 7 1 . S c o t t i s h  M ilk  M a r k e tin g  B o a rd .



205

L a w ren ce , B .C . and  P e a r c e ,  L .E .  ( 1 9 7 2 )  D a ir y  I n d s > 3 7  ( 2 )  7 3  -  7 8 .  

L a v /ren ce , B .C . ,  Thom as, T .D , and T a r z a g h i,  B .E . ( 1 9 7 6 )  J»  D a ir y  B a s ,

6 1  ( 1 )  “  1 9 3 .

L in g ,  E .R . ( 1956) T ex t Book o f  D a ir y  C h e m is tr y . V o l *2 ' P r a c t i c a l ' .

3 rd  ed *  Chapman and  H a l l  L t d . ,  E s s e x ,  U .K .

L lo y d , F . J .  ( I 899 ) B oard  o f  A g r ic .  H ep o rt on Cheddar C h ee se  M ak ing.  

L ond on ,

L o f t u s  H i l l ,  G , ( 1959) A u sto  J .  D a ir y  T e c h n o l. 1A ( 4 ) 190  -  1 9 3 .

Man, J .G . De ( l 9 5 9 )  N e th , M ilk  D a ir y  J . J J  ( 4 ) 300 -  3 0 5 .

Mann, E .J .  ( 1965) D a ir y  I n d s .  2Q ( 2 ) 126 -  1 2 7 .

M arq u ard t, J .C ,  ( 1 9 3 8 )  NoZ. A g r ic .  E x p t .  S t a t io n  T e c h . B i£!,l. 2 4 9 . 

M arq u ard t, J .C .  ( 1 9 3 9 )  J .  D a ir y  S c i .  2 2 . 4 3 1 .  ( D a ir y  S c i .  A b s t r . 1,

( 2 ) 142) .

M auri B r o th e r s  and Thomson ( O v e r s e a s )  C o, S a le  B r o c h u r e . The C heddar-  

m a s te r  C h ee se  M aking P r o c e s s .  W a te r lo o . H .S .W ., A u s t r a l i a .

M auri B r o th e r s  and  Thomson ( O v e r s e a s )  C o . S a le  B r o c h u r e . L arge Hoop 

P r e s s in g  o f  C h e e s e . W a te r lo o , N .S .W ., A u s t r a l i a ,  

m t t i c k ,  E .C .V . ( 1951) Jo  D a ir y  R e s .  18 ( 3 )  305 -  3 1 6 .

M a t t id c ,  E .C .V . and H a l l e t ,  H .S .  ( 1929) J .  D a ir y  R e s . 1_ ( 1 ) 35  -  4 9 .  

McCadam, W.W. and  L e b e r , H. ( 1 9 5 8 )  J .  D a ir y  S o i .  41 ( 9 ) 1293 -  1 2 9 9 .  

McCadam, W.W. and L e b e r , H, ( 1 9 5 9 )  P r o c .  XVth I n t .  D a ir y  Con gr .  1 9 5 9 . 

2 ( 3 )  8 3 7  -  8 4 3 .

M cD ow all, F .H . and D o lb y , R.M. (1 9 3 5 )  J .  D a ir y  R e s . 6  ( 2 )  2 2 2  -  2 3 4 .  

M cD ow all, F .H . and D o lb y , R.M. (1 9 3 6 )  J .  D a ir y  R e s . % ( 2 ) I69 -  1 7 4 .  

McCann, T .C .A , and P y a e , G .T . ( 196O) J .  D a ir y  R e s . 2 7 . 4^ 3  -  4 1 7 .  

M c G il l iv r a y ,  W .A, ( 1967) H .Z . J l .  D a ir y  S c i .  T e c h n o l . 2  ( 2 ) 6 0 - 6 1 .  

M cK en zie , H .A , (1 9 7 1 )  M ü k  P r o t e i n ;  C h em istr y  and M o le c u lo r  B i o l o g y .  

V0I . 2 , A cad em ic P r e s s ,  Hew Y o rk .



206

M iah , A .H .,  R e in b o ld ,  G .W ., V edam uthu, E ,R . and Hammond, E .G . ( l 9 6 9 )

J .  D a ir y  S o i , ( ? )  971 -  9 7 5 .

M a h , A .H .,  B e in b o ld ,  G .W ., H a r t le y ,  J . G . ,  V edam uthu, ' E .R . and

Hammond, E .G . ( 1 9 7 4 ) J .  M ilk  Food  T e c h n o lo g y .  37 ( 1 ) 4 7  -  5 4 .  

M ocquot, Go, S c o t t  B l a i r ,  G.W. and  B a ro n , (1 9 4 7 )  D a ir y  I n d s .  12 

( 1 0 )  9 6 6  -  9 7 6 .

M o r r is ,  T .A , (1 9 5 5 )  A u s t .  J .  D a ir y  I b c h n o l . IQ  ( 2 )  6 5  -  7 5 .

M o r r is ,  T .A . ( 196I )  A u s t .  J .  D a ir y  T echn o l .  I 6 ( I )  31 -  3 2 .

M o r r is ,  T .A , ( I 966 )  P r o c .  X V IIth  I n t .  D a ir y  C on gr. 1 9 6 6 . D 1 . 115 »  1 2 0 .  

O 'C onnor, C .B . ( I 9 6 8 ) P h .D . T h e s i s .  G la sg o w  U n i v e r s i t y .

P a g e ,  J .M , ( 1954)  M ilk  P r o d u c t io n  J . 6 5  ( 7 ) 2 7  -  2 8  and 4 5 - 4 6 .

P a r k , W .J . ( 1970) J .  S o c .  D a ir y  T e c h n o l . 2Q ( 4 ) 20 5  -  2 1 0 .

P e a r s o n , D . ( 1962) The C h em ica l A n a ly s i s  o f  F o o d . 6 t h  e d ,  J .  & A .

C h u r c h i l l ,  L ond on .

P e a r s o n , D . ( 1 9 7 0 )  The C hem ical, A n a ly s i s  o f  F o o d . 6 t h  e d .  J .  & A .

C h u r c h i l l ,  L o n d o n .

P e d e r s o n , R .F . ( 1963) J .  D a ir y  S c i .  46 (IO ) 1136 -  1 1 3 9 .

P e l t o l a ,  E . ( 1957) M i l c h w is s e n s h a f t , 1 2 , 4 3 3 .

P e l t o l a ,  E , and V o g t ,  P . ( 1 9 5 9 ) P r o c .  XVth I n t .  D a ir y  C o n g r .  I ,  2 6 8  -  

2 7 1 .

P ic k n e y ,  M.W. ( I 964 ) U .S .  P a t e n t .  I40 ,  I 8 5 .

P y n e , G .T . and McGann, T .C .A . ( I 96O) J .  Daii^y R e s . 2 7  ( 1 ) 9  -  1 7 .  

R a n d o in , L . and J o u r d a n , C . ( 1 9 5 2 )  L a i t . 32 ( 3 1 9 /3 2 0  ) 6 0 7  -  6 I 6 .

( D a ir y  S c i .  A b s t r . 15 (4 ) 3 2 0 ) ,

Raym onds, B .J .  ( 1964) G el E l e c t r o p h o r e s i s  ' Sym posium * .  A n n . N .Y ,

A ca d , S c i e n c e .  I ^ ,  3 5 0 .

R e i t e r ,  B , and  M o lle r -M a d se n , A , ( I 9 6 3 ) J .  D a ir y  R e s . QQ ( 3 ) 4 1 9  -  4 5 6  

E en w ick , P .S .  (1 9 7 1  ) J .  S o c .  D a ir y  T e c h n o l. 2 6  ( 2/ 3 )  7 5  -  8 1 .



207

R e y n o ld s ,  J .N .C .  ( 1 9 4 6 )  F r o c ,  S t .  C o l l*  W ash. I n s t .  D a ir y in g . 9  -  1 1 .

( D a ir y  S c i .  A b s t r . ( 1 9 4 8 )  10 ( l )  1 5 )»

R ic e ,  E .B . and M o r r is ,  T .A . ( 1 9 5 4 )  CO-d. D e n t .  A g r ic .  and S to c k  D i v .

o f_D a i r y i n g .  Pamphl e t  2 3 .

R o b e r ts o n , P . S .  ( 1 9 5 7 )  J .  D a ii-y  R e s . 2A ( 2 )  2 3 5  -  2 4 1 .

R o b e r ts o n , P .S .  ( 1962) J .  D a ir y  Re s .  2 £  ( 3 )  321 -  3 2 3 .

R o b e r ts o n , P .S .  ( I 963 ) A u s t .  J .  D a ir y  T e c h n o l.  18 ( 2 )  58 -  6 0 .

R o b e r ts o n , P .S .  ( 1967) D a ir y  I n d s . Q2 ( I )  32 -  3 6 .

R o b e r ts o n , P .S .  ( 1 9 7 4 )  H .Z . J l .  D a ir y  S o i .  T e c h n o l. 2  ( 2 ) 40 -  4 6 .  

R o b e r ts o n , P .S .  and  K in g , D.W. ( 1965) D a ir y  I n d s . QO ( 5 ) 365  -  3 6 8 .  

R o b e r ts o n , P .S .  and B y s o u th , R . ( 1 9 7 1 )  Da i r y  I n d s .  36 ( 9 ) 520  -  5 2 5 .  

R ow lan d , S . J ,  and S o u l i d e s ,  D . ( 1 9 4 2 ) J'. D a ir y  R e s . IQ  ( 1 ) 8 5  -  9 2 .  

S a i l ,  E , ( 1958)  Ammer M ilk  R e v , and M\. P i .  Mon* 2 0  ( 1 0 )  30  -  3 3 .  

Sam m is, J . L .  ( 1 9 4 2 )  C h eese  M alting 1 0 1 th  e d ,  C h eesem ak er Book C o*, 

M a d iso n , U .S .A .

Sam m is, J .L .  and S a n t s c h i ,  F .  ( 1924) J .  D a ir y  S c i . % ( I )  8 3  -  8 5 .  

S a r t o r i ,  G* ( 1890) D ie  Chime d e s  S c h a f k a s e s .  M ilk  Z g . J a h r .  19 (5 1  )

1001 -  1004c

S a w y er , W* and  H a y e s , J . F .  ( 196I )  A u s t .  J .  D a ir y  T e c h n o l .  I 6 ( 2 ) 108 -  

110,
S c o t t ,  R . ( 1974) D a ir y  I n d s .  Q9 ( 7 ) 2 4 2  -  2 4 5 .

S c o t t  B l a i r ,  G.W. and  C oppen, F .M .V . ( 1941) J .  S o c .  Chem. I n d . 6 0 . 190  

S h e ld o n , J . P ,  ( l 9 1 l )  The S ta n d a r d  C y c lo p e d ia  o f  M odern A g r ic u l t u r e  and  

R ir a l  E conom y. L ondon; The G resham  P u b l i s h in g  Company.

S h ep p a rd , D . ( 1 9 5 4 )  L a b . P r a c t . Q ( 2 )  53  -  5 7 ; ( 3 )  101 -  1 0 3 .  ( D a ir y  

S c i .  A b s t r .  1 7  ( 12 ) 1073) .

S l i g h t ,  H .A . ( 1975) F d . P r o c e s s  I n d . 44  ( 5I 8 )  17 -  1 8 .

S m ith , A .C . ( 1946) A u s t .  J .  D a ir y  T e c h n o l . I  ( 2 )  71 -  7 4 .



208

S m t h i e s ,  D* ( l 9 5 5 )  B io  chem J .  1 6 . 6 2 9 .

S n e d e c o r , G.W* and C och ran , W.G. ( 1 9 7 6 )  S t a t i s t i c a l  M e th o d s .  6 th  e d .

1 9 7 6 , I v a  S t a t e  U n i v e r s i t y  P r e s s ,  U .S .A .

S t o e l t i n g  B r o s ,  C o , ( 1 9 6 7 )  S a le  B r e i f . 10 ( 6 )  D e c , 1 9 6 7 .

S t o e t e ,  N .P . ( 1 9 5 7 )  J .  S o c .  D a ir y  T echnol .  10 ( 3 )  141 -  1 5 1 .  

& / a r t l i n g ,  P .  and W i l l a r t ,  S ,  ( 1 9 5 3 )  P r o c .  X l l l t h  I n t .  D a ir y  C on gr.

Q, 1230 -  1232.

S w ia te k , A . and J a w o r s k i ,  J .  ( 1 9 5 9 )  P ro c*  XVth I n t .  D a ir y  C on gr. Q, 

1509 -  1 5 1 8 .

S u th e r la n d ,  B .J .  ( 1 9 7 4 )  A u s t .  J .  D a ir y  T e c h n o l.  29  ( 2 )  8 6  -  9 3 .

Te b e l - Van d e r  iF yoeg , S a le s  B r o c h u r e * N .Y . M a c h in e fa b r ie k  A , B i j l e n g a ,  

L e e u c c a r d e n , The N e th e r la n d s .

T er H o r s t ,  M .G. ( 1963)  N e th . m i k  D a ir y  J . 1% ( 3 )  185 -  1 9 2 .

T r a in e r ,  S ,  ( 1966) ' C h eese  S \/m oosium ' A u s t r a l i a ,  1 9 6 6 , 189 ~  1 9 1 .  

T u ck ey , S .L .  and R u eh e, H .A . ( 1940)  J .  D a ir y  S c i . 2Q ( 6 )  517  -  5 1 8 .  

T u ck ey , S .L .  ( I 94 I )  C anad . D a ir y  I c e  Cr* J .  2 0  ( 6 )  3 2 .

U b b e ls ,  J .  and  L in d e , J .T .  v a n  d e r  ( 1 9 6 2 )  P r o c .  X V IIth  I n t .  D a ir y  

C o n g r. 1962* C , 185 -  1 9 3 .

Van SL yke, L .L . and H a r t , E .B . ( 1 9 0 3 )  N .Y . (G en ev a ) A g r ic io l t u r a l  

E x p e r im e n ta l S t a t i o n  B u i .  2 3 1 .

Van S ly k e ,  L .L . and  P r i c e ,  W .V. ( 1 9 3 2 )  ' C hees e '  , New Y o rk : Orange

Judd  P u b l i s h in g  C o .,  I n c ,

Van S ly k e ,  L .L , and  P r i c e ,  W .V, (1 9 5 2 )  ' C h e e se ' 3rd  e d ,  N .Y .,  U .S .A . :  

Orange Judd P u b l i s h in g  C o .,  I n c .

V edam uthu, E .R . ,  R e in b o ld ,  G .W ., M iah , A .H . and Washam, C .J ,  ( 1969)

J .  D a ir y  Sc i .  52 ( 6 )  8 0 3  -  8 0 7 .

W a lla c e ,  C .A . ( 1968) A u s t .  J*  D a ir y  T e c h n o l.  2 2  ( 6 )  9 0  -  9 1 .

W a lte r ,  H .E . ,  S a d le r ,  A .M ., M alkam es, J . P .  J r .  and M i t c h e l l ,  C .D .



209

( l 9 5 3 )  U .S .  D epartriien t o f  A g r ic .  BD1 -  I n f*  1 5 8 .

W a lte r ,  H .E . ,  S a d le r ,  A.M , and  M i t c h e l l ,  C .D , (1 9 5 9 )  P r o c .  XVth I n t .

D a ir y  C o n g r. 1 9 5 9 . 2 ( 2 )  8 2 4  -  8 2 7 .

W atso n , P .D . ( 1 9 2 7 )  I n d .  and E n g . Chem. 1 9 . 1 2 7 2 .

Waugh, D .F . and  H ip p e l ,  P .H . ( 1 9 5 6 )  J .  Am er. Chem. S o c . 7 8  . 4 5 7 6 .  

W earm outh, W.G. (1 9 5 2 )  D a ir y  I n d s .  17 (11  ) 9 9 4  -  9 9 7 .

W earm outh, W.G. ( 1 9 5 3 )  P r o c .  X I I I t h  I n t .  D a ir y  C on gr. 1 9 5 3 . 2 ,  583  -  

586.
W earm outh, W.G. ( 1 9 5 5 )  Dajr^r I n d s . 2 0  ( 9 )  72 6  «  7 2 9 .

W earm o u th , W.G, (1 9 5 7 )  D a i r y  In d s .  22  ( 3 )  194 -  1 9 9 .

W earm outh, W.G, ( 196I )  D a ir y  I n d s .  2 6  ( 7 ) 505 -  5 0 7 .

Webb, B .H . and J o h n so n , A .H , ( 1965) F u n d a m en ta ls  o f  D a ir y  C h e m is tr y .

The AVI P u b l i s h in g  C om p,, I n c . ,  W e s tp o r t ,  C o n n e c t ic u t ,  U .S .A .  

W eik , E.W . ( 1965) D is s .  A b s t r . ^  ( 8 )  4 6 3 8  -  3 9 .  ( D a ir y  S c i .  A b s t r .

2 7  ( 9 )  4 3 7 ) .

W h iteh ea d , H .H . ( 1 9 4 3 )  D a ir y  I n d s .  8  ( 3 )  120 -  1 2 3 .

W h ite h e a d , H .R . and  C ox, G .A . ( 1 9 3 4 )  J .  D a ir y  R e s . ( 3 )  19 7  -  2 0 7 .  

W h iteh ea d , H .R . and  H a r k n e ss , W .L, (1 9 5 4 )  A u s t .  J .  D a ir y  T e c h n o l.  2

( 3 )  103 -  1 0 7 .

W h iteh ea d , H .R , and H a r k n e ss , W .L. ( 1 9 5 9 )  P r o c .  XVth I n t .  D a ir y  C on gr.  

2 , 832 - 836.
W h iteh ea d , H .R , and H u n te r , G .J .E .  ( 1945) J .  D a ir y  R e s . 14 ( I / 2 ) 64  -  

8 0 .

W ils o n , H .N . ( I 951 ) A n a l y s t . 2 6 ,  6 5 .

W i l s t e r ,  G.M. ( 1951) P r a c t i c a l  C h ee se  M ak ing . 7 ;^  e d .  O .S .C , C oop . 

C o r v a l i s ,  U .S .A .

W i l s t e r ,  G. M. ,  P r i c e ,  W. V. ,  M o r r is ,  A . J . ,  G o ss , E . F .  and S a n d e r s , G . P .  

( 1937) J .  D a ir y  S c i .  2 0  ( l )  2 7 - 3 0 .

ISSKR'’'.'' '



210

Y alm an, R . G . ,  Bruegm an, W ., B a lter , P .  and G arn, S,M.  ( 1 9 5 9 )  A n a ly t .

Chem. 2 1  ( 7 )  1230  -  1 2 3 3 .

Zahm dt, H .J ., L ang, C . B ,  and Hammer, B.W.  ( 1944) R&Sq B u l l .  l a .  A gric  

Expo S ta . N o. 3 2 5 . ( Dairy S c i .  Abst r .  6 ( 3 )  I4 0 ) .


